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THE INFLUENCE OF NON-RADIOGENIC COSMIC HEAT GENERATION IN THE BOWELS
OF THE EARTH AND PLANETS ON MUTUAL DISPLACEMENTS OF PLANETARY SHELLS
Article 2. Solar system planets polar and shells wandering
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Multiple authors have previously expressed in the literature the hypotheses that a cosmic energy source could exist
in the depths of Earth and other cosmic bodies based on theoretical considerations. 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 show that a cosmic energy source could
exist in the depths of Earth and other cosmic bodies with high probability. Besides radiogenic energy, the «supple-
mentary» energy source occurs in the planetary interior. We considered the influence of supposed planet non-radi-
ogenic energy source of cosmic (galactic) origin on the process of mutual displacements of planetary shells on the
example of a number of planets. This source is of cosmic origin and modulated by position and direction of the
Solar system motion in the Galaxy. Therefore, the maximal heat generation occurs when projection of the planet
motion in the Galaxy achieves the planetary equator. This results in existence of hot equatorial belt in the planetary
interior. Structure of convective flows with equatorial hot belt in the bowels of the planet including antipodally lo-
cated superplumes is typical not only for the Earth, but also for the planets of the Earth’s group and a number of
satellites. This convection structure was formed in the initial era of existence of planetary system, possibly at the
stage of accretion. It determines the specific character of redistribution of masses of substance in the bowels of the
planet and the character of displacements of shells relative to each other. Movement of masses during convection
leads to mutual nutation of shells relative to the planet’s axis of rotation. These displacements occur in the allocated
corridor between superplumes with respect to the axis connecting them. The displacements of shells set configuration
for tension regions and network of planetary faults. The origin of this structure of convective flows is probably con-
nected with the impacted process and cosmically conditioned heating of the near-equatorial belt of the planetary
bowels. The results were obtained by comparing data from space geodesy, volcanology, paleomagnetism, paleocli-
matic data for such planets as Mars, the Moon and Jupiter’s satellite Europa.

Key words: mutual displacements (nutations) of planetary shells; true polar wander (TPW); superplumes; planets of
the Earth’s group; planetary satellites; non-radiogenic energy sources of the planetary bowels of cosmic origin.
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Buxo/siur 3 TEOPETHYHHUX MipKyBaHb, ISIKAMU aBTOPAMH B JTiTepaTypi Oyiia BUCIOBJICHA TiOTE3a PO MOXKJIHUBICTh
ICHYBaHHS B HaJ[pax 3eMJIi Ta IHIIUX TUIAHET JKepelia eHeprii KOCMIYHOTO TOXO/KeHHsI. Harini criBcTaBieHHs Biac-
THBOCTEU 3alPOIMIOHOBAHOTO (hi3MKAMU KOCMIYHOTO JDKEepesia eHeprii 3 BIACTHBOCTSIMH PEajbHO CIOCTEPEIKYBaHOI
HEepaJi0reHHOI YaCTHHH BHYTPIIIHBOI eHeprii 3eMJIi Ta IHIINX IJIaHET MMOKa3aJIH, 10 € O3HAKH JIHCHOTO iCHYBaHHS
Takoro /pkepena. KpiM pagioreHHoi eHeprii Hapa 3emii Ta MIaHeT MOXKYTh MaTH «I0JaTKOBE» JUKEPEJIo eHepril Koc-
MIYHOTO [TOXO/PKEHHSI, KOTPE MOIYIFOETHCS TIOJIOKEHHSIM Ta HanpsiMkoM pyxy ComsiuHoi cuctemu B [anmaktuii. Po3-
DISTHYTO BIUTUB Tepe0ad4yBaHOro BHY TPIIHBOILIAHETHOTO HEPa[ioreHHOTo [DKepesia eHeprii KOCMIYHOT (ralaKTHYHOT)
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MIPUPOJIM HA MPOIIEC B3aEMHUX 3CYBIB IJIAHETHUX 00OJIOHOK. 3aJIeXKHICTh HOTO Bil HAIIPSAMKY PYXY MPH3BOIUTH 10
TOTO, [0 MaKCHMaJbHE BUBIJILHEHHS CHEPTil BiIOyBa€ThCs, KOJIM MPOEKIlisS BEKTOPA IIBUIKOCTI PyXY IUIAHETH Y
[ManakTHIl 3HAXOMUTHCSI HA EKBATOPI IJIAHETH, HACIIIKOM YOT0 € iICHYBaHHS €KBaTOPIaAJIbHOTO Tapsvoro moscy B ii
Hajapax. CTpyKTypa KOHBEKTHBHHUX IMOTOKIB 3 €KBATOPIaJIbHUM rapsiYuM MOSICOM Y Ha/Ipax MIaHETH Ta aHTHITOIAILHO
PO3TAILIOBAHUMHU CYTEPILTIOMaMH, 1110 BXOJATh IO HOTO, XapaKTepHa He JIHIIe I 3eMI, aje 1 Ui IIaHeT 3eMHOL
IpyIu Ta JesIKUX CYMyTHUKIB. Taka cTpyKTypa KOHBEKLii c(hopMyBaacs Ha OYATKy ICHYBaHHS [UIAHETHOI CUCTEMH,
MOXKJIMBO BXKe Ha crafil akpeuii. Bona Bu3Havae crerudiky nepepos3noAily Mac peuoBHHM Y Hajpax IUIAaHETH Ta
XapakTep 3MIlIeHb 000JI0HOK OTHOI BiTHOCHO iHIIO1. [lepepo3nonin Mac i 4ac KOHBEKITiT MPU3BOIUTH 0 B3AEMHHUX
TMOXUTYBaHb 00OJIOHOK BITHOCHO Oci oOepraHHs. Taki 3MillleHHs BiJOYyBaIOTHCS Y BUALICHOMY KOPHIOPI MIX Cy-
MEePILIIOMaMHU BIIHOCHO OCi, 110 iX 3’eiHy€. 3MileHHs 000JI0HOK 3aJal0Th KOH(Irypauito obiaacTeil HanpyXeHHs
Ta CITKM IJIaHETapHUX po3sioMiB. [10X0/PKeHHS AaHOT CTPYKTYPH KOHBEKTUBHUX MOTOKIB TOB’s3aHE, MOXKIHUBO,
3 IMIIAKTHUM IPOLIECOM Ta KOCMIYHO 3yMOBJIEHUM HarpiBaHHSIM NMPUEKBATOPIaJbHOTO MOSCY IJIAHETHUX HAAp.
PexynpraTi oTpuMaHi UIAXOM CIIBCTABJIEHHS JaHUX KOCMIYHOT reojie3ii, ByJKaHOJIOT 1, majJjeoMarHeTu3My, rnaueo-
KJIIMaTHYHMUX JAHUX JJIS TaKUX IUIaHeT, sk Mapc, Micsus Ta cynyTHuk FOnitepa — €Bporna.

