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Received: 14.07.2019 Abstract. The object of our study was phosphated remains of ichnofaunas from the basal
Received in revised form: 25.11.2019 horizon of the Kanivska suite (Eocene), which transgressively onlaps here the eroded top of
Accepted: 07.12.2019 the Burimska suite. The goal of the research was to reconstruct some sedimentation features

of the final stages of the Late Cretaceous basin’s existence and during of the Early Eocene
transgression on the Middle Dnieper area (Ukraine). The specimens of the basal horizon of the Kanivska suite (P kn) were sampled
from the outcrops in the Melanchin Potik gulley and in a branch of the Glyadovy gulley. It is a complex of rough-medium grained gravel
sandstones with shark teeth, fish bone fragments, detritus of Bivalvia and Brachiopoda. The nature of preservation and arrangement
suggests that the fossils were relocated. The sample from the Glyadovy gulley is an agglomeration of phosphatized debris of various
types of ichnofauna, cemented with a phosphate and sand substrate. The first type, in our opinion, is a fragment of a burrow nucleus
of a crayfishlike decapod Thalassinoides Ehrenberg ichnogenus, as indicated by the surface , absence of a constructed wall and its
size. The phosphorite features of the second type are cores of the burrows of the Ophiomorpha Lundgren genus with a characteristic
ophiomorphic sculpture in the form of knobbles on the outer surface. The structures of the second type have certain differences in the
distribution and nature of phosphate material. The described cores are interpreted as domichnia: dwelling places of fossil fauna. They
were not known earlier within the Middle Dnieper area. The animals constructed a system of void ducts in the well ventilated middle
ichnofossil layer with depth up to 60 cm (as can be inferred from the diameter of Thalassinoides). Although crayfish burrows can be
present in any formation, it is generally thought that they are more specific for the littoral and shallow water environments. Based on
the fauna composition and the phosphated debris preservation, we can assume the age of ichnofaunas is Late Cretaceous. An indirect
indication of this can be the bones and teeth of Cretaceous vertebrates, found in the same basal layer, in particular, ichthyosaurus genus
(Platypterygius sp.) and a phosphate concretion with ammonite remnants. Besides phosphatized ichnofauna debris, the basal level
contains black odd-shaped nodules and microconcretions, composed of amorphous phosphate minerals. They contain a considerable
amount of microscopic fossils of presumably phytoorganic nature and fragments of undeterrmined groups. From the fact that the phos-
phate material is not completely decrystallized, and that some microfossils have their initial composition, we infer that they belong to
the Early Eocene.
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®ocparuzoBadi pemTkH ixHodayHu 3 0a3aJbHOro TrOpU30HTY eouneHy KaniBcbkoro
IIpuaninpos s
