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Abstract: The paper presents the first tectonophysical reconstruction of initial divisibility of the protolithosphere as a
result of convection in the cooling primitive mantle. Initial division of the protolithosphere into separate masses, i.e.
prototypes of the blocks, and their size are predetermined by the emerging Rayleigh-Benard convection cells. In stu-
dies of geology and geodynamics, the Rayleigh-Benard convection cells were first referred to as a factor to explain the
formation of initial continental cores. Considering the Rayleigh-Benard cells and their structural relics can help clarify
initial divisibility of the protolithosphere and the origin of the major lithospheric plates, i.e. prototypes of continents.
In our opinion, the initial mega-scale block structure of the protolithosphere and the emerging lithosphere were pre-
determined by the Rayleigh-Benard cells as they were preserved in the emerging lithosphere and their lower bounda-
ries corresponded to the core-mantle boundary, i.e. one of the major discontinuities of the planet. Our theoretical es-
timations are in good agreement with the number and sizes of the Earth's theorized first supercontinents, Vaalbara
and Ur.

In our tectonophysical discussion of the formation of the lithospheric block structure, we analyze in detail the map
of modern lithospheric plates [Bird, 2003] in combination with the materials from [Sherman et al, 2000]. In the hie-
rarchy of the blocks comprising the contemporary lithosphere, which sizes are widely variable, two groups of blocks
are clearly distinguished. The first group includes megablocks with the average geometric size above 6500 km. Their
formation is related to convection in the Earth mantle at the present stage of the geodynamic evolution of the Earth,
as well as at all the previous stages, including the earliest one, when the protolithosphere emerged. The second group
includes medium-sized blocks with the average geometric size of less than 4500 km and those with minimum sizes,
such as rock lumps. They reflect primarily the degradation of megablocks as a result of their destruction due to high
stresses in excess of the tensile strength of the medium. This group may also include blocks which formation is related
to convection in the upper mantle layer, asthenosphere. There are grounds to assume that through the vast interme-
diate interval of geologic time, including supercycles of Kenorlend, Rodin, and and partically Pangea, the formation of
the large lithospheric blocks was controlled by convection, and later on, they were 'fragmented' under the physical
laws of destruction of solid bodies. However, it is difficult to clearly distinguish between the processes that predeter-
mine the hierarchy of formation of the block structures of various origins - sizes of ancient lithospheric blocks cannot
be estimated unambiguously.

Thus, mantle convection is a genetic endogenous source of initial divisibility of the cooling upper cover of the
Earth and megablock divisibility of the lithosphere in the subsequent and recent geodynamic development stages. At
the present stage, regular patterns of the lithospheric block divisibility of various scales are observed at all the hie-
rarchic levels. The areas of the lithospheric megaplates result from regular changes of convective processes in the
mantle, which influenced the formation of plates and plate kinematics. Fragmentation of the megaplates into smaller
ones is a result of destruction of the solid lithosphere under the physical laws of destruction of solid bodies under the
impact of high stresses.
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TEHETUYECKUE UCTOYHUKHU U TEKTOHOPU3UYECKHUE
3AKOHOMEPHOCTHU PA3BHOPAHT'OBOM BJIOKOBOH JEJIMMOCTH
JIUTOCHEPHI HA PA3/IMYHBIX 3TAIIAX EE @ OPMUPOBAHUA:
TEKTOHO®U3UYECKUIN AHAIU3

C. . lllepman
HHcmumym 3emHotl kopwt CO PAH, Hpkymck, Poccust

AHHOTanusa: BriepBble NPOBOJUTCS TEKTOHOQU3NYECKAsK PEKOHCTPYKLHUA GOPMUPOBAHUS TMEPBUYHON JI€JMMOCTH
NPOTONUTOCPEPHI B pe3yJIbTaTe KOHBEKLMH OCThIBAOIEH TPUMUTUBHON MaHTHH. PopMupyloumecs B Hell KOHBeK-
THUBHBIe siuer Pases-BeHapa npefonpesiesnsioT pa3Mepsbl IEPBUYHOrO pa3/ie/leHUs MPOTOUTOCHEDPDbI Ha OT/e/IbHbIE
Maccel - Npoo6pasbl 6;10k0B. fluen Pasies-beHapa He BriepBble UCNOJ/BL3YIOTCA B Fe0JIOTHHU U reoguHaMuKe. [lepBoHa-
YaJbHO Ha HUX CCBUIAJINCD AJ1s 00'bCHeHUA GOpPMHpPOBaHUSA NMEPBUYHBIX KOHTHUHEHTaNbHBIX sffAep. OOpalieHue K
A4esAM Pased-BeHapa M UX CTPYKTYPHBIM PeJIMKTaM CIOCOOCTBYET MOHMMAHHMIO TOTO, KaK 3apOX/AaeTcs NepBUYHas
JleJIMMOCTB IPOTOUTOCPEPDI, KOTOpast TPaHCHOPMUPYETCA B KpyNHble JUTOCEpHbIe MJIUTHI — IPO06Pa3bl KOHTH-
HeHTOB. UMeHHO KoHcepBUpyoKecsa B dopMupyoleics sutocdepe suen Pases-benapa, HUKHAA rpaHULA KOTO-
PBIX KOPPECIOHJUPOBasa C OJHUM U3 IVIaBHBIX Pa3/iesIoB IJIaHEeThl — rpaHuliel A4pa, — npefonpese/nu IepBoHa-
YaslbHY0 MeraMaciuTaGHy o 6JI0KOBYI0 CTPYKTYpy npoToanuTocdepsl U opMupytoeics sutocdepsl. [IpoBejeHHbIE
TeopeTHYeCKHe OLleHKHU COMOCTaBJIEHbl M XOPOILIO COTJIACYIOTCS C KOJIMYECTBOM M pa3MepaMu IJIolajfeld MepBbIX
TUIOTETUYECKUX KOHTUHEHTA/IbHBIX CTPYKTYP — CYIepKOHTUHEHTOB Baasnb6apa u Ypa.

[IpomokeHe TEKTOHOPU3UUIECKOTO pa3bopa GopMUpOBaHUs 6JOKOBOM CTPYKTYPhI JUTOCOEPHI peaTM30BaHO Ha
JleTaJIbHOM aHaJIh3e KapThbl COBPEeMeHHBIX JIUTOCOEePHBIX MIUT [Bird, 2003] ¢ nprBieyeHreM GaKTUYECKHUX MaTepHa-
J10B [Sherman et al, 2000]. B mupoko# 1o pa3Mepam ILIoLiaiedl vepapxuy 6J10KOB B COBpeMeHHOM JinTocdepe 3eMIu
OTYETJIMBO BBIJEJNAIOTCA ABe Ipymnibl [lepBas - Mera6yoky, cpefiHETeOMETPHUYECKHH pa3Mep KOTOPBIX MpeBbIIIAET
6500 kM. UXx popMHUpOBaHHE HA COBPEMEHHOM 3Talle Te0JMHAMUYECKOr0 Pa3BUTHSA 3eMJIH, A TAKXKE HAa BCEX Npejle-
CTBYIOIMX, B TOM YHCJIE U HA CAMOM PaHHEM, IPH 3aPOXKIEHUH POTONUTOCHEPHI CBA3AHO C KOHBEKIMOHHBIMU NPO-
[jeccaMM B MaHTUM 3eMid. Bropast rpynmna - 6J10K4 €O Cpe/jHEreoMeTpU4eCKUM pazMmepoM MeHee 4500 KM, BIJIOTb [0
MUHHUMaJIbHOTO, COOTBETCTBYIOIIEr0 KyCKOBATOCTHU IOPHBIX [IOPO/], OTPAXKAIOT, IPEX/Ie BCETO, AECTPYKIUI0 MerabJio-
KOB B pe3y/bTaTe UX paspyLIeHUs MOJ JeHCTBHEM BBICOKMX BHYTPEHHMX HAIPSPKEHUH, MPEBBILIAIOIINUX HpeJe
NPOYHOCTH CpeAbl. B 3Toil e rpynne MoryT ObITb 06JI0KH, GOPMHPOBAHHE KOTOPBIX TAKXKE CBS3aHO C KOHBEKLMEH,
OXBaTbIBaKOLIeH BEPXHUH MaHTUHHBIN YpOBeHb — acTeHocdepy. MoXKHO npejrosaraTb, YTO B FPOMaHOM NPOMEXY-
TOYHOM HHTEpBaJle Te0JIOTHYECKOTO BPEMEHH, OXBAThIBAIOIIEM CynepuMK/bl KeHopseHa, PoauHHIO W, 4acTHYHO,
[Tanreto, popMHUpoOBaHMe KPYNHBIX JUTOCHEPHBIX 6JIOKOB KOHTPOJHPOBAJIOCh KOHBEKIIMEH, a UX Aa/bHellIee «Apo6-
JIeHUEe» PeryJupoBanoch GU3NYeCKUMHU 3aKOHAMHU pa3pylIeHUst TBepAbIX Tesl. OJ[HAKO YeTKYI0 IpaHUlly MexAy Npo-
1jeccaMy, onpeJe/siolMI Hepapxrio GOpMHUPOBaHHUSA OGJOKOBBIX CTPYKTYpP pPa3HOro reHe3uca B IIpOLIe/IINe BpeMe-
Ha, IPOBECTH TPYAHO M3-3a HEONPEe/IeJIEeHHOCTH pa3MepoB JIUTOCePHBIX 6JI0KOB a/IeKOro POLJIOro.

