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INFLUENCE OF NON-RADIOGENIC COSMIC HEAT GENERATION IN THE BOWELS
OF THE EARTH AND PLANETS ON MUTUAL DISPLACEMENTS OF PLANETARY SHELLS

Article 1. The Earth
O.M. Makarenko
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Kyiv, Ukraine, E-mail: poshuk1964@gmail.com
Researcher associate.

We considered the influence of supposed planet non-radiogenic energy source of cosmic (galactic) origin on the
process of mutual displacements of planetary shells. We found that the convection configuration in the Earth’s bow-
els has simultaneously three variants of topology of convective flows (single-cell, double-cell of open and closed
types), a one-time existence of which is conditioned by nonuniform in space and time heating the bowels by an en-
ergy source of cosmic origin. Movement of masses during convection leads to mutual nutation of shells relative to
the Earth’s axis of rotation. Such swings are characteristic of both the outer stone shell and the inner core of the
planet. The motions of the shells are probably gravitationally synchronized, and certain resonances exist in these
motions. Nutations occur in the certain corridor, which lies in the middle between the superplumes (African and
Pacific), which are antipodally located on the equator. The axis, around which the shells are displaced, roughly co-
incides with the axis of equatorial maximum moment of inertia and passes through superplumes and positive geoidal
undulations corresponding to them. Its existence is conditioned by general mantle isostatism, which causes the
emergence of heated segments of the stone shell, forming the Earth's figure and the distribution of its rotational
moment.

Key words: mutual displacements (nutations) of Earth’s shells; true motion (drift) of the poles; superplumes; general
mantle isostatism; non-radiogenic energy source of the Earth’s (planetary) bowels of cosmic origin.

BMNAMB HEPAAIOTEHHOTIO KOCMIYHOTO TEMAOBUAIAEHHSA B HAAPAX 3EMAI
| NIAAHET HA B3AEMHI 3CYBHA MAAHETHUX OBOAOHOK

Crarta 1. 3emasa

0.M. MakapeHko

Hayxogo-inoicenepnuil yenmp paoiociopoceoexonocivnux noniconuux docniodcenv HAH Yxpainu,
Kuis, Ykpaina, E-mail: poshuk1964@gmail.com
Monoowuii Haykoguil cnigpobimHuK.

Po3misiHyTO BILITUB nependadyBaHOrO BHYTPIIHBOIIAHETHOTO HEPAAi0reHHOro JKepea eHeprii kocMivHoi (Tajak-
TUYHOT) IPUPOAX HA TPOLIEC B3a€EMHUX 3CYBIB IUIAHETHUX 000I0OHOK. BeTaHOoBIIEHO, 1110 KOH(ITYypalis KOHBEKLii
B 36MHHX HaJ[pax Mae€ OJHOYACHO TPHU BapiaHTH TOMOJOTii KOHBEKTHMBHUX IMOTOKIB (OJJHOKOMIpPKOBa, IBOKOMIpKOBa
BIJIKPUTOTO 1 3aKPUTOTO TUIIIB), OAHOMOMEHTHE 1CHYBaHHS SIKUX 00YMOBJIEHO HEPIBHOMIPHUM y IIPOCTOPI 1 yaci Ha-
TpiBaHHSAM HaJIlp JHKEPENIOM eHeprii KOCMIYHOTO MoXomKeHHs. [lepeMilieHHs Mac y X0/li KOHBEKIIii IPU3BOIATH J10
B3a€MHOTO IIOXUTYBaHH: 000JIOHOK II0JI0 3eMHOT 0Ci 00epTaHHs. Taki KOJMBaHHS BIACTHBI SK 30BHILIHIIM KaM’ sTHIH
00OJIOHIIi, TAaK 1 BHYTPIIIHBOMY ApY TUIaHETH. Pyxu 000J0HOK, HMOBIpHO, rpaBiTalliiHO CHHXPOHI30BaHi, iCHYIOTh
MIeBHI Pe30HAHCH Y WX pyxax. [loxuTyBaHHS BiI0OyBarOThCS B IEBHOMY KOPHUJIOPI, IKUI PO3TAILLIOBY€EThCS TOCEPETUHI
MIDX aHTHUIIOAAIBHO PO3TALIOBAHUMH Ha €KBaTopi cyneproMamu (AdpukaHcbkuM i Tuxookeancbkum). Bich, Ha-
BKOJIO KO 3MIIIIYIOTHCS] 00OJIOHKH, PUOIU3HO 301Ta€ThCs 3 BICCIO €KBAaTOPialbHOTO MAKCUMAaJIbHOTO MOMEHTY 1Hep-
1ii 1 MPOXOAUTH Yepe3 CyNEPIUTFOMH 1 BiIOBIIHI IM MO3UTUBHI YHIYJIALIT reoina. Ii iCHYBaHHS 3yMOBIICHE 3arajib-
HOMAaHTIHHOIO 130CTa3i€l0, KOTPa 3MYIIy€e CIUIMBATU PO3IrpiTi CETMEHTH KaM siHOi 000JI0HKH, (popmyroun ¢irypy
3emui 1 po3nofi I 00epTalIbHOI0 MOMEHTY.

Kniouosi criosa: B3aeMHi 3MillieHHs (TOMTaHHS ) 36MHUX 000JIOHOK; ICTHHHI PyXH (Ipei(d) MOI0CiB; CYNepILTIOMH;
3araJbHOMAaHTIHA 130CTa3is; HepaAioreHHE JUKEPENIo eHepril 3eMHKX (IIJIAHETHUX ) HAaJ[p KOCMIYHOI IPUPOJIH.
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PaccMOTpEHO BIMSHUE NMPENOIaracMoro BHyTPUILIAHETHOTO HEPAJUOT€HHOTO HCTOUHUKA YHEPTUH KOCMUYECKON
(TayakTHYeCcKOi) MPUPOJIbI HAa TPOIIECC B3aMMHBIX CMEIIEHHUH MJIAHETHBIX 000JI04eK. YCTaHOBIIEHO, YTO KOH(HTY-
panys KOHBEKIIMH B 3€MHBIX HEApPaX UMEET OJHOBPEMEHHO TPH BAPHAHTA TONOJOIMH KOHBEKTUBHBIX ITOTOKOB
(onHOsTUEHUCTAs, ABYXBAYEHUCTAsI OTKPBITOTO U 3aKPBITOIO THIIOB), OTHOMOMEHTHOE CYIIECTBOBAHUE KOTOPBIX 00yC-
JIOBJICHO HEPAaBHOMEPHBIM B IIPOCTPAHCTBE U BPEMEHU HarpEeBOM HEJP UCTOUHMKOM SHEPTUU KOCMUUECKOTO MPOUC-
xoxeHus. [lepemelniennst Mace B X0/i€ KOHBEKIIUH IIPUBOJIAT K B3aUMHOMY ITOKAaYUBaHUIO 000JI04€K OTHOCUTEIIEHO
3eMHOH 0CH BpallleHHs. Taknue KauaHHus CBOMCTBEHHBI KaK BHEIITHEH KaMEHHON 000JI04Ke, TaK U BHYTPEHHEMY SIAPY
TUTaHeTHl. J[BIDKEHHS 000I0UeK, BEPOSTHO, TPABUTAIIMOHHO CHHXPOHH3UPOBAHEI, CYIIECTBYIOT ONpEICICHHBIC
PE30HAHCHI B 3TUX JIBMKEHHAX. [loKauMBaHUs IPOUCXOIAT B OIPENEIEHHOM KOPHIOPE, KOTOPBIN pacronaraercs
TIOCPEMHE MEXK/Ty aHTHIIONAIBHO PACTIONIOKEHHBIMH Ha 3KBaTOpE cymneprurioMaMu (AQpruKaHCKIM 1 THXOOKEaHCKHM).
Ocb, BOKPYT KOTOPOIl CMEIarTcsl 000JI0UKY, IPUMEPHO COBHAAAET C OCbIO HKBATOPUATBHOIO MaKCUMAJIbHOIO
MOMEHTA HHEPLUH U IPOXOAUT Uepe3 CYNEePILTIOMbI U COOTBETCTBYIOIINE UM IOIOKUTEIbHbBIC YHIYIISAIUY TeOUaa.
Ee cymecTBoBaHue 00yCIIOBICHO OOIIEMAHTUHHON H30CTa3Wel, KOTOpas 3acTaBiIsSCT BCIUIBIBATh Pa3orpeThie
CETMEHTHI KaMeHHOIT 0007109KH, popMupys Gurypy 3emin u pacipeieneHue ee BpanaTeI-HOr0 MOMEHTA.

