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INTRODUCTION

The Demerdzhi plateau is located in the central
part of the First Ridge of Mountain Crimea, between
the Chatyr�Dag mountain massif (Chatyr�Dag Yaila)
in the west and the Karabi�Yaila in the east. In the
north, the Demerdzhi plateau passes into the Tirke
Yaila, which, in turn, borders the Dolgorukovskaya
Yaila. The Middle�Upper Tithonian Limestones of the
Demerdzhi Plateau are considered to belong to the
Yalta Formation deposits (Permyakov, Permyakova,
and Chaikovskii, 1991), which are widespread within
the First Ridge of Mountainous Crimea and compose
most of the Crimean Yailas.

Despite the long history of scientific research on
Crimea, the Upper Jurassic carbonate deposits of
Mountainous Crimea have been studied only in the
vicinity of the Yalta and Ai�Petri massifs (Krajewski,
2010) and in the vicinity of Mt. Pakhkal�Kaya (Bara�
boshkin and Piskunov, 2010). These studies were based
on microfacies analysis, the modern approach in car�
bonate sedimentology (Tucker and Wright, 1990;
Flügel, 2010). It is difficult for field geologists to use
this approach due to the indistinct macroscopic fea�
tures (component composition, textural and structural
features) in recrystallized limestones.

The limestone section that was studied has a thick�
ness of more than 1.5 km and composes the eastern
part of the Demerdzhi plateau and the Tirke Yaila pla�
teau. This article presents the results of a study on only
a part of the section, which composes the Demerdzhi

plateau (a thickness of 1 km). The age of this section,
which was determined on the basis of a study of fora�
minifera by A.A. Fedorova (Andrukhovych and Turov,
2002), is Middle–Late Tithonian.

The section is separated by fault zones from the
Kimmeridgian–Tithonian terrigenous–carbonate
deposits that compose the western part of the Demer�
dzhi plateau. In addition, this section is underlined by
Upper Jurassic conglomerates along the gentle thrust
fault surface (Piskunov et al., in press) (Fig.1). The
extent of the lower beds of the section is limited by a
thrust fault and they dip in the northwestern direction.
Dip angles are gradually flattened from the southeast
(70°–80°) to the northwest (10°–20°). As a result of
this research, the sedimentological column (Fig. 2)
was compiled and 200 samples were taken. The sam�
ples were then studied under the microscope.

Microfacies Types and their Interpretation

Microfacies were distinguished based on their
component composition, as well as textural and struc�
tural features. Similar and associated microfacies of
rocks were combined into microfacies types (MTs)
that correspond to certain sedimentary conditions and
the facies zones (FZ) of a rimmed carbonate platform
(Flügel, 2010). The facies zones are widely distributed
and they were distinguished on the basis of study of
associating microfacies zones, which are sparely dis�
tributed. The pattern of carbonate platform develop�
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ment is based on the distribution of microfacies and
regional geological data. According to the latter, the
occurrence of shelf carbonate deposits in the Tonas
River area and the prevalence of shallow�water com�
ponents in the Tithonian calcium�turbidites in the
environs of the town of Feodosiya indicate that a sim�
ilar surrounded carbonate platform existed in Titho�
nian time in Crimea (Guzhikov et al., 2012).

As a result of our research, the following microfa�
cies types were distinguished (Fig. 2):

MT 1. Bindstones and pack�bindstones with fenestra
(Fig. 3a). This microfacies type is characterized by
numerous cavities in the form of fenestra, viz., “bird’s
eye” structures and stromatics, which are character�
ized by an ordered arrangement. Bindstones are com�
posed of dark micrite; pack�bindstones are of algal
peloids or pelmicrite. Sometimes calcispheres, small
benthic foraminifera (miliolids and textulariids), and
blue�green and green algae occur. In addition, geo�
petal structures in stromatics with vadose silt occur
frequently.

Similar microfacies are formed under littoral con�
ditions within the algal marches (Tisljar et al., 2002;
Martini et al., 2006; Flügel, 2010). Initially, the micro�
facies was represented by bacterial and algal mats,
which created the framework that overgrew and

bounded interlayers of micrite, peloids, and bioclasts.
Fenestra are primary cavities in the framework, which
formed as a result of dissolving organic material (Flü�
gel, 2010). Vadose silt, as a component of geopetal
structures, formed due to diagenetic transformation of
the sediment that filled the lower parts of primary cav�
ities in the vadose zone, and sparite, which filled the
remaining space formed in the vadose or phreatic zone
(Flügel, 2010).

