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ABSTRACT

Our data from studies over many years on upperomidm—Berriasian strata of the Crimean
Mountains are summarised and commented upon. Zbeal subdivision has been significantly
refined using ammonites and foraminifera, as welba the basis of calpionellid, ostracod and
dinocyst distributions. We have been able to docuntiee presence of all standard Tethyan
zones in the Berriasian, i.e., the Jacobi, Ocaitaand Boissieri zones, identified on the basis of
foraminifera, ostracods and dinocysts. Based opiaatllids (families Chitinoidellidae and
Calpionellidae) in eastern Crimea, three standamkgz were identified, namely Chitinoidella
(Dobeni and Boneti subzones; Tithonian), Crassacall(Remanei and Massutiniana subzones;
Tithonian) and Calpionella (Alpina and Ellipticalbgmones; Berriasian). Tithonian and Berriasian

calpionellid assemblages were identified in souitein Crimea. A magnetostratigraphic scale
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for the upper Tithonian—Berriasian has also beereldped, thus corroborating a continuous
succession of magnetic chrons from M20 through Mk existence of the M16n.1r subchron
(‘Feodosiya’) is substantiated; it should be inelddnto the Geomagnetic Polarity Time Scale.
The base of polarity chron M18r appears to be thestnlikely variant among other

palaeomagnetic bench marks to determine the loweemndary of the Cretaceous System,
because it is close to the base of the Grandisdhgbin Tethyan and the Chetae Zone in Boreal

sections.
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Calpionellids
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Tethyan Realm

Eastern Europe

1. Introduction

The Tithonian—Berriasian boundary interval in the@an Mountains (Fig. 1) is known
to extend from the northeast (Feodosiya) to thahswest (Sevastopol). The main features of
these sections include significant facies variajom wide range of variation with respect to
thickness of deposits and the incomplete naturehef stratigraphical record. The Crimean
Mountains are characterised by complex tectonicstiGuous sections of Berriasian strata are
missing. A detailed historical review of the varsoapproaches towards subdivision of these
deposits has recently been published (ArkadieV.e2@12).

Numerous scientists have previously studied theri@an of Crimea, including

Retowski (1893), Druschits (1975), Kvantaliani adogsenko (1979), Bogdanova et al. (1981,
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1984), Bogdanova and Kvantaliani (1983), Kuznet4d@83), Glushkov (1997), Arkadiev et al.
(2006), Arkadiev et al. (2015), Platonov and Arlead{2011), Platonov et al. (2013), Platonov
(2014), Arkadiev and Guzhikov (2016), Arkadiev et(2016) and others.

During their research several problematic issue® lie@en encountered by ourselves, as
follows:

1) a clarification of ammonite and foraminiferal nations; 2) an improvement of
calpionellid, ostracod and dinocyst zonations amnmgarison with the ammonite-based
subdivision; 3) development of a magnetostratigi@ptcheme for the upper Tithonian—
Berriasian and correlation with the ammonite zoné};to provide biostratigraphic and
magnetostratigraphic justification of the JurasSietaceous (Tithonian—Berriasian) boundary in

the Crimean Mountains; 5) correlation of these #iona with Tethyan ammonite zones.

2. Material and methods

Between 2009 and 2015 a team of geologists fromtSetersburg State University,
Moscow State University, Saratov State Universityd aAO ‘Geologorazvedka’ (Saint
Petersburg) carried out interdisciplinary (biostratphic, magnetostratigraphic and lithological)
studies of upper Tithonian—Berriasian sectionthenCrimean Mountains. A total of 30 sections
were studied comprehensively; while collecting amites, scientists also amassed samples for
microfaunal, palynological and palaeomagnetic asedy using a ‘matching sample’ system. In
eastern Crimea the team worked out detailed desprgp of sections in which the boundary
between Jurassic and Cretaceous deposits was expeseh as those near Feodosiya
(Dvuyakornaya Bay, Saint Elias Cape), as well agri@&@an—Valanginian sections at
Zavodskaya Balka, Sultanovka and Nanikovo (Koklyakgl Berriasian sections along the Tonas
River (near the villages of Krasnoselovka and Adekda). In central Crimea, the team studied
Berriasian sections near the villages of Novokld&agBalki and Mezhgor'e. Results of previous

studies in southwestern Crimea were summarise@dgAt, 1997; Arkadiev and Bugrova, 1999;
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Bogdanova and Arkadiev, 1999). Ammonites were ifledt by V.V. Arkadiev, T.N.
Bogdanova and E.Yu. Baraboshkin, foraminifera byA.AFeodorova, ostracods by J.N.
Savelieva, organic-walled dinoflagellate cysts, repoand pollen by O.V. Shurekova and
calpionellids by E.S. Platonov and |. Lakova (Buiga Magnetostratigraphic studies were
performed by A.Yu. Guzhikov, M.I. Bagaeva and AN&nikin.

Ammonite collections discussed in the present papehoused at the CNIGR Museum
(F.N. Chernyshev Central Research Geological Musesamt Petersburg) under registration
numbers 10916, 12943, 13077, 13098, 13139, 1311316l 13175 and 13209, as well as at the
Museum of the National Mineral Resources Univerfityning University, Saint Petersburg, no.
333), the Earth Science Museum of Moscow State éfmity (no. 131), the Paleontological-
Statigraphical Museum of Saint Petersburg Statevéssity (nos 381, 382 and 409) and the
Paleontological Museum of the Georgian Technicalehsity, Thilisi (no. 3017/1-10).

Microfaunal and palynological analyses were done psadominantly clayey rock
samples (average weight 0.5-0.8 kg). Foraminifeesewstudied in preparations and in thin
sections oriented in different planes. Polishedises of foraminiferal tests extracted from the
matrix were prepared for several levels. A totafle® preparations and > 1,000 thin sections and
polished sections were studied. 162 samples wetectad for palynological studies, while
calpionellids were examined in approximately 1,886 sections. Ostracods were photographed
using a scanning electron microscope at the Electkdicroscopy Laboratory of the
Paleontological Institute (Moscow) by E.M. Tesakdloscow State University), whereras
foraminifera and dinocysts were photographed usangoptical microscope. Foraminifera,
ostracods, palynological slides and residues goe &ethe Department of Petroleum Geology of
the Joint-stock Company ‘Geologorazvedka’, SairteBbéurg.

In total, nearly 700 oriented samples from différstmatigraphic levels were taken. Each
of the oriented samples was split into 3—4 cube200omm long. The palaeomagnetic study of

these samples included series of magnetic cleansigg alternating field (in LDA-3 AF
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Demagnetiser) and temperature (in Aparin’s Furnace) isolate characteristic remanent
magnetism (ChRM) and determine polarity of the gagnetic field. The ancient origin of the

ChRM was substantiated by field test results (ftadt, reverse test, etc.) and the data of
magneto-mineralogical studies, which included mesments of magnetic susceptibility and its
anisotropy, experiments of magnetic saturationdiffdrential thermomagnetic analysis. A JR-6
Spinner Magnetometer and MFK-1FB Kappabridge weseduto measure the remanent

magnetisation and magnetic susceptibility, respelsti

3. Geological setting

3.1. Eastern Crimea and Tonas River Basin

Two formations are distinguished within the Bernaasstrata in eastern Crimea and in the
Tonas River Basin, i.e., the Dvuyakornaya Formatma Sultanovka Formation. The facies
compositions of these two are similar, belonginghe same type which differs from sections of
central and southwestern Crimea (Arkadiev, 2007a).

The Dvuyakornaya Formation consists of thin, flyikb interbedding, predominantly of
clay and limestone. It includes two parts, the loafewhich is distinguished by thin interbeds of
calcareous sandstones, absent in the upper, amgeariumber of siderite concretions. The upper
part of the formation includes the Feodosiya Mariss. We have previously described a section
of the Dvuyakornaya Formation near Feodosiya, & Blay of Dvuyakornaya, at Saint Elias
Cape and Feodosiya Cape (Guzhikov et al., 2012)s(RIA-C, 3). In the Tonas River Basin
only the upper part of the formation has been ifledt with an erosive boundary and
conglomerates at the bottom where it follows onf reeral-algal biohermal framestones,
presumably of Tithonian age (Figs. 2D, 4). In thasticular area the Dvuyakornaya Formation
contains thick (up to 2 m) beds of conglomerate-liknestones. The total thickness is 360

metres.
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The Sultanovka Formation consists of dark grey, ohmmous clays with rare sandstone
and limestone interbeds and marlstone concretibreanformably overlies the Dvuyakornaya
Formation. The most complete sections of this baite been studied in the northern outskirts of
Feodosiya, at the Zavodskaya Balka quarry (Arkaeéiesl., 2010, Arkadiev et al., 2015 (Figs.
2F, 5), near the village of Nanikovo, on Koklyuk Mudain (Fig. 2E) and near the village of
Sultanovka. Based on our observations, the contaitt the overlying Nanikovo Unit is

concordant. The total thickness of this formati®mp to 200 metres.

3.2. Central and southwest Crimea

In studied sections of central and southwest CritheaBerriasian Stage is represented
mainly by the Bechku and Kuchkinskaya formations.céntral Crimea this stage may also
include the upper part of the predominantly carlcenas Bedenekyr Formation, where in the
1970s Tamara Bogdanova found ammonites in the ypgréthat were typical of the Berriasian
Jacobi Zone, such &seudosubplanites ponticasdBerriasella jacobi(Bogdanova et al., 1981;
Bogdanova and Kvantaliani, 1983; Arkadiev and Bogda, 2004). Near the village of Balki
the ammoniteMalbosicerasex gr. malbosiwas collected from limestones of the Bedenekyr
Formation in 2012. Consequently, the upper pathisfunit was assigned to the Occitanica Zone
(Arkadiev et al., 2015). In central Crimea we hastedied sections of the Bechku and
Kuchkinskaya formations near the villages of Noeokivo, Balki and Mezhgor’e (Figs. 2G—H,
6) (Savelieva et al., 2014; Arkadiev et al., 2018).this area, Berriasian deposits consist of
(from bottom to top) packstones and marlstoneshef upper part of Bedenekyr Formation;
siltstones and sandstones of the Bechku Formatmh kstly, sponge packstones, clays,
marlstones, siltstones and coral-algal biohermainéstones of the Kuchkinskaya Formation.
The top of the framestones is eroded, karstifietl@anetrated by deep (> 6 m) vertical fractures,
filled with quartz sandstones (Arkadiev, 2007a)e Thickness of obscured parts of the section

between isolated outcrops is up to tens of metreke lower part (i.e., part of the Occitanica
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Zone) and varies from a few metres to tens of metréhe middle part (i.e., part of the Boissieri
Zone). The total thickness of the Berriasian israpnately 600 metres.

The Berriasian section in the Belbek River Basirsauthwestern Crimea includes the
following units (Arkadiev, 2007a): Belbek Unit, Bdar Formation, Kuchkinskaya Formation
and Albat Unit.

The Belbek Unit consists of polymictic conglomesateith a sandy-clayey cement. It
overlies with a structural unconformity rocks oé&tfauric Group of Early Jurassic age, and is
followed unconformably by the Bechku Formation. Timckness is up to 40 metres. No
ammonites were found within the unit, and its da@s Berriasian is only tentative. The extent
of this unit is limited to the Belbek River Basin.

The reference section of the Bechku and Kuchkinskaymations in the Belbek River
Basin is situated in the Kabaniy Ravine (Bogdanarad Arkadiev, 1999; Yanin and
Baraboshkin, 2000; Arkadiev et al.,, 2002) (Fig. The Bechku Formation consists of
interbedded sandstones, calcareous sandstonesvasdoines, in a thickness of approximately
15 metres. The overlying Kuchkinskaya Formationludes several discrete units, i.e., an
oncaolitic limestone bed (15-20 m), a bioclasticdstone bed (30-35 m) and a bioherm limestone
bed (15-20 m) (Arkadiev, 2007a; Arkadiev et al.12D The last-named contains small (up to 3-
5 m tall and 4 m wide), occasionally even largégwhbrms. The bioherms themselves consist of
algae and hermatypic corals (Arkadiev and Bugrd@®9). The thickness of the Kuchkinskaya
Formation attains 70 metres.

The overlying Albat Unit consists of quartz congkmates with a carbonate cement. The
unit does not contain ammonites and its datingexsi&ian is tentative. It occurs in the Belbek
River Basin and in central Crimea, with an ovettailtkness of up to 70 metres.

In another area of southwestern Crimea, the BaldgasValley and Chernaya River
Basin, the Bechku Formation follows on the Eli Fation, which consists of beige oolitic,

pseudo-oolitic and bioclastic, stratified and massiimestones with lenticular interbeds of
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guartz conglomerates (Fig. 8) (Feodorova, 2000 fickness is up to 400 metres. The Eli
Formation is found on top of the Kizil-Kaya Fornmatj which comprises massive bioclastic
coral and algal limestones, of white, grey, pinktgbe and red colours. The thickness is > 650
metres (Feodorova, 2000). The Kizil-Kaya Formatemd a significant portion of the Eli
Formation have been dated as Tithonian on the lmdsisraminifera and calpionellids. The

upper part of the Eli Formation is probably of Basran age.

4. Biostratigraphy

As an outcome of our studies we have proposed alzsubdivision of the upper
Tithonian, a significantly refined zonation of thBerriasian based on ammonites and
foraminifera as well as biostratigraphic schemesetlaon calpionellids, ostracods and dinocysts
(Fig. 21). In the Crimean Mountains we have idesdifthe standard ammonite zones of the
upper Tithonian—Berriasian (Reboulet et al., 2014).Crimean sections, zones usually are
incomplete, which is a result of the complex teasnof the region. For this reason,

biostratigraphic units referred to as ‘Beds withrfa’ were used along with subzones.

