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BRACHIOPODS AS INDICATORS OF THE UPPER DEVONIAN FRASNIAN
SEDIMENTATION IN THE TIMAN-PECHORA OIL AND GAS PROVINCE

Bakulina L.P., Dovjikova Y.G.
Ukhta State Technical University, Russia
Komi Republic, Ukhta, Pervomaiskaya str., 13: luda5200@bk.ru, dovzh57@yandex.ru

Summary. The paper describes faunal complexes formed in the north of the European part of Russia under different
facies conditions during the Frasnian stage of the Upper Devonian period. The main inhabitants of the Frasnian sea ba-
sin were cephalopods — ammonoids and bactritoids, characterized by a rich species diversity of brachiopods, ostracods,
bivalves, echinoderms, conodonts, coniconchians and radiolarians. These complexes are somewhat similar to the Fras-
nian complexes of the Russian Platform and the Western slope of the Ural Mountains. A particularly important role in
the division of the Frasnian sections played brachiopods — inhabitants of the 30-200 m depth intervals of the warm shal-
low-water basins with normal salinity. Characterized by characteristic bi-valve, bilaterally symmetrical shells with dif-
ferent relief, these brachiopods are the most important indicator of the physicochemical conditions of sedimentation. To
date, more than sixty brachiopod species with different shapes, sizes and shell surface structures have been detected and
described in the Upper Devonian Frasnian stagsse of the Timan-Pechora oil and gas province.

Each substage, horizon and formation of the Frasnian stage is characterized by its own set of brachiopod species dis-
tinguished for their specific morphological features. It brings to a conclusion that the studied rocks had been formed
under different facies conditions during four major sedimentation cycles — the Timan (Timan formation), Khvorostan

(Ustyarega formation), Semiluk (Domanik and Vetlasyan formations) and Don (Sirachoy and Ukhta formations).
Keywords: the Frasnian stage, the Timan-Pechora oil and gas province, facies conditions, faunal complexes, bra-

chiopods, sedimentation cycles
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I. Introduction

The Timan-Pechora oil-gas province is lo-
cated in the Northeast of the European part of
Russia and is one of the most investigated re-
gions of the country (Fig. 1). Hydrocarbon traps
of the province are often related to the Frasnian
deposits of the Upper Devonian period. These
rocks are especially important for investigation,
as they often constitute oil and gas bearing stra-
ta or serve as collectors for the accumulation of
hydrocarbons.

The Frasnian stage of Timan-Pechora oil-gas
province represents a structurally complicated
strata built by rhythmically interchanging depo-
sits with diverse marine fauna formed in different
facies environment. The stage is divided into the
Lower, Middle and Upper Frasnian substages.

The Lower Frasnian substage unconformably
overlies the older rocks dating back to the Middle
Devonian-Upper Silurian and even Proterozoic
periods. The substage consists of the Yaran,
Dzhierskian and Timanian horizons in the vol-

ume of Velyurian, Dzhierskian and Timanian
formations (Fig. 2). The Middle Frasnian sub-
stage includes Sargayev and Domanik horizons
in the volume of Ustyareg and Domanik for-
mations. The Upper Frasnian substage includes
Vetlasyan, Sirachoy, Evlanov and Livenian hori-
zons in the volumes of Vetlasyan, Sirachoy and
Ukhta formations (Yudina, Moskalenko, 1997).

Main results

The transgression had begun in the Velyuri-
an age, spread from the east and gradually cov-
ered vast territories. During the Dzhierskian
age, sedimentation was accompanied by the
outpouring of basaltic lava and the formation of
strata with considerable ash material content.
The basin stabilized in the Domanik age. Then it
reached the maximum depth of ~100 m in de-
pressions and started to get shallower. The Up-
per part of the Frasnian sections is constituted
by behind-rifting, rifting and continental slope
facies, as well as clayey-sulphate strata.
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West Siberia

Index ma

= borders of the Timan-Pechora oil-gas province
& studied outcrops of the Domanik formation
G approximate area of the Domanik formation occurrence (from O. Prishepa, 2014)

@ settlements

Fig. 1. Location map of the Timan-Pechora basin with indication of the studied outcrops
(the map is from Schenk, 2011)
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Fig. 2. Schematic structure of Frasnian stage of Timan-Pechora oil-gas province
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Faunistic complexes of the stage are very
diverse and somewhat similar to the complexes
of the Russian platform and the Eastern slope of
the Ural Mountains (Yudina, Moskalenko,
1997). There are more than 20 species of am-
monoidea, ostracods, bivalves, brachiopods,
echinoderms and other organisms identified in
these sediments (Fig. 3).

Particularly interesting are brachiopods —
the most important archistratigraphic group of
the Devonian deposits serving as an indicator
for physicochemical conditions of sedimenta-
tion. The first ever collections of the Timanian
brachiopods were gathered back in 1843 by
A.A Keyserling — outstanding geologist, palae-
ontologist, traveller and public figure of the 19
century (Keyserling, Krusentern, 1843). It was
the brachiopod studies that helped dating the
Devonian outcrops of Ukhta as the Late Fras-
nian series.

Brachiopod (“brachon” — hand, “podos” —
leg) is a bivalve symmetrical animal with soft
body surrounded by a mantle enclosed in a bi-
valve shell. The brachiopods are the sessile in-
habitants of shallow-water basins with normal
salinity and lead an attached lifestyle.

The jointed (articulate) brachiopods — repre-
sentatives of the class Articulata were the most

widespread in the territory of the province. In
addition to muscles, the valves of such brachio-
pods were connected by a lock — a pair of teeth
located on the ventral valve symmetrically to
the delthyrium — a triangular hole for the leg to
exit. On the dorsal valve they corresponded to
depressions — dental sockets.

There are more than 60 brachiopod species
from 6 orders (Orthida, Pentamerida, Producti-
da, Rhynchonellida, Atrypida, Spiriferida) iden-
tified and described in the Frasnian formations.
These brachiopods inhabited the sea basin in the
Timanian, Ustyareg, Domanik, Vetlasyan, Sira-
choy and Ukhta stages of the Late Devonian pe-
riod (Fig. 3).

It was established that formation of the
Frasnian series took place during four large sed-
imentation cycles (Parmuzina, Borovinsky,
2012), each corresponding to a certain fauna
complex and certain brachiopod species.

The first sedimentation cycle (the Timanian
cycle) was characterized by a prevalence of
Uchtospirifer genus from the order of Spirifer-
ida. The Timanian formation contains fossils of
two species, namely Uchtospirifer angulosus
(Ljasch.) and Uchtospirifer nalivkini (Ljasch.)
(Figs 4, 5).

Fauna /

. Dsdzh
horizon

Dstmy Dstmp

Dsujr Dsdm Dsvt Dssre Dsuh

Ammoniidea

Conodonts

Brachiopods

Bivalves

Ichthyofauna

Ostrocods

Konikonh

Entomozoids

Stromatoporoidea

Tabulate corals

Rugose corals

Crinoidea

Gastropods

Pelecypods

Fig. 3. Frasnian fauna complex
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b — dorsal cusp view;

Fig. 4. Uchtospirifer angulosus (Ljasch.) genus:
a — abdominal cusp view;

¢ —side view; d — sculpture of abdominal cusp (40x zoom)

Fig. 5. Uchtospirifer nalivkini (Ljasch.) genus
a — abdominal cusp view;

b — dorsal cusp view;
¢ — shape of sinus

Representatives of the Uchtospirifer genus
have large shells (up to 34 mm) with relatively
small pointed top. The sinus is deep, triangular,
sharply confined, the saddle is angular, high.
They have deep triangular, sharply confined
sinus, angular and high saddle. The surface of
the lateral slopes is covered with flat rounded
radial ribs separated by much narrower gaps.

The Uchtospirifer nalivkini genus is also
distinguished by large shells (up to 30-40 cm).
But differs in the shape of the sinus — the sinus
is trapezoidal-rounded with a flattened bottom
in the front part (Fig. 5).

The second sedimentation stage (Khvo-
rostan cycle) corresponding to the formation of
the Ustyareg formation is marked by a predom-
inance of the genuses Hypothiridina calva
(Mark.), Nordella orbiculata (Ljasch.) and La-
dogia meyendorfi (Vern.). All cited forms have
large biconvex shells (Fig. 6). The genus Hy-
pothiridina calva (Mark.) is characterized by a
broad sinus with a high flat uvula with rough
sculpture in the form of ribs and furrows (a),
Ladogia — by a large sinus ending in a high an-

gular uvula with numerous thin ribs (b). In the
genus Nordella the surface of the shell is almost
smooth, at a detailed study the lamellar lines of
accretion covered with concentric rows of
elongated tubercles are traced (c). In the genus
Nordella, the surface of the shell is almost
smooth, during detailed study plate lines of
growth covered with concentric rows of elon-
gated tubercles are traced (c).

The biconvex shape of shells with rough
ribs is characteristic for inhabitants of the sandy
bottom, smooth surface and thin ribs — for bra-
chiopods living among thin sediments. During
the Timanian and Ustyareg time, there was a
shallow-water sea basin with normal salinity
where mainly sand-clay sediments were accu-
mulated. The Semiluk sedimentation stage cor-
responds to the formation of the Domanik and
Vetlasyan formations. The Domanik formation
is built by bitumen-siliceous-carbonate rocks
emerged under the conditions of uncompensated
sedimentation in the isolated Domanik depres-
sion (Bakulina, Dovjikova, 2021; MakcumoBa,
1979) located far enough from the seacoast.
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Fig. 6. Dominant brachiopods during Khvorostan sedimentation cycle:
a. Hypothiridina calva Mark. with wide sinus and pronounced sculpture;
b. Ladogia meyendorfi (Vern.) with tall angular sinus;

c. Nordella orbiculata with smooth surface

Typical fauna of the stage are the representa-
tives of the Spiferida order, the genus Cyrtospi-
rifer komi (Ljasch.) and the genus Cyrtospirifer
ex. gr. tenticulus (Vern.), inhabitants of the en-
viroment with thin sediment.

The limestones of the Domanik formation
also contain the inarticulate brachiopods — the
genus Lingula loevinsoni (Wen.), belonging to
the Lingulida order of the class Inarticulata. In
the limestones of the Domanic formation they
form numerous accumulations along the bed-
ding planes (Fig. 7). These are inhabitants of

shallow waters, littoral zone and upper part of
sublittoral — from the water's edge to a depth of
about 20-25 m, in exceptional cases they
reached a depth of 100 m. The appearance of
the genus Lingula loevinsoni (Wen.) in lime-
stones indicates a change in the salinity of the
sea basin. A special condition of the Domanik
basin — an increased concentration of silicic
acid — had depressing effect on the fauna and
caused mass extinctions of organisms during
sedimentation.

Fig. 7. Chitinous-phosphate shells of Lingula loevinsoni (Wen.) genus enclosed
in limestone of the Domanik formation (10x zoom)
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The Vetlasyan deposits correspond to the
regressive stage of evolution of the Frasnian
basin, when, under conditions of low sea level,
clayey and silty material was carried out, filled
the depression, smoothing the relief. The Vet-
lasian formation is a typical clinoform with a
poor brachiopod complex, corresponding to the
Nerwostrophia  (Stropheodonta)  latissima
(Bouch.) — Adolfia siratschoica (layers with
Atryparia vetlasjanica) zone. The brachiopods
are accumulated mainly in the upper part of the
formation.

The Sirachoy and Ukhta formations are the
result of the Donian stage of sedimentation, al-
located in the territory of the Timan-Pechora
province. The stage is characterized by discon-
tinuous reduction of the sedimentation area and
the area of the sea with normal salinity.

The Sirachoy formation represents pre-
dominantly carbonate strata built by lime-
stones, clayey limestones with the interlayers
of sandstones and clays. The upper part of the
formation is dolomitized, forming typical
backreef shallow-shelf facies. According to the
brachiopod complex, the formation is divided
into the following two components: 1) the low-
er subformation corresponding to the zone of
Nerwostrophia latissima (Bouch.) — Adolfia
siratschoica (layers with Atryparia siratschoi-
ca); 2) the upper subformation corresponding
to the zone of Theodossia (layers with Theo-
dossia uchtensis).

The Ukhta formation corresponds to the fi-
nal phase of the Donian regressive cycle. The
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BEPXHEI'O JTEBOHA TUMAHO-IIEYOPCKOM HE®TETA30HOCHOM ITPOBUHIINA

Bbaxkyiauna JLIIL., loBxukosa E.I'.
Yxmuncxuil cocyoapcmeennwiti mexuuueckuii ynusepcumem, Poccus
Pecnybnuxa Komu, Yxma, Ilepgomaiickas yn., 13: luda5200@bk.ru, dovzh57@yandex.ru

Pestome. B pabote paccMOTpeHBI KOMILIEKCHI (hayHbI (PpaHCKOrO sipyca BEpXHEro JieBoHa ceBepa EBporeiickoii ya-
ctu Poccun, chopmupoBasiriecs: B pa3nuuHoi daruanbHol o0cTaHOBKe. OTIOXKEHHs (PPAaHCKOTO BO3pacTa Ha TEPPH-
TOPHHU MTPOBHHIMH XapaKTEPU3YIOTCSl CTPATUTpa(UuecKoil MOJIHOTOW U MPECTaBICHBI CIIOKHBIMU IO JIUTOJIOTHYECKO-
MY COCTaBY OCaJ0YHBIMH IIOPOJIaMH MOPCKOI'O T€HE3HCa, COAEPKAIMMHU OOJIBIIOE KOJIMYECTBO MCKOIIAEMBIX OCTATKOB
xopomeld coxpanHocTH. OCHOBHBIMH 0OUTaTENIIMH (PPAHCKOTO MOPCKOTO OacceliHa OBUIM TOJIOBOHOTHE MOJUTIOCKH —
aMMOHOMJIEH U OAaKTPUTOHICH, OTIINYAIOIINECS 3HAYNTEIBHBIM MHOT000pa3ueM BHIIOB; OPaxHOIO/Ibl, OCTPAKOIbI, IBY-
CTBOPKH, WITIOKOKHE, KOHOJOHTHI, KOHUKOHXHH W PaJHOISIPHU. DTH KOMIUIEKCHI HECKOJIBKO MOXO0XXH Ha (paHCKue
KoMmIuiekcsl Pycckoit tutatdopmbl u 3amagHoro ckinoHa Ypana. OcoOEHHO BaKHYIO POJb IS pactJICHEHHS Pa3pe30B
(paHCKUX OTIIOKEHHU MUTPArOT OpaxrOIOAbl, OOUTATENH TEIUIBIX MEIKOBOIHBIX 0acCeiHOB HOPMAJIFHON COJICHOCTH B
nHTepBanax rioyouH 30-200 M, oGmagaBmue XapakTepHOI IBYCTBOPYATOM ABYXCTOPOHHE-CHMMETPHIHON PaKOBUHOM ¢
paznuuHbM penbedoM. OHU TakxkKe SBISIOTCS HanOosee BaKHBIM WHIUKATOPOM (PM3MKO-XMMHUUECKHX YCIOBHUl oca-
KOHakoruieHus. Ha ceroansuinmii g1eHb Bo (paHckoM sipyce BepxHero jqeBona Tumano-Ileyopckoii HedrerazoHocHoM
NPOBHHIIMK JUAarHOCTUPOBAHO W OMKCAaHO OoJiee MIECTUAECSTH BUJIOB OpaxvoOMOA, KOTOpbIE pa3iiuyarorcs (opMoHu,
pasMepoM U CTPYKTYPHOH MOBEPXHOCTHIO PAaKOBUHBI.

st kaxaoro nmoabsipyca, FOpU30HTa M CBUTHI (D)PAHCKOTO sIpyca XapaKTepeH CBOil BUOBOW HabOp Opaxuomnon ¢ ux
crienupuIecKkuMu MOP(OJIOTHIECKUMH 0COOCHHOCTSIMU. JTO MO3BOJIIET CIENaTh BBIBOJBI, YTO MOPOABI ChOPMHUPOBa-
HBI B Pa3MYHON (anuanbHOi 00CTaHOBKE B TEUCHHE YETHIPEX KPYMHBIX IIUKJIOB OcaaKoHaKomeHus. Kaxnomy nukimy
COOTBETCTBYET CBOH (PpayHHCTHUECKHH KOMIUIEKC, OTBEYAIOIIMH ONpe/eIeHHOW O00CTaHOBKE. DTO THMAHCKHH IMKII
(TMMaHCKasl CBHTA), XBOPOCTAHCKHH (YCTh-Iperckasi CBUTA), CEMIIIYKCKUH (JIOMaHWKOBast M BETIACSHCKas CBHTHI) U
JIOHCKOM (cupadoiicKas ¥ yXTHHCKasi CBUTHI). B paboTe mokazaHO COOTBETCTBHE KaXKIOTO KOMILIEKCa OpaxuoIo T orpe-
JETICHHOMY IIMKIy OCaJKOHAKOIUIEHHs ()paHCKOTO BPEMEHHU.

Knrwoueguie cnoga: ¢ppanckuii apyc, Tumano-Ilevopckaa nepmezazonocnas nposunyus, ayuaibuas obCmanoeKa,
Gaynucmuueckue KomMniekcwvl, Opaxuonoosl, YUKkivl OCAOKOHAKONIEHU

TiIMAN-PECORA NEFT-QAZLI VILAYOTINiN FRAN MORTOBOSININ UST DEVON
COKUNTUTOPLANMANIN iNDIKATORLARI - BRAXiOPODLAR

Bakulina L.P., Dovjikova Y.Q.
Uxta Dovlat Texniki Universiteti, Rusiya
Komi Respublikasi, Uxta sahari, Pervomayskaya kiic., 13: luda5200@bk.ru, dovzh57@yandex.ru

Xiilasa. Hazirk1 moqalo Rusiyanin Avropa hissosinin simalinda, miixtolif fasial soraitlordo formalagmis Ust Devon
dovriiniin Fran martobasinin fauna komplekslorino hasr olunmusdur. Timan-Pegora neft-qazli vilaystindo askar edilmis
Fran dovriiniin ¢okiintiilori stratiqrafik kasiligin tamamlig1 ilo xarakterizo edilorak litoloji torkibinin miirokkabliyi ila
secilon vo 6zilindo ¢oxlu sayda yaxst qorunmus fauna qaliglarini saxlayan doniz mongoli ¢okiintli siixurlart ilo tomsil
olunur. Fran dévriiniin deniz hovzasinin asas sakinlari sefalopodlar idi ki, onlar zongin név miixtalifliyi ils saciyyalonaon
ammonoid vo baktritoidlorlo (braxiopodlar, ostrakodlar, ikiqapaqlilar, exinodermlor, konodontlar, konikonlar vo
radiolarilar) tamsil olunmusdur. S6zii gedon komplekslor bir qader Rusiya Platformasinin ve Uralin gerb yamacinin
Fran komplekslorina banzoyir. Fran ¢okiintiilorinin kasilislorinin boéliinmasinde normal duzluluqlu isti dayaz su
hovzalorinin 30-200 m dorinlik intervallarinda yasayan, sociyyovi iki qapaqly, ikitorofli simmetrik qabiga vo miixtalif
relyefo malik braxiopodlar oynayir. Onlar hom do ¢okiintiitoplanma prosesinin fiziki-kimyavi goraitinin on miithiim
gbstoricisidir. Bu giina godor Timan-Pecora neft-qazli vilayatinin Ust Devon Fran mortobasinde altmisdan ¢ox braxio-
pod novii agkar va tosvir edilmisdir ki, onlar qabigin formasi, dlciisii vo struktur sothi ilo forqlonir. Fran mortobosinin
torkibindo her bir yarimmortobs, horizont vo lay dostesi dzlinomoxsus morfoloji xiisusiyystloro malik braxiopod
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komplekslori ila xarakterizo olunur. Bu, siixurlarin dord asas sedimentasiya tsikllori arzinde miixtolif fasial soraitds
yaranma qanastine golmoye imkan verir. Hor bir tsiklin miioyyon bir miihits uygun olan 6z fauna kompleksi vardir.
Bunlar Timan (Timan lay dostasi), Xvorostan (Ust-Yareq lay dostasi), Semiluk (Domanik vo Vetlasyan lay dostolori) vo
Don (Siragoy vo Uxta lay dostolori) tsiklloridir. Maqalads hor bir braxiopod kompleksinin Fran mortobosinin miioyyan
¢okiintiitoplanma tsiklino uygunlugu gostorilir.

Acar sozlor: Fran mortabasi, Timan-Pecora neft-qaz vilayati, fasial sarait, faunistik komplekslor, braxiopodlar,
¢okiintiitoplanma tsikli
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COMPREHENSIVE GRAVITY-MAGNETIC DATA ANALYSIS
FOR QUANTITATIVE DETERMINING SALT BODIES IN COMPLEX
PHYSICAL-GEOLOGICAL ENVIRONMENTS

Eppelbaum L.V.12
!Dept. of Geophysics, Faculty of Exact Sciences, Tel Aviv University, Tel Aviv, Israel
Ramat Aviv 6997801, Tel Aviv, Israel
Azerbaijan State Oil and Industry University, Azerbaijan
20 Azadlig Ave., Baku, AZ1010: levap@tauex.tau.ac.il

Summary. It is well known that salt bodies in the subsurface are usually unfavorable targets for applying gravity and
magnetic methods. It is caused mainly by minor differences in density (salt layers with a density of 2100-2200 kg/m?
often occur in sediments with a similar density) and magnetic (salt layers with a magnetization of about -10 mA/m fre-
quently occur in low-magnetic media) properties as well as geological-petrophysical variability of the subsurface geolog-
ical section. Therefore, for gravity-magnetic data processing and interpretation, many advanced procedures from the
available methodological arsenal should be applied, beginning with removing different kinds of noise and target visual
localization and ending with developing 3D physical-geological models. Although quantitative analysis of gravity-mag-
netic anomalies from salt objects, usually in thin horizontal plates, is a complicated problem, an interpretation methodol-
ogy for carefully analyzing observed potential field anomalies has been developed (Eppelbaum, 2019). Integrating gravity
and magnetic data between themselves and with other geophysical methods increases the reliability and accuracy of ge-
ological-geophysical interpretation. For combined 3D gravity-magnetic modeling, the developed GSFC software is ap-
plied, where 3D horizontal polygonal prisms approximate the geological bodies. The application of some qualitative and
quantitative interpretation methods is shown in the model and field examples. Besides the land survey, it is proposed to
apply a remote-operated vehicle magnetic survey at low altitudes, which will allow not only the delineation of the salt
target’s disposition but also to monitor the appearance of new karst terranes, which are often associated with salt objects.

Keywords: salt bodies, gravity, magnetics, quantitative analysis, integrated examination

© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

Most salt targets occur in complex and varia-
ble geological media, sometimes in conditions of
rugged topography. Gravity and magnetic inves-
tigations are the operative, mobile, and low-cost
methods tools of geophysical subsurface study-
ing. Available differences in density and magnet-
ization (usually small but detectable) between the
desired targets and host media make the salt suit-
able for careful studies. Besides this, gravity-
magnetic methods have a rich (sometimes forgot-
ten) arsenal of interpretation procedures and
transformations.

Delineation and quantitative interpretation of
gravity-magnetic anomalies from salt bodies are
one of the actual problems of modern environ-
mental geophysics (e.g., Sharma, 1997; Rybakov
etal., 2005; Eppelbaum et al., 2008; Ezersky et al.,
2010, 2013; Silva Dias et al., 2011; Kaufmann,
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2014; Eppelbaum, 2019; Paoletti et al., 2020; Wei
et al., 2022).

Salt body quantitative characterization plays
an essential role in hydrocarbon geophysics.
However, the search and localization of salt bod-
ies in environmental mapping play an equally
significant role. For instance, in the Dead Sea
coastal areas, the salt edge is a significant factor
in sinkhole development (Ezersky et al., 2013).
Thus, detecting salt targets and their quantitative
characterization could be assigned as search cri-
teria for buried sinkhole revealing.

Different kinds of noises arising in potential
geophysical field applications for salt body de-
lineation

Modern gravity and magnetic equipment ena-
ble the detection of even tiny gravity of 1 micro-
Gal (ImicroGal = 0.001 milliGal (mGal)) and
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magnetic of 1 picoTesla (1 picoTesla = 0.001
nanoTesla (nT)) and fewer anomalies. However,
different kinds of noise (artificial and natural or-
igins) complicate the qualitative and quantitative
analyses of the abovementioned fields over salt
bodies. These main kinds of noise are presented
in Fig. 1 (modified after Eppelbaum (2011a,
2011b)). Let us briefly consider the different
kinds of noise.

Artificial (man-made) noise

The industrial noise component mainly comes
from surface (e.g., electric power lines) and under-
ground constructions (e.g., water pipe communi-
cations, cables), garbage dumps, transportation,
and communications lines, etc. The instrumental
component is associated with the technical prop-
erties of gravimeters (e.g., shift zero) and partially
— magnetometers. Human error can accompany
geophysical observations at any time. Finally,

previous surveys’ undocumented (poorly docu-
mented) results can distort preliminary Physical-
Geological Model (PGM) development.

Natural Disturbances

Nonstationary noise includes, for instance,
the known tidal effects in gravity investigations
and ionosphere disturbances (temporal varia-
tions) — in magnetic studies. Meteorological con-
ditions (rain, lightning, snow, hurricanes, etc.)
can also affect gravimeter and magnetometer
readings. Corrections for the atmosphere deserve
special attention in microgravity investigations
since the air layer attraction is different at various
levels over and below the mean sea level (MSL).
Soil-vegetation factors associated with certain
soil types (e.g., swampy soil or loose ground in
deserts) and dense vegetation, which sometimes
hampers movement along the profile, must also
be considered.
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Fig. 1. Different kinds of noise appear in the gravity-magnetic identification of salt bodies
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Geological-Geophysical and Environmen-
tal Factors

Geological-geophysical and environmental
factors constitute the most essential physical-
geological disturbances. Applying any geophys-
ical method depends primarily on the existence
of physical properties contrast between the ob-
jects under study and the surrounding medium.
The physical limitation of the method applica-
tion assesses the measurable density or magnet-
ization contrast properties between the anoma-
lous targets and the host media. In magnetic
field analysis, an important role also plays mag-
netic vector (surrounding medium and anoma-
lous target) orientation.

Spatial Coordinates and Normal Gravity
Field Determination

Spatial coordinates and normal gravity
field determination are also crucial to precise
gravity studies, and any inaccuracies here may
lead to significant errors in subsequent anal-
yses. Similar parameters (coordinates and
IGRF — International Geomagnetic Reference
Field) are essential for introducing necessary
corrections to the observed magnetic field
(e.g., Sharma, 1997).

Uneven Terrain Relief

Uneven terrain relief can hamper the move-
ment of equipment and restrict gravity and mag-
netic data acquisition. Physically, the gravity
and magnetic fields are affected by the form and
density of the topographic features composing
the surface relief and variations in the distance
from the point of measurement to the hidden tar-
get (Eppelbaum, 2019). In gravity prospecting,
calculations for the surrounding terrain relief
(sometimes for radii up to 200 km) are also very
important (Telford et al., 1990; Eppelbaum,
Khesin, 2012).

Earthquake Damage

Earthquake damage zones are widely spread
over the South Caucasus (Alizadeh et al., 2017)
and the Eastern Mediterranean (Eppelbaum,
Katz, 2012). These zones may significantly com-
plicate microgravity and magnetic data analysis.

The Variety of Anomalous Sources

The variety of anomalous geological sources
at a depth comprises the variable surrounding the
medium and the variety of anomalous targets.
These factors are crucial and greatly complicate
the interpretation of gravity and magnetic data.

