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INTRODUCTION
The problem of the Jurassic–Cretaceous boundary in

the Tethyan realm debated by many researchers for a long
time remains unsolved nevertheless. According to resolu-
tions of the Lion–Neufchatel symposium of 1973, the
lower Berriasian boundary is placed at the base of the
ammonoid 

 

Berriasella jacobi–Pseudosubplanites grandis

 

Zone (

 

Colloque…

 

, 1975). Later on, it was termed first the

 

Euxinus

 

 Zone (Allemann et al., 1975) and then the 

 

Jacobi

 

Zone (Hoedemaeker and Bulot, 1990).
The eastern Crimea is one of the areas with wide-

spread marine sediments of the Jurassic–Cretaceous
transition. In this region, clay–carbonate flyschoid sed-
iments of the Dvuyakornaya Formation are exposed
near Feodosiya at the Cape Svatogo Il’I, the Dvuyako-
rnaya Bay, and near Ordzhonikidze and Yuzhnoe settle-
ments (Permyakov et al., 1984).

STUDY OF JURASSIC–CRETACEOUS BOUNDARY 
SEDIMENTS IN THE EASTERN CRIMEA: 

HISTORICAL REVIEW
First limited information on fossils from the Feo-

dosiya Marl can be found in the work by Verneuil

(1838) who pictured 

 

Ammonites theodosia

 

 Desh.
(

 

=Spiticeras

 

) and 

 

Aptychus theodosia

 

 Desh.
(

 

=Punctaptychus punctatus

 

. (Voltz)).

Based on the sampled fauna, Sokolov (1886) argued
for the Tithonian age of Feodosiya Marl and lime-
stones. Retowski (1893) described a diverse assem-
blage of ammonites, belemnites, bivalves, gastropods,
and brachiopods from the Feodosiya Marl attributing
them to the Tithonian. Unfortunately, position of these
fossils in the section has not been described, and accord-
ing to subsequent reexamination, they represent a mix-
ture of specimens from different stratigraphic levels.

Kilian (1907–1913) who established similarity
between the Berriasian faunas from southeastern
France and Feodosiya Marl attributed the later to the
Berriasian. Muratov (1960), who also noted that fauna
from the Feodosiya Marl corresponds to that from the
“Berriasian Horizon” of southeastern France (not stage
at that time), included them into the Valanginian Stage
of the Lower Cretaceous. Later on, Druschits (1975)
attributed the Feodosiya Marl to the Berriasian, consid-
ering this subdivision, however, as the upper substage
of the Tithonian Stage (Table 1). Analyzed thoroughly
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Abstract

 

—The Dvuyakornaya Formation section in the eastern Crimea is described and subdivided into bios-
tratigraphic units based on ammonites, foraminifers, and ostracodes. The lower part of the formation contains
first discovered ammonites of the upper Kimmeridgian (

 

Lingulaticears

 

 cf. 

 

procurvum

 

 (Ziegler), 

 

Pseudowaage-
nia gemmellariana

 

 Olóriz, 

 

Euvirgalithacoceras

 

 cf. 

 

tantalus

 

 (Herbich), 

 

Subplanites

 

 sp.) and Tithonian (?(

 

Lin-
gulaticeras efimovi

 

 (Rogov), 

 

Phylloceras consaguineum

 

 Gemmellaro, 

 

Oloriziceras

 

 cf. 

 

schneidi

 

 Tavera, and

 

Paraulacosphinctes

 

 cf. 

 

transitorius

 

 (Oppel)). Based on the assemblage of characteristic ammonite species, the
upper part of the formation is attributed to the Berriasian 

 

Jacobi

 

 Zone. Five biostratigraphic units (zones and
beds with fauna) distinguished based on foraminifers are the 

 

Epistomina ventriosa–Melathrokerion eospirialis

 

Beds and 

 

Anchispirocyclina lusitanica–Melathrokerion spirialis

 

 Zone in the upper Kimmeridgian–Tithonian,
the 

 

Protopeneroplis ultragranulatus– Siphoninella antiqua, Frondicularia cuspidiata–Saracenaria inflanta

 

zones, and 

 

Textularia crimica

 

 Beds in the Berriasian. The 

 

Cyrherelloidea tortuosa–Palaeocytheridea grossi

 

Beds of the Upper Jurassic and 

 

Raymoorea peculiaris–Eucytherura ardescae–Protocythere revili

 

 Beds of the
Berriasian are defined based on ostracodes. A new biostratigraphic scale is proposed for the upper Kimmerid-
gian–Berriasian of the eastern Crimea. The Dvyyakornaya Formation sediments are considered as deepwater
facies accumulated on the continental slope.
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the list of taxa determined by Retowski, Khimshiashvili
(1967) emphasized: “one can be certain enough stating
that Retowski described a mixed Tithonian and Berria-
sian fauna” (p. 56). It should be noted that the ammo-
nite assemblage described by Retowski is from the 13-
m-thick member of the Feodosiya Marl section exposed
in the Cape Svyatogo Il’I and accessible nowadays for
examination and, probably, from higher layers, which
are now in the town development area and cannot be
observed.

Sazonova and Sazonov (1974) proposed the first
zonation for the Tithonian–Berriasian boundary sedi-
ments of the Feodosiya area, where they defined two
upper Tithonian zones and all zones of the French Ber-
riasian (Le Hégarat, 1973). Unfortunately, their work is
lacking the bed-by-bed description of the section, but
absence of 

 

Virgatosphinctes transitorius

 

 (Oppel.), an
index species of the upper Tithonian zone, has been
emphasized.

Permyakov et al. (1984) defined the Dvuyakornaya
Formation of the eastern Crimea and its stratotype in
the eponymous ravine near Feodosiya. The stratotype
has nor been described properly; it was noted only that
the formation 800 m thick is represented by flyschoid
alternation of calcareous clays, marls, and brecciated
limestones. Based on foraminiferal, coral, brachiopod,
bivalve, gastropod, and cephalopod assemblages, the
authors defined the formation range as corresponding
to the late Tithonian–Berriasian. The list of ammonites
cited in that work is lacking typical Tithonian forms
however. Tithonian species 

 

Paraulacosphinctes transi-
torius

 

 and 

 

Richterella richteri

 

 from the lower Dvuyako-
rnaya Subformation have been mentioned in the later
work only (Permyakov et al., 1991b),.

Bogdanova et al. (1981, 1984) who reexamined the
Cape Svyatogo Il’i section attributed the relevant
ammonite assemblage to be the Berriasian Stage. They
defined the 

 

Ponticus–grandis

 

 local zone (Table 1) and
proposed subsequently to replace the first species by

 

Berriasella jacobi

 

 (Bogdanova et al., 1999). After revi-
sion and new description of ammonite collection sam-
pled by Retowski (1893), they established the overlying

 

Tirnovella occitanica

 

 Zone in the Berriasian succession
of Feodosiya site. The lower boundary with Tithonian
Stage was not substantiated by fossils. In 1996,
A.Yu. Glushkov and A.V. Shvitkii examined the Cape
Svyatogo Il’i section. Glushkov (1997) was the first to
describe and reproduce figures of 

 

Pseudosubplanites
grandis

 

 (Mazenot), an index species from this section.

All the mentioned researchers paid main attention to
the upper part of the Dvuyakornaya Formation in the
Cape Svyatogo Il’i area, where the exposed section
80 m thick includes the 13-m-thick member of Feo-
dosiya Marl containing peculiar ammonite assemblage.
Below this member, ammonites have not been found
until recently, and lower strata exposed further land-
ward in the Dvuyakornaya Bay outcrops remained
practically unstudied.

In 2001–2004, V.V. Arkad’ev, Yu.N. Savel’eva,
A.A. Fedorova, and G.K. Solov’ev comprehensively
studied the Tithonian–Berriasian transitions in the east-
ern Crimea. In 2001, Arkad’ev and Savel’eva described
section of the Cape Svyatogo Il’i area (Fig. 1). They
were first to find Berriasian ammonites 60 m below the
Feodosiya Marl, which enhance paleontological char-
acterization of the 

 

Jacobi

 

 Zone in the Crimean Moun-
tains. The zone of enlarged range wad divided into the

 

chomeracensis

 

 (lower) and 

 

grandis

 

 (upper) subzones
(Arkad’ev and Savel’eva, 2002; Arkad’ev, 2003).
Savel’eva discovered an ostracode assemblage in this
section. In 2002–2003, investigation of sections near
the Ordzhonikidze and Yuzhnoe settlements yielded
new data on lithology and fossils of the Dvuyakornaya
Formation (Arkad’ev et al., 2004a, 2004b, 2004c).
Based on the found ammonites, the index species

 

Paraulacosphinctes transitorius

 

 (Oppel) inclusive, the
late Tithonian age of the formation lower part was first
substantiated. Arkad’ev, Fedorova, and Savel’eva who
carried out additional sampling of ammonites in 2004
recognized the upper Kimmeridgian and lower Titho-
nian strata in this section. Results of these investiga-
tions expounded in this work specify biostratigraphic
scale of the Jurassic–Cretaceous boundary sediments,
which has been proposed earlier for the eastern Crimea
(Arkad’ev and Bogdanova, 2004).

The Jurassic–Cretaceous boundary sediments are
exposed in the Sultanovka syncline near the Yuzhnoe
Settlement. Kvantaliani and Lysenko (1979; Kvanta-
liani, 1989) described only the Berriasian part of this
section, which they referred to the 

 

Jacobi–grandis

 

Zone based on found specimens of 

 

Berriasella jacobi

 

Mazenot and 

 

Pseudosubplanites grandis

 

 (Mazenot).

The micropaleontological study of the Upper Juras-
sic and Lower Cretaceous sediments in the eastern
Crimea commenced in the 1950s only. Gofman (1956,
1961) described the foraminiferal assemblage from the
Karabi-Yaila section. The assemblage attributed to the
Tithonian includes 

 

Textularia densa

 

 Hoff., 

 

Lagena his-
pida

 

 Reuss, 

 

Nodosaria biloculina

 

 Terg., 

 

Lenticulina
ponderosa

 

 Mjatl., 

 

L. rotulata

 

 Lam., 

 

L. magnifica

 

(Kueb. et Zwin.), 

 

L. pygio

 

 (Kubl. et Zw.), 

 

Ramulina

 

 sp.,

 

Discorbis speciosus

 

 Dain, 

 

Trocholina travarsarii

 

 Paal-
zow, 

 

T. nidiformis

 

 Bruckm.

