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INSIGHTS ON THE AGE AND PALEOENVIRONMENTS
OF THE LATEST MAASTRICHTIAN - DANIAN STRATA
AROUND OKIGWE - UMUASUA AXIS, ANAMBRA BASIN,
SOUTHEASTERN NIGERIA

A set of twelve (12) outcrop samples of Late Cretaceous and Earliest Paleogene from
Ihube, Okigwe-Arondizuogu, and Umuasua road sections in the Anambra Basin were palyno-
logically examined to re-evaluate their age and reconstruct their paleoenvironments of depo-
sition. Palynological analysis was carried out, using the standard conventional method of ac-
id maceration for recovering the acid-insoluble organic-walled microfossils from sediments.
Four (4) main lithological units were encountered which include, carbonaceous shale, sand-
stones, mudstones, and siltstones. Result from the palynological examination shows high dom-
inance of terrigenous microflora (spores and pollen), especially the mangrove pollen over
marine microplanktons in the samples from Ihube and Okigwe/Arondizuogu sections, whereas
samples from the Umuasua section yielded more marine species, mostly the dinoflagellates
with proximate cyst affinity, than the terrigenous forms. Age control was achieved based on
the selected key stratigraphic index palynomorph assemblages recovered. A Latest Maas-
trichtian age was assigned to the samples from lhube and Okigwe-Arondizogu sections, with
the following index species: Longapertites marginatus, Proxapertites operculatus,
Proxapertites cursus, Retidiporites magdalenensis, Cingulatisporites ornatus, Proteacidites
dehaani, Spinizonocolpites baculatus / echinatus, Mauritidites crassibaculatus, Distaverrus-
porites simplex, Foveotriletes margaritae, Constructipollenites ineffectus, and Longapertites
microfoveolatus. This assemblage has been attributed to the palmae and belongs to the tropi-
cal — subtropical Senonian Palmae Province of South America and African region. Samples
from the Umuasua section signal Early Danian based on Cordosphaeridium varians,
Damassadinium californicum, Fibrocysta licia, Carpatella cornuta, Eisenackia circumtabula-
ta, Carpatella septata, Senoniasphaera inornata, Tectatodinium rugulatum, Kenleyia lep-
tocerata, and Palynodinium grallator. A mangrove swamp / or near shore brackish water en-
vironment of deposition was proposed based on the important environmentally significant mi-
ospore taxa such as those belonging to the palmae. Marine microplanktons such as the
peridinioid (proximate cyst) dinocyst which occurred in high abundance over the gonyaula-
cacean (chorate cyst) species also demonstrated strong evidence of nearshore brackish water
depositional condition, with reduced salinity fluctuation. The paleogeographic conditions
suggested by the miospores association indicated a warm and humid climate in the region.

Keywords: Anambra Basin, Dinoflagellates, Paleoenvironment, Sporomorph, Palmae.
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Introduction

The Nsukka Formation marks the topmost
lithological unit of the Anambra Basin
(Whiteman, 1982; Umeji and Nwajide, 2007).
This formation was previously referred to as the
Upper Coal Measures (Tattam, 1944; Du Preez,
1947; Simpson, 1955). Reyment (1965) howev-
er later formalized the name as Nsukka For-
mation. The type locality of the formation was
designated north of Nsukka in an area along
Nadu River by Reyment (1965) without any
formal description of the type section.

Several studies have been carried out on the
Nsukka Formation. However, most of these
previous researches are mainly on the stratigra-
phy, sedimentology, ichnology and foraminifer-
al biostratigraphy Mbuk et al. (1985), Nwajide
and Reijers (1996), Mode (2004), Mode and
Odumodu (2014), Nwajide and Reijers (1996)
reported that the depositional environment of
Nsukka Formation was mainly a fluvial setting
with marine incursions that mixed in shoreface
sedimentation. Mode (2004) integrated lithofa-
cies with microfaunal data and concluded that
the formation was deposited from foreshore to
shoreface and inner shelf environments. Mode
and Odumodu (2014) using lithofacies and ich-
nological association distinguished and inter-
preted five lithofacies association for the Nsuk-
ka Formation ranging from lagoon/bay to fore-
shore, shoreface and proximal offshore.

Not much study has been undertaken in the
aspect of palynology within the study region
especially around the Umuasua area. The few
palynological studies on the Nsukka Formation
were concentrated mostly on the lower and
middle parts of the formation exposed around
Unadu, lhube, Okigwe and Umulolo road cuts
along the Enugu-Port Harcourt expressway
(Reyment, 1965; Oboh-lkhuenobe et al., 2005;
Umeji and Nwajide, 2007; Umeji and Edet,
2008; Chiaghanam et al., 2012). However, little
or no work has been done on the topmost unit of
the formation exposed around the Umuasua
town which has been considered and critically
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examined in this present study. Oboh-lkhuenobe
et al. (2005) and Umeji and Nwajide (2007) ex-
amined the lithofacies and palynofacies and
suggested that the sediments were deposited in
paralic and marine settings. Umeji and Edet
(2008) examined the palynostratigraphy and
paleoenvironments of the Nsukka Formation
and concluded a paleoenvironments of deposi-
tion oscillating from north to south, between the
lower and upper deltaic plains, varying from
tidal flat, lagoon, tidal bar, raised bog and reed
swamp in the north to nearshore open marine
conditions in the south, while Chiaghanam et al.
2012 assigned a mangrove swamp/ or nearshore
brackish water depositional setting to the for-
mation. These previous researches are mainly
preliminary but gave some insights into the age
and paleoenvironments. More studies are there-
fore needed to concisely interpret them.

The present study aims at presenting a de-
tailed reconstruction of the age and paleoenvi-
ronments of the Late Maastrichtian to Danian
strata of the Nsukka Formation around Okigwe
and Umuasua areas, using the organic-walled
microfossils rich samples. Also, the issue of the
presence of outcropping Danian deposit in the
southeastern part of Nigeria and the demarca-
tion/placement of the Cretaceous/Paleogene
(K/Pg) boundary between the latest Maastrichti-
an bed and the earliest Danian deposits, and
thus ending the old tradition of including the
Danian in the Cretaceous, have been addressed
using organic-walled microfossils.

Geological Setting and Stratigraphy

The study area lies within the southern part
of the Anambra Basin towards the basin boundary
with the overlying Niger Delta basin (Figure 1).
The Anambra Basin represents a synclinal struc-
ture consisting of over 5,000 m thick sequence
of Upper Cretaceous sediments. The basin
evolved consequent to the Santonian folding
and uplift of the Abakaliki region resulting to
the dislocation of the downwarped Anambra
Platform and Afikpo syncline (Murat, 1972;
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Burke et al., 1972; Kogbe, 1989). The strati-
graphic sequence in the Anambra Basin starts
with the Campanian to Maastrichtian Nkporo
Group, which is successively overlain by the
Lower Maastrichtian Mamu Formation and
Middle Maastrichtian Ajali Formation. The
Ajali Formation is also successively overlain by
the Late Maastrichtian and Early Danian Nsuk-
ka Formation and the Imo Formation respective-
ly (Figure 2, Table 1). Detailed stratigraphic de-
scriptions of the Anambra Basin are available in
many publications (Petters, 1978; Agagu et al.,
1985; Nwajide and Reijers, 1996). The Nsukka
Formation consists of an alternating sequence of
sandstones, dark shale and sandy shale with thin
coal seams at several horizons (Simpson, 1954;
Reyment, 1965).

Descriptions of Stratigraphic Sections

Three roadcut sections of the Late Maas-
trichtian to Danian Nsukka Formation outcrop-
ping at at Km 76 along Enugu-Port Harcourt
highway (L1) and at 900 m from Okigwe junc-
tion along Okigwe — Nnewi road (L2) and at
Umuasua roadcut, southeastwards of Okigwe,
around Umuasua village (L3) were studied
(Figure 2). The lithologs of the three sections
are shown in Figures 3, 4 and 5 respectively.
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The section along Enugu — Port Harcourt road is
about 33m thick and consists of shale, mud-
stone, siltstone and sandstone beds. The shales
are mostly dark grey to black in colour and
sometimes contain some ironstone concretion-
ary horizons. The shale is rich in trace fossils
such as Planolites, Teichichnus and Thalassi-
noides. In the basal parts, the shales are inter-
bedded with siltstone, sandstone, and mudstone.
The shales are fissile and richly fossiliferous.
The sandstones are very fine to fine grained at
the lower parts but become medium to coarse
grained upwards. Prominent sedimentary struc-
tures in the sandstones include wave ripple lami-
nation, ripple cross lamination, trough cross bed-
ding, parallel lamination / bedding and bioturba-
tion. Common biogenic structures in the sand-
stones include Paleophycus, Thalassinoides,
Skolithos and Ophiomorpha burrows. An inter-
bedding of rippled fossiliferous, limy calcareous
sandstone with shale occurs in the upper part of
the section. The section studied at Umulolo which
is about 1.0 Km along Okigwe — Nnewi road is
about 11.5 m thick. The lithology consists of
fine to coarse grained sandstones, black shale,
gray siltstone / shale heterolith and clayey
sandstone above. Sedimentary structures pre-
sent here include planar crossbedding, flaser
bedding, parallel lamination and bioturbation.
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Figure 1. Geological map of southeastern Nigeria showing the study area (modified after Akande, 2007)
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Figure 2. Geologic map of the study area and environs
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The biogenic structures present in the shale in-
clude Teichichnus burrow. The beds dip at 9° in
the Northwest direction. The section at Umuasua
is about 32 m in thickness. It consists of con-
glomeritic sandstones, highly fissile shales and
fine to coarse grained sandstones. The con-
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glomeritic sandstone is highly fossiliferous, con-
taining ammonites, bivalves and some gastro-
pods. The shales also contain ironstone bands,
nodules and concretions. Sedimentary structures
observe in the section include wave ripple lami-
nation and planar cross-beddings.

m

LITHOLOG

LITHOLOGIC DESCRIPTION

Interbedding of shales with fossiliferous,
limy, calcareous rippled coquina
sandstone and siltstone beds, with sharp
basal contacts. Ophiomorpha and
Planolites burrows are present

Coarse to medium grained sandstone
with planar crossbeds at the base and
wave ripples at the top. Ophiomorpha

Coarse pebbly sandstones with mud chips

24T < IH-S4

e
b
R
Lttt

Kol
-

2
¥
i

o
o

o
ok it
e

¥
i
e

e M

Black shale with concretionary horizons. It
also contains Paleophycus and Teichichnus
burrows

Parallel bedded, gray to brick
coloured, coarse grained calcareous

Trough crossbedded, medium grained
sandstone, with coarse lags on the
troughs

Wave rippled, fine grained sandstone, with
loadcast at its contact with the underlying
bed

Sedimentary Structures

Intercalations of sandy shales
with thin sandstone beds

Fine grained sandstone with basal lags
Very fine grained sandstone

Fine grained sandstone, Skolithos burrowed
Medium grained yellowish sandstone

Shaly siltstone containing PlanolitesThalassinoides
burrows
Fine arained sandstone

Ripple Lamination

Ripple Cross-lamination

Trough Cross-bedding

Planar Cross-bedding

Paleophycus burrows

Planolites burrows

— < IH-S1

Grey mudstone containing Planolites

l€— IH-S2 & Teichichnus burrows

Interlaminations of siltstone, fine grained sandstone &
shale. Skolithos and Ophiomorpha burrows are
present

Black shale with concretions

Teichichnus burrows

Thalassinoides burrows

Ophiomorpha burrows

Skolithos burrows

Fossil shells
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Figure 3. Lithologic Log of Nsukka Formation at Ihube along Enugu — Port-Harcourt Expressway
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LITHOLOG

DESCRIPTION

TRACE FOSSILS

Sandstone

Verv fine grained. siltv clavey sandstone

Fine grained, flaser bedded,
carbonaceous sandstone

Gray siltstone / shale heterolith
Black Shalewith Teichichnus burrows

Coarse grained planar cross bedded

Dip amount = 9°
Dip direction = 320° azimuth (Northwest)

Teichichnus burrows
present

Teichichnus burrows

nresent

Ccl si

Fs Ms CsPs

Figure 4. Litholog of Nsukka Formation at Umulolo along Okigwe — Arondizuogu Road

Method

The study area is located within the area
bounded by Latitudes 5°42°N - 5°55°N and Lon-
gitudes 7°20’E - 7°30’E (Figure 2), lying within
the southern part of the Anambra Basin towards
the basin boundary with the Niger Delta basin of
Nigeria (Figure 1). Twelve (12) samples were
collected for this work (4 from lhube section, 1
from Okigwe/Arondiziogu section, and 7 from
the Umuasua section). Samples collected from
these outcrop locations were processed and ana-
lysed for their palynomorphs content. Sample
positions are shown in the simplified lithostratig-
raphy sections (Figures 3,4 & 5).

The sample preparation was carried out
using the conventional method of acid mac-
eration technique for recovering acid-inso-
luble organic-walled microfossils from sedi-
ments. Each sample was thoroughly cleaned to
remove field contaminants. 10 g of each sam-
ple was weighted out in a standard weighing
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balance and gently crushed with agate mortal
and piston. The crushed sample was digested
for 30 minutes in 40 % conc. hydrochloric ac-
id for removal of carbonate and 72 hours in 48
% conc. hydrofluoric acid to remove silicates.
The digested sample was diluted with distil
water and sieve-washed through 10 microns
nylon mesh. The sieve-washed 10 g residues
equivalent was partitioned into two parts, 5 g
each, for oxidation and for kerogen assess-
ment. The 5 g residue extracts were oxidized
for 30 minutes in 70 % conc. HNO3 and 5
minutes in Schulze solution to render the fos-
sils translucent for transmitted light microsco-
py. The acid-free oxidized residues were
rinsed in 2 % conc. KOH solution to neutral-
ize the acid; swirled to remove the resistant
coarse mineral particles and undigested organ-
ic matter. The swirled residues were collected
on the sieve and stained with Safranin — O to
increase the depth of contrast for microscopic
examination and photography.
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The stained residues (aliquots) were dis- under the transmitted light microscopy. Light
persed with polyvinyl alcohol, dried on cover- photomicrographs were taken with leica Il bin-
slips and mounted in petro-poxy resin. Five (5) ocular microscope.
slide was made from each sample and logged

THICKNESS ) 11THOLOG LITHOLOGIC DESCRIPTION

Highly bioturbated and indurated claystone surface, with ripple laminae

Mega wave ripple, cross bedded coarse grained sandstone unit
with clay intercalations

Medium to coarse brained sandstone unit with mega ripples

Ripple laminated fine-grained sandstone

Ferruginized fine-grained sandstone unit, with intensely burrowed
surfaces

Heterolithic unit, with fine sandstone and shale intercalation

Ripple laminated micaceous fine grained sandstone unit

Thick shale unit with intercalated streak and band of ironstone
nodules and concretions

Ironstone band

Highly fissile dark shale

Highly fossiliferous conglomeritic sandstone with ammonites,
bivalves and gastropod shells

Well consolidated sandstone unit

U L
Cl Si VfsFsMsCs

Figure 5. Lithologic section of Nsukka Formation along Umuasua Road cut in Isikwuato Village
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Result

Figure 6 shows the occurrence and distri-
butions of palymomorph species recovered from
the examined samples from the Ihube, Okig-
we/Arondizogu, and Umuasua sections.

Ihube Section (IH-S1 to IH-S7):

The Palynomorphs recovered in this sample
include both terrestrial and marine species.

Terrestrial species: Among the sporomorph
group were spores, pollen, and fungal spores. The
spores encountered include Polypodiaceiosporites
reticulatus, Leiotriletes adriennis, Laevigatospor-
ites ovatus, L. discordatus, Cyathidites minor, Az-
olla cretacea, Cycadopites ovatus, Schizophacus
reticulatus Constructipollenites ineffectus, and
Distaverrusporites simplex. The pollen includes
Longapertites marginatus (overwhelming abun-
dance) and Spinizonocolpites baculatus. Other
species present are Mauritiidites crassibaculatus,
Liliacidites nigeriensis, Echitriporites trianguli-
formis, Longapertites microfoveolatus, Proteacid-
ites  dehaani, Auriculidites reticulatus,
Monoporites annulatus, and Proxapertites oper-
culatus (Figure 6 and Figure 7).

Marine species: The group of marine spe-
cies includes dinoflagellate cysts, achritarchs,
and foraminifera inner test lining. The dinoflag-
ellate cysts species encountered included both
gonyaulacacean and peridinecean species. They
are Dinogymnium acuminatum, Spiniferites sp.,
Cordosphaeridium inordes, Senegalinium sp.,
Operculodinium centrocarpum, Cyclonephelium
deckoninckii, Lejeunecysta hyalina, Andalusiel-
la manthei, and Ceratiopsis lepthoderma (Fig-
ure 6 and Figure 7). Acritarch and forams test
lining were not encountered.

Okigwe - Arondiziogu Section (OK-01)

This sample is rich in both terrigenous and
marine species. The terrigenous species record-
ed include Leiotriletes adriennis, laevigatospor-
ites ovatus, Schizosphacus sp., Gleichiniidites
senonicus, Matonisporis equiexinus, Cyathidites
minor, Cycadopites ovatus, Distaverrusporites
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simplex, and Constructipollenites ineffectus.
Among the pollen species were Monocolpor-
opollenites sphaeroidalis, Longapertites mar-
ginatus (high abundance), Spinizonocolpites
baculatus, Echitriporites  trianguliformis,
Proxapertites operculatus (rare), Psilatricolpor-
ites operculatus, Monoporites annulatus, Lon-
gapertites vaneedenburgi, Psilatriporites rotun-
dus, Retidiporites magdalenensis, Proteacidites
dehaani, Buttinia andreevi, and Psilatricolpor-
ites crassus.

Marine species: The dinoflagellate cysts
include Spiniferites hyparacanthus, Achomo-
sphaera sagena, Selenopemphix nephroides,
Cordosphaeridium sp., Diphyes colligerum,
Operculodinium centrocarpum, Dinogymnium
acuminatum, Areoligera senoniensis, Ceratiopsis
diebelii, Cleistosphaeridium diverspinosum, and
Senegalinium sp. (Figure 6 and Figure 7).

Umuasua Road Section:

The palynomorphs assemblage recorded in
these samples includes both marine and terres-
trial species. The dinoflagellate cysts especially
those with chorate and proximate cysts affinity
were recorded in high abundance over the terri-
genous species.

UMU-001

This sample is overwhelmed by marine di-
noflagellate cyst species, with minor occurrence
of continental sporomorph (pollen and spores).
Among the dinoflagellate cysts association re-
covered are Damassadinium californicum, Fi-
brocysta spp., Fibrocysta licia, Carpatella cor-
nuta, Eisenackia circumtabulata, Carpatella
septata, Senoniasphaera inornata, Palynodini-
um grallator, Kenleyia leptocerata, and
Tectatodinium rugulatum (Figure 6)

The continentally derived sporomorphs
were also recorded but in minor amount. They
include Laevigatosporites ovatus, Schizosporis
sp., Cyathidites minor, Longapertites margina-
tus, Mauritiidites crassibaculatus, Liliacidites
nigeriensis, Monoporites annulatus, and Reti-
diporites magdalenensis.
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Stratigraphy

UMU-002 to UMU-003

These samples have the lowest abundance
and diversity of both terrigenous and marine
species. The few terrestrial species represented
in these samples include Leiotriletes adriennis,
Cyathidites minor, Spinizonocolpites baculatus,
Liliacidites nigeriensis, and Monoporites annu-
latus. The marine species include dinoflagellate
cysts Areoligera senoniensis, Cyclonephelium
deckoninckii, and Eisenakia circutabulata.
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Umu-004 to Umu-007

This samples are mostly dominated by ma-
rine species with minor occurrence of terrigenous
forms. The most abundant is Cordosphaeridium
varians followed by Glaphyrocysta ordinata and
Areoligera senoniensis. Other species present are
Cyclonephelium deckoninckii, Fibrocysta licia,
Cordosphaeridium inordes, Systematophora areo-
lata, and Deflandrea sp.

The terrigenous species were sparsely repre-
sented. They include Laevigatosporites ovatus,
Cyathidites minor, Longapertites marginatus,
Mauritiidites crassibaculatus, Monoporites an-
nulatus, and Retidiporites magdalenensis.