Krouosi cnosa. B3aeMHI 3MIIIICHHS (XUTaHHSI) IDTAHETHUX 000JIOHOK; ICTUHHI pyXH (ipeiid) MoTroCiB; CyNepILIIOMHY;
[UIAHETH 3€MHOI TPYITH; CYIyTHUKH TUIAHET; HePaAiOTeHHE JUKEPENIO eHEeprii IIIAHEeTHIX HAaIP KOCMIYHOI IIPHPOIH.
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Ha ocHoBaHuM TeopeTHUecKuX COOOpaxKeHUi MHOTUMH aBTOPaMU B JIMTEPaType BbICKa3bIBAJIaCh TUIIOTE3a O BO3-
MOYKHOCTH CYILIECTBOBAaHUS B HEApaxX 3eMJIM U APYTHX [UIAHET UCTOUHUKA YHEPTUH KOCMHYECKOTO TPOUCXOKICHHUS.
Hamm comocTaBneHust CBOHCTB IPEAIIOIaracMoro TEOPEeTHISCKU (PU3NKaMU KOCMUYECKOTO HCTOYHUKA DHEPTUU
CO CBOMCTBaMHU peasibHO HAOIIOAeMO HEPATUOTEHHON YaCTH BHYTPEHHEH SHepTun 3eMJIl U APYTuX IUIaHeT 1o-
Ka3aJM, 9YTO UMEIOTCS TPU3HAKH JEHCTBUTENBHOTO CYIIIECTBOBAHUS TAKOTO NCTOYHUKA. Kpome paarioreHHON 3Hep-
UM Heslpa 3eMJIH U IIJIaHET MOTYT UMETh «I0TIOJIHUTEIbHBIN UICTOYHUK SHEPTUU KOCMHYECKOTO MPOUCXOKACHHUS,
KOTOPBIM MOZYIUpPYETCs OJIMKEHNEM U HampaBieHueM JBrxeHus ComHeuHo cuctemsl B ['anaktuke. PaccMoT-
PEeHO BIMSHHUE MPEANoIaraéMoro BHyTPUIUIAHETHOTO HEPaAHOT€HHOTO MCTOYHHKA YHEPIMH KOCMHYECKOM (Tajak-
TUYECKON) MPUPOJIbI Ha IPOLIECC B3aUMHBIX CMEIIEHUH MJIAHETHBIX 000JI04eK. 3aBUCUMOCTD €0 OT HalpaBIeHUs
JIBUYKEHUS IPUBOJUT K TOMY, YTO MAKCUMAJIbHOE BBIJIEJICHUE SHEPTUH TPOUCXOUT, KOT/[a MPOEKIINSI BEKTOpa CKO-
pOCTH ABUKEHUS TUIAHETHI B ['alaKTHKE HAXOINUTCS HAa SKBATOPE MJIAHETHI, CIEICTBUEM UETO SIBIAETCS CYIIECTBO-
BaHHUE KBATOPUAJIBLHOTO TOPAYETO Mosica B HeApax IuiaHeThl. CTPyKTypa KOHBEKTUBHBIX TTOTOKOB C 3KBATOPHAIb-
HBIM FOpsTYUM MOSICOM B HEAAPAX IIJIAHETHI U BXOJSIIUMH B HETO AaHTUIOAAIBHO PaCIIOIOKEHHBIMU CYIIEPIUTIOMaMHU
XapaKTepHa He TOJBKO JJIs 3eMJIH, HO M JUIsl INIAaHET 3eMHOMU TPYIIbI U psifia CIIyTHUKOB. JlaHHas CTPYKTypa KOH-
BEKIMH C(HOPMUPOBAIACH B HAUYaJbHYIO 3MOXY CYIIECTBOBAHUS IJIAHETHOM CHCTEMbI, BOBMOYKHO YK€ Ha CTaJuU
akkpeuuu. OHa ornpenenser cneuuduky nepepacrpeneaeHus Macc BeIECTBa B Hepax IUIAHEThl U XapaKTep cMe-
LIEHU 000JI04eK APYT OTHOCUTEIBHO Apyra. [lepemenieHus: Macc B X0 KOHBEKIMH MPUBOIAT K B3aUMHOMY I10-
Ka4MBaHUIO 000JI0YEK OTHOCUTEIHFHO OCH BPAIICHUS. DTH CMEIIEHUS IPOUCXOAAT B BBIIEJICHHOM KOPUIOPE MEKITY
CYIEpIUIIOMaMU OTHOCUTENIBHO OCH, HX coenuHstoneil. CMeniennus 00o0104ek 3a1atoT KoHdurypaiuio odnacrei
HAIPSDKEHUS U CETH IUTAHETAapHBIX pa3iioMoB. [IpoucxoxkaeHne qaHHOM CTPYKTYpbl KOHBEKTUBHBIX ITOTOKOB CBSI-
3aHO, BO3MOXKHO, C UIMITAKTHBIM IPOLIECCOM M KOCMUYECKH 00YCIOBICHHBIM HArPEBOM IIPUIKBATOPHUATIBLHOIO MOsICa
IIJJAaHETHBIX HEIp. Pe3ynpTarsl MOMyYeHbl IOCPEICTBOM COMOCTABICHHS JAHHBIX KOCMHYECKON Ie0/Ie31H, BYJIKa-
HOJIOTUH, TTaJIEOMarHeTU3Ma, MMaJeoKINMaTHYeCKUX JaHHbIX JIJIs TAaKUX TUTaHeT, kak Mapc, Jlyna u ciytauk FOmu-
Tepa — EBpona

