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For the first time in Ukraine in Callovian and Cretaceous sediments the microforaminifers were
found. They were established during the study of Mesozoic sediments palynocomplexes of
17 outcrops and wells Volyno-Podolska plate, Ukrainian Shield, the outstirts of Donbass, Priazov,
Black Sea basin and the Crimea. The method of preprocessing sediments for microforaminifers
was corrected. The paleontological characteristics Callovian, Berriasian, Aptian, Albian, Ceno-
manian, Turonian, Coniacian, Campanian and Maastrichtian deposits for microforaminifers
showed in four phototables is augmented.
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BriepBbie Ha TeppuTOpmn YKpaunHbl B KEJINTOBENCKMX M MENIOBbLIX OT/IOXEHMUSIX BbISIBIIEHBI MUKPO-
dopamuHmndepbl. OHM YCTAHOBAEHbI NPU N3YHEHUN NANIMHOKOMIMIEKCOB B ME3030MCKNX OT/0-
XeHUax 17 obHaxeHun 1 ckBaXuH BonblHO-M0a0NbCKOW NAUTHLI, YKPAUHCKOro WnTa, OKpauH
Jonbacca, Mprnasosbs, MNMpuiyepHoMmopckon BnagmHbl U Kpbima. OTKOPPEKTUPOBAHO METOAMKY
nepBuYHOI 06paboTkm nopon Ans mukpodopamuHndep. JononHeHa naneoHToNornyeckas
XapakTepuCcTrKa KeNOBENCKNX, BeppracKmx, anTCKUX, aibOCKNX, CEHOMaHCKMX, TYPOHCKUX,
KOHBSAKCKUX, KAMMAHCKNX U MaaCTPUXTCKMX OTIOXKEHMN AaHHBIMW NO MUKPpOodopamMuHmndepam,
4YTO OTOBPAXKEHO B HETLIPEX pOoTOTABNNLLAX.

KntoyeBble c/10Ba: MUKPODOpaMUHNGEPDI, KESTOBENCKUE U MENOBbIE OTIIOXEHUS, YKpanHa.

Introduction

Today, only few experts determine Mesozoic fo-
raminifera in thin sections and macerates. Uk-
raine do not have such specialists. Therefore,
we summarized literature data, which covers the
study of microforaminifers of Mesozoic rocks of
different continents, studied and described the
material collected on the territory of Ukraine.

A common feature for all foraminifera (sec-
retion and agglutinated) is the presence of
pseudochitinous base of their shells. Pseudoc-
hitinous lining (membrane, layer) is a thin layer
of organic matter that forms the inner layer of
foraminifera shells. The thickness of the pseu-
dochitinous membrane in different kinds is dif-
ferent, so the findings do not correspond to the
actual composition of foraminifera in the rock.
Sometimes microforaminifers do not have the
membrane but only the loculum substituted by
rock. Microforaminifers — thick or thin fine
"shell"” forms of foraminifera from 30 to 150,
sometimes up to 250 microns in size [[NeTpo-
cbsaHu 1 ap., 1990]. Microforaminifers are often
present in palynological samples as fragments
that can be presented as the whole (or almost
whole) samples of the original loculum, and as
individual loculum or two, three or more con-
nected loculums. Microforaminifers have an
organic shell — pseudochitine that is by the
chemical composition close to exine of spores,
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pollen and some mushrooms — close to albu-
minoid protein matter, similar to keratin by the
contents of sulfides. Acid resistance is explai-
ned by the composition of membrane or inner
walls of individual microforaminifera loculums.

History of the study

The term microforaminifers was introduced by
0. Wetzel [Wetzel, 1957] for the linings of
young or undeveloped parts of foraminifera
and their chitinous shells. The microforamini-
fera objects are mentioned in the work of L. Wi-
Ison and W. Hoffmeister [Wilson, Hoffmeister,
1952]. They found the microforaminifers in pa-
lynological samples. Due to their small size
(according to most authors less than 150 um)
the term microforaminifers became common,
but many people considered it inappropriate to
use the name and offered other synonyms:
scytinascia, basal membrane, chitinous lining,
chitinous microforaminifers, tectinoid primitive
foraminifera and tectinoid linear procula, nano-
foraminifers, palynoforaminifers, microforami-
nifera lining, pseudochitinous microforaminifers
[Detk, 1964; Milk, Sotak; 1998; lNMeTpoCbsAHLL 1
ap., 1990; Stancliffe, 1996; myadap, 1983;
Lantos et al., 1996]. All these names have been
caused by problems with the uncertainty of
foraminifera chemical composition, biogenic
original and the taphonomic conditions. In the
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paper of N. Pantic, Z. Bajraktarevic [Pantic, Baj-
raktarevic, 1988] the authors found palynofora-
minifers and ascertained that nanoforaminifers
are distinguished from palynoforaminifers be-
cause they are carbonate and silicic nanofos-
sils. A.D. Cohen, A.L. Guber found where in
palynological species appear pseudochitinous
"microforaminifers” [Cohen, Guber, 1968].
They studied the Quaternary foraminifera from
brackish water peat in southwestern Florida.
They dipped each type in a small amount of
30% hydrochloric acid and watched its influ-
ence through binocular microscope with a
measuring scale. The researchers concluded
that not every kind has visible pseudochitinous
remains. The authors calculated the number of
loculums and on this basis concluded that the
calcite and hydrochloric acid interaction re-
sulted in organic base release which compres-
sed, and the size reducing reached 40%.

