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Black sands of the Yaroshivka Beds (Middle Eocene, Lutetian) that directly overlie granitoids exploited in the Yaroshivka Quarry
(northeastern peripheries of the Ukrainian Shield) have been studied for palynology. This study was conducted with an aim of
palaeoenvironment reconstruction that could contribute to the palaeogeography of Ukraine in the Palaeogene. Deposits studied
yielded both marine and continental palynomorphs. The former consist mainly of dinoflagellate cysts, Prasinophyceae algae,
and acritarchs. Terrestrial palynomorphs are mainly bisaccate pollen grains. Representatives of both palynomorph groups are
immature but they show high degree of mechanical damage. Particularly large specimens of chorate dinoflagellate cysts are
almost exclusively preserved as torn-off fragments. Small proximate dinoflagellate cysts and tiny acritarchs are usually complete.
Palynomorph assemblages described were interpreted as typical for marine, high energetic sedimentary setting located within
a proximal zone of terrestrial influences. Subsequent progression of the Eocene transgression led to a complete inundation of
the Ukrainian Shield in the area of our study. As a result, different palaeoenvironmental conditions appeared. They caused pro-
nounced changes in palynofacies and palynomorphs assemblages found in the strata transitional to the overlying Kyiv Fm.
Keywords: palynology, dinoflagellate cysts, palynomorphs, palaecoenvironment, palaeogeography, Eocene, Northern Ukraine.

MpoBeAeHO NAAIHOAOTIYHUI aHaAI3 YOPHMX NICKIB, PO3KPUTUX AitoUMM Kap'epom Bins ¢. ApoLuiBka (NiBHIYHO-CXiAHA Nepudepia Ykpa-
iHcbkoro wuta (YLL)), siki BIAHOCSATbCSI AO SIPOLLIBCBKOI TOBLLL CEPEAHBbOrO eoLeHy (AtTeT). Ticku, Lo 3anaratoTb 6e3nocepeAHbo Ha
KpuCTaniuHUx nopoaax YL, MicTATb AK MOPChKI (LMCTU AMHODAGreAnT, GikoMKn NpasiHOPITOBUX BOAOPOCTEN, aKpUTapPXM), Tak i KOH-
TUHEHTAAbHI (3aranom, MUAKOBI 3epHa XBOMHMX POCAMH) NaniHOMOPOU. 36epexeHicTb NAaAiHOAOTIUHOMO MaTepiany HUXUE 3aA0BIAb-
HOI — HAsiBHWUIM BUCOKMI CTYMiHb MEXaHIYHOro NMOLIKOAXKEHHA AK MOPCbKUX, TaK i HA3eMHMX BUKOMHMX rpyn. XopaTHi AMHOLMCTH, OCO-
6AMBO KPYMHi, NPEACTAaBAEHI MalXe BUKAKOUHO PO3ipBaHUMK dparmMeHTamu. HenowkoAKeHUMI € AuLie APIOHI AMHOLMCTK Ta Apib-
Hi akpuTapxu. OnucaHui NAaAIHOAOTIUHWUIA KOMMAEKC IHTEPMPETYETLCS AK TUMOBUIA AASE MOPCBKOTO CEPEAOBHLLA 3 BUCOKOHO MiAPOAN-
HaMiYHOO aKTUBHICTIO (NprbepexHa 30Ha). MoaanbLLe HapoLLyBaHHSA eoLEeHOBOI TpaHCrpecii Npu3BeAo A0 3aTonAeHHs YL, B paiio-
Hi HaLLOro AOCAIAXEHHS Ta 3MiHW NaneoreorpadiuHmx yMoB, AKi 3adikcoBaHi B NaniHodauifax nepexiaAHux A0 KMIBCbKOT CBITK LLapax.
KAKOUOBI CAOBaA: NAAiHOAOTISA, LMCTU AMHODAAreAsT, NaAiHoOMOPdH, yMOBH iCHYBaHHS, naneoreorpadisi, eoueH, MNiBHiYHa YkpaiHa.

