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ON NEW LOCALITIES OF MARINE MICROFOSSILS
IN UPPER CENOZOIC DEPOSITS OF BELARUS

New data on microfossils from the Upper Cenozoic strata from the territory of Belarus are reported in the article.
In the Radashkovichy Upland (Central Belarus), in sands, silts and clays, which are currently mapped as Middle
Pleistocene, a mixed association of Upper Cretaceous and Cenozoic Foraminifera was revealed. It is suggested that the
Upper Cretaceous foraminifers were reworked in the process of erosion of loose Coniacian — Maastrichtian sediments
previously deposited in that region, whereas Cenozoic ones can occur in reworked sediments as well as in situ, as
inhabitants of a Late Cenozoic marine basin which supposedly spread over this territory. In the judgment of the authors,
any possibilities of preservation of delicate tests of Foraminifera during hypothetical glacial destruction of their host
rocks seem very problematic. Another result of the present study is the discovery of an in situ association of agglutinated
and calcareous tubular microscopic structures, which may belong to cold-water Foraminifers, in a site located in the
eastern part of the Polesian Lowland (Dnieper river bank) in boulder clay. Their host sedimentary unit is regarded in the
regional geological literature as the moraine of the Middle Pleistocene Dnieper glaciation. Perhaps this paleontological
finding provides evidence of the supposed Late Cenozoic marine transgression to this region. On the basis of the studied
material preliminary assumptions about paleogeographical setting and on conditions of sedimentation are suggested.
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occurrence; Belarus.
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ABb HOBbBIX MECHA3HAXOJA/KAHHAX MIKPAUP3[HTKA§7
MAPCKIX APTAHI3MAY Y AJIKJIAJJAX BEPXHAT'A KAMHA3O01O BEJIAPYCI

VY apThIKyie NaBeNaMJIAIOLIA HOBBIA JaJ3€HBII Ipa 3HAXOAKI MIKPACKAIYHBIX BBIKAIHEBBIX apraHigHBIX
polITKay 3 aaKiianay BepxHAra KaiHa30i Ha TAPHITOphI benapyci. Acaupiauplsi MiKpapoliTKay 3MellaHara ThIIy,
y ckiamse skoi (dapaminidepbl BepXHsM KpIWABI 1 KaiiHA30s, BBIIYJICHA Yy Mekax Panaiikopinkara Y3BbIIIIIa
(upHTpanbHas benapych) y MOKPBIYHBIX MCKAX, ajleyphITax 1 MIHICTBIX Napojax, Ma3HauaHbIX Ha A3€HHBIX reajlariyHbIX
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Mamax y SKacui CsApdAHeIUIeHCTaIPHaBhIX. BbIKa3aHa MepKaBaHHE, IITO BEPXHEKPIWAaBbIA (apamiHideps! ObuIl
MepaagKiIaa3eHbl y BBIHIKY pa3MBIBYy cialaiiTei(ikaBaHara acajky KaHbBSAIIKara-MaacTphIXTCKara ¥3pocTy, pacmay-
CIO/DKaHaTa Ha TATail TAPBITOPEI ¥ MIHYJIBIM. Y CBaro 4apry, KaiHa30McKis GapamMiHiepsl MOTYIh 3HAXO/311IIIa TaKcaMa
1 ¥ mepliacHBIM 3aisiraHHI, SK HaceNbHIKI MO3HeKaifHa3oickara Mapckoro OaceiiHa, siKi MO ObIlb ITallbIPaHbI
¥ nmacnenaBaHbM poriéHe. Ha mymky aytapay, 310bHACb KPOXKIX MaHLbIpay dapamiidep BHITPbIMALD TiNATITHIYHYIO
JICIABIKOBYIO IICTPYKIIBIFO YMSIIYAIbHBIX aKIaay BeITJsIac MajaBeparoaHaid. JIpyriM BbIHIKaM MpaBen3eHal mparsl
3’synsena ankpelné “iHciTHail” acaupiinpll TpyO4YaThIX KapOaHATHBIX 1 ariIOTHIHABAHBIX MIKpapaIITKay, SKis
pasrisgaronia Hami SK BEparoiHbIs MaHIBIPHl XalaJaHAaBOAHBIX (apamiHidep, y BaIyHHBIM CynecKy Ha Oepase
Husmpa, Ha Yexonze Ilameckail Hi3iHBL YMSIIYaIbHBII aqKIaibl ¥ paTisHATbHA-TeAarigHai JiTapaTypsl aJHOCSIIA
Jla CApAAHATA IUICUCTAIdHY 1 Jivamma mapiaHail J{HATpoyckara 3ime3sHeHHsA. 3HaXOAKa MOXKa 3 AyIiIa ImajeaH-
TaJIari9HBIM CBEJYAaHHEM ITO3HEKalfHa30lcKara 3aTamieHHs ratail Boonaci. I[Ipananyrora namsapa3/His BEICHOBBI Ipa
nayiearearpadigHbia abCTaHOYKI 1 YMOBBI CEIBIMEHTAIIBII.

KirouaBpisi cyioBbI: (hapaminidepsl; MapcKist apraHiuHbIsA BRIKATHEBBIS MIKPApAIITKI; BEPXHSSI KPIiaa; Mo3H1
(BepxHi) KaifHA301; IepaagKiIafaHHe; 3HAX0MKaHHE “in situ”’; bemapyce.

Mau. 8. Biosmisirp.: 20 Ha3Bay.

