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A NEW ROTATION HYPOTHESIS ON THE DEVELOPMENT OF THE
TECTONIC SYSTEMS OF THE EARTH’'S CRUST

K. F. TYAPKIN™*

Introduction

The development of the tectonic structures of the Earth’s crust was attributed—
by most geologists—to the development of the so-called geosynclines and continental
plateaus (Belousov 1962, Mikhailov 1970, etc.). These hypotheses have their root
in the fact, that there are thick sedimentary parts on the Earth’s surface disturbed
by intensive foldings and often by orogenic movements. These parts alternate with
areas of relatively tranquil tectonism, morphologically characterized by mild struc-
tures.

The hypotheses on the development of geosynclines and platforms are not
reinforced by a lot of very important regularities. These are: the regularity of the
surface distribution of the structures, the straight line of foldings in the geosynclines,
the cyclicism of the development of their tectonic system, etc.

Recently, the so-called new global tectonics has become very popular among
the specialists (Le Pichon 1968, Morgan 1968, etc.). Its birth is connected with the
wide-spread and intensive examination of the oceanic crust resulting in—formerly
unknown—geological and geophysical data. Its popularity is partly due to the crisis
of the dominant hypotheses on the structure and development of the Earth’s crust,
being unable to explain the new data.

In this paper a new hypothesis will be outlined on the development of tectonic
structures. This hypothesis is based on the regularities recorded on the Ukrainian
shield, but—according to the literature—are existing on other areas as well. Some
aspects of this hypothesis are not quite new and have already been published by
other authors (Katerfeld 1965: Lichkov 1965; Solntzev 1963; Stovas 1963;
Tyapkin and Stovas 1968; Hisanashvili 1960; Tsaregradski 1963, etc.).

Herewith, we shall give a short review of the hypothesis.

Initial data

As a result of the complex geological and geophysical investigations carried out
on the Ukrainian shield, the following regularities were found in the spatial distribu-
tion of the linear tectonic structures—mainly deep fractures:

1. the regional fractures are arranged into definite systems in the shield;

2. each system forms a set of orthogonal fractures with persistent azimuths
and the distances between the fractures of similar order are constant;

3. the fractures of different systems, although differ according to their geological
properties and age, form similar geometrical networks in certain angles to each other.
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These regularities are thoroughly described in a recently published monograph
(Tyapkin 1972). In this article we want to present only the schematic arrangement
of the fractures revealed in the first period of the investigations on the Ukrainian
shield (Fig. 1). In Fig. 1two fracture systems can be seen and some minor fractures
which do not fit into either of them. Lately, after more intensive investigations
four-six systems can be detected in some parts of the shield.

/

Fig. 1 Deep fracture zones in the Ukrainian shield fractures:
1 — diagonal systems, 2 — orthogonal systems, 3 — submeridional systems, 4 — the supposed
boundary of the Ukrainian shield (Distances between the fractures are given in kms)

1. abra. Mélybeli torések elhelyezkedésének vazlata az Ukran pajzs teriletén
1. diagonélis rendszerd, 2. ortogonalis rendszerl, 3. ENy— DK iranyu torések, 4. az UKran pajzs
feltételezett kdrvonala. A torések kozotti tAvolsagok km-ben vannak megadva

Puc. 1. Cxema pacnonoXkeHusi ry6uHHbIX Pa3/IoOMOB Ha YKPAUHCKOM LymTe
Pas3nombl: 1 — AvaroHasibHol CUCTEMbI, 2 — OPTOFOHasIbHOW CUCTEMBI, 3 — CY6MEpPUANOHANILHOIO
Hanpas/fieHnsl, 4 — YCMIOBHbIV KOHTYP YKPauHCKOro wuTa. ViHTepBanbl MexXay pasfomamu
[aHbl B KM.