INTRODUCTION however, marine fossils have been found there, in-

Palaeogene succession of Northern Ukraine con-
tains a few horizons of black clastic deposits, com-
monly with brown-coal deposits. Terrestrial origin of
these deposits is confirmed by occurrence of sporo-
morphs, higher plant remains, and lack of marine
fossils. However, some black clastic strata, tradi-
tionally regarded as continental deposits, could ac-
cumulate in a marine environment. Such examples
are black sands once exposed in the Yaroshivka
Quarry where they lie upon crystalline basement of
the Ukrainian Shield. They were treated as conti-
nental strata (the so-called sub-Kyiv Sands; Ukrain-
ian name: nNiAKUIBCbKI Mickun), that underlie the
marine Kyiv Formation (Kiev Fm., sub-Kiev Sands
- translit. from Russian) due to, i.a., occurrence
of common coalified plant remains. More recently,
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cluding shark and bone fish teeth, and marine tur-
tle remains, that witness for marine sedimentary
setting. Our preliminary dinoflagellate cyst studies
(Gedl, Shevchenko, 2010) also evidence their ma-
rine origin. In this paper, we present our further re-
sults of palynological studies of these black sands
once exposed at Yaroshivka Quarry.

GEOLOGICAL SETTING

Sedimentary succession of Northern Ukraine is
highly diversified as it rests on various structures of
older substratum. The most prominent part of this
substratum is the Ukrainian Shield built of Precam-
brian crystalline rocks that occupies most of north-
ern part of Ukraine (Fig. 1). The Ukrainian Shield
was since its beginning an elevated structure - its
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Fig.1. Schematic map of Ukraine with main structural geological elements and location of the Yaroshivka Quarry (arrowed).

sedimentary cover consists of Jurassic and Creta-
ceous (preserved locally only) and Palaeogene-Neo-
gene successions. To the north-east, the Ukrainian
Shield borders on the Dnieper-Donets Trough that
separates it from another Precambrian rigid struc-
ture - the Voronezh Crystalline Massif. The trough
begun to form as a rift system separating these two
crystalline massifs in the Devonian; it is filled with a
thick sequence of sedimentary rocks spanning the
Devonian through the Neogene.

The same orographic pattern was in Northern
Ukraine during the Palaeogene: the Ukrainian Shield
was uplifted, whereas the Dnieper-Donets Trough was
a submerged depocenter where the marine Palaeo-
gene section (Lower Paleocene to Upper Oligocene)
shows the most complete development and highest
thickness (350 m in the axial part) being the type area
for the biostratigraphical division of the Palaeogene in
epicontinental Ukraine. Towards the Ukrainian Shield,
thickness of Palaeogene strata gradually becomes
thinner, and it oscillates on the Shield between fifteen
to zero meters. This highly incomplete development
of the Palaeogene at the Ukrainian Shield makes cor-
relation with the Dnieper-Donets Trough succession
problematic, particularly that some intervals of Pa-
laeogene strata at the Ukrainian Shield are continen-
tal or shallow marine devoid of fossils.
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The Palaeogene succession of Northern Ukraine
(known from the Dnieper-Donets Trough) consists of
nine informal lithostratigraphical units in the rank of
suites/formations: Sumy Fm., Merla Fm., Kaniv Fm.,
Buchak Fm., Kyiv Fm., Obukhiv Fm., Mezhyhiria Fm.,
Zmiiv Fm., and Syvash Fm.

Paleocene Sumy (= Psol Fm. according to Strati-
graphic Schemes..., 1993) and Merla formations are
continental and they are known from the Dnieper-
Donets Trough only. The age analogues of the Sumy
Fm. on the Ukrainian Shield are marine Polissia Beds,
Luzanovka Beds, the Raihorodka Fm., and the lower
part of the continental Boltyshka Beds. Continental
middle part of the Boltyshka Beds on the Ukrainian
Shield is presumably a counterpart of the Merla Fm.
The Lower Eocene (Ypresian) Kaniv Fm. is marine (in
the Dnieper-Donets Trough); it can be correlated with
lacustrine deposits of the Ukrainian Shield (upper
part of the Boltyshka Beds). A similar development
characterizes younger, lower Middle Eocene (lower
and middle Lutetian) strata, which are marine in the
Dnieper-Donets Trough (the Buchak Fm.), whereas
their possible age counterparts on the Ukrainian
Shield are mostly continental (e.g., brown-coal de-
posits in the Dnieper Brown-Coal Basin). Some oth-
ers, however, like the Yaroshivka Beds (subject of this
paper) - are marine. The overlying marine Kyiv Fm.
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Fig. 2. Yaroshivka Quarry (as of year 2010). A, B - views on uppermost quarry walls showing sedimentary cover of the crystal-
line (granite) basement; C - coarse-grained sand and gravel from the basal part of the Yaroshivka Beds (coin diameter = 16,3
mm); D - bioturbated sands from the middle part of the Yaroshivka Beds (coin diameter = 16,3 mm); E - schematic sections of
the Yaroshivka Beds with positions of the samples studied.
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(upper Middle Eocene; upper Lutetian-Bartonian) is
the first Palaeogene horizon that uniformly covered
the Dnieper-Donets Trough and the Ukrainian Shield).
The same refers to the Priabonian Obukhiv Fm. and
the Oligocene units (Mezhyhiria, Zmiiv, and Syvash
formations), which although show some differences,
are generally uniform in both areas.