Karouesvie cnosa: B3aMMHbIC CMEIICHHS (Ka4aHusl) TUIAHETHBIX 000JI0UEK; HCTUHHBIE IBHKEHUS (Ipeid) moocoB;
CYNEPILTIOMBI; TUTAHETHI 3¢MHOM TPYIIIBI; CITyTHUKY IJTAHET; HepaIuOTeHHBIH HCTOYHNK SHEPTHH IIAaHETHBIX HENp
KOCMUYECKOU MPUPOJIBI.
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The influence of non-radiogenic cosmic heat generation in the bowels of the Earth and planets
on mutual displacements of planetary shells. Article 2. Solar system planets polar and shells wandering

1. Introduction

The influence of a supposed non-radiogenic energy
source of cosmic (galactic) nature on the process of
mutual displacements of planetary layers was re-
viewed in article 1 of the present work [Makarenko,
2019]. It is discovered that the configuration of con-
vection in the Earth interior simultaneously has
three options of the convective flows topology (sin-
gle-cell, double-cell of open and closed types), the
simultaneous existence of which is caused by un-
even heating of the interior in space and time by an
energy source of cosmic origin. Mass motions dur-
ing convection leads to mutual fluctuation of the
layers relative to the Earth’s rotation axis. The fluc-
tuations occur in a certain corridor, which is in the
middle between the superplumes (African and Pa-
cific) antipodally located at the equator. The axis,
around which the layers are displaced, approxi-
mately coincides with the axis of the equatorial
maximum moment of inertia and passes through the
superplumes and positive geoidal undulations. Its
existence is caused by global mantle isostasy.

In article 2 we will try to review as is the case
with the “neighbours”, what is known by these phe-
nomena regarding the planets of the Earth’s group
and some large satellites. The structure and
processes on these planets are in large measure sim-
ilar to the Earth ones, but their sizes vary signifi-
cantly, they are at different stages of their evolution,
which allows us to count on some new information
on the processes being studied. This is the task of
the article.

2. Fluctuations of layers and true polar

wander on the planets of the Solar system

If in the case of the Earth the polar wander is
“noised” by the mutual displacements of the lithos-
pheric plates, then a planet such as Mars, where
plate tectonics, apparently, has not been developed,
gives us the opportunity to have a look at the
process “in its pure form”.

Fig. 1 shows the areoid of Mars. As in the case
of the Earth’s geoid [Makarenko, 2019], we see two
global areas of exceedances over the rotation ellip-
soid. Both of them are associated with the equator.
The areas of the Martian volcanism development
are shown in the figure. The same correlation with
the bulges of the Mars figure is visible, as is ob-
served for the Earth.

The dominant point of view is that we are up
against two ascending global flows of the mantle
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(superplumes). This is also confirmed by the pres-
ence of the giant rift system on one of the bulges of
the areoid - the Valles Marineris, which is an indi-
cator of the extension environment that prevailed
both in the elevation area and in the equatorial zone
in general.

As in the case of the Earth, convection on Mars
is also double-cell and both ascending flows are lo-
cated at the equator. One flow is more concentrated,
the other looks weaker, but occupies a larger terri-
tory. Volcanism precisely in these areas occurred to
one degree or another throughout the entire or most
part of the Mars history. For example, for the Thar-
sis volcanic province occurrences of activity are
known in the range from 3.5 billion years to tens of
millions years ago (which cannot be said about ad-
jacent areas). It can be stated with a certain degree
of confidence that the geographical location of the
ascendant flows remained virtually unchanged the
whole time.

