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THE HISTORY OF THE GREATER CASPIAN;
THE LATE PLIOCENE BASINS OF THE CASPIAN

The present article addresses the Late Pliocene history of the Greater Caspian Basins:
the system of pools that existed in lieu of the present-day Caspian Sea and the lowlands that
surrounded it. The transgressive history of the Caspian was preceded by the long term re-
gressive Balakhany Stage characterised by active accumulation of continental sediments and
the deep incision of the river valleys linked to the low level of the Caspian troughs. The Ak-
chaghil Time that replaced it was the greatest and longest transgressive epoch; the transgres-
sion covered a vast area from the Middle Volga Region to the piedmonts of Alborz, with the
sea level reaching 100 m abs. alt., and with the diverse lithofacial composition of deposits
characterised by the endemic mollusc fauna. Approximately 1.8 Ma BP, after a minor regres-
sion caused by the discontinuation of the marine water inflow, the Akchaghil Basin was re-
placed with the Absheron Sea. That was a landlocked brackish basin of the smaller dimen-
sions with the lower (60-80 m abs. alt.) level but the as diverse facial composition of deposits
and the sharply distinct mollusc complexes. Termination of the Absheron transgression oc-
curred at the very end of the Late Pliocene and coincided with the considerable climatic cool-

ing when the first glaciers emerged in the northern part of the Russian Plain.
Keywords: the Greater Caspian, Balakhany, Akchaghil, Absheron, development history.

Introduction

By the Greater Caspian we mean the sys-
tem of pools that existed in the Late Pliocene
— Pleistocene in the place of the present-time
Caspian Sea and the lowlands that surround it
(Figure 1).

The Caspian Sea is located in the inner area
of Eurasia, and is the largest closed pool on the
planet. This unique pool extended from the
piedmonts of Alborz to Vyatka and Kama, from
the Black Sea to the Sea of Aral, and then re-
stricted to the size of the Sea of Azov at differ-
ent times in its existence period spanning over
the 3.3 Ma. It is precisely the magnitude of level
and area changes coupled with salinity and fau-
nal composition alterations that make the An-
cient Caspian sharply different from the history
of the open marine basins.

The study of the Caspian Sea that was
started by the academic expedition of the Russian
Academy of Sciences in the mid-17" century has
seen a great many scientific publications. There
are many dozens of works dedicated to the
newest history of the Caspian Sea alone; the
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most prominent among them were the works
by N.I.Andrusov, A A Ali-Zade, K. A Ali-Zade,
E.N.Alikhanov, V.V.Bogachev, D.V.Golubyat-
nikov, O.K Leontyev, N.Y.Zhidovinov, G.I.Kar-
mishnaya, V.V .Kolesnikov, S.A Kovalevsky,
Y.G.Mayev, A.V.Mamedov, E.E Milanovsky,
D.V. Nalivkin, L.A Nevesskaya, G.I.Popov,
G.LPopov, P.APravoslavlev, G.I.Rychagov,
A.G.Eberzin, A A Svytoch, P.V.Fedorov and
V.L.Yakhimovich. Almost all these works are
rather old: they were completed 70-50 years
ago; however, as a rule, they are the most
founded in terms of documentation. The exten-
sive factual material on the geology of the Cas-
pian Region was collected during the geological
shooting and thematic researches by Hydropro-
ject, Soyuzburgaz, the universities of Moscow
and Saratov, the Institute of Water Problems of
the Russian Academy of Sciences (RAS), the
Palaeontology Institute of the RAN, the Oceano-
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Figure 1. The Caspian Region; a space image

logy Institute of the RAS, the Southern Scientific
Centre of the RAS and other organisations.

The interest in studying various aspects and
issues of the geology and history of the Caspian
Sea has been intensifying over the past two de-
cades because of the high prospects of finding
oil and gas fields in the offshore area as well as
the coastal environmental problems caused by
the sharp Sea level fluctuations over the 50 years
past. There have been the numerous publica-
tions (OcHoBHBIE mOJOXKeHUs ..., 1992; Hesec-
ckas u ap., 1997; Csurou u ap., 2002; 2010;
2012; Cunnes, 1985; SAnwmna, 2005; 2012;
Quanternary statigraphy..., 2010; Crparurpa-
¢bust u cenuMeHToNorusl HeTera30HOCHBIX Oac-
CEIHOB... U 1p.).

The colleagues from the Netherlands, Bel-
gium, the UK, Azerbaijan, Kazakhstan, Iran and
several other countries are taking an active part
in the studies of the Caspian Region. The Rus-
sian-Dutch studies carried out under the interna-
tional programmes INTAS 99-01-39 Interna-
tional Geological Correlation Programme
(IGGP)-481 (S.Kroonenberg) were especially
fruitful. The research findings were published
and discussed periodically at various scientific
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conferences in Russia and abroad (IGGP-481;
Final report INTAS 99-01-39, 2002; Dating
Caspian Sea Level Change (2003-2007); IGGP-
521; Black Sea — Mediterranean corridor dur-
ing the last 30 ky et al.).

However, and despite the abundance of sci-
entific publications on the Caspian, the main
problem of its history, namely, the emergence
and existence of a series of various pools rang-
ing from an immense marine basin in the Ak-
chaghil to the present-day closed lake, has re-
mained understudied and accompanied by vari-
ous contradicting solutions offered. One of the
main reasons for the current situation is that
there is no common and systematic description
of the Greater Caspian basins’ development his-
tory. And then, this work that was written on the
basis of the author’s long-term (1960-2012) ob-
servations done on all the Caspian coasts and on
the basis also of the generalisation of the large
library and fund materials is dedicated specifi-
cally to this subject-matter.

The Caspian Sea Level Fluctuations

The Caspian Sea is characterised by differ-
ent order sharp level fluctuations just like all the
major inland basins are. Such fluctuations are
conditioned by various causes: hydrological,
tectonic and so forth. The level of the Caspian
Sea has changed constantly, with the varied am-
plitude and rate, during the whole long term de-
velopment history of this basin.

The extensive geological, palaeogeographic,
archaeological and historical literature on the
Caspian and the level fluctuation records got at
various coasts make evident the conclusion that
the sea has the characteristic hierarchic structure
of level fluctuations (Figure 2) where each fluc-
tuation is the result of a whole range of condi-
tions that either intensified or weakened the
main trend in any given time span. The Caspian
level fluctuations’ classification given in the ta-
ble builds on such criteria as the duration and
amplitude of a specific event; this classification
wholly reflects its Pleistocene rhythms as well
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as the rhythms of the Late Pliocene, though in a
generalised and sketchy manner. The transgres-
sions and regressions of the Caspian put to-
gether provide the high unit of fluctuations — a
period (a class). Within it, the positive fluctua-
tions of the transgression are grouped in the fol-
lowing sequence: stages — stadiums — phases —
oscillations — convulsions. All put together, they
represent the different order rhythms of the Sea
level fluctuations. The transgressive stages and
stadiums discussed below form the macro-
rhythmics of the Caspian lasting over dozens and
hundreds of thousands of years as well as the sea
level rises by dozens of metres and more.

The Greater Caspian Basins

The long term history of the Greater Cas-
pian has the clearly visible stage-by-stage de-
velopment of its basins that differed substan-
tially in terms of water environments and faunal
composition but, none the less, represented one
development period that started in the Ak-
chaghil, was current in the Absheron and, later,
in the Pleistocene and exists in the modern
epoch (see the Table).

The Prehistory of the Greater Caspian
(the Balakhany Time)

The Prehistory of the Caspian Sea corre-
sponds to the long Balakhany Stage. It started
with the deep regression of the Pontian basins
and the beginning isolation of the Caspian from
the Black Sea that lasted for over 2.5 Ma. Ac-
cording to the palaeomagnetic data, the accumu-
lation of the Balakhany (Productive Series) de-
posits of Azerbaijan encompasses the lower part
of the positive palaeomagnetic Gaussian epoch
and the whole of the Gilbert epoch in the inter-
val of 5.12 Ma-3.3 Ma (3yb6akos, Kouerypa,
1973; Hcmaun-3ame u gp., 1967, Cunses,
1985). Most of the researchers (I'ypapuii u np.,
1976; Ile3uep, 1965; Tpyouxun, 1977 u T.11.)
assign the beginning of the Akchaghil trans-
gression to the beginning of the Gaussian epoch
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(3.3 Ma BP). Considering this, the duration of
the Balakhany Age apparently did not exceed
2 Ma while the accumulation of the upper part
of the Productive Series (the Surakhany Suite)
occurred at the beginning of the Akchaghil
transgression.

Figure 2. The Hypothetical Curve of the Sea level
change of the different order

(a). 1 — the transgressive stage (It — the transgressive
phase, I, — the regressive phase), II — the regressive
stage (I, — the regressive phase, II; — the transgres-
sive phase) microrhythmicity — convulsion 1 (the dura-
tion — ten of years — years), mesorhythmicity—
oscillation 2 (the duration — thousands of years — hun-
dreds of years) and the phase 3 (thousands of years),
microrhythmicity — stage 4 (the duration — dozens of
thousands of years) and stage S (the duration — hun-
dreds of thousands — dozens of thousands of years). The
position of the present-day Caspian Sea in the Post
Khvalyn Rhythmicity (b). 1 — the rhythmicity of the
Late Holocene-modern fluctuations (1 — the post-
Khvalyn regressive stage, 2 — the New Caspian trans-
gressive stage, 3 — the Late New-Caspian transgressive
phase, 4 — regressive oscillation, S — the positive con-
vulsion); 2 — the position and evolution trend of the

modern Caspian in the system of hierarchic series




A.A. Svytoch

THE HISTORY OF THE GREATER CASPIAN; THE LATE PLIOCENE BASINS OF THE CASPIAN

e

=

The Systematics of the Transgressional-Regressional Rhythmics of the Caspian Basin

3 Transgression
= Regression
(]
~ Epoch Stage Phase
. . Novocaspian Izberbash
Novocaspian Novocaspian
Dagestan
Mangyshlak
Late Khvalyn
Khvalyn Enotaevskaya
Early Khvalyn
Atelskaya
Late Khazar
Caspian Khazar Chernoyarskaya
Early Khazar
§ Singilskaya
% Urunjik
O Baku Venedskaya
Baku
Tyurkanskaya
Late
Absheron Middle (maximum)
) Early
Old Caspian Domashkinskaya
Late
Akchagyl Middle (maximum)
Early

The Balakhany Age is characterised by the
intensive uplifts and dislocations of the Alpine
structures that frame the Caspian on the South,
namely, the Greater Caucasus and the Lesser
Caucasus, the Talysh, Alborz and Kopetdag, and
the subsidence of the adjacent structures: the
Terek-Caspian, the Kura and the Prekopetdag
depressions. The folding movements are also ob-
served in the Absheron-Gobustan and Absheron-
Prebalkhan areas and in West Turkmenistan.

There were two subsiding areas in the
Caspian Sea depression to the North and the
South of the Absheron Range with the faster
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subsiding South Caspian depression. There, the
3—4 km thick series of deposits were formed by
drilling data.

The northern part of the Caspian Region
limited by the South Urals and the Volga Up-
land in the East and the West was a vast low-
land area open to the North, with a well-
developed network of rivers and the erosion-
accumulative and erosion-denudation relief
conditioned by the tectonic structures and the
latest activity of the platform structures of the
Russian Platform’s eastern part as well as by the
Hercynides of the South Urals.
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In the Balakhany Age, the relief of the
Caspian Region had the characteristically
deeply incised river valleys linked to the low
level of the Caspian Basins (KaitHo30ii...,
1965; IlnwoueH..., 1981, MunaHOBCKUH,
1963; BoctpsikoB u np., 1964; Cunues, 1985,
Ammn-3ane, 1961 u np.) (Figure 3). For in-
stance, the wvast (250x500 km) Balakhany
Lake was filled with the sediments of the pa-
laeo-rivers of Volga, Karyn-Zharyk, Uzboy,
Araz, Samur, Kura, et al. that had the depth of
incision equalling hundreds of metres. The
Palaeo-Volga valley traced from Vetluga to
the Absheron Range was especially grand in
terms of its length and scale of incision that
reached 300-350 m in the region of Saratov
and 500-600 m where it reached the Precas-
pian Depression (Figure 3) and where the
width of its valley exceeded 100 km (Muna-
HoBckwmit, 1963). The Palaeo-Volga sediments
were first identified within the modern aquatic
area of the Caspian on the Absheron Range by
V.P.Baturin (1937) based on the similarity be-
tween the mineralogical composition of the
Productive Series deposits and the modern
Volga alluvium. Its valley was found at the
depth of 2-3 km in the zone of faults, filled
with the 0.2—06-km thick sediments with reli-
ance on the geological materials (I'amxues u
p., 1984).

Various continental deposits were accumu-
lated in the Balakhany Age that eventually
formed the bed for the deposits of the Akchaghil
transgression: the Productive Series sediments
in Azerbaijan, the Red Series in West Turk-
menistan; the Kinel Series in the Volga Region
and the South Preurals; the Kushum sediments
in the Precaspian; and the sub-Akchaghil sedi-
ments in the East Precaucasia.

The Productive Series is composed of
rhythmically bedded sand — shale sediments of
the large freshwater pool and flowing into it
fluvial systems with the very high total thick-
ness reaching to 8 km (Anmxanos, 1978). These
deposits unconformably overlie the Pontian and
Sarmathian sediments.
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The Red Series deposits (the Cheleken
Suite) are the analogue of the Productive Se-
ries in West Turkmenistan. Those are the
sand-shale sediments of the mostly deltaic
origin and with the predominance of red col-
ours; the thickness of the Cheleken Suite ex-
ceeds 2 km. (Anu-3ane, 1957).

The Kinel deposits (Suite) are well-
developed in the Middle Volga Region and in
the South Preurals (AranoBa, 1971) where they
fill in the erosion palaeo-relief and structural
depressions. In the stratotype region, the depos-
its fill in the channel of the Kinel River (the Pa-
laco-Kama) and consist of a series of alluvial,
lacustrine-alluvial and lacustrine deposits of the
various lithological composition ranging from
the pebbles to ribbon-like clays and sits. Simi-
larly to the deposits of the Productive Series, the
age of the Kinel Suite is loger than the duration
of the Balakhany Time to which only probably
the lower part of the Suite corresponds (I-I1I the
Chebenkov horizons (SIxumosuu, 1965)), while
the upper part corresponds to the Early-Middle
Akchaghil Age.

The deposits of the Kushum Suite are the
age and genetic analogues of the Kinel deposits
in the regions farther to the South, namely, in the
Lower Volga Region and the North Precaspian
(Kunosunos, Kypnaes u ap., 1966). Similarly to
the Kinel formations, they occur in the erosion
depressions of the Preakchaghil relief. The top
of the sedimentary beds is hypsometrically lo-
cated at -340 — -480 m while the base is at the
-415 — -540 m. Composition-wise, the lower part
of the succession is dominated by the rough
boulder-pebbly and pebbly-sandy sediments;
upward the section-sandy-shaly sediments.

As regards the NE Precaucasia (the Terek-
Sunzhen Province, Dagestan, the Back Terek
Plain), there, the upper part of the Sub-
Akchaghil Series of the surface-water deposits
probably pertains to the Balakhany deposits
(T'eomorust u HedTerazoHOCHOCTH..., 1957);
that is mostly represented by pebbles, con-
glomerates and sandy shales with the thickness
of up to 1.0 km and more.
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Figure 3. The Diagram of the Late Pontian palaco-valleys (?) — the Early Kimmerian and the retaining Kimmerian
basins in the Caspian Sea and the North Precaspian (MmiaroBckuit, 1963): 1 — the highlands and slopes of the
Urals, the Central Caucasus and the Trans-Caucasus; 2 — uplands; 3 — aggradational plains; 4 — the Late Pontian
(?) river palaco-valleys — of the Early Kimmerian; 5 — the salty sea-lake; 6 — the boundaries of the Kimmerian
basin in the South Caspian and the North Precaspian ; 7 — the Kimmerian Age rivers' deltas; 8 — wells and incisions'

Judging by the composition of the Produc-
tive Series deposits, they are — with the excep-
tion of the deposits of the South Caspian and the
Middle Caspian (?) basins — grossly dominated
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by the continental sediments: alluvial, deltaic,
lake et al., whilst there are no proven large pool
deposits there. Several researchers (Amu-3ane,
1961; Tlonos, 1971; Cunues, 1985) mentioned



STRATIGRAPHY AND SEDIMENTOLOGY OF OIL-GAS BASINS

Stratigraphy

the presence of several vast desalinated basins
in the Caspian Region in the Balakhany Age.
For instance, according to A.Ali-Zade (1961),
there was a gigantic fresh-pool akin in size to
the maximum development of the Akchaghil
transgression at the end of the Balakhany Age
there. According to A.V.Sidnev (1985) there
was a series of fresh-water polles towards the
end of the Cimmerian (that is, in the Pre-
akchaghil Age). None of those ideas are under-
pinned by factual material, while what factual
material is had actually contradicts them. The
presence of ancient pools should be proved by
many factors, such as, existence of large iso-
lated sinks filled with uniform deposits, which
have constant laterally thickness, and are com-
posed of the fine terrigeneous material that is
characteristic of the vast shallow basins.

Z
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The relief of the bed of the Akchaghil de-
posits north of the Derbend Trough there are no
major depressions that would correspond to the
said pools. The Kinel and Kushum deposits are
mostly forming the Preakchaghil erosion relief
(Figure 4) and have the lithologically motley
composition with the considerable content of the
coarse-grained material. This is especially true of
the Kushum deposits that only fill the palaeo-
valleys of the Volga and Ural rivers partly and
have the predominant relatively coarse sandy-
pebbly composition (CKunosunos, Kypnaes,
1966) — very uncharacteristic of vast pools’
sediments. Of course, there are fresh-water pool
sediments in the non-continental Kinel Series,
too, especially in its northern regions, but, judg-
ing by their intermittent occurrence; they corre-
spond to small and landlocked basins.
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Figure 4. The cross-section via the Buried Volga Valley North of the Yershovo Village (towards the Kushum, Uzen
and Kamyshevka rivers). 1 — the Khvalyn deposits; 2 — the dun clay loams; 3 — the Absheron deposits; 4 — the
Akchaghil deposits; 5 — the Kinel deposits; 6 — the Upper Cretaceous deposits; 7 — the Lower Cretaceous depo-
sits; 8 — the Jurassic deposits; 9 — the Triassic and Permian deposits; 10 — the Carboniferous deposits; 11 — wells
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The Caspian Region’s climate and vegeta-
tion were very diverse and had a sharp zonal dif-
ferentiation in the Balakhany Age. N.I. Andrusov
and D.V.Golubyatnikov presumed that in the
South there was a hot semi-desert climate, which,
in their opinion, is evidenced by the red colour of
the deposits and their high gypsum content.
Commenting on the remnants of warm climate
vegetation as well as of the forest and steppe
animals, S.A Kovalevsky (1944) mentioned the
presence of evergreen forests and warm-climate
steppes in the SE Caucasus. To the North, in the
Kushum deposits’ dispersal areas, the beginning
of their accumulation saw the steppes with the
predominance of chenopodiacious phytocoe-
noses. The climate became warmer and moister
in the Late Kushum Time; the steppe areas re-
duced in size but broad-leaved forests with the
rich grass cover became widely occur.

The Kinel flora of the Middle Volga Region,
the Back-Volga Region and the Precaspian be-
longs to the boreal coniferous forest type. The
sharp zonation is observed in the vegetation oc-
currence from the South to the North that shows
the transition from the open woodless landscapes
to the pine woods and dark coniferous forests
with the Tugai flora relicts (KBacos, 1966). The
climate became more continental at the end of
the Early Akchaghil (Preakchaghil) Age.

The clear zonation is noted in the Preurals,
too (Ilmmouen ...,1981) where forest steppes
and forb steppes dominated in the South, broad-
leaved forests farther to the North and pine-fir
forests with the inclusions of abies and hem-
locks in the Lower Kama Region.

Thus, the Caspian Region was a vast conti-
nental territory with the diverse relief, climate and
landscapes at the end of the Balakhany Age and
on the eve of the Akchaghil transgression, that is,
approximately 3 Ma BP. In the centre of the Cas-
pian Region there was a longitude oriented Cas-
pian Depression occupying 144,000 km® (Aladin,
Plotnikov, 2006), while the southern part had a
deep Trough — a large fresh-water pool (lake) that
was subsiding actively and being filled with the
Productive and Red Series’ deposits.
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The northern part of the depression was in-
cised by the deep (hundreds of metres) river val-
leys running into the Balakhany Lake. The
bounding piedmonts and high mountain systems
of the actively-rising alpine structures of the
Greater Caucasus, the Lesser Caucasus, the Ta-
lysh, Alborz and Kopetdag alternant with the
deep intermountain and foredeep depressions
(the Kura, the Precaspian, the Prekopetdag, the
West Turkmen, etc.) were situated in the low-
land territory’s South, SE and SW, and opened
to the Caspian Depression.

The vast northern regions of the Caspian Re-
gion: the North Precaspian, the Lower and the
Middle Volga Regions, the Prekama and the
South Preurals, limited by the Yergens and the
Prevolga Upland in the West and by the Urals’
piedmonts in the East and open towards the North,
had the predominantly plain erosion-denudation
relief with a well-developed network of river val-
leys that were filled with the Kinel deposits.

Importantly, the deep river valleys that are
so characteristic of the Balakhany Age had only
partly been filled with the Kinel and Kushum
alluvial material by the beginning of the Ak-
chaghil transgression (Figure 4). Consequently,
the erosion relief that was levelled off by the
Akchaghil and post-Akchaghil deposits eventu-
ally had been preserved by that time yet. It
should be mentioned also that, with the sole ex-
ception of the South Caspian Lake, there were
no major fresh-pools in the Caspian Region in
the Balakhany Age. The climate of the territory
was generally warm and moderately-warm; it
was hot and arid in the SE, wet in the SW and
wet and cool in the North, without any traces of
abrupt cooling events that would bear evidences
of glaciation of the adjacent northern regions.

The Akchaghil Stage (transgression)

The first, this is the greatest and the longest
(~1,6 Ma) period in the history of the Greater
Caspian that occupied a great territory from the
Middle Volga Region and the Preurals to the
piedmonts of Alborz, and extended from the Sea
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of Aral to the Pont at the end of Pliocene.

It is named after the Akchaghil layers that
N.ILAndrusov (1889) identified in the sectionof
the Ak-Chaghil Elevation in West Turkmenistan.

The limits of the basin. The area of the ex-
pansion of the Akchaghil transgression was
first outlined by N.I.Andrusov (1902, 1911).
The later researchers (Kosanesckwmii, 1933;
Konecnukos, 1940; 1950, Munanosckuii, 1963;
Haiinue u np., 1992) concretised the bounda-
ries of the Akchaghil Sea. The area of the Ak-
chaghil Sea by (Aladin, Plotnikov, 2006) is
equalled to 969.9,000 km?.

One of the most detailed palacogeographic
schemes of the maximum of the Akchaghil trans-
gression was drawn by A.Ali-Zade (1961) (Figure
5). It shows the presence of the three meridion-
ally-extended pools: the major Central Caspian
one and the smaller ones that were located west-
ern (the Pontian-Azov) and eastern (the Aral) of it
and were connected to the Caspian via straits.

The basin was very vast (Figure 6). The
Akchaghil transgression occupied large areas
between the Yergens and the River Emba in the
Volga Region in the northern part of the region.
It reached far to the North, namely, to the mount
of the River Belaya and the West Preurals, via
the palaeo valleys of the Volga and the Kama
(Figure 7). In the SE, the sea reached the Com-
mon Syrt, extended along the western slopes of
the South Urals and filled the river valleys of
the Ural, the Saghiz and the Emba. The trans-
gression reached the South Preurals and the Aral
Sea’s depression. In the South, it encompassed
the Cis-Kopetdag Downwarping and the south-
ern part of the Kara Kum, and formed a spa-
cious Kara Kum Bay northern of which the
Manghishlak-Ustyurt Island Massif was located.
In the South, the Akchaghil Sea was limited by
the mountain systems of Alborz, Kopetdag, the
Talysh Mountains and the Lesser Caucasus.

The big bays of the Akchaghil Sea were
situated in the deep intermountain depressions
along the Caucasian coast of the Caspian: the
Kura, the Gusar and the Terek ones. To the West
from the Back Terek Plain and via the Manych
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Gulf, the sea reached into the Azov-Black Sea
region and, judging by the Akchaghil fauna dis-
coveries near Gallipoli in the Dardanelles (Ta-
ner, 1982), it extended farther westward into the
East Mediterranean.

The relief expression. The Akchaghil Basin is
situated amongst the geomorphologically diverse
territories that preconditioned the diverse struc-
tures of its coasts. In the NW, the abrasive slopes
of the Yergens and the Prevolga Upland served as
its coasts while the sea formed deep estuaries (via
palaeo valleys) and flooded the lowlands of the
Ural Plateau, the Common Syrt and the western
slopes of the Sub-Ural Plateau (where there were
the depression and ria shoreline types were pre-
sent) farther to the North (Jleontses u np., 1977).
The character-wise akin coastlines are located far-
ther to the NE, namely, in the valleys of the Uhil,
the Saghiz and the Emba. The lowland aggrada-
tional shores of the Aral type existed in the Far-
thermost East of the poolin the Kizil Kum and
Kara Kum sands, in the lower band of the Hungry
Steppe and of the Kazakh small bald mountain
area. To the West, on the border with Ustyurt and
Mugajars, the shores were abrasive and abrasive-
aggradational. There were islands in the active
saline dome areas in the Precaspian Depression
(Inder, Chelkar, Bogdo, Elton, et al.).

Figure 5. The Palacogeographic Map of the Akchaghil
Basin for the Upper Akchaghil Time (A.Ali-Zade, 1969)
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Figure 6. The Scheme of occurrence of the Transgression and the Genetic Facies of the Akchaghil Sea.
The Legend. The facies types: 1 — the shelf (the mesofacies: 1.1 — coastal, 1.2. — shoreface, 1.3. — relatively
deep areas, 1.4. — dynamic areas); 2 — epicontinental basins (the mesofacies: 2.1. — shallow-marine, 2.2. — rela-
tively deep areas, 2.3. — estuaries and lagoons); 3 — ingressional bays and estuaries (the mesofacies: 3.1. — desali-
nated areas, 3.2. — flooded valleys, 3.3. — near-delta areas); 4 — intramontaines and the piedmonts (the meso-
4.1. — the Caucasian Type, 4.4. — the Kopetdag Type); 5 — deep Troughs (the mesofaciealls: 5.1. — the

There were major ingressive bays with the
predominant Dalmatian-type shores along the
Caucasian coastline. The ria shores were in the
depressions along the Eastern slope of the Stav-
ropol Upland.

The high elevation of the Akchaghil Sea at
the differently-structured shores activated the two
contradictory processes. The erosion basis was
growing, the abrasive processes were dying out,
the water collection basins dropped off and the
relief depression were filled with deposits in the
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lowland territories. For instance, all the lowland
Volga Region was a vast underwater accumula-
tive plain. On the contrary, the deep insertion of
the sea in the intermountain depressions of the
Caucasus and Kopetdag and the sea reaching the
boards of Ustyurt, Manghishlak and the Volga
Upland, conditioned by the sea level rising,
sharply activated the abrasion processes whereby
fragmentary material was washed up on the shelf
and contrasting forms (cliffs, benches, etc) were
developed in the shoreline relief.
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Figure 7. The Akchaghil Basin in the Volga Region (I'eoxorus..., 1967)

The driangle system of the Akchaghil Sea
was diverse. The sea filled most of the major
water collectors of the river valleys and thus re-
duced their areas and lengths dramatically. For
instance, the length of the Palaeo-Volga valley
equalled approximately one third of its current
length that equals 3690 km. The water collec-
tor’s area was less than a half of the modern
Caspian Sea’s situation. Judging by the Ak-
chaghil deposits making palaeo wvalleys, the
river network was very similar to the present-
day analogue. In the North, the sea flooded most
of the Preakchaghil valleys of the Volga, the
Kama and the other rivers. In the East, the Amu-
Darya flowed into the Kara Kum Bay while the
palaeo Syr-Darya and the palaeo Irghiz ran into
the Aral part of the basin. In the southern part of

the poolwere situated the ‘abridged’ palaeo-
valleys of the Sefidroud, the Atrek, the Kura,
the Araz and other rivers.

The sea level. There are two differing opin-
ions upon the estimated level of the Akchaghil
Sea. The first one (Cunues, 1985, Boctpsikos,
1964 u np.) builds on the modern levelled situa-
tion of the Akchaghil deposits in the
Low/Middle Trans-Volga Region at + 150-180 m
abs. alt. and presupposes the high level of the
transgression that reached 180 m abs. alt. Ac-
cording to the second viewpoint (MwunaHOB-
ckuli, 1963; JleoutseB u np., 1977, Kosaines,
2004 u np.), the level of the Akchaghil trans-
gression was lower and close to the oceanic one
or to the level of the Early Khvalyn transgres-
sion. The main arguments underpinning both are
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that there is no proof of the Akchaghil waters
entering the Pont and the Aegean Sea as well as
none of their deposits was found in Ustyurt and
Manghishlak.

Meanwhile, it is not quite appropriate to
use the reference on the modern hypsographical
position of the Akchaghil deposits to reconstruct
the level of their basin (the first point of view).
The current hypsographic occurrence range of
the Akchaghil deposits exceeds 2 km. In the
Trans-Volga region, they are at up to 180 m; in
Dagestan, Turkmenistan and the Lesser Caucasus,
they are elevated to 1.2-1.4; 0.5-0.8 km; and
0.7-0.8 km abs. alt. respectively and in the
North Precaspian they are subsided to 0.4-0.5 km.
Within the temporal range of the Akchaghil
from 3.3 Ma to 1.8 Ma, the tectonic motions in
even the relatively stable or low-activity regions
of the Middle Trans-Volga Region, Ustyurt and
Manghishlak could have set considerable values
and distorted the initial sea level substantially.

The second viewpoint is contradicted by
the information about the Akchaghil fauna dis-
coveries in the Pontian-Kuyalnik (Cemenenko,
1980) and in the sequences of the Dardanelles
(Taner, 1979) that would indicate the infiltration
of the Akchaghil waters into the Pontian-
Aegean Basin. Two outcomes of the faunstically
characterised Akchaghil rocks were found in
Manghishlak (I'eosorus..., 1972). Apparently,
the true maximum level of the Akchaghil trans-
gression was somewhere between the values
indicated in the two above-mentioned opinions.
Evidently, it was higher than that of the Early
Khvalyn transgression the area of which was
twice as small as the Akchaghil Sea that was
actually situated hundreds of kilometres NE of
the boundaries of the Khvalyn Basin. At that,
the great territories of the completely different
structural position (the Russian Platform, the
Greater Caucasus, etc.) were flooded to + 180 m
abs. alt. presumably, at the maximum of the Ak-
chaghil transgression, its level could be reaching
100 m abs. alt. as is seen from the fact that the
Akchaghil deposits lie at the absolute marks of
up to 100-110 m in the northernmost periphery
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of the basin, that is, downstream the River Be-
laya (Cunnes, 1976) and, at that, they are found
in the newest elevations as well as depressions.

The basin’s saline water inflow was doubt-
less associated with the inland seas of the oceans
and its level at the beginning and at the maxi-
mum of the transgression. There are very differ-
ent estimations of the oceanic level in that age:
they range from below-zero to major (~200)
positive indications. The analysis of the modern
onshore area flooding done by A.O.Selivanov
with allowances for downwarping of oceanic
abyssal depths, accumulation of deposits on the
oceanic bed and inflow of juvenile waters
showed that the ocean level was close to +100 m
(Knure u mp., 1998) in the Late Pliocene. Most of
the estimations converge on a level close to the
present-day ocean level or a little higher than
that. The Atlantic waters again infiltrated the
Mediterranean and maybe also the Pont in the
Late Pliocene after the Messinian crisis in Mio-
cene as is witnessed by the emergence in the
Astian Mediterranean sequences of the typical
representatives of the oceanic foraminifers Glo-
borotalia tosaensis (the zone 21) and the sub-
zone nannoplankton Discoastertomaris and Dis-
coasterpentaradiates (Mcropusi..., 1986).

The age and duration of the transgression.
One can make a judgement on the age and lon-
gevity of the Akchaghil transgression quite con-
fidently with reliance on the palacomagnetic ma-
terials that indicate that it started in the Gaussian
normal polarity period, that is, approximately
3.3 Ma BP, and ended in the Matuyama negative
polarity period when the Olduvai abnormal hori-
zon existed — that is, approximately 1.8 Ma BP.
Consequently, the Akchaghil transgression con-
tinued approximately 1.5 Ma.

The facial composition. The gigantic area
of the Akchaghil Reservoir, the diversity of the
facial conditions (Figure 6). Among them stood
out the facies of the marine deposits: of the
shelf, of the epicontinental basins, of the ingres-
sion bays and estuaries, of the inter-mountain
and piedmont depressions and deep-water hol-
lows. The greatest special development was
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achieved by the diverse epicontinental forma-
tions represented by the shallow-water, steep-to
area, silted estuary and lagoonal deposits. They
are situated in the territories of the Precaspian
Depression, the South of the Middle Volga Re-
gion and the Scythian-Turanian Platform. For
composition, those are the predominantly fine
clayey and sandy-silty formations, as well as the
coarser sandy-pebbled ones in the dynamic shal-
low-water areas and silt-loam in lagoons.