TakuM 06pa3oM, KOHBEKIUS B MaHTHU SIBJISIETCS TeHETUYECKUM 3H/IOTeHHBIM HCTOYHHUKOM TIepBUYHON Jle/TMMO-
CTH OCThIBaIOILEel BepxHeH 060/104KH 3eMJIH, a TaKXKe MerabJ0KOBOH /1eJIMMOCTH COGCTBEHHO JIMTOChEPHI B TOC/Ie-
JlyIolllHe 3Tallbl ee reoJUHAaMHU4eCKOro pa3BuTHsA. Ha coBpeMeHHOM 3Tane 3aKOHOMEPHOCTH pa3HOMacCLITaGHOH 6.10-
KOBOH J1eJIMMOCTH JIUTOCepbI MPOCTIEKUBAIOTCA Ha BCeX MepPapXUiyeCcKUX YPOBH:AX. [l1omaau MeraniuT Jutocdepsl
- pe3yJbTaT 3aKOHOMEePHBIX U3MeHEeHHH KOHBEKTHBHBIX IPOLIECCOB B MAHTHHU U UX BO3/leHCcTBUA Ha GOPMUPOBaHHE
Y KMHEMATHKY IUIMT; AeCTPYKIUA MeraliiT Ha MeHbIIHe 110 IJIOLAaAHU 6JI0KH — pe3yJIbTaT 3aKOHOMepPHOro JpobJie-
HUSA TBEPJBIX TeJ JUTOCPEPDI IPH BBICOKUX HANPSKEHHUAX.

KimodeBble cioBa: inTochepa, TeKTOHUYECKHUE IIJIUTHI, 6JI0KH, KOHBEKIUS, ]eCTPYKIUs, TEKTOHODHU3HUKa,
JleJIMMOCTb iuTocdepnl, syeu Peses-benapa, KOHTHUHEHTHI

It is now evident that without understanding the Earth's evolution since the earliest stages

when the covers of our planet and its continental crust were formed, it is difficult to determine

locations where the major natural resources are accumulated and to reveal how various

structural elements and a wide variety of igneous rocks were generated and continue their development.

Academician M.I. Kuz'min [2014, p. 626]

1. INTRODUCTION not been properly studied yet in terms of the geody-
namics of faulting, and tectonic regularities in divisibi-

Initial divisibility of the Earth protolithosphere, i.e.  lity of the lithospheric blocks of various ranks still need
the cooling outer hard cover of the planet, and its to be clarified. In the outer cover of the Earth, initial
transformation with time into lithospheric blocks have  divisibility of the protolithosphere was due to cooling
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of the primitive mantle as a result of heat-gravitational
convection manifested by Rayleigh-Bénard cells. In this
study, we assess tectonophysical conditions for the
generation of such cells and estimate potential sizes of
the cells and amounts of primary proto-lithospheric
cooling masses as prototypes of the blocks. Our estima-
tions are consistent with the reconstructed first super-
continental cycles of the geodynamic evolution of the
Earth. The block divisibility of the recent continental
lithosphere is analysed in detail with reference to the
map of present tectonic plates and blocks of the litho-
sphere and the cumulative plate count according to
[Bird, 2003]. In addition to the data from [Bird, 2003]
which mainly cover megaplates and blocks of medium
sizes, we analyse the parameters specified in [Sherman
et al, 2000] for medium- and small-size blocks resul-
ting from destruction of megaplates and blocks of the
continental lithosphere. We propose regression equa-
tions describing divisibility of the continental litho-
sphere into blocks in a wide scale range, from medium-
to small-sized blocks and rock fragments in outcrops.
Such fragments result from destruction of medium-
and small-sized blocks of the 'solid' lithosphere which
takes place when internal stresses exceed the rock
breakdown point, as described by exponential func-
tions.

The occurrence of megablocks is related to mantle
convection at the early stage of the evolution of the
protolithosphere and subsequent stages of its trans-
formation into the lithosphere through the global su-
per-cycles of the geodynamic evolution of the Earth.
The scale and organization of mantle convection are
factors that predetermine divisibility of the lithosphere
into megablocks through all the recent stages of its de-
velopment, including the present stage.

2. THE PRIMARY HOT COVER OF THE EARTH,
ITS COMPOSITION AND THICKNESS

One of the most recent theoretical reviews of the
early stages in the evolution of the Solar System and
the geological history of the Earth was published by
M.I. Kuz'min [2014] who rightly notes that the global
academic geological community is challenged to estima-
te the time when the first continental crust was formed
on the Earth. He develops the concepts co-authored
with V.V. Yarmolyuk [Yarmolyuk, Kuz'min, 2012] on the
formation of the outer and deep covers of the Earth,
mantle processes and their impacts on the occurrence
of surface structures, igneous rocks and ores.

The review [Kuz’'min, 2014] is based on the latest da-
ta on the origin of the Solar System and formation of
the first continental rocks on the Earth, which contain
zircon, the oldest mineral so far dated on the Earth. It is
assumed that the Solar System formed from a gas-and-
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dust nebula 4.568 Ga ago. The continental crust was
gradually growing from its recorded peak size (4.25
Ga) till 4.1 Ga, i.e. completion of the first eon in Earth's
history, the Hadean. It seems to be a critical milestone
in the early geological history of the Earth, followed by
the Archaen history [Kuz'min, 2014] - intensive cooling
of the outer cover of the Earth commenced in this peri-
od. The heat flow was supported by the inner supply of
heat generated due to gravitational compression of the
planet while its solid body was formed [Schubert et al,
2001].

The estimated average temperatures of the mantle
range from 1250-1350 °C to 1400 °C, and a roughly
estimated temperature of the cooling Earth is 0 °C. In
the present stage, the maximum temperature of the as-
thenosphere top is about 1350-1400 °C, and this tem-
perature level is supported by various endogenous
heat sources of the Earth and compensates heat losses
caused by cooling. At the early stage of the Earth evolu-
tion, temperatures range from 0°C (or slightly above
0°C) at the Earth's surface to ~1350-1400 °C at the
depth levels whereat temperature changes in the peri-
od of cooling are less significant due to heat influx. Un-
der this assumption, the cover can be viewed as a
gradually cooling low-viscous fluid body comprising
the lower and upper layers which temperatures are
significantly different. At the first stage when the outer
cover of the Earth was formed, convection was the ma-
jor mechanism of heat energy dissipation. It can be as-
sumed that convection commenced in the pre-Kat-
archean eon and is underway until now, while the
volumes and forms of convective flows have signifi-
cantly changed with time. This time period agrees with
the maximum age of about 4.1 Ga determined in
[Kuz’'min, 2014] for the start of the development of the
protolithosphere that converted with time into the
lithosphere which development is continued.

By its initial composition, the cooling upper cover
of the Earth corresponds to the so-called primitive
mantle, as evidenced by the composition of chondrites,
i.e. stony (non-metallic) meteorites. The bulk composi-
tion of the primitive mantle is similar to the silicate
cover of the Earth which was formed of the protoplanet
material after the core had separated [Hofmann, 1997].
It is noteworthy that variaitons in the composition of
the primitive mantle do not influence estimations of
temperatures at the lower boundaries of the primary
mantle masses at the cooling surface of the Earth.

Physical parameters and the composition of the
primitive mantle changed in the post-Archean period
[Vrevsky et al, 2010] including several large cycles of
the geodynamic development of the Earth, which were
also related to mantle convection. By the Archean pe-
riod, the Earth's crust was completely formed, and the
upper boundary of the mantle convection processes
went down into the Earth interior by dozens of kilome-
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tres [Artemieva, 2011]. Responses of the upper solid
part of the lithosphere as a rheological body to external
impacts, especially external loading at different veloci-
ties, became different. In the former convective medi-
um, convection in the cooling upper layer of the quasi-
fluid was replaced by heat conduction/diffusion in the
solid body. Studies of destruction of solid bodies and
rank-variable fracturing and faulting are reported in
many papers, including [Peive, 1990; Sherman et al,
1991, 1992, 1994; Seminsky, 2003; Sherman, 2002, 2012,
2014a, 2014b; and others], and it is established that
physical laws of deformation and destruction of solid
bodies are applicable.

A major challenge is to analyse, in a retrospective,
the origin and initial formation of structures in the
cooling protolithosphere which physical properties are
assumed similar to those of the cooling low-viscous
quasi-liquid mass. In such a medium, the maximum dis-
sipation of energy was ensured by convection of va-
rious types, from structurally organized (Rayleigh-
Bénard cells) to chaotic. This long-term process in the
upper cover of the Earth had its regular features due to
convective flows of the mega mass that was cooling it.
The total thickness of the cooling mass of the primitive
mantle can be assumed at 2900 km as the outer core
boundary is located at this depth. Below we review hy-
drodynamic regularities in convection of cooling low-
viscous materials and relic structures which are im-
portant for reconstructing the paleogeodynamic set-
tings of the distant past and estimating probable di-
mensions of the primary blocks.

3. KEY REGULARITIES IN THE FORMATION OF CONVECTIVE
CELLS IN COOLING LOW-VISCOUS MATERIALS AND RELIC
STRUCTURES

It is most reasonable to believe that energy in the
cooling low-viscous medium is dissipated by mantle
convection that is most common manifested by Ray-
leigh-Bénard cells. The cooling surface of the Earth is
assumed to behave as the cooling low-viscous medium
much time before the Katarchean. Convection is gene-
rally reviewed below as a prerequisite for an assess-
ment of conditions for initial divisibility of the outer
cover of the protolithosphere.

General convection equation. The onset of convection
occurs when the Rayleigh number reaches some criti-
cal value. The Rayleigh number, Ra is a dimensionless
number predetermining the behaviour of gas, fluid or
mass of a very low viscosity at a specified temperature
gradient. When the Rayleigh number exceeds its criti-
cal value, the equilibrium of the cooling fluid is dis-
turbed, which leads to the occurrence of convection
flows and bifurcation. The bifurcation point is the criti-
cal value of the Rayleigh number:

ATL3
Ra = gﬁT, ¢y

where g is the gravity acceleration; L is the size of the
fluid area; AT is the difference of temperatures at the
surface and the lower layer of the fluid; v is the kine-
matic viscosity of the fluid; y is the heat conductivity of
the fluid; B is the coefficient of thermal expansion of
the fluid.