But what is known about the drift of the Mar-
tian poles? The geological analysis of the circum-
polar territories carried out in [Kite et al., 2009]
showed that, despite the fact that modern polar caps
are located symmetrically relative to the rotation
axis, deviating at average by no more than 2.4°, the
centroids of ancient circumpolar deposits are shifted
by 5-10° (Fig. 2). It has been suggested that this phe-
nomenon is caused by displacements of the Martian
lithosphere relative to the rotation axis of the planet
in course of the redistribution of masses during the
formation of number of the largest volcanic
provinces. It turned out that the ancient poles of the
rotation axis of Mars are located in a certain corri-
dor along the meridians located at an angle of 90°
relative to Tharsis — the largest of the volcanic
provinces located at the equator and spatially as-
sociated with one of the Mars superplumes (Fig. 1).
The design data confirms these observations. The
displacement corridor of the Martian poles is lo-
cated in the area of descending convective flows be-
tween two giant equatorial superplumes.

Same deposits similar to polar ones were found
in the subequatorial latitudes [Schultz, Lutz, 1988]
(Fig. 1). They are also located within the displace-
ment corridors defined above. It is seen that the am-
plitude of the displacements is quite large — some-
times the poles reach the latitude of the former
equator.

The permafrost distribution on Mars also pro-
vides important information on the movements of
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Fig. 1. Martian Areoid, model JOD75E6G0 [Phillips et al., 2001], polar shift and volcanic activity of the Mars. We can see
two areas of elevations of areoid over the ellipsoid of rotation. The centers of these areas are located on the opposite
sides of the equator. Also, it is shown areas of volcanism development (red dots are the largest volcanoes on the Mars).
The arrows indicate the expected direction of the pole drift according to [Kite et al., 2009]. As in the case of the Earth,
they move along meridians, which are equidistantly located from the equatorial superplumes. This is confirmed by the
reconstruction of the paleopoles by presence of near-polar deposits (green asterisks [Schultz, Lutz, 1988]), as well as
location of paleomagnetic poles is marked with violet color [Sprenke, 2007]. Blue dashed lines outline the permafrost
areas observed both in the vicinity of the modern poles and in two foci on the antipodal sides of the equator, which also
serves as an indication of location of poles in the past. The probable location of the largest Martian fault is also shown
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Puc. 1. MapcuaHckuin apeona, mogenb JOD75E60 [Phillips et al., 2001], cmeLLeHns NoNOCOB 1 ByKaHNYeCKast akTUB-
HocTb Mapca. BugHbl aBe 061acTu NpeBbILLEHNIA apeoraa Hag, 3NIMnconaom BpatleHuns. LleHTpel aTux obnacreli pac-
MOJIOXEHbI HA MPOTUBOMOJIOXHbIX CTOPOHAX 3KBaTopa. Takxke nokasaHbl 061aCcT pa3BUTUS ByNKaHM3Ma (KPacHble TOYKM
— KpynHenwue ByfnkaHbl Mapca). CTpenkamu nokasaHbl npegrnonaraemMble HanpasneHus gpeida nontocor no [Kite et
al., 2009]. Kak 1 B cnyyae 3emnu, OHM CMELLATCs BAOJIb MEPUANAHOB, PABHOYAANIEHHbIX OT 3KBATOPUasbHbIX Cynep-
MIOMOB. ITO Xe NoATBEPXAAET PEKOHCTPYKLMS NMaseonoiioCoB MO HAJIMYUIO OKOJTIOMONSPHbLIX OTIIOXEHWI (3eNeHble
3Be3a04ku [Schultz, Lutz, 1988]), a Takke pacnonoxeHne naneoMarHUTHbIX NontocoB (duronetosoe) [Sprenke, 2007].
lony6bIMU MYHKTUPHBIMY JIMHUSIMU OKOHTYPEHbI 061aCTN MeP3/10Thl, HabNAaoWMECS KaK B OKPECTHOCTSX COBPEMEH-
HbIX MOMIOCOB, TaK U ABYMSI O4araMm Ha aHTUNOAANIbHbIX CTOPOHAX 3KBATOPA, YTO TaKXEe YKa3blBAET HA PACMNOoXeHne
34eCb NOJII0COB B NPOLLIOM. [Toka3aHOo Takxke BEPOSTHOE PACMONOXEHME KPYNHENLIEero MapcmnaHckoro pasioma

its rotation axis. For the purpose of water search on  latitudes in the area of 50-350° e. 1. and 180-210%e. 1.

Mars using a special equipment located on the
“Mars Odissey” spacecraft, neutron emission maps
of this planet were created. Spatial variations of the
neutron current show the hydrogen content in the
subsurface layers of the soil, since hydrogen is an
effective neutron moderator. The only chemical sub-
stance that can explain a high hydrogen content in
Martian soil is water. It has been discovered that in
the polar regions of Mars, from about 60-67° from
latitude, there are vast areas of permafrost with a
very high (from 20 to 50 mass percent) content of
water ice in the subsurface layer of 1-2 m thick. In
the subequatorial regions the water content is much
lower. The driest soil was in the area of the Solis
Planum (Fig. 1) — about 2%. However, at equatorial
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two areas were found (Fig. 1) where the mass con-
tent of water reaches 10%. The mutual antipodality
of these areas and the special nature of the deposits
composing them led researchers to the conclusion
that once there were the geographical poles of the
planet (more precisely, this territory was located in
the area of geographical poles).

