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Summary. Tanah Bumbu County has the potential for natural resources in the form of andesite
rocks. Andesite rock utilization is widely used in the construction sector, so an exploration method
is needed to determine the presence of fresh andesite rock below the surface. The aim of this re-
search is finding andesite rock potential in Tanah Bumbu County, South Kalimantan, Indonesia.
To this purpose, measurement is conducted based on the Wenner configuration geoelectric resis-
tivity method and obtaining the 2D cross-section model, analyzing the type of lithology and also
the depth and thickness of andesite rocks in Bukit Baru Village, Tanah Bumbu County. Measure-
ments are conducted on four tracks with a length of 270 m each and an electrode spacing of 10 m.
Data processing is carried out using AGI EarthImager 2D and Surfer software. The results of iden-
tification of the 2D cross-section: three types of lithology layers, namely clay with a resistivity
value of 10-45 Qm, sandstone with 45-333 Qm and andesite with 333-550 Qm are found. The re-
sults of the 2D interpretation show that andesite which is at a depth of 1-67 m is characterized by a

thickness of 4-42 m has a resistivity value of 333-550 Qm.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

The rock cycle can describe the main material that
composes the Earth as the formation process starts from
hot molten rock called magma or lava. Igneous rock
comes from lava erupted onto the Earth's surface which
cools and freezes through a process of crystallization
(Johnson et al., 2017) and may contain glass, gas bubbles,
or exhibit a flow structure (Price, Walsh, 2005). Andesite
is an igneous rock that lies between light-colored rhyolite
and dark basalt. These rocks are classified as the most
common intermediate volcanic rocks (Carlson et al.,
2008). Johnson et al. (2017) also stated that andesite is an
intermediate extrusive rock with fine gray crystals and is
porphyritic.

Andesites are usually found in stratovolcano lava
flows above subduction zones. Lava is made up of tiny
crystals that cool quickly on the surface. Some of the
specimens that cooled quickly were mostly glassy in tex-
ture, while others formed from gas-laden lava had a ve-
sicular texture (King, 2018). Andesite rocks which are
included in igneous rocks have a hardness level that is
classified from medium to very strong. The compressive
strength values range from 40-320 MPa or 408-3.265
kg/cm? (Lenggono et al., 2018). Tanah Bumbu County
has various potential natural resources, one of which is
andesite. In its utilization, andesite rock is widely used in
the construction sector, especially in the construction of
roads, bridges, airports, ports to house foundations.

Electrical resistivity can identify andesite rocks in
the subsurface without drilling the area since each rock

resistivity value is unique. Previously, the lab scale re-
search found out the characteristics of BANDIT (ande-
site rock) in Laksanamekar Village, Bandung, showed
that its resistivity is 351.7+5.3 Qm (Saputro, Winingsih,
2018). Meanwhile, Jayadi et al. (2019) determined the
resource of andesite rocks using the Wenner-Schlum-
berger geoelectric resistivity method in Loli Village,
Donggala Regency, Central Sulawesi, and obtained an-
desite rock resource content with high resistivity value
ranging from 300-600 Om and low cover ranging from
14-45 Qm. Kusmita, Iwalzi (2021) show that the range of
andesite resistivity was 170- >1095 Qm. Furthermore, us-
ing 2D and 3D ERT modeling, in (Antosia et al., 2021) the
estimated resistivity value of sandy tuff is 65-212 Qm, of
tuff is 212-655 Qm and of andesite is more than 655 Qm.
Another findings by (Prastowo et al., 2021) show that
the andesite resistivity is more than 668 Qm, while the
value of weathered andesite resistivity ranges from 256
to 536 Qm. These previous studies are summarized in
Table 1.

The objective of this research is finding andesite
rocks potential in Tanah Bumbu County South Kaliman-
tan, Indonesia. To this purpose, a measurement based on
Wenner configuration geoelectric method and obtaining
the 2D cross-section model, analyzing the type of litholo-
gy and also the depth and thickness of andesite rocks in
Bukit Baru Village, Tanah Bumbu County is conducted.
The outcome of the study is providing the andesite rocks
characteristics in Bukit Baru Village, Tanah Bumbu
County and its potential for further development.
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Table 1
List of resistivity value of andesite rocks
from various studies
No. Resistivity Value (Qm) Publication
1 3517 (Saputro, Winingsih, 2018)
2 -300-600 (high (Jayadi et al., 2020)
resistivity value)
- 14-45 (low cover)
3 170->1095 (Kusmita, Iwalzi, 2021)
4 >655 (Antosia et al., 2021)
5 >668 (Prastowo et al., 2021)
6 320-1000 (Simamora et al., 2021)
7 =324 (Wahyono et al., 2020)

Methods

This research was conducted in June — December
2021 in Bukit Baru Village, Tanah Bumbu County, South
Kalimantan, Indonesia (as seen in Fig. 1). The geoelectric
and andesite rock outcrop data in this study are secondary
data obtained from the Regional Technical Implementa-
tion Unit (UPTD) of the ESDM Laboratory of South Ka-
limantan. The geoelectric data acquisition was carried out
on four measuring tracks each with a length of 270 m.
The used electrode spacing is 10 m and the electrode ar-
rangement follows the Wenner configuration. In this re-
search, andesite rocks resistivity value ranges from 333 to
550 Qm based on previous studies (Saputro, Winingsih,
2018; Wahyono et al., 2020).

Fig. 1. Map of measurement locations in South Kalimantan, Indonesia (above) and the research location of Bukit Baru

Village, Tanah Bumbu County (below)
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The collected data is processed using AGI
EarthImager 2D software to produce a 2D cross-
section containing resistivity values. The results of
data processing were interpreted by correlating the
2D cross-section containing the resistivity value
with the geological conditions of the research area,
andesite rock outcrops and previous studies. The
results of data interpretation and analysis are dis-
played in a lithological section using Surfer soft-
ware. This lithological cross-section depicts rock
layers to determine the depth and thickness of the
rock which provides information on the presence of
andesite rocks in Bukit Baru Village, Tanah Bumbu
County.

Results

Track 1 shown in Fig. 2 is in the direction of the
relative north-east—south-west section with steep
slope terrain conditions. Resistivity with a value
range of 333-550 Qm which is represented by oran-

ge to red indicates an andesite. The first andesite
indications are known to be at a distance of 4-40 m
with a depth of 1-37 m and a thickness of 36 m. The
second indication is at a depth of 17-26 m and at a
distance of 48-69 m with andesite thickness of about
9 m. In addition to andesite, on track 1 there are also
other indications that are suspected to be layers of
clay and sandstone. The clay layer, which has a re-
sistivity value range of 10-45 Qm, is symbolized by
dark blue to light blue. This layer dominates from a
distance of 40-260 m and is distributed not only on
the surface but also occurs under igneous rocks. The
sandstone layer has resistivity values ranging from
45-333 Qm. The first indication is at a distance of
21-146 m, the second one is at a distance of 180-252
m. Sandstone in the form of small chunks spreads at
a distance of 78-93 m, 121-144 m and 203-215 m at
a depth of 11-41 m. In Fig. 3 it is seen that the li-
thology on track 1 is divided into three layers, name-
ly clay, sandstone and andesite.
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Fig. 2. 2D cross-section of Geoelectric Value on track 1
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Fig. 3. 2D cross-section of lithology on track 1
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Track 2 is relatively parallel to track 1, namely
north-east—south-west and is in the form of hillsides
in the terrain condition. This layer has a resistivity
value of 333-550 QQm symbolized by orange to red in
Fig. 4. The first indication is at a distance of 2-24 m at
a depth of 3-23 m with a thickness of 20 m. The resis-
tivity value of 333-550 Qm is symbolized by orange
to red. The second indication is at a depth of 13-17 m
with a thickness of 4 m and only spreads at a distance
of 26-28 m. The third indication has a resistivity val-
ue of 333-428 Qm and is symbolized by an orange to
light orange. Andesite at this point spreads at a dis-
tance of 42-50 m and at a depth of 16-22 m with a
thickness of about 6 m. In addition to andesite, on
track 2 there are also other indications that are sus-
pected to be layers of clay and sandstone. The clay
layer has a resistivity value range of 10-45 Qm while
the resistivity value of 45-333 Qm indicates a sand-
stone layer. Indications of the clay layer were found
at a distance of 19-261 m and the sandstone layer was
found at a distance of 13-55 m, 141-180 m and in the
form of small boulders scattered at a distance of 189-
230 m. A 2D cross-section showing three lithologies
is given in Fig. 5.

Track 3 is in the direction of a relatively north-
west—south-east stretch almost with flat terrain con-
ditions. The andesite resistivity values range from
333 to 428 Qm in this path (Fig. 6). In Fig. 7 it is
seen that the first indication which is at a depth of
22-57 m has a thickness of 35 m and is at a distance
of 40-130 m. The second indication is at a depth of
25-35 m with an andesite thickness of about 10 m.
The third indication is not far from the second indi-
cation which is considered at a depth of 12-21 m
with a thickness of about 9 m. These two indications
are at a distance of 192-222 m and both in the form
of chunks. The fourth indication which is at a dis-
tance of 230-240 m is considered at a depth of 12-28
m with a thickness of about 16 m. Andesite outcrops
are found at this point, namely at electrodes 24 and
25. Other layers that are also indicated to be in track
3 are clay and sandstone. The sandstone layer that
dominates this path has a resistivity value of 45-333
Qm. This layer spreads thoroughly at a distance of
3-265 m from the surface to a depth of 61 m. The
clay layer which has a resistivity value of 10-45 Qm
was found in the form of small lumps at a distance
of 120-141 m and 241-250 m.

Length of track (m)
29 37 é:» 7 "II 6

146 175 205 235 265
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Fig. 4. 2D section of Geoelectric Value on track 2
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Fig. 5. 2D lithology section on track 2
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Fig. 6. 2D cross-section of Geoelectric Value on track 3
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Fig. 7. 2D cross-section of lithology on track 3

Track 4 is in the direction of a relatively east-
west stretch with the terrain condition being the top
of a hill. Overall, the andesite on track 4 has a resis-
tivity value of 333-550 Qm which is symbolized by
orange to red. This layer has a high resistivity value
compared to the surrounding layers. The first indica-
tion has a larger size and is at a distance of 2-120 m.
Andesite is thought to be at a depth of 23-65 m with
a thickness of about 42 m. The second indication is
at a distance of 200-239 m at a depth of 53-67 m.
The thickness of andesite is about 14 m at the sec-

ond point. The clay layer which has a resistivity val-
ue range of 10-45 m is found at a distance of 129-
256 m. The determination of this value is in accord-
ance with Jayadi's research (2019) which obtained a
clay layer value of 14-45 m. The clay layer is sym-
bolized by dark blue to light blue in Fig. 8. The
sandstone layer has a resistivity value ranging from
45-333 Qm, is located at a distance of 40-245 m and
is found in the form of small boulders at a distance
of 27-34 m and 41-45 m. Fig. 9 is a 2D cross-section
showing the lithology on track 4.
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Fig. 8. 2D cross-section of Geoelectric Value on track 4
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Fig. 9. 2D cross-section of lithology on track 4

Overall, the subsurface layer is composed of
three layers, namely clay, sandstone and andesite at
the study site. Andesite resistivity for each path is >
333 Qm. This value refers to the results of Wahy-
ono's research (2020) which obtained an andesite
resistivity value of 324 Qm. The results of the re-
search by Saputro, Winingsih (2018) categorize the
resistivity value of 300-600 Qm as andesite and the
research (Ilmi et al., 2018) states that the potential
of andesite is estimated to have a resistivity value
of > 100 Qm. In this research, compared to other
tracks, the andesite indication in the middle of track
3 has a fairly low resistivity value which is thought
to indicate the physical condition of the andesite
rock experiencing mild weathering. Andesite rocks
that have undergone mild weathering have fracture
lines that appear clearer and appear less fresh in
color than secondary minerals (Simamora et al.,
2020). The andesite resistivity value increased to-
wards the end of the measurement path which also
found andesite outcrops at a distance of 230-240
Qm. Two andesite indications were found at a
depth of 23-67 m with a thickness of 14-42 m on
track 4. Andesite at a distance of 2-120 m is

N

thought to be a laccolith with a dome-shaped rock
body and a boulder at a distance of 200-239 m. The
andesite distribution on track 4 appears to be thick-
er towards the base of the track and is slightly de-
tected at the end of the measurement track. It can
be seen clearly in Fig. 10 and Fig. 11 as the result
of combining each 2D cross-section which is verti-
cally displayed andesite distribution information.

Conclusions

In conclusion, there are indications of andesite
in Bukit Baru Village, Tanah Bumbu County, Indo-
nesia. Processing of 2D lithology shows that the re-
sistivity value is 10-550 Qm and there are three
types of lithology at the research site, namely clay
with a resistivity value of 10-45 Qm, sandstone with
a resistivity value of 45-333 Qm and andesite with a
resistivity value of 333-550 Qm. Andesite indica-
tions were found on all tracks. On track 1 andesite is
at a depth of 1-37 m with a thickness of 9-36 m.
Track 2 andesite is at a depth of 3-23 m with a
thickness of 4-20 m. On track 3 it is at a depth of 12-
57 m with a thickness of 9-35 m and on track 4 it is
at a depth of 23-67 m with a thickness of 14-42 m.

' 95045000
- 5,594,4000

. 9,594300.0
. ]

S"" ‘ b 0,504,2000

Fig. 10. Combined of 2D geoelectrical section
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Fig. 11. Combined of 2D Lithology section
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NAEHTUOUKALIUSA U KJIACCUPUKALNA AHAE3UTOBBIX IOPOJ OKPYT'A TAHAX BYMBY,
IOKHBIM KAIMMAHTAH HA OCHOBE YAEJBHOI'O COITPOTUBJIEHUS

Baxiiono C.K., Cuperap C.C., Ilytpu P.A., Capu H., Buanto T., Hacpyaiox A.B.
Ipoepamma ¢uszuneckux uccneoosanuti, Ynusepcumem Jlambynea Manexypama, Hnoonesus
Banjarbaru 70714, Indonesia: scwahyono@ulm.ac.id

Pesztome. B oxpyre Tanax-bymOy MMEIOTCsSI 3HaUMTENbHBIE 3allachl aHAE3UTOBBIX MOPOJ, KOTOphIE IIUPOKO HCIOJIb3YIOTCS B
CTPOUTENIFHOM ceKTope. Llenpio 3Toro mccienoBaHus SBJISETCS IMOUCK HOBBIX MECTOPOXAEHWH aHae3uTa B okpyre Tanax-bymOy,
IOxup1it Kanmuvanran, Magonesus. s 3Toro npoBosT u3MepeHHs Ha OCHOBE T€OAICKTPUIECKOT0 MeTo1a, KoHpHrypanuii Benne-
pa u nomydeHus 2D-Moeny, aHaTH3HPYIOT JINTOJIOTHYECKUI THII, a TAKXKe NIyOHHY paclONOKEHUSI U TONIIUHY aHAE3UTOBBIX ITOPOJ
B nepeBHe Bykut-bapy, rpadcrBo Tanax-bymOy. M3mepenus mpoBOAATCS Ha YETHIpEX NOPOKKaxX UIMHON 270 M KaxIas M paccTos-
HHUEeM Mexxy dmekTpomamu 10 M. PacrosoxeHune 3JIeKTPOIOB COOTBETCTBYeT KOoH(pHUrypanun Bennepa. O6paboTka JaHHBIX OCY-
LIECTBJIAETCs ¢ ToMonibio nporpammuoro obecnedenus AGI EarthImager 2D n Surfer. PesynpraTsl 06pab0TKH TaHHBIX OBUTH WH-
TEPIPETUPOBAHBI IIyTeM Koppessiuuy 2D monepeyHbIX CeYeHUH, CoepKaluX 3Ha4eHHs YASIBHOTO CONPOTUBIICHNUS, C T€0I0ruye-
CKMMH YCJIOBMSIMU paifoHa MCCIIeIOBaHHUM, BBIXOJAMH aHAE3UTOBBIX HOPOJ M MPEIbIIYIIUMU UCCICAOBaHUAMH. Pe3ynbTaTsl HHTEP-
NpeTalii ¥ aHaInu3a JaHHBIX OTOOPAKAIOTCS B JIMTOJIOTHUECKOM pa3pe3e C MOMOINBI0 MPOrpaMMHOro obecneuenus Surfer. DToT
JIUTOJIOTHUECKOE pa3pe3 N300paxaeT CIOM MOPOIbI AT ONPEAeIeHHs €€ IIyOUHBI U TONIIUHBL, YTO AaeT MHPOPMALUIO O HATMIUU
AHIIC3UTOBBIX IOopoA B AepeBHE bykut-bapy, okpyr Tanax-BymOy. B pesynsrare naentudukanun 2D monepeyHbIx CeYeHUH aenaer-
Cs1 3aKIIIOYCHUE O TOM, YTO OOHAPY>KE€HO TPH THIA JTUTOJIOTHIECKHX CIOEB, 8 IMEHHO: TIIMHA CO 3HAYECHHEM YAEIBHOTO CONPOTHBIIE-
Hus 10-45 Qm, necyanuk — ¢ 45-333 Qm, anne3ut — ¢ 333-550. Pe3ynpTaTel IByMEpHOW HHTEPIIPETALINH ITOKA3bIBAIOT, YTO AaHIE3UT,
KOTOPBI HaXOMUTCs Ha IiyOuHe 1-67 M M XapakTepusyeTcs TONIIHUHON 4-42 M, UMeeT 3HaueHHEe YAENHHOTO CONPOTHUBICHMS 333-
550 QOm.

Knrwuesvie cnosa: oxpye Tanax Bym6y, andesumosas nopooda, depesus byxum-bapy, xongueypayust Bennepa, memoo yoenvhoeo
conpomuenenus

XUSUSI MUQAVIMOT 9SASINDA CONUBI KALIMANTANIN TANAX BUMBU DAIROSININ
ANDEZIT SUXURLARININ iDENTIFIKASIYASI VO TOSNIFATI

Vaxyono S.K., Sireqar S.S., Putri R.A. Sari N., Vianto T., Nasrullox A.V.
Fiziki tadgiqatlar programi, Lambung Mangkurat Universiteti, Indoneziya
Banjarbaru 70714, Indonesia: scwahyono@ulm.ac.id

Xiilasa. Tanax Bumbu dairasinds tikinti sektorunda genis istifado edilon andezit siixurlarinin bdyiik ehtiyatlar1 mévcuddur. Bu
todqiqatin mogsadi Indoneziya, Conubi Kalimantanin Tanax Bumbu dairesinde andezitlorin yeni yataqglarmin axtarisindan ibaratdir.
Buna nail olmaq tigiin geoelektrik metod osasinda Venner konfiqurasiyalar 6l¢iilmolori vo 2D modellori almaq iigiin litoloji tiplori,
homginin Tanax Bumbu grafligmin Bukit-Baru kondinds andezit siixurlarinin galmligin tohlil edirlor. Olgiilmalor harasinin uzunlugu
270 m va elektrodlar aras1 mesafo 10 m olan dord zolaqda aparilir. Elektrodlarin yerloasmasi Venner konfiqurasiyasina miivafiqdir.
Malumatlarin emali AGI EarthImager 2D va Surfer proqram tominati vasitasile hayata kecirilir. Malumatlarin emal naticaleri andezit
stixurlari ¢ixislari olan tadqiqat rayonunun geoloji seraitlinds xiisusi miigavimats malik 2D kéndslon kasimlorin korrelyasiyasi va av-
valki tadgiqatlarla interpretasiya olunmugdur. Malumatlarin tahlili va interpretasiya naticalori Surfer proqram tominati vasitasils lito-
loji kesilisdo oks olunur. Bu litoloji kesilis stixur qatlarinin derinlik vo qalinligini oks etdirarok, Tanax Bumbu qrafliginin Bukit-Baru
kondinds andezit siixurlarinin varligi hagqinda mslumat verir. 2D kondoslon koasimlarin identifikasiyasi asasinda belo notico ¢ixarmaq
olur ki, ii¢ tip litoloji qat: gil — 10-45 Qm, qumdasi — 45-333 Qm vo andezit — 333-550 Qm xiisusi miiqavimotli askar olunmusdur.
iki6lgiilii interpretasiya noticalari gostarir ki, andezit 1-67 m dorinlikda yerlasir vo 4-42 m galinligla sociyyslaonir, 333-550 Qm xiisusi
miigavimoto malikdir.

Agar sozlar: Tanax Bumbu, andezit siixurlari, Bukit-Baru kondi, Venner konfiqurasiyasi, xiisusi miigavimat metodu
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Summary. Earth’s surface gravity measurements are essential (as close to the investigation
targets) but insufficient. These measurements were carried out at different years, with various scales
and accuracy and numerous white spots. The present epoch makes it possible to utilize various
satellite gravity missions that have accomplished a great number of repetitions, the same grids, and
the same accuracy. This paper considers satellite-derived data retracked to the Earth’s surface and
transformed by various mathematical apparatuses. These data can be derived from the global Earth’s
satellite data, mainly from the GRACE and GRACE-FO missions. The gravity gradient
tensor I' (the Marussi tensor) is a tensor of the second derivatives of the disturbing potential 7 of
the gravity field model. This tensor was considered the centerpiece of traditional differential
geodesy. It is analogous to the tidal deformation from geodesy and geophysics; one can imagine the
direction of such a deformation due to “erosion” brought about solely by gravity. The strike angles
usually show chaotic directions. We aim to detect where they are oriented dominantly in one
prevailing direction (linearly or creating a halo around the object). Another applied gravitational
parameter allows us to obtain the distribution of compressions and dilatations. The values may be
used for detecting mainly subsurface structures: oil-gas fields, groundwater, and paleolakes.
Integrating the conventional Bouguer gravity maps with satellite-derived gravity transformations
will enable the generation of crucial physical-geodynamical and geological conclusions.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

Bouguer gravity anomalies (Figure 1), not all of

The gravity field analysis is a comprehensive in-
strument for studying gravity anomalies of different
orders (e.g., Kadirov, 2000; Kadirov et al., 2012;
Kloko¢nik et al., 2014, 2017, 2020; Eppelbaum et al.,
2018; Eppelbaum, 2019). The studied regions of the
Caspian Sea and surrounding areas display the mosaic
distribution of the Earth’s surface (water) observed

which are explained geologically.

At present, the variable gravity data can be
derived from the global Earth’s satellite data, mainly
from the GRACE and GRACE-FO missions. The
combination of Earth’s surface registered data with
the non-conventional satellite-derived gravity field
transformations is of great interest.
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Fig. 1. Bouguer gravity map of the study region (after Kadirov (2000) and Gravity Map (1990))

The disturbing static global gravitational potential
outside the masses of a celestial body in the spherical
harmonic expansion is given by

GM oo R\! [ .,
T(r,p,0) = X2, Yo (:) (C';mcos mA + )
+ Symsinma) Py (sin @),

where GM is a product of the universal gravitational
constant G and the mass M of the planet (also known
from satellite analyses as the geocentric gravita-
tional constant in the case of the Earth), » is the ra-
dial distance of an external point where T is com-
puted, R is the radius of the planet (which can be
approximated by the semi-major axis of a reference
ellipsoid), Py (sin @) are the Legendre associated
functions, / and m are the degree and order of the
spherical harmonic expansion, the coordinates (¢, 1)
are the planetocentric latitude and longitude, C’;»
and S;, are the harmonic geopotential coefficients
(Stokes parameters), fully normalized, C’;, = Cim—
C; ., where C;,, belongs to the reference ellipsoid.
The word “disturbing” here means the difference
between the actual body's total gravitational poten-
tial and the reference body's gravitational potential,
i.e., the reference ellipsoid, usually taken as a rota-
tional ellipsoid with some flattening on the poles due
to the rotation of that body. All the gravity transfor-
mations of satellite-derived observations provide
thorough information about the density anomaly due
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to the causative body, which is more complete than,
for example, the information that the traditional
gravity anomalies themselves could yield. The set of
gravity aspects informs about location, shape, orien-
tation, a tendency to a 2D or 3D pattern, and some
stress tendencies and may also partly simulate “dy-
namic information” (Klokoc¢nik et al., 2017).

Applied Methods

The gravity gradient tensor I (the Marussi tensor
or simply the gravity tensor) is a tensor of the second
derivatives of the disturbing potential 7 of the gravity
field model. The Marussi tensor was considered the
centerpiece of traditional differential geodesy. The
tensor I is given in the local north-oriented reference
frame (x, y, z), where z has the geocentric radial
direction, x points to the north, and y is directed to the
west (Pedersen and Rasmussen, 1990):

a%v 9%v 9%V
2
T Toy Tg| |00 oxy ows
|4 74 |4
r yx Yy Yz dyox 0y? 0dydz|’ (2)
Tox sz Tz a%v. 9%v 9%V
0z0x 0z0y  0z2

The gradient tensor I' contains information about
subsurface strike (stress) directions. Pedersen and
Rasmussen (1990) defined the strike angle 6 (strike
lineaments, strike direction) as follows:
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Tay (Tax + Tyy) + Tz Tyz
T2 — T3 +T% — TS,

tan 26, = 2

3)
- Txy Tzz + sz Tyz

szz - Tyzz + Tzz (Txx - Tyy) ’

where 60 is estimated within a multiple of n/2; and only
one value represents the main direction of I'.

The strike angle may indicate a dominant 2D
structure. If one were able to rotate with the structure
in such a way that the elements of the first row and
first column of I" were identically equal to zero, then
one would reach a “correct” direction of ‘“stress
fields” described by 8 (Beiki and Pedersen, 2010).

Mathematically, € is the main direction of I'. Geo-
physically, it is an important direction for the ground
structures; it may indicate areas with a higher porosity
or “stress directions” or both (Kloko¢nik et al., 2020).

The strike angles usually show chaotic directions.
Sometimes, they are oriented dominantly in one prevail-
ing direction (linearly or creating a halo around the ob-
ject); they are aligned, we say, “combed”. The values
may be used for detecting mainly subsurface structures:
oil-gas fields, groundwater, paleolakes, or impact craters
(e.g., Klokoc¢nik et al. 2020, and further references there).

The situation remains, however, not unambigu-
ous when solely using gravity data. The parame-
ter @ probably relates to changes in porosity, for ex-
ample, possibly revealing the porosity increase due to
an impact pressure deformation. It is evident that we
need additional information on the gravity aspects.
This means geological or geophysical information,
namely drilling data, analysis of seismic data, mag-
netic anomalies, thermal and other data.

44.00 s
4300
42.00 -

41.00

|atitude

40.00
39.00
38.00

37.00

36.00 ANAT = i
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longitude

Fig. 2. Map of the strike angles (the main direction of the tensor I')

Let us define the parameter of “virtual defor-
mation” (Kalvoda et al., 2013). It is analogous to the
tidal deformation from geodesy and geophysics; one
can imagine the directions of such a deformation due
to “erosion” brought about solely by gravity.

If there were a tidal potential, represented as in
our case by the gravity potential 7, then horizontal
shifts (deformations) would exist due to this, and they
could be expressed in the north-south direction (lati-
tude direction) as

1 9T

Up = lg — —, 4
o=ls 220 )
and in the east-west direction (longitudinal direction)

as

up =g — & )

S gcos g N
where g is the gravity acceleration (9.81 m-s?), s is
the elastic coefficient (called the Shida number) ex-
pressing the elastic properties of the Earth as a planet
(generally [s = 0.08), ¢ and 1 are the geocentric lati-
tude and longitude of the point P where we measure
T; and the potential T is expressed in [m*s™].

Results and discussion

Here are presented only two examples from a wide
variety of transformations: parameter Q (Figure 2), one
of the variants of virtual deformations (Figure 3) and
“combed” image accompanied by hydrocarbon de-
posit location (Figure 4). As clearly seen from Figure
1, from one side, and Figures 2, 3 and 4, from another
side, despite a visible correlation between these fig-
ures, variety of noticeable anomalies wait for their
careful physical-geological interpretation.

44.00

latitude

36.00 i i
46.0° 47.00 48.0° 49.0° 50.0° 51.0° 52.0° 53.0° 54.09 55.0° 56.0°
longitude

Fig. 3. Map of the virtual deformation parameter. Blue color ref-
lects areas of compression, and red color — areas of dilation
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Fig. 4. The “combed” strike angles (black dashes) in the South
Caspian Basin accompanied by the hydrocarbon deposit location
(red dots) (last — after Alizadeh et al., 2017)

The tectonic-geodynamic significance of Figu-
res 2, 3, and 4 is obvious, but their further study de-
mands an integrated geological-geophysical exami-
nation with attracting the available borehole data.

The comparison of the Bouguer gravity map (Fi-
gure 1) and the “combed” strike angles are displayed in
Figure 5. Evidently, a careful analysis of the borehole
columns and the attraction of other data are necessary.
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Conclusions

Combining conventional gravity measurements
with the calculation of advanced satellite-derived
gravity transformations will enable us to obtain novel
physical-tectonic characteristics, for example, locat-
ing subsurface inhomogeneities and detecting deep
faults, zones of compression, and dilatation.
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Pe3rome. Ananu3 TpaBUTALIMOHHOTO TIOJIS SIBJISICTCS] OJJHAM U3 MOIIHBIX METOOB U3YUEHHS KaK PETHOHATBHBIX, TaK U JJOKAJIBHBIX
ocobOeHHOCTeH cTpoeHus 3emin. ['paBUTallMOHHEIE H3MEPEHUSI Ha IIOBEPXHOCTH 3eMIIM HEOOXOIUMEI (ITOCKOJIBKY HaXOJSITCS OJIHKe K
00BEKTaM HMCCIIEJOBaHUs), HO HEI0CTaTOYHBI. JlaHHbIe H3MEPEHUsI IPOBOWIINCH B Pa3JIMYHbIE TOJIBI, C Pa3HBIM MacIITa0OM U TOYHO-
CThKO U MHOI'OYHCJICHHBIMU (<6€H]>IMI/I IIATHAMHU» B TEX O6.]'laCT5{X, rac HEBO3MOXKHO OBLIO NPOBECTH U3MEPECHUA I10 TEM HUJIU UHBIM
npuunHaM. HeIHEHHss 31oxa Mo3BOJIET HUCMOIb30BaTh MHOTOKPATHO MOBTOPEHHBIE CITyTHUKOBBIE IDaBUTALMOHHBIE U3MEPEHMS,
Ha0Ir01aeMble 10 OJUHAKOBOM CETH U C OAWHAKOBOW TOYHOCTHIO. B 3T0i1 cTathe paccMaTprBarOTCsi 0COOEHHOCTH CITyTHUKOBBIX T'pa-
BUTAIIMOHHBIX JAHHBIX, IEPECIUTAHHBIX K TOBEPXHOCTH 3eMITH K TPAHC(HOPMUPOBAHHBIX C HCIIOIb30BAHUEM PA3INIHBIX aITOPUTMOB.
B Hacrosimee BpeMst 3TH JaHHBIE MOTYT OBITH MOTy4YEeHBI U3 TT00ABHBIX CITyTHUKOBBIX JAaHHBIX, B OCHOBHOM 3 Muccuii GRACE n
GRACE-FO. Tenzop rpaguenta rpasutammu I (Mapyccu TeH30p) ImpeacTaBisieT co00il TeH30p BTOPBIX NPOM3BOJHBIX BO3MYIIIAIO-
IIero noteHnuana 7 MoJeNy rpaBUTAMOHHOTO T0JIsl. JIaHHBIH TEH30p CYMTACTCS LIEHTPAIBHBIM JIEMEHTOM TPaJIHOHHON audde-
PEHIMAILHOW I'e0/Ie31H, aHAJOTMYHBIM NPUIMBHOHN Ae(OpMaliK B Fe0Je3HU 1 Fre0(pHU3NKH. ITO O3BOJISET IPEACTABUTH HAIIPABIICHUS
TaKoit nedopmaryu 3a CYeT «IPO3UI», BEI3BAHHONW UCKIIIOUMTENILHO CHUIION TSDKECTH. YTJIbI IIPOCTUPAHUS OOBIYHO MOKA3bIBAIOT Xa0-
THUYECKUE HanpaBieHus. Hamel menbio sSBIsieTCs onpeaeneHne TeX MIOomaAei, Tae yriibl IPOCTUPAHUSI OPHEHTUPOBAHBI IPEUMYIIIE-
CTBEHHO B OJHOM Npeo0iaJaromieM HamlpaBlIeHUU (JMHEHHO WM cO3laBas HEKH Opeos BOKPYT O0OBEKTa mccienoBanuii). [pyroi
MIPUMEHSEMBbIN IPaBUTALIMOHHBIA TapaMeTp MO3BOJISET MOJIYUYUTh pacIpeesieHUe CKaThi U pacTshkeHui. [lonydyeHHble KapThl MOTYT
OBITH MCIONB30BAHbI ISl BBISIBICHUS IIOTPEOEHHBIX CTPYKTYP: HE(TETa30BBIX MECTOPOXKACHHUMH, TIOA3EMHBIX BOJ U maneoo3ep. Kom-
IUIEKCHPOBAaHHE KOHBEHIIMOHATBHBIX KapT CHIIBI TSDKECTH B peAyKIUH byre ¢ mpeoOpa3oBaHHBIME CITy THUKOBBIMH TPaBUTAIIMOHHBEIMU
JTAHHBIMU TT03BOJISIET CAENATh BHIBOABI, HMEIOIINE CYIECTBEHHBIE (DH3UKO-TEOANHAMIYECKUE U T€0JIOTHUECKUE ACTICKTEI.
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JiceHHble yenbl NPOCMUPAHU, pacmadicenue, cocamue

XOZOR REGIONU QRAVITASIYA SAHOSININ BUQE REDUKSIYASININ VO PEYK QRAVITASIYA
MOLUMATLARININ TRANSFORMASIYALARI iLO INTEQRASIYASI: GIiRiS
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Xiilasa. Qravitasiya sahosinin tohlili Yerin strukturunun hom regional, hom do lokal xiisusiyystlorini dyronmak ti¢lin giiclii iisul-
lardan biridir. Yer sothindo qravitasiya 6lgmalori zoruri olsada (¢iinki onlar Syronilon obyektlors daha yaxindir) kifayst deyil. Bu
Olgmolor miixtalif illordo miixtolif miqyasda va doqiqlikls aparilib, bu vo ya digar sobobdon 6lgmo aparilmasi miimkiin olmayan ¢ox-
sayli yerlor (“ag lokalor””) mévcuddur. Hazirki dovr eyni soboka lizarinds va eyni doqiqliklo miisahids edilon dofolorls tokrarlanan peyk
gravitasiya olgmolorindon istifado etmoyo imkan verir. Bu mogalodo miixtolif alqoritmlor istifado edilorak Yer sothino hesablanmig
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peyk gravitasiya melumatlarinin xiisusiyyatlori miizakirs edilir. Hazirda bu melumatlar ssason GRACE voe GRACE-FO qlobal peyk
moalumatlarindan, slds edils biler. Qravitasiya qradiyenti tensoru I' (Maroussi tensoru) qravitasiya sahaesi modelinin hoyacanlagsmis T
potensialinin ikinci téromalarinin tenzorudur. Bu tensor geodeziya va geofizikada Yerin qabaran deformasiyasina banzar snsnavi di-
ferensial geodeziyanin markazi elementi hesab olunur. Bu, yalniz qravitasiya qiivvasinin yaratdigi "eroziya" sababindon belo deforma-
siyanin istigamatlarini tomsil etmoys imkan verir. Uzanim bucaqlar1 adston xaotik istiqamatlori gostarir. Magsadimiz uzanim bucagq-
larinin asasan bir tstiinliik togkil edon istigamato yonosldildiyi sahalori miioyyan etmokdir (xatti vo ya tadqiqat obyekti otrafinda bir nov
areol yaratmagqla). Digor totbiq olunan qravitasiya parametri sixilmalarin vo gorginliklorin paylanmasini slds etmoyo imkan verir. Ali-
nan xaritolor kdmiilmiis strukturlar (neft vo qaz yataqlari, yeralt1 sular va paleolaklar) miioyysn etmak iiciin istifads edils biler. Buge
reduksiyasinda molum qravitasiya xaritolorinin ¢evrilmis peyk qravitasiya molumatlari ilo inteqrasiyasi shomiyyatli fiziki, geodinamik
va geoloji aspektlori olan naticolor ¢ixarmaga imkan verir.

Acar sozlar: Buge qravitasiya xaritasi, peyk qravimetriyasi, qravitasiya parametrlori, uzanmanin hamarlanmis bucaqlari, genis-
lonmo, sixilma
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Summary. The paper is devoted to an assessment of the gravitational effect of the crystal-
line basement of the Yevlakh-Agjabadi Basin of the Middle Kur Depression of Azerbaijan. The
Yevlakh-Agjabadi trough is characterized by a thick layer of sedimentary deposits of the Meso-
zoic and Cenozoic age, lying on a crystalline basement. According to the data of deep seismic
sounding, a structural map on the surface of the crystalline basement was plotted. The trough it-
self is oriented in the Caucasian direction. In this area well-known Muradkhanly and Jafarly oil
and gas deposits occur. The crystalline basement, as well as the Meso-Cenozoic deposits, have
excessive density and therefore are well reflected in the gravitational field as local gravity
anomalies. It can be said that most of the areas of Azerbaijan, including the territory of the
Yevlakh-Agjabadi trough, are covered by a general and detailed gravimagnetic surveys. Based
on these results, a number of local anomalies were identified here, including in the Muradkhanly
and Jafarly areas. High-precision gravimetric and magnetometric surveys are carried out here
using digital gravimeters and magnetometers, which disclose great opportunities for gravimetric
and magnetometric explorations in the study of this region. In addition, the Department of Geo-
physics of Azerbaijan State Oil and Industrial University has developed software for various
transformations of gravimagnetic fields, as well as solving forward and inverse problems of
gravity and magnetic exploration. Therefore, the study of this trough by digital gravity modeling

is a very essential problem.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

In the search, exploration and study of the geo-
logical structure of promising oil and gas areas, the
gravimetric exploration method is of great im-
portance, and is based on studying the distribution
pattern of gravity fields created by some structural
uplifts which are characterized by an excess density
contrast of rocks their composing. At the stage of
gravimetric data quantitative interpretation, a very
important problem is modeling of gravitational
anomalies, which has a great importance for the geo-
logical interpretation (e.g., Uckarnapos, 2018, 2011,
2005; Hirt, 2016; Nava-Flores, 2016; Hinze et al.,
2013; Chakravarthi, 2003). Currently, this problem
is being solved in the form of digital modeling using
modern graphic programs in two-dimensional and
three-dimensional versions based on the results of
computer calculations of the observed and theoreti-
cal gravitational fields using developed algorithms
and programs, which provide the most complete pic-
ture of the shape, depth and size of the desired geo-
logical facilities and oil and gas fields.

Currently, high-precision gravity exploration
using digital gravimeters is being carried out all over
the world, as well as in Azerbaijan, which makes it
possible to solve finer structural problems and give a
more accurate solution to the problem of direct
searches for oil and gas deposits. One of the areas
with a promising oil and gas potential in the Middle
Kur Depression of Azerbaijan is the Yevlakh-
Agjabadi trough, which is characterized by a thick
layer of sedimentary deposits of the Mesozoic and
Cenozoic age, lying on a crystalline basement. Ac-
cording to deep seismic sounding data, a structural
map is constructed here on this surface (Fig.1). The
Yevlakh-Agjabadi Basin is oriented in the Caucasian
direction and is characterized by the depths isohyps-
es from 9 to 15 km. So the vertical amplitude of the
basin reaches about 6 km. The Mesozoic rocks are
represented by the volcanic-sedimentary deposits.
There are well-known Muradkhanly and Jafarly oil
and gas deposits, which are reflected in the gravita-
tional and magnetic fields. The Yevlakh-Agjabadi
Basin and the overlying sedimentary cover struc-
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tures are well reflected in the gravitational field. Ac-
cording to the seismic and gravity surveys, deep
faults and gaps are observed here, crossing not only
the crystalline basement, but also Mesozoic deposits.
Therefore, the study of this basin by the gravity ex-
ploration using digital modeling is very important. A
lot of works have been devoted to the study of this
region (e.g. T'ammpoB um gp., 2016; Canmanos,
KOcudosg, 2013; Eppelbaum and Khesin, 2012).

The purpose of this research is to describe an algo-
rithm for calculating the gravity effects from the
Yevlakh-Agjabadi Basin and profile and areal gravity
digital modeling of the values of the gravity in the
aforementioned basin and the Middle Kur depression.

Means and methods

To perform digital modeling, the vertical gravi-
ty component and magnetic field values for separate
selected profiles on the computer were calculated.
To do this, we used the GTEOR algorithm and pro-
gram developed at the Department of Geophysics of
the Azerbaijan State Oil and Industry University
(ASOIU) and implemented using the FORSE com-
piler in the WINDOWS system (Fig.2). This pro-
gram allows to calculate the gravity field and the
vertical component of magnetic field in a two-
dimensional version based on the partition of a two-
dimensional body into separate homogeneous two-
dimensional rectangular prisms (Fig.3) with the con-
stant bases (partition step), and variable heights (dif-

ferences between the upper and lower edges). The
sum of gravitational and magnetic effects from each
elementary prism is computed. SURFER programs
were used to digitally present the calculation results,
as well as to combine profile and areal data. In the
two-dimensional case, the gravitational field from
the vertical prism is calculated by the following
formula:

5. (1)

Agmm = GAO—|:(§ - x)ll‘l[(g" P hg ]+ 2¢arctg=—— g- :|§2 ;

S

Here G is the gravitational constant;
G=6.67-10" cm’/g's’; Ao is the density contrast;
Ao =00, g/cm’;
is the ordinate of an elementary prism, and x is the
observation point abscissa.

The vertical component of the magnetic field of

an elementary prism is calculated by the following
formula:

& is the prism abscissa; ¢
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Here 2b is the horizontal dimension of the
prism; I is the intensity of magnetization; Z, and Z,
are the depth of the upper and lower edges of the
prism, respectively, and x is the observation point
abscissa.
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Fig. 1. Comparison of depth of the crystalline basement and gravity anomalies maps in

the Yevlakh-Agjabadi depression (1

— isolines of gravity anomalies, 2 —

isohypses of

the surface of the crystalline basement (AnekceeB u Xecun, 1985), 3 — border geologi-
cal structures (a) and tectonic units (b) (AnekceeB u Xecun, 1985), 4 — exploration

wells; 5 — localities)
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Fig.2. The block-diagram of GTEOR algorithm
To implement the task on a computer, the
source data in accordance with the algorithm are
4 A entered in the following order:
Z1 )N, X1, X2, EMAX, DX, SIG, Y.
v Here N is the number of elementary prisms; X1,
X2 — start and end coordinates of the observation
2b point; EMAX — the abscissa of the extreme point of

A
A 4

72

Fig. 3. Vertical prism parameters

the structure; DX — step of separation of the struc-
ture in km or step of the observation point (calcula-
tion); SIG — excess density of the geological body; J
is the intensity of the prism magnetization.

2) Z1 (1) — the set of depths of the upper edges
of the elementary prisms (data array) in km.

3) Z2 (I) — the set of depths of the lower edges
of elementary prisms (data array) in km.
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Results:

Based on seismic data, we first performed a dig-
ital simulation of the Yevlakh-Agjabadi trough and
compiled a structural model of the Yevlakh-
Agjabadi Basin using the SURFER multi-task pro-
gram (Fig. 4). Then six profiles crossing the
Yevlakh-Agjabadi basin were developed (Fig. 5-6).
Based on these six profiles, deep sections of the sur-
face of the crystalline basement were constructed
(Fig.7). In the next step modeling gravity field was
calculated on a PC using the GTEOR Fortran-
program (Mckangapos, 2005, 2011, 2018). Moreo-
ver, the theoretical values of the first vertical deriva-

tive of gravity potential (Vz) — vertical component
of the gravity force were calculated for separate pro-
files. Below, as an example, profile No.1 shows the
initial data prepared for calculating the theoretical
values of the vertical component of the gravity force,
as well as the calculation results using the GTEOR
program (Tables 1-3). Then, using the SURFER
program (Cunkus, 2008), theoretical values of the
gravity field were digitized according to the profile
section and a map of the theoretical values of the
gravity field was constructed in 2D and 3D variants
(Figs. 8-9). A combination of these maps is present-
ed in Fig. 10.

Fig.4. Structural map of the crystalline basement (in km) of the
Yevlakh-Agjabadi basin developed using the SURFER program

Fig. 5. Profiles crossing Yevlakh-Agjabadi Basin for computing
Vz (2D variant)

Fig. 6. Profiles crossing Yevlakh-Agjabadi Basin for computing Vz
(first vertical derivative of gravity potential) (3D variant)
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Profil 1

70 0 10 20 30 40 50 60 70
X km

10 20 30 40 50 60

Fig. 7. The depths of the crystalline basement for profiles 1-6 (developed on the basis of the SURFER program)

Table 1
Initial data for the GTEOR program for profile No. 1

N X1 X2 EMAX DX DX DS A

12 0 60 60 0 5 0.3 | 50
Table 2

The depths of the crystalline basement computed for profile No. 1

H, |80 |80 |80 |80 |80 |80 |80 |80 |80 | 80 |80 | 8.0
H, 8.5 96105 11.1|11.7122| 122}11.7| 11.7| 10.5]8.70| 10.0

Table 3

Results of calculating the vertical component of the gravity force (in mGal) and mag-
netic component Za (in gamma) for profile No. 1 according to the GTEOR program

N X V; Za

1 0 -10.74 -7.81
2 5 -15.76 1.19
3 10 -21.29 11.64
4 15 -26.26 19.73
5 20 -30.16 25.63
6 25 -32.71 29.74
7 30 -33.63 31.23
8 35 -32.78 29.45
9 40 -30.34 25.12
10 45 -26.71 19.76
11 50 -22.15 13.42
12 55 -16.83 3.96
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Fig. 8. Map of the vertical component of the gravity force (Vz) of the Yevlakh-Agjabadi Basin in milligals (2D variant)

Fig. 9. Map of the vertical component of the gravity force (Vz) of the Yevlakh-Agjabadi deflection in milligals (3D variant)

Fig. 10. Combination of 2D and 3D maps of the vertical component of the gravity force (Vz) of the Yevlakh-
Agjabadi Basin (in milligals)
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Conclusions:

1. The block diagram of our GTEOR algorithm
for calculating the theoretical values of the gravity
anomaly in the profile version is presented. The
GTEOR program is implemented using the FORCE
FORTRAN compiler in the WINDOWS system.

2. Using the SURFER program, digital modeling
of the structural map of the depths of the Yevlakh-
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OUPPOBAS OLIEHKA I'PABUTAIIMOHHOTI'O BJIUAHUSA KPUCTAJVIMYECKOI'O ®YHIAMEHTA
EBJAX-ATJKABEJIMHCKOT'O BACCEMHA (CPEJTHEKYPAHCKAS BIAJMHA, ASEPBAMIKAH)

Hckanpapos I.I'.
Asepbaiiodcanckuii 20cyoapcmeenHulil yuusepcumem Hepmu u npomviuiiennocmu, baxy, Azepbaiioxcan
AZ1010, baky, npocn. A3aonwie, 34: elton_iskender@mail.ru

Pesziome. CTaThs MOCBSIIECHA OIEHKE TPAaBUTALMOHHOTO BIMSHUS KpHCTaTHYecKoro ¢yHaameHta EBmax-ArmkabenuHCKOTO
nporuba Cpenne-KypuHckoii Biaanabl A3epbaiimkana. Kak m3BectHo, s EBnax-ArmkabenHCKOTO poruba XxapakTepHa MOLTHAS
TOJIIIIA OCAJOYHBIX OTJIOXKEHHH ME3030HCKOT0 M KalfHO30HCKOT0 BO3pacTa, 3aJIeraloluX Ha KpucTauimdeckoM ¢yHnamenre. [1o nan-
HBIM INIyOMHHOTO CEHCMHUYECKOTO 30HUPOBaHMs OblIa MOCTPOCHA CTPYKTYpHAs KapTa MOBEPXHOCTH KPHCTAJUIMYECKOTO (QyHIaMeH-
ta. CaM nporu® OpHEeHTUPOBAH B KaBKAa3CKOM HampasieHHu. Ha 3Tol miomanyu U3BeCTHBI MecTopoxaeHus Hedtu U raza Mypan-
xanybl U [xkadapisl. Kpucrammudeckuii GyHIaMEHT, a TaK)Ke ME30KaHO30MCKHIE OTIOKECHHUS 001a1at0T N30BITOYHON MIIOTHOCTHIO
1 MO3TOMY XOPOIIO 0TOOPa’KalOTCs B TPABUTAIIMOHHOM II0JIE€ B BUJIE JIOKATIbHBIX aHOMATIHI CHIIBI TSKECTH. MOXKHO CKa3aTh, 00Mb-
LIMHCTBO TuTomaneii Asepbaiimxana, B ToM uncie u tepputopus EBnax-ArmkabeanHckoro nporuda, MOKpEITO 00l U JeTanbHON
TpaBUMAarHATHOHN cheMKoil. [1o aTuM pesynpraTam 37ech, a Takke Ha miomansix Mypaaxannsl U Jxadapibl BeIACIEH LETbIA Psi
JIOKAIBHBIX aHOMaNui. B HacTosImee BpeMs MPOBOAATCS BHICOKOTOUYHBIE TPaBUMETPUUECKHE U MarHUTOMETPHUYECKUE CHEMKHU C HC-
TI0JTb30BaHUEM HU(PPOBBIX IPABUMETPOB U MarHUTOMETPOB, YTO OTKPHIBACT OOJIBIIIE BOSMOXHOCTH Hepe]] IPaBIMarHUTOPa3Be KO
IIPU HMCCIIeJOBaHUM 3TOro pernoHa. Kpome toro, Ha kadenpe «['eodusnka» AzepOaiikaHCKOTO TOCYIapCTBEHHOTO YHHBEPCHTETA
He(TH U NPOMBIIUICHHOCTH pa3pabOTaHO MpOrpaMMHOe oOecIedeHHe Ul Pa3IMYHbIX TpaHc(opMalmii rpaBUMAarHUTHBIX MOJIEH, a
TaKoKe pelieHbl IpsiMasi 1 oOpaTHas 3a1a4n rpaBu- U Marauropasseaku. C momouipto nporpammsl SURFER 6b110 BeIoONHEHO (-
pOBOE MOAENUPOBaHUE CTPYKTYPHOH KapThl ImyOuH nporuda Epnax-ArmxabenuHckoro B Tpéx naMepeHusax. C MoMoIbo Iporpam-
Mbl GTEOR paccunThIBanuch 3Ha4EHUS TpaBUTALMOHHOTO Nona EBmax-Armkabeaunckoro 6acceifHa, a s oun(ppoBKH IpaBUTA-
LMOHHOTO ToJIs Hcmoib3oBanack nporpamMa SURFER, xoTopas MoxeT mpUMEHAThCS IJIs1 OLCHKH T'PaBHTAIIMOHHBIX BO3IEHCTBHI
0Ca/I0YHBIX TIOPO/.

