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Abstract — This article is about dynamic transformation of
the litosphere relative to the geoid. Calculated of deviation of
“geoevolutionary” plump line, which isinterpret as the angle
between the normal to the surfaces of elipsoids approximating
the shape of the litosphere and the geoid. These values are
converted into tangential force and determine the stress-strain
statein the Earth’scrust.
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[. Introduction

Earth —isacdestial body of Solar system and its shape
is developed under the influence of external and interna
factors, which have cosmogeneous, endogenous and
exogenous origin [4]. Variations in rotational motion of
Earth as cosmic body, along with endogenous and
exogenous processes lead to the transformation of the
Earth’s shape during geological history. Considering
structural composition of the Earth with several layers
with different rheological properties. lithosphere,
asthenosphere, mantle, internal and external core, an
assumption can be made that gravitational and rotational
forces perform different influences on those internal
layers. Consequences of such impacts may appear in:
cyclic geodynamica instability of the Earth’s shape,
Earth’s center mass movement, variations in geopotential
coefficients, secular motion of terrestrial poles, ocean
level changes and variations in Earth’s rotation. There is
no doubt that internal and external factors such as climatic
changes, seismic and volcanic activity and many other
natural processes are interrelated to the Earth’s shape
transformation.

Let's consider the geodynamic evolution of the Earth's
image as a consequence of the process of redistribution of
its mass in a dynamically changing force field, with the
acquisition of a form with minima potential energy.
These masses are under the influence of three groups of
forces: the cosmogenic, endogenous and exogenous
nature, the effect of which leads to processes of transition
from one state of equilibrium to another in different time
and space scales in the planetary field of geodeformation.
This continuous process of reaction has its critical
boundary depending on the physical and mechanical and
geological properties of the rocks and the environment,
the magnitudes and scales of geometric parameters,
tectonic forms and duration of forces. After reaching the
critical edge, the shape of the planet changesits shape. As
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a result, on its surface there is a destruction and huge
geological faults are formed.

If we present the Earth without water, then we find that
the relief of the earth's surface differs significantly from
the geoid. Comparing the geoid map with tectonic maps,
we arrive at a well-known conclusion that there isno link
between geoid heights and tectonic structures. The
heights of the geoid reveal an absolutely independent
digtribution, even in relation to the largest tectonic
structures of the lithosphere: continental protrusions and
oceanic trough. This absence of the relationship between
the heights of the geoid and the structure of the
lithosphere is due to the non-homogeneous placement of
planetary structures of the physical surface of the Earth
relative to the figure of a geoid, which may be caused by
the displacement of lithospheric plates. The latter can lead
to the rotation of the entire lithosphere of the Earth
relative to a more stable figure of the geoid, which may
have been reflected in the difference in the values of
parameters and in the orientation of geometric shapes that
approximate the physical surface and geoid.

[I. Problem definition

Scientific concepts of planets evolution show that in the
past Earth was closer to the state of hydrostatic
equilibrium than now. Consequently — externa surface of
lithosphere coincided with elipsoidal shape, fitted geoid
in best way. This means that in that past period plumb
line direction coincided with normal to elipsoid, which
approximated external surface of lithosphere. Schematic
illugtration of Earth’s shape evolutionary forming process
is shown on Fig.1, where the following notations were
introduced: PP — Earth’s rotation axis, P_ — lithosphere

surface, E; — ellipsoid best suited to the lithosphere

surface, Eg — elipsoid that describes Earth’s shape in

the ancient geological epoch. All notationsin Fig. la are
marked with a prime in Fig. 1b for the figure and surface
of the Earth's lithosphere in the modern era.

Thus, comparison of two positions of the outer shells of
the Earth in Fig. 1a and Fig. 1b alows to assume the
appearance of a stressed state due to changes in the
rotation speed and the position of the rotation axis with
respect to the Earth’s shape. Stress distribution within the
Earth’ s lithosphere, which may appear because of Earth’s
shape transformation, is shown schematically in Fig.2.
Such a dress digtribution scheme was proposed by K.
Tyapkin in a new rotational hypothesis of structure
formation [3]. In the case of simultaneous changes of the
parameters of the Earth’s rotational regime (angular
velocity and the position of the rotation axis), it is
assumed that the dowing down of the Earth's rotation
causes the appearance of stresses in the lithosphere
(distribution of which is shown in Fig. 2a) and change of
position of the rotation axis leads to a reorientation of the
figure and formation of compression and expansion zones
(Fig. 2b). Actua geological evidences suggest that a
significant role in this process is played by the tectonic
factor caused by the displacement of lithospheric plates,
which can affect the terrestrial poles position.
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Fig.1 Schematicillustration of the body forming the Earth:
a—intheinitial period when the Earth was closer to the state
of hydrostatic equilibrium; b —the current state of Earth's shape
and Earth's lithosphere surface

compres

Fig. 2 Schemeatic stress distribution within Earth lithosphere:
a— due to changes in rotational movement around the axis;
b —du to position changing of the rotationd axis [6]