14

Variable Subsurface

In gravity research, variable subsurface can
make it difficult to determine the correct densi-
ties of bodies occurring close to the Earth’s sur-
face, and sometimes depths of hundreds of me-
ters (e.g., Gadirov, Eppelbaum, 2015; Ep-
pelbaum, 2019). In magnetic studies, a special
procedure was developed to determine the aver-
age magnetization of the medium over day sur-
face relief of any complexity (Eppelbaum, 2010).

Rivers and water basins

Rivers and water basins with non-stable wa-
ters can cause certain types of interference with
gravity and magnetic measurements (‘white’ or
‘wideband’ kinds of noise (e.g., Bashirov et al.,
1992).

Inclined and reverse magnetization

In the gravity field, the gravity vector is al-
ways oriented vertically (we do not consider here
some gravity effects appearing on the complex
terrain relief). However, this effect is broadly dis-
tributed in magnetized rocks and is crucial. Dif-
ferent effective methodologies were developed to
detect and reduce these effects (Eppelbaum,
2019).

Local and Regional Trends

Local and regional trends (linear, parabolic,
or other types) often mask the gravity and mag-
netic effects of the desired target considerably
(e.g., Telford et al., 1990; Khesin et al., 1996;
Sharma, 1997; Eppelbaum, 2019). Sometimes,
regional gravity and magnetic trend effects may
exceed local desired anomalies by some tenfold.
Several methodologies for regional trend re-
moval are applied by Al-Zoubi et al. (2013) and
Eppelbaum (2019).

Interpretation of magnetic and gravity
anomalies for salt target delineation and
quantitative estimation

Analysis of gravity and magnetic anomalies
over salt bodies should include qualitative and
quantitative interpretation methods for reliable
target classification and quantification. Let us
begin with the gravity anomaly examination.

Gravity field interpretation

The model example (Fig. 2) illustrates the
known and practical calculation of the second
horizontal derivative of gravity potential over a
subhorizontal body with contrast density prop-
erties.
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A simple physical-geological model (PGM)
presented in Fig. 2 indicates that from analysis of
gravity field behavior (Fig. 2A), it is challenging
to recognize where the left end of the salt layer
occurs (under conditions of gravity anomaly su-
perposition revealing this point will be some
more complicated). Calculating the second

horizontal derivative of gravity potential W,
(Fig. 2B) allows determining exactly this point as
the projection of Wizmax) value (Fig. 2C). Besides
this, the W,. anomaly could be quantitatively in-
terpreted using methodologies developed for
complex environments in magnetic prospecting
(Eppelbaum, Khesin, 2012).
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Fig. 2. Computation of the second horizontal derivative of gravity potential (Wxzmax)). (A)
Computed gravity curve, (B) Calculated horizontal derivative of a gravity field, (C) Physical-
geological model (right end of the salt body was computed as occurring at 700 m). Symbol “+”
indicates the determined position of half of the vertical thickness amplitude of the salt body
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Determination of the right end of the salt body
occurrence is no less important problem. Fig. 3
shows a more complex example of 3D gravity
field computations, where the right end of the salt
body was computed in five variants: at distances
of 300, 350, 400, and 700 m (as in Fig. 2) and in
infinity. Thus, the position of the salt body’s right
end can be estimated by the gravity field behavior
over this part of the studied target. The difference
between the curves’ behavior in the right part of
the section is noticeable. At the same, it is fascinat-
ing that a significant difference between Agg (in-
finity) and Ags (700 m) over the left end of the

anomalous body was found (Fig. 3B). Some minor
disagreements were discovered, and anomalies be-
tween Agg (700 m) and Agg (300, 350, and 400 m)
were found for the differences.

Gravity data examinations were success-
fully applied to delineate salt layers in several
areas in complex conditions of the Dead Sea’s
eastern coast (Israel) (Eppelbaum et al., 2008;
Ezersky et al., 2010, 2013, 2023). Several ad-
vanced methodologies for gravity field transfor-
mations in complex physical-geological envi-
ronments were tested on the western Dead Sea
coast (Jordan) (Al-Zoubi et al., 2013).
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Fig. 3. Computing gravity effects from the model of the salt body by different positions of
the right end of the body. (A) Computed gravity curves for different positions of the salt
body right end, (B) Computed difference between Ags (infinity) and Ags (700 m), (C)

Physical-geological model
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Of course, 3D modeling of real PGM is a
more powerful tool for gravity field examination.
The results of 3D gravity field modeling along a
profile crossing the Ein Gedi area (western Dead
Sea coast, Israel) are shown in Fig. 4.

For advanced 3D gravity modeling, the
GSFC software (3D horizontal polygonal prisms
approximate geological bodies) (Khesin et al.,
1996; Eppelbaum, 2011b, 2019) was applied.
This program has been intended for computing
the field of Ag (Bouguer, free-air or observed
value anomalies), magnetic components AZ, AX,
AY, and total magnetic field A7, and second de-
rivatives of the gravitational potential under con-
ditions of rugged relief and inclined magnetiza-
tion. Each geological body can be approximated
up to 50 characteristic points; the number of bod-
ies practically is not limited; the software enables
calculating the influence of geological bodies
outside the geological section.

It should be noted that the initial PGM was
composed of an analysis of samples from drilling
boreholes, results of geological mapping, and
other geophysical method examination (seismic
methods, continuous vertical electric sounding
(CVES), and electric resistivity tomography
(ERT) analysis (Ezersky et al., 2013). A salt layer
with a density of 2200 kg/m? (yellow colored in

Fig. 4) is an essential feature of this PGM.

Magnetic field interpretation

An effective and reliable interpreting system
has been developed for magnetic anomaly quanti-
tative analysis in complex environments (inclined
magnetization, rugged terrain relief, and unknown
level of the normal field) (Khesin et al., 1996; Ep-
pelbaum et al., 2001; Eppelbaum, 2011a, 2011b;
Eppelbaum, Mishne, 2011; Eppelbaum, 2019).
Some developed methodologies can be employed
(with the necessary modifications) to interpret
gravity anomalies (Eppelbaum, 2011b).
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Fig. 4. 3D gravity modeling over a complex geological section in the Ein Gedi area (eastern Dead Sea coast, Israel),
a: observed and computed gravity fields, b: physical-geological model (after Ezersky et al., 2013, with modifications)
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3D magnetic field computations indicate that
salt bodies (paramagnetic matter) occurring at
different depths create distinguishable anomalies
(Fig. 5). Magnetic anomaly from body 1 has a
more detectable magnetic anomaly (~ 9 nT), but
an anomaly from body 2 (~ 4.5 nT) is quite de-
tectable (when we have no high noise level).
These anomalies could be interpreted by the
methodology developed to analyze anomalies
produced by thick bed bodies (Eppelbaum, 2013,
2015a, 2015b, 2019). However, it is the subject
of a separate investigation.

Let us consider the magnetic effect from the
“classic” thin horizontal plate characterized by
large horizontal thickness 2b, small vertical
thickness (26 >> hy and h2; hy and hy are the
depths to upper and lower surfaces of the

AT, nT
SW

lIlI|IIII|II|I|III||I|II|£III|IIIJ|IlIllIlIl||II||

horizontal plate, respectively) and near-surface
occurrence (Fig. 6).

Of course, this concrete model cannot be in-
terpreted as a “quasi-thick” model. We observe
two independent magnetic anomalies if parameter
2b is sufficiently large. These anomalies can be
interpreted using methodologies developed for the
model of thin beds for complex physical-geologi-
cal conditions (Eppelbaum et al., 2001). In this
case, we assume that the magnetization of the L. H.
bed is positive and the R.H. bed is negative (in this
case, a determination of magnetization is not pos-
sible). As shown in Fig 6, the results of the inter-
pretation indicate the position of the center of the
upper edges of two “fictitious” thin beds on the
left (positive anomaly) and right (negative anom-
aly) of the considered thin horizontal plate model.
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Fig. 5. Magnetic field modeling over two salt bodies occurring at different depths
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Fig. 6. Quantitative analysis of magnetic anomalies produced by the model of the expanded salt bed.
Here, blue crosses show determined positions of the left and right ends of the body, and the blue-filled

circle — the position of the body’s center

Fig. 7 shows a quantitative analysis of mag-
netic anomaly produced by a salt layer approxi-
mated by a thick bed model. Since salt is a para-
magnetic matter with a small magnetization (-10
mA/m) usually occurring in host media with a
very low magnetization (here, a magnetization of
30 mA/m was assumed), the amplitude of the
modeled anomaly is only about three nT. The

characteristic peculiarity of this model is the
presence of rugged terrain relief disturbing the
magnetic anomaly. Results of the quantitative
analysis (the interpretation methodology for such
bodies were presented in detail in Eppelbaum
(2015a, 2015b) do not ideally coincide with this
PGM but demonstrate sufficient accuracy (Fig.
7). The calculated Je value was about -7 mA/m.
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Fig. 7. Quantitative analysis of magnetic anomaly over the model of salt thick bed computed for the conditions of rugged
terrain relief. The red crosses show the determined positions of the left and right ends of the body, and the red-filled circle

— the position of the body’s center

An exciting example of the quantitative anal-
ysis of the airborne observed magnetic anomaly
is presented in Fig. 8. The low-level (about 100
m over the Earth’s surface) airborne survey de-
tected a negative magnetic anomaly from the salt
dome in the Gulf of Mexico (USA). Despite the
significant depth of the salt dome’s upper edge’s
occurrence (4,000 feet = 1,220 meters), the reg-
istered anomaly consisted of -9 nT (because of
the large salt dome dimensions). Quantitative in-
terpretation of this magnetic anomaly performed
by the developed methods for the thin bed inter-
preting model (e.g., Eppelbaum et al., 2001)

20

showed good agreement with the available geo-
logical data.

Integrated analysis of gravity-magnetic
fields for salt target delineation

As shown in Eppelbaum (2014a, 2014b),
for mapping (ranging) any area, theoretically,
two equivalent effective methods applications
are sufficient for mapping (ranging) any area.
These methods may be, for instance, gravity
and magnetics, or gravity and seismics. Due to
the complexity of geological sections, some re-
dundancy of geophysical integration is some-
times necessary.
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Fig. 8. Quantitative analysis of the airborne observed magnetic data over salt dome (Gulf of
Mexico, USA) by the developed methodology (the magnetic survey was flown at a level of
100 meters) (initial data are from Rowe, Prieto, 2002). The red crosses show the determined
positions of the center of the upper edge of the salt dome

It is well-known that an integrated examina-
tion (sensing) increases the amount and reliabil-
ity of geophysical-geological information
sharply (Eppelbaum, 2020). Theoretically sup-
pose that a set of geophysical (geological, geo-
chemical, geodynamical) methods is focused on
investigating independent indicators of equal
value. In that case, the anomaly detection relia-
bility ¥ can be described by an equation:

2

5

where v is the ratio of the anomaly squared to the
noise dispersion for each i-th method, and F' is
the probability integral.

Let us assume that three points indicate some
natural anomaly and that the mean square of the
anomaly for each field is equal to the noise dis-
persion. For a single investigation method, the re-
liability of detecting an anomaly of a known form
and intensity can be calculated by Kotelnikov’s

criterion (e.g., Borda, 2011). Hence, the reliabil-
ity for individual methods is 0.61 and 0.77, and
0.87 for a set of two or three methods, respec-
tively. It means that the ¢ value (risk of an erro-
neous solution, g = 1 - ) decreases when inte-
grating two or three methods by factors of 1.7
and 3.0, respectively. These simple calculations
indicate the preferences of different methods of
integration. In our subsurface sensing, the num-
ber of applied methods with positive estimations
in many cases vastly outnumbers the three.

A successive application of integrated infor-
mation and wavelet methodologies in subsurface
geophysics was demonstrated by Eppelbaum et
al. (2011). The employment of diffusion maps
methodology with gravity and magnetic fields
application on an example of karst target deline-
ation was shown in detail in Eppelbaum et al.
(2014). The same methodology (with corre-
sponding modifications) could be applied to de-
lineating the subsurface salt bodies. The ad-
vanced methodologies obtained in wavelet the-
ory and data mining based on the matching pur-
suit combined with wavelet packet dictionaries

21
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permitted the effective integration of geophysical
fields for subsurface examination even in the
presence of strongly noised data (Alperovich et
al., 2013; Averbuch et al., 2014).

Remotely operated vehicle geophysical
surveys

A broad application of remotely operated ve-
hicle (ROV) geophysical surveys at different al-
titudes (Eppelbaum, 2008; Eppelbaum, Mishne,
2011; Brooke and Clutterbuck, 2020; Kolster et
al., 2022; Ivashov et al., 2023) will significantly
increase the effectiveness and reliability of envi-
ronmental (subsurface) geophysics, especially in
areas with various surface measurement limita-
tions. The proposed ROV methodology with dif-
ferent flight trajectories will help to estimate the
magnetization of the upper part of the geological
section for any surface relief (Eppelbaum, 2010).

Another important factor stimulating the
ROV application is the comparative cheapness of
such studies. The ROV employment could be ap-
plied for salt target identification and delineating
an associated dangerous phenomenon — karst
(sinkhole) appearing.
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KOMILIEKCHBIA AHAJIU3 TPABUMATHUTHBIX JIAHHBIX U151 KOJIMYECTBEHHOI'O
OINNPEJAEJEHUSA COJIAHBIX TEJI B CJIOKHBIX ®U3UKO-T'EOJIOT'HMYECKHUX YCJIOBUAX

Suneandaym JI.B.!?
! Henapmamenm 2eogusuxu, paxyromem mounvix nayx, Tenv-Asueckuii ynueepcumem, Tenv-Asue, Hzpauno
Tenv-Asus, Pamam-Aeus 6997801
2 Azepbatiosicanckutl 2ocydapcmeennviii yuueepcumen wegmu u npomvluineniocmu, Azepbatioscan
AZ1010, baxy, npocn. Aszadnvie, 20: levap@tauex.tau.ac.il

Pe3tome. Xopo11o U3BECTHO, UTO CONIHBIC TeJa SIBIAIOTCSA 0OBIYHO HEOMArONpUATHBIMU O0BEKTAMU [T IPUMEHEHUS
T'paBUTAIITUOHHBIX U MAarHuTHBIX METOI0B. 910 o6ycn03neHo TJIaBHBIM 06pa30M HC3HAYUTCIIbHBIMHA PA3JINYUAMUA B IJIOT-
HOCTH (COJISHBIE OOBEKTHI MIOTHOCTBIO 2100-2200 Kr/mM> 4acTo 3aMeraroT B OTJIOKEHHAX CO CXOKEH MIIOTHOCTHIO) H
HaMarHU4E€HHOCTH (CJION COJIM C HAMarHMYeHHOCTHIO0 OKOJIO -10 MA/M, Kak paBUIIO, 3aJIETAIOT B CJ1a0OMarHUTHBIX Cpe-
Jlax), a TaKXKe reoIoro-neTpopu3nIeckod N3MEHUYMBOCTHIO0 H3Y9aeMOro Te0JI0TnIecKoro paspesa. [loatomy mis obpa-
0OOTKM 1 MHTEPIPETAH I'PaBUMArHUTHBIX JTaHHBIX HEOOXOIMMO HCIIOJIB30BATH XOPOIIO pa3pab0TaHHbIE METONOJIOT U
13 UMEIOLIETOCs OOTaToro aHAINTHYECKOTO apceHalla, HaunHasl ¢ yAalIeHUs (YMEHBIICHNUS) Pa3InIHOTO POAa ITOMEX U
BU3YaJbHON JIOKAJIM3ALUH O0BEKTOB HCCIEIOBAaHMI M 3aKaHUMBAsI Pa3pabOTKON TPEXMEPHBIX (DPU3UKO-TEOTOTHIECKIX
Monenerr (PI'M). XoTs KOMTUYECTBCHHBIH aHAIN3 TPAaBIMATHUTHBIX aHOMAJHHA OT COJISTHBIX OOBEKTOB, 3aJIETAOIIIX
OOBIYHO B BUJE€ TOHKHUX TOPH30HTAIBHBIX IUIACTOB, NMPEICTABISET COOOM CIOXKHYIO 3aady, pa3paboTaHHas JeTaIbHas
METOJIMIKa HHTEPIIPETALNH OTEHIINAIBHBIX aHoMamwi (Dmmens6ayM, 2019) mo3BoISeT yCIenHo penaThb 3Ty IpooieMy.
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KOMHHCKCI/IpOBaHI/Ie TpaBUTAIIMOHHBIX U MAarHuTHBIX TAaHHBIX MCKIY co00i U ¢ ApyrumMum FeO(i)I/I?)I/ILIeCKI/IMI/I METOJaMH
IIOBBIIIACT HAAC)KHOCTh U TOYHOCTH 1"60.]'[01"0-1"60(1)1/131/1‘{6(31(0171 HUHTCPIIPpETALIAN. ﬂJ’IH KOMIIJICKCHOT'O TPEXMCPHOI'O I'paBr-
MAaruuTHOTO MOACINPOBAHUA NPUMCHACTCSA pa3pa60TaHHoe OporpaMMHOC obecrnieucHue GSFC, B KOTOPOM I'€OJIOTHUYC-
CKHC TCJIa AlITPOKCUMHUPYIOTCA TPEXMCPHBIMU I'OPU30HTAJIBHBIMU MMOJIUTOHAJIBHBIMU ITPU3MAMU. HpI/IMCHeHI/Ie psAa Ka-
YECTBECHHBIX U KOJIMYECTBEHHBIX METOA0OB NHTEPIIPETAUHN ITPEACTABIEHO B CTaTHE HA MOACIIBHBIX U ITOJIEBBIX IIPUMEpPAX.
TlomuMo Ha3eMHON ChEMKH npemparac€Tcsa NpUMEHATh MArHUTHYIO CbEMKY C UCIIOJIb30BAHUEM OCCIUIOTHBIX JICTATCIIb-
HBIX armapaToB Ha MaJIbIX BBICOTAaX, YTO IMO3BOJUT HE TOJBKO ONCPATUBHO OKOHTYPUTH PACIIOJIOKCHUEC COJITHBIX 00BCK-
TOB, HO U OTCJICAUTD IMOABJICHHUC KAPCTOBBIX IMMOA3CEMHBIX HOHOCTeﬁ, YacTO CBS3AHHBIX C COJISHBIMH OOBEKTaAMU.
Knroueevie cnosa: consmvie meia, cpasumayust, MacHemusm, KOMUYECMBEHHbI AHANIU3, KOMNIEKCHAs uHmepnpemayust

MUROKKOB FiZiKi-GEOLOJi SORAITDO MiQDARCA MUQYYONLOSDIRILMIS DUZLU
CiSIMLORIN QRAVIMAQNIT GOSTORICILORININ KOMPLEKS ANALIZI

Eppelbaum L.V.!?2
Tel-Oviv Universitetinin daqiq elmlor fakiiltasi, geofizika, Israil
Tel-Aviv, Ramat-Aviv 6997801
2Azarbaycan Déviat Neft va Sanaye Universiteti, Azarbaycan
AZ1010, Baki, Azadlig pr., 20: levap@tauex.tau.ac.il

Xiilasa. Moalumdur ki, duzlu cisimlor gravitasiya vo maqnit metodlarinin totbiqi igiin adoton olverissiz obyektlor hesab
olunur. Bu, asasan, dyranilon geoloji kasilisin sixliq (2100-2200 kg/m? sixlig1 olan duzlu obyektlor tez-tez oxsar sixliga
malik ¢okiintiilords yerlasirlar) vo maqgnitlosmasinds (magqnitlosmis duz laylar (toxminan -10mA/m), adaton, zsif maqnit-
losmis miihitds yerlasir) olan ciizi forqle hamg¢inin geoloji-petrofiziki dayisiklar ilo slagadardir.

Buna gora do qravimaqnit gostaricilorin iglonmasi va interpretasiyasi li¢lin miixtolif ndév maneslar vo obyektlarin
vizual lokallagdirmasinin aradan qaldirilmasi (azaldirilmasi) ilo baglayan vo otraf miihitin {i¢ol¢iilii fiziki-geoloji
modellorinin hazirlanmast ilo tamamlanan mévcud zongin analitik arsenalin yaxsi islonmis metodologiyasindan istifads
etmok lazimdir.

Adoton nazik horizontal tobogolor soklinds yerlogson duz obyektlorindon qravimaqnit anomaliyalarin komiyyatco xeyli
cox olan analizi ¢atin masalo olsa da, miisahids olunan potensial anomaliyalarin (Eppelbaum, 2009) interpretasiyasinin
tokmillasdirilmis atrafl metodologiyasi bu problemin ugurlu hallins imkan verir. Qravitasiya vo maqnit gostaricilorin bir-
biri ilo vo digor geofiziki metodlarla komplekslogmasi geoloji-geofiziki interpretasiyanin etibarliligin1 vo doaqiqliyini
artirir. Ugdlgiilii qravimaqgnit kompleks modellosdirilmo {igiin horizontal poliqonal prizma ilo ovez olunan geoloji
cisimlora tokmillogdirilmis GSFC programi totbiq olunur. Interpretasiyanin bir sira keyfiyyot vo komiyyot metodlarinin
totbiq edilmosi moqalodo model vo saho niimunalori ilo gostorilib. Yertistii ¢okiliglordon basqa kigik hiindiirliiklords
pilotsuz maqnit gakilislor aparmaq da toklif olunur bu da duz obyektlorin yerlogsmasini nainki operativ konturlagdirmaga
homginin duz obyektloriylo tez-tez bagli olan karst yeralti bosluglarin yaranmasini izlomays imkan verar.

Acar sozlor: duz cisimlori, qravitasiya, magnetizm, kamiyyat analizi, kompleks ekspertiza
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CEVMICMOT'EOJIOTTYECKAS THTEPIIPETAIIUS BOJTHOOTPAKAIOIINX
T'OPU30HTOB BOCTOYHOI'O BOPTA NEPEXO/HOM 30HbI
OT IOKHO-KACIIUUCKOI'O K CPEJHE-KACIIUMCKOMY BACCEWHY
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! Azepbaiioancanckuii I'ocyoapcmeennwlii Yuueepcumem negpmu
U npomvluieHHocmu, Azepoaiiodxcan
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SEISMOGEOLOGICAL INTERPRETATION OF THE WAVE-REFLECTING HORIZONS
OF THE EASTERN SIDE OF THE TRANSITION ZONE FROM THE SOUTH CASPIAN
TO THE MIDDLE CASPIAN BASIN

Abdulla-zade M.Ch.!?, Namazli N.E.?

! Azerbaijan State Oil and Industry University, Azerbaijan

34, Azadliq Ave., Baku, AZ1010: murad.abdullazade@asoiu.edu.az

’Ministry of Science and Education of the Republic of Azerbaijan, Institute of Geology and Geophysics, Azerbaijan
119, H.Javid ave., Baku, AZ1143: nurlannamazli@outlook.com

Summary. The attractiveness of the shelf sedimentary basins of the Caspian Sea region, and, firstly, the most acces-
sible of them - the active margin of the Scythian-Turanian platform, is associated with the improvement and detailing of
the existing models of the geological structure and history of development of the region. The purpose of the presented
work was to create geological models of the structure and restore the evolution of sedimentary basins of the transitional
part of the Middle Caspian and South Caspian basins based on the accumulated data of drilling and seismic exploration
in the water areas and geological survey in the adjacent land areas. The article reflects the information content of seismic
sections across different parts of the region, which exhibit varying seismogeological conditions. The clarification of wave-
formed objects, determined by objective seismic parameters such as the configuration and relative positioning of reflec-
tions, their continuity, as well as the amplitude and frequency of seismic waves, served as the foundation for conducting
seismic stratigraphic analysis of the wave field. Based on an analysis of these conditions, the authors have clarified and
defined four distinct seismic horizons: SH-A, SH-I, SH-II, and SH-III different parts of the region, each characterized by
unique seismogeological conditions. These seismic horizons were delineated according to reflection dynamic expressive-
ness, length, and the resolution. The article highlights that the tracking quality of these horizons varies significantly.
Schematic structural maps compiled from these analyses illustrate the geological structure of the Red-colored strata and
Akchagyl sediments, and effectively correlate their structural plans.

Keywords: The South Caspian basin, The Middle Caspian basin, Absheron-Prebalkhan threshold, Red-colored strata,
seismostratigraphic analysis, horizon, seismic reflections, interpretation

© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Beenenue

3ona couneHenus HOxHo-Kacnuiickoro
(FOKb) u Cpenne-Kacnmiickoro 06acceifHOB
(CKb) kak rnaBHas HedTerasoreHepupyrouas
COCTaBJISOIIAs PETMOHA SBJISETCS 00BEKTOM HC-
cnenoBaHuil yxe 6onee necsatkoB jer. FOKB, B
KoTopoMm pa3Bura AoOwmepono-IIpubdanxanckas
TEKTOHMYECKAsl 30HA, BO3HUK U HBOJIIOLIMOHU-

pyeT B mpenenax Aubnuiickoro-I'mmanaickoro
MOJBMKHOrO mosica. OcagoyHOE BEHIIIOJHEHUE
IOKB mecramMm ocTaeTcs OTHOCUTENIHLHO HeJe-
(OPMUPOBAHHBIM 0 CPABHEHHUIO C COCEAHHMH
Kaskasckoii, Komermarckoit u DOnbOypcckoit
CKJIaJ4aTO-HaIBUTOBBIMHU KOMILIEKcaMu (puc. 1)
(Mamenos, Parumxanos, 1985).
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Puc. 1. Crpykrypasie anemenTs FOxHO0-Kactmiickoro 6acceitHa u npuieraromux odmacreit (Moguduuuposato ¢ Philip
et al., 1989; Berberian and King, 1981; Adamia et al., 1977; Nalivkin, 1968; Huber, 1978 ¢ nonmonuerusMn)

Pa3zpe3 ocamouHOl TONIIM TMEPEXOIAHOM
30HBI XapaKTEePU3yeTCsl HATUIMEM PE3KO BbIpa-
KEHHBIX M0 MPOTHKEHHOCTU CUH(DA3HO KOppe-
JUPYEMBIX OTPAXKEHHUH, KOTOpBIE TO3BOJISIOT
MapKHpOBaTh OMOPHBIE TOPU3OHTHI (TUHAMUYE-
CKH HamboJiee Pe3KO BhIPAKEHHBIE, HO PacCesH-
HbIE), UMEIOIIME JOCTaTOYHO OOJBIIYIO MPOTS-
EHHOCTh — JI0 MHOTUX COTE€H KHJIOMETPOB (A0-
nyina-3azae, 2021).

OnHako B pa3pese MOCIEIHET0 TaKXKe I0MHU-
HUPYIOT HeperyssipHble (T.e. cnadble MpephIBU-
CThIE, XaOTUYECKHUE, IITPUXOBBIE U JIP.) OTpaXKe-
Hus. CelicmocTpaTurpadguueckas MHTEpHpeTa-
LIS BOJIHOBOTO TOJIS TIO XapaKTepy MPOSIBICHUS
OTpaXKCHHBIX BOJIH Ha BPEMEHHBIX pa3pesax siB-
JISI€TCSI MOIIHBIM HHCTPYMEHTOM JJIS yCTaHOBJIE-
HUSl TE€HEe3WCa Te0IMHAMUYECKUX MPOIECCOB U
ycnoBuil ocaakonakornenus (Kynun, Kyuepyk,
1984; Kynun, 1990).

