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INTRODUCTION

The basin of the northeastern Caucasus, Dag�
estan, represented relatively deep part of the NE
Peri�Tethys. This is very interesting geologically area,
where perfect exposition, completeness and weak
diagenesis of the lower Paleogene marine carbonate
deposits can provide successful detailed stratigraphic
works based on study of different groups of fossil
microorganisms. A broad belt of the Paleogene
deposits extends NW�SE across Dagestan, forming
northeastern foothill of the Greater Caucasus.
Danian deposits are represented by compact gray
clayey and sandy�clayey limestones with individual
intercalations of marls and siliceous rocks. The over�
lying soft sandy marls are incorporated in so�called
Foraminiferal Formation, which changes its thick�
ness from 10–20 to 350–360 m throughout the terri�
tory of Dagestan (Galin et al., 1963). The deposits of
this formation vary greatly in color, that enable to
identify the “Gray” Formation in the south of Dag�
estan and the “Variegated” Formation in the north�
ern submontane part of Dagestan.

The deposits of the Variegated Formation were
studied in detail by Shatsky (1963) in several outcrops
throughout the area of their distribution. Later, these
formations were shown to be co�eval (Golubyatnikov,
1938, 1940; Shutskaya and Kuznetsova, 1953; Miku�
lenko, 1962). The deposits of the “Gray” Formation
grades into variegated deposits at the latitude of the
village of Gubden, Central Dagestan. The Urma Pla�

teau is an individual structure in the central Dagestan
formed by large syncline with the gray�colored Paleo�
gene deposits in the core (Fig. 1).

The stratigraphic scheme of Paleogene deposits of
Dagestan is poorly developed. For a long time,
“Gray” and “Variegated” Formations were consid�
ered as Paleocene–Eocene. As a result of detailed
study of the sections along Sunzha and Khalagork riv�
ers made by Shutskaya (1970), they were subdivided
using zonal Crimea–Caucasus stratigraphic scheme
based on planktonic foraminifera and correlated to
deposits of the Central Caucasus. The study of nanno�
fossils in the section along the Rubas�Chai River,
Southern Dagestan, enabled the zonal subdivision
based on the standard nannofossil zonation and esti�
mation of the volume of stratigraphic hiatuses
(N.G. Muzylev, unpublished data).

We made an integrated study of nannofossil, small
and large foraminiferal and dinocyst assemblages in
the Ostrich Farm section, situated in the southeastern
margin of the Urma plateau near the Levashi village,
to determine exact stratigraphic range of deposits of
this area for the first time and to correlate zonal subdi�

visions based on three microplankton groups.
1

1 The section was named in 2003 after the ostrich farm located
near the base of the outcrop of siliceous deposits at the Makh�
achkala–Levashi highway.
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MATERIALS AND METHODS

Paleogene deposits were described and sampled in
a series of outcrops along an unnamed stream entering
the Khalagork River in the northern outskirts of the
village of Levashi (42°16′12′′ N, 47°21′19′′ E). This
work is based on the study of more than 100 samples
collected from the accessible part of the Ostrich Farm
section starting from the upper Danian deposits and
provided parallel examination of nannofossils,
dinocysts, and foraminifers.

Nannofossils were studied from all samples, pre�
pared using the standard procedure (Bown, 1998).
The study was performed using an Olympus BX�41
microscope with an Infinity X video adapter. Smear�
slides are stored in the Laboratory of Micropaleontol�
ogy of the Geological Institute (GIN RAS, Moscow).

The treatment of the palynological samples was
carried out by the method developed at GIN RAS.
The technique of sample preparation was as follows:
(1) dissolution of carbonates with 10% HCl; (2) treat�
ment of samples with 5% Na2HPO4OH and elutriation
of clay minerals; (3) separation of the remaining
sludge by centrifugation in heavy liquid with a density
of 2.25 g/cm3 [3] (solution of KI and CdI) to extract
palynomorphs; (4) pouring the treated material into
test tubes with glycerin for further study and storage.
The studied samples and smear�slides are stored in the
Laboratory of Paleofloristics (GIN RAS, Moscow).
The smear�slides were studied using an Axiostar plus

microscope. For palynological analysis, quantitative
evaluation of the composition of phytoplankton
assemblages (at least 200 representatives per sample)
was made and after that, smear�slides were examined
again to find rare taxa.

To study foraminifers, the samples were washed
through a 70 µm sieve according to the standard pro�
cedure and studied using an MBS�1 microscope.

PALEOGENE DEPOSITS 
OF THE URMA PLATEAU

Danian deposits of the Urma Plateau are com�
posed of compact thick�bedded limestones with indi�
vidual intercalations of laminated soft marls (Fig. 2a).
These limestones are exposed as a nearly 45° dipping
ridge, bounding the southern edge of the plateau. The
bedding is periodically disturbed by submarine slump�
ing folds. In the upper part of the Danian sequence,
limestones become silty, intercalations of laminated
marls become more frequent and their thickness
increases (to 0.5–0.7 m); numerous remains of echi�
noids and rare siliceous nodules appear. The total
thickness of the studied part of the sequence is ~50 m,
where 13 m interval disturbed by submarine slumping
is missed from sampling.

The rough boundary (“hard�ground”) of Danian
gray limestone is overlain by thin�bedded silty marls
(Fig. 2b). Upsection, the marls become rather homo�
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Fig. 1. Geographic position of the Ostrich Farm section in the Caucasus (insert) and the Urma Plateau, Central Dagestan.
(1) Location of a series of outcrops of Paleocene–early Eocene deposits; (2) outcrop of Lutetian siliceous deposits; (3) outcrop
of the upper Lutetian–lower Bartonian marl deposits.
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Fig. 2. Deposition of different Paleogene strata in the Ostrich Farm section: (a) Upper Danian deposits; (b) Danian–Selandian
boundary and the scheme of sampling; (c) relationship between Selandian–Thanetian, Ypresian, and Lutetian deposits in out�
crops along the unnamed stream (photo by Yu.O. Gavrilov); (d) sapropelite lens at the Paleocene/Eocene transition; (e) upper
part of the marl sequence and spongolites in the outcrop along the unnamed stream (photo by Yu.O. Gavrilov); (f) spongolite�
siliceous marl contact zone in the outcrop along the Makhachkala–Levashi road (Urma Plateau) (point 2 in Fig. 1).
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geneous, soft, greenish gray, and contain lower silty
compound. Gradually, the marls become more com�
pact and thick�bedded, probably, due to an increase of
calcium carbonate content (Fig. 2c). The thickness of
this unit up to the top of the outcrop (on the left bank
of the stream) is about 35 m. Upsection, after ~7 m of
an unexposed part, the sampling was carried out in a
series of outcrops of similar marl along both sides of
the stream.

In total, the stratum of nearly 33 m in thickness was
sampled up to the level of occurrence of isomorphous
inclusions of sapropel�like clayey material and lenses
of paler carbonate rocks. This level likely corresponds
to a hiatus in sedimentation and redeposition of blocks
of weakly lithified deposits. It is likely that this level
corresponds to the timing of underwater slumping of
sediments. The occurrence of fragments of sapropelite
deposits (Fig. 2e) points to primary deposition of
TOC�rich sediment which evidently corresponds to
sapropelitic bed spreading throughout the northeast�
ern Peri�Tethys, from Crimea to Central Asia, and
related to the global paleoenvironmental crisis known
as the Paleocene–Eocene Thermal Maximum
(PETM) (Gavrilov et al., 2003; Aleksandrova and
Shcherbinina, 2011). Upward, the sedimentation
regime changes and the upper 5 m part of the marl unit
shows signs of frequent short stratigraphic hiatuses
corresponding to thin sandy intercalations containing
small pebbles and broken shells. In the uppermost part
of the section, two distinct beds (5 and 10 cm) of com�
pact red sandstones occur.

Upsection, siliceous deposits of highly variable lat�
erally thickness onlap the unevenly eroding boundary
(Fig. 2e). In the studied outcrop in the left side of the
stream, siliceous rocks are represented by 15 m thick
homogenous white spongolite with conglomerates at
the base. Westward, this stratum wedges out at a short
distance and eastward its thickness significantly
reduces. However, in an outcrop situated approxi�
mately 500 m downstream at the point where the
stream is crossed by the Makhachkala–Levashi road
(point 2 in Fig. 1), the siliceous sequence is as follows
(Fig. 2f):

1. At the base of siliceous deposits, ~12 m thick
massive nodular brownish gray siliceous limestone
overlies greenish gray marl. The nannofossil study
showed late Paleocene age (NP9 zone) for this stra�
tum and thus, Ypresian sediments appeared to be
eroded in this locality.

2. Soft white spongolites with rare nodules of gray
flint, similar to those occurring in the above�described
outcrop along the stream. Thickness is 7.5 m.

3. Friable siliceous marl ~8 m thick onlap the rough
boundary with deep erosional pockets.

4. Pale gray silty siliceous limestones, ~9 m of visi�
ble thickness.

Similar pale gray limestone are exposed in a small
~2.5 m thick exposure located ~200 m northward and
few meters above, at the top of Urma Plateau.

