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ON ENERGY BALANCE OF THE TECTONOSPHERE

Purpose of this work is to refine and complete the energy balance of the Earth's tectonosphere by thermal
modeling. The methodology includes a detailed comprehensive analysis of heat generation in the crust and upper
mantle throughout the studied geological history of the Earth for 4.2 billion years. Results. Experimental data on
radiogenic heat generation in the Earth's crust and upper mantle are summarized. The need for a separate
consideration of the heat balance for regions with different endogenous regimes on platforms, in geosynclines
and oceans has been established. The average values of heat generation in the crust are about 0.4-0.5 pW/m?. In
the upper mantle they are 0.04, 0.06, and 0.08 uW/m?, respectively. When taking into account the thicknesses of
the solid crust (about 40 km under the platforms and geosynclines and about 6 km under the oceans) and the
upper mantle (430-460 km), almost the same number of sources is found under all regions. They are distributed
differently. This leads to different variants of geological history. It can be assumed that there are radiogenic heat
sources with an intensity of about 0.02 pW/m® in the transition zone to the lower mantle and in the lower mantle
up to about 1100 km. At greater depths in the shell (the total mass of the Earth outside the core) and core, there
are no sources. The energy balance of the tectonosphere is calculated for the platforms. Over 3.6 billion years
(the period over which it is possible to describe the geological history quite accurately), about 73.5-10* J/m? has
been carried out by the heat flow. The conductive heat flow during this time carried out 59.5-10*J/m?. The
difference corresponds exactly to the needs of all active processes of this period. Originality. The experimental
dates of the events also coincide with those calculated by the theory (some of which are for the first time).
Practical significance. For the Phanerozoic geosynclines, such control has also been partially performed. The
independently determined evolution of the mass flow (which is also of practical importance) in the geological
history also agrees with the calculated values.

Key words: radiogenic heat generation, conductive and convective heat transfer, active processes in the
tectonosphere, thermal history.

of heat during polymorphic and phase transformations
of matter, according to the author, can be considered
balanced.

The balance was considered in detail by the author
earlier [Gordienko, 2017]. In this article, some additions
and clarifications have been made to its brief description.

The individuality in the composition and heat
generation of the crust in regions with different
endogenous regimes is obvious. Differences in the

Introduction

The energy balance of the tectonosphere is one of
the main elements of the geological theory developed
by the author. It controls the implementation of the
law of conservation of energy in deep processes. The
currently available data allow us to identify the source —
the radiogenic heat generation (HG) in the Earth’s
crust and upper mantle — and quantitatively show the

correspondence of the energy released to all known
energy-intensive processes throughout the studied
geological history starting from about 4.2 Ga ago
[Gordienko, 2012, 2022, etc.]. The energy balance
consists of residual heating from accretion and
differentiation of the planet, heat generation in the
crust and mantle, on the one hand, and the cost of
maintaining the heat flow (HF) through the surface, on
the other. HF comprises three components associated
with 1) cooling of a stationary medium; 2) heat
generation in it; and 3) heat and mass transfer in the
tectonosphere, a phenomenon that accompanies active
processes. The external thermal background of these
processes is created by solar radiation and the
evolution of the atmosphere. The release and absorption
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composition of mantle rocks on platforms and in
oceans were recorded even in the works of F. Boyd
[Boyd, 1989]. In the opinion of F. Boyd, mantle rocks
of platforms could not have been formed through
“crowding” of the oceanic lithosphere. The off-
platform continental regions occupy an intermediate
position [Boyd, 1989]. Therefore, it makes sense to
consider the distribution of HG in the tectonospheres
of Precambrian platforms, Phanerozoic geosynclinal
belts, and oceans separately.

Data on the Earth’'s radiogenic heat sources

Now sufficient material has already been accumulated
to reliably determine the concentrations of uranium,
thorium, and potassium in the substance of stone
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meteorites that formed the Earth, and the processes of
their migration in separation from the material of the
metallic core have been studied [Crozaz, 1979;
Goreva & Burnett, 2001; Handbook..., 1969; Rocholl
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& Jochum, 1993; White, 2020; etc. ]. A general estimate
of the radiogenic sources number (for the current
level) can be obtained from the HG of chondrites and
iron meteorites (Fig. 1).
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Fig. 1. Histograms of K, U, and Th content distributions in meteorites.
n - is the number of analyzes used, M is the median value, Av is the mean.