Several works of the late 1960s and early 1970s are
dedicated to study of the Upper Jurassic and Lower
Cretaceous foraminifers from the Crimean Plain and
eastern Crimea (Voloshina, 1974, 1976, 1977; Plotnik-
ova, 1975, 1976, 1978, 1979; Plotnikova et al., 1976).
In opinion Voloshina, species 

 

Anchispirocyclina lusi-
tanica

 

 (Egger) dominant in the eastern sections is indic-
ative of the Tithonian; besides, she defined here fora-
miniferal assemblages characteristic of the Tithonian
and Berriasian.

Kuznetsova (1983) who studied siliciclastic and
siliciclastic–carbonate sections of the Sudak synclino-
rium proposed foraminiferal zonation for the Callov-
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ian–Tithonian interval. Paleontological data on the
upper Kimmeridgian have not bee obtained, however,
in the Crimean Mountains, and this is explained by ero-
sion in the pre-Tithonian time (Kuznetsova and Gor-
bachik, 1985, p. 17). Later on, Kuznetsova and Gor-
bachik (1985) examined also the Feodosiya section and
proposed the first zonation for the Upper Jurassic–
Lower Cretaceous deposits of the Crimea.

The 

 

Epistomina ventriosa–Textularia densa

 

 Beds
and 

 

Anchispirocyclina lusitanica–Melathrokerion spir-
ialis

 

 Zone have been distinguished in the Tithonian

(Kuznetsova, 1983). Afterward, the latter unit was
divided into the 

 

Astacolus laudatus–Epistomina omni-
noreticulata

 

 and 

 

Anchispirocyclina lusitanica–Melath-
rokerion spirialis

 

 zones (Kuznetsova and Gorbachik,
1985).

In the Berriasian, there were established the 

 

Pro-
topeneroplis ultragranulatus–Siphoninella antiqua

 

 and

 

Quadratina tunassica–Siphoninella antiqua

 

 beds, and
the 

 

Conorboides hofkeri–Conorbina heteromorpha

 

Zone. The last zone consisted of the 

 

Triplasia emslan-
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densis (lower) and Triplasia emslandensis–Palaeo-
textularia crimica subzones.

Based on foraminifers, Kuznetsova and Gorbachik
determined the Tithonian–Berriasian age of the Dvuya-
kornaya Formation, but they omitted from consider-
ation any other fossils (ammonites included) when
describing the Cape Svyatogo Il’i section. In their esti-
mates, this section is 800 m thick, although in fact it is
80 m thick (Bogdanova et al., 1984; Arkad’ev, 2003).
Because of this contradiction, it is difficult to correlate
beds and members of our scheme with those defined by
Kuznetsova and Gorbachik.

Ostracodes from the Jurassic–Cretaceous boundary
sediments of the Crimean Mountains are insufficiently
studied. Neale (1966) who described nine new species
from the central Crimea was first to initiate study of
these fossils. Rachenskaya (1968a, 1968b, 1969a,
1969b; Druschits et al., 1968) and Tesakova (Tesakova
and Rachenskaya, 1996a, 1996b) continued systematic
investigation of ostracodes from that area. Tesakova
described 11 new species of the Berriasian Stage. First
data on the Tithonian ostracodes from Crimea appeared
in 1991 only (Permyakov et al., 1991a). M.N. Permya-
kova determined 14 ostracode species from the
Deimen–Dere Formation of the Baidarskaya depres-
sion in the southwestern Crimea, which indicate the
Tithonian age of host deposits. Prior to our works,
Tithonian and Berriasian ostracodes of the eastern
Crimea remained practically unknown. Savel’eva and
Tesakova carried out their preliminary determination
(Arkad’ev and Savel’eva, 2002; Arkad’ev et al., 2004;
Tesakova et al., 2004).

We studied foraminifers and ostracodes in unlithi-
fied sediments (collected samples 200 g in weight are
spaced for 1.5–5.0 m in the section). In addition, fora-
minifers were determined in differently oriented thin
sections of limestones. As for the other fossils, ammo-
nites were determined by V.V. Arkad’ev and M.A. Rogov
(GIN RAS), belemnites by V.B. Ershova (St.PSU),
aptychi by N.V. Myshkina (VSEGEI), bivalves by
T.N. Bogdanova (VSEGEI), brachiopods by S.V. Lo-
bacheva (VSEGEI), foraminifers by A.A. Fedorova),
and ostracodes by Yu.N. Savel’eva and E.M. Tesakova.

Collections of upper Kimmeridgian and Tithonian
ammonites (nos. 376, 378) are stored at the museum of
the Historical Geology Chair (St. PSU). Berriasian
ammonites of the Jacobi Zone (see the plates) are
deposited at the TSNIGRMuseum (collection nos.
13055, 13077, 13098); foraminifers at the VNIGRI
Museum (collection nos. 23-F, 24-F), and ostracodes at
the Paleontology Chair of the MSU (collection no. 310).

GEOLOGY OF THE STUDY AREA

The Crimean Mountains are considered now as an
imbricated fold-and-thrust orogen (Kazantsev et al.,
1989; Yudin, 2000; Mileev et al., 2004).

Muratov (1937) who studied in detail geological
structure of the eastern Crimea defined the Feodosiya
block consisting of the Teteobinskaya, Sultanovka, and
Dvuyakornaya synclines in the schematic tectonic map
of the region. In terms of the present-day tectonic con-
cept, the study area is a part of the Ortasyrt nappe
(Kazantsev et al., 1989), and the Dvuyakornaya Bay
area corresponds to the Teteobinskaya allochthon
(Fig. 1). The Upper Jurassic–Berriasian flyschoid clay–
carbonate rocks of the allochthon are deformed into
folds of different amplitude and size, which are compli-
cated by faults. The faults are hardly detectable in
clayey rocks, and thickness of the Dvuyakornaya For-
mation was overestimated probably because of this sit-
uation. Initially defining the formation, Permyakov et
al. (1984) estimated it to be 800 m thick, but according
to our data, the unit is only 360 m thick. The formation
beds dip northeast in general under angles of 20–30°.
With such an attitude, oldest layers of the formation are
exposed in the southern limb of the Teteobinskaya
allochthon; youngest strata in its northern limb within
the Cape Svyatogo Il’i area.

Structure of Sections

Lowest layers of the Dvuyakornaya Formation are
exposed in the coastal cliff of the eponymous bay
approximately 2 km north of the Ordzhonikidze Settle-
ment (Figs. 1, 2, Section 1). The following members are
exposed here (from the base upward):

Member 1: green gray clays, compact, with local parallel
bedding and ferruginate brown bedding planes; clays contain
bun-shaped and lenticular concretions of more compact cal-
careous clay, being intercalated with rare thin (up to 0.5 cm)
interbeds of brown limy sandstones. Ammonite species
Euvirgalithacoceras cf. tantalus (Herbich) and Subplanites
sp. were found 8 m above the member base; Pseudowaage-
nia gemmellariana Oloriz and Lingulaticeras cf. procurvum
(Ziegler) 2 and 4 m above these finds. At all levels, ammo-
nites are accompanied by abundant bivalves Bositra soma-
liensis (Cox). The member yields also microfossils: foramin-
ifers Reophax giganties A.-V., Haplophragmoides chapmani
Crespin, Melathrokerion eospirialis Gorb., Charentia evo-
luta Gorb., Textularia notcha Gorb., Textularia sp., Trocham-
mina sp., Lenticulina dilecta Putria, L. attenulata (Kueb. et
Zwin.), Spirillina kubleri Mjatl., Trocholina alpina (Leup.),
Discorbis sp., Epistomina ventriosa Esp. et Sig., and ostra-
codes Bairdia sp. nov., B. sp. 6, Cytherella krimensis Neale,
C. tortuosa Lubimova, and Palaeocytheriodea groissi Schu-
dack. The thickness is 20 m.

Member 2: greenish gray clays and dark to light gray silt-
stones with rare interbeds (1–3 cm in the lower part and up to
20–30 cm higher) of brownish gray fine- to medium-grained
compact calcareous sandstones; siderite lenses and interbeds
(20–30 cm) in sandstone have brown surface. At the level
10 m above the member base, sediments yield ammonites
?Lingulaticeras efimovi (Rogov), Phylloceras consan-
guineum Gemmellaro, Lytoceras sp., and bivalves Aula-
comiella problematica (Furlani). Foraminifers identified in
this member are Reophax sp., Reophax sp. 1, Reophax sp. 2,
Haplophragmoides vocontianus Moullade, Ammobaculites
sp. 1, Ammobaculites sp. 2, A. ex gr. inconstans Bart. et
Brand, A. sp., Melathrokerion eospirialis Gorb., Everticycla-
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mmina sp., Textularia sp., T. notcha Gorb., Trochammina
globigeriniformis (Parker et Jones), T. sp., Nodosaria sp.,
Lenticulina catascoptium (Mitjanina), L. infrathonica K.
Kuzn., L. aff. postuhligi K. Kuzn., Ramulima spinata Ant.,
Spirillina sp., S. kubleri Mjatl., Miliospirella sp., Trocholina
alpina (Leup.), T. sp., Epistomina ventriosa Esp. et Sigal, and
undeterminable planktonic forms. The thickness is 40 m.

The next interval is unexposed. Higher layers are studied
near the benchmark 90.0 m inside the Dvuyakornaya Bay
(Figs. 1, 3, Section 2), where the following succession is
exposed from the water level upward:

Member 3: greenish gray splintery clays (0.3–0.5 m) with
parallel bedding, brown siderite concretions, and black plant
detritus; they are intercalated with more compact sandy vari-
eties and pinkish gray fine-grained detrital limestones (0.10–
0.15 cm). Small poorly preserved ammonites Ptychophyllo-
ceras sp., Holcophylloceras sp., Haploceras sp., Lytoceras
sp., and aptychi Punctaptychus cf. punctatus (Voltz), and
P. cinctus Trauth. are found 1 m above the base. Foraminifers
of the member are represented by Haplophragmoides sp. 1,
H. sp. 2, Ammobaculites ex gr. inconstans Bart. et Brand,
Textularia notcha Gorb., T. densa Hoff., Gaudryina chet-
tabaensis Sig., Lenticulina sp.1, Lenticulna sp. 2, Spirillina
helvetica (Keub. et Zwin.), S. kubleri Mjatl., and S. sp.; ostra-
codes by Bairdia sp. nov. The thickness is 12 m.