Introduction. The micropalacontological study of some types of argillaceous sediments of
Belarus, regarded by most researchers as formations of glacial genesis, that we had undertaken ear-
lier, led to the discovery of Foraminifers and remains of other groups of marine microbiota [1]. The
results obtained suggest that the studied strata contain assemblages of micro-fossils, including both
elements reworked from previously existing more ancient formations and organisms that lived di-
rectly in the basins of the newest sedimentation. This is not entirely consistent with the glacial ver-
sion of the formation of the enclosing sediments [2]. In particular, the good preservation of fragile
microfauna excludes the repeated destructive effects of a series of glaciations, including glacial
plucking of the subglacial substrate, erosion by melt water streams saturated with abrasive particles,
high pressures on loose rocks from moving ice masses, which are postulated by glacial geologists. In
contrast to these views, the hypothesis of water erosion under certain hydrodynamic characteristics
of the aquatic environment does not conflict with the possibility of reworking of easily destroyed
microfossils found in an almost intact form.

In turn, the presence of fossils of those representatives of marine microfauna that, in our
opinion, lived in situ, can be considered as direct evidence of the marine genesis of some types of
sediments traditionally classified as continental glacial ones. These include the mass accumulation
of tubular cold-water foraminifera, which was identified in the Virynka Section of microlayered
clays and silts in the north of the Polack Lowland (Figure 1) [1].

New studies, the results of which are reported in this article, allow us to supplement the pre-
viously obtained data, as well as to draw several new conclusions about the conditions of for-
mation of the studied sedimentary units.

Material and methods. The present study is based on the methods described in our previous
article [1]. Samples were taken in outcrops and quarries in order to evaluate the main lithological
facies. Formation members of considerable thickness (more than 2 m) and a uniform lithological
composition were sampled with combined samples weighing not less than 200 g consisting of spot
samples taken along the strike and across the strike of the member. In the laboratory, after
exposure to short-term heating in a solution of baking soda, a part of each sample weighting 100 g
was passed through the standard set of sieves. The thinnest fraction passing the 0.25 mm sieve was
collected and subsequently decanted. The remaining parts of the samples are kept intact for
possible additional analyses: diatom, spore-pollen, isotope-geochemical, etc.

Fossil microobjects were selected under a binocular microscope from washed and dried
sediment with a wet brush or a preparation needle and mounted with a sticky solution of sucrose
on a cardboard carrier for subsequent imaging.
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Figure 1. — Studied localities of marine microfossils in Upper
Cenozoic deposits in Belarus

ManioHak 1. — [JacneaaBaHbisi MecLia3HaXomKaHHi MiKpapaLuT-
Kay MapcKix BbIKanHEBbIX apraHiamay y agknagax BepxHsra
KanHa3orw Benapyci

Microfossils were imaged by means of scanning electron microscopy (SEM) and also under
reflected light using the OGME-P2 binocular microscope and the Sony DSC-H10 digital camera.
The coordinates and absolute altitude of the studied locations are determined using the “Google
Earth” service and topographic maps.

The studied micropaleontological material is deposited in Yu. Zaika’s collection (Minsk, Belarus).

Results and discussion

Radashkovichy Upland. As a result of sampling of sand-gravel pits located along
a conditional line along the axis of the Radashkovichy Upland to the north of Zaslauye area
described earlier [1] the foraminifera and other organic microfossil assemblages were revealed in
the localities of Viekshychy, Radashkovichy-1 and Lasi (Figure 1).

The Viekshychy Section (54°3'44.01"N, 27°11'0.50"E) is located 8.5 km northwest of
Zaslauye area, north of the settlement of Viekshychy in the Minsk Region. Sampling was carried
out in a sand and gravel pit on the southern slope of an elevation with an absolute altitude of about
290 m. The following formations were revealed from top to bottom under the topsoil (Figure 2).

1. White-yellow loess-type sandy loam, about 0.5 m thick.

2. Light-yellow bedded sand with interlayers of brown argillaceous sand. The bedding is
intensely deformed. Thickness is up to 3.0 m.

3. Dense brown sandy loam and loam, with interlayers and lenses of gravel, pebbles,
infrequent boulders of crystalline and sedimentary rocks (“till”’). Thickness of the member is about
5.0 m. From its lower part sample M27 was taken, in which remnants, presumably of Pteropoda
Cuvier and other organisms of problematic systematic position, were found.

4. Uniform interlayer of fine, argillaceous, thin-bedded sand, about 0.2 m thick.
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Figure 2. — Zaslauye [1], Viekshychy, Radashkovichy-1 and Lasi Sections (Radashkovichy
Upland) with sampled localities (layerwise description given in the text)

MantoHak 2. — Pa3pa3bl 3acnaye [1], Bekwbiybl, PagawkoBiybi-1 i Jlaci (PapawkoBiukae
y3BbIWLa), 3 yKazaHHeM MecLay agbopy npob (nacrnoviHae anicaHHe npbiBeg3eHa y TIKCLe)
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5. Laminated sand and gravel unit, in some intervals cemented in the form of slabs and
massifs of sandstone and gravelite, with a total thickness of about 5 m. Mostly hidden by scree.

6. Fine-grained sand, thin-bedded, with thickness of about 5.0 m. The dip of the bedding is to the
south at an angle of 10°. Sample M26 was taken from the lower part of the interval, in which
foraminifera Heterohelix striata (Ehrenberg) (= Guembelina (Pseudoguembelina) striata (Ehrenberg))
(Figure 3, p) were revealed, as well as some globigerinidae-like foraminifers (Figure 4, a). Of them,
H. striata (Ehrenberg) is characteristic of the Upper Cretaceous, mainly for the Coniacian-Maastrichtian.
The foraminifers mentioned in the present work as H. striata (Ehrenberg) are probably identical to the
foraminifera of Zaslauye area, which we previously referred to as Spiroplecta sp. [1]. In addition, sponge
spicules (Figures 5, a—e) and microfossils of unidentified organisms (Figures 5, /—n) were found.