If the Ra value is small, convection does not start. If
values of Ra are average, conditions are favourable for
heat convection. Chaos occurs at high values of Ra. Va-
lues of Ra depend on combinations of all other parame-
ters in equation 1. However, considering cooling of the
primitive mantle in the model discussed here, the dif-
ference of temperatures and thickness of the cooling
layer are the main parameters. It should be noted that
patterns of convective cells are significantly dependent
on dimensions of the cooling area. In such cases, an ad-
ditional parameter needs to be introduced - aspect ra-
tio, G [Getling, 1998]:

G=L/h, (2)

where L is horizontal size of an area (for a circular sec-
tion, it corresponds to a radius); h is vertical size of the
area.

The Grashof (Gr) and Prandtl (Pr) numbers are also
widely used in studies of Rayleigh-Bénard cells, but not
in this review.

In the below discussion of the natural conditions, we
refer to cases with large values of G. Horizontal projec-
tions of cells are called planforms. The planforms may
significantly vary depending on parameters of the me-
dium. Planforms of the cells which are typical observed
in the experimental and natural settings are reviewed
below.

Planforms of convective cells, and physical conditions
for their formation and stability. Three types of cell
planforms are typically observed in the experiments
[Getling, 1998]: two-dimensional bars, hexagonal cells
and square/rectangular cells (Fig. 1).

As shown in Fig. 1a, 2D bars are oriented along axis
X and parallel to axis Y (x-bars) or vice versa, and a cell
is formed by a pair of neighbouring bars that occupy
the entire spatial interval. In the bars, fluid circulates in
vertical plane X, Z as well as in the opposite directions.

Hexagonal cells (Fig. 1, b) are composed by the su-
perposition of three systems of bars which are located
at angles 2m/3 to each other. Such cells are characte-
rised by periodicity in directions of axes X and Y and
invariant in case of rotation by an angle of 60°. A he-
xagonal cell is classified in I-type in liquid convection
cases (Fig. 1, b-I) or g-type in gas convection cases (Fig.
1, b—-g) with regard to a velocity vector, i.e. depending
on whether the liquid is ascending in the central part of
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I Fig. 1. Schematics of convective cells: a - 2D bars; b - hexagonal cells of I- and g-types (according to [Getling, 1998]).

I Puc. 1. CxemaTuyeckoe I/I3o6pa>Ke1-me KOHBEKTHBHbLIX A4Y€eK: d — ABYMEpPHbI€ BaJlbl; b - HIeCTUuyroJibHble g4erku 1- u

g-tuna (no [Getling, 1998]).

the cell or gas is descending, which, in its turn, is rela-
ted to the temperature dependence from the viscosity
of the medium. As known, with higher temperatures,
viscosity of fluids decreases, while viscosity of gases
increases. A velocity vector depends on a sign of deri-
vative dy/dT which is negative for liquids and positive
for gases. In the ascending convective flow, the materi-
al is always warmer than in the descending flow. Re-
spectively, the liquid viscosity in the central parts of
l-cells is lower, while the gas viscosity in the central
parts of g-cells is higher. Circulation tends to follow the
direction where the viscosity is lower in the centre of
the cell. The stability of circulation trends, as well as
the unchangeability of stationary flows of bars in rela-
tion to variations of defining parameters are estimated
in a wide range of Rayleigh and Prandtl numbers, ta-
king into account k=2m/}, i.e. the number of waves of
length A per 2 radians, or the number of spatial inter-
vals of waves per on 27 radians.

Square cells form systems which directions are ro-
tated by a t/4 angle with respect to the coordinate sys-
tem (X, Y).

Cell planforms are significantly influenced by even
minor changes in the physical conditions of the medi-
um and variations of its parameters included in the
general equation of convection (see Equation 1). Two-
dimensional bars are the main form of stationary con-
vective structures produced by thermal-gravitational
or thermocapillary convection mechanisms. In case of

thermal-gravitational convection, the scale of flow can
increase depending on AT and G (see Equations 1 and
2).

For the geological interpretation of the significance
of cellular structures developing in cooling masses of
the primitive mantle material, two facts are of im-
portance: (1) relic structures, such as boundaries of
cellular structures in the cooling protolithosphere, and
subsequently, in the upper part of the lithosphere, and
(2) relic masses of the deep mantle material, which
were delivered into the Earth's upper horizons and
cooled in zones of inter-cell boundaries, i.e. relic struc-
tures at the boundaries of the primary cellular for-
mations. Specialists in the laws of Rayleigh-Bénard
convection believe that two groups of boundaries in
the Earth's upper horizons are of importance: bounda-
ries between convective cells and border lines between
orderly fragment-textures with different orientations
of the bars, which comprise a more complex pattern
(Fig. 2).

The most significant structural boundaries are lines
bordering fragments-textures with different orienta-
tions of the bars [Getling, 1998]. The duration of their
existence predetermines the stability of stationary
convection flows and the geological significance of con-
vection. According to [Clever, Busse, 1996], the hexago-
nal cells can be stable at Pr=1.2 and Ra=3000. If Pr<10,
the stability area of the hexagon cells looks like a band
stretching from smaller to larger Ra values. If the
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Fig. 2. Defects of bar structures (lines show boundaries of bars): a - dislocation; b - disclination (singularities of the focus
type are below); c¢ - structural boundary (according to [Getling, 1998]).

Puc. 2. JledpekTbl BaJIMKOBBIX CTPYKTYp (JIMHUH COOTBETCTBYIOT I'paHHIIAM BaJIOB): @ — AMCJOKAUHUS; b — JUCKIMHAIUH
(BHU3Y CHHTYJISIPHOCTH THMNA POKyca); ¢ - CTPYKTypHas rpanuia (no [Getling, 1998]).

Prandtl numbers are larger than 10, the area of stable
hexagon cells is disturbed. In the experiments with Ra
<3000, no stable hexagons are recorded.

The area of stable square cells is wider and covers
the range of Ra from 4000 to 50000 with Pr varying
from 2.5 to 16. When approaching the specified mini-
mum value, the stability area narrows and becomes
undetectable when Pr=2.5 [Busse, Clever, 1998].

The material conveyed by the convective flows is
hardening in places where the flows begin to move
downward due to lower temperatures. Solidification
takes place at the walls of thermal convection cells.
Thus, when the vertical walls of the cells (i.e. surfaces
of basalt prisms) are solidified, thermal convection
continues inside the prisms until complete solidifica-
tion of all the lava components. A photo in Fig. 3 shows
the tops of basalt pillars with sagging centres of the
columns which were the last to cool and solidify.

Based on the brief review of convective planforms
and conditions of their formation, it is possible to re-
veal a common pattern of convection processes taking
place during cooling of the homogeneous medium. In
space and time, convection is manifested by a highly
ordered flow of cooling quasi-liquid masses. The stabi-
lity area is wide. As the area occupied by the flow is
narrowing, stability is reduced as the characteristic
scale of inhomogeneity of the structure is reducing
[Getling, 1998].

In standard experimental conditions, Rayleigh-
Bénard convection cells occupy the entire thickness of
the cooling layer, and their typical horizontal size is

comparable to the vertical size or slightly exceeds it. In
the majority of problems solved by geodynamics, it is
assumed that convection cells occupy the entire mantle
or partially occupy the layer or occur between the layers
[Kirdyashkin, Dobretsov, 1991; Dobretsov et al., 2001;
Trubitsyn V.P., Trubitsyn A.P., 2014]. In such conditions,
the main factor predetermining convection is viscosity
of the medium, which is included in equations of interre-
lated Rayleigh, Grashof and Prandtl numbers. It can sig-
nificantly increase or decrease their values and change
the stability of convection accordingly. When viscosity
varies by two or three orders (which may take place
in the cooling upper part of the protolithosphere), the
main viscosity gradient is in the topmost layer, wherein
viscosity is increasing relatively faster than in the lower
layers, and a hard cover is thus formed. Convection goes
downward. Moreover, in the discussed cases of ascen-
ding convection, the cooling masses drift towards bor-
ders of the cells and subside due to gravity, which leads
to simultaneous thickening of the emerging vertical bor-
der zone (i.e. a plane), which substance is more viscous.
As the process develops further, such planes create fa-
vourable conditions for initial faulting of the lithosphere,
and the lithospheric plates and large blocks are thus
bordered by faults that are stable in time.

As a result of gradual cooling, a protective cap is
formed over the cooling mass. As the process develops,
the solid cap becomes thicker. The merger of the two
descending cooling flows leads to further thickening of
the emerging cap, and the partition between emerging
blocks of the lithosphere is thus fixed.



Fig. 3. Solidified convection flows of basalt lava with 'sag-
ging' surfaces in the centres of cells [Shumilov, 2009].

Puc. 3. 3acThIBIIME KOHBEKIMOHHbIE NMOTOKUA 6a3ajbTo-
BOHM JIaBbl C «IpOCeJaHHEM» IMOBEPXHOCTEN B LeHTpax
syeit [Shumilov, 2009].

Over time, the cap thickens and evolves into the
brittle part of the lithosphere, while convection flows
continue to function in the mantle and gradually drift
to the lower hypsometric levels. The above-mentioned
processes take place as the equilibrium of the convec-
tion system under the cap is disturbed due to changes
of temperature and viscosity gradients. Conditions that
are favourable for convection are now found at larger
depths, and heat energy dissipation is facilitated. In this
time period, the dominating convection occupying the
entire mantle may be either replaced by convection in
two layers or occur in a more complicated pattern.