The shell volume is 0.9-10" km?, i.e. the total
power of radiogenic energy sources is 25.2-10™ W.
When describing the vertical distribution of heat
generation in the Earth's shell, the object predicted by
the hypothesis based on the results of thermal
modeling and experimentally confirmed is the global
asthenosphere (in the depth interval of about 800-
1100 km) - zone of partial melting of the lower
mantle rocks. This is the preserved lower fragment of
the magma ocean. The “ocean” arose during melting,
which accompanied the separation of the nucleus, and
convection, the transfer of the most fusible and
enriched in radioactive elements part of the substance
into the upper part of shell. It cooled to solidus
temperature, separating the upper mantle and crust in
its composition.

Data are abundant on the content of uranium,
thorium, and potassium (and therefore, on contemporary
heat generation) in crustal rocks. P-wave velocities
(Vp), as well as their dependence on temperature (T)
and pressure were determined for the same rocks.
As a result, correlations were established between
parameters for rocks of the consolidated crust
HG=1.28exp (1.54 [6-Vp]) at platform-type temperature
distribution. Heat generation in rocks with dissimilar
degrees of lithification in the sedimentary layer
correlates with Vp in the following manner:
HG = 1.264 — 0.084exp (0.554 [Vp - 2]) [Gordienko,
2017] (HG in pW/m®, Vp in km/s).

The average velocity sections of the Earth's crust
of platform and geosyncline were constructed for the
platform distribution of T. The average HG values in
the crust of these regions were 0.55 and 0.42 pW/m?,
respectively. The total contemporary radiogenic
heat generation in the crust beneath platforms
(Wecrust = HGeH, H being the thickness of the layer)
is 23 mW/m?; beneath geosynclinal belts, it amounts
to 17.5 mW/m?. The thicknesses of the crust are close
to each other and are about 42 km. Beneath oceans

with a crustal thickness of about 6 km (approximately
0.5 km composed of sedimentary rocks and 5.5 km of
basic rocks), the average heat generation in the
crust is about 0.5 pW/m?, and the composite energy
generation is 3 mW/m?.

The exchange of radiogenic energy sources between
the crust and the upper mantle occurs in the form of
basaltic magmatism and subsidence of eclogites
formed in the crust. The volume can be judged by the
data in Fig. 2.

The density of gas-saturated basaltic magma
allows it to reach the surface. The density of eclogites
with pyrope allows subsidence to a depth of about
250 km, with almandine — to the bottom of the upper
mantle.

The bibliography and arguments in favor of the
reliability of the accepted HG values in the upper
mantle rocks are given in [Gordienko, 2017].
According to the theory throughout the Earth’s
geological history, crustal eclogites have descended
into the upper mantle in an amount that exceeded
half of its volume. The scale of the process leaves
no doubt that, as far as composition is concerned,
the lower portion of the upper mantle (directly
from which no xenoliths are transported to the
surface) does not noticeably differ from the upper
portion. It also contradicts the idea of a general
decrease in the concentration of radiogenic
sources in the mantle with time due to their
removal into the crust.

Distribution histograms of radioactive element
content in the mantle rocks (and crustal mafic rocks
and eclogites) of the three considering regions
varieties are shown in Fig. 3.

Differences in the number of analyzes used are
large. It can be assumed that the result for platforms is
unlikely to change when new data is added (it was the
same with half as many of them). In the case of
geosynclines this is also quite likely. There is still
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little information in the oceans, for a reliable estimate
of HG it is necessary to continue its accumulation.
However, even with the currently available information,

we can state a noticeable difference in the heat
generation of mantle rocks in the three region
varieties of the Earth.
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Fig. 2. Histograms of K, U, and Th content distributions in basalts and eclogites.
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Fig. 3. Histograms of K,0, U, and Th

content distributions in the mantle rocks

of platforms, geosynclines, and oceans.
n is the number of analyzes used, M is the median value, Av is the mean.

