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Summary. The paper is devoted to the problem of constructing an algorithm for computing and
digital modeling of the full normalized gradient of the gravity anomaly, the solution of which plays
an important role in gravity exploration for the geological interpretation of the observed anomalies.
To identify density inhomogeneities of rocks, which may be associated with structural features as
well as hydrocarbon deposits in the section, methods for calculating gradients and higher deriva-
tives of gravity anomalies are widely used. The paper describes an algorithm developed at the De-
partment of Geophysics of Azerbaijan State Oil an Industry University (ASOIU) for calculating the
full normalized gradient of gravity anomalies, used to identify and localize areas of density hetero-
geneities along the studied section. This algorithm and the corresponding FORSE-FORTRAN pro-
gram allow the calculation of the values of the full normalized gradient of the gravity anomaly by
analytical continuation into the lower half-space. Muradkhanli field was selected as the studied
model, in the context of which volcanic-sedimentary sediments of the Mesozoic take part, that are
well displayed in the gravitational field. Using modern graphical programs and developed applied
algorithms, the profile values of the full normalized gradient of the gravity anomaly of the gravita-
tional field of the Muradkhanli rising are calculated. Using the SURFER program, digital modeling
of the full normalized gradient of the gravity anomaly is performed, which gives the most complete

and a visual representation of the location of anomalous geological objects and oil and gas fields.

© 2025 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, gas and ore bear-
ing areas, the gravimetric exploration method is of
great importance, which is based on studying the
distribution pattern of gravitational fields created by
individual structural uplifts that have an excess den-
sity of rocks composing it. At the stage of quantita-
tive interpretation of gravimetric data, a very im-
portant problem is also solved — modeling of gravi-
tational anomalies, which is of great significance in
the geological interpretation. 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 provides the most complete
picture of the shape, depth and size of the desired
geological objects and oil and gas fields.

A direct search for oil and gas deposits in Azerbai-
jan is currently becoming particularly relevant in con-
nection with the use of Canadian-made CG5 high-
precision digital gravimeters in gravity practice, the
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accuracy of which reaches 0.001 mGal, which fully
provides the possibility of identifying weak local
anomalies associated with oil and gas deposits. In the
literature, these anomalies are also called “Reservoir
Type Anomalies” (RTA). Quite a few studies have
been devoted to the study of weak local gravitational
anomalies associated with hydrocarbon deposits
(mmens3oH u np., 1984). Various methods have been
developed for transforming high-precision gravity data,
among which the Berezkin method of full normalized
gradient of gravity is especially popular (bepeskun,
1988). The full normalized gradient method and its
modifications are currently widely used (Aydin, 2007,
Aydin and Kadirov, 2023). Of great interest are the
works of Fedi and Florio (2001), devoted to identifying
source boundaries using horizontal gradients, Sarsar
Naouali et al. (2011), devoted to searching for diapiric
structures based on gravity survey data and Kadirov et
al. (2023), which proposes the idea of using the gravity
gradient tensor based on satellite gravimetric survey
data together with ground-based data in solving geo-
dynamic problems and detecting oil and gas deposits.
This explains the relevance of scientific research con-
ducted in this direction.
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The purpose of this research is to describe an algo-
rithm for calculating the full normalized gradient of the
gravity anomaly and digital modeling of the profile
values of the full normalized gradient of the gravity
anomaly of the gravitational field of the Muradkhanli
rising in the eastern part of the Middle Kura depression
known in Azerbaijan in the oil and gas ratio.

Means and methods: For many years, the De-
partment of Geophysics has been developing algo-
rithms, programs and the corresponding methodology
for processing profile and areal data of high-precision
gravimetric prospecting in order to isolate RTA (Is-
gandarov, 2023a,b; HUckennepos, 2005, 2011, 2018,
2019). We propose a graph for processing both ana-
log and digital gravimetric data using developed algo-
rithms and programs. The basis of these algorithms
includes various methods for transforming gravimet-
ric data with increased sensitivity: methods of higher
derivatives of the potential of gravity, calculation of
dispersion, and the full normalized gradient of gravity
of Berezkin. The results of processing model and ac-
tual gravimetric data are presented in a modern graph-
ical interface. Below there is the block diagram of an

algorithm for calculating the full normalized gradient
of the gravity anomaly developed at the department
(Fig. 1). According to this algorithm, the following
data is first entered:

NP, M are the profile number and the number of
nodal points; DX, DDX are the step between points
along the profile and the step of outputting values to
the printing device, in km;

XN, XZL are the beginning and end of the inte-
gration base on the profile, in km;

ZH, ZMAX, DZ are the initial, maximum depth
of the analytic continuation and their step.