4.1. Ammonites

In eastern Crimea, we have demonstrated the presgintvo ammonite zones of the
upper Tithonian, i.e., theMicrocanthum and Andreazenes. The Microcanthum Zone was
documented by specimens dDloriziceras cf. schneidj and the Andreaei Zone by
Paraulacosphinctes transitorius, Paraulacosphinctds senoidesand Neoperisphinctescf.
falloti. Up to the present, the Durangites Zone has beanted| with the Andreaei Zone in
Crimea (Arkadiev et al., 2012) because findsnirangites are unknown from here. On the

basis of resilts of a study of the Le Chouet sectmosouthern France, Wimbledon et al. (2013),
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proposed to replace the Durangites Zone by the egwirZone. ‘Mediterraneaburangites
have recently been revised (Frau et al., 2015).

Ammonite assemblages of all three standard zones, the Jacobi, Occitanica and
Boissieri zones (Figs. 9-13), have been identiirethe Berriasian of the Crimean Mountains.

However, their distribution within the study arealifferent.

JacobiZone

According to data we have obtained (Arkadiev et2012), in the Crimean Mountains
this zone was subdivided into two subzones, thehlaand Grandis subzones. One group of
palaeontologists (Frau et al., 2016a) attribiBedriasella jacobito the genustrambergellaln
their analysis of the distribution of the specibsré is almost no reference to the Russian
literature on the genwBerriasella,except for the fact that in the synonymyBs#rriasella jacobi
all assignments of Russian researchers are list@draneous, but without explanation. Another
group of biostratigraphers, led by Philip Hoedenesiehave completed a comprehensive review
of the Jurassic/Cretaceous boundary at Rio Argasoutheast Spain; theyntinue to use the

specific namderriasella jacobi(Hoedemaeker et al., 2016).

JacobiSubzone

The ammonite assemblage consistsBefriasella jacobj Berriasella chomeracensis
Berriasellasp.,Fauriella cf. floquinensis PtychophyllocerasemisulcatunandHaplocerassp.

Distribution. Eastern Crimea (Saint Elias Cape), Tonas RivesirBgvillage of
Krasnoselovka); central Crimea (village of Ballerriasella jacobiis known from sections in
central Crimea and the Tonas River Basin, wBigriasella chomeracensigas identified only

at Saint Elias Cape (eastern Crimea).

GrandisSubzone



236 The ammonite assemblage compriseseudosubplanites grandi®seudosubplanites
237 ponticus Pseudosubplanitesubrichteri Pseudosubplanites loriglPseudosubplanites combesi
238 Pseudosubplanites crymensisPseudosubplanites fasciculatusDelphinella subchaperi
239 Delphinella crimensis Delphinella obtusenodosaDelphinella tresannensis Delphinella
240 delphinensisDelphinella janus Delphinella pectinataBerriasella bertheiBerriasella oppeli
241 Berriasella subcallistp Berriasella paramacilentaRetowskiceras andrussqwRetowskiceras
242  retowskyj Spiticeras orientaleNegreliceras proteunNegreliceras mirumNegrelicerasex gr.
243 negreli Ptychophylloceras semisulcatuBochianites neocomiensiBochianites goubechensis
244  andBochianites crymensis

245 Distribution. Eastern Crimea (Saint Elias Cape), Tonas RivesirBgvillage of

246 Krasnoselovka) andcentral Crimea (village of Balki)

247
248 OccitanicaZone
249 Sections encompassing this zone are incomplete salenerywhere, with mostly the

250 lower part missing. The index species of this zaas recorded from the Feodosiya section by
251 Retowski (1893)Tirnovella occitanicafrom Retowski’'s Collection was revised by Bogdamov
252 et al. (1999), who documented the presence of tt@t&hica Zone in the Feodosiya section.
253 However, its lower and upper boundaries and exentstill undefined. All Crimean specimens
254 of Tirnovella occitanicahave been assigned by Frau et al. (2016bPtseudoneocomites
255 retowskyi The main difference betweén retowskyandT. occitanicahas been considered to be
256 the lack of umbilical tubercles at all ontogenetiages. However, the presence of tubercles in
257 the Crimean specimens was noted by Tamara N. BogdaBogdanova et al., 1999). Frau et al.
258 (2016b) illustrated two incomplete specimens, withtubercles, which makes it difficult to

259 assign these to species. We here retain the nanmeVElla occitanica Zone’.
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The following regional units are distinguished wntlthis zone: beds witMalbosiceras
chaperi beds withTirnovella occitanicaand Retowskiceras retowskgnd theDalmasiceras

tauricumSubzone.

Beds withMalbosiceras chaperi
The ammonite assemblage compriskdbosiceras chapeandMalbosiceras malbosi

Distribution. Central Crimea (village of Balki, Karaby Yaila).

Beds withTirnovella occitanicandRetowskiceras retowskyi
The ammonite assemblage comprig@siovella occitanica Retowskiceras Retowskyi
andBerriasella moesica

Distribution. Eastern Crimea (Zavodskaya Balka).

Dalmasiceras tauricui@ubzone

The ammonite assemblage compriBadmasiceras tauricugrDalmasiceras belbekense
Dalmasiceras subtoucgddalmasicerasex gr.punctatum Malbosiceras malbosMalbosiceras
broussei Malbosiceras pictetiformePomeliceras brevetiPomelicerasaff. boissetj Fauriella
sp., Subalpinites insolitus Subalpinites amplys Spiticeras obliquelobatum and
Ptychophylloceras semisulcatum

Distribution. Crimean Mountains (Zavodskaya Balka, village afkBand Belbek River

Basin).

BoissieriZone
The following regional units are distinguished witithis zone: the Neocosmoceras

euthymi Subzone, the Riasanites crassicostatumafelend the Berriasella callisto Subzone.



285 Fauriella boissieriis present in a section along the Sary-Su Riveremtral Crimea and

286 in sections at the Chatyr-Dag Massif (Arkadiev, Z80and Zavodskaya Balka (Arkadiev et al.,

287 2010).

288

289 Neocosmoceras euthyr8ubzone

290 The ammonite assemblage compridesuriella boissierj Neocosmoceras euthymi

291 Neocosmocerascf. transfigurabilis Neocosmoceeras giganteudleocosmoceras minutus
292 Malbosiceras malbosiPseudosubplanites jaubertHegaratia balkensisHegaratia taurica,
293 Hegaratia nerodenkoiHegaratia bidichotomaBerriasella neocomiensiSpiticeras multiforme
294 andSpiticeras subspitiense

295 Distribution. Crimean Mountains (village of Nanikivo, Koklyuk dvntain, village of

296 Balki and Belbek River Basin).

297
298 Riasanites crassicostatusnibzone
299 The ammonite assemblage compriseSauriella simplicicostata Riasanites

300 crassicostatum Riasanites irregulatys Riasanites tuberculatum Riasanites petrovensis
301 Hegaratia balkensisHegaratia bidichotomaHegaratia taurica, Hegaratia Nerodenkoand

302 Pomelicerag?)funduklense

303 Distribution. Crimean Mountains (Zavodskaya Balka, village afkd.
304
305 Above the Crassicostatum Subzone in central Crithese follow deposits without

306 ammonite marker species. Only species of the getepéoceras, ProtetragoniteendSpiticeras
307 have been recovered, but these are insufficierageignment to any of the Berriasian ammonite
308 zones. This stratigraphic level requires furthadgt

309

310 Berriasella callist®subzone
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Earlier (Arkadiev et al., 2006) this subzone waemred to as beds witbabronellacf.
paquieriandBerriasella callisto as identified in the Tas-Kor ravine ofthe Chabag Massif.
In 2015, Berriasella callistowas collected at the Zavodskaya Balka sectionyvaldevels
containingRiasanites crassicostatufArkadiev, 2015; Arkadiev et al., 2015).

The ammonite assemblage comprisksbronella cf. paquieri Fauriella boissier]
Fauriella rarefurcatg Fauriella sp., Tirnovella alpillensis Tirnovella sp., Berriasella callisto
Berriasellasp. andMalbosiceras malbosi

Berriasella callistomay also be indicative of the presence of the &ubzone, as in
Spain (Tavera, 1985).

Distribution. Southwestern (Minester Ravine?), central (ChaBag, village of

Mramornoye) and eastern (Zavodskaya Balka) Crimea.

Berriasian deposits in most areas of the Crimeanri¥ons are unconformably overlain
by Valanginian rocks. One of us (EB) has recenttyked out an ammonite zonal scheme for the
Valanginian Stage, on the basis of shallow-wateti@es of southwestern Crimea (Baraboshkin
and Mikhailova, 1994, 2000; Baraboshkin and Yadi@97; Baraboshkin in Atlas ..., 1997;
Baraboshkin in Arkadiev et al., 2002). Valanginistnata transgressively overlap the Lower
Jurassic—Berriasian sequence, but everywhere thwestern Crimea it does contains a hiatus at
the base. The most representative ammonite suooessis described from the Kacha-Bodrak
rivers watershed (Baraboshkin and Mikhailova, 19900; Baraboshkin and Yanin, 1997), but
the Berriasian is not present there. Continousi8&en—Valanginian sections are known only in
eastern Crimea, near the villages of Sultanovka Madikovo. The deposits near Sultanovka
have traditionally been dated as Berriasian—Valaagi on the basis of ammonites, belemnites
and aptychi (Kvantaliani, 1989). Only in 2010, ook us (VA) (see Arkadiev, Rogov and
Perminov, 2011) collected from this stratigraphevdl the ammonitedeptoceras studeri

Negreliceras mirumand Fauriella sp., indicative of a late Berriasian—Valanginiage.aThe
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Valanginian age of the overlying Nanikovo Unit i©oyped by the early Valanginiakilianella
roubaudiana the late Valanginiabhleocomites neocomiensiad aptychi Didayilamellaptychus
didayi). We have been unable to find typical early Valaiasn ammonites (Arkadiev et al.,

2016).

4.2. Calpionellids

In the upper Tithonian and Berriasian we have cordd the presence of portions of
three standard zones, correlated with standard anitenpones (Platonov et al., 2014) (Fig. 21).
As a result of field work in 2016 at Cape Feodosny@a were able to document the Elliptica
Subzone in more detail, expanding its volume. Tlestnimportant calpionellids were collected
from eastern Crimea and the Tonas River Basin (Big4, 14). Additionally, calpionellids were
recovered from southwestern Crimea, in the Cheriitiyar Basin (Feodorova, 2000) (Fig. 8)
and in the Baydarskaya Valley on the Biyuk-Sinoruvtain (Platonov and Rudko, 2015). Due
to the paucity of calpionellids, the zonal boundsrare tentative. In the section at the Chernaya

River we have been able to identify only Tithongand Berriasian calpionellid assemblages.

ChitinoidellaZone

This zone was established in Spain by Enay and <aey$1975); a full description can
be found in Borza (1984). This zone is identifiedtbe basis of the presence of representatives
of the family Chitinoidellidae (Trejo, 1975).

DobeniSubzone

The calpionellid assemblage comprisesgicollaria dobenandPopiella oblongata

Distribution. Eastern Crimea, Dvuyakornaya Bay (Tithonian, Miar@tam Zone).

Boneti Subzone
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The calpionellid assemblage compris€sitinoidella boneti Chitinoidella elongata
Dobeniellacf. bermudezandPopiella oblongata

Distribution. Eastern Crimea, Dvuyakornaya Bay (Tithonian, Andr&ane).

PraetintinnopsellZone

This zone is present everywhere within the Tethggion (Lakova et al., 1999; Michalik
et al., 2009). Only a single specimen of the zondéx species was found ineastern Crimea,
above the occurrence of the first Calpionellidaansequently, it is impossible to identify this

zone at this time.

Crassicollariazone

This zone has earlier been referred to as ZoneraAsgollaria) (see Remane, 1963) in
southeast France.

This zone is defined by the first occurrence ofcgpens of Calpionellidae with a hyaline

shell in the section. Usually, these @&ratinnopsella carpathicar T. remanei

RemaneSubzone

This subzone has been established by Remane favretern Mediterranean (Remane et
al., 1986).

The calpionellid assemblage compriséBntinnopsella remanei Tintinnopsella
carpathica Crassicollaria parvula Calpionella alpina Praetintinnopsella andrusoyi
Chitinoidella boneti Daciella danubicaandDobeniella cubensisThe subzone is defined by the
occurrence oTintinnopsella carpathica

Distribution. Eastern Crimea, Dvuyakornaya Bay (Tithonian, Andr&ane).

Massutiniané&Subzone

This subzone has been established by Remane fareiern Mediterranean (Remane et

al., 1986).
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The calpionellid assemblage comprisésassicollaria massutinianaCrassicollaria cf.
brevisandTintinnopsella carpathica.
Distribution. Eastern Crimea, Dvuyakornaya Bay (Tithonian—Beiaias Andreaei—

Jacobi Zone).

CalpionellaZzone

According to the Roman Zonal Standard (Allemanal ¢t1971) the Calpionella Zone has
been established by combning zone<BIpionellg and C Tintinnopselld by Remane (1963).

The zone is characterised by an explosiorCalpionella alpina The index species is
usually accompanied byintinnopsella carpathicand Crassicollaria parvula The base of the
zone is defined by the replacement of Jurassiciaradflid assemblages by Cretaceous ones.
However, due to the small numbers of calpionelliglsovered, it was impossible to document

the population explosion @. alpina

Alpina Subzone

The subzone has been established in the Carpa(aps1974).

The calpionellid assemblage compriggéalpionella alpina Calpionella grandalpina
Tintinnopsella carpathicaCrassicollaria parvulaandTintinnopsella doliphormislin sections at
the Tonas River Basin this assemblage is represddntethe following speciesCalpionella
alpina, Calpionella minuta Calpionella aff. elliptica, Calpionella spp., Tintinnopsella
doliphormis Tintinnopsella carpathicaCrassicollaria parvulaCrassicollaria massutinianand
remani€ Chitinoidella boneti In southwestern Crimea, on the Biyuk-Sinor Moimtahe
following species were foundCalpionella alpina Tintinnopsella carpathicandCrassicollaria
parvula (Platonov and Rudko, 2015). The base of the zonkefined by the occurrence of the

first Berriasian specie3,ntinnopsella doliphormis
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Distribution. Eastern Crimea (Dvuyakornaya Bay), Tonas RivermBasd southwestern
Crimea (Chernaya River Basin) (Berriasian, Jacame].