In another outcrop (point 3 in Fig. 1) exposed in
the central part of the plateau approximately 3 km
northward of the above�described section, the alterna�
tion of compact pale gray limestones and thin�bedded
pale gray marls (visible thickness is about 3 m) is
exposed. This unit is armored by a bed of compact sil�
iceous limestones, distinctly visible even in unexposed
areas and used as a marker horizon. Upsection, thin�
bedded soft pale gray marls of 1.5 m of observed thick�
ness lies.

During several field seasons, marl deposits were
sampled in detail; Danian limestones and siliceous
sequence were sampled with lower resolution.

RESULTS

Nannofossils

Calcareous nannofossils are presented across the
most part of section studied with the exception for the
basal stratum of siliceous sequence, although they
show significant variations in abundance, species
diversity, and preservation in different stratigraphic
intervals. The nannofossil assemblage of the Danian
compact limestones is rather poor and characterized
by moderate to poor preservation. The nannofossil
abundance increases gradually toward the top of the
Danian deposits and remains relatively high up to sil�
iceous sequence (Tables 1–3), where the main bio�
genic component becomes presented by siliceous
sponge spicules, while dinocysts and foraminifera are
absent. The most ancient nannofossil assemblage
(samples 140, 141; Fig. 3) contains Prinsius martinii,
P. dimorphosus, Coccolithus pelagicus, C. robustus,
Neochiastozygus modestus, Placozygus sigmoides, Chi�
asmolithus danicus, Cruciplacolithus primus, C. subro�
tundus, and Toweius sp.; Braarudosphaera bigelowii,
B. discula, micrantoliths, and calcite dinocysts Thora�
cosphaera spp. are common. The absence of Neochias�
tozygus eosaepes, whose disappearance marks the
upper boundary of the NTp6 zone, allows us to
attribute this assemblage to the NTp7A subzone of
Varol zonation (Varol, 1989).

The marker species of the late Danian NP4 zone of
Martini (1971) standard zonation, Ellipsolithus macel�
lus (Martini, 1971) was not found in this interval.
Immediately above the 13 m interval disturbed by sub�
marine slumping, the first occurrence (FO) of Chias�
molithus edentulus, marking the bottom of the NTp7B
subzone, is detected. At the same level, the FO of
common Lithoptychius cf. chowii is found. The first
occurrence of numerous Sphenolithus primus, which
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marks the bottom of the NTp8 zone, coincides with
the FOs of Bomolithus elegans, Toweius sp., and large
Prinsius martini. Nannofossil assemblage of this inter�
val becomes more abundant and diverse (Plate I) and
contains rather common redeposited Cretaceous spe�
cies. The upper 5 m thick interval of Danian deposits
is characterized by a decrease in nannofossil abun�
dance; the reduction of pentalithes (Braarudosphaera
and Micrantolithus) and domination of Toweius spp.
over Coccolithus spp. are noted. The simultaneous FOs
of Lithoptichius ulii and F. janii, marking the bases of
terminal Danian NTp8B and NTp8C, respectively, as

well as the FO of F. tympaniformis, marking the base of
Selandian NP5 zone, were found immediately above
the erosional surface, which cut the top of Danian
deposits. This evidences the stratigraphic hiatus at the
Danian/Selandian boundary ranging NTp8B–NTp8C
subzones.

The overlying sequence of soft monotonous marls
is characterized by abundant and diverse nannofossil
assemblage showing rapid diversification of Toweius,
Fasciculithus, and Neochiastozigus spp. (Fig. 3). This
community contains a lot of evidently unknown spe�
cies or species described in the uncertain definition

Nannofossil
zones

Martini, 1971

Varol, 1989

NP4

Nanno�
plankton  species

Sample
numbers

NP5 NP6–NP7

NTp7A NTp7B NTp8A NTp9–NTp10

Braarudosphaera spp.
Chiasmolithus danicus
Coccolithus pelagicus
C. robustus
C. subpertusus
Micrantolithus pinguis
Neochiastozygus modestus
Prinsius martini
Placozygus sigmoides
Thoracosphaera spp.
Chiasmolithus edentulus
Diantolithina mariposa
Lithoptychius cf. chowii
Sphenolithus primus
Bomolithus elegans
Neochiastozygus perfectus
Cruciplacolithus primus
Prinsius dimorphosus
P. bisulcus
Toweius selandianus
Lithoptychius vertebratoides
Ellipsolithus distichus
Fasciculithus tympaniformis
F. involutus
Lithoptychius ulii
L. billii

Neochiastozygus saepes
N. denticulatus
Toweius tovae
Fasciculithus clinatus
Toweius eminens
Neochiastozygus digitosus
Toweius pertusus
Heliolithus kleinpellii
Chiasmolithus bidens
Sphenolithus anarropus
Hornibrookina australis
Neochiastozygus concinnus
Chiasmolithus consuetus
C. californicus
Discoaster mohleri
Heliolithus riedelii
Lithoptychius varolii
Heliolithus cantabriae
Neochiastozygus junctus
Chiasmolithus eograndis
Fasciculithus lillianae
F. richardii
F. sidereus
Toweius occultatus
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Table 1. Distribution of nannoplankton species in Danian–Thanetian deposits (Ostrich Farm section)

Nannofossil abundance here and Tables 2, 3: (1) few (several specimens in smear�slide); (2) rare (several specimens in the row); (3) com�
mon (up to 1–2 specimens in a field of view); (4) abundant (>3 specimens in a field of view).



66

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 22  No. 1  2014

SHCHERBININA et al.

N
an

n
of

os
si

l z
on

es
 (

M
ar

ti
ni

, 1
97

1)
N

P
8

N
an

n
of

os
si

l
sp

ec
ie

s

S
am

pl
e

n
o.

N
P

11
N

P
9

N
P

10
–

N
P

11

015

N
P

12

C
oc

co
li

th
us

 p
el

ag
ic

us
C

. r
ob

us
tu

s
D

is
co

as
te

r 
m

oh
le

ri
F

as
ci

cu
li

th
us

 in
vo

lu
tu

s
F

. t
ym

pa
ni

fo
rm

is
H

el
io

li
th

us
 k

le
in

pe
lli

i
H

. r
ie

de
li

i
N

eo
ch

ia
st

oz
yg

us
 c

hi
as

tu
s

N
. c

on
ci

nn
us

N
. j

un
ct

us
P

la
co

zy
gu

s 
si

gm
oi

de
s

P
ri

ns
iu

s 
m

ar
ti

ni
S

ph
en

ol
it

hu
s 

pr
im

us
/m

or
if

or
m

is
T

ow
ei

us
 e

m
in

en
s

T
. o

cc
ul

ta
tu

s
T

. p
er

tu
su

s
C

hi
as

m
ol

it
hu

s 
co

ns
ue

tu
s

F
as

ci
cu

li
th

us
 b

ob
bi

i
D

is
co

as
te

r 
m

ul
ti

ra
di

at
us

D
. f

al
ca

tu
s

N
eo

ch
ia

st
oz

yg
us

 d
is

te
nt

us
Z

yg
rh

ab
li

th
us

 b
iju

ga
tu

s
D

is
co

as
te

r 
no

bi
li

s
F

as
ci

cu
li

th
us

 a
la

ni
i

F
. s

id
er

eu
s

F
. l

il
li

an
ae

C
hi

as
m

ol
it

hu
s 

eo
gr

an
di

s
F

as
ci

cu
li

th
us

 s
ch

au
bi

i
D

is
co

as
te

r 
sa

li
sb

ur
ge

ns
is

D
. l

en
ti

cu
la

ri
s

F
as

ci
cu

li
th

u 
st

ho
m

as
ii

T
ow

ei
us

 c
al

lo
su

s
S

ph
en

ol
it

hu
s 

an
ar

ro
pu

s
T

ri
br

ac
hi

at
us

 d
ig

it
al

is
D

is
co

as
te

r 
bi

no
do

su
s

R
ha

bd
os

ph
ae

ra
 s

ol
a

T
ri

br
ac

hi
at

us
 o

rt
ho

st
yl

us
D

is
co

as
te

r 
an

ar
ti

os
R

ho
m

bo
as

te
r 

br
am

le
tt

ei
R

. c
al

ci
tr

ap
a

C
hi

ph
ra

gm
al

it
hu

s 
ca

la
tu

s
D

is
co

as
te

r 
di

as
ty

pu
s

D
. d

ef
la

nd
re

i
Im

pe
ri

as
te

r 
ob

sc
ur

us
T

ow
ei

us
 m

ag
ni

cr
as

su
s

G
ir

gi
si

a 
ga

m
m

at
io

n
D

is
co

as
te

ro
id

es
 k

ue
pp

er
i

T
ow

ei
us

 c
ra

ss
us

C
hi

ph
ra

gm
al

it
hu

s 
ar

m
at

us
D

is
co

as
te

r 
lo

do
en

si
s

014
117
013
118
119
012
011
120
121
122
010
123
124
09
09A
08
125
126/3
8/1
8/2
8/4
8/5
07A
8/6
8/7
8/8
07
8/9
127
06
8/11
128
129
130
8/13
05
131
04
132
03
133
134
02
01

T
ab

le
 2

. D
is

tr
ib

ut
io

n
 o

f n
an

n
of

os
si

ls
 in

 T
h

an
et

ia
n

–
Yp

re
si

an
 d

ep
os

it
s 

in
 t

h
e 

O
st

ri
ch

 F
ar

m
 s

ec
ti

on



STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 22  No. 1  2014

MICROBIOTA AND STRATIGRAPHY OF LOWER PALEOGENE DEPOSITS 67

5 m

0

S
er

ie
s

S
ta

ge

Nanno�
fossil

1 2 D
in

o
cy

st
zo

n
es

F
o

ra
m

in
if

er
al

zo
n

es
Lith

ol
og

y Sample
no.

