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GARABAGH. STRATIGRAPHIC ESSAY
Chapter I1: Cenozoic

This article summarizes the materials on geological mapping and scientific results ob-
tained during long-term studies of the Paleogene-Neogene sedimentary complex occurring in
the geological structure of the Mountainous and Lowland Garabagh. Identified and paleonto-
logical justified local stratigraphic units (suites) have been incorporated into local strati-
graphic chart, which can be used for the stratigraphic correlations of the Cenozoic sections
over the Southern Caucasus. This is the first essay on the Garabagh stratigraphy in English.

Keywords: Cenozoic, Paleogene, Neogene, stratigraphy, paleontology, stratigraphic

scale, lithology, local stratigraphic units

Geological background

Cenozoic Series take a subordinate position
in the geologic structure of the Mountainous
Garabagh. Although they are sporadically oc-
curring in the sedimentary section of Lok-
Garabagh, Goycha-Hakari, Kalbajar and Gafan
structural zones, they are dominant only in the
surface and deep structures of Garabagh and
Pre-Araz lowlands (Figures 1, 2).

According to the data on hand (Azerbaijanin
geologiyasi, 2015; Geologiya Azerbaijana, 1997,
2007; Geologiya SSR, 1972; Shikhalibeyli, 1964),
Cenozoic complexes of Garabagh include sedi-
ments of Paleogene, Neogene and Quaternary sys-
tems. In the Lesser Caucasus, the total thickness of
terrigenous-carbonate  Paleogene succession is
1700 m. In a central segment of the Lesser Cauca-
sus terrigenous-carbonate, volcanogenic-
sedimentary and volcanogenic Paleogene succes-
sions are recorded in the geological section of
Shahdagh (the thikness varies from 1200m to 3800
m) and Kalbajar (1100-2650 m) troughs, while in
the southeastern subsided part only carbonate-
terrigenous rocks (1100-1400 m) are unconforma-
bly overlapping Upper Cretaceous Series. Within
the middle segment of the Kur lowland, Paleogene
sequence (700-2850 m) was penetrated by multiple
wells. It is mostly composed of terrigenous rocks.

The Miocene-Pliocene succession consti-
tutes the upper part of Kalbajar trough and
contains volcanogenic Series (850-900 m).
Geological section of the Kur depression consists
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of Miocene marine sediments (4000-4100 m)
overlapped by a Pliocene complex composed
of continental molasses in the northwest
(1700-2000 m) and marine terrigenous sedi-
ments in the east (7000-8500 m).

Quaternary system composed of all Series -
Eopleistocene, Pleistocene and Holocene, is oc-
curring across the low-mountain, piedmont and
lowland areas (continental molasse facies, river
terraces, colluvial, alluvial, lacustrine and aeoli-
an sediments ), as well as in the considerable
part of Garabagh volcanic plateau (volcanic fa-
cies) (Azerbaijanin geologiyasi, 2015; Alizadeh
et al., 1978; Akhverdiyev, 1970; Geologiya
Azerbaijana, 1997, 2007; Geologiya SSR,
1972). Thickness of these successions is esti-
mated as tens, sometimes hundreds of meters.
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Sedimentary and
volcanogenic complexes
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Figure 1. Geological map of the Azerbaijani part of the Lesser Caucasus — by T.N. Kangarli (National Atlas of
Azerbaijan, 2014)

Suites: 1 - Zayamchay, 2 - Gyzylja, 3 - Aghkend, 4 - Dashkasan, 5 - Kurakchay, 6 - Khachagaya, 7 - Kichik
Garamurad, 8 - Kapaz, 9 - Tapakend, 10 - Galakend, 11 - Gulustan, 12 - Gonaggormaz, 13 - Gungishlag, 14 - Gushchu-
lar, 15 - Aranzamin, 16 - Kaganly, 17 - Bughdadagh, 18 - Okhchuchay, 19 - Shelli, 20 - Burunlu, 21 - Gulably, 22 -
Bartaz, 23 - Garachay, 24 - Farjan, 25 - Alijanly, 26 - Sirik, 27 - Gartiz, 28 - Guyudara Khashtab, 29 - Sarili Khashtab,
30 - Khankendi, 31 - Lulasaz, 32 - Altintakhta, 33 - Ayibazary, 34 - Dashbashy, 35 - Chovdarsu, 36 - Damirchilar, 37 -
Aghdaban, 38 - Charakdar, 39 - Tilloid, 40 - Sheylanly, 41 - Dashkend, 42 - Chaykend, 43 - Nadirkhanly, 44 -
Hochazsu, 45 - Garabulag, 46 - Injachay, 47 - Bulanligsu, 48 - Qarabayli, 49 - Dolanlar, 50 - Todan, 51 - Shorsu, 52 -
Mahuchay, 53 - Yurtiyal, 54 - Lachin, 55 - Tulusdagh, 56 - Tulakdagh, 57 - Dahraz, 58 - Asgaran, 59 - Darvadagh, 60 -
Gonur, 61 - Gubadly, 62 - Gargarchay, 63 - Aghjakend, 64 - Gojadagh, 65 - Chichakli, 66 - Aghgaya.
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Figure 2. Tectonic scheme of the Azerbaijani part of the Lesser Caucasus — by T.N. Kangarli (National Atlas of
Azerbaijan, 2014)

Kur intermountain depression (Miocene-Pliocene superimposed depression): Middle Kur (Orta Kur)
megazone: zones: KGy — Pre-Lesser Caucasus (Kichikgafgazonu); YA — Yevlakh-Aghjabadi. Orogenic system of
the Lesser Caucasus: Artvin-Garabagh megazone: zones: LG — Lok-Garabagh; GH — Goycha-Hakari; Qf — Gafan;
Kb — Kalbajar (Eocene-Pliocene superimposed depression); AA — Lower Araz (Ashaghy Araz — Eopleistocene-
Holocene superimposed depression); subzones: GA — Gazakh-Aghburun; Shm — Shamkir; Ad — Aghdam; D — Dash-
kasan; XX — Khachynchay-Khojavand; Md — Murovdagh; G — Garabagh; Tg — Toraghaychay; Sb — Saribaba; Lch—
Lachin; Hch — Hochaz; GB — Gafan-Basitchay. Faults: on the boundaries of megazones: 1 — Girratagh; on the
boundaries of zones: 2 — Pre-Lesser Caucasus (Kichikgafgazonu); 3 — Arikdar-Bozdagh-Padar; 4 — Kur; 5 — South-
ern Kur (Janubi Kur); 6 — Murovdagh; 7 — Garabagh; 8 — Lachin-Bashlibel; 9 — Goychay-Imishli; on the boundaries
of subzones: 10 — Yasamal; 11 — Aghdara; 12 — Aryghdam; 13 —Arisu-Zivlan-Balligaya; 14 — Aghdam; 15 —
Sarsang; 16 — Meydanchay—Shusha; 17 — Deyhan; 18 — Hakari; 19 — Goshgarchay; 20 — Tartar-Injachay.

Similar studies had been implemented by
A.Z.Abdullayev, R.N.Abdullayev, G.V.Abikh,

V.V.Bogachov,  P.Bonnet,  O.D.Hamzayev,
H.M.Hasanov, T.Ab.Hasanov, A.A.Florenskiy,

A.G.Aliyev, A.A.Alizadeh, G.A.Alizadeh, G.1.Al-
lahverdiyev, V.M.Allahverdiyev, G.Artgaber,
I.LN.Aslanova, Sh.A.Azizbayov, Sh.A.Babayev,
M.A.Bagmanov, A.E.Baghyrov, A.A.Bayramov,

F.Frech, M.A.Gashgay, A.Y.Ismayilov, S.A Ka-
zimov, B.G.Kerimov, V.Ye.Khain, D.M.Khalilov,
A.V.Mammadov, M.N.Mammadov, T.A.Mam-
madov, B.F.Meffert, K.N.Paffenholtz, V.P.Ren-
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garten, A.N.Ryabinin, A.Sh.Shikhalibayli, I.N.Sit-
kovsky, M.M.Valiyev, V.A.Varentsov, etc.

In their studies the authors operated by both
multi-year scientific researches, and the data of
the State Geological Survey.

Description of lithological-stratigraphic
sections

Paleogene System

Paleogene succession is composed of dif-
ferent types of sedimentary, volcanogenic-
sedimentary and volcanogenic rocks of a large
thickness and recorded in the structure of large
tectonic units of the Mountainous Garabagh and
Middle Kur depression. Most complete sections
of Paleogene are reported in the Agjakend
trough (Azerbaijanin geologiyasi, 2015; Aliza-
deh, 1968; Bagmanov, 1980; Gasanov, 2004;
Geologiya Azerbaijana, 1997, 2007; Geologiya
SSR, 1972; Ismailov, 1973; Regionalnaya
stratigraficheskaya..., 1989; Shikhalibeyli, 1964).
Incomplete sections and outcrops are also des
cribed in Aghdara, Khojavand, Saribaba,
Kalbjar and Hochaz troughs (Abdullayev, 1965;
Alizadeh, 1968; Alizadeh, 1980; Alizadeh,
1959; Bagmanov, 1980; Gasanov, 1981; Gasa-

T.N. Kangarli, Sh.A. Babayev, H.A. Allahverdiyeva
GARABAGH. STRATIGRAPHIC ESSAY. Chapter II: Cenozoic

nov, Garalov, 1994; Gasanov, Kayabekov,
1975; Gasanov, Kazimov, 1989; Gasanov et al.,
1987; Geologiya Azerbaijana, 1997, 2007; Ge-
ologiya SSR, 1972)

Paleocene succession. Within the region
under study the Paleocene sequence transgres-
sively overlies the Cretaceous complex in some
submerged areas of the Lok-Garabagh, Goycha-
Hakari and Kalbajar structural zone (Figure 3).
Within the Yevlakh-Agjabadi trough of the
Middle Kur depression the Paleocene deposits
are exposed in Duzdagh mountain, Amirarkh
and Muradkhanly areas. The Paleocene complex
is composed of sedimentary and volcanic-
sedimentary facies.

Danian succession is exposed in Lok-
Garabagh, Goycha-Hakari and zones. In the
Aghjakend trough (Dozular, Shorbulag, Boru vil-
lages) the Danian deposits form the Birgoz suite
that unconformably overlies the Maastrichtian suc-
cession. The basal portion of the section is built by
the alternating limestones and marls, and its” upper
portion is mostly consisting of carbonate and sandy
shales (20-70 m). In some parts of Agdere and Ho-
javend troughs, conglomerates are recorded at the
suite’s base. Above lying sediments are composed
of 20-50 m thick detrital, pelitomorphic, crystalline,
sandy limestones and marls.

Figure 3. Outcrop of the Paleocene (the lower portion of the section) and Eocene (the upper portion of the sec-
tion) successions along the right bank of the Kurakchay river (Dozular village)
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The limestones contain fossils of Verneuilinae
kelleri Morozova, Stensioina caucasica Subb.,
Anomailina danica Brotz., Echinocorys sdhemi
Bohm., Coraster sphaericus Seunes, Globigerina
triloculinoides  Plumm., G. pseudobulloides
Plumm., G. fringa Subb., G. quadrata White,
Acarinina inconstans (Subb.), Hercoglossa danica
Schloth., Homoeaster abichi, Cyclaster danicus
Schlut., etc.

In Goycha-Hakari zone, Danian stage (in-
cluding the basal part of Selandian stage) is rep-
resented by the Jamilli suite, which is consist-
ing of terrigenous-carbonate and terrigenous
flysch exposed on the Saribaba trough’s north-
western segment in the Chichakli syncline’s
core. Age of these 40-250 m thick deposits is
defined by the presence of Guroidina globasa
Hagen., Pullenia coryelli White, Globorotalia
angulata White, Ammodiscus incertus d’Orb.,
Gaudryina retusa Cushm., Bulimina inflata Se-
quen., Bolivina subincrassata Chalil., Stensi-
oina caucasica Subb. and Eponides praemega-
stamus Mjatl.

Within the Yevlakh-Agjabadi trough Danian
stage is composed of limestones, marls and
shales (20-40 m) with Globigerina quadritrilocu-
linoides Chal., G.edita Subb., Acarinina sha-
chdagica Chal., Marcalius inversus Defl., etc.

Selandian succession is cropping out in
the Aghjakend (Dozular, Ajidara, Shorbulag,
Boru, Injachay, Gulustan, etc.) trough and
consists of carbonate shales, limestones, marls
with Globorotalia angulate (White), Bolivina
subincrassata Chal., Stensioina cucasica
(Subb.), etc. (thickness of the sediments rang-
es within 20-100 m).

In Hojavend, the outcrops are observed in
the Khanabad village’s vicinities, where they
form the Tazabina suite composed of marls,
argillites and limestones with sandy shale inter-
beds (25 m). Age of the deposits is defined by
the occurrence of the fauna of Glomospira
charoides, Eponides sparrksi, Globorotalia an-
gulata, G. pseudobulloides, G. conicotruncata,
Subbotina trilioculinoides, Chiloguembelina
crinita.

2018/ 2

In Saribaba trough, the stage is constituted
of the Sariyokhush suite built by the alternating
of shistous clays, argillites and siltstones (380-
500 m). The argillites contain fossils of Globig-
erina nana Chalil., G. conicotruncata Subb.,
Globoconusa chasconova Loeb. et Tapp., Osan-
gularia culter Jon. et Park., Cibicides praeven-
trotumidus Masl., C. suecedeus Brotz., etc.

On the southeastern margin of Kalbajar
trough (Mikhtokan range) in the headstreams of
Mamalichay, Selandian stage forms the Mamali
suite composed of specific pyroclastic-
sedimentary facies of trachybasalt pillows, tuffs
and tuff-conglomerates (300-330 m). Absolute
age of samples collected from the section, is de-
termined as between 60+3 Ma and 63 +2 Ma.

Within the Yevlakh-Agjabadi trough sedi-
ments of the Selandian stage are exposed in the
same areas and composed of shales, marls with
interbeds of sandstones, limestones with Glo-
borotalia angulata (White), Gaedita Subb., Fas-
ciculithus tympaniformis Hay et Mohl, etc.

Thanetian stage is represented by 50-80 m
thick succession recorded in the Agjakend
trough of Lok-Garabagh and composed of the
shale, siltstone and muddy limestone beds un-
conformably overlied by the Birgoz suite. On
the left bank of Tartar river (surroundings of
Sugovushan village) the stage is composed of
the marly shales, and in Hojavend trough it con-
sists of the alternating argillites and siltstones
with shale and marl interbeds (Gilijbagh suite),
containing typical fauna of Heterostomella gi-
gantica Subb., Ammodiscus incertus Orb., Boli-
vinoides aragonensis Irit., Proceonina complana-
ta Franue., Igorina (Avcarinina) tadjikistanensis
djanensis, Acarinae acarinata, etc.

In Goycha-Hakari zone, the Thanetian
stage sediments have been only preserved in the
Chichakli syncline (Saribaba trough), where it
conformably rests on the Danian-Selandian suc-
cession and forms the Dalikdash suite built by
the alternating argillites, marls, sandstones and
gravelites with shistous clay interbeds (50-500
m). Age of the suite is defined by the occur-
rence of several fossils, e.g. Allomorphinita
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inasperta Vetr. in litt., Globorotalia coinpressa
Pl., G. angulata White., Gl. pseudomenardii Bolli,
Globigerina nane Chalil., Gl. compressaformis
Chalil., CI. bacuana Chalil., Globoconusa
chasconova Zueb. et Tapp., Ozangularia culfer
Jon. cf. Perc., Cibicides praeventratumidus Masl.,
C. succedeus Brotren, Tixtularia varians Glauss.,
Stensionia caucasica Subb., Bulimina ovata Orb.,
Proteonina complanata France, Reusella paleo-
cenica Brotz., Tritaxia aff. piramidata Reuss., etc.

In Kalbajar trough, the stage is constituted of
the Sarimsagli suite built by the limestones con-
taining gravelite and nummulitic limestone (13-80
m) beds, and characterized by rich fossil assem-
blage (Nummulites fraasi de la Harpe, N. silvanus
Schaub., N. solitarius de la Happe, Discocyclina
seunesii Douv.).

The Tanethian stage is exposed in the Duz-
dagh, Amirarkh, Muradkhanly and Mil areas and
consists of shales and marls with interbeds of
limestone (25-95 m) containing fauna Acarinina
subsphaerica Subb., A.acarinata Subb., Discoast-
er multiradiatus Bram. Et Ried, etc.

Eocene succession. All Eocene stages are
reported in the geological structure of Garabagh,
and unlike Paleocene, there are both sedimen-
tary, volcanic-sedimentary and volcanic rocks
are recorded. The Eocene deposits in the
Yevlakh-Aghjabadi trough are exposed in the
Duzdagh, Amirarkh, Shirvanly-Barda, Zardab,
Muradkhanly, Shiringum and Mil areas.

Lower Eocene succession. Within the
Lok-Garabagh zone, Ypresian complex con-
formably overlies the Paleocene sediments,
and forms the Sardarkend suite with Nummu-
lites exilis and Nummulites planulatus zones.
In Aghjakend trough, the suite is composed of
15-100 m thick alternating marly and sandy
shales and argillites with polimictic sand-
stones and organogenic limestones. In Khoja-
vand trough (Khanabad village’s surround-
ings), its section is composed of the rhythmic
alternation of argillites, sandstones, marls and
muddy limestones in the base, and muddy,
marly and sandy limestones in the top (200-
245 m). The age of the suite is determined
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based on a presence of the following fauna:
Nummulites exilis Douv., N. praemurchisoni
Nem. et Barkh., N. bolcensis Munier-Chalmas,
N. spileccensis Munier-Chalmas, N. pernotus
Schaub., Operculina parva Douv., Discocy-
clina archiachi Schlimb., Asterocyclina sp.,
Globoratalia crassata Cushm., Acarinina pen-
tacamerata Subb., Eponids triimpyi Nuttall,
Globigerina varianta Subb., Bulimina pseu-
dopuschi Subb., Truncoratalia lensiformis
Subb., Cardita minutula Nom., etc.

In Toraghaychay and Saribaba troughs the
Ypresian stage is composed of the Chobandagh
suite exposed to the northwest of Garabagh within
the Shahdagh ridge’s boundaries. The suite is con-
sisting of 300-400 m thick strata of sandstones,
tuffaceous sandstones, tuffites, tuff-conglomerates
and andesites containing thin lenses of organo-
genic limestones with following typical fossils:
Nummulites ex gr. praemurchisoni Nem. et
Barkh., H. ex gr. planulatus Lem., Nikulana sp.,
Discocylina sp., Variamussium sp., etc.

On the southeastern limb of Kalbajar trough
(Mikhtokan and Saribulag ranges), Ypresian rocks
form the Bashlibel suite, which is constituted by
100-120 m thick gravelite-detrital and nummulite
limestones containing the carbonate sandstones,
gravelites and argillites beds. In some sections
(upper reaches of Tartar, Tutgun and Shalva,
slopes of Dalidagh and Keyidagh mountains), the
suite is built by marly, detrital and organogenic
limstones and muddy-detrital sandstones inter-
bedded by the flows and sheets of andesites and
andesite-tuffs. The suite is characterized by rich
nummulite association with following faunal as-
semblage: Nummulites nitudus, N. fraasi de la
H., N. silvanus Schaub., N. akkuurdanensis
Nemkov, N. urchisoni Rut., N. praemurchisoni
Rat., N. muratovi, N. praelucasi, N. leupoldi, N.
irregularis, N. burdigalensis, N. partschi, Aca-
rinina subglabra Cushm., A. dosularensis
Chalil., Marsonella indentata Cushm. et Jarv.,
Glomospira gordialis Park. et Jon., Gumbelina
subglara (Cush.) var. dozularensis Chalil.

On the southwestern flank of Hochaz trough,
Ypresian age is represented by the Mahmudlu
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suite — 5-30 m thick strata of sandy-muddy lime-
stones, argillites, shales and sandstones, contain-
ing the following fossils: Xiphosphara aff. venus
Haeckel, Tripospyris euscenium Haeckel, Glo-
bigerina tricolulionides Plummer, Nuttallites
triimpyi Nuttall, Globorotalia crassiformis Gall.
et Wissler, G. quetra Bolli, Acarinata Subb.,
Spiroplectammina richardi Mart., Lagena apic-
ulata Reuss, etc.

Within the Yevlakh-Agjabadi trough the
Lower Eocene succession unlike the younger
Eocene sdiments is exposed only in the Duz-
dagh, Amirarh, Shirvanly-Barda, Muradkhan-
ly areas and represented by marls, shales, silt-
stones with interbeds of limestones, the thick-
ness of which is 100-200 m. They contain
faunal remains: Globorotalia subbotinae
Moroz., G.caucasica Glaessn. And Mar-
thasterites tribrachiatus Br.et Ried.

Middle Eocene succession is represented by
Lutetian and Bartonian stages. Along the north-
eastern margin of Lok-Garabagh zone, the age’s
sedimentary facies are detected both on the natu-
ral outcrops and in the drill logs. Within the
boundaries of Goycha-Hakari and Gafan zones,
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Middle Eocene complex consists of the volcanic-
sedimentary Series.

Lutetian stage. Within the Aghjakend
trough’s structure, the stage is represented by the
Panahlilar suite, which is built by 20-35 m thick
strata of carbonate shales, marls, sandstones and
sandy limestones (Figure 4). Fossils of Trin-
corotalia aragonensis Nuttall, Acarinina crassi-
formis Gall., A. pentacamerata Subb., Globiger-
ina pseudobulloides Plumm., Globoratalia ro-
tundimarginata Subb., Gl. frontosa Subb. are
detected within the suite’s composition. In Agh-
dara trough, the suite is built by 79 m thick alter-
nation of marls and marly shales with sandstone
interlayers. Following fossils are contained within
the structure of the suite: Acarinina bullbrooki,
Globigerinatheka subconglobata, Globigerina
frontasa, G. pseudoeocaena, G. inaequispira,
Nummulites anomalus, etc. In Khojavand trough,
Lutetian basal conglomerates (0.5 m) overlap the
Kimmeridgian volcanosedimentary deposits. Re-
maining part of the section is built by argillites,
siltstones, sandstones, tuffaceous sandstones, tuf-
fites and muddy limestones (40-50 m).

Figure 4. Outcrop of the Middle Eocene sediments along the right bank of the Garachay
river (Meshali village)



On the western limb of Toraghaychay trough
that is confined to the Shahdagh range’s structure,
composite section of Middle Eocene volcanosed-
imentary rocks (1700-2800 m) forms the
Shahdagh suite, which is built by polimictous
sandstones, gravelites, tuff-siltstones, tuff-
breccias, tuff-conglomerates, tuffs and detrital
limestones in the bottom, and by porphyrite vol-
canics in the upper part of its’ section. The suite’s
limestones contain fauna fossils of Nummulites
irregularis Desh., N. distans Desh., N. murchisoni
Rut., N. pratti d’Arch. N. partschi de la Harpe, N.
atacicus Leum., N. gistans Desh., Discocyclina
reatli, etc.

In Saribaba trough, Lutetian deposits are rep-
resented by up to 100 thick Sarisu suite built by
the alternation of nummulite containing lime-
stones and carbonate sandstones. The suite’s age
is determined by presence of Nummulites suba-
taicus Daw. vo Discocylina sela Arch.

In the upper basins of Hakari and Tutgun
(Kalbajar trough), Lutetian section begins with
180-230 m thick Zod (nummulite containing)
suite, which overlies the Bashlibel suite’s lime-
stones (conformably) and basal conglomerates
(unconformably) and consists of the alternation of
nummulite limestones with tuffs, tuff-gravelites,
limestones and sheets of andesites. The suite’s
limestones are rich with the fauna fossils of num-
mulites and foraminifers. Including Nummulites
distans Desh., N. pratti Arch. et H., N. murchi-
soni Rut., N. irregularis Desh., N. striatus Bru-
giere, N. suldistans Harpe, N. heberti Arch. et
Haime, N. atacicus Leym., N. globulus Leym.,
Discocyclina pratti Mich., Chamys cf. infumata
Lam, etc.

Upper part of the stage (450-600 m) forms
the tuffaceous complex of the Dalidagh suite, the
section of which includes tuffaceous sandstones,
tuffites, tuffs, tuff-siltstones, tuff-gravelites, tuff-
conglomerates, tuff-breccias, argillite, marls and
hornblendes with stratified layer of tuffite-
limestones. The suite’s age is determined based on
the presence of typical fossil foraminifers, includ-
ing Discoculina discus, D. (umbo) fortsi, D.
pratti Mich., D. sella, D. varians, D. Nummulit-
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ica, Chamys cf. infumata Lam. va b.) vo num-
mulut  (Nummulites (uranensis) uranensis,
Nummulites distans Desh., N. pratti Arch. et H.,
N. murchisoni Rut., N. aracicus, N. gizehensis,
etc. To the west of that area, lithological composi-
tion of the Lutetian succession changes. Here over
1000 m thick Kalbajar suite consisting of lavas
and pyroclastic rocks (agglomerate-blocky rhyo-
lite-dacite tuffs, plagioclase-andesite and andesite-
plagioclase flows and their tuff-breccias) is ob-
served in the basin of Tartar river (Figure 5). Beds
of tuffaceous sandstones and marls are recorded
within the volcanic Series.

In the region’s southwest in the river basins
of Hakari and Bargushad (Bazarchay), composite
Middle Eocene section is confined to the Gilyatag
suite represented by muddy limestones, argillites,
sandstones, gravelites, siltstones, silt-tuffites, tuff-
conglomerates and tuff-breccias (200-260 m).
Bottom part of the section contains fossils of the
Lutetian microfauna, e.g. Globigerina rotundae-
nana Schutzk., G. angipora Stashl., G. pseudoe-
ocaena pseudoeocaena Subb., Acarinina triplex
Subb., A. pseudotopileusis Subb., A. pentacamera-
ta Subb., Cibicides westi arguta N.Byk., Nodosar-
ia milwayensis Cushm., etc. Upper, Bartonian part
of the section contains microfauna fossils of Aca-
rinina bullorooki Bolli, A. rotundimarginata
Subb., Globigerinatheka subconglobata, Globig-
erina frontasa, G. subtriloculinoides Plumm., G.
pseudoeocaena Subb., G. inaequispira Subb.,
Globorotalia aragonensis Nultt., etc.

Bartonian stage. In Lok-Garabagh zone
within the structure of Aghjakend suite, the
stage is represented by the Garachinar suite
(15-70 m) that contains typical fossils of Aca-
rinina crassiformis Goll. et Wessl., Globoratalia
rotundimarginata Subb., Globigerina turcmeni-
ca, G. frontosa Subb., G. azerbaidjanica, G.
pseudocorpulenta, G.  posttrilocolinoides,
Hantkenina alabamensis, etc. In the area of
Mughanli village (little to the southwest of
Aghdam town), the same-named Bartonian
complex of shales, argillites, sandstones, grave-
lites and sandy limestones outcrops among the
alluvial-proluvial deposits of Lower Pleistocene.
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Figure 5. Outcrop of the Middle Eocene sediments of the Kalbajar trough in the upstream of
the Tartar river (near Mollabayramli village)

Age of the rocks is determined based on a pres-
ence of the fauna fossils of Globigerina azer-
baidjanica, Caucasina eocoenika, C. azideren-
sis. Similar Bartonian deposits were also detect-
ed by boreholes, protruding at the depth of over
150 m from under the Quaternary and Oligo-
cene Series of the southeastern plunge of Kho-
javand trough.

In the Saribaba trough’s northwest (slopes
of the left riverbank of Tartar), Bartonian depos-
its are represented by the Guneytapa suite (285
m) of gravelites, tuffaceous sandstones, tuffites,
sandstones and argillites, which unconformably
overlies the Upper Senonian limestones. The
suite’s sandstones and argillites contain typical
fauna fossils of , Ostrea sp., Vulsella reflexa
Koenen., Diastoma costellata Lam., Pycnodonta
brongniarti Bronn., Ammusium sp., Cerithium
seperatum Desh., C. velicatum Bell., Pecten ct.
unguiculus May., Cardita latesulcata Nyst., Lu-
cina lugioni Boriss., Corbula galbica Lam.etc.

Within the Kalbajar trough’s structure, Bar-
tonian stage is represented by the Baritli suite
built by 570-900 m thick alternation of striped
hornblendes, marls, dark limestones, tuff-

breccias, tuffaceous sandstones, andesites and
andesite tuffs. The suite’s limestones contain
typical fossils of nummulites (Nummulites glob-
ulus Leum., N. cf. pratti d’Arch., N. cf. murchi-
soni Rut., N. ironiensis Heym., N. nummulitica
Guemb., N. gizehensis Forsk., N. atacicus Le-
um., etc.) and foraminifers (Acarinina cf. ro-
tundimarginata Subb., A. pentacamerata Subb.,
Globigerina cf. eocaenica Terq., Gl. cf. subtri-
loculinoides Chal., Globigerinella micra Cole,
Cibicides midwayensis Plumm., etc.).

The Middle Eocene deposits of the Yev-
lakh-Agjabadi trough are represented by shales
with interbeds of marls, limestones, sandstones
the thickness of which is 50-460 m. They con-
tain Acarinina rotundimarginata Subb., Globig-
erina turkmenica Chal., Nannotetrina fulgence
Str., Reticulofernestra umbilica (Levin), etc.