In many areas of the Tethyan region femaniella Subzone may be identified in the
middle of the Calpionella Zongakova et al., 1999; Skourtsis-Coroneou and Sagki999), as
established by the occurrenceRé¥maniella ferasiniln Crimea, this biostratigraphic unit could

not be documented in view of the paucity of calpibd assemblages.

Elliptica Subzone

This subzone has been established by CatalanoigndrL(1971).

The calpionellid assemblage compris€alpionella elliptica Calpionella alpina
Calpionella minutaTintinnopsella longaTintinnopsella carpathicandCrassicollaria parvula

Distribution. Eastern Crimea (Dvuyakornaya Bay) (Berriasian, BiaZone).

There are no calpionellids in younger depositsnméa.

4.3. Foraminifera

In the interval between the upper Kimmeridgian #mel Valanginian, foraminifera are
represented by more than 300 species in 83 geiféga. (15-16), belonging to typical and
transitional species. Zones and beds with foraeraifwere correlated with ammonite zones;
they can be traced throughout the Crimean Mount&iigs 21).

Beds withMelathrokerion eospiriai€Epistomina ventriosd’rotopeneroplis striata

Foraminiferal assemblage- These beds are identified by the co-occurrence of
Melathrokerion eospirialis Epistomina ventriosaand Protopeneroplis striataand by the
presence of certain other species sucRegphax gigantey®dsmmobaculitegx gr.inconstans
Gaudryina chettabaensid extularia notha Textularia densalLenticulina dilecta Lenticulina

undoricg  Quinqueloculina  mitchurini  Quinqueloculina  verbizhiensis Istriloculina
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rectoangularia Istriloculina terekensis, Spirillina” kublerand Spirillina minima The most
abundant genera areMelathrokerion, Epistomina, Ammobaculites, Lentwal and
Quinqueloculina.

As far as extent is concerned, these beds may hmain correlated with beds with
Epistomina ventriosa—Textularia densa and the Attadaudatus—Epistomina omninoreticulata
Zone (Kuznetsova and Gorbachik, 1985). The laterk@mdgian (Hybonoticeras beckeri Zone)
to Tithonian (Micracanthoceras microcanthum Zorgg af these beds is corroborated by the
find of zonal ammonites (Arkadiev and Rogov, 2006).

Distribution. Eastern Crimea (Dvuyakornaya Bay), Tonas RiwvasiiBand southwestern

Crimea (Chernaya River Basin).

Anchispirocyclina lusitanica—Melathrokerion spirgaZone

This zone was established by Kuznetsova (1983)araequivalent of the Tethyan
Anchispirocyclina lusitanica Zone (Azema et al.7&p

The foraminiferal assemblage compris&schispirocyclina lusitanicaMelathrokerion
spirialis, Charentia evoluta, Charentia compressd@seudocyclammina sphaeroidalis,
Pseudocyclammina(?) rifica, Pseudocyclammina agwms Pseudocyclammina cylindrica,
Pseudocyclammina lituug-eurltillia frequens Ammobaculites tauricus, Haplophragmoides
globigerinoides  Stomatostoecha enisalensis Trochammina aff.  globigeriniformis
Pseudonodosaria divers&enticulina uspenskajea, Astacolus planiusculi®cholina alpina
Trocholina elongatandTrocholina infragranulata

The late Tithonian (Andreaei Zone) to early Beiaas(lower part of the Jacobi Zone)
age of this stratigraphic unit is confirmed by anmibes (Guzhikov et al., 2012).

Distribution. Eastern Crimea (Dvuyakornaya Bay), Tonas RivesiBgvillage of

Krasnoselovka) and southwestern Crimea (Chernayer Biasin).
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Protopeneroplis ultragranulatt®seudosiphoninella (=Siphoninella) antigiene

This zone was established by Gorbachik (see Kuawnatand Gorbachik, 1985); it is an
equivalent of the Tethyan Protopeneroplis trochéatgwzone (Septfontaine, 1974).

The foraminiferal assemblage comprigegerticyclammina virgulianaRectocyclammina
choubertj Rectocyclammina arrabidensi®seudocyclammina lituuBramkampella arabica,
Stomatostoecha rotundaStomatostoechia enisalensis, Feultillia frequensisenticulina
neocomina Lenticulina ex gr. nodosa Lenticulina macra Lenticluina colligonj Lenticulina
vistulag Protopeneroplis ultragranulatys Pseudosiphoninella antiguaPseudonodosaria
mutabilis Pseudonodosaria diversdiscorbis crimicus Tritaxia pyramidata Epistominacf.
ornata Astacolus laudatysMiliospirella cf. caucasica Trochammina neocomiandrocholina
molestaandTrocholina gigantea

The lower boundary of this zone is associated véth abrupt change of species
composition of ‘large lituolid’, abundar®rotopeneroplis ultragranulatyssmall numbers of
Pseudosiphonniella antiquand the occurrence &ramkampella arabicaThe early Berriasian
age (Jacobi Zone) is proven by ammonites (Arkadtead., 2012).

Distribution. Eastern Crimea (Dvuyakornaya Bay, Saint Eliasef,aponas River Basin
(village of Krasnoselovka), central Crimea (villagkBalki), southwestern Crimea (Chernaya

River Basin).

Beds withTextularia crimica—Belorussiella taurica

These beds are identified by the occurrenceBelforussiella tauricaand abundant
Textularia crimicaand, depending on the type of rocks, contain aitleed or an impoverished
assemblage. In southwestern Crimea this assemidageresented by individual specimens of
the following (sub)speciefmmobaculitegx gr.inconstans, Nautiloculina oolithi¢c&Triplasia
emslandensis acutaAstacolus calliopsisMohlerina basiliensis, Globospirillina neocomina

Istriloculina fabariaandTrocholina alpina
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More than 200 species, in 63 genera, of foramiaifgere found in sections of central
Crimea, which have allowed to identify six successassemblages: 1 Everticyclammina
virguliana, Rectocyclammina rectand Bramkampella arabica2 — Lenticulina muensteri3 —
Quadratina tunassiga4 — Triplasia emslandensis acytd — Lenticulina andromede6 —
Conorboides hofkeri.

In eastern Crimea, within the bedsTaxtularia crimicaand Belorussiella tauricathree
foraminiferal assemblages have been identif@dadratina tunassicaLenticulina macrodisca
andLenticulina andromede.

The extent of these beds approximately correspdodshe Quadratina tunassica—
Siphoninella antiqua Zone and the beds Wtmorboides hofke@nd Conorbina heteromorpha
(Kuznetsova and Gorbachik, 1985). Based on ammavitdence these beds were correlated
with the Jacobi Zone (i.e., upper part of the Grarubzone) and Occitanica and Boissieri
zones (Arkadiev et al., 201%ig. 21).

Distribution. Eastern Crimea (Saint Elias Cape, ZavodskayaaBalkonas River Basin
(village of Krasnoselovka), central Crimea (villagé Balki), southwestern Crimea (Belbek

River Basin, Chernaya River Basin).

Beds withLingulina trilobitomorphaandHaplophragmoides vocontianus

This assemblage was identified in eastern Crimestrata assignedto the Sultanovskaya
Formation (Arkadiev et al., 2015). It comprises W80 species, in 31 genera, and is
characterised by a maximum species diversity of ddadida (generaAstacolus Dentaling
Lenticulinaand Pseudonodosarja with lower numbers oHaplophragmoidesand Recurvoides
and a visible increase in numberdafrothia andVerneuilinoides

In addition to species that ranged upwards fromelowssemblages, the association
consists mainly of species that occur at the vepydf the Berriasian Stage and develop during

the Valanginian such asenticulina saxonicalLenticulina guttata Lenticulina busnardoiand
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Conorboides hofkeriAdditionally, we have found species which appaahe Valanginian such
as Haplophragmoides vocontianu§&audryina alternansDorothia pseudocostatalingulina
trilobitomorphg Lingulina nodosaria Lenticulina lideri and others. They also include index
species of the Lingulina trilobitomorpha—Haplophrexdes vocontianus Zone, established in
the Valanginian of the Crimean Mountains (Kuznetsawnd Gorbachik, 1985) and correlated
with the lower portion of the Thurmanniceras persians Ammonite Zone (Reboulet et al.,

2014).

4.4. Ostracoda

Ostracoda occur in almost all samples from thei@eststudied. They belong to 22
families (Fig. 17) and are well preserved. The ied8ages are dominated by smooth-shelled
genera such a€ytherella Bairdia, Paracypris and Pontocyprella. It also contains many
specimens of the gen@ytherelloidea especially in the upper part of the Berriasiarceémtral
Crimea. Ornamented forms in southwestern and @efrimea are represented mostly by
representatives of the familyProtocytheridd&rofocythere Costacytherg Hechticythereand
Reticytherg In eastern Crimea a significant number of spedgerepresented by individual
specimens, including numerous new forms. The thatled forms includeRobsoniella while
ornamented taxa are dominated by species of thdidanCytheruridae Eucytherura and

PleurocytheridaeAcrocytherg.

Beds withCytherella tortuosa

These beds are identified by the presence of tHexirspecies and an assemblage of
typical species (Fig. 21). In upper Kimmeridgiard@ithonian deposits in the Dvuyakornaya
Bay, Tesakova and Savelieva had earlier recognissds with Cytherella tortuosaand

Palaeocytheridea grosgArkadiev et al., 2006).
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The ostracod assemblage comprisggherella tortuosa Mantelliana purbeckensis
Eocytheropteromx gr.bispinosumQuasigermanites implicat@andHechticytheresp. 1.
Distribution. Eastern Crimea (Dvuyakornaya Bay), Tonas RivesiBgvillage of

Krasnoselovka) (upper Tithonian, Microcantum andiaei zones).

Beds withProtocythere revili

These beds were identified in deposits assigndtig@alacobi Zone. Initially, Tesakova
and Savelieva had identified beds witRaymoorea peculiarjs Eucytherura ardescae
andProtocythetrerevili in this part of the section (Arkadiev et al., 2DRQ6ater, it was proposed
to use only the namBrotocythere revilifor these beds, it being the most typical of thedr
Berriasian (Arkadiev et al., 2012).

The ostracod assemblage compri€gsherellacf. krimensis Eucytherura ardescae.
trinodosg Raymoorea peculiarjsAcrocythere alexandraeCostacythere foveatdrotocythere
revili, Palaeocythereidella tereLlitrocytheridea paralubricaPhodeucythere eucretaceand
Tethysia chabrensis

Distribution. Eastern Crimea (Saint Elias Cape), Tonas RivesirBgvillage of

Krasnoselovka) (Berriasian, Jacobi Zone).

Beds withCostacythere khiamand Hechticythere belbekensis

These beds were detected for the first time by I®w&e in strata assigned to the
Occitanica Zone (Arkadiev et al., 2012; Arkadievakt 2015; Savelieva et al., 2014). The name
of these beds is based on the co-occurrence ohtlex species and numerous individuals of
Costacythere khiamii

The ostracod assemblage compris€gtherella lubimovae Cytherella krimensis

Cytherella fragilis Eucytherura sp. 1, Eucytherura sp. 2, Pleurocythere (Klentnicellg
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Klentnicensis Costacythere khiamii Costacythere  foveata Hechticythere belbekensis
Hechticythere moraviaandSchulerideax gr.juddi.
Distribution. Central (village of Balki) and southwestern (BeKbRiver Basin) Crimea

(Berriasian, Occitanica Zone).

Beds withCostacythere drushchitand Reticythere marfenini

These beds were recognised for the first time byelsava in strataassigned to the
Boissieri Zone (Arkadiev et al., 2012). The namé¢hee beds is based on the co-occurrence and
abundance of the two index species.

The ostracod assemblage compris€gtherella lubimovae Cytherella krimensis
Cytherelloidea flexuosaCytherelloidea mandelstamBairdia menneri Bairdia kuznetsovae
Pontocypris cuneata Bythoceratina ex gr variabilis, Eucytherura (E.)) aff. kotelensis
Neocythere pyrena Neocythere dispar Acrocythere diversa Costacythere drushchitzi
Reticythere marfenirmndCythereisaff. senckenbergi

Distribution. Central Crimea (village of Balki) (Berriasian, iBsieri Zone).

Beds withRobsoniella obovatand Robsoniella longa

These beds were documented for the first time byelgsva in the Zavodskaya Balka
section (Boissieri and Pertransiens? zones). $twfieew portions of the section in 2014-2015
have resulted in expansion and a more detailedigéea of the beds witlRobsoniella obovata
that had been identified earlier (Arkadiev et 2D12). Based on the new data we propose to
distinguish the beds witRobsoniella obovatandRobsoniella longan this part of the section.
The beds were named on the basis of predominaneecaurrence and abundance of the two

index species.
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The ostracod assemblage compriRebsonielldonga Robsoniella obovatd&obsoniella
minimg Sigillium procerum Bairdia menneri Bairdia major, Pontocyprella cf. pertuisi
Paracypris caeruleglLoxoella variealveolataEucytherura ardescagndHemicytherura moorei.

Distribution. Eastern Crimea (Zavodskaya Balka) (Berriasian,is®eri Zone;

Valanginian, Thurmanniceras pertransiens Zone?).

4.5. Palynological investigations: organic-walledndflagellate cysts

Most of the samples contain numerous palynomorgiperés, pollen, dinoflagellate
cysts, prasinophytes and acritarchs), either wedksgrved or satisfactorily so. Our study of
macerated organic material has revealed an absptattominance o€lassopollispollen (70—
90%), which is typical of the Tithonian—Berriasian depssif the Crimean Mountains (Kuvaeva
and Yanin, 1973; Vakhrameev, 1981). The remainiig30% palynomorphs are represented by
spores, pollen and phytoplankton in various prapost In the upper part of the Boissieri Zone
the abundance d&lassopollispollen decreases, averaging 10-20% and the ambintaxcate
pollen of gymnosperms increases to 30-50%.