Microplankton datums

Nannofossils Dynocysts Foraminifers

168

167

166

165

164

163

162

161

160

159

158
157

156

155A

155

154

153

152
151
150
148/6
149

148/1

148

147

146

145

144

143

142

141

140

C
la

d
o

p
yx

id
iu

m
 s

ae
p

tu
m

T
. c

f.
A

lt
er

bi
d

in
iu

m
 c

ir
cu

lu
m

A
li

so
cy

st
a 

re
ti

cu
la

ta

A
ca

ri
n

in
a 

su
bs

p
h

ae
ri

ca
Ig

o
ri

n
a 

d
ja

n
en

si
s

P
ra

em
u

ri
ca

 in
co

n
st

an
s

C. californicus

Z. herlynii

C. consuetus

N. digitosus
N. perfectus

N. concinnus

H. kleinpellii
H. australis

T. selandianus

T. eminens
F. clinatus

T. tovae
N. denticulatus

F. involutus, L. billii

F. tympaniformis

P. bisulcus
T. selandianus

N. perfectus

T. pertusus

common S. primus
Bomolithus cf. elegans
Toweius sp.

C. edentulus
Lithoptychius cf. сhowii

A. margarita

C. saeptum

F. ferox

C. fimbriata

P. lidiae

D. recurvatum 
S. densispinatum

T. cf. delicata

Batiacasphaera spp.
Elytrocysta spp.
X. rugulatum

H. cryptovesiculata

S. cf. densispinatum
H. cryptovesiculata
H. graciosa
S. obscurum
P. lidiae

X. lubricum
A. reticulata
X. rugulatum
S. densispinatum
Cerodinium speciosum

A. reticulata

common A. subsphaerica

I. djanensis

S. velascoensis

A. nitida, A. subsphaerica

common I. djanensis
G. pseudomenardii, G. chapmanii

M. angulata 
S. triangularis 
I. albeari

P. inconstans

S. trivialis

P. pseudobulloides,
G. imitata

A
. m

ar
ga

ri
ta

d
el

ic
at

a

bloom of pentaliths

common

D
in

oc
ys

t�
fr

ee
 in

te
rv

al

P
al

eo
ce

n
e

D
an

ia
n

S
el

an
di

an
T

h
an

et
ia

n

N
P

4
N

P
5

N
P

6–
N

P
7

N
T

p
7A

N
T

p
7B

N
T

p
8A

N
T

p
9–

N
T

p
10

gap 13 m

 zones

F
ig

. 
3.

 Z
on

al
 s

ub
di

vi
si

on
 a

n
d 

th
e 

le
ve

ls
 o

f 
th

e 
fi

rs
t 

an
d 

la
st

 o
cc

ur
re

n
ce

s 
of

 m
ic

ro
pl

an
kt

on
 s

pe
ci

es
 i

n
 D

an
ia

n
–

lo
w

er
 T

h
an

et
ia

n
 d

ep
os

it
s 

(O
st

ri
ch

 F
ar

m
 s

ec
ti

on
).

 (
1)

 M
ar

ti
n

i’
s

zo
n

at
io

n
 (

M
ar

ti
n

i,
 1

97
1)

, 
(2

) 
Va

ro
l’

s 
zo

n
at

io
n

 (
Va

ro
l,

 1
98

9)
. L

eg
en

d 
is

 g
iv

en
 in

 F
ig

. 4
.



68

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 22  No. 1  2014

SHCHERBININA et al.

Nannofossil
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species
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no.
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Discoaster barbadiensis
D. saipanensis
Sphenolithus radians
Zygrhablithus bijugatus
Coronocyclus nitescens
Chiasmolithus gigas
Reticulofenestra umbilicus
Sphenolithus spiniger
Chiasmolithus nitidus
Cyclicargolithus floridanus
Discoaster deflandrei
Lanternites duocavus
Reticulofenestra dictyoda
Discoaster nonaradiatus
Dictyococcites bisectus
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Table 3. Distribution of nannofossil species in the middle Eocene deposits  (Ostrich 
Farm section)

(Plate III). The earliest assemblage of Selandian inter�
val, referring to the NP5 zone, is still rather poor and
besides the FO of Fasciculithus tympaniformis, it is
marked by FO of Toweius eminens, which became a
common element of the late Paleocene nannoflora.
This is the highest level where it is still possible to use
Varol’s zonation developed for detailed biostratigra�
phy of the Paleogene deposits of the North Sea (Varol,
1989). The FO of Heliolithus kleinpellii marks the base
of the NP6 zone ~25.5 m above the Danian–Selan�
dian boundary. Above this level, a significant increase
of nannofossil species diversity began owing to the
occurrence of new species of genera Neochiastozygus
and Chiasmolithus.

The range of NP7 zone can not be identified in the
Ostrich Farm section since the marker species of its
base Discoaster mohleri first appear at the level of the
FO of the marker species of NP8 zone Heliolithus
riedelii, although there is no erosional signs in this
interval. This suggests that D. mohleri appeared in this
basin later than its evolutionary FO. At the upper part
of this undivided Thanetian interval, a 3rd radiation of
fasciculiths began, during which Fasciculithus junctus,

F. lillianae, F. alanii, F. sidereus, F. schaubii, a.o., suc�
cessively appear. The zone NP9, identified by the
appearance of Discoaster multiradiatus (Fig. 4), marks
the stage of further increase in nannofossil species
diversity.

The Paleocene/Eocene transition is chatacterized
by very intricated picture: younger species Tribrachia�
tus digitalis, T. orthostylus (sample 09A) marking the
bases of NP10c and NP11 subzones, respectively,
occur at the lower levels of the section than typical for
the PETM Rhomboaster cuspis, R. bramlettei, Dis�
coaster araneus, which were found at the level with
sapropelitic lenses, Sample 08. Obviously, the pres�
ence of the mixed nannofossil assemblage is a result of
complex hydrodynamic processes in the basin at the
Paleocene/Eocene boundary, which led to formation
of a conglomerate�like mass made of fragments of
weakly lithified rocks of similar composition, but of
different age. The nannofossil assemblage of this inter�
val (samples 08–8/2) includes taxa deposited in situ
and redeposited Cretaceous and Early Paleocene spe�
cies. The upper 6.5 m of sampled interval of the sec�
tion comprises “normal” Ypresian nannofossil assem�

Fig. 4. Zonal subdivision and the levels of the first and last occurrence of microplankton species in the Thanetian–Ypresian
deposits of the Ostrich Farm section. Abbreviations: A. au.—Apectodinium augustum, M. a.—Morozovella acarinata, M. sub.—
Morozovella subbotinae s. str. subzone.

1980
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blage without significant redeposition. Below the top
of the stratum (~0.8 m), the marker species of upper
Ypresian NP12 zone Discoaster lodoensis appears.

The siliceous sequence contains abundant sponge
spicules and fragments of radiolarians and diatoms,
whereas the nannofossils become less diverse. The
base of the lower unit of siliceous limestones is lack in
nannofossils; they occur sporadically above the level
of the Sample 11 (Fig. 5). Nannofossil assemblage of
this interval is very poor and only the presence of
Sphenolithus obtusus and Discoaster wemmelensis can
be evidence of the Lutetian age of deposits. The
occurrence of Chiasmolithus gigas at the base of sili�
ceous marls indicates the Lutetian CP13b subzone,
corresponding to the stratigraphic range of this spe�
cies. Its presence in both small outcrops (2 and 3) up
to the compact marker horizon suggests significant
thickness of deposits accumulated during this time.
At the uppermost sampled unit of pale marls, overly�
ing the compact horizon, rather common nannofos�
sils are found. C. gigas desappears in this interval and
the co�occurrence of Dictyiococcites bisectus and
Reticulofenestra hillae and Chiasmolithus solitus more
likely indicates the CP14 zone.