MATERIALS

The Yaroshivka Beds are dark-brown to black sands
and muds, usually quartz with minor admixture of
glauconite, that rest directly on Precambrian crystal-
line basement of the Ukrainian Shield or locally on the
Kaniv Fm. Gravel transgressive layers in their base can
be observed locally. The Yaroshivka Beds are known
from the north-west and central parts of the Ukrainian
Shield (Stratigraphic Schem..., 1987, 1993). The best
exposures are in granite quarries near Fastiv (at vil-
lages of Yaroshivka and Byshiv); they are also known
from boreholes (Kaniv and Kamianske region).

At the Yaroshivka Quarry, their locus typicus,
the Yaroshivka Beds reached up to 5 m thickness
(Fig. 2). The basal part contains common gravel
and coarse-grained sands (Fig. 2, C). The higher
parts contain coarse- to medium-grained black
sands with very frequent burrows (Fig. 2, D).

The age of the Yaroshivka Beds at the Yaro-
shivka Quarry is most likely Lutetian. According to
N.l. Udovichenko (pers. comm.), presence of Car-
charocles cf. auriculatus (Blainville) suggests Lute-
tian age. In another location, a little to the east and
south-east (Kagarlyk-Rzhyshchiv area), the same
age of the sub-Kyiv Sands is suggested by plank-
tic (Acarinina rotundimarginata Zone) and benthic
(Robulus dualis Zone) foraminifera (generalizations
T.S. Ryabokon (based on Krajeva et al., 1967)).
Calcareous nannofossils found in the interval tran-
sitional from the Yaroshivka Beds to the Kyiv Fm.
(E.A. Solyanik, comm. pers.) are characteristic of
NP16 Zone correlated with the upper Lutetian-low-
ermost Bartonian (Berggren et al., 1995).

During our fieldtrips in 2010, we collected nine
samples from the Yaroshivka Beds exposed in the Yaro-
shivka Quarry (now, exposures of the Yaroshivka Beds
are inaccessible). Three more samples were collected
from the strata transitional to the overlying marls of the
Kyiv Fm. (Fig. 2, E). The quarry was located 1,5 km east
of the village of Yaroshivka near Fastiv (Fig. 1).

METHODS
The samples were processed in the micropalaeon-
tological laboratories of the Institute of Geological
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Sciences, Polish Academy of Sciences, Krakow,
and Institute of Geological Sciences of NAS of
Ukraine, Kyiv. The palynological procedure applied
included 38% hydrochloric-acid (HCI) treatment,
40% hydrofluoric-acid (HF) treatment, heavy-liquid
(ZnCl+HCI; density 2,0 gcm?®) separation, ultra-
sound for 10-15 s and sieving at 10 um on a nylon
mesh. Nitric-acid (HNO,) treatment was not applied.

The quantity of rock processed was 250 g for
each sample. Palynological slides were made from
each sample using glycerine jelly as a mounting
medium. The rock samples, palynological residues
and slides are stored in the collection of the Insti-
tute of Geological Sciences, Polish Academy of Sci-
ences, Krakow.