Although the origin of "pseudochitinous mic-
roforaminifers™ is experimentally shown but the
doubts remain. There is no assurance that along
with the common foraminifers that appear as a
result of rock processing by salt or hydrofluoric
acid there are similar to them residues without
mineral shell or lost it on the stage of diagenesis.
This statement of course contradicts the idea
that chitine and pseudochitine are unstable and
easily destroyed by bacteria if they are not pro-
tected by an inorganic matter. It is known that
after the death of the animal the pseudochiti-
nous base of shell decays [[ny36ap, 1983] and
it is required special conditions for this natural
process not to happen. Moreover, pseudochitine
(tectine), compared with chitine of arthropods,
is soluble in mineral acids (eg. in 10-15% hyd-
rochloric acid and alkalis) [Iny36ap, 1983]. This
is contrary to the obvious number of pseudochi-
tinous microforaminifers findings. Ukrainian pa-
lynologists always marked the microforaminifers
in palinospectrums of different ages [[ny36ap,
1983; ®dypTec, 1987; YopHa, 1972; Pepoposa,
2006], but they were not investigated in detail
and rarely showed on phototables.

The stratigraphic significance of microfora-
minifers is controversial, some scientists reject
their biostratigraphic value [y36ap, 1983],
the other scientists use them for partition of
sections [Jlebenea, Hukntenko, 1998; Huku-
TeHko, MuHcknx, 2006]. The stratigraphic dis-
tribution range of microforaminifers - Paleozoic
— Pleistocene.
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There is no doubt in the importance of mic-
roforaminifers for clarifying the conditions in
which sedimentation took place, they can be
used to characterize the different environ-
ments of marine sedimentation. K. Faegri, J.
Iversen in 1950 said that chitine shell remaining
after the destruction of calcareous shells of fo-
raminifera, can only serve as proof of the ma-
rine origin of sediments [[leTpocbsaHu, 1 ap.,
1990]. The 90 th century studies indicate that
the species with the coarse primary loculum
were confined to the warm waters with good
light to surface waters. Instead, the species
with the small original loculum indicate the
growth suppression in deep water conditions
[MeTpocbsaHu v ap., 1990]. Thus, the morpho-
logical differences of embryonic and juvenile
stages also allow to reconstruct the environ-
mental conditions.

Materials and Methods

In our practice we tried to investigate microfo-
raminifers for the first time. It was created the
group of scientists from different fields: the pa-
lynologist, and Jurassic and Cretaceous mic-
rofaunists. The first task of palynologist was the
preprocessing of rocks and detection of faunal
remnants of all ages in macerates. There were
studied the rocks of outcrops as well as from
wells of Callovian age, Early and Late Creta-
ceous of Ukraine. Moreover, we compared the
microforaminifers with the shell of organic mat-
ter (pseudochitine) from different lithological
composition rocks. The second task of micro-
faunists was to determine the types of micro-
foraminifers, study their systematic diversity,
and establish the differences between comple-
xes of microforaminifers of all ages and their
comparison with normal size foraminifers in the
samples of the same age.

The material for our study were Jurassic
and Cretaceous samples, which were selected
from 17 outcrops and wells in Ukraine: Volyno-
Podilska Plate — borehole 42, drilled near the
village of Mala Hlusha, Kamin-Kashyrsky dis-
trict, Volyn region; borehole 31, drilled near the
city of Lutsk; outcrop near the village of Zava-
divka, Ternopil region; Ukrainian shield — four
outcrops in Kaniv district - Melanchyn Potik,
Malyi PekarskyiYar, Kholodnyi Yar, and Kostya-
netskyiYar and borehole 8562, drilled near the
village of Polohy, Pereyaslav-Khmelnytskyi dis-
trict, Kyiv region; Donbass margins — outcrop
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near the villages of Rovenky and Hlafyrivka,
Lugansk region; outcrop 1 km from the village
of Zbirne (Krutenka ravine) Lutuhyn district,
Lugansk region; outcrop near the town of
Heorhiyivka (Konoplyanka ravine) Lugansk re-
gion; Azov region — borehole 97, drilled in the
eastern part of the village of Pokrovo-Kireyevo;
Black Sea basin — boreholes 0121 and 0123
near the Bashtanka city, Mykolayiv region; and
Crimea - outcrop near the village of Krasnose-
livka, Tonasu river (Berriasian), Belohirsk
district, outcrop near the Kacha river, Verhoric-
hchya city (upper section), Bakhchisaray dis-
trict and borehole Simferopol-1, drilled in the
foothills of the Crimea 1 km to the south-east
from the village of Dymytrovo (Fig. 1).