Kurouesvle crnosa: B3auMHble cMeLIeHHs (KauaHUs) 3eMHBIX 000J04€K; HUCTUHHBIE BHKEHHs (Apeiid) moaocoB;
CYNEPIUTIOMBI; OOIIEMaHTUIHAs W30CTa3usl; HEPAJUOTEHHBIM MCTOYHUK DHEPTHMH 3E€MHBIX (IUITAHETHBIX) HEAp

KOCMUYECKOU MPUPOJIBI.

1. Introduction

Previously, we have already stated in the Geological
Journal [Makapenko, 2011a, 20116, 2012a, 20126,
2013, 2014] and substantiated by comparing geo-
logical, astronomical and physical data the assump-
tion about the probable existence of an energy
source of cosmic nature in the depths of Earth and
other planets (“space heater”) driven by factors that
are external relative to the Solar System. Multiple
authors have previously expressed in the literature
the hypotheses that such a cosmic energy source
could exist in the depths of Earth and other cosmic
bodies based on theoretical considerations [Carri-
gan, 1980; Arafune et al., 2001; Drobyshevski,
2004; Jargensen, 1981; Mack et al., 2007; Brans,
Dicke, 1961, etc.]. Physicists most often assume all
kinds of hypothetical all-pervading particles of the
so-called dark matter, which, in the opinion of
physicists and astronomers, constitutes the main
part of the substance of our Galaxy and the Universe
in general, to be “fuel”. However, these hypotheses
have never been tested before by analysing geolog-
ical and other observational data. Our comparisons
of the properties of “space heaters” postulated by
theoretical physicist with the properties of the non-
radiogenic part of the heat release in the depths of
the planets observed in geology and planetology
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show that the dark matter warms Earth and planets
with high probability.

Alittle later, independently and based on the ana-
lysis of a completely different data set, M. Rampino
a famous researcher in the field of external (galac-
tic) influences on terrestrial processes, came to sim-
ilar conclusions that the dark matter of the galactic
disk heats the planetary depths. Results of this study
were published in the highly rated Monthly Notices
of the Royal Astronomical Society [Rampino, 2015].

Unlike radioactive isotopes, which have signs
of lithophylous properties and are concentrated
closer to the Earth’s surface, the supposed energy
source of cosmic nature acts predominantly in the
deepest parts of our planet [Makapenko, 20116]. At
comparable capacities of cosmic and radiogenic en-
ergy sources, the space one has a more convenient
spatial arrangement in terms of its contribution to
the warming of the Earth’s depths, the convective
flows formation and, accordingly, the subsequent
geological processes. An assumed cosmic energy
source has higher geological significance. There-
fore, it would be interesting to consider, at least in
very general terms, the peculiarities of the impact
of such a specific phenomenon as an energy source
naturally moving in space over time on any intra-
terrestrial processes.
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Spatially and timely uneven heating of plane-
tary depths is a distinctive feature of this energy
source. There is a “hot latitude” where the current
release of energy is maximized, regularly shifting
over time from era to era [Makapenko, 20116]. Un-
even in time, regularly modulated heating at this lat-
itude leads to excess energy release when it inter-
sects the equatorial zone, which contributes to the
formation of the subequatorial belt of excess warm-
ing of the planetary depths [Makapenko, 20116].
There is also an asymmetry in heating between the
Northern and Southern hemispheres, which is re-
lated to the direction of movement of Earth in the
galactic space [Makapenko, 20116]. Alternatively,
the heat release of cosmic nature occurs predomi-
nantly in one or the other hemispheres with different
intensity and duration. For the present moment the
Southern Hemisphere has been overheated for sev-
eral hundred million years. The probable nature of
these processes and the relevant data are discussed
in details in [Makapenko, 20116].

Processes of uneven heating should lead to the
formation of the planets relatively warm (and there-
fore less dense) and relatively cold (higher density)
zones in the depths, which should be accompanied
by the formation of convective flows and mutual
flows of matter between zones of uneven heating.
Thus, regular redistribution of masses should occur
in planetary depths.

Mass redistributions are caused by convection.
According to [Monin, 1991], there are three seem-
ingly mutually exclusive variants of the topology of
convective flows in the Earth’s mantle: 1) single-cell
convection (shown in Figure 1a) assumes the exis-
tence of a hemisphere with an ascending heated con-
vective flow and an antipodal hemisphere where the
cooled substance descents; double-cell convection
occurs in two forms: 2) with an open configuration,

Fig. 1. Models of possible convection variants in the
bowels of the Earth according to [Monin, 1991]: a) single-
cell convection; b) double-cell with open configuration;
c) double-cell with closed configuration

Puc. 1. Mogenm BO3MOXHbIX BAPUaAHTOB KOHBEKLMN B HE-
npax 3emnuv no [Monin, 1991]: a) ogHOsiuencTas KoHBeK-
ums; b) apyxpayemctas ¢ OTKPbITOM KOHbUrypauuven;
C) ABYXbSHENCTAs C 3aKPbITON KOHbUrypaumen
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where the substance rises and descents in two an-
tipodal zones in the intermediate zone (Figure 15);
3) with a closed configuration, where two global an-
tipodally located upstreams are divided by the strip
where the substance descends (Figure 1 ¢).

This may seem improbable from the point of
view of thermodynamics, if we assume that the heat
release in the depths of Earth is laterally uniform,
but all three mutually exclusive variants of convec-
tion were realized in nature simultaneously. It fol-
lows from this claim that, in our opinion, the heating
in the depths of Earth is laterally non-uniform. In
addition to that, it is not uniform regularly. The
question arises: why is that?

The most global single-cell convection follows
from the existence of the so-called northern drift of
lithospheric plates. There are also many other indi-
rect indications of the current relative overheating
of the Southern Hemisphere compared to the North-
ern Hemisphere. They are given in our previous
paper [Makapenko, 20116]. Direct measurements of
heat flow also show that the Southern Hemisphere
is overheated. According to [Wang, Wang, Ma,
1998], the heat output from the Earth’s mantle
(minus losses from the Earth’s crust, where they are
determined by distribution of continental masses and
the radioactive isotopes contained in them) totals
22.1-10"* W for the Southern Hemisphere, which is
approximately twice higher than the same indicator
for the Northern Hemisphere, which is 10.8:10"> W.

The second model of the convective flows
topology follows from the existence of a subequa-
torial hot belt of matter in the depths of the planet.
The arguments in favour of the existence of this belt
in the depths of Earth and other planets are given in
our earlier works [Makapenko, 20116, 2012a], as
well as in even earlier works by other authors.

Both the overheating of one of the hemispheres
and the presence of the subequatorial heating zone
have astronomical reasons and follow from the pe-
culiarities of the interaction of the galactic medium
(the flow of dark matter heat-producing particles
supposed by many physicists) with the Solar Sys-
tem in general and planetary depths in particular.
Models of this interaction are given in [ MakapeHKo,
20116, 2012a, 2013].