At the maximum of the Akchaghil trans-
gression when the sea went far up river valleys
to the North of the Middle Volga Region and
the Preurals, the fine sediments with the desali-
nated and fresh water fauna and vegetation rem-
nants of ingression bays and estuaries developed
there broadly. Then, also, the sea abraded the
mountainous shores in the western and eastern
parts of the basin the most actively; the gravita-
tional avalanchine-talus facies were widely oc-
curred there — the wave processes reformed
them in the diverse beach sediments eventually.

The extremely motley lithofacial composi-
tion and thickness of deposits are characteristic
of the Akchaghil mountainous shores as well as
the piedmont, intermountain and intermontane
depressions of the Caucasus and West Turk-
menistan. As a rule, this is a combination of fine
shales typical for tranquil steep-to areas that
change facially for coarse pebbly facies of the
dynamic shallow-water areas. On the Caucasian
shores and in Turkmenistan, lava ashes and
breccias abound among deposits, in West
Turkmenistan, biogenic carbonates are charac-
teristic as well.

The facies of the shelf and the Caspian
Trough s are fine and argillaceous-silt in com-
position; they have the characteristic micro-
layered nature that reflects the rhythmicity of
deposition. The peripheral parts of the basin
have the repeated alteration of deposition condi-
tions over time that is conditioned by the depo-
sition’s transgressive-regressive rhythmics. For
instance, the Middle Volga Akchaghil sequence
shows the sheer alteration from desalted facies
of deposits (the beginning of the transgression)
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to lagoonal-marine (the maximum of the trans-
gression) and again to fresh-water (regression).
Palaeohydrology. The Akchaghil pool is
characterised by the diversity of the palaeohy-
drological circumstances. N.I. Andrusov (1902)
estimated the depths of the Akchaghil Sea in its
southern part and identified the following three
bathymetric facies: 1 — the conglomerated one
that marks the coastal line; 2 — the sandy-clay
one that abuts the coast and 3 — the malmrock-
limey one that accumulates far from the shores.
A Ali-Zade (1961) assumed that the depth did
not exceed 200 m in the Aral-Caspian part of
the basin. In the southern part of the basin, he
identified two deep-water relicts of the Pontian
of the pool — the Lenkoran and Khachmaz
ones, both of which were deeper than 700-800 m
in the Akchaghil Age. The northern part begin-
ning from the North Caspian and ending at the
River Kama was shallower and had the depths
of 50-100 m and less; also, it was relatively
contrasting in the flooded river valley areas
where the depth could exceed a hundred metres.
The salinity of the Akchaghil Sea is deter-
mined by the faunistic criteria, namely, the mol-
luscan communities, the ostracods and the fo-
raminifers. N.I.Andrusov (1902) believed that
the sparse species molluscan set-up witnessed
that this semi-marine fauna of the ‘euxinic’ type
inhabited the waters the salinity of which ex-
ceeded that of the Caspian’s. According to
K.Ali-Zade (1954), the average salinity of the
Akchaghil Sea was higher than of the present-
day Caspian Sea but lower than that of the
Black Sea; that is, it was interim to these two
and was also in the 12.3%—-18.5%0 range. The
similar thoughts on the basin’s salinity were en-
tertained by Uspenskaya (1931); Ali-Zade
(1954); and Cheltsov (1965). The salinity
changes over time as considered on the basis of
the alternations of molluscan complexes in
(Ucropus..., 1986). The salinity did not exceed
5-9% at the beginning of the Early Akchaghil Age
when the reservoir was only inhabited by the
brackish-water Clessiniolas and Mactrides. The
salinity rose considerably when the Potomides and
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Cerastoderms were widely occurred; still, it did
not exceed 18%—19%o on the whole. By the other
data (Yenanbira, 1980), the salinity of the Ak-
chaghil Sea reached 20%—25%o, which is close to
the salinity of the present-day Marble Sea.

Apparently, the pool desalinated considera-
bly (down to 10% and less of salinity) during
the regression at the end of the Akchaghil. This
is signified by the extinction of the majority of
the marine endemic molluscs (Mcropum...,
1986) and the growth in the number of the
brackish-water and fresh-water ostracods
(Kapmummmnna, 1975).

The considerable changes in the salinity of
the Akchaghil Basin were caused by its regres-
sive-transgressive conditions as well as by the
vast area of the pool whereby it was present in
various natural regions. In its northern reaches,
it had as tributaries the numerous water full riv-
ers, and the climate was cool; the basin was
considerably desalinated there as can be seen by
the presence of the numerous fresh-water spe-
cies Pisidium amnicum, Unio pictorum, Cerith-
ium caspicum, Viviparus sinrovi, Clessiniola
utvensis, Limneasp, et al. among the brackish
Akchaghil molluscs (Kunosunos u ap., 1972).
In the South and, especially, in the SE of the
basin — in its Turkmen part, that is — the malaco-
fauna complexes are the most abundant in com-
position but have no or very rare fresh-water
elements; this signifies the relatively high and
maximal (for the basin) salinity that maybe ex-
ceeded 20%o0. The absence of constant river
tributes and the hot climate in the Turkmen
part of the pool led to concentration of salt in
the seawater, and the accumulation in several
bays and lagoons (the Lesser Balkhan and the
Krasnovodsk Plateau) of brine accompanied
with the precipitation of salt rock and mir-
abilite (A.Anu-3ane, 1961).

The character of the climatic zone-based di-
vision of the Akchaghil Age set the temperature
regime for the most part of the pool that was per-
haps akin to the waters of the present-day Black
Sea (summertime ~20-25). This is witnessed by
the stenothermic nature of the Akchaghil fauna
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that evolved in a relatively warm-water ambience
(A.Amu-3ane, 1961). As regards the salt compo-
sition in the Akchaghil Sea, it had a clear asso-
ciation with the open marine basins letting us to
suppose its proximity to the chloride-sodium
composition of the oceanic waters. This is espe-
cially true of the maximum of the transgression
even though the salts were doubtless diluted by
fresh water locally and episodically.

The palaeogeography of the coastal regions
and the possible correlations. The diversity of
the controversial palaeontological reference on
the Akchaghil provided the grounds for the very
different palaeogeographic reconstructions of
that age. S.A Kovalevsky (1944) believed that
there were two major continental and mountain
congelations separated by the hot inter-glacial
climate during the Akchaghil Age. The traces of
a major congelation in the Akchaghil are found
in the Caucasus by E.E.Milanovsky (1963). Ac-
cording to A.I.Moskvitin (1962), the Akchaghil
transgression was brought about by the inflow
of glacial waters in many respects while the
northern periphery had the periglacial fenland;
the moraine remnants and the banded clays are
discovered in the Akchaghil deposits. The con-
tradicting opinion was offered by V.P.Grichuk
(1991) who maintained that the Russian Plat-
form was covered with forest vegetation with
the predominance of coniferous species — Pinus
in the West and Picea in the East — in the Ak-
chaghil Age. The forest formations were charac-
terised by the richness of the flora that num-
bered more than 30 tree genera and were not
analogous to the present-day taiga boreal for-
ests. Grichuk concluded that the climate of the
majority of the Russian Platform was weakly
warm-temperate and close to the sub-tropical
one in the Late Pliocene. According to (Haiinus,
Haiinuna, 1992), the forestless coastal areas were
replaced with forests dominated by fir-trees with
the inclusions of elm-trees and hemlocks in the
middle of the Mid-Akchaghil; this, according to
this offered opinion, signifies a moderately warm
and humid climate. The dark coniferous forests
with hemlocks, abies and oak-tree inclusions
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were widely represented during the climate cool-
ing in the Middle Akchaghil, while there was
aridisation and the xerophytic vegetation devel-
oped at the end of the transgression. According
to K. Ali-Zade (1954), the Akchaghil climate was
arctic in the northern part of the basin, moderate
in the South and dry, and sharply continental in
the East in the Akchaghil.

Let us consider the natural conditions of the
Akchaghil Age per major region. In Turkmeni-
stan, the Akchaghil deposits were found to con-
tain the imprints of tropical and subtropical
plants as well as the remnants of Mediterranean
calcareous algae and numerous insects associated
with abundant vegetation and once inhabiting
lakes and stagnant gats. According to V.V.Ro-
dendorf (A Amu-3ame, 1961), the presence of
Parandras among the fossil beetles indicates the
proximity of the contained fauna to the subtropical
regions of the South Caspian where this relict bee-
tle has survived to our days in the Talysh Moun-
tains. The study of the flora and entomological
specimens from Turkmenistan determined the uni-
formity of type among the discoveries found in
the lower and upper layers of the sequence, which
signifies that the climate was but altering little
during the Akchaghil (A. Amu-3azne, 1961).

The xerophytic vegetation formations were
widely represented in Manghishlak at the be-
ginning of the Middle Akchaghil; they were re-
placed then with the suffruticous and herba-
ceous plants with the inclusion of the pine trees
— Pinus sect. Cembrae and Pinussect. strobus
(Benuuko u np., 2011).

The Caucasian shore had a dissected moun-
tainous relief with active volcanic manifesta-
tions in the Akchaghil. 1.V Polybin (A.Anu-
3ane, 1961) discovered numerous remnants of
hardwood forests (Fagus orintalis, Quercus,
Salixalba, Punicagranatum) in the Akchaghil
deposits; this discovery witnessed the presence
of that epoch’s forests with the dominance of
the beech and oak trees and the other species
that are present in Azerbaijan in our time. The
similarly-composed but richer flora was found
in Eastern Georgia’s Akchaghil. The abundant
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and diverse bone-bed fossils were found in the
in the Akchaghil of the East Trans-Caucasus,
namely, in the interfluve area of the Yori (the
Gabyrri) and the Kura. There, among the marine
coastal deposits containing Cardium dombra
and Mactra subcaspia were found the remnants
of the once index fossil of the Khapry Complex
— the Archidiskodongromovi elephant, as well as
of deers, gazelles, mastodons and so forth. In the
opinion of N.A Lebedeva (1978), the established
faunistic set also inhabited the shores of the Ak-
chaghil Bay and lived in the mountain landscape
of the humid and warm climate. The palynological
fossils typical of the open grass-covered areas (the
ostrich egg shells and the bones of camels, hyp-
parions and horses) are encountered in the upper
parts of the sequence — which signifies a certain
aridisation of the climate.

The findings of the Khapry Series’ studies
carried out in the Azov Area (Bemuuko u np.,
2011) found the transition from the forest-
steppe landscapes to the steppe ones in the
western periphery of the Akchaghil Sea. In that
time, the gramineous-varied herb and the orach-
desert vegetation groups existed, while the
fauna was dominated by camels, horses and os-
triches. The plentiful palynological materials on
the Akchaghil formations of the northern part of
the Volga-Ural Province, the Preurals , the Mid-
dle Volga Region and the North Precaspian
(ILmuoues. . ., 1981; Ky3nenosa, 1959; Bonpocsr
crparurpaduu..., 1976; Uroru..., 1977; I'eono-
rudeckue..., 1985; u np.) made it possible to
reconstruct with the sufficient completeness the
landscapes and climates of the Akchaghil Age
(Axumosmu u ap., 1985). In its first half (the
Gaussian palaeomagnetic age, 2.4 Ma—3.3 Ma),
the whole of the Volga-Ural Region had bo-
real forests with the progressing impoverish-
ment of their species-wise diversity and the
transition from the polydominant dark coni-
ferous species in the Middle Pliocene to the
monodominant modern-type taiga in the Late
Akchaghil. The fenland communities with
club moss and dwarf trees emerge in the Mid-
dle Urals for the first time.
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There were two now notable stages of the
occurrence of boreal forests in the Preurals and
the North Precaspian that correspond to the
times of climatic cooling and moistening and
are divided by the period of domination of the
coniferous-deciduous forests including the
broad-leaved trees. The similar development is
described (Bemuuxo u np., 2011) for the Kama-
Volga Interfluve; there, dark coniferous fore-
casts became wide developed during the first
cooling. In the second cooling (approximately
2.6 Ma), the landscapes were dominated by
spruce forests, the sphagnous and green moss
species, and the marshed dishes also had the
scrub birch and the willows.

The Middle Volga Region the taiga vegeta-
tion with the inclusion of the American-
Eurasian and American-Mediterranean elements
were widely developed in that time (Benmuuko u
1p., 2011)

In the maximum of the Akchaghil trans-
gression (the boundary between the Gaussian-
Matuyama ages, 2.4 Ma) the whole Volga-Ural
Region had the boreal vegetation degradation in
connection with the setting-in warming and
aridisation of the climate. Three alterations of
the warm and cold conditions are observed in
the coastal areas of the North Precaspian in the
same time; they were expressed through the six-
fold consequential vegetation change: forest-
steppe communities (the warm and dry climate),
boreal forests (cooling and increased humidity);
deciduous forests with the broad-leaved ele-
ments (warming); boreal forests (cooling), de-
ciduous forests (warming) and boreal forests
(cooling). The similar sequence of the palaeo-
geographic events was found in the Middle
Volga Region and Preurals. The fir boreal forest
persisted and no foliage trees existed in the
northernmost part of the region, namely, down-
stream the River Belaya (Cunnes, 1976).

The deflation processes with the total wind
loss of ~15 000 km® formed the Aral Trough
with the watering by the Late Akchaghil reser-
voir in SE, that is, in the Aral-Sarikamish low-
lands (Ilmaxacos, 2002).
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There was a cooling and the replacement of
forest-steppes with the cold and open areas of
thin birch forests in the Precaspian and the Preu-
rals during the ending of the Akchaghil trans-
gression. The dried areas had the accumulative
relief of the silted estuary-marine plain in the
West and the East, complete with the major
river systems of the Palaeo-Volga and the Pa-
laeco-Kama (Ilponerkus, 2011).

On the whole, the climate of the Akchaghil
Age was characterized by the spatial and tempo-
ral differentiation of the course and dynamics of
development. The climate was closer to the sub-
tropical one — moderately dry — in the extreme
SE (Turkmenistan), while it was yet hotter and
dryer farther to the North (in Manghishlak and
also probably in the Preurals). To the SW, most
of the epoch was dominated by the warm and
humid climatic conditions with a certain degree
of aridisation towards the end of the transgres-
sion. The climate of the vast northern regions
can be characterised in generic terms as moder-
ately cool, relatively humid and with the pre-
dominance of dark coniferous forests. It was
characterised also by the variable temperature
and humidity that left their sheer impacts on the
vegetation mantle of the shores where conifer-
ous forests were replaced by the deciduous ones.
These, and the other signs helped determine two
cooling periods in the first half (3.3 Ma-2.5 Ma
BP) of the Akchaghil Age. However, neither
these nor the cooling periods in the second half
of the epoch had left reliable signs of periglacial
fenlands and other traces of the proximity of
glacial shields to the North. In the early begin-
ning of the Middle Akchaghil, the July tempera-
ture ranged from 15° to 21°, while in January
the temperature ranged from -2° to -8°. The
warming epoch (the Late Urdinian) of the
Middle Akchaghil have the average July and
January temperatures estimated at 19° — 22°
and 2° — -2° respectively (M3menenue..., 1999).

The sub-division (the development stages).
The history of the Akchaghil Sea can, just like
the history of any long termbasin, be divided in
the three development stages: the initial one, the
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maximum one and the ending one; these will
reflect the evolution of the impounded body.
They are identified by an assembly of features
such as the fossil fauna set-up, the sequence’s
structure and lithofacies, the level regime and
the aquatic area coefficient. The boundaries that
separate the stages are normally blurred and often
conventional similarly to the stratigraphic sub-
division of the Akchaghil. Besides, they are ag-
gravated by the events of the lower orders.

The initial stage (Akchaghil) is the time of
the first and quite long termdemonstration of the
transgression, at the beginning of the palaeo-
magnetic Gaussian Age; probably, it lasted for
longer than 0.5 Ma. The fauna of the Early Ak-
chaghil Sea had the characteristically sparse
mollusc assamblagies. The first mass develop-
ment was recorded by the gastropods of the ge-
nus Clessiola, to be followed by the Ak-
tschagylia bivalves and, eventually yet, by the
assemblies with the key species Aktschagylia
subcaspia and Cerastodrma (Cardium) dombra
(Mctopus..., 1986). On flooding the existing
southern and middle Caspian basins and the ad-
jacent lowlands, the Early Akchaghil Sea devel-
oped such major bays as the Turkmen Bay in
the East, the Kura and Terek bays in the West
and the Cisvolga Bay in the North (Mcropus...,
1986). The latter incorporated the areas of the
Volga and North Precaspian regions and was the
largest, shallowest and the least saline one. Its
deposits demonstrate not only Avimactra sub-
caspia, Cerastoderma dombra, Potamidessp. and
Clessiniola polejaevi but also Dreisens, Unioni-
dae and Valvata (Ilnmuoues. ..., 1981).

Several researchers (A.Amm-3ame, 1961,
Hesecckas, TpyOuxun, 1984) indicated the
broad regression at the end of the Early Ak-
chaghil that is singled out as a phase, while its
sediments are ranged as a sub-stage. This view-
point is based on the perturbations in the Ak-
chaghil deposits that were found in the se-
quences of Turkmenistan and identified as the
traces left by the fresh water fauna (Dreisena
polymorpha) and the alteration of the assem-
blies of foraminifers and ostracods (Mcropusi. . .,
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1986). This is clearly insufficient to identify a
major stand-alone regressive Akchaghil Basin.
This is contradicted by the expansive factual
material on the Akchaghil deposits. In the most
part of the sea’s aquatic area between the lower
and middle Akchaghil formations there are no
traces of perturbations and erosions. They were
identified in the tectonically active regions of
West Turkmenistan as well as in the northern-
most parts of the Middle Volga Region and the
Preurals. In the former case, they were appar-
ently caused by local tectonic adjustment
movements that are especially characteristic of
West Kopetdag the sequences of which have the
traces of sedimentation perturbations, angular
displacement and lithofacial alteration in not
only the Akchaghil but also the younger depos-
its ('eonorwusi..., 1972).

In the Preurals, the upper reaches of the
Lower Akchaghil have the Kumurlin Horizon
made up of fresh-water and brackish ingressive
deposits and situated between the Karlaman and
Zilim-Vasilyev horizons (HUroru..., 1977). This
structure of the Lower Akchaghil is only ob-
served along the northern periphery of the basin
while no traces of desalination and sequence per-
turbations were discovered farther to the South
(in the North Precaspian) (KumoBuHOB,
®enkosuy, 1972). Consequently, one can assume
that what the Preurals’ sequences do contain was
associated with a local shove of the shoreline that
might be brought about by not only the basin’s
regression but also other causes (river flow in-
creases, local upheavals and so forth).

If there was a major regressive phase in the
Early Akchaghil, it would have left a footprint in
the form of deep cut-outs in the sequences of the
Akchaghil deposits and in the form also of the
ubiquitous alteration of its waters’ salinity and,
as a result, in the fauna and microfauna changes.
However, nothing of the kind was discovered in
the main part of the basin’s aquatic area. Of
course, there were various geo-ecological inhabi-
tation conditions in the waters of the vast and
long termpool that predetermined the specificity
of the molluscan, foraminiferous and ostracodal
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communities that populated this reservoir. And
yet, those were only the particularities that only
aggravated the general course of the organic
life‘s evolution in the Akchaghil Sea but never
changed that course. The evolution started with
the infiltration and population by the marine eu-
ryhaline fauna at the initial stage of existence of
the pool and was followed by its flourish at the
maximum of the transgression, and its demise
and extinction in the final (regressive) stage of
the impounded body’s life.

The marine basin became considerably lar-
ger at the maximum stage of the Akchaghil
transgression. It flooded the river valleys of the
Volga and the Ural in the North and formed the
deep ingressive bays there, of up to 750 km in
the Precaspian, up to 200 km in the Volga Re-
gion, up to 100 km in the Kama Region and 60—
20 km in the Preurals (Cugnes, 1985). In the
West, it flooded the Azov-Kuban Depression
going via the Manych depressions and reached
Kerch and Taman; to the South, it flooded the
Terek Downfold and the Kura Depression com-
plete with the ancient river systems of the Araz,
the Iori and the Alazani. In the East, the sea in-
truded deep into the lowland West Turkmeni-
stan and the Prekopetdag Depression and
reached the Aral via the Upper Uzboy Corridor
thus forming the extensive Bay of Amu Darya.

The maximum of the transgression was
characterised by the diverse fauna dominated not
by the Mactrides (as at the early stage) but by the
Cardiids (Mctopus.... 1986). The especially rich
mollusc, foraminiferous and ostracodal assem-
blies were characteristic of the southern regions
of the basin where the environmental situation
was the most favourable for them.

The final stage (phase) of the Akchaghil
Basin’s evolution was conditioned by the stop-
page of sweater inflow, and the basin’s regres-
sion and considerable desalination, which
caused the extinction of the majority of the ma-
rine endemic molluscs and the considerable ex-
pansion of the brackish-water Dreissenas as
well as of the euryhaline and fresh-water ostra-
cods (Mcropus..., 1986). It should be men-
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tioned that the regression of the sea level on the
boundary between the Akchaghil and the
Absheron was not as intense as it is often pre-
sumed to be: it only impacted the peripheral
parts of the basin in the main but did not en-
compass the areas of the eventual Absheron Sea
Basin. This is confirmed by the fact that there
are no notable perturbations between the Ak-
chaghil and the Absheron deposits in the major-
ity of the impounded body’s area.

The Absheron Stage (transgression)

The major (835,000 km?) and long term (1.8—
0.7 Ma BP) transgression of the Caspian Sea at
the end of the Late Pliocene (the Eopleistocene).

Is named after the Neogene deposits of the
Absheron Peninsula containing the original
brackish-water mollusc fauna discovered and
separated by G.Sjogren (Sjogren, 1891) to make
the Absheron series.

The limits of the basin. The vast Abshe-
ron pool (835,000 km* (Aladin, Plotnikov,
2006) filled the whole of the modern Caspian
Bowl and extended into the adjacent lowland
areas of the Lower Volga Region, the East
Precaucasia and West Turkmenistan via broad
bays (Figure 8).

The sea reached the latitude of the Greater
Irghiz (via the River Volga valley) in the Lower
Volga Region; in the NW, it approached the
South Yergens. Farther to the East, it extended
until it reached the western slopes of the Tran-
sural Syrts. The basin filled all the lowland ar-
eas of the Kara Kum, the West Turkmen De-
pression and a considerable portion of the Kras-
novodsk Peninsula; its narrow strait reached far
along the piedmonts of Kopetdag. It perhaps
also reached the Aral Depression and the West
Kizil Kum in the Uzboy-Sarikamish direction
and bathed the Alborz piedmonts in the South.
The sea formed two major bays on the Cauca-
sian shore — the Kura and the Terek-Kum ones;
both entered the continent far inland. Via the
Manych Depression, the sea also reached the
Azov-Black Sea Bowl.
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The Legend. See Figure 6

Figure 8. The Scheme of occurence of the Transgression and the Genetic Facies of the Absheron Sea.

The Absheron Sea was much smaller than
the precedent Akchaghil Basin in spite of its
impressive size at the maximum of the trans-
gression when it was more than double the size
of the Caspian as we know it now. It was espe-
cially large in the North, namely, in the Middle
Volga Region and in the South Preurals the rest
of which the Absheron Sea practically never
reached. Smaller areas were affected by the
Absheron transgression in West Turkmenistan
as well. The singular cases of the transgres-
sion’s expansion greater than that of the Ak-
chaghil were found in the South Yergens
(Konecunukos, 1950) and the Preurals.

The relief expression. The transgression of
the Absheron Sea and the level rise associated

with it caused the activation of abrasive processes
on almost all the shores; those processes were par-
ticularly dynamic in the elevated submontane
southern shores. The abrasive shores went along
the Yergens and the foot of the Common Syrt in
the West. Farther to the North lay the palaeo-
valleys of the Volga and of the Ural. The Palaeo-
Volga had a wide, weakly incised valley with the
smooth slopes in the southern reaches of the Mid
Volga Region after it passed the Zhiguli Dam.

There were the islands developed by the
salt dome tectonics in the Absheron Sea’s shal-
low regions (in the North Precaspian) (Inder,
Chelaker, Elton, et al.). The major delta fronts
of the Uhil and the Emba were located in the
Sub-Urals Plateau.
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The eastern coast of the Absheron Sea was
on the shallow scroll western of the present-day
shores. The sea reached inland via a broad bay
in the region of the Kara Bogaz Gol (JIleontbes
u ap., 1977). Two levels (80—100 m) of accu-
mulative terraces made of organogenous
Absheron limestones are found in the coastal
relief in the North of the Krasnovodsk (Turk-
menbashi) Peninsula (Pemopos, 1957). The
Absheron Sea abraded the piedmonts of Kopet-
dag actively via the deep ingression bays.

The coastal relief on the Caucasian side
was in many respects determined by the diver-
sity and combination of the coastal processes,
namely, of abrasions on the capes and peninsu-
las and of accumulations in the bays. In the
greatest ones of them (those of Kura, Terek,
etc.) there were the deltas formed by the alluvial
cones made of coarse-grained deposits. Most of
the Dagestani coasts had abrasion as the domi-
nant relief-forming process. An abrasive ledge
of the Absheron Sea was discovered in the
Trans-Terek Valley at the absolute elevation of
110-120 m (Penopos, 1957).

The sea level. There are various estimations
of the level of the Absheron Sea. By
N.ILAndrusov (1923), it was somewhat lower
than the ocean level with the maximum depth of
the basin never exceeding 150 Russian fathoms
in the Early Absheron Age while it was not
greater than 40-80 Russian fathoms in the Mid-
dle and Late Absheron Age.

V.P Kolesnikov (1950) determined the ba-
sin depths as ranging from 200-300 to 40—80 m.
in his opinion, it is particularly at those depths
that the molluscs akin to the Absheron forms
inhabit the present-day Caspian Sea.

O.K Leontyev et al. (1977) determined the
height of the maximum of the Absheron Sea at
not higher than 50 m of abs. alt. based on the
specificity of the deposition patterns in the Pre-
caspian’s North and South. Z.S.Chernysheva
(1960) sets the level of the basin at 16—18 m of
abs. alt. and not more than that, relying on the
drilling data obtained in the Middle Volga Re-
gion. Using the reference on the height of the
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Absheron deposits’ occurrence and of the abra-
sive terraces in the southern part of the Com-
mon Syrt, V.A.Sidnev (1985) sets the maximum
level of the Absheron pool at 60-80 m. Appar-
ently, those values match better the true situa-
tion of the maximum level of the Absheron Sea.
The area of the basin exceeded the territories
affected by the subsequent Pleistocene trans-
gressions notably in its northern and relatively
tectonically calm shores. This is true also of that
area’s maximum ever Early Khvalyn transgres-
sion that reached +50 m. The sea impounded the
Aral Basin and reached the Bozdag Ridge in the
East and in the West.

Judging by the different areas that the Ak-
chaghil and Absheron pools occupied, the level of
the Absheron Sea was considerably lower (below
20-40 m) than that of of the Akchaghil Sea.

The age and duration of the transgression.
According to the palaecomagnetic data (TpyOu-
xuH, 1977; I'ypapuii, 1980; Xpamos, 1963, IleB3-
Hep, 1972), the Absheron deposits are situated
in the upper portion of the negatively magnet-
ised Matuyama Zone, higher than the Olduvai
Episode (1.8 Ma—1.67 Ma) and in the 1.8 Ma—
0.7 Ma interval. Consequently, the duration of
the Absheron transgression was perhaps 1 Ma or
a little longer. The track analyses that deter-
mined the age of the Late Absheron as equalling
to 1.0 Ma and 0.95 Ma (I'anzeii, 1984) do not
contradict this, either.

The facial composition. The facial compo-
sition of the Absheron deposits is as diverse as it
was in the Akchaghil (Figure 8); there are the
shelf facies’, epicontinental basins’, ingressive
bays’ and estuaries’, intermontane and submon-
tane depressions’ and deep-water bowls sedi-
ments there. The deep-water silty-clayey depos-
its fill up the Caspian bowls that are limited by
the fields of the varied shelf deposits. Just like
in the Akchaghil, the epicontinental basin facies
are different in lithological composition, and
were the most recorded in the Absheron Sea.
The reduction in size of the Absheron Sea in the
North Precaspian and West Turkmenistan
caused the notable shrinkage of the ingressive
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bay and piedmont depression facies’ occurrence
areas there. The sea reached the Samara Trans-
Volga Area via the relief depressions at the
maximum transgression in the northern part of
the basin where it left the fine ingressive silty-
sandy-clayey sediments with plant fossils and
fresh-water mollusc shells. More to the South,
namely, in the North Precaspian and the present-
day aquatic area of the North Caspian, they were
replaced with the lithologically diverse epiconti-
nental facies; among them stand out the pre-
dominantly sandy shallow-water sediments that
evolved along the periphery of the basin and the
sandshale, with abundant shells, shallow-water
sediments, all relatively steep-to and predomi-
nantly clayey (Bacwmibes, O6psiaunkos, 1962).

The exceptionally motley lithofacial com-
position is characteristic of the Absheron depos-
its of the Caucasian shores. In South Dagestan,
those are conglomerates, bench gravels, sand-
stones, detritus limestones and clays (I'eoso-
rus..., 1968). The intermontane depressions of
Azerbaijan are dominated by the land-to-sea
transition zone sandshale sediments with sand-
stone, shell and conglomerate interlays (I'eoso-
rus..., 1972). On the eastern side, the Absheron
Sea reached the Aral and Sarikamish bowls
where it left various shallow-water coarse epi-
continental sediments: gravel benches, con-
glomerates, oolitic sandstones and shelly lime-
stones, and — more seldom — sands and silts with
clay intercalations (I'eosiorusi. .., 1970).

In West Turkmenistan, there are two zones
identified by the lithofacial structure (I'eomo-
rus..., 1972): the northern territory with weak
tectonic activity and the relatively lithofacial
homogeneity and the southern territory associ-
ated with the tectonically active structures that
determined the facial mottling of its sequences.

On the whole, the lithofacial composition
of the Absheron deposits has certain areal and
sequential regularities just like the Akchaghil
deposits have. These are brought about by the
structural situation and the greater meridional
stretch of the basin, which, in turn, created its
climatic differentiation. In the North of the wa-
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ter reservoir, in a relatively calm tectonic situa-
tion and with the abundant inflow of fresh wa-
ter, the spatially, composition-wise and thick-
ness-wise sustained lithofacies of deposits pre-
vailed. To the South — on the Turanian Platform
and in the area of differentiated tectonic shoves,
the facial composition of deposits of the basin
was more diverse and also coarser. The actively
converging Caspian bowls continued being
filled with the deep-water facies’ thin sedi-
ments. The southern areas with their subtropical
climate and active alpine tectonics were charac-
terised by the diverse terrigenous composition
(from gravel benches to sits and clays) and had
the abundance of carbonate rocks as well as the
sequence of varying thickness.

Palaeohydrology. While estimating the
general salinity of the Absheron sea-lake by the
malacofauna’s nature, N.I.Andrusov (1923) ar-
rived at the conclusion that it was generally
matching the salinity of the present-day Caspian
Sea. Indeed, the brackish-water Absheron fauna
is sharply different from the precedent Ak-
chaghil fauna of the fresh water marine habitats.
This is firstly seen from the disappearance of
the marine forms (Cardium, Avimactra, Po-
tamides) and the emergence of the fresh-water
elements (Streptocerella, Micromelania,
Clessiniolla, et al.). The Absheron fauna is a
mixture of the molluscs of different origins, the
Akchaghil fauna fossils, the colonisers from the
Pont and fresh-water basins that inhabited the
landlocked basin akin to the type later repre-
sented by the Pleistocene basins that were popu-
lated by the descendants of the Absheron mol-
luscs (Ucropust..., 1986). Given this, it is natu-
ral to suppose concentration of salts in the 7%-—
15% range with the average value being ~13%eo.
As regards the chemical composition of the wa-
ter in the Absheron Sea, it was perhaps some-
where between the chloride (55.29) — sodium
(30.59) composition of the ocean and the sul-
phate (23.49) — chloride (41.73) — sodium
(24.82) composition of the present-day Caspian
Sea’s water (Kaceimos, 1987). Doubtless, the
Absheron Sea’s various parts and especially its
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periphery had different salinities and that this
fact was reflected in the mollusc and microfauna
assemblies’ make-ups. For instance, judging by
the numerous fresh-water elements (Dreissena,
Sphaerium, Micromelania, Cleissiniola, Vivipa-
rus, Valvata and Neritina) present in the
Absheron fauna of the North Precaspian, its
aquatic area had evidently undergone consider-
able water conversion and its salinity was down
to 10%o and lower. Judging by the diversity of
the Absheron molluscs and the fact there are
endemic species among them (Mcropusi...,
19806), there were a relatively high concentration
of salts and a relatively high water temperature
in the southern part of Azerbaijan and in West
Turkmenistan.