Jurassic and Cretaceous sediments of
these areas previously have been stratified by
0O.A. Shevchuk on the results of palynological
studies (spores, pollen, dinocysts) [LLeBuyk,
2006, 2009, 2012; JopoTsak n ap., 2009; Ctpa-
Turpadis..., 2013].

Maceration of species was performed
by separation standard methods proposed by
V.P. Hrychuk [MeTtoguyeckue..., 1986], but
with some amendments. It is believed that
organic layers of very fine foraminifera were

coloured by Fe-oxide naturally during the early
diagenesis. It protected them from destruction
and made them visible in macerates [Milk,
Sotak, 1998]. Microforaminifera linings or
membranes are rarely preserved. In the classi-
cal method of foraminifera identifying they can
be lost during the washing off because they are
too fine. But microforaminifers can be removed
using corrected initial processing of rocks for
palynological analysis. The preparing proce-
dure is complex. The dense rock was slightly
comminuted, and more often macerated in
water for one day. The decarbonatization of
carbonate rocks was conducted in two phases:
quenching with 30% hydrochloric acid and
boiling in dilute hydrochloric acid. Microfora-
minifera lining is removed from the sand and
clay rocks by dissolution of rocks with fossils in
a diluted hydrochloric acid (10-15%), as the re-
sult the shell dissolves. After frothing the thin
"glacial” membrane formed, which was destro-
yed by undiluted rectified alcohol. Then the
rock was immersed in 40% hydrofluoric acid
and boiled for 10 minutes. Then the rock was
poured by hydrochloric acid again. In primary
treatment an important role plays the lithologi-
cal composition of rock. We conducted the
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Fig. 1. Location of microforaminifers
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additional heat treatment of carbonate rocks
in hydrochloric acid, for some species the dis-
persion was carried, at the end - a heavy liquid
separation. After each procedure the samples
were repeatedly washed with distilled water at
intervals of 2-3 hours. Alkalis and nitric acid,
mostly were not used. We also conducted
an experiment, emphasized by E.A. Gluzbar
[My36ap, 1983], and repeated maceration of
samples of Upper Cretaceous (Cenomanian—
Coniacian) sandy limestone, calcareous sand-
stone and chalk from the borehole 42 without
separation in heavy liquids. The fragments of li-
mestone and chalk were gradually dissolved in
hydrochloric acid to the total destruction. Mic-
roforaminifers were recorded in these samples
in large amounts. But the most numerous pseu-
dochitinous microforaminifers were found in
clays and siltstones (Callovian) borehole 8562,
where all the technique stages were used.

In clay sediments of borehole 97 the mic-
roforaminifers were found in almost all studied
samples. When macerating of these rocks there
was used the method proposed by T.V. Shev-
chenko [LeB4yeHko, 2006]. When processing
all standard steps were used and in addition
the samples were boiled in hydrofluoric acid. In
carbonate sediments of borehole 42 the mic-
roforaminifers were found in all palynosamples
from Cenomanian to Coniacian. In primary tre-
atment of these rocks we used only the sam-
ples in hydrochloric acid, then the finely
dispersed membrane was taken and studied
under a microscope. Centrifuge and separa-
tion in heavy liquids were not involved.

We conducted laboratory studies and as-
certained that the number of microforaminifers
species that were saved after treatment with
hydrochloric acid (chitinoid microforaminifers)
is very small, but the long heat treatment with
hydrofluoric acid (or hydrochloric — depending
on lithology) provided the strength of these
species and microforaminifers "formed" — dec-
reased. Exsept microforaminifers (nanoforami-
nifers) after this treatment, in palynospectra
the fungal spores (conidia mostly) are obser-
ved in large quantities.

Diagnosis and measurement of microfora-
minifera shells in macerates were conducted
on biological microscope MBI-6 or Erhaval.
A measurement of microscopic objects was
conducted by special nozzles to microscopy
and advanced computer programs. For viewing
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under a microscope the macerates were used
rather than regular samples. This enabled us to
move the microscopic foraminifera species.
Further, the microfaunists made a general idea
of the morphology of shells. Then they divided
them on features specific to families and ge-
nera. The nature of wall and structure type of
shells are the most important features to distin-
guish a major taxon. The presence and the di-
vision nature of loculums is a feature of family
and genera. The form of shell, cross-section
nature, loculum shape, their number, septal su-
tures nature are generic and specific features.
The nature and position of the mouth are basi-
cally fungible, but the structure details have
species character. The further study allows us
to determine the details of the structure. They
may be the main distinguishing features of
some species of Jurassic and Cretaceous.

