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SUMMARY 

It is shown and quantitatively substantiated that the source of forces and energy necessary for 
the movement of continents can be mantle convection and tangential mass forces formed as a 
result of the Earth's rotational regime. The reason for these geodynamic processes is the 
heterogeneous mass distribution, which is reflected in horizontal density gradients. The 
obtained vector maps of the horizontal gradients of the anomalous density of the three-
dimensional model, built using the parameters of the Earth's gravity field, are compared with 
the velocities of the mantle currents of the continental drift model and tangential mass forces. 
These forces are aimed at bringing the mass distribution of the lithosphere into compliance 
with the geoid figure and arise as a result of the deviation of the axis of the generalized 
lithosphere figure relative to the axis of rotation of the geoid figure by 3 degrees. The 
interpretation of the obtained results of studies of the planetary dynamics of the shape of the 
Earth's lithosphere and the global deformation state in connection with the mechanism of 
movement of lithospheric plates is given. 



Monitoring’2022   

 

 

XVI International Scientific Conference “Monitoring of Geological Processes 
and Ecological Condition of the Environment” 
15–18 November 2022, Kyiv, Ukraine 

 

Introduction. The main sources of stress in the lithosphere are: the energy of elastic deformations 
from mass gravitational forces, thermal energy released from the mantle, and kinetic energy of the 
planet's rotational motion (Turcotte, Schubert, 2002). The listed energy forces affecting global 
geodynamic processes lead to a redistribution of the Earth's masses (density). The use of the method 
of constructing three-dimensional models of the density distribution based on the parameters of the 
gravitational field, which in its essence initiates a new direction of "gravitational tomography" in the 
study of the heterogeneous structure of the planet, also provides important information about the 
deviation of the structure of the Earth's shells from the state of hydrostatic equilibrium (Fys, 
Tserklevych, 2021; Tserklevych et al., 2012). 
Method and Theory. Two biorthogonal systems {Wmnk}, {ωmnk} – polynomials of three variables in 
an ellipsoid τ were used to represent piecewise continuous derivatives of the density distribution (Fys 
et al., 2020). 
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The last expression is a linear combination of the power moments of the density distribution of the 
planet: 
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where M – the mass of the planet; ae – the equatorial radius of the Earth; a1, a2, a3 – are the semi-axes 
of the ellipsoid τ. 
Derivatives of the power moments can be determined through the power moments of the density 
distribution function δ using the Ostrogradsky equation: 
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Where (cos(α1) cos(α2) cos(α3)) is the normal vector to the surface of the ellipsoid, with following 
components 
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The power moments of the density are determined from the system of equations (Fys et al., 2021): 
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The system of equations (6) for n>2 is ambiguous, but it can be solved using the method of least 
squares. Also, it requires to determine additional values σpqs included in the Stokes coefficients: 
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primary spherical functions (polynomials of the order n+1 of variables x1, x2, x3). 
The density distribution within the planet can be represented via following three-dimensional 
approximation: 
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where δ0(ρ) – is a spherically-symmetric model of the density distribution (model PREM (Dzewonski, 
Anderson, 1981). The coefficients of the expansion (8) are derived using the parameters of the Earth's 
gravitational field (Stokes coefficients up to the desired order and power). 
Modelling results. Important information for planetary geodynamics is the determination of the 
gradient components ∂δ/∂x1, ∂δ/∂x2 of the density distribution, which reflect horizontal movements of 
heterogeneous masses. The corresponding vector diagrams are illustrated on the Fig. 1. The pictures 
clearly show the genesis in the equatorial zone of two swirls covering the equatorial part of South 
America and Indonesia with adjacent oceanic islands from Australia to South China. In addition, an 
interesting feature is the direction of gradient vectors from west to east in the northern hemisphere, 
which territorially covers Africa and the Eurasian continent. It gives a reason to assume that the 
movement of continents is associated with tangential forces that are generated in the lithosphere and 
tectonosphere due to the presence of heterogeneous masses. In this regard, we will consider two 
scenarios of cause-and-effect geodynamic processes that can hypothetically occur on the basis of 
proposed mathematical models. 

 
a) 

 
b) 

Figure 1 Vector derivatives ∂δ/∂x1, ∂δ/∂x2 of the of density anomalies distribution at depths: a) 200km, b) 700 
km  
To date, most geophysicists and geologists have concluded that the main driving force of plate 
tectonics is mantle-wide thermal convection. The idea of convection plays an important role as a 
dynamic mechanism of continental drift in accordance with the hypothesis that was first proposed by 
A. Wegener and then developed by T. Wilson regarding the evidences of continental drift in 
geological time. The modern GNSS measurements confirms the results of horizontal movements of 
continental tectonic plates at speeds of 5-10 cm/year. In fig. 2 shows the continental drift model 
(Trubitsyn, 2019). The obtained models show the evolution of mantle convection taking into account 
the interaction between all six continents of the Earth. 
General similar patterns can be observed comparing Fig. 1 and Fig. 2, In particular, these figures 
show a clearly similar location of vectors for continental areas such as North and South America, 
Australia, Europe, and South Africa. A less similar picture in the directions of vector location is 
observed only for the northern part of the African continent and the eastern part of the Asian 

