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Stratigraphy

2017 /2

SIGNS OF GLOBAL PHANEROZOIC EVENTS IN AZERBAIJAN

Global event stratigraphy is based upon presence of proven global synchronous events. Most of
these events is confined to a stratigraphic scale’s boundaries.

Current article attempts to distinguish and describe signs of global Phanerozoic events (mass ex-
tinctions, morphological innovations, radiation, etc.) within the territory of Azerbaijan.

There is a total of 8 global events recorded in the sections of Azerbaijan and covering the period
between the Upper Devonian-Oligocene periods. Thorough analysis of all these events have been car-
ried out to assess their environmental and biotic impacts, characterize their stratigraphic position and

bring more details into the regional stratigraphic scale.
Keywords: event stratigraphy, 8 global events, Azerbaijan, Upper Devonian-Oligocene periods

Introduction

Event stratigraphy studies processes that
have been documented in sections and uses
them as key chronological surface for the syn-
chronization of sedimentary stratas.

Global event stratigraphy based on from
presence of proven global synchronous events,
most of which are linked to a stratigraphic
scale’s boundaries.

Global events are divided into abiotic and
biotic ones.

Abiotic ones include climatic, geochemical,
oceanographic events as well as changes in the
magnetic polarity.

Biotic events cover critical changes of the
biota’s taxonomic composition to include mas-
sive extinctions, appearance of morphological
changes and radiation.

Current article attempts to distinguish and de-
scribe signs of global Phanerozoic events within
the territory of Azerbaijan. Figure 1 presents a Geo-
logical Map of Azerbaijan with highlighted sec-
tions that contain regional signs of global events.

Main results

Within the territory of Azerbaijan, most an-
cient faunistically proven deposits date back to
the Devonian system. Late Devonian period was
marked by a Hangenberg event confined to a top
of the Upper Famennian substage. This event
was characterized by the mass extinction of typi-
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cal Devonian ammonoideas, most conodonts,
ostracods and foraminifers (majority of endothy-
roids), as well as the bioherm structures with car-
cass forming organisms (Kopens u ap., 2000).

Hangenberg event is represented by a ero-
sion or stratigraphic gap in the shoreface shelf
facies. Within the open shelf facies, the event is
marked by a black shales with increased dis-
persed organic matter content.

Signs of the Hangenberg event have been
surveyed in detail in the Northern America,
Germany, Poland (Walliser/ed, 1995), Ural
(Kypasnes, 1990), Northeast of Russia, etc.

Within the boundaries of Azerbaijan, Han-
genberg event manifests itself in the Mun-
hbalaoghlu (Babayev, Kangarli, Mammadov,
2016) suite recorded in Gorangalasi, Tejgar and
other sections of the Nakhchivan AR (Figure 1,2).
Local signs of the event are expressed by 9-16 m
thick layer of dark bituminized shale line argil-
lites without any faunistical remnants. Higher in
the succession such argillites get replaced by 28-
50 m thick sandy, fine-grained and medium-
laminated limestones with multiple remnants of
brachiopods, corals, mosses, conodonts and os-
tracods (Figure 2), etc. (I'eonorus AzepOaiimxka-
Ha, T. 1, Crparturpadmus, vacts 1, Ilameo3oH,
1999, figure 15, page 135).
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According to  I.A.Ovnatanova and
V.A.Aristov (1984), Munhbalaoghlu suite be-
longs to a zone of costatus.

Dark argillites belong to the outer shelf,
and their overlapping limestones to the inner
shelf facies.

Middle part of the Tatarian stage (Median
stage of the Tethyan scale) is confined to one
of the most important and known biotic events
that is also marked by replacement of the

2017 /2

Kiam hyperzone by an alternating Illavar hy-
perzone (MonoctoBckuii, 1983). This event is
characterized by largest ever biotic crisis
which had covered both terrestrial and marine
biota and aligned with different scale abiotic
events occurred within the Boreal zone and
Paleotethys (Figure 3) (Kopennr u mp., 2000,
figure 12, page 54).

Described event may be regarded as starting
point of the massive Permian-Triassic crisis.
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In Nakhchivan AR, this event is most
sharply expressed at the basement of Deveolen
suite (Khachik suite in Armenia) — Median stage
(sections of Baysal and Jagadzur mountains),
and in the Abade formation of Iran (Kotmsip u
ap., 1989, Taraz, 1974). Both successions are
characterized by a practical disappearance of all
highly specific fusulinids, extinction of massive
colonial corals (Ezakl, 1993) and changing of
the composition from nodosarial composition to
miliolitic (Kopens u np., 2000).

The Deveolen suite’s basement is lithologi-
cally marked by a replacement of massive apha-
nitic limestones by algae-detrital foraminiferal
carboniferous limestones (Figure 4) (I'eosnorus
AsepOaitxana, 1. 1, Crparurpadus, gacts 1,
[Taneosoit, 1999, figure 24, page 227). Late
Median (late Guadeloupean) event is one of
the morst important biotic crises to affect
every single group of the marine organisms.
40% of all genera of foraminifers and 70% of
genera of fusulinids became extinct, and the
miliolitic complex of small foraminifers was
replaced by nodosarial complex at the end of
the Median age (Kotmsip u ap., 1989). In the
same period first xenodiscidaes and arakso-
ciratidaes emerged among ammonoideas. Per-
vasive changes occurred among corals and
conodonts as well.

Key reason of the Late Median event is ac-
cepted to be a global sea level fall. This event
within the territory of Nakhchivan AR is deter-
mined in the bottom of fusulinoidal zone of
Pseudodunbaria arpaensis — Codonofusiella
kwangsiana at the basement of massive light
limestones that correspond to a highstand sys-
tem tract (Kotmsip u ap., 1983) (Darasham sec-
tion, Figure 5) (I'eonorus AzepOaiimkana, T. 1,
Crparurpadus, yacts 1, [Taneo3oit, 1999, figure
26, page 235).

Deposits from the upper most part of suc-
cessions of the Median stage are lithologically
represented by an alternation of dark algae-
foraminiferal and clayey limestones with light-
grey massive limestones (3-7 m) of Julfa age.
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Figure 4. Section of Deveolen suite on Baysal mountain

Massive extinction event that had occurred
at the boundary of Permian and Triassic periods
have led to dying of ~50% families and over
80% genera of marine animals by the end of Da-
rasham stage (Sepkoski in Walliser/ed., 1995).
Described episode was marked by extinction of
80-90% of taxons, including almost an entire
variety of Paleozoic conodonts. Crisis was only
survived by minor foraminifers, bivalves, nauti-
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loidal cephalopods and bellerophon gastropods.
End of Darasham age was marked by dramatic
reduction in the cosmopolitan fauna of benthos
and neproplankton.

One of the most likely reasons of mass ex-
tinction is global sea level fall due to aridization
of climate.

Most complete section of the Permian-Triassic
interval of Azerbaijan is detected in Nakhchivan
AR in the section of Darasham II (Figure 6) (Ko-
peHs u 1p., 2000, figure 13, page 59).
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Figure 5. Stratotype section of Julfa stage on the left
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Here Upper Darasham deposits are repre-
sented by bricky-red and reddish-brown lump
limestones (lone of Paratirolites kittli) with thin
interlayers of reddish-brown, sometimes green-
ish-grey argillites and marls on the top (lone of
Pleuronodoceras occidentale). Lower third of
the pack of argillites contains Hindeodus parvus
presumably occurred at a boundary between
Permian and Triassic periods.

Cenomanian-Turonian borderline biotic
event (crisis) is one of the wide-scale and
clearly expressed minor extinctions of the
Phanerozoic epoch (AnekceeB, 1988). In a
zonality on plankton foraminifers it corre-
sponds to the end of Rotalipera cushmani
zone and to the zone of Whiteinella ar-
chaeocretacea (Tur, 1996).

In sections of the vast territory from North-
ern America through Kopetdagh, hemipelagic
and pelagic deposits of the borderline event’s
interval contain interlayers of dark-grey to black
bituminous shales. Same intervals of the mar-
ginal “shallow-water” are marked by a deposi-
tional break and underwater erosion. Wide oc-
curence of black shales and phosphorites re-
corded close to a boundary of Cenomanian and
Turonian ages reflects global oceanic anoxic
event of OAE-2 that coincided with maximum
of the Late Cretaceous transgression (Schlander
et al., 1987).

It should be emphasized that within the
boundaries of Azerbaijan, Cenomanian deposits
demonstrate a limited occurence in Greater and
Lesser Caucasus and are not presented in the
territory of Nakhchivan AR. Turonian deposits
are developed in Greater Caucasus, Nakhchivan
AR and rarely in Lesser Caucasus (Miskhana-
Gafan zone (Figure 1)).

Thus, in the Sheylanli section of Lesser
Caucasus, upper segments of the Upper Ceno-
manian successions contain dark shisty and
calcareous argillites with rare interlayers of
grey arenaceous limestone and calcareous
sandstone. The section contains remnants of
Gavelinella frankei, Hedbergella deliroensis,
Praeglobotruncana stephani, P. stephani tur-
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Figure 7. Cenomanian section of the
Shaylanli village vicinities

Higher successions are characterized by a
transgressively interbedded pack of sandy argil-
lites, sandstones and clays with conglomerates
in its’ basement, containing Upper Turonian
complex of foraminifers.

In Chovdar village’s vicinities (foothills of
Dalidagh mountain), Upper Cenomanian suc-
cessions (zone of Rotalipora turanica) are rep-
resented by dark dense argillites with some in-
terlayers of grey, dense fragmented marls. This
section contains rich complex of foraminifers:
Lenticulina orbicular, Gavelinella cf. ceno-
manica, Hedbergella infracretacea, H. globig-
erinelloides,  Praeglobotruncana  stephani,

plankton - Tetralithus pyramidus, Zygodiscus
diplogrammus etc.

In Greater Caucasus, signs of the Upper
Cenomanian — Lower Turonian event include
Lower Turonian deposits of the Kalavudagh
section (Zarat horizon) represented by an alter-
nation of dense fragmented marls, grey lime-
stones and argillites, dark-grey, sometimes al-
most black calcareous shales, containing rem-
nants of Inoceramus labiatus, foraminifers —
Helvetoglobotruncana Helvetica, Gyroidinoides
nitidus, Whiteinella holzli, as well as massive
accumulations of radiolarians - Dictyomitra
striata, Cyrtocapsa ovalis, Trodiodiscus splen-
didus etc. The section is distinguished within
the frameworks of Helvetoglobotruncana helve-
tica or Inoceramus labiatus zones.

One of the most drammatic global events in
the planet’s history is the one that had occurred

9
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at the boundary between Maastrichtian and
Danian periods (65.5 Ma BP), which is famous
by the extinction of dinosaurs, marine reptiles,
ammonites, belemnites, many bivalves and
other organisms. The total of 1/6 of the organic
world had been totally extinct at that time.

Various hypotheses were proposed to ex-
plain this grandiose event including most popu-
lar theories of impact (Alvares et al., 1980) and
volcanic activity.

All these theories fail to fully unveil the
causes of mentioned great extinction, the more
so that later it became clear that the extinction
had begun in the middle and speeded up at the
end of the Maastrichtian epoch.

Maastrichtian-Danian transitional layers of
Azerbaijan do not manifest any iridium anoma-
lies, and there are only several areas of the vol-
canosedimentary deposits located to the Mu-
radkhanli plateau and the interfluve of Ak-
hokhchay and Vandamchay. That confirm the
impact theory.

However the boundary between Maas-
trichtian and Danian periods is marked by a dis-
appearance of ammonites (Diplomoceras,
Pachydiscus), belemnites (Belemnella), many
bivalves (Inoceramus wn np.), majority of heter-
oxenias, globotruncans among small and orbi-
toids among larger foraminifers (Orbitoides,
Orbitella, etc.), etc.

Such a serious change in the organic
world’s composition at the boundary between
Cretaceous and Paleogene periods is not proba-
bly related with impact or volcanic event. It’s
rather in line with the theory standing for Oce-
anic level drop at the end of Cretaceous epoch
and large transgression during Early Paleogene.

One of the global events to seriously affect
the climate change and the Earth’s biota was the
thermal maximum of Late Paleocene occurred
about 55 Ma BP on the boundary between Pa-
leocene and Eocene.

According to paleoclimatic reconstructions,
during this event the continental temperature
increased by 8°C, whereas the water tempera-
ture in a tropical zone had equaled 20°C which
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is 1.5°C higher than the contemporary value.
Rise of the arctic water temperatures was even
higher and may have reached 10°C in the sur-
face waters of the Arctic Ocean.

Thermal maximum is most clearly ex-
pressed in the isotope composition of carbon
contained in the carbonate sediments. Its’
BC/C'? ratio had first rapidly reduced by 2-
2,5%0 and then recovered within the period of
150 thsd years.

During thermal maximum, the atmos-
phere’s carbon dioxide content had reached 2-
3%o (i.e. 5-8 times higher than the contemporary
value of 300,,m). The most of those concentra-
tions were dissolved in the oceanic waters,
which increased the water’s acidity causing dis-
solution of the shell carbonate of dead plankton
before they reached bottom of the ocean. There-
fore, in sedimentary sections the thermal maxi-
mum is manifesting itself through replacement
of white carbonate deposits by red shales, which
turn back into the carbonate deposition upon
end of thermal maximum.

It’s estimated that the formation of ob-
served isotope anomaly required decomposition
of just one third of methane fixed in the form of
gas-hydrates.

According to the other hypothesis, thermal
maximum may have emerged as a result of a
cometary impact.

Special interest is aroused by the anomaly’s
effect in depositional systems and the 150 thsd
yearlong recovery period. The latter was com-
pared with contemporary deposition period of
the oceanic carbon into sedimentary formations.
Provided that the carbonic anomaly is associ-
ated with considerable growth of a biogenic bar-
ium content, in 2000 S. Baris and others sug-
gested that the level of ocean’s productivity im-
proved in response to intensified erosion on
continents and increased sediment supply.

Paleogeographic environment of Azerbai-
jan underwent serious changes during Paleo-
gene. Early Paleocene regression was replaced
by a transgression that have started in the Late
Paleocene.
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At the same time, connection was estab-
lished between the Mediterranean basin and the
seas located to the south (Iran) and to the east
(Pakistan, India) of Azerbaijan from one side
and the basin’s southern regions from another.
This process had caused a northward migration
of the thermophilic groups of marine animals
(e.g. large foraminifers, corals, sea hedgehogs
and mollusks), which have presumably occurred
due to a thermal maximum of Late Paleocene.

Emerged favorable conditions (increased
temperature regime, normal salinity, gas regime
and bathymetric characteristics) have promoted
a migration of new groups of organisms into the
basins of Azerbaijan (Araz zone, central part
and foothills of Lesser Caucasus system). Such
migrants included various species of small and
primitive nummulites, e.g. Nummulites praex-
ilis, N. silvanus, N. fraasi, N. deserti, N. sub-
planulatus, N. thalicus, N. solitarius, Opercu-
lina heberti, Panikothalia sindensis, Disco-
cyclina seunesii etc. (babaes, 1990).

Therefore, Late Paleocene maximum had
created favorable conditions for an emergence
of first Paleogene nummulites within the terri-
tory of contemporary Azerbaijan.

Multiple changes in the composition of
benthic and planktonic foraminifers at the
boundary between Paleocene and Eocene were
also expressed in a global massive extinction of
bathyal and abyssal forms as well as cardinal
changes among benthal foraminifers.

End of the Priabonian stage is marked by a
shallowing of the Global Ocean. Oligocene is
marked by cooling, depositional break on the
border with Oligocene and shrinkage of the
Rupelian basin’s area (KpamenunHukoB, Ax-
MeTheB/pen., 1996).

It should be mentioned that the transition
from Upper Eocene to Lower Oligocene was
also characterized by a blunt change of the
Azerbaijan’s fauna composition. For example,
biotic communities of the country’s Early Oli-
gocene basins contained practically no nummu-
lites, brachiopods and corals.
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Mollusk fauna remains are only detected in
the Eastern part of Lesser Caucasus system.
These remnants are quite few, just amounting to
11 species from 7 families of pelecypods, 1 spe-
cies of gastropods, 1 species of Planorbella,
limited amount of ostracods and minor fo-
raminifers, fishes and marine plants.

Except for fishes, no macrofauna remains
were detected in the eastern part of Azerbaijan,
while remnants of ostracods and microfauna are
few.

Relative plentifulness of mollusks is ob-
served in the eastern Lesser Caucasus at the bot-
tom part of the Chattian stage. Their variety in-
cludes 26 genera of pelecypods and gastropods
from 20 families. Detected fauna is similar to
that of the brackish-water or hardly communi-
cated basins, in which the biological diversity
gets limited to a couple of species with large
amounts of the specimens. This time is charac-
terized by relative improvement of bionomic
conditions. Emerged molluscan fauna quickly
adjusted to new environmental conditions and
occupied the Oligocene sea of the Lesser Cauca-
sus. According to K.Alizadeh (1968), there may
have existed a large bay in the east of the Lesser
Caucasus system, which have had a connection
with Oligocene basins of Georgia. If this specula-
tion is true, locally detected fauna might have
migrated from the Georgian territory.

Temporary improvement of the bionomic
conditions have been interrupted during Late Chat-
tian age. Marine basins of that period contain al-
most no macrofauna (besides fishes) and extremely
few remnants of foraminifers and ostracods.

This time was characterized by the sea wa-
ter’s increased pollution by hydrogen sulfide,
which have considerably influenced the local
fauna diversity.

During later periods, changed geological
conditions have promoted a growth of biological
diversity. As this process was rather of a regional
importance, it will not be addressed in the current
article. Figure 8 provides for a chronostrati-
graphic scale of the country-level distribution of
signs of global events.
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Figure 8. Signs of global events in Azerbaijan

Conclusions

The article reviews signs of global events in the
Phanerozoic deposits of Azerbaijan

There are the signs of 8 global events re-
corded in the country’s geological sections.
Their stratigraphic position is characterized,
which is deemed important for the strati-
graphic scale’s detailed elaboration

Most ancient Hangenberg event is locally
confined to the top of the upper Nephalinian
substage, and is expressed in the outer shelf
facies, marked by black shales with increased
dispersed organic matter content. Hangen-
berg event was marked by a massive extinc-
tion of typical Devonian ammonoideas, many
conodonts, ostracods and foraminifers, as
well as total extinction of Devonian bioherm
structures with carcass forming organisms
Upper part of the Median stage (Deveolen
suite) corresponds to one of the most impor-
tant biotic events characterized by enormous
biotic crisis that addressed both terrestrial

SIGNS OF GLOBAL PHANEROZOIC EVENTS IN AZERBAIJAN

and marine biota. It may be regarded as the
beginning of massive Permian-Triassic crisis.
Developed due to global sea level fall, the
Late Median event had influenced every sin-
gle group of the marine organisms. End of
the Median age was marked by extinction of
40% of foraminifers and 70% of the fusu-
linids, emergence of first conodiscidaes and
araksociratidaes, and deep changes among
corals and conodonts, etc.

. Massive extinction event at the boundary of

Permian and Triassic periods (Darasham sec-
tion in Nakhchivan AR) is related to extinc-
tion of of ®50% families and over 80% gen-
era of marine organisms by the end of Da-
rasham stage. One of the most possible rea-
son is global sea level drop due to a climate’s
aridization.

. Cenomanian-Turonian borderline biotic event

(OAE-2) is related to a maximal transgres-
sion during Late Cretaceous period. In Azer-
baijan, the event is recorded in the sections of
Shaylakli, Chovdar, Komvudagh, etc.

. One of the most affective global events in

terms of the organic life evolution on Earth
was the mass extinction occurred at the
boundary between Maastrichtian and Danian
stages.

In Azerbaijan, Maastrichtian-Danian bound-
ary is marked by disappearance of ammonites
(Diplomoceras, Pachydiscus), belemnites
(Belemnella), many genera of bivalves, ma-
jority of heterochemics, globotruncans
among minor and orbitoids (Orbitoides, Or-
bitella, etc.) among larger foraminifers.

Such a serious change in the organic world’s
composition at the boundary between Creta-
ceous and Paleogene periods is not probably
related with impact or volcanic events. It’s
rather in line with the theory standing for
blunt oceanic level fall at the end of Creta-
ceous period and large transgression during
Early Paleogene.

. Late Paleocene thermal maximum (LPTM)

occurred about 55 Ma BP at the boundary be-
tween Thanetian and Ypresian stages was
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one of the global events to seriously influ-
ence the Earth’s climate and biota.
Paleogeography of Azerbaijan had under-
gone serious changes during Paleogene.
Early Paleocene regression was changed by
transgression which started in Late Paleo-
cene.

Formed favorable conditions (increased tem-
perature regime, normal salinity, gas regime
and bathymetric conditions) promoted migra-
tion of the new groups of organisms, includ-

2017 /2

ing various representatives of the family of
small and primitive nummulites, e.g. Num-
mulites pracexilis, N. silvanus, N. deserti, N.
thalicus, N. solitaries, etc.

9. Late Priabonian stage is marked by shallow-

ing, whereas Oligocene is characterized by
cooling, depositional break on the boundary
with Oligocene and shrinkage of the Rupe-
lian basin. These events have negatively im-
pacted biota of the Oligocene — Early Mio-
cene basins in Azerbaijan.
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AZORBAYCANDA FANEROZOY QLOBAL HADISOLORININ IZLORIi
S.9. Babayev

Qlobal hadisalor stratigrafiyasi miiasir zamanda isbat edilmis sayilan global sinxron hadi-
salorin bas vermasina asaslamir. Bu hadisalarin aksariyyati stratiqrafik skalanmin sarhadlarina
miivafiq galir.

Togdim edilon maqalada Azarbaycanda fanerozoyda bas vermis global hadisalorin izlorinin
ayrilmast va tasvirina hasr edilmisdir. Bunlarin torkibina kiitlovi qirilmalar, morfoloji yeniliklorin
ayrimasi, radiasiya va s. daxildir.

Azarbaycanda kasilislarda 8 qlobal hadisanin izlari (devondan oliqosena qadar) qeyd edil-
mig, onlarin atraf miihito va biotaya tasiri tohlil edilmig, onlarin stratiqrafik saviyyasi qiymoatlon-
dirilmisdir ki, bunun da regionun stratiqrafik skalasinin detallasdirilmast iigtin miihiim ahamiy-
vati vardir.

CJIEJBI TVIOBAJIBHBIX COBBITUU ®PAHEPO304 B A3EPBAFII[)KAHE
II.A. Baoaes

I'nobanvnas cobvimutinas cmpamuzpagus 0CHOBAHA HA CYWECMBOBAHUU 2N00ANbHBIX CUH-
XPOHHBIX COOLIMUL, CUHUMAIOWUXCA 8 HACMOoAWee 8pemMs 00KA3AHHbIMU. borbuwuncmeo smux co-
ObLIMULL NPUYPOYEHO K SPAHUYAM CIMPAMUSPAPUIUECKOT WUKATbL.

B npeonazaemou cmamove coenana nonvblmka 6vl0eieHUs U ONUCAHUS C1e008 200ANbHBIX CO-
ovimuil ¢haneposzosn 6 Asepbaiiddcane, 8 KOmMopwvle 8X00AmM MACCOBble GLIMUPAHUS, B8e0eHUe
Mopghonoeuneckux Hoguecms, paouayus u op.

Bceeo 6 Azepbatioscane 6 paspezax ommeyeHwl cedvl 8 2100a1bHbIX cOObIMULL (0M 8EPXHE20
0e60HA 00 OU20YEHAa), NPOAHATUIUPOBAHO UX IUAHUE HA OKPYIHCAIOUWYI0 0OCMAHOBKY U OUOMY,
0XAPAKMEPU308aHA UX CIMPAMUSPAPUYECKAas NPUYPOYEHHOCMb, YO UMeem GadCHOe CMpamu-
epaghuyeckoe 3Havenue 0l 0emanu3ayuu Cmpamuepaguueckol WKaubl pecuonda.
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KHVALYNIAN TRANSGRESSION AND ATHELIAN REGRESSION
OF THE CASPIAN SEA

Modern stratigraphic scheme of the Caspian Sea coastline was developed basing on
ideas formulated by P.A.Pravoslavlev more than 100 year ago (Ilpasocnasnes, 1900, 1908).
Further, the once developed concept was regularly reworked by the other well-known research-
ers who have brought additional details and clarifications to the beds and boundaries between
them in most complete and reliable sections (Kyxos, 1935, 1936, Cmpamuepagus uemeep-
MUYHBIX OMI0JICeHUU ..., 1953, Bacunves, 1961; Mockeumun, 1962; @edopos, 1957 u op.).