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AHortanisi. O6 €KTOM HaIIoOro KociipKeHHs Oynu (ocdarn3oBaHi pemITky ixHO(payH! 3 6a3aJIbHOTO TOPU3OHTY KHIBCHKOI CBITH €0-
LeHy, sika B Mexxax KaniBcbkoro [IpuaHinpoB st TpaHCTPECHBHO 3aJisira€ Ha PO3MHUTIH MOBEpXHI BEpXHBOI Kpeiau. Mera pobotH - Ha
OCHOBI JIOCITI/KEHHS] MiHEpAJIbHUX KOMITOHEHTIB, OPIraHOI€HHUX PEIITOK Ta CIIiJIiB )KUTTEIISIIBHOCT] 0a3aIbHOr0 TOPU3OHTY 3’ ICYBaTH
0COOJIMBOCTI YMOB OCa/IKOHAKOIIMYEHHS Ha 3AKJIIOYHMX eTalax iCHYBaHHs KPeHJI0BOro Mopsl i ITijl 4ac paHHbOEOIIEHOBOT TpaHcrpecii
Ha Tepuropii KaniBebkux aucnokaniii. bazansHuii ropu30HT B OCHOBHOMY CKJIa€HHI MAaCHBHUMU CEPEIHBO-TPYy003epPHUCTUMY IpaBe-
JITHCTAMH CIIa0031[EMEHTOBAHUMHU KBAapPLIOBHUMH ITiCKaMH 1 IMiCKOBUKAMH 3 MTOOTMHOKUMH BKIFOUCHHSMH (poCchaTHHX CTSHKIHB Herpa-
BUJIBHO OKPYINIOi (hOpMH Ta 3 YHCICHHOIO (DayHOIO MPEeACTaBICHO0 3y0aMu akyil, pparMeHTaMH KiCTOK puO, IETPUTOM JABOCTYIKOBHX
MOJIIOCKIB 1 Opaxionos. Xapakrep po3TallyBaHHs CTYJIOK i CTyIiHb IXHBOT 30€peKeHOCTI TOBOPUTS IPO Te, 110 (ocuiii Oy nepesi-
KJazeHi. 3pa3ok, BiniOpanmii 3 [T1s10BOTO sIpY npeacrasisiec o000 cKymueHHs (hochaTH30BaHHHUX YIaMKiB iXHO(ayHH Pi3HOTO THUILY,
3IeMEHTOBaHMX (ocdarHo-nimanuM mMarepianom. [lepmmii Tur, Ha HalTy QyMKY, IPEACTABISIE CO00I0 (hparMeHT sapa HIpKH JecsTH-
Hororo pakononionoro ixHopoxy Thalassinoides Ehrenberg, Ha o Bkasye xapaktep MOBEpXHi, BiZICyTHICTh TOOYI0BaHOT CTIHKH 1 fioro
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po3mipu. @ochopHuTOBI YyTBOPEHHS APYroro TUILY MPEICTaBISIIOTE co000 sapa Hipok poxy Ophiomorpha Lundgren 3 xapakrepHoi
oioMopHOIO CKYIBITYPOIO Y BUIVISIAL OyropkiB Ha 30BHIiIIHII moBepxHi. OnucaHi HIpKH iHTepHIpeTyoThes sk Domichnia — xkuTii0
BHKOITHUX OpPraHi3MiB i panimre B Mexxax Cepenaporo [IpuaHinpoB’s He BimoMi. 3a KUTTS TBapuHU (HOPMYBaIH CHCTEMY HE3alOBHE-
HUX XOJIiB CEPelHBOr0, J0OpEe BEHTUIIIOEMOTO iXHOSpYCy mnbOuHoio 10 60 cM (Buxomsuu 3 miamerpa Thalassinoides). Haifuacrimre
BOHH XapaKTepU3yIOTh Pi3HOMAHITHI yMOBH puOepexHoi 061acTi i MinkoBomas. Buxomsuu 31 ckiany ¢ayHu, SBHO MepeBikiaaeHuit
XapakTep HipOK TOILO, IIIJIKOM IMOBIpHO, 1110 JaHi YJIaMKH MaloThb KpeiinoBuii Bik. HenpssMUM iITBEp/KEHHAM YOTO MOXKYTh CIIyTyBa-
TH 3HAXIJKH B [[bOMY K 0a3aJbHOMY FOPU30HTI KICTOK 1 3y0iB MPEICTABHUKIB KPEHI0BOi (ayHu, 30KpeMa ixTio3aBpis (Platypterygius
sp.). Kpim ynamkiB ¢ocdarnzoBanHuX pemTok ixHO(payHH B 0a3aIbHOMY TOPH30HTI NMPUCYTHI CTSDKIHHS YOPHOTO KOJILOPY Herpa-
BIIIBHOT (hOPMU Ta MIKpOKOHKpeii, cKiaieHi amoppuuMu pocdarnimu Minepanamu. ¥ cKiraai MiKpOKOHKpPEIiH B 3HAUHIN KIJTBKOCTI
3HAXOIATHCS MIKPOCKOITIYHI PEIITKH, IMOBIpHO, (iToopraniku. Buxonsuu 3 Toro, mo ¢ocdarHuii MaTepial me He po3 KPHCTalli30Ba-
HU, a yacTuHa Mikpoocuii 30epernia cBiii mepBUHHUIN CKIIa/], MU BBOKAEMO, 110 TaHI MIKPOKOHKPELil € HAHMOIOIIIUMH Y CKIIaIi

0a3aJIbHOTO FOPU3OHTY 1 MaOTh PAHHBOCOLICHOBHIA BiK.

Knrouoei cnosa: naneoceozpagis, kpeiiooguil nepiod, eoyeH, KaHi8CbKa céima, gocgamuzosani pewmki, iXHoghayHa.

