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NEW RECORDS OF PENNSYLVANIAN TRACE AND BODY FOSSILS
FROM THE NORTHERN CAUCASUS BASIN
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®OCHUAIN Y NIBHIYHOKABKA3bKOMY EACEMHI
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55-b Oles Honchar Street, Kyiv, Ukraine, 01601
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15 Bohdan Khmelnytsky Street, Kyiv, Ukraine, 01054

New findings of trace fossils and body fossils assigned to arthropods and/or worms
are documented from the Tolstiy Bugor and Maliy Urup formations (upper Bashkirian-
Moscovian) of the limnic Northern Caucasian Basin. Among the trace fossils, cf. Pilichnus
isp. and Cochlichnus anguineus Hitchcock, 1858 have been identified. The first ichnotaxon
was found on the surfaces of compressions of plant leaf organs. These ichnofossils are likely
evidence of detritivory. Possible producers of these traces include arthropods, gastropods,
and annelid worms. Considering the continental origin of the deposits, the list can be
narrowed down to arthropods and annelids, since terrestrial gastropods are not known from
the Carboniferous deposits of the Northern Caucasus and adjacent regions. These fossils
likely illustrate the so-called third taphonomic pathway of plants (leaf fossils with co-existing
pre-depositional plant-animal interaction and post-depositional plant-animal interaction
traces) and the fourth taphonomic pathway of plants (leaf fossils with consumptive post-
depositional plant-animal interaction traces [of detritivory] only). Cochlichnus represents
traces of grazing, feeding, and/or locomotion. Depending on environmental conditions
and the nature of potential producers, such traces may reflect a combination of these
ethological categories. Possible producers of Cochlichnus include worms, cyclostomates,
or insect larvae. In addition, a likely carbonised fragment of an arthropod exoskeleton and
an impression of the body of a myriapod or worm have been discovered.

3 TOBCTOOYropCchbKOi Ta MaAOYypPYNCbKOT CBIT (BEPXHA YacTUHa 6aLlLKMPCbKOro Apycy-
MOCKOBCbKUI ipyC) AiIMHIYHOTO MiBHIYHOKaBKa3bKoro 6aceinHy 3aA0KyMEHTOBAHO HOBI
3HaXiAKK IXHODOCHAIN Ta TIAeCHMX GOCUAIN, BiAHECEHUX AO apTPONoA Ta/abo uepsiB. Cepea
ixHOPOCKAIM BU3HaueHo cf. Pilichnus isp. i Cochlichnus anguineus Hitchcock, 1858. MepLuni
iXHOTAKCOH 3HAMAEHO Ha NOBEPXHAX KOHTPBIAOUTKIB AMCTOBUX OpraHiB POoCAMH. Lli ixHo-
$OCHUAIT, UMOBIPHO, € CBIAYEHHSAMU AeTpuTodarii. MOXAMBUMM NPOAYLEHTAMM LUX CAIAIB
MOXYTb 6yTW UAEHWUCTOHOTI, FaCTPONOAM Ta KiAbYacTi YepBU. 3 OTASAY HAa KOHTUHEHTaAbHE
NOXOAXEHHS BIAKAAAIB, MEPEAIK MOXHA 3BY3UTU A0 UAEHUCTOHOTUX i KiAbYaCTUX YepBiB,
OCKIAbKM Ha3eMHi YepPEBOHOT MOAKOCKM HE BIAOMI 3 KaM'SIHOBYTiIAbHUX BiAKAAAIB [TiBHIYHOMO
KaBkasy Ta CyMixHWX perioHiB. LIi BUKOMHI CAiaM, MMOBIPHO, IAOCTPYHOTb Tak 3BaHWK TPETIil
TAa®OHOMIUHUIM LUASX POCAMH (PELUTKM AUCTA 3i CAiAaMU BMAKMBY TBAPWH, LLIO YTBOPUAMCS
AK AO, TaK i NicAA BIAKAGAEHHSA OCaAiB) | YeTBEPTUM TAPOHOMIYHWI LUASX POCAMH (PELLTKK
AVCTS AMLLE 3i CAiAaMUM BNAMBY TBapWH, NOB’A3aHOr0 3 AeTputodarieto, Wo yTBOPUAUCA MICAA
HakonuueHHs ocaaiB). Cochlichnus € cAipaMu BUNacaHHs, XUBAEHHA Ta/abo nepecyBaHHs.
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VITALY S. DERNOV, GANNA G. KOVALENKO

3anexHO Bia YMOB CEPeAOBHLLA i MPUPOAU MOXAMBUX MPOAYLIEHTIB, TaKi CAIAM MOXYTb Bia0BpaxaT NOEAHAHHSA LIMX ETOAOTIUHUX
kaTeropii. MoTteHUinHUMK NpoayLeHTamu Cochlichnus € uepBU, KPYFAOPOTi ab0 AMUMHKK KOMax. KpimM Toro, BUSBAEHO MMOBIPHWIA
BYrA€diKOBaHWI GparMeHT eK30CKeAETa apTPOMNOAM Ta BIABWTOK Tina BaraToHixkM abo yepBsa.