Geologists A. Maouf and G. Halverson [1] assumed
that 800 million years ago the terrestrial poles shifted.
This assumption may be considered as a confirmation of
such interpretation for Earth’s figure transformation. By
studying the magnetization of minerals in the old
sedimentary rocks of the Norwegian archipelago, they
discovered that the north magnetic pole shifted quickly by
50 degrees during 20-million-year period. Since the
tectonic plates mation is very slow authors explained such
displacement of lithosphere surface with respect to the
core, where the magnetic field is formed, by the global
mass redistribution, which may results in rapid change in
the position of the rotation axis. Such process might have
dtarted after a large imbalance of masses in the mantle.
For example, due to the appearance of a super volcano
near the equator. The studies carried out by A.
Tserklevich and A. Zayats [5] give grounds for a
statement that tectonic structures of planetary scale
appeared in the process of geological evolution of the
Earth, which could dgnificantly affect the rotationa
parameters and the figure. In particular, the hypothetical
Darwin'srdic rise [2] on Earth could shift the pole by 15
km, and slow down the rotation speed by 0.09 sec. The
volcanic Tarsis rise [3] on Mars respectively, could
change the pole position by 6 km and the rotation speed
by 0.06 sec respectively. Obvioudly, the obtained results
are estimative and can be interpreted as a possible option
of dynamic processes development, which can lead to
changes in rotation axis position and result in appearance
of stressed state and fault structures in the lithosphere of
planets.

Such placement of the figure of the lithosphere and of
the geoid figure can creste a strain aimed at bringing the
distribution of the masses in line with the figure of the
geoid.
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lll. Method of solving the problem

We restrict ourselves to the definition of only the
tangentia forces that arise in connection with this
redistribution of masses in the upper shells of the Earth
(bark and upper mantle). We introduce the concept of
deviation of “gecevolutionary” plumb line and assume
that the tangential forces are proportiona to the angle g,

which is defined as the angle between the direction of the
plumb lines in the past geological epoch and the direction
of the plumb lines at a given point. Note that the ellipsoid

E, in the past approximately represented the level
surface of our planet. Now he is responsible for the
ellipsoid E(. It is clear that the dimensions of the
ellipsoid E{ in comparison with E, the changed, since
the external surface of the lithosphere has changed.
Accordingly, the parameters of the elipsoids are not

identical. However, we can assume that the surface of the
Earth in the past roughly coincided with the surface of

ellipsoid E{, and in the case of such an assumption, the

angle between the directions of the plumb lines (normal
lineto surface elipsoids) isformed g .

When determining the angle g we will not take into
account the discrepancy of the centers of elipsoids E(

and E_ , sinceit will not significantly affect the result.

In addition, the longitude will be measure not from the
Greenwich meridian, but from the line of nodes, that is,
from the line of intersection of the plane of the equatorial

ellipsoids E§ and E, .

Consequently, at an arbitrary point of the ellipsoid
surfase , we have the expression for calculating the radius
of a vector:

rO:aO(l- a,sin’j 0) )
where I, istheradius vector of the point, j , isthe

latitude, A isthe flattening of the Earth.

The radius vector I, crosses the surface E{at some
point. Denote by p the radius vector of this point, and we
will have an expression for its cal culation:

r =afl- asin?j ), @)

where I — the radius vector of the point, | - the

latitude, which is measur from the plane of the equator of
the elipsoid; @ and @ - respectively, the semi-major
axisand the flattening of the same ellipsoid.

The distances between the dlipsoids and determine

S=r-r,=a-a,+
. 2- . 2 (3)
+aa,sn’j ,- aa sin’j

From the spherical triangle we express | through j ,

and | ,. Note that | - the longitude of the point, which
is measure from the line of nodes. Refer to Figure 3,
where the following notation is taken: P¢ and B( the
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points reflecting the position of the poles of the dlipsoids
(EL and E{) in the single sphere; P{L — the initial
meridian whose plane passes through aline of nodes; z -

average distance between the poles and; T - point in
which we determine theangle g .