MT 2. Floatstones, rarely rudstones with predomi�
nance of micritic and spongiostromate oncoids (Fig. 3b).
This microfacies type is characterized by the predomi�
nance of micritic oncoids with poorly developed bedding
and rarely spongiostromate oncoids, as well as by an
occurrence of whole benthic foraminifera with the pre�
dominance of large lituolids. Associate grains are as fol�
lows: bioclasts, gastropods, bivalves (including rudists),
micritic and concentric (tangential) ooids, cortoids, and
extremely rarely micritized intraclasts and porostromate
oncoids. Geopetal structures with vadose silt are rarely
observed. MT 2 often alternates with MT 1.

Micritic layers of oncoids formed as a result of the
binding and deposition of micrite by microorganisms
(Vedrine, Strasser, and Hug, 2007; Flügel, 2010).
Good roundness and an absence of microencrusters in
sponge�stromatic and micritic oncoids indicate that
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MT 2 formed under high hydrodynamic conditions.
The depleted composition of the fauna, the presence
of geopetal structures with vadose silt and frequent
association with MT 1 indicate that MT 2 formed
within an restricted marine FZ above the normal wave
base level.

MT 3. Floatstones, rarely wackestones and pack�
stones with numerous oncoids of mixed types and bio�
clasts (Fig. 3c). This microfacies type is characterized
by the predominance of porostromate and spongios�
tromate oncoids. Porostromate crusts are often repre�
sented by communities of microencrusters: Lithoco�
dium aggregation–Bacinella irregularis (Fig. 4c). Bio�
clasts are represented by whole foraminifera, rare
fragments of crinoids and dasycladales algae, single
fragments of bivalves, gastropods, corals, algae, and
brachiopods. The occurrence of a community of
microencrusters (Lithocodium–Bacinella, sometimes
with Taumathoporella parvovesiculifera) (Fig. 4c), and
coated grains (cortoids, bahamite�type peloids, and
micritized intraclasts) are a characteristic feature of
MT 3. Foraminifera are represented by large (lituol�
ids), and small benthic species.

A predominance of porostromate oncoids in
microfacies over other oncoids, not infrequent forma�
tion of beds by the microencruster community of
Lithocodium–Bacinella, as well as the presence of the
mixed�type oncoids are evidence that the sedimenta�
tion occurred in an open marine FZ (Vedrine, Strasser,
and Hug, 2007) at a low sedimentation rate under the
oligotrophic conditions of the sublittoral zone (Lein�
felder et al., 1996; Rameil et al., 2010; Shiraishi and
Kano, 2004; Flügel, 2010). The occurrence of a large
amount of micrite, large oncoids with non�uniform
shells, and whole foraminifera indicates moderate or
weak hydrodynamic conditions, while disintegrated bio�
clasts indicate that the clastic material was supplied from
areas with active hydrodynamic regime (Flügel, 2010).

MT 4. Packstones with the predominance of fora�
minifera (Fig. 3d). MT 4 is represented predominantly
by packstones, rarely wackestones with the predomi�
nance of benthic foraminifera. In addition, large
lituolids, miliolids, and textulariids dominate; other
small benthic foraminifera are less common. The
associate grains are represented predominantly by
peloids and green algae (including, dasycladales
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Fig. 2. The section of the Middle–Upper�Tithonian lime�
stone section of the Demerdzhi plateau. 1, limestones;
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and porostromate oncoids; 16, micritic and spongiostro�
mate oncoids; 17, carbonaceous detritus; 18, community
Lithocodium bacinella; 19, community Crescrentiella mor�
ronensis; 20, community Koskinobullina socialis; 21, lit�
toral; 22, restricted marine FZ; 23, open marine FZ;
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algae); bioclasts of bivalves and gastropods, crinoids,
cortoids, micritic oncoids, micritized intraclasts; sin�
gle porostromate oncoids are less common. Some�
times, carbonaceous detritus is noted. In addition,
rare algae Lithocodium aggregatum (Fig. 4a) are found
in their lifetime position and allochtonous Taumatho�
porella parvovesiculifera.