INTRODUCTION

The Bashkirian and Moscovian biostratigraphy
of the limnic Northern Caucasus Basin is based
mainly on plant macrofossils (Zalessky, 1916,
1934; Novopokrovsky, 1939; Novopokrovsky and
Teslinov, 1946; Anisimova, 1972, 1973a, 1973b,
1974, 1979a, 1979b; Novik, 1974), as these
deposits are exceptionally poor in faunal remains.
To date, there are only three reports of animal
fossils from the Carboniferous of the basin. Lebedev
(1919) listed some Pennsylvanian brachiopod
species from limestones, sandstones, and shales
exposed in the Kamennaya, Anthratsytovaya, and
Nikitina valleys near the villages of Nikitino and
Kordon Chernorech’ye (Malaya Laba River basin,
Karachay-Cherkessia).

Teslinov (1951) briefly described and illustrated
the conchostracans Leaia tricarinata minima
Pruvost, 1914 from the carbonaceous shales of
the Tolstiy Bugor Formation (according to Anisimova,
1979b) recovered at the Bogoslovskoye Coalfield.
These conchostracans confirm the Bashkirian to
Moscovian age for the coal-bearing strata, based
on the terrestrial plant studies (Zalessky 1916;
Anisimova, 1974, 1979b; Novik, 1974).

Hampe and Ivanov (2007) described xenacanthid
teeth belonging to Triodus teberdaensis Hampe &
Ivanov, 2007, from the Tolstiy Bugor Formation. They
also report that ostracods, bivalves, foraminifers,
palaeoniscoid scales, and a rhizodontid scale co-
occur with Triodus teberdaensis.

In 2025, while reviewing the collection of
Bashkirian—-Moscovian plants of the Northern
Caucasus in the Department of Geology, National
Museum of Natural History, National Academy
of Sciences of Ukraine, Kyiv (NMNHU-G), the
first author (VSD) discovered several non-plant
fossils that complement the palaeontological
characteristics of the Carboniferous deposits of
the region.

The aims of this study are: (1) to document
the first occurrences of trace fossils and new
findings of body fossils in the Carboniferous of
the Northern Caucasus Basin, and (2) to provide
a palaeoecological interpretation of these
occurrences.

MATERIAL AND METHODS

In this paper, nine specimens (NMNHU-G
1966/85a, NMNHU-G 1966/110, NMNHU-G
1966/171, NMNHU-G 1966/172a, NMNHU-G
1966/206, NMNHU-G 1966/217, NMNHU-G
1966/258, NMNHU-G 1966/267, and NMNHU-G
1966/272) of trace fossils and body fossils from
the upper Bashkirian-Moscovian Tolstyi Bugor
and Maliy Urup formations (Fig. 1A) are examined.
This material originates from the Malolabinskoye,
Tolstobugorskoye, and Bogoslovskoye coalfields,
Gremuchaya Valley on the right bank of the Marukha
River, as well as Dzyuvya Mountain (Bambak Ridge)
in the Northern Caucasus (Fig. 1B).

These specimens are a part of the collection of
Pennsylvanian plants of the Northern Caucasus,
which was collected mainly by Dr. Olga I. Anisimova,
a member of the former Department of Palaeo-
botany, Institute of Geological Sciences (Kyiv) and
supplemented by collections of Caucasian geologists.
The collection NMNHU-G 1966, which consists of
about 3000 specimens, was studied by Anisimova
(1972, 1973a, 1973b, 1974, 1979a, 1979b). This
collection is housed in the Department of Geology
of the National Museum of Natural History, National
Academy of Sciences of Ukraine (Kyiv).