ITocTanoBka npodJemsl. 3a nocienxue 10
JIET IPOU3OIIIEN PE3KUN CKaYOK B IIOMCKOBO-pa3-
BEJIOYHBIX paboTax Ha YriIeBOJOPOJBI B TIy0o-
KOBOJIHBIX YacCTSIX aKBATOPHI, UTO 00YCIOBIECHO
TJIaBHBIM 00pa30M C pUCKaMu, KOTOPBIE CBSI3aHbI
C IIEHaMU TOPIOYEro MOJIE3HOTO HCKOMaeMOoTo Ha
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Muposowm priake (Bell et al., 2005; Joye, 2015;
Reader and O’Connor, 2014; Skogdalen and
Vinnem, 2012). B cBs3u ¢ 3TuM cumTaeTcs
KpaifHe Ba)KHBIM, IIeJICHANpaBICHHOE MpOBee-
HUEe paboT riyOokoro OypeHus, B MecTax, rie
JOKAJMM3UPYIOTCT  HedTera3onepcrneKTHBHBIE
00BEKThI, UMEIOIINE JTOCTATOYHYIO peHTabemb-
HOCTh Ha 3KCIUTyaTanuio. BBumy storo, mpu-
KJIQJHOM 3aauel siBisieTcsa npuoopeTeHne Kayue-
CTBEHHOTO CEMCMHUYECKOro MaTepualia W rpa-
MOTHOE MCTOJIKOBaHHE CEHCMHYECKON 3aluCH B
HEM, YTO UMEET OOJBIIOe MPAKTUIECKOE 3HAUe-
HUE JJI BBIOOpa HAampaBJICHUN U METOIUKH T'e€0-
JIOTOpa3BeI0OYHBIX padoT Ha He(PTh U ra3. OCHOB-
HBIM yCIIOBUEM MaKCHMAalbHOW JOCTOBEPHOCTH
reoJorudeckoil mHpopManuu SBISETCS KOM-
IUIEKCHOCTh pabOT U MHTEPIPETAIlUU 3TUX MaTe-
pHaoB.

CeiicmocTpaTturpaduyecKuii aHajdu3 OCHO-
BBIBAETCS HA MOJIOKEHUH O TOM, YTO celicMuue-
CKHE OTpa)XCHHs CIEAYIOT 3a MOBEPXHOCTSIMHU
0CAaJIKOHAKOIUICHUS U SPO3UOHHBIMU HECOTIIACH-
samu (Vail et al., 1977), mo3ToMy HMEIOT XPOHO-
cTpaturpaduyeckyto 3HaunMocth. Ha ocHoBa-
HUU 0000IICHHUS MaTEePUATIOB CECMOCTpaTUrpa-
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(uyeckoro aHanmu3a Mperoyaraercs, 4ro aH-
camOnm oceld CUH(A3HOCTH OTPaXEHHBIX BOJH
XapaKTepU3yIOT CEUYEHHS CeIUMEHTAIMOHHBIX
TEJ W TO3BOJISIOT OLEHUTHh HX CTepeo(OopMEI
(“pucyHOK celicMHUeCKOM 3amucu’™).

JlnareHeTH4YeCKHe TPOIECChl B OCAIOYHBIX
CUCTEeMax 3HaUUTEIbHO U3MEHSIOT TOPOBOE MPO-
CTPaHCTBO U MHHEPAIOTHIO IEPBUYHBIX OTIIOXKE-
HUH, TeM CaMbIM BIIMSAS Ha UX aKyCTHYECKHE
croiictBa (Eberli et al., 2003). Takum oOpa3zom,
OKa3bIBaeTCsl HEOOXOIUMBIM TIIATEIBHOE H3yUe-
HHUE ITapareHeTUYECKOM CBSI3U OTPAKEHUHU B Iie-
JSIX apryMEHTHPOBAHUSI OCHOBHOTO TOJIOKECHHUS
ceiicMocTpaTurpa)uueckoro MeToja arnpuopH
T1000M CeTUMEHTOJIOTHYECKON U cTpaTurpadu-
YECKOW MHTEPIPETALNH CEHCMUYECKUX JAHHBIX.

HccaenoBarejbckue BoOmpochl. Aorie-
pono-Ilpubanxanckas TEKTOHMYECKash 30HA,
HazbIBaeMasi AGmiepoHo-IIpubanxanckum mnopo-
TOM, SIBJIIETCS IIPEAMETOM H3YUSHUS] MHOTUX UC-
cienoBaTeNiell Ha MPOTSDKEHUU TOYTH CTa JIeT.
Ora 001acTh MPEACTABIISICT HAUOOIBIINNA WHTE-
pec, MOCKOJIbKY PaclojIoKeHa MEXIY IByMS U3-
BECTHBIMH HE(TETa30HOCHBIMH paiioHaMu AO-
miepoHa u YesnekeHa.

Xopomo U3BECTHO, UTO ISl BEPHOI'O OIpe-
JeNieHusl 30HbI HedTerazoreHepanuu HeoOXo-
MO BBISICHUTH MeXaHU3M (GopmupoBaHusi AG-
mepoHo-ITpubanxanckoro mopora B 4aCTHOCTH,
FOKB B nenom. JIo 70-b1x rog0B OpoOLLIOrO CTO-
JeTUsl Tpeodiaiag MPEUMYIIECTBEHHO (DHK-
CUCTCKUE B3TJISIIBI OTHOCUTEIHLHO PEIICHUS yKa-
3aHHOW TpoOembl. OHAKO TOSIBJICHUE HOBOM
MOOMITUCTCKOM KOHIEMIUHN JTaI0 BO3MOXKHOCTH
PaccMOTpeTh 3Ty MPOOIEMY C HOBBIX MO3UIUH.

Jlo HACTOSIIEro BpeMEHH HET €AMHOTO MHe-
HUS O T€0IMHAMUYECKOM 0OCTaHOBKE, BPEMEHHU
Y MEXaHU3ME 3aJI0KEHUs, a Takke HedTeraso-
HocHocTH FOKB. Jlns pemenus 3tux npoodsiem ¢
NMO3UIMK TeKTOHUKU JuTocepHbIX muT (TJII)
paHee OBLIO TPOJIETIaHO OOJIBIIOE KOJIUYECTBO
reoJIoro-reo(hu3nYeckux padoT, BBIIOIHEHHBIX
KaK B Mpejenax MeradbacceifHa, Tak ¥ B OKaMIIsI-
IOIUX €€ TOPHO-CKIIQAUaThIX COOPYKEHUSIX [EeH-
TPaJbHOrO CcerMeHTa Aubnuicko-I mmanai-
CKOTO TOABM)XHOTO T05ICA, B PE3yJbTaTe YEro
ObLTH pa3paboTaHbl pa3IMYHBIE CXEMBI €0 HA-
MUYECKUX W TEOTEKTOHHYECKUX MOJeneit
(B.IT.Pentrapren, O.I'.Copoxtun, B.E.Xawus,
E.E.Munanosckuii, JI.I1.3onenmaiin, M.I".Jlo-
muze, 3. H. Xammnos, [1.3.Mamenos u ap.).

H3ydeHue reonornyeckoro crpoeHus Ao-
HIEPOHCKOT0 Mopora ObLI0 HavaTo euié Kjiaccu-
KaMH PyCCKOM U coBeTcKkoil reonoruu I'.B.AGu-
xoMm, A.®.Kapnuuckum, A.J[.ApXaHTEIbCKUM,
H.M.AuapycoBeim u apyrumu. Cucrematuye-
CKO€ M3yYEHHUE I'€0JIOrMYECKOro CTPOEHUs IUIO-
maad padoT OCYIIECTBISUIOCH BCEMH BUAAMHU
reo(pU3NIEeCKUX HCCIICIOBAaHUM, a TaKkKe IMOUC-
KOBBIM U TIIyOOKHM pa3BEIOYHBIM OypeHHEM
(pa3BenovyHoe OypeHHE Ha MOPCKHX IUIOMIAAX
peruoHa npoBosATcs ¢ 40-bIX TOJIOB).

Abmepono-IIpubanxaHckuil mopor, sBIsIO-
LIUICS COCTaBHOM yacThio Cpeau3eMHOMOPCKO-
Anpnuiickoro nosica, pa3BUThIM B 30HE KOHBEp-
reauu FOKb u CKb, xapakrepusyercs cBoeoO-
pa3HOi, TOHKOM KOHCOIMINPOBAHHOMN KOpoil (6-
8 KM) U YTOJIIECHHBIM OCAIOYHBIM YEXJIOM, KO-
TOpasi MOCTPOEHA HA TEKTOHUYECKU-MO3aUYHOM
reojjornueckoM (pynmamente (Mamenos, 1983).
OcaznoyHas TONIA PETUOHA, 3aJIeraollas Ha J10-
I0pcKoM (GyHIaMeHTe, MpeJCTaBlIeHa Me3030i-
CKMM U KalHO30MCKHMM CTPYKTYPHO-JINTOJIOTH-
YECKHUMH dTaKaMH MOIITHOCTBIO B 25-32 kM. [1o-
CJIETHUIM BKJIIOYAET B €0 MajeoreH-MUOLICHO-
BbIil ¥ TJIMOIICH YEeTBEPTUYHBINA CTPYKTYpHO-(a-
uagbHble KoMIuiekchl (Anuzane u ap., 2018;
AOnynna-3ane u ap., 2021).

Abmepono-IIpubanxanckuii mopor mopdo-
JIOTUYECKH PA3ZEIICH Ha 2 aHTUKIMHAJIBHBIX MO-
sca. [lepBbIii Ha 3anazie BKIto4yaeT B ceOs Tenru-
bembapmakckyro n I'epMuanckyio Mera-aHTH-
KJIMHAIM, U, MPOCTUPASICh K BOCTOKY, NMPUMBI-
KaeT K YeneKkeHCKOM rpymnime MOIHATHHA (CTPYK-
Typbl: T'tonsuum, Ywumpar, Asepu, Kiamss,
Martymryny, duapoexup, Typkmenaban, Yemne-
KEH I'yMMa M T.1.). BTOpoil aHTHKIMHAIBHBIN
nosic Ha 3amajne 6epet Hauano ¢ ['saucy-Hapna-
PAHCKOW MEraaHTUKJIWHAIM U TPOCTUPAETCS B
OJIM3IIMPOTHOM HampaBieHUH (CTpyKTypsl: Hap-
napaH-asHu3, Xanu, Yunos, A3u  AcnaHOB,
[Mamypir [Tuwmemansacu, Hedr Hammapsr, Orys,
JlxeiityH).  Antelarau-Krokpkeuujgarckas U
Ananam-FOnycnarckas MeraaHTUKIMHAIIN, PO-
TATUBASICH C 3aI1a/1a HA BOCTOK B OJIM3IIUPOTHOM
HaIpaBJIEHUH, KaK CKjlaayaTas rpsja o0pa3yroT
TPETUM aHTUKIMHAIBHBIN nosic. K aTtomy noscy
Hapsay C 3alaJHbIMH JIOKAJIbHBIMH CTPYKTY-
pamu, pacroIOKEHHBIMH B CEBEPHOUN yacTu AO-
HIEPOHCKOTO TOJIyOCTPOBA, OTHOCSTCS CTPYK-
Typs! ['topran-asaus, xany6 u ap.
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Crparurpaduueckuii AUama3oH 0CaT0YHBIX
oOpa3oBaHMil 1o Bcemy paspe3y AOuepoHo-
[TpubanxaHckoro mopora mpeacTaBiIeH OTIOkKe-
HUSIMU Me30-KaiiHo30lickoro Bo3pacTta (Mup-
guHk, 1933). CrnemyeT OTMETHTh, YTO BBUIY
TOTO, UTO U3y4aeMblid PETHOH BXOJUT B 30HY MH-
TEPECOB JBYX SHEPreTHYECKHX Jep)kaB, UMe-
IOTCSl PACXOXKJICHUS B HaUMEHOBAHUSX CTpATHU-
rpaduyecKux eTuHUILL.

B ocamounom uexne AIIIl me3o30iickas
rpynmna MpeacTaBieHa IOPCKUMH U MEJIOBBIMU
OTJIOXKEHUSIMU, KOTOPBIE JTUTOJIOTUYECKH BbIpa-
KEHBI aCTIUTHBIMU CIIAHIIAMU C MMaYKaMU recya-
HUKOB, aJIEBPOJIUTOB U U3BECTHSIKOB (J) 1 uepe-
JIOBaHMEM CEPBIX, 3€JICHOBATO-CEPHIX INIUH, MEp-
resiey, C yTOHYEHHBIMU MPOCIIOSIMHU TOHKO3EpHU-
CTOTO TeCKa C BKJIIOYEHHSIMH M3BECTKOBBIX Be-
urects (K).

KaitHo30iickas e Tpyrnma, BKII0UYaeT B ce0s
MaJeOreHOBbIC, HEOTCHOBBIE M YETBEPTHUUHBIC
OCaJIKH.

[TaneorenoBasg  cucrema IpeICTaBICHA
TpeMsl OTJeNIaMu: MajaeoleHOM, S0IIEHOM U Maii-
KOTICKOM CBUTOM (OJUTOLEH-HUKHUN MHUOIIEH).
JIUTONOTMYECKH COCTaB CIIOXKEH IMpeuMylie-
CTBEHHO TJIMHUCTBIMHU JIATODAIUSIMH, YEPEIOBa-
HUEM TJIMH U aJeBPUTOB, MPOCIOSIMHU TUIOTHBIX
MECYaHUKOB U MECKOB U, MECTAMH, MEPTEIISIMU U
MeprejabHbIMU TTIMHAMHU.

HeorenoBas cuctema mpencraBiieHa ABYyMS
OTJIeJIaMH: MHOLIEHOBBIM U IIHOLEHOBBIM OTJIO-
weHusaMH. OTI0KEHUS MUOIIEHA JTUTOJIOTMUECKHU
BBIPA)KEHBI TJIABHBIM 00pa3oM TJIMHUCTHIMU JU-
To(arsiMi, CEPbIMU MepreyisiMu (TapXaHCKU
TOPU30HT), MAaYKON CIOUCTBHIX IVIMH C PEAKUMH
MPOCIIOSAMHU OypPBIX TOJIOMHUTOB, KPEITKUX Mepre-
neit (YOKPaKCKH TOPU30HT), TIIMHAMM C IPOCIIO-
SIMH  TUIOTHBIX JOJIOMUTOB, BYJKAHHUYECKOTO
neria (BEpXHUM MHOIICH).

[TnuoneH (HUKHUN U BEPXHUI) LLIUPOKO pa3-
BHT B aKBaTopuu AOmiepoHckoro nmopora. OTio-
KEHUS HUKHETrO IUIMOLIEHA, C KOTOPBIMHU CBSI-
3aHBI KPYITHBIE MECTOPOXKIEHUS A3epOaiikaHa
u TypkMeHHUH, MOBCEMECTHO PaCIPOCTPAHEHBI
M0 BCEH HCCIEeNyeMOW IUIOIAau. 37eCh OHH
BCKPBITHl MHOTOUYUCJICHHBIMU CKBOXUHAMH H
M3Yy4eHbl Ha Ty WM MHYIO MOIIHOCTH [OYTH Ha
Bcex cTpykrypax AIIIl. OtnokeHUs HUXKHETO
TJTMOTICHA B a3epOaipKaHCKON YacTH aKBaTOPUHU
npeactasiaeHsl [IpogyktuBnoit Ttommen (I1T),
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€ro aHasoraMu (BpeMEHHBIM M (alraibHbIM) B
TypPKMEHCKOM yacTu Kacnus sBIIIOTCS OTIOXKe-
nust Kpacnousernoit tonuwm (KT) (puc. 2).

Kak u3BectHo u3 nurepatypsl, [IT nmogpas-
JIESIeTCSL HA BEPXHUI U HYDKHHUM OTIEINBI.

B ornoxenusix muxuHero ornena IIT Bwine-
nsercs 5 cBut (Kammnackas - KaC, IMogkupma-
kuHckas - [1K, Kupmakunckas - KC, Hankupma-
kuHckas necuanuctas - HKII, Hankupmakun-
ckas rmHuctas - HKI).

KacC. Iloutn Bo Bcex pailoHax apeana pac-
MIPOCTPAHEHUS OHA CJIOkKEHA MTeCYaHUCTO-TIIMHU-
cteiMu hammsimu. Coneprkanue meckoB B KaC
BO3pacTaeT K IOr0-BOCTOKY OT AOIIEPOHCKOTO
MIOJIyOCTPOBA.

IIK. Pacnpoctpanena Ooyiee MHUPOKO, YeM
noactunatonias ee KaC. [Ipencrasiena MomiHoiit
TOJIIENH Pa3HO3EPHUCTHIX KBapPIIEBBIX MECKOB C
PEOKUMH MPOCIOSAMHU IUIOTHBIX CEPBIX TJIUH.

KC. /loBonpHO MoIHasi, BbIAEpKAHHAS I10
CBOEMY JIUTOJIOTUYECKOMY COCTaBy U MOILHO-
CTH, TIPEJICTABIISIET COOOM CEpUI0 TOHKOTO Tiec-
YaHO-TJIMHUCTOTO YepeOBaHUS.

HKII. Pas3Bura moBcEMECTHO B Mpeaenax
AIIII. CnoxeHa Todmel cpeaHe- U KpymHo3ep-
HUCTBIX KBaplIEBBIX IMECUAHUKOB, U TIECKOB C
TOHKUMH mpociosiMu riauH. Otnoxenuss HKIT
cBUTHI TOYTH Ha 90% cOCTOAT U3 NECUaHbIX MO-
poz.

HKI'. IlpexncraBuser coboii uepemoBaHHe
YEPHBIX U OypbIX IJIHH C BKIIOYEHUSIMH IIECKa —
U TOHKO- M MEJIKO3EPHUCTOr0, BCTPEUAIOTCS
TaK)Xe MPOCIOU IUIOTHBIX IecyaHukoB. K Bo-
ctoky AIIIl konm4ecTBO MECYaHBIX IMPOCIOEB
YBEJIUYUBACTCSI.

Bepxuuii oraen IIT nmpencraBineH cBUTOU
«TepephiBay, baaxaHCKOW, CAOYHYMHCKOH H CY-
paxaHCKOM CBUTaMU, BBIPAXKEH MECUaHUCTO-TIIN-
HUCTBIM Y€pEJOBAHUEM.

OT10K€HUsI HIJKHETO TUIMOLEHA B MIpeieiax
TYpPKMEHCKOTo Ienb(a MpeAcTaBIeHbl IBYMs
otnenamu: HIKHUM (ITIKT) u Bepxaum (KT). JIu-
tonornuecku [IKT mpeacraBieHsl necyaHUCTO-
TIIMHUCTBIMU OTIOXKeHusiMu. HaOmromaercs o0-
nasi TEHACHIUSA K YMEHBIICHUIO MOUTHOCTH OT-
noxxennit [1IKT ¢ 3anmana Ha BocTok. OTIOXEHUS
xe KT, moBceMecTHO pa3BUTHI B FOTO-BOCTOYHOM
Kacnuu u ero npuboproBom okaiimnenuu. Cio-
’KEHA YepeOBaHUEM MECUAHO-ATIEBPOJIUTOBBIX U
TJIMHUCTBIX TIOPOJI C PA3TUYHBIMKU OKPACAMH.
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Puc. 2. Jlutonoro-ctpaturpadudeckas kooHka TypkmeHckoro cekropa FOxuo-Kacmmiickoro 6acceitna

(Cepukona u ap., 2022)

BepxHuii mamoneH NoBCeEMECTHO MPeICTaB-
JICH aK4arblJIbCKUM prCOM, JIUTOJIOTUYCCKHU
BBIPOKEHHBIM UYEpeIOBAaHUEM IECUAHUCTBIX W
TJIMHUCTBIX OTIIOKEHUH (CephIX, 0ypoBaTo- U 3e-
JIEHOBATO-CEPHIX INIMH) C BKIIOYCHHUSIMH BYJIKa-
HUYCCKOTO ICILIA.

UYerBepTuyHas cucTeMa TakKke MpeicTaB-
JieHa JBYMsI OTJIEJIaMH: TUIEUCTOIICHOM U TOJIOIIe-
HOM. JIWTOJOrMYecKH BbIpa)KeHa MECYaHHUCTO-

PaKyIIeYHbIMH NTOPOJAMH U IUIOTHBIMU U3BECT-
HsKaMU (AOIIEpPOHCKHUI spyc), MecKaMu, TIH-
HaMHU U PEAKUMU INPOCIOSIMH BYJIKAHUYECKOTO
neruta. Hke, Ha pucyHke 3, NpUBEAEH CBOJ-
HBII KOPPEISLMOHHBIN pa3pe3 BAOJb IJIOMAIN
UCCJIEIOBaHUM, BU3YyaJIbHO WJUIIOCTPUPYIOLIUI
apeaJl pacpoCTPAHEHUS KAHHO30MCKOM IPYIIIbI
orioxeHud B mpenenax jguauu (I-1”) mpodus

(puc. 3).
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Puc. 3. Crognas koppemnsaiuoHHas cxeMma 1o Juaud (1-17)

Heas ucciaenoBaHusi. YTOYHEHHE HaA OC-
HOBE Tre0()M3NIECKHX (CEHCMUYECKIX) MaTepra-
JIOB 0COOEHHOCTEW T'€0JIOTHYECKOT0 Pa3BUTHS U
TEKTOHUKU TEPPUTOPHH, KaK BaKHEHIIUX (ax-
TOPOB OLIEHKH NEPCHEKTUBHOCTH HEAP HA HEPTh
U ra3, TEKTOHWYECKNX PErMOHOB U KOMIUIEKCOB
0CaJOYHOT0 YeXxJIa.

MeToauka UWHTeEpHpeTalHU celcMHuYe-
CKHX MaTepHaaoB. IH)OpMaTUBHOCTH BpeMeH-
HBIX pa3pe3oB. [omane uccinenoBanmii OTIIMYa-
€TCsl BeCbMa CJIOXHBIMH CEHCMOI€OJIOTHYE-
CKMMHU YCJIOBUSMHU (JU3BIOHKTHBHAsI CKJaaya-
TOCTh, I'PA3€BOM BYJKaHU3M), 4TO, B CBOIO Oue-
penb 00yciIaBIMBaeT CIIOKHBIN XapaKTep BOTHO-
BOro nojis. M3meHeHue xapakTepa BOJHOBOIO
TIOJIS 110 TIJIOMIAIH U C TITyOWHOMN TaKkKe CBsI3aHO,
MO-BUAMMOMY, C IJIyOMHHBIMH YCIOBHUAMU —
CTPYKTYPHBIMH U JINTOJOTO-(PariaibHbIMH.

B BocTOYHOH YacTH miomaan (CTpYKTYphI:
JHoctiyr, MampsikoBa, MarteIMryity 4 zip.) BoJ-
HOBas KapTWHA OTOOpakaeT BbIKJIMHUBAHUE
cioeB B AGmiepone, cornacHoe 3aneranue B KT
C YBEJIIMYUBAIOUIMMUCS YIVIAMM MAJEHUSA C TIIy-
OWHOI, 1 B OCHOBHOM COTJIaCHOE 3aJIeTaHHe OT-
pakaroIKUX TOpU30HTOB B moicTwiarommx KT
OTJIOKCHUSIX.

32

BpeMmennsie pa3pesbl 10 BOJIHOBOM KapTHHE
31eCh MOXHO YCJIOBHO pa3JeJUTh Ha TPU Bpe-
MEHHBIX HHTEpBaa:

1. B wunrepBase 0-3.0 cek. GpuUKCUpPYyIOTCS
NPOTSKEHHBIE, TUHAMUYECKHA BBIPAXKEHHBIE 2X-
3x ¢azHbie ocu CHH(PA3HOCTU C HU3KOYACTOTHOM
3aIUChIO;

2. B unrepBane 3-5.5 cek. mpociexuBa-
I0TCS Takke 4YETKUE MPOTSHKCHHbIE AUHAMHYE-
CKH BBIPOKEHHBIC OTPAKEHUsS ¢ 0oJiee BHICOKO-
YaCTOTHOM 3aIHCHIO;

3. Hwmxe unTepBana 5 cek., Kak MpPaBUIIoO,
PETUCTPUPYIOTCS MPOTSKEHHbIE Majo HHTEH-
CUBHBIC OCH CHH(]A3HOCTH.

B ocHoBHOM, 10 Bcel Mmiiomaan uccieaoBa-
HUSl, IPOTSHKEHHBIC TUHAMUYCCKU BBIPAKCHHBIC
ocH cMH(a3HOCTU (PUKCUPYIOTCS HA KPBUIbEBBIX
Y CUHKJIMHAJIBHBIX YaCTAX CKIaNoK (puc. 4). Ilo
Mepe MPOABMKEHHUS K CBOJOBBIM YacTSIM CTPYK-
Typ WHPOPMATUBHOCTH CEHCMHUYECKON KapTHHBI
3HAYUTENIbHO UCKAXXAeTCs, yXyIIIaeTCs BbIpa3u-
TETBHOCTh M BpPEMEHHAs Pa3pelIeHHOCTh 3a-
MUCH, HAOJI01aeTCs CNOKHAs MHTep(epeHIIMOH-
Has 3amuch. Ha BpeMeHHBIX pa3pe3ax, moiydeH-
HBIX B IIEHTpaJbHOM M BOCTOYHOM yacTsax AIIIT
HapsITy ¢ TUHAMUYECKH BBIPAXKEHHBIMH CEHCMU-
YECKUMHU OTPAKEHUSIMU, BBIJCIAIOTCS B 0OJb-
[IIOM KOJIMYECTBE CcIa0ble OTpaKEHUs. DTH OTpa-
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KEHUs 0TOOPaXKarT CMEHY aKyCTHYECKOM XkKecT-
KOCTH M CBSI3aHBI C BO3PACTHBIMH HAILTACTOBAHU-
SIMU pa3pesa.

B TOHKOCIOMCTOM TEpPUTEHHOM pa3pese 1o-
YTH BCE JUHAMUYECKU BBIPA)KEHHBIE OTPA’KEHUS
HOCAT WHTEP(EPEHIMOHHBIA XapakTep, TIo-
CKOJIKY OHM OTPa)K€HbI OT TOHKOCJIOMCTBIX Ia-
YeK KOHEYHOW MOIIHOCTH CO CIIOSIMH C OJu3-
KHUMH JIUTOJIOTUYECKUMH OCOOCHHOCTSIMH (T.€.
aKyCTHUeCKUMHU kecTKocTsMH (AK)). Bricoko-
YaCTOTHbIE KOMITIOHEHTBl CEHCMHUYECKOro CHI-
Hasa OBICTPO 3aTyXarT, HO HHU3KOYACTOTHHIC
MIPOHU3BIBAIOT Bce Ooliee riIy0oKue 4acTu pas-
pe3a u JaroT uHPOpMAIUIo 0 TIy0oKo3aierar-
mux rpaHunax. OTpaxeHus, CBA3aHHbIE C TOH-
KOCJIOMCTHIMH MTAYKaMHU, HECYT TOJIE3HYIO I'e0JI0-
IMYECKYI0 HH(pOpMaLKo0. AMIUTUTYABI cyMMap-
HOTO OTPa)XECHHUs MPONOPIIMOHATBEHBI PAa3HOCTSIM
A’ nHa xoHTakTte 1Byx cpea. [Ipu nmaBHOM pac-
TAHyTOM TpagueHte AXK oTpakeHuss MOryT He
BO3HUKHYTb WJIM MOSBATCS B OCIA0JIEHHOM BHJIE.
HaobopoT, OT pe3ko ckaToil Mavyku TPaTuCHT
AX Oyzet ciocoOCcTBOBATH CO3JaHUIO CUIILHOTO
oTpaxkeHus. Xapakrep nepenaga AX B ocanou-
HOM 4€XJIE 3aJI0KEH B MPUPOJE CeAMMEHTAINN,
€CII pa3pe3 COCTOMT U3 MOUTH MPO3PAYHBIX WH-
TEPBAJIOB U IMHAMMYECKH BBIPAXKEHHBIX MHTEP-
BasioB. [Ipo3payHbie MHTEPBAJIBI COOTBETCTBYIOT
riyouHaMm cinabonuddepeHIupoBaHHOTO Ceau-
MEHTOreHe3a, rae u3MeneHust AX mpoucxonst
IUIAaBHO, TIJlé OTCYTCTBYIOT DPE3KHE T'paHUIIbI.
CrnenoBaTenbHO, BO3PACTHBIE MOCIEAOBATENb-
Hbl€ HAIUIACTOBAHUS SIBJISIIOTCS IVIaBHBIM Mapa-
METPOM BO3HHMKHOBEHHUS OTpakeHuil. B ToH-
KOCJIOMCTBIX Pa3pe3ax aMIUIMTYAa IPOCiIexK1Ba-
eMBbIX (ha3 ABIAETCS CyMMapHOM OT KaXkJ10# Tpa-
Hunpl. [Ipn BelcOKOM TeMmIie ocaJKkOHaKoOILIe-
HUS, T.€. B BHICOKOOYHEPreTHUECKOH 00CTaHOBKE,
BO3HUKAET C MAaKCHUMAaJbHOM HJIM MEHee KOM-
ITIAKTHOM TEKCTYPOU U CTPYKTYPHOU YIIAKOBKOM
(puc. 4). K HuM 00bIYHO IPUYPOUMBAIOTCS JMHA-
MHUYECKHU CJIa00 BBIPAKEHHBIE OTPAKECHUSI.

