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INTRODUCTION
In the book  еhe mechanism of the tectonosphere’s “heat engine” is analyzed on the basis of

solid evidence. This hypothetical mechanism quantitatively accounts for major events in geological
history  within  the  framework  of  the  energy  conservation  law.  Considered:  requirements  for  the
tectogene hypothesis, energy balance of tectonosphere, advective heat and mass transfer, asthenolith
dimensions,  depth  and  temperature  of  magma  chambers  in  the  mantle,  the  comparison  of  the
calculated  and  experimentally  determined  parameters  of  the  deep  processes  and  physical  fields
anomalies, mineral deposits.

1.The  history  of  occurrence  and  application  of  the  plate  tectonics  hypothesis  (PTH)  on
continents, oceans and transition zones is considered. Its contradiction to the main facts of geological
history  and  geophysical  data  for  these  regions  is  shown.  Nevertheless,  PTH  is  currently  the
predominant  concept  of  tectogenesis.  This  particular  circumstance  alone  is  behind  this  author’s
decision to have another go at criticizing the hypothesis and its application.

2.  Information  presented  in  chapter  “Essential  points  of  the  advection-polymorphism
hypothesis” shows that the tectogene hypothesis complying with formulated requirements is realistic.
The scope of the chapter does not make it possible to further expand the arguments, and this may
render it less convincing. All the more so that some of its components do need to be further studied
and amended. In recent  years, this author has already introduced certain changes into the subject
matter of the hypothesis as broached in earlier publications (Gordienko, 1998, 2007 and 2012; and
others). This applies even more to earlier studies dealing with the application of the hypothesis to the
evolution of the tectonosphere in regions with dissimilar endogenous conditions in northern Eurasia
(Buryanov et al., 1987; Gordienko et al. 1990, 1992, 2005, 2006, 2011; and others). At the same time,
this author found it appropriate to discuss a full version of the hypothesis for the first time in English.
It might therefore be useful to complement this chapters with several new publications in which the
author could expound in more detail  and with greater validity the concepts of the energy source,
Precambrian history of the world’s platforms, depths of magma chambers in the mantle, evolution of
Phanerozoic  geosynclines,  rifts,  regions  experiencing  recent  active  processes,  oceans  and various
types of transition zones, seismicity, and origin of mineral deposits.

This information is presented in subsequent chapters (3-14), mainly for articles in the NCGT
Journal. Therefore, certain repetitions were inevitable.

3. Concentrations of K, U, and Th in rocks of the Earth’s crust and upper mantle of platforms,
geosynclines,  and oceans have been analyzed.  Respective values of radiogenic heat  generation in
upper mantle rocks of the aforementioned types of regions are 0.04, 0.06, and 0.08 μW/mW/m3. As far as
platforms are concerned, heat generation there has been found to correlate with geological history,
heat flow, and deep-seated temperatures. The energy preservation law in geological processes has
been shown to hold.

4.  The  Earth’s  early  (“pregeological”)  thermal  history  has  been  reviewed,  and  primordial
conditions of the tectonosphere’s thermal evolution during the subsequent period (4.2 to 0.0 billion
years ago) have been formulated. It is shown that periodic displacement of the material in volumes
measuring about 120±60 thousand km3 or in n-fold amounts are inevitable. The mantle advection
parameters make it possible to forecast depths of magma chambers and temperatures within them,
something that can be corroborated by experimental data.

5. Thermal history for the scenario of radiogenic heat generation in the upper mantle beneath
platforms has been analyzed in terms of the advection-polymorphism hypothesis (APH) pertaining to
deep-seated processes in the Earth’s tectonosphere over the past 4.2 billion years. Periodic heat and
mass transfer toward the surface was found to be inevitable. Time intervals between successive heat
and  mass  transfer  episodes  increase  from  30  to  250  million  years.  The  age  of  active  events  is
correlated with dating results for magmatism and metamorphism on all continental platforms. The
match is fairly good.

 6. Deep-seated processes in the tectonosphere of geosynclines are analyzed in terms of the
advection-polymorphism hypothesis. It has been shown that the said hypothesis makes it possible to
explain, without resorting to numerical tailoring, major events in geological history (the raising and
lowering of the surface,  the formation of a sedimentary strata,  the thickness of the eroded layer,
magmatism  with  different  depths  of  foci  and  the  composition  of  igneous  rocks  arising  in  the
homodromic sequence,  holomorphic  folding,  changes in the  thickness of  the crust  and its  layers,
levels of metamorphism and catagenesis, data of geothermometers, seismicity) and anomalies of heat
flow, seismic wave velocities, gravitational field and electrical conductivity. The agreement reached
corresponds to the errors in the calculations.
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7. Deep-seated processes in the tectonosphere of continental rifts are analyzed in terms of the
advection-polymorphism hypothesis. It has been shown that the said hypothesis makes it possible to
explain, without resorting to numerical tailoring, major events in the Earth’s geological history (the
raising and lowering of the surface, the formation of a sedimentary strata, the thickness of the eroded
layer, magmatism with different depths of foci and the composition of igneous rocks, changes in the
thickness  of  the  crust  and  its  layers,  levels  of  metamorphism  and  catagenesis,  data  of
geothermometers, seismicity) and anomalies of heat flow, seismic wave velocities, gravitational field
and electrical conductivity. The agreement reached corresponds to the errors in the calculations.

Also analyzed are deep-seated processes within zones of single-episode events, including recent
activation on platforms and in Phanerozoic geosynclines.

8. The author have constructed models featuring seismic P-wave velocity distribution in the
upper mantle beneath oceanic regions, such as mid-ocean ridges (MOR), basins, trenches, island arcs,
and back-arc troughs (BAT).  The models are in agreement with the deep-seated processes in the
tectonosphere as predicted in terms of the advection-polymorphism hypothesis (APH). The models for
areas beneath island arcs and coastal ranges are similar to those for Alpine geosynclines disturbed by
recent activation. The models for areas beneath mid-ocean ridges and back-arc trenches are identical.
They fit the pattern of recent heat-and-mass transfer in the case of rifting, which, given the basic crust
with continental thickness, leads to oceanization. The model for the basin reflects the effect of thermal
anomalies smoothing beneath mid-ocean ridges or back-arc troughs about 60 million years later. The
model for the trench reflects the result of lateral heating of the mantle’s upper layers beneath the
quiescent block from the direction of the island arc and basin.

9. Deep-seated processes in the tectonosphere of oceans are analyzed in terms of the advection-
polymorphism hypothesis. It has been shown that the said hypothesis makes it possible to explain,
without  resorting  to  numerical  tailoring,  major  events  in  geological  history  (formation  of  the
sedimentary veneer, magmatism, temperatures at crust and upper mantle), as well as anomalies of the
heat flow, seismic wave velocities, gravity field, and electrical conductivity.

10. Parameters of the medium, in which stresses build up to eventually trigger earthquakes,
have been analyzed. We are talking about shear strength, elastic potential energy of crustal rocks,
viscosity,  stress  relaxation time in crustal  and upper mantle rocks,  and the seismic moment.  The
general conclusion is as follows: geologically speaking, stresses build up quite rapidly, and it is only
processes of recent activation or oceanization that can help explain the phenomenon of earthquakes.
The causes of seismogenic displacements can be attributed to the formation of bodies with anomalous
density  due  to  changes  in  temperature  and  grade  of  metamorphism  (or  catagenesis)  of  rocks.
Earthquakes  at  large  depths  (at  the  interface  between the  upper  and lower  mantle)  occur  during
transformation of mantle olivine stimulated by temperature anomalies. According to available data,
there are no sufficiently strong density anomalies in the lower mantle. A global partial melt layer
directly at the top of the lower mantle also prevents stress accumulation. The chapter analyzes zones
of enhanced absorption of seismic wave energy in the Earth’s crust and upper mantle due to partial
melting.