GEOLOGICAL SETTING

Outcrops of the Carboniferous deposits in the
Northern Caucasus occur as a 220 km long belt
extending from the Belaya River in the west to
the Baksan River in the east (Anisimova, 1974,
1979b; Novik, 1974; Pogrebnov, 1975). These
strata include a Tournaisian marine sequence
(comprising shales interbedded with limestones),
which overlies a 650-1900 m thick continental
molasse of early Bashkirian to Late Pennsylvanian
age (Pogrebnov, 1956, Anisimova, 1974, 1979b;
Novik, 1974; Yegorov et al., 1975). This molasse
consists predominantly of grey-coloured alluvial,
lacustrine, and swamp sandstones, siltstones, and
mudstones, with a basal conglomerate or breccia,
as well as coals and volcanic rocks (Pogrebnov,
1956, Anisimova, 1974, 1979b; Novik, 1974;
Yegorov et al., 1975). In the upper part of the Upper
Pennsylvanian succession, red-bed deposits are
also present (Pogrebnov, 1956; Reznikov, 1956;
Novik, 1974; Yegorov et al., 1975).
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Fig. 1. Pennsylvanian stratigraphy of the Northern Caucasus Basin (A) and a geographical map of the northeastern
part of the Blask Sea region showing geographical location of the sections with studied fossils (B).

Stratigraphic scheme modified after Novik (1974: Scheme 1); interval with studied fossils marked by orange.
Locality numbers: 1 — Malolabinskoye Coalfield, 2 — Gremuchaya Valley, Tolstobugorskoye and Bogoslovskoye
Coalfield, 3 — Dzyuvya Mountain (Bambak Ridge).

Puc. 1. Ctpaturpadia neHCcMAbBaAHCbKKX BiakAaAiB MiBHIUHOKaBKa3bkoro 6aceriHy (A) Ta Mana niBHIYHO-CXiAHOT Ya-
CTUHM YOPHOMOPCHKOrO PETiOHY, LLIO IAKOCTPYE reorpadivyHe NOAOXKEHHNA PO3Pi3iB, 3 AKUX NOXOAWTb BUBUYEHUI Ma-
Tepian (b).

CtpaturpadiuHa cxema 3ripHo 3 pobototo (HoBuk, 1974: Cxema 1); cTpaturpadiyHuii iHTepBaA, 3 AKOrO NMOXOAUTb
BUBUYEHWI MaTepian No3HAYeHO NoMapaHYeBUM KOAbOPOM. HoMepu Micue3HaxoaxeHb: 1 — ManorabuHCbke POAO-

BULLE, 2 — banka lpemyua, ToBcTobyropcbke Ta BorocAoBcbke poaoBULLa, 3 —ropa A3toBs (xpebet bambak).

The Tolstiy Bugor Formation (or C," Formation)
is a sequence of continental sandstones,
siltstones, and mudstones with interbeds of coal
and tuffs; a conglomerate bed occurs at the
base. The formation thickness ranges from 250
to 550 meters (Anisimova, 1974, 1979b; Novik,
1974). Macroscopic plant remains suggest a late
Bashkirian-early Moscovian age for the formation
(Anisimova, 1974, 1979b; Novik, 1974).

The Maliy Urup Formation (or C,™ Formation) is
a 200 m thick succession of continental mudstones,
siltstones, siliceous shales, sandstones, and
conglomerates (Anisimova, 1974, 1979b; Novik,
1974; Yegorov et al., 1975). Macroscopic plants
suggest a late Moscovian age for this formation
(Anisimova, 1974, 1979b; Novik, 1974).

RESULTS

As a result of examining the collection NMNHU-G
1966, the authors identified trace fossils cf. Pilichnus
isp., Cochlichnus anguineus Hitchcock, 1858, as well
as body fossils attributed to arthropods.

Trace fossils. Several siltstone slabs contain plant
compressions under which burrows, very similar
to the ichnogenus Pilichnus Uchman, 1999, are
preserved (Fig. 2). The burrows are horizontal, very
thin (0.5-2.5 mm), cylindrical, long, straight or only
slightly sinuous, sometimes dichotomously branching
at angles of 45-90° (Fig. 2F). They lack wall lining,
and the burrow filling does not differ lithologically
from the surrounding matrix. The burrows are clearly
visible on the surfaces of plant compressions but are
almost invisible in the surrounding rock, although in
many places they can be seen gradually disappearing
beyond the outer edge of the plant compression.
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The continuation of burrows into the ambient
rock matrix is suggestive of their post-depositional
emplacement. The burrows are probably evidence
of detritivory. The possible tracemakers include
arthropods (Zimmerman et al., 1979; Momot,
1995; Farmer & Dubugnon, 2008; Chakraborty et
al., 2023), gastropods (Mensink & Henry, 2011;
Williamson & Cameron, 1976), and annelid worms
(Kirchberger et al., 2015). Given the continental
origin of the plant-bearing deposits, the list can
be narrowed down to arthropods and annelids,
since terrestrial gastropods are not known from
the Carboniferous of the Northern Caucasus and
adjacent regions.