The depth of the upper mantle base assumed by
the author (the boundary at which, according to
theory, the transformation of olivine-a into
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olivine-f begins at present-day temperature under
the inactivated Precambrian platforms is about 470
km) does not necessarily exactly correspond to the
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change in heat generation. Nevertheless, it is
interesting to note that the total amount of
radiogenic heat sources in the crust and upper
mantle of all three types of regions turns out to be
almost the same — 41+1 mW/m? The revealed
differences hardly exceed the calculation error.
l.e., at present, at any point on the Earth, the same
amount of heat is released under a unit of surface,
but its sources are distributed differently, which is
associated with the crust formation of one or
another type. On the continents the crust of
approximately modern thickness has existed for
billions of years, on the oceans the situation is
unclear, most likely, in the present form (i.e. with
a Moho depth of about 10 km, which is not
necessarily true) it is young. Tens or first hundreds

of millions of years ago there was a crust of
comparable thickness to the continents, perhaps
more basic. At this point, any reliable information
about the history of the oceanic crust is exhausted.

Considering the HG of the crust and upper
mantle to be known (see below), let us determine
their share in this heat release. For continents and
oceans, the total number of sources in the crust
and upper mantle practically coincides. Table 1
presents continental data (average for geosynclines
and platforms). This is natural, since according to
the theory, at the beginning of oceanization, the
conditions were the same as on the present
continents. Then the sources from the crust were
mostly transferred to the upper mantle (which
corresponds to the experimental data.

Table 1
Distribution of radiogenic energy sources in the Earth's shell
Layer Depth, km V, 102 km® HG, W/km?® E, 10w
Crust 0-42 0.021 500 10,5
Upper mantle 42-470 0.201 50 10,0
Transition zone 470-800 0.130 19 25
Global asthenosphere 800-1100 0,116 19 2,2
E — energy
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Fig. 4. Change in time of heat flow (1, 2, 3) and radiogenic heat generation (4, 5) on the platform.
1, 2 — radiogenic heat flow from the crust (1), upper mantle (2) and 3 — associated with the cooling
of the tectonosphere. 4, 5 — heat generation in the crust (4) and upper mantle (5). Av are the average values,
¥ are the total values of the produced and removed energy over 3.6 billion years (in 10 J/m?).

It can be assumed that there are some radiogenic
energy sources in vanishingly low concentrations
throughout the lower mantle and transition zone. But
it seems more logical to consider the persistence of
appreciable content in the lower part of the former
magma ocean. This very option is presented in Table. 1,
and most of the mantle and core are devoid of
radiogenic heat sources. From the above data, the
definition of the Earth's tectonosphere as a depth
interval where energy is available to support deep
processes is clear. This is definitely the crust and

upper mantle and, possibly, the underlying layer to the
bottom of the global asthenosphere.

Heat balance on the example of platforms.
Calculations and results

On the shields of the platforms in areas of
prolonged absence of active processes accompanied
by convective heat and mass transfer in the mantle, it
is possible to collect detailed information on the
geological history and compare the observed and
calculated parameters of the Earth's thermal field. For
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this purpose, a time interval of 0-3.6 billion years ago
was chosen, for which the necessary information is
available on all continents.

The above data and an analysis of the initial stage of
the Earth’s geological history show that the heat flow from
the lower mantle is close to zero [Gordienko, 2012].

Heat flow and heat generation in the period 0-3.6
billion years ago in the crust and upper mantle are
shown in Fig. 4.

In addition to heat generation in the mantle, the
total value of heat flow is also formed by long-term
cooling, the continuing stage of which started
(according to the theory) from the solidus temperature
4.2 billion years ago. For mantle rocks, Tsol =
1,013+3.914H — 0.0037H?, where H is the depth in km
within the 0-470 km range.

