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Introduction 

Since the end of the last century, the study of the Earth's 

internal structure has been progressing through increasing 

its detail. 

Modern models are based on seismotomography data, on 

the basis of which global seismotomographic maps for 

different levels of the globe reflecting the seismic 

heterogeneity of the mantle are built. Analysis of the maps 

made it possible to establish multi-level seismic 

inhomogeneities in the mantle. 

However, the question of how far it is permissible to use a 

single one-dimensional reference model of the Earth in the 

reconstruction of its internal structure under continents, 

oceans, platforms and folded areas and other large 

geotectonic structures is not yet resolved. What model to 

use during reconstruction? How to reconcile constructions 

made taking into account regional one-dimensional 

reference models? 

Also, geophysicists have to solve difficult issues related to 

taking into account the sphericity of the Earth during the 

election of its mediated structure, to determine the level of 

detail of the model; velocity anisotropy accounting; joint, 

coordinated use of P and S wave data; recalculation of 

structural seismology data into the Earth density model. 

 It is impossible to solve all these tasks at the same time, 

therefore, during our research, we will try to solve the 

following questions in stages and sequentially; which 

model to use when reconstructing the structure of the 

Earth; how to reconcile the obtained models taking into 

account regional one-dimensional reference models and 

correctly associate them with the gravity field. 

 

Aspects of the methodology of the first stage of research 

Aspects of the methodology of the first stage of research. 

Using the velocity of seismic waves, the density 

distribution in the Earth's interior was determined for a 

one-dimensional model. Based on the results of our 

previous studies [3-5], we obtained what we believe 

approximates the density distribution corresponding to the 

input velocity values. One of the main assumptions is that 

the model of the Earth at a certain level of our research 

(knowledge) can be considered spherically symmetric, that 

is, radially stratified. 

At this stage of calculations we assumed that each layer of 

the Earth contributes to the magnitude of gravity. During 

the calculations, it was assumed that the force of attraction 

from the three-dimensional model of the Earth at all points 

of its surface has the same value. Such an assumption 

allows us, at the first stage of research, to move from a 

one-dimensional seismic-density section to the magnitude 

of gravity at a conventional point on the Earth's surface. 

To calculate the gravitational effect, we adopted the 

layered-spherical model of the Earth [1]. 

It is known that the radius of the Earth Rз = 6371 km. 

1st spherical layer: Upper limit Ru1 = 6371 km, Base Rb1 

= 6321 km; 

2st spherical layer: Upper limit Ru2 = 6321 km, Base Rb1 

= 6271 km etc. 

The contribution of each layer to the total field of the 

Earth's gravity was calculated according to the well known 

formula: 

                        Δg l i = K х Δm l i / R2 Earth 

Δm l i = 4/3 π (R3 u i - R3 b i) 

К – gravitational constant = 6,672 х 10-11 m3/ kg∙s2 

The results of calculations of geodensity by velocity for 

different types of reference models (IASP91, AK135, 

PREM and PEMC) are shown in Fig. 1. 

 

 

 

 

 

 

 

Fig. 1. Dependence of calculated density (with corrections 

according to various reference models) for spherically 

symmetric layers of the Earth.  

The total contribution of the spherically symmetric layers 

of the Earth to the total gravity field (981658.94 mGal at 

the point of calculation) is given in Table. 1 and shown in 

the histogram Fig. 2.  

 

Table 1. Joint contribution of spherically symmetric layers 

of the Earth into the total gravitational field. 

 

 

 

 

 

 

 

 

As we can see in Fig. 2 The core and lower mantle (up to 

2600 km) make the largest contribution to the total 

gravitational field of the Earth. 

At the same time, the contribution of the main layers to the 

total gravity field of the Earth based on the IASP91 model 

is: from 0 to 50 km (crust) - 1.25%, from 50 to 650 km 

(upper mantle) - 16.93%, from 650 to 2600 km (lower 

mantle) – 41.52% and from 2600 to 6371 km (core) – 

40.30%. 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Histograms of the contribution to the total field of 

the Earth's gravity of each global layer. 