The sand interval below with a thickness of about 7—9 m is almost completely covered with talus.

7. A boulder-pebble interlayer with the uniform thickness of about 0.5 m that dips to the north-
northwest at angles of 8—15°. All the underlying layers down to the bottom of the pit have the same
dip. Thus, between layers 6 and 7, there is probably an angular unconformity hidden by the talus.

8. Layered sands, with streaks of gravel, pebbles and with separate boulders. The member is
up to 3-4 meters thick.

9. Horizontally and diagonally layered sand and gravel with pebbles and boulders, separate in-
tervals of which are cemented to form slabs of sandstone and gravelite about 0.5 m thick. The slabs can
merge into layered cemented massifs of more than 2.0 m thick. In the middle of the unit there are thin
bands of fine and silty sands grading into silt, as well as individual thin bands of brown “chocolate”
silty clay. Total thickness of the member is about 6—8 M. Sample M16 was taken from a silty clay
band; in the sample numerous foraminifers (Figures 3, 4), as well as sponge spicules, sometimes inter-
connected (Figure 5, a), fish teeth (Figure 5, k) and other microfossils (Figures 5, —j, —n) were found.
The number of tests of Foraminifera is measured in hundreds of specimens per 100 g of sediment.
Sponge spicules and foraminifers are well-preserved. The following foraminifers were identified:
Archaeglobigerina sp. (Figures 3, a—i), Globotruncana sp. (Figures 3, j—I), Heterohelix striata
(Ehrenberg) (Figures 3, n, 0), Lagena sp. (Figure 4, b), Elphidiella sp. (Figure 4, f) and Eggerella brady
(Cushman) (Figure 3, m). The majority of the foraminifers found are similar to the Upper Cretaceous
(mainly Coniacian-Maastrichtian) foraminifera. At the same time, some of them may be characteristic
of the Cenozoic, including representatives of the family Elphidiidae (Figures 4, c—e), Elphidiella sp.
(Figure 4, f) and also Cribrononion incertus (Williamson) (Figures 4, g—j). The latter represents
a widespread Late Cenozoic arctic-boreal species, existing until the present time. Eggerella brady (Cushman)
also belongs to a group of foraminifers with a wide stratigraphic range from the Cretaceous to the present.

10. Horizontally, obliquely and diagonally layered sands, with interlayers and lenses of
gravel, pebbles and boulders, sometimes cemented into sandstone and gravelite. The unit thickness
above the bottom of the pit is about 4 m. In a sample M36 taken 2.5 meters above the pit bottom
numerous sponge spicules and some skeletal debris were found. In the gravel fraction there are
some apparently reworked fossils, including a tiny specimen of solitary Scleractinian coral.

The Radashkovichy-1 Section (54°7'19.45"N, 27°10'4.79"E) is located in the Maladziechna
District of the Minsk Region, 6.5 km north of the Viekshychy Section, and is characterized by
absolute altitudes of 255—280 m, exposed from the south by the pit mine.

The following sedimentary units were revealed from top to bottom under the topsoil (Figure 2).

1. Light-colored loess-like deposits, grading downward to white-gray sand with pebbles and
small boulders. Total thickness is about 10 m.

2. Brown sandy loam (“till”’) with a large number of boulders and pebbles, with interlayers
and lenses of clay sands. Total thickness is up to 15 m. In sample M29, taken directly above the
bottom of the sequence, an association of microfossils was encountered, which, similar to the
upper sandy loam unit in the Viekshychy Section, included supposed pteropods and problematic
organic forms, as well as single tubular agglutinating foraminifera of the family Astrorhizidae
(Figure 4, k).
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Figure 3. — Upper Cretaceous foraminifers of the Viekshychy, Radashkovichy-1 and Lasi Sections

(Radashkovichy Upland): Archaeglobigerina sp.: a—i (sample M16, Viekshychy), h (sample M28,

Radashkovichy), r (sample M31, Lasi); Globotruncana sp.: j—I (sample M16, Viekshychy); Eggerella brady

(Cushman): m (sample M16, Viekshychy); Heterohelix striata (Ehrenberg): n, o (sample M16, Viekshychy),

p (sample M26, Viekshychy), s, t (sample M31, Lasi), t— test of H. striata attached to sponge spicule, s —
aperture of same test filled with nannofossils

MantoHak 3. — ®PapamiHichepbl BepxHAM Kpanabl 3 paspasay Bekwblubl, PagawkoBiubi-1 i Jlaci

(PapawkoBiukae Yy3Bblwwa): Archaeglobigerina sp.. a—i (y3op M16, Bekwsbiubl), h (y3op M28,

PapgawkoBivbl), r (ysop M31, Lasi); Globotruncana sp.: j—I (y3op M16, Bekwbivubl); Eggerella brady

(Cushman): m (ysop M16, Bekwblubl); Heterohelix striata (Ehrenberg): n, o (y3op M16, Bekwbliubl), p (y30p

M26, Bekwblubl), s, t (y3op M31, Jlaci), t — naHublp H. striata, npbiMauaBaHbl fa crikynbl rybki, s — Bycue
Taro > 3K33aMnnspa, 3anoyHeHae HaHacdaciniami
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Figure 4. — Cenozoic and Upper Cretaceous Foraminifera from the Viekshychy and Radashkovichy-1

Sections (Radashkovichy Upland): a — Globigerinidae inc. gen. (sample M26, Viekshychy); b — Lagena

sp. (sample M16, Viekshychy); c—e: Elphidiidae inc. gen. (sample M16, Viekshychy); f — Elphidiella sp.

