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STRATIGRAPHIC ESSAY ON NAKHCHIVAN
AUTONOMOUS REPUBLIC

Chapter III — Paleogene

The article, which is the third in a series dedicated to the stratigraphy of Nakhchivan
Autonomous Republic, contains the full description of the lithological-stratigraphic section of
the Palaeogenic sedimentary, volcanogenic-sedimentary and volcanogenic formations mostly
developed in the eastern part of the region. This description rests on the findings of the long
vears’ of research done by the staff of the Geology and Geophysics Institute of the NAS of
Azerbaijan as well as by the field geologists of the former Geology and Natural Resources
Department of the Azerbaijan Republic. The description of the palaeontologically founded
local stratigraphic sub-divisions of the Palaeogenic structured matter complex is in concor-
dance with the International Stratigraphic Scale. Also, palaeophytological materials and ab-
solute rock values have been used in order to date certain stratigraphic intervals. The article
contains the outlines of the palaeogeodynamic and palaeogeographic factors’ impacts on the
formation of various lithological-stratigraphic sub-divisions of the complex described here.
The data that is first being published in English can be utilised for regional generalisations
and stratigraphic correlations between Palaeogenic sections characterising the sedimentation
conditions (predominantly rift in nature) in the rear of the Neothetys where the Earth’s crust

was subject to northward subduction under the Central Iranian Microcontinent.
Keywords: Stratigraphy, Nakhchivan Autonomous Republic, Palaeogene, section, cor-

relation.

Introduction

Problem statement. The presented article,
the third one dedicated to the modern stratigraphy
of the territory of the Nakhchivan AR, is con-
cerned with the lithographic and stratigraphic fea-
tures of the Palaeogenic rocks. Such sedimentary
rocks found within the boundaries of the Autono-
mous Republic occur in the Zanghezur and, in
part, also the Dereleyez ridges. The authors have
reviewed the lithological and paleontological pat-
terns of those sediments and, staying reliant on the
wealth of the geological research findings done
during last 30 years, have developed their modern
International Stratigraphic Chart as well as have
made a new grounding for the local stratigraphic
units (Babayev, Kongorli, Mommadov, 2015).

The Paleogenic System is represented in the
geological structure of the Autonomous Republic
by the sedimentary, volcanogenic-sedimentary
and volcanogenic rocks subdivided into the lower,
the middle and the upper series. Paleogene strati-
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graphic complexes compose most of the geologi-
cal sections of the Ordubad and the Zanghezur
tectonic zones while they also outcrop in the NE,
SE and SW flanks of the Nakhchivan Depression
and in the basin of the River Arpachay (the Ze-
ridere, Mehrideresi, Gumushdere, Yachideresi and
Beysal sites) (Figure 1).
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The cropping out Paleogene complexes has
the average thickness equalling 5250 m and the
maximum thickness equalling 8700 m.

The Paleogene of the Nakhchivan AR’s ter-
ritory begins with the emergence of the regres-
sion in the Iravan-Ordubad Depression, a part of
the Late Cretaceous Basin, and reaches its
maximum extent at the end of the Oligocene.

Those events were accompanied by the
formation of the volcanogenic-sedimentary se-
ries of a great thickness and intrusive masses in
the Ordubad Depression. All that was associated
with the rifting that occurred in the relict Lesser
Caucasian (Gyoyja) Basin of the Mesothetys
with the collision of the Afro-Arabian and Eura-
sian continents taking place in the background.
Considering that this basin is back arc basin
created by the subduction of the northern flank
of the Neothetys under the southern flank of the
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Central Iranian Platform it is assumed that in
connection with this process the rift basins lo-
cated behind the volcanic arc were created.

The western part of the Autonomous Re-
public (the Sharur-Julfa uplift) corresponded to
the erosion zone developed in the Mesozoic Era
while the outcrop axial band was situated be-
tween the Ghilanchay and Chahrichay Valleys.
A very thick terrigenous-carbonate series were
accumulated in the Ordubad Depression in the
Paleocene.

There occurred the powerful homotypic
calcium-alkaline and sub-alkaline basaltic-
andesidacite-rhyolite volcanism that began in
the Early Eocene and ended with granitoid plu-
tonism (the Ordubad batholith and the satellites)
in the Oligocene-the Early Miocene, resulted in
the formation of the Iravan-Ordubad volcanic-
plutonic belt.
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Figure 1. The Geological Map (A) and scheme
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of the Paleogene stratotype sections’ location (B),
Republic; by T.N.Kengerli:

1 — Aza Series, 2 —Turkesh Series, 3 —Ordubad Series, 4 —Aylis Series, 5 — Arysu Series, 6 — Gilanchay

Series, 7 —Kalaki Series, 8 — Kukuchay Series, 9 —

Series, 12 — Abraqunus Series

As a result of Late Eocene-Oligocene dias-
rofizm the inversion of geodymanic setting oc-
cured, which was followed by the initial stage of
the formation of the Lesser Caucasus main
structures.

The lithological-stratigraphic features and
the fauna of the Paleogene System were de-
scribed, at various times, by G.Abich, G.Sulu-
kidze, P.Bonne, F.Frech, G.Artgaber, B.F.Mef-
fert, A.N.Ryabinin, K.N.Paffenholz, A.A.Flo-

Bilav Series, 10 —Paradash Series, 11 — Darydagh

renskiy, Y.K.Ustiyev, M.I.Varentsov, B.P.Guset,
V.Y.Hein, L.A.Nechayev, I.N.Sitkovskiy,
Sh.A.Azizbekov, R.N.Abdullayev, T.G.Hajiyev,
M.I.LRustamov, D.M.Khalilov, G.A.Alizade,
T.A.Mamedov, F.A.Mustafayev, M.A.Bahma-
nov, A.l.Azizbekova, Sh.A.Babayev, H.I.Aliyev,
G.I. Allahverdiyev and others. The paleontologi-
cal materials were compiled and determined in
different years by Sh.A.Babayev, M.A.Bah-
manov, G.A.Alizade, A.l.Azizbekova, V.V.Bo-
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gachev, D.M.Khalilov, I.V.Kacharava, S.S.Kuz-
netsov, G.M.Gasimova, R.Goshgarli, R.G.Gu-
liyev, B.F.Meffert, T.A.Mamedov, M.M.Mosk-
vin, B.V.Vetrova and others.

The local stratigraphic units contributing to
the geological section are given in the Table 1.

Table 1

The Sub-divisions of the Paleogene System in the territory of the Nakhchivan AR

Stage Age Layer and Sub-Series
Lower Paleocene Danian The Aza Series
Upper Paleocene Selandian The Turkesh Series
Upper Paleocene Thanetian The Ordubad Series
The Aylis Series
Lower Eocene Yoresian The Arisu Series
P The Ghilanchay Series
The Kalaki Series
The Kukuchay Series
) Lutetian The Bilav Series
Middle Eocene The Lower Paradash Subseries
Bartonian The Middle Paradash Sub-Series
Upper Eocene Priabonian The Upper Paradash Sub-Series
Lower Oligocene Rupelian' The Daridag Series
Upper Oligocene Chattian The Abragunus Series

The Paleocene

The units of the Paleocene Series found in
the basins of the Chahrichay and the Nakhchiv-
anchay (Figure 2) as well as along the left bank
of the Aras river between the towns of Julfa and
Ordubad (Figure 3) and consist of sedimentary
rocks of the Lower (the Danian Age), the Upper
(the Selandian Age) and the Upper (the
Thanetian Age) subseries with the average
thickness equalling 670 m and the general
maximum thickness equalling 1,120 m.

The Aza Series (named after the village of
Aza) received its name from G.I.Allahverdiyev
in 1985. It is predominantly represented by ter-
rigenous rocks and is biostratigraphically di-
vided into the minor foraminifer zones of the

Lower portion (Globoconusa daubjergensis)
and the Upper portion (Acarinina schakhda-
gica). The stratotype is located in the vicinity of
the Aza village downstream the Ghilanchay
river (Figure 4) while the parastratotype does in
the NW edge of the village of Turkesh in the
basin of Nakhchivanchay. Outcrops are also ob-
servable on the northern and NW sides of Ag-
gaya in the Chahrichay basin, in the Ghirdashar
Ridge, on the western and southern sides of the
Tekne Mountain, in the surroundings of the vil-
lage of Shada in the Salasyuzchay River’s basin
and, in the SE, also in the SE part of the Dagustu
(Daridag) Ridge and, to the East from it, along
the left bankof the Aras until the Duglunchay Ri-
ver basin as well as on the flanks of the Kilit-Ko-
tam Crest between Ordubadchay and Kilitchay.
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Figure 2. The NW visinities of the Turkesh village; the
outcrop of the Paleocene and Lower Eocene Sedimen-
tary complex

Figure 3. The outcrop of Paleocene sediments located
near the Aza Village

Figure 4. Near the Aza village; the Aza Series, the

outcrop is dated by the Danian Stage

In the stratotypic section, it is an intercalation of
grey, yellow, reddish and yellowish-grey clays,

2016 /2

argillite and sandstones. In the parastratotypical
section (Tekne Mountain, near the villages of
Turkesh and Shada), the Aza Series is embor-
dering the Maastrichtian sediments and some-
times overlays them; the Series consists of the
alternating sandy clay, clayey sandstone, argil-
lite, marls, sometimes limestone (seldom over-
lain by gravelstones and conglomerates, and is,
in turn, covered transgressively by the Turkesh
basal conglomerates). Its thickness ranges from
70 m to 400 mn in different outcrops. The sec-
tion was found to have a faunal complex con-
sisting of foraminiferas, nanoplankton, nanofos-
sils, nummulites, molluscs and echinoids: the
foraminiferas — Epistominella culter, Eponides
sparksi, Karreria fallax, Spiroplectammina ex-
colata, Sp. kurtischensis, Sp. dentata, Sp. kur-
tiachonois Balakhm., Subbotina triloculinoides,
Stensioina caucasica, St. whitei, Bolivinoides
delicatulus, Biantholithus sparsus, Bulimina
whitei, B. inflata, Bolivina plaita, B. delicatulus,
Biantholithus sparsus, Dorothia retusa, D. bul-
letta, D. pupoides, Verneuilina cretosa, V.
bronni, V. tricarinata, Acarinina schakhdagica,
A. schakhdagicaformis, A. inconstans, A. trifida,
A. trinidadensis, A. taurica, A. spirialis, Am-
modiscus incertus, Heterohelix gradata, H.
elongata, H. perquadrata, H. ilkhidagensis, H.
ujliaensis, Globoconusa daubjergensis, Globig-
erina varianta, G. fringa, G. zeidensis, G. edita,
G. legitima, G. pseudotriloba, G. trivialis, G.
quadrata, G. triangularis, Globorotalia pseu-
dobulloides, Gl. angulata, Gl. compressa, Gl.
pyramidata, Gavelinella danica, G. welleri, G.
danica, G. affinis, Gaudryina pyramidata, G.
caucasica, Cibicidoides clipeatus, C. spiropunc-
tatus, Chiloguembelina crinita, Ch. perquad-
rata, Ch. ujliaensis, Ch. crinita, Coccolithus
cavus, C. subpertusus, C. ruciplacolithus tenuis,
Cruciplacolithus tenuis, Clavulinoides aspera,
C.trilatera, Marcalius inversus, Micratholithus
fornicates, Marssonella indentata, Zygolithus
concinnus, Tritaxia tricarinata, T. pyramidata; the
nummulites — Nummulites cf. priscus Khlopotin,
N. fraosi de la Harp. et al.; the echinoids — Echi-
nocorys pyrenaicus Seun., E. renngarteni Moskv.,
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E. depressum Eichw., E. semiglobus Kongiel, E.
arnaudi Seun., Cyclaster sphaericus Seun., Ho-
mocaster atiohi Anth.; the nanoplankton — Pla-
cozygus sigmoides, Chiasmolithus californicus,
Ellipsolithus macellus, Cyclococcolithina sp.; Bi-
antholithus sparsus, Coccolithus supertusus, Mi-
crantholithus fornicatus, Ellipsolithus macellus
nanofossils: Markalius inversus, Cruciplacolithus
tenuis, Thoracosphaera operculina, etc. (Ba-
bayev, Kongorli, Mommoadov, 2015; A3u36exos,
1961; AsusbekoBa, 1974; AmmeB, Owmapos,
Bypmxanues, 3eitnanos, u ap., 1982; Anurosnna,
babaes, IlluxnuHckmii, Anue, Parumian, Asuz-
oexoBa 1980; AmmaxsepaueB, TapacoBa, u 1p.,
1973; T'eonorust Azepbaiimxkana, 2007; MenoBast
(dayna AzepOaitmkana, 1988; Mycradaes, Anues,
Anues, u np., 1973; Xanagosa, 1969).

The Turkesh Series (named after the
Turkesh village) was so called by Sh.A.Babayev
in 1981. It is represented by terrigenous rocks.
Faunistically, it is expressed by the Globoro-
talia angulata plankton foraminifera zones in its
lower portion and by the Acarinina conicotrun-
catafer in the upper portion. The stratotype out-
crops to the NW of the Turkesh village while
the parastratotype does between Ordubad and
the village of Ashaghi Aylis. There are also the
outcrops in the basin of the Jahrichay on the
sides of Aggaya Mountain, on the Ghirdasar
Ridge, on the sides of Tekne Mountain and NE
of the Payiz village, in the basin of the
Salasyuzchay near the Shada village and, in SE,
on the eastern ridge of Dagustu (Daridag) and,
farther to the East, along the left bank of the
Aras and until the Dulunchay basin as well as in
the Ordubadchay-Kilitchay area on the slopes of
the Kilit-Kotam Mountain. In the stratotypic
section it begins with the basal conglomerates
that cover the Aza Series unconformabally, and
is represented by an intercalation of coarse
sandstone, gravelstones and conglomerates. In
the parastratotypical section, it consists of the
sandstone, grey clay and argillite interlayers that
continue the Aza Series. The thickness varies
between 60 m and 230 mn in different outcrops.
The section was found to contain the character-

istic foraminifera fauna: Globorotalia angulata,
G. ehrenbergi, G. pseudomenardii, G. com-
pressa, G. schakhdagicaformis, Acarinina coni-
cotruncata, A. praepentacamerata, Globigerina
varianta, Gl. triangularis, Gl. tortiva, Subbotina
triloculinoides, Dorothia retusa, Bolivina
subincrassata, Chiloguembelina crinita, Bu-
limina inflata, Stensioina caucasica, Cyclococ-
colithina robusta, Cruciplacolithus tenuis, Zy-
godiscus sygmoides, et al. (Babayev, Kongarli,
Mommadov, 2015; Asm3bexos, 1961; Aimes,
Owmapos, bypmxanues, 3eiiHanoB u np., 1982;
Annromna, ba6aes, Iluxnuackuii, Anves, Parum-
mm, Azm3bekoBa, 1980; Amnaxsepaues, Tapacosa,
u ap., 1973; T'eomorust AszepOGaiimxana, 2007;
Mycradaes, Anue, Anuies, u ap., 1973).

The Ordubad Series (named after the town
of Ordubad) was dintiguished by G.I.Allah-
verdiyev in 1985. It is mainly represented by
terrigenous rocks. Faunistically, it stands out for
the Akarinina subsphaerica and Akarinina
acarinata plankton foraminifera zones. The
stratotype is located in the area between the
town of Ordubad and the village of Ashaghi Ay-
lis (Figure 5), the parastratotype is NW of the
Turkesh village. There are the outcrops also be-
tween the Diza village (Kerimgulu-Dize) and
the Agdash Ridge and on eastwards along the
left bank of the Aras to the Ordubadchay river-
basin and, in NW, in the basin of the Jahrichay
on the sides of Aggaya Mountain, on the Ghir-
dasar Ridge, on the NE side of Tekne Mountain
and to NE of the Payiz village, also, in the basin
of the Salasyuzchay near the villages of Shada
and Badamli. In the stratotypic section, it is an
intercalation of grey clay, argillite and sand-
stone overlying the surface of the Turkesh Se-
ries, while in the parastratotypical section it is
represented by the thin limestone and grav-
elstone layers. It is found upon the surface of
the Pirchay Series (the Maastrichtian) in the
Shada and Badamli areas where it crosses the
Aza and Turkesh Series. The thickness varies
from 95 m to 490 m in different outcrops. A
complex of minor foraminiferas, corals, mol-
luscs, nanoplankton and nanofossils was dis-
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covered in its section: the foraminiferas —
Acarinina subsphaerica, A. acarinata, A. primi-
tiva, A. praepentacamerata, A. mckanei, A. tad-
Jjikistanensis, A. intermedia, Globigerina vari-
anta, G. nana, G. quadritriloculinoides, G. tri-
angularis, G. velascoensis, G. pileata, G. vari-
anta, G. bacuana, G. linaperta, G. compressae-
formis, Globorotalia pseudomenardii, Gl. pseu-
domenardii, Gl. angulata, Gl. conicotruncata,
Gl. aequa, G. aculata, Nummulites solitarius, N.
fraasi, N. deserti, N. praeexilis, N. silvanus, N.
subplanulatus, Discocyclina seunesii, Opercu-
lina heberti, Ranikothalia sindensis, Subbotina
triloculinoides, Pitat lamberti, et al.; the mol-
luscs — Pitar lamberti, P. montensis, Tellina
donaxialis, Taras radians; the corals — Gonio-
pora rudis, Actinacis rollei; the nanoplankton —
Fasciculithus tympaniformis, Toweis eminensis,
Chiasmolithus bidens, C. californicus, Cocco-
lithus eopelagicus, Ellipsolithus distichus, Chi-
asmolithus consuetus; Cyclococcolithina ro-
busta, Cruciplacolithus tenuis, Zygodiscus syg-
moides, Discoaster nobilis, D. multiradiatus,
Braarudosphaera bigelovi, et al. (Babayev,
Kongorli, Mommadov, 2015; A3uzbekos, 1961,
Anues, Omapos, bypmxanues, 3eiiHanoB u ap.,
1982; Anuroiia, badaes, IlluxiuHcKkui, AHeEB,
Parumnu, AsuzbexoBa, 1980; Aunmaxsepaues,
TapacoBa, u ap., 1973; I'eomorus AszepOaii-
mxaHa, 2007; MyctadaeB, Anues, Anues, u
ap., 1973). The 60-m-thick upper part of the
section represents a transition to the Lower Eo-
cene judging by the presence of the characteris-
tic microfauna Globigerina compressaeformis
Chaliliov and others.

Figure 5. The outcrop between the town of Ordubad
and the village of Ashaghi Aylis; the Ordubad Series;
the Upper Paleocene
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The Eocene

The Eocene is represented by all its subser-
ies and stages in the NW of the Jahrichay and
Nakhchivanchay basins and partly also in the
Arpachay basin (the areas Zerlidere, Me-
hrideresi, Gumushludere, Yachidere and Bey-
sal) and in NE along the left bank of the Aras
river. The lower (the Ypresian) and the middle
(the Lutetian and Bartonian stages) subseries
consist of the sedimentary, volcanogenic-
sedimentary and volcanogenic formations, while
the upper subseries (the Priabonian Stage) con-
sist of terrigenous one. The average thickness of
the Eocene complex equals 3,630 m; the cumu-
lative maximum thickness is 6250 m.

The Aylish Series (after the village Ashaghi
Aylis) was identified by G.I.Allahverdiyev as
the upper portion of the Ordubad Series in 1985.
Faunistically, it is characterised by the Globoro-
talia aequa plankton foraminifera zone. The SE
outcrops are observable along the left bank of
the Aras river between the Ordubadchay and the
Garaderechay, and, a little to the North, also on
the Ghilanchay anticlinal belt between the
Oyuglu and Garovlukhana uplifts as well as to
the NW of the Diza village (Kerimgulu-Diza),
on the SW sides of the Aydag and Aglar ridges.
The minor outcrop is observable at the eastern
end of the Julfa Valley; there, it unconforma-
bally overlies the Triassic dolomites and is in
turn overlaid by the basal conglomerates per-
taining to the Middle Eocene of the Kukuchay
Series. In the NW, the outcrop is in the area be-
tween of the Jahrichay and Badamli near the
villages of Turkesh and Shada. The stratotype is
located in the western vicinity of the Ashaghi
Aylis village, at the foot of Arisu Mountain
(Figure 6) while the parastratotype — in the vi-
cinity of the Turkesh village. The stratotypic
section is formed of the proportional intercala-
tion of grey argillites and fine sheet like cal-
careous sandstone (60 m) overlying the sedi-
mentary rocks of the Upper Paleocene Ordubad
Series. This alteration is overlaid transgressively
by the tuff-conglomerates of the Arisu Series. In
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the parastratotypical section it is an intercalation
of dark-grey thin-bedded lumpy clays with the
medium-bedded sandstone (30 m) and overlies
proportionally the Ordubad Series. The thick-
ness is 30—120 m in different outcrops. The sec-
tion was found to contain the characteristic fo-
raminiferas — Globorotalia aequa, Gl. wilcoxen-
sis, Gl. apanthesma, Gl. perclara, Gl. aculata,
Gl. quetra, Globigerina compresaeformic, G.
velascoensis, G. nana, G. pileata, G. quadri-
triloculinoides, Acarinina acarinata, A. sub-
sphaerica, A. intermedia, A. triplex, A. camer-
ata, A. primitive, et al. while the sandstone
strata were also found to contain the nummulites
— Nummulites jacquoti, N. pernotus, N. partschi,
N. vonderschmidti, N. nitidus. (Babayev, Kon-
gorli, Mommadov, 2015; A3zuzbekoB, 1961;
Anues, OMapoB, byprxanues, 3eiiHaIOB U Jp.,
1982; Amuroiuia, ba6aes, IluxnuHckuii, Alies,
Parumnu, AsuzbexoBa, 1980; Aunaxsepaues,
TapacoBa, u nap., 1973; baGae, 1990; bar-
MaHOB, 1966; I'eonorust AzepOaiimxana, 2007;
Mycradaes, Anues, Anues, u ap., 1973).

The Arisu Series (after Arisu Mountain)
was so named by G.l.Allahverdiyev in 1985.
Faunistically, it is identified by the Globorotalia
subbotinae plankton-foraminifera zone. The
outcrops are observable to the SE along the left
bank of the Aras between the Ordubadchay and
the Garadere River, a little to the North on the
flank of the Ghilanchay anticline between the
Oyuglu and Garovlukhana uplifts as well as on
the Aydash and Aglar ridges to NW from the
Diza (Kerimgulu-Diza) village. In the NW the
Series outcrops in the area between of the
Jahrichay and the Badamlichay near the villages
of Turkesh, Shada and Badamli. The stratotype
is located on the SE side of Arisu Mountain that
is located in the western vicinity of the Ashaghi
Aylis village (see Figure 6) while the parastrato-
type is located near the village of Turkesh. It
overlies unconformabally the Aylish Series as it
protrudes the volcanogenic-sedimentary rocks
in the area between the Ordubadchay and the
Aylischay. From there and westward between
the rivers Ghilanchay and Garadere as well as in
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the outcrops between the rivers of the Jahrichay-
Salasyuzchay it consists of terrigenous rocks
and represents a gradual transition to the simi-
larly composed rocks of the Series located be-
low the Aylis and the Upper Ghilanchay ones.
The belt within which the volcanogenic-sedi-
mentary rocks becomes replaced by terrigenous
deposits between the rivers Aylis and Ghi-
lanchay is transgressively overlain by the volca-
nogenic strata of the Kalaki Series. In the strato-
typic section, the Series is represented by three
rock types. The tuff-conglomerate and con-
glomerate-breccias overlying the Aylish Series
are observable at the base of the succession;
they are overlain by the interlayered gravels-
tone, marl and individual tuff-conglomerate-
breccia layers of grey argillite and sandstone
(170 m). The middle layer consists of the sparse
andesitic and andesidacite pyroclastolites (the
agglomerate tuffs, tuff-breccias, tuff-conglome-
rates, lava and lava-breccias) (120-150 m) that
contain sandstones and argillites. Lastly, the top
is composed of dark-grey and slate grey argil-
lites and sandstone (177.5 m).

Figure 6. The western side of the Ashaghi Aylis vil-
lage, Arisu Mountain; the Lower Eocene, Lower
Ypresian outcrops of the Aylis (P,'i;') and Arisu
(P,'i%) Series

The parastratotype of the Series is an inter-
calation of dark thin-bedded argillites and
greenish-dark grey clays with sparse organic
and sandy limestones (73 m). The outcrop
thicknesses vary between 50 m and 420 m. The
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section contains the characteristic foraminiferas
— Globorotalia subbotinae, Gl. aequa, Gl. mar-
ginodentata, Gl. nartanensis, Gl. simulatilis, Gl.
apanthesma, Gl. wilcoxensis, Acarinina pseu-
dotopilensis, A. subsphaerica, A. acarinata, A.
camerata, A. intermedia, A. triplex, Globigerina
compressaeformis, G. pileata, G. nana, G. ro-
tundaenana, G. velascoensis, G. quadritrilocu-
linoides, Bulimina ovate, et al., nummulites in
the limestone layers — Nummulites bolcensis, N.
exilis, N. spileccensis, N. praemurchisoni, N.
globulus, N. murchisoni, N. cf. nitidus, Disco-
cyolina douvillei (Sohlumb.), D. pratti (Mich.),
et al., and, in the sandstone layers, also Nummu-
lites exilis, N. spileccensis, N. bolcensis, N. ak-
kuurdanensis, et al. (Babayev, Kongorli, Mom-
moadov, 2015; Asuzbekos, 1961; Amnunen, OMma-
poB, bypmxanueB, 3eiiHarioB u ap., 1982;
Ammomna, babGaes, IluxnmuHckmii, AJNEB,
Parumun, AsuzbexoBa, 1980; Annmaxsepaues,
TapacoBa, u nap., 1973; babaes, 1990; bar-
MaHOB, 1966; I'eonorus AszepOaiimxkana, 2007,
Mycradae, Anues, Anues, u ap., 1973).

The Ghilanchay Series (after the River
Ghilanchay) was so named by G.I.Allahver-
diyev in 1985. Faunistically it is represented by
the Globorotalia marginodentata plankton-
foraminifera zone. In the SE the outcrops are
located along the left bank of the Aras between
Ghilanchay and the Garadere River, while
somewhat to the North they are on the flanks of
the Ghilanchay anticline — from the Duylun vil-
lage to the Garovlukhana uplift as well as they
are found to the NW from the Diza (Kerimgulu-
Diza) village and on the NE sides of the Aydash
and Aglar ridges. In the NW, the outcrops are
near the wvillages of Turkesh, Shada and
Badamli. The stratotype outcrops in the western
vicinity of the Duylun village in the Ghilanchay
River’s basin (Figure 7), while the parastrato-
type does so near the Turkesh village. It repre-
sents a gradual transition with the similarly-
composed rocks of the underlying Series (Fig-
ure 8) and is overlain unconformabally by the
igneous rocks of the Kalaki Series. In the strato-
typic section, it consists of the uneven intercala-
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tion of bedded dark fine- to medium-grained
sandstones, argillites and siltstones (584.5 m).
In the parastratotypical section the Series out-
crops as dark and lumpy clays (70 m). The
thickness varies from 70 m to 600 mn in differ-
ent outcrops. The other outcrops contain alterna-
tions of fine-grained sandstones, clays and
sometimes limestones. The section contains the
characteristic foraminiferas — Globorotalia
marginodentata, Gl. rex, Gl. formosa gracilis,
Globigerina turgida, G. nana, G. quadritrilocu-
linoides, G. pileata, G. compressaeformis, G.
prolata, G. turgida, G. contmedium, Acarinina
triplex, A. intermedia, et al. and in the sandstone
beds the nummulites — Nummulites exilis, N.
spileccensis, N. praemurchisoni, Discocyclina
pratti (Babayev, Kongorli, Mommodov, 2015;
AsuzbekoB, 1961; AmmeB, OmapoB, bypmxka-
nueB, 3eiHanoB u np., 1982; Anurosuta, babaes,
Iuxouackuii, AnueB, Parmmiu, A3u3z0ekoBa,
1980; AnnaxsepaueB, TapacoBa, u ap., 1973;
baGae, 1990; barmanos, 1966; I'eonorus
AzepOaitmkana, 2007, Mycradaes, Anues,
Anmues, u ap., 1973).

The Kalaki Series (after the village of Ka-
laki) was so named by G.I.Allahverdiyev in
1985. Faunistically it is represented by Globoro-
talia aragonensis plankton foraminifera zone. In
the SE the outcrops are large and are found in the
basins of the Ordubadchay, the Aylischay, the Ve-
nendchay rivers (Figure 9) and of the Dulunchay

Figure 7. The vicinity of the Duylun Village; the out-

crop of the Ghilanchay Series — the Ypresian, the
Lower Eocene
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Figure 8. The eastern vicinity of the Aza Village; the
Arisu (in the foreground — P,'i,%) and Ghilanchay (in
the background — P21i2) Series outcrops — the Ypresian,
the Lower Eocene

Figure 9. The volcanogenic rocks of the Kalaki Series

that dates to the Ypresian Stage of the Lower Eocene
and outcrops above the road between the villages Unus
and Pezmere (tuffs, tuff-lavas, lava-breccias); note the
erosional features named “Gyalingaya composition”

as well as in the basins of the left-bank distribu-
taries upstream the Ghilanchay. This Series is
also observable on the NE flank of the Ghi-
lanchay anticline from the Duylun village to the
southern side of the Ilandag and, somewhat
southern from there, it outcrops as a narrow
band between the Ghilanchay village and the
Toglugaya Ridge.