RESULTS

All samples contain palynological organic matter,
although its qualitative content differs throughout
the section (Fig. 3). Samples 25-19 from the lower
part of the Yaroshivka Beds at the Yaroshivka Quar-
ry yielded high amounts of highly disintegrated, tiny
structureless organic particles. A characteristic fea-
ture of this interval is frequent occurrence of bisac-
cate pollen grains, which represent over 90% of
all sporomorphs. Spores, although infrequent, are
also present (Plate I). Aquatic palynomorphs are
represented in this interval by acritarchs, Prasino-
phyceae algae, and dinoflagellate cysts (Plates |, II).
They are all immature (pale coloured) but especially
large, chorate specimens of dinoflagellate cysts are
preserved as torn-off fragments only.

Acritarchs are represented by frequent Paucilo-
bimorpha spp., and less frequent Cystidiopsis spp.
Prasinophycaea are not so numerous; they are rep-
resented by Cymatiosphaera spp., and Tasmanites.
The lowermost sample 25 yielded only fragmentarily
preserved dinoflagellate cysts (Polysphaeridium?,
Areoligera?, Achomosphaera/Spiniferites). Higher
samples yielded dinoflagellate cyst fragments (Lin-
gulodinium?, Homotryblium?, Achomosphaera?,
Areoligera?, Hystrichokolpoma, Wetzeliella), com-
plete specimens of Microdinium spp., Lentinia ser-
rata, and L. wetzelii. Lentinia specimens become
most frequent in samples 22-19.

Two samples, 18 and 17, yielded very low
amounts of palynological organic matter, with de-
terminable pollen grains only in sample 17. A differ-
ent palynofacies occurs in higher samples 16 and
15 collected from the interval transitional to the
Kyiv Fm. (Fig. 2, E). Sporomorphs disappear there
almost completely, and tiny black opaque particles
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occur frequently. Aquatic palynomorphs undergo a
significant change as well: the hitherto dominating
acritarchs and Prasinophycae disappear (acritarchs
are represented in these two topmost samples by
tiny, spiny forms only); among dinoflagellate cysts
Lentinia disappears, and small subsphaerical proxi-
mate species of Microdinium, Batiacasphaera?,
and Tectatodinium dominate; Phthanoperidinium
echinatum occurs. Fragmentarily preserved speci-
mens are also present in these samples: Polysphae-
ridium zoharyi, Cordosphaeridium gracile, Homotry-
blium tenuispinosum, Spiniferites spp., Wetzeliella,
Areosphaeridium. Impagidinium sp. was found in
sample 16, whereas Deflandrea (including D. oebis-
feldensis? and D. phosphoritica) occur in sample 15.

INTERPRETATION

Results of our palynological study of the Yaroshiv-
ka Beds (the Yaroshivka Quarry), which are pre-
sented in this paper, are a record of palaeoenvi-
ronmental changes that took place during Middle
Eocene transgression on the Ukrainian Shield. This
transgression covered the Shield - an area, which
up to then was emerged. During the Paleocene
and Early Eocene the Ukrainian Shield was a land
surrounded to the north-east by a basin where
marine strata accumulated (the Dnieper-Donets
Trough). During the Lutetian, uprising sea level led
to flooding of the Ukrainian Shield and resulted in
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Distribution of palynomorphs in the Yaroshivka Beds at the Yaroshivka Quarry (for symbol explanations, see Figure 2).

marine sedimentation in this region that for mil-
lions years was land.

Aquatic palynomorphs, especially the fully ma-
rine dinoflagellate cyst assemblages found in the
Yaroshivka Beds, undoubtedly show these black
sands to have accumulated in a marine environment.
Presence of frequent acritarchs and Prasinophyc-
eae algae suggests some specific conditions, but as
palaeoenvironmental preferences of these microfos-
sils are not precisely known, their nature remains un-
certain. Possibly, it may be associated with proximal,
shallow marine environment. Subsequent changes in
palynological record, detected in the upper part of the
studied succession, may confirm our interpretations.
We present a following model of palaeoenvironmental
changes during accumulation of the Yaroshivka Beds.