Similar microfacies formed in restricted (Di Steph�
ano et al., 2002) and open marine FZ (Flügel, 2010;
Kastner et al., 2008). Based on the poor composition
of the fauna and the occurrence of micritic oncoids,
one can suggest that these microfacies types formed in
the restricted marine facial zone (Vedrine, Strasser,
and Hug, 2007). However, patterns of the formation of
MT4 occur in the open marine FZ below the normal
wave base level (Kästner, Schülke, and Winsemann,
2008), which was confirmed by their association with
the MT that is typical of the open marine FZ, in the
deposits that were studied. The occurrence of a signif�
icant amount of micrite and the predominance of
whole bioclasts are evidence of moderate or calm
hydrodynamic conditions.

MT 5. Packstones with micritized bioclasts and
grains (Fig. 3e). This microfacies type is represented
by packstones, very rarely wackestones. MT 5 is com�
posed of bioclasts, peloids, and rare intraclasts.
Lithocodium aggregatum, Bacinella irregularis, Cres�
centiella morronensis (Fig. 4d) and Taumathoporella
parvovesiculifera are common species. Bioclasts are
not infrequently abraded or destroyed, rounded and

coated by micritic crust, which can be presented by
crusts (cortoids) or it can penetrate to the central part
of a bioclast. In the latter case, crusts are often repre�
sented by bahamite�type peloids (less than 0.5 mm) or
intraclasts (more than 0.5 mm). Foraminifera shells
are well preserved, rarely coated by micrite. Among
the bioclasts, benthic foraminifera and echinoderms
dominate; corals, brachiopods, bivalves, gastropods,
blue�green and green algae are less common.

The distribution of the microencrusters we listed,
the common marine fauna, and intense micritization
of grains allow one to suppose that the microfacies we
studied formed in the open marine facial zone
(Kabanov, 2000; Leinfelder et al., 1993/1996; Rameil
et al., 2010; Shiraishi and Kano, 2004). Grains were
micritized by endolithic algae and microborers under
shallow�water conditions at a depth that varies from a
few meters to the first tens of meters (Kabanov, 2000).
The occurrence of micrite, as well as abraded and
destroyed bioclasts, indicates that they formed under
moderate or active hydrodynamic conditions.

MT 6. Bioclastic wackestones, often with bioturba�
tions (Fig. 3f). This microfacies type is represented by
bioclastic wackestones, rarely mudstones and pack�
stones with bioturbations. Bioclasts are represented by
foraminifera (small benthic forms dominate), algae,
echinoderms, whole or slightly abraded gastropods,
bivalves, brachiopods, single Lithocodium aggregatum
and Bacinella irregularis, which encrust large shells.
Not infrequently there is a significant amount (up to

1 mm 1 mm(а) (b)

1 mm 1 mm(c) (d)
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bch

lt
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cr
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Fig. 4. The main microencrusters: (a) Lithocodium aggregatum (lt); (b) Bacinella irregularis (bch) and Taumathoporella parvove�
siculifera (tm); (c) the community Lithocodium aggregatum (lt)�Bacinella irregularis (bch) with Bullopora sp. (bl); (d) Crescren�
tiella morronensis (cr).
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70% of all bioclasts) of small indeterminable detritus
(up to 0.3 mm). Associate grains are rare intraclasts.

Bioturbations are represented by vertical tubes (up
to 4 mm in diameter and first centimeters in length),
filled usually by pelsparite or intraclast�peloid pack� or
grainstones.

Similar microfacies formed under calm hydrody�
namic conditions below the fair weather wave base
(Kästner, Schülke, and Winsemann, 2008) in the open
lagoon or open shelf facial zones. The occurrence of a
community of microencrusters (Leinfelder et al.,
1996; Rameil et al., 2010; Shiraishi and Kano, 2004)
allows one to suggest that this MT formed in an open
lagoon. Fine detritus formed in areas with active
hydrodynamic regimes; later it was redeposited (Flü�
gel, 2010).

MT 7. Grainstones, rarely grain�packstones with
coated grains (Fig. 3g). This microfacies type is repre�
sented by well�sorted grain� and grain�packstones
with cortoids and intensively (sometimes completely)
micritized intraclasts, bioclasts and bahamite�type
peloids. Cortoids usually are bioclasts, coated with
micrite. Among bioclasts, the fragments of crinoids,
gastropods, brachiopods, bivalves; whole foraminifera
and dasycladales algae dominate.