The Series outcrops in those areas as a vol-
canogenic-sedimentary facies that overlies the
Ghilanchay Series unconformabally. It is in turn
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transgressively overlain by the Middle Eocene
Kukuchay Series. In the NW, it outcrops near the
village of Turkesh as a terrigenous facie upon the
Series Ghilanchay and is overlain unconforma-
bally by the Series Kukuchay. The stratotype is
located near the Kalaki village between the Ve-
nendchay and the Dulunchay (NW of the Gorug-
lar village) (Figure 10) and is composed of an in-
tercalation of andesite, andesidacite and andesite-
basalt layers and agglomeratic tuffs, tuff-sand-
stones, tuff-gravelstones, tuff-conglomerates, tuff-
breccias and argillites. The overall thickness of the
Series equals 2173.8 m in the stratotypic section.
Some upper layers of the Series are pinching out
or laterally gradually passing into the overlying
transgressive Kukuchay Series westwards with the
thickness decreasing dramatically to 40-120 m in
the basin of the Garadere River.

The Series is pinching out into the Kukuchay
SG completely in the llandag meridian. Lithologi-
cally, it is divided in the Lower and Upper strati-
graphic subseries. The parastratotype outcrops in
the vicinity of the Turkesh village where it is
composed of alternating shales, argillites and
sandstones and sometimes also of gravelstones
(200210 m). The parastratotypical section was
found to be containing the characteristic fo-
raminifera layers such as the minor foraminiferas
— Globorotalia aragonensis, Gl. lensiformis, GL.
caucasica, Globigerina turgida, G. transversa, G.
pseudoeocaena, G. eocaenica, G. eocaena, G.
turgida, Acarinina bullbrooki, A. pentacamerata,
A. brodermanni, A. triplex, Pseudohastigerina, et
al.; the nummulites — Nummulites partschi, N.
anomalus, N. atacicus, N. globulus, N. nitidus, N.
planulatus, N. praelucasi, N. jasquoti, N. vonder-
schmidti, N. bolcensis, N. spilecensis, N. aquitani-
cus, N. ritularius, Asterocyclina stella, et al.; and
the pelecypoda — Nucula submargaritacea, Mo-
diolus elegans, Turritella cf. compta, et al. (Ba-
bayev, Kongorli, Mommodov, 2015; A3uz0ekos,
1961; Anmues, Omapos, bypmxkanues, 3eitHaIOB 1
ap., 1982; Amumtonma, babaes, IuxmuHCKMIA,
Ammes, Parumin, AsuzbexoBa, 1980; Ammaxsep-
nueB, Tapacosa, u np., 1973; babaes, 1990; bar-
MaHoB, 1966; ['eonorus AzepbOaiimxkana, 2007).
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Figure 10. The vicinity of the Kalaki Village; the out-
crop of the volcanogenic-sedimentary complex of the

Kalaki Series pertaining to the upper section of the
Ypresian, the Lower Eocene

The Subseries Lower Kalaki in the strato-
typic section is represented by tuff and lava
sheets of dark, light-dark, slate, violet and dark
greenish andesite and andesidacite with the
sparse interlayers of tuff conglomerate and tuft-
breccias (889,7 m). The thickness ranges from
40 m to 890 m in different outcrops.

The Subseries Upper Kalaki in the strato-
typic section is represented by seven members
(from base to top): 1 — the dark red tuffite, tuff
silt, the coarse-grained sandstone and tuffs-
psammites (50 m); 2 — an alternation of dark
and dark-greenish basaltic rocks and tuffs with
tuff conglomerates, tuff breccias, the coarse-
grained sandstone and tuff agglomerates (498
m); 3 — in the lower portion — the coarse-grained
sandstone, tuff-gravelstone and the dark, brown
and reddish brown tuffconglomerates (65 m); in
the upper portion — an intercalation of the dark
and dark-greenish argillites with the rare sand-
stone layers (204 m); 4 — an intercalation of
dark and dark-greenish andesite-basalt tuffs
with rare interbeds of tuff sandstone and of tuff
gravelstone (76,3 m); 5 — the intercalation of
dark and dark-greenish argillites, tuff sandstone
and tuff gravelstones with the bluish tuffs silt-
stones (80 m); 6 — the uneven intercalation of
dark and the reddish brown tuffs, tuffites, tuff
sandstone, siltstones and argillites (182.5 m); 7
— the intercalation of the dark-coloured lime-
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stones and argillites (128 m). The overall thick-
ness equals 1,283.8 m. The section was found to
contain the faunal fossils characteristic to the
upper portion of the Lower Eocene: Nummulites
partschi, N. aquitanicus, N. jacquoti, et al. in
the 3rd-member sandstone and Globorotalia cf.
aragonensis, Gl. caucasica, Globigerina bow-
eri, Acarinina cf. pentacamerata, et al. in the
sixth-member argillites.

The Kukuchay Series (after the Kukuchay)
was so named by H.I.Aliyev in 1981. Faunisti-
cally it is represented by plankton foraminifera
zone containing Hantkenina aragonensis. It
overlays unconformabally the erosional surface
of the Permian and Upper Cretaceous sediments
in the Agsal, Shahbulag, Berdidash, Yukhari
Yaychi and Ghelingaya sites in the basin of the
Arpachay in the farthest NW of the Nakhchivan
Autonomous Republic. On the NE flank of the
Julfa Uplift it covers transgressively the Triassic,
Jurassic and Upper Cretaceous sediments. The
Kukuchay Series covers unconformabally the
Lower Eocene rocks elsewhere (the basins of
the Nakhchivanchay, of the Alinjachay, of the
Garadere, of the Ghilanchay and of the Dulun-
chay as well as at the NE edge of the Julfa Up-
lift) (Figure 11). The basal conglomerates are
observable in most of the Series outcrops (Fig-
ure 12). The stratotype outcrops are on the right
bank of the Kukuchay near the village of Ghizil
Ghishlag while the parastratotype section out-
crops in the area close to the Dashbashi Uplift
between the Duylunchay and the Ghilanchay.
Volcanogenic rocks occupy a substantial pro-
portion of the Series’s section in the Nakhchiv-
anchay basin; the section generally is an alterna-
tion of tuff sandstone, tuff gravelstone, tuff con-
glomerate, tuff breccias, sandstone, argillite,
clays, gravelstone and conglomerates with the
thin interlayers of agglomerate breccias, tuff
breccias, and limestones (Figure 13).

The Series crosses the Lower Eocene sedi-
ments occuring from NW to SE between the
Salasyuzchay and the Kukuchay and overlays
unconformabally the Ordubad Series that dates
to the Paleocene. In the stratotypic section, it
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presents itself by 5 members alternating from
bottom up: 1 — an intercalation of tuff sand-
stone, tuff gravelstone, argillites and sandstones
with few layers of tuff breccias, tuff and con-
glomerate (508 m); 2 — an intercalation of sand-
stones, argillites and siltstones with few layers
of tuff, tuff sandstones and gravelstone (188 m);
3 — an intercalation of tuff sandstones and tuffs
gravelstones with few layers of argillite, grav-
elstone and sandstone (89 m); 4 — an intercala-
tion argillite and sandstones with few layers of
tuff-sandstone (171.3 m); 5 — an intercalation
of tuff sandstones, tuff gravelstone and tuff
breccias with a small amount of argillite and
sandstone and sometimes also of tuffs (206.5 m).
In the stratotypic section, the overall thickness
equals 1162.8 m. In the parastratotypical sec-
tion, the Series mainly consists of the sedimen-
tary rocks and outcrops in the two successions:
1 — the layers of limestone, sandstone, clays and
the reddish-brown conglomerates (150 m); 2 —
an alternating sandstone, tuff sandstone and ar-
gillites with scarce layers of limestone and gra-
velstones (150 m). The thickness ranges from
75m to 910 m in the other sites (Figure 14).

Figure 11. The Twin Rock Oglan-Ghiz; the high
ground in the Garaderechay-Ghilanchay interstream
area NW of the Bash Dize village. The Lower Lutetian,
Middle Eocene conglomerates of the Kukuchay Series

(P,’1) and the unconformabally lying Lower Eocene
tuff sandstones on the erosional surface of the Ghi-
lanchay Series (P,',). The difference in rock composi-
tion makes an expressive landscape
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Figure 12. The vicinity of the Bilav village, midstream
the River Ghilanchay. The basal conglomerates of the
Kukuchay Series, the Lower Lutetian, the Middle Eo-
cene. The erosion-generated rock called ‘Zavvarlar’
Series (the Pilgrims)

Figure 13. The right bank of the Nakhchivanchay near
the Kolanli village. The Lower Lutetian, Middle Eo-
cene tuff sandstones and tuffgravelstones of the Kuku-
chay Series

Figure 14. The right bank of the Alinjachay near the
Arafja village; The Lutetian, Middle Eocene tuffaceous
rocks of the Kukuchay Series
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The limestones and sandstones of the section
were found to contain the characteristic faunal
fossils rich in foraminiferas, nummulites, bi-
valve and gastropods molluscs: the minor fo-
raminiferas — Acarinina bullbrooki, A. broeder-
manni, A. triplex, A. pentacamerata, Globig-
erina pseudoeocaena, G. posttriloculinoides, G.
senni, G. inaequispira, G. boweri, G. tirgida,
Pseudohastigerina micra, Hantkenina ara-
gonensis, et al.; the nummulites — Nummulites
distans, N. anomalus, N. cf. globulus, N. perfo-
ratus, N. puschi, N. laevigatus, N. atacicus, N.
uroniensis, N. gallensis, As. exponens, Opercu-
lina alpina, O. ammonea, Discocylina archiaci,
D. nummullica, D. cf. pratti, et al.; the molluscs
— Durtinella spirulaca, Crommium willemexi,
Landinensis lerisch, Turritella imbricataria,
Spondilus buchi, Chlamus subtripartida, Pecten
subosbicularis, Mytilus rimosus, et al. (Ba-
bayev, Kongorli, Mommaoadov, 2015; A3u30ekos,
1961; Anue, OmapoB, bypmkanues, 3eliHaJIOB
u np., 1982; Anuromra, babaes, [lluxmuHCKUH,
Anues, Parumau, AsmsbekoBa, 1980; Aiax-
Bepaues, Tapacosa, u ap., 1973; babaes, 1990;
barmanoB, 1966; I'eonorus A3zepOaiimxaHa,
2007; Mycradaes, Anues, Anues, u 1p., 1973).

The Bilav Series (after the village of Bilav)
was so named by G.l.Allahverdiyev in 1985.
Faunistically it is represented by a plankton-
foraminifera zone containing Globigerinatheka
subconglabata. The Bilav Series is wide-spread
in various parts of the Ordubad trough: and it
known in the basins of the Jahrichay, the
Nakhchivanchay, the Alinjachay, the Garadere,
the Ghilanchay and the Duylunchay; it also
overlays unconformabally the Kukuchay Series
in all the sections. The stratotype is located in
the NW vicinity of the Bilav village (Figure 15)
while the parastratotype is between the Ashaghi
Ghishlag and Agbulag villages in the basin of
the Nakhchivanchay. In the stratotypic section,
this Series is represented by the containing tuff-
sandstone and tuff-gravelstone lenses, agglom-
erate-tuff, tuff-lava, tuffite and tuffs-conglome-
rates that are andesitic and andesidacitic in com-
position (875 m). The sandstones in the upper
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portion of the section were found to contain
Nummulites ex. gr. laevigatus (Brug.). The
thickness of the Series falls to 12040 m in the
SW direction; laterally, the volcanogenic facie
is replaced with sedimentary rocks. The Series
presents itself as an intercalation of the clays,
sandstones, tuff-sandstones, malms and seldom-
occurring limestones containing a faunistic
complex rich in foraminiferas, nummulites, bi-
valve and gastropods molluscs in the basin of
the Garadere River as well as in the Jarajur,
Ilandag and Paradash areas. The volcanogenic
sediments of the Series graduate into the volca-
nogenic-sedimentary lithofacies in the NW di-
rection (the basins of the Alinjachay, the
Nakhchivanchay and the Jahrichay) and are ar-
ranged (including the parastratotypical section)
as an intercalation of the diversely-grained tuff
conglomerates, tuff-breccias, lava-breccias, the
coarse-grained tuff-sandstones and tuff-gravel-
stones and the rare sandstone and argillite layers
(Figure 16). The thickness of the outcrops in
those areas varies from 40—115 m (the basin of
the Jahrichay) to 250-810 m. The section was
found to contain characteristic fauna rich in fo-
raminiferas, nummulites, bivalve and gastro-
pods molluscs: the minor foraminiferas — Aca-
rinina bullbrooki, A. triplex, A. pentacamerata,
Globigerina boweri, G. senni, G. pseudoeo-
caena, G.osttriloculinoides, G. ellipsocamera,
Globigerinatheka subconglobata, G. index, G.
ugleri, G. eocaenica, Pseudohastigerina micra,
Globorotalia spinulosa, G. osttriloculinoides,
G. ocaenica, G. inaequispira, Globorotalia
renzi, G. senni, G. boweri, et al.; the nummu-
lites — Nummulites uroniensis, N. laevigatus, N.
distans, N. gallensis, N. atacicus, N. polygyra-
tus, N. striatus, N. perforatus, N. azerbaijanen-
sis, N. puschi, N. brongniarti, Operculina alpi-
na, Assilina exponens, Discocylina sella
(d’Arch.), et al. (Babayev, Kongorli, Mom-
moadov, 2015; Asuzbexos, 1961; Anues, Oma-
poB, bypmxanues, 3eiliHanoB u ap., 1982;
Ammronna, babaes, Illuxnunckuii, AnueB, Pa-
rumin, Asu3oekoBa, 1980; Annmaxsepaues, Ta-
pacoBa, u ap., 1973; babaes, 1990; barmanos,
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1966; I'eonorus Azep6Gaiimkana, 2007; Mycra-
¢daes, AnueB, Anmue, u ap., 1973; uxmaun-
ckui, 1986).

Figure 15. Midstream Ghilanchay near the Bilav vil-
lage; the Middle Lutetian/the Middle Eocene tuff-
sandstones and tuffs conglomerates of the Bilav Series.
The tuff-conglomerate rock can be seen in the centre

Figure 16. Midstream the Nakhchivanchay, the vicin-

itys of the Mahmudoba village. The mushroom-shaped
rock remnant called ‘Papagdash’ (a tuff-conglomerate
block dating to the Middle Lutetian/the Middle Eo-
cene, on a tuff-sandstone leg)

The Paradash Series (after the former vil-
lage of Paradash) was first described by
H.Abich as a ‘nummulite’ Series in 1902.
Sh.A.Azizbekov examined the stratotypic sec-
tion situated between the Shurud and Paradash
villages in detail and dated it to the upper sec-
tion of the Middle Eocene/the Upper Eocene in
1952. Faunistically it is represented by plank-
ton-foraminiferous zones Acarinina rotundi-
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marginata, Truncorotaloides rohri and Nummu-
lites fabianii. This Series is found in the terri-
tory of the Autonomous Republic in the basins
of the Jahrichay, the Nakhchivanchay, the Alin-
jachay, the Garadere and the Ghilanchay; it con-
stitutes most of the geological cross-section
Paradash as well as Gazanchi-Sirab, Nursu-
Shahbuz and Merelik-Turkesh. It mainly occurs
transgressively in the SW, NE and NW sections
upon the erosional top of the Bilav and even
Kukuchay Series and it is only in the central
trough of Shurud-Paradash that it demonstrates
a gradual transition to the Series Bilav. The
transitory strata that are observable there are
constituted of clay and sandstones or re-pre-
cipitated tuffs-breccias and tuffs-conglomerates.
Also, the top portion and in some cases also the
bottom portion of it are not included in the geo-
logical section in many outcrops. It is only in
the stratotypic portion that it outcrops as a com-
plete series while the overall thickness that ex-
ceeds 870 m is divided in the Lower, Middle
and Upper sub-Series. The thickness varies be-
tween 230 m and 875 m in the other outcrops.
The section was found to contain the faunal fos-
sils rich of nummulites, foraminiferas, corals,
echinoderms, bivalve and gastropod molluscs
and characteristic to the upper section of the
Middle Eocene and to the Upper Eocene alike.
The Lower Paradash Subseries’s section is
stratotypically an intercalation of dark-coloured
sandstones, clays and argillites with rare grav-
elstone and conglomerates layers. The thickness
varies from 140 m to 370 m in its various parts.
Faunistically it is represented by lower portion
of the Acarinina rotundimarginata plankton fo-
raminifera zone. In it are found the folloflank
species: the minor foraminiferas — Acarinina
rotundimarginata, A. bullbrooki, A. punctocari-
nata, Globigerina frontosa, G. pseudoeocaena
compacta, G. ouachitaensis, G. pseudovenezue-
lana, G. eocaenica, G. boweri, Globigeri-
natheka subconglobata, Gl. index, G. kugleri,
Globorotalia spinolusa, Pseudohastigerina mi-
cra, et al.; the nummulites — Nummulites mille-
caput, N. lorioli, N. laevigatus, N. uroniensis, N.
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atacicus, N. uroniensis, N. gallensis, N. pratti, N.
perforatus, N. brongniarti, N. garnieri, N. vario-
larius, N. acutus, N. incrassatus, N. rotularius, N.
partschi, N. striatus, Assilina spira, A. exponen-
sis, Operculina parva, O. alpina, Discocyclina
pratti, D. archiaci D. numullica, D. augustae, et
al. (Babayev, Kongorli, Mommadov, 2015; A3us-
oexoB, 1961; AmmeB, Owmapos, bypmxanues,
3eiinanoB u np., 1982; Anutonna, babaes, [1Iux-
JUHCKMH, AnueB, Parumim, Asusbexosa, 1980;
AmnaxsepaueB, TapacoBa, u ap., 1973; baGaes,
1990; barmanoB, 1966; I'eomorus AsepOaii-
mxana, 2007; Mycradaes, Anues, Anues, u ap.,
1973; uxnunackuit, 1986).

The Middle Paradash Subseries stratotype
consists of an intercalation of dark and the red-
dish brown sandstones, clays and argillites (Fig-
ure 17). In the NW in the basins of the Jahrichay
and the Nakhchivanchay it is an intercalation of
dark and dark-bluish clays, sandstone and argil-
lite with the rare limestone interlayers contain-
ing the small-fragment conglomerate and grav-
elstones. The thickness varies from 50 m to 460
m in various parts. Faunistically it is represented
by upper part of the Acarinina rotundimargi-
nata plankton-foraminifera zone and the Trun-
corotaloides rohri plankton-foraminifera zone.
The following species are found: the minor fo-
raminiferas — Acarinina rotundimarginata, A.
rugosoaculeata, A. kievensis, Globorotalia cen-
tralis, Gl. pomeroli, Gl. spinulosa, Gl. renzi, GI.
lehneri, Globigerina frontosa, G. boweri, G.
inaequispira, G. pseudoeocaena, G. eocaenica,
G. oauchitaensis, G. pseudovenezuelana, G.
subtriloculinoides, G. incretacea, G. azerbai-
janica, G. turkmenica, G. pseudocorpulenta, G.
aff. corpulenta, G. praebulloides, Globigerinita
howei, Globigerinatheka index, G. kugleri, G.
rubriformis, Truncorotaloides rohri, T. topilen-
sis, T. aff. rohri, R. valvuliniformis, R. similis,
R. similis nachitschevavevsis, R. azerbaijanica,
R. octocamerata, R. suboctocamerata, R. bulla,
R. triangulicamerata, Hantkenina lehneri, H.
liebusi, H. alabamensis, et al.; the nummulites —
Nummulites perforatus, N. striatus, N. chavan-
nesi, N. incrassatus, N. brongniarti, N. garnieri,
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N. variolarius, N. puschi, N. globulus, N. cha-
vannesi, N. acutus, N. incrassatus, N. atacicus,
N. rotularis, N. globulus, N. chavannesi, N. dis-
tans, N. osvaldi, N. cf. gizehensis, Operculina
alpina, Operculina granulosa, Discocyclina
numullica, D. cf. augustne, D. sella D. pratti, D.
augustas, D. enormis, Discoaster saipanensis,
D. furus, et al.; the molluscs — Amussium
corneum Sow., Spondulus cf. cisalpinus Bron.,
Sp. aff. bifrons, Natica sp., N. (Cepatia) ce-
pacea Umk., Pecten sp., Trochus cf. funiculo-
sus, Turritella imbricataria Lam. var. carinifera
Desh., Cerithium sp., Solarium aff. licidum
Opp. S. aff. planoconcavum, Chlamys subdis-
cors d’Arch., et al.; the brachiopods — Tere-
bratulum fusiforme Laym. et al. Speaking of the
micro-flora Discoaster barbadiensis, D. tanino-
difer, D. saipanensis, Pemma papillatum and
Nannotetrina fulgens Coccolithus are found in
the sub-Series. (Babayev, Kongorli, Mommo-
dov, 2015; AsuzbekoB, 1961; Anue, Omapos,
Bbypmxanues, 3eitHanoB u ap., 1982; Anwues,
Owmapos, bypmkanues, 3eitHanoB, u ap., 1982;
Amuronna, babaes, Illuxnunckuii, Anues, Pa-
rumiH, Asu3oekoBa, 1980; Annaxsepaues, Ta-
pacoBa, u ap., 1973; babaes, 1990; barmanos,
1966; T'eomorus A3sepbaiimkana, 2007; Merno-
Bas (ayHa AsepOaifpkana, 1988; Xamumos,
1967; uxmunackuit, 1986).

The stratotype of the Upper Paradash Sub-
series is composed of the intercalation of dark-
coloured sandstones and conglomerates (Figure
18). The thickness ranges from 40 m to 50 m in
different outcrops. Faunistically it is represented
by plankton foraminifera zone containing Num-
mulites fabianii. The following species were
identified within it: the minor foraminiferas —
Globigerina corpulenta, G. galavisi, G. irregu-
laris, G. subcorpulenta, G. praebulloides, G.
subtriloculinoides, G. pseudovenezuelana, Glo-
borotalia bolivariana, Gl. cerroazulensis, Glo-
bigerinatheka tropicalis, G. tropicalis, G. semi-
involuta, Operculina alpina, Rotalia similis, R.
aff. cubaensis, R. azerbaijanica, R. octocamer-
ata, R. suboctocamerata, R. longocamerata, R.
triangulicamerata, R. bulla, R. valvuliniformis,
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R. similis, R. similis nachitschevavevsis, R. azer-
baijanica, R. valvuliniformis, Azera transversa, et
al.; the nummulites — Nummulites striatus, N.
paradaschensis, N. incrassatus, N. cf. fabianii, N.
garnieri, N. pulchellus, N. chavannesi, N. prestwi-
cluanus, N. concinnus, N. perforatus, N. acutus,
N. puschi, N. striatus, N. cf. rectus, N. chavannesi,
N. budensis, N. gizehensis, Spiroclypeus carpati-
cus, et al. (Babayev, Kongorli, Mommadov, 2015;
AsmzbekoB, 1961; Amues, OmapoB, bypmkanues,
3eiiHanioB u  ap., 1982; AmmeB, Owmapos,
Bypmxanues, 3eiinanos, u ap., 1982; Anurosnna,
babGaes, IInxmuackuii, AmveB, Parumimm, Aswms-
OekoBa, 1980; AmmaxsepaueB, TapacoBa, u np.,
1973; bab6aes, 1990; barmanos, 1966; I'eonorus
Azepbaiimkana, 2007; MenoBas dayna A3sep-
Oaiipkana, 1988; Xamuios, 1967).

Sh.A. Babayev, T.N. Kengerli, H.I. Aliyev

Figure 17. The ‘Three Brothers’ outcrop between the
Ghizilja and Kirna villages on the left bank of the Alin-
jachay; it emerged as a result of the weathering of the
Bartonian/Middle Eocene sandstone of the Middle
Paradash Subseries

Figure 18. The vicinity of the former village Paradash;

the outcrop dates to the Priabonian/Upper Eocene; the
Upper Paradash Sub-Series

18

STRATIGRAPHIC ESSAY ON NAKHCHIVAN AUTONOMOUS REPUBLIC. Chapter Ill — Paleogene

The Oligocene

The Oligocene Series outcrops as a whole
section in the basin of the Alinjachay while its
upper portion does so along the NE flank of the
Nakhchivan Depression until it reaches the vil-
lage of Sadarak. It is represented by the volca-
nogenic, volcanogenic-sedimentary and partly
sedimentary facies of the Lower Rupelian (the
Series Daridag) and the Upper Chattian (the Se-
ries Abragunus) Subseries with the average and
the general maximum thicknesses equalling 950 m
and 1,300 m respectively.

The Daridag Series (after Daridag) was so
called by K.N.Paffenholz in 1940. It outcrops in
the autonomous republic at the junction of the
Ordubad and Nakhchivan tectonic zones, in the
lower part of the Alinjachay River’s basin and
the Highland Ridge (Daridag) (Figure 19) as
well as is traceable along the SW flank of the
Nakhchivan Depression to the Arak Water Res-
ervoir; in the NE flank it presents itself as a nar-
row and deep fault stretching along the down-
warped SW flank of the Nakhchivan Deep Fault
to the Payiz village. The stratotype is located on
the Highland Ridge (Daridag) while the
parastratotype is between the Ghizilja village
and the Chaghirdag Ridge in the Alinjachay
River’s basin and is represented by the volcano-
genic and volcanogenic-sedimentary andesite
formation facies. The section mainly contains
pyroclastolites (tuffs, silty tuffs, tuff sandstones,
tuff gravelstones, tuff breccias and tuff con-
glomerates) and is divided in the three subser-
ies: 1 — the red-coloured underlying Series is
mainly represented by tuff, tuff sandstone, tuff
conglomerate and tuff breccia; 2 — the light-
coloured middle Subseries mainly consists of
tuff gravelstones and of tuff conglomerates and
a minor quantity of tuffs and tuff sandstones; 3
— the upper red Subseries is predominantly
composed of tuff sandstone and tuff conglomer-
ate and a minor quantity of tuff gravelstones and
tuff breccias. It overlies unconformabally vari-
ous Middle Eocene sediments sometimes with
basal conglomerates in the observed outcrops
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(Figure 20). The thickness varies from 530 m to
980 mn depending on the section. The charac-
teristic floras were found in the lower portion of
the section.

Figure 19. The Rupelian/Lower Oligocene outcrop of
the Daridag Series in the Highland Ridge (Daridag)

455 e PR T .
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Figure 20. The Upper Eocene sandstones of the Sub-

series the Upper Paradash overlying unconformabally
the Lower Oligocene basal conglomerates of the Series
Daridag around the Sirab Mineral Well

The Lower Daridag Subseries outcrops at
the junction of the Ordubad and Nakhchivan
tectonic zones on the banks of the Alinjachay
and on the Dagustu Ridge (Daridag) and, having
basal conglomerates at its heels sometimes,
overlies unconformabally the Middle Eocene
rocks. The lower portion of the section is an in-
tercalation the tuffs turned to iron, tuff-sand-
stone, tuff-silt, tuff-gravelstone, tuff conglomer-
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ate, tuff-breccias and (in some areas in the mid-
dle of the layer) argillites (90—185 m) while the
upper portion consists of multi-coloured tuff
breccias, tuff conglomerate, tuff gravelstone and
tuff sandstone (200-265 m). The overall thick-
ness varies from 290 m to 450 m in different
outcrops. The following characteristic paly-
nological complex was found in the argillite and
tuff sandstone occuring in the section: Pteris
oeningensis Ung., Podocarpus eocenica Ung.,
Blechnum braunii Ett., Panicum miocenicum Ett.,
Zelkova araxina Palib., Sabal haeringina Heer., S.
major Heer., Murica hakealfolia Sap., Cinnamo-
mum schenchzeri Heer., C. cezannense Wat., C.
polymorphum Heer., C. rossmaesleri Heer., C.
lanceolatum Ung., Eogenia bogatschevi Palib.,
Pisonia eocenica Ett., Lencothae protogae
Schimper, Aralia cordifolia Sap., Zizyphus ungeri
Heer., Lastrea cf. stiriachi Heer., Podo, et al. (Ba-
bayev, Kongorli, Mommoadov, 2015; A3uz0ekos,
1961; AnueB, OMapoB, bypxanueB, 3eiHaIOB U
ap., 1982; Ammuzane, AsuzbekoBa, AtaeBa, 1980;
Ammomna, babaes, Iluxaunckuii, Amues, Pa-
rumii, AsnszoekoBa, 1980; Annmaxsepaues, Tapa-
coBa, u ap., 1973; babaes, 1990; barmanos, 1966;
I'eonorust AzepOaiipkana, 2007; MenoBas ¢gayHa
AzepOarimxana, 1988; Mycradaes, Anmes,
Anues, u ap., 1973).

The Middle Daridag Subseries is a Series
of bluish-greyish rocks that thrust out as a
marker (Figure 21). It is cropping out at the
junction of the Ordubad and Nakhchivan tec-
tonic zones, the SW side of the Dagustu Ridge
(Daridag) and on the banks of the Alinjachay
(near the villages of Abragunus and Ghizilja,
between the villages of Jamaldin and Gulustan).
Overall, it is a dark-bluish rock Series; it over-
lies the lower Subseries in the core of the Yay-
chi-Erezinna synclinal traceable along the side
of the Dagustu Ridge while it crosses the Series
on the ridge’s SW flank and overlies immedi-
ately the Middle Eocene sediments. In the stra-
totypic and other sections it is an intercalation
of the bluish, greenish, dark-brown and other
dark-coloured tuff gravelstones, tuffs, tuff sand-
stones, tuff conglomerates and tuff breccias.
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The thickness varies from 200 m to 280 m in
different outcrops.