Based on a study of organic-walled dinoflagellagst€ we have identified beds with

Amphorula expiratand those witfPhoberocysta neocomig&igs. 18, 21).

Beds withAmphorula expirata

The base of these beds is defined by the firstappee ofAmphorula expiratawhile
the FAD ofPhoberocysta neocomickefines its upper boundary.

The dinocyst assemblage compriséshomosphaera neptuniiApteodinium sp.,
Amphorula expirata, Amphorula dodekovae, Cassiq@llasridia pygmaeus;hlamydophorella
sp., Cometodinium  habibii, Cribroperidinium sp., Cribroperidinium  globatum,
Chytroeisphaeridia chytroeides, Dichadogonyausgx Dingodinium minutumEpiplosphaer@

areolata, Escharisphaeridia psilata, Heslertonia llpeida, Hystrichodinium pulchrum,
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Wallodinium cylindricum, Systematophora areolata Prolixosphaeridium — spp.,
Prolixosphaeridium parvispinum,Kleithriasphaeridium eoinodes,Muderongia simplex,
Sirmiodinium grossi Scriniodinium campanula Scriniodinium dictyotum, Protobatioladinium
imbatodinenseTehamadiniunsp., Tubotuberella egemenii, @patelaandWrevittia helicoidea
Remanié cysts, such &mnnoceratopsis pellucid&lannoceratopsis graciliandEllipsodictium
cinktumare present everywhere.

In eastern CrimeaAmphorula expiratawas documented from the upper Tithonian at
Dvuyakornaya Bay (upper part of the Micanthum Zone) and in strata barren of ammonites
that have been tentatively dated as late Tithoriased on micropalaeontological data
(Feodorova, 2000) at the Tonas River. The earbestirrence oAmphorula expiratas in the
upper Kimmeridgian (Hudlestoni Zone) of the Britistes (Riding and Thomas, 1992). On the
Russian Platform this species appears in the midi&to Panderi Zone (Harding et al., 2011).

Distribution. Eastern Crimea (Dvuyakornaya Bay), upper Tithor(i@pper part of the
Microcanthum Zone and Andreaei Zone) and Berriasianofiagone); Tonas River Basin
(village of Krasnoselovka), upper Tithonian and rizsian (Jacobi Zone); central Crimea

(village of Balki), Occitanica Zone (without Taunim Subzone) (Arkadiev et al., 2012).

Beds withPhoberocysta neocomica

The base of these beds is defined by the firstappee oPhoberocysta neocomiand
the top by that oPseudoceratium pelliferum

In the dinocyst assembla@@mmetodinium habihiiSystematophorap., Systematophora
areolata Prolixosphaeridiumspp. andHystrichodinium pulchrunpredominate.ln addition,
there are individual specimens of the taxa thadt fappeared in the Tithonian such as
Achomosphaera neptuniiAmphorula expirata Amphorula dodekovaeApteodinium sp.,
Chlamydophorella sp., Chytroeisphaeridia chytroeides Cassiculosphaeridia pygmaeus,

Cribroperidinium globatum, Dichadogonyaulapp, Epiplosphaer@ areolata Epiplosphaera
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reticulospinosa Heslertonia pellucid, Kleithriasphaeridium eoinodesVluderongia simplex,
Scriniodinium campanula, Scriniodinium dictyotynSirmiodinium grossi, Tanyosphaeridium
spp., Tubotuberella spp, Wallodinium cylindricumand Wrevittia helicoidea. Other taxa
disappear in this zone, such dsscharisphaeridia psilata, Dingodinium minutu@nd
Protobatioladinium imbatodinens&lew taxa (Fig. 21) includMuderongia longicorngupper
part of the Jacobi Subzondphoberocysta neocomica, Spiniferitepp. andCtenidodinium
elegantulum (base of the Tauricum Subzone). Additionallgmphorula metaelliptica,
Bourkidiniumsp.,Circulodinium distinctum, Dapsilidiniugdeflandrei,Dapsilidinium warrenii,
Egmontodinium torynum, Tanyosphaeridispp.,Valveodiniumsp. andMuderongia endovata
appear in this assemblage. In the upper part oBtigsieri Zone in eastern Crimea, in intervals
without ammonites (Fig. 21), we have documented lts¢ occurrence oSystematophora
areolata and the first occurrence ofystematophora palmuland Kleithriasphaeridium
fasciatum(Zavodskaya Balka section) aRdeudoceratium pelliferurfKoklyuk section). In the
Tethyan region, these events correspond to th@etdoSubzone (Ogg et al., 2008), which,
together with the ammonitBerriasella callistowe have recovered from this level, have been
described from the Otopeta Subzone in Spain, mideeassumption possible that this subzone
is represented in eastern Crimea.

Distribution. Central (village of Balki) and southwestern Cran@elbek River Basin),
Berriasian, Tauricum Subzone of the Occitanica Zane Boissieri Zone; eastern Crimea
(Zavodskaya Balka, Koklyuk section) — Boissieri £on

Phoberocysta neocomies known to appear in the Otopeta Subzone, bothanTethyan
Boreal regions (Ogg et al., 2008). An earlier appeee of this species was described from
Berriasian strata (Schrambach Formation) in thedéasAlps, dated as middle Berriasian based
on calpionellids (Boorova et al., 2015). In additiaco the simultaneous appearance of

Phoberocysta neocomica the Eastern Alps and in eastern Crimea, then@anac compositions
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of dinocyst assemblages of the middle and upperid®an in these regions have over 20
species in common.

Amongst dinocysts we have found forms of moderatesgrvation which, judging
fromtheir size, shape and overall ornamentationy b&a morphologically transitional between
Muderongia simplexandPhoberocysta neocomid&ig. 18l). Earlier (Arkadiev et al., 2012) we
had mistakenly identified these forms Bfioberocysta neocomicaand had consequently
indicated the first occurrence of the species tatoie base of the Jacobi Zone. In the present
paper these cysts are identifiedMigderongiasp.Phoberocystap. It is worth mentioning that
the presence of these morphotypes in the Ryazavisdanrginian was noted during
palynological studies of the Boreal Jurassic—Cedas boundary (Fisher and Riley, 1980).

In addition to dinocysts, acritarchMlicrhystridium spp., Veryhachiumspp.) and
prasinophytesHterospermellaspp.,Tasmanitespp.) were found in all sections studied.

5. Magnetostratigraphy

Magnetic polarity data were obtained by usbetwe#92and2016 (Arkadiev et al., 2010,
2012; Arkadiev et al., 2015; Guzhikov et al., 202014; Yampolskaya et al., 2009). Data for
central (Fig. 6) and eastern (Figs. 3—4) Crimeaewsermmarised in the magnetostratigraphic
scheme, and magnetozones correlated with magr@adty chrons of the Geomagnetic Polarity
Time Scale (GPTS) (Ogg et al., 2016) (Fig. 19).

In 2016, we completed an additional study of theifakornaya Bay, Saint Elias Cape
and Feodosiya Cape sections, which revealed twysethat had been made earlier during the
compilation of the Dvuyakornaya Formation composéetion (Guzhikov et al., 2012).

Sedimentary rocks at Feodosiya Cape belong to bexf the Feodosiya Marl (Fig. 20I-b),
rather than to beds 9-11 (Fig. 20l-a). The errosemanclusion was based on the assumed
absence of limestones within the Feodosiya Maréstq\rkadiev et al., 2012), and as a result,
the thick bed of rudstone at Feodosiya Cape wastifael as an equivalent of the marker

limestone in the lower portion of the Saint Eliasp€ section (base of bed 10) (Guzhikov et al.,
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2012). In 20142016, while studying other Berriassactions in the Feodosiya area (Koklyuk,
Sultanovka, Zavodskaya Balka), we confirmed thagrlmeds of channel turbidites were present
within the Sultanovka Formation and, therefore, megur in the underlying matrls. It is possible
that the lower part of Outcrop 2920 with a normalapty corresponds to the upper part of
Outcrop 2456; however, most likely, there is ausah the composite section.

The thick bed of rudstone at the top of Dvuyakoemd&ay section was also visually
identified as an equivalent of the marker limestahéhe bottom of the Saint Elias Cape section
(Guzhikov et al., 2012). In 2016, oriented samplese taken from 12 levels of the overlying
clays at Outcrop 3112 (co-ordinates N 452003', E 35°2312.7') and Outcrop 3113 (N
45°0019.5', E 35°2304.5"), which showed normal polarity (Fig. 20I-b). Hoveey the clays
above the channel turbidite layer at the lower pathe Saint Elias Cape section have reversed
polarity (Fig. 201). Therefore, the thick limestobheds at Dvuyakornaya Bay and at Saint Elias
Cape have different ages, and there is a hiatugeleet Outcrops 3112 and 2927 (Fig. 20I-b).

Palaeomagnetically, the sedimentary rocks studi€ligcrops 3112 and 3113 do not differ
from the clays of the Dvuyakornaya Formation thatl lbeen studied earlier (Guzhikov et al.,
2012). Eleven out of 12 samples (one from each)lesleaned using alternating magnetic fields,
showed a high-coercivity characteristic magnetsattomponentGhRM) in the range from
10-20 to 70-90 mT (Fig. 20l1l). The significant \aate of ChRM (Fig. 20IIl) most likely
results from the impossibility to determine trug dind strike of clay beds due to slump
deformations, which was one of the reasons whyetlsesliments were not sampled previously
(Guzhikov et al., 2012). Due to the presence ofiséide deformations, outcrops 3112 and 3113
cannot be considered in calculations of palaeopmlerdinates and palaeolatitude.

Unlike data obtained in 2012 (Figs. 3, 20l-a), tipelated palaeomagnetic column for the
lower Berriasian (Jacobi Zone) near Feodosiya entifsa reversed polarity magnetozone at the
top, the equivalent to chron M17r, and includes twatuses of unknown magnitude, i.e.,

between beds 9 and 10 and within bed 12 (Fig. 20Hbwever, in the sampling process these
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hiatuses are insignificant, because the summamnetec susceptibility curve has no abrupt
step-like changes at the levels that correspondhéo hiatuses (Fig. 20I-b). Additionally,
Berriasella chomeracensiéFigs. 3, 10D-E) was identified at Outcrop 3118d a similar
ammonite had been recovered previouslyfrom 4 matrese the marker limestone at Saint Elias
Cape (Arkadiev et al., 2006).

The data obtained from additional studies of calpilids from the section on Cape
Feodosiya are consistent with magnetostratigragiduia (Fig. 3).

The probabilility of missing magnetic chrons dudhm hiatuses in outcrops is too low to
provide grounds for doubt over results of magnettarity interpretations (Guzhikov et al.,
2012). Theoretically, the absence of subchron Mii9fBrodno), of short duration, between
beds 9 and 10 may be assumed, but then, basee @ontinuity of the section, the underlying
magnetozones of reversed polarity should be caectlaither with chron M19r and subchron
M20n/1r (Kysuca), or with chrons M19r and M20r the first case, the Kysuca section will have
an unrealistically great thickness, and in the sd¢cd@ will have to be assumed that M20n/1r is
missing due to the large sampling trajectory. Hosvethe main reason why we do not consider
the second option is the early Tithonian age obehvi20r, which contradicts the ammonite-
based biostratigraphy, which places the beds \@tbriziceras cf. schneidiin the upper
Tithonian (Arkadiev et al., 2006).

The sequence of magnetozones froit through Nib was determined within the
Dvuyakornaya Formation in the sections at DvuyaiganBay, Feodosyia Cape and Saint Elias
Cape (Figs. 3, 19) (Arkadiev et al.,, 2012; Guzhiketval., 2012).Nit corresponds to the
Microcanthun Zone (upper Tithonian) and is equingl® chron M20n. Magnetozorfest is
located in the lower part of the Andreaei Zone;agwdentified as equivalent to chron M19r.
Magnetozoned;t-b, Rit-b andN,t-b were identified in the Andreaei/Jacobi boundargnval
and, in our opinion, correspond to chron MBt-b corresponds to the Brodno subchron

(M219n.1r), whileNst-b andNat-b correspond to subchrons M19n2n and M19n1ln, reispéct



746 MagnetozoneR b corresponds to the boundary of the Jacobi/Grasulizones and correlates
747 with chron M18r, and magnetozomMgb above it, confined to within the Grandis Subzone,
748 correlates with chron M18n. Equivalents bihb within the Grandis Subzone were also
749 documented in the Tonas River Basin (Fig. 4) (Yalskmya et al., 2009).

750 To date, magnetozones froRpb throughN2b have been identified only in central
751 Crimea, within the Bechku Formation (Fig. 6) (Arkad et al.,, 2015). Subzon®&b
752 encompasses the beds withalbosiceras chaperi, Tirnovella occitanicand Retowskiceras
753 retowsky(Occitanica Zone) and therefore is indisputablyiegjient to chron M17r. Subzomgb
754 is associated with the Tauricum Subzone of the t@aima Zone, allowing reliable correlation
755  with chron M17n.

756 The Berriasian magnetozon&gb, N3b and Rs;b were identified both in the Bechku
757 Formation and in the Kuchkinskaya Formation of car€rimea (Fig. 6) (Arkadiev et al., 2015),
758 as well as in the Sultanovskaya Formation of eastaimea (Fig. 5) (Arkadiev et al., 2010,
759 Arkadiev et al., 2015).

760 Correlation of the upper part of the reversed piyld&sb magnetozone with the Euthymi
761 Subzone (equivalent to the Paramimounum Subzoribeofvestern Tethys) of the Boissieri
762 Zone in the Zavodskaya Balka section (Fig. 5) makesssible to aligrRsb with chron M16r
763 (Arkadiev et al., 2010). Magnetozoigb described higher up the section correspondsdo th
764 Boissieri Zone and is equivalent to chron M16n.