(sample M16, Viekshychy), g—j — Cribrononion incertus (Williamson) (sample M16, Viekshychy); k —
Astrorhizidae inc.gen. (sample M29, Radashkovichy-1)

ManioHak 4. — ®apamiHidhepbl KaiHa30 i BepXHAN Kpanabl 3 pa3pasay Bekwsbiubl i Papawkosiybi-1

(PapawkoBiukae y3Bblwiwa): a — Globigerinidae inc. gen. (y3op M26, Bekwbiubl); b — Lagena sp. (y3op

M16, Bekuwblubl); c—e: Elphidiidae inc. gen. (y3op M16, Bekwbiubl); f — Elphidiella sp. (y3op M16, Bekiubl-

ybl), g—j — Cribrononion incertus (Williamson) (y3op M16, Bekwhbiybl); k — Astrorhizidae inc. gen. (y3op
M29, PapalukoBiybl)
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Figure 5. — Microfossils from the Viekshychy, Radashkovichy-1 and Lasi Sections (Radashkovichy

Upland): Porifera: a (sample M16, Viekshychy) and o (sample M31, Lasi) — fragments of Hexactinellid sponge

skeletons, b—e (sample M26, Viekshychy) — skeletal elements, e — spicule with attached foraminifera test (F),

p — tetraxonal spicule (Demospongiae, sample M31, Lasi); bony fish (Osteichthyes): k — tooth (sample M16,

Viekshychy); problematic microfossils (Problematica): f, h, j (sample M16, Viekshychy), g, i, I (sample M28,

Radashkovichy), m, n (sample M16, Viekshychy — small laminae on surfaces of the microfossils are mineral
particles of enclosing sediment), r — (sample M31, Lasi)

ManioHak 5. — BblkanHéBbI apraHiyHbIA MiKpap3wTKi 3 pas3pasay Bekwbiubl, PapgawkoBiubi-1 i Jlaci

(PapawkoBiukae y3Bbiwwa): Porifera: a (y3op M16, Bekwblybl), o (y3op M31, Jlaci) — dparmeHTbl wWwkinetay

Hexactinellida, b—e (y3op M26, BekLublybl) — LUKINETHbIS 3NieMeHThI, @ — Chikyra 3 npbiMauaBaHav chapamiHidepan

(F), p — TaTpakcoHHas cnikyna (Demospongiae, y3op M31, Naci); kacusaBbis pbibbl (Osteichthyes): k — 3y6 (y3op

M16, Bekwbliybl); npabnemaTtbidHbia MiKpapawTki (Problematica): f, h, j — y3op M16 (Bexwbiubl), g, i, | — y3op M28

(Pagawekosiybl-1), m, n (y3op M16, Bekwblubl — ApobHbIs NnacuiHki Ha NnaBepxHaX Mikpadhacinin 3'aynsawouua
MiHepanbHbIMi YacuiHkami acagky), r — (y3op M31, Jlaci)
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3. Subhorizontal and cross-laminated sands, with intervals of clay sands, layers and lenses of
boulders, pebbles and gravel. Laminated sandstone slabs and gravelite massifs are observed. The
total thickness of the stratum is about 10 m. Sample M28 was taken from near its top, and contain
a few foraminifera Archaeglobigerina sp. (Figure 3, h), resembling foraminifers known from
Coniacian and Santonian strata of Belarus.

4. Layered sands with gravel interlayers, occurring with angular unconformities with respect
to overlying and underlying intervals. The dip is towards the north and northwest at an angle of
30°. Thickness is about 5 m.

5. Brown, horizontally layered clayey sands with gravel and small boulders. Thickness is
about 5 m.

6. White, layered, fine sand with streaks of fine gravel, dipping to the north and northwest at
an angle of 45—50°. Bands of brown “chocolate” silty clay are found inside the unit. In a sample
taken from the silty clay no microfossils were revealed. The part of this unit exposed in the pit has
a thickness of about 5 m.

The Lasi Section (54°12'25.62"N, 27° 4'46.71"E) is located near the railway station of the
same name, 11 km north-northwest of the Radashkovichy-1 Section. It is confined to an elevation
with absolute altitudes of about 250 m, exposed by quarrying. The following sedimentary units
were revealed from top to bottom under the topsoil (Figure 2).

1. Loess-like sandy loam, strongly sandy at the bottom of the interval, with traces of post-
depositional sediment flow. The member is up to 2 m thick.

2. Complex sandy unit, represented by subhorizontally- and diagonally-layered light yellow
sand with interlayers of gravel, with lenses of pebbles, which laterally transform into sand-gravel
mixtures with a high content of boulders, as well as clayey brown moraine-like carbonate sand and
gravel deposit. The lamination in the upper intervals of the sequence is intensively deformed in
some places. The total thickness of the stratum is about 10 m. Sample M31 was taken from the
bottom of yellow layered sands at a depth of about 8 m, in which numerous sponge spicules were
found, including interconnected ones (Figures 5, o, p), single foraminifera tests, including
Archaeglobigerina sp. (Figure 3, r) and Heterohelix striata (Ehrenberg) (Figures 3, s, ¢) and also
problematic microfossils (Figure 5, 7). All the collected microfossils are well-preserved.

Sample M33 was taken from the clayey sand and gravel moraine-like deposits at a depth of
about 5 m, in which problematic tubular microfossils, presumably algae, were found.

3. Red-brown sandy loam and loam. Only the top of the unit was exposed by a quarry.

To generally characterize Zaslauye [1], Viekshychy, Radashkovichy-1 and Lasi localities, it
can be noted that among the foraminifers identified in these sections, Coniacian to Maastrichtian
(Upper Cretaceous) representatives prevail. Some of the Foraminifera found are known in the
Cenozoic and also occur in recent basins: Cribrononion incertus (Williamson) and Eggerella
brady (Cushman). Zaslauye area is somewhat distinguished by the presence of radiolarians, as well
as problematic Astrorhizidae foraminifers, not revealed in the other sections. In the
Radashkovichy-1 section, the Astrorhizidae are represented by single specimens, and their
preservation is significantly different from those in Zaslauye.