4: interval 8 m wide is unexposed.

Member 5: alternating dark greenish gray splintery clays
and cream-colored fine-grained detrital compact limestones
(0.05–0.10 m) with abundant fucoids; limestone beds have
the sharp lower and frequently ocherous upper boundary. In
the uppermost part of the member, a bed of massive lime-
stone is 0.5 m thick. Sediments yield diverse fossils: poorly
preserved ammonites Haploceras sp., Lytoceras sp.; aptychi
Punctaptychus cinctus Trauth.; foraminifers Haplophrag-
moides sp. 2, Ammobaculites ex gr. inconstans Bart. et
Brand, Everticyclammina sp., Textularia notcha Gorb., Spir-
illina helvetica (Keub. et Zwin.), S. minima Schaco, S. sp.,
Patellina turriculata Dieni et Massari; and ostracodes Bair-
dia sp. nov., Bairdia sp. 7, Bairdia sp. 8, Cytherella krimensis
Neale, “Cythereis” sp. 2, ?Mantelliana purbeckensis (Forb.),
Hechticythere sp. The thickness is 13.5 m.

Member 6: alternating dark greenish gray splintery clays
(0.5–1.0 m), more compact lenticular siltstones (0.03–0.10 m),
and pinkish gray fine-grained detrital compact limestones
(0.03–0.10 m); some clay interbeds are highly ferruginate,
ocherous, brown to yellow in color. Ammonite Ptychophyllo-
ceras sp. is found in the middle of the member. Foraminiferal
assemblage consists of Reophax giganties A.-V., Haplo-
phragmoides sp. 2, Ammobaculites ex gr. inconstans Bart. et
Brand, Everticyclammina sp., Textularia densa Hoff., Spirill-
ina helvetica (Keub. et Zwin.), S. sp., and Patellina turricu-
lata Dieni et Massari. The thickness is 12 m.

Member 7 is lithologically similar to the previous one,
though comprising a relatively thick (0.4 m) bed of cream-
colored fine-grained detrital limestones at the top. Among
microfossils, there are foraminifers Reophax giganties A.-V.,
Ammobaculites ex gr. inconstans Bart. et Brand, Everticycla-
mmina sp., Spirillina helvetica (Keub. et Zwin.), S. sp., Tro-
cholina burlini Gorb., and ostracodes Bairdia sp. nov., Bair-
dia sp. 7, Cytherelloidea mandelstami blanda Neale, C. man-
delstami mandelstami Neale, Schuleridea juddi Neale,
Cypridina sp., Macrocypris sp., and others. The thickness is
15 m.

8: interval 15 m wide is unexposed.
Member 9: alternating greenish gray splintery and com-

pact parallel-bedded clays (0.3–1.0 m), cream-colored to
brown detrital compact limestones (0.1–0.5 m), and rare gray
detrital calcareous sandstones (0.10–0.15 m); some lime-
stones beds consist of lenses up to 0.5 m long. Ammonites
Oloriceras schneidi Tavera, Ptychophylloceras sp., and apty-
chi Punctaptychus punctatus longa Trauth. are found 2 m
below the member top. The following foraminifers are dis-
persed through the member: Ammobaculites ex gr. incon-
stans Bart. et Brand, Melathrokerion eospirialis Gorb.,
Gaudryina chettabaensis Sig., G. sp., Lenticulina dilecta
Putria, L. cf. macra Gorb., L. muensteri (Roem.), L. sp., Asta-
colus planiusculus (Reuss), Vaginulina duestensis Reuss,
Spirillina kubleri Mjatl., S. sp., Discorbis crimicus Schok.,
D. sp., and Epistomina ventriosa Esp. et. Sig. The ostracode
assemblage consists of Bairdia sp. nov., Quasihermanites
implicata Donze, and Macrocypis sp. The thickness is 16 m

10: interval 10 m wide is unexposed.
Member 11: irregularly alternating greenish gray splin-

tery clays (0.3–1.0 m) and cream-colored detrital limestones
(0.03–0.40 m), which are intercalated with brown siderite
interbeds. Identified foraminifers are Haplophragmoides
globigerinoides (Haeusler), Trochammina neocomiana
Mjatl., T. globigeriniformis (Parker et Jones), Lenticulina
immense K. Kuzn., L. gutata gutata (ten Dam), L. muensteri
(Roem.), L. undorica K. Kuzn., L. uspenskajea K. Kuzn.,
L. sp., Astacolus planiusculus (Reuss), Vaginulina duestensis
Reuss, Spirillina helvetica (Keub. et Zwin.), S. sp., Trocho-
lina infragranulata Noth, and Patellina turriculata Dieni et
Massari. Ostracodes are represented by Bairdia sp. nov.,
Bairdia sp. 7, Cytherella krimensis Neale, Cytherelloidea
tortuosa (Lub.), C. ex gr. tortuosa (Lub.), C. mandelstami
blanda Neale, Quasihermanites implicata Donze, Tethysia
chabrensis Donze, “Xestoleberis” sp. 1, Macrocypris sp.,
Macrocypris sp. 3, and others. Thickness is 20 m.

Member 12 is lithologically similar to the previous one,
though lacking siderite interbeds; limestone beds are rela-
tively thicker (0.3–0.4 m). Characteristic foraminifer species
are Melathrokerion spirialis Gorb., Trochammina globiger-
iniformis (Parker et Jones), Lenticulina uspenskajea
K. Kuzn., L. sp.1, L. sp. 2, Vaginulina duestensis Reuss, Spir-
illina helvetica (Keub. et Zwin.), Trocholina infragranulata
Noth, T. alpina (Leup.), and T. elongata (Leup.). The ostra-
code assemblage includes Cytherella krimensis Neale,
Cytherelloidea mandelstami blanda Neale, C. tortuosa
(Lub.), Cypridina sp., Bairdia sp. nov., Macrocypis sp., and
“Xestoleberis” sp. 1. The thickness is 10 m.

Belemnite Pseudoduvalia tithonica (Opp.) is found in
talus derived from the section lower part.

The section continues further approximately 1 km south-
east of the Yuzhnoe Settlement in the southern limb of the
Sultanovka syncline (Figs. 1, 4, Section 3). The following
sediments are exposed in several small hills:

Member 13: dark green to locally gray clays, parallel-
bedded, splintery, intercalated with light gray coarse-grained
calcareous sandstones (0.05–0.15 m) and containing lens-
like siderite concretions up to 20–30 cm thick. The layer near
the member base, clays contain bivalves Aulacomiella prob-
lematica (Furlani), plant detritus, and foraminifers Haplo-
phragmoides sp., Ammobaculites sp., Charentia evoluta
(Gorb.), Stomatostoecha compressa Gorb., S. sp., Pseudocy-
clammina lituus (Yok.), P. spharaedalis Hott., Anchispirocy-
clina lusitanica (Egg.), Spirillina kubleri Mjatl., Trocholina
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alpina (Leup.), T. burlini Gorb., and Epistomina ventriosa
Esp. et Sig. The thickness is 30 m.

Member 14: light gray limestone, massive to conglomer-
atic, is containing small subangular sandstone and limestone
pebbles. The thickness is 2 m.

Member 15: dark greenish gray clay, fine-grained, splin-
tery, is containing thin (5–10 cm) interbeds of gray sand-
stones and lenses of siderites with the brown surface. The
member is crowned by a bed (0.5 m) of light gray massive
fine- to medium-grained sandstone grading into brown sider-
ite. The top plane of the bed is uneven, hummocky. Fossils
are represented by foraminifers Haplophragmoides sp.,
Melathrokerion spirialis Gorb., Charentia evoluta (Gorb.),
Pseudocyclammina lituus (Yok.), Lenticulina uspenskajea
K. Kuzn., and Trocholina alpina (Leup.). The thickness is 8 m.

Member 16: greenish gray clays, splintery, with siderite
lenses and interbeds; a siderite lens in the uppermost part of
the member yielded ammonite Paraulacosphinctes transito-
rius (Oppel). The thickness is 20 m.

Member 17: dark gray clays, fine-grained, splintery, with
interbeds (3–5 cm) of pinkish gray very compact cryptocrys-
talline limestones; hosting brown siderites lenses (up to
30 cm) occur as well. Foraminifers found in the member
are Ammobaculites sp., Melathrokerion spirialis Gorb.,
Charentia evoluta (Gorb.), Stomatostoecha compressa

Gorb., S. sp., Pseudocyclammina sp., Trochammina globi-
geriniformis (Parker et Jones), T. neocomiana Mjatl., Pseud-
onodosaria diversa (Hoff.), Lenticulina uspenskajea
K. Kuzn., Astacolus proprius K. Kuzn., Planularia mada-
gaskariensis Esp. et Sig., Trocholina burlini Gorb., T. alpina
(Leup.), and Epistomina ventriosa Esp. et Sig. The ostracode
assemblage includes poorly preserved Bairdia sp. nov.,
B. sp., Pontocypris cuneata Neale, Acrocythere alexandrae
Neale et Kolp., and Macrocypris sp. The thickness is 33 m.

The overlying sediments are much better exposed and
studied in paleontological aspect in the Cape Svyatogo Il’i
section (Figs. 1, 5, Section 4). A thick (2. 5 m) bed of con-
glomeratic limestones with angular and subrounded pebbles
(up to 2–3 cm across) of limestone and other rocks is exposed
immediately above the water level in a cliff 200 m west of the
lighthouse. The upper boundary of the bed is sharp, eroded.
Its uppermost part (10–15 cm) is true conglomerate, which
yielded an echinoid plate and poorly preserved cast of
ammonite Haploceras sp. Foraminifers Pseudocyclammina
spharaedalis Hott., and Anchispirocyclina lusitanica (Egg.)
are identified in thin sections.