765 A reversed polarity ‘Feodosiya’ interval was idéet within theNsb (Arkadiev et al.,
766 2015; Guzhikov et al., 2014). A similar R-interwahs established earlier in coeval deposits in
767 the Berriasian stratotype in France (Galbrun, 198%), possibly, in the Bosso section, ltaly
768 (Satolli et al., 2007). The results of marine magnsurveys also support the presence of a short
769 reversed polarity epoch within chron M16n (Tominagad Sager, 2010). Therefore, there is

770 sufficient evidence to include the ‘Feodosiya’ mtd in GPTS as subchron M16n.1r.
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SubzoneR b encompasses the top portion of the Boissieri Zomecorresponds to chron
M15r.

In the Zavodskaya Balka section we were able to ddd the Berriasian
magnetostratigraphic scheme two other magnetozdisand Rsb (Arkadiev et al., 2015),
which were reliably correlated with chrons M15n aMtl4r as based on finds of the ammonites

Riasanites crassicostatuamdBerriasella callisto

6. Discussion
6.1. Biostratigraphy

From the section exposing the Dvuyakornaya Formatwith ammonites of the
Berriasian Jacobi Zone in the top part, we havevexed late Tithonian ammonites, such as
Olorizicerascf. schneidj Paraulacosphinctegransitorius Paraulacosphinctesf. senoidesand
Neoperisphinctestf. falloti (Arkadiev, 2004, 2011; Arkadiev et al., 2006, Gupk et al., 2012).

The change of Tithonian calpionellid assemblagesBerriasian ones has been noted
throughout the Tethyan region near the base o€Ctipionella Zone, which is defined by mass
occurrences of the index speci€slpionella alpina The base of the zone is located within the
Jacobi Zoneand in the M19n normal polarity chron, below chida9nlr (Brodno) (HouSa et
al., 2004; Michalik et al., 2009; Pruner et al.1@pD

In the Crimean Mountains, based on calpionellids,have been able to identify three
zones with subzones, which were correlated witmdsied zones using ammonites and
calpionellids (Platonov et al., 2014). The boundaggween the Crassicollaria and Calpionella
zones is located above the base of the Jacobi Xotien the M18r reversed polarity chron. The
special position of the boundary in eastern Crinbem be explained by rare finds of
calpionellids. Calpionellids were encountered ifyot9 of 810 thin sections analysed from
Dvuyakornaya Bay, the sampling interval having b&dénto 2 metres. More detailed sampling

was not possible because of the structure of tbieose Determination of the exact position of



797 the Chitinoidella/Crassicollaria and Crassicoll&Z@pionella boundaries in eastern Crimea
798 requires additional study.

799 The change in assemblages of Anchispirocyclina tdogia—Melathrokerion
800 spirialis/Protopeneroplis ultragranulatus—Pseudusipella antiqua foraminiferal zones in
801 sections in eastern Crimea occurs near the babe dhcobi Zone (Fig. 21).

802 The study of ostracod distribution within the Dvkgenaya Formation section has
803 revealed a difference between the Tithonian—-Beamadoundary assemblages. The lower
804 (tentatively Tithonian) assemblage includes 37 g3ein 27 genera, some species being new to
805 science. They do not provide a clear indicatiom@é, being known to range through the entire
806 Tithonian and Berriasian. The upper (BerriasiawobaZone) assemblage is the most diverse,
807 with 92 species in 61 genera. Along with the 13csseheld over from the lower assemblage, a
808 large number of new species occur. In this assagebl®e have identified many species that had
809 earlier been recorded from Berriasian deposits nim€a (Arkadiev et al., 2012) and the
810 Caucasus (Kolpenskaya, 2000) and the Berriasiamrgalian from western Europe (Donze,
811 1965).

812 In Crimean sections the J/K boundary cannot alwseysletermined with the essential
813 accuracy. This is caused by rare finds of ammorates inaccuracy of micropalaeontological
814 data in determining the exact age of sediments.ndi@mgones established in the ‘Feodosia’
815 section may be identified as the succession of shfd20n-M18n (Guzhikov et al., 2012)
816 proceeding from layers that contaloriziceras cf. schneidj of late Tithonian date, and
817 documenting the absence of large sedimentary bréakhkis case the J/K boundary in Crimea
818 must be placed within magnetozdr&t-b, theanalogue of subchron M19n.2n (Guzhikov et al.,
819 2012). The same can be seen in the Puerto Escations@Pruner et al., 2010). However, such
820 magnetostratigraphic interpretations may cause spneblems, requiring a more specific

821 discussion.
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Firstly, the relationship between Calpionella fogsines and magnetic chrons does not
resemble that which appearsin most other Tethyactioss (Grabowski, 2011): the
Crassicollaria/Calpionella and Chitinoidella/Crasdiaria boundaries in Crimea are related to
the M18r and upper part of M19.2n (Platonov et 2014). The Crassicollaria Zone in Crimea
has an anomously small duration in comparison wektern Europe, where it may be associated
with the duration of the late Tithonian substageaf@@wski, 2011). The poor calpionellid
complexes, in conjunction with their insufficieramspling, are the most probable causes of these
differences. One more potential cause is a disdegipossible diagenetic reworking (Rehakovéa
et al., 2009; Wimbledon et al., 2013). However, ca@not rule out the presence of diachronic
boundaries of Calpionella zones as an explanatidhi® contradiction. It is important to noie
that datafrom Crimea are inconsistent with avadaléws on the relationship of palaeomagnetic
and Calpionella scales (Grabowski, 2011) under amyiant of magnetostratigraphic
interpretation of Crimean magnetozones. At the sime, data on ammonites and magnetic
polarity in Crimea do not contradict the analogouwsterial from other sections (Pruner et al.,
2010; Wimbledon et al., 2013).

Secondly, sedimentation rates within the DvuyakganBormation are much higher than
in the Sultanovskaya Formation and other typicatises in the western Tethys (Grabowski,
2011). The range of rates for the Dvuyakornaya ftion varies about one to several hundreds
of metres per myr, from a minimum of 100 m/myr. Kiti8r) to c.500 m/myr (in M19r). Such
depositional rates are specific for flysch sedimewitich formthe Dvuyakornaya Formation. The
only exception, not yet explained, is the absojutelv sedimentation rate in M19n.2n (~ 40
m/myr). Such a low sedimentation rate could be ipts# a hiatus is included, but there are no
signs of long-lasting breaks in the Dvuyakornayatiea (Guzhikov et al., 2012). The
Sultanovka and Dvuyakornaya formations differ muchsedimentological respects, such as
sedimentation rates of about 40 m/myr, which icBjgefor deep-sea clays. Sedimentation rates

in M15r and M15r are ~ 10 m/myr and 50 m/myr, respely.. However, these chrons are
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located in sedimentary rocks thatare strongly deéar by faults and landslides, mostly in the
upper part of the section; this explains why assents of sedimentation rates are less
trustworthy. In all, the late Tithonian appearshive had a tendency of raised sedimentation
rates, reaching a maximum around the Tithonian+&®an boundary (508 m/myr in M19n/1r).
Interesting is the fact that nearly the same trehdn increased sedimentation rate in the late
Tithonian that lasted up to the start of the Beraa has been noted in the Carpathians and
southern Alps (Grabowski et al., 2010), but, akikrely, this may simply be coincidental.

Finally, in view of the complex tectonic structwéthe study area, some casual errors
may appear while making composite sections of tphpeu Tithonian—Berriasian in eastern

Crimea. These errors may have an impacton ther@salt of our data interpretation.

6.2. Tithonian—Berriasian boundary

The position of the boundary between the JurasglcCretaceous (Tithonian—Berriasian)
has been the topic of intense discussion lately eesult ofnumerous new stratigraphic studies
of this interval (Egoyan, 1975; Druschits and Vaheav, 1976; Wimbledon, 2008; Arkadiev et
al., 2014; Zakharov, 2011; Baraboshkin et al., 20¥8mbledon et al., 2011). Currently the
Jurassic—Cretaceous boundary in the Tethyan remlplaced at the base of the Jacobi Zone
(Reboulet et al., 2014), although in the last neviof the Geologic Time Scale it is proposed to
equate it with the base of chron M18r (Ogg et 2016). Ammonites, very common in all
palaeobiogeographic regions across the globe, reastin the main group for developing local
scales and boundary identifications, because ofvirg rapid evolution within this group.
Obviously, a boundary of higher rank (in this caseoundary between systems) ideally should
be determined by a change of taxa at the familgl]eas pointed out by Egoyan (1975). The
core” of the Berriasian Stage in the Tethyan readmhe ammonite family Neocomitidae, as
documented by studies of ammonite distributiors@ctions within that realm. The Tithonianhas

a completely different ammonite assemblage thgtreslominated by representatives of the
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families Perisphinctidae and Aspidoceratidae. la Trethyan realm, the Jacobi Zone can be
reliably traced over immense distances, from Frdocihe Himalayas (Arkadiev et al., 2012).
Difficulties arise when trying to correlate withetBoreal realm, where the Berriasian Stage has
an utterly different composition of ammonite fauasl other biotic groups. M. Wimbledon,
Chairman of the International Working Group on fheassic—Cretaceous Boundary, proposed
the following primary markers” for that boundary: The base of the Calpionella calpionellid
zone; 2. The appearance of the calcareous nanilafmss Nannoconus steinmanni minand
Nannoconus kamptneri minoand3. The base of chron M18r (Wimbledon et al., 20At)the
meeting of the Berriasian Working Group in Slovafd816), it was proposed to use the base of
the Calpionella zone as the primary marker of tinaskic—Cretaceous boundary (Wimbledon,
2016).

Calpionellids, used as the basis for the developrogthe Tithonian—Berriasian zonal
scale in southern regions of western Europe, thac&as, North Africa, Mexico, Cuba,
Argentina, Irag and, partially, Crimea, are restdcin distribution to the Tethyan realm. This
precludes their use for correlation with the Bonesllmand other palaeobiogeographic regions
across the globe. The magnetostratigraphic scallng as it is tied in to biostratigraphic data,
Is a unique tool for remote isochronous correlaiand presents an attractive alternative from
this point of view. The use of palaeomagnetic adedald make it possible to trace this boundary
not only throughout the various palaeobiogeograpi@gions, but also acrossmarine and
terrestrial facies. The key role of palaeomagn@#ita in correlations of the Boreal and Tethyan
realms across the Jurassic—Cretaceous boundargvahtbas been emphasised by many
researchers (Wimbledon et al., 2011; Zakharov, 2@&tkadiev, Baraboshkin and Guzhikov,
2014; Guzhikov, 2013).

Significant progress in this respect was achievadind studies of Jurassic—Cretaceous
boundary deposits in northern Siberia, on the Niaréeninsula, where the complete sequence

of magnetozones of thd20nM17r interval has been established (HouSa et al., 200Was
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discovered that the Jurassic—Cretaceous bounddhngiBoreal realm fell within the Craspedites
taimyrensis Zone of the upper Volgian. Based os, tiA. Zakharov and co-authors proposed
to place this boundary at the base of the Bore@hK@one and correlate the base of this zone
with the base of the Tethyan Occitanica Zone (Zewtheet al., 2009). In supportof their
proposals, they noted that the Kochi Zone couldrdesd well from Siberia to England via the
Russian Platform and that this level was provedgnetostratigraphic data.

In our opinion, the base of chron M18r is a gooekldor placement of the Jurassic—
Cretaceous boundary for the following reasons:

- itis close to the base of the Chetaites chatamonite Zone, which is easily identified
in Arctic marine sections (Bragin et al., 2013) artterefore, can be identified using
palaeontological methods in the Boreal realm;

- it falls within the Berriasella jacobi Zone ot ethyan sequence, although, apparently,
it does not equate with its base. In the CrimeauMains the base of chron M18r is close to the
base of the Grandis Subzone (Guzhikov et al., 20d42)traced in sections in France, Spain,
Bulgaria, the Crimean Mountains and the Caucasu® m&iably than the base of the Jacobi
Zone,

- it is close, or coincides with, another ‘primanarker’, i.e., the first occurrence of the
nannofossil tax&l. steinmannii minoandN. kamptneri minor(Casellato and Erba, 2016);

- the boundaries of chron M18r are isochronoudiKernhose of biostratigraphic units),
and it has a sufficiently wide extent to be ideatfin most sections, irrespective of facies
composition;

- another important isochronous and facies-indepeincharker has recently been found
at this level: a carbon isotope anomaly, tracetdath Tethyan and Boreal sections (Dzyuba et

al., 2013).

6.3. Berriasian—Valanginian boundary
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Foraminifera found in the Zavodskaya Balka sectoake it possible to identify the
upper part of Berriasian beds witllextularia crimica—Belorussiella tauricand an assemblage
with Lingulina trilobitomorphaand Haplophragmoides vocontianugypical of the Valanginian,

Is identified above it.

The Berriasian—Valanginian boundary cannot be detexd on the basis of ostracods.
The studied boundary ostracod assemblage in theds&aya Balka section (Boissieri and
Pertransiens? zones) contains the geRefasoniellaSigillium andBairdia, as noted earlier by
Rachenskaya (1970). The studied community is sintiba ostracod assemblages from the
Tithonian(?) Klentnice Formation in the Czech Rdjmbbhe Berriasian stratotype in France and
the Berriasian of the Caucasus (Pokorny, 1973;\d&l67, Kolpenskaya, 2000). The ostracod
assemblage from Zavodskaya Balka has a middleBltgasian/Valanginian appearance.

The results of dinocyst studies from sections stexa Crimea (Fig. 21) made it possible
to determine the presence of stratigraphic levelt tmay be correlated with the Otopeta
Ammonite subzone. Based on a preliminary analysidimocyst distribution in the Koklyuk
section, a change of Berriasian dinocyst asserablagto Valanginian ones has been
observed.Combined macro- and micropalaeontologataldor the Zavodskaya Balka section
allow to identify equivalents of chrons M15 and M®thin the complex reversed-polarity
palaeomagnetic zonal division (Fig. 19). Thereftine, base of chron M14r, closest to the top of
the Berriasian Stage in western Europe, is a redwencriterion for determination of the
Berriasian—Valanginian boundary in Crimea, as laaghere is a biostratigraphic substantiation

of that interval.