Since there is every reason to consider that, as
in the case of the Earth, the magnetic poles of Mars,
in general, coincided with the poles of the rotation
axis at quite long time intervals, the history of the
Mars magnetic field can provide information on the
drift of the geographical poles of this planet. Pres-
ent-day Mars is practically devoid of a magnetic
field, but traces of its former presence 3.5-4.4 bil-
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Fig. 2. The Southern polar region of the Mars, theoretical
and observational coordinates of the location of the pale-
opoles [Kite et al., 2009]. The paleopolar deposits of three
different ages are shown by filling. Green circles are cen-
troids of these regions indicating the supposed location of
poles of the Mars in the corresponding epochs. Triangles
are the calculated values of the response of axis of rotation
of the Mars to formation of the largest volcanic provinces.
The arrows show direction to the ascending convective
mantle flows (superplumes) located on the equator, which
are determined by location of areoid elevations over ellip-
soid of rotation and volcanic activity. The redistribution of
masses on the Martian surface (and in its bowels) leads to
change in position of the axis of rotation of the Mars. Dis-
placement occurs along a large circle, located equidis-
tantly from the superlumes

Puc. 2. IOxHasa nongpHasa obnacte Mapca, TeopeTtuye-
ckneu Ha6mop,aTeanb|e KOOPOMHATbI PACrooXeHna na-
neonontocos [Kite et al., 2009]. 3anuBkon nokasaHbl Na-
JIeononsipHble OT/IOXEHUS TPEX Pa3/IMyHbIX BO3PacTOB.
3eneHble KPpyrv — ueHTpounabl 3TnX 06J'IaCTeI7I, YyKa3blBalo-
wye Ha npegnosiaraemMoe pacrnoslioXeHUe MoJioCcoB
Mapca B COOTBETCTBYIOLLME 3MOXM. TPEYrosibHUKM — pac-
YeTHble 3HaYeHNs OTKIMKA Ocu BpalleHns Mapca Ha 06-
pasoBaHne KPYMHENLWNX BYNKAHUYECKUX MAPOBUHLNNA.
CTtpenkamu nokasaHo HarnpafieHne Ha PacrnooXeHHbIe
Ha 9KBaTOpEe BOCXoadaLme KOHBEKTUBHBLIE MOTOKN MaHTUN

lion years ago (Fig. 1) remained in the form of mag-
netization of rock formation area of the correspon-
ding age. Magnetic anomalies make it possible to
determine the position of the ancient magnetic poles
of Mars at a certain point of its history. Fig. 1 shows
one of these reconstructions [Sprenke, 2007]. It is
apparent that the location of the ancient magnetic
poles of Mars generally lies close to the corridor in
which the rotation axis moved according to climatic
data and theoretical calculations.

Since Mars is a relatively rapidly rotating
planet, the movement of the rotation axis along its
surface will be followed by a change in its figure,
and, accordingly, tensions and the consequential
fault tectonics will occur in its lithosphere. It can be
noted (Fig. 1) that many volcanoes of Mars are lo-
cated in a non-random manner, grouping around a
certain circle surrounding the entire planet and pass-
ing through the centres of the areoid of Mars. It can
be assumed that this line is a megafault formed
specifically by the displacements of the Mars rota-
tion axis. The case of Mars is not unique.

Let’s consider data on other planets.

Fig. 3 shows a lunar geoid (selenoid). The ex-
ceeds above the rotation ellipsoid are extended in a
wide strip along the equator. On this strip two gi-
gantic elevations located opposite each other are
clearly visible. One of them is located in the centre
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(cynepnniombl), onpeaensemMble NoN0XEHNEM NPeEBbILLIE-
HUI apeounga Hag, aIMNCoONAOM BPaLLEHUS U BYJIKAHWYE-
CKOW aKTUBHOCTbIO. NepepacnpeneneHe macc Ha map-
CMaHCKOW NMOBEPXHOCTU (M B ero Heppax) npuBoguT K
M3MEHEHMIO NONOXEHUS ocu BpaweHnsa Mapca. Cmelue-
HME NPOUCXOAMT BAOMb 6ONbLLOro Kpyra, pacrnofioXeH-
HOMO Ha PaBHOM yaaneHun OT CynepraloMoB

of the lunar nearside, the other, accordingly, on the
farside, on the axis connecting the Moon with our
planet.

This configuration perfectly correlates with the
anomalies of the gravitational field of the Moon.
Significant inhomogeneities of its gravitational field
were discovered even during the very first flights of
spacecrafts near the surface of the Moon, which se-
riously affected the flight paths of these vehicles
(through to their fall on the lunar surface). The
anomalies are caused by special massive formations
in the interior of the planet (from 10 to 10* mass
of the Moon), which are called «mascons» (from
«mass concentrationy). Their origin is associated
with the impacts of large cosmic bodies, which
formed giant depressions in the terrain. The forma-
tion of these depressions was subsequently partially
compensated by an isostatic uplift of the underlying
more dense mantle masses. In this manner, the
lenses of more dense matter under impact basins led
to gravitational anomalies.