Regardless of their planforms, the Rayleigh-Bénard
cells give evidence that convection non-equilibrium can
be a source of order. In comparison with the homoge-
neous hot mass, convective cells (regardless of their
forms) can be regarded as highly organized structures
facilitating the dissipation of energy and the formation
of other, more stable forms in the cooling mantle. In
this regard, the system remains open and continues to
give the entropy.

Based on the above, cooling of the pre-Katarchean
Earth's surface can be analysed with an assumption
that the energy of the hot low-viscous body dissipated
by thermal-gravitational convection. In this case, the
Rayleigh-Bénard cells can be viewed as initial struc-
tures in the cooling mantle of the Earth, and bounda-
ries between the cells were the first to get solidified
and thus predetermined the contours of the future
huge masses/blocks of the protolithosphere, which
were the basis of Vaalbara and, may be, other theorized
first supercontinents of the Earth.
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4. THE ORIGIN OF THE FIRST LARGEST LOCAL STRUCTURES
IN THE PROTOLITHOSPHERE AS VIEWED UNDER THE
CONCEPT OF CONVECTION IN THE COOLING PRIMITIVE
MANTLE: A TECTONOPHYSICAL APPROACH TO
PALEOGEODYNAMIC RECONSTRUCTIONS

In this study, a tectonophysical approach is pro-
posed to analyse initial divisibility of the protolitho-
sphere. The origin of the primary local structures /
blocks is related to cooling of the Earth's surface layer
composed by hot low-viscous masses of the primitive
mantle. In such a medium, a relatively efficient way of
heat dissipation is convection that is structurally ar-
ranged in Rayleigh-Bénard cells. Their relics, i.e. proto-
continents, can be regarded as residual structures
giving evidence of intitial atectonic divisibility of the
protolithosphere. In this assumption, laws of their for-
mation are determined by the laws of convection.

The cooling upper layer covered the entire primary
surface of our planet. Its thickness was limited by the
outer boundary of the almost completely formed core
which was located at a depth of about 2900 km. It is
known that the evolution of convection and its patterns
are significantly influenced by dimensions (diameter
and depth) of the area involved in convection (see
Equation 2). For circular cross-sections in the experi-
ments, the horizontal size of convection cells corre-
sponds to the depth of the layer wherein convection
takes place. Original convection experiments are de-
scribed in the book by N.L. Dobretsov et al. [2001] who
estimated the minimum horizontal size of convection
cells in the lower mantle: “As follows from results of
the experiments and the classical laws of convection, a
cell can be stable if its transverse size is only by a factor
of 1.8 times (or less) larger than its thickness” (p. 161).

Therefore, when convection takes place in a rather
thick layer, a pattern of convection cells is compatible
with the thickness of the layer. In our study of the
mega-scale case, the horizontal size of the layer subject
to convection is much larger than its vertical size, and
the layer can thus be considered as a cooling flat body.
The radius of the first round-shaped convective cells
can amount to 2900-3000 km, and the distance be-
tween the emerging cooling boundaries of areas with
descending masses (i.e. cell diameter) can be about
6000 km. In this case, the cell diameter can be numeri-
cally similar to the radius of the cooling Earth, and the
cell area can be determined as the area of a spherical
segment (Ss=2mRh, where R is the Earth radius, and h is
the thickness of the cooling layer, i.e. R/2). It amounts
to mR? or about 3 steradians!. The total area of the
Earth surface is 4wR? (or 4m ). Under ideal conditions,

! Steradian, st () a solid angle at the centre of a sphere subtending
a section on the surface equal in area to the square of the radius of
the sphere.
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Fig. 4. Principal scheme of Rayleigh-Benard cells on the
spherical surface.

Puc. 4. [lpyHyunuanbHas cxeMa KOHBEKTUBHBIX fg4el Pa-
nesi-BeHapa Ha cdepe.

as a maximum, four mega-large convective cells with
an average area of about three steradians can form in
the cooling upper cover of the Earth. It should be noted
that the boundary of the bottom surfaces of the cells is
the outer core of the Earth, which square area is four
times smaller than that of the Earth surface. As the area
of the bottom surfaces of the cells is restricted, the cells
cannot achieve their potential maximum area on the
surface. If a minimum surface area of a cell is one
steradian, 12 cells as a maximum can form at the Earth
surface. Therefore, the total number of the primary
cells predetermining the initial divisibility of the emer-
ging protolithosphere can range between 3-4 (mini-
mum) to 12 (maximum) (Fig. 4).

Paleogeodynamic reconstructions shows that the
first supercontinent Vaalbara (2.8-3.6 Ga) consisted of
two major structures, i.e. protocontinents/cratons
Kaapval and Pilbara [Hazen, 2012], which reflect the
divisibility of the already solid protolithosphere and,
may be, the divisibility of the emerging lithosphere.
The concept that convection took place in the primitive
mantle at the very early stages of the protolithosphere
is not denied, although not widely discussed in the
press [Nebel et al., 2014]. An acceptable argument is
proposed by I Artemieva and B. Mooney [2001] who
consider the 'thermal’ age of the Archean formations of
the Earth.

There are grounds to state that convective proces-
ses in the Earth's mantle played the major role and
were the basic criterion for the formation of the first
largest block structures of the protolithosphere and
also for subsequent transformations of such blocks into
the lithospheric structures. According to the recon-
structions, after Vaalbara supercontinent reconstruct-
ted Ura (about 3 Ga) and younger Kenorland (2100-
2700 Ma), Columbia (1500-1800 Ma), Rodinia (750-
1050 Ma) and Pangea (200-300 Ma) supercontinents
[Li et al., 2008; Lubnina, 2011; Hazen, 2012]. About 200
mln years ago, Pangea broke apart to form Laurasia
and Gondwana, i.e. groups of the southern and north-
ern continents, respectively. The lithospheric mega-
blocks have not been completely formed and destruct-
ed yet, and these processes are still ongoing at the pre-
sent stage that is transitional to the formation of a new
supercontinent. In the long-term geological history of
the Earth, the number and dimensions of the litho-
spheric plates, which were actively involved in super
cycles, were variable, but the blocks and plates per se
have never disappeared completely (!). Since the Ar-
chean, these integral large bodies have been subject to
many geodynamic catastrophes and reconstructions [Li
et al, 2008], and their initial masses were partially
'lost’ in some of the geodynamic cycles, regained in the
others, converted into the six major lithospheric plates
and survived! Strongly metamorphosed rocks of the
Archaean age are observed in huge areas of the six con-
tinental lithospheric plates (Africa, Antarctica, North
America, Eurasia, Australia and South America).

It is challenging to conduct a proper mathematical
analysis of changes in the number of the lithospheric
plates and their areas from one super cycle to another.
The major cycles in the geodynamic evolution of the
Earth and corresponding lithospheric plates of dif-
ferent shapes and kinematics are revealed by paleo-
geodynamic reconstructions. The lithospheric plates
can provide for stable mantle convection at Ra<10¢, but
it becomes unsteady at Ra2107 [Getling, 1998]. In re-
sponse to changes in the convection pattern, the sys-
tem of interacting lithospheric plates has to readjust
itself. Numerical solutions of equations of energy, mass
and momentum transfer suggest that mantle convec-
tion takes place while a set of plates is self-generated.
According to [Trubitsyn V.P, Trubitsyn A.P, 2014],
“the set of plates is inevitably generated, without
requiring any additional boundary and initial condi-
tions” (p. 146). The foregoing explains why the Earth
has been subject to numerous transformations, inclu-
ding the catastrophic ones, in the natural course of its
geodynamic evolution. Is this not a proof of the law of
self-organized criticality which is discussed in [Bak,
1996]?

Obviously, mantle convection has been the major
long-term genetic source providing for the cyclic geo-



dynamic development of the entire lithosphere and its
mega-block pattern.

In this regard, results of studies by P. Bird and co-
authors [Bird, 1988, 1998, 2003; Bird, Rosenstock, 1984;
Bird et al, 2002] are noteworthy - the hierarchy of the
lithospheric plates and blocks is mathematically ana-
lyzed and the cumulative-number/area distribution is
established. In our study, their results are comple-
mented by experimental data published in [Sherman et
al, 2000] (Table) and compared with other quantified
information on the formation of plates and the fault-
block structure of the lithosphere which vary in ranks
at the present stage of development. We apply tectono-
physical methods to analyse the hierarchy of the litho-
spheric plates and blocks with regard to their square
areas at the present stage of the geodynamic evolution
of the lithosphere. The analysis is aimed at identifica-
tion of genetic sources and patterns of the lithosphere
block divisibility at various hierarchical levels in diffe-
rent stages of the lithosphere evolution.

5. RECENT HIERARCHIC DIVISIBILITY OF THE FAULT-BLOCK
STRUCTURE OF THE LITHOSPHERE: TECTONOPHYSICAL
ANALYSIS

The subject of our analysis and the basis of further
reconstructions is the map of lithospheric blocks of the
Earth which is published in [Bird, 2003] (Fig. 5). Its
main original features are (1) the pattern of the plates
on the present surface of the Earth, and (2) calculations
of plate areas in steradians (Table). To analyse ratios
between areas and boundaries of the lithospheric
plates, P. Bird showed them on the map close to each
other in an arbitrary reconstruction (no more! - S. Sh.)
of the 'intact' surface of the Earth. His map shows 52
plates of various ranks, including ‘Manus microplate’
which area is the smallest (0.0002 sr, see Table). An-
other specific feature of the map is the use of steradian,
a dimensionless unit to estimate areas of plates and
blocks, thus avoiding some skewing in quantitative
comparisons of plates and blocks located at different
latitudes of the sphere. Using this method, P. Bird pre-
sented in digital form a global set of boundaries of the
present lithospheric plates and blocks of various sizes
and ranks and estimated plate sizes. He established a
mathematical regularity in the abrupt, non-uniform
decrease of plate areas on the present Earth's sphere
(columns 2 and 3 in Table). In Figure 6, the cumulative
plate count as a function of plate areas in steradians is
shown in the bilogarithmetic scale.