Figure 21. The Middle Daridag Subseries outcrop near
the Daridag Ammonium Mine

The Upper Daridag Subseries is traceable
in the SE of the Nakhchivan Depression east-
wards from the shore of the Aras Water Reser-
voir and takes the shape of a broad band that
passes through the Ghirmizidag-I and Ghirmizi-
dag-1I uplifts to the Ghizilgaya Ridge and from
there along the rightsides of the Alinjachay ba-
sin to the western vicinity of the Gazanchi vil-
lage. The subsequent outcrops are located on the
NE flank of the depression and extend as a nar-
row band from the Nakhchivan Deep Fault and
along its SW flank on to the Payiz village. This
Subseries also contributes to the geological
structure of the left bank of the Alinjachay, the
SW side of the Dagustu Ridge (Daridag) and the
area between Ghizilja and Abragunus. Also, it
overlies transgressively the Middle Eocene
rocks near the Bananiyar village. The stratotype
is located on the banks of the Alinjachay near
the villages of Bananiyar and Abragunus while
the parastratotype is on the Ghizildag-1 uplift. It
is an intercalation of diversely coloured (reddish
and greyish-brown, greyish-brown, brownish
and dark ashy, brick red and violet) tuff sand-
stones, tuff conglomerates, tuff gravelstones and
tuff breccias that have transformed to iron. The
thickness varies from 40 m to 250 m in different
sections. Globigerina officinalis Subb was found
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in some areas of the bottom portion of the argil-
lite and siliceous limestone section.

The Abragunus Series (after the village of
Abragunus) was so called by L.N.Leontyev in
1949. 1t is formed by the volcanogenic-sedimen-
tary, volcanogenic rocks and partly also sedi-
mentary facies, and is identical to the ‘red-
coloured bed’ that Sh.A.Azizbekov identified in
1952 and that forms the base of the Duzsakh-
layan Series. The stratotype is located in the SE
part of the Nakhchivan Depression, on the east-
ern side of the Chashirdag-Ushagli Ridge and to
the NW from the villages of Abragunus and Ba-
naniyar while the parastratotype outcrops in the
NW in the Sadarak-Garabulag area. It outcrops
along the NW, NE, SE and SW flanks of the
Nakhchivan Depression, in the Sadarak, Gara-
bulag, Akhura, Garabaglar, Tenenem, Chalk-
hangala, Payiz, Vaykhur, Khalkhal, Garagala,
Ghizilbogaz, Sirab, Gahab, Chaghirdag, Bana-
niyar, Abragunus, Ghizilja (Figure 22), Erezin,
Ghizilgaya and Ghirmizidag-Nehram areas as
well as on the SW side of the Dagustu Ridge
(Daridag) (Figure 23). In the remote NW part of
the Sadarak site where it has basal conglomer-
ates upon its heel it overlies various Palaeozoic
sedimentary horizons and is made up of an in-
tercalation of ruddy-coloured clay, sandstones
and siltstones (30—45 m). The thickness of the
Series increases gradually to the SE and the tuff
sandstone, tuff gravelstone and tuff conglomerate
strata emerge within the section. The thickness of
the Series consisting of tuff gravelstones, silty
tuffites, tuff sandstones and tuff conglomerates
reaches 350 m near Chalkhangala. There are
ruddy-coloured tuff gravelstones, silty tuffites,
tuff sandstones, tuff conglomerates and tuff brec-
cias in the Series’s section in the area between
the villages of Vaykhur and Gahab on the left
bank of the Nakhchivanchay. The stratotypic sec-
tion is an intercalation of ruddy-coloured and
dark violet tuff-sandstones, fine grained tuff
breccias, tuff conglomerates and tuffs grav-
elstones. There are limestone strata in the Erezin,
Ghizilgaya and Ghirmizidag-Nehram areas fur-
ther to the South from there.
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Figure 22. The eastern vicinity of the Ghizilja village

on the left bank of the Alinjachay; the volcanogenic-
sedimentary complex of the Upper Oligocene Series
Abragunus

Figure 23. The Upper Oligocene outcrop of the Series
Abragunus on the SW side of the Highland Ridge
(Daridag) between the town of Julfa and the village of

Jamaldin
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The thickness is between 30-350 m in dif-
ferent sections. The section was found to con-
tain the following characteristic palynological
assemblage: Aspidiaceae cf. cyclosorus sp.,
Pteridaceae pteris paz. Ung., Pinaceae pinus
palocostrolus (Ett.) Heer., Podocarpaceae po-
docarpus eocenica Ung., Cramineae phrag-
mites oeningensis A.Br., Typhaceae typha
latissima A.Br., Myricaceae myrica lignitum
(Ung.) Sap., M. vindebonensis (Ett.) Heer.,
Pegaceae guerous neriidolia A.Br., Quercus
drymeja Ung., Uemaceae zelkova araxina
Palib., Zacuraceae cinnamomum lanceobatum
H., Ram melidaceae liduidambar europaea
A.Br., Aceraceae acer cf. dalycarpoides Heer.,
A. trilobatum (Sterub.) A.Br. and so forth. (Ba-
bayev, Kongorli, Mommodov, 2015; Asus-
oexoB, 1961; Amnmes, Omapos, bypmxanues,
3eiinanoB u np., 1982; Anuzazne, A3uzbekoBa,
ArtaeBa, 1980; Anuronna, baGaes, Iuxmun-
ckuii, AnueB, Parummu, AsuzoexoBa, 1980;
Annaxsepaues, Tapacosa, u ap., 1973; babaes,
1990; barmanoB, 1966; I'eonorus A3sepbaii-
mxaHa, 2007; MenoBas gayna AzepOaiiaxaHa,
1988; MycradaeB, AnueB, AnueB, u 1p.,
1973). The absolute age of the andesidacite
sample that G.I.Allahverdiyev collected from
this section is 23.4 Ma (using the K-Ar
method); so, it dates to the Chattian (Amnax-
BepaueB, Tapacosa u np., 1973).
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NAXCIVAN MR ORAZIiSI UZRO STRATIQRAFIK ESSE
Ocerk III — Paleogen

S.9. Babayev, T.N. Kongorli, H.i. Oliyev

Magalo AMEA Geologiya va Geofizika Institutunun amakdaslar va ke¢mis Geologiya va
Tobii Ehtiyatlar Idarasinin miitoxassislori tarafindan aparilmis ¢oxillik tadgigatlarin materiallar:
asasinda yazilmig va Nax¢ivan Muxtar Respublikasimin stratiqrafiyasina hasr edilmis silsila
asarlardan iiciinciisii olmaqla arazinin asasan sorq hissasinda yayimis ¢6kma, vulkanogen-¢okma
va vulkanogen moangali Paleogen téramalorinin litoloji-stratigrafik kasilisinin tam tasvirina hasr
edilmisdir. Paleogen struktur-maddi kompleksinin paleontoloji asaslandiriimis yerli stratiqrafik
bolgiisii va bolgii vahidlorinin tasviri miiasir Beynalxalq Stratigrafik Cadvalin uygun aparilir.
Bozi stratigrafik intervallarin yasi paleofitoloji materiallar va siixurlarin miitlaq yasimin tayini
asasinda verilir. Tasvir edilon kompleksin miixtalif litoloji-stratigrafik bélmalarinin formalasma-
sina paleogeodinamik va paleocografi amillarin tasiri barada qisa icmal tagdim edilir. Ilk dafs
ingilis dilindo isiq iizii goran bu malumatlar simal istigamatda Moarkazi Iran mikrogitasinin altina
subduksiya edan Neotetisin arxasinda ¢okiintiiomalogalma saraitini saciyyalondiran Paleogen
kasiliglorinin stratigrafik korrelyasiyasi va regional iimumilasdirmasinda istifada edila bilar.
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OYEPKH ITO CTPATUT'PA®UN HAXYBIBAHCKOM AP
QOuepk 111 — ITaseoren

III.A. babaes, T.H. Kenrepau, I'.11. Aniues

B cmamve, sasnsowericss mpemvell u3 cepuu nyoOauKayuil, NOCEAUWEHHbIX cmpamuepaguu
Haxuwvieanckoii Aemonomnou Pecnybauxu, no mamepuaiam MHO20JEMHUX UCCIe008AHUL COM-
pyouuxoe Uncmumyma eeonoeuu u eeogpusuxu HAH Azepbaiiodcana u nonegvix 2eono2o8 Ouvlé-
wezo Ynpaesnenus ceonocuu u npupoousix pecypcos Azepoatiodxcanckou Pecnyoauxu npusooum-
Cs NOJHOEe ONUCAHue JUMON020-CMPAMmuepPa@PuUuecKkozo paspe3a O0Ca0O0YHbIX, B)IKAHO2EHHO-
OCAOOYHBIX U BYIKAHOCEHHBIX 0OPA306AHUL NATIEO2EHA, PA3BUMBIX NPEUMYUECTIBEHHO 8 80CNOY-
Houl yacmu pecuona. Onucanue naieoHmonI02uYecku 000CHOBAHHBIX MECTHbIX cmpamuzpaguye-
CKUX NoOpaz0eneHull Naneo2eH08020 CIMPYKMYPHO-8EUeCMBEHHO20 KOMNIEKCA 0aemcs Ha base
cospemennou Meocoyuapoonou Cmpamuepaguueckou [llxanvl. s oamuposku HeKOMOpvIX
cmpamuepaghuueckux UHmMepeanos UCNOIb308aHbL MAKJiCEe NAIe0PUmMonIocUiecKue Mamepuansl u
onpeodenenus abconomHo2o eospacma nopoo. Ilpueooamcsa Kpamkue ceedeHus 0 8030elcmeun
naneo2e0OUHAMUYECKUX U Naneoceocpapuueckux Gaxmopos Ha Gopmuposanue pasiuidHblX au-
MONI020-CMpamuepaguieckux noopazoeieHuli ONUCblBaemMo2o Komniekca. Bnepsvie nyOnuxye-
Mble HA AHSTULICKOM sA3blKe OaHHble MO2Ym OblMb UCTOb308AHbL OJisl PECUOHANLHBIX 0000UjeHUl
u cmpamuepaguueckol Koppersyuu paspe3os NaieoceHd, Xapakmepusyruwux oOCMAHO8KU
0CAOKOHAKONIeHUsl (npeumyuecmeeHno pugpmozennoco) 6 moiry Heomemuca, 3emuas kopa xo-
Mopo2o noodgepaanacy cyo0yKyuu 6 ceepHom Hanpasiernuu noo Llenmpanvno-Hpanckuti Mukpo-
KOHMUHEHM.
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STRATIGRAPHIC ESSAY ON NAKHCHIVAN
AUTONOMOUS REPUBLIC
Chapter IV — Neogene

The final one of the publication series on the stratigraphy of Nakhchivan Autonomous
Republic, the article characterises the lithological-stratigraphic section of the Neogene sedi-
mentary, volcanogenic-sedimentary and volcanogenic formations contributing to the geologi-
cal composition of the Nakhchivan Depression and partly also the Ordubad Depression. Fur-
ther, the article provides brief information about the Quarternary continental deposits. The
generalisation that is based on the modern International Stratigraphic Scale provides for the
dating and description of the selected local stratigraphic sub-divisions and with the reliable
palaentological justifications in the majority of cases. The information presented here is be-
ing published in English for the first time, it can be utilised for correlation between the Mio-

cene basin sections of the Middle East.

Keywords: Stratigraphy, Neogene Nakhchivan Autonomous Republic, continental de-

posit, sedimentary.

Introduction

Problem Definition. This article is the last
one in a series of articles dedicated to the mod-
ern stratigraphy of Nakhchivan AR; it is about
the lithological and stratigraphic features of the
Neogene and the Quarternary rock complexes.
The authors have reviewed the lithological and
palaentological features of those sediments and
generalised the wealth of the geological plan-
ning work and target exploration information
for last 30 years encompassing the stratigraphic
units by the present-day International Strati-
graphic Table as well as by the local division
chart (Babayev, Kongorli, Mommadov, 2015).
The materials covered in the article are based on
such generalised information.

The Neogene

The Neogene system is represented in the
geological structure of the autonomous republic
by its lower and top divisions containing the
sedimentary, volcanogenic-sedimentary and vol-
canogenic facies. The derivatives mainly com-
pound the section of the Nakhchivan Depression
(the Miocene) and in part are developed in the wa-

24

Sh.A. Babayev

Azerbaijan National Academy of Sciences,
Geology and Geophysics Institute,

H.Javid ave., 119, Az 1143, Baku, Azerbaijan
E-mail: shekhbabayev@yandex.ru

T.N. Kangarli .
Azerbaijan National Academy of Sciences, 9 }
Geology and Geophysics Institute, .
H.Javid ave., 119, Az 1143, Baku, Azerbaijan [ ~
E-mail: tkangarli@gmail.com /ﬁ
’/ o

H.I. Aliyev

Azerbaijan National Academy of Sciences,
Geology and Geophysics Institute,
H.Javid ave., 119, Az 1143, Baku, Azerbaijan

ter-parting section of the Nakhchivan Basin as
well as in the Komurludag and Gunnut areas in
the basin of the Arpachay River (the Lower Plio-
cene) (Figure 1). The average thickness of the
rock complex reaches 2400 m while the general
maximum thickness equals 3500 m.

The Ordubad Zone that corresponds to the
rift bowl still in Nakhchivan AR contributes to
the overall rising of the Lesser Caucasus dome
on the transition from the Oligocene to the Mio-
cene; while the warping area migrates into the
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Sharur-Julfa Elevation. Seawater left the territory
temporarily at the end of the Early Miocene —
only to return by the middle of the Tarkhanian
Age. The marine and continental-marine molas-
ses containing gypsum and salt strata were ac-
cumulating in the shallow parts of the sea and in
the marginal lakes that had developed by then.
The plains and mountainous territories that were
girding the basin on the North, the East and the
SE served as the migration areas for those molas-
ses. These processes were accompanied along the
northern and eastern girds of the Nakhchivan
Depression by the minor teschenite and dioritic
intrusions. Seawater left the territory completely
at the end of the Miocene and the beginning of
the Pliocene. At the same time, the following pe-
riod of tectonic activity creates to directed width
folds and magmatism in the explosive, effusive,
extrusive and intrusive forms. The sub-volcanic
and extrusive dioritic, andesitic and andesidacitic

2016 /2

masses and a thick effusive cover — the Early
Pliocene magmatism products — in the initial sec-
tion of the Nakhchivan River’s basin and in the
highlands of the Lesser Caucasus.

The lithological-stratigraphic features and
fauna of the Neogene rock complex were studied
and described in detail at various times by
G.Abich, F.Frech, G.Artgaber, P.Bonnet, F.F.Os-
wald, V.V.Bogachev, K.N.Paffenholz, I.A.Pre-
obrazhenskiy, M.I.Varentsov, V.V.Tikhomirov,
B.P.Juzet, V.I.Khahin, Sh.A.Azizbekov, M.I.Rus-
tamov, A.l.Azizbekova, K.M.Sultanov, A.G.Vo-
roshilova, L.N.Leontyev, M.T.Pronina, F.A.Mus-
tafayev, G.LAliyev, G.L.Allahverdiyev, et al.
A.G.Eberzin, A.l.Azizbekova, A.N.Krysztofo-
wicz, G.K.Gasimova, M.T.Pronina, G.M.Sul-
tanov and A.G.Voroshilova collected and descry-
bed palaentological materials at different times.

The local stratigraphic units present in the
geological section are shown in the Table 1 below.

Sedimentary and volcanogen-sedimentary rocks

Pleistocene Middle and Upper Eocene

Lower Pliocene Middle Paleccene - Lower Eocene
Upper Miocene h -P. Uppec part of the Linper. Cretrceous
Middle Miocene
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Figure 1. The Geological Map (A) and scheme of the Neogene stratotype sections’ location (B),
Nakhchivan Autonomous Republic; by T.N.Kengerli:
1 — Khalkhal Series, 2 — Garagala Series, 3 — Chashyrdagh Series, 4 — Dizazina Series, 5 — Arazin

Series, 6 — Paradash Series, 7 — Payiz Series, 8 — Tumbul Series, 9 — Duzdagh Series, 10 — Gulshana-
bad Series, 11 — Bichanak Series

Table 1
The Neogene System Distribution across Nakhchivan AR’s Territory
Subdivision Regiostage Series
The Lower Miocene Caucasian Khalkhal
Sakaraul Garagala
Upper Tarkhanian Chashirdag, Dizazina and Erezin
The Middle Miocene Chokrak Garadgsh
Karagan Payiz
Konka Tumbul
. Sarmatian Duzdag
Th M -
¢ Upper Miocene Meothis Gulshanabad
The Lower Pliocene Balakhany Bichanak
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The Miocene

The Miocene Series only are identifiable in
the geological section the Nakhchivan Depres-
sion in the territory of the autonomous republic;
there, it outcrops all its sections excluding Kot-
sakhur, the Lower Tarkhanian and the Pontian.
It is represented by the Duzsakhlayan Series that
Sh.A.Azizbekov identified in 1952; the total
thickness reaches 2,600 m (A3uz6exos, 1961). In
general, the lower part of the section has the pres-
ence of volcanogenic-sedimentary, volcanogenic
and sedimentary rocks while the top part has terri-
genous rocks containing gypsum and salt rock.
The lower subdivision series is represented by the
derivatives of a multi-coloured carbon-terrige-
nous-tuffite mixed formation; the middle subdivi-
sion is mainly halicit — terrigenous and partly also
contains multi-coloured carbon-terrigenous-tuffite
mixed formations; the upper subdivision consists
of halicit-terrigenous formations.

Figure 2. The entry to the cleft where the Ashabi-Kahf
Cave is situated; the outcrop corresponds to the Cauca-
sian Regiostage of the Khalkhal Series
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Khalkhal Series (after the Khalkhal vil-
lage) is identical to the bottom part of the
‘multi-coloured  stratum’  Salt-Impermeable’
(Duzsakhlayan) Series that Sh.A.Azizbekov
identified in 1952 and that overlies the ‘red-
coloured stratum’ in the foundation part con-
cordance. G.[.Aliyev gave it its name in 1981.
The stratotype is situated near the Khalkhal vil-
lage on the NE fringe of the Nakhchivan De-
pression. The group outcrops in the Sadarak,
Velidag, Garabulag (the parastratotypical sec-
tion), Akhura, Garabaglar, Tenenem, Chalkhan-
gala, Payiz, Vaykhir, Khalkhal, Garagala, Ghi-
zilbogaz, Sirab, Gahab, Najafalidize, Nahajir
and Ashabi-Kahf (Figure 2), Ghirkhlardag, Cha-
shirdag, Bananiyar, Khachaparag, Erezin, Ghir-
mizidag-Nehram and other sites on the NW,
NE, SE and SW fringes of the Nakhchivan De-
pression. It overlies the Upper Oligocene Abra-
gunus Series concordance in the stratotypical and
other sections that are situated between the
Nakhchivanchay and the Alinjachay (Figure 3),
and is formed of the multi-coloured (grey,
greenish-, yellowish-, brownish-, reddish-, blu-
ish- and fallow-grey) sandstones, clays, aleuro-
lites, sometimes also siliceous limestone and in
other places it is the non-uniform alternation of
gritstones, malms and aleurotuffites (20195 m).
In the lower part of the Alinjachay basin and in
the Ghirmizidag-Nehram area the section has
tuff-conglomerates, tuff-breccias and aleurotuf-
fites. The basal conglomerates of the Series
overlie transgressively and immediately the
Devonian, Carbonic and the Permian sediments
in the Garabulag, Sadarak and Velidag areas in
the NW of the Nakhchivan Depression while
the subsequent section is generally demonstrat-
ing the most reddish clays, clayey sandstones,
aleurolites, sometimes tuff-sandstones, tuff-
gritstones and tuff-conglomerates (30—185 m).
The section in Gahab and other sites was found
to contain the following molluscan-fauna fos-
sils characteristic of the Lower Miocene:
Planorbarius (Coretus) corneus, Pl. cornuco-
pia (Baily), Hydrobia acuta (Drap.), Bythinia
sp., Unio sp., Puludina sp., etc. (Babayev,
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Kongorli, Mommodov, 2015; A3suzbexosna,

1972; Anmzane, Asu3bexoBa, ArtaeBa, 1980
and ['eonorus Azep6aiimxkana, 2007).

Figure 3. The Proportional Bedding of the Upper Oli-
gocene (P;%) and the Lower Miocene (N;') Sediments
on the NW Bank of the Bananiyar River

Garagala Series (after the Garagala vil-
lage) is identical to the upper portion of the
‘multi-coloured  stratum’  Salt-Impermeable’
(Duzsakhlayan) Series that overlies the ‘reddish
layer’ on the base and that Sh.A.Azizbekov
identified in 1952. G.I.Aliyev named it so in
1981. The stratotype is situated on the NE fringe
of the Nakhchivan Depression near the village
of Garagala. It outcrops in the Sadarak, Garabu-
lag (the parastratotypical section), Akhura, Ga-
rabaglar, Tenenem, Chalkhangala, Payiz, Vay-
khir, Khalkhal, Garagala, Ghizilbogaz, Sirab,
Gahab, Najafalidize, Nahajir, Ashabi-Kahf,
Ghirkhlardag, Chashirdag, Bananiyar, Khacha-
parag, Erezin and Ghirmizidag-Nehram (Figure
4) and in other sites on the NW, NE, SE and SW
fringes of the Nakhchivan Depression and over-
lies the Khalkhal Series concordance. In the
stratotypical and other sections it is an irregular
alternation of multi-coloured (grey, greenish-,
yellowish-, brownish-, reddish-, bluish- and ruddy-
grey) sandstones, gritstones, aleurolites, siliceous
limestones, clays and malms (250-300 m). In
the SE direction the thickness of the Series re-
duces (to 11-15 m in the Ghirmizidag-Nehram
site) and there are strata of tuff-sandstones and
tuff- conglomerate in some parts of the section.
The outcrops in the NW of the Nakhchivan De-
pression represent the Series mainly with lime-
stones (predominantly ferriferous), sandstones,
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aleurolites and clays (15-250 m). One specific
feature of the Series is that its section is domi-
nated by the numerous (8-50) and thick
(0.5-4.0 m) siliceous limestone, which is
sharply manifest in the relief and plays the role
of a marker. The section in Nehram, Kha-
chaparag, Chashirdag, Gahab and other sites is
found to be containing the following molluscan-
fauna fossils characteristic of the Lower Mio-
cene: Planorbarius corneus (L.), Pl (Coretus)
corneus, Pl cornucopia (Baily), Pl. corneus
Linne, Hydrobia acuta (Drap.), Bythinia ten-
taculata (L.), Lithophaga inclusa Phil., Poiretia
ex gr. inflata Reuss, Lumnaea sp., Zumnea sp.,
etc. (Babayev, Kongorli, Mommadov, 2015;
AsmzbekoBa, 1972; Anuzage, A3su30ekoBa,

Artaesa, 1980; I'eonorust AzepOaiimxana, 2007).

Figure 4. The Sakaraul Regiostage/Lower Miocene

Outcrop of the Garagala Series between the villages of
Nehram and Erezin

Chashirdag Series (after the Chashirdag) is
identical to the ‘pyroclastic stratum’ (the third
one from bottom up) of the Multi-Coloured
Salt-Impermeable Series that Sh.A.Azizbekov
identified in 1952. M.I.LRustamov named it so
by in 1954. The section formed of the deriva-
tives of the stratotype’s trachyandesite-tes-
chenite formation derivatives is found in the
Chashirdag that is situated on the SE fringe of
the Nakhchivan Depression. The outcrops make
up the separated massifs Chashirdag-Ushagli
(Figure 5) and Ghirkhlardag. In the Chashirdag
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area the formation overlies discordance the Ga-
ragala (the Sakaraul Regiostage) and Khalkhal
(the Caucasian Regiostage) Series derivatives
while in the Ghirkhlardag site it does the
Khalkhal (the Caucasian Regional Stage) and
Abragunus (the Chattian) Series derivatives.
Composed of volcanic flow materials, it is a
regular alternation of trachyandesite and latite
igneous breccia, agglomerate and crystalline-
clastic tuffs and autoclastics. The thickness
reaches 160 m. A gradual wedging of volcanites
is occurring to the NW while the Series is only
represented by crystalline-lithoclastic  tuffs
(8-10 m) in the outskirt of the Gahab village.
There is the only trachyandesite-basalt lava flow
in the Ghirkhlardag site. The absolute age of the
trachyandesite samples that M.I.Rustamov ob-
tained in 1984 is (by the K-Ar method)
14.9-15.9 mn years and corresponds to the
Middle-Upper Tarkhanian (the Upper Langian
substage).

Figure 5. The Outcrop of the Chashirdag Series on the

escarpments of Ushagli Mountain

Dizazina Series (after Dizazina Mountain)
pertains to the Middle Miocene Subdivision of
the Neogene System of the Cainozoic Erathem.
G.Abich, F.Frechs, Artgaber, P.Bonnet,
K.N.Paffenholz, I.A.Preobrazhenskiy, M.l.Va-
rentsov, V.V.Tikhomirov, B.P.Guset, V.Y .Kha-
hin, Sh.A.Azizbekov, M.I.Rustamov, A.l.Aziz-
bekova, K.M.Sultanov,  A.G.Voroshilova,
L.N.Leontyev, M.T.Pronina, F.A.Mustafayev,
G.L.Aliyev, G.I.Allahverdiyev and others stud-
ied and described the outcrops at different
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times. The group dates back to the Tarkhanian-
Chokrak within the Salt-Impermeable Series
that Sh.Azizbekov identified in 1952. The bio-
stratigraphic examination of the Miocene sedi-
ments resulted in A.I.Azizbekov identifying ‘the
grey stratum’ dating back to the Lower Miocene
(Burdigalian) sediments in 1972. The present-
time name came from G.[.Aliyev in 1981. The
stratotype is situated on the NE fringe of the
Nakhchivan Depression, the SE side of the not-
so-high Dizazina Ridge and near the ruins of the
Kurme-Mahmud wintering-place. The forma-
tion also outcrops in the Garagala, Sirab, Gahab
and Khachaparag areas. The formation overlies
discordance the pyroclastic rocks of the
Chashirdag Series in the Khachaparag area and
as it covers them wholly along the full lengths
in both NW and SW directions, it comes into a
transgressive contact with the derivatives of the
Garagala Series. On the top it is overlain discor-
dance by the Erezin Series derivatives con-
firmed faunistically. Because it is between the
Chashirdag and Erezin Series within the geo-
logical section it is attributed to the lower part
of the Upper Tarkhanian substage. In the strato-
typical section it protrudes from the carbon-
terrigenous facies as an alternation of yellowish-
and greyish-green, reddish-ruddy and grey cal-
careous sandstones (1-19 m), lumpy and slaty
clays (0.5-7.0 m), siliceous limestone (0.3-2.0 m),
aleurolites and malms (0.5-2.0 m) (142 m). The
thickness of the Series rises from E to W start-
ing at 70 m (the Khachaparag area) and ending
at 162 m (the Garagala section). Numerous
Lithophaga inclusa Phil. and Planorbarius
cornu cornucopia (Baily) fauna fossils were
found in the section of the Khachaparag area
(Babayev, Kongorli, Mommodov, 2015; A3us-
ockoB, 1961; AsmusbekoBa, 1972; Anues, Oma-
poB, bypmxanues, 3eiiHanoB u Ap., 1982; Anu-
3ame, Asum3bekoBa, AtaeBa, 1980; Ammaxsep-
nueB, TapacoBa u ap., 1973; I'eonmorust Aszep-
Oaitkana, 2007).

Erezin Series (after the Erezin village) per-
tains to the Tarkhanian-Chokrak formation within
the Salt-Impermeable Series that Sh.Azizbekov
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identified in 1952. Following a biostratigraphic
research of the Miocene sediments A.l.Aziz-
bekova identified the group as the Tarkhanian
‘aleurolite-sandstone strata with turritella in
1972. G.I.Allahverdiyev named the group as we
know it today back in 1985. The stratotype is
situated to the West from the Erezin village and
in the Nehram-Khachaparag site in the SE mar-
gin the Nakhchivan Depression while the
parastratotype outcrops NE of the Akhura vil-
lage. The group is also observable along the
NW wing of the Nakhchivan Depression, in the
Chashirdag, Gahab, Sirab, Khalkhal, Payiz,
Chalkhangala, Beyukduz, Dashbashi, Garachug,
Tenenem and Hamzali sites and between the
Arpachay and the Chapanchay. In the area be-
tween the Nakhchivanchay and the Alinjachay
within the Nakhchivan Depression it overlies
discordance the Chashirdag and Dizazina (the
Khachaparag area) Series rocks or immediately
the Lower Miocene rocks of the Garagala Series
(in the other peripheral sites). In the stratotypi-
cal section it is an alternation of the thin strata
containing rare gypsum lenses as well as string-
ers of greenish-ruddy, greenish and yellowish-
grey diversely-grained gypsified sandstones,
clays, aleurolites and malmrocks with gypsum
lenses. The thickness is between 40—-180 m de-
pending on the outcrop. The basal portion nor-
mally has a thick (4-12 m) sandstone horizon.
Coming parastratotypically section and, in gen-
eral, in the NW outcrops (the Tenenem and
Hamzali sites and between the Arpachay and the
Chapanchay) in the volcanogenic-sedimentary
facies, the formation contains basal conglomer-
ates at its foundation and is an alternation of the
thick strata of trachyandesite-tuff and the ag-
glomerate of clayey-sandstone derivatives
(160230 m). The following specific forami-
niferous and gastropod faunal fossils were
found in the section in the Nehram-
Khachaparag site: the gastropods — Turritella ex
gr. tricarinata Brocc., T. cf. vermicularis Brocc.,
T. strangulata Grat., Potamides bidentatus Defrt.,
P. picrus elongata Stch., Terebralia bidentata
Deft., P. (Pirenella) platus var. elongata Jtch.
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and etc; and the foraminifers — Globigerina tar-
chanensis Subb. et Chutz., Gl. billoides Orb.,
Nodosaria tarchanensis Pron., Nonion subbot-
inae Chutz., N. bouenum (d’Orb.), Bolivina tar-
chanensis Subb. et Chutz., etc. (Babayev, Kon-
gorli, Mommadov, 2015; A3nuz6ekoB, 1961; Azus-
OexoBa, 1972; Amme, OwmapoB, bypmxanues,
3eitHanoB u ap., 1982; Amumzane, A3u30€KoBa,
ArtaeBa, 1980; AmnaxBepaueB, TapacoBa u mp.,
1973; T'eonorus Azepbaiimkana, 2007).