The third variant of the convective flow topol-
ogy is observed in the existence of long known and
actively discussed African and Pacific superplumes
located antipodally. Clarifying the nature of this
phenomenon is one of the objectives of this study.
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According to the laws of mechanics, displace-
ments of masses must inevitably be accompanied by
corresponding shifting of the Earth’s “solid mass” as
a whole relative to the axis of its rotation. Isaac New-
ton wrote about it in the first volume of his “Mathe-
matical principles of natural philosophy’: “If we place
a new amount of matter collected as in the form of a
mountain somewhere between the pole and the equa-
tor, it will break the correctness of the globe’s motion
and will make the pole move on its surface, which will
begin to circle around their original locations.”

The objective of this phase of our study is to
explore the effect of non-uniformity of heat release
by the assumed energy source of cosmic nature on
the mutual shifts of planetary shells (observed as
true motions (drift) of the poles true polar wander
(TPW), since these shifts are one of the most com-
mon, global processes studied by geology (such
shifts are rheologically possible, since there is a lig-
uid “layering” in the form of a outer core of the
planet between the hard shells: the rock crust and
mantle, and the inner core).

The work consists of two papers. The first paper
considers these issues in relation to Earth, and the
second one considers them in relation to planets.

2. Movements of the Earth’s shells and poles

True movement (wanderings, drifts) of the poles
(TPW) are understood as the total shift of the
planet’s surface relative to its rotation axis on geo-
logical time scales (minus the partial movements of
tectonic plates).

This phenomenon is caused by the effects of
centrifugal forces on the anomaly in the distribution
of masses either on the surface of the planet or in
its quasi-liquid depths.

Figure 2, borrowed from [Evans, 2003], illus-
trates this. It shows how the Earth’s shell (mantle)
shifts when the rotation axis is fixed. On the left in
Figure 2a, you can see how in the course of general
mantle convection, which initiates plate tectonics
and the appearance of density inhomogeneities
(submerged compacted and floating rarefied masses
are shown in dark and light grey colours, respec-
tively), due to the viscosity of the mantle material,
the vertical displacements of the lower surface lead
to deformation of the upper and lower boundaries
of the mantle. On the right in Figure 25 you can see
how the rises appeared turn the rock shell towards
the equator, and the lowers turn the rock shell to the

poles.
b

Fig. 2. Turn due to emersion of hot and immersion of cold areas of stone shell [Evans, 2003]

On the left side a) it is shown how in the course of general mantle convection initiating a plate tectonics and emergence
of density inhomogeneities (submerged compacted and emerged rarefied masses are indicated by dark and light gray
gradations, respectively), due to the viscosity of mantle substance, the vertical movements of anomalies lead to defor-
mation of upper and lower boundaries of mantle. On the right side b) it is shown how the occurred elevations shift the
stone shell to the equator, and depressions — to the poles

Puc. 2. Pa3BopoT BCneacTamne BCNbITUS FOPSYNX U NMOTPYXKEHUS XONOAHbIX yHaCTKOB KaMeHHOM obonoyku [Evans,
2003]

CneBa a) nokasaHo, Kak B XoAe 06LeMaHTUNHON KOHBEKLMN, MHULMNPYIOLLLEN TEKTOHUKY MNAUT M BO3HUKHOBEHWE MoT-
HOCTHbIX HEOLHOPOOHOCTEN (MOrpyXaroLLMecs yiIoTHEHHbIE U BCMJIbIBAIOLLME PA3PEXEHHbIE MACChl MOKa3aHbl TEMHOM
1 CBETNOM rpafaLmsiMy CepPOro, COOTBETCTBEHHO) N3-3a BA3KOCTU MAHTUNHOIO BELLLECTBA, BEPTUKAJIbHBIE NMEpeMeELLEe-
HWS aHOManMin NPUBOAAT K AeDOPMMPOBAHUIO BEPXHEN N HVXKHEN rpaHmy, MaHTun. Cnpasa b) nokasaHo, kak BOSHUKLLME
NOOHATMS MOBOPAYMBAIOT KAMEHHYI0 000/104KY K 9KBATOPY, a ONyCKaHUs — K NoJilocam
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Figure 3 shows the equatorial hot belt in the
Earth’s mantle and the space-time displacement of
the hot latitude forming this belt.

Similar formations are present within the inner
and outer cores of the planet, as well as in the depths
of other planets [Makapenko, 20116, 2012a].

As we can see in Figure 3, there are two antipo-
dally located African and Pacific superplumes or as-
cending hot convective mantle flows within the hot
belt that form an integral part of the belt. Super-
plume centres are located quite strictly in the plane
of the equator. Plain, ordinary plumes, which are
rooted deeply into the mantle, are grouped in the
areas of manifestation of these superplumes.

Figure 3 also shows that the hot belts outside
the central points of the superplumes, manifested by
both the rheological properties of the mantle and the
location of ordinary plumes, are located in planes
that are slightly offset relative to the present geo-
graphical equator, and by different angles. It is in
the places of greatest shift where belts are thinned,
“spread” the most.

At the same time, according to our ideas about
the cosmic origin of hot belts in the depths of plan-

ets [Makapenko, 20116, 2012a], heat should mostly
accumulate in zones adjacent to the equator. As we
see that these zones are somewhat displaced in re-
ality, we can assume that here we deal with mani-
festations of displacement of the planet as a whole,
or rather, of its rock shell relative to the liquid iron
core of Earth, caused by the convective redistribu-
tion of masses in the depths of the planet. Ancient
hot subequatorial belts, which appeared in the
course of the “space heater” operation during max-
imums of heat release, and are dated using the as-
tronomical method, can be conveniently used as a
reference point for the study of such movements.
Prior to the present work, when studying the true
motion of the poles, the tying to the location of man-
tle plumes was used as a reference point (it is as-
sumed that they almost do not change their position
in the mantle space); the centre of mass of the conti-
nental plates for the reference point is also used as a
reference point (in the hope to separate the true mo-
tion of the poles from the local drift of the continental
plates). Location of the geomagnetic poles is also
taken into account. Current true pole drift is studied
using star observations and satellite measurements.
It is striking that the mutual loca-
tion of the continental segment of the
Earth’s crust and the structure of the

> | -areas with lower seismic wave velocities
in the lower mantle (dark) [Seidler, Jacoby, Cavsak, 1999]
- hot spots formed by the part of plumes that root
deeply into the mantle [Courtillot et at., 1996]
- age groups of the appearance of hot spots

17-62 million years

and by the location o f hot spots (below)
E - northern and southern plume groups

- African and Pacific superplumes

Fig. 3. Equatorial hot belt of the Earth’s mantle

[Stothers, 1993]

Puc. 3. OkBaTopuanbHbIli FOPsynin NOSIC MaHTUK 3eMin
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- paleoequators (zones of maximum heating in the past)
determined by the passage of seismic waves (above)

equatorial hot belt of Earth are not co-
incidental. It is obvious that conti-
nents tend to move as far as possible
from superplumes, the ascending con-
vective flows of mantle matter, which
is natural though, since they them-
selves move under the influence of
convective flows. Continents are
grouped mainly on meridians, where
the shifts of equatorial hot zones rela-
tive to the modern geographical equa-
tor are maximum, which suggests that
we, in fact, are dealing with different
sides of the same phenomenon.