Similar geometrical regularities can be observed in other shields, too. In Fig.
2—for instance—we show the schematic arrangement of the fracture systems of
the Kola peninsula in the Baltic shield. The sketch was adopted fromV. A. TokaeyevVv's
paper (1968). The distance (in kms) between the fractures is illustrated by
arrows. It should be noted that neither the author of the article nor the compilers
of the map emphasize the above-mentioned regularities. This fact shows that re-
ferences can hardly be used for demonstrating such regularities, as—according to
our knowledge—there are no investigations of this kind under progress. At the
same time it confirms the objectivity of the data.
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Fig. 2 Deep fracture zones in the Kola peninsula
(compiled by Tziryulnikova et al.) Deep fractures:
1 — fractures marking the boundaries of crustal blocks

2 — fractures reaching the Moho according to the data of deep seismic sounding (a);
fractures coinciding with the high gradient zones of the gravitational field (b)
3 — fractures reaching the “granulite-basic” layers
4 — fractures in the precambrian basement
5 — shallow fractures (distances in kms)

2. dbra. A mélybeli f6 torések elhelyezkedésének vazlata a Kola-félszigeten
(Cirjuljnyikova €s munkatarsai utan)
Mélybeli torések, amelyek: 1. nagy foldkéregrégék hatarainak felelnek meg, 2. elérik a Moho
diszkontinuitast a) kéregkutaté szeizmikus mérések adatai szerint, b) a nehézségi er6tér nagy
gradiens(i zénaival egybevetve; 3. elérik a ,granit-bazalt réteget”; 4. a prekambriumi alap-
kézetben mutatkoznak meg; 5. kisebb mélységli hasadékok és repedések. A torések kozotti
tavolsagok km-ben vannak megadva

Puc. 2. Cxema pacnonoxxeHuUs rnaBHbIX pa3fniomoB Ha Konbckom nonyoctpose (coctasunu P. 4.
LunpynsHukosa, P. C. Cokon, 3. K. Yeuenb n J1. E. LWycToBa)
Fny6uHHbIe pasnombl: 1 — COOTBETCTBYIOLLME rpaHMLA@M KPYMHbIX 6/10KOB 3eMHOW KOpbl, 2 — A0-
cTuraoLime nosepxHocTn Moxo, no gaHHbiM [C3 (a), COBMeLLeHHble ¢ 30HamMu 60/1bLLNX FPafNEHTOB
nons cunbl TaxecTn (6), 3 — pocTurarLlme «rpaHyIMTo-6a3nMToBOro €/105», 4 — NPoABASAOLLMECS
B AOKEMOPUIACKOM (hyHAaMeHTe; 5 — pacKobl U TPeLMHbI HE60NbLLON FNyBUHbI 3anokeHns. MHTep-
BaUlbl MeX/y pas3foMaMu AaHbl B KM.

The above regularities can be identified in other regions as well, see for example
the tectonic map of Australia—compiled by E. Hills (1947). The sketch of the
main lineaments is shown in Fig. 3.
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Fig. 3 Fracture system of Australia (after Hiris)
Full and dashed lines mark fractures of different distances, zig-zag lines denote
the precambrian structural units
4:

3. dbra. Ausztrélia lineameittimainak vazlata [Hi11s utan]
Folytonos és szaggatott vonalakkal a kulénbéz6 koru téréseket, hullamvonalakkal pedig
a prekambriumi linearis szerkezeti elemeket szemléltettuk

Puc. 3. Cxema nnHeameHToB ABcTpanuu (Mo Xunnca).
CMOWHBLIMA U MYHKTUPHBLIMU IMHUAMW NOKa3aHbl pa3foMbl PasHoOro Bo3pacTta, a BO/IHUCTbIMU —
NNHelHble CTPYKTYPHbIe 3/1eMeHTbl B JOKeMOPUK.

The similarity of the above outlined characteristics suggests that they have
planetary causes. Moreover it was established that in the Ukrainian shield the
directions of the faulted and folded structures harmonize to each other (Tyapkin
1972). To prove this statement we present a star-diagram in Fig. 4 showing the
azimuthal distribution of the strikes in pre-Cambrian rocks in the horizon of the
present level of erosion. This diagram represents the strikes of the outcrops, the axes
of the linear magnetic anomalies and the strikes of the gravity steps indicating the
boundaries of the different erosion level blocks. The close relation between faulted
and folded structures proves the common cause of their origin. For instance, the
development of linear, nearly vertical, isoclinal folds in the pre-Cambrian rocks can
be explained easily by the active drift of the adjacent crustal blocks.