11. The chapter analyzes processes of hydrocarbon generation and transport within the Earth’s
crust, primarily on an example of Ukraine’s Dnieper-Donets Basin. The said processes conform to
concepts advanced in the advection-polymorphism hypothesis. Thermal models for tectonospheres in
zones of recent activation on Precambrian platforms and in Alpine geosynclines have been analyzed.
Diagrams delineating geological bodies and sources of geophysical field anomalies have been drawn.
They match the data available for regions with known oil and gas deposits. 

12. A technique for the assessment of Ukraine’s geothermal resources is discussed in terms of
the intensity of the Earth’s heat flow. The availability (density) of thermal resources in major tectonic
regions has been estimated. Their reserves are shown to be 25 times larger than known reserves of all
fossil fuel deposits. Three areas of Ukraine have been categorized as suitable for the construction of
geothermal  power  plants.  In  other  areas,  cost-effective energy production for heating purposes is
feasible.

3



1. ON PLATE TECTONICS

 “But saying that the rule has been universally accepted does not amount to validating it….”

Henri Poincaré. "Calcul des Probabilités,” Paris; 1912 edition.

About 30 or 40 years ago Belousov developed a comprehensive concept regarding endogenetic
mechanisms, a concept that describes, in a single system of terms, events taking place at subsurface
(accessible to observation) Earth’s depths on continents, in oceans, and transition zones (Belousov,
1975, 1978, 1982, etc.). The concept generalized and further advanced the knowledge amassed in
geological  science  over  the  20th century  (van  Bemmelen,  Yeardley,  Cloos,  Aubouin,  Stille,  and
others) and supplemented it with ideas on geological structures introduced by Shatsky, Strakhov, and
others. At about the same time, with fast acquisition of data on geochemical properties of core and
mantle  rocks,  heat-flow  anomalies,  electrical  conductivity,  and  seismic  wave  velocities  (the
gravitational and magnetic fields had been fairly well studied even earlier) there emerged information
on energy sources within the body of the planet, as well as on energy requirements for deep-seated
processes.  It  became  possible  to  construct  tectogenetic  models  complying  with  the  energy
preservation law.

When  the  plate-tectonics  hypothesis  (PTH)  was  first  introduced  and  further  developed,  it
totally  ignored  the  two  circumstances  mentioned  above.  The  endogenetic  conditions  in  it  were
replaced by rather uncertain notions of “geodynamic environments,” and it  lacked balance.  Total
chaos reigns nowadays as far as modelling deep-seated processes with the help of PTH is concerned.

There has never been a 100-percent support for the hypothesis. Not just Belousov and A. and
H. Meyerhoffs rejected it, Sheynman denounced it in strong terms. He claimed that “the new global
tectonics  hypothesis  was  essentially  based  on  unproven  assumptions”  (Sheynman,  1973,  p.  6).
Dozens of scientists mentioned in this chapter, as well as hundreds not listed in it from Australia,
Great Britain, India, Italy, the Netherlands, Norway, Russia, the United States, Japan, etc. came out
against the hypothesis.

In recent 20 years a certain shift has been in the offing in the perception of the hypothesis. This
can be shown on an example of the evolution in Khain’s views. Back in 1971, he still adhered to his
former idea of geosynclinal  process (although he characterized it  in  rather formal  terms without
emphasizing its fundamental differences from other active processes): “… geosynclinal mobile belts
whose most typical feature is the predominance of vigorous plunging with accumulation of thick
sedimentary strata, lavas, and pyroclasts in early stages of development (geosynclinal stage proper)
and the  prevalence  of  vigorous  upheavals  with  formation  of  folded  mountain  structures,  granite
batholiths and surface volcanism during later stages (orogenic phase)” (Khain, 1971, p. 6). While
recognizing PTH to be the most promising basis of theoretical geotectonics, he points out that he
“does not find in it any reasonable explanation for the formation of geosynclines and especially for
the emergence within them of fold-thrust deformations” (Khain, 1972, p. 28). Forteen years later,
however (nothing changed in the PTH concept), it suddenly appeared that “the main assumptions of
the geosynclinal theory on the structure of geosynclinal belts, stages and trends of their evolution can
be readily and successfully interpreted in terms of plate tectonics. The plate tectonics theory has
organically embraced these assumptions within the framework of its concept. At the same time, it
appears useful and necessary to preserve many elements of the classical geosyncline terminology”
(Khain, 1986, p. 11). In another 10 years, Khain abandons the very need of the notion ‘geosyncline’
since, “as has by now been proven, no specific deep-seated processes have been detected beneath the
regions in question: 

To make the long story short, it is the site of formation of terrain collages near the plates’ edges”
(Khain and Lomize, 1995). But it soon transpired that “…. in recent years it has become increasingly
obvious that plate tectonics has not become a comprehensive, truly global Earth theory that geologists,
starting from James Hutton, have been dreaming about for two hundred years.” (Khain, 1996, p. 38).
This  clearly  expresses  a  sense  of  discomfort,  yet  in  a  mild  way,  without  portraying  the  actual
situation.

Milanovsky describes the current situation in approximately the same terms: PTH “…has entered a
critical stage in its evolution, probably heralding a change in the leading paradigm of the tectonic theory
and, more broadly speaking, in geology….” (Milanovsky, 2000, p. 216). In Pushcharovsky’s opinion,
“plate tectonics is an intrinsically conceptual  rather than empirical construction” (Pushcharovsky,
1999, p. 132).
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In fact, it is bizarre that some scientists still account for tectogenesis in terms of movements of
relatively  thin  plates  now that  seismologists  (for  example,  Gung  et  al.,  2003;  and  others)  have
discovered the spread of characteristics of velocity profiles in continents and oceans over depths of
hundreds of kilometers and significant differences in the composition of mantle rocks on continents
and in oceans (Boyd, 1989).

Nevertheless,  PTH  is  currently  the  predominant  concept  of  tectogenesis.  This  particular
circumstance alone is behind this author’s decision to have another go at criticizing the hypothesis and its
application. In the process of considering evidence allegedly pointing to the validity of PTH, we will not
touch  upon  the  data  on  climate,  paleontology,  lithology  of  sedimentary  rocks,  etc.  that  have  been
discussed repeatedly (for example, A. Meyerhoff and H. Meyerhoff, 1974; and others). Other data will
suffice.

A FEW REMARKS REGARDING THE HISTORY OF PTH

One hears an opinion to the effect that the mobilism theory dates back to Francis Bacon’s
“Novum Organum” (1620), i.e. that it predates geological science. The quote below from the fourth
chapter  of  “Novum Organum” leaves  no  doubt  that  the  said  opinion  is  erroneous.  “….the  very
configuration of the world itself in its greater parts presents conformable instances which are not to
be neglected. Take, for example, Africa and the region of Peru with the continent stretching to the
Straits of Magellan, in each of which tracts there are similar isthmuses and similar promontories,
which can hardly be by accident.

“Again, there is the Old and New World, both of which are broad and extended towards the
north, narrow and pointed towards the south.” (Bacon, 1978, p. 131). This most certainly applies to
the shape of the continents and not to their movements.”

In the 18th century, prior to Hutton’s (1788) “Theory of the Earth,” which demolished the
perfectly well-ordered Neptunian geology dating back to Nicholas Steno (1638-1686), the ideas of
mobilism had not been considered either.