Garadash Series (named after a locality on
the western side of the Saridag Elevation to the
N from the Erezin village) pertains to the Chok-
rak regiostage within the Salt-Impermeable Se-
ries that Sh.A.Azizbekov identified in 1952.
A.l.Azizbekova described it as the Chokrak Age
‘clay-sandstone spirialis-zandbergeriya strata’.
G.I.Aliyev gave it its present-day name in 1981.
The stratotype is situated in the Nehram-
Khachaparag site on the SE margin of the
Nakhchivan Depression; it also outcrops along
the NW fringe of the Nakhchivan Depression
and in the Chashirdag, Khalkhal, Payiz, Chalk-
hangala, Beyukduz, Dashbashi and Garachug
sites. In the SE it is an alternation of sandstones,
clays, aleurolites and gritstones with the rare
strata of conglomerates and malms with gypsum
lenses (65 m) that overlie concordance the
Erezin Series (the Upper Tarkhanian regiostage)
sediments. On the NE margin of the Nakhchivan
Depression it is identified together with the Erezin
Series lying below it owing to the identical
lithological composition and absence of faunal
fossils. The specific molluscan and ostracod fos-
sils that were found in the sequence in the
Nehram-Khachaparag site are: the ostracods —
Condionella negramica Pron. and etc.; and the
molluscs — Spiratella andrussovi Kittl., Sandber-
geria ilina Azizb., Dentalium sp., etc. (Babayev,
Kongorli, Mommadov, 2015; A3uzbekoBa, 1972;
Ammsane, Asmsbexosa, AraeBa, 1980 and T'eo-
norusi Azepbaiimxkana, 2007).

The Payiz Series (after the Payiz village)
corresponds to the seventh stratum of the Salt-
Impermeable Series that Sh.A.Azizbekov identi-
fied in 1952. A.I.Azizbekova described it as the
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‘gypsum-salt impermeable strata’ of the Kara-
gan Age in 1972. The present-time name came
from G.I.Aliyev in 1981. The stratotype is situ-
ated on the right-side bank of the Jahrichay and
to NW of the Payiz village. The group also out-
crops in the sites near the town of Nakhchivan,
near the villages of Nehram, Najafalidize, Jahri,
Dashbashi, Beyukduz, Gargalig, Khok and
Chalkhangala, near the ruins of the Khacha-
parag village and in other places coming from
under the Upper Miocene/Pleistocene deriva-
tives. It overlies concordance the rocks of the
Khachaparag Series (the Chokrak stage). In the
stratotypical section it is an alternation of the
reddish-brown and greenish-yellowish-grey
clays, aleurolites and sandstones that contain
gypsum and salt strata and lenses. Some out-
crops also present themselves as alternations of
gypsified clays, sandstones and aleurolites with
rare thin gritstone and malm layers. The sec-
tions wells in the eastern part of the Nakhchivan
Depression have the hydrochemical sediments
being the layers salt rock, anhydrides and gyp-
sum. The thicknesses are between 75 m and 300 m
on the surface and the thickness determined in
the section of the Beyukduz test hole equals
624 m. The following ostracods that are charac-
teristic of the Karagan Regiostage were discov-
ered in this and other sections: Ilyocypris brady
Sars., Il. gibba Ramdohr, Cytheridea cf. derri
Lal., Gerithium cf. mitribe Eichw., Eucupris aziz-
bekovi Vorosh., E. bejykdusichm Vorosh. and
Cyprideis gigantica Vorosh. (Babayev, Kongorli,
Mommodov, 2015; Asuzbekos, 1961; Asus-
6exoBa, 1972; Anues, Omapos, Bypmxanues,
3eitHanoB u Ap., 1982; Anuzanme, A3uz0ekoBa,
Araesa, 1980; Amnaxsepaues, Tapacosa u ap.,
1973; I'eonorust AzepOaitmxkana, 2007).

The Tumbul Series (after the village of
Tumbul) pertains to the eighth stratum of the
Salt-Impermeable Series that Sh.A.Azizbekov
identified in 1952. A.l.Azizbekova described it
as the Konka ‘the layers containing pholads in
1972. The present name came from
G.I.Allahverdiyev in 1985. The stratotype out-
crops near the village of Tumbul that is situated
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in the SE part of the Nakhchivan Depression
(Figure 6). The group also outcrops in the sites
near the town of Nakhchivan and near the vil-
lages of Nehram, Najafalidize, Jahri, Dashbashi,
Beyukduz, Taziuchan, Gargalig, Khok and
Chalkhangala, near the ruins of the Khacha-
parag village and in other places, coming from
under the Upper Miocene/Pleistocene deriva-
tives. The group overlies concordance the rocks
of the Payiz Series (the Karagan Regiostage). In
the stratotypical section, it is an alternation of
the brownish-ruddy and greenish-grey strata of
tuff-sandstones, clays and aleurolites. In other
outcrops it presents itself as the alternating rare
gritstone and conglomerate layers sometimes
containing gypsum lenses and the aleurolite,
clay and sandstone strata. The thickness is be-
tween 30 m and 220 m depending on the out-
crop; it equals 225 m in the section of the Be-
yukduz test hole. The section was found to con-
tain littoral molluscan (gastropods, pholads),
foraminiferous and ostracod fossils, namely: the
molluscs — Pholas ex gr. bogatshovi Ossip., Ba-
rnea oft. sinzovi Ossip., B. pseudoustjurtensis
Bog., B. ustjurtensis Ossip., B. wujramatica
Andrus., B. tumbluica Azizb., Theodoxus pictus
Ferussac, Microstele cf. caucasica Stekl., Cau-
casotachea cf. kubanica Stekl., Chondrula
(Mastus) tumbluica Azizb., Ch. (Mastus) ali-
zadei Azizb., Helix nachishewanicus Azizb.,
etc.; the foraminifers — Cibicides lobatulas
Walk. et Juc., Milliolina ex. gr. consobrina
Orb., M. articulinoides Vorosh., M. beyucduzica
Vorosh., M. rotunda Vorosh., Globigerina ex.
gr. bulloides Orb., Elphidium kudokensis Bogd.,
E. macellum (Ficht. et Moll.), Bulimina elon-
gata Orb., Angularina angulosa Will., Ammonia
beccarii (Linne) konkensis Pron., etc. The top of
the section contains, alongside shallow-water
marine pholads in dark-grey aleurolites and
sandstones (1.5-2.0 m), also the terraneous mol-
luscs Microstele cf. caucasica Stekl., Caucaso-
tachea cf. kubanica Stekl., Chondrula (Mastus)
tumbluica Azizb., Ch. (Mastus) alizadei Azizb.,
Helix nachishewanicus Azizb., etc. (Babayev,
Kongorli, Mommadov, 2015; Asuzbekos, 1961,
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AsuzbekoBa, 1972) (Anuzanme, A3u30eKoBa,
Araesa, 1980; Annaxsepaues, TapacoBa u ap.,
1973; I'eonorust Azep6aiimxkana, 2007).
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Figure 6. Near the Tumbul Village; the Konka Regio-
stage/Middle Miocene Outcrop of the Tumbul Series
(‘the layers containing dactyls®)

The Duzdag Series (after Duzdag Mountain)
is made up of the upper strata of the Salt Imper-
meable Series identified by Sh.A.Azizbekov in
1952. G.I.Aliyev gave it its name in 1981. The
stratotype is situated on the plateau of Duzdag and
on its sides (Figures 7, 8) while the parastratotype
is in the Khachaparag site. Within the Nakhchivan
Depression the formation also outcrops in the sites
Taziuchan, Saridag and Bozdag, around the vil-
lages of Jahri, Payiz, Tezekend, Chalkhangala,
Garabaglar, Tenenem, Habilli, Khok, Beyukduz,
Shahtakhti, Zeyve and Sadarak and in other
places, coming from under the Pleistocene conti-
nental molasses. Owing to the lithological compo-
sitional differences and the facial variability the
group is divided into the following three subfor-
mations: 1 — the lower subformation group that is
an alternation of sandstones, aleurolites and clays;
2 — the middle sub-stratigraphic group composed
of clays, sand, sandstones, malms and aleurites;
and 3 — the upper subformation group that is an
alternation of sandstone, clay, aleurolites, grit-
stones and conglomerates. There are strata, lenses
and stringers of gypsum and salt rock across the
whole section. The thickness is between
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200-600 m depending on the different sections.
The section is found to contain the specific mol-
luscan, foraminiferous and ostracod fossils.

The Lower Duzdag Subseries corresponds
to the lower horizons of the Lower Sarmatian
within the Salt Impermeable Series identified by
Sh.A.Azizbekov in 1952. A.l.Azizbekova iden-
tified it as an independent stratigraphic unit ow-
ing to the specific lithological-stratigraphic and
faunistic features in 1972. The stratotype is situ-
ated on the right-side bank of the Jahrichay in
the NE of the Duzdag Plateau while the
parastratotype is in the site Khachaparag. It is
an alternation of the strata of reddish-brown,
dark grey, yellowish- and greenish-grey sand-
stones and aleurolites and a minor quantity of
clayey gypsums in layers, lenses and stringers.
The thickness varies from 40 m to 350 m de-
pending on the location. The section was
found to contain the specific faunal fossils
(molluscs, foraminiferas and ostracods includ-
ing: the molluscs — Pireneella disjuncta
(Sow.), P. picta mitralis (Eichw.), P. nodoso-
plicata (M.Horn.), P. gamlitzensis theodisca
(Rolle) (Hilb), Terebralia bidentata (Defr.)
(Grat.), etc. The microfauna fossils also in-
clude foraminiferas — Quinqueloculina conso-
brina (d’Orb.), Q. aff. anticulinoides Vorosh.,
and ostracods — Loxoconcha aff. virides
(Mull.), Leprocythere sp., etc. (Babayev,
Kongorli, Mommodov, 2015; A3u3z06ekos,
1961; Asuzbexoma, 1972; AnmeB, Owmapos,
bypmxanues, 3eiiHanoB u ap., 1982; Anuzane,
AsuszbexoBa, ArtaeBa, 1980; I'eomorus A3zep-
Oarimxkana, 2007).

The Middle Duzdag Subseries corresponds
to the top horizons of the Lower Sarmatian Stra-
tum within the Salt Impermeable Series identi-
fied by Sh.A.Azizbekov in 1952. A.L.Aziz-
bekova identified it as an independent strati-
graphic unit owing to the specific lithological-
stratigraphic and faunistic features in 1972. The
stratotype is situated on the right-side bank of
the Jahrichay in the NE of the Duzdag Plateau
while the parastratotype is in the Khachaparag
area. It is an alternation of the strata of reddish-
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brown, dark grey, yellowish- and greenish-grey
clays, sands, sandstones, malms and aleurolites
with gypsum in strata, lenses and stringers. The
thickness is between 30-360 m depending on
the location. The section was found to contain
the specific faunal fossils molluscs, foraminifers
and ostracods including: Nonion subgrnosum
(d’Orb.), Ammonia beccari (Linne), Cytheridea
torosa littoralis (Brady), Miliolina consorbina
(d’Orb.), Sphaerium sarmaticum (Azizb.), Hy-
drobia uiratamensis (Koles.), etc; the micro-
fauna is also represented by Porcoononion
hatelliformis  (Pron.), Globigerina subtar-
chanensis (Pron.), G. trilcoulinoides (Plumm),
Quinqueloculina consobrina nitona (Reuss.), Q.
reussi (Bogdan.), Q. consobrina plana
(Vorosh.), Nomnion martkobi variana (Pron.),
Leptocythere plana (Sehn.), Alphiehum venustus
(Vorosh), etc. (Babayev, Kongorli, Mommadov,
2015; Asusbexo, 1961; AsuszbexoBa, 1972;
Anues, Omapos, byprxanues, 3eiiHalIoB U Jp.,
1982; Ammsanme, Asm3bexoBa, AraeBa, 1980;
I'eonorust Azepbaiimxana, 2007).

The Upper Duzdag Subseries corresponds to
the Upper Sarmatian within the Salt Impermeable
Series identified by Sh.A.Azizbekov in 1952. The
stratotype is situated on the right-side bank of the
Jahrichay in the NE of the Duzdag Plateau. It is an
alternation of grey, greenish-grey and sometimes
yellowish-grey diversely-grained sandstones,
clays, aleurolites, gritstones and conglomerates
with rare gypsum strata and lenses. The base of
the subseries has a salt rock layer that is 5-10 m
thick. The subseries overlie transgressively the
Lower/Middle Duzdag subseries sediments along
the northern fringe of the Nakhchivan Depression
and is rested upon basal conglomerates. It overlies
discordance and immediately the Lower Miocene
and even the Palacozoic sediments in the basin of
the Arpachay and in the Sadarak, Bozdag and
Saridag sites. The thickness varies from 100 m to
300 m in different sections. The section was found
to contain the specific faunal fossils molluscs, fo-
raminiferas and ostracods including: the molluscs
— Mactra (Chersonimactraq) caspia (Eichw.), M.
(Ch.) bulgarica Toula, M. crassicolis (Sinz.), M.
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(Sarmat imactra) podolica (Eichw.), etc..; and
the foraminifers — Quinqueloculina ex gr. con-
sobrina (Orb.), Elphidium crispum robusta (Po-
bed.), etc. (Babayev, Kongorli, Mommoadov,
2015; Aswuzb6ekoB, 1961; AsuzbexoBa, 1972;

Anunes, OmapoB, bypkanueB, 3eiiHanoB U 1p.,
1982; Ammsanme, Asm3bexkoBa, AraeBa, 1980;
I'eonorus Asepbaiimxana, 2007).

Figure 7. The Duzdag Series Outcrop pertaining to the
Sarmatian Regiostage of the Upper Miocene; the west-
ern side of the Nakhchivan-Duzdag motoring road

Figure 8. The SE Side of Duzdag Mountain; the Upper
Miocene, Salt Impermeable Series Sediments

The Gulshanabad Series (after the Gul-
shanabad village) was so called by G.I.Aliyev in
1981. The stratotype outcrops on the right-hand
bank of the Jahrichay, western of the Gulshana-
bad village; there, it overlies discordance the
Upper Duzdag subseries. M.T.Pronina exam-
ined the section in 1961. It is an alternation of
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bluish-grey clay and thin aleurite interlayers.
The thickness reaches 25-30 m. The section
holds numerous Miliolina: Quinqueloculina aff.
seminilum maeotica Gerke, etc. (Anuzane,
Asuz0ekoBa, AtaeBa, 1980; I'eonorust AzepOaii-
mxana, 2007; [Iponuna, 1961).

Sh.A. Babayev, T.N. Kangarli, H.I. Aliyev

The Pliocene

The Pliocene sequence is identifiable on
the water-parting between the Zanghezur and
Dereleyez ridges at the sources of the Nakh-
chivanchay River as well as near the Gunnut
village (NE) and is represented by the Lower
Pliocene Bichanak formation that corresponds
to the volcanogenic-pyroclastic strata with the
maximum thickness in excess of 900 m.

The Bichanak Series (after the Bichanak
Pass) was so called by Sh.A.Azizbekov in 1952.
It was first studied by K.N.Paffenholz (1940);
he ascribed it to the Oligocene. Later on,
Sh.A.Azizbekov reduced the age of the group
and lifted it to the Lower Pliocene.

The stratotype is situated NW from the
Bichanak Pass and is generally a disproportional
alternation of andesitic agglomerates and volcanic
breccia strata (Figure 9). The thickness varies
from 600 m to 915 m. The Bichanak formations
volcanogenic-pyroclastic rocks collar the peaks
and sides of the elevations Ghedikdag, Dibekli,
Toplugaya, Uchgardash, Shalvarli, Tekelik, Ke-
cheldag, Kukudag and so forth at the sources of
the Nakhchivanchay. There are minor outcrops in
the NW of the autonomous republic, at the sources
of the small river Baghirsagdere near the village
of Gunnut (the parastratotypical section). The
formation rocks overlie discordance and with a
slight tilt the scalped surface of the strongly frac-
tured Middle/Upper Eocene sediments in all the
outcrops. The foundation of the formation is made
of a basal conglomerate of andesite, andesidacite
and their tuffs, quartz-diorite, syenite-diorite, dio-
rite-porphyrite, tonalite, diabase and fragments
upstream the Arafshachay. The rocks of the for-
mation stand out for the diversity of their litho-
logical composition, the changes in facial direc-
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tions and thickenings. They consist of the grey
and magenta-grey medium-grained andesite and
andesidacite lavas upstream the Minor Arafsa-
chay and the Gheviksu, of the andesite-
agglomerate-breccia lavas midstream the rivers
and of andesite and andesidacite upstream the
rivers. They consist of andesite and andesidacite
in the lower part, of the medium to large-
grained andesibasalt volcanic breccias in the
middle part and are an alternation of dark-grey
andesibasalts and the homogenously composed
agglomerates in the top portion in the Toglu-
gaya-Uchgardash area (Figure 10).

pr

Figure 9. The Volcanogenic-Pyroclastic Complex of
the Lower Pliocene Bichanak Series that forms the
Bichanak Ridge’s water-parting. The Lake Batabat is
in the foreground

Figure 10. The Batabat Upland; the volcanic breccias

of the Lower Pliocene Bichanak Series
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The Quarternary

The Quarternary (Anthropogen) system is
represented in the Nakhchivan AR by the allu-
vial, proluvial-alluvial, eluvial-deluvial, flu-
vioglacial and other continental sediments and
outcrops through all the divisions except Eo-
pleistocene (Babayev, Kongorli, Mommadov,
2015; AsuzbexoB, 1961; AnueB, Owmapos,
bypmxanues, 3eitHanoB u ap., 1982; I'eonorus
Azep0aitkana, 2007). The derivatives devel-
oped in the plain, highland and mountainous
terrains and especially so in the geological sec-
tion of the Nakhchivan Depression.

The geo-anticlinal tendencies and the gen-
eral lift movements continued in the territory of
the Nakhchivan AR in the Quarternary (the last
stage of the Alp Evolution). Simultaneously, the
terrestrial volcanism was taking place on the
NE, NW and W fringes of the territory. Being
derivative to the areal volcanism, they are lo-
cated in the junction areas of the recent sub-
meridional and NW tension zones. The lift
processes were occurred the most in the NE and
E parts of the autonomous republic and ob-
served as a background to the differential low-
degree shifts. The latter are characterised by the
gradual increment of the discontinuous folding
and are observable in our time, too, as can be
seen from the height of river terraces, impaction
of the hydrographical network, the configura-
tion of river valleys, terrain features and the re-
cent braced openings and other features present
in the Quarternary sediments.

The Quarternary sediments were studied and
described in detail and at various times by G.Abich,
F.Frech, G.Artgaber, P.Bonnet, K.N.Paffenholz,
[.A.Preobrazhenskiy, M.I.Varentsov, V.V.Tikho-
mirov, B.P.Guset, V.Y .Khahin, Sh.A.Azizbekov,
M.IL.Rustamov, A.l.Azizbekova, K.M.Sultanov,
A.G.Voroshilova, L.N.Leontyev, M.T.Pronina,
F.A.Mustafayev, G.I.Aliyev, G.I.Allahverdiyev
and so forth. A.G.Eberzin, A.l.Azizbekova,
AN .Krysztofowicz, G.K.Gasimova, M.T.Pronina,
G.M.Sultanov and A.G.Voroshilova identified the
palaentological materials in various years.
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The Pleistocene

The Pleistocene is represented in the Ordu-
bad and Nakhchivan plains by the continental
molasses (alluvial, proluvial, proluvial-alluvial,
eluvial-deluvial, fluvioglacial formations) as
well as travertine conglomerates and freshwater
limestone, and is sub-divided in the Lower,
Middle and Upper Pleistocene subdivisions.

The Lower Pleistocene is represented by
alluvial-proluvial formations, travertine con-
glomerates and freshwater limestone.

The alluvial sediments occur in the E and
the SE of the Nakhchivan AR and consist of
conglomerates of the Triassic, Jurassic, Creta-
ceous and Eocene sandstone, limestone, dolo-
mite, malm, argillite and quartzite chips. They
are wide-spread in the sites with a slight tilt to-
wards the Aras River, in the relatively elevated
terrain areas (in the villages of Aylis, Duyun,
Bash Dize, Yukhari Aza, Ashaghi Uzunoba,
Yukhari Uzunoba, Nazarabad and in other terri-
tories) as well as in the water-parting areas be-
tween the Paragachay and the Jannatchay, the
Ghilanchay and the Garaderechay. These sedi-
ments are mainly composed of the Ordubad
granitoid intrusive etching materials in the area
between the Paragachay and the Ghilanchay as
well as on the summit of Gurdtepesi Mountain.
The thickness varies from 2.5 m to 20-25 m.

The alluvial-proluvial sediments in are on
the Duzdag Plateau and elevations and form a
slightly tilted horizon (2040 m thick) going
towards the Aras River. There is a thick layer of
conglomerates made of the Triassic, Jurassic,
Cretaceous and Eocene sandstone, limestone,
dolomite, malm, argillite and quartzite chips in
the lower part of the sediments. The alluvial-
proluvial sediments in the top portion are poorly
sorted and made of poorly-rounded sand, sandy
loam and clay-gravel lumps. The fragment sizes
range from 20-30 sm to 50—60 sm.

The travertine conglomerates occur widely
in the NW of the autonomous republic — in the
area between the villages of Garabaglar, Yurd-
chu and Gabilli as well as in singular areas in
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the upper part of the terrain where they overlie
the scalped surface of the Miocene sediments.
The thickness is between 3—5 m and 10-15 m.
The conglomerates are covered with the Mid-
dle/Upper Pleistocene alluvial-proluvial sedi-
ments between the villages of Garabaglar and
Khok. The travertine conglomerate fragments
consist of the Palaeozoic, Triassic and Creta-
ceous limestone, dolomite, quartzite and sand-
stones. The cement consists of the grey and
brown-grey carbonate materials.

Travertine limestone is wide-spread near
the villages of Shahtakhti, Ghivrag, Garabaglar
and Khok where it overlies with a slight tilt the
scalped surfaces of the Palaeozoic, Triassic and
Miocene sediments. There are grey, light-grey
and light brownish-grey firm weak-, medium-,
thick- and massively stratum and sometimes
soft limestones. Quasifissile layers are encoun-
tered sometimes as well. The thickness is be-
tween 3—5 m and 60-80 m. The solid and firm
type of those limestones can be used for decora-
tion and wall-paving; the soft and infirm type
can be used to produce lime and cement mate-
rial from it.

The Middle Pleistocene is represented by
alluvial-proluvial and deluvial-proluvial forma-
tions and travertine limestones.

The alluvial-proluvial sediments in of the
Nakhchivan AR predominantly occur in pied-
mont areas, the territories close to the Aras and
in the NE of the Nakhchivan Depression (near
the villages of Nahajir, Najafalidize and Gahab,
and near the ruins of the Khachaparag village).
There, they overlie the scalped Miocene sedi-
ments and form oval, plateau-shaped and conic
elevations in the terrain. Besides, there are iso-
lated and not thick sedimentary crusts in the ba-
sins of the Arpachay, the Jahrichay and the
Nakhchivanchay where they form medium-
height and tall terraces. These sediments are
made up of differently-sized Palaeozoic, Trias-
sic, Cretaceous and Eocene pebble and rock
boulders. The rocks in some areas contain
transversal and diagonal sand and loam layers.
The thickness ranges from 3—5 m to 20-30 m.
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The deluvial-proluvial sediments occur in
the piedmont areas of the autonomous republic
around the villages of Sadarak and Akhura, to
the North from the Hamzali village, to the west
from the Saltag village, to the South from the
ruins of Khachaparag and in the SW of the Na-
hajir village. They consist of poorly-rounded
and poorly-sorted gravel blocks containing
sandy loam and clay. The thickness ranges from
2-5mto 10-15 m.

The fluvioglacial sediments mainly occur
on the SW and S sides of the Zanghezur Ridge,
in the upper reaches of the basins of the
Nakhchivanchay (the Pustachay, Zernetukchay,
Ghemurchay and Shahbuzchay and other river-
branches) and of the Ghilanchay (the Saggarsu,
Nesirvazchay and other river-branches) as well
as on the southern sides of the Dereleyez Ridge
upstream the small rivers of Kukuchay, Pirchay
and Baghirsagdere. In the Gazanghyol site, on
the Bichanak Pass and near the Ghemur village
the fluvioglacial sediments form the central
parts of the caldera-like structures. Those sedi-
ments form slanted plateau-like elevations and
consist of the poorly-sorted conglomerates to
the west from the Shada village and 2 km away
from Arachig Mountain. Travertine, sand and
sandy loam act as the cementing agents. The
occurrence areas of these sediments are broken
by narrow and deep conic ravines. The thick-
ness ranges from 2—5 m to 15-20 m.

The travertine limestones occur in the
central and elevated terraced deposits spread-
ing out into the basin of the Jahrichay as well
as to the North from the Ashaghi Buzgov vil-
lage, in the basin of the Nahajirchay and near
the villages of Najafalidize and Nahajir. The
travertine cover’s length, width and length
reaches 2,000 m, width 100 m and thickness
2-3 to 5 m respectively around the Na-
jafalidize and Nahajir villages. The travertine
limestones cover 1 km? and are 10-15 m thick
at the Buzgov village. The pale-grey, thin,
massive, firm and homogenously composed
formation contains rare ingrained argillites,
limestones and sandstones in the bottom por-
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tion. It can be used to cut out stone for decora-
tion and as a chemical raw resource.

The Upper Pleistocene is represented by
alluvial-proluvial, deluvial, deluvial-proluvial
and eluvial-deluvial formations and shift forma-
tions as well as freshwater limestone.

The alluvial-proluvial sediments occur
widely in of the Nakhchivan Depression. They
form the slanted valleys of Sadarak, Sharur, Be-
yukduz, Nakhchivan, Julfa, Yaychi, Aza, Deste
and Ordubad. They are also wide-spread in the
basins of the Nakhchivanchay as well as its
tributaries Ghemurchay, Kukuchay, Turkesh-
chay and Jahrichay and in the alluvial cones of
the rivers Jahannamdere, Baghirsagdere, Ar-
pachay, Gahabsu, Alinjachay, Ghilanchay, Or-
dubadchay and other rivers; there, those sedi-
ments cover the pebbly terraces of those rivers.
The sediments also occur in the NE part of the
Nakhchivan Depression and near the villages of
Sirab, Najafalidize and Nahajir. They consist of
well-rounded and well-sorted pebble, sand and
sandy loam and loan and sometimes contain
poorly-sorted pebbles and boulders. The thick-
ness ranges between 5-10 m and 50-60 m.

The deluvial-proluvial sediments occur in
the basins of the rivers Nursu, Ghemurchay,
Kukuchay, Nakhchivanchay, Jahrichay, Lizbirt-
chay, Gabaglichay, Yayjideresi and Gumush-
dere, near the villages of Shahbulag, Yukhari
Yaychi, Akhura, Chalkhangala, Payiz, Vaykhir,
Kuku, Ghemur, Paradash, Gazanchi, Nesirvaz,
Arafsa, Milah, Khoshkeshin and Saltag. The
formation made of poorly-rounded and poorly-
sorted gritstones and sandy loams contains
boulders sometimes. The thickness is between
3-5mand 10-15 m.

The eluvial-deluvial sediments mainly oc-
cur of the efflorescent on ridge sides and pied-
monts made of laminated volcanogenic sedi-
mentary rocks on the right-side bank of the Zer-
netukchay, the southern side of Tekelik Moun-
tain, on the right-side bank of the Lizbirtchay, in
the Yukhari Buzgov village, to the North from
Beysal Mountain and in the Ghirkhlardag area
in the Paradash Depression. The gravel-clayey
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foundations contain heterogeneously-composed
boulders and stand out for the poor sorting and
poor rounding. The thickness is between 5-10 m
and 15-20 m.

The deluvial sediments occur relatively
seldom; they form large barrows mainly on sub-
volcano and intrusive formation sides. They oc-
cur on the northern side of the Kuku Sub-
Volcano, upstream the Nakhchivanchay, to the
NW from the Batabat Lake, on the sides of the
Nahajir, Goydag and Ashabi-Kahf intrusive
formations, on the southern side of Alchalidag
Mountain and on the western sides of the Zang-
hezur Ridge. The thickness is between 3—4 m
and 10-15 m.