Large amount of data have been collected on the different sections of Lower Povolz-
hye (Jleonos u op., 2002, Anuna, 2012; Ceumou, 2014, Jlaspywun u op., 2014, Tudrun et al.,
2013 u 0p.) and Dagestan (Pviuazos, 1997). New information was gathered for the eastern
coast as well (Kypoanos, 2014). Nevertheless, none of the newly developed factual material
helped develop an understanding of history of the Caspian Sea’s transgressive and regressive
cycles during Pleistocene-Holocene (Bapywenko u op., 1987, Illkamosa, 2006, 3acmposictos
u op., 2013). Relatively large data set also failed to put some clarity into the problem. We
know examples, when various authors have attached particular sediments to different strati-
graphic units. Facies and lithological variability of deposits causes serious discrepancies,
which become even more aggravated when attempting to correlate Volga river sediments in
Lower Povolzhye.

Keywords: Caspian Sea, Lower Volga, transgressive-regressive cycles, sections, strata

Accepted history of the Caspian Sea
fluctuations

According to researchers, history of the
Caspian Sea is a record of its’ differently ranked
fluctuations, i.e. different stages and phases of
oscillation and convulsion (CButou, 2014). Dur-
ing Pleistocene, Caspian Sea had undergone fol-
lowing large transgressive epochs: Baku, Early
Khazarian and Khvalynian. Last two transgres-
sions had been divided by deep Athelian regres-
sion, timing and depth of which is still a subject
of strong discussionst. In recent years, Hyr-
canian transgression (JlaBpymmn u ap., 2014;
SAuuna u ap., 2014) distinguished in 1967 by
Popov, was brought under a new scrutiny. There
is no consensus as to the age of Early Khva-
lynian transgression, which was then followed
by Yenotayev regression and Late Khvalynian
transgression. Regression stages were accompa-
nied by an accumulation of continental, alluvial
and proluvial deposits, which with well-defined

E.N. Badyukova

Faculty of Geography,
Lomonosov Moscow State University,

E-mail: badyukova@yandex.ru

contact overly the lower sediments, and are
overlaid (also with well-defined contact) by ma-
rine sands, lagoon loams and shales with sand

interbeds. The latter often contain malacofauna
with Khvalynian appearance.

Chocolate clays

Study of history of the Caspian basin evolu-
tion is impossible without referring to a problem
of genesis and age of widely developed chocolate
clays (CC), which cover the broad areas starting
from surface until a coastline of Late Khvalynian
sea. In the south, clays are occurring until reach-
ing the modern sea coast, and towards the Caspian
Sea expose during excavations on the Caspian
bottom within the shallow water zone.
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CCs are characterized as distinctive and
typical facies of the Khvalynian deposits. Some
researchers consider them as the marine sedi-
ments deposited at the depths of 25-50 m
(IHanuep E. B. 1951; MockButuH, 1962; Jleo-
HOB U jp., 2002 u ap.). M.P.Boritsina (1954)
holds to an opinion that CCs have formed dur-
ing the independent Middle Khvalynian trans-
gression. From the other hand, A.A.Svitoch
(2015) suggests that they have been deposited
within pre-Khvalynian depressions and estuar-
ies. However, there are a lot of evidences of a
wider occurence of CCs in the region. For ex-
ample in 1955, several sections of the Volga-
Ural interfluve were presented by T.F.Yagubov
(1955) to reveal CC interlayers not only in the
estuaries but also in the wide adjoining areas.
Additionally, CCs underlie a thin layer of de-
posits in the areas between Volga and Yergeni
rivers (XKykoB, 1936) as well as along the Yer-
geni ledge.

It is worth noting that clays do not form an
continuous cover in their development areas.
CCs are rather confined to wide firth depres-
sions which, together with gullies, represent a
typical feature of landscapes across the western
Pre-Caspian region and in the interfluve of
Volga and Ural. Firths have quite diverse con-
figurations varying from oval to linear-doming.
Some of these landforms reach 100-180 km in
length and several tens of kilometers in width.
Firths and gullies are sometimes divided by up
to several hundreds of hectares large watershed
areas. Broad firths are exemplified by a system
of floods and lakes in the river mouth of
Ascheozek, which includes 1000 small troughs
connected by channels. Early Khvalynian basin
was characterized by sea level’s stadial retreat-
ment and temporary stabilization (JIeoHTbeB,
1977). it is testified by the occurence of North-
ern Caspian coastline expressed by separate
elongated sand benches located in the Northern
Caspian Seacoast.

During transgression, river mouths used to
become flooded and estuaries emerged in which
CCs have been accumulated. For example, the
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estuary that had emerged along Volga during
the Early Khvalynian time, used to extend far
towards the north reaching the vicinities of
Samara (Svitoch, Makshayev, 2015). Currently
CCs of former estuary are occurring at a height
of about 35 m (Chapayevsk town's vicinities).
As demonstrated by mapping and cosmic im-
ages analysis, the estuary even reached the vi-
cinities of Srednaya Akhtuba during one of the
final stages of Khvalynian transgression. Cur-
rently the top of CC is located at the altitude of
Sm.

At the same hypsometric level the CC are
encountered in Kolobovka outcrop located 40
km southwards. Therefore, samples taken from
both the bottom and the top of the deposits will
be dated nearly identically. Thus, the age of
sediments is the same under conditions of accu-
rate sampling.

CCs are dated as Early Khvalynian sedi-
ments. Therefore, shells found in the sand beds
occurring in the CC are apriori dated as Early
Khvalynian remains. We have analyzed the ex-
isting data on ages and collection sites of the
Upper and Lower Khvalynian samples. It was
identified that all Early Khvalynian samples
(dated according to C'* and Th*™°/U>?") were
collected from the altitude range of —18 to +10 -
+15 m. Only several shells from Lower Khva-
lynian sediments on the Azerbaijan and Dages-
tan coasts were collected and dated from up to
32 m hypsometric level.

Collection sites of the Upper Khvalynian
samples are located at —21 — 0 m elevation in-
terval. Therefore, Lower and Upper Khvalynian
deposits of the Northern Caspian seacoast have
similar age and hypsometric position (bamgtoko-
Ba, 2007).

In our earlier articles, we already explained
our conclusion on lagoonal origin of CCs —
these typical North Caspian deposits having
very variable age (Badyukova, 2000). There-
fore, in this article we will only brief on their
genesis. CCs are often occurring as sharply
wedging lenses with multiple sand interbeds
that contain shells of the various mollusks
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which preferred inhabiting brackish and fresh
waters of the shoreface. Accumulated almost on
the surface under soil, CCs directly overlie
subaerial, lake, alluvial, delta or coastal-marine
deposits (sometimes even the fossil soil). Reed
roots and clear facies transition to the underly-
ing deposits are recorded in their bottom.

Within the framework of project funded by
INTAS, we have tested different samples of
CCs in the laboratory of Utrecht University
(Netherlands). Following results were produced
by the implemented analysis:

1. All samples demonstrate low hydrogen
and high oxygen indexes based on the pyrolysis
results (HI and OI correspondingly), which un-
controversially speaks for a continental type of
the initial organic matter (IOM);

2.  CCs have negligibly small amount of
IOM, which is an indicative for the oxidizing—
shallow water and high hydrodynamics condi-
tions .

3. The high concentrations of ferric hydrox-
ides in the sediments also testifies to the shore-
face environment with dominating oxidization
geochemical conditions.

Detailed CC studies that have replenished
the existing information were recently imple-
mented by A.A.Svitoch and other researchers
(2015).

2017 /2

In all sections developed along the lower
reaches of Volga, revealed are only the Khva-
lynian lagoon deposits represented by thin lay-
ers of CCs, often with sand interbeds containing
mollusk shells. These deposits overlap the allu-
vial or subaerial sediments which in turn overlie
the Khazarian sediments. At the same time,
none of the studied sections appeared to contain
the Early Khvalynian marine sediments. It's ex-
plained by a fact that at that regression stage,
the Caspian Sea level increased from -100+140
m (as offered by many scientists, it is apparently
the Athelian regression's level) to +50 m of the
true altitude. Therefore, the level of Northern
Caspian must have varied from 30 to 70 m. It
has to be noted that the sea level rise is always
accompanied by erosion of the slope down to a
depth of the wave's impact (JIeoatses, 1961). It
means that sands lying under the CCs should
been eroded (Figure 1). Accepting CCs as la-
goon sediments, we must first explain their ex-
ceptionally wide development in almost all sec-
tions until Late Khvalynian shoreline at 2-0 m
elevation (which implies hundreds of kilometers
covered by CCs), and between abs. levels 30m -
Om. Secondly, we must realize why the layers
of sand have been preserved in the sections. Fi-
nally, we have to clarify a reason of the absence
of Early Khvalynian marine deposits.

Figure 1. Erosion of the underwater shoreface during rise of the sea level (according to Zenk-
ovich, 1962)

* Data was provided by Prof. D. Huseynov, Institute of Geology and Geophysics, ANAS, Baku
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Lagoon-transgressive terraces

It's known that positive oscillation of the
Caspian Sea had occurred against the background
of its' level fall. Researches have shown that the
shore's development during transgressions de-
pends on the combination of gradients of flooded
coast plain and underwater slope under a devel-
oped equilibrium profile. During sea's transgres-
sion, lagoons may emerge only in the areas where
the initial gradients of the land area are lower than
those of the nearshore zone of a sea bottom (ba-
mokoBa U ap., 1996). This is exactly what hap-
pened on the Northern Caspian coast, where mul-
tiple transgressions and regressions have flattened
the coastal relief, and in which extended deltas
were formed by the Volga.

In compliance with coastline's formation
regularities, rise of the sea level launches con-
tinuous erosion of the upper shoreface, which
previously used to constitute a margin of the
coastal plain (3enkoBuu, 1962, JleoHThEB,
2014). Together with formation of a coastal bar-
rier, lower part of the shoreface zone becomes
flattened by fine grained material that goes
deeper due to a wave-driven separation of sedi-
ments in the coastal zone. This regularity is
most obviously illustrated on the Dagestanian
coastline through a correlation of batigraphic
curves developed for transgressive and regres-
sive periods (ComoBwseBa u ap., 2001). Under

these conditions, it was already during first ten
years of transgression, that the area covered by
sea had increased by 7% at the expense of
shoreline's retreat, and the upper part of the
shoreface had become deeper and steeper as
compared to a regression period. In the lower
part of the slope (starting from a depth of 14-15
m), accumulation of part of the shoreline's
eroded material occurred (Figure 2). Simultane-
ously, the lagoon had formed behind a barrier as
a result of flooding of the regressive accumula-
tive terrace by both underground and marine
waters. By that time, flat surface of the terrace
had become lower than level of the transgress-
ing sea. Lagoon formation processes were also
widely contributed by the rivers impounded by
emerged barrier.

Therefore, two coastal relief elements (bar-
rier and lagoon) have simultaneously emerged in
close genetical relation between each other. To-
gether they formed a single transgressive system.
At the same time, two lithologically different
types of deposits emerged on the same hypso-
metric levels. The lagoon gets filled by lagoonal
or alluvial-delta deposits when it emerges near
the mouth of a river, and barrier (transforms into
series of barriers due to sea level oscillations) is
composed of littoral marine sediments. This par-
agenesis of deposits must be considered when
interpreting geological materials and developing
paleogeographic reconstructions.
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Figure 2. Comparison of bathymetric maps of one of the Dagestanian coast's areas
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Given that the lagoon had emerged over the
surface of former regressive terrace, its’ la-
goonal series were underlaid by older deposits
within the section of marine transgressive sedi-
ments. Described bedding is characterized by
sharp unconformity without gradual facies tran-
sition. Positive oscillations have resulted in
creation of a set of large lagoons divided by
separate barriers (Figure 3). With inherited de-
velopment of coastal processes, multiple sea
level fluctuations may lead to a situation when
the coastal plain represents series of succes-
sively attached lagoon-transgressive terraces.
CCs have accumulated in lagoons that gradually
moved to lower hypsometric terraces, whereas
marine sandy sediments are indicating to the
former coastlines. It has to be mentioned that in
a number of cases the barriers might have been
either eroded or covered by reciprocating sea
level fluctuations, once the recurrent rising
event was higher than the previous (Figure 3,
Terrace II). It's also important to note that the
lagoonal deposits lie unconformably with het-
erochronous sediments of various genesis, and
there is a clearly defined boundary between la-
goonal and underlying sediments. Mentioned
unconformity doesn’t necessarily mean erosion.

Relatively longstanding rise of a sea level
with sufficient volumes of alluvium and respec-
tive inclination ratio of coastline's under- and
above water segments not only ensures the mate-
rial's active accumulation in the swash zone of
the coastline, but also stimulates the latter's ret-
rogradation due to the upsurge-followed storm
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waves overthrowing a beach material towards the
lagoon's interiors. In this case, coast preserves its'
accumulative appearance in spite of retreat and
active erosion of the shoreface. For example, this
was the case with Caspian Seacoast, when 2.5 m
rise of the sea level occurred at the end of XX
century and one of the Dagestan's accumulative
shores retreated for almost 700 m.

Barrier’s occupation of the lagoon causes
subhorizontal facies replacement of lagoonal
loams by beach sands, which is most typical for
those parts of the lagoons directly located be-
hind a barrier. Under certain morphological and
hydrological conditions, the barrier's shell sand
material gets "thrown" into a lagoon and covers
its' original deposits. Therefore in a transgres-
sive series of marine deposits, lagoonal sedi-
ments get underlaid by previous regressive
phase's sediments and overlapped (sometimes
with sharp contact) by a shell sand material that
belongs to same transgressive phase as the la-
goonal loams (bamtokoBa u np., 2003). On the
other hand, lagoon receives larger material from
the incoming rivers. Such material forms rele-
vant interlayers within the section of lagoonal
deposits. During recurrent fall of the sea level,
lagoons get partially dried and their former wa-
ter areas transform into an subaerial terrace, that
we call a lagoon-transgressive terrace as it is
formed during transgressive period. As stated by
the analysis of data collected from different
coasts of the World's ocean, sea level fall usu-
ally doesn't lead to formation of lagoons (bamto-
KoBa u Jip., 2010).

//]5

EVG

Figure 3. Formation of lagoonal-transgressive terraces.
1 — barrier deposits; 2 — buried barrier; 3 — lagoonal deposits; 4 — eolian sands; 5 — un-
derlying deposits; 6 — series of lagoonal-transgressive terraces
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If the regressive terrace is almost entirely
built by beach, in lagoon-transgressive terrace
marginal marine deposits are only present in the
structure of their separating barrier. Remaining
larger parts of lagoon-transgressive terraces are
built by clays, loams and sand clays, sometimes
with interlayers of laminated clays and clayey
sands with lagoonal or deltaic features. Deposits
are greyish-brown, reddish brown, indistinctly
laminated or non-stratified, poorly sorted and
with gleying spots. Some parts of their tops con-
tain fragments of the fossil soil, finely-crushed
shells and plant remains.

Sections of Lower Povolzhye

Summing up what has been said we can
conclude that in case of the Caspian Sea shore-
land with repeatedly changing levels, it is im-
possible to correlate deposits revealed in the
outcrops and wells located across the strike of
the ancient coastlines. There is a high probabil-
ity that such correlation will result in giving a
single strata's status to deposits from different
lagoon-transgressive terraces that had formed on
various hypsometric levels during independent
transgression events.

However, this aspect isn't taken into a con-
sideration when studying the Caspian coast's
sections and implementing regular suite and
layer correlation works. For example, during
correlation the section's crowning loessial loams
are mistakenly considered as a single layer of
the Athelian loams, which earmarks a deep re-
gression processes that had occurred between
Khazarian and Early Khvalynian transgressions.

As a result of the detailed review of litera-
ture sources as well as performed field investi-
gation activities, the author had proven that
none of the known Northern Caspian sections
contains series Khvalynian marine transgressive
sediments deposited in the open marine condi-
tions.

Khvalynian deposits only form thin layers
with well-defined contacts within the tops of the
sections. Such layers are represented by CCs
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with thin interlayer of sands sometimes detected
in the bottom with Khvalynian shells in their
structure. CCs sequentially bed over the
younger alluvial-delta sand units, including
sands in Akhtuba, Chorniy Yar, Tsagan-Amana
quarry and other areas. Different age of the
sands becomes evident when comparing the sec-
tions of Middle Akhtuba, Chorniy Yar, Lower
Zaymische and Tsagan Aman. If several fossil
soil layers are distinguished in the section of
Middle Akhtuba, only one layer of well-defined
hydromorphic fossil soil is detected in Chorniy
Yar, in which it overlaps local alluvial sand de-
posits. At the same time, fossil soils are hardly
represented In Lower Zaymische and Tsagan
Aman (Figure 4).

Figure 4. Section of Tsagan-Aman quarry. In the top -

chocolate clays

Alluvial stratas of all sections are over-
lapped by subaerial deposits. These heterochro-
nous layers are normally younger in lower hyp-
sometric levels. As seen from a number of sec-
tions, sand bodies overlie the Khazarian trans-
gressive sediments.

Sections of the eastern slope of Yergeney

With hardness of interpreting the Northern
Caspian sections considered, field investigations
have been implemented along the eastern slope
of Yergeney, in which ancient coastlines were
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preserved with minimal impact from the river
arteries. One of such investigation activities was
carried out in the Tundutovo settlement, around
which there is a CC production quarry devel-
oped on 30 m high subhorizontal surface that
adjoins a gentle slope of Yergeney in creek's
direct proximity.

Following series are revealed in the
quarry's section (Figure 5 with soil cover re-
moved):

1) 2-4 m thick layer of sands;

2) 3-5 cm thick layer of CCs with indistinct
transition observed in the bottom;

3) nearly 1 m thick layer of bleached sands
with brackish water Khvalynian fauna of Di-
dacna ebersini, Hypanis plicatus, Monodacna
caspia. The contact is distinct in the bottom;

4) about 2 m thick reddish-brown clays
with gypsum, Clays are dense and gypsified
with 5-10 cm large tabular and prismatic crys-
tals of gypsum. Transition to a below layer is
gradual;

5) around 2 m thick brown and yellowish-
grey loams with no fauna detected.

It is important to stress that Early Khva-
lynian deposits are located not higher than 35-
38 m of true altitude, as there are Yergeney's
Neogene sandstones revealed at 40 m height on
the flange of Gryaznaya creek.
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Second section was studied in the Yashkul
creek's estuary located to the south of the previ-
ous area and confined to an eastern slope of
Yergeney as well (Figure 6). 18 m thick allu-
vial-marine strata is revealed there on the left
flange of the creek with true crest elevation of
33-35 m. Following series are revealed in the
section concealed under a thin layer of topsoil
and subaerial deposits:

1) thin (0.2 m) interlayer of Early Khva-
lynian beach sands with detrital matter and
small shells of Hyparis plicatus, Adacna vitrea,
Adacna laeviuscula, Didacna ebersini. The con-
tact is distinct in the bottom;

2) about 2 m thick subaerial (alluvial-
proluvial) loams;

3) nearly 3 m thick layer of grey and lami-
nated sands with shells of brackish water
Khazarian mollusks of Didacna subpyramidata,
D. Pallasi, D.cristata, dreissena polymorpha.”

4) about 5 m thick layer of multicolor allu-
vial-proluvial deposits (loams, sand clays, lami-
nated sands) with various lithology, extending
through an encroachment line of Yashkul river.

According to their high-altitude position,
Khazarian deposits are confined to 30-35 m high
coastline. They get overlapped by alluvial-proluvial
loams, which in turn get transgressively covered
by a thin layer of Lower Khvalynian deposits.

Figure 5. Tundutovo section

Figure 6. Yalmata section

* Malacofauna definitions are provided by
Prof. T.A. Yanina
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Interpretation of literature
and field materials

Geology-geomorphological studies of the
eastern near-Yergeney part of the Northern
Caspian Seacoast have resulted in the formula-
tion of new understanding of the Caspian Sea
level fluctuations at the end of Pleistocene.
Thus, maximal levels of both Early Khvalynian
and Khazarian basins didn't exceed 35-40 m.

Based on thorough analysis of both litera-
ture and field work information, we drew a
number of logical conclusions regarding history
of the Caspian Sea's evolution in Pleistocene.
Some conclusions may look a bit surprising
from the first site. However it should be men-
tioned that they are all closely interrelated and
grounded by concrete theoretical and field re-
search outputs.

First of all we suggest that just like in the
other periods of sea's evolution, there had been a
long-running Khazarian transgression accompa-
nied by temporary oscillation events (periods of
level fall during general rise of the sea level).
Transgression level had varied within 30-40 m
interval and even exceeded it in a number of
regions. As stressed by G.N.Richagov (1997),
Late Khazarian terraces are located above their
Early Khvalynian analogues. They form a slop-
ing coastal plain. This statement is proven by
Tundutovo and Yalmata sections (Figures 5, 6)
as well, according to which level of the
Khazarian transgression was close to that of the
Early Khvalynian transgression.

It was mentioned by all researches that dur-
ing Khazarian transgression, an entire Caspian
coastline was wave dominated with brackish
water environment . The author subscribes to
the opinion of scientists who suggest that during
that period there used to be a connection be-
tween Western Siberia and Caspian Sea through
Aral. Thus, up to 1 m large blocks of straw-
colored sand clays with undisturbed stratifica-
tion were described by P.V.Fyodorov during his
study of the Caspian Sea's eastern coastal area
(1957). In this connection the researcher had
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mentioned that similar sediments have been
usually found in the area from Cheleken and
further up the Uzboyu river's channel
P.V.Fyodorov assumed that type of the mud
clasts and blocks with preserved structure testi-
fies to a short duration of the catastrophic flow,
whereas presence of the shells of Corbicula
fluminaris is an indicative for the fluvial envi-
ronment.

Between Khazarian and Khvalynian depos-
its of Lower Povolzhye, deposited are the allu-
vial and lacustrine-mursh sediments overlapped
by subaerial loams. On the western coast they
are represented by thick alluvial-proluvial sedi-
ments built by a coarse-grained material (e.g.
10-15 m thick gravels in the section of Manas
river's estuary in Dagestan). On the eastern
coast, Khvalynian deposits have been deposited
over the loess loams of Karakum or Khazarian
suites.

Our estimate shows that in Lower Volga
Khazarian transgression was followed by the
sea level's 15-20 m fall (evidenced by thickness
of alluvial and subaerial deposits), as well as the
emergence of one of the coastline's first alluvial
packs - Akhtuba sands, which later became
overlapped by Athelian loessial loams. This
subaerial stage extended for a long period of
time, which was enough for development of a
series of soils (BacuibeB, 1961; MockBuTHH,
1962). All this time the sea was somewhere
close to the area and a long-running time inter-
val have stimulated the development of Khva-
lynian malacofauna (Figure 7 a, b).

During recurrent rise of its' level, the see
had transgressed over both lowland delta plains
and river valleys, forming lagoons and estuaries
in which the CCs have started to be accumu-
lated. According to a vast majority of the Cas-
pian Seacoast's sections, level of the Khvalynian
transgression was slightly higher than that of the
Khazarian transgression. Thus, in Kalmykia
(Figures 5, 6), CCs and subaerial loams form up
to 1 m thick cover over the Khazarian deposits.
It is important to stress that the level of Early
Khvalynian sea haven't exceeded 35 m along the
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eastern slope of Yergeney. As demonstrated by
profiles acquired through satellite images across
Syrt ledge and northern part of the Early Khva-
lynian lowland, bottom of the Northern Caspian
Sea cliff is fixed on a height of 35 m as well.
The same altitude is known as an upper CC de-
velopment limit in the river valley of Volga.

=

Figure 7 a, b. Schemes of the Caspian Sea coast de-
velopment during sea level fluctuations.

b: 1 — subaerial deposits (Athelian loams), 2 — choco-
late clays, 3 — alluvial deposits, 4 — recent and fossil
soils, 5 — marine sands with shells, 6 — deep water de-
posits

Later, the transgression gave way to the
new sea level fall and the emergence of
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Cherniy Yar sands overlapped by younger-
than-Athelian subaerial loessial loams. This
next sea level reduction wasn't deep neither.
Sands of Cherniy Yar look much younger than
their Akhtuba analogues and do not contain
well-processed fossil soils in their structure.
During recurrent rises of the sea level, subae-
rial deposits became overlapped by new series
of thin Khvalynian lagoon deposits in Volga-
Ural interfluve, and by clayey sediments in
the estuaries confined to the river outfalls.
Newly emerged estuaries of Volga used to
reach several tens of kilometers in length. CCs
revealed at similar heights of the Middle
Akhtuba section had apparently emerged
within the single estuary's structure.