These fossils likely illustrate the so-called Third
taphonomic pathway of plants (leaf fossils with co-
existing pre-depositional plant-animal interaction
and post-depositional plant-animal interaction
traces —e.g., Fig. 2C) and the Fourth taphonomic
pathway of plants (leaf fossils with consumptive
post-depositional plant-animal interaction traces
[of detritivory] only —e.g., Fig. 2A, B), as proposed
by Chakraborty et al. (2023) for Late Palaeozoic
plants of India.

Described ichnofossils are tentatively identified
as cf. Pilichnus isp. Pilichnus is an indicator of anoxic
marine conditions (Uchman, 1999; Leszczynski,
2003), which provides additional evidence
suggesting that the described ichnofossils represent
a form close to Pilichnus rather than Pilichnus itself,
since the rocks are of continental origin.

Cochlichnus anguineus Hitchcock, 1858 (Fig. 3A)
was found on a siltstone slab (specimen NMNHU-G
1966/217) from the Maliy Urup Formation of the
Malolabinskoye Coalfield. Cochlichnus anguineus
is a horizontal, cylindrical, thin, unbranched,
sinusoidal trail with a smooth surface, preserved
as a convex hyporelief on the lower bedding plane
of a siltstone bed. The width of the trail is 0.9-1.5
mm; its length is 75 mm. The wavelength of the
sinuous meanders ranges from 7 to 10 mm, and
the amplitude from 4.0 to 4.5 mm.

Cochlichnus is a trace of grazing, feeding,
and/or locomotion (see review in Dernov, 2023).
Depending on environmental conditions and the
identity of potential producers, such traces may
represent a combination of these ethological
categories (Buatois et al., 1997). Possible producers
of Cochlichnus include worms sensu lato (Webby,
1970; Hakes, 1976), nematodes (Moussa, 1970;
Chamberlain, 1975; Metz, 1998), annelids
(Hitchcock, 1858), cyclostomates (Gluszek, 1995),

VITALY S. DERNOV, GANNA G. KOVALENKO

or insect larvae (Toula, 1908; Uchman et al., 2004).
In Recent freshwater environments, morphologically
similar traces are produced by nematodes
(Chamberlain, 1975), larvae of Ceratopogonidae
(Metz, 1987), Therevidae (Michaelis, 1972), and
Chironomus motilator (Tarr, 1935). However,
since remains of Diptera are not known from
the Carboniferous, nematodes and/or annelids
are considered the most probable producers of
Cochlichnus (Dernov, 2023).

Body fossils. A probable carbonised arthropod
exoskeleton fragment (Fig. 3B) was found on
the surface of a large siltstone slab (specimen
NMNHU-G 1966/110) together with numerous
limonitised pteridosperm pinnules, a fern foliage,
pteridosperm rachis, and calamitalean axes. This
material comes from the Maliy Urup Formation of
an outcrop on the right slope of the Gremuchaya
Valley on the right bank of the Marukha River.

This fossil is interpreted as a fragment of an
arthropod exoskeleton based on its unusual
morphology and preservation characteristics. All
associated plant remains are preserved as limonitic
crusts, in contrast to the distinct preservation of the
(?)exoskeletal fragment.

A compression of an elongated structure
(Fig. 3C) is preserved with a fern foliage in the
carbonaceous shale of the Maliy Urup Formation
(specimen NMNHU-G 1966/85a). These deposits
are exposed in the Gremuchaya Valley on the right
bank of the Marukha River. The fossil is elbow-
shaped and curved, preserved at a slight angle
relative to the bedding plane, as indicated by
varying preservation patterns on different surfaces
of the shale. Its thickness ranges from 3 mm in the
upper portion to 1.2 mm in the lower portion, and
its total length is approximately 25 mm. In the upper
half of the fossil, faint transverse segmentation is
visible, which transitions into a very thin transverse
wrinkle in its widest part.

The interpretation of this fossil uncertain. It
may represent remains of an annelid worm or
a myriapod. However, it could also be a locomotion
trace or flattened burrow, as no evidence of
millipede limbs or definitive features indicative of
worm anatomy has been observed.