Based on Table (Nos. 1-52, column 3) supplemented
by data from [Bird, 1988, 1998, 2003, Bird, Rosenstock,
1984; Bird et al, 2002], regression equations show that
areas of the plates and blocks are decreasing with in-
creasing numbers in the hierarchy, i.e. with transition
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from mega structures to regional and local ones (Fig.
6). The detailed interpretation of the plot is given in
[Bird, 2003], and a brief is given in the figure caption
(Fig. 6). The main regression line based on the data
from Table has two bends.

According to P. Bird [2003], when plotted with loga-
rithmic scales, the plates of areas between 0.002 and 1
steradian (from the relatively small Jian Fernandes
plate, JZ to the large South America plate, SA) occur in
numbers that roughly obey a power law:

(cumulative count) N~7 (steradians)-1/3
or Nx7Q-1/3, 3)

This equation clearly reflects the scale relationship
between the increase in the number of plates and a
proportional reduction in their areas. This is character-
istic of plates which areas are smaller than one steradi-
an, i.e. plates with an average lateral size of about 4000
km (see Table).

For a more detailed tectonophysical analysis of the
relationships between sizes of the lithospheric plates
and blocks, the data published by P. Bird are supple-
mented by results of similar studies focused on intra-
continental areas [Sherman et al, 2000]. The consoli-
dated database provides for analyses of tectonophysi-
cal regularities in the block divisibility of the present
'solid' lithosphere. For now, seven major lithospheric
plates (Nos. 1 to 7 in Table) are outside the scope of
analysis and considered below in the closing state-
ments. These major plates are viewed as original indi-
cators of the initial and subsequent stages of litho-
sphere divisibility, and it seems more reasonable to
consider them after reviewing and 'excluding' quantita-
tive data on plates dominating in number in other hie-
rarchic levels.

Table consolidates three data sets - [Bird, 2003]
(Nos. 1 to 52, columns 1, 2 and 3), [Cheremnykh, 1998]
and [Sherman et al, 2000] (Nos. 53 to 225) and thus
provides for a more detailed consideration of the ratios
of areas of medium- and small-sized lithospheric plates
from [Bird, 2003] and the ratios of areas of continental
lithospheric blocks from other publications. For an ade-
quate comparison of plate areas in different hierar-
chical levels, the areas calculated in steradians are con-
verted to measurement system SI and given in square
kilometres and corresponding characteristic linear di-
mensions (columns 4 and 5, Table). In the recalcula-
tions, it is assumed that the Earth's radius is R=6371
km, and the equation from [Sadovsky et al., 1987;
Sadovsky, Pisarenko, 1991] is used to calculate linear
dimensions L and plate/block areas, Sp:

Ly = /Sp. (4)

Regression equations are calculated for comparative
analyses of the three above-mentioned data sets:
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Fig. 5. Lithospheric plates mapped by P. Bird [Bird, 2003].
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Puc. 5. Kapta nmutocdepHbix maut no II. Bépay [Bird, 2003].

[IBeToM BbiZesieHbl 52 miuThl o Moaeau PB2002. HaumeHoBaHUe

IJIUT JAHO JBOMHBIMU GYKBaMU B COOTBETCTBHUU C Tabyaulel. 3a-

IITPUXOBaHHbIE KBaZIPaTHOM ceTKOH miowaau 13 paliloHOB COOTBETCTBYIOT «OpPOT€HAM», JIsI KOTOPBIX MO/ieJIb BpallleHHs BOKpYT JiJie-
POBBIX IOJIIOCOB He COBCEM TO4YHA. /IByXOYKBEHHOEe HaUMEHOBAaHHe MEJIKMX IVIUT BbIHECEHO 3a UX rpaHHubl. KapTa faHa B MpoeKuuu

MepkaTtopa.

(1) Regression by P. Bird, in its middle part showing
areas from Jian Fernandes plate (JZ) to South America
plate (SA), i.e. from mega- to medium-sized plates and
blocks (Nos. 8 to 52, Table; equation 3 (in sr), and
N=2259.3L-067 (5) (symbol 1 in Fig. 7);

(2) Regression for the additional data on medium-
and small-sized blocks (Nos. 53 to 225, Table;
N=7049.1L-%91 (6) (symbol 2 in Fig. 7). An important
indicator is an inclination angle of the regression curve.
Equation 6 differs from Equation 5 by an increase of
the inclination angle. Taking into account that Equation
6 is based on numerous data from geological and struc-
tural maps of continents in various scales, it can be
noted that 'small-sized' blocks are more numerous that
'large’ ones. This is a logical consequence following the
ratio of data obtained by direct field observations that
always record more small blocks on sites than large
ones. The same is valid for even rock outcrops and evi-
denced by the plot from [Bird, 2003] (see Fig. 6) at the
second bend of the regression line;

(3) Regression for the consolidated data on plates
and blocks of different characteristic sizes (No. 8 to
225, Table; N.=3080.8L-%72 (7) (symbol 3 in Fig. 7). Re-
gression (7) shows a significantly smoothed transition
from small-sized lithospheric blocks to intra-continen-
tal blocks divisibility.

In general, equations 3, 5, 6 and 7 are similar, which
suggests that the fragmentation of 'solid' rocks follows
a physically uniform pattern, and, in more general
terms, there is a tectonophysical law of the fault-block
divisibility of the lithosphere which is valid for litho-
spheric blocks of a wide range of areas, from blocks
which size is compatible with North and South America
continents, i.e. nearly as big as lithospheric plates, to
lump of rocks observed on small outcropped sites.

With account of our detailed studies of fault-block
continental lithosphere structures of different ranks
and in view of the identity of the physics of the process
and the similarity of mathematical equations 5, 6 and 7,
we construct a continuation of the regression curve
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Areas and dimensions of lithospheric plates and blocks

IlapaMeTphl IUIOLAAElH U pa3MepOB JIMTOCPEPHBIX IJIUT U 6JIOKOB JTUTOCPEPhI

# Names of plates and blocks Identifiers Area, steradian Area, km? Average geometric
size, km
1 Pacific PA 2.57685 104593416 10227.09
2 Africa AF 1.44065 58475466 7646.925
3 Antarctica AN 1.43268 58151967 7625.744
4 North America NA 1.36559 55428808 7445.053
5 Eurasia EU 1.1963 48557388 6968.313
6 Australia AU 1.13294 45985628 6781.27
7 South America SA 1.03045 41825596 6467.271
8 Somalia SO 0.47192 19155063 4376.65
9 Nazca NC 0.39669 16101505 4012.668
10 India IN 0.30637 12435448 3526.393
11 Sunda SU 0.21967 8916326 2986.022
12 Philippine Sea PS 0.13409 5442665 2332.952
13 Amur AM 0.13066 5303442 2302.92
14 Arabia AR 0.12082 4904040 2214.507
15 Okhotsk OK 0.07482 3036917 1742.675
16 Caribbean CA 0.07304 2964667 1721.821
17 Cocos co 0.07223 2931790 1712.247
18 Yangtze YA 0.05425 2201988 1483.91
19 Scotia SC 0.0419 1700706 1304.111
20 Caroline CL 0.03765 1528200 1236.204
21 North Andes ND 0.02394 971716 985.7566
22 Altiplano AP 0.0205 832087.6 912.1884
23 Banda Sea BS 0.01715 696112.3 834.3335
24 New Hebrides NH 0.01585 643345.8 802.0884
25 Anatolia AT 0.01418 575561.1 758.6574
26 Birds Head BH 0.01295 525635.9 725.0075
27 Burma BU 0.0127 515488.4 717.9752
28 Kermadec KE 0.01245 505341 710.8734
29 Woodlark WL 0.01116 452980.4 673.0382
30 Mariana MA 0.01037 420914.6 648.7793
31 Molucca Sea MS 0.0103 418073.3 646.5859
32 North Bismarck NB 0.00956 388037 622.9261
33 Timor TI 0.0087 353129.9 594.2473
34 Okinawa ON 0.00802 3255289 570.5514
35 Aegean Sea AS 0.00793 321875.9 567.341
36 South Bismarck SB 0.00762 309293.1 556.1412
37 Panama PM 0.00674 273574.2 523.0432
38 Juan de Fuca JF 0.00632 256526.5 506.4845
39 Tonga TO 0.00625 253685.3 503.6718
40 Balmoral Reef BR 0.00481 195236.2 441.8554
41 Sandwich SW 0.00454 184277 429.2749
42 Easter EA 0.00411 166823.4 408.4402
43 Conway Reef CR 0.00356 144499.1 380.1304
44 Solomon Sea SS 0.00317 128669.2 358.7048
45 Niuafo’ou NI 0.00306 124204.3 352.4263
46 Maoke MO 0.00284 115274.6 339.5211
47 Rivera RI 0.00249 101068.2 317.9123
48 Juan Fernandez ]Z 0.00241 97821.03 312.7635
49 Shetland SL 0.00178 72249.56 268.7928
50 Futuna FT 0.00079 32065.82 179.0693
51 Galapagos GP 0.00036 14612.27 120.8812
52 Manus MN 0.0002 8117.928 90.09955
53 Angara-Ilim-9 Ay 47520 218
54 Angara-Ilim-13 [A13 34120 185
55 Angara-Ilim-3 A3 33620 183
56 Angara-Ilim-12 [A12 31430 177
57 Prisayan-Enisei-2 IPE: 28100 168
58 Baikal-Patom-3 I1IBP3 27450 166
59 Angara-Ilim A7 27380 165
60 Mirny IM1 25113 158
61 Stanovoy V1 24000 155
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Continuation of Table