Research results

The studied microforaminifers have a different
form. As the shell is not preserved, we can not
argue whether these forms are secretion or ag-
glutinated, so we used the classification of
M.H. Deak [Deak, 1964]. In the palynological
samples were found all three types identified
by M.H. Deak: the first — single row straight
form (Table I, Fig. 7; Table Ill, Fig. 7), the se-
cond — a spiral drawed in one or three planes
(Table I, Fig. 2-11; Table I, Fig. 7-9; Table I,
Fig. 4, 6, 8-12; Table IV, Fig. 2, 3, 7) and the
third — spherical and coiled loculums that make
each other (Table I, Fig. 712; Table lll, Fig. 5;
Table IV, Fig. 1, 4-6). These pseudochitinous
microforaminifers are well developed ("adult”)
shells consisting of 5-12 loculums. Another
subtype of the second type can be microfora-
minifers that could have the initial loculum (and
their lining), but after the primary processing
they were dissolved. Therefore, these forms
when the shells dissolved have voids in the
center (Table lll, Fig. 7, 12, maybe Fig. 77) and
are similar to the Albian species Trochiliascia
cuvillieri Deak, which is defined by Loeblich A.R.,
Jr., and Tappan H. [P. 212, PI. 846. Fig. 11, Lo-
eblich, Tappan, 1988]. This subtype is found
only in Cretaceous sediments. Also there were
found 3 microforaminifera samples of the fourth
type — straight, sometimes two row, that are
substituted by silicon rock (Table Ill, Fig. 7-3).
These microforaminifera specimens were
studied in chemical laboratory of PDRHP "Piv-
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Table 1. Microforaminifers of the Callovian
sediments of Ukraine. Increasing x650

Fig. 1. Subreophax ct. multilocularis Haesler, bore-
hole 8562, (Callovian). Fig. 2. Subtrochammina
cf. constricta Haeus, borehole 8562 (Callovian).
Fig. 3, 4. Subtrochammina cf. globigeriniformis (Par-
ker et Jones), borehole 8562 (Callovian). Fig. 5-9.
Subtrochammina sp., borehole 8562 (Callovian).
Fig. 10. Subrecurvoides cf. disputabilis Dain., bore-
hole 8562 (Callovian). Fig. /1. Subhaplophragmoides
aff. nonioninoides (Reuss), near the town of Kaniv
(Callovian). Fig. 2. Subtrochammina cf. kumaensis
Levina, near the town of Kaniv (Callovian)

nichgeologiya”. It should be noted that these
forms were found in samples which are not
applied in a heavy liquid separation. All other
specimens had the pseudochitinous shell. Also
there was found the multi-vertical uniaxial
microforaminifera of Nodosaria type (Table I,
Fig. 13), which can not be attributed to the des-
cribed four types (not seen in classifications of
M.H. Deak and R.P.W. Stancliffe), so we have
singled out it as a fifth type.

The main problem in microforaminifers sys-
tematic position study is that only the inner or-
ganic layer of shells is preserved and we do not
know which was the outer wall — agglutinated
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Table II. Microforaminifers of the Callovian
sediments of Ukraine. Increasing x650

Fig. 1-3. Subhaplophragmoides cf. canariense Orb.,
borehole 8562 (Callovian). Fig. 4-6. Subkutsevella
cf. haplophragmoides (Fur. et Pol.), borechole 8562
(Callovian). Fig. 7-9. Subtrochammina cf. inflata
(Montagu), borehole 8562 (Callovian)

or calcareous. The microforaminifers found are
very small, ranging from 30 to 130 microns.
The most common explanation for this is that
they represent juvenile forms. However, they
may represent a dwarf forms of adults living in
poor conditions. We have studied the adult fo-
raminifera shells in the same samples. There-
fore, we believe that as there are the
foraminifera lining and reduced in the initial
processing foraminifera loculums, then the
shells were slightly larger. But there are the rep-
resentatives of dwarf forms. In determining the
microforaminifers we followed the modern
classification of Jurassic and Cretaceous fora-
minifera. Therefore, we believe that the organic
remains of even very small foraminifera should
be considered in the overall system of forami-
nifera, without creating a separate form classi-
fication. And if the names of generic
microforaminifers taxa will repeat the name of
normal size foraminifera, in order to avoid con-
fusion, we decided to use the proposed by
N.K. Lebedeva and B.L. Nikitenko [JlebeneBa,
Hukutenko, 1998] prefixes Sub- and Micro-.
One of the meanings of "Sub-" in Latin is
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Table III. Microforaminifers of the Cretaceous
sediments of Ukraine. Increasing x650

Fig. 1. Subheterohelix cf. globulosa (Ehr.), outcrop
near the villages of Rovenky and Hlafyrivka (Turon-
ian). Fig. 2. Subgaudrinopsis cf. plotnikovae Loebl.
et Tapp., (borehole Simferopol-1), (Albian-Cenoma-
nian). Fig. 3. Subgaudryinella cf. umokderensis
Aleks., Crimea (outcrop near the Kacha river)
(Aptian). Fig. 4. Subhedbergella cf. globigerinelli-
noides (Subb.), borehole 0121 (Albian). Fig. 5. Sub-
trochammina cf. nana (Brady), borehole 0123
(Aptian). Fig. 6. Subhedbergella cf. planispira
(Tapp.), borehole 0121 (Albian). Fig. 7. Subshero-
chorella cf. minuta (Tapp.), borehole 97 (Maastric-
htian). Fig. 8. Subtrochiliascia cf. cuvillieri Deak,
borehole 42 (Cenomanian). Fig. 9. Subknasteria
cf. spiralis Macko, borehole 97 (Maastrichtian).
Fig. 10. Fragment of the microforaminifers, borehole
97 (Maastrichtian). Fig. 1. Subhemicyclammina
cf. sigali Maync, borehole 97 (Maastrichtian).
Fig. 12. Subtrochiliascia sp., borehole 97 (Maastric-
htian). Fig. 13. Subspirocyclina cf. choffati Munier-
Chalmas, borehole 42 (Coniacian)
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Table IV. Microforaminifers of the Cretaceous
sediments of Ukraine. Increasing x650