This peculiarity is confirmed by
quantitative data on the meridional
distribution of land. Figure 4 taken
from [@emopos, 2007] shows the dis-
tribution of land by longitudes (%) in
the Northern Hemisphere. There is a
pattern that other researchers note as
well: the continental crust concen-
trates near the selected “continental”
meridians, forming a meridional belt
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Fig. 4. Distribution of land (in %) in the northern hemisphere by longitudes (lower line): North America (NA), Eurasia wit-
hout the Arabian Peninsula and without the Southwest Hindustan (As); the upper line in the figure: the averaged tension
of the Earth’s magnetic field by meridians (T, in oersteds) [KoHapaToBu4, 1992] taken from [®Penopos, 2007]

Puc. 4. Pacnpegenerue cywm (B %) B CeBepHOM noayLLapum no gonrotam (HxHss nuHus): CesepHasa Amepuka (NA),
EBpa3uns 6e3 ApaBuiickoro nonyoctpoa n 6e3 n-sa MIHoocTaH (As); BEPXHSS IMHUS HA PUCYHKE: OCPeaHEHHas No Me-
puanaHam HanpsKeHHOCTb MarHuTHoro nons 3emnu (T, B apctenax) [KoHapatosuy, 1992], BasaTo n3 [Penopos, 2007]

that envelopes the Earth globe and crossing the equa-
torial belt of high temperatures in its thin parts, at the
equal distance from the superplumes. The same fig-
ure shows the distribution of the Earth’s magnetic
field strength averaged by meridians, which is simi-
lar to the distribution of land.

Figure 5, taken from the same source, shows a
generalized picture of the geoid surface. Comparing
these figures, we can see that the ascending con-
vective flows in the mantle spatially correspond to
the excess height (so-called positive undulations or
waves) of the geoid over the rotation ellipsoid, and
continents have gathered in the depressions (nega-
tive undulations) over the downward mantle flows.

Mass distribution on Earth is not spherically
symmetric. Earth is a triaxial ellipsoid. Bumps of
the Earth’s shape, formed by ascending mantle
flows, determine the location of the equatorial
major axes of inertia moments. In accordance with
the accepted notation, axis ¢ coincides with the ro-
tation axis, axes a and b lie in the plane of the equa-
tor and are perpendicular to each other, while a <b.
Axis b passes through the centres of equatorial su-
perplumes and is located on the meridian 14.93°
west longitude and 165.07° east longitude respec-
tively; axis a is located on the meridian 75.07° east
longitude and 104.93° west longitude [Liu and
Chao, 1991] (Figure 5).

il

J

Fig. 5. Surface of geoid by gravimetric and satellite data of the Goddard Space Flight Center (USA), generalized figure
[®Penopos, 2007]. Elevations over ellipsoid (the first tens of meters) are shown in white, and depressions are showed
with hatching. In addition, the main equatorial axes of moments of inertia are also shown in color [Liu, Chao, 1991]

Puc. 5. [NoBepxHOCTb reonaa no rpaBMMeTPUYECKMM U CIYTHUKOBBIM AaHHbIM LleHTpa kocMuyeckmnx noneTtos nm. foa-
nappa (CLUA), reHepann3oBaHHbIii pucyHok [Penopos, 2007]. MpeBbilleHMs HA, 3NIMNCoOna0oM (NepBbie AECATKN MET-
poB) noka3saHbl 6e/bIM LBETOM, MOHUXEHUS — LUTPUXOBKOW. Takxe LLBETOM [0MOIHUTENIbHO NOKa3aHbl rMaBHble 3KBa-
TopuasbHble OCU MOMEHTOB nHepuuu [Liu, Chao, 1991]
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In a stable state, the axis of the greatest moment
of inertia of the planet coincides with the rotation
axis. The redistribution of masses on the surface or
inside the planet is a disturbing factor and can lead
to the reorientation of the largest axis of the moment
of inertia relative to the planet’s body. During this
process, the planet as a whole, or rather, its shell,
since the depths contain an intermediate liquid
layer, the rheology of which allows relatively inde-
pendent displacements, shifts relative to the rotation
axis so that the axis of the greatest moment of iner-
tia and the rotation axis coincide. On the outside, it
looks like wandering of geographical poles on the
surface of the planet.

It is known that the surface of the boundary
separating the mantle from the Earth’s core also cor-
relates well with the geoid surface [Copoxrtus,
VYmakos, 1991] dents at this boundary correspond
to downward convective flows of the mantle, and
rises correspond to ascending flows, which is natu-
ral as the ascending flows are composed of super-
heated substance of increased buoyancy, while
downward flows are composed of a cooled sub-
stance, which is more dense, and slightly recessed
into a liquid iron core. Deviations from the average
level are about 6 km.

The phenomenon of isostasy is known for the
Earth’s crust. That is, it has been established that its
individual blocks float on the mantle substrate, sub-
ject to the action of the Archimedes force. The same
phenomenon, apparently, is also typical for the en-
tire mantle as a whole. Mantle segments, with the
ascending convective flows of the African and Pa-
cific superplumes located inside them, are heated
and have increased buoyancy. The same segments
of the mantle, which contain descending cooled
convective flows, are characterized by a higher den-
sity and, accordingly, less buoyancy; they are some-
what “sunk”, “subsided” into the dense iron core of
the Earth on which they float. It is for this reason,
the geiod surface has two global rises in the areas
of superplumes. For the same reason, the surface
separating the core from the mantle correlates in
general with the geoid surface.

It can be assumed that the irregularities of be-
tween “core-mantle” and “bumps” boundary deter-
mine the nature of the currents of the conducting
substance in the core, which affects the peculiarities
of magnetic field generation and its structure. It is
believed that in such places the magnetic field will
be forced out beyond the boundaries of the core,
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forming magnetic anomalies tied to certain geo-
graphical regions. Electric currents in the mantle are
negligible in comparison with currents in the core,
and the magnetic field is practically not generated
there. A magnetic field is generated in the core, but
only 1% ofits energy is distributed outside the core.
Satellite observations revealed that a significant part
of the field that goes out is formed in four vast areas
at the boundary of the core and the mantle.

Figure 6a taken from [Ky3nemnos, 2008] shows
the general spatial structure of the geomagnetic field.
It can be presented as the sum of the fields from two
sources: basic source, dipole source and one of
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Fig. 6. Structure of magnetic field of the Earth [Ky3Hevuo0B,
2008]. Module of the geomagnetic field intensity (in nT)
(a); computer model of the geomagnetic field as an amo-
unt of sources: dipole field and four global magnetic ano-
malies (6). Dipole field without sources of anomalies (B)

Puc. 6. CtpykTypa marHutHoro nons 3emnu [KysHeuos,
2008]. Moaynb MHTEHCUBHOCTK (B HT1) reOMarHUTHOro
nosas (a); KoMnbloTepPHaa MOAEb FEOMArHUTHOrO Mo
KaK CyMMbl MICTOYHMKOB: ANMNOJIbHOIO NOSIS U YETbIPEX r10-
6asnbHbIX MarHUTHbIX aHoManui (b). AunonbHoe none 6e3
MCTOYHMKOB aHOManui (c)
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magnetic anomalies. Figure 66 shows the field of
four main global magnetic anomalies: Canadian,
Siberian, Brazilian and Antarctic; and Figure 66
shows a dipole field without sources of anomalies.

in the mantle, that is, precisely to those places where
the core-mantle boundary goes deep into the core.
Such interconnections are especially clearly seen in
Figure 7, which shows the topography of the bound-

It should be noted that these anomalies are confined
to the regions of descending cold convective flows

ary between the core and the mantle and the location
of the centres of magnetic anomalies.
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Fig. 7. Conditionality of main anomalies of the geomagnetic field and topography of boundary between the core and
mantle of the Earth by mantle rheology

a) Distribution of anomalies of the mantle substance density at the depth of 2598 km (left) and distribution of viscosity
at the same depth (right), according to [Yoshida, 2008]. The substance of the African and Pacific superplumes is cha-
racterized by lower density and viscosity