[IpogosnXeHUe TabJHI B

# Names of plates and blocks Identifiers Area, steradian Area, km? Average geometric
size, km

62 Angara-Ilim [A11 23790 154
63 Angara-Ilim [As 21770 148
64 Prisayan-Enisei IPE1 20700 144
65 Aldan Il 20680 144
66 Angara-Ilim IA10 18940 138
67 Selenga-Yablonovy [1ISYa1s 17730 133
68 Mirny IM21 17480 132
69 Mirny IM2s 17300 131
70 Barguzin I1IB3 17060 131
71 Selenga-Yablonovy I1ISYa1s 16780 129
72 Angara-Ilim [A1s 16380 128
73 Aldan II2 16370 128
74 Baikal-Patom [11BP1 15700 125
75 Mirny IM11 15340 124
76 East Sayan IIIES2 15500 124
77 Selenga-Yablonovy IIISYas 15200 123
78 Mirny IM7 14820 122
79 Selenga-Yablonovy [IISyaz1 14810 122
80 Stanovoy IV2 14580 121
81 Aldan Ile 14360 119
82 Tunguska IT1 13900 118
83 Barguzin (II1B2) I11B2 13875 118
84 Mirny IMs 13800 117
85 Mirny IM23 13460 116
86 Aldan IIs 13400 116
87 Selenga-Yablonovy [ISYa1y 13470 116
88 Angara-Ilim A1 13280 115
89 Aldan Il16 13150 115
90 Baikal-Patom [1IBPs 13320 115
91 Selenga-Yablonovy 1ISYai3 13200 115
92 Khentei-Dauria VKhD2 13260 115
93 Mirny IM2 13053 114
94 Barguzin 1IB13 12700 113
95 Angara-Ilim 1A4 12470 112
96 East Sayan [IIES10 12400 111
97 East Transbaikalie VET3 12100 110
98 Barguzin I11Bs 11700 108
99 Selenga-Yablonovy 1ISYas 11600 108
100  Stanovoy V1o 11450 107
101  Mirny IMo 11170 106
102  Selenga-Yablonovy [IISYazo 11220 106
103  Angara-Ilim [A16 11020 105
104  Angara-Ilim [As 10570 103
105  Sayan-Altai I11SA3 10320 101
106  Selenga-Yablonovy 1ISYaie 10260 101
107  Stanovoy vy 10300 101
108  Mirny IMs 9800 99
109  Mirny IM14 9730 99
110  Baikal-Patom [1IBP4 9800 99
111  Selenga-Yablonovy [1ISYaz3 9420 97
112  East Sayan IIIESo 9190 96
113  Selenga-Yablonovy [1ISYai4 9200 96
114  Baikal-Patom [IBP11 8900 94
115  Sayan-Altai [1ISA2 8530 92
116  Barguzin I11B1 8490 92
117  Barguzin IB11 8550 92
118  Baikal-Patom IIIBP12 8500 92
119  Stanovoy Vs 8530 92
120  East Transbaikalie VET:1 8600 92
121  Mirny IMe 8250 91
122  Barguzin [IIB19 8100 90
123  Baikal-Patom [11BP: 8100 90
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Continuation of Table

[IpogosnXeHUe TabJHI B

# Names of plates and blocks Identifiers Area, steradian Area, km? Average geometric
size, km
124  Selenga-Yablonovy [1ISYaz4 8080 90
125  Selenga-Yablonovy 1ISYay 8000 89
126  Barguzin I11B7 7700 88
127  Baikal-Patom [1IBPs 7600 87
128  Aldan Ilo 7315 86
129  Aldan Il1s 7400 86
130  Angara-Ilim [A14 7180 85
131  Barguzin [11B21 7200 85
132 Baikal-Patom I1IBP1s 7200 85
133  Selenga-Yablonovy [1ISYas 7300 85
134  Barguzin [11B23 6850 83
135  East Sayan IIES12 6750 82
136  Barguzin [IIB1s 6750 82
137  Baikal-Patom I11BP7 6700 82
138  East Transbaikalie VET20 6800 82
139  Dzhida (I1ID1) 6600 81
140  Khentei-Dauria (VKhD1) 6500 81
141  East Transbaikalie (VET16) 6500 81
142  East Transbaikalie (VET17) 6500 81
143  Angara-Ilim (1A2) 6400 80
144  Mirny (IM24) 6400 80
145  Aldan (II3) 6075 78
146  Barguzin (I11B10) 6000 77
147  Mirny (IMa) 5800 76
148  Barguzin (I11B14) 5800 76
149  Baikal-Patom (IIIBPs) 5850 76
150 Selenga-Yablonovy (ITISYa11) 5800 76
151  Selenga-Yablonovy (IISYa12) 5800 76
152  Baikal-Patom (IIIBP9) 5625 75
153  Dzhida (I1ID2) 5600 75
154  Mirny (IM22) 5300 73
155  Stanovoy (IV13) 5380 73
156  Stanovoy (IV14) 5140 72
157  Barguzin (I11B12) 5100 71
158  Barguzin (I1IB22) 5000 71
159  Stanovoy (Ivs) 5000 71
160  Angara-Ilim (IA18) 4900 70
161 Aldan (1ls) 4855 69
162  Aldan (IT7) 4700 69
163  Stanovoy (IVe) 4700 69
164  Mirny (IM16) 4490 67
165  Pribaikalsky fault zone 4500 67
166  Stanovoy 4500 67
167  East Transbaikalie VETs 4500 67
168  Angara-Ilim A6 4350 66
169  East Sayan I11ESs 4400 66
170  Baikal-Patom I1IBP13 4275 65
171  Mirny IM13 4040 64
172 Aldan Il12 4050 64
173  Barguzin [1IB20 4150 64
174  Mirny IMz6 4040 63
175  Baikal-Patom IIBP1o 4000 63
176  Selenga-Yablonovy [1ISYas 4000 63
177  East Transbaikalie VET12 4000 63
178  East Transbaikalie VET1s 4000 63
179  Barguzin I11Bs 3800 62
180  Stanovoy V4 3800 62
181  East Transbaikalie VET13 3800 62
182  Aldan IT10 3740 61
183  Barguzin 11B24 3600 60
184  Stanovoy V12 3590 60
185  East Transbaikalie VET7 3590 60
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End of Table

OKoOHYaHHUEe TabJuIbl

# Names of plates and blocks Identifiers Area, steradian Area, km? Average geometric
size, km
186  Aldan (II11) 11 3350 58
187  Baikal-Patom [TIBP14 3350 58
188  Aldan Il1s 3200 57
189  East Transbaikalie VET4 3300 57
190 East Transbaikalie VET21 3230 57
191 Aldan 14 3100 56
192  East Sayan IIES11 3000 55
193  East Sayan I1IESe 2900 54
194  Barguzin 1IB16 2900 54
195  Stanovoy V11 2900 54
196  Angara-Ilim [A17 2680 52
197  Mirny IM1o 2690 52
198  Mirny IM1s 2690 52
199  East Sayan HIES7 2700 52
200 EastSayan [IIES13 2700 52
201  Barguzin [1IB4 2700 52
202  Selenga-Yablonovy 1ISYai7 2700 52
203  Khentei-Dauria VKhD4 2690 52
204  East Transbaikalie VET9 2690 52
205  Mirny IM17 2470 50
206  East Sayan IIIES3 2475 50
207  Selenga-Yablonovy ISYa1 2400 49
208  Khentei-Dauria VKhDs3 2400 49
209  East Sayan IIIES4 2250 47
210  Selenga-Yablonovy [1ISYaz2 2240 47
211  Selenga-Yablonovy 1ISYas 2100 46
212 Mirny IM1s 2000 45
213  Barguzin I11B9g 1800 42
214  East Sayan IIESs 1700 41
215  Barguzin IB17 1600 40
216  Mirny IM27 1570 39
217  Selenga-Yablonovy IISYa1o 1500 39
218  Mirny IMs 1390 37
219  Barguzin I1IBs 1300 36
220  Barguzin I11B1s 1200 35
221  East Transbaikalie VETs 1100 33
222 East Transbaikalie VET11 1100 33
223 Mirny IM19 898 30
224  Mirny IM12 540 23
225  East Transbaikalie VET10 494 22

N o t e s. The table consolidates the following data: Nos. 1 to 52 - from [Bird, 2003] with recalculation for area and linear sizes; Nos. 53 to
225 - according to [Cheremnykh, 1998; Sherman et al, 2000]. Names of the largest plates are bold printed; the general laws of destruction of
solid bodies do not apply to such plates. Names and two-letter identifiers of megablocks correspond to [Bird, 2003]. Names of regional

blocks are from the catalogue by A.V. Cheremnykh.

IpumeyaHwue [auaele ¢ N 1 no 52 - no [Bird, 2003] c nepecyeToM Ha ILIOLAAHbIE U JMHeHHble Mepbl; ¢ N2 53-225 - mo
[Cheremnykh, 1998; Sherman et al, 2000]. ’KupHbIM WIpHQTOM BblJeJIeHbI CaMble KPyINHble JUTOCepHbIe IIUTHI, HE BIHUCHIBAIOIHECS B
o611Me 3aKOHOMEPHOCTH JIeCTPYKLMH TBepAoro Tesa. Ha3BaHMs Mera6/iI0KOB COOTBETCTBYIOT KapTe [Bird, 2003], Ha3BaHUs perHOHaJbHbBIX

6JIOKOB ZlaHbI [10 aBTOPCKOMY KaTajory A.B. YepeMHBIX.

derived from equation 3 (Fig. 7) in the direction that
has been substantiated by P. Bird (see Fig. 6). The two
regression lines based on equations 3 and 7 have the
same physical meaning in bilogarithmical scales, and
their middle parts are identical in Figure 6 and general-
ly similar in Figure 7. The regression lines and the
equations reflect destruction patterns of the 'solid’
lithosphere in a wide variety of scales.