At last, on the Ukrainian shield there are several asymmetric superimposed
structures of synclinorium type, built up from the rocks of the Krivoyrog and
Konsk-Verkhovtsev series. Undoubtedly, according to the scheme drawn up by
J. Moody and M. Hir1 (1956), the development of these structures is in connection
with the vertical displacement of the blocks. The most important advantage of the
scheme that it gives a logical explanation for the development of synclinorium
type structures on the rigid base of the crust.
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Fig. 4 Polar-diagram of the trends in the Ukrainian shield
1 — axial directions of the magnetic anomalies
2 — strikes of rocks in the outcrops
3 — strikes of the gravitational steps
C = North, O = South
(compiled by Dashevskaya and Stovas)

4. abra. ,Rézsa-diagram" az UKkran pajzson a kovetkez6 iranyok megoszlasarol:
I. linearis magneses anomaliak tengelye; 2. kézetek csapasiranya kibuvasokban; 3. gravitacios
lépcsék csapésiranya; C = Eszak, O = Dél (készitette: Dasevszkaja €S Sztovasz)

Puc. 4. Po3bl-gnarpammbl pacnpefenieHns Ha Y KpanHCKOM LUMTe Harpas/ieHWii:
| — oceli IMHEeNHbIX MArHUTHbIX aHOMa/TUIA; 2 — NPOCTUPaHUIA NopoA B 06HaXeHMAX; 3 — npocTupa-
HUI rpaBUTaLMOHHbIX cTyneHel. (CoctaBmnn E. A. Oawesckaa u . M. CtoBac.)

The sketch of the magnetic field of the KMA (Kursk Magnetic-anomaly) in
the Voroniezh crystalline rocks (Fig. 5) furnishes a further example for the inter-
relation between the folded and faulted structures. The intensive magnetic-anomalies
corresponding to the iron-bearing quartzite veins are marked by dark colours. The
iron-bearing quartzite together with the schistose-amphibolitic sequence form
synclinorium-type structures. In Fig. 5 it can be seen that these structures are situat-
ed according to a certain system which proves that they developed at the borders
of the blocks.
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Fig. 5 Sketch of the Kursk magnetic anomaly
1 — isodynam lines; 2 — anomalies greater than 20,000 gamma; 3 — negative anomalies

5. abra. A kurszki magneses anomalia teriletén a magneses tér vazlata
1. 1zodinamok; 2. 20 000 gammanal nagyobb intenzitasi anomalidk; 3. negativ anomalidk

Puc. 5. Cxema MarHMTHOro nonsa paoHa KMA.
1— wn3oAnHaMbl; 2 — aHOMa MM UMHTEHCMBHOCTbIO cBbilwe 20 000 ramm; 3 — oTpuuaTesibHble
aHomanun

The above objective regularities cannot be explained by any of the known
hypotheses concerning the development of tectonic structures, therefore the elabora-
tion of a new hypothesis seemed to be necessary. Moreover, this hypothesis should
correspond to most of the known geological regularities or at least it should not
contradict them.
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The essence of the hypothesis

The shape of the Earth (geoid) is produced by the speed of rotation and the
mass distribution. It was a general opinion that the Earth and all planets of the
solar system are in state of equilibrium (isostasy). At the same time the astrono-
mical (Mikhailov 1970, Pariyski 1954, Stoyko 1972, etc.), paleomagnetic and pa-
leoclimatologic (Stkakhov 1960; Hramov and Sholpo 1967; Hramov 1971; Cox
and Doel 1960; Spall 1972, etc.) data give evidence of the repeated changes of the
Earth’s rotating system. During the geological epochs among others the angular
speed and the location of the rotational axis changed. The shape of the Earth,
consequently, must have been adapted to the new rotational conditions. During these
periods, probably, tension was produced in the crust, which determined the
regularities of the tectonic structures. This theory is advocated by many specialists,
but most of them (Lichkov 1965, Stovas 1963, Tsaregradski 1963, etc.) attri-
bute dominant role to the change of the angular speed, considering the position of
the rotation axis constant.

No doubt, these tensions do exist. Their effect on the development of tectonic
structures was examined by M. V. Stovas (1963, etc.). Without departing from our
subject, we note that—in spite of their obviousness—they cannot give interpretation
for several phenomena, first of all, for the asymmetry of the linear tectonic struc-
tures, to the present position of the rotational axis.

These regularities can be explained by the hypothesis, which considers the
tensions in the crust to be released in the course of polar wandering. Such theories
have been published in the literature (Solxtzev 1963). Because of the well-known
paleomagnetic and astronomical data we do not query the being of such tensions, but
the connection' between the effects caused by the above-mentioned two factors
in the development of tectonic structures can be estimated by analytical calcu-
lations only.

For the moment, it can be stated that the regularities in the arrangement of
tectpnic structures prove the role of the tensions produced by the shift of the rota-
tional axis. Therefore, we focus our attention upon the effect of this factor on the
development of the tectonic structures of the Earth’s crust.