Based on the number of specimens of foraminifera in the samples, the Viekshychy Section is
distinguished by the abundance of tests in layers of thin and micro-layered silty clay and fine sand.
In contrast, in sand samples from Radashkovichy-1 and Lasi Sections, foraminifera are rare. This
contrast reflects the geological situation in the areas where the relevant sections are located. In
Viekshychy and Zaslauye the Upper Cenozoic sandy-clayey strata are underlain by Cretaceous
(Cenomanian-Turonian) formations, while in the area of the Radashkovichy-1 and Lasi Sections
the underlying formations are Devonian [3].

Traces of deformation of sediments and the presence of angular unconformities may indicate
events of post-sedimentary seismic and tectonic impact on the deposits.
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Polesian Lowland: microfossils from boulder clay (“till”) of the Rechytsa-1 Section. The
Section is located on the right bank of the Dnieper River in Rechytsa, Gomel Region. Absolute
elevations of the locality are about 118—120 m. The following strata are exposed in the river bank
for 1.0 km, from top to bottom.

1. Recent topsoil, up to 1.0 m thick.

2. Fine and medium sand, light yellow, about 1.0—1.5 m thick.

3. Brown massive boulder clay (sandy loam or “till”’), with inclusions of a small number of
boulders, pebbles and gravel particles, with frequent randomly scattered round nodules of sandy
loam composition. About 5—7 m of sandy loam is exposed at the water’s edge in the river (Figure 6).
Member 3, exposed along the bank of the river, is referred in literature to the Middle Pleistocene
and is considered to be a moraine of the Dnieper Glaciation [4].

”Rechytsa-1" Section / Pa3pe3 “Pyubina-1”

S5 Lithology Sample No. Description Microfossils
gé Jliranoris N nipoGBI Anicanne Aprasivupisi MiKpapImTKi
x X X Artificial soil, topsoil\
1 H XK X Hachmnb rpynT,
a3épan
X X X : L0m
.................. Sand light-yellow \
2 Mo & & & & o II5ICOK CBETIA-KOVTRI
.................. .
o
L

Brown sandy loam
(”Till”) with pebbles

Q — and globose nodules
_— of lithified loam \
_— Pyae1 cynecax
o ® ("mapaua”) 3 rasskaii
3

i chepbraHbIMI
KAHKPOUBIAMI JITHI(I-

h— KRABAHATO CYIECRY
@ <
O - Agglutinated encrusting tests
on gravel particles\
= ( ArmoreiHaBaHbIA A0pACTATBHIK]
(- HA SKBIPOBBIX YaCLIHKAX
® - Accumulation of calcareous-

- agglutinated tubules \
° n= (e
W%‘CT s edge / Ypa3 Baxsl KapOaHATHA-ATTFOThIHABAHBIX

Z0m YTBAPIHHAY
—_ = \ @ - Elphidiella (?) sp.

Figure 6. — Rechytsa-1 Section, Polesian Lowland (layerwise description given in the text)

MantoHak 6. — Pa3pa3 Paublua-1, Maneckas HisiHa (nacnonHae anicaHHe NpbiBeA3eHa Y TaKcLe)
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The sampling of sedimentary unit 3 was carried out in a clay pit located at the base of the
river bank (52°22'31.60"N, 30°25'0.22"E). The sample M30 revealed fragments of agglutinating
microscopic formations resembling foraminifers of the genus Tolypammina Rhumbler and
Rhabdammina M. Sars (Figures 7, a—e), as well as single tests of Elphidiella sp. (Figure 8, k).
Encrustation of grains of coarse sand and gravel by Tolypammina sp. is observed (Figures 7, b;
8 g, h). Although the belonging of some of the collected specimens to the foraminifera is debatable,
recent foraminifera having similar tests that encrust ice-rafted pebbles have been reported in the
literature from cold-water seas of high latitudes [5]. Many of the revealed calcareous-agglutinating
tubules are characterized by a multilayer wall that includes a relatively complex internal
calcareous layer (Figures 7, ¢; 8, a—e) outside of which occurs a zone of agglutinated particles,
cemented by calcareous substance (Figures 8 c, i, j). A similar “cellular” structure of the inner part
of test is typical for some representatives of the family Diffusilinidae Loeblich et Tappan. The
tubules in sample M30 form labyrinthine aggregations covered on the outside by a common layer
of silt and fine sand grains.

In addition to the above-described forms, pteropods (?) and organisms of unidentified
systematic affiliation were found in sample M30, identical to microfossils of the sandy loams
(“tills”) of the above-described Viekshychy, Radashkovichy-1 and Lasi Sites. Their preservation
may indicate that they are reworked, in contrast to the tubular formations (? foraminifera), the in
situ occurrence of which seems undoubted.