Upper Eocene succession. Within the
Aghjakend trough the Upper Eocene (Priabonian
stage) is constituted by the Chadirdara suite con-
taining sandstones, marls, marly and sandy shales,
argillites and siltstones (20-200 m). Age of these
deposits is determined according to a typical com-
plex of the following foraminifers: Globigerina
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turkmenica Chlil., Gl. bulloides d’Orb., Glo-
bigerinella micra Cole, Globigerinoides conglo-
batus Brady, Bolivina antegressa Subb., Bulimina
pupoides d’Orb., B. ovata d’Orb., Glomospira
charoides Park. et Jon., Nonion curviseptum
Subb., Chlamys solea Desh., Nucula peregrina
Desh., Nuculana alexeevi Mir. et Jar., Corbula
costata Sow., Eponides umbonatus Reuss., etc.

In Goycha-Hakari zone, the stage is mainly
present in the Toraghaychay trough’s Shahdagh
segment, located in the west out of the region’s
territory. The area’s Priabonian deposits are rep-
resented by the Ganli suite. which is composed
of three (sedimentary-pyroclastic, lavaclastic and
volcanomictous layers) layers of deposits. Thick-
ness of these volcanics with andesibasalt, dacite
and liparite-dacite composition reaches 700 m,
while their age is established as 43 £ 1 myr.

Within the Kalbajar trough’s boundaries,
Upper Eocene period is represented by the Oru-
jlu suite observed on the eastern and northern
slopes of Dalidagh and on Saribulagdagh. The
suite is composed of the layers of conglomer-
ates, rare flows of andesites, thin lenses of tuff-
breccias, argillites and rarely limestones, as well
as the layers of tuffaceous sandstones (80-250
m). The suite’s age is determined by a presence
of multiple fossils of Nummulites striatus Brug.,
N. cf. garnieri Bouss., N. incrassatus de la
Harpe, N. ex gr. pulchellus Hantken, Discocy-
clina varians Kauf., D. nummulitica Gumb.,
etc., among the complex’s limestones.

In the basin of Hakari river, the 50-160 m
thick strata of argillites, siltstones, sandstones and
muddy limestones transgressively with conglom-
erate lag overlaps the Lutetian stage (Charali
suite). Age of these rocks is determined based on
the following fossils: Globigerina inflatiformis
Mijalt., G. eocaenica Terg., G. eocaenica irregu-
laris Subb., G. pseudoeocaena Subb., G. frontosa
Subb., Globigerapsis index Finlay, Uvigerina
jacksonensis delicatula Kzaj., U. jacksonensis
Cushm., Lenticulina cf. inornata d’Orb.,
Nonionelleta caspia Chal.. Cibicides costatus
Hantk., C. perlucides Nutt., Bolivina caucasensis
Chal., Bulimina aksuatica Moroz., Anomalina af-
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finis Hantk., Eponides parasubumbonatus Mjatl.,
Pullenia coryelli White, Glomospira charoides
Jon et Park., Guroidina soldanii d’Orb., etc.

The Upper Eocene deposits of the Yevlakh-
Agjabadi trough are represented by sandy car-
bonates with interbeds of marls, limestones and
tuffs the thickness of which is 120-140 m. They
contain Globigerina corpulenta Subb., G.offici-
nalis Subb., Istmolithus recurves Defl., Spheno-
lithus pseudoradians Br.et Wil., etc.

Oligocene succession. Within the Garabagh
territory two Oligocene stages are reported in
the geological structure of Aghjakend (Figure 6)
and Hochaz troughs.

In Aghjakend trough, Rupelian Series form
the Ajidara suite (Planorbella horizon) which is
built by the schisted shales with sandstone inter-
layers (130-440 m). Its’ age is determined based
on the numerous fossils of typical microfauna
Globigerina officinalis Subb., G. tumbuli Chal.,
Caucasina schischkinskayae (Samoil) oligocae-
nica Chal., Cibicides lobatulas Walk. et Jac.),
ichthyofauna (Pomolobus curtus Danbt., Vinci-
guerria obscura Danilt.,, Merluccius inferus
Danilt., etc.), plants (Sequoia landsdorffi (Br.)
Heer., Quercus neriifolis A. Br., Ginnamomun
lanceolatum Heer., etc.) and ostracods, as well
as multiple fragments of bones and scales.

In Hochaz trough, Rupelian Series are ex-
posed on the left bank of Hakari river to the east
of Ishigli and Muradkhanli villages. These depos-
its are also traced in the river basin of Bargushad,
where they first outcrop in the vicinities of
Gubadli, and then extend southeastwards for 20-
25 km along the river’s left and then the right
banks, reach river valley of Gilyatagchay (Ha-
kari’s right tributary) and plunge towards the Araz
in the area of Khojakhan, Mughanli and Vanadli
villages, getting covered by the alluvial-proluvial
rocks of Lower Pleistocene. On the right river-
bank of Gilyatagchay, bottom part of the Rupelian
section is represented by 80-120 m thick alterna-
tion of argillites and sandstones with blocky con-
glomerate-breccias that unconformably overlie the
Middle Eocene Deposits, and its’ upper part is
built by 450-800 m thick strata of sandstones,
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tuffaceous sandstones, tuffs, microfragmental
conglomerates and shales (Mughanli suite). Layer
of basal conglomerates disappears from the sec-
tion in the north. Resultantly 230-340 m thick stra-
ta becomes traced in the surroundings of Gubadli,
built by the tuffaceous sandstones, sandstones, silt-
stones, shales, gravelites, conglomerates and some-
times various limestones, containing the interlayers
of brown coals and gypsum. The suite’s deposits
contain typical fossil mollusks, including Lentidium
donaciforme  Nyst, Corbula (Lenticorbula)
sokolovi slussarevi Merkl., Astarte trigonelloides
Merkl. et Gontsch., Cardium cingulatum Goldf.,
Area sandbergeri Desh., Loxoconcha tunicata
Mand., Cutherura plangida Mand., Trachyleberis
nativa Mand., Nonionella azerbaidjanica plana
Chal., Rotalia bessariformis Chal., etc.

Chattian stage of the Upper Oligocene is
constituted by 700-720 m thick Naftalan suite,
which is occurring within the Aghjakend trough.
Basal portion of the section comprises the iron oxi-
dized and gypsified shale containing marlstones.
These strata are overlaid by the successive layers of
sandstone-conglomerates. In Zeyva valley, the suite
is consisting of conglomerates, gravelites and
sandy shales in the base, and thick layer of shales in
the upper portion of the section. Described sedi-
ments contain following typical fossils: Pectuncu-
lus obovatus Desh., Astartekickxi Nyst., Balbylo-
nia caronis Brongn., Cassidaria buchi Boll., Mel-
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anopsis callosa Braun., Lentidium elongatum
Sandb., L. lamberti Cossm., L. georgiana Zot.,
Ostrea callifera Lam., Pleurotoma duchastelli
Nyst., Tornatella simulata Soland., Typhis cunicu-
losus Nyst., Neritina fluvioiatilis L., etc.

In a buried southeastern margin of the Hochaz
trough (Diridagh area on the left riverbank of
Araz), there is the Khudaferin suite (Figure 7)
composed of about 650 m thick alternation of me-
dium and coarse-grained sandstones, tuffaceous
sandstones, shales, gravelites and conglomerates.
Age of the section is established as Upper Oligo-
cene based on a presence of typical fauna fossils of
Glycymeris obovatus Lmk., Cordiposis incrassata
Sow., Panope heberti, Lentidium lamberti Cossm.,
Babylonia caronis Brongn., Cassidaria buchi,
Natica hantoniansis Pilk., Globigerina bulloides,
Pseudohastigerina micra, Bulimina pupoides, etc.

According to a drilling data produced in the
northeastern vicinities of Aghdam, in Garabagh
lowland, the Maykopian Series (400-500 m) con-
tain thick layer of basal conglomerates in its’
basement and is overlaid by the Giyasli suite built
by shales, sandy shales and muddy limestones with
fauna fossils of Hastigerina cf. micra and Caucasi-
na locaenica. Within the structure of Pre-Araz
plain, faunistically justified Upper Maykopian Se-
ries with similar lithofacies have been revealed by
the boreholes. Top of these 500 m thick uccession
is found at a depth of 550-1075 m.

Figure 6. Outcrop of the Maykopian Series in the Ajidara area (Goranchay river basin)
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Figure 7. Outcrop of the Oligicene sediments in the Araz river basin near the Khudafarin reservoir
(southern slope of the Diridag mount)

Neogene system

Neogene succession is exposed in the
northeast of the region under study (Aghjakend
trough), in the southeastern subsided part of the
Lesser Caucasus (Miocene), and on the
Garabagh volcanic plateau (Upper Miocene and
Pliocene). (Azerbaijanin geologiyasi, 2015;
Alizadeh et al., 1959; Geologiya Azerbaijana,
1997, 2007; Geologiya SSR, 1972; Shikha-
libeyli, 1964) and geological surveys (Abdul-
layev, 1965; Gasanov, 1981; Gasanov, Garalov,
1994; Gasanov et al., 1987; Ismailov, 1973). In
Garabagh lowland, these deposits have been re-
vealed by drilling below the Quaternary conti-
nental sediments.

Miocene sedimentary complexes are ex-
posed in the Aghjakend trough, as well as in the
Diridagh area on the left bank of the Araz river
(surroundings of Hasanli and Mashanli villages
of Jabrayil district), where they conformably
rest on the Upper Oligocene succession. Upper
Miocene is represented by a volcanic complex
observed in the upstream of Tartar, Tutgunchay
and Hakari rivers (Kalbajar superimposed de-
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pression). Upper Miocene deposits were also
revealed by drilling at different depths in Ganja,
Garabagh and Mil lowlands.

In the lowland part of Garabagh, Lower
Miocene deposits were discovered in Gulluja-
Beylaghan, Aghdam, Duzdagh and Sarygamysh
areas. Mudstones of Sakaraulian regional
stage belong to a faunistical zone of Neobulimi-
na elongata. Shales also contain fossils of Bu-
limina tumidula Bogd., Virgulinella pertusa
Reuss., Elphidium kvesanensis Artchv., Cibi-
cides stavropolensis Bogd., etc.

Mudstones of Kotsakhurian regional
stage do not contain microfauna, and they’re
therefore named as the “microfauna-free sedi-
ments”.

In a transition zone between the Aghjakend
trough and the Middle Kur depression, the
whole Lower Miocene section is exposed be-
tween Zeyva and Shafag villages in the river
valley of Goranchay.

Caucasus regional stage is represented by
up to 150-160 m thick strata of shales interbed-
ded with marls (Zeyva suite), which is conform-
ably overlaid by the Upper Maykopian section.
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Sakaraulian regional stage is represented by
60-80 m thick alternation of fine and medium-
grained sandstones with shales (Shafag hori-
zon). The horizon’s age was determined accord-
ing to a presence of rich mollusk fauna (Laevi-
cardium cingulatum Goldf.,, Parvicardium
abundans Liv., Lenticorbula helmerseni Mien.,
Lucinoma ustjurtensis (Ilyna, 1953), Bathytoma
crenata crenata Nyst., etc.) and multiple plant
fossils  (Cinnamomum lanceolatum (Ung.)
Heer., Myrtophyllum sp., Litsea sp., Magnolia
sp., Apollonias sp., Lauraceae gen., Legumi-
nosae, etc.) in its’ section. Finally, Kotsakhuri-
an stage is represented by the Garagoyunlu
suite built by 102-130 m thick strata of jarosite
shales with thin interlayers of microgranular
sandstones. Shales contain various fauna and
plant fossils.

In the Hochaz trough’s southeastern termi-
nation (Lower Araz structural zone), the Lower
Miocene deposits form the Diridagh suite
which is reported on the left bank of the Araz
river (Diridagh area). This succession gradually
overlaps the Upper Oligocene rocks, and is
composed of 350 m thick alternating thin sand-
stone and shalestone beds that contain marly,
sandstone and ferrous concretions. Further to
the northeast in Hasanli village’s vicinities, up-
per portion of the section contains 145 m thick
strata of pebbly fine-grained sandstones with
brecciated conglomerates recorded in the top.
The shale and siltstone strata that were revealed
by drilling at a depth of 200-210 m in the Agh-
dam town’s vicinities, contain typical Lower
Miocene foram Neobulimina elongata.

Outcropping only in Diridagh area on the
left riverbank of Araz, Middle Miocene is rep-
resented by all of its’ regional stages in the geo-
logical section of Garabagh. Tarkhanian re-
gional stage is represented by 80-90 m thick
Khalafli suite built by the layers of sandy shales
with interlayers of sands and sandstones. The
suite’s sandstones contain fossils of Ostrea
lamellosa Brocc., O. digitalina Dub., O. lamel-
losa Brocc., Grassostrea gryphoides Schloth.,
Gr. gryphoides angustata de Serr., Gr. gryph-
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oides Bast.,, Cordiopsis islandicoides Lmk.,
Globigerina ex gr. tarchanensis Subb. et Chutz.,
G. bulloides Orb., Florilus boueanus Orb., etc.,
as well as spicules, fishes and balanuses.

Tarkhanian deposits of the Yevlakh-
Agjabadi trough are revealed by deep wells
within the areas of Duzdagh, Shirvanly, Agjab-
adi, Beylagan and Sovetlar. By well logging
characteristics they do not differ from
Chokrakian succession, and composed of shales.
In well Ne 10, their thickness makes up 25-30 m.

Chokrakian regional stage (Diridagh ar-
ea) is represented by the Hasanli suite built by
95-140 m thick alternation of non-cabonate
shales, calcareous medium-grain sandstones and
conglomerates. The suite’s sandstones contain
fossils of Congeria sandbergeri (Andrus.) Lask.,
Turritella gradata Menke in Hoem., T. tere-
bralis Lamk., T. atamanica Boc., T. turris Bast.,
T. (Haustator) desmareshana Bast., T. vermicu-
laris Brocc., T. bicarinata Eichw., Cerithium
deforme Eichw., Loripes dujardini Desh., Par-
vicardium hispidiforme David., Cultellus probus
Merkl., Donax natjurus Gat., etc.

Within the Middle Kur depression (areas of
Duzdagh, Shirvanly, Agjabadi, Beylagan and
Sovetlar), Chokrakian deposits are also repre-
sented by their deep-water lithofacies. Their
thickness increases from flanks towards center
of the depression, reaching 250 m in Duzdagh
area. Chokrakian regiostage deposits are charac-
terized by large content ancient plans’ farina.

Karaganian regional stage in Diridagh ar-
ea (Lower Araz structural zone) is represented
by 130 thick Mashanli suite of shales with
sandstone interlayers, containing fossils of
Spaniodontella, Otolithus (Rhombus) corius
Chal., Discorbis arculus Chutz., Quinqueloculi-
na consobrina Orb.

In the interior part of the Middle Kur de-
pression deposits of the Karaganian regiostage
are developed in the areas of Barda, Agjabadi
and Sovetlar. Their sections contain almost no
sandy interlayers. Rare and thin (0.1-0.3 m) inter-
layers are only detected in sections of Duzdagh,
Shirvanly (90-115 m) and Beylagan (50 m).
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Finally, Konkian regional stage is com-
posed of freshwater facies forming 40 m thick
Alikeykhali suite comprised of alternating sands
and shales (Diridagh area). Sandstones in the
suite’s top contain fossils of Mytilaster incras-
satus Orb., Dorsanium duplicatum Sow., Hy-
drobia kubanica  Zhizh., Mactra basteroti
konkensis Sok., Ervilia pusilla trigonula Sok.,
Bornea ustjurtensis Eichw. Maximal thickness
in the Diridagh area exposed Middle Miocene
complex is approximately 400 m.

Upper Miocene complex is observed in the
high altitude mountains and Pre-Araz part of
Garabagh. In the Diridagh area of Lower Araz
structural zone, the complex is represented by
the freshwater-continental facies of its” Sarmati-
an substage, which form 115 m thick Chayma-
khchaylag suite of shales with sandstone inter-
layers. The suite conformably continues the
and-shale section of Konkian regional stage.
Similar Series are present in sections revealed
by multiple boreholes drilled across the pre-
Araz and Garabagh lowlands.

Within the Kalbajar trough’s structure,
double-layered Upper Miocene volcanics are
reported in the Eastern Goycha, Saribulagdagh
and Mikhtokan ridges (Figure 8). Lower portion
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of the Upper Sarmatian succession forms the
Agjagyz suite of medium and alkaline volcanics,
e.g. andesites, dacites, liparites, liparite-dacite
flows and their tuffs and tuff-breccias (10-520
m). Upper portion together with Meotian and
Pontian deposits constitutes 100-120 m thick
Basarkechar suite composed of megaplagio-
porphyry andesites, andesidacites, rhyodacites,
rhyolites, quartz latites and their pyroclasts.

Pliocene succession. Within the region’s
boundaries, Pliocene Series is represented by
sedimentary and volcanic facies of the Upper
Akchagyl regional stage. As proven by the drill-
ing data, in Pre-Araz and Garabagh lowlands,
marine Akchagylian sediments underlie Quater-
nary continental molasses, forming the Arazbari
suite composed of 230-480 m thick alternation
of shales, sands, sandstones, sometimes gravels
and conglomerates. Same-aged volcanic com-
plex forms 550-600 m thick Ishigli suite (Figure
9) of andesites, dacites, trachytes, liparite-
dacites, liparites and other lava flows. These
rocks are composing the peaks and the slopes of
Boyuk and Kichik Ishigli, Gyzylboghaz, Jangur-
taran, Kiliseli, Gilijdagh, Garadagh, Cho-
banbatandagh, Alagollar and several other
mountains (550-600 m).

Figure 8. Outcrop of the Upper Miocene deposits at the Saribulag ridge (interfluve of the Tartar and
Tutgunchay rivers, Kalbajar region)
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Figure 9. Outcrop of the Upper Pliosene sediments at the Gizilbogaz ridge located within the
Garabagh volcanic plateau

In the lowland part of Garabagh, faunistically
characterized sections of marine sediments are
observed in the Naftalan region (to 300 m), near
the spring Gazanbulag (145 m), in Ajidara (120
m), in the villages of Gashalty (90 m) and Tap-
garagoyunlu (78 m). In the bearing section of the
Naftalan region, the largest part of the Lower Ak-
chagyl is discovered by prospecting drilling. Ac-
cording to the drilling data, the Lower Akchagyl is
represented by shales with sand, sandstone, and
shelly limestone. These rocks contain mollusks
Mactra subcaspia, Clessiniolla sp, Microfauna,
Cassudilina grassa, Leptocythere gubkini, etc.
The thickness of the Lower Akchagyl is 100-120
m. The outcropped Lower Akchagyl has thickness
of 27 m, and is represented with the alternation of
sandy shales with sand layers, volcanic ash (2 m).
Here following mollusks were found: Mactra ga-
rabugazica, Ceras-toderma dombra, Potamides
(Pirinella) caspius, etc. The total thickness of the
Lower Akchagyl in the sections of Naftalan is ac-
cepted within the limits of 127-147 m. The lower
portion of the Upper Akchagyl is composed of
alternating sands, sandy shales with the layers of
shelly limestone and volcanic ash and contains the
rich fauna of mollusks: Mactra venjucovi,
Avimactra aviculoides, Cryptomactra carina-
tacurvata, Cerastoderma sulini, Avicardium ni-

kitini, Potamides (Pirinella) levis, etc. The upper
part of the Upper Akchagyl is represented with the
shales, sands, sandstones, detritus limestone and
the layer of micro conglomerate characterized
small shells of marine Mactra subcaspia, Cerasto-
derma dombra and with the presence of solt-water
Dreissena, fresh-water-Pyrgula  Naphtalanica,
Avardaria andrussovi and other mollusks. The
thickness of the Upper Akchagyl is 163 m. In-
complete, but faunistically, richly characterized
sections Akchagyl are observed in Ajydara (118
m), by Gazanbulag spring (140 m), in the areas
Gashalty (90 m) and Tapgaragoyunlu (78 m).

The Akchagyl deposits are revealed in nu-
merous wells in the right bank of the Kur river —
from the Gazakh region to Beylagan. These are
represented in the lower part by shales, sands,
sandstone, shingles and sometimes — conglomer-
ates. Along the whole section sandy shells con-
taining mollusks were observed: Cerastoderma
dombra, Mactra subcaspia and M.garabugazica.

Quaternary succession
Represented by all Series (Eopleistocene,
Pleistocene and Holocene), Quaternary system is

mostly occurring across the region’s low-mountain,
piedmont and lowland areas (continental molasse
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facies), as well as in the considerable part of Gara-
bagh volcanic plateau (volcanic facies). (Azerbai-
janin geologiyasi, 2015; Abdullayev, 1965; Aliza-
deh et al., 1978; Akhverdiyev, 1970; Gasanov, Ga-
ralov, 1994; Geologiya Azerbaijana, 1997, 2007;
Geologiya SSR, 1972; Shikhalibeyli, 1964).

Eopleistocene succession. Represented by the
Absheronianian regional stage, Eopleistocene suc-
cession is occurring as a narrow line that extends
along the left bank of the Araz river. Also it is re-
ported in the catchment area of the Bargushad, Ha-
kari rivers and its’ right tributary Zabukhchay.
Lithological composition of this regional stage is
characterised by the lateral facies variability from
the northwest towards the southeast.

On the slopes of Garabagh volcanic plateau
and Hakari river’s catchment, the regional stage is
constituted by the Hakari suite composed of the
mixed alluvial, deluvial, proluvial, fluvioglacial,
lacustrine and pyroclastic rocks. Along the right
riverbank of Zabukhchay (Figure 10), the suites
enters into a contact with Ishigli suite’s deposits,
and becomes mainly built by volcanic ash and
pumice tuffs, tuff-breccias, tuff bombs and lapillies
as well as interlayers and lenses of volcanic gravel
(100-120 m). Role of pyroclastic rocks reduces
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with distance, and some other parts of the suite be-
come built by complexly interrelated layers, inter-
beds and lenses of shales, sands and gravels, some-
times containing volcanic ash and dolomite inter-
layers (30-200 m). Upper section successions of the
suite is presumably dated as Lower Pleistocene.

Another Eopleistocene succession extends
from southwest towards northeast along the banks
of the Araz river, where it forms 200-250 m thick
Araz suite built by a thick strata of conglomerates,
gravels, sands, shale loams and shales, containing
the volcanic ash beds (Figure 11). Lateral transition
zone between Hakari and Araz suites is buried un-
der the Pleistocene deposits. The section’s shales
and shale loams contain typical freshwater gastro-
pods, e.g. Buthinia aff. tentaculata, Melania ex gr.
rhodensis, Pisidium cf. amnicum, valvata sp. Ac-
cording to geological planning and drilling infor-
mation, the northeastern parts of pre-Araz and the
Garabagh lowlands do not contain any pyroclastic
rocks in their sections. In this area, the suite is
mainly built by 160-260 m thick alternation of
sands, grey sandstones, gravels and shales, some-
times limestones and marls. The section’s lime-
stones contain fauna fossils of Helox (Helicella) aff.
criceturum and Planorbis margaritatus.
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Figure 10. Outcrop of the Eopleistocene sediments at the right bank of the Zabukhchay river (the right

tributary of the Hakari river)
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Figure 11. Outcrop of the Eopleistocene sediments at the left bank of the Araz river, southeastward of

Jabrail town

The sections of Absheronian sediments in
lowland part of Garabagh are classic both for
Azerbaijan and for the whole South Caucasus.
Their outcrops can be observed within the Boz-
dagh, Duzdagh and Garaja folds. Faunistically
they are represented by the marine fauna with
fresh-water and in some places — by semi fresh-
water forms. They have the basal conglomerate,
and can be characterized by the occurrence of
all three subregiostages in the section: the low,
the middle and the upper. The low subregio-
stage (90-180 m) consists of shales interbedded
with sands, sandstones. The middle subregio-
stage (100-380 m) consists of mudstones with
thick sand interbeds. The upper subregiostage
(up to 500 m) is composed of alternating con-
glomerates, sandstones and ashes.

Pleistocene succession is composed of the
continental molasses (alluvial-proluvial, deluvi-
al, deluvial-proluvial, fluvioglacial sediments)
and volcanic products. The Pleistocene success-
sion is comprised of the Turkanian beds, Baku-
nian stage and Mingachevir beds (Lower Pleis-
tocene), Khazarian and Lower Khvalynian
(Middle Pleistocene) and Upper Khvalynian
(Upper Pleistocene) stages.

Turkanian beds are not widely occurring
in Azerbaijan and characterized mainly by the

fresh-water complex of fauna. Based on such
faunal assemblage they had been recognised as
a separate stratigraphic unit. In sections of Duz-
dagh mount and Garaja in the lowland part of
Garabagh (Figures 12, 13), the Turkanian sedi-
ments are composed of dark-grey, greyish-
brown shales, silts, crossbedded sandstones and
sands. Their thickness is about 35-40 m.
Bakunian stage. The rocks of this age dif-
fer from the Turkan sediments by the occur-
rence of a great amount of sandy-silty fragmen-
tal and shelly limestones. The faunal complex
is characterized by the presence of the follow-
ing marine mollusks and ostracods: Didacna
parvula Nal., D.catillus Eichw, Dreissena pol-
ymortha (Pal), Dr.rostriformis Desh., Micro-
melania caspia Eichw and Theodoxus pallasi
Lindh. Here three complexes of ostracods are
distinguished: (1) Caspiocypris filona (Schw.),
Loxoconcha endocapra Shar., Leptocythere
martha (Liv), L.lunata Step. And L.aff. resupi-
na Step., (2) Caspiola liventalina (Evlach.),
Leptocythere medicata Step., L.pondoplicata
Step., Xestoleberis ementis Mand, and (3) Cas-
piola gracilis (Liv), Bacunella dorsorcuata
(Zal), Loxoconcha gibboida Liv. and Lepto-
cythere bakinica Scheid. The Upper Bakunian
substage is confirmed by the occurrence of
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mollusk fauna: Didacna rudis Nal., D.cardi-
toides  Andrus., Dr.polymortha  (Pall.),
Dr.ponto-caspia Andrus., Clessiniola triton
(Eichw.), ostracod-Pseudoctenocypria asiatica
Schn., Bacunella dorsuarcuata (Zal.) and Lep-
tocythere aff.referata Step. Stratotypical sec-
tion of Bakunian stage is the “Bakunian stage”
mount in the Absheronian peninsula. In low-
land part of Garabagh the deposits of Bakunian
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age occur in the Bozdagh ridges, Duzdagh
mount and Garaja area. These sediments are
more rudaceous comparing to the Absheronian
peninsula. Eastward grain size decrease trend is
observed. On the whole, the deposits (120-140
m) consist of grey, greyish-brown shales,
coarse-grained sandstones including shingles,
conglomerates and volcanic ash.

Figure 12. Duzdagh section

Figure 13. Garaja section
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Lower Pleistocene (Bakunian regional stage)
sediments are also developed in the catchment
area of Hakari (middle and upper reaches), Bar-
gushad, Okhchuchay and Basitchay rivers, where
they are consisting of 25-30 m thick alluvial-
proluvial beds (shale loams, sands and gravels)
which unconformably overlie Araz and Hakari
suites and even older complexes. In the Pre-Araz
lowland’s southwest, basal part of the section con-
tains layers of volcanic ashes and pumice. On
Garabagh volcanic plateau and in the river basin
of Ildirimsuchay (Hakari’s right tributary), Lower
Pleistocene is represented by 10-130 m thick sheet
(Ndirimsu suite) of andesibasalt lava flows with
volcanic ash beds (Figure 14).

Mingachevir beds. These sediments contain
Didacna eulachia Bog. first time described by
V.V.Bogachov in the Mingachevir region. (Bo-
gachev, 1926) Later on P.V.Fyodorov recognized
the analogue beds with D.eulachia Bog in Turk-
menia and gave them name Urundjik beds. (Fedo-
rov, 1957) He assigned a rank of horizon to these
sediments in the Quaternary stratigraphic chart.
However, some authors placed the Mingachevir
beds in the upper Bakuniannian substage. The
shape of Didacna eulachia shells have the both
features of catiloid (elongated) forms of Bakuni-
annian age and the trigonoid (triangula) shells of
the Khazarianian Didacna. This supports the tran-
sitional position of the Didacna eulachia beds
(Mingachevir beds) between the Bakuniannian
and Khazarianian stages and the validity of these
sediments in the Azerbaijan Quaternary chart.
Lithologically they are represented by coquinas,
sands, gravel-shingle material and in the fold
limbs- by sandy shales. The ash beds are also ob-
served (Duzdagh mount).

The biggest thickness 100 m was recorded in
the Duzdagh mt. The following faunal assemblage
(besides Didacha eulachia Bog) were described:
D.pravoslavlevi Fed., D.karelini Fed., D.minget-
schaurica Vekil; Ostracoda-Loxoconcha liventali
Scheid., L.endo-capra Schar., L.kalickyi Lub., Lep-
tocythere periculosa Step., L.posteriobiplicata Step.,
L.pondoplicata Step., Paraleptocythere caspia (Liv),
Trachileberis pseudoconvexa (Liv) and others.
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Khazarian regiostage is usually composed of
coarse alluvial-proluvial sediments, and overlaps
the Lower Pleistocene succession of Garabagh and
Mil lowlands (100-120 m). Well preserved out-
crops of the Middle Pleistocene volcanic-
sedimentary succession — the Khojakhan suite, are
observed in the interfluve of Bargushad and Hakari
rivers. In Khojakhan village’s vicinity (right bank
of Hakari river), the suite contains 170-210 m thick
strata of tuff-breccias, tuff-conglomerates, andesites
and andesitic-basaltic lava with sandstone and shale
interbeds. To the northwest of this area, in the ba-
sins of Zabukhchay and Ildirimsuchay rivers, the
same-aged volcanics overlie Hakari suite and old
river terraces, and composed of tuff-breccias, tuff-
conglomerates, ash tuffs and andesite lava flows
with shale loam interlayers (100-400 m). The upper
portion of the volcanic cover is dated as the Upper
Pleistocene.