In the 19th century, some geologists, such as, for example, Lyell (1860) and Suess (1892), - the
latter being the author of encyclopedic writings “Das Antlitz der Erde,” which greatly influenced his
Russian followers – advanced assumptions on what could have caused the contemporary position of
continental masses. In Suess’ view, their position might indirectly suggest a relative displacement
(although, when it comes to the split of Gondwana, preference is given to the notion of disappearance
of continental bridges).

Wegener in his work (“The Origin of Continents and Oceans,” 1915) gave shape to the theory
of mobilism as such. He made ample use of arguments available at that time in favor of antecedent
integrity of Eurasia-Africa and North and South Americas. The Earth’s rotation was believed to be
responsible for the split, as it affected, in different ways, isostatic crustal blocks and (judging by the
thicknesses of the bodies used in the calculations) upper mantle levels on continents and in oceans.

It is unlikely that this kind of mechanism might attract supporters nowadays. Nor did it have many
fans among geologists in the 1920s or 1930s. However, with the introduction of the idea of spreading,
voiced by Holmes in 1931 (A. Meyerhoff and H. Meyerhoff, 1974), and of mantle convection causing
continents to move, as suggested by, for example, Vening-Meinesz (1940), mobilism started gaining in
popularity  despite the fact that this approach does not specify the energy source of the process, as
pertinently pointed  out  by  Jeffreys:  “….on the  theory of  thermal  convection:  It  is  quantitatively
unsatisfactory and qualitatively unacceptable; it is an explanation that does not explain anything of
what we would like to find an explanation for”) (Jeffreys, 1960, p. 421). Many well-known Soviet
geologists of the first half of the 20th century (Arkhangelsky, Kropotkin, and Shatsky) also criticized
the mobilistic ideas.

Yet, the number of mobilism supporters has increased in Europe and in America, especially
after paleomagnetic data on continental drift became available. Specific instances of applying this
method  are  quoted  below.  Readers  can  refer  to  a  detailed  and  well-substantiated  analysis  by
Storetvedt (1997) who proved it impossible to apply such data in that manner. Let us limit ourselves
to discussing certain aspects of the problem that are seldom dealt with. Questions arise already at the
stage of reading the description of the Earth’s magnetic field. It is claimed necessary to detect, in
observation results, a “major” field attributed to a central dipole (preferably, axial, i. e. coinciding
with the Earth’s rotation axis, and consider it as existing at all times) while viewing all the rest as
complications.  This approach presumes a priori  the determining characteristics of the model  that
should have been found only after  the  field has been interpreted.  In the  assessment of  the  local
magnetic constant (G) (Bauer, 1920 and Schmidt, 1924), it should be the same over the entire Earth’s
surface on the assumption that the field is generated by a geocentric axial dipole. If, however, the
hypothesis is incorrect, G reaches its high at the site where the dipole approaches the surface and a
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symmetrical low at the site where it is the farthest away from the surface (provided that the dipole
maintains its  orientation). The G-map of the Earth shows the location of one extreme value 100
degrees  away from the other,  i.e.  the  dipole  is  not  simply displaced,  but  also not  continuous or
oriented at an angle to the Earth’s rotation axis. The same pattern can also be observed in the case of
paleofields, unless the vector of primary residual  magnetization (Jn) is  artificially adjusted to the
assumption that a geocentric axial dipole really exists.

The above (and many other) considerations point to the need of using a central regional dipole
hypothesis in paleomagnetism: “The magnetic field of the given region, both in present and in the
past,  can  be  described,  regardless  of  its  nature,  as  a  central  dipole  field,  whose  orientation  and
magnetic momentum vary in similar ways throughout the region” (Semakov, 1998, p. 100). While
preserving  the  options  for  describing  the  field,  this  approach  makes  it  possible  to  avoid  risks
associated,  for example,  with the notion of “virtual  geomagnetic pole” currently in use.  “Virtual
geomagnetic pole is the position of the geomagnetic pole as determined in terms of geomagnetic field
elements  measured  at  a  certain  point  (direct  observations  or  according  to  Jn of  rocks)  on  the
assumption  that  the  geomagnetic  field  is  the  field  of  the  central  axial  dipole”  (Pechersky  and
Didenko, 1995, p. 49). The Initial interpretation of the term rules out the use of paleomagnetic data
for assessing the region’s position relative to the Earth’s geographic pole during the period of J n

emergence, and this enables us to avoid numerous tectonic speculations such as plate tectonics.
The  point  is  that,  even  according  to  recent  observations,  estimates  of  the  magnetic  pole

position are known to deviate from its actual position by as much as 1,500-1,800 km (Kuznetsov,
1990), and the magnetic pole itself is 2,500 km away from the geographic pole. Jn characteristics are
much less accurate than those established for the present-day field, especially in primary sedimentary
rock structures and intrusive rocks which underwent stress and folding (including those unnoticeable
in the area in which samples were collected and which is part of a large structural feature) which
cause magnetization to become anisotropic (Zavoysky, 1999). Synchrony of the data on Jn in various
regions is detected with allowances of hundreds of thousands or millions of years (in many cases
even more).  According to  historical  and archeomagnetic  evidence,  synclines  and inclinations  are
subject to fluctuations with the periodicity of about n.100 – n.1,000 years and amplitude of about 10
degrees. This produces differences of up to 1,000 - 2,000 km in the determinations of pole location.
Therefore, the error in determining the continent’s former position on the basis of paleomagnetic data
can be equal to (or exceed) the size of the continent or distances to which the continent must have
allegedly moved.

The notion of the predominance of the effect of a single geocentral axial dipole in the Earth’s
magnetic field is disproved by an assessment of the intensity of the sources responsible for the field,
in particular along the 90th meridian: the central dipole – 20 μW/mT, the source of the Brazilian anomaly –
4 μW/mT, Canadian – 6 μW/mT, Siberian – 9 μW/mT, and Antarctic – 4 μW/mT (Kuznetsov, 1998). In this instance, Hope’s
hypothesis (1959) on the “agonistic” nature of the drift of the North magnetic pole, i.e., as a point on the
line where, at a given moment, the effects of regional sources, whose intensities vary with time, balance
out, seems to be perfectly realistic. As well as Kuznetsov’s hypothesis, which accounts not only for the
position of  the poles and their recent displacement, but also for trajectories of the polar drift during
the reversal of polarity and the rates of their displacement during the procedure by superposition of
the effects of several sources (Kuznetsov, 1998).

Comprehensive studies of the magnetic field behavior during inversions and displacements
provide a reliable proof that there is no zero intensity momentum of the field, which is inevitable
during re-magnetization of the central axial dipole (Sergienko and Shashkanov, 1999).

It should be emphasized that the aforementioned factors have a negative effect on the results no
matter  how thoroughly  the  samples  have  been  magnetically  cleansed  or  even  when one  strictly
follows the requirements of Fisher’s statistics.

Nevertheless, following publication of paleomagnetic data and works by Dietz (1961), Hess (1962),
Vine and Matthews (1963), the PTH hypothesis has flourished. Dietz has briefly formulated the idea:
”Mid-ocean ridges…. mark the ascending mantle flow, or the region of divergence; deep-sea trenches are
associated with convergence zones, or with descending mantle flows” (Dietz, 1961, p. 855). It does
not bother him that 65,000-km long spreading ridges should match 130,000 km of trenches, whereas
just  18,000  km of  them have  been  discovered.  At  first,  the  authors  made  a  reservation  for  the
preliminary version of the hypothesis whose validation was yet to be completed. “…the theory of
seafloor spreading is largely based on intuitive thinking…. and requires adoption of a crustal model.
As this model was prompted by the concept itself, we made no attempt at substantiating it” (Dietz, 1961,
p. 857). “One can hardly expect that all of the author’s numerous assumptions will prove to be valid”
(Hess, 1962, p. 602).