Associate grains are represented by ooids, spon�
giostromate oncoids and rare carbonaceous detritus.
Microencrusters occur, such as Crescentiella morron�
ensis with a diameter of more than 1 mm.

Widespread micritization is an evidence of the
extreme shallow�water conditions of sedimentation
(Kabanov, 2000); the small amount of micrite is evi�
dence of its removal under active hydrodynamic con�
dition (Tucker and Wright, 1990; Flügel, 2010). MT 7
most likely corresponds to high�energy shoals of the
platform margin, as these shoals are characterized by
good sorting of sand material and a significant thick�
ness of deposits. This is indirectly confirmed by alter�
nation of the benches of grainstones of MT7 and MT 3,
4, 5 and 9, which formed in an open marine FZ.

MT 8. Intraclastic lithoclastic packstones and
rarely grainstones and rudstones (Fig. 3h). In MT8,
intraclasts of surrounding microfacies types dominate.
Among them are bioherms, microencrusters, or
microbial formations, including bindstones with
fenestra, etc.

Intraclasts are often micritized to varying degrees
and rounded. MT 8 not infrequently contains baha�
mite�type peloids and abraded or destroyed bioclasts
of foraminifera, bivalves, gastropods, brachiopods,
corals, sponges and algae. Bioclasts are often micri�
tized. In some cases, lithoclastic rudstones compose
single layers with a thickness of the first 10 centimeters
with intraclasts (first centimeters) as large and/or
elongated micritic grains. In the neighboring microfa�
cies, cavities are often observed.

Intraclasts formed as a result of short breaks in sed�
imentation or a decrease in the rate of sedimentation

during strengthening of hydrodynamics that lead to
erosion. Microfacies types are not infrequently the
product of destruction of bioherms under the destabi�
lization of conditions of sedimentation (Krajewski,
2010) and are located close to bioherms. The micriti�
zation of grains indicates that the MT formed under
shallow�water conditions and grains were at the water�
table boundary for a long period of time (Kabanov,
2000), as shown by their rounded shapes.

The occurrence of interlayers of lithoclastic rud�
stones with elongated micritic lithoclasts in MT8 is
evidence of exposure of deposits and the coastal karst
development (Flügel, 2010).

MT 9. Coral and sponge framestones and baffle�
stones are represented by single structures with a
diameter of less than 1 m and a height of first 10 centi�
meters or biostroms. These structures are encrusted by
Lithocodium aggregatum, Bacinella irregularis, rare
Taumathoporella parvovesiculifera, Koskinobullina
socialis, and Bullopora sp. The latter is often associated
with Lithocodium aggregatum (Fig. 4c), which devel�
oped on the surface of corals and sponges. Bacinella
irregularis occurs in the space between corals and
sponges, binding the matrix and intraclasts (Fig. 4c).

Such microfacies can be formed in different pre�
dominantly shallow�water zones that surrounding a
carbonate platform. The occurrence of microencrust�
ers is evidence of shallow oligotrophic conditions with
a low sedimentation rate (Leinfelder et al., 1993, 1996;
Rameil et al., 2010; Shiraishi and Kano, 2004).

MT 10. Rudist and gastropod float� and rudstones.
This microfacies type is represented by accumulations
of allochtonous and sub�allochtonous large shells of
rudists or gastropods (including nerineids). They are
often encrusted by foraminifera (including Troglo�
tella) and the community of Lithocodium�Bacinella
with the predominance of Lithocodium aggregatum.
The matrix in MT9 is bioclastic wacke� and float�
stones; the components of the matrix are often bound
by Bacinella irregularis.

MT 10 is represented by rudist and gastropod
banks. Gastropods and rudists are organisms that are
adapted to restricted conditions (Wilson, 1975; Waite
and Strasser, 2010). The binding of deposits by Lithoc�
odium aggregatum, Bacinella irregularis u Taumatho�
porella parvovesiculifera indicates that sedimentation
was under shallow oligotrophic conditions (Leinfelder
et al., 1996; Rameil et al., 2010; Shiraishi and Kano,
2004). This MT corresponds to the inner zone of a car�
bonate platform. In this case, specific facies zones are
distinguished on the basis of associate microfacies
types.