In the northern area of the Garabagh low-
land, the Khazarian succession is characterized
by the sand material with conglomeratic beds.
They consist of greenish-grey, yellowish,
strongly sandy shales, sands, sandstones, peb-
bles, and conglomerates.

Khvalynian regiostage. In Garabagh and Mil
lowlands these sediments are consisting of 50-200 m
thick alternating alluvial-proluvial gravels and
loams accumulated in alluvial fans and debris
flows. Khvalynian sediments oftenly form river
terraces. Analysis of available fauna enables to
clearly reveal two substages: Lower Khvalynian
belonging to the Middle Pleistocene, and Upper
Khvalynian considered as the Upper Pleistocene.
The diagnostic fauna complex of the Lower Khva-
Iynian substage include Didacna parallella Bog.,
D.praetrigonoides Nal. et Anis. In the Upper Khva-
Iynian substage the Didacna praetrigonoides Nal.
et Anis and D.trigonoides Eichw. are recognized.

The Lower Khvalynian sediments are most-
ly encountered in the Kur depression. The far-
thest west locality is the Mingachevir area. Here
an abrasion-accumulative terrace at 30-35 m
altitude is dated as the Lower Khvalynian. At
present, this terrace is submerged by the Minga-
chevir water reservoir.
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Figure 14. Outcrop of the Lower Pleistocene sediments in the upstream area of the Zabukhchay river

(the right tributary of the Hakari river)

Deluvial and deluvial-colluvial sediments
consisting of gravels, loam and shales are widely
developed in the slopes of the Lesser Caucasus.

In Pre-Araz lowland and in the mountain
area, the complex is represented by 5-30 m thick
strata of deluvial loams, loamy sands and shales.

Holocene succession (Yeni Khazar stage)
of Garabagh is represented by a) alluvial and al-
luvial-proluvial sediments; b) deluvial-proluvial
and eluvial-deluvial sediments accumulated in
dry valleys and mountain slopes; c) landslide
masses; and d) travertines formed from the active
mineral springs. The thickness varies between 1-
2 and 20-30 m. Fluvioglacial sediments of the
last Ice Age have been preserved in some high
elevated places of Garabagh volcanic plateau.
Also, the andesite-containing Series of young
tuffs, tuff-lavas, tuff-breccias and lavas are sur-
rounding the volcanic centers.

Lacustrine sediments have sporadic oc-
currence in the Kur-Araz lowland where they
cover areas of currently existing and almost
completely dried up lakes. They are represent-
ed by alternating thin layers of shale and silt
containing lenses of fine-grained sands. A
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color of the sedi ments is dark and bluish-
gray. A specific charac teristic is an abun-
dance of plant debris. Thickness of the depos-
its does not exceed 5-7 m.

Lacustrine-alluvial and lacustrine-salt-
marsh sediments are widely recorded at the bor-
der between the Shirvan plain and old Kur river
channels in the Mil plain. Lacustrine-alluvial
sediments are consisting of silts, heavy loams
and shales, and lacustrine-salt-marsh — by salty
silts, sandy loam, loam with lenses and thin lay-
ers of various salts. Their thickness does not
exceed 2-5 meters.

Alluvial sediments are widely occurring
along the Kur and Araz rivers and their tributar-
ies. They compose low accumulative terraces
with relative elevation from 1.5-2.5 to 20-25 m.
Their lithological composition is caused by the
geomorphological setting. Alluvium of the
mountain rivers is composed of gravel with
boulders, sand and silt aggregates. Alluvium of
the Kur and Araz rivers comprises sands, sandy
loams, loams and shales. A thickness of the
modern alluvial sediments varies from 10 m to
20-30 m, and increases downstream.
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QARABAG. SRTATIQRAFiK ESSE
Ocerk II: Kaynozoy

T.N. Kongarli, S.9. Babayev, H.O. Allahverdiyeva

Magaloda Daglig va Diizan Qarabagin geoloji qurulusunda istirak edan Paleogen-Neogen
maddi komplekslarinin litoloji va stratiqrafik xzisusiyyatlorini daha yaxs: anlamaqg maqsadilo av-
valki illorin geoloji planalma va elmi-tadqigat islorinin naticalori iimumilasdirilmisdir. Bolganin
Mezozoy stratigrafiyasina hasr olunmus avvalki maqala, hazirk: tadgigat ¢ar¢ivasindaki malumat-
lar Azarbaycanin Stratigrafik koduna asasan yenidan nazardan kegirilmis va tofsir edilmisdir. Us-
tolik, stratiqrafik bolmalarin tasviri, habela yerli stratigrafik vahidlarin (lay dastalarinin) eynilog-
dirilmasi va paleontoloji asaslandiriimas: Umumi va Beynalxalq Stratigrafik Cadvallor asasinda
hoyata kegirilmigdir.
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B Oanmnoti cmamve 6 yenax nyuuieco NOHUMAHUS TUMONOSUU U CMPAmMmuepaguu naieo2en-
Heo2eHo8bIX seujecmeennblx komniekcos Hazopnozo u Pasnunnoeo I'apabaza 0606wenvt mame-
PUATBL  2€07102UYECKO20 KAPMUPOBAHU U Pe3YIbMmamsl HAYYHO-UCCIe008AMENbCKUX  pabom
npeovidywux ntem. Ilpusedennvie mamepuanvl 661U NOOBEPSHYMbL PEBU3UL U 000OUEHUIO HA OC-
Hoge Cmpamuepaghuueckoco kooexkca Aszepoatiodxcana. Kpome moeo, onucanue cmpamuepagpu-
YecKux noopasoeienutl, a maxice UOeHMUGUKAYUs u NaIeoHMoNI02U4ecKkoe 000CHO8ANUe MeChl-
HbIX cmpamuepaguyeckux eounuy (ceum) npogoounuce Ha ocHoge oevicmsyrouux Obwerl u
Meorcoynapoonou Cmpamuepaghuueckux Lllxan.
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OLIGOCENE RECORDS OF THE CLIMATE AND SEA LEVEL
CHANGES IN THE SOUTH-CASPIAN BASIN: INTEGRATION
OF LITHOFACIES AND DIATOM ANALYSES

We integrated the lithostratigraphic, biostratigraphic (diatom analysis) data from the well
documented continuous Oligocene (Lower Maykopian) succession cropping out in the Azerbai-
jan part of the South Caspian basin, and correlated them with the oxygen isotopic composition
in the Oligocene benthic foraminifera shells, as well as the Global Ocean and the Eastern Par-

atethys level fluctuation curves.

This article displays the variability of diatom algae associations throughout Oligocene,
and emphases on the link of these floral complexes changes with the climatic variations and
consequent sea level fluctuations reflected in the corresponding depositional environmental
changes. Based on paleoenvironmental analysis of the diatom assemblages the bionomic condi-
tions’ variations in the Early Maykopian (Oligocene) basin were recorded. Neritic and littoral
species of diatoms are frequently observed in the studied section.

The distribution of the thermophile and cryophile diatom species throughout Oligocene
succession enabled distinguishing of warming and cooling stages in the Oligocene history of
the Caspian segment of the Eastern Paratethys, and correlate them with Maykopian Sea level
fluctuations. The predominance of the marine diatom forms in the basal and top portions of the
studied succession is well explained by the more warmer climatic conditions established this

time in the Oligocene basin.

The recorded facies heterogeneity throughout the studied Oligocene succession is well
linked to the climatically forced sea level changes.
The article also provides the ground for correlation of the Eastern Paratethys Maykopian

Sea level with Global Ocean level curve.

Keywords: Lower Maykopian (Oligocene) sediments, facies variability, Maykopian Sea
level change, diatom algae, cooling - warming climatic stages

Introduction

Eocene-Oligocene transition is one of the
important time intervals in the global climate
change in the geological past (Miller, 1992;
Zachos et al., 2001; Miller at al., 2008; Zanazzi
et al., 2015). However, in the area of the Caspi-
an Sea this dramatic changes as well as climatic
variations in the Oligocene are not understood
well. The main reason lies in the lack of benthos
fauna, and poor plankton assemblages. In this
context the diatom algae represent one of the
important groups providing opportunity for
paleoenvironmental reconstractions.

The paper is dealing with study of Oligo-
cene succession exposed in Pirakushkul locality
in the South Caspian basin, and focused on the
climatic variations in the Caspian segment of
the Eastern Paratethys throughout Oligocene

26

E.G. Aliyeva

Institute of Geology and Geophysics,
Azerbaijan National Academy of Sciences
E-mail: e_aliyeva@gia.ab.az

N.T. Karimova £

Geology and Geophysics Institute,
Azerbaijan National Academy of Sciences
E-mail: nayila_kerimova@mail.ru

H.A. Allahverdiyeva

Azerbaijan National Academy of Sciences,
Institute of Geology and Geophysics,

H. Cavid ave., 119, Baku, AZ1143, Azerbaijan
E-mail: hallahverdiyeva63@gmail.com

proved by the recovered diatom complexes
changes. The link with global climatic events
and World Ocean fluctuations is the main out-
come of the article.
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STRATIGRAPHY AND SEDIMENTOLOGY OF OIL-GAS BASINS

Stratigraphy

Background information

The Lower Maykopian succession (Oligo-
cene) was studied on the southeastern limb of East-
ern Jangi sincline located within Shamakhi-Gobus-
tan oil-gas region of the South Caspian basin.

The section was described in the vicinities
of Pirakushkul village 500-800 m northward of
41% km of Baku-Shamakhi road, and has a
summary thickness of 616.4 m (Figure 1, 2).

Pirakushkul section covers the stratigraphic
interval from the base of the Maykopian Series
(Khadum horizon) to the contact with the Upper
Maykopian. Studied sediments are underlied by
the Eocene succession. The contact is clearly
seen in the field, and defined based on the bio-
stratigraphic and lithostratigraphic data.

In order to develop a stratigraphic scheme
of the Maykopian Series based on the floral as-
semblages Y. Zaklinskaya (1953 a, b) had sum-
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marized data on microscopic studies of the
spore-pollen spectrums of the Cenozoic deposits
exposed in the Northern Caucasus, Pre-Caspian,
Pre-Azov and Volga regions.

Y.Zaklinskaya had identified 4 stages in the
floral changes occurred during the Oligocene-
Miocene (Zaklinskaya, 1953 a,b):

1. Stages 1 & 2 correspond to the Lower
Maykopian; stage 1 covers the lower horizon -
Khadum stage (analogue to Rupelian), and contains
subtropical flora, and second stage is correspond-
ing to the upper horizons containing subtropical
flora with some forms typical for moderate climate.

2. Stage 3 distinguished in the Middle
Maykopian, and containing subtropical forms
with significant proportion of moderate flora.

3. Stage 4 in the Upper Maykopian in-
cludes moderate climate flora with some sub-
tropical elements of mixed large-leaved forests.

Figure 1. Location map of the Pirakushkul section:
a. Lithofacies map of the Lower Maykopian subseries within the area of the Eastern Azerbaijan.
b. Location map of the Azerbaijan segment of the Caspian basins.
Legend: 1 — shalestones, 2 — sandy shales, 3 — conglomerates, 4 — marls, 5 —land, 6 — studied outcrop of the Lower
Maykopian sediments, 7 — settlements, 8 — boundaries of oil-gas regions in Azerbaijan, 9 — Shamakhi-Gobustan oil-
gas region (Geology of Azerbaijan, 2005)
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According to the palynological data two
floral stages are identified in the Maykopian
sections in the Shamakhi-Gobustan region (Fig-
ure 2):

1. Lower Maykopian (Rupelian, Hattian),
represented by subtropical Mediterranean flora
with elements of warm-moderate flora (Bay-
ramova, Tagiyeva, 2009);

2. Upper Maykopian, represented by sub-
tropical Mediterranean flora with elements of
moderate flora (Bayramova, Tagiyeva, 2009).

Shamakhi-Gobustan region was located at
the boundary between the moderate-warm humid,
and the subtropical - tropical warm climatic zones
of the northern hemisphere. The floral composi-
tion underwent seasonal variations and was quite
rich (Bayramova, Tagiyeva, 2009).

Material and methods

Pirakushkul section as it was mentioned
above is composed of the Lower Maykopian
(Oligocene) sediments and located in the vicini-
ties of Pirakushkul village on the southeastern
limb of the Eastern Jangi syncline, which is sit-
uated within the Shamakhi-Gobustan region of
the South —Caspian basin (Figure 1). The total
thickness of the Oligocene sediments here is
616.4 m.

The section was measured, and sixteen
samples were collected. The collected samples
were processed in the laboratory for the diatom
analysis. The most samples are characterized by
the lack of fauna. However, almost all samples
contain diatom algae as well as the sponge spic-
ulas and dinoflagellates of the Tertiary period.
The most diatom forms have been identified to a
genus. However, in some cases it was possible
to define the relationship of diatoms to the cer-
tain species.

Lithology and depositional setting of the

Oligocene sediments

The Maykopian sediments in the Perikash-
kul section are divided into two horizons: the
lower horizon (215 m) composed of the shales,
rare sandstone and marl beds, and the upper
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horizon (380 m) consisting of lilac and brown
shales interbedded with sandstones containing
concretions. Based on the occurrence of plank-
ton foraminiferas Globigerina wfainalis Subb.,
G. ex gr. bulloides, Globanomalita micra (Cole)
(Alizadeh, Babazadeh, 1967), 36 m thick Kha-
dumian horizon in the base of the succession
composed of shales with the interlayers of yel-
low sandstones (successions 1 and 2) is distin-
guished within the lower portion.

SUCCESSION 1. Thickness is 9 m.

Lithology: alternation of laminated grey (1-
2 cm) and ochreous (3-5 cm) shales, sometimes
containing concretions (average size 16x4 cm).
In the lower portion of the Succession 4-5 cm
thick layer of fine-grained sandstone is ob-
served.

Microfauna: Globigerina offcinalis, G. bul-
loides, Globanomalina micra, Globorotalia sp.

Dominant spore and pollen genera: Faga-
ceae 36%, Juglandaceae 19%, Taxodiaceae
4%.

Dominant diatom species: Actinoptychus
undulatus var. minor, Biddulphia auria var.
atusa, Bacterosira fragilis Grun, Melosira sul-
cate.

SUCCESSION 2. Thickness - 27 m.

Lithology: monotonous grey laminated
poorly carbonated shales with sharp bluish lam-
inas. On the 9" meter from the Succession’s
base two dolomite beds and one 5 cm thick
sandstone layer are recorded. The 4 c¢cm thick
basal portion starts with calcareous fine-grained
sandstones with the interlayers of jarosite.

Microfauna: Globigerina off cinalis Subb.,
G. ex gr. bulloides, Globanomalina micra.

Dominant spore and pollen genera: Faga-
ceae 34%, Juglandaceae 25%, Taxodiaceae
5%.

Dominant diatom species: Actinocyclus in-
gens Rattr, Melosira undulata sp.1, Melosira
sulcate var. siberica, Podosira maculata, Tri-
ceratium Ehrenberg.

SUCCESSION 3. Thickness is 27 m.

Lithology: Grey to brown from laminated
to massive shales. In the mid-section, there is
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several cm thick layer of fine-grained sandstone
containing jarosite and gypsum grains.

Microfauna: not recorded.

Dominant spore and pollen genera: Jug-
landaceae 40%, Fagaceae 23%, Taxodiaceae
15%.

Dominant diatom species: Coscinodiscus
subsalsus, Melosira undulata sp.1, Navicula sp.,
Podosira sp.

SUCCESSION 4. Thickness is 9 m.

Lithology: Brown, chocolate
shales containing jarosite.

Microfauna: not recorded.

Dominant spore and pollen genera: Faga-
ceae 28%, Juglandaceae 27 %, Taxodiaceae 13%.

Dominant diatom species: Coscinodiscus
subsalsus, Coscinodiscus granulosus, Podosira
sp., Hyalodiscus rossii.

SUCCESSION 5. Thickness is 36 M.

Lithology: Alternation of light and dark
grey from laminated to massive, poorly sandy
shales containing jarosite. On the 9™ meter from
the succession’s top the massive fine-grained
sandstone is observed.

Microfauna: Psammospaera fusca, Sacca-
mmina variabilis, S. aff. barbaria.

Dominant spore and pollen genera: Juglan-
daceae 32%, Fagaceae 25%, Taxodiaceae 12%.

Dominant diatom species: Biddulphia auria
var. atusa, Cyclotella sp.4, Hyalodiscus rossii,
Nitzchia panduriformis var. delicatus, Thalla-
siossira praefraga.

SUCCESSION 6. Thickness is 45 m.

Lithology: Grey, light to dark, very dark
laminated (11 cm) and massive shales. Fossil
flora is recorded.

Microfauna: not found.

Dominant spore and pollen genera: Jug-
landaceae 36%, Fagaceae 28%, Taxodiaceae
21%.

Dominant diatom species: Thallasiossira
sp.1, Stephanocyclus sp., Thallasiossira native
Sheshuk.

SUCCESSION 7. Thickness is 115 m.

Lithology: Massive grey, partly dark,
brownish-grey, brown chocolate shales, hard,

massive
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sometimes chipped or having paper textures,
containing nestlike jarosite, bed gypsum and
fish remains. Lower portion of the Succession
contains interlayers of purple (1.5-2 cm), yellow
(1 cm), brown (1.5-2 cm) and dark grey (1-2
cm) shales with dark films between separate
layers, and thin sandstone bed.

Microfauna: not reported.

Dominant spore and pollen genera: Fa-
gaceae 55%, Juglandaceae 22%, Taxodiaceae
12%.

Dominant diatom species: Coscinodiscus
subsalsus, Coscinodiscus granulosus, Hyalodis-
cus laevis, Ploiaria petasiformis Pant, Pyxilla
sp., Thallasiossira native Sheshuk, Podosira
maxima, Podosira sp.1, Stephanocyclus sp., Po-
laria Heiberg, Thallasiossira sp.3.

SUCCESSION 8. Thickness is 90 m.

Lithology: Alternation of massive, chip,
grey, brownish-grey, almost dark, purple and
chocolate shales with thin (2-4 mm) interlayers
of yellowish from fine to medium-grained platy
sandstones.

Microfauna: Globigerina ex gr. bulloides
Orb., Saccammina aff. variabilis Bogd., S. fusi-
formis (Williamsson), S. aff. barbaria (Mjatl.).

Dominant spore and pollen genera: Fagaceae
51%, Juglandaceae 26%, Taxodiaceae 1%.

Dominant diatom species: Biddulphia auria
var. atusa, Eunotogramma bivittatum Grun. et
Pant, Synedra parasitica Hust. var., Thalla-
siossira sp.4, Pseudopodosira hyalina Joise.

SUCCESSION 9. Thickness is 63 m.

Lithology: grey (light to extremely dark)
and brown, sandy, argillaceous laminated and
massive shales. Two cm thick layer of yellow
sands is recorded in the mid-section.

Microfauna: Haplophragmoides aff. Kkju-
rendagensis Kosir., Textularia aff. agglutinans
Orb., as well as spheroidal, nodular, lenticular
radiolarias.

Dominant spore and pollen genera: Fagaceae
48%, Juglandaceae 37%, Taxodiaceae 4%.

Dominant diatom species: Bacterosira fra-
gilis Grun, Biddulphia sp., Thallasiossira sp.4,
Thalossirothrix sp.
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SUCCESSION 10. Thickness is 9 M.

Lithology: light to extremely dark grey
laminated (6-7 cm) shales with massive struc-
ture. Bottom of the Succession contains lens
(length — 2-2.5 m, thickness in center — 6 cm) of
dark-grey and very hard ochreous shales.

Microfauna: Ammobaculites aff. aggluti-
nans (Orb.), Triplasia variabilis (Brady).

Dominant spore and pollen genera: He
0OHapyKCHBI.

Dominant diatom species: Thalossirothrix
sp., Thallasiossira sp.4, Xantiopyxis umbonata
Grev.

SUCCESSION 11. Thickness is 112 m.

Lithology: light to dark grey, compact chip
shales, partly shelly and oxidized. In the middle
of the Succession, shales are light with a blue
tint, psammitic. The marl concretions and thin
jarositic beds are common.

Microfauna: not reported.

Dominant spore and pollen genera: Fa-
gaceae 62%, Taxodiaceae 16%, Juglandaceae
14%.

Dominant diatom species: Biddulphia auria
var. atusa, Gyrodiscus radiosus, Nitzchia pan-
duriformis var. delicatus, Hyalodiscus sp.1,
Nitzchia brevissima, Ploiaria petasiformis Pant.

SUCCESSION 12. Thickness is 0.4 m.

Lithology: yellow fine-grained subhorizon-
tally bedded sandstones.

Microfauna: not found.

Dominant spore and pollen
Fagaceae 47%, Juglandaceae 20%.

Dominant diatom species: Gyrodiscus ra-
diosus, Synedra ulna.

SUCCESSION 13. Thickness is 11 m.

Lithology: Grey, brownish-grey and brown
massive shales.

Microfauna: not recorded.

Dominant spore and pollen genera: Fa-
gaceae 45%, Taxodiaceae 24%, Juglandaceae
23%.

Dominant diatom species: Thallasiossira
sp.1-4, Denticula praelauta, Gyrodiscus radio-
sus, Odentella sp., Eunotogramma bivittatum
Grun. et Pant, Podosira maculata.

genera:
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SUCCESSION 14. Thickness is 63 m.

Lithology: purple, brown, strongly fractured
shales with jarosite thin beds. The Succession con-
tains several up to 80 cm thick layers of platy
sandstone, enriched by jarosite. The oval shaped
concretions with broken cores are common.

Microfauna: Fllabellammina sp., Ammo-
baculites aff. agglutinans (Orb.), Triplasia aff.
variabilis Bogd., Verneuilina sp., Spiroplec-
tammina aff. morozovae Maslak..

Dominant spore and pollen genera: Faga-
ceae 29%, Juglandaceae 26%, Betulaceae 11%.

Dominant diatom species: Gyrodiscus ra-
diosus, Chaetoserriis sp., Eunotogramma bivit-
tatum Grun., Hantzschia amphioxis var. inter-
media Grun., Denticula praelauta.

The shelf depositional environment is dom-
inating in the Pirakushkul section that is clear
from both lithofacies associations and diatom
assemblages. The thin intervals of accumulation
of sand material are related to the large storm
events affecting sedimentation on the proximal
portion of the shelf. Such facies shifts from the
outer shelf to the inner shelf were recorded al-
most in all successions, and are related to the
Sea level fall as it will be shown in the next
chapters of the paper. The most proximal envi-
ronment in the studied section is observed in the
succession 8, and is represented by the alterna-
ting shales and mm-thick sandstones deposited
in the transition zone facies.

Diatom assemblages recovered from the

Oligocene sediments

Almost all rock samples collected in the
field contain diatomic algae, as well as the
sponge spiculas and dinoflagellates of the Ter-
tiary period. Diatom complex of the Pirakushkul
section is composed of 61 taxons belonging to
38 species and 32 genera. These diatom assem-
blages are classified as marine inhabiting the
oligotrophic waters. As to their geographic cpo-
sition, most species are characterized as cosmo-
politan organisms.

Each slide contains 97-103 diatom shells,
and from 7 to 14 forms belonging to separate
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species. It means that the number of diatom algae
identified in the slides is not high, that can be ex-
plained by the following reasons:

- contamination of the basin by the hydro-
gen sulphide that is widely known;

- poor resistance to solvent

Most frequently recorded (20-47 individu-
ums in each slide) are the diatoms belonging to
a genus Thallasiossira — marine flora represent-
atives that are dominant in the upper portion of
the section.

Mainly neritic and littoral forms of diatom
algae are reported along the section. Those are
Ploiaria petasiformis Pant, Hantzschia virgata
Grun, Synedra parasitica Hust. var., Gram-
maphora angulosa Ehr., Podosira maculata,
Xantiopyxis umbonata Grev., Hyalodiscus
laevis, Nitzchia panduriformis var. delicatus,
Thalossirothrix sp., as well as typically neritic
species Bacterosira fragilis Grun, Nitzchia pan-
duriformis var delicatula, Gyrodiscus radiosus.

Less common are the freshwater forms, e.g.
Melosira udulata sp.1, Achnanthes minutissima
var. crypta, Coscinodiscus subsalsus, Hyalodis-
cus scoticus, Rhaphaneneis maeotica (Milov)
Sheshuk, Odentella sp. and Cyclotella. Limited
number of freshwater species is observed in
samples # 11-16.

Bottom and top layers of the section are
characterized by the large marine-type diatom
assemblages. Their number is slightly reducing
towards the mid-section (Samples 4-9). Upward
the section from Sample 9, marine diatoms be-
come dominant again.

Brackish water species (Hantzschia virgata
Grun., Hantzschia amphioxis var. intermedia
Grun., and Nitzchia panduriformis var. delica-
tus) are recorded all over the section in different
percentage. Growth in their amount begins from
the middle of the section and continues upward
(samples #5-16).

The section contains typical representatives
of the Tertiary diatoms Actinocyclus ingens
Rattr.,, Melosira undulata, Hualodiscus rosii,
Pseudopodosira hyalina Joise, Actinoptychus
undulatus var. crypta, Navicula hennedyi var.

2018/ 2

luxuosa, Synedra parasitica Hust. var., Steph-
anopyxis sp., Ploiaria petasiformis Pant. Some
of these species exist until the present time.
Several other forms are also recorded all over
the section (Ploiaria petasiformis Pant, Actinop-
tychus undulatus var. crypta, Eunotogramma
bivittatum Grun. et Pant, Xanthiopyxsis umbo-
nata Grev.). All these species belong to a ma-
rine flora. Actinoptychus undulatus var. crypta
is known both from the Tertiary deposits and
the Upper Eocene of the Western Siberia.

Most widely developed forms of plankton
diatoms are Eunotogramma bivittatum Grun. et
Pant, Actinocyclus ingens Rattr., Thallassiosira
nativa Sheshuk.

Thermophyle diatoms are represented by
the following genera: Hualodiscus rosii, Hy-
alodiscus laevis, Melosira polaris, Melosira
Sulcata, Melosira undulata sp.1, Podosira mac-
ulata, Triceratium Ehrenberg, Triceratium
grovei Pant., Biddulphia auria var. atusa. These
warm-loving species are common in the lower
(samples 1-7), rare in the middle, and become
common again in the upper (samples 13-15)
portions of the studied succession.

Cryophile forms belong to the genera Ac-
tinoptychus undulatus var. crypta, Hantzschia
virgata Grun, Synedra parasitica Hust. var.
parasitica, Navicula hennedyi var. luxuosa,
Xanthiopyxsis umbonata Grev., Denticula
praelauta, Podosira sp., Eunotogramma bivitta-
tum Grun. et Pant, etc. Moderate quantities of
these marine species are found all across the
Maykopian section.

Figure 2 provides palaeotemperature recon-
structions developed based on the diatom assosia-
tion change. Temperature variations are highlighted
in the grey color, and darker color indicates to a
reduction in amount of thermophile diatoms.

Some diatom individuums belonging to
Thallassiothrix genera (Bukry, 1973) remain uni-
dentified to a species. Being typical for Oligo-
cene-Miocene these diatoms are most commonly
found in the samples 11-16. Also the Oligocene
marine dinoflagellates are found in the most
slides. They are quite large and vary in size be-
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tween 45u -150u (Tables 2 and 3). There is a
plenty of these algae in samples 6-16. Thus, the
entire section is dominated by a marine flora over
the freshwater species. We also could not recog-
nize several diatoms from Cyclotella, Hualodis-
cus, Stephanopyxis, Stephanodiscus and Biddul-
phia genera. Similar diatom algae have been re-
covered from Upper Maykopian sediments in
Shikhzagirli section (Kerimova, 2017).

The fragments of diatoms from Istmia ge-
nus as well as Podosira maxima are widely
ocurring in all portions of the section. Highest
concentrations of these fragments are reported
in samples 49, 52 and 73, collected from the up-
per part of the section. The well-preserved dino-
flagellates belonging to the Tasmanites, Dra-
codinium, Rhombodinium genera are frequently
recorded.

The composition of the diatom assemblages
of the Maykopian Series cropping out in the Pi-
rakushkul section are summarized in the plates
1, 2, 3. As a result we can state that the assem-
blage composition is as follows: marine forms —
88%, brackish-water specimens — 10%, fresh-
water forms — 2%.

Climatic variations in the Caspian

segment of the Eastern Paratethys in

Oligocene and their link to the global

environmental events

Based on the amounts of thermophile and
cryophile forms of diatoms, we can state that
during the Oligocene there were several peaks
of cooling and warming (Figure 2).

In the section lowers the growth of thermo-
phile diatoms indicates to the warming stage con-
ventionally marked by the letter A (Figure 2). Itis
replaced by a stage of dominating cryophile spe-
cies of diatoms, marked by the letter B. Strati-
graphically higher a stage C is distinguished, that
is characterized by a slight increase amount of
thermophile diatoms. This is followed, as we as-
sume, by a cooling stage, reflected in a slightly
increased number of cryophile diatoms (stage D).
Upward the section there are, possibly, two warm-
ing stages— E and F, separated by a short period
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of decrease in the amount of thermophile diatoms.
It should be noted that the warming stage E, cor-
responding to the increased number of thermo-
phile diatoms, is not confirmed by the cryophile
forms the increased amount of which testifies to
the opposite trend, i.e. decline in water tempera-
tures of their habitat. At the same time, in sample
11, corresponding to the warming stage F the
trend of growing amount of thermophyle species
is confirmed by the drop in the number of shells of
cryophile diatoms. The section terminates with the
succeeded stages of cooling and warming marked
as G, H, and E, and well identified in the composi-
tion of diatom associations. Thus, based on the
change of diatom associations, we can conclude
that in the Oligocene history of the Caspian seg-
ment of the Eastern Parathethys there were eight
stages of domination of the thermophile and cryo-
phile species of these algae that, possibly, reflects
the changes in the Oligocene climatic conditions.