6) Topography of the boundary between the earth’s core and mantle (according to [Yoshida, 2008]) and major anomalies
of the geomagnetic field (see fig. 7). Red feeling indicates the elevation of the boundary, blue - its depression. Arrows
are the flows of the mantle substance in the lower part of the mantle. The black dots are the centers of the major ano-
malies of the geomagnetic field, which are confined to the depressions in the relief of the earth’s core. It is evident that
the topography of the boundary between the mantle and the core is caused by convection in the mantle. Those mantle
segments, which involve superplumes (areas of heated substance) are elevated because they are characterized by in-
creased buoyancy

depression

Puc. 7. O6ycnoBneHHOCTb MMaBHbIX aHOMaINi reOMarHUTHOrO Nos 1 Tonorpaduun rpaHnLbl Mexay SApoM 1 MaHTueln
3eMnn MaHTUHO peonorunei

a) KapTbl pacnpeneneHns aHoManuin nioTHOCTM MaHTUMHOMO BellecTBa Ha rmybuHe 2598 km (cnesa) v pacnpeaeneHuns
BSI3KOCTM Ha TOW Xe rnybuHe (cnpasa), no [Yoshida, 2008]. BewecTBy AdppurkaHckoro 1 TMxookeaHCKoro cynepritoMoB
CBOICTBEHHA 60ee H13kasi MIOTHOCTb N BA3KOCTb

6) Tonorpadusa rpaHnupl Mexay sapomM 1 manTuert 3emnum (no [Yoshida, 2008]) 1 rnaBHble aHOManNMM reoMarHUTHOro
nons (no puc. 6). KpacHor 3annBKo NoKa3aHbl MOBbILLEHUS FPaHULbl, CUHEN — e€ MOHUXEHWS. CTPenkn — NOTOKM MaH-
TUAHOrO BELLECTBA B HU3axX MaHTUN. YepHble TOYKW — LLEHTPbI MaBHbIX aHOManui reomMarHuTHoro nonsi. OHu npum-
YPOYEHbI K MOHMXEHUSAM penbeda 3eMHOro sapa. BuagHo, 4to Tonorpadus rpaHnusl Mexay MaHTuen n sapom o6ycnoB-
JleHa KOHBEKUMEN B MaHTUKW. Te CermMeHTbl ee, KOTopble BKJOYalOT B cebst cynepniioMbl — 061acTv pa3orpetoro
BELLECTBa, NPUNOLHATHI, TaK Kak 061a4al0T NOBbILLEHHON NIaBy4YeCTbIO
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One of these anomalies, Brazilian, has been
studied using archaeomagnetic methods. It was re-
vealed that the anomaly practically did not change
its position over the last 4,000 years and did not par-
ticipate in the western drift of the main geomagnetic
field [Ky3nemos, 2008], which proves again that the
magnetic field of the anomalies is generated in the
regions of turbulence on irregularities of the core-
mantle boundary. There are also data (on the history
of inversions) that indicate the existence of mag-
netic anomalies located for many millions of years
in about the same place. Figure 66 also shows that
the geomagnetic equator does not coincide with the
geographic one and is inclined relative to it; more-
over, the points where both equators intersect coin-
cide with the centres of the ascending convective
flows in the mantle. We have already encountered
a similar coincidence in Figure 3: the subequatorial
belt of the hot masses of the mantle also intersects
with the Earth’s equator in the same places. This, of
course, is not accidental.

Despite the apparent randomness of the geo-
magnetic poles’ drift, they have preferred directions
of motion, which is especially pronounced at the
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moments of inversions and excursions. Magnetic
poles drift from north to south or vice versa in the
same designated directions or “corridors” [Consta-
ble, 1992; Kuznetsov, 1999]. These corridors are
shown in Figure 8. As we see, they coincide with
the continental meridians (Fig. 3, 4), i.e., they are
confined to the descending cold convective currents
in the mantle.

The same meridians are characterized by a
higher magnetic field strength and they also contain
global magnetic anomalies. You can also notice that
the magnetic poles rotate around a certain axis, the
poles of which lie on the Earth’s equator and coin-
cide spatially with the global ascending convective
flows in the mantle, the Pacific and African super-
plumes.

The hot belt of mantle matter (manifested in its
rheology) is turned by 15° relative to the modern
equator around the same motionless axis. It should,
according to the theory, be located exactly on the
equator, but it lies on a plane that is rotated relative
to it by some, albeit small, angle. Isn’t the hot belt
we are observing a “footprint”, a “shadow of the
past” of the ancient equator of Earth?

Direction of secular
movement of the North
geographic pole

r=
-

o

-~ S S——

ey == e _J

210

Fig. 8. Paths of drift of magnetic poles during inversion periods [Constable, 1992; Kuznetsov, 1999] Numbers — global
magnetic anomalies: 1 — Canadian; 2 — Brazilian; 3 — Siberian; 4 — Antarctic. The current direction of movement of the

northern geographic pole is shown

Puc. 8. Tpacchl aperida marHUTHbIX MOAOCOB B nepuoapl nHBepcuii [Constable, 1992; Kuznetsov, 1999]. Undpbl —
rnobanbHble MarHnTHble aHoManuu: 1 — KaHaackas; 2 — bpasunbckas; 3 — Cubupckas; 4 — AHTapkTnyeckas. Takxe
rnokasaHO COBPEMEHHOE HarpaBfieHne ABMXEHUNS CeBEePHOro reorpaduyeckoro notca
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It is known [Hospers, 1954] that virtual mag-
netic poles averaged over several thousand years co-
incide with geographic poles, which is caused by
the decisive role of the Coriolis force in the move-
ments of a conducting substance inside the core.
However, this does not mean that the geographic
poles perform the same global movements during
inversions and excursions as well. Nevertheless, let
us follow the current movements of the geographic
poles of Earth.

Geographical poles make forced and free fluc-
tuations with an annual period and a period of about
14 months relative to a certain average position. The
movement of the instantaneous pole occurs in a spi-
ral, which periodically winds or unwinds. At the
same time, the middle pole free of these oscillations,
shifts as well. There is a secular movement of the
geographic pole. For about 120 years of observa-
tions, it moved with the speed of about 10 cm per
year toward North America (in the direction of 70°
to 76° west longitude, Figure 8). As we can see, this
movement occurs in the same corridor along which
the magnetic poles move and where the downward
mantle convective flows are concentrated. There-
fore, the axis connecting the Pacific and African su-
perplumes can be called the axis of true motions
(wander) of geographical and magnetic poles.

If we continue to extrapolate this movement
millions of years back to the past, it turns out that
approximately 17 million years ago the position of
the equator coincided with the position of the belt
of hot mantle matter. What was happening at that
time? It was that era when the mantle temperature
was maximum [Maxapenko, 20116]. Heat of cosmic
origin that was released both in the mantle and in
the core with maximum intensity at the equator
about 60 million years ago, accumulated in the
mantle [Makapenko, 20116]. The previous maxi-
mums are 100 million years older [Makapenko,
20116] and it is now difficult to find their traces in
the spatial distribution of intraterrestrial tempera-
tures (maybe the hot spot fields shown in Figure 3,
which formed in the first hundreds of millions of
years, inclined in respect to the modern equator and
to the supposed paleoequator, are the evidence of an
even older paleoequator).