7. Integrated biostratigraphic and magnetostratigraphic data; conclusions

The zonal subdivision of the upper Tithonian—Besiigaa of the Crimean Mountains has

been significantly refined using ammonites and rforafera; in addition, the first schemes on
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the basis of calpionellids, ostracods and dinodyate been worked ut. We have documentedthe
presence of all standard Tethyan zones, i.e., dbehi, Occitanica and Boissieri zones, in the
Berriasian.

A continuous section of upper Tithonian and lowerr&sian rocks has been described
by us in eastern Crimea, in the vicinity of Feodosiilowever, there is a barren interval of at
least 40 metres between those that yield late fi#moand Berriasian ammonites.

A magnetostratigraphic scale of the upper Tithongard Berriasian has also been
developed, substantiating a continuous successiomagnetic chrons from M20 through M14.
The existence of subchron M16n.1r (Feodosiya’) basn corroborated, and this should be
included into the Geomagnetic Polarity Time Scélee bio- and magnetostratigraphic units that
have been identified in the Crimean Mountains Hzeen reliably correlated with similar units in
western European (France and Spain). Magnetozbhe®, Rit-b and Not-b have been
documented in the Andreaei/Jacobi boundary intearad these correspond to chronM19. In our
opinion, the base of chron M18r is a good criteiao placement of the Jurassic—Cretaceous
boundary, because the base of this is close tdhaélse of the Grandis Subzone, as traced in
sections inFrance, Spain, Bulgaria, the Crimean mflins and the Caucasus and is thus more
reliable than the base of the Jacobi Zone.

Continuous sections of Berriasian—Valanginian atiaave been recorded by us from
eastern Crimea. In other areas of the Crimean Maositthis boundary interval is incomplete.
The base of chron M14r, closest to the top of tkeriBsian in western Europe (Aguado et al.,
2000), is a reasonable criterion for determinatiddrthe Berriasian—Valanginian boundary in
eastern Crimea.

Our data do not allow to draw firm conclusions @gslifferences in the synchroniety of
calpionellid distribution in the eastern Tethys dhe western Paratethys because the Calpionella

scale in Crimea (Platonov et al., 2014) appeatsetpreliminary and, probably, available data
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for the Feodosiya section are simply insufficientdetermine the boundaries of Calpionella
zones with the required accuracy.

In this respect, the best way to determine thelle¢he J/K boundary in Crimea is to
integrate magnetic and ammonite zonations. We p®pbat ammonites and geomagnetic
inversions be the main criteria for determiningstiioundary not only across the various
palaeogeographic zones, but also globally. Thtiee pbase of chron M18r seems to be the most
likely variant among other palaeomagnetic benchmé&k determination of the lower boundary
of the Cretaceous System as it is close to the tladee Grandis Subzone (in Tethyan sections)

and the Chetae Zone (in Boreal sections).
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Captions

Fig. 1. Location of the sections studied (geological magmf Yudin, 2009). 1 - Feodosiya and
Saint Elias Cape; 2 - Dvuyakornaya Bay; 3 - ZavaglakBalka; 4 — village of Sultanovka; 5 —
village of Nanikovo, Koklyuk Mountain; 6 - Tonas\Rr Basin, village of Krasnoselovka; 7 -
Tonas River Basin, village of Alekseevka; 8 - S8ry-River Basin, village of Novoklenovo,

Kozlovka; 9 - Karaby Yaila; 10 - Sary-Su River Basvillage of Balki, Enisaray Ravine; 11 —
village of Mezhgor'e, Baksan Mountain, 12 - Zuyav&i Basin, village of Lesnoye; 13 -

Fundukly River Basin, village of Petrovo; 14 - Bessek River Basin; 15 - Maly Salgir River
Basin; 16 - Chatyr Dag, village of Mramornoye; -1Belbek River Basin; 18 — Chernaya River

Basin, villages of Rodnoye and Kuchki; 19 - Chem&yer Basin; 20 - Minester Ravine.

Fig. 2. A, Outcrop of Dvuyakornaya Formation in DvuyakoraaBay; upper Tithonian—lower

Berriasian. B, Outcrop of the ‘Feodosiya MarlstoMember’, Saint Elias Cape; lower
Berriasian. C, Outcrop of basal thick limestonentilias Cape; lower Berriasian. D, Outcrop
of clays and limestones (Dvuyakornaya Formatiorgnak River Basin; lower Berriasian. E,
Outcrop of clays, village of Nanikovo, Koklyuk Motain; Berriasian—Valanginian. F, Outcrop
of clays, Feodosiya, ‘Zavodskaya Balka' sectionpamBerriasian. G, Outcrop of clays, village
of Balki, upper Berriasian. H. Outcrop of bioheriméstone, village of Mezhgor'e; upper

Berriasian.

Fig. 3. Composite section of the Dvuyakornaya Formatioradtern Crimea (Arkadiev et al.,

2006; Guzhikov et al., 2012; Platonov et al., 2014)
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Fig. 4. A, Sections of the Dvuyakornaya Formation in tlends River Basin (Arkadiev et al.,
2012; Yampolskaya et al., 2009). B, Kuchuk-UseriseqArkadiev et al., 2012; new magnetic

polarity data).

Fig. 5. Berriasian section ‘Zavodskaya Balka’' (easternm@sa, Feodosiya) (Arkadiev et al.,
2015; Arkadiev et al., 2016).
Fig. 6. Composite section of the Berriasian of centrah@a (Arkadiev et al., 2015) (A) and its

correlation to GPTS (B).

Fig. 7. Berriasian sections of the Belbek River Basintlsaest Crimea (Arkadiev et al., 2012).
Fig. 8. Composite section of the Tithonian—Berriasiarh@e €hernaya River Basin (Baydarskaya

Valley, southwest Crimea) (Feodorova, 2000).

Fig. 9. Late Tithonian and Berriasian ammonites. ARaraulacosphinctes transitoriug\, B,
specimen 3/382 in ventral and lateral views; C,cspen 1/382 in lateral view, Feodosiya,
Dvuyakornaya Bay, Andreaei Zone. D-H#seudosubplanites grandiB, specimen 1/13139 in
lateral view, Tonas River Basin, village of Kraseloska; E—F, specimen 18/13077 in ventral

and lateral views, Feodosiya, Saint Elias Capehlatone.

Fig. 10. Berriasian ammonites. A—@erriasella jacobi A—B, specimen 1/13098 in lateral and
ventral views, Sary-Su River Basin; C, specimen/&/t lateral view, Tonas River Basin,
village of Krasnoselovka, Jacobi Zone. D-Berriasella chomeracensispecimen 1/131 in
lateral and ventral views (x 2), Feodosiya, Dvuyakya Bay, Jacobi Zone. F—Girnovella
occitanicg specimen 41/10916 in ventral and lateral viewspdesiya, Occitanica Zone. H,

Retowskiceras retowskyspecimen 12/13209 in lateral view, Zavodskayak&alOccitanica
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Zone, beds withTirnovella occitanica and Retowskiceras retowskyil-J, Retowskiceras
andrussowi specimen 1/13209 in lateral and ventral, SaimsECape, Jacobi Zone, Grandis
Subzone. K-MPDalmasiceras tauricumspecimen 4/333 in lateral, ventral and apertuieals,

Belbek River Basin, village of Kuibyshevo, OccitemiZone, Tauricum Subzone.

Fig. 11. Berriasian ammonites. AVlalbosiceras chaperispecimen 20/13143 in lateral view,
Chatyr-Dag Massif, Tas-Kor Ravine, condensed harabthe base of the Boissieri Zone. B—C,
Malbosiceras malbosiB, specimen 1/13143 in lateral view, Chatyr-Da@ssif, Tas-Kor
Ravine, Boissieri Zone; C, specimen 2/381 in lateraw, Zavodskaya Balka, Boissieri Zone,
Euthymi Subzone.

Fig. 12. Berriasian ammonites. A—Berriasella callisto A, specimen 20/13098 in lateral view,
Chatyr-Dag Massif, Tas-Kor Ravine, Boissieri Zori&. specimen 11/409 in lateral view,
Zavodskaya Balka, Boissieri Zone. C—Klgocosmoceras euthymt, specimen 2/12943 in
lateral view; D, specimen 1/12943 in lateral viemtlage of Balki, Boissieri Zone, Euthymi
Subzone; E, specimen 9/13175 in lateral view, ToRagr Basin, village of Alekseevka,
Boissieri Zone, Euthymi Subzone; F, specimen 807%53ih lateral view, Zavodskaya Balka,
Boissieri Zone, Euthymi Subzone; G—H, specimen B7/53in lateral and ventral views, village
of Balki, Boissieri Zone, Euthymi Subzone; |, speen 12/409 in lateral view, village of
Nanikovo, Koklyuk Mountain, Boissieri Zone, EuthyrBubzone; J-K, specimen 16/409 in
lateral and ventral views, village of Nanikovo,olyuk Mountain, Boissieri Zone, Euthymi
Subzone; L-R.Neocosmoceras minutus—N, specimen 58/13175 in lateral, apertural and
ventral views; O—-R, specimen 60/13175 (holotypdaiaral (twice) and ventral views, village of
Balki, Boissieri Zone, Euthymi Subzone; S+huriella boissieri S, specimen 1/13146 in lateral
view, Sary-Su River Basin, Boissieri Zone; T, spem 3/13146 in lateral view, Chatyr-Dag

Massif, Tas-Kor Ravine, Boissieri Zone.
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Fig. 13. Berriasian ammonites. A—DRiasanites crassicostatum?, specimen 8/409; B,
specimen 9/409; C, specimen 1/409; D, specimerD20AlI in lateral view, Zavodskaya Balka,
Boissieri Zone, Crassicostatum Subzone. E-F, sparin(3017/1-10), holotype, in apertural
and lateral views, Fundukly River Basin, village Pé&trovo, Boissieri Zone, Crassicostatum
Subzone. GFauriella cf. boissierj specimen 1/381 in lateral view, Zavodskaya BaB@issieri

Zone.

Fig. 14. Tithonian and Berriasian calpionellids. Bongicollaria dobenj specimen 140/13220,
Dvuyakornaya Bay, Member 3, Chitinoidella Zone, BoibSubzone. BPopiella oblongata
specimen 141/13220, Dvuyakornaya Bay, Member 7tirf@idella Zone, Boneti Subzone. C,
Chitinoidella elongata specimen 143/13220, Dvuyakornaya Bay, Member Bitir®idella
Zone, Boneti Subzone. D—Ehitinoidella boneti D — specimen 135/13220, Dvuyakornaya Bay,
Member 11, Chitinoidella Zone, Boneti Subzone; Epecimen 226/%4 Tonas River Basin,
Member 2, Calpionella Zone, Alpina Subzone.Ogbeniella cubensjsspecimen 142/13220,
Dvuyakornaya Bay, Member 11, Crassicollaria Zonassditiniana Subzone. Gpbeniellacf.
bermudezi specimen 135/13220, Dvuyakornaya Bay, MemberCliitinoidella Zone, Boneti
Subzone. HPraetintinnopsella andrusovspecimen 142/13220, Dvuyakornaya Bay, Member
11, Crassicollaria Zone, Massutiniana Subzon€&intinnopsella remangispecimen 144/13220,
Dvuyakornaya Bay, Member 11, Crassicollaria Zoneas8litiniana Subzone. Daciella
danubica specimen 144/13220, Dvuyakornaya Bay, Member Ctassicollaria Zone,
Massutiniana Subzone. KCalpionella minuta specimen 131/13220, Dvuyakornaya Bay,
Member 19, Calpionella Zone, Alpina Subzone. L#Mtinnopsella carpathical — specimen
16-32/367, Dvuyakornaya Bay, Member 12, CrassigallZone, Massutiniana Subzone; M —
specimen 226-18/5, Tonas River Basin, Member 2@pi@zlla Zone, Alpina Subzone; N —
specimenKy7x/25, Tonas River Basin, Kuchuk-Uzen Creek, MembgiCdlpionella Zone,

Alpina Subzone. O,Tintinnopsella doliphormisspecimen 133/13220, Dvuyakornaya Bay,



1438

1439

1440

1441

1442

1443

1444

1445

1446

1447

1448

1449

1450

1451

1452

1453

1454

1455

1456

1457

1458

1459

1460

1461

1462

1463

Member 14, Calpionella Zone, Alpina SubzoneCRssicollaria parvula specimen 133/13220,
Dvuyakornaya Bay, Member 19, Calpionella Zone, AdpSubzone. (Crassicollariacf. brevis
specimen 15-25/323, Dvuyakornaya Bay, Member 12as€icollaria Zone, Massutiniana
Subzone. R-S(Crassicollaria massutinianaR — specimen 137/13220, Dvuyakornaya Bay,
Member 13, Crassicollaria Zone, Massutiniana Subz8n- specimen Ky6, Tonas River Basin,
Kuchuk-Uzen Creek, Member 4, Calpionella Zone, Adpi Subzone. T,Calpionella
Grandalping specimen 17-50/3, Dvuyakornaya Bay, Member 1QpiGaella Zone, Alpina
Subzone. U-W(Calpionella alpina U — specimen 17-50/7, Dvuyakornaya Bay, Member 15
Calpionella Zone, Alpina Subzone; V — specimen 2861, Tonas River Basin, Member 11,
Calpionella Zone, Alpina Subzone; W — specirigd, Tonas River Basin, Kuchuk-Uzen Creek,
Member 4, Calpionella Zone, Alpina Subzone.Cglpionella elliptica specimen 131/13220,
Tonas River Basin, Kuchuk-Uzen Creek, Member 19piGaella Zone, Alpina Subzone. Y-Z.
Calpionella minutaY — specimen 226-18/5, Tonas River Basin, MentheCalpionella Zone,
Alpina Subzone; Z — specimeKy7,Tonas River Basin, Kuchuk-Uzen Creek, Member 6,
Calpionella Zone, Alpina Subzone.