The travertine limestones rim the mineral
water springs of Nahajir, Sirab and Badamli and
occur also around the villages of Vaykhir and
Arafsa. The travertine limestones overlies at a
slant the scalped surface of the Eocene sedi-
ments, covers 0.5 km? and is 3—5 m thick near
the Vaykhir village. Those grey and pale-grey
travertines contain argillite and sandstone frag-
ments; they are firm; the local population use
them as building stone.

The slide formations can be observed on
the left-side side of the basin of the Ghemur-
chay, to the North from the Bichanak village
near the villages of Kuku, Guney Ghishlag,
Shada, Yukhari Buzgov, Khavun, Akhura,
Yukhari Yaychi and Shahbulag. Those shifts
normally occurred where the rocks of different
ages and compositions contacted as well as in
the fluvioglacial sedimentation regions. Shift
dislodgements are normally characterised by
high pressures and destruction of strata. In the
given terrain they are sometimes characterised
by the presence of a bench structure and un-
even surfaces.

The Holocene
The Holocene sediments found in of the
Nakhchivan AR are the alluvial and alluvial-

proluvial formations in the river alluvial flats and
in dry ravines. There are also deluvial-proluvial
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and eluvial-deluvial sediments on mountain
sides, modern shift masses and the travertines
generated by the active mineral springs.

The alluvial sediments occur at the sources
and flood plains of the rivers Aras, Arpachay,
Nakhchivanchay, Jahrichay, Alinjachay, Ghi-
lanchay and so forth. They are mainly formed of
well-rounded pebbles, gravel, sand, sandy loam
and loam. The thickness equals 5-15 m in the
flood plains and reaches 20 m upstream the
Nakhchivanchay.

The alluvial-proluvial sediments occur in
river basins where there are alluvial rocks; they
also occur at the sources and in the flood plains
of the rivers Jahannamdere, Baghirsagdere,
Chalkhangala, Ghemurchay, Kukuchay, Sha-
hbuzchay, Arafshachay, Paragachay, Aylischay
and Ordubadchay. They consist of poorly-
rounded and poorly-sorted boulder-pebbly for-
mations containing pebble, sand and loamy. The
thickness is between 3—5 m and 10-15 m.

The deluvial-proluvial sediments mainly
occur in dry ravines, in piedmont areas and on
slanted sides. Those sediments occur on the
right-side bank slopes of the Nakhchivanchay,
around the villages of Daylagli and Salasyuz
and upstream the Alinjachay River. They con-
sist of poorly-rounded and poorly-sorted gravel
and have sandy-clayey fillers. The thickness
ranges from 2-3 m to 10 m.

The eluvial-deluvial sediments usually oc-
cur on the water-parting ridges, their sides and
piedmonts. Overlying layers are also encoun-
tered in the basin of the Shahbuzchay. They
consist of degradable and fissured sedimentary
and volcanogenic rocks. The thickness is be-
tween 1-3 m and 10—12 m.

The travertines occur around the active
mineral springs. They also overlie the ancient
firm travertines and the Middle Pleistocene al-
luvial-proluvial sediments to the North from the
Garabaglar village, in the basins of the rivers
Kolanisu and Demirlisu and to the South from
the Arafja village. They are grey and pale-grey,
non-hardened and porous. The thickness is be-
tween 0.5-1.0 m and 2-3 m.

The slide formations are well-developed and
cover large areas on the SE side of Dibekli Moun-
tain and to the North from the Kuku village as
well as in the adjoining parts of the Eocene and
Lower Pliocene sediments in the volcanogenic-
pyroclastic rocks upstream the Zernetukchay,
where the Cognac and Santonian formations abut
in the basin of the Jahrichay and where the Per-
mian and Upper Cretaceous sediments contact on
the southern side of Buzgov Mountain. There are
minor slide areas also upstream the Pirchay, Shah-
buzchay and Tendirchay. The slides are at the
contact of the Upper Eocene sedimentary rocks
and fluvioglacial sediments in the area between
the villages of Kulush and Kechili.
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NAXCIVAN MR ORAZIiSI UZRO STRATIQRAFIK ESSE
Ocerk IV — Neogen va Dordiincii dovr

S.0. Babayev, T.N. Kongoarli, H.I. Oliyev

Nax¢ivan Muxtar Respublikasinin stratigrafiyasina hasr edilmis silsilo asarlardan sonuncusu
olan maqalada asasan Naxgivan, qisman do Ordubad ¢okaklorinin geoloji qurulusunda istirak
edon ¢okma, vulkanogen-¢ékma va vulkanogen mansali Neogen téramalorinin litoloji-stratiqrafik
kasilisi saciyyalondirilir, hom da Dordiincii dovriin qita mansali ¢okiintiilori barada yigcam ma-
lumat verilir. Miiasir Beynalxalq Stratiqrafik Cadvala asaslanan iimumilagdirma arazida ayrilan
va paleontoloji cohatdon aksaran tasdiq edilmis yerli stratigrafik bolgii vahidlarinin tasviri va
yasimn giymotlondirilmasina imkan yaradur. Ilk daf ingilis dilinda tagdim edilon malumat Orta
Sarq Miosen hovzalarina xas olan kasilislorin korrelyasiyasinda istifads edilo bilor.

OYEPKH IO CTPATUT PA®UUN HAXUBIBAHCKOM AP
Ouepk IV — Heoren n yeTBepTUYHBIH EPHO

III.A. ba6aes, T.H. Kenrepau, I'.. Anuen

3axnouumenvhasn uz cepuu nyoauxkayul, noceaujeHHvlx cmpamuepaguu Haxuviearnckou Ag-
monomHol Pecnybnuku, cmamus xapakxmepuzyem aumono2o-cmpamuepapuuecKutl paspes oca-
OO0UHBIX, BYIKAHOLEHHO-0CAOOYHLIX U BVIKAHOSEHHLIX 0OPA308aHUL HEO2eHd, KOMopble yYacm-
gytom 6 eeonocudeckom cmpoenuu Haxuvieanckozo u, wacmuuno, Opdybadckozo npocubos, a
makoice 0aem Kpamyo UHGOPMAayuo 0 KOHMUHEHMATLHBIX OMIONCEHUSAX YeMBEPIMUYHO20 B03-
pacma. basupyroweecs na cospemennot Meacoynapoonoti Cmpamuepaghuuecxou [llkane 0606-
WeHue no3eosisiem 0ams 603PACMHYI0 OYEHK)Y U ONUCAMb 8blOETIeHHble MeCIHble Cmpamuepapu-
yeckue noopazoenenus, 8 OONbULUHCMEE CBOeM HAOEHCHO NAIeOHMONI0SUYEeCKU 0DOCHOBAHHDbIE.
Ilpeocmaenennasn ungopmayus, énepsvie nNyOIUKYeMAs HA AHSTUNUCKOM A3blKe, MOodcem Oblmb
UCNONb308AHA NPU KOPPETAYUU PA3Pe308 MUuoyeHoswlx baccelinog Cpednezo Bocmoka.
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THE SPATIAL HETEROGENEITY OF PETROPHYSICAL
PROPERTIES OF THE GARADAGH (AZERBAIJAN) FIELD’S
PRODUCTIVE HORIZON IN CONNECTION
WITH UNDERGROUND GAS STORAGE

The article presents the reservoir property (RP) and gas saturation models of the pro-
ductive series (the horizons VII-VIla of the Productive Series — the Lower Pliocene) of the
gas-condensate field of Garadagh (Azerbaijan) used as an underground gas storage facility
currently (UGS). Those models have been made using the software package ‘ROXAR’ (Irap
RMS). The purpose of the research is to identify the spatial non-uniformity of the productive
series. We have specified the mosaic nature of the spatial changes in the PR rocks that control
the gas/water saturation of the reservoir and predetermine the usage of the UGS (the spatially
uneven volumes of gas injected and drawn through the wells). The series’ fluid saturation
model clearly indicates the gas-water contact and demonstrates the progress of water infiltra-
tion of the productive series with the trend for its fragmentation into isolated pillars. It is rec-
ommended to monitor and record the found factors in order to enhance the efficiency of the

continued use of the Garadagh UGS.

Keywords: the ‘ROXAR’ (Irap RMS) software, the depleted field Garadagh, the pro-
ductive series, spatial non-uniformity of the series, the reservoir properties of the rocks, un-

derground gas storage.

Introduction

The gas-supply process is known to be ex-
posed to massive seasonal unevenness between
demand and offer. This problem was solved
thanks to the idea of using depleted petroleum
fields and, later, also water-bearing beds, salt
caverns and mineral coal excavations as the un-
derground gas storage (UGS) facilities.

There are 688 UGS facilities with the total
active capacity in excess of 377 bn m*® around
the world right now. A further 236 UGS (Un-
derground gas storage in the world, 2013) are in
the plan or being organised already. The largest
volumes of gas are held in those UGS facilities
that were founded in lieu of depleted gas and
gas-condensate fields (Study on Underground
Gas Storage in Europe and Central Asia, 2013).

There are 2 UGS facilities in Azerbaijan,
organised in lieu of the depleted gas and gas-
condensate fields Galmaz and Garadagh in 1974
and 1986 respectively (Figure 1).
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The past studies of the geo-structural speci-
ficities of petroleum fields presents the kind of
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formity of their productive series (bopwucos,
Bounos, Psbuwnuna, 1970; JlemeHntneB, 1965;
OOyxoB, 1964; Ilynpkuna, 3umuna, 2012; Ce-
MUH, 1962; OunbTpalluOHHBIE MOJIENIA HEOTHO-
POJHBIX Ta30BBIX 3anexel, 1983).

Figure 1. The Garadagh and Galmaz Field/UGS
(Azerbaijan) Location Map (red — gas/gas-condensate

fields; green — oil-fields)

The non-uniformity of series manifests it-
self in petroleum geology through spatial vari-
ability of their material compositions and
lithological-physical properties, such as particle
composition, porosity, permeability, carbonate
content, saturation with oil and water and so
forth (ITynekuna, 3umuna, 2012).

The laboratory as well as field (geophysical)
analyses of collectors’ physical properties indicate
that even the thick sandstone series that appear
homogenous at first sight change their properties
significantly over space and section-wise (Menuk-
[Mamaes, 1979; Ilynbkuna, 3umuna, 2012).

The more complex a field’s geological
structure and the less homogenous a develop-
ment target, the more difficult it is to pick a ra-
tional field development system. The simplified
approach based on the perception of a reservoir
as a homogenous geological object results in the
wrong development system being picked, a
dramatic watering of the output and reduction of
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the series’ oil recovery factor (benozépos, 2011;
KouneBa, CenyHnoBa, 2013; MycuxuHs, 2016).

Clarification of non-uniformities’ geologi-
cal causes is a challenging scientific task solv-
ing which can provide for more efficient devel-
opment of fields as well as the UGS facilities
created in depleted petroleum deposits (ITymb-
kuHa, 3uMuHa, 2012; Cemenos, 2010).

The 30-40 years past have seen a leap in
computer technologies thus providing for genera-
tion of 3D geological reservoir models. The use
of such technologies lays a sound foundation for
raising the efficiency of using the existing as well
as planned UGS facilities. All the design and
technological documents are made using 3D geo-
logical-hydrodynamic models of oil and gas
fields in our time (JIudanteses, 2014).

The purpose of the present article is to pre-
sent a retrospective analysis of the spatial petro-
physical non-uniformity of the productive series
— the VII horizon of the Lower Pliocene Produc-
tive Series (PS) of the depleted gas-condensate
field of Garadagh that is employed as a UGS —
and of this factor’s impact on its usage mode.

The Methodological Basis for the Research

The methods of studying the productive se-
ries’ non-uniformities and of their impacts on
the reservoir properties (RP) of the rock massif
in operation of a UGS facility were addressed
by many researchers attacking the subject from
the geological as well as the technological view-
points. The studies were mainly confined to
solving the task of building a geological, litho-
logical model of a natural reservoir (bepman,
Heiiman, 1972; TINaiicuna, 2015; 3y6apes, 2010;
[lynpkuna, 3umwmna, 2012; Cemwun, 1962;
Cracenko, Kmumymun, 1972; ®unprpannon-
HBIC MOJICNTM HEOJHOPOHBIX Ta30BBIX 3aJIeKEH,
1983 and Hewett, Behrens, 1990).

The study of the processes that occur during
development of hydrocarbon fields has recently
been reliant on the mathematical modelling meth-
ods. There is a wide array of software for geologi-
cal modelling and development of petroleum
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fields, such as Eclipse, Pertrel (created by the
French company Schlumberger), IRAP, Tem-
pestMORE (by Norway’s Roxar) and Tech-
schema (by SurgutNIPIneft). Those packages let
one model an individual well as well as a field as
a whole. The modelling by means of those soft-
ware solutions is based on the analysis and proc-
essing of experimental, laboratory and geophysi-
cal findings. The physic-mechanical and reservoir
properties are determined thusly (ITorog, 2007).

ROXAR (Irap RMS) developed by the
Norwegian company Roxar has been used to stu-
dy the regularities of the changes in RP across
the horizon VII of the PS in the gas-condensate
Field/UGS Garadagh for the purposes of this ar-
ticle (IIporpammbl kommanum Roxar, 2013;
About: Roxar AS, 1984; Reservoir Management
Software, 2016). This software incorporates the
most advanced solutions pertaining to geological
and hydrodynamic modelling and well-design.
Many specialists (I'aiicuna, 2015; Munnukaes,
2005; From Field Data to Reservoir Model...,
2008, et al.) find IRAP RMS to be the best
2D/3D geo-modelling, deposit estimation, hy-
drodynamic computation, risk analysis and well
trajectory plotting tool that there is. The software
in question is used in more than 20 countries the
world over (About: Roxar AS, 1984; Excellence
in reservoir description and flow dynamics,
2016; The future of geological modeling in hy-
drocarbon development, 2016).

Irap RMS Petrophysical produces corre-
lated 3D porosity, permeability and initial satu-
ration fields.

The well geophysical study (WGS) data ob-
tained with the use of the integrated data process-
ing system PRIME WGS have been used in mak-
ing the petrophysical models of the horizon VII of
the gas-condensate Field/UGS Garadagh (Murer-
pHpoBaHHas cucTeMa 00pabOTKH JaHHBIX reodu-
3UYECKHX UCClIeIoBaHmi ckBaxkuH, 2005).

The 3D interpolated parameter maps of the
series based on the well cutting study data are
usually not so exacting because of their reliance
on the discretional data of the vertically variable
parameters. Neither do they reflect the spatial
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variability of such data in interwell spaces with
the required degree of detail.

The Findings and the Discussions

Briefly on the Garadagh Field/UGS

The Field/UGS Garadagh is situated on the
southern wing of the asymmetric anticline that
was discovered in the course of seismic explora-
tion in the farthest SW of the Absheron Peninsula;
it is 30 km away from Baku (Figure 1). Judging
by the Productive Series (PS — Lower Pliocene)
sediments, the axis of this structure’s western por-
tion has a latitudinal strike. The eastern portion of
the fold bends southwards and grades into ex-
meridian strike. The short northern wing of the
fold has the 30-35° dip while the dip of the south-
ern wing is up to 60°. The crest of the fold is
complicated with the parallel up-leap type faults
in the North. The fault amplitudes equal 600 m on
the crest, 500 m on the western pericline and
down to 100 m on the eastern pericline.

The gas reservoir found on the horizons
VII+VIla consists of an agglomeration of
blocks. The block structure of the reservoir is
also indicated by the existing findings from its
exploration and subsequent development — those
findings have been quoted (ITomcuer momzem-
HbIX 3amacoB HedpTtm u Taza..., 1964; Ilocr-
poeHue OJIOYHOW (UIBTPAMOHHOW MOJETH
noja3emMHoro rasoxpanwmina Kapanar..., 2013
and TexHoIIOTHYECKasE CXeMa OTBITHO-TTPOMBIIII-
neHHoi skcrutyatauuu Il ouepenn Kapanar-
ckoro [IXT", 1985).

The structural model of the field is shown
in the Figure 2.

The gas-condensate deposit of the PS’ hori-
zon VII is different from the others in that it has
high productivity. Its section has the following
three intervals: the top (the horizon VII) and the
bottom (the horizon VII*) collector horizons di-
vided by a clayey layer as thick as 16-36 m. The
horizon VII consists of 4-5 sandstone interlayers
as thick as 5-10 m in the SE part of the southern
wing. Those interlayers are divided by the clay
intercalations as thick as 2—4 m.
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Figure 2. The Structural Model of the Horizon VII of the Garadagh
Field/UGS Garadagh (the isolines cross the horizon’s crest)

In turn, the section of the horizon VII*
has two sandstone interlayers that are divided
by a 5-m clayey layer. The upper interlayer’s
thickness is 10 m; that of the bottom one is 15 m
and the latter reaches 20-25 m in the down-
warped portion of the fold’s southern wing.
The overall thickness of the horizon VII® is
between 21 and 52 m.

The horizons VII and VII* are merged into
a thick sandstone layer in the SE part of the
southern wing. The reduction of the overall
thickness of the horizons VII-VII* towards the
NW results in the lesser net thickness. Thusly,
the net thickness of the horizons VII-VII*
reaches 10-25 m in the NW and 5575 m in the
SE. The net thickness of the horizon VII de-
creases towards the Western and NW parts and
towards the crest of the fold also because clayey
layers grow in quantity there.

The development of the Garadagh field be-
gan with the development of an oil-gas deposit
on the horizon V of the PS in 1939. The horizons
[-VII (the upper section of the PS) were the main
development targets and so were the horizon VIII
(the lower section of the PS) and the Upper Mio-
cene deposits, with the average depth of the oil-
bearing targets equalling 2,750 m.

The gas-condensate deposit with an oil fringe
located on the horizons VII-VIIa was com-
missioned for development in 1955. The cover
thickness of the horizon VII is 1,900 m in the crest
part and 4,250 mn in the downwarped part with
the average thickness equalling 3,125 m.

The productivity of the wells drilled into
the suite of the horizon VII is uneven horizon-
tally (Table 1). The wells in the downwarped SE
portion of the deposit are more productive than
the others.

The Garadagh gas-condensate field was
developed without reservoir pressure mainte-
nance and so the deposits of the horizons
VII-VII* had been depleted by the late 1980s.
More than 20.5 bn m® were extracted from the
horizons VII-VIla during 1955-1978. The for-
mation pressure had dropped from 9Mpa to
3.5Mpa. The depleted reservoir’s contents were
as follows as on 01.01.1976 (Texnomoruueckas
CXeMa OMBITHO-TIPOMBIIIJICHHOW AKCIUTyaTaIliu
IT ouepenu Kapanarckoro I[TXI", 1985):

— Approximately 2 bn m’ of non-recove-
rable gas resources;

— About 2 mn tonnes of liquid condensate
resulting from retrograde processes.

— Some 8 mn tonnes of residual crude oil.
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Table 1

The Initial Gas-Condensate Factor (GCF) and the Well Condensate Yields in various parts of the structure

Lovc‘;etlilon Well No D:‘;lttlf,rm GCF, m’t \({:ioelll:ii,e;/scz::l%
Near the Crest 140 2,945 7,631 131
“L 155 2,646-2,661 145
“L 212 3,092-3,129 136
Midsection 120 3,310-3,410 7,000 143
The SE Section 105 3,850-3,944 5,225 191
“L 130 3,993-4,033 136
“L 78 3,815-3,823 5,200 192

The UGS Garadagh (the horizons VII-VII®
of it) fell into use in 1986. The gas-bearing area
of the horizon VII* was the largest at the be-
ginning of its development but had mostly been
watered by the time Garadagh became a UGS.
Right now, only a smaller portion of the horizon
is used for injection and outtake of gas.

The UGS worked in the injection mode for
two years after the commission; it was then put in
the cyclic ‘injection/outtake’ mode with the gra-
dual increase of the injected gas’ pressure and
volume. The operation of the UGS has been ma-
naged on the regulation and systematic bases since
it was placed in the charge of Azneft PA in 2005.

Most of the injected gas practically enters a
portion (a third to a half) of the initial reservoir
capacity on the horizons VII+VIla at present
(IToctpoenue 0no4HOM (PUABTPALIMOHHON MO-
nend. .., 2013).

The macro- and micro- non-uniformity of
the productive series may be one of the factors
producing that aforementioned well yield
change that occurs horizontally.

The macroinhomogeneity of the series
manifests itself in the presence of several pro-
ductive horizons along the section, their thick-
nesses changing horizontally as well as the pre-
sence of fringes and horizontal reservoir sub-
stitution in the section.

44

The microinhomogeneity is manifested by
the considerable variability of the rock petro-
physical properties on the horizon VII of the PS.
The study of more than 90 well core samples
indicates that the rock porosity varies from
3.3% to 24.5% while the permeability ranges
between 0.001 um” and 0.527 pm?, and the car-
bonate content is between 5.7% and 26%.

The nature of the horizontal and section-
wise changes in the rock reservoir properties
is reflected by the porosity and permeability
charts built for the upper and lower portions
of the PS horizons VII and VIla made using
the software application RMSPetrophysical
(Figures 3 and 4). It follows from those charts
that the rock porosity and permeability
changes are mosaic in nature with the RP
structural changes present not only between
the horizons VII and VIla but also between
the near-crest and near-bottom portions of
those horizons. Whilst the lower portion of the
horizon VII (Figure 3—a,) has better porosity
relatively, the rocks of the same horizon’s up-
per portion have the more favourable perme-
ability (Figure 3-b;). The rock RP changes are
of the akin if yet more contrasting nature on
the horizon VIla (Figures 4—a; and 4-b)).
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Figure 3. The Horizontal and Section-Wise Porosity (%) and Permeability (mD) Changes in the Upper (a; and by)
and the Lower (a; and b,) Portions of the PS’ Horizon VII in the Garadagh Field/UGS

Figure 4. The Horizontal and Section-Wise Porosity (%) and Permeability (mD) Changes in the Upper (a; and b;)
and the Lower (a; and b,) Portions of the PS’ Horizon VlIla in the Garadagh Field/ UGS
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In full agreement with the spatial structure,
the RP of the VII and VIla of the horizons is the
mosaic nature of the gas-saturation changes of
the rock (Figure 5). Importantly, the models in-
dicate clearly the border between the gas- and
water-saturated portions of the studied object —
the so-called ‘gas-water contact’, that is. The
gas-bearing portion has the water-saturated ar-
eas connected to the water-saturated portion of
the object. This nature of water saturation of the
productive series resulted in its fragmentation in
individual gas pillars, which is characteristic of
four rock gas-saturation models. Only the upper
section of the horizon VIIa has a more favour-
able (less fragmented) kind of gas saturation
(Figures 5-by).

The attempt at expanding the gas-bearing
area of the horizon VIla at the expense of the
water-saturated portion of the reservoir failed
because the waters of this horizon have the

THE SPATIAL HETEROGENEITY OF PETROPHYSICAL PROPERTIES OF THE GARADAGH (AZERBAIJAN)
FIELD'S PRODUCTIVE HORIZON IN CONNECTION WITH UNDERGROUND GAS STORAGE

pressure that is higher than that of the waters
on the horizon VII. As a result, all the wells
drilled to 3,000 m fountained water and an at-
tempt to supress the fountains by injecting gas
using a compressor with the output pressure of
160 atm did not succeed. Perhaps, a more power-
ful compressor would be needed to accomplish
this task.

The unevenness of the rocks’ gas saturation
horizontally conditioned by their varied RP con-
forms to the uneven gas saturation vertically on
the horizon VII detected on consideration of the
mud logging findings. The averaging of the mud
logging curves shown in the Figure 6 indicates
that the well 473 column situated within the
area having the relatively favourable RP stands
out for a higher content of hydrocarbon (HC)
gases in comparison with the well 474 that is
situated within the area with the relatively low
rock RP.

Figure 5. The Horizontal and Section-Wise Gas Saturation (%) Alterations of the Horizon VII rock matter (the upper

part — a; and the lower one — a,) and of the Horizon Vlla (the upper part - b; and the lower one — b,) of the PS in the
Garadagh Field/UGS (the colour blue denotes the watercut portion of the deposit)

46



STRATIGRAPHY AND SEDIMENTOLOGY OF OIL-GAS BASINS

Sedimentology

HC Gas Content, %
0 004008012016
315[} pro il e i
3200
Well 474
3250 \
rz,. Well 473
= 3300
¥
!
3350
3400
3450

Figure 6. The Vertical HC Gas Content on the Horizon
VII as indicated by mud logging data in the Well 473
(in a favourable RP area) and the Well 474 (in a
relatively lower RP area)

The specificities of the spatial rock RP
changes predetermine the mode of operation of
the UGS Garadagh that manifests itself in such
parameters as gas injection and outtake. The
analyses we have carried out shows that both in-
jection and outtake were lower in the wells located
in the low-RP area than in the wells located in the
higher RP area during 2010-2012 (Table 2).

Conclusion

The modelling of spatial RP and gas satura-
tion variations in the productive series (the PS
horizons VII-VIla) in the Garadagh Field/UGS
using the software application ROXAR (Irap
RMS) has once again confirmed its efficiency.

We discovered the spatial non-uniformity
of the petrophysical properties of the horizons
VII-VIla, which manifests itself through the
mosaic spatial RP and gas-saturation variations.

The uneven nature of the horizontal RP
variations, the emergence of isolated zones within
the reservoir and the unpredictable motion direc-
tions of the fluids are the main causes of the de-
clining operational effectiveness of the facility.

2016/2

Table 2
Gas Injection and Outtake at the UGS Garadagh during
2010-2012 (depending on the RP variations)

Gas Injected and Out-taken, m’
thousands
Areas/Wells Season Season
2010-2011 2011-2012
Injection | Outtake | Injection | Outtake
The low RP:
Well 453 28,698 | 26,703 | 33,768 | 34,632
Well 458 23,666 | 29,301 | 30,724 | 35,129
Well 467 12,783 | 24,982 | 29,199 | 34,460
Well 470 7,766 | 9,915 | 11,412 | 10,584
Well 471 13,212 | 10,146 | 27,136 | 26,852
AVERAGE | 17225 | 20209 | 26448 | 28331
The high RP:
Well 450 59,567 | 48,508 | 59,035 | 60,876
Well 456 25,725 | 33,621 | 45,512 | 56,604
Well 459 47,483 | 45,703 | 55,544 | 49,788
Well 464 57,196 | 41,043 | 58,066 | 54,157
Well 465 54,066 | 44,157 | 60,528 | 52,264
szgi GE | 48807 | 42,606 | 55,737 | 54,738

Namely, we have found that the rock RP influ-
enced the gas injection and outtake in the UGS
Garadagh. At the same time, the PS’ fluid satu-
ration model clearly shows the gas-water con-
tact and bears an indication to the advancement
of water intrusion into the productive series with
a tend towards its fragmentation into isolated
gas pillar. Those facts should be taken into ac-
count in the course of the continued operation of
the UGS.

The research provides for a conclusion
about the expediency of using the software
ROXAR (Irap RMS) to monitor water move-
ment dynamics within the reservoir.

Considering that creation of underground
gas storage facilities in aquifer reservoirs is a
successful practice around the world, it is rec-
ommended that expanding the area of the UGS
Garadagh into the watercut portion of the reser-
voir should be considered in earnest.
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QAZIN YERALTI SAXLANILMASI iLO OLAQODAR OLARAQ QARADAG
(AZORBAYCAN) YATAGININ MOHSULDAR HORiZONTUNUN
PETROFIZIKi XASSOLORININ MOKAN QEYRIBIRCINSLIY1

A.A. Feyzullayev, A.Q. Qocayev, N.B. Xalqov

Mbaqalads “Roxar” (Irap RMC) paket programindan istifada olunaraq qaz-kondensat Qara-
dag yataginmin (Azarbaycan) mahsuldar layinin qazadoymuslugu va siiziilma-hacm xassalorinin
(mahsuldar layin VII-VIla horizontu-alt Pliosen) dayisma modellori tortib olunmusdur. Hal-
hazirda yeralti qaz ambari kimi istifads olunur. Tadgiqatin hadafi mahsuldar layin makan
geyribircinsliliyini gostormoakdir. Hom rezervuarin qaza va suyadoymuglugunu, hom da gazin
yeralti saxlanmilmasimin istismar rejimina nazarat edon siixurlarin siiziilma-hacm xassalorinin
dayismasinin mozaik xarakteri miiayyan olunmugdur. Laywin fliiido doymuslugu modeli iizorinda
qaz-su alaqasi aydin segilir va mahsuldar zonaya suyun yeridilmasi prosesi ilo onun ayrica qaz
stitunlarina par¢alanmaswnin inkisafi gostorilir. Galacakda Qaradag qazin yeralti saxlaniimasinin
istismaruin effektivliyini artirmagq iiciin monitoringin kegirilmasi vo askara ¢ixarilan amillorin
hesaba alinmasi tévsiya olunur.