SAMPLE NO
IH-S1 1H-S2 IH-S3 IH-S4 OK-01 UMU-001 | UMU-002 | UMU-003 | UMU-004 | UMU-005 | UMU-006 | UMU-007
PALYNOMORPHS
1 2 3 4 5 6 7 8 9 10 11 12 13
SPORES
2 0] 0 1 0 0 0 0 0 0 0 0 Polypodiaceiosporites reticulatus
8 3 4 2 15 0 2 3 0 0 0 2 Leiotriletes adriennis
19 11 9 5 30 2 0 1 3 4 2 0 Laevigatosporites ovatus
1 3 0 4 3 0 0 0 0 0 0 0 Laevigatosporites discordatus
2 3 0 2 10 0 0 0 0 0 0 0 Schizosporis spp.
0 1 0 0 2 0 0 0 0 0 0 0 Gleichiniidites senonicus
0 2 3 0 5 0 0 0 0 0 0 0 Matonisporis equiexinus
1 3 2 4 2 1 5 2 4 0 3 2 Cyathidites minor
0 1 0 0 2 1 0 0 0 0 0 0 Constructipollenites ineffectus
2 0 2 4 1 0 0 0 0 0 0 0 Azolla cretacea
1 2 0 1 0 0 0 0 0 0 0 0 Schizophacus spp.
4 2 1 3 1 0 0 0 0 0 0 0 Distaverrusporites simplex
3 1 3 3 2 0 0 0 0 0 0 0 Cingulatisporites ornatus
POLLEN
10 16 9 12 31 3 1 0 2 0 1 0 Longapertites marginatus
2 1 2 4 8 3 0 1 0 2 2 0 Mauritiidites crassibaculatus
4 0 2 0 1 1 2 2 0 1 0 0 Liliacidites nigeriensis
4 6 2 3 5 0 0 0 0 0 0 0 Echitriporites trianguliformis
4 2 3 4 5 0 0 0 0 0 1 2 Proxapertites operculatus
0 1 0 2 7 0 0 0 0 0 0 0 Tricolpites hians
0 0 2 0 1 0 0 0 0 0 0 0 Pachydermites diederixi
0 3 1 2 4 0 0 0 0 0 0 0 Psilatricolporites operculatus
2 0 4 2 4 1 2 0 0 1 2 0 Monoporites annulatus
3 1 2 4 2 0 0 0 0 0 0 2 Proxapertites cursus
0 0 0 0 1 0 0 0 0 0 0 0 Echiperiporites icacinoides
0 0 0 0 2 0 0 0 0 0 0 0 Inaperturopollenites hiatus
0 2 2 1 2 0 0 0 0 0 0 0 Longapertites vaneedenburgi
0 1 0 0 1 0 0 0 0 0 0 0 Psilatriporites rotundus
1 0 2 1 2 0 0 0 0 0 0 0 Buttinea andreevi
0 3 1 4 2 0 0 0 0 0 0 0 Psilatricolporites crassus
0 4 3 1 1 0 0 0 0 0 0 0 Spinizonocolpites echinatus
2 3 0 2 1 0 0 0 0 0 0 0 Proteacidites dehaani
2 0 2 3 1 0 0 0 0 0 0 0 Longapertites microfoveolatus
6 2 2 4 1 0 0 0 0 0 0 0 Auriculidites reticularis
0 1 3 1 2 3 1 0 2 0 0 2 Retidiporites magdalenensis
0 3 3 1 2 0 0 0 0 0 0 0 Monocolpites marginatus
2 0 2 2 1] 0 0 0 0 0 0 0 Echiperiporites minor
4 2 0 0 3 0 0 0 0 0 0 0 g}ﬁggfg;gﬁggpo”e”“es
2 4 2 3 4 0 0 0 0 0 0 0 Constructipollenites ineffectus
5 3 6 7 3 2 0 0 1 0 2 0 Spinizonocolpites baculatus
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Senoniasphaera inornata

Figure 6. Shows the occurrence and distributions of palymomorph species recovered in the study area

Figure 7. Micrographs of some latest Maastrichtian

sporomorphs from Ihube and Okigwe sections. Scale

of bar = 20 um. Magnifications: 3, 4, 5, 6, 7, and 8

(x40), others (x100 oil immersion)

1. Leiotriletes adriennis POTONIE & GELLETICH
1933

2. Polypodiaceoisporites reticulatus

3. Laevigatosporites ovatus WILSON and WEBSTER
1946

4. Auriculidites reticulatus ELSIK 1964

5. Spinizonocolpites baculatus MULLER 1968

6. Longapertites marginatus VAN HOEKEN-
KLINKENBERG 1964

7. Mauritiidites crassibaculatus VAN HOEKEN-
KLINKENBERG 1964

8. Longapertites vaneedenburgi GERMERAAD,
HOPPING & MULLER 1968
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Figure 8. More pollen and spores from Ihube and
Okigwe-Arondizogu sections. Scale of bar = 20 pm.
Magnifications (x40)

1. Echitriporites trianguliformis VAN HOEKEN-
KLINKENBERG 1964

2. Tricolpites hians STANLEY 1965

3. Gleichenidites senonicus ROSS 1949

4. Monoporites annulatus VAN DER HAMMEN 1954
5. Buttinia andreevi BOLTENHAGEN 1967

6. Proteacidites dehaani GERMERAAD, HOPPING
AND MULLER 1968

7. Cyathidites minor COUPER 1953

8. Schizosphacus reticulatus

9. 9a&bh.Proxapertites operculatus GERMERAAD,
HOPPING & MULLER 1981

10. Cyathidites australis COUPER 1953

Discussion

Biostratigraphic Age

Determination/Correlation

Biostratigraphic age assessment was based
on selected key stratigraphic marker species of
palynomorphs recovered from the examined
samples. Figure 11 shows the stratigraphic
range chart of the selected key age-diagnostic
palynomorph species recorded in the study area.

Latest Maastrichtian Age:

Samples from lhube (IH-01 - IH-04) and
Okigwe (OK-01) were assigned Late Maastrich-
tian age on the basis of the important stratigraphic
age-diagnostic marker assembledge recovered.

5

&)

4

3

Figure 9. Micrographs of some dinoflagellate cysts

from lhube and Okigwe-Arondizogu sections. Scale of

bar = 20 um. Magnifications: No. 7 (x100 oil immer-

sion), others (x40)

1. Cordosphaeridium varians MAY 1980

2. Cordosphaeridium varians MAY 1980

3. Clyconephelium deckonickii BOLTENHAGEN 1977

4. Operculodinium centrocarpum DEFLANDRE &
COOKSON 1955

5. Lejeunecysta hyaline (GERLACH 1961)
SARJEANT 1984b

6. Dinogymniun acuminatum EVITT 1961

7. Cordosphaeridium fibrospinosum DAVEY & WIL-
LIAMS 1966 (x100)

8. Diphycs colligerum DEFLANDRE & COOKSON
1955

9. Selenopemphix nephroides BENEDEK & SAR-
JEANT 1981

10. Spiniferites hyperacanthus JAN DU CHENE 1988

They include Longapertites margnatus and
Spinizonocolpites baculatus (in  overwhelming
abundance). Other are Mauritiidites crassibaculatus,
Proteacidites  miniporatus, Buttinia andreevi,
Proxapertites operatatus, Distaverrusporites sim-
plex, Cingulatisporites ornatus, Constructipollenites
ineffectus, Retidiporites magdalenensis, Lon-
gapertites vaneedenburgi, and Gleicheniidites seno-
nicus. The age was strengthen by the common oc-
currence of a well-known Late Maastrichtian dino-
flagellate cyst endemic species, Dinogymnium spp.
(Figure 9). These selected taxa have comparable age

13



| ) - J

ranges to those described by the previous workers
from North and West Africa (Egypt, Senegal, Soma-
lia, Nigeria, Gabon, Cote d’ Ivoire); South America
(Peru, British, Guiana, Brazil, Colombia, Surinam,
Venezuela); Asia (India, Borneo), and Carribean.
However, it is important to note that Okigwe sample
(OK1-01) contains  proxaperturate pollen,
Proxapertites operculatus, which has been regarded
as Paleocene marker (Van Hoe ken-klinkenberg,
1964). Although, this species occurred below the
K/Pg boundary and gradually increased in the Paleo-
cene (Van Hoe ken-klinkenberg, 1964). The pres-
ence of this species in OKI-01 sample signifies the
incoming of the Cenozoic flora and the transitional
position of the beds between the end of the Creta-
ceous and the beginning of the Paleogene (Umeji,

Chukwuemeka F. Odumodu, Okechukwu N. Ikegwuonu, Ayonma W. Mode
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2005). Furthermore, the presence of a good number
of Dinogymnium spp. and a pollen, Buttinia an-
dreevi, in the samples from Ihube and Okigwe, have
strongly confirmed age not younger than the Latest
Maastrichtian.

The age range of the selected playnomorph taxa
have been compiled from published works by Van
der Hammen (1954), Van Hoe ken-klinkerberg
(1964, 1966), Bottenhagen (1965), Jardine and Mag-
loire (1965), Jan du Chéne and Salami, (1978),
Herngreen (1975, 1981), Muller et al. (1987), Ger-
meraad et al. (1968), Salami (1982, 1985, 1990),
Schrank (1987), Edet and Nyong (1994), Herngreen
et al. (1996), Oboh-lkuenobe et al. (1998), Atta-
Peters and Salami (2004), Umeji (2005, 2008) and
Chiaghanam et al. (2012).

3 4@

Figure 10. Micrographs of some key Danian dinoflagellate cysts from Umuasuwa
section. Scale of bar = 20 um. Magnifications (x40)

. Areoligera senoniensis LEGEUNE-CARPENTIER 1938

. Carpatella septata WILLUMSEN 2004

. Carpatella cornuta WILLUMSEN 2004

. Fibrocysta licia (JAIN ET AL. 1975) STOVER & EVITT 1978
. Fibrocysta licia (JAIN ET AL. 1975) STOVER & EVITT 1978
. Eisenackia circumtabulata DRUGG 1967

. Danea manicata DAMASSA 1984

. Palynodinium grallator GOCHT EX GOCHT 1973

. Cordosphaeridium varians MAY 1980

10. Tectatodinium rugulatum (HANSEN 1977) MCMINN 1988

© 00 N o O b W N

14



STRATIGRAPHY AND SEDIMENTOLOGY OF OIL-GAS BASINS

Stratigraphy

Cretaceous — Paleogene boundary

and Early Danian

Samples from the Umuasua section were as-
signed Danian age on the basis of the following
well known age-diagnostic dinoflagellate cysts
assemblage, which have been recorded within the
Danian deposits worldwide (Figure 11). They
include Cordosphaeridium varians Damassadin-
ium californicum, Fibrocysta licia, Carpatella
cornuta, Eisenackia circumtabulata, Carpatella
septata, Senoniasphaera inornata, Tectatodinium
rugulatum,, Kenleyia leptocerata, and Paly-
nodinium grallator (Figure 6) Jain et al. (1975),
Oloto (1990), Umeji and Nwajide (2007), Slima-
ni et al. (2010) (Figures 11 and 12)

Jain et al. (1975) recognized the Danian by
the absence of the Maastrichtian dinoflagellate
cysts, Dinogymnium spp. and the presence of
species of the genera Eisenackia, Deflandrea,
Lejeunecysta, Cyclonephelium, Paleocystodini-
um, and Fibrocysta. These species, however,
show a closer affinity of the Danian to the
Paleocene than to the Maastrichtian. Umeji and
Nwajide (2007) noted that the occurrence of Fi-
brocysta axiale, in association with the above
listed dinocysts assemblage, and the absence of
Dinogymnium spp. corroborate a Danian age for
the uppermost facies of the Nsukka Formation.
Drugg (1967) found Danea californica (as Pal-
minickia californica) restricted to the Danian.
Oloto (1990) was able to recognize the two sub-
zones in the Danian of Gbekebo-1 well, but not
the zonules.

The work of Slimani et al. (2010) recorded
that the dinoflagellate cysts Carpatella cornuta
and Damassadinium californicum are global
Danian index fossils, and Eisenackia circum-
tabulata, Kenleyia spp. and Senoniasphaera in-
ornata may also be valuable for the identifica-
tion of the K-Pg boundary in the Northern hem-
isphere middle latitudes, mainly the Mediterra-
nean region. The same work also noted that the
first occurrences (FOs) of these species are con-
secutive in ascending stratigraphic order within
the lowermost Danian in biostratigraphically
calibrated sections such as the Danish and Tuni-
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sian K-Pg stratotypes, and elsewhere in the
Northern Hemisphere.

Williams et al. (2004), reported that Ei-
senackia circumtabulata appears for the first
time at the K-Pg boundary (65 Ma) in the mid
latitudes and equatorial realm from the northern
Hemisphere, and earlier in the latest Maastricht-
ian (67 Ma) in the mid-latitudes of the southern
Hemisphere. However, its FO marks exactly the
basal Danian at EI Kef, where this species de-
fines the lowermost dinoflagellate cyst subzone
(Brinkhuis and Zachariasse, 1988). This species
has also been reported in Danian strata from Ain
Settara (Dupuis et al., 2001), Caravaca (De Co-
ninck and Smit, 1982), Alabama (Moshkovitz
and Habib, 1993; Habib et al., 1996), California
(Drugg, 1967), and Mexico (Helenes, 1984).

The Kenleyia spp. have been recorded
above the K-Pg boundary. These species have
also been recorded above K-Pg boundary (with-
in the lowermost Danian) and also in the latest
Maastrichtian (Oloto, 1989) or just below the K-
Pg boundary (Oboh-lkuenobe et al., 1998;
Dupuis et al., 2001).

Firth (1987) reported that the highest oc-
currence of Palynodinium grallator in sample
283.0 (top of interval B) is used to mark the top
of the Maastrichtian in the Albany core (Hult-
berg, 1986; Hansen, 1977, 1979). He noted that
the presence of Carpatella cornuta in interval C
indicates a Danian age for this interval (Hansen,
1977, 1979).

In this study, the above species were en-
countered in the carbonaceous dark shale sam-
ple (UMU-001), immediately above the ero-
sional surface of the latest Maastrichtian con-
glomeratic sandstone containing ammonites,
gastropods, and pelecypods in the Umuasuwa
section. These strongly agree with the earlier
report by Reyment (1965) on boundary demar-
cation and proper placement of the K-Pg bound-
ary on the outcrop scale in Nigeria. Thus, the K-
Pg boundary is therefore placed between the
topmost part of the latest Maastrichtian con-
glomeratic sandstone bed containing ammo-
nites, (Figure 5 and Figure 11), and at the base
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of the overlying carbonaceous dark shale sam-
ple (UMU-001), with Danian dinoflagellate
cysts assemblage. Meanwhile, the total disap-
pearance of the latest Maastrichtian index spe-
cies (e.g. Dinogymnium spp., Constructipol-
lenites ineffectus, Distaverrusporites simplex,
Cingulatisporites ornatus, and Buttinia an-
dreevi), in the carbonaceous dark shale sample
(UMU-001) up the stratigraphic section in the
Umuasuwa section gave credence to Danian
age.

Paleoeocology and Paleoenvironments

of Deposition

Based on the result from the given ana-
lysed samples, it is observed that Ihube and
Okigwe samples have high dominance of terri-
genous sporomorph (pollen and spores), over
the marine species. Among the terrestrial spe-
cies, monocolpate pollen especially the Lon-
gapertites spp. dominated the assemblage
(Figure 7). The high abundance of these spe-
cies with the co-occurrences of pteridophytic
spores (monolete/trilete) and fresh water algal
spores is suggestive of mangrove swamp
and/or brackish water condition with low salin-
ity fluctuation, and minor freshwater input.
This is also support by high occurrence of
peridinecean cysts over the gonyaulacacean spe-
cies. The peridinecean dinocysts especially, Dino-
gymnium spp., are well known as the inhabitants
of near-shore brackish water environment with
reduced salinity (Downie et al., 1971; Umeji,
2006, 2008). Schrank (1984) suggested that a pal-
ynomorph assemblage with higher content of land
derived miospore indicates terrestrial conditions.
In this study, the dominance of sporomorphs (e.g.
Longapertites, Spinizonocolpites, and Mauriti-
idites), with some monolete and trilete spores over
marine species is a strong indication of terrestrial
conditions with minor marine influence, in a near-
shore and/or brackish water environments of de-
posited.

Meanwhile, samples from Umuasua secton
were heavily overwhelmed by marine dinoflag-
ellate cysts. Most of them especially those with
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a proximate cyst affinity, are well known as in-
habitants of shallow marine inner to outer nerit-
ic environments (Van Mourik et al., 2001). The
Cordosphaeridium spp. especially C. Varians,
with overwhelming abundance, has been inter-
preted as been restricted to the outer neritic en-
vironment. Large number of representatives of
the Cordosphaeridium group have been widely
reported from Mesozoic to Miocene neritic sed-
iments (Schioiler et al., 1997). Brinkhuis (1994)
suggested that Areoligera associations represent
marginal marine to inner neritic water masses in
low to middle latitude.

Conclusion

Palynological study and paleoenvironments
of deposition of the Upper Cretaceous — Early
Paleocene strata along the Ihube-Okigwe-
Umuasua axis have been undertaken. Four (4)
main lithological units were encountered which
include, carbonaceous shale, sandstones, mud-
stone, and siltstone.

Result obtained from the palynological in-
vestigation indicated high dominance of terri-
genous sporomorphs, especially the mangrove
pollen over marine microplanktons in the sam-
ples from the base to the middle of the strati-
graphic sequence at Uhube and Okigwe-
Arondizuogu sections, whereas samples from
the Umuasuwa section, at the top of the se-
quence, produced more marine species, mostly
the dinoflagellates with proximate cyst affinity,
than the terrigenous species.