Introduction and background. The Cretaceous pe-
riod is characterized by an extensive development of
shallow epicontinental basins, where the sedimenta-
tion was controlled by three factors: eustatic variations
of the sea level, epeirogenesis and climate (Naydin et
al., 1986). The whole sedimentary rock mass, depos-
ited during the Late Cretaceous in the epicontinental
seas of the western part of Eurasia, is referred to as the
chalk-glauconite litho-tectonic complex (“formation”,
introduced by N.S. Shatsky) with the paragenesis of
chalks, chalky marlstones, silica clays, glauconite
rocks, phosphorites and grey-coloured terrigenous
sediments (Shatsky, 1965). This complex was formed
during a single eustatic cycle, which started with a
slow transgression and ended with a rapid regression
at the end of the Cretaceous. These changes of sedi-
mentation environment determined its structure: lower
layers are glauconite sands and sandstones, the main
part of the formation are carbonate rocks, and the end
of the cycle is characterized by regressive sequences:
sands, sandstones and sandy carbonate rocks.

Within the Middle Dnieper area the lower part of
the formation is represented by rocks of the Burimska

suite (K, ,br), composed of glauconite-quartz sands
and sandstones, which were deposited mostly in the
littoral environment. Upwards in the cross section the
sands acquire more carbonate material, and in certain
areas tracing interlayers appear with carbonate nod-
ules of considerable sizes. The top of the Cretaceous
outcrop is arock mass of writing chalk stone and marls
of the Genichevsky horizon (K, km), distributed along
the western and south-western boundary of the Kaniv
dislocation region (Tsyba et al., 2012). All boundaries
between different lithologies are concordant (wher-
ever they can be traced). Higher in the succession
the Cretaceous rocks are overlapped with Paleogene,
Neogene and Quaternary formations (Fig. 1).

We studied the basal horizon of the Kanivska
suite (Eocene), which transgressively onlaps here
the eroded top of Burimska suite. Its lower part
is represented by fine-grained dark-green quartz-
glauconite, carboniferous or loamy sands, with
interlayers of coarse grained sands. This sequence
outcrops in the gulleys of Kaniv area.

These formations and the whole area are rather
well represented in the literature. The study of

E
§|8|e g Lithology
21313 |3
=
Light gray greenish fine-gramed quariz-

giauconif sand. From above fhere ane
blocks of quarizitized sandstones; in the
lower part - phosphonte concretions with
mallusks fauna

Dark gray fine-grained glavconit-gquariz
clayey sand with spofs of ocher

-~
o

Paleogene P
Eocene B

Y Drark green-gray fine-grained glauconit-
2" g5 | quartz sand, in the fower part —
“.| 7" | conglomerate, vertebrate bone fragments

Kanivska Bokn
QUL
l

Bright greenizh gray sand with
sandstones

Cretaceous K|
Upper Kz

Sand m Chertification
g g Clay m Phosphate nodules
Ca i

Fig. 1. Study area, lithology of Upper Cretaceous and Lower Paleogene rocks, outcrops of basal horizon of Kanivska suite
(the stratigraphic column acc. to (Sokolov and Makarenko, 1983)): 1 — Melanchin Potik gulley, 2 — Glyadovy gulley

147



Anhelyna S. Mienasova, Maryna D. Krochak, Oleh S. Ogienko

Journ. Geol. Geograph. Geoecology,29(1), 146—153.

these rocks was initiated in the late XIX and early
XX century timeframe by G. Radkevich and P.Ya.
Yermashevsky (Syabryay, 1963). G. Radkevich was
the first to distinguish and describe the lower stratum
of the Kanivska suite under the name “Horizon a”
(Radkevich, 1900). The basal layer in the floor of the
Kanivska suite on the contact with Senoman deposits
was also described in (Sokolov and Makarenko,
1983). Its outcrops in the area of Kaniv dislocations
were also described elsewhere (Syabryay, 1963;
Kaptarenko-Chernousova, 1971; Palienko et al.,
1971; Krochak et al., 2016).

