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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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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.
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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.
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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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Fig. 5. Comparison of the Bouguer gravity map (Fig. 1) and the
“combed” strike angles (Fig. 4)

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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KOMILTEKCUPOBAHUE TPABUMETPHUECKHAX JAHHBIX B PEIYKIIUN BYTE U TPAHC®OPMAIIAM CITYT-
HHUKOBBIX TPABUMETPHYECKNX JAHHBIX B KACHIMIACKOM PETMOHE: BBEJEHUE

Kanupos @.A."?, Knokounuk 1.3, dunenbaym JI.B.*, Kocrenecku 51.7, Besnek A.>
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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.

Knroueguwie cnosa: epasumayuonnas kapma 6 pedykyuu byze, cnymuukosas epagumempus, epasumayuoHHble Napamempbl, cna-
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

15



F.A.Kadirov et al. | ANAS Transactions, Earth Sciences 1 /2023, 11-16; DOI: 10.33677/ggianas20230100089

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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