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Comparison the readings of gravity field and it‘s gradient potential

The problem of studying the deep structure of the earth’s crust is one of the strategic directions of
geophysical research, ensuring the development of Earth sciences. Therewith, gravimetry is one of the
main methods for studying the structure of the earth’s crust. This study is associated with the concepts
of gravitational field‘s potential and gradient of the underground anomaly. Solving the inverse problem of
restoring density of the underground anomaly, thorough analysis of the direct problem plays an important
part. This study analyzes the characteristic features of the readings of anomaly gravitational field‘s potential
and gradient. Based on the results obtained by the author, it has revealed and verified the necessity of
choosing a gradient as the boundary conditions of the direct problem, which will significantly improve
the inverse problem calculations results — finding the density of anomaly. This research demonstrates
quantitatively that anomaly gravitational field‘s gradient more accurately describes the anomaly, compared
to the gravitational field‘s potential.
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Introduction

Inverse problems cover a wide range of applied problems. Among hyperbolic, elliptic and parabolic inverse
problems, elliptic problems are very inaccurate. In this regard, the problem itself is very complicated. In the book
[1] a wide range of tasks of all types is considered. Theiinverse problems of hyperbolic type [1] are represented
especially widely. Previous results obtained by the authors [2, 3] were published in the studies. There is a general
overview of the situation on the issues of gravimetry at the field [4, 5]. On the basis of gravimetric readings on
the Earth surface in the studied area, we use the mathematical apparatus for solving inverse problems of elliptic
type.

When constructing a mathematical model, we simplified the objects under study as much as possible.
Consider a vertical section of the ground. For simplicity, we chose it in the shape of a rectangle. It is known
that inside this area in a certain place there is an anomaly, but it is unknown what type of anomaly it is
(what is its density). The area of anomaly is known, and we will designate it by 2. On the earth surface we
have gravimetric readings of the field potentials n;(z) and its gradient n2(x). We denote the lower and lateral
subsurface boundaries by I" as shown in Figure 1. We artificially expand the study area so that the value of the
gravitational potential of the anomaly field does not affect the external boundaries.
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Figure 1. Interpretation of the simplified model of the problem
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The equations of condition (direct problem) are described by the following formulas. The potential difference
between perturbed and non-perturbed gravitational fields is described by the Poisson equation with boundary
conditions (1)—(4). The expression (3)—(4) characterizes the results of measuring the potential and its derivative
on the outer surface. Condition (5) characterizes the difference in the density of the soil with and without
anomaly over the entire study area.

A n(z, z) = — 4nGyY(x, 2); (1)
n(z, 2)|p = 0; (2)

n(z,0) = n(z); (3)
L(gz’ 9_ m2(); (4)
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where 7(z,z) is the potential of the gravitational field, G is the gravitational comstant, @ (z,z) is the
anomaly density, 71 (z) is the measured readings of the gravitational field, 7y(z) are the measured values of
the gradient of the gravitational field, I is the boundary of the study area without the‘earth’s surface, 2 is the
anomaly region.

In the direct problem, we consider density as a known value. We calculate the value of the gravitational
field potential and its gradient on the studied area using one of the conditions (3) or (4).

Inverse problem is a search for the anomaly density based on the results of measuring the potential and
its derivative on the outer surface. The inverse problem is solved by optimization method, more precisely -
a gradient method. It is necessary to introduce a functional using the standard deviation as a minimization
parameter.

First statement of optimization problem looks as follows:
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Second statement of optimization problem looks like this:

Az, z) = — dnGy(x, 2);

n(z,2)|p = 0;
n(z,0) = m(x);
ML) — (o
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We do not know yet, which of these forms is better. However, some information about the properties of
these optimization problems can be obtained on the basis of a quantitative analysis of the direct problem. We
want to find out what happens at the upper boundary (earth surface) at different locations of the anomaly
inside the area.
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Suppose we need to examine a region with a size of 100 horizontally and 50 vertically. We artificially expand
the region up by 100 in order to analyze what will happen at the upper boundary z = 50. All calculations were
performed on COMSOL Multiphysics 5.2 (Fig. 2). The anomaly has a dimension of 2 to 2. We will change the
location of the position of the anomaly horizontally along j = 0, 10, 20, 30, 35, 40, 45. It will be sufficient to
change the anomaly location to the middle of the study area, since earlier in the studies we found that the results
are symmetrical. The vertical shifts along i = 5, 10, 15, 20, 30, 40. Figure 3 shows the surge of the gravitational
potential on the surface z = 50, that is, theoretically, the readings of a gravimeter on the surface of the earth.
Figure 4 shows a graph of the value of the anomaly gravitational field gradient, located as in Figure 2. Liater in
the tables, we analyzed the indication of the potential and its gradient for different variations of the anomaly
location.