Vine and Matthews supplemented the hypothesis with their own assumption on the role of
linear magnetic anomalies as the source of plate drift chronology.
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Proponents of the modern version of mobilism believe that there existed in the world a small
number of drifting lithospheric plates, six altogether, according to Morgan (1968). But this number
soon ceased to  satisfy the  clients,  especially  when PTH was applied to  continents.  In  1969,  the
number rose to 9, in 1974 – to 11, in 1976 – to 20, in 1978 – to 25, but by 1975 the picture began to
be complemented by arbitrarily  selected microplates  (terrains),  and their  total  number  (including
small  terrains)  approached  100,  and  eventually  it  was  no  longer  possible  to  count  them.  The
introduction of terrains and hot spots (which do not in any way fit the original PTH model) led to
complete chaos. Nor does it help users of the hypothesis who wish to simplify the picture by shutting
down and ignoring numerous past oceans in those regions where they no longer need them. The
original (allegedly presently observed) plate tectonics does not operate with shutting down oceans.

Here is how A. Meyerhoff and H. Meyerhoff described the situation that took shape in the
1970’s after geologists en masse adopted the PTH theory: “Scientists working individually and entire
scholars’ associations have shared the belief that drift is a proven fact. In all other respects their
views  are  as  dissimilar  as  those  of  three  blind  men  trying  to  describe  an  elephant.  They  are
indifferent to opposite points of view and hardly make an effort to coordinate even their own ideas.
And all of them tend to reject or ignore (as small, irrelevant, or insignificant) facts which irritate
them since they do not play into their own concept” (A. Meyerhoff and H. Meyerhoff, 1974, p. 444).
The situation has not improve in more recent years, and this prompted Borukayev, a supporter of
mobilism, to use a subtitle in the form of a question in his article: “Terrainology or Terrain Mania?”
(Borukayev, 1998).

Over the 50 years of its  existence,  the hypothesis in question has not  been validated by a
numerically  estimated  source  of  energy  triggering  the  deep-seated  process.  Moreover,  there
conveniently exist notions of a propelling mechanism: The mantle flow pulls the plates, they slip off
an ocean ridge, or they are pulled by consolidating edges that submerge in the subduction zone, and
so on. There is nothing surprising about that: estimates indicate that the power of the required energy
sources is by orders of magnitude larger than those available on our globe.

ANALYSIS PROCEDURE

There is no need to discuss all currently available constructions that employ PTH. It appears more
reasonable to check the consistency of the hypothesis against geological and geophysical evidence.

It is possible to apply two techniques for such verification. This author applies the first of them
in the advective-polymorphic hypothesis (APH) he has been working on (Gordienko, 1975, 1998,
2007, 2012; Gordienko et al., 1982; Tectonosphere of the Pacific Rim of Asia, 1992; and others). It is
based on a system of endogenic conditions (Belousov – with small additions) and a specific energy
source  –  radioactive  decay  in  crustal  and  upper  mantle  rocks  with  energy  transport  through
convection. Let me point out that the construed mechanism includes (especially in the Riphean and
Phanerozoic)  considerable  (up  to  several  hundreds  of  kilometers)  horizontal  displacements  of
tectonospheric  material.  For  any  period,  from  the  Early  Archean  to  our  time, it  is  possible  to
numerically substantiate the pattern of heat and mass transfer, to select the endogenic conditions, to
construct a non-stationary heat model and variation in time of the distribution of physical properties
of rocks. Using these data and addressing direct problems alone it is possible to determine geological
manifestations of the process and anomalies of physical fields. The results are correlated with those
obtained through observation, and the discrepancies do not exceed magnitudes of observation and
calculation errors.

This approach cannot be applied to other hypotheses, in particular, PTH. In such cases (the
second technique), the following procedures are believed to be suitable for control. A certain pattern
of physical properties distribution in the crust and mantle is produced in accordance with the authors’
assumption  that  it  fits  the  hypothesis  at  a  qualitative  level  (its  validation  without  numerically
specified energy source is mere verbalism). Then the properties are altered in order to match the
observed geological events and physical fields. The questions, such as why this process is taking
place, why in this specific area, or why at this specific time, are not broached. If the selected patterns
of  distribution  of  physical  properties  of  rocks  seem  to  be  reasonably  close  to  real  ones,  the
verification procedure is viewed as successful. It might seem that this type of “control” has to be
successful.  Yet,  the  plate  tectonics  hypothesis  does  not  support  it  either.  The  practice,  well-
entrenched over recent decades, of using microplates (terrains) and plumes for solving regional and
local geological problems on continents has made it impossible to coordinate between all the charts
that have piled up. It will therefore suffice in cases of continental regions to simply describe instances
of this type of “analysis,” which completely discredits PTH as a tool for obtaining true results.
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With regard to oceans and transition zones the materials on which allegedly underlie PTH, it
might  be a good idea to conduct  yet  another comparison of PTH’s principal  postulates vis-à-vis
geological and geophysical evidence (this author and others have repeatedly done this).

PTH ON CONTINENTS

It seems reasonable to refer to Eurasian areas, which have been well covered by studies. To
begin with, it would be logical to use, for the western part of Eurasia, the results of an available range
of opinions expressed by PTH supporters regarding southern Ukraine (the Scythian plate and the
Black Sea region), which is part of the Mediterranean belt (Chekunov, 1976). “Investigators adhering
to concepts of mobilism and using the same methodological basis, in which they believe, tend to
arrive at very dissimilar conclusions about the trends and character of tectonic displacements during
the structural  formation of the Mediterranean region,  notably:  a)  The drift  of  Africa and Europe
occurred without latitudinal shifts (Bullard, Burollet and others); b) The Mediterranean Sea is a zone
of a large latitudinal displacement – left lateral, right lateral, or both types of shift taken together
(Van-Hilten,  Carey,  Bird,  and  others);  c)  A  certain  latitudinal  displacement  took  place  in  the
Mediterranean Sea and resulted in the “breakoff” or drift of some lithospheric segments (Ritsema,
Smith, Vogt); d) Africa and Eastern Mediterranean undergo a process of subduction under Turkey,
Greece, and Italy (Dewey, Bird, Caputo, Ryan, Bowen, and others)”. See Chekunov (1976, p. 3), for
the  Carpathian  geosyncline:  “Subduction  …  is  accounted  for  in  quite  an  assortment  of  ways:
Lithospheric plates are ‘pushed’ under the mountain structure from all  possible sides – from the
north, from the side of the Central European young epi-Hercynian platform; from the north-east and
east – from the side of the ancient Eastern European Platform; from the south and south-east -- from
the Misean plate; and finally, from the west – from the Pannonian Massif. It is noteworthy that no
matter  from which direction the lithospheric  plate  would be pushed,  the  aforementioned authors
believe that the available geological and geophysical data are in perfect harmony with their concept.”