In general, it can be stated that the number of
cryophile diatoms in the cooling stages exceeds
the number of thermophile forms in their peak
contents. However, thermophile forms turned out
to be more sensitive to the rapid environmental
changes, which are reflected in the greater varia-
bility of their amount in the studied section.

The maximum of freshwater forms (three
specimens) found in sample 13 coincided with
the peak proportion of cryophile diatoms - stage
G (Figure 2). The maximum of marine diatoms
recorded in the sample 1 correlates with ap-
proximately equal amount of warm-loving and
cold-loving diatoms - 10-12 forms of each type.
However, in sample 15 the highest number of
typical marine species is corresponded to the
warming stage H, identified by the maximum
number of thermophile forms (25 shells). Along
with this, the minimum content of marine spe-
cies in sample 11 also corresponds to the
warming stage shown by the letter F. In the
section uppers the quantities of all three types
of diatoms is increasing. These data tell that
climatic interpretation of halophile and halo-
phobic diatom algae distribution is ambigu-
ous, and needs further clarification. The dia-
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tom assemblages displaying frequent climate
dependent variations arises the questions on
their relationships with the global environmen-
tal processes. Figure 3 shows the curves of the
thermophile, cryophile diatom shells’ number
in the Oligocene sediments collected from the
Perikushkul outcrop, oxygen isotope composi-
tion of the Oligocene benthic foraminiferas, the
World Ocean and Eastern Paratethys level fluc-
tuations in Oligocene.

It should be noted that despite the general
single trend in the Lower Oligocene Sea level
behavior observed on all three curves, the scales
of oscillations are estimated differently by dif-
ferent authors. Thus, by B. Haq et al. (1987) the
amplitude of the World Ocean level changes in
the Lower Oligocene was 100m — from +100 to
+200m; by K. Miller et al. (2005) 75 m — from
-25m to about +50m; in the Eastern Paratethys
accordingly to S. Popov et al.(2010) 150 m -
from -50m to +100m. Further, in the Upper Oli-
gocene, these estimations do not coincide.

The Eocene — Oligocene boundary is the
onset of the large climatic changes and devel-
opment of the Antarctic sheet (Miller, 1992;
Zachos et al., 2001; Miller at al., 2008; Zanazzi
et al., 2015). The temperature drop continued
for almost the entire Oligocene, and covered a
time interval of 32.5 Ma — 25.5 Ma. This was
accompanied by the extinction of organisms,
mostly, marine in nature (lvany et al., 2000;
Molina et al., 2006). We also have found some
evidence of this event in the composition and
character of the diatom complex we studied, but
the complete extinction of marine diatoms is not
observed. Thus, in lowermost portion of the
section there is a reduction in the amount of
both types of diatom algae — warm-loving and
cold-loving. We have recovered 10-15 shells
of each type —thermophile and cryophile dia-
toms (Figure 2). However, we have recorded
the maximum content of marine species here.

In general, the overall cooling trend that
lasted during the entire Oligocene was not con-
tinuous. There were climatic variations reflected
in the alternation of warming and cooling stag-
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es, which is clearly seen both in the composition
of the diatom complex, and in the behavior of
the oxygen isotope composition obtained on
benthic foraminiferas (Miller et al., 2005).
Comparison of diatom assemblages’ variations
with the oxygen isotope curve shows a good
correlation.

Earlier, Pekar et al. showed 9 eustatic sea
level falls on the continental margin of New Jer-
sey, which are well corresponded to 9 isotope
events (Pekar et al., 2003).

The first isotope event is corresponding to
the transition from the Eocene to the Oligocene,
and was accompanied by a gradual temperature
decline, which reached its peak at 33.55 Ma —
the isotope event Oil (Miller et al., 1991).

Judging by the composition of diatom as-
semblages we can conclude that in the Caspian
segment of the Eastern Paratethys a gradual
change of the relatively warm climatic condi-
tions occurring at the Eocene-Oligocene
boundary at 33.8 Ma and correlating with a
lighter oxy gen isotopic composition (warm
period marked by the letter A) by the cooling
stage B (purple square) corresponding to the
isotopic events Oil and Oila is also observed
(Figure 3). This cooling stage is well correlat-
ed with the World Ocean (Miller et al., 2005;
Hag et al., 1987) and the East Paratethys level
drops (Popov et al., 2010).

Thus, we believe that the isotope event
known as Oil, and recorded in the Atlantic, Pa-
cific, Indian and Southern oceans (Shackleton
and Kennett, 1975; Savin et al., 1975; Kennett
and Shackleton, 1976; Keigwin, 1980 ; Corliss
et al., 1984; Miller et al., 1987; Zachos et al.,
2001; Coxall et al., 2005) has also found its
proof in the Caspian basin.

We assume that accumulation of sand-
stones in the basal portion of the Pirakushkul
section, probably, indicating to more proximal
depositional setting is associated with this event.
Accordingly, the thin sandstones recorded up-
ward the section at the stratigraphic depth 48
meters we link with the isotope event Oila.
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The warming stage C distinguished on the
increased amount of the warm-loving diatoms
and reduction in the number of shells belonging
to cold-loving species is the most extended in
time (yellow square) and, judging by the oxygen
isotope curve, lasted more than 2.5 Ma (Figure
3). The slight decrease of the thermophile dia-
toms is, probably, associated with the isotope
event Oilb, although the number of cryophile
forms is also slightly reduced.

The next isotope event Oi2 at the absolute
age of 30.1 Ma (blue square) affected both the
composition of diatoms (event D) and at the
Global Sea level. Within this episode, there is a
slight drop in the quantities of thermophile dia-
toms (the peak between the two episodes E and
F), which may correlate with an isotopic event
dated back to 29.1 Ma. In the Pirakushkul sec-
tion, these two isotope events correspond to the
accumulation of sand beds at the stratigraphic
depths of 213m and 318m (Figures 2, 3).

The subsequent warming (event F by the
diatom complex) was replaced by another cool-
ing (isotope events Oi2a and Oi2b, green
square). These cooling stages are well docu-
mented in the World Ocean level that based on
the K. Miller et al. data (2005) twicely experi-
enced a fall in the time span of 28.3 Ma - 27

OLIGOCENE RECORDS OF THE CLIMATE AND SEA LEVEL CHANCES IN THE SOUTH-CASPIAN BASIN
AND INTEGRATION OF LITHOFACIES AND DIATOM ANALYSES

Ma. However, in the Eastern Paratethys only
one episode of the sea level decline from the
altitude +60 m to + 50m is recorded (Popov et
al., 2010). Also, judging by the composition of
diatoms there is only one cooling episode indi-
cated by the letter G is recorded.

In the Caspian segment of the Eastern Par-
atethys the isotope event Oi2b, we believe, corre-
lates with the shale beds alternating with mm
scale sand interlayers, the base of which lies at
the 421m stratigraphic depth (Figure 2, 3).

The warming stage H (pink square) occu-
pied a large time span of more than 2.5 Myr.
The isotope event Oi2c recorded within this
time interval did not affect the composition of
diatoms, but can be clearly seen in the behavior
of the World Ocean level, which dropped fol-
lowing estimations of K. Miller et al., (2005)
from the altitude + 40m to -20m (Figure 2, 3).
At the same time, judging from the data of S.
Popov and others, this climatic episode was not
reflected in the fluctuations of the Eastern Par-
atethys level (Popov et al., 2010). However, in
the Pirakushkul section the 40 cm thick sand-
stone bed observed at the stratigraphic depth of
555 meters, probably, is associated with this iso-
topic event and related to a decline of the Oligo-
cene sea level.
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Figure 3. Curves displaying the changes in the: (a) number of cryophile (in brown) and thermophile (in yellow) dia-
toms; (b) oxygen isotope composition of benthic foraminiferas; (c) World Ocean level: by K.Miller et al. (2005) or-
ange dotted line; by B.Haq et al. (1987) green line; Eastern Paratethys level by S. Popov et al. (2010), blue line.
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The last isotopic event Mil, which terminates In our section, the transition to the Miocene
the Oligocene and indicates the onset of Miocene  was marked by the accumulation of several sand
is well reflected both in the composition of dia- beds up to 80 cm thick each (sucession 14)
toms (cooling stage E) and in the curves of the (Figures 2, 3).

World Ocean and Eastern Paratethys level change.

Plate 1

1- Melosira undulata sp.1, 2 — Actinocyclus ingens Rattr, 3 — Actinocyclus sp., 4 — Melosira sulcata, 5 —
Actinoptychus undulatus var. minor, 6 — Triceratium Grovei Pant, 7 — Hyalodiscus sp.1, 8 — Coscinodiscus
subsalsus, 9 — Thalassiothrix sp ?, 10 — Thalassiosira praefraga, 11 — Stephanodiscus astrae, 12 — Xanthiopyxis
umbonata Grev, 13 — Cyclotella sp. 1, 14 — Grammatophora angulosa Ehr. var., 15 — Eunotogramma bivittatum
Grun. et. Pant., 16 — Cyclotella sp.2, 17 — Nitzschia brevissima, 18 — Melosira sulcata var. siberica.
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Plate 2

20 — Melosira polaris, 21 — Denticulopsis praelauta, 22 — Hyalodiscus sp.2, 23 — Navicula sp., 24 — Pseudopodosira
westii Sheshuk, 25 — Polaria Heiberg, 26 — Navicula hennedyi var. luxuosa, 27 — Stephanodiscus sp., 28 — Pseudo-
podosira hualina Jouse, 29 — Hantzschia virgata Grun, 30 — Hyalodiscus scoticus, 31 — Stephanopyxis sp., 32 —
Odontella sp., 33 —Synedra parasitica Hust var. parasitica, 34 — Podosira maculata, 35 — Hantzschia amphioxis var.
intermedia Grun, 36 — Stephanocyclus sp., 37 — Podosira sp.
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Plate 3

39 — Coscinodiscus granulosus, 40 — Biddulphia sp., 41 — Hyalodiscus laevis, 42 — Synedra ulna, 43 — Achnanthes
minutissima var. cryptocephala Grun, 44 — Gyrodiscus radiosus, 45 — Hantzschia amphioxis var. intermedia Grun,
46 — Hyalodiscus rossii, 47 — Nitzschia panduriformis var. delicatus, 48 — Triceratium Ehrenberg, 49 — Pyxilla sp.,
50 — Ploiaria petasiformis Pant, 51 — Rhaphoeneis maeotica (Milov) Sheshuk, 52 — Cyclotella sp.3, 53 — Biddulphia
auria var. atusa, 54 — Basterosira fragilis Grun, 55 — Cyclotella sp.4, 56 — Chaetoseriis sp., 57 — Cyclotel-
laschambik, 58 — Thalassiosira nativa Sheshuk
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Conclusions

The diatom analysis done on the Oligocene
sediments in the onshore part of the South Caspi-
an basin allowed us qualification of the climatic
variations, and revealing the min year scale cli-
matic cyclicity in the Oligocene history of the -
Caspian segment of the Eastern Paratethys. This
cyclicity was reflected in the Eastern Paratethys
level fluctuations of the third order.

The absence of absolute dating of the Oli-
gocene sediments exposed in the Pirakushkul
section makes the accurate tie of the climatic
episodes identified on the basis of variations in
the composition of diatom associations to the
global oxygen isotope events difficult. Howev-
er, an exact recognition of the base and top of
the Oligocene succession in the studied section,
its continuity and good exposure allow us with a
high degree of confidence the synchronization
of the registered climatic episodes with the
global climatic and sea level changes.

We can conclude that the studied section is
dominated by marine species of diatom algae; the
brackish-water forms take a subordinated position.
It tells about dominating normal marine condi-
tions in the Lower Maykopian basin. Salinity of
the basin did not variated much. Based on the
large amount of cold-loving species we can state
that temperature in the Oligocene within area of
the study was low - 5°C -15°C. In some time in-
tervals it could icrease up to 20°C.

OLIGOCENE RECORDS OF THE CLIMATE AND SEA LEVEL CHANCES IN THE SOUTH-CASPIAN BASIN
AND INTEGRATION OF LITHOFACIES AND DIATOM ANALYSES

The achieved data display that during the Oli-
gocene the quantitative ratios of the warm-loving
and cold-loving diatom species changed several
times that is well compared with the oxygen iso-
tope ratio in the shells of benthic foraminiferas.

There are 4 warming stages and 4 cooling
stages in the Oligocene history of the Caspian ba-
sin, which was part of the Eastern Paratethys. The-
se climatic events fully coincide with the Eastern
Paratethys level fluctuations (Popov et al., 2010).

According to the results obtained the cold
stages defined by diatom algae assemblages corre-
spond to the Eastern Paratethys level decline. In
the Pirakushkul section these time intervals are
associated with the accumulation of thin sand
beds, that, probably, reflects depositional envi-
ronment changes from the outer shelf setting
dominating in the section to the more proximal
inner shelf exposed to storm processes resulted in
the accumulation of coarse terrigenous sediments.

Recorded increase in number of marine
forms of diatom algae in the lower and upper
portions of the Pirakushkul section is well coin-
ciding with warming stages C and H that ex-
plains this phenomenon, i.e. more favorable envi-
ronment for diatom growth in the warm waters.

Our data also show that the changes in the dia-
tom algae associations occur a little bit later with
the respect to climatic and facies variations that tes-
tify to some time interval between biocoenosis’s
reaction and caused it environmental process.
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” AND INTEGRATION OF LITHOFACIES AND DIATOM ANALYSES

~_ OLIQOSEN DOVRUNDO CONUBI-X9Z9R COKMO HOVZISINDO
IQLIM HADISOLORI VO DONIZ SOVIYYOSININ DOYISMOSI: LITOFASIAL VO
DIATOM ANALIZLORIN INTEQRASIYASI

E.H. 9liyeva, N.T. Korimova, H.9. Allahverdiyeva

Magalada Canubi Xazar hévzasinin Azarbaycan hissasinda yerlagan, yaxs: kasiligloro malik
va davam/z izlanila bilan Oliqosen ¢okiintiilarinin litofasial va diatom analizlarin naticalori tahlil
olunub. Olda olunan malumatlar bentik foraminiferlarin oksigen izotop tarkibinin, Diinya Okea-
minin va Sarqi Paratetisin saviyyasinin dayismasinin ayrilari ilo miiqayisa olunur.

Tadgiqanin naticalari Oliqosen dévriinda diatom assosiasiyalarinin torkibinin dayismasi ig-
lim hadisalori, onlarla sinxron sakilda bas veran daniz saviyyasinin va sedimentasiya soraiti-
nin dayisilmasi il alagalandirmaya imkan verir.

Diatom komplekslarinin ekoloji tahlilina asaslanarag, todgigat sahasinin Erkan  Maykop
hdvzasinda bionomik goraitinin dayiskanliklori geyd edildi. On ¢ox diatomlarin nerit va lito-
ral formalar: tapiidi. Tadqiq edilon sahada isti su va soyuq su diatomlarinin yayilma xarakterinin
analizi, Sarqi Paratetisin Xazor segmentinin Oligosen tarixinda soyuma va istilasma marhalalarini
miiayyanlagdirmaya va onlar: Maykop daniz saviyyasinin dayiskanliklari ila alagalandirmasing im-
kan vermigdi. Kasilisin daban va tavan hissalarinda bu yosunlarin daniz novlarinin dominant/:-
g1 bu dévrda isti iqlim saraitinin olmas: ilo haglamaq olar.

Oliqosen qannin qeyd edilon fasial geyri-cinslik iglim tasiri naticasinda danizin sayiyyasinin
dayismoasi ila izah olunur.

Maqala hamginin Sarqi Paratetisin vo Diinya Okeaninin Maykop Daniz saviyyasinin korrel-
yasiyas ti¢iin 25as Verir.

KIMMATHYECKHUE COBBITHA U KOJIEBAHUS YPOBHS MOPS
B OJIMT'OLEHE IO’)KHO-KACITMUCKOI'O OCAJOYHOI'O BACCENHA:
HUHTEI'PAIIUA INTOPALTUAJIIBHOI'O U TUATOMOBOI'O AHAJIN30B

J.I'. AnueBa, H.T. Kepumona, X.A. AjuiaxsepauneBa

B cmamve unmezpuposanvi pesynvmamol 1umopayuarbHoco u Ouamomoso20 aHAIU308,
NPOBEOEHHBIX HA XOPOULO OOHANCAIOWUXCS, HENPEPBLIBHO NPOCIEHCUBAEMBIX OJIUOYEHOBLIX OM-
JIOJHCEHUSAX, PACNONIOJNCEHHBIX 8 azepbatiodcanckou ywacmu FOuxcno-Kacnutickoeo baccetina. Ilony-
yeHHble OaHHble CONOCMABIAIOMCS C KPUBLLMU U30MONHO20 COCMABA KUCIOPOOd OenmocHbix ¢ho-
pamunucghep, konedbanutl yposneii Muposoco Okeana u Bocmounoeo Ilapamemuca.

Pesynomamur uccnedosanuii noxkasviéarom 6apuabuibHOCMb cOCMA8A OUANMOMOBbIX ACCOYUA-
Yuil 8 medeHue onuoyeHd, U 0arm 03MONCHOCHb VYBA3AMb UX C KIUMAMUYECKUMU COOLIMUAMU U
CUHXPOHHLIMU C HUMU KONEOAHUSAMU YPOBHS MOPSl, HAXOOAWUMU CBO€ OMPANXCEHUE 8 USMEHEHUU
VCIL08UL 0CAOKOHAKONAEHUSL.

OCHOBbIBASICL HA IKOLOUYECKOM AHANU3E OUATNOMOBLIX KOMNIIEKCO8, DbLIU OmMeueHbl Ume-
HEeHUsl OUOHOMUYECKUX YCIIOBUlL 8 PAHHEMAUKONCKOM bacceline pationa ucciedosanutl. Haubonee
4acmo 0OHAPYIHCEHbl HEPUMOBble U TUMOPALbHbILL hopmbl duamomeu. Ananuz xapakmepa pacnpe-
Oellenuss Menio80OHbIX U XONOOHOBOOHBIX OUAMOMELl N0 U3VHEHHOMY pa3pe3y NO360UI BblAGUMb
cmaouy noxXon00anuti U nomenienutl 8 onueoyerosol ucmopuu Kacnutickoeo ceemenma Bocmou-
Hozo [lapamemuca, u ckoppeauposams ux ¢ KoieoaHusMu yYpoeHs MAuKONcKko2o Mops. J{omunupo-
8aHue 8 NOOOWIBEHHOU U KPOBEIbHOU YaACMAX pa3pe3d MOPCKUX U008 IMUX 000POCIell XOPOULO
00vACHAEMC S YCMAHO8IeHUeM DoJlee MeniblX KIUMAMU4ecKux yCiosutl 8 3mu nepuoobl 8pemMeHu.

Ommeyennas gayuanvhas HeoOHOPOOHOCHb OUSOYEHOBOU MONUU XOPOUO KOPperupyem ¢
KAUMamu4ecky 00yCi106/1eHHHbIMU KOAeOAHUAMU MOPSL.

Cmamus maxdce 0aem OCHO8Y O KOppenayuu YypoeHel MAauKkonckoeo mops Bocmounozo
Ilapamemuca u Mupoeoco Okeana.
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FIRST DISCOVERIES OF TERRIGENOUS GOLD AND
PLATINUM IN THE MIOCENE DEPOSITS
OF THE EASTERN CAUCASUS (DAGESTAN)

Outcrops of Miocene (Chokrak-Karaganian) sediments represented by poorly cemented
from medium to fine-grained quartz sandstones, are occurring in the front ranges (Kara-
burun, Narat-Tube, etc.) of Dagestan within the transition zone between the northern slope of
Eastern Caucasus orogen and the Terek-Caspian foredeep trough. The commercial concen-
trations of gold and platinum in the Miocene sediments were proved by the atomic absorption

spectroscopy. The reserves were evaluated.

Keywords: Eastern Caucasus, Miocene, quartz sandstones, gold and platinum com-

mercial accumulations

Introduction

There are no magmatic formations reported
in the Eastern Caucasus region, to which the ore
and placer gold or platinum occurrences could
have been linked. Therefore, these metals distri-
bution hasn’t been studied by the special survey.
Gold and silver content have been identified
pari passu during geological exploration on py-
rite and quartz-sulfide ores, as well as by survey
implemented by “SevKavkazGeologiya” (North
Caucasus Geology). It was believed that there
are not elevated concentrations of Au, Pt and Pd
in the Miocene sandy-muddy successions lo-
cated on the conjunction between the amag-
matic northern slope of the Eastern Caucasus
orogen and the Terek-Caspian foredeep trough.

Single placer gold discoveries in the un-
consolidated fluvial sediments of the northeast-
ern slope of the Greater Caucasus have been re-
corded in the vicinity of Kubachi village (Ullu-
chay river basin), Vachi and Kuli (Gazikumukh
Koysu river basin), as well as in the downstream
tributaries of the Sulak river.

The silver was found by spectral analyses
performed on the sediment samples collected
from stream beds in the Greater Caucasus
northern slope. The results displayed extended
aureoles of Ag reaching content to 10-100 g/t.
The Upper Jurassic and the Lower Cretaceous
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sandstones contain elevated concentrations of
Ag reaching to 10-20 g/t. However, these stud-
ies have not been continued as the sources of
precious metals were not defined. At the end of
the XX century the Geological Institute of the
Dagestan Scientific Center affiliated to the Rus-
sian Academy of Sciences (DSC of RAS) initi-
ated the long-term researches on the placer no-
ble metals in the North Caucasus.

Material, Methods
Since 1990’s, the Geological Institute of

DSC, RAS continuously studies a heavy frac-
tion mineral composition in samples selectively
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collected from the loose sediments of stream
beds and the Caspian coast as well as from the
Mesozoic-Cenozoic bedrocks, mostly poorly
cemented Chokrakian-Karaganian (Middle Mi-
ocene) quartz sandstones (Matsapulin, Hasanov,
1991; Matsapulin, Yusupov, 1994; Matsapulin,
Magomedov, Yusubov, 1995; Cherkashin,
Matsapulin,  Yusupov, 2006; Cherkashin,
Matsapulin, Yusupov, 2006).

During sampling on heavy concentrates in
these sediments aimed on the exploration of the
titanium and zirconium ores, individual, less
than 0.2 mm in size grains of the gold and the
platinum have been also recorded in the areas of
Buglen, Shura-Ozen, Cherkez-Ozen and Khu-
chni. It should be noticed that samples have
been collected following the methodology ap-
plied for the exploration of titanium-zirconium
placers, and the weight of collected samples did
not exceed 0.2 kg, whereas the sediment sam-
ples collected for gold concentrate detection
shall be as twice as heavier. Therefore, it’s rea-

sonable to assume that the actual quantity of
gold, and, particularly, its’ finely dispersed vari-
ety, is much higher in the studied rocks than it
has been revealed. Moreover, it has to be ac-
counted that the rocks have been manually
washed in the trays, and the gold is represented
by its’ less than 0.2 mm fraction. Only 5-10% of
a free gold can be identified by using that meth-
od (Shilo, 2002).

In 2007, bromoform was introduced for
separation of a heavy fraction from the stream
bed sediments. It allows detecting gold grains in
each 50 g weighting sample (up to 7 grains in
some samples). Besides gold the platinum was
also detected. Gold and platinum contents in the
sampled sediments have been calculated based
on the number of grains. The results on heavy
concentrates are summarized in Table 1.

The placer gold and platinum have been al-
so examined under the microscope to determine
their sizes and morphological patterns.

Cretaceous deposits
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Table 1
Placer gold and platinum contents in the Chokrakian-Karaganian quartz sandstones (g/t),
determined based on heavy concentrate sampling
° Sample Strati- Share of heavy Au content Pt content
n/n number graphic age fraction, % grains g/t grains g/t
1 100/06 Chokrakian 0,6 1 - - -
2 107/06 Karaganian 1,0 1 - 2 -
3 120/06 - 0,3 - - 2 -
4 130/06 — 0,7 1 - 1 -
5 101/06 Chokrakian 0,7 7 2 5 3
6 131/06 — 0,3 3 0,5 2 2
7 116/06 - 1,0 2 0,2 1 0,5
8 103/06 Karaganian 0,6 3 1 5 7
9 104/06 — 2,5 2 1 3 20
10 105/06 — 0,5 4 15 5 2
11 115/06 - 0,7 1 0,2 2 0,7
12 102/06 — 0,3 4 15 2 0,3

Note: Samples # 5-12 were processed with heavy liquid fractionation.

To define the noble metal concentrations
the selected samples were analysed with the ap-
plication of atomic absorption spectroscopy.

Results

It was identified that the gold grains are up
to 0.13 mm in size and have the wire-like, iso-
metric and oblong forms. In one sample, the
gold grain has dark-brown colored cover. In
some cases, the grains are poorly rounded. Plat-
inum grains are up to 0.2 mm large. The isomet-
ric lamellas intergrowing with a green coloured
mineral are observed. Lamellas are oblong and
rarely poorly rounded (Figure 2).

In order to define gold and platinum con-
centrations in the analysed sediments the bulk
sampling was applied to these rocks with further
implementation of atomic absorption spectros-
copy (Table 2). We can state that commercial
concentrations of these metals are recorded in
the Chokrakian-Karaganian sandstones. Indi-
vidual samples containing Au and Pt have been
reported in the Upper Jurassic — Lower Creta-
ceous terrigenous-carbonate rocks. Alternating
with sandstones Chokrakian-Karaganian black

shales are appeared to bear gold and platinum,
too. Five samples of these rocks contained 1.0-
2.9 (av. 1.72) g/t of gold, 2.2-7.2 (av. 3.46) g/t
of platinum, 1.3-3.2 (av. 1.96) g/t of palladium,
and 0.06-0.2 (av. 0.13) g/t of silver.

Figure 2. Placer gold (a, b) and platinum (c, d) ex-
tracted from Miocene quartz weakly cemented fine-
medium-grained sandstones (Dagestan)

a— V. Buglen, Chokrakian; b — v. Kapchugay, Chokrakian;
¢ —Vv. Kumtorkala, Karaganian; d — v. Buglen, Chokrakian
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Table 2
Gold, silver and platinoids concentrations in the Miocene sandstones and shales (in g/t)
N Samp.ll.ng Number of | Stratigraphic Au Pt Pd Ag >
localities samples age Au, Pt, Pd.
1 | Buglen village 4 Chokrakian 02-08 | 18-47 01-03 - 5,72
305 24 027
. . 03-18 0-1.2 0-0,3
2 | Kulzeb village 2 Sarmatian 105 06 015 - 1,8
L . 20-68 32-255 0-0,7
Khuchni village 2 Karaganian - 19,2
3 | Khuchni viflag gan! 44 1435 0,35
j 010-188 —24, -1,
4 | Shura-Ozen 26 Chokrakian 881 0-247 ) 0-10 : 6,26
river 217 3,74 0,35
05-10 | 47-7,2 | 0,7-17
5 | Buynak pass 2 Karaganian o T = - 7,9
ynaxep 9 0,75 595 12
14-22 | 30-94 | 22-32
6 | Ekibulag arroyo 2 Sarmatian - 10,72
182 6,2 2,7
_ 2 Sarmatian 18-22 | 17-22 | 17-25 - 5,8
7 Sulak river 175 195 21
downstream . Cni—-23 | 02-26 | 01-30 | 002-006
15 Karaganian 2,65
08 0,92 0,9 003
8 | Kulzeb village 1 Sarmatian 0,3 1,2 0,3 - 1,8
0,2-06 | 0,2-10 | 0,2-0,4 | 002-0,06
9 | Uchkent village 4 Karaganian 1,14
0,36 0,48 0,3 0,036
. . . 125-150 2,2 13-14 | 006-02
10 | Hajal-makhi 2 Upper Jurassic — 5,05
J PP 137 2,2 135 043
11 | Tsudakhar 1 Lower Cretaceous 2,3 2,2 1,2 - 5,7

Note: Ag concentration is shown only for the areas where this metal was detected

Occurrence of titanium-zirconium minerals,
gold and silver in the terrigenous rocks is the re-
sult of erosion distal sources. Such provenance
areas for these metals might be VVoronezh crystal-
line massif and more proximal volcanic source in
the northern flank of the Terek-Caspian depres-
sion.

These provenances had repeatedly gone
through the continental evolution, experienced
the peneplinization and formation of chemical
weathering crust. According to the data of
“Dagneft” OJSC (K.A.Sabanayev, oral commu-
nication), these provenance regions experienced
12 such epochs starting from Permian-Triassic
and ending in Holocene, that was highly favour-
able for the release of noble metals from the
mother rocks and their placer accumulations’
formation.
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Similar fine-grained forms of the gold and
platinoids are widely occurring in other regions,
such as Azov-Black Sea (sourced from the Vo-
ronezh massif), Ural, Siberia and Far East
(Volkov, Yushin, Shashorin, 2005; Matveyeva,
Filippov, Prokofyeva, 2006.). Paragenesis of
these metals indicates to a polytypicality of their
sources. Precious metal accumulations do not
correlate with elevated titanium-zirconium min-
erals’ concentrations, which is apparently due to
the density difference.