Figure 2. Anomaly location at the extended upper boundary.
The angle of the lower left edge of the anomaly islocated at (20;10)
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Figure 3. The value of the gravitational field potential on the surface z = 50
at'the anomaly location in the coordinate (20;10)
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Figure 4. Gradient value of the gravitational field on the surface z = 50
at the anomaly location in the coordinate (20;10)
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Below there are table of symbols describing the parameters of the gravitational field potential and gradient.

e i is the line — horizontal position, bottom up;

e j is the column — vertical position, left to right;

e a is the horizontal coordinate of the anomaly;

e ap is the coordinate of the potential peak on the outer surface;

e ag is the coordinate of the potential gradient peak on the outer surface;

e bp is the value of the potential peak on the outer surface;

e bg is the value of the gradient peak on the outer surface;

e cpl is the coordinate of the point to the left of the peak with a drop in the potential value by an order of
magnitude compared with the peak value;

e cgl is the coordinate of the point to the left of the peak with the gradient value falling/by an order of
magnitude compared with the peak value;

e cpr is the coordinate of the point to the right of the peak with a drop in the potential value by an order
of magnitude compared with the peak value;

e cgr is the coordinate of the point to the right of the peak with the gradient value falling by an order of
magnitude compared with the peak value.

Consider the most extreme point of the anomaly both vertically and horizontally (Tables 1, 2).

Table 1
Horizontally anomaly location at x = 5 (i = 5 line). The anomaly «runs through»
from left to right to the middle of the area (depending on the j column)
j |a|ap|ag| bp bg cpl cgl cpr cgr
0 [51]19]20]0.04|-0.01 | 18.54 | .13.91 | 38.82 | 28.26
10 | 5|29 | 21| 0.51 | -0.02 | 19.43. | 15.18 | 40.67 | 29.96
201532 |26 | 0.88 | -0.04 | 22.26 | 18.22 | 44.27 | 34.82
30 | 5|37 |32 1.14 | -0.04 | 26:72 | 23.88 | 49.78 | 42.13
35 |5 |40 | 37| 1.22 | -0.0471°29.15 | 27.53 | 53.13 | 46.67
40 | 5 | 43 | 41 | 1.28 | -0:05 | 31.97 | 31.97 | 56.27 | 51.35
45 | 5 | 47 | 46 | 1.31 {-0.05{ 35.21 | 36.42 | 59.51 | 56.06
Table 2

Vertical position of the anomaly at y = 0 (j = 0 column). The anomaly «runs» from bottom to top to
the middle (from the depthtoe the surface) of the region z = 50 (depending on the i line)

i a | ap.| ag | »bp bg cpl cgl cpr cgr

5 [ 5 119 21 | 0.04 | -0.002 | 18.54 | 13.91 | 38.82 | 28.26
10 | 10 (726 | 19 | 0.09 | -0.004 | 17.85 13 37.99 | 26.69
15115 [#25 | 18 | 0.13 | -0.007 | 16.95 | 12.11 | 36.25 | 24.83
20 |1 20 | 23 | 15| 0.19 | -0.011 | 15.11 | 10.67 | 33.49 | 22.43
30.{.30 | 17 | 10 | 0.37 | -0.028 | 10.89 | 7.26 | 25.83 | 15.28
40140 | 9 | 5 | 0.86 | -0.128 | 5.53 | 3.65 | 13.9 | 7.31

Now consider the central location of the anomaly (Table 3).

Table 3

Vertical location of the anomaly at y = 45 (j = 45 column). The anomaly «runs» from bottom to top to
the middle (from the depth to the surface) of the region z = 50 (depending on the i line)

i a [ap | ag | bp bg cpl cgl cpr cgr

5| 5 |47 |46 | 1.31 | -0.04 | 35.21 | 36.42 | 59.51 | 56.06
10 | 10 | 47 | 46 | 2.45 | -0.08 | 35.17 | 36.72 | 59.35 | 55.64
15| 15 | 46 | 46 | 3.68 | -0.13 | 35.56 | 37.31 | 59.03 | 54.99
20 | 20 | 47 | 45 | 5.05 | -0.18 | 36.01 | 37.96 | 58.2 | 54.12
30 | 30 | 46 | 46 | 8.59 | -0.35 | 37.32 | 40.01 | 55.96 | 51.82
40 | 40 | 46 | 45 | 14.71 | -0.84 | 40.34 | 43.05 | 52.17 | 49.01
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Studying the obtained results, it was found that the value of the gravitational field gradient more accurately

describes the anomaly location and provides the most accurate anomaly center readings and boundaries. All
calculation tables (all possible combinations of location) were in favor of the gravitational field gradient. Thus,
it is better to be guided by the readings of the gravitational field gradient in the search for the vertical anomaly
location.
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M.O. Kenxebaena