The area estimations obtained by different methods
provide for well-reasoned general conclusions concer-
ning regular patterns of the block destruction of the
Earth's lithosphere at specified hierarchical levels. The
reviewed results complement each other and extend our
knowledge of destruction of the lithosphere as the solid
cover of the Earth. It is now reasonable to briefly review
the known laws of destruction of solid bodies, i.e. rocks.
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Fig. 6. Number of plates plotted as a function of area [Bird, 2003, fig. 19].

Curve PB2002 (green) refers to the model in Fig. 7. A relatively steady slope of the curve for plate areas between 0.002 and 1 steradian
suggests a power law relationship between the number of plates and their minimum size. Flattening in the left segment of the curve is due
to the model incompleteness, i.e. there are many plates of smaller sizes which are not included in model PB2002. An abrupt variation of
the slope in the right segment of the curve suggests that very large plates are limited in their area because of the finite area of the Earth,
and perhaps also by mantle convection tractions.

Puc. 6. 'paduk B3aMOCBSI3U KOJIMYECTBA IJIUT Kak GpyHKIMU UX miowaay (mo [Bird, 2003, fig. 19]).

KpuBass PB2002 (3es1eHbIi 1IBET) OTpakaeT CUTYALUIO 110 JaHHBIM PUCYHKA 7. OTHOCHUTEILHO MOCTOSIHHBIA HAKJIOH KPUBOU MeX/y rpa-
Hunamu miaomazei 0.002 u 1.000 cTrepavaH oTpaxkaeT B3aUMOOTHOILEHUSI MEXAY YUCIOM IJIUT U UX MUHUMMaJIbHbIM pa3MepoM. M3me-
HeHUe yIJla HaKJIOHA B JIEBOH 4acTH rpaduKa OoTpakaeT HeJOCTAaTOYHOE YHUC/I0 HAabJ/II0JeHUH, TO eCTb UMEIOTCA ellle 6oJiee MeJIKHe, He
yYTeHHbIE B aBTOPCKOM MoJesnn 6/10ku. Pe3koe U3MeHeHHUe yr/a HaKJOHA B IPaBOX 4acTH rpaduKa MOKa3bIBAET, YTO KPYIHbIE IJIUTHI

6. GENETIC SOURCES OF THE LITHOSPHERE
DIVISIBILITY OF VARIOUS RANKS

It can be stated that Equation 7 and its specific vari-
ants (see Fig. 7) are sufficient to fully describe relative-
ly small lithospheric plates and intraplate blocks of the
'solid" lithosphere up to rock lumps. The experimental
methods have yielded similar equations that mathe-
matically reflect the physics of destruction of solid bo-
dies in a wide range of scales (from a medium-size
block which size amounts to a few thousand kilome-
tres, to a rock fragment which diameter is a dozen cen-
timetres), and there are ground to state that the block
divisibility of the lithosphere follows laws of self-simi-
larity. In the physics of destruction of solid and viscoe-
lastic bodies, self-similarity patterns have been noted
long ago at different scale levels. However, self-simila-

OrpaHUY€HbI B CBOMX pa3dMepax KOHEYHOH Ijomaabro 3eMJ1H, a TaKkKe, BO3MOXKHO, KOHBEKIJUOHHbBIMH MaHTHUUHBIMU MOTOKAMHU.

rity in a very wide spectrum of hierarchical levels, from
centimetres to mega sizes, has not been considered yet,
and this paper is the first attempt in this respect.

Based on results of independent studies, A.N. Kol-
mogorov [1941] and A.F. Filippov [1962] established
that rocks are subject to fragmentation according to the
law of destruction of solid bodies, and the following
exponential expression is linear in coordinates IgN and
IgL:

IgN=f(lgL), (8),

where L is the sample's arbitrary size, and N is the
number of samples.

This conclusion includes the above-described em-
pirical relationships that refer to large-size objects,
such as lithosphere blocks of various ranks and, partly,
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faults in the upper brittle layer of the lithosphere,
which cross each other to form the corresponding hier-
archic group of the fault-block structures of the solid
cover of the Earth [Sherman, 1977; Sherman et al., 2000,
2004; Seminsky, 2001, 2003; and many others]. Obvi-
ously, this property mitigates issues related to 'buck-
ling' of the regression lines at the boundaries of Juan
Fernandez (JZ) and Shetland (SL) plates (0.00241 and
0.00178 sr, respectively). Buckling occurs due to the
lack of quantitative data. In our study, this issue is
completely eliminated after the additional data are
supplemented (Table).

It can thus be stated that deformation and destruc-
tion of the Earth's solid cover under the influence of
external loads take place according to a regular pat-
tern. From certain hierarchical levels, residual destruc-
tion (in the form of blocks varying in ranks) is distri-
buted in accordance with the characteristic sizes of the
blocks and their number, as described by Equation 7.

Fig. 7. Curves of relationships between medium lateral dimensions of lithospheric plates and blocks: 1 - according to [Bird,
2003]; 2 - according to [Cheremnykh, 1998; Sherman et al, 2000]; 3 -
4 - extrapolated regression line according to equation 1; 5 - extrapolated regression line according to equation 3. 3. N. -
row of lithospheric plates and blocks by average characteristic sizes L, km (analogues to reconstructions by P. Bird in stera-

integrated regression line based on data (1) and (2);

Puc. 7. I'paduku B3aMMOCBS3U CpeJHUX MOMEPEYHBbIX Pa3MepoB IUIUT U GJIOKOB jiuTOChephl mo: 1 - mo gaHHBIM [Bird,
2003]; 2 - no maHHbIM [Cheremnykh, 1998; Sherman et al, 2000]; 3 — coBMellleHHasl INHUS PErpeccuy 1o AaHHbIM [1 u 2];
4 - s3KCTpanmoJiAalnus JUHUM perpeccuy 1o JAaHHbIM ypaBHeHMA (1); 5 - sKcTpamosfuus JUHUM perpeccuy Mo JaHHbIM
ypaBHeHus (3). Nc - mocies0BaTeNbHOCTb JIUTOCHEPHBIX IJIUT U 6JIOKOB B MOPsiJIKE YBEJUYEHHs YyCpeJHEHHbIX XapaKTep-
HbIX pa3MepoB L, kM (1o aHasoruu ¢ nocrpoenusmu Il. Bépaa B ctepasnaHax).

The regression is buckling at the transition from medi-
um-sized plates to large ones (see Fig. 6 and 7) due to
other reasons.

In terms of physics, buckling of the regression line
showing the hierarchy of plate sizes versus plate areas
(see Fig. 6 and 7) is related to sources of rank-variable
destruction of the lithosphere as a solid body. The
buckle occurs abruptly at the transition from a few
very large lithospheric plates to medium-sized plates
and small blocks that are statistically abundant. The
regression curve is buckled from a very steep angle to a
more gentle one at the boundary between South Ame-
rica (area of 1.03 sr) and Somali plates (area of 0.47 sr).
A jump occurs when the square area is doubled. For six
large plates (Africa, Antarctica, North America, Eurasia,
Australia and South America; data on Pacific plate are
not taken into account), the regression curve is a steep,
almost vertical line. Their areas are nearly similar and
almost unchangeable. Naturally, they are governed by



another law of formation of solid lithospheric masses,
which is not consistent with the laws of destruction of
solid bodies. In this respect, P. Bird [2003] also notes
that the fact that large plates are clearly established is
indicative of a very weak dependence of plate areas
from any quantitative parameters, except for the Earth
radius. When the Earth radius is used as a natural in-
dependent unit to measure solid angles in steradians, it
is clearly revealed that very large areas of the above-
mentioned six plates (Pacific plate is an exception) are
almost similar. According to P. Bird [2003], typical
areas of the large lithospheric plates correlate with
mantle convection: “...this characteristic size seems
more consistent with whole mantle convection than
with layered convection”. Indeed, the formation of the
largest blocks (i.e. primary lithospheric plates originat-
ing at the stage when the protolithosphere was formed
and later periods) is more in line with mantle convec-
tion than destruction of the solid body. The author fully
shares these assumptions by P. Bird as they are sup-
ported by all the above discussed data, arguments and
tectonophysical calculations.

As shown by the analysis of areas of the rank-
variable present lithospheric plates (see Table), the
total area of the seven largest plates (less than 14 % of
the total number of plates) is about 10.15 steradians,
and they occupy almost 81 % of the entire surface of
the Earth. The area of the six continental plates (Africa,
Antarctica, North America, Eurasia, Australia and South
America) is more than 60 % of the planet's surface
area. They are well traced in the history of Pangea and
less evidently in the more distant past. Through the
history of the Earth, these huge integral bodies were
subject to numerous geodynamic catastrophes and
transformations. Some of them lost much of the initial
mass, others completely 'disappeared' in the mantle,
while some of the plates have grown in size. Therefore,
from one super-continental cycle to another, the litho-
spheric blocks differ in number and kinematics. Based
on the available data, it is impossible to state for sure
which of them were formed before the Archaean and
are still in place, and which of them were more or less
transformed. It is challenging to restore the genesis of
structural relics in the cooling medium of the proto-
lithosphere and those in the lithosphere medium with
reference to the very distant past. It is an inverse prob-
lem with unambiguous solutions. As a definite and in-
disputable conclusion cannot be drawn, one can only
assume that convection is the most probable and better
argumented physical process that took place when
the low-viscous medium of the protolithosphere was
cooling down to form large masses in the first hypo-
thetical (?) supercycles of Vaalbara and Ur, and, finally,
convection can be viewed as a mechanism predeter-
mining the present shape of the Earth's continents. It is
most probable that the megablocks were fragmented

Geodynamics & Tectonophysics 2015 Volume 6 Issue 3 Pages 387—408

in the similar pattern in Kenorlend and later super-
cycles. However, based on the available materials, it is
possible only to justify the block structure of the pre-
sent stage.