The changes in the salinity of the Absheron
Sea developed over time. The pool was quite
desalinated at the first and the final stages of its
existence while it was a typical brackish basin at
the maximum of its transgression — then, the
brackish-water molluscs of the genii Hyrcania,
Didacnoides, Monodacna, Apsheronia, et al in-
habited it extensively (Mcropusi..., 1986).

The palaeogeography of the coastal prov-
inces of the Absheron Sea is studied worse than
that of the precedent Akchaghil Stage and much
worse than that of the subsequent Pleistocene,
while the current perceptions of the Absheron
climate and vegetation are quite contradictory.
For instance, GI.Popov (1961) presumes that the
climate of the age was warm enough, while
A.IMoskvitin (1958), on the contrary, referred to
glaciation of the Russian Platform’s northern part
and maintained that the shores of the Absheron
Sea were covered in taiga boreal forests, replaced
with the polar desert (periglacial steppe) land-
scapes periodically. According to (M3menenue. . .,
1999), the maximum cooling of the Absheron
saw the forest zone’s reduction but, then, no
traces of glaciation have been found.

The Absheron had the repeated climatic
fluctuations that impacted the floral and faunal
patterns of the territories that surrounded the
brackish Caspian Basin. Among them are found
the forest to forest-steppe vegetation types — and
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further to the semi-desert types. The forests
were pine-fir, coniferous-deciduous and decidu-
ous (birth-trees and broad-leaved trees). The
steppe and semi-desert vegetation was repre-
sented by the Chenopodiaceae, Chenopodi-
aceae-forb and forb groups. The ratios among
them changed over time but, in general, the set-
up remained monotypic and numbered 85 genii
and 30 families (Yurypsiea, 1984) that were
akin to the modern flora.

There is the interesting reference on the
Absheron landscapes in such northern territories
as the Preurals, the Middle/Lower Volga Region
and the Precaspian. In the Preurals (Ilnnores...,
1981), the climate was warm and there was for-
est-steppe vegetation dominated by the pine-
birch forests and forb steppes at the beginning
of the geological time. The beginning of the
Middle Absheron with the existing broad-leaved
forests along the valleys has a warm climate,
too. It became colder and dryer, and forestless
areas emerged at the end of the age.

The history of the Absheron landscapes is
better studied in the Precaspian where the eight-
fold climatic alteration is shown clearly by the
four vegetation cover change cycles (Hurypsiesa,
1984; SAxumosmu u np., 1985). Forest land-
scapes changed for forest-steppe ones twice in
the Early/Middle Absheron, and boreal forests
were replaced with cold steppes twice — in the
second half of the Middle Absheron and in the
Late Absheron.

According to (M3menenwme..., 1999), the
climate was cold in the Precaspian in the Early
Absheron Time when the pigweed steppes with
fenland elements developed widely on the
shores of the Absheron Sea and the average
January and annual temperatures equaled -10°
and 4° respectively. The rigorous climate and
the siccocolous steppe landscapes existed in the
North of the territory at the very end of the
Absheron Age.

Little is known of the landscapes of the
southern shores of the Absheron Sea. The dis-
covery of the Palan-Turkan mammal fauna and
fresh-water mollusc fossils in the East Trans-
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Caucasus helped to reveal the occurrence of de-
salinated marine lagoons and lakes, and forest-
steppe landscapes with the alternating wood-
lands and open plains (JleGenesa, 1978). The
constant spores of green moss and pollens of
Chenonodiaceae (>50 %) are always presented
in the sparse palynological spectrums of the
Lesser Balkhan clays in Turkmenistan.

The difference between the climatic rhyth-
mics of the northern and southern territories of
the Caspian Region became more contrasting in
the Absheron Age than they were in the Ak-
chaghil Age. The cold and warm stages alter-
nated in the North while the humid (pluvial) and
dry (arid) stages alternated in the South. By
N.Y Filippova (1997), there were 5 pluvial and
3 arid stages in the South in the Absheron Age;
the arid stages became longer since the Middle
Absheron.

The sub-divisions (the development
stages). The Absheron Basin experienced a se-
ries of level, area, water composition and fauna
changes throughout its long term history that
reflected the stages of the basin’s evolutiom.
According to V.P Kolesnikov (1940, 1950), the
Absheron Sea replaced the Akchaghil Sea be-
cause of the active tectonic movements and the
basin's intense size reduction and desalination
(the first stage), Dreisens and Linnea became
massively distributed in its waters. However,
the main cause was that marine water inflows
stopped and a closed water reservoir was
formed. The Caspian-type fauna infiltrated the
Caspian Sea from the Black Sea via Manych
and achieved a flourish here at the maximum of
the transgression in the Middle Absheron (the
second stage). In the Late Absheron (the third
stage), the Absheron Basin shrank again be-
cause of the continued activation of mountain-
forming processes and so did its brackish-water
fauna; the Manych Strait re-opened and, proba-
bly, the crassoid Didacnas found their way into
the Caspian Sea. Following V.P Kolesnikov, the
majority of researchers divide the evolution of
the Absheron Sea in three stages. According to
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V.A Sidnev (1985), the three Absheron trans-
gressions were separated by regressions. Ac-
cording to E.A Bludorova et al. (1983), each of
these three stages was characterised by the diverse
climatic phases, namely, the cool, the maximally
favourable and the cool xerothermic ones.

L.A Nevesskaya and V.M.Trubikhin (1984)
divide the Absheron Basin in two phases. The
first phase lasted for 0.6 Ma and was the time of
existence of a large bay via Manych and on to
the Sea of Azov, that was also the time of the
wide development of the fresh-water/brackish-
water fauna. The second phase lasted for 0.5 Ma
and was the time of the maximum development
and evolution of the brackish-water Cardiidae.
Volume-wise, this phase corresponds to the 2™
and 3™ phases by V.P.Kolesnikov (1940). In it,
the authors conglomerate the events that were
very different in content and direction, such as
the maximum transgression with the rich brack-
ish-water fauna and a warm climate, and the
subsequent reduction of the basin, the extinction
of the majority of the Cardiidae, the emergence
of fresh-water elements and an abrupt cooling of
the climate. It is evident, though, that that was
the quite different palaeohydrological and pa-
lacogeographical epochs and, if one considers
these significant events, then, one will perceive
of the history of the Absheron Sea as consisting
of the following three stages: the first one as the
beginning of the transgression and the basin's
colonisation by the fresh-water (Corbicula lu-
minalis, Theodoxussp., Lymnaeasp., et al.) and
the brackish-water (Dreissena rostriformis, Ap-
scheronia) facies; the second one was the the
maximum of the transgression that coincided
with the warm climate and extensive develop-
ment of the brackish-water Cardiidae (Didac-
noides, Catilloides, Apscheronia, Hyrcania, et
al.) and the third one was the sea's regression,
the brackish-water fauna's depletion and partial
disappearance, the development of the fresh-
water of molluscs and the considerable cooling
of the climate when, perhaps, the first glaciers
emerged in the North of the Russian Plain.
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BOYUK X9Z9RIN TARIXI, XOZIRIIN GEC PLIOSEN HOVZOLORI
A.A. Svito¢

Boyiik Xazorin hovzalorinin miiasir Xazorin va onu ahata edan diizonlik sahalarinin yerind> movcud
olmug su hovzalari sisteminin gec pliosen tarixi nazardon keciriliv. Xozorin transqressiv tarixinin
baglanmasmmdan avval kontinental ¢okiintiilarin aktiv toplanmasi va Xazor ¢okokliklorinin algaq saviy-
yasina baglanmis ¢ay daralorinin darinlogmasi ilo saciyyalonon uzun miiddatli reqressiv Balaxani
epoxasi bag vermisdir. Onu avaz edon Ak¢aqil marhalasi an iri va uzun transqressiv epoxa olub, Orta
Volga boyundan Elbrusun ataklarino qadar yayilmigdir. Burada donizin saviyyasi 100 m miitlog
yiiksakliya ¢atmis va doniz molyusklarmin endemik faunasi ila saciyyalonan ¢okiintiilori miixtalif
litofasial tarkiba malik olmuglar. 18 min. il bundan avval daniz sularinin galmasinin kasildiyi iigiin bag
vermis kicik reqressiyadan sonra Akcaqil hovzasi Abseron danizi ilo avaz edilmisdir. Bu gapali, daha
kigik olciilii, sor sulu, daha al¢aq saviyyali (60-80 m miitlaq yiiksaklikli), lakin o ciir da miixtalif fasial
torkibli ¢okiintiilora va molyusklarm kaskin forqli torkibino malik hovza olmusdur. Abgeron transqres-
siyasmin baga ¢atmasi gec pliosenin an sonuna tasadiif edir va iqlimin ahamiyyatli soyuqlagmasi il iist-
tista diigtiv. Ehtimal ki, bu zaman Rus ovaliginda ilk buzluglar meydana galmisdir.

HCTOPHUS BOJIbIIOIO KACIIHAL.
MNO3AHEIVNIMOUEHOBBIE BACCEUHbBI KACIIUA

A.A. CButou

Paccmampusaemcs nosonennuoyenosas ucmopus odacceiinos bonvuioco Kacnus — cucmemoi
8000€M08, CYUeCmeo8asUIUX HA Mecme cospemMenHo20 Kacnus u okpyscasuiux e2o HU3MEHHBIX mep-
pumopuii. Hauany mpancepeccusnoii ucmopuu Kacnus npeouiecmeosana onumensHas pecpeccusHas
Oanaxanckas 5n0xa ¢ AKMUGHLIM HAKONJIEHUEM KOHMUHEHMAIbHBIX OMIONCEHUTI U 2TYOOKUM 8Pe30M
PEYHBIX OO0JIUH, NPUBSZAHHBIX K HU3KOMY YyposHio Kacnuiickux enaoun. CMeHusuilil ee akuazulibCKuil
oman Ovll camoti KpYnHoU U NPoOOJINCUMENbHOT MPAHCCPECCUBHOL HNOXOT, PACNPOCMPAHABULENICS
om Cpeoneeo I[1080omicus 00 npedzopuii dnvdypca, ¢ yposrem mops, oocmuzasuium 100 m. abe. svic.,
¢ pasHOOOPA3HLIM TUMOPAYUATILHLIM COCIABOM OMJIONHCEHUT, OXAPAKMEPU30BAHHBIX SHOEMUYHOU
¢gaynoii mopckux monniockos. Okono 1,8 man. 1. HA3ao, nocie Heb6OILULON pecpeccull, GbI36AHHOU
npekpaujeHuemM NOCHYnIeHUs: MOPCKUX 800, AKYAZBLILCKUL 0ACCElH CMEHUNC AnuiePOHCKUM MOPEM.
Omo 6wl 3AMKHYMUBLH COIOHOBAMOBOOHDLI B000EM MEHbUIUX pazmepos ¢ boiee Huskum (6080 m.
aoc. 8viC.) NOI0JCEHUEM YPOBHS, HO CMOJIb JCe PA3HOOOPA3ZHBIM (PaYUATLHBIM COCMABOM 0CAOKO8 U
PE3KO OMIUYHBIM COCMABOM MOJTIOCKOS. 3asepuieHie anuiepoHcKoll mpaHcepeccut NPUXooumcs Ha
camblii KOHeY NO30He20 NAUOYEHA U COBNAOAem CO 3HAYUMETbHLIM NOXOJ00aHUeM KIUMAMA, KO20d
Ha cegepe Pycckoil pagHuHbl, 603MONCHO, NOABUNUCH NEPEbIe ICOHUKU.
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OF THE PALAEOGENE DEPOSITS OF GOBUSTAN-WEST ABSHERON
THE DEVELOPMENT STAGES OF PLANKTONIC FORAMINIFERAS
AND THE ZONAL STRATIGRAPHY OF THE PALAEOGENE
DEPOSITS OF GOBUSTAN-WEST ABSHERON AREA

The Palaeogene deposits widely occur in the geological structure of the South-East
Caucasus.

The identification of the phases of development of the organic world is of intense interest
and has a stratigraphic importance. The present article focuses on the study of the Palaeo-
gene foraminifers from layer-by-layer measured sections in the Gobustan-West Absheron re-
gion. The data show the 4 phases of the foraminiferas’ development: the Palaeocene-Early
FEocene (the Globorotalia stage), the Middle Eocene (the Acarinina stage), the Upper Eocene

(the Globigerina stage) and the Early Oligocene (the recession stage).
The investigation of the staging in the foraminiferas’ development made it possible to de-
velop the zonal stratigraphic chart of the Palaeogene deposits of Gobustan-West Absheron

area that consists of 16 zones.

Keywords: the Palaeogene, phase, zone, the foraminifers, the Palaeocene, the Eocene,

the Oligocene.

Introduction

Paleogene deposits are widely occur in Azer-
baijan, and were studied by many researchers.
Among them are K. A Alizadeh, T.A. Mamedov,
M.A Bagmanov, Sh.A .Babayev, D .M Khalilov
and others. Several field campaigns focused on
the study of the Paleogene sediments in the
Gobustan and Western Absheron area were
conducted by experts from the Geology Institute
of Azerbaijan National Academy of Sciences
during last years. Among studied Paleogene
outcrops are Khilmilli, Yunusdag, Goturdag,
Perekishkyul, Nagdali, Govundag, Jengi,
Sumgaitchay, Goytapa, Gyshlak (Figure 1).

Detailed microfaunal investigations al-
lowed the construction of accurate Paleogene
zonal scheme of the region. This scheme con-
sists of 16 zones (Table 1).

The lithological and microfaunal descrip-
tion of the defined zones is given below.

The zonal scheme of Paleogene sediments
based on the planktonic foraminiferas of tropi-
cal, subtropical and other climatic zones might
be applied to the study of the Paleogene sedi-
ments in the region under study.

Foraminiferas are widely developed in the
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Paleogene deposits in the Gobustan and West
Absheron area (Figure 1). The four stages in the
foraminiferas’ evolution are identified.

The first phase encompasses the Palaeo-
cene-the Early Eocene. This phase is character-
ised by the robust development of globorotalia
and can be called the globorotalia phase there-
fore. In turn, this phase is divided into 3 sub-
phases as follow:

The first sub-phase encompasses the
Danian. This lever is divided from the base to
the top into the Globorotalia daubjergensis and
Acarinina schachdagica zones.

The Globoconusa daubjergensis zone en-
compasses the Lower Danian. The lower boun-
dary of the zone is characterised by the disap-
pearance of the typical Maastrichtian genera of
Globotruncana, Rugoglobigerina, Pseudotextu-
laria, etc., and the appearance of the representa-
tives of the genera of Globigerina, Globoro-
talia, Acarinina. Apart from the index-species,
the following species were discovered within
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this zone: Nuttalloides trumpyi, Heterohelix ir-
regularis, H. crinita, H. midwayensis, H. con-
cinna, Globigerina pseudobulloides, G. mosk-
vini, G. fringa, Globorotalia compressa, Cibi-
cides perlucidus, etc.

The Acarinina schachdagica zone corre-
sponds to the Upper Danian and stands out for
the appearance and wide occurrence of the sub-
copped Acarininae (Acarinina schachdagica,
Ac. inconstans, Ac. indolensis, etc.). Besides,
this zone has the species composition of Glo-
borotalia, Globigerina and the other genera
changed in comparison with the underlying
zone. The following species were discovered
within this zone: the index-species, Acarinina
inconstans, Ac. indolensis, A. trifida, A. spiri-
alis, Globorotalia globosa, G. azerbaidjanica,
G. compressa, Globigerina moskvini, G. trilocu-
linoides, G. trivialis, G. quadrata, G. pseu-
dobulloides, G. trifola, G. taurica, Heterohelix
midwayensis, H. irregularis, H. pumilia, H.
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crinita, Nuttalloides trumpui, Cibicides spiro-
punctatus, etc.

The species composition of this zone
shows that, apart from the abundance of the
Acarinina species, it is characterised by the
continued development of the Heterohelix spe-
cies and the emergence of a number of new
Globigerina species (quadrata, trifola, taurica)
as well as the increased number of the Glo-
borotalia species (globosa, azerbaidjanica).
Here, Globoconusa daubjergensis, Acarinina
spirialis and Globorotalia compressa end their
development. Globigerina triloculinoides and
G. trivialis are the transit species. The rare
Globorotalia angulate shells are found in the
upper portion of this zone.

Sediments of the Acarinina schachdagica
zone are similar with sediments of the underly-
ing zone. This zone was recorded in the
Khilmili (15 m thick) and Yunusdag (25 m
thick) outcrops.

B Low Koun (Eocene)
B Koun (Eocene)

Gurgan Stratum
Baki Stratum

I Maykop Series ~ ] Sumgayit Suite (Paleocene)

Upper Koun{Eocene) |
W Middle Koun{ Eocene)

[lkhidag Suite {Cretaceous)

m. Aghurug

‘Haj{ Zeynalabdin
Taghiyev

Perekeshkul .
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Figure 1. Location map of Paleogene sections of the Gobustan-West Absheron
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The second sub-phase is characterised by
the proliferation and development of the rela-
tively flat globorotalia. The shell structure and
time of their occurrence make them the immedi-
ate descendants of the rotalia-like globorotalia.
The relatively flat globorotalia replicate the

rotalia-like globorotalia at the early phases of
their development, but, at the later phases of
development, differ by the greater shell’s con-
vexity, and ventral side convexity in comparison
with the dorsal side.

The Zonal Chart of the Palacogene deposits of the Gobustan-West Absheron area

Table 1

=
= 2
] n e
‘i = Subdivision Stage Zone Phase
n A
% Upper Chattian
& . e v
= ' Caucasina schischkinskaja
) Lower Rupelian
Globigerina tumbeli
Globiceri cinali
Upper ‘ ‘ obigerina officinalis
E Priabonian 111
ocene Globigerina corpulenta
Bartonian Globigerina turkmenica
@ Middle H. alabamensis? -
5 A ) ;
é Eocene Lutetian Acarinina rotundimarginata
% Acarinina bullbrooki
S
= Globorotalia aragonensis
~
Lower . : .
Ypresian Globorotalia marginodentata
Eocene
Globorotalia subbotinae
Acarinina acarinata
Thanetian 1
L Upper . .
5 Acarinina subsphaerica
§ Palaeocene &
(]
< . .
sz Selandian Globorotalia angulata
Acarinina schachdagica
Lower .
Palaeocene Danian
Globoconusa daubjergensis
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This sub-phase encompasses the Late Pa-
laeocene and most of the Early Eocene. The de-
posits that were formed at this sub-phase de-
monstrate the following 4 zones from the base
to the top: Globorotalia angulata (the Selandian
stage), Acarinina subsphaerica, Acarinina aca-
rinata (the Thanetian stgae) and Globorotalia
subbotinae, Globorotalia marginodentata (the
Early Eocene-Ypresian stage).

The Globorotalia angulata zone is character-
ised by the slightly conic, keeled, sharp-edged
shell of the index species and the morphologically
allied globorotalia. The planktonic complex of the
zone includes the following: the index species,
Globorotalia pusilla, G. ehrenbergi, G. chapmani,
G. pseudomenardi, G. conicotruncata, Globig-
erina triloculinoides, G. pseudobulloides, G. vari-
anta, G. moskvini, G. pileata, Acarinina uncinata,
etc. A portion of this complex passed here from
the Danian (Globigerina varianta, G. moskvini,
G. pileata, etc.). Speaking of the typical Upper
Palaeocene species found here, one can mention
Globorotalia angulata, G. pusilla, G. ehren-
bergi and G. conicotruncata. Globigerina trina,
G. zeidensis and G. edita are the transit species
and migrate also into the overlying zone.

The Acarinina subsphaerica zone encom-
passes the lower section of the Thanetian
stage. The zone is characterised by the mass
development of the index species and the al-
lied species of the sub-spherical Acarinina
with the wide oval peripheral edge and tightly
folded spiral. Besides, this zone has the mate-
rial changes in the species composition of the
globigerina and globorotalia in comparison
with the underlying zone.

Globorotalia occlusa, Globigerina velas-
coensis, (. eocaenica, G. nana, G. triangularis
and G. quadritriloculinoides appeared for the
first time in this zone. Also, Globigerina trilo-
culinoides, G. varianta, G. trivialis and Glo-
borotalia angulata moved into this zone from
the underlying deposits and stop their develop-
ment at this zone’s various level.

Globigerina triloculinoides, G. triangu-
laris, G. quadritriloculinoides, G. pileata, Glo-
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borotalia compressa, etc. can be counted as
transit species.

The main complex of the zone comprises
Acarinina subsphaerica, Globorotalia pseu-
domenardii, Globigerina velascoensis, G. nana,
G. pileata and G. quadritriloculinoides.

This zone is distinguished in the Gotur-
dag section (65 m), and is composed by alter-
nating grey, greyish-greenish shales and marly
sandstones.

The Acarinina acarinata zone encompasses
the upper portion of the Thanetian Tier. This
zone is characterised by the first occurrence of
the abundance of the index species’ units as well
as of Acarinina primitiva and the frequent occur-
rence of Acarinina intermedia. Of the globigeri-
nae, Globigerina velascoensis and G. nana are
encountered relatively frequently though less so
than in the underlying zone. Besides, Globig-
erina compressaformis makes the first appear-
ance in this zone. Globigerina pileata, G. eocae-
nica, Globorotalia occlusa and G. chapmani
moved into this zone from the lower one.

This zone abounds in the agglutinated the fo-
raminifers of which Ammodiscus incertus, Tro-
chamminoides irregularis, Glomospira charoides,
Rhabdammina cykindrica, etc. can be referred to.

Globigerina triloculinoides, G. eocaenica,
G. nana, G. compressaformis, Acarinina acari-
nata, etc are the transit species.

The zone was identified in the Yunusdag
(10 m thick), Goturdag (30 m thick), Peri-
kyushkul (43 m thick), Khilmilli (25 m thick)
sections. Lithilogically the sediments are repre-
sented by redish-brownish, greenish-greyish
shales and sandstones.

The Globorotalia subbotinae zone encom-
passes the lower section of the Ypresian stage of
the Lower Eocene.

Globorotalia subbotinae is for the first time
represented in abundance in this zone; Globoro-
talia marginodentata and Bolivina aduncosutura
are present to a lesser amount and Globorotalia
perclara are seldom encountered. Besides, Ra-
diolaria are numerous here. The planktonic com-
plex of this zone is dominated by globigerina.
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Globigerina nana, G. triloculinoides, G.
varianta, G. nana, G. pileata, G. quadritrilocu-
linoides and G. compressaformis and from the
species of the other genera Anomalina pseu-
doacuta, Eponides subumbonatus, etc. continue
their development within this zone.

Speaking of the transit species, we can
mention Cibicides felix, Nuttalloides trumpyi,
Globigerina eocaenica, Globorotalia margi-
nodentata, Acarinina acarinata, Anomalina af-
finus, etc.

The lower boundary of the zone extends to
the abundant occurrence of the index species as
well as the presence of Globorotalia margi-
nodentata, G. turgida, Acarinina triplex, A.
pseudotopilensis, Globigerina eocaenica, etc. In
this zone, Globorotalia perclara, G. wilcoxen-
sis, G. aequa, Acarinina subintermedia, A.
clara, etc. end their development.

The Globorotalia marginodentata zone en-
compasses the middle part of the Ypresian
stage. The zone stands out for the mass devel-
opment of the index species, the continued de-
velopment of Globorotalia subbotinae and the
emergence of Globorotalia kajmatica, G. for-
mosa gracilis and G. lensiformis. A number of
species pass to this zone from the underlying
complex. Of these, Globigerina varianta, G. eo-
caenica, G. triloculinoides, Acarinina acarinata,
Anomalina affinus, Cibicides felix, C. cabardini-
cus, Nuttalloides trumpyi, Bolivina aduncosu-
tura, Bulimina pseudopuschi, Glomospira char-
oides, etc. can be distinguished. The radiolaria
Cenosphaera ispharensis and C. turkmenica
abound in this zone (Khalilov, Mamedova,
1984). Individual representatives of Acarinina
quadripartitaformis and Globorotalia pseudosci-
tula are encountered in the upper part of this
zone. Speaking of the transit species, we can
mention G. triloculinoides, Globorotalia pseudo-
scitula, Nuttalloides trumpyi, Bulimina pseu-
dopuschi, Cenosphaera turkmenica and so forth.

The third sub-phase encompasses the upper
portion of the Ypresian stage. This phase is
characterised by the dominance of the highly
conical globorotalia (G. aragonensis, G. marksi,
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G. caucasica), the new Acarinina species (in-
terposita, pentacamerata and aspensis) and the
globigerinae (pseudoeocaena, eocaena, turgida
and inaequispira).

This sub-phase corresponds to the Globoro-
talia aragonensis zone that is distinguished by the
index species and the appearance of the certain
complex of species: Globorotalia caucasica, G.
formosa formosa, Acarinina pentacamerata, A.
interposita, A. broedermanni, A. marksi, Globig-
erina pseudoeocaena, G. inaequispira and Pseu-
dohastigerina micra. Besides, radiolaria Ceno-
sphaera turkmenica, C. ispharensis, etc. are widely
occur here. A number of the species that migrated
from the underlying deposits finish their deve-
lopment in this zone: Globorotalia subbotinae,
Acarinina camerata, A. acarinata, Globigerina
compressaformis, etc. Speaking of the transit spe-
cies, we can mention Globigerina eocaenica, G.
posttriloculinoides, Acarinina soldadoensis and
Pseudohastigerina micra.

The zone of Globorotalia aragonensis is re-
corded in the Khilmilli (22 m), Jangi (40 m), Gotur-
dag (11 m), Perekyushkul (20 m), Gyshlak (20 m),
Geytepe (50 m), Yunusdag (20 m) sections. Litho-
logically these sediments are composed of dark
grey, greenish-greyish, redish-brownish shales.

The second phase encompasses the Middle
Eocene (the Lutetian and the Bartonian stages).
This phase is characterised by the robust devel-
opment of the Acarininae and can be referred to
as the Acarinina phase therefore. The globoro-
taliae disappear almost completely but the gen-
era Hantkenina and Globigerapsis occur and the
genus Pseudohastigerina is developed more
widely at this phase.

This phase is divided into two sub-phases.
The first sub-phase encompasses the Lutetian
stage and is characterised by the robust develop-
ment of Acarinina. The second phase corresponds
to the Bartonian stage and is characterised by the
relative recession of the Acarinina and the devel-
opment of the thin-walled globigerinae.

The three zones are identified within de-
posits that match the Acarinina phase (from the
base to the top): Acarinina bullbrooki, Ac. ro-
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tundimarginata (the Lutetian stage) and Globig-
erina turkmenica (the Bartonian stage).

The Acarinina bullbrooki zone encompasses
the lower portion of the Lutetian stage. The zone is
characterised by the mass development of Acarin-
ina bullbrooki, the appearance of Hantkenina ara-
gonensis only developed within this zone and the
wide occurence of Globigerina posttriloculinoides,
G. pseudoeocaena, G. eocaenica, Pseudohasti-
gerina micra, etc. that migrated here from the un-
derlying zone. Besides, Globigerinatheka subcon-
globata and Globigerinella voluta occur in this
zone for the first time. Acarinina pentacamerata,
Ac. soldadoensis, Globigerina varianta, etc. finish
their development at various strata of the zone. The
radiolaria Cenosphaera turkmenica and C. alveola-
tus are frequently encountered here.

As regards the transit species, we have re-
corded Globigerina posttriloculinoides, G. eo-
caenica, (. pseudoeocaena, Pseudohastigerina
micra and so forth.

The zone is found in the sections of
Khilmilli (19 m), Gyshlak (20 m), Perekyushkul
(20 m), Geytepe (20 m), Yunusdag (20 m), and
is composed of grey, dark grey, greenish-
greyish shales and coarse grey sandstones.

The Acarinina rotundimarginata zone encom-
passes the upper portion of the Lutetian stage. It is
mostly characterised by the mass development of
the index species and the renovation of the syste-
matic composition of the planktonic foraminiferas.

The lower boundary of the zone is identified
by the abundance of the index species units, the
frequent occurrence of Globigerinatheca subcon-
globata and Globigerina frontosa, the wide devel-
opment of the Hantkenina lehneri and the presence
of Globigerina inaequispira, . mexicana, G. eo-
caenica, Pseudohastigerina micra, etc. In this zone,
Globigerina inaequispira, G. senni, Acarinina
spinuloinflata, etc. finish their development.

The deposits corresponding to this zone are
recorded in the Gyshlak (20 m), Perekyushkul
(60 m), Govundag (30 m), Geytepe (25 m) out-
crops; consist of alternating marly shales and
sandstones.

Because of the insufficient faunistic mate-
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rial we can determine conventionally that the
upper part of the Acarinina rotudlimarginata
zone and also possibly the lower strata of the
Globigerina turkmenica zone correspond to the
Hantkenina alabamensis zone.

The Globigerina turkmenica zone corre-
sponds to the Bartonian stage of the Middle Eo-
cene. The zone complex comprises the index
species that first appears in this Eon, and is
found in a great amount. As regards the other
species, we have recorded the following: Glo-
bigerina ouachitaensis, G. praebulloides, G.
eocaena, G. eocaenica, G. posttriloculinoides,
G. subcorpulenta, G. azerbaidjanica, Acarinina
rotundimarginata, Pseudohastigerina micra,
Globigerinatheca subconglobata, etc.

The lower bondary of the zone is defined
by the wide occurrence of the index species and
the presence of Globigerina azerbaidjanica, G.
subcorpulenta, G. praebulloides and so forth. In
this zone, the species Acarinina bullbrooki, Ac.
rugosoaculeata, Globigerina azerbaidjanica, G.
posttriloculinoides, Globigerinatheca subcon-
globata, etc. finish their development.

As regards the transit species, we can men-
tion Globigerina praebulloides, G. ouachitaen-
sis, . subcorpulenta, Bolivina antegressa, etc.

The deposits of the zone are composed of
greenish-greyish, light grey marly shales and
sandstone beds, and take place in the Sumgait-
chay (124 m), Perekyushkul (10 m), Geytepe
(40 m), Yunusdag (60 m), Khilmilli (10-185 m),
Jengi (180 m) sections.

The third phase encompasses the Late Eo-
cene. This phase is characterised by the evolution
of the globigerinae. This phase is divided in two
sub-phases. The first sub-phase (the Globigerina
corpulenta zone) is characterised by the wide
occurrence of the large-sized globigerinae.

The second sub-phase (the Globigerina of-
ficinalis zone) is characterised by the abundance
of the small globigerinae and the material de-
velopment of the Bolivina species as well as a
number of other benthic the foraminiferas.

The Globigerina corpulenta zone occupies
the lower portion of the Priabonian stage. This
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zone stands out for the mass development of Glo-
bigerina, Globigerapsis, etc that, in turn, are dis-
tinguished by their large size. The zone complex
comprises: the index species, Acarinina rotundi-
marginata, Globigerapsis index, Globigerina
ouachitaensis, G. inflata, G. eocaenica, G. prae-
bulloides, Globigerinoides rubriformis, Pseudo-
hastigerina micra, Globigerinatheca tropicalis,
Globorotalia  cerroazulensis, G. pseudopal-
maraensis, G. centralis, etc. Besides, Bolivina
binaensis, Nonion rotulum, Cibicides perlucidus,
Anomalina hantkeni, Bulimina woodwardsi, etc.
are encountered here as well.

In this zone, the species Acarinina rotundi-
marginata, Globigerina subcorpulenta, G. incre-
facea and several others that migrated from the
underlying deposits finish their development. As
regards the transit species, Globigerina. praebul-
loides, G. eocaenica, G. ouachitaensis, Pseudo-
hastigerina micra, Cibicides lobatulus, Bulimina
woodwardsi, etc are recorded in the zone.

The Globigerina corpulenta zone is com-
posed of grey, dark grey shales, and were identi-
fied in the Khilmilli (10-38 m), Jengi (30 m),
Gyshlak (13-35 m), Perekyushkul (20 m), Nag-
dali (34 m), geytepe (30 m), Yunusdag (20 m),
Govundag (15 m) sections

The zone Globigerina officinalis encom-
passes the upper portion of the Priabonian stage.

The lower extent of the zone is defined by
the occurrence of the index species, Globigerina
compacta, G. pseudocorpulenta, GG. ampliaper-
tura, etc. and the presence of Globigerina prae-
bulloides, G. praebulloides, G. ouachitaensis, G.
irregularis, G. corpulenta, G. postcretacea,
Pseudohastigerina micra, Globorotalia centralis,
etc. Globigerina eocaena, Acarinina rugosoacu-
leata and G. eocaenica finish their development
in this zone. It should be mentioned that benthos
is well-developed and stands out for its diversity
here. The bolivinae (Bolivina tuberna, B. gra-
data, B. antegressa and B. optima) are abound
here. Besides, it should be mentioned that Non-
ion curviseptum, Fponides praeumbonatus, Cibi-
cides lobatulus, Bulimina truncana, Anomalina
zeivensis, etc. are present within the zone.

36

e

As regards the transit species, we can men-
tion Globigerina. praebulloides, G. inflata,
Pseudohastigerina micra, etc.

The fourth phase encompasses the Early
Oligocene (Rupelian stage). At this phase is
evident the reduction of the dimensions of the
planktonic the foraminifers and the relative
sparseness of the benthic the foraminifers.