Fig.  1. Trajectories  of  the  Omolon
Massif displacements  based on the data of
various authors. Figures next to the curves
indicate  the  age  in  millions  of  years.  1  –
Zonenshayn et al., 1990, 2 – Zonenshayn et
al., 1987, 3 – Bondarenko et al., 1997

At  least  two  versions  of  deep-
seated processes are considered in terms
of  PTH  for  the  Dnieper-Donets  Basin
(DDB) and Donbass. One of them mulls
over  riftogenesis  (stretching  of  the
Earth’s  crust  by  divergent  plates)
followed by the formation of a syneclise
(from  the  Carboniferous  to  Cenozoic)
above the cooling asthenosphere bench

without a change in tectonic conditions (Kusznir et al., 1997). The authors of the second version are
in favor of the formation, during the Carboniferous-Permian, of the Dnieper-Donets suture at the site
of the paleorift crust submergence into the subduction zone or some other type of crust compression
in the region by shearing plates (Istomin and Yevdoshchuk, 2002; Yudin and Artemenko, 1996).

To make the picture complete, I will mention that the above studies were followed by an article
according to which a subduction zone did exist during the Late Devonian in the north-west of the
DDD, but contrary to the opinion of Istomin and Yevdoshchuk (2002) and Yudin and Artemenko
(1996), it was situated across the depression and not along its strike (Garetsky et al., 2005).

This “free-for-all” approach is still nothing compared to the reign of chaos arising from the use
of  microplates  (terrains).  Their  movements  are  often  deduced  from  paleomagnetic  data  whose
validity was commented upon earlier in this paper. Let us analyze one of the available examples – the
Omolon Massif in the Pacific belt’s Late Cimmerian geosyncline. It is no exception. In the opinion of
PTH supporters,  other  elements  of  the  belt  had  also  traveled  over  considerable  distances  along
complicated  trajectories  before  they  occupied  their  present  position  in  the  complex  mosaic.
Moreover,  they  repeatedly  crossed  subduction  zones  of  different  age  without,  for  some  reason,
sinking into them. Terrains on the other side of the Bering Strait  (Parfenov et al.,  1999) showed
exactly the same behavior. But particularly impressive are the trajectories derived from the data of
Belyy (see Fig. 1 ). According to estimates of Zonenshayn et al. (1987), the massif, having started its
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journey in the upper reaches of the Ganges River in the Ordovician, reached the Hess Rise by the
Early Carboniferous, and, by the Middle Carboniferous, the Bering Strait, then it paid a brief visit to
Alaska in the Triassic, the Chukotka Sea in the Early Cretaceous, and occupied its present position in
the Middle Cretaceous. But then, it wandered off again in the northeastern direction only to go back
in the Middle Cretaceous. Three years later, two-thirds of the same team of authors decided that the
wanderings had lasted just 80 million years and proceeded along totally different routes (Zonenshayn
et al.,  1990) (Fig. 1). The data of other researchers (Bondarenko et al., 1997) suggested that the
massif was located at its present site in the Early Jurassic. But then it traveled northeast to return back
in the Middle Cretaceous. It is impossible to draw the massif’s entire hypothetical itinerary on paper.
By way of example, according to Parfenov and his co -authors (Parfenov et al., 1999), the massif
together with other terrains jumbled between the blocks of the Siberian (North Asian) and North
American platforms and, in the Devonian, all of them en masse drifted from the equator northwards,
and reached their present coordinates in the Late Jurassic and Cretaceous.

This “flurry of terrains’ activities” could not end well. Indeed, in the Middle Cretaceous, the
Kuznetsk Basin and part of Japan arrived at the same location (Irving, 1964). Later, though, they
drifted apart and returned to where they belonged.

On  the  territory  of  Ukraine,  it  is  Mountainous  Crimea  that  accomplished  a  particularly
impressive voyage (more specifically, we are talking about two of its parts that traveled by somewhat
dissimilar routes and turned at different angles). In the Middle Jurassic, it was 19-20 degrees south of
its present location and brushed on the volcanic arc of Lesser Caucasus and the Rhodope Massif.
Then  it  moved  separately  from  the  Eastern  European  Platform  (EEP),  drifting  away  from  the
aforementioned structures (each of which is presently 1,000 km away from the Mountainous Crimea),
and this went on up to the Cretaceous, until it occupied the southern boundary of the Scythian Plate
(Pechersky and Safonov, 1993).

Yet another version of this type of construction (for contemporary geodynamics) consists in
fixing all  the terrains in their present locations, while ascribing to each of them its own specific
direction of movement warranting the formation of troughs, rises, folding, thrusts, etc. at suitable
locations. This applies, in particular, to Eastern European, Western European, African, and Arabian
plates and to the Pannonian-Transylvanian, Adriatic, Western Black Sea, and Anatolian microplates
maneuvering in the Carpathian-Dinarides region (Investigations..., 2007). However, in yet another
version of such type of analysis (Grenerczy et  al.,  2002),  apart  from large plates,  Adriatic (with
different boundaries), Bohemian, Alpine-North Pannonian, Tisza-Dacian, Dinarian, and other plates
are discovered.

Fig. 2. Variations in
the rates of rising (V) in the
Eastern  Carpathian  Flysch
Zone

It  has  become
common practice in recent

years to use data on vertical and horizontal displacements of points at the Earth’s surface as detected
by the GPS system. This information itself is a big boost to studies of recent tectonics. However, its
use for proving the effect of spreading on geological processes (millions to hundreds of millions of
years) that occurred over hundreds or thousands of kilometers away from oceanic ridges is totally
unacceptable. Back in 1974,  Nikonov proved that it  is  impossible to extrapolate rates of vertical
motions of the surface based on the data obtained on a short-time base to considerable stretches of
time. For intervals of several years and geologically meaningful periods of time the rates differ by
orders  of  magnitude,  and  the  directions  of  movement  do  not  necessarily  coincide.  This  can  be

exemplified by the data on
the  rate  of  uplifting of  the
Carpathian  Flysch  Zone
(Study ..., 2005) (Fig. 2).

Fig.  3. Rates  of
horizontal  and  vertical
displacements of the surface in
the  southern  part  of  the
Carpathian  Region  according
to  the  GPS  network  data
(Heidbach et al., 2007).
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One can clearly see variations in the rates by more than an order of magnitude for different
periods of the time interval in question. For present time, in terms of orders of magnitude, these data
are in agreement with V as determined with the help of the GPS network in the form of differences
from  the  rates  of  vertical  displacements  (Heidbach  et  al.,  2007)  (Fig.  3),  in  other  words,  they
specifically characterize displacements in the Carpathian Region. It is noteworthy that the rates of
horizontal displacements are perfectly comparable in magnitude with those of vertical movements.

Full (not reduced to the East European Platform alone) values of horizontal displacements in the
region, as measured by the GPS network, amount to 25 mm a year (Grenerczy et al., 2002) – see Fig. 4A.
The diagram shows somewhat smoothed data: One can see in a more detailed version of the chart that
some vectors issue from the same or closely spaced points with differences in directions of up to 30
degrees.  Fundamentally  similar  results  were  obtained  with  sparser  SLB  (Schlumberger)  and  DORIS
(Doppler  Orbitography  and Radiopositioning  Integrated  by  Satellite)  technologies,  but  in  some
publications differences between the vectors’ directions over 90 degrees were also reported for points in
the Pacific Ocean and at its shores.  There is no significant difference with the use of VLBI (Very Long
Base  Interferometry)  data  obtained  with  the  help  of  a  different  technique  (International  Terrestrial
Reference Frame, http://itrf.ensg.ign.fr/GIS  /   ).

The  direction  of  movements  in  Eurasia  is  northeastern  switching  to  eastern  and  eastern-
southern-eastern in the east of the continent. This is believed to be due to the composite effect of
spreading in the Mid-Atlantic Ridge (MAR) and ridges in the Indian Ocean.