Fig. 1. Submarginotruncana cf. marginata (Reuss),
borehole 42 (Coniacian). Fig. 2. Subvalvulineria cf.
nonioninoides Bandy, borehole 97 (Maastrichtian). Fig.
3. Subgyroidinoides cf. turgidus (Hag.), borehole 97
(Maastrichtian). Fig. 4. Subkutsevella cf. pseudogood-
landensis (Mjatl.), near the village of Krasnoselivka,
Crimea (Berriasian). Fig. 5. Subglobotruncanita cf. stu-
arti (Lappar.), borehole 97 (Maastrichtian). Fig. 6. Sub-
globotruncana cf. lapparenti Brotz., borehole 97
(Maastrichtian). Fig. 7. Subglobotruncana cf. ventri-
cosa White, borehole 97 (Maastrichtian). Fig. 8, 9, 11,
12. Fragment of the microforaminifers, borehole 97
(Maastrichtian). Fig. /0 a, b, c. Fragments of the same
microforaminifers with spherical cameras in different
projections, borehole 97 (Maastrichtian)

"inside" or "under”. Thus, the generic names
of microforaminifers taxa will reflect the close-
ness to the genera of existing natural system
foraminifera classification and at the same time
by the prefix Sub- emphasize their size. We
also offer to combine the microforaminifers in
a common natural classification system with
the simple foraminifera. In this case, you can
use this group fully in solving problems of bios-
tratigraphy and biofacial analysis.
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Given all the above described details of our Microforaminifers found in Callovian depo-
research we supplemented the paleontological sits samples (borehole 8562, 145.25 m), which
characteristics of Callovian, Berriasian, Aptian,  are the lower part of Ichnyanska suite, compo-
Albian, Cenomanian, Turonian, Coniacian, sed of calcareous sandstone, siltstone and
Campanian and Maastrichtian deposits with  siliceous clays. There were found the microfora-
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Orb., Subkutsevella cf. haplophragmoides (Fur.
et Pol.), Subtrochammina cf. inflata (Montagu),
Subtrochammina cf. constricta Haeus and Sub-
trochammina spp. — in large quantities and Sub-
trochammina cf. globigeriniformis (Parker et
Jones), Subrecurvoides cf. disputabilis Dain.,
Subreophax cf. multilocularis Haesler. There are
the damaged form microforaminifers. These de-
posits were previously stratified by the authors
according to palynological analysis and forami-
nifers [LLeBuyk, 2012; Ctpaturpadis..., 2013].
There wre established the Callovian palynologi-
cal and dinocyst complexes characterizing the
Ctenidodinium ornatum-Ctenidodinium conti-
nuum zone, which corresponds to the upper
parts of lower and middle Callovian. There are
acritarchs, plant tissues, pteridophytes spores
in perispores, pigment flakes of insects (butter-
flies) and body parts of insects.

In Callovian sediments near the town of
Kaniv (Melanchyn Potik, Malyi Pekarskyi Yar,
Kostyanetskyi Yar), which are represented by
the Ivanytska suite deposits, composed of
light-brown to black clay were found the mic-
roforaminifers Subtrochammina cf. kumaensis
Levina and Subhaplophragmoides aff. nonio-
ninoides (Reuss). In these sediments there are
the normal size foraminifera, bivalves, ostra-
cods, sponge spicules, Callovian palynological
complex, dinocysts, acritarchs and prasinop-
hytes. The authors previously stratified these
deposits by the flora and fauna groups as
Upper Callovian [CTpaTturpadis..., 2013]. Mic-
roforaminifers were found in Late Albian sedi-
ments near the town of Kaniv in Kholodnyi Yar.
The Albian deposits are represented by the
Upper Albian sand with sandstone. Marine Al-
bian sediments are composed of gray-green,
glauconite, inequigranular sand with the layers
and aggregates of greenish-gray glauconitic
sandstone with remains of plants, wood debris
and marine fauna. The microforaminifers Sub-
hedbergella cf. planispira (Tapp.) and Sub-
gaudryinopsis cf. plotnikovae Loebl. et Tapp.
were found in these sediments. These deposits
were previously stratified by palynological data
(palynological complex, dinocysts) as Late Al-
bian and according to spicule analysis as Ce-
nomanian [CTpaTturpadis..., 2013].

In Berriasian deposits of Crimea near the vi-
llage of Krasnoselivka (Tonas river and its tri-
butaries) represented by the double-anchor
suite (top), which is composed of greenish-gray
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thin-slabby clay, siltstone and marl were found
the microforaminifers Subkutsevella cf. pseu-
dogoodlandensis (Mjatl.). These deposits were
previously stratified by authors as Berriasian
[CtpaTurpadis..., 2013; JopoTak n ap., 2009].
There were defined the normal size foramini-
fera, bivalves, numerous small gastropods, sea
urchin needles in these deposits and Berriasian
palynological and dinocysts complex corres-
ponding to the area Pseudoceratium pelliferum
(Berriasian), the rare forms of fungal spores of
phycomycetes class — conidia.