AHoMaJInsiIAFbl TPABUTANMSJIBIK ©PICTIH,
MMOTEHIINAJIbIH YKoHEe I'DAJIUEHTTIH TaJIJIay

7Kep KBIPTBICHIHBIH Te€pPeH KYPbLIbIMbIH 3epTTey Mdceseci 2Kep TypaJsibl FBUIBIM/IBL JaMBITY/IbI KaMTaMa-
CBI3 €TETiH re0(pU3NKAIBIK, 3ePTTEYIEPIIH CTPATETHIIBIK OAFBITTAPBIHEIH, 6ipi 6061 TabbLTaIbI. COHBIMEH
KaTap I'PaBATAIUSIIBIK Oapjay »Kep KbIPThICHIHBIH, KYPBLIBIMBIH 3€PTTEYIiH Herisri oicrepiniy 6ipi 60bI
ecenresie/li. By >KyMbIc 2Kep acThl aHOMAJIASICBIHBIH, TPABATAIMSJIBIK OPICiHIH ITOTEHIMAIbl MEH MDA INeHTI
TypaJibl TYCiHIKTepMeH GaityTaHbICThI. 2Kep acTbl aHOMAJIMSICHIHBIH, THIFBI3/IBIFBIH KAJIbIHA KeJITIPpYIiH Kepi
eceliH 1mIery Tikesei ecenTi MyKUAT TasIaayaa MaHbI3Ibl pOJI aTKapa bl. Makasiaia aHOMaJUSHBIH IPABUTA~
MBI, OPICiHIH TOTeHIMaIbL MEH PPa/IueHTIHIH OeJrisiepine TOH epeKInesikrepi TaagaHabl. ABTOpIapMeH
aJILIHFaH HOTHXKeJIep HEri3if/ie TiKesell eCelTiH IMeKapaJIbIK, MapTTaphbl PeTiHAe IPAJIMEHTTI TaH ay KasKeT-
TN aHBIKTAJIBLKOHE JIoJIesIeH 1i. Byt Kepi ecenTi mblrapy HOTHXKeJIEPiH — AaHOMAJIMSTHBIH, ThIFbI3IbIFbIH
i3ytey i KakcapTajbl. ATaJFaH *KyMBICTa aHOMAJIMSTHBIH, TPABUTAIIASIIIBIK, OPICIHIH I'PaINeHT], TpaBUTAIINSI-
JIBIK, ©PIiCTiH HOTEHIIUAJIBIHA CAJIBICTBIPMAJIBI TYP/Ie KapaFraH/1a, AaHOMAJIUSHBI HAKTHIPAK, AHBIK TANTHIHIHIFbI
CaH/IbIK, KOPCETKIMTEPMEH CUIIATTAJIIbI.

Kiame cesdep: Kepi ecell, rpaBUTAIUSIIBIK, IOTEHITUAN, TPAJIUEHT 9iCi, TIKeJIell eCenTiH MeKapabIK, IIapT-
Taphl.
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M.O. KenxkebaeBa

AHaau3 rpajgueHTa U MOTEHIINAJIA
I'PABUTAIIMOHHOIO ITOJII aHOMAJINU

IIpobema m3ydenusi cTpoeHUsT 3eMHOM KOPBI SIBJISIETCS OJHUM M3 CTPATETMYECKUX HAIPaBJIEHUI reodu-
3UYECKHX HMCCIIe0BaHuil, obecrieunBaiomx pa3sBurue HayKn o 3emuie. IIpu sTom rpaBupasBejika sIBIISIETCSH
OJTHUM U3 OCHOBHBIX METOJOB M3YyUYEHUsl CTPOEHUsI 3eMHOI KOphl. JlaHHast paboTa CBsi3aHA C MOHSITHUSMI
MIOTEHINAJIA U TPaJNeHTa T'PABUTAIIMOHHOTO IOJISA MOA3eMHOM aHoMmaJmu. [lpm perenun obpaTHOL 3a71a-
9P BOCCTAHOBJIEHUS IJIOTHOCTU IOJI3EMHOI aHOMAJIMU BaXKHYIO POJIb UI'DaeT TIIATe/JIbHbII aHaJIN3 HPIMO
3ajaun. B ctarhe mpoaHaIM3UPOBAHBI XapAKTEPHBIE OCOOEHHOCTH TOKA3AHUS TIOTEHITHAJIA, U TPAJIMEHTa TPa-
BUTAIOHHOI'O TI0JIs aHoMaInu. Ha ocHOBe pe3ysbTaToB, MOJTYyYEeHHBIX aBTOPOM, BBISBJIEHA 1 0OOCHOBAHA
HeOOXOQMMOCTh BBIOODa I'DaJHEHTa B KadeCTBe I'DAHMYHBIX YCJIOBUU IIPH pellleHnH IpsMmoi 3amauun. Kpo-
Me TOTO, KOJIWYEeCTBEHHO IOKa3aHO, UTO I'PAJMEHT I'PaBUTAIIMOHHOTO IIOJIA aHOMAJIMM TOYHEE OINCHIBAET
aHOMAJINIO, TI0 CPABHEHUIO C IIOTEHIIMAJIOM I'DABUTAIIMOHHOIO IIOJIS.

Karouesvie caosa: obpaTHast 3aja4da, FPABATAIMOHHBIN TIOTEHINAJ, I'DAIMEHTHBIN METO, PEIIeHne IPSIMOM
3aa4u.
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