Lower part of the section was accumulated dur-
ing initial stages of the transgression characterized
by a high energetic shallow marine environment.
Gravels and coarse-grained sands accumulated
then. Majority of dinoflagellate cysts from this inter-
val are torn-off, which is another evidence of ener-
getic water conditions that led to cyst damage. Se-
lectivity in cyst preservation relies on the fact that
larger specimens, especially those with long proc-
esses, i.e., chorate forms like Enneadocysta, Homot-
ryblium, Areosphaeridium, Cordosphaeridium, were
more susceptible to damage than small subspheri-
cal proximate specimens (e.g., Microdinium). Begin-
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ning of the Yaroshivka Beds accumulation was char-
acterized by proximity of land areas still not flooded
by the transgression. Conifers were presumably the
main element of vegetation on these islands/lands,
although over-productivity of their pollen grains in
fossil material is well known due to high productivity
of conifer trees and high buoyancy of pollen grains.
The Early-Middle Eocene was generally the time of
warm and humid tropical climate (e.g., Zachos et al.,
2001) so this conifer pollen grain dominance might
be indeed a matter of sedimentary processes. Fern
spores, although rare in our material, show that ther-
mophilous vegetation was also present on land.
Asignificant change in palaeoenvironmental con-
ditions took place when the uppermost part of the
section, transitional to the overlying Kyiv Fm., was ac-
cumulated. Lack of sporomorphs in samples 16 and
15 shows that the alimentary area was either with-
drawn or flooded by the progressive transgression.
The latter possibility, when the whole neighbouring
part of the Ukrainian Shield was flooded is more
likely, as pollen grains can be transported from long
distances, even by wind. Disappearance of emerged
areas resulted also in changes in marine environ-
ment. Acritarchs (Paucilobimorpha, Cystidiopsis)
and Prasinophycaea (Cymatiosphaera, Tasmanites),
so frequent in the Yaroshivka Beds - disappeared.
Their absence may be a result of increasing water
depth (simultaneously with progression of transgres-
sion). But it may be also caused by some other fac-
tors, hard to determine, due to enigmatic palaeoen-
vironmental preferences of these microfossils.
Increase in area covered by the sea, indirectly
linked with water depth, may be suggested by the ap-
pearance of oceanic genus Impagidinium (see e.g.,
Sluijs et al., 2005), which although rare, has been
found in sample 16. Other explanations of changes in
aquatic palynomorphs assemblages may be related
to changes in water temperature and/or sea water
chemistry. The latter possibility seems to be more ob-
vious. Our dinoflagellate cyst data show that during ac-
cumulation of the Yaroshivka Beds water salinity was
fully marine, as their assemblages are composed of
stenohaline forms. But disappearance of acritarchs,
Prasinophyceae, and peridinioid Lentinia, may be re-
lated to flooding of land areas. During initial stages
of transgression, land areas could influence marine
ecosystem by freshwater influx that led to fertilization
of marine waters. Peridinioids (in our case Lentinia)
are known to benefit from nutrient-rich waters (e.g.,
Sluijs et al., 2005). Cease of nutrient influx after flood-
ing of land areas could lead to shift in trophic condi-
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tions from eutrophic (favourable by peridinioids) to
oligotrophic (presence of Impagidinium).

DISCUSSION

Our interpretations of palaeoenvironmental conditions
during deposition of the black sands of the Yaroshivka
Beds are consistent with results of previous, partly un-
published studies. Fully marine conditions as based on
dinoflagellate cysts are also indicated by occurrence of
shark teeth that frequently occur in the basal part of the
Yaroshivka Beds at the Yaroshivka Quarry. N.I. Udovi-
chenko (pers. comm.) identified there Notorhynchus
sp., Heterodontus cf. vincenti (Leriche), Heterodontus
sp., Anomotodon sp., Striatolamia macrota (Agassiz),
Striatolamia sp., Brachycarcharias cf. lerichei (Casier),
Hypotodus verticalis (Agassiz), Jaekelotodus robustus
(Leriche), Carcharias sp., Odontaspis winkleri (Leriche),
Carcharocles cf. auriculatus (Blainville), Physogaleus
sp., Aetobatus sp., and Myliobatis sp.

Fully marine conditions are also supported by fo-
raminifera that occur in the sub-Kyiv Sands (possible
Yaroshivka Beds) of the Kagarlyk-Rzhyshchiv area:
planktic (Pseudohastigerina micra (Cole), A. crassa-
formis simulata (Kr.), A. pentacamerata (Subb.), A.
ex gr. interposita Subb., A. rugosoaculeata Subb.,
and others) and benthic (Textularia pishvanovae
A. et K. Furs., Lenticulina dimorpha Tutkow., Lenti-
culina (Marginulinopsis) fragaria (Gumb.), Cibicides
biumbonatus A. et K. Furs., Bifarina millepunctatus
Tutkow., and others) (determined by E.J. Krajeva
(Krajeva et al., 1967, see table 2)).