Our knowledge of pole location is based on the paleomagnetic investigations
and—in the last hundred years—on the direct astronomical observations. It is
known, that the position of the magnetic and geographic poles have generally
coincided in the geologic past (calculated in periods of some 10 thousand years)
(Hospers 1955, etc.). So, the mean position of paleomagnetic poles can be identified
with that of the geographic (planetary) poles. Here we cannot discuss the causes
why the paleomagnetic data do not allow us to mark out the path of pole shifts, but
generally their trends are mentioned only. In Fig. 6a the positions of the poles are
shown during the Phanerozoic eon from the paleomagnetic data of the Russian
Platform (Hramov 1971). Dashed line marks the trend of the polar wandering.

To determine the trajectory of polar wandering astronomical data were used.
In Fig. 7a the path of the geographic pole for the last few years is given from direct
observations. The circular movement of radius 0.1" and of almost an annual period
is apparent. In Fig. 7b a curve can be seen which shows the annual centres of the
poles in a 76 years period 1890-1966. These astronomic data prove that the path
of the polar wandering consists of a monotonous regional part with 10 cm/year
velocity and cyclic effects of one or more decades’ order. The regional component
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Fig. OThe positions of poles in the different geologic epochs
a) according to the paleomignetic data of the Russian platform
(from the catalogue compiled by H ramov et al.)
b) mean positions of the poles in the different geologic epochs according to the data of Fig. a)
+ Cenozoic = Mesozoic O Paleozoic

6. abra. A pélusok helyzete a kilénboz6 foldtani korokban:
a) az Orosz tablan végzett paleoméagneses meghatarozasok adatai alapjan (H ramov et al.
tanulmanyabol); b) a pdlusok &tlagos helyzete a kulénbéz6 foldtani |doszak0kban a fenti
adatokbdl szamitva

Puc. 6. MonoXkeHMs N0AOCOB B pa3NINYHbIE re0NI0rNyYecKmne anoxum:
a — Mo AaHHbIM NasieOMarHUTHbIX onpeaeneHnini Ha Pycckoli nnatdopme, 3aMMCTBOBaAHHbIX U3 Ka-
Tanora A. H. XpamoBa n ap.;

e FADAHHG NMAANTE-DHHA NONWVN2ATYU M AOSYNUUUMD rf*nnnruupovuDd ADAOHAOTTU ODUMUMUDODWMALID AN vvaiau
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Fig. 7 The trajectory of polar wandering
a) data of A. A. Mikhailov for the years 1962—8
b) the annual centres of poles between 1890-1966 after A. Stoyko

7. é&bra. A pélusvandorlas palyaja:
a) Mihajlov 1962— 1968. k0z6tti adatai alapjan; b) Sztojko adatai alapjan
a polusok évi kdzéppontjai 1890 és 1966 kozott

Puc. 7. K TpaekTopuu ABKeHUs rnositoca:
a — no gaHHbIM A. A. Muxalinosa ¢ 1962 no 1968 r.; 6 — no gaHHbIM A. CTOlKO —
rofioble LeHTpbI nontocos ¢ 1890 no 1966 r.

represents part of the some hundred years' period arc. Unfortunately, no data are
available for the former positions of the poles.

On the basis of the paleomagnetic data concerning the positions of poles in the
Phanerozoic eon (Fig. 6a) it can be stated that in certain periods the poles form
“clouds”—by a limited degree of scattering. G. M. Stovas calculated the mean
position of the poles in each epoch. The results of this calculations are shown in
Fig. 6b. The positions of the pole are linked by straight lines. The result isa polygon
of polar wandering which, of course, cannot be considered as its real path. Never-
theless, it proves that the displacement of the pole during the history of the
Earth was not monotonous, unidirectional, but is was complicated, loopy, in many
features similar to the path determined by recent direct astronomic observations.
The regional component shows 1 cm/year mean velocity. Certain loopy formations
are superimposed to this, having periods of different order and being characterized
by millions of years. These loopy sections of the polygon are composed by the
superpositions of the monotonous regional component and the almost circular
periodic components of the polar wandering.

H. Sparr (1972) established the complicated, loopy character of the Precamb-
rian polar wandering by paleomagnetic measurements carried out in North America
and Africa (Fig. 8). The work of A. V. Doltitski and I. A. Kiyko (1963) resulted
in a similar trajectory of polar wandering.