B ceificMuueckn akTHBHBIX CKJIAQ4aThIX 30-
HaX, a UMeHHO Ha AOmepono-IIpubanxanckom
IIOpOre, HEPOBHOCTH U U3TUObI MOBEPXHOCTEH, a
TaKXKe Pa3pbIBbl (IIIOUJOHACHIIIEHHBIX Yy4acT-
KOB CIIOCOOCTBYIOT PAaCCEMBAHMIO M IOIJIOILE-
HUIO HEPTrUM yHpyrux KoieGaHWi, 4To MPHUBO-
IUT K yXyIUIEHHIO HPOCIEKHBAEMOCTH OcCei
cuH(pa3HOCTH.

Puc. 4. BpeMeHHbIE celicCMUUYECKHE Pa3pe3bl O CTPYKTY-
pam BocTouHO# yactu ATl

W3meneHne kauecTBa CEHCMUYECKOTO MaTe-
puana TakKe MEHSETCS MO0 Mepe YBEeIMYEHUs
ryouHbl uccienopanus. C yBeNTUYCHHEM TITy-
OWHBI MaTepHa yCIOXKHSICTCS, YMEHBIIACTCS KO-
JMYECTBO OTPAXKEHUH, MPOTSHKEHHOCTh OTpaska-
IOLUX FPAaHULl HApyIIAeTCs.

Kak yka3piBasioch BBIIIE, CIIOKHOE TITyOHH-
HOE CTpOEHHE: JAU3bIOHKTUBHBIE HapyIIEHUS,
KpPYThIE yTIJbl MAJeHUs] KPBUILEB, JTUTONOTO-(a-
[UaTbHBIE 0COOCHHOCTH pa3pe3a — Bce 3TH (ak-
TOpBI MPEJONPEEOT (HOPMUPOBAHUE CIIOXK-
HOT'O BOJTHOBOT'O MOJIS.

Taxum 00pa3oM, B LIEJIOM I10 paccMaTpUBae-
MOH TuTOmaAN HaOMroMaeTcs yXyIIIeHUuEe Cei-
cmuyeckoro Marepuana ¢ C3 na OB or cTpyk-
Typsl Joctayr no [IpuyenekeHCKoM 30HBbI.

Hcxons U3 AMHAMHYECKON BBIPA3UTEIBHO-
CTH, MPOTSHDKEHHOCTH M Pa3pelIeHHOCTH 3aIliCH,
ABTOPOM TIPOCJEKEHBl YETHIPE CEUCMUYECKUX
ropuszonTta: CI'-A (akuareur), CT-I (Bepxu KT),
CT-1I (VI ropuzont) u CI'-III (au3s1 KT). Ka-
YECTBO MPOCISKUBAHUS YKa3aHHBIX TOPU30HTOB
HEOJJMHAKOBOE.
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CI'-A — xoppenupyercs MO AMHAMHYECKHU
BBIPQ)KEHHBIM HPOTSIKEHHBIM OCSIM CHH(a3HO-
ctu BO BpemeHax 1.3-2 cex. Ha cBomax ctpyk-
Typ 10 BCel IJIOLIA U UCCIIEI0BAHUS U B 30HAX
BoikIMHMBaHusA CI'-A He mpociexuBaercs. 3a-
MUCH OCJIOKHEHA MHTEp(EpeHLIneH, HCKpUBIIE-
HUEM oceil cuH(pa3HOCTH, AUPpParupOBaHHBIMU
BOJIHAMH.

CT'-1 — oTninyaercss AMHAMHUYHOCTBIO, IPOTS-
KEHHOCThI0. Bpems peructpauun — 2-2.7 cex. B
MIPUCBOJOBBIX YACTAX CKJIAJ0K MPOCIEKHUBAHHUE
CTI'-I ocnoxusiercst nuHTepEPEHIINCH, YTO SABIIS-
€TCsl CJIEICTBUEM BBIKJIMHUBAHUS OTJIOKEHUU B
Abmepone.

CI'-II — B KT oTy0)K€HHSX TOPU3OHT TEPSAET
CBOI0 MHTEHCHBHOCTb M KOPPEIUPYETCS MEHEe
YBEPEHHO.

CI'-III — mpocnexnuBaeMOCTh €70 MEHEE yBe-
peHHasi, 4eM MepBbIX FOpU30HTOB. Ha KpbuIbix
yuactka CI-III ocnoxxneH uHTEpQepeHIHeH,
HaJOXXEHHEM BOJH, MPUXOASIIUX C Pa3HBIMH
YBEIUYMBAIOUIMMHUCSA C TIIYOMHOW HaKJIOHAMH
oceii cuH(pa3HOCTH.

Ilo 3TMM ropu3oHTaM NPOBEIEHBI CTPYK-
TypHBIE TTOCTpoeHHs B MacmTade 1:100 000, c
ceuenueM m3onuauit 100 m. [ns cocraBieHus
CBOJHBIX CTPYKTYPHBIX KapT ObLIN MPUBIICYEHBI
JaHHBIE JI€TaJbHBIX M IOMCKOBBIX CeHcMHYe-
CKHX paboT, a TakKe JaHHbBIE TIIyOOKOro Oype-
Hus. BBuay toro, yto Oonburyio 4acth npodu-
Jeil MOYKHO CYUTATh OPTOTOHATBHBIMH, TOCTPO-
€HUE CTPYKTYPHBIX KapT IPOBOJMIOCH B M30-
BEpPTUKAJISX.

PesyabraTsl ucciaenoBaHui. Pe3yibrarhl
MPOBEJICHHBIX HCCIIEIOBAHUN MOKAa3alu, YTO
CTPYKTYpbl BXOJSILME B COCTAaB KaKJOW aHTH-
xmHanbHOU JnanK AIIIT mpeacrasisitor coOoit
OpaxuIMHEHHbIC AaHTUKIIMHAIN C KPYTHIMH FOTO-
3aMagHbIMU ¥ TOJIOTUMU CEBEPO-BOCTOUHBIMHU
KPBUIbSIMH, YTO OOBSCHATCS, I0-BUTUMOMY, TEM,
YTO UX I0r0-3araiHble KPbLIbs 0OpalieHbl B CTO-
pony FOxHo-Kacnuiickoil BmajauHbI, UCIBITaB-
el B MIIMOLIEH-aHTPOIIOTeHOBOE BpeMs Hanbo-
Jee cuibHOE mporubanue, a Apremo-Kenbkop-
CKHI MpOTHO, B CTOPOHY KOTOPOTO OOpaIeHBI
CEBEPO-BOCTOYHBIE KpbUIbS CKJIAJ0K, CTOJb
CHJIBHOTO TIPOTHOaHUs HE UCIIBITAI.

Ha cTpyKTypHBIX MOCTPOEHUSX, BBIIOIHEH-
HbIX 110 Bepxam u Hu3aM KT (puc. 5), Apremo-
Kenbpkopckuii mporu6é oroOpaxkaercs B BHIEC
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HECKOJIbKMX CUHKJIMHaJeH. CUHKIMHAIN OCIIOXK-
HEHbI MyJibgaMu W BBepX 1o paspe3dy KT He-
CKOJIbKO BbIMonaxwuBarotcsi. CB 6opt Apremo-
Kenbkopckoro mporuda momnoxe O3, u yribl
HAKJIOHA CJIO0EB COOTBETCTBEHHO COCTABIISIIOT 7-
90, 12-140 u ¢ rryOuHO# yBeTHUMBaOTCS 10 16-
180 u 24-280.

Ha Bcex crpykrypHbix mnoctpoeHusx CB
6opt Apremo-Kenbkopckoro nporu6a Bo3abimMa-
etcsi B HarpaBieHuu Kybagarckoro BeICTyTIA.

Kpome omnucaHHBIX BBIIIE CTPYKTYPHBIX
KapT C MCIOJIb30BAHNEM CEHCMHUYECKUX MPOdu-
JIeH, TOKPBIBAIOIIMX BCIO IUIOLIAAb HCCIE0Ba-
HUs, ObLIa MMOCTPOEHA KapTa PaBHBIX MOIIHO-
creit mexnay ceiicMuueckumu CI'-1 u CI'-11, xa-
paKTepU3yIollasl paclpeeseHue MOIIHOCTEH
otnoxkeanit KT B AIIIl (puc. 6). Ananu3 mo-
CTPOCHHOM KapThl MOKa3aj, 4To MomHoctu KT
B TOM paiioHe BapbUPYIOT B JOCTATOYHO IIUPO-
kux npenenax ot 1000 m Ha ceBepe paiioHa 10
4250 M Ha 10r€.

N3BecTHO, 4TO MpOCTUpAHUE CKIIAJIOK, Kak
MPaBUJIO, COOTBETCTBYET MPOCTUPAHHUIO H3OJH-
HUM MOLIHOCTEW OCaJKOB, CHHXPOHHBIX BPEMEH
UX POCTa, YTO JaeT JOTOTHUTEIbHBIA KPUTEPHIA
JUIs onipeiesieHust Bo3pacta ckiaaok ([Iumrnama-
30B, 1982).

Ha6nronast momo0Hy 0 KapTHHY B ONKCKHIBac-
MO 30He ¥ TPUHKUMAas BO BHUMaHUE 3TOT KpUTe-
pui, MOXXHO MOJABITOXHTb, YTO POCT CKJIAIOK
AIIIT mpomomxancs B HUKHEIUIMOLIEHOBOE
BpeMs OJIHOBPEMEHHO C OCaJKOHAKOIUICHHEM.
OO0 3TOM CBUIETENHCTBYET U YBEITUUEHHUE MOIII-
HOCTEH OT CBOJAOB K KpbUIbSAM NoAHATUH. IIpu-
yeM HanOoibinas MontHocts KT 4000-4250 m
HaOmomaercs Ha FO3 KpBUIBSIX TOMHATHH, YTO
OOBSCHSIETCS TEM, YTO 3TU KPbUIbSI IEPEXOJIAT B
ceBepHblil 00pT FOxkHO-Kacnuiickoii BnaauHEI,
MpeTepneBliel B HUKHEIJIMOLIEHOBOE BpEMs
JUTUTEIIBHOE MOTPYKEHHE.

CB KpbUIbsi TOAHATHN ONMKMCHIBAEMOW AHTH-
KIIMHAJIBHON 30HBI MepexoasT B 60pT Apremo-
Kenbkopckoil CHHKIIMHAJM, BBITIOJIHEHHOM Kpac-
HOIIBETHBIMU OTJIOXKEHUSMH, MOIIHOCTh KOTO-
peix pocturaetr 4000 m. K CB ot Apremo-Kens-
KOPCKOM CHHKJIMHAJIA MOIIHOCTh KPacHOIIBET-
HBIX OTJIOKEeHHH cokpariaetcs (mo 1000 m), mo-
CTETICHHO BBIKJIMHUBASICh B HarpaBieHuu Ckud-
cko-TypaHckoi maTopmsl.
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Puc. 5. Crognbie cTpyKTYpHBIE KapThl T0 cericmuaeckuM ropusontam CI'-1 (A) u CT- II (B), ux npeacrasie-
nue B 2D u penbednoii popme
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Puc. 6. Kapra paBHbIX MomHOCTEH Mexay ceiicMudeckumu ropusontamu CI'-1 u CI'-1I, ee npencras-

nernwne B 2D, 3D u penpedHOi hopme

[TomMuMO BBIIIEYKa3aHHBIX CTPYKTYPHBIX 110~
CTPOEHHI, B CTaThe MPEACTABIEHBI IT'€0JI0r0-T€0-
¢usnyeckue NpoQuiIH, Jarolue TOMOJIHUTENb-
HyI0 MH(pOpPMAIUIO0 O TEKTOHUKE IUIONIaJN HC-
cnenoBanwuii (puc. 7).

Bces mimomane uccienoBanus, HapsiAy ¢ Cceu-
CMOpa3BeI0YHBIMU pabOTaMu, MOKPHITA MOJTY J1e-
TaJbHOM IPABUMETPUUECKON CHEMKOM, a OTAEIb-
HbIE€ YYaCTKHU IJIOLIAIM OXBayeHbl paboTaMu 10
ruapora3zochemke (3anoBa, barmacaposa, 1982;
Hacpyes, P3aesa, 1982).

ComnocraBmsisi pe3yabTaThl CEHCMOPa3BOI0Y-
HBIX MCCJIEIOBAHUHN C JaHHBIMU I'paBUMETpHUe-
CKUX pabOT, MOKHO OTMETUTh ITOTYMHEHHBIN Xa-
paKkTep 3apOKIACHUS M Pa3BUTHUS ITHOLEHOBBIX
cTpyktyp. Ilpeamomnaraercs, uro oOpa3oBaHUe
ctpyktyp no KT B onpeneneHHol cTeneHu cBs-
3aHO C OoJiee IPEBHUMU CTPYKTYPHBIMH B TEKTO-
HUYECKUMH OCJI0KHEHUSIMH.

CornacHo 3anoBoii (3anosa, barnmacaposa,
1982), MIMOIICHOBBIM CTPYKTypaM JIOKallbHbIE
MaKCHUMyMbl COOTBETCTBYIOT B palioHaX, TIe
npearnoiaraeTcs Hajauuue NPUIOAHATOro 0yioka
[0 MaJIEOT€H-ME303010, T.€. B pailoHax JIOKajb-
HBIX MAaKCUMyMOB MartbimMryiisl U JuspOekup.

TakuM 00pa3oMm, CTAaHOBUTCS OUYEBUIHBIM,
YTO OTPa)XCHHE IUTMOLEHOBBIX CTPYKTYp B JIO-
KaJIbHOM TI0Jié HOCUT TOJYMHEHHBIM Xapakrep
OTHOCUTENIBHO BIUSHUS Me30305. Bapuarus
TUIICOMETPUYECKOTO YPOBHS CTPYKTYp Martbim-
rynsl, JluspOexup u ['aparenb-n1eHu3 1o Kposie

u Huzam KT cornacyercst ¢ O6J0KOBBIM CTpoe-
HUEM, T.€. TJIe HAMEUAEeTCs TPUITOTHATHIN OJIOK,
TaMm BBIIIE TUICOMETPUYECKUN YpPOBEHb U
Hao000pOT.

BrisBiieHHBIE B pe3yibTare THUAPOra3o-
ChEMKH aHOMAJIMM KOHUEHTpauuii YB B Mop-
CKOM BOJIE IPUYPOUYMBAIOTCS B OCHOBHOM K 30HE
MOJHATHI. YUYUTHIBAsI 3HAUYUTEIbHYIO HApyIIEH-
HOCTb MOJHATUN, (OPMUPOBAHUE Ta30BBIX AHO-
MaJIi IO HUMH MO>KHO CBSI3aTh C BBIXOI0M YB
10 HApYyILIEHUSIM Ha IOBEPXHOCT.

BpIBOaBI

B pesynpTate 0000IICHNS MaTepUaIoB Ce-
cmopaseenknt MOB-OI'T u Oypenus 6bun mo-
CTPOCHBI CBOJHBIC CTPYKTYPHBIC KapThI IO €U~
HbIM ceiicmuueckum ropuzontam CI-A, CI-],
CI'-II u CT-III yist BocTOYHOM yacTu AOIIEpOHO-
[TpubanxaHcKkoll TEKTOHMYECKOW 30HBI B Mac-
mrade 1:100 000. OTMedyeHO HECOOTBETCTBUE
CTPYKTYPHBIX IUIAHOB Pa3HOBO3PACTHBIX KOM-
TJICKCOB OTJIOKEHUH, a TAKKe BBISIBIICHA 3aKOHO-
MEpPHOCTb B CMEIICHUH CBOJIOB CTPYKTYP C ITyOu-
HOI1 Ha 1oro-BocTok. [TocTpoeHa kapra pacrpene-
JICHUS MOIIHOCTEH KPAaCHOILIBETHBIX OTJIOKEHUH
M0 TUTOINAAW HWCCIICAOBAHUS, TJC HAUOOJbIIas
motHocTh oTioxenuid KT npuypodena k cesep-
HOU vacTu 30HBL [locTpoeH CyOImHMpPOTHBIN T'eo-
noro-reousuueckuii npoduns Baoab Alll,
OTOOPaXKAIOUTUH JTOTIOTHUTEIBHBIE Y€PThI TEKTO-
HUYECKOTO CTPOCHHS UCCIIEAYEMOM TUTOMIAIH.
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CEMICMOTEOJIOTMYECKASI HHTEPITIPETAIIAS BOJTHOOTPAKAIOIIAX TOPU30HTOB
BOCTOYHOTI' O BOPTA HEPEXOI[HQfI 30HBI OT IO)KJ-IO-KACHPIIZCKOFO
K CPEJHE-KACITMUCKOMY BACCEUHY

Aoaynaa-zage M.U.2, Hamasznel H.E.?

! Asepbaiioncanckuii I'ocyoapcmeennuiil Yuueepcumem negpmu u npomviuinennocmu, Azepbaiioscan
AZ1010, Baxy, npocn. Azaonwvie, 34: murad.abdullazade@asoiu.edu.az
’Munucmepcmeo nayku u obpazosanus Azepbatioscanckoii Pecnybnuxu,

Hncmumym eeonoeuu u eeogpusuxu, Azepbatioxcan
AZ1073, Baxy, npocn. I /]ocasuda, 119: nurlannamazli@outlook.com

Pe3stome. [IpuBnexaTeabHOCTH MIETb(OBBIX CEMMEHTAIIMOHHBIX OacceliHOB Kacmuiickoii akBaTOpHH, PEXk/e BCEro,
HanboJee TOCTYITHBIX U3 HUX — aKTUBHOH okpanubl Cxudceko-TypaHckoil miaThopMel, CBsI3aHa C yIIydIICHHEM U AeTa-
JU3UPOBAHUEM CYIIECTBYIOIINX MOJEICH T€0J0THIECKOr0 CTPOSHHSI M UCTOPHH Pa3BUTHUS PETHOHA. JTO, B CBOIO OUe-
pelb, 1aéT BO3MOKHOCTh YTOYHUTH IIPOTHO3MPOBAHNUE Pa3MELICHHBIX B €r0 MIPEAEIax MOJIE3HBIX HCKOMAEMBIX, BKJIFOYAs
HaJeXbl Ha OOHAPYKCHHE KPYNHBIX U Jlake THTAaHTCKUX CKOIUICHWH He(TH U ras3a, KOTOpbIE MO Obl 00ECHEUNTh
PEHTa0ENBbHOCTh UX Pa3pabOTKU M BOCIIOJHHUTh HAMETHBIIIEECS CHIDKCHHE PECypCOB OCHOBHOTO HedTerazolo0bIBaro-

mero pernona — lOxuno-Kacnuiickoro 6acceiina.

40



M.Ch.Abdulla-zade, N.E. Namazli / Stratigraphy, petroleum sedimentology, geochemistry 1/2024,27-41; DOI: 10.35714/ggistrat20240100008

AbmepoHo-IIpubanxaHckas TEeKTOHHYECKasi 30Ha, U3BECTHAs Takxke Kak Aomepono-IIpubanxanckuil nopor, sBis-
€Tcsl CBSI3YIOIIMM JIEMEHTOM MEXIY AByMs KPYIMHBIMH He(Tera3oHOCHBIMHU Oacceitnamu Mupa — FOxxno-Kacnuiickum
u Cpenne-Kacnniickum.

Henpto paboThl SABMIIOCH CO3IAHUE I'€OJIOTHUECKUX MOJENECH CTPOSHHS, M BOCCTAHOBJICHUE BOJIOINHU OCAJOYHBIX
OacceitnoB nepexoanoit yactu Cpenne-Kacmuiickoro n FOxu0-Kacmuiickoro 6acceifHOB Ha OCHOBE HAKOTICHHBIX JaH-
HBIX OypeHHs M CEHCMOPa3BEIKH B aKBATOPHUAX U TEOJIOTHUECKOI ChEMKH Ha NMPUIIETAIOMINX TEPPUTOPHUSIX CYIILH.

B cratese npeacraBieH MaTepuall, OTpaXkKaromuil HHPOPMATUBHOCTh CEHICMUYECKHUX Pa3pe30B Ha PazIMUHBIX ydacT-
Kax peTHoHa, XapaKTePHU3YIOLIETOCs Pa3INYHBIMU CEHCMOTeOJIOTHYECKIMH YCIOBUAMU. Brinenenne ceiicMuIeckux mH-
TEpPBAJIOB, COOTBETCTBYIOLIMX CTPYKTYPHBIM 3TaXKaM, OCHOBaHO Ha 00BbEKTUBHO OIPEAEIIeMbIX CEHCMUYECKIX apaMeT-
pax, Takux Kak KOHQUIYpalus 1 B3aMMHOE PacIoI0KEeHHE OTPaKEHHH, UX HENPEPHIBHOCTD, a TAKXKE aMIUTUTY A U Ya-
CTOTa CEHCMUYECKUX BOJIH OBIIIM MOJIOKEHBI B OCHOBY CEHCMOCTpaTHIpauecKoro aHaIu3a BOJTHOBOTO MOJIS.

B pesynbrare aHanuza NOCIEIHUX, UCXO U3 JUHAMUYECKOH BBIPA3UTENBHOCTH, IPOTSXKEHHOCTH M Pa3peIEHHOCTH
3aIicy aBTOPaMH YTOYHEHBI ¥ IPOCIIEeXKEHB! YeThIpe ceiicMuueckux ropusonra: CI'-A (Axkuarsun), CT'-1 (Bepxu KT), CI'-
IT (VIII ropuzont) u CT-1II (an3er KT). KagecTBo nmpocnexnBanus yka3aHHBIX TOPH30HTOB HeoauHakoBoe. IlocTpoen-
HBIE CXEMaTHYECKHE CTPYKTYpPHBIE KapThl HaIJIAHO OTOOPaXKAIOT TeOJIOTHYECKOE CTPOSHHE KPACHOIBETHOM TOJIIH U
AKYarpUIbCKHUX OTII0KEHUH M COOTHOIICHNE CTPYKTYPHBIX IIaHOB Mociae HuX. ComocTaBIeHne KOMIUIEKCHBIX T€0I0T0-
reo(U3UIECKUX MaTEepPUaoB MO3BOJISET B ONPEACICHHON CTEIIEHN ONPEASINTh XapaKTep pacIpoCTpaHeHus TuTodary-
anpHBIX ocobeHHocTell KT oTnoxeHui.

Knroueswvie cnosa: FOsxcno-Kacnuiickuii 6accetin, Cpeone-Kacnuiickuu 6accetin, Abwepono-Ilpubanxanckuii nopoe,
Kpacnoysemnas monwa, ceticmocmpamuzpaguueckuii anaius, 20pu3onm, celicMuiecKue OmpaxceHus, unmepnpemayusl

CONUBI X0ZOR HOVZOSINDON ORTA XO0ZOR HOVZISINO KECID ZONASININ SORQ BORTUNUN
DALGA 9KSETDIiRiCi HORIZONTLARININ SEYSMOGEOLOJi SORHi

Abdulla-zade M.C."?, Namazh N.E.?
! Azarbaycan Doviat Neft va Sanaye Universiteti, Azarbaycan
AZ1010 Baki, Azadlq pr., 34: murad.abdullazade@asoiu.edu.az
’Azarbaycan Respublikasi Elm va Tahsil Nazirliyi, Geologiya va Geofizika Institutu, Azarbaycan
AZ1073, Baki, H. Cavid pr., 119: nurlannamazli@outlook.com

Xiilasa. Xozor donizi akvatoriyasinin self ¢okiintli hovzolorinin vo har seydon ovval onlardan on algatani — Skif-Turan
platformasmin aktiv kenarmin calbediciliyi bolgenin geoloji qurulusunun va inkisaf tarixinin mévcud modellarinin
tokmillasdirilmasi vo detallagdirilmasi ilo slagslondirilir. Bu da 6z ndvbasinds, burada yerloson faydali qazimtilarin
inkisafinin rentabelliyini tomin eds va asas neft vo qaz hasil edilon bdlganin — Conubi Xoazar hdvzasinin ehtiyatlariin
azalmasimni kompensasiya edo bilocok bdyiik vo hotta nohong neft vo qaz yigilmalarmin agkarlanmasi timidleri ilo
prognozlasdirilmasini aydinlagdirmaga imkan verir.

Taqdim olunan isin magsadi akvatoriyada toplanmis qazma va seysmik kosfiyyat vo bitisik quru sahalorine aid geoloji
todqiqat molumatlar1 osasinda Orta Xozor vo Conubi Xozor hovzelorinin kegid hissosinin ¢okiintii hovzolorinin
strukturunun geoloji modellorinin qurulmasi vo tokamiiliiniin barpasi olmusdur.

Mogqalods miixtalif seysmogeoloji soraitlorlo sociyyolonon regionun miixtolif hissolorindo seysmik kosilislorin
informativliyini oks etdiron materiallar toqdim olunur. Oksolmalarin konfiqurasiyasi vo nisbi diiziiliisii, davamlilig1 vo
seysmik dalgalarin amplitudu vo tezliyi kimi obyektiv miloyyon edilmis seysmik parametrloro osaslanan struktur
moartabalors uygun seysmik intervallarin ayrilmasi dalga sahoasinin seysmostratiqrafik analizinin asasini toskil etmisdir.

Sonuncunun tahlili naticesinds miislliflar terafinden seysmik yazinin dinamik ifadsliyins, uzunluguna va holledicilik
gabiliyyatino osaslanaraq, dord seysmik horizont miioyyon edilmis vo izlonilmisdir: SH-A (Agcagil), SH-I (Qirmizi gatin
(QQ) yuxart hissalori), SH-II (VIII horizont) va SH-III (QQ-nin asag: hissalari). Bu horizontlarin izlenilms keyfiyyati
eyni deyil. Qurulmus sxematik struktur xaritelor Qirmizi qat va Agcagil ¢okiintiilarinin geoloji qurulusunu va sonuncunun
struktur planlarinin slagesini aydin gokilds oks etdirir. Kompleks geoloji vo geofiziki materiallarin miigayisosi miioyyon
doracads QQ yataqlarinin litofasial xiisusiyyatlorinin yayilma xarakterini miioyyan etmoys imkan verir.