P'g
Fig. 3 Illustration to the definition of angle J

From the figure we have:

Snj =cox Sinj (- Sinz cog osinl . 4
Now formula (3) can be written as.

S=a- a,+{aa,- aacoszz)sinzj 0"

- aa sin’z cos’j (sin’l o+ )

1 . U

+Eaasm22 sing ysinl .

We introduce the following symbols to simplify the
writing of formula (5):

A=a- ag; (6)
B=aga,- aacos’z; @)
C=-aasin’z; (8)
Dz%aasinZz. (9)

Asaresult wewill receive
— - 2. - - 2
S=A+Bsin?j ,+Ccos’j ,sn®l , +
+DsnZ ,snl,
The components of the "geoevolution” deflection of the

plumb linein the plane of the meridian and in the plane of
the first vertical, respectively, will have the form:

.(10)

19S 1 S
(o195 1 1S
RTi, Rcos, T,
where R - the mean radius of the Earth.
Taking the corresponding derivatives of expression (7),
we obtain:

(11)

1T—S:ZBsinj 0 €O - 2Csinj

J o ; (12)
cosj ,sin*+2Dcos? ,sinl

1S 2Ccos’j ,snl ,cosl , +

M, (13

+Dsin2 ,cosl,
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Accordingly, for the components of the deflection of
the plumb line, we will have:

X —ZBsinj COSj 2Csinj COSj
== 0 0" 5 0 0
R R ;19
) 2D .
Sn |0+FCOSQ OS|n|0

2C .
h ==cos?j gsinl gcosl g +
R
(15)
D. .
+Esma ocosl g
From the components of the "geoevolutionary"
deviation of the plumb line, we turn to the tangential
components of forces acting on a unit of mass in the
upper layer of the Earth. To do this, we multiply the
expressions (11) on g —acceleration of gravity.
Consequently, we obtain:

mzﬁsina' 0 - @sina' oSN’ o+
R R (16)
+2—zgcosa' oSinl
nzc—F\?coszj oSin2l O+%sina' 0Cosl g.  (17)

Thus, according to the formula (10), we can calculate
the distance between the elipsoids Ef and Ef , that is,

the reduction or increase distance of the lithosphere
relative to the sea level due to the rotation of the tough
part of the Earth caused by the displacement of the
lithosphere as a single shell.

By formulas (13) and (14), we determine the potential
forces that act as a gradud return of the mass distribution
to the equilibrium state as a mechanica system with a
rotation around the smallest moment of inertia

Note that in the formula (10), in addition B,C,D to

the coefficients A, there is a coefficient that needs to be
corrected, taking into account the invariance of the
volume of the dlipsoids.

Consequently, in determining A we will proceed from
the fact that the volume of Earth in the last geological
epoch has not significantly changed. This condition leads
to equality

a’b, = a’b. (18)
If we accept
ooy oamafir 28
% (19)
b=a0(1- a5)=alt-a) b
then we will get
Da 0
1-a,=(1-a)cI+—=. (20)
o =(L-a) .

Taking into account small values and expanding in a
series, we have
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aDa 0
a,=a- 3{c—=
g

(21)

and

aa =aa =c, (22)
where C — constant, which is calculated when replacing
aa the corresponding value.

a :;,Dazzo(a -a,).

(23)
Taking into account the previous simplifications, the
expression (10) can be represented as

s:%sinl ,sng ,sn2z -

- aa cos’z sin?j , - (24)

- aasin®z sn’l ,cos’j ,+a- a,

Conclusion

The calculated values of the components m, n
illugrating the stress-strain state of the lithosphere in the
modern era are shown in the form of a vector field in
Figure 4. As can be seen from the figure, the largest
values of the constituent forces are concentrated in the so-
called "critical latitudes' from 35 ° to 45 °.

il < D00

Fig. 4 Map of tangentia forces against the background
of continents and oceans and tectonic plates. Arrows show
tangential forcesin mGal.
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Investigation of tangential forces arising as a result of
reorientation of a thin solid shell of our planet has shown
that afield of stressisformed on its surface. Itsforcesare
located in the form of four vortices, two polar , located
near the poles, as wel as two eguatoria ones. Having
anayzed the acting forces, it is observed that the values of
the forces acting near the vortex axis are minimal, and on
the edges they are maximal. The axes of this vortex
system are mobile, respectively, their force lines should
be spiral, asillustrated by the map(Fig. 4).

It is very difficult to interpret these forces, it is certain
that they have a role in the tectonic dynamics of our
planet. The question is for how much they affect it, and
these thin relation till need to deeply research.
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