This process continued until the Yenotay
regression marked by considerable sea level fall.
It's evidenced by change of the coast types dur-
ing recurrent rising event, as well as formation
of well-defined ledge-form abrasion coastline
observed at heights of 0-2 m in the Nikolsky
village's vicinities and in the other parts of the
Caspian Seashore. Abrasion of coasts usually
begins with change in a combination of littoral
plain and continental slope angles. This occurs
by a virtue of the fact that deep regression un-
covers steeper continental slope than the super-
incumbent one, and combination of angles be-
tween coastland and slope changes in favor of
the former (bamtokoBa, 1996).

In conclusion, attention shall be paid to an-
other problem related to the Caspian Sea's evo-
lution according to sections developed along
lower reaches of Volga. Each sea level drop had
stimulated the erosion base level decrease and
the river's downcutting. This have caused partial
erosion of previous alluvial and marine deposits
and redeposition of their malacofauna into a
lower hypsometric level. In contradiction to
near-shore areas with serious swash-borne im-
pact, displacement of shells within flows of the
rivers doesn't cause their excessive defacement.
Therefore it becomes hard sometimes to estab-
lish a real position of shells within the specific
section's breakdown.
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Contemporary valley of Lower Volga and
Akhtuba inherited the former estuary's body. It's
clearly seen from relief's geomorphological
analysis showing that more than 500 km long
course of the river and its' multiple streams to
the south of Volgograd flow through up to 20
km wide and 15-20 m deep erosional downcut-
ting. Therefore, the large part of Northern Cas-
pian deposits is of a redeposited nature. Even a
conservative estimate results in assumption that
about 70 km’ of sediments were redeposited in
the Northern Caspian coastline. As proven by
several researchers (Kympun u ap., 1991), such
sediments constitute the Mangyshlag threshold
built by a soft strata of delta-marine deposits.
This factor must be considered when interpret-
ing the latest data produced by drilling in the
Northern Caspian offshore.

In spite of the fact that the produced pile of
information is far from completeness and there
is a huge room for future detailed investigations,
it already forms basis for revising some stages
of the Caspian Sea evolution. Although lots of
new information (drill columns, absolute dating
data, palynological test outputs, etc.) were pro-
duced in the recent years, they didn't turn out to
be enough for the problem's final clarification.
In particular, traditional stratigraphic scale
doesn’t help with explaining the source of a
tremendous water inflow into the Caspian Sea at
the end of Pleistocene. At that period the sea
level increased for over 100 m under the Early
Khvalynian transgression, and the historically
smallest Valdai glacier existed in the Northern
Europe. On the other hand, none of the pro-
posed theories (tectonic reasons, change of the
Caspian hollow's volume, groundwater dis-
charge, melting of ancient glaciers, etc.) serve to
thoroughly explain numerous aspects of the
Caspian Sea's evolution at the end of Pleisto-
cene.

It is also hard to explain an emergence of
the Burtas lake in Manych (ITomoB, 1983) si-
multaneously with sea's deep Athelian regres-
sion. However all these questions become inva-
lid if we accept the proposed reconstructions.
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Speaking about first problem, we can say that
the Early Khvalynian transgression required
much smaller volumes of water, as the trans-
gression started when the Caspian Sea's level
was by 15-20 m higher than —100 -120 m. Re-
garding second question it can be concluded that
the Burtas lake existed when its' level coincided
with that of the Caspian Sea.

In this article we intentionally skipped the
problem of age and correlation of the Caspian
Sea's transgressive-regressive cycles with
Northern European events. Doing so requires
revising piles of the factual material that have
been collected so far from the Caspian region.

Conclusion

1. There was the Great Khazarian trans-
gression, the level of which have reached 30-35
m. Catastrophic rising of the Caspian Sea was
caused by an inflow of waters from Western Si-
beria through Turgay.

2. Khazarian transgression wasn't followed
by deep Athelian regression. It was completed
by a regression with relatively low amplitude
(15-20 m) but long duration.

3. This period was marked by a deposition
of Akhtuba sands with fossil soils. By the end of
the stage, these sands were overlapped by
subaerial deposits, including Athelian loams.
Long time interval have stimulated the devel-
opment of typical Khvalynian fauna in the Cas-
pian Sea aquatorium.

4. Recurrent Early Khvalynian rise of the
sea level led to a creation of lagoon, which used
to cover vast coastal delta plain with an ongoing
CC accumulation. Amplitude of the Early Khva-
lynian transgression haven't exceeded 20-30 m.
This transgression was one of the largest oscilla-
tions against the background of sea's gradual
retreat after the Khazarian transgression.

5. Next period was marked by recurrent sea
level drop and emergence of next cross-bedded
strata of sand, which were later overlapped by
subaerial loams. Sea level increase resulted in
lagoon's recovery. Therefore, a series of lagoon-
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transgressive lagoons have formed at lower
hypsometric levels.

6. Hyrcanian transgression was probably
one of the transgressive-regressive cycles in the
Caspian Sea's Khvalynian time, which occurred
against general background of sea level's post-
Khazarian fall.

In spite of being quite open for detailed
reading, Lower Volga profiles may not serve as
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key sections for the entire Caspian Sea. During
their interpretation, it is hard and often impossi-
ble to identify sedimentation masses that belong
to the certain stages of the sea's transgression or
regression. Sea level's multiple fluctuations as
well as Volga's erosional activity under fre-
quently changing erosional basis have partly
washed out the earlier layers and caused incom-
pleteness of the region's geological record.
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XOZOR DONIZININ XVALIN TRANSQRESSIYASI VO ATEL REQRESSIYASI
E.N. Badyukova

Xozar donizi sahillorinin miiasir stratiqrafik sxeminin asasint P.A.Pravoslavievin 100 il avval
asarlorinda dorc etdiyi tagdimatlar: taskil edir (Ilpasocnasnes, 1900, 1908). Sonra bolganin bir
¢ox taminmis tadqiqatcilart daha boyiik kasilislorin lay va sarhadlarini daha daqiq va detalli
sakilda Oyranarak oz alavalarini ediblor. (?Kykos, 1935, 1936, Cmpamuepaghus uemseepmuuroix
omnoxcenui..., 1953; Bacunves, 1961; Mockeumun, 1962; @edopos, 1957 u op.).

Bu giina gador, asasan Alt Volga (Jleonos u op., 2002; Anuna, 2012; Ceumou, 2014,
Jlaspywun u op., 2014; Tudrun et al., 2013 u 0p.) vo Dagistan (Pviuazos, 1997) kasilisino aid
boyiik malumatlar toplanmisdir. Sarq sahillorina aid yeni malumatlar da var (Kypbanos, 2014).
Buna baxmayaraq bu yeni va boyiik faktiki material Xazor donizinin pleystosen-holosenda trans-
gressiv-regressiv  tsiklinin tarixi ilo bagh vahid fikirlorin yaranmasina komak etmayib
(Bapywenko u op., 1987, [llkamosa, 2006, 3acmpocros u op., 2013). Hatta genis arasdirmalar
da movcud problema aydinliq gatirmayib. Eyni qatin miixtalif tadqiqatgilar torafindon miixtalif
stratigrafik lay dastalorina aid edildiyina dair niimunalor var. Kasilisdaki ¢okiintiilorin fasial v
litoloji dayiskanliyi boyiik anlasiimazliga gatirib ¢ixarir. Bu anlasilmazliq Asagr Volgaboyu Alt
Volga kasilislarinda ayrilmis lay dasta va qatlarin korrelyasiyasi zamani daha da artir.

O XBAJIBIHCKOM TPAHCTPECCHUM U ATEJILCKOM PEIT'PECCUUA
KACIIUMCKOI'O MOPS

E.H. BagokoBa

OcHogy cospemenHou cmpamuepaguueckou cxemwvl nobepexcuil Kacnuiickoeo mops co-
cmasnsrom npeocmasnenus I[1.A. Ilpagocrasnesa, komopovie on uziazan 6 coux pabomax 6o.ee
100 nem naszao (Ilpasocnasnes, 1900, 1908). B oanvuetiuiem mMHocue uzgecmHule Ucciedosamenu
OaHHO20 pecUuoOHa BHOCUNU C80U 000ABNEHUs, YMOUHAA U OeMANU3UPYs CLOU U SPAHUYLL MeNCOY
HUMU 8 Haubolee NOIHbIX U 00CcmosepHblx paspesax (Kykoe, 1935, 1936, Cmpamuepagus uem-
8epMuUUHbIX Omaodcenull...,1953; Bacunves, 1961; Mockeumun, 1962; @edopos, 1957 u op.).

K nacmoswemy epemenu naxonnen OOIbWIOU MACCU8 OAHHBIX, 8 OCHOBHOM NO pA3PE3AM 8
Huoicnem [osonxcwe ([Jleonos u op., 2002; Anuna, 2012; Ceumou, 2014, Jlaspywun u op., 2014,
Tudrun et al., 2013 u op.) u 6 [lacecmane (Pviuazos, 1997). Ecmb HO8ble OalHble U NO 80CMOYHOMY
bepezy (Kypbarnos, 2014). Oouaxo, Hecmomps Ha 3mo, 60AbUOU HOBbII (haKmuyecKull Mamepuan
He cnocobcmeosan 8vipabomke eOUHbIX NpeoCmasieHutl 06 UCMOpUU MpaHcepecCUsHo-pespec-
cusHvlx yukios Kacnus e nneticmoyene-econoyene (Bapywenxo u op., 1987, Llxamosa, 2006, 3a-
cmpooicros u 0p., 2013). CpagrumenbHo OOIbULON MACCU8 OAMUPOBOK MAKICE He BHEC ICHOCU 8
O0aHHy1o npooaemy. Ecmb npumepul, ko20a oona u ma dce moawa pasHeiMu UCC1e008amensimu om-
HOCUMCAL K pasHelM cmpamuepaguueckum ceumam. PayuanbHas u aumonocudeckas usmeHyu-
80CMb OMIIOHCEHULL 8 PA3PE3aX NPUBOOUM K OOILUUUM PAZHOUMEHUAM, KOMOpble euje 803pacmaron
ApU Kopperayuu c8um u cioes 8 80cckux pazpesax Huowcnezo I1osonicws.
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UPPER JURASSIC COMPLEX OF GREATER CAUCASUS SIDE
RANGE: LITHOFACIES AND SEDIMENTATION
(AZERBAIJAN)

The article addresses sedimentation zonality and correlation of the Malmian sediments
of the Side range zone of South-Eastern Caucasus. Paper presents new data about presence
of the Callovian sediments in the section's bottom, draws conclusions regarding lateral
changing of lithofacies from rough flysch in the south to the lagoonal sediments type in the
north, which speaks for their sedimentation on the continental slope and shallow shelf of the
northern flank within Jurassic marginal sea of the Greater Caucasus.

Keywords: Malmian sediments, South-Eastern Caucasus, lithofacies, continental

slope, shallow shelf

Problem statement. Among other moun-
tainous regions of Azerbaijan, Southeastern
Caucasus have been most widely covered by the
geological studies, which had started back in
1859 with researches of H.W.Abich. In the fol-
lowing 150 years, large volumes of thematic
studies and geological surveys have been im-
plemented to characterize structure and compo-
sition of the alpine cover. However, there still
remains a number of uncertainties related to un-
derstanding of the region’s geological-tectonic
structure, depositional environment, sequence of
geological events, geodynamic conditions, etc.
Additionally there are several open questions
concerning stratigraphy and lithological-facies
zonality of the Upper Jurassic sedimentary
complex in the Azerbaijani part of the Greater
Caucasus, including zone of the Side range. Ac-
tuality of these problems increased in the light
of revised understanding of the region’s tecton-
ics and Alpine evolution, new faunistical find-
ings, as well as more detail stratigraphy of the
sections of different facies zones based on re-
cent geological surveys and thematic studies.

Current article aims to resolve the uncer-
tainties that exist in detailization of the material
composition, stratigraphy and lithological-facies
zonality of the Upper Jurassic deposits embed-
ded within the southeastern subsidence of Side
range.
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In the structure of the Greater Caucasus,
Callovian stage (confirmed as part of the Middle
Jurassic period according to latest amendments
to the International Chronostratigraphic Chart)
is represented by a sedimentary rocks that re-
mains in genetical relation and forms single tec-
tonic-sedimentation cycle with the Upper Juras-
sic complex. Therefore for the simplicity’s sake,
this article will name the Callovian-Late Juras-
sic complex as infrequently used Malm or Mal-
mian complex that covers Callovian-Tithonian
interval.

Tectonic position of the Malmian in the
structure of Southeastern Caucasus. Accord-
ing to latest reconstructions, structure of the
Greater Caucasus orogenic system represents a
succession of different-scale allochthonous
sheets built by the rocks of pre-Jurassic base-
ment and the Alpine cover. It had formed as a
result of Hercynian, Indosinian, late Cimmerian
and Alpine deformations of nappe and ductile-
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brittle types occurred during lateral shifting of
Northern and Southern Caucasus microplates
(Baranov et al., 1990, Geology of Azerbaijan
..., 2005, Kangarli, 2010, 2012). Built by Juras-
sic-Miocene deposits (including hetero-facies
Malmian succession), nappe-fold complexes are
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present in the structure of all three Southeastern
Caucasus megastructures, i.e. structural zones
and high-order subzones of Side range, South-
ern slope and Vandam-Gobustan megastructure
(Figure 1).
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Figure 1. Location scheme of described lithological-stratigraphic sections. Developed by T.N. Kangarli.
Structural-facial zones: GD — Gusar-Davachi; T — Tahirjal; S — Sudur; ShKh — Shahdagh-Khyzy, GG — Guton-
Gonagkend; ST — Speroza-Tufan; ZG — Zagatala-Govdagh. Successions (1-7): 1 — Pleistocene-Holocene; 2 — Neo-
gene; 3 — Paleogene; 4 — Upper Cretaceous; 5 — Lower Cretaceous; 6 — Malmian; 7 — Aalenian-Bathonian. Faults (8-
12): 8 — Major Caucasus overthrust; 9 — Gamarvan overthrust; 10 — Siyazan overthrust; 11 — Shahdagh-Gonagkend
fault; 12 — other dislocations. 13 — borders of allochthonous sheets; 14 — Beshbarmag klippe; 15 — location and num-
ber of described lithological-stratigraphic sections
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According to implemented paleorecon-
structions (Kangarli, 2010, 2012), at the contact
between Middle and Late Jurassic, the lower
and middle Jurassic complex have represented
succession of the nappe sheets located in front
of the Major Caucasus overthrust, which are
overlying each other from the north-to-the south
and alltogether a volcanosedimentary complex
of the northern flank of the South Caucasus mi-
croplate. During Malmian stage, separate basin
with relatively narrow and shallow (as com-
pared to Middle Jurassic basin) axial flysch de-
presion (depocenter) have formed on the de-
scribed structure’s basis, with barrier reefs iso-
lating its’ northern and southern shelves from
the medial water zone.

In modern Southeastern Caucasus system,
Malmian sediments of the Side range structural-
formational zone are recorded in the geological
sections of Sudur, Shahdagh-Khyzy and Guton-
Gonagkend facies zones, in which they are rep-
resented by facies of the northern continental
shelf (evaporites, carbonates), barrier reef and
continental slope (coarse flysch). Southern
slope’s coeval sediments form a narrow line (fa-
cies of pelagial subflysch) that extends within
the Galal-Rustambaz structural-facies zone’s
structure and separates Middle Jurassic deposits
of the Tufan uplift from the Zagatala-Dibrar
trough’s Lower Cretaceous sediments.

Implemented researches’ retrospective.
Studies of the Southeastern Caucasus Malmian
complex have been pioneered by H.W.Abich
(Abich, 1873) and K.I.Bogdanovich (Bogdano-
vich, 1902, 1906). These scientists have distin-
guished and described Tithonian carbonates
within the Jurassic section of Shahdagh, as well as
Malmian carbonate-terrigenous facies within the
Jurassic section of Gaytar-Goja range in the inter-
fluve of Jimichay and Gilgilchay. Having imple-
mented more detail stratigraphy of the section that
had been earlier described by H.W.Abich,
K.I.Bogdanovich was first to distinguish coarse
grained Khaltan suite in Gaytar-Goja area, and
combined Malmian and Valanginian deposits in
the frame of this suite. He divided the suite into
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following three series (bottom-upwards): 1 —
Khaltan suite itself with a stratotype studied in the
riverbed of Gyzylgazmachay, 2 — light-grey glau-
conitic sandstones; 3 — sandstones and clays with
spherosiderites.

Later, age diapason of the formation of
Shahdagh-Beshbarmag line's limestones was
determined thanks to a discovery of Upper Ox-
fordian pelecypoda fauna on Beshbarmag
mountain by V.D.Golubyatnikov and its' defini-
tion by V.F.Pchelintsev (Pchelintsev, 1932).
When studying the Sudur zone's Malmian sec-
tion (basin of Tahirjal river) in 1936, .LF.Pusto-
valov has first distinguished a red-colored gyp-
sum-bearing argillite-arenaceous suite and
dated it back to Tithonian age. Based on fauna
found in Daghystanian outcrops (Russia), age of
the complex was established as Callovian-
Oxfordian (Rostovtsev, 1932, 1934).

When studying the Southeastern Caucasus
watershed's Jurassic deposits in 1936, V.V.Weber
dated their shaly-sandy suite as the Middle Juras-
sic period. He also characterized the section’s re-
maining segments (/imestone suite) as Malm-
Valanginian formations (Weber, 1936). Based on
fixed-route crossings of the Babachay-Gilgilchay
interfluve, Z.A.Mishunina united a Malmian
complex within the structures of sandy-shaly and
Lower Cretaceous carbonate suites (Mishunina,
1939). For the first time since research of
K.I.Bogdanovich, Gaytar-Goja area's Khaltan
suite was described by M.F.Mirchink in 1935.
Then, the suite was divided into lower, middle and
upper segments of Tithonian-Valanginian ages
(Mirchink, 1935). Based on the outcomes of field
work implemented in 1934-1935, A.A.Ali-zadeh
(Ali-zadeh, 1939) divided the Khaltan suite into
three independent horizons (bottom-upwards): 1 —
Siyagaya suite or horizon of variegated rocks
(Lower Tithonian); 2 —Khaltan suite itself or hori-
zon of thermal waters (Lower Tithonian); and 3 —
Babadagh suite or horizon of platy marly lime-
stones (Lower-Middle Neocomian).

In 1938, N.B.Vassoyevich have published a
new data on the Malm-Neocomian stratigraphy of
Northeastern Azerbaijan to the east of Jimichay
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meridian (Vassoyevich, 1938). He had separated
the Khaltan suite's lower segment into multicol-
ored Gyzylgazma suite to cover a period from
Kimmeridgian through Lower Tithonian ages. On
the other hand, he distinguished its’ upper seg-
ment into the Nardaran suite to cover Upper
Tithonian-Valanginian ages. Later during field
investigations of 1939-1940, he had distinguished
the Kimmeridgian Zemchay suite that transgres-
sively overlaps Middle Jurassic formations of the
northern (named after the tributary of Garachay
river), as well as the Tithonian /lisu suite that ac-
cordantly continues Zemchay suite's formations
(section along Kurmukchay in Ilisu village's vi-
cinities) on the southern slope of the watershed.

Next to A.A.Alizadeh and proceeding
from his multiyear research outcomes,
V.Ye.Khain (Khain, 1937 a,b; 1939) separated
the Khaltan suite's upper segment into an Up-
per Tithonian-Valanginian Babadagh suite,
which corresponds to a limestone suite distin-
guished by V.V.Weber. He also identified fol-
lowing facies of the Tithonian age: Sudur,
Shahdagh, Ilisu and Gyzylgazma.

Gradual transition from Middle to Upper
Jurassic  formations was discovered by
V.Ye.Khain in a bottom of the Upper Jurassic
section detected in the upper reaches of Ba-
bachay (Khain, 1939). Based on that discovery,
Garachay suite (Bathonian-Callovian) and
Hamamchay suite (Kimmeridgian) were distin-
guished. Moreover, the Sarydash horizon of
block conglomerates was revealed and discov-
ered on the border between those two suites,
built by up to several tens of cubic meters large
blocks of Lusitanian (Upper Oxfordian) lime-
stones chaotically mixed with siderite contain-
ing packs of black Aalenian clays.

Later, V.Ye.Khain and N.B.Vassoyevich
(Khain, 1947) have come to a consensus and
divided the Southeastern Caucasus Malmian
complex into Zemchay (Kimmeridgian), Gyzy!l-
gazma (Lower Tithonian), Ilisu (Lower Titho-
nian) and Babadagh (Upper Tithonian-Valan-
ginian) suites. Meanwhile it was recognized that
Zemchay suite does transgressively overlap the
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Keyvan suite's Bathonian clay-slates and silt-
stones. It was also agreed that the Illisu suite is
constituted by western clayey facies of the
Gyzylgazma suite.

In 1939-1946, A.Sh.Shikhalibayli had
mapped the region's southern slope and devel-
oped a detailed stratigraphic scale of its' Jurassic
deposits (Shikhalibayli, 1956). According to this
scale, the Upper Jurassic succession are divided
into following three suites that transgressively
overlap deposits of the Bathonian ribbon-shisty
suite: a) suite of siliceous rocks (Kim-
meridgian), b) suite of multicolored sediments
(Lower Tithonian), and, c) Babadagh suite
(Lower Tithonian-Valanginian).

At the same time, resecarchers of the
neighboring areas of Mountainous Daghystan
(Sayidov, 1936; Rusanov, 1938) have distin-
guished the area’s siliceous rocks as the Call-
ovian-Lusitanian Salavat suite. When studying the
Mesozoic complex of Mountainous Daghystan
and Northeastern Azerbaijan, N.N.Rostovtsev di-
vided the southern slope’s Malm-Neocomian sec-
tion into the Salavat (Callovian), Gdymchay (Ox-
fordian-Kimmeridgian), Duzsyrt (Tithonian) and
Filfili (Tithonian-Valanginian-Hauterivian) suites
(Rostovtsev, 1934, 1938).

In 1951, V.Y.Khain, N.B.Vassoyevich,
A.Sh.Shikhalibayli and V.A.Grossheim (Vas-
soyevich et al., 1951; Khain et al., 1951) have
bridged the gaps and developed a single strati-
graphic scale of the Southeastern Caucasus
Mesozoic complex. Resultantly they divided the
Malmian section into Salavat (Callovian-
Oxfordian) and Zemchay (Kimmeridgian) suites
on the southern, and Lusitanian biogenic lime-
stones in Shahdagh facies (Upper Oxfordian) on
the northern slopes of the system. Also estab-
lished were the Ilisu and Talystan Tithonian
lithofacies on the southern slope, as well as
Gyzylgazma, Shahdagh and Sudur Tithonian
lithofacies on the northern slope. Since then, the
Babadagh suite was considered as transition
from Upper Jurassic to Neocomian succession.
At the same time, it was acknowledged that a
depositional break had occurred on the Upper
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Jurassic basin’s marginal segments within the
interval between Middle and Upper Jurassic pe-
riods (Callovian-Lower Oxfordian).

Therefore, described research period have
produced a clear lithofacies definition of the
southern (structural-formational zone of the
Southern slope) and the northern (structural-
formational zone of the Side range) slopes of
the Southeastern Caucasus system.

In early 1960’s, age of the Sudur zone’s
red-colored argillo-arenaceous suite was re-
duced to the Upper Oxfordian period. Formerly
dated as Tithonian (Pustovalov, 1936), this suite
was re-dated based on the exploratory surveying
works of T.A.Gorshenin and the microfauna
definitions of G.K.Gasymova (Gorshenin,
1964). Consequently, the limestone-dolomitic
strata that overlays suite’s formations with azi-
muthal unconformity and underlies faunistically
characterized Neocomian limestones, was dated
back to Kimmeridgian-Tithonian age.