http://www.firstbreak.org/other.phtml?other=guidance&PHPSESSID=4a93090648f3d5ec3c3099fa75649852
http://www.firstbreak.org/other.phtml?other=guidance&PHPSESSID=4a93090648f3d5ec3c3099fa75649852
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continent. Since the construction of the discussed mathematical models was based on different 
computation algorithms with different information (on the one hand, temperature variations in the 
mantle, and on the other – Stokes coefficients, which reflects the long-wave features of the geoid), we 
can conclude about cause-and-effect relationships between convection and the horizontal distribution 
of anomalous density shown in the figures. Thus, the lateral anomalies of the density distribution and 
their gradients, can serve as an effective method for study of global movements of mantle masses 
under the action of gravitational forces aimed to achieve a minimum of gravitational energy. 
Recent studies show that the influence of tangential mass forces is considered to explain the 
mechanism of movement of lithospheric plates. Therefore, let's consider this possible scenario of 
cause-and-effect relationships of tangential mass forces with movements of lithospheric tectonic 
plates. It is suggested in (Rebetsky, 2016) that the source of equatorward movements of continental 
and oceanic lithospheric plates are tangential mass forces, which can be estimated by comparing 
generalized figures approximating the geoid and the physical surface of the Earth. The author 
concluded that there is a unidirectional deviation of the normal to the Earth's physical surface from the 
plumb line on large oceanic areas of lithospheric plates. This deviation most often reaches 10-15", but 
there are also tectonic plates for which these deviations reach 30".  
Tangential mass forces are also generated as a result of the deviation of the minor axis of the ellipsoid 
(by approximately 3°), which describes the surface of the lithosphere, from the axis of rotation of the 
Earth and they are almost 2 times greater in comparison to the forces mentioned above. This 
conclusion can be drawn from the assessment of the maximum deviation of the normal to the 
generalized figure of the lithosphere surface from the plumb line, which is ~63". Fig. 3 shows the 
distribution of the complete vectors of the tangential mass forces obtained in (Tserklevych, Shylo, 
2018). The directionality of mass flow in Fig. 1a in the northern hemisphere in the latitude belt 
φ=25°÷75 ° is very similar to the directions of tangential mass forces vectors in Fig. 3. For other parts 
of the Earth's surface, there is no clearly pronounced correlation between them, which may indicate an 
insignificant influence of the distribution of anomalous density on at depths of 200 km and 700 km on 
the tectonics of the lithosphere. However, if we consider the maximum values of anomalous density, 
which are 0.0035 g/cm3, then it can be assumed according (Rankorn, 1975) that they lead to the flow 
of masses at a speed of up to 5 cm/year. 

 
Figure 2 A model of continental drift at the present time. 
The maximum length of the arrow corresponds to the speed 
of mantle currents - 12 cm/year (Trubitsyn, 2019) 

 
Figure 3 Distribution of tangential mass forces 
(Tserklevych, Shylo, 2018) 

An approximate estimate of stresses and strain rates caused by tangential mass forces can be obtained 
from the solution of the equation of mechanical equilibrium with volumetric forces corresponding to 
the force of weight. Consider according to (Atyushkow, 1979) mathematical formulation of the 
problem. If the anomalous density is given as a function of the coordinates, then the strains and 
stresses can be determined from the Navier-Stokes equation Atyushkow E.V. (1979): 

𝛥𝛥𝑝𝑝 + 𝜇𝜇𝛥𝛥𝑣𝑣 + 𝜕𝜕𝛿𝛿 = 0 

where p– pressure, μ– viscosity coefficient, v– velocity vector, g – average free fall acceleration. 
Let's limit ourselves to the definition of an approximate estimate of the characteristics of the stress-
strain state. In this formulation of the problem, the strain rate and normal stress can be calculated 
using the formulas with accuracy to the order of magnitude: 
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where f – is the global gravitational constant. 
The given relation allows to transform the obtained tangential mass forces into the deformations rate 
(1 mGal corresponds to 0,16 mm/year) and normal stress (1 mGal corresponds to 2,5 ⋅105 Pa). 
Considering the maximum value of tangential mass forces, which according to Fig. 3 is 300 mGal, 
respectively, we will get the velocity of the continents ~ 5 cm/year and stress 7,5⋅107 Pa. Therefore, 
the simplified statement of the problem of determining with accuracy to the order of magnitude the 
quantitative characteristics of the deformation field of the earth's surface undermines the noticeable 
influence of tangential mass forces on tectonic processes, which will allow to improve modern ideas 
about the mechanisms of movement of lithospheric plates. We also note that the obtained results are 
well agreed with the estimates obtained in (Tyapkin, Dovbnych, 2009). Authors estimates that the 
maximum tension-compression stresses in the Earth's tectonosphere, due to the change in the position 
of the axis of rotation, reach up to 107 Pa. Moreover, in the meridional plane, compression zones 
appear in two quadrants of the planet's upper shell, and tension zones in the other two. At the same 
time, equal latitudinal and meridional compressive-tensile stresses occurs, reaching maximum values 
for the latitude φ =±45° in the drift plane of the axis of rotation. The maximum compressive (φ≈-
35°÷≈+35°) and tensile (φ≈+90°÷≈+35°; φ≈-90°÷≈-35°) stresses caused by variations in the angular 
velocity of the Earth’s rotation reach values of the order of 105 Pa. 
Conclusions. The presented results illustrate the probable explanation of the mechanism of movement 
of lithospheric plates, as well as the physical field of deformations of the lithosphere. As a result of 
the deviations of the two main figures of the Earth (the surface lithosphere and the geoid), individual 
blocks of the earth's crust are in a permanent state of motion, which adequately affects the 
deformation of the topology of the figure, which over time changes its position in accordance with the 
angle of rotation relative to the axis of rotation. In our opinion, this is one of the likely factors of the 
process that triggers global movements of lithospheric blocks. Mantle convection is considered as 
another possible mechanism of continental movement, which changes the vector field of continental 
movement in geological time. the cause of these geodynamic processes is the non-homogeneous 
structure of the density distribution, which appears due to the gravitational field with long-term 
deviations of the lithosphere surface from the equilibrium state, but also with deep inhomogeneities of 
the density. 
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