Summing up, the path of the geographic polar wandering is similar to an
elongated cycloid complicated by high wider loops. This shape makes it possible to
find explanation for several known geological regularities. Let us examine the
effects of the different components.
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Fig. 8 The trajectory of the precambrian polar wandering (compiled by H. Spai1)
0) after McE1hinny et al. b) after Bulilard et al.
8. dbra. A pédlusvandorlas péalyaja; Spal1 nyoméan
a) McElhinny et al. adatai alapjan; b) Bullard et al. adatai alapjan

Puc. 8. TpaekTopus aBuXKeHUst nonioca B AoKeM6prun, NocTpoeHHast CNoiioM: a — Mo AaHHbIM
M'3nxnHu n gp.; 6 — nNo gaHHbIM Bynnapga v ap.

The translative displacement of the pole, which corresponds to a rearrangement
related to the rotational axi3 of the Earth, demands the restoring of isostatic
equilibrium. As a result tensions arise in the crust (Fig. 9). In the two opposite
guadrants—in the direction of the polar wandering—compressional zones, in the
other two quadrants dilatational zones are produced. With continuous shifting
of the poles the tensions are growing until they reach the elastic strength of the
crust. At this point the tensions release by means of deep fractures. By the displace-
ment of the great blocks in the crust the isostatic equilibrium of the Earth is more
or less restored.

The movement of blocks leads to geosyncline type structures which develop on
the rigid base according to the above-mentioned pattern (Moody and Hirr 1956).
The rising parts of the blocks are objects of denudation, the sinking parts constitute
the areas of accumulation. The fractures in the depth promote active volcanism and
the emerging of surplus heat which is one of the most important factors of meta-
morphism.

Consequently, while the equilibrium of the Earth is restored, the release of
tensions produces the most important geologic processes (denudation, accumulation,
igneous activity, metamorphism) which cause not only the development of tectonic
structures but the formation of different rocks in the crust as well.

The release of tensions is followed by a relatively quiet period when the surface
of the Earth gets levelled resulting in the development of platforms while new
tensions are accumulating. As soon as these tensions reach the elastic limit, a new
epoch of active tectonic rearrangement begins. This epoch will differ from the former
one in the position and direction of the compressional and tensional zones, which
define the new, strictly determined positions and directions of the new tctonicn
structures. The time between the two active tectonic phases depends on the agularf
distance and speed of the translational movement o the poeles on the surface.
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The similarity of deep fracture systems of different ages proves that the deforma-
tion in the upper zones of the Earth takes place according to uniform laws. This
happens, if the regularities of the spatial distribution of the fractures are determined
by the elastic properties of a relatively thick, upper zone and not by the sometimes
emphasized physical features of the crust.

The cyclic components of polar wandering—superimposed to the translational
movement—form loops of different order. In the period of the active tectonic re-
arrangement the principal loop must indicate the inversion of the tectonic structure
or some orogenic movements. The different directions along the path correspond to
periods of marine transgression and regression. The loops of higher order represent
the alteration of sedimentary systems in different epochs and periods.

If the translational movement of the pole explains the controlled development
of the Earth’s crust, the cyclicity of geologic processes is the result of cyclic polar
wandering of different order.

According to the present hypothesis the close relation between faulted and
folded structures becomes evident. The development of both structures are controlled
by the release of the same tensions in the upper part of the Earth.

Now, we have outlined only the frame of the hypothesis. The geologic processes
are undoubtedly much more complicated than the described scheme. Restoring of
isostatic equilibrium could happen not only through mechanical movements of
crustal blocks, but through the change of density as a result of intrusive or extrusive
activity or some physico-chemical processes in the mantle.

Up to now it was not necessary to mention any other processes taking place in
the mantle. Presuming their existence it is supposed, that—together with other
geologic processes—they constitute a reaction against certain external forces which
swing out the Earth from the state of isostasy.

We do not know about the origin of the forces which produce the displacement
of the rotational axis related to the surface. As a matter of fact this question has
no importance from the practical point of view, because the position of poles are
given by paleomagnetic investigations and astronomical observations. At the same
time, however, it isnoted that the most probable source of forces producing the dis-
placement of the rotational axis is the heterogeneous magnetic and gravitational
field in the outer space.

The Earth—after being swung out from the state of isostasy by these forces—
strives for restoring it under the effect of rotational forces. This effort results in the
above-mentioned deformations of the Earth’s crust and the attending characteristic
geologic processes. These latter ones are not discussed here.