The sum of the two calculated components for the
present equals 20.5 mW/m? It matches the value of
the mantle heat flow on platforms determined as the

difference between observed heat flow and estimated
crustal radiogenic HF [Gordienko, 2012 etc]. This
would have been impossible with incorrectly selected
heat generation in the upper mantle and in conditions
of its cooling. The sum of all three components of the
conductive heat flow presently amounts to 43 mW/m?,
which is very close to the heat flow observed on the
platform unaffected by anomalies associated with
deep-seated heat- and mass transfer. Such heat flow
on the territory of Ukraine covered by detailed studies
was recorded at the slope of the VVoronezh anteclise, in
the Dnieper-Donets Depression, on the Ukrainian
Shield, on the Volyn-Podolsk plate, and in the South
Ukrainian monocline. The integral heat generation in
the crust and upper mantle over the recent 3.6 billion
years is 73.5¢10"J/m% The conductive heat flow
during that period carried away 59.5¢10™J/m? The
difference must be due to the heat- and mass transfer
during active deep-seated processes.
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Fig. 5. A refers to the HF anomaly in the geosyncline and B — to the HF anomaly in the rift,
C —in the recent activisation zone.

Let us analyze energy requirements for deep-seated
processes (W,uy). We are talking about geosynclines,
rifts, and zones of single-episode activation that occurred
in the geological history of the contemporary
platform (Fig. 5). (According to the theory, there are
three episodes of heat- and mass transfer in the
geosynclinal process and two or three episodes in
continental rifting.) The anomalous heat flow in the
geosyncline carries away 0.68:10J/m? (Fig. 5A); with
an allowance for the energy spent on non-thermal
processes in the near-surface zone (primarily, the
ascent of a crustal block and upper horizons of the
mantle), energy spent on a single geosynclinal cycle
increases to 0.810* J/m?.

For the rifting process, this value turns out to be
somewhat lower: about 0.6:10*J/m? (Fig. 5B).
Approximately as much energy (0.50-0.55:10*J/m?)
is required for a single episode of activation. In the
latter case, it is not possible to completely construct
the experimental anomaly of the heat flow, and so a
value estimated following the theory was used for
determining W,e. The anomaly reaches maximum of
about 20mW/m?, just like in the rift.

The choice of the type of active process was linked
to the type of the antecedent thermal model. If the
temperatures exceeded solidus within a broad range of
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depths larger than 200 km, the situation was
considered suitable for the emergence of intra-
asthenospheric convection and geosyncline. At the
same time, the presence of a superadiabatic gradient in
the asthenosphere or its part was taken into account.
Such a specific part of the asthenosphere was viewed
as suitable for the convective intermixing of the
material and for shaping an ascending asthenolith.
With a thinner asthenosphere, conditions were defined
as favorable for rifting or a single-episode activation
characterized by the transport of material like at the
initial stage of rifting. As a rule, in that case the
transport of material occurred from the asthenosphere
or its portion about 100 km, less commonly 50 km
thick. In the absence of the asthenosphere or its small
(less than 50 km) thickness, the situation was
considered unsuitable for the onset of an active
process, and the computations (implying solely the
evolution of background and smoothing of earlier
temperature anomalies) were continued until the
necessary conditions were achieved. In calculations of
thermal effects resulting from the displacement of the
material, whenever necessary, the limited length and
width of the arising heat sources were accounted for.
The modeling by no means reflects the only
possible sequence of active processes in the shield’s



Geodynamics 2(35)/2023

tectonosphere. We analyzed several versions of the
process with different thermal properties of the
medium and different characteristics of the process for
instants when the thermal model did not make it
possible to pinpoint a specific type of endogenous
regime, so that it would enable to start an activation or
extend the period of “tectonic quiescence” to obtain
better “maturation” of conditions for a subsequent heat
and mass transfer. In all cases we observed largely the
same picture. There is nothing that could be added to
the calculated episodes of heat and mass transfer.

In areas of the world’s shields and platforms,
where traces of active processes can be seen, 23 active
events took place over 3.6 billion years (Table 2).
They include three geosynclinal, 11 rift, and nine
activation processes (contemporary activation is not

on this list because it has not yet occurred on the
greater part of the territory of platforms). The
calculations that have been performed are in fact a
physical verification of the Stille’s canon.

The result (energy consumption of about 1410™)/m?)
corresponds to the difference between radiogenic heat
generation in the crust and upper mantle and
conductive flow from the tectonosphere. In other
words, mass transfer responsible for the tectonic-
magmatic activity consumes about 20 % of the heat
flow energy being released, i.e. 30 % of radiogenic
energy. Radiogenic heat generation in the tectonosphere is
perfectly sufficient to account for deep-seated processes,
and there is no need to involve others, especially those
located at depths on which no information is available
(the core-mantle interface, and so on).