In his work dedicated to formation princi-
ples of the Southeastern Caucasus structures,
A.M.Shurygin had divided the Upper Jurassic
section into faunistically ungrounded Zemchay
(Callovian-Lusitanian) and /lisu (Kimmerid-
gian-Lower Tithonian) suites (Shurygin, 1961).
The author referred lower parts of Gyzylgazma
(north) and Babadagh (south) suites to the Up-
per Tithonian period. At the same time,
B.V.Grigoryants and Kh.Sh.Aliyev have studied
a transition from Jurassic to Cretaceous periods
in Gaytar-Goja area and concluded that within
the interfluve of Jimichay and Gilgilchay, only
Zemchay (Kimmeridgian) and //isu (Tithonian)
suites may be regarded as parts of the Upper
Jurassic period, while the Gyzylgazma suite
should be referred to Lower Cretaceous forma-
tions (Grigoryants and Aliyev, 1960).

Later, A.V.Vikhert has detected a domi-
nant Callovian and Lower Oxfordian fauna
among the limestones of Beshbarmag, cobbles of
Neocomian basal conglomerates and blocks of
the olistostrome horizon’s Shahdagh limestones
among the Khyzy zone’s Barremian clays (Vik-
hert et al., 1966). This discovery allowed broad-
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ening the age range of Shahdagh limestones to
cover an entire Upper Jurassic period.

However, based on their own faunistic
findings, V.B.Aghayev and G.M.Huseynov have
separated the Shahdagh-Beshbarmag zone’s
limestones into an independent Shahdagh suite,
and dated their formation period back to the
Upper-Oxfordian-Tithonian interval (Aghayev
and Huseynov, 1973). They also proposed con-
sidering red colored argillo-arenaceous suite of
the Sudur zone as Upper Oxfordian-Tithonian
complex, ignoring the fact that suite’s over-
building massive dolomites and limestones un-
derlie faunistically characterized Lower Creta-
ceous limestones (Gorshenin, 1964).

Based on detailed field investigation out-
comes, B.V.Grigoryants, R.G.Babayev and
S.S.Mustafayev have paleontologically confirmed
a presence of the Oxfordian, Kimmeridgian, Titho-
nian and Berriasian reef knolls within the section of
Shahdagh limestones (Grigoryants et al, 1974).

Thus by the middle of 1970's, essential
differences remained in dating of the Southeast-
ern Caucasus system’s multifacies Upper Juras-
sic formations. In addition, geographic coverage
of Zemchay and Ilisu suites was expanded to the
east to cover part of the Gaytar-Goja area. This
means that the lithofacial identity of lower and
middle parts of the Upper Jurassic section of the
region’s northern (Side range megazone) and
southern (Southern slope megazone) slopes was
admitted. This approach was used in the respec-
tive volume of “Azerbaijan Geology” (Geology
of USSR ...., 1972).

In 1970-1990's, systematic exploration and
surveying of the Southeastern Caucasus region
have been continued by several teams of the
Azerbaijan State Geological Committee led by
B.M. Isayeva, T.N.Kangarli A.I.LMammadov,
A.M.Gurbanov, etc. (Isayev et al., 1975; Isayev et
al., 1977, Mammadov et al., 1977; Mammadov et
al., 1985). These works have resulted in correla-
tion and detailed characterization of the sections
of Jurassic and Cretaceous material complexes
within different structural-facial zones. Research
outcomes have raised additional questions related



STRATIGRAPHY AND SEDIMENTOLOGY OF OIL-GAS BASINS

Sedimentology

to volume, structure and age correlation of the
Upper Jurassic complexes. Current article aims to
find a solution to some of these questions.

Description of sections. Malmian series of
the Side range structural-formational zone are dis-
tinguished for their lithology-facies variety within
the borders of Southeastern Caucasus region, con-
ditioned by a number of eustatic, tectonic and pa-
leogeographic factors. Analysis and correlation of
Malmian lithological-stratigraphic sections stud-
ied in various structural-facies zones of the region
allows implementing more detail stratigraphy and
determine local subdivisions (suites and subsuites)
based on geological surveys and thematic re-
searches of the last 35-40 years.

Following paragraphs provide a description
of key stratigraphic sections of the Malmian
succession exposed by erosion, in different
structural-facial zones (Figure 1).

Sudur zone. Its' Malmian section is repre-
sented by lagoon facies in the bottom and shelf
facies on the top (Figures 2 and 3). In 1975, dur-
ing investigations in the river-valley of Tahirjal-
chay (Isayev et al.,, 1977), one of the article's
coauthors have first described the Tahirjal suite
built by a multicolored alternation of heather,
yellowish and bluish-green sandy shales with
interlayers of greenish calcareous sandstones
and ballstones of crystalline limestones and
dolomites. These 50-60 m thick sediments
transgressively lie without basal conglomerates
on the different upper Aalenian horizones and
deeply eroded Bajocian-Bathonian series. Ob-
servations were confirmed during later geologi-
cal surveys (Mammadov et al, 1985). In
younger stratigraphic levels, the suite gains
more pronounced purple-red color. Its' top gets
penetrated by frequent veins of gypsum-
anhydrite, and unconformably overlapped by
the Gushgala suite of the Upper Oxfordian gyp-
sum-bearing argillite-arenaceous sediments. The
latter was first described by I.F.Pustovalov
(Pustovalov, 1936) and faunistically character-
ized by G.K.Gasymova (Gorshenin, 1964). Ac-
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cording to data of the mineralogical analysis
implemented in 1976 by VNIGRI (Saint Peters-
burg), main mass of the suite's sands and sand-
stones is constituted by derivatives of erosion of
spodumene-beryllic range's granitic pegmatites
(Isayev et al., 1977; Kangarli, 1982).

In 2011, additional study and detailed elabora-
tion of the Gushgala suite’s section was imple-
mented according to a key section on the eastern
slope of Gushgala mountain located on Tahirjal-
chay-Usukhchay watershed, and the following sec-
tion was described (Figure 1, Section I):

Upper Oxfordian substage
1. Mottled shales of the Tahirjalchay suite
are overlaid with angular and azimuthal uncon-
formity by a basal layer with thin (up to 10 cm)
interlayer of medium-gravelly gravelites passing
upward into fine-pebbled conglomerates with
pebbles of crystalline and marmorized lime-
stones, red and black argillites and sandstones
with light sandy-calcareous cement......... 1.0 m
2. White, pinky gypsum-anhydrite with in-
terlayers of calcite and bands of red and black
argillites. ..o I.5m
3. Brownish red sandy shales with peas of
[0 S LU 2.5m
4. Dark gray fine and medium-grained
SANA ..ot 1.5m
5. Light, greenish and bluish grey heavy
sandy shales with separate thin (up to 1 cm) in-
terlayers of sand and siltstones as well as
streaks, lenses and peas of pyrite............. I.5m
6. Thin-laminated alternating fine and me-
dium-grained partly clayey grey, yellow and
brown sands with rare interlayers of gray dolo-
mite, peas and lenses of altered pyrite...... 4.5m
7. Alternation of gray fine and medium-
grained sands with thin interlayers of clayey sands
and peas of altered pyrite................... 10.0 m
8. Gypsum-anhydrite layer of netted texture
with cells filled by red sands and interlayers of
milk-white calcite; general background is
brownish-color...................co 8.0m

33



P T.N. Kangarli, Z.N. Mehdiyeva
: UPPER JURASSIC COMPLEX OF GREATER CAUCASUS SIDE RANGE:
LITHOFACIES AND SEDIMENTATION (AZERBAIJAN)

scale 1: 500
[
i
10}

Leaf- by-leaf section of the Gushgala suite

Figure 2. Lithology-structural map of the lower reaches of Tahirjal. Developed by T.N. Kangarli.

1 — Holocene: channel deposits; 2 — Holocene: deposits of river terraces; 3 — Holocene: deluvial-colluvial deposits; 4
— Lower Pliocene: gravels and conglomerates with sandy-calcareous cement and lentiform interlayers of clays, sand-
stones and grit; 5 — Upper Miocene, Sarmatian regional stage: shisty-grey clays with thick layers of sands and sand-
stones; 6 — Neocomian, Sudur suite: light-grey siliceous and dolomitized, oolitic and detrital limestones with inter-
layers of clayey sandstones and calcareous clays; 7 — Kimmeridgian and Tithonian stages, Gukhur suite: yellowish,
pinky and greenish-grey dolomites and limestones with rare interlayers and lenses of clayey and calcareous sand-
stones; 8 — Lower Oxfordian, Gushgala suite: multicolored gypsum-bearing polymictic sands and sandstones with
interlayers of glauconite clays, dolomites and basal conglomerates in the basement; 9 — Middle (?) Callovian —
Lower Oxfordian, Tahirjal suite: multicolored sandy clays with interlayers of light calcareous sandstones; 10 — Bajo-
cian stage: grey massively bedded sandstones with interlayers of argillites; 11 — Upper Aalenian: alternation of dark-
grey argillites and sandstones with latter prevailing in the section’s top; 12 — Lower Aalenian: dark-grey argillites
with horizonse of siderite concretions and rare interlayers of sandstones; 13 — rupture dislocations; 14 — location of
sections. Description of the leaf-by-leaf section of the Gushgala suite see figure 3.

34



STRATIGRAPHY AND SEDIMENTOLOGY OF OIL-GAS BASINS

Sedimentology

12, Dolomite

/
7
/
J3kmf—7
/
7/

pyrite

glauconitic clays

of dolomite and pyrite

4. Sandy brown-red clays with pyrite

2m 1 Black and folded argilite

11.Light grey, brown and yellow-gray fine grained sandstone with rare

10. Gray, brovn and yellow sandstone with pyrite and interlayers of blue

9. Gypsum-anhydrite with inclusions of red sandstone and calcite veins

8 Massive laminated sandstone with rare interlayers of dolomite and pyrite
7. Gray, yellow and brown sandstone. Fine grained with rare interlayers

6. Green and blue-gray clays with thin interlayer of sandstone and pyrite
5. Dark-gray, fine and medium grained sandstone

3. Gypsum-anhydrite of white, pink and blue-green color with calcite
veins and inclusions of red and black mudstone
2. Coarse sandstone transiting into fine conglomerate
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Figure 3. Sedimentological log of the Gushgaka suite. Developed by T.N.Kangarli and M. Bohud

9. Brownish- and yellowish-gray fine-grained
often calcareous sands with lentiform interlayers
(up to 1.2 m) of bluish glauconite clays....... 8.0m

10. Same sands without glauconite clay in-
terlayers.......ooovviiiiiiii 22.0 m

Summary thickness of the suite equals 60.5
m in this area and increases to 80-85 m in the
upper reaches of Tahirjalchay river. Both verti-
cally and laterally, color of the sands often
changes from light and whitish to a tile-red. De-
scribed sands contain small subangular frag-
ments of limestones of the Shahdagh facies.

As has been noted above, Rhynchonella
spattica Dok. and Terebratura vagelti Moiss.
were detected in the suite’s section by N.N.Ros-

tovtsev (Rostovtsev, 1932), who dated them as
Callovian-Oxfordian. Later, based on micro-
faunistic  definitions of  G.K.Gasimova,
T.A.Gorshenin (Gorshenin, 1963) the suite’s
age was defined as Upper Oxfordian.

Top of Gushgala suite is with miserable
unconformity overlapped by continuous series
of the Gukhur suite's limestones and dolomites.
Grey, dark-grey and pink dolomites prevail in
the lower successions, whereas light-grey and
pinky, often brecciform, oolitic and sandy mar-
morized limestones build up the upper part of
the suite. Like in the previous suite, thickness of
these successions rises southwards toward the
central most subsided part of the Sudur zone,
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increasing from 20-50 m in Gushgala moun-
tain's area through 450-500 m on the slope of
Garagaya mountain (Gorshenin, 1964). In the
same direction that limestones start containing
layers of fragmental, brecciform organic-reef
limestones, which speaks for an approximation
to the lateral transition line between carbonates
of Sudur and Shahdagh facies. Discovery of
Cnidaris  glandifera  Goldf.  (def.  of
T.A.Hasanov) by T.A.Gorshenin (1964) in the
suite's section confirms its' Upper Jurassic age.
Lithological-facies analysis of the Sudur
zone's Malmian section brings us to a conclu-
sion that it is represented by lower sulphate-
terrigenous and upper carbonate facies. As the
first succession’s upper portion (represented by
Gushgala suite) is referred to Upper Oxfordian
age according to its' complex of foraminifers
(Gorshenin, 1964), the lower Tahirjal suite must
be of Callovian-Lower Oxfordian age. When dat-
ing the upper carbonate sediments, it has to be
mentioned that it is quite unlikely that there was
a serious depositional break during the post-
Oxfordian period, which would have led to com-
plete erosion of the Gushgala suite's soft sedi-
ments. Therefore, the upper carbonate facies
must be dated as Kimmeridgian-Tithonian.
Shahdagh-Khyzy zone. Within the zone's
boundaries, Malmian system is represented by its'
reef and continental slope facies. First facies form
Shahdagh-Beshbarmag allochthonous complex
and the second is present in a section of the
autochthone (Isayev et al, 1981; Geology of
Azerbaijan ..., 2005, Kangarli, 1982, 2010, 2012).
Allochthonous Malmian facies are repre-
sented by an alternation of massive dolomites,

UPPER JURASSIC COMPLEX OF GREATER CAUCASUS SIDE RANGE:
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dolomitized, eugranitic, pseudo-oolitic, sandy,
brecciform-fragmentary and biogenic-reef, often
marmorized multicolor (light-grey to tile-red)
limestones (Figure 4). Light colors prevail in the
lower, and darks - in the upper part of the sec-
tion. Depending on location, thickness of the
carbonate massif varies from 150-200 to 750-
900 m. Fragments of reef coral structures are
commonly present in fragmental and organic
varieties of limestones. This speaks for continu-
ous bioherm formation process that covered the
shelf's outer edge, which used to separate Sudur
shallow zone from an open sea and served as a
platform for barrier reef development.

Reconstruction of reef complexes of the
various paleobasins (Kuznetsov, 1978; Proshlya-
kov and Kuznetsov, 1981) suggests that their
constituent sedimentary complex normally rep-
resents polyfacies lens of the carbonate rocks, in
center of which the main reef’s massive organic
limestones are located together with adjoining
tails of different reef destruction products (e.g.
fragmental limestones, calcareous breccias, de-
trital limestones, calcareous sandstones and
silts). On the top and along the slopes of a reef
lens, formation of oolitic (pseudo-oolitic), thinly
and micro-laminated chemical limestones, marl-
stones and dolomites occurs under the increased
levels of calcium concentration in water. Practi-
cally all varieties of rocks are present in the
structure of Shahdagh-Beshbarmag allochtho-
nous complex with reef destruction products
and chemogenic sediments concentrated in its'
frontal area, and fragments of various coral
structures detected in the outcrops of inner
shield, radical and root segments.

Figure 4. Shahdagh limestone massif. Panorama. View from the east. Photo by I.T. Kangarli
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Speaking about the timing of sedimenta-
tion of Shahdagh limestones, it deserves men-
tioning that dating of numerous faunistical
findings testifying to their Upper Oxfordian-
Tithonian age (Aghayev and Huseynov, 1973;
Vikhert et al., 1966; Geology of USSR ..... ,
1972; Grigoryants and Aliyev, 1960; Grigory-
ants et al.,, 1974; Khain, 1947; Shurygin,
1961). However it has to be mentioned that
some granular limestones and gravels of cal-
careous conglomerate-breccias contain fauna
remnants of typically Bathonian-Oxfordian
mollusks as well (Aghayev and Huseynov,
1973; Grigoryants et al., 1974; Khain, 1947,
Khain and Shardanov, 1957). This generally
supports a suggestion that the described reef
had emerged in Callovian and existed through
an entire Late Jurassic epoch.

Autochthonous Malmian facies are only
revealed in the riverbed of Gilgilchay on the
northern limb of Gyzylgazma crest-like brachy-
anticline (Figure 5). Southern limb of this "bro-
ken plate" shaped structure is deeply (flexurally)
immersed and inverted. It composed of yonger
(Neocomian) sediments comparing with core’s
Aalenian and northern limb’s Malm-
Valanginian sediments.

In 1976, one of the article's coauthors
(Isayev et al., 1977, Kangarli, 1982) had first
distinguished and dated the Upper Callovian-
Lower Oxfordian Molt suite of basal coarse
clastic sediments (Figure 6). This suite trans-
gressively overlaps the Middle Jurassic deposits
of fold's northwestern periclinal plunge, which
is located on left bank of the river’s upper
reaches (area on the east of the estuary of its’
left tributary-Molt river). Downward section of
the lower part Molt suite is presented below (Fig-
ure 1, Section II):

Upper Callovian substage
Lower Molt subsuite
1. Alternation of thick (5-8 m) interlayers
of fine-to-medium gravel conglomerates (with
gravels of dark-gray pelitomorphic and
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cryptocrystalline limestones and dolomites,
rarely black argillites, cement is sandy-
calcareous ochreous) and beds of brownish-
black jarosite containing argillites with ash-
gray surface, including rust-brown, ochreous
interlayers of siltstones, siderite and clayey-
carbonate concretions..............eeeeenns 75 m

2. Alternation of purple-red massive me-
dium- and coarse-grained sandstones and fine-
gravel gravelites with lenses of gravelites and
fine-pebbled conglomerates. The succession
basement is represented by solid gravelites
(contact with the previous succession is tectonic
with tectonic breccia developed along slip

3. Medium-pebbled conglomerate with
pebbles and inclisions of large boulders of the

IMEStONES. e 3m
4. Gray fragmented argillites with jarosite,
siderite and carbonate concretions............. 7m

5. Alternation of thin-laminated (5-20 cm),
gray, porous and dense calcareous (with altered
peas of pyrite) sandstones with and lenses of
medium-pebbled conglomerates that contain
blocks and boulders of dark-gray pelitomorphic
limestones, and thin (up to 1 cm) interlayers of
greenish-gray argillites....................... 110 m

Summary thickness of the Malmian depo-
sits is 205 m, and its’ top is brought into a tec-
tonic contact with Valanginian carbonate-
terrigenous flysch.

In 2011, additional 3 samples of conglom-
erates (Figure 6) were collected from the suite’s
basement and analyzed in VSEGEI (Saint Pe-
tersburg, Russia). It was established by testing
results that conglomerates contain andesibasalts
and radiolarites. Extra studies and analysis are
required to further clarify the issue, which will
be described in a separate article.

Higher Malmian horizons (upper part of
Molt suite and Kimmeridgian Gyzylgazma
suite) with following composition are observed
at a tectonic contact with Middle Jurassic suc-
cessions in a central part of the northern limb of
Gyzylgazma fold (Figure 1, Section III):
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Figure 5. Geological profiles across Gyzylgazma anticline in five cross-sections. Developed by T.N. Kangarli.
1 — conglomerates, 2 — gravelites; 3 — sandstones; 4 — concretional sandstones; 5 — calcareous sandstones; 6 — silt-
stones; 7 — argillites and shales; 8 — argillites and sandy shales; 9 — argillites and calcareous shales; 10 — marls; 11 —
limestones; 12 — sandy limestones; 13 — concretions of siderite and ankerite; 14 — faults (normal, riverse faults, faults
along stratigraphic contacts)
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Figure 6. Basal conglomerates in the Molt suite's bottom. Photo by I.T. Kangarli

Upper Callovian substage
Lower Molt subsuite
1. Massive coarse-gravel gravelites with
separate interlayers and lenses of fine- and me-
dium-pebbled conglomerates and thin (up to 2
cm) of dark-gray clays......................... 45 m

Lower Oxfordian substage
Upper Molt subsuite

2. Alternation of beds (average thickness -
4-5 m) of the following series: a) — alternation of
massive (up to 1.5 m) dark-gray, greenish- and
pinky-gray coarse-gravel gravelites passing into
fine-pebbled conglomerates at the bottom (clastic
material is represented mainly by limestones and
sandstones), and thin (up to 20 cm) interlayers of
greenish-gray calcareous and sandy shales and
porous calcareous sandstones; b) — dark, green-
ish-gray mud shales with siderite and carbonate
concretions and up 50 cm thick interlayers of fer-
ruginous marls. Boundaries between gravelite
and shales contain up to 1.5 m thick interlayers

and lenses of medium-grained brownish and
greenish gray calcareous sandstones with thin (up
to 2-3 cm) interlayers of sandy-calcareous shales.
Alternating intervals of 3-5 m thick beds of grav-
elites, sandstones and shales are often observed.
Clasts of gravelites and sandstones become
smaller and color of the rocks become lighter
from the bottom to the top of the section. This
interval is correlated with Intervals 3 and 4 of the
previous section. Summary thickness.........80 m

Kimmeridgian stage
Gyzylgazma suite

3. Thin-laminated, platy, brownish- and green-
ish-gray, medium-grained calcareous sandstones
with thin (up to 2-3 cm) interlayers of greenish-
gray calcareous and sandy shales............. 100 m

A like previous case, the top of 225 m thick
Malmian suite enter a tectonic contact with
Valanginian carbonate flysch.

Finally, in the riverbed of Gyzylgazmachay
(southeastern periclinal plunge of the fold’s
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northern limb; Figure 5, Section V-V), bottom
of the Upper Jurassic deposits enter a tectonic
contact with the Aalenian upper siderite suite.
These series are represented by an alternation of
gravelites, sandstones and argillites (10 m thick
incomplete section, corresponding to the upper
parts of the previous section’s 2nd interval). In
the top, the succession gets replaced by a strata
built by an alternation of dark-grey, greenish,
coarse-grained calcareous sandstones (often
grading into limy gravelites) and greenish-grey
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shales (comparable with 3rd interval of the pre-
vious section) with an observed thickness of
over 200 m. This strata corresponds to Kim-
meridgian Gizilgazma suite and its’ top gets
transgressively overlapped by Berriasian basal
conglomerates (Figure 7). This cross-section of
the Upper Jurassic series was previously named
by N.B.Vassoyevich as the Kimmeridgian-
Tithonian Gyzylgazma suite (Vassoyevich,
1938; Khain, 1947).
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Figure 7. Transgressive contact (with angular and azimuthal unconformity) be-

tween Berriasian (with basal konglomerates) and Kimmeridgian sediments on r.
Gyzylchay (Sections V on figure 5). Photo by I.T. Kangarli
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Guton-Gonagkend zone. Within the de-
scribed zone’s boundaries, Malmian successions
constitute major part in the exposed strati-
graphic section in the complexly structured
Gaytar-Goja segment of the structural plan
which is flexurally subsided to the east of
Jimichay river. Two stripes of the complex’s
outcrops are observed. Extending from Gonag-
kend village’s southern outskirts towards the
Khashy village’s vicinities, southern stripe is
represented by folded scales that wedge out in
Dahnachay river’s surroundings. Represented in
the structure of Guton-Gonagkend zone’s far
northern Yerfi-Khashy segment, northern stripe
is observed in the sections exposed along rivers
of Dahnachay and Istisuchay (both are the tribu-
taries of Gilgilchay).

Malmian succession of a southern stripe is
cropping out are revealed in the meander of
Jimichay in Gonagkend’s southern vicinities,
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where they form an expessed in relief a centro-
clinal closure of Garovulustu brachysyncline
(Figure 8) built by the Oxfordian sedimets
(separated by authors into an independent Ga-
rovulustu suite). Unlike Molt suite of the river
basin of Gilgilchay at Jimichay intersection,
bottom of the Upper Jurassic section doesn’t get
exposed. The syncline is built by coarse terri-
genous flysch (measured thickness — 646 m,
color — from greenish-grey to raisin) represented
by an alternation of massive finely and medium-
grained calcareous sandstones with thin inter-
layers of argillites. Section’s top of this fold also
contains gravelites with clasts of Shahdagh
limestones, as well as Middle Jurassic sand-
stones and argillites. Overturned in northwest-
ern rhumbs, both limbs of the fold are in a tec-
tonic contact with Middle Jurassic succession,
with following section of the western limb (Fig-
ure 1, Section IV); (from top to bottom):

Figure 8. Northwestern centroclinal closure of Garovulustu syncline on the left riverbank of Jimichay.