FOR is the format ratio;

NH, NMAX, ND are the initial, maximum
number of harmonics and their step of change.

After entering the data, the base is calculated and a
linear regional background is removed. Then, in three
cycles, according to the change in the number of har-
monics, the integration base, and the depth of the ana-
Iytic continuation, the values of the full normalized
gradient of gravity into the lower half-space are calcu-
lated by the Berezkin method. The results are printed
out as node points of the map along the section.

BEGINNING

INPUT:NP,M_FOR NH
NMAX,ND,DX,DDX,
XN XZL.ZH ZMAX DZ

 — N PRINT X.Z,
X=X +DDX
Gy
OUTPUT OF
DATA

!

~3g.1: -\D.'_
_Agy—AZy o
M -1
' 1&
I Gel2)==- 2 GX.Z 0
L=(M-1)DX;
N =NH |
G (XK. Z)=
=G(X.2Z)/G(2); END
— Z=Z+DZ
e,
¥ = |
Ag( - -Ax)sin ZH .
* A
X = X T = ZH ®

—~

Fig. 1. Block-diagram of the algorithm GNORM
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The Muradkhanli rising in the eastern part of
the Middle Kura Depression (Fig. 2.), which is as-
sociated with an industrial oil and gas field, was
chosen as a model. The structure itself is distin-
guished by its large size (6.5 x 8.7 km) and is tec-
tonically represented by a dome-shaped fold along
the Upper Cretaceous, the structure of which is
complicated by discontinuous disturbances of vari-
ous lengths and amplitudes (Canmanos, FOcudos,
2013). In the section of the Muradkhanli rising,
Mesozoic volcanogenic sedimentary deposits are
involved, which have an excess density of about
0.2 g/cm®. It should be noted that the rise of Mu-
radkhanli was first noted on maps of local gravity
anomalies, constructed according to the data of
gravity exploration.
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Fig. 2. The rise of Muradhanli
Conv. Designator: 1 — structures prepared by seismic explora-
tion; 2 — contours along the surface of the Upper Cretaceous; 3 —
zone complex seismic information, associated with violations
according to drilling; 4 — violations according to drilling

Results

Based on seismic data, we first performed a dig-
ital simulation of the Muradkhanli structure and
compiled a structural model of the Muradkhanli ris-
ing in simplified form using the SURFER graphics
program (Fig. 3). Then, according to detailed field
gravimetric work data at the Geophysics Depart-
ment, various transformations of the gravitational
field were performed using a computer, including
the method of averaging with a radius of 20 km
(Ag2o local gravity anomalies, Mckenmepos, 2018).
As you can see, the rise of Muradkhanli is displayed
by the local maximum of gravity with the amplitude
of about 4.5 mGal (Fig. 4). Based on the profile data
of gravity exploration (the values of the gravity
anomaly in the Bouguer reduction), we prepared the
initial data in accordance with the algorithm, and
then these data were processed using the appropriate
GNORM program to calculate the values of the full
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normalized gradient of the gravity anomaly (Gng,
dimensionless quantity). Then, using the SURFER
program (Cuikun, 2008), Gmg Values were digitized
according to the profile section and a map of the full
normalized gradient of the gravity anomaly was con-
structed using the resulting grid file. In the begin-
ning, it was necessary to calculate the optimal num-
ber of harmonics in the Fourier expansion. For this
purpose, a priori drilling data on the location of a
known oil reservoir were used. The results of calcu-
lation and digital modeling of the values of the full
normalized gradient of the gravity anomaly for se-
lection of the optimal number of harmonics are
shown below (Fig. 5). The optimal number of har-
monics in accordance with the drilling data turned
out to be 17. After that, the values of the full normal-
ized gradient of the gravity anomaly with the opti-
mal number of harmonics were calculated and digi-
tal modeling of the Gfng section was performed. The
section map of the full normalized gradient and the
model of gravity anomaly curve are shown below
(Fig. 6-7). As you can see, the deposit of oil lying at
a depth of about 3 km (horizontal coordinate about
7.5 km) is characterized by a minimum of the full
normalized gradient of gravity (Berezkin, 1988),
outlined by two maxima on the left and right (hori-
zontal coordinate about 6.5 and 8.5 km). To the left
of this minimum (horizontal coordinate about 5.5
km) is clearly fixed another minimum gravity that
may be associated with another oil and gas field.