Conclusions

Conducted studies allow us to conclude:

- regarding huge volumes (billions of cu-
bic meters) of weakly cemented Chokrak-
Karaganian quartz sandstones as a multicompo-
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nent material for gold, platinoids, titanium, zir- - recommending the widescale geochemi-
conium and quartz accumulations; cal studies of the region’s gold, silver and plati-

- highly rating the region’s potential for noid bearing perspectives, and the exploration
discovering commercial accumulations of popu- and forecasting of its’ Chokrak-Karaganian de-
lar precious metals; and POSits.
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SORQI QAFQAZIN (DAGISTAN) MiOSEN COKUNTULORINDO
TERRIGEN QIZILININ VO PLATININ iLK TAPINTILARI

V.U. Matsapulin, A.R. Yusupov, V.i. Cerkasin

Zoif sementlanmig orta va inca danali kvars qumlar: ilo tamsil olunan miosen ¢uxzglarinin
(Cokrak, Karagan) cokuntilori Sarqgi Qafgaz:n Simal yamac: orogeninin Terek-Xazar 6n ¢okayina
kecid zonas:nda, Dagistanin 6n silsilalorinda (Kara-qirici, Narat-Tyube va s.) yayidlmusdir. Son
illar apar:lan islarla sixurlarda slix sinaglasdirmas: va cam sinaglasdirma ilo — atom-absorbsiya

usulu ilo guzil va platin muayyan edilmisdir. Kifayat gadar ehtiyatlar: olan giymatli metallar:n mi-
qdar: sanaye ahamiyyatlidir.

IHEPBBIE HAXOJAKHU TEPPUT'EHHOI'O 30JIO0TA, IIVIATUHBI
B MUOILEHOBBIX OTJIOKEHUAX BOCTOYHOI'O KABKA3A (IA'ECTAH)

B.Y. Mananyaun, A.P. IOcynos, B.U. Yepkamun

Boixoowr muoyenoguvix (4oKpak, Kapaeam) omiodceHutl, npeoCmasienHbiX clabocyemenmu-
POBAHHBIMU CPEOHe- U MEKO3EPHUCBIMU K8APYEBbLIMU NECUAHUKAMU, PACNPOCMPAHEHbl 8 nepe-
oosbix xpeomax (Kapa-6ypyn, Hapam-Tiobe u 0p.) Hacecmana, 6 30He nepexooa cesepHO2o
cknoHa opozena Bocmounoeo Kaexaza 6 Tepcro-Kacnuiickuii nepedogotl npo2ub. B nopooax pa-
bomamu nocieoHux em YCmaHo81eHbl 30J10M0, NAAMUHA UTUXO8bIM ONpOoO08aHUeM U NPU 8aAJ10-

80M ONPobOBAHUU — AMOMHO-a0OCOPOYUOHHBIM MemoOom. Codepaiicanue OpacoyeHHbIX Memaios
npu 00CMamoyHomM 00véme 3anacos AGNAemcs NPOMbIULIEHHBIM.
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TERRIGENOUS MINERALOGY OF A HEAVY FRACTION OF THE
MESOZOIC-CENOZOIC SERIES IN THE EASTERN CAUCASUS
AND Ti-Zr PLACER FORMATION PERSPECTIVES

The article is dedicated to the studies of a heavy fraction of sediments (alluvial, diluvial)
deposited by Uluchay, Gazikumukh Koysu and Usukhchay rivers. First two rivers are located
within the area supplied from the northern provenance, and the last one is situated in Major
Caucasus range affected by sediment supply from the southern provenance. The different
composition of heavy fraction in both southern and northern Paleozoic lands, which used to
be the sources of terrigenous material goverened the formation of placer deposits in the
Mesozoic-Cenozoic Series.

Keywords: Meso-Cenozoic, alluvial sediments, heavy fraction, sediment provenance

Introduction

Core of the eastern segment of the Greater
Caucasus mega-anticlinorium is composed of
Jurassic sedimentary rocks, i.e. sandstones, silt-
stones, argillites and shales. Cretaceous series
are developed on the subsided parts of the
mega-anticlinorium - limbs (northern and south-
ern slopes) and the axis (in the southeast). Ter-
rigenous mineralogy of both light and heavy
fractions has been studied on the sedimentary
rocks and soft sediments deposited by stream-
flows running within the Mesozoic-Cenozoic
sedimentary series’ occurrence area (Aliyev,
Akayeva, 1957; Gavrilov, 2002; Gmid, 1953;
Zgenti, Slinko, 1978; Zgenti, Slinko, 1977; Zgenti
et al., 1989; Matsapulin, Yusupov, 1994; Khali-
fazadeh, Magomedov, 1982).

We have studied heavy fraction of the soft
sediments (alluvial, diluvial) of the Ulluchay
river midstream tributaries (Kubachi village), as
well as the upperstream sediments of Gaziku-
mukh Koysu (Vachi and Kuli villages) and
Usukhchay (Kurush village) rivers. According
to the paleogeographic data (Aliyev, Akayeva,
1957; Zgenti, Slinko, 1977; Matsapulin, Yusu-
pov, 1994; Khalifazadeh, Magomedov, 1982).
First three areas are located within the zone
supplied from the northern provenance, and
Usukhchay is situated in the Main Caucasus
ridge feeded from the southern provenance.
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We have studied mineralogy of terrigene-
ous sediments from the placers’ formation posi-
tion. New data indicated to the occurrence of a
cosmogenic material as well as noble metals in
the heavy fraction of schlichs.

Results

Alluvial sediments

We have detected the following minerals in
the Kubachi area (% of the heavy fraction): mag-
netite - 16.86-98, ilmenite 0.43-7.07, limo-
nite+goethite - 0.29 - 26.72, leucoxene signs
11.11, garnet signs - 0.33, sphen - 0.01 - 0.23, ru-
tile signs - 0.07, cinnabar (signs are recorded in 6
samples), barite 0.016 - 2.18, tourmaline (signs in
separate samples 0,03), manganese oxides signs -
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2.11, corundum signs - 0.92. Signs of biotite, ana-
tase, glauconite, amphibole, carbonate and mona-
zite are detected in separate samples. Distin-
guished were the secondary (cerussite, pyromor-
phite, cuprite, malachite, chalcosine, scorodite)
and man-made mineral formations. According to
L.G.Vasilyeva (PA “Northern Caucasus Geol-
ogy”), the latter include most part of magnetite,
ilmenite, mill scale, silver, metallic melts, copper
+ zinc-?, iron-?, lead+glass, partly corund, trans-
parent glassy globules. Native gold is detected in
the grain content, and the silver is in grain weights.
Gold and silver grains are also detected in the dilu-
vial-eluvial tail that adjoins the area’s alluvial de-
posits. In Vachi area, dominating minerals of the
heavy fraction of the concentrates are limonite +
goethite, with grains of gold detected as well. The
Kuli area is mainly represented by pyrite with indi-
vidual gold/silver grains established.

According to high magnetite content of the
concentrates, Kubachi area is quite unique
among the studied Meso-Cenozoic deposits of
the Dagestani part of the Eastern Caucasus sys-
tem. Magnetite is represented by its’ three mor-
phological varieties, including massive, platy and
in the form of ideally spherical globules. Accord-
ing to L.G.Vasilyeva, massive and platy forms
are developed in the other parts of the Greater
Caucasus as well, whereas the spherical forms
have been first discovered in Kubachi and are
exotic for the Northern Caucasus region. It has to
be mentioned that the spherical forms are widely
developed in the Northeast of Russia, where they
are commonly known as “Yanite”. Genesis of
those is related to the cosmogenic processes.
Their parameters are quite similar to those of the
spherical formations detected by us. Separate
globules were also discovered in the alluvium of
Gazikumukh Koysu and Karakoysu. Presence of
the magnetite globules among the eluvial-diluvial
deposits and in the crushed bedrock samples of
Kubachi, as well as in the alluvium of 2" and 3"
fluvial terraces of Gazikumukh Koysu, allows
referring them to the terrigenous mineral forma-
tions of Lower-Middle Jurassic sedimentary se-
ries. Spherical formations of magnetite and vol-
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canic glass are the placers’ typical cosmogenic
substance (Armand et al., 1985).

Heavy fraction of the concentrates from the
headwater alluvium of Gazikumukh Koysu (Ku-
li village) appear to have mineralogical charac-
teristics that are in general similar to those
which were described above. However, domi-
nating mineral of this part of the streamflow is
the authigenic pyrite, besides which the fraction
contains minor amounts of magnetite and indi-
vidual grains of gold and silver (Figure 1).
Heavy fractions of the Major Caucasus Range’s
streamflow alluvium (upper reaches of Usu-
khchay) are dominantly built by sulphides (ga-
lenite, pyrite, sphalerite, chalcopyrite) of the
widely developed veined quartz-sulphide and
pyrite-polymetallic bodies of the Near water-
divide metallogenic zone. Grain weight values
are established for leucoxene, zirconium, garnet,
rutile, barite, pyroxene, carbonate, cerussite,
chlorite and epidote. Grain contents are re-
corded for sphen. The area doesn’t contain any
native gold, silver, magnetite and ilmenite.

Speaking about panning gold detected on
the territory of Dagestan, it deserves mention-
ing that according to V.l1.Korjov (Korjov, 1974),
it was discovered on 27 concentrate survey
sites, 4 of which contained grains of silver.
Most intensive gold grain manifestations have
been recorded in Kubachi (Figures 2, 3). Be-
sides noble metals, the area’s concentrates are
distinguished for the higher concentrations of
cinnabar, magnetite (including spherical forms),
ilmenite, leucoxene, zirconium, garnet, sphen,
tourmaline, staurolite and corund.

The native gold is characterized by fine
dispersity, prevalence of platy forms, presence
of dendrite-like and other crystalline formations,
etc. These features allow equating it to the terri-
genous gold of the ancient placers (gold-bearing
conglomerates), described by Y.P.lvensen and
other researchers (Ivensen et al., 1969). Heavy
fraction of the described concentrates and the
ancient placers have identical mineral composi-
tion represented by the minerals that are resis-
tant to physiochemical processes.
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Figure 1. Minerals of the heavy fraction of alluvium (Kuli village, Nakhchu-

cheynanikh brook).

(A) — cluster cylindric aggregates of framboidal pyrite;
(B) — granular aggregates and globules of magnetite (Kubachi village, arroyo, al-

luvium, heavy fraction;

(C) — globules of magnetite, with vesicular surface on the right;
(D) —small globules with smooth shiny surface, large globules have vesicular surface

When prospecting for gold, researchers
from the Dagestan Geological Survey Expedi-
tion tried to correlate gold placers with unascer-
tained ore occurrences. This assumption led the
studies to a blind alley, for which they were not
continued in the subsequent years. At the same
time, there is a number of characteristics to
speak about the placer gold’s terrigenous nature
with remote source of a transfer, including the
light size of the gold, lack of its” accretion with
quartz, location together with heavy minerals
that are typical with titanium-zirconic placers
with remote source of a transfer, as well as the
presence of similar gold in the Karaganian
coastal-marine deposits. Such gold first enters
the initial collectors represented by the conti-
nental (paleovalley alluvium) coastal-marine
sediments, terrigenous-carbonate stratas and
sandstones. Then, after the former’s decay, the
gold passes into the unconsolidated deposits.
According to our understanding, similar are the
nature and development areas of the silver, iden-

tified by spectral analysis of the samples col-
lected during studies of the foothill and coastal
plain parts of the area’s river valleys (Northern
Caucasus Geological Administration).

Coastal-marine sediments

Placer formation of titanium, zirconium
and other noble metals in the Eastern Caucasus
region haven’t been studied so far by the geolo-
gists. Data on increased concentrations of the
placer forming minerals like ilmenite, zirco-
nium, rutile and leucoxene have been provided
in the studies of terrigenous mineralogy of the
Meso-Cenozoic ~ formations,  implemented
mainly for the oil-and-gas geology, and later for
the paleogeographic back-stripping - identifica-
tion of nature and directions of the terrigenous
material’s ablation, and characterization of the
eroded strata (Aliyev, Akayeva, 1957; Gmid,
1953; Zgenti, Slinko, 1977; Khalifazadeh, Ma-
gomedov, 1982 and archive reports). In 1960’s,
O.K.Leontyev was the first to assume the possi-
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bility of zirconium and rutile placer formation in
the Caspian coastal-marine deposits. Then in
1958-1960, members of the Dagestan Expedi-
tion (N.T.Romanov, V.I.Shmirin, etc.) had im-
plemented prospecting works with manual drill-
ing and footage of trial pits, developed in the
modern Caspian beach zone in the estuary parts

TERRIGENOUS MINERALOGY OF A HEAVY FRACTION OF LESSER CAUCASUS MESO-CENOZOIC SERIES
AND THEIR TI-ZR PLACER FORMATION PERSPECTIVES

pf Cherkez-Ozen, Shura-Ozen and Terek.
Commercial heavy fraction component concen-
trations of the Jurassic deposits (according to
Khalifazadeh) are provided in Table 1. Similar
concentrations have been reported in the mono-
graphs authored by A.G.Aliyev, L.P.Gmid,
T.G.Jgenti and other researchers (Table 2).

Figure 2. Minerals of the heavy fraction of alluvium (Kubachi village, arroyo).

(A) - platy gold;

(B) — wire-like, elongated platy, isometric and lumpy forms of a gold;

(C) —isometric and elongated forms of a silver;

(D) — lumpy forms of a gold;
(E) — technogenic silver;
(F) — folded thin plates of a gold.
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Figure 3. Minerals of the heavy fraction of alluvium concentrates
(Kuli village, Nakhchucheynanikh brook).

(A) —on the right: subrounded grain of a gold;

(B) — on the top: two rounded grains of magnetite, others — gold grains;
(C) —on the far right: plate of a silver, on the top: three irregularly shaped plates of a gold (from the alluvium of Ku-

bachi arroyo);

(D) —gold scale;

(E) — globules of magnetite;

(F) — aggregate grains of magnetite.

Assessed through the lithologic-minera-
logical and stratigraphic studies of the Terti-
ary deposits of Eastern Fore-Caucasus region
(1935-1964), commercial component concen-
trations of the heavy fraction of concentrates
are provided in the Table 3.

Sampling of heavy mineral concentrate of the
Quaternary deposits (alluvial and coastal-marine,
including recent beach sediments), determined
was their regional charge by the heavy fraction in
the structure of ilmenite, zirconium and rutile. In
the river valley of Samur, established are about
0.5 kg/m® concentrations of zirconium, the content
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of which even reaches 16 kg/m® in the sepa-
rate samples. Increase commercial component
concentrations are recorded in the estuary
parts of Terek, Sulak, Achi-Su, Cherkez-
Ozen, etc.

As commercial titanium-zirconic placers
have coastal-marine origin, it’s just the valu-
able components of the littoral sediments that
are of a special interest. Various concentra-
tions of zirconium, rutile and ilmenite have
been detected among the region’s beach de-
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posits as a result of exploratory-surveying and
other types of the studies. For example, we dis-
covered up to 8 kg/t concentrations of zirconium
in 2003. Earlier in 2002, M.M.Gurbanov detected
maximum concentrations of zirconium (30-40
kg/m®) and rutile (80 kg/m®). Although the com-
mercial component concentrations of samples do
not necessarily bear record to a presence of the
placers with similar concentrations, they definitely
favour the further prospecting activities.

Table 1
Concentration of the heavy fraction of terrigenous material in the Aalenian deposits,
%% of a heavy fraction
Ne . ) ) ) ) o Magnetite- Number of] Hany
w/n Sampling location Zirconium| Rutile Titanite |Leucoxene ilmenite | analysis fraction
output
Kurakh suite

1 |Andian Koysu 52,5 1,5 1,6 10,3 1,2 8 0,6
2 |Avarian Koysu 54,0 2,0 0,5 12,0 1,0 1,0 0,8
3 |Kara-Koysu 57,0 3,0 0,6 11,0 1,5 13 1,0
4 |Salatau 45,0 2,0 2,0 0,8 1,7 7 1,0
5 |Uluchara 43,0 1,5 1,5 5,0 0,6 15 -

6 | Trisanchi 37,0 4,0 - 4,0 2,0 11 -

7 |Rubaschay 32,0 5,0 2,0 3,2 3,0 12 1,0
8 |Chirakh-chay 34,6 1,5 5,0 6,0 4,0 16 -

9 |Kurakh-chay 50,0 4,0 2,0 7,0 2,0 10 -
10 |Gestenkil 49,0 55 - 10,0 5,0 8 -

11 |Eldama 16,6 0,3 2,0 30,0 17,5 6 -
12 |Babachay 20,5 0,8 0,5 4,0 2,0 15 1,0

Khiva suite

1 |Ulluchara 47 5,0 0,3 4,5 2,0 6

2 |Chirakh-chay 26 4,5 1,5 3,0 1,0 14

3 |Trisanchi 31 4,0 0,3 5,0 2,0 10

4 |Rubaschay 27 4,0 0,2 2,4 1,0 12

5 |Getengil 20 1,6 0,5 3,0 3,0 15

6 |Jimichay 17 5,0 2,0 12,0 4,0 15

7 |Babachay 13 2,0 - 11,0 2,0 20
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Table 2
Zirconium content of the Jurassic series, %% of a heavy fraction
Ase Sandy rocks Silty rocks Clayey rocks
gf Sampling Heay
d 0 it location Zirconium fracti(fn Zirconium (Heavy frac-| Zirconium | Heavy
€posits %% v % tion % % fraction %
Rutul 7,2(8) 0,7 9,5(10) 0,3 6,5(13) 0,5
Toarcian .
Avarian Koysu 8,2(12) 0,63 2,8(5) 0,5 1,0(5) 0,6
Gestingil 5.9(7) 0,6 7,5(18) 0,05 4,9(24) 0,09
~ |Ulluchay 6,6(5) 0,3 8,0(19) 0,2 13,6(6) 0,7
Aalenian
Eldama 13,3(39) 0,15 10,0(3) 0,16 3,8(23) 0,16
Avarian Koysu 16,8(30) 0,37 10,4(15) 0,07 5,6(16) 1,05
Gestingil 11,2(5) 0,21 7,009) 08 3,0(15) 0,42
Ulluchay 8,2(25) 0,53 4,0(19) 0,37 7,0(8) 0,19
Bajocian Eldama 12,5(4) 0,27 3,8(5) 0,8 6,3(19) 2,6
Arakani
10,5(4 0,11 13,2(25 0,20 7,8(20 0,09
Avarian Koysu @ (23) (20)
Avarian Koysu 19,9(6) 0,12 11,5(6) 0,17 5,0(7) 0,27
Mulakhchay 1,0(14) 1,67
Kurmukhchay 2,0(7) 0,2
Gamzilchay 3,6(33) 0,03
Bathonian |Babachay 9,8(15) 0,2
Afurja 4,7(16) 0,19
Arakani 1,0(51) 0,15
Avarian Koysu 7,7(45) 0,02
Kurmukhchay 15,03(28) 0,04
Kim- Babachay 7,3(41) 0,2
meridgian |Jimichay 9,8(28) 0,5
Khalgen 9,9(47) 0,18
Kurmukhchay 5,9(22) 0,64
Babachay 12,0(42) 2,4
Tithonian |_. .
Jimichay 2,5(48) 0,99
Gyzylchay 10(29) 0,20
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Table 3

Concentration of some heavy fraction minerals in the Karagan-Chokrakian deposits, kg/m®

4 Samp.lmg Number ilmenite Rutile Zirconium Heavy fraction output

location | of samples %%

1 |Uytash st. 18 138-152 | 077-30 | 207-35 1,76
14,3 2,6 2,43

2 |Kumtorkala | 22 28-150 | 04-40 12-73 2,02
vil. 8,6 3,2 6,5
vil. 12,0 3,6 3,8

4 |Sulak riv. 11 - - upto 6,0 1,96

5 | Aktash riv. 11 22-150 | 09-39 1,1-6,0 1,46
12,2 2,6 4,8

6 |Bulak riv. 7 54-216 | 11-42 30-50 247
18,4 2,8 4,0

Special assessment and prospecting works
have been implemented in Cherkez-Ozen and
Manas-Ozen areas with the use of trial pits and
manual wells. These activities were also carried
out during exploratory surveying works
(1:200000) in the west of the Dagestan near-
shore plain that is adjacent to the gulf of Ki-
zlyar. In the first two locations, up to 20 m wide
non-commercial placers with separate thin (up
to 1 m thick) lenses have been detected with an
untraced direction and up to 8-10 kg/t of the zir-
conium concentrations. Most workings haven’t
reached neither the primary rocks nor the clayey
rock-floor. Section of the soft deposits is char-
acterised by throughout distribution of the valu-
able components (zirconium, rutile) with con-
centrations levels of O,on; O,n; 1-2 kg/t, and
rarely up to 8-10 kg/t. Sampling of the near-
shore marine deposits indicated at the zirco-
nium’s 3-4 kg/t concentrations.

In Kizlyar gulf, samples have been col-
lected from the area which was 5-10 km away
from the modern beach area. Sampling analysis
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recorded non-commercial concentrations of O, n
kg/t, reaching 1 kg/t in the separate samples.
Samples were collected from a depth of 3-4 m
and mainly didn’t reach the rock floor.

Further to the west of the Kizlyar gulf,
commercial placers of zirconium (Beshpagir
deposit and other occurrences) have been de-
tected among the Sarmatian coastal-marine de-
posits in the river valley of Kalaus (Stavropol).
Therefore it can be said that the littoral sedi-
ments contain different, up to commercial con-
centrations of zirconium, rutile and ilmenite
with placer accumulations emerged across 300-
400 km long area between the riverbed of
Samur, Kizlyar gulf and Stavropol krai. In a
vertical extension, commercial concentrations of
the valuable components are detected in the soft
sediments of Holocene through Sarmatian. As
will be shown below, within the Chokrak-
Karaganian weakly cemented fine-grained sand-
quartz deposits as well as in the lithified sandy-
slate stratas of Dagestan, increased concentra-
tions of zirconium and rutile are detected start-
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ing from the Lower Jurassic formations. This
wide regional charge by a heavy fraction with
valuable components speaks for the assumption
that there are the considerable volumes of terri-
genous heavy minerals with potentially com-
mercial accumulations which have been trans-
ferred into the region’s coastal-marine deposits.

Weaknesses of the implemented studies
consist in the facts that there were no key geol-
ogy-geomorphological sections with soft sedi-
ment sampling from the daylight through the
layer of bedrocks, and that the sampling activities
implemented in Dagestan didn’t cover Early
Quaternary deposits of Baku, Khazarian and
Khvalynian stages. It is important to collect sam-
ples from all levels of the coastal plane terraces.

It is also desirable to conduct thematic re-
searches to identify the soft sediments’ real
commercial component concentration, as well
as to refuse washing samples with a pan and
start using more modern titanium-zirconic plac-
er sampling methods. Difference between zirco-
nium and rutile concentrations in the washed
and “untouched” samples may reach one order
and more with continuous reduction in the
washed ones (Table 4).

As concluded from the geomorphological
studies of the Eastern part of the Dagestan
coastal plain, there are three gulf-shaped areas
(namely, Terekmey, Kayakent and Rubas-
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Gulgerichay) that most perspective in terms the
placer discovery. These areas have all of the
identified levels of terraces (7 surface, and 2
submarine) which cover an entire section of the
Anthropogen deposits, starting from the Baku
stage until Holocene. Unlike the plain’s north-
western segment with poorly defined levels of
terraces, this area is quite appropriate for devel-
oping key sections and implementing a sam-
pling program.

Field investigations have been carried out
in the river valleys of Cherkez-Ozen and Shura-
Ozen, and samples have been collected in the
areas where the rivers are cutting through the
soft sediments and make Sarmatian bedrock
clays revealed. As shown by the data produced,
the highest titaniferous and zirconic mineral
concentrations are detected in the near-bedrock
parts of the marine deposits with Khazarian
munakHamu (the layer’s thickness is 1-1.5 m). It
IS necessary to continue such works in the future
in order to assess placer perspectives of the
plain’s soft Baku-Khvalynian sediments, and to
collect samples from an entire thickness of plain
parts of the valleys which make the underlying
bedrocks revealed. Such spots allow developing
a set of the key sections, which would then form
basis for assessing the titanium-zirconium bear-
ing perspectives and implementing more de-
tailed research in the region.

Table 4

Comparison of zirconium and rutile contents of the washed and not washed (selected in blocks) samples

) Sample Concentration, kg/m3 Remark
# Zirconium Rutile
1 267 0,257 0,054 Unindexed samples are
267 10,538a  40p 1,258  23p adjusted to the grey sand
2 273 0,067 0,018 a- samples from block
273 15752  23p 0,572 31p p- concentration
3 277 0,112 0,023 increase value.
277 3,448a  30p 2,375 103p
4 450 0,112 0,057
450 0,792a  6,5p 0,277 49p
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Apart from the forecited sampling activi-
ties, terrigenous heavy fraction minerals have
been studied under the geological investigation
of marine oil-gas bearing provinces imple-
mented in 1957-1960 by the Institute of Geol-
ogy and Fossil Fuel Development. Investiga-
tions included sampling of 330 columns of the
bottom sediments collected from the deeper part
of the Caspian Sea. In Dagestan, the sampling
area was confined to the Middle Caspian Dar-
band depression. Each column reached 10-12 m
in length. Heavy fractions with potential zirco-
nium concentrations of 5-10, 5-3, 3-2, 2-1 and
below 1 % have been identified. Areas with the
zirconium’s maximal concentrations form a nar-
row line on the western slope of the Darband
depression, just on the opposite site of Darband
town. The line corresponds to the development
area of rutile as well (1-0.5%). Concentration
levels of magnetite and ilmenite vary between
0.5 and 20.3%, and average at 9.2% in the west-
ern Middle Caspian zone. Heavy fraction output
is 0.75%. With this in mind, concentration lev-
els of magnetite-ilmenite are 2-2.5 kg/t, and of
zirconium are 2.5-3 kg/t. It is assumed that the
terrigenous heavy fraction minerals are trans-
ferred by Volga and Ural, as to the lesser extend
by the Caucasus rivers.

Eolian processes

Eolian processes are widely developed in
the littoral plain, which is best evidenced by Sa-
ri-kum — the largest dune of the Europe. Un-
doubtedly, eolation had influenced the placer
formation process. It is commonly expected that
in the areas around large eolian deposits, there
are high heavy fraction concentrations of the
terrigenous minerals. Apparently, it was the
combination of eolian and alluvial processes
which caused increased heavy fraction concen-
trations in the river drift of Shura-ozen, in the
part of its’ stream which borders the Sari-kum
dune. Eolian impacts upon the placer formation
process deserves more detailed investigation.

At the end of 2004 and in 2005, studies
had mainly covered the sandy-quartz fine-
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grained deposits of Chokrakian and Karaganian
ages, developed at 180 km long area between
the estuary of Sulak river and the town of Dar-
band. Starting from 1:100000 map of Brod
(1958), geological maps define these deposits as
an unbroken sections of Miocene (N1), Kara-
ganian and Konkian (N1kg-kn), Tarkhanian and
Chokrakian horizons (N1tr+c). Main sandy se-
ries of Dagestan are related with these very de-
posits. In the area’s southeast (east of Darband),
there are the sandy-quartz horizons in the Sar-
matian series as well. In different sections sands
have different summary thicknesses, which vary
from tens to hundreds of meters. Largest thick-
nesses are detected in the river valleys of Shura-
Ozen, Sulak, Ulluchay. To the west of Sulak
and to the east to Darband, deposits become no-
ticeably thinner. Concentrations of valuable
heavy fraction components within the deposits
of Miocene are provided in Table 3 (data col-
lected from literature and archive materials) and
Table 5 (data produced through our own re-
search).

Represented by weakly cemented and fine-
grained quartz sands which contain heavy frac-
tion of terrigenous minerals with valuable com-
ponents (ilmenite, rutile, zirconium, leucoxene),
Karaganian and Chokrakian series have been
studied and sampled by us in the river valleys of
Sulak, Cherkez-Ozen, Manas-Ozen, Gamri-
Uzen, Achisu, Ulluchay, Rubas and Gul-
gerichay, as well as in the arroyos of Ekibulak,
Uchkent and Shura-Ozen, and on the pass of
Buynak. Sampling and washing of sands have
been implemented with different level of detail,
and the idea behind these works was to identify
metal content along the strike of the series. Ac-
cording to the sampling outcomes, heavy frac-
tion and its’ constituent valuable component
concentrations increase from the northwest to-
wards the southeast. Remarkable southeastward
increase of the concentrations is recorded start-
ing from the right riverbanks of Cherkez-Ozen
and Achisu (Table 5). Maximal concentrations
are recorded in white, quartzy, well washed and
sorted fine-grained Karaganian sands in the
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river valley of Rubas (Khuchni road). But, be-
sides increased valuable component contents,
these series are characterised by reduced sum-
mary thickness of a sandy pack. As compared to
the area’s northwestern segments, here the rocks
are covered by a thicker alluvial soil, and their
investigation requires drilling and surface
trenching operations. Additionally, samples
have been collected from marine sand series de-
tected near the estuary of Rubas, including
modern sediments of beaches, spits and the
other landforms. It was determined that unlike
the other parts of the Caspian coastline, these
sands have dark and brownish-rusty colour. As
stated by the conducted analysis, the heavy frac-
tion is by 70-80% built by the iron oxides that
are developed by ilmenite. The heavy fraction
output reaches 50%. According to the produced
information, the river valley of Rubas is per-
spective in terms of finding commercially valu-
able ilmenite-zirconium placer, and needs to be
covered by more detailed investigations.