Relation of the proposed hypothesis to former ones

First of all, we have to determine the relation between the proposed hypothesis
on the development of tectonic structures and the hypothesis of geosynclines. In
spite of the modifications of our conventional ideas about the development of geosyn-
clines, one thing has remained unchanged: the efforts of the authors to explain the
origin of these structures by the effect of internal forces.

The proposed hypothesis is characterized by tracing back the development of
crustal tectonic structures to planetary laws. Moreover, it regards the Earth as a
planet which—in certain extent—depends on the space of the surrounding objects.
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This means, that the external effects have undoubtedly a dominant role. The only
open problem is the relative importance of these external effects in the develop-
ment of tectonic structures. At the same time, the proposed rotation hypothesis
does not contradict the available data related to the geosynclines and platforms.
Moreover, it helps to understand the causes of their origin and the properties of
their development on a rigid base.

Isostasy constitutes a pillar of the hypothesis at issue. The isostasy of the
Earth means the state of equilibrium which corresponds to the effective mass distribu-
tion and angular velocity of rotation.

The relation between the proposed hypothesis and the global tectonics can be
characterized as follows: in the present stage of investigations it is quite indifferent,
whether the plate is moving compared to the axis of rotation, or the axis is moving
compared to the plate. Though the displacement of the outer shell compared to the
inner parts of the Earth is more imaginable than the displacement of certain plates
similarly differentiated, the discussed hypothesis does not contradict the concept
of the new global plate tectonics. More exactly, in its present state it can be regarded
as a specific expansion of it, applied to the evolution of the inner structure of certain
plates derived from their displacement.

Further study of the regularities of the spatial distribution of linear tectonic
structures in the different plates will lead us to the possibility of determining their
displacement.

Further tasks

To improve the proposed hypothesis the following tasks are to be done:

1. study of linear tectonic structures for extensive areas, in order to find the
global structures;

2. determination of the most probable trajectory of the axis of rotation on the
Earth’s surface;

3. calculation of tensions in the crust in the different geologic epochs by the
supposed contemporaneous position of the axis of rotation;

4. comparison of the tensional space with tectonic structures.

Finally it should be noted, that in course of investigations some of the described
statements will be corrected and concretized, but the basis of the hypothesis—owing
to its obviousness—must remain unchanged.
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UJ ROTACIOS ELMELET . .
A FOLD TEKTONIKAI RENDSZEREINEK MAGYARAZATARA

Az Ukréan pajzs torésrendszereinek vizsgalataboél kiindulva a foldkéregben fellépé ciklikus
feszultségfelhalmozédas és -kioldédas folyamatat a Fold forgastengelyének eltolédasara vezeti
vissza. A forgastengely valtozdsdnak okat a kiils6 magneses és gravitacios tér heterogeneitdsanak
tulajdonitja. A forgastengely eltolédasa kilenditi a Foldet izosztatikus egyensulyi helyzetébdl.
Az egyensulyi allapotba valé visszaallas hozza létre a nagytektonikai szerkezeti formakat és ez
magyarazza azok szabalyos rendszerét az egész Foldon.

TAMKNH K. @.

HOBAA POTALUMOHHAA TMMNOTE3A ®OPMNPOBAHNA TEKTOHUYECKINX
CTPYKTYP B BEMHOU KOPE

Mcxoaa U3 M3yyeHWs CUCTeM Pas/fioMOB Y KPaWHCKOro LuTa, aBTop CBA3bIBAET LMKINYECKUN
npoLiecc HaKoMIEHUs1 N pa3BA3bIBAHWA HaMNPsHKEHUI B 3eMHOI Kope ¢ nepeMeLleHeM 0CU BpaLleHus
3emnn. MprynHa 3TOro M3MeHeHMs! MOMOXKEHUSA OCWU BpaLleHUs 06bACHAETCA HeoAHOPOAHOCTAMM
BHELUHero MarHMTHOrO0 Mosis U No/A CUMbl TshkecTu. MNepeMelleHWe ocy BpaLleHus 3eMau NpuBoANT
K HapyLleHWio n3ocTaTU4ecKoro paBHoBecusi 3emnun. pouecc BOCCTAHOB/IEHWS paBHOBeCUS 06Yy-
CI0B/INBAET MAKPOTEKTOHWYECKNE CTPYKTYPHble (POPMbl U TEM caMbiM 06BACHAETCA U perynspHas
cucTema nocriefHUX no Bceld 3emre.