This stage is divided into two sub-phases.
The first sub-phase corresponds to zone Globig-
erina tumbeli. This zone was first identified in the
Agjakend trough by D.M Khalilov (1984). This
zone with the characteristic fauna complex was
also identified in West Absheron-Gobustan for the
first time as a result of our research work.

According to our data, the Globigerina
tumbeli zone complex includes the index spe-
cies, Globigerina bulloides, G. praebulloides,
G. tetracamerata, G. subangulata, G. postcreta-
cea, G. ampliapertura, G. pseudoedita, G. offi-
cinalis, Pseudohastigerina micra, Nonion pseu-
domartkobi, Melonis dosularensis, Bolivina
antegressa minor, Cibicides perlucidus, C. lop-
yanicus, Fsterigerina bracteata, etc.

It should be mentioned that Globigerina
tumbeli, G. tetracamerata, G. subangulata, G.
pseudoedita, Bolivina antegressa minor, B.
inortata, Rotalia zeivensis and R. maragensis
first occur specifically in this zone. Nownion
pseudomartkobi, Melonis dosularensis, Cibi-
cides lobatulus, Globigerina officinalis migrated
here from the underlying strata.

Globigerina praebulloides, G. postcreta-
cea, G. officinalis, G. pseudoedita, Pseudohas-
tigerina micra pertain to the transit species.

Globigerina tumbeli zone is recorded in the
Khilmilli (90 m), Yunusdag (120 m), Gyshlak
(85 m), Lehgi (45 m), Perekishkyul (50 m), Gey-
tepe (85 m), Sumgaitchay (100 m), Govundag
(68 m), Nagdali (89 m) sections, and composed
of dark grey shales alternating with greenish-
greyish, greenish-brownish shales.

The second sub-phase corresponds to Cau-
casina schischkinskaya oligocaenica zone. This
zone encompasses the upper portion of the
Rupelian stage. A.A.Alizade et al. identified this
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zone in the region of our study in 1989. How-
ever, the complex of species that they described
comprised only the species of the wide strati-
graphic range (Globigerina ex gr. triloculi-
noides, Nonion pseudomartkobi, Bolivina ante-
gressa minor and Cibicides lobatulus) on con-
sidering which the containing deposits can be
associated with the Lower Oligocene. However
no zonal strtaigraphy is possible.

Thus, the Caucasina schischkinskaya oligo-
caenica zone was for the first time defined reliably
in the area under study by us based on the charac-
teristic complex comprising Caucasina schischkin-
skaya oligocaenica, C. tenebricosa, Globorotalia
denseconvexa, Heterohelix gracillima, Bolivina
elongata, Hastigerina subangulata, H. evoluta, Ci-
bicides stavropolensis, Siphonodosaria subspinosa,
etc. The species Globigerina praebulloides, G.
posteretacea, G. officinalis, G. pseudoedita migrate
here from the underlying zone.

No ostracod horizon fauna was found
within the researched area. The Caucasina
schischkinskaya oligocaenica zone corresponds
to the Caucasina schischkinskaya oligaenica,
Chilostomella normalis and Disopontocypris
oligocaenica zones by the zonal scale of the
Palaeogene in Azerbaijan.

Caucasina schischkinskaya oligaenica zone
is found in the Nagdali (66 m), Geytepe (180 m)
outcrops where these sediments are composed
of alternating dark and red-brown shales.

Only Hastigerina subangulata was re-
vealed in the deposits that are associated with
the Hattic stage, so, no foraminifer zone was
identified there.

The detailed study of the distribution of the
foraminifers in the Palacogene deposits of the
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researched area led to the following conclusions:

1. There are 4 phases (the Paleocene-the
Early Eocene, the Middle Eocene, the Late Eo-
cene and the Early Oligocene) were identified in
the evolution of the Paleogene foraminiferas of
West Absheron-Gobustan.

There are the traceable changes in the spe-
cies complexes and the morphology of fo-
raminiferas’ shells at those stages.

The first phase — Paleocene-Early Eocene,
can be called as globorotalia phase. Besides
abundant Acarinina species the characteristic
feature of the zone is continuous development
of the Heterohelix species and appearance a
number of Globigerina species.

The second phase — Middle Eocene, is
characterised by a plentiful development of the
Acarinina species. At this phase Globorotalia
species disappear, and Hantkenina, Globigerap-
sis come into sections.

The third phase — Late Eocene, is charac-
terised by the evolution of Globigerina.

The fourth phase — Early Oligocene, is
stand out by the decreased size of the planktonic
foraminiferas.

2. The fact that the above-said changes are
traceable phase by phase made it possible to de-
velop the =zonal stratigraphic chart of the
Palaeogene deposits that consists of 16 zones
(Figure 2). The Acarinina acarinata zone in the
Tanetian stage of the Upper Paleocene as well
as Caucasina schischkinskaya zone in the Rupe-
lian stage of the Lower Oligocene have been
identified for the firsts time.

The changes in the complex compositions
along the Palaecogene deposits’ section were de-
scribed in detail.
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PLANKTON FORAMINIFERLORININ INKISAF MORHOLOLORI
VO QOBUSTAN-QORBI ABSERON PALEOGEN
COKUNTULORININ ZONAL BOLGUSU

H.A. Allahverdiyeva

Paleogen ¢okiintiilori Conubi-Sorqi Qafqazda genis yayilmigdir.

Uzvi alamin inkisaf fazalarmm ayrilmast boyiik maraq kasb edir vo miihiim strafigrafik
ahomiyyato malikdir. Taqdim edilon magalo Qobustan-Qarbi Abseron kasilislorinin Paleogen
foraminiferlarinin todqiqinin naticalorini aks etdirir. Almmis molumatlar Paleogen arzinda
foraminiferlarin inkisafinda 4 fazanin oldugunu gosrarir: Paleosen-Erkan Fosen, (Qloborotaliya-
lar marhalasi), Orta Eosen (Akarininalar marhalasi) vo Gec Fosen (Qlobigerinalar marhalasi) va
Erkon Oligosen (tonazziil marhalasi).

Foraminiferlorin  moarhalali inkisafimin  tadqiqi  Qobustan-Qarbi  Abseronun Paleogen
¢okiintiilorinin 16 zonadan ibarat zonal bolgii sxemini tortib etmaya imkan vermisdir.

ITAIIHOCTD PA3ZBUTUA IINTAHKTOHHBIX ®OPAMUHUDEP
1 30HAJIBHOE PACUJIEHEHHUE ITAJTEOTEHOBBIX OTJIOXKEHUIA
I'OBYCTAH-3AITATHOI'O ABIIEPOHA

X.A. AnjiaxsepaneBa

llaneozenoevie omaodicenuss WUpPOKoO pacnpocmpanensvl 6 2eono2uyeckom cmpoenuu FOzo-
Bocmounozo Kaskasa.

Buvioenenue ¢hasz passumus opeanuyecko2o mupa, npeocmasisiem 601bULOl UHmMepec u ume-
em eavicnoe cmpamuepagpuueckoe snavenue. Hacmosuyas cmamesi npeocmaensem co0oii pe-
3yIbmamyl  U3yYeHusk Naneo2eHosvx popamunugep nocioino cuameix paspesoé 1 'obycman-
3anaonozo Abwepona. Ilonyuennvie Oannvie nokaswvisaiom 4 ¢haszvr pazeumus gopamunugep:
naneoyeH-panHuii 20yex (sman 21000pomanuii), CpeoHuil 30yeH (man aKapunux), NO30HUI 30-
yeu (sman 2n06u2epun) u panHuil O1ucoyeH (3man cnaoa).

H3yyenue cmaouiinocmu pazeumus opamunughep 0ano 603MONCHOCHMb COCMABGUMb 30-
HALHYIO CXeMY paculieneHsl Naneo2eHosvlx omaodcenuil 1'ooycman-3anaono2o Adouepona, co-
cmosauyo u3 16 3om.
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THE CORRELATION BETWEEN THE LOWER CRETACEOUS
SEDIMENTS OF THE PLAIN CRIMEA AND THE CONTEMPORANEOUS
ANALOGUES IN THE ADJACENT PROVINCES: BY THE
FORAMINIFERAS OCCURENCE OF BIOSTRATONS,

THE POSITION IN THE ISC, THE CORRELATION CRITERIA

The present article represents the results of the inter-regional correlation between the
Lower Cretaceous sediments of the Plain Crimea and the contemporaneous analogues in the
adjacent regions of the West and Eastern Mesotethys, drawn by foraminifera. The inter-
regional correlation was carried out using the comparison of the zonal stratigraphic schemes
of the Lower Cretaceous sediments by the foraminifera of the territories that belong to the
Tethys Area as well as the Atlantic and Pacific basins. We have identified the correlation cri-
teria and constructed the chart of inter-regional correlation whereby the regions are grouped

into the West and Eastern Mesotethys.

Keywords: the Lowland Crimea, the Lower Cretaceous, foraminifera, correlation, the

West Mesotethys and the Eastern Mesotethys.

Introduction

The South of Ukraine (the Highland Cri-
mea and the Lowland Crimea as well as the ad-
jacent territories of the West and North coasts of
the Black Sea, also, the Black Sea and the Sea
of Azov water areas) is a correlation link situ-
ated on the Eastern-West division in the
Tethyan Belt. Therefore, not only the compre-
hension and solution of many issues related to
the local and regional stratigraphy but also the
solution of several common inter-regional prob-
lems among which the most important one is the
stratigraphic correlation between the Eastern
and the Western territories of the Mediterranean
Palaeozoogeographic region, and the restoration
of the very complicate and region-specific Early
Cretaceous history of development of that par-
ticular part of the Mesotethys depend on the de-
tailed stratigraphy of this area.

The Material

The comparison of the zonal stratigraphic
charts of the Lower Cretaceous sediments done
by the foraminifera of the territories belonging
to the Tethys Area as well as the Atlantic and
Pacific Basins (Figures 1 and 2) was used to

Y.M. Tuzyak

The Ivan Franko Lviv National University

4, Grushevsky Street, 79005 Lviv, Ukraine;

E-mail: tuzyak@rambler.ru

carry out inter-regional correlation. The regions
of the Tethyan Area were grouped into the
Western and the Eastern Mesotethys.

The Method

We have traced the occurrence of the dis-
tinguished biostratons within the limits of the
said basins and identified the correlation criteria
[including the index species, the presence of the
commonly characteristic taxons (the correlative
species) in the zonal associations and the bind-
ing of the foraminiferal biostratons to the am-
monite zones] that predefine the clear-cut strati-
graphic positions.

The Findings; Discussions

In spite of the facies-lithological diversify
of the Lower Cretaceous deposits in not only the
Lowland Crimea but also in the adjacent territo-
ries as well as the discovery of the rock litho-
types that do not contain foraminifera remains
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or have sparse foraminifera shells, the fact that
this group of fossils are sensitive in reaction to
various (and sometimes slight) changes in the
physic-chemical conditions of the environment
predetermined the diverse distribution and ratio
of the benthos and plankton foraminifera in the
zonal complexes. This, in turn, provided the
grounds for the identification of various catego-
ries and ranks of biostratigraphic subdivisions
within their territories.

Therefore, the detailed bio-subdivisions
identified on the foraminiferas assume such
types that should be considered as local ones,
whilst others should be considered as the strata
with the corresponding foraminifera complex
and only a few have the status of the common
foraminiferal zones owing to their regional and,
sometimes, global distribution. It is precisely
these biostratigraphic subdivisions that detail
and unify the General Stratigraphic Scale have
the status of the principal ones.

This inadequate nature of the detailed sub-
divisions distinguished by foraminiferas is no
obstacle to correlation of the biostratons be-
cause the analysis of the zonal complexes made
it possible to identify the common and charac-
teristic types within their associations while the
binding of the foraminiferal bio-subdivisions to
the ammonite zones provides for the determina-
tion of their exact stratigraphic position.

The comparative analysis of the systematic
composition and specific features of the strati-
graphic and geographic distribution of the Lower
Cretaceous foraminiferal associations in the
Lowland Crimea made it possible to find their
analogues beyond the limits of the examined re-
gion — namely, in the North Caucasus, Georgia,
the Precaspian Lowlands, the Manghishlak Pen-
insula, Ustyurt, West Turkmeniya, the British
Isles, France, Switzerland, Germany, Spain, the
Netherlands, Romania, North Africa, the Atlantic
and the Pacific oceans, the Carpathian Mountains
and in Mordovia (see Figures 1, 2).

The Hauterivian Stage. The Hauterivian
Stage sediments widely occur within the limits
of the Tethys Area (the Mediterranean, the
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Highland and Lowland Crimea, the North Cau-
casus, Georgia, the Precaspian Depression,
Manghishlak, Ustyurt) (see Figures 1, 2). They
are present in two sub-stages with the full sec-
tions in the West Europe. The shortened sec-
tions are matched eastwards and westwards un-
til their complete pinching out in West Turk-
meniya, North Mexico, the Caribbean Basin and
the Atlantic Ocean. The territories of the High-
land Crimea, the North Caucasus and the Pre-
caspian Lowland are the exceptions: there, the
Hauterivian sections are almost matching that in
the Mediterranean. They are absent in some re-
gions of the Atlantic and Pacific oceans. The
Hauterivian stratigraphy in the said regions of
the Tethys Area is based on the benthic as well
as planktonic foraminiferas. In terms of the
planktonic foraminifera, the Hauterivian sedi-
ments of several regions correspond to the vol-
ume of the common biostratigraphic subdivision
Globuligerina hoterivica (=Clavihedbergella
hauterivica) (I'opbauuk, 1986; Anppeesa-I pu-
ropouy, 1991; 3oHanbHas crparurpadws. ..,
2006, IIpakTnueckoe pPyKOBOACTBO..., 1991,
Xapnenn u ap., 1985; Hupexunze, 1998;
Caron at al., 1985; Pflaumann, Cepek, 1982;
Salaj, 1980; Sigal, 1977), which can provide
sufficient grounds for creation of a common
zonal foraminiferal scale for the remote
enough territories.

The Hauterivian Stage sediments in the
Lowland Crimea are prominent in the lower
sub-stage and are united to make a single bio-
stratigraphic sub-division that was defined by
foraminifera, — the strata with Marginulinopsis
sigali to Dorothia kummi (Ty3sik, 2011 u gp.).

Because of the absence of planktonic forms
these sediments can only be compared on the
basis of the complex of benthic foraminiferas.

It is impossible to tie-in to ammonite zones
because the molluscs have the severed complex
of the characteristic species among which Crio-
ceras ex gr. duvali (Lev.) (Jlemyx, 1992) that
diagnoses the Lower Hauterivian sediments
within the limits of the Mediterranean (Harland
et al., 1985) is of the stratigraphic significance.
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Figure 1. The Chart of Inter-Regional Correlation of the Lower Cretaceous Biostratons of the Eastern Mesotethys
and Pacific Ocean’s Regions
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continuation

of the Figure 1
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However, the position and the relative geologi-
cal age are clearly traceable thanks to the index
species and the complex of the characteristic
species, namely, Dorothia kummi (Zedl.), Len-
ticulina akmetchetica Mjatl., L. infravolgensis
(Furs.), L. guttata guttata (Dam), L. nodosa
(Reuss), L. ouachensis ouachensis Sigal, L.
subgaultina Bart., L. turgidula (Reuss), Margi-
nulinopsis sigali Bart., Bett. et Bolli, Vaginuli-
nopsis parallela (Reuss) and many epistominas.
The association of the characteristic taxons
permits correlation of the Lower Hauterivian
strata in the Lowland Crimea to the same named
bio-subdivisions of the Highland Crimea
(Topbauuk, 1986; IlpakTuyeckoe pyKOBOACTBO
..., 1991) and the North Caucasus (3oHanpHas
crparurpadus ..., 2006) where there is only one
biostraton matching the whole volume of the
sub-stage is identified — just like in the Lowland
Crimea. On the Lower Cretaceous Geologic
Time Scale (Gradstein at al., 2004), this part of
the succession is correlated to the foraminiferal
zone Hedbergella sigali/delrioensis.

For the Atlantic Ocean (KpammeHUHHUKOB,
1978), the following bio-subdivisions are
identified in the Hauterivian sediments (bot-
tom to top): Hedbergella occulta, Globigerina
graysonensis, Caucasella hoterivica. In the
Mediterranean (Xapneng u np., 1985; Sigal,
1977) are identified Haplophragmoides vo-
contianus, Dorothia ouachensis (the Lower
Hauterivian) and Caucasella hoterivica — C.
kugleri, Gavelinella sigmoicosta (the Upper
Hauterivian). The West (Slovak) Carpathians
have the similar stratigraphy (BsuioB u gap.,
1989); there, the study of the benthic fo-
raminifera identified two sub-stages: the lower
one within the Lenticulina (Marginulinopsis)
djaffaensis — Haplophragmoides nana zone
and the upper one within the Caucasella ho-
terivica — Lingulogavelinella sigmoicosta
sigmoicosta zone. The Hauterivian of the Pol-
ish Carpathians is identified within the one
Dorothia aff. hauterivina zone (Bsinos u nap.,
1989). In the West Africa scheme (Pflaumann,
Cepek, 1982), the stratigraphy of the Hau-
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terivian is based on planktonic foraminiferas
whereby the Globuligerina gulekhensis (the
base of the stage) and the Globuligerina
hoterivica zones were identified. The Hau-
terivian sediments of Tunisia (Salaj, 1980) are
identified within the upper sub-stages that cor-
respond to the Caucasella hoterivica zone.

The correlation of the identified strata to
the contemporaneous deposits of the Eastern
Mesotethys (the Precaspian Depression, Mangh-
ishlak, Ustyurt) (Msrmrok, Bacunenko, 1988;
[IpakTrueckoe pykoBoacTBO ..., 1991) showed
that the Hauterivian deposits are recorded
within two sub-stages. The foraminiferal bio-
stratons are characterised by a different zonal
composition of associations with the prevalence
of agglutinated benthos and the subvalence of
the secretional one. The Lower Hauterivian is
identified within the Reophax torus — Globulina
praelacrima obesa — Astacolus assurgens zone.
The Upper Hauterivian is identified within these
two biostratons: the Cribrostomoides infracre-
taceus — Trochammina gyroidiniformis zone and
the strata with Bulbobaculites volskiensis - Qua-
sispiroplectammina parvula. In some Eastern
Mesotethys regions (the Ukrainian Carpathians,
Mordva, West Turkmeniya) (AJjekceesa,
MMunosa, 1973, IlpakTuueckoe pyKOBOACTBO
..., 1991) as well in the Boreal Belt of Russia
(BonanbHast crparurpadus ..., 2006) the Hau-
terivian stage has no zonal stratigraphy by fo-
raminiferas.

The correlation of the Hauterivian sedi-
ments by benthic foraminifera is difficult to an
extent. In spite of the different names of the
zones and strata due to the choice of various in-
dex species, all the said zonal divisions have
either the akin or similar compositions of the
diagnostic or accompanying species including
those that are the most characteristic ones for
the Lower Hauterivian, namely, Dorothia
kummi (Zedl)), D. subtrochus (Bart.), Len-
ticulina nodosa (Reuss), Citharina rudocostata
Bart. et Brand, Marginulina gracilissima Reuss,
M. robusta (Reuss), M. striatocostata (Reuss),
M. pyramidalis (Koch) and epistominas. This
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makes it possible to speak of the similar features
of these regions’ complexes as well as of the
uniform sequences in the development of the
foraminifera and a wide migration of marine
benthic faunas within the boundaries of the
European aquatic area in the Early Cretaceous.

The Barremian Stage. The Barremian
Stage sediments have a wide occurrence
within the boundaries of the Tethys Area as
well as in the Atlantic and Pacific regions (the
upper portion of the Barremian). The fullest
successions are composed of the Lower and
Upper Barremian sediments, and are located
in the Atlantic Ocean as well as in the West-
ern (the Mediterranean, the West (Slovak)
Carpathians) and the Eastern (the Highland
and Lowland Crimea, the North Caucasus, the
West Turkmeniya) Mesotethys (see Figures 1,
2). The shortening of the Barremian succes-
sions is traceable in the eastern and western
directions. The stressed foraminiferal com-
plexes were encountered in the Polish Carpa-
thians (BsmoB m gp., 1989) and Mordva
(AnoBckas, bykatuykx, 1970). No bio-
subdivisions are prominent in the Ukrainian
Carpathians (BsmoB u mp., 1989). For in-
stance, in the Pacific Ocean, the Barremian
deposts are represented only by the upper por-
tion of the upper sub-stage while they are
completely absent in the western region
(North Mexico and the Caribbean Basin).

The presence of the cognominal biostra-
tons at the same stratigraphic level in the ma-
jority of regions can provide sufficient
grounds for construction of a common (stan-
dard) foraminiferal zonal scale.

The Barremian Stage sediments in the
Lowland Crimea are represented by two sub-
stages each of which corresponds to the fo-
raminiferal strata as follows: the lower sub-
stage does to Hedbergella sigali — Hedber-
gella tuschepsensis and the upper one to Fa-
vusella tardita — Blefuscuiana primare
(Tyzsik, 2011 u gp.). The Barremian sediments
contain varied species associations of fo-
raminifera the composition of which includes
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the widely occurring forms, which provides
solid ground for their correlation. The absence
of the zonal stratigraphy of these deposits by
ammonites hardens the correlation of the iden-
tified biostratons to the analogues in the adja-
cent territories. However, the presence of the
cognominal biostratigraphic subdivisions by
foraminiferas or one of the index species on
the same stratigraphic level in the Atlantic,
West and partly also East Mesotethys (the
Highland Crimea, the North Caucasus and
Georgia) gives us enough reasons to diagnose
the enclosing rocks and determine their rela-
tive geological ages as well as the strati-
graphic positions in the GSS.

The formation of the Barremian species
composition was taking place during consid-
erable transgressions that affected vast territo-
ries. Most of its characteristic components
permit a correlation of the Barremian sedi-
ments and not only in the Tethys Belt. The
planktonic foraminifera Hedbergella sigali
(Moul.) and Hedbergella tuschepsensis (Ant.)
which are matched in the Early Barremian and
have a wide occurrence should be highlighted
among other species. The global distribution
of these species can be interpreted as a sign of
a link between the basins of not only the West
Mesotethys and the East Mesotethys but also
among the basins of the other tectonic belts
(the Atlantic and the Pacific oceans) and as a
sign also of the same-aged interval of their
formation stages.

The Barremian sediments in the majority of
regions of the West Mesotethys are identified
within two sub-stages. They are absent in North
Mexico and the Caribbean Basin. By the chart
made for the Atlantic (Kpamennnaukos, 1978),
the Barremian sediments correspond in the vol-
ume to the strata of Hedbergella globigerinelli-
noides, H. simplex and Globigerinelloides ul-
tramicrus. In the Mediterranean, they are di-
vided into the following zones: Hedbergella si-
gali, Clavihedbergella eocretacea (the lower
sub-stage), Conorotalites intercedens and Cono-
rotalites apftiensis (the upper sub-stage)
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(Xapnennn u np., 1985; Sigal, 1977). The Bar-
remian has a similar stratigraphy in the West
(Slovakian) Carpathians where two foraminif-
eral zones were identified in each of the upper
and lower sub-stages. Namely, Hedbergella si-
gali — Lingulogavelinella sigmoicosta barre-
miana and FEpistomina (Br.) hechti — Hedber-
gella sigali were recorded in the Lower Barre-
mian and Conorotalites bartensteini barten-
steini — Hedbergella sigali and Conorotalites
bartensteini intercedens — Epistomina (Br.)
spinulifera (Bsnos u np., 1989) in the Upper
Barremian. In the West Africa (Pflaumann, Ce-
pek, 1982), they match Hedbergella tuschepsen-
sis and Hedbergella aptica and in Tunisia
(Salaj, 1980) the lower sub-stage is identifiable
within the Hedbergella sigali zone while the
upper one within the Clavihedbergella subcre-
tacea and Schackoina pustulans zone. The Bar-
remian of the Polish Carpathians has a some-
what different stratigraphy. According to the
distribution benthic foraminiferas, three zones
(bottom to top) have been identified there: the
upper portion of Dorothia aff. hauterivina that
is matching the lowers of the Lower Barre-
mian; Gaudryina oblonga (?7) that encompasses
the upper portions of the Lower Barremian and
the lower portion of the Upper Barremian, and
the lower part of the Pseudobolivina variabilis
— Reophax minutus zone that corresponds to
the uppers of the Upper Barremian (BsiioB u
ap., 1989).

The stratigraphy of the Barremian sedi-
ments within the limits of the East Mesotethys
is based on benthic foraminiferas. So, in
Mordva the strata containing 7rocholina mo-
lesta and corresponding to the Barremian stage,
and in the Precaspian Depression the Miliam-
mina mjatliukae — Conorbinopsis barremicus,
Gavelinella barremiana (the upper sub-stage)
zones are the age analogues (3oHanbHas cTpaTu-

rpadus ..., 2006; IlpakTudeckoe PyKOBOACTBO
.., 1991), while in West Turkmeniya
(Anekceesa, Iunosa, 1977, IlpakTtudeckoe

PYKOBOZICTBO ..., 1991)) those are the strata con-
taining Gaudryina neocomica — “Conorbinopsis

48

e

humilis” humilis and Choffatella geokderensis
(the lower sub-stage) and the Conorbinopsis
barremicus — Gavelinella balchanica (the upper
sub-stage) zone. The exception is constituted by
the territories of the Highland Crimea, the North
Caucasus and Georgia for which there is a
common biostratigraphic chart of planktonic
and benthic foraminiferas and to which the terri-
tory of the Lowland Crimea is added. The
stratigraphy of the Barremian in Georgia (L{upe-
kumze, 1998) contradicts the overall picture
somewhat as there, the planktonic (the strata
containing Clavihedbergella tuschepsensis) and
benthic (the strata containing Gavelinella bar-
remiana) biostratons have been identified that
correspond to the whole stage. In the Highland
Crimea (I'opbaunk, 1986, [IpakTnueckoe pyko-
BOACTBO ..., 1991) and in the North Caucasus
(BonanbHast crparturpadus ..., 2006), there are
the identified cognominal strata containing
Hedbergella sigali — Clavihedbergella tuschep-
sensis (for the Lower Barremian) and Globu-
ligerina tardita — Clavihedbergella primare (for
the Upper Barremian). According to the Lower
Cretaceous on the Geologic Time Scale (Grad-
stein at al., 2004), the Barremian has two fo-
raminiferal zones of Hedbergella similis and
Globigerinelloides blowi (the lower part).

The comparative analysis of the systematic
composition the zonal Barremian complexes in
the Lowland Crimea and in the West and East
Mesotethys made it possible to identify within
their composition not only the identical index
species but also a complex of characteristic tax-
ons common for the whole Tethys Belt. The fol-
lowing species should be considered as such:
Conorotalites bartensteini intercedens Bett., C.
bartensteini aptiensis Bett., Gavelinella barre-
miana (Bett.), Favusella tardita (Ant.), Clavi-
hedbergella globulifera (Kretsch. et Gorb.), Ble-
Sfuscuiana primare (Kretsch. et Gorb.), Hedber-
gella tuschepsensis (Ant.), H. sigali (Moul.) and
H. aptica (Agal.).

The Aptian Stage. The Aptian sediments
widely occur not only in of the Tethys Area,
but also beyond its boundaries, namely, in the



STRATIGRAPHY AND SEDIMENTOLOGY OF OIL-GAS BASINS

Stratigraphy

regions of the Atlantic and the Pacific oceans
(see Figures 1, 2). The fullest Aptian succes-
sions, represented by three sub-stages and de-
tailed stratfied by foraminiferas, are located in
Western Europe (Xapnenn u ap., 1985; Sigal,
1977) and the West Carpathians (Bsuios u 1p.,
1989). The Aptian Stage has the three-part
stratigraphy also in the regions of the Atlantic
Ocean (Kpamenunnukos, 1978; Caron at al.,
1985), the Highland Crimea (I'op6auuk, 1986;
[IpakTrueckoe pykoBoACTBO ..., 1991) and the
Lowland Crimea (Jlemyx, 1992; Ty3sik, 2008),
the North Caucasus (3oHanpHasi crpaTurpa-
bust ..., 2006), Georgia (upexunze, 1998),
the Precaspian Depression (Msrtmok, Bacu-
nenko, 1988; IlpakTuueckoe pykOBOACTBO ...,
1991) and West Turkmeniya (Anekceesa,
MMunosa, 1977, IlpakTudyeckoe PyKOBOACTBO
..., 1991). Eastwards, the fullness of the Ap-
tian stratigraphic column diminishes and the
bio-subdivisions identified by the benthic fo-
raminiferas dominate within the limits of the
Precaspian Depression, Manghishlak, Ustyurt
and West Turkmeniya. Also, the shortened
Aptian section is traced in the Caribbean Ba-
sin (Caron at al., 1985).

The Aptian sediments in the Lowland
Crimea are divided by foraminiferas into three
biostratons (Ty3sik, 2011 u ap.), which corre-
late to the age analogues in the Antarctic, the
Tethyan Area and the Pacific Ocean in terms
of the common elements present in the zone
associations and their association to the am-
monite zones. This makes it possible to speak
of the adequacy of the volumes of biostratons
identified in the Lowland and Highland Cri-
mea as well as in the North Caucasus.

The strata containing Blefuscuiana aptica
correspond to the same ammonite zone of De-
shayesites deshayesi both in the Highland
(Topbaumk, 1986; IlpakTuyeckoe pyKOBOACTBO
..., 1991) and Lowland Crimea (Ty3sk, 2011 u
ap.) even though there are much wider in a vol-
ume in the North Caucasus, where they encom-
pass two bio-subdivisions identified by the am-
monites: Paradeshayesites weissi and Proche-
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loniceras albrechtiaustriae (30HanbHas CcTpa-
turpadus ..., 2000), both of which correspond
to the basal portion of the Lower Aptian sub-
stages. Besides, the Lower Aptian of the North
Caucasus is divided by foraminiferas into the
following two biostratons: the strata containing
Hedbergella aptica and the Blowiella blowi —
Hedbergella bollii zone (30HanbHas cTpaTurpa-
¢us ..., 2006), each of which corresponds to
two ammonite zones. In Georgia, these strata
encompass three ammonite zones (L{upexunse,
1998). In West Turkmeniya, they widely occur
on the level of the zonal ammonite Acanthohop-
lites prodromus and correspond to the Upper
Aptian (Anekceesa, IIlunosa, 1977, Ilpaktu-
YeCKOe PYKOBOJICTBO ..., 1991), while in the Pre-
caspian Depression, the Lower Aptian is mani-
fest in two foraminiferal bio-subdivisions that
correspond to three ammonite zones (MsTIOK,
Bacunenko, 1988; IIpaktuieckoe pyKOBOACTBO
..., 1991). The Aptian of the Polish and the
Ukrainian Carpathians as well as of Mordva has
a completely different characteristic stratigra-
phy. The Aptian Stage is manifest in the Polish
and the Ukrainian Carpathians within one zone.
For instance, it is Pseudobolivina variabilis —
Reophax minutus (Bsinos u ap., 1989) in the Pol-
ish Carpathians and the strata containing Hedber-
gella aptica (Bsinos u np., 1989) in the Ukrainian
Carpathians. There are no bio-subdivisions in
Mordva (AIHoBcKas, bykarayk, 1970).

The somewhat different stratigraphy of the
Lower Aptian is found in the Atlantic, the West
Mesotethys and the Pacific Ocean. Thus, in the
Mediterranean (Xapnean u ap., 1985; Sigal,
1977), the Lower Aptian is divided into the fol-
lowing foraminiferal zones (bottom to top):
Hedbergella similis, Globigerinelloides gottisi
— Globigerinelloides duboisi, Globigerinel-
loides maridalensis — Globigerinelloides blowi
and the lower part Schackoina cabri, all of
which correspond in a volume to two ammon-
ite zones. In the West (Slovakian) Carpathians,
the Lower Aptian is subdivided into the follow-
ing two zones but those containing the different
index species: Planomalina (Globigerinelloi-
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des) ferreolensis — Conorotalites aptiensis (the
lower part of the Lower Aptian), Planomalina
(Globigerinelloides) algeriana — Epistomina
(Br.) spinulifera polipoides (the upper portion
of the Lower Aptian) (BsuoB u ap., 1989). In
West Africa, it is considered in the volume of
three foraminiferal zones — Hedbergella simi-
lis, Globigerinelloides duboisi, Globigerinel-
loides blowi (Pflaumann, Cepek, 1982), while
the following zones are identified in Tunisia:
Planomalina (Globigerinelloides) ferreolensis
and Planomalina (Globigerinelloides) algeri-
ana (Salaj, 1980), in North Mexico, these are
Globigerinelloides gottisi, Globigerinelloides
maridalensis (Longoria, 1974) while in the At-
lantic these are Globigerinelloides maridalen-
sis — Globigerinelloides gottisi (Krashennikov,
1978). In the Pacific Ocean, the strata contain-
ing Globigerinelloides ferreolensis, Globiger-
inelloides algerianus, Leupoldina cabri corre-
spond to the whole volume of the Aptian
(Kpamenunnaukos, 1978) (see Figures 1, 2).