Goal, materials and methods. On the base of the
analysis of petrography and fossils in the basal ho-
rizon of the Kanivska suite, we studied the sedimen-
tation and deposition environment in the final stages
of the Late Cretaceous sea’s existence and during the
Early Eocene transgression in the area of Kaniv dislo-
cations. We used both literature and our own collect-
ed data for the analysis. The specimens of the basal
horizon of the Kanivska suite (P,kn) were sampled
from the outcrops in the Melanchin Potik gulley and
in a branch of the Glyadovy gulley (points 1 and 2 in
Fig. 1 respectively) for the petrographic (a polarizing
microscope Micros MC 300(S) was also used for
research) and paleontological analysis. The results of
the study are presented below.

Principal results and discussion. In Melanchin Potik
gulley, ca. 50—70 m from its mouth, in the right wall of
the gulley, at a height of 7 m from the gulley thalweg,
there is an outcrop of a layer of sand and sandstone
in the sedimentary rock mass. The outcropped rock
is a strongly cemented greenish-grey medium- and
coarse grained gravelite sandstone with carbonate
cement (Fig. 2). It has a pronounced boundary
with lower strata. The layer is mostly composed of

massive medium- and coarse grained gravellite quartz
sandstone with occasional inclusions of phosphate
nodules of irregular rounded shape. Apparent bed
thickness is up to 15 cm. Numerous inclusions of
carbonate organics are seen in the upper part of the
layer. They are represented by almost intact 3-5 cm
shells and detritus of bivalvia Pectinidae, Gryphaeidae
(Exogyra conica) and one brachiopod species from
the Rhynchonellidae order. The phosphatized organic
fossils contain shells of inarticulated brachiopods of
the Lingulidae family, small (up to 1 cm) fragments
of bones, a fishbone and a shark tooth with a length
of 1.5 cm. All remnants of Bivalvia and Brachiopoda
are from benthic fauna. The layout of shells and their
condition indicate at the redeposition of fossils.

The deposits also contain a considerable amount
of phosphate contractions of irregular form, with
sizes 1-3 cm.

This coarse grained quartz sandstone (non-
lithified sand in some outcrops) is markedly traced
in the area of Kaniv Nature Reserve and presents a
basal horizon of the Kaniv suite (Krochak et al., 2016,
Popova et al., 2015).

This basal level is also outcropped in Glyadovy
gulley (near Khmilna village). The bed thickness
there reaches up to 25 cm. A large amount of
phosphate nodules with varying sizes, petrified wood,
invertebrates: bivalvia, ammonites, brachiopods,
as well as teeth of sharks, fish bones, and remnants
of marine reptiles are encountered there. A bedrock
specimen was sampled from this level in the left wall
of the first right ravine tributary of Glyadovy gulley at
a height of ca. 1.5 m from the thalweg.

The sample is an agglomeration of phosphatized
debris of various types of ichnofauna, cemented with a
phosphate and sand substrate. Such kind of phosphate

Fig. 2. Gravellite sandstone with detritus of benthic organisms (general outline)
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structures are widely known in Cretaceous deposits
of the East European platform (Shvanov, 1987). The
phosphatized constituents of the sample with different
shapes, colours and sizes can be classified into three
types according to their morphology.

The first type is the largest straight rod-like
fragment of ovate and cylindrical shape with length
10-12 cm and major diameter 5-6 cm (Fig. 3 a). The
surface is slightly rough, and its fresh fracture shows
the granulated well cemented rock. The cross section
markedly reveals the zonation with a clear peripheral
part (3-5 mm) and dark center.

er colour of this zone (Fig. 4a). The cement content
in the rock does not exceed 8-10%. In the transition
zone, the ratio of debris and phosphate is about the
same; and in the center the amount of cement exceeds
the volume of debris. (Fig. 4b). This fragment can be
classified as a sandy phosphorite. The increase in the
decrystalisation degree of the phosphate towards cen-
tral zones is typical for diagenetic structures.