Agar sozlor: Conubi Xazar hovzasi, Orta Xozar hévzasi, Abseron-Balxanyant astanasi, Qurmizi qat tabaqasi, seysmo-
stratiqrafik analiz, horizont, seysmik aksolmalar, interpretasiya
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PETROGRAPHY AND GEOCHEMICAL CHARACTERIZATION
OF THE LOWER CRETACEOQOUS DEPOSITS OF THE VANDAM ZONE
(SOUTHERN SLOPE OF THE GREATER CAUCASUS, AZERBAIJAN):
IMPLICATIONS FOR MATURITY, PALEOCLIMATE AND PALEOWEATHERING

Guliyev E.Kh.
Ministry of Science and Education of the Republic of Azerbaijan,
Institute of Geology and Geophysics, Azerbaijan
H. Javid Ave., 119, Baku, AZ1073: guliyevemin@outlook.com

Summary. This study presents a detailed petrographic and geochemical analysis of Lower Cretaceous deposits of the
southern slope of the Greater Caucasus (Vandam zone). By analysing the siliciclastic rocks of the Kepuch and Gyrkhbulag
formations, this research aims to assess the compositional maturity of the sediments and to reconstruct the paleoenviron-
mental conditions, including paleoclimate paleoweathering processes. Petrographic analysis reveals that the sediments
were poorly sorted and made of angular to subangular grains, implying deposition relatively close to the source area. The
mineralogical maturity of the sediments was assessed through the Index of Compositional Variability (ICV), while weath-
ering intensities were evaluated using the Chemical Index of Alteration (CIA), Chemical Index of weathering (CIW), and
the Plagioclase Index of Alteration (PIA). Based on geochemical classification, the sediments were classified as
litharenites and wackes. The Al2O3-(CaO*+Na20)-K20 (A-CN-K) diagram, along with weathering indices, suggest low
to moderate weathering in the source area, consisted with the arid-to-semi-arid climate of the studied area. On the other
hand, the Index of Compositional Variability (ICV), ranging from 0.9 to 1.59, indicates low compositional and miner-
alogical maturity. In addition, the discriminant diagrams of Zr/Sc-Th/Sc and Al.O3-Zr-TiO2 suggest that the sediments
were primarily first-cycle deposits derived from igneous rocks, with minimal evidence of obvious recycling and hydraulic

sorting.

Keywords: maturity, paleoclimate, paleoweathering, ICV, CIA, PIA, CIW, recycling, sorting

© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

During the processes of transportation and
deposition, sediments undergo alterations in their
mineral content, leading to changes in their major
element composition compared to their source
rocks. The geochemical signatures of siliciclastic
sedimentary rocks are controlled by a complex
interplay of various factors, like chemical weath-
ering, the distance of transportation, the condi-
tions of sedimentation, sorting processes occur-
ring during transport and post-depositional dia-
genetic reactions (McLennan, 1989).

Quartz, as well as iron (Fe) and titanium (T1)
oxides, are known for their resistance to weath-
ering. In contrast, minerals such as plagioclase,
potash feldspar, and volcanic glass, which com-
prise 75% of the exposed mineral content, are
highly vulnerable to chemical weathering and are
classified as labile minerals (Nesbitt and Young,
1984; 1989). Consequently, the primary process
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during chemical weathering, transportation, dep-
osition and soil formation involves the degrada-
tion of unstable feldspars from source rocks into
corresponding clay minerals. The intensity of
degradation can infer its maturity, distance from
the source. These chemical transformations are
recorded in the sedimentary deposits, providing a
reliable signature for assessing the original com-
positional maturity and the following weathering
conditions (Oni, Olatunji, 2017).

For this reason, geochemical and petro-
graphic studies have been confined to Neocom-
ian deposits of the Kepuch and Gyrkhbulag For-
mations well exposed in the Vandam zone. The
purpose of the present study is to evaluate major
and trace element geochemistry of Neocomian
deposits of the Vandam zone in relation to their
mineral composition, in order to classify the sed-
iments on their degree of maturity and to unravel
source area paleo-weathering and paleoclimatic
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conditions. The mineralogical maturity of the
sediments was determined through the Index of
Compositional Variability (ICV), while weather-
ing intensities were evaluated using the Chemical
Index of Alteration (CIA), Chemical Index of
weathering (CIW), and the Plagioclase Index of
Alteration (PIA).

Geological setting

The Kakheti-Vandam-Gobustan megazone
corresponds to the northern flank of the South-
Caucasian microplate, with an Alpine cover
composed of sedimentary and magmatogenic

chay-Velvelechay flexure divides the mega-
zone into two tectonically distinct zones. In the
west it corresponds to Vandam tectonic zone
represented by geoanticlinal uplift, where pre-
dominantly Cretaceous flysch deposits and
volcanogenic formations are exposed. Struc-
turally, this zone is characterized by several an-
ticlines and synclines, along with multiple
south-directed thrusts. The southern border is in
tectonic contact with Ganikh-Ayrichay zone
(Fig. 1). Most part of arch and southern slope of
uplift is covered by Pleistocene-Holocene conti-
nental formations of Ganih-Ayrichay depression.

formations. From west to east, the Girdiman-
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Fig. 1. Tectonic scheme of the Azerbaijani part of Greater Caucasus (Kangarli, 2012)

Boundary of strucrure: 1 — interzone tectonic boundaries (a — traced on surface; b — buried); 2 — tectonic boundaries
between subzones (a — traced on surface; b — buried); 3 — boundaries of tectonic schuppens; 4 — stratigraphic boundaries;
5 — conventional boundaries; 6 — distribution boundary of modern sediements on Ganikh-Ayrichay superposed depres-
sion; 7 — Basgal nappe; 8 — lines of synthesized geological-geophisical sections (fig. 3, 6, 7, 11)

Structures: Gusar-Devechi megazone: zones: Kh — Xachmaz; G — Quba; subzones: Hg — Hasangala; Ch — Chilagir.
Side Range megazone: zones: U— Ulluchay; Bb— Beybulag; T — Tairdjal; S — Sudur; ShKh — Shakhdag-Khizi; GG —
Guton-Gonagkend. Southern Slope megazone: zones: ST — Speroz-Tufan; ZG — Zagatala-Govdag; Ab — Absheron; sub-
zones: Tf — Tufan; DD — Djikhikh-Dindidag; MS — Mazim-Saribash; M — Megikan; GR — Galal-Rustambaz; ZD —
Zagatala-Dibrar; D — Durudja; GS — Govdag-Sumgqait; schuppens (nappe plates): dt — Djurmut-Tunsaribor; kh — Kha-
lakhel; p — Rokhnor; b — Boskal; d — Djikhikh; kk — Kasdag-Kasmala; fa — Filizchay-Attagay; kg — Katekh-Gumbulchay;
dy — Dibrar-Yashma; bb — Balakan-Babadag; zb — Zagatala-Burovdal. Kakheti-Vandam-Gobustan megazone: zones: V
— Vandam; ShamG — Shamakhi-Gobustan; subzonesr: DL — Dashagil-Lahidj; GD — Gulluk-Dadagunash; A — Ayrichay;
segments: Sh — Shamakhi; SM — Sundi-Maraza; CG — Central-Gobustan; EG — East-Gobustan

Fractures: 1 — imamgulukend-Khachmaz; 2 — Khazra-Guba-Kuchay; 3 — Ashagimaki; 4 — Tendi-Keyda; 5 — Tairdjal;
6 — Siyazan; 7 — Shakhdag-Gonagkend; 8 — Major Caucasus; 9 — Khuray-Malkamud; 10 — Djoakhor-Gudurdag; 11 —
Khalakhel; 12 — Kasmaldag; 13 — Machkhalor; 14 — Djikhikh-Chugak; 15 — Kokhnamadan; 16 — Hamzagor-Saribash; 17
— Suvagil; 18 — Gamarvan; 19 — Megikan; 20 — Altiagach; 21 — ilisu-Aladash; 22 — Gaynar-Gozluchay; 23 — Mamrux-
Galadjig; 24 — Zangi-Garadjuzlu; 25 — Dashagil-Madrasa; 26 — Mudji; 27 — Shambul-ismailli; 28 — Ganikh-Ayrichay; 29
— Adjichay-Alat
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In the east (interfluve of the Girdimanchay and
Agsuchay rivers) the Mesozoic core of the Van-
dam uplift is flexurally downwarped along the
Girdimanchay-Velvelechay flexure and its
southeastern continuation opens up into the wide
Shamakhi-Gobustan depression, which is pri-
marily composed of Paleocene-Pliocene terri-
genous-clayey deposits. These deposits are
folded into small, often overturned to the south
sharp and isoclinal folds (Alizadeh et al., 2005a).
The Lower Cretaceous deposits of the Van-
dam tectonic zone are characterized by slope fa-
cies sediments primarily composed of carbonate
and siliciclastic turbidites (Fig. 2). The Berri-
asian—Valanginian succession (Kepuch For-
mation) cropping out in the Vandam zone is com-
posed of massive layers of conglomerates, sepa-
rated by packages of limestones, marls, and tuff-
aceous sandstones (50 m), above which lies a se-
quence of light-gray carbonate-terrigenous
flysch. In some places, pelitomorphic limestones
alternate with marly clays and grey non-car-
bonate clays. The Hauterivian succession is com-
prised of terrigenous-carbonate flysch series and
corresponds to the Gyrkhbulag Formation. The
thickness of these deposits reaches 300 m. These
sediments are sharply different from the marly
Kepuch Formation in their almost exclusively
terrigenous character. The Hauterivian stage is
dominated by argillites with interlayers of silt-
stones and sandstones. There are also individual
interbeds of pelitomorphic limestone with a
schistose structure (Alizadeh et al., 2005b).

Samples and methodology

For this study, ten samples were collected
from the Kepuch and Gyrkhbulag Formations
that crop out in the Vandam zone on the southern
slope of the Greater Caucasus. These units were
examined in five representative outcrops: four
riverside ops along the Behmezchay (BC),
Kishchay (KC), Damiraparanchay (DC, and
Galachay (FL) rivers, and one, SQ, along the
road from Sheki to Gakh (Fig. 3). The samples
were initially crushed for 20 minutes in a plane-
tary ball mill to create a well-mixed powder. This
powder was then further pulverized in a pulver-
izing machine. The finely ground powder (<100
um) was placed in a porcelain crucible and dried
at 1000°C overnight to remove moisture. The
dried powder was mixed with a binder (citric acid

44

and powder in a 1:10 ratio) and pulverized for
two minutes. The mixture was then spooned into
a 30 mm aluminum cap and sandwiched between
two tungsten carbide pellets. Using a manual hy-
draulic press, the cap was pressed with a pressure
of 10-15 tons per square inch for two minutes,
after which the pressure was slowly released. The
resulting pressed powder pellet was then ready
for analysis. The major and trace element con-
tents were measured using inductively coupled
plasma mass spectrometry (ICP-MS) at the La-
boratory of Geochemistry, Geochronology, and
Isotope Geology of the Department of Earth Sci-
ences “Ardito Desio” at the Universita degli
Studi di Milano Statale in Milan, Italy.

Thin-section petrography was conducted on
ten representative samples at the geological la-
boratories of the University of Milano-Bicocca to
determine their mineral composition and mineral
structure under microscope. The unconsolidated
samples were initially impregnated with epoxy
resin, then cut and mounted on glass slides using
Canada balsam. Slide preparation involved three
stages of grinding, with careful inspection be-
tween each stage to ensure uniform reduction of
interference colors. Once prepared, the slides
were labeled and examined using transmitted
light under a petrographic microscope with a flat
stage. Photomicrographs were taken to document
the features of the mineral grains, which were ob-
served based on their optical properties.

Results and discussion

Petrography

Petrological studies revealed that studied
samples are rich in lithic grains, followed by
quartz, feldspar and mica. Lithic grains are dom-
inated by volcanic (felsic volcanics) and low-
grade metamorphic rocks (mainly fine-grained
mica schist and quartz-mica schist (Fig. 4A, B)),
along with a few sedimentary rock fragments
(carbonate rock fragments). Among the quartz
grains, monocrystalline quartz dominates over
polycrystalline quartz. Both plagioclase and K-
feldspar varieties are reported; plagioclase feld-
spar presence is higher than the potash feldspar
(Fig. 4C). Calcite and dolomite are found both as
detrital grains and as cements. Majority of the
samples contain varying proportions of mica, and
muscovite (Fig. 4D) is more abundant than bio-
tite since it is more resistant to weathering.
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Fig. 3. Location map showing sampling points for the datasets used in the present work

The presence of matrix material, both detrital  proposed by Crook (1974) was employed. Given
and pseudo matrix, is quite evident in the sam-  that the matrix content exceeds 15%, the sam-
ples. Consequently, the classification system  ples are classified as greywacke.

Fig. 4. Photomicrographs (in XPL) of thin-sectioned sandstones of the Kepuch and Gyrkhbulag formations
showing: (A) angular to subangular monocrystalline quartz grains (Qm) and plagioclase (Plag); (B) metamor-
phic lithic fragment (Lm); (C) felsic volcanic lithic fragment (Lv); (D) detrital muscovite (yellow arrow)
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Whole-rock geochemistry

The major oxide- and trace-element con-
centrations of the analysed rocks are given in
the Table.

Kepuch Formation. The content of SiO»
ranges from 55.61 to 79.27 wt.% with an average
of 65.51 wt.% similar to that of UCC (Upper
Continental Crust) (Taylor, McLennan, 1985).
The average content of Al,O3 is moderately high
(about 9.09 wt%) ranging from (6.41 to 10.36
wt%). KoO and NaxO contents range from
1.21wt% to 2.08 wt% and 0.55 wt% to 2.06 wt%,
with average values of 1.58% and 1.09%, respec-
tively. These clastic rocks are also characterized

by variable amounts of CaO (2.63-13.64 wt%),
MgO (1.39-1.96 wt%), and Fe;O3 (3.34-4.39
wt%). The positive correlation of Al,O3 with
Fe;03 (R=0.54) and TiO> (R=0.72) (Fig. 5A, B)
indicates that these elements are present in clay
minerals resulting from weathering processes.
Concentrations of trace elements in sandstones of
Kepuch Formation (Table) are generally lower
than the average upper continental crust (UCC)
concentrations. The average concentrations of Sc
(13.59 ppm), Ba (534 ppm) and Cs (4.69 ppm)
are close to the average values of UCC.

Major (wt %) and trace (ppm) elements concentration of the samples of Kepuch and Gyrkhbulag Formations

Formation Kepuch Formation Gyrkhbulag Formation

Sample

Ho. SQ-1 | KC-1 | KC-3 | DC-1 | DC-3 | DC-4 | BC-1 | FL-1 | FL-2 | FL-3 |UCC* | PAAS*
Si0z 67.70 |55.61 |63.82 [66.33 [79.27 ]60.33 |61.41 |68.69 [70.14 |69.98 |65.89 |62.9
TiO2 045 045 [045 036 028 1046 |0.66 |0.69 [0.58 |0.66 |0-50 ]0.99
ALOs 9.52 924 (1036 [9.97 641 [9.02 [17.55 [14.02 |10.71 |12.91 |15.17 [18.9
Fe203 3.55 371 439 [3.53 334 1422 |6.56 540 |6.65 |4.50 |449 |722
MnO 0.03 10.08 [0.05 |0.10 0.12 0.3 0.05 |0.01 [0.06 [0.06 [0.07 |0.11
MgO 1,79 |1.69 [1.96 [1.39 149 |1.61 [290 135 [1.73 |171 [220 |2.20
CaO 586 |13.64 [7.38 |6.78 2.63 |10.04 |043 |0.17 [1.10 |1.08 |419 |1.29
Na20 0.76 |1.79 [2.06 |0.81 055 1058 |128 |1.24 [1.28 |[1.42 |389 |LI8
K20 208 124 [1.28 |1.71 121 |196 [3.66 242 |1.57 |2.19 [339 |3.70
P20s 0.08 |0.12 [0.13 ]0.07 005 10.09 o011 |02 |o.12 Jo.a1 |020 |0.16
LOI 8.17 |12.42 |8.12 |8.95 466 |11.58 |538 [5.88 |[6.06 |537 - -
Sc 13.90 |11.87 [11.60 [14.79 |14.19 [15.20 |21.63 |18.40 |16.89 |16.63 |13.6 |16
M 89.09 |62.90 [63.03 [103.56 |77.02 [86.99 |165.83 |165.13 |110.82 |139.50 [107 |130
Cr 47.05 |39.74 |34.60 |41.36 |32.05 |41.25 |87.16 |83.44 [75.89 |72.27 |85 110
Co 16.56 |11.06 |[11.30 [13.20 |13.38 |15.36 |19.03 439 [17.87 |16.65 |17 23
Ni 37.08 [32.32 |41.16 [26.19 [27.06 [32.95 |62.53 |23.87 [57.53 |51.74 |44 55
Cu 14.54 |15.02 |17.01 |61.98 |34.78 |64.19 |47.25 |48.51 |44.84 |4535 |25 50
Zn 55.56 |60.61 |75.53 |65.52 |53.22 [57.47 |134.38 |63.80 |138.38 [90.05 |71 85
Rb 94,07 [53.26 |52.23 |76.49 |54.70 |84.83 |[166.17 |117.91 |76.75 |107.27 |112 |160
Sr 143.40 |488.02 [335.03 |609.42 |79.39 [129.09 |59.02 |70.28 |74.54 |84.57 |30 200
Zr 106.00 | 131.73 | 104.84 |73.50  |55.78 [84.60 |141.06 |171.22 |272.17 [184.02 |190 |210
Cs 566 435 |4.46 |[5.36 3.57 1475 |825 892 |4.62 [774 |46 |93
Ba 211.74 [328.01 |242.46 | 1208.43 |619.72 | 596.55 |418.54 |426.20 |234.42 [315.47 | 550  |650
Pb 15.14 |12.13 [14.36 [13.69 [8.33 [25.46 |28.66 |19.26 |15.63 [20.34 |17 20
Th 723 |6.12 |6.16 |5.64 3.86 |4.10 [10.40 |8.72 [7.94 |9.73 [10.7 |14.6
U 159 |1.60 [1.32 |1.21 098 1078 [1.90 [3.75 [3.15 [3.40 |28 |3.1

*Taylor and McLennan (1985, 1995)

PAAS (Post-Archean Australian Shale)

UCC (Upper Continental Crust)
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Fig. 5. AOs vs. major oxides covariation diagrams (A-C); Al>O; vs. trace elements covariation diagrams (D-F)

Gyrkhbulag Formation. SiO, Al,Os3;, and
Fe0Os3 are the predominant oxides, with their con-
tents varying from 61.41% to 70.14%, 10.71% to
17.55%, and 5.40% to 6.65%, respectively. The
concentrations of MgO, Na,O and K,O are
mostly similar, with ranges of 1.35-2.90 wt.%
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(average 1.92 wt.%), 1.24-1.42 wt.% (average
1.31 wt.%), and 1.57-3.66 wt.% (average 2.46
wt.%), respectively. Meanwhile, the levels of
Ti0O2, CaO and P>Os are generally low, ranging
from 0.58 to 0.69%, 0.17 to 1.10%, 0.11 to
0.12%, respectively. The positive correlation
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(R=0.99) between Al,O3 and K>O (Fig. 5C) sug-
gests that potassium serves as a significant trace
component in clay minerals. Compared to the
Upper Continental Crust (UCC), the samples of
Gyrkhbulag Formation are moderately enriched
in Sc, V, Cs, and show a moderate to extreme de-
pletion in Ba and Sr respectively. Al,O3 shows a
strong positive correlation with Cs (R=0.72), Rb
(R=0.99) and Ba (R=0.84) (Fig. 5 D-F). This
suggests that phyllosilicates play a key role in de-
termining the concentrations of Large Ion Litho-
phile Elements (LILE).

Geochemical classification

Pettijohn et al. (1972) and Herron (1988) de-
veloped classification schemes based on geoche-
mical characteristics to categorize sedimentary
rocks. By employing classification diagram after
Herron (1988) (Fig. 6A), it was concluded that
the majority of analysed samples fall within the
wacke classification field, suggesting immatu-
rity. According to the classification scheme by
Pettijohn et al. (1972) depicted in Figure 6B, the
studied samples are primarily categorized within
the litharenite field, with a few samples falling
into the arkose field.

Maturity and paleoclimate
The compositional maturity primarily re-
flects the weathering process occurring in the
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source area and the extent of reworking/recy-
cling, and transportation. Sediments classified as
compositionally immature are typically located
close to their source area or have undergone rapid
transportation and deposition with minimal re-
working from the source area characterized by
limited physical and chemical weathering (Oni,
Olatunji, 2017).

Sediment maturity is assessed through two
distinct aspects: textural and mineralogical ma-
turity, each characterized by different properties
(Boggs, 2009; Nichols, 2015). Textural maturity
focuses on the characteristics of the grains and
their degree of sorting, while mineralogical ma-
turity is determined by the presence of resistant
minerals like quartz and zircon and the relative
scarcity of more easily weathered minerals such
as feldspars and ferromagnesian phases (Eric et
al., 2021). Mature sediments present a uniform
appearance with minimal compositional variabil-
ity, contrasting with immature sediments, which
are characterized by angular grains, various grain
sizes, and significant compositional diversity
(Boggs, 2006). The petrographic analyses show
that the studied samples are immature mineralog-
ically because of high content of rock fragments
and scarcity of well-rounded quartz minerals,
suggesting limited weathering and transportation
processes.
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Fig. 6. Geochemical classification of samples (A) log ratios of Si02/A103; — Fe203/K20 (Herron, 1988); (B) log ratios of

Si02/Al203 — Na20/K20 (Pettijohn et al., 1972)
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The petrographic results are further sup-
ported by various geochemical indicators, in
cluding the SiO2/Al;0O3 ratio and the Index of
Chemical Variability (ICV). The SiO2/Al>O3 ra-
tios in clastic rocks are highly affected by pro-
cesses such as sediment recycling and weather-
ing, thus serving as reliable indicator of sediment
maturity. Higher SiO2/Al2O; ratios in sandstone
suggest the presence of mineralogically mature,
quartz-rich sediments, while lower ratios indicate
chemically immature sediments (Potter, 1978).
In average volcanic rocks, the Si02/Al>,03 values
typically lie in the narrow range, from around 3
in basic rocks (gabbros and basalts) to around 5
in acidic end members such as granites and rhy-
olites. Values more than 5 or 6 indicate that sed-
imentary rocks underwent recycling and became
more mature (Roser and Korsch, 1986; Roser et
al., 1996). The SiO,/Al,O3 ratios of the sand-
stones vary from 3.49 to 12.36 (average 6.53).
Low values of SiO»/ALO; indicate that sand-
stones are mineralogically immature.

The Index of Compositional Variability
(ICV) suggested by Cox et al. (1995), is a geo-
chemical tool used to evaluate the compositional
maturity of clastic sedimentary rocks. Since clay
minerals and nonclay minerals are characterized
by very different proportions of alumina, Cox et
al. (1995) defined a ratio to measure the abun-
dance of alumina relative to the other major cati-
ons in a rock or mineral. The ICV calculation
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involves the molar amounts of major oxides pre-
sent in a rock or mineral.

ICV=(Fe;03+Ti02+K,0+Na,O+CaO*+
MgO+MnO) /Al>O3
CaO* is the amount in silicates

Sandstones which are more mature and pre-
dominantly composed of clay minerals exhibit
lower ICV values, typically less than 1. This is
because clay minerals are products of extensive
weathering and thus indicate a higher degree of
sediment maturity. In contrast, immature sand-
stones with a higher proportion of feldspars and
other unstable minerals will have higher ICV
values, indicating mild to moderate degree of
weathering and lower sediment maturity. The
ICV decreases further in the montmorillonite
group clay minerals and lowest in the kaolinite
group minerals (Baiyegunhi et al., 2017). The
higher ICV values (more than 1) for most sam-
ples indicate poor maturity, which is also sup-
ported by their weak chemical weathering. In a
plot of ICV versus CIA (Chemical Index of Al-
teration) as shown in Fig. 7A (after Long et al.,
2012) the studied samples (except for DC-4) are
plotted in immature and weak weathering fields,
suggesting that recycling has a negligible im-
pact on CIA values and these values can effec-
tively reflect the paleoweathering conditions.
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Fig. 7. (A) CIA (Chemical Index of Alteration) versus ICV (Index of Compositional Variability) plot displays the intensity
of weathering and maturity of the sandstones of both the Kepuch and Gyrkhbulag Formations (after Long et al., 2012);
(PAAS-Post-Archean Australian Shale; UCC-Upper Continental Crust) (B) Paleoclimate discriminant diagram, after

Suttner and Dutta (1986)
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The degree of weathering and composition of
detritus are also affected by climatic conditions
(Suttner and Dutta, 1986). Accordingly, the rela-
tionship between SiO; and AlO3+K>0O+NaxO in-
dicates that the studied rock formations have ex-
perienced arid and semi-arid climatic conditions
with a low-medium chemical maturity (Fig. 7B).

Source area weathering, recycling and

sorting

Chemical weathering plays a crucial role in
driving interelemental fractionation, resulting in
elemental ratios that differ from those of the
source rocks. The intensity and degree of chemi-
cal weathering in clastic rocks can be obtained by
the calculation of various indices including
chemical index of alteration (CIA), plagioclase
index of alteration (PIA) and chemical index of
weathering (CIW) (Nesbitt and Young, 1982,
1984; Fedo et al., 1995; Harnois, 1988).

The Chemical Index of Alteration (CIA) in-
troduced by Nesbitt and Young (1982) is the most
accepted among weathering indices. The CIA
value increases in response to more intense chem-
ical weathering and a greater abundance of resid-
ual clays, including illite, chlorite, kaolinite, and
gibbsite. Elevated CIA values indicate strong
weathering or recycling under warm and humid

paleoclimatic conditions, characterized by the de-
pletion of readily soluble cations such as Ca?",
Na®, K* in favor of less soluble cations like AI**
and Ti*". Conversely, low CIA values suggest
minimal or almost no chemical weathering, typi-
cally indicative of cool and/or arid environmental
conditions. The CIA is expressed as CIA=[ALLO3/
(ALLO3;+Ca0+Na,0O+K,0)[x100, where AlQOs3,
CaO, NaxO, and K»O are in molar proportions,
and CaO* is the amount in silicates. The effect of
carbonate minerals has been ruled out in CIA,
which mainly reflects the weathering intensity of
silicate minerals, so it can well reflect the chemi-
cal weathering of the source area. The CIA values
of Lower Cretaceous deposits ranging from 55.9
to 73.7 indicate a range from weak to moderate
degrees of chemical weathering at the source.