Knrouesvie cnosa: arcopumm, 010K-cxema, epasumayOHHas AHOMAAUS, CIMPYKMYPHAA KAPMA, OYeHKd SpasumayuonHo2o d¢-
¢hexma, epasumayuornas Mooeib, Yyudposoe MoOeruposaHue

YEVLAX-AGCABODI HOVZOSININ KRISTAL TOMOLININ QRAVITASIYA TOSIRININ ROQOMSAL
QIYMOTLONDIRILMOSI (ORTA KUR COKOKLIYi, AZORBAYCAN)

Iskondarov E.H.
Azarbaycan Dévlat Neft va Sonaye Universiteti, Baki, Azarbaycan
AZ1010, Baki, Azadlig prosp., 34: elton_iskender@mail.ru

Xiilasa. Maqalo Azarbaycanin Orta Kiir ¢okokliyinin Yevlax-Agcabadi ¢okakliyinin kristallik biindvrasinin qravitasiya tasirinin
qiymoatlandirilmasins hasr edilmisdir. Malum oldugu kimi, Yevlax-Agcabadi ¢okokliyi kristallik biindvra {izerinds yatan mezozoy
vo kaynozoy yash ¢okiintiilorinin qalin tobaqgasi ilo xarakterizo olunur. Dorin seysmik zondlama molumatlarina osasen, kristallik
bilindvronin sothino gora struktur xaritesi qurulmusdur. Cokoklik 6zii Qafqaz istiqgamatinds yonoldilmigdir. Bu orazido Muradxanli
vo Coforli neft-qaz yataqlart movcuddur. Kristallik biindvre, eloco do Mezo-Kaynozoy ¢okiintiilori izafi sixliga malikdir vo buna
g0ro do gravitasiya sahosindos agirliq qiivvasinin lokal anomaliyalar goklindo yaxsi oks olunur. Demok olar ki, Azarbaycanin oksor
arazilari, o climlodon Yevlax-Agcabodi ¢okokliyi erazisi imumi ve milkemmol qravimaqnit planalmalar ilo shato olunub. Bu natice-
lor asasinda burada, o ciimlodon Muradxanli vo Coafarli arazilorinds bir sira lokal anomaliyalar miioyyon edilib. Hazirda bu sahada
roqemsal qravimetir vo maqnitometrlorden istifads etmoklo yiiksok daqiqlikli qravimetrik vo maqnitometrik planalmalar aparilir ki,
bu da bu regionun dyranilmasinda qravimetrik vo maqgnitometrik kosfiyyatlar iiclin boyiik imkanlar agir. Bundan slave, ADNSU-nun
“Geofizika” kafedrasinda qravimaqnit sahalorinin miixtalif ¢evrilmalari, eloco do qravi ve magqnit kesfiyyatinin diiz ve ters masalals-
rinin halli {iglin proqram tominati hazirlanib. Buna gors do, roqomsal modellogdirmaden istifado edorok qravitasiya melumatlarina
g0ra bu ¢okokliyin 6yronilmasi ¢ox aktual bir mosolodir.

Acar sozlar: alqoritm, blok-sxem, qravitasiya anomaliyasi, struktur xaritasi, qravitasiya tasirinin qiymatlondirilmasi, qravitasiya
modeli, ragamsal modellasdirilma
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PALYNOFLORA OF THE MAIKOP FORMATION (LATE OLIGOCENE — EARLY MIOCENE) AND
ITS SIGNIFICANCE FOR STRATIGRAPHY AND PALEOGEOGRAPHY OF AZERBAIJAN
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Summary. The research reconstructs some elements of climate and vegetation of the Shama-
khi-Gobustan region in the Late Oligocene — Early Miocene, using the approach of co-existing
palynoflores obtained from published literature sources and current palynological studies. The re-
sults show that sedimentation occurred mainly within warm subtropical climatic conditions during
the Rupelian and Early Chattian stages (mean annual temperature (MAT) 16.5-21.3°C and mean
temperature of the coldest month (CMT) 5.5-13.3°C). In the second half of the Chattian, the cli-
mate becomes cooler, with the invasion of the heat-dominant small-leaved Turgai flora into the
fairly still representative Poltava flora. In the Late Miocene (Caucasian age), conditions in the re-
gion are stabilized and temperatures acquire values similar to those of the Early Oligocene. The
diversity of species, representatives of mountain forests indicates the presence of the lower and
middle stages and differentiation of vegetation by altitudinal belts. Analysis of palinospectra from
the sections of the Shamakha-Gobustan region and the discovered leaf flora indicates dominance
in the Maikop on the southern coast of the Caucasian island of forest vegetation with the participa-
tion of moisture-loving tropical, subtropical evergreen and deciduous forms along with mesophilic,
warm-temperate and moderate representatives.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

BBeaenue

IIposiBrsieMblil IJIUTEIBHOE BpEeMsI MHTEPEC K

PaBIIEHHS PACIIMPSIOT BO3MOXXHOCTH U3YUYEHUS DTHX
oTiokeHui 10 cux mop (Abreu et al., 2007; Bechtel

H3YYEHHIO MaKONCKUX OTJIO)KEHUH OIpaBIbIBAECTCS
HX BBICOKUM HedrerazoBsiM noreHuuanioM. Hauano
M3YUYEHMs] MAaKOIICKON CEpUM MOpOJA, €€ CTpaTurpa-
¢un, nuronoruu, QanuanbHBIX O0COOEHHOCTEH Ha
Tepputopun AsepOaiimkaHa ObUTO mMosI0keHo B XIX
Beke (AOux, 1864; Felix, 1894) u nmpogomkuiock B
nocneaytonue cronerus (bormanoBuu u ap., 1911;
lony0staukoB, 1904; Illarckuii, Mennep, 1927;
Amuzane, 1945). CoBepIlieHCTBOBaHHUE METOJIOB HC-
CJIeIOBaHNA, Ka4eCTBEHHO HOBBIE IMOJIXOJBI U HaIll-

et al., 2014; Efendiyeva, 2004; ®eiizymnaeB u mp.,
2000; Hudson et al., 2008; Abdullayev et al., 2021;
Aghayeva et al., 2021).

[lepBonayansHO Quopa U QayHa MaHKONCKOTO
BPEMEHH M3Yy4ajiach IOMyTHO COBMECTHO C I'€0JIOTH-
YECKUMH W3BICKAaHMSMHU. MaKpOOCTaTKH pacTeHUI
ObuM OOHApy)KEeHBI NPEUMYIIECTBEHHO B OTJIOXE-
HUSIX ONUroueHa (HWKHUH MaiKol) M TEepPUTOPH-
QJIBHO NMPUYPOUEHBI K AOIIEPOHCKOMY HOIYOCTPOBY
(ITamu6un, 1936; SApmonenko, 1941), peruony Ta-
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JBIICKUX Top (Anuzaze u np., 1951), npearopesam
Marnoro Kagkaza (/I>xabaposa u ap., 1961; Kacymo-
Ba, 1961) u HaxusiBanckoii ABroHomHO# Pecny6-
muku ([Manubun, 1947; Kacymosa, 1961; Asusoe-
KoB, 1961; AxmeTneB, 3anopoxerr, 1989).

B 60-x romax XX Beka mociie pa3BUTHS Iaju-
HOJIOTUYECKOTO METOJIa PACUIUPUINCH TEPPUTOPH-
ANBHO-BO3PACTHBIE TPAHHIBI M BO3MOXHOCTH Jie-
TaJbHOW MHTEPIIPETAIIMA W BOCCTAHOBJICHUS IAJICO-
reorpaduyeckux ycnosuii (Ixabaposa, 1960; [Ixa-
OapoBa, KacymoBa, 1961; Mawmenos, PabotuHa,
1990; Illax6a3zoBa, 2001; AxmerseB u ap., 2007;
baiipamosa u ap., 2021).

MarepuaJjibl, METObI U PAliOH

HccJe10BaHus

Maiikonckasi cepusi, COCTOSIAS U3 TOJILHA TEM-
HO-CEpBIX CIIOMCTHIX TIIMH, NPEACTaBIsET COOOU
cTpaTurpadudeckoe TOApasJeleHne Ha TPaHHUIE
naneoreHa u HeoreHa. B ITonro-Kacnuiickoit mxkane
MalKOIICKasi CBUTa COOTBETCTBYET OJHUIOLEHY U
HIKHEMY MHOIIEHY W TOJpa3fenseTcss Ha 3 Tof-
otaena (Ctparernyeckuii cioaps CCCP, 1982).

HwxHuil momoTaen cOOTBETCTBYET HHIKHEMY
OJINTOIEHY (pronmenasckuii sipyc — 33.9-27.82 muH.
JI.H.), CPETHUI — BEpXHEMY OJIUTOIEHY (XaTTCKUU
sapyc — 27.82-23.03 MaH. J.H.), BEpXHUN — HUX-
HeMy MuoleHy (akButaH u Oypauran — 23.03-
15.87 MuIH. II.H.).

Bepxuuil mogotaen MalKoNCKOM TOJNIIA UMEET
onHy aatupoBky u3 IlpeakaBkasps — 23.3 MiH. JI.H.
(Xaun, llapmanoB, 1952) u mogpasnensercs Ha 3
peruosipyca (CHM3y BBEpX) — KaBKa3CKWii, Caka-
payabCKui U Konaxypckuil. OHM He aTUPOBAHBI, HO
COTIOCTABIISIFOTCS C 3repueBCKUM (24-22 MIH. J.H.),
arreH0yprckuM (22-19 MiTH. 71.H.) ¥ OTHAHTHHCKUM
(19-17.5 man. n.H.) spycamu 3anagnoro [lapatetuca
(Tanzet, 1984; 3yb6akos, 1990; Hemecckas u np.,
1984). 1x BO3pacT NpUHUMAIOT 332 BO3PACT COOTBET-
cTByromux spycoB Ilonto-Kacnus, 3a wuckmrode-
HUEM BEpXHEW IpaHULbl KOL[aXypCKOTo peruospyca.
Opnnako Oonee MM MEHEE TOYHOTO COIMOCTABIICHUS
Mexay Humu emre HeT. JI.A.Hesecckas u mp. (1984)
COBMEIAIOT HIDKHUE TPaHMIBI cakapayia (C KaBKa-
30M) U 3rTeH0ypra (c arepoM), HO BEPXHIOK TpaHU-
my cakapayja (C KOIaxypoMm) MOJHUMAIOT BBIIIE
BEpXHEH TIpaHUIBl 3rreHdypra (C OTTHAHIOM).
B.A.3y06axoB (1990) xe comocTaBisieT Mexay co0oi
BEpPXHHE TPAHUIIBI caKapaylyia ¥ 3ITeHOypra, a HUXK-
HIOIO TPaHHWILy TEPBOTO OMYCKAaeT HIDKE HWKHEU
rpaHuIl BToporo. K paHHeMy MHoneHy OTHOCHTCS
u TapxaHckwuii sipyc (17.2-16.5 miH. 1.H.).

B Azepbaitmxane ¢anus MaHKOIICKUX OTIIOXKE-
HUH HMeeT HIMPOKOE paclpoCTpaHEHHE M HrpaeT
CYLIECTBEHHYIO pOJIb B CTPOEGHUH CTPYKTYpPHBIX
komruiekcoB CeBepo-BocTouHbIX mpearopuii Mao-
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ro Kaskaza, Taneima, Kypunckoit nenpeccun u
IOro-Boctounoro Kaskaza, Bxmrouas Illamaxsl-
I'obycranckwuii paitoH.

[Ipon3omenmmii Ha rpaHUIE 30L€HA U OJUTO-
LICHA [IEPEIOM B T€OTEKTOHUYECKOM Pa3BUTHUU BCETO
KaBkaza mnpuBen Kk o00pa30BaHUIO TOAHATHH U
ckiIagKooOpasoBannio. Hambosee MomiHbIe aHTH-
KJIMHAJIbHBIE CKIAAKU (GOpPMUPOBAIM OOJNbLIME U
Malible ocTpoBa B 3Toi yacTu BoctouHoro Ilapare-
thca. B Hauane onuronena B Illamaxei-I'o0ycran-
CKOM Mporude MpPOHCXOAUT HEKOTOPOE CMEIIEHHE
CEBEpHOU TpaHuIBl OacceifHa ¢ pacHIMpeHNeM KOH-
TypOB 30H pa3MbIBa, B Pe3yJIbTaTe YEr0 MalKOIICKHE
OTJIOKEHUS 37IeCb HE€ MMEIOT CIUIOLIHOTO paclpo-
CTPAaHEHUS U yCTAaHOBJIEHBl HAa OTPAHUYEHHBIX CHH-
KITMHAIBHBIX YYacTKax MPH pPe3KO COKpameHHOH
MoIHOCTH. Ha OTAEeNnbHBIX NOAHATHAX IO F0KHOMY
oopty llamaxsr-I'o0ycTanckoro mporuba BepXHHN
MalKoIl TPaHCTPECCHBHO 3ajieraeT Ha Oosee Ipes-
HUX OTJIOXKEHUSX, BIUIOTH 0 BepxHero mena (Cana-
eB, 1961). B nenrpansaom ['o0ycTane maikornckue
CJI0M OOHA@KAIOTCS Ha KPBUIbSIX U HNOTPYKCHUAX aH-
THKJIMHAJIEH, B cTopoHy I. Illamaxel — Ha cBomax
KPYIHBIX TOMHSATHHA. DTH OTJIOKEHHS BCKPBITHI B
MHOTOYHCIICHHBIX OOHAKEHHSAX, CTPYKTYPHO-IIOHUC-
KOBBIX M pa3BebIBATEIHHBIX CKBAKHHAX.

EnuHoro crpaToTunm4eckoro paspesa MaiKor-
ckoil cepun g Tepputopun FOxnHoro Kaskasza Het
B oTiimuue oT 3amamgHoro u IlenTpamsHoro Ilpen-
KaBKa3bs, TJI€ XapaKTepHBIM, XOPOIIO 0OHAKEHHBIM
U M3Y4YEHHBIM paccMaTpHUBaeTCs THUIIOBOH pazpes
MalKOICKUX oTioxeHuil p. benas Beime r. Maiiko-
nma. (3amopoxen;, AxmerseB, 2017; IlomoB u np.,
2019).

OCHOBOM 47151 JaHHOTO Majeoreorpagpuyeckoro
UCCJIEZIOBAHUS TOCIY)KWIN IalWHOIOTUUECKH U3Y-
YEHHBIE aBTOPAMHU 4YEThIpE pa3pe3a MAMKOIICKOH ce-
pun mopon, BckpeiThie B Illamaxbl-I'o0ycTaHckom
paiione — Ilepekumkrons, [Hux3arupnu, Wcnampaar,
Xunemunu (puc. 1). Beero 6pu10 mpocmotpeno 158
npo0, a Takke MPOAHATU3UPOBAHBI CIIMCKH JINCTOBOM
¢utopbl, OOHAPYKEHHOH B MaHKOIICKHX OTJIOXKEHMAX
pasnmuuHbIX pernono KOxxHoro KaBkaza (puc. 2).

KamepanbHble uccienoBaHHS W XUMHYECKas
00paboTka 00pa3IOB MaMKOIICKOH Cepuu MOpoJ
H3yUYEHHBIX Pa3pe30B MPOBOAWINCH 10 CTAHIAPTHOM
Meroauke Mmarepamun (Traverse, 2007) ¢ mocie-
OYIOUIMM TPUMEHEHHEM IUIABUKOBOM  KHCJIOTHI.
ITpocMOTp MBUIBIBI U CHIOP OCYLIECTBIISUICS BO Bpe-
MeHHBIX Tpenapatax. [Ipu ompeneneHnu UCIONB30-
BaJIMCh aTJIaChl MBUIBLBI M cop (ATJac oJHrore-
HOBBIX. .., 1956; ATiac MHOIICHOBEIX ..., 1956).

OO0111€€ KOJIMYECTBO MOACYUTAHHBIX MBIIBIEBIX
3epeH Ha Kaxablil oOpazell COCTaBIsUIO B CPEIHEM
200-300 emgmnun. Cratuctmueckas oOpaboTka pe-
3yJIbTAaTOB IPOMU3BOAMIACH OOIIECHIPUHSATHIM TPYI-
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moBeiM MeTosioM (Grimm, 1987; Kapesckas, 1999):
MIBUTBIIA IPEBECHBIX M KycTapHUIKOBEIX (NAP), Tpa-
BAHUCTBIX (AP), cnopoBeix pactenuit (SP). Ilpu
nojicueTe oOmero cocraBa (IPOLEHTHOE COOTHO-
[IeHHE MEXIy CyMMaMH MBUTBIBI JI€PEBHEB, TPaB,
criop) 3a 100% mpuHEMamack cyMMa BCEX 3aperuc-
TPUPOBAHHBIX MBUIBLEBHIX 3€peH U crmop. BHyTpu
kaxaon rpynnsl (NAP, AP, SP) moncuuThiBanoch
MIPOLIEHTHOE COJEPKAHHE TMBUTBIBI M CIIOP KaKIOTO
BUA.

Ilo coBOKyMHOCTH M3MEHEHUS COCTaBa U COOT-
HOIIIEHUSI TaKCOHOB, MX MAaKCHMAaJIbHOTO COJIepa-
HUsSI WJIM HCYE3HOBEHUS ONpeAeTCHHBIX (opM B
CIEKTPax BBIICISUINCH MaTHHOCTPATUTpaUUecKue
nozpazzaeneHus. B HacrosmeM HCCIeIOBaHUU MBI
MPUICP)KUBAIHACH METOJIUKH BBIICIICHUSI TTOCIICTHHX,
omucanHoi B padore H.IO.®wmunmosoi (1997).
CHayana BBIICTISUTACH TTATMHOCTIEKTPHI TS KaXKI0TO
o0Opa3ia B KOHKPETHOM paspese, 3aTeM CXOIHbIe
NAMHOCIIEKTPEl  OOBENWHSUIUCH B IaJIMHO-
kommiekcsl (I1K), xapakrepusyromue onpeaeneH-
HBII UHTEPBAJ B pa3pese.

Y4UTHIBAIOCH TAKXKE MPUCYTCTBHE PEAKHUX (MH-
JIUKATOPHBIX) U HE XapaKTEePHBIX JUIsl peruoHa (hopM
pacTeHHl, UMEIOIINX B HACTOSIEe BpPEeMs OTpaHH-
YeHHBIN apean pacrpocTpaHeHus. M.A.AXMeTbeB
(2004) ormeuaer, 4TO «KIMMaTHYecKas JOKaJIW3a-
LUl apeajoB MOCIETHUX MO3BOJSET HCIOIb30BAThH
AKTyaJTUCTHYECKUH TIOJXO/, OIEHWBAs, XOTS H TPO-
BU30pPHO, JKOJIOTHYECKUE YCIOBHS W KIMMaTHYe-
CKHe OOCTAaHOBKM CYIIECTBOBAHHUSI PACTCHHUH B Ma-
JIEOTEHE.

JloCTaTOYHO BBHICOKAsl CTENEHb JTOCTOBEPHOCTU
najieoreorpaguuecKux peKOHCTPYKIUH 0 MUKPO- U
MaKpoOCTaTKaM HCKOmaeMoil (Iopsl OJHUromeHa
o0BsicHseTcss TeM, 4dtro 80-85% ee umeer cBOMX

N 40°50'

npeAcTaBUTEIe B COBPEMEHHON (Iiope, U MO3ITOMY
aKTyaJTMCTHYECKUH METOJ B TAHHOM CITydae BITOJIHE
ompaBiaH. B OCHOBe PEKOHCTPYKLUMH KJIMMara II0
MAJIMHOJIOTUYECKUM JaHHBIM JIe)KAT NOMYIIEHHS O
HEU3MEHHOCTH JKOJIOTHYECKHX TpeOOBaHUI BHUIOB
pacTeHHid W O TOM, YTO COBPEMEHHOE Teorpadude-
CKOE pacmpoCTpaHEHHE pacTeHHH O00yCIOBJIEHO
knumaToM (I'pruyk, 1985).

JUIl KOJIWYECTBEHHBIX OMNPEACICHUN KINMATH-
YEeCKHUX MapaMeTpoB, ONPENEISIONNX pa3BUTHE pac-
tutensHocTU (Temneparypsl (°C) nambonee xonon-
Horo mecsima — stHBaps (CMT); temmeparypsr (°C)
HaunOosee Terioro mMecsia — uroist (WMT),; cpenne-
rofioBoro konmyectBa (MM) ocankoB (HMP) 6bur uc-
MOJIb30BaH METOJ] KIMMAaTOrpaMM, OCHOBY KOTOpPOTO
3amoxkunn Usepcen (Iversen, 1944). Jlns moctpoeHust
KJIMMaTorpaMM OBUIM UCIIONB30BaHbl JaHHBIE, MOJY-
YEHHBIE C METEOCTaHINH, HaXOISIIUXCS B Mpeenax
apeana Buga. CoBpeMeHHbIE KITMMATHIECKHE JaHHBIS
OBUTM TIONy4eHBI W3 DIEKTpOHHOro atnaca [WMI
Climate Atlas, 2002 (http://wcatlas.iwmi.org). CoB-
MEIIeHNEe KINMAaToTpaMM BCEX BHIOB ITO3BOJIAIO
OTIPENIENUTh TIPENIeNbl KINMATHIECKUX TapaMeTpoB,
JIOTYCKAIOLINE COBMECTHOE CYLIECTBOBAHHE HCKO-
naeMoi (JIOPBI KaXKIOTO OTAEIHHOTO TOPU30HTA.

Pe3ynbTaThl NaaHHOJOTHYECKUX HCCJIEI0BA-
Huii. Pacnonoxxennsie B Illamaxwi-I'o0ycTanckoM
paiioHe Ha IOT0-BOCTOYHOM OKOHYaHWM bonbmioro
Karkaza m3yueHnbie paspes3sl (puc. 1) oXBaTBIBAIOT
pas3InvHbIe CTpaTUrpapuyecKue JAeIeHUs] MalKora.

Pazpes [llepekumikions o0O0mEell MOIIHOCTEHIO
616.5 M pacnoJyio’KeH y OTHOMMEHHOT'O CEJla Ha F0ro-
BOCTOYHOM Kpbule BocTouHo-/[aHTUHCKOW CHUH-
kiauHaIH. OXBaThIBAET OTJIOKEHHS HIDKHETO (XaayM,
promenb, XaTT) W HHU3Bl (KaBKa3CKUU PETHOSPYC)
BEpXHEro MaiKora.

25 km |

KACTTMICKOE MOPE

XHNBMANA

N 40740'

luxaazupny

N 40™30

FOEYCTAH

E49%00"

E 4330 E 50°00°

Puc. 1. MecTopacnonoxeHre NanrHOIOTNYeCKU U3YUEeHHBIX pa3pe3oB Ha KapTe AzepOaimkaHa
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Pa3pe3 MHcmampar, pacnojioK€HHBIH CEBEPO-
3amagHee paspe3a llepekummkions, OOIIe MOIITHO-
CThI0O 162 M OXBaTblBaeT OTJIOKCHHS HIDKHETO
(BepXHUI1 ONUTOLIEH — XaTT) M BEPXHEro (HIKHHUM
MHUOIIEH — KaBKa3, cakapayi) maiikona. OOHaxeHne
MAaKOIICKUX OTJIOKEHUH K 3amaay oT paspe3oB Mc-
nampaar u [lepeknIKions pacnonaraercsl Ha TpaHuIe
mutodanuii HIDKHETO W BepxHero Maiikoma [lla-
Maxel-['00ycTaHCKOTO paifioHa, W B Mpenenax
[Iux3arupauHckoi cknagku paspe3 [luxzarupin
o01meil MOIHOCThIO 342 M XapaKTepu3yeT NpEerMy-
LIECTBEHHO BEPXHIOK YacTh MalKoma — HUXHUU
MUOIleH (KaBKa3, cakapayy, Komaxyp). Paspes
XWIBMUIY, PACTONIOKEHHBIN CEeBEpO-3allaJHee BCeX
MIPEICTABICHHBIX Pa3pe30B, OXBATHIBAET OTIOXKE-
HUS, COOTBETCTBYIOIIME TPAHUIIE BEPXHETO M HUXK-
HEero Maikomna ¥ 4acTUYHO BEpXHEro OTjAesa Mailko-
na (KaBKa3, cakapayn).

[NanuHOMOTHYECKUME HUCCIIEZIOBAHUSMH B H3Y-
YEHHBIX pa3pe3ax IO COCTaBy JOMHHHUPYIOLINX
MHUKPOGOCCHIINI ¥ KOMIUIEKCOB ITWHOLMCT BbIJEIIe-
HO 9 00mHUX MaJMHOKOMILIEKCOB MPOBUHIIMAIHEHOTO
panra (IIK), koTopble XapakTepu3yIOT BCE IMOApa3-
JeNeHnsT MalKoma, 3a HCKIIOYeHHEM (OTCYTCTBHUE
MaTeprana) BEepXHHUX CIIOEB PIOMIEIHCKOTO U Bep-
XOB XaTTCKOTO sipycoB (AxmeTseB U ap., 2007; baii-
pamoBa u ap., 2021).

CormacHo BBIJENECHHBIM CTPaTUrpaduIecKuM
oIpa3AefieHNsIM M TIPOBEACHHON KOPPEISINN U3Y-
YEHHBIX pa3pe3oB Kaxaslii magunHokomiuieke (I1K)
HMeET CBOM OCOOCHHOCTH M MPeodIaiatonIyto TpyI-
Ty TaKCOHOB.

IIK I xapakTepusyeT OTJIOKEHHS HUXKHETO
Maiikomna (XaZyMCKHH TOPHU30HT) (TMaIMHOCHIEKTPHI
00p. 1, 2 pa3pesa llepexumixions). [Ipeodnagaromme
takcoHbl: Tsuga-Fagus-Juglans-Cedrus.

[TeibIa IpeBecHBIX M KYCTAPHUKOBBIX ITOPOJ
mpeobnagaer  (91%), mBUIBLIA  TPaBSIHUCTHIX
(Amaranthaceae) egmanuna (9%). IlokpeiTocemen-
Hble JIOMMHHUPYIOT U TIPEICTaBICHbI CeMeWCTBaMHU
Fagaceae (35%) — Fagus (12-27%), Quercus (14-
19%), Castanea (4-9%) um Juglandaceae (22%) —
Juglans sp. (11%), Juglans polyporata (3%), Carya
(2-8%), Carya spackmania (2%), Engelhardia (2%).
EnuHnyHO oTMEYeHa IbUIbIA MPECTaBUTENeH yMe-
pennoit ¢uopsr Alnus, Corylus, Carpinus, a Takxe
Tilia, Palmae, Myrica, Magnoliaceae, Moraceae. B
IpyMIe TBUIBLBI APEBECHBIX MOPOJ T'OJIOCEMEHHBIE
cocTaBstoT  18-26%, cpenm HHX  BBIACIAIOTCS
Tsuga, Cedrus, enwuawmano Taxodium, Abies,
Cupressaceae. [Isubna Pinus u Picea OTCyTCTBYET B
Hammx oOpa3nax B OTIMYHE OT OJHOBO3PACTHBIX
paspe3oB mo peke bemas (3amoposker, AXMEThHEB,
2017).

K II xapakrepu3yeT HIKHHUE CIIOM pIOTIENS
(mamrHOCTIEKTPEI 00p. 9-16 pazpesa [lepeKUIIKION.).
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[Ipeobnagaromue TaKCOHBI:
dium-Palmae.

Cpeny MBUIBLBI  IIUPOKOJIMCTBEHHBIX TOPOT
nmomuuupyrotT Juglans (17-35%), Quercus (5-25%),
Fagus (10-22%) c¢ yuactuem Castanea (5-9%),
Carya, Carpinus (3-5%) u enuandano Betula, Alnus,
Corylus, Ulmus, Moraceae, Magnoliaceae. OTmeue-
Ha 110 1-2% mbuThIIa IPEBECHBIX KCepOhUTOB (Rhus,
Pistacia, Ephedra). ConepxaHue TOJOCEMEHHBIX B
IpyMIe JPEBECHBIX B CPABHCHUU C MPEABLIYIIAM
cnekrpoM coxpansiercs (14-25%), ogHako yBenuyu-
BaeTcsi WX paszHooOpasme. [IpeoOmamaer meuTBIIA
Taxodium (4-17%) ¢ yuactuem Tsuga (4%), Cedrus
(4%), comepKUTCS MBUIBbLIA OCTAIBHBIX TOJIOCEMEH-
HBIX — Sequoia, Cupressaceae, Ginkgo, Glypto-
strobus. Yuactue Palmae cocrasnsiet 1-2%.

Bepxnue ciiou proriess B peruoHe HaJluHOJIOTH-
YeCKH He 0XapaKTePU30BaHbI, TaHHBIE OTCYTCTBYIOT.

K III — HA3BI XaTTCKOTO sipyca (IMaJTuHOCTICK-
Tpel 00p. 28-30 paspesa [lepexumkions, odp. 1-6
paspe3a Ucmampar). [IpeoOnmagaroimye TaKCOHBI:
Juglans-Fagus-Quercus-Castanea-Taxodium.

IIputbia peBecHBIX TOpOJ cocTaBisieT 98%.
CopepxaHue TOJIOCEMEHHBIX B TPYIIE JPEBECHBIX
BO3pacTaeT 1Mo cpaBHeHHUIO ¢ mpenpiaymuMm [1IK B
paspese Ilepexumkions — mo 31%, B Mcmammare —
1o 22% 3a cuer nbutblbl Taxodium (6-15%), a Tak
ke Cedrus, Sequoia, Tsuga (B paspese Ilepe-
KuIkions) u Gliptostrobus, Ephedra (B paspese Hc-
nmamaar). Cpennd TOKPHITOCEMEHHBIX JOMHHHUPYET
neutblia Juglans (15-25%), Quercus (18%), Fagus
(6-13%), Castanea (6-10%), Carya (9-17%),
Engelhardia (2-16%). Ennanano (1-2%) BcTpedeHa
neutelia Carpinus, Betula, Alnus, Corylus, Ulmus,
Moraceae, Magnoliaceae, Laurus, Nissa. Conepxa-
HUe TbUIBIBI Palmae cocrasisier 2-3%. Cropsl pac-
TEHUN TPEJCTaBICHBI BOJHO-OOJOTHBIM  POJOM
Salvinia.

IIK IV — BepxHAS 4acTh XaTTCKOTO sApyca (Ta-
JTUHOCTIEKTPHI 00p. 31-42 paszpesa [lepekumikions).

Juglans-Fagus-Taxo-

[IpeoOnanaromme  Takconel:  Juglans-Quercus-
Fagus-Castanea- Engelhardia-Taxodium-Tsuga-
Cedrus.

ConepxaHue XBOWHBIX B TPYIIE JPEBECHBIX
cocraBimsier 4-16% ¢ mpeoOIagaHueM MBUTBIBI
Taxodium (3-6%) n Tsuga (1-2%) n pazHOOOpazuem
npyrux mnpexacraButeneit — Cedrus, Pinus, Larix,
Thuja, Juniperus, Sequoia, Glyptostrobus, Cup-
ressus, Ginkgo, Ephedra. B rpynne mbUTBIBI ITHPO-
KOJTUCTBEHHBIX TIOpOa AOMUHUPYIOT Fagus (17-
36%), Quercus (8-25%), Juglans (15-24%), Cas-
tanea (4-24%). YBennuuBaeTcs B CpaBHEHUU C
MPEIBIIYIIAM  CIHEKTPOM IPUCYTCTBUE  IBLIBI[BI
Carya (6-18%), Engelhardia (16%), Myrica (mo
4%), Rhus (4-15%), Corylus (no 13%). Otmeuaercs
meutblla  Magnoliaceae, Ulmus, Moraceae, Ptero-
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carya, Tilia, Betula, Alnus, a Taxxe Palmae, Laurus.
[IpuTblla TPaBAHWUCTHIX €AWHWYHA W TIPEICTaBJICHA
ceMeiricteamu Amaranthaceae, Asteraceae.

K V — BepxHUE OTIOXKEHUS XaTTCKOTO sipyca,
MIepeXOqHBIE CIION OT HIDKHETO K BEPXHEMY MalKo-
my (mamuHOCTIEKTpHI 00p. 43-50 paszpesa Ilepe-
KHIIKIONb, 00p. 7-11 paspesa Mcnampar, o6p. 1-5
paspesa XumeMunu, oop. 1-7 paspesa llluxzarup-
mun). [IpeobGmanmaromue TakcoHsl: Fagus-Quercus-
Juglans-Taxodium. Ilo cpaBHEHMIO C TIpeIbITy-
muM [IK 371ech yBenuuuMBaeTCs MbLIbLA XBOMHBIX
IIOPOJ B TPYIIIIEe APEBECHBIX M KYyCTaPHUYKOBBIX 32
cueT meuIblBl Taxodium (no 28%), Sequoia (9%) ¢
yuactiueM mObUIbLIBL Glyptostrobus, Cupressaceae,
Ginkgo (Mcnampar), Pinus, Tsuga, Ephedra. Cpenn
MBUTBIBI IIIMPOKOJIMCTBEHHBIX MOPO] IPeodiagaroT
Juglans (20-22%), Quercus (21%), Fagus (16-
18%), Corylus (11%), Castanea (10%). Ilpucyr-
ctByeT mwutblia Engelhardia, Carya, Carpinus,
Alnus, Ulmus, Pterocarya, Palmae, Rhus, Betula.

K VI — BepxHuil Maiikomn, HU3bI KaBKa3CKOI0
spyca (manmHOCIEeKTpel 00p. 12-13 paspesa Hc-
nmammar, oop. 6-14 paspesa Xwibmuinm, oop. 8-25
paspesa lllux3arupmnu, obp. 51-65 paspesa Ilepe-
KHIIKIONh TaJIHHONOTHYecKH Hembie. [Ipeobnama-
omue TakcoHbl: Quercus-Fagus-Corylus-Rhus-
Taxodium-Pinus.

ConepkaHue XBOWHBIX B TPYyNIE JIPEBECHBIX
ITOPOJT TOBOJIBHO BBICOKOE (16%), 32 CHET MBLIBIIBI
Taxodium (6-12%), npucyTcTBUe NBUIBLEI Pinus
MakcuMmalibHO (10 9%) B paspese Mcimamaar u mo
3-5% B npgpyrux paspeszax. BcerpedeHa Taxxe
HBUIBIIA Cedrus, Sequoia, Glyptostrobus,
Cupressus, Ginkgo, Tsuga, Ephedra. B rtpynme
MIBUTBITBI IMHPOKOIUCTBEHHBIX MTOPOJ TOMUHUPYIOT
Quercus (8-25%), Fagus (8-15%), Juglans (15-
19%), Castanea (4-12%). YBenumuuBaeTcs IO
cpaBHeHunio ¢ mpensinymuMm [IK  mpucyrcrBue
neutbliel Carya (6-18%), Myrica (no 4%), Rhus
(4-15%), Corylus (mo 13%). OTmedeHa mbLIbIA

Magnoliaceae, Ulmus, Moraceae, Pterocarya,
Tilia, Betula, Alnus, Ephedra, a Taxxe Palmae. B
CPYIIE TPaBSHHUCTBIX  COACPIKAHHME  IBLIBIIBI

Amaranthaceae HECKOJBKO YBEIUYHBACTCS IO
cpaBHeHuto ¢ [IK V.

IIK VII - BepxHHE CJIOM KaBKa3CKOIo sipyca
(mamuHOCmekTpel  00p. 66-73  paspesa Ilepe-
KHLIKIONb, CIEKTpsl 00p. 14-17 paspesa Mcnampar,
cnexTpsl 00p. 15-20 paspesa Xumbpmumm, o0p. 26-32
paspesa Illuxzarupam). [Ipeobnamgaromire TaKCOHHI:
Juglans-Quercus-Fagus-Castanea-Betula-Taxodium.

B rpynme npeBecHeIx mopon mpeoOiagaert
neutblia  Juglans (20-26%), Quercus (14-20%),
Fagus (9-17%). B mog4nHEHHOM TOJOXEHUU MBLTb-
ua — Betula (6-9%), Carya (5-11%), Castanea
(12%). Cpemm romocemeHHBIX (9-22%) BcTpeueHa

neutbiia  Taxodium (5-15%), Cupressaceae (5%),
Pinaceae (1-3%). EnnHUYHO TPHUCYTCTBYIOT CITOPHI
nanopotHukoB (Polypodiaceae, Cyatheaceae).

K VIII — cakapaynbckuii peruosipyc (maiu-
HOcTieKTpsI 00p. 18-19 paspesa Mcmamaar, obp. 21-
27 paspesa XunbMuian, oop. 33-38 paszpesza llux3a-
rupnu). [lpeobnanaromue Ttakconsl: Taxodium-
Fagus-Castanea-Alnus-Betula. Kommnexc xapak-
Tepu3yercsi mpeolialaHieM Cpenyd TOJOCEeMEHHBIX
neuUtbIel  Taxodium (no 28%). Ileutbnia Cupres-
saceae (8%) c ydactueM mnbUibLbl Pinus, Ephedra
HAaXOAWTCS B TIOJYMHEHHOM TmonokeHnu. Cpenn
MBUTBIBI ITUPOKOJIMCTBEHHBIX TOPOJ IMpeoliagaroT
Fagus (15%), Alnus (10%), Quercus (7%), Juglans
(6-10%), Castanea (10%), Betula (mo 9%) c y4acrtu-
eM meUIbIel  Engelhardia (Xunemumm), Carya,
Carpinus, Ulmus, Pterocarya, Palmae.

IIK IX - komaxypckwii peruosipyc (marnHO-
crieKTphl 00p. 39-45 pazpesa lluxzarupin). [Ipeod-
nmagarore  TakcoHbl:  Fagus-Quercus-Betula-
Alnus-Castanea-Taxodium. Cpenu IOKpBITOCEMEH-
HBIX JoMuHHpYeT nbuiblia Quercus (9-12%), Fagus
(11-12%), Juglans n Carya (no 8-12%), Castanea
(10-13%), Betula (6-14%), a Takxke Magnolia,
Palmae wn npyrue. XBoiitHble TpeACTaBIEHB TbLIh-
ot Taxodium (10-12%), Pinaceae (3-5%), Sequoia
(5%), Tsuga (6%), Ephedra (6%) w enuHU4HO
Ginkgo, Cupressaceae. YdacTue TpPaBSIHUCTBIX
(Compositae) u cnopoBsix (Cyatheaceae) Heznaqm-
TeJIbHOE.

Hccaenosanus makpoduiopsl. Popmuposa-
HUE TaJeOMaTMHOKOMIUIEKCOB MPOUCXOIMIO 3a
CYeT MBUIBIBI MPOAYIEHTOB, PACIOJIOKEHHBIX Ha
OCTPOBHBIX y4YacTKaX CYILIH, KOTOPbIE M SBISUIMCH
HUCTOYHHUKOM HCKOMaeMol Makpodimopbl. Maxkpo-
OCTaTKd COBMECTHO C MAJTHHOJIOTHYECKUMHU J1aH-
HBIMH JIal0T BO3MOXXHOCTh OOBEKTHBHO OICHHTH
KapTHHY paclpelneieHNs U U3MEHEHUS PacTHTEIb-
HOCTH B PETHOHE.

B onuronene u paHHeM MHOLIEHE PaCTHUTEIb-
HOCTb, IPOM3PACTaBLIasi HA OCTPOBHBIX TEPPHUTO-
pUsX, HE UMeNa JOCTATOYHO NMPUHIUITUAIBHBIX pa3-
JMYUA W BXOAWJIAa B cocTaB enuHou lleHTpanbHO-
eBporelnckoii ¢uroreorpaduuecKkoll MPOBUHIMN Ha
rpanunie co CpemHeasuarckord npoBuHImen (Kim-
Mar B 310XH.., 2004).

Jlucrosas (opa onwuromneHa (puc. 2) oOHapy-
JKeHa TPEHMYILECTBEHHO B OTJIOKEHHSAX PAHHETO
Maiikona (omuronieH) (KacymoBa, 1966) u3 mecto-
Haxoxnenuit B Tamerme (Jlepukckuii paiioH: cene-
Hue bunabann); Ha ceBepo-BocToke Manoro Kaska-
3a (FOxaper Armxakenn, Apku-fepe, 3eiiBa, Xap-
xamyT); B HaxupiBaHCcKo# ABTOHOMHOI Pecmybnuke
(ropa [appeimar) (Kacymoma, 1961); Illamaxsi-
I'obycrane (Bepxumii Ilepexumkions y p. Cym-
raieiT) (SIpmornenko, 1941).
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Puc. 2. MectopacnooxeHue IIyHKTOB cOopa JIUCTOBOH (JIOPEI Ha KapTe-cXxeMe
pacturensHOCTH onmronieHa Kaskasa (Taruesa, 2011)

OO6muit crincok (tab. 1) (Tarmesa, 2011; Shati-
lova et al., 2011) onpeneneHHBIX pacTeHU PaHHETO
U CPEJIHETO OJIUTOLIEHA MPEJCTaBIeH 75 BUIaMHU U
43 pomamu u3 28 cemeiicTs, 3 cemeiictBa, 10 poaoB
1 12 BUJIOB OTHOCSTCSL K XBOILAM, TaIOPOTHUKAM U
TPaBSIHUCTHIM — B OCHOBHOM HMHTPa30HAJIBHBIM BOJI-
HO-O0OJIOTHBIM pacTeHusiM (Tab. 2). BonbIIMHCTBO
Bu10B (40 u3 65, T.e. 62%) MPUHAIUICKUT BEUHO3E-
JIeHBIM (hopMaM, YTO IOTIONHSAET WH(OPMAIHIO TIO
MATMHOCTIEKTPAM.

TemmoyMepeHHbIE BUABI OJIUTOLIEHOBOH (PIOPHI,
MIpeICTaBICHHBIE OONBIIMM pa3zHOOOpa3ueM BHUIOB
ny0a, opexa ¢ y4acTHeM KHIIapuca, CEKBOIH, COCHBI
OCBaMBAaJIU TOPHBIC CKIOHBI (POPMUPYIOIIUXCS TOP.

AHanoru paHHEOJIHUTONeHOBOU (hIOpHI B HACTO-
siee BpeMsl IIPOU3PACTAOT B HECKOIBKHX PETHOHAX
B 3aBUCHMOCTH OT TNPHHAJICKHOCTH apeanoB HX
poIloB K reorpaduyeckum rpymmam (tad. 3), OCHOB-
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HBIMH SIBISIOTCA J1Be — Tponuueckas (T) u amepuka-
HO-cpenn3eMHOMOpcKo-azuaTckas (ACA) TpyIIbL.
K tpomunueckoit rpymnme npunamnexar 39% (14
u3 33) ponoB (Podocarpus, Libocedrus, Annona,
Anacardium,  Apocynophyllum,  Cinnamomum,
Persea, Leucothoe, Dalbergia, Eucalyptus, Eugenia,
Hakea, Citrus, Sapindus). OHU Tpou3pacTarwoT B
TPOMNHKAX W YACTHYHO CyOTpOMHKax AMepuku, Ad-
pukn, A3uu, ABCTpanwui M OCTpoBOB OKeaHWH U
BXOAST B COCTaB BJI@)KHBIX BEYHO3EJECHBIX JIECOB.
IBa w3 vux (Eucalyptus, Hakea) — uucro aBcTpa-
JIUHCKHE.
AMepuKaHO-CcpeTM3eMHOMOPCKO-a3HaTCKast
(ACA) rpymnmna npenctasnena 5 pogamu (Cupressus,
Ficus, Laurus, Juglans, Rhus), BUIbI KOTOPBIX 00pa-
3YIOT BIIQXKHBIE BEYHO3EICHBIC CyOTPONUYECKUE U
TEIIOyMEPEHHBIE JINCTONATHBIE Jieca.
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Taonuya 1

CBoHBIH criMCOK Makpo(IOpkl paHHETO U cpenHero onuroneHa Kaskasa

I. XBouioBeie
Cem. Equisetaceae

Equisetum sp.

II. HanopoTHHKO00OPA3HbIE
Cem. Aspleniaceae
Blechnum brauni Ett.

Cem. Adiantaceae

Pteris oeningensis Heer.
Pteris cadigera Sap.

Pteris sp.

II1. I'osiocemenHbIe

Cem. Cupressaceae
Cupressus sp.

Glyptostrobus europaeus Heer.
II/Cem. Taxodioideae
Libocedrus salicornoides Herr.
Taxodium dubium Heer.
Taxodium sp.

Sequoia sp.

Cem. Pinaceae

Pinus sp.1,2

Pinus palaeostrobus Ett.
Pinus bungeana Zuss. foss.
Cem. Podocarpaceae
Podocarpus eocenica Ung.
Podocarpus sp.

IV. OanonojbHble

Cem. Cyperaceae
Cyperacites sp.

Cem. Gramineae

Graminea sp.

Phragmites oeningensis A.Br.
Arundo goepperti Muens.
Cem. Iridaceae

V. AByaoabHble

Cem. Anacardiaceae

Anacardites talyschensis n.sp.
Rhus alizadei Kasum.

Rhus merianii

Cem. Annonaceae

Annona sp.

Cem. Apocynaceae
Apocynophyllum lanceolatum Ung.

Cewm. Ericaceae

Andromeda protogea Ung.
Leucothoe protagaea Ung.
Cem. Fagaceae

Castanopsis vetusta

Quercus neerifolia A.Br.
Quercus drymeja Ung.
Quercus furcinervis Heer.
Quercus evoluna Kasum.
Quercus indjatschaensis Kasum.
Quercus parallelinervoides Kas.
Cem. Juglandaceae

Juglans acuminata A.Br.
Juglans sp.

Engelhardia brongniartii Sap.
Phyllites zeiwensis Kasum.
Cem. Lauraceae

Laurus primigenia Ung.
Laurus cf. ocoteaefolia Heer.
Laurus larguensis Sap.
Laurus sp.

Persea braunii Heer.

Persea speciosa Heer.

Persea talyschensis Kasum.

Apocynophyllum cf. helveticum Heer.

CeMm. Moraceae

Ficus arcinervis Rossm.

Ficus jynx Ung

Ficus lanceolata Heer.

Cem. Myricaceae

Myrica agdjakendica Kas.
Mpyrica hakeaefolia Sap.
Myrica cf. lignitum Ung.
Mpyrica cf. longifolia Goep.
Myrica oligocenicum Kas. Myrica
salicina Heer.

Cem. Myrtaceae

Eucalyptus oceanica Ung.
Phyllites kirovabadensis Kas.
Eugenia bogatschevi.

Cem. Oleaceae

Fraxinus juglandina Sap.
Cem. Proteaceae

Hakea cf. spathulata Schmalh.
Cem. Rhamnaceae
Berchemia oligocenica Kas.
Berchemia indjatschaica Kas.
Ziziphus ungeri Heer.
Ziziphusziziphoides (Ung)Heer
Rhamnus cf. accuminatifolium Web.
Rhamnus dechenii Web.
Rhamnophyllum sp.

Cem. Rutaceae

Citrophyllum azerbaidjanicum Kas.
Cem. Sapindaceae

Sapindus indjatchaica Kas.
Cem. Ulmaceae

Ulmus carpinoides Goepp.
Zelkova araxina Palib.

Iris sp. Cinnamomum lanceolatum Heer. Cem. Vitaceae
Cem. Liliaceae Cinnamomum polymorphum Heer. Vitis sp.
Liliophyllites sp. Cinnamomum scheuchzeri Heer.
Cem. Palmae Cinnamomum oligocenicum Kassum.
Sabal haeringiana Ung. Cem. Leguminosae
Sabal ptuchjanii Ahmet.sp.nov Dalbergia krysstofowichi Kas.
Sabal sp. Cem. Magnoliaceae
Cem. Typhaceae Magnolia sp.
Typha latissima A.Br.
Tabnuua 2 Taonuya 3

VYyactue XU3HEHHbBIX GopM pacTeHunit Bo (aope paHHeTo

" CPCAHCTO OJMIOLICHA Kapxkaza

Yucito potoB B cocTase reorpauueckux rpyrmn
onmuroneHoBoH ¢uopsr KaBkasza

reOrpa(bI/IquKI/Ie rpynribl Iro- KomunuectBO ponos
JKuzHeHHBIE POPMEI P pol OJINTOLICH | OJIMTONCH
ceMeiicTB | ponoB BHJIOB [MTanronapkruueckue (IIFA) 4 (11%) 6 (24%)
Awmepuxano-epasuarckue (AEA) | 3 (8%) 7 (28%)
Bcero 31 49 84 AMepHKaHO-CPEIU3EMHO- 5 (16%) 6 (24%)
JlpeBecHbIe 24 39 72 Mopcko-asuarckue (ACA)
A -
Tonocemerbie 407%) [ 708%) [1LAS%) | [aphy OO 3 |1 @%)
IToKpBhITOCEMEHHBIC o o Bocrounoasuatckue (BA) 2 (5%) 2 (8%)
(BeYHO3EIICHBIC) 16 (44%) | 31 (45%) Cesepoamepukanckue (CA) 3 (8%) 1 (4%)
. 20 (83%) Tponuueckue (T) 14 (39%) | 2 (8%)
OKpBITOCCMEHHbIC 16 (38%) | 30 (40%) EBpasuarckue (EA) 1 2%) 0
(smicTonanHsIe) Bcero konnuecTBo posioB 33 25
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AmMepukaHo-BocTOYHO-a3uaTckas (ABA) rpyn-
ma mnpencrtaBieHa 3 poxamu (Castanopsis, Ber-
chemia, Carya). 9T0 BEYHO3€JICHBIC U JIMCTOMAIHBIC
MPEICTABUTENH BIAXKHBIX TPOIMYECKUX U MYCCOH-
HBIX JIECOB, B TOM YHMCIJIE 1 OCTPOBHEIX (Berchemia).
AwmepukaHo-eBpazuarckas rpymnma (AEA) mnpen-
craBieHa 2 pogpamu (Quercus, Fraxinus). Ot ponsl
MIPUCYTCTBYIOT ceiivac Ha KaBkaze m B A3sepOaii-
JDKaHe, HO B BHJIOBOM OTHOIIEHUH 3TH TPEICTABH-
TENM 4yXIbl (QJope AaHHOTO PETHOHA, X aHAJIOTH
obutaloT B 0oiee IOKHBIX M BIXKHBIX IIHPOTAX.
Cesepoamepukanckas rpymma (CA) mpencrasieHa 3
ponamu (Sabal, Sequoia, Taxodium). 910 oburarenu
MOPCKHX MOOEpekHid W PEeUHBIX HOJUH, KOTOpPHIE
MIPOM3PACTAOT Ha 3a00JOYEHHBIX, XOPOIIO APEHH-
pOBaHHBIX TOYBax. BUbI, BXOASIINE B COCTAB TaH-
TOJIAPKTHYECKOH Tpynnbl ponos (Pinus, Andromeda,
Myrica, Rhamnus), peAcTaBIsAiOT GopMaIiy Tel-
JIOyMEPEHHOM 30HBI.