2018/ 2

Terrigenous mineral characteristics

Integrated analysis of Karaganian heavy
fraction concentrate (mineralogist E.A.Andria-
nova, Institute of Ore Deposit Geology - IODG)
had identified the total of 26 minerals (Table 6),
including 10 minerals with increased concentra-
tions, e.g. groups of magnetite (1-2%) and il-
menite (73-77%), rutile (0.5-2%), leucoxene
(0.3-1%), garnet (6.5-13%), tourmaline (1-2%),
kyanite (up to 2%), staurolite (4.5-7%), zirco-
nium (0.5-1%) and micaceous mineral (1-2%).
In total, valuable placer forming components
(ilmenite, rutile, zirconium, leucoxene) consti-
tute 81% of the heavy fraction.

One sample of the Karaganian sandstones
collected from the Leninkent village’s vicinities,
contained two grains of silver in the form of
compressed scales. The gold is found as separate
0.2 mm large grains among the Karaganian sand-
stones in the river valley of Shura-Ozen.

Table 5
Results of the heavy mineral concentrate sampling of Chokrakian and Karaganian
weakly cemented quartz sandstones (2004-2005)
Heavy Ilmenite, Rutile, |Zirconium,
Ne Sampling location Fraction | % of heavy |% of heavy|% of heavy Number of
. . . samples
QOutput (%) fraction fraction fraction
1 |Karabudakhkent village 0,5 60 15 7-10 3
2 | Cherkez-Ozen river 0,5-1,0 50-60 5-15 10-15 4
(landfill)
3 |Buynak pass 0,2-0,3 10-60 10-15 5-50 5
4 | Shura-Ozen, Kapchugay 0,2-0,6 20-60 7-20 7-30 7
village
5 |Shura-Ozen, Kumtorkala 0,3-1,0 30-70 0,5-10 0,5-15 9
village
6 |Cherkez-Ozen river 0,1-0,3 40-60 10 5-50 5
7 | Achisu river 0,5-1,5 50-70 5-10 1-30 7
8 | Uchkent 0,3-0,5 60 5-10 7-10 3
9 |Sulak river 0,2-0,3 60 5 10 6
(Sultan deposit)
10 |Buynaksk (Buglen village) 0,5-0,7 70 5 5-7 7
11 | Rubas Khuchni river 1,0-2,5 40-60 5-10 15-25 5
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Comparing mineralogy of the heavy fraction
of described concentrates and Pleistocene marine
deposits in Shura-Ozen (Table 6) leads us to a
conclusion that, unlike the series of Miocene,
these deposits are characterized by sharply de-
clined concentrations of ilmenite (28-39%), in-
creased concentrations of iron oxides (20-49%),
zirconium and garnet. Summary content of the
valuable heavy fraction components reduces to
31-52% due to reduced concentrations of ilmenite.

As demonstrated by the field investiga-
tions, heavy fraction content of Chokrakian and
Karaganian quartz-sands is generally high in the
areas with paloedynamically active sedimenta-
tion environment, expressed by the emergence
of littoral facies with fine-grained structure, in-
tercalation with different bedding elements and
obligue bedding. Another favourable factor is
the finely washed sand, fine-grained quartz ma-
terial and the other lithological features.

As concluded from the studies by I0DG
(N.G. Patik-Kara et al.), Dagestan’s Miocene de-
posits with Ti and Zr perspectives have a number
of peculiarities that are common for most mar-
ginal-marine placers. Specific point of the de-
scribed placer formation process consists in the
association of minerals with high chemical and
abrasive stability, moderately high density (3.2-
4.4) and fine-grained structure. This factor de-
termines similarity of their migration capacity,
hydraulic size and ability to get concentrated un-
der close lithogenetical environment within the
dimensional range of 0.04-0.16 mm.

Among other mineral types of the placer de-
posits, coastal-marine sediments are distin-
guished for depending not so much on the kind
of a nourishment source as on the volumes of
refined rocks with miserable ore mineral con-
tents. Small size of their separations is preferable
as it corresponds to a hydraulic size of the quartz
grains with coarse-silty and fine-powdery dimen-
sion, among which ore minerals are usually con-
centrated. Main large-scale concentration form-
ing processes are the deep chemical erosion that
enables release of the small-size grains, and their
gravity separation in the nearshore waters. Ac-
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cording to what has been said, productive tita-
nium-zirconic placer formations are the miner-
ally mature quartz and fieldspar-quartz oligomic-
tic formations represented by well sorted fine-
grained sands and large siltstones from the fore-
shore’s high-energy environment. These charac-
teristics are true about the region’s potentially
placer forming Miocene formations.

During the post-Pliocene neotectonic stage,
the modern Caucasus orogen had started to rise,
making the material’s migration proceed in a
reversed direction, the same direction in which
the modern streamflows are running, arising in
the Eastern Greater Caucasus mountains and
flowing into the Caspian Sea (river basins of
Samur, Sulak, Terek). Such flows used to wash
out the ancient lithified placers. Washing, abla-
tion and transfer of the weathering rinds had oc-
curred in their basins, developed on the multi-
ple-aged peneplanation planes. At that time, a
new complex of Quaternary placers had started
to emerge (Figure 4). Quaternary alluvial plac-
ers are characterised by the heavy fraction’s
mineral composition which has been described
above. Most perspective in terms of detecting
such young placers are the modern Caspian
coastal-marine deposits, developed at 4-10 m
deep parts of the sea, marine terraces, as well as
deltas and near-delta areas of the contemporary
rivers. According to Y.N.Nevessky (Nevessky,
1971), these sediments produce 2.5-7.8% of zir-
conium and 0.4-0.8% of rutile concentrations.

It can be imagined, that there had been a
gigantic “apron” in the Greater Caucasus region,
and during Meso-Cenozoic, it used to be
flanged by the paleo-lands of Paleozoic plat-
forms, while its’ trough had been constituted by
a geosynclinal trench of the Caucasus mega-
anticlinorium.  During  post-Pliocene, the
“apron” had split, and the northern and southern
slopes of the Greater Caucasus system had
formed the one of its’ flanges. Favourable con-
ditions for the heavy fraction accumulation had
emerged in the trenches of such aprons, and
therefore these trenches have to be a main target
for the placer exploration activities.
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Table 6

# Minerals Concentration, % of the heavy fraction
1. Group of magnetites 15 4
2. Group of ilmenite 75 23
3. Sphen <<1 <<1
4. Rutile 1,2 2,4
5. Nigrine 0,3 0,9
6. Sagenite <1 -
7. Anatase <1 <<1
8. Brookite - <<1
9. Leucoxene 0,6 1,2
10. | Dark-coloured spinel 1 <1
11. | Ortopyroxene - <1
12. | Clinopyroxene 1 grain <1
13. | Coloured spinel <1 <1
14. | Amphibole - <1
15. | Epidote <1 <1
16. Garnet 9,8 13,2
17. | Tourmaline 1,5 1,2
18. | Monazite <<1 <<1
19. | Xenotime <<1 <<1
20. | Group of kyanite 1 0,9
21. | Staurolite 5,7 8
22. | Zirconium 0,8 47
23. | Malacone <<1 <<1
24. | Cytrolite <<1 <<1
25. | Apatite - 0,2
26. | Barite <<1 <1
27. Iron oxide <1 37,7
28. | Micaceous mineral aggregate 15 <1
29. | Pyrite - grain
30. | Oxidised pyrite - <1
31. | Oxidised marcasite - 1 grain
32. | Chlorite - <<1
33. | Blue corundum - 1 grain
34. | Cinnabar 1 grain
35. | Malachite 1 grain
Total 100% 100%
Chokrak-Karaganian series, 5 Pleistocene series, 4 samples
samples
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Figure 4. Facies-paleogeographic part of the part of
the Eastern Caucasus, Jurassic period, Toarcian age.
Author: T.G. Jgenti et al. (1978)

1 - altered metamorphic, sedimentary rocks and tuffs;

2 - erupted metamorphic and sedimentary rocks;

3 - silty-sandstone coastal-marine, coastal-delta depos-
its with subordinate development of alluvial and flood-
plain facies

4 - siltstone-clayey deposits of marine coastal-shallow
water and submarine-delta facies

5 - clayey deposits of marine shallow water facies and
the facies of relatively deep-water part of the shallow
sea

6 - direction of the fragmentary material drift

7 - border of Dagestan.

It deserves mentioning that there are the
historical records indicating the presence of
gold and silver deposits on the territory of the
Northern Dagestan, in the river basins of Aktash
and Terek that flow over the coastal plain’s
Quaternary deposits (Muhammad Avabi Ak-
tashi, 1992). These records conform with the
perception above.

No large commercial placers have been
discovered in the studied territory so far, which
is due to the fact that the area haven’t been prac-
tically explored. Therefore, we decided to ana-
lyse general placer formation processes and then
mark out the most perspective areas for the for-
mation of increased titanium and zirconium
concentrations. Speaking about evolutionary
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aspect of the placer formation, it has to be stated
that the exclusion of primary ore-bearing forma-
tions of the bedrock from their nourishment ar-
eas had presumably occurred in Permian-
Triassic (Figure 5), or long before the emer-
gence of increased concentrations during Mio-
cene-Pleistocene (Gavrilov, 2002; Gmid, 1953;
Zgenti, Slinko, 1978; Zgenti, Slinko, 1977;
Zgenti et al., 1989). Later, the material had be-
come re-deposited from Permian-Triassic vol-
canics (Gavrilov, 2002; Zgenti, Slinko; 1978.
Zgenti et al., 1989) into the Jurassic, Lower-
Upper Cretaceous and Paleogene-Neogene in-
termediary collectors. We brought Figure 6 as
an example, bu the paleogeographic environ-
ment used to be nearly the same in the remain-
ing sections of Jurassic and Cretaceous periods.
Increased heavy fraction concentrations of zir-
conium, ilmenite and rutile are detected in those
collectors, too. Demolition of such lithified col-
lectors supplies valuable components into soft
alluvial, coastal-marine and other deposits.

Placer formations — transfer source of the
valuable components

According to paleogeographic studies of
the described territory (Aliyev, Akayeva, 1957;
Zgenti, Slinko, 1977; Khalifazadeh, Magome-
dov, 1982), migration of a terrigenous material
during formation of Jurassic deposits occurred
within the ravinement zones distinguished in the
northern (Middle Caspian land) and southern
(today, Kur depression) parts of the region
(Figure 6).

Therefore, the mentioned terrigenous min-
erals are the most unalterable Paleozoic forma-
tions which had been preserved during physio-
chemical weathering. Produced materials allow
identifying a placer formation mechanism which
used to be active in Mesozoic era, when the
nourishing provinces existed to the south and
the north of the Greater Caucasus Range. Ac-
cording to N.A.Shilo (Shilo, 1970), mentioned
provinces used to have developed placer forma-
tions represented by metamorphic and volcanic
series with valuable components like zirconium,
rutile, monazite, gold and silver. This mecha-
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nism helps with explaining a placer formation
model, according to which there was a remote
source of migration, similar to the ancient
gold-bearing conglomerates of Witwatersrand
and Pretorius (Pretorius, 1984). It also allows
justifying the territory’s zirconium, rutile, il-
menite and precious metal bearing perspec-
tives. Gold prospectivity of the Eastern Greater
Caucasus region have been stated in the previ-
ous studies (Prokurnov, Vedenyapin, 1974.),
too. It has been predicted by L.N.Kazarinov
(Kazarinov, 1965.) that there are the increased
zirconium concentrations in the Central North-
ern Caucasus region. This assumption was
based upon the gold’s presence in the soft sedi-
ments and did not explain the metal’s potential
sources. Region-wide Meso-Cenozoic circula-
tion of the material’s transfer is demonstrated
in Figure 4. Keeping this figure in mind, it has
to be considered that the Paleozoic lands could
have been both close-by and remote (e.g. Vo-
ronezh massif).

When it comes to the terrigenous quartz of
Chokrak-Karaganian deposits, there are two hy-
pothesises regarding their source of origin.

1. V.AAlferov, A.A.Khutsiyev, V.D.Go-
lubyatnikov, D.D.Drobishev and other research-
ers assume that this source could be granitoids
from the central part of the Greater Caucasus
system. G.l. Brovkov and some other scientists
supposed that the Central Caucasus magmatic
massifs might have supplied a quartz material
via the longshore currents. This assumption is
confirmed by the discoveries of granite boulders
that are similar to Central Caucasian granites
among the Eastern Caucasus Upper Jurassic
conglomerates, as well as by the distribution
features of coarse and fine fractions of Chokrak-
Karaganian sandy-quartz deposits in relation to
the Eastern Caucasus orogen.

2. Researchers such as N.S.Shatsky,
V.P.Jijchenko, V.A.Grossheim and N.B.Vasso-
yevich believed that most part of the Middle
Miocene terrigenous material has a non-Cau-
casus origin. According to these authors, the
fact that the quartz sands had arrived from out-
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side of the Caucasus is evidenced by the fact
that dimensions of the sand’s quartzy material
increase with distance from the Caucasus oro-
gen, and vice versa. Heavy Chokrakian and Ka-
raganian fractions are characterized by wide-
spread occurrence of the metamorphic minerals
such as kyanite, staurolite and epidote. On the
other hand, there are almost no such minerals in
a heavy fraction of the Mesozoic series. This
data allows assuming that the main source of
transfer of the terrigenous material during Mid-
dle Miocene used to be located to the northeast
of Grozny-Dagestan area in the Caspian Sea.

KM

Figure 5. Vertical location scheme of the areas of
transfer and accumulation of terrigenous material dur-
ing Meso-Cenozoic: northern slope of the Eastern
Greater Caucasus system.

1 - ravinement of Paleozoic land

2 — accumulation of terrigenous material, correspond-
ing to the ancient land’s ravinement

3 — ravinement of modern orogen

4 — accumulation of terrigenous material, correspond-
ing to destruction of the modern orogen, starting from
its’ formation moment (Pliocene)

5 — circulation of terrigenous material, position of the
ancient land above the sea level. According to Ch.M.
Khalifazadeh et al. (1982)

Zero level — sedimentation basin level
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Figure 6. Development scheme of the Northern Caucasus tectonomagmatic formations during Hercynian, Indosinian
(I-1V) and Cimmerian (V-VIII) tectonic cycles

1 — development areas of the deposits of respective age; 2-3 — development areas of volcanics: 2 — in natural outcrops
or as revealed by boreholes; 3 — assumed according to the geophysical data. 4 — development areas of intrusions (ex-
cept for Hercynian) (a), and development zones of Cimmerian dykes (b). 5 — areas where the respective age’s depos-
its haven’t been detected for their absence of erosion. 6 — crystalline massifs, studied in natural outcrops and revealed
by boreholes (a), or assumed according to geophysical data (b). 7 — marginal sutures (a) and other borders (b). 8 —
Suture zones between different blocks. 9 — Assumed rifting zones. Crystalline massifs: CC — Central Caucasus, EC
— Eastern Caucasus, LK — Lower Kuban, SC - South Caucasus, RM - Rostov. Microplates: FC — Fore-Caucasus,
WFC - Western Fore-Caucasus. Depressions: CD — Caspian. Interblock suture zones: MSZ — Manich suture
zone, FCSZ — Fore-Caucasus suture zone, WFCSZ — Western Fore-Caucasus suture zone, CCSZ — Central Cauca-
sus suture zone, GCSZ — Greater Caucasus suture zone. Core zones: MCZ — Manich core zone, FCCZ - Fore-

Caucasus core zone, WFCCZ — Western Fore-Caucasus core zone, CCCZ — Central Caucasus core zone, GCCZ -
Greater Caucasus core zone.
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According to Ch.M.Khalifazadeh, A.G.Ali-
yev and other researchers, during Jurassic and
Cretaceous periods, there were the northern and
the southern lands to serve as a source for the ter-
rigenous material’s transfer into a marine basin of
Thetis, which had then existed in place of the
modern Caucasus orogen. The northern land had
covered the modern Northern Caucasus region
and used to supply terrigenous material to the ar-
eas of the current research. According to the deep-
drilling data, there are the magmatic rocks of in-
trusive, effusive, acid and basic facies revealed in
the region (Aliyev, Akayeva, 1957; Zgenti,
Slinko, 1977; Zgenti et al., 1989).

General characterization of the composition
and structure of the Northern Caucasus Paleozoic
basement have been developed by I.1.Grekov et
al. According to their survey, there is a broad
(45000 km?) area (Figure 5) of Triassic volcan-
ics, which ends up with the Caspian shore in the
east. However, there is a ground to expect that
this volcanic strata extends further towards the
east under the bottom of the Caspian Sea. This
speculation is indirectly confirmed by the in-
creased heavy fraction concentrations in the Ka-
raganian sandy-quartz deposits around Darband
and in the river valley of Rubas. It can be be-
lieved that an unrevealed part of the Caspian vol-
canics is as large as the one which has been dis-
covered and mapped (Figure 5). Therefore, the
entire area of the Eastern Caucasus volcanics
may constitute about 90-100 thsd km?. This huge
magmatic massif is a potential source of terri-
genous material required for the emergence of
sandy-quarts formations with titanium-zirconium
content, for a long period of time (Triassic, Ju-
rassic, Cretaceous, Paleogene-Neogene?) devel-
oped under the continental environment. Accord-
ing to E.A.Adrianova, there are the following
sources of placer-forming minerals:

- Metamorphic rocks of various facies and
genesis, from weakly cemented sandstones and
gneisses to charnokitoids and granulites formed
along both magmatic and sedimentary rocks;
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- Multi-age and unequally distant mag-
matic granitoids and their apical parts, together
with associated greisens and pegmatites;

- Multi-age and unequally distant basic and
ultrabasic magmatic rocks.

- Rocks of the eclogete facies of depth;

- Kimberlites;

- Multi-age and unequally distant interme-
diate collectors of all above types of the rocks.

As concluded from the outcomes of our own
research, there potentially can be a local closely
situated source of the quartzy material. On Ekib-
ulag arroyo (Narat-Tube - drainage front range
that opens out to the coastal plain), there are the
following series detected among the area’s pro-
luvial-diluvial deposits: 1) boulders (20x30x30
cm) of gravelites represented by up to 2 cm large
purely quartzy fragments with poorly-rounded
but well burnished varieties; 2) up to 5-8 cm
large quartz gravel (milk-white typically ferrous
varieties) with poorly-rounded but well bur-
nished varieties (Figure 7) absolutely crude and
flat light-colored fragments built by an extremely
fine-grained quartz, described by us as subma-
rine-hydrothermal quartzites.

Conclusions

1. Part of the region with placer perspec-
tives is confined to a joining of the Eastern Cauca-
sus Alpine orogen and the Scythian plate — south-
ern segment of the Eastern European platform.
This area used to be a place where all the final
drainage basins used to be located before and after
the orogen. This factor predetermined the wide
development of coastal-marine deposits in which
the respective placers are usually formed.

2. In the region to the north of the Eastern
Caucasus orogen, there is a huge area (45000 km?)
of volcanics, which for a long period of time (Tri-
assic, Jurassic and Cretaceous) used to exist in the
continental environment, that is deemed highly
favorable for the release of valuable components
due to a physiochemical erosion, as well as their
transfer and accumulation in the coastal-marine
facies of the final drainage basin.
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Figure 8-7. Boulders and gravels of quartz from the alluvial-diluvial deposits of Ekibulag arroyo
A — medium-size (up to 30 cm) boulder represented by a gravel with quartzy composition (gravelite) with quartz-
sand charge. Fragments of quartz may reach 2 cm in size. Fragmentary material is mainly poorly-rounded but well
burnished. B — Gravel with quartz composition (milk-white colored quartz), poorly-rounded but well burnished. Has
tiny fractures by which strongly acidified sulfide material is developed (FeS,?). C — poorly-rounded but well bur-
nished quartzy gravel. Composition is similar to the one in picture B. D — Absolutely crude cavernous rock. The car-
cass is represented by silicitic material, caverns are filled by a sandy material. E- Siliceous rock fragment, not
rounded at all. F— Absolutely crude fragment of a siliceous rock, similar to those in the pictures C and D, with no-

ticeable signs of fluvial processing.

3. According to N.A.Shilo, there are two
signposts that speak to a formation of placers in
the region, namely presence of formations that
are favorable for the valuable component re-
lease, and favorable conditions for the compo-
nent transfer and deposition.

4. Chokrak-Karaganian deposits are repre-
sented by mature, fine-grained quartzy, well
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washed and sorted sands containing the fine-
grained (< 0.2 mm) heavy fraction with valuable
components (titanium-zirconic minerals). This
is typical for all coastal-marine placers of that
class.

5. Among the Eastern Caucasus Meso-
Cenozoic series (from the modern Caspian
beach deposits and bottom sediments to the
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Lower Jurassic sandy-shale rocks on the Eastern
Caucasus main range), the region is charged by
a heavy fraction of the terrigenous minerals
which constitute valuable components of the
titanium-zirconic placers and are pass-through
for the entire sedimentary complex. Proceeding
from valuable component concentrations, min-
ing conditions and deposit lithification, follow-
ing stratas are characterized as perspective in
terms of a placer detection: 1) primarily per-
spective Miocene (Karaganian, Chokrakian,
Sarmatian) fine-grained and sand-quartz sedi-
ments, and 2) second priority Pleistocene (Ba-
ku-Khvalynian) soft sandy formations of the
coastal plain.
6. Practical recommendations
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Heavy fraction terrigenous minerals of the
region have to be covered by special studies to
address the placer formation processes within
sandstones, terrigenous-carbonate rocks and soft
coastal-marine deposits. First priority objects
that require more detailed investigation, are the
river valley of Rubas, Karaganian deposits in
Buynaksk, and Chokrak-Karaganian deposits to
the east of Cherkez-Ozen river. Within the fu-
ture studies framework, sampling has to be im-
plemented with deployment of modern tech-
nologies, and washing samples with a pan has to
be abandoned.

The research was implemented with fund-
ing support of the Russian Foundation for Basic
Research, Project # 06-05-96622.
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SORQI QAFQAZIN MEZO-KAYNOZOY SUXURLARININ
AGIR FRAKSIYASININ TERRIGEN MINERALOGIYASI
VO SOPOLONTI OMOLO GOLMOSININ PERSPEKTIVLORI

V.I. Cerkasin, B.U.Matsapulin, A.R. Yusupov

Mbaqalads Ulugay, Kazikumux-Koysu va Sux ¢aylarin kovrak ¢okintularinin agir fraksiyas-
mna (allivium, deltvium) baxidimzsdir. Bunlardan ilk iki saha Simal gidalanma ayalatinin tasir
sahasindadir, ikinci isa Bas Qafgaz silsilasi hidudlar:nda va Canub gidalanma ayalatinin tasiri
sahasinda yerlagir. Terrigen materiallarn segilon manbalori Paleozoy yasli conub va simal quru-
larimin agir fraksiyasinin mineralogiyasin: aks etdirir. Onu mezo-kaynozoyda geosinklinal
hévzoya catdirr.
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TEPPUT'EHHASI MUHEPAJIOT U TAXKEJION ®PAKIIUA ITOPO]]
ME30-KAWHO305 BOCTOYHOI'O KABKA3A
U MIEPCIEKTUBBI (Ti-ZR) POCCBHIIIEOBPA3OBAHUS

B.U. Yepkamun, B.Y. Mananyuaun, A.P. IOcynos

B cmamve paccmompenvt 6onpocsl uzyyenus maxicenou gpakyuu puixavix omaodcenus (an-
mosutl, demosutl) pex Yayuau, Kasukymyxckoeo Koticy u Ycyx-uail, uz xomopwix nepevie 08a
V4aACmKa Haxo0smcs 8 001ACmu GIUAHUSA CeBepHOU numaroujeti NPOSUHYUU, d NOCIeOHUl pacno-
nodicen 6 npedenax Inasnoco Kaskazckozo xpebma 6 001acmu 6MusAHUs 10HCHOU nUmMarowell npo-
sunyuU. Bvioenennvie ucmouHuKy meppueeHHo20 Mamepuaila Ompaxcaiom MUHEpaloculo maxice-
JIOU  Qpakyuu 10X4CHOU U CeB8epHOll CYul NANe030UCKO20 B03PACMA, NOCMABIAOWUX 6 Me30-
KauiHo30e meppuseHHblil Mamepual 8 2e0CUHKIUHAIbHBIL OACCelH.
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MICROROENTGEN SPECTRAL ORE MINERAL ANALYSIS
OF SAATLI WELL COLUMN VOLCANICS

Microroentgen spectral ore mineral analysis of the volcanics produced from the column
of Saatli ultradeep well had revealed relatively small (~2-10 mkm) grains of magnetite, and
identified inhomogeneities in large grains of titanomagnetite (~10-100 mkm and over). In
deeper depth intervals of 3540-5500 m, development of low-temperature metamorphism is
almost not reflected on two generations: 1) large grain of titanomagnetite, homogenous or
with a decay structure, and 2) small-sized usually well faceted grain of practically stoichio-
metric magnetite. The fact that there is no hematite (martite) and that the ilmenite is only pre-
sent in the structures of decay suggests that the ore grains hasn’t been intensively oxidized
after their crystallization process. Metamorphism and metasomatism occurred in within the
depth intervals of 7000-8126 m, causes the occurrence, development and spread of a “mo-
saic” structure of grains, and the formation of their “mottled” structure connected with dotty
emissions of rutile in a basic mass of the grain of titanomagnetite and not determined by a
hidden structure of decay. Detected are the acicular generations of secondary hematite as
well as regularly and irregularly faceted grains of pyrite. Presence of secondary hematite and
pyrite generations confirms that there has been a metasomatism process developed and that
the fluids with different oxidation-reduction potential had penetrated the deeper-seated rocks.

Keywords: titanomagnetite, magnetite, decay, metamorphism and metasomatism, “mo-

saic” and “mottled” structures

Introduction

Ore mineral studies are often complicated
by the fact that they produce extremely fine-
grained or inhomogeneous emissions (Craig,
Vogan, 1983.). For this reason, high-resolution
(about 1-2 mkm) microprobe analysis of the ore
minerals allows diagnosing relatively small (2-
10 mkm) grains and large grain (10-100 mkm
and over) inhomogeneities with sufficiently
high accuracy level (Gouldstein, lakovica,
1978.). Another benefit of such analysis is that
it enables quantitative and qualitative analysis
of the grain, implemented by both the separate
spots and the specified grain profile and area
(Toisimis, Martona, 1974.). Analysis results are
apparently more informative than those pro-
duced by conventional methods of mineralogi-
cal studies.

Current article is based on results of the
microprobe ore mineral analysis of volcanics

70

Z.A. Novruzov

Institute of Geology and Geophysics of ANAS,
119, H.Javid ave., Az 1143, Baku, Azerbaijan
znovruz@yahoo.com

V.A. Tselmovich

Geophysical Observatory «Borok», £
Institute of Physics of the Earth, RAS, sta'
Borok, Yaroslavl oblast, Russia |
E-mail: tselm@mail.ru

revealed by the Saatli ultradeep well from the
depth interval of 3540-8126 m. Implemented
studies had pursued the following goals:

1. Qualitative ore mineral analysis;

2. ldentifying inhomogeneity level of the
ore grains;

3. Determining how the metamorphic proc-
esses do impact the ore mineral changes.

Before starting the narrated research, com-
plex petrographic studies of the volcanics have
been implemented at Geological Institute of the
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Academy of Sciences of Azerbaijan SSR under
the supervision of R.N.Abdullayev (Abdullayev,
Salayeva, Salakhov, 1984; Abdullayev, Salak-
hov, 1983.). The studies produced the following
outcomes:

1. Within the section’s 3540-8126 m depth
interval, composition of volcanics changes from
acidic (rhyodacites, dacites) to average (ande-
sites) and basic (andesite-basalts, basalts) dif-
ferences. It means that these volcanics are char-
acterized by an antidromous sequence of the
volcanic process.

2. Volcanic rocks from 3540-5500 m depth
interval are characterized by weakly developed
metamorphic processes. According to a set of
metamorphic minerals they characterize the ini-
tial phase (zeolite stage) of low-temperature
metamorphism which is mainly developed in
the rocks of volcanoclastic facies and practically
do not affect the lavas.

3. In the deepest part of the section (5500-
8126 m), intensive metamorphic changes are
registered to the extent of complete transforma-
tion of rocks into the secondary quartzites. This
transformation is conditioned by both low-
temperature metasomatism and the hydrother-
mal processes.

It is logical to expect that the chronological
evolution sequence of volcanic process and es-
pecially metamorphic changes have a direct im-
pact on grains of the ore magnetic minerals.

Research object and equipment

Ultradeep well have been drilled not far
from Saatli town (A=39.91° N, ¢=48.36° E) in
Azerbaijan (Figure 1). Location area of this 15
km deep well is confined to Kur intermountain
depression situated between large tectonic struc-
tures of Greater and Lesser Caucasus. Accord-
ing to its’ deep structure, the depression is di-
vided into three troughs, namely Upper, Middle
and Lower Kur depressions, with Saatli area be-
longing to a structure of the Middle Kur inter-
mountain depression.
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As it was mentioned above, targets of re-
search were the ore magnetic grains of the vol-
canic series detected in the 3540-8126 m depth
interval of the deep well’s column. All types of
the research have been conducted by the RAS
Institute of Physics of the Earth at the laboratory
of Geophysical Observatory “Borok”, special-
ized in physiochemical and magnetic rock anal-
ysis methods. Samples have been tested on the
roentgen spectral analyzer “Camebax” with
three wavelength dispersion spectrometers.
Analyzed samples have been placed in Wood’s
alloy, grinded in and delicately polished. Chro-
mite with concentrations of FeO-26,74%,
Al,03-8,68%, TiO,—4,62% have been used as a
standard for determining Fe, Ti and Al contents.
Before starting the analysis, samples and stan-
dards have been sputtered by thin layer of car-
bon. Analysis was conducted under a boosting
voltage of 15 KV, current intensity of 10 NA,
and sound diameter of 1-3 mkm. Spot counting
duration equalled 10 seconds. Microprobe
analysis had normally addressed those ore min-
eral grains the areas of which were larger than
the coverage area of sound (e.g. more than 2
mkm). This approach helped produce data on a
grain’s general characteristics, inhomogeneity
and sufficiently large impurities. Profile scan-
ning had mainly covered Fe and Ti, and partly
Al concentrations. Less than 0.5% concentra-
tions haven’t been analyzed.