On front view — Garovulustu village. Photo by I.T. Kangarli
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Oxfordian stage
Lower Garovulustu subsuite

1. Alternation of dark gray to black, some-
times greenish-gray argillites, massive (up to
1.0 m) fine- and medium-grain poorly sorted
calcareous sandstones with the occlusions of
pebbles of dark argillites and rare interlayers of
marly limestones......................coooeii. 60 m

2. Alternation of dark greenish-gray and
gray fine- and medium-grained sandstones (up
to 30 cm) with thin interlayers of green argil-
lites (2-5 cm). Thickness of sandy interlayers
increases in the higher successions, reaching 1.5
m in the separate interlayers. With a well sorted
psammitic material, these interlayers gradually
become lighter and accept greenish-gray and
light green color (Figure 9).................. 224 m

UPPER JURASSIC COMPLEX OF GREATER CAUCASUS SIDE RANGE:
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Upper Garovulustu subsuite

3. Alternation of medium-bedded (up to
20-30 cm) and medium-grained dark greenish-
purple-gray porous sandstones with the inter-
layers of dark-green and purple-red argillites.
Thickness of sandy interlayers increases in the
higher successions........................... 142 m

4. Alternation of massive (up to 1.5-2.0 m)
and lighter than Interval 3 greenish-gray and pur-
ple-pink sandstones with thin (3-5 cm) interlayers
of the same argillites. Their psammitic material
becomes coarser in lower successions, passing
from medium-grained sandstone to fine-gravel
gravelite with fragmentary material represented
by Shahdagh limestones as well as Middle Juras-
sic sandstones and argillites. In higher succes-
sions, massive sandstones also contain large fag-
ments of these sediments .....................220 m

Figure 9. Stream channel of the Jimichay river. Rough flysch — interchange of the sandstones and argil-
lites of the Lower Garovulustu subsuite (Lower Oxfordian) on western limb of Garovulustu sincline.
Photo by I.T.Kangarli
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Summary thickness of the section is 646 m.
Higher layers of the Upper Oxsfordian series are
revealed on the left riverbank of Jimichay in the
synclinal core's southeastern extension, in which
they are represented by an alternation of me-
dium- and massively bedded medium-to-coarse
grained brownish-grey and reddish-brown sand-
stones with interlayers and packs of the ochre-
ous-brown and tile red argillites.

Detailed section of the northern part of the
outcrops was described by the river-course of
Istisuchay (Jarkhachichay) along the both limbs
of Yerfi-Khashy anticline. Following ascending
section is recorded on the fold’s southern limb
at its’ tectonic contact with Lower Aalenian
Atashgaya suite (Figure 1, Section V):

Oxfordian stage
Lower Garovulustu subsuite

1. Alternation of the following varieties of
rocks: a) - tight fine- and medium-grained, dark-
gray with purple calcareous sandstones contain-
ing peas and small concretions (up to 2 mm) of
altered pyrite and multiple spangles of quartz
grains; interlayer thickness — 5-15 cm; b) —
tight, fine-grained, calcareous, light greenish-
gray sandstones with small concretions of pyrite
and spangles of quartz grains; interlayer thick-
ness — 5-15 cm; c¢) — soft, fine-grained, partly
clayey, gray with greenish shade sandstones;
interlayer thickness — 25-30 cm; d) — greenish-
gray sandy argillites; interlayer thickness — 20-
30 cm. The section is mainly represented by the
interlayers of soft sandstones and clays. How-
ever their thicknesses reduce in the section’s
final 30 m segment (sandstones — 5-10 cm, clays
—up to 5 cm) with relatively rhythmical alterna-
tion of all rock varieties observed. Contact with
above-lying deposits is tectonic. Summary
thickness of the pack......................... 145 m

Kimmeridgian stage
Middle Gyzylgazma subsuite
2. Soft massively bedded (layers reach 2.5
m in thickness and have thin-laminated texture),
medium- and coarse-grained, calcareous, dark
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greenish-gray sandstones with separate up to 1 cm
thick interlayers of lighter loose aleurolites and
rare rounded and angular clasts fragments of dark
argillites and sandstones (Figure 10)........... 56 m

Boundary between Oxfordian and Kim-
meridgian deposits is tectonic. Summary thick-
ness of the section constitutes 201 m. Its’ top
gets into a tectonic contact with Zagatala-Dibrar
trough’s Lower Cretaceous terrigenous sedi-
ments. Faulting zone (2 m) is represented by a
tectonic breccia made of the blocks and boul-
ders of gray sandstones and dark-gray to black
argillites (Middle Jurassic - ?) cemented by
sandy-calcareous cement. Lower Cretaceous
(Berriasian) sediments are represented by 28 m
thick layer of massively bedded, wavy (with
thin interlayers enriched by small concretions of
pyrite), fine- and medium-grained, brownish-
gray sandstones.

Summary thickness of the section equals
231 m. Its' roof is brought into a tectonic contact
with the bottom of Lower Cretaceous Babadagh
suite (Zagatala-Dibrar trough). Extending along
Major Caucasus overthrust, this contact is ex-
pressed by up to 3 m thick area of strongly fer-
ruginized tectonically brecciated rocks.

Represented by Oxfordian (Garovulustu
suite), Kimmeridgian (Gyzylgazma suite) and
Tithonian (Khashy suite — named after the
same-named village located on the described
section’s west on the Shakarel-Dahnachay wa-
tershed) deposits, Malmian section is more rep-
resentational on the northern limb of Yerfi-
Khashy anticline. There the following ascending
section is recorded along the fold’s tectonic con-
tact (represented by 1.5 m thick tectonic breccia
with clay gouge) with Upper Aalenian Jimi suite
(Figure 1, Section VI):

Oxfordian stage
Lower Garovulustu subsuite
1. Alternation of following rock varieties
(Figure 11): a) — tight, thin-bedded, calcareous,
medium- and coarse-grained, dark-gray with green-
ish and purple shade (dark-purple on layer sur-
faces) sandstones; interlayer thickness — 5-50 cm;
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b) — tight, often thin-bedded, fine- and me-
dium-grained, calcareous, green and greenish-
gray sandstones with peas of quartz grains; in-
terlayer thickness — 3-30 cm; c¢) — less tight,
thin-bedded, fine- and medium-grained, green
and greenish-gray sandstones; interlayer thick-
ness — 3-25 cm; d) — fine-gravel, dense, dark-
gray (with greenish and purple shades, dark-
purple on surface) calcareous gravelites (frag-
mentary material is represented by Shahdagh
limestones); interlayer thickness — 10-50 cm; e)
— sandy, sometimes calcareous dark- and light-

UPPER JURASSIC COMPLEX OF GREATER CAUCASUS SIDE RANGE:
LITHOFACIES AND SEDIMENTATION (AZERBAIJAN)

green, greenish-gray and gray mud shales; in-
terlayer thickness — 1-5 cm. Rhythms become
thinner in the higher successions: thickness of
sandy varieties reduces to 3-8 cm; gravelites are
often represented by separate up to 2 m thick
intervals of alternation with sandstones. The
strata is penetrated by a quite dense network of
up to 3 cm thick veins of calcite. The strata’s
superficially observed general background is
grayish-green. According to its’ composition,
the interval is similar to the 1st pack of Section
V. Summary thickness........................ 185 m

Figure 10. Left riverbank of Istisuchay. Sandstones of the middle part pf the
Qyzylgazma suite on southern limb of the Yerfi-Khashy anticline. Photo by
L.T. Kangarli
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2. Similar alternation of sandstones, grav-
elites and argillites with 10-25 cm thick inter-
layers and lenses of dark fine- and medium-
gravel calcareous cherry-red colored gravelites
with the occlusions of small fragments of
charred wood (?); enters a tectonic contact with
previous interval...................co 20 m

Upper Garovulustu subsuite
3. Thin (interlayer thickness — 1-5 cm)
rhythmical alternation of shales and argillites,
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dense, medium- and coarse-grained sandstones
and fine-gravel calcareous gravelites; color of
all rock varieties changes from pinky-purple to
greenish-gray shades, general background is
pinky-purple; contact with previous interval is
EECLOMIC ..vveeveeeee e, 24 m
4. Thin rhythmical alternation (interlayer thick-
ness — 1-5 cm) of fine-, medium- and coarse-
grained sandstones with rare interlayers and
lenses of dark greenish-gray fine-gravel cal-
careous gravelites.............cooeiiiiinn.. 32m

Figure 11. Left riverbank of Istisuchay. Flysch of the Lower Garavulustu sub-
suite on northern limb of the Yerfi-Khashy anticline. Photo by I.T. Kangarli
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Kimmeridgian stage
Lower Gyzylgazma subsuite

5. Alternation of following rock varieties:
a) — massive, resonant, fine-grained, partly
sandy, light-gray and greenish limestones; inter-
layer thickness — 50-60 cm; b) — massive to me-
dium-bedded, calcareous, fine- and medium-
grained, gray and greenish-gray sandstones; in-
terlayer thickness — 5-10 to 50-60 cm; c) —
greenish-gray argillites, interlayer thickness — 3-
5 cm. Massive sandstones are more typical for
bottom part of the section, whereas the medium-
bedded varieties prevail in the top successions.
Recorded are veinlets of calcite as well as frag-
ments of gypsum in spillages. Contact with pre-
vious interval is tectonic. By the end of the in-
terval sandstones become darker and purple-
gray. Summary thickness ................... 120 m

Middle Gyzylgazma subsuite

6. Alternation of massive (0.3-1.5 m) and
fine-bedded, medium- and coarse-grained, dark-
gray with greenish and purple shades sandstones
with the inclusions of clasts of argillites and
Shahdagh limestones, as well as separate up to
50 cm thick interlayers of fine-gravel calcareous
gravelites; the strata is penetrated by veinlets of
CalCIte «.vvveiii i 72 m

7. Massive, fine-bedded, medium-grained,
greenish-gray sandstones with thin (1-2 cm) in-
terlayers of greenish-gray argillites and veins of
calcite; contact with previous interval is tec-

According to their composition, intervals 6
and 7 are similar to the 2nd interval of Section V.

Upper Gyzylgazma subsuite

8. Alternation of following rock varieties:
a) — thin-bedded, fine- to coarse-grained, green-
ish- and purple-gray sandstones; interlayer thick-
ness — up to 20 cm; b) — dense, fine- to coarse-
gravel, greenish-purple-gray calcareous grav-
elites; interlayer thickness — up to 30 cm; c) —
greenish-gray and purple argillites; interlayer
thickness — up to 5 cm; d) — fine-gravel con-
glomerates, main fragmentary mass is repre-
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sented by Shahdagh limestones; interlayer thick-
ness — up to 40-50 cm. Conglomerates are mainly
detected in the upper part of the section. Contact
with previous interval is tectonic. General back-
ground of deposits is purple, greenish in the top
successions. Summary thickness ........... 140 m
9. Rhythmical alternation of following rock
varieties: a) — thin-bedded, slightly soft and
clayey, fine- and medium-grained grayish-green
sandstones; interlayer thickness — 5-15 cm; b) —
thin-bedded, dense, calcareous, medium- and
coarse-grained dark-green sandstones; interlayer
thickness — 5-15 cm; c) — fine-gravel, dark-
green, sometimes purple-green calcareous grav-
elites; interlayer thickness — 10-20 cm; d) —
green sandy argillites; interlayer thickness — 1-2
cm. Contact with previous interval is tectonic.
Alternation rhythm becomes coarser in the as-
cending section, thickness of coarse-grained
sandstones and gravelites increases until 20-25
and 20-30 cm respectively, emerged are the me-
dium-coarse gravel varieties of gravelites as
well as lenses and interlayers of fine-coarse
gravel conglomerates (mainly the gravels of
Shahdagh limestones with subordinated concen-
trations of Middle Jurassic argillites and sand-
stones, cement is calcareous). Role of conglom-
erates increases by the end of the interval with
their interlayers reaching 1.0-1.5 m in thickness.
Large amount of peas and small concretions of
altered pyrite and veinlets of calcite are detected
all along the interval’s course. Summary thick-

Tithonian stage
Lower Khashy subsuite
10. Coarse-gravel basal conglomerates
(gravel of Shahdagh limestones, Middle Jurassic
sandstones and argillites (including siliceous)
and calcite) with large boulders and blocks of
Shahdagh limestones, angular fragments of cal-
cite and gypsum; cement is sandy-calcareous,
soft heavily ferruginized; contact with previous
interval is tectonic ..............ceeeiiiiiinen 7m
11. Rhythmical alternation of green and
greenish-gray sandy argillites and clayey sand-
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stones, fine- and coarse-grained calcareous gra-
velites, calcareous sandstones and sandy lime-
stones; maximal thickness of rock varieties ex-
cept for gravelites (25-30 cm) doesn’t exceed
10-15cem .o 48 m

12. Alternation of gravelites and coarse-
gravel conglomerates (composition of fragmen-
tary material and cement is similar to the previ-
ousinterval) ............cooiiiiiiiiiii 8 m

13. Rhythmical alternation of gray, greenish-
gray thin-bedded, strongly calcareous sandstones,
microgranular and sandy limestones (interlayer
thickness — 5-30 cm) with 1-10 cm thick interlay-
ers of greenish-gray (light-gray on the top of the
interval) calcareous argillites and marls; contact
with previous interval is tectonic .............104 m

Upper Khashy subsuite

14. Alternation of gray, greenish-gray, mi-
crogranular and pelitomorphic limestones (5-15
cm) with dark purple-red and greenish-gray ar-
GIIteS ..oveeii 10 m

Summary thickness of the northern limb's
section reaches 830 m. Its' top brought into a
tectonic contact with Shahdagh-Khyzy zone's
Lower Cretaceous succession, which occurs
along the Shahdagh-Gonagkend downthrow.

Similar section of Upper Jurassic succes-
sion is revealed in the anticline's more western
(5 km) crossing along the riverbed of Dah-
nachay. Fragments of the Upper Oxfordian cor-
als (Clausostrocadubia From. and Montlivaltia
sp. Indent, def. By R.G.Babayev) were discov-
ered by A.l.Mammadov (Mammadov et al.,
1985) in the section's middle segment (corre-
sponds to the intervals 5-7 of Istisuchay sec-
tion). There is no doubt that these corals used to
be inhabited in a more northern Shahdagh bar-
rier reef. Later with the reef’s destruction they
were moved along the basin’s continental slope
and got buried among more recent terrigenous
deposits (rough flysch facies).

Correlation of sections. Review and com-
parison of the Side range’s detailed lithological-
stratigraphic sections help determining the age
rages of the suites with various facies, confined
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to a northern shelf and continental slope of the

Callovian-Late Jurassic basin (Kangarli et al.,

2013). Following starting assumptions were

used to draw the research’s key conclusions:

e Callovian-Late Jurassic transgression over the
Middle Jurassic basis (deeply eroded during
Late Bathonian period) of described region
and northern parts of Limestone Daghystan
(Russia) had proceeded from the south and the
southwest — from a basin remained from the
most immersed part of the Southern slope

e Lithofacies of Callovian-Late Jurassic com-
plex undergo regular lateral variation from the
deep-water facies in the south to the shallow
facies in the north

e Regional color palette of Callovian — Upper
Jurassic succession is characterized by regular
gradational change of the described section's
general background, i.e. from dark-grey, dark
to dark greenish-grey in the Callovian, dark
greenish-red in the Oxfordian, green in the
Kimmeridgian and motley in the Tithonian
succession. These variations are determined
by concrete climatic and sedimentation condi-
tions during respective intervals of the basin's
geological evolution.

We suggest dating the lower contact of lay-
ers that indicate return to marine conditions into
the described region's boundaries as Middle (?)
Callovian. This assumption is confirmed by data
on transgressive bedding of faunistically charac-
terized Middle Callovian deposits of Limestone
Daghystan over the underlying layers with clear
signs of a depositional break (Brod, 1959, 1960).
At the same time, faunistic data that speaks (see
above) for continuous sedimentation of Malmian
and Neocomian bioherms within the Shahdagh
shelf's outer escarp', serves as indirect proof of
the presence of same-age deposits” in the geo-
logical section both to the north and to the south
of it.

' This escarp used to separate shallow waters of Sudur
from the open sea, and served as a barrier reef's platform
since middle of the Callovian period.

? i.e. formed simultaneously with growth of the reef bioherms
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Lithological-facies analysis of the Sudur
zone's Callovian-Upper Jurassic complex brings
us to a conclusion that it had formed under
broad continental shelf environment of warm
Late Jurassic basin. Comparison of sections of
the Sudur zone's evaporite sediments with simi-
lar facies of the Limestone Daghystan's Mal-
mian complex speaks for a northward rejuvena-
tion of sediments. This factor is also an indica-
tive for northward migration of the marginal
sea's coastline accompanied by lateral shifting
of sand beaches and parallel deepening of Sudur
shelf with replacement of evaporites by deep-
water dolomites and carbonates in the vertical
section.

At the same time, Callovian-Upper Jurassic
complex of Shahdagh-Khyzy and Gonagkend
zones is generally expressed by deep terri-
genous flysch developed on steep continental
slope and its' basement to the south of the bar-
rier reef. Area's psephitic material had arrived
mainly from the north at the expense of destruc-
tion products and platform basement of the
reefs. Only deposits from bottom and lower
parts of the continental slope are detectible in
exposed geological section, whereas the its’
transition facies are sealed under Cretaceous
sediments of the northern flank of Shahdagh-
Khyzy zone.

UPPER JURASSIC COMPLEX OF GREATER CAUCASUS SIDE RANGE:
LITHOFACIES AND SEDIMENTATION (AZERBAIJAN)

Conclusions

1. Structural-formational zone of Side
range is a classical region, where the Malmian
evolution of Greater Caucasus basin's northern
continental margin is traced.

2. Presence of fragments of oceanic basalts
and radiolarites (Molt suite) at the bottom of the
continental slope's Malmian section speaks for a
proximity of the provenance area that is most
probably represented by Samur-Kumdi Muis
(Samur-Peschaniy Mis) Middle Caspian uplift.
Meanwhile, transit of clastic material must have
occurred via the channels developed by river
deltas in the barrier reef.

3. Presence of well-sorted sands and sand-
stones (derivatives of spodumene-beryllic
range's granitic pegmatites) in the bottom sec-
tion of Upper Jurassic continental shelf speaks
for the fact that the clastic material had been
transported from afar, apparently from Russian
platform.

4. Correlation based on facies and strati-
graphy of Malmian sediments of the Northeast-
ern Azerbaijan and Daghystan speaks for pro-
gressive transgression over Scythian-Turanian
platform both from the south and the southwest.
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BOYUK QAFQAZIN YAN SIRT ZONASININ UST YURA KOMPLEKSI:
LITOFASIYALAR VO OMOLOGOLMO SORAITLORI (AZORBAYCAN)

T.N. Kongarli, Z.N. Mehdiyeva

Mbaqalads Conub-Sarqi Qafqazin Yan swrt zonasinin Malm téramalarinin sedimentasion zo-
nalligi va yas korrelyasiyast masalalorina baxilmus, kasilisin oziil hissasinda kellovey yash ¢okiin-
tiilorin istiraki barada yeni malumatlar toqdim edilmis, litofasiyalarin conubdaki kobud flisdon
simaldaki laqun tipina dogru qanunauygun lateral dayismasi, bununla da onlarin Yura dévriiniin
Béyiik Qafqaz kanar donizinin simal yaninin qita yamaci va dayaz selfi saraitinda formalagmasi
stibut edilmisdir.

BEPXHEIOPCKHI1 KOMILJIEKC BOKOBOI'O XPEBTA BOJIBIIOTO KABKA3A:
JUTO®ALMHU U YCJIOBUS OBPA30BAHUS (A3EPBAIKAH)

T.H. Kenrepsn, 3.H. MexTuena

B cmamuve paccmompenvl 60npocul ceOUMeHMayuoHHOU 30HATbHOCMU U 803PACMHOU KOppe-
JAYUU 00pazosanull manvma 30Hul boxoeoeo xpeoma FOeo-Bocmounoco Kaskasa, npusedenvl
HOBble OaHHble 00 yuacmuu 6 OCHOBAHUU PA3pe3d 0CAOKO8 KelN0BelCKO20 803PACMA, COeNanbl
66160061 0 3AKOHOMEPHOU IAMeEPANbHOU cMeHe Jumoghayuti om pyovix (auuiesvix Ha 102e K Ja-
2YHHLIM HA cesepe, YUMo CEUOEMeNbCmeyem 0 2e00UHAMUYECKUX YCIOBUAX UX (OPMUPOBAHUU 6
VCI0BUAX KOHMUHEHMANIbHO20 CKIOHA U METKOBOOH020 Welb(ha ceeeproco bopma 10pcKo2o OK-
paunnoeo mops bonvuwozo Kaskasa.
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CURRENT STATUS OF THE LONG-TERM EXPLORATION OF OIL-GAS FIELDS

IN THE ABSHERON REGION OF AZERBAIJAN

= ! A.A. Feyzullayev, E.B. Valiyeva, V.N. Lunina, G.T. Ahmadova
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CURRENT STATUS OF THE LONG-TERM EXPLORATION OF
OIL-GAS FIELDS IN THE ABSHERON REGION OF AZERBAIJAN

Article provides for a summary of analysis of how the various exploration parameters
have changed throughout the long-term oil-gas development history in the Absheron
peninsula of Azerbaijan. The main factors determining the rate of change of these parameters
are considered. The synchronous tendency of the fall of reservoir pressures and the decrease
formation productivity has been revealed. It is shown that the degree of depletion of various
production facility that are at the final stage of development is not the same.

Keywords: oil and gas, deposit, long running exploration, reservoir pressure and

productivity, Azerbaijan

Introduction

Efficiency of oil production wells is one of
the key factors to determine technical and eco-
nomic indexes of the oil field development.
Along with the natural geological and geophysi-
cal characteristics of productive strata, the tech-
nogenic phenomena accompanying the process
of field development have a significant impact
on the productivity of wells.

The drop in formation pressures during the
development of the oil and gas field and the de-
formational processes in the reservoir accompa-
nying them ultimately lead to a decrease in
strata productivity.

It had been proved that the decrease of
formation pressure reduces the productivity of
wells, the rate of oil withdrawal and increases
the development time of deposits, which are
controlled by the initial filtration characteristics
of the reservoir. The relative increase in devel-
opment time is more significant for high-
permeability objects.

Thus, the studies carried out in Surgut-
NIPIneft on the evaluation of oil recovery co-
efficients for low-permeability reservoirs have
shown that the share of residual oil due to ine-
lastic deformation of rocks can reach 20-30%
(Yepemucun, Connu, Epumon, 2001). Under-
count of this factor in the design can lead to
significant errors in assessing the technical
and economic parameters of the oil field de-
velopment.
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The excessive decrease of formation pres-
sures at a number of sites in the Romashkin-
skoye field of the Tatneft association (Russia)
have considerably aggravated the development
conditions of both production and injection
wells, and contributed to a reduction its produc-
tion rates and injection capacities (Caxwumra-
pees, CiaBun, 1991).

Calculations based on the model developed
by M.N.J.Al-Awad (Al-Awad, 2001), showed
that the productivity of the investigated deposits
is significantly affected by a decrease in perme-
ability caused by a drop in pore pressure. The
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maximum decrease in the productivity of sand-
stone with the fall of reservoir pressure, taking
into account the deformation-changed perme-
ability reaches 33% in comparison with the pro-
ductivity with unchanged permeability. Interest-
ingly enough, the limestone demonstrates a de-
cline of just 8%.

In the paper V.M.Dobrynin et al
(JdoOpsianH, MynmuH, Kynukos, 1973), the ob-
served drop in production rates of the produc-
tive horizons of the Samotlor field is also asso-
ciated with the phenomenon of a decrease in the
filtration characteristics of rocks. According to
authors of this work, the main reason for the de-
crease in permeability is the deformation of the
reservoirs as a result of the fall of reservoir
pressure.

An analysis of the results of the interpreta-
tion of acoustic broadband well logging at the
Astrakhan gas condensate field and the Achi-
movV deposit of the Urengoy oil and gas conden-
sate field showed that when reservoir pressure is
reduced within 30-45 MPa, the cracks in the
reservoir rocks are closed, leading to a decrease
in permeability and to significant reductions in
well productive rates (ITormos, 2007).

Current paper assesses the level of the
formation pressure fall in the long-developed
fields of Absheron oil and gas bearing region
(OGR) in Azerbaijan and its impact on their
productivity.

Research results

Dependency between formation productiv-
ity and pressure was analyzed based on the ex-
amples of Bakakhany-Sabunchu-Ramana, Sura-
khany and Buzovna-Mashtaga oil fields of the
Absheron peninsula and the Neft Dashlari field
on the Absheron Archipelago (Figure 1).

One of the world's oldest fields of Balak-
hany-Sabunchu-Ramana is located in the central
part of Absheron peninsula. This field includes
three operational areas: Balakhany, Sabunchu
and Ramana, which put into operation in 1873,
1875 and 1890 respectively.