Dinocysts

Dinocysts are not found in massive limestone at
the base of the section (samples 140–142). They
first occur from the upper more silty limestone
(sample 143) in the middle of the NP4 and Praemu�
rica inconstans zones (Table 4). Upsection (interval of
samples of 143–145), the local zone Alisocysta reticu�
lata was established. The upper boundary of this zone
is fixed by the last occurrence (LO) of the index spe�
cies. Dinocyst assemblage is dominated by Spini�fer�
ites spp., Achomosphaera ramulifera, A. alcicornu,
Membranosphaera maastrichtica, Operculodinium
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Fig. 5. Zonal subdivisions and levels of the FOs and LOs of
nannofossil species in the middle Eocene deposits of
Ostrich Farm section. For symbols see Fig. 4.

Plate I. Light microscope images of the nannofossils of Ostrich Farm section. (1) Chiasmolithus consuetus (Bramlette et Sullivan)
Hay et Mohler, sample 122, polarized light (PL); (2) the same specimen, normal light (OL); (3) Chiasmolithus danicus (Brotzen) Hay
et Mohler, sample 141, PL; (4) Cruciplacolithus asymmetricus Van Heck et Prins, sample 144, PL; (5) C. asymmetricus, sample 143, PL;
(6) Cruciplacolithus edwardsii Romein, sample 145, PL; (7) Chiasmolithus bidens Romein, sample 142, PL; (8) Chiasmolithus incon�
spicuous Van Heck et Prins, sample 144, PL; (9) C. inconspicuous, sample 143, PL; (10) Chiasmolithus titus Gartner, sample 118,
PL; (11) Chiasmolithus edentulus Van Heck et Prins, sample 168, PL; (12) Cruciplacolithus intermedius Van Heck et Prins, sample 144,
PL; (13) the same specimen, OL; (14) Cruciplacolithus primus Perch�Nielsen, sample 142, PL; (15) Cruciplacolithus tenuis (Strad�
ner) Hay et Mohler, sample 140, PL; (16) Cruciplacolithus intermedius Van Heck et Prins, sample 144, PL; (17) Cruciplacolithus
subrotundus Perch�Nielsen, sample 140, PL; (18) Coccolithus pelagicus (Wallich) Schiller, sample 142, PL; (19) Coccolithus robus�
tus (Bramlette et Sullivan) (Wind et Wise), sample 148�3, PL; (20) the same specimen, OL; (21) Coccolithus subpertusus (Hay et
Mohler) Wei et Pospichal, sample 149, PL; (22) the same specimen, OL; (23) Coccolithus sp. 1, sample 142, PL; (24) Coccolithus sp. 1,
another specimen, sample 142, PL; (25) the same specimen, OL; (26) large Prinsius martini (Perch�Nielsen) Haq, sample 140, PL;
(27) the same specimen, OL; (28) P. bisulcus (Stradner) Hay et Mohler, sample 110, PL; (29) P. bisulcus, sample 164, PL;
(30) Prinsius dimorphosus Perch�Nielsen, sample 145, PL.
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microtrianum, O. centrocarpum, Fibradinium annetor�
pense, Cordosphaeridium exilimurum, C. gracilis,
Diphyes recurvatum. Such species as Alisocysta reticu�
lata, Danea mutabilis, Xenicodinium lubricum, X. rugu�
latum, Hafniasphaera cryptovesiculata, Alterbidinium
circulum, Areoligera coronata, Florentinia ferox, Kal�
losphaeridium yorubaense, Hystrichostrogylon coninkii,
Hafniasphaera septata, Oligosphaeridium complex,
Cladopyxidium saeptum, Hystrichosphaeridium tubi�
ferum, and Elytrocysta spp. are less common. The LOs
of Alisocysta reticulata and Xenicodinium lubricum
coincide with the FO of Neochiastozygus perfectus
nannofossil. The LO of Alisocysta reticulata marks the
top of the Alisocysta reticulata DP2a (Mudge and
Bujak, 1996) subzone of the North Sea zonation and
D2a subzone of the NW Europe zonation (Luter�
bacher et al., 2004).

In the overlying part of the section (Samples 145–
149), the local Alterbidinium circulum zone was rec�
ognized; the upper boundary of the zone is marked by
the LO of marker species. In the dinocyst assemblage
of the upper part of the NP4 zone (the FO of R. bisul�
cus, T. selandianus nannofossils), the LO of Hafnia�
sphaera cryptovesiculata was identified; in the upper�
most part of the zone, the LOs of X. rugulatum and
Elytrocysta spp. were detected. Co�occurrence of
Alterbidinium circulum and Spinidinium densispinatum
is typical of the Viborg 1 zone (Heilmann�Clausen,
1985, 1994), which nearly ranges the upper part of
the NP4 zone and the lower part of the zone NP5
(Heilmann�Clausen, 1985). Besides, co�occurrence
of these species is characteristic for the Spinidinium
densispinatum zone (Powell, 1992). The Alterbidin�
ium circulum zone was also identified in the Ivdel
Formation of the northern Urals (Vasilyeva, 1999),
the Talitsa Horizon of the Central Trans�Urals
(Amon et al., 2003), and the Tsyganov Formation of
the Peri�Caspian Region (Vasilyeva and Musatov,
2008).

The local Thalassiphora cf. delicata zone is in the
upper part of NP5 zone (Samples 149, 150) corre�
sponding to the lower Selandian. It is marked by the

LO of marker species. The disappearance of this spe�
cies marks the top of the same�named DP3a subzone
in the North Sea (Mudge and Bujak, 1996), which
correlates with the base of the NP5 zone.

Upsection (interval of Samples of 151–166), the
local Cladopyxidium saeptum zone is recognized. It is
characterized by poor and low�diverse dinocyst
assemblage. This assemblage is mostly composed by
the species of the large stratigraphic range: common
Spini�ferites spp., Achomosphaera ramulifera, A. alci�
cornu, Impagidinium spp., Membranosphaera maas�
trichtica, and Batiacasphaera spp. and rare to few Areo�
ligera senonensis, A. coronata, Phthanoperidinium
crenulatum, Cladopyxidium saeptum, Conneximura
fimbriata, Cerodinium speciosum, and Cordosphaerid�
ium inodes. Such a taxonomic composition of the
dinocyst assemblage more likely suggests deposition in
the outer shelf at a considerable distance from the
coastline (Sluijs et al., 2005). The occurrence of Cla�
dopyxidium saeptum and Conneximura fimbriata allows
the correlation of the Cladopyxidium saeptum zone
with the Isabelidinium? viborgense subzone DP3b of
the North Sea (Mudge and Bujak, 1996).

The local Alisocysta margarita zone is defined by
the FO of marker species; it is distinguished in the
lower part of the undivided NP6–NP7 zones (Sam�
ples 167, 168). Its top is not recognized. In general,
the composition of the dinocyst assemblage is similar
to that of the underlying zone: it is characterized by
the appearance of the marker species and the disap�
pearance of Conneximura fimbriata and Cladopyxidium
saeptum.

In the lower Thanetian interval of the section (from
the upper part of NP6–NP7 to the base of NP9),
dinocysts are not found. The Apectodinium hypera�
canthum zone (Powell, 1992) is documented in the
upper Thanetian sediments by occurrence of dinocysts
of the genus Apectodinium (A. homomorphum, A. quin�
quelatum). The appearance of Apectodinium corre�
sponds to the base of the D4c zone (Luterbacher et al.,
2004), the Viborg 5 zone of the Danish Basin (Heil�

Plate II. Light microscope images of nannofossils of the Ostrich Farm section. (1) Toweius sp., sample 142, PL; (2) Toweius selan�
dianus Perch�Nielsen, sample 148�9, PL; (3) Toweius pertusus (Sulivan) Romein, sample 148�5, PL; (4) T. pertusus, sample 126�3,
PL; (5) Toweius occultatus (Locker) Perch�Nielsen, sample 119, PL; (6) Toweius callosus Perch�Nielsen, sample 8�4, PL;
(7) T. callosus, sample 126, PL; (8) Toweius eminens Bramlette et Sullivan, sample 111, PL; (9) Toweius tovae Perch�Nielsen,
sample 152, PL; (10) the same sample, OL; (11) Toweius rotundus Perch�Nielsen, sample 8�1, PL; (12) Girgisia gammation (Bram�
lette et Sullivan) Varol, sample 131, PL; (13) Toweius crassus (Bramlette et Sullivan) Perch�Nielsen, sample 132, PL; (14) the same spec�
imen, LO; (15) Toweius magnicrassus (Bukry) Romein, sample 135, PL; (16) Helicosphaera? sp., proximal view, sample 119, PL;
(17) Helicosphaera? sp., distal view, sample 119, PL; (18) Helicosphaera? sp., distal view, sample 114, PL; (19) Ellipsolithus macellus
(Bramlette et Sullivan) Sullivan, sample 8�1, PL; (20) Ellipsolithus distichus (Bramlette et Sullivan) Sullivan, sample 155A, PL;
(21) Pontosphaera plana (Bramlette et Sullivan) Haq, sample 126�3, PL; (22) Transversopontis pulcher (Deflandre in Deflandre
et Fert, 1954) Hay, Mohler et Wade, sample 129, PL; (23) Pontosphaera? sp., sample 142, PL; (24) Fasciculithus tympaniformis
Hay et Mohler, sample 148�5, PL; (25) Fasciculithus involutus Bramlette et Sullivan, sample 149, PL; (26) Lithoptychius janii
(Perch�Nielsen) Aubry, sample 148�6, PL; (27) Fasciculithus clinatus Bukry, sample 163, PL; (28) Lithoptychius billii (Perch�
Nielsen) Aubry, sample 151, PL; (29) Lithoptychius ulii (Perch�Nielsen) Aubry, sample 149, PL; (30) Lithoptychius ulii (Perch�
Nielsen) Aubry, sample 150, distal view, PL.
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mann�Clausen, 1994), and the Apectodinium hypera�
canthum zone (Powell, 1992) and correlates to the
base of the NP9 zone.