It is still difficult to say anything about the de-
gree of regularity of this motion. Connection with
the distribution of temperatures and, therefore, dis-
tribution of densities makes us look for the causes
of these motions in the convective movements of
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matter in the depths of Earth. The approximate cor-
respondence of the velocities to the velocities of
mantle convection can be additional confirmation
of this. The general layout of convection in the
depths of Earth (Fig. 9) is determined by cosmic
reasons.

voIudvY

Fig. 9. General configuration of the mantle convection re-
lative to Earth’s rotational axis [Courtillot et al., 2003]. The
flows of ascending heated substance of superplumes (Af-
rican and Pacific) are confined to low latitudes

Puc. 9. O6uwas koHdbUrypauus MaHTUNHOM KOHBEKLIUN
OoTHOocuTenbHO ocu BpalweHua 3emnu [Courtillot et al.,
2003]. MNMoTokm BOCX0OsLLEro pa3orpeToro BELLECTBA CYy-
nepnniomMoB (AdpukaHckoro n TUXOOKEaHCKOro) npu-
YPOYEHbI K HU3KUM LUMPOTaM

We are talking more about the mutual shifts of
the liquid core and rock shell of Earth rather than
about the actual movement of the rotation axis of
the Earth. Such relative shifts of the shells (to ex-
plain the westwardly drift of the Earth’s magnetic
field) were suggested by E. Halley back in 1692.
There is nothing incredible about them. There are
supporters of such movements in our time [Gold,
1955; Goldreich, Toomre, 1969; Willeman, 1984;
Pavlenkova, 1995; Dolitsky, 2000; Maloof et al.,
2006 and many others]. Similar shell shifts were
also proposed for other planets, [Kite et al., 2009;
Ivanov, Melosh, 2003 and others].

If the rotation axis actually turned out to be on
the place of the former equator, lying in or near the
ecliptic plane, this would have most seriously af-
fected the nature of the climate on Earth, making it
less suitable for life. One side of Earth would be
turned to the Sun for half a year, and the night
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would reign on the other side. However, nothing of
the kind is observed neither in geological sediments,
nor in the growth layers of ancient corals. We can
only talk about shifts of the near-polar areas of the
rock shell towards the equator and vice versa. The
rotation axis remains on average approximately per-
pendicular to the plane of the ecliptic on extended
time scales, as required by the law of conservation
of angular momentum (neglecting precession).

The mechanism of relative shift of the shells
may have internal causes (redistribution of masses
inside Earth during convection, as was pointed out
earlier by J. Darwin; or causes on the surface, i.c.
the growth and destruction of mountains, redistrib-
ution of water masses and glacial isostatic align-
ment during glaciations), and external causes (dif-
ferential gravitational influence of the Moon, the
Sun and planets on the density inhomogeneities of
the Earth’s depths).

We know from mechanics that the rotation of
the planet is stable if the most of the substance is
concentrated near the equator. Any redistribution of
masses in the depths of the planet can cause a
change in the position of the planet relative to the
rotation axis. As a result of the reorientation, the ex-
cess mass will again be at the equator, since it is af-
fected by the polar-fugal force, which appears due
to the difference in the values of centrifugal forces
in the meridional direction. And since the adhesion
between the mantle and the liquid core is low and
allows relative displacements, these shells can make
such movements autonomously.

The observed displacement of the Earth’s hot
belt relative to the equator is the result of the move-
ment of the mantle relative to the axis of Earth. The
modern hot belt is the paleoequator of the era of the
last maximum heating of the mantle. Shift of the
equatorial zone warmed up by the factors of cosmic
origin is an unambiguous indication of the reality
of the autonomous movements of the rock shell of
Earth.

The presence of a hot equatorial belt is ob-
served, in addition to the rock shell of Earth, in its
central part.

This can be confirmed by the anisotropy of
properties of the Earth’s inner core discovered two
decades ago. This phenomenon consists of the fact
that the velocity of seismic waves passing through
the inner core along the rotation axis of Earth is
about 3 to 4% higher than the velocity of waves
passing in the equatorial plane, which indicates the
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relative weakening of the subequatorial zone. In ad-
dition to latitudinal, there are meridional differences
in the velocities of waves passing along the equator.

Figure 10 can also be a good illustration of
these patterns. Here we have a picture absolutely
similar to the double-plume convection picture of
the mantle. At the same time, convection in the
inner core is considered unlikely [ Yukutake, 1998].
After all, there seems to be no sources of internal
heat, and it is homogeneous in composition.

The convection configuration in the mantle and
inner core is exactly the same! We can note that the
hot belt in the core is also slightly inclined relative
to the Earth’s equator, but at the different angle. Ac-
cording to [Creager, 1992], the anisotropy axis of
the Earth’s inner core is tilted by 5° relative to the
rotation axis of Earth, and its pole is still in the same
corridor of relative shifts of the Earth’s shells.

Despite the fact that there is an extensive layer
of liquid matter between the inner core and the man-
tle, the axes of the ascending convective flows prac-
tically coincide, which can be either a coincidence
or, more likely, the result of mutual gravitational at-
traction of the bumps of the Earth’s inner core and
similar formations in the shells over it.

Since the mantle is apparently characterized by
global isostasy, regions of its African and Pacific su-
perplumes are elevated, which should form similar
bumps of the dense iron matter of the Earth’s outer
core beneath them. These bumps gravitationally in-
teract with the heterogeneous inner core of Earth
and may prevent its autonomous rotation, which
could be the case without this.

The observational data on the rotation of the
Earth’s inner core are very contradictory and at the
current level of accuracy and duration of observa-
tions in general do not confirm its autonomous
rotation. The observed movements may not be the
result of a real rotation, but only oscillatory move-
ments relative to the line connecting the convective
crests. Possibility of oscillatory motions caused by
the gravitational interaction between the topography
of the surface of the inner core and density anom-
alies in the mantle has been considered in the liter-
ature [Buffett, Glatzmaier, 2000]. It is possible that
the rotation of the inner core is in the same type of
gravitational resonance with the outer shells, which
are observed in some cases between the individual
planets of the Solar System. We know that the Moon
in general, is turned one side to Earth as a result of
tidal friction (there are also small fluctuations,
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Fig. 10. Equatorial hot belt in the Earth’s core

a) Anisotropy of P-wave velocities in the inner core. Dark colors indicate low P-wave velocity [Morelli, Dziewonski,
Woodhouse, 1986]

0) Splitting functions of the inner core (above) and the outer core (bottom). The intensity of the function varies from
—-0.2% (white) to +0.2% (black) [Ky3HeuoB, 1997]

Puc. 10. SkBaTopuranbHbI FOpsa4Ymin Nosc B aape 3eMnm

a) AHn3oTponus ckopocTel P-BOJH BO BYTPEHHEM siApe. TEMHbIE TOHA — HM3Kasa ckopocTb P-BonH [Morelli, Dziewonski,
Woodhouse, 1986]

b) Splitting-dyHkuMn BHyTpEeHHero sapa (BBepxy) 1 BHELIHero sapa (BHU3Y). IHTEHCUMBHOCTb QYHKLUMM MEHSIETCS OT
—-0,2% (6enbiii ugeT) 0o +0,2% (4epHblii) [Ky3Hewos, 1997]
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librations), which corresponds to resonance 1:1.
Here we have a very similar picture. Thus, the
“outer” and “inner” Earth gravitationally interact as
two different planets!

In this context, we cannot but mention another
movement of the Earth’s inner core. Gravimetric
observations established its probable drift towards
the Taimyr Peninsula, i.e. in the direction of the
coldest and densest mantle masses in the corridor
along which the poles shift. It can be assumed that
the gradual accumulation of cold and dense slabs
(fragments of plates of the oceanic crust) at the bot-
tom of the mantle produces an increasing gravita-
tional effect on the inner Earth’s core, leading to its
drift towards attracting masses.

We can judge about movements of the outer
core, or rather, in the outer liquid core, by the dis-
placements in the picture of the geomagnetic field
that is generated there. Figure 66 shows the location
of the geomagnetic equator. It is inclined to the ge-
ographic equator at a certain angle, intersecting with
it at the locations of superplumes, and drifts along
with geomagnetic poles along the corridor between
the African and Pacific superplumes, as shown in
Figure 8. It appears that these trajectories are appar-
ently determined by the topography of the boundary
surface separating the core and the mantle, which,
in turn, is determined by convection in the mantle,
namely, the structure of the equatorial hot belt of the
mantle.