Age determination was achieved on the ba-
sis of the selected key stratigraphic index paly-
nomorph assemblages encountered. A Latest
Maastrichtian age was assigned to the samples
from lhube and Okigwe-Arondizogu sections,
while samples from the Umuasua section were
dated Early Danian. These therefore have ena-
bled the identification of the Danian strata, and
resolution of basins boundary demarcation prob-
lem, with proper placement of the K-Pg bounda-
ry within the outcropping strata of the Nsukka
Formation in the southeastern Nigeria.
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Stratigraphy

Palynomorphs of environmental value indi-
cated different depositional settings for the sed-
iments, which ranged from mangrove swamp
and/or brackish water, with low salinity fluctua-

2019/2

tion at the base of the stratigraphic sequence to
shallow marine inner to outer neritic environ-
ments at the top.
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Figure 11. Shows the stratigraphic range chart of the selected key age-diagnostic palyno-

morph species recorded in the study area
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CONUB-SORQI NIGERIYANIN OKIQVE-UMUASUVA OXU BOYUNCA
GEC MAASTRIXT-DANIMARKA TOBOQOLORININ YASI
VO PALEOMUHITI, ANAMBRA HOVZOSI

Cukvuemeka F. Odumodu, Okecukvu N. Ikeqvuonu, Ayonma V. Mode

Anambra hovzasinin IThube, Okiqve-Arondizuogu va Umuasuva kasilislarinin Gec Tabagir va
Erkon Paleogen siixurlarimin yasini daqiglasdirmak va onlarin ¢ékma paleomiihitini rekonstruksi-
ya etmak moaqsadilo hamin kasilislorin a¢ilislarindan 12 niimuna gotiiriilmiis va ¢okiintiilordan
tursuda hall edilo bilan dizvi qabiglr mikrofosillarin alda olunmasina asaslanan ananavi turs ma-
serasiya metodunun tatbiqi ilo palinoloji tohlildon kegirilmisdir. Tahlillor naticasinda kasiliglarin
torkibinda karbonlu sistlordan, qumdas:lardan, gillardan va alevritlardon ibarat dord asas tobaga
miiayyan edilmisdir. Palinoloji tahlillarin naticasi onu géstorir ki, Ilhube va Okiqve/Arondizuogu
kasiliglorindan yigiimus niimunalarda dstiinliik terrigen mikroflora (xdsusila da spor va tozcuglar),
Umuasua kasilisindan gétiiriilmiis niimunalarda isa terrigen formalardan fargli spora qabigi qu-
rulusuna sahib olan suda yasayan novlar (asasan dinoflagellatlar) taskil edir. Niimunalarin yas:
secilmis stratigrafik indekslor iizra toyin olunan palinomorf komplekslor asasinda toyin edilmis-
dir. Ilhube va Okiqve-Arondizoqu Kasilislarindan gétiiriilan niimunalarin yas: Gec Maastrixt dov-
rit olaraq tayin olunmus, orada asagidaki novlor askar edilmigdir: Longapertites marginatus,
Proxapertites operculatus, Proxapertites cursus, Retidiporites magdalenensis, Cingulatisporites
ornatus, Proteacidites dehaani, Spinizonocolpites baculatus / echinatus, Mauritidites crassibacu-
latus, Distaverrusporites simplex, Foveotriletes margaritae, Constructipollenites ineffectus va
Longapertites microfoveolazus. Sozii gedan kompleks Canubi Amerika va Afrika bélgalarinin Se-
non dovriiniin tropik-subtropik Palma ayalatina aid edilmigdir. Umuasua kasilisindon tapilmag
novlara gora (Cordosphaeridium varians, Damassadinium californicum, Fibrocysta licia, Carpa-
tella cornuta, Eisenackia circumtabulata, Carpatella septata, Senoniasphaera inornata, Tectato-
dinium rugulatum, Kenleyia leptocerata vo Palynodinium grallator) kasilisin yasi Erkan Dani-
marka olaraq tayin edilmigsdir. Kasilislordo palma taksonlar: kimi miihiim miihit formalasdurict
miospor taksonlarinin miiayyan edilmasi, habels niimunalarda kuilli migdarda mikroplankzon nov-
larinin (masalan peridinoid dinosistlari) tapi/mas: ¢ékma prosesinin mangrov bataqliglarinin va
ya sorlulugun az toraddiid etdiyi sahilyan: soran su miihitinda bags verdiyina dalalat edir. Miospor
assosiasiyalarinin xiisusiyyatlarina asaslanaraq bela naticaya galmoak olar ki, ¢okiintii toplanma
prosesi isti va ritubatli iqlim saraitinda bas vermigdir.
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BO3PACT U NAJIEOCPEJJA MAACTPUXT-JATCKUX IIJIACTOB,
OBHAPYKEHHBIX B/1OJIb OCH OKUI'BE-YMYACYBA,
IOI'0O-BOCTOYHAS HUT'EPUSA

YykByemeka @. Ongymony, OxeuykBy H. UkerByony, Aiionma B. Moje

s moeo umobwl onpedenums 603pacm u NPOBECmU PEKOHCMPYKYUIO Cpedbl NO30HEMEN080-
20 U PAHHENANe02eH08020 0CAOKOHAKONIeHus 8 paspeszax Okueee-Aponouzyozy u Ymyacyea, usz
coOmeemcmayouux 0OHaMNCeHUull Hamu ObL1 npouzseden omoop 12 npob, komopvle ObLIU 6NO-
cnedcmeuu n008ePSHYmMbl NANUHONOSUECKOMY aHanu3y. Anaiusz 6vii nposedeH ¢ UCNOIb308AHU-
emM MpaouyUOHHO20 Memood KUCIOMHOU Mayepayuu, 3aKiuaoue2ocsi 6 Noay4eHu MUKpooKa-
MeHelocmell ¢ pacmeopumoll 8 KUCIOme Opeanuieckol 00010ukou. B xode ucciedosanuil 6 pas-
pe3ax 6vii0 0OHAPYIHCEHO 4 OCHOBHBIX CHOSL, COOEPHCAUUX Y2JIeHOCHblE CllaHyegambvle 2NUHbL,
NeCUaHuKu, 2IUnbl U aleepoiumol. B coomeemcmeuu ¢ pe3yibmamamu NAIUHOLOSUYECKUX AHA-
JU308 cpedu npob, omoobpanHvix u3 paspesos HUnxyoe u Oxueee/Aponousyozy, npesarupyem mep-
puecenHas @ropa (cnopuvl u nNulibYa), 0COOEHHO NBIILYA MAHZPOBLIX 0EPEBbes, KOMOopds npeod.ia-
oaem Ha0 MOPCKUM MUKPONIAHKMOHOM, 8 MO 8peMsi KaK npodwl uz paspesa Ymyacya ¢ 0CHO8HOM
cooepaicam 800HbIE BUObL (NPeuMyujecmeenHo Oungsceniamol). Bospacm coopanuvix npod dOvLn
onpeoener no ONOPHLIM CIMPAMUSPAPUUECKUM KOMANEKCOM nanuHomopg. Bospacm npo6, omo-
opannvix uz paspesa HUnxyoe u Okuzee-Aponousoey, 6vin onpedeneH kak no3onuii Maacmpuxm.
Coenano smo 6Ovli0 01a200apsi OOHAPYIHCEHUIO CNeOYIOWUX PYKOBOOAWUX BUO08 UCKONAEMOU
¢gropor: Longapertites marginatus, Proxapertites operculatus, Proxapertites cursus, Retidiporites
magdalenensis, Cingulatisporites ornatus, Proteacidites dehaani, Spinizonocolpites baculatus /
echinatus, Mauritidites crassibaculatus, Distaverrusporites simplex, Foveotriletes margaritae,
Constructipollenites ineffectus « Longapertites microfoveolatus. Onucannviii komniexc ommo-
CUMcst K nanbmoysemuvim, pacnpocmpanennvim 6 Cenone nanomoysemmuoul nposunyuu FOxucHoul
Amepuku u Agppuxarckoeo pecuona. OCHOBbIBASACH HA OOHAPYICEHHBIX 8 €20 COCMABe OCMAMKAX
Cordosphaeridium varians, Damassadinium californicum, Fibrocysta licia, Carpatella cornuta,
Eisenackia circumtabulata, Carpatella septata, Senoniasphaera inornata, Tectatodinium
rugulatum, Kenleyia leptocerata va Palynodinium grallator, Ymyacyanackuii paspes 6vin oamu-
posan kax pannuii Jlanuii. Tom ¢haxm, yumo 6 cocmaee paspe3o8 ObLIU OOHAPYIHCEHbL MaKUe
BADICHBIE MAKCOHI MUOCNOP, KAK MAKCOHbL NAAbMOYBEEMO8, A MAKdiCce Mo, 4mo 80 8cex npooax
ObLIO OOHAPYIHCEHO MHONCECBO 8UO08 MUKPONIAHKIMOHA (Hanpumep nepuouHouodaibHvle OUHO-
yucmul), ceuOemenbCcmeayem 6 nov3y Mmoo, Ymo OCAOKOHAKONIEeHUe NPOUCXOOUNO 8 YCI0BUIX
Manepogvix 6010m, TUOO NPUOPENHCHBIX CONOHOBAMBIX 800 C HEZHAUUMENbHOU yKmyayuel co-
nenocmu. Hcxoosa uz ocobenHocmeti MUOCNOPOBbIX ACCOYUAYULL MONCHO COeNamsb 8bl800, UMO
0CAOKOHAKONJIeHUEe NPOUCXOOUNO 8 YCII0BUSAX MENJL020 U GNANHCHO20 KIUMAMA.
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PLANKTON STRATIGRAPHY OF THE LOWER PALEOGENE
SEDIMENTS IN THE SOUTHEASTERN CAUCASUS

The article is dealing with the stratigraphy of the Lower Paleogene succession exposed
in the Southeastern Caucasus deposits and characterizes plankton foraminifera complexes of
the different stratigraphic age and correlate Lower Paleogene sediments in the North and

Southeastern Caucasus.

Keywords: Paleogene, zonal stratigraphy, foraminifera, plankton, Paleocene, Eocene.

Introduction

Paleogene deposits are widely occurring
across the Southeastern Caucasus region. These
sediments had been studied by a number of re-
searchers, including 1.M.Gubkin (1914), D.V.Go-
lubyatnikov  (1915), V.V.Bogachov (1926),
V.V.Weber (1930), N.B.Vassoyevich (1932),
J.M.Khalilov ~ (1962,1967), H.A.Ahmadov
(1957), J.M.Khalilov and L.J.Mammadova
(1984), A.A.Alizadeh, (1989), etc.

Stratigraphy of the Lower Paleogene sedi-
ments of Azerbaijan had been implemented in
1969 and 1980 by M.A.Baghmanov.

Paleogene succession of the Southeastern
margin of the Greater Caucasus system (Fi-
gure 1) are divided into four local stratigraphic
units listed from the bottom to the top: 1)
Ilkhidagh Suite (Danian Stage); 2) Sumgayit
Suite (Paleocene); 3) Koun Suite (Eocene); 4)
Maykopian Series (Oligocene-Lower Miocene).

The Paleogene sedimentary facies of Azer-
baijan segment of the Southeastern Caucasus
differ from the contemporaneous facies of the
neighboring areas that makes correlation of
these sediments within the Greater Caucasus an
actual and important.

Lower Paleogene

The Lower Paleogene deposits in the
Southeastern Caucasus are widely occurring
across the territory of Azerbaijan, where they
are recorded in the main structural complex, and
display sharp horizontal and vertical facies
changes over the studied area.

Within their occurrence areas the Paleocene
and Eocene successions are easily recognized
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for their color and facies. In some cases, espe-
cially in regions with active volcanism, envi-
ronmental and thickness changes are observed
within quite short distances.

Stratigraphy of these sediments differs
within various regions: Six suites are recog-
nized in the Mountain Talysh, four suites in the
central part of the Lesser Caucasus, four suites
in Araz zone and three suites in the Southeast-
ern Caucasus. Stratigraphic units of the differ-
ent regions have completely different coloriza-
tion, lithology, and had been accumulated in
different setting, the faunal assemblages are
also differ in various regions. Depending on
their media such complexes consist of the or-
ganisms belonging to different groups and gen-
era. There are no fossils in the Paleogene de-
posits of Mountain Talysh, except for rich mol-
lusk fauna recovered from the Neslin Suite
(Late-Middle Eocene). This fauna is mainly
represented by helmet snails.

In the center of the Lesser Caucasus region
there is almost no fauna found in the Paleocene-
Eocene succession, except for nummulites rec-
orded in Zod horizon.

In Nakhchivan Autonomous Republic,
there is a typical Mediterranean marine fauna,
which is not reported anywhere else on the terri-
tory of Azerbaijan. Stratigraphic schemes de-
veloped for various faunal groups are well cor-
related with each other.
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Figure 1. Geological map of the Lower Paleogene deposits in the Southeastern Caucasus

Fossil assemblages from all regions of
Azerbaijan are characterized by wide develop-
ment of plankton foraminiferas.

In the Southeastern Caucasus the biostratig-
raphy and lithofacies of widely occurring
IIkhidagh, Sumgayit and Koun Suites had been
studied by V.V.Weber (1935), D.V.Golub-
yatnikov (1914), 1.M.Gubkin (1914, 1916),
N.S.Shatsky (1927) and others.

The zonal stratigraphy had been imple-
mented by M.A.Baghmanov (1980, 2005). It
had been revealed that described sediments are
characterized by very wide development of
plankton foraminiferas and absence of any other
groups of fauna.

Plankton foraminiferas are also widely oc-
curring in Paleocene and Eocene deposits in
other parts of Azerbaijan.

It has to be mentioned that stratigraphy of the
Paleocene and Eocene successions of the Southeast-
ern Caucasus had been always studied based on rich
plankton foraminifera records in the same-age North

Caucasus deposits. As generally agreed by Russian
microfaunists Southeastern Caucasus Paleocene and
Eocene deposits are more rich with plankton foram-
iniferas. In this context Yunusdagh sections has been
chosen as etalon section for Crimea-Caucasus oil
region of Georgia and Ukraine.

In Southeastern Caucasus neither llkhidagh
and Sumgayit Suites, nor Koun Suite have
macrofaunal remains. However, these units
demonstrate very rich plankton fauna records. For
this reason we present in this paper the stratigra-
phy and correlation of Paleogene sediments based
on their plankton foraminifera associations.

Paleocene succession is composed of Da-
nian, Selandian and Thanetian Stages.

Lower Paleocene, Danian Stage. llkhidagh
Suites corresponds to the Danian Stage. The Suite
had been distinguished in Absheron peninsula by
I.M.Gubkin (1916) who reported it on the northeast-
ern slope of llkhidagh mountain between the sec-
tions of Agburun and Sumgayit Suites. Lithological-
ly these sediments having thickness varying from 0-
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35 m to 500 m are composed of alternating grey,
dark-grey marls and carbonate mudstones with light-
grey and yellowish-grey sandstones.

The Danian succession is divided into two
zones from the top to the bottom (Globoconusa
daubyergensis and Acarinina inconstans) and
characterized by the following microfauna fossils:
Globoconusa daubjerensis (B r o n n), Globigeri-
na triloculinoides (P 1 u m m.), G.varianta (Su b
b.), G.inflata (O r b.), G.moskvini (Sc huts.),
G.pseudobulloides (P lumm.), G.fringa(Sub
b.), Globorotalia pseudobulloides (P I u m m),
Lagena simplex (R e u s s), L. marginata
(WolkeretBoys), Eponides trumpyi
(Nuttall), Heterohelix crinita (Glaessn.),
H. mica (S u b b.), H. pumilla (S u b b), Cibi-
cides perlucidus (N u ta |l I), Textularia excola-
ta (C us hman), Anomalina danica, etc.
(Br ot zen), Nutalloides triimpyi (N utall),
N. praemegastomus (M y a t I.), Gyroidina glo-
bosa (H a g e n), Trochammionoides irregu-
laris (W h i te) vas. toyin edilmisdir.

In some places Danian deposits uncon-
formably overlie with 65°-70° angle Maastricht-
ian grey to dark-grey marls and mudstones with
the interlayers of fine-grained, dense, hiero-
glyphic calcareous sandstones.

Such stratigraphic scheme doesn’t correlate
with the Crimea scheme, which had been devel-
oped in 1962. Paleocene is represented by In-
kermanian and Kachaian Stages, Lower Eocene
by Bakhchisaray, Middle Eocene by Simfero-
pol, and Upper Eocene — by Bodrakian (Kuber-
lin and Kerestin) Stages.

Later, this stratigraphic scheme had been
slightly chenged as a result of more recent studies.
Thus, Simferopol Stage was dated back to Lower
Eocene, and a depositional break was identified in
the upper part of Lower and lower part of Middle
Eocene times. Bodrakian Stage was completely
referred to Middle Eocene, leaving only Alma
Stage to date back to the Upper Eocene.

In the North Caucasus region foraminifera
bearing stratas had been first discovered back in
1907. Then, the strata had been identified as a
Suite and a Stage. These layers are divided into
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6 Suites, from the bottom to the top: Abazin,
Kutaisi, Kaluji, Khaijen and Kum Suites, and
Beloglinka horizon.

Danian Stage of the North Caucasus region
is represented by Kubanian and Elburgan Suites as
well as by a small part of Goryachiy Kluch Suite.

Kuban Suite (sometimes called a horizon)
contains remains of sea urchins (Echinocorys
pyrenaicus Seun., E. oblignus (N i | | s) (Mos-
kvin, 1951) and small foraminiferas (Bolivi-
nopsisex gr. Carinataeformis (M o r o z),
Verneuilina kelleri (M o r o z.), Plectina conver-
gens (K e I I.), Arenobulimina preslii (R e u s s),
Gyroidinn caucasica (S u b b.), Globigerina
rnoskvini (S ¢ h u t z k.), Anomalina velascoen-
sis (C u s h). (Keller, 1950).

Elburgan Suite corresponds to the zones
of Globigerina taurica, Globigerina triloculi-
noides zonalari, and to the lower part of Aca-
rinina incontans zone.

There are the following foraminiferas rec-
orded in the horizon’s marly deposits: Am-
modiscus incertus (d’O r b.), Glomospira
charoides (Par k, et J o n.), Lituotuba cauca-
sina (M o r o z.), Trochamminoides irregu-
laris (W h it e), Haplophragmoides deformis
(A ndr.), Textularia plummerae (L alic k.),
Bolivinopsis ex gr. carinataeformis (M o r 0 z.),
Textulariella varians (G | a e s s.), Heter-
ostomella gigantica Subb., Marssonella indentata
(Cush,etJarv.), Arenobulimina preslii (R e uss),
Flabellina rugosa (d O r b) var. reticulosa
(Moroz), (msc.), Bolirinoides decorata (Y on.)
var. delicatula (C u s h.), Valvulineria allomor-
phinoides (R e u s s), Gyroidina globosa (H a g.),
G. soldani (d O r b.), G. caucasica (Su b b.),
Eponides triimpyi (N u t t.), Siphonina prima
(P I'u m m.), Pulvinulinella alata (M ar s s.),
Pullenia quinqueloba (R e u s s), Globigerina
pseudobulloides (P I u m m.), G. triloculinoides
(P I'u m m.), Acarinina angulata (W hite),
Anomalina pertusa (M ar s s.,), A. praeacuta
(Vass.), A groserugosa (C it m b.), A. velas-
coensis (C us|i.), Cibicides proprius (Brotzen),
C. hemicompressus (M o r o0 z.) va b. (Schut-
skaya, 1960).
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Based on the large data set collected on the
territory of Azerbaijan we suggest the following
corrections in the stratigraphy of Paleogene suc-
cession, i.e. Globorotalia angulata and Aca-
rinina subsphaerica zones date back to New
Selandian and Kachaian Stages of Paleocene.

Selandian Stage (Globorotalia angulata
zone) is represented by the lower portion of
Sumgayit Suite, which also includes Thanetian
Stage. H.P.Sjogren (1891) had distinguished
Sumgayit Series in the river valley of Sumgayit
chay. Lithology of these up to 100 m thick sed-
iments is represented by grey sandy limestones,
marls, dark-green and dark-red mudstones.

Selandian deposits contain rich complex of
Globorotalia angulata zone, including remains
of Globorotalia angulata (W hite), G. com-
pressa (P I u m m), G. pseudomenardi, G.
pileata (K halil), G. moskvini (Schuts.),
Globigerina varianta (S u b b.), G. triloculi-
noides (P I u m m.), Trochamminoides irregu-
laris (W h it e), Glomospira charoides (P a r k.
et J o n.), Hormosina ovulum (G r z y b)),
Rabdammina cylindrica (G | a e s s n.), Nutal-
loides triimpyi (Nutall.).

Small lower part of Goryachiy kluyuch Suite
refers to the Danian Stage, while the other parts
belong to Selandian Stage.

The Suite corresponds to Acarinina
djanensis zone and to the upper part of Acarini-
na acarinata zone. It is generally built by grey
calcareous sandstones, but its’ top portion is
dominated by muddy- silty sediments. 107 thick
mudstone horizon contains Rhabdammina cylin-
drica (G | a e s.), Ammodiscus incertus (O r b.),
Glomospira charoides (ParkeretJones),
Trochamminoides proteus (K arrer), Textular-
ia agglutinans (O r b.), Spiroplectammina clotho
(Grzyhb.), Srosula (Ehrenberg), Hap-
lophragmoides subsphaeroides (S u b b.),
Heterostomella rara (S u b b.), Acarinina
conicotruncata (S u b b.) (Subbotina,1950).

Upper Paleocene, Thanetian Stage. Upper
Sumgayit series of the Southeastern Caucasus
region refer to the Upper Paleocene and con-
formably overlie Lower Sumgayit deposits. Up-
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per Paleocene Series is composed of alternating
dark red, brown, dark green, greenish - grey
mudstones. Upper Sumgayit sediments transgres-
sively overlie the Upper Cretaceous deposits with
angular and azimuthal unconformity. Often in the
bottom of Upper Sumgayit Suite there is a layer of
gravelites or coarse-grained sandstones. The Suite
is of 10-200 m thick.

Thanetian Stage is divided into Acarinina
subsphaerica and Acarinina acarinata zones. It
contains large amounts of Acarinina subsphae-
rica (S u b b.), Ac. intermedia (S u b b.), Ac.
acarinata (S u b b.), Globorotalia compressa
(P I'um m), Globigerina varianta (Su b b.), G.
triloculinoides (P I u m m.), G. eocaenica
(Gimb.), G. quadritriloculinoides (Chalilov),
G.nana (Chalilov), G.velascoensis
(Cushman), Ammodiscus incertus (d. O r b),
Rhabdammina cylindrica (G | a e s s n.), Glo-
mospira charoides (P ar k. et J o n.), Horma-
sina ovulum (G r a y b.), Trochamminoides ir-
regularis (W hite).