Fig. 3. Digital model of Muradhanli structure (in the contours of
depths on the surface of the Cretaceous deposits)
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Fig. 4. Agoo local gravity anomalies map of Muradkhanli area (in units mGal)
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Fig. 6. The model curve of Bouguer gravity anomaly (Muradhanli maximum)
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Fig. 7. Digital model of the map of the full normalized gradient of gravity field (Muradhanli maximum)

Conclusions

1. The block diagram of GNORM algorithm for
calculating the full normalized gradient of the gravity
anomaly in the profile version is presented. The
GNORM program is implemented in the WINDOWS
system using the FORCE FORTRAN compiler.

2. In the light of new geological and geophysi-
cal data, seismic, drilling, and gravity exploration
data on the structure of the Mesozoic deposits of the
Muradkhanli deposit are analyzed. According to the
GNORM program software, the gravitational field
was transformed by the method of the full normal-
ized gradient of gravity along the profile crossing
the Muradkhanli rise.
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AJI'OPUTM BBIYUCJIEHUSA U HUDPPOBOE MOJEJINMPOBAHUE
INOJHOI'O HOPMUPOBAHHOI'O 'PAJJMEHTA CHWJIbI TAKECTH

HUckannapos J.I'.
Asepbaiioscanckuil 20cyOapcmeenublil yHugepcumem negpmu u npomvluiienHocmu, Azepbatioxcan
AZ1010 Baxy, npocn. Azaonwie, 34: elton_iskender@mail.ru

Pe3ztome. CtaThst IOCBSIIEHA IPOOIEMe TOCTPOCHNUS aITOPUTMA BBIYHCICHHS M IH(POBOTO MOACIUPOBAHNUS TTOITHOTO HOPMHPO-
BaHHOT'O I'PAaJMEHTa aHOMAJIMU CHJIBI TSDKECTH, PELeHHe KOTOPOM MIpaeT Ba)XKHYIO POJb B I'paBUpa3BelKe Ul I€0JIOTHUECKON MH-
TeprpeTanuy HabIroaeMbIX aHoManuil. B HacTosIee BpeMs 1 BBISABIECHUS IUIOTHOCTHBIX HEOJHOPOAHOCTEH TOPHBIX MOPOJ, KO-
TOpBIE MOTYT OBITH CBSI3aHBI CO CTPYKTYPHBIMU HEOIHOPOJHOCTSIMH, a TAaKXKe C 3aJIe)KaMHU YIJIEBOIOPOIOB B paspese, IIHPOKO HC-
HOJIB3YIOTCS METO/IbI pacyeTa rpaJIeHTOB U BHICIINX MPOU3BOAHBIX IPABUTALMOHHBIX aHOMaJMi. B cTaThe onucaH pa3paboTaHHbIH
Ha kadenpe reopmsnuku AI'YHII anroput™ pacdera IMOJHOTO HOPMHPOBAHHOTO I'PAJHUEHTA CHIIBI TSHKECTH, KOTOPBIH MCIONB3yeTCs
JUISL BBUSIBIICHHS W JIOKQJIM3AIMM 00JacTell MIIOTHOCTHBIX HEOTHOPOJHOCTEH MO M3ydYaeMOMy pa3pesy. DTOT aJTOpPHTM M COOTBET-
creyronfass FORSE-FORTRAN nporpamMma Mmo3BOJSIOT ITyTeM aHATUTHIECKOTO IPOAODKEHUS B HIDKHEE ITOJIYIPOCTPAHCTBO Pac-
CUNTHIBATh 3HAYEHHs ITOJTHOTO HOPMHUPOBAHHOTO IpajiieHTa. B kauecTBe m3ydaemoi Mojenn ObUIO BHIOpaHO MecTopokaeHne My-
palxaHibl, B pa3pe3e KOTOPOTO MPHHHMAIOT Yy4acTHE BYJIKAaHOT'€HHO-OCA/IOYHbIE OTIOKEHUS MEe30305, XOpOIIO OTOoOpakaeMble B
rpaBUTalMOHHOM MoJjie. C HCIOIb30BaHUEM COBPEMEHHBIX IpadUuecKuX NpOrpaMM M NPUKIAJHBIX alrOPUTMOB, pa3paboTaHHbBIX Ha
kadenpe reopU3NKH, pacCUNTaHbl 3HAYCHHS OJTHOIO HOPMUPOBAHHOTO TPaAMeHTa BIOJIb npoduist noxHstis Mypanxauibl. Taxxke
¢ nomouibto nporpammel SURFER BeInonHeHO 1ngppoBoe MoIenMpoBaHie TOJIHOTO HOPMHUPOBAHHOTO TPAANCHTA CHJIa TSXKECTH, YTO
JaeT HauboJiee TOJHOE M HATIAAHOE NPEACTABICHHE O MECTOIOI0KEHHH aHOMAIIbHBIX TE0JIOTHYECKUX 0OBEKTOB M MECTOPOXKACHHUN
HedtH u rasa. [IpencTaBieHHBIE aITOPUTMBI M IPOTPAMMBI MOTY OBITH MCIOJIB30BaHEI AT 00pabOTKH M MHTEPHPETAIMH BEICOKO-
TOYHBIX NPOQUIBHBIX TPaBUMETPUYECKUX HAONIOAEHMI JUIs JIOKAIW3aldH MECTOMOJIOKEHHS CTPYKTYPHBIX HEOJHOPORHOCTEH, a
TaKOKe CKOIUICHHH He()TH U ra3a B pa3pese H3ydJaeMoil IUIOIMaAN HCCIIeT0BaHMS.