2017 /2
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Figure 1. Scheme of location of studied fields:
1 — Balakhany-Sabunchu-Ramana; 2 — Surakhany;
3 — Buzovna-Mashtaga; 4 — Neft Dashlary

From the tectonic point of view, this field
represents an open brachyanticlinal fold located
within 12 km long and 3 km wide asymmetric
anticline line of Fatmayi-Zikh-Bahar. The entire
fold is dissected by a range of longitudinal and
transverse faults with various displacement am-
plitudes, dividing the oil-bearing area into more
than 25 tectonic blocks and playing important
role in the distribution of oil deposits both in the
section and in the area.

The oil-bearing capacity of the field is con-
fined to Lower Pliocene formations - Productive
series (PS), thickness of which varies from 1274
m to 1680 m and more. The total of 28 oil-
bearing objects (with thickness from 4 to 52 m
and oil saturation of 73-81%) were revealed on
the field, 10 of which are confined to the hori-
zons of the lower division of the PS, and 18 - of
the upper section of the PS. Depth occurrence of
the productive objects varies from 80 to 1600 m.

Based on core analysis, permeability of the
reservoir rocks is different and varies between
40-10”and 374-10° mkm®. Oil density under
surface conditions changes from 865 to 925
kg/cm’, the temperature varies depending on the
depth, in the range of 18 - 60°C.

Initial formation pressures (Pf) approxi-
mately correspond to hydrostatic pressure and
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vary in objects from 0.8 MPa (I hor.) to 15.0
MPa (Pre-Gyrmaki suite-PGS).

The long-term development of the field,
accompanied by the continuous extraction of
fluids from the reservoir, led to a significant
drop in formation pressure relative to the initial
pressure, which is clearly seen in Figure 2.
There is a decrease in the initial formation pres-
sure for productive objects from 40 to 95%.

The rate of fall the formation pressure in
the upper division of the PS varies in the range
0.005-0.04 MPa/year and in the lower one -
0.05-0.15 MPa/year, with the highest rate of fall
of Pf being confined to the lower part II Gyr-
maki suite (GS) and PGS (Figure 3).

The fall in formation pressure is accom-
panied by reduction of well’s average daily fluid
production rates (oil+water) (Figure 4).

If we consider the highest total extractions
for per individual developed objects, then the
relative values of this parameter are distributed
as follows: horizon III — 10%; horizon IV+IVab
— 23%; Horizon IVcde — 8.2%, horizon V —
14.2%, PG suite — 12.6%. These values are in
compliance with relative values of the formation
pressure fall. Figure 5 presents development
diagrams of the Horizon VI (Balakhany suite).

As can be seen from the figure 5, as a result
of the development of the VI horizon from 1935
to 2001, formation pressure decreased by 10
times. The productivity of this horizon during the
same period decreased by almost 4 times in com-
parison with its’ peak value. It should be noted
that water injection to maintain formation pressure
increased oil production to only 9% of its peak
value to a greater degree, increasing the extraction
of water. This is in good agreement with the opin-
ion of D.Moos and C.Chang (Moos, Chang,
1998), who argue that maintain pressure in the
reservoir by injection water into water and other
methods used in many fields of the world allow to
restore pressure (and, as a consequence, increase
productivity) by no more than 10%.

The process of the fall of reservoir pressure
and the extraction of hydrocarbons is even more
contrasted in the upper part PGS of the PS, which
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entered into development in a later period (1916).
For all period of development (a little more than
90 years) from a deposit have been extracted
about 13 % of oil from total production as a whole
on a field (Figure 6), causing reduction of its’ ini-
tial formation pressure from 12.8 to 1.0 MPa. It in
aggregate shows, that this operational object is
characterized abnormal-low formation pressures
and is on the final stage of development.

Pressure, MPa
0 3 6 9 12 15

¢ Pstart-MPa

sPcurrent-MPa

1600

Figure 2. Initial and current formation pressures in
Balakhany-Sabunchu-Ramany field vs. depth
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Figure 3. Rate of fall of formation pressures vs. depth
in Balakhany-Sabunchu-Ramana field
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Figure 4. The graph of the relationship between aver-
age daily volume of the fluid (oil + water) extracted
from the reservoir and formation pressure in Bala-
khany-Sabunchu-Ramana field

Surakhany field is located in the central part
of Absheron peninsula, 14 km to the northeast of
Baku. It represents an asymmetric northwest-
southeast oriented brachyanticline complicated
by multiple differently striking tectonic faults.
Due to this factor oil resources were distributed
unevenly both by area and section of PS.

The section of PS with total thickness more
than 2000 m is mainly represented by an alter-
nation of fine-grained quartz sands and clays. In
the PS section, 40 horizons and 54 oil-and-gas
bearing operational facilities with a thickness of

g

g

Summary oil production, tons
— *
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2 to 25 m are indicated, of which 29 objects are
fallen on the upper division of the PS and 25 -
on the lower division of PS. The Absheron and
Akchagyl sediments are also oil and gas bear-
ing. There are no purely gas deposits.

Occurrence depth of productive horizons
varies between 180-2850 m. The oil saturation
of rocks is 61-85%, their permeability varies
from 50-10° to 517-10° mkm®; oil density
changes from 770 to 912 kg/cnr’. Depending on
depth, the formation temperatures vary between
17-76°C.

The development of the Surakhany field
was started in 1904 with the exploration of hori-
zons of Surakhany suite, then, from 1910 - the
horizons of the Sabunchu suite, since 1924 - the
Balakhany suite and since 1932 - the suites (ho-
rizons) of the lower division of PS.

Figure 7 shows the distribution of initial
and current reservoir pressures with depth. Ini-
tial formation pressures vary within the limits of
2.5-27.5 MPa, while current formation pressures
— (0.2-18.4) MPa. It can be seen from the figure
that the current reservoir pressures along the
lower division of PS differ significantly from
the initial ones, especially in the horizons of the
GS and PGS.
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Figure 5. Development diagrams of the Horizon VI (Balakhany suite) of Balakhany-

Sabunchu-Ramana field: 1 — oil production; 2 — water production; 3 — volume of injected

water; 4 - number of injection wells
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The rate of fall of formation pressures in the
upper division of PS varies in the range of 0.02-
0.09 MPa /year, and in the lower division — (0.05-
0.20) MPa /year. Maximal rate of (0.16-0.20)
MPa/year is recorded in horizons GS and PGS.

Initial average daily production rates of one
well varied within 0.2-5.4 t / day. From 1980 to
the present, the average production rate of one
well as a whole for the field was 0.8-1.2 tons
per day, and was independent of the number of
current and new operating wells. This was ex-
plained by the depletion factor of the developed
deposits.

On the horizons of the upper division of the
PS fall to 74% of all extracted oil in the field.
The maximum amount of oil was extracted dur-
ing the main development period of the field
(1926-1956) - 81 million tons (70.4%), while
the maximum annual oil production (4189.3 th.
tons) was in 1931. Relatively high oil extraction
was persisted until 1942. Since then, the extrac-
tion volumes consequently reduced, reaching
397 thsd tons in 1976 and 196 thsd tons in 2012
(Figure 8).

Just like at the Balakhany-Sabunchu-Ra-
mana field, all operational facilities of the Sura-
khany field are characterized by abnormally low
formation pressures (ALFP) and are at the final
stage of development.
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Figure 8. Surakhany field: dynamics of main operating parameters: 1 — oil;

2 — water; 3 — number of wells
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Buzovna-Mashtaga field, including two op-
erational area: Buzovna and Mashtaga, located
in 24 km to the northeast of Baku. It is devel-
oped since 1940.

On Buzovna-Mashtaga field commercial
oil reserves are concentrated in Post Gyrmaki
Clayey suite (PGC), Post Gyrmaki Sandy suite
(PGS), GS and PGS suites. Minor accumula-
tions were also detected in sandy horizons of the
Balakhanian suite (Horizons IV, V, VI, VII and
X). In faulside parts on southern wing of the
Buzovna fold it has been established gas pres-
ence in II horizon of the Balakhanian suite.

Dependence between the average daily ex-
tracted volume of fluid (oil + water) from oper-
ating objects and the formation pressure is
shown in the Figure 9.

Neft dashlary field discovered in 1949 by
deep exploration well #1, which have revealed
all suites of the lower division of PS /PGC,
PGS, GS, PG and Gala (GaS) suites/. On No-
vember 5, 1949, the fountain oil inflow with
daily volume 100 t had been produced from the
GaS (from 1000 m of depth). It has been drilled
on the field about 2 thousand wells since 1949
with daily average level of oil extraction 1800-
2000 t.
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Figure 9. Dependence between average daily extracted
volume of fluid (oil + water) and formation pressure on
Buzovna-Mashtaga field

The basic accumulations of oil and gas on
the field are confined to GaS, PG and GS suites
of lower division of PS. The field is character-
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ized by spatial non-uniformity of oil content in
the PS section.

Commercial development of Neft Dashlary
field has begun in 1951. For past years, more
than 160 mln tons of oil and 13 blns m’ of the
oil-associated gas have been produced from this
field. Currently the productivity of operating
well reaches on the average up to 5 t/day.

Deposit's long-term exploitation resulted in
decline of the formation pressure until 20% of
its' initial value, which have had its' impact
upon the reservoir productivity. Figure 10 dem-
onstrates clearly defined reduction in summary
volumes of the extracted fluids (oil+water)
caused by declined formation pressure of the
deposit.

Process of long-term development of the
field was accompanied by the pressure drop in
reservoir up to 20 % from initial pressure that
was reflected on efficiency of strata. On figure
10 the clearly defined tendency of reduction of
value of the total volume of the extracted fluids
(oil + water) with reduction of formation pres-
sure is observed.
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Figure 10. The chart of dependence between daily
average volume of extracted fluid (oil+water) and for-
mation pressure on Neft Dashlary field

Conclusion

As a result of the performed analysis of
variation in time of parameters of development of
some fields of Absheron peninsula it is estab-
lished, that they are characterized by abnormal-
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low formation pressures, current values of which,
despite of actions on maintenance of pressure by
injection in a layer of water, are from 18,5 up to
94,3 % from initial, near hydrostatic pressure.

It is noted synchronism in the tendency of
the fall of formation pressures and the decrease
in the reservoir’s productivity. The drop in well
productivity is due to the fact that plastic de-
formations in depleted reservoirs, caused by the
drop in formation pressures, predominate over
the elastic ones.

This leads to additional compaction of
rocks and deterioration of their reservoir fea-
tures (Deitzynnaes, Benuesa, Pamazanos u ap.,
2013), eventually resulting in a reduction of
well productivity. At the same time, due to the
spatial heterogeneity of the geological environ-
ment and the different rate of fluid extraction,
the degree of depletion of different operational
objects is not the same. This fact should be
taken into account when determining the strat-
egy for further development of fields.

At present, the energy potential of the ob-
jects of the lower division of PS is higher than
that of the upper division, and therefore the
lower reservoirs of PS are more perspective for

& ) A.A. Feyzullayev, E.B. Valiyeva, V.N. Lunina, G.T. Ahmadova
- i

further development. This is confirmed by a
comparison of the degree of development of re-
coverable oil reserves in the upper and lower
divisions of PS, which is 96.3% and 79.5%, re-
spectively. It is also important to note that if in
the lower division of PS the average production
in one well is about 1.8 t / day, then in the upper
division it is 0.8 t / day.

Long-term development of petroleum fields
also leads to negative environmental conse-
quences. So, in the vicinity of the of Balakhany-
Sabunchu-Ramana, Surakhani and others fields,
intensive subsidence (up to 47 mm / year) and
their flooding, the emergence of induced seis-
micity (earthquake in Surakhany in 1937) were
established (®eiizymnaes, 2013). These undesir-
able environmental consequences of long-term
development of oil and gas fields in the aggre-
gate are causing great economic damage to the
existing infrastructure. In this regard, in order to
minimize environmental and economic damage,
it is advisable the preventive arrangement the
extractive complexes with a seismic and geody-
namic control systems for the purpose of predict
the development of natural and technogenic
geodynamic processes.
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AZORBAYCANIN ABSERON RAYONUNUN NEFT VO QAZ YATAQLARININ
UZUNMUDDOTLI iSLONMOSININ MUASIR VOZiYYOTI

A.A. Feyzullayev, E.B. Valiyeva, V.N. Lunina, G.T. ohmadova

Mbaqalada Azarbaycanin Abseron yarimadasimin bir sira neft-qaz yataglarinin uzunmiiddatli
islonmoni aks etdiran parametrlorinin zamanda dayigmasinin tohlilinin naticalori aks olunub. Bu
parametrlorin dayisma tempini miiayyon edon asas amillor aragdirilib. Lay tozyiglorinin
diismasinin va lay moahsuldarligimin azalmasimin sinxron tendensiyasi miiayyan edilmisdir.
Gostorilmisdir ki, son islanma marhalasinda olan miixtalif istismar obyektlarin tiikanma daracasi
eyni deyildir.

COBPEMEHHOE COCTOSIHHUE JIUINTEJIBHOMN PABPABOTKN HE®TEI'A30BBIX
MECTOPOXIEHUN ABITEPOHCKOI'O PAMOHA ABEPBAVMIZKAHA

A.A. ®eiizy/uiaes, J.b. BesmeBa, B.H. Jlynuna, I'.T. AxmenoBa

B cmamve npusedenvi pezyiomamoi ananuza UsMeHeHUs 60 8peMeHU Napamempos Onumeib-
HOU pazpabomxu psaoa Heghme2azo8vlx mecmopodcoeHull Abuieponckozo noiyocmposa Azepoaii-
oacana. Paccmompenvt ocnosHwie gpakmopul, onpedensitoujue memnvl UMEHEHUs. IMUX Napa-
mempog. Bvisenena cunxponnas menoeHyus nadeHus naacmoguix OAIeHUl U CHUNCEHUS NpPo-
oykmuenocmu niacmos. Iloxkazano, umo cmenenwvb UCMOWEHUS PA3IUYHBIX IKCNILYAMAYUOHHBIX
00beKmM08, HAXOOAWUXCS HA 3AKTIUUMENbHOLU CIMAOUU pa3pabomKu, HeOOUHAKO8A.
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COMPARATIVE ANALYSIS OF LITHOLOGICAL AND
PETROGRAPHIC CHARACTERISTICS OF THE MIOCENE
DEPOSITS IN THE SOUTH CASPIAN BASIN’ WESTERN FLANK

Different areas within western flank of the South Caspian basin (Garadagh, Solakhay,
Hajivali, Umbaki, Guzdak, Binagadi, Masazir, Sulutapa, Shabandagh, Rahim, Glich, Suley-
man-Akhtarma, etc.) contain widely occurring Paleogene-Miocene deposits (Figure 1). Long
term wide scale geological studies resulted in detailed stratigraphy of the described area’s
Miocene deposits as well as description of their reservoir, lithological and petrographic pa-
rameters. This paper is devoted to the detail petrography of the Miocene depofieldd drilled
on the number of fields last years. The data achieved is have a particular importance to the
understanding of the Miocene sediments’ reservoir properties changes within the South

Caspin depression’s western flank.

Keywords: South Caspian basin, Miocene deposits, petrography

Geological background

In early XX century, different parts of the
territory have been covered by gravitomagnetic
mapping survey. In 1941-1942 and later during
1950’s, a number of gravimetric minimums
were identified in correspondence with buried
anticlinal highs. Many wells were drilled to
sample and analyze the Miocene deposits. In
1946-1950, exploration were carried out in the
Northwestern Gobustan to cover the structures
of Umbaki (1946-50), Shimali Hajivali (1949-
51), Gerbi Hajivali (1951-52), Cheyildagh
(1950-51), Gerbi Sundu (1950-52), Nardaran-
Suleyman (1952-53), Gijakiakhtarma (1952-55)
and Dashmardan (1953-57). Simultaneously ex-
ploration drilling were done in Umbaki (1951-
53), Shimali Hajivali (1950-55), Ilkhichy (1952-
54) Nardaran-Suleyman (1953-55) and Cheyil-
dagh (1947-55) (Rzayev, Salayev, Gadjiyev,
1973; Rzayev, Salayev, Zeynalov, 1980; Maher-
ramov, 2008).

Comparison of drillled Miocene deposits
revealed significant lithofacies lateral changes.
In some fileds the upper parts of such deposits
were subjected to erosion, which is recorded on
a large scale in the northern part of the studied
area. Erosion was so intensive in the crests of
Sulutapa and Shabandagh anticlines that it leds
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to a disappearance of Meotian and Sarmatian
deposits from the section.

The thickness of the Paleogene-Miocene de-
posits increases from northwest to southeast, vary-
ing between 0.5-1 and 5-6 km and sometimes
reaching 7-8 km. These deposits predominantly
consist of shaly-sandy sediments, and reflect
structural — tectonic patterns of some anticline
structures, which are located in the North-Western
part of the Western Absheron, trending in the gen-
eral Great Caucasus direction and composed of
the Cretaceous sediments (Yunusdagh, Govun-
dagh, Ilkhidagh, etc.). The Paleogene - Miocene
sediments of these anticlines are subjected to the
secondary folding and tectonic crumpling. Most
anticlines’ crests and crestal parts became compli-
cated by the thrust faults (Figure 2). These proc-
esses have caused a formation of large anticline
zones in the structure of the Western Absheron.

Trending parallelly to the general Great
Caucasus strike anticlinales of the Absheron
peninsula’s northwest (Jorat, Novkhani, Saray,
Binagadi, etc.) significantly vary from the
Mesozoic structures.
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Figure 1. Location scheme of tectonic structures within the South Caspian basin western flank

Majority of the research area’s anticlines is
complicated by mud volcanoes. Plastic clays of
the Paleogene-Miocene deposits caused creation
of diapir-like structures within the zones of
abundant tectonic faults.

It should be emphasized that the described
area after decades turned again into arena of
wide-scale research activities. We present in this

paper the results of petrographic investigations
of core samples collected from both old and
newly drilled wells. It is commonly accepted
that although Miocene deposits are lithostrati-
graphically represented mainly by shaly facies,
in many places they also include different varie-
ties of rocks. Therefore, these sediments require
now to be studied in more details.
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Figure 2. Seismogeological profile (profile’s location see on Figurel)

Main results

Duvanny field, well — 73,
Interval: 3178-3188 m

This sample is mainly composed of thin
and streaky, calcareous, siliceous, sandy shales.
The bulk sample consists of calc-siliceous bitu-
minized shales (Figure 3).

Sand particles contained in this greyish-
brown streaks are represented by large (0.3 mm)
and medium (0.05-0.1 mm) grains, which are
cemented through a basal type. Clean and unal-
tered crystals and aggregates of pyrite are de-
tected in a cemented material. Wide streaks are
represented by calc-siliceous sandstones.

In general, terrigenous parts of the both
streaks are built by fragments of siliclastic rocks,
pelitomorphic limestones, quartzites and other
fragments of rocks. The altered and cataclastic
field spars, epidotes, chlorites, etc. are also de-
tected. Fragmental cementation by the siliceous,
calcareous minerals is represented by basal and
sometimes pore-filling types. The rock has a
psammitic structure and banded texture.

Garadagh field, Well — 353,
Interval: 2815-2822 m

Silty limestone. Represented by calcite, the
groundmass contains unevenly distributed parti-
cles of siltstone (Figure 4). These particles are
0.01 to 0.05 mm large, represented by angular
feldspatic and quartz grains. Calcified feldspars
are frequently observed. The contact between
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them and the ground mass is weekly seen. Rock
contains larger-than-crystalloclast fragments of
shales, particles of glauconite (~1-2%), calcitic
fauna remnants, different-sized crystals, glob-
ules and aggregates of pyrite (~4-5%), as well
as rare particles of biotite and amphibole.

Figure 3. SEM image of Miocene sediments from Du-
vanny field, well — 73, Interval: 3178-3188 m

Figure 4. SEM image of Miocene sediments from Ga-
radagh field, well — 353, Interval: 2815-2822 m
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Fragments are cemented through a mixed
type with finely crystalline calcites. In other
parts the cementing is of a pore filling type.

Umbaky field, Well — 64,
Interval: 175-179 m

Alternation of silty carbonate shales and
carbonate siltstones. Figures 5, 6. Both layers of
the rocks contain siliceous material. Layer of cal-
careous siltstones includes admixtures of clay size
particles (Figure 5). All rocks are rich with pyrite.

Most parts of the sediment’s clay compo-
nent are sericitized. There is observed the oc-
curence of thin fibriform ferruginized material
along bedding planes. Simultaneous disappear-
ance of clay lamellas and schistosity of clay
minerals are vividly observed when looking
through crossed nicols and spinning the table of
a microscope. Spherical crystals are also re-
corded among basically oblong quartzes and
feldspars. Multiple globules of pyrite are irregu-
larly scattered and in some areas located along
bedding planes. In this part, the sample has peli-
tomorphic structure and schistose texture. The
sample’s second layer of calcareous siltstones
(Figure 6) is mainly built by extremely dense
and quartz like feldspars, quartz and small
amount of carbonate cement.

The layer contains negligible amounts of
the small crystals of garnet, zirconium and cal-
cite. Globules of pyrite are widely developed
(~10-12%). Vast majority of these particles is
observed inside the transition parts of the min-
eral rich layer of siltstones. The layer’s rocks
have silty structure and stratified texture.

Cheildagh field, Well — 1,
Interval: 350-356 m

Silica-calcareous siltstone (Figure 7).
The rock is built by field spar, quartz, calcite
and glauconite, individual grains of garnet, bio-
tite and zirconium, fragments of siliceous rocks
and limestones, as well as carbonate cementing
material.

2017 /2

Figure 5. SEM image of Miocene sediments from
Umbaky field, Well — 64, Interval: 175-179 m

Figure 6. SEM image of Miocene sediments from
Umbaky field, Well — 64, Interval: 175-179 m

Figure 7. SEM image of Miocene sediments from
Cheildagh field, Well — 1, Interval: 350-356 m

Particles are 0.02-0.09 mm in diameter.
Different-size globules and aggregates of pyrite
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are scattered all across the rock’s surface. Parti-
cles are spaced closely and almost come in
touch with each other. The cement is of mixed
contact and pore filling types. Rock’s constitu-
ent streaks have different amounts of compo-
nent particles and cement material. Light col-
ored streaks have more particles in their compo-
sition. Contact between cement material and
fragments are mainly uncertain. The rock has a
silty structure and banded texture.

Masazir field, Well — 126,
Interval: 329-336 m

Calcareous shale. Representing the rock’s
major components are pelitomorphic carbonate
shales containing unevenly distributed scarce
concentrations of field spar, small (0.01-0.04
mm) particles of quartz and altered minerals,
different-size (0.003-0.02 mm) globules, parti-
cles and larger aggregates of pyrite (Figure 8).

In some cases, globules are spaced closely,
forming lenticular and spherical accumulations.
Within the lens surroundings globules of pyrite
form cell-form accumulations with thin tails in the
margins. The rock’s spotty colorization is due to
uneven distribution of pyrite and calcite. Some
parts of the rock are porous, and some have multi-
directional  lighter-than-groundmass  fibriform
fractures filled with siliceous limestone.

Short needle shaped prisms of sericite are
lined along their long sides, which makes it pos-
sible to record a slate structure of the rock.

Binagadi field, Well — 620;
Interval — 970-985 m

Sandy (12-15%),
shale (Figure 9).

The rock contains 1-2 mm large fragments of
pyritic schisty shales, sericitized pyritic shales and
finely-crystalline limestones. Sands containing
grains of quartz, feldspar and siliceous rocks are
distributed unevenly, sometimes extremely close
to each other. The rock has a dark color due to
multiple globules and aggregates of pyrite.

siliceous, carbonate

66

COMPARATIVE ANALYSIS OF LITHOLOGICAL AND PETROGRAPHIC CHARACTERISTICS
OF THE MIOCENE DEPOSITS IN THE SOUTH CASPIAN BASIN’ WESTERN FLANK

Figure 9. Binagadi field, Well — 620; Interval — 970-985 m

Conclusions

SEM analysis of Miocene deposited from
different anticlines within the South Caspian
basin western flank demonstarated the quite dif-
ferent lithological and mineralogical composi-
tion of the sediments. Along with terrigenous
rocks the carbonate sediments are also recorded.
In the light fraction thye rocks fragments are
dominating. The second component is feldsaprs.
The quarz palys a minor role.

The frequent occurrence of pyrite testifies
to sharply reduction conditions in the basin.