No other limestone beds of similar thickness have been
observed in examined sections, and their correlation is prob-
lematic. Judging from the foraminiferal assemblage, this bed

Section 3 (1 km southeast
of the Yuzhnoe Settlement)
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Fig. 4. Distribution of ammonites, foraminifers, and ostracodes in Section 3 (see Fig. 2. for legend).
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belongs still to the Tithonian Stage. Its upper erosional sur-
face is overlain by the following members:

Member 18: alternating clays (1.5–2.0 m) and limestones
(0.10–0.15 m); dominant clays are greenish gray, compact,
splintery, frequently soft with limonitized pyrite nodules and
parallel bedding. Synsedimentary flattened clay pebbles are
concentrated in places. Limestones are light gray to light
brown, compact, detrital, lenticular in the lower part of the
member; numerous fucoids are confined to bedding planes.
Aptychi Punctaptychus aff. malbosi (Pict.) and P. aff. imbri-
catus (Meyer) are found at the member base. Sediments 4 m
higher contain diverse fossils: ammonites Berriasella chom-
eracensis (Touc.), B. sp., Fauriella cf. floquinensis Le Hég.,
Ptychophylloceras cf. semisulcatum (d’Orb.), Haploceras
sp.; belemnite Duvalia sp.; bivalve Amusium sokolovi Ret.;
brachiopod Tonasirhynchia janini Lobatsch. et Smirn.; apty-
chi Punctaptychus punctatus rectecostatus Cuzzi, P. puncta-
tus flactocostatus Trauth., P. imbricatus (Meyer), P. cf. mon-
salvensis Trauth, and P. malbosi (Pict.). The very diverse for-
aminiferal assemblage consists of Reophax sp.,
Haplophragmoides cf. vocontianus Moull., H. sp. 1, H. sp. 2,
Ammobaculites inconstans inconstans Bart. et Brand,
A. inconstans gracilis Bart. et Brand, A. cf. eocretaceous
Bart. et Brand, A. sp. 1, A. sp. 2, Triplasia emsladensis acuta
Bart. et Brand, Melathrokerion spirialis Gorb., M. sp.,
Charentia evoluta (Gorb.), C. sp., Stomatostoecha enisalen-
sis Gorb., S. rotunda Gorb., S. compressa Gorb., Pseudocy-
clammina lituus (Yok.), P. sp., Everticyclammina sp., Recto-
cyclammina sp., Textularia crimica (Gorb.), T. sp., Trocham-
mina sp., Dorothia sp., Quinqueloculina sp., Isytriloculina
sp. 1, I. sp. 2, Nodosaria paupercula Reuss, N. sceptrum
Reuss, N. sp., Pseudonodosaria diversa (Hoff.), P. humulis
(Roem.), P. mutabilis (Reuss), Frondicularia sp., Lenticulina
cf. ambanjabensis Esp. et Sig., L. neocomiana Rom.,
L. macra Gorb., L. ex gr. gutata (ten Dam), L. nimbifera Esp.
et Sig., L. colligoni Esp. et Sig., L. sp. 1, L. sp. 2, Astacolus
laudatus (Hoff.), A. cf. favoritus Gorb., A. calliopsis (Reuss),
A. planiusculus (Reuss), A. sp., Planularia crepidularis
Roem., Dentalina nana Reuss, Spirillina kubleri Mjatl.,
S. sp., Globospirillina neocomiana (Moull.), G. caucasica
(Hoff.), Miliospirella cf. caucasina Ant., Trocholina elon-
gata (Leup.), T. alpina (Leup.), T. giganta Gorb. et Manz.,
T. molesta Gorb., T. burlini Gorb., Discorbis crimicus
Schok., Siphoninella antiqua Gorb., Epistomina cf. ornota
(Roem.), E. caracolla caracolla (Roem.), Protopeneroplis
ultragranulatus (Gorb.), Pseudolamarckina sp., Conoro-
talites ex gr. bartensteni (Bett.), Ticinella roberti Gand. Sim-
ilarly diverse is also the ostracode assemblage: Bairdia sp.
nov., B. sp. nov. 1, Tethysia chabrensis Donze, Cytherel-
loidea mandelstami blanda Neale, C. flexuosa Neale, Acro-
cythere aspera Donze, A. cf. aspera Donze, A. alexandrae
Neale et Kolp., Cytherella cf. krimensis Neale et Kolp.,
C. lubimovae Neale, ?Mandocythere (Costacythere) frankei
(Trieb.), “Orthonatacythere” sp. nov., “O.” sp. nov. 1, Pro-
deucythere eocretacea Neale et Kolp., Eucytherura ardescae
Donze, “Cytherura” sp. nov., ?Clitrocytheridea paralubrica
Neale et Kolp., Palaeocytheridella teres Neale, Macrocypris
sp. B Neale, ?Neocythere sp., and others. The thickness is
16.6 m.

Member 19: light green clays intercalated with centime-
ters-thick laminae of light brown compact detrital limestones
with abundant fucoids. Foraminiferal assemblage consists of
Reophax sp., Ammobaculites inconstans inconstans Bart. et
Brand, A. sp., Melathrokerion spirialis Gorb., Charentia evo-
luta (Gorb.), C. sp., Stomatostoecha compressa Gorb., Tro-
chammina sp., ., Isytriloculina sp. 2, Lenticulina cf. amban-

jabensis Esp. et Sig., L. neocomiana Rom., L. macra Gorb.,
L. ex gr. gutata (ten Dam), Spirillina kubleri Mjatl., Glo-
bospirillina neocomiana (Moull.), Discorbis crimicus
Schok., and Epistomina caracola caracola (Roem.). Ostra-
codes are represented by Bairdia sp. nov., Acrocythere
aspera Donze, A. cf. aspera Donze, A. alexandrae Neale et
Kolp., Tethysia chabrensis Donze, Cytherelloidea mandel-
stami blanda Neale, Cytherelloidea sp. 2, Cytherella krimen-
sis Neale, Cythereis aff. senckenbergi Trieb., Prodeucythere
eocretacea Neale et Kolp., Pontocypris aff. arcuata Lub.,
Schuleridea juddi Neale, “Orthonatacythere” sp. nov. 1,
Procytherura sp., “Bythocypris” sp., and others. The thick-
ness is 8 m.

Member 20: alternating greenish gray splintery clays
(dominant, 2–3 m thick) and light brown compact detrital
limestones (0.3–0.5 m, mainly in the middle part of the mem-
ber); the uppermost part encloses interbeds (0.1–0.2 m) of
dark gray and dark green parallel-bedded marls. The marls
contain various fossils: ammonites Haploceras cf. carachtheis
(Zeus.), H. sp.; aptychi Punctaptychus cf. punctatus (Voltz),
P. cf. malbosi (Pict.), P. cf. imbricatus (Meyer); foraminifers
Ammobaculites sp., Stomatostoecha enisalensis Gorb., Rec-
tocyclammina sp., Feurtilia frequensis Maync, Pseudocycla-
mmina lituus (Yok.), Textularia crimica (Gorb.), Nodosaria
sceptrum Reuss, Trochammina sp., Dorothia sp., Sigmoilina
sp., Pseudonodosaria mutabilis (Reuss), Lenticulina neoco-
miana Rom., L. macra Gorb., L. sp. 1, Astacolus cf. favoritus
Gorb., A. calliopsis (Reuss), A. planiusculus (Reuss),
A. laudatus (Hoff.), A. proprius K. Kuzn., Saracenaria
latruncula (Chal.), Spirillina kubleri Mjatl., Miliospirella cf.
caucasina Ant., Trocholina alpina (Leup.), T. giganta Gorb.
et Manz., T. molesta Gorb., Discorbis crimicus Schok., Epis-
tomina cf. ornota (Roem.), Protopeneroplis ultragranulatus
(Gorb.); ostracodes Bairdia sp. nov., B. sp. nov. 1, Acro-
cythere aspera Donze, Cytherella krimensis Neale, C. lubi-
movae Neale, Cytherelloidea mandelstami blanda Neale, C.
mandelstami mandelstami Neale, C. flexuosa Neale,
Cythereis aff. senckenbergi Trieb., “Cytherura” sp. nov.,
Eucytherura ardescae Donze, “Orthonatacythere” sp. nov. 1,
Protocythere revili Donze, Procytheropteron barkeri And.,
Pontocypris cuneata Neale, Macrocypris sp., ?Neocythere
sp., and others. The thickness is 17 m.

Member 21: greenish gray splintery clays with rare inter-
beds (0.10–0.15 m) of cream-colored detrital limestones; in
the middle, there is a thick (0.8 m) limestone bed with abun-
dant rounded pebbles at bedding surfaces. Sediments yield
ostracodes Bairdia sp. nov., B. sp. nov. 1, Eucytherura ardes-
cae Donze, Cytherella krimensis Neale, Protocythere revili
Donze, Raymoorea peculiaris (Donze), ?Rhinocypris juras-
sica (Mand.), ?Clitrocytheridea paralubrica Neale et Kolp.,
and others. The thickness is 10 m.

Member 22: bluish gray platy clays with subordinate
interbeds (0.5–0.6 m) of dark brown massive detrital lime-
stones. Sediments contain foraminifers Reophax sp., Ammo-
baculites sp. 1, Haplophragmoides cf. vocontianus Moull.,
H. sp., Stomatostoecha enisalensis Gorb., S. compressa
Gorb., Everticyclammina sp., Pseudocyclammina sp., Tro-
chammina sp., Nodosaria paupercula Reuss, N. sp., Lenticu-
lina nimbifera Esp. et. Sig., L. sp. 2, Astacolus laudatus
(Hoff.), A. sp., Spirillina kubleri Mjatl., Trocholina alpina
(Leup.), T. giganta Gorb. et Manz., and T. molesta Gorb. The
thickness is 13 m.