)

[ X9
48

-
~
Lo
=
)
=]

Figure 7. — Agglutinating tubular formations (? foraminifers) from boulder clay (“till’) of the

Rechytsa-1 Site, Polesian Lowland (sample M30): a, d, e — fragments of agglutinated tubules (probably

Rhabdammina sp.); b — probable encrusting Tolypammina sp. (T) on gravel particle; ¢ — probable fragments
of Rhabdammina sp. and aggregation of calcareous tubules (t)

ManwoHak 7. — ArnioTbiHaBaHbIsA TpybuaTbia yTBap3HHi (? cdapamiHichepbl) 3 BanyHHbIX cyneckay

(«Map3Hbl») Mecua3sHaxomkaHHA Paubiua-1, Maneckasa HiziHa (y3op M30): a, d, e — parmeHThI

arnTblHaBaHbIX TpybyaTbix YTBapaHHSY (BeparogHa, Rhabdammina sp.); b — BeparogHa, naHubIp

Tolypammina sp. (T), siki abpacTae XBipOBYI0 YacLiHKy; ¢ — BeparogHa, dparmeHTsl Rhabdammina sp.
i CKyn4aHHe kapbaHaTHbIX TpyO4aTbIX yTBAp3aHHSY (1)
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Figure 8. — Microfossils from boulder clay (“till”’) of the Rechytsa-1 Site, Polesian Lowland (sample

M30): a, b, e, f — fragments of calcareous tubules (foraminifera ?); ¢, i, j — fragments of calcareous

tubules (foraminifera ?) with agglutinated particles; d — inner surface of a dichotomous fragment of a calcareous
tubule; g, h — encrusting Tolypammina sp. on a gravel particle; k — Elphidiella sp.

MantoHak 8. — Mikpap3wTKi 3 Mecua3HaxomkaHHsa Paubiua-1, MNaneckas HiziHa (y3op M30): a, b, e, f —

dparmeHTbl KapbaHaTHbIX Tpyb4yaTbix yTBapaHHAY (? nmaHublpbl apaMiHidep); ¢, i, j — dparmeHTbl

kapbaHaTHbIX Tpyb4yaTbix yTBapaHHAY (? naHublpbl dhapamiHidep) 3 arntoTbiHaBaHbIMI YacuiHkami; d —

YHYTpaHasi naBepxHs AblxaTamivyHara parmeHTa kapbaHaTHara TpybyaTara yTBapaHHs; g, h — dopma
Tolypammina sp., kas HapacTae Ha XBipoBYto YacLiHky; k — Elphidiella sp.
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Reworked and in situ occurrence. These data complement the information we have
previously reported [1], and indicate that “moraine” and “glacial-fluvial” sequences in Belarus at
various hypsometric levels often contain marine microfossils, which can be either reworked or
in situ, in some cases occurring together.

The Radashkovichy Upland, as well as the whole Minsk Upland System, is considered by
proponents of the glacial concept to be an area of complexly-arranged glacial marginal forms [4].
Accordingly, the material composing them, with various reservations, is considered as largely
allochtonous, incorporated by glaciers along their path, and partly mixed with local material [6]. In
contrast to such notions, the data obtained by us are consistent with the hypothesis about the
prevailing autochthonous origin of clay, silt and partly sand fractions of these sediments, as well as
microfossils found in these strata, as supported by the following pieces of evidence:

— The presence of assemblages of Upper Cretaceous foraminifera of similar geological age
and taxonomic composition in several locations of Upper Cenozoic sandy, silty and argillaceous
formations over a distance of more than 25 km. Moreover, since in the northern sections —
Radashkovichy-1 and Lasi — the foraminifera are the rarest, it can be assumed that the source of
the material was not located to the north of the mentioned locations and, accordingly, the
microfossils were not moved from this direction by hypothetical glaciers.

— Fine preservation of foraminifera tests, their mass accumulations in separate intervals. It
is doubtful that the fragile foraminifers could withstand multiple glacial effects. These effects
would have included the destruction of the original Cretaceous sediments and the deposits of
preceding glaciations, in which the tests would have been included, and the subsequent erosion by
glacial-fluvial flows containing suspension of mineral particles. It should be noted that according
to the current stratigraphic schemes of Quaternary formations of Belarus [7], the region in which
the studied sections are located, was subjected to no less than four glaciations during the
Pleistocene. Some published sources indicate an even greater number of glaciations. Additional
effects would have occurred during their secondary stages which could have included oscillatory
movements as well as motion of glacial lobes. Therefore, additional active plucking and sediment-
destructive activity are postulated [2].

When considering glacial transport, it is necessary to take into account the facts that the
possibility of transporting fragile objects by recent continental glaciers, as well as the ability of
microscopic fossils to remain intact inside moving glaciers, are not confirmed and are the subjects
of discussion [8]. These problems are, as a rule, ignored by the proponents of the glacial theory,
who a priori declare all the facts of occurrence of marine micro- and macrofossils in the
Quaternary strata on the continents to be a result of glacial reworking.

— The geological age of the Cretaceous foraminifera in the locations of Zaslauye and
Viekshychy is slightly younger than that of the Cenomanian-Turonian bedrock strata, which occur
in this area. Accordingly, the revealed microfossil associations could have come from
autochthonous formations that stratigraphically and structurally occurred directly above these
bedrock strata in the past and which were later eroded. The estimated age of the hypothetical
destroyed strata is the Coniacian — Maastrichtian Stages of the Upper Cretaceous and, possibly,
the Paleogene and Neogene. Consequently, the clay, silt and fine sand fractions may be the
products of water erosion and reworking of the previously existing indigenous bedrock formations
of the corresponding age. In contrast to the glacial hypothesis, the deposition of the enclosing
sandy and clay formations by water does not contradict the possibility of erosion and redeposition
of loose Upper Cretaceous and Paleogene sediments containing foraminifera tests, while
preserving them in good condition.

Unlike the fine fractions of the sediment, the coarse clastic material encountered in the
described sections may be to varying degrees allochthonous, brought by floating ice, as is
currently observed in the Arctic basins.
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Along with the foraminifera, the assemblages of microfauna that we established are also
characterized by sponge spicules. At least some of the spicules have an Upper Cretaceous age,
since they are used by Upper Cretaceous foraminifera as an agglutinated material (Figures 3, #; 5, e).