Kntoueewie cnosa: arzopumm, 610K-cxema, GHOMAUS CUTLL MANHCECMU, NOJHBIL HOPMUPOBAHHYIN 2PAOUEH, PABUMAYUOHHAS
MOOenb, Yupposoe Mooeruposanue, AHOMAIUS MUNA 3a1excu
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AGIRLIQ QUVVASININ TAM NORMALLASDIRILMIS QRADIENTININ HESABLAMASI ALQORITMi Vo
ROQOMSAL MODELLOSDIRILMOSI

isgandarov E.H.
Azarbaycan Dévlat Neft va Sanaye Universiteti (ADNSU), Azarbaycan
AZ1010, Baki, Azadliq prosp., 34: elton_iskender@mail.ru

Xiilasa. Magals agirliq qiivvasinin miisahids olunan anomaliyalarin geoloji sorhi tigiin qravikasfiyyatda halli mithiim rol oynayan
gravitasiya anomaliyasinin tam normallagdirilmis qradientinin hesablanmast vo ragamsal modellosdirilmasi alqoritminin qurulmasi
problemina hosr edilmisdir. Hal-hazirda, strukturlarin qeyribircinsliyi ilo, elaca do kasilisdoki karbohidrogen yataqlari ilo olagoli ola
stixurlarin sixliq geyribircinsliyini miisyyan etmok ti¢iin gradiyentin va agirliq qiivvasinin anomaliyalarinin daha yiiksok téromolorin-
in hesablanmas: tisullarindan genis istifado olunur. Moagalodo ADNSU-nun Geofizika kafedrasinda iglonmis tam normallagdirilmig
agirhq qiivvesinin gradiyentinin hesablanmasi alqoritmi tosvir olunur ki, bu algoritm todgiq olunan kssilis boyunca sixlig gey-
ribircinslik saholarini miioyyan etmok va lokallagdirmagq tigiin istifado olunur. Bu algoritm vo miivafig FORSE-FORTRAN proqrami
asag1 yarim fozaya analitik davam etdirorok tam normallasdirilmig qradientin qiymatlorini hesablamaga imkan verir. Todgiq olunan
model kimi Muradxanli yatag: se¢ilmisdir ki, onun kasilisinds gravitasiya sahasinds yaxs1 oks olunan mezozoy vulkanogen-¢ékma
¢okiintiilori istirak edir. Geofizika kafedrasinda hazirlanmig miiasir qrafik proqramlar vo totbigi algoritmlordon istifads etmoklo Mu-
radxanl qalximinin profili tizro tam normallagdirilmis qradiyentin giymatlori hesablanmigdir. Homginin, SURFER proqramindan
istifado etmoklo, anomal geoloji obyektlorin vo neft-qaz yataqlarinin yerlosmosi hagqinda an dolgun vo aydin monzaroni veron tam
normallagdirilmig qradiyentinin rogemsal modellogdirilmasi aparilmigdir. Togdim olunan alqoritmlor vo programlar todgigat sa-
hasinin kesiliginds struktur sixlig geyribircinsliklarin, eloca do neft vo qaz yigilmalarinin yerini lokallagdirmagq tigiin profil boyunca
yiiksok doqiqlikli qravimetrik miigsahidslorini emal vo interpretasiya etmok {igiin istifads edils bilor.

Agar sozlar: alqoritm, blok-sxem, agirliq giivvasinin anomaliyasi, tam normallasdirilmis qradiyent, gravitasiya modeli, raqamsal
modellasdirma, yataq tipli anomaliyast

140