Member 23: yellowish gray splintery clays (1.0–1.5 m)
enclosing six interbeds of yellowish gray platty marls (0.5–
0.8 m); marls sandy, thin-platty in the lower part of the mem-
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ber are thicker and calcareous in the upper part. All the marl
interbeds contain ammonites, aptychi forms, rare brachio-
pods, foraminifers, ostracodes, and abundant fucoids.
Ammonites are represented by Ptychophylloceas sp. in the
lowest marl bed, by Delphinella sp., Biasaloceras liebigi
(Opp.) in the third bed from below, and by Delphinella cri-
mense (Burck.) Retowskiceras sp., Pseudosubplanites sp.,
Holcophylloceras tauricum (Ret.), Protetragonites tauricus
(Kulj.-Vor.), Ptychophylloceas sp. in the fourth bed. In the
fifth marl bed, Pseudosubplanites ponticus (Ret.), P. lorioli
(Zitt.), P. combesi Le Hég., Haploceras carachtheis (Zeusc.),
Ptychophylloceas semisulcatum (d’Orb.), Protetragonites
tauricus (Kulj.-Vor.), and Biassaloceras sp. occur in associ-
ation with brachiopod Tonasirhynchia janini Lobatsch. et
Smirn. Characteristic of the sixth marl bed are Pseudosub-
planites grandis (Maz.), P. lorioli (Zitt.), Delphinella cf. cri-
mense (Burck.), Ptychophylloceas semisulcatum (d’Orb.)
associated with aptychus Punctaptychus punctatus (Voltz).
Ammonites Delphinella sp., Retowskiceras sp., Tirnovella
sp., Biasaloceras sp., Spiticeras sp., and aptychus Punctap-
tychus cinctus Trauth. are found in talus deriver from Mem-
ber 23. The lower part of the member hosts foraminifers
Reophax gigantius A.-V., Haplophragmoides sp., Ammobac-
ulites eocretaceous Bart. et Brand, A. inconstans gracilis
Bart. et Brand, A. sp. 1, Melathrokerion sp., Charentia sp.,
Stomatostoecha rotunda Gorb., Textularia crimica (Gorb.),
Dorothia pseudocostata (Ant.), D. sp. 1, D. sp. 2, Pseudono-
dosaria humulis (Roem.), P. diversa Reuss, P. sp., Frondicu-
laria cuspidata Pathy, Lenticulina ex gr. gutata (ten Dam),
L. cf. postuhlidi K. Kuzn., Astacolus cf. favoritus Gorb.,
A. planiusculus (Reuss), A. proprius K. Kuzn., A. sp., Planu-
laria madagaskariensis Esp. et Sig., Saracenaria latruncula
(Chal.), S. inflanta Pathy, Dentalina marginulina Reuss,
D. sp., Spirillina kubleri Mjatl., S. sp., Globospirillina cau-
casica (Hoff.), Trocholina elongata (Leup.), T. molesta
Gorb., Epistomina caracolla caracolla (Roem.), and Cono-
rotalites ex gr. bartensteni (Bett.).

Foraminiferal assemblage from the upper part is inher-
ited partly from underlying sediments. It includes Haplo-
phragmoides sp. 1, Triplasia sp., Charentia evoluta (Gorb.),
Pseudocyclammina sp., Textularia sp., Sigmoilina sp.,
Nodosaria sceptrum Reuss, Astacolus calliopsis (Reuss),
A. planuisculus (Reuss), Planularia madagascariensis Esp.
et Sig., Dentalina nana Reuss, Globospirillina neocomiana
(Moull.), Trocholina alpina (Leup.), T. giganta Gorb. et
Manz., T. molesta Gorb., T. burlini Gorb., Discorbis crimicus
Schok. and Textularia crimica (Gorb.) much more abundant
than below. Species first appearing in the assemblage are
Belorussiella taurica Gorb., Lingulina trilobitomorpha
Pathy, Citharina paucicostata (Reuss), and Nautiloculina
oolitica Moch. Concurrent ostracodes are represented by
Bairdia sp. nov., B. sp. nov. 2, Acrocythere aspera Donze,
A. alexandrae Neale et Kolp., Pontocyprella superba Neale,
P. elongata Kub., Tethysia chabrensis Donze, Cytherella kri-
mensis Neale, “Cytherura” sp. nov., Eucytherura ardescae
Donze, Protocythere revili Donze, Mandocythere foveata
Tes. et Rach., Prodeucythere eocretacea Neale et Kolp., Pon-
tocypris aff. arcuata Lub., Palaeocytherida baculumbajula
(Mand.), ?Neocythere sp., and others. The thickness is 13 m.

The integral thickness of the Dvuyakornaya Forma-
tion in the examined sections is 360 m. Being deter-
mined in dismembered succession, the formation is
likely incomplete. It is divisible in two parts of different
lithology. The lower part (sections 1–3) is largely com-
posed of clays with subordinate sandstone interbeds

and abundant siderite concretions. The upper part (Sec-
tion 4) is characterized by thin flyschoid alternation of
clays and limestones. The uppermost part includes the
“Feodosiya Marl” (Member 23 in Section 4). This
member is traceable from the Cape Svyatogo Il’i along
the Dvuyakornaya Bay shore for a distance of approxi-
mately 2 km to become unexposed northward. The
same member is also exposed in the Berriasian sections
near the Yuzhnoe and Nanikovo settlements in western
outcrops of the study area. Retaining its lithological
and paleontological properties, the member can be
regarded as a stratigraphic marker.

DISTRIBUTION OF FOSSILS

Ammonites

The ammonite assemblage from Member 1, Section 1,
is of stratigraphic significance. Species Euvirgalithaco-
ceras tantalus (Herbich) (Plate I, fig. 3) is known from
the Setatum Subzone of the upper Kimmeridgian
Beckeri Zone of Germany (Schweigert, 1994). Repre-
sentatives of the genus Subplanites (Plate II, fig. 2) are
characteristic of the upper Kimmeridgian–basal Titho-
nian (Hybonotum Zone). Stratigraphic position of
Pseudowaagenia gemmellariana Olóriz (Plate II, fig. 1)
is unclear. Its holotype is described from the unknown
level inside the uppermost lower–lowermost upper Kim-
meridgian (Olóriz, 2002). Close species P. haynaldi
(Herbich) and P. sesquinodosum (Fontannes) are of the
relatively wide stratigraphic range from the uppermost
Oxfordian to lowermost Tithonian. Lingulaticeras cf.
procurvum (Ziegler) identified in Member 1 (Plate I,
fig. 2) is typical of the Subeumela Subzone of the Beck-
eri Zone in southern Germany (Ziegler, 1958;
Schlegelmilch, 1994). Representatives of the genus
Lingulaticeras were unknown before in the Crimea. In
opinion of M.A. Rogov, the ammonite assemblage
from Member 1 characterizes, as a whole, the upper
Kimmeridgian Beckeri Zone (Table 2).

The second member yielded ?Lingulaticeras efi-
movi (Rogov) (Plate I, fig. 1) and Phylloceras consan-
guineum Gemmellaro. The last species range corre-
sponds to the Kimmeridgian–lowermost Tithonian. The
former species is of a higher stratigraphic significance.
It is widespread in the Russian platform, where Rogov
(2004) defined the efimovi faunal horizon correlated
with the Klimovi and partly Sokolovi zones of the lower
Volgian Substage of the platform and with the lower
Tithonian Hybonotum Zone of the Submediterranean
province.

Thus, ammonites imply that Section 1 hosts the
Kimmeridgian–Tithonian boundary. Presence of upper
Kimmeridgian sediments in the Crimean Mountains
has been disputed (Permyakov et al., 1991b).

The upper part of Section 2 in the Dvuyakornaya
Bay contains Oloriceras schneidi Tavera (Plate II, fig. 3)
described from the upper Tithonian Simplisphinctes
Zone of Spain (Tavera, 1985).
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Plate I

1

2 3‡

3b 3c

P l a t e  I. Upper Kimmeridgian and lower Tithonian ammonites of the eastern Crimea.
(1) ?Lingulaticeras efimovi (Rogov), Specimen 6/378, ×2, side view, outskirts of the Ordzhonikidze, Dvuyakornaya Bay (Section
1, Member 2), lower Tithonian, Beds with ?Lingulaticeras efimovi; (2) Lingulaticeras cf. procurvum (Ziegler), Specimen 5/378,
×2, side view, outskirts of the Ordzhonikidze, Dvuyakornaya Bay (Section 1, Member 1), upper Kimmeridgian, Beds with Euvir-
galithacoceras cf. tantalus; (3) Euvirgalithacoceras cf. tantalus (Herbich), Specimen 4/378, ×1: (a, b) side view, (c) ventral view,
locality and age are the same.
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P l a t e  II. Ammonites from the upper Kimmeridgian, Tithonian, and Berriasian jacobi Zone (jacobi Subzone) of the eastern
Crimea.
(1) Pseudowaagenia gemmellariana Olóriz, Specimen 1/378, ×1, side view, outskirts of the Ordzhonikidze, Dvuyakornaya Bay
(Section 1, Member 1), upper Kimmeridgian, Beds with Euvirgalithacoceras cf. tantalus; (2) Subplanites sp., Specimen 2/378, ×1,
side view, locality and age the same; (3) Oloriziceras schneidi Tavera, Specimen 1/376, ×1, side view, Dvuyakornaya Bay (Section
2, Member 9), upper Tithonian; (4) Paraulacosphinctes transitorius (Oppel), Specimen 3/378, ×1, side view, ourscirst of the Yuzh-
noe Settlement (Section 3, Member 16), upper Tithonian; (5) Berriasella jacobi Mazenot, Specimen 4/378, ×2, side view, central
Crimea, Tonas River, Krasnoselovka Settlement, Berriasian, jacobi Zone, jacobi Subzone; (6, 7) Berriasella chomeracensis (Tou-
cas): (6) Specimen 22/13098, ×4, side view, (7) Specimen 23/13098, ×1.5, side view, Feodosiya, Cape Svyatogo Il’i (Section 4,
Member 18), Berriasian, jacobi Zone, jacobi Subzone.

In Section 3 near the Yuzhnoe Settlement, we have
found first Paraulacosphinctes transitorius (Oppel)
(Plate II, fig. 4) formerly considered in Spain as a zonal
taxon of the upper Tithonian (Tavera et al., 1986) and,
later on, as index species of the upper subzone in
Microcanthum Zone (Geyssant, 1997).

The upper Kimmeridgian and Tithonian are first
established in the Feodosiya section based on ammo-
nite assemblages. Since ammonites were found in sev-
eral isolated sections, not in a single succession, only
units of beds rank can be defined (Table 2). These are
the Euvirgalithacoceras cf. tantalus Beds of the upper
Kimmeridgian, the ?Lingulaticeras efimovi Beds of the
lower Tithonian, and the Oloriceras schneidi and
Paraulacosphinctes transitorius beds of the upper
Tithonian. With some reservation, the P. transitorius
and O. schneidi beds can be correlated respectively
with the transitorius and simplisphinctes subzones of
the upper Tithonian Microcanthum Zone in Spain
(Geyssant, 1997). Levels corresponding to the middle
Tithonian and the upper Tithonian Durangites Zone of
Spain have not been determined in the established
ammonite succession.