OcranbHble TPYMITBI POJOB, KaK BUIHO U3 Tad-
LB 3, IpeAcTaBlIeHbl OJHUM HIIM IBYMS POAAMH,
apeasbl KOTOPBIX HE BBIXOIAT 3a Ipeneisl cyoTpo-
MUYECKUX IUPOT.

ComocTtaBisis paHHEONIUTOLEHOBYIO U TO3IHE-
OJIUTOIIEHOBYIO (DJIOPBI, HAJ0 WUMETh B BHUAY, YTO
JIAHHBIC T10 TIEPBOM MOJTYYEHBI KaK MO HCKOIaeMOMY
JMCTOBOMY MaTepHally, TaK U IO CIopaM U IbUIBLE,
a CBeJCHHUS MO BTOPOH NpEACTaBICHBI HCKIIOYH-
TEJIbHO 10 CIiopaM M Mbulblle pacteHuil. Ilpu sTom
HEOOXOJMIMO YYHTHIBATh, YTO MATUHOCIIEKTPHI Xa-
paxkTepu3yloTcsi OOOOIIECHHOCTHIO NaHHBIX, HEIO-
CTaTKOM BHJOBBIX ONPENEICHUH U CBEIECHUH O BEd-
HO3EJICHBIX YK30THYECKHX PACTEHHUSAX, HO JalT 00-
Jee TOJHYI0 MH(POPMALIUIO O TOJIOCEMEHHBIX M Tpa-
BSIHUCTBIX PACTCHHSAX.

CornacHO MaTMHOJIOTHYECKAM JaHHBIM B TIO3]I-
HEM OJIUTOIICHE YBEJIIMYMBAETCS KOJMYECTBO POJOB
rOJOCEMEHHBIX pacTeHul (Tab. 4), OTHOCAIIMXCS K
naHronapkruieckoit (Picea, Cedrus) m cpeamzem-
HOMOpcKoH (Cupressus) TeorpadUuecKuM IPyTIIaMm.
Hapsiny ¢ cocHoif, TakcoguyMOM U IOJOKapIioM,
MIPOM3PACTABIIMMH €IIe B PaHHEM OIUTOIEHE, OHU
BXOJIMJI B COCTAaB PA3IMYHBIX PACTUTENHHBIX TPYII-
MMUPOBOK — OT 3a00JIOUEHHBIX HHU3MHHBIX IO CMe-
[IaHHBIX TOPHBIX JIECOB.

Tabauua 4

VY4acTue »KM3HEHHBIX OpM pacTeHUI
BO (hiope no3aHero onuroneHa Kaskasa

Kuznennsie GpopMer vKOHquCTBO (%)
CEeMEWCTB | pOJOB | BHUJIOB
Bcero 20 30 30
HpeBecuble 15 25 25
l'onocemenHbIe 4 6 6
[TokpsITOCEMEHHBIE 11 19 19
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[IpencraButenu Tpomuvyeckord QIOpH B IMMaiu-
HOCTIEKTpaXxX TPEACTaBICHBI BCETO JIHIIL 2 pPOJaMHU
(Eucalyptus, Podocarpus). Mopdonorust coBpeMeH-
HBIX TMBUIBLIEBBIX 3€PEH TPOMUYECKUX PACTCHUU
M3y4eHa He B IMOJIHOH Mepe, MO3TOMY IPHUCYTCTBHE B
criektpax g0 80% HeompeneneHHOW TBUTBIIEI THIIA
Tricolporopollenites, BO3MOXXHO, OTHOCUTCS K 3TOMY
TUTTYy TPOMUYECKHUX pacTeHuid. OCTaTKu JIPeBECHHEI,
KOTOpBIE HE BCTPEYEHBI B MAIMHOCIEKTpaxX, OOHa-
pyXeHHble Ha AOIIEepoHCKOM moiyocTpoBe (Ana-
cardiaceae, Theaceae, Sapotaceae, Mirobalanaceae,
Lauraceae, Hamamelidaceae), moarsepxxgarot 6omee
3HAYMMYIO POJIb TPOIMYECKOW IPYIIIbl pacCTEHU B
MO3IHEM OJIUTOIICHE, HEXEJH 3TO MPEICTABICHO B
nanmuHOcTekTpax. [lo cpaBHEHWIO ¢ paHHUM OJIHTO-
[IEHOM YBEIIMYMBAeTCs pazHooOpa3ne ceMencTBa
Juglandaceae, npencrasientnoe 5 ponamu. [losBis-
IOTCSl TIPEICTABUTENN HOBBIX CEMEWCTB M POJIOB —
Betulaceae (4 poma), Aceraceae, Tiliaceae, Ulmace-
ae, XapakTepHble IS TETNIOYMEPEHHOW W yMepeH-
HOI 30HBI. U3 25 ponOB NpeBECHBIX PAaCTEHUMU, OT-
MEUYEHHBIX B MO3JHEM OJuroueHe, 14 pomos B
HacTosIlliee BpeMsl MPHUCYTCTBYIOT BO Quope A3zep-
Oaitkana u KaBkaza. ['0BOpUTH O JHCTOMAIHBIX U
BEYHO3EJICHBIX AJIEMEHTaX BO (PIIope MO3THETO OJH-
roleHa Mpu OTCYTCTBHH BUIOBBIX OINpPEICICHUN He-
BO3MOXHO.

[IpeobmagaromuMy 1O KOJIHYECTBY POJOB B
MO3AHEM OJIUTOIIEHE OBLTH aMepruKaHo-
eBpasuarckasi — 7 ponoB (Acer, Carpinus, Corylus,
Fagus, Quercus, Tilia, Ulmus), nanronapkTuieckas
— 6 ponoB (Cedrus, Pinus, Picea, Alnus, Betula, My-
rica) ¥ aMepUKaHO-CPETU3EMHOMOPCKO-a3uaTcKast —
6 pomoB (Laurus, Juglans, Pterocarya, Castanea,
Rhus) reorpaduaeckue rpymisl (Tad. 3).

Opkamunt (Eucalyptus) UMeeT IHPOKYIO KO-
JIOTHYECKYIO0 MPHUCTIOCOOIAEMOCTh: OT 3a00JI0YeH-
HBIX JIECOB JIO CYyXHX CaBaHH M HBIHE PacIpPOCTPaHEH
JUIb B ABCTpaluM U Opujerarmux ocrposax. Ho-
romwiogHuk (Podocarpus) — poJl XBOWHBIX BEYHO3€-
JICHBIX PACTEHHM, OOUTAIONIUX B TOPHBIX JIECAX TPO-
nuKoB U cyOoTponukoB HOxHoit Amepuku, HOxHOM
SImonuun, Kuras, HoBoii ' Bunen n HoBoii 3enananu.

OT paHHEro K MO3JHEMY OJIMTOIICHY YMEHbIIIa-
€TCS KOJHMYECTBO TPONHYECKHX U aMepUKaHO-
€Bpa3uaTCKUX POJIOB, TUN (IOPHI TOCTETIEHHO Me-
HSIETCS OT BJIAYKHO-TPOIIMYECKOTO W CyOTpoIHue-
CKOT'0 K TEIJIOyMEPEHHOMY.

1 BHYTpEHHUX, KOHTUHEHTAJIBHBIX PETHOHOB,
3TOT TPOIIECC Havyall MPOUCXOJIUTh B pAHHEM OJIUTO-
IIeHe, KaK CBUJCTEIbCTBYIOT JIAaHHBIC CIIOPOBO-
MBUTBIIEBOTO aHaM3a. dopa OblIa MpecTaBiIeHa B
OCHOBHOM YMepeHHBIMH poaamu (Acer, Alnus, Betu-
la, Carpinus, Ulmus, Populus) ¢ y4acTuem Teruio-
yMepeHHBIX (Aralia, Pterocarya) u cyOTpOnUYecKuX
ponos (Comptonia, Laurophyllum).
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OO0cy:kaeHue pe3yJbTATOB

IlanuHoNOTMYEeCKHE AAHHBIE IIOKA3aJld, YTO
BO BpEMs HAKOIIJICHUA OTJIOKEHHH XaayMCKOIo ro-
pu30HTa (OCHOBAaHUE MAMKOIICKOHM cepuu) mpeobia-
JAOIUM 3JIEMEHTOM B CMELIaHHBIX XBOHHO-
ITUPOKOJUCTBEHHBIX Jiecax sIBIsuIcS Oyk (Fagus),
nopofa Ooyiee  XOJNOAOYCTOHUMBAas, 4YeM oOpex
(Juglans). PaznooOpasue xBOHHBIX mopon — Tsuga,
Cedrus, Abies, Cupressaceac TOBOPUT 0 (HOPMHPO-
BaHUM PACTUTEIHHOCTU TOPHBIX CKIOHOB. CBHIETE-
JSIMH TIpoliecca MOXOJOJaHMsl BBICTYMAIOT MENKO-
JUCTBEHHbIE apXaW4Hble MPEACTAaBUTEIM IIAHTO-
JapkTHyeckoi rpymnmsl Betula, Alnus, Corylus. On-
HAKO y4acTHE B COCTABE PACTUTEILHOCTH JIEMEHTOB
cyOTponmueckoil U Tponmdeckoit ¢iopsl (Magnoli-
aceae, Palmae) CBUIETEILCTBYET O €IIIe BBEICOKOM
TEMIIepaTypHOM pexuMe B 3To Bpems. U ecnu roBo-
PHUM O mpolecce NOX0IO0AAaHHs, TO OHO, KOHEYHO K€,
ObUIO OTHOCHUTENIPHBIM B CPaBHEHUM C IPEAbLIYIIH-
MH riepuosamu (puc. 3).

[IpucyTcTBHE manbM B MalKOICKOH (uiope sB-
JSeTCs HaAeKHBIM KIMMATHYECKUM HHIUKATOPOM,
[O3BOJISIIOIUM OLIEHUTh CPEJHEr0JIOBbIE TeMIlepa-
Typbl B npeaenax 14-18°C. IlpucyrcrBue Takcomu-
yma (Taxodium) B cocraBe pacTUTEIBHOCTH, 0OU-
TAIOIIET0 B HACTOSILEE BPEMs B YCIOBUSX BBICOKOI
BJI&KHOCTH BO3JlyXa W MOYBBI, TOBOPUT O CPEIHErO-

JIOBOM KOJIMYECTBE OCAJIKOB B PAaHHEM OJIUTOLICHE HE
menee 1000-1500 mm.

B pactuTenbHOCTH paHHEro OJIMTOIICHA Tpe-
obnazany npeacTaBUTENN TEIIONI00MBOM MMONITAB-
CKOH (hJIOpBI HapsiLy € HOSIBICHUEM IIPEACTABHUTE-
JIel TEeNJI0yMEpPEHHOW MEJNKOJMCTBEHHON Typraii-
CKOH. DTOT MEpHOJ COMOCTABISIETCS C MEPHOJOM
MTOHWKEHUS TEMIIEpATyp Ha rpaHule 36-37 MIH. JL.H.
(3ybaxos, 1990).

Hauano onmurouiena (HW)KHUE CIIOHM PIOTIENS) Xa-
paKTepu3yeTcs TEIUIBIMU U BIaXKHBIMHU YCJIOBHSIMU C
NEPBBIMU TPU3HAKAMM HCCYIIEHHS HA PaCIIUpSIO-
HIMXCSl yYacTKax CyIIM IpH perpeccuBHoi daze Oac-
ceifHa B peruone (Sachsenhoffer et al., 2017). [Tonu-
JOMHMHAHTHBIE  BJI@XHBIE  XBOMHO-IIMPOKOJIUCT-
BEHHBIE Jieca MPOAOJDKAIOT JOMUHHUPOBATh, IPEUMY-
IIECTBO B HUX Mony4atoT Juglans, Quercus, 3Ha4yeHUe
Fagus ymenbmaercs. CyOTponuyeckue, Cpean3eM-
HOMOPCKOTO THUIIa Jieca (POPMHUPOBATNCH KaK U3 BEU-
HO3CJICHBIX, TaK U3 JIMCTOIAJHBIX IMMOPOJ — MAarHoJius,
JaBp, KWIapuc, kapusi, mupuka. @opmamun u3 6o-
JIOTHOTO KHIIApHUCa, OJIbXH U PEYHOTO Kelpa 3aHuMa-
71 3a00JI0UCHHBIE PEYHBIC M MOPCKUE Teppachl. YBe-
JUYHMBAETCS POJb MAIBM B COCTaBe MPUOPEKHBIX
¢dopmanuii. Kcepodutsl — cymax, ucraika, s¢enpa,
OCBauBaJIM CyXUE OTKpBIThIE IpocTpaHcTsa. Ilo nec-
YaHBIM [TOOEPEKBSIM MPOUIPACTAIH MATBMEI.
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Puc. 3. CBOZ[HaS{ CXEMa NAJTMHOJIOTUYCCKUX U KIIMMAaTHYCCKUX JaHHBIX MaiKora Fro-BOCTOYHOr0o okoHuaHus bombimoro Kaskaza
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PazHooOpasue mpencraBuTeneld BEUHO3EIEHBIX
BOCTOYHO-a3WaTCKUX M Tpomudeckux ¢iop (Sarco-
cocca, Engelhardia, Cyatheaceae) Bo3pactaer. B
HacTosllee BpeMsi OHHM MPOU3PACTAIOT B CyOTpomu-
YECKUX W TPONMUYecKuX ImpoTtax Asuu. [IpencraBu-
TEH polla CapKOKOKKa (Sarcococca) cemeicTBa
cammuToBble (Buxaceae) — BeuHO3eneHbIE KycTap-
HUKH, OOUTAIOT B CyOTPOIMMYECKUX JiecaX 3amaJHbIX
I'mmamaes, npearopesx Wamuu, Kutas u CymaTtpsl
npu 3uUMHHX TemmnepaTtypax 14-16°C u BbICOKOH
BJI&KHOCTH BO31lyXa, XOTs CIIOCOOHBI BBIHOCHTH H
CyXOH KIuMar.

[IpencraButenu cemeiictBa mmareinbx (Cy-
atheaceae), B cOCTaB KOTOPBIX BXOIAT Oomblueil ya-
CThIO JPEBOBHUJIHBIE TAlOPOTHHUKH, DPABHOMEPHO
pacrpe/ieNieHbl MEXKAy TPOIUYECKUMH 00JIacTIMU
Craporo u Hoeoro Csera. Oco0eHHO 00OMIBHO BUIBI
IMATEHHBIX MPEACTABICHBI B OTHOCHUTENBHO XOJIOJ-
HBIX ¥ TIOCTOSHHO BIIQYKHBIX TOPHBIX TPOIUYIECKHIX
pailioHax. YdacTHe 3THX NArOpPOTHUKOB BO (uiope
PaHHEro OJIUTOLICHA B M3y4a€MOM PETMOHE TOBOPUT
0 TIOSIBJICHWW CE30HHOCTH B PACIIPEIEICHUN 0CaTKOB
n nuddepeHnnanuy pacTUTENBHBIX COOOIIECTB IO
BBICOTHBIM TOSICaM B CBSI3U C POCTOM TOP.

MOHOTHITHBIE POABI PACTEHUH, UMEIOIINX OTpa-
HUYCHHBII apean pacrpoCTpaHEeHUsI WK OOUTaHUS B
HacTosIee BPEeMS W KIMMAaTHYECKHE IapaMeTphl
KOTOPBIX B MOJHON Mepe MOKHO HCIIONIb30BaTh MPH
OIIEHKE KIMMAaTUYeCKOW OOCTAaHOBKH BCETO PacTH-
TEJNBHOTO KOMIUIEKCA (MHIAUKATOPHBIE BUIBI), B paH-
HEM OJIUTOLIEHE MPEACTaBICHBI POJaMH — CEKBOMS,
THHKTO, TalbMBI, TaKCOAUYM U YK€ OIHMCaHHBINA
BBIIIIE POJ] IMATEHHBIX MAIIOPOTHUKOB.

OntumanbeHble CpPETHETOJOBBIE TEMIIEPaTypPhl
obutanust Sequoia xonebmtorcs ot 11° go 15°C,
sumHue — ot 8° go 10°C, mrons — ot 13° go 19.5°C.
CoBpeMeHHOE pacnpocTpaHeHHe OOJIOTHOTO KHIa-
puca — Taxodium — HbIHE HE BBIXOIUT 3a HPEAECIbI
cpenHeronoBoil mzorepmsl 13.3°C, a cpenHerono-
BbIC TEMIIEPATYPhl XOJIOJHBIX MECSIEB KOJICOIIOTCS
ot 4.9° o 9.9°C (AxmetneB, 2004). Knumatuye-
CKHE TIpeNeibl MPOU3PACTaHHUA HHIUKATOPHBIX BH-
JIOB PaHHETO OJIUTOIIEHA TOBOPST O CPEIHETr0I0BBIX
temnepatypax — 13-14°C.

Hanmuume B cocraBe paHHEOIUTOIEHOBOH (Iio-
PBI BUAOB M POIOB, MPOU3PACTAIOIINX B YCIOBHAX C
BBICOKOW W HM30BITOYHON BIIAXKHOCTHIO BO3MyXa H
MOYBBI (CEKBOWSA, THHKIO, TAKCOAUYM, [IIUITOCTPO-
0yc), CBHIIETEILCTBYET O BHICOKOM PEXHME YBIaXK-
HeHus. [IpHCYTCTBHE MaHTOJIAPKTUYECKAX POJIOB
Betula, Pinus u  KcepoUTOB  aMepHKaHO-
cpeau3eMHOMOpCKo-a3uaTckorr  dmopsl  Pistacia,
Rhus TOBOPHUT O MEHSIOIIUXCS B CTOPOHY ITOXOJIO-
JaHWs W MCCYIICHMs YCJOBUSX KIUMAara M Havaje
muddepeHIHanNN  pacTUTENBHBIX COOOIIECTB B
panHeM onurorieHe. OMHOW W3 MPUYHUH TaKUX H3Me-
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HEHHMHU SBUJIOCH yBEIMUEHHE OOLICH IUTOmany CyIu
1 e€ abCOTIOTHON BBICOTHI.

[Naneoskonoruueckas oOCTaHOBKA BTOPOH IO-
JIOBUHBI PaHHETO OJHWTOlLeHa (BEpXHHE CJIOW proTie-
JIs1) B PETHOHE M3-32 OTCYTCTBUS MATHHOIOTHYECKUX
JIAHHBIX HE 0XapaKTepH30BaHa.

PanHue sTanbl MO3AHEro OJMIoLeHa (XaTT) Xa-
PaKTEPU3YIOTCA OTHOCHUTEIHFHO XOJIOIHBIMU YCIIO-
BusiMi. OCHOBHBIE THIIBI JIECHBIX (hopManuii coxpa-
HstoTca.  [losiBisitoTcst  Oosiee  XOJOAONIOOHBEIE
xBoliHbie opoasl — Cedrus, Pinus, Larix Hapsagy c
Pa3HOOOpa3HBIMH BOCTOYHO-a3MATCKUMU W CPEIH-
3eMHOMOPCKHUMH TIPEICTABUTENSIMU TOJIOCEMEHHBIX
— Thuja, Juniperus, Sequoia, Glyptostrobus, Cupres-
sus, Ginkgo, Tsuga, Ephedra. Cpenn mumpoKOIUCT-
BEHHBIX TOPOJ TPEUMYIIECTBO MONy4aT Fagus,
Quercus ¢ ywactueM Juglans, Castanea. YBenu-
YHBAETCS Pa3HOOOpa3ne MENKOJIMCTBEHHBIX MOPOJT
Carya, Corylus, Betula, Myrica. Coxpamienue 3a00-
JIOYEHHBIX TaKCOAWEBBIX (OpMallMii U HAINYKE KCe-
POMUTHBIX peakonecuil (MOXIKEBENbHHK, 3deapa,
CyMax) C y4acTHEM TpaB (MapeBbie) TOBOPHUT 00 HC-
CYUNICHWU KIMMaTa. OTH M3MEHEHUS, MPOUCXOJUB-
IIMe B COCTaBE CyOTPONMUYECKON BEYHO3EIEHON THT-
poduibHON ¥ ME30(UIEHON C AIEMEHTaMH TPOIIH-
YeCKOI PacTUTENBHOCTH, SIBUIIUCH CIIEJCTBUEM IPO-
SBJICHUSI CE30HHOCTH B paclpelleIeHUH KaK TeMIie-
paTyp, Tak U ocagkoB. PomoBoil u BUIOBOH cocTaB
¢Goppl Hayasa XaTTCKOTO BPEMEHH OTIMYAETCS
MPUCYTCTBHEM HaWOOJIBIIETO KOJMYECTBA YMEpPEH-
HBIX MIPEJCTABUTENCH B TEUCHUE BCETO OJIUTOLICHA.

B koHme mo3gHero onuroreHa (BepxXHsS 4acTh
XaTTCKOTO SIpyca) BO BIAXKHBIX IMOJHIOMUHAHTHBIX
Jlecax peruoHa BHOBb YBEIWUHMBAETCS JOJISI Opexa Ha
¢done mpucyTcTBUA AyOa, OyKa W XBOWHBIX MOPOJI —
THHKIO, CEKBOMH, TCYyTH. JIelnHa Npo0JKaeT ocTa-
BaThCS OCHOBHBIM 3JIEMEHTOM IIOAJIECKa B ITHX Jie-
cax. Ponb maHronapKTHYECKHX 3JIEMEHTOB — Oepe3bl
W COCHBI, IMOSBUBIIMXCS B TEPUOJ TTOXOJOMAHUSA,
3aMeTHO yMeHbmnaercsi. CocTaB BIaXHBIX MpHpEU-
HBIX U HU3UHHBIX JIECOB 00OTaIaeTcsl CpeIn3eMHO-
MOPCKAMH W BOCTOYHO-a3MATCKUMHU JJIEMEHTaAMH —
Kapus, MTEPOKapusi, MUPHUKA, OJbXa, WIbM. B mpu-
OpeKHO-MOPCKHX (QOpMAIMSIX YYacTBOBAIM Mallb-
MBI Pacmmpsitorcst 3a0onoueHHbIe (hOpMaIiy C yda-
cTtreM OOJIOTHOTO KHTapuca M TIHIITOCTPOoOyca, 9To
TOBOPHT O BHICOKOM YpOBHE KaK MOYBEHHOTO, TaK U
BO3AYIIHOIO yBiakHeHMs. OOmui coctaB u pac-
MpeJieieHne POJIOB B TPYIIE MOKPHITOCEMEHHBIX U
TOJIOCEMEHHBIX PACTEHUI CXOJIeH C PaHHEOJHIolle-
HOBBIM 3TaroM (HU3bI PIOMIENs) U CBUAETEIBCTBYET
O TIOBBIICHWH CPEIHETOJOBBIX TEMIeparyp u
VBJI2)KHEHHUSI OTHOCHUTENIbHO CEPEJUHBI IO3IHET0
onuroneHa (cpenHuil xarT). OmnpeneneHHble s
3TOTO NepHOa KOJMYECTBEHHBIC MOKAa3aTeNn KIHU-
MaTa 1o paspesdy Mcmamaar cocTaBisIoT I sTHBapS
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9-13°C, mions — 26-29°C, cpenHerogoBoe KoJuye-
ctBO ocankoB — 1000-1500 mm.

B mo3nHem wmaiikone (paHHUI MHOIIEH) MPeod-
JaIaloNUM TUTIOM PAaCTHTEIBHOCTH OCTAIOTCS Jieca,
CpPeau KOTOPBIX BBINEISIOTCS: TPHUOPEXKHBIE MOpP-
CKHE Ha 3a00JIOYCHHBIX TTOYBAX W3 OOJIOTHOTO KHUTIa-
puca, MUPUKH C YYaCTHUEM IajbM I10 IIECYAHBIM I10-
OepeXpsiM;  TOJMIOMUHAHTHBIE  MHOTOSIPYCHBIE
XBOMHO-IITMPOKOIMCTBEHHBIE M3 OyKa, ay0a, opexa,
KalTaHa, Oepe3bl ¢ y4acTUEM THHKTO, Keipa, TCYTH,
CEKBOWHM; CPEeIU3EMHOMOPCKOIO THIIA U3 Kapuw,
MarHoJIN{; IOMMEHHEBIE Jieca C Pa3TUIHBIME BHIaMU
OJIbXH, UBBI, TPada, MUPUKH; U CYXHE PEIKOJIECHS C
ydqacTHeM cymaxa, d¢eapel. B mammHOCIEKTpax
OJIUTOIIEHa €IUHIUYHOE MPHCYTCTBHE IBUIBIEI TPaB
TOBOPUT O HE3HAYUTEIBHOW PO OTKPBITHIX IIPO-
CTPaHCTB B 3TO BpeMmsl.

BriieHasBanHass necHast pacTHUTENBHOCTH CY-
IIeCTBOBaja B JIOCTATOYHO BIAXHBIX YCIOBHSX C
MPAKTUIECCKH PABHOMEPHBIM pacIlpeaesieHneM oca-
KOB B TE€YECHHE TOJa, O YeM TOBOPHUT KaK HAIM4HE
OYKOBBIX JIECOB, TPEOOBATEIBLHBIX K JICTHEH BiIare u
HE TEPEHOCAINX JIUTSIBHBIX TIEPUOJOB 3aCyXH,
TaK ¥ TPHUCYTCTBHE TUTPOPHUTOB — TaKCOAMEBBIX,
MUPHKH, THHKTO, IIHaTeHHBIX MMaropOTHUKOB. Hamu-
Yue WHIUKATOPHBIX BUIOB, UMEIOIINX y3KHUI apeai
pacmpocTpaHeHusi (TMHKTO, TaJbMbI, ITUATCHHBIC)
CBUJICTENBCTBYET O JOBOJBHO TEIUIBIX YCIOBHUSAX CO
CpeqHe-3UMHAMH TEeMIIepaTypaMu B IPEAropbe He
auxe 15°C.

PesyabTarsl n3ydyenust Makpoduiopsl Teppu-
Topus AzepOalipkaHa B KOHIIEC ITaJleOTeHa SBIISIACh
gacTeio Boctounoro Ilaparermca (IlomoB m ap.,
2010) u ObUIa TIpEeACTaBICHA KPYMHBIMH CYyIIaMH
Bbonbmoro nu Manoro KaBkaza, uMeBIIMMH Ha OT-
JIEeTBHBIX yYacTKaxX TOPHBIA penbed BeIcoTOM 10 500
M, 1 MeJKkuMu octpoBamu (XauH, [llapnanos, 1952;
Honyxanos, 1988; Xamunos, 2000).

K nHawamy onmromeHa MPOUCXOAWUT OKWUBJIICHHE
BOCXOJAIINX TCKTOHUYECKUX JIBM)KCHHH, U TOSB-
JSIOTCS HOBBIE OCTPOBHBIC IOJHSATUS B 3alagHON
4acTU IeHTpaibHOM 30HBI Masioro KaBkasza u B 10xk-
HOM yactu Tanpliia.

Hanuure B Bomax MEIKOBOIHBIX OJIUTOIIEHOBBIX
moperr Manoro KaBkaza HyMMyJIMTOB, KOpPaJlJIOB M
Tpormmuecknx ¢GopM MoJurrockoB (Mamemos, Pab6o-
tuHa, 1990), oOwurtarteneld coBpemeHHON WMHIO-
TuxookeaHCKOH 007aCTH TOBOPUT O BBICOKOM TEM-
MepaTypHOM PEXUME MOPCKUX BOJ — MOpsaka 22-
24°C (CynranoB, Hcaes, 1982). Ananu3 diopsl ¢
ucnonp3oBannem Mmetona llladepa (Szafer, 1946)
IoKa3aj, YTO CoBpeMeHHbIe apeansl Oomee 40% uc-
KOITAEMBIX POJIOB PAaHHErO OJIMTOIICHA, COBMECTHO
[IPOU3PACTAIOT Ceiuac B TPOIHMYECKUX U B CYOTpO-
nuyeckux muportax llenrpansHoit Amepuku, FOro-
Bocrounoit A3um 1 Ha ocTpoBax OKeaHUH.

CornacHo COBpEMEHHBIM KJIMMATHYE€CKUM JaH-
HeiM Climate Atlas, 2002 (http://wcatlas.iwmi.org)
OTpeeNIeHO, YTO 3TH TEPPUTOPHUH JIekKaT B o0iacTu
sSHBapcKux wuzorepM +15 u +20°C u wuronbckoi
+25°C ¥ TOoJ1I0BOr0 KOJMYECTBA OCAJKOB B Mpeenax
2000-2500 mm. HamoxeHme KiIMMaTorpaMM pacTte-
HUM paHHEW 3MOXM PaHHEro OJIMTOLIeHAa IMOKa3aJio
s atoro nepuona WMT — 22-26°C; CMT — 18-
22°C (1ab. 5).

B 3aBUCHMOCTH OT OTHOLICHUS K TEPMUYECKO-
My PEeKUMY H PeXKUMY YBIOKHEHHUS W3y4YEeHHAs pac-
TUTENBHOCTh TIPUHAMIEKAT K CyOTpOIHYECKOH,
TEIJIOYMEPEHHON H YMEPEHHOM 3KOJIOTUYECKUM
rpynnaM. OCHOBHEIM THUIIOM PaCcTUTENBHBIX (hopMma-
Ui ObUTM BEYHO3ENIEHBbIE M CMENIaHHBbIE XBOWHO-
HIMPOKOJUCTBEHHBIE Jieca. B mpuOpekHOW YacTH Ha
Ooiee CyXuWX W OTKpPBITBIX NPOCTPAHCTBAX MPOH3-
pacTanu maabMbl cadallb U OTIENbHBIE BHIIBI MUPH-
KM, a Ha OoJiee YBIIQ)KHEHHBIX yJacTKaX — B JIAaryHax
WIH B YCThAX PEK (OPMHUPOBAIKUCH 3a00JI0UCHHBIC
Jieca ¥ 3apOoCiM TUIa MaHTPOB C YYAaCTHEM IJIMIITO-
cTpolbyca, mudoneapyca (peuyHou Keap), TaKkCoauyma
(OONOTHBII KHIApHUC), BIATOIMIOOUBBIX BUIOB MHPH-
Kd (BOCKOBHHKA), pukycoB u nyba. DTu dopmanuu
COCEJICTBOBAII C BIIAYXHBIMH BEYHO3EJIICHBIMH CYO-
TPONMYECKUMH JIeCaMH W3 Jy0oB, mojokapma, ¢u-
KyCOB, MBIJIHOTO J€peBa, 3BI€HUH, aHAKApIUH, JIH-
CTONAJIHBIX JI€PEBHEB DHIENIBIApANH, NAIOEpPIuu, C
y9acTHEM JMaH W ManmopoTHUKOB. OOMIMPHBIC TII0-
IaJy 3aHUMAaJIH YKECTKOJHCTHBIE Jieca, oOpa3oBaH-
HBIC Pa3HOOOPA3HBIMU BUJAMH JIABPOB, KOPUYHH-
KOB, TIEPCEH.

Takum 00pa3oM, ycTaHaBIMBAETCS, YTO B paH-
HEM OJHroneHe (IOPUCTHUECKHE SIEMEHTHI TPOIH-
YeCKOTO KIIMMara TPOJIOJDKAIOT TOCIIOJICTBOBATH.
OpHako A0iA 3TUX 3JIEMEHTOB COKpaIlaeTcs, UM Ha
CMEHY MpPUXOIAT 3JIEMEHTBHl CYyOTPOIMYECKOro KiH-
Mata. [IposBnsercs moka He CTONb 3HAYUTEIbHAS
aMIUTUTYAa MEXAY 3UMHAMH U JISTHIMHU TEMIIepary-
pamu (tab. 5). Knumar panHero onuroneHa ajist U3y-
9YaeMOr0 peruoHa MOKHO OIPEACIUTh KaK Mepexoj-
HBIN OT TPOIIMUYECKOTO K CYOTPOITMYECKOMY THITY.

B moznHeomuromeHoBoM MOpCKOM Oacceitne
HaOJrOaeTcss COKpalleHHWe apeajia KOpauioB H
HYMMYJIUTOB, TOSBIISIFOTCS XOJOJOJMIOOMBBIE M IB-
putepMHBIe BHABI MoinTiockoB (CynranoB, Mcaes,
1982). MensieTcss TEPMUYECKANA U COJEBOM PEXKUM
Mopckoro Oacceiina. K koHIy onmurorena, kak moka-
3a]l aHaJM3 PaKOBUHHOTO BEIECTBA JBYXCTBOpYA-
TBIX MOJUTIOCKOB, CPEIHETOJOBBIE TEMIEPaTyphl
MPUJIOHHBIX BOA Moped cHusmimuch g0 17-18°C
(SIcamanoB, 1978). B pe3ynprare B O3IHEOTUTOIE-
HOBOM Oacceiine Ha TeppuTopun A3sepbaiimkana
WCUe3al0T KpyHHbIe popaMuHH(epsl, KOPauIbl, TOJI-
CTOCTEHHBIE M KPYIHOPAaKOBHHHBIE MOJUIIOCKH,
MOPCKUE €XKH U APYTHE TEIUIOM0ONBEIE ()OPMEL.
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Taonuya 5
[ManeoknMMaTHYECKUE PEKOHCTPYKIMHU OJTUroreHa A3epbaiimkaHa
. PexoHcTpynpoOBaHHBIC CoBpeMeHHBIE TOKa3aTeNd CpeIHe-
i MecTOHAX0KICHHE CpeIHEroIOBbIC 3HAUCHUS TOJIOBBIX TEMIIEPATYP U OCAJKOB
3 JINCTOBOW (hIIOPHI TEMIICpaTyp 1 OCaAKOB
R CMT WMT MAP CMT WMT MAP
= | Jxanunabanckuii paiion 8-16 22-27 1000-1500 0-3 25-27 400-600
= (c. Camaribl, Asbanan)
2
=
QE CB ckionsl Manoro Kas- | 13-25 22-25 1200-1500 0-3 27-30 200-400
© Ka3a (c. 3efiBa, XapxamyT)
=
= =
o = HaxusiBanckas AP 25-26 25-26 1100-2000 -3-6 27-30 200-300
= (dappb1apiT)
A
Jlepukckuii p-uH 16-20 24-28 1200-1600 0-3 25-27 400-600
(c. bunabann)

WMT - cpenusis emnepatypa camoro temioro Mecsmna (°C); CMT — cpenusis Temneparypa caMoro X0JIOJAHOTO MecsIa

(°C); MAP — cpennHero1oBoe KOJMYECTBO OCATKOB (MM)

IIponiecc moxoyiogaHus BO BTOPOW IOJOBUHE
MMO37HETO OJMTOIIEHAa TPOSIBIIICA B MOCTENEHHON
CMEHE CPEIM3EMHOMOPCKOTO THMa (IIOpHI Typraii-
CKAM. YBEIWYIIOCH KOJHYECTBO IAHTOIAPKTHYE-
CKMX BHJIOB, W TOSIBIJINCH TPEACTABUTENH Typran-
CKOMW TeIIoyMepeHHOH 1 yMepeHHo! ¢uiopsl (4 po-
na u3 cemeiicts Betulaceae, Aceraceae, Tiliaceae,
Ulmaceae). CocTaB TypraicCKux JE€COB H3MEHWICS U
3a cueT OoJyiee HIMPOKOTO pacmpocTpaHeHus ayoda,
WibMa, IJaTaHa, rpada ¥ opexa, MPOU3PaCTaBIINX
Ha 3TOH TeppUTOPHUH U PaHee.

Tem HE MeHee, cpeAM3EMHOMOPCKUN THII pac-
TUTEIILHOCTA COXPAaHSAETCS B BHJIE BEYHO3EJICHBIX
CyOTpONMYECKUX JIECOB W3 JaBpa, MMOJOKapra, dH-
reNbrapAuy, HBKaJHIITa, MUPTOBBIX. YHCIO TpOMH-
YEeCKHX POJIOB B cocTaBe (IIOPHI COKpaIaeTcsi, HO
OHHM TIPOJAOJDKAIOT UTPaTh 3HAYUTEIBHYI) POJb B
COCTaB€ PACTUTENBHOCTH. TeIIOyMepeHHash pacTh-
TENBHOCTHh CYIIECTBYET OJHOBPEMEHHO CO CpEeIu-
3eMHOMOpckoi. [TogoOHOe cocencTBO yKa3piBaeT Ha
TO, 4TO B Mo3aHeM onuroneHe Kaskas mpuobperaer
TOPHBIN XapakTep, U MPOUCXOAUT AuddhepeHITHAIIS
PACTHTEIBHOCTH, TJC BBIICISIOTCS JIBE BBICOTHBIC
30HBI: HIDKHSS C CYOTPONMMYECKUM KIIMMAaTOM U Cpe-
TU3EMHOMOPCKON pPacTUTENHFHOCTBIO M BEPXHSS C
TEIJIOYMEPEHHBIM KJIIMMATOM W TYpraiiCcKoil pacrtu-
TEJILHOCTBIO.

KonmuecTBeHHbIE TOKAa3aTeNN KIMMaTa IMo3He-
IO OJWIOIIeHAa, TOJNyYeHHBIE METOJIOM KIMMAaTO-
rpaMM, CBUJCTEILCTBYIOT O IOHIKEHUH CPEIHHUX
3HAYEHWI TEMIEepaTyp CaMOro XOJIOJHOTO Mecsla
Ha 5-6°C, Hapsay ¢ MPaKTHIECKH HE3HAYUTEIIHHBIMHU
KOJICOaHUSIMH CpEIHE-UIONBCKUX Temmeparyp (22-
27°C) 1 TOJIOBOrO KOJHYECTBA OCAJKOB B Ipeaeiax
1000-1500 mm.
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3axioueHue. AHaIu3 MNAIMHOCIEKTPOB 0
paspesam lllamaxsr-I'o0ycTanckoi 00gacT U 001IIe-
ro crucka (ta0. 1) oOHapy)eHHO JUCTOBOM (DIOPHI
CBUJIETETILCTBYET O TOCIOJICTBE B MAaKOIEe Ha FOXK-
HOM ToOepexpe KaBka3ckoro octpoBa JECHOW pac-
TUTCJIBHOCTH C Yy4aCTUEM BJIATOIFOOMBEIX Tponun4e-
CKUX, CyOTPOITMYECKUX BEUHO3EJCHBIX W JINCTOMA-
HBIX (hOopM Hapsay ¢ Me30(WIBHBIMH, TEIIOyMe-
PEHHBIMHU U YMCPCHHBIMHU IPECACTABUTCIAMU. u-
POKOJMCTBEHHBIC TOPOJABI COCTABJISLUTA OOJBIIUH-
ctBO (70%) B pacTUTENBHBIX accoruanusx (puc. 3).
OCHOBHBEIMH THIIaMHU JIECHBIX (opMaruii 6e3 sSpKo
BBIPAXXCHHOI'O JOMHHAHTA 6I)IJ'II/I CMeIIaHHbIE XBOI-
HO-ITMPOKOJUCTBEHHBIE — OPEXOBO-O0YKOBO-Iy00-
BBIE Jleca C ydJacTHeM XBOWHBIX Topox — Cedrus,
Abies, Tsuga, Larix; cyOTponuyecKue jieca ¢ yda-
CTHEM BEYHO3EJECHBIX dJIeMEHTOB — Laurus, Magno-
liaceae, Cupressaceae u BIIaXXHbIE HU3WHHBIE U TIPH-
peunsie neca u3 Taxodium, Carya, Ulmus, Morus ¢
Yy4acTHEM MajibM 110 MOPCKOMY mobepexbro. ['pymnmna
TOJIOCEMEHHON PaCTUTENHHOCTH OTIMYANach OOJb-
M pa3HOOOpa3neM, HO HaXOAWJIACh B MOAYMHEH-
HOM moJiokeHuH (10 30% mBUIBLIBI OT BCEX JIpeBec-
HBIX). JIOMUHHMpOBAIIM Cpely XBOWHBIX TaKCOZHE-
BbI€, yJaCTHE COCHBI Ha IOCTOSHHOW OCHOBE, HO B
HeOONMpIMUX KonmuecTBax (MakcumambHOe 9% OT
BCEX XBOWHBIX MOPOJ) OTMEYACTCS JIHUIIb HAYUHAS C
paHHETo MUOIIeHA (KaBKa3CKUI PETHOsIPYC).

MakciuMyM TaKCOJMEBBIX (UKCHpPYETCS W Ha
ceBepHOM Mobepesxbe KaBkazckoro octposa Ha rpa-
HUIIE MO3JHETO OJHWIOIeHa W PaHHEro MHOIICHA IO
criektpaM pekn  bemas (3amopoker, AXMETHEB,
2017). OnHako B OTJIMYHE OT CHEKTPOB MOOEpeKbs
CEBEpHOM YacTH OCTPOBA, I MPAKTHUYECKH BO BCEX
MATMHOCTIEKTPaX ITOMHHHUPYET MBLIbIA TOJOCEMEH-
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HBIX pacTeHWd (B pa3HBIX COOTHOIICHHAX Taxo-
dioidea m Pinaceae), B ero rokHOU dacTu npeobia-
JlaJia TbLIbI[A MOKPBITOCEMEHHBIX PACTCHHM HAJ| To-
JOCEMEHHBIMHU, U POJIb COCHBI B HUX ObLIa MUHH-
MaJbHa.

YucThIX XBOMHBIX JIECOB COCHA B MAaMKOICKOE
BpeMsi B H3y4aeMOM pETHOHE He 0Opa3oBBIBaiA.
[IpucyTcTBHE B pacTHTENHHOCTH 3JIEMEHTOB CYO-
TPONMMYECKON W TPOTTMIECKOU (hIIOPHI TOBOPHUT O BBI-
COKOM DPEKHUME TEeMIEpaTyp M YBJIAXHEHUS B 3TO
Bpems. Ha mpoTskeHHMM MaNKOIICKOTO BpEeMEHHU
(ukcHpyeTcsl TOCTeleHHass CMEHa JIOMHHAHTOB B
JISCHBIX (hopMalusiX, KOTOpas Bejia K CMEHE TOJITaB-
CKOI1 Tpormdeckol uiopsl (JaBp, MarHoJus, majibpMa
— OeccrebenmpHas Nipa W BBICOKOCTBOJBHas Sabal,
JIUCTOBBIC OTIEUYATKH KOTOPBIX HM3BECTHBI M3 OTJIO-
xeHuit B HaxubiBanckoli ABTOHOMHOM PecnyOiuke,
BEYHO3EJIEHbIE JYyObI, U3 XBOWHBIX — TaKCOIUEBHIE,
Sequoia) — ymepeHHO# (iropoii Typraiickoro THIa,
XapaKTePU3YIOMIEHCS PaCIBETOM CEPEHKKOIBETHBIX
JPEBECHBIX TOPOJl W3 CEMEHCTB OYKOBBIX, OPEXO-
BBIX, Oepe3oBeIXx (Fagus, Quercus, Castanea,
Juglans, Pterocarya, Alnus, Betula) c ydactuem
Acer, Ulmus.

CornacHO MHOTOYHCIIEHHBIM HCCIIEIOBaHUSIM
3MOXy TO3JIHEero mnajneorena (omuroneH, 36.5-23.5
MJIH. JI.H.) CBSI3BIBAIOT CO BTOPBIM Ha MPOTAKCHHUU
KaifHO30s KPYITHBIM MOXOJIOIaHUEM, Ha (DOHE KOTO-
POTO BBIAENAIOTCSA PA3IHMYHBIE TT0 MPOAOIKUTEIBHO-
CTH M CTeleHu nepuoabl noremieHus (bop3eHkosa,
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ATIIac ONUTOLIEHOBBIX CIOPOBO-TIBUTBIIEBBIX KOMILUIEKCOB pas-
muHbIX paitonoB CCCP. I'ocreonrexuznar. Mocksa, 1956,
312c.

AxmetrbeB M.A. KilumaT 3eMHOro 1mapa B IajeoueHe U 20IeHe
no naHHeIM maneobotanuku. B kH.: (CemmxatoBa M.A.,
Yymaxosa H.M., pen.) Knumar B smoxu kpynHsix 6uocdep-
HBIX nepectpoek. ['maBa 1. Hayka. Mocksa, 2004, 299 c.,
https://geocryology.files.wordpress.com/2013/05/climat.pdf.

AxmetpeB M.A., 3amopoxeny H.M. HoBble Haxonkm maieMm w3
ONUTOLEHOBHBIX oTiokeHnit Jappwi-Jlara (HaxwdeBaHckas
ACCP). bromur. MOUIL, otaen reonormyeckuid, No. 64, BbIIL.
6, 1989, c. 57-67.

AxwmerbeB M.A., 3anopoxen; H.U., I'onosuna JLA., TTonos C.B.,
CriueBckas E.K., DdenmueBa M.A., ODeiizymnacs A.A.,

1992). Hamm uccnenoBaHust moKasaiy, 4TO B U3yva-
€MOM PErMOHE IOXOJIOJIAaHHE BO BTOPOW IOJOBUHE
MO3/THETO OJIMIOLEHa TPOSBUIOCH BO3PACTaHUEM
npeAcTaBUTeNe MaHTONApPKTUYEeCKOW reorpaduye-
CKOM TpYHIBI POAOB, YBEIHMUEHHEM B COCTABE JIEC-
HBIX (OpPMAIUil apXaWvIHBIX MEJIKOJIMCTBEHHBIX TIO-
pon (Corylus, Betula, Alnus), mosBneHueM cpenu
XBOWHBIX  TIPEACTAaBUTENEH TOpPHBIX  oOjactel
(Tsuga, Cedrus, Abies, Larix, Cupressaceae) ycToi-
YHMBBIX K HM3KHM 3MMHUM TemIiiepatypam. [loxomo-
JaHWe TPOTEKaJO0 OAHOBPEMEHHO C HCCYILEHHEM,
BBIpa3UBILEECS B  COKPALICHUH 3a00J0YEHHBIX
TaKCOJMeBbIX (hopManuii U (HOPMHPOBAHUH KCEPO-
¢utHBIX QopManuii (MOXOKEBENIBHHK, 3denpa, cy-
Max) C ydJacTueM TpaB (MapeBble). YBeIWYCHHE
TUIOIIA/IA CYIIH M TIOXOJIOJIAaHWE B TIO3JJHEM OJIUTO-
[EHE SBUJIOCH NPUYNHON BTOPXKEHHUS TEIUIOYMEpEeH-
HOW MEITKOJINCTBEHHON Typraickoil (hJopsl B 10CTa-
TOYHO €€ MPEICTABUTENIPHYI0 Ha TEPPUTOPUU
Kagka3za nosiraBckyto (iopy. ITOT mpoIece mposis-
JISUICS. TIOBCEMECTHO, HO B CEBEPHBIX IIMPOTaxX CTe-
MeHb ¥ CKOPOCTH (PIIOPUCTHYECKUX TpeoOpa3zoBaHui
U3MEHSUTUCh OBICTpee M KOHTpPACTHEE, HEXEIH B
IOXKHBIX.