 

Given that we did not calculate the differentiation of 

velocity (density) inhomogeneities for the lower part of the 

mantle (layer "D", from 2600 ÷ 2900 km, which reflects 

the uncertainty of the upper limit of the core) and the core, 

we will consider the choice of the average most optimal 

mass and density for the core, based on the fact that we 

compensate for the "lack" of gravity from the Earth's 

section of 2600 km due to the masses in the core. The 

results of calculating the mass and average density for the 

core are shown in Table. 2. 

Table 2. Results of the calculation of the contribution to the 

total field of gravity of the mass of the Earth's core. 

 

 

 

Step 1. The average value of gravity from the core mass is 

400,479.08 mGal. It is obtained from all reference models [ 

] considered by us. At the same time, the minimum is 

391629.6 mGal in the ak135 model, the maximum is 

406949.8 mGal in the PREM model. The polynomial 

velocity approximation performed by us to highlight 

seismic inhomogeneities in the mantle made it possible to 

reduce the fluctuation interval of the gravity value from the 

core with a minimum of 366685.0 mgal in the PEMCp 

model and a maximum of 369467.5 mgal in the PREMp 

model with an average of 367598.15. 

As can be seen from Table. 2, all the calculated parameters 

agree perfectly in the IASP91p and ak135p models and 

slightly worse in the PEMCp and PREMp models, 

although the IASP91 seismological model in the upper 

mantle differs markedly from the PREM model. Thus, we 

have shown that using reference points that represent 

seismic boundaries and that are used in the introduction of 

corrections in the form of polynomial differences for the 

theoretical density curve obtained by the Adams-

Williamson equation for the IASP91 model improves the 

convergence of density models, and therefore and speed. 

The density curve calculated in this way does not introduce 

local (false) density anomalies into the IASP91 and AK135 

model and follows the location of the seismic boundaries 

determined by the gradients of the P-velocity curve. 

At the same time, the density curve obtained from the 

Adams-Williamson equation is transformed into a curve as 

close as possible to the arithmetic mean density curve 

while preserving the geometry of the characteristic curve 

of the seismic velocity of P- and S-waves. It should also be 

noted that at the same time, the use of our differentiation 

by seismic inhomogeneities in the upper mantle made it 

possible to reduce the spread of the estimated contribution 

of the Earth’s core to the gravity field for other models as 

well, which may indicate that the introduction of 

corrections in the form of the difference of polynomials for 

the theoretical density curve (with the polynomial 

approximation of the speed) to highlight the speed 

inhomogeneities, and further the density, significantly 

minimizes the discrepancies when creating other types of 

reference models of the structure of the Earth's mantle 

(PEMC, PEMA, PREM, AK135, IASP91). 

 

 

Thus, we propose to use the average core density of 9.94 

g/cm3 in the following calculations, which contributes to 

the total gravity value of 367108 mGal (base model 

IASP91). Moreover, the IASP91 and ak135 models are 

used as reference (base) models of the zero approximation 

in tomographic models, in which the mantle is divided into 

fairly small blocks (~1°, sizes 70-100 km), in which 

inconsistencies in the wave propagation speeds are 

determined in relation to their values in the reference 

model. 

Having fixed the value of gravity for the core at 367 108 

mGal, we will get the basic (initial calculated) gravitational 

effect from the earth's crust, upper and lower mantle for 

our further calculations. 

It is: 981658.94 mGal (at the point of calculation) - 367108 

mGal = 614550.94 mGal/ 

Step 2. As shown in Fig. 1, the density curves for the lower 

mantle, obtained according to the Adams-Williamson 

equation, do not show the presence of local 

inhomogeneities while preserving the geometric properties 

of the P- and S-wave seismic velocity curve. It should be 

noted that different types of reference models (IASP91, 

AK135, PREM and PEMC) in the lower mantle have one 

and the same characteristic, which is a gradient increase in 

density with depth. At the same time, it can be seen that the 

reference models AK135, PREM and PEMC, with the 

exception of IASP91, coincide well. The results of 

calculations of the mass contribution from the lower mantle 

to the total gravity field are shown in Table. 3. 

Table 3. Results of calculating the contribution to the total 

gravity field from the lower mantle.  

 

 

The results of the calculation of the average value of the mass 

contribution from the lower mantle to the total gravity field 

with the introduction of a polynomial velocity approximation 

for the isolation of seismic inhomogeneities in the mantle is 

442265.88 mGal with a spread from 435656.82 to 445342.14. 