According to the Geologic Time Scale of
the Lower Cretaceous (Gradstein at al., 2004),
the Lower Aptian has the following two fo-
raminiferal zones: the upper portion of Glo-
bigerinelloides blowi and Leupoldina cabri;
the first one combines three zones and the
second one does just one zone.

This different interpretation of the strati-
graphy of the Lower Aptian sediments is regu-
lated by a number of features such as the differ-
rent transgression rates, the climatic zonation
and the location as well as the palaeogeographic
specificities of the sedimentatary basins. The
comparison of the foraminiferal units revealed
that they correlate the best to the cognominal
and contemporaneous analogues of the High-
land Crimea, the North Caucasus and Georgia to
which they are kin thanks to the common asso-
ciations within the zonal complexes. In terms of
the benthic forms, the Lowland Crimean strata
correlate to the biostratons of the Precaspian
Depression, Manghishlak and Ustyurt. In spite
of the differing index species in the Lowland
Crimea and in the West Mesotethys, the asso-
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ciations of the zonal complexes still manifest
the following common elements: 7ritaxia pyra-
midata Reuss, Vaginulina (Psilocitharella) sp.,
L. nodosa (Reuss), Astacolus crepidularis tri-
carinella (Reuss), Conorotalites bartensteini
aptiensis Bett., C. bartensteini intercedens Bett.,
Gavelinella barremiana (Bett.), Clavihedber-
gella globulifera (Kretsch. et Gorb.), Hedber-
gella sigali (Moul.) and Blefuscuiana aptica
(Agal.), B. primare (Kretsch. et Gorb.).

The Middle-Upper Aptian sediments of
the Lowland Crimea are differentiated within
the Hedbergella gorbachikae zone and the
strata containing Hedbergella trocoidea,
which correspond to the zonal ammonites
Acanthohoplites nolani and Hypacanthoplites
Jacobi stratigraphically.

The following zones are identified in the

Middle-Upper ~ Aptian  of the  Atlantic
(Kpamenunnukos, 1978): Leupoldina cabri,
Globigerinelloides  algerianus, Hedbergella

trocoidea, Ticinella bejaouaensis. The follow-
ing zones are identified in West Africa: Le-
upoldina cabri, Globigerinelloides ferreolensis,
Globigerinelloides  algerianus, Hedbergella
trocoidea, Ticinella bejaouaensis (Pflaumann,
Cepek, 1982) and in the Mediterranean
(Xapnenn u mp., 1985; Sigal, 1977) are identi-
tied Globigerinelloides blowi — Globigerinel-
loides maridalensis, Leupoldina cabri, Globig-
erinelloides ferreolensis, (Globigerinelloides al-
gerianus, Hedbergella trocoidea, Ticinella be-
Jaouaensis. Biglobigerinella barri (the Middle
Aptian) and Hedbergella rohri (the Upper Ap-
tian) are identified in the West (Slovakian) Car-
pathians (BsmoB u np., 1989). The Middle-
Upper Aptian of North Mexico (Longoria,
1974) is divided into the Leupoldina cabri, Glo-
bigerinelloides ferreolensis, Globigerinelloides
algerianus, Hedbergella gorbachikae and Hed-
bergella trocoidea zones. The somewhat other
stratigraphy is offered for the Middle-Upper
Aptian of Tunisia (Salaj, 1980) where Biglobig-
erinella barri and Hedbergella/Ticinella roberti
were identified. It is an important feature that
the majority of the recorded bio-subdivisions
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are common for the considerably distant territo-
ries in spite of the different positions of the ba-
sins (their association with the different geo-
tectonic elements).

The Middle-Upper Aptian biostratons of
the East Mesotethys are differentiated by the
benthic as well as the planktonic foraminiferas.
In the Highland Crimea (I'opbaunk, 1986;
[MpakTuyeckoe pykoBoacTBo ..., 1991) and in
the North Caucasus (3onanpHast crparurpadus
..., 2000) those are Leupoldina protuberans,
Globigerinelloides ferreolensis, Globigerinel-
loides algerianus, Hedbergella trocoidea, Pla-
nomalina cheniourensis and Ticinella roberti, in
Georgia (Lupexkunze, 1998) — Globigerinel-
loides ferreolensis, Globigerinelloides algeri-
anus and the strata containing Clavihedbergella
globulifera — Hedbergella trocoidea. According
to the biostratigraphic chart, the Precaspian De-
pression, Manghishlak and Ustyurt (MsTiroxk,
Bacunenko, 1988; IIpaktuieckoe pyKOBOACTBO
..., 1991) have the following zones within the
Middle Aptian sections: Rosalina dampelae,
Verneuilina kasachstanica — Gavelinella inter-
media biinvoluta, and the following ones within
the Upper Aptian sections: Turrilina evexa,
Quadrimorphina minima (the Precaspian De-
pression) and FEvolutinella formosa, Dorothia
gradata and Hedbergella planispira (Manghish-
lak and Ustyurt). In West Turkmeniya, the Mid-
dle-the Upper Aptian is divided into the strata
containing Gaudryina aspera, the Gavelinella
intermedia biinvoluta (the middle sub-stage)
zone and the strata containing Hedbergella ap-
tica as well as the Hedbergella planispira — Or-
thokarstenia asperula zone (the upper sub-
stage) (Anekceesa, Illunosa, 1977; IlpakTude-
CKO€ PyKOBOJICTBO ..., 1991).

In spite of this diversity of foraminiferal
biostratons, the index species Hedbergella
gorbachikae and Hedbergella trocoidea that is
characterised by the global occurrence serves
as the interlink. The first of those was discov-
ered in the contemporaneous sediments in a
number of regions of the Tethyan Area and
the Atlantic, namely, on Trinidad (Caron at
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al., 1985), in the Highland Crimea (I"'op6auux,
1986) and in South France (Moullade at al.,
2002; 2005/02). This provided the grounds for
identifying and adding the cognominal zone to
the Geologic Time Scale of the Lower Creta-
ceous (Gradstein at al., 2004). As regards the
second species, it is considerably numerous in
the West and East Mesotethys alike. Besides,
the characteristic forms that are common for
the whole Tethys Belt were found in the zonal
complex associations. A particular importance
have the planktonic taxons Blefuscuiana ap-
tica (Agal.), Hedbergella gorbachikae Long.,
H. trocoidea (Gand.) and H. praetrocoidea
Kretsch. et Gorb, even among the benthos
there are some forms that have a wide lateral
occurrence — such as the members of the Gav-
elinellidae family, for instance.

The Albian Stage. The Albian Stage sedi-
ments have a wide occurrence in the Tethyan
Area, the Atlantic and the Pacific oceans (see
Figures 1, 2). The fullest Albian successions are
represented by three sub-stages and are differen-
tiated in detail by foraminiferas; they are located
in Western Europe (Xapaenn u ap., 1985; Sigal,
1977). The three-part stratigraphy of the Albian
is traceable in other regions as well though the
fullness of its stratigraphic successions varies.
Eastwards, the Albian successions are short-
ened; the biostratons differentiated by benthic
foraminiferas prevail in the Precaspian Depres-
sion, Manghishlak and Ustyurt (MsTok,
Bacunenko, 1988; IIpaktuieckoe pykOBOACTBO

.., 1991) and West Turkmeniya (Ajekceesa,
MMunosa, 1977, IlpakTuueckoe pPyKOBOACTBO
..., 1991).

In the Lowland Crimea, the Albian deposits
are represented within three foraminiferal bio-
stratons (Ty3six, 2011): the Hedbergella pla-
nispira (the Lower-Middle Albian) zone, the
strata containing Hedbergella globigerinelloides
— Trochogerina infracretacea and the Rotali-
pora ticinensis (the Upper Albian) zone. The
first one corresponds to the ammonite zones
Leymeriella tardefurcata and Hoplites dentatus
as well as Anahoplites intermedius, while the
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second one does to Hysteroceras orbigny and
the third to Stoliczkaia dispar. In the majority of
the Tethys Area regions, there is different un-
derstanding of the Hedbergella planispira bio-
straton volumes. In the West Mesotethys, it en-
compasses two ammonite zones — the upper por-
tion of Hypacanthoplites jacobi (the uppers of
the Upper Aptian) and the whole Leymeriella
tardefurcata zone (the Lower Albian). In the
East Mesotethys, namely, in its central part (the
Highland Crimea and the North Caucasus), its
stratigraphic range is much wider because the
index species H. planispira is encountered not
only on the level of the Lower Albian ammonite
zones but also on the level of the Middle Albian
ammonite zone. According to the Geologic
Time Scale of the Lower Cretaceous (Gradstein
at al., 2004), Hedbergella planispira encom-
passes a somewhat wider stratigraphic range
and corresponds to the upper portion of the Hy-
pacanthoplites jacobi ammonite zone (the Late
Aptian) and the Leymeriella tardefurcata zone
(the Early Albian).

The stratigraphic position of the biostraton
in Georgia, the Precaspian Depression, Mangh-
ishlak, Ustyurt and West Turkmeniya is inter-
preted somewhat differently. Thus, according to
the biostratigraphic chart of Georgia (Llepu-
kunze, 1998), the strata containing H. planispira
correspond to the Hoplites dentatus and Oxy-
tropidoceras roissyanum ammonite zones. Pur-
suant to the charts (Mstirok, Bacunenko, 1988;
3onanbHas crpaturpadus ..., 2006; Ilpakru-
4ecKoe PYKOBOACTBO ..., 1991) constructed for
Manghishlak, Ustyurt and West Turkmeniya,
the Hedbergella planispira zone is differenti-
ated at a lower chronostratigraphic level and so
it characterises the Upper Aptian deposits. The
reason for this situation of the biostratons is
provided by T.N.Gorbachik who indicated that
the index species whereby the zone is identified
in the Precaspian Depression has the morpho-
logical features that vary from H. planispira,
and it is quite possible that this is Zicinella aff.
bejaouaensis (I'opbauuk, 1986, c. 211). Practi-
cally, the bio-subdivision encompasses the am-

52

e

monite zone Leymeriella tardefurcata in the ma-
jority of the aforementioned regions, which is
what determines its age and global correlation.
Another sequence of foraminiferal zones is
identified in the non-stratified in sub-stages the
Atlantic and Pacific Ocean Albian: in the Atlan-
tic, they correspond to five bio-subdivisions,
namely, the upper portion of Ticinella be-
Jjaouaensis, Ticinella primula, Ticinella breg-
giensis, Rotalipora ticinensis and the lower por-
tion of Rotalipora appenninica zones (Kparue-
HuHHuKOB, 1978), while in the Pacific Ocean
these are the strata containing Zicinella roberti,
Hedbergella trocoidea and the lower part of the
Rotalipora appenninica zone (KpalmeHMHHUKOB,
1978). In West Africa, the Lower and Middle
Albian sediments encompass the following
zones: the upper portion of 7icinella bejaouaen-
sis, Ticinella roberti and Ticinella primula
(Pflaumann, Cepek, 1982). The Albian of Tuni-
sia 1s divided into the Thalmanninella ticinensis
subticinensis, Thalmanninella ticinensis ticinen-
sis and Rotundina stephani zones (Salaj, 1980).
Four foraminiferal zones are identified in the
Albian of the West (Slovakian) Carpathians.
Namely, to the Lower Albian corresponds to the
Ticinella roberti zone while the Thalmanninella
subticinensis zone and the lower portion of the
Thalmanninella ticinensis zone correspond to
the Middle Albian, and the upper portion of the
Thalmanninella ticinensis and Whiteinella gan-
dolfi zones corresponds to the Upper Albian
(BsinoB u np., 1989). The Albian stratigraphy is
different to a degree in the Polish and Ukrainian
Carpathians as well as in Mordva. In the Polish
Carpathians, there are two benthic foraminifer
zones: Haplophragmoides nonioninoides that
corresponds to the Lower Albian and Plectore-
curvoides alternans that encompass the Mid-
dle-Upper Albian and transits into the Upper
Cretaceous (Bsutos u np., 1989). In the Ukrain-
ian Carpathians, it is the strata containing Hed-
bergella infracretacea — Hedbergella globiger-
inelloides and the Thalmanninella ticinensis
zone, both of which are only identified in the
Upper Albian (Bsos u np., 1989) and charac-
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teristic of the Crimea and the Caucasus. In
Mordva, the Anomalina hostaensis zone corre-
sponds to the whole of the Albian (JHoBCKas,
Bykartuyk, 1970).

There is some divergence in the stratigra-
phy of the Upper Albian sediments. It is based
in the main on planktonic forms. The benthic
forms with the agglutinated wall only prevail in
the East Mesotethys, to be precise, in the Pre-
caspian Depression, Manghishlak and Ustyurt.
This gives a reason to believe that the transgres-
sion covered all the regions of the Tethys Belt in
the Late Albian. The presence of the practically
identical index species witness either akin or
identical conditions of sedimentation while also
pointing at the uniform abiotic factors: depth,
salinity and temperature (see Figures 1, 2). The
Precaspian Depression, Manghishlak and Usty-
urt are the exceptions: their zonal complexes are
unvaried and practically do not contain secre-
tional benthos and plankton. Therefore, the wide
occurence of benthic foraminiferas in that part of
the Tethys can signify either the shallow nature
of the basin (its peripheral area) or another cli-
matic zone. There are no Upper Albian deposits
in West Turkmeniya (Anekceesa, Illunosa,
1977; IlpakTudeckoe pyKOBOICTBO ..., 1991).

The Lower Albian biostratons identified
in the Lowland Crimea are best correlated to
the contemporaneous analogues of the High-
land Crimea (I'op6auuk, 1986, IlpakTinueckoe
pykoBonactBo ..., 1991), the North Caucasus
(BonanpHas ctparurpadus ..., 2006), Georgia
(upexunze, 1998) and the Ukrainian Carpa-
thians (BsimoB u ngp., 1989). It can be said
about a single biostratigraphic chart of these
regions because the cognominal strata con-
taining 7rochogerina infracretacea — Hedber-
gella globigerinelloides are identified on the
level of the same ammonite zones, namely,
Hysteroceras orbigny and Mortoniceras infla-
tum. The upper portion of the Upper Albian is
an exception and corresponds to the Rotali-
pora ticinensis zone; it only occurs in the
West Mesotethys and, fragmentarily, also in
the regions of the East Mesotethys.
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As regards the correlation to the other ter-
ritories of the West and East Mesotethys, the
correlation of the foraminiferal biostratons is
only possible under condition that they are on
the level of identical ammonite zones or that
there is a complex of common species in the
zone. In the Mediterranean, the Upper Albian
was considered within the following two fo-
raminiferal zones: Ticinella breggiensis and
Rotalipora appenninica (Xapnenn u np., 1985;
Sigal, 1977) while in West Africa it was con-
sidered within three foraminiferal zones:
Ticinella breggiensis, Rotalipora ticinensis and
R. appenninica (Pflaumann, Cepek, 1982).

The correlation of the bio-subdivisions in the
Lowland Crimea to the contemporaneous ana-
logues in the Precaspian Depression, Manghi-
shlak, Ustyurt and West Turkmeniya is more
difficult because their biostratons are identified
by benthic foraminifera. So, the Upper Albian
of the Precaspian Depression, Manghishlak and
Ustyurt is divided with the separation of the
Guembelitria evoensis — Epistomina postdorso-
plan zone and the pauperate complex of Haplo-
phragmoides clivosus and Trochammina plano-
convexa with the very sparse secretional ben-
thos and plankton, and the layers containing
Ammobaculites ex gr. subcretacea, Trocham-
mina kugitangensis, Ammobaculites explanatus
— Trochammina kugitangensis. There are the
common elements in the foraminiferal complexes
though they are not numerous and not characteris-
tic, either. The index species of the distinguished
biostratons belong to the genera not recorded on
this stratigraphic level in the Lowland Crimea
successions (for instance, Guembelitria, Tro-
chammina and Ammobaculites).

The Lower Albian species associations of
the Lowland Crimea have the considerably de-
veloped heterohelicidas and pleurostomelids
that are not traceable in the sections of the Pre-
caspian Depression, Manghishlak and Ustyurt.
These sediments’ correlation by the ammonite
bio-subdivisions is aggravated as well because
the zone species complex differs considerably
from the index species of the Central and East
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Mesotethys, which can be an indication of the
basin’s development in another climatic zone or
to a considerable depth. The absence of the Ro-
talipora ticinensis zone in the East Mesotethys
can be the sign of the fact that the transgression
coming from the west did not encompass the
regions of the East Mesotethys but only reached
the territories of the Lowland/Highland Crimea
and the North Caucasus.

Conclusion

Thus, the taxons of benthic foraminiferas,
in particular, of the Vaginulinidae, Gavelinilli-
dae and Globorotalitidae genera widely occur-
ing in the contemporaneous sediments of Ger-
many, the Netherlands and England have been
revealed in the Lower Cretaceous sediments of
the Lowland Crimea. Even though the research-
ers did not carry out the zonal stratigraphy of
those sediments by foraminiferas, they did give
the descriptions of the majority of the character-
istic species and provided the information about
their occurrence. These data are sufficient to
underpin a conclusion that the Lower Creta-
ceous foraminiferal associations of German, the
Netherlands and England do not contain the
characteristic planktonic Tethys genera but do
contain the numerous benthic species described
and known from the East, Central and East
Mesotethys regions (Table 1). This gives a rea-
son to stipulate the expansion of the communi-
cation paths among the basins of the Tethys
and Boreal basins and, simultaneously, presup-
pose the endemicity of the individual faunal
groups that could survive in only one of the
climatic zones.

The correlation of the biostratigraphic
charts of the Lower Cretaceous sediments in
the Lowland Crimea and in the adjacent terri-
tories by the foraminiferas revealed the simi-
larities as well as the differences in the nature
of the distinguished biostratons. The similar
features of the associations signify that peri-
ods of time during which the distant enough
territories merged and developed simultane-
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ously periodically could be singled out of the
evolution of the Early Cretaceous basin. This
is said of the Barremian-Early Aptian, the up-
per portions of the Early-Middle Albian and
the Late Albian (considering the stratigraphy
and presence of the identical biostratigraphic
subdivisions). The differences found in the
zone complexes may be pointing at the dis-
ruption of such associations and the inde-
pendent evolution of each basin; this is being
said of the Hauterivian, the upper portion of
the Early-Middle Aptian and the Middle Al-
bian. The analysis of the foraminifera com-
plexes revealed that the identical associations
of foraminifera were developed in the major-
ity of the regions of the Atlantic, the
West/East Mesotethys and the Pacific Ocean
beginning in the Early Barremian, which
provides ground for the correlation of the
Lower Cretaceous sediments in those regions
(see Figures 1, 2).

The correlation of the biostratons of the
Lower Cretaceous in the Lowland Crimea
with the contemporaneous analogues of the
adjacent territories brought forth the chart of
inter-regional correlation (see Figures 1, 2).
The inter-regional correlation showed the
traceable global occurrence of the compo-
nents of the Lower Cretaceous as well as the
links among the sedimentatary basins, the
alteration of the density of the stratigraphic
successions of the Lower Cretaceous and the
detailed local scales differentiating the
global, regional and local biostratons. It was
clarified that the fullest successions of the
Lower Cretaceous are located in the Mediter-
ranean (Western Europe) as well as that the
fullness of the stratigraphic succession is ob-
servable westwards and eastwards.

The Lower Cretaceous deposits in the
Lowland Crimea are best correlated to the
contemporaneous analogues of the Highland
Crimea, the North Caucasus and Georgia to
which they are akin not only in terms of the
common foraminifera complexes but also be-
cause of the identical ammonite zones.
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Table 1
The Stratigraphic Occurence of Foraminiferas in of the Lower Cretaceous Deposits
in the Lowland Crimea and Other Regions

_ Lowland Crimea ) % 7 § g £ | 8
s Sinpes el g | 5| LB o e E S g
® 38| < | ¢ |gmE|g|ElRIEC|HEI0] § (5P| E

Lrrocvonv [<E2IEl<l 2B Sl EE | @
I 2 3[415(6{718 (91001 [L203]T4[5[6[I71819D0R2223[ 24 | 25
| | Lagenammina distributa Mjatliuk mn CRIE
2 | Saccammina aptica Samyschkina N ©
3 | Dorothia kummi (Zedler) M @+@ |t +|®
4 | Dorothia subtrochus (Bartenstein) l il I s |+
5 |Marginulinita pyramidalis (Koch) 1 +|+| |® A+ ]|+
6 | Tristix acutangulum (Reuss) 1 g/+|elele| [+[&]+[+
7 |Lingulina loryi (Berthelin) o +|@[+|@]+|+]+ a(E 0
8 |Lenticulina akmetchetica Mjatliuk ' +
9 |Lenticulina busatchensis Vassilenko 10 [0
10| Lenticulina diademata (Berthelin) M + |+ B+ +]|® |+
11|Lenticulina gaultina (Berthelin) M | |[t|E(eE[ ] +E |8 w8 8|
12 |Lenticulina guttata guttata (Dam) M g 8] ® O]
13 |Lenticulina infravolgensis (Fursenko) ] + @ )
Lenticulina kuegleri Bartenstein,
14 Bettenstaedt et %olli ] .
15| Lenticulina nimbifera (Espitalie et Sigal) nlE [0 +
16|Lenticulina nodosa (Reuss) minlnin §EEE |E EE(®| +
17|Lenticulina subgaultina Bartenstein N )
18 |Lenticulina turgidula (Reuss) M + |® @+
9 Lenticulinella shutskajae (Samyschkina et . »
Saidova)
20|Marginulinopsis gracilissima (Reuss) 1 ++| |@ ®
Marginulinopsis sigali Barttenstein,
5 Betgnstaedt!;t Bol%i 0 sl .
22 [Marginulinopsis striato-costata (Reuss) u + @ [+ |+ +
23 |Planularia madagascariensis Espit. et Sig. M + +
24{Saracenaria compacta Espitalie et Sigal M ) )
25[Saracenaria cretacea Gorbatchik 0]
26 |Palmula kasachstanica Alekseeva i +
27|Astacolus tricarinella (Reuss) 1] +| (@|@] |@[+| |@|@
28 (Marginulina inaequalis Reuss 1 ++H[+[+]+] [+ ®
29| Marginulina linearis Reuss E + [+ |+ O]
Marginulina zaspelovae Romanova subsp.
. nom%:aspiensis I&jatliuk i AN *
31| Vaginulinopsis parallela (Reuss) [ 0 +H |+
32 |Citharina rudoccostata Barten. et Brand ++|® B Il s
33 |Vaginulina kochii Roemer 4+ [+ ++
34(Globulina exerta (Berthelin) | |=(®] [®]+] |+] |®
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continuation of the Table 1

35|Lamarkina lamplughi (Sherlock) +[+]+[+ +|m
3 Conorboides caucasicus (Z. Kuznetzova
et Antonova) 00
37|Hoeglundina aptiensis (Mjatliuk) M1 B
38 [Mironovella juliae (Mjatliuk) ] + L)
39|Heterohelix washitensis (Tappan) | (@
40|Hedbergella globigerinelloides (Subbotina) | [t +| (@|@|@®
41|Hedbergella gorbachikae (Longoria) 107 B |® )
42 | Hedbergella planispira (Tappan) n +|®
4 Hedbergella portsdownensis (Williams-
Mitchel)
Hedbergella praetrocoidea (Kretzschmar
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45|Hedbergella sigali (Moullade) M
46| Hedbergella trocoidea (Gandolfi) nin +
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49| Blefuscuiana aptica (Agalarova) M 2
Lilliputianella globulifera (Kretzschmar et
’ Gorgatchik) B [ -
51| Favusella tardita (Antonova) NN
5 Clavihedbergella primare (Kretzschmar
et Gorbatchik) [
Valvulineria gracillima ten Dam B|E
Valvulineria parva Khan H [0
Conorotalites bartensteini aptiensis
(Bettenstaedt) [ u
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Note: ® — the occurence of the taxons in of the Lower Cretaceous sediments in the Lowland Crimea; ®@; + — the
taxons occurence in the Lowland Crimea and other regions; ® — the taxons recorded in the contemporaneous analogues of
the regions identical to those of the Lowland Crimea. The letters denote the sub-stages: 1 — Lower; m — Middle; u — Upper.
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DUZONLIK KRIMIN ALT TOBASIR COKUNTULORININ BITISIK
REGIONLARIN EYNIYASLI ANALOQLARI iLO FORAMINIFERLOR
UZRO KORRELYASIYASI: BIOSTRATONLARIN YAYILMASI,
BSS-DA VOZiYYOTI, MUQAYIiSO KRITERILORI

Y.M. Tuzyak

Moagalada Diizonlik Krimin Alt Tobasir ¢okiintiilorinin Qarbi va Sarqi Mezotetisin bitisik
regionlarmin eyniyash analoglari ilo foraminiferlar iizra regionlararasi korrelyasiyasinin natica-
lari verilmigsdir. Regionlararasi korrelyasiva zamani Tetis vilayatina, Atlantik va Sakit okean
hovzaloring maxsus olan arazilarin foraminiferlaor iizro Alt Tobasir ¢okiintiilorinin boliinmasinin
zonal sxemlarinin miiqayisasindon istifads edilmisdir. Miiqayisa kriterilori ayrilmisdir. Region-
lararast korrelyasiya sxemi tortib edilmisdir ki, onda regionlar uygun olaraq Qoarbi va Sorqi
Mezotetisa qruplasmisdir.

KOPPEJISIIAA HI)KHEMEJIOBBIX OTJIOKEHU PABHUHHOT'O KPBIMA
C OJHOBO3PACTHBIMH AHAJIOT'AMU NPUIET'AIOIIIUX PETUOHOB
IO ®OPAMUHUPEPAM: PACITPOCTPAHEHUE BUOCTPATOHOB,
IMOJIO’KEHHUE B MCII, KPUTEPUN COITIOCTABJIEHUSA

AM. Tyssak

B cmamve npusedenvr pesynvmanuvi MesiCcpecUOHATbHOU KOPPEAYUul HUNCHEMENIOBbIX ONl-
nooicenuit Pasnunnoco Kpvivma ¢ 00noso3pacmuvimu ananozamu npuie2aiomux pe2uoHos 3anao-
Ho2o u Bocmounoco Mesomemuca no gpopamunugepam. Ilpu nposeoeHun mexncpeuoHanbHoil
KOppensyull UCNOIb306AHO CONOCMABICHIUE 30HATbHBIX CXeM PACYJIeHEHUS HUICHEMENIOB8bIX OM-
Joxcenuti no opamunugepam meppumopuii, npunaonexcawux Temuveckoi ooracmu, Amian-
muyeckomy u Tuxooxeancxkomy 6acceiinog. BviOenenvr kpumepuu conocmaenenus. Ilocmpoena
cXeMa MedHCpe2UOHANbHOI KOPPeIsiylll, 8 KOMOpOil pecUOHbl C2PYNNUPOBAHBI COOMBEMCNBEHHO 8
3anaouwiii u Bocmounwiii Mezomemuc.

58



STRATIGRAPHY AND SEDIMENTOLOGY OF OIL-GAS BASINS

Sedi tol
edimentology S

PSEUDO-BEDDING AND BURROW SILICIFICATION
IN THE KOMETAN FORMATION OF THE DOKAN AREA
(NORTHEASTERN IRAQ)

Silicified burrows and stylolite seams are common in the chalky pelagic limestones of the
Kometan Formation (late Turonian-early Campanian) of the Dokan area in northeastern
Iraq. The shape of individual and packed network branched chert nodules, which are the re-
sult of the early diagenetic mobilization of radolarian silica, are controlled chiefly by pre-
existing Thalassinoides burrow system. Frequent appearance of Thalassinoides may reflect
periodical formation of discontinuity (omission) surfaces on the canyon margin (or near the
listric fault) of the Dokan area resulted from combination of tectonic and eustatic processes.
It is also proven that many so-called bedding planes of the Kometan Formation are merely
pressure solution stylolites in massive homogeneous pelagic limestones (pseudo-bedding). It
is concluded that the association of silicified burrows (chert nodules) with stylolite veins re-
fers to regressive discontinuity surfaces, while the separation of these two features indicates
either winnowed permeable surfaces or true bedding planes. The clay constituent of such
stylolites is found to be formed mainly by transformation of smectite during burial processes.

Keywords: Pseudo-bedding, Chert nodule, Thalassinoides, Silicified burrows, Ko-

metan, Stylolite.

Introduction

The Kometan Formation, which is Late Tu-
ronian-Early Campanian in age, comprises the
lower part of the most widespread Late Turonian-
Danian megasequence (AP9) of Sharland et al
(2001) in northeastern Iraq (Figure 1). This forma-
tion, which is extensively exposed in the Sulay-
maniya Province, was firstly described by Dun-
nington (1953, in Bellen et al., 1959) near Ko-
metan village (northwest of Sulaymaniya city)
(Figure 2). He described the type section as 36
meters of light grey, thin bedded, globigerinal-
oligosteginal limestone, locally silicified, with
flattened ramous chert concretions, and occasion-
ally glauconitic at the base beds. The formation
has unconformable lower and upper contacts.

Due to facies similarity and age equiva-
lence, the so-called “Mushorah Formation” is
regarded as a facies of the Kometan Formation
(Buday, 1980). Consequently, the entire Ko-
metan Formation reaches a maximum thickness
of 300 meters between the Qara-chauq and
Hamrin structures; its depositional environ-
ments varied from shallow restricted shelf (“oli-
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gosteginalfacies”) to open marine (“globigeri-
nalfacies”) (Jassim and Buday, 2006).

The studied exposures are located near the
Lesser Zab River and close to Dokan Dam in
northwest Sulaimaniya (Figure 2). They consist of
~120 meters of highly fractured fine-grained (mic-
ritic), middle to upper bathyal homogeneous
chalky limestone, which includes mudstones,
wackestones, and packstonesfacies. In contrast to
the other sections, the Dokan exposures are char-
acterized by extensive and continuous stylolites
associated with branched, finger-like, and full-
relief chert nodules. In addition to the detailed
field and petrographical investigations, two repre-
sentative bulk samples (one from ramous chert
nodules and the other from stylolite vein material)
were analyzed using a Philips XRD (PW3710)
scanning from 26 = 4° to 6° in the laboratories of
the Department of Earth Science of the Royal
Holloway, University of London. The present
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study attempts to interpret the origin and genetic
connection between branched chert nodules and
highly developed extensive stylolite veins and
their material composition in the Dokan area.

Role of the compaction

Although the importance of the overburden
thickness to produce compaction structures is
controversial (Flugel, 2004), the closest associa-
tion of many prominent compaction features
cannot be understood without the assumption of
gradual accumulation of a thick overburden
succession. In this regard, the co-occurrence of
stylolization, stylobrecciation, nodular silifica-
tion, and conversion of semectite to illite in the
Kometan succession is thought to be connected
diagenetically owing to continuous extensive
overburden pressure of thousand meters of
sediments. Furthermore, the relatively low
amount of clay minerals (<5 %) in the studied
limestones of Dokan area make it more suscep-

e

tible to compaction and pressure solutions in
comparison with the underlying Gulneri and
overlying Shiranish formations.

Compaction is commonly followed by pres-
sure solution recorded by stylolites and solution
seams (e.g., Flugel, 2004; Boggs, 2006). The
mechanisms of pressure solution occur either by
dissolution in a thin solution film as a result of
compressive stress inside grain-to-grain bounda-
ries (Rutter, 1983; Scholle et al., 1983) or by dis-
solution at or just outside the rim of grain con-
tacts resulting in an undercutting (Bathurst, 1975;
Toda and Siever, 1986). Calcite released by pres-
sure solution is believed to be a significant
source for the formation of porosity-occluding
subsurface cements in deep burial setting, al-
though it may create conduits for fluids and open
migration paths (Flugel, 2004). In this regard, it
is believed that the both fracturing and pressure
solution are dominant factors in diagenesis of the
oil and water reservoir rocks of the Kometan
Formation in some oil fields northern Iraq.
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Figure 1. Stratigraphic outline of the Late Early Turonian-Danian Megasequence in Iraq (modified after Jassim and
Buday, 2006)

60



STRATIGRAPHY AND SEDIMENTOLOGY OF OIL-GAS BASINS

Sedimentolo
% 2013/1
10°E 42° 45°E 43°E
1 1 1 1
} 200 km
4 | e—
= Sinjar Basin b R fosten) =
= . Dokan (Study area) '“%
Syria
Erosion |
Tayarat Graben
Anah Graben
= =
e y =
-~ =
1 o
|I 2|3
| 3
\ [
S =
EN =
=z 2 "
o = - o =
& =4 B
o
s
S
[}
Saudi Arabia ~
Facies
= < :
s m Inner shelf and deep inner shelf = | L=
M = —
- Outer shelf oligosteginal carbonates J i
g Fartly non-deposited and partly eroded
; ; i '
40°E 42°E 44" E 45°E 18°E

location of the study area

Figure 2. Late Turonian-Early Campanian palacogeography of Iraq (modified after Jassim and Buday, 2006) and the

Regional tectonic evolution and silica origin

In addition to the Arabian Plate supra-
subduction through the Turonian-Early Cam-
panian time interval, contemporaneously a new
subduction zone was activated in the Neo-
Tethys along the southwestern margin of the
Sanandaj-Sirjan zone. The latter subduction re-
sulted in the formation of the Katar-Rash arc
volcanics in northeastern Iraq and extensive arc
volcanics in the Sanandaj-Sirjan zone of south-
western Iran (Jassim and Goff, 2006). These
volcanics are 1800 m in thickness, and they are
represented by calc-alkaline andesite-rhyolite
association, intruded by granodiorite, granites,

and quartz diorites. They are interpreted as
products of the early Late Cretaceous island arc
(that was formed on the southwestern margin of
the Sanandaj-Sirjan zone (Jassim et al., 2006).
Simultaneously, the foreland basin (including
the Kometan basin) was formed around the
northern margin of the Arabian Plate in re-
sponse to the loading of the foreland crust by
thrust sheets as a result of compression (Jassim
and Goff, 2000).