Results and Discussion

According to petrographic analysis data,
the studied column was conventionally divided
into two integral components, corresponding to
the depth intervals of 3540-5500 m and 5500-
8126 m.

The entire column appeared to contain
large (~10-100 mkm) and small (~2-10 mkm)
grains of titanomagnetites with low concentra-
tion levels of Ti (2-9%). Large grains were sig-
nificantly inhomogeneous and fractured with
silicate mineral inclusions. Small grains were
homogeneous.
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Figure 1. Geographic position of the Saatly section

Microphotos 2 and 3 present sufficiently
large grain of titanomagnetite with Ti content of
about 8%. As confirmed by Ti (top) and Fe
(bottom) scanning implemented by the large
grain’s profile (Figure 2), the mineral has a ho-
mogeneous structure. As demonstrated by Fig-
ure 3, the small grain has a regular cutting (from
this point forward Fe, Ti and Al concentrations
are calculated by Fe,O3, TiO,, Al,O3; contents).

The sample is quite typical for the depth inter-
val of 4310-4315 m and generally characterized by a
prevalence of small ore grains of stoichiometric
magnetite. It's evident that the grains of this hori-
zon’s titanomagnetic minerals haven’t been re-
markably changed since the time of their emergence
and that the presence of two generations rather re-
flects stadiality of their crystallization process.

Similar picture is observed in the rocks col-
lected from 4423-4428 m deep horizon. The on-
ly difference is that its’ large grains are much
more intensively fractured and inhomogeneous
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(Figure 4), while the small grains are repre-
sented by stoichiometric magnetite (Figures 5
and 6), have almost regular cutting and are de-
veloped in association with sphene. Ti content
of the large grains doesn’t exceed 3-6%.

Figure 2. Microphoto of large grain of titanomagnetite.
x400
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Figure 3. Microphoto of small homogeneous grain of
titanomagnetite. x4000

Figure 4. Microphoto of a large inhomogeneous grain
of titanomagnetite. x3200

Figure 5. Microphoto of small grains of magnetite. x3200
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Figure 6. Microphoto of small grain of magnetite

Rocks of 4686-4689 m horizon normally
contain large and inhomogeneous grains of ti-
tanomagnetite with Ti content of 4-5% (Figure
7-9). These grains usually form associations
with sphene. Also registered are the emissions
of ilmenite.

Profile scanning of Ti (top) and Fe (bot-
tom) concentrations identified inhomogenities
developed along margins of the grains. Grains
are mainly homogeneous enough and not
touched by secondary changes.

Decay structures of the titanomagnetic
grains haven’t been detected in the upper series
of studied horizons. However, they are widely
represented in basalts starting from the depth
interval of 4770-4777 m (Figure 10-13). Ac-
cording to spot sounding and profile scanning of
Ti and Fe contents, the grains are represented by
titanomagnetites with Ti content of 3-8%. De-
cay structures and aggregates of these grains
contain ilmenite and rutile.

Figure 13 presents a microphoto of stoi-
chiometric magnetite, small-size grains of
which are detected in the rocks of the col-
umn’s studied horizon.

Apparently decay structure of large titano-
magnetic grains is related with their hetero-
phase oxidation at the initial stage of crystalli-
zation.
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) _ ) o Figure 10. Microphoto of titanomagnetite grain with
Figure 7. Microphoto of titanomagnetite grain in asso- decay structure in association with ilmenite and sphene.
ciation with ilmenite. x1000 %1600

Figure 11. Microphoto of titanomagnetite grain with

ciation with sphene. x2000 x2000

Figure 9. Microphoto of titanomagnetite grain in asso- Figure 12. Microphoto of titanomagnetite grain with
ciation with sphene. x2200 decay structure and ilmenite. x1000
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Figure 13. Microphoto of magnetite grain. x3800

Considerable compositional inhomogeneity
of the titanomagnetic grains is established in the
rocks of 5036-5040 m deep horizon (Figures 14,
15). As demonstrated by profile Ti and Fe scan-
ning, the monitored grains have decay structures
that are typical for the heterophase oxidation. In-
dividual sounding allowed determining that the
main mass of the grain is built by titanomagnetite
with titanium content of about 5-6%. Deepest
horizon of the studied section’s upper segment
(5467-5474 m) is characterized by the develop-
ment mosaic structure which is typical for the
deep stage of heterophase oxidation and probably
conditioned by low-temperature metamorphism
(Figures 16, 17, 18). It was identified by the in-
dividual sounding that the monitored grains con-
tain 8-12% of Ti and about 6% of Al, which are
in general higher concentrations than those of the
shallower horizons. Ti and Al contents sharply
reduce in the grain margins which speaks to a
change of their composition.

Therefore, microprobe analysis results of the
ore grains of basalts and andesibasalts collected
from 3540-5500 m depth interval confirmed one of
the major petrographic study conclusions standing
for underdeveloped low-temperature metamor-
phism in the studied section’s upper segment. Ex-
cept for the grains collected from 5467-5474 m
depth interval, ore grains of the studied series ap-
peared not to undergo any essential secondary
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changes that could have been driven by metamor-
phic processes. Observed grain structures are ho-
mogenous. Apparently, they realize with a structure
of decay during the stage of initial crystallization.

The fact that in separate horizons there are
small and normally well faceted grains of prac-
tically stoichiometric magnetite allows conclud-
ing that these grains could have been crystal-
lized pending the cooling of lava and due to
secondary processes. This conclusion is also
supported by the fact that the titanium content
of these grains is rather reduced, whereas small
grains of primary crystallization usually have
higher Ti concentrations than the large grains of
titanomagnetite (Pechorsky et al., 1975).

Absence of hematite (martite) and presence
of only ilmenite in the decay structures and ru-
tile in the aggregates hold that after the rocks
had been formed their ore grains haven’t been
oxidized. This factor is an indicative of the sys-
tem’s closedness and absence of the processes
that accompany an increase of the oxygen’s par-
tial pressure in the ambient environment. This
conclusion contradicts to a data the ore grain
microscopy. Controversy is mainly explained by
the latter’s limited resources for analysing emis-
sions and heterophase structures®.

It has to be mentioned however, that as far
as just separate horizons of the column have
been covered by the microprobe analysis per-
formed, some of the ore mineral manifestations
and changes could have been missed. This
statement is fare for the section’s deeper seg-
ments, too.

Speaking about microprobe analysis results
of volcanics collected from a depth interval of
5500-8126 m, it has to be mentioned that unlike
their 3540-5500 m deep analogues rocks of the
deeper horizons had undergone considerable
metamorphic changes which affected the ap-
pearance of their ore minerals. According to the
analysis results, the section’s deepest formations
deeply vary from their shallower analogues.

! Produced outcome is also confirmed by the fact that the
small ore grains have been well preserved, remaining un-
oxidized and homogenous.
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Figures 16, 17. Microphotos of mosaic structure. x240 and x1200

It was established that starting from 5544-
5500 m deep horizons so-called mosaic structures
start to manifest themselves with extreme inho-
mogeneity. As seen from the ore grain micropho-
tographs presented in Figures 19-21, mosaic struc-
ture is developed both on the margins and across
the bodies of the grains. Grains are often fractured.
As demonstrated by profile scanning of Ti, Fe and
Al contents, “non-mosaic” parts of the grains are
steadily homogenous, whereas mosaic structured
segments are to highly inhomogeneous (Figure 21).
Spot sounding of the samples established 5-8% Ti
and 6% Al contents. It can be assumed that the mo-
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saic structure had developed due to a decay of the
grains of titanomagnetite within the zone weakened
by metamorphic processes.

With increase of a depth, ore grains be-
come more fractured and start containing the
cavities filled by secondary formations with
higher Al (chlorite) contents than the grain’s
main mass. Microphotos 22 and 23 show large
grains of titanomagnetite with Ti content of 6%
and Al content of 2-3%. Cited inhomogeneities
are confirmed by the Profile scanning results.
Grains with such characteristics were detected
in the depth intervals of 6290-6295 m.
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Figure 21. Microphoto of mosaic structure. Grain mar-
Figure 18. Microphoto of mosaic structure. x2000 gin, x2400

Figure 22. Microphoto of large grain of titanomagnet-

Figure 19. Microphoto of mosaic structure. x200 .
ite. X800

Figure 20. Microphoto of small grain of titanomagnet- Figure 23. Microphoto of large grain of titanomagnet-
ite. x4000 ite. x2000
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Figure 24. Microphoto of the generations of large and
small ore grains. x2000

Figure 25. Microphoto of inhomogeneous grain of
titanomagnetite. x3800

Figure 26. Microphoto of inhomogeneous grain of
titanomagnetite. x1200
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Figure 27. Microphoto of inhomogeneous grain of
titanomagnetite. x1200

In 7038-7048 m depth intervals, there are
two ore grain generations, namely finest “dust”
that cannot be analyzed even qualitatively, and
large corroded grains of titanomagnetite (Figure
24). As concluded from the profile scanning of
Ti and Fe contents, these grains are extremely
inhomogeneous. According to spot sounding
outcomes, they are represented by titanomagnet-
ite with 4% Ti content (Al is absent).

Examples of strongly decayed and inhomo-
geneous grains of titanomagnetite can be seen
on Figures 25, 26, 27. Their high inhomogeneity
is confirmed by the profile scanning outcomes
of Ti and Fe contents. Spot sounding allowed
identifying the emissions of ilmenite as well as
magnetite along the grain margins. Grains are
characterized by Al contents of about 0.5%, and
their main mass is by 6% built of titanium. As
concluded from the analysis outcomes, small
ore grains are much more homogenous than
their larger analogues, and their Ti contents
reach 6%. Equal Ti contents of these two types
of grains suggest that the fine grains are the
fragments of their altered larger analogues. Such
grains have been detected in the rock samples
collected from 7332-7343 m depth interval.

Rocks from the interval of 7576-7578 m
appeared to represent a new type of the ore min-
eralization. Microphotos 28 and 29 demonstrate
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needles of stoichiometric hematite (Ti' content
~ 2 %) with cross-sectional dimensions of less
than 0.5 mkm. This is confirmed by both the
profile scanning results of Ti and Fe contents
and the spot sounding of grains. Rocks of this
horizon contain large and heavily altered grains
of titanomagnetite with pronouncedly developed
mosaic structure (Figure 30). As seen from
scanning and sounding results, preserved relicts
of a grain are represented by titanomagnetite
with 5% of Ti content, and spacings between
these relicts are filled by chlorite.

Metamorphic processes do not only
change a grain internally but also affect its’ ge-
ometry. Such changes are exemplified by the
Figure 31, in which there is an oviform grain
that is heavily fractured, containing cavities
filled by secondary chlorite. As demonstrated by
Ti and Fe scanning results, the grain is very in-
homogeneous. According to spot sounding pre-
served areas of the grain are represented by ti-
tanomagnetite with nearly 6% of Ti content.

In the same depth interval of 7728-7738 m,
rocks contain much smaller but less altered
grains of titanomagnetite with Ti content of
about 5% (Figure 32), which are most probably
the fragments of altered larger grains. Also de-
tected are the dust-like grains of rutile.

In one of the deepest intervals (7874-7878
m) detected was a new “spotty” type of a grain
structure, examples of which are shown on the
microphotos 33 and 34. As concluded from spot
sounding and profile scanning of Ti and Fe con-
tents, main mass of the grains is represented by
relatively stoichiometric magnetite with Ti con-
tent of about 2%, while inhomogeneities (seen
as dark spots on the photos) are represented by
rutile. More detailed investigation of these
grains was conducted after their still etching in
HCL solution, but did not detect any structures
of decay. Manifestation of such structures is
presumably the direct outcome of intensive deep
metamorphic processes. It is anticipated that the

L Ti content was identified by the analysis of the largest
needles of hematite.
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spotty structure can be realized under the impact
of sulfur containing fluids upon titanomagnetite
grains with a structure of decay. When this hap-
pens, ilmenite within the structure of decay
gives up an iron and transforms into rutile,
while the iron then can make up a source for the
formation of pyrite (Ryabchikov, 1972.).

Rocks of the depth intervals of 7991-7993
m contain mixed-phase grains of titanomagnet-
ite with weakly pronounced spotty structure. As
demonstrated by the outcomes of spot sounding
and profile scanning of Ti and Fe contents (Fi-
gures 35 and 36), main mass of these grains is
represented by titanomagnetite with Ti content
of about 5%. Grain margins and dark spots
within their bodies contain rutile.

In the deepest interval of 8100-8126 m,
there occur to be some new types of the ore
grain manifestation, which are not detected in
any of the shallower horizons.

Figure 37 presents a microphoto of the
grain of decayed ilmenite. This picture have
been produced based on the results of spot
sounding and profile scanning of Ti and Fe con-
tents. As seen from the samples, the grain con-
tains fine emissions of ilmenites.

Alongside with occurrences of the mar-
ginal stages of ore grain alteration, detected are
sufficiently homogenous grains of titanomag-
netite with Ti content of about 2% (Figure 38),
as well as “regularly” and “irregularly” shaped
grains of the evidently secondary pyrite (Fi-
gures 39, 40). The latter were detected through
spot sounding of grains, and the former were
found by both sounding and profile scanning of
Tiand Fe contents.

Therefore, microprobe analysis of the sec-
tion’s deepest rocks had detected the new types
of the ore mineral alterations, and produced the
following outcomes:

1. Development and spread of a “mosaic” struc-
ture were registered;

2. New formation of hematite “needles”
were for the first time established in the greater
depth intervals;
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Figure 30. Microphoto of mosaic structure — associa- Figure 32. Microphoto of small titanomagnetite grain.
tion of titanomagnetite grain with chlorite. x800 x2500

Ti

Fe

Figure 31. Microphoto of titanomagnetite grain with Figure 33. Microphoto of developed spotty structure.
altered geometry. x2000 x4000
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Figure 34. Microphoto of developed spotty structure. Figure 37. Microphoto of the grain ofdecayed ilmen-
x1200 ite. X1200

Ti

Fe

Figure 35. Microphoto of titanomagnetite grain with Figure 38. Microphoto of homogeneous grain of ti-
weakly pronounced spotty structure. x4000 tanomagnetite. X1200

Fe

Figure 36. Microphoto of titanomagnetite grain with

Figure 39. Microphoto of grain of pyrite. X240
weakly pronounced spotty structure. x2000
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Figure 40. Microphoto of grain of pyrite. X2400

3. For the first time in the deeper horizons,
detected were the “spotty” structures which can
be realized under the interaction between sulfur
containing fluids and titanomagnetite grains
with a structure of decay;

4. Secondary generations of regularly and
irregularly shaped pyrite were detected in the
deepest intervals.

According to petrographic survey results,
structures and separate minerals detected in the
deepest horizon series had been formed as a di-
rect result of development and strengthening of
metamorphic processes. Formation of hematite
and pyrite could have only taken place in di-
verse oxidation-reduction environment. Detec-
tion of such minerals in the deepest and their
absence in the shallower well column horizons
are the indicatives of thermodynamically
“closed” system in up to 7000 m deep horizons,
and thermodynamically “open” system in deep-
er intervals of the section.

Conclusions

1. It was established that the low-tempe-
rature metamorphism developed in deeper hori-

zons of the 3540-5500 m depth interval is al-
most not reflected on the ore minerals of rocks.
There are the grains of two generations detected
in the interval. First generation includes the
large grains of titanomagnetite, either homoge-
neous or with a structure of decay (heterophase
low-temperature oxidation). Second generation
usually includes well-faceted grains of practi-
cally stoichiometric magnetite. The second gen-
eration is a secondary crystallization product of
the small ore grains of rocks occurred pending
the cooling of a lava. Absence of hematite (mar-
tite) and presence of just ilmenite (rutile in the
aggregates) in the structures of decay suggest
that the ore grains haven’t been intensively oxi-
dized after their crystallization.

2. In the deep part of the section (7000-
8126 m) with intensively developed low-
temperature metamorphism and metasomatism
is characterized by the presence of different
minerals and structures. This includes occur-
rence, development and spread of the grains’
“mosaic” structure, detection of “spotty” struc-
ture related with spotted emissions of rutile oc-
curred within the main mass of the grains of
titanomagnetite and not conditioned by hidden
structure of decay. Detected are the acicular
generations of secondary hematite, as well as
regularly and irregularly shaped grains of py-
rite. Appearance of new structures can be con-
ditioned by the development of metamorphic
processes, leading to the grain’s partial de-
struction and processing. Presence of the sec-
ondary generations of hematite and pyrite is an
indicative of developed metasomatism proc-
esses and penetration of fluids with diverse
oxidation-reduction potential into the section’s
deeper horizons.

Produced outcomes can be used for fore-
casting the region’s ore-bearing potential.

REFERENCES

Craig, G.D., Vogan. D., 1983. Rudnaya mikroskopiya i rudnaya petrografiya (Ore Microscopy and
Ore Petrography). “Mir”, Moscow, pp.155-158. (in Russian)

82



STRATIGRAPHY AND SEDIMENTOLOGY OF OIL-GAS BASINS

Sedimentolo
= 2018/ 2

Gouldstein, D., lakovica, H., 1978. Prakticheskaya rastrovaya elektronnaya mikroskopiya (Practical
Raster Electron Microscopy). (Edited by D. Goldstein, Kh. Jakovits). “Mir”, Moscow, pp. 55-56.
(in Russian)

Toisimis, A.D., Martona, L., 1974. Elektrozondoviy mikroanaliz (Electrical Sounding Microanaly-
sis) (Edited by A.D. Tousimis, L. Marton). “Mir”, Moscow, pp. 71-72. (in Russian)

Abdullayev, R.N., Salayeva, F.O., Salakhov. A.S., 1984. Magmaticheskiye kompleksi srednekurin-
skoy vpadini. Voprosi minerologii | litologii (Magmatic Complexes of Middle Kur Depression.
— “Problems of Mineralogy and Lithology” series) Writings of the Azerbaijan Institute of Qil
and Chemistry named after M. Azizbekov. Baku, pp. 85-90. (in Russian)

Abdullayev, R.N., Salakhov. A.S., 1983. Sravnitelnaya kharakteristika urskikh vulkanitov Kurdamir-
Saatlinskogo pogrebennogo podnatiya i severo-vostochnoy chasti Malogo Kavkaza (Compara-
tive Characteristics of Jurassic Volcanics of the Kurdamir-Saatli Buried Uplift and the North-
eastern Part of Lesser Caucasus). News of the Academy of Sciences of Azerbaijan SSR, “Earth
Sciences” Series, Ne 4, pp. 14-23. (in Russian)

Pechorsky, D.M., Bagin, V.1., Brodskaya, S.Y., Sharonova, Z.V., 1975. Magnetizm | usloviya obra-
zovaniya izverjennikh gornikh porod (Magnetism and Formation Principles of Igneous rocks)
“Nauka”, Moscow: pp.162-204. (in Russian)

Ryabchikov. I.D., 1972. Letuchesti seri | Kisloroda v magmaticheskikh I post magmaticheskikh pro-
cessakh (Volatility of Sulfur and Oxygen in Magmatic and Post-Magmatic Processes) Proceed-
ings of | International Geochemical Congress. Publishing House of the Academy of Sciences of
USSR. Moscow, pp. 297-314. (in Russian)

SAATLI QUYUSUNUN VULKANITLORIND®O FiLiZ MINERALLARININ
MIKRORENTGENSPEKTRAL TOHLILI

Z.A. Novruzov, V.A. Tselmovic

Saatl: agir doarin quyusunun Kkasilisinda filiz minerallarzzin mikrorentgenspektral tahlili
usullarzyla nisbazan xirda magnetit zarraciklari (~2-10 mikron) va iri geyribircinsli titanomag-
netit zarraciklor (~10-100 mikron va daha boyuk) askar edilmigdir. Asag: temperaturlu meta-
morfizmin (3540-5500 m interval:n an darin hissa/arinda) inkisaf etmasi bu iki generasiyaya (iri
homogen strukturu va ya parcalanma strukturu ila titanomagnetit zarraciklori va xirda, adaton
yaxs: toraglanmus zorracik praktiki olarak stexiometrik magnetit) tosir gostarmir. Hematitin
(martitin) olmamas: va parcalanma strukturlarda yaln:z ilmenitin (bitismalarda-rutilin) olmas:
onu gorsadir ki, kristallagmadan sonra filiz zarraciklari intensiv oksidlagmaya maruz galmamag-
lar. Metamorfizm va metasomatoz proseslori inkisafi/o alagali (7000-8126 m darinliklarda)
“mozaik™ strukturun ortaya ¢ixmasz, inkisaf: va yay:lmas: geyd olunmus, titanomagnetit zarro-
ciklarin asas kitlasinda rutilin noéqtali ¢uxintilar: (ayrzlmalar:) ila bagl: olan va qizli parcalan-
ma strukturu ila sartloanmamis ““xallz”” struktur agkar olunmugsdur. fyna sakilli ikinci generasiya-
1 hematitda dizgun olan va diizgun olmayan taraslanan pirit zarraciklari askar olunmugdur.
Ikinci generasiyal: hematit va piritin movcudlugu metasomatoz proseslarin inkisafim tasdigla-
yir. Bu eyni zamanda muxtalif oksidlasma-reduksiya potensial: fliidlarin darinliklorda olan si-
xurlara sizzlmas:in tasdiglayir.
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MUKPOPEHTTEHCHEKTPAJIbHBIN AHAJIN3 PYJIHBIX MUHEPAJIOB
BYJKAHHUTOB PA3PE3A CAATJIMHCKOMN CKBAXKHAHBI

3.A. Hospy3os, B.A. Ille1bmoBu4

Memodam MUKpopeHmeeHoCneKmpantbHO20 AHANU3A PYOHBIX MUHEPATI08 8VIKAHUMOS pa3pe-
3a CaamauncKou c6epxenyboKoll CK8adCUHbl 6blsigneHbl omHuocumenvro meakue (~2-10 mrm) zep-
HamazHemuma u HeoOHOPoOHOoCmuU 6 Kpynuwlx 3eprax mumanomachemuma (~10-100 yxm u 60-
nee). Ha osyx eenepayusix (KpynHo2o 20MO2eHHO20 Uiu CO CMPYKMYPOU pacnaod mumaHomae-
HEeMUmMo8020 3epHa U MeIK020, KaK NPAgUio, XOPOulo 02PAHEHHO20 3ePHA NPAKMUYeCKU CMexXuo-
MEMpPUYecKo20 MASHeMUma)noumuy He Ompaxicaemcs pazeumue HU3KOmMemMnepamypHo2o mMema-
mopgusma (6 naubonee enyboxux eopuzonmax unmepsanra 3540-5500 m). Omcymemeue cema-
muma (Mapmuma) u Haruuue 8 cMpyKmypax pacnada auwie uibmenuma (6 cpocmrax—pymuia)
nokazvigaent, Ymo nocjie KpUCMaiiu3ayuu pyousle 3epHa He UCHbIMbIBANU UHIMEHCUBHO20 OKUC-
nenust. B cesizu ¢ pazeumuem memamoppuzma u memacomamo3sa (enyounst 7000-8126 m) omme-
YEHO NOsIGIeHUe, PA3GUMUe U PACNPOCMPAHEHUe <MO3AUYHOU» CMPYKMYPbl 3€PeH, 6blielleHd
«NAMHUCIAS» CMPYKMYPA, CA3AHHASL ¢ MOYEYHbIMU 8bIOCNCHUSMU PYMULA 8 OCHOGHOU Mdcce
3epHA MUMAHOMAcHeMUma u He 00YCl08NIeHHAs CKpbIMoU cmpykmypou pacnaoa. Oonapysicenvl
ueonbyamvle 2eHepayul BMOPULHO20 2eMamuma, a maKdce NPAagUibHvle U HeNPAGUIbHLLE NO 02-
pauke 3epHa nupuma Hanuuue emopuunvix cemepayuii cemamuma u nupuma noomeepicodenm
passumie npoyeccos Memacomamosa. Imo maxice noOmeepHcoaen NPOHUKHOBEHUE 8 21yOoKUe
nOpoObl PAIOUO0E € PAZHBIM OKUCTUMETLHO-60CCHAHOBUMENbHBIM NOMEHYUATOM.
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The International Scientific Journal “Stratigraphy and sedimentology of oil-gas basins” covers the broad
topic related to sedimentology and startigraphy of oil-gas basins around the Globe. We publish papers focus-
ing on modern and ancient depositional environments with emphasis on depositional setting of source and
reservoir rocks, modeling of the sediment flow, soil formation and diagenesis, paleoclimate, sea level change
and sedimentation, modern and ancient faunal, floral assemblages and fossils records for sedimentary envi-
ronment analysis, stable isotope geochemistry and biogeochemistry, reservoir properties changes in the
environmental framework, integration of different stratigraphic methods such as bio-, litho-, chemo, eco-,
chrono-, seismo-, sequence startigraphy applied to the sedimentary successions in the oil rich provinces.

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

Manuscripts

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

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

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

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

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

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

Text should include:

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

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

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

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

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

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

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

Mathematics

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

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

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

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

Authors should use the system illustrated below.

Books:

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

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

Papers published in periodical journals:

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

Hallam, A., 2001. A review of the broad pattern of Jurassic sea-level changes and their possible causes in
the light of current knowledge // Palaeogeogr., Palaeoclimatol., Palaeoecol., v. 167, pp. 23-37.
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Delamette, M., Caron, M., Brehert, J., 1986. Essai d’interpretation genetique des facies euxiniques de
I’Eo-Albien du bassin vocontien (SE France) sur la base des donnees macro- et microfauniques // C.R. Acad.
Sc. Paris. ser. 11, v.302, pp. 1085-1090.

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

Illustrations. Top quality, high resolution graphics and images are needed in digital form and should be
submitted in the separate files. The file’s name should contain the first author’s initials and the figure num-
ber. Please, supply figures as TIFF (300 dpi), high resolution PDF or CDR files. Please export graphics gen-
erated in MS Office applications (Word, Excel) as high resolution PDFs. lllustrations 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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MUSLLIFLOR UCUN QAYDALAR

“Neftli-gazli hovzalarin stratigrafiyas: vo sedimentologiyasi” elmi beynolxalq jurnali diinyanin muxtslif
yerlorinds neftli-gazli hovzolorin stratigrafiyas: vo sementologiyasiin mixtalif aspektlorini isiglandiran
moqalalori nogr edir. Jurnal ildo iki dofo nosr olunur vo burada mogalslor, icmallar, mizakiralor va qisa
molumatlar cap edilir. Mogalolor azorbaycan, rus vo ingilis dillorinds togqdim oluna bilor. Jurnahn
maraglarina asagidakilar aiddir: ¢okuntiitoplanmasmin, xiisusen, ana stxurlarin va kollektorlarin muasir va
gadim soraitlori, ¢cokma prosesinin modellosmasi, torpagomslogalmo vo diogenez, paleoiglim, donizlorin
soviyyasinin doyismoasi Vo suxurlarin ¢okmosi, muasir vo gazinti fauna vo flora komplekslori vo fasial
analizds onlarin istifadssi, stabil izotoplarin geokimyasi va biogeokimyasi, suxurlarin gokma soraitindon asil
olaraq kollektorlarin xarakterlorinin doyismasi, neftli-qazli ¢okuntii gatlarina tstbig olunan bio-, lito-, xemo-,
eko-, xromo-, seysmo-, sekvensstratigrafiya vo bu kimi basga stratigrafiya Gsullarmnin integrasiyasi.

Mbagqalslarin taqdim olunma formasi

Muslliflor 6z magalalarinin matnlorini asagidak: elektron tinvana gondsrmalidirlor: info@isjss.com

Komputer faylinin adinda birinci miallifin inisiallart olmalidir. Rasmlor ayrica fayllarda gondsrilmalidir,
lakin rasmlarin yeri magalonin matninds rosmin némrasini gostarmakls geyd edilmalidir. Rosm olan fayllarin
adlarinda birinci muallifin inisiallar: vo rasmin ndmrasi olmalidir.

Magalonin matni Word formatinda (Word 6.0 — 8.0) togdim edilmalidir. Magals A4 formatina uygun 20
sohifa hacmindan artiqg olmamalidir. Tovsiys olunan srift Times New Roman, sriftin 6lcusi 12, satirlorarasi
interval — 1,5, har torofdon konar 2 sm., har abzas situnun sol tarafindon 0,8 sm mosafo ilo baslayir.
Magalonin matni bu taloblors uygun format edilmalidir, bitun satirlor soldan ve sagdan matnin konarindan
cixmamaq sortilo diizoldilmalidir. Mogaloys matndon basga mivafig grafik material (bir rosmdon az
olmayaraq), istifado edilmis odobiyyatin siyahisi, cadvallor, vo ehtiyac olarsa genis reziime do daxil
olmalidir. Jurnahn redaksiya heyati rasmlari olmayan magalslari gobul etmir.