MPOCTPAHCTBEHHASI HEOJJHOPOJHOCTb NETPO®U3NYECKHUX CBOIICTB
MPOJYKTUBHOI'O TOPU30HTA MECTOPOJKJIEHUSI TAPAJIAT
(ABEPBANIKAH) B CBSI3U C IOJA3EMHBIM XPAHEHUEM T'A3A

A.A. @eiizynaaes, A.I'. T'oxkaes, H.b. Xanbiros

B cmamve ¢ ucnonvsosanuem npoepammnoco nakema « ROXAR» ((Irap RMS) cocmasnenwv
MoOenu usMeHeHus: GuibmpayuoHno-emkocmuulx ceovicms (PEC) u easzonacviujenHocmu npo-
oykmugnozo naacma (VII—VIla eopusonmer [Ipooykmuenoti momwyu — Hudxcnui Ilnuoyen) 2azo-
KOHOeHCcamHo2o mecmopoxcoenusi I apadae (Azepbdatiodcan), 6 Hacmosiuee 8pems UCNOIb3YeMOo-
20 0713 nodzemHo20 xpanenus 2caza (IIXT). Llenv uccredosanuil — eviseneHue npocmpaHcmeeHHou
HEO0OHOPOOHOCU NPOOYKMUBHO20 NIACMA. YCMAHOBIeH MO3AUYHbIN XAPAKmMep UMEeHeHUs 8
npocmparcmee PEC nopoo, xommponupyrowuii 2a30- U 8000HACLIUEHHOCMb pe3epsyapd, d
maxoice pexcum sxkcnayamayuu XTI (nepaenomepnvie 6 npocmpancmee o0vembl 3aKA4KU U OM-
bopa eaza uz ckeadxcur). Ha moodenu ghnroudonacviujennocmu niacma y8epenHo 8vioeieH 2a3o-
B005IHOU KOHMAKM U NOKA3AHO pa3eumue npoyecca 6HeopeHusi 8600bl 8 NPOOYKMUBHYIO 30HY C
meHoenyuel pasopoobnenus ee Ha uzonuposanuvie yeauxku 2aza. C yenvio nosviuienus d¢gex-
mugnocmu danvueuwen sxcnayamayuu [IXI 'apadae pexomenoyemcs npogedeHue MOHUMOPUH-
2a u yuem 8blsGNIeHHbIX (PaKmopos.
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WORLD OCEAN FLOOR GEOMORPHOLOGY
IN THE GENERAL GEOMORPHOLOGICAL MAP OF THE WORLD

The mapping problems of underwater relief are considered. As an example, it is repre-
sented the Geomorphological map of the World Ocean floor, compiled and released in 1988
on Geographical Faculty of the Lomonosov Moscow State University, Russia. It is proved the
importance of morphostructural approach to the classification of the seafloor relief, because
underwater conditions are better preserved features of its primary tectonic origin. By types of
the Earth's crust and the relief peculiarities it has been allocated 4 major (planetary) mor-
phostructures: submarine continental margin, ocean floor, and transitional zone from the
continent to the ocean floor, mid-oceanic ridges. Each of these the largest morphostructures
can be consistently subdivided on morphostructures of lower-order — Ist, 2nd, etc. ranks. All
of these morphostructures make up the core content of the legend to the map. The area ratio
of the largest morphostructures is represented. The map shows also the 22 varieties of indi-
vidual forms of underwater topography, including elements of exogenous origin. Geomor-
phological (morphostructural) map of the World Ocean floor, compiled in association with
Geomorphological map of continents, gives an idea of the general regularities of the Earth’

relief structure, as a whole.

Keywords: seafloor landform classification, planetary morphostructures.

Introduction

At present the ocean floor covers more than
two thirds of the solid Earth surface. That is
why no global problem of geology and geomor-
phology can be seriously considered without
having a clear view of the sea floor relief.

However, our information on the subject
hardly may be considered as comprehensive. As
had been stated by one of participants of the 8"
International Conference (AIG) on Geomor-
phology (August, 2013), “we probably know
more about the surface of the Moon or Mars
than we do about the ocean floor” (Brunsden,
2013). With due regard to that statement, it
seems to be useful to return to particular works
performed on the seafloor geomorphology and
mapping.

During the 20" century three main ap-
proaches were developed in the seafloor relief
presentation in general maps. The first and the
most common way is the isobath technique used
to create bathymetric charts. The most reliable of
the latter is the General Bathymetric Chart of
Oceans (GEBCO) showing the bathymetry of the
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world's ocean floor; it has been regularly updated
and is now maintained in digital form (Agapova,
2004). The second technique in the seafloor relief
mapping was applied to development of physi-
ographic maps of oceans. The earliest of them
were compiled by Heezen B.C. and Tharp M. in
1961-1964 and became highly popular. The
physiographic map of the Pacific Ocean was
compiled by N.A.Marova (Institute of Oceanol-
ogy, the USSR Academy of Sciences) in 1979.
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The technique used in the map development al-
lowed measuring the seafloor roughness. In the
course of time physiographic maps have been
replaced by the digital elevation models based on
digital dataset of bathymetry. The third line is
aimed at compiling proper geomorphological
maps displaying the seafloor relief morphology,
genesis, age and dynamics.

Each group of the maps has both its advan-
tages and disadvantages. Bathymetric charts
give an accurate representation of the landform
morphology (and occasionally of its origin and
relative age), though they a certain training is
required to use them properly. Physiographic
maps are the most demonstrative and were in
wide use, especially among younger specialists
who only recently began investigating the sea-
floor problems. Geomorphological maps,
though less easy-to-interpret than physiographic
images and digital models, still provide reliable
(considering the state of knowledge at the mo-
ment) information on the seafloor landforms.
The legends of such maps are usually developed
on the basis of a thoroughly worked out land-
form classification and provide a reasonably
good idea of the hierarchy of geomorphological
objects.

Unlike many countries where specialists
concentrated their efforts on development and
improvement of bathymetric charts of oceans, in
Russia the emphasis was placed directly on the
study of the seafloor geomorphology and map-
ping. Those investigations became particularly
extensive in thel1960s—1980s, when a series of
geomorphological maps and books were pub-
lished (Ilyin, 1976; Udintsev, 1972; Leontyev,
1965, 1968; Atlas of Oceans, 1974, 1977, 1980;
Kanaev, 1979; Structural-geomorphological
map..., 1981; Leontyev et al., 1980). Most of
the maps prepared in this period dealt with relief
of individual oceans or their large parts. There
were developed, however, some general small-
scale geomorphological maps (1:40 000 000—
1:60 000 000) covering the entire World Ocean.
They were issued as separate publications or
formed parts of atlases (Bashenina et al., 1967).
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One of the most detailed maps was the
Geomorphological map of the World Ocean
floor, scale 1:15 000 000, compiled and edited
at the Geographical Faculty, Moscow State
University, in 1988. The present paper discusses
distinctive features of the map and the principles
taken as a basis for the map compilation.

Geomorphological map
of the World Ocean floor

A series of maps intended for the high
school was prepared and published by the team
of the Geographical Faculty of the Moscow
State University in the 1980s. Among them was
the Geomorphological Map of the World at the
scale of 1: 15 000 000. An essential part of the
map content was the characteristic of the sea-
floor relief. The marine constituent of this car-
tographic work is actually a separate geomor-
phological map showing the World Ocean floor
and summarizing materials on the seafloor relief
available at that time.

In their work on the map the authors sought
to make it really documental and based on the
factual material, not on imaginary features in-
ferred from some geotectonic concept.

Various bathymetric charts issued mostly in
the 1970s served as the base all the specific in-
formation was plotted on. Among them, there
were general bathymetric maps of the World
Ocean (1: 40 000 000), the Pacific (1:25 000
000), Indian (1:15 000 000), and Atlantic (1:20
000 000) oceans published in the USSR; maps
of the Pacific Ocean, scale 1:6 000 000, pub-
lished in the USA under the editorship of
T.E.Chase and Y.Mammerickx; bathymetric
map of the Arctic regions, scale 1:5 000 000
(Heezen, Tharp, 1975); Russian atlases of the
World Ocean (1969-1975); a series of general
maps of the northern Atlantic, Arctic Ocean
shelf and many others prepared in marine re-
search institutes in Russia, etc.

Besides the bathymetric data, various geo-
logical-geophysical and geomorphological ma-
terials were used; they were taken both from
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Figure 1. General view of sheet 1 of the Geomorphological map of the World.

The whole map consists of 4 such sheets

cartographic sources and from numerous mono-
graphs dealing with marine geology. The list of
sources, by no means complete, includes “Geo-
logical map of the Pacific mobile belt and the
Pacific Ocean” (ed. L.I.Krasny, 1970); results of
Soviet expeditions to Arctic and Antarctic re-
gions, and to Indian, Atlantic and Pacific oceans
(Leontyev, 1975; Matishov, 1977; Zhivago et
al., 1975; Zhivago, 1977; Volokitina, 1977; Las-
tochkin, 1978). Some geomorphological and
geological-geophysical information was taken
from general works, such as “The Sea” (Hill
(Ed.), 1963); “Geomorphology and tectonics of
the Pacific Ocean floor” by G.B.Udintsev
(1972); “Investigations into the problem of the
World Ocean rift zones” (1974-1976), “The ge-
ology of continental margins” (Burk, Drake,
(Eds), 1974), Emery, Uchupy (1984). Consider-

able attention was given to results of the deep
sea drilling performed from the research vessel
“Glomar Challenger” as a part of international
scientific ocean drilling program; the drilling
provided valuable and extensive scientific in-
formation on the ocean floor.

The Geomorphological map of the World
Ocean floor based on the above-cited and many
other materials provides guidance on the diver-
sified seafloor relief and on the relationship be-
tween its main elements.

Classification of the seafloor landforms
The theoretical basis of the map consists in
the idea of the endogenous nature of the largest

topographic elements on the World Ocean floor
(morphostructures). The largest features of the
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Figure 2. Small fragment of the Geomorphological map of the World

Main elements of legend: 50 — depositional-denudational plains of shelf; 53 — elevations on shelf; 55 — depo-

sitional inclined plains of continental slope; 56 — depositional-denudational marginal plateaus of continental

slope; 57 — rugged relief on the continental slope; 58 — scarps on the continental slope; 59 — depositional in-

clined plains of the continental rise; 63 — hills and low mountain relief on the continental rise; 69 — deposi-

tional-denudational plains at the bottom of the rift valleys; 70,3 — depositional plains in the oceanic basins:

1) flat, 2) undulating, 3) hilly; 72 — depositional plains of the bottom of oceanic troughs; 78 — mountain relief

in the axial zones of mid-oceanic ridges; 79 — mountain relief on the flanks of mid-oceanic ridges; 83 — block

ridges on the ocean floor; 85 — underwater volcanic seamounts and undersea slopes of the volcanic islands

seafloor relief are distinguished for well-
preserved traces of their primary tectonic origin
— the fact attributable to much slower process of
erosion and deposition over the greater part of
the ocean floor as compared with continents;
thus tectonic landforms and their assemblages
are better represented on the seafloor than on
the land. It may be stated that the undersea to-
pography is structurally controlled in its main
features. Accordingly, the classification of sea-
floor landforms that served as a basis for the
map legend is itself based on the morphostruc-
tural principle, that is to say the endogenous fac-
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tor is assumed to be leading in the origin of lar-
ger landforms on the seafloor.

The morphostructural approach applied to
the analysis and mapping of the World Ocean
floor relief was based on the classification of
large and very large morphostructural elements
suggested by O.K.Leontyev (1971). The classi-
fication is primarily based on the earth's crust
types identified in the oceanic part of the
Earth’s lithosphere. As has been established by
fundamental geological and geophysical inves-
tigations, four types of the earth's crust may be
distinguished within the limits of oceans,
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namely: continental, oceanic, geosynclinal, and
riftogenic. According to the classification by
Leontyev, the listed earth's crust types control
development of the so called planetary mor-
phostructures (Leontyev, 1971), or geotectures
(Gerasimov, 1967). Planetary morphostructures
are the largest landforms which correspond
more or less directly to the most important fea-
tures of the earth’s crust geological structure.
They are distinct for global (planetary) occur-
rence and geotectonic peculiarity and constitute
the taxonomically highest rank of morphostruc-
tures. There are four morphostructures of that
rank identified within the limits of oceans; those
are: continental margin (a part of continental
planetary morphostructure), transitional zone,
ocean floor, and mid-oceanic ridges.

The validity of the earth’s surface division
into the above mentioned types of planetary
morphostructures is proved by the facts that: 1)
their number cannot be reduced without preju-
dice to scientific logic and factual data, and 2)
there is no part of the earth’s surface that would
not belong to one or another of the above listed
morphostructures.

The continental margin is the part of conti-
nent lying below ocean level and flooded with
its water. The earth's crust within its limits is
essentially of continental type. In the opinion of
V.E.Khain (1989), however, it is “thinned and
transformed continental crust” with some spe-
cific characteristics. In its thickness (about 15—
20 km) and in velocity of longitudinal seismic
waves (~6.5-7.0 km/s) it is intermediate be-
tween continental and oceanic types of the
earth's crust. It was those intermediate charac-
teristics that gave grounds to Khain to place the
continental margins (so called passive margins)
into the same taxonomic series as continents and
oceans. It should be noted that the term “passive
margin” is relative and used only by convention;
actually, stresses would be necessarily gener-
ated at the interface of two types of the earth’s
crust (continental and oceanic) different in
thickness and structure. The stresses in the earth
crust result primarily in seismic activity. By
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way of illustration we refer to well known
earthquakes of Lisbon (1755), Newfoundland
(1929) and later those in Guinea and Brazil, as
well as a series of weaker quakes at the periph-
ery of Scandinavia, Africa, and NW Australia.
There are also volcanic manifestations related to
continental margins (Canary Islands, Cape
Verde Islands, Plio-Pleistocene volcanoes on
the continental rise off the South America
coasts). Tectonic movements of considerable
range account for development of steep scarps
on the shelf and continental slope, as well as for
downwarping in sedimentary basins on the pe-
riphery of continents. Morphologically, the
submerged continental margin is a specific for-
mation, known also as “continental terrace”. It
consists of shelf (surface of the terrace) and
continental slope with continental rise at its
base, the two latter elements forming the scarp
of continental terrace.

The ocean floor differs from the continental
margin in greater depth and also in that it is un-
derlain with the earth’s crust of oceanic type
different from the continental one in its compo-
sition, structure and age, as well as in thickness
and other specific characteristics (Khain, 1989).
A distinctive feature of the ocean floor is its dif-
ferentiation into basins and rises (ridges and
other elevations that occur both within basins
and between them); those elements not only dif-
fer in morphology, but reveal also somewhat
specific characteristics of the earth’s crust (in-
creased thickness and an appearance of a denser
layer at the crust base under ridges and eleva-
tions).

The continental margin occurs immediately
adjacent to the ocean floor over a considerable
length of the coasts of the Atlantic and Indian
oceans. However, it is not always the case. In
some regions, such as the western margin of the
Pacific, the Caribbean Sea, Mediterranean, at
the NE periphery of the Indian Ocean, and in
the Scotia Sea, there are so-called transitional
areas. Taken together those areas (considered to
be modern geosynclines by some specialists)
form the third planetary morphostructure,
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namely the transitional zone. The earth’s crust
in the transitional zone is of geosynclinal type,
with blocks of oceanic (suboceanic) crust alter-
nating with those of continental (subcontinental)
crust. The inner structure of the zones is rather
intricate, which is reflected in their topography.
The latter is extremely contrasting, the deepest
on Earth trenches and troughs neighboring on
high ridges that rise up to a few thousands of
meters above the adjacent sea floor. The distinc-
tive features of this planetary morphostructure
may be stated as follows: mosaicity of the
earth’s crust; high intensity of tectonic proc-
esses; and highly contrasting relief incompara-
ble with other areas of the earth surface.

The listed characteristics cast some doubt on
the validity of the commonly used term “active
margin of continent” (as opposed to the “passive
margins”) when applied to the transitional zones.
It seems particularly wrong and even giving false
ideas of the real earth’s crust properties and sea-
floor morphostructures when dealing with the
youngest transitional zones, like that of the Phil-
ippine Sea with its deep-sea trenches and island
arcs, such as Volcano, Izu-Bonin, the Marianas,
Yap and Palau. Such areas cannot be assigned to
continental margins because of a clearly pro-
nounced oceanic or suboceanic type of the
earth’s crust within their limits.

Mid-oceanic ridges are recognized as the
fourth planetary morphostructure. Those are
zones of active present-day rifting with a spe-
cific type of the earth’s crust (riftogenic or ultra-
oceanic, according to G.B.Udinstev (1972)). So
the mid-oceanic ridges are considered not as a
part of ocean floor, but as specific new forma-
tions resulting from the mantle diapirism and
rifting processes. When exposed to those proc-
esses, the ocean floor and oceanic crust undergo
essential alterations. Mid-oceanic ridges form a
single global system of mountain ranges extend-
ing over all the oceans and having no analogue
on continents.

Unlike continental platforms and ocean
floor noted for relative tectonic stability, the
transitional zones and mid-oceanic ridges fea-
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ture high seismicity, active volcanism, and high
level of tectonic activity at present. It should be
noted, however, that each of the planetary mor-
phostructures displays specific characteristics in
its seismicity, volcanism, and tectonic proc-
esses; those distinctions account for diversifica-
tion of the largest morphostructural elements.

The above-named four planetary mor-
phostructures form the principal units the World
Ocean floor is divided into. There are also struc-
tural elements of lower rank recognized within
the planetary morphostructures — those of the 1%
and 2" orders. They are classified by such mor-
phostructural characteristics as finer distinctions
in the earth’s crust structure and tectonic
movement intensity, and by specific features of
their manifestation in the seafloor relief. By way
of example, we refer to the submerged continen-
tal margin: there are three 1% order mor-
phostructures — shelf, continental slope and con-
tinental rise — distinguished within its limits.
The shelf, however, is not a self-consistent mor-
phostructure, as it actually belongs to the conti-
nental platform and therefore is an integral part
of the adjacent continent that “happened” to be
partly submerged.

Morphostructures of the 1* order in transi-
tional zones are basins of marginal and inland
seas, island arcs or isolated continental massifs
and deep trenches; on the ocean floor those are
deep-sea basins and oceanic rises, and on the
mid-oceanic ridges there are their rift and flank
zones distinguished.

Morphostructures of lower (2*%) order on
the shelf are platform plains, depressions and
elevations; on the continental slope — sloping
plains, scarps and plateaus; on the continental
rise — plains, depressions and elevations. In the
transitional zone, within the marginal and inland
sea basins there are depressions, elevations and
ridges, and the ocean floor also features basins
and elevations of various size and outlines.

Such a classification of high order mor-
phostructures form the basis of the conventional
signs used when compiling the Geomorphological
(morphostructural) map of the World Ocean floor.
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Legend of the Geomorphological map
of the World Ocean floor

The legend of the Geomorphological map of
the World Ocean floor is entirely based on the
morphostructural principle applied to the under-
sea relief characteristics. The morphostructures
of higher order (planetary and those of the 1* or-
der) form the main content of the legend. The
morphostructure mapping offers a clearer view of
their areas and relative importance.

Roughly calculated areas of the mapped
morphostructures of the highest order are given
in Table 1 (Leontyev et al., 1976).

As seen in the table, 23% of the ocean floor
area (or 16% of the total area of the earth’s sur-
face) are underlain with the crust of continental
type. Taking into account the fact, that the conti-
nents are mostly underlain with the continental
crust and, besides, it forms some elements of the
transitional zone relief, the proportion of conti-
nental crust area increases to 40% of the earth’s
surface. Assuming the oceans to be primary and
the continents — secondary formations, it may be
understood that the process of the more primitive
oceanic crust conversion into continental one has
advanced considerably, and the Earth becomes
more and more “continental” in its structure.

Another trend in the oceanic crust reproc-
essing is its conversion to the riftogenic type in
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the process of mid-oceanic ridge development.
In the course of that process the continental
crust may be destroyed and replaced by the
crust of riftogenic type, with associated land-
forms also coming into being. Dramatic exam-
ples of such a development are the Red Sea,
Gulf of Aden and Gulf of California.

It should be noted that boundaries of the
high order morphostructures not always coin-
cide with outlines of the corresponding types of
the earth’s crust; that fact was duly taken into
consideration in the mapping of the mor-
phostructures. Such a discrepancy may result
from various factors, and first of all — sedimen-
tation processes which exert a conspicuous ef-
fect on relief formation on the ocean floor (Le-
ontyev et al., 1983). To take one example, the
outer margin of the continental terrace is known
to be sometimes depositional in structure and to
present a thick prism of sediments. The prism
either builds over the “structural base” of the
continental terrace and buries consolidated
basement composed of the continental crust, or
forms an accretionary wedge on the seaward
side of the shelf. In the latter case the continen-
tal rise composed entirely of loose or poorly
consolidated deposits is underlain with the crust
of oceanic, and not of continental, type; in that
case the boundary of the continental margin is
drawn based on morphological characteristics.

Table 1

Relative areas of the principal topographic elements of the World Ocean floor in % (Leontyev at al., 1976)

Submarine cgntmental Transitional zones Ocean floor .
margin Mid-
Oceans conti- | conti- | . . . oceanic . . oceanic
island | inner |inland sea|deep-sea|, . oceanic |marginal | .
shelf | nental | nental . . basins and| . . ridges
. arcs rises basins | trenches rises rises
slope rise troughs
Arctic 50.3 18.4 59 - - - - 15.4 7.0 — 3.0
Indian 5.7 11.3 12.3 1.1 - 0.6 0.6 46.4 4.7 0.5 16.8
Atlantic 10.3 8.5 11.8 1.4 0.6 2.7 0.5 32.5 2.8 2.3 24.6
Pacific 55 3.0 1.7 2.2 2.6 6.5 2.2 51.1 12.0 2.2 11.0
World 8.6 6.8 7.2 1.7 14 4.0 1.3 43.9 8.0 1.8 15.3
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A particularly great difference between the
boundaries of geomorphological and tectonic
structures is observed in places where the conti-
nental rise is overlain with vast fans of turbidity
currents like those in the Bay of Bengal, or gigan-
tic constructional landforms like the Blake-Baha-
ma or Newfoundland “sedimentary ridges”; the
ridges are composed of sediments brought by bot-
tom abyssal currents. Morphologically the forma-
tions belong to the continental rise, though they are
underlain mostly with typical oceanic earth’s crust.

When depicting morphostructures of the 2™
and lower order, specific features of montane
and low (flat) topography of the seafloor were
necessarily taken into account, according to the
legend. Thus, the shelf has mostly a flat deposi-
tional, partly erosional, surface. Sloping deposi-
tional plains are widely spread over the conti-
nental slope and more so — at the continental
rise. The montane topography is represented by
low mountain areas densely dissected by sub-
marine canyons and scarps due to fault tecton-
ics. Rugged relief of the mid-oceanic ridges is
dominant in the rift zones of oceans.

For the purpose of more complete and
many-sided characteristic of the seafloor relief
(in accordance with the general structure of the
legend), a special section of the legend contains
symbols for designating individual landforms
and form assemblages on the seafloor which
enrich considerably the map contents. There are
smaller structural landforms grouped in the sec-
tion; those are submarine mounts, mostly of
volcanic or block tectonic origin; some of them
bear coral constructions (atolls, coral banks) or
display traces of marine erosion, or even of
subaerial denudation (guyots, table mounts).
Relatively small elevations due to mud volcan-
ism or salt tectonics are also shown. Another
group includes compensatory depressions at the
base of seamounts and some ridges; rift valleys;
oceanic troughs; and submarine canyons. Be-
sides, an assemblage of structural landforms is
also recognized; their relative position allows
tracing the zones of planetary oceanic (so called
transform) faults.
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Hilly relief widely distributed within the
abyssal areas (relief of abyssal hills) is also in-
dicated in legend and shown in the map. Along
with the sites of the abyssal hills, there are dis-
tinguished different stages of their burial under
bottom sediments (shown as flat and wavy abys-
sal plains).

Numerous small and large (sometimes gi-
gantic) exogenic landforms have been also map-
ped. That group includes submerged river val-
leys; relict glacial landforms; tidal flats and
ridges related to tidal currents; channels of tur-
bidity currents; submarine landslides and by far
greater fans of turbidity currents; and deposi-
tional landforms related to the abyssal bottom
currents.

The suggested legend (Table 2) is easily
understood and represents adequately specific
features of the submarine relief depicted in the
Geomorphological map.

Conclusion

The geomorphological (morphostructural)
map clearly illustrates the complexity and diver-
sity of the seafloor relief. Many elements of this
relief have no analogues on continents, among
them the greatest mountain system of mid-
oceanic ridges and the deepest oceanic trenches.

The map compiled using the described leg-
end proves a usability of the morphostructural
approach when mapping the ocean floor. Large
elements of the submarine relief are shown in
the map in their relation with endogenic factors;
that is particularly important for the ocean floor
where the relief visually preserves distinct fea-
tures of its primary tectonic origin. The advis-
ability of such an approach is also confirmed by
a number of other maps having been compiled
in much the same technique. Among them are
Structural-geomorphological map of the Pacific
Ocean floor, 1:15 000 000 (1981), ed. by
O.K.Leontyev, under the sponsorship of the
USSR Ministry of Geology; unpublished Struc-
tural-geomorphological map of the World
Ocean floor, 1:10 000 000, 1987, based on the
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Bathymetric Chart of Oceans (GEBCO) and
compiled under the direction of O.K.Leontyev;
and others.

One of the latest maps in this series is the
Morphostructural map of the World Ocean
floor, 1:60 000 000 (Geomorphological...,
1998). It was developed in the Laboratory of
Marine Geomorphology, Faculty of Geography,
Moscow State University, as a part of a general
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map of the Earth’s Morphostructure. The map
clearly demonstrates morphostructural features
of the ocean floor. The small scale of the map
required an appropriate generalization of all the
materials available, with the result that only
large morphostructural elements were shown in
the map. The map, however, still gives an ade-
quate picture of extremely complex submarine
relief.

Table 2

Morphostructures of the World Ocean floor (legend of the map)

MORPHOSTRUCTURES OF THE WORLD OCEAN FLOOR

Submarine continental margin

Shelf

Depositional-denudational plains

Depositional plains in shelf depression and on the submerged shelf

Plains at the bottom of deep depressions on shelf

Rugged relief on slopes of deep shelf depressions

Elevations on shelf

Continental slope

Depositional-denudational plains of marginal plateaus

Depositional inclined undulating plain

Rugged (low-mountain) relief on the continental slope

Scarps on the continental slope

Continental rise

Depositional inclined undulating plains

Depositional plains at basin bottoms on the continental rise

Elevations and ridges

Hills and low mountain relief

Transitional zone from the ocean floor to continents

Basins of marginal and inland seas

Depositional plains at the bottom of basins: a) flat, b) undulating,
¢) hilly, and d) with hills and low ridges

Depositional plains at the bottom of depressions

Elevations (rises and plateaus) on the bottom of basins

Fold-block and block ridges

Island arcs
island arcs)

Depositional plains at the bottom of mid-arc trenches (in double

Erosional-depositional plains of island shelves

Mountain relief on the undersea slopes of mature island arcs

Young island arcs (rises and undersea slopes)

Deep-sea trenches

Depositional plains at the bottom of deep-sea trenches

Sloping plains of marginal steps

Rift zones of the oceans (mid-oceanic ridges)

Mountain relief in the axial zones of mid-oceanic ridges

Mountain relief on the flanks of mid-oceanic ridges

Zones

Low mountains and poorly differentiated relief in axial and flank
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Ocean floor

Abyssal plains in oceanic basins: a)flat, b) undulating, ¢) hilly

Arched ridges

Block ridges

Rises

INDIVIDUAL LANDFORMS AND LANDFORM ASSEMBLAGES ON THE SEA FLOOR:
1 — submerged river valleys; 2 — assemblage of submerged relict glacial landforms; 3 — tidal flats (watten);
4 — assemblage of tidal ridges; 5 — submerged wave-built depositional landforms; 6 — erosional-
denudational remnants (stacks, submarine rocks); 7 — coral structures; 8 — channels of turbidity currents
and abyssal valleys; 9 — fans of turbidity currents; 10 — submarine landslide assemblages; 11 — depositional
forms related to bottom abyssal currents; 12 — submarine canyons; 13 — submarine mud volcanoes; 14 —
submarine rises and hills related to salt tectonics; 15 — volcanic seamounts and undersea slopes of volcanic
islands; 16 — underwater volcanic seamounts with flat tops (guyots); 17 — coral banks (submarine volcanic
seamounts with submerged coral structures); 18 — tectonic landform assemblages related to major oceanic
fracture zones; 19 — oceanic troughs; 20 — compensational depressions; 21 — rift valleys of mid-oceanic

ridges; 22 — borderlands

The Geomorphological (morphostructural)
map of the World Ocean floor discussed in this
paper is a part of the general Geomorphological
map of the World giving a general idea of the
Earth’s relief as a whole. When presented at sci-
entific conferences, the map invariably attracted
interest of specialists. A copy of it has been ex-
posed in the Madrid University, Spain, for a
long time. During almost 25 years passed since
it was published a good deal of new data on the
undersea topography were obtained, additions
and specifications were introduced into geo-
morphological maps of many regions. Such a
map compilation, however, is an experience that
has never been repeated, and it is still a unique
cartographic document.