B koH1e onurorneHa — B Hayajle paHHETO MHUO-
1eHa (KaBKa3CKW BEK) ITOCJIE OTHOCHUTEIHHO KpaT-
KoBpeMeHHOro noxojonanus (Zachos et al., 2001)
KJIMMAaTHYECKHE YCIOBHS CTaOMIM3UPYIOTCS U TEM-
nepaTypbl IpUOOPETaIOT 3HAYEHUs, CXOIHBIE C PaH-
HEOJIUTOI[CHOBBIMH.
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MAJTHHO®JIOPA MAMKOIICKOT O BPEMEHH
(IIO3THU OJIAT OL[EH-PAHHWIT MUOIEH) U EE 3HAYEHUE
JUISI CTPATUTPA®UH M IAJTEOTEOT PA®UH ASEPBAIIKAHA

Baiipamosa IILIIL!, Taruesa E.H.?
Munucmepcmeo nayku u obpaszosanus Azepbaiiocanckoti Pecnybnuxu, Hncmumym 2eono2uu u 2eousuxu, Azepbaiiodican
AZ1143, baky, npocn. I' [{xcasuoa, 119: shafagbayram@rambler.ru
Munucmepcmso nayxu u obpasoeanus Asepbatioscanckoti Pecnybnuxu, Mncmumym 2eozpaguu um. I'.Anueea, Azepbaiiodcan
AZ1143, baky, npocn. I' [{pcasuoa, 115: tagelena@rambler.ru

Pe3rome. B nccnenoBaHuM aeTcsi peKOHCTPYKIMS HEKOTOPBIX JIEMEHTOB KIIMMaTa M PACTUTENHHOCTH B MO3IHEM OJIMIOLIEHEe-
panneM muoreHe lllamaxsi-I'o0ycTaHckoro paiioHa, ¢ IpUMEHEHHEM MOAXOJA COCYIIECTBOBAHMS MaNIUHOMIOP, MOTYYSHHBIX M3
Ol'ly6J'[I/IKOBaHH]>IX JIMTEPATYPHBIX UCTOYHHUKOB U TEKYIIUX MAJTHMHOJIOTUYCCKUX HCCHC}IOBaHHﬁ. B maiikone Ha 10KHOM no6epe>1<1>e
KaBka3ckoro octpoBa rocrojicTBOBaja JeCHask PACTUTENBHOCTh C YYaCTHEM BJIAarojifoOMBBIX TPOIMYECKHX, CyOTPONNYECKUX BEYHO-
3€JICHBIX M JIMCTONAIHBIX (OPM Hapsmy ¢ Me30(HIbHBIMY, TEINIOYMEPCHHBIMH U YMEPEHHbIMH IpencraButessiMu. [lInpokonuct-
BEHHBIE TIOPOBI COCTABISIN O00MbIIMHCTBO (70%), TpyTIa TOTOCEMEHHBIX OTIANYANach OONBIINM pa3HOOOpa3ueM, HO HaXOIUIach B
MOYMHEHHOM TNONoXKeHnH. Cpei XBOWHBIX IOMUHUPOBAJIN TAKCOAUEBBIE, Y4aCTHE COCHBI HA IIOCTOSIHHOW OCHOBE M B HEOOJIBIINX
KOJIMYECTBAaX OTMEYACTCs, HaUMHasl C paHHEr0 MHOLICHA (KaBKa3CcKuii peruosipyc). OCHOBHBIMH THIIAMH JIECHBIX hopMmaruii 6e3 spKo
BEIPAXEHHOTO JIOMHHAHTa OBLIM CMEIIaHHbIE XBOHHO-IINPOKOJIMCTBEHHEIE — OPEX0BO-0YKOBO-TyOOBBIC JIeca C yJacTHEM XBOWHBIX
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nopox — Cedrus, Abies, Tsuga, Larix; cyOTponn4eckue jieca ¢ yIacTHeM BEUHO3EICHBIX dJIeMeHTOB — Laurus, Magnoliaceae, Cu-
pressaceae U BIaXKHbIC HU3UHHbIC U pUpeuHble seca u3 Taxodium, Carya, Ulmus, Morus ¢ yqacTHeM IaJbM 110 MOPCKOMY nobepe-
XKbl0. Pe3yspTaThl OKA3bIBAIOT, YTO CEAMMEHTAIUS IIPOMCXOAMIA B OCHOBHOM B TEIUIBIX CyOTPONUYECKUX KIMMATHYECKUX YCIIO-
BUSIX B TCUEHHE B TEUCHME PIONIEIBCKOrO U Hayalle XaTTCKOro BeKOB (cpenuss rogosas temneparypa (MAT) 16.5-21.3°C u cpennss
Temreparypa camoro xojoaHoro Mecsua (CMT) 5.5-13.3°C). Bo BTopoii nooBHHE XaTTa KJIMMaT CTAHOBUTCS IPOXJIAJAHBIM, IPOHUC-
XOIUT BTOP)KEHHE TEIIOYMEPEHHOH MENIKOIMCTBEHHOW Typraickoil (Iopsl B HOCTATOYHO €Iie MPEACTABUTEIBHYIO MOITABCKYIO
¢opy. B panHeMuoneHoBoe BpeMs (KaBKa3CKUI BEK) YCJIOBUS B PETHOHE CTAOMIM3HPYIOTCS U TEMIIEpaTypbl IPHOOPETAIOT 3HAUe-
HUS, CXOAHBIE C PAaHHEOINTOLEHOBHIMU. Pa3sHooOpasue BHIOB, IpeACTaBUTEIECH TOPHBIX JIECOB, TOBOPHUT O HAIWYHMH HIDKHETO U
cpexHero sipyca u audQepeHnnani pacTUTEIFHOCTH M0 BEICOTHBIM TI0SICAaM B MAiKOIICKOE BpeMsI.
Kntouegvie cnoga: nanunokoOMnieKkcol, OnueoyeH, MUOYeH, Matkonckas cepus, nvlivya u cnopel, FOxcnwiii Kaskasz

MAYKOP (GEC OLIQOSEN-ERKON MiOSEN) PALINOFLORASI VO ONUN AZORBAYCANIN
STRATIQRAFiYASI VO PALEOCOGRAFiYASINDA OHOMIiYYOTIi

Bayramova S.S.!, Tagiyeva Y.N.?
! Azarbaycan Respublikasinin Elm va Tohsil Nazirliyi, Geologiya va Geofizika Institutu, Azerbaycan
AZ1143, Baki sah., H. Javid kii¢.119: shafagbayram@rambler.ru
2 Azarbaycan Respublikasinin Elm va Tohsil Nazirliyi, H.Oliyev ad. Cografiya Institutu, Azerbaycan
AZ1143, Baki sah., H. Javid kiig. 115: AZ1143: tagelena@rambler.ru

Xiilasa. Tadqiqat isinds palinofloralarin birgs yasayis xiisusiyyatlorindan istifade edarak gec Oliqosen-erkoan Miosendoe Samaxi-
Qobustan rayonunun iqlim vo bitki Ortiiyliniin bir sira elementlorinin borpasi toqdim olunur. Bu mslumatlar ¢ap olunmus odobiyyat
manbolorindon vo hal-hazirki palinoloji todqiqatlardan slds olunmusdur. Maykopda Qafqaz adasinin cenub sahilinds riitubst sevon
tropik, subtropik homigoyasil vo yarpaqli formalarin, hom¢inin mezofil, isti-miilayim vo miilayim niimayandolori istirak edon meso
ortiiyii istlinliik toskil edirdi. Oksoriyyati enliyarpaqlt névler (70%) teskil edirdi, ¢ilpaqtoxumlular qrupu boyiik miixtalifliyi ilo segi-
lirdi, lakin tabe movqeys malik idi. fynoyarpaqlilar arasinda Taxodioidea iistiinliik togkil edirdi, samin az miqdarda vo daimi istirak
erken Miosendon (Qafqaz regiomartabasi) baslayaraq miisahide olunur. Mesa formasiyalart dominant olmayan— Cedrus, Abies, Tsu-
ga, Larix iynayarpaqlt niimayandslari istirak eden qarisiq iynayarpaqgli-enliyarpaqli — qoz-fistiq-palid mesalorinden, hamisoyasil ele-
mentlor — Laurus, Magnoliaceae, Cupressaceae istirak edon subtropik mesolarden va doniz sahili boyu yayilmis palmalar birgs istirak
edon Taxodium, Carya, Ulmus, Morus cinslorinden ibarat riitubatli ovaliq vo ¢ayboyu megolorindon togkil oinub.

Naticolor gostorir ki, ¢okiintiitoplama osason Rupel asri orzinds vo erkon Hat asrinin avvelinds isti subtropik iqlim soraitinds bag
vermigdir (orta illik temperatur (MAT) 16,5-21,3°C va on soyuq ayin orta temperaturu (CMT) 5,5-13,3°C). Hatin ikinci yarisinda ig-
lim sorinlogir vo isti-miilayim iqlimin xirdayarpaqli Turqay florasi kifayast qader ¢ox yayilmis Poltava florasini sixisdirmasi bas verir.
Erken Miosends (Qafqaz asri) regionda serait stabillesir ve temperatur Erkon Oliqosendaki vaziyyatine oxsar olur. Maykopda dagliq
mesa niimayandalarinin ndv miixtalifliyi alt va orta martabalorin mdvcud olmasini va bitki Ortilyiiniin hiindiirlik qursaqlarina géra
foglendiyini gosterir.

Acar sozlar: palinokomplekslar, Oliqosen, Miosen, Maykop qrupu, tozcuglar va sporlar, Conubi Qafqaz
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NUMERICAL MODELLING OF THERMOHYDRODYNAMIC PROCESSES

IN FRACTURED OIL RESERVOIR
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Keywords: mass-temperature
exchange in porous medium,
fractured collector, fluid filtra-
tion, finite difference method,
Joule-Thomson coefficient

Summary. Numerous reasons for the existence of hydrocarbon reserves, as well as the com-
plexity of the processes associated with their formation and extraction emphasize the need for
complex scientific approaches in the rational selection and metrological development of exploita-
tion. The most important direction in these studies is the research for the mass transfer of hydro-
carbons and the mechanisms of interfacial transition, taking into account changes in pressure and
temperature in the collector under the multiphase fluid filtration in a porous medium. In fundamen-
tal studies on physical and mathematical modeling in order to predict development it is important
to consider all the features of temperature anomalies during the movement of gas-liquid systems in
hydrocarbon fields with different thermobaric conditions. In this paper, the problem of determining
influential level of temperature anomalies on the distribution of thermodynamics fields during oil
exploitation in fractured collector is solved. The algorithm of numerical solution is offered and
numerous computer experiments have been conducted by means of software creation. The influ-
ence of the specific heat capacity of the liquid, the Joule-Thomson coefficient, wellbore volume
influence coefficient, absolute permeability, fluid viscosity and deformation properties of the col-

lector on exploitation process were assessed.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

1. Introduction

Experience in the oil fields development shows
that the complexity of the physical processes that
occur during the exploitation of the fields highlights
the need for a comprehensive scientific approach in
the creation of technological schemes.

These geological and geophysical methods are
more reliable and allow to obtain complete infor-
mation. In this case, it is possible to address issues
such as determining the operational characteristics
of the productive layer, the technical condition of
wells and control over the operation of pumping
equipment. The most important of these issues is the
determination of the exploitation characteristics of
the layer. The most important direction of these
studies is the study of the mechanisms of mass trans-
fer of hydrocarbons and the transition between pha-
ses, taking into account changes in pressure and
temperature during the filtration of fluid in the for-
mation. It is important to take into account the im-

42

pact of pressure and temperature changes in the de-
velopment of hydrocarbon fields on the performance
of oil reservoir exploitation. In this case, thermody-
namics studies based on the measurement of pres-
sure, flow and temperature in the wellbore play a
key role in the complex of geophysical methods.

The study of heat transfer phenomena in the
movement of fluids in a porous medium, taking into
account the phase transitions and thermodynamics
effects, is not only a search for methods of interpre-
tation of thermometric data (especially in multiphase
flow conditions), but also a scientific and practical
interest in improving non-stationary heat and mass
theory.

Measurement of the small changes in fluid tem-
perature due to thermodynamic effects in the process
of field development with modern well thermome-
ters also allows to solve a number of diagnostic and
practical issues related to the well and reservoir sys-
tem. Numerous studies have been devoted to the de-
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termination of the temperature field in the formation,
taking into account the thermodynamics effects of
fluid filtration in porous media, and on this basis to
the assessment of the performance characteristics of
the layers (Yexkamok, 1965; Kapaumnuckuit, 1975;
Asmmraes et al., 1985; Abasov et al., 1993; Pamasa-
HOB, 2004; Pamazanos, [lapuun, 2006; Oununmnos,
AxwmeroBa, 2011; [Ixxanamnos u ap., 2018).

In this paper the influence of thermodynamic ef-
fects on the change of exploitation parameters of the
oil reservoir during the exploitation of the deformed
reservoir is examined with central well.

2. Statement of the Problem

Assume that a central well is exploited in a cir-
cular oil formation with a fractured collector during
development. The following physical assumptions
were made in the statement of the problem: The ini-
tial pressure and temperature before layer develop-
ment are py and Ty, respectively. Besides

— The well is entire on the degree and nature of
the opening and covers the full thickness of
the layer with a sufficiently large radius;

— Oil filtration is subject to Darsy’s law and is
non-isothermal;

— The pressure at the bed boundary is constant;

— The initial natural distribution of temperature
along the layer is stable;

— The temperature of the liquid and porous me-
dium is the same at any point in the layer;

— Heat transfer in the radial direction of the lay-
er is not taken into account in comparison
with convective heat transfer.

Under these conditions determination of the
pressure and temperature distribution functions in
the layer is described by the following system of
equations by corresponding initial and boundary
conditions:

ﬁ*ap_gi(@ a_P),rcgrgrk,wO,(l)

at roar\ u @ or
MprC L, ST <, t>0, )
p(r,0) =py, T ST<T 3)
@(r‘;—f) ey, = Q+ cg—’t’rzrc,t >0, (4)
(1, t) = po, t >0, 5
T(r,0) =T, 1.<r<rmn, 6)
T(r,t) =Ty, 1.<r<m, (7

(Yexamok, 1965; Kapaunuckuii, 1975; Anumaes et
al., 1985).

Here B* = By + mpo — elastic capacity coef-
ficient, k — absolute permeability, u — dynamic vis-
cosity, 1. — radius of the well, 1, — radius of the
layer, t — time, r — radial coordinate, C,; — volume
heat capacity of the layer, Cs, — specific heat capac-
ity of rock, Cr — specific heat capacity of the liquid,
py — density, m — porosity, € — Joule-Tomson coef-
ficient, n — adiabatic coefficient, p, — layer pres-
sure, Tg — layer temperature, H — layer thickness,
Q — debit of the well, C — coefficient of impact of
wellbore volume.

After the substitutions

r=nf, p=pp, k@) = ko k),
p=poit, T=To T (8)

the problem (1)-(7) takes the following form:

op _10 (k@ 07 -
E_faf( . raf),ro <r<r,t>0, (9
OT _ jk@® 0P (0T | m0P) | 0P
ot =4 n af(ar—"'Bar-) +D61" (10)
<7715, >0,
p(r,0) =1 1r<r<r, (11)
2mk(p) (- 0P .o
T(rﬁ) ~1=Q+ T3 _1>0, (12)
p(s1) =1 >0, (13)
TFO0) =1, T@Ft) =1 (14)
Here,
ko Tc e ~ Ho
T= tro=—,r%=—,0= Q,
worEBs 0 e Hkopx
~ C ~ C ~ - C
c=—C *’A=pf P poPeE 5 PGP
HripB Cp1 Ty Cpi Ty

As can be seen, equation (9) is not explicitly re-
lated to the function T (r, t). Therefore, we can solve

this equation separately.
2

By using of the substitution x = % we trans-
form the problem (9)-(14) as follows:

op _ 0 ( k@ P

E_ax(x u ax)’chxSxS’T>0’ (15)

p(x,0) =1, x, < x < x4, (16)
ank(p) (. 9P — (A Fop

D) (22) " (@+e) ., 7
ﬁ(rs: ) =1, >0, (18)
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oTf _ yk®), 00 (0T | 50P\ , 70P
GT_A u xax(ax Bax)+D T’ (19)

Xe<x<x5; T>0,

T(x,0) =1, (20)
T(x,,0) =1, 2n
2 2
here, x. = T:". Xg = %.

The problem (15)-(21) is a mixed problem for
partial differential equations with special nonlineari-
ty which makes difficulties in finding its exact (ana-
lytical) solution. Obtaining approximate solution
describing all physical properties accurate for the
considered problem requires effective numerical
method. Among extensive of approximate methods
the finite differences method is one of the universal
tools for obtaining numerical solution of the problem
of nonlinear partial differential equations (see, for
example, Asu3, Cerrapu, 1982; Camapckuii, 1977;
Richmyer, Morton, 1967; T'ogyHoB, PsOeHbkwit,
1972; LeVeque, 2002; Toro, 1999 et al.).

3. Building a Numerical Solution Algorithm
At first we cover the segment [x., xg] into n equal
subsegments and let denote by x;, (j =0,1,2,..n)

points of partitions that Xj =Xc+ ] hy,
(i=012,..n), and h, = xs;xc. By analogy, the
[0,T) with points t,=k-h; h; >0, (k=
0,1,2,...,) isdivided to time layer.

Thus, the following grids

O, = {5 =2+ by Ry ==25}

(G=012..n)
Qp ={tx =k-hy,h; >0,(k=01,..,)}

cover the [x., x,] and [0,T) respectively. Conse-
quently, ‘Q‘hth = th X 'Qhr that is

Qn, = {5, 10)| % €,y T € O }
is two dimensional grid which covers of
D={(x,7)|x €[x,xs], T€[0,T)}.

The approximate solution of the problem (15)-
(21) found by the following system of algebraic
equations which constructed by method of finite dif-
ferences:

Pt = B[ 17 (R 160K +
R K R K 1P;
R GCOK 1 )|+ VR 1GOK 1 P+

+]/RJ_%(X)K]_% j—1,k, (22)
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G=12..n—1, k=012..),

Pio=1, (j=01,..,n), (23)
7/1% (Pl,k _PO,k) - 1nQ=
= C Pojs1 — C Poy, (24)
Poe=1 1>0, (25)
Tiks1 =Tjr + V“Ixi@([)jﬂ,lﬁl -
Pe) Tivak ; Tk
+VABxi k(l;j,k) (Pj+1,k+1 - Pj.k+1)2 +
YiD(Pik+1 — Pix)s (26)
G=12..n—1; k=012, ..,),
Tio=1 (j=012..,n), 27)
Tox =1, (k=012,.., ). (28)
Here,
R a0 =215,
KS_%(P) _ k(Pg1) ‘; k(Ps—1)’ (s=ii—1).

3.1. Analysis of Calculated Results

In order to carry out computer tests on the basis algo-
rithm of (22)-(28) we use the relation of absolute perme-
ability k (p) = ax[1 + ap(p — px)] suggested by
(IxamanoB u np., 2018), and another necessary data
adduced in the Table too. The graphical presenta-
tions of achieved results are shown on Fig. 1-6. It is
clear that the change in pressure in the oil reservoir
occurs only due to the well, which in turn leads to a
change of temperature in the reservoir. The dynamic
change in reservoir pressure and temperature over
time is shown in Fig. 1 and Fig. 2, respectively.
These results show that the change in pressure in the
well does not depend on the thermobaric parameters,
but only on the parameters of the filtration capacity.

Fig. 3-6 show the time dependence graphs of
the thermophysical and filtration capacity parame-
ters of the fluid temperature at the wellbore.

According to Fig. 3 and Fig. 4, we see that a de-
crease in the permeability values of the collector
leads to an increase in the temperature drop, and an
increase in the viscosity of the fluid leads to a de-
crease in the temperature drop.
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Table
Physical quantities Units of measurement Numeric values
1
* — 1.0-107*
F MPa
k m2 0.05-10712
u MPa - seconds 7.0-10710
T, m 0.1
T m 0.2-10?
Djol
Cpt e 1800
Djol 3
Csr kg K 1.8-10
Djol
C 5-103
r kg K 1.5-10
kg 2
Py 3 8.5-10
m - 0.2
K
£ 0.4
MPa
Dk MPa 40.2
Pe MPa 40.2
Ty (o 65
H m 15
3
0 m 1.157 - 10~*
sec .
_ _ A =0.832,B =0.8147 - 1072,
4 = A+ By = CPgor C=0.0023
Pqor MPa 96.6
K
n — 1.5-1072
MPa

— datat
— data2
—— — datad

I I I I I
0 0.05 0.1 0.15 0.2 0.25 03 0.35 04 045 05
t time

Fig. 1. Graphs of pressure drop distribution at the face of well-
bore depending on the fixed value of viscosity u =0.5-
10~*MPa - sec, and at different values of permeability; 1) k =
0.005-10712m?2, 2) k=0.01-10"2m?, 3) k=0.05"
10—12 mZ

— datal
— data2
| —data3

0¥ I I I I I
0 005 01 0.15 02 025 03 0.35 04 045 05
t time

Fig. 2. Graphs of pressure drop distribution at the face of well-
bore depending on the fixed value of permeability k = 0.05 -
10712 m? and at different values of viscosity: 1) u=1-
1071MPa-sec, 2) p=0.5-10"1MPa-sec, 3) u=0.7"
1071°MPa - sec
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Fig. 3. Graphs of temperature drop distribution at the face of wellbore
depending on the fixed value of viscosity u = 0.7 - 10~*MPa - sec,
and at different values of permeability: 1) k =0.01-
10712 m2, 2)k = 0.005- 10712 m2, 3) k = 0.05 - 10~ 12m?

0.06 T
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Fig. 4. Graphs of temperature drop distribution at the face of wellbore
depending on the fixed value of permeability k = 0.05 - 10~12m?
and for different viscosity values: 1) u = 1-1071° MPa - sec, 2)
u=05-10"1MPa-sec,3) u=7-10"1"MPa - sec
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00181
0.016}-
0014
0012
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e
= 0.008F
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Fig. 5. Graphs of temperature drop distribution at the face of
wellbore depending on the fixed value of the Joule-Thomson
coefficient € = 0.4 % and at different values of the specific
Djol

heat capacity of the liquid: 1) Cqujq = 1500 p 2) Chuiq =
Djol _ Djol
1850 e 3) Chuiqg = 2100 o

Fig. 5 shows the time dependence of the tem-
perature drop at the face of wellbore depending on
the value of the specific heat capacity of the liquid.
An increase in the cost of the specific heat capacity
of a liquid leads to an increase in the temperature
drop over time.
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Fig. 6. Graphs of temperature drop distribution at the face of
wellbore depending on the fixed value of heat capacity of the

. Djol
liquid Crpyiq = 1880 k;"K

effect: 1) e=01——, 2) e=03—,
MPa MPa

and at the different values of the

Joule-Thomson
3)e=04——

Temperature anomaly, which depends on time
and is observed when the Joule-Thomson’s coefti-
cient changes, dramatically affects the temperature
field distribution (Fig. 6). In the variant under con-
sideration, with an increase in the value of the pa-
rameter €, the difference between the temperature

drops is about 70-75% compared to = 0.1 % .

0 I I I I I I I I I
0 0.005 0.01 0015 002 0025 003 003% 004 0045 005
t time

Fig. 7. Graphs of pressure drop distribution at the face of well-
bore depending on the deformation factor of collector: 1 — the
case ¢ = 0;2 —thecase ) =1

05

0 |
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
ttime

Fig. 8. Graphs of temperature drop distribution at the face of
wellbore depending on the deformation factor of collector: 1)
the case aj, = 0, 2)thecase ay, = 1
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As can be seen from the graph, negligible
change of the deformation coefficient slightly affect
the overfall temperature at the outlet of the collector
(Fig. 8), during the exploitation of the oil reservoir.

035 :

0 I I I I I I I
0 0005 001 0015 002 0025 003 003
t time

I I
004 0045 005

Fig. 9. Graphs of pressure drop distribution at the face of well-
bore depending on the coefficient of impact of the wellbore
volume: 1 —thecase C = 0; 2— thecase C =1

Conclusions

— A hydro-thermodynamics model of the process of
heat and mass transfer formed in the conditions
of nonstationary filtration of a liquid in a porous
medium layer with a fractured collector is pro-
posed and a numerical solution algorithm is de-
veloped. The effect of the parameters included in
the model on the process has been studied.
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— Based on the results of the numerical calcula-
tions, it was found that the thermophysical and
filtration-capacity parameters have different ef-
fects on the distribution of pressure and tempera-
ture field in the porous medium, which is im-
portant to consider in solving practical problems
related to field development, including well
thermometry.
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YUCJIEHHOE MOJEJIMPOBAHUE TEPMOI'HAPOJUHAMMUYECKUX NIPOOECCOB
B AEOOPMUPOBAHHOM HE®TAHOM IIJIACTE

Jxananos I'.U.1, Pacyios M.A.l, Mup3soesa JI.P.2
Munucmepcmeo nayku u obpazosanus Azepbaiidcanckoti Pecnybnuxu, Hncmumym negpmu u 2aza, Azepbatiodican
AZ1000, baky, yn. @.Amuposa, 9: dzhalalovgarib@rambler.ru; mresulovi@gmail.com
Munucmepcmso nayxku u obpasoeanus Asepbatioscana, Hucmumym 2eonozuu u 2eopusuxu, Asepbatiodcan
AZ1143, Baxy, npocn. I' [{xcasuoa, 119: dilazer@yandex.ru

Pe3rome. MHOTOUMCIICHHBIE TPUYNHBI HAJIMYHS 3aI1aCOB YIIIEBOJOPOIOB, A TAK)XKE CIOKHOCTH IIPOIIECCOB, CBSI3aHHBIX ¢ UX 00pa-
30BaHUEM M J0OBIYEH, BBIABUTAIOT HA MEPBBII IUIaH HEOOXOIMMOCTh UCIIOIb30BaHMSI KOMIUIEKCHBIX Hay4YHBIX ITOJXOJ0B IIPH PaIO-
HaJIbHOM BBIOOpE M pa3paboTKe METOIOB IKCIUTyaTalli. BaxkHEeHIINM HanpaBiIeHHEM 3THX HCCIICJOBaHUIl SIBIIETCS U3y4YeHHE Mac-
COIIEPEHOCA YIVICBOJOPOZOB M MEXaHM3MOB MeX(pa3HOro Iepexoja C y4eTOM M3MEHEHHs JaBICHUS M TEeMIepaTypbl B ILIACTE B
ycnoBusAX GuiabTpauuud MHorogasHoro ¢iaronmga B TOpUCTOM cpexe. B dyHOaMeHTanbHBIX HCCIENOBAHUAX IO (DU3UKO-
MaTeMaTHYeCKOMY MO/JICTTMPOBAHUIO [UIsl TIPOTHO3a MOJHOH pa3pabOoTKH Ba)KHO YYHMTHIBATh BCE OCOOCHHOCTH TEMIEPATypPHBIX aHO-
MaJnil IpH IBMKEHHHU Ta30’KMAKOCTHBIX CHCTEM Ha MECTOPOKACHHUSX YIIICBOJOPOIOB C Pa3INYHBIMHU TEPMOOAPHIECKUMHU YCIOBHUS-
Mu. B cTaThe pemraercs 3amava onpenennTh CTETEHb BIMSHUS TEMIIEPAaTypHBIX aHOMAIUI Ha pachpeielieHue TepMOTHAPOANHAMHE-
YeCKHUX HOJIeH pH pa3paboTke HeTIHOH 3anexu nedopMupyeMbIM Im1acToM. IIpe/uioxkeH allropuT™ YUCIEHHOTO PELIeHHs U Ipo-
BEJICHbI MHOTOYHCIICHHBIE KOMIIBIOTEPHBIE IKCIIEPUMEHTHI IyTeM CO3JaHMsl mporpaMMHoOro obecnedenus. OLEHHBAIOCH BIIUSIHUE
yIEeIbHOU TEIJIOEMKOCTH JKUIKOCTH, Koadduuuenrta [xoyna-Tomcona, koadduuuenTa BausHus o0beMa CTBOJIA CKBaXUHBI, a0CO-
JIFOTHOH NIPOHMIIAEMOCTH, BSI3KOCTH XKMAKOCTU U Ne(hOPMALIMOHHBIX CBOICTB Ha IIpoLiecc.

Knruesvie cnosa: mennomaccoobmen 8 niacme, oepopmupyemuiii KOLIeKmMop, guivmpayus Gaioudos, Memoo KOHeUHbIX pas-
Hocmetl, koaghpuyuenm Jocoyasa-Tomcona

DEFORMASIYA OLUNAN NEFT YATAQLARINDA TERMOHIDRODINAMIK PROSESLORIN
©DODIi MODELLOSDIRILMOSI

Calalov G.I.!, Rasulov M.9.!, Mirzayeva D.R.?
!Azarbaycan Elm va Tohsil Nazirliyi, Neft va Qaz Institutu, Azarbaycan
AZ1000, Baki sah., F. Omirov kii¢., 9: dzhalalovgarib@rambler.ru; mresulovi@gmail.com
2Azarbaycan Respublikasinin Elm va Tohsil Nazirliyi, Geologiva va Geofizika Institutu,
AZ1143, Baki, H.Cavid prosp., 119: dilazer@yandex.ru

Xiilasa. Karbohidrogen ehtiyatlarinin mévcudlugunu tomin edon ¢oxsayli sabablor, hamginin onlarin amoalogolma va ¢ixarilmasi
ilo bagli bag veran proseslorin miirokkabliyi islonilma tisullarinin rasional olaraq segilmosi vo yaradilmasinda kompleks elmi yanag-
malarim zaruriliyini 6na ¢akir. Bu tadgiqatlarin an vacib istiqgamati masamali miihitde ¢oxfazali fluidin siiziilmasi goraitinds layda toz-
yiq va temperatur doyismalarini nazars almaqla karbohidrogenlarin kiitls miibadilesini va fazalararasi kegid mexanizmlarinin dyranil-
masinden ibaratdir.

Fiziki vo riyazi modellosms iizrs aparilan fundamental todqiqatlar iso miixtolif sociyysli termobarik soraito malik karbohidrogen
yataqlarinda qaz-maye sistemlorinin harokoti zamani yaranan temperatur anomaliyalarinin biitiin xiisusiyyatlorinin tamliqla islonilmo
gostaricilorinin prognozunun toyini zamani nazors alinmasi vacib vo mithiim shomiyyato malikdir. Magals bu gobilden olan iglonilmo
masalasinin hallina hasr olundugundan miihiim aktualliq kasb edir.

Bu is deformasiya olunan kollektorda neftin istismar: zamani temperatur anomaliyalarinin termodinamika sahalorinin paylanma-
sina tasir daracesinin toyin edilmasi masalasing hasr edilmisdir. ©dadi hallin tapilmas: iigiin alqoritm taklif edilmis vo proqram to-
minatimin yaradilmast yolu ilo ¢oxsaylt kompiiter tacriibalori aparilmigdir. Mayenin xiisusi istilik tutumunun, Joul-Tomson amsalinin,
quyu lilesinin hacmi tesir omsalinin, miitloq kegiriciliyin, mayenin 6zliiliiyiiniin vo kollektorun deformasiya xassolorinin istismar
prosesing tosiri qiymotlondirilmisdir.

Acar sozlar: layda kiitlo-temperatur miibadilasi, deformasiya olunan kollektor, fliiidin siiziilmasi, sonlu farqlar iisulu, Joule-Tom-
son amsall
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ELECTRICAL RESISTIVITY TOMOGRAPHY OF LOKBATAN MUD VOLCANO:
INNER STRUCTURE AND FORMATION MECHANISM

Salamov A.M., Mammadov V.A., Rashidov T.M.,,
Zamanova A.G., Gasimov E.E.
Ministry of Science and Education of the Republic of Azerbaijan,
Institute of Geology and Geophysics, Azerbaijan
119, H. Javid ave., Baku: vmamed@rambler.ru

Summary. The paper deals with the genesis, structure, geochemical and geophysical studies in
the vicinity of Lokbatan mud volcano, situated in the SW of Absheron peninsula (Azerbaijan) and
characterized by the very intensive mud volcanic activity.

Along with the earlier-stated ideas regarding the process of the mud volcano formation as well
as the theory based on the properties of non-newtonian fluid, we had proposed own hypothesis.
Here the water has a leading role in formation of the mud volcano: it discharges as a result of geo-
dynamic pressure upon the terrigenous-clayey bed, forming the substances (breccia) with the low-

Keywords: geophysics, mud
volcano, electrical sounding,
microelements, fracture,

3D model, gases

rocks.

part of the described volcano.

est density respectively the surrounded lithological differences. Breccia is under the great pres-
sures and tends to the day surface along the newly formed conduit, shaping a mud volcano.

The prevailing microcomponents in mud breccia are boron, mercury, manganese, barium,
strontium, lithium. Their content is several times over the bulk earth values for the sedimentary

Using the field data of the vertical electrical sounding on 9 geophysical lines in 19 physical

points within Lokbatan mud volcano, 3D models of the area of study had been compiled such as
complete, random section, along X, Y and Z axes, and the morphological structure of the ground

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

The geological features, mostly described in lit-
erature as “mud volcanoes” are distributed world-
wide. The main part of these natural objects is corre-
sponded to the oil-and-gas provinces, and their
number is assessed as 2500+ (Pammmos, 2017).

The phenomenon of mud volcanism itself repre-
sents a rise and emission of clayey masses (of differ-
ent consistence) and rock fragments to the day sur-
face that form the mud volcanic edifice (Anumer u
np., 2015). The driving-forces are mainly the hydro-
carbon gases and the rise occurs along the conduits.
But the issue of “triggering mechanism” is still open.
There are various hypotheses including the earth-
quakes, dislocations and even the drilling operations
(Sawolo et al., 2009; Zoporowski, Miller, 2009).

The study of mud volcanoes is closely related
with solution of various problematic theoretical and
practical issues in geology, geochemistry, geophys-
ics and some other natural sciences; definition of the
deep horizons structure and the physical-chemical
processes occurring there. For a total, it is necessary

to identify the role of the mud volcanoes in for-
mation of the petroleum system of the region as well
as the assessment of oil-and-gas content of the great
depths, etc. (Ammes u ap., 2015; Paxmanos, 1987).

As it was mentioned above, the area of the de-
scribed natural phenomenon is wide enough. There is a
clear regularity in mud volcanoes’ spatial distribution:
most of them have a development within the Alpine-
Himalayan (Mediterranean) and Pacific folded belts.

Besides it, the areas of mud volcanism develop-
ment are also corresponded to the zones of accretion-
ary prisms. The mud volcanism with non-accretional
conditions includes the areas of the Black Sea, the Al-
boran Sea, and the Gulf of Mexico (Louisianian coast)
(Amues u ap., 2015; Robertson, Kopf, 1998). The recent
investigations with application of up-to-date tools and
techniques allow identifying new volcanoes, especially
in those places that were not considered as the traditional
ones (e.g. Nile Delta) (Feseker et al., 2010). As a result,
the total number of world mud volcanoes grows.

The territory of the East Azerbaijan and the ad-
jacent water area of the South Caspian is character-
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ized by the most intensity of the mud volcanism
manifestation. This territory is the host for over 350
mud volcanoes (including 156 offshore) that occupy
the total area of 60,000 km?. It is well known that
the mud volcanoes are mainly developed in the
submontane and intermontane troughs where the
thick series of the terrigenous-clayey Cenozoic sed-
iments accumulate. Both East Azerbaijan and South
Caspian basin (including the territory of the SW
Turkmenistan) are the elements of the South Caspian
oil-and-gas bearing basin, which is also character-
ized by the thick (over 25 km) sedimentary series.

Unlike the other regions, in Azerbaijan and
the adjacent water area of the Caspian Sea the pre-
sent natural phenomenon can be observed in all of
its forms: acting, extinct, buried, island, subma-
rine, oil-seeping mud volcanoes. From a morpho-
logy point of view, there are cone-, dome-, ridge-
and plateau-like mud volcanoes. The craters can
be of conical, plane-convex, shield, deeply-seated
and caldera shape. About 40 mud volcanic mani-
festations are characterized by the abundant oil
seepage. According to a number of mud volca-
noes, their variety and activity this region is with-
out equal. Thus, Azerbaijan is deservingly consid-
ered as the “motherland of mud volcanoes” (Mar-
tinelli, Ferrari, 1991; Amue u ap., 2001; 2015;
Rashidov, 2014; Rashidov et al., 2019).

The major part of the mud volcanoes in Azer-
baijan make the mud volcanic groups both onshore
and the adjacent water area of the Caspian Sea (Ba-
ku archipelago, deep-water part of the Caspian Sea).
Onshore (Absheron peninsula, SW Gobustan and
Lower Kura region) there had been mapped over
220 mud volcanic structures, related with the anti-
clinal highs, tectonic faults, sometimes complicating
the large oil and gas fields.

The individual mud volcanoes in Azerbaijan can
reach 400-450 m in height with a crater field to 1000
m?; the total volume of the hard ejects during the
eruption can exceed hundred million cubic metres.

On theory of formation mechanism of the
mud volcanoes

In spite of more than two-hundred-year history
of study of the mud volcanoes in Azerbaijan, the
problem of inner structure as well as the formation
mechanism is still among the debatable issues
(Baghzendani et al., 2015; Evans, 2007; Evans et al.,
2008; Milkov, 2000; Zoporowski, Miller, 2009;
CamnamoB u 1p., 2019).

The discussion of the theory of the mud volca-
noes formation (origin) generated, as a rule, the vari-
ous schools of thought and the expressed hypotheses
consequently. Thus, some researchers like E.P.Shte-
ber, S.A.Kovalevski, V.A.Gorin, N.A.Kudryavtsev,
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P.N.Kropotkin, B.M.Valyaev,  Sh.F.Mekhtiyev,
S.D.Gemp, Z.A.Buniyat-zadeh, C.Wilson et al. de-
veloped the early-cited ideas of Hermann W.Abich.
The mentioned scientists held the theory of the endo-
genic, magmatic genesis of the mud volcanoes and
drew attention to the individual, sometimes hard-to-
explain features of the present phenomenon.

The tectonic explanation of the mud volcanism
phenomenon and geodynamics contribution in the
form of development of diapir folds, low-angle
thrusts or deep faults had been proposed by acade-
mician A.D.Arkhangelski and, partly M.I. Gubkin.
Further, it was supported by such geologists like
N.S.Shatski, M.M.Zhukov, E.V.Milanovski,
V.E.Ruzhentsev, S.Zuber, V.A.Gorin, S.F.Fedorov,
Z.A Buniyat-zadeh, V.G.Bondarchuk, A.L.Putka-
radze, Ch.A.Zeynalov, M.M.Sirika, N.Yu.Khalilov,
A.A Kerimov, A.N.Pilchin, L.N.Elanski, M.L.Kopp, etc.

The theory, elaborated by the petroleum geolo-
gists M.K.Kalinko, A.A.Yakubov, M.M.Zeynalov,
Z.A.Buniyat-zadeh, R.R.Rakhmanov, E.F.Shnukov,
et al. turned out to be the most popular. Based on the
earlier-cited opinions of V.N.Veber, K.P.Kalitski,
V.D.Golubtanikov, and M.I.Gubkin the present the-
ory connects the mud volcanism genesis with for-
mation and destruction of oil and gas fields. The ex-
tra pressure, that appears in the oil fields and pro-
motes the break of the mud volcanic breccia to the
day surface through the eruptive channels, is ex-
plained by the excessive pressure of the hydrocarbon
gases concentrated at the depths (Xomnomos, 2012).

Yusubov and Guliyev (2022) have proposed
quite new mechanism of the mud volcanism for-
mation, basically proved by the 3D seismic survey
outcomes. The following idea had been suggested: the
Maykopian clayey units exhibit properties of the non-
newtonian fluid and locate under the geological sys-
tem, consisting of the alternating beds of clays and
sands. Because of the Rayleigh-Taylor instability
(gravity instability) these units created the intrusions
in the overlying environment. As a result, the eruptive
channels of the mud volcanoes had formed. In other
words, the mud volcanism had been developed.

To our opinion, plenty of water discharges as a re-
sult of the lateral, vertical pressures, geodynamic and
geothermal processes in the terrigenous-clayey series.

The heated water, released as a result of the geo-
thermal process, dissolves and wets a part of the clayey
rocks, creating the new geological environments conse-
quently.

As a result of swelling, the wet part of the clayey
rocks decompacts and breaks the overlaying beds and
creates the discharge (eruptive) channels, and sometimes
the intermediate chambers at the definite depths. As a
result, the substance with lowest density relatively the
surrounding lithological varieties, is formed. The formed
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substance — breccia, is under the great pressure and gravi-
tate to the day surface along the newly-formed eruptive
channel. As a result the mud volcano is forming (Fig. 1).
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Fig. 1. Scheme of formation mechanism of the mud volcano

Besides it, Ad.A. Aliyev (Anmes, 2003) mentions
that the formation of mud volcanic breccia doesn’t
take place in the volcanic focus itself. The stepped,
somewhat stage-by-stage process of its formation is
proposed. The fluids move upward along the conduit
and the process finally ends at the definite depth,
close to the day surface. In the course of paroxysm of
eruption when pressure releases, the mud volcanic
breccia is portionwise ejected from the volcano vent,
filling the crater or flowing down the volcano slopes.

Geological setting

Lokbatan mud volcano (40°18'15.98"N;
49°42'32.61"E) stands out against the rest volcanoes
in Azerbaijan. It is the most active and has the clear
relation with oil-and-gas content of the structure
where it locates. Fig. 2 illustrates a placement of
Lokbatan mud volcano within Absheron peninsula.

The sediments of the Absheronian, Akchagilian
stages and the Productive Series (Upper and Middle
Pliocene) of the Cenozoic take part in the geological
structure of Lokbatan fold. These rocks expose as
the ridges in the volcano vicinity. The deep drilling
had reached the sediments underlying the Productive

Series — the Pontian (Lower Pliocene) and the Mio-
cene tops. Generally, the roots of the majority of
mud volcanoes in Azerbaijan are related with the
Cretaceous and Paleogene-Miocene sediments. But
towards the center of the South-Caspian depression
these sediments transform into younger Pliocene-
Quaternary sediments (SIky6os u ap., 1971).
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Fig. 2. The placement of Lokbatan mud volcano within Ab-
sheron peninsula

Tectonically, the mud volcano locates at the
crest of asymmetric anticline of latitudinal strike and
steep angles of dip at the south side (45-50°) and
gentle at the north ones (33-35°). The fold is com-
plicated by faults running in different ways respec-
tively the axis. There is a large displacement of the
overthrust type on its top.

The studied mud volcano represents a dome-shaped
rise with two humps on top and relative elevation of 86
m, the base 2.5 x 2.3 km and volcanic edifice volume
estimated as 98.76 million m®. Its cone is composed of
the mud breccia, formed as a result of the numerous
eruptions. The great number of fragments of various
rocks are scattered over the volcano vicinity. The volca-
no crater is represented by subsidence caldera and has an
oval shape of ~25 m across. The hard ejects from mud
volcano take the area of ~ 400 ha, the average thickness
of breccia cover is ~ 40 m, and to 150 m near the crater.
The most extended flows of breccia are traced westward
for ~700 m and have the width to 300 m (Pammimos,
2017). The hard ejects of Lokbatan mud volcano are
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corresponded to the Paleogene-Miocene complex and
represented by the sandstones, siltstones, clays, marls,
limestones and dolomites. The bitumen content is 0.03
to 0.8%, rarely exceeding the values of 1.56%. The in-
creased content (0.8-1.56%) is related with the bitumen
presence in non-scattered state but due to rocks enrich-
ment by the epigenetic bitumens accumulated here due
to their migration. The quantity varies 0.01 to 1.05%, in
rocks strongly saturated with oil the value reaches to
1.83% (SlkyGoB u ap., 1976).

According to chemical composition the gases
from Lokbatan mud volcano are hydrocarbonic; they
consist of methane (92%), heavy hydrocarbons
(~2%) and carbon dioxide (~2.5%). The volume of
gas emanated during the eruption in 1972 was about
9 million m°.

Among the rock-forming combinations, SiO»
(55.35%) and AlO; (15.51%) prevail in the chemi-
cal composition of the breccia (by field works in
2012), and a row of clarkes of concentration for mi-
croelements had the following expression:

cd As Cr Mo Cu,Zn
147729720 16 12
Ni Ba,Sr Rb,V Co,Pb,Ga
209”06 0.5 0.2

Parameters of the present row are corresponded
to the nearly all mud volcanoes of Absheron region.

The main morphological elements of the relief
of Lokbatan mud volcano are the breccia flows and
crater field, but the main destructive factors — the
physical and chemical erosion.

Observations for the great number of eruptions of
various mud volcanoes in Azerbaijan show that dif-
ference between them is mainly in frequency and in-
tensity of eruptions. But they are very similar in res-
pect to the external effect of paroxysm manifestation
and products of activity. It is clearly seen on the ex-
ample of Lokbatan mud volcano being one of the
most active (from viewpoint of eruption). Since 1829
till 2017 there had been recorded 25 eruptions, i.e.
one eruption every 7.5 year in an average. The stron-
gest eruptions with intensive eject of breccia, gas igni-
tion with further burning fire were observed in 1887,
1923, 1935, 1954, 2001, 2012 and 2017 (SIkyb6oB u
np., 1971; Aliyev et al., 2002; Partmzos, 2017).

The intensity of eruptions and closeness to the set-
tlements make this volcano quite easy to perform the
various geologic-geophysical studies. So, a month after
the eruption in September 20, 2012, the short-term
field works had been performed within Lokbatan mud
volcano (Figs. 3-5). Gas emissions were observed main-
ly in the north-western part of the crater field. In some
places there were newly-formed mud springs as well as
the fragments of mud volcanic breccia experienced the
thermal impact because of gas ignition (Fig. 6).

As it was mentioned above, Lokbatan mud volcano
locates within the oil-and-gas bearing structure of the
same name. It is quite important to point out that a gush-
er of oil had been obtained for the first time from the IV
horizon of the Productive Series (Middle Pliocene) in
1935, from well #45 located eastward of the crater. For
the less than 50 years ~ 30 million tons of oil and ~ 1
milliard m® of natural gas had been produced in Lok-
batan oil field for a total (SIky6oB u ap., 1971).

E

Fig. 3. Crater of Lokbatan mud volcano after eruption in September 20, 2012. The red arrows indicate the border of crater
subsidence after the event
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Fig. 4. Mud breccia flow cut the crater in the western direction. Two mountains locally called as “Baku ears” in the back ground
(on the left)

¥ mud flow of eruption 2012

Fig. 5. Fresh mud flows, overlying the previously erupted, eroded flows
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Methodology and technique of the field
works for Vertical Electrical Sounding in Lok-
batan mud volcano

The aims to carry out the geophysical studies
using the Vertical Electrical Sounding (VES) within
Lokbatan mud volcano were:

— the detail dissection of the geological section

to 200 m in depth;

— definition of the morphological structure of
the above-surface part of the mud volcano;

— definition of the proposed thickness of the
mud volcanic breccia and depth of occurrence
of the primary deposits top;

— definition of the inferred dislocations;

— definition of the inferred structure of the un-
derground part of the mud volcano.

The field works using EVS had been carried out
for the first time in 2018 around the volcanic vent
and the adjacent areas to solve the set tasks as well
as the detail study of the geological section.

The field geophysical activities using AMNB
quadripole had been performed in 9 geophysical
lines of total length of 3195 running metres and in
19 physical points. The observation points coordi-
nates had been defined using GPS (Fig. 7).

As it is known, the VES modern theory is based
on the Schlumberger mathematical model. It allows
calculating the apparent resistivity pk of the horizon-
tally layered medium depending upon the electrical
resistivity and thickness of the individual layers as
well as the sizes of the VES measuring equipment.

The usage of the mentioned model excludes the
possibility of the single-valued solution of the in-
verse problem — definitions on totality of the values
pk, obtained when measuring with different equip-
ment, as well as the depths of occurrence of horizon-
tal boundaries and electrical resistivity of individual
layers.
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Fig. 7. Scheme of geophysical lines near Lokbatan mud volca-
no: 1 — VES points; 2 — geophysical lines; 3 — inferred disloca-
tions revealed by VES data

The present aim can be generally reached by
compiling a new model, based on the introduction of
the following simplifying approximations regarding
the nature of current distribution in the horizontally
layered medium under electrodes’ distribution on the
day surface:

— the measured value pr describes the section
up to some depth H, entirely defined by correlation
between the dimensions (MN) and transmitting (4B)
lines; moreover, under MN<<AB the H value makes
AB/2 (actually MN should be not more than 0.1 AB);

— the value p. is defined only by the vertical
component of current density, i.e. represents some
kind of averaged electrical characteristics of the me-
dium in vertical direction, depending upon the elec-
trical resistivities p; of each layer; moreover, the
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“contribution” of every p; into the value pr depends
upon the thickness of the present layer /4;. The made
assumptions allow designing the following simple
equation that defines the relation between the values
(i, hi) of n—layer section and the value px:

p1hi+pzhy+---+pihy —
h1+h2+"'+hi

Pk = =1 hipi/Zi=1hi (1)
where Y./, h;, m = H;, m — the depth of occurrence
of the bottom of n—layer.

Since, according to assumption, the value H; is
completely defined by the relation between MN and
AB and, consequently, is the known one, the Equa-
tion (1) can be used to solve the inverse problem —
definition of parameters of the electrical model on
totality of values px, obtained under various dimen-
sions of the measuring equipment. Indeed, having a
set of the successive values pi and H; (i=1, 2, ... n),
one can consistently define /; and p;, i.e. the thick-
ness and resistivity of every layer.

So, for any i—layer

hi= Hr-Hy.jor hi = (AB/2)i — (AB/2)e1  (2)

Equation

AU

LPri = Kves* iMIZB (3)

was used to calculate the apparent resistivity o .
Equation (4) is used to define the electrical re-

sistivity of individual layers when p>p;.;
Pi= [pk,*(AB/Z)l - pki-l*(AB/Z)i_]] /
/ [(AB/2)i = (AB/2)1.1] 4)

but in case pi.;>pi Equation (5) was used:
pi = {[(4B/2)i — (AB/2)i1]* pua-1*pui |
! [pri-r*(AB/2)i —pii*(AB/2)1.1] 5)

The expressions (2), (3) and (4) are the basic
calculation equations within the proposed method of
defining the parameters of the electrical model by
VES data for equipment with MN<<4B.

As it follows from Equations (2), (4) and (5), the
usage of the proposed model provides the ability to
define the thickness and electrical resistivity of any
layer irrespective of the overlying series’ properties.

Taking into account the above-mentioned, as a re-
sult of carried out actual measurements by VES meth-
od the following dimensions of transmitting AB/2 and
receiving MN/2 lines had been accepted accordingly:
AB/2=1;2;3;4;5;6;7,8;9;10,10; 12,12; 14; 16; 18;
20; 22; 24,24; 26,26; 28; 30; 32; 34; 36,36; 38,38;
40,40; 42; 44; 46; 48; 50,50; 52; 54; 56; 58; 60; 63; 66;
69; 72,72; 75,75; 78; 81; 84; 87; 90,90; 93,93; 96; 99;

102; 105; 108; 111; 114; 117; 120; 125,125; 130,130;
135, 140; 145; 150; 155; 160; 165; 170; 175; 180; 185;
190; 195; 200, 200 and MN/2=0.3; 0.3; 0,3; 0.3; 0.3;
0.3; 0.3; 0.3; 0.3; 0.3;1; 0.3;1; 1; 1; 1; 1; 1; 1;2; 1;2; 2;
2525 2;2:3;2;3;2:3:3; 35 35 35 3555 355 55 55 55 55 55 5;
5551 T, T 779,79, 9:9:9,9; 9, 9,9, 9 9;
9;12; 9;12; 12; 12; 12; 12; 12; 12; 12; 12; 12; 12; 12;
12; 12; 12;15.