Fig. 15. Late Jurassic—Berriasian foraminifere-B. Haplophragmoides vocontianuspecimen
3031-7 in lateral and frontal views, ZavodskayakBalBoissieri Zone. C—DMelathrokerion
eospirialis C, specimen 40-1-1, Dvuyakornaya Bay, upper Kimgegan—lower Tithonian; D,
specimen 300-6, thin section, Dvuyakornaya Bay, rdtianthum Zone. E—IMelathrokerion
spirialis, specimen 33/1324, E, lateral view, F, frontatw; Balki, Occitanica Zone; G,
specimen 20-1-1, polished section, Sultanovka, ugpdonian; H, specimen 706-42thin
section, Yatlauz Ravine; I, specimen 34/1324, d&ntion, Enisaray Ravine, Grandis Subzone;
J-L. Anchispirocyclina lusitanical, specimen A3-19, thin section, Black River Basi, lateral
view, L, frontal view, specimen 20-1-1, Sultanovikedreaei Zone; M—NRectocyclammina
recta, specimen 52/1324, M, apertural view, N, orientdéih tsection, Enisaray Ravine,

Occitanica Zone. OBramkampella arabicaspecimen 55/1324, thin section, Enisaray Ravine,
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Occitanica Zone. P—&verticyclammina virgulianaP, specimen 42/1324, lateral view, Enisaray
Ravine, Occitanica Zone; Q-S, specimen 44/1324at&al view, R, apertural view, S, oriented
thin section, Enisaray Ravine, Occitanica Zone. EWerticyclammina elongataspecimen
45/1324, oriented thin section, Enisaray Ravineifanica Zone. U-WTriplasia emslandensis
acutg specimen 30/1324, U-V, lateral view, W, apertwraiv, Balki, Boissieri Zone, Euthymi
Subzone. X—ZTextularia crimica,X-Y, specimen 56/1324, X, lateral view, Y, apeaturiew,

Z, specimen 57/1324, thin section, Mezhgor’'e, BeisZone.

Fig. 16. Berriasian foraminifera. A—@elorussiella tauricaA, specimen 58/1324, lateral view;
B, specimen 59/1324, thin section; C, specimen &1 thin section, Mezhgor'e, Boissieri
Zone. D-E.Quadratina tunassicaD, lateral view, E, apertural view, Balki, Occitea Zone,
Tauricum Subzone. F—Q.ingulina trilobitomorpha specimen 3031-7, F, lateral view, G,
apertural view, Zavodskaya Balka, Boissieri Zone-l.H_enticulina andromedespecimen
64a/13244, H, lateral view, |, frontal view, Mezingo Boissieri Zone. J— KLenticulina
muensterispecimen 63/13244, J, lateral view, K, frontawj Mezhgor'e, Boissieri Zone. L-M.
Lenticulina macrodiscaspecimen 8-1-6, L, lateral view, M, frontal viedavodskaya Balka,
Boissieri Zone. N—PEpistomina ventriosaspecimen 40-1-1, N, dorsal view, O, ventral viéw,
frontal view, Dvuyakornaya Bay, upper Kimmeridgilower Tithonian. Q-U.
Pseudosiphoninella antiqu&), dorsal view, R, ventral view, S, frontal vieWw, dorsal view in
water, U, frontal view in water, Saint Elias Cap#gcobi Zone, Grandis Subzone. V,
Protopeneroplis striata specimen700-1-15, thin section, Black River Basin, Tithonian.
W,Protopeneroplis ultragranulatys specimen A3-25, thin section, Jacobi Zone, Gmandi
Subzone. X— ZConorboides hofkerispecimen 111/13244, X, dorsal view, Y, ventra&wii Z,

frontal view, Mezhgor’e, Boissieri Zone.
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Fig. 17. Late Tithonian, Berriasian and Valanginian(?) astds. A, Cytherella tortuosa
specimen 172/13220, left valve, lateral view, DWormaya Bay, Andreaei Zone. Bytherella
Krimensis specimen 600-46-4, right valve, lateral view, Kok Mountain, Boissieri Zone. C,
Cytherelloidea flexuosapecimen 22-43-1, left valve, lateral view, ToRager Basin, Boissieri
Zone. D,Sigillium procerumspecimen 2900-2, carapace, right lateral viewpdakaya Balka,
Boissieri Zone, Euthymi Subzone. Rpbsoniella obovataspecimen 301-8-1, carapace, right
lateral view, Zavodskaya Balka, Boissieri Zone. Rgbsoniella longa specimen600-46-28,
carapace, right lateral view, Koklyuk Mountain, fe@nsiensis(?) Zone. (Bairdia menner;
specimen 22-41-1, carapace, right lateral view,aBdRiver Basin, Jacobi Zone. Bycytherura
specimen 9-1, left valve, lateral view, Belbek &i\Basin, Occitanica Zone. Eucytherura
Ardescae specimen 8-1-3, right valve, lateral view, Zauads balka, Boissieri Zone. J,
Eucytherura(E.) aff. kotelensis specimen 27-1-1, left valve, lateral view, vikagf Balki,
Boissieri Zone. KEucytherura trinodosaspecimen 27-1-3, right valve, lateral view, \gkaof
Balki, Boissieri Zone. L Metacytheropterorsp. A, specimen 8-1-3, left valve, lateral view,
Zavodskaya Balka, Boissieri Zone. Myxoella variealveolataspecimen 2900-0, carapace, right
valve, lateral view, Zavodskaya Balka, Boissieringo N, Neocythere pyrenaspecimen 9-9,
carapace, right valve, lateral view, Belbek Riversid, Boissieri Zone. Cruhrbergielld? sp.,
specimen 34-1-1, left valve, lateral view, villagd Novoklenovo, Boissieri Zone. P,
Pleurocythere(Klentnicellg klentnicensisspecimen 9-1, left valve, lateral view, Belbek/&ti
Basin, Occitanica Zone. @crocythere alexandraespecimen 301-8-19, left valve, lateral view,
Zavodskaya Balka, Pertransiensis(?) ZonePRytocythere revili specimen 220/13220, right
valve, lateral view, Saint Elias Cape, Jacobi ZdheReticythere marfeninispecimen 35-2-1,
right valve, lateral view, village of NovoklenovBpissieri Zone. THechticythere belbekensis
specimen 225/13220, right valve, lateral view; R&lbRiver Basin, Occitanica Zone. U,
Costacythere khiamiispecimen 26-1-1, left valve, lateral view, vikagf Balki, Occitanica

Zone. V, Costacythere foveataspecimen 26-1-1, right valve, lateral view, \gkaof Balki, ,
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Occitanica Zone. WCostacythere drushchitzspecimen 41-5-1, left valve, lateral view, vikag
of Balki, Occitanica Zone. XQuasigermanites bicarinatus moravigigpecimen 26-1-1, right
valve, lateral view, village of Balki, Occitanica#e. Y,Clitrocytheridea paralubricaspecimen

1-5-1, left valve, lateral view, Sain Elias Capeacabi Zone. ZPhodeucythere eocretacea

specimen 1-10-4, left valve, lateral view, SainaglCape, Jacobi Zone.

Fig. 18. Late Tithonian and Berriasian dinoflagellate cysés Achomosphaera neptunii
specimern600-46-8, Koklyuk Mountain, Boissieri Zone. Bhoberocysta neocomicapecimen
3030-8, Koklyuk Mountain, Berriasian. GJuderongia endovataspecimen 22-43-1, Tonas
River Basin, Jacobi Zone, Jacobi Subzone. Systematophora palmuylaspecimen3058-
39,Zavodskaya Balka, Boissieri Zone. HEgmontodinium torinum specimen 3031-1.
Zavodskaya Balka, Boissieri Zone. Muderongia simplexspecimen 17, Dvuyakornaya Bay,
upper Tithonian, Andreaei Zone. B8seudoceratium pelliferunspecimer600-46-34, Koklyuk
Mountain, Berriasian. H,Muderongia longicorna specimen 3031-1. Zavodskaya Balka,
Boissieri Zone. |,Muderongiasp.Phoberocystasp., specimen 22-43-1, Tonas River Basin,
Jacobi Zone, Jacobi SubzoneKlkithriasphaeridium fasciatupspecimen 3031-3, Zavodskaya
Balka, Boissieri Zone. KAmphorula expirataspecimen 8-2-1, Zavodskaya Balka, Boissieri
Zone. L, Spiniferites sp., specimen 3058-39, Zavodskaya Balka, Boiss#&wne. M,

Ctenidodinium elegantulungpecimen 3030-14, Koklyuk Mountain, Berriasian.

Fig. 19. Magnetostratigraphic scheme of the upper Titherammriasian of the Crimean

Mountains.

Fig. 20. Composite section of the uppermost part of the yakarnaya Formation and
magnetostratigraphic characteristics prior to (laad subsequent to additional study of the

section in 2016 (I-b). Magnetic component analysisults from left to right: stereographic
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presentation ofln changes in the process of magnetic cleaning, ieldr diagrams, sample
demagnetisation plots (IlChRM stereographic projections (Ill). All stratigraphimages are

presented in the stratigraphic system of co-ordmadlAD — maximum angle deviation.

Fig. 21. Subdivision of the Berriasian Stage of the Crim&éountains based on ammonites,

calpionellids, foraminifera, ostracods and dinosyst



Appendix 1 (list of taxa)

Acritarchs

Micrhystridium spp.

Veryhachium spp.

Ammonites

Berriasella sp.

Berriasella berthel (Toucas, 1890)

Berriasella callisto (d'Orbigny, 1847)

Berriasella chomeracensis (Toucas, 1890)

Berriasella moesica Nikolov and Mandov, 1967
Berriasella oppdi (Kilian, 1889)

Berriasella paramacilenta Mazenot, 1939

Berriasella subcallisto (Toucas, 1890)

Berriasella jacobi Mazenot, 1939

Bochianites crymensis Arkadiev, 2008

Bochianites neocomiensis (d’Orbigny, 1840)

Bochianites goubechensis Mandov, 1971

Dalmasiceras tauricum Bogdanova and Arkadiev, 1999
Dalmasiceras belbekense Bogdanova and Arkadiev, 1999
Dalmasiceras ex gr.punctatum Djanélidzé, 1922
Dalmasiceras subtoucasi Bogdanova and Arkadiev, 1999
Delphinella subchaperi (Retowski, 1893)

Delphinella crymensis (Burckhardt, 1912)

Delphinella obtusenodosa (Retowski, 1893)

Delphinella tresannensis Le Hégarat, 1973

Delphinella delphinensis (Kilian, 1889)



Delphinella janus (Retowski, 1893)

Delphinella pectinata Arkadiev and Bogdanova, 2005
Fauriella sp.

Fauriella rarefurcata (Pictet, 1867)

Fauriella boissieri (Pictet, 1867)

Fauriella cf. floguinensis Le Hégarat, 1973

Fauriella ssimplicicostata (Mazenot, 1939)

Haploceras sp.

Hegaratia balkensis (Bogdanova and Kvantaliani, 1983)
Hegaratia bidichotoma (Bogdanova and Kvantaliani, 1983)
Hegaratia nerodenkoi (Bogdanova and Kvantaliani, 1983)
Hegaratia taurica (Bogdanova and Kvantaliani, 1983)
Jabronella cf. paquieri (Simionescu, 1899)

Kilianella roubaudiana (d’Orbigny, 1850)

Kilianella clavicostata Nikolov, 1960

Leptoceras studeri (Ooster, 1860)

Malbosiceras broussel (Mazenot, 1939)

Malbosiceras chaperi (Pictet, 1868)

Malbosiceras malbos (Pictet, 1867)

Malbosi ceras paramimounum (Mazenot, 1939)
Malbosiceras pictetiforme Tavera, 1985

Negreliceras proteum (Retowski, 1893)

Negreliceras mirum (Retowski, 1893)

Negreliceras ex gr.negreli (Matheron, 1880)

Neocomites neocomiensis (d'Orbigny, 1841)

Neocosmoceras euthymi (Pictet, 1867)



Neocosmoceras giganteus Arkadiev and Bogdanova, 2009
Neocosmoceras minutus Arkadiev and Bogdanova, 2009
Neocosmocer as cf. transfigurabilis (Bogoslowski, 1895)
Neoperisphinctes cf. falloti (Kilian, 1889)

Oloriziceras cf. schneidi Tavera, 1985

Paraulacosphinctes transitorius (Oppel, 1865)
Paraulacosphinctes cf. senoides (Tavera, 1985)

Pomeliceras aff. boisseti Nikolov, 1982

Pomeliceras breveti (Pomel, 1889)

Pomeliceras (?) funduklense Lysenko and Arkadiev, 2007
Pseudoneocomites retowskyi (Sarasin and Schondelmayer, 1901)
Pseudosubplanites grandis (Mazenot, 1939)
Pseudosubplanites lorioli (Zittel, 1868)

Pseudosubplanites combesi Le Hégarat, 1973
Pseudosubplanites ponticus (Retowski, 1893)
Pseudosubplanites fasciculatus Bogdanova and Arkadiev, 2005
Pseudosubplanites crymensis Bogdanova and Arkadiev, 2005
Pseudosubplanites subrichteri (Retowski, 1893)
Pseudosubplanites jauberti (Mazenot, 1939)
Ptychophylloceras semisulcatum (d’Orbigny, 1840)
Retowskiceras retowskyi Kvantaliani, 1999

Retowskiceras andrussowi (Retowski, 1893)

Riasanites crassicostatum (Kvantaliani and Lysenko, 1979)
Riasanites irregulatus (Kvantaliani and Lysenko, 1980)
Riasanites tuber culatum (Kvantaliani and Lysenko, 1980)

Riasanites petrovensis (Kvantaliani and Lysenko, 1980)



Spiticeras obliquelobatum (Uhlig, 1903)
Spiticeras subspitiense (Uhlig, 1903)
Spiticeras cf. tenuicostatum Djanélidzé, 1922
Soiticeras multiforme Djanélidzé, 1922
Spiticeras orientale (Kilian, 1910)
Subalpinites insolitus Arkadiev, 2012
Subalpinites amplus Arkadiev, 2012
Subthurmannia cf. boissieri (Pictet, 1867)
Subthurmannia latecostata (Mazenot, 1939)
Thurmanniceras pertransiens (Sayn, 1907)
Thurmanniceras thurmanni (Pictet and Campiche, 1860)
Tirnovella sp.