Without their input, 410595.678 with a distribution from 

407535.87 to 418955.54. The distribution of values in the 

first case is 9685.32 mGal. And in the second - 11419.67 

mGal. 

Thus, with the introduction of the polynomial velocity 

approximation, the convergence of the density models 

improves. The geodensity calculated in this way for the lower 

mantle reduces the discrepancies of the density anomalies in 

the existing reference models and observes the location of the 

seismic boundaries determined by the gradients of the P-

velocity curve. 

Analysis Fig. 1, shows that for the IASP91 model, there is a 

general increase in geodensity and velocity in the upper 

mantle and their underestimation in the lower mantle. This is 

due to the fact that in the IASP91 model, P and S wave speed 

jumps are located at depths of 410 and 660 km, and there is 

no low-velocity layer with anisotropy and a speed jump at a 

depth of 220 km, and the Moho boundary is located at a depth 

of 35 km. According to this model, there is an increase in 

density and velocity in the upper mantle and a general 

decrease in the lower mantle. 

Our calculations of the average values are closest to the 

values of the gravity field from the lower mantle, which are 

obtained from the AK135 model. In which the depth (radius) 

dependence of seismic wave velocities (Kennett et al., 1995) 

and density (Montagner, Kennett, 1996) is observed, and it 

was obtained from the results of processing a larger volume 

of data for the IASP91 model. Note that the IASP91 and 

ak135 models are used as basic models in tomographic 

models. 

Summarizing the results obtained in step 1 and step 2, it 

should be noted that for subtraction from the total field of 

gravity from the core and lower mantle, calculations from the 

AK135 model are most suitable. 

Thus, the total gravitational field from the core and lower 

mantle is 443047.30 + 367131.8 = 810179.1 mGal. And the 

observed gravitational field from the Earth's crust and upper 

mantle is 171479.84 mGal. This. It is proposed to use the 

value as a basic value when studying the structure of the 

earth's crust and the upper mantle of geostructures. 

 

Conclusions. According to the results of our research and 

calculations at the first stage, we fixed the value of gravity for 

the core at 367,108 mGal and thus obtained the basic 

gravitational effect of the Earth's crust, upper and lower 

mantle for our further calculations, which is 614550.94 mGal. 

According to the results of our research and calculations at 

the second stage, the gravity field from the core and the lower 

mantle is 443047.30 + 367131.8 = 810179.1 mGal. And the 

observed gravitational field from the Earth's crust and upper 

mantle is 171479.84 mGal. This. It is proposed to use the 

value as a basic value when studying the structure of the 

earth's crust and the upper mantle of geostructures. 

The next step of our research will be the study of the total 

gravity from the upper mantle to determine the level of 

reduction of gravitational effects in model calculations of 

crustal structures on the Ukrainian shield, Dnipro-Donetsk 

and Black Sea depressions. 

 

 Deep, km  ALL IASP91 IASP91 p AK135 ak135 p PREM PREM p PEMA PEMC PEMC p 

0-50  12267,28 12244,05 12244,05 12238,45 12238,45 12267,49 12267,49 12268,11 12267,91 12267,91 

50-650  154677,26 166218,6

9 

166649,7

5 

158835,3

2 

159241,4

1 

154293,7

8 

154581,8

1 

156290,4

8 

155996,9

7 

157688,7

4 

650-2600  389698,80 407535,8

7 

435656,8

2 

418955,5

4 

443047,3

0 

408147,8

3 

445342,1

4 

409169,4

1 

409169,4

1 

445017,2

6 

2600-6371  425015,60 395660,3

3 

367108,3

2 

391629,6

3 

367131,7

8 

406949,8

4 

369467,5

0 

403930,9

4 

404224,6

6 

366685,0
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 Deep, km IASP91 IASP91 p AK135 ak135 p PREM PREM p PEMA PEMC PEMC p 

2600-6371 

(core) 
395660,3 367108,3 391629,6 367131,8 406949,8 369467,5 403930,9 404224,7 366685,0 

Deep, km IASP91 IASP91 p AK135 ak135 p PREM PREM p PEMA PEMC PEMC p 

650-2600  407535,8

7 

435656,8

2 

418955,5

4 

443047,3

0 

408147,8

3 

445342,1

4 

409169,4

1 

409169,4

1 

445017,2

6 