Eocene. In Southeastern Caucasus, Eocene
succession consists of Koun Suite distinguished
in 1914 by 1.M.Gubkin between Sumgayit and
Maikopian Suites. The Suite is divided into
lower, middle and upper horizons. Sediments of
Koun Suite have very different colorization.

Lower Koun SubSuite corresponds to
Ypresian, Middle — to Lutetian and Bartonian,
and Upper — to Priabonian Stages.

Lower Eocene, Ypresian Stage. Lower
Koun (also known as white) SubSuite consists
of alternating greenish-grey and light green
dense marly mudstones with similarly colored
dense marls and rare 20-40 m thick layers of
sandstones. Occasionally, there are bentonite
layers described in the SubSuite. The thickness
of the Suite varies within 70-200 m diapason.

Ypresian Stage is divided into the follow-
ing three microfaunal zones: Globorotalia sub-
botinae, Globorotalia marginodentata and Glo-
borotalia aragonensis. It must be mentioned
that Ypresian deposits are quite widely occur-
ring throughout the Southeastern Caucasus terri-
tory. Deposits of this zone conformably overly
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Upper Paleocene Series and get exposed in the
form of reddish-brown, originally dark-green
mudstones. These deposits contain fossils of
radiolarians as well as Globorotalia subbotinae
(M oroz), Acarinina subsphaerica (Subb.),
Globigerina varianta (S u b b.), G. triloculi-
noides (P | u m m), Nuttalloides triimpyi
(N u tt), Bulimina pseudopuschi (S u b b.),
Textularia agglutinans (O r b i g n y), Anoma-
lina affinis (Hantken)and Eponides subum-
bonatus (Myatl.).

Globorotalia marginodentata zone is also
commonly occurring in the Southeastern Cauca-
sus region. The zone had been first identified in
the North Caucasus by N.N. Subbotina (1953)
and refers to the middle portion of Lower Eo-
cene. The succession is composed of alternating
grey, greenish-grey, coffee-brown mudstones.
Deposits contain plenty of Globorotalia mar-
ginodentata (S u b b.) Globigerina varianta
(Subb) Gfrontosa (S u b b.), G. triloculi-
noides (P | um m.), Acarinina acarinata (Su b b.),
Anomalina affinis (H a n t k e n), Nuttalloides
trumpyi (N u tall.), Glomospira charoides etc.
(Parket.Jon.). The zone is also rich with
fossil radiolarians, e.g. Cenosphaera ispharensis
(L'ipm.), C. turkmenica (L i p m.), (Khalilov,
Mammadov, 1984).

Globorotalia aragonensis zone is repre-
sented by bentonite mudstones and marly mud-
stones with rare interlayers of sandstones. These
widely occurring deposits contain fossils of
Globorotalia aragonensis (N u t t.), G. caucasi-
ca (Gl aessn), Globigerina posttriloculinoides
(Chalil), G. triloculinoides (P lummer), G.
eocaenica (T e r g.), G.inaequispira (Su b b.),
G. lensiformis (Su b b.), G. varianta (Su b b.),
Hastigerina micra (C o | e), Nuttalloides
trumpyi (N utall.), Glomospira charoides, etc.
(P arket.Jon), Ammodiscus incertus (d, O r b),
Acarinina pentacamerata (S u b b.) as well as
radiolarians and other microfauna.

Abazin Suite has a stratotype in Kuban sec-
tion. Composed of mudstones and marls the zone
has its’ lower segment that is rich with fossils.
This portion corresponds to the upper part of Aca-
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rinina acarinata zone. At the same time in the up-
per part of Globorotalia subbotinae zone there are
recorded the following fossils: Rhabdammina
cylindrica (G |1 a e s s n e r), Glomospira
charoides (P ark eretJ ones), Ammodiscus
incertus (O r b.), Spiroplectammina rosula
(Ehren berg),S. clotho (Grzyb.), Textu-
laria agglutinans (O r b.), Proteonina complan-
ata (Franke), Glomospira charoides (Parker
et J o n es), Trochamminoides irregularis (W hite)
var.. planulata (Schutzk.), T. coronatus (Brady),
Haplophragmoides deformis (A n d r.), H. subglo-
bosus (Sar s.), H. caucasicus (S ch utzk.), Boli-
vinopsis spectabilis (G r z y b.), Bigenerina pla-
na ( S u b b.), Heterostomella rara (S u b b.),
Bolivinoides aragonensis (N u t t a 1 1),
Gaudryina kabardinensis (S c hut z k), G.
zolkaensis (S c h u t z k.), Gyroidina soldanii
(O r b.), Globigerina triloculinoides (P 1 u m m.),
Globigerinella voluta (W h i t e), Globorotalia
densa (C us hm.), G. angulata (W hite) var.
praepentacamerata (S ¢ h u t z k.) var. ku-
banensis (S ¢ h ut z k.), Cibicides pygmaeus
(H antk.). Also there is a lot of radiolarians,
e.g. Carposphaera sexaxialia (b o p u ¢ € H k 0),
Cenosphaera selentschukensis (bop u c e Hk 0),
C. micra (bopwuceHnko), C. reticulatus
(bopwucemnko) (def. N.N.Borisenko and
E.K.Schutskaya (50 m).

Georgiyev Suite is exposed in the river
valley of Kuban, where it is represented by
green limy siltstones, which conformably overly
the Abazin Suite’s sediments. Deposits of the
Suite correspond to the zones of Globorotalia
marginodentata and Globorotalia aragonensis.

Middle Eocene. Within the region’s
boundaries, Middle Eocene is represented by
both Lutetian and Bartonian Stages.

Lutetian Stage is characterized by brown
sediments and unstable thickness. V.V.Weber
(1930) divided this Stage into three major facies
- coffee-brown massive, monotonous mudstones
in the south, dark greenish-grey schistose shales
(often with dark-brown pyrobitumen interlay-
ers) in the center, and alternation of schistose
shales with pyrobitumen interbeds in the north.
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Thickness of Middle Koun equals 300-400 m in
southern, 200-250 m in central and 250-400 m
in northern facies zones.

Lutetian Stage of the Southeastern Cauca-
sus region corresponds to the zones of Acarini-
na bullbrooki and Acarinina rotundimarginata.

Acarinina bullbrooki deposits are com-
posed of grey, greenish-grey and reddish-brown
mudstones and marls which conformably overly
the Ypresian Series. In some parts of these se-
ries, there are thin (12 m) interlayers of benton-
ite mudstones, and more rarely sandstones. The
deposits of this zone contain foraminiferas,
e.g. Acarinina bullbrooki (B o | I 1), Ac. tri-
plex (S u b b), Ac. pentacamerata (S u b b.),
Globigerina eocaenica (T e r g.), G. triloculi-
noides (P lum m e r), G. varianta (S u b b),
Globorotalia caucasica (G | a e s s.), Nutal-
loides trumpyi (N u tt.). There are also large
amounts of radiolarians.

Cherkess Suite is represented by greenish-
grey mudstone — sandy siltstones and greenish
marls recorded in the structure of Kuban sec-
tion. For being rich with plankton foraminiferas,
the Suite corresponds to Acarinina bullbrooki
and Acarinina rotundimarginata zones.

Acarinina bullbrooki zone is composed of
an alternation of grey, brownish-grey and dark
brown fat mudstones with coffee-brown sand-
stones.

Acarinina rotundimarginata zone is repre-
sented by an alternating coffee-brown sandstones
with yellowish-grey, grey mudstones and dark-
brown fat mudstones. These deposits contain fos-
sils of Acarinina rotundimarginata (S u b b.), Glo-
bigerina eocaenica (T e r g.), G.posttriloculinoides
(Chalil) G. frontosa (S u b b.), Hastigerina mi-
cra (C o | ), Nuttalloides trumpyi (N u t t.), Glo-
mospira charoides (P ar k. et Jon.).

Bartonian Stage. Hantkenina alabamensis
and Globigerina turkmenica zones. Within the
boundaries of Southeastern Caucasus region, de-
posits of these zones conformably overly Lutetian
series. The zones consist of greenish-grey and red-
dish marly mudstones, sandy mudstones and dark-
grey mudstones with the interlayers of fine and
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medium-bedded sandstones (10-30 cm). Having
the total thickness of 124 m, deposits contain Glo-
bigerina turkmenica (Chalil.), G. praebulloides
(B 1 o w), G. posttriloculinoides (C halil), G.
frontosa (B | o w), G. pseudoeocaena (S u b b.),
G.ouachitaensis (Ho w e et Wal l), Bolivina
budensis (Han tk e n), Hastigerina micra (C ol e),
Cibicides ungerianus (O r b i g ny) Anomalina
granosa (Hantken), A. simplex (Brotzen),
Eponides triimpyi (M a s | a k o v a), Globigeri-
noides subconglobatus (C halil).

Hantkenina alabamensis zone corresponds to
strata of grey mudstones with no fauna remains
therein  the Southeastern Caucasus stratigraphic
scheme, this zone is conventionally corresponded
in the upper successions of Lutetian Stage.

Kerestin Suite is built by limestones and
marls corresponding to Hantkenina alabamen-
sis zone. The Suite is represented by 5-7 m
thick alternating greenish-white dense and
soft marls, which directly underlie the Kum
horizon. Marls contain fossils of Globigerina
eocaena (G @ m b.), Globigerinoides sub-
conglobatus (Chalil.), (Subbotina, 1953).

Kum horizon corresponds to Hantkenina al-
abamensis (upper successions) and Globigerina
turkmenica zones. Deposits of the horizon are built
by brownish-grey thin-laminated marls with plenty
of fossil scales and vertebrae of Linolepis caucasi-
ca Rom., and minor foraminiferas, e.g. Globigerina
turkmenica (C h a I i L), Globigerina ex gr.
bulloides (O r b.), Giiimbelina ex gr. globifera
(R e u s s), Nonion micrus (C o | e), Hantkenina
alabamensis (C us h m), Acarinina rugosoacule-
ata (Subb.), etc. Kum horizon is 40 m thick.

Upper Eocene, Priabonian Stage. Upper
(green) Koun Suite is containing homogenous
dark and yellowish-green mudstones with the
interlayers of reddish-brown mudstones, silt-
stones and sandstones. Thickness of the Stage
varies between 300 and 575 m in Gobustan.

Priabonian deposits are widely developed
in the territory of Southeastern Caucasus where
they are distinguished in Globigerina corpulen-
ta and Globigerina officinalis zones.
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Deposits of Globigerina corpulenta zone
overlies Globigerina turkmenica series, and is
represented by whitish-grey, greenish-grey and
marly mudstones with the interlayers of grey,
greenish-grey, reddish-brown sandstones.

The zone contains fossils of Globigerina
corpulenta (Subb.), G. eocaenica (Terq.), G.
praebulloides (B | o w), G. ouachitaensis
(Howe et Wall), G.inflata (O r b.), Glo-
bigerapsis index (F i n I.), Bolivina caucasensis
(Chalil), B.binaensis (Chalil), Nonion
agderensis (C h al i l), Bulimina woodwardi
(Tutkowski), Cibicides dutemplei (Orbigny),
C. lobatus (W al k. et Y a c.) etc., C. perlucidus
(N u tt.), Globigerinella micra (C o | e), Baggina
iphigenia (S a m o i l.), Anomalina hantkeni
(Grzybowski), Agranosa (Hantken),
Globigerinoides rubriformis (S u b b.), Nonion
pseudomartkobi (C halil.).

Globigerina officinalis zone conformably
overlies Globigerina corpulenta zone series. It is
composed of grey, green, reddish-brown mud-
stones and marls with colorful mudstone and sand-
stone interlayers. Deposits of the zone contain fos-
sils of Globigerina officinalis (S u b b), G.
pseudoeocaena (S u b b.), G. inflata (O r b.), G.
eocaena (Terq.), G. postcretacea(Mjatliuk),
G. praebulloides (B | o w.), G. ouachitaensis (H o
w.et W a | I.), Bolivina antegressa etc (S u b b.),
B. tuberna gradata (Chalilov), Nonion curvi-
septum (S u b b), Pullenia bulloides (d, O r b),
Hormosina ovulum (G rzy b ow sk i), Baggina
iphigenia (Samo il ova), Hastigerina micra (C
o | e), Ammodiscus incertus (d, O r b.), Glomospira
charoides (P ar k e tJ o n), Cibisides lobatulus
(W alk. et Jac.), Nutalloides trumpyi (Nutt.).

Beloglin horizon preserves its’ typical
facies and micropaleontological features both
in the North Caucasus and Crimea regions. In
the North Caucasus the horizon covers Belaya
Glina Suite composed of white limestones.
The Suite is distinguished within Globigerap-
sis tropicalis zone and Bolivina containing
stratas.
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Greyish, greenish and bluish white marls of
the horizon are rich with small foraminiferas,
e.g. Heterostomella siphonella (R e u s s), Vul-
vulina spinosa (C u s h.), Marginulina fragaria
(G i m b.), M. bohmi (R e u s s), Bulimina
truncana (C it m b)., Bolivina antegressa (Subb.),
B. nobilis (H a n t.), B. floridana (C u s h.),
Uvigerina hispida (S ¢ h w.), Bifarina mil-
lepunctata (T u t k.), Valvulineria iphigenia
(S a m )., Cassidulina globosa (H a n t k.),
Nonion curviseptus (S u b b.), Globigerina
bulloides (d O rb.) var. bulloides (d *Orb.),
G. corpulenta (S u b b)., G. inflata (d O r b.),
G. eocaenica (T e r q), Globigerinoides conglo-
batus (B r a d y), Anomalina acuta var. taurica
Sami., Planulina costata (H a n t k.), Cibicides
pigmeus (H a n t k)., Globigerinoides congloba-
tus (B r a d y), Globigerina inflata (O r b.),
Bolivina coelata (C u s h m)., upward the sec-
tion Globigerina corpulenta (S u b b.), Uvigeri-
na ex gr jacksonensis (C u s h m.), and more
upward Gyroidina soldanii (O r b)., Eponides
umbonatus (R e u s s), Cibicides ungerianus (O rb.),
C. dutemplei (O r b.), C. refulgens (M o n t1.),
Bolivina nobilis (Hantk.), B. beyrichi (Reuss),
B. antegressa (S u b b.), Bulimina truncana
(G i m b.), Uvigerina pygmea (O r b.), Nonion
curviseptus (S u b b.), Angulogerina angulosa.
(W ill), etc. The horizon’s thickness is 80-100 m.
(Subbotina, 1950).

Comparison of Lower Paleogene deposits
of the Southeastern and North Caucasus regions
is provided in Table.

Conclusion

Conducted studies resulted in the detail
stratigraphic descriptions of the Lower Paleo-
gene deposits in the Southeastern Caucasus and
the development of their microfaunistic and
lithological characteristics.

For the first time Paleogene Suites of Azer-
baijan have been correlated to their stratigraphic
analogues in the North Caucasus.
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Table

Comparison of Southeastern and North Caucasus Lower Paleogene deposits
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CONUB-SORQI QAFQAZIN ALT PALEOGEN COKUNTULORININ PLANKTON
FORAMINIFERLORO GORO STRATIQRAFIYASI

H.9. Allahverdiyeva

Coanub-Sargi Qafqazin Alt Paleogen ¢okiintiilorinin stratigrafiyas: va ona uygun lay dastala-
rinin mikrofauna va litologiyasina gora xarakteristikas: verilmigdir. Plankton foraminiferlori

komplekslorinin miifassal tohlili naticasinda tadgigat rayonunun va Simali Qafgaz Alt Paleogen
cokiintiilarinin korrelyasiyast aparilmigdir.

CTPATUT'PA®US HUXKHEITAJIEOT EHOBBIX OTJIOXKEHUM
IOI'0O-BOCTOYHOI'O KABKA3A 110 IINTAHKTOHHBIM ®OPAMUHU®EPAM

X.A. Aju1axBepaueBa

,ZZaHa cmpamuepaqbuqecmm Xapakmepucmuxka HUNCHenanieoceHoesvlx omaodicenuii fOzo-
Bocmounozco Kasxasza na ocnosarnuu MquogbayHucmuquKoeo u aumoJiocuvecKkoco cocmaed co-
omeemcmeyrumux OMI0JICEHUL. Bpeayﬂbmame 0emaibH020 AHAAU3A KOMNIEKCO8 NIIAHKIMOHHBIX

Gopamunughep npoussederna KOppensYUs HUNCHENALE02eHOBbIX OMIONCEHUL PAliOHA UCCTIe008a-
Huu u Ceseprnoeo Kaskasa.
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SEDIMENTATION CONDITIONS OF LOWER PLIOCENE
DEPOSITS IN LOWER KURA DEPRESSION
(BASED ON GEOCHEMICAL CRITERIA)

The paper presents complex analysis of the Productive Series sediments (PS) (lithofacies,
chemical composition and reservoir properties), and discussion on regional regularities of
their change within the Kurovdagh-Neftchala anticline zone of the Lower Kura depression. It
has been revealed that lithology of the studied sediments is dominated by a silt fraction. The
southeastward trend (from Kyurovdagh field towards Neftchala field) of increase of propor-
tion of fine fraction is observed. It determined the similarly directed Vshae lowering trend as
well as decrease of MgO, P-Os and Fe>Os3, and increase of CaO contents.

It was concluded based on geochemical criteria that the Lower Pliocene basin was char-
acterized by shallow water sedimentation with frequently occurring transgressions and re-
gressions and salinity changes. We can state that the level of water mineralization was low.

These regional lithological changes of the PS sediments are well correlated with their
oil-gas content. The northwest--southeast trending reduction of hydrocarbon reserves, initial
well rates and the methane homologs in extracted gases is observed. This trend is, apparently,
related to increase of clay fraction in PS reservoir rocks.

Keywords: Productive Series, sedimentation conditions, geochemical and lithofacies

composition, reservoir properties, oil-gas content, Lower Kura depression, Azerbaijan.

Introduction

The first priority task of today’s oil-gas ex-
ploration is assessment of production units’ het-
erogeneity (Huseynova, Khuduyeva, 2016;
Pulkina, Zimina, 2012; Sidorov, Nizayev, 2006;
Feyzullayev, 1992; Feyzullayev et al., 2018).

In the South Caspian basin the Pliocene
Productive Series is a main reservoir unit con-
taining large hydrocarbon reserves. The current
paper is dealing with the regularities of sedi-
mentation conditions and reservoir properties
changes of the Productive Series sediments
within the Kurovdagh-Neftchala anticline zone
of the Lower Kura depression (Figure 1).

Material

During the long-term development of oil-
gas fields in the South Caspian basin a large da-
ta set was accumulated that allows detailed in-
vestigation of reservoir properties changes in
the regional context.
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(BASED ON GEOCHEMICAL CRITERIA)
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Figure 1. Lower Kura Petroleum Province and adja-
cent offshore area of the Caspian Sea. Location scheme
of studied oil-gas fields

The questions that arose during fields’ de-
velopment have been investigated based on
studies of the composition, petrophysical, che-
mical and other characteristics of PS deposits.

Study of geochemical and lithofacies com-
position as well as reservoir properties of the PS
sediments was based on the analysis of 277 core
samples collected from 64 boreholes, including
167 samples (61 boreholes) from Kurovdagh
field, 35 samples (13 boreholes) from Garabagly

SEDIMENTATION CONDITIONS OF LOWER PLIOCENE DEPOSITS IN LOWER KURA DEPRESSION

structure, 48 samples (7 boreholes) from Baba-
zanan structure and 27 samples (13 boreholes)
from Neftchala field.

In order to eliminate an influence of a strat-
igraphic factor the same age rocks have been
analyzed and compared within one data set.
These studies include V horizon of the PS,
which is analogous to Surakhany Suite lowers in
Absheron stratigraphic scheme of the Produc-
tive Series.

Discussion of study results

Sedimentation conditions of the Productive
Series sediments according
to geochemical criteria

There are shown in the Table 1 and Figure
2 ratios of different oxides in the Productive Se-
ries sediments that are used as chemical indica-
tors of PS sedimentary environment.

The data received display the following
patterns.