In Aptian deposits of Crimea near the village
of Verkhorichchya (Kacha river) represented
by gray silty clays (Biasalinska suite) there are
microforaminifers Subgaudryinella cf. umokde-
rensis Aleks. In the representatives of the family
Verneuilinidae, to which also belongs this genus,
researchers observe the presence of pseudoc-
hitinous inner layer [BeegeHue..., 1981]. The
Aptian palynological complex is established
[LWWeBuyk, 2009; CtpaTturpadis..., 2013].

In Aptian sediments, borehole 0123 repre-
sented by sediments of Novooleksiyivska suite,
which is composed of sandstones, siltstones,
clays with limestone interlayers there are micro-
foraminifers Subtrochammina cf. nana (Brady).
The Novooleksiyivska suite corresponds to the
Middle and Upper Aptian according to palyno-
logical complex and sometimes the Lower and
Middle Albian according to foraminifers Hed-
berlella aptica Agal., Cibicidoides djaffarovi
Agal. [Ctpaturpadis..., 2013].

In Albian sediments, borehole 0121
(247.8-250.5 m) represented by sediments of
Zakhidnomykolayivska series, which is compo-
sed of marl, sandstone, clay, chert there are
microforaminifers Subhedbergella cf. planispira
(Tapp.) and Subhedbergella cf. globigerinelli-
noides (Subb.). These deposits were previously
stratified by palynological (palynological com-
plex, dinocysts, acritarchs) and microfauna data
as Albian [CTpaTurpadis..., 2013].

In Cenomanian deposits of Crimea, bore-
hole Simferopol-1 (3424-3425 m), which are
represented by dark gray to black, clay, poor
carbon, thin layered, dense shale there are mic-
roforaminifers Subgaudryinopsis cf. plotnikovae
Loebl. et Tapp. These deposits were previously
stratified by palynological data (palynological
complex, dinocysts) as Cenomanian [CTpatur-
padis..., 2013]. There are also the fragments of
sponge spicules and radiolarians.
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In Cenomanian sediments, borehole 42,
represented by the layers of inoceramus limes-
tone there are microforaminifers Subtrochilias-
cia cf. cuvillieri Deak. These deposits were
previously stratified according to palynological
analysis [LUeBuyk, 2006; Ctpaturpadis...,
2013]. There were established the Cenoma-
nian palynological and dinocyst complexes
represented by Ovoidinium sp., Litosphaeri-
dium siphoniphorum Cookson et Eisenack,
Cribroperidinium intricatum Davey, Epelidos-
phaeridia spinosa Cookson and Hughes
(Davey). There are also the spicules of spon-
ges. In Turonian deposits of borehole 42 rep-
resented by the lower subsuite of Zdolbunivska
suite, which is composed of white porous soft
chalk there are microforaminifers of uncertain
systematic status, maybe Subtrochiliascia sp.
These deposits were previously stratified ac-
cording to palynological analysis [LLUeBuyk,
2006; Ctpaturpadis..., 2013]. There were es-
tablished the Turonian palynological and dino-
cyst complexes. In Coniacian deposits of
borehole 42 represented by the upper sub-
suite of Zdolbunivska suite, which is composed
of white writing porous clay chalk there are mic-
roforaminifers Subspirocyclina cf. choffati Mu-
nier-Chalmas and Submarginotruncana cf.
marginata (Reuss). These deposits were previ-
ously stratified according to palynological ana-
lysis [LLeBuyk, 2006; Ctpaturpadis..., 2013].
There were established the Coniacian palyno-
logical and dinocyst complexes characterizing
the Subtilisphaera pontis—mariae zone, which
corresponds to the upper Turonian — Coniacian.

In Turonian deposits, borehole 31 (68.20 m),
represented by writing chalk there are micro-
foraminifers of uncertain systematic status.
These deposits were previously stratified by
palynological data (palynological complex, di-
nocysts) as Turonian [CTpaTturpadis..., 2013].

In Turonian deposits, outcrop near the vi-
llage of Zavadivka, represented by the sedi-
ments of lower subsuite of Dubovetska suite
which is composed of white chalky creamy
limestone there are microforaminifers Subtroc-
hiliascia sp. There are also the Turonian palyno-
logical and dinocyst complexes, and fossil
remains of fungi — conidia. These deposits were
previously stratified according to palynological
analysis as Turonian [CtpaTturpadis..., 2013].