CIA values can also be plotted graphically on
a Al,0O3-(CaO+Nax0)-K,0 (A-CN-K) diagram
to evaluate weathering trends and the effects of
K-metamorphism more effectively. In addition,
the A-CN-K diagram allows for the constraining
of the primary composition of the source rocks
(Nesbitt and Young, 1982, 1984; Fedo et al.,
1995). The studied samples plot along the ideal
weathering line for granodiorite towards the illite
composition, and do not indicate any evidence of
K-metasomatism (Fig. 8).
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Fig. 8. The A-CN-K ternary plot of the samples; Al, Al>O3; CN, CaO* + Nax0O; K, K20 (oxides are plot-
ted as molar); (PAAS-Post-Archean Australian Shale; UCC-Upper Continental Crust)
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The impact of weathering can also be evalu-
ated by examining the molecular percentages of
oxide components through the Chemical Index of
Weathering (CIW) proposed by Harnois (1988).
Similar to CIA, the CIW also measures the degree
of chemical weathering and conversion of feldspar
into clays (Nesbitt and Young, 1984, 1989; Fedo et
al., 1995; Maynard et. al., 1995). It is defined as:
CIW=[ALO3/(Al,O3+CaO*+NaxO]x100, where
Al>03, Ca0, and Na;O are in molar proportions
and CaO* is restricted to the amount of CaO in
the silicate fraction only. This index is alike CIA
except to the elimination of K>O. This exclusion
accounts for the leaching of potassium or its
gathering within the weathering products during
sedimentation processes. Due to its higher ion
exchange capacity, it is more readily accommo-
dated by clay minerals compared to Na" and Ca*
(Kroonenberg, 1994). The CIW precludes the is-
sues related to the remobilization of K during di-
agenesis or metamorphism. Both CIA and CIW
values are similarly interpreted, with the values
~50 representing unweathered upper continental
crust and values close to 100 for highly weath-
ered materials (i.e. kaolinite and gibbsite). The
CIW values of samples, varying between 60 and
85 with an average of 75, suggest low to moder-
ate levels of weathering of the source materials,
consistent with the CIA.

The Plagioclase Index of Alteration (PIA),
introduced by Fedo et al. (1995), serves as an al-
ternative to the Chemical Index of Weathering
(CIW). PIA specifically focuses on the destruc-
tion of plagioclase feldspar, a common mineral
in silicate rocks, and is used when plagioclase
weathering alone needs to be monitored. Un-
weathered plagioclase has a PIA value of 50 and
the maximum of PIA is 100 for completely al-
tered materials. The PIA is calculated using the
relationship: PIA=[(AL03-K>0)/(Al,03+CaO*+
NaxO-K>0)]x100, where CaO* is limited to the
amount of CaO incorporated in silicate fraction
only while the oxide amounts are expressed in
moles. The PIA values for the studied samples
ranged between 56.9 and 82.8, with an average
of 72.1, suggesting low to moderate degrees of
chemical weathering.

In addition to weathering in the source area,
recycling of previously deposited sediments can
significantly alter their geochemical signature,
complicating the interpretation of their original
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source and depositional history. (Weltje and von
Eynatten, 2004). The Zr/Sc ratio is employed to
identify zircon enrichment resulting from sedi-
mentary recycling, given that Zr is significantly
enriched in zircon mineral, while Sc tends to be
retained by clay particles during the recycling
process. On the other hand, the Th/Sc ratio is a
reliable chemical indicator of igneous differenti-
ation, as Th is regarded as an incompatible ele-
ment in most igneous processes, whereas Sc typ-
ically behaves compatibly. The Th/Sc vs. Zr/Sc
diagram is an effective tool for distinguishing be-
tween samples with compositional variability
and those enriched in Zr due to sedimentary re-
cycling. During the sedimentary recycling, Zr/Sc
and Th/Sc ratios of the first-order sediments form
a simple positive correlation along the composi-
tion evolution line. In contrast, recycled sedi-
ments demonstrate Zr/Sc increasing substan-
tially, with Th/Sc increasing far less, consistent
with zircon enrichment (McLennan et al., 1993).
In this regard, all the analysed samples follow a
general trend consistent with their direct deriva-
tion from igneous rocks. The Th/Sc ratio values
of the samples (0.26-0.58, average 0.44) are rel-
atively low, indicating that the source rocks were
not altered by obvious sedimentary recycling.
McLennan et al. (1993) employed the Rb/Sr
and Th/U ratios as a tool to trace the weathering
conditions and recycling processes experienced
by sedimentary rocks. Due to its similar ion ra-
dius to K*, Rb" tends to be homogeneously dis-
tributed within minerals that contain potassium,
such as biotite, muscovite, and K-feldspar, in
various rock formations. During the process of
supergene weathering, these potassium-rich min-
erals are decomposed, releasing Rb. The released
Rb tends to be adsorbed by clay minerals rich in
potassium, with only a small part being trans-
ported or leached away. These characteristics
limit the extent of Rb's leaching and migration
into soil during weathering processes (Fei et al.,
2017). Sr is another example of a typically dis-
persed element. Its ionic radius of 112 picome-
ters (PM) positions it between that of Ca?" (99
PM) and K* (123PM). As a result, Sr?* is often
found as a trace element in minerals such as cal-
cite, plagioclase, K-feldspar, and mica. Due to
Sr?*’s geochemical behaviour being more closely
aligned with that of Ca?" in the supergene envi-
ronment, Sr’>* tends to migrate more readily with
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soil solutions or surface water, primarily in its
carbonate form. Consequently, a considerable
amount of Sr in the formation can be leached
away as a result. The high values (1.02-2.81),
characteristic of the Gyrkhbulag Formation, pre-
sumably reflect moderate weathering, supported
by similar variation in the CIA proxy. The rest
show Rb/Sr values ranging from 0.10 to 0.68, in-
dicating lesser degree of weathering in the source
area. A positive correlation (R=0.87) between
Rb/Sr and 1/Sr ratios suggests that variations in
the Rb/Sr ratios are primarily influenced by the
activity of Sr during the weathering process (Jin
et al., 2000).

Sedimentary recycling under oxidizing con-
ditions typically leads to the fractionation of tho-
rium (Th) and uranium (U), as U*" is easily oxi-
dized to the more soluble U®" during the weath-
ering process. The dissolution and loss of ura-
nium (U) can lead to increased thorium to ura-
nium (Th/U) ratios in sediments. Typically, up-
per continental crust (UCC) Th/U values range
from 3.5 to 4. Therefore, Th/U ratios greater than
4.0 indicate that the source rocks have undergone
sedimentary recycling. The Th/U ratios in Neo-
comian rocks, which range from 2.32 to 5.48
with an average of 4.0, suggest that these sedi-
ments have started to experience sedimentary re-
cycling (McLennan, 1993). Hence, it can be de-
duced from Fig. 9 (A) and (B) that the Neocom-
ian sediments derived directly from igneous
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rocks, which had experienced low to moderate
degrees of weathering and no significant sedi-
ment recycling.

The AlO3-TiO»-Zr plot is used to monitor
the effects of sorting processes and zircon con-
centration in sediments. Interpretation of compo-
sitional variation for these three elements as-
sumes that sedimentation involves weathering,
transport, mixing from different sources and sort-
ing. In the first three processes, the contents of
less soluble elements such as Al, Ti and Zr may
vary in response to the degree of leaching of the
soluble elements. However, their relative propor-
tions are preserved from the source area to bulk
sediment without, or with little, modification.
This material is then sorted according to the hy-
draulic properties of its constituent minerals,
leading to a chemical differentiation between
shales and sandstones. In fact, the ternary dia-
gram eliminates the impact of weathering and fo-
cuses on highlighting the effects of sorting pro-
cesses. On this diagram, sediments exhibiting a
wide range of TiO»/Zr variations are indicative of
high compositional maturity, while immature
clastic rocks, on the contrary, have a more lim-
ited range of TiO2/Zr variations (Garcia, 1994).
The limited range of TiO»/Zr variations observed
in the samples suggests that they likely originate
from ill-sorted, rapidly deposited sediments de-
rived from a less weathered source (Fig. 10).
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Fig. 9. Discrimination diagrams illustrating the influence of weathering and sediment recycling. (A) Th/ Sc versus
Zr/Sc; (B) Th/U versus Th; Diagrams after McLennan (1993).
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15*Al,0,

Zr 300*TiO,

Fig. 10. Al,Os-TiO,-Zr 'immobile element' diagram
showing typical fields for some rock types (SPG and
CAS are fields for strongly peraluminous granite and
calc-alkaline igneous suites respectively; from Garcia
et al., 1994)

Conclusion

Based on petrographic and geochemical
composition of the Lower Cretaceous (Neocom-
ian) deposits of the Vandam zone the following
conclusions can be drawn. The sandstones are
fine to medium grained, angular to sub-rounded,
and moderately sorted. They show a low textural
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HETPOI'PA®USA U TEOXUMHUYECKAS XAPAKTEPUCTUKA HUKHEMEJIOBBIX OTJIOXKEHUIA
BAHJIAMCKO# 30HBbI (FO’KHBI CKJIOH BOJIBIIIOIO KABKA3A, ASEPBAMIKAH):
3PEJOCTD, HAJIEOK/INMAT U ITAJIEOBBIBETPUBAHUE

I'yaues 9.X.
Munucmepcmeo nayku u oopazosanus Azepoaiioxcanckoil Pecnyoauxu,
Hucmumym eeonozuu u ceogpusuku, Asepbatioxcan
AZ1073, baxy, npocn. I, []pcasuoa, 119: guliyevemin@outlook.com

Pe3stome. B naHHOIi cTaThe MPUBOAUTCS MOAPOOHBIH METPOrpaduuecKiii 1 TEOXMMHUYECKUH aHaIN3 HHKHEMEIOBBIX
OTJIOKEHHH F0’KHOTO ckiloHa bonbioro Kaekasza (Bannamckas 3oHa). Llenb nanHO# pabOTh — OLIEHHUTH 3PEJIOCTh Belle-
CTBEHHOTO COCTaBa IOPOJ] IyTEM HCCIIEIOBAHUS KPEMHUCTO-00JIOMOYHBIX OPOJ KEMY4YCKOH M IbIpX0ysIarckoii CBUT U
PEKOHCTPYHPOBATH MAJIC0yCIOBHUS, BKIIFOYAs MAIICOKIINMAT U MAICOBBIBETpUBaHUE. [leTporpaduaeckuii aHam3 BBISBII,
YTO 3TH OTIOKCHUS XapPaKTSPHU3YIOTCS INIOX0H COPTHPOBKOH 0OJIOMOYHOT'O MaTEPHAIa M COCTOSAT U3 YTIOBATHIX U MOITY-
YTIIOBATHIX 3€PEH, UTO CBUACTEIBCTBYET 00 MX (POPMHUPOBAHUH BOIHM3H UCTOYHHKA CHOCA. MUHEpaIorudecKas 3pesiocTh
0CaJIKOB OILIEHMBANIACH C ITOMOIIBI0 HHAEKca 3penocTd ocagkoB (ICV), a HHTEHCHBHOCTH BBRIBETPUBAHHS — 110 WHACKCY
xumudeckoit m3MeHanBocTH (CIA), xummaeckomy nuaekcy BeiBeTpuBanust (CIW) 1 mHIEKCY H3MEHEHHUS TUIaTHOKIIa30B
(PTA). YcTaHOBNICHO, YTO COTIIACHO T€OXUMHIUECKON KITaCCU(HKAIINN OTIOKEHHS COOTBETCTBYIOT JINTUTOBBIM apECHUTAM
u rpayBakkam. [Tuarpamma Al203—(CaO* + Na20)-K20 (A—CN-K) Hapsay ¢ nHIEKCAaMH XUMHYECKOTO BBIBETPUBAHUS
YKa3bIBAIOT Ha HU3KO-yMEPEHHOE BBIBETPHBAHUE B paliOHE MCTOYHHKA, YTO COOTBETCTBYET apPUAHBIM M ITOJIyapUIHBIM
KITMMaTHYECKUM YCIOBHSM HcclieqyeMoro paiioHa. C Apyroi CTOpOHBI, 3HaUeHUs uHeKca 3penoctu ocanka (ICV), Ba-
prupytommuecs B npezenax ot 0.9 o 1.59, cBuaeTenbCTBYIOT U HU3KOH 3PENIOCTH BEIIECTBEHHOTO U MUHEPAJIOrYeCKOT0
COCTaBa TEPPUTEHHBIX OTIIOKeHni. Kpome Toro, muckpumuHanmoHusie quarpammel Zr/Sc-Th/Sc n Al203-Zr-TiOz2 no-
Ka3bIBAIOT, YTO OCAJIKH HE MMOJIBEPTAUCH PEIUKIINHTY U THAPABIHYCCKON COPTUPOBKE.

Knioueswie cnosa: spenocms, naneoxnumam, naneosecemayus, ICV, CIA, PIA, CIW, peyuxnune, copmuposka

VONDAM ZONASININ (BOYUK QAFQAZ, AZORBAYCANIN CONUB YAMACI) ALT TOBASIR
COKUNTULORININ PETROQRAFIKASI VO GEOKIiMYOVIi XUSUSIiYYOTLORI:
YETKINLIK, PALEOIQLIM VO PALEOASINMA

Quliyev E.H. )
Azarbaycan Respublikasinin Elm va Tohsil Nazirliyi, Geologiya va Geofizika Institutu, Azarbaycan
AZ1073, Baki, H.Cavid prospekti, 119: guliyevemin@outlook.com

Xiilasa. Maqalads Boyiik Qafgazin conub yamacinin (Vondam tektonik zonasi) Alt Tabasir ¢okiintiilorinin petroqrafik
va geokimyavi gostaricilori asasinda Kepug vo Qurxbulaq formasiyalarinin terrigen siixurlarmin yetkinliyi, paleoiglim vo
paleoasinma soraitlori dyronilir. Petroqrafik tohlil zaman1 miioyyan olunmusdur ki, bu ¢okiintiilor qirint1 materialin zaif
cesidlonmosi ilo xarakterizo olunur. Qrintilarin bucaqli vo yarimbucaqli olmasi onlarin yaxin terreynlordon gotirildiyini
gostorir. Cokiintiilorin mineraloji yetkinliyi torkibco doyiskonlik indeksidon (ICV), asinma xiisusiyyetlori iso kimyavi
doyiskonlik indeksi (CIA), kimyavi asinma indeksi (CIW) va plagioklaz doyiskenlik indeksindon (PIA) istifade etmoklo
giymatlondirilmisdir. Aparilmis geokimyavi tosnifata goro ¢okiintiilorin litarenitlors vo qrauvaklara uygun oldugu miioy-
yan edilmigdir. Al203-(CaO+Na20)-K20 (A-CN-K) diagrami kimyovi aginma indekslori ilo birlikdo monbo sahasindoki
quraqliq ve yarimquraqliq iqlim geraitina uygun olaraq zsif vo miilayim aginmani gostarir. Digar torafdon, “ICV”’nin 0,9-
1,59 diapazonunda dayismasi ¢okiintiilarin maddi ve mineraloji tarkibinin zaif yetkinliyinin indikatorudur. Bundan basqa,
Zr/Sc-Th/Sc vo AlbO3-Zr-TiO2 kimi diskriminant diaqramlar ¢okiintiilorin tokrar ¢okmodiyini vo hidravlik ¢esidlonmoyo
moruz qalmadigimi ifads edir.

Acar sozlar: yetkinlik, paleoiqlim, paleoasinma, ICV, CIA, PIA, CIW, tokrar sedimentasiya, ¢esidlonma
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3HAMEHUTBIE YXTUHIIbI U3 ABEPBANI)KAHA

B nouckax, pa3Bezke, nepepaboTKe U TpaHC-
MOpTUPOBKE HEPTH, raza TuMaHa U MPOIYKTOB
UX MepepaboTKU aKTUBHOE y4acTHE MPUHUMAIIH
U IPOAOJDKAIOT MPUHUMATh HEPTSIHUKHU U ra3o-
BUKH — BBIXOJIIBI U3 A3epOaiikaHa.

B 2024 r. ormeuaroTcs Kpyruible, 1o0umiei-
HBIE JaThI CO JIHS POXKIAECHUS IBOMX 3HAMEHUTBIX
azepOalKaHCKUX HE(TAHUKOB, CTaBIIMX YX-
TUHIIAMU U BHECIIMX OTPOMHBIN BKJIaJA B CO3/1a-
HUE U pa3BUTHE HEPTAHOW U ra30BOM MPOMBILI-
nenHoctu PecnyOnuku Komu (6wiBoIeit Komu
ACCP) — Anapes SxosneBuda Kpemca n AHHBI
SIxoBieBHBI MoOHIA.

Anopeu  AHxoenesuu
Kpemc ponuncs 5 urond
1899 r. B Mecreuke ¢
Ha3BaHueM 3r0a-OcToB-
Kyntyk, Hemaneko oT T.
baky. B roHOmECKOM BO3-
pacTte OH cTaj CUPOTOHN H
nocsue 00JEe3HH JIUIIUIICS
cinyxa. OKOHYMB TIOJIU-
TEXHUYECKOE YUYWINLIE B
r. baky, Anapeit fkosie-
BUY CTaJI TEXHUKOM-IIPOMBICIIOBUKOM U MPOIIEN
Ha HerenmpoMbIciiax A3zepOaiipkaHa JOIKHOCT-
HOMW MyTh OT YEePTEKHUKA U KOJIJIEKTOPA /10 CTap-
miero reojiora bamaxaHCKOro reojoru4eckoro
6ropo. B 1931 r. 3a ocBoenue HedTaHBIX OO-
ratcTB AzepOaiikaHa ObUT Harpax1€H OPIEHOM
Jlenuna.

[Tocne oxoHuanwus (3a04HO) A3epOaiiKaH-
CKOro He(TSIHOro MHCTUTyTa AHApel Skosie-
BHUY CTaJl UHKEHEPOM-Te0JIoroM He(TerazoBoro
MIPOMBICIIA ¥ OJTYYHJI JOJDKHOCTD TJ1aBHOTO I'e0-
nora A3HedTH, a B 1934 r. ctan riaBHbIM I'e0J1o-
rom ['1aBHOTO ynpasieHus HEQTIHON MPOMBILI-
nerHoctd CCCP. B 1936 r. oH ¢ rpynmnoii coBert-
ckux HedTssHUKOB nocetust CHIA, rae neranbHo
03HAaKOMWICS C NPUMEHSIEMbIMU TaM METOAAMHU
MIOUCKOB M Pa3BeIKU He(TEra3oBbIX MECTOPOXK-
neHuit, a B 1938 r. BMecTe ¢ yyacTHUKaMHU 3TOM
MOE3/IKU OBbLT apecToBaH U OCYXKIEH Ha § JeT
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narepeit. /1y oTObIBaHMS CPOKa OH OBLT HAIPaB-
neH B noc. YnObto, koTopsiii B 1943 1. ObLI NEpe-
MMEHOBaH B IOC. YXTa, a Bckope 1943 r. nouny-
YW CTaTyC ropoja. 3/1eCh €ro Ha3HAYWIM Ha
JOJDKHOCTh KOJUIEKTOpa B OIOPO MPOEKTHPOBA-
Hus HedremaxTsl Ne 1 Ha Spere.

B 1940 r. Angpeit SlkoBneBuu ObUT J0O-
CpPOYHO OCBOOOXAEH, HO OcTajcsi paboTaTth B
VYxrte. OH yBIEKCS U3yueHUEM He(Tera30HOCHO-
CTH pecilyOJUKH U MOCBSTHI €i BCIO OCTaBIILY-
10Cs J)KU3Hb. Yike B 1942 r. OH cTaj IJIaBHBIM I'€0-
JOoroM YXTmxkeMcTpos, B 1943 r. mepenMeHo-
BAaHHOT'O B Y XTKOMOMHAT.

B 1947 r. A.A.Kpemc nonoxun M.B.Cra-
auHy o npoBoauMbix B Komu ACCP pabotax B
obnactu 100buM HEPTH U rasa, o MepcreKTUBax
peruoHa B 3Toi cdepe, JeMOHCTPUPYsI IPU ITOM
kapty Tumano-Ileqopckoil mpOBHHIINH.

B 1960 r. B YxTe 66110 cO3aHO Y XTHHCKOE
TEPPUTOPUATIBHOE TE0JIOTUYECKOE YIpaBlIEHUE
(YTT'Y) u Anmpeit SIkoBneBuu CTajl €ro IjiaB-
HBIM Ie0JIoroM. B 310 Bpems B Y XTUHCKOU reo-
noropasBenounoil skcnequin (YI'PD) 3aBep-
IIWJIOCh COCTABJIEHHE OTYETA IO MMOMCKOBO-pas-
BEJOYHBIM paboTaM Ha peIKOMETaIbHO-pPEIKO-
3eMenbpHble MecTopoxkaeHuss Ha Cpennem Tu-
Mmase. [Ipu 3amure otuéra Ha coBete B YTI'Y 3a-
cenanue BEN AHmpeit SkosneBud. OH ¢ 00Jb-
IIMM BHUMaHUEM CIIylLIaJl OKJIaa U BEICOKO Olle-
HUWJI pe3yJbTaThl BBINOJIHEHHBIX padoT. Ha aTom
3aceJaHuM s BIIEPBBIC TO3HAKOMMWICS C 9TUM 3a-
MeYaTeJIbHbIM YEJIIOBEKOM.

IIox ero pykosoactsoMm B Tumano-Iledop-
CKOM HE(TEera30HOCHON MPOBUHIIUU OBLIO OT-
KpbITO Oosiee 30 MecTopoKAeHUI HEPTH U rasa,
B 4YHClIe KOTOpBIX BykThlIbCKOE, VYCHHCKOE,
Boii-Boxckoe u np.

Jnist pa3BuTHS B peciryOJIiKe Teoioropa3Be-
JOYHBIX PAa0OT ClOla HANpaBIIJIUCh BBITYCK-
HUKHU pa3HbIX BY30B CTpaHbl, HOJTOTOBKH CBOUX
CHENHUATUCTOB-T€0JIOrOB M reo()U3UKOB Ha Me-
CTax He MPOU3BOJMIOCH, TOATOMY AHpeil Sko-
BJICBUY U IPYT'HE I'€0JI0TH BBICTYIIIN C HHULIUA-
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TUBOH O CO3JaHUU B YXT€ HE(PTSIHOTO HWHCTH-
tyta. WM Takoii wuHcturyT, MHAaycTpHambHbII
(YUN), 6b11 co3nan. Anapeit SIKoBIeBHY cTa
MEepBBIM 3aBEYIOMUM Kadeapoil Teonoruu Ha
obmecTBeHHBIX Havainax. OH oueHb Oecmoko-
WJICSL O HEXBATKE MECTHBIX MOJIOJBIX F€OJIOTHYE-
CKHMX KaJIpOB, U MO €r0 WHUIMATUBE B TOPOJE
ObL1a co3nana Manast akazemMusi AJis BBITYCKHU-
KOB HIKOJI, TUIAHUPYIOUIUX TMOJIYYUTh BBICIIEE
o0Opa3oBaHHe B CBOEM TOpojie M CBOEH pecmyO-
JIMKE.

AHppeit SIkoBieBrY OBLIT TOOPBIM, OT3BIBUH-
BbIM U BHUMATEJIbHBIM 4Y€JIOBEKOM. MHe J0Be-
JIOCh MIPUCYTCTBOBAaTh HAa NMPEABAPUTEIBHON 3a-
ure gqokropckoit quccepranuu O.C.Kouetkosa
B KkBapthpe AnHApes fkoBieBHyYa C €ro yda-
ctueM. OH ¢ OOJBIIMM HHTEPECOM BBICTYILIAI
Onera CepreeBrnya U 1aJl HECKOJIBKO LIEHHBIX pe-
KOMEHIAMii u coBeToB. Jluccepramms Oblia
M03K€ YCHEIIHO 3aIUIIEHA.

OO0 oT3pIBUMBOCTU H A00poTe AHapes Sko-
BIIEBUYA, €ro mpodeccuoHaaIu3Me TOBOPUIH
MHOrue npuriaménssie Ha Jlens ero Ilamsru.
DTO 3acelaHue MPOXOAWIO B KBapTHpPE-My3ee
A Kpemca na yn. A5 . Kpemca.

B Vxte Anapeit SIkoBiaeBHY KU B OZHOM
KBapTUpPE C KEHOM M mpuexaBllied u3 baky u
CTaBIICH IUPEKTOpOM HedTenepepadaThIBato-
niero 3aBoga AHHoW SkoBneBHoi Momnuii. [lo-
CJIe yXOJla U3 KU3HU KEHbl OHU ¢ AHHOU fKO-
BJIEBHOW CTaJIM CyHpyramMu U IPOXKUIU BMECTE
o ero koHuuHs! 31 mas 1975 r.

Tpyasl Anzpes flkoBieBHuYa BBICOKO OIle-
HeHbl rocyaapctBoM. OH ctan ['epoem Conmanu-
ctuaeckoro Tpyna, 3aciayXEHHBIM JEATEIEM
Hayku u TexHuku Komu ACCP, 3acnykeHHbIM
nesitenieM Hayku U TexHuku PCOCP, JlaypeaTtom
Cranunckoil npemuu. Ero Harpagel: 3 opnaena

Jlenuna, 2 opaena TpynoBoro
Kpacnoro 3namenu, 2 opaeHa
KpacHoii 3Be3npl, MHOTHE Me-
nanu. EmMy mpucBoeHO 3BaHue
[Tou€THbI rpakJaHuH Y XThI, a
nMs 3aHeceHo B KHury Tpyno-
Boii cinaBel Komu ACCP u nipu-
CBOGHO YJulle, HA KOTOPO OH
npokuBasl. Paboumii kaOuHeT
ero crain My3eeM-KBapTHUpOW, a Ha JIOME€ yCTa-
HoBJeHa MemopuaneHas [locka.

[HocmeptHO AHapero SIKoBieBUYy NPUCBO-
eHO 3BaHue «YxTuHen XX BEKa», ero UMEHEM
Ha3BaH OJIUH U3 BUJOB JICBOHCKUX OpaxuoIo/.

5 urong 2024 r. ucrioHWIoch 125 net co aasa
poxknenust Auapes SxosneBuua Kpemca...Beu-
Hasl eMy MaMSTh.

Anna AHxosenesna Moauu poaunace B . baky
16 deBpans 1919 r. B 1935 r. ona okonuunna ga-
KyJIbTET nepepaboTku HehTH B A3sepOaiimkaH-
cKoM MHIycTpuanbHOM HHCTUTYTE U MOCTYIWIA
Ha paboty Ha bakuHckuii HedrenepepabaThIBa-
romuii 3aBoa. B 1938 r. penpeccun KOCHYJIUCH U
e¢ ceMbHd, OHa ObLJIa YBOJIEHA C 3aBOJIa, HO MPHU
MOJJEP)KKE KOJIEKTHBA 3aBOJa YCTpPOWJIAach B
ormen  AsHedrezaBoanpo-
ekra. Pabora eif 31ech He Ho-
HpaBwiack U B 1940 r. ona
yexana B YXTy, rie Obuia
MPUHATA HA JOJKHOCTH WH-
KeHepa MPOU3BOJACTBEHHOTO
otaena YXTKOMOUHATA U KY-
paTopa YXTHHCKOTO HedTe-
; nepepadaThIBAIOIIETO 3aBOJIA

= (HII3).

AKOBAER MY
KPEMC

Bckope Anna flkoBneBHa MO3HAKOMUIIACH
3J1ECh CO CBOMM 3€MJISIKOM AHzpeeM SKOBIIeBU-
yem Kpemcom u BMecTe ¢ ero cemMbéll mocemnu-
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nack B fome Ha yi. Ilymkuna. Korna B ropoae
OBLIH ITOCTPOCHBI HOBBIC S5-3Ta)KKH, OHU Tepece-
JWINCh B 3-KOMHATHYIO KBapTupy Ha yi. Cry-
NeH4YecKorM (B HacTosimiee BpeMs — @ YIL
A S.Kpemca) u 1py’>KHO KUK 37€Ch MHOTO JIET.

B 1942 r. ona crana nupexkropom HII3 u on-
HOBPEMEHHO M3-3a HEJJOCTATKA KaJpOB HA 3aBOJIE
WCTIOJTHSIA 00s13aHHOCTH TJIABHOTO HMHXKEHEPA.