Of the new data on the relief of the World
Ocean floor the following are worthy of notice.
First, tectonically fractured block terrains of the
borderland type appear to be widespread in the
near-polar regions (Naryshkin, 2010). Second, the
exogenic — morphosculptural — landforms appear
to be more common on the ocean floor than it was
earlier thought (Matishov, 1984; Ananyev et al.
(eds), 1999). Third, living organisms are proved to
be of great importance in the evolution of the
ocean floor; that discovery played a noticeable
part in the development of the “living ocean” con-
cept (Vereshchaka (ed.), 2008). Taking all the
above into consideration, the map should be
stored as an electronic document. That would be
instrumental in the map preservation and would
enlarge the circle of its users.
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DUNYANIN UMUMIi GEOMORFOLOJIi XORITOSINDO
OKEAN DIBININ GEOMORFOLOGIYASI

S.A. Lukyanova, V.i. Mislives, Q.D. Solovyeva

Sualti relyefin xaritalosmasi problemlorina baxilmisdir. Niimuna kimi Rusiyada M.V.Lomo-
nosov adina Moskva Universitetinin cografiya fakiiltasinds 1988-ci ilds tortib olunan va ¢ap edi-
lan Diinya okeaninin dibinin Geomorfoloji xaritasi tagdim olunmusdur. Daniz dibinin relyefinin
tasnifatinda morfostruktur yanasmanin béyiik rol oynadigi siibut edilir. Ciinki sualti soraitdo
onun ilkin tektonik mangainin alamatlori yaxst qorunub saxlanilir. Yer gabigimin tiplori va relyefin
xtisusiyyatlorina gora 4 an boyiik (planetar) morfostruktur ayrilmisdr: materiklorin sualti kanari,
okean yatagi, materikdan okean yatagina kegid zonasi, aralig-okean sira daglari. Homin mor-
fostrukturlardan ardicil olaraq 1-ci, 2-ci va s. kimi daracalards morfostrukturlar ayrilir. Biitiin bu
morfostrukturlar xaritonin sorti isaralorinin asas mazmununu taskil edir. Boyiik morfostruktur-
larin saha nisbati tagdim olunmusdur. Xoritads sualti relyefin, eyni zamanda, ekzogen toromoalori-
nin ayri-ayri formalarinin 22 miixtalif novii géstorilmisdir. Materiklorin geomorfoloji xaritasi ilo
miistarak tortib olunan Diinya okeaninin dibinin Geomorfoloji (morfostruktur) xaritasi Yer relye-
finin qurulugunun timumi ganunauygunluglari barada miiayyan tasavviir yaradir.
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TEOMOP®OJIOT'USI THA OKEAHA
B OBIIEM TEOMOP®OJIOT'TYECKOUW KAPTE MUPA

C.A. JlykbsinoBa, B.U. Meicaugen, I'.JI. CosioBbeBa

Paccmompenvt npobnemvl kapmuposauus nod8ooHo2o penvega. B kauecmee npumepa
npeocmasnena I'eomopgonozuveckasn kapma ona Mupogoeo oxeana, cocmagneHHas u U30aHHAs
6 1988 2. na eeoepaghuuecxkom gaxyromeme Mockosckoeo ynusepcumema um. M.B.Jlomonocosa,
Poccus. [lokazvieaemcs eaxcHocmvb MopghocmpykmypHozo nooxooa Kk kiaccuguxayuu penvegha
MOPCK0O20 OHA, NOCKONLKY 68 NOOBOOHLIX VCIOBUSAX JIYYUle COXPAHAIOMCA Yepmbl €20 NePE8UUHO
MEKMOHUYECK020 NPoucxodxcoenust. Ilo munam 3eMHot Kopvl u 0cobeHHOCmAM perveda evioee-
HO 4 KpynHeuwux (nianemapHvlx) mMophocmpyKkmypsl: n0080OHAs OKPAUHA MAMEPUKO8, TI0JHCE
OKeaHa, nepexooHas 30Ha oM MAmepuKa K J0HCYy OKeand, CpeOUHHO-OKeaHuyecKkue xpebmoi. B
Kaxcoou U3 3mux KpYNHeUuwux mMopghocmpykmyp mocym 0vimb NoCie008amenbHo GblOeleHbl
Mopghocmpykmypwsl bonee Hu3K020 nopsioka — 1-20, 2-eo0 u m.0. paneos. Bce smu mopgocmpyx-
Mypbl COCMAsIAIM OCHO8HOE cooepicanue ne2eHobl K kapme. Ilpeocmaenenvl niowjaouvie co-
omHoulerus Kpynuevwux moppocmpykmyp. Ha kapme nokasamer maxoce 22 pazHoguoHocmu
omoenvuvlx hopm no08oOHO20 penvedha, 6 MoM UYucie IK302eHH020 npoucxoxcoenus. I eomop-
gonocuueckas (mopgpocmpyxmypHas) kapma ona Mupogozo oxkeana, cocmasieHHas CO8MeCcmHO
¢ l'eomopghonocuneckoii kapmou mamepukos, oaem npeocmasiexue 06 0OWUX 3AKOHOMEPHO-
cmsax cmpoeHus peavegha 3emau.
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THE HISTORY OF THE TIMAN DIAMONDS STUDY

Diamonds have been known to exist in Timan since the beginning of the 20" century.
lona Popov was the first to discover them. But the systematic search for diamonds only began
there in the mid-1950s. There are 3 stages in the research into the diamond content of Timan:

The region’s diamond content reference was generalised and suggestions were made as
to the possible age of its protosources and that the interim collectors dated to the Middle De-
vonian at the first stage. The first Timan diamonds were discovered in the alluviums of the
rivers Mezenskaya Pizhma, Tsilma and Pechorskaya Pizhma.

The kimberlitic chimney deposits were identified and diamonds and their accessory min-
erals were then discovered in the Devonian sandstones at the second stage. Also, the first
small diamonds were found in the modern alluvium and accessory minerals were in the Mid-
dle Jurassic basaltic sediments in the South Timan.

The third stage was heralded by the discovery of the connate Devonian diamond placer
of Ichetyu in the basin of the River Pechorskaya Pizhma and of diamonds in the modern allu-
vium in Jejimparma. The Komi Geology Institute of the Research Centre of the RAS’ Urals
Branch founded a diamond mineralogy laboratory. Thin native metal (Au, Ag, Fe, Ti, Pb, Sn,
Bi, etc.) films were found on the diamonds’ faces. The first pilot development was undertaken

at the Ichetyu placer under V.A.Dudar. The diamond work was completed in 2002.
Keywords: the Middle Timan, diamond, the Devonian sandstones, kimberlites, pyropes,

chrome spinellides.

The Timan Ridge is known for its wealth of
raw mineral resources. The first Russian crude
oil and the first Soviet radium were discovered
there. Those discoveries are connected to the
Devonian deposits and so are the local largest
bauxite fields, polymineral placers and deposits
of many other mineral deposits.

The first accounts of the Timan diamonds
ever reached the dowser Iona Popov at the turn
of the 20™ century, according to N.P.Yushkin
(FOmkun, 2001). Popov reported the discoveries
of small diamonds in alluvial sediments to the
Mining Department and the Russian Minister
for Finance in 1904—1906. He wrote, °...sending
you a precious stone that I consider to be a
diamond. I ask for prospecting for such pre-
cious stones to be organised along the River
Pizhma.” He submitted the claims to the Mining
Department (1904) and the Minister for Finance
(1906) but no action was initiated on either.

The modern history of the enquiry into Ti-
man’s diamond content dates back over almost
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half a century during which active work was
replaced with inactivity until all that work was
stopped completely. The following three pro-
gressive stages of the diamond prospecting can
be singled out in Timan’s case:

The first stage began as all the geological
materials were generalised by G.V.Matveyeva
and A.V.Pozdnyakov in 1954. They produced a
perspective evaluation of Timan indicating the
modern placers and considering the pre-
Palaeozoic rocks to be the primary source of
diamonds. They held the coarse-grained Middle
Devonian sediments of the rivers Chernaya, Ve-
likaya, Mezenskaya and Pechorskaya Pizhma to
be an interim diamond collector.

A.S.Godovan and M.I.Plotnikova found the
first diamond in the alluvium of the River
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Mezenskaya Pizhma in 1955. They found 6
diamonds more in the basin of the rivers Tsilma
and Pechorskaya Pizhma in 1956.

The scientific forecasts by A.A.Chernov
(1955, 1960), V.O.Ruzhitskiy (1957-1960),
G.V.Matveyeva, A.V.Pozdnyakov and others pro-
vided enough ground for starting the diamond
prospecting in Timan. A.A.Chernov pointed at
the bends °‘...of the Pechora Pizhma down-
stream from the mouth of the Umba’ (Chernov,
1960) as the most promising region with the as-
tonishing accuracy in 1960. It was there that the
Ichetyu field with the unique complex of rare-
metal/gold/diamond/titanium mineralisation
complex was discovered eventually.

The prospecting done by M.A.Apenko,
S.A.Godovan, V.I.Gorskiy-Kruchinin, M.I.Osad-
chuk, M.I.Plotnikova and others resulted in the
discovery of 7 fine diamond crystals in the allu-
viums of the rivers Tsilma, Mezenskaya Pizhma
and Pechora Pizhma. At the same time, pyropes
were found in the alluviums of the other rivers
of Timan and, later on, also in the Devonian
sandstones. Those discoveries allowed the re-
searchers to talk about the diamond placer pros-
pects of the Middle Timan.

Kimberlites were considered as the primal
source of diamonds from the very beginning.
The Middle Devonian basaltic sediments were
put down as interim collectors. M.I.Osadchuk
described the eruptive breccias of the alkali-
ultrabasic composition in the valley of the River
Bobrovaya in 1958-1959 and biotitic picrites,
eruptive breccias and kimberlites in the basin of
the River Kosyu in 1960-1961. Y.P.Ivensen,
M.1.Osadchuk and V.G.Cherniy paid a great at-
tention to that rock unit.

The additional study of the veined kimber-
lites of the Chetlass Kamen in 1965-1967 was
carried out by Y.D.Smirnov and N.A.Rum-
yantseva. Y.D.Smirnov remarked that the dia-
monds ‘are associated with the rocks akin to the
described one in all the regions of the world.’
However, the Ministry of Geology stopped the
diamond prospecting in Timan for want of posi-
tive results.
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The first diamond exploration stage in Ti-
man (1954-1967) resulted in the discovery of
diamonds and accessory minerals in the modern
alluvium and the finding of kimberlites, eruptive
breccias and biotitic.

The second stage of the active diamond
prospecting in the Middle Timan had to do with
the bauxite operations unfolding.

A meeting on the geology, magmatism and
metallogeny of Timan was held focusing on the
diamond and bauxite prospecting in Ukhta in
1973. Both placer and hardrock diamond con-
tents were discussed in regards to the diamond
subject. V.I.Bashilov and the co-authors (bamm-
noB, Kamwuuckwuii, I[lleBuenko, 1973) reported
the discovery of pyrope, chrome-diopside, oli-
vine grains and of one diamond in the alluvium
in the Obdyr Elevation. M.A.Danilov and
V.1.Gorskiy-Kruchinin (1973) made presump-
tions as to the hardrock origins of the local dia-
monds in Timan. B.A.Malkov acting in co-
authorship with Y.B.Bushuyeva and T.N.Po-
pova (ManskoB, bymyesa, Ilomoma, 1973)
pointed at kimberlites as the hardrock source of
the Timan diamonds while putting the Givetian
sediments as interim collectors. M.I.Osadchuk
(Ocamuyk, 1973) and others connected Timan’s
diamonds to kimberlites, too.

The combination of the geophysical research
methods put to use provided for a detailed in-
depth study of the territory. G.A.Yerema (1972,
1978) and R.S.Kontarovich (1976-1979) found
the isometric local magnetic anomalies pointing at
the presence of chimney deposits.

B.S.Shutov and M.Y.Ostryzhniy drilled
into one of such anomalies to find the first
chimney deposit — the Umba Pipe made of kim-
berlitic tuff breccias — in 1976. The Srednen-
skaya and Vodorazdelnaya pipes were discov-
ered there eventually; pyropes, chrome spinel-
lides and chrome-diopsides were found in them.
Many geologists associated those rocks to kim-
berlites while B.A.Malkov characterised them
alneits — futureless for diamond prospecting.

V.A.Dudar and L.P.Bakulina found a small
diamond shard and pyropes in the modern allu-
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vium of the River Bolshaya Krutaya and they
found also pyropes in the Devonian conglomer-
ates, all in 1977-1978.

The geologists of the Middle Timan field
party formed in 1978 found four diamonds add-
ing up to 89.2 carats in the modern alluviums of
the rivers Umba, Middle Pizhma and Pechor-
skaya Pizhma. A large-volume sample taken
from the Devonian sediments of the Pechor-
skaya Pizhma in 1984 was found to contain the
first diamonds of the placer that was called
Ichetyu eventually.

The pilot work done on the placer later on
found diamonds, most of them of the troy qual-
ity, and gold. The national emblem of the Komi
Republic was made of them eventually.

The diamond mother lode search done in
that region ended without success.

Picrite porphyrites and kimberlite pipes
(with a small diamond shard found in one of the
pipes) were discovered under V.C.Cherniy in
the Kosyu Site. Five diamonds — one weighing
178 mg — were found in the alluvium of the
River Kosyu.

V.A.Dudar led the diamond prospecting
done along the Vym Ridge. A.V.Tereshenko
found 5 small diamonds in the Devonian basalts
in the South Timan in 1986—-1991.

A republican conference on the problems
of the diamond content of the Timan-North
Urals Region was held in Syktyvkar in 1988. A
meeting on the diamond content of Russia’s

A.M. Plyakin
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European North was convened in 1993.
K.M.Alexeyevskiy (AnekceeBckuii, 1993) re-
ported the local pyropes and their association
with kimberlites as well as the diamond-bearing
rocks of the North Timan which ‘...only differ
composition-wise from those of Yakutia very
slightly’. The resemblance that the Timan
chrome spinellides and pyropes bore to the ac-
cessory minerals found in the Palacozoic kim-
berlites of the Arkhangelsk Province was also
highlighted by V.K.Garanin and his associates
[1993]. L.P.Bakulina (bakynuna, Adanacbes,
Tomnomrok, 1993) stated her observations about
the manifestation of the pre-Carboniferous kim-
berlite magmatism in the Obdyr Elevation.

However, all further diamond prospecting
was stopped in Timan.

The third stage set in with the diamond pros-
pecting in the Vadyavoda Elevation and the
Nemsk Site of the South Timan under V.A.Dudar
and V.G.Shametko in 1994 (Ilmskun, ynap,
2001). Small diamonds (+1-2 mm, +2-4 mm)
were discovered in the modern alluvium and the
Riphean rocks of Jejimparma. S.N.Mityakov
found the fragments of a new diamond-gold
placer dating to the Mesozoic and the Quarternary
in the southern provinces of the republic (1998).

V.I.Vaganov and colleagues (Baranos,
I'onyGes, [Ipycakosa, Eropos, 1994) pointed at
the high hardrock diamond prospects of the
Middle Timan, which he attributed to the kim-
berlite-lamproite sources.

Left: the Ichetyu Placer’s productive series has been tapped; right: the troy Ichetyu diamonds; centre: the national
emblem of the Komi Republic wrought of the Ichetyu gold and diamonds.
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A diamond mineral studies laboratory under
A.B.Makeyev was founded at the Research Centre
of the RAS’ Urals Branch at the Komi Geology
Institute in 1997. Makeyev supported the idea of
A.Y.Rybalchenko et al. (1997) of the tuffizit na-
ture of the Timan diamonds. The Russian national
conferences and meetings on the diamond prob-
lem of the Timan-Urals Region were held in Syk-
tyvkar during 1998-2001. Among the reporters
were B.A.Malkov (ManbkoB, 1999) and
N.A.Malyshev, T.M.Rybalchenko, A.B.Makeyev
(Maxkees, dynap, Jltoroes, [epesako, I'myxoB,
Hcaenko, @Pwmnmos, 1999), Y.V.Glukhov,
A.V.Bovkun and V.K.Garanin. The Volsk-Vym
Ridge, the Obdyr Elevation, the Chetlass Rock
and the Polyudov Ridge were mentioned as the
most promising ones in terms of diamonds in the
European North.

The monograph by A.B.Makeyev, V.A.Dudar,
V.P.Lutoyev, et al. entitled ‘The Diamonds of
the Middle Timan’ was published in 1999
(Makees, [lymap, Jlrotoes, [lepeBsinko, Imyxos,
HUcaenko, @unmumnmos, 1999). It described the crys-
talline morphology of diamonds and the accessory
minerals. A.B.Makeyev had found thin films of
native metals (Au, Ag, Fe, Ti, Pb, Sn, Bi, etc.),
several silicates, oxides and alumina-sulphate-
phosphates on the facets of the Middle Timan
diamonds found in the negative land forms.

The search for hardrock diamond deposits
in the Middle Timan began with the exploration
of the Vym Ridge’s northern part and of the
Chetlass Rock using the aerial geophysical
methods in 2000. Eighty-three anomalous zones
were identified and recommended for drilling

V.A.Dudar L.P.Bakulina

A.B.Makeyev,

2016/2

operations as a result with 13 of them having
been prioritised. But no new and positive results
were had.

S.N.Mityakov found the quasi-kimberlite
rocks in the Vashkin Suite that he described as
the autolith breccia containing diamonds in
2000 (IllymuoBa, MuTtsikos, 2001).

The problem background and the research
findings (N.P.Yushkin, A.M.Pystin, Y.I.Pystina,
A.M.Plyakin, V.A.Dudar), the nature and pros-
pects of the diamond content (I.V.Derevyanko,
V.I.Vaganov, Y.K.Golubev, A.B.Makeyev,
B.A.Makeyev, N.A.Prusakov, B.A.Malkov,
L.P.Bakulina, V.A.Dudar, O.P.Telnova, et al.)
were looked at during the conference on the
gold content of the Timan-Urals Region that
was held in 2001. The conditions associative of
the formation and occurrence of the diamond
deposits of the Middle/South Timan were ad-
dressed in the work by E.S.Sherbakov,
A.M.Plyakin and P.P.Bitkov. The new reference
on the Middle Timan kimberlites was reported
by V.A.Pervov, V.A.Kononova and [.P.Ilupin.

M.Y.Smirnov found the diamond content in
the alkali-type lamprophyres in the North Timan
in 1996. The diamonds contained in those rocks
pertain to the -1+0.5 mm and -0.5+0.25 mm
classes and are accompanied by the diamond asso-
ciation chrome-diopsides. The garnets and chrome
spinellides of the alkali-type lamprophyres do not
belong to the diamond association meanwhile.

The diamond exploration that went on in
Timan during 2000-2001 was accompanied by
the mounting deficit of funds until it was halted
completely in 2002.

a,m"l :
25 ENRE S

V.G.Cherniy, E.G.Dojikova
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The monograph by A.B.Makeyev and
V.A.Dudar titled ‘The Mineralogy of the Timan
Diamonds’ was published in 2001 (Maxkees,
Hymnap, 2001). It was one of the at-the-curtain-
fall works of the third stage in the diamond
prospecting in Timan. It contained a conclusion
based on the detailed morphometric and mor-
phological study of the diamonds and of the thin
native metal films, occlusions and coats on the
diamonds and the spectroscopic features of the
diamonds as well as of the diamond accessory
minerals of Timan and the Polyudov Ridge —
the conclusion, namely, that most of the crystals
had no signs of mechanical wear and that the
Timan diamonds paragenesis was a protogenous
one. Lamproite magma was mentioned as the
most probable hardrock source of those dia-
monds and it was mentioned also that A.B.Ma-
keyev and A.Y.Rybalchenko had discovered a
xeno-tuffizit (visherit) diatreme containing
quasi-lamproite rock xenoliths in the Ichetyu
area.

The report on the diamond hardrock explo-
ration work done in the northern portion of the
Volsk-Vym Ridge was finalised under the guid-
ance of V.G.Shametko at the end of 2002. It
recommended prospecting drilling in the
anomalous zones found with reliance on the
high-precision aerial geophysical work that was
carried out during 2000-2001.

The results of the third stage of the explora-
tion:

1) The discovery of the ultrafine native
metal films as well as such films also of several
silicates, alumino-sulphate-phosphates and ox-
1des on the diamond facets;

2) The conduct of the large-areal aero-geo-
physical research using high-precision equip-
ment in the Middle Timan; the discovery of
dozens of feebly magnetic isometric anomalies;

3) The emergence of the tuffizit genesis
hypothesis of the Timan diamonds;

4) The new diamond discoveries in the al-
luvial sediments of Timan and the Cistiman.

The experimental development work car-
ried out in the Ichetyu Field at that stage pro-
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duced more than 160 diamonds and several
kilograms of gold.

That the prospecting, exploration and de-
velopment stopped in the Ichetyu area did not
mean that the diamond research would stop as
well. The researchers of the Geology Institute
led by A.B.Makeyev and A.M.Pystin had con-
tinued the field work in the Middle Timan that
had involved E.S.Sherbakov under the contract
with ALROSA up till 2008. The formation con-
ditions of the Ichetyu polymineral placer were
explored further in order to determine where the
prospecting should go eventually.

The detailed mineral composition, grada-
tion, segregation, density and mineral ratio
analyses of the Ichetyu Field done by B.A.Ma-
keyev (2002) confirmed cogently enough the
sedimentary origins of all the minerals found in
that field — that is, that it is a placer. According
to Makeyev, the average weights and sizes of
the heavy-fraction mineral grains were in direct
proportional dependence and formed an alluvial
parasteresis.

In the meantime, V.I.Remizov (2002) ad-
vanced an opinion that the Ichetyu Field’s gene-
sis was a pending question. While admitting the
presence of the purely sedimentary psephites,
Remizov also believes that fluid-gas streams
could have brought the quartz material up from
deeper sections.

An international symposium ‘The Geology
of the Devonian System’ and the Pan-Russian
Conference ‘The Southern Regions of the Komi
Republic: the Geology, the Mineral Resources
and the Development Problems’ were held at
the Research Centre of the RAS’ Urals Branch
at the Komi Geology Institute in 2002. Much
attention was paid by the speakers of the sym-
posium to the factors and dynamic circum-
stances that had controlled the formation of the
Devonian Placers of Timan (Sherbakov,
Plyakin, Bitkov (Illep6akoB, Ilskun, buTkos,
2002)); the possible primary sources (Malkov,
Kholopova, Makeyev, Dudar) and the justifica-
tion of the age of the Ichetyu Placer (Telnova,
Makeyev, Gorbunov).
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The conference focused on the analysis of
the compositional specificities of the Middle
Jurassic chrome spinellides in the Ukhta Region
(Makeyev, Yumanov) and the Vychegda-Sysol
Downfold (Malkov, Shvetsova, Kholopova).
The report by S.N.Mityakov and T.G.Shumilova
reported the first find of a diamond shard in the
Vashkin Site (the West Cistiman). As regards
the originating rock of that diamond, I.I.Shu-
lepova offered an opinion that it was an autho-
lith tuff breccia analogous to the vent fraction
rocks of the diamond blow pipes of the Ark-
hangelsk Province. I.I.Golubeva considers that
it is a completely transformed alkali-type basite
tuff or kimberlite. L.I.Lukyanova professed, if
rather tentatively, the sub-volcanic genesis of
those rocks that form the diatremes of the oli-
vine melilotic, alneits, kimberlites and picrites.
S.N.Mityakov and T.G.Shumilova (2002) spoke
in this connection about the real prerequisites
for the discovery of the diamond hardrock
sources in the West Cistiman.

The 14" Geological Congress was held in
Syktyvkar in 2004. Traditionally, the problem
of the diamond content of the Timan-Urals Re-
gion had a place of pride in the ‘Noble Metals,
Diamonds and Gemstones’ section. A.B.Ma-
keyev suggested that the study of the Middle
Timan kimberlite pipes should be continued in
order to further the search for the hardrock ori-
gins within the Devonian rock occurrence area
in the Ichetyu Placer and in the Upper Protero-
zoic rock occurrence region to the South.

B.A.Malkov (2004) outlined the following
priority work areas: 1) the search for new dia-
mond-bearing pipes ‘next’ to those found al-
ready; 2) determining the main diamond-bearing
material ablation directions; 3) determining the
isotopic age of the Sysol Dome’s kimberlites;
and 4) the regional geophysical forecast for
diamond-bearing kimberlites within the devel-
opment area of the thickest (up to 200-300 km)
cratonal lithosphere.

V.AMilashev (VNII Oceanology) con-
firmed the kimberlitic nature of the rocks tapped
in the Umba and the Water-Parting pipes in the
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Middle Timan. At that, he described the Umba
Pipe rocks as an autholith kimberlite breccia and
those of the Water-Parting Pipe as massive
brecciated kimberlites containing lherzolite as-
sociation garnets. The sedimentation circum-
stances of the Ichetyu Placer’s diamond accu-
mulation were analysed by E.S.Sherbakov and
the associates; they then opinionated about a
relation between the diamond-bearing deposits
and the outwashed deltaic deposits. The report
by a group of authors led by N.P.Yushkin
(Yushkin, Pystin, Konanova, et al.) consisted in
the in-depth analysis of the diamond-content
prospects of the Timan-Urals Region. The his-
tory of the studies done in the Ichetyu-Pizhma
Placer was laid down in the report by
A.M.Plyakin and V.G.Shametko.

The new and serious contribution to the
diamond exploration in the Timan-Urals Region
came from the traditional Pan-Russian meeting
‘Diamonds and Noble Metals of the Timan-
Urals Region’ (2006). The diamond-related part
of it addressed such issues as the structural
specificity and formation traits of black dia-
monds (Silayev et al., Petrovskiy et al.), the
genesis of the main types of diamonds (Sho-
dzinskiy, Lutoyev and Glukhov) and the speci-
ficities of diamonds’ morphology (Makeyev and
co-authors, Rakin and Petrovskiy).

As regards the Timan-Urals Region, the
problems of its exploration for diamonds (Plya-
kin, Sherbakov (Ilmsxun, IllepGakos, 2006))
and the prospects of the regions (Pystin and co-
authors, Malkov (ManbskoB, 2006)) were ad-
dressed. Also, the formation conditions of the
Ichetyu Placer were covered (Kotov, Shvetsova;
Sherbakov, Plyakin (ILlep6akos, Ilnskun, but-
KOB, 2002)).

At the same meeting were discussed the
problems of diamond-content of the other re-
gions of Russia: of the Kirov Province (Osovet-
skiy et al.), the Perm Region (Sychkin), the Ufa
Plateau (Kisin), the White Sea Region (Maslov),
Karelia (Lobkova et al., Lukyanova et al.), the
Central Siberia (Kurgankov) and Yakutia (Spe-
cius et al., Tomilenko et al.).
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The diamond subject was not singled out to
make a stand-alone section and what few reports
were delivered upon it were scattered across
various thematic sections at the 15" and 16™
Geology Congresses of the Komi Republic in
2009 and 2014 because the diamond exploration
in Timan had been halted completely.

The industrial and scholarly geologists of
the Komi Republic consider the Timan-North
Urals Region to be one of the most promising
ones in terms of hardrock diamond prospecting
in Russia.

The work described above had the achieve-
ments in the diamond studies that we are giving
below now:

1. The ultrabasic rocks (biotite picrites,
kimberlites and autholith kimberlite breccias
with pyropes, chrome-diopsides, chrome spinel-
lides and carbonatites with the diamond-content
signs) were identified in the geological structure
of Timan.

2. The diamond-bearing polymineral (gold
and the titan, rare metal and rare-earth metal
minerals) Ichetyu Placer was discovered and
partly developed in the Middle Timan.

3. Kimberlitic rocks containing small-size
diamonds in hardrock containers were identified
in the North Timan.

4. Accessory minerals diamonds were de-
tected everywhere around Timan: in the Silurian
(North Timan), Lower Carboniferous (Middle
Timan), Middle Jurassic (Middle/South Timan)
and Middle Devonian and Quarternary deposits
(everywhere).

5. The detailed aeromagnetic and land
magnetometric studies done in the Middle Ti-
man found dozens of feebly magnetic isometric
anomalies presumably associated with kimber-
lite pipes.

The following problems of Timan’s gold
content remain unsolved:

1. There are no primary hardrock sources
of the Ichetyu Placer’s diamonds identified re-
liably.

2. There are no diamond-bearing kimber-
lites identified in Timan reliably.

3. The known local magnetic anomalies
have not been verified by means of direct geo-
logical methods.
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“Neftli-qazli hovzalorin stratiqgrafiyasi vo sedimentologiyasi” elmi beynolxalq jurnali diinyanin miixtolif
yerlorindo neftli-qazli hovzalarin stratiqrafiyast vo sementologiyasinin miixtalif aspektlorini igiqlandiran
moaqalalori nosr edir. Jurnal ildo iki dofs nosr olunur vo burada moagqalslor, icmallar, miizakirslor vo qisa
molumatlar ¢ap edilir. Moaqalslor azorbaycan, rus veo ingilis dillorindo toqdim oluna biler. Jurnalin
maraqlarina agagidakilar aiddir: ¢okiintiitoplanmasinin, xiisuson, ana siixurlarin va kollektorlarin miiasir vo
gqadim soraitleri, ¢cdkma prosesinin modellogsmasi, torpagomologalma vo diogenez, paleoiglim, denizlorin
saviyyesinin doyismosi vo siixurlarin ¢okmosi, miiasir vo qazinti fauna vo flora komplekslori vo fasial
analizds onlarm istifadasi, stabil izotoplarin geokimyasi va biogeokimyasi, siixurlarin ¢ékma soraitindon asili
olaraq kollektorlarin xarakterlorinin doyismasi, neftli-qazli ¢okiintii qatlarina tatbiq olunan bio-, lito-, xemo-,
eko-, xromo-, seysmo-, sekvensstratiqrafiya vo bu kimi bagqa stratiqrafiya tisullarinin inteqrasiyasi.

Mboqalslarin taqdim olunma formasi

Misllifler 6z moqalslorinin motnlarini agagidaki elektron {invana gondermalidirlor: info@jisjss.com

Kompiiter faylinin adinda birinci miisllifin inisiallar1 olmalidir. Rasmlor ayrica fayllarda gondorilmolidir,
lakin rosmlorin yeri magalanin matninds rasmin némrasini gostormakls geyd edilmalidir. Rasm olan fayllarin
adlarinda birinci miisllifin inisiallar1 vo rosmin ndmrasi olmalidir.