Calcareous nannofossils have not been ob-
served yet in the Yaroshivka Beds (E.A. Solyanik, pers.
comm.). They occur in the strata transitional to the
Kyiv Fm. (our samples 16 and 15; see Fig. 2, E), and
above. Their absence in the Yaroshivka Beds may re-
flect either shallow marine conditions and/or high en-
ergetic conditions unfavourable for accumulation and
preservation of those delicate nannofossils.

The Yaroshivka Beds can be correlated by age
with the marine Buchak Fm. Lithology and palynologi-
cal content of the former show its near-shore shallow
marine character. Thus, the proximal marine Yaroshiv-
ka Beds is a transitional facies between the brown-
coal formation deposited in continental conditions on
the Ukrainian Shield and the open marine Buchak
Fm. that settled down on the slopes of the Ukrainian
Shield and the neighbouring Dnieper-Donets Trough.
It occurs along the north-eastern edge of the Ukrain-
ian Shield adjacent to the Dnieper-Donets Trough.

Our conclusion on a complete inundation of
the Ukrainian Shield in the area under study in the
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Plate I. Palynomorphs from the Yaroshivka Beds at the Yaroshivka Quarry. Scale bar in A = 15 ym and refers to all
other photographs.

A-C - Cymatiosphaera bujakii De Coninck, 1986 (sample 24; same specimen, various foci); D, E - Cymatiosphaera sp. (sample
24; same specimen, various foci); F-H - Paucilobimorpha triradiata (De Coninck, 1986) Prosl, 1994 (sample 24; same specimen,
various foci); | - Paucilobimorpha (sample 24); J - Paucilobimorpha (sample 24); K - Paucilobimorpha triradiata (sample 24); L,
M - Cystidiopsis mamellatus (De Coninck, 1977) Grabowska, 1996 (sample 22); N, O - islolated processes of ?Homotryblium
(both specimens from sample 24); P - Cystidiopsis mamellatus (left) and Myricaceae (right; sample 24) Q, R - bisaccate pollen
grains (Q: sample 19, R: sample 23); S-V - fern spores (S, T: sample 23, U: sample 20, V: sample 19); W - isolated process of
?Cordosphaeridium (sample 24); X-Z - Tasmanites concinnus (Cookson et Manum, 1960) Downie, Evitt, Sarjeant, 1963 (sample
24; same specimen, various foci).
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Plate Il. Aquatic palynomorphs from the Yaroshivka Beds at the Yaroshivka Quarry. Scale bar in A= 15 um and refers
to all other photographs.

A-C - Microdinium reticulatum Vozzhennikova, 1967 (sample 16; same specimen, various foci); D-F - Microdinium sp. (sample
19; same specimen, various foci); G-| - Batiacasphaera sp. (sample 16; same specimen, various foci); J-L - Tectatodinium pel-
litum (Wall, 1967) Head, 1994 (sample 15; same specimen, various foci); M - Cleistosphaeridium? sp. (sample 24); N - Sche-
matophora? sp. (sample 22); O - Cribroperidinium sp. (sample 15); P - foraminifera organic lining (sample 15); Q-T - Lentinia
spp. (Q: sample 23, R: sample 22, S: sample 21, T: sample 19); U - incomplete specimen of Enneadocysta sp. (sample 22); V,
W - Tectatodinium rugulatum (Hansen, 1977) McMinn, 1988 (sample 15); X - Impagidinium sp. (sample 16); Y - Phthanoperi-
dinium echinatum Eaton, 1976 (sample 16); Z1-Z3 - Deflandrea phosphoritica Eisenack, 1938 (all specimens from sample 15).
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Lutetian is consistent with the hitherto palaeogeograph-
ic reconstructions (Krajeva et al., 1967; Radzivill et al.,
1987; Zosimovich et al., 2015; Ryabokon, Shevchenko,
2001), which assume a complete submergence of the
Ukrainian Shield in the Late Lutetian-Bartonian.
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