The upper part of the Dvuyakornaya Formation
(Section 4, Cape Svyatogo Il’i) contains ammonites of
genera Pseudosubplanites, Delphinella, Berriasella,
and Retowskiceras (Plate III), which are characteristic
of the Jacobi Zone at the base of the Berriasian Stage
(Hoedemaeker and Rawson, 2000; Hoedemaeker et al.,
2003). This zone can confidently be correlated with the
synonymous unit of Spain (Tavera, 1985), but its subdi-
vision into the chomeracensis (lower) and grandis
(upper) subzones (Arkad’ev and Save’eva, 2002;
Arkad’ev, 2003; Arkad’ev and Bogdanova, 2004) is
inexpedient. During examination of the Jacobi Zone
section of the Tonas River basin in 2003, Arkad’ev,
Fedorova, and Savel’eva found Berriasella jacobi Maz.
(Plate II, fig. 5) and Pseudosubplanites grandis (Maz.)
in its lower and upper parts, respectively. Therefore, it
is more logical to subdivide the Jacobi Zone into the
jacobi (lower) and grandis (upper) sunbzones to attain
a more confident correlation with the West European
zonations.

Our results do not confirm inference by Kvantaliani
(1989) who examined the Tithonian–Berriasian bound-
ary sections near the Yuzhnoe Settlement in the eastern
Crimea and defined the Jacobi–grandis Zone there.

According to his data, Pseudosubplanites grandis
occurs in the lowermost part of the zone, while Berria-
sella jacobi is found higher in association with P. gran-
dis nevertheless. This contradiction is probably a result
of ambiguous determination of both species described
properly not long ago (Glushkov, 1997; Arkadiev and
Bogdanova, 2004; Bogdanova and Arkadiev, 2005).

Belemnites

Belemnite Pseudoduvalia tithonica (Oppel) was
found in talus of Section 2. This species is known from
the Tithonian of Stramberg and the Alps (Oppel, 1865;
Zittel, 1868). Later on, it was described from the Feo-
dosiya section of the Crimea (Retowski, 1893),
although without indication of the host bed. Krymgol’ts
(1932) who described this species from the Staryi
Krym site considered it as a form typical of the Titho-
nian Stage in Stramberg, Alpine, and Crimean sections.

Bivalves

Bivalves Bositra somaliensis (Cox) and Aula-
comiella problematica (Fulani) are found in association
with upper Kimmeridgian ammonites in Member 1,
Section 1, and together with lower Tithonian ammo-
nites in Member 2 . The last bivalve species is also
found in Member 13 of Section 3. Romanov (1976)
described both species from the Kongaz Formation,
which is attributed in the Dniester–Prut interfluve to the
upper Kimmeridgian and, probably, lower Tithonian
based on rare ammonite finds. Besides, Bositra soma-
liensis is known from the Kimmeridgian Stage of
Somalia, while Aulacomiella problematica is described
from the Kimmeridgian of Somalia, Turkey, Mexico,
from the Kimmeridgian–Tithonian of former Yugosla-
via, and from the Kimmeridgian (Tithonian?) of the
Crimea.

Bivalve species Amusium sokolovi Ret. found in the
jacobi Subzone (Member 18 of Section 4) has been
described from the Feodosiya section long ago
(Retowski, 1893). This species is known from the Ber-
riasian Stage only.

Brachiopods

In the Dvuyakornaya Formation, representatives of
this faunal group are rarely occurring in its Berriasian
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P l a t e III. Ammonites from the Berriasian jacobi Zone (grandis Subzone) of the central and eastern Crimea.
(1, 2) Pseudosubplanites lorioli (Zittel): (1) Specimen 28/13077, ×1: (a) ventral view, (b) side view, Feodosiya, Cape Svyatogo Il’i
(Section 4, Member 23); (2) Specimen 26/13077, ×1, side view, central Crimea, Tonas River; (3) Delphinella janus (Retowski),
(1) Specimen 32/13055, ×1: (a) side view, (b) ventral view, Feodosiya, Cape Svyatogo Il’i (Section 4, Member 23); (4) Delphinella
crimense (Buckhardt), Specimen 4/13055, ×1: (a) side view, (b) ventral view, outskirts of Feodosiya, Barakol’skaya Valley; (5) Del-
phinella obtusenodosa (Retowski), Specimen 13/13055, ×1: (a) apertural view, (b) side view, (c) ventral view, Feodosiya, Cape
Svyatogo Il’i (Section 4, Member 23); (6) Delphinella subchaperi (Retowski), Specimen 1/13055, ×1, side view, outskirts of the
Yuzhnoe Settlement; (7) Pseudosubplanites grandis (Mazenot), Specimen 18/13077, ×1: (a) side view, (b) ventral view, Feodosiya,
Cape Svyatogo Il’i (Section 4, Member 23). All specimens originate from the Berriasian, jacobi Zone, grandis Subzone.

portion only. We found species Tonasirhynchia janini
Lobatsch. et Smirn. only in the grandis Subzone (in the
Feodosiya Marl member) and 60 m below in the jacobi
Subzone (Member 18 of Section 4). The species was
described from the Berriasian Ponticus–grandis Zone
(= grandis Subzone) of the Crimea (Lobacheva and
Smirnova, 1994). In the underlying Jacobi Subzones, it
is detected for the first time.

Foraminifers

Five successive foraminiferal assemblages (Fig. 6,
Table 2) are defined after thorough study of the Dvuya-
kornaya Formation sections.

According to Kuznetsova and Gorbachik (1985), the
lower assemblage (sections 1, 2, members 1–7) is char-
acteristic of the lower–middle Tithonian, although
some its species occur also in the Kimmeridgian. The
most representative species of the assemblage are
Reophax giganties, Haplophragmoides chapmani,
Melathrokerion eospirialis, Textularia notcha, T. densa,
Epistomina ventriosa, Lenticulina undorica, L. dilecta,
L. attenuata, Spirillina kublieri, and S. helvetica. Sev-
eral of them are of stratigraphic significance. T. densa
is described from sediments attributed to the Tithonian
in the eastern Crimea (Hofman, 1961). E. ventriosa
(Plate IV, fig. 1) is known from Kimmeridgian sedi-
ments of Madagascar (Espitali and Sigal, 1963), where
it is distributed through the lower Kimmeridgian–basal
Berriasian. Both taxa are index species of the Epistom-
ina ventriosa–Textularia densa Zone (Kuznetsova,
1983). Melathrokerion eospirialis (Plate IV, figs. 5–7)
is described from Tithonian sediments in the Feodosiya
outskirts and Tonas River basin of the eastern Crimea
(Kuznetsova and Gorbachik, 1985). Because of wide
distribution and abundance in this interval of the exam-
ined section, M. eospirialis can be considered as one of
index species of the Epistomina ventriosa–Melathroke-
rion eospirialis Beds. We failed to discriminate the
upper Kimmeridgian from the lower Tithonan based
on foraminifers, which most likely belong to a single
assemblage characterizing both intervals.

Foraminifers characteristic of the upper Tithonian
sediments in Crimea appear in members 8–10 of the
Dvuyakornaya Formation section in the Dvuyakornaya
Bay and near the Yuzhnoe Settlement. These are species
Anchispirocyclina lusitanica (Plate IV, figs. 11–13),
Melathrokerion spirialis (Plate IV, figs. 8–10), which

are index species of the Anchispirocyclina lusitanica–
Melathrokerion spirialis Zone according to Kuznetsova
(1983), Ammobaculites tauricus, Charentia evoluta,
Pseudocyclammina spharaedalis, P. lituus, Lentculina
uspenskajea, L. immense, Astacolus planuisculus,
A. laudatus, Planularia madagascariensis, Pseudono-
dosaria diversa, Trochammina globigeriniformis,
T. neocomiana, Trocholina alpina, T. elongata, and
T. infragranulata.

Members 11–15 of Section 2 in the Dvuyakornaya
Bay contain the assemblage of Stomatostoecha enis-
alensis, S. compressa, Charentia evoluta, Feurtillina
frequens, Pseudocyclammina lituus, Trocholina alpina,
T. elongata, T. molesta, Lenticulina ex gr. nodosa,
L. vestulae, and Astacolus laudatus. These forms are
characteristic of the upper Tithonian–lower Berriasian
(Kuznetsova and Gorbachik, 1985; Gorbachik and
Kuznetsova. 1994).

In section 4 of the Cape Svyatogo Il’i area, the
above assemblage is more diverse. In addition to listed
species, it includes typical Berriasian species Lenticu-
lina macra, L. cf. gutata, Pseudonodosaria mutabilis,
P. diversa, Trocholina giganta, Epistomina caracolla
caracolla, E. cf. ornota, Protopeneroplis ultragranula-
tus, and Siphoninella antiqua. The last two species are
index forms of the lower Berriasian Protopeneroplis
ultragranulatus–Siphoninella antiqua Zone (Kuznets-
ova and Gorbachik, 1985). P. ultragranulatus (Plate IV,
figs. 18, 19) is described from the lower Berriasian
(Gorbachik, 1971); S. antiqua (Plate IV, figs. 16, 17)
from the Berriasian Stage of the eastern Crimea (Gor-
bachik, 1966). In upper Tithonian sediments, these spe-
cies are rare. P. ultragranulatus is considered as senior
synonym of Protopeneroplis trochangulata Septfon-
taine, 1974, (Kuznetsova and Gorbachik, 1985)
described from the lower Berriasian of France, Italy
and Iran. Based on the first occurrence of zonal species
and disappearance of Anchispirocyclina lusitanica
(Egg.), the index species of underlying zone, Fedorova
defines the Protopeneroplis ultragranulatus–Sipho-
ninella antiqua Zone in Section 4 of the Cape Svyatogo
Il’i. This zone is narrower than the synonymous unit
distinguished by Gorbachik is. It corresponds to the
lower part of the jacobi Subzone in ammonite zonation.