Table 2

Comparison of model (M) and experimental dates for rocks of the Ukrainian Shield (USh)
(million years) [Shcherbak et al., 2005, 2008, Shcherbakov, 2005].

M Ush M USh M USh M USh M USh M USh
3800 3790 3500 3500 3170 3170 2820 2820 2280 2290 1480 1460
3770 3470 3490 3140 3140 2780 2790 2240 2240 1350 1350
3740 3750 3440 3450 3100 3100 2740 2740 2200 2200 1250 1230
3710 3730 3410 3400 3070 3070 2700 2700 2150 2150 1100 1100
3680 3680 3370 3370 3040 3040 2650 2660 2120 2110 950 900
3650 3650 3330 3330 3010 3010 2600 2600 2060 2060 790 770
3620 3620 3300 3310 2980 2980 2550 2550 2000 2000 600 650
3590 3600 3270 3270 2940 2920 2500 2500 1850 1880 400 390
3560 3560 3230 3250 2900 2900 2400 2430 1800 1800 200 280
3530 3200 3190 2860 2860 2350 2340 1750 1750 0 5

Heat balance on the example of Phanerozoic
geosynclines

Calculation of heat and mass transfer acts for
geosynclines is carried out according to the same
scheme as for platforms, but with a different HG of
mantle rocks. The results obtained indicate the
existence of a minimum time separating these events.
Probably, it is determined by the time of asthenolith
floating.

There are no sufficient reliable data on the degree
of deconsolidation during heating as a result of
radiogenic heat generation, on the path length, on the
rocks’ strength and viscosity, and so on to enable us to
accurately evaluate the duration of an individual
ordinary act of advection (even in its most simplified
form in accordance with the Stokes’ law). It can be
assumed that rates of displacement in the upper
portion of the tectonosphere are higher due to the
reduction in density during partial melting. Rates of
motions amounting to 0.5 to 1.0 cm per year and the
cycle duration of 20-30 million years appear to be
plausible. The accuracy of such assessments is not
certain, but they find some support from independent
data.

It would be logical to expect the maximum
incidence of active events during the Hadean period

(3.9-4.0 to 4.2-4.3 billion years ago) of maximum
heat generation. Yet, intervals between activations
slightly exceed 30 million years [Balashov, 2009]. In
recent years much information has been published on
vertical displacements of large rock blocks by 50-200
km at the rates of 0.1-2.0 cm/year [Board et al.,
2005; Romer & Roetzler, 2001; Gordienko, 2022].
In Phanerozoic geosynclines, acts of heat and mass
transfer within the cycle are often divided by the same
time gaps of 30 million years.

Judging by the data for platforms, intervals between
activation acts over the period of 3.8-2.0 billion years
increase (for a single block) slowly enough: from 35-
30 million years to 55-60 million years. During the
same period, heat generation is comparable to that in
the mantle of Phanerozoic geosynclines. Later, the
difference in HG increases at a fast rate and the time
interval between activation acts on the platform
(geosynclinal cycles are absent) grows to 180 million
years by the end of the Precambrian. This period
seems promising to look for differences in the activity
of the two types of regions. The calculation confirms
this estimate. During the period from 0 to 2 billion
years, 1 riftogenesis and 9 single-act activations occur
under the platform with a typical HG.There are 22
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active events under the geosyncline, 3 of which are
geosynclinal, 7 are rift, and 12 are single-act events.
To enable a comparison, it is necessary to select
portions of Phanerozoic geosynclinal belts of relatively
small dimensions for which the dating of active events
is known within a considerable time interval. This is
proving difficult. Instead of one area, three areas were
used in the Ural-Mongolian fold belt, for which the
absence of offsets in close datings was shown (only

those due to accuracy were allowed): the Sangilena
block in Tyva, the southern part of the Yenisey ridge,
and the Bashkirian block of the Urals [Anisimova et
al., 2012; Bibikova et al., 1993; Kratz & Zapolnov,
1982; Nozhkin et al., 1989, 2012; Pronin, 1965;
Khain, 1977 et al.]. In Table 3, the ages matched for
the three districts are shown in brackets. Their number
and location on the timeline suggest that there is no
“extra” data in the resulting list.