For  some  reason,  however,  it  is  not  taken  into  account  that,  north  of  Eurasia,  there  is  a
spreading Gakkel Ridge, which continues into Yakutia as the Moma Rift, whereas all marginal seas
at the eastern periphery of Eurasia are viewed by PTH supporters as zones of dissipated spreading.
Submeridional rifts in the North Indian Ridge and Eastern Africa must complicate the distribution of
displacements.

A comprehensive  picture  of  displacements  (Fig.  4)  does  not  reveal  their  association  with
spreading. Their directions turn out to be parallel to rifts Mona, Knipovich, Moma, Galapagos, South
Indian, and to the central part of the Mid-Atlantic rift. The displacements maintain their direction at
traversing  the  North  Indian,  East  African,  and  Juan  de  Fuca  rifts,  the  latter  presumed  to  be  a
continuation of the Moma Rift in the Sea of Okhotsk.

The displacements on the Antarctic Peninsula are not directed away from the rift ridge. With
identical (in terms of PTH) situations in North and South Americas, the displacements are opposite in
sign.

The perception, popular among supporters of plate tectonics, on the emergence of a collision
zone  (folding  and
thrusting)  in  the  mobile
Alpine  Mediterranean-
Indonesian belt as a result
of  pressure  from African,
Arabian, and Indian plates
moving  from  the  south
toward Eurasia is not quite
supported  by  the  data  in
Fig.  4.  But  the  total
absurdity  of  the
hypothesis  becomes
abundantly  clear  as  one
examines  the  belt’s
structure  in  greater  detail
(Fig. 5).

Fig. 4. A – A chart of
absolute  horizontal
movements  of  the  Earth’s
crustal  plates  based  on  the
data  of  the  GPS  World
Stations  Network;  B  –
location  of  active  volcanoes
(1)  and  mid-ocean  ridges  –
MOR (2).

 Various  authors
delineate  northern
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boundaries of southern plates in noticeably dissimilar ways, and the version presented here is one of
several  possible  options.  In  fact,  molasse  depressions  are  always  found  on  southern  plates.
Consequently, we are not talking about collision, but rather about subduction of a continental plate.
This requires special explanation (the low density of the continental plate rules out the presently
prevailing hypothetical mechanism of plates’ movement – due to the polymorphic consolidation of
the basite plate edge). In all folded zones the vergence of plicative dislocations is oriented outwards
in the direction of molasse depressions. In the areas of the Pyrenees, Betidas, the Reef, and Tel Atlas,
the location of folded zones and molasse depressions rules out the emergence of this structure as a
result of pressure from the south. This and many other complexities can be eliminated with the help
of a technique inherent in PTH: postulation on emerging and disappearing oceans (Pannonian and
others), displacement and rotation of terrains, i.e., nothing remains from the initial graphic diagram. It
is also noteworthy that the pre-Himalayan depression graduates directly to a pre-arc trench (Fig. 5),
something which is, to put it mildly, odd from the PTH perspective.

Provision  of  a  rationale  for  displacements  (Fig.  4  and others)  in  terms  of  the  volume of
magmatism in the zone of spreading looks like this: “Oceanic rift magmatism results in the formation
of a second oceanic crust  layer with an average thickness of about  1.5 km. Volcanic rocks in it
account for two-thirds of its structure. The rate of oceanic crust spreading on both sides of the rift
zone averages 3 cm a year. Thus, given the length of the mid-oceanic ridges (MOR) equaling 65,000
km, the total “productivity” of all the volcanoes in rift zones will amount to an average of 4 km3 a
year” (Submarine Volcanism, 2013).

Fig. 5. Map of the Alpine Mediterranean-Indonesian Mobile Belt (Khain, 1984; and others).
1 – Northern boundaries of the African, Arabian, and Indian plates; 2 – Axis of the trench in front of

Indonesian  Island  arcs;  3  –  Folded  zones  and  median  massifs  of  the  Alpine  geosynclines;  4  –  Molasse
depressions.

Why is it that just 1 km of crustal thickness forms as a result of spreading? Where do the
remaining 4 km of hard oceanic crust thickness come from? This remains incomprehensible,  yet
some people venture to compare rates of plate spreading to rates derived from GPS measurements
and talk about conformity of the two sets of data.

Concurrently, the same scholars have also “determined” the overall volume of volcanics in the
world rift system and then used it for “cracking” other problems. They need no information on actual
volcanism, and they draw their conclusions within the framework of a speculative plate model. Mark
Twain made a pertinent remark on a similar situation: “There is something fascinating about science.
One gets such wholesale returns of conjecture out of such trifling investment of fact." There is only
one fact in the entire system of those deliberations – “the age of the crust” as derived from linear
magnetic anomalies. If one analyses deep-seated processes, one can see that this is not even a trifling
but rather imagined fact (see below).

Let us estimate the volume of magmatic rocks forming in the crust of the East Pacific Rise and
South Pacific Rise according to the maximum. The topography of the southern and partially eastern
rises developed “since the Late Quaternary period” (Golubeva, 2009, p. 3), (i.e., over recent 140,000
years).  At  the  center,  it  features  500-700  meters-wide  extrusions  (Petrological…,  1996).  Let  us
picture them as a single 20,000 km long dike with the lower surface at the roof of a magma chamber
situated, in terms of geothermal, seismological,  geoelectrical,  and petrological data, at  a depth of
about  4  km beneath  the  seafloor  (Gordienko,  2012;  Dmitriev  et  al.,  1990;  Udintsev,  1987;  and
others). The result will be 0.3 km3 displacement a year. This is absolutely insufficient to fit the rates
of displacements as measured by the GPS.

In addition, the data shown in Fig. 4B reveal warped judgment shared by adepts of the PTH
theory to the effect that magmatism is confined to zones of crustal extension. In zones of maximum
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extension (axial parts of the Mid-ocean ridge -- MOR), there are almost no young volcanoes (Iceland
with its obviously continental crust and 12 percent acid effusive rocks – (Aprodov, 1982) -- cannot be
referred to MOR). Volcanoes are confined to subduction zones – areas of maximum compression –
and  account  for  the  supply  of  75-80 percent  of  the  entire  contemporary  volume  of  the  Earth’s
magmatic material (Ritman, 1964; and others).

PTH IN OCEANS

The  commonly  known  basic  postulates  of  PTH as  presented  by  Dietz  are  quoted  above.
Attempts to verify their validity started right after the hypothesis had been advanced.

Reaction of PTH adepts to verification results can be illustrated by a response (in a letter) to A.
and H.  Meyerhoffs’  article  reporting  a  find  of  pre-Mesozoic  rocks  with  the  help  of  a  dredging
operation on the Atlantic floor. “I am amazed that you can attach such importance to this kind of
data. After all, the dredging operation was carried out before 1960, and nothing performed prior to
that date has any significance as far as modern geology is concerned. We spent over two months
conducting  a  detailed  (magnetic  –  Gordienko)  survey  in  the  same  area  and  found  nothing  to
corroborate  the  possibility  that  Cambrian  sediments  could  be  present  there”.  “Our  survey  was
carried out 200 km southeast from the dredging area. We do not need any dredging or sampling
since our profiles are…. quite sufficient to enable obtaining the necessary facts.” “…. The person
who wrote these words is one of the leaders in the new global tectonics…. We will not mention his
name. Our goal is to show the manner of thinking…. of the people…. who claim to be scientists” (A.
Meyerhoff and H. Meyerhoff, 1974, p. 435).