The higher assemblage consists of Dorothia
pseudocostata, Pseudonodosaria diversa, Frondicu-
laria cuspidiata, Saracenaria latruncula, S. inflanta,
Lenticulina cf. postuhligi, Astacolus planiusculus,
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P l a t e  IV. Some characteristic Tithonian–Berriasian foraminiferal species of the eastern Crimea.
(1a, b, c) Epistomina ventriosa (Espitalie et Sigal, Specimen 24-F/40-1-1; (2) Protopeneroplis striata Weyenschenk, thin section
23-F/300-5, Member 6; (3) Everticyclammina sp, thin section 23-F/300-3, Member 4; (4) Everticyclammina sp, thin section
23-F/300-6, Member 7; (5) Melathrokerion eospirialis Gorbatchik, thin section 23-F/300-6, Member 7; (6) Melathrokerion eospir-
ialis Gorbatchik, thin section 23-F/300-6, Member 7; (7) Melathrokerion eospirialis Gorbatchik, Specimen 24-F/40-1-1;
(8) Melathrokerion spirialis Gorbatchik, thin section 23-F/220-6; (9) Melathrokerion spirialis Gorbatchik, thin section 23-F/220-6;
(10) Melathrokerion spirialis Gorbatchik, Specimen 24-F/20-1-1; (11) Anchispirocyclina lusitanica (Egger), thin section 23-F/201-6;
(12) Anchispirocyclina lusitanica (Egger), thin section 23-F/201-1-4; (13) Anchispirocyclina lusitanica (Egger), Specimen 24-F/20-1-1,
Yuzhnoe Settlement, Section 3, Member 13, upper Tithonian; (14) Pseudocyclammina lituus (Yokoyama), thin section 23-F/201-1-4;
(15) Charentia evoluta (Gorbatchik), Specimen 24-F/1-4-1, Member 18; (16) Siphoninella antiqua Gorbatchik, thin section
23-F/15-12, Member 18; (17) Siphoninella antiqua Gorbatchik, Specimen 24-F/1-4-1, Member 18; (18) Protopeneroplis ultragran-
ulatus (Gorbatchik), thin section 23-F/15-11, Member 19; (19a, b, c) Protopeneroplis ultragranulatus (Gorbatchik), Specimen
24-F/1-7-1, Member 21; (20a, b) Frondicularia cf. cuspidiata Pathy: (a) Specimen 24-F/1-10-14a, (b) Specimen 24-F/1-10-14b,
Member 23; (21a, b) Saracenaria cf. inflanta (Pathy), Specimen 24-F/1-10-14, Member 23; (22) Textularia crimica (Gorbatchik),
thin section 23-F/15-0, Member 23; (23) Belorussiella taurica Gorbatchik, thin section 23-F/15-1, Member 23. (1–7) Dvuyakor-
naya Bay: (1a, b, c, 7) Section 1, Member 2, lower Tithonian, (2–6) Section 2, Tithonian; (8–10) Yuzhnoe Settlement, Section 3,
Member 17, upper Tithonian, (11, 12, 14) Feodosiya, Cape Svyatogo Il’i, Section 4, lower limestone layer, upper Tithonian, (15–23)
Feodosiya, Cape Svyatogo Il’i, Section 4, Berriasian. All specimens: (a) dorsal (side) view, (b) ventral view, (c) peripheral view.

A. proprius, Planularia madagascariensis, and Den-
talina marginulina. Species Frondicularia cuspidiata
(Plate IV, fig. 20) and Saracenaria inflanta (Plate IV,
fig. 21) are known from the upper Berriasian–Valangin-
ian of the Crimea (Kuznetsova and Gorbachik, 1985).
In the Cape Svyatogo Il’i section, they are abundant in
the upper part of the jacobi Subzone and lower part of
the grandis Subzone. Accordingly, the Frondicularia
cuspidiata–Saracenaria inflanta foraminiferal zone
can be discriminated.

The uppermost foraminiferal assemblage includes
Ammobaculites ex gr. inconstans, Texrularia crimica,
Belorussiella taurica, Nautiloculina oolitica, Astacolus
planiusculus, Lenticulina trilobitomorpha, and Istrilo-
culina fabaria. Scarce specimens of Textularia crimica
(Plate IV, fig. 22) known from Tithonian sediments of
the Crimea are characteristic of the upper Berriasian–
Valanginian sediments in the region. It is one of index
species of the Paleotextularia (=Textularia) crimica–
Triplasia emslandensis Subzone correlative with the
Boisssieri ammonite zone (Kuznetsova and Gorbachik,
1985). Belorussiella taurica (Plate IV, fig. 23) is typical
of the Berriasian Stage in Switzerland, Poland, the
Crimea, and Caspian Sea basin (Kuznetsova and Gor-
bachik, 1985; Gorbachik and Kuznetsova, 1994; Fedor-
ova and Smirnov, 2004). Both species are described
from Berriasian sediments of the eastern Crimea (Gor-
bachik, 1971). Based on abundant T. crimica associated
with B. taurica, we discriminate the Textularia crim-
ica–Belorussiella taurica Beds in the upper part of the
grandis Subzone. This biostratigraphic unit extending
upward is correlated with the Occitanica and Boissieri
zones according to sections of the central Crimea
(Fedorova, 2000).

As a whole, the foraminiferal assemblages studied
by Fedorova are similar to those established earlier in
the Cape Svyatogo Il’i section (Kuznetsova and Gor-
bachik, 1985). Of 130 species cited in the last work and
100 species determined by Fedorova, 60 forms are in
common. The difference is in zonations and ranges of
defined stratigraphic units. Kuznetsova and Gorbachik

recognize six zones and beds with fauna, while Fedor-
ova divides the section into five biostratigraphic units.
The Epistomina ventriosa–Melathrokerion eospirialis
Beds defined by Fedorova correspond in range to the
Astacoulus laudatus–Epistomina omninoreticulata
Zone and Epistomina ventriosa–Textularia densa Beds
(Kuznetsova and Gorbachik, 1985) and include in addi-
tion the upper Kimmeridgian layers previously lacking
paleontological characteristic. The Anchispirocyclina
lusitanica– Melathrokerion spirialis Zone is of identi-
cal range in both zonations. The Protopeneroplis ultra-
granulatus–Siphoninella antiqua and Frondicularia
cuspidiata–Saracenaria inflanta zones of Fedorova
correspond to the Protopeneroplis ultragranulatus–
Siphoninella antiqua Zone defined by Gorbachik (Kuz-
netsova and Gorbachik, 1985). The Texrularia crim-
ica–Belorussiella taurica Beds in zonation by Fedor-
ova are approximately correlative with the Quadratina
tunassica– Siphoninella antiqua Zone and Conor-
boides hofkeri–Conorbina heteromorpha Beds after
Kuznetsova and Gorbachik (1985).

The distinguished foraminiferal assemblages are
similar greatly to those from the Jurassic–Cretaceous
boundary layers of France (Le Hégarat and Remane,
1973; Pelissie et al., 1984; Bassoullet, 1997), Italy
(Azema et al., 1973; Septofontaine, 1974), Morocco
(Hottinger, 1967), Syria, Turkey, Iran (Kuznetsova and
Gorbachik, 1985; Gorbachik and Kuznetsova, 1994;
Gorbachik and Mohammad, 1997, 1999), the Caucasus
(Practical Manual…, 1991), and northern part of the
Caspian Sea (Fedorova, 2004). In the Upper Jurassic part
of the East Crimean succession, there are 27 species in
common with foraminifers from the listed regions, and
18 similar forms occur in the Berriasian portion.

Unfortunately, foraminifers are unknown from the
Jacobi–Grandis Zone of the Berriasian stratotype in
France (Busnardo et al., 1965). This is likely a result of
incomplete examination, because samples for foramin-
iferal analysis were collected from marl interbeds,
while limestones remained unsampled. In the Occitan-
ica and Boissieri zones, foraminifers are largely repre-
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sented by transit forms. The list of foraminiferal taxa
includes 27 species in common and only eight of them
have been determined confidently.

Ostracodes

Of two ostracode assemblages defined in the exam-
ined sections (Fig. 7, Table 2), the lower one is charac-
teristic of sections 1–3 (members 1–17). Being of a rel-
atively low diversity, this assemblage consisting of
27 species, some of which are new. Most of them occur
throughout the sections, i.e., characterize the upper
Kimmeridgian–Berriasian interval. Nevertheless, the
assemblage includes some species, which do not occur
in higher layers. The lower part of the section contains
Palaeocytheridea groissi established in the Tithonian
of Germany (Schudack, 1997). Higher layers yield
?Mantelliana purbeckensis, the species known from
Upper Jurassic–Lower Cretaceous deposits of the
Transbaikal region (Neustrueva et al., 1999) and from
the lower Purbeckian of France (Colin and Oertli,
1985), and Quasihermanites implicata (Plate V, fig. 4)
previously established in the Berriasian–lower Valang-
inian of France. Many species of the assemblage, which
continue to occur in the Berriasian, are known also in
other regions. Cytherella krimensis (Plate V, fig. 1),
Cytherelloidea mandelstami mandelstami, C. mandel-
stami blanda, and Macrocypris sp. B occur in the Ber-
riasian of central Crimea (Neale, 1966); Cytherelloidea
tortuosa (Plate V, fig. 3) in the middle Volgian Substage
of the Volga–Urals region (Lubimova, 1955);
Schuleridea juddi (Plate V, fig. 5) in the Berriasian of
Yorkshire (Neale, 1962) and Ryazanian Horizon of
Holland (Witte and Lissenberg, 1994); Acrocythere
alexandrae in the Berriasian of the North Caucasus
(Kolpenskaya et al., 2000). Thus, ostracodes of the first
assemblage are of a low stratigraphic significance.
Tesakova and Savel’eva define in this part of the section
the Cytherelloidea tortuosa–Palaeocytheridea groissi
Beds.

The second assemblage sharply different from the
first one is defined in Section 4 of the Cape Svyatogo

Il’i area. In addition to 10 species inherited from the
lower assemblage, it includes many new forms. The
assemblage consists of 80 species, 35 of which are
known from the Berriasian of England, France, central
Crimea, and the Caucasus. Acrocythere alexandrae
(Plate V, fig. 15), ?Clithrocytherida paralubrica,
Cytherella cf. krimensis, and Phodeucythere eucreta-
cea are described from the Berriasian of the North Cau-
casus (Kolpenskaya et al., 2000); ?Mandocythere (Cos-
tacythere) frankei, Pontocyprella superba (Plate V, fig.
10) from the lower Hauterivian and Macrocythere sp. B
from the middle Hauterivian of Yorkshire (Neale,
1960); Acrocythere aspera from the lower Valanginian
of Poland and France (Kubiatowich, 1983; Babinot et
al., 1985); Eucytherura ardescae (Plate V, fig. 13) from
the lower Valanginian of France (Donze, 1965); Palae-
ocytheridella teres, Cythereis aff. senckenbergi from
the Berriasian of Yorkshire (Neale, 1962); Cytherella
lubimovae (Plate V, fig. 6), Cytherelloidea flexuosa
(Plate V, fig. 9), ?Neocythere sp., Pontocypris cuneata,
Mandocythere foveata (Plate V, fig. 18) from the Berri-
asian of the central Crimea (Neale, 1966; Tesakova and
Rachenskaya, 1966b); Pontocypris aff. arcuata from
the lower Volgian Substage of the Volga–Urals region
(Lyubimova, 1955); Protocythere revili (Plate V, fig. 16)
from the lower part of the Berriasian Stage of France
(Babinot et al., 1985); Raymoorea peculiaris (Plate V,
fig. 14) from the Berriasian and lower Valanginian of
England and France (Neale, 1967; Babinot et al.,
1985); Procytheropteron barkeri (Plate V, fig. 17) from
the upper Kimmeridgian–lower Portlandian of Holland
(Witte and Lissenberg, 1994); ?Rhinocypris jurassica
from the lower Purbeckian of France (Colin and Oertli,
1985); Pontocyprella elongata (Plate V, fig. 11) from
the lower–middle Valanginian of Poland (Kubiatowich,
1983), and Palaeocytheridea baculumbajula from the
upper Kimmeridgian of the Volga–Urals region (Lyubi-
mova, 1955). Tesakova and Savel’eva propose to define
in this part of the section the Raymoorea peculiaris–
Eucytherura ardescae–Protocythere revili Beds corre-
sponding to the ammonite jacobi Zone. The second
assemblage is clearly of the Berriasian appearance.