[Tox e€ pykOBOACTBOM Ha 3aBOJI€ MOCTOSIHHO
OCBaMBAJIOCh ITPOU3BOJCTBO HOBOW MPOIYKIIMH
u3 He(TU: HezaMep3alollre CMa3o4yHbIe Macia,
COJIUIO0N, Ma3yT, JTJAKOBBIM OUTYM, oOecrieunBast
pactymume nmotpedHoctu crpansl. B 1944 r. po-
nykuusa Yxtunckoro HII3 gocrasmsiiachk B oca-
KAEHHBIN JIeHMHrpag ¢ y4acTMEM U B CONpPO-
BOXICHUU AHHBI SIKOBJICBHBI.

E€ ynopHblif ycriemHblid TPYy1 MOTYYHIT BbI-
cokyo oreHky npasureiabctBa CCCP, ona Obta
HarpaxkJaeHa opaeHoM TpyanoBoro Kpacnoro
3HaMEHM U MeNajblo «3a TPYJIO0BOE OTIUYMEY.
Omna Obua TBEPABIM M TpPeOOBATENbHBIM, a TO-
TOMY YCIIEUTHBIM PYKOBOIUTEIIEM.

B 1953 r. Anna flkoneBHa Oblia HampaBJIeHa
Ha TMOBBINICHUE KBATU(UKAIUA B MOCKOBCKYIO
aKaJeMUI0 HeQTSIHON MPOMBIIUIEHHOCTH, TOCIe
yero BepHysachk Ha HII3 u mpogoirkana pykoBo-
IUTh JeATENLHOCTRIO 3aBoma mo 1967 roa. B
1967 r. Anny SIKOBJIEBHY HEOXKHUIAHHO 110 HEU3-
BECTHBIM MpPHYMHAM TepeBelr Ha paboTy B
Komu ¢unman Bceecoro3Horo HaydHO-HCCIENO-
BaTeIbOCKOr0 HWHCTUTYyTa MPHUPOAHBIX Ta30B
«BHMUTI'a3» Ha HOIKHOCTH PYKOBOJIUTEIIS Jia-
OopaTtopun mepepadOTKH Ta3a M KOHJICHCaTa.
Ona ObUTa HENOBOJNbHA TaKWM TIOBOPOTOM
CyIbOBl, HO MPUIUIOCH CMHUPUTHCS U MPOJOJI-
’KaTb CBOM YIIOPHBIN U YCIICLIHBIN TPY.

E€ 3acimyru 6bpu1M 0TMEUEHBI HOBBIMU Harpa-
namu — opaeHamu: Jlenuna, «3Hak Ilouéray,

«TpynoBoro KpacHoro 3HameHu», menaisimMu.
Eit 6pum1 pucBoensl [Tlou€THbie 3Banus «3aciy-
JKEHHBIA JesTeNb Hayku Hu TexHuku Komu
ACCP» u «3aciryxeHHBIH paOOTHUK HEPTIHON U
razoBoil nmpombinieHHocTd Komu ACCPy, «Ilo-
y€THBIN T'paXkJaHUH ropoja Yxra». UM AHHbI
SlkoBneBHbI 3aHeceH0 B Kuury TpynoBoii CnaBbl
Komu ACCP.

Anna SlkoBieBHa ckoHYanach 12 ampens
1979 r. YxTuHCcKue HE()TSHUKU U Ta30BUKU Oe-
PEXKHO XpaHAT namsATh 00 AHHe SIkoBiieBHE Mo-
muid. 4 centsaOps Ha YxtuHckoM HII3 ycranos-
neHa ITamsatHas Jlocka B mamsath 00 AHHe SIko-
BJICBHE.

- Hitpescyap Sarhingtioro B3 s 16z

Cospemennsiii HI13 B YxTe

Hnakun A.M., npogh. YI'TY
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CONFERENCE INFORMATION

INTERNATIONAL CONFERENCE ON EARTH SCIENCE AND CLIMATE CHANGE
21-22 October, 2024, Roma, Italy

Website: https://www.clocate.com/international-conference-on-earth-science-and-climate-change/103317/

INTERNATIONAL CONFERENCE ON GEOLOGY AND GEOPHYSICS ICGG
28-29 October, 2024, Montreal, Canada

Website: https://waset.org/geology-and-geophysics-conference-in-october-2024-in-montreal
Program: https://waset.org/conferences-in-october-2024-in-montreal/program

INTERNATIONAL CONFERENCE ON GEOLOGY AND GEOPHYSICS ICGG
04-05 November, 2024, Amsterdam, Netherlands

Website: https://waset.org/geology-and-geophysics-conference-in-november-2024-in-amsterdam
Program: https://waset.org/conferences-in-november-2024-in-amsterdam/program

INTERNATIONAL CONFERENCE ON OIL, GAS AND PETROLEUM GEOLOGY ICOGPG
04-05 November, 2024, Amsterdam, Netherlands

Website: https://waset.org/oil-gas-and-petroleum-geology-conference-in-november-2024-in-amsterdam
Program: https://waset.org/conferences-in-november-2024-in-amsterdam/program

GEOKURDISTAN VI — THE SIXTH INTERNATIONAL
GEOLOGICAL CONFERENCE OF KURDISTAN

5-7 November 2024, Slemani, Kurdistan Region, Iraq

Website: https://gk-conference.com/

PROCESS MINERALOGY '24
11-13 November, 2024, Cape Town, South Africa

Website: https://mei.eventsair.com/process-mineralogy-24/

INTERNATIONAL PROFESIONAL GEOLOGY
21-23 November, 2024, Zaragoza, Spain

Website: http://www.icog.es
Program: http://www.icog.es
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GSNZ ANNUAL CONFERENCE 2024
25-29 November, 2024, Dunedin, New Zealand

Website: https://confer.eventsair.com/gsnz2024/

COURSE —ROCK PHYSICS, GEOMECHANICS, AND HAZARD
OF FLUID-INDUCED SEISMICITY

02-05 December, 2024, Virtual, Any Location (virtual event)

Website: https://seg.org/courses/rock-physics-geomechanics-and-hazard-of-fluid-induced-seismicity/

AMERICAN GEOPHYSICAL UNION - ANNUAL MEETING
09-13 December, 2024, Washington, D.C., United States

Website: https://www.agu.org/Plan-for-a-Meeting/AGUMeetings

WRE 2024 - 10TH INTERNATIONAL CONFERENCE
ON WATER RESOURCE AND ENVIRONMENT

15-18 December, 2024, Hong Kong, China

Website: https://www.wreconf.org/

1GC-2024 — INDIAN GEOTECHNICAL CONFERENCE
19-21 December, 2024, Aurangabad, India

Website: https://igc2024mit.com/

INTERNATIONAL CONFERENCE ON GEOLOGY AND GEOPHYSICS
30-31 December, 2024, Honolulu, United States

Website: https://waset.org/geology-and-geophysics-conference-in-december-2024-in-honolulu
Program: https://waset.org/conferences-in-december-2024-in-honolulu/program

INTERNATIONAL CONFERENCE ON GEOLOGY AND GEOPHYSICS ICGG
07-08 January, 2025, Tokyo, Japan

Website: https://waset.org/geology-and-geophysics-conference-in-january-2025-in-tokyo
Program: https://waset.org/conferences-in-january-2025-in-tokyo/program
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GUIDE FOR AUTHORS

The editorial board of a journal "Stratigraphy, petroleum sedimentology, geochemistry" accepts
papers, reviews and brief information. Manuscripts should be submitted in Azerbaijani, Russian and
English.

Articles, after publication, are assigned an individual DOI identifier
The title of the manuscript

(font: Times New Roman (TNR) — 12 pt., all letters in the Title capital, bold, should be placed
symmetrically relatively the middle of page along the width of text margin (16.5 cm), then — type the
author’s last name then initials, in one space). Title should be given in the original language of the
manuscript in line with Russian and English translation.

Author’s names and initials and affiliation

(font: — 11 pt, lower-case letters, should be placed symmetrically relatively the middle of page,
text margin. Then, below, type the title of the affiliation, its mail address and after the colon — e-mail
address of the corresponding author (for contacts and correspondence at all stages of the review pro-
cess, publication, and in the period after publication). Font: — 11 pt, italics, letters lower-case, should
be placed symmetrically relatively the middle of page along the width of text margin. Email address
of the corresponding author indicates that the author will handle correspondence at all stages of ref-
ereeing and publication, also post-publication.

Authors should be indicated as follows: first is the last name then initials. If the authors work in
different affiliations, after initials should be put superscript. After the authors’ last name and initials,
in the next line the respective superscript should be placed, corresponding to the affiliation of the
authors. For instance, such as below,

Ismail-Zadeh A.J.!, Musyaev Sh.D.2, Veliyev Z.A.!
1Geology and Geophysics Institute, Azerbaijan National Academy of Sciences
119, H. Javid Ave., Baku, Azerbaijan, AZ1073: arifismail@mail.ru
2“AzerGold™ CJSC
M.Mushfig Str., 2H, Baku, Azerbaijan, AZ1004

Summary

Please provide Summary of 200 to 250 words describing the objectives of the research, and the
rationale and methods (if relevant), should be included. The word “Summary” should be bold. Both
the word “Summary” and the text should have font: — 11 pt, lower-case letters. The text in Summary
should not contain formula. References should be avoided. Also, non-standard or uncommon abbre-
viations should be avoided, but if essential they must be defined at their first mention in the abstract
itself. The width of the text should not exceed 13.5 cm and should be placed symmetrically relatively
the middle of page. Single space between lines should be considered. Summary should be given in
the original language of the manuscript, also in Russian and English and contain 200-250 words.
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Keywords

Immediately after the abstract in a single space provide a maximum of 7 keywords, avoiding
general and plural terms and multiple concepts (if possible, avoid, for example, 'and', 'of'). The word
“Keywords” with colon should be bold and italic. After the colon the keywords should appear italic
and separating from each other by comma. The keywords will be used for indexing purposes. After
two spaces Introduction should come.

Introduction

State the objectives of the work and provide an adequate background, avoiding a detailed litera-
ture survey or a summary of the results.

Requirement to manuscript design

There are no strict requirements on consequent enumeration of the titles in the manuscript. Au-
thors can put title in any style or format as long as the titles in the manuscript are consistent. Authors
can select to either enumerate each title or not to enumerate. Titles and subtitles are indented in the
text by separate line on the line with an indentation and are printed by bold font — 14pt (for titles) and
12pt (for subtitles). Their appearance begins on the left margin of the text.

Text of the manuscript

Each paragraph begins with indentation of 1 cm from the left margin of the column. The spaces
between lines in the text are 1.5 interval, the text of the paper is printed in the MW. Recommended
font: 14pt (Times New Roman). The other fonts (Helvetica, Arial and etc.), should be avoided. The
papers are presented in Azerbaijani, Russian, or English languages. However, if presented in Azer-
baijani language, please, ensure to provide the Russian version of the manuscript. Overall, the pref-
erence will be given to the papers presented in English.

The text of the paper should be formatted (in particular, all lines should be justified from left and
right without leaving the margins of the text), should be edited and checked from the spelling view-
point, special geographical terms and signs (in the international SI system).

Page format

Page format corresponds to A4 format, (21,0x29,7cm). Margins: from left 3 cm, right — 1.5 cm,
from top and bottom — 2 cm. Number all manuscript pages consecutively in the lower right corner.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Meth-
ods that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Theory/calculation

Theory section should extend, not repeat the background to the manuscript already dealt with in

the Introduction and lay the foundation for further work. In contrast, a Calculation section represents
a practical development from a theoretical basis.
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Illustrations, tables, formulas

Each figure (map, diagram, scheme, etc.) should be presented as a separate object in the end of
the text or as file in JPEG (*.jpeg, *.jpg). As a rule, their sizes should not exceed 7.75 cm in the width.
It should not exceed the width of text margin (16.5 cm) and located symmetrically relatively the
middle of page. Picture caption should be carried out by font — 12pt (bold), the caption (deciphering
of conditional signs, explanation etc.) font TNR — 12 pt in italics. Each figure and caption should be
on one page, and figure caption is under the figure.

For graphical work, you are recommended to use the following guidelines:

 For bitmap images, use the JPG/JPEG, TIF format at 300-dpi resolution, 256 grayscales.
e Vector images must be submitted in CorelDraw, Adobe Photoshop.
 For photographs, use a JPG/JPEG, TIF format at no less than 300 dpi.

Numbers and names of tables are given by font — 12pt (bold) above them. The tables should not
be huge and should not be left the boundaries of text margin. The tables should not have continuation
from one page to another. The tables should be placed in the text of the paper. Please, number tables
consecutively in accordance with their appearance in the text and place any table notes below the
table body. Each figure and its caption must be placed on the same page, with the caption directly
below the figure. Abbreviations are not allowed in the table.

Formulas are given without intermediate computation, with compulsory deciphering of symbols
using in them (immediately after formulas), with a distinct displacement of degrees and footnote
indexes, relatively the middle of page, containing this formula. Numbers of formulas are put in round
brackets near the right margin of text on one line with formula in case if they are mentioned in text.
Microsoft Equation is recommended for formulas. The width of line with formula and number of
formula should not exceed 7.75 cm.

Results and/or Discussions

Results should be clear and concise. Discussion should explore the significance of the results of
the work, not repeat them. A combined Results and Discussion section is often appropriate. Avoid
extensive citations and discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a short. Conclusions section may stand
alone or form a subsection of a Discussion or Results and Discussion section, depending on the
decision of author(s), style of the research in manuscript, obtained results from theory/calculations,
etc.

Reference

Please, use the style of the References such as below. No numeration. Non-dependent on the
original language of the manuscript, References must be provided also in English. If the reference in
origin is either in Azerbaijani language or in Russian, please, translate the name of the book/arti-
cle/material in English, but put the origin of the language in parenthesis, such as (in Russian). Please,
remain the name of the Publishing House non-translated, such as Nauka, Nedra, Nafta-press, Elm,
etc.
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Example:

Garibov Y.E. Anthropogenous transformation of modern landscapes of the Azerbaijan Republic
and their optimization ways. Abstract of PhD dissertation (geography), Baku, Azerbaijan, 2013, 47

p. (in Azerbaijani).

Hasanov T.Ab. Ophiolites of Lesser Caucasus. Nedra. Moscow, 1985, 240 p. (in Russian).

Isachenko A.G. Landscape studies and physico-geographical zoning. Vysshaya shkola. Moscow,

1991, 366 p. (in Russian).

Bortnikov N.S. Geochemistry and origin of ore forming fluids in hydrothermal-magmatic sys-
tems in tectonically active zones. Geology of ore fields. Vol. 48, No. 1, 2006, pp. 3-28 (in Russian).

Examples of References for the paper submitted in English

REFERENCES

Dearing J. Magnetic susceptibility. In: Walden J., Smith
J.P., Oldfield F. (Editors). Environmental Magnetism:
a practical guide, Quaternary Research Association.
Technical Guide, No. 6, London 1999, pp. 35-62.

Dodonov A.E., Tchepalyga A.L., Mihailescu C.D., Zhou
L.P., Markova A.K., Trubikhin V.M., Simahova A.N.,
Konikov E.G. Last-interglacial records from central
Asia to the northern Black Sea shoreline: stratigraphy
correlation. Netherlands Journal of Geosciences,
Vol. 79, No. 2/3, 2000, pp. 303-311.

King J.W., Channell J.LE.T. Sedimentary magnetism, envi-
ronmental magnetism, and magnetostratigraphy. U.S.
Nat. Rep. Int. Union Geod. Geophys. Rev. Geophys.
1987-1990, V. 29, 1991, pp. 358-370.

Lowrie W. Identification of ferromagnetic minerals in a rock
by coercivity and unblocking temperature properties.
Geophys. Res. Lett., Vol. 17(2), 1990, pp. 159-162.

Mammadov A.B., Aleskerov B.D. Pleistocene of Azerbai-
jan. Azerbaijan National Academy of Sciences. Insti-
tute of Geo- graphy. Baku, 2002, 70 p. (in Russian).

Pilipenko O.V., Sharonova Z.V., Trubikhin V.M., Novru-
zov Z., Karyagdy S.K., Abrakhamsen N. Study of en-
vironmental change of Karaja section rocks formation
(Azerbaijan) on results of petromagnetic research.
Earth Physics, No. 4, 2009, pp. 85-96 (in Russian).

Trubikhin V.M. Paleomagnetic method and dating of re-
gional geological events of Pontian-Caspian. New data
on geochronology of Quaternary period. Nauka. Mos-
cow, 1987, pp. 150-157 (in Russian).

JUTEPATYPA

Dearing J. Magnetic susceptibility. In: Walden J., Smith
J.P., Oldfield F., (Editors). Environmental Magnetism:
a practical guide, Quaternary Research Association.
Technical Guide, No. 6, London, 1999, pp. 35-62.

Dodonov A.E., Tchepalyga A.L., Mihailescu C.D., Zhou
L.P., Markova A.K., Trubikhin V.M., Simahova A.N.,
Konikov E.G. Last-interglacial records from central
Asia to the northern Black Sea shore line: stratigraphy
correlation. Netherlands Journal of Geosciences,
Vol. 79, No. 2/3, 2000, pp. 303-311.

King J.W. and Channell J.E.T. Sedimentary magnetism,
environmental magnetism, and magnetostratigraphy.
U.S. Nat. Rep. Int. Union Geod. Geophys. Rev. Ge-
ophys. 1987-1990, V. 29, 1991, pp. 358-370.

Lowrie W. Identification of ferromagnetic minerals in a
rock by coercivity and unblocking temperature proper-
ties. Geophys. Res. Lett., Vol. 17(2), 1990, pp. 159-162.

MawmenoB A.B., AneckepoB b.J]. Ilneiictonen Azep0aii-
mokana. Hammon. Akan.nayk AsepOaitmkana. MHcTH-
tyT ['eorpadun. baxy, 2002, 70 c.

MMwmnenko O.B., llaponosa 3.B., Tpybuxur B.M., Ho-
Bpy30B 3., Kapsraer C.K., Abpaxamcen H. M3yuenne uz-
MeHeHHH cpensl GopMupoBanus mopox paspesa Kapa-
IKa (AsepOaiipkaH) o pe3ysbTaTtaM MeTpOMarHUTHBIX
nccienoBannii. Pusuka 3emiu, No. 4, 2009, c. 85-96.

TpyOuxun B.M. [1asleoMarHuTHBIN METOX ¥ TaTHPOBAHHUS
pEernoHaNbHBIX Teoslorndeckux coobiTii [lonTo-Kac-
nus. HoBele JaHHBIC IO T'COXPOHOJIOTUU YCTBEPTHUY-
Horo nepuoja. Hayka. Mockga, 1987, ¢. 150-157.

Example of References for the paper submitted in Azerbaijani (or Russian) languages

ODOBIYYAT

Azorbaycan Respublikasi ohalisinin siyahiyaalinmasi.
2009-cu il. XIX cild, Baki, 2011, 820 s.

Azorbaycan Respublikasinin konstruktiv cografiyasi. (Bu-
dagov B.O. redaktasi altinda). 3 cilddo, III cild, Avro-
pa. Baki, 2003, 256 s.
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Ibrahimov T.O. Landsaft tadqiqatlar1 vo onlarin ekoloji
problemlori. Elm. Baki, 2015, 384 s.

Qoaribov Y.O. Azarbaycan Respublikasinin miiasir land-
saftlarinin antropogen transformasiyasi. Mars Print.
Baki, 2011, 299 s.

Qoribov Y.O. Azarbaycan Respublikasi tobii landsaftlari-
nin optimallagdirilmasi. AzTU motboasi. Baki, 2012,
216s.

Mommadov Q.S. Torpagsiinasliq vo torpaq cografiyasinin
osaslar1. Elm. Baki, 2007, 660 s.

Mommadov R.M. Azaorbaycanda landsaft planlagdirilmast
(ilk tacriiba va totbiq). Baki, 2009, 142 s.

Namazova S.N. Xiz1 inzibati rayonunun davamli inkisafi
va landsaft planlasdirilmasinin qiymatlondirilmasi. Pe-
daqoji Universitet Xoborlori, tobiot elmlori bdlmasi,
No. 4, 2014, s. 70-72.

Stileymanov M.O. Azorbaycanin tobii vo antropogen land-
saftlariin cografi qanunauygunluglari. Obilov, Zeyna-
lov vo ogullari. Baki, 2005, 248 s.

Ammsane 2.K., Tapuxasep C.A. Dx3oMopdhoauHaMuKa pe-
abeda rop u ee oneHka. Victory. baky, 2016, 236 c.
Bynaros B.A. CoBpeMeHHbIE €CTECTBEHHBIE JIaHAMIAPTHI

Asepoaiimkanckoit CCP. DM, Baky, 1988, 135 c.

Kazakos JI.K. JlannmadroBenenue (IpupoaHble U aH-
Tpornorernsle nanamagdTs). MHOITY. Mocksa, 2004,
264 c.

Mwmiep I'.I1. JlanamadTHeIe HcclaenoBaHUsS TOPHBIX U
MIPEeITrOpHBIX TeppuTopuii. Buma mxoma. JIsBoB, 1974,
202 c.

Census of the population of the Republic of Azerbaijan,
2009. Vol. 19. Baku, 2011, 820 p. (in Azerbaijani).
Constructive geography of the Republic of Azerbaijan (ed-
ited by B.A.Budagov). In three volumes. Vol. 3.

Avropa. Baku, 2003, 256 p. (in Azerbaijani).

Garibov Y.A. Anthropogenic transformation of modern
landscapes in Azerbaijan Republic. Mars print. Baku,
2011, 299 p. (in Azerbaijani).

Garibov Y.A. Optimization of natural landscapes in Azer-
baijan Republic. Printing house of ATU. Baku, 2012,
216 p. (in Azerbaijani).

Ibrahimov T.O. Landscape studies and their ecological
problems. Elm. Baku, 2015, 384 p. (in Azerbaijani).
Kazakov L.K. Landscape science (natural and anthropo-
genic landscapes). Academy MNEPU. Moscow, 2004,

264 p. (in Russian).

Mammadov G.Sh. Fundamentals of soil science and soil
geography. Elm. Baku, 2007, 660 p. (in Azerbaijani).

Mammadov R.M. Landscape planning in Azerbaijan (first
experience and application). Baku, 2009, 142 p. (in
Azerbaijani).

Miller G.P. Landscape studies of the mountain and foothill
areas. Vishcha shkola. Lviv, 1974, 202 p. (in Russian).

Namazova S.N. Assessment of sustainable development and
landscape planning of Khyzi administrative district. Pro-
ceedings of Pedagogical University, series of natural sci-
ences, No. 4, 2014, pp. 70-72 (in Azerbaijani).

Suleymanov M.A. Geographical laws of natural and anthro-
pogenic landscapes of Azerbaijan. Abilov, Zeynalov ve
ogullari. Baku, 2005, 248 p. (in Azerbaijani)

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Citation in the text must be given depending on the origin of the manuscript language.

All citations in the text should be in parenthesis and should refer to:

1. Single author: the author's name (without initials) and the year of publication;
2. Two authors: both authors' names and the year of publication;
3. Three or more authors: first author's name followed by 'et al.' and the year of publication.

Groups of references should be listed chronologically. Example: “as evidenced (Bryulov, 1999;
McKenzie, 2000)...”. Citation can be also such as follows: “Alizadeh et al. (2016) have recently

shown ...”.

List: References should be arranged alphabetically. Font — 12 pt. Family name starts with the

capital letter, the rest letters in the family name — in lower-case, no comma after the family name.
After author(s) name(s), journal title/book title, chapter title/article title, volume/issue number, book
chapter/ journal number, printing house, city, year of publication and pagination must be present. Use
of DOI is highly encouraged. More than one reference from the same author(s) in the same year must
be identified by the letters 'a', 'b', 'c', etc., placed after the year of publication.

Examples:
Reference to a journal publication:

Ismayil-zadeh A.J. Bipolar conjugation of volcano-plutonic and ophiolitic belts in Caucasus. Pro-
ceedings of NAS of Azerbaijan. The Sciences of Earth, No. 1, 2009, pp. 40-53 (in Russian).
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Reference to book:

Mustafayev G.V. Mesozoic granitoid formations of Azerbaijan and peculiarities of its metallog-
eny. Elm. Baku, 1977, 234 p. (in Russian).

Reference to a chapter in an edited book:

Mettam G.R., Adams L.B. How to prepare an electronic version of your article. In: Introduction
to the Electronic Age. E-Publishing Inc., New York, 2009, pp. 281-304.

Reference to dissertation and/or Abstract of dissertation (known as Avtoreferat):

Garibov Y.E. Anthropogenous transformation of modern landscapes of the Azerbaijan Republic
and their optimization ways. Abstract of PhD dissertation (geography), Baku, Azerbaijan, 2013, 47
p. (in Azerbaijani).

Reference to Conferences and Symposia

Khain V.Ye. Northcaucasian-Turkmeno-Northafganian Late Triassic volcano-plutonic belt and
detection of north zone of Tethys. Doklady AS of USSR, Vol. 249, No. 5, 1979, pp. 1190-1192 (in
Russian).

Reference to a website:

Cancer Research UK. Cancer statistics reports for the UK. 1975, http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ accessed 13 March 2003).

Reference to a dataset (methodological recommendation booklet):

Oguro M., Imahiro S., Saito S., Nakashizuka T. Mortality data for Japanese oak wilt disease and
surrounding forest compositions. Mendeley Data, Vol. 1, 2015.

Submission

All submitted papers undergo reviewing and approval by the Editorial Board. Papers which
passed this procedure and received a positive review, are published free of charge. Authors should
submit their manuscripts online to the Editorial Board via “Submit the manuscript”.

The term of the manuscript reviewing takes from one to two months since the date of its sub-
mission to the Editorial Office. Manuscripts are published in the order of their submission. Help us
to make your manuscripts to the highest possible standards — in both paper and electronic formats.
Submitting your manuscripts in an electronic format helps us produce your work to the best possible
standards, ensuring accuracy, clarity and a high level of detail.

In the case when the manuscript will be returned to the authors for alteration, the revised version
should be returned to the editorial office within two weeks. If the manuscript is delayed by the au-
thors for over two weeks, it will thereafter be considered by the editorial office to be newly received.

When submitting a paper, please, send the scanned electronic version of the cover letter addressed
to the Editor-in-Chief with a request to accept the paper for review according to the rules of the
Journal and after required procedures, if applicable, to publish it.
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MUOSLLIFLOR UCUN QAYDALAR

“Stratigrafiya, neft sedimentologiyasi, geokimya” jurnalinin redaksiya heyati moqalslori, icmal
xarakterli molumatlari, miizakirolori vo qisa molumatlari gobul edir. Moqalolor Ingilis, Rus vo
Azorbaycan dillorinds toqdim edils bilor.

Noasr edildikdan sonra maqalaslors fordi DOI identifikatoru verilir.
Mbaqalonin adi

Srift: Times New Roman (TNR) — 12 pt, biitiin harflor boyiik, galin olmali, sohifonin ortasinda
tam eninod (16,5 sm) simmetrik yerlogdirilmalidir. Sonra bir interval buraxaraq miislliflorin soyadi vo
adinin bas horflori yazilmalidir. Maqalonin ad1 orijinalda rus vo ingilis torciimolorine uygun olaraq
yazilmalidir.

Miislliflorin inisiali va soyady, isladiklari taskilatin adi

Sriftin Ol¢tisti — 11 pt, kigik harflorlo sohifonin morkozino simmetrik yerlogdirilmolidir. Asagida
togkilatin adi, pogt invani iki noqto ilo — misllifin e-mail invani (biitiin morhalalorda, eloco do
nasrdon sonraki yazigsmalar vo miiraciatlor li¢iin). Srift — 11 pt, kursiv, kicik horflorlo, sohifonin tam
eninod simmetrik yerlosdirilmalidir.