The Earth’s magnetic centre is eccentric with
respect to its geographical centre, shifted relative to
the latter by approximately 540 km in the direction
of the northern tip of the Mariana Islands in the Pa-
cific Ocean (data as of 2000) and moves in time to
the west along the trajectory shown in Fig. 11. This
trajectory is close to the current position of the ge-
omagnetic equator, although it does not coincide
with it. Westward drift of the geomagnetic field as
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a whole takes place in the nearly same direction.

It is likely that all these movements are related
to convective mass movements in the outer core of
Earth. Obviously, they are spatially attached to the
axis connecting the ascending convective flows in
the mantle and the Earth’s inner core. Convection
in all the shells of the Earth, where it is developed,
has a uniform structure due to the presence of a sin-
gle subequatorial belt of active heat release. This
belt has a cosmic nature. As a matter of fact, this
belt is, to a large extent, a “space heater” of the
Earth’s depths, which moves the geospheres, and it
is convenient to count their movements from this
“heater”.

As already mentioned, during the study of such
movements, the we can take as a reference point the
coordinate system associated with conditionally
motionless mantle plumes, the centre of mass of
continental plates, and geomagnetic paleopoles. It
would be interesting to compare the results obtained
using these essentially different reference systems.

Work of [Torsvik et al., 2012] made an attempt
to isolate from general motions a certain common
turn of all continents relative to their common cen-
tre of mass in a paleomagnetic coordinate system.
It was determined that the centre of mass of all con-
tinents is located in the area of the African conti-
nent. This position is quasi-stationary and coincides
approximately with the centre of the African region
of low velocities of seismic waves in the mantle.
The same way, antipodal point approximately coin-
cides with a similar formation in the area of the Pa-
cific Ocean (the African and Pacific Large Low
Shear-wave Velocity Provinces, LLSVPs). These
structures (superplumes ) are associated with large-
scale excesses of geoid heights associated with the
axis of the minimum moment of inertia and have
not changed their position for at least the last 300
million years (relative to the system of trappean and

Fig. 11. Plane of drift of
the eccentric dipole (clo-
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kimberlite provinces, i.c., external manifestations
of mantle plumes, the position of which is consid-
ered as quasi-stationary). The resulting reconstruc-
tion of the shifts of the Earth’s “solid mass” relative
to the rotation axis in various geological eras is
shown in Figure 12.

In total, four episodes of the shifting of the
Earth’s surface relative to the poles were discov-
ered: 1) 250 to 200 million years (towards the mod-
ern Western Hemisphere); 2) 200 to 150 million
years (in the opposite direction); 3) 150 to 140 mil-
lion years, almost in the same direction, although
slightly different; 4) 110 to 100 million years, again
in the direction of the Western Hemisphere. The
turning axis is located perpendicular to the rotation
axis, and its poles are close to the centre of mass of
all continents, as well as to the position of the cen-
tres of the African and Pacific superplumes and the
axis of the greatest equatorial moment of inertia.

Typical velocities of shifts of the Earth’s sur-
face relative to the rotation axis of Earth during the
last 320 million years range from 0.45 to 0.8° per
million years. However, the total shift for the same
period of time is zero. That is, we are dealing not
with a certain permanently unidirectional move-
ment, but with the swaying of the Earth’s “solid
mass” relative to the rotation axis. These sways are
not chaotic; they occur along a rather strictly de-
fined corridor. The amplitude of such sways can
probably be large and reach almost 90°, as sug-
gested by [Kirschvink et al., 1997] for the Early
Cambrian period.

It is rather obvious that the results of our works
basically coincide.

It can also be noted that climate change is an-
other channel through which the impacts on the
movements of planetary shells external to the solar

Fig. 12. Reconstruction of continental motion in the
paleomagnetic coordinate system (four time intervals)
[Torsvik et al., 2012]. The general motion is shown
by black lines connected to the blue dots, which indicate
the position at the beginning of the time interval). Large
green dots with thick black lines show position and
movement of the mass center of all continents. Yellow
dots — A and P - centers of regions of low velocities of
seismic waves in the mantle (i.e., heated substance of
superplumes), their contours (by one of the models)
are shown with red lines. White circles are axis poles,
around which the true displacement of geographic poles
takes place. Blue and pink fillings are positions of conti-
nents at the beginning and at the end of each of detec-
ted episodes of the true displacement of geographic
poles

ISSN 1025-6814. leon. xxypH. 2019. N2 3 (368)

African
/LLSVP

Puc. 12. PeKOHCTPYKLUNS ABUXKEHNS KOHTUHEHTOB B Na-
JIEOMarHUTHOM CUCTEME KOOPAMHAT (YETbIPE BPEMEHHbIX
nHTepsana) [Torsvik et al., 2012]. O6Liee aBMXKEHNE MNO-
Ka3aHo YepPHbLIMU IMHUSIMW, COEANHEHHBIMU C FrONyObIMU
TO4YKaMU, KOTOPbIE NOKa3bIBAIOT MONOXEHME B HAYane Bpe-
MEHHOro MHTepBana. bonbline 3eneHble TOYKN C TOJ-
CTbIMW YEPHBIMU JINHUSIMU — TOJIOXKEHNE N OBUXEHUE
LLEHTPa MaccC BCEX KOHTUHEHTOB. XKenTble To4Ykn — Aun P —
LLeHTPbI 061aCTel HU3KMX CKOPOCTEN CENCMUYECKNX BOJTH
B MaHTU (T. €. pa3orpeToe BeL,eCTBO CynepritoMOB), X
KOHTYPBbI (MO OAHOW N3 MOAENen) nokasdaHbl KPaCHbIMU -
HUAMKW. Benble Kpyrn — NoACHLl OCK, BOKPYI KOTOPOU Npo-
NCXOOUT UCTUHHOE CMeLLEHME reorpadmyeckmx noaCcoB.
lony6as 1 po3oBas 3a/IMBKM — NMOJIOXKEHNE KOHTMHEHTOB B
Hayvane 1 KOHLLE KaXa0ro 13 obHapyXXeHHbIX 3130408 UC-
TUHHOIO CMeLLeHUs reorpadun4eckmx noatocoB
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system is performed. We are talking about the re-
distribution of masses during the formation of cover
glaciations on such planets as Earth and Mars (after
all, there are polar caps too, and there are distinct
traces of climatic fluctuations, even if the mecha-
nism of these fluctuations is different from the
mechanism on Earth). In fact, this is exactly the
“mountain” that can be built up and removed from
the surface of the planet, which Newton mentioned.
The galactic theory of climate is very popular
and has a wide evidence base. The essence of this
theory is as follows. Particles of cosmic rays coming
here from galactic space ionize the atmosphere, fa-
cilitating the increase of cloud cover density and in-
creasing the albedo (reflectivity) of Earth and,
thereby, contributing to the climatic cooling. Ac-
cording to some studies, this factor is responsible for
about 60% of climatic changes, including the glacia-
tion epochs, which are linked to the intersections by
the Solar System of the spiral arms system, where
the effect of cosmic rays is especially significant.
Glaciers occupying vast spaces, with the thick-
ness sometimes reaching several kilometres, are not
symmetrical with respect to the rotation axis of the

(a) Solution 's1'

planet, and changes in their location, as well as ac-
companying changes in the level of the ocean, which
is also not symmetrical with respect to the rotation
axis, glacial isostatic alignment of the lithosphere
when changing the associated load, is accompanied
by oscillations of the rotation axis of the planet.