Especially remarkable is the detection of calcareous and agglutinated tubular microscopic
formations in the area of the “Dnieper glacial moraine” in southeastern Belarus (Rechytsa-1 site,
Figures 1, 7, 8), which we interpret as benthic foraminifera, with some degree of doubt. In our
opinion, the association identified here includes mainly specimens that were not reworked from
older strata. This, along with the good preservation of fragile tubules, is indicated by the
encrustation of sediment particles by Tolypammina sp. Glacial transport of these encrusted gravel
particles does not correspond with the ability of the encrusting tests to remain intact.

Taking into account the finding of tubular foraminifera in the microlayered clays of the
Virynka Section in the north of the Polack Lowland [1] located 430 km north-northwest of
Rechytsa (Figure 1), the Rechytsa-1 locality, in the southeast of the Polesian Lowland, is of
particular interest. In both cases, the intervals containing the tubular foraminifera are confined to
a comparable absolute height: about 122 m (Virynka) and about 118—120 m (Rechytsa). To date,
there are no sufficient grounds to confidently consider this fact as an indication of their
stratigraphic equivalence, which, however, cannot be ruled out. Such a conclusion would
contradict the glacial stratigraphic scheme, according to which the boulder clay stratum (“till”’) on
the Dnieper River in Rechytsa should be attributed to the Middle Pleistocene, whereas the
laminated clays on the Virynka River should be attributed to the Upper Pleistocene [7]. Additional
detailed research will be required to clarify the stratigraphic interrelation of the mentioned
sections, including further micropaleontological study of the Upper Cenozoic sediments. In the
subsequent consideration of this problem, it is also necessary to note the fact that Virynka and
Rechytsa-1 sections are located on opposite sides of the Baltic Sea and Black Sea watershed.

Preliminary assumptions on depositional environments. In our opinion, the Radashkovichy
Upland at some stage of its development in the Late Cenozoic could have been a zone of sand bars
or islands surrounded by shallow waters in a seasonally freezing marine basin. The sandy-aleuritic
and argillaceous fractions are mainly formed as a result of erosion of local Upper Cretaceous and
younger loose rocks, while allochthonous boulder and pebble material found in large amounts at
some intervals could have been brought by floating ice. The presence of an angular unconformity
in the Viekshychy and Radashkovichy-1 Sections, as well as the alternation of horizontally layered
units with separate horizons with intensive distortion of bedding may indicate a periodically
occurring tectonic activation of the area of the future Radashkovichy Upland. Thus, the formation
of the composite Cretaceous-Cenozoic assemblage of foraminifera can be explained by the
reworking of Upper Cretaceous and Paleogene microfossils and the simultaneous inclusion of
Cenozoic foraminifera. The latter include Cribrononion incertus (Williamson) and Eggerella
brady (Cushman), which could have inhabited the basin during the Late Cenozoic transgression.
It is important to note that Cribrononion incertus (Williamson) is among ecologically tolerant
forms and can be found not only in normal sea conditions, but also in brackish shallow
hydrodynamically active environments [8].

If the above-described tubular and encrusting forms indeed belong to foraminifers, the
Rechytsa-1 Site apparently is among locations of the Late Cenozoic marine microfossils which are
the most distant from the modern marine basins known in Eastern Europe. Hypotheses about the
sea flooding of this part of the Polesian Lowland have already been suggested by some specialists.
In particular, I. G. Pidoplichko [9] acknowledged the presence of a brackish strait connecting the
supposed joint Pliocene-Pleistocene the White Sea and the Baltic Sea basins and the hypothetical
Dnieper-Donets system of lakes. I. L. Kuzin [10] substantiated the existence in the valley of the
Dnieper River of the strait between the supposed North European and joint the Black Sea and the
Caspian Sea basins, formed at least in the Early Pliocene. Our data do not yet allow us to answer
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the question of the time of flooding of this area; however, they can be a paleontological confir-
mation of the above hypotheses.

Concerning sedimentation conditions in the Rechytsa Site, the following tentative
assumptions can be made. Recent representatives of Tolypammina and Rhabdammina are able to
inhabit a wide range of environments with different salinity and depths [11—15], which causes
their non-specificity as paleoecological and paleohydrological indicators. According to
T. G. Lukina [16], the recent Tolypammina vagans (Brady) representatives were revealed in the
Arctic Ocean at depths of 27—5 278 m, in the Atlantic Ocean at 290—3 220 m, in the Pacific
Ocean at 200—6 916 m, in the Atlantic sector of the sub-Antarctic at 105—267 m (Falkland Islands
region) and at 26—4 041 m (South Georgia Island), and in the Pacific sector of the Antarctic to
a depth of 3 200—3 400 m. The living conditions of the “Rhabdammina fauna” also vary significantly
as it is widespread from oceanic depressions to lagoon and brackish near-coastal environments [17—19].
Mass accumulations of agglutinating foraminifera are very characteristic of cold-water basins,
including the northern and southern polar and subpolar shallow waters. Therefore, despite the fact that
domination of agglutinating foraminifera in fossil assemblages can be a secondary phenomenon
caused by the dissolution of calcareous tests of foraminifera of the initial community [20], we do
not find a contradiction with the assumption about the marine nature of enclosing sandy loams
(“moraines” or “tills”) and about their having been formed in the cold sea basin. The lack of
bedding and the random placement of pebbles and boulders may indicate a comparatively calm
hydrodynamic environment and the entry of coarse material with floating ice. Moreover, the
intensive movement of gravel and larger clastic particles by movements of the near-bottom water
would probably prevent the settling of encrusting foraminifers and would lead to their destruction.