Table 3
Ages of rocks of the Bashkirian block of the Urals, Yenisei Ridge, and Sangilen (BYeS)
in comparison with the model ones (M)

M BES M BES M BES M BES M BES
3300 3310 2860 2200 (2210) 1480 1470 700 700
3270 3270 2820 2150 1400 1400 650 670
3230 2780 2790 2110 2100 1350 600 (620)
3200 2740 (2730) 2060 2050 1250 (1250) 550 520
3170 2700 2700 2000 1150 1150 500 470
3140 2650 2670 1950 1970 1100 1120 450 (440)
3100 2600 2600 1920 1930 1050 1050 400 400
3070 2550 2550 1880 1900 950 350 350
3040 2500 1850 (1830) 900 900 300 310
3010 2400 (2400) 1800 1780 850 870 250 280
2980 2350 1750 1750 800 810 200 220
2940 2280 2260 1650 (1640) 760 780 100 130
2900 2240 1550 (1580) 730 (750) 20 30

In the Archean and Early Proterozoic, the experimental
ages correspond to those calculated for the platforms.
It is interesting to note that the experimental dates also
agree. The average differences do not exceed the
errors (10 million years) (see Tables 2 and 3). For the
ages below two billion years observed dating results
are more numerous, and this supports the assumption
that higher activity is due to more vigorous heat
generation. However, after Caledonian-Hercynian
events, the geosynclinal process never recurred, and
activations, including contemporary ones, are similar
to those on platforms.

Mass-flow evolution in geological history

Not only do the data presented above indicate
compliance with the energy preservation law, but they
also illustrate a five-fold reduction in the incidence of
active processes over the period in question due to a
reduction in the concentration of radioactive elements
in the course of their decay.

There is one more independent technique to verify
the likelihood of such variation. It is based on a
simulation study of isotopic-geochronometric systems
[Azbel et al., 1988 etc]. The modeling is expected to
solve the problem of concentration ratios of K, U, Sr,
as well as isotopes of He, Ar, Ne, Xe and other noble
gases in the mantle, crustal basalts, and atmosphere.
The recorded contradictions can be eliminated if we
get on board with the concept of mass flow from the
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mantle to the crust and back, the intensity of the
process changing with time. Variation of the mass
flow with time adopted by the authors is shown in Fig. 6.

F,10'g/y
2 1
1 L]
2 ]
0 : .
3 2 1

Fig. 6. Variation of mass flow versus time (1),
according to [Azbel et al.,1988], and of the
number of heat and flow transfer episodes (2)
over every 0.6 billion years.

It conforms to the relative variation in the number
of heat and mass transfer episodes in the platform
mantle within a unit of time, something that can be
considered as yet another validation of the adopted
parameters for the tectonosphere energy balance.

The obtained correspondence makes it possible to
calculate the size of the mass flow corresponding to
one of the 23 platform activation events over the
recent 3.6 billion years. This matches removal from
the mantle of the material equivalent to a 13 km thick
layer. In terms of theory in the case of the platform
version of heat generation (HG), material equivalent
to an 8 km thick layer is removed from the mantle
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during each active event. In the case of geosynclinal
belts, HG is 1.5 times greater, and beneath oceans it is
twice that for platforms. It would be logical to assume
that in regions of these types, there should be 34-35
and 46 events, respectively. In view of the fact that
dry land, the shelf, and part of the continental slope,
where the crust still differs from the oceanic crust,
occupy about 35 percent of the Earth’s surface, and
assuming that platforms and geosynclinal belts occupy
areas of similar size, we obtain on average over the
Earth's surface for each event on the platform the
removal of matter equivalent to a 13-km thick layer.
To put it differently, the energy balance is also in
conformity with the level of mass flow required for
the observed outgassing of the Earth.