The Apectodinium augustum zone (Powell, 1992)
is recognized in the lower part of the NP10 zone. It is
defined in the lower part of NP10 zone by the range of
marker species and Apectodinium acme. This Apecto�
dinium augustum zone corresponds to the D5a zone
(Luterbacher et al., 2004), the Viborg 5 zone of the
Danish Basin (Heilmann�Clausen, 1994), the DP6b
subzone of the North Sea Basin (Mudge and Bujak,
1996). The A. augustum biozone and the acme of
Apectodinium in different regions of the world corre�
spond to the negative carbon isotope excursion
(CIE), which characterizes the PETM and defines
the Paleocene–Eocene boundary (Crouch et al.,
2001, 2003; Luterbacher et al., 2004; Aubry et al.,
2007).

The lower Eocene part of the Ostrich Farm sec�
tion (NP10 (upper part)–NP12) comprises two short
stratigraphic hiatuses. Firstly, dinocyst study (Table 5)
attest that so�called initial Eocene interval (Deflan�
drea oebisfeldensis dinocyst zone) is missed in the
sedimentary record and the Eocene part of the sec�
tion (Ypresian s.s.) begins with the FO of Wetzeliella
astra and W. lobisca. Upsection, the Ypresian part of
the section (NP11) is characterized by the successive
occurrence of the stratigraphically important species
Biconidinium longissimum, Deflandrea phosphoritica
(prior to the FO of Discoaster barbadiensis), Draco�
dinium simile, Rhombodinium translucidum, Wetze�
liella uncinata (between the FO of D. barbadiensis
and FOs of Coccolithus crassus and Discoasteroides
kuepperi), Diphyes ficusoides, Dracodinium varielon�
gitudum, Wetzeliella unicaudalis, Wilsonidium tabula�
tum (approximately coinciding with the level of the
FOs of C. crassus, D. kuepperi), Dracodinium politum
(NP11, above the first occurrence of Chiphrag�
malithus armatus), and Cerebrocysta bartonensis
(NP12, coinciding with the FO of Discoaster lodoen�
sis) (Fig. 4). Accordingly, the second short hiatus
corresponds to the level of the FO of Wetzeliella
meckelfeldensis (NP11 zone).

Small Foraminifers

The planktonic foraminifer stratigraphy of the sec�
tion was made using the updated Crimea–Caucasus
Stratigraphic Scale (Prakticheskoe…, 2005). The taxo�
nomic composition of foraminiferal assemblages and
distribution of species is shown in Table 6. Occurrence
of common Parasubbotina pseudobulloides, Globano�
malina imitata, Subbotina trivialis, Globanomalina
ehrenbergii and G. compressa in the lower part of sec�
tion (Samples 140–149, upper Danian) indicates
Praemurica inconstans zone. In its upper part, Prae�
murica inconstans is found: at the lower part, few Globo�
conusa daubjergensis, probably inherited from the
underlying zone, are observed. Upward, the foramin�
ifera assemblage entirely changes: almost all species of
the precedent assemblage disappear and Morozovella
angulata, Subbotina triangularis, and Igorina albeari
appear. Above this level, (samples 151, 152), Globano�
malina pseudomenardii, G. chapmani, numerous Igo�
rina djanensis, and then Acarinina subsphaerica,
A. nitida (=A. acarinata), Subbotina velascoensis, and
Morozovella acutispira first occur. This part of the sec�
tion (interval of Samples of 150–160) is assigned to the
Igorina djanensis zone. Thus, Morozovella angulata
and Morozovella conicotruncata zones are missed at
the Danian and Selandian transition. The lower
boundary of the Acarinina subsphaerica zone (Sam�
ples 161–015) is detected by abundant occurrence of
marker species. This zone contains also species from
the underlying zone, except for I. djanensis. Higher in
the section (Samples 013–08), the Acarinina nitida
zone (=Acarinina acarinata zone), ranging terminal
Thanetian�initial Ypresian, is recognized. The lower
boundary of this zone is tentatively defined by the dis�
appearance (slightly below) of Globanomalina pseudo�
menardii and the occurrence of Morozovella aequa.
Foraminifers in this interval are poorly preserved.
Morozovella cf. cancellata, M. cf. subbotinae, and
Acarinina cf. soldadoensis appear successively within
the sedimentary record ranging this zone. The Moro�
zovella subbotinae s.l. zone can be suggested for the
Samples 07–03. The Morozovella subbotinae s.str.
subzone is distinguished in the Sample 07 on the basis
of abundant occurrence of the marker species. The
Morozovella marginodentata subzone is identified in

Plate III. Light microscope images of nannofossils of the Ostrich Farm section. (1) Diantholithina mariposa Rodriguez et Aubry,
sample 143, PL; (2) Fasciculithus sp. 1, sample 150, PL; (3) Fasciculithus sp. 2, sample 148�6, PL; (4) the same specimen, OL;
(5) Fasciculithus sp. 3, sample 120, PL; (6) Fasciculithus sp. 4, sample 152, PL; (7) Fasciculithus sp. 5 sensu Bernaola et al.,
2009; (8) Diantholithina sp. 1, sample 142, PL; (9) the same specimen, OL; (10) Diantholithina sp. 1, distal view, sample 142, PL;
(11) Diantholithina? sp. 2, sample 148�6, PL; (12) the same specimen, OL; (13) Lithoptychius chowii (Varol) Aubry, sample 148�6, PL;
(14) Diantholithina sp. 3, sample 128�6, PL; (15) the same specimen, OL; (16) Lithoptychius vertebratoides (Steurbaut et Sztrakos)
Aubry, sample 148�5, PL; (17) Fasciculithus lillianae Perch�Nielsen, sample 116, PL; (18) Fasciculithus richardii Perch�Nielsen,
sample 116, PL; (19) Fasciculithus sidereus Bybell et Self�Trail, sample 120, PL; (20) the same specimen, OL; (21) Fasciculithus
schaubii Hay et Mohler, sample 119, PL; (22) F. schaubii, sample 120, PL; (23) Fasciculithus hayi Haq, sample 120, PL; (24) Fas�
ciculithus thomasii Perch�Nielsen, sample 120, PL; (25) Fasciculithus sp. 6, sample 170, PL; (26) Lithoptychius varolii (Steurbaut
et Sztrakos) Aubry, sample 170, PL; (27) Lithoptychius sp., distal view, sample 148�5, PL; (28) the same sample, OL; (29) Fasci�
culithus sp. 7, sample 151, PL; (30) Lanternithus duocavus Locker, sample 143, PL.
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the interval of the Samples 06–03 on the basis of the
appearance of Morozovella lensiformis, Subbotina
pseudoeocaena, Globanomalina planoconica, and
Acarinina pentacamerata marker species. In the Sam�
ple 01, the transitional forms of Morozovella margino�
dentata–Morozovella aragonensis (with five chambers
in the last whorl and strongly exserted umbilical side)
were identified. This part of the section can be likely
attributed to the Morozovella aragonensis zone.

Benthic foraminifers are not common and repre�
sented mostly by poorly preserved shells.

In the lowermost part of the section (Samples 140,
141), benthic foraminifers were not found; in Sample 142,
Rhabdammina sp., Ammodiscus sp., Reptamina charoi�
des, Heterostomella gigantica, Spiroplectammina sp.,
Lenticulina sp., Nuttallides truempyi, Gavelinella bec�
cariiformis, and Brotzenella praeacuta were identified.
Upsection, Allomorphina sp. (Sample 146), Cibici�
doides alleni (Sample 150), Clavulina parisiensis,
Haplophragmoides subsphaeroides, Neoflabellina semi�
reticulata, Pullenia americana, Anomalinoides danicus
(Sample 154), Spiroplectammina kortishensis limbosa,
Lituotuba lituiformis, Stilostomella midwayensis, Pullenia
quinqueloba, and Cibicidoides succedens (Sample 110)
appear. In Sample 08, most of the foraminifer shells
(mainly rotaliides) are crushed and ferruginated. Gav�
elinella beccariiformis, the species, which became
extinct near the Paleocene–Eocene boundary, disappear
at this level. The overlying deposits (Samples 07–01)
contain the foraminiferal assemblage represented by
Rhabdammina sp., Ammodiscus sp., Subreophax splen�
dida, Pseudogaudryina sp., Nuttallides truempyi,
Anomalinoides sp., and Cibicidoides sp. In general, the
low�diversity benthic foraminiferal community is of
the Midway (offshore) type fauna, although it contains
some species of the Velasco bathyal fauna (Nuttallides
truempyi, Gavelinella beccariiformis) (Berggren and
Aubert, 1975). In the overlying deposits, foraminifers
were not found.