The electrical resistivity values of the individual
layers had been defined using the interpretation
technique provided in the guidelines for the use of
VES for the detailed dissection of the section in
solving geological and engineering-geological prob-
lems. The present recommendation is developed on
the new theory and based on the practical data ob-
tained in different regions of the former USSR (Ilo-
noB u 1p., 1990). The software Surfer 15, Corel-
DRAW X6 and ZOND were used to proceed the
field geophysical data.

The electrical operational equipment “OPA-
MAX” with operational frequency 4.88 Hz had been
used for the field measurements. The measuring sys-
tem is oriented northwest to southeast.

Outcomes and discussions

The vertical sections of the apparent resistivity
of the rocks (px) on 9 lines as well as 3D models of
sections by X, Y and Z axes of the plot area had
been compiled as a result of the carried out geophys-
ical studies by VES method.

The electrical models had been compiled by
electrical resistivity values (p,), which had been sub-
sequently transformed into the inferred lithologic-
geophysical sections (Fig. 8).

The results of the carried out field works al-
lowed stratifying the geological section up to 200 m
depth. It had been determined that pi of rocks with
different thickness, composing the geological envi-
ronment of the region of study, vary within 1-250,
and p, 1-300 Ohmxm.

Lithologically, on day surface these rocks are
composed of the thin clayey drifts and volcanic
breccia as well as the alternation of the thin layers of
sands and clays.

Following the compiled lithologic-geophysical
lines one can say that the volcano vent has approxi-
mately wavy shape and the chambers of the various
size had been formed at different levels. The electrical
resistivity (py) of the volcanic breccia, accumulated in
the vent, varies 1-300 Ohmxm. It is proposed that the
great (~ 200-300 Ohmxm) values of p, are related with
oil that penetrates into the volcano vent. This is indi-
rectly proved by the dark color and slight oil smell of
the volcanic breccia. The breccia thickness varies in the
range of 1 to 40 m (VES ##2, 9, 12, 13).
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Fig. 8. Vertical sections of the apparent resistivity (A) and lithologic-geophysical sections (b) along the lines C-C, B-B and E-E: 1 —
VES points and their numbers; 2 — electrical resistivity of the rocks; 3 — mud volcanic breccia; 4 — drifts; 5 — clays; 6 — alternation of
the thin layers of sands with clays; 7 — inferred dislocations revealed by geophysical survey data

Some inferred dislocations had been revealed; Following the compiled 3D models it is seen
they are probably related with activity of Lokbatan that the apparent resistivity of the rocks, composing
mud volcano. the geological section of the region of study, has

quite variable nature (Fig. 9).

a _mud volcano crater

o
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Fig. 9. 3D models of the territory of Lokbatan mud volcano (a) and the sections along the axes X (b), Y (c), Z (d)
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In spite of the fact that within the region of study
the geological section is generally composed of the
sedimentary rocks, the layers are mainly in underfor-
med state. But the upper part of the section is strongly
deformed due to volcano’s activity. Slightly deformed
dip of the layers is traced with increase of their occur-
rence depths; to our opinion it is quite regular.

Conclusion

Analysis of the geologic-geophysical data for
Lokbatan mud volcano allow drawing the following
basic conclusions:

— it had been discovered that breccia with the low-
est density respectively the surrounded litho-
logical differences tends to the day surface along
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IJIEKTPOTOMOI'PA®USA I'PA3ZEBOI'O BYJIKAHA JIOKBATAH:
BHYTPEHHEE CTPOEHUE 1 MEXAHU3M ®OPMHUPOBAHUS

CanamoB A.M., Mamenos B.A., Pamuaos T.M., 3amanoBa A.T'., l'aceiMoB 3.9.
Munucmepcmeo Hayku u Obpazosanus Asepbatioscanckou Pecnyonuxu,
Hnemumym eeonoeuu u eeopusuru, Azepbaiiodncan
AZ1143, 2. baky, npocn. I /]pcasuoa, 119: vmamed@rambler.ru

Pe3ztome. B nanHOl cTaThe pacCMaTPUBAIOTCS BOIIPOCHI TEHE3HCA, CTPOCHHS, TCOXUMUIECKHUX U TeO(HU3NIECKUX NCCIETOBAHNN B
paifoHe rpsi3eBoro BynkaHa JIokGaraH, pacHoNOKEHHOTO B IOTO-3allaHON 4acTh AOGIIepoHCKOro moiryoctpoBa (Aszepbaiipkan), n
OTIIMYAIOIIETOCS TOBBIICHHON IPSI3eBYIKaHMYECKOH aKTHBHOCTBIO0. Hapsiy ¢ paHee BBICKa3aHHBIMM HJIESIMU O IIporiecce GopMupo-
BaHUS TPsI3EBOr0 BYJIKaHA (MarMaTHyecKas, TeKTOHMYECKas, YIJIEBOIOPOJHAS U Ip.), aBTOpaMH ObLIa NpeyiokeHa cOOCTBEHHAs
runote3a. B Hell Begymas posib B GOPMUPOBAHUH IPSI3EBOTO BYJIKaHA OTBOJMTCS BOJIC, BBLICISIONICHCS B pe3ysbTaTe reoJHHaMUYe-
CKOTO JaBJIE€HMsI HA TEPPUI€HHO-TTIMHUCTYIO ToNy. [laHHas BOJa YBIaKHSET M HACBIILAET IIIMHUCTBIE TIOPOAbI, 0Opa3oBbIBast Cy0-
CTaHIIMU C HAUMEHBIIEH IIIOTHOCTBHIO OTHOCUTENBHO OKPY’KAIOMIMX JUTONOTHYECKHX PA3HOCTEH, TEM CaMbIM CO3/aBasi BHIXOIHBIE
KaHAJIBl U TIPOMEXYTOUHBIC KaMepbl Ha OMpeAeleHHBIX rimyOmHax. OOpa3zoBaBmasics cyOcTaHIUS — OpeKdns, HAXOISAIMIASCS IOJ
OOJIBIIINM IaBJICHUEM, TT0 HOBOOOPA30BaHHOMY 3PYNTHBHOMY KaHATy CTPEMHUTCS K BBIXOAY Ha JHEBHYIO TOBEPXHOCTD U B pe3yJIbTa-
Te (hOpMHUpYETCs TPS3EBOH BYJIKAH.

C y4eToM HOBOH I'MIIOTE3bl (JOPMHUPOBAHMS IPSI3EBOr0 ByJIKaHa OblIa NMPEATIOKEHa CXeMa MeXaHu3Ma (GOpMHUPOBAHHS IPSI3EBOT0O
BYJIKaHa C BBIJEJICHHEM NPOMEXYTOYHBIX KaMep HaKOIUICHHS TPS3eBYJIKaHHMYECKOW Opekunu. BhUIO BBIBIEHO, 4TO Hpeodianaro-
IIMMHA MHKDPORJIEMEHTaMH TPs3eBYJIKAHUYECKOH OpPEeKYMH SIBISIIOTCS OOp, PTyTh, MapraHel, Oapuii, CTPOHLMMN, JIUTHH U Op., colep-
JKaHHe KOTOPBIX B HECKOJIBKO Pa3 MPEBBIIIAET KIAPKOBbIE 3HAUEHHS ISl 0CaJOUHBIX Hopo/. Vcrosp3yst MaTepuasl MOJIeBbIX paboT
BEPTUKAIBHOTO JIEKTPUYECKOT0 30HANPOBaHUS 10 9 mpoduisiM Ha 19 pusndecknx Toukax B Ipefenax rpsa3eBoro Byikana JlokOa-
TaH, OpUIH MOCTpoeHHl 3D MOIEH IO UCCICAOBaHUs: MTOJHEIE, B IIPOU3BOJIBLHOM cpese, 1o ocsiM X, Y, Z, a Takke Mopdoio-
THYECKOTO CTPOCHHUS HAa3eMHOM 9acTH ONUCHIBAEMOTO BYJIKAHA.

Knrouesvie cnosa: ceogpusuxa, 2pazesoil 8ykam, 21eKmpopaseeoxd, MUKposnemenmsl, paspeis, 3D modens, 2azvi
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LOKBATAN PALCIQ VULKANININ ELEKTROTOMOQRAFIYASI:
DAXILi QURULUS VO FORMALASMA MEXANIZMi

Salamov A.M., Mommadov V.A., Rasidov T.M., Zamanova A.G.,.QaSImov E.E.
Azarbaycan Respublikast EIm va Tahsil Nazirliyi, Geologiya va Geofizika Institutu, Azarbaycan
AZI1143, Baki, pr. H.Cavid, 119: vmamed@rambler.ru

Xiilasa. Moqalodo Abseron yarimadasinin (Azarbaycan) conub-qorb hissasinds yerloson vo palgiq vulkanizminin aktivliyi ilo so-
ciyyslonan Lokbatan palgiq vulkani orazisinin genezisi, qurulusu, geokimyavi vo geofiziki mosolalori miizakirs olunur.

Pal¢1q vulkaninin emole gelmasi prosesi haqqinda avvaller sdylonilon (maqmatik, tektonik, karbohidrogen vas s.) fikirlorle yanasi
miiallifler 6z forziyyslerini ireli siirmiiglor.

Onlarin fikrinca palgiq vulkaninin amals galmasinds aparici rol geodinamik tozyiq noticasinda terrigen-gilli tobagolordon sixigdi-
rilib ¢ixarilan sular gilli siixurlart namlondirib doyuraraq, strafdaki litoloji farqlera nisbaton zaif sixliga malik oldugundan miisyyan
darinliklords ¢ixis kanallari vo ara kameralar yaradir. Osasan gilli siixurlardan tagkil olsunmus brekciya yiiksak tozyiqle yeni yaran-
mig plskiirmo kanali ils yer sothine ¢ixmaga meyillidir vo naticads palgiq vulkani formalagir.

Pal¢iq vulkaninin amosls golmasi ilo bagli yeni forziyyani nozars alaraq, oradaki brek¢iyalarmin toplanmasi ii¢iin araliq kamerala-
rin ayrilmasi ils pal¢iq vulkaninin amolo golmasi mexanizminin sxemi toklif edilmigdir.

Miioyyan edilmisdir ki, pal¢iq vulkan1 brekg¢iyalarinda iistiinliik togkil edon mikroelementlor bor, cive, mangan, barium, stronsi-
um, litium va s. olub onlarm miqdar1 ¢okma siixurlar {igiin klark adadindon bir ne¢o dofs yiiksokdir.

Lokbatan palgiq vulkani arazisinds 9 profil iizro 19 fiziki noqtads saquli elektrik zondlama islorinin materiallarindan istifads edi-
larak tadqiqat sahasinin tam, ixtiyari kesikls vo X, Y, Z oxlar1 boyunca, elaca do vulkanin yeriistii hissasinin morfoloji qurulusu 3D
modellari qurulmusdur.

Acar sozlor: geofizika, palgiq vulkan, elektrik kasfiyyati, mikroelementlor, fasilasizlik, 3D model, qazlar
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YCOBEPIIEHCTBOBAHME METOAMKN OIIPEAEAEHWSI
HEPTEHACBIIITEHHOCTU KOAAEKTOPOB
C IIOMOIIBIO DAEKTPUYECKOI'O KAPOTAXA

Kepumosa K.A.

Asepoaridxaricxuil [ocydapcmeentulii yHueepcumem Hepmu u npomotiiaernocmu, Asepbaidxan

AZ1010, 2.baxy, npocn. A3adaviz,20

METHODOLOGICAL IMPROVEMENT FOR DETERMINING THE OIL SATURATION
OF RESERVOIRS USING ELECTRICAL LOGGING

Karimova K.A.

Azerbaijan State Oil and Industry University, Azerbaijan

20, Azadlig ave.,Baku, AZ1010

Keywords: collector-layer,
lateral logging sounding,
lateral logging, resistivity of
the permeability zone, diame-
ter of the permeability zone,
true resistivity of the layers,
gradient probe

Summary. Evaluation of the productivity of collectors-layers is one of the important problems
that remain actual at all times. While evaluating the productivity of collectors-layers, a number of
geophysical production methods are used, one of which is lateral logging sounding and lateral log-
ging. As it is known, changes occurring in the layer are studied based on the interpretation of lat-
eral logging sounding. Referring to the changes occurring in the formation, we mean the occur-
rence of the permeability zone and the value of the resistivity in this zone (pzpro.) as well as the de-
termination of the diameter (D) of the permeability zone. Having found out the presence or ab-
sence of a permeability zone against layers-collectors over the study area based on the combined
use of lateral logging sounding and lateral logging methods, true resistivity of the layers that are
the zone of invasion, resistivity and diameter of the zone of penetration were determined. As a re-
sult, the productivity of these reservoirs was predicted. At the same time, 2D and 3D models of
distribution of values of true resistivity are the invasion zone, resistivity values and diameter of the
invasion zone on the well sections of Kapaz and Chirag structures were plotted. The sedimentary
series of the Fasila and Upper Kirmaki sandy suites were chosen as an object of study on sections

of wells drilled in the Chirag and Kapaz structures of the South Caspian basin.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

BBeaenue

OrneHka MpON3BOAUTEIHHOCTH TUIACTOB-KOJLIEK-
TOPOB SABJSETCS OJHOW M3 BaXKHBIX MPOOJIEM, coxpa-
HSIIOIUX CBOIO aKTyaJbHOCTh Ha PA3IMYHBIX dTamax
SKCIUTyaTalu HedTera3oBblX CKBakuH. [Ipu oreH-
K€ TIPOIYKTUBHOCTH IUTACTOB-KOJIEKTOPOB HCIIOJb-
3yeTCs PSJl MPOMBICIOBO-TEO(PU3NICCKUX METO/IOB,
OJTHUMU M3 KOTOPBIX SIBIISIOTCS OOKOBOE KapOTa-
Hoe 3oHanpoBanue (bK3) n 6okoBoii kaporax (bK)
(Mommadov, ismayilov, 2007; Mommadov, 2010).

Kax usBectno, cymuocts Metona BK3 cocrout
B MPOBEIEHUN MU3MEPUTENBHBIX PabOT B OTIOKEHH-
X TIPOXYKTUBHON TOJIIM B pa3pe3e CKBAKHUHBI C
HCTOJIb30BAHUEM OJHOTHUITHBIX 30HJOB Pa3IMYHON
mHbl. [lo pesynbprataMm WU3MEpEeHUH HUCCIEAYIOTCS
WCTUHHOE YACIBHOE CONMPOTHBIICHUE INIACTa U M3-
MEHEHUsI, TIpoucxose B camoM tuiacte (JoOpsI-
HuH, 1988).

60

T'oBopst 00 M3MEHEHHAX, TPOUCXOISAIINX B IJIa-
CTe, UMEETCsl B BUIy BOSHUKHOBEHHE 30HBI IPOHU-
[[aeMOCTH W 3HAYEHUE yJICIILHOTO CONPOTUBIICHUS B
JTAHHON 30HE€ (Psnpo.), @ TAKXKE OMNpEJENIEHUE Tua-
Mmetpa (D) 30HbI npoHuaeMoctu. llpu npumeneHnn
Meroga bK3 00BMHO HCMONB3YIOTCA S5 TpaaueHT-
30HJI0B pa3/IMYHOM JUIMHBL. J[IMHA rpajgueHT-30HAa
CaMOro MEHBLIEro pa3Mepa OnM3Ka K 3HAYEHHIO
JUaMeTpa CKBaXKHMHBI, JUIMHA XK€ CaMOro OOJIBIIOro
rpamueHT-30H1a qocturaet 8 M (Pasayev, 2010).

MeToabl uccie10BaHM I

B crathe paccMOTpeHBI BOIIPOCH! OIIEHKH MpO-
M3BOJIUTEIBHOCTH IJIACTOB-KOJUIEKTOPOB C HCIOJb-
30BaHUEM METOJIOB OOKOBOTO KapOTaKHOTO 30H/IH-
posanus (bK3) m 6oxoBoro kaporaxa (bK).

B kauectBe 00beKTa MCCIEAOBAaHUS OBUIA BbI-
Opanbl ocanounbie cepun cButhl Gacuns (Ilepepsi-
Ba) n Haaxmpmakuackoit necuanoii (HKII) mo pas-



K.A.Karimova /| ANAS Transactions, Earth Sciences 1 /2023, 60-69; DOI: 10.33677/ggianas20230100094

pe3aM CKBaXMH, MNPOOYpEHHBIX Ha CTPYKTypax
Yupar u Kansz FOxno-Kacnuiickoro 6acceiina. Hc-
cieioBaTenbcKasi paboTa OblIa MPOBEeHa HAa OCHO-
BE T€OPHU3MUYECKHX XaPaKTEPUCTHK, MOJYYCHHBIX B
paspese ckBaxuH Ne 3 u Ne 5 Ha cTpyktype Koz u
ckBaXuHBI Ne 4 Ha cTpykType Ympar, pacmnonoxen-
HeIX B AOmepoH-IIpubanxaHckoll TEKTOHUYECKOH
30He (puc. 1).

Ilo xapoTa)kHBIM AuarpamMmam, IOJIy4EHHBIM
Mo 00BEKTY HCCleOBaHUs OBLIM BBIJEICHBI IJa-

cThel-KoyuiekTopa 1o ceutam ®dacung u Haaxupma-
kuHckas rmecuanas (HKII). [To xpuBbM compoTus-
JIGHUSI W KaBepHOTpaMMaM, MOJIYyYEHHBIX C HC-
nojp3oBanueM mnpuMeneHus 30HA0B A0.4MO.1N;
A1.0MO.IN; A2.0M0.5N; A4.0M0.5N; A8.OM1.0N,
B HCCIIEyEeMBIX IUIACTaX OBLIN OINpeaeiieHbl 3Ha-
YEeHUSI KaXKYIIETrocs YIEIbHOTO COMPOTHUBICHUS U
IraMeTp CKBaXWHEI. [loirydeHHbIe 3HaUYCHUS TPH-
BeneHbl B Ta0n. 1-3.

Puc. 1. O630pHas cxema pacrnonoxenus ctpykryp FOKB

Tabnuuya 1

3HaveHNs yJeIbHOTO CONPOTHUBIICHHUS IJIACTA, ONPEACICHHOTO M0 IUarpaMmam, MoJTy4eHHbIM
C IPUMEHEHHNEM 30HI0B Pa3INIHOM JUTMHEI B pa3pese ckBaxuHbI Ne3 no cButam Dacuist (3623-3628 M) n
Hapxupmakunckas necaanas (HKIT) (3928-3932 m) no ctpykrype Koz

KapoTaxHbie 30HIBI A0.4M0.1N A1.0M0.1N A2.0M0.5N A4.0M0.5N A8.0M1.0N
Janna 3ouaa, AO,M 0.45 1.05 2.25 4.25 8.5
OnTuMajabHOe 3HAYEeHUe
Y1eJIbHOTO CONMPOTHUBJIE- 3.5 8 10 6 4.8
Husi, Om*m (3623-3628)

OnrumajibHOe 3HAYeHne
Y1eJIbHOTO CONMPOTHUBJIE- 1.9 4.6 7.2 4.14 33
Hust, Om*m (3928-3932)
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Tabauya 2

3HaveHHs yJIeIbHOTO CONPOTHUBIICHNUS IJIACTA, ONPEICISHHOTO 10 TUarpaMMam, MoJTy4IeHHBIM
C IPUMECHEHUEM 30H/I0B Pa3IMYHON JJIMHEI B pa3pese CKBaXUHBI Ne5 o ceutam Pacuis (3617-3622 M)
Hapxupmakunckas necaanas (HKIT) (3942-3945 m) no ctpykrype Koz

Kapora:xHbie 30HABI A0.4M0.1N A1.0MO.1IN A2.0M0.5N A4.0M0.5N A8.0M1.0N
Jlnuna 3oupa, AO,m 0.45 1.05 2.25 4.25 8.5
OnTuMaabHOE 3HAYEHHE
Y1eJbHOI'0 CONPOTUBIIE- 2.3 4.5 6 4 2.5
Hus, Om*Mm (3617-3622)

OnTuMajibHOe 3HAa4YeHue
YA€JIBHOI'0 COIPOTUBIIE- 1.04 2.6 3.9 23 1.5
Husi, Om*m (3942-3945)

[To 3HaYeHUsIM YAETHHOTO COMPOTHUBICHUS, YKa-
3aHHBIM B TaOJI. 1, C MCHOJIL30BaHUEM OIPEJICIICHHON
METOJIMKH JJIST KaKIOTO BBIIEICHHOTO IIacTa CBUTHI
®Dacnst (3623-3628 m) u ceutsl HKIT (3928-3932 M) B
paspe3e CKBaKMHBI 3, MPOOYpeHHOW Ha CTPYKType
Ksrsaz 6pumn ocTpoeHs! daxtudeckre kpusble bK3
(puc. 2a, 2b). Ha ocHOBe 3HaueHHs UaMeTpa CKBAXKU-

HBI, OIPEICIICHHOTO TI0 KaBEPHOTPaMME HCCIIETyEMBIX
TUIACTOB W YIENBHOMY COIPOTHBJICHHIO TJIMHUCTOTO
pacTBOpa, UCIONB3YyEeMOro IMpU OYpEeHHH CKBAKHHBI,
OBUTM OTMEUCHBI COOTBETCTBYIOIINE TOYKH Ha PHC. 24,
2b). YaensHOe COTPOTHBIICHHE TITHHUCTOTO PAacTBOPA,
HCIIONB3yEeMOro Tpy OYpeHHH CKBaKWUHBI OBLIO OIle-
HEHO KaK Ppacrs= 0.6 OM*M.

Taonuya 3

3HaveHHs yJIeIbHOTO CONPOTHUBIICHNUS IJIACTA, ONPEACISHHOTO 10 TUarpaMMam, MoJTy9IeHHBIM
C IPUMCHEHUEM 30H/IOB Pa3IMYHOHN IJIHHEI B pa3pese CkBaXUHBI Ne 4 o cButam @acwist (2905-2915 m) u
Hanxupmaknackas nmecyanas (HKIT) (3372-3376 m) o cTpykType Yupar

KapoTaxxHbie 30HAbI A0.4M0O.1N A1.0MO0.1N A2.0M0.5N A4.0M0.5N A8.0M1.0N
Jauna 30112, AO,M 0.45 1.05 2.25 4.25 8.5
OnTuMajibHOe 3Ha4YeHue
YA€JBbHOI'0 COIPOTUBIIE- 6 17 32 15 6.5
Husi, Om*m (2905-2915)

OnTuMajbHOe 3Ha4YeHue
yAeJbHOI0 CONPOTHBJIe- 4 12 19 9.5 5
Hust, Om*m (3372-3376)
fol
/pmah 1
f 1 1 AOQ
0.1 1 10 /d

Puc. 2a. ®axtuyeckas kpuBas bK3, nocrpoennas no csure ®acuis (3623-3628 M) B paszpese ckBaxxuHbl Ne3 cTpykTyps! Kz
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P
/ Pmah

[ary
D

0.1

A0
1 10 /d

Puc. 2b. ®axrnueckas kpuBas bK3, noctpoennas mo ceure HKII (3928-3932 M) B paspese

ckBaXUHBI No3 cTpyKTypbl Kamss

[Ipu cpaBHEHHMH TIOCTPOCHHOH (haKTHUIECKOU
kpuBoit BK3 ¢ teopetnueckumu kpuBbiMu BK3, ObI-
JIO BBISIBIICHO HAJM4YWE 30HBI NMPOHHLIAEMOCTH B HC-
CJIeyeMbIX IIIaCTaxX U OBbUIM ONPEAEIEeHbl HCTHHHOE
yAeIbHOE COMPOTHUBIEHUE TIACTOB, CONMPOTUBIICHNE
30HBI IPOHUIIAEMOCTH M UAMETP 30HBI NIPOHULIAE-
moctu (Mammadov, Ismayilov, 2003). TTonyuennsie
pe3ynbTaThl IPUBEICHBI B TabnuIe 4.

B pesynbrare cpaBHUTENBHOTO aHaW3a OBLIO
BBISIBJICHO, YTO B TITyOMHHOM WHTepBajie 3623-3628
M cBUTHl Dacwisd B pa3pese CKBaXHHBI Ne 3 cTpyK-
Typsl Kdmsa3 nmpucyTcTByeT 30Ha MPOHUIAEMOCTH B

5-TM METPOBOM IIACT€ W JUAMETP JAHHON 30HBI
0.86 M; ynenbHOE CONMPOTUBICHUE 30HBI IIPOHUIIALS-
MOCTH oOIleHMBaeTcs kak 9 Owm*Mm, a wucTtuHHOE
yIeIbHOE COMPOTHRIICHHE IacTa Kak 12 OM™* M.

B ananmornuyHom nopsiake, npruHUMAas BO BHUMa-
HHUE 3HA4YeHUs, NpUBEACHHBIE B Tabn. 2, ObUIM IO-
ctpoensl (aktndeckue KpuBble bK3 mist mmacTos-
KOJUIEKTOPOB, PACIIONIOKEHHBIX B pa3pe3e CKBaKUHBI
Ne 5 B rmyOunHOM mHTepBane 3617-3622 M CBUTHI
®Dacwis v r1yOMHHOM HMHTEepBane 3942-3945 M cBu-
161 HKII, a Taroke ompeneneHsl TOYKH KpecTooOpas-
HocTH (puc. 2c, 2d).

Taonuua 4

PesynbraTsl, momyueHHsle ¢ npuMeHeHneM Metona BK3 B paspese ckBaxkunsl Ne 3, mpoOypeHHOi Ha cTpykType Ksrss

TayouHHbIH MoumHocTh dexes, % Pna. Ds.upo.,
Ps.upo. , OM*m %

HHTEPBAJ, M miacra, M M OM*M M
3623-3628 5 0.215 9 12 0.86
3928-3932 4 0.205 12 39 0.82

p/pmah
‘ 1 | A0
0.1 1 10 /a

Puc. 2¢. ®axrnueckas kpusast bK3, moctpoennas o ceure @acuist (3617-3622 m) B paspese
ckBa)XuHBI No5, mpoOypeHHOit Ha cTpykType Ksrmsas
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Puc. 2d. dakxrnueckas kpusas bK3, moctpoennas mo ceute HKII (3942-3945 m) B pa3pese
ckBa)XuHBI No5, mpoOypeHHOit Ha cTpykType Kz

[Ipu cpaBHeHHH ¢akTHdecknx KpuBHIX bK3 ¢
TaKOBBIMU TCOPCTUYCCKUMH 6[)1)'[ JaH HOPOTHO3 II0
MPOAYKTHUBHOCTH HCCIEeqyeMbIX Mm1acToB. Ha ocHOBe
CPaBHEHHUSI KPUBBIX, OBUIO BBISBICHO HAIWYHE 30HBI
MNPOHUIIAEMOCTHU B HMCCIICAYEMBIX ILIaCTax H 6BIJ'II/I
oTIpefeNieHbl: UCTUHHOE YAEIbHOE CONPOTHBIICHHE
IUTACTOB, YACTbHOE COMPOTHBIICHUE U TUAMET]P 30HBI
npornmaemoct (Korimova, 2014). IlomydeHHbie
pe3ybTaThl IPUBEIEHBI B TA0M. 5.

B craTtbe Taxxke ObLI aH MPOTHO3 MIPOAYKTHB-
HOCTH TIJIACTOB-KOJUIEKTOPOB, BBIZCIECHHBIX B pa3pe-
3¢ CkBaXMHBI Ne 4, mpoOypeHHOW Ha CTPYKType
Uwmpar. C ncnonbp3oBaHueM Tabi.3 OblIa MOCTpOEHa
¢daxTrueckas kpuBas BK3 mo riyOuHHOMY HHTEp-
Bay 2905-2915 m cButbl Qacung u riyOHMHHOMY
untepBany 3372-3376 m ceutel HKII B paspese
ckBaXuHBI Ynpar 4 u OblIa onpeaesieHa TOUka Kpe-
croobpasHoctu (puc. 2¢,2f).

Tabnuua 5

PesynbraTsl, momydeHnsle ¢ npuMeHeHneM Metona bBK3 B paspese ckBaxkuasl Ne 5, mpoOypeHHOi Ha cTpykType Ksrss

IayonaHbIH MomHocTh dexs, % Pu. Ds.ipo.,
Ps.upo. , Om*m %

UHTEPBAJI, M J1acTa, M M OmM*M M
3617-3622 5 0.34 6 29 0.68
3942-3945 3 0.285 9 1.9 0.114

p
/pmah tan
\ 1 A0
0.1 10 /d

Puc. 2e. ®axruueckas kpuast bK3, nmoctpoennas amst cButsl Pacwis no uaTepBary 2905-2915 M paspesa

ckBa)XUHBI No 4 cTpyKTypbl Ynpar
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el
/Pmak 100
0.1 1

Te)
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Puc. 2f. ®akrnueckas kpusas bK3, moctpoennas s cutet HKII mo maTepBamy 3372-3376 m

B pa3pese CKBaXKUHBI Ne 4 cTpykTyps! Unpar

Pe3yabTaThl Heceq0BaHUI M UX 00CyKIeHHe

Ha ocHoBe cpaBHeHMsI JaHHON (aKTUUECKOH KpH-
Boit BK3 ¢ TakoBoii TeopeTHyecKoii ObLI 1aH IPOTHO3.
CpaBHUTENBHBIN aHAINM3 MO3BOJIMI YTBEP)KAATh, YTO B
9TUX IUIACTAX €CTh 30HA IIPOHUIAEMOCTHU. Pe3yibraThl
OIpENIENICHUs JUAMETpa U YAEIBHOIO COIPOTUBJICHUS
30HBI IPOHUIIAEMOCTH, & TAKXKE, AICTUHHOT'O yJEIBHOIO
CONPOTHBIICHNS JaHHOTO TIACTa PHUBE/ICHBI B Ta0. 6.

ITo ruromaayu uccaenoBaHUs OBUTH ITOCTPOEHBI

2D u 3D mozgenu n3MeHeHUs yIeTbHOTO COPOTHB-
NeHUsI (Psnpo.) 30H MPOBOAMMOCTH, BBISIBJICHHBIX B
ceutax @acunsa u HKII, uctuaHOrO yaemapHOro co-
MPOTUBJICHHA TIacTa (puy.) ¥ auametpa (D) 30HBI
MPOBOIUMOCTH (pHcC. 3-8).

Boim onpesenensl 3HaueHUS KO3 PHIEHTa BO-
noHaceieHHocty (K;) n Hedre-razoHackIieHHOCTH
mracToB 1o maHHeM bK 1o paspesy ckBaxkuabr No 3,
npoOypeHHo#t Ha cTpykType Ksrss (Tad. 5).

Taonuua 6
Pesynbratsl, momydeHnslie ¢ npuMereHneM Metona BK3 B paspese ckBakuabr Ne 4,
mpoOypeHHO! Ha CTpyKType Ynpar
ayouHHBIH MomHocTh dexs, % P D:.upo.,
ps.npo.,OM M %
HHTEpPBaJ, M njiacra, M M Om*m M
2905-2915 10 0.315 5 6.5 0.124
3372-3376 4 0.310 12 6 0.248

Mk

[

I I VI O S ST O S O
NBOo NeRO@

Puc. 3. 2D u 3D Monenu MCTUHHOTO YAEJIBHOTO COIPOTHBIICHHMS IUIACTOB, BHIJCICHHBIX B
cBute ®acuis B paspesax ckBakuH Kamnas 3, Ksnas 5 u Uupar 4
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Kapaz 5

Puc. 4. 2D u 3D Monenu HCTHHHOTO YAEIBHOTO COMPOTHBIICHUS IUIACTOB, BBIICICHHBIX B
ceute HKII B pa3zpesax ckBaxun Ksnas 3, Ksrsz 5 u Yupar 4

1 1 1 1 'l 1 Il 1 1 L Kapaz 5
14 \ \ \Ka az w .
12 = % = -
10+ =
C‘,hs';fq =
2412 14 16 18 20 22 24 26 28 30 32

Puc. 5. 2D u 3D mMozpenu yaensHOrO COMPOTHBICHUS 30HBI IIPOBOJMMOCTH B IJIacTax CBUTHI Dacuiisl, BbIACIEHHbBIX
B paspesax ckBaxxuH K3 3, Kamsaz 5 u Yupar 4
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Kapaz 5

T T
1 22 14 16 18 20 22 24 26 28 30 32

Puc. 6. 2D u 3D mozmenu yaensHOTO CONMPOTUBIICHUS 30HBI MPOBOJUMOCTH B IUIACTaxX
ceutsl HKII, BeimeneHHsIx B pa3pesax ckBaxuH Kamss 3, Koz 5 u Uupar 4

. . . . . . . . . Kapaz 5
N \
wd \ \ gﬁ
) %
12 . & Ii
10 I
Chiq i
1249 14 15 18 20 22 24 26 28 30 32

S e w00 00 00 0000 (0 L0 D LD LD b b b sk o ki ko
Nhn® Naoo NAaRPEROD=-u4N

Puc. 7. 2D u 3D mozpenu auameTpa 30HBI MPOHHLIAEMOCTH B IUIacTax CBUTH Dacuis,
BBIJICTICHHBIX B pa3pe3ax ckBakuH Ksirss 3, Koz 5 u Yupar 4

MbhHo fdamo A
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Puc. 8. 2D u 3D moznenu nuamerpa 30HBI IPOHUIIAEMOCTH B IutacTax cBUTHl «HKID»,
BBIJICJICHHBIX B pa3pe3ax ckBakuH K3 3, Ksnsas 5 u Yupar 4

Taonuua 5
MomHocTh Puna., Pe.a., Kur, K,
Wntepsan rayoun, m miacra, M OM*M OmM*M Q % %
3615-3628 13 15.1 12.5 1.25 83 17
3662-3664 2 20 5.5 3.6 41 59
3671-3672 1 16.6 13 1.27 81 19
3658-3661 3 19 13 1.5 72 28
BbIBO/IbI CBIIIICHHOCTH IIJIACTOB, U M3 O-TH HCCIIETOBAHHBIX

Ha ocHOBe COBMECTHOTO MPUMEHEHHS METOJIOB
OokoBoro kapotaxkHoro 3ouauposanus (bK3) u 6oko-
Boro kapotaxa (bK) Obu1o onpeneneHo Hanmume 30HbI
MPOHMIIAEMOCTH TPOTHB IUIACTa-KOJUIEKTOpa. bpumn
OTIpEeNIeNICHb: HCTUHHOE YJENbHOE COMNPOTHUBIICHUE
IUIACTOB COZCPXKAIIMX 30HBI MPOHUIIAEMOCTH, y/ICIb-
HOE COIPOTHBIICHHE U JIMAMETP 30HBI MPOHHUIAEMOCTH,
1 OBUT JJaH MPOTHO3 TPOTYKTUBHOCTH THX IIIACTOB.

OZ[HOBpeMeHHO C IPUMCHCHHUEM JJaHHBIX 6OKO-
BOTO KapoTaka ObLia IPOBE/CHA OICHKa He(TeHa-

68

KOJIJIEKTOPCKUX IUIacTOB 4 OLIEHMBAIOTCS KaK BOZO-
HaCBhIIICHHBIC, a 2 miacra — Kak He(bTeHaCBIIIIeHHI)Ie.

B pamkax naHHOW HMCCIeqOBaTENbCKONH padOTHI
ObUTH Taxoke mocTpoensl 2D u 3D mopenu pacripe-
JIeNIeHUs] 3HAYEHUH HCTUHHOIO YJEJIBHOIO COIpO-
TUBJIEHUS TJIACTOB, YJEJIBHOTO COMPOTHUBIEHUS 30-
HBI IPOHHUIIAEMOCTH U AMAMETPA 30HBI IPOHHUILIAEMO-
CTH 110 Pa3pe3aM CKBa)KUH, IPOOYPEHHBIX HA CTPYK-
typax Ksnsz u Uupar.
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YCOBEPHIEHCTBOBAHHME METO/JUMKH OITPEJAEJEHUSA HE@TEHACBILIEHHOCTHU KOJUIEKTOPOB
C IOMOHBIO JIEKTPUHYECKOTI'O KAPOTAXKA

Kepumona K.A.
Azepbaiiodcanckuil 20cy0apcmeentvlll yHugepcumem Hepmu u npomvluiieHHocmu, Azepbatiodxcan
AZ1010, e.Baxy, IIpocn.A3zaonvie, 20

Pe3tome. OueHka IPOU3BOANTEIFHOCTH [UIACTOB-KOJUIEKTOPOB SIBIISIETCST OJJHOW M3 BaXKHBIX MPOOJIEM, COXPAHSIOLIMX CBOIO aK-
TyaJIbHOCTb BO Bce BpeMeHa. [Ipy OlLieHKe MPOAYKTHBHOCTH IUIACTOB-KOJUIEKTOPOB MCIIONB3YETCS Psifl IPOMBICIOBO-TEO()U3MIECKUX
METOJ0B, OJHUMH U3 KOTOPBIX ABJIAIOTCSA OOKOBOE KapOTaXKHOE 30HAUPOBAHNE U OOKOBOM KapoTax.

B cratse GbUTH pacCMOTPEHBI BOMPOCH! OLEHKH IPOM3BOANUTENFHOCTH IIIACTOB-KOJUIEKTOPOB C MCIOJIB30BAHUEM METOJ0B OOKO-
BOTO KapOTaKHOTO 30HMPOBAHMS 1 OOKOBOTO KapoTaXKa.

T'oBopst 06 N3MEHEHUSX, IPOUCXOASIINX B IUIACTE, UMEETCS B BUy BO3HUKHOBEHHE 30HBI IIPOHUI[AEMOCTH U 3HAYEHHE YAEIbHO-
IO CONPOTHUBJICHHUS B JAHHOMU 30HE (.Ps.mpo.), @ TAKKE oInpesencHue auaMerpa (D) 30HbI IPOHULIAEMOCTH.

BoricHuB Hanuuue WiK OTCYTCTBHUE 30HBI IPOHUIIAEMOCTH IIPOTUB IJIACTOB-KOJUIEKTOPOB 110 ILUIOLIAN UCCIICA0BAHUSA Ha OCHOBE
COBMECTHOT'O IIPUMEHEHHSI METOIO0B OOKOBOrO KapOTa)KHOTO 30HIMPOBAHHS W OOKOBOIrO KapoTaxka, ObUIM OIpeesIeHbl UCTHHHBIC
yZeNbHbIE COIPOTUBIICHHS IIJIACTOB, SIBJIAIOIIMXCSA 30HOH NPOHUKHOBEHUS, YAEIbHOE COIPOTUBIICHUE U JUAMETP 30HbI IPOHUKHOBE-
Hus. B pesynbrare ObUT AaH MPOTHO3 MPOAYKTUBHOCTH 3TUX IIAcToB. B To ke Bpems Obian noctpoens! 2D u 3D monenu pacnpene-
JICHUSI 3HAUCHUI NCTUHHBIX yJETbHBIX CONPOTHBICHHH IIACTOB, SBIISIONINXCS 30HON MPOHUKHOBEHUS, YAEIBHBIX CONPOTUBICHUI 1
JraMeTpa 30HbI IPOHUKHOBEHUS IO pa3pe3y CKBaXXUH CTpyKTyp Ksams3 n Unpar.

B xagecTBe 00BeKTa HccenoBaHMs OBIIH BEIOpaHb! ocanounsle cepun cBuUTH Pacuis (IlepepriBa) m Hankupmakuuckoi necya-
Hott (HKII) no pa3pes3am ckBakuH, mpoOypeHHBIX Ha cTpykTypax Yupar n Kamsas IOxno-Kacnuiickoro 6acceiina.

HccnenoBarenbckas pabora ObuIa IpoBe/ieHAa HA OCHOBE TeO(M3NIECKUX XapaKTEePUCTHK, MOITYyYeHHBIX B pa3pe3e cKkBaxxuH Ne 3
u Ne 5 na crpykrype Ksnsz u ckBaxkunbsl Ne 4, npoOypeHHo#t Ha cTpykType Hupar, pacnonosxxeHHbIX B AGmepoH-IIpubanxanckoit
TEKTOHUUYECKOM 30HE.

Kniouesvle cnosa: nnacm-xonnekmop, 60K08oe KapomagicHoe 30HOUuposatie, 6OK0BOU Kapomaic, y0enbHoe COnpomueieHue 30-
Hbl NPOHUYAeMOCmuy, ouamemp 30Hbl NPOHUYAEMOCIU, UCTHUHHOE YOellbHOe CONpomueaeHue niacma, 2paoueHm-30H0

KOLLEKTORLARIN NEFT DOYUMLULUGUNUN ELEKTRIK KAROTAJI USULU iL9 PROQNOZ EDILMOSi

Korimova K.9.
Azarbaycan Doviat Neft va Sonaye Universiteti, Azarbaycan
AZ1010,Baki sah.,Azadliq prosp., 20

Xiilasa. Kollektor laylarin mohsuldarliginin qiymaetlondirilmasi hor zaman aktualligim1 qoruyub saxlayan vacib mosololordondir.
Kollektorlarin mohsuldarligimin qiymstlondirilmasinds bir sira modon geofiziki {isullardan istifads edilir ki, bu tisullardan biri do
elektrik karotajinin yan karotaji zondlamas1 vo yan karotaji isuludur.

Maoqalads yan karotaj zondlamasi ve yan karotaj1 iisullarindan istifade etmoklo kollektor laylarin mohsuldarliginin qiymeatlondi-
rilmasi masalasina baxilmigdir.

Malum oldugu kimi yan karotaji zondlamas1 malumatlarinin interpretasiyasinin naticasine gora layda bag veran dayisikliklar 6y-
ronilir. Layda bas veran doyisikliklor dedikds kegirmo zonasiin yaranmasi vo bu zonanin xiisusi miiqavimati (£yz), eloco do kegirmo
zonasinin diamterinin (D) toyini nozardas tutulur.

Yan karotaj zondlamas1 vo Yan karotaji tisullarinin birgs totbigino asason todqiqat sahasi iizra kollektor lay garsisinda kegirma
zonasinin olub olmamasi miiayyan edilarak, kegirma zonast olan laylarin haqiqi xiisusi miiqavimati, kegirma zonasinin xiisusi miiqa-
vimati, kegirma zonasmin diametri toyin edilorok homin laylarin mohsuldarligi prognoz edilmisdir. Eyni zamanda kegirma zonasi
olan laylarin hoqiqi xiisusi miiqavimatinin, ke¢irmo zonasmin xiisusi miiqavimatinin, ke¢irma zonasinin diametrinin qiymstlorinin
Kopaz va Ciraq strukturlarinin  quyu kasiliglori izra paylanmasinin 2D vo 3D modellori qurulmusdur.

Tadgiqat obyekti kimi Conubi Xozor ¢okokliyinin Ciraq vo Kopoz strukturlarinin quyu kasilislori tizre “Fasile” vo “Qirmakitiistii
qumlu (QUQ)” lay dastelari gdtiiriilmiisdiir. Todgiqat isi Abseron Balxanyam tektonik zonasindan gétiiriilmiis Kopaz strukturunun 3,
5 sayl1 va Ciraq strukturunun 4 sayli quyu kasiliglarinin geofiziki xarakteristiklar1 osasinda apartlmigdir.

Agar sozlar: kollektor laylar, yan karotaj zondlamasi, yan karotaji, kegirma zonasinin xtisusi miiqavimoti, kegirma zonasinin dia-
metri, layin haqiqi xiisusi miigavimati, gradiyent zond
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Summary. The Gadabay intrusion complex which is located within the Lok-Garabakh struc-
tural-formation zone of the Lesser Caucasus is formed in two magmatic phases — gabbroid and
granitic. Quartz diorites as the second phase are the most widespread rocks of the intrusion com-
plex. Alkaline rocks such as monzodiorites and monzonites with limited distribution in the region
are considered as a branch of the second phase. However, the results of ilmenite-titanomagnetite
geothermometry show equal and higher crystallization temperatures of these alkaline rocks. De-
spite the detailed petrographic and field studies, the source of magmatic melts that formed the in-
trusion is not deeply studied. And trace element composition of rocks of Gadabay intrusion com-
plex is worth to be investigated. Furthermore, distribution of trace elements in certain minerals can
also be considered as a valuable information source. Distribution of Fe group elements (Ni, Cr, V,
Co), alkaline earth elements (Sr, Ba), and rare earth elements (in the rocks of Gadabay intrusion
complex is controlled by fractional crystallization. Hence, concentration of coherent elements and
heavy rare earth elements decrease towards more evolved rock types, whereas concentration of in-
coherent elements and light rare earth elements increase. Next fact is that Gadabay intrusion com-
plex has been formed within calc-alkaline magma series and primitive melt was formed as a result
of partial melting of an enriched mantle substrate which is proved by diagrams composed base on

trace elements’ ratios.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

The behavior of trace elements in magmatic sys-
tems can provide highly valuable information about
the origin of the rocks and processes they underwent
during their evolution (Belousova et al., 2010; Béguel-
in et al., 2019; Rollinson, 2021). That’s why the study
of trace elements patterns is very important in petro-
logical research works.

REE normalized spider diagrams show the degree
of fractionation and provide an opinion on either en-
richment or depletion of studied rocks comparing with
standards such as C1 chondrite, MORB, OIB, etc. (Be-
dard, 2014; Barrat et al., 2012; Sun, McDonough,
1989). As well as, EwW/Eu* ratio shows the nature of
magmatic melt sources (Mmamsepaues, 2000; Rollin-
son, 2021). Th/YD vs. Ta/Yb diagram distinguishes the
rocks belonging to different magmatic series and iden-
tifies the source origin (Acosta-Vigil et al., 2017; Rol-
linson, 2021; Camerxos, 2019). Distribution of espe-
cially Fe group elements in minerals shows the direc-
tion of fractional crystallization (Agrawal et al., 2004).
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In this paper the results of the analyses of avail-
able samples have been used to obtain information
on aforementioned points.

Geology and petrography

The Lok-Garabakh zone with Gadabay intrusion
complex is situated in the central part of the Mediter-
ranean folding belt (ITanos, 2013; Canmpixos, 2019).
In more local scale, the intrusion is within the Cauca-
sus-Zagros segment of the belt and is formed as a re-
sult of the northern subduction of the Mesotethys
ocean (Amamus u np., 1977; Ilanos, 2013; Pycra-
MoB, 2019). The intrusion has been formed during
upper Jurassic-lower Cretaceous age (AOaymnaeB u
op., 1979; Ao6nymmaes, 1963; Mycradaes, 1977),
with determined absolute age of 144-159 Ma
(Cagpixos, 2019).

The Gadabay-Soyudlu intrusion is divided into two
phases based on its geological and petrological features:
1) gabbro and 2) quartz-diorite (Kepumos, 1963;
Mammadov et al., 2021). Subvolcanic rocks of both
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phases have been determined in the field observations
(Fig.1). Furthermore, melts of quartz-diorite phase have
separated into quartz-diorite, granodiorite — normal
granite, tonalite-banatite — granitic pegmatite, monzo-
diorite-monzonite-syenite facies as a result of quantita-
tive behavior of rock forming components in minerals
through the evolution of the melt. The transition of faci-
es from one to another is gradual (Mammadov et al.,
2021). Bulk chemical composition and TAS diagram
(Middlemost, 1994) of the rocks are shown in Table 1
and Fig. 2 respectively. As shown in the diagram, the
gradual change in the composition of the rocks proves
the evolutionary pattern from gabbronorite toward the
granitic rocks. However, there is an obvious break in
the trend lines between the rocks of I and II phases.
Subalkaline rocks are separated from general direction
of the trend lines and are located above their junction.
The point merits a mention that biotite-quartz bearing
gabbro lies in monzodiorite field. The reason for this
exception is high concentration of potassium in the re-
lated rock type which can be explained with the pres-
ence of biotite in the rock.

The derivatives of the first phase are located in the
central part of Gadabay-Soyudlu intrusion and the col-
our changes from dark black in the center to grey, grey-
ish colours in the periphery (Kepumor, 1963; Mam-
madov et al., 2021). There is a thermal contact be-
tween this and quartz-diorite phases (Kepumos, 1963).
The primitive derivatives of the first phase are consid-
ered to be dark black, coarse grained, phaneritic gabbro.
These rocks are characterized by gabbro, gabbro-
ophitic textures under the microscope. Idiomorphic oli-
vine grains are presented in the rock in quiet large
amount (3-6%) and in the form of characteristic loop
shaped crystalls. The next or the first crystallic phase of
crystallization sequence is plagioclase. In most cases, it
makes intergrowth with hypersthene in an amount of 4-
5%. Hypersthene is characterized with low Ca concen-
tration. Plagioclases of labradorite-bytownite composi-
tion dominate (50-70%) in olivine bearing gabbro and
gabbro-norite. They exist in two generations. The first
one forms short poly-synthetic prismatic grains and has
been exposed to alteration processes in varying degrees.
The second phase is unaltered and dominates in the
rock. Clinopyroxene dominates over orthopyroxene.
According to optical features (Ng=1.72, Np=1.694,
2V=54-56°) this is augite. Besides the described mine-
rals, Cr bearing magnetite, average Ti bearing magnet-
ite and apatite occur in a confined amount (1-2 %)
(Kerimov, 1963).

The described rocks are replaced by macrosco-
pically dark grey normal gabbro with the gradual
transition. Under the microscope the texture of these
rocks is phaneritic, gabbro ophitic. Olivine does not
occur in the mineralogical composition of the rock.
The amount of ortho- and clinopyroxene decreases

greatly in the rock corresponding to general differen-
tiation. In turn, the amount of plagioclase of labra-
dorite composition increases slightly. Besides, the
average of Ti bearing magnetite increases in the rock
and it forms an intergrowth with clinopyroxene. Fi-
nally, leucogabbro as an ultimate derivative of the
first phase has been crystallized from the residual
melt. This phaneritic rock is distinguished by having
macroscopically grey colour and dominance of
prismatic polysynthetic plagioclase of silica enriched
labradorite and andesine. Besides the ortho- and cli-
nopyroxene in confined amount, partly uralitezed
hornblende occurs in the rock. Both unaltered aver-
age of Ti bearing magnetite and secondary ma-
ghemite are observed in the rock. Quartz grains are
present interstitially among plagioclase grains in
confined amount (Kepumos, 1963).