The reservoir properties of Miocene sedi-
ments are very variable within the studied
area. The presense of commercial HC accu-
mulations in some fields and failure testing
results in others require additional thorough
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researches aimed on the understanding of res- ments in the South Caspian basin.
ervoir quality problems of the Miocene sedi-
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Conubi Xozar hévzasinin qgarb cinahinda yerlasan (Qaradag, Solaxay, Hacivali, Umbaka,
Giizdak, Binaqgadi, Masazir, Sulutapa, Sabandag, Rahim, Qlic, Siileyman-Axtarma va.s) sahalarda
Paleogen-Miosen ¢okiintiilori genis yayumisdir. Uzun illor arzinda bu sahalards aparilan genig
miqyash kasfiyyat va tadqiqat islori naticasinda Miosen ¢okiintiilorinin stratiqrafik bolgiisii verilmis,
killektorluq, litostratiqrafik va petrografik xiisusiyyatlori tayin edilmisdir. Bu maqalads son illar
Miosen horizontu kompleksina qazilmis quyulardan gétiriilmiis niimunalorin atrafli petrografik
tohlilina genis yer verilmisdir. Olda edilon malumatlar Conubi Xozor hévzasinin qarb cinahinda
Miosen ¢okiintiilorinin sedimentasiya saraitinin oyranilmasinda xiisusi ahamiyyat kasb edir.

CPABHUTEJIbHBIN AHAJIN3 JUTOJOTNMYECKUX U MIETPOI' PAOUYECKHNX
XAPAKTEPUCTUK MUOIEHOBBIX OTJIO)KEHHUM 3AITAJTHOTI'O BOPTA
IOKHO-KACIIUMCKOI'O BACCEMHA

K.®. Mycradaes

Taneozcen-Muoyenogvle omnodicenus WUPoKo npedcmasiensl Ha pade niowaoell 3anaoHo2o
bopma FOoxcno-Kacnuiickoeo 6accetina (I'apaoae, Conaxaii, I'adxcusenu, Ymoaku, Iy3oek, bu-
Haeaou, Macazup, Cynymene, Lllabanoae, Paxum, Koineiy, Cyneuman-Axmapma u mo.). B meue-
HUe MHO2UX Jlem 8 pe3ybmame KPYRHOMACUMAOHBIX pa36e00YHbIX pabOm HA OGHHBIX MEPPUMO-
pusAx 6wi10 onpedeneHo cmpamuepaguieckoe pacunerenue Muoyenogvix omuaodceHull, onpede-
JIeHbl KOJLIeKMOPCKUe C80UCMEd, U 0aubl ux aumozpaguueckas u nempozpaguieckas xapaxme-
pucmuxu. B oannoii cmamve npueooumcs noopobHoe nempozpaguieckoe onucanue oopa3yos u3
cK8axdcuH, npooypennvix Ha Muoyenosvie omnodcenus 3a nocieonue 200ul. Ilonyuennvie pe3yno-
mamul umelom ocoboe 3HaueHue O U3y4eHus ycio8ull 0CaokoHakonienus MuoyeHnogvix omio-
arcerull Ha 3anaonom ¢aanee FOxcno-Kacnuiickozo baccetina.
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For many years, subsoil geological structure and mineral resources of Komi have been thor-

oughly studied by many researchers that visited Timan and Ural from different other regions of Rus-

sia, including Ukhta, Syktyvkar, Vorkuta and other mainly European districts of the country. In other

words, this interesting region had historically united a wide spectrum of Russian geologists.

Special achievements in studying the subsoil’s geological structure have been maintained in

1930-1970’s. Many of these geologists aren’t among us anymore, but memory of their achievements

and discoveries will be always embalmed in hearts and works of their colleagues and followers. Au-

thor of the current article had an honor to know most of these scientists, to participate in joint field

investigations and scientific studies.

List of these researchers includes V.V.Belyayev, V.A.Dedeyev, V.G.Olovyanishnikov, G.Y.Trofi-

mov, V.G.Chorniy and N.P.Yushkin

Keywords: Komi Republic, geologists, Timan, V.V. Belyayev, V.A. Dedeyev, V.G. Olovyanish-

nikov, G.Y. Trofimov, V.G. Chorniy, N.P. Yushkin

Vyacheslav  Vasilye-
vich Belyayev — PhD
in geology and miner-
alogy, deputy director
and academic secre-
tary, leading research
. worker of the Institute
__ of Geology, graduate
of Ural Polytechnic
Institute  (1956). In
1959, he entered the
Syktyvkar Institute of Geology and worked
there until his death on September 17, 2008.

Main target of the described scientist’s re-
search were bauxites, which have been covered
by his detailed studies since 1966. In 1967,
Belyayev had issued his first publication dedi-
cated to bauxites of Timan. Belyayev has thor-
oughly studied the weathering mantle and min-
eral composition of East Timanian bauxites,
identified their formation circumstances, par-
ticipated in a number of Union and Republic-
wide scientific conferences and carried out field
investigations to study the structure of bauxite
deposits. In 1972, he successfully defended his
PhD thesis at Kazan State University (Fishman,
1997, pages 32-33).
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In 1970, deposits of a lateritic type of baux-
ites were discovered in Middle Timan, which
proved to be older than their South Timanian
analogues. Belyayev was one of the first re-
searchers to study this new type of bauxites
(Fishman, 1997, pages 6-9) and first to charac-
terize their mineral composition and determine
their iron mineral content. After becoming PhD,
he entirely switched to studying these newly
discovered bauxites. Materials produced by
V.V.Belyayev allowed him drawing scientific
conclusions as to the formation circumstances
of Middle Timanian bauxites and assessing the
region’s perspectives in terms of a discovery of
new deposits.

Belyayev had closely cooperated with ge-
ologists from Ukhta and Moscow. He had con-
tinuously published his scientific works and at-
tended multiple scientific conferences and ses-
sions. We jointly participated in Union-wide
conferences organized in Moscow, Kyiv and
Syktyvkar. It deserves mentioning that we met
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accidentally in a hotel in Moscow when waiting
for keys for our rooms. This acquaintance and
joint research have grown into an enduring
friendship between us and our families. I have
known Vyacheslav as decent, honest and reli-
able man.

Contribution of Belyayev to studies of the
Timanian bauxites makes him deserving a name
of the main bauxite-man of Timan.

“% Vladimir  Alekseye-
.. vich Dedeyev — gradu-
- ate of Leningrad Min-
~ ing Institute (1954),
" ScD in geology and
7 mineralogy, professor,
. honored scientist of
Komi ASSR (1989)
and Russia (1992).
' Died in 1997, this sci-
entist could have turned 85 years old in 2016.

Over the course of his life, Dedeyev had
contributed a lot to studying the tectonics and
fossil fuels of the Russia’s European Northeast,
Northern Ural and Western Siberia, as well as
describing the structures of Russia’s earth crust.
On completing the Leningrad Mining Institute
in 1954, V.A.Dedeyev have worked in the Un-
ion-wide Oil Geological Survey Institute until
1967. In 1967-1975, he had implemented re-
search in the Institute of Geology and Geologi-
cal Chronology of AS USSR (Getzen,2016,
pages 68—69).

Since 1975 until last days of his life, the
scientist had worked at the Geological Institute
of Komi NC of the Uralian department of Rus-
sian Academy of Sciences. He was the founder
and leader of the Institute’s oil department and
the Syktyvkar School of Oil Workers. More
than 20 years of his life were dedicated to a ge-
ology of fossil fuels of the Timan-Pechorsk pe-
troleum province, including its’ tectonic region-
ing in connection with oil-and-gas content, as-
sessment of the region’s hydrocarbon perspec-
tives and planning of main geological surveying
activities. Remaining supporter of the hypothe-
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sis standing for biogenic origin of hydrocarbons,
Dedeyev used to assign high priority on a tec-
tonic factor and always underlined confinement
of hydrocarbon deposits to the global zones of
destruction and their adjacent “resonant basins”
(Plyakin, 2010, pages 67—72).

In 1983-1984, V.A.Dedeyev had actively
participated in the development of functional
pre-Cambrian stratigraphic sectional plane of
USSR. In the same period, he chaired the com-
mission for development of functional strati-
graphic sectional plane of Timan’s Late Pro-
terozoic formations, membered by the country’s
well-known experts in pre-Cambrian geology.
We became friends during joint field excursion,
during which we have shared a single tent with
him, V.G.Chernov and Y.D.Smirnov.

V.A.Dedeyev was known as good conver-
sationalist and the man of heart and with fine
sense of humor with a slight impediment giving
special charm to his speeches. He has been se-
lected a professor of the International Philatelic
Society and possessed a unique collection of
various topical stamps. His other interests in-
cluded flora and fauna. Dr. Dedeyev left a num-
ber of serious works and preliminary studies to
help properly select a direction for further ac-
tivities. He could have contributed even more
into the development of geological science and
practice (Plyakin, 2011, pages 31-32).

Vsevolod Georgiyevich
Olovyanishnikov (Get-
sen) was born on May
18, 1936 and completed
the Perm State Univer-
sity in 1960. In the same
year, he entered the
Syktyvkar Institute of
Geology where he grew
from research techni-
cian to senior scientist and PhD in geology and
mineralogy. Practically from his first independ-
ent steps in geology, the scientist dedicated his
research to stratigraphy and geology of Timan’s
most ancient pre-Cambrian formations, and
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studied them till his death on March 27, 2006
(Getzen, 2016).

V.G.Getsen used to be very keen to ex-
amine a factual material in his attempts to ex-
plain the most ancient geological events. He
persistently worked over his ScD thesis and
continuously supplemented it with new infor-
mation. Unfortunately he never got a chance
to defend it, through completely deserved a
doctoral degree according to his profound
qualification.

I met Vsevolod in 1965 during fieldworks
in Middle Timan. This meeting had marked the
beginning of our long-running practical and
scientific partnership. Always trying to deeply
examine structure and occurrence mode of the
local Proterozoic formations, he had left no
stone unturned. Getsen was the only geologist
in Komi and entire Northern Europe to visit
every single location in which these interesting
formations were revealed. He practically
walked across the entire Southern, Central and
Northern Timan, Volsk-Vym ridge, as well as
Kanin and Kolsk peninsulas (Plyakin, 2010,
pages 31-32). Together we have studied simi-
lar formations in Southern Ural and partici-
pated at the Union-wide conference on Perm’s
pre-Cambrian series. From each of his fruitful
expeditions, Vsevolod usually returned with
rich collection of rock materials.

V.G.Getsen actively participated at every
scientific conference and sessions which have
been organized in Komi Republic. He had con-
tributed a lot to development of a stratigraphic
sectional plane of the ancient formations from
the north of the European part of the Soviet
Union, approved by the Inter-agency pre-
Cambrian Stratigraphic Committee of USSR.
Outcomes of his scientific researchers have
been published in more than 100 articles and
monographs dedicated to stratigraphy, meta-
morphism and structures of the Timanian range
and Kanin peninsula. Legacy of Getsen is
known as the richest scientific heritage in the
described sphere.

A.M. Plyakin
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Vadim Grigoryevich
Chorniy — graduate of
the geological faculty of
Dnepropetrovsk  State
University, PhD in ge-
ology and mineralogy,
chief engineer of Ukhta
Geological Survey Ex-
pedition, chief geologist
of Ukhta Territorial
Geological Administra-
tion. Having started his geological practice with
the Northwestern Geological Administration, he
became one of the founders of Ukhta Geological
Survey Expedition (UGSE) in 1958. V.G.Chorniy
was the first on-production teacher for many
young geologists in Timan. He has established the
first geological museum in UGSE and founded a
geological coterie for young researchers, which
was later transformed into Scientific and Techni-
cal Society “Gornoye”. He was the one to defend
hardly an importance of exploring the rare metals
in Timan in front of the Geological Ministry of
USSR. Vadim had first launched the exploration
of bauxites in Southern and Middle Timan. It was
due to his efforts that the Timanian bauxitic prov-
ince was opened with complex of exploration ac-
tivities. Ha had also initiated the meso- and large-
scale surveying of Timan (Plyakin, 2014, pages
379-381).

V.G.Chorniy had supervised a scientific ef-
fort to study the Timanian metallogeny and the
stratigraphy of its’ oldest deposits. Being a
prominent manager, he had never parted with
microscope while studying the ancient Timanian
rocks. Vadim had a clearly defined proactive
attitude. He was unable to sustain an even tenor
of life and continuously tried to activate it.
Vadim spent the last years of his life in the city
of his youth — Leningrad (Saint Petersburg) -
city in which he had once started his profes-
sional career in the Northwestern Geological
Administration. Working as leading specialist of
Western Geophysical Trust and Geophysical
equipment factory (Plyakin, 2013, pages 79-8),
Vadim died at the age of 71.
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When exploring diamond deposits in Middle
Timan, V.G.Chorniy had actively introduced
methods of mining geophysics into a geological
exploration practice. It fell upon me to cooperate
with this scientist in Northern Timan and Kanin
peninsula (Chetlas rock). I treasure him in mem-
ory as an exemplary practicing geologist.

Nikolay Pavlovich
Yushkin  completed
Kirov Mining Techni-
cal School in 1955 and
Tashkent Polytechnic
Institute in 1965. His
ranks included ScD in
geology and mineral-
ogy, professor, acade-
mician of RAS, mer-
ited scientist of Komi
ASSR and Russia, winner of the awards of
Lenin Komsomol, Council of the Ministers of
USSR, A.Y.Fersman, etc. (Fishman, 1997,
pages 302-304).

N.P.Yushkin died on September 17, 2012.
In his face, both Russian and international sci-
ence without an outstanding scholar-geologist,
science organizer, teacher and good man of the
heart. His funeral was attended by many friends
and colleagues, Russian scientists, leaders of
Komi Republic, representatives of universities,
Syktyvkar and geological organizations. His
death was an irreplaceable loss for the world’s
geological science. N.P.Yushkin was distin-
guished for his exceptional industriousness, cu-
riosity and insistency. For 6 years after graduat-
ing from the mining and chemical college, he
worked in sulphur deposits of the Middle Asia,
where he collected rich material for his PhD
thesis. With depth of the implemented studies
and drown new scientific conclusions taken into
account, the thesis was given a status of ScD
dissertation. It has to be stressed that this suc-
cess is a true achievement for talented geologist
who had just completed correspondence courses
of the Tashkent Polytechnic Institute in 1965
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(Plyakin, 2013, pages 32-43).

Since 1961, N.P.Yushkin occupied various
positions in the Institute of Geology, starting
from research technician and ending with the
institute’s director. Although he has had many
trials due to the hard times for practical geology,
Yushkin had managed to preserve Institute’s
personnel and supply its’ laboratory with most
recent technical basis.

Being a global-scale mineralogist, Nikolay
had actively supported the practical activities of
Timanian geologists, especially efforts under-
taken in the areas of diamond, bauxite and gold
exploration. He had founded the Republic’s
council of young scientists, established several
new laboratories within the Institute’s frame-
work, organized various scientific conferences
and sessions, and developed close cooperation
with many international research organizations
and foreign scientists.

Due to his outstanding knowledge and ex-
perience, N.P.Yushkin was many times elected
a member of the Russian National Committee of
Geologists, vice-president of the Russian Min-
eralogical Society, member of Bureau of the
RAS Department of Earth Sciences, member of
Presidium of the Uralian Department of RAS,
and member of the Scientific Center of Komi.

For a number of years he used to be a
member of Council and vice-president of the
International Mineralogical Association, as well
as honorary and full member of many interna-
tional scientific societies and academies.

N.P.Yushkin had developed a brilliant min-
eralogical school through preparing 1 academi-
cian, 9 doctors in geology and mineralogy, more
than 35 PhDs. Appreciation of his scientific
merits wasn’t limited to various state, republic’s
and academician awards. His name was also
given to a newly discovered Uralian mineral —
yushkinite.

For many years, I was lucky to be a friend
and colleague of N.P.Yushkin. I treasure a
memory of this brilliant scientist in my heart.
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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., Palaecoecol., v. 167, pp. 23-37.
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Papers published in volumes (including periodical):

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

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

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 are
eligible for free color printing.

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

Submitted articles should be original, had not been published anywhere before and has not been for-
warded to other publishing houses.
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MUSLLIFLBR UCUN QAYDALAR

“Neftli-qazl1 hovzalarin stratiqrafiyasi vo sedimentologiyas1” elmi beynslxalq jurnali diinyanin miixtolif
yerlorinds neftli-qazli hovzslarin stratigrafiyast ve sementologiyasinin miixtalif aspektlorini isiglandiran
maqalslori nogr edir. Jurnal ilds iki dofo nogr olunur ve burada mogqalslor, icmallar, miizakiralor vo qisa
molumatlar ¢ap edilir. Moqalslor azerbaycan, rus ve ingilis dillorinde toqdim oluna biler. Jurnalin
maraqlarma asagidakilar aiddir: ¢okiintiitoplanmasinin, xiisusen, ana siixurlarm va kollektorlarin miiasir vo
godim soraitleri, ¢cokma prosesinin modellogsmasi, torpagomslogolma vo diogenez, paleoiglim, denizlerin
soviyyesinin doyismosi vo siixurlarin ¢okmosi, miiasir vo qazinti fauna vo flora komplekslori vo fasial
analizds onlarm istifadosi, stabil izotoplari geokimyas1 va biogeokimyasi, siixurlarin ¢cokms soraitindon asili
olaraq kollektorlarin xarakterlorinin doyismasi, neftli-qazli ¢okiintii qatlarna totbiq olunan bio-, lito-, xemo-,
eko-, xromo-, seysmo-, sekvensstratiqrafiya vo bu kimi basqa stratiqrafiya tisullarmin inteqrasiyast.

Mbagqalslorin taqdim olunma formasi

Miiallifler 6z moqalalorinin matnlorini asagidaki elektron {invana gondsrmelidirlor: info@isjss.com

Kompiiter faylinin adinda birinci miisllifin inisiallar1 olmalidir. Rasmlor ayrica fayllarda gondsrilmslidir,
lakin rosmlorin yeri maqalonin motninds rosmin némrasini gostormokls geyd edilmolidir. Rasm olan fayllarin
adlarinda birinci misllifin inisiallar1 vo rosmin ndmrasi olmalidir.

Magqalonin matni Word formatinda (Word 6.0 — 8.0) toqdim edilmslidir. Maqals A4 formatina uygun 20
sohifo hocmindan artiq olmamalidir. Tévsiys olunan srift Times New Roman, sriftin 6l¢iisii 12, satirlorarasi
interval — 1,5, hor torofdon konar 2 sm., hor abzas siitunun sol torofindon 0,8 sm maosafo ilo baslayir.
Maogalonin motni bu tsloblors uygun format edilmolidir, biitiin satirlor soldan va sagdan motnin kenarindan
cixmamaq sortilo diizoldilmelidir. Maqaloys motndon basqa miivafiq qrafik material (bir rosmden az
olmayaraq), istifado edilmis odebiyyatin siyahisi, cadvollor, vo ehtiyac olarsa genis reziime do daxil
olmalidir. Jurnalin redaksiya heyati rosmlari olmayan maqalslori qabul etmir.

Redaksiya heysti homg¢inin moqalslorin ¢ap variantin1 asagidaki {invana gondermoyinizi xahis edir:
“Neftli-qazli hovzslorin stratiqrafiyasi vo sedimentologiyas1” jurnalinin redaksiyasi, Hiiseyn Cavid prospekti
29A, Azorbaycan Elmlor Akademiyasmin Geologiya Institutu, Baki, AZ 1143. Kompiiter fayli (mogalonin
matni) maqalonin ¢ap olunmus variantina uygun olmalidir.

Maqalonin elektron variantinda sahifalor ndmralonmomslidir. Cap olunmus variantda hor sohifonin yuxari
sag kiinclinds sahifalorin némralori yazilmalidir.

Mogqalonin ¢ap variantinin sonuncu sohifosi miislliflorin hor biri torofindon imzalanmali vo onun
redaksiyaya toqdim olunma tarixi gostorilmolidir.

Mogalanin motnins agagidakilar daxil edilmolidir:

Universal Onluq Tasnifati (UOT) — sol kiincds, Times New Roman — 12 pt srifti ilo, iki interval
otiirmaklo maqalonin ad1 yazilmalidir.

Mbaqalonin adi — Times New Roman — 14 pt srifti ilo, qalin bas horflorle, matnin eni boyunca va
sohifonin ortasina nisbaton simmetrik olaraq yazilir, daha sonra iss iki interval 6tiirmaklo miisllifin soyadi vo
inisial1 yazilmalidir. Xahis edirik olaqe saxlanilacaq miisllifi gostarin.

Miisllifin inisiall vo soyadi — Times New Roman — 12 pt srifti ils, galin horflorlo, sohifonin ortasina
nisbston simmetrik olaraq yazilir, daha sonra iso iki interval &tlirmokls toskilatin adi vo onun elektron
tinvani yazilmalidir.

Miisllifin calisdigr toskilatin adi va elektron iinvam - Times New Roman — 12 pt srifti ils, qalin
harflarls, sshifonin ortasina nisbaton simmetrik olaraq yazilir. Xahis edirik maqalonin yazildig: tegkilatin tam
tinvanim, vo miialliflorin cari tinvanini (sger doyisibsa) gdstorin. Maqgalonin bir nego miisllifi olduqda vo

78


mailto:info@isjss.com

Stratigraphy and sedimentology of oil-gas basins

MUSLLIFLOR UCUN QAYDALAR

onlar miixtolif togkilatlarda caligdiqda, onlarin adlarinin qarsisinda artan sira ilo roqemlor yazilmalidir.
Homin roqomlor ¢alisdiglar: toskilatlara miivafiq olaraq miislliflorin soyadlarindan sonra satiriistii indeksdo
verilmolidir, mosolon I.S.Quliyev', A.A.Feyzullayev® vo s. Daha sonra iki intervalla mogalonin annotasiyasi
verilmolidir.

Annotasiya — qisa xiilaso (1 sohifoyadok), daha sonra baglica sézlor (8 s6zo godor). Times New Roman —
12 pt. srifti. Baslica sozlor qalin sriftlo yazilmalidir. Daha sonra 2 intervalla moaqalonin asas motni
yazilmalidir.

Mbaqalonin matni — beynslxalq jurnal sxemins uygun olaraq qurulmali olan asas moatn. Burada “Giris”,
“Material”, “Metodika”, “Naticolor vo miizakirslor”, “Son notico”, “Odebiyyatin siyahis1” kimi
yarimsarlovholorden istifads edilmosi tovsiys olunur. Yarimsorlovhoalor qalin Times New Roman — 12 srifti
ilo sohifonin ortasina nisbaton simmetrik olaraq yazilmali, vo hor yarimfasil avvalkindon bir intervalla
ayrilmalhdir.

Cadvallar maqgalonin matni ¢argivasinds yerlosdirilir vo Word formatinda taqdim edilir. Cadvallar yuxart
sag kiinciindon ardicil olaraq nomralonmslidir. Hor bir codvslin adi olmalidir vo bu ad némrodon sonra
yazilmalidir. Cadvallarin ad vo némralari galin Times New Roman — 12 srifti ilo yazilmalidir. Cadvellordoki
stitunlarin yarimsorlovholori qisa olmali, Ol¢li vahidlerinin adlar1 doyirmi métorizolorde verilmaslidir.
Cadvallor motnin konarlarmdan qraga ¢ixmamalidir. Cadvelin bir sohifodon diger sshifoys kegmosi
yolverilmozdir. Matns aid cadvallorin maksimum say1 5 ola bilar.

Ixtisarlar, imumi gobul edilmis bir neco ixtisarlar (vo s., mos.,) istisna olmagla, istinadlarda agilmalidir.

Qazinti hahnda tapilan qahqlar “Beynolxalq zooloji nomenklatura macollesing” osason tasvir
olunmalidirlar. Matnds flora vo faunamin névlerinin latin adlar1 taksonun miisllifinin soyadi ilo miisayist
olunmalidir. Latin s6zlori kursivls verilmalidir.

Formullan yazarkon Beynolxalq Si sistemindo gebul olunmus fiziki vahidlordon vo isaralordon istifado
etmok lazimdir. Formullar araliq hesablamalarsiz, orada istifads olunan simvollarin miitloq agilmas1 sorti ilo
formuldan deorhal sonra verilmolidir. Matnds, adi ¢okilorsa, formullarin ndémralori boylik moétarizolords,
matnin sag haddins yaxin, formul ilo eyni xatds yazilir. Formullarin yazilmasi {i¢lin Microsoft Equation 3
redaktorundan istifads tovsiye olunur. Sonra iss iki interval 6tiirmoklo adobiyyatin siyahisi verilmslidir.