Conclusion. The information above is considered as an indication of the need to revise the
existing ideas about the paleogeographic conditions and sedimentation factors that led to the
formation of the Upper Cenozoic surficial deposits in the territory of Belarus and neighboring
regions of Eastern Europe. As part of the paradigm of continental glaciation dominant in
Quaternary geology, the microfaunistic (foraminiferal) study of the Upper Cenozoic strata of
Belarus had previously been regarded as meaningless and was newer carried out purposefully.
Among other reasons, this led to the construction of stratigraphic charts for Quaternary sediments
based on the principles of glacial stratigraphy, which can now be challenged. Our study revealed
the presence of reworked and, probably, in situ foraminifera in the Upper Cenozoic strata of
Belarus. The excellent preservation of reworked foraminifera tests contrasts with the hypothesis of
multiple destructive glacial erosion. In situ specimens even more do not agree with the glacial
theory. At the same time, the belonging of some of the tubular agglutinating forms described
above to foraminifera must be regarded as not definitively established and requiring additional
confirmations. In these regards, further micropaleontological studies of the Upper Cenozoic
formations are needed and should be supplemented by a wider array of other methods.

The authors are grateful to the leading geologist of the A. P. Karpinsky All-Russian Geological
Institute (“VSEGEI”) V. A. Zharkov (Syktyvkar, Komi Republic, Russia) for valuable comments
that contributed to the improvement of our article. The initial discussion of the work was attended by
the “VSEGEI” geologist A. V. Krylov (St. Petersburg, Russia), to whom our gratitude is also
expressed. The authors are very much obliged to the paleontologist C. Schraer (Anchorage, Alaska,
USA) and Dr. R. B. Blodgett (Blodgett & Associates, Geological & Paleontological Consultants,
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[MTaBenamiisieriiia npa HOBBISL 3HAXOJKI BBIKAITHEBBIX apraHiYHbIX MIKpapa3lITKay 3 BEpXHEKaiHa30MCKiX alkia-
nay benapyci (Pagamkosinkae y3Beimma, [lanecckas Hizina). Mapcekist MikpapaiuTki 3 Pagamikosinkara y3Bblimmia
NpBIMEPKaBaHbl Ja IsCYaHa-aJieyphITaBbIX YTBApaHHIY 1 mpajcrayieHsl (apaminidepami, ryOkami i HekaTopbIMi
IHIOBIMI Tpymami. IX y3pocT ampHbBaelua sK BEpXHSKPIHAaBbl 1 KaifHazoicki. ['dTas acampisubia ckiiazaenua
nepaBakHa 3 IMepaagKiIaf3eHbIX Mikpadaciiid, BRIMBITEIX 3 TIApOJI aaIlaBeHara Y3pocTy, sSKis Marii iCHaBalb Y THIM
’Ka paéHe, a TakcaMa Yxirodae (GOpMBI, IS AKiX MOYKHA MEpKaBaIlb iCHABAHHE in sifu ¥ MMO3HEKAHA30MCKIM MapcKiM
Oaceitne. BoikiitouHa 1o0pasi 3axaBaHacllb BEpXHIAKPAHIaBbIX (apaMiHiep He cracyellia 3 BepCisi mpa mMaTpa3oBae
3JIeA3sSHEHHE JaciienaBaHara pa€Ha i, ajllaBelHa, IHTIHCIYHYIO OICTPYKLBIIO ajakianay nenasikami. TpyOuaTsis
arJIOTHIHABAHBIS 1 BamHaBbisl (OPMBI, SKisS 3 HEKATOPbIM CYMHEHHEM TakKcama pasriisiaarolia ayrapami sik Qapami-
Hidepsl, 3HOMA3eHbI Ha [laneckaii Hi3iHe (pa3pa3 Paubina-1 Ha npaBeiM Oepase [[Hsmnpa) i nppIMEpKaBaHbl Jja BATyHHBIX
cyneckay. ['9rTas acaupisinblsl MIKpapdIITKay 3HAaXo[3ilLa Y MeplianajaTkoBbIM 3allsifaHHI, Ha INTO YKa3gae,
y TIpbIBaTHACII, IPBICYTHACIH MEPKaBaHbIX (hapamiHiep-abpacraibHikay Ha sICUaHa-)KBIPOBBIX yacliHkax. JlenaBiko-
Bac IepaMsIIYdHHE TAKIX YacIliHaK y CKJaj3e MapdHbl He MakiHysa O MardelMacii JUIs 3aXaBaHHS Ha iX IMaBepXHIX
KpOXKix Mikpadaciniii. Takim ublHaM, pa3pa3 Pausbia-1 Moxa miuslua ApyriM 3 BIIOMBIX Ha Oenapyckail TaphITOpbI
Mecla3HaxoPKaHHAY TpyOUaThIX aroThIHABaHBIX (apaMiHidep, macis HIgayHAra aJKpbILIs MECIIa3HaX0/DKaHHS Ha
p. Biperaka ¥ Tlonankaii HiziHe. AGOIBa TATHIA Pa3paI3bl MAOIh aMallb aJHOJbKaBae TilcaMeTpeiYHae CTaHOBINTIA —
kans 120 M Haxg cydacHBIM Y3pOyHEM MoOpa, aJHaK pasMsIrdaronna ma po3Heit Oaki bamra-YapHamopckara
BOJAmaa3eny. AYTapsl Jivamp, MTO aTPHIMAHBIA 3BECTKI MOTYIh OBIb NaZaTKOBBIMI JTOKa3aMi paHEW BBIKazaHail
rimoT?356I a0 YTBapIHHI II3pary ThIIAY aAKIIaAay, SKis TpaaslbliiHa Jidalia Je1aBiKoBbIMI, Y MAPCKiX yMOBaXx.
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