It is reasonable here to quote the book by N.L. Dob-
retsov et al. [2001]: “In the history of the Earth, convec-
tion in two layers was replaced by convection in the en-
tire mantle and vice versa, and this might have taken
place several times... Therefore, it is most likely that in
the Earth's history, convection in the entire mantle was
replaced by two-layer convection. Another possible
scenario is more complicated: about 2.5 Ga ago, two-
layer convection was replaced by convection in the en-
tire mantle [Maruyama, 1994]; after a period of one bil-
lion years, two-layer convection occurred again [Honda,
1995], and, finally, a transition back to convection in the
entire mantle took place in the past 150-100 Ma [Tru-
bitsyn, Rykov, 2000]” (p. 111). Convection predeter-
mines the major cycles in the geodynamics of the Earth
and fragmentation of the lithosphere into megablocks.
The latter are destructed under the physical laws of
destruction of solid rocks. Currently, destruction of the
lithosphere is actively continued in seismic zones of the
continental lithosphere and zones of subduction and
spreading at the margins of the lithospheric blocks.

7. DISCUSSION

Publications on convection in the Earth's mantle and
its role in global geodynamic processes are quite nu-
merous. In the majority of papers, recent geodynamic
processes are considered with an assumption that the
evolution of convection in the mantle and astheno-
sphere took place in two- or three-layer or more com-
plicated patterns [Lobkovsky, 1988; Lobkovsky, Kotelkin,
2000; Lobkovsky et al, 2004; Rykov, Trubitsyn, 1994a,
1994b; Trompert, Hansen, 1988; Trubitsyn, Rykov, 2002;
Trubitsyn V.P, Trubitsyn A.P,, 2014]. Mantle convection
was discussed in a number of publications many years
ago, the most famous of which are [Pekeris, 1935;
Molnar et al., 1979].

According to [Molnar et al., 1979], large sizes of con-
tinental plates are related to convection in the entire
mantle, and horizontal dimensions of the plate depend
on the depth of the convective process. Their analysis is
based on the proportional change in the length of the
subduction zone on the surface and the velocity of its
sinking which depends on heat assimilation in the ab-
sence of a barrier at the border with the lower mantle.

The two-layer convection in the Earth mantle is de-
scribed by L.P. Zonenshain and M.I. Kuz’min [1993] and
reconstructed in a world-known scheme by S. Maruya-
ma [1994].

To sum up this very brief information on the two-
layer models of convection in the Earth mantle, it is
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worthy to refer again to the book by N.L. Dobretsov et
al. [2001] who give much attention to convection as an
important component of geodynamic processes. In
their book, prior to the geodynamic analysis of pro-
cesses in the mantle, asthenosphere and lithosphere,
they provide a comprehensive description of the two
main models of thermal-gravitational convection which
provide the basis for a variety of geodynamic recon-
structions. In the first model, convection take place in
the entire mantle, from boundaries of the lithosphere
base (30 to 100km) to the upper limit of the core
(about 2900 km). The second model shows convection
in the upper and lower mantle without any significant
mass transfer between the two layers. In [Dobretsov et
al., 2001], the authors focus on the complexity of geo-
dynamic processes in the mantle and discuss their evo-
lution up to the present stage of the Earth develop-
ment. The concept of two-layer mantle convection is
convincingly proved by results of many original expe-
riments conducted by the authors with the use of spe-
cially designed installations [Kirdyashkin, Dobretsov,
1991; Dobretsov, Kirdyashkin, 1993]. Besides, they es-
timated parameters of convection. Specifically, based
on the video records, they revealed flow lines in the
two-layer fluid convection system and estimated hori-
zontal and vertical velocities of the flows. Their very
important observation is that convection flows above
and below the interface go in different directions, and
this is an evidence that vector directions of horizontal
convection flows in the layers located one upon ano-
ther are not interrelated. According to [Dobretsov et al.,
2001], vectors of the vertical flows are similar, and this
fact emphasises the major role of convection in the
mantle which provides for dissipation of heat energy.
Important are the digital parameters and vectors of
flow velocities and cell sizes. In the bottom layer
(which is thicker), cell sizes are proportional to the lay-
er's thickness, and flow velocities are lower. In [Do-
bretsov et al., 2001], the concept of the two-layer con-
vection in the Earth's mantle is well established by the
experimental and actual observation data. Nonetheless,
the authors note: “In the majority of cases, the geo-
chemical data support the two-layer convection model,
while much geophysical data may be interpreted in fa-
vour of convection in the entire mantle” (p. 108).

In [Trubitsyn V.P., Trubitsyn A.P., 2014], a digital
model is described in detail to show that the present
set of the lithospheric plates is a result of the evolution
of convection. It provides an insight into the possible
mode of flows in the entire mantle, movements of the
masses between the upper and lower mantle, as well as
between the central and lateral limits of the convection
cells. Using equations, V.P. Trubitsyn and A.P. Trubitsyn
calculated temperature, viscosity and velocity of
mantle convection flows generated by effective diffu-
sion-dislocation creeping in the absence of pseudo-

plastic deformation and in case of the very hard litho-
sphere. In particular, their temperature distribution
pattern shows that small cold descending flows, i.e.
small-scale convection, occur under the lithosphere.
The estimated scheme of convection in the entire
mantle in [Trubitsyn V.P, Trubitsyn A.P., 2014] is con-
sistent with our ideas of the primary genetically emer-
ging block divisibility of the protolithosphere. In the
initial state, the protolithosphere remains uniform at
the surface, has a roughly constant thickness and in-
creased quasi-strength at the primary inter-cell boun-
daries whereat the viscosity of the medium is increa-
sing due to cooling of the protolithosphere.

Regretfully, initial divisibility of the emerging upper
solid cover of the Earth is taken into account by few
researchers in their estimations, while such divisibility
is one of the most likely results of convection in the
cooling protolithosphere. This is obviously due to the
absence of direct geological materials and the lack of
appropriate paleo-reconstruction methods that can
integrate geological, geophysical and geochemical da-
tabases. As shown by our study, computational me-
thods are helpful, to a certain extent, in solving ill-con-
ditioned inverse problems to reconstruct processes
and structures of the distant past.

The concept of the single-layer convection, assu-
ming that convection took place through the %-radius
depth at the initial stage when the Earth lithosphere
was formed, is acceptable and seems quite realistic,
even though the literature is still insufficient on this
subject. This justifies the author's efforts to clarify the
origin of divisibility of the primary non-solid, almost
continuous cover of the Earth which evolution history
includes periods of the Phanerozoic and contemporary
faulting in the lithosphere and its fragmentation under
the laws of destruction of solid bodies. It can be noted
in general that the upper cover of the Earth is subject
to destruction in a regular pattern, from larger to
smaller masses.

8. CONCLUSION

This study is pioneering in tectonophysical recon-
struction of initial divisibility of the protolithosphere as
a result of convection in the cooling primitive mantle.
Initial division of the protolithosphere into separate
masses, i.e. prototypes of the blocks, and their size was
predetermined by the emerging Rayleigh-Bénard con-
vection cells. In studies of geology and geodynamics,
the Rayleigh-Bénard convection cells were first re-
ferred to as a factor to explain the formation of initial
continental cores. Considering the Rayleigh-Bénard
cells and their structural relics can help clarify initial
divisibility of the protolithosphere and the origin of the
major lithospheric plates, i.e. prototypes of continents.



In our opinion, the initial mega-scale block structure of
the protolithosphere and the emerging lithosphere
were predetermined by the Rayleigh-Bénard cells as
they were preserved in the emerging lithosphere and
their lower boundaries corresponded to the core-
mantle boundary, i.e. one of the major discontinuities
of the planet. Our theoretical estimations are in good
agreement with the number and sizes of the Earth's
theorized first supercontinents, Vaalbara and Ur.

In our tectonophysical discussion of the formation
of the lithospheric block structure, we analyse in detail
the map of modern lithospheric plates [Bird, 2003] in
combination with the materials from [Sherman et al,
2000]. In the hierarchy of the blocks comprising the
present lithosphere, which sizes are widely variable,
two groups of blocks are clearly distinguished. The first
group includes megablocks with the average geometric
size above 6500 km. Their formation is related to con-
vection in the Earth mantle at the present stage of the
geodynamic evolution of the Earth, as well as at all the
previous stages, including the earliest one, when the
protolithosphere emerged. The second group includes
medium-sized blocks with the average geometric size
of less than 4500 km and those with minimum sizes,
such as rock lumps. They reflect primarily the degrada-
tion of the megablocks as a result of their destruction
due to high internal stresses in excess of the tensile
strength of the medium. This group may also include
blocks which formation is related to convection in the
upper mantle layer, asthenosphere. There are grounds
to assume that through the vast intermediate interval
of geologic time, including supercycles of Kenorlend,
Rodin, and Pangea, the formation of the large litho-
spheric blocks was controlled by convection, and later
on, they were ‘fragmented’ under the physical laws of
destruction of solid bodies. However, it is difficult to
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clearly distinguish between the processes that prede-
termine the hierarchy of formation of the block struc-
tures of various origins - sizes of ancient lithospheric
blocks cannot be estimated unambiguously.

Thus, mantle convection is a genetic endogenous
source of initial divisibility of the cooling upper cover
of the Earth and megablock divisibility of the litho-
sphere in the subsequent and recent geodynamic de-
velopment stages. In the present stage, regular patterns
of the lithospheric block divisibility of various scales
are observed at all the hierarchic levels. The areas of
the lithospheric megaplates result from regular chan-
ges of convection processes in the mantle, which influ-
enced the formation of plates and plate kinematics.
Fragmentation of the megaplates into smaller ones is
primarily a result of destruction of the solid lithosphere
under the physical laws of destruction of solid bodies
under the impact of high stresses.
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