Indeed, the derivatives of the first phase are
formed by the control of the fractional crystallization
from petrochemical point of view. Since, olivine,
pyroxene, Cr spinel, average Ti bearing magnetite,
etc. minerals as concentrators of iron group elements
(Fe, Ti, Cr, Ni, Co, V, etc.) have been settled down
in the intrusive camera (Mammadov et al., 2021). As
a result of this process the concentration of afore-
mentioned elements in the residual melt decreases,
hence the concentration of minerals containing these
elements decreases in the subsequent rocks. So, in
the rocks such as gabbro and leucogabbro aforemen-
tioned minerals are not observed. However instead
of them, mainly hornblende, uralite, andesine, labra-
dorite and in confined amounts biotite and quartz are
present in the rocks. Besides of them, the amount of
ortho- and clinopyroxene decreases in the rocks.
Uralite and sometimes epidote alteration over py-
roxene and epidote, chlorite alteration over plagio-
clase are observed in the normal gabbro and leu-
cogabbro. Formless quartz grains fill cavities among
plagioclase ones.

Dolerite and kersantite dikes of the first phase
cutting the parental rocks in different directions are
found in the areas where gabbroid rocks are spread.
The thickness of these dikes reaches 2-4 meters.
They have characteristic micro-gabbro texture and
in addition to ortho- and clinopyroxenes in con-
fined amount contain hornblende, biotite and plagi-
oclase of labradorite-andesine composition (Keri-
mov, 1963).

As we mentioned before, the second phase of
the intrusion is quartz diorite. The rocks of this
phase are macroscopically in grey, light grey col-
ours. Transparent quartz grains and in confined
amount narrow, elongated amphibole grains are dis-
tinguishable in the light background colour. Howev-
er, straw yellow biotite grains are observed in some
rock species of the phase. It must be noted that the
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rocks of the quartz diorite phase are the most com-
mon rocks in the area. Xenoliths of the gabbroid
phase with the thermal fringe and in different sizes
are presented within the second phase rocks. Dike
rocks of the quartz diorite phase cut through both
their parental rocks and the rocks of the gabbroid

phase. Based on petrographic, petrochemical and
mineralogical studies quartz diorite-granodiorite-
granite pegmatite, quartz diorite-tonalite-banatite
and quartz diorite-monzodiorite-monzonite-syenite
facies are separated within the quartz diorite phase
(Kerimov, 1963).
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Fig. 1. Lithological-structural map of the south-eastern part of the Gadabay ore region.

(Part of map composed by Azerbaijan Mining Company)
Legend: 1 — Quaternary sediments; 2 — Limestone layer (Lusitanian): alternation of limestones with limestones and tuff-sandstones;
3 — Upper tuff-conglomerate layer: tuff-sandstones, alternation of tuffs and limestones, sandy limestones and sandstones; 4 — Lower
tuff-conglomerate layer: tuff-conglomerates, tuff-breccias, tuff sandstones; 5 — Metamorphically altered tuffs; 6. Bathonian sub-
volcanic layer: tuff-breccias containing tuff, tuff-conglomerates; 7 — Upper Bajocian stratum: rhyolite-riodacitic lava facies; 8 —
Lower Bajocian volcanic layer: andesitic lava facies; 9 — Lower Bajocian stratum: pyroclastic facies of tuff-breccia and andesite
porphyries; 10 — Gara-gaya-Garamurad hypabyssal sub-intrusion: diorite, keratospilit; 11 — The second phase of Gadabay intru-
sion: diorites; 12 — The second phase of Gadabay intrusion: granodiorites, quartz diorites, diorite-syenites, diorites; 13 — The first
phase of Gadabay intrusion: gabbro- diorites, gabbro; 14 — The first phase of Gadabay intrusion: gabbro-norites, gabbro; 15 — The
first phase of Gadabay intrusion: gabbro- pyroxenites; 16 — Syenite-diorite dykes; 17 — Aplite dyke, 18 — Quartz-diorite dyke; 19 —
Andesite dykes,; 20 — Diabase dykes; 21 — Metasomatites; 22 — Greisenization (metasomatic quartzites with tourmaline); 23 — Skarns
(garnet-vollastanite-calcite facies); 24 — Skarns (carbonate-epidote facies); 25 — Faults;, 26 — Presumed faults; 27 — Altitude refer-
ences, 28 — Rivers; 29 — Gadabay deposit; 30 — Gadir mineralization area; 31 — Great Galacha copper-porphyry ore manifestation;
32 — Cholpan sulfur-pyrite ore manifestation; 33 — Ayitala copper-pyrite ore manifestation; 34 — Pirbulag copper-pyrite ore manifes-
tation; 35. Parakand-su copper-pyrite ore manifestation.
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Table 1
Bulk chemical analyses of Gadabay intrusion rocks

Oxides . .

Samples SiO2 | TiO2 | ALOs; | Fe203 | FeO | MnO | MgO | CaO | Na2O | K20 | P20s | LOI >
1 49.54 | 047 | 1821 | 436 | 575 | 0.18 | 5.75 | 9.75 | 326 | 0.23 | 0.16 2.3 199.96
2 49.67 | 0.51 | 19.21 | 3.75 | 538 | 0.16 | 5.82 | 867 | 3.16 | 0.21 | 0.15 | 2.75 |99.44
3 472 | 0.64 | 1246 | 586 | 11.74 | 0.16 | 7.86 | 10.21 | 1.78 | 0.84 | 0.14 | 1.05 | 99.94
4 48.1 | 058 | 11.76 | 6.51 | 1046 | 0.14 | 725 | 9.82 | 1.64 | 0.84 | 0.12 24 ]99.62
5 4946 | 048 | 1875 | 331 | 5.86 | 0.16 | 636 | 9.21 | 342 | 0.06 | 0.14 2.8 [100.01
6 5043 | 049 | 18.82 | 3.62 | 538 | 0.14 | 551 |10.21 | 2.75 | 0.09 | 0.16 22 99.8
7 48.64 | 0.64 | 18.64 | 3.26 | 546 | 0.16 | 6.42 | 9.66 | 322 | 0.38 | 0.14 | 2.855 | 99.48
8 51.75 | 046 | 1931 | 2.75 | 456 | 0.16 | 4.66 | 7.41 | 4.21 1.75 | 0.11 | 2.46 |99.59
9 5225 | 0.12 | 1936 | 4.75 | 421 | 0.11 | 3.26 | 836 | 3.75 | 0.75 | 0.11 | 2.78 | 99.81
10 58.75 | 036 | 16.64 | 3.28 | 476 | 0.16 | 3.82 | 642 | 3.78 | 042 | 0.11 1.43 | 99.93
11 59.42 | 038 | 17.46 | 3.22 4.5 0.16 | 328 | 534 | 446 | 033 | 0.12 | 1.24 | 99.91
12 60.41 | 0.11 | 17.43 | 2.75 | 352 | 0.11 | 3.39 6.6 342 | 0.75 0.1 1.2 199.79
13 6133 | 041 | 1494 | 6.96 - 0.01 | 406 | 2.76 | 6.78 | 1.12 | 0.15 | 1.23 |99.75
14 52.73 | 0.67 | 19.55 | 3.21 | 327 | 0.01 | 4.76 8.7 442 | 047 | 0.01 1.87 |99.67
15 65.77 | 038 | 14.38 | 3.28 - 0.11 | 2.63 | 404 | 503 | 236 | 0.06 | 1.56 | 99.6
16 67.85 | 041 | 1454 | 196 | 238 | 0.02 | 2.24 | 231 | 5.11 1.54 | 0.16 | 1.33 |99.85
17 63.51 | 0.16 | 1526 | 3.23 | 536 | 0.12 | 2.12 | 5.16 | 2.38 1.1 0.16 | 1.39 |99.95
18 63.8 | 0.11 | 16.18 | 2.23 4.4 0.12 | 246 | 425 | 236 | 238 | 0.12 | 1.53 |99.94
19 49.35 | 0.64 | 1623 | 326 | 7.56 | 024 | 6.73 | 9.92 3.4 0.76 0.2 1.48 |99.77
20 60.54 | 0.54 | 16.32 | 3.44 | 345 | 0.09 | 3.06 5.8 382 | 1.56 | 0.06 | 0.52 |99.14
21 60.3 | 028 | 16.14 | 324 | 432 | 0.12 | 3.37 5.6 3.86 | 1.64 | 0.07 | 0.68 | 99.62
22 6025 | 028 | 1528 | 2.74 | 3.75 | 0.12 | 342 | 561 | 3.86 | 2.75 | 0.09 | 1.38 |99.53
23 55.64 | 029 | 16.75 | 2.64 | 3.84 | 0.09 | 332 | 581 | 476 | 3.68 | 0.16 | 242 | 994
24 56.58 | 0.72 | 17.65 | 2.38 | 348 | 0.14 | 298 | 5.86 4.1 338 | 0.26 | 1.85 |99.38
25 57.1 | 0.64 | 1648 | 2.56 | 3.75 | 0.14 | 421 | 534 | 336 | 428 | 0.28 | 1.38 | 99.52
26 7423 | 0.04 | 10.74 | 036 | 221 | 0.06 | 0.75 | 1.46 | 538 | 2.75 | 0.04 1.4 ]99.42
27 49.56 | 0.75 | 18.56 | 4.75 | 5.36 | 0.12 6.6 875 | 237 | 0.81 | 0.16 | 1.82 |99.61
28 50.74 | 046 | 18.65 | 4.8 564 | 0.14 | 6.14 | 842 2.2 042 | 0.21 1.89 | 99.71
29 56.48 | 0.15 | 18.16 | 3.36 | 4.86 | 0.14 4.2 7.54 | 2.12 | 1.54 | 0.07 | 1.32 |99.94
30 70.5 | 0.04 | 12.16 | 1.28 | 1.64 | 0.04 | 138 | 2.94 | 429 | 3.54 | 0.04 | 1.54 |99.39

INames of rocks:1,2,5,6 — gabbronorite; 3,4 — pyroxenite; 7,19 — gabbro; 8 — biotite-quartz bearing gabbro,9 — gab-

brodiorite; 10,11,14 — diorite; 12,13,20,21 — quartz diorite; 15,16 — granodiorite; 17 — tonalite; 18 — banatite;22-25 —

quartz monzonite; 26 — granite pegmatite; 27,28 — diabase; 29 — diorite dike ; 30 — aplite dike

Quartz diorite facies rocks are the most spread
rock types comparing to other facies. Rocks of this
facies as mentioned before are normal diorite, quartz
diorite, granodiorite, normal granite and granite-
pegmatite. Plagioclases of andesine-labradorite as
main mineral composition of normal diorite and
quartz diorite are more idiomorphic than pyroxenes
and they form prismatic polysynthetic twinnings. The
amount of pyroxenes gradually decreases in the rocks

starting from normal diorites toward to granites
through quartz diorite and granodiorite. In granites
they occur as single grains. The amount of quartz in-
tensely increases in the listed sequence. Dusky grey
and xenomorphic orthoclase grains appear in granites
and granite-pegmatites. In addition to the aforemen-
tioned rock forming minerals, confined amount of
hornblende, pargasite also present in quartz diorites,
granodiorites and granites (Kepumos, 1963).
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Fig. 2. TAS diagram for Gadabay

Banatite-tonalite rocks gradually path into
quartz diorites. The amount of quartz decreases in
tonalites and alkali feldspars occur as single grains.
However, in tonalites the amount of alkali feldspars
partially increases beside the quartz.

Monzodiorites, monzonites and the quartz
bearing analogues occur in the area in quite less
amount comparing to quartz diorites. Macroscopi-
cally these rocks are in pinkish grey colour and
are represented by relatively large grains. Miner-
alogical compositions of the rocks consist of lab-
radorite (Ansieo), transitional orthoclase, quartz,
hornblende, biotite and average Ti bearing mag-
netite. Confined amount of augite grains occur
beside the listed minerals.

Summarizing, the second phase of the intru-
sion includes mainly rock types such as diorite-
quartz diorite-granodiorite-granite and to some
degree granite pegmatite. However, among the
main rock types confined amount of tonalite-
banatite and monzodiorite-monzonite-syenite also
occurs (Kepumos, 1963).

Samples and analytical method

We possess results of trace elements analyses
of eight samples which have been used in the pa-
per. Trace element concentrations in minerals are
also primary important in petrogenetic researches
(Bédard, 2014). Hence, the results of trace ele-
ment (Ni, Co, Cr,V, Ba, Sr) analyses of minerals
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of six samples have been used, besides to rectify
and enhance the interpretation eight rock samples
also were studied. Four samples (1,2,3,4) belong
to the rocks of the first phase and the other four
ones (5,6,7,8) to the second phase. However,
Sample 4 on composition is close to the rocks of
the second phase because it is the latest rock type
of the first phase (Mammadov et al., 2021). The
results of analyses are from Prof. Musa Mamma-
dov’s data collection. Analyses of rock and
monomineralic samples for trace elements have
been run by neutron activation method in the la-
boratory of the Bronnitsa Geological and Geo-
chemical Expedition of the IMGRE (Institute of
Mineralogy, Geochemistry and Crystallochemistry
of Trace Elements).

Discussion

Discrimination diagrams for tectonic

environments

Discrimination diagrams based on couple of
trace elements or trace elements ratios are widely
used to identify tectonic environments where
rocks are formed (Rollinson, 2021). For rocks of
Gadabay intrusion the most suitable discriminant
diagrams can be considered to be Zr/Y—Zr, Th/Y—
Ta/Yb, Nb-Y and Th-Yb diagrams from which
first two ones are suitable for mafic rocks and the
latter two ones — for more evolved quartz bearing
rocks (Pearce et al., 1979).
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Concentration of trace elements (in ppm) of Gadabay intrusion rocks

Table 2

Elements 1 2 3 4 5 6 7 8
Rb 0.86 4.5 8.6 10.7 8.21 12.71 | 12.14 | 18.16
Sr 111 250 200 178.4 760 760 839 314.1
Y 9.2 7.2 7.8 9.2 8.8 7.4 12.4 10
Zr 40.2 454 50.8 61.4 94 90 1164 | 131.1
Nb 32 34 3.8 4.2 3.6 7.2 4.8 6.3
Ba 20.6 90.7 1143 | 2304 154 400 239 182.2
Hf 7.6 7.5 7.8 8.2 2.14 2.39 3.24 3.29
Ta 0.64 0.66 0.82 0.84 0.22 0.46 04 0.6
Pb 2.63 2.2 2.1 2.4 2.6 12.16 3.19 1.74
Th 1.73 1.72 1.82 1.84 0.82 2.73 3.6 4.5
U 0.67 0.68 0.7 0.8 0.29 1.52 0.6 2.34
A% 318 314 210 180.4 64 68.1 92.4 38.4
Cr 815 388 250 170.4 62 136.4 70.2 90
Co 58.1 454 41.2 254 16.2 11.2 15.2 6.8
Ni 123 98.2 60.2 30.4 25.12 12.4 12.2 15.4
Cu 94.1 100 120 180 3.72 13.0 12.1 25.7
Zn 111 120 150 154 47.0 46.4 49.8 14.6
La 9.3 11.6 12.5 12.7 15.7 16.8 23.2 25.4
Ce 18.6 20.7 20.7 21.4 32 35.2 49.2 459
Pr 2.9 2.9 2.8 3.2 4 4.36 5.82 5.15
Nd 11.2 11.4 11.4 124 16 17.24 224 19.2
Sm 2.8 3.0 3.1 33 3.2 3.16 4.16 3.21
Eu 1.0 0.98 0.98 1.0 1.1 1.0 1.2 0.95
Gd 3.8 2.1 2.8 2.6 2.69 2.4 3.62 2.6
Tb 0.76 0.74 0.78 0.79 0.4 0.36 0.5 0.34
Dy 2.4 2.3 2.5 2.8 1.9 2.42 2.6 1.78
Ho 0.91 0.33 0.34 0.38 0.4 0.44 0.52 0.38
Er 0.91 0.98 1.0 0.86 0.89 1.09 1.12 0.96
Tm 0.31 0.21 0.14 0.16 0.14 0.18 0.2 0.16
Yb 0.91 0.89 0.98 0.99 0.82 1.1 1.14 0.96
Lu 0.16 0.14 0.18 0.2 0.14 0.14 0.2 0.16
Cs 0.19 0.2 0.24 0.18

Rock names: 1 — Gabbronorite, 2 — Gabbro, 3 — gabbrodiorite, 4 — Diorite, 5 —
Quartz diorite, 6,7 — Tonalite, 8 — Granodiorite

In Fig. 3 the Zr/Y—Zr values of rocks are depict-
ed. It can be seen that all rocks are in the continental
arc zone which correspond to paleotectonic recon-
struction of the region (Pycramos, 2019) and the
major element compositions of the rocks (Mamma-
dov et al., 2021). Furthermore, despite the fact that
Zr/Y—Zr diagram is good for mafic rocks, depicting
of II phase rocks in the diagram shows conspicuous
trendline, likely related to assimilation processes. It
means that by the time passing the degree of assimi-
lation increases, since Zr is a characteristic incom-
patible element and is strongly related to continental
crust (Pearce et al., 1979; Rollinson, 2021).

Th/Y-Ta/Yb ratios for I phase rocks are shown
in Fig. 4. This diagram is important due to its depict-
ing of primitive melt source characteristic. Besides,
it shows to which rock suites belong the considered
rocks. In our case it is clear that primitive melt of
gabbroid rocks is the product of the partial melting
of enriched mantle which is characteristic for mantle
wedge. Furthermore, rocks are representatives of
calc-alkaline series which has been proved by multi-
ple previous studies (Aomymnaee u ap., 1979; A6-
nymnaeB, 1963; Kepumos, 1963; Mammadov et al.,
2021; Mycradaes, 1977).
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Fig. 3. Zr/Y-Zr diagram for Gadabay intrusion rocks (Pearce,
1979). Sample names are the same with Table 2

As mentioned above, Nb-Y and Th-Yb dia-
grams are especially useful for rocks containing
quartz on the composition. In Fig. 5 and 6, relevant
diagrams are composed for II phase rocks. Sample 4
is also added here due to compositional similarity to
the second phase. These results are also in coherence
with preceding results. Rocks lay within volcanic arc
field. However, Nb-Y diagram shows syn-
collisional characteristics of the rocks. Nevertheless,
early collisional stage of the Lesser Caucasus has
started from the late Cretaceous (Imamverdiyev et
al., 2013, 2017; Pycramos, 2019).
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Fig. 4. Th/Y-Ta/Yb diagram for Gadabay intrusion rocks (Rollinson, 2021). Sample names are the same with Table 2
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Fig. 5. Nb-Y diagram for Gadabay intrusion rocks (Rollinson, 2021). Sample names are the same with Table 2
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Fig. 6. Th—Yb diagram for Gadabay intrusion rocks (Rollinson, 2021). Sample names are the same with Table 2

76



K.F.Abbasov /| ANAS Transactions, Earth Sciences 1 /2023, 70-80; DOI: 10.33677/ggianas20230100095

Behavior of trace elements

Trace element concentrations of rocks of the
Gadabay intrusion are presented in Table 2. As a
general pattern it can be distinguished that the con-
centration of the main compatible elements decreas-
es toward the more evolved rocks. And this is some
kind of predictable behavior since in most intrusive
magma chambers fractional crystallization is the
dominating process. Furthermore, in the C1 chon-
drite (Sun, McDonough, 1989) normalized REE spi-
der diagram (Fig. 7) LREE enrichment is observed,
which also means the fractional crystallization pro-
cess (Rollinson, 2021). However, the concentration
of HREE is very close for all rocks. It can be ex-
plained by the fact that, the primitive melt producing
Gadabay intrusion has been already fractionated
with the accommodation of olivine and might be
orthopyroxene crystallization, because gabbro-norite
as the closest rock type to the primitive melt on
composition has distribution coefficient Kp of 0.59
for Mg-Fe fractionation. Whereas, for unfractionated
primitive melts this value must be 0.3-0.36 (Irvine,
1979). Since, fayalite component in olivine can host
HREE, during the accumulation of olivine from
primitive melt to produce residual melts of gabbro
norites some portion of HREE could be extracted
from the residual melt. The fact of olivine accumula-
tion from the primitive mantle-derived melt is
proved in author’s research which has not yet been
published. The result of this research shows 31.5%
partial melting of metasomatized mantle peridotite
with Kp value of 0.33 for Mg-Fe fractionation. Mg
value of the melt is calculated to be 0.66.

In Fig. 7 comparison of REE patterns of the intru-
sion rocks with Normal MORB and Primitive Mantle
is also presented. The LREE enrichment and HREE
depletion of the rocks compared with MORB and full
range of enrichment compared to Primitive mantle can

256.00

be seen here. This data can be interpreted as enriched
mantle source and high volume partial melting of this
source which correspond to research results.

From Fig. 7 it can be seen that, the most enrich-
ment in LREE belongs to granodiorite, whereas the
least is for gabbro-norite. The second fact deserving
attention is that, there are no any Eu anomalies for
rocks. This can be explained by the fact that, plagio-
clase is in the first crystallized mineral paragenesis
and the change in plagioclase content of the rocks and
Ca concentration in plagioclase occurs gradually.

In Fig. 8 more susceptible to fractionation trace
elements are shown. As well-known fact, Ni, Co and
Cr, especially Ni is the sign of Mg and Fe*" change
in melts, which means fractionation and evolution of
melts. At the same time Ba shows increase in K con-
tent which can indicate increase in SiO, if alkali
feldspar crystallizes. And Sr strongly correlates with
Ca showing plagioclase content. From the Fig. 8 we
can see that, the highest Ni and Co concentrations
belong to gabbro-norites and decrease toward the
granodiorite smoothly. For Sample 5 trough for Cr is
observed, which can be interpreted as depletion in
titanomagnetite or clinopyroxene phases. As well as
a relatively high spike for Sample 6 (tonalite) may
indicate a higher Fe oxidation, which corresponds to
a higher magnetite content. As a general trend Sr
concentration grows toward more acidic rocks with
the increasing of plagioclase content of rocks com-
paring with pyroxenes. However, amount of anor-
thite component in plagioclase also influences Sr
concentration. That can be the reason of saw teeth
like appearance of Sr line with steep ascent from
diorite to quartz diorite and steep decline from to-
nalite to granodiorite. However, the behavior of Cr
and Ba are unusual, since the concentration of Ba
should have increased and Cr decreased toward the
granodiorite.
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Fig. 7. Normalized REE spider diagram of Gadabay intrusion rocks (Sun, McDonough, 1989).

Sample names are the same with Table 2
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Fig. 8. Behavior of selected trace elements indicating the processes during evolution of the

melt. Sample names are the same with Table 2

Results

From conducted study it can be concluded that,
Gadabay intrusion rocks belong to calc-alkaline se-
ries as has been proved by previous studies. Primi-
tive melt of the intrusion is the result of high degree
partial melting of the enriched mantle substrate.
Paleotectonic setting corresponds to continental or
volcanic arc. Lithofacial studies of the region sub-
stantiate that it is mature island arc. Collision stage
in the region started in the later Cretaceous whereas,
the intrusion is dated to upper Jurassic-lower Creta-
ceous age (138-159 Ma).

Rocks are enriched in REE comparing to chon-
drite and primitive mantle which is characteristic for
metasomatized mantle wedge. However, they are
depleted in HREE comparing to NMORB. This with
the behaviour of other trace elements indicates that
the main process controlling the evolution of the
melts of the rocks of the intrusion complex was frac-
tional crystallization. Furthermore, different residual
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TEOXUMHUYECKAS XAPAKTEPUCTHUKA IT'SIJABEMCKOI'O MHTPY3UBHOI'O KOMILJIEKCA
B U3YUYEHHNU 3BOJIOIIUN MATI'MbI U TEKTOHHYECKOHU OBCTAHOBKHN PETHOHA
(MAJIBII KABKA3, TEPPUTOPHUS A3EPEAMIKAHA)

Adbacos K.®.
Munucmepcmeo nayxu u obpazosanus Azepbaiioxcana, Uncmumym 2eonoauu u ceopusuxu, Azepbaiioxcan
AZ1143, Baxy, npocn. I [casuoa, 119: kenan.abbasov313@gmail.com

Peztome. T'sinabelicknii HHTPY3UBHBINA KOMIUIEKC, PacloioKeHHbI B mpenenax Jlok-I'apabaxckoit cTpyKTypHO-()OpMAaHOHHOM
30HEI Manoro KaBkasa, ¢opMupyercss B ABe MarMatudeckue (aspl — 36 rabOponaHyo u rpaHHTOMAHYI0. KBapiieBsle AHOPHUTHI
FHOPOAbE TPAHUTOUIHON (ha3bl ABIAIOTCS HauboJIee pacIpOCTPaHEHHBIM B 9TOM paiioHe TunoM nopoj. lllemodnsie mopoxsl, Takue
KaK MOHIIOZMOPHUTHl U MOHLIOHUTBI, UMEIOIUE OIPAaHUYECHHOE PACIPOCTPAHEHUE B PErMOHE, PACCMATPUBAIOTCA KAaK BETBb BTOPOMU
¢a3pl. OHAaKO pe3ysIbTaThl HIBMEHUT-TUTAHOMArHETUTOBOI Fe0TEpPMOMETPHH OKa3bIBAIOT PaBHBIC M 00Jiee BBICOKUE TEMIIEPATYPBI
KpUCTAJJIM3alliU 3TUX HICJIOYHBIX ITOPOA. CJ'leZ[OBaTeHbHO, 3TOT (baKT IO3BOJIACT NPEAIIOIONKNUTD, YTO HICJIOYHBIC ITOPOAbI SABJIAKOTCA
HE BETBBIO BTOPOil (a3bl, a TpeThell (ha30il HHTPY3UBHOTO KoMIuleKca. HecMoTpst Ha AeTanbHble MeTporpaduuecKue U mojeBbie Hc-
CJIeI0BaHMs1, ICTOYHUK MAarMaTHYECKUX PAcIUIaBOB, CHOPMHUPOBABIINX HHTPY3HIO, TITy0OKO HE U3y4eH. B cBs3H ¢ 3TNM 3acmyxuBaeT
H3y4YeHHs MHKPOJIEMEHTHBIH cocTaB mopox ['spabeiickoro nHTpy3uBHOTO KoMIniekca. Kpome Toro, pacnpeneneHine MUKPOIEeMEH-
TOB B HEKOTOPBIX MUHEpalax TaKKe MOXET PacCMaTPHUBATHCS KaK LEHHBIH MCTOYHHK MH(OpMamuu. PacmpeneneHue 31eMEHTOB
rpymmsl Fe (Ni, Cr, V, Co), menounozemMensHbIX 31eMeHToB (Sr, Ba) u P30 B nmopomax I'smabeiickoro MHTPY3MBHOTO KOMILIEKCa
KOHTpOJHpYyeTcs (pakuMOHHOW Kpucramumm3anuedl. TakuM o0pa3oM, KOHIIEHTpauus KOI€PEHTHBIX JJEMEHTOB U TsDKeNnbIX P30
YMEHBIIAETCSI B CTOPOHY Oouiee 1 depeHIIMPOBAaHHBIX THIIOB MTOPOJ, TOTAA KaK KOHLIEHTPAIMS HHKOTEPEHTHBIX 3JIEMEHTOB U JIeT-
kux P3D yBenuumBaercs. Cienyronmm (HakToM sBISETCs TO, 4To ['ssaabeiickuii MHTPY3UBHBIH KOMIUIEKC COPMHUPOBAJICS B Mpee-
J1axX U3BECTKOBO-ILEIOYHON MarMaTH4ecKOH cepuu, a TEepBUYHBIM pacIulaB SBIISUICS Pe3yJIbTaTOM YAaCTUYHOTO IUIABIEHHUs obora-
IIEHHOTO MAaHTUHHOTO CyOCcTpara, 4To MOATBEPXKAAETCS JUarpaMMaMH, TIOCTPOSHHBIMH Ha OCHOBE COOTHOIIEHHH MUKPO3JIEMEHTOB.

Knioueevie cnoga: [soabeiickas unmpysus, peokozemenbhble dNeMeHmbl, dNeMeHMbl 2PYRNbL dicenesd, dAeMeHmbl-npumec,
Kaaccugukayuortvie OUazpammsl, IUumoc@epuas MaHmus, MaHmuiinble NIOMbl, NAPYUATbHOE NidgleHue, COCMA8 NPUMUTHUBHBIX
pacnnagog

MAQMANIN TBKAMUL_UNUN A%5) REGiON'UN"TEK'.FONiK QURULUSUNUN OYRONILMOSINDO GODOBIY
INTRUZIV KOMPLEKSININ GEOKiMY9Vi XUSUSIYYOTLORI (KiCiK QAFQAZ, AZORBAYCAN ORAZiSi)

Abbasov K.F. ]
Azarbaycan Respublikasinmin Elm va Tohsil Nazirliyi, Geologiya va Geofizika Institutu, Azarbaycan
AZ1143, Baki, H.Cavid prosp., 119: kenan.abbasov313@gmail.com

Xiilasa. Kicik Qafqazin Lok-Qarabag struktur-formasiya zonasinda yerloson Gadabay intruziv kompleksi iki maqmatik fazada
formalagmigdir. Bunlar gabroid va granitoid fazalaridir ki, qranitoid fazasinin kvars diorit torkibli siixurlari arazide on genis yayilmis
stixur noviidiir. Bélgads mahdud yayilmis monsodiorit va monsonit kimi golavi siixurlar ikinci fazanin golu hesab olunur. Harg¢and,
ilmenit-titanomaqnetit geotermometriyasinin naticalari bu golavi siixurlarin barabar vo daha yiiksak kristallasma temperaturlarini
gbstarir. Bu fakt iso golovi siixurlarin ikinci fazanin qolu deyil, intruziv kompleksin iigiincii fazas1 olmasi ehtimalini artirir. {llor boyu
otrafli petroqrafik vo ¢dl todqiqatlarinin aparilmasina baxmayaraq, intruziv kompleksi omolo gotiron magmatik orintilorin monbayi
dorindon dyronilmomigdir. Bu baximdan Gadabay intruziv kompleksinin siixurlarinin mikroelement torkibinin todqiq edilmosi oho-
miyyaetlidir. Bundan slave, miisyyen minerallarda mikroelementlorin paylanmasi da qiymatli melumat monbayi hesab edils biler. Ge-
dabay intruziv kompleksinin siixurlarinda Fe qrupu elementlarinin (Ni, Cr, V, Co), galavi torpaq elementlarinin (Sr, Ba) vo NTE-nin
paylanmasi fraksion kristallagmasi ila tonzimlonmisdir. Belo ki, koherent elementlorin va agir NTE konsentrasiyasi daha ¢ox tokamiil
etmis siixur névlarine dogru azalir, inkoherent elementlarin konsentrasiyast va yiingiil NTE isa artir. Novbati fakt ondan ibaratdir ki,
Gadabay intruziv kompleksi shangli-galovi magma seriyasi daxilinds formalasmis va ilkin srinti zonginlogmis mantiya substratinin
qismoan orimasi naticasinde omolo galmisdir ki, bu da mikroelementlorin nisboti asasinda tortib edilmis diagramlarla stibut edilmisdir.

Acar sozlar: Gadabay intruzivi, nadir torpaq elementlori, domir qrupu elementlori, mikroelementlor, tasnifat diaqramlar, litos-
fer mantiyasi, mantiya pliimlari, qismon arima, ilkin arintilarin torkibi
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ASSESSMENT OF THE CONDITIONS OF FORMATION AND DISTRIBUTION OF STRUCTURAL,
LITHOLOGICAL, STRATIGRAPHIC AND COMBINED TRAPS IN THE BLACK SEA — CASPIAN REGION
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Summary. To assess the conditions for the formation and distribution of various types of traps
and hydrocarbon deposits in the Black Sea — Caspian region: oil and gas geological characteristics
of more than 670 offshore and continental deposits in Russia and abroad were used. The selection
and generalization of the analyzed characteristics were carried out on the basis of ideas about the
types of traps and hydrocarbon deposits in general and in relation to the Black Sea — Caspian re-
gion. In accordance with the definitions and characteristics of some types of traps and deposits, as
well as data on deposits of different fluid composition and age of the host strata in the region, the
whole set of analyzed characteristics reflecting the belonging of the deposit to a particular class is
distributed in relation to two factors — structural and sedimentation (lithological-stratigraphic). It is
shown that the largest number of deposits of different composition is associated with the newest
(44%) and Alpine (about 40%) tectonic-sedimentation cycles and that the gas and condensate
phases of the fluid composition significantly prevail in the fields of the western (Black Sea and
Pont) half of the region, and oil — in its eastern (Caspian —about Caspian) one.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.
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2016; Kepumos u np., 2017; Kepumos, Mycaes, 2021;

Hcrounnkamu nHGOpPMALIUH 1151 OLICHKH YCIIOBHI
(hopMHUpOBaHUS W paclpeleNeHls Pa3IuYHbIX TUIIOB
noBymIek u 3anexeir YB B UepHomopcko-Kacnmiickom
peruoHe ctaym HedTera3oreoJornieckiue XapaKkTepH-
cTuku Ooiee dyeM 670 MOPCKHX M KOHTHHEHTATBHBIX
Mectopoxenuiit Poccun u 3apyoexps. (I'ymmes u np.,
2018; I'mymoB u np., 2004; Epmonkun, Kepumos,
2012; Kammpos, Cadapos, 2013; KepumoB u mp.,

Kepumos, 2021; Kepumos np., 2015a; Kepumos u np.,
20156; CenuH u ap., 2020; Cenun u ap., 2022; Cenun
u 1p., 2006; I'ymues u ap., 2021). Pa3nooOpasue Ttu-
OB JIOBYIIEK W 3aJIEKEH YTIIeBOJOPOIOB HAa MECTO-
POXKAECHUAX YETHIPEX HE(TEra30HOCHBIX MPOBUHIMN U
COOTBETCTBYIOIIMX WM 27 obnacteit YepHOMOpPCKO-
Kacmmiickoro pernona otpaxeHo B Tadi.1. B coorset-
CTBHU C OMNpPEIEICHUSMU U XapaKTepUCTUKaMU THUIIOB
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JIOBYIIIEK U 3aJIeXeil, a TakKe JaHHBIMUA O MECTOPOXK-
JIEHUSIX pPasHOro (hIIOMIHOTO COCTaBa M BO3pacTa
BMEIIAOIINX TOJII B PETHOHE BCSI COBOKYITHOCTh aHA-
JM3UPYEMBIX XapaKTEPUCTUK, OTPAKAIOUIMX MPUHAJI-
JI©KHOCTh MECTOPO>K/ICHHUS K TOMY WITH HHOMY KJaccy,
pacnpesiesieHa 10 OTHOLICHWIO K JIBYM (pakTopam —
CTPYKTYPHOMY H CEAMMEHTAI[MOHHOMY (JINTOJIOTO-
crparurpadmaeckomy) (Epmonkun, Kepumos, 2012;
Kepumos u ap., 2016).

[lepBbiii (akTop ompenenseT MOJIHYI KOH(H-
TYpalui0 MECTOPOXKACHUS B TE€OJIOTHYECKOM TMPO-
cTpaHCcTBe (T.e. 0000MEHHYIO MOP(OJIOTHIO 3aHU-
MaeMOil WM YacTH DTOTO TIPOCTPAHCTBA), BTOPOH
COBMECTHO C TIE€PBBIM HJIM CAMOCTOSITEIBHO — BHYT-
PEHHIOIO CTPYKTYPY MECTOPOXKIEHHsS, 00pazyeMyro
OJHOM WJIM HECKOJBbKHMHU 3ajexkamu. K cTpykTyp-
HOMY (aKTOpy B IPOLECCE aHANM3a OTHECEHHI (CM.
TabJ1. 1) TUIBI CTPYKTYPHBIX 3IEMEHTOB B I€HEpaIH-
30BaHHOM, COKpAIIEHHOM JI0 5 OCHOBHBIX ()OpPM Ba-
puaHTe (aHTHKIMHAIB, OpaXWaHTHKINHAIG, KYIIOJN,
JMANMpoBas CTPYKTypa, MOHOKIMHAIG). CeauMeH-

TallHOHHBIA (JIUTOJIOTO-CTpaTUTpadraeckuii) dak-
TOp TIPEIACTABIIEH YETHIPHMS OCHOBHBIMH THITAMHU
AJIEMEHTAPHBIX (E€AMHUYHBIX) 3aJIe)Ked — JTUTOJIOTH-
yecku orpanndeHHbIME (JIO), TUTOIOrHYecKH dKpa-
HUpOBaHHBIMU (JID), cTpaTurpaduueckn SKpaHupo-
BaHHBIMU (C3), CBSI3aHHBIMU C OMOTCHHBIMU BBICTY-
mamu (bB). IIpu 3TOM JHTOJIOTHYECKH DKpaHUPO-
BaHHBIEC 3aJIe)KH BMECTE C JINTOJIOTHYECKH OTPaHH-
YeHHBIMH TIPH aHaju3e BKJIIOYEHHl B CBOAHYIO
YCIIOBHYIO TPYIITY JIATOJIOTUYECKH 00YCIIOBICHHBIX.
IIpu aHanmze MONyYEHHBIX XapaKTEPUCTUK BO3-
HUKJIa HEOO0XOJUMOCTh IPUHSTH JOMOJHUTEIBHOE
yCIIOBHE, KOTOPOE BBITEKAET M3 HAONOJAeMBIX Ba-
PUAHTOB COYETaHUS CEIUMEHTAIIMOHHOTO U CTPYK-
TypHOTO (hakTOpOB B cTpoeHnH MecTopoxaerus (I'y-
nueB u Ap., 2018; I'mymoB u ap., 2004; Epmonkun,
Kepumog, 2012; Kagupos, Cadapos, 2013; Keprmos
u ap., 2016; Kepumos u np., 2017; Kepumos, My-
craeB, 2021; Kepumos, 2021; Kepumos np., 2015a;
Kepumos u 1p., 20156; Cennn u ap., 2020; Cenur u
Ip., 2022; Cenun u ap., 2006; 'yaues u ap., 2021).

Tabnuuya 1

Tune! noBy1IEK U 3anexeil YB, pacnpocTpanéHHBIX Ha TeppuTopun YepHoMopcko-Kacnuiickoro peruosa

Kuace

I'pynna u noarpynmna MecToposkaeHuil, IPpUYpPOYEHHBIX:

CTpyKTypHBIi

® K aHTHKJIMHAJIAM U KyIOJaM IPOCTOr0 U HEHApYIIEHHOI'0 CTPOEHHUS,
® K AQHTUKIMHAISAM U KyIOJaM C HECOOTBETCTBUEM CTPYKTYPHBIX MOBEPXHOCTEH OTIENBHBIX
cTpaTurpaduUecKux MopasaeacHui;

® K CTPYKTYpaM, XapaKTEePU3YIOLIIMMCSI CMEIICHUEM CBOJOBBIX YAaCTEH OTAENBHBIX JINTOJIOTO-
cTpaTurpaduuecKux MopasaeIcHu;

® K CTPYKTYpPaM C CYIIECTBEHHO Pa3IMYHBIM CTPOCHHEM OTIEIBHBIX CTPYKTYPHBIX 3TaKei;

® K aHTHKJIMHAIAM H KyIIOJIaM, OCJIOKHEHHBIM Pa3pbIBHOM AMCIOKALUEH;

® K aHTHKJIMHAJSIM M KyTIOJIaM, OCJIOKHEHHBIM COJISTHOH TEKTOHUKOH;

K aHTHKJIMHAJIAM H KyIOJaM, OCIOKHEHHBIM THATTMPU3MOM WU TPSI3EBBIM BYJIKAaHH3MOM;

K CTPYKTYpaM € OTKPBITHIM I'PSI3€BBIM BYJIKAHOM MJIH OTKPBITBIM JHATUPOBBIM SAPOM;

K CTPYKTYpaM C NOrpeOCHHBIM I'PS3E€BbIM BYJIKAHOM HJIM KPUIITOAUAIIHPOM;

K aHTUKJIMHAJISM U KYIIOJIaM, OCJIO)KHEHHBIM BYJIKAHOT'€HHBIMU 00pa30BaHHsIMI;

K MOHOKJIMHAJISIM;

K CHHKJIMHAJISIM

PugoreHHbIH

K OZMHOYHBIM PU(POBBIM MaCCHBAM;
e K rpymme (accouuarnyu) pupOBBIX MACCHBOB

UInTomorndeckuii

® K y4acTKaM BBIKIIMHMBAHHUS IUIACTOB-KOJIEKTOPOB WIIM 3aMEIEHUs MPOHULAEMBIX MOPOJ|
HETPOHUIIAEMBIMH (JINTOJIOTHYECKH SKPAaHUPOBAHHBIE);

® K y4acTKaM BBIKJIMHHUBAHHs I1ACTa-KOJUIEKTOPA IO BOCCTAHUIO CIIOEB;

® K y4acTKaM 3aMEIlEeHHs NPOHUIAEMBIX MOPOJ HENPOHHLIAEMBIMHU, B TOM YHUCIIE 3aIll€4aTaH-
HBIMH ac(aibToM;

® K IIecYaHbIM 00pa30BaHUSIM BIOJIb IPUOPEKHBIX YACTEH MaleOMOpeH;

® K IlecYaHbIM 00pa30BaHUSIM UCKOIIAEMBIX PyCel IaJeopeK;

® K IpHOpPEKHBIM BaJONOAOOHBIM ITECYaHBIM 00Pa30BaHMIM HCKOIIAEMBIX 0apoB;

® K THE3/1000pa3HO W JIMH3000pa3HO 3aJIEeTaolIMM IIacTaM-KOJIEKTOpaM

Crpaturpaduyecknit

® K y4acTKaM CTpaTUrpauuecKux HECOTIACHH Ha aHTUKIMHAJIAX U KyTIOJIax;

® K yJacTKaM CTpaTUrpaMuecKuX HECOTIacHii Ha MOHOKIMHAIIAX;

® K cTpaTHrpaMIecKUM HECOTIACHIM Ha YJacTKax 3POJUPOBAHHON MOBEPXHOCTH MOTPeOeH-
HBIX BBICTYITIOB nasieopernbeda

UTutonoro-
cTpaTurpaduaecKuii

® K y4JacTKaM BBIKJIMHHBAaHUS IUIACTOB-KOJUIEKTOPOB, CPE3aHHBIX JPO3MEH W IEPEeKPHITHIX

cTpaTurpauuecKy HECOTNIACHO HEMPOHHUIIAEMBIMHU OTIOXKEHUSIMU 00JIee MOJIOJIOTO BO3PAcTa
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U3 Tabn. 1 caexgyer Hanmuume TPEX BAPHAHTOB, B COOT-
BETCTBUH C KOTOPHIMH YCTaHABIMBACTCS THII JIOBYIII-
KH, OTIPEJICIISTIOIIIIA BCE MECTOPOXKACHUE B TIeToM: 1 —
OHO (hOPMHUPYETCsI TOIBKO 3a CUET CeNMMEHTAOHHO-
ro ¢akropa (CTpyKTypHBIH (pakTOp HE BBIpaKEH B Xa-
pakTepucTuke); 2 — oHO oOpaszyercs 3a CUYET CTPYK-
TypHOro (axropa (CeUMEHTAMOHHBIA (hakTop He
BEIPOKEH B XapaKTEPUCTHKAX); 3 — OHO (pOopMHUpyeTCs
3a CH4ET COYETaHWs CEANMEHTAMOHHOTO W CTPYKTYp-
HOro (akTopoB. B mepBom ciiydae He TONBKO 3aJIeXKb,
HO M BCs JIOBYIIKA pacCMaTpUBAIOTCS KaK HECTPYyK-
TypHasi, TO €CThb — JIUTOJIOTHYECKas, CTpaTurpagmye-
CKasl WM JIUTOJIOrO-CTpaturpadudeckas. Bo Bropom —
KaK CTPYKTypHasl, B TPEThEM — KaK KOMOWHHPOBaHHAS
CTPYKTYPHO-JIUTOJIOTO-CTpaTUT pahudecKas JIOBYIITKA.
OOmiasi xapakTepuCTHKa paclpelesieHusT Me-
cTopoxxaeHnil YB B He(hTera30HOCHBIX MPOBUHIIUAX
u obnacrsax UepHoMmopcko-Kacnuiickoro pernona mo
cTpaturpaduIecKuM HHTEpBalaM M (DIIIOMIHOMY
COCTaBy MpejcTaBjicHa Ha puc. 1 u 2, Tabin. 2 u 3.
CkomieHust  yrieBoJopoAoB B YepHoMopcko-
KacnuiickoM peruoHe pacnpeneiaeHbl B YETBIPEX
He(Tera30HOCHBIX MPOBUHIUSX (cM. pHc. 2). Tpu u3
Hux — YepHomopckas, I[IpuuepHomopcko-Cesepo-
Kaskascko-Manrsinunakckas u FOxno-Kacnuiickas —
MIPAKTUYECKH MOJHOCTHIO PACIIONIOKEHBI B Ipeenax
peruoHa, a onHa, IIpukacnuiickas, — BXOJUT B HETrO
CBOCH FOKHOM YacThlo, Treorpaduueckd COOTBET-
cteyromeli  CeBepo-KacmuiickoMy MENKOBOABIO |
MIPUJIETAIOIMM HHU3MEHHBIM TeppuropusMm [lIpuxa-

2018; Kepumos u ap., 2014; Jlanugyc u ap., 2018;
Rachinsky, Kerimov, 2015; Senin et al., 2021).

B konuvecTBEHHOM OTHOIIEHUH K YepHoMOp-
cko-KacnmiickoMy pernoHy MOKET OBITh OTHECEHO
oxoio 680 MecTopokaeHM/cKoIIeHnid HeTH, ra3a
M KOHJEHCaTa, KpailHE HEpaBHOMEpPHO pacrpene-
NEHHBIX TIO BBIAEIAEMBIM 37€Ch He(TerazoHOCHBIM
MPOBUHIUAM (pHC. 2, TabI. 2).

B wactHOCTH, TOKa3aHO, YTO HAMOOJNbIIEE YHC-
JI0O MECTOPOXIEHUH Pa3HOTO COCTaBa CBA3aHO C HO-
BermmM (44%) u anpnuiickum (oxono 40%) TekTo-
HO-CEMMEHTAIIMOHHBIMA IIMKJIAMA M YTO B MECTO-
poxJeHusax 3amanHoi, YepHomopckoil u Ilpnuep-
HOMOPCKOW TOJOBMHBI PErMOHA 3aMETHO Mpeoldia-
JAIOT Ta3oBas M KOHAeHcaTHas (a3bl (PIOUITHOTO
cocraBa, a B ero BocrouHoW, Kacmouiicko-
[Mpukacnuiickoii, — HedTsHAS.

B mopsinke neranuzanuu 3TOW XapaKTePUCTHKH
W Ha OCHOBE IPOBENEHHOTO aHajn3a HEO0OXOIMMO
J00aBHUTh, YTO OOJiee MOJIOBUHBI BCEX MECTOPOXKIe-
HUH pernona (6osee 53%) cBA3aHO C OTIOKECHUSIMH
KailHO30s, B cocTaBe KOTOporo 28% CKOIIEHHH
MPUXOMUTCS Ha cpeaHuii mmoneH — HOxHO-
Kacnwuiickoit HI'TI u okono 53% — Ha OTIIOXKEHHS
OIIMTOIlEHA W MHOICHA (BKJIFOYAs MAaMKOIICKYIO
TONIIY W HagMalKomckuii muorieH) [Ipuaepromop-
cko—CeBepo-KaBkazcko—Mamnreinuiakckoit  HI'TL
OcraBmascs 4acTb MECTOPOXKJIEHHM pacmpeneseHa
B TIAJIEOIIEH-30IEHOBBIX TOPHU30HTaX pPa3pe3oB, OT-
Hocamuxca Kk YepHomopckoit, [IpuuepHoMopcko—

crnuiickoil Bnaguusl (Gurbanov et al., 2019; Kerimov ~ CeBepo-KaBkaszcko—Manrsimuiakckoit u  Ilpuka-
et al., 2016a; Kerimov et al., 20160; Kerimov et al., cnuiicKkol TPOBUHITHSIM.
My 2, N, -N,-84,B,-N, 23 B, -B.-38,
K, -6 K, -32,J, -110, 1, -37,
Fr=5; Ts-Ty <16, F1-T2-19
450
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=
2 300
=
=
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=
2
o 200
==}
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Puc. 1. Pacnpenenenue ckomieHnii (MecTopoxaeHui) YB B IPOOYKTUBHBIX CTpaTHUrpaUUECKUX WHTEPBaIaxX OCaJOYHOTO
pa3pesa HeTEera30HOCHBIX MTPOBHHIMIA U obiacTeir™ Yepromopcko-Kacnuiickoro peruona
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YcaoBHble 0003HAYeHNsT K puc. 2: 1 — HedTEra3oHOCHbIC NPOBHHINN IIEPUKPATOHHBIX MOTPYKEHUH M KPYIHBIX aTbIIUHCKUX
BIAJnH; 2 — HeTera30HOCHBIE MPOBHHIMK M OOJACTH MOJBIKHBIX IIaT(OpM; 3 — HENEepCIEeKTUBHBIE 00JIacTH 3a HpeaeraMu
MIPOBHMHIMIA; 4 — NMEepCIeKTUBHBIE 30HBI B I'PaHMIAX IPOBHHIMH; 5 — MECTOPOXICHUS: a — HedTH, 6 — ra3za u KoHIEHcaTa, B —
CMEILIAHHOI'O COCTaBa; 6 — IUIOINAAM, He JaBIIKE MOJIOKUTEIIBHOTO WIM KOMMEPUYECKU 3HAYUMOTo pe3yibTara; 7 — MHICKCHI: a —
He(Tera3oHOCHBIX MPOBHUHIHM, 6 — HeTera3oHOCHBIX obnacTell; 8 — rpaHMIBl: a — HeTera30HOCHBIX MPOBUHINH, O — HedTera-
30HOCHBIX 00nacTelt; 9 — rpaHMIBI TOCYAAPCTB U HAIIMOHANBHBIX 30H MOPCKOTO HEAPOIOIb30BaHUA. Hegmezazonochuvle npogun-
yuu u obracmu (undekcwl Ha kapme): A — Ilpenkapnatcko-bankanckas (HI'O, [THI'O: A1 — Bocrouno-Kapnarckas, A2 — Ilpen-
kapmarckas, A3 — Ilpunynaiicko-Banaxckas); b — bantuiicko-IIpexnoopymxunckas: b1 — Monnascko-IIpennodpymkunackas HI'O;
B — Yepromopcxkas (HI'O, ITHI'O: B1 — Bocrouno-Musuniickas/Uctpus, B2 — Urneana/Bypraccko-IIpubanxanckas, B3 — 3amagno-
INontniickas, B4 — Cunonckas, B5 — 3anmagno-Uepromopckas riry6oxoBognasi, B6 — Bocrouno-Ilonruiickas, B7 — Kpsmvcko-
KaBka3sckast KoHTHHEHTabHAs okpanHa, B8 — HoBopoccuiicko-Jlazapesckas, B9 — Bocrouno-Uepromopckas riydokoBosxHas); I' —
[puuepnomopcko—Cesepo-KaBkazcko—Maunrbinuiakckass (HI'O, ITTHI'O: I'l — IIpuuepHomopcko-Kpeivckas, I'2 — Hugono-
Ky6anckas, I'3 — 3amanno-IIpenxaskasckas, ['4 — Llentpanbno-IIpenxaBkasckas, I'S — Tepcko-Kacnuiickas, I'6 — Bocrouno-
IIpenxaskasckas, I'7 — Kpsoxa Kapnunckoro, '8 — FOsxno-Manrsimuiakckas, I'9 — Llentpansno-Kacnuiickas, I'10 — 3amagno-
Kapa6orasckas); I — [lpukacnmiickas (HI'O, ITHI'O: [I1 — Actpaxano-Kanmemkas, 12 — FOxxH0-OMOenckas, 3 — Bonrorpanacko-
Kapauaranakckas, /14 — LlentpansHo-IIpukacnuiickas); E — KOxno-Kacnmiickas (HI'O, [THI'O: E1 — CeBepo-Aomeponckas, E2 —
Aobmepon-IIpubanxanckas, E3 — Bocrtouno-Asepbaiimkanckas/3ananHoro bopra, E4 — [Oxno-Kacnmiickas KoTiOBH-
Ha/riry6okoBoaHas, ES — Typkmenckas crynens, E6 — Maszennepanckas; E7 — 3anagno-Typkmenckas, E8 — 'oGycrano-Kypunckas);
XK — Apano-Yerioprekas (HI'O, TTHI'O: XK1 — HOxno-By3aunnckas, K2 — Spxkum6aii-Apcranosckas, JXK3 — Beitneyckas, K4 —

Meiacyanmacckas); 3 — Bonro-Ypanbsckast; U — J{nenposcko-Ilpunsitckas; K — @pakuiickas.