The simultaneous volcanic activity and
hydrothermal activity on oceanic floor could
play an important role in supplying silica to the
Kometan basin. In addition to the volcanic ash
contribution, Boggs (2006) stated that silica is
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added to the oceans through reaction between
seawater and hot volcanic rocks along mid-
ocean ridges and by low-temperature alterna-
tion of silicate particles on the sea floor.
Then, soluble silica could be extracted by sili-
ceous organisms (e.g., radiolarians).

Radiolarian occurrence

Diagenetic processes mobilizing silica are
silicate pressure solution, replacement of sili-
cates by carbonates, and clay mineral diagenesis
linked to conversion of smectite to illite (Flugel,
2004). No recognizable remains of any siliceous
organisms were reported from the Kometan
Formation previously (e.g., Dunnington, 1953,
in Bellen et al., 1959; Buday, 1980; Jassim and
Buday, 2006). However, the present study indi-
cates that this formation contains frequent, basi-
cally spherical spumellaria-type radiolarian tests
usually less than 150 pm in diameter. It is no-
ticed that the original opaline silica of Kometan
radiolarian tests was partially or completely re-
placed by calcite (Plate 1). Thus, these tests are
rarely well-preserved, as the structural details
disappeared partially or entirely, and they are

e

&

better preserved in chert nodules. On the other
hand, complete calcified radiolarian tests are
often overshadowed by the abundant planktonic
foraminiferal tests (Plate 1). Following Flugel
(2004) and Boggs (2006), it is hard to differen-
tiate between circular sections of such calcified
radiolarian casts and sections of calcispheres,
globular foraminifera, smaller calpionellids, or
even echinoid spicules. Careful petrographical
investigation of some Kometan circular test sec-
tions shows that their margins appear toothed.
According to Adams and Mackenzie (1998) and
Flugel (2004), such tests belong to radiolarians,
and carbonate (mud or spar) filled the pores of
test surfaces giving the toothed appearance
(Plate 1 B, E).

However, the dead opaline organism is more
soluble than crystalline quartz; and transformation
of such opal into microquartz is a solution-repreci-
pitation process (Boggs, 2006). Although some of
released elements (like silica) result in partial
pressure dissolution of such grain boundaries set-
tle down at pressure point contacts, the diffusion
mechanism leads much quantities to move away
from the contacts to trap in the adjacent pores and
burrows of the sediments; and this silica does not

Plate 1. Partially and completely calcification of radiolarian tests, occasionally overshadowed by the abundant
planktonic foraminiferal tests; some radiolarian test margins have toothed appearance
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escape back to the open ocean (Boggs, 2000).
Thus, pore water becomes increasingly enriched
in silica, leading eventually to precipitate the
chert. Accordingly, it is realized that the precipita-
tion of the Kometan biogenic silica occurred on
grain surfaces within burrows situated either close
to the stylolized pressure surface contact or in the
adjacent sediment (Plate 2).

Chert nodules

Silicified cylindrical and branched Ko-
metan nodules occur either individually or as
tight network. They had been embodied by ar-
thropod feeding and dwelling burrows repre-
sented by Thalassinoides. As silicification is
linked to early diagenetic mobilization of silica,
the shape of chert nodules is mainly controlled
by pre-existing Thalassinoides. The outcrops
appearance of these silicified burrows are full

2013 /1

relief, commonly segmented as Y, T, and -|— -
shaped branching (Plate 3 A, B). They are swol-
len at the point of branching and elsewhere with
no preferred orientation and their sizes range
from millimeters to a few centimeters up to
decimeters (Plate 3). However, the most distinc-
tive feature of these burrows is the downward
branching pattern, where there is a marked and
systematic decreasing in tube diameter at junc-
tions and terminations (Plate 3 C). Such burrow
linings, which may be simple secretion of mu-
cus or particulate walls agglutinated by organic
compounds, are preferred sites for subsequent
mineralization (Pemberton, 2002). It becomes
clear from the XRD studies that such a miner-
alization in Kometan burrows is represented by
silicification (Figure 3). Therefore, silicification
processes that obliterate Kometan radiolarian
tests by calcification played an important role in
preservation of trace fossils.

nations (C)

Plate 3. Types of burrows segmentation and swollen (A, B); and decreasing in tube diameter at junctions and termi-
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Figure 3. XRD analysis reveals mineralogical composition of Kometan chert nodule

Reality of bedding in the
Kometan Formation

The Kometan Formation in the study area
has been frequently described as thin to very
thin, well bedded limestones (e.g., Dunning-
ton, 1953, in Bellen et al., 1959; Buday, 1980;
Jassim and Buday, 2006). But the present
study, depending upon the careful field ex-
amination of the extensive new road-cut sides
and microfacies analysis, reveales that it is a
homogeneous massive pelagic limestone with
only few true bedding surfaces representing
primary change and breaks in deposition. The
most dark sharply defined apparent bedding
surfaces unlikely to be true bedding. It is just
pressure solution stylolites in homogeneous
limestone succession, where the darker colour
is attributed to higher concentration of clay
and organic materials along pressure contact
surfaces (Plate 4). This type of bedding is
known as pseudo-bedding (Flugel, 2004) or
apparent bedding (Nichols, 2009).

Under very high overburden pressures,
boundaries between grains become complex su-
tured contacts. Hence, the stylolites of the Ko-

64

metan Formation are single or swarm cogged
shaly seam oriented horizontally in response to
overburden pressure. They are marked by the
presence of clay minerals and other fine-size in
soluble residue that accumulates as carbonate
minerals dissolve. According to Scholle and
Ulmer Scholle (2003), such surfaces represent
differential grain interpenetration depending on
the relative solubilities of grains present on each
side of the surface.

Therefore, the Kometan Formation re-
veals the extension of less soluble fingers or
small protrusions within more soluble parts
(Plate 4). On the other hand, the Kometan
swarm stylolites commonly reveal embedded
pseudo-limestone nodules. In the light of
Nichols (2009)'s explanation, the pressure dis-
solution can result in the removal of large
amounts of calcium carbonate. The further
concentration of clay component on an im-
pure, muddy limestone leaves such nodules of
limestone within a wavy-bedding. Clayey ma-
terial giving a brecciated appearance (stylo-
breccia) with a fitted fabric to such pseu-
donodules, especially in the case of extreme
pressure dissolution.
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Plate 4. Higher concentration of clay and organic materials along the pressure contact surface showing extension of

less soluble fingers within more soluble parts

The correlation of the so-called bedding
planes between the new and old exposures of
the same sedimentary succession on the both
banks of the Lesser Zab River implies that the
extensive parallel stylolized pseudo-bedding
succession of the new road-cut on the lift bank
of the river becomes abruptly irregular with
wavy illusive bedding planes, parallel to each
other at the right bank of the river and other
relatively old exposures (Plate 5 A, B). This
misleading feature is attributed to differential
erosion processes, which removed gradually the
friable clayey stylolite seams and subsequently
refined the jagged lower and upper internal sur-
faces of the relic casts. So, the final configura-
tion of the older exposures simulates the true
bedding planes appearance (Plate 5 B).

Transformation of smectite to illite

Generally, the formation of smectite oc-
curs diagenetically by alternation of any sili-
cate minerals in deeper more offshore set-
tings at relatively low temperature (Flugel,
2004). However, smectite is not stable at
higher burial temperatures and tends to trans-
form into illite at ~55-200°C. The transfor-
mation occurs through a mixed-layer illite-
smectite series (Boggs, 2006; Nichols, 2009).
This serial conversion is connected with the
increase of crystallization degree and the
formation of denser, less hydrous minerals.
Thus, it is possible to use an illitecrystallinity
index as measures of burial temperature
(Nichols, 2009).

=

(B) transformation stage, and (C) pseudo-bedding stage

Plate 5. Gradual formation of pseudo-bedding: (A) extensive normal parallel stylolization stage at a new road-cut,
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The XRD analysis of raw unaltered friable,
black material of the Kometan stylolites re-
vealed that it is mineralogically composed of
illite, calcite and quartz (Figure 4). The recog-
nizable illite peaks of such raw samples may
reflect the significant concentration of illite and
its high degree of crystallization. Such thermally
driven diagenesis of clayey sediments associa-
tion with dewatering of clays and transforma-
tion of smectite to illite may form dilute solu-
tions that decrease the saturation state and thus
cause fluid flow (Flugel, 2004). The present
study records microscopically common occur-
rence of such flowage within stylolite seams
represented by fluid flow traces.

Discussion

According to MacEachern et al. (2007), se-
quence boundaries (discontinuities) forming on
submarine canyon margins encouraged coloni-
zation of Thalassinoides and a few other traces.
Such boundaries excavated subaqueously in the
marine environment. Thus, the high energy
sediment-gravity flows scour the canyon mar-
gins, but generally lead to little deposition. The

o

same authors also emphasized that during such
periods of regression, submarine canyons served
as zones of sediment bypasses and funnels di-
rected to the deep sea.

At least two subduction zones activated in
the Neo-Tethys at the time of Kometan carbon-
ate deposition (Jassim and Goff, 2000). These
events with subsequent canyon margins occur-
ring in Dokan area due to listric faults might
lead together to cyclic discontinuities corre-
sponding both tectonic and eustatic processes.
Thus, frequent occurrences of Thalassinoides
burrows may reflect frequent occurrences of
those regressive discontinuity (omission) sur-
faces. Discontinuities resulting from basin-
margin tectonic uplift may represent fault wall
to be excavated in the Kometan basin. Frequent
colonization of the canyon wall by firmground
trace markers in the Dokan area preceded grad-
ual burial of the canyon margins by shaly car-
bonate turbidities of the Shiranish Formation
(Late Companian-Early Maastrichtian).

An increase in temperature by 10°C during
burial can cause double or triple chemical reac-
tion rates, thus mineral phases that were stable
in the depositional environment may become
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Figure 4. Diffractogram revealing mineralogical composition of a raw unaltered black stylolitic material
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unstable after deep burial (Boggs, 2006). Allen
and Allen (2005) stated that although compac-
tionally-driven fluid movement is slow and rela-
tively ineffective thermally, gravitationally-
driven flow through aquifers is very important.
They also added that water recharge areas in
topographically elevated areas around the basin
displace basinal brines and strongly affect the
temperature history of basin sediments. Such a
temperature increase leads to the formation of
denser, less hydrous minerals and also causes an
increase in the solubility of most common min-
erals except for carbonate minerals; thus, sili-
cate minerals dissolve with greater burial depth
and higher temperature (Boggs, 2000). In addi-
tion to compactional fluid flow, diagensis of the
occasionally presence of clay associated with
dewatering of smectite to illite may form dilute
solutions that decrease the saturation state and
cause fluid flow (Flugel, 2004).

Consequently, it is thought that the occur-
rence of such processes within the Kometan
carbonate succession of the Dokan area result
in 1) conversion of smectite to illiteand 2) cal-
cification of whole opaline tests of radiolaria.
On the other hand, quite as stated by Boggs
(2006) that decrease in pH of pore waters with
depth (due to decomposition of organic materi-
als) may cause dissolution of carbonates. The
increased pressure during deep burial causes an
increase in the solubility of minerals at point
contacts resulting in the partial dissolution of
the minerals. This process, which releases sil-
ica into pore waters, is an important mecha-
nism for furnishing silica that can later precipi-
tate new silicate minerals in the form of pre-
existing Thalassinoides burrows in the Ko-
metan carbonates.

Most bedding surfaces of homogeneous
deep marine chalk sequence in the Kometan
Formation may be attributed to the winnowing
increase caused by the abrupt sea-level changes
during deposition processes. Such surfaces
commonly represent zones of improved perme-
ability (Scholle et al., 1983). Accordingly, it is
thought that the most favorite trends of styloli-
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zation are the pre-existing of such permeable
surfaces, in addition to normal bedding planes
and regressive discontinuity surfaces. Conse-
quently, it is found that the coincidence of
mainly silicified burrows and stylolite veins re-
fers to regressive discontinuity surfaces, while
their separation indicates either winnowed sur-
faces or true bedding planes (Plate 2).

Conclusions

The attempted investigation allows several im-

portant conclusions, which are as follows.

1. Contrary to the previous descriptions, the pre-
sent study implies that there are abundant cal-
cified radiolarian tests in the Kometan lime-
stone, which could play an important role in
the concentration of silica in chert nodules.

2. The famous ramous shape of Kometan chert
nodules in the Dokan area represents the early
silicification of pre-existing 7halassinoides
burrows.

3. It is deduced that the most so-called “bedding
planes” of the Kometan Formation are merely
pressure solution stylolites in massive homo-
geneous pelagic limestones.

4. The clay matter of stylolite veins is repre-
sented by illite resulting from smectite altera-
tion during burial processes.

5. Such repeated Thalassinoides suits may be
attributed to periodical subjection of an in-
cised submarine canyon to relative sea-level
lowstand followed secondly by marine condi-
tions, before burial. Therefore, they represent
regressive surface of erosion and sequence
boundaries. This needs more forthcoming
studies, especially in sequence stratigraphy.
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DOKAN ORAZISININ KOMETAN FORMASIYASINDA ORQANIZM
PSEVDOTOBOQOLILIYI VO ORQANIZMLORIN HOROKOT YOLLARININ
SILISTUMLASMASI (SIMALI-SORQI IRAQ)

Ibdiil 9ziz M. 9l-Hamdani

Orqanizmlarin silisiumlasmis harakat yollari va stilolit amalagalmalari Simali-Sarqi Iraqin
Dokan rayonunun Kometan formasiyasinin (Gec Turan-Erkan Kampan) tobasirvari pelagik
ahongdaslarinda genis yayilmislar. Tok-tok vo qrup halinda rast galon silisiumlu duzlarin,
radiolyariyalarin diagenetik mobilizasiyasinin naticasi olan formasi talassinoideyalarin mov-
cud harakat yollar1 sisteminin, asas etibarila, nazarati altindadir. Talassinoideyalarin six inki-
safi Dokan arazisinda kanonun kanarinda (va ya listrik yarigin yaninda) vaxtasiri geyri-miinta-
zom sathlarin tektonik va evstatik proseslorin miistorak tasiri naticasinds formalasmasini aks
etdira bilor.

Siibut edilmisdir ki, Kometan formasiyasinda ¢oxsayli laylasma sathlori massiv homogen
pelagik ahangdaslarmda stilolit amalagalmaloridir (psevdotobaqalilik). Naticada tasdiq edilir ki,
orqanizmlarin stilolit venall silisiumlu harakat yollar: assosiasiyasi reqressiv miintazom satha aid
olub, bu iki amalagolmonin toklikda rast galmasi ya kegirici iifiiriilma sathina vo ya haqiqi
laylasma sathina isara edir. Bela stilolitlorin gilli taskiledicisi gomiilma zamamni smektitin trans-
formasiyasi naticasindo amala galir.

HCEBAOCJTOUCTOCTDb U OKPEMHEHHME XO10B OPTAHU3MOB B ®OPMAIINN
KOMETAH TEPPUTOPHUH JIOKAH (CEBEPO-BOCTOYHEIN HPAK)

Aoayn-Azuz M. Anb-Xamaanu

OxkpemHeHHbIe X00bl OP2AHUSMOS U CIIUTIONUNIOBbIE 0OPA308AHUSL UMEION WUPOKOE PACHPO-
cmpaHexue 8 MeJlIoNOOOOHBIX Neazuyeckux uzsecmuskax popmayuu Komeman (no3ouuii mypou-
pauHuil kavnaw) paiiona J{oxkan ceeepo-eocmounoeo Hpaka. @opma omoenvHuIX u 6cmpeuaro-
WUXCsl 8 epynne 8eMEUUXCSL KPEMHUEBbIX OPY3, AGIAIUUXCS Pe3VIbmMAamom OuaeeHemuyecKoil
MoOuIU3aAYUU KPeMHUSL PAOUOSAPUL, KOHMPOIUPYEMCsl, 2NA8HbIM 00pa30M, CYuecmeyouyeil
cucmemvl X0008 manaccuxouoei. acmoe pazeumue manaccunouoeii Mojxcem ompaxcams ne-
puoouueckoe GYopmuposaHiue NpepuiGUCMbIX NOBEPXHOCMET HA KPAK KAHbOHA (U1l JHce OKOJIO
JUCMPUYECKO20 pazioma) Ha meppumopuu J[okan 6 pesyivmame COBMECMHO20 OeticmaEls meK-
MOHUYECKUX U 26CMAMUYECKUX NPOYECCOB.

bvi1o 0oxkasano, ymo mMHo2ouUCTeHHbIE NOBEPXHOCMU HANIACMOoBanUus 8 hopmayuu Komeman
SAGNSIOMCSE CIIUTOIUMOBLIMU OOPA30BAHUAMU 8 MACCUBHBIX 2OMOEHHBIX NEIACUYECKUX U36ECHIHS-
Kax (ncesoocnoucmocms). B 3axniouenuu ymeepacoaemcs, Ymo accoyuayusi OKPeMHEHHbIX X0008
Opeanu3mMo8 (Kpemuesvie Opy3vl) CO CIMUIOIUMOBLIMU BEHAMU OMHOCSNICSL K PecpeccusHoil Henpe-
PbIBHOI NOBEPXHOCHIN, 8 MO 8PeMS KaK, OMOeIbHOe NOsIGIeHUe SMUX 08YX 00PA306AHUTI YKA3bIGA-
em wiu Ha 00pazo6anue NPOHUYAEMOll NOBEPXHOCMU BbIOYEAHUS, U JHCe HA (POPMUPOBAHUE UC-
MUHHBIX NOBEPXHOCMIET Haniacmosanus. 1 iunucmas cocmasisiowas NOOOOHbIX CIMUIONUMOE 00-
paszyemcsi 8 pe3yavmane mpaHc@hopmayu CMeKmuma 60 6pemsi 3aX0POHEHUSL.
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GLOBAL EUSTATIC CONTROL ON THE JURASSIC SHORELINE
SHIFTS IN THE BACK-ARC BASIN OF THE GREATER CAUCASUS:
A NEW INSIGHT

Eustasy may be an important control on shoreline shifts in sedimentary basins. If the
global sea-level rose in stepwise mode (with no falls) through the Jurassic, transgressions
and regressions established in the back-arc basin of the Greater Caucasus differed strongly
from the eustatic changes. However, the increase in the spatial distribution of marine envi-
ronments in this region in the Late Jurassic relatively to the FEarly Jurassic reflected the
global tendency towards sea-level rise. Certain eustatic control on the regional shoreline
shifts should be postulated in such a case, although Early Jurassic basin subsidence altered
the influence of the global factor. Further improvement of the global sea-level curve (with re-
gard to new conclusions about the Jurassic climate and plate tectonics) may lead to re-
consideration of the eustatic control on the shoreline shifts in the Greater Caucasus.

Keywords: transgression, regression, eustasy, Greater Caucasus, Jurassic.

Introduction

Deciphering eustatic control on basin-scale
shoreline shifts is always a challenging task, es-
pecially when the evidence of global sea-level
changes is ambiguous and the basin had an active
tectonic setting. However, successful accom-
plishment of this task is highly important because
of two reasons. Firstly, this provides important
information for further application of sequence
stratigraphical models. Secondly, this facilitates
inter-regional correlation of sedimentary succes-
sions. In the both cases, sufficient knowledge for
petroleum exploration is obtained.

Previous studies by Ruban (2007, 2008) re-
vealed only partial (if any!) global eustatic con-
trol on Jurassic transgressions and regressions in
the back-arc basin of the Greater Caucasus.
However, some ideas expressed by Hallam
(2001) and proven by Zorina et al. (2008) allow a
new insight into this issue, which is the main ob-
jective of the present brief paper. To avoid repeti-
tions from the earlier works (e.g., Ruban, 2007,
2008; Zorina et al., 2008), I do not provide here
the explanations of the alternative global sea-
level curves and the methods of reconstruction of
the regional shoreline shifts in the Greater Cau-
casus. My paper, however, pays more attention to
the original eustatic reconstruction proposed by
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Hallam (1988) and its possible modification in
the light of the later considerations of the same
specialist (Hallam, 2001).

Geological setting

In the Jurassic, the Greater Caucasus was a
back-arc basin that evolved on the northern pe-
riphery of the Neotethys Ocean (Ershov et al.,
2003; Ruban, 2006; Saintot et al., 2006;
Tawadros et al., 2006; Adamia et al, 2011;
Nikishin et al., 2012) (Figure 1). Siliciclastic-
dominated Lower—Middle Jurassic package and
carbonate-dominated Upper Jurassic package
with a total thickness of more than 10 km were
accumulated there (PocroBueB u ap., 1992
Ruban, 2007, 2008). The age of these deposits is
controlled by various fossil groups, including
ammonites (PoctoBues u np., 1992; Anu-3ane,
2007; Tormuumsmiu u Jlomunanze, 2007). Nor-
mal marine conditions persisted in the Greater
Caucasus Basin through the Jurassic (flcamanos,
1978), although this basin did not escape serious
palaecoenvironmental changes (Ruban, 2007).
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Figure 1. Palaeotectonic location of the Greater Cau-
casus Basin in the Jurassic. Base map (plate tectonic
reconstruction for the Oxfordian Stage) is strongly
simplified from Stampfli and Borel (2002)

Geodynamic regime did not remain stable
on the territory of the Greater Caucasus during
the Jurassic, and there were significant tectonic
re-organizations (Ershov et al, 2003; Ruban,
2006, 2010; Saintot et al., 2006). This was a
force to produce the shoreline shifts recon-
structed by Ruban (2007, 2008). However, the
punctuated, but significant rise of the global
sea-level during the same period (Haq et al,
1987; Hallam, 1988, 2001; Haq and Al-Qahtani,
2005) might have also been a kind of control on
the basin-scale transgressions and regressions.
This Jurassic tectonic-eustatic interplay in the
Greater Caucasus is yet to be fully understood.

Regional trajectory of shoreline shifts
and “no-fall” eustatic curve

Multiple eustatic rises and falls in the Ju-
rassic have been documented by Haq et al.
(1987), Hallam (1988), and Haq and Al-Qahtani
(2005). However, Hallam (2001) demonstrated
clearly that the only Jurassic global-scale fall
occurred near the beginning of this period; the
sea level either rose or remained stable later.
This idea coincides well with the observations
of Zorina et al. (2008), who did no find any
planetary-scale concentration of sedimentary
breaks in the Jurassic, except for that at the be-
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ginning of this period. If so, the observed Juras-
sic regressions were only basin-scale, and they
should be explained in the only terms of the re-
gional/local tectonic activity (Hallam, 2001).
This evidence implies the urgency of the “new-
generation” eustatic standard, which is, how-
ever, lacking.

For the purposes of this study, I transform
the original eustatic curve proposed by Hallam
(1988) into the tentative “no-fall” eustatic
curve, where the earlier-thought falls are re-
placed with the stable position of the global
sea-level (Figure 2). The resulting curve de-
picts stepwise eustatic rise after the lowstand at
the Triassic-Jurassic transition, which echoes
the idea of Hallam (2001). The global sea level
rose relatively quickly during the Hettangian-
Pliensbachian. Then, it stabilized, and this situa-
tion persisted until the Callovian (Figure 2). This
was followed by the other phase of relatively
quick rise. It should be noted that the Hettangian-
Pliesbachian and Callovian-Tithonian intervals
differed with regard to the eustatic changes. The
latter accelerated toward the end of the first in-
terval, whereas they were more rapid in the first
half of the second interval than in its second half
(Figure 2). It appears that the Pretoarcian and
post-Bathonian global sea-level rises were more
or less comparable in their magnitude.

The “no-fall” eustatic curve has to be com-
pared with the trajectory of shoreline shifts
documented in the Greater Caucasus Basin by
Ruban (2008) (the reconstruction by Ruban
(2007) is less detailed). Striking difference be-
tween them are evident (Figure 3), which im-
plies serious alterations of the eustatic influ-
ences by any basin-scale factors (most probably,
tectonic activity). But I tend to stress that the
Late Jurassic marine environments occupied a
larger portion of the Greater Caucasus than in the
Early-Middle Jurassic. This corresponds to the
global tendency towards eustatic rise (Figure 3).
The geodynamic regime along the basin mar-
gins (Ershov et al., 2003) and the distribution of
sediments in the basin (PocroBues u np., 1992)
do not imply that the established correspondence
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_—
enstatic rise
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Figure 2. Transformation of the Jurassic eustatic curve
proposed by Hallam (1988) (re-scaled from Hallam,
2001)) into the “no-fall” curve on the basis of conclu-
sions by Hallam (2001)

is occasional and linked to the influence of re-
gional tectonics or accumulation rates. Most
probably, it indicates directly the global eustatic
control on the Jurassic shoreline shifts in the
back-arc basin of the Greater Caucasus, which
is visible in a long-term perspective. As sea-
level falls and relevant regressions were only
basin-scale in extent and linked to the re-
gional/local tectonic activity (Hallam, 2001), it
is not surprising that there were many major and
minor regressive events in the Greater Caucasus
Basin (Figure 3), and the latter is not a strong
argument against the eustatic control.

The attempted comparison poses the other
question. Maximum extent of the sea was
reached in the Greater Caucasus already at the
Early-Middle Jurassic transition, and the sea
size increased only slightly (by about a quarter)
in the Late Jurassic (Figure 3). Moreover, if the
Kimmeridgian-Tithonian evaporite-bearing de-
posits and overlying siliciclastics of variegated
colour should be interpreted differently from
Ruban (2008, 2009), i.e., if they do not indicate
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Figure 3. Comparison of the trajectory of the Jurassic
shoreline shifts in the Greater Caucasus Basin (after
Ruban, 2008) with the “no-fall” eustatic curve

mixed marine and lagoonal environments, the
general tendency towards transgression through
the Jurassic becomes even weaker (see maxima
in landward shoreline position on Figure 3). In
contrast, the magnitude of the global sea-level
rise was more or less comparable for the Het-
tangian-Pliensbachian and Callovian-Tithonian
intervals (see above). This permits two hypothe-
ses. Firstly, subsidence of the basin margins in
the Early Jurassic would make the transgression
faster than it would occur thanks to the only
eustatic mechanism. Secondly, uplift of basin
margins in the Late Jurassic would diminish the
strength of the eustatically-driven transgression.
Most likely, the second hypothesis has to be re-
jected, because the entire Greater Caucasus and
adjacent areas tended to subside in the Late Ju-
rassic (Ershov et al., 2003; Saintot et al., 2000).

Discussion and conclusion

The new insight into the issue of eustatically-
versus tectonically-driven transgressions and re-
gressions in the Greater Caucasus Basin has be-
come possible due to the re-consideration of the
Jurassic eustasy by Hallam (2001). However, the



STRATIGRAPHY AND SEDIMENTOLOGY OF OIL-GAS BASINS

Sedimentology

idea of the latter needs further discussion, because
new information about the Jurassic climate and
planetary-scale tectonic events has appeared in the
past decade. Hallam (2001) pointed out that the
Jurassic world escaped glaciations (and, conse-
quently, glacioeustatic phenomena) and the only
plume-triggered tectonic activity might have pro-
voked global sea-level lowstand at the Triassic-
Jurassic transition. But was it so in fact?

The dominance of greenhouse conditions in
the Jurassic is mentioned in the modern synthetic
works (Price, 2009; Retallack, 2009; Chen et al.,
2012; Zelasiewicz and Williams, 2012). But the
possibility of the Late Pliensbachian glacial epi-
sode was considered by Dromart et al. (2003), and
the Late Pliensbachian cooling was also men-
tioned by Gomez et al. (2008) and Goémez and
Goy (2011). The Callovian glacial episode was
hypothesized by Dromart et al. (2003), although
Wierzbowski et al. (2009) questioned this hy-
pothesis. Consequently, short-term establishment
of icehouse conditions and relevant glacioeustatic
mechanisms were not so impossible in the Juras-
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sic. The new plate tectonic reconstructions by
Seton et al. (2012) demonstrate voluminous gene-
ration of the young oceanic crust in the Pacific
sector of the Earth through the Jurassic, the ap-
pearance of some new spreading zones, and the
partial subduction of the Neotethys oceanic ridge
in the Late Jurassic. These events (at least) might
have influenced global eustatic changes.

New achievements in the understanding of
the both Jurassic climate and plate tectonics im-
ply that the “no-fall” eustatic curve used as a
reference in the present paper (Figure 2) may be
corrected in the future. Evidently, there is still
much work to do until we will be able to judge
definitely about the Jurassic eustasy and its con-
trols on the regional transgressions and regres-
sions. But I tend to say that until the appearance
of new eustatic curve(s), we can believe that the
Jurassic shoreline shifts in the back-arc basin of
the Greater Caucasus were facilitated by the
global eustatic rise on the long-term scale, if
even these shifts were strongly controlled by the
regional tectonic activity.
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BOYUK QAFQAZIN QOVSARXASI HOVZOSINDO SAHIL XOTTIiNIN YURA
YERDOYiISMOLORININ QLOBAL EVSTATIK NOZAROTI: YENI BAXIS

D.A. Ruban

Evstatika ¢okma hovzalarinda sahil xattinin yerdayigmasinin miihiim amili ola bilar. Ogar donizin
qlobal saviyyasi Yura arzindo pilloli (asag1 diismadon) artirsa da, Boyiik Qafqazin qovsarxasi
hovzasinda miiayyan edilmis transqressiyalar va reqressiyalar evstatik dayismalardan farqlonirdilor.
Lakin Gec Yurada bu regionda daniz saraitinin makan paylanmasinin genislonmasi doniz saviyyasinin
artmasinin global tamayiiliinii aks etdirirdi. Bu halda sahil xattinin yerdayismalarina miiayyon evstatik
tasir qeyd edilmalidir, lakin Erkon Yura hovzasinin ¢okmasi gqlobal amilin tasivinin iiziinii
pardalomisdir. Daniz saviyyasinin qlobal dayismalari ayrisinin sonraki korreksiyasi (Yura iqlimi va
litosfer plitalarinin tektonikas1 barads yeni naticalori nazara alinmagqla). Boyiik Qafqazda sahil
xattinin yerdayismalarinda evstatik amilin rolunun yenidan baxilmasina gatirib ¢ixara bilar.

I'JIOBAJIBHBIN DBCTATHYECKHUUN KOHTPOJIb IOPCKHUX
CMEILIEHUI1 BEPEITOBOU JINHUU B 3AIYTOBOM BACCEVHE
BOJIbIIIOI'O KABKA3A: HOBBIN B3I'JIS/{

J.A. Py6an

Decmamuka modxcem Ovims BANCHHIM PAKMOPOM CMeujenuil 6epe2o8oii IUHUU 8 OCAOOYHBIX
bacceiinax. Eciu enobanvhulii yposens mops poc cmynenyamo (6e3 naoenuti) Ha NPOMsNCeHUU 10pbl,
mparncepeccuu u pecpeccull, yCmaHogieHHvie 8 3a0y2080m dacceiine bonvuoeo Kaskasa, cunshno om-
JUYAIUCL Om d6cmamuyeckux koneoanuti. OOHako ysenuyenue NPOCMPAHCMEEHHO20 PACHPOCHpAHe-
HUST MOPCKUX YCII08UTI 8 JMOM pe2loHe 8 NO30Hel I0pe Ompaical 2100aIbHYI0 MEeHOeHYUIO K NOObeM)
VposHs mops. B makom ciyuae 0012CHO Obimb OMMeYeHO OnpedeieHHoe 36CMamuyeckoe GusHue Ha
pecuonanvhvle cmeujenus bepe206oll TUHUY, OOHAKO PAHHEIOPCKOe NozpyiceHue bacceiina 3amyuie-
eano eausAHue 21006anvHo2o gaxkmopa. Ilocneoyrowas Koppekyus Kpueou 2i00aibHuIX KoJeOaHuil
VPOGHs MOP3. (C y4emoM HOBbIX 8bI80008 OMHOCUMENbHO 10PCKO20 KIUMAMA U MEKMOHUKU JTUMO-
cheprvlx naum) Moxcem nNpueecmiu K nepecmMompy poiu 36Cmamuyecko2o Gaxmopa 6 cmeujeHu-
s1x Oepezoeoii nunuu Ha borvuiom Kaskase.
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TO THE HISTORY OF DISCOVERY OF THE TIMAN BAUXITES

The Timan bauxites form two bauxite ore basins: the South Timan and the North Timan
ones, both of which are united to form the Timan Bauxite Ore Province. The South Timan Ba-
sin comprises the developed loped Visean aqueous bauxites of the valley and karstic-pitted
types, mostly boehmite x in composition. Only the northern side of the province contains the
boehmite-hydrargillite bauxites. The Middle Timan Province is represented by lateritic baux-
ites and their reprecipitation products: the diluvial, proluvial, alluvial, lacustrine-boggy and
karstic boehmite compositions. The bauxite discovery started in the South Timan and pro-

gressed northwards.