However, this buckling of the underlying
masses did not occur under all depressions, but only
in certain areas, which, as can be seen in Fig. 3, co-
incide with two gigantic excesses of the Moon figure
over the rotation ellipsoid. The mascons are located
under large circular seas — Mare Imbrium, Mare Nu-
bium, Mare Serenitatis, Mare Crisium, Mare Nec-
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(b) Farside Lunar Selenoid

i
Height {meters)

South Pole -
Aitken basin

Fig. 3. Lunar geoid or selenoid: a) lunar nearside; b) lunar farside [Konopliv, Yuan, 1999]. Here we can see a belt stretch-
ing along the equator elevated above the ellipsoid of rotation with two heights, which are laid opposite each other. By
analogy with other planets, these heights and the belt itself can be interpreted as manifestations of ascending con-
vective flows in the lunar mantle; here is also double-cell convection. In addition, location of lunar mascons are shown
with blue contours [Konopliv et al., 2001], that is positive gravitational anomalies under the surface of the Moon, which
are the result of rise of dense mantle masses. The shaded areas are lava seas of the Moon. Internal activity in the polar
latitudes was practically absent. All manifestations of internal activity are located along the hot belt, which is inclined
5-7 to the current equator and is, apparently, the imprint of the ancient equator of the Moon. The displacements of
axis of rotation occur in complete analogy with the Earth and the Mars — relative to the axis connecting the equatorial
superplumes

Puc. 3. JlyHHbIV reona unm ceneHong,: a) 6anmxHas cTopoHa; 6) aanbHas ctopoHa [Konopliv, Yuan, 1999]. BugeH npo-
TSIHYBLUMIACS BOOJIb 3KBATOPA MOSIC NPEBbILIEHWI Ha, 3/IMNCONA0M BPALLEHWS C ABYMS PACTMONIOKMBLLUMMUCS HanpoTUB
Opyr Apyra Bo3BbilLeHUaMK. [10 aHanornm ¢ opyrumm niaHeTaMmuy 3T1 BO3BbILLEHUS U CaM MOSIC MOXHO UHTEPNpPeTu-
poBaThb Kak NPOSBNIEHNS BOCXOASLLMX KOHBEKTMBHBLIX MOTOKOB B JIYHHOW MaHTUW; KOHBEKLUMS 3AECh TOXE ABYXbS4EeNcTas.
Takxe CMHMMM KOHTYpamu Noka3aHo pacnosioXeHne nyHHbIX MackoHoB [Konopliv et al., 2001] — nonoxXxuTenbHbIX rpa-
BUTALMOHHbIX aHOMaNni NoJ, NoBePXHOCTbIO JTyHbI, IBASIIOLLIMXCS MPOAYKTOM NOoAbemMa MioTHbIX MaHTUMHbLIX Macc. 3a-
LUTPUXOBaHHbIE 061acTU — NaBoBble Mops JIyHbl. B NONSIpHbIX WMPOTaxX BHYTPEHHSAS aKTUBHOCTb NPaKTUYECKN OTCYT-
cTBOBana. Bce nposiBNeHnst BHYTPEHHEN akTUBHOCTU PacnofioXeHbl BAOJIb FOPSHEro nosica, KOTopblii HAaK/IOHEH MO
OTHOLLEHMIO K COBPEMEHHOMY 3KBaTOpy Ha 5-7° 1 aBnseTcs, No-BMAMMOMY, OTNEeYaTKOM ApPeBHEro akeaTopa JlyHbl.
CwmelLLeHMs OCY BpaLLEHWS MPOUCXOOSAT B MOJIHOM aHanorum ¢ 3emsein u Mapcom — 0THOCUTENIBHO OCU, COEAMHSIIOLLEN
aKBaTOpUasbHbIE CyNepnioMbl

taris, Mare Humorum, Mare Orientale. Also, mas-
cons were found in the central part of the Moon far-
side (occupying an area with a diameter of about 1
thousand km) and in the region of the Mare Margi-
nis. Only here the mantle substance turned out to be
quite movable. Moreover, which is typical, there are
several mascons on the lunar nearside, they are large
and clearly defined, while on the farside the mas-
cons are small, but there are many of them and they
occupy a rather vast area.

In general, two types of surface topography are
distinguished on the Moon: continents — elevated
uneven densely cratered light areas; and the seas —
younger and relatively even dark areas of the sur-
face filled with hardened lava, lying significantly
lower the level of the crust mainland (by 1-3 km).
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Sea areas are distributed very unevenly on the
surface, forming an irregularly shaped belt. The seas
located on the Moon farside, are much smaller than
those on visible from the Earth; in addition, there
are very few of them. In the visible hemisphere of
the Moon they occupy about 31-40%, and on the
opposite — 3-10% of the entire territory. The belt of
the seas on the reverse side continues with the so-
called thalassoids (sea-like structures) — bright low-
lying areas that were not flooded with lava. Several
small seas found on the opposite side are located in
the centres of the thalassoids.

The lunar seas fill the largest impact basins that
formed during the era of the giant meteorite bom-
bardment or lunar cataclysm that occurred about
4 billion years ago, and by their structure and inten-
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sive basaltic magmatism most resemble the Earth’s
trappean provinces. The seas were filled with
basaltic lava 3.9-3.0 billion years ago and it is not
directly related to impact events itself, because these
processes are separated by a time interval of hun-
dreds of millions years. It is generally accepted that
impact depressions turned out to be simply the most
convenient (attenuated crust, fractured by a network
of faults) place for some of the mantle matter to
break through to the surface in the form of lava and
fill part of this depression. Again, as in the case of
mascons, not all large impact depressions are filled
with lava seas. So, in the largest impact basin
known in the Solar system — the South Pole - Aitken
basin — neither the lava seas nor the mascons
formed. As seen in Fig. 3, lunar lava seas are con-
centrated all in the same areas of selenoid ex-
ceedances.

From all mentioned above, it can be concluded
that these areas located at the equator are areas of
ascending convective flows of the mantle. Nowa-
days, we can talk about convection only in the deep
layers of the mantle, not exceeding half of the Moon
radius; therefore, the observed represents rather
traces of the topology of convection that was inher-
ited to the Moon at the dawn of its history.