Large Foraminifera

Large benthic foraminifera were found during
microscopic observations of the thin sections of lower
Ypresian and Lutetian deposits. The most complete
foraminiferal community was identified in washed
Sample 8/5 (calcareous clays), containing planktonic
foraminifers of the early Ypresian Morozovella subbot�
inae zone. Large foraminifera are represented by very
small (0.7–2 mm), sometimes rounded shells with
incomplete number of whorls (nummulitides) or
equatorial cyclical chambers (orthophragminides).
The chambers are often filled with glauconite; drilling
traces in shells are rare. All foraminiferal species,
except for rare Nemkovella species, belong to the

megaspherical generation. Among nummulites, the
species of Nummulites globulus group dominate:
N. soerenbergensis Schaub, 1951 and N. cf. increscens
Schaub, 1951, 1846; N. praelucasi Douville, 1924 and
N. cf. pernotus Schaub, 1951 are less common. Rare
operculines are represented by Operculina karreri
Penecke, 1885. Orthophragminids are more diverse
and represented by Orbitoclypeus schopeni crimensis
Less, 1987, O. douvillei yesilyurtensis Özcan, 2002,
O. varians portnayae Less, 1987, Nemkovella evae
Less, 1987, N. strophiolata indet ssp., Discocyclina
augustae sourbetensis Less, 1987, and D. archiaci cf.
archiaci (Schlumberger, 1903).

Nummulites of this association are typical for the
upper Ilerdian and lower Cuisian (this interval corre�
sponds to the nannofossil NP12 zone). Most of the
orthophragminides are represented by Ypresian transi�
tional subspecies. Some features (a small diameter of
the embryonic apparatus in Orbitoclypeus schopeni cri�
mensis, relatively common O. varians portnaya, and
occurrence of Discocyclina archiaci cf. archiaci) indi�
cate early Cuisian age of this community, but occur�
rence of subspecies O. douvillei yesilyurtensis in this
assemblage contradicts this assumption. This subspe�
cies was established in the middle Cuisian deposits of
Turkey and the North Caucasus (the lower boundary
of the NP13 nannofossil zone) only. Besides nummu�
litides and orthophragminides, occurrence of rare
acervulinids of the genus Sphaerogypsina characterizes
this assemblage of large foraminifera.

The morphotype of large foraminifera (small
dimensions of the shell and embryo) evidences long�
lived unfavorable conditions of their habitat. Rare spe�
cies of large foraminifera belonging to genera Orbito�
clypeus and Discocyclina were identified in other sam�
ples from the Ypresian interval, and at the base of
Lutetian diatomite�spongolite sequence, they are rep�
resented by the genera Nummulites, Orbitoclypeus,
Nemkovella, and Discocyclina (Plate I, figs. 21–24).

DISCUSSION

The detailed study of the Paleogene sediments of
the Urma Plateau, containing high�diversity assem�
blages of three groups of microplankton, enabled the
definition of exact stratigraphic range of the Paleogene
deposits, subdivision of this succession on the basis of
detailed zonations, definition of the range of hiatuses
and correlation of the nannofossil, dinocyst and fora�
minifer datums (Fig. 7).

Abundant and diverse dinocyst assemblage found
in the lower part of Ostrich Farm section demonstrate
high evolutionary rate, while nannofossil and fora�
miniferal assemblages are rather poor quantitatively,
although their taxonomical diversity is reliable to
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Plate IV. Light microscope images of nannofossils of the Ostrich Farm section. (1) Bomolithus elegans Roth, sample 144, PL;
(2) the same specimen, OL; (3) Bomolithus conicus Perch�Nielsen, sample 149, PL; (4) the same specimen, OL; (5) Heliolithus
floris Haq et Aubry, sample 114, PL; (6) Heliolithus cantabriae Perch�Nielsen, sample 151, PL; (7) the same specimen, OL;
(8) Helio�lithus kleinpellii Sullivan, sample 165, PL; (9) Helioithus riedelii Bramlette et Sullivan, sample 170, PL; (10) Discoaster
mohleri Bramlette et Percival, sample 170, OL; (11) Discoaster mohleri Bramlette & Percival, sample 111, OL; (12) Discoaster
anartios Bybell et Self�Trail, sample 08, OL; (13) Discoaster multiradiatus Bramlette et Riedel, sample 123, OL; (14) Discoater
salisburgensis Stradner, sample 124, OL; (15) Discoaster limbatus Bramlette et Sullivan, sample 125, OL; (16) Discoaster diastypus
Bramlette et Sullivan, sample 8�4, OL; (17) Discoaster barbadiensis Tan Sin Hok, sample 129, OL; (18) Discoaster elegans Bram�
lette et Sullivan, sample 8�5, OL; (19) Discoaster binodosus Martini, sample 9A, OL; (20) Discoasteroides kuepperi (Stradner) Bram�
lette et Sullivan, sample 130, OL; (21) Sphenolithus primus Perch�Nielsen, sample 143, PL; (22) Sphenoithus sp. 1, sample 127, PL;
(23) Sphenolithus moriformis (Bronniman et Stradner) Bramlette et Wilcoxon, sample 128, PL; (24) Sphenolithus radians Delfandre
in Grassé, sample 129, PL; (25) S. radians, 1952, sample 131, PL; (26) Sphenolithus orphanknollensis Perch�Nielsen, sample 132,
PL; (27) Sphenolithus stellatus Gartner, sample 27, PL; (28) Sphenolithus sp. 2, sample 134, PL; (29) the same specimen, OL;
(30) Sphenolithus sp. 3, sample 131, PL.

define zonal subdivisions. Vice versa, nannofossil and
foraminifer diversity greatly increases within the marl
unit, while dinocysts become less abundant.

In the studied part of the Danian deposits, the
marker species (Ellipsolithus macellus) of the NP4
zone of the nannofossil standard scale (Martini, 1971)
was not found, that is typical for the entire Crimea�
Caucasus Region (Muzylev, 1981). For this reason,
N.G. Muzylev assigned the upper part of Danian
deposits to the Coccolithus robustus zone, which
roughly ranges the NP4 zone. At the same time, our
study showed that this interval can be subdivided into
three subzones of a more detailed Danian zonation
developed by O. Varol (NTp7A–NTp8A) for the
North Sea Basin. Noteworthy, this scale was success�
fully applied for detailed subdivision of Tethian sec�
tions (Steurbaut and Sztrakos, 2008; Bernaola et al.,
2009; Sprong et al., 2009; Youssef Ali, 2009). The
standard Martini zonation can be reliably used for
subdivision of the upper Paleocene–lower Eocene
sequences (Martini, 1971). The Middle Eocene part of
the section can be confidently dated using Okada and
Bukry standard zonation (1980), more reliable and
detailed for this interval.

As it was noted, foraminiferal zonation elaborated
for the Crimea–Caucasus area and recently updated
by E.M. Bugrova (Prakticheskoe…, 2005) was applied
for sections studied. The use of regional zonation is
caused by the absence or sporadic occurrence of
warm�water foraminiferal key species served for zonal
definition in zonations elaborated in tropical area
(Berggren and Pearson, 2005; previous works by Bolli,
Blow, and others (see references incited)). The fora�
miniferal zones of the Crimea–Caucasus scale, which
is useful also in the Central Asia, were originally com�
piled on the basis of the composition of foraminiferal
assemblage, where zonal boundary could be defined
by common occurrence of marker species, although its
rare occurrence might took place in the underlying
zone. Despite evident inconvenience in such zonal
boundaries, this concept seems to be optimal for poly�

facial deposits of the epeiric basin, partly isolated from
the Tethian realm.

The proposed zonal subdivisions of the “detailed”
scale of the Crimean–Caucasian region, developed
using datum planes (Beniamovskii, 2001; Akhmetiev
and Beniamovskii, 2006), cannot be identified in the
studied section.

Basically, the succession of the FOs of nannofossil
species revealed in the upper Danian sediments is sim�
ilar to the evolutionary succession documented in dif�
ferent basins of Tethyan realm. However, the first radi�
ation of fasciculiths, clearly identified in many parts of
the Tethys prior to the base of NTp7b subzone (Steur�
baut and Sztrakos, 2008; Bernaola et al., 2009; Sprong
et al., 2009), is not documented in the section studied,
although extremely rare specimens of fasciculiths sim�
ilar to Lithoptychius chowii (Plate III, fig. 13) are found
at the level of the FO of Chiasmolithus edentulus
(~23 m below the Danian–Selandian boundary).
Probably, the event of 1st radiation of fasciculiths falls
to the unsampled part of the section, disturbed by sub�
marine slumping. The same processes could be
responsible for the high position of the lower boundary
of the NTp7B subzone and thus of reduction of its true
stratigraphic range in the section. Other early fascicu�
liths, recently assigned to the genera of Diantholithina
and Lithoptychius (Aubry et al., 2011), were identified
in the deposits of the NTp8A subzone (Plate III). This
level is significantly higher than the interval of distri�
bution of both these genera in Egypt, where it is
mainly restricted to the NTp7B subzone (Aubry et al.,
2012).