Keywords: Timan, bauxites, pioneers, the Visean sediments, valleys, the Kedva depres-

sion, a mine field.

Introduction

The Komi Republic is known far beyond
the boundaries of Russia thanks to its oil and
gas resources contained in the Timan-Pechora
Petroleum-Bearing Province that also has major
deposits of the titanic ore within the oil-titanium
mine field Yaregskoye and the polymineral
mine field Umbinsko-Srednenskoye.

The fields of at first the Lower Carbonifer-
ous and then the Middle Devonian bauxites that
were discovered there half-a-century ago ac-
count for 26.35 of the total bauxite resources of
Russia. Their total quantity if estimated by the
A+B+C; categories equals 34795 mn tonnes
and they are accumulated in the following two
bauxite ore provinces: the South Timan and the
Middle Timan ones, both of which when put
together form the Timan Bauxite Ore Province
that happens to be one of the biggest ones in
Europe. E.P Kalinin (2010) put Russia in the 6™
position globally in terms of bauxite resources.
As regards the bauxite extraction, our country
shares the 8" and the 9™ positions with Kazakh-
stan and is in the 7™ position, also globally, in
terms of aluminium utilisation.

The history of the Timan bauxites’ discov-
ery stands out for its many stages and, to an ex-
tent, also, intricate evolution. Therefore, various
sources give different and sometimes even con-
tradicting information as to when those fields
were discovered and who discovered them.

76

A.M. Plyakin
The Ukhta State Technical University; Ukhta
E-mail: aplyakin09@yandex.ru

zav_miggg@ugtu.net

The Visean Bauxites

The first steps to the Timan bauxite dis-
covery were made by the geologists
B K.Likharev and P.I.Antonov. B.K Likharev
found allite fragments with the Al,O3; content
of up to 39% and the siliceous module of 1.0
during the geological survey in the basin of
the rivers Vychegda and Cher Izhemskaya in
the South Timan in 1929. However, no inter-
est was demonstrated in that finding then. In
1931, P.I.Antonov found the red ochreous-
clayey rocks on the Kraska-Mylk Fell in the
North Timan in 1931. The hopes of finding
aluminium and iron fields were pinned on
those rocks at first and so, 4.G.Kitayev led the
attempt to find a bauxite mine field there in
1933 — the attempt was unsuccessful. That
notwithstanding, in 1935, G.P.Sheiko did not,
having analysed the previous work’s out-
comes, lose the hope of finding the ‘frue
bauxite clays’ near that fell. Looking ahead,
we should note that we undertook a detailed
study of the weathering profile in that area in
the 1960s; there, we found the presence of al-
lites in the upper fringe but no bauxites were
ever found.
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The first suppositions that bauxites might
have to be associated with the Lower Carbon
rocks in the Middle Timan surfaced in the
1930s. 1.G.Dobrynin who had conducted re-
search upstream the river Neritza spoke of that
in his relevant mine field work report in 1933.
He indicated that the alum earth content in the
claystone-like shales was up to 32.5%. On the
outside, those shales looked very much like
some varieties of the Tykhvin bauxites.
L.G.Dobrynin wrote a staff report entitled
‘Bauxites in the Middle Timan’ in 1953. Our
subsequent revision work that included drilling
(1962) did not confirm that statement.

The reality of the bauxite-bearing prospects
in Timan were analysed and supported for the
first time in the report by A A.Chernov (1947)
for the 2™ Geological Conference of the Komi
ASSR in 1994,

tion was averted from studying the other strati-
graphic levels for bauxite-bearing qualities.

Figure 2. Alexey Ivanov

Figure 1. Alexander Chernov

The geologist A.V.Ivanov was studying the
Visean sediment core samples taken from the
depths of 177.3-179.5 m in the test hole No. 1 —
Zelenetz in 1949. He found in the samples the
true with the content of Al,O3 up to 47.6-62.2%
and the siliceous module of 1.42 to 3.42 in sev-
eral samples. That discovery confirmed the Uk-
hta geologists’ assumption of a possible associa-
tion between the Timan bauxite fields and the
Visean sediments. At the same time, the atten-

The discovery of the Timan bauxites
analogous to the Tykhvin bauxites by age, gene-
sis and composition provided sufficient grounds
for prospecting to be started in that region. Not
only 1.G.Dobrynin and A.V.Ivanov but also
V.A Raznitzin, P.I.Aladinsky, V.A Kaluzhny,
N.A.Syrin and others recommended that such
prospecting should be undertaken.

The prospecting and exploration led by
the geologist of the North-West Geological
Department V.I.Gorsky-Kruchinin and the
scientific research led by the scientist of
SIMR P.V.Orlova started in 1954 on the basis
of the findings and recommendations from
many geologists.

V.1.Gorsky-Kruchinin drilled 33 core
wells on a sparse array in 1954—1955 and 10
of the wells tapped bauxite rocks with the sili-
ceous module of more than 1.0. In 5 wells, the
module exceeded 2.1 while the Al,O3 contest
was up to 55%. In effect, that confirmed the
discovery of the Visean bauxites in the Middle
Timan by A.l.Ivanov. However, V.I.Gorsky-
Kruchinin put that region down as one of no
industrial significance.

The SIMR scientists reviewed the core well
samples taken in the Middle Timan in 1953 and
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examined in detail the Visean sediment devel-
opment band in the valley of the river Neritza
that 1.G.Dobrynin identified. 7 V.Orlova deter-
mined the developed chemical weathering crusts
in the metamorphous rocks upstream the river
Pechorskaya Pizhma. There, she also found the
red rock fragments that contained 8.16% of
alum earth. The siliceous module of these rocks
equalled 1.16. At the same time, she indicated
that the Visean pelitic rocks of the weathering
crust in this area had the kaolinite composition
and had the traces of loose alum earth. She of-
fered an opinion of the possible discovery baux-
ite-bearing deposits in the region of the rivers
Neritza and Pechorskaya Pizhma. To the east of
the development region of these variegated de-
posits she supposed the possible presence of re-
deposited weathering product accumulations
containing also the loose alum earth minerals.

P.V.Orlova and her colleagues from SIMR
N.T.Kalmykov and T.A.Vinogradova studied
the research findings obtained by V.I.Gorsky-
Kruchinin and arrived at the conclusion that the
South Timan was bauxite-perspective. They
confirmed the association of the tapped bauxites
with the Visean epoch and attributed them to the
platform type — the analogues of the Tykhvin
and North Onega bauxites.

While assessing the prospecting done by the
South Timan team of the North-West State Uni-
versity led by V.I.Gorsky-Kruchinin, P.V.Orlova
mentioned that that work was not sufficient for
evaluation of the bauxite prospects of the South
Timan because the net of bores was very sparse
and inadequate to the probable dimensions of the
possible ore chambers. Nonetheless, the opinion
of V.1.Gorsky-Kruchinin about the bauxite impos-
sibility of the region prevailed and no further
bauxite prospecting was done there.

The Ukhta Geological Exploration Expedi-
tion oriented for geological exploration within
the boundaries of Timan to find solid mineral
resources was established to the orders of the
head of the Komi-Nenets Geological Depart-
ment B.L.Afanasyev in Ukhta in 1958. The
mainstream operation focused on rare metals
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and rare earths in the Middle Timan and gyp-
sums and construction materials in the South
Timan — to cater for the advancing construction
industry of that region.

In 1960, the geologist of the Ukhta GEE
1.8.Sidorova analysed the Timan bauxite pros-
pect stock materials and designed a revision
work project for the area where A.V.Ivanov dis-
covered bauxites and V.I.Gorsky-Kruchinin ar-
ranged a sparse net of wells. It should be said
that the bauxite problem was one of the biggest
ones in our country in those years. The USSR
geologists were busy evaluating the relevant
prospects of their regions while the Ministry of
Geology provided financial allocations in profu-
sion to support the bauxite prospecting and ex-
ploration because bauxites were needed in the
vehicle manufacturing industry, multi-storey
construction, rocket and missile engineering and
the aircraft industry. 1.S.Sidorova compiled the
materials on the bauxite prospects of the South
Timan and the exploration work plans, while
A.M.Plyakin tabled them at the collegial session
of the RSFSR Ministry of Geology. The report
evoked the attending collegium members’ and
the invited bauxite researchers’ intense interest.
The collegium of the RSFSR Ministry of Geol-
ogy decided to begin large-scale bauxite pros-
pecting and exploration in the South Timan. The
initial supporting allocations were meagre,
though, and only made it possible to carry out
route tests covering slight mine roadway.

Figure 3. Yuri Krylov
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That work was put in the charge of the
young specialist Y.K.Krylov who succeeded in
performing it. He started with the route research
that included a slight scope of light underground
mining and, based on that work’s findings and
the analysis of the in-stock materials of these, he
produced the subsequent work plan that sug-
gested detailing of the known bauxite shows and
drilling bores in the Upper Volsk Downfold (the
Puzlin, Ejvador and Zelenetz depressions). The
first well was drilled under the care of the chief
tool pusher /. N.Kozlitin on 6 April.

Figure 4. Ivan Kozlitin

The same year, the geologist G.P.Gulyayev
began to work in that area. The two bauxite
fields — the Western one and the 2™ Timsher-
skaya one — had been discovered there by the
end of 1961 and 5 deposits more were discov-
ered in 1964: the 1™ and the 4™ Timsherskaya
ones and the Northern Field. The prospecting
and exploration for the South Timan bauxites
were eventually done also by such geologists as
V.G.Driga, V.A Zinchenko, V.G Kolokoltzev,
B.I.Kostushko, V.V.Lebedev, V.I.Petrenko,
V.M. Tarssin and others.

The fields of the Timshersko-Puzlinskaya
Group were discovered and the Visean-aged baux-
ites were explored and checked technologically
under the geological auspices of Y. K Krylov. The

2013 /1

study of those bauxites was the task of a big group
of geologists, researchers in other sciences and
industrialists including, among others, V.V Belya-
yev (1974), V.N.Dyomina (1977), Y.A.Gulya-
nitskiy, B.F.Gorbachyov, G.P.Gulyayev, V.G.Ko-
lokoltzev (1977), N.V Kullanda, M.V Pastukhova
and L.S.Sidorova.

Thus, A.V.Ivanova and Y.K.Krylov can
rightly be regarded as the discoverers of the
Timshersko-Puzlinsky bauxites. Their specific
genesis features and deposition conditions as
well as the association with the Visean deposits
created a momentum behind bauxite prospecting
in the provinces that lay farther to the North.

The first attempt at revisiting the site with
high aluminium content in the Visean deposits
of the basin of the River Neritza (the Middle
Timan) as 1.G.Dobrynin recommended was un-
dertaken by the Ukhta GEE geologists
G.P.Gulyayev and A M.Plyakin in 1962. The
route research and the shallow (down to 52 mn)
core drilling provided for a detailed enough
study of the Visean section of the red deposits in
this area but neither bauxites nor bauxite rocks
could be discovered there in spite of the fact that
the prospectors did note the heightened Al,O;
content in the clays.

The geological survey done in the Kedvin
Depression under the leadership of G.I. Gurevich
(1963-1964) determined the widespread devel-
opment of kaolinite clays in the lower terri-
genous pack of the Visean deposits. That find-
ing served as the grounds for the special-
purpose prospecting done in that area of the
South Timan subsequently. G.P.Gulyayev exe-
cuted the geological control of the bauxite pros-
pecting there.

That resulted in the discovery of the sec-
ond group of bauxite fields of the Kedvin-
Tobysskaya Group in 1967. Before that, how-
ever, the Loim Delf was discovered, followed
by the discoveries of the Upper Ukhta and the
Vapovskaya delves. Thus, the geologists of
Ukhta discovered a new bauxite-bearing area
in 1967, all the three delves were conglomer-
ated into the Kedva-Tobysskoye Mine Field.
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The first project justifying the chosen import of
the prospecting that started operations in that
area was written down by the geologist
P.S.Petrov with the input from I.S.Sidorova.
The geologist V.G.Kolokoltzev worked there
throughout the whole operation period. Among
the other geologists who were involved in this
work were V.N.Baranov, V.K Makhanov,
M.A Miklashevsky, V.G.Toporkov, S.N.Fa-
dehichev, M.1.Ferapontov, et al.

of those bauxites with the directed water flows
and accumulations in the gully-clough relief de-
pressions; their conclusion is based on the com-
plex of sedimentation indications. Other re-
searchers connect the bauxites to the valley fill
and karstic-kettle sedimentary types (Kouo-
konbieB, 1973; bemses, 2006). V.G.Kolo-
koltzev presupposes the possibility of the lat-
eritic bauxites’ preservation in the Famennian
Age rocks.

Figure 5. Gregory Gulyayev

Figure 6. Vyacheslav Belyayev

The scientists from Syktyvkar V.V .Belya-
yev and V.E.Zakrutkin (®umman, 2000) took
part in the study of the Kedvin Field’s bauxites
in 1972; E.S.Sherbanov, S.V.Kolesnikov and
M.A Miklashevsky (1973) joined them in 1973.

Four packs ([émuna, 1977) were identified
within the Visean bauxite-bearing series of that
field. The lower one is a sub-bauxite-bearing
one and comprises various facial types of sedi-
ments: channel, limnic and lagoonal ones. The
bauxite-bearing series comprise kaolinite clays,
bauxites and ferro-alum ores. The carbonaceous
series are composed of coaly clay rocks with the
thin coal lenses. The series are completed by the
variegated ~ psammitic-shale-aleuritic ~ pack.
Some researchers (IllepGakoB, KonecHukoB,
Muxnamesckuii, 1973) associate the generation
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P.S.Petro and G.P.Gulyayev can be con-
sidered to be the discoverers of the Kedvin
Bauxite Field.

The Devonian Bauxites

As was mentioned above, the discovery of
the Visean bauxite-bearing level in the Timan
meant the end to prospecting at the other strati-
graphic levels. The hypotheses about the baux-
ites’ association with the crusts of weathering of
the Devonian basalts, dunstones and tuffites was
proposed by V.A Kaluzhny first (1960) and by
O.S Kochetkov and A .M. Plyakin afterwards
(1969). Such a presupposition was based on the
study findings concerning those rocks’ weather-
ing crusts coming from various areas of Timan.
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Besides, bauxite rock fragments were found on
one occasion within the development area of the
Early Frasnian basalts of the Middle Timan —
V.1.Gorsky-Kruchinin made that discovery dur-
ing the geological survey done in 1957. How-
ever, he did not attach importance to his discov-
ery just like he did not during the search for the
Visean bauxites.

A M. Plyakin discovered the fragments of
bauxite rocks with the alum earth content equal-
ling 33.66% and the siliceous module of 1.94 in
the Quarternary deposits upstream the River
Mezen’ during the geological survey of 1965—
1966. Because the Early Frasnian basalts were
found to be well-developed in the vicinity of
that area, the author connected the high alum
earth content rocks to the basaltic weathering
crusts at first and this presumption founded the
basaltic weathering crust study to determine
their bauxite-bearing potential (1968-1970).
V.M. Pachukovsky, too, found the bauxite rock
fragments with the alum earth contents varying
from 32.95% to 34.35% and the siliceous mod-
ule of up to 2.01 within the basalt development
area in 1969. The weathering crust surveying
field party discovered kaolinite-hydromicaceous
rocks as well as clastic allites and bauxite rocks
in the interstream area of the rivers Vorykva and
Vezhayu in 1970.

The findings of the above-listed works
made it possible to associate the possible devel-
opment of the Devonian lateritic bauxites up-
stream the River Vorykva with the basaltic
weathering. V.M.Pachukovsky and A M Plya-
kin charted a prospecting pit in the bauxite rock
debris discovery region upstream the River
Vorykva in order to test this assumption in Oc-
tober 1970. The headway in the 4 shallow
(down to 3.2 metres) pits by the mine worker
I.Kosevskikh resulted in the discovery of the
bauxite bedrock with the thickness equalling
1.2 m (Konoxonbues, Ilnskun, [TauykoBckuii,
benses 1971). A.M.Plyakin documented and
tested the first delf. The chief tool pusher
A F Drighin drilled the well No. 522 into the
above-mentioned trial pit No. 4 in April 1971.

That well tapped the full thickness of the delf,
which was determined to equal 15 m. The pros-
pecting work that followed resulted in the de-
lineation of the deposit, which was called the
Upper Vorykva Field. A.M.Plyakin and
V.M. Pachukovsky were the discoverers of that
delf, which was called the Upper Vorykva Field
initially; they were awarded the discoverers’
diplomas and lapel badges in 1979. The genetic
classification of the Timan Devonian bauxites
was first elaborated during 1972-1973 (Ilns-
kuH, JleGenes, 1973) and it was supplemented
and concretised as more factual material was fed
in. The weathering crust upon the Proterozoic
lime shales is the principal source of the Devo-
nian bauxites; some even consider it the only
source at all. Probably, the Devonian or yet
more ancient basaltic tuffs played a certain role
in the generation of the bauxites. Lateritic baux-
ites are widely spread there alongside their de-
rivative rocks and reprecipitation (alluvial,
proluvial, lacustrine-marsh) deposits. B.B.Bel-
yayev suggested an idea of the possible ‘addi-
tional bauxitisation’ of the incomplete weather-
ing products in the karstic processes format.

Figure 7. Victor Pachukovsky

81



A.M. Plyakin

TO THE HISTORY OF DISCOVERY OF THE TIMAN BAUXITES

The continued prospecting led to the dis-
covery of two more deposits in the basin of the
River Vejayu situated on the extension of the
Vorykva Field: the Western and the Central
ones. Their discovery involved V.P.Abramov
(1979), G.P.Gulyayev and M.I Ferapontov
(1980) who went on to discover the bauxite field
that was called the Vejayu-Vorykva Field and
included also the Upper Vorykva deposit.
A A Lutoyev was added to the rank of the dis-
coverers in 1991,

As the prospecting progressed, it was
shifted to the East and North-West of the first
major deposit of the Devonian bauxites eventu-
ally. That led to further discoveries: the Eastern
Field was discovered first, followed by the dis-
coveries of the Upper Shugorskoye, and then of
the Volodinskoye, Zaostrovskoe and Svetlin-
skoe fields of the Devonian bauxites. Those dis-
coveries were pioneered by the geologists of the
Ukhta geological exploration expedition but
they are not named as such officially yet be-
cause the prospecting and exploration work is
not complete and ultimately defined. The de-
tailed research of the existing types of the Mid-
dle Timan bauxites as well as of their generation
conditions, material composition and rare min-
eral mineralisation was done by A .M. Plyakin
(1974), V.V.Belyayev, 1.V.Shvetzova (1976),
S.V.Levchenko (1981), V.V .Likhachev (1993)
and the geologists of various scientific organisa-
tions of the country.

Conclusion

The first Visean Age bauxites were dis-
covered within the Timan bauxite-ore province

e

by A.V.Ivanov and that discovery was made in
the South Timan. The first discovered bauxite
deposit received a negative verdict from
V. 1.Gorsky-Kruchinin, which caused the search
to stop. However, the scientific analysis of the
geological situation by 1.S.Sidorova made cer-
tain that the search was resumed, which re-
sulted in the re-evaluation of the prospects of
the province and the subsequent discovery of
several fields that made up the South Tima
Bauxite-Ore Province with the boehmite baux-
ites. The discovery was repeated by
Y.K . Krylov. That province was expanded even-
tually through the discovery of the boehmite
and hydrargillite bauxites in its northern part
under the leadership of G.P.Gulyayev.

The path to the bauxites led through the
discovery of bauxite rock fragments within the
Quarternary deposits within the boundaries of
the Middle Timan. V.I.Gorsky-Kruchinin did
not evaluate correctly the first allite fragments
found, either. The new allite discoveries by
A.M.Plyakin and V.M.Pachukovsky and the
subsequent discovery of the first Devonian
bauxite deposit that these two prospectors
made marked the discovery of a bauxite type
that had been new to Timan, namely, the De-
vonian lateritic bauxites. Five more fields
were found there eventually that made up the
Middle Timan Bauxite-Ore Province. The list
of the Devonian bauxite pioneers became
longer when the names of V.P.Abramov,
G.P.Gulyayev, M.1. Ferapontov and A.A.Lutoyev
added to it.

The largest field of them all — the Vejayu-
Vorykva Bauxite Field — supplies the ore for
the Urals plants currently.
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Book review

SAN JUAN BASIN GAS FIELD AND RESERVOIRS

San Juan Basin gas field and reservoirs by Donald E. Owen &
Charles F. Head; Richard A. Ashmore (Ed.), 2011. Four Corners
Geological Society, P.O. Box 1501, Durango, CO 81302, USA (order
through: www.fourcornersgeologicalsciety.org/store/index.asp). PDF
file on CD-ROM, 113 pp. Price USD 20.00. ISBN 978-1-936980-00-0

Few  geolo-
gists get the oppor-
tunity to analyse
on their own a gas
field outside their
own working area.
This is well possi-
ble from now on,
thanks to a field-
trip guide that was
prepared for the 59th Annual Meeting (2010) of
the Rocky Mountain Section of the American
Association of Petroleum Geologists. This field
guide has recently been published in the form of
a CD-ROM which is generally accessible.

The field trip, which was guided by the au-
thors of this CD-ROM, is a 350-km traverse of
the Four Corners area (the area around the only
point in the USA where four states — Utah,
Colorado, Arizona and New Mexico — touch
each other), through the stunning landscapes of
the surrounding high desert and southern Rocky
Mountains, with emphasis on the hydrocarbons-
related geology of the San Juan Basin. This ba-
sin 1s also well known among palaeontologists
because of the controversy concerning the age —
Cretaceous or Palaeogene — of the youngest di-
nosaur remnants. The main topic is, however, as
the title indicates, the geology (and particularly
the sedimentology) of the gas and oil fields.
Cretaceous and Tertiary reservoir outcrops, as
well as landforms provide the basic data regard-
ing the stratigraphy, history of exploration and
development, and hydrocarbon system of the
basin. Apart from that, interesting landmarks
such as the famous Ship Rock (a neck) and
Mesa Verde (a table mountain with prehistoric

20 b £ 50T
P.0. Box~ 1
Durange, Colorado 81302
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Indian dwellings) form also part of the trip.

It is interesting to realise that most people —
and even many academic earth scientists — think
that you can get a good impression of a hydro-
carbons field only on the basis of drill cores.
This is, obviously, not true, and the excursion
described in this field guide shows why. Several
places are visited where rocks are exposed that
play an important role in the reservoir proper-
ties, most commonly in the form of host rocks

Geologists are, as a rule, not satisfied by
only hearing about outcrops: they want to see
them with their own eyes, investigate the rocks
with their own hammers, and take their self-
collected samples home. In this case, there are —
unfortunately from a geologists’ point of view —
some restrictions: in Navajo Nation the distur-
bance or collection of geological, palaeontologi-
cal or archaeological samples or remains is not
permitted. Geologists should first apply for — and
receive — a permit from the Navajo Nation Min-
erals Department (P.O. Box 1910, Window
Rock, Arizona 86515). But if such a permit is
granted, there is much to see. I mention here only
some of the most interesting points described in
the guide, as examples. Obviously, the field
guide contains much more information.

The first stop is at Carbon Junction
(Colorado), where the Pictured Cliffs sand-
stone and the Fruitland Formation are ex-
posed. Carbon Junction is named for the thick,
lower Fruitland Carbonero coal seam that has
been historically mined. Along the road, a sec-
tion is exposed consisting of, from bottom to
top the Lewis marine mudstones and silt-
stones, the Pictured Cliffs shoreface sand-
stones, and the Fruitland swamp/marsh to flu-
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A.J. (Tom) van Loon
SAN JUAN BASIN GAS FIELD AND RESERVOIRS

vial floodplain sediments, including coals.
These three formations were deposited in the
Cretaceous Western Interior Seaway in a de-
positional system that included coastal plain,
shoreface, and offshore environments.

The Lewis Shale is approx. 400 m thick
here; it contains lean hydrocarbon source beds
with generally less than 2% total organic carbon
(TOC). Tight sandstones, siltstones, and shales
are productive gas reservoirs where naturally
fractured. The Pictured Cliffs Fm. is a tight
sandstone reservoir with low permeability and
4-20% porosity. Pores are generally very small
in this fine-grained sandstone, and many pores
are at least partially occluded by pore-filling
cements and clays. Instead of producing gas
from pores, as in sandstones, the coal produces
gas from fractures known as cleats. The gas is
held in the coal by adsorption.

The next stop is at Cedar Hill in New Mex-
ico, in the Cedar Hill Fruitland Coal Pool, dis-
covered in 1977. British Petroleum disposes of
produced coal-bed methane water via evapora-
tion from ponds. The Fruitland Formation has
since become the world’s most prolific coal-bed
methane play, and it has produced more gas
than any other interval in the San Juan Basin.
Prior to extensive production and depletion,
over-pressurized coal-bed methane blowouts
and rig fires were a significant drilling hazard.
Inside the over-pressured envelope (higher per-
meability), average coal-gas production rates
are an order of magnitude higher than outside.
Nearly all the basin’s gas comes from Creta-
ceous reservoirs, which include tight sand-
stones, coals, and fractured siltstones/shales.
The entire section is gas-saturated in a large
stratigraphic trap with water updip of gas.
Commercial limits of each reservoir are defined
by reservoir quality (better updip!), water satu-
ration, and fracture density.

The third stop, in the centre of the Hogback
oil field in New Mexico, shows the Tocito
Sandstone. Rocks cropping out in the cliffs are
the Tocito Sandstone Lentil of Mancos Shale,

deposited primarily as sub-tidal sandbars. This
outcrop is situated on the Hogback Oil Field an-
ticline. The oil field originally produced from
the Dakota Sandstone and, later, Pennsylvanian
limestones. Several nearby oil fields (Horse-
shoe, Cha Cha, Bisti, etc.) also produce from the
Tocito Sandstone. At this outcrop, many of the
typical facies of the Tocito occur. The base of
the channel-fill sandstone is interpreted as
merging with the sub-Tocito unconformity
along the crest of the anticline. The basal Tocito
unconformity is interpreted to be at the change
in texture and colour observed near the base of
this outcrop. Tocito reservoirs have produced
the majority of the oil recovered from the San
Juan Basin. This part of the Mancos Shale inter-
val from below the Tocito Sandstone and above
it has been referred to by industry as 'The
Gallup' since the first commercial production in
the 1950s. Tocito reservoirs dominate produc-
tion in over 20 Gallup pools, and they contribute
significant oil and gas in many other fractured
Mancos (‘Gallup') pools. The Tocito Sandstone
has some of the best matrix porosity and perme-
ability in the basin, and it exhibits distinctive
log inflections in high-quality, hydrocarbon-
saturated reservoirs. The prolific nature of the
Tocito Sandstone is directly related to its reser-
voir stratigraphy, trapping mechanisms, and
proximity to oil-prone source rocks. Most of the
Tocito reservoirs in the San Juan Basin are now
fully developed and pressure-depleted.

The depositional (and erosional) setting of
the Tocito in these fields and outcrops have in-
terpreted in different ways: as a strike-valley
sandstone, as a longshore bar complex, and as a
transgressive sandstone. It is also still under dis-
cussion whether the basal Tocito unconformity
is subaerial or submarine, what was the role of
eustacy versus tectonism, and what were the
precise depositional systems.

A stop at Four Corners Platform (NM)
shows the Dakota Sandstone near the town of
Shiprock. This excellent exposure of the upper
part of this formation displays fluvial sand-
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stones, including a spectacular isolated channel
sandstone visible in three dimensions, and
paludal shales with coal overlain by an onlap-
ping set of thin marine shale and sandstone.
Several oil discoveries in the Dakota Sandstone
were made on surface anticlines during the
1920s. The Dakota reservoir is the second larg-
est producer of natural gas from sandstones in
the San Juan Basin.

All stops are clearly indicated in the text,
and also shown on a map which shows the iti-
nary. In addition, the guide contains a wealth of
explanations in the form of full-colour illustra-
tions. Several articles which have been pub-
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lished about specific subjects are included as
well. This all makes this field guide a most
practical and informative piece of work.

I have travelled through the area numerous
times, and I was surprised time and again by the
beauty of the landscape, the variation in geology
and the numerous ideal exposures. But how
much more would I have enjoyed these trips if |
had had this field guide with me! The low price
of the CD-ROM (at least in comparison with a
similar work in print) should seduce many ge-
ologists. And they might bring their partners on
this trip, which will be so satisfactory for both
geologists and tourists.

A.J. (Tom) van Loon
Adam Mickiewicz University, Pozna, Poland
E-mail: tvanloon@amu.edu.pl; tom.van.loon@wxs.nl
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THE INTERNATIONAL PETROLEUM
TECHNOLOGY CONFERENCE (IPTC)

19-22 January 2014 in Doha, Qatar

Website: http://www.iptcnet.org/
Website: http://www.iptcnet.org/pages/contact/

94" AMS ANNUAL MEETING
“EXTREME WEATHER-CLIMATE AND THE BUILT ENVIRONMENT:
NEW PERSPECTIVES OPPORTUNITIES AND TOOLS”
2—6 February 2014, Georgia World Congress Center in Atlanta, Georgia

Website: http://annual.ametsoc.org/2014/index.cfm

EAGE/FESM JOINT REGIONAL CONFERENCE
PETROPHYSICS MEETS GEOSCIENCE

Earth Science, Physics,
17-18 February 2014, Kuala Lumpur, Malaysia

Website: http://www.cage.org
E-mail: conferences@eage.org

GEO 2014: 11™ MIDDLE EAST GEOSCIENCE CONFERENCE
AND EXHIBITION BAHRAIN INTERNATIONAL EXHIBITION
AND CONVENTION CENTER

9-12 March 2014, Bahrain

E-mail: aapgme@aapg.org Tel.: +9714 3724201
Website: http://www.geo2014.com/ Fax: +9714 3724204

2014 GSA: SOUTH-CENTRAL SECTION MEETING
17-18 March 2014, Fayetteville, Arkansas, USA

Website: http://www.geosociety.org/Sections/sc/2014mtg/
Website: http://www.geosociety.org/Sections/sc/2014mtg/registration.htm

2014 GSA: NORTHEASTERN SECTION MEETING
23-25 March 2014, Lancaster, Pennsylvania, USA

Website: http://www.geosociety.org/Sections/ne/2014mtg/
Website: http://www.geosociety.org/Sections/ne/2014mtg/registration. htm

GEOSCIENCES - INVESTING IN THE FUTURE
7-10 April 2014, Saint Petersburg, Russian Federation

E-mail: conferences@eage.org
Website: http://www.globaleventslist.elsevier.com/events/2014/04/geosciences-investing-in-the-future/
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THE 7" INTERNATIONAL BRACHIOPOD CONGRESS:
THE BRACHIOPOD WORLD

22-25 May 2015, Nanjing, China
Website: www.7ibc.org/UploadFiles/FirstCs.pdf

DUST 2014: INTERNATIONAL CONFERENCE ON ATMOSPHERIC DUST
1-6 June 2014, Castellaneta Marina (TA), Italy

E-mail: secretariat@dust2014.org Tel.: +39 080 5442614 (Chair)
Website: http://www.dust2014.org/ +39 0971 427224 (Secretaniaf)

XIX GEOLOGICAL CONGRESS OF ARGENTINA
2—6 June 2014, Cordoba, Argentina

Website: http://www.congresogeologico.org.ar//assets/pdf/XIX CGA 2da Circular.pdf
E-mail: info@congresogeologico.org.ar; secretariai@congresogeologico.org.ar

SAMPLING 2014: WHERE IT ALL BEGINS
29-30 July 2014, Perth, Western Australia

E-mail: esanneman@ausimm.com.au
Website: http://www.ausimm.com.au/sampling2014/index.asp
Website: http://www.ausimm.com.au/sampling2014/

| Tel: +61 3 9658 6105

PLANET FORMATION AND EVOLUTION 2014
8-10 September 2014, Germany, Kiel, Kiel University
Website: http://www1 .astrophysik.uni-kiel de/~kiel2014/main/index. html

IAEG 50™ ANNIVERSARY JTAEG XII CONGRESS
15-19 September, 2014, Torino

Website: http://www.iaeg2014.com/
Website: http://www.iaeg2014.com/full-paper-submission

2014 NMGS FALL FIELD CONFERENCE
24-27 September 2014, Sacramento Mountains

E-mail: ginger@nmbg.nmt.edu (Ginger McLemore)

E-mail: geoff@nmbg,nmt.edu (Geoff Rawling)

Website: http://nmgs.nmt.edu/ffc/

Website: http://nmgs.nmt.edu/ffc/2014/CFP_2014 NMGS_FFC.pdf
Website: http://nmgs.nmt.edu/ffc/authors/home.html

CEGS 2015: INTERNATIONAL CONFERENCE ON ENVIRONMENTAL
AND GEOLOGICAL SYSTEMS

13-14 March 2015, Pattaya, Thailand
Website: http://www.waset.org/conferences/2015/pattaya/icegs/

Website: http://www.waset.org/conferences/2015/pattaya/icegs/cfp.php
Website: http://www.waset.org/international. php
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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
environmental 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
article 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, ¢.g. I.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
consecutively 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 number 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
SI. 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
contains several papers:by-the same author and from the same year, a, b, ¢, etcsshould 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 // Palacogeogr., Palacoclimatol., Palacoecol., 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. II, 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.

