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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.
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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)
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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:
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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.

L RINNRES AN N A ¢
/' (Friartar | AR %—’c '*-
NPT [ NN AN
3 “"A- n\ \'..'-\ ¥ _I-Tdt...b x:;ﬁm ":u.\
- I-'I. / .
ll".'- = {énllma : J_ambaran r\/w\% r/ "? J
' :
-, 1Zaza|<anr' , qén {’ﬂl\\
7 \ @rn&’m‘zef_'“ — agjagﬂdi ,.si*liﬁ" At /]
| \JREXR \thsmlu{‘ St ﬁ:},-' L. Muradkhan? < Fa i
J\nkfdl‘*l'“ - S g ; ] ‘ jj ﬂ;ul !‘I
= = -~ P/ e 'm. — Slunngum e | /

.

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
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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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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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