The striving to “silence” all achievements of their predecessors is a distinctive feature of the
“revolutionary” pseudoscience not just in geology. Proponents of PTH often draw parallels between
the changes they introduced into Earth sciences and the quantum revolution in physics. On this point,
Aleksandrov and Ginsburg (1999) remark in their article “On Pseudoscience and Its Promoters”:
“The so-called ‘revolution in physics’ at the start of the present century, with Einstein and Bohr being
its  most  recognized  representatives,  did  not  refute  Newton  or  Galileo,  but  complemented  their
mechanics in that area of velocities and scales where mankind had not yet accumulated experience”
(Aleksandrov and Ginsburg, 1999, p. 200). There is a section “Famous Geologists” in the English-
language version of the “Encyclopedia of Geology” (2005). There is no mention in it of any of the
scientists listed at the very beginning of this chapter, scientists whose work, in the opinion of this
author, constitutes the foundation of modern geology (“Famous Geologists”, 2005).

Fig.  6. Chart  showing  basic  structural
elements of the Atlantic Ocean floor according to
Andreev (2004); Silantyev (1984); and others.

1 – axial zone of the Mid-Atlantic Ridge, 2
– areas of the ridge where ancient basement rocks
were  encountered  (according  to  Pogrebitsky  and
Trukhalev,  2002;  Rudich  and  Udintsev,  1987;
Silantyev  et  al.,  2000;  Tectonics…,  1981;  and
others);  3  –  areas  maintaining  a  specific
composition of volcanic rocks over several stages
of magmatic activity (according to [Kogarko and
Asavin,  2007]),  4  –  areas  of  recent  dry  land
(according to Frolova et al., 1989 and others), 5 –
the shelf, the continental slope, and the foot.

Description  of  such  “discussions”  can
be continued based on publications and on this
author’s  own  impressions,  but  we  would
rather turn to the heart of the matter.

1. In accordance with PTH, the age of
crustal  rocks  that  were  just  formed  in  the
central  part  of  a  spreading  ridge  should  be
close  to  zero  and  gradually  increase  in  the

process of plate displacement.  Zircons from lavas that  rose at  various points of  the Mid-Atlantic
Ridge axial line are aged 1 to 2 million years. But zirconium xenocrysts with ages ranging from 457
to 2,970 million years were also found.  The isotopic  composition of hafnium corroborates  these
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findings, and similar zircons were found before as well (Kostitsyn et al., 2008). They may have been
washed out of the ancient crust underlying the upper strata.

There are numerous large (tens of kilometers long) outcrops of lower crust rocks in the Mid -
Atlantic Ridge central trough and on some benches along the faults running across it. Dredging and
drilling on this stretch (6,000 to 6,500 km) of the ridge supplied samples of those rocks thereby
enabling geologists to determine their age (Fig. 6) (Pogrebitsky and Trukhalev, 2002; Rudich and
Udintsev,  1987;  and  others).  The  rocks  come  in  a  wide  variety  of  types,  from  ultrabasites  to
plagiogranites, metamorphically altered in facies ranging from greenschist to granulite. Within this
group,  there are mantle rocks that  are not  discussed below. Some of the formations can only be
attributed to continental crust (Silantyev et al., 1992).

The data on the age of crustal samples are listed in Table 1 where the age is compared to the
dating of rocks making up the Ukrainian Shield (USh) (the dating of rocks from shields all over the
world matches them) and conforms to estimated ages of active events on continents according to
advection-polymorphic hypothesis (APH) (Gordienko, 2012).

Table 1. Comparison between estimated ages of active geological events in accordance with APH (on a
model - M) and experimentally derived ages of active geological events on the Ukrainian Shield (Ush) and
in the Mid-Atlantic Ridge (MAR) in millions of years.

М USh MAR М USh MAR М USh MAR
2650 2660 2650 1950 840
2600 2600 2580 1850 1880 1860 790 770 780
2550 2550 2520 1800 1800 1800 600 650 650
2500 2500 2490 1750 1750 1740 500 530
2400 2430 2420 1690 1690 400 370 350
2350 2340 1630 250 250
2280 2290 1580 1570 200 180 160
2240 2240 1480 1500 1500 120
2200 2200 1350 1350 1370 70 70
2150 2150 1250 1230 40
2120 2110 2130 1100 1100 20
2060 2060 950 900 990 5 5 1-3
2000 2000 2000

It is obvious that all the three sets of age assessments reflect close sequences of magmatic and
metamorphic events. MAR has been studied in significantly less detail than USh, whereas evidence
on its Phanerozoic activity is more abundant. The absence of several model age determinations is due
to the fact that evolution of a single block was examined numerically, whereas on the shield and ridge
the ages of many blocks could not be accurately determined because active events there took place
with a certain shift in time (Gordienko, 2009).

The  sequence  of  age  grades  shown  above  does  not  in  any  way  reflect  spreading.  Rock
metamorphism proceeded in several stages with ages such as 2-3, 27, and about 60 million years
determined even in second-layer basalts at the center of MAR (Silantyev, 1984).

Metamorphic rocks at the base of MAR formed under conditions that did not fundamentally
differ from those typical of a thick crust that developed for a long period of time (Fig. 7). In other
words, the lower layer is not a newly formed structure, but rather what has remained from the ancient
continental crust, including Archean. Ancient rocks outside MAR were found on the Rockall Bank,
Azores-Biscay Ridge, in the Bay of Biscay, and in the Falkland Rise (Blyuman, 2008; Rudich and
Udintsev, 1987). We are aware of the “…discovery…. in the area of MAR’s eastern junction with the
Romansh fault zone, of a thick (over 4 km) Cretaceous-Paleogene sedimentary stratum, the upper
portion of which is composed of Paleocene-Eocene coarse-grained quartz sandstones – products of
erosion of granite rocks that lay somewhere nearby” (Pogrebitsky and Trukhalev, 2002, p. 195).

This type of rocks can also be found on the Carlsberg Ridge axis in the Indian Ocean (A.
Meyerhoff and H. Meyerhoff, 1974) and in numerous “microcontinents” situated within the Indian
Ocean, and in the Arctic Ocean (Rudich and Udintsev, 1987; Tectonics, 1981). Rocks underlying
Paleogene-Neogene deposits were discovered within scarps of the Clarion-Clipperton fault  in the
central  part  of  the  Pacific  Ocean.  Two groups of  rocks were identified  among them:  1)  granite
gneisses, granulites, crystalline schists and amphibolites, quartzites with garnet, and marble. Some of
these rocks are  likely to  be Precambrian in  age.  2)  Clastic  rocks,  volcanic tuffs,  sandstones and
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argillites of Mesozoic age pierced through by granodiorites and diorites – all taken together looking
like a geosynclinal structure. The authors believe that the region (about 1,000 km in width) between
the faults overlies an ancient continental basement (Geological…, 2005; Tabunov et al., 1989).

Fig.  7.  Conditions  of
metamorphism that affected USh and
MAR rocks  --  according  to  the  data
generalized  by  Gordienko,  2009.
Shown in gray  color  is  an estimated
range  of  conditions  during
metamorphism in terms of APH.