The assessment that has been performed is but a
formal one. However, simulation of deep-seated
processes pertaining to recent 3.6 billion years of the
Earth’s history for geosynclinal belts and oceans
presents no particular interest until it becomes
geologically meaningful. For that results of such
modeling should be correlated with a still poorly
studied geological history of those regions. For
geosynclines, this estimate seems quite realistic to the
author at present. Extending these data to the entire
surface of the Earth except for the platforms, we
obtain 11.5 km. The endogenous oceanization regime
implies a greater mass flow than the geosynclinal one;
the total value must be greater. However, most likely,
the ocean has existed only for the last 200 million
years [Bluman, 2008]. Nevertheless, it can be stated
that the calculated mass flow turned out to be close to
that established by [Azbel et al., 1988].

The calculated value of the mass flow can be
somewhat refined without claiming the accuracy of
the introduced additives.

1. It is very likely that about half of the Earth's
surface is covered by the process of recent activation,
which is accompanied by a transfer equivalent to the
appearance of a deep material layer in the crust with a
thickness of 8 km. In the above calculation, these
objects were not taken into account.

2. Considering the area of the oceans covered by a
series of geosynclines the entire estimated period,
except for the last 200 million years, can be assumed
that oceanization has replaced one geosynclinal cycle.
In this process, material corresponding to a layer with
a thickness of 8 km would be transferred. The
restructuring of the crust from continental to oceanic
(actual oceanization) led to a change in composition in
a layer about 37 km thick.

Accounting for such additions would result to the
thickness of the conditional transported layer among
those formed under the platform at about 12.5 km.

Conclusion

To control the reliability of the analysis of the
energy balance of the Earth’s tectonosphere, the author

used independently established (by geothermometers)
temperature distributions in the crust and upper
mantle, information about the depths and temperatures
of the roof of magmatism chambers, the distribution
of longitudinal seismic wave velocities in the upper
mantle, and other information. But to demonstrate the
solution to the problem posed in this article — some
clarification and addition to the energy balance
scheme — the information provided is sufficient.

The generalization of data on radiogenic heat
generation in the rocks of the Earth's shell using the
concepts of geological theory allowed:

1. To establish the absence of energy sources in
the core and (presumably) in the lower mantle at
depths greater than 1100 km.

2. To refine the heat generation power in different
crustal types and to reveal three levels of HG value
(and possibly existence of intermediate ones) confined
to continental Precambrian platforms, geosynclinal
belts and oceans, namely, about 0.04, 0.06 and
0.08 uW/m?, respectively.

3. To find the coincidence of the total modern heat
release in the crust and upper mantle of three region
types with a significant difference in the depth
distribution of sources.

4. To assume the presence of low-intensity energy
sources in the transition zone between the upper and
lower mantle and the global asthenosphere. This may
stimulate the study of specific geodynamic processes
at great depths.

5. To show that for platform regions the heat flow
and all deep processes in the tectonosphere during the
studied history of the Earth can be quantitatively
explained with radiogenic heat generation.

6. To estimate mass transfer intensity in the Earth's
history, consistent with that established from degassing
studies.
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[IPO EHEPTETUYHUI BAJTAHC TEKTOHOC®EPU