Tirnovella occitanica (Pictet, 1867)
Tirnovella alpillensis (Mazenot, 1939)
Aptychi

Didayilamellaptychus didayi (Coquand, 1841)
Lamellaptychus sp.

Belemnites

Pseudobelus cf. bipartitus Blainville, 1827
Calpiondlids

Calpionella alpina Lorenz, 1902

Calpionella dliptica Cadisch, 1932
Calpionella aff. eliptica Cadisch, 1932
Calpionella grandalpina Nagy, 1986
Calpionella minuta HouSa, 1990

Chitinoidella boneti Doben, 1963



Crassicollaria cf. brevisRemane, 1962

Crassicollaria massutiniana (Colom, 1948)

Crassicollaria parvula Remane, 1962

Daciella danubica Pop, 1998

Dobeni€lla cf. bermudez (Furrazola Bermudez, 1965)

Dobeni€lla cubensis (Furrazola Bermudez, 1965)

Longicollaria dobeni (Borza, 1966)

Popidlla oblongata Rehakova, 2002

Praetintinnopsella andrusovi Borza, 1969

Tintinnopsella doliphormis (Colom, 1939)

Tintinnopsella carpathica (Murgeanu & Filipescu, 1933)
Tintinnopsella longa (Colom, 1939)

Tintinnopsella remanel Borza, 1969

Dinoflagellate cysts

Achomosphaera neptunii (Eisenack, 1958) Davey and Williams, 1966
Amphorula expirata (Davey, 1982) Courtinat, 1989

Amphorula dodekovae Zotto and al., 1987

Amphorula metaelliptica Dodekova, 1969

Apteodinium sp.

Bourkidinium sp.

Cassiculosphaeridia pygmaeus Stevens, 1987

Chlamydophorella sp.

Chytroeisphaeridia chytroeides (Sarjeant, 1962) Downie and Sarjeant, 1965
Circulodinium distinctum (Deflandre and Cookson, 1955) Jansonius, 1986
Cometodinium habibii Monteil, 1991

Cribroperidiniumsp.



Cribroperidinium globatum (Gitmez and Sarjeant, 1972) Helenes, 1984
Ctenidodinium elegantulum Millioud, 1969

Dichadogonyaulax spp

Dapsilidinium? deflandrel (Valensi, 1947) Lentin and Williams, 1981
Dapsilidiniumwarrenii (Habib, 1976) Lentin and Williams, 1981
Dingodinium minutum Dodekova, 1975

Egmontodinium torynum (Cookson and Eisenack, 1960) Davey, 1979
Ellipsodictium cinktum Klement, 1960

Epiplosphaera reticulospinosa Klement, 1960

Epiplosphaera? areolata (Klement, 1960) Brenner, 1988
Escharisphaeridia psilata Kumar, 1986

Hedlertonia? pellucida Gitmez, 1970

Hystrichodinium pulchrum Deflandre, 1935

Kleithriasphaeridium eoinodes (Eisenack, 1958) Davey, 1974
Kleithriasphaeridium fasciatum (Davey and Williams, 1966) Davey, 1974
Muderongia endovata Riding and al., 2000

Muderongia longicorna Monteil, 1991

Muderongia simplex Alberti, 1961; emend. Riding and al., 2001
Muderongia sp/Phoberocysta sp.

Nannoceratopsis pellucida Deflandre, 1939

Nannoceratopsis gracilis Alberti, 1961

Phoberocysta neocomica (Gocht, 1957) Millioud, 1969
Prolixosphaeridium spp.

Prolixosphaeridium parvispinum (Deflandre, 1937) Davey and al., 1966
Protobatioladinium imbatodinense (Vozzhennikova, 1967) Lentin and Vozzhenn., 1990

Pseudoceratium pelliferum Gocht, 1957



Scriniodinium campanula Gocht, 1959

Scriniodinium dictyotum Cookson and Eisenack, 1960
Srmiodiniumgross Alberti, 1961

Soiniferites spp.

Systematophora sp.

Systematophora palmula Davey, 1982

Systematophora areolata Klement, 1960

Tanyosphaeridium spp.

Tehamadinium sp.

Tubotuberella spp

Tubotuberella egemenii (Gitmez, 1970) Stover and Evitt, 1978
Tubotuberella apatela (Cookson and Eisenack, 1960) loannides and al 197
Valveodinium sp.

Wallodinium cylindricum (Habib, 1970) Duxbury,1983
Wrevittia helicoidea (Eisenack and Cookson, 1960) Helenes and Lucag,Qla87
Foraminifera

Ammobaculites ex gr.inconstans Bartenstein and Brand, 1951
Ammobaculites tauricus K.Kuznetsova, 1985
Anchispirocyclina lusitanica (Egger, 1902

Astacolus calliopsis (Reuss, 1863)

Astacolus laudatus (Hoffman), 1961

Astacolus planiusculus (Reuss, 1863)

Belorussiella taurica Gorbatchik, 1971

Bramkampella arabica Radmond, 1964

Charentia compressa Gorbatchik, 1985

Charentia evoluta Gorbatchik, 1968



Conorboides hofkeri (Bartenstein and Brand, 1951)
Discorbis crimicus Schokchina, 1960

Dorothia pseudocostata (Antonova, 1964)

Epistomina ornata (Roemer, 1841)

Epistomina ventriosa Espitalie and Sigal, 1963
Everticyclammina virguliana (Koechlin, 1942)
Feurltillia frequens Maync, 1958

Gaudryina alternans Gorbatchik, 1985

Gaudryina chettabaensis Sigal, 1952

Globospirillina neocomina (Moullade, 1961)
Haplophragmoides globigerinoides (Haeusler, 1882)
Hapl ophragmoides vocontianus Moullade, 1966
Istriloculina fabaria Matsieva and Temirbekova 1988
Istriloculina rectoangularia Matsieva and Temirbekova, 1988
Istriloculina terekensis Matsieva and Temirbekova, 1988
Lenticulina andromede Espitalie and Sigal, 1963
Lenticulina busnardoi Moullade, 1961

Lenticulina colligoni Espitalie and Sigal, 1963
Lenticulina dilecta Putrja, 1972

Lenticulina guttata (Ten Dam), 1946

Lenticulina ex gr.nodosa (Reuss, 1863)

Lenticulina lideri Romanova, 1960

Lenticulina macra Gorbatchik, 1960

Lenticulina macrodisca (Reuss, 1863),

Lenticulina muensteri (Roemer, 1839)

Lenticulina neocomina (Romanova), 1955



Lenticulina saxonica Bartenstein and Brand, 1951
Lenticulina undorica K.Kuznetsova, 1985
Lenticulina uspenskajae K.Kuznetsova, 1985
Lenticulina vistulae Bielecka and Pozaryski, 1954
Lingulina trilobitomorpha Pathy, 1968

Lingulina nodosaria Reuss, 1863

Melathrokerion eospirialis Gorbatchik, 1985
Melathrokerion spirialis Gorbatchik, 1968
Metacytheropteron sp. A Pokorny, 1973
Miliospirella cf. caucasica Antonova, 1968
Mohlerina basiliensis (Mochler, 1938).
Nautiloculina oolithica Mochler, 1938
Protopeneroplis striata Weynschenk, 1950
Protopeneroplis ultragranulatus (Gorbatchik, 1971)
Pseudocyclammina (?) rifica Zhabina , 1996
Pseudocyclammina agglutinans Zhabina , 1996
Pseudocyclammina cylindrica Redmond, 1953
Pseudocyclammina lituus (Yokoyama, 1890)
Pseudocyclammina spharoidalis Hottinger, 1967
Pseudonodosaria diversa (Hoffman, 1967)
Pseudonodosaria mutabilis (Reuss, 1962)
Pseudosiphoninella antiqua (Gorbatchik), 1966
Quadratina tunassica Schokhina, 1960
Quinqueloculina mitchurini Dain, 1971
Quinqueloculina verbizhiensis Dulub, 1964

Rectocyclammina arrabidensis Remalho, 1970



Rectocyclammina chouberti Hottinger, 1967
Rectocyclammina recta Gorbatchik and Machomad, 1997
Reophax giganteus Arnaud-Vanneau, 1988

Soirillina kubleri Mjatliuk, 1953

Spirillina minima Schacko, 1892

Somatostoecha enisalensis Gorbatchik, 1971
Somatostoecha rotunda Gorbatchik, 1971

Textularia crimica (Gorbatchik, 1971)

Textularia densa Hoffman, 1967

Textularia notha Gorbatchik, 1985

Triplasia emslandensis acuta Bartenstein and Brand, 1951
Tritaxia pyramidata Reuss, 1963

Trochammina aff. globigeriniformis (Parker and Jones, 1865 )
Trochammina neocomiana Mjatliuk, 1939

Trocholina alpina (Leupold, 1935)

Trocholina elongata (Leupold, 1939)

Trocholina giganta Gorbatchik and Manzurova, 1982
Trocholina infragranulata Noth, 1951

Trocholina molesta Gorbatchik, 1959

Ostracoda

Acrocythere diversa Donze, 1964

Acrocythere alexandrae Neale and Kolpenskaya, 2000
Bairdia menneri Tesakova and Rachenskaya, 1996
Bairdia kuznetsovae Tesakova and Rachenskaya, 1996
Bairdia major Donze, 1964

Bythoceratina ex gr. variabilis (Donze, 1964)



Clitrocytheridea paralubrica Neale and Kolpenskaya, 2000
Costacythere khiamii Tesakova and Rachenskaya, 1996
Costacythere foveata Tesakova and Rachenskaya, 1996
Costacythere drushchitzi Neale, 1966

Cythereis aff. senckenbergi Triebel, 1940

Cytherella tortuosa (Luebimova, 1955)

Cytherella lubimovae Neale, 1966

Cytherella krimensis Neale, 1966

Cytherellafragilis Neale, 1962

Cytherelloidea flexuosa Neale, 1966

Cytherelloidea mandelstami Neale, 1966

Eocytheropteron ex gr.bispinosum Schmidt, 1954
Eucytherura sp.1

Eucytherura sp.2

Eucytherura ardescae Donze, 1965

Eucytherura trinodosa Pokorny, 1973

Eucytherura (Eucytherura) aff. kotelensis Pokorny, 1973
Hechticythere sp.1

Hechticythere belbekensis Tesakova and Rachenskaya, 1996
Hechticythere moraviae (Pokorny, 1973)

Hemicytherura moorei Neale, 1967

Loxoella variealveolata Kuznetsova, 1956

Mantelliana purbeckensis (Forbes, 1855)

Neocythere pyrena Tesakova and Rachenskaya, 1996
Neocythere dispar Donze, 1965

Palaeocythereidella teres Neale, 1962



Paracypris caerulea Neale, 1962

Phodeucyther e eucretacea Neale and Kolpenskaya, 2000
Pleurocythere (Klentnicella) klentnicensis Pokorny, 1973
Pontocyprella cf. pertuisi Donze, 1964

Pontocypris cuneata Neale, 1966

Protocythererevili Donze, 1975

Quasigermanites implicata (Donze, 1965)

Raymoorea peculiaris (Donze, 1965)

Reticythere marfenini (Tesakova and Rachenskaya, 1996)
Robsoniella longa Kuznetsova, 1961

Robsoniella obovata Kuznetsova, 1956

Robsoniella minima Kuznetsova, 1961

Schuleridea ex gr.juddi Neale, 1962

Sgillium procerum Kuznetsova, 1960

Tethysia chabrensis Donze, 1975

Prasinophites

Pterospermella spp.

Tasmanites spp.
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1 - clay, 2 - calcareous clay, 3 - aleurolite, 4 - sandstone, 5 - calcareous sandstone, 6 -
calcareous shell sandstone, 7 - glauconitic sandstone, 8 - conglomerate, 9 - polymictic
conglomerate, 10 - quartz conglomerate, 11 - limestone, 12 - limestone lenses, 13 -
brecciated limestone, 14 - reefal limestone, 15 - bioherms, 16 - organogenic-detrital
limestone, 17 - onkolitic limestone, 18 - onkolitic limestone gravel and pebbles,
19 - calcareous onkolitic sandstone, 20 - sponge limestone, 21 - coquina, 22 -
marlstone, 23 - marlstone concretions, 24 - siderite lenses, 25 - stratigraphic
unconformities, 26 - ammonites, 27 - brachiopods, 28 - algae, 29 - not observed, 30-32 -
geomagnetic polarity: 30 - normal, 31 - reverse, 32 - missing data.
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|1 - clay, 2 - calcareous clay, 3 - aleurolite, 4 - sandstone, 5 - calcareous sandstone, 6 -
calcareous shell sandstone, 7 - glauconitic sandstone, 8 - conglomerate, 9 - polymictic
conglomerate, 10 - quartz conglomerate, 11 - limestone, 12 - limestone lenses, 13 -
brecciated limestone, 14 - reefal limestone, 15 - bioherms, 16 - organogenic-detrital
limestone, 17 - onkolitic limestone, 18 - onkolitic limestone gravel and pebbles,
19 - calcareous onkolitic sandstone, 20 - sponge limestone, 21 - coquina, 22 -
marlstone, 23 - marlstone concretions, 24 - siderite lenses, 25 - stratigraphic
unconformities, 26 - ammonites, 27 - brachiopods, 28 - algae, 29 - not observed, 30-32 -
geomagnetic polarity: 30 - normal, 31 - reverse, 32 - missing data.
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