The occurrence of common Sphenolithus primus,
which marks the base of the NTp8A subzone, coin�
cides with the very early FO of bomoliths similar to
Bomolithus elegans. Bomoliths are thought to be tran�
sitional morphotype between fasciculiths and helioliths,
which usually appear in the Selandian NP5 zone
(Perch�Nielsen, 1985), although the occurrence of
these species was found in the uppermost Danian
deposits in SW France (Steurbaut and Sztrakos,
2008). The occurrence of bomoliths at a much lower
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stratigraphic level may be the evidence of early evolu�
tionary evolutionary separation of Momolithus lineage
at a very early stage of fasciculith evolution prior to
their bloom.

In some areas, e.g., in the sections of Denmark
and the Basque Country, the interval of NTp7A–

NTp8A subzones is characterized by mass occur�
rence (acme) of Braarudosphaera bigelowii (Clem�
mensen and Thomsen, 2005; Bernaola et al., 2009),
culminating at the boundary of the NTp8B/NTp8C
subzones. However, in the southern margin of the
Tethys, this phenomenon was not observed (Sprong
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et al., 2009; Youssef Ali, 2009). In the Ostrich Farm
section, this interval is characterized by common and
diverse pentaliths (braarudosphaerids and micran�
toliths), although it is not real mass occurrence and
they become declined at the level ~5.5 m below the
base of marl sequence. The 2nd radiation of fascicu�
lithes was recorded in the uppermost Danian deposits
of the Boreal and Tethian realms (Varol, 1989; Steur�
baut and Sztrakos, 2008; Bernaola et al., 2009;
Youssef Ali, 2009). It corresponds to boundary of the
NTp8B and NTp8C subzones. However, in the upper�
most Danian deposits of our section, fasciculiths are
not found; late Danian species (L. ulii, L. janii,
L. billii) occur at the base of marl sequence together
with marker species of the base of Selandian
NP5 zone Fasciculithus tympaniformis. This suggests
a hiatus at the Danian/Selandian boundary ranging
NTp8B–NTp8C subzones in the Ostrich Farm sec�
tion and earlier termination of pentalith common
occurrence in the upper part of the NTp8A subzone.

The first occurrence of dinocysts in the section
coincides with the boundary of the NTp7B/NTp8A
subzones. The NTp8A subzone corresponds to two
local dinocyst zones: Alisocysta reticulata and Alter�
bidinium circulum, which can be correlated to three
subzones of the North Sea zonation: DP2a Alisocysta
reticulata, DP2b Spiniferites magnificus, and DP3a
Thalassiphora cf. delicata (Mudge and Bujak, 1996).
In the Ostrich Farm section, the upper boundaries of
the DP2a (the LO of Alisocysta reticulata) and DP3a
(the LO of Thalassiphora cf. delicata) subzones were
documented. However, the boundary between the
DP2b and DP3a subzones was not recognized due to
not�occurrence of the marker species (Spiniferites
magnificus), which can be caused by a hiatus in sedi�
mentation. According to (Powell, 1992), the LO of
Alisocysta reticulata, Xenicodinium lubricum, and
Hafniasphaera cryptovesiculata is recorded within the
Cerodinium striatum zone, and the LO of Thalassi�
phora cf. delicata is noted in the upper part of this
zone. The dinocyst zone Thalassiphora cf. delicata is
correlated to the top of the NP4 zone (Powell, 1992).
In general, these events were recognized in our mate�
rial, except for the later LO of Thalassiphora cf. deli�
cata at the base of the NP5 zone, which is in agree�
ment with the data obtained from the North Sea
(Mudge and Bujak, 1996) and Denmark (Thomsen
and Heilmann�Clausen, 1984). The late Danian
Alterbidinium circulum zone is restricted to the
Danian, that is confirmed by Vasilyeva (2010) and our
data. The FO of Alterbidinium circulum corresponds to
the middle part of the NP4 zone (Luterbacher et al.,
2004; Vasilyeva and Musatov, 2008; Vasilyeva, 2010).

The lower part of the section corresponds to the
foraminiferal Praemurica inconstans zone according

to the Crimea–Caucasus zonal scheme, ranging the
upper part of the Danian. The marker species occurs
in the upper part of this zone only at the level of the
FOs of Prinsius bisulcus and Toweius selandianus and
the LO of Hafniasphaera cryptovesiculata.

The transition between Danian limestone and marl
sequence is a drastic lithological boundary. The appli�
cation of Varol’s detailed zonation evidenced the short
stratigraphic hiatus ranging NTp8B–NTp8C sub�
zones. However, there are no significant variations in
nannofosil assemblage. In terms of foraminiferal
zonation, the hiatus ranges the late Danian Morozo�
vella angulata zone to early Selandian M. conicotrun�
cata zone. Above the Danian–Selandian boundary,
the total abundance of nannofossils increases signifi�
cantly. However, the recognition of the NTp9 and
NTp10 zonal boundary is hardly possible, because
marker species of their upper boundaries are not found
or scarce in this part of the section. The only exception
is Neochiastozygus perfectus, whose stratigraphic range
appeared to be larger than its range in the Norwegian
Sea, where these zones were originally established. Its
LO defines the top of the NTp10 zone; in the Ostrich
Farm section, it disappeared later at the level of the
NP6 zone. The successive FOs of Toweius tovae and
T. eminens above the Danian/Selandian boundary at
2.8 and 12.0 m, respectively, is recorded evidently at
the levels similar to those in the Zumaya section,
Northern Spain (Bernaola et al., 2009). However, in
SE France, T. tovae was referred in the upper Danian
below the FO of F. tympaniformis (Steurbaut and
Sztrakos, 2008).

The local dinocyst Cladopyxidium saeptum zone
ranges the most of Selandian and lower Thanetian
deposits, i.e., the NP5 and the lower part of the NP6
nannofossil zones, and the Igorina djanensis and the
lowermost part of Acarinina subsphaerica planktonic
foraminifer zones. The low abundance and taxonomic
diversity of dinocysts do not allow reliable subdivision
of this part of section in terms of dinocyst zonation.
The assemblage of this zone differs substantially from
coeval assemblages of other regions by the absence of
marker species Isabelidinium? viborgense, Palaeoperi�
dinium pyrophorum, Areoligera gippingensis, and
Palaeocystodinium bulliforme (Heilmann�Clausen,
1985, 1994; Powell, 1992; Mudge and Bujak, 1996;
Luterbacher et al., 2004), that could be caused by
paleogeographic peculiarity of the basin. The occur�
rence of the secondary markers (Cladopyxidium saep�
tum, Conneximura fimbriata) identified in the DP3b
subzone (Isabelidinium? viborgense) (Mudge and
Bujak, 1996) enable partial correlation of the local
Cladopyxidium saeptum zone to the Cladopyxidium
saeptum subzone of the North Sea.
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Plate V. Light microscope images of nannofossils of the Ostrich Farm section. (1) Neochiastozygus chiastus (Bramlette et Sullivan)
Perch�Nielsen, sample 145, PL; (2) Neochiastozygus perfectus Perch�Nielsen, sample 149, PL; (3) the same specimen, OL;
(4) Neochiastozygus concinnus (Martini) Perch�Nielsen, sample 149, PL; (5) the same specimen, OL; (6) Neochiastozygus disten�
tus (Bramlette et Sullivan) Perch�Nielsen, sample 151, PL; (7) Neochiastozygus distentus (Bramlette et Sullivan) Perch�Nielsen,
sample 119, PL; (8) N. distentus, sample 124, PL; (9) N. denticulatus, sample 151, PL; (10) the same specimen, OL; (11) Neochia�
stozygus sp. 1, sample 151, PL; (12) Neochiastozygus sp. 1, sample 151, the same sample, OL; (13) Neochiastozygus sp. 1, sam�
ple 143, PL; (14) the same specimen, OL; (15) Neochiastozygus digitosus Perch�Nielsen, sample 164, PL; (16) Placozygus sig�
moides Bramlette et Sullivan, sample 144, PL; (17) Zygodiscus sp., sample 165, PL; (18) Micrantolithus entaster Bramlette et Sul�
livan, sample 142, PL; (19) the same specimen, OL; (20) Micrantolithus pinguis Perch�Nielsen, sample 141, PL;
(21) Micrantolithus sp., sample 141, PL; (22) the same specimen, OL; (23) asymmetrical specimen of Braarudosphaera bigelowii
(Gran et Braarud) Deflandre, sample 145, PL; (24) Braarudosphaera discula Bramlette et Riedel, sample 144, PL; (25) Braaru�
dosphaera? sp., sample 8�1, PL; (26) Nannotetrina? sp.?, sample 131, PL; (27) the same specimen, OL; (28) Rhomboaster bram�
lettei (Bronniman et Stradner) Bybell et Self�Trail, sample 124, PL; (29) Rhomboaster cuspis Bramlette et Sullivan, sample 126�3,
PL; (30) Tribrachiatus orthostylus Shamrai, sample 8�5, OL.