HemHOrnmM meHee MOJOBUHBI MECTOPOMKIACHUI
peruona (oxoyo 46%) CBS3aHO C OTIIOKCHUSIMH Me-
3030s. B ux cocraBe HanOonpLIee YHCIO MECTOPOXK-
neHnii (41%) BBISIBIGHO B HIDKHEMEIIOBBIX OTIIOXKE-
HusAX. OcTajbHbIE CKOIJICHHS MPUMEPHO B PaBHBIX
noisix (13-16% ot oOmiero uuciia MECTOPOKICHHN)
pacnpezeneHbl MeXTy MPOTyKTHBHBIMU TOPU30HTA-
MM BEpPXHETO MeJla, BepXHEW W CcpefHed Iopbl U
Tpuaca. PacnpeneneHue MeCTOpOXKIAEHUN IO COCTa-
By o0Opa3yromux ux (IOUIHBIX KOMIIOHEHTOB ((da-
30BOMY COCTaBY) B Pa3HBIX CTpaTHTpapUIECKUX MH-
TepBajlaX MPOJYKTUBHOTO pa3pe3a MpeACTaBIeHO Ha
puc. 3 (Kerimov et al., 2018; Rachinsky, Kerimov,
2015). OHO olleHMBaeTCA 1O CyMMe KOMIIOHEHTOB
(medTs, Ta3, KOHIAEHCAT), MPEACTABICHHBIX Ha pa3-
HBIX YPOBHSX pa3pesa B cocTaBe 677 ckoruieHnit YB
(cM. Tabn. 2), yur€éHHBIX B paMkax UepHOMOpCKO-
Kacnmiickoro pernona mo marepuaiam ITyOJImKa-
HH.

OTtpaxaeMblii Ha pUCYHKE XapaKTep COOTHOIIIE-
HUS (IIOMIHBIX KOMIIOHEHTOB B TPOAYKTHBHBIX
HHTepBanax paspeza UYepHomopcko-Kacnuiickoro
peruoHa JIEMOHCTPUPYET €ro OTYETIMBOE pasjere-
HUE Ha 00JIaCTH TpeoOIaNaronei Wil MpeuMylie-
CTBEHHON HE(TEHOCHOCTH BCETO pa3pe3a K BOCTOKY
or llenrpanbHo-IIpenkaBka3ckoil ra3oHE(TIHON
obnactu ('HO) u obnactu npeobnanaromieit ra3o- u
KOHJIEHCAaTOHOCHOCTH K 3amaay OT Heé.

OT0 pazzieneHue cieayeT, BeposSTHO, TIOHUMATh,
KaK CBHJETEIBCTBO POJH PACCMOTPEHHOI'O BBIIIE
TpaHCKaBKa3CKOTO IMONEPEYHOTO TOIHITHA B pac-
MIPEeeIeHNN CKOIUIEHWH, KOTOPOE€ IMPOSBHIIOCH BO
BCEM MPOAYKTHBHOM JUala30He pas3pesa.

JlanHple 0 KOMITOHEHTHOM ((ha30BOM) COCTaBe
YIJIEBOJIOPOJIHBIX MECTOPOKIACHUN U MPOSIBJICHUN B
KOHTUHEHTAJBHBIX U MOPCKHUX o0yacTax YepHomop-
cko-Kacnuiickoro peruoHa, I0MOJHEHHbIE MaTepu-
alaM{ TeOJIOTO-TeOXMMHYECKOTO M3YYeHHUSI MX pas-
PE30B U pe3yJbTaTaMy aHAIN3a Pa3MEIIeHUS MECTO-

POXICHUN OTHOCUTENIBHO Pa3HOBO3PACTHBIX CTPYK-
TYpHO-T€OJJUHAMHYECKUX M OacCeHOBBIX CHCTEM,
MO3BOJISAIOT MPEACTAaBUTh IMPOTHO3HYIO CXEMY paiio-
HOB BO3MOXKHOIO TNpeoOJiafiaHusl pPasHbIX THIIOB
¢uronzia B cocTaBe MOTEHIMANBHBIX CKOIUICHUH W
IpOsIBIICHUM YB Ha TEeppUTOpPUSIX M B aKBATOPUAX
peruoHa (puc. 4). CornacHo 3TOi cxemMe U B COOT-
BETCTBUHM C PE3yJbTaTAMH IPOBEAEHHOTO aHAIN3a
paspessbl cyopernona Kacnmiickoro Mopst MOTYT CO-
JIep’KaTh CKOIUICHUS, B KOTOPHIX B pa3HBIX COuYeTa-
HUSIX U KOJIMYECTBAaX MPUCYTCTBYIOT He(Thb, ra3 H
KOHJICHCAT, a Ha OTJENIbHBIX yYacTKax mpeodiaa-
HUe He(TAHONH KOMIOHEHTHI OylIeT MMeTh abCOIIOT-
HBII Xapakrep.

B nHampasieHnun Ha 3amazx M ceBEpo-3amal mpo-
UCXOAMUT COKpallleHHe IUIOIajei, Tie BO3MOXKHO
NPUCYTCTBHE B CKOIUICHUSAX He(TsHOU (a3bl, uX
3aMelIcHHE paloOHaMM O’KHJAEMOTO Pa3BUTHA IIpe-
MMYIIECTBEHHO Ta30BBIX M Ta30KOHJEHCATHBIX
ckomenuii. Ha mpencrasienHoit cxeme (puc. 4) atu
paiioHBl 00pa3yrOT MOSC, OKAWMIIIOMINN FOXKHYIO
okpanny Bocrouno-EBponeiickoii mmathopMsl.

[IpeobnagaromuM Ta30BBIM COCTaBOM OymIyT
OTIIMYATHCS CKOIUIEHHA YepHOMOPCKOHW MPOBUHIIMH,
Ha YTO yKa3bIBalOT M OTKPBITHS MOCIEIHETO BpeMe-
HU, CJIeJIaHHbIE B TTyOOKOBOJIHBIX CEKTOPaX PYMBIH-
CKOTO M TYpEIKOro palioHOB akBaTopuu. B To xe
BpeMs 3[eCb HaMeyaroTcs M BEpOSTHbIC HE(PTSHbIE
TPEHJIbl, TPUYPOUECHHBIE K CEBEPO-3alaHOMY U BO-
CTOYHOMY HPHUCKJIOHOBBIM palioHaM TIyOOKOBOAHOM
BITAVHBI.

C ryOOKOBOIHBIMU BHajguHamMu UYepHoro u
Kacmuiickoro Mopeii cBsi3aHbl TakXke paiiOHbI pa3BH-
THS Ta30THAPATOB B BEpPXHEH YacTH 0CaJOYHOIO
yexna. Hanbosee kpynHble U3 HUX MPEANIONAraroTCs
B 3amajiHoi 4actu YepHOMOPCKOH TIyOOKOBOIHOM
Briaauebl U B FOxHO-Kacnmiickoii Bnanune (I'ynuen
u ap., 2018; KepumoB u ap., 2016; Cenun u ap.,
2020; Cenun u np., 2022).
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YcaoBHble 0603HaAYeHHsS] K PUCYHKY 3: 1-3 — oonokomnonenmnsie ckonnenusn YB:1 — nedts (nanee H); 2 — ra3 (manee I'); 3 —

xonzgencar (nanee K). 4-10 — ogyxkomnonenmmuste ckonnenun YB. 4 — npuMepHOe pPaBEHCTBO YHCIa 3ajexel,

H=T;5-10

ke, I' = K; 6 — npeobnaganue ymcia 3ajnexed onHoi u3 komrnoneHt, I' > K; 7 — o xe, ' > H; 8 — to ke, H > I'; 9 — cymecTBeHHOe
(kpatHO€) mpeoOianaHue yuciaa 3aJexer oaHoro u3 kommnoneHrtos, I' >>K; 10 —to xe, H>>T'; 11-17 — mpéxxomnonenmmuute
cxkonnenua YB. 11 — npeobnananue yncia 3anexeil 0JHOTO U3 KOMIOHEHTOB HaJl ABYMsI IPYTUMH, IPUMEPHO C PaBHBIMHU I10 YHCITY
3anexeit komnonentamu, I' > (H = K); 12 — to e, H > (I' = K); 13 — npeobOnaganue AByX NPUMEPHO PaBHBIX IO YHUCITY 3alexel
KOMIIOHEHTOB HaJ TpPeTbUM, MeHbIIUM 1o uuchy 3anexed, ([ =K)>T; 14 —-r1o xe, (I' = H) > K; 15 — mpeoGnaganue ogHoro
13 KOMIIOHEHTOB HaJ ABYMS JPYTHUMH, pa3HbIMH 1O uucity 3anexeid, [ > K>H; 16 —toxe, H>T'>K; 17 —To xe, ' > H> K.

AHanm3 pacripefielieHIs TUTIOB 3aeXel U JIOBY-
1IeK B He(hTEera3oHOCHBIX MPOBUHLMAX YepHOMOpPCKO-
Kacnmiickoro pernoHa nokasbIBaeT ClIEIyIOLIee.

Yepromopckas Hegpme2a3oOHOCHASE NPOGUHYUAL.
ITo akTyanm3upoBaHHBIM MO cocTossHHMIO Ha 2022 T.
JaHHBIM 3Ta MPOBHHLMS B TpEAEiax paccMaTpuBae-
MOr0 pervoHa BkiIro4aeT 51 mectopoxkiaenue. HUx
(haroMAHBIN cOoCcTaB MpEACTaBIeH B OCHOBHOM Ta3oM
U B CYUIECTBEHHO MEHBIICH CTENEHH — HEe(ThIO M
KoH7eHcaToM. HedTsHbIe 3aeKu BBISIBIICHBI HA Ce-
Bepo-3amaze U I0ro-BOCTOKE MPOBUHITHH (CM. pHC. 2
u 4). bonee 82% mecTOpoXXIeHU COCPETOTOUCHO B
OTJIOKEHUSX KaitHo3oa. llpm sTtom ux Oombluas
gacTe (0koi0 73%) oTHOCcHUTCS K cTpaTurpaduye-
CKMM HWHTEpBajJaM IajJeoleHa-30leHa M MaiKorma
(onuronen — HwxHUK MuoneH). C 6oyiee MOJIOABIMH
WHTEpBaJaMH paspe3a (BEpXHHUH MHOICH-TUTHOIEH)
CBSI3aHO HECKOJIPKO HOBBIX OTKPBITHH (Ta3), clenaH-
HBIX B TIOCJIE/IHEE BPEMSI B PYMBIHCKOM H TYPELKOM
paiionax riyOokoBomHOW obmactu YepHOoro mopsi.
Oxomno 16% ckoruieHni CBSI3aHO C MEJOBBIMH OT-
noxenusiMa. OHO HeTEenposiBICHHE YCTaHOBJICHO
B OTJIOKEHUSIX Majie030s y OOJITapcKOro modepexbst
Uepnoro mopsi. M3 o0miero gucia MecTOpOXIeHHUH
MIPOBHUHIMH 22 XapaKTEepHU3YyIOTCA 3ajekaMH, KOTO-
pBI€ 10 UMEIOIINUMCSI JAHHBIM MOTYT OBITh OTHECEHBI
K JIUTOJIOTHYECKOMY, CTPATUTpaAUIECKOMY WM JIH-
TOJIOTO-CcTpaTurpaduyeckoMy TUIaM. B To ke Bpe-
M 3aJI€KU 3TUX THUIOB JIOKAJINU3YIOTCS B TpaHHUIAX
AQHTUKJIMHAIBHBIX CTPYKTYp, YTO AMKTYET HE00XO-
JUMOCTh 00O3HAYEHWSI JIOBYIIEK, BKIIFOYAIOIINX 3TH
MECTOPOKACHUSI, KaK KOMOMHUPOBAHHBIX.

B Ilpuuepnomopcko—Cesepo-Kasxazcko—Man-
SHIUIAKCKOU NPOBUHYUU COTIIACHO pe3yJibTaraM HC-
CIIeIOBaHMI BBISBIIEHO 463 MecTopokaeHus HedTH,
raza U KOH/IeHcaTa B MPOJYKTUBHBIX MHTEpBaNaX pas-
pes3a oT Tpuaca [0 IumolieHa. HanbombmimM Kommdae-
CTBOM CKOIUICHHH YTIIEBOJAOPOTHOTO CHIPHSI XapaKTe-
PU3YIOTCSL OTJIOXKEHUSI MHUOLEHA, MANKOICKOW TOJIIIH
1 HIWKHEro Mena, coaepxkaie 60% Bcex MEeCTOpOXk-
neHuit poBuHIMU (MuonieH — 18%, maiikonm — 18%,
HWKHUNA Men — 24%). HanMeHbIyro 105110 OT 00111ero
yucna MectopoxieHnil (okono 1.5%) cocraBmsoT
CKOIUTEHHsI B TUIMOIICHE W HIbKHEH tope. OcTanbHbIe
MECTOPOXKJICHHUSI OTHOCHUTEIFHO PaBHOMEPHO (B JoOJie-
BoM oTHomeHuu ot 7.0 no 8.2%) pacnpeneneHsl B
cTpaTurpaMuecKux HMHTEpBAJax MaleoleHa-30LeHa,
BEpPXHET0 MeJa, BEpXHEW U CpeiHeN I0phl U TpUaca.
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BenenctBue ocoOeHHOCTEH TEPPUTOPHUATHEHOTO
pacnpeneneHusl TOJII B TpaHHULAX IPOBHHILMUH, B
YaCTHOCTH — OTCYTCTBUS WJIM 3HAYUTEIBHOTO COK-
palieHdsT MOIIMHOCTH OTAENbHBIX PETHOHAIBHBIX
MPOAYKTHBHBIX KOMIUIEKCOB KaiHO30s B 00IacTH
kpsixa Kapnmuckoro u BoctouHoi yactu CpenHero
Kacnus, cBsi3aHHbIE C HUMH MECTOPOXKICHUS WM
MPOSIBICHUSI YB OTCYTCTBYIOT WM BECbMA PEIKHU Ha
3TUX TEPPUTOPHUSAX.

[IpooyKTHBHOCTb HIKHEMEJIOBBIX ~ OTJIOXKEHHUH
YCTaHOBJIEHA BO BCeX 00acTax npoBuHIMu. 11pu 3ToM
HauOOJNbIIIee YUCIO OTHOCSIIUXCS K HUM MECTOPOXK-
JECHUHA COCPEAOTOUYEHO B MIaT(OPMEHHOM YacTH Mpo-
BuHIMN 1 B Tepcko-Kacnmiickoli HedTerasoHOCHON
obmactu. [IpomyKTHBHOCTD CpeaHE-BEPXHEIOPCKUX
OTJIOXKEeHHH HamOosiee BBIpaKEHA B BOCTOYHOM YacTH
NpoBUHIMU. B e€ 3amanHbIX, ceBepo-3amaaHbIX U ce-
BEPHBIX paiioHaX Ha BCEX YPOBHAX pa3pesa Ipeoliia-
JIAr0T Ta30Bble M TA30KOHIEHCATHBIE CKOTIIIEHHS.

Wnnono-Kybanckast HedTerazoHocHas 001acTb
(HI'O) Brimouaer 125 MeCTOPOXKIECHUM YTIIEBOIOPO-
noB. M3 ux uncna 13 croruieHuit 3amaqHoi 9acTy mpo-
BUHIIMY, pacnoyioxkeHHbIX Ha KepueHckom u Taman-
CKOM IIOJYyOCTPOBAaxX, B FO’KHOM IMOJIOBUHE A30BCKOIO
MOpSI ¥ €TO FOTO-BOCTOYHOM T0Oepexbe 00pa3oBaHBI
3aJIeKaMi  JIMTOJIOTHYECKOTO M CTPAaTUTPaduecKOro
THUIA, KOTOpPBIE JIOKAJIHM3YIOTCS B aHTUKJIMHAIBHBIX U
pexe B OpaxuaHTHKINHAIBHBIX JOBYILKAX.

B nonoce pa3BuTHS MPHOPOTEHHBIX MOHOKIIH-
HaJleil ¥ aHTUKJIMHAIBHBIX 30H IOKHOTO Oopra UH-
nono-Kyb6anckoro mporuba 46 MecTopokIeHHi 00-
pa3oBaHbl 3aj1eKaMH JINTOJIOTHYECKOTO THMa (JINTO-
JIOTHYECKH OTPaHWYCHHBIMH W/UIU DKPaHUPOBAH-
HBIMH), 8 3aJIe)kKaMu CTpaTUrpaduiecKku 3KpaHHUpO-
BaHHBIMU U 0JHO, FOxHO-XamepkeHckoe (Kiemés,
[eun, 2010), 3anexbi0, CBSI3aHHOW C OMOTEHHBIM
BoICTYNIOM. IIpu 3ToM 3anexu B 30 MECTOPOKIEHU-
AX JIOKIN3YIOTCA B AHTUKJIMHAIBHBIX, OpaxuaH-
TUKIUHAIBHBIX M peXe B KYMOJIOBUIHBIX CTPYKTY-
pax, a 3a1exku 25 MECTOPOXKIEHUH, pacONI0KEHHbBIX
MPEUMYIIECTBEHHO B IPUMANKOIICKOM paiioHE, CBS-
3aHBI C MOHOKJIMHAJIBIO.

Takum oOpazom, Oonee 24% MeCTOPOXKICHUIN
9TO# He(Tera30HOCHOW 00IACTH TaK MM MHAYE CBSI-
3aHbI ¢ KOMOMHHUPOBAHHBIMHU JIOBYIITKAaMH, B (popmHu-
POBaHHUU KOTOPHIX B pazHOW Mepe MPUHUMAIOT yya-
CTHE JINTOJOTO-CTpAaTUrpaUuIecKue U CTPYKTYPHBIE
(haKkTopHL.
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Emé 20% noBymek MecTOpOXKIEHHH, pUypo-
YEHHBIX K MOHOKJIMHAJISIM, MOTYT OBITh OTHECEHBI K
JUTOJIOTO-CTpaTurpaguueckomy  tumy.  OmHaKoO
CTPYKTYpHBIH (akTop (MPUHAAJIEKHOCTH K MOHO-
KJIMHAJIM) BCE K€ WIPAeT W3BECTHYIO POJb M B HX
(hopMHpOBaHUH B MEPHOJ IOCTCEIUMECHTAIIHOHHOM
HCTOPUU pa3pesa, olpenensisi: 0COOCHHOCTH pa3Mbl-
Ba KOJJIGKTOPCKOM TOMIMIX NpU HOPMHUPOBAHUHU MO-
HOKJIMHAH, 00IIee W CHerupUIecKoe IS KaKIoi
JIOBYILIKK HaTpaBlIeHHE MHUTPALlMA TeHEPHUPOBAHHBIX
B ocafoyHOM Oacceiine YB ¢uronnos; o0benuHeHue
OTACTBbHBIX CKOIUIEHHH B 30HY He(TEeHAaKOIUIEHUS,
KOHTPOJIUPYEMYIO MOHOKIIMHAIIBIO.

3anaano-IIpenkaBkasckas HI'O Bxmouaer 76
MECTOPOXACHUH, B 4rcie KOTopbix 20 oOpazoBaHbI
3aJIe)KaMHy JINTOJIOTUIECKOTO THIA U 8 — CTpaTUrpa-
(udeckoro, TpeACTaBICHHBIX MNPEUMYIIECTBEHHO
ra3oM M KoHueHcatoM. [lomaBmsromiee OOJIBIIMH-
CTBO 3aJIe)KEH JIOKAIU3YyeTcs B KOHTYPax aHTHKIIH-
HABHBIX ¥ OpaxWMaHTUKIMHAIBGHBIX CTPYKTYp H
TOJILKO HAa JBYX MECTOPOXKICHUAX (3epHOrpasicKoM
u ['ynsii-bopricoBckom) OHM CBSI3aHBI ¢ MOHOKJTMHA-
7p10. B cyMMapHOM BBIpa)XK€HHH JIOJISI MECTOPOKIE-
HUH, JOBYIIKH KOTOPBIX MOTYT OBITH ONpEAEICHBI
Kak KOMOWHUpPOBaHHBIE, C(HOPMHPOBAHHBIE IIPH
YYaCTHUU KaK JIUTOJIOTO-CTPATUTPaQUIecKoro, Tak M
CTPYKTypHOTO (hakTopa, coctaBiseT okono 37% ot
of1ero yucna Mecropoxkaenuii atoit HI'O.

Hentpanpro-IIpenkaskasckas HI'O mpexncras-
neHa 24 MeCTOpPOXICHUSIMH MPEUMYIIECTBEHHO ra-
30BOTO M Fa30KOH/IEHCATHOTO cocTaBa. B ux uucne 7
MECTOpPOKAEHUH, T.e. HeMHOruM Oosee 29%, chop-
MHPOBaHBI 3aJI€KaMH JTUTOJIOTHYECKOTO THIIA, KOTO-
pBle JIOKaIM3YIOTCSI B aHTUKIMHAIBHBIX, OpaxuaH-
TUKJIMHAIBHBIX U KYTOJOBUAHBIX CTPYKTYPaX.

Tepcko-Kacnutickas HI'O Bxmrogaet 49 mecro-
POXIeHHi ¢ aOCONIOTHBIM TpeobnanaHneM Hedrs-
HBIX 3anexei. 3amexu 11 MecTopokIeHUd U3 3TOTro
Yrcia OTHOCSTCS K JINTOJIOTUYECKOMY THILY U OJHO-
ro ([ysmak) — k crparurpaduyeckomy (CTpaTHrpa-
¢uuecku sxpanupoBaHHomy). [IpakTudecku Bce 3a-
JICKHU JIOKATM3YIOTCSl B aHTUKJIMHAJIBHBIX WIM 3HA-
YUTENBHO peXe B OpaxMaHTHKIMHAIBHBIX CTPYKTY-
pax, 3a UCKJII0O4eHHEM TepHaupcKoro MecTOpoKie-
Hus. B mocnenHeM ofHa TUTONOTMYECKH 3KPaHHUPO-
BaHHasl 3aJIeKb B YOKPAKCKUX IE€CUYaHUKaX IPUYpO-
YeHa K MOHOKJIMHAIIH.

Bocrouno-IIpenkaBkasckas HI'O HacuuThiBaeT
105 mecropoxaeHwid, B (PIFOUTHOM COCTaBE€ KOTO-
PBIX Ha BCeX CTpATUTpaPUUECKHX YPOBHSIX MPOIYK-
TUBHOCTH CYIIECTBEHHO Ipeobiagaer HepTb. M3
obmiero yucia mectopoxaeHuii 20 chopmupoBaHo
3aJIe)KaMy JINTOJIOTUIECKOTO THIA U 2 — CTpaTUrpa-
(uuecKku >KpaHUPOBAaHHBIMH 3ajiekaMH. AOCOIIOT-
HO€ OOJNBUIMHCTBO 3aJeXel JOKalnu3yercs B aHTHU-
KJIMHAJIbHBIX, OPaxXHMaHTUKJINHAIBHBIX U 3HAYUTEIIb-
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HO PeXe — B KyMOJOBHIHBIX CTPYKTypax, B CBSI3U C
YeM TIOJIHbIE KOH(UTYPALUH JIOBYIIEK, C KOTOPBIMU
CBSI3aHBl MECTOPOXKACHUS, KBANU(DUIMPYIOTCS Kak
koMOuHHpoBaHHbBIe. Mckmouenue coctaBnsier Eme-
TBSTHOBCKOE HE(PTIHOE MECTOPOXKICHHE B CpEIHe-
IOPCKHX TEeCUYaHNKaX M aJIEBPOJIUTax, 00pa3oBaHHOE
CTpaTUrpadMuecKd SKPaHUPOBAHHOW 3alIeKbI0 H
CBSI3aHHOE C MOHOKJIMHAIIBIO.

HI'O Kpspka Kaprmackoro BkimrodaeT 41 me-
cropoxxaenre. CKOIUIEHUS! TMPeNCTaBIeHbl HEQThIO,
ra3oM, KOHJEHCATOM W paclpelesieHbl Kak Hemo-
CPEIICTBEHHO B CHUCTEME CTPYKTYp KOHTHHEHTAJb-
HOU YacTH KpsKa, TaK U B CUCTEME TPOJIOIKAIOIINX
€ro Mo MpOCTHUPAaHUIO BaJOOOPa3HBIX CTPYKTYp ce-
BepHOUl yactu Kacmnuiickoro Mopst © Koppenupye-
MBIX C HHMH B CTPYKTYPHO-TEKTOHHYECKOM U
HE(TEra3oreoIOTMYECKOM ~ OTHOIIEHHU  CTPYKTYP
Byzaunnckoro csoma (I'mymoB, u ap., 2004). Oc-
HOBHBIC MPOAYKTHBHBIC WHTepBaiBl 3To HI'O 006-
Ppa3oBaHbl OTJIIOXKCHUAMU HHUXXHETO MCJia U CpeI[HefI
10pbl. CpaBHUTETILHO PEIKU 3aJeKH B OTIIOKECHHUAX
MajyeorieHa-30IeHa ¥ BepXHel opbl. B o0mem uucie
MECTOPOXKICHUN — MIECTh (POPMHUPYIOTCS 3aCKAMH
JIUTOJIOTHYECKOTO THUMA, MATh U3 KOTOPBIX JOKAJHU-
3YIOTCS B aHTHKJIMHAIBHBIX cTpykTypax. lllecras —
JIUTOJIOTHYECKH dKpaHUpOBaHHAs HeTsHAs 3aJeXKb
B anTCKUX MECYaHMKAX MECTOpOXkAeHUs J[BoitHOro
NpUypOYCHA K MOHOKJIMHAIH.

B mpounx HedTerazoHOCHBIX 00JACTIX TIPO-
BUHIIMM KOH(MUTYpaIHs MECTOPOXKICHHH, COTIACHO
UMEIOIIUMCS  JaHHBIM, ONPEACISIeTCS HCKIIOYH-
TEJIBHO CTPYKTYPHBIMH JIOBYIIIKAMH.

B 1memom mo IIpuuepromopcko—CeBepo-
KaBka3zcko—MaHTBIIIIAKCKON TPOBUHIIMH CyMMap-
Hasi JIOJS JINTONIOTO-CTPATUTPA(UIECKIX U KOMOH-
HUPOBAaHHBIX JIOBYIIEK B OOIEM YHCJE HW3BECTHBIX
3]1eCh MECTOPOXKIeHUH cocTaBisieT okoso 28%. Ilpu
3TOM HX OOJIbIIAsl YacTh MPEACTaBIseT coO0H KOM-
OMHALINIO CTPYKTYPHOU (DOPMBI M PACIIONOKEHHBIX B
€€ KOHType 3aJekKel JIMTOJIOTHYeCKOro, CTpaTurpa-
(bUUECKOr0 WM JINTOIOTO-CTPATHTPAPUIECKOTO TH-
na. JIoBymkn coOCTBEHHO IHTONOTO-CTpaTHrpadu-
YeCcKOro Xapakrepa, cOPMHPOBaHHBIE O€3 SIBHOTO
y4acTusl WJIM TPU OTPaHUYEHHOM (MOHOKJIMHAJb)
Y4acTUH CTPYKTYPHOTO (hakTopa cocTaBisitoT 10 6%
OT OOIIETO YKCIIa JOBYIIEK, OMPEICIIIONTUX KOHDH-
rypaiio MecTtopokaeHus. Haubonbmee kommue-
CTBO TaKUX JIOBYIIEK B TPAHHUIIAX STOW MPOBUHIIUU
CBSI3aHO C BOCTOYHBIM IPENTOPHBIM paiioHOM MH-
nono-Kyb6anckoit HI'O.

Ipuxacnuiickas HegpmezazoHOCHAS NPOBUHYUSL
B TPaHUIAX PACCMATPUBAEMOIO PETHOHA BKJIFOYAET
52 MECTOPOXICHWS, JaHHBIC O THIAX 3aJCKEH H
JIOBYIIEK M3BeCTHBI /it 51 miomanu. Bo durona-
HOM COCTaBE PAcCMOTPEHHBIX MECTOPOXKICHHUH Cy-
MIECTBEHHO TIpeodiamaeTr HePTh, XOTS HMEIOTCS
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TaKK€ MECTOPOXAEHHUS raza M KOHJEHCaTa, Cpeau
KOTOPBIX YHHKaJIbHOE M0 00BEMY 3amacoB Actpa-
XaHcKoe MecTopoxaeHue. [IpoayKkTuBHbIE TOPHU30H-
TBl TPHUCYTCTBYIOT BO BCEX CTpaTUrpaduuecKux
rmozipa3fAeNieHNsIX Me3030s (OT TpHaca 10 BEpXHEro
MeTia), B MOJICOJICBRIX KapOOHAaTaxX /IEBOHA — CPEIHE-
ro kapOoHa; peaKue CKOmIeHusT Y B cBsi3aHbI Takxke
C OTJIOKEHUSMU TIAJIeOTeHa W HEOTeHa.

Takum oOpa3om, o0Ias OIS JOBYIIEK JIUTOJIO-
rO-CTPaTUrpapUuIecKoro 1 KOMOMHHPOBAHHOTO TH-
OB B JaHHOM 00jacTH cocTaBisieT okoyno 17% ot
00IIIero guciia MECTOPOXKACHUH, a B TpeeniaX FoXK-
HOM yactu Ilpukacnuiickod HNPOBUHLMUH, OTHOCS-
meiics k UepHoMmopcko-KacnuiickoMy pernony, — B
enom 110 14%.

B FOoicno-Kacnuiickou negpme2azonocHotl npo-
BUHYUYU PACCMOTPEHO paclpeniesieHne 3ajexeld U Jo-
ByIeK 112 MecTopoxaeHuil, BXOIAIUX B €€ COCTaB U
pactpene/i€HHBIX B IIECTH HEPTEra30HOCHBIX 0071a-
cTsX. AOCONIOTHOE OOJNBUIMHCTBO MECTOPOXKICHUI
3JIECh CBA3aHO C IUIMOLIEHOBBIMH OTJIOKEHUSIMHU, B CO-
CTaBe KOTOPBIX BBIJICTICHBI JIB€ OCHOBHBIE CHHXPOHHBIS
(cpemumii mHoIeH) HeTEra30HOCHBIE TONITH — APO-
OVKMUGHAs B 3alalHON YacTH MPOBUHLUH U KPACHO-
yeemuass B €€ BOCTOYHOW yacTH. MecTaMu B 4YHCIIO
MIPOIYKTUBHBIX BKJIOYAIOTCS W 0Oojee MOJOAbIe
(BepxHuil IUIMOICH) OTIOXeHUs. bonee npeBHHE
HeTera3onpoayKTUBHbIE HWHTEPBAJIbL, BKIIOYAIOIINE
TOPU3OHTHI OT BEPXHETO Mefia 0 MHOICHA, YCTaHOB-
nenbl B ['o0ycrano-Kypunckoii HI'O.

B umcne 65 wmecropoxneHuii AOuiepoHO-
[Ipubanxanckoit HI'O BBIsABIEHO 5 MECTOPOXKICHHIA,
3aJIe)kKM KOTOPBIX OTHOCATCA K JUTOJIOTHYECKOMY
TUIY, U 2 MECTOPOXIEHHS CO CTpaTUrpapuyecKu
SKpaHHPOBAHHBIMH 3alleXkaMH. Bce 3TH MEeCTOpoxk-
JIEHUs JIOKAIM3YIOTCS B KOHTypax OpaxWaHTUKIIH-
HaJTbHBIX WIHM KYTIOJIOBHUIHBIX CTPYKTYP.

N3 17 paccMoTpeHHBIX MecTopoxaeHui Bocrou-
HO-A3zepOaiimkanckoit HI'O Tomsko omgHo — JlyBan-
HBIN-CYIIa, CBSI3aHHOE C aHTUKJIMHAIBHOW JIOBYILIKOM,
COZEPIKUT 3aJIEKHU JIUTOIIOTMUECKOTO THIIA.

AHanoru4Hasi CUTyaIsl XapakTepHa s 3amna-
Ho-Typxmenckoit HI'O, rae B cocraBe ra3oKoHIEH-
CaTHBIX U He(TEra30KOHICHCATHBIX MECTOPOXKICHUIH
JWIIb OJJHO Ta30KOHJEHCATHOE — DPIEKIH, CBS3aH-
HOE ¢ OpaxWaHTHKIMHATIHHON JIOBYIITKOH, COIEPKUT
[ITh JIMTOJIOTHYECKH SKPAaHUPOBAHHBIX 3ajiekeil B
BEPXHEMHOIICHOBBIX OTJIOKECHUSX (aK4arbLi).

B T'obycrano-Kypunckoit HI'O 5 u3 14 Bxiro-
YEHHBIX B Hee HE(TAHBIX CKOIUICHWH CBA3AaHBI C aH-
TUKJIMHAIBLHBIMU JIOBYIIIKAMH, 00pa30BaHbI 3aJiexkKa-
MU JIATONIOTUYECKOTO THIMA (JINTONOTUYECKH OTrpa-
HUYEHHBIE WIH JUTOJIOTHYECKH SKPAaHUPOBAHHBIE).

Takum oOpazom, B 1enioM B coctaBe FOxHO-
Kacnuiickoii mpoBHHLMK COTJIACHO NAHHBIM CHpa-
BOYHBIX IICTOYHHKOB M MPOYNX MyONHUKAIUNA TOIBKO

12-13% ot o0riero 4nciaa OTKPBITHIX 3/I€Ch MECTO-
POXKACHUN CBS3aHBI C KOMOMHHPOBAHHBIMH JIOBYIII-
KaMHd, OOpa30oBaHHBIMH TP Yy4YacTHH JIUTOJIOTO-
cTpaturpau4eckoro u CTPyKTypHOTo (pakTopos.

Jlutonormueckne W maneoreorpadudecKue
YCIIOBHSI, OTIPENIEIISIONINE PAcpOCTpPaHEHUEe Ha Me-
cropoxxaenusix YepHomopcko-Kacmuiickoro peruo-
Ha JIHTOJIOTO-CTPATUTpaQUIEecCKUX H KOMOWHHPO-
BaHHBIX JIOBYIIIEK, OIlEHEHHbIE HA OCHOBaHWH IOITY-
YEeHHBIX pe3yJbTATOB, MIPeJCTaBiIeHbl Ha puc. 5. Kak
clenyeT U3 NMPUBEIAEHHON CXEMBI, B TpaHuIax Yep-
HoMopckod mnpoBuHIMU U HOxHoro Kacnus ux
(dopMHpOBaHWE B 3HAYMTEIILHOW CTETIEHU CBS3bIBA-
eTCS C TMECYaHBIMH M IeCYaHO-aJICBPOJIMTOBBIMU
KOMIUTIEKCAMH HEOT€HOBBIX M HEOTEH-YETBEPTUIHBIX
NaJieoJIeNIbT ¥ KOHYCOB BBIHOCA, & TAKXKE 30H pa3BU-
TUS TYPOUJUTOB B UX BHEIIHUX 30HAX.

C yCThEeBBIMH yYacTKaMH IAJIeOTeH-HEOT€HOBBIX
MAJICOIONMH M TTOJITOPHBIMH MOJIACCOBBIMH IILTEH(a-
MU, B (QOPMHPOBAHUH KOTOPBIX Y4acTBYeT 00IOMOY-
HBII MaTepuall, BBIHOCUMBIA STHMHU JTOJMHAMU, CBSI-
3aHBI JIUTOJIOTO-CTpaTUrpaduyeckne M KOMOWHUPO-
BaHHbIC JIOBYIIIKK B MEKTOPHBIX M ITPEArOPHBIX (Kpa-
€BBIX) MPOrubax AIBIMUICKUX CKIIQI4aTO-OPOTSHHBIX
CHUCTEM H COTPSHKEHHBIX MIaT(hOPMEHHBIX 30H.

B 3aromisieMbIX MPHOPOTEHHBIX BIAJWHAX ILIaT-
¢dopmennoit  obmactu  [Ipuuepromopcko—CeBepo-
Kapka3cko—MaHTBIIIUTAKCKOM MPOBUHIMM U OPOTEH-
HBIX TIPOTHOax ANbNUHCKUX TOPHO-CKIIAIYATBIX CO-
OpY)XKeHHI1 00pa3oBaHUE JIUTOJIOrO-CTpATUTpadIde-
CKUX W KOMOWHHUPOBAaHHBIX JIOBYILICK OIPEACIISETCS
30HaMH TPOTPAIUPYIOMINX Pa3TPy30K IOPCKUX, MEJO-
BBIX M MAJICOTEHOBBIX TIOTOKOB OCAJIOYHOT0 MaTepHalia
3a OpOBKaMM BHYTPSHHHX YCTYIIOB W BaJOOOpPa3HBIX
MOJIHATHHA KOHTHHEHTAILHOTO TIeNb(a, 30HAMH Me30-
30MCKMX M KAWHO30MCKUX MOJIACCOBBIX NUICH(POB U
MPOTrPafaliMOHHO 3aMOJHAEMBIX OPOT€HHBIX U MPOYHX
BIIQJIUH CKJIAT9aTO-OPOTCHHBIX CHCTEM.

[IpenmytiecTBeHHO B TUIAT(OPMEHHBIX MIENb(O-
BBIX YCIIOBUSIX M HA JIOKAJIBHBIX Y4ACTKaX OTHOCUTEIb-
HOUM craOuimu3aimy win claObIX KoJieOaTeNTbHBIX JIBU-
JKeHU 00pa3oBaHUE JIUTOJIOTO-CTPATUTPAPHUIESCKIX H
KOMOMHHPOBAHHBIX JIOBYIIICK MOXKET OBITH CBSI3aHO C
Pa3HOOOpa3HBIMU aKKYMYJSITHBHBIMH W OPO3HOHHO-
AKKyMYJISITUBHBIMA (hOpMaMU TPUOPEKHBIX U yIaIEH-
HBIX OT Oepera 000COOICHHBIX METKOBO,THIA.

CBOJIHBIC KOJIMYECTBEHHBIC XapaKTEPUCTUKHU TH-
OB JIOBYIIIEK B HE()TEra30HOCHBIX MPOBHHIUIX Yep-
HOMOpcKO-Kacnuiickoro pernoHa, a Takke pacnpeze-
JIeHWe 3alieXeld B JIUTOJIOro-cTparurpaduueckux u
KOMOMHUPOBAHHBIX JIOBYIIIKAX TI0 CTpaTurpaguue-
CKUM WHTEpBaJIaM TPe/ICTaBIEHBI B Ta0M. 3 u 4.

W3 HIKENpPHUBEACHHBIX AaHHBIX CIEAYET, 4TO
Ha JIOJII0 JTUTOJOTO-CTpaTUTpaduIecKux U KOMOH-
HUPOBAHHBIX JIOBYIIEK B COCTaBE MECTOPOKIACHUMN
pernona HeMHoOro Oomnee 25% (puc. 6 u Tabdm. 3).
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YcaoBHble 0003HAYeHHsI K PHCYHKY S5: 1 — HedTera3oHOCHbIC MPOBHHINH HEPUKPATOHHBIX IOTPYKEHHH M KPYIMHBIX albITHHI-
CKHX BNAJAWH; 2 — He()Tera30HOCHBIE IIPOBHHIIMA U 00JIACTH HOABHXKHEIX IaTdopM; 3 — HeNepCIeKTUBHBIE 00J1acTH 3a Ipeerna-
MH HPOBHMHIMH; 4 — MEPCHEKTUBHBIC 30HBI B I'PAHUIAX MPOBHHIMN; 5 — MECTOPOXKACHUS: a — He(TH, O — ra3a ¥ KOHIEHcaTa, B —
CMEIIAHHOTO COCTaBa; 6 — MJIOIIAAM, HE JABIIHME MOJIOKHUTEIBHOTO MIM KOMMEPUECKH 3HAUUMOI0 pe3ysbTara; 7 — HHIEKCHI: a —
He(Tera30HOCHBIX MPOBHUHIMM, 6 — HeTera3oHOCHBIX obnacTeil; 8 — rpaHMIBl: a — HeTEera30HOCHBIX MPOBUHLNKH, O — HedTera-
30HOCHBIX 00J1acTeil; 9 — rpaHUIBI TOCYIapCTB M HALMOHAIBHBIX 30H MOPCKOTO HEAPOIOb30BaHus, 10 — KOHTYpHI 30H pacmpo-
CTpaHEeHHUs JIOBYILEK M 3ajeXeil M MHICKCHl XapaKTEePHBIX YCIOBUH. Heghmezazonocuvie nposunyuu u obracmu (uHOeKcwl Ha
xapme): A — Ilpenkapnarcko-bankanckas (H['O, ITHI'O: Al — Boctouno-Kapmarckas, A2 — IIpeaxapnatckas, A3 — [Ipunynaii-
cko-Bamaxckas); b — banruiicko-IIpenno6pymxnnckas: b1 — Mongascko-IIpenno6pymxunckas HI'O; B — Uepnomopckas (HI'O,
I[THT'O: B1 — Bocrouno-Mmswmiickas/Uctpus, B2 — Urneana/Bypraccko-IIpubanxanckas, B3 — 3anmagno-ITonTuiickas, B4 — Cu-
Homckast, BS — 3amangno-UepHoMopckas riyookoBonHas, B6 — Bocrouno-IlonTuiickas, B7 — Kpbimcko-KaBka3ckass KOHTHHEH-
TanbHas okpanHa, B8 — HoBopoccuiicko-Jlazapesckas, B9 — Bocrouno-Uepaomopckas riybokooanas); I — [Ipuuepromopcko-
Cesepo-Kakazcko-Manrsinutakckas (HI'O, ITHI'O: I'l — Ilpuuepnomopceko-Kpeimekast, I'2 — Mugono-Kybauckas, I'3 — 3anan-
Ho-IIpenkaskasckas, ['4 — Llentpanbno-IIpenkaBkasckas, I'S — Tepcko-Kacnuiickas, ['6 — Bocrouno-IIpenkaskasckasa, I'7 —
Kpsxa Kaprnuackoro, I'8 — OxHo-Manrsimnakckas, ['9 — LenrpansHo-Kacnmiickas, I'10 — 3anagno-Kapaborasckas); [ — [pu-
kacruiickas (HI'O, ITHI'O: 11 — Actpaxano-Kanmeikas, /12 — IOxH0-OM6enckast, [I3 — Bonrorpancko-Kapauaranakckas, /14 —
Hentpansao-Ilpukactniickas); E — lOxno-Kacmmiickas (HI'O, ITHI'O: E1 — Cesepo-A6meponckas, E2 — AGmepon-
IMpnb6anxanckas, E3 — Bocrouno-Azepbaiimkanckas/3anagaoro bopra, E4 — IOxuno-Kacnuiickas korTioBuHa/rimy6okoBoaHas, ES
— TypkmeHckas ctynenb, E6 — Ma3sennepanckasi; E7 — 3ananno-Typkmenckas/Bocrounoro bopta, E8 — N'obycrano-Kypunckas);
XK — Apano-Ycrroprekas (HI'O, ITHI'O: XK1 — FOxHo-By3aunnckas, X2 — fpkumobaii-Apcranosckas, K3 — Beiineyckas, K4 —
Meincyanmacckas); 3 — Boaro-Vpansckas; WM — [uenposcko-Ilpunsitckas; K — ®pakuiickas. Huoexcor aumonoco-
dopmayuonneblx U naneozeozpaguueckux ycnosull (Yughpel Ha cxeme): KOIIEKTOPbI TeppUreHHBbIX (Gopmanuii: 1 — necuyansle u
NeCYaHO-aJIeBPUTOBBIE KOMIIJIEKCHI HEOTEHOBBIX U HEOTE€H-YETBEPTHUHBIX MAICOAENbT U KOHYCOB BBIHOCA, 2 — TypOMIUTHBIE TIeC-
YaHbIe W N1E€CYaHO-aJEBPUTOBBIE KOMIUIEKCH BHEIIHHUX (IMCTANBHBIX) 30H HEOT€HOBBIX M HEOTEH-YETBEPTHYHBIX MANEOACIbT U
KOHYCOB BBIHOCA, 3 — 30HBI ITAJICOTCH-HEOTCHOBBIX YCTHEBEIX YUACTKOB MAJICOJOIHH, HOATOPHBIX M€CUaHO-TIINHUCTBIX MOJACcCOo-
BEIX HUIeH}oB ("ceAMMEHTAIMOHHBIX KIMHBEB"), 4 — 30HBI NPOTrpagUpyONIel pasTpy3KH IOPCKUX, MEJIOBBIX M IaJ€OT€HOBBIX
IIOTOKOB 0CaJ0YHOI0 MaTepHaa HIbKe BHYTPEHHUX YCTYIIOB, T€ppac, BaT0OOpa3HbIX MOJHATHH KOHTHHEHTAIBHOTO Mmenbda, 5 —
30HBI ME3030MCKHX MOJIACCOBBIX IUICH(OB B IPOrpalallMOHHO 3aIOJIHIEMbIX U 3aTOIUIIEMBIX OPOTEHHBIX U MPUOPOreHHBIX BIIa-
JMHaxX U nporudax, 6 — pa3HOBO3pACTHbIE IIATGOPMEHHbIE aKKYMYJIATHBHBIC U 3PO3HOHHO-aKKYMYJIITUBHBIE OpPMBI IPUOpexK-
HBIX MEJKOBOJHI U 000COOJICHHBIX oTMeneil (6apbl, KOChI, OeperoBbie Bajbl, MIMTHBIE HUlei]bl, morped&unbie nonuubl). Koi-
NIEKTOPBI KapOoHATHBIX hopmanuii: 7 — pudoBsie coopy)eHHs (KOPaIOBbIe, MITAHKOBBIE PU(BI, PAKYIIHIKOBbIC OAHKH).
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Puc. 6. CBoaHas XapaKTepUCTUKA PACIIPENCICHUS TUIIOB JIOBYLIEK B HE()TEra30HOCHBIX NPOBHHLMAX M oOsacTax YepHOMOpCKO-
Kacnwuiickoro pernona
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[Ipu sTOoM dumMcio 3ajexeidl JIUTOJOTHYECKOTO,
cTpaTurpauueckoro, JUTOJIOTO-CTpaTUrpadude-
CKOIr'o THUIIOB M CBs3aHHBIX C 6I/IOFeHHBIMI/I BbI-
CTylaMHU TMPEBOCXOAMUT 0OIIee YUCIO JUTOJIOTO-
crpaturpau4eckux W KOMOWHHPOBAHHBIX JIO-
Bymek (puc. 7 u Tabn. 4), ompeneNsommnx moJ-
HBIIl KOHTYp MECTOPOXXIEHHsI, 4TO 00YCIOBICHO
HaJu4MeM KaK OJHO3aJIeXKHBIX, TaK U MHOro3a-
JIS)KHBIX CKOIUIEHWH, JOKAJIW30BAHHBIX B OJIHOUI
00BbeANHSAIONICH UX JIOBYIIKE,

Jonss coOCTBEHHO "HECTPYKTYpHBIX" JIOBY-
ek, o00pa3oBaHUe KOTOPBIX CBSI3aHO C AEHCTBHEM
CEeAMMCHTAIIMOHHBIX (aKTOPOB (JIUTOJIOTHYECKOE
OrpaHHYCHUE WIH dKpaHUpOBaHUE, cTpaTurpadu-
YecKoe dKpaHWpoBaHue, popMUpoBaHHE OHorepma
— Kak QOopMBI M KakK pe3epByapa — COCTaBIISIET
0K0JI0 5% OT 00IIero yuciaa MeCTOPOKIACHHUH pe-
ruoHa. Kak mokaspiBaeT npuBEeNEHHBIM aHaNU3,
CTPYKTYPHBII (akTop BCE ke MPUHUMAET KOCBEH-
HOEe ydacThe B WX (OPMHUPOBAHHMH, OTPEACIS
HampaBJIeHHWE MUTPALMOHHBIX TOTOKOB YB wm
o0benuHss OTAeNbHBIE CKOIUJIEHHS YB B 30HBEI
He(Tera3oHaKOILICHHUS.