Mogalonin motni Word formatinda (Word 6.0 — 8.0) toqdim edilmaslidir. Magale A4 formatia uygun 20
sohifo hacmindan artiq olmamalidir. Tévsiys olunan srift Times New Roman, sriftin l¢iisii 12, satirlorarasi
interval — 1,5, hor torofdon konar 2 sm., hor abzas siitunun sol torofindon 0,8 sm mosafs ilo baglayir.
Moqalsnin matni bu talablors uygun format edilmslidir, biitiin satirlor soldan ve sagdan matnin konarindan
¢ixmamaq sortilo diizaldilmalidir. Magaloys moatndon basqa miivafiq qrafik material (bir rosmden az
olmayaraq), istifado edilmis odabiyyatin siyahisi, cadvealler, vo ehtiyac olarsa genis reziime do daxil
olmalidir. Jurnalin redaksiya heyati rasmlori olmayan maqalslori gobul etmir.

Redaksiya heyoti hamg¢inin mogqalslarin ¢ap variantini asagidaki nvana gondermoyinizi xahis edir:
“Neftli-qazli hovzslorin stratiqrafiyasi vo sedimentologiyasi” jurnalinin redaksiyasi, Hiiseyn Cavid prospekti
29A, Azorbaycan Elmlor Akademiyasmin Geologiya Institutu, Baki, AZ 1143. Kompiiter fayli (moqalonin
matni) maqgalanin ¢ap olunmus variantina uygun olmalidir.

Maqalanin elektron variantinda sohifalor ndmralonmamalidir. Cap olunmus variantda har sohifonin yuxari
sag kiinclinds sohifalorin ndmralari yazilmalidir.

Moqalenin ¢ap variantinin sonuncu sohifasi miialliflorin hor biri terofinden imzalanmali vo onun
redaksiyaya toqdim olunma tarixi gostorilmalidir.

Maoqalsnin matnins asagidakilar daxil edilmalidir:

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

Magqalonin adi — Times New Roman — 14 pt srifti ilo, qalin bag horflorlo, moatnin eni boyunca vo
sohifonin ortasina nisbaton simmetrik olaraq yazilir, daha sonra iss iki interval otiirmokls miisllifin soyadi va
inisial yazilmalidir. Xahis edirik slaqs saxlanilacaq miisllifi gostarin.

Miisllifin inisiali vo soyadi — Times New Roman — 12 pt srifti ils, qalin horflarls, sohifonin ortasina
nisbaton simmetrik olaraq yazilir, daha sonra iso iki interval 6tiirmoklo togkilatin adi vo onun elektron
tinvani yazilmaldir.

Miiodllifin cahsdigr toskilatin adi vo elektron iinvam - Times New Roman — 12 pt srifti ils, qalin
harflarla, sahifanin ortasina nisbaton simmetrik olaraq yazilir. Xahis edirik moqalanin yazildigi tagkilatin tam
tinvanini, vo mialliflorin cari tinvanini (sgor doyisibsa) gdstorin. Maqgalsnin bir ne¢o miisllifi olduqda vo
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onlar miixtolif togkilatlarda caligdiqda, onlarin adlarinin qarsisinda artan sira ilo raqemlor yazilmalidir.
Homin reqomlar ¢aligdiqlar toskilatlara miivafiq olaraq miislliflorin soyadlarindan sonra satiriistii indeksdo
verilmolidir, mosalen 1.S.Quliyev', A.A.Feyzullayev’ vo s. Daha sonra iki intervalla magalonin annotasiyasi
verilmolidir.

Annotasiya — qisa xiilaso (1 sohifoyadok), daha sonra baglica sézlor (8 s6zo godar). Times New Roman —
12 pt. srifti. Baslica sozlor qalin sriftlo yazilmalidir. Daha sonra 2 intervalla moqalonin osas matni
yazilmalidir.

Mbagqalonin matni — beynolxalq jurnal sxemino uygun olaraq qurulmali olan asas matn. Burada “Giris”,
“Material”, “Metodika”, “Noticolor vo miizakirslor”, “Son notice”, “Odeobiyyatin siyahisi” kimi
yarimsarlovhalarden istifads edilmasi tovsiya olunur. Yarimsarlovhalor galin Times New Roman — 12 srifti
ilo sohifonin ortasina nisboton simmetrik olaraq yazilmali, vo hor yarimfasil avvalkindon bir intervalla
ayrilmalidir.

Cadvallar mogalonin matni ¢argivasinds yerlasdirilir vo Word formatinda taqdim edilir. Cadvallar yuxari
sag kiinclindon ardicil olaraq ndmrolonmolidir. Har bir codvalin adi olmalidir vo bu ad ndémrodan sonra
yazilmalidir. Cadvallarin ad vo némralori galin Times New Roman — 12 srifti ilo yazilmalidir. Cadvallordoki
siitunlarin yarimsarlévhalori qisa olmali, 6l¢li vahidlorinin adlar1 doyirmi métarizalords verilmalidir.
Cadvallor motnin konarlarindan qiraga ¢ixmamalidir. Cadvalin bir sshifodon digoer sshifoys kegmasi
yolverilmazdir. Matns aid cadvsllorin maksimum say1 5 ola biler.

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

Qazinti halinda tapilan qahqlar “Beynslxalq zooloji nomenklatura macsllosine” osason tosvir
olunmalidirlar. Matnds flora vo faunanin novlerinin latin adlari taksonun miisllifinin soyadi ilo miisayiot
olunmalidir. Latin s6zlori kursivls verilmalidir.

Formullar yazarkon Beynolxalq S sistemindo qobul olunmus fiziki vahidlorden va isarolordon istifado
etmok lazimdir. Formullar araliq hesablamalarsiz, orada istifade olunan simvollarin miitloq agilmasi sorti ilo
formuldan dorhal sonra verilmoalidir. Matnds, adi ¢akilorsa, formullarin némralori boyiikk métarizalorda,
matnin sag haddins yaxin, formul ils eyni xotde yazilir. Formullarin yazilmasi ii¢iin Microsoft Equation 3
redaktorundan istifads tovsiys olunur. Sonra iss iki interval 6tiirmakls adabiyyatin siyahisi verilmalidir.

Odabiyyat — matnds adobiyyata istinad xronoloji qaydada, doyirmi métarizalards verilir (miisllif/lar, il).
Ugdon artiq miiallifin isina istinad edildikds isa, birinci miiallifin soyadi gostorilir (mas. Quliyev vo digarlori,
2005). Maqalads hor hans1 miisllifsiz yaziya istinad etmadikds, onda homin yazimin adinin ilk iki sézili yazilir
(mas. Stratiqrafiya macallasi..., 2005). Odabiyyatin siyahisi magalonin sonunda olifba siras1 ila verilir.
Burada biitiin miislliflorin soyadlar1 vo inisiallari, nosr olunan il, moqale vo ya kitabin adi, jurnalda cap
olunubsa jurnalin adi vo ndémrasi vo moqalonin ilk vo sonuncu sohifolori gostorilmolidir. Kitaba istinad
edildikdo iso kitabdaki sahifslorinin say1 da gostorilmalidir.

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

Asagida miixtalif bibliografik istinadlarin niimunslori verilir:

Kitablar:

babaes, /.X., I'adocues, A.H., 2006. I'nyOrHHOE CTPOCHUE U MEPCICKTUBBI He(DTEra30HOCHOCTH Oacceii-
Ha Kacnmiickoro mops, b., «Nafta-Press», 305 c.

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

Dovri nasrlorda/jurnallardaki maqalslor:

babaes, I11.4., 2005.Biusaue ycinoBuil okpyskaromei cpeapl Ha MOP(OIOTHIO paKOBUH HYMMYIHUTOB //
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M3Bectus AH. Cepust Hayk o 3emuie, Ne 2, c. 62—-66.

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

Moacmuolardaki (o ciimlodon dévri macmuolordaki) maqalalor:

Kysneyosa, 3.B., 1959. HmwxkHeMHOIIEHOBBIE OTIOXKEHUS A3sepOaiijkaHa, WX pacuJICHEHHE W
COIIOCTaBJICHHE C CHHXPOHUYHBIMH OTJIOXEHHWsAMH ['py3um // Bompockl reomormm u reoxumuu. — b.:
Aszepnemp, 207-216.

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

Reziime. Oziindo mogalo haqqinda asas malumati, arasdirmanin magsad vo vozifalori, istifado olunan
metodikani, aldo edilon naticolori 6zlinds oks etdiron genis reziime ingilis dilindo toqdim edilmalidir.
Reziimenin moagsadi ingilisdilli auditoriyanin rus va ya azarbaycan dillarinds ¢ap olunmus magqalslarls tanig
olmasidir.

Illiistrasiyalar. Hor bir rosm (xarito, diaqram, sxem vo s.) ayrica fayl soklino toqdim olunur. Yuxarida
geyd edildiyi kimi faylin adinda rasmin némrasi vo miiallifin inisiallar1 olmalidir.

Rosmlar TIFF, 300 dpi , PDF vo ya CDR formatinda qobul edilir. Illiistrasiyalar motnds onlara edilon
istinada uygun nomralonmalidir. Hor bir rosm 160 mm x 230 mm 6l¢iisiindon bdyiik olmamalidir. Xaritolorde
miqyas gostorilmalidir.

Mogalenin ¢ap olunmus variantinda resmlorin arxasmnda karandasla onlarm némrsleri, maqalsnin birinci
miisllifinin soyadi vo moqalonin adi gostorilir.

Hor rosmin basligi olmalidir. Rasmlors aid olan izahatlarin siyahisi ayrica veraqds, elektron vo ya cap
olunmus variantda toqdim olunmalidir. Matns aid olan rasmlarin say1 10-dan artiq olmamalidir.

Jurnalin redaksiya heyati rongli sokillorin 6donissiz capini tomin edir.

Redaksiya maqalani resenziya li¢lin togdim etma hiiququnu 6zundas saxlayir. Magalonin ¢ap olunmus
variant1 yoxlama vo ¢ap vo redakts zamani yol verilon sohvlorin diizoldilmasi liclin geri miisllifs
gondorilir. Misllif moaqalonin ¢ap olunmus variantinda ¢apa hazir edilmis motn vo diger materiallara
diizolis etmomolidir.

Gecikmolorin qarsisin1 almaq mogsadile, muslliflors son variantin redaksiyaya geri qaytarilmasinin
elektron poct ilo hoyata kecirmolori vo capa hazir variantin alindig1 giinden iki hofto miiddetinds diizalisler
barods molumat vermolori tovsiys olunur.

Maqalays miisllifin arayisi va ekspertiza akti slave olunmalidir.

Maqalsnin jurnala verilmasi onun asli oldugu, he¢ vaxt ¢ap edilmadiyi vo diger nogrlors géndorilmadiyi
anlamindadir. Maqalo miislliflorin hor biri terafindon imzalanmali vo onun redaksiyaya toqdim olunma tarixi
gostorilmalidir.
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NPABUIJIA [J151 ABTOPOB

MexayHapoaHbIil Hay4HBIH XypHan «Cmpamuepaus u ceOuMeHmono2us Hegme2asonocHulx baccel-
HO6» TYyOJIHUKYET CTaThH, OCBEIIAIONINE PA3InYHbIC acTIEKThl CTPATUTPa(uu U CeMMEHTONIOTHH HedTeras3o-
HOCHBIX OacceiiHOB B pa3in4HBIX yacTsix Mupa. Cdepoli MHTEpecoB KypHaja SBISIFOTCS COBPEMEHHBIE U
JpEeBHHE YCIIOBHS OCaIKOHAKOIUICHHS, B 0COOEHHOCTH, He(hTEMAaTEPHUHCKUX TOPOX U KOJIJIEKTOPOB, MOJEIH-
pOBaHHE TIpoliecca CEAWMEHTAINH, MMOYBOOOPA30BaHME W TUAr€HE3WC, MAJICOKINMAT, U3MEHEHHS YPOBHS
MOpSI M CEeIMMEHTAIIHs, COBPEMEHHbBIE W MCKOIIaeMble KOMIUIEKCH (hayHBbI U (JIOPBHI M UX MCIIOJIB30BaHHE B
(anuaibHOM aHalM3e, T'€OXUMHS CTAOMJIBHBIX H30TONOB W OHMOTCOXMMHS, W3MEHEHHUS KOJUIIEKTOPCKHX
CBOWCTB B 3aBUCHMOCTHU OT YCJIOBHI OTJIOXKEHHUS OCAIKOB, HHTETPAIMs Pa3INYHbIX CTPATHIPadUUIECKUX Me-
TOJIOB, TAKHX, KaK OHO-, TUTO-, XEMO-, 9KO-, XPOHO-, CEHCMO-, CEKBEHCCTpaTUTrpadus MPUMEHHUTENHLHO K Oca-
JOYHBIM TOJIIAM He(TEera30HOCHBIX 00IacTeH.

KypHan BBIXOIUT JBa pa3a B TOJ U IMMyOJUKYeT CTaTbu, 0030pHYI0 HHPOPMAIHIO, AUCKYCCHH U KpaTKHe
cooOmieHust. CTaTby MOTYT OBITh ITPEJCTABJICHBI Ha a3epOaiixkaHCKOM, aHTJTUHCKOM M PYCCKOM SI3BbIKaX.

®opma npeacTaBIeHUS CTATHU

ABTOpBI JIOJIKHBI BBICHLIATh TEKCThI CBOMX CTaTel Ha CJICAYIOIIHIA 2JIEKTPOHHBIH azpec: info@isjss.com

HazBaHune koMmbloTepHOTO (Qaiiia JOKHO COAEPKaTh WHHUILIMAIIBI MEPBOTO aBTOpa. PHCYHKH JOIKHBI
OBITH BBICTIaHBI B OTAETBHBIX (haiaax, 0IHAKO, MECTOIOJI0KEHHE PUCYHKOB JOJDKHO OBITh IIOKA3aHO B TEKCTE
CTaThU MyTEM yKa3aHWsi HOMepa pucyHka. Ha3aHus ailiioB, copepkalluX PUCYHKH, JOJDKHBI BKIHOYAThH
HMHUIMAIIBI IEPBOTO aBTOpPa U HOMEP PUCYHKA.

TexcT cTareu momxeH ObITh npeactasied B Word popmare (Word 6,0 — 8,0). Pazmep craThu He momkeH
npebimarh 20 crpanui Gopmara A4, OTCTYII CO BCEX CTOPOH — 2 ¢M, pekoMeH1yeMbli mpu¢T — Times New
Roman, pazmep mpudra — 12, MeKCTpOUHBIH MHTEpBaT — 1,5, Kaxknplid ab3an HauuHaeTcst ¢ oTctynom 0,8 cm
OT JIEBOTO Kpasi KOJIOHKH. TEeKCT CTaThi AOJKEH OBITH OT(GOpMaTHPOBAH B COOTBETCTBUM C STHUMHU TpeOOBa-
HUSIMH, BCE CTPOKH JOJDKHBI OBITh BEIPOBHEHBI CJIeBa HAIPaBO, HE BBIXOAS 3a Moy TekcTa. CTaThs JOIHKHA
BKJTIOYATh TAaKK€ COOTBETCTBYIOLIMHA Tpaduuecknii MaTepurai (He MeHee OJHOTO PHCYHKA), CIIMCOK MCIIOJIb-
3yeMOil JIuTepaTypsl, TaOIHULBL, €CJIM HEOOXOAMMO, M pacIlIUpEeHHOE pe3toMe. Pemakius xypHaia He IPUHU-
MaeT He CoJleprKalllfe PUCYHKH CTAaThH.

Penakius xypHana Taxke MPOCHUT BBICHUIATh paclieyaTaHHbIE BapHaHTHI cTaTed Mo ajapecy: Penakuus
xypHana «CenuMeHToNorus M crpaturpadus HedrerazoHocHbIX OacceitHoB», MHcTHTYT Teonormn HAH
Azepbaiimkana, nip. I'. Ixasuna 29A, baky, AZ 1143, Azepbaiimxan. KomnbsioTepHsIii (aiin (TEKCT CTaThh)
JIOJDKEH COOTBETCTBOBATh paclieuaTaHHOMY BapHaHTy CTaThH.

CrpaHuLbl HE AOJDKHBI OBITH MPOHYMEPOBAHbI B AJIEKTPOHHOM BapHaHTE CTaTbu. B pacredyaTaHHOM Ba-
pHaHTe CTaThbU HOMEpa CTPAHMII ITPOCTABIIAIOTCS B BEPXHEM MPABOM yTIIy.

Crarbs noykHA OBITH MOJIMCaHA BCEMU aBTOPAMH Ha MOCIEAHEH CTpaHuIle pacleyaTaHHOTO BapHaHTa C
YKa3aHHEM JaThl IPEJICTABIICHUS CTaThH B PEAAKIIHUIO.

TekcT cTaThM TODKEH BKIIOYATH!

YK - B neBom yriuy, mipudt Times New Roman — 12 pt, uepe3 1Ba nHTEpBaia revaTath Ha3BaHUE CTAThU

Ha3panmue cratbu — mpudt Times New Roman — 14 pt, OykBbI 3arnaBHsie, yrommeHHbie (bold), pacmo-
JIO’)KEHHBIE CHMMETPHYHO OTHOCHTENFHO CEPEeIUHBI CTPAHUIIBI IO BCEHl MIMpHHE TEKCTOBOTO IIOJIA, Jajiee
Yyepe3 JBa MHTEpBaja rmevyaraTb MHAIUAIbl U pamuimu aBTopoB. [loxkanyiicta, yKaskute aBTopa, ¢ KOTOPBIM
HEO0XOIUMO MOAAEPKUBATh CBA3b.

Huumuans! u pamuiaun apropoB — mipudt Times New Roman — 12 pt, 6ykesl ctpounsie (bold), pac-
IOJIOKUTh CUMMETPUYHO OTHOCHTEIFHO CEpEeIMHBI CTPaHUIIBI, Aajiee Yepe3 JIBa MHTepBajia MeyaTtaTh Ha3Ba-
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HUE OpraHu3aIyy U ee e-mail.

Ha3Banue opranusanuu, B KOTOpoii padoTaiT aBTOpsI U ee e-mail: mpudt Times New Roman — 12 pt,
OykBbl cTpounsie (bold), pacmoIOXKUTh CHMMETPUYHO OTHOCHUTENBHO CepelnHbl cTpaHulbl. lloxamyiicra,
JlaiiTe TIOJHBIM aJpec opraHu3alyd, rae pabora OblIa BBHINOJIHEHA, a TAKXKE aJpec aBTOPOB B HACTOSIINN
MOMEHT, €CJIi OH M3MeHwICcs. Eciiu aBTOPOB HECKOJIBKO M OHM MMEIOT Pa3IndHOE MECTO paboThl, TO Mepes
Ha3BaHMSIMU 3TUX OPraHU3aLMN CIIEAYeT IPOCTaBUTh LUGPHI B OpsAKe BozpacTanus. Ty e uudpy ykazaThb
U B HAJCTPOYHOM HHAEKCE Mocie (paMUIMKA aBTOPOB, padOTAIOIIECr0 B 3TOW OpraHM3allMd, HarpuMmep,
U.C.I'ymues ', A.A. deitzynnaes” u 1.1. Jlanee uepes ABa MHTEpBAIA IEYATATH AHHOTALUIO.

AHHOTANMS - KpaTkas aHHOoTanws (1o 1 cTpaHuIb!), nanee KirodeBbie ciaoBa (1o 8 cios). llpudt Times
New Roman — 12 pt., kiroueBble ClIOBa MeYaTaTh KUPHBIM MpudToM. [lanee uepes 1Ba HHTepBaJIa NleYaTaTh
OCHOBHOM TEKCT CTaThH.

TekcT cTaTbU — OCHOBHOM TEKCT, KOTOPHIM PEKOMEHIYETCS CTPOUTH IO OOMICTIPHHATON B MEXTyHAPOI-
HBIX JKypHajax CXeMe, MCIOJb3Ys CIeAyIoIIue MoA3arojoBku: «BmemeHue», «Marepuam», «MeToaukay,
«Pe3ynbTarhl U 00Cy)KAeHUE», «3aKIoueHue (BBIBOAB)», «CIHCOK auTepaTypb». [loa3aronoBku neyaraTsh
*kupHeIM mpudroM Times New Roman — 12 pt U pacrmonoXuTh CHMMETPHYHO OTHOCHTEIHHO CEpPEIVHBI
CTpaHULIbI, K&KJbIH OAPA3AEN OTACHATh OT IPEAbIIYIIEr0 OJHUM UHTEPBAIOM.

Ta0auusbl pazMelnaoTcs B Mpeaenax TeKcTa CTaThi U AOJDKHBI OBITh TIpeacTaBieHbl B Gpopmate Word.
OHM TOIDKHBI OBITH TIPOHYMEPOBAHBI MTOCIIEIOBATENIFHO B BEPXHEM MIPABOM YTy HaJ caMoi Tadmmieit. Kax-
Jast TabanIa 10JHKHA UMETh Ha3BaHHUE, KOTOPOe CIIeAyeT 3a HomepoM Tabmuisl. [ledararoTcess HoMepa Tadumiy
u ux Ha3Bauus mwpudroMm Times New Roman — 12 pt xupHbeiMu OykBamu. [loa3aroiaoBku B KOJIOHKax Tal-
JIMLBI JOJKHBI OBITh KPATKUMH, HANMEHOBAHMS €IMHULl U3MEPEHUS JOJDKHBI JAaBAThCS B KPYIJIBIX CKOOKaX.

TaOnuip! He JODKHBI BRIXOIUTH 3a MPEJIeiibl TEKCTOBOTO MOJISA, IEPEHOC TaOJMIIBI C OJHOM CTpaHUIIBI Ha
JpYTYIo He JoIycKaeTcs.. MakcuMallbHOE IOIyCTUMOE KOJTMYECTBO TAOJMII B CTATHE 5.

CoxpanieHusi 32 UCKIIFOUYEHIEM HEMHOTHX OOIIENPHUHATHIX (T.€., Ap., T.[.) AOJDKHBI OBITh pacimudpoBa-
HBbI B CChIJIKAXx.

Hckonaemble 0CTATKH ClIeoyeT ONMUCHIBATH COrTacHO «MeXIyHapoJHOMY KOJEKCY 300J0THYEeCKOil HO-
MeHKJIaTypb». [IpuBoanMBIe B TeKCTE JATHHCKHE Ha3BaHUS BUIOB (IIOPHl U (hayHBI JOJKHBI CONPOBOXK-
naThest paMuiIMen aBTopa TakcoHa. JIaTbIiHb ClieyeT HaOupaTh KyPCHBOM.

[Ipu Hanucanuu ¢opmyJi cieayeT HCIONb30BaTh (U3MYECKHE €IWHHUIBI U 0003HaueHHS, NPUHATHIC B
MexnynaponHoir cucreme CU. ®@opmynbl matorcsi 6€3 MPOMEXYTOUHBIX BBIKIAJOK C 00S3aTENBbHON pac-
mu(poBKOI HCIONB3yEeMBIX B HUX CHMBOIIOB, KOTOpPBIE JAroTcs cpady mnocie Gopmyisl. Homepa gopmy,
€CITM OHHM YIIOMHHAIOTCSI B TEKCTE, IPOCTABIIIOTCS B KPYIJIBIX CKOOKAax OKOJIO MPaBOH I'paHMLIBI TEKCTa Ha
onHOM yHUY ¢ hopmymnoit. Jlns Habopa popMyn pekoMeHayeTCsl NCIIOIb30BaTh penakTop Microsoft Equa-
tion 3, mayee yepe3 IBa MHTEpBaIa eUaTaTh CIIMCOK JIUTEPATYPHI.

Jlutepatypa. B Tekcre craThbu CChUIKAa Ha JIMTEpaTypy Oaercsl B KPYIJbIX CKoOKax (ABTOp/bl, TOf) B
XpOHOJIOTHUYECKOM rnopsiaike. Ecim ceblika naercst Ha paboty rie 6osee Tpex aBTOpOB, TO yKas3biBaeTcs (a-
MUWIIUS TIEpBOTO aBTropa (Hanpumep, ['ynues u ap., 2005). Ecnu cepimaemast pabota npuBoauTcst 63 aBTOPOB,
TO MHUIIYTCS [Ba HEPBBIX ClIOBa ee Ha3BaHMs (Hampumep, Ctparturpaduyeckuil koaekc...., 1998). Crnucok
JIUTEPATyphl NPUBOIUTCA B aI(haBUTHOM IOPSAIKE B KOHIE CTAThbU U AOJDKEH BKIIOYATh ()aMHUIMK U MHULUA-
JIBI BCEX aBTOPOB, oA U3JaHUs, HA3BAHUC CTaTBI/I/KHI/II‘I/I, B CIy4dae HY6JII/IKaHI/II/I B )KypHaJI€ — €ro Ha3BaHUC U
HOMEp BBIITyCKa, HOMEpa NEepBOH 1 MOCIeqHel cTpaHull cTaThu. Eciu cchUika cienaHa Ha KHUTY, TO HE0O-
XOAMMO yKa3aTh KOJIMYECTBO CTPAHUL] B KHUTE.

Ecnu crimcok cofiep KUT CChIIKK Ha pabOTHI OTHOTO U TOTO K€ aBTOPa, OMYOJIIMKOBaHHBIE B OJIMH M TOT K€
rofl, To He0OXOANMO MPHUIATh UM UHAEKCH a, 0, B ¥ T.1. 1Ocje yKazaHus rojaa u3ganus. CCbUIKM Ha TE3UCHI
JOKJIaJI0B JAI0TCSl aHATIOTUYHBIM 00pazoM. @aMMIIng ¥ MHULUAJIBL aBTOPOB IIPUBOASATCS KYPCHUBOM.
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B cnoucke JIUTEPATyphbl BHaA4YaJIC IPUBOAATCH HYGJII/IKaHI/II/I, HN3JaHHBIC Ha KUPUJUIMIEC, a 3aTEM JIaTUH-
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Pe3tome. PacmmpenHoe pesroMe Ha aHTIIMHCKOM SI3BIKE, COJEprKaliee OCHOBHYIO HH(OPMAIMIO O CTaThe,
B TOM 4YHCJIE [eNlb U 3aJa4ll UCCIIeIOBaHUS, NCTIONB30BaHHAsS METOINKA, MOJTYYEHHBIE Pe3YIbTaThl H BHIBO-
Ibl, JOJDKHO OBITH TaKke MpencTaBieHo. Llenp pestoMe — 03HaKOMIIEHHE aHTJIOA3BIYHON ayIUTOPHUHU CO CTa-
TBSIMH, OITyOJINKOBAaHHBIMH Ha PYCCKOM U a3ep0aii/PKaHCKOM S3bIKaX.

HNnmoctpanuu. Kaxasiid pucyHok (kapTa, [uarpaMma, cXema | T.1.) IPEACTaBIsieTcs B BUE OTAENbHO-
ro ¢aiina. Kak Bple yxe 0bUI0 yKa3aHO, Ha3BaHUE (aiiia JOIHKHO COAep KaTh HHUIINAIIBI IIEPBOTO aBTOPa U
HOMEp PHCYHKA.

Pucynku npuaumatorcst B popmatax TIFF (300 dpi), PDF or CDR files Miroctpaium o0si3aTenbHO Hy-
MEpYIOTCS B MOPSAKE UX YKazaHUs B TekcTe. Kaxplii pucyHOK He HOJDKEH HpeBBIIaTh pazMepa 160 mm x
230 mm. Ha xaprax 0043aTenbHO yKa3bIBaTh MAcIITa0.

B pacneuaraHHOM BapuaHTe CTaThH HOMEpa PUCYHKOB YKa3BIBAIOTCS Ha MX 000pOTE MPOCTHIM KapaHa-
LIOM € yKa3aHUueM (haMHUIIMH [IEPBOTO aBTOPA U Ha3BaHUS CTaThU.

Kaxnprif pucyHOK mobKeH MMeTh 3ariaBue. CIHCOK MOAPHCYHOYHBIX MOANHUCEH NOJDKEH OBITh Mpe-
CTaBJIeH B DJICKTPOHHOM M paclie4aTaHHOM BUJE Ha OTJENbHOM JiucTe. KonnyecTBo pHCYHKOB B cTaThe HE
JOJDKHO npeBbimath 10.

Penmakmms sxypHana obecriednBaeT GecmiiaTHOe IIe4aTaHue [IBETHBIX PUCYHKOB.

Penaxkiust ocraBisieT 3a co00¥ MpaBo HepeaaTh CTaThl0 HA PEIICH3MI0. BepcTka ctaThy HANpaBIIsIeTCs aB-
TOPY AJIsl IPOBEPKU M UCHPABICHUS OIIMOOK, JOMYLICHHBIX IPH HA0Ope U peAaKTUPOBAHUH.

JInst MCKITIOUeHHMS 3aJIep’KeK ¢ BO3BPAILCHHWEM BEPCTKU B PENAKIMIO aBTOPAM PEKOMEHIYETCS MOJIB30-
BaTbCs SHCKTpOHHOﬁ MOYTON U COO6HI3TI> 06 HCIIPAaBJICHUAX B TCUCHUEC JIBYX HCIACIIb ITOCJIC MOJYUCHHUA BEP-
CTKH.

K craTbe 1OIKHBI MpHTaraThest aBTOPCKAsk CIPaBKa M aKT SKCIIEPTH3HI.

Honaqa CTaTbH B )XypHaJI 03HA4YacT, UYTO OHA OpUIrWHAJIbHA, HUT'IC HE HY6HI/IKOBaJIaCL " HE 61)1.]13 HarpaB-
JIeHa B IpyTUe U3/1aTeIbCTBA.
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