P l a t e  V. Some characteristic Tithonian–Berriasian ostracode species of the eastern Crimea.
(1) Cytherella krimensis Neale, Specimen 310-158, female right valve from outside, Section 2, Member 5, Tithonian; (2) Cytherel-
loidea ex gr. tortuosa (Lubimova), Specimen 310-176, female left valve from outside, Section 2, Member 11, upper Tithonian;
(3) Cytherelloidea tortuosa (Lubimova), Specimen 310-173, female left valve from outside, Section 2, Member 11, upper Titho-
nian; (4) Quasihermanites implicata Donze, Specimen 310-169, right valve from outside, Section 2, Member 9, upper Tithonian;
(5) Schuleridea juddi Neale, Specimen 310-165, intact shell from the right side, Section 2, Member 7, Tithonian; (6) Cytherella
lubimovae Neale, Specimen 310-98, right valve from outside; (7) Cytherolloidea mandelstami blanda Neale, Specimen 310-88,
male (?) right valve from outside; (8) Cytherolloidea mandelstami mandelstami Neale, Specimen 310-114, female right valve from
outside; (9) Cytherelloidea flexuosa Neale, Specimen 310-99, male left valve from outside; (10) Pontocyprella superba Neale,
Specimen 310-127, right valve from outside; (11) Pontocyprella elongata Kubiatowich, Specimen 310-128, right valve from out-
side; (12) Macrocypris sp. B Neale, Specimen 310-6, right valve from outside; (13) Eucytherura ardescae Donze, Specimen
310-24, left valve from outside; (14) Raymoorea peculiaris (Donze), Specimen 310-115, left valve from outside, Member 21;
(15) Acrocythere alexandrae Neale et Kolpenskaja, Specimen 310-136, right valve from outside; (16) Protocythere revili Donze,
Specimen 310-81, right valve from outside; (17) Procytheropteron barkeri Anderson, Specimen 310-60, right valve from outside;
(18) Mandocythere foveata Tesakova et Rachenskaja, Specimen 310-134, female right valve from outside. (1–5) Dvuyakornaya
Bay; (6–18) Feodosiya, Cape Svyatogo Il’i, Berriasian, Section 4: (6–9, 16) Member 20, (10, 11, 15, 18) Member 23, (12, 13, 17)
Member 18.
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SEDIMENTATION SETTINGS

The data obtained make can be used to reconstruct
sedimentation environments in the late Kimmeridgian–
Berriasian basin of the eastern Crimea. Flyschoid bed-
ding (with prevalence of clays over limestones) and
almost complete absence of benthic macrofossils are
characteristic of the relevant sediments. Faunal remains
are represented mainly by rare nektonic forms (ammo-
nites, belemnites) and numerous benthic foraminifers
and ostracodes. Up to 90% studied foraminifers and
ostracodes bear signs of transportation. In addition, the
lower part of the section contains pseudoplanktonic
bivalves belonging to the genus Bositra. Limestones
are lumpy, oolitic (of the grainstone type), detrital. In
central parts of oolites, there are fragments of foramin-
iferal tests, ostracode carapaces, angular and subangu-
lar quartz grains. Frequently, oolites develop after lime-
stone clasts. Detrital (conglomeratic) limestones
include fragments of fine-grained limestones up to sev-
eral centimeters across. Clays of the Dvuyakornaya
Formation are kaolinite–hydromicaceous, usually lam-
inated. Sediments show presence of slumping struc-
tures.

All the mentioned features suggest accumulation of
these sediments below the waves base level, i.e., out-
side the shelf. According to different data (Murdmaa,
1979; Kuznetsov, 2003), sediments of this kind accu-
mulate at depths ranging from 300–400 m to 1–3 km.

Conglomeratic limestones of the Dvuyakornaya
Formation should probably be considered as rocks orig-
inated by redeposition of shallow-water carbonate
material on the continental slope by debris flows. This
is also evident from slumping structures and mostly
rounded foraminiferal tests and ostracode carapaces.

The suggested deep-water sedimentation in the
Tithonian–Berriasian basin of the eastern Crimea is
well consistent with the general paleogeographic situa-
tion of that time. In the Jurassic–Early Cretaceous, epi-
continental shelf seas with carbonate sedimentation of
the Scythian and Turan plates sharply decreased in size
(Kuznetsov, 2003). Deep-water sediments of the Dvuy-
akornaya Formation formed likely on the continental
slope at depths of several hundreds meters or deeper near
the narrow shelf of the Scythian plate. This part of the
Tethys was characterized by high water temperatures
(22–24°C), normal salinity, and Mediterranean fauna
with relatively small quantity of endemic species (Bara-
boshkin, 2003). In the north, the basin was separated by
a lowland from the sea covering the Russian plate.

CONCLUSIONS

The data obtained specify lithology and biostratig-
raphy of the Dvuyakornaya Formation in the eastern
Crimea that was debatable among researchers in con-
nection with the Jurassic–Cretaceous boundary posi-
tion in this region of the Tethyan realm. A continuous
section of the Jurassic–Cretaceous sediments is estab-

lished in the Feodosiya area and, thus, the boundary
between tow systems is not defined. We studied four
dismembered sections of the Jurassic–Cretaceous suc-
cession.

Remains of ammonites, belemnites, bivalves, bra-
chiopods, foraminifers, and ostracodes from the Feo-
dosiya section are studied for the first time.

Presence of upper Kimmeridgian sediments in the
Crimean Mountains, which have never been mentioned
in earlier stratigraphic schemes (Permyakov et al.,
1991b), is first substantiated by ammonites, and the
Kimmeridgian–Tithonian boundary is detected in the
continuous section. The following biostratigraphic
units are defined based on ammonites: the Euvirgalith-
acoceras cf. tantalus Beds of the upper Kimmeridgian,
the ?Lingulaticeras efimovi Beds of the lower Titho-
nian, the Oloriceras schneidi Beds and the Paraulacos-
phinetes transitorius Beds of the upper Tithonian, and
the Jacobi Zone of the Berriasian. Based on distribution
of ammonites in the Svyatogo Il’i section, the latter unit
is subdivided into the jacobi and grandis subzones.
Stratigraphic level corresponding to the upper Titho-
nian Durangites zone of West European ammonite
zonation is not established in the Feodosiya section.
According to new data, the Dvuyakornaya Formation is
of the late Kimmeridgian–Berriasian age.

Representatives of the genus Lingulaticeras found
in the Feodosiya section imply connections between
the early Tithonian sea basins of the Crimean Moun-
tains region and Russian plate, where species of this
genus have been described earlier (Rogov, 2002).

Five biostratigraphic units are recognized in the sec-
tion based on foraminifers: the Epistomina ventriosa–
Malathrokerion eospirialis Beds and Anchispirocy-
clina lusitanica–Malathrokerion spirialis zone in the
upper Kimmeridgian–Tithonian interval and the Pro-
topeneroplis ultragranulatus–Siphoninella antiqua,
Frondicularia cuspidiata–Saracenaria inflanta zones
and Textularia crimica Beds in the Berriasian. The last
three units differ partly in ranges from biostratigraphic
zones and beds previously distingished in the Feo-
dosiya section (Kuznetsova and Gorbachik, 1985).

Ostracodes first studied in the Feodosiya section are
of a high taxonomic diversity (over 100 species, several
tens of which are new). The Upper Jurassic ostracodes
differ substantially from their Berriasian assemblage.
Based on distribution of these fossils, the Cytherel-
loidea tortuosa–Palaeocytheridea grossi Beds are dis-
tinguished in the upper Kimmeridgian–Tithonian inter-
val and the Raymoorea peculiaris–Eucytherura ardes-
cae–Protocythere revili Beds in the Berriasian part of
the section.

It is difficult to correlate boundaries inferable from
distribution of microfossils and ammonites, because the
latter are scarce (beyond the Jacobi Zone) and found in
dismemberd succession. The jacobi and grandis
ammonite subzones do not coincide with foraminiferal
units (zones and beds) in the Svyatogo Il’i section only.
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Taxonomic composition of fossils regularly changes
throughout the Feodosiya section. The lower part of the
Dvuyakornaya Formation is characterized by occur-
rence of upper Kimmeridgian and Tithonian ammonite
species of genera Euvirgalithacoceras, Lingulaticeras,
Psedowaagenia, Subplanites, Oloriceras, and Paraula-
cosphinctes, and by Late Jurassic bivalves of genera
Bositra and Aulacomiella. In its upper part, the forma-
tion contains the diverse ammonite assemblage typical
of the Berriasian (genera Pseudosubplanites, Berria-
sella, Delphinella, Fauriella, Retowskiceras, Spiticeras).
The foraminiferal assemblages are not of so distinct age
confinement, because they include many forms of the
wider Kimmeridgian–Berriasian stratigraphic range.
Despite abundance of long-ranging species, the Upper
Jurassic and Berriasian assemblages of ostracodes are
discriminated, although arbitrarily, based on distribu-
tion of these fossils. Of interest are of many new ostra-
code species that appear in the Berriasian part of the
section being unknown at lower levels. All the data
implay that the Jurassic–Cretaceous boundary in the
Tethyan realm is at the base of the Jacobi Zone, as is
accepted recently (Hoedemaeker et al., 2003).

The Dvuyakornaya Formation is considered as suc-
cession of deep-water sediments that accumulated on
the continental slope near the narrow marginal shelf of
the Scythian plate.
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