Cy1liecTBeHHOE ydacThue CTPYKTypHOro dax-
Topa B (QOpMHpOBaHMH OONBITUHCTBA KOMOWHU-
POBAHHBIX JIOBYIOICK PEruoHa OTYACTH MOXKET
O6’I)$1CH5[TI)CSI BBICOKUM YPOBHEM €ro TCEKTOHO-
reoJMHAMUYECKOM aKTHBHOCTH B ME3030€ M Kaii-
HO30€, 0 KOTOPO¥ ObII0 cka3zaHo BeIme. OHa 00y-

CIOBJIEHA TECHBIM COCEACTBOM H B3aUMOJECHCT-
BHEM MOJIOJOH IIaTGOPMBI U OOJACTH aIbITHIMA-
CKOM M HOBEMWIIEH CKIIaI4aTOCTH, C KOHTPACTHBI-
MU OpOTe€HHBIMU JBIDKCHUSMH M 00pa3oBaHHEM
BBICOKHX FOPHBIX CUCTEM U IIyOOYaiIInX BOAAUH.
OTO B3aMMOJAEWCTBHE OMPEIEINIET HE TOIBKO pa3Ho-
o0Opa3ue yclnoBUH OCaAKOHAKOIUIEHUS M (opMalu-
OHHOTO COCTaBa, Pa3MbIBOB M HECOIJIaCUH B MpHJIe-
TalolMX K OPOTeHHBIM CHCTEMaM o00JacTsaxX IIo-
JOBWKHOW TIATQOPMBL, HO TaKkKe JABWKEHUS W
CTPYKTypooOpa3oBaHHE B 3THX OONACTIX Kak Ha
ypoBHe ONOKOB W TibBI0 (pyHAaMeHTa, Tak W Ha
ypoBHE ocafoyHoro yexjia. Hamo momarate, 4to B
reoAMHAMHYECKH 0oJiee CIIOKOWHBIX, YIalCHHBIX OT
30H aKTUBHOM T€OAMHAMHMKH M TEKTOreHe3a IIat-
(OpPMEHHBIX pEerHoHaxX PoJib "HECTPYKTYpPHBIX" IO-
ByIIEK, 0Opa3oBaHHE KOTOPHIX KOHTPOJIHPYETCS
NPEUMYIIECTBEHHO/UIN HCKIIOYUTEIBHO CEOUMEH-
TalMOHHBIMH (JIMTOJIOTHUECKUMH, CcTpaTUrpaduye-
cKkuMH) (akTopaMu B GOPMHUPOBAHHU MECTOPOXKIIE-
Huil YB, MoxeT ObITh OoJiee CyIIeCTBEHHOM.

Emé omHO# mMpUYMHOW OTHOCUTENHFHO HEOOIh-
mIoN oM "HECTPYKTYPHBIX" JIOBYIIEK, OMpPEaes-
IOIIMX TIONHYI0 KOH(uUrypamuio ckoruieHus YB B
COCTaBE MECTOPOXKACHUN PErHoHa, SIBISETCS, OUe-
BH/IHO, YCTAHOBHBINASCSA CTpAaTEeTHus M TaKTHKa
IIOUCKOB YB, KOTOpasi OpUEHTUPYETCS Ha IOUCKHU
"JMOKaJIBHBIX MOIHATHHM" B KayecTBE TJIABHBIX
00BEKTOB, ONPEAENAIOIMUX PE3YIbTaTUBHOCTD.
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Puc. 7. Pacnipenenenue 3aiexeil B IMTONOrO-CTpaTUrpapuiecKux 1 KOMOMHUPOBAHHBIX JOBYIIKAX MO CTPATUrPapUISCKHUM HHTEp-
BaJaM M HeTera3oHOCHbIM obmacTaM YepHoMOpcko-Kacnmiickoro pernona
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CoBepuieHCTBOBaHHE T'eO(U3NIECKUX METO-
JIOB, TEXHOJIOTHIA cOopa M 00pabOTKN HH(PpOPMAITIH
YK€ CETOJIHS MO3BOJSIONIUX MMOJIYYaTh JOCTATOYHO
JIeTanbHyl0 KapTuHy o0BEMHON (3D) cTpykTyphl
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OILIEHKA YCJIOBH ®OPMUPOBAHMSI U PACTIPEJEJEHMS JOBYIIEK U 3AJIEXKEN YTJEBOIOPOJOB
B YEPHOMOPCKO-KACINIUCKOM PETHOHE

Kepumos B.JO."2, Cenun B.B.3, Cepukosa ¥.C.2, Mycraes P.H.%, Pomanos I1.A.2
! Anemumym negpmu u 2aza Hayuonanvnoti akademuu nayk Asepbaiioscana, Asepbaiioscan
AZ1000, Baxy, yn. @. Amuposa, 0. 9: vagif.kerimov@mail.ru
2Poccutickuii 20cyoapcmeeniblii 2e01020pazeedounsiii yrueepcumem um. Cepzo Opoaconuxudse, Poccus
117997, Mockea, yn. Muxnyxo-Maxknas, 0. 23: serikovaus@mgri.ru;
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340 «Corozmopzeor — AO «Poczeonozusny», nayuno-ananumuyeckuii yenmp, Poccus
353461, I'enenoorcux, yn. Kpvimckas, 20: sengri@mail.ru

Pe3ztome. Ins onleHKH yCcIoBUH (HOPMHUPOBAHKS M PACHPEACICHUs Pa3IMYHBIX THUIIOB JIOBYIIEK H 3aiexell YB B UepHOMOpPCKO-
KacrmiickoM perrione ObUTH HCIIOIB30BAaHBI TEOJIOTHYECKHE XapaKTepUCTHKN Gonee 670 MOPCKHX M KOHTHHEHTAJIBHBIX MECTOPOXK-
nenuii B Poccun u 3a py6exom. OT60p U 06001IeHNE aHATTM3UPYEMBIX XapaKTePUCTHK OCYIIECTBIBUINCH UCXOS U3 MIPE/ICTaBICHUI
0 THIax JIOBYIIEK U 3anexeld YB B nenoM u npumenutensHo K YepHomopcko-Kacnuiickomy peruony. B coorBercTBuu ¢ ornpenesne-
HUSIMH ¥ XapaKTePUCTHKAMU HEKOTOPBIX THIIOB JIOBYIIEK M 3alIeXeil, a TakKe JaHHBIMH O MECTOPOXKICHHIX Pa3HOTo (IIIOUIHOTO
COCTaBa M BO3PACTa BMEILAIOLIMX TOJII[ B PETHOHE BCS COBOKYNHOCTb aHAIM3MUPYEMBIX XapaKTEPHCTHUK, OTPAXKAIONIMX MPHHAIIEK-
HOCTb MECTOPOX/CHUS K TOMY HJIM HHOMY KJIAcCy, pacmpesielieHa 0 OTHOLIEHHIO K ABYM (haKTOpaM — CTPYKTypHOMY U CEANMEHTa-
LHUOHHOMY (JIUTOJIOTO-cTpaTHrpaduueckomy). [lokazano, uTo HanbobIee YHCIO MECTOPOKACHUA Pa3HOTO COCTaBa CBA3aHO C HO-
BeiimM (44 %) u anprmiickuM (okono 40 %) TEKTOHO-CEAMMEHTAIIMOHHBIMU UKIAMH U YTO B MECTOPOXKACHUSIX 3amamHon (Yep-
HOMOpCKoH 1 [IpraepHOMOpPCKOIT) TOJIOBUHE PperHOHa 3aMETHO IIPeo0IIalafoT ra30Bast U KOHeHcaTHas (a3bl (DIIONIHOTO COCTaBa, a
B ero BoctouHoil (Kacnwmiicko-IIpukacnuiickoif) — HedTsHas. Jons "HeCTPYKTYpHBIX" JIOBYIIEK, 00pa3oBaHHE KOTOPHIX CBSI3aHO C
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JEHCTBUEM CEIMMEHTAIIMOHHBIX (paKTOPOB (JINTOJIOTHUECKOE OrpaHMUYCHUE WM SKPAaHHPOBAaHHE, CTPATUTpapHUIECKOe SKPaHHPOBA-
Hue, popMupoBaHHe OHorepMa — Kak (JOpMBI M KaK pe3epByapa) COCTaBIIIET OKOJIO 5% OT OOIIEero Yrcia MeCTOPOXKICHHH perHoHa.
Kak mokaspiBaeT nMpuBeJEHHBIH aHANM3, CTPYKTYPHBIN (hakTop BCE K& IPHHUMAET KOCBEHHOE ydacTHe B X ()OPMUPOBAHUH, OIpe-
A€ HAalIPaBJICHUE MUT'PAIIUOHHBIX [TIOTOKOB VBu O6’bellI/IH$[$( OTACJIBHBIC CKOIIJICHUA VB B 30HEI Hed)TeFa?,OHaKOl'[IIeHHﬂ.

Knrouesvie cnosa: Yepnomopcro-Kacnuiickuil pecuoH, 108yuKa, 3a1edcb, MeCmopoNcOeHus, Hedhmo, 2as, yeneeo0opoobl, mek-
MOHO-CEOUMEHMAYUOHHBIE YUKIbL

QARA DONIZ — X0ZOR REGIONUNDA KARBOHIDROGEN TOLOLORIN VO YATAQLARIN FORMALASMA
SORAITLORININ VO PAYLANMASININ QiYMOTLONDIRILMOSI

Korimov V. Y.12, Senin B.V.3, Serikova U.S.2, Mustayev R.N.2, Romanov P.A.2
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Xiilasa. Qara doniz-Xozar regionunda formalagma saraitlori vo miixtaliftipli talelarin paylanmasini giymatlondirmak iigiin Rusiya
va xaricin 670-don artiq deniz kontinental yataglarinin neft-qaz geoloji saciyyslondirilmasina ehtiyac duyuldu. Talslorin tiplori vo
KH yataqglarimin biitovliikde vo Qara doniz-Xozar regionuna nazoron tesavviirlorine sdykenarak, tohlil edilon saciyyolorin se¢ilmosi
vo imumilogdirilmasi hayata kecirilmisdir.

Talo va yataqlarin bazi tiplorinin toyinatlart vo saciyyslondirilmasina, regiondaki miixtolif fliiid torkibli vo yerlosdirici siixurlarin
yasina istinaden yataqlar haqqinda melumatlara miivafiq olaraq, yatagin bu ve ya diger sinfs aidiyystin1 oks etdiren tohlil olunan sa-
ciyyalerin macmusu asasinda - struktur ve sedimentasiya (litoloji-stratiqrafik), iki amil ayrilmisdir.

Miixtoliftipli yataglarin an bdyiik miqdart an yeni (44 %) va alp (40 %-a qadar) tektonik-sedimentasiya dovrlari ils slagadardir vo
gorbi Qara doniz va regionun Qara deanizyani hissasinds sksariyyati fliiid terkibli qaz vs kondensat, onun serqinds — Xazar-Xozarya-
ni1 hissasinds isa neft yataglarinin olmasi gostorilmisdir.

Sedimentasiya amillorinin (litoloji mshdudiyyst vo ya ekranlagdirma, stratiqrafik ekranlagdirma, biogermin formalagmasi - forma
va rezervuar kimi) tosiri ilo bagli olan «qurulussuz» tolslerin pay: regiondaki yataglarm iimumi saymin toxminen 5% -ni toskil edir.
Aparilmis tohlillorin gdstordiyi kimi, struktur amil onlarin formalagmasinda dolay1 istirak edir, karbohidrogenlorin miqrasiya axinla-
rinin istiqametini miioyyanlosdirir v ayri-ayri1 karbohidrogen yiginlarini neft-qaz y1gimi zonalarina birlesdirir.

Agar sozlari: Qara doniz-Xazar regionu, tala, yataq, neft, qaz, karbohidrogen, tektonik-sedimentasiya dévrlori
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Summary. The caves used by primitive man as shelters and settlements are one of the places
where information about the history of mankind is brought to light. For this reason the
geographical and archaeological values of caves are always in the foreground. However, we
should not forget the economic importance of caves and their potential for speleotourism, because
in our contemporary world the economic importance of caves is very high. From this point of view
the paper gives the classification of caves; emphasizes the importance of determining their status;
on the basis of archival, stock and research works provide extensive information about the caves of
Azerbaijan, which are distinguished by their archaeological, paleontological and stratigraphic
value; make proposals for their preservation and use as examples of historical and cultural
heritage; present a map of the caves of Azerbaijan.

In addition, the paper explores the use of caves as shelters by primitive people, the creation of
legends and myths, the significance of shrines, sanctuaries and temples, their value as a historical
and cultural heritage, as well as tourist’s attraction, the possibility of using them for sports and
recreational purposes.

The use of caves for tourism is one of the main objectives of speleotourism. To this end, we
have studied the potential of speleotourism in the caves registered and unregistered by the
Government of Azerbaijan and proposed to passport the caves, to determine the possibility of
using speleotourism services in the regulation of regional tourism based on scientific and

Keywords: natural
monument, cave,
speleotourism, Azykh,
Taghlar, Damjili, Gazma

economic research.

© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

The improvement of tourism requires the direct
and efficient use of existing opportunities, as well as
everlasting enhancement of the continuous operation
of the types of tourism. Recently, the dynamic de-
velopment of tourism in Azerbaijan has defined a
fuller and more efficient use of available tourism
potential as a priority direction and has achieved the
improvement of the different tourism directions such
as ecotourism, ethno-tourism, sport and health tour-
ism, treatment and recreation tourism, rural tourism
and others. However, the proportion of this sector in
the country’s economy is rather low, since the tour-
ism opportunities have not been used adequately in
the regions.

According to the statistic materials of the 2020
year, the volume of the GDP was 42,6 Billion US
dollars in Azerbaijan, and it means 4272,2 billion
US dollars per capita. Nevertheless, the percentage
of tourism in the GDP was relatively lower account-
ing for 1.2% of the total share (Azarbaycan
roqomlardas..., 2021). The reason underlying the low
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proportion of tourism is the inexistence of the hier-
archical improvement concept of tourism in the im-
plementing State Programs related to the socio-
economic development of regions, as well as in the
specialised strategic roadmap. Though, the tourism
sector was especially determined as one of the prior-
ity directions in the development strategy of the na-
tional economy.

Material and methods

During the investigation, geological, geomor-
phological, geographical, historical, biological, an-
thropological materials were collected and scruti-
nised in cameral conditions. The analysis was con-
ducted using a historical-geographical approach,
comparative and systematical analysis, interviews,
Geographical Information Systems (GIS) and other
methods.

Natural monument — caves
Natural monument — is the witness and memory
of the natural phenomena occurring in the depth and
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on the surface of the Earth at different times having
certain aesthetic, scientific and practical significance
and attracting attention with its unique and remarka-
ble appearance (Xolilov, 2020). Natural monuments
are factored in unique tourism objects. Nevertheless,
not all the objects created by nature are unique natu-
ral monuments. Typically, unique natural monu-
ments emerge as a result of internal and external
natural processes. One of the essential characteristics
of the unique natural monuments is their geological,
historical and scientific importance (PaBmanos,
Ycmanos, 2021).

Nature creates mountain summits, deep valleys,
caves, rivers, waterfalls and others during a long
geological period. Undoubtedly, these unique mon-
uments of nature attract tourists’ attention constantly
and create conditions to make their trip intriguing. In
order to use the caves, which are unique among nat-
ural monuments and in recent years are in the field
of interest of tourists, we must first analyze their
physical and geographical features, and then explore
ways of involving them in tourism. Caves are the
underground cavities of different forms and sizes in
the layers of karstified limestone, dolomite and gyp-
sum rocks. The caves show up as a consequence of
percolating water which passes through the inclined
carbonated rock layers and washes them out
(I'Bo3nenkwuii, 1972). The emergence, formation and
development of the caves are tightly related to the
karst process. In most cases, the caves are formed as
a result of the covering of karstified rocks with in-
soluble and deposited sediments of the Quaternary
age and their isolating of soluble rocks.

Caves compose the basic element of the karst
system which interferes with the transformation pro-
cess on the surface of the physical environment and
underground, as well as, the settlement of wildlife
(Lobo, Moretti, 2009). However, the deficiency of a
unified classification to define existence form, be-
longing, genesis and other parameters of caves cre-
ates some misunderstanding in this direction. De-
spite the conduction of a series of investigations re-
lated to the caves, they make it difficult to get a ge-
neral result.

Although the karst process develops more or
less in mountainous provinces of Azerbaijan, the
typical karst landscape spreads in very small areas
(only in the areas where carbonated rocks spread).
Karst developed in the zone of carbonate rocks of
the Greater Caucasus, in the places of the southern
slope where Jurassic and Cretaceous limestones out-
crop. Karst process is active in the Lesser Caucasus,
mainly in Shinikh-Destefur synclinorium, in the
places where Jurassic and Cretaceous limestone lay-
ers’ outcrop, in Agjakend synclinorium, where gyp-
sum layers’ outcrop and in Karabagh range where

thick carbonate rocks appear on the surface or lie in
the areas or zones at shallow depths. Mesozoic and
Paleozoic carbonate rocks, spread (distributed) in
Daralayaz range or in its west, refer to karstified
rocks in Nakhchivan (Museyibov, 1998). Though
caves are not of so gigantic size, they are represent-
ed by the forms such as karst, abrasion, erosion,
denudation and etc., differing from their genesis
(Kongorli, Babayev, 2013). The caves distinguished
by different sedimentary forms (stalactites, stalag-
mites and etc.) are not so rich. Nonetheless, it is pos-
sible to encounter them and other sedimentary forms
in more complicated structures in some caves and
mines.

Morphological features of caves possess differ-
ent and intriguing elements. In addition to this, being
a shelter and worshipping place for a primitive man
increases their attractivity. The caves with these fea-
tures have great archaeological and historical-
cultural values.

The investigation of caves in Azerbaijan neces-
sitates their zoning (Table 1). The caves are primari-
ly located in the mountainous areas of the Greater
and Lesser Caucasus Mountains and a small part
covers the Talish highlands. It is feasible to come
across several caves in the areas adjacent to the Aras
River, especially in the Nakhchivan.

The role of caves is not small in the determina-
tion of paleogeographical condition, the develop-
ment history of relief, as well as, primitive men’s
shelters and their lifestyle. Unfortunately, not
enough attention has been paid to the study of caves
in the republic (Oyyubov, 1978). For the first time,
during the archaeological exploration conducted in
1953, the remnants of tangible culture of the best
scientific importance were discovered in the area
known as Yatag, in Damjili cave, in the southwest of
Avey Mount, in the Kazakh region (Zamyatnin,
1958). The area of the cave is 360 m?, the length is
17 metres, the height from the front side is 4 metres.
The entrance part of Damjili cave, which has a sem-
icircular shape, was destroyed. During the archaeo-
logical excavations carried out in the cave camp,
more than 8 thousand archaeological materials,
namely stone cutting tools, sharp-pointed currycomb
and knife-shaped tools, plate-shaped splinters, ar-
rowheads, awls and others, more than 2000 bones
belonging to different animals were found out. Dur-
ing the archaeological exploration, in the Kazakh
region, in the west of Dashsalahly village, a new
cave camp belonging to the Stone Age was found in
Dashsalahly cave in 1958. The height of the cave is
17 metres, the width is 10 metres, the area is 170 m>.
A large hearth with a diameter of 2 metres was dis-
covered at the entrance of the cave. It was defined
that there existed a cultural layer in the sediments of
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Dashsalahly cave’s camp. 354 pieces of stone prod-
ucts and nearly 500 pieces of animal bones have
been found. Stone tools are referred to the Mousteri-
an period determined by preparation technique,
shape and comparison (Almommadov va b., 2017).
The general length of 12 caves belonging to the
Dashsalahly caves group is up to 200 meters

(Oyyubov, 1978). Archaeological and paleontologi-
cal discoveries found among the sediments of Dam-
jili and Dashsalahly cave camps the proof that primi-
tive men of the Stone Age, inhabited there, made
labour tools and engaged in hunting. This, in turn,
confirms that the territory of Azerbaijan is one of the
most ancient places of accommodation.

Table 1

Zoning of caves in Azerbaijan
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During the archaeological exploration work
conducted in the Guruchay and Kondalanchay val-
leys of Karabakh and nearby areas in 1960, Azykh
and Taghlar Paleolithic camps were recorded on the
left bank of the Guruchay river. During the excava-
tions conducted in the Azykh Paleolithic camp, 10
layers were recorded and studied. The general thick-
ness of archaeological camps in the Azykh Paleolith-
ic camp which has the richest stratigraphy in the
Near East and Caucasus area is 14 metres
(Azorbaycan arxeolojiyasi, 2008). Being the largest
karst cave of the Caucasus, Azykh cave consists of 5
halls. Its length is 23 metres, the length together with
small exits and karst wells comprises 600 metres. At
the same time, the cave has an entrance and an exit.
Along with the labour tools, the bones of extinct an-
imals were found from the cave (cave bear, wild
horse, merka rhinoceros, huge deer, Caucasian deer,
Mesopotamian deer, Ekyus hydrintinus, different
birds and etc.). The remains of the most ancient
hearth found from the Azykh cave is nearly 700
thousand old (Qaniyev, 2019).

Azykh cave occupies a special place in the
world archaeology. The discovery of jaw bone be-
longing to the oldest human-azykhantrope caused
the great scientific revolution in the study of the his-
tory of the Caucasus region. The samples of material
culture confirm that the first human footprints were
found here about 1.5-2 million years ago. The first
people who were close to Homo Habilis according
to age living in Eastern Africa settled here 2 million
years ago (Avsarova, Pirquliyeva, 2010). However,
during the excavations carried out in Taghlar camp,
6 layers were recorded. Like Azykh cave, the stratig-
raphy of Taghlar cave is also rich, the general thick-
ness of layers is 9 metres. Taghlar cave is the only
monument with permanent accommodation among
the Caucasus and Near East monuments
(Azorbaycan arxeolojiyasi, 2008). Both caves are of
great archaeological and paleontological value as
examples of historical cultural heritage. The caves
differ from other caves by their natural attraction,
remains of stone tools and animal bones (cave bear,
cave tiger, Caucasian deer, Mesopotamian deer,
mountain goat, bison, cave hyena, sharp-eared owl,
brown hare and etc.) as well as by the stratigraphy of
great importance. For this reason, the scientists com-
ing to the region take a close interest in Azykh and
Taghlar caves.

During the archaeological exploration conduct-
ed in 1971 in the mountainous area of Karabakh, the
Shusha camp cave, belonging to the Stone Age, was
found near Dashalti village, on the left bank of the
Dashalti river. The length of the Shusha cave camp
is 125 metres, the width is 20 metres and the height
is 10 metres. 4 pieces of stone products belonging to

the Paleolithic age were found in the cave camp
(Ixadapo, 1973). The charm of the Shusha cave
camp is not related only to its proximity to Shusha
city and its historical-geographical advantages but
also to the presence of caves with ancient history
such as Shahnazar and Khazina Gala nearby.

According to the implemented geographical,
historical, archaeological and paleontological stud-
ies, it can be argued that the caves were inhabited by
the most ancient settlers of Azerbaijan. The caves
were the most ancient accommodation and the first
shelter. With population growth, the primitive men
created quite a new type of habitations — artificial
caves along with natural caves. The artificial caves
are underground cavities dug with different tools and
carved by people. People used these caves for differ-
ent purposes such as accommodation, shelter, place
of worship, temple, storage, water channel, tunnel
and others.

The artificial caves were used since the Neolith-
ic period. Along with expansion their settlements
due to these artificial caves, the primitive tribes built
a more convenient residence in a form different from
the previous one (Ouepku MmO JpeBHEH HCTOPUH
Asep0Oatimkana, 1956).

In the territory of Azerbaijan the artificial caves
can be found in the south-eastern foothills of the
Greater Caucasus and in the Lesser Caucasus region
(VceitroB u ap., 1963). For example, 30 artificial
caves, belonging to the Paleolithic era, have been
found in Avey Mount. One of them is the Aveydag
cave. The cave is located in the upper part of Ka-
rabulag, between two steep rocks. Aveydag cave is
considered one of the primary settlements of primi-
tive man. Tools of labour, belonging to the ancient
Stone Age, have been found in the cave. Hand chop-
pers, tools like currycombs and sharp-edged tools
occupy an important place among labour tools. Bone
fractures of the animals hunted in the cave have been
found as well. In addition to these, plenty of interest-
ing findings belonging to the bronze era and middle
ages (pieces of pottery, lamps and scrap metals)
have been revealed (Almommoadov va b., 2017). It
can be feasible to find this type of artificial cave in
different regions of our country.

There are some caves in Azerbaijan that local
inhabitants use as pilgrimages and temples. One of
these caves is the Ashabi-Kahf cave located in the
area between Ilandag and Nahajir mountains in the
Babek district of Nakhchivan.

The origin of Ashabi-Kahf is referred to pseu-
dokarst, its entrance is located behind the narrow
valley hidden behind rocks. The walls of the cave
which is more than 5 meters high look like huge hol-
lows overtaken by both nature and humans (Kongor-
li, Babayev, 2013).
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According to the legend reflected in Surah Al-
Kahf (Cave) of Koran, the young people who be-
lieved in God hid in the cave together with their dog
in order to escape from pursuits. God made them
sleep, woke them up after a few centuries. However,
seeing the strange world around them, the young fell
asleep again forever. The legend spread in the terri-
tory of Nakhchivan has the same content (Inzibati-
orazi vahidlori, 2020). From this point of view, peo-
ple, who visit the cave of Ashabi-Kahf, believe this
cave to be a miraculous place. According to the local
belief, if a drop of water falls on the person’s head,
sitting in the cave, his dreams will come true.

There is a same-name mineral water spring in
the cave-pilgrimage as well. Along with Azerbaijan,
visitors-tourists from Turkey and Iran Islamic Repub-
lic come to this cave. Taking into account these activ-
ities, the mosque was built in the area of the cave.

Gara inek (Black cow) cave located near Amir-
van village in Dashkesan region like Ashabi-kahf is
visited as a pilgrimage. According to the legend, the
cow’s milk mixes with water and goes out of the
cave in a form of spring. Its water is healing. As the
water is enriched with iron, it has therapeutic im-
portance. A relevant condition has been created for
ritualistic scarification near the cave of Gara inek,
which is used as a pilgrimage.

One of the most developed types of cave tou-
rism has sports and recreational purposes. At the
present moment, karst caves and salt mines are
widely used for the treatment of bronchial asthma
disease in most countries of the world (Italy, Hun-
gary, Poland, Germany, Ukraine, Romania and etc.).
Physicians came to such a conclusion that as sodium
and chloride ions prevail in salt mines, it affects po-
sitively on the treatment pulmonary and bronchial
diseases with speleotherapy (Bagirli, 2013). There is
a Duzdag Physiotherapy centre on the basis of salt
deposits in Duzdag cave near Boyukduz village of
Kengarli region in Nakhchivan. By the “Speleothe-
rapic” method, applied in the centre, bronchial asth-
ma patients are cured. Many tourists coming from
different places of the world for this purpose use
the wide opportunities of Duzdag in this sphere
(Cabbarov, Isayeva, 2013). The majority of tourists
visiting Nakhchivan for the purpose of treatment
health come here after hearing of the healing fea-
tures of rock-salt. Duzdag physiotherapy centre
makes service of high quality to the guests, patients
and tourists who come there. There exists a long
tunnel for overnight staying and walking in the cen-
tre. To recover their health, bronchial asthma pa-
tients take a series of various treatments under doc-
tors’ control (Zeynalova et al., 2021). The cave
used in the treatment of bronchial asthma diseases
has specific humidity and air features.
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Generally, it can be concluded that the caves in
Azerbaijan have scientific (geological, geomorpholog-
ical, paleo-morphological, hydrological, hydrogeologi-
cal, geographical, historical, biological, anthropologi-
cal), religious, cultural, healing and other features.
Along with them, there are great potential opportunities
to use caves for tourism purposes. In order to properly
and fully use these opportunities, it is necessary to de-
termine the direction of speleotourism development
and organize reasonable speleotourist routes.

Speleology and speleotourism

At the end of the XIX century, growing interest
in numerous caves (there were more than 3 thousand
caves only in Europe), opportunities of studying un-
derground cavities with complicated structures, as
well as, geological, paleogeological, archacological
and other findings intended to use them as a tourism
object. People are trying to learn the secrets of the
underground world, for this reason they explore sub-
soil with special technical devices, which creates a
basis for the formation (establishment) of a novel
organization. In 1879 “The Association of Cave Ex-
plorers” was formed in Vienna. It set tasks such as
studying caves of Austria, broadening knowledge
about them and participating in the organization of
excursions. E. Rivyer suggested the term “speleolo-
gy” in 1890. Nevertheless, in 1892 M. de Nussac
used the term in the short form "speology," which is
still used by some biospecialists. After the speech of
E. Martelin at the XII Congress of the "Association
for the Support of Scientific Research in France" on
August 4, 1893, the term "speleology" became
known internationally ({y6mnsuckuii, 2000).

Regardless of the caves geneses, speleology sci-
ence is engaged in studying all caves. This term is
derived from the Latin word “Spelunga” which
means “cave”. Caves are underground cavities that
can develop in a horizontal, inclined or vertical di-
rections extending from a few meters to several kil-
ometres. According to the definition given by Inter-
national Speleology Union, the cave is valued (esti-
mated) as a large underground cavity that enables
humans to pass through the hole in the rock (Bartin
magaralar1 hakkinda arastirma raporu, 2018).

Speleotourism is a kind of tourism that protects
or strengthens the geographical features, environ-
ment, heritage, aesthetics, culture of the area and
inhabitants’ welfare. This means that speleotourism
is a form of diversified tourism, which covers natu-
ral areas, historical attributes of the area, archaeolog-
ical excavations, aesthetic landscapes, traditional
architecture, as well as local cuisine, music, art and
dance. At the same time, speleotourism is able to
preserve the environment and enrich the economy of
the region (Emeka et al., 2017).
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The complexity of underground routes, due to
the different forms of cave relief, and high relative
humidity (up to 100%) at low temperatures are
among the essential features of speleotourism. Spe-
leotourism requires tourists’ physical strength, en-
durance, dexterity, the ability to use all possible
means and opportunities for safety under the
ground, as well as swimming and climbing skills.
Speleotourism route consists of two parts — above-
ground and underground. The complexity of the
first part of the route, the state and strength of the
transition depend on the area of location, the re-
moteness of settlements and the season of the year.
However, the second part of the route is character-
ized by several categories of complexity, which are
determined by the length of the cave, the shape of
the relief and climatic conditions. Before starting
"speleotour”, the routes which show interesting and
relevant excursion areas are compiled (imrani,
Agakisiyeva, 2021). Regardless of the goal, spele-
otourism has two directions: 1. Sports tourism (in
this case scientific research must be carried out
necessarily) 2. Scientific research (in sport tourism
all requirements must be met on a mandatory ba-
sis). The development of speleotourism is possible
in two main directions: 1. Mass tourism: the goal is
to have fun, relax and sightseeing; 2. Special tour-
ism: hiking (trekking) in small groups (10-12 peo-
ple) and within a restricted time (3-7 hours) ac-
companied by a guide and specially equipped. Spe-
leotourism is a complex type of tourism, the com-
plexity of which depends on natural light, high
relative humidity, low air temperature, relief forms
and crossing roads. Hiking requires the tourist to be
cautious and prepared, as well as strength, endur-
ance, agility and the ability to use technical means
of insurance. In general, we can say that combining
mountain tourism with some features of alpinism,
speleotourism is carried out in caves, remote from
settlements and inaccessible areas. Nevertheless,
the development of speleotourism is more appro-
priate in areas located near settlements, where a
service is prepared for the tourist. Along with the
level of service for tourists, the entrance to and
around the cave should be cleaned, tourists should
be informed about the cave. In turn, speleotourists
must pay attention to their behavior and comply
with the special requirements for the underground
nature. This is due to the extreme fragility of cave
ecosystems, the different types of natural for-
mations, minerals and ice crystals that surround
them. For example, the broken stalactite can be re-
stored after decades, even a hundred years later.
Unfortunately, as a result of studying the caves,
numerous mineral compounds are destroyed. It is

necessary to protect caves with valuable, rare and
scientifically and ecologically sensitive characteris-
tics and not to take any action in these caves.

Analysis and discussion

The most convenient method to better protect
million-year-old caves as part of the promotion and
marketing of Azerbaijan's natural and cultural re-
sources should be their use for tourism purposes.
The caves in our country have great potential in
terms of tourism diversity. Geomorphological ele-
ments, exotic and rare forms of relief make the
caves attractive as free recreation elements or natu-
ral objects.

Attracting attention to the caves in Azerbaijan is
carried out in various aspects. They include the
following points:

— settlement of primitive man (Azykh, Damyjili,
Taghlar, Gazma and others);

— a creation of legends and myths (Ashabi-Kahf,
Gara inek and others);

— estimation as a place of pilgrimage, temple and
worship (Ashabi-Kahf, Gara inek, Damjili, Gaur and
others);

— value as historical and cultural heritage
(Azykh, Taglar, Shusha, Aveydag and others);

— use for sports and recreational purposes (Duz-
dag and others).

Caves are widespread in Azerbaijan. They can
be found mainly at an altitude of 500-2600 meters
above sea level. However, they can be occa-
sionally encountered in the highlands. Their sizes
are not so huge. According to the data given by
F.D.Ayyubov, we can enunciate that 240 caves
were recorded in the territory of our republic.
Nearly 40 caves with an extension of 800 meters
have been studied among them. Nevertheless, only
30 caves have been confirmed and recorded as
historical and cultural monuments in our republic.
4 of them are preserved as world, 18 caves as
country monuments and 8 caves as a monument of
local importance (Table 2).

Azykh, Taghlar, Damjili and Gazma cave
camps of world importance have been studied well
scientifically, their potential opportunities have
been assessed (Fig. 1). However, the caves of state
and local importance have been studied poorly,
Shusha and Zar cave camps, Buzeyir, Allar,
Nokho, Almammad, Dashgala and other caves
which are distinguished by their historical past
and where people settled as dwellings have been
out of sight (Fig. 2). Along with them, several
caves which served as cave-temple in the past can
be used for VFR (visiting friends and relatives)
tourism purposes.
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Table 2
The list of the caves recorded in the Republic of Azerbaijan
Series Title Location Period
number
Of global importance
1 Azykh cave In Khojavend district, in Guruchay valley, between Azykh and Paleolithic
camp Salahli villages
2 Taghlar cave Khojavend district, in the south from Boyuk-Taghlar village Paleolithic
camp
3 Damyjili cave Qazakh district, near the village of Dash-Salahli, in the territory Paleolithic
camp of Damjili, mount Avey
4 Gazma cave Kangarli district, 3 kilometres northeast of Tananam village Paleolithic
camp
Of state importance
1 Shusha cave Shusha city, on the left bank of Dashalti river, near the village of Stone Age
camp Dashalti
2 Taghlar cave Khojavend district, near the village of Taghlar Stone Age
3 Cave Qazakh district, at a distance of 1.2 kilometres from Dash Salahli First middle
village, in the south and west from Avey temple (10 artificial ages
caves)
4 Buzeyir cave Lerik district, on the left bank of Zuvandchay, at the top of Middle
Delikli-Dash 3 kilometres east of the village of Buzeyir Paleolithic
5 Allar cave Yardimli region, on the left bank of Vileshchay, near the village Stone Age
of Allar
6 Damyjili cave Qazakh district, near the village of Dash Salahli, in mount Avey, Antique
temple on the top part of Damjili spring (artificial cave)
7 Kilit cave Ordubad district, on the left bank of Araz river, near the village Neolithic
of Kilit
8 Almammad cave | Julfa district, near the village of Jamaldin Stone Age
9 Dashgala cave | Babak district, near Sirab village, in the southern slope of Bronze
Dashgala mountain
10 Nokho cave Balaken region, on Gubek rock Iron Age
11 Hadi Gaib cave | Sharur region, near Akhura village Stone Age
12 Shikhlar cave Jabrayil region, near Shikhlar village Stone Age
13 Zar cave camp | Kalbajar region, in the west of Zar village Paleolithic
14 Cave temple Lachin region, near Qochaz village V century
15 Cave-place of | Gubadli region, near Aliguluushagi village IV century
worship
16 Cave-place of | Gubadli region, near Gaur valley
worship
17 Cave Baku city, Khazar district, near Dubandi Early Bronze
18 Maiden Tower | Zagatala district, north of Yukhari Chardaglar village, in the west
cave of Maiden tower mountain
Of local importance
1 Guyulu caves Gobustan district, in the south of Sundu village, in Gahla Middle Ages
mountain (two caves)
2 Caves Gobustan district, in the south of Sudu village, in Gahla mountain | Middle Ages
(8 caves)
3 Gazanfar caves | Gobustan district, in the south of Gazanfar mountain, in Sundu Middle Ages
with wells village (2 caves)
4 Caves Gobustan district, 8 kilometres south of Sundu village (4 caves) Middle Ages
5 Cave Jabrayil region, near Dag-Tumas village Middle Ages
6 Cave Lachin region, near Gulabird village XV century
7 Koroglu cave Gadabay district, 5 kilometres south-west from Novosaratovka Middle Ages
village
8 Mashanli cave | Gabala district, south-east of Bayramkokhali village Middle Ages

Note: Approved by the resolution of the Cabinet of Ministers of the Republic of Azerbaijan Number 132 dated on the

27 of August 2001. Baku: 162 p.
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Along with the above-mentioned caves, there
are a number of caves in our republic which are
known for their uniqueness, natural charm, historical
past and as a dwelling place, as well as which are
suitable for speleotourism purposes. These are
Shahnazar, Khazina, Gala, Dashsalahli, Khalilli,
Zuvandchay, Chakhmag, Maral, Salakhan, Dashga-
la, Darasham, Dragon, Peygamber (prophet) cave,
Kuhuldag, Divlar sarayi, Khramort, Gizilgaya,
Nardivan, Goygala, Keshikchidag and others.

The attraction of caves plays a significant role
in the development of a special kind of tourism —
speleotourism. Potential opportunities for the devel-
opment of speleotourism are wide. However, at the
present day, they are not used for international tour-
ism purposes, only local tourists visit some of the
caves and are interested in their geological structure,
historical past, and archaeological findings.

No special means are used practically in the
horizontal cave passages which are of great interest
for the amateurs of speleotourism. Special types of
equipment are used as the vertical cave passages are
steep and inclined and in the mixed cave passages
different obstacles are observed (KBapranbHoB,
2005). Such excursions should be led by mining en-
gineers and speleologists who have been engaged in
organized field research for many years (YepHbIx,
2002). From this point of view, speleotourism is
studied in different aspects. A number of researchers
investigate the participants who take interest in this
type of tourism (pupils, students, nature lovers,
sportsmen, scientists, researchers) and the purpose
of their visits (aesthetical, sports, pilgrimage, scien-
tific-research, educational and other purposes) in
order to define the route map of speleotourism. Be-
cause amateurs of aesthetical tourism prefer travel-
ling in order to explore and study the beauty of the
underground environment, nature lovers — for
charming (authentic) natural areas, visitors — for his-
torically and religiously famous caves, sportsmen —
for hard-to-reach caves, scientific-researchers — for
relief forms, hydrological features and historical her-
itage of the caves. Mainly pupils, students and ama-
teur excursions are involved in speleotourism which
is organized in a form of group. They prefer educa-
tional trips, visiting the caves well provided with
road and transportation infrastructure, getting ac-
quainted with the results of archaeological and pa-
leontological research carried out in the cave. Along
with the above-mentioned facts, to improve spe-
leotourism, caves should be equipped with a lighting
system, at the entrance to them information boards
should be installed in Azerbaijani, English and Rus-
sian languages, and the interior and surrounding
areas of the cave should always be protected and
preserved intact, as they constitute a large ecosys-
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tem. In order to develop speleotourism, we take into
account that it may be more appropriate to draw up
action plans for the following areas:

— caves should be studied and explored on a
scientific basis in terms of tourism;

— peculiarities of the caves should be present-
ed to the tourists, and booklets should be distributed
to them;

— along with natural caves, tourists should be
introduced to the archaeological and cultural value
of artificial caves formed by ancient people to create
shelters;

— it is necessary to improve the road and
transport infrastructure going to the caves, to organ-
ize service areas and settlement sites near them;

— surrounding areas of the cave should be kept
clean, the entrance to the caves must be symbolic,
tourists should be provided with guide service.

The above-mentioned directions can be of great
help in using the caves for tourism purposes. All this,
when taken into account by the relevant institutions,
can create a basis for the development of speleotour-
ism and sustainable tourism at the regional level.

Result

1. The use of caves which are rare and unique
historical monuments for the speleotourism purpose
have great potential in Azerbaijan. To develop spe-
leotourism on the basis of caves in the future it is
necessary to organize scientifically based geogra-
phical and tourist expeditions, to prepare speleotour-
ist routes, as caves are considered the primary source
of human artistic thinking. Therefore, many caves
should be supplied for speleotourism purposes, how-
ever, in this case, their microclimate, the develop-
ment of bacteria, fungi and algae must remain intact.
The problem of "lamp flora" (the destruction of life
forms in caves due to constant lighting), that can
occur because of cave infrastructure and lighting,
needs to be discussed.

2. Caves are called the cradle of mankind right-
ly since caves have always been the primary shelter
and place of protection for primitive men and played
an essential role in their social and cultural de-
velopment. Although 240 caves have been recorded
in the territory of the Republic, only 30 out of them
have been approved as historical and cultural mo-
numents by the state. Though speleotourism im-
portance of these caves is highly appreciated, other
caves also have the potential. However, due to the
fact that they are not scientifically investigated and
the features of each of these caves are not identified,
it is impossible to explain their archaeological and
cultural value for speleotourism.

3. Speleotourism, which has great potential, is
practically not developed in our republic compared
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to other types of tourism, the use of caves has faded
into the background. Nevertheless, as a result of
our study it was determined that the development
of speleotourism in our republic is associated not
only with the dreams of tourists to visit caves with
a natural landscape, but also with such advantages
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HCCJIEJOBAHUE MEIIEP B ASEPEAN)KAHE Y UX IIOTEHIIUAJ JIJISI CHEJJEOTYPU3MA

HUmpanu 3.T., 3eiinanosa K.3., Xunaariau I'.A.
Munucmepcmeo nayku u obpasosanus Azepobaiioscarckoii Pecnyonuxu,
Huemumym I'eoepagpuu umenu axao. I'acana Anuesa, Azepbaiioscan
AZ1143, 2.Baxy, npocn.I [ocasuoa, 115: zaur_imrani@mail.ru

Pestome. Tlenieprl, HCIONTB3YEMBIC IEPBOOBITHBIME JIFOJBMHU B KQUECTBE YKPBITUI U UM — OJHO U3 MECT, TJC MOKHO HAWTH
cBeleHHS 00 MCTOpHH yelloBedecTBa. 110 3TOi mpuyYMHE HA MEPBBI IUIAaH BCEr/a BBIXOIAT TeorpadHuecKre W apXeoJOrnYecKue
neHHoctH nerep. OIHako Henb3sl 3a0bIBaTh IKOHOMHUYECKOE 3HAUCHHUE TIeIIep U UX MOTeHIHAN JUIsl CIeIe0TypU3Ma, HOTOMY 4TO B
HAallleM COBPEMEHHOM MHpPE YKOHOMHYECKOE 3HaYeHHUE Ieliep oueHb Benuko. C 3Toi TOUKHM 3peHHs B cTaThe AaHa KiacchpuKauus
netiep, MoI4epPKHYTa BAKHOCTh OMPEACIICHHS UX CTaTyca, HA OCHOBE apXUBHBIX, (JOHIOBBIX U UCCICAOBATEIbCKUX pabOT MpUBEICHA
obmmpHas uHpopMaLus o nemepax AsepOaiikana, OTIMYAIONINXCS CBOSH apXeOoNIOTHYECKOH, MaJICOHTONIOTHIECKON B CTpaTurpa-
(hryecKoll IIEHHOCTHIO, BHECCHBI MIPEIUIOKEHHS 10 MX COXPAHEHHIO M UCIIOIb30BAHUIO B KA4eCTBE 00Pa3I[0B UCTOPUKO-KYJILTYPHOTO
HaCIle/Iusl, IPEJICTaBIICHA KapTa memep AsepOaiimkana. Kpome Toro, B cTaThe HCCIEAYETCS UCIIONB30BaHUE TIeNIep B KayecTBe yoe-
JKHII] TIEPBOOBITHBIMY JIFOJIBMHU, PACCMATPUBACTCSI CO3/IaHKE JICTCH] 1 MU(OB, 3HAUYCHHE TTHPOB, CBSITWIUII U XPaMOB, UX LICHHOCTh B
Ka4yeCcTBE HCTOPUKO-KYJIbTYPHOTO HACIEIHUs, a TaKKE TYPUCTHYCCKOH MPHUBIICKATECIBHOCTH, BO3MOXKHOCTH HCIOJIB30BaHUSA HX B
CHOpTI/lBHO—O3ﬂOp0BI/ITeHbeIX HeJax.

Hcnonb3oBaHue meiep sl TYpU3Ma — OJJHA U3 OCHOBHBIX 3ajad creneorypu3Ma. C 3TOH Lenbio Mbl H3YUMIIH TIOTEHIUAT CIie-
JICOTypH3Ma B 3aPETHCTPUPOBAHHBIX M HE3aPETUCTPUPOBAHHBIX MPABUTEILCTBOM A3epOaiikaHa memiepax 1 MpeyioKuIi MPOBEeCTH
MacMOPTH3ALHIO TEIIep, ONPEISIUTh BO3MOXKHOCTh HCIOJIB30BAHUS YCIIYT CIIEIEOTYPU3Ma B PEryJIHPOBAHHH PETHOHAIBHOTO TY-
pH3Ma Ha OCHOBE HAYYHBIX M YKOHOMHYECKHX HCCIeA0BaHui. TOIBKO B 9TOM Cllydyae B HAILeH CTPaHe MOXHO Oy/AeT pa3BUBATH CIie-
JICOTYPH3M, YTO MOXET IOBIHATH Ha PETMOHAIBHOE PAa3BUTHE U ITOBBIIMICHHE COLHATLHO-YKOHOMHYIECKHX TOKa3areilell MECTHOTO
HaceJIeHusl.

Knrouesvie crosa: namsmuux npupoovl, newjepa, cneiomypusm, Azvix, Taenap, JJamoaxcoinot, Iazma

AZORBAYCANDA MAGARALARIN TODQIQi VO ONLARIN SPELEOTURIZM POTENSIALI

imrani Z.T., Zeynalova K.Z., Hidaystli G.9O. )
Azorbaycan Respublikast Elm va Tohsil Nazirliyi, akad. H.O.Oliyev adina Cografiya Institutu, Azorbaycan
AZ1143, Baki sah., H.Cavid prosp. 115: zaur_imrani@mail.ru

Xiilasa. Tbtidai insanlarin magaralardan sigmacaq vo yasayis yerlori kimi istifadasi baseriyyatin tarixi hagqinda melumatlarim ta-
pildig1 yerlorden biridir. Bu sobabdon magaralarin cografi va arxeoloji dayarlari har zaman 6n plana ¢ixir. Lakin magaralarin iqtisadi
shamiyyatini, onlarin speleoturizm potensialint da unutmaq olmaz. Ciinki miiasir diinyamizda magaralarin iqtisadi shamiyyati oldug-
ca boyiikdiir. Mohz bu baximdan, maqalads magaralarin tasnifati verilmis, onlarin statusunun miioyyan olunmasinin vacibliyi bildi-
rilmis, Azorbaycanda 6z arxeoloji, paleontoloji va stratiqrafiya doyarlori ilo se¢ilon magaralar barads genis malumatlar arxiv, fond vo
elmi-todqiqat islorino asaslanmagqla aragdirilmis, onlarm tarixi moadoni irs niimunasi kimi qorunmasi vo istifade imkanlar1 barads tok-
liflor verilmis, Azarbaycanin magaralar xaritosi toqdim olunmusdur. Bunlarla yanasi, moqalodo magaralardan ibtidai insanlarin sig1-
nacaq yerlori, ofsane vo rovayetlorin yaradilmasi, pir, ziyarstgah vo mabad kimi doyerlendirilmesi, tarixi madeni irs kimi qiymotlon-
dirilmasi, idman-saglamliq moagsadilo istifads vo turizm colbediciliyi dyronilmisdir.

Magaralardan turizm moagsadils istifads speleoturizmin asas vozifolorindon biridir. Bunun ii¢iin torafimizdon Azorbaycan hoku-
mati torafindan geyds alinmis va qeyds alinmamis magaralarin speleoturizm potensiali aragdirtlmis va toklif edilmisdir ki, magarala-
rin pasportlagdirilmasi aparilsin, elmi-iqtisadi tadqiqatlara ssaslanmagqla regional turizmin tonzimlenmasinds speleoturizmin xidmat-
lorindon istifade imkanlar1 miioyyon edilsin. Yalniz bu halda 6lkomizds regional inkisafa v yerli shalinin sosial-iqtisadi gostaricilori-
nin yiiksoldilmasins tasir eds bilon speleoturizmi inkisaf etdirmok miimkiin olacagq.

Acar sozlar: tabiat abidasi, magara, speleoturizm, Azix, Taglar, Damcili, Qazma
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