The presence of myriapods and insects in the
Pennsylvanian palaeobiocoenoses of the Northern
Caucasus is supported by the occurrence of marginal
feeding traces on the pinnules of pteridosperms in
the collection NMNHU-G 1966 (unpublished data
of the first author; see Fig. 2C, arrowed).
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Fig. 2. Trace fossils cf. Pilichnus isp. from the Pennsylvanian of Northern Caucasus: A—on Cordaites sp. (NMNHU-G
1966/258), Tolstobugorskoye Coalfield, Tolstyi Bugor Formation; B, F —on Linopteris neuropteroides (NMNHU-G
1966/267 and NMNHU-G 1966/171), Bogoslovskoye and Tolstobugorskoye Coalfield, Tolstyi Bugor Formation;
C — on Linopteris subbrongniarti bearing margin feedings of arthropods (white arrows) (NMNHU-G 1966/272),
Tolstobugorskoye Coalfield, Tolstyi Bugor Formation; D — on Caucasia ginkgophylloides (NMNHU-G 1966/172a),
Bambak Ridge, Dzyuvya Mountain, Maliy Urup Formation; E — on Lepidostrobophyllum majus (NMNHU-G
1966/206), Tolstobugorskoye Coalfield, Tolstyi Bugor Formation. Scale bars equal 10 mm.

Puc. 2. IxHodocunii cf. Pilichnus isp. 3 neHcuabBaHito liBHiYHOro KaBkady: A — Ha Cordaites sp. (NMNHU-G
1966/258), ToBcTOBYropchbke pPoAOBMLLE, TOBCTOBYropchbka cBita; B, F — Ha Linopteris neuropteroides (NMNHU-G
1966/267 ta NMNHU-G 1966/171), borocaoBcbke Ta TOBCTOBYropcbke poAOBHLLA, TOBCTOByropcbka cBita; C—Ha
Linopteris subbrongniarti, o Ma€e CAiAM KparoBux 06’inaHb aptponoaamu (6ini ctpinkn) (NMNHU-G 1966/272),
ToBcTObBYropcbke poaoBMULLIE, TOBCTOByropcbka cBiTa; D — Ha Caucasia ginkgophylloides (NMNHU-G 1966/172a),
xpebeT bambak, ropa A3toBs, Manoypyncbka cBiTa; E — Ha Lepidostrobophyllum majus (NMNHU-G 1966/206),
ToBcTOBYropchbke POAOBULLE, TOBCTOBYropcbka cBiTa. MaclitabHi AiHiKK AOPiBHIOKOTL 10 MM.
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Fig. 3. Fossils from the Pennsylvanian deposits of Northern Caucasus: A — trace fossil Cochlichnus anguineus
Hitchcock, 1858 (NMNHU-G 1966/217); B — probable carbonised arthropod exoskeleton fragment (NMNHU-G
1966/110); C—worm or myriapod body compression (NMNHU-G 1966/85a). Scale bars equal 2 mm (B, C) and
5 mm (A).

Puc. 3. ®ocunii 3 neHcnAbBaHCbKUX BipKkAaAiB TMiBHiYHOrO KaBkasdy: A — ixHodocwuaia Cochlichnus anguineus
Hitchcock, 1858 (NMNHU-G 1966/217); B — iMOBipHMIA ByranedikoBaHWin GpparMeHT eK30CKEeAeTa apTpPOnoAU

(NMNHU-G 1966/110); C — BipnbuTOK Tina uepB’aka abo 6aratoHixxku (NMNHU-G 1966/85a). MacluTtabHi Biapisku
AOpiBHIOKOTL 2 MM (B, C) Ta 5 mm (A).

and even denied the existence of marine-origin
deposits altogether (Novik, 1974). However, Dernov
(2024) reported the occurrence of a low diversity

DISCUSSION AND CONCLUDING REMARKS
The data on marine fauna within the Carboniferous
sequence of the Northern Caucasus (Lebedey,

1919; Hampe and lvanov, 2007) require re-
evaluation, as other researchers did not report
the presence of marine fauna in the region

Pennsylvanian marine fauna in the Ukrainian
Carpathians, another Carboniferous limnic basin
of Eastern Europe. Therefore, the possibility of
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short-term incursions of epicontinental seas
into intermontane depressions of the Northern
Caucasus basin appears plausible, but it requires
further investigation.

Cochlichnus anguineus occurs in both marine
and non-marine facies (e.g., Dernov, 2023). In
Bashkirian deposits of the Donets Basin (eastern
Ukraine), it is found in lacustrine and lagoonal
mudstones and siltstones, as well as in fluvial
sandstones (Dernov, 2023). The presence of
possible arthropod remains, along with numerous
evidence of terrestrial arthropod-plant interactions,
such as margin feeding, galls, and wood borings
(unpublished data of the first author), from the
Pennsylvanian deposits of the Northern Caucasus,
suggests that various arthropods, including
myriapods, oribatid mites, and insects, were present
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