Miiolliflor agagidaki ardicilligla qeyd edilmalidir: ovvalco soyad, sonra iso inisial. ©Ogor miiolliflor
forqli toskilatlarda isloyirlorso, inisialdan sonra yuxari indeksdo rogom qoyulmalidir. Soyad vo
inisialdan sonra, ndvbati sotirdo miivafiq yuxari indeks miislliflorin islodiyi toskilatin ad1 ilo uygun
olaraq yerlosdirilmalidir. Masolon, agagidaki kimi:

Ismail-Zadeh A.J.!, Musyaev Sh.D.2, Veliyev Z.A.!

!Geology and Geophysics Institute, Azerbaijan National Academy of Sciences
119, H. Javid Ave., Baku, Azerbaijan, AZ1073: arifismail@mail.ru
2“AzerGold™ CJSC
M.Mushfig Str., 2H, Baku, Azerbaijan, AZ1004

Xiilasa

Xiilasado 200-250 s6z olmali vo burada tadqiqatin moaqsadi, mahiyyati vo lazim golorso, metod-
lar1 (ogar tolob olunursa) izah edilmalidir. “Xiilaso™ s6zii qalin sriftlo cap olunmalidir. Hom “Xiilaso”
s0zii, hom do motn 11 pt. srift 6l¢iisiindo, kigik horflorlo yazilmalidir. Xiilaso matni diisturlardan ibarot
olmamalidir. Istinadlardan istifado etmoyin. Standart olmayan vo ya nadir abreviaturalardan ¢okinin,
lakin lazim galorso, onlar ilk dofs qeyd edildikds agiq sokilde gdstorilmalidir. Matnin eni 13,5 sm-
don ¢ox olmamalidir vo sohifasinin morkozindo simmetrik yerlosdirilmolidir. Motndo satirlor
arasindaki moasafo — 1 interval olmalidir. Xiilaso orijinal dilds, rus vo ingilis dillorinde toqdim
olunmal1 vo hacmi 200-250 s6z olmalidir.

Acar sozlor

Xiilasodon sonra 1 interval buraxaraq, maksimum 7 s6zdon ibarat agar sozlor yerlogdirilmolidir,
bu zaman {imumi vo ¢oxsayli terminlordon vo anlayislardan ¢okinin (miimkiinss, masolon, “va”
baglayicisindan istifado etmoyin). “Agar sozlor” iki ndqto ilo kursiv vo galin sriftlo yazilmalidir. Tki
ndqto isarasindon sonra agar sozlor kursivle, vergiillo ayrilaraq yazilmahdir. Acar sozlor
indekslosdirmo zaman istifads olunacaq. Daha sonra 2 intervaldan sonra Giris yazilmalidir.
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Giris

Isin mogsadlorini, mdvzunun dyronilmasini gdstorin, bu vaxt dorc olunan materiallarin vo ya
todgigatin naticolorinin atrafli icmalindan uzaq olun.

Mbaqalanin tartibinin talablori

Motnin sorlovhasinin ndmralonmasi ilo bagl birbasa toloblor yoxdur. Miislliflor sorlévholori
istadiklori stil vo formatda ¢ap edo bilorlor. Sorlévhoalori nomrolomok vo ya ndomralomomok
mislliflorin ixtiyarindadir. Sarlovhalor vo yarimsorlovhalor matnds ayri bir satirds sol torafds ara
buraxaraq galin sriftlo — 14 pt (sorlévhalor {i¢iin) vo 12 pt (yarimsarldvhalar iiglin) ¢ap olunmalidir.

Mbaqalonin matni

Hor bir abzas sohifonin sol torofindon 1 sm arali basglayir. Motndo sotirlor arasindaki mosafo — 1,5
interval olmalidir, magalo MW formatda ¢ap edilmalidir. Tovsiys olunan srift 6l¢iisii — 14 pt (Times
New Roman). Basqa sriftlordon istifado etmoyin. Maqalalor Azorbaycan, rus vo ya ingilis dilindo
togdim olunmalidir. ©gor moqals azorbaycanca yazilibsa, xahis edirik, rus dilinds olan versiyasini da
olava edin. Ingilisco toqdim olunan moqalalors iistiinliik verilocok.

Moqalonin motni diizgiin formatlanmali (xiisusilo, biitiin satirlor soldan vo sagdan diiz olmali,
sohifodon konara ¢ixmamalidir), diggetlo redakto olunmali1 vo cografi adlarin, geoloji terminlorin vo
beynalxalq SI sistemindaki simvollarin diizgilin yazilmasi baximindan yoxlanilmalidir.

Sahifonin formati

Sohifonin formati A4 Sl¢iisting (21,0 x 29,7 sm) uygun olmalidir. Konarlar: soldan — 3 sm, sagdan
— 1,5 sm, yuxaridan vo asagidan — hor biri 2 sm mosafodo, alyazmasinin sohifolorinin némroalonmasi
— asag1 sag kiincdo olmalidir.

Material vo metodlar

Miistoqil tadgigatcinin isi yenidon ¢apa edo bilmosi iiciin otrafli molumat toqdim edin. Bundan
ovval dorc olunmus metodlari qisa sokilds izah edin vo onlara istinad edin. ©vvallor dorc olunmus bir
metodu birbasa sitat gotirondo onu dirnaq i¢indo yazin vo monboni gdstorin. Mdvcud metodlarin
biitlin doyisikliklorini do geyd etmalisiniz.

Noazoriyya vo hesablamalar

Nozori hisso genis sokildo toqdim olunmali vo golocok islor iiclin osas yaratmalidir, girisdo
verilmig molumatlar tokrarlanmamalidir. Hesablamalar b6lmasi isin praktik hissosini tosvir edir, bu
da isin nozori movqeyini tosdiqloyir.

illiistrasiyalar, cadvallar, diisturlar

Hor bir sokil (xarite, diaqram, sxem vo s.) matndon sonra ayri1 obyekt kimi togdim olunmali vo ya
JPEG (* jpeg, *.jpg) formatinda fayl olaraq gondarilmalidir. Onlarin 6lgiilori, bir qayda olaraq, eni
7,75 sm-i vo ya sohifonin konarlarini (16,5 sm) asmamalidir. Sakillor sohifonin morkozindo simmetrik
yerlosdirilmolidir. Soklin altindaki yazilarin 6l¢iisii — 12 pt, sokilalt1 yazi matni (sorti isaralorin izahi
va s.) — 12 pt; kursivlo yazilmalidir. Hor bir sokil vo sokilaltt matn eyni sohifods olmali, sokilalt1 yazi
motni goklin altinda yerlogsmalidir.
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Qrafik islor ticlin asagidaki qaydalar tovsiyo edirik:

e Rastr tosvirlor tigiin JPG/JPEG, TIF formatint 300 dpi, boz rongin 256 qradasiyasinda istifado
edin.

e Vektor tasvirlor CorelDraw, Adobe Photoshop formatinda toqdim olunmalidir.

e Fotolar iiclin JPG/JPEG, TIF formatin1 300 dpi-don asagi olmayan rezolyusiyada istifads edin.

Cadvaellorin némraleri vo adlart onlarmn iizerinds 12 pt sriftlo gostorilmalidir. Cadvellor ¢ox
miirokkob olmamalidir vo sohifodon konara ¢ixmamalidir. Cadvalin bir sohifodon digorino kegmosi
qadagandir. Cadvallor maqalonin motni i¢inda yerlasdirilmalidir. Cadvellori motndaki yerine uygun
olaraq bir-birinin ardinca ndmralayin, cadvals aid geydlori iso cadvalin altinda yerlosdirin. Cadvaldo
qisaltmalara icazo verilmir. Diisturlar aragdirmalar olmadan verilmalidir, istifado olunan simvollarin
acilis1 (diisturdan dorhal sonra) miitloq olmalidir vo doracalorin vo alt indekslorin matndaki diisturun
ortasinda doqiq sokildo yerlosdirilmasi tolob olunur. Diisturlarin némrolori, ogor onlara istinad
olunursa, diisturun sag torofindo, diistur ilo eyni xotdo dairovi métorizolor igindo gostorilmolidir.
Diisturlarin yazilmasi ti¢lin Microsoft Equation redaktorundan istifade edilmalidir. Diistur vo diistur
nomrasi olan satrin eni 7,75 sm-don ¢ox olmamalidir.

Naticalar va/va ya Miizakiralor

Noticalor aydin vo qisa sokilds togdim edilmoalidir. Miizakirslords igin naticalorinin shomiyyati
xiisusi qeyd edilmalidir, naticolori tokrarlamamali, ¢oxsayli sitatlardan vo dorc olunmus adebiyyatin
miizakirslorindon ¢gokinilmalidir. Noticolor vo Miizakiralor bolmalorinin birlogdirilmosi miimkiindiir.

Naticalar

Taodqgiqatin asas naticalori qisa sokildo togdim oluna bilor. Noticolor bolmasi ayrica yerlosdirilo
bilor vo ya Miizakirslor vo ya Naticoalor vo Miizakiralor bélmolorinin alt bolmosi kimi miislliflorin
secimino uygun olaraq, eloco do moqalonin {islubuna, sldo olunan nazari naticalors, hesablamalara vo
s. gora yerlosdirilo bilar.

I9dabiyyat

Odabiyyat asagida verilmis toloblore vo niimunoalors uygun olmalidir: némralonmodon veril-
molidir; orijinal dilindon asili olmayaraq, adobiyyat miitloq ingilis dilindo do togdim olunmalidir.
Ogor odabiyyat orijinalda, hom azerbaycanca, hom do rusca toqdim olunubsa, kitabin/maqalonin/
materialin adin1 ingilis dilina torciims edin, lakin orijinal dili méterizods asagidaki kimi gostorin: (in
Russian).

Nogriyyatin adin1 torciimo etmoadon gdstorin, mosalon: Nauka, Nedra, Nafta-Press, Elm vo s.

Mosalon:

Garibov Y.E. Anthropogenous transformation of modern landscapes of the Azerbaijan Republic
and their optimization ways. Abstract of PhD dissertation (geography), Baku, Azerbaijan, 2013, 47
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Hasanov T.Ab. Ophiolites of Lesser Caucasus. Nedra. Moscow, 1985, 240 p. (in Russian).

Isachenko A.G. Landscape studies and physico-geographical zoning. Vysshaya shkola. Moscow,
1991, 366 p. (in Russian).
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elektron versiyasini da gondarmali, moaqalonin jurnalin qaydalarina uygun olaraq baxilmasi va biitiin
toloblors uygun oldugu halda ¢ap olunmasi xahis olunmalidir.
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ITPABUJIA IS ABTOPOB

PenaxkumonHslil coBet xkypHaia "Stratigraphy, petroleum sedimentology, geochemistry" npunu-
MaeT CTaTbH, 0030pHYI0 HH(OPMAIHIO, TUCKYCCHUH M KpaTkue cooOmieHus. CTaTbd MOTYT OBITH
MIPEJCTABICHBI Ha aHIIIMHCKOM, PYCCKOM U a3epOailykaHCKOM s3bIKaXx.

IMocsie nyO0aMKanum, CTaThbsIM NPUCBAMBAETCA HHAUBUAYAJbHbIH HaeHTHGUKaTOpP DOI
Ha3Banmue cratbun

[pudt: Times New Roman (TNR) — 12 pt, Bce OykBbI 3arjaBHbIE, )KHPHBIE, CIIETYET pacmoJa-
raTb CAMMETPUYHO OTHOCUTENIBHO CEPEIMHBI CTPAHMIIBI 10 BCEH MHUPUHE TEKCTOBOIO 1oJist (16,5 cm),
Jasiee yepe3 OJMH MHTEpBall Mevyarath (pamMuiInu aBTOpOB W WHUIMANbl. Ha3BaHue medataercs Ha
S3bIKE OPUTUHAJIA, COOTBETCTBYIOIIETO PYCCKOMY M aHTIIMICKOMY NIEPEBOIaM.

NHunuansl 1 (l)aMI/IJ'[I/II/I AaBTOPOB, HA3BaAaHUEC OPraHu3alvu, B KOTOpOﬁ OHH paﬁoTamT

Pasmep mpudra — 11 pt, crpouHbie OYKBBI HYKHO pacrojaraTb CAMMETPUYHO OTHOCHUTEIBHO
CepeIuHBI CTPaHUIIbl, TEKCTOBOTO MOJIs. J{anee HIbKe nmeyaTaTh Ha3BaHUE OpraHU3allnH, €€ TOYTOBBIN
aJipec | 1oclie JBOETOYHs — e-mail aBTopa (A1 KOHTAKTOB U MEPEMUCKU Ha BCEX dTarax mporecca
peleH3upoBanus, MyOauKanuy, a Takke B nepuos nocie myomukanuun). [pudt — 11 pt, kypcus,
OYKBBI CTPOYHBIE, pacrojaraTh CAMMETPUYHO OTHOCHTEIIFHO CEPEIUHBI CTPAHHUIIBI IT0 BCEH MTUPUHE
TEKCTOBOTO TOJISL.

ABTOPOB clielyeT yKa3bIBaTh B CIEAYIOIIEM MOPSIKE: CHaYaIa reyaTaetcs paMiivs, 3aTeM HHH-
uuansl. Eciiu aBToOpbl paboTaloT B pa3HbIX OpraHU3aUsX, MOCIe HHUIHAIOB CIeAyeT CTaBUTh HUPY
B HAJCTPOYHOM HHeKce. [locie pamumiy 1 ”HULIMAIOB aBTOPOB Ha CIIETYIOIIEH CTPOKE HYKHO pac-
MOJIOKUTh COOTBETCTBYIOIINN HAJICTPOYHBINA HUHAEKC B COOTBETCTBUU C Ha3BaHHUEM OpraHU3aIluH aB-
TopoB. Hanpumep, Tak, Kak ykazaHo HUXKeE:

Ismail-Zadeh A.J.!, Musyaev Sh.D.2, Veliyev Z.A.!

'Geology and Geophysics Institute, Azerbaijan National Academy of Sciences
119, H. Javid Ave., Baku, Azerbaijan, AZ1073: arifismail@mail.ru
2“AzerGold™ CJSC
M.Mushfig Str., 2H, Baku, Azerbaijan, AZ1004

Pe3rome

Cnenyet BkmouuTh pestome u3 200-250 ci0B, ONMUCHIBAIOMIUX 33/1a4H, CYyTh, a TAKXKE METOJIbI
(ecm HeoOxoaMMO) uccnenoBanus. CiaoBo «Pe3romey nmeyaTaTh )KUpHBIM ipudToM. Kak cioBo «Pe-
3I0ME», TaK U TEKCT JOJDKHBI UMETh pazMmep mpudta — 11 pt., OykBbl — cTpouHbie. TEKCT pe3rome He
JOJDKEH coaepkath popmyit. He ucons3yiite ccbuiku. M30eraiite HeCTaHIAPTHBIX WIIH PEIKUX a0-
OpeBuarTyp, HO €CJIM OHU HEOOXOAUMBI, TO JIOJKHBI ObITh pacIn(pPOBaHbl B CAMOM PE3IOME TPH Iep-
BOM ynoMuHaHuu. [lIluprHa TekcTa He JOJKHA MpeBbIMATh 13,5 €M, a TEKCT CIEayeT pacnosiaraTh
CUMMETPUYHO OTHOCUTEIBHO CEPEIMHBI CTPAHUIIBL. PaccTosiHre MEeXIy cTpoKamMu B TeKcTe — | MH-
TepBaJl. Pe3tomMe npeacTapisioTcs Ha sI3bIKaX OpUTHHAJIA, PYCCKOM U aHTJIMHCKOM U JIOJIKHBI COJIEp-
xatb 200-250 cinos.

KuroueBble cjioBa

Cpasy nociie pe3tome uepe3 1 mHTepBa cleAyeT pacioIOKUTh KIIOUYEBbIE CII0BA, BKIIIOYAIOIINE
MakcHUMyM 7 CIIOB, IPH 3TOM Hu30eraiire oO0MMX U MHOKECTBEHHBIX TEPMUHOB U MOHATUH (eciu
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BO3MOXHO, HE UCIIOJIb3YITE, HAIIPUMED, COI03 «1»). «KitoueBble ci10Bay ¢ IBOETOUNEM HYKHO HaOH-
patb KypcuBOM M XHpHBIM mpudrom. [locine nBoeTouns caMu KIIFOUEBBIE CIIOBA IEUATAIOTCSA KypCH-
BOM uepe3 3araryto. KiroueBble cioBa Oy IyT MCIIOIb30BaThes IpU UHAEKCHpoBaHuu. [lanee yepes 2
VMHTEpBaja nevararb Beenenne.

BBenenne

YkaxuTe 1eiau padboTsl, H3y4eHHOCTh TEMBI, IIPH 3TOM H30eraiiTe moapoOHOro 0630pa myoIuKa-
Ui WK PEe3yJIbTaTOB MCCIICIOBAHUM.

TpebdoBanusi kK 0pOpPMIIEHHIO CTATHH

Het npsiMbIX TpeOoBaHUI K HyMepaliy 3aroJIOBKOB PyKOMMCU. ABTOPBI MOTYT I€YaTaTh 3aro-
JIOBOK B JIIOOOM cTmiie U popmate. MOKHO HyMepoBaTh M HE HyMEpOBATh 3ar0JIOBKHM (Ha paccMOT-
peHMe aBTOPOB). 3aroJI0BKH U MOJ3ar0JIOBKH CIIEYET BCTaBJIATh B TEKCT B JIEBOM I10JI€ HA OTIEJIbHOM
CTPOKE C OTCTYIIOM H Ie€4aTaTh KUPHBIM mpudTom — 14 pt (1u1st 3aromoBkoB) u 12 pt (st moazaro-
JIOBKOB).

TekcT cTaThbu

Kaxxnpiii ab3a1; HaunHaeTcst OTCTynoM 1 ¢M OT JIeBOW TpaHUIlbI TEKCTOBOrO mofsi. Paccrosinue
MEXy CTPOKaMH B TEKCTE — 1,5 MHTepBasa, TeKCT CTaThu cieayet neuaratb B MW. PekoMenmyemblit
pasmep mpudra — 14 pt (Times New Roman). [Apyrue mpudTel IpocuM HE UCIIONb30BaTh. CTaThu
MIPEJCTABISIOTCS Ha a3epOailKaHCKOM, PYCCKOM WIJIM aHTJIMACKOM s3bIkax. OIHaKo, €Clii OHU Ha
azepOaiiKaHCKOM, MOXKayicTa, MPUIOKHUTE PYyCCKYI0 BepcHio pykomnucu. [Ipenmnourenue 0yaeT ot-
JTABAThCS CTAThsIM, TIPEJICTABICHHBIM Ha aHTJIMACKOM SI3BIKE.

TekcT craThu nomxkeH ObITH OT(HOPMATHPOBAH (B YACTHOCTH, BCE CTPOKHU JIOJKHBI OBITH BbI-
POBHEHBI CJIEBA U CIIpaBa, HE BBIXOJS 3a MOJIE TEKCTA), TIIATEIHHO OTPEIAKTUPOBAH U BHIBEPEH C
TOUYKH 3PEHHUS MPABUJILHOCTH HAMMCaHUs reorpaduieckiux Ha3BaHMM, T€OJOTHUECKUX TEPMUHOB U
obo3HaueHui (B MexayHapoHoi cucreme CH).

®opmaT CTPaAaHHIBI

dopmart crpaHuibl cOOTBETCTBYET hopmaty A4 (21,0 x 29,7 cm). [Tons: cneBa —3 cwm, cripaBa —
1,5 cm, cHU3y U cBepxy — o 2 cM. Hymepanus ctpanul pyKOnucHu — B HHGKHEM MTPABOM YTITy.

MarepuaJ u MeTObI

[IpenocTaBbTe AeTanbHYI0 HH()OPMALIKIO, TTO3BOJISIONIYIO BOCIPOU3BECTH pabOTy HE3aBUCUMbIM
uccinenoateneM. CreayeT KpaTKO M3JIOKUTh paHee OIMyOJIIMKOBAaHHBIE METOJbI M YKa3aTh Ha HUX
ccpUikd. [Ipyu HemocpeicTBEHHOM IIUTUPOBAHUH paHee OMyOJIMKOBAHHOIO METO/1a UCIIONIb3YHTE Ka-
BBIYKH M YKQOKUTE UCTOYHUK. HyKHO ONUCHIBATH JTF0OBIE MOAU(DHUKAINY CYIIECTBYIONIUX METOIOB.

Teopus u pacueTsbl (BBIYHCICHHS)
TeopeTI/I‘-ICCKaH YacCThb OOJIKHA U3JIaraTbCA B PACHIMPCHHOM BUIC U CO31aBATh OCHOBY JIA NAJIb-
Helmel paboThl, a He TOBTOPSATh MHPOPMAIIHUIO, TPUBEACHHYIO BO BBeneHnn. Pa3znen Pacuetsl (BbI-

YHCJICHNS) ONHMCHIBACT MPAKTUYECKYIO YacTh PabOThl, MOATBEPIKIAIOIIYI0 TEOPETHUECKUE MTOJIOXKE-
HUS paOOTHI.
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Niumroctpannu, Tadauubl, popmyJibl

Kaxnapiii pucyHok (kapTa, n1uarpaMma, cxema U T.J.) IpeICTaBisieTcs B BUAE OTIACIBHOTO 00b-
eKTa B KOHIIE TeKCTa Win B BUze daiina B popmate JPEG (*.jpeg, *.jpg). IX pazMepsl, Kak MpaBHIIo,
HE JTOJDKHBI TIPEBBIMIATh MAPUHBI B 7,75 cM mim TekcToBoro moutst (16,5 cm). Pucynku ciemyer pas-
MeIaTh CHMMETPHUYHO OTHOCHTEIHHO CEPEIMHBI CTPAHMIIBI. PazMep mpudTa moaprucyHOIHBIX MTO-
nicei — 12 pt, a MOAPUCYHOUHOTO TEeKCTa (pacmm@poBKa YCIOBHBIX 0003Ha4YeHHUH U T.1.) — 12 pt;
Habupaercst KypcuBoM. Kax /bl pUCYHOK ¥ IMOAPUCYHOUYHBIN TEKCT JOJDKHBI pacIioyiaratbesi Ha O1-
HOM cTpaHHIle, TPUYEM MOJPUCYHOUHBIH TEKCT — MO/ PUCYHKOM.

Jnst rpaduueckoi paboThl PEKOMEHIYETC sl UCTIONB30BaTh CIEAYIOIINE TpaBUiIa;

e Jlns pactpoBbix m3o0paxenuit ucnonsdyite hopmat JPG/JPEG, TIF npu paspemenuun 300
dpi, 256 rpanarmmii ceporo.

o Bexkropnsie nzobpakenus cienyet npeaoctaiats B CorelDraw, Adobe Photoshop.

e Jlna dhotorpadmii mpumensiite popmat JPG/JPEG, TIF npu paspemenun e menee 300 dpi.

Howmepa u HazBaHus Tabnui npuBoaTcs mpudTom 12 pt Hax HuMH. TaObmuIB! HE TOKHBI OBITH
I'POMO3JIKUMH U BBIXOAUTH 3a MpPEeJesibl TEKCTOBOro nosst. [lepenoc Tabauiisl ¢ 0JJHOM CTpaHMIIbI Ha
JPYyTYyIO0 HE JorycKaeTcs. TaOiuibl TOMKHbI ObITh MOMEIEHBI B TEKCT cTaThi. [IponymepyiiTe Tad-
JIMLIBI OIHY 3a IPYTrOil B COOTBETCTBHUHU C MX MECTOIOJIOKEHUEM B TEKCTE, a IPUMEYaHUs K HUM pas3-
MecTHTe 1o Tabnuueit. B Tabnuie He nomyckatoTes cokparienus. DopmyIisl JaroTcst 63 MpoMexy-
TOYHBIX BBIKJIAZIOK C 0053aTeNbHOM paciM(pOBKON MCIIOIB3yEMbIX B HUX CUMBOJIOB (Cpa3y mocie
(GopMyJIBI) C YETKUM CMEIIEHHEM CTETEHEH M IMOJCTPOYHBIX WHAEKCOB OTHOCHUTEIHHO CEpeIUHBI
CTpPOKH, cofepxauiei 3ty dpopmyny. Homepa ¢opmyi, ecnu oHM yHOMUHAIOTCA, YKa3bIBalOTCS B
KpPYTJBIX CKOOKax y MpaBOW TPaHUIBI TEKCTA, HA OAHON JIMHUU ¢ (hopmynoi. s Habopa dhopmy
clIelyeT UCIoiib30BaTh peaakTop Microsoft Equation. Illupuna crpoku ¢ popmyiioit u Homepom (op-
MyJIbl HE JJOJDKHA IIPEBBIATE 7,75 cM.

PesyabraTsl n/minn Oo6cyxneHus

Pe3ynbTaThl JOJKHBI OBITH M3JI0KEHBI YETKO M KpaTko. B O0cyXaeHun cienyer akieHTHpO-
BaThCS HA 3HAYUMOCTH PE3yJIbTAaTOB PA0OTHI, a HE MOBTOPATH MX, H30eras MHOTOUNCIICHHBIX IIUTH-
poBaHUil U 00CYXJIEHUI OIMyOIMKOBaHHON NUTEpaTyphl. Jlomyckaercs oObeauHenue pas3aenos Pe-
3ynbTatel 1 OOCyKIeHHE.

BriBoabI

OCHOBHBIE BBIBO/IbI HCCIIEIOBAHUS MOTYT OBbITh M3JI0’KE€HBI KpaTKO. Pa3nen BuIBoaAbI MOXeET pac-
MoJIaraThCsl OT/AEIBHO MM 00pa3oBbIBaTh noapasnaen Oocy:xaenus i PesyabTaToB nu Oocysxae-
HHI 110 PACCMOTPEHHUIO aBTOPOB, a TAKIKE B 3aBUCUMOCTH OT CTHJIS CTAaThH, MOJIyYE€HHBIX TEOPETUYE-
CKUX pe3yJIbTaTOB, BBIYMCIEHUN U T.[.

Jlurepartypa

Jluteparypa JOKHA COOTBETCTBOBATh HIKETPUBEACHHBIM TPeOOBaHUSAM U MPUMEpPaM: PUBO-
IMTHCsE 0€3 HyMepalnu; HE3aBUCHMO OT sI3bIKa OpUTHHAJA, JTUTepaTypa 00s3aTeIbHO JT0JKHA OBITh
JlaHa TaKXKe Ha aHTJIMICKOM si3bike. Eciin nutepaTypa B OpuruHaie 1aHa Kak Ha azepOaikaHCKOM,
TaK ¥ Ha PyCCKOM sI3bIKaX, TIEPEBEANTE Ha3BaHUE KHUTH/CTaTh/MaTepraa Ha aHTJIMHCKHUH, HO yKa-
KHTE S3bIK OPUTHHAJA B CKOOKax cieayromuM oopazom: (in Russian).

Ha3Banue u3natennpcTBa ykakute 6€3 rnepeBoja, kak Hanpumep: Nauka, Nedra, Nafta-Press, Elm
U T.1.
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Bce npencraBieHHble cTaThU MOCHUIAIOTCS HAa PELIEH3UPOBAHHME U OAO0OpEHHE pedaKIMOHHON
kosierud. CTaTbu, KOTOPbIE MPOLUIH 3Ty NMPOLEAYPY U NOTYUHIN HOJIO0KHUTEIbHbIN OT3bIB, ITyOIIH-
KytoTcs OecruiaTHO. ABTOpaM cliellyeT MpeAcTaBlATh pykonucu B Pepakiumonnyto Kosteruto on-
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