The values of TiO2/Al,O3 ratio significantly
declines in the direction from Garabaghly to-
wards Neftchala field (Figure 2), which testifies
to increased depth of the sedimentation basin
(Yudovich, Ketris, 2011) and change from hu-
mid to more arid conditions.

Table 1
Chemical indicators of PS sedimentation conditions
Area CaO/MgO Na20/K20 SiOz/A|203 TiOZ/A|203 FezoglM noO KzO/A|203
Kurovdagh 3,11 1,38 4,25 0,12 58,8 0,180
Garabaghly 2,54 1,22 472 0,09 72,9 0,217
Babazanan 6,31 1,11 3,78 0,08 34,2 0,217
Neftchala 6,27 1,41 4,61 0,07 23,8 0,211
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Figure 2. Chemical composition of core samples from different South Caspian fields, Lower Kura depres-
sion: 1 — Kurovdagh (well #425, interval 2496-2500 m); 2 — Garabagly (well #76, interval 2690-2700 m);
3 — Babazanan (well #49, interval 4311-4320 m); 4 — Neftchala (well #731, interval 2840-2845 m)

According to Na.O/K>0 ratio values (>1) ing conditions from Garabagly towards Neftcha-
chemical weathering of the provenance area was la field.
weak (Bektobayeva et al., 2013). K20/Al,Os3 ratio (potassium module) lets us
Fe-O3/MnO ratio reflects the geochemical to assess the occurrence of K containing rock-
conditions in the depositional basin (Yudovich, forming minerals in rocks such as micas and
Ketris, 2011) and indicates the elevated reduc- potassium fieldspars (Cox et al., 1995). Usually
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K20/Al;03 value doesn’t exceed 0.3 in redepos-
ited fine-grained terrigenous sediments, and
these values are typical for the studied fields.

CaO/MgO ratio values (>1) point at low
mineralization of the Lower Pliocene sedimen-
tation basin (Bekbotayeva et al., 2013). These
values reduce in the direction from Garabagly
towards Neftchala field.

SiO2/Al,O3 ratio is sensitive to sediment
recycling and weathering processes. The longer
the terrigenous material is transported from its’
provenance area, the more sediments tend to be
enriched by the quartz than the fieldspar (Ka-
zansky, 1983; Roser, Korsch, 1986). Values of
this ratio do not significantly change within the
studied fields and remain within 3.78-4.72 lim-
its. These data testifies to more or less equal dis-
tance from provenance areas for both studied
fields, and equal enrichment of sediments with
quartz rather feldspars.

Sr/Ba ratio is a criteria used to distinguish
between marine and freshwater sediments. The
ratio’s value is usually less than 1 for freshwa-
ter, and more than 1 for marine deposits
(Katchenkov, 1959; Bektobayeva et al., 2013).
Application of Sr/Ba ratio for paleoenvironmen-
tal reconstructions is based on accumulation of
Ba in shallow water sediments in contrast to Sr,
which precipitate only from the sea water, and
its content in sediments increases with the salin-
ity growth. Thus, high Sr/Ba ratio indicates an
increased salinity of the basin. .

In Figure 3 the distribution of Sr/Ba ratio’s
values in the Productive Series sediments ex-
posed in Kirmaki and Yasamal Valleys are
shown (Huseynov, 2003). The Sr/Ba curve dis-
plays rapid Sr/Ba ratio variations along PS sec-
tion testifying to rapid salinity changes in the
Pliocene basin.

(BASED ON GEOCHEMICAL CRITERIA)

Lithological changes
in the Productive Series sediments
The data demonstrate the lateral lithology
changes from Kurovdagh field towards Neftcha-
la field expressed in reduced number of sand
beds. In Neftchala field sandy sediments con-
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taining more than 50% of sand fraction were not
revealed. As seen from the Figure 4 the south-
eastward trend of decrease of proportion of sand
fraction in sediments of horizon V from 2,7 val-
ue in Kurovdagh field to 0,37 value in Neftchala
field is observed. Thus, sandiness nearly reduc-
es by 7 times.
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Figure 3. The curve of Sr/Ba ratio values in Productive
Series sediments in Kirmaki and Yasamal Valleys
(Huseynov, 2003)

Reservoir properties of the Productive Se-
ries rocks within the structures belonging to Ku-
rovdagh-Neftchala anticline zone are mainly
determined by a prevalence of silt fraction. Res-
ervoir properties of different lithology rocks are
largely variable. For instance, the porosity of
sandstones varies from 16% to 47% and perme-
ability from 7*10m? to 676*10°m? The
common southeast directed trend of the worsen-
ing of reservoir properties of PS rocks is record-
ed (Figure 5).

We have recorded a link between lithologi-
cal variations and hydrocarbon gases composi-
tion (Figure 6). In the southeast direction a less
share of homologs of methane in PS sediments
is observed, which is apparently related to an
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increased content of the clay fraction having drocarbon reserves reduce in the same way too
high adsorption properties and detaining heavy (Feyzullayev, 1992).
hydrocarbon gases. As seen from Table 2, hy-
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Figure 4. The plot reflecting the proportion of sand fraction’s change in rocks of horizon V
(analogues to Surakhany Suite) in Kurovdagh, Garabaghly, Babazanan and Neftchala areas
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Figure 5. The plot reflecting reservoir properties changes within the Kudovdagh -
Neftchala anticline zone
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Figure 6. Histograms showing an average CoHe+/CHa
ratio’s values in the gases from PS sections of the Ku-
rovdagh - Neftchala anticline zone

Table 2

A+B+C categories of oil-gas reserves of the upper
horizons of the Productive Series as of 01.01.1968

SEDIMENTATION CONDITIONS OF LOWER PLIOCENE DEPOSITS IN LOWER KURA DEPRESSION

Table 3 demonstrates some production
characteristics of the horizon V in the Kuro-
vdagh, Garabaghly and Neftchala fields. Fol-
lowing changes are recorded from Kurovdagh
field in the northwest towards Neftchala field in
the southeast: 1) oil-gas contour 4.6 times re-
duces; 2) 38% reduction of N/G ratio and 64%
decline of oil recovery factor; 3) initial oil flow
of the wells 4.5 times fall; water flow / oil flow
ratio 3 times increases that testifies to signifi-
cant water saturation of the reservoir rocks and
reduction of hydrocarbon reserves.

Conclusions

The analyses of chemical, lithological
compositions and reservoir properties of the
Productive Series sediments show the following
results:

1. MgO, P.Os u Fe;O3 contents reduce

_ from Kurovdagh filed in the northwest towards
) ol Gas (standard unit) Neftchala field in the southeast. PS sediments in
Deposit | (standard Babazanan and Neftchala fields are character-
unit) | dissolved | free | total | ijzed by relatively high CaO contents.
Kurovdagh | 1154 29,8 234 | 340 2. From Garabaghly towards the Neftchala
Garabaghly | 110,8 18,4 1,0 186 | fields an increase of the depositional basin’s
Neftchala 1,0 1,0 - 1,0 depth and reduction of the geochemical condi-
tions are observed.
Table 3
Production characteristics of Kurovdagh, Garabaghly and Neftchala fields
& o I} =
S 3 £ < S
= o o = 0 ©
_ 5 s 2 o S = = P
Field S 5 8 3 :—_; = 2 =
E é 2 S = 5 5 g f—% S .
3 5 5 = Q L= S — = o
& Z = ) pa £ 3 =3 O 5
Kurovdagh 1955 25 1280 16 178,2 7 0,238
Garabaghly 1960 11 469 17 84,4 2 0,124
Neftchala 1931 15 279 10 39,2 23 0,085
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3. In general, the Lower Pliocene basin
within the studied area was characterized by
shallow depth, high-frequency transgression-
regression cyclicity and rapidly changing min-
eralization of the water, which was at low level.

4. Remoteness of studied sediments from

2019/2

crease in the sand/clay fractions ratio and wors-
ening of reservoir properties of the Productive
Series rocks.

6. A recorded lithology change trend is
well correlated with the oil-gas content varia-
tions in the Productive Series succession. It has

been revealed southeast directed decrease of
hydrocarbon reserves, initial oil flow and con-
tent of methane homologs in the recovered gas
that is linked with the increasing Vshale values
in the PS section.

the provenance areas was more or less equal
that caused the equal quartz/ feldspar ratio in the
sediments.

5. The share of fine fraction increases from
Kurovdagh field in the northwest towards
Neftchala field in the southeast that caused de-
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ASAGI KUR COKOKLIiYINDO ALT PLIOSEN COKUNTULORININ
OMOLOGILMO SORAITI (GEOKIMYBVI KRITERILOR 9SASINDA)

9.9. Feyzullayev, V.N. Lunina, G.H. ismayilova,
I.M. Mammadov, G.T. 9hmadova

Maqalada Mahsuldar gasin (MQ) kompleks analizi (litofasial, kimyavi tarkibi va sixurlarin
hacm-siizma xiisusiyyatlori) yerina yetirilmis vo Asagi Kiir ¢okokliyinda Kiirovdag-Neftcala an-
tiklinal zonas: sarhadinda bu parametrlarin dayismasinin regional ganunauygunluguna bax/-
mugdir. Tadqiq olunan siixurlarin litoloji tarkibinda alevrit fraksiyasinin idistiinliik taskil etdiyi
miiayyan edilmisdir. Bununla alagadar SmQ-don (Kiirovdag sahasi) CS-o (Neftgala sahasi)
qumlu fraksiyamin gilliya nisbatinin gostaricilarinin azalmasi miisahida edilir ki, bu da hamin
istigamatda siixurlarin siiziilma-tutum xassalarinin pislagmasinda gériiniir. Homin istigamatda
MgO, P20s va Fe203 oksidlarinin migdarmin azalmas: elaca do CaO-nin miqdarinin artmasi
geyd edilir. Geokimyavi kriterilor asasinda Alt Pliosen hovzasi biitiinliikda sahil-daniz sedimen-
tasiyas: soraiti ilo xarakteriza olunur. Bununla alagadar transqressiyanin reqressiya ilo tez-tez
avaz olunmas: vo miivafiq olaraq suyun duzlulugunun ehtizazlart bag verir. Eyni zamanda su-
yun minerallagmas yiiksak deyildir.

Siixurlarn litofasial xiisusiyyatlarinin dayisilmasinin regional xarakteri MQ neft-qaz/i/ig: ilo
yaxs: korrelyasiya edir. Rezervuar sixurlarmn gilliliyinin artmas: ilo alagadar SmQ-don CS-2
dogru karbohidrogen ehtiyatlarinin, quyularin ilkin debitlorinin vo a/linan gazda metanin homo-
loglarinin azalmas: miiayyon edilmisdir.
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YCJIOBUSA HAKOIVIEHUSA HU/KHEIIVIMOIEHOBBIX OCA/IKOB
B HUKHEKYPUHCKOM BIIAJIUHE
(1O TEOXUMHNYECKUM KPUTEPUAM)

A.A. Deiizynnaes, B.H. Jlynuna, I'.I'. UcmaiisiioBa,
HN.M. MamenoBa, I'.T. AxmenoBa

B pabome e6vinonnen KOMRIIEKCHbIU aHAU3 (ATUMOPDAYUATbHDIL, XUMUYECKULU COCMA8 U
GunrbmpayuornHo-emxocmusle ceoticmea nopoo) Ilpooykmuenou moawu (I1T) u paccmompenwvl
pecuoHaIbHble 3AKOHOMEPHOCMU UX usmeHeHus 6 npedenax Krwoposoaz-Heghmeuanunckou an-
MUKIUHATBHOU 30Hbl Hudicnexkypunckoil énadunvl. Ycmanogneno, ymo 8 iumonio2uieckom co-
cmaese u3y4eHHvlx nopoo npeobradoaem anespumosasn gpaxyus. Ipu smom ¢ C3 (nrowaos Kro-
pogoae) na FOB (nrowaoe Hegpmuana) nabniooaemcs ymeHvueHue 3HaveHutl OmHOueHus nec-
YaHOU ppaxkyuu K 2TUHUCMON, YMO NPOSAGIAEMC YXYOUleHUeM 8 3MOM HANPAsieHuUu Quibmpa-
YUOHHO-eMKOCMHBIX C80UcmE nopod. OmmeueHo 3aKoHOMepHOe YMeHbUleHUe 8 YKA3AHHOM
Hanpasienuu cooepaicanust okcudos MgQO, P2Os u FexO3 u ysenuuenue cooepocanus CaQ. Ilo
2COXUMUYECKUM KPUMEPUAM COelaH 8bl800, YMO, 8 YENOM, HUNCHENIUOYEHOBbI OACCelin Xa-
PAaAKmepu308aicsi NPUOPEeICHO—MOPCKOU 0OCMAHOBKOU OCAOKOHAKONIEHUS, C YACMOU CMEHOU
mpancepeccull u pespeccuil U, COOMBENCMEEHHO, KOIeOAHUAMU COleHOCU 800bl. IIpu smom
MUuHepanuzayus 600bl Obl1A HeBbLCOKO.

Pecuonanvuulii xapaxmep uzmenenus 1umo@payuaibHblx C8OUCME NOPOO XOPOUO KOppeu-
pyemcs ¢ HeghmezazonocHocmuio IIT. Buvisigneno ymenvuieHue 3anacos y2ie6000p0008, Hauaib-
HbIX 0eOUMO8 CKBANCUH U COOEPICAHUSL 2OMOTI0208 MEMAHA 8 U3BILEKAEMOM 2a3€ 8 HANPAGIEHUU C
C3 na FOB, cseazannoe, seposimuee 6ce2o, € yseaudenuem 2IUHUCMOCIMU Hopoo pe3epayapa.
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DEVELOPMENT OF LARGE BARRIER-LAGOON SYSTEMS ON THE
EASTERN AND SOUTH-EASTERN BALTIC SEA COASTS

The paper is dealing with the geological structure and evolution of large barrier-lagoon
systems in the eastern and southeastern coasts of the Baltic Sea. The data available on some
coastal - deltaic plains in the Leningrad Region, Latvia and Lithuania are discussed in the
article. The data obtained display a similar mechanism of these systems’ evolution. A signifi-
cant rise of the sea level during the Littorina Sea transgression initiated formation of large
transgressive bars at the margins of deltaic plains and lagoons on the surface of these plains.

Keywords: sea-level change, coast, barrier-lagoon system, paleogeography

Introduction

The geological and geomorphological
background of large barrier-lagoon systems
have been recently studied in details in the SE
Baltic region including the Curonian and Vistu-
la Spits and the adjacent coasts of the central
and eastern Poland during several field cam-
paigns (Badyukova et al., 2008). The results
strongly suggest that sea level fluctuations are
the key factor influencing the barrier systems’
formation and evolution. This factor was also
crucial in the evolution of large constructional
landforms on the eastern coasts of the Baltic
Sea, including the Gulf of Finland, Latvian and
Lithuania coasts.

Neva Lowland

The lowland is located between the Gulf of
Finland and the Ladozhskoye Lake. The area is
characterized by a flat relief with rare small eleva-
tions. Two terrace levels are distinguishable; the
upper of them is linked to the Baltic Ice Lake
(dated to 12600-10300 BP), which is a freshwater
lake formed at the southern margin of the Scandi-
navian ice sheet. The younger — Littorina Sea
(brackish water stage of the Baltic Sea dated to
7500-4000 BP) terrace — forms a gently sloping
plain that occurs as a narrow fringe surrounding
the Gulf coasts. Its boundaries are marked by an-
cient beach ridges and scarps modeled by marine
erosion (Znamenskaya, 1956).
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The Neva Lowland includes Sestroretsk
and Lakhti depressions, together with the land
adjoining the lowermost part of the Neva River.
In spite of extensive geological data set display-
ing the evolution of the eastern part of the Gulf
of Finland in the Holocene, there are several
“white spots” still to be investigated.

Sestroretsk basin and Sestroretsk Razliv Lake.

The Sestroretsk Razliv Lake did not exist
until the early XIX century. Its present area was
occupied by two rivers - Sestra and Chernaya; a
stream formed as a result of their joining was
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known under the name of the Gagarka River.
The dam constructed latter in 1723 resulted in
flooding of the lowermost parts of the Sestra
and Chernaya Rivers’ valleys and a part of the
coastal plain. The inundated areas formed the
Lake Razliv, which is about 5 km long and 4 km
wide; the present lake is drained by artificial
channel (Sestra Zavodskaya) connecting two
dune ridges.

The Sestroretsk depression containing the
lake is separated from the Gulf of Finland by a
1-3 km wide and 10 km long sandy barrier. The
sand beds are thickest in the western part of the
barrier; there they form several dune ridges up
to 10-12 m in height (Znamenskaya, 1956) cre-
ating an echelon along the sea coast. The wind
direction determines the dunes migration from
west to east. The previously buried trees are ex-
posed in deflation basins (Sokolov, 1884). Simi-
lar processes are typical in the Curonian and
Vistula spits (Badyukova et al., 2008). There are
vast marshes developed at the back side of each
large sand ridge, such as Kanavnoye and Sestro-
retsk marshes. The latter one is the largest
marsh in the region.

The dune formation on the Gulf of Finland
coasts started about 3000-3500 years ago. By
that time the region had been already inhabited
according to archeological findings recovered
from the dunes near the town of Sestroretsk. 11
archeological sites were excavated from the
dunes on the western coast of the Lake Razliv;
they contain some Stone Age tools and numer-
ous ceramic fragments attributed to the 11 — Il
centuries BC. The Neolithic sites Sosnovaya
Gora and Sosnovaya Gora 1 were found on the
eastern coast of the Sestroretsk Razliv Lake,
within a rather narrow sand ridge. In the Sosno-
vaya Gora 1 site stratigraphical, lithological,
and geochemical studies have been conducted.
The results obtained allow reconstructing the
principal stages of the environmental evolution
and colonization by primitive people. The ce-
ramic fragments recovered from that site are
dated to ~ IV millennium BC — 4890+35 yr. BP
(3715-3636 cal).
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The ridges are 10-13 m a.s.l. and have
pines in the NE of Sestroretsk marsh. Judging
from the map and description done in XIX cen-
tury these ridges can be interpreted as dunes re-
lated to one of the Littorina Sea coastline devel-
opment stage. This coastline had a barrier-
lagoon complex (Figure 1).

[LIAHD
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Figure 1. The Sestroretsk Razliv Lake mapped at end
of XIXcentury

All the boreholes drilled on the Sestroretsk
marsh penetrated a 1.5 m to 3 m thick peat layer
and reached at a depth of 4-5 m a diatom gyttja
attributable to the Littorina Sea. The gyttja is 3—
4 m thick, sometimes up to 10 m (Belikov,
1999). Similar deposits are found on the right
bank of the Sestra Zavodskaya channel, 200 m
downstream from the railroad bridge; the dia-
tom gyttja of the Littorina age occurs there at a
depth of ~3 m under aeolian sands. Such suc-
cession is traced over a large area (Yakovlev,
1925).

All above mentioned allow us suggesting
that the infilling of the ancient Sestra River val-
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ley with up to 50 m thick sediments started at
the time of Littorina transgression and was ac-
companied by inundation of the coastal plain.
The coastal plain was separated from the sea by
a barrier; the old lagoon formed behind this bar-
rier turned into swamp at recent time. All sub-
sequent fluctuations of the sea level and the
post-glacial isostatic uplifts of the land surface
resulted in the gradual shoreline movement
seaward and development of a series of barrier-
lagoon systems. The Sestroretsk dunes represent
the youngest such large barrier.

Lakhti depression and Lakhtinsky Razliv Lake.

The Lakhtinsky Razliv Lake is attached to
the Lakhti depression at a level of around 3 m
a.s.l. The lake is fed by two rivers — Kamenka
and Chernaya, and is connected with the
Nevskaya Guba bay by a channel. A large up to
4 m in height barrier separates the lake basin
from the sea. The barrier has southeast orienta-
tion and contains alternating ridges and linear
depressions trending from W to E (Polynov et
al., 1924).