Odobiyyat — matnds adsbiyyata istinad xronoloji qaydada, doyirmi métarizalords verilir (miisllif/lsr, il).
Ugdon artiq miiallifin isina istinad edildikdo isa, birinci miiallifin soyadi gostorilir (mos. Quliyev vo digarlori,
2005). Maqalads har hanst miisllifsiz yaziya istinad etmadikds, onda hamin yazinin adinin ilk iki sozii yazilir
(mas. Stratiqrafiya mocallosi..., 2005). Odobiyyatin siyahis1 mogalonin sonunda slifba sirasi ilo verilir.
Burada biitiin miislliflorin soyadlar1 vo inisiallari, nosr olunan il, maqals va ya kitabm adi, jurnalda ¢ap
olunubsa jurnalin adi vo nomrasi vo mogalonin ilk vo sonuncu sohifalori gostorilmolidir. Kitaba istinad
edildikds iso kitabdaki sshifslorinin say1 da gostarilmalidir.

Siyahida eyni miisllifin eyni ilds nosr olunmus yazilarina istinad etdikds, onda onlart ilini qeyd etdikdon
sonra indekslogdirmok lazimdir: a, b, ¢ va s. Tezislors verilon istinadlar da eyni qaydada yerino yetirilmalidir.
Miiallifin(larin) soyad va inisiallar1 kursivle yazilir.

Asagida miixtalif bibliografik istinadlarm niimunslori verilir:

Kitablar:

babaes, /].X., I'aoicues, A.H., 2006. ' myOuHHOE CTpOeHNE U MEPCHEKTUBBI HepTera3oHOoCHOCTH Oacceii-
Ha Kacnmiickoro mops, b., «Nafta-Press», 305 c.

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

Dovri nasrlarda/jurnallardaki maqalalor:

babaes, 111.4., 2005.BnusHue ycloBHi OKpY>KalolIed cpeasl Ha MOP(HOIOTHIO PAKOBUH HYMMYIUTOB //
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MzBectust AH. Cepust Hayk o 3emiie, Ne 2, c. 62—66.

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

Moacmuslordaki (o ciimladon dovri macmualordaki) maqalslor:

Kysueyosa, 3.B., 1959. HwmwxHemuoIeHOBbIE OTJIOXKeHHUs AsepOalijpkaHa, WX pacwIcHCHUE U
COMOCTAaBJICHHE C CHHXPOHWYHBIMH OTJIOXKeHHAMU [pysum // Bompockl reomoruui u reoxumuu. — b.:
Azepnemp, 207-216.

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

Reziime. Oziindo mogalo haqqinda osas molumati, arasdirmanin mogsad vo vozifalori, istifads olunan
metodikani, oldo edilon noticalori 6ziinde oks etdiron genis reziime ingilis dilindo toqdim edilmalidir.
Reziimenin moagsadi ingilisdilli auditoriyanin rus va ya azorbaycan dillarinds ¢ap olunmus maqalslarle tanig
olmasadir.

Illiistrasiyalar. Hor bir rosm (xorito, diagram, sxem vo s.) ayrica fayl soklino toqdim olunur. Yuxarida
geyd edildiyi kimi faylin adinda rosmin ndmrasi vo miisllifin inisiallar1 olmalidir.

Rosmlor TIFF, 300 dpi , PDF vo ya CDR formatinda gobul edilir. Illiistrasiyalar motnds onlara edilon
istinada uygun nomralonmsalidir. Har bir rosm 160 mm x 230 mm dlgiisiindon bdyiik olmamalidir. Xaritolordo
miqyas gostorilmalidir.

Mogqalonin ¢ap olunmus variantinda rosmlorin arxasinda karandasla onlarin nomralari, moaqalonin birinci
miisllifinin soyad1 ve maqalonin adi gdstarilir.

Hor rosmin bashigi olmalidir. Rasmlors aid olan izahatlarin siyahisi ayrica veraqds, elektron va ya ¢ap
olunmus variantda toqdim olunmalidir. Matns aid olan rosmlorin say1 10-dan artiq olmamalidir.

Jurnalin redaksiya heyati rongli sokillorin 6donissiz ¢apimi tomin edir.

Redaksiya maqaloni resenziya li¢lin toqdim etms hiiququnu 6zunds saxlayir. Maqalonin ¢ap olunmus
variant1 yoxlama vo cap vo redakts zamani yol verilon sohvlorin diizeldilmesi tiglin geri miisllifo
gondorilir. Miiallif mogalonin ¢ap olunmus variantinda ¢apa hazir edilmis motn vo digor materiallara
diizalis etmomalidir.

Gecikmolorin qarsisimt almaq mogsadile, miislliflors son variantin redaksiyaya geri qaytarilmasinin
elektron pogt ilo hayata kegirmolori vo ¢apa hazir variantin alindig1 giindon iki hofto miiddstinds diizalislor
barado molumat vermolori tovsiys olunur.

Mogqaloys miiollifin arayis1 va ekspertiza akti slave olunmalidir.

Mogqalsnin jurnala verilmasi onun osli oldugu, he¢ vaxt ¢ap edilmadiyi vo digor nasrlora gondorilmadiyi
anlamindadir. Maqalo mislliflerin hor biri tarafinden imzalanmali vo onun redaksiyaya taqdim olunma tarixi
gostorilmoalidir.
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NPABUIJIA A4]151 ABTOPOB

MexayHapoAHbIM Hay4HbIA XypHan «Cmpamucpagus u cedumenmono2us Heghme2azoHOCHbIX bacceli-
HO6» TIyONHKYeT CTaThH, OCBEILAIOIINE PA3INYHbIE acleKThl CTpaTUrpaduu U ceAMMEHTONOrnH Hedreraso-
HOCHBIX 0acceiHOB B pa3NWYHBIX yacTAX mupa. Cdepoil HHTEpECOB KypHaja SBISIIOTCS COBpEMEHHBIC U
JpEeBHHE YCIOBUS OCaIKOHAKOIJICHHUS, B 0COOCHHOCTH, He(pTEeMaTepUHCKUX MTOPOJ ¥ KOJUIEKTOPOB, MOJEH-
pOBaHHUE Mpolecca CeTUMEHTANH, MOYBOOOpa3oBaHUE M AWATCHE3UC, MalICOKIUMAT, U3MEHEHUS YPOBHS
MOpS U CEeOUMEHTAIIHsI, COBPEMEHHBIE 1 MCKOMAeMble KOMILIEKCH (hayHbl U (PIIOPBI U MX UCIIONB30BAHUE B
(danuanbHOM aHalM3€, TEOXMMHUS CTaOMIIBHBIX HM30TONOB M OMOT€OXMMHS, H3MEHEHHS KOJUIEKTOPCKHX
CBOWCTB B 3aBHCUMOCTH OT YCIIOBHM OTJIOKEHHUS OCAIKOB, MHTETPALUsl PA3IMYHBIX CTPAaTHTPauIecKuX Me-
TOJOB, TaKHX, KaKk OH0-, TUTO-, XEMO-, 9KO-, XPOHO-, CEHCMO-, CEKBEHCCTpaTUrpadus MpUMEHUTENHHO K 0ca-
JOYHBIM TOJIIAM He(TEra30HOCHBIX 00IacTel.

Kypnan BbIXOOMT [1Ba pa3a B roJ U MyOIUKyeT cTaTbH, 0030pHYI0O HHPOPMAIUIO, AUCKYCCHU U KpaTKHe
coobmeHus. CTaTbi MOI'YT OBITH IPEACTABIIECHBI Ha a3epOailKaHCKOM, aHTJIMHCKOM M PYCCKOM SI3BIKaX.

®opma npeacTaBaeHus CTATHU

ABTOpBI IOJDKHBI BBICBUIATH TEKCTHI CBOMX CTaTel Ha CIEMYIONINA JIEKTPOHHBIN ajapec: info@isjss.com

HazBanme xoMmbioTepHOro (paiiga JOMKHO COAEpKaTh WHHULIMAJBI MEPBOrO aBTOpA. PHCYHKH JOMKHBI
OBITH BBICIIaHBI B OTACNBHBIX (paiiiax, OMHAKO, MECTONOIOKEHHE PUCYHKOB JJOJKHO OBITH TIOKa3aHO B TEKCTE
CTaThU MyTEM YKa3aHWs HOMepa pucyHka. Has3Banus (aiiyioB, comepKallux PUCYHKH, IODKHBI BKIIOYATh
WHULHAIEI IEPBOTO aBTOPA U HOMEP PHCYHKA.

TekcT cTarbu momkeH ObITh npeacraBieH B Word popmate (Word 6,0 — 8,0). Pazmep craThu He HomkeH
npebimath 20 crpanul Gopmara A4, OTCTYI CO BCEX CTOPOH — 2 ¢M, pekoMeHayeMbId mpudt — Times New
Roman, pa3zmep mpudTa — 12, MEKCTpOUHBIN HHTEpBAT — 1,5, Kax bl ab3a1 HaunHaeTcs ¢ orcTynoM 0,8 cm
OT JIEBOTO Kpasi KOJIOHKU. TEeKCT CTaThH AOJKEH OBITh 0T(HOpMATHPOBAH B COOTBETCTBHM C 3TUMH TpeOoBa-
HUSIMH, BCE CTPOKH JOJDKHBI OBITh BBIPOBHEHBI ClieBa HAIpPaBO, HE BBIXOM 3a moiis TekcTa. CTaThs JOKHA
BKJTIIOYATh TAKXKE COOTBETCTBYIOMIMHI rpaduyeckuii MaTeprai (He MeHee OAHOTO PUCYHKA), CIIUCOK MCIIOJb-
3yeMoii TUTepaTypsl, TAOIHLBI, €T HEOOXOANMO, U pacIIMpeHHoe pe3toMe. Penakius xypHaia He TPHHU-
MaeT He cojieprKallie pUCYHKH CTAThH.

Penakuus >XypHana Taxke MPOCUT BBICBUIATH paclieyaTaHHBIE BapHAHTHI cTaTted mo axpecy: Pemakius
)KypHana «CemuMeHTonOrus W crpaturpadusi HedTera3oHOCHBIX OacceliHoB», MHcTuTyT Teomorun HAH
AszepOaiimxana, nip. I'. xasuna 29A, baky, AZ 1143, Azepbaiimkan. KomnbrorepHsiid ¢aiin (TEKCT cTaTbh)
JIOJKEH COOTBETCTBOBATH pacliedaTaHHOMY BapHAHTY CTAThH.

CTpaHuIlbl HE JOKHBI OBITH POHYMEPOBAHBI B JIEKTPOHHOM BapHaHTe CTaThU. B pacmedaTtaHHOM Ba-
PHAaHTE CTaTbU HOMEpa CTPAaHUII TPOCTABIIAIOTCS B BEPXHEM IIPaBOM YTIIy.

CraThs 10omKHA OBITH MOANMCAaHA BCEMHU aBTOPaMH Ha MOCTIeTHEH CTpaHUIlEe paclieuaTaHHOTO BapHUaHTa C
yKa3zaHUeM JaThl IPEACTABICHUS CTaThH B PEAAKIIHIO.

TekcT cTaThH OIDKEH BKIIIOYATH!

YK — B neBom yray, mpudt Times New Roman — 12 pt, uepe3 1Ba nHTEpBasia reyataTh Ha3BaHUE CTATHH

Haspanmne crarbu — mpudt Times New Roman — 14 pt, Oykssl 3arnaBHble, yronmeHHsie (bold), pacno-
JIO)KEHHBIE CUMMETPUYHO OTHOCHUTENIFHO CEPeIMHBI CTPAHUIBI TI0 BCEH IIMPUHE TEKCTOBOTO MOJs, JIaiee
Yyepe3 JBa MHTEpBaja IevyaTtaTh MHUIHAIbl U haMiiini aBTopoB. [loxkanyiicta, ykaXxuTe aBTopa, ¢ KOTOPbIM
HEOOXOUMO MOAACPKUBATH CBA3b.

Nunouanesl n pamuaun aBropos — mpudt Times New Roman — 12 pt, Oykssl ctpounsie (bold), pac-
MOJOKUTH CHMMETPUYHO OTHOCHTENBHO CEpEeIMHBI CTPAHHLIBI, Jajiee Yepe3 1Ba NHTEpBaia neyaTaTh Ha3Ba-
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HUE OpraHu3alMy U ee e-mail.

Ha3zBanue opranusauuu, B KOTOpoi padotanT aBTOpsI M ee e-mail: mpudt Times New Roman — 12 pt,
OykBbl cTpounble (bold), pacmonoXuTh CHMMETPUYHO OTHOCHTENBHO cepeinHBbl cTpaHulbl. llokamyiicra,
JaiiTe TOJHBIA aJpec OpraHu3aluy, rae padora ObUIa BBHITIONHEHA, a TAKoKe aJpec aBTOPOB B HACTOSILHIA
MOMEHT, €CJIH OH M3MeHHJICS. Ecii aBTOPOB HECKOIBKO M OHM MMEIOT Pa3iIMdHOe MECTO paboThl, TO Mepea
HA3BaHUSIMHU 3TUX OpraHU3alMN CIIeNyeT IPOCTaBUTh LU(PHI B MOPsIKe Bo3pacTaHus. Ty xe Hudpy yKasaTh
W B HAJCTPOYHOM HWHAEKCE mocie (paMuiany aBTOPOB, pabOTAIOIIEro B STOM OpraHU3alyu, HAIpUMED,
U.CI'ymues ', A.A. deiizynnaes u T.1. Jlanee uepes ABa MHTEpBAIIA IEUATATH AHHOTALIIO.

AHHOTAIUS - KpaTKas aHHOTauus (1o | ctpaHusl), nanee kiatodeBbie cioa (1o 8 cnos). Hpudt Times
New Roman — 12 pt., kiroueBbIe cI0Ba MedaTaTh XHUPHBIM mpudToM. [anee yepe3 ABa MHTepBasa eyaTaTh
OCHOBHOM TEKCT CTaThH.

TekcT cTaTbM — OCHOBHOW TEKCT, KOTOPBII PEKOMEHAYETCSI CTPOUTH 10 OOIIECHPUHATON B MEXITYHAPOX -
HBIX XYpHaJlaXx CXeMe, HCIIONb3ys CIEeQyole MoA3aroioBku: «Baeaenue», «Marepuam», «Meroankay,
«Pe3ynbTaThl U 00cyx)AeHNE», «3aKToueHue (BIBOABI)», «CIHCOK JuTepaTypbl». [loa3aronoBku nmeyataTh
kupHbIM mpugpToM Times New Roman — 12 pt u pacnonoXuTh CHMMETPUYHO OTHOCHUTENBHO CEPEOUHEI
CTPaHHUIBI, KaXAbII MOApa3aen OTAEIATh OT NPEABIAYILIET0 OHUM HHTEPBAJIOM.

Tabaunpl pasMelaTcs B Mpeaenax TeKcTa CTaThi U AOJDKHBI ObITh MpencTaBieHbl B popmate Word.
OHH TOIKHBI OBITH TPOHYMEPOBAHBI [TOCIEI0BAaTEIBHO B BEPXHEM MPABOM YTy Haja caMoi Tabmuiei. Kax-
Jas Tabnuna JoJKHA UMETh Ha3BaHUeE, KOTOpOoe CleAyeT 3a HomepoM Ta0nuusl. [ledaratorces Homepa Tabmmig
n ux Ha3BaHuA mwpupTom Times New Roman — 12 pt xupHbeiME OykBamu. [loa3aronoBku B KoIOHKax Tad-
JIUIIBI JOJKHBI OBITh KPATKUMH, HAMMEHOBaHHSI AMHULL U3MEPEHHS JOJDKHBI 1aBaThCsl B KPYIJIBIX CKOOKAX.

Tabnuipl He TOMKHBI BBIXOAUTH 32 MPEebl TEKCTOBOTO MO, IEPEHOC TAOIUIBl C OAHOM CTPaHUIBI HA
JpYTylo He JonmyckaeTca. MakcuManbHOE TOMYyCTUMOE KOJTHYECTBO TaOIUIl B CTAaTheE S.

CoxpameHusi 3a UCKIIFOYCHUEM HEMHOTMX OOLICMPUHATHIX (T.€., Ap., T.J.) JTOJDKHBI OBITH pacundpoBa-
HBI B CCBLITKaX.

HckonaemMble 0CTATKH CIENyET OMUCBIBATH COrJacHO «MEXIyHaApOJHOMY KOAEKCY 300JIOTHYECKON HO-
MEHKIaTypbl». [IpuBomuMBIE B TEKCTE JTATWHCKHE Ha3BaHUS BUIOB (IOPHI U (ayHBI JOJKHBI COMPOBOXK-
Jatbest paMuiMeit aBTopa TakcoHa. JIaThIHB clienyeT HaOHpaTh KypCHBOM.

[Tpn Hamucanuu ¢opMyJi CleqyeT HCIONb30BaTh (PU3HYECKHE €OUHULBI U 0003HAYCHUS, IPUHATHIC B
Mexnynapomauol cucreme CH. ®opmyinbel maroTcst 0€3 MPOMEKYTOYHBIX BEIKIAJIOK ¢ 00s3aTelnbHON pac-
M (POBKON HCIONB3YEMbIX B HUX CHMBOJIOB, KOTOpBIE JaroTcsl cpasy mocie gpopmynsl. Homepa dopmya,
€CITM OHHM YIIOMHHAIOTCSI B TEKCTE, MPOCTABISIOTCA B KPYIJIBIX CKOOKax OKOJO MpaBOW I'paHMIBI TEKCTa Ha
onHoH nuHMK ¢ Gopmynoi. s Habopa GopMyn peKOMEHIyeTcsl UCTIONB30BaTh peaakrop Microsoft Equa-
tion 3, manee yepe3 ABa MHTEpBaja MeYaTaTh CIIUCOK JUTEPATYPHI.

Jlutepatypa. B Tekcre craThbu CChUIKAa Ha JUTEPATypy AaeTcs B KPYIJbIX cKOOKax (ABTOp/bI, TOA) B
XpOHOJIOTHYEcKOM mopsiake. Ecnu ceplika maercst Ha paOoTy rae 6onee Tpex aBTOpOB, TO yKasbiBaeTcs ¢a-
MUIIKS IEpBOro aBTopa (Hanpumep, ['ynues u ap., 2005). Ecnu ccpinaemas pabora mpuBoauTcst 6€3 aBTOPOB,
TO MHULIYTCS JiBa MEPBBIX CIOBa ee Ha3BaHWs (Hampumep, Ctpaturpaduueckuil Kouxekc...., 1998). Crmcok
JUTEPaTyphl IPUBOAUTCS B aN(aBUTHOM MOPSAKE B KOHIIE CTATbU U AOJDKEH BKIIOUATh (PaMUIIMU M HHUIIHA-
JIBI BCEX aBTOPOB, TOIl M3AaHUs, HA3BaHHE CTAThU/KHHUTH, B Cllydae MyOJUKAIMK B XKYypHAJIE — ero Ha3BaHUE U
HOMEp BBINTyCKa, HOMEpa MEPBOM U MOCIeAHEH cTpaHuL cTaThi. Eciau ccbuika clenaHa Ha KHUTY, TO HEoO-
XOJMMO yKa3aTh KOJTUYECTBO CTPAHUL] B KHUTE.

Ecnu criucok comepkuT cChUIKK Ha pabOThI OHOTO M TOTO K€ aBTOPA, OMYOJIMKOBAHHBIC B OIUH U TOT K€
rof, TO HeOOXOAUMO MPHUIATh UM UHAEKCH a, 0, B ¥ T.A. MOCie yKazaHus roja uzganus. CChUIKA Ha TE3HCHI
JOKJIaJI0B JAIOTCS aHAJOTUYHBIM 00pa3oM. DaMUIINK 1 HHULIHAIIBI aBTOPOB MPUBOMASTCS KypCHBOM.
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B cnmcke nurepatyphl BHavaiIe MPUBOAATCS MyOJUKALUK, U3IAHHBIC HA KUPUILIMIIE, a 3aTEM JIATHH-
CKHUM LIpupTOM.

Hioke npuBOAATCS IPUMEpPBI Pa3IMYHBIX OHMOIHOrpadUueckuX CChLIOK.

Knnrn:

babaes, /I.X., I'aoaxcues, A.H., 2006. I'yOnHHOE CTpOEHUE U MEPCIEKTUBLI HE()TETa30HOCHOCTH Oacceii-
Ha Kacnuiickoro mops, b. — «Nafta-Press», 305 c.

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

CTaTbH B NEePHOANYECKHUX KYPHATIAX:

babaes, 111.A., 2005. BnusiHue ycinoBUil OKpyXaromei cpeasl Ha MOp(OIOTuI0 pAaKOBUH HYMMYJIUTOB //
NzBectuss HAHA. Cepus nayk o 3emie, 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., Palaeoclimatol., Palaecoecol., v.1 67, pp. 23-37.

Crarbu B cOOpHUKAX (B TOM YHCJIe NEPOANYECKUX):

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

Pe3iome. Pacmmpennoe pe3roMe Ha aHTJIMICKOM SI3bIKE, COJIepiKallee OCHOBHYIO HH(OPMAIINIO O CTaThe,
B TOM YHCJIC IIeIb M 33Ja4H MCCIISIOBAaHMs, HCIOIB30BaHHAs METOMKA, TOydeHHbIC PE3yIbTaThl U BBIBO-
IIbl, TOJDKHO OBITH Taroke MmpeacTaBieHo. Llens pe3tome — 03HaAKOMIICHHE aHTIIOA3BIYHON ayIUTOPUH CO CTa-
TBSIMH, OITyOJIMKOBAaHHBIMU Ha PYCCKOM U a3ep0aiiKaHCKOM SI3bIKaX.

MNinmocrpanun. Kax sl pucyHoK (kapra, quarpamMMa, cXeMa u T.J.) TPeICTaBISIeTCs B BUIE OTACIBHO-
ro (aiina. Kak Bilie y:xe ObIIO yKa3zaHo, Ha3BaHUE (aiiia JOKHO COACPKATh HHUIMAIIBI IEPBOTO aBTOpA H
HOMEp PHUCYHKA.

Pucynku npunumarorcst B popmatax TIFF (300 dpi), PDF or CDR files Uimroctpaniuy 00s13aTenbHO Hy-
MEpYIOTCsl B TIOPSZIKE MX yKa3aHus B TekcTe. Kaxkaplil puCyHOK He JOJDKEH MpeBbIIaTh pazmepa 160 MM x
230 mm. Ha xapTax obs3aTennsHO yKa3bIBaTh MaciuTao.

B pacnieyaraHHOM BapHaHTe CTaThbU HOMEpa PHCYHKOB YKa3bIBAaIOTCS Ha WX 000POTE MPOCTHIM KapaH/a-
IIOM C yKa3aHHEM (paMUIIK TIEpBOrO aBTOPA U Ha3BaHUS CTaThH.

Kaxplii puCYHOK MODKEH MMeTh 3ariaBue. CIHMCOK MOAPUCYHOYHBIX TOAMHUCEH JTOIKEH OBITH Tpen-
CTaBJICH B DJICKTPOHHOM M PacIie4aTaHHOM BHJIC Ha OTACIBHOM JMCTe. KOMMUecTBO pUCYHKOB B CTAaThe HE
JIOJDKHO npeBsimath 10.

Penaxuus sxypHana obecrieurBaeT 0ecnjiaTHOE Ie4aTaHue [IBETHBIX PHCYHKOB.

Penakuus octaBnsier 3a cob0il mpaBo MepeAaTh CTaThIO Ha peleH3uI0. BepcTka cTathu Hampasiisiercs: aB-
TOpPY JUISl IPOBEPKH U HCIPABIICHUS OIIMOOK, TOMYIICHHBIX TPH HA0Ope U peIaKTUPOBAHUH.

s vcKiroueHusl 3aJepiKeK C BO3BpPALICHHEM BEPCTKH B PENAKLUIO aBTOpaM PEKOMEHAYETCs IOJb30-
BaThCsl 3JIEKTPOHHOM MOYTON U cO00IaTh 00 NCTIPaBICHHUIX B TEUEHHE IBYX HENElNb MOCie MOMyYeHUs Bep-
CTKH.

K craTtbe TOIKHBI PUJIaraThesl aBTOPCKAs CIIPaBKa U aKT YKCIEPTU3BL.

[Tomaya craThy B )KypHaJ O3Ha4YaeT, YTO OHA OPUTHHAJIbHA, HUTJC HEe MyOJIMKOBaIach U HE OblIa HaIpaB-
JieHa B PYTHE U3IaTeIbCTBA.
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