In the interval of NP6–NP7 zones, the local Aliso�
cysta margarita zone was recognized. Noteworthy, the
interval of the stratigraphic range of this species in the
NW Europe dinocyst zonation is partly restricted to
the D4a–D4b subzones and can be correlated to the
terminal part of the NP5 and NP7 zones (Luterbacher
et al., 2004). In the Danian Basin, this taxon appears
at the base of the Viborg 3 zone (Heilmann�Clausen,
1985, 1994) and can be correlated with the top of the
NP5 zone. Thus, Alisocysta margarita occurs later
within the studied area.

A rapid diversification of the nannofossils started in
the Thanetian involving mainly genera Neochiastozy�
gus and Chiasmolithus and in the later stage⎯Fascicu�
lithus and Discoaster. Comparing to nannofossil
assemblagesof more western regions of the Caucasus
and Eastern Crimea, the Thanetian nannofossils of
the Urma Plateau are characterized by relatively
smaller size and low diversity of heliolits, represented
by three species only, but higher diversity of Toweius.
Dinocysts occur only in the lower and upper parts of
the Thanetian. Both dinocyst and planktonic fora�
minifer assemblages are characterized by low diversity
that does not allow estimation of turnover rate. The
3rd radiation of fasciculiths began in the upper part of
the NP8 zone with the FO of F. lillianae, followed by
FOs of enormously large F. schaubii, F. richardii,
F. thomasii, F. allanii, and F. sidereus in the NP9 zone.
Interesting is early occurrence of large chiasmoliths
(C. eograndis and C. californicus) in the NP8 zone,
which usually appear later in the Crimea–Caucasus
region (near the base of the NP9 zone). The FO of
Morozovella aequa coincides with FO of Discoaster
multiradiatus that defines possible correlation of the
lower boundaries of the NP9 and Acarinina acarinata
zones. Dinocysts re�appear again in the middle of the
NP9 zone. The dinocyst assemblage includes several
species of the genus Apectodinium that is typical for
dinocyst assemblages in different parts of the world
(Powell, 1992; Heilmann�Clausen, 1994; Luterbacher
et al., 2004).

As was mentioned above, the Paleocene/Eocene
transition is characterized by complex combination of
weak erosion and substantial submarine slumping. It is
important to note the evidence of primary accumula�
tion of sediments rich in TOC in the earliest Eocene of
Ostrich Farm section similarly to some other Paleo�
gene sections of Dagestan (Chirkey, Verkhnii Dzhen�
gutay, and Gubden) (Gavrilov et al., 2003; Gavrilov
and Shcherbinina, 2009) and occurrence of rhom�
boasters and asymmetric discoasters (D. anartios)
nannofossils corresponding to the PETM event. In all
likelihood, sedimentation in this interval was primary
continuous, because short�lived species Tribrachia�
tus digitalis ranging NP10c subzone occurs in the
assemblage with “excursion taxa” corresponding to
PETM and later superimposed processes disturbed
normal bedding. Besides, the Thanetian/Ypresian
transition is characterized by the FOs of Wetzeliella
astra and W. lobisca (the upper part of the
NP10 zone).

The early Eocene nannofossils show the normal
succession of FOs and the speciality of the assemblage
is the occurrence of abundant Zygrhablithus bijugatus
and Toweius callosus and common sphenoliths and
rabdosphaerides. This likely indicates the sedimenta�
tion in shallow environment. The interval of the
NP10–NP12 zones is characterized by successive FOs
of dinocysts: Biconidinium longissimum, Deflandrea
phosphoritica, Dracodinium simile, Rhombodinium
translucidum, Wetzeliella uncinata, Diphyes ficusoides,
Dracodinium varielongitudum, Wetzeliella unicaudalis,
Wilsonidium tabulatum, Dracodinium politum, and
Cerebrocysta bartonensis. Within the NP11 zone, a
short stratigraphic hiatus, corresponding to the Wetze�
liella meckelfeldensis zone, is revealed.

The middle Eocene nannofossil assemblage is
very poor, but species diversity is still sufficient for
zonal subdivision of deposits. It must be stipulated
that some outcrops of the upper part of this sequence
(Fig. 5) are located at considerable distance between
them. Despite the fact that these outcrops belong to
the same stratigraphic range, there is no absolute cer�
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Plate VI. SEM images of nannofossils of the Ostrich Farm section. (1) Coccolithus robustus (Bramlette et Sullivan) Wind et Wise,
sample 145; (2) Coccolithus subpertusus (Hay et Mohler) Wei et Pospichal, sample 145; (3) Coccolithus sp. 1, sample 145; (4) Coc�
colithus sp. 1, another sample, sample 145; (5) Coccolithus sp. 2, sample 145; (6) Coccolithus subpertusus, sample 152; (7) Helio�
lithus? sp. 1, sample 170; (8) Toweius pertusus (Sullivan) Romein, distal view, sample 145; (9) Toweius pertusus (Sullivan) Romein,
proximal view, sample 152; (10) Prinsius martini (Perch�Nielsen) Haq, sample 152; (11) Prinsius dimorphosus Perch�Nielsen,
sample 145; (12) Prinsius bisulcus (Stradner) Hay et Mohler, sample 152; (13) Prinsius tenuiculus (Okada et Thierstein) Varol et
Jakubowski, sample 145; (14) Heliolithus aktasii Varol, sample 116; (15) Tribrachiatus orthostylys Shamrai, sample 126�3;
(16) Lithoptychius billii (Perch�Nielsen) Aubry, sample 145; (17) Lithoptychius varolii (Steurbaut et Sztrakos) Aubry, sample 145;
(18) Fasciculithus clinatus Bukry, sample 116; (19) Rhomboaster cuspis Bramlette et Sullivan, sample 126�3; (20) Lythoptychius sp. 2
sensu Aubry et al. (2011), sample 116; (21) Helicosphaera? sp., sample 170; (22) unknown nannofossil, sample 116; (23) Litho�
ptychius sp., sample 145.

Plate VII. Light microscope images of dinocysts of the Ostrich Farm section. (1) Alisocysta sp. 2 Heilmann�Clausen, 1985;
(2) Operculodinium centrocarpum (Deflandre et Cookson) Wall; (3, 4, 11) Achomosphaera alcicornu (Eisenack) Davey et Williams;
(5) Deflandrea oebisfeldensis Alberti; (6) Adnatosphaeridium sp. 1; (7) Wilsonidium pechoricum Iakovleva et Heilmann�Clausen;
(8) Danea sp. 1; (9) Heslertonia heslertonensis Neale et Sarjeant; (10) Apectodinium augustum (Harland) Lentin et Williams;
(11) Spiniferites septatus Cookson et Eisenack; (12) Spiniferites sp.; (13) Apectodinium homomorphum (Deflandre et Cookson) Len�
tin et Williams; (14) Wilsonidium tabulatum (Wilson) Lentin et Williams.
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tainty that we suggested the true stratigraphic corre�
lation of this isolated exposures, especially, taking
into account the high lateral variability of facies in
this stratigraphic interval. Accordingly, it is difficult
to estimate now the true thickness of Lutetian depos�
its of the Urma Plateau.

CONCLUSIONS

The co�occurrence of diverse assemblages of three
groups of microplankton (nannofossils, foraminifera,
and dinocysts) in the Ostrich Farm section provided
the definition of the stratigraphic range of the studied
deposits (upper Danian–Lutetian) and directly corre�
late the zones of the nannofossil standard zonation,
the Crimea–Caucasus planktonic foraminifera scale,
and the dinocyst scale. These permit to obtain valu�
able information for future correlation of Paleogene
marine calcareous and non�calcareous deposits.
Three hiatuses have been recognized in the section
studied: at the Danian/Zelandian boundary (nanno�
fossil subzones NTp8B–NTp8C), at the Paleocene–
Eocene boundary (the NP9B subzone and the lower
part of the NP10 zone), and in lower Eocene
(dinocyst zone Wetzeliella meckelfeldensis). It is
impossible to determine the duration of the hiatus
preceding the accumulation of siliceous sequence,
since microfossils are absent in its lower part and the
stratigraphic range of missing intervals varies consid�
erably laterally. The nannofossil study of the Gray
Formation of the Urma Plateau confirmed with cer�
tainty that it is coeval to studied recently red Paleo�
gene deposits of the northern regions of Dagestan
(e.g., the section in the vicinity of Chirkey HPP)
(Shcherbinina and Gavrilov, 2012).
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