MT 11. This microfacies type is represented by
trombolites and microbial formations with lumpy
structures, which are represented by peloid pack� and
bindstones. They are often associated with encrusted
corals and sponges. Grains are represented by micro�
bial and rarely bahamite�type peloids with rare small



MOSCOW UNIVERSITY GEOLOGY BULLETIN  Vol. 67  No. 5  2012

THE SEDIMENTARY CONDITIONS OF MIDDLE�UPPER TITHONIAN LIMESTONES 279

benthic foraminifera; the matrix is represented by
pelmicrite. In addition, this MT is characterized by
the development of fenestra filled with sparite.

Thrombolites, as other microbialites, are formed
by the microbial community in the form of biofilm. In
general, they are cyanobacteria and other bacteria,
rare algae and fungi, which begin to precipitate car�
bonate under certain conditions. Thrombolites in the
Jurassic period could exist in different zones of car�
bonate platforms (Leinfelder et al., 1996). As a rule,
their development is connected with low�oxygen
eutrophic conditions (Leinfelder et al., 1996). Throm�
bolites of MT 11 are not numerous and are associated
with the faces zones of open, restricted marine FZ cor�
als, and sponges. Therefore, a decrease in oxygen con�
tent and/or the development of eutrophic conditions
was manifested in local areas, and probably it was con�
nected with the peculiarities of the bottom topography.

MT 12. This microfacies type is represented by
sandstones and gravellites, which occur in lenses rang�
ing from 0.4 to 1.5 m within the carbonate deposits in
separate normal�graded terrigenous beds. The terrige�
nous material is fine to medium�grained and exhibits
good to very good sorting. Tabular cross�bedding is
often observed; trough cross�bedding is noted rarely.

MT 12 is made predominantly of quartz grains; the
content of carbonate grains, which are large intrac�
lasts, ranges from 0 to 50%.

This microfacies type is considered to belong to
deposits of megaripples of tidal channels (Leeder, 1982).

Sedimentary Conditions

As a result of the microfacies analysis, the distribu�
tion of the microfacies zones that were distinguished
was established for facies zones, as well as their
sequence on the platform (Fig. 5). The thickest inter�
val of the section we studied is considered to belong to
the open�marine facies zone. In the lower and middle
parts of the section are intervals that are associated
with the formation of the facial zones of restricted
marine and littorals that correspond to periods of shal�
lowness. The interval of 575–625 m, where oncoid
floatstones (MT 2) of the restricted marine FZ alter�
nate with fenestra pack� bindstones (MT 1) of the lit�
toral FZ is the most informative. Here, the sea level
fluctuations (or seasonal tides?) resulted not only in
the formation of the shallowness, but in the dewater�
ing of a coastal area. This is confirmed by the presence
of layers with lithoclasts, which appeared due to the

MT 1: bindstones and pack�bindstones with fenestra
MT 2: float�and rudstones with predominance of micritic

and spongiostromate oncoids
MT 3: float�, wacke� and packstones with oncoids of mixed

types and bioclasts
MT 4: foraminifera�dominated packstones
MT 5: packstones with micritized bioclasts and grains
MT 6: bioclastic wackestone, not infrequently with bioturbations
MT 7: grain� and grain�packstones with coated grains
MT 8: intraclastic amd lithoclastic pack� and rudstones
MT 9: coral and sponge framestones and bafflestones
MT 10: rudists and gastropod float� and rudstones
MT 11: thrombolites
MT 12: sandstones and gravellites with tabular bedding
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development of the coastal karst (MT 8), and geopetal
textures with vadose silt (MT 1 and rarely MT 2).

In the upper parts of the section there are intervals
that correspond to the shallow FZ of the platform
margin (MT 7). They alternate with benches, where
MT5 of intensively micritized rocks of the open
marine facial zone dominates. The movement of the
platform margin to the coast can be explained by
transgression that resulted in the formation of unusu�
ally vast and unstable surrounding sand shoals. The
overlying open marine facies zone formed at the sea
level high stand, which led to the restoration of the
basin configuration and movement of the platform
margin to its initial position.