Redaksiya heysti homginin mogalslorin cap variantini asagidaki invana gondarmoyinizi xahis edir:
“Neftli-gazli hovzslorin stratigrafiyas: vo sedimentologiyasi” jurnalinin redaksiyasi, Hiiseyn Cavid prospekti
29A, Azorbaycan Elmlor Akademiyasimin Geologiya institutu, Baki, AZ 1143. Kompiter fayli (mogalonin
motni) magalonin ¢ap olunmus variantina uygun olmalidir.

Magalanin elektron variantinda sahifalor ndmralanmomalidir. Cap olunmus variantda har sohifonin yuxari
sag kinctinda sahifalorin némralari yazilmalidir.

Magalonin ¢ap variantimin sonuncu sohifasi muolliflorin har biri terafindon imzalanmali vo onun
redaksiyaya togdim olunma tarixi gosterilmalidir.

Magalonin motnine asagidakilar daxil edilmalidir:

Universal Onluq Tasnifati (UOT) — sol kiincds, Times New Roman — 12 pt srifti ilo, iki interval
ottrmoklo magalonin adr yazilmahdir.

Mogqalanin adi — Times New Roman — 14 pt srifti ilo, galin bas horflorls, matnin eni boyunca va
sohifanin ortasina nisboton simmetrik olaraq yazilir, daha sonra iss iki interval 6tlirmoklo musllifin soyadi vo
inisialt yazilmalidir. Xahis edirik slage saxlanilacaq musllifi gostarin.

Miisllifin inisiali vo soyad: — Times New Roman — 12 pt srifti ils, galin harflorls, sohifonin ortasina
nisbaton simmetrik olaraq yazilir, daha sonra iso iki interval oturmokls toskilatin adi vo onun elektron
unvani yazilmahdir.

Miisllifin ¢alisdigr toskilatin adi vo elektron iinvam - Times New Roman — 12 pt srifti ils, galin
harflorla, sshifanin ortasina nisbaton simmetrik olaraq yazilir. Xahis edirik mogalonin yazildig: toskilatin tam
unvanini, vo mualliflorin cari tnvanini (egor dayisibsa) gostarin. Magalonin bir ne¢o musllifi oldugda va
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onlar mixtalif toskilatlarda gahisdiqda, onlarin adlarinin garsisinda artan sira ilo raqamlor yazilmalidir.
Hamin rogamlar ¢ahsdiglar: toskilatlara mivafiq olarag muslliflorin soyadlarindan sonra satirlisti indeksda
verilmolidir, mosalon 1.S.Quliyev', A.A.Feyzullayev® vo s. Daha sonra iki intervalla mogalonin annotasiyast
verilmalidir.

Annotasiya — qisa xulass (1 sshifoyadok), daha sonra baslica sozlor (8 s6zo godoar). Times New Roman —
12 pt. srifti. Bashca sozlor qahin sriftlo yazilmalidir. Daha sonra 2 intervalla mogalonin asas motni
yazilmaldir.

Mogqalanin matni — beynalxalq jurnal sxemina uygun olarag qurulmal: olan asas motn. Burada “Giris”,
“Material”, *“Metodika”, “Noticolor vo miuzakiralor”, “Son natica”, *“Odobiyyatin siyahisi” kimi
yarimsarlévholardon istifads edilmasi tovsiys olunur. Yarimsarlovhalor galin Times New Roman — 12 srifti
ilo sohifanin ortasina nisbaton simmetrik olaraq yazilmali, vo har yarimfasil avvalkindon bir intervalla
ayrilmalhidar.

Cadvallar magalonin matni gargivasinda yerlosdirilir vo Word formatinda tegdim edilir. Codvallar yuxar:
sag kiinclindon ardicil olarag némralonmalidir. Hor bir codvalin adi olmalidir vo bu ad ndmradan sonra
yazilmahdir. Cadvallorin ad va ndmralari galin Times New Roman — 12 srifti ilo yazilmahdir. Cadvallordaki
sttunlarin  yarimsarlévhoalori qisa olmali, Ol¢l vahidlorinin adlari doyirmi moétarizalords verilmolidir.
Cadvallor matnin konarlarindan giraga ¢ixmamalidir. Coadvalin bir sshifodon diger sohifoys kegmasi
yolverilmazdir. Matno aid cadvallarin maksimum say1 5 ola bilar.

Ixtisarlar, Gmumi gobul edilmis bir nego ixtisarlar (vo s., mes.,) istisna olmagla, istinadlarda agilmalidar.

Qazinti hahnda tapilan qahqlar “Beynolxalq zooloji nomenklatura macallasina” oasason tasvir
olunmalidirlar. Matnds flora vo faunanin novlarinin latin adlari taksonun musllifinin soyad: ilo musayiot
olunmalidir. Latin sozlori kursivloe verilmalidir.

Formullan yazarkon Beynolxalg Si sisteminda gebul olunmus fiziki vahidlorden vs isarslordon istifado
etmak lazimdir. Formullar araliq hesablamalarsiz, orada istifads olunan simvollarin mutlaq acilmasi sorti ilo
formuldan doarhal sonra verilmalidir. Motnds, adi ¢oakilarss, formullarin némralori bdyik métarizolards,
motnin sag haddina yaxin, formul ila eyni xstdos yazilir. Formullarin yazilmas: dctin Microsoft Equation 3
redaktorundan istifads tovsiys olunur. Sonra iss iki interval 6ttirmakls adabiyyatin siyahist verilmalidir.

9dabiyyat — matnds adabiyyata istinad xronoloji gaydada, doyirmi motarizalards verilir (mtollif/lar, il).
Ucdon artiq misllifin isins istinad edildikds ise, birinci miallifin soyad: gostorilir (mes. Quliyev va digorlori,
2005). Magalods har hanst musllifsiz yaziya istinad etmoadikds, onda homin yazinin admnin ilk iki s6zt yazilir
(mas. Stratigrafiya macallasi..., 2005). ©dobiyyatin siyahist mogalonin sonunda olifba sirast ilo wverilir.
Burada butin muolliflorin soyadlar: vo inisiallariy, nasr olunan il, magalo vo ya kitabin adi, jurnalda gap
olunubsa jurnalin adi vo némrasi va magalonin ilk va sonuncu sshifolori gostorilmalidir. Kitaba istinad
edildikda iss kitabdaki sohifalorinin say1 da gésterilmalidir.

Siyahida eyni misllifin eyni ilds nosr olunmus yazilarina istinad etdikds, onda onlari ilini geyd etdikdon
sonra indekslosdirmok lazimdir: a, b, ¢ va s. Tezislors verilon istinadlar da eyni gaydada yerina yetirilmalidir.
Musllifin(larin) soyad va inisiallar: kursivle yazilir.

Asagida muxtalif bibliografik istinadlarin nimunaloari verilir:

Kitablar:

babaes, /. X., I'adocues, A.H., 2006. ' 1yOMHHOE CTpOCHUE U MEPCIIEKTUBHI HE(PTEra30HOCHOCTH Oacceli-
Ha Kacmuiickoro mops, b., «Nafta-Press», 305 c.

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

Dovri nasrlorda/jurnallardaki maqalalar:

babaes, 111.4., 2005.BrnysiHue ycioBuil OKpyKaromiei cpeabl Ha MOP(OIOTHIO PAaKOBUH HYMMYIUTOB //
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Uzeectus AH. Cepus 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. Palaeogeogr., Palaeoclimatol., Palaeoecol, v. 167, pp. 23-37.

Mocmuoalardaki (o ciimladon dovri macmualardoki) magalslor:

Kysneyosa, 3.B., 1959. HwmxHeMHOIICHOBBIC OTJIOXKEHUs A3sepOaiijpkaHa, WX pACWICHCHHE W
COIIOCTAaBJICHUC C CUHXPOHUYHBIMU OTJIOKCHUAMU prSI/II/I /! BOHpOCLI reoJioruu MU reoxuMuu. — b.:
Aszepuenp, 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 haqginda osas molumati, arasdirmanin mogsod Vo vozifolori, istifado olunan
metodikani, sldo edilon naticalori 0zlindo oks etdiron genis reziime ingilis dilindo toqdim edilmalidir.
Reztimenin mogsadi ingilisdilli auditoriyanin rus v ya azarbaycan dillorinds ¢ap olunmus mogalslorls tanis
olmasidir.

Illiistrasiyalar. Hor bir rosm (xorito, diagram, sxem vo s.) ayrica fayl soklino toqdim olunur. Yuxarida
geyd edildiyi kimi faylin adinda rosmin ndmrasi vo muollifin inisiallar: olmalhdir.

Rosmlor TIFF, 300 dpi , PDF vo ya CDR formatinda gobul edilir. illUstrasiyalar moatnds onlara edilon
istinada uygun ndmralonmalidir. Har bir rasm 160 mm x 230 mm o6l¢ustindon boyik olmamalidir. Xaritalords
miqyas gostorilmalidir.

Maqgalonin ¢ap olunmus variantinda rasmlorin arxasinda karandasla onlarin némralari, magalonin birinci
musllifinin soyad1 vo magalonin adi gostarilir.

Har rasmin basligi olmahdir. Rasmlors aid olan izahatlarin siyahist ayrica veraqds, elektron vo ya ¢ap
olunmus variantda teqdim olunmalidir. Matns aid olan rasmlarin say1 10-dan artiq olmamalidir.

Jurnalin redaksiya heyati rongli sakillorin 6donissiz ¢apini tomin edir.

Redaksiya magaloni resenziya ugln tagdim etms hliququnu 6zunds saxlayir. Magalanin ¢ap olunmus
variantt yoxlama vo ¢ap vo redakts zamani yol verilon sohvlorin duzoldilmesi Gglin geri miollifo
gondarilir. Muallif moagalanin cap olunmus variantinda capa hazir edilmis motn vo diger materiallara
diizalis etmomolidir.

Gecikmolorin garsisim almag mogsadilo, musalliflors son variantin redaksiyaya geri gaytariimasinin
elektron pogt ilo hoyata kegirmolari vo ¢apa hazir variantin alindigr gtindan iki hafto miiddatinds duzsliglor
barads malumat vermaloari tévsiys olunur.

Magaloys musllifin arayis1 vo ekspertiza akti slava olunmalidir.

Maqalanin jurnala verilmasi onun asli oldugu, heg vaxt ¢ap edilmadiyi vo digor nasrlora gondarilmodiyi
anlamindadir. Magalo mualliflorin har biri tarsfindon imzalanmal: va onun redaksiyaya taqdim olunma tarixi
gostarilmalidir.
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NPABUIJIA AJ151 ABTOPOB

MexayHapoaHblil HayuHbli xypHan «Cmpamuepagus u ceoumenmonozus Heghme2asoHOCHbIX bacceli-
HO6» TyOIIMKYET CTaThH, OCBEIIAIOIINE PA3IUYHbIEC aCIEKTHl CTPaTUTpaduu U CEAUMEHTOIIOTHN HedTeraso-
HOCHBIX OacceliHOB B pa3nuuHbIX 4acTsx mupa. Cdepoll MHTEpECOB >KypHasa SIBISIOTCS COBPEMEHHBIC U
JpEBHHE YCIOBUS 0CAAKOHAKOIUIEHHUS, B OCOOCHHOCTH, HehTEMAaTEpUHCKUX MOPOA U KOJJIEKTOPOB, MOZACIIH-
poBaHUE Mpolecca CeUMEHTalud, 0YBO0O0Opa30oBaHUE U JUAreHe3MC, NaCOKIMMAT, U3MEHEHHUs YpPOBHS
MOpsI U CeJUMEHTAlNs, COBPEMEHHBIE U MCKONaeMble KOMIUIEKCHI (DayHbl U (JIOPBI M UX UCIIONB30BAHUE B
(danuanbHOM aHajM3e, TeOXMMHUS CTAOMJIBHBIX M30TOMOB W OWOTE€OXMMHS, M3MEHEHHUS KOJJIEKTOPCKUX
CBOMCTB B 3aBUCHMOCTH OT YCJIOBUH OTJIIOXKEHHS OCAJKOB, HHTErpauus pa3iIMuHbIX CTPaTUTpahuIecKux Me-
TOJOB, TAKHX, KaK OM0-, TUTO-, XeMO-, IKO-, XPOHO-, CECMO-, CEKBEHCCTpaTUTrpadus NpUMEHUTEIBHO K Oca-
JOYHBIM TOJIIaM He(Tera3oHOCHBIX 00JacTe.

’Kypnan BbIXoAMT [Ba pa3a B FOA M MyOJUKYET CTaThi, 0030pHYI0 HH(OpMALHIO, TUCKYCCUU U KpaTKHE
coobmenust. CTaTby MOTYT OBITH MIPEACTABIICHBI Ha a3epOaliPKaHCKOM, aHTJIMICKOM U PYCCKOM SI3bIKAX.

dopma npeacTaBjieHust CTATHH

ABTOpBI JIOJDKHBI BHICBLIATH TEKCTHI CBOMX CTaTel Ha CIISAYIONIMI JICKTPOHHBIN aapec: INfo@isjss.com

HazBanmne xoMmbioTepHOro (aiina JOMKHO COIEpKaTh MHULHMAIBI IEPBOr0 aBTOpa. PHCYHKM HOMKHBI
OBITH BBICJIaHBI B OTHENBHBIX (hailiax, OMHAKO, MECTOIOI0KEHHE PUCYHKOB TOJDKHO OBITh MTOKAa3aHO B TEKCTE
CTaThU MyTEM yKa3zaHus HoMepa pucyHka. Haspanus ¢aiinoB, cogepKamyx PUCYHKH, JOIDKHBI BKIIOYATh
WHULMAJBI IEPBOrO aBTOPA M HOMEP PUCYHKa.

Tekcr cratbu gomken ObITh npeacrasieH B Word ¢opmare (Word 6,0 — 8,0). Pasmep crathu He 10KeH
npebimath 20 cTpanui popmata A4, OTCTYI CO BCEX CTOPOH — 2 CM, peKoMeHayeMblid mpudt — Times New
Roman, pasmep mpudta — 12, MmexcTpounslii uHTepBal — 1,5, Kaxkaplid ad3ay HaunHaercs ¢ orcrynoM 0,8 cm
OT JIEBOTO Kpasi KOJIOHKH. TeKCT cTaTbu OKEH OBITh OTQPOPMATHPOBAH B COOTBETCTBUH C 3TUMH TpeOoBa-
HUSIMH, BCE CTPOKH JOJKHBI OBITH BBIPOBHEHBI CJIE€Ba HANpaBo, HE BBIXOAA 3a Mo Tekcta. CTaThs AOKHA
BKJIFOYATh TAKKE COOTBETCTBYIOLINI Tpaduyeckuii MaTepuall (He MEHee OHOr0 PUCYHKa), CIIUCOK UCIIONb-
3yeMoii TUTepaTypsl, TaONHLBI, eCTd HEOOXOANMO, U pacUIMpeHHOe pe3toMe. Penakuus xKypHaia He IPUHH-
MaeT He CoJieprKallye pUCYHKH CTAThH.

Penakuus XypHana TakKe MPOCUT BBICHUIATH pacliedaTaHHbIC BapUaHTHI cTaTeld Mo aapecy: Pemakums
xypHana «CegumeHTonorusi U crpaturpadus HedrerasoHocHbIx OacceiinoB», MHcTuTyT reomorun HAH
Asep0Oaiimkana, np. I'. xkaBuna 29A, baky, AZ 1143, Azep6aiimkan. KomnbrorepHsblii (aiii (TEKCT cTaThu)
JOJKEH COOTBETCTBOBATH pacreyaTaHHOMY BapUaHTy CTaThH.

CrtpaHUUBI HE TOHKHBI OBITH MPOHYMEPOBAHBI B 3JIEKTPOHHOM BapHaHTE CTaThu. B pacrmedataHHOM Ba-
pHaHTe CTaTbl HOMEpa CTPAHHL IPOCTABJIIOTCS B BEDXHEM IIPABOM YTIIY.

CraTbst JOIKHA OBITH MOJNKMCAHAa BCEMH aBTOPaMH Ha MOCIICAHEH CTpaHULE pacleyaTaHHOTO BapuaHTa C
yKa3aHHEM JIaThl IPEACTaBICHHs CTAaTbU B PENAKIHIO.

TexcT cTaTbu JOIKEH BKIIIOYATH!

YK - B nieBom yruty, mpudt Times New Roman — 12 pt, uepe3 1Ba nHTepBaja ne4aTaTh Ha3BaHUE CTAThH

Ha3Banue crateu — mwpudt Times New Roman — 14 pt, Oykssl 3arnaBHeie, yroimeHHsie (bold), pacmo-
JIO)KEHHBIE CUMMETPUYHO OTHOCHUTENBHO CEpPEeIMHBI CTPAaHUIIBI 110 BCEH MIMPHHE TEKCTOBOIO IO, Jaliee
Yyepe3 JABa MHTEpBaia reJaTaTb MHULIUANB! U paMuiInK aBTOpoB. [loxkamyiicTa, ykaXuTe aBTOpa, ¢ KOTOPHIM
HEOOXO0MMO MOJIEPKUBATH CBS3b.

Wuummane! 1 pamuanu aBropoB — mpudt Times New Roman — 12 pt, O6ykesl crpounsie (bold), pac-
MOJOKUTH CAUMMETPHYHO OTHOCHTEIIBHO CEPEMHBI CTPAHUIIBI, Jlajiee yepe3 JBa WHTepBalla eyaTtaTh Ha3Ba-
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HUe opranusanuu u ee e-mail.

Ha3Banue opranusanum, B KOTOpoii padoTaoT aBTopsI U ee e-mail: mpudrt Times New Roman — 12 pt,
OykBbl crpounbie (bold), pacmonokuTh CHMMETPHYHO OTHOCHTENBHO CepelvHbl cTpaHulbl. [loxamyiicra,
JaiiTe TIONHBIA aJpec opraHU3aluHy, rae padoTa Obula BHIIOJHEHA, a TAKKE aJpec aBTOPOB B HACTOSLIMN
MOMEHT, €CJIM OH M3MEHHJICs. Eciau aBTOpOB HECKONBKO U OHM MMEIOT pa3iIMyHOe MECTO paboThl, TO TMepen
HA3BaHMSIMHU 3TUX OpraHU3aLMi ClielyeT MPOCTaBUTh WU(PHI B IOpAAKe BozpacTanus. Ty ke nudpy ykasatb
W B HAJCTPOYHOM HHJEKCE Mocjie (aMUINM aBTOPOB, Pa0OTAIOLIETO B ATOH OpraHM3allH, HarpHUMeED,
WU.C.I'ymues ', A.A. ®eiizynnaes’ u T.1. Jlanee uepe3 Ba MHTEPBANIA EUATATH AHHOTALHIO.

AHHOTAIUA - KpaTKas anHoTauus (10 1 crpanuibl), nanee KitodeBbie ciosa (1o 8 cio). lpudrt Times
New Roman — 12 pt., kiroyeBble c10Ba neyaTaTh )XUPHBIM mpudToM. lanee yepe3 1Ba UHTEpBaia reyaTaTh
OCHOBHOH TEKCT CTaTbH.

TexcT cTaThbM — OCHOBHOH TEKCT, KOTOPBHIA PEKOMEHIYETCS CTPOUTH MO OOIICTIPUHATON B MEKAYHAPO -
HBIX JKypHaJlaX CXeMe, HCIONb3ys clenylolye Moa3aroyiioBku. «Beenenue», «Matepuan», «Meroauka,
«Pe3ynbTathl 1 00CyXIeHUE», «3aKmoueHue (BBIBOBI)», «CIUCOK JIUTepaTyphl». [1013aronoBku neyarath
xupHeiM mpudrom Times New Roman — 12 pt u pacnonoXuTh CHMMETPUYHO OTHOCHUTEIBHO CEPEIUHbI
CTPaHMIIBI, KXKIBIN [OApa3aen OTASNIATh OT MPEABIAYILEro OHIM HHTEPBAJIOM.

Tadmubl pa3MeIaoTcs B Mpeeiax TeKCTa CTaThd U JIODKHBI ObITh IpencTaBieHsl B popmate Word.
Onu JOIKHBI OBITH IPOHYMEPOBAHBI IIOCIEI0BATEILHO B BEpXHEM IPaBOM YIiy Haja camoi Tabmuiei. Kax-
nast TabaMLa J0JDKHA MMETh Ha3BaHHME, KOTOpOeE CciIelyeT 3a HoMepoM Tabiuubl. [leyatarorcs Homepa Tabui
U ux HaszBaHus mpudrTom Times New Roman — 12 pt sxupHeiMu OykBamu. [103aronoBky B KOJIOHKaX Tao-
JIUIIBI JOJKHBI OBITh KPATKUMH, HAMMEHOBAHHS €IUHHLl U3MEPEHNUS JOJDKHBI JaBaThCs B KPYTIIBIX CKOOKaX.

Tabnuip! HE TOHKHBI BBIXOAUTD 32 MPEAEbl TEKCTOBOT'O MO, MEPEHOC TaOIHIIBI ¢ OTHON CTPaHHULbI Ha
IpYTyIo He AOomycKaercsi. MakcuMallbHOe JOMYCTHMOE KOJMYECTBO TaOluIl B CTaTheE 5.

CokpauleHusi 3a UCKIIOYCHUEM HEMHOTUX OOIIENPHHATHIX (T.€., Ap., T.JI.) IOJDKHBI OBITH paciuudpoBa-
HBI B CCBUTKAX.

Hckonaemsble 0CTATKH CIIEAYET OMUCHIBATH COMIACHO «MeXIyHapOAHOMY KOJIEKCY 300J0THYECcKOi HO-
MeHKIaTypbel». [IpuBomuMble B TEKCTE JIATHHCKHAE Ha3BaHHUS BUIOB (OBl U (ayHbl JOIKHBI COMPOBOXK-
naTbes paMuiMel aBTopa TakcoHa. JIaThIHB cienyer HabupaTh KypCHBOM.

[lpyn Hamucanuu ¢opmyJi ClenyeT WCHONb30BaTh (pU3MYecKue eAMHUIBI U 0003HAYEHMsI, IPUHSATHIC B
Mexnynapoanoii cucteme CH. @opmyinsl garorcst 0€3 MPOMEXKYTOYHBIX BBIKIAA0K C 00A3aTeNbHOH pac-
MM (POBKON MCIOJIB3YEMBIX B HUX CHMBOJIOB, KOTOpBIE AaloTcs cpaly nocie ¢popmynsl. Homepa ¢gopmyin,
€CII OHM YITOMHUHAIOTCA B TEKCTE, IMPOCTABIISIOTCS B KPYIVIBIX CKOOKaX OKOJIO MPAaBOM IpaHUILIBI TEKCTa Ha
onHoW nHUK ¢ (opmyoi. [ns Habopa GopMyn pekoMeHayeTcs HCIolb30BaTh peaakrop Microsoft Equa-
tion 3, nanee yepe3 ABa MHTEpBaja MEYATATh CIUCOK JIUTEPATYPHI.

Jluteparypa. B Tekcre cTaThM CChUIKAa Ha JIMTEPATYypy JHaeTcst B KPYIJbIX ckoOkax (ABTOp/bl, roxa) B
XpoHojorudeckom nopsanake. Ecnu ccpuika gaercs Ha paboTy rae Oonee Tpex aBTOPOB, TO yKa3biBaercs (a-
MuIIHsE iepBoro aBTopa (Harmpumep, ['yaues u ap., 2005). Eciu ceputaemast padorta npuBoauTcs 6e3 aBTOPOB,
TO MUILYTCS JBa MEPBBIX CIOBa ee Ha3BaHus (Hampumep, CtpaTurpaduyeckuil Kogekc...., 1998). Crucok
JUTEPATYpbl IPUBOJUTCS B aJIpaBUTHOM MOPSIKE B KOHLIE CTaThH U JOJKEH BKIIIOYATh (JaMUIMK M MHUIIHMA-
JIBI BCEX aBTOPOB, TOJl M3AaHUS, HA3BaHUE CTATHH/KHUTH, B ClIydae IyOIMKaLKU B )KypHaJle — ero Ha3BaHue U
HOMEp BBINTyCKa, HOMEpa MEPBOil U MOceIHed CTpaHMLl cTaThb. Eciy cchlika caeinaHa Ha KHUTY, TO HE00-
XOIUMO yKa3aTh KOJMYECTBO CTPAHUI] B KHUTE.

Ecnu crincok comepkuT cChUIKH Ha paboThl OMHOTO U TOTO K€ aBTOPa, OMyOIMKOBaHHBIE B OJUH U TOT XKE
rofl, TO He0OXOIUMO IPUAATh UM MHIEKCH a, O, B U T.JI. TIoce yKa3aHus rofa u3nanus. CChUTKH Ha TE3UCHI
JIOKJIaJIOB AAIOTCSI aHAJIOTHYHBIM 00pa3oM. daMuiIny 1 HHUIMABI aBTOPOB MPUBOASATCS KypCHBOM.
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B cnucke nutepaTypsl BHayalle IPUBOASITCS MyOIMKAlLMK, W3JaHHBIC HA KUPUIUIMILIE, a 3aTeM JIaTHH-
CKHUM IpUGTOM.

Hwsxe npuBoasTess mpuMepsl pa3inyHbIX OMOIHOrpaguIeckux CChUIOK.

Knuru:

babaes, /[.X., I'aoxcues, A.H., 2006. ' 1yOMHHOE CTpPOCHUE U MEPCIIEKTUBBI HE(PTEra30HOCHOCTH Oacceli-
Ha Kacmuitckoro mops, b. — «Nafta-Press», 305 c.

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

CraTbn B IepHOAMYECKHUX JKypHATAX:

babaes, 111.4., 2005. BausiHue ycinoBuid OKpyKaroleil cpensl Ha MOp(OIOruio pakoBHH HyMMYIUTOB //
Uzeectuss HAHA. Cepus Hayk 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 // Palaeogeogr., Palaeoclimatol., Palaeoecol., 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. 1., v.302, pp. 1085-1090.

Pe3iome. PacmmpenHoe pe3toMe Ha aHTIIMICKOM S3bIKE, COAEpIKallee OCHOBHYIO HH(OPMALIHIO O CTaTheE,
B TOM 4HMCJ€E LENb U 3aJaYd MCCIEeJOBaHMs, UCIOIb30BaHHAs METO/NKA, MTOJyYEHHbIE PE3yJIbTaThl U BHIBO-
IBl, JOJKHO OBITh TakKe IpeAcTaBieHo. Llens pe3sroMe — 03HaKOMIIEHUE aHTIIOS3BIYHON ayAUTOPHUU CO CTa-
TBSIMH, OITyOJINKOBAaHHBIMU Ha PYCCKOM M a3epOaiiyKaHCKOM SI3bIKaX.

MNnmocrpanuu. Kax sl pucyHok (kapra, quarpamMma, cXeMa ¥ T.J.) IPEICTABISeTCsl B BHJIE OTIEIbHO-
ro ¢aiina. Kak Bple y:xe ObUIO yKa3aHO, Ha3BaHUE (paiiina JOIKHO collepKaTh HHUIMAIIBI [IEPBOTO aBTOpa U
HOMEp pUCYHKA.

Pucynku npunnmarotcs B popmatax TIFF (300 dpi), PDF or CDR files Mitroctparuu 06s3aTensHO HY-
MEpYIOTCSl B IOPSIIKE UX YKa3aHMs B TekcTe. KaxkIplii pCyHOK HE OJDKEH MpeBbImaTh padmepa 160 MM x
230 mm. Ha kapTax o0s13aTenbHO yKa3blBaTh MacIiTao.

B pacneuataHHOM BapHaHTe CTaThH HOMEpA PUCYHKOB YKa3bIBAIOTCS Ha MX 000pOTE MPOCTHIM KapaHAaa-
LIOM C YKa3aHueM (aMHIINH [IEPBOrO aBTOpa M Ha3BaHHS CTATHH.

Kaxxapiii pucyHOK AOIDKeH UMeTh 3ariaBue. CIHMCOK MOAPUCYHOUHBIX TOAMUCEH JOJDKEH OBITh mpen-
CTaBJIEH B DJIEKTPOHHOM M pacledyaTaHHOM BHJE Ha OTAEIBHOM JucTe. KonuuecTBO pUCYHKOB B CTaThe HE
NOKHO ipeBblath 10.

Penakuus sxxypHana obecrieunBaeT 0ecIIaTHOE IEYaTaHUEe [IBETHBIX PHCYHKOB.

Penakuus ocraBinser 3a coboii mpaBo nepeaaTh CTaTbiO Ha PeleH3HI0. BepcTka craTby HanpaBiseTcs aB-
TOpPY AJIsl IPOBEPKU M UCIPABJICHUS OIIMOOK, JONYLICHHBIX IPYU HA00pE U PeIaKTUPOBAHHH.

JUia MCKIIIOueHUs 3a/lep’KeK C BO3BpAIIEHHWEM BEPCTKH B PENAKLMIO aBTOpaM PEKOMEHAYETCS MOJb30-
BaThCsI DJIEKTPOHHOM MOYTON M cOO0IIATh 00 MCIPABJICHUAX B TEUCHUE ABYX HEAENb ITOCTE MOyYeHHs Bep-
CTKH.

K craThe 1OmKHBI prIaraTtbcsi aBTOPCKast CipaBKa U aKT SKCIEPTHU3BI.

[logaua ctaTeM B KypHall O3Ha4aer, YTO OHA OPUTHHANIBHA, HUT/IE HE IyOJIMKOBajIach U He ObLIa Hampas-
JIeHa B IpyTHE U3JATENbCTBA.
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