A very deep buried valley attached to a
deep-seated regional tectonic sublatitudinal fault
is identified in the Primorsk region. The Lakhti
depression partially coincides with this buried
valley (the side tributaries of the buried valley
are found in the vicinities of Ol’gino village),

M A(0.95mabs.) m B (3mabs.)
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and partially with an active submeridional fault
(Karpova, 2014). The Lakhti depression occu-
pies the most part of the wetland. It has been
studied since the early XX century. Particular
interest have works by K.K.Markov (1931) who
in details described sedimentary sections pene-
trated by boreholes (Figure 2 A, B). He men-
tioned two peat horizons separated by a layer of
sandy loam. Judging from diatom and pollen
assemblages this layer can be dated as Littorina
age. Later multidisciplinary studies of the Lakh-
tinsky Razliv deposits make is possible to sub-
divide these sediments into Yoldia Sea (weakly
saline sea dated to 11700-10700 BP), the Ancy-
lus Lake (freshwater lake dated to 10700-9800
BP) and the Littorina Sea successions (Figure 2
C, D) (Morozov, 2012). A layer of gyttja from a

depth of 2.6 to 2.9 m was dated by 14C to
9160+150 yr. BP (10 746-9891 cal. BP).

In the borehole C the upper portion of the
section is composed of bluish-gray silty clay
with rare black hydrotroilite interlayers, and
light brown fine sands and clays of the Littorina
age. Upward the section they are gradually re-
placed with dark brown peat. The radiocarbon
data obtained for the sample collected from the
peat’s base show that the Littorina Sea regres-

sion and peat accumulation began at 2890+100
yr. BP (3268-2790 cal.) (Morozov, 2012).

e Kl s
£ EE

Figure 2. Boreholes in the Lakhti wetland. A, B — according to Markov, 1931; C, D —
according to Morozov, 2012). 1 — peat, 2 —sand, 3 — clay, 4 — gyttja
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Boreholes drilled near the Ol’gino settle-
ment penetrated marine sands and reached buried
peat layer of the Littorina age at a depth of 46 m
(Yakovlev, 1925). As follows from the drilling
results the barrier has been gradually migrating
landward. Under conditions of the rising sea lev-
el the coastal plain was partially inundated, and a
lagoon formed behind the bar. Such a mechanism
of the barrier-lagoon system development is uni-
versal and has been observed in many coastal
regions (Badyukova et al., 1996).

Several boreholes drilled within the Lakh-
tinsky Razliv Lake at different depths reached a
weakly decomposed peat horizon. The age of

this horizon by14C data was estimated as 314 +
100 yr BP. Thus, these data display the lower
position of the Baltic Sea level at that time
comparing with the present one. Geological and
geomorphological analysis of the Curonian and
Vistula Spits also provide evidences of the Bal-
tic Sea level fluctuations during the historical
time. Two of its high stand (0.5-1.0 m above
the present Baltic Sea level) are dated to ~1700
BP, and to the Viking epoch (IX-—X centuries)
(Badyukova et al., 2010).

The Neva Lowland within the limits
of Saint-Petersburg city

Paleoenvironmental reconstructions in the
eastern part of the Gulf of Finland are particu-
larly complicated by the man-induced changes
in landscapes. That makes studies of archeolog-
ical objects particularly significant. The first
archeological site of the Neolithic — Early Metal
age discovered in the Neva River basin — Okhta
1 —is located near the Saint-Petersburg city cen-
ter, on the Okhtinsky Point (Gusentsova et al.,
2010; Kulkova et al., 2010).

By detailed studies, using recent scientific
approach and methods the Littorina Sea coastline
within the city limits has been identified. The
coastline is distinctly seen in the topography as a
series of erosion scarps and beach ridges (So-
rokin et al., 2015) traced on the Neva Lowland
for a distance up to 13 km from the today’s
coastline. One of the largest constructional land-
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forms on the Neva Lowland within the city
boundaries is the sandy Ligovka Spit extending
from the southern coast of Neva Guba towards
NE as far as the Neva channel (Figure 3).

The Ligovka Spit surface is at 7-8 m a.s.l.,
while the surface of Littorina age around the spit
is 3 to 4 m lower. The spit is about 10 km long
and from 600 m to 2 km wide. It is composed of
cross-bedded (diagonal-bedded) sands of Littori-
na age replaced upwards with coarse sands con-
taining gravels and pebbles. The total thickness
of sands varies from 5 to 7 m. The entire spit
body does not lie on marine sediments as it is
most typical of such constructional landforms; it
occurs directly on the continental deposits. The
sands overlie peat beds over the entire length of
the spit. The deposits of peat (changing some-
times into gyttja) exceeds in thickness all the
known buried peatlands of the Littorina age (Ya-
kovlev, 1926). Within the city boundaries maxi-
mum to 13.6 m thick the Littorina deposits are
mostly composed of bluish and gray sands, sandy
silts and loams, rarely they include vivianite par-
ticles and peat interlayers traced along their
strike. The gyttja, clays including those known as
therapeutic muds in the Sestroretsk Razliv Lake
(Geological atlas, 2009) are also assigned to the
Littorina Sea deposits.

Judging from the morphological and litho-
logical characteristics of the Ligovka Spit, it can
be conluded that this formation landform is not
connected to marine regressional, though that is
an idea of a number of researchers (Yakovlev,
1926; Markov, 1931; Gusentsova et al., 2010;
Sorokin et al., 2015). We have considered the
Ligovka Spit as a large barrier developed at the
margin of the coastal plain against the back-
ground of rising sea level; in the process a la-
goon was formed at the back of the barrier,
while the bar itself grew in thickness and moved
towards the lagoon. We have proposed a similar
scenario of the barrier-lagoon systems evolution
on the Curonian and Vistula Spits. Such a
mechanism of the barrier formation is actually
universal and may be observed on all the marine
coasts (Badyukova et al., 1999).
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Figure 3. Areas of the Littorina Sea coastal landforms. 1 — boundary of the “Vasileos-
trov” terrace 0—3 m a.s.l. dated to Old Baltic transgression; 2 — “Okhtinskaya” terrace
boundary dated to the maximum stage of the Littorina transgression; 3 — Ligovka Spit
(outlined by 6 m isohypse), according to Sorokin et al., 2015

It can be concluded that the lagoon was de-
veloped at the initial stages of the Littorina
transgression over a significant part of the pre-
sent day city area; it was separated from the
Gulf of Finland by a large barrier. Lagoonal
sediment composed of fine laminated sands and
silts are exposed at the confluence of the Neva
and Okhta rivers. The environments on the la-
goonal coasts were beneficial for human habita-
tion. The earliest archeological sites on the
Okhtinsky Point are dated to the first half of the
V millennium BC (Gusentsova et al., 2010). The
lagoon was undoubtedly drained at that time (as
it received rivers) and was permanently con-
nected with the sea. During the large-scale Lit-
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torina transgression and the subsequent regres-
sion of the sea, some oscillations of the Baltic
Sea level occurred (recorded, in particular, in
the Okhta | archeological site). The sea level
decline and rise resulted in development of a
wide arc of the ‘Vasileostrov’ terrace modeled
by marine erosion (Sorokin et al., 2015).

The Narva-Luga Lowland

The lowland is situated at the mouth of the
Narva and Luga rivers and is distinguished be-
cause of complicated topography. Lakes and
swamps occupy a considerable portion of its
surface, with constructional coastal landforms
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of various ages between them. The lowland in-
cludes three isolated plateau fragments known
as Kurovitsky, Krikovsky and Kurgalsky, the
latter forms a peninsula of the same name sepa-
rating the Narva Bay from the Luga Bay.

The western slope of the peninsula drops
towards the Narva Bay as a scarp with a high
dune ridge stretching along its edge (Figure
4A). The source of the aeolian sands was fluvi-
oglacial sediments exposed in a paleocliff at the
plateau margin (Figure 4B).

There are several generations of spits on
the lowland varying widely in their size, age,
and orientation. The largest of them — Ri-
ygikiila, Kudrukiila, and Merikiila ones — were
firstly described in details by K.K.Markov
(1931). The Riygikiila Spit is the farthest from
the sea. It forms an arc encircling the southern
periphery of the lowland, and is composed
mostly of coarse littoral deposits. Radiocarbon
data obtained on the archeological site 5305—
5040 yr BC (Gerasimov et al., 2015), allow as-
signment of this ancient coastline to an early
stage of the Littorina transgression.

A younger constructional landform — that is
Kudrukiila Spit — extends as an arc of 25 km in
length and 0.2 to 1.5 km in width along the
Narva Bay coast. A chain of dunes up to 15 m
in height marks its axis, although no evidences
of sands have been found on the surface, which
is composed mostly of coarse-grained sand and

Figure 4A. An overgrown downwind slope of the dune

2019/2

pebbles. In the central part of the arcuate spit
there are an archeological sites dated to 2215-
2020 yr BC. Further there are dunes having
maximum 20 m in height and forming a facing
east scarp towards the swamped surface of the
ancient lagoon.

To the north there is another archeological
site dated to 1910 yr BC. The Kudrukiila spit is
located on the southern slope of the Kurgalsky
plateau’s remnant (~20 m in height) composed
of fluvioglacial deposits (Figure 4 B). There are
archeological sites existing along its edge, their
age is estimated as 3970-3940 yr BC (Gerasi-
mov et al, 2015).

The Kudrukiila spit sites are localized on
sandy ridges of a moderate height alternating
with swamped depressions. Quite possible the
ridges represent former foredunes developed at
the back share during slowly lowering sea level
(Badyukova et al., 2015). Similar eolian land-
forms are found in other parts of the Narva-
Luga Lowland. Both relative elevation and the
altitude a.s.l. increase southwards and reach 4-6
m at the distance of 2 km from the sea.

At present the lowland is separated from
the sea with a long barrier beach of Merikiila.
The sand occuring in large quantities within the
littoral zone served as a material for formation
of a series of massive dune ridges up to 20 m
high and up to 2 km across on the whole.

Figure 4B. Fluvioglacial deposits
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As follows from the drilling data given in
the monograph by K.K.Markov (1931) (Figure
5), a series of lagoons developed successively
on the coastal waterlogged plain during the Lit-
torina. That is confirmed by the peat occurrence
at the base of diatomaceous gyttja of the Littori-
na age. An abundance of sand in the coastal
zone favored development of large bars and
deposition of diatom gyttja in lagoons.
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Figure 5. Boreholes on the Narva-Luga Lowland (ac-
cording to Markov, 1931).

1 — peat, 2 — gyttja, 3 — sand with gravel and pebbles, 4
— sandy loam, 5 — sand

It should be noted in conclusion that data
revealed by drilling, along with dated archeo-
logical artifacts and the results of geomorpho-
logical analysis of the Narva-Luga Lowland
allow conclusion that the barrier-lagoon sys-
tems evolved there throughout the Littorina
time that resulted in formation of several gen-
erations of lagoons formed on the coastal
plain. The lagoons separated from the sea by
sand barriers (Riygikiila, Kudrukiila, and
Merikiila Spits) developed in a successive of-
der on the low deltaic plain slowly prograding
seawards. The latter may be ascribed both to
isostatic uplift of the Earth’s crust and to sed-
iments accumulation in the nearshore zone.
Another evidence supporting idea on prorada-
tion of the coastal line comes from the archeo-
logical data, i.e. the yongest archeological ob-
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ject is found on the most seaward position of
the coastal line.

The Coasts of Latvia

The barrier-lagoon systems are widely de-
veloped over the Latvian and Lithuanian
coasts. The largest and most thoroughly studied
is Ventspils Lagoon which is 30 km long and
up to 15 km wide and dessicated by the Venta
River. The lagoon is separated from the sea by
a large barrier bar with several dune massifs on
its surface. Both the barrier and the lagoon in-
clude a few islands composed of glacial till and
fluvioglacial sediments. There are known sev-
eral sections with lagoonal or beach deposits
attributed to the Littorina sea basin, occurring
above the gyttja or peat beds subaerially
formed on the coastal plain. Few an example,
is a section near Varve settl. 10 km south of
Ventspils where a sapropel bed dated at
7110+170 yr BP occurs under the barrier and
lagoon deposits of the Littorina Sea (Figure
6B) (Devirts et al, 1968). In the northern part
the lagoon there are lagoonal and fluvial sands
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Figure 6. Boreholes in the Ventspils Lagoon (accord-
ing to Devirts et al., 1968; Djinoridze et al., 1967). 1 —
soil, 2 — sand, 3 — peat, 4 — gyttja, 5 — clay, 6 — mollusk
shells
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25 m thick overlying sapropel dated at
8970+180 yr BP (Figure 6 C). There is another
section on the left bank of the Venta River near
Ventspils at 4 m a.s.l. where gyttja is uncon-
formably overlain by marine sands (Figure 6 A)
(Djinoridze et al., 1967).

The Coasts of Lithuania

An extensive barrier-lagoon system ex-
tends for more than 60 km southward from
Liepaja to the Lithuania boundary and further
south to Sventoji settlement. It abounds in
lakes Liepajas and Tosmares. Formerly the
lakes were connected with each other forming
a large Curonian Gulf behind the Curonian
barrier. At present the lowland surface lies
above the sea level and is strongly water-
logged. The peat drilled in one of the largest
wetlands is up to 10 m in thickness.

The coastal lowland is separated from the
sea with a sandy barrier that includes occasional
morainic hills forming minor cusps of the shore-
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line. The sandy barrier is up to 2 km in width
and bears a series of dune ridges 20-30 m (and
more) in height. Locally the barrier is partly
eroded and reduced in width and height. A sig-
nificant part of the coast is noted for a presence
of a linear uplift in the offshore zone traceable
almost from the water edge to a depth of 40 m
(Figure 6). It is known as Liepaja Swell and
marked with boulder fields (eroded till) and out-
crops of Pre-Quaternary rocks (Veynberg et al.,
1986).

The coastal zone experiences starvation in
sedimentary material which accounts for the
barrier erosion, its displacement landwards, and
stratigraphic position above the coastal wetland
sediments. During strong storms (such as in
1967) the lower segments of the barrier are
overwashed by waves, the sediments being
moved into the lagoon (Bulgakova, 1982). The
most detailed studies of the coastal lowland
were performed in the vicinities of the Sventoji
town, several boreholes have been drilled there
(Figure 7 A, B).

A

Figure 7A. Boreholes near Sventoji
(according to Damusyte, 2011). 1 —
beach, 2— dunes, 3 — paleo-lagoon, 4
— boreholes, 5 —road, 6 — quarry
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Figure 7B. Sedimentary sections drilled in the Sventoji
vicinities (according to Damusyté, 2011). 1 — sand, 2 — sand
with graves and pebbles, 3 — gyttja, 4 — sandy peat, 5 —
peat, 6 — till
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The material obtained was further thor-
oughly studied using palynological analysis and
dating by radiocarbon and OSL methods (Da-
musyté, 2011). As can be seen in given sections,
the Littorina transgression deposits are dominat-
ed by lagoon facies (Figure 7).

They occur immediately above the deposits
formed earlier on the coastal lowlands, i.e. fluvial
sands, gyttja or peat. Beach facies of the Lttorina
age penetrated by borehole 24816 were dated by

14 o

C as 6218+63 yr, which is indicative of the
shoreline advance. At this time similar prograding
coastlines have been observed on the Curonian
and Vistula Spits (Badyukova et al., 2010), as well
as on all the above listed segments of the lowland.

Conclusion

Large constructional landforms of a barri-
er type have unified mechanism of their devel-
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opment. They initially were formed as marine
bars in Holocene. The ice sheet retreat and de-
cay produced a great volume of fluvioglacial
sands and gravels that served as a construction
material for the barrier formation all over the
studied coastal region. Both the formation and
further evolution of the barriers were greatly
influenced Dby the sea level transgressive-
regressive cycles. Many of the constructional
barriers are essentially syngenetic landforms
and include some earlier landforms such as
fragments of deltaic plains, and remnants of
tills or glacio-lacustrine sediments.
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BALTIK DONIZININ SORQ VO CONUB-SORQ SAHILLORINDO
SODD-LAQUN SISTEMLORININ TOKAMULU

E.N. Badyukova, L.A. Jindaryev, S.A. Lukyanova, Q.D. Solovyeva

Maqalada Baltik danizinin sarq va canub-sarq sahillarinda iri sadd-laqun sistemlarinin geo-
loji qurulusu va tokamiilii masalalori agiglanmus, Leningrad vilayatinin, eloco da Latviya va Litva-
min sahilyan: delta diizonliklorindan toplanmis materiallar otrafl; miizakira olunmusdur. Arasdir-
malar naticasinda aldo edilmis malumatlar miialliflora sadd-laqun sistemlaorinin inkisafinin 2sa-
sida universal mexanizmlarin durmas: ganastina galmaya imkan yaratmisdir. Litorin transqres-
siyas: dovriinda bas vermis daniz saviyyasinin artmas: delta diizonliklorinin qurtaracaginda iri
transqressiv barlarin amoalo galmasini miimkiin etmis, bunun ardinca isa diizonlik sathlarinda la-
qunlarin yaranmasina sabab olmugsdur.

PA3BUTHUE BAPBEPHO-JTAI'YHHBIX CUCTEM HA BOCTOYHOM
U IOT'0-BOCTOYHOM MOBEPEXBE BAJITHICKOI'O MOPSI

E.H. bBagwkosa, JI.A. ’/Kungapes, C.A. Jlyksnosa, I'./l. ConoBbeBa

B cmamve paccmampusaemcs 2eonocuueckoe cmpoenue u 260a10yusi 60abwUX bapbepHo-
JIQ2YHHBIX CUCTEM HA B0CMOYHOM U 1020-80CMOYHOM nobepedicbe banmuiickoeo mops. JlemanvHo
obcydHcoaromes mamepuansl, NOIYYeHHblE HA NPUOPEICHBIX 0eNbIN0BbIX PAGHUHAX 6 JleHuHnepao-
ckoti oonacmu, Jlameuu u Jlumese. Jlanuvle ucciedosanutl NO360aUNU ABMOPAM NPUOMU K 3AKTIO-
yeHuro 00 YHUBEPCAIbHOM MexaHusme pazeumus 6apbepHo-1a2yHublix cucmem. Iloovem yposHs
mops 60 epemsa Jlumopunogou mpaucepeccuu cnocoo6cmeosan hopmMuposanuio KpYnHbuix mpauc-
epeccusnblix 6apos, chopmMuposasUIUXCcsa HA Kpaw 0elbmosblX pasHUH, U 00pa308aHUI0 1A2YH 3d
HUMU HA NOBEPXHOCMU IMUX PABHUH.
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The International Scientific Journal “Stratigraphy and sedimentology of oil-gas basins” covers the broad
topic related to sedimentology and startigraphy of oil-gas basins around the Globe. We publish papers focus-
ing on modern and ancient depositional environments with emphasis on depositional setting of source and
reservoir rocks, modeling of the sediment flow, soil formation and diagenesis, paleoclimate, sea level change
and sedimentation, modern and ancient faunal, floral assemblages and fossils records for sedimentary envi-
ronment analysis, stable isotope geochemistry and biogeochemistry, reservoir properties changes in the envi-
ronmental framework, integration of different stratigraphic methods such as bio-, litho-, chemo, eco-,
chrono-, seismo-, sequence startigraphy applied to the sedimentary successions in the oil rich provinces.

The journal is produced twice a year and accepts papers, reviews, discussions and brief information. Pa-
pers might be submitted in Azeri, English or Russian.

Manuscripts

Authors should submit their manuscripts to the e-mail address info@isjss.com as a single file. The name
of the file should contain the initials of the first author. Figures should be supplied as separate files, but the
text should also include the number of figures as position indicators. The name of the files containing figures
should include the initials of the first author and the number of the figure.

The text of article should be prepared as a Microsoft Word document (Word 6,0 — 8,0). The body of arti-
cle should not exceed 20 A4 pages in length, margins from all sides — 2 cm. Recommended font Times New
Roman 12 pts. Files should be formatted with 1,5 line spacing. Indent every paragraph 0,8 cm from the left
side of a column. Text of a paper should be formatted (lines of the text should be rectified from left and tight
and does not break its margins).

The article should include text, supportable figures (at least one figure), references, tables if necessary,
and extended summary. The Editorial board does not accept alone text.

The Editorial board also kindly asks authors to provide two hard copies sent to the following postal ad-
dress: Editorial board of the International Scientific Journal “Stratigraphy and sedimentology of oil-gas ba-
sins”, Geology Institute of Azerbaijan National Academy of Sciences, 29A H.Javid avenue, Baku, AZ 1143,
Azerbaijan. The electronic version should correspond to the hard copy.

Pages should not be numbered in the electronic version of article, and should be numbered in the top
right-hand corner in the hard copy.