Figure 13 taken from [Nakada, Okuno, 2003]
shows the expected fluctuations of the pole locations
for various conditions of glaciers melting and growth,
obtained from the simulation results. It can be seen
that the directions of oscillations in general coincide
with those expected in the case of mass redistribution
in the course of mantle convection. This is natural,
since the meridional distribution of sheet ice is close
to the distribution of the continental crust. The am-
plitude of oscillations during the Quaternary glacia-
tion did not exceed 5°, but the pole drift velocity
could significantly exceed that which follows from
mantle convection, i.e., the climate plays a role of an
amplifier of this process to an extent. In the 20th cen-
tury, the true pole drift velocity was about 10 cm/year.

These oscillations are sensitive to the rheology
(partially determined by cosmic causes) of the lith-
osphere and mantle [Peltier, Wu, 1983].

(b) Solution 's2’
180

«—— Contribution from Greenland ice sheet
s Contribution from Antarctic ice sheet

Fig. 13. Influence of glacial redistribution of masses on the Earth’s rotation. Relative contribution (not absolute values)
to the pole movement given by the Antarctic and Greenland glacial shields for different melting and growth conditions
(simulation results) is shown [Nakada, Okuno, 2003]. We can see that the movements of pole occur in the same direction

as the inter-mantle redistribution of masses

Puc. 13. BangHue mauunanbHblx nepepacnpeneneHmii Mmacc Ha BpaweHne 3emnaun. NokasaH OTHOCUTENbHbIN BKaA, (He
abCoNOTHbIE 3HAYEHUNS) B ABMXXEHWNE MNOJIIOCA, AaBaeMblii AHTAPKTMYECKMM U [peHNaHaCKUM NeaHUKOBLIMU LUMTaMu s
pa3nn4HbIX YCIOBUIA TasHUS 1 pocTa (pedynbtathl MogenuposaHus) [Nakada, Okuno, 2003]. MOXHO BUOETb, 4TO ABUXE-
HUS NOMOCA MPOUCXOAAT NPUMEPHO B TOM X€E HanpaBfiEHUK, HTO U NPY BHYTPUMAHTUNHBIX NepepacnpeseneHnsx Macc
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Consequently, our location in the Galaxy also
influences in this way the features of the relative
swings of the Earth’s shells. The energy spent on
swinging the shells, in this case, is of solar origin;
galactic cosmic rays play a role of a trigger. Shifts
of the rock shell relative to the core lead to friction
and the release of thermal energy in the contact
zone. The mechanism of “pumping” solar energy
deep into the depths of Earth is obvious. These is-
sues have not yet been studied completely. Compar-
ing the scale of shell swings due to endogenous heat
release with similar swings of climatic nature, we
can assume an “injection” at the scale of fractions
of terawatt or several terawatts, which, in general,
is comparable to the tidal friction energy, which is
estimated at the level of around one terawatt.

3. Discussion and conclusions

According to the situation revealed, everything so far
looks as if the distribution of the heated zones in the
Earth’s shells is cosmically determined. These heating
zones set simultaneously three seemingly mutually
exclusive convection regimes: single-cell between
Southern and Northern hemispheres and double-cell
of open and closed type associated with the subequa-
torial hot belt of Earth’s depths African and Pacific
superplumes included into it. Initially non-uniform
cosmically modulated heating of the depths follows
from considerations of thermodynamics.

Shifts of the Earth’s shells caused by the move-
ment of masses of matter during interplanetary
convection occur in certain corridors located perpen-
dicular to the axis connecting the ascending convec-
tive flows (African and Pacific superplumes), which
is firmly held at the equator. Accordingly, the central
points of the equatorial superplumes are the poles of
the axis around which the shells oscillate.

The variant of double-cell convection with su-
perplumes could be explained with the help of the
tectonics of floating continents, quite popular and
developed by many scientists. The continental crust
is assumed to be a damper for heat flow. Once the
crust formed a super continent above the descending
branch of convection, it prevents the release of heat
from the Earth’s depths; the substance under the
super continent is heated, convection stops and then
changes direction to the opposite one. The super
continent, appearing above the ascending convec-
tive flow, falls apart; its individual fragments, fol-
lowing the convective flows, gather on the opposite
side of Earth, and then the cycle repeats.

ISSN 1025-6814. leon. xxypH. 2019. N2 3 (368)

The following may be objected against this kind
of explanation. There is no double-cell convection
in the well-mixed liquid outer core of Earth, but
completely similar picture of mantle convection is
observed in the inner core of Earth. There are no
plates there which serve as thermal dampers, as there
is no continental drift. A completely similar structure
of convection is observed on other planets of Earth
group that are close in structure, and not only on
planets of this group. There is no continental drift as
well, and apparently there never was. Finally, the
planets vary significantly in size, the rheology of the
depths, which, from a thermodynamic point of view,
suggests the existence of five-cellular and other con-
vection regimes on other planets. However, actually
the same is observed as on Earth. Questions of com-
parative planetology will be considered in details in
a separate paper, which continues the study. We
should also add that the tectonics of floating conti-
nents suggests an inequality in the capacities of both
ascending flows. Observations show that the heat
flows of both geotectonic hemispheres are equal,
which requires explanation. According to [Wang,
Wang, Ma, 1998], the heat output from the Earth’s
mantle (minus losses from the Earth’s crust, where
they are determined by the distribution of continen-
tal masses and the radioactive isotopes contained in
them) totals 16.9°1012 W for a hemisphere with the
centre at the equator and zero degree longitude (that
is, closely coinciding wit the African geotectonic
hemisphere). For the opposite hemisphere with the
centre at 180° longitude (that is, closely coinciding
with the Pacific geotectonic hemisphere), the simi-
lar heat output totals 16.0¢1012 W. From this it fol-
lows that the African and Pacific superplumes have
equal heat output capacity with the high degree of
accuracy.

Our opinion on double-cell convection of the
closed type is as follows. Both antipodal super-
plumes are relatively motionless and evenly
warmed up segments of the cosmically determined
equatorial hot belt of planetary depths. Superplumes
play the role of a kind of anchor that hold the shell
exactly in this place near the equator, which leads
to permanent heating of this zone, which is con-
stantly held at the equator, and long-term stabiliza-
tion of the process (at least over the last several hun-
dred million years). Due to the relative swings of
the shells, the intermediate segments are regularly
removed from the heating zone and therefore they
are less pronounced, as if they are spread.
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The general mantle isostasis, which forces the
heated segments of the rock shell to emerge, form-
ing the shape of Earth and the distribution of its ro-
tational moment, plays the key role in this process.

It is enough that at least one density anomaly
stably held in the equatorial zone is formed once (a
mass concentration as a result of a mega impact,
non-equilibrium processes during the formation of
Earth’s core, etc.), and the superplume anchor will
appear in its place during the subsequent heating of
the near-equatorial zone, and soon an antipodal to
it appears as well. The whole question is, as a result
of what processes an anomaly can occur. An antipo-
dal superplume occurs automatically. We will return
to this issue in the paper dedicated to the planets that
continues the study.

In the aspect of the double-plume configuration
of convection of the planetary depths, the question
of the formation of the Earth’s core itself is interest-
ing and does not have an exact answer yet. Accord-
ing to modern concepts, based on a number of iso-
topic systematics, it was formed mainly as a result
of gravitational differentiation of the depths of the
planet, and already in the first 100 or even 30 million
years of its existence. This conclusion also applies
to such differentiated planets as Mars, the Moon and
Vesta asteroid. Thus, the gravitational separation of
the planets continued and ended to a large extent
even during their accretion from the protoplanetary
cloud. There is no reliable theory that would de-
scribe the mechanism of the core creation. There is
a well-known hypothesis [Wood, Walter, Wade,
2006], according to which gravitational differentia-
tion occurred in the magma ocean (the existence of
which during the accretion is supported by many sci-
entists) near the surface of the planet. In the course
of this process, a layer of iron melt was accumulated
at its bottom, which, was gravitationally unstable
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