The occurrence of relatively deep wackestones and
clays at the borders of the Tirke and Demerdzhi pla�
teaus are indirect evidence of the closeness of the plat�
form margin to the facies, which correspond to the
terminal parts of the section we described. Thus, this
section corresponds to the main transgressive trend
with the minor sea�level fluctuations. At the time
intervals that correspond to the lower and middle parts
of the section, these fluctuations resulted in the shal�
lowness of open marine and the formation of the facies
zones of an restricted marine and littoral zone. During
the time interval that corresponds to the upper parts of
the section, these fluctuations resulted in the forma�
tion of sand shoals that surround a carbonate platform.
At the same time, temporary and occasional underwa�
ter currents (MT 12) were manifested. Judging by the
large thickness (more than 1 km) of the section we
studied and the wide distribution of Tithonian shal�
low�water limestones in Mountainous Crimea (Per�
myakov, Permyakova, and Chaikovskii, 1991), a vast
and significant transgression occurred in this area.

The Paleogeographic Significance of Microencrusters

Microencrusters occur widely in both the deposits
of the section we studied and in other Upper Jurassic
shallow�water carbonate deposits of the Crimea (Kra�
jewski, 2010). The most common species are Lithoco�
dium aggregatum, and Bacinella irregularis; Taumatho�
porella parvovesiculifera and Crescentiella morronensis
are less common. In addition, there are single finds of
Koskinobidlina socialis.

Microencrusters are of great importance for the
reconstruction of paleogeography and paleoecology.
So, Lithocodium aggregatum, Bacinella irregularis and
Taumathoporella parvovesiculifera and their commu�
nities (Figs. 4b, 4c) are an evidence of shallow�water
oligotrophic conditions of the inner platform and its
margin and the low rates of sedimentation (Leinfelder
et al., 1996; Rameil et al., 2010; Shiraishi and Kano,
2004). In the microfacies studied, Lithocodium aggre�
gatum encrusts bioclasts and bioherms, or in the outer
parts of oncoids (Fig. 4a). Algae of Bacinella irregu�
laris mostly occupy the intraframe space. Together
with Lithocodium bacinella, they stabilize and

strengthen the sediment, creating a microframework.
In the same way, these microencrusters often took part
in reef formation (Leinfelder et al., 1993; Krajewski,
2010; Shiraishi and Kano, 2004). Taumathoporella
parvovesiculifera was associated “in situ” with
Bacinella irregularis in the microfacies we studied
(Fig. 4c). This alga occurs independently only in the
form of detritus. Due to this, its paleoecological signif�
icance is probably similar to that of Bacinella irregu�
laris.

The occurrence of Koskinobullina socialis is evi�
dence of shallow�water conditions of sedimentation
(Leinfelder et al., 1993), which is confirmed by its not
infrequence occurrence together with Bacinella irreg�
ularis in these deposits. At the same time, its associa�
tion with Crescrentiella morronensis is considered as an
indicator of relatively calm conditions below the nor�
mal wave base level (Flügel, 2010; Lienfelder et al.,
1996).

The most important paleogeographic criterion for
Crescrentiella morronensis (Fig. 4d) is its diameter,
which is a function of depth (Leinfelder el al., 1996).
The outer shell, the main part of a microencruster, is
the product of cyanobacteria activity, whose activity is
proportional to the amount of incoming light. How�
ever, if microencrusters grew in kryptons of reefs or
there were other barriers to light penetration, their
diameter (usually small) cannot serve as a criterion for
determining the depth. A relatively large diameter of
Crescrentiella morronensis (about or more than 1 mm),
as noted in the section, is evidence of shallow�water
conditions.

CONCLUSIONS

As a result of our research work, 12 microfacies
types were distinguished. They correspond to a lit�
toral, an restricted marine, an open marine FZ, and
the sand shoals of a carbonate platform. Based on their
sequence in the vertical section, a transgressive trend
in the sedimentation is supposed to exist. Judging by
the thickness of the section (more than 1 km) and the
wide distribution of Tithonian shallow�water lime�
stones in Mountainous Crimea (Permyakov, Permya�
kova, and Chaikovskii, 1991), a vast and significant
transgression occurred in this area.

Communities of microencrusters, which stabilized
and bounded the sediment, played an important role
during sedimentation and took a part in the reef for�
mation.
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