Also interesting is the fact that, as it can be seen
in Fig. 3, the lunar hot belt is also sloped to the pres-
ent-day equator at a small angle of about 5-7° and,
apparently, is a print of the ancient equator of the
Moon. This, apparently, cause the fact that the axis
of the maximum moment of inertia of the Moon lies
in the same range of 5-10° from the current rotation
axis, while the axis of the minimum moment of in-
ertia lies in the direction toward the Earth. The dis-
placements of the rotation axis occur in perfect anal-
ogy with the Earth and Mars — relative to the axis
connecting the equatorial superplumes.

Magnetic anomalies caused by residual magne-
tization of ancient lunar rocks were discovered dur-
ing the early explorations of the Moon by means of
spacecraft. These anomalies make possible to re-
construct the location of the paleomagnetic poles of
the planet. Based on the directions of magnetization
of 35 such anomalies, the locations of their corre-
sponding poles were determined in [Hood, Russell,
Coleman, 1978]. It has been discovered that they
are grouping in antipodal areas lying near the east-
west equatorial axis of the Moon, i.e., they are lo-
cated near the present-day equator at approximately
equal distance from the lunar superplumes.
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In other words, as in the case of Mars and the
Earth, the amplitude of the displacements is quite
large — the poles sometimes reach the latitude of the
former equator. It is known that the cratering of the
lunar surface depends on which side the moon
moves in space, rotating around the Earth. In the di-
rection of movement, impact events should occur
29% more often than from the opposite side (for the
present-day population of asteroids approaching the
orbits of the Earth and the Moon). Consequently,
knowing the distribution of craters on the lunar sur-
face and their relative age, we can suggest which
side of the Moon was directed along the path of
movement in a particular era.

This work was performed in [Wieczorek,
Le Feuvre, 2009]. It turned out that generally the
most ancient craters are concentrated on the side
opposite to the direction of movement, and only the
younger ones have the “correct” location in the
direction of movement, that is, reorientation (“som-
ersault”) could most likely occur. In [Wieczorek,
Le Feuvre, 2009] it is suggested that this reorien-
tation of the hemispheres was caused by the im-
pactor, which formed one of the large lunar seas,
but it also could be connected with the convective
redistribution of masses in the lunar mantle. There
is also a slight north-south asymmetry — there are
more craters on the southern side of the Moon,
1.e., it may be that the current southern side of the
Moon was more often directed along the path
of movement. We note that such “somersaults”
were supposed by different authors in relation to
the Earth.

There are no clear traces of the displacements
of their layers relative to their rotation axis on Mer-
cury and Venus. Nevertheless, there is some evi-
dence that confirms the existence of equatorial belts
of internal activity on these planets; moreover, two
ascending antipodally located convective flows in
the structure of the belts are also seen. Consequently
the outer layers on these planets also experienced
displacements around the axes connecting convec-
tive flows.

The excess masses present in the areas of de-
velopment of equatorial ascending convective flows
(superplumes), apparently, determine the specific
feature of the Mercury rotation — being close to the
Sun and experiencing tidal deceleration from its di-
rection, Mercury rotates with a period comparable
(but not equal) to the rotation period around the Sun,
at the same time, every two Mercury years, the side
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where one of the superplumes is developed appears
at a subsolar point when the planet is in perihelion
point.

On the Moon, as it has been seen, gravitational
anomalies and convective flows are located on the
both sides of the planet on the axis that spatially
connects it to the Earth. Moreover, specifically the
most abnormal side of the Moon is turned towards
the Earth.

The rotation of Venus, the planet closest to us,
also has an interesting feature. Its speed is such that
during its approach to our planet, the same side of
Venus is turned towards the Earth all the time. One
of its ascending mantle flows is located precisely on
this side.

Apparently, we are dealing with a curious va-
riety of resonant gravitational phenomena in the
movements of celestial bodies caused by the fea-
tures of the distribution of masses in their interiors,
that, in its turn, is determined by the convection

- youngest areas of the surface
- gaccording to the map from [Dogget et al.,

007])

which they are located

- arc-shaped gutters and circles along

plan in the mantles of the planets, which is prede-
termined by cosmic causes lying outside the Solar
system.

Another interesting planet in terms of layer dis-
placements is Europa. Among the mysterious fea-
tures of this satellite of Jupiter are arc-shaped nar-
row guttered cavities — througs, which form with
their arcs two huge incomplete circles with a diam-
eter of about 2,500 km on opposite sides of the
planet with centres lying on its equator (Fig. 4). It
has been suggested that their formation is related to
the polar drift, or, more precisely, to the displace-
ment of the many kilometres long ice shell of the
planet regarding its liquid water mantle. It is as-
sumed that the ice accumulation at the poles leads
to tipping over of the formed excess mass to the
equator (on average by 80°), and its subsequent
melting there (obviously, in the hot belt) returns the
system to its initial position [Schrenk, Matsuyama,
Nimmo, 2008]. The planet is also covered with a

__Latitude

woLongtit‘L:Ode

- - cryovolcanism occurrences

Fi?ueredo et al., 2000;
elfenstein, Cook, 1984]

Fig. 4. The surface of Europe as an indicator of structure of convective flows of its bowels: a) the global mosaic of pho-
tographs; b) map of faults; c) photographic image of an arched trench; d) its location relative to the equator. Figures are
taken from [Schrenk et al., 2008]

Puc. 4. lNoBepxHOCTb EBpOMbI kKak MHANMKATOP CTPYKTYPbl KOHBEKTMBHBLIX MOTOKOB €€ Heap: a) rmobanbHasg Mmo3anka
doTorpaduin; 6) kapTa pasfniomMoB; B) poTorpadurieckoe n3odbpaxeHune oyroobpasHoro xenobda; r) ero pacrnonoxeHve
OTHOCUTENBLHO 9KkBaTopa. PucyHku B3aThl 3 [Schrenk et al., 2008]
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network of global cracks or “furrows” caused by a
change in the shape of its outer ice shell during its
fluctuations relative to the rotation axis. These fur-
rows form a symmetrical pattern, located in bundles
along two circles that intercross at the centres of the
arc-shaped gutters (Fig. 4).