The structures of the second type are dark reddish
and black. These are fragments of pipe-like (or cone-
like) debris with diameter from 1 to 2.5 cm and length
up to 6 cm with a specific hummocky surface, some

Fig. 3. Phosphatized debris of ichnofauna: a — Thalassinoides Ehrenberg, b — Ophiomorpha Lundgren, ¢ — cross section

In our opinion, this is a fragment of a burrow
nucleus of a crayfishlike decapoda of Thalassinoides
Ehrenberg ichnogenus, which can be inferred from
the condition of the surface, absence of a constructed
wall and its size. The cylindrical shape can be an in-
dication that the fossil is a part of a vertical “mine”
(the terminology is borrowed from Yanin, Barabosh-
kin, 2013); and the size would infer Th. suevicus type
IT (Reith) species, described in (Monaco, Giannetti,
2002) and some other works.

The cylindrical fragment is the fine grained sand-
stone, with predominant quartz content (90%) and
phosphate cement. The cement filling of the inter-
granular space is different according to the area. In the
edge zone the cement shows only contour filling, and
there are many void pores. This results in the light-

fragments are branched (Fig. 3b). They also feature a
zonal structure with darker peripheral parts compared
to central areas (Fig.3c). The outer phosphorite shell
is more rigid compared to the inner part, which
is subject to destruction and gradual emptying of
material due to weak cementation, so the pipe is a
semi-hollow channel from its edge.

We believe that the phosphorite features of the
second type are cores of the decapod burrows —
Ophiomorpha Lundgren genus with a characteristic
ophiomorphic sculpture in the form of knobbles on
the outer surface. The wall is composed of rounded
or oval rock grains; the structure is like a tube
constructed with a flat inner surface. One of the
fragments has a Y-shaped branching at the edge.
Since the principal feature for distinguishing between

Fig. 4. Cement filling of the intergranular space: a- periphery, b - central zone. Thin section, PPL, 10x10. Frame length is 1 mm
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species is the diameter of the burrow, which indicates
the size of the animals (Vyalov, 1966), the described
forms can be attributed to the species O. nodosa
Lundgren (outer diameter range 1.5-3.3 cm). After
the analysis of W. Héntzschel (Héntzschel, 1952),
the ophiomorphs are considered as dwelling pipes of
burrowing Decapoda. A specific sculpture of the walls
was probably formed as a result of their lining with
balls of sedimentation material.

The structures of the second type (compared to
the first) have certain differences in the distribution
and nature of phosphate material. They also feature a
zonal structure, but different from the former case. The
outer shell, 1-3 mm thick, is formed with amorphous
phosphate with tiny debris of phytoorganics and quartz
grains. Phosphates make up 60-70%, sometimes
up to 80% of the bulk. The substance has globular
structure. Possibly, phosphates were removed from
the sediments into the burrows and precipitated on
the walls, permeated with organic matter. The inner
part of the burrow is clogged with fine-grained quartz
sandstone with glauconite and phosphate cement with
contour and basal type filling (Fig. 5).

known earlier within the Middle Dnieper area. The
animals constructed a system of void ducts in the
well ventilated middle ichnofossil layer with depth
up to 60 cm (as can be inferred from the diameter of
Thalassinoides). Although crayfish burrows can be
present in any formation, it is generally thought, that
they are more specific for the littoral and shallow wa-
ter environments (Singh et al., 2008).

The modern burrow builders as analogs of the
described fauna could be prawns — the representatives
of the Callianassa genus, which permanently reside
in excavated burrows. They feed on small organisms
and detritus with the use of a filtration system. Mod-
ern Callianassidae reside in warm ocean waters, mas-
sively occupying areas from littoral to bathyal zones
(Yanin, Baraboshkin, 2013).

Taking into account marked traces of second-
ary deposition (chipped edges, eroded surface etc)
and the fact that the described ichnofossils do not
belong to any species attributed by G.A. Radkevich
as Eocene fauna, we believe that these fragments
are probably of Cretaceous age. An indirect indica-
tion of this can be the bones and teeth of Cretaceous

Fig. 5. A burrow with phosphate walls. Thin section, PPL, 4x10. Frame length is 2.5 mm

The burrows of both types are passively (gravi-
tationally) filled. According to the appearance, the
representatives of both genera differ essentially, al-
though, according to some researchers, the shape of
the burrows mostly depends on the nutrition, rather
than on the substrate type, and is related to the specific
features of the species (Griffis, Suchanek, 1991). Oth-
ers (Yanin, Baraboshkin, 2013) note that according to
the substrate nature a change of Ophiomorpha mor-
phological patterns into Thalassinoides may occur.