Cenomanian-Turonian deposits of Lugansk
region near the village of Rovenky, section
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Hlafyrivka (sample 33) are represented by
Slovyanohirska suite that composed of sand
and calcareous sandstones. It was thought that
the Cretaceous section of the village of Hlafy-
rivka is of Cenomanian age. In calcareous sand-
stone L.M. Yakushyn defined the bivalve mollusc
Nucula cf. pectinata Sow., according to which
the age of these rocks is considered as Ceno-
manian. From this section O.A. Shevchuk
showed the palynocomplex and dinocysts cha-
racteristic of Cenomanian. There are the micro-
foraminifers Subheterohelix cf. globulosa
(Ehr.). However, the studied characteristic spe-
cies of normal size foraminifera complex indi-
cate the Early Turonian age: Spiroplectammina
cuneata Vass., Arenobulimina minima Vass.,
zonal index species — Globorotalites hangensis
Vass., Gavelinella vesca (N. Byk), G. nana Ak.,
Brotzenella belorussica (Ak.). By zonal type
there is the Globorotalites hangensis area, the
top of the lower Turonian. This foraminifera zone
corresponds to the upper part of macrofauna
zone Inoceramus labiatus of lower Turonian
subformation [CtpaTturpadis..., 2013]. There
was determined the impoverished foraminifera
complex represented by small shallow water co-
astal forms. The foraminifer’s shells are poorly
preserved and depressed. There are phosphate
foraminifera and ostracods, fragments of bryo-
zoans and sponges spicules, sea urchins need-
les, single radiolarians and shark teeth.

In Campanian sediments from the outcrop
near the village of Zbirne (1 km from the village
of Krutenka, sample 21), belonging to the lower
part of Sydorivska suite (bottom of the Upper
Campanian) composed of light gray sandy marls
there are microforaminifers of uncertain syste-
matic association of the two types of spiral and
spherical form with convoluted loculums. There
are normal size and ferruginized foraminifera in
this sample. The characteristic species of fora-
minifera: Cibicidoides aktulagayensis (Vass.),
C. voltzianus (Orb.), Heterostomella foveolata
(Marss.), H. praefoveolata Mjatl., Voloshinovella
laffitei (Marie), Brotzenella monterelensis
(Marie), B. menneri (Kell.), Pseudouvigerina cre-
tacea Cushm., which indicate the Upper Campa-
nian zone Brotzenella monterelensis [CTtpaTn-
rpadis..., 2013]. There are ostracod valves. The
Campanian palynologacal complex is represen-
ted by Sphagnumsporites sp., Lycopodiunspo-
rites sp., Osmundasidites sp., Todisporites sp.,
Matoniasporites spp., Lygodium- sporites sp.,
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Coniopterius sp., Cyathidites sp., Alsophilla sp.,
Gleicheniidites laetus (Bolch.) Bolch., Plicifera
delicate (Bolch.) Bolch., Ornamentifera echinata
(Bolch.) Bolch., Pinus spp., Platysaccus sp., Po-
llenites sp., Oculopollis sp., Gothanipollis sp., Nu-
dopollis spp., Extratriporo-pollenites clarus Pfl.,
Extratriporo-pollenites perforates Zaklinskaja
and dinocyst complex (typical: Odontochitina
spp., Isabelidinium sp., Avellodinium sp., Aldorfia
deflandrei (Clarke and Verdier) Stover and Evitt)
and the remains of fossil fungi — conidia were
found for the first time. It is the Upper Campanian
according to macro- and microfauna [CtpaTtur-
padis..., 2013] and new palynological data.

In Campanian sediments, outcrop near the
village of Heorhiyivka (Konoplyanka ravine,
sample 42), Lugansk region, belonging to the
lower part of Sydorivska suite (bottom of Upper
Campanian) there are microforaminifers like
Subtrochiliascia cf. cuvillieri Deak. In this
sample we identified normal size foraminifera of
Globorotalites emdyensis zone of Upper Cam-
panian with a characteristic complex — Ataxop-
hragmium crassum caspium Vass., Cibicidoides
aktulagayensis (Vass.), C. voltzianus (Orb.), B.
monterelensis (Marie), Globorotalites emdyen-
sis Vass., Bolivinoides delicatulus Cushm. and
lenticular foraminifera Pseudosiderolites mus-
chketovi Zern. [CTpaTturpadis..., 2013]. There
were found a shark tooth and ostracod shells.
The Campanian palynological complex — Lyco-
podiunsporites sp., Osmundasidites sp., Mato-
niasporites  spp., Lygodiumsporites sp.,
Coniopterius sp., Cyathidites sp., Gleicheniidi-
tes laetus (Bolch.) Bolch., Plicifera delicate
(Bolch.) Bolch., Pinus spp., Platysaccus sp., Po-
llenites sp., Oculopollis sp., Gothanipollis sp.,
Nudopollis spp., Extratriporo-pollenites perfo-
rates Zaklinskaja, and dinocyst complex — Aldor-
fia deflandrei (Clarke and Verdier) Stover and
Evitt, Odontochitina costata Alb. and the appea-
rance of Areoligera senonensis Lejeune-Car-
pentier were found for the first time. Previously
described by macrofauna — Belemnitella langei
langei Schatsk., Bostrychoceras polyplocum
(Roem.) belong to the Upper Campanian ac-
cording to macro- and microfauna [CTpaTurpa-
dis..., 2013] and new palynological data.