Europe is a mildly cratered planet with a fre-
quently renewed young (about several tens of mil-
lions years) surface. From photographs taken by the
“Voyager” and “Galileo” spacecrafts, a geological
map of Europa with distinction of four main age
groups was created [Doggett et al., 2007]. Accord-
ing to this map fig. 4, b shows the locations of ter-
ritories with the youngest surface. Also assumed oc-
currences of cryovolcanism according to [Figueredo
et al., 2000] are additionally shown. The association
of these young recently renewed areas with the cen-
tres of the arc-shaped gutters is obvious, and numer-
ous furrows, that abundantly occur on the planet’s
surface, merge here, that can be interpreted as the
presence of ascending convective flows of the Eu-
rope’s water mantle in these places. Two other in-
termediate age groups are generally concentrated in
the vicinity of the equator. The picture is very sim-
ilar to what we saw on other planets — two giant su-
perplumes at the equator form bulges, relative to
which fluctuations of the outer layer associated with
the redistribution of masses in it occur. Here super-
plumes are also components of the planet’s hot
equatorial belt.

Suggestions regarding similar displacements
of the outer layers were also made regarding
Ganymede, Miranda and a number of other large
ice planets.

3. Discussion and conclusions

To summarize, we can conclude the following.
Throughout the entire period of their existence in
the interiors of the Solar system planets there has
been a single topology of convection, the main fea-
ture of which is the equatorial hot belts with two an-
tipodally located and isostatically lifted above the
substrate superplumes.

The displacements of the Earth and planets lay-
ers caused by the motion of the matter masses dur-
ing the interplanetary convection occur in certain
corridors located perpendicular to the axis firmly
held at the equator connecting the ascending con-
vective flows. Accordingly, the central points of the
equatorial superplumes are the poles of the axis
around which the fluctuation of the layers occur.
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On such a large planet as the Earth, with ongo-
ing internal activity, the equatorial superplumes
look quite equivalent. On smaller planets, where in-
ternal activity became extinct at the early stages of
evolution, one of the superplumes looks more well-
defined, while the antipodal one is less clear and
seems to be blurred in space.

From this, the following considerations arise re-
garding the formation of antipodal equatorial super-
plumes and layer fluctuation corridors. Initially, cos-
mic energy in the interiors of the planets is released
mainly in the subequatorial zone (for the reasons
stated in [Makapenko, 2011, 2012]). Even in the era
of planet accretion, sooner or later, a large cosmic
body falls out of the protoplanetary cloud to the
planet surface in the subequatorial zone and an im-
pact basin is formed. Under it, by the action of hy-
drostatic alignment forces, a mascon is formed — a
positive gravitational anomaly (the example of the
Moon shows that the formation of mascons is pos-
sible precisely in the equatorial relaxed zone). This
mascon serves as some a kind of an “anchor”, hold-
ing the layer exactly at this place at the equator
(these are the laws of mechanics).

Meanwhile, convection develops in the interior
of the planet, mass redistributions occur, and the
planet continues to grow as a result of its bombard-
ment by bodies from a protoplanetary cloud, i.e.
the planet is tilting all this time, “is in a whirl”.
However, the fluctuation of the “anchored” zone is
difficult; it is more often located in the equator
area, where heating occurs. So the first (master) as-
cending convective flow (superplume) is formed.
As the planet rotates, the antipodal side also be-
comes more stable, although it is subjected to more
significant “tilting” (there is no “anchor” there).
Since the antipodal zone is also attached to the
equator to some extent, it is predominantly heated
too. So the second antipodal (slave) ascending con-
vective flow (superplume) is formed. The position
of this flow is less stable, it is not so rigidly at-
tached to the equator and occupies a wider zone,
spatially “blurred”. Therefore, the surface occur-
rences of the planet’s internal activity are less rep-
resented.

Such separation, apparently, is characteristic
only of the initial stages of history of the planets
and remained only on small-sized planets. The
specified inequality is imprinted, apparently, in the
structure of such planets as the Moon and Mars
that relatively quickly lost internal activity. The
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general topology of convection remains unchanged
throughout the entire history of the existence of a
convecting planet (what we know from the history
of Mars).

Accordingly, the poles of the layer fluctuations
spatially coincide with the axes of two antipodal su-
perplumes at the equator and maintain their place
throughout the history of the planet.

The layer wanderings themselves occur merid-
ionally along the corridor between superplumes.
Externally, it looks like a centuries-old polar drift
(both geographic and magnetic). The amplitudes of
such displacements are quite large (former poles
may approach the equator).

Such fluctuations are characteristic not only of
the outer rock shell, but also of the inner core of the
planet. The layer motions are probably gravitation-
ally synchronized; there are certain resonances
in these motions. Similar phenomena are observed
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