The described burrows are interpreted as domi-
chnia: dwelling places of fossil fauna. They were not
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vertebrates, found in the same basal layer, in particu-
lar, ichthyosaurus genus Platypterygius sp. (Sokolov
and Makarenko, 1983; Kyselevych, Ogienko, 2018),
and a phosphate concretion with ammonite remnants
(pers. com. Ogienko O. S., Mitrokhin A.V.). Since
the top of the Cretaceous outcrop (Genichevsky ho-
rizon, K km) is represented by a layer of writing
chalk stone and marls, it can be inferred that the final
stages of the existence of a marine basin were peri-
odically marked with the “hardground” features, as
specific structures, caused by the interruptions in the
sedimentation, which are well abundant in Cretaceous
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Fig. 6. “Hardground” at the contact of Maastricht and Danian, Aksyyirtau cross section, Mangyshlak.
Numbers are dimensions (cm) by (Naydin et al., 1986)
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Fig.7. Phosphate nodules and phosphatised ichnofossils. The limestone hardground. Specimen 10 cm across.
Mid-Cretaceous, French Alps by (Tusker M.E., 2003)

rocks of the East European platform and its frames
(Fig. 6, 7). These surfaces are formed on the bottom
of a sea basin with a predominantly carbonate sedi-
mentation, when the steady sedimentation process is
interrupted. Mild calcareous muds undergo gradual
contraction and lithification in this environment down
to the depth from 5-8 ¢m to several dozens of cm, and
the sea bottom becomes a hard surface, suitable as a
habitat for various sessile and free benthic organisms
(their remnants were documented in the outcrops of
Melanchin Potik gulley, Fig. 2). A ramified system of
Thalassinoides burrows is characteristic for the ma-
ture stage of the hardground (Naydin, 1986).
Subsequently, a rapid shallowing of the basin
took place, and the change of the facial environment
resulted in the crayfish burrows filling with sand.
Later on the sandstone with phosphate cement formed

in the process of diagenetic transformation. This
assumption is supportedfavorized by the zonality of
these features, which is observable both visually and
in thin sections.

Besides phosphatized ichnofauna debris, the
basal level contains black odd-shaped nodules and
micro concretions with sizes 2-5 mm, composed
of amorphous phosphate minerals. They contain
a considerable amount of microscopic fossils of
presumably phytoorganic nature and fragments of
undeterrmined groups (no studies have been performed
yet). Microfossils, which have preserved the initial
composition, are semi-transparent, red-brownish and
black-brown. The remaining part of the fossils is
phosphatized. Fig. 8 shows, that phytomaterial was
redistributed and squeezed into peripheral parts of
concretions during their growth (a dark ring on the
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Fig. 8. Phosphorite micro concretion with phyto organics, squeezed towards periphery.
Thin section, PPL, 4x10. Frame length a=2.5 mm.

photo under small magnification). From the fact that
the phosphate material is not completely crystallized,
and that some microfossils have preserved their initial
composition, we infer that these structures are the
youngest, that is they belong to the Early Eocene.

Conclusions. The burrows of Thalassinoides and
Ophiomorpha are referred to as domichnia — dwelling
structures; they are widely represented, especially in
Cretaceous deposits of the East European platform.
They are built mostly by Crustaceans, which is sup-
ported by data from many sources, although they
were not described earlier for the Upper Cretaceous
and Eocene sequences in the Middle Dniepr area.

In spite of a rather wide range of environmental
conditions where such dwelling structures can be
found, their most frequent occurrence is in the shallow
water facies.

Together with phosphatized fragments of
ichnofossils (which is described), the basal horizon
of the Kanivska suite contains younger phosphorite
structures, represented by concretions of irregular
shapes and microconcretions, the formation of which
was triggered by the presence of agglomerations of
microfauna remains.

The age of redeposited phosphatized fragments
of ichnofauna in the basal horizon of Eocene is Late
Cretaceous, although the sedimentation conditions
and the age of fauna of the phosphorite concretions of
the basal horizon and lower strata of Kaniv suite still
is questionable.

Further findings of the Cretaceous biota in the
Eocene basal level can provide additional information
about the paleofacial environment, persisting during
the prolonged period of progressive degradation of
the marine basin in the Late Cretaceous.
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