Merta po0GOTH — YTOYHEHHS Ta JONOBHEHHS CHEPIeTUYHOro OajaHcy TeKToHocdepu 3emili IUIIXOM
TEIJIOBOTO MOJICNIIOBaHHA. MeToquKa BKIIOYAE NETANbHUH KOMIUIEKCHHH aHaii3 TemioreHepanii B Kopi Ta
BEpXHI MaHTIi BNPOIOBX Yyciel BUBUEHOI TreojyoriuHoi icropii 3emui 3a 4,2 miupa pokiB. Pesymbrarm.
Y3aragpHEHO EKCIepPHUMEHTAJIbHI JaHI IpO paJioreHHY TeIJIOTeHepalilo B KOpi Ta BepxHiM MaHTil 3emui.
BcraHOBIeHO HEOOXIAHICTE OKPEMOTO PO3IJLLY TEIUIOBOTO OallaHCY Ui PETiOHIB 3 PI3HHUMU €HIOT€HHHUMH
peXUMaMH Ha IIaTgopMax, FTeOCHHKIIHAIAX Ta okeaHax. CepeHi BEJIMUMHM TEIUIOTeHEpalil y KOpi CTaHOBIIAThH
ommsbko 0.4-0.5 mkBr/m®, y Bepxwmiit mantii — 0.04, 0.06 ta 0.08 mxBr/M® Bizmosimmo. Ilpu Bpaxysammi
notyxHocTi TBepmoi kopu (6nuseko 40 kM mig ruratGopMamMM Ta T€OCHHKIIIHAISAMH Ta OJM3BKO 6 KM Imij
okeaHaMHu) Ta BepxHbOi MaHTil (430-460 kM) BUSIBIAETHCS NPAKTHYHHUN 30ir KiMBKOCTI JOKEpen mif ycima
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perionamu. PosmonineHi BoHM mo-pisHOMYy. lle Bene 1o pi3HHX BapiaHTIB TeoJioriyHoi icTopii. MokHa mpH-
MYCTHUTH, 110 PaAiOreHHI Kepea Teria iIHTeHCHBHICTIO 0u3pk0 0.02 MKBT/M® € y TIepexiIHii 30Hi 0 HIKHBOT
MaHTil Ta B HWKHIN ManTil npubmusuo g0 1100 kM. Ha Ginpuiiii rnubuni B obosonmi (Bciei macu 3emii 3a
MeXaMHu spa) Ta sApi Jpkepena BiacyTHi. Jis miarhopM po3paxoBaHUil eHEPreTHIHUH GaTaHC TEKTOHOC(hEPH.
3a 3.6 mipa. pokiB (mepioj, MPOTATOM SKOTO MOYKHA JOCHTh TOYHO OIKCATH I'EOJIOTIUHY iCTOPIiI0), TEIIOBUM
IOTOKOM BHMHECEHO 6/3bko 73.5-10 I[>I</M2. KoHIyKTHBHHMI TEIDIOBHIA MOTIK 3a el Jac BHUHIC 59.5-10% I[)K/Mz.
Pi3Hu1s TouHO BiAmoOBigae motpedaM yciX aKTHBHHX MPOLECIB BOTO Mepioay. 30iraloThes i eKcrepuMeHTalbHI
JIaTH MOl 13 po3paxoBaHUMH 3a Teopiero (YacTHHa 3 sKuX — ymepie). s GaHepo30HChKIX TeOCHHKITiHAICH
TaKHi KOHTPOJIb TAKOX YaCTKOBO BHKOHAaHO. Hezale)xHO BH3HAuYCHA €BOJIOLIS MAcOBOTO MOTOKY (IO TaKOXK
Ma€ NpaKTUYHE 3HAUYCHHS) B TCOJIOTIYHIN icTOpPii Y3roIUKYeThCS 3 PO3paxyHKOBMMH 3Ha4eHHsAMH. Haykosa
HOBHU3HA. JIJI1 KOHTPOJIIO JOCTOBIPHOCTI aHali3y EHEPreTUYHOro OanaHCy TeKToHOocdepu 3emMili aBTOpOM
3aJTyqaincs He3aJIeKHO BCTAHOBJCHI (32 Te0TepMOMETpaMHM) PO3MOIIIM TeMIlepaTyp y KOpi Ta BepXHii MaHTil,
BIZJOMOCTI PO TIMOWHY 1 TEMITEpaTypH MOKPIBJIi BOTHUII MarMaTu3My, PO PO3IOALT IBUAKOCTEH MO3OBKHIX
CeiCMIYHMX XBHWJIb y BepxHiil MaHTii Ta iHmI Bigomocti. [IpakThdHa 3Hauymiicts. Pe3ynbTaTé AOCHiTKEHB
JIalyTh MOXKJIMBICTh HaJlil{HIIlIEe OLIHIOBATH PiBEHb Ta 0COOJIMBOCTI cecMivHOT HeOe3neKH Jyisi (haHepO30HCHKUX
CEIICMOAKTHBHUX 30H YKpaiHH.

Knouogi cnoea: pamioreHHa TeIUIOTeHEpallisi, KOHIYKTUBHUN 1 KOHBEKTHUBHHUH TeMJIOOOMiH, aKTHUBHI
HpOLIECH B TEKTOHOCHEPi, TepMiuHa icTopisl.
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