Ilustrations. 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 arec
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 for-
warded to other publishing houses.
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MUSLLIFLBR UCUN QAYDALAR

“Neftli-qazl1 hovzolorin stratigrafiyasi vo sedimentologiyast” elmi beynolxalq jurnali diinyanin miixtolif
yerlarinds neftli-qazli hovzoalorin stratiqrafiyast va sementologiyasinin miixtalif aspektlorini isiglandiran
moaqalalori nasr edir. Jurnal ildo iki dafs nogr olunur vo burada magqalslor, icmallar, miizakiralor va qisa
molumatlar ¢ap edilir. Maqalolor azarbaycan, rus va ingilis dillarindo toqdim oluna bilar. Jurnalin
maraqglarina agagidakilar aiddir: ¢okiintiitoplanmasinin, xiisuson, ana siixurlarm vo kollektorlarin miiasir vo
godim soraitlori, ¢cokmo prosesinin modellogmosi, torpagomslogolmo vo diogenez, paleoiglim, donizlorin
soviyyosinin doyismosi vo siixurlarin ¢okmosi, milasir vo qazinti fauna vo flora komplekslori vo fasial
analizds onlarm istifadasi, stabil izotoplarin geokimyasi va biogeokimyasi, siixurlarin ¢okma saraitindon asili
olaraq kollektorlarin xarakterlorinin doyismasi, neftli-qazli ¢okiintii gatlarina totbiq olunan bio-, lito-, xemo-,
eko-, xromo-, seysmo-, sekvensstratiqrafiya vo bu kimi basqa stratiqrafiya tisullarmin inteqrasiyasi.

Magqalslorin tagdim olunma formasi

Miiolliflor 6z moqalolorinin motnlorini agagidaki elektron iinvana géndormoslidirlor: info@isjss.com

Kompiiter faylinin adinda birinci miiollifin inisiallar1 olmalidir. Rosmlor ayrica fayllarda géndorilmoslidir,
lakin rosmlorin-yeri- moqalonin'motnindo rosmin némrasini goéstormoklo qeyd edilmelidir. Rosm olan fayllarin
adlarinda birinei misllifin inisiallari va rasmin némrasi olmalidir.

Mogqalonin matni Word formatinda (Word 6.0 — 8.0) toqdim’ edilmalidir. Maqalo A4 formatina uygun 20
sohifs hocmindan artiq olmamalidir. Tévsiys olunan srift Times New Roman, sriftin 6lgusi 12, satirlorarasi
interval — 1,5, hor torafdon konar 2 sm., hor abzas 'siitunun ‘sol torafindon 0.8, sm mosafs ilo baslayir.
Mogalonin matni bu taloblara.uygun format edilmalidir, bitin satirlor soldan va sagdan motnin konarindan
cixmamaq sortils  diizoldilmalidir.. Magaloys motndon basqa miivafiq qrafik material. (bir rosmdon az
olmayaraq), istifado edilmis adabiyyatin siyahisi, cadvallor, va ehtiyac olarsa genis reziime do daxil
olmalidir. Jurnalin redaksiya heyati rasmlori‘olmayan maqalslori gabul etmir.

Redaksiya heyati homginin magalolorin cap variantini, asagidaki' invana, gobndormayinizi xahis edir:
“Neftli-qazl1 hévzalorin stratigrafiyasi vo sedimentologiyasi” jurnalinin redaksiyasi, Hiiseyn Cavid prospekti
29A, Azorbaycan Elmlor Akademiyasimin Geologiya Institutu, Baki, AZ 1143. Kompiiter fayli (mogalonin
motni) maqalanin ¢ap olunmus variantina uygun olmalidir.

Mogalanin elektron variantinda sshifalor némralonmomalidir. Cap olunmug-variantda har sohifonin yuxari
sag kiinciindo sohifalorin némralori yazilmalidir:

Mogalonin ¢ap variantinin sonuncu sohifasi miislliflorin har biri torafindon imzalanmali vo onun
redaksiyaya toqdim olunma tarixi géstarilmalidir.

Mogqalonin motninos agagidakilar daxil edilmoslidir:

Universal Onluq Tasnifati (UOT) — sol kiincds, Times New Roman — 12 pt srifti ils, iki interval
otiirmoklo mogalonin ad1 yazilmalidir.

Magqalonin adi — Times New Roman — 14 pt srifti ilo, qalin bag harflorls, matnin eni boyunca va
sahifonin ortasina nisbaton simmetrik olaraq yazilir, daha sonra iss iki interval 6tiirmokls miisllifin soyadi va
inisial1 yazilmalidir. Xahis edirik slags saxlanilacaq miisllifi gostorin.

Miioallifin inisial1 va soyadi — Times New Roman — 12 pt srifti ilo, qalin horflorlo, sohifonin ortasia
nisboton simmetrik olaraq yazilir, daha sonra iso iki interval 6tiirmoklo togkilatin adi vo onun elektron
unvani yazilmaldir.

Miiallifin ¢alisdii toskilatin adi vo elektron iinvani - Times New Roman — 12 pt srifti ila, galin
horflorlo, sohifonin ortasna nisbaton simmetrik olaraq yazilir. Xahis edirik moqalonin yazildigi togkilatin tam
unvanini, vo miolliflorin cari tinvanim (agar doayisibso) gostarin. Maqalanin bir nego miisllifi oldugda va
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onlar miixtolif togkilatlarda c¢alisdiqda, onlarin adlarinin qarsisinda artan sira ilo rogomlor yazilmalidir.
Homin ragomlar ¢alisdiglan tegkilatlara miivafiq olaraq miialliflorin soyadlarindan sonra satiriistii indeksda
verilmolidir, mosolon 1.S.Quliyev', A.A Feyzullayev’ vo s. Daha sonra iki intervalla mogalonin annotasiyasi
verilmolidir.

Annotasiya — qisa xiilasa (1 sohifayadok), daha sonra baslica sézlor (8 s6za qodor). Times New Roman —
12 pt. srifti. Baslica sozlor galin sriftlo yazilmalidir. Daha sonra 2 intervalla mogqalonin asas motni
yazilmalidir,

Magqalonin matni — beynalxalq jurnal sxemina uygun olaraq qurulmali olan asas matn. Burada “Giris”,
“Material”, “Metodika”, “Noticolor vo mizakiralor”, “Son notico”, “Ddobiyyatin siyahisi” kimi
yarimsarldvholordon istifads edilmasi tévsiys olunur. Yarimsarlovhalor galin Times New Roman — 12 srifti
ilo sohifonin ortasmna nisboton simmetrik olaraq yazilmali, vo hor yarimfasil ovvsalkindon bir intervalla
ayrilmalidir.

Cadvallar maqgalonin matni ¢argivasinds yerlogdirilir vo Word formatinda taqdim edilir. Cadvallar yuxari
sag kiinciindon ardicil olaraq némralonmalidir. Har bir cadvalin adi olmalidir vo bu ad némradan sonra
yazilmalidir. Cadvallorin ad vo némralori galin Times New Roman — 12 srifti ilo yazilmalidir. Cadvallordoki
situnlarin yarimsorlovholori qisa olmali, 6l¢ii vahidlorinin adlar1 doyirmi métarizalords verilmalidir.
Cadvallor motnin konarlarindan. qiraga ¢ixmamalidir; Cadvalin bir sahifadon  digar. sshifoys kegmasi
yolverilmozdir. Matno aid codvellorin maksimum say1 5 ola biler.

Ixtisarlar, imumi gebul edilmis bir ne¢o ixtisarlar (vo s., mos.,) istisna olmagla, istinadlarda agilmalidir.

Qazint1 halinda tapilan qaliglar “Beynolxalq zooloji | nomenklatura macollasing” asason tosvir
olunmalidirlar. Matnds| flora, va faunanin névlorinin latin adlari taksonun misllifinin soyadi ilo miisayiat
olunmalidir. Latin s6zlori kursivls verilmalidir.

Formullar1 yazarkon Beynalxalq SI sisteminda gabul olunmus fiziki vahidlorden va isaralordon istifado
etmoak lazimdir. Formullar-araliq hesablamalarsiz, orada istifade olunan simvollarin miitlaq agilmasi sorti ilo
formuldan dorhal sonra verilmoalidir. Matndas, adi g¢akilorso, formullarin némralori boyitk moétarizalordo,
motnin sag hodding yaxmn, formul ilo eyni xotdo yazilir. Formullarin yazilmas: tigiin Microsoft Equation 3
redaktorundan istifado tovsiys olunur. Sonra iso iki interval otitrmoklo odabiyyatin siyahist verilmolidir.

Odabiyyat — matnda adabiyyata istinad xronoloji gaydada, doyirmi métarizalords verilir (miiallif/lor, il).
Ugdon artiq mitallifin ising istinad €dildikdo iss, birinci miiallifin soyadi gostorilir (mas. Quliyev vo digarlori,
2005). Mogqalodo hor hanstmiisllifsiz yaziya istinad etmodikde;.onda homin yazinin adinin ilk iki s6zii yazilir
(mos. Stratiqrafiya macallasi..., 2005). Odabiyyatin siyahist maqalonin sonunda olifba sirast ila verilir.
Burada bitiin miislliflorin soyadlart va inisiallari, nasr olunan il, maqalo va ya kitabin adi, jurnalda ¢ap
olunubsa jurnalin adi vo némrasi vo maqgalonin ilk va sonuncu sshifalori gosterilmalidir. Kitaba istinad
edildikds isa kitabdaki sahifalarinin say1 da gostarilmalidir.

Siyahida eyni miisllifin eyni ildo nasr olunmus yazilarma istinad etdikds, onda onlar ilini qeyd etdikdon
sonra indekslogdirmok lazimdir: a, b, ¢ vo s. Tezislors verilon istinadlar da eyni qaydada yerino yetirilmolidir.
Miisllifin(larin) soyad vs inisiallart kursivla yazilir.

Asagida miixtalif bibliografik istinadlarin niimunslori verilir:

Kitablar:

babaes, J[.X., I'aoxcues, A.H., 2006. I'nyOuHHOE CTpOCHHE U MEPCIEKTUBBI HedTera3oHOCHOCTH Oacceii-
na Kacmuiickoro mopsi, b., «Nafta-Press», 305 c.

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

Dévri nasrlarda/jurnallardaki maqalslor:

babaes, 111 4., 2005 Baussaue yCa0BUN OKPYKAMOIICH Cpeabl HA MOP(OTIOrHI0 PAKOBUH HYMMYIIUTOB //
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Nzsectus AH. Cepus Hayk o 3emute, 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. Palacogeogr., Palacoclimatol., Palacoecol, v. 167, pp. 23-37.

Macmubolardaki (o ciimladon dévri macmualordaki) maqalslor:

Kysneyoea, 3.B., 1959. HwxuemuoneHOBbIC OTIOKCHHS AsepOaiipkaHa, WX pPaCwICHCHHE U
COIOCTABJICHUE C CHHXPOHHYHBIMH OTIOKEHHsMU ['py3um // Bompocel reomormun m reoxmmuu. — b.:
Aszepuenip, 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. I, v. 302, pp. 1085-1090.

Reziime. Oziindo moqalo haqqinda osas molumati, arasdirmanin mogsod vo vozifolori, istifado olunan
metodikani, oldo edilon naticolori 6ziindo oks etdiron genis reziime ingilis dilindo toqdim edilmolidir.
Reziimenin magqsadi ingilisdilli auditoriyanin rus va ya azarbaycan dillarinds ¢ap olunmus moagqalalarls tanig
olmasidir.

MMliistrasiyalar. Hor bir rosm (xorita, diagram, sxem va s.) ayrica fayl soklino toqdim olunur. Yuxarida
geyd edildiyi kimi faylin adinda rosmin némrasi vo miiallifin inisiallar1 olmalidir.

Rosmlor TIFF; 300 dpi ¢+ PDF vo ya CDR formatinda qobul edilir. Illistrasiyalar metnds onlara edilon
istinada uygun némralonmalidir.. Har bir rasm 160 mm x 230 mm 6lgiisindan boyik olmamalidir. Xaritalorda
miqyas gostorilmalidir.

Mogalonin ¢ap olunmus variantinda rosmlarin arxasinda karandasla onlarin némralari, maqalonin birinci
miiollifinin soyadi vo magalonin adi gostorilir.

Hor rosmin basligi olmalidir. Rasmlars aid olan izahatlarin siyahisi ayrica varaqds, elektron va ya cap
olunmus variantda toqdim olunmalidir. Matns aid olan rasmlorin say1 10-dan artiq olmamalidir.

Jurnalin redaksiya heyoti rongli sokillorin 6donissiz ¢capini tomin edir.

Redaksiya maqalani resenziya iigiin toqdim etma hiiququnu 6zunds saxlayir. Maqalanin ¢ap olunmus
variant1 yoxlama va ¢ap va redakts zamami yol verilon sohvlorin diizoldilmasi iigiin geri miisllifa
gondorilir. Misllif maqalanin ¢ap olunmus variantinda ¢apa hazir edilmis motn vo digaer materiallara
diizolis etmomolidir.

Gecikmolorin garsisimi alimaq mogsodile, miisllifloro 'son variantin redaksiyaya geri gaytarilmasinin
elektron pogct ilo hayatarkegirmalari va ¢apa hazir variantin-alindigt giindon ikithefto miiddstinds diizalislor
barodo molumat vermolori tovsiys olunur.

Moagalayas miiallifin arayisi va ekspertiza akti alave olunmalidir.

Mogqalonin jurnala verilmosi onun asli oldugu, he¢ vaxt ¢ap edilmodiyi vo digor nogrloro géndorilmadiyi
anlamindadir. Maqalo miisalliflorin hor biri torofindon imzalanmali vo onun redaksiyaya toqdim olunma tarixi
gostarilmalidir.
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MexayHapoaHslii Hay4HbIld xypHan «Cmpamuepagus u ceQumenmonoeus HeghpmeeazoHoCHbIX bacceli-
HO6» TyONHUKYET CTAaThH, OCBCINAIOIINE PA3INYHBIC ACTICKTHl CTpATUrpaduu U CeIUMEHTOIOrHH Hedreraso-
HOCHBIX 0acCceHHOB B pasnuuHbIX 4acTsax mupa. Cdepoil MHTEpECcOB KypHAla SBIIFOTCS COBPEMEHHBIC H
JPEBHUE YCIOBHS OCaJKOHAKOIUICHHS, B OCOOCHHOCTH, HEPTEMATEPHHCKUX HOPOJ U KOJJICKTOPOB, MOJACIH-
pOBaHUE Mpolecca CEIUMEHTALMH, MOYBOOOPA30BAHKME M AWATCHE3UC, MATCOKIUMAT, U3MEHEHUS YPOBHS
MOpSI ¥ CEOUMEHTALIVSI, COBPEMEHHBIC H HCKOMAEMbIE KOMILICKCH (hayHBl ¥ (PIIOphI M UX UCIOIb30BAHUE B
(damanbHOM aHanmM3e, TCOXHUMHS CTAOMIBHBIX H30TONOB M OHOrCOXUMHS, H3MCHCHHS KOJIEKTOPCKUX
CBOICTB B 3aBHCHUMOCTH OT YCIIOBHH OTIIOXEHUS OCAAKOB, MHTETPALFSI PA3TIMIHBIX CTPATHIPA(UICCKIX Me-
TOJOB, TAKHX, KaK OMO-, TUTO-, XEMO-, 9KO-, XPOHO-, CEHICMO-, CEKBEHCCTpaTUrpad s MPUMEHHUTEIIBHO K 0ca-
JOYHBIM TOTINAM HE(TEra30HOCHBIX 00NACTEH.

’Kypnan BeIXoauT IBa pasa B roJ ¥ MyONHKYET cTaTbH, 0O30PHYI0 MHPOPMALUIO, TUCKYCCHUH M KPATKHE
coobmeHus. CtaTeu MOTYT OBITh IPEACTABIICHBI Ha a3epOaiiIyKAHCKOM, aHTTUHCKOM M PYCCKOM SI3BIKaX.

®opma mpeaACTABJIEHUS CTATbH

ABTOpBI HOIKHBI BBICHLIATH TEKCTBI CBOUX CTaTeii-Ha, Clie Ty FOLIHIA 31CKTPOHHBLA aapec: info@isjss.com

Ha3panue KOMITpIOTEPHOTrO. (haiia TOHKHO COAEPIKATh WHHULMATEI MCPBOrO aBTOPA. PUCYHKH JOMKHBI
OBITh BBICTAHbI B OTACTBHBIX (ailfax, 0qHAKO, MECTOMOIOKEHNE PUCYHKOB JOJDKHO OBITh TOKA3aHO B TEKCTE
CTaThU MyTeM yKa3aHWs HOMcpa pucyHka. HazsaHms (aiiioB, comepkaliyuX PHUCYHKH, JOJKHBI BKIHOYATh
HMHULIMATBI ICPBOTQ aBTOPA M HOMEP PUCYHKA.

Texker crarbu JomkeH ObITh. IpeactasieH B Word ¢opmare (Word 6,0 — 8,0). Pasmep crateu He JomkeH
npesbimath 20 crpanun Gopmara A4, OTCTYI CO BCEX CTOPOH — 2 M, pekoMeHayeMbid mpudt — Times New
Roman, pazmep mpudTa .12, MeKCTpouHbIi HHTEPBAT — 1,5, Kaxmpii abzan HavwmHaeTes ¢ orcTynoM 0,8 cm
OT JIEBOT'O Kpast KONOHKU. TeKCT, CTaThHl AOKEH OBITh 0T(HOPMATHPOBAH B COOTBETCTBHM C 3TUMU TpeOoBa-
HUSIMH, BCE CTPOKH JOJDKHBI ObITh BBIPOBHEHBI CIICBA HANPABO, HE BBIXOMM 3a moust TekcTa. Ctates nomkHa
BKITIOYATh TAKXKE COOTBETCTBYIOIIMI rpadudeckuii MaTepual (He MEHee OZHOTO PUCYHKA), CIIUCOK HCIIOIb-
3yeMOH TUTEPATYPHI, TAOMHLIBI, €CTA HEOOXOAUMO, B pacIiiupeHHoe pe3tome. Pegakius sxypHaia He MpUHU-
MAaeT He CoAcpKalue PUCYHKY CTAThIL

Pemakumst >xypHana Takke MPOCUT BBICBLIATH paclicyaTaHHbIC BApHAHTHL-CTATCH MO agpecy: Pemakius
)kypHana «CemuMeHTONOrHS U cTparurpadus HePTerazoHOCHBIX OacceriHoB», MHcTHTYT reonorun HAH
AsepOaiimkana, ip. I'. [bxasuna 29A, baky, AZ 1143, Azepbaiimkxan. KomnbrorepHsiit ¢aiin (TEKCT CTaThH)
JOJDKCH COOTBETCTBOBATh PACIICUATAHHOMY BAPHAHTY CTAThH.

CTtpaHuupl He TOMKHBI OBITh MPOHYMEPOBAHBI B 3JICKTPOHHOM BapuaHTe ctaThi. B pacmeuatanHoMm Ba-
PHAHTE CTaTbU HOMEPA CTPAHUL MPOCTABISIOTCS B BEPXHEM IIPABOM YTIIy.

Cratbst JomkHa OBITh MOAMICAHA BCEMH aBTOPAaMH Ha MOCTCOHEH CTPaHUIIEC PACIICYATAHHOTO BaApUAHTA C
VKa3aHUEM JaThl PEICTABICHUS CTAThH B PEAAKLIHIO.

TexcT cTaThbU JOMKEH BKITIOYATH!

YK - B nesom yriny, mpudt Times New Roman — 12 pt, yepe3 ABa nHTepBasia neJararb Ha3BaHUE CTATbU

Haseanmue cratbu — mpudt Times New Roman — 14 pt, Oykssl 3arnasssie, yronmennsie (bold), pacmo-
JIO)KEHHBIC CUMMETPUYHO OTHOCHUTEIBHO CEPEIUHBI CTPAHUIBI IO BCCH LIMPUHE TEKCTOBOTO MO, Jalee
yepe3 JBa MHTEpBaia mevyarath HHAIMAnsl ¥ Gpamunny aBtopos. [lokanylicra, ykakute aBTopa, ¢ KOTOPBIM
HEOOXOAMMO MOAICPKUBATE CBSI3b.

Nunuuanel u pamuaun apropos — mpudt Times New Roman — 12 pt, Oykssl ctpounsie (bold), pac-
MOJIOKUTh CUMMETPUYHO OTHOCHTEIBHO CEPEIUHBI CTPAHMLIBI, JAlICe Yepe3 ABa MHTEPBAa MeyaTaTh Ha3Ba-
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HUE OPTaHU3aLMH U ee e-mail.

Ha3zeanue opranusauuu, B KoTopoii padotarTt aBTopbI U ee e-mail: mpudT Times New Roman — 12 pt,
OykBbl cTpounbie (bold), pacrmonokuTh CHMMETPHYHO OTHOCHTEIBHO cepeauHbl crpaHuubl. [lokamyiicra,
JaiiTe MOMHBIN aapec opraHu3anuy, rac pabora Oblja BBIIIOTHEHA, a TAKKE aApec aBTOPOB B HACTOSIIUIL
MOMEHT, €CTH OH H3MEHHICS. Eclii aBTOPOB HECKOJBKO M OHH MMCIOT Pa3lHYHOC MECTO PaboTHI, TO Mepea
HA3BaHISIMH 3THUX OPTaHU3ALMHA CIEAYET MIPOCTABUTh LU(PHI B MOPSIKE Bo3pacTaHus. 1y xe mudpy ykazaTh
U B HAaJCTPOYHOM HHACKCE Mocie (paMuiany aBTOPOB, PaOOTAIOIIEr0 B STOH OpraHU3alyHd, HAIpUMED,
N.CTymues ', A.A. ®eiizynnaes” u T.4. Jlanee uepes ABa MHTEPBANTA [IEUATATh AHHOTALIHIO.

AnHoTauUs - KpaTkas aHHOTauws (10 1 crpanuner), ganee kinrouesbie cioBa (10 8 cios). Hpudt Times
New Roman — 12 pt., karoueBsie croBa medataTh )KHUPHbIM mwpudToM. [anee yepe3 ABa HHTEpBaia eyarath
OCHOBHOH TEKCT CTaThU.

TexcT cTaTbM — OCHOBHOM TEKCT, KOTOPBIA PEKOMEHIYETCSI CTPOUTD MO OOLICTIPHUHATON B MEXKIyHAPOLX -
HBIX JKypHalaX CXEMe, MCHOJb3Ys CICAVIOIIME Moa3aroioBku: «Beemenwe», «Martepuam», «Metoaukay,
«Pe3ynprarel u 00CyxacHUEY, «3aktroucHue (BbiBoabI)», «Crucok mureparypery. [loa3aronosku neuataTs
skupHeIM mpugToM Times New Roman — 12 pt 1 pacmonokuTe CHMMETPUYHO OTHOCUTEIBHO CEPEAHMHEI
CTpaHHLBL, KOKIBIN MOAPA3AECT OTACTATh OT HPEIBIAYIIEr0 OJHUM HHTEPBAIIOM.

TabuublpasMeInarTcs B Mpeaciax TEKCTa CTaThU U JO/LKHBI ObITh MpeaAcTaBicHsl. B opmate Word.
Onu 10mKHBI OBITH MIPOHYMCPOBAHBI [TOC/ICI0BATC/IBHO B BEPXHCM. IIPABOM YTy Ha X caMou Tadmuein. Kaxk-
Jast Tabmuna JOMKHA UMETh Ha3BaHHUE, KOTOPOE CleAyeT 3a Homepom Tabnuuel. [legararotes Homepa Tabmuig
u ux Hazeanus mpupToM Times New Roman — 12 pt xxupHbeivMu Oyksamu. Iloazaronosku B komoHkax Tabd-
JIMLBI JOJDKHBI OBITh KPATKAMH, HANMEHOBAHUS €IUHHL M3MEPEHUS JOTKHBI JABATHCS B KPYTIIBIX CKOOKaX.

TaOnuupl HE ZOKHBI BRIXOAUTH 32 MPEACTbl TEKCTOBOTO MO, HEPEHOC TaOMUIBI € OJHOI CTPaHULBI HA
JPYTIYIO He JomycKaeTcs. MakcHManbHOE JOITYCTUMOE KOTHYCCTBO TAOMHI B CTATHE .

CoxpameHus 3a UCKITIOYCHUEM HEMHOTHX OOIIEHPUHATHIX. (T.€., ApP., T\A.) JOJDKHBI OBITh pactmpposa-
HBI B CCBLITKaX.

Hckonaemble 0CTATKH CIEAYET OMMCHIBATH COrNACHO «MeXIyHapOAHOMY KOIEKCY 300J0THYECKON HO-
MEHKIaTypel». IIpuBOIUMBIC B TEKCTE JATUHCKHE Ha3BaHUSA BUAOB (OBl U (payHBI JOMKHBI COMPOBOXK-
Jatbes (haMHIHeH aBTopa TakcoHa. JlaTeiHb cnenyer HaOHpaTh KypCHBOM.

IIpu Hanmcanuy, ¢pOpMyJi CICAYET/ HCIIOAB30BATh (PU3MHUECKHE CIUHUIbBI U 0003HAYCHNS, PUHSITHIC B
Mexnynapoanou cucteme. CH. @opmynel garorcs 0€3 MPOMEXKYTOUHBIX BBIKNAJOK C 00s3aTenbHOH pac-
mr(pOBKON MCHONB3YEMBIX B HUX CHMBOJIOB, KOTOpBIC JaroTcs cpasy mocie ¢opmynel. Homepa dopmya,
€CITM OHM YIIOMHHAIOTCSI B TEKCTE, MPOCTABILIIOTCS B KPYITIBIX CKOOKaX OKOJIO MPaBOW I'PaHMLBI TEKCTA HA
oaHOH nuHMU ¢ dopmynoi. s HaGopa GopMyn peKOMEHIYETCs UCOMb30BaTh peaakrop Microsoft Equa-
tion 3, majee uepe3 ABa MHTEPBAIA IEYATATh CIHCOK JTUTCPATYPHL.

JlutepaTtypa. B Tekcre craThu cChlIKa Ha NTHTEPATYpy AAETCS B KPYINBIX CKOOKax (ABTOp/bI, Tox) B
XpoHonormdeckoM mopsiake. Ecnu ceplnka gaercst Ha padoTy rae 6onee Tpex aBTOPOB, TO yKasbiBaetcs (a-
MUIHs nepeoro asropa (Hanpumep, ['ymues u ap., 2005). Ecnu cepimaemas pabora nmpusoaurcst 6€3 aBTOPOB,
TO MHUINYTCS JBA MEPBBIX CoBa ¢ HasBaHus (Hampumep, Ctparurpaduueckuii kogekc...., 1998). Crucok
JUTEPATYPhl IPUBOAMUTCS B aI()aBUTHOM MOPSAKE B KOHLIEC CTAThU M JOJDKCH BKITIOYATh (DaMIITUN M WHHULIHA-
Bl BCEX aBTOPOB, F'OJ] M3JAHUS, HA3BAHHUE CTAThHU/KHHTH, B CITydac MyOIHKALMH B )KYPHAIIC — €0 HA3BaHKE U
HOMEP BBIITYCKa, HOMEpPA MEPBOM M MOCIeAHEH cTpaHul crathu. Eciau ccplika caenaHa Ha KHUTY, TO HEO0O-
XOAMMO yKa3aTh KOIUYECTBO CTPAHUL] B KHHTC.

Ecnu criucok comep kUt cChIIKH Ha paboThl OMHOTO M TOT'O )K€ aBTOPA, OMYOIMKOBAHHBIC B OOUH U TOT JKE
roJ, TO HEOOXOOUMO NPUAATh UM UHIACKCH a, O, B M T.A. TIOCIIE yKa3aHus roga u3aanus. CebUIKA Ha TE3HCH
JOKJTaJ0B JAFOTCS aHAJIOTWYHBIM 00pazoM. daMunuy 1 MHULUAIEL aBTOPOB MPHBOISITCS KyPCHBOM.
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TIPABUIIA [jJ151 ABTOPOB

B cniucke nmutepaTyprl BHaYane OpUBOIATCS MyOIHKALWH, H3AAHHBIC HA KHPWLIHLE, a 3aTEM JTATUH-
CKHUM IIPUPTOM.

Hrxe npuBoasaTest mpuMepsl pa3IMuHbBIX OHOMHOrpadUueCcKIX CChLIOK.

Kuurn:

babaes, J[ X, I'aoixncues, A.H., 2006. I'iyOuHHOE CTPOCHHUE U MEPCIEKTUBHI HEPTEra30HOCHOCTH Oacceri-
Ha Kacruiickoro mops, b. — «Nafta-Press», 305 c.

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

CraThbu B MEPHOAHYECKHX KYPHAJIAX:

babaes, I11.A., 2005. BnusHue ycioBUil OKpYKarOIIEH cpeabl HA MOP(OTIOrHI0 PAKOBUH HYMMYJIUTOB //
Nssectuss HAHA. Cepus Hayk o 3emute, 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 // Palacogeogr., Palacoclimatol., Palacoecol., v.1 67, pp. 23-37.

Cratbu B cOOpHHKAX (B TOM YHC/IE HEPOIUIECKHX):

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. sersll;v:302, pp.1085-1090.

Pe3rome. Pacmmpennoe pe3roMe Ha aHTTUHCKOM SI3BIKE, COACPIKAIIEEe OCHOBHYIO MH(OPMALIIO O CTAThE,
B TOM YHCJC LEIb U 33J4a49Hd UCCIEIOBAHUS, HCIONb30BAHHAS METOANKA, MOTYHMEHHBIC PE3YAbTATHl M BBIBO-
Jbl, JOJDKHO OBITh| TakkKe HpeactamicHO. Llemp pe3roMe — 03HAKOMIJIEHUE AHIJION3BIYHOW ayAUTOPHH CO
CTaThsIMU, OITYONMKOBAHHBIMH Ha PYCCKOM H a3epOaiyKaHCKOM SI3bIKAX.

HNnmoctpanun. Kaxxaeiid pucyHok (kapTa, Juarpamma, cXeMa |- T.1.) IPEACTaBISIeTCs B BUAC OTIACTbHO-
ro daiina. Kak Bblie yx¢ ObLIO yKa3aHO, Ha3BaHHE (aiiia JOKHO COACPKaTh HHULHMAIB! IICPBOrO aBTOpa U
HOMEP PHUCYHKA.

Pucynkn npuanmarorcs B popmarax TIEF (300 dpi), PDF or CDR files Mnnroctpamun o6si3atenbHO Hy-
MEPYIOTCS B MTOPSAIKE WX/ YKa3aHMU ‘B TekeTe. Kakaplii pUCYHOK HE TOIDKEH TMpeBsIaTh pazmepa 160 MM x
230 mm. Ha kaprax obsi3aTrenpHO yka3bIlBaTh MaciuTao.

B pacneuataHHOM BapHaHTE CTaThU HOMEPA PHUCYHKOB YKa3bIBAIOTCS HA MX 000POTE MPOCTHIM KapaHaa-
LIOM C YKa3aHUEeM (haMUIIMH IICPBOro aBTOPA M HA3BAHMUS CTATHH.

Kaxaprit pucyHOK momkeH mMmerh 3ariasie. CnUCOK MOTPHCYHOUHBIX MOAMHCCH JOJDKCH ObITh TMpea-
CTaBJICH B BJICKTPOHHOM M PaCIICYaTaHHOM BHIC Ha OTACIbHOM nuCTe. KonmyecTBO PHCYHKOB B CTaThe HE
JOJDKHO mpeBbImats 10.

Penakuus sxypHama obecrieurBacT 0ecniaTHoOe IeYaTaHie OBETHBIX PHCYHKOB.

Penmakuus ocrasnsier 3a coboii mpaBo mepenaTh CTaThIO HA PELICH3UI0. BepcTka cTaThy HampaBIsieTCsl aB-
TOPY ISl MPOBEPKHU U MCIPABJICHUS OUIMOOK, JOMYIICHHBIX Ipu HA00OPE U PEIAKTHPOBAHUU.

Jnsl MCKIIOYEHUS 3aJEPXKEK C BO3BPAIICHHEM BEPCTKH B PEJAKIHIO aBTOPAM PEKOMEHAYETCS MOJb30-
BaThCsI SJEKTPOHHOI MOYTON M co00mAaTh 00 UCIPABJICHUSX B TCUYCHHE JBYX HEEIb MOCNE MMOTYICHUS BEP-
CTKH.

K crarbe momkHEBI MpUaraTecs aBTOPCKAast CIPaBKa U aKT SKCIICPTH3HI.

[Togaya cTaThy B )KypHANI 03HAYACT, YTO OHA OPUTHHAIBHA, HUTAC HE MyOIMKOBAIACh U HE Oblia HAIpaB-
JeHA B APYTUE U3JATEIbCTBA.
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