In Maastrichtian sediments, borehole 97
(43.25 m and 47.25 m), the East Sea of Azov,
represented by dark gray sandy clay without
carbonates (not showed in the scheme) there
are microforaminifers Subtrochiliascia sp.,
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Subknasteria cf. spiralis Macko, Subvalvuline-
ria cf. nonioninoides Bandy, Subglobotruncana
cf. lapparenti Brotz., Subglobotruncana cf.
ventricosa White, Subglobotruncanita cf. stu-
arti (Lappar.), Subgyroidinoides cf. turgidus
(Hag.), Subsherochorella cf. minuta (Tapp.),
Subhemicyclammina cf. sigali Maync and un-
certain systematic form of belonging. There are
many fragments of microforaminifers with dis-
solved loculums and fragments of spherical and
convoluted loculum forms. The form shown in
Table IV, Fig. 10 a, b, c is similar to the form of
Subtrochiliascia cf. cuvillieri Deak, but we have
a piece of lining, Fig. 70 which seems the simi-
lar, but by needle in macerate we can see the
forms in different projections, as the Fig. 10b
and 70c show that the form is spiral. The locu-
lums of such microforaminifers like a strung on
a spiral. There are also found a lot of broken da-
maged forms, Table IV, Fig. 77, 12 in this sam-
ple, it may be the result of initial processing
stage, which was associated with prolonged
centrifugation. L.F. Plotnikova found the com-
plex of normal size foraminifera in these depo-
sits: Plectina ruthenica (Reuss), Cibicidoides cf.
voltzianus (Orb.), Cibicidoides aktulagayensis
Vass, Eponides conspectus Vass, indicating the
Early Maastrichtian. The dinocysts Odontochi-
tina spp., Odontochitina operculata (0. Wetzel)
Deflandre et Cookson, Odontochitina costata
Alberta emend. Clarke Verdier., Isabelidinium
sp., Cerodinium sp. were found in these sedi-
ments for the first time. The dinocysts dominate,
namely Spiniferites spp., Spiniferites ramosus
(Ehrenberg) Mantell, Cleistosphaeridium spp.,
Cordosphaeridium sp., Oligosphaeridium sp.
There are rare exemplars of Subtilisphaera sp.,
Hystrichodinium sp., Hystrichosphaeridium tu-
biferum (Ehrenberg) Deflandre, Operculodi-
nium sp., Comparodinium sp., Achomosphaera
sp., Deflandrea magna Davey, Cyclonephelium
Willams et Downie. For the first time in the stu-
died territory of Maastricht sediments there was
found the palynological complex, represented
by: Gleicheniidites laetus (Bolch.) Bolch., G. se-
nonicus (Ross.) Grig., G. latifolius Doring, Lygo-
diumsporites subsimplex (Bolch.) Bolch. There
is gymnosperms pollen: pollen grains Welwit-
schiapites sp., Araucariacites sp., Psophos-
phaera sp., coniferous pollen of Pinaceae and
Podocarpaceae genera (Podpocarpus sp.).
Pinaceous is represented by Piceae sp., Cedrus
libaniformis Bolch., Pinus spp., Pinus vulgaris
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Naum., Pinus trivialis Naum., Pinus insignis
Naum. Angiosperm pollen: Pollenites sp., Ocu-
lopollis sp., Nudopollis spp., Extratriporo-polle-
nites clarus Pfl., Extratriporo-pollenites vestifex
Pfl., Basopollis aff. orthobasalis Pfl., Trudopollis
spesiosus Zaklinskaja, Trudopollis nonperfectus
Pfl., Trudopollis ordinates Zaklinskaja, Trudopol-
lis pompeckji (R.Pot.) Pfl. The Maastrichtian de-
posits that are dark gray sandy clay without
carbonates are described for the first time. Ac-
cording to systematic composition and percen-
tage of microphytofossils in a complex the age
of rocks can be dated as the Early Maastrichtian.

Conclusions

On the results of microforaminifers in macera-
tes of Mesozoic sediments of Ukraine there are
the following conclusions.

It is corrected the technique of initial pro-
cessing of rock used for palynological analysis
to extract microforaminifers from the Mesozoic
rocks. It should be noted that the samples of
carbonate rocks that have been treated with
hydrochloric acid, in macerates contained na-
noforaminifera linings which were quite brittle
to the touch, and sometimes were destroyed.
The samples of marl and alurite rocks, after tre-
atment with hydrochloric and hydrofluoric acids
contained in macerates the microforaminifers
with pseudochitinous membranes possible to
turn and touch, they suffered a slight strain, but
not destroyed. So the hydrofluoric acid hard-
ened the pseudochitinous membranes. The
use of alternative methods of detection and de-
termination of the taxonomic composition of
Jurassic and Cretaceous microforaminifers
substantially complement the characterization
of foraminifera complexes of the studied area.

To classify the new forms we compared Ju-
rassic and Cretaceous microforaminifers found
in Ukraine with similar fossils studied by Euro-
pean, American and Russian scientists.

Since we were able to trace the distribution
and diversity of microforaminifers from Callo-
vian to Maastricht, we concluded that the most
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