The paper should be signed on the last page by all authors and show the date of its submission to the edi-
torial board.

Text should include:

Title should be typed in the middle of page. Please, use font Times New Roman 14 pts, capital bold
letters.

Initials and surnames of authors should be typed in the middle of page in a two-line space after the ti-
tle. Please, use font Times New Roman 12 pts, bold letters, and indicate the corresponding author.

Authors’ affiliation should be typed in the middle of page in a two-line space after authors’ name using
Times New Roman 12 pts, bold letters. Please, provide a full postal address of the place where the study was
carried out, and present address of authors if different. If there are several authors the Arabic numerals before
their affiliation’s name should be placed in the sequential order. The same numerals should be indicated
above the author’s surname, e.g. 1.S. Guliyev?, A.A. Feizullayev?.

Abstract should contain a brief summary of the article — maximum 1 page, and key words — up to 8
words. Please, use font Times New Roman 12 pts. The key words should be typed in the bold letters.
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The main body of the article should be typed in a two-line space after the abstract and written in com-
pliance with a general form adopted in the international journals with the following subdivisions: “Introduc-
tion”, “Material”, “Methods”, “Results and discussion”, “Conclusion”. The headings should be typed in font
Times New Roman 12 pts, bold letters, and given in the middle of page. Each subdivision should be typed in
one-line space after the previous one.

Tables are placed in the text of paper, and should be submitted in the Word format, and numbered con-
secutively above the table in the right — hand corner with Arabic numerals. Use font Times new Roman 12
pts, bold letters, e.g. Table 1... Each table should be accompanied by caption given after the table number,
font Times New Roman 12 pts, bold letters. Column headings should be brief, with units of measurement in
parentheses. The tables should not be beyond the text, and hyphenated to the next page. The maximum num-
ber of tables in an article is 5.

Abbreviations except for those generally accepted should be clearly explained in a footnote.

Fossils should be described according to “The International Code of Zoological Nomenclature”. Latin
names of flora and fauna should be accompanied by the surname of the taxon’s author. Latin characters
should be printed in italics.

Mathematics

Equations should be typed as text and contain physical units and symbols used in the International System
Sl. Formulas are given without interstitial calculations, with necessary deciphering of used symbols immedi-
ately after the formula. Referred in the text formulas should be numbered using Arabic numerals. Numbers
should be given in parenthesis on the right margin of the text and on the same line with the formula. It is rec-
ommended to use Microsoft Equation 3 to type the formulas.

References in the text should be given in a two-line space after the main body of the text. They should be
cited by giving the author's name with the year of publication in parentheses, and should be given in date
order (e.g. Guliyev, 1995; Feyzullayev, 2000). When reference is made to a paper/book by more than three
authors, the first name followed by et al. should be used in the reference. If a paper does not refer to authors
but to a paper/book’s name the first two words of its name should be given, e.g. Stratigraphic code..., 1998.

References should be listed alphabetically at the end of the manuscript and must include names and ini-
tials of all authors, year of publication, title of paper/book referred to, journal name, volume, and first and
last page numbers. When reference is made to a book, please, indicate an amount of pages. If reference con-
tains several papers by the same author and from the same year, a, b, c, etc. should be put after the year of
publication Published abstracts should be cited in the same way as published papers. Surnames and initials of
the author(s) are printed in italics.

The references given in Cyrillic should be given at the begging of the reference list, and followed by ref-
erences in Roman characters.

Authors should use the system illustrated below.

Books:

Meyen, S.V., 1987. Fundamentals of Paleobotany. Chapman and Hall, London, 432 pp.

Kothe, A., 1990. Paleogene Dinoflagellates from Northwest Germany — Biostratigraphy and Paleoenvi-
ronment, Hanover, 111 p.

Papers published in periodical journals:

Hinds, D., Aliyeva, E., Allen, M.B., Davies, C.E., Kroonenberg, S.B.,Simmons, M.D., Vincent, S.J., 2004.
Sedimentation in a discharge-dominated fluvial-lacustrine system: the Neogene Productive series of the
South Caspian Basin, Azerbaijan // Marine and Petroleum Geology, Ne 21, p. 113-138.

Hallam, A., 2001. A review of the broad pattern of Jurassic sea-level changes and their possible causes in
the light of current knowledge // Palaeogeogr., Palaeoclimatol., Palaeoecol., v. 167, pp. 23-37.
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Papers published in volumes (including periodical):

Delamette, M., Caron, M., Brehert, J., 1986. Essai d’interpretation genetique des facies euxiniques de
I’Eo-Albien du bassin vocontien (SE France) sur la base des donnees macro- et microfauniques // C.R. Acad.
Sc. Paris. ser. 11, v.302, pp. 1085-1090.

Summary. An extended summary of the paper designed for further translation into Russian and Azeri
should be provided. The aim of the summary is to familiarize the Russian and Azeri speaking readers with
the articles published in English. The summary should contain essential information, and include the scope
and objectives of the work, methods used, results obtained, and conclusions. The Editorial board will provide
the translation of the summary submitted in English into Russian and Azeri.

Illustrations. Top quality, high resolution graphics and images are needed in digital form and should be
submitted in the separate files. The file’s name should contain the first author’s initials and the figure num-
ber. Please, supply figures as TIFF (300 dpi), high resolution PDF or CDR files. Please export graphics gen-
erated in MS Office applications (Word, Excel) as high resolution PDFs. Illustrations should be numbered as
they are referred in the text. Size of every figure should not exceed 160 mm x 230 mm. Maps should contain
scale. The hard copy of each figure should be numbered on its back side with a pencil, the first author’s
name and the article’s title should be also indicated.

Each illustration must have a caption. The list of captions should be provided in a separate sheet, and
submitted electronically and in a hard copy. The number of figures should not exceed 10.Color figures are
eligible for free color printing.

The editorial board reserves the rights to submit a paper for the review. The makeup of accepted papers
will be electronically sent to authors for final checking and corrections. We expect to have authors’ response
within two weeks after receiving of the makeup paper.

Submitted articles should be original, had not been published anywhere before and has not been forward-
ed to other publishing houses.
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MUBSLLIFLBR UCUN QAYDALAR

“Neftli-qazli hovzalorin stratiqrafiyast vo sedimentologiyasi” elmi beynolxalq jurnali diinyanin miixtalif
yerlorinds neftli-qazli hovzolorin stratiqrafiyasi vo sementologiyasinmin miixtalif aspektlorini isiglandiran
magqalalori nosr edir. Jurnal ildo iki dofs nogr olunur vo burada mogqalslor, icmallar, miizakiralor vo qisa
molumatlar ¢ap edilir. Maqalslor azorbaycan, rus veo ingilis dillarindo toqdim oluna biler. Jurnalin
maraqlarina agagidakilar aiddir: ¢okiintiitoplanmasinin, xiisuson, ana siixurlarin vo kollektorlarin miiasir vo
gadim soraitleri, ¢okma prosesinin modellogmosi, torpagomslogolmo vo diogenez, paleoiglim, denizlorin
soviyyasinin doyismasi vo siixurlarin ¢okmosi, miiasir vo qazinti fauna vo flora komplekslori vo fasial
analizds onlarin istifadasi, stabil izotoplarin geokimyasi va biogeokimyasi, siixurlarin ¢okmas goraitindon asili
olaraq kollektorlarin xarakterlarinin doyismasi, neftli-qazli ¢okiintii gatlarina totbiq olunan bio-, lito-, xemo-,
eko-, xromo-, seysmo-, sekvensstratigrafiya vo bu kimi basqa stratiqrafiya tisullarinin inteqrasiyasi.

Mbaqalslarin taqdim olunma formasi

Miislliflor 6z moaqalalorinin matnlorini asagidaki elektron {invana gondormalidirlor: info@isjss.com

Kompiiter faylinin adinda birinci miisllifin inisiallar1 olmalidir. Rasmlor ayrica fayllarda gonderilmslidir,
lakin rosmlorin yeri maqalonin motninds rasmin némrasini gostormakls qeyd edilmslidir. Rasm olan fayllarin
adlarinda birinci miisllifin inisiallar1 vo rosmin ndmrasi olmalidir.

Magqalonin matni Word formatinda (Word 6.0 — 8.0) toqdim edilmalidir. Maqgalo A4 formatina uygun 20
sohifo hacmindan artiq olmamalidir. Tovsiys olunan srift Times New Roman, sriftin ol¢iisii 12, satirlorarasi
interval — 1,5, hor torofdon konar 2 sm., hor abzas siitunun sol torafindon 0,8 sm masafs ilo baglayir.
Magalonin matni bu talablors uygun format edilmslidir, biitlin satirlor soldan ve sagdan moatnin konarindan
¢ixmamaq sortilo diizaldilmalidir. Magaloyo motndan basqa miivafiq qrafik material (bir rosmdon az
olmayaraq), istifade edilmis odabiyyatin siyahisi, cadvallor, va ehtiyac olarsa genis reziime do daxil
olmalidir. Jurnalin redaksiya heyati rosmlori olmayan maqalslari qabul etmir.

Redaksiya heyati hamg¢inin moqalslarin ¢ap variantini asagidaki linvana gondormoyinizi xahis edir:
“Neftli-qazl1 hovzalorin stratiqrafiyasi va sedimentologiyas1” jurnalinin redaksiyasi, Hiiseyn Cavid prospekti
29A, Azorbaycan Elmlor Akademiyasinin Geologiya Institutu, Baki, AZ 1143. Kompiiter fayli (moqalonin
matni) maqgalanin ¢ap olunmus variantina uygun olmalidir.

Magqalanin elektron variantinda sahifalor ndmralonmomalidir. Cap olunmus variantda hor sohifanin yuxari
sag kiinciinds sohifalorin ndmralari yazilmalidir.

Mogqalenin ¢ap variantinin sonuncu sahifasi miialliflorin har biri torofinden imzalanmali va onun
redaksiyaya taqdim olunma tarixi gostarilmalidir.

Magalenin matnine agagidakilar daxil edilmslidir:

Universal Onluq Toasnifati (UOT) — sol kiincds, Times New Roman — 12 pt srifti ilo, iki interval
otiirmaklo maqgalonin adi yazilmalidir.

Moqalonin adi — Times New Roman — 14 pt srifti ils, galin bas harflorlo, matnin eni boyunca vo
sohifonin ortasina nisbaton simmetrik olaraq yazilir, daha sonra isa iki interval 6tiirmaklo miisllifin soyadi vo
inisial1 yazilmalidir. Xahis edirik alage saxlanilacaq miisllifi gostarin.

Miisllifin inisiali vo soyadi — Times New Roman — 12 pt srifti ils, qalin harflarlo, sshifonin ortasina
nisbaton simmetrik olaraq yazilir, daha sonra iso iki interval Stiirmoklos toskilatin adi vo onun elektron
iinvani yazilmalidir.

Miisllifin cahsdign toskilatin adi va elektron iinvam - Times New Roman — 12 pt srifti ilo, galin
harflarla, sohifanin ortasina nisbaton simmetrik olaraq yazilir. Xahis edirik magalonin yazildig: tagkilatin tam
tinvanini, vo miialliflorin cari tinvanini (agar doyisibsa) gostorin. Magalenin bir ne¢o miiallifi oldugda va
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onlar miixtalif togkilatlarda ¢alisdiqda, onlarin adlarinin qarsisinda artan sira ilo raqomlor yazilmalidir.
Homin ragomloar ¢alisdiglar teskilatlara miivafiq olaraq miislliflorin soyadlarindan sonra satiriistli indeksda
verilmolidir, masalon 1.S.Quliyev?, A.A.Feyzullayev? va s. Daha sonra iki intervalla maqalonin annotasiyasi
verilmolidir.

Annotasiya — qisa xiilasa (1 sohifayadok), daha sonra baslica sozlar (8 s6zo gadar). Times New Roman —
12 pt. srifti. Baslica sozlor qalin sriftlo yazilmalidir. Daha sonra 2 intervalla moqalonin osas matni
yazilmalidir.

Magqalonin matni — beynalxalq jurnal sxemino uygun olaraq qurulmali olan asas matn. Burada “Giris”,
“Material”, “Metodika”, “Naticolor va miizakirslor”, “Son natica”, “Odebiyyatin siyahist” kimi
yarimsarlévholordon istifads edilmosi tovsiys olunur. Yarimsorlovhalor qalin Times New Roman — 12 srifti
ilo sohifonin ortasina nisbaton simmetrik olaraq yazilmali, vo hor yarimfasil ovvolkindon bir intervalla
ayrilmalidir.

Cadvallar moagalonin matni gargivasinds yerlogdirilir vo Word formatinda taqdim edilir. Cadvallar yuxari
sag kiinclinden ardicil olaraq ndmrolonmsalidir. Hor bir codvealin adi olmalidir vo bu ad némradon sonra
yazilmalidir. Codvallorin ad vo nomralari gqalin Times New Roman — 12 srifti ilo yazilmalidir. Coadvallordoki
siitunlarin yarimsorlévholori qisa olmali, 6l¢ii vahidlorinin adlar1 doyirmi m&tarizoalordo verilmolidir.
Cadvellor motnin konarlarindan qiraga c¢ixmamalidir. Cadvalin bir sshifodon diger sohifoys kegmosi
yolverilmazdir. Matns aid cadvellorin maksimum say1 5 ola biler.

Ixtisarlar, imumi qobul edilmis bir nego ixtisarlar (vo s., mas.,) istisna olmagla, istinadlarda agilmalidir.

Qazinti halinda tapilan qahqlar “Beynslxalq zooloji nomenklatura macoallosine” asason tosvir
olunmalidirlar. Matnds flora vo faunanin ndvlorinin latin adlar1 taksonun miisllifinin soyadi ilo misayist
olunmalidir. Latin s6zlari kursivls verilmolidir.

Formullar yazarkon Beynolxalq SI sistemindo gebul olunmus fiziki vahidlorden vo isaralorden istifado
etmok lazimdir. Formullar araliq hesablamalarsiz, orada istifads olunan simvollarin miitloq agilmasi sorti ilo
formuldan dorhal sonra verilmoalidir. Matnds, adi ¢akilorsa, formullarin némralori boylik motarizalordo,
matnin sag haddins yaxin, formul ilo eyni xatds yazilir. Formullarin yazilmas ii¢iin Microsoft Equation 3
redaktorundan istifads tovsiys olunur. Sonra iss iki interval 6tiirmoklo adabiyyatin siyahist verilmalidir.

Odobiyyat — matnds adobiyyata istinad xronoloji qaydada, doyirmi métarizalards verilir (miisllif/lar, il).
Ugdon artiq miiellifin igine istinad edildikdo isa, birinci miiallifin soyad: gostarilir (mes. Quliyev vo digarlori,
2005). Maqalads hor hans1 misllifsiz yaziya istinad etmodikds, onda homin yazinin adinin ilk iki sézii yazilir
(mos. Stratiqrafiya macallasi..., 2005). Odabiyyatin siyahisi maqgalonin sonunda olifba sirasi il verilir.
Burada biitlin miislliflorin soyadlar1 vo inisiallari, nosr olunan il, maqale va ya kitabin adi, jurnalda ¢ap
olunubsa jurnalin adi vo ndmrasi vo maqalonin ilk vo sonuncu soshifalori gosterilmelidir. Kitaba istinad
edildikdo iso kitabdaki sohifolorinin say1 da gostorilmolidir.

Siyahida eyni miisllifin eyni ilde nosr olunmus yazilarina istinad etdikds, onda onlari ilini qeyd etdikdon
sonra indekslasdirmak lazimdir: a, b, ¢ va s. Tezisloro verilon istinadlar da eyni qaydada yerins yetirilmalidir.
Misllifin(larin) soyad va inisiallar1 kursivls yazilir.

Asagida miixtslif bibliografik istinadlarin niimunsloari verilir:

Kitablar:

babaes, /I.X., I'aoxcues, A.H., 2006. I'myOuHHOE CTPOCHHUE U MEPCIEKTHBBI HE(TEra30HOCHOCTH Oaccei-
Ha Kacnmiickoro mops, b., «Nafta-Press», 305 c.

Kdthe, A., 1990. Paleogene Dinoflagellates from Northwest Germany — Biostratigraphy and
Paleoenvironment, Hanover, 111 p.

Dovri nasrlarda/jurnallardaki maqalslor:

babaes, 111.4., 2005.BnusiHue ycnoBuil OKpysKaromel cpeasl Ha MOP(OIOTHIO paKOBUH HYMMYJIUTOB //
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Uzsectus AH. Cepus Hayk o 3emie, Ne 2, c. 62—66.

Hallam, A., 2001. A review of the broad pattern of Jurassic sea-level changes and their possible causes in
the light of current knowledge. Palaeogeogr., Palaeoclimatol., Palaeoecol, v. 167, pp. 23-37.

Maocmuoalordaki (o ciimladan dovri macmusalardaki) maqalalor:

Kysneyosa, 3.B., 1959. HwkHeMmuoneHOBbIe OTIOKeHHS A3epOaiijpkaHa, WX pacwiCHEHHWE W
COIOCTaBJIEHHE C CHHXPOHHYHBIMH OTIOXEHWAMH ['py3un // Bompocwl reomormm u reoxumuu. — b.:
Asepnemnip, 207-216.

Delamette, M., Caron, M., Brehert, J., 1986. Essai d'interpretation genetique des facies euxiniques de
I'Eo-Albien du bassin vocontien (SE France) sur la base des donnees macro- et microfauniques. C.R. Acad.
Sc. Paris. ser. 11, v. 302, pp. 1085-1090.

Reziime. Oziindo moqalo haqqinda osas molumati, arasdirmanin magsad va vazifolori, istifado olunan
metodikani, sldo edilon noticolori 6zlinds oks etdiron genis reziime ingilis dilindo toqdim edilmalidir.
Reziimenin moagsadi ingilisdilli auditoriyanin rus ve ya azarbaycan dillorinds ¢ap olunmus moqalslarlo tanis
olmasidir.

Illiistrasiyalar. Hor bir rosm (xarito, diaqram, sxem va s.) ayrica fayl soklino togdim olunur. Yuxarida
geyd edildiyi kimi faylin adinda rosmin némrasi vo miiallifin inisiallari olmalidir.

Rosmlar TIFF, 300 dpi , PDF vo ya CDR formatinda qobul edilir. illiistrasiyalar motndo onlara edilon
istinada uygun némralonmalidir. Hor bir rosm 160 mm x 230 mm dl¢iisiindon boyiik olmamalidir. Xaritolordo
miqyas gostorilmalidir.

Moqalsnin ¢ap olunmus variantinda rosmlorin arxasinda karandagsla onlarin nomralori, maqgalenin birinci
miusllifinin soyadi vo magalonin adi gostarilir.

Hoar rosmin basligi olmalidir. Rasmlors aid olan izahatlarin siyahisi ayrica varaqds, elektron vo ya ¢ap
olunmus variantda toqdim olunmalidir. Matns aid olan rasmlsrin say1 10-dan artiq olmamalidir.

Jurnalin redaksiya heyati rangli sokillorin 6donissiz ¢apini tomin edir.

Redaksiya maqalani resenziya li¢ilin taqdim etma hiiququnu 6zunds saxlayir. Magalanin ¢ap olunmus
variantt yoxlama vo c¢ap vo redakto zamani yol verilon sohvlorin diizoldilmosi {iclin geri miisllifo
gondorilir. Misllif maqalonin ¢ap olunmus variantinda ¢apa hazir edilmis motn vo digor materiallara
diizolis etmomolidir.

Gecikmolorin qarsisin1 almaq moqsadile, miislliflors son variantin redaksiyaya geri qaytarilmasinin
elektron poct ilo hayata kegirmalori vo ¢apa hazir variantin alindigi giinden iki hofto miiddstinds diizalislor
barads malumat vermoloari tovsiys olunur.

Moqaloayas miisllifin arayisi vo ekspertiza akti slavo olunmalidir.

Magalenin jurnala verilmasi onun ssli oldugu, he¢ vaxt ¢ap edilmadiyi vo diger nasrlora gondarilmadiyi
anlamindadir. Maqalo miislliflorin hor biri torafindon imzalanmali vo onun redaksiyaya toqdim olunma tarixi
gostorilmoalidir.
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MexnyHapOIHBIA HAYYHBIN KypHan «Cmpamuepaghus u ceOumeHmono2us HegmezazoHOCHbIX baccell-
HO6» TIyOJIHMKYET CTaThH, OCBEIIAIONINE PA3InYHbIe aclleKThl CTPaTUrpaduu U ceAMMEHTONOTHH HedTera3o-
HOCHBIX OaccefiHOB B pa3nuuHBIX YacTsax mupa. Chepoil MHTEpecoB KypHana SBISIOTCS COBPEMEHHBIC U
JPEeBHHUE YCIIOBUS OCAaIKOHAKOIUICHHS, B 0COOEHHOCTH, HE(PTEMAaTEPHUHCKUX ITOPOJI U KOJUIEKTOPOB, MOJEIIH-
poOBaHHUE IMpoliecca CeAUMEHTAIMH, MOYBOOOpa3oBaHWE W AMATeHE3WC, MATeOKIMMAaT, U3MEHEHHUS YPOBHS
MOpSI B CEIMMEHTAIHs, COBPEMEHHBIE W MCKOIIaeMble KOMIUIEKCH ()ayHbl U (PJIOPHI M UX MCIONb30BaHHE B
(danuanbHOM aHaIM3e, T'€OXUMMS CTAOMIBHBIX H30TOIOB W OMOreOXHMMUS, M3MEHEHHs KOJJIEKTOPCKUX
CBOWCTB B 3aBUCHMOCTHU OT YCJIOBHH OTJIOKEHHUS OCAJAKOB, HHTETPAIHs Pa3IMIHBIX CTPATUTPAPUUECKIX Me-
TOJIOB, TAaKUX, KaK OWO-, IUTO-, XEMO-, KO-, XPOHO-, CEHCMO-, CEKBEeHCCTpaTHrpad s IPUMEHUTENBHO K Oca-
JOYHBIM TOJIIAM He)Tera30HOCHBIX 00JIacTew.

XKypHan BEIXOAMT J1Ba pa3a B Ioj U MyOJIMKYeT cTaTbu, 0030pHYI0 HH(OPMAIINIO, TUCKYCCUU U KPaTKHE
coobmienusi. CTaTb MOTYT OBITh IIPEJCTABICHBI Ha a3epOaiiKaHCKOM, aHTJIMHCKOM M PYCCKOM SI3BbIKaX.

®opma npeacTaBIeHUs CTATbU

ABTOPBI TOJDKHBI BBICHLIATH TEKCTHI CBOUMX CTATEH Ha CIICAYIONINI IeKTpOHHBIH aapec: iNfo@isjss.com

HaszBanue xommbloTepHOTO (aiiia JOKHO COAEP)KaTh WHHUILIMAIBI MEPBOTO aBTOpa. PHCYHKH JOIKHBI
OBITH BBICTIAHBI B OTACTBHBIX (paiiax, 0IHAKO, MECTOIOJI0KEHHE PUCYHKOB JOJDKHO OBITh IIOKA3aHO B TEKCTE
CTaThU MYTEM YyKa3aHWs HOMepa pUcyHKa. Ha3aHus (ailyioB, copepiKalux PUCYHKH, TOJDKHBI BKIIOYATH
WHUIIMABI IEPBOTO aBTOPA U HOMEP PUCYHKA.

Tekct crathu AoKeH ObiTh npeactasier B Word dpopmare (Word 6,0 — 8,0). Pasmep cratbu He J0mKeH
npesbimaTh 20 ctpanull popmata A4, OTCTYI CO BCEX CTOPOH — 2 CM, peKoMeH1yeMblit mpudt — Times New
Roman, pazmep mpudTa — 12, MeXKCTPOUHBIA HHTEPBAI — 1,5, KaXKApIid ad3al HauuHaeTcs ¢ oTctynoM 0,8 cm
OT JIEBOT'O Kpasi KOJIOHKH. TEeKCT CTaThH AOJDKEH OBITh OT(GOPMATHPOBAH B COOTBETCTBUM C ATUMH TpeOOBa-
HUSIMH, BCE CTPOKH JIOJDKHBI OBITh BBIPOBHEHHI CJIEBA HANPaBO, HE BBIXOJS 3a Moy Tekcta. CTarbs JTOJDKHA
BKITIOYATh TAK)K€ COOTBETCTBYIONIMIA Tpaduyeckuii MaTepral (He MEHee OJTHOTO PHCYHKA), CIIHCOK UCIONb-
3yeMoil JInTepaTypsl, TaOIHLBL, €CIM HE0OXO0AMMO, M pacIIUpeHHOe pe3toMe. Penakius sxypHaia He IPUHU-
MaeT He coJiepKallfe PUCYHKH CTAThH.

Penakums >xypHana Taxke MPOCHT BBICBUIATH paclieuaTaHHBbIE BapHaHTHI cTaTed mo aapecy: Pemakius
xypHana «CeaguMeHToJorua U crparurpadust HedTerazoHOCHBIX OacceiiHoB», MHcTuTyT reonorun HAH
AszepOaitmmkana, nip. I'. xkaBuna 29A, baky, AZ 1143, Azep6aiimkan. KoMmnbloTepHbIi Gaiin (TEKCT cTaThH)
JIOJDKEH COOTBETCTBOBATH paclie4aTaHHOMY BapHAHTY CTATBH.

CrpaHULBl HE TOJDKHBI OBITH IPOHYMEPOBAHBI B AJICKTPOHHOM BapHaHTe CTaThu. B pacneuaTanHoM Ba-
pHaHTE CTaThH HOMEpA CTPAHUIL TPOCTABIISIFOTCS B BEPXHEM MTPABOM YTITY.

Crarbs o/KHA OBITH MOJIIMCAaHA BCEMU aBTOPaMH Ha IOCIIEHEH CTpaHUIle pacliedyaTaHHOTO BapUAHTa C
yKa3aHHEM J1aThl IPEJICTaBIICHNS CTaThH B PEIAKLIHIO.

TekeT cTATHM JIOJKEH BKIIIOYATS!

VYK — B 1eBoM yrity, mpudT Times New Roman — 12 pt, uepe3 aBa nHTEpBaja evaraTh Ha3BaHWE CTaThU

HasBanue cratbn — mpudt Times New Roman — 14 pt, Oykssl 3arnaBusie, yromuenssie (bold), pacmo-
JIOXKEHHbIE CHMMETPHUYHO OTHOCHTEIBHO CEPEMHBI CTPAHMIBI TI0 BCEW IMUPUHE TEKCTOBOTO TIOJIA, Jlayee
Yepe3 JiBa MHTEpBaia IevyaraTh HHUIMAIB U hamumun aBTopoB. [loxkanyiicra, ykaxute aBTopa, ¢ KOTOPBIM
HEO0XOIMMO MOAJIEP)KUBATE CBS3b.

Munuuans! 1 pamuauu aBropos — mpudrt Times New Roman — 12 pt, 6ykssr crpounsie (bold), pac-
[OJIOXKHUTh CUMMETPUYHO OTHOCHUTEIBHO CEPEANHBI CTPAHUILIBI, lajiee Yepe3 ABa MHTepBaJla lleuyaTaTh Ha3Ba-
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HHUE OpraHu3aIuy 1 ee e-mail.

Ha3zpanue opranu3aiuu, B KOTOpoii paéoTaoTt aBTopsI 1 ee e-mail: mpudrt Times New Roman — 12 pt,
OykBbl ctpounsie (bold), pacnonoXuTh CHMMETPUYHO OTHOCHUTEIBHO CEpelMHbI CTpaHMIbL. [loxanyiicTa,
JaiiTe MOJHBIN aJpec opraHu3aluu, rae paboTa ObLIa BBINIONIHEHA, a TAKXKE aJpec aBTOPOB B HACTOSIIWI
MOMEHT, €CIM OH M3MeHMICA. Eciiu aBTOPOB HECKOJIBKO M OHM MMEIOT PasIndHOE MECTO paboThl, TO Mepen
Ha3BaHMSMU 3TUX OpPraHU3alMi ClleAyeT IPOCTaBUTh LUGPHI B opsiAke BozpacTanus. Ty xe uudpy ykazaTh
W B HaJACTPOYHOM HHAEKCE Tocie (GaMWiInKd aBTOPOB, pabOTalOMIEro B 3TOH OpraHU3alrd, HaIpuMmep,
N.C.I'ynues !, A.A. ®eiisynnaes? u 1.1. Jlanee 4epes Ba HHTEPBAJIA ME€YaTaTh AHHOTALIHIO.

AHHOTAIUSA - KpaTKas aHHOTAIws (10 1 cTpaHuIb), gajee KiodeBbie ciaoBa (mo 8 cmos). IpudT Times
New Roman — 12 pt., ki1ro4eBbIe CJIOBa NeUaTaTh )KUPHBIM IpUQTOoM. Janee uepes 1Ba MHTEpBalia IevaTaTh
OCHOBHOMW TEKCT CTaThH.

TekcT cTaTbu — OCHOBHOM TEKCT, KOTOPHIN PEKOMEHIYETCS CTPOUTH IO OOMICTIPHHATON B MEXTyHAPO/I-
HBIX JKypHaJlaX CXeMe, MCHOJb3Ys CIEAyIolIre MoA3aroioBku: «Bmemenue», «Marepuam», «MeToaukay,
«Pe3ynprarsl u 00cyxxaenue», «3aknoueHue (BbIBOAbI)», «Crnucok aurepaTypbl». [lon3zaronosku nevaratsb
xupHbIM mpudrom Times New Roman — 12 pt u pacmojgoXuTh CHMMETPHYHO OTHOCHTEILHO CEPEIUHBI
CTpaHMIIBI, KQKIBIN MOPa3ell OTACISTh OT MPEIbIIYIer0 OJHUM HHTEPBAIOM.

Taéauubl pasMeInaTcs B MpeAeliax TeKCTa CTaTbU U JTOJDKHBI OBbITh Hpe/cTaBieHsl B popmare Word.
OHM TOIKHBI OBITH IPOHYMEPOBAHBI MTOCIIEAOBATEIIEHO B BEPXHEM MTPABOM YTy HaJ caMoi Tabmumei. Kax-
nast Tabauia J0JHKHA UMETh Ha3BaHHUE, KOTOPOE CIIeAyeT 3a HoMepoM Ta0muisl. [ledaratoTes HoMepa Taduiy
1 ux HasBauus mpudrom Times New Roman — 12 pt sxupHbiMu OykBamu. [1043aroioBKu B KOJOHKax Tad-
JIMLIBI JOJDKHBI OBITH KPATKUMH, HAMMEHOBAHUSI €AMHUL] N3MEPEHHsI JOJKHBI 1aBaThCsl B KPYIJIBIX CKOOKaX.

Tabnuiel He JOIKHBI BBIXOAMTH 3a MPEJeIbl TEKCTOBOTO TOJIS, TIEPEHOC TAOJIHUIIBI C OJHOM CTPaHUIIBI Ha
JPYTYI0 He JoIycKaeTcsl. MakcuMallbHOE I0IyCTUMOE KOJIMYECTBO TAOJIHII B CTATHE 5.

CoxpaluleHusl 3a UCKJIFOYCHUEM HEMHOTUX OOLIENPHHATHIX (T.€., Ap., T.A.) AOJDKHBI OBITH pacmupoBa-
HBI B CCBUTKaX.

Hckonaemble 0CTaTKH CleoyeT ONMUCHIBATH COrfacHo «MeXayHapoJHOMY KOJEKCY 300J0THYECKOH HO-
MeHKnaTypb». [IprBonuMBle B TeKcTe JaTWHCKHE Ha3BaHUS BHUIOB (QIIOPHI U (ayHb! JOJDKHBI COIMPOBOXK-
natbest paMuiIie aBropa TakcoHa. JIaTeIHb clielyeT HaOhpaTh KypCHBOM.

[Ipun nanucanuu ¢opMyJ1 cieayeT HCIOIb30BaTh (U3MYECKHE SAWHHUIBI U 0003HAUCHHS, NPUHSATHIC B
MexayHapogHou cucreme CH. @opmynbl maroTcst 6€3 MpOMeKYTOYHBIX BBIKIAIOK C 00s3aTeNbHOM pac-
mu(pPOBKOI HCIONB3yEeMBIX B HUX CHMBOJIOB, KOTOpPBIE JIAlOTCs cpa3y mnocie Gopmyisl. Homepa dopmy,
€CIIM OHHM YIIOMHMHAIOTCSI B TEKCTE, MPOCTABISIOTCS B KPYIJIBIX CKOOKax OKOJIO MpaBOW TPaHUIBI TEKCTa Ha
oJHOM JMHUU ¢ (opmynoi. [ Habopa hopMyn pekoMeHIyeTcs HCnoib30oBath peaakrop Microsoft Equa-
tion 3, nanee yepes ABa MHTEpBaJA MeYaTaTh CIIUCOK JIUTEPATYPHI.

Jlutepatrypa. B TekcTe cTaThbM CCbUIKAa Ha JUTEpaTypy HaeTcsi B KPYIJbIX CKoOKax (ABTOp/bl, rOf) B
XpoHOJIOTHYECKOM nopsiake. Ecnu cebuika maercs Ha paboTy rae Oonee Tpex aBTOPOB, TO yKasbiBaercs da-
MWIIUS TIepBOTO aBTopa (Hanpumep, ['ynues u np., 2005). Ecnu cepimaemas pabota npuBoauTcst 6€3 aBTOPOB,
TO MULIYTCA [Ba IEPBBIX CIIOBa ee Ha3BaHWA (Hampumep, Crparurpaduueckuil kogekc...., 1998). Crmcok
JUTEPaTyphl NPUBOIUTCS B aI()aBUTHOM MOPSIKE B KOHIE CTAThbH U JOJDKEH BKIIIOYATh ()aMUIMK U HHULHA-
JIBI BCEX aBTOPOB, IO/ U3/IaHUs, HA3BaHHUE CTATHU/KHUTH, B ClTydae MyOJIMKAI[MH B )KypHAJIe — €r0 Ha3BaHUE U
HOMEp BBIITyCKa, HOMEpa NEepBOH M MOCIeqHeN cTpaHull cTaThu. Eciu cchulka clienaHa Ha KHUTY, TO HE0O-
XOAMMO yKa3aTh KOJIMYECTBO CTPAHUL] B KHUTE.

Ecnm cimcok comepKuUT CCHUIKM Ha pabOTHI OHOTO U TOTO JK€ aBTOPA, OIMyOIMKOBaHHbIE B OMH U TOT K€
rofl, TO HeOOXOANMO MPHUIATH UM WHAEKCH a, O, B M T.J1. MOcje yKa3aHus rofa n3nanus. CCbUIKM Ha TE3HCHI
JOKJIaJIOB JAI0TCs aHATOTUYHBIM 00pazoM. OaMUIINU ¥ MHUITUAIIBL aBTOPOB MPUBOJASATCS KYPCHBOM.
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NMPABUIIA 7151 ABTOPOB

B cncke nutepartypsl BHa4ale MPUBOASATCS MyOIUKAINK, U3aHHBIC Ha KUPUJUTHIIC, a 3aTEM JIATH H-
CKUM mpudToMm.

Hmxe mpuBoaaTCS MpUMEPHI Pa3IMIHBIX OHOIHOTpadUIeCKUX CCHIIOK.

Kuuru:

babaes, /[.X., I'adocues, A.H., 2006. ' myOnHHOE CTpOCHHE W TIEPCIEKTHUBHI HE(PTEra30HOCHOCTH Oaccei-
na Kacrmiickoro mops, b. — «Nafta-Press», 305 c.

Kéthe, A., 1990. Paleogene Dinoflagellates from Northwest Germany — Biostratigraphy and Paleoenvi-
ronment, Hanover, 111 p.

CTaTbu B EPHOANYECKHX KYPHAJIAX:

babaes, I11.A., 2005. BnusiHue ycnoBuil OKpyskaromiei cpeisl Ha MOp(OIOTHIO PAKOBUH HYMMYJIUTOB //
Uzsectuss HAHA. Cepus mHayk o 3emite, Ne 2, ¢.62—66.

Hallam, A., 2001. A review of the broad pattern of Jurassic sea-level changes and their possible causes in
the light of current knowledge // Palaeogeogr., Palaeoclimatol., Palaeoecol., v.1 67, pp. 23-37.

Cratbu B cOOpHUKAX (B TOM YHCJe NePOANYECKUX):

Delamette, M., Caron, M., Brehert, J., 1986. Essai d'interpretation genetique des facies euxiniques de
I'Eo-Albien du bassin vocontien (SE France) sur la base des donnees macro- et microfauniques // C.R. Acad.
Sc. Paris. ser. I1., v.302, pp. 1085-1090.

Pe3rome. Pactmpennoe pesroMe Ha aHTIIMIICKOM SI3BIKE, COJIepIKallee OCHOBHYIO HH()OPMAITUIO O CTaThe,
B TOM YHCIIE LIENb U 33Ja4d UCCIICAOBAHHS, UCIIOIB30BaHHASI METOANKA, MTOyYeHHBIC PE3yNIbTaThl U BBIBO-
IIbI, TOJDKHO OBITH TAaKKe MpecTaBieHo. Llenp pe3roMe — 03HaKOMIIEHHE aHTIIOSA3BIYHON ayIUTOPUH CO CTa-
ThSIMH, OITyOJIMKOBAaHHBIMH Ha PyCCKOM U a3epOaillKaHCKOM SI3bIKaX.

Namocrpanun. Kaxasnii pucyHok (kapTa, JuarpaMmma, cXema U T.J.) IPeCTaBIsSeTCsl B BUIE OTACIBHO-
ro (aiina. Kak BeImie yxe ObIIO yKazaHO, Ha3BaHHe (haiiiia JOIHKHO COAEpKaTh HHUITHAIEI IIEPBOTO aBTOPA U
HOMEp PUCYHKA.

Pucynkn npuaumarorcst B popmatax TIFF (300 dpi), PDF or CDR files Mmroctpanuu 06s3aTeIbHO HY-
MEpPYIOTCS B MOPSIKE UX yKa3aHUS B TekcTe. Kakaplii puCcyHOK HE JOJDKEH TpeBhImaTh pazmepa 160 mm x
230 mm. Ha kapTax o0s3aTesnbHO yKa3bIBaTh MaciuTao.

B pacneuaraHHOM BapHaHTe CTaThbU HOMEpa PUCYHKOB YKa3BIBAIOTCS Ha MX 000pOTE MPOCTHIM KapaHa-
IIIOM C YKa3aHueM ()aMUIAW TIEPBOTO aBTOPA U Ha3BaHUS CTATHU.

Kaxnplii pucyHOK HOMMKEeH MMeTh 3ariapue. CIIMCOK IMOAPUCYHOUYHBIX TOJIMHCEH MOJDKEH OBITh Mpei-
CTaBJIeH B DJICKTPOHHOM M paclie4aTaHHOM BHWJIEe Ha OTJeNbHOM JucTe. KonndecTBO pUCYHKOB B CTaThe He
JOJKHO npeBbimaTh 10.

Penaknus sxypHana obecrieurBaeT 0eCIIaTHOE TieYaTaHNe IBETHBIX PUCYHKOB.

Penmakmus octaBisiet 3a coO0M MpaBo MepeaaTh CTaThi0 HA PEICH3UI0. BepcTka cTaTbu HAMPAaBIIICTCS aB-
TOPY IUIsl IPOBEPKU U MCIIPABJICHUS OIIMOOK, TOMYIICHHBIX pU Ha0ope U peaKTUPOBaHUH.

Jlia uckiroveHust 3a7epKEeK C BO3BpAIllEeHHEM BEPCTKH B PENAKIMI0O aBTOPaM PEKOMEHIYETCS MOJIb30-
BaThCA 3H€KTpOHHOI71 MOYTON H COOGHI&TB 06 HCIPaBJICHUAX B TCUCHHUE JBYX HCEACJIb ITIOCJIC IMOJTYUYCHUA
BEPCTKH.

K craThe momxHBI mpuIaraTbCst aBTOPCKAast CIPaBKa U aKT IKCIEPTHU3BL.

Hoz[aqa CTaTbHu B XXYypHaJl O3HA4YaCT, YTO OHA OpUI'WHAJIbHA, HUT'I€ HE Hy6HHKOBaJIaCI) ¥ He ObLIa HarrpaB-
JIEHa B IPYTHE U3aTEeIILCTRA.
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