After  the  period  of
attributing  ancient  rocks  at  the
axes of MOR to glacial drift (this

argument  sounds  particularly  exciting  when  applied  to  equatorial  regions!),  PTH  proponents
proceeded to assertions that the rocks in question were of mantle origin. They simply ignore the
noticeable amount of gabbroids and a smaller amount of plagiogranites among those rocks or verbally
ascribe this phenomenon to some unusual differentiation. If one takes an unbiased view of these data,
this is precisely the set of rocks that must have remained from a radically restructured (oceanized)
crust. Formations of this type emerge during every cycle of activation that continental crust goes
through.  This  statement  can  be  exemplified  by  the  data  on  the  initial  magnetism of  the  alpine
geosyncline in Eastern Kamchatka and the region’s post-geosynclinal activation. The following rocks
formed in the Cenonian-Paleocene: 1) Alpine-type ultrabasites (the dunite-hartzburgite association)
with a small volume of gabbroids; 2) dunite-wehrlite-pyroxenite massifs with increased potassium
alkalinity; 3) gabbro-monzonite-syenite and peridotite-pyroxenite-norite massifs. Ulrabasic intrusions
appear in some places in the process of vigorous basaltic volcanism during the Pliocene-Quaternary
time: 1) dunite-hartzburgites, 2) dunite-wehrlite-pyroxenites, and 3) wehrlite-pyroxenites. They are
not of the mantle substrate and not xenolites of plutonic rocks of the Cretaceous-Paleogene basement
(they differ  from the above both mineralogically and isotopically).  They are plutonic  analogs of
volcanics that carry them along (Koloskov et al., 2001).

On the other timeline end of crustal evolution, one can encounter, for example, rocks of the
Novopavlovsk basite-ultrabasite structure (3.67 billion years old); rocks of the Ukrainian Shield are
also products of initial magmatism. These are hartzburgites, pyroxenites, serpentinites, hornblendites,
metabasites, and crystalline schists (Shcherbak et al., 2005). The erosion profile in the corresponding
part of the Ukrainian Shield is about 30 km.

The content of basites in the median part of a normal continental crust is about 30 percent,
ultrabasic rocks – a few percent; basites at the bottom of the crust account for about 70 percent and
ultrabasites -- for 30 percent. In an atypical basic crust, which probably undergoes oceanization, the
concentration is higher (Gordienko, 2012; and others). These formations can produce a variety of
rocks, such as observed along the Mid-Atlantic Ridge axis, over the entire range of P-T parameters
studied (Fig. 7).

In several regions of the western Pacific (Polynesian Arch, Mid-Pacific, Marcus-Wake Ridge,
etc.),  magmatic  rocks  are  represented  by  trachytes,  phonolites,  mugearites,  and  benmoerites.
Formations with similar composition and at relatively similar depths also emerge during continental
activation that does not result in total oceanization of the crust. At the boundary with the Hawaiian
Ridge, estimates (insufficiently precise) of the age of volcanics come up to at least 220 million years.
The maximum possible  age is  over  600 million years,  i.e.,  manifestations  of  Hercynian or  even
Baikalian activation are possible in the region. The composition of the rocks there may also testify to
the involvement in their formation of the basic ancient crust with continental thickness. Its fragments
sank  under  upper  mantle  peridotites  and  produced  melting  chambers  at  50-150  km  depths
(Petrological …, 1996; Frolov and Frolova, 2011; and others).

The absence of spreading is testified to by a comparison of rock ages on the opposite sides of
the MAR rift valley at distances of 5 and 6 km (Silantyev, et al., 2000). At the assumed spreading rate
of 2.8 cm a year, rocks aged 3.5 million years must lie 100 km away from the valley axis, whereas
they are in fact just 5 km away. Rocks aged 20 million years should have been 560 km and not 6 km
away on the opposite side of the valley axis. PTH supporters have termed such areas of the ridge
“zones of abnormally slow spreading” (as though this bag-of -words means anything at all), yet the
“oceanic crust age” distribution in the adjacent areas of the MAR slope and neighboring basins has
remained unchanged in charts that have been published.
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In accordance with a  corollary to  Steno’s  law (1671;  quoted from the 1957 edition),  it  is
impossible to determine the age of a stratum as a whole, unless we know the age of its lowermost
portion. Rocks of the lower crustal layer in other oceanic regions have not been covered by studies
either  (there  is  one  exception  that  will  be  discussed  later  in  this  chapter),  therefore,  until  new
evidence becomes available, the Earth’s crust in oceans should be considered to be as ancient as
continental  crust.  Alternative  age  estimates  obtained  with  the  help  of  indirect  methods  point  to
nothing but the fallacy of those methods. If the ancient basement remains intact, this indicates that
there has been no spreading. 

Fig.  8. Smoothed topographic cross section of the
bottom surface of the  Mid-Atlantic Ridge and the
South Pacific Rise. Heights were calculated from the
level of adjacent basins.

Yet  another  feature  of  MOR  is  ignored  (or
misinterpreted) by PTH adepts. About one-third of
the ridge’s length is composed of formations lacking

a distinct  central  rift  trough  (instead,  we  observed
there  a  system  of  longitudinal  horsts  and,  in  all
likelihood, trenches adjacent to faults). In the Pacific

Ocean, these are almost all zones of the East Pacific Ridge (with the exception of an area somewhat
south of the Gulf of California, as well as Costa Rica and Galapagos branches) and South Pacific
Ridge. Based on the distances between linear magnetic anomalies, PTH proponents categorize them
as zones of abnormally fast spreading (about 4 to 6 cm a year). This, however, ignores the assessment
of the age of the ridge not exceeding one million years (Golubeva, 2009;  Petrological  …, 1996;
Udintsev,  1987;  Campsie  et  al.,  1983).  The  ridges  in  question  formed  on  an  Eocene-Miocene
(according to the age of volcanism) plate, have just started growing, and are much shorter than more
ancient ridges (Fig. 8).

Fig. 9. Histograms showing distribution of oceanic crust thicknesses:
Shown at the top is the entire dataset; at the bottom -- for a somewhat thinner
and thicker crust.

Accordingly, the opinion about spreading in the Pacific Ocean
being in progress since the Mesozoic appears to be unsubstantiated. If
it does exist, then over the period of its activity, the plate shifted for
several dozen and not thousands of kilometers. The topography of the
lower  portions  of  the  ridges  and  their  axial  parts  is  strongly
reminiscent of those described for the very beginning of the formation
of  continental  rifts  (for  instance,  the  Dnieper-Donets  Basin
(Geology…, 1989; Petrological …, 1996; Udintsev, 1987).

It  should  be  noted  that  Alpine  and older  rifts  on  continents
develop over tens of millions of years without, nevertheless, breaking
up  continents,  i.e.,  they  do  not  manifest  any  signs  of  spreading.

Actually, the same applies to the East Pacific Ridge extension in North America, an extension which
should logically be represented by the Great Basin and the Rio Grande Rift and not by the aseismic
Explorer, Juan de Fuca, and Gorda ridges artificially appended to the East Pacific Ridge.

Fig. 10. Crustal thickness.
1  and  2 –  oceanic  crust  (1  –

thin; 2 – thick); 3 – crustal thickness
(in  km);  4  –  flexure  within  which
crustal  thickness  increases  from  11
km to 12 km.

2. According  to  PTH,
continents are divided by zones of
young  oceanic  crust.  Let  us
specify  the  latter  notion.  The
young  oceanic  crust’s  typical
thickness  is  shown  in  Fig.  9
(according  to  Kunin,  1989;

Semenova, 1987; and others).
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It cannot be ruled out that the array of information consists of two sets of data one of which
(for a thicker crust) is represented mainly by information related to the western part of the Pacific
Ocean.  Blocks  with  subcontinental  crust  are  abundant  there,  and  therefore  the  version  with  the
Mohorovičić discontinuity lying at the depth of 10 km appears to be more typical of the ocean.

Thicknesses of the Earth’s crust in oceans and on continents are shown in Fig. 10 based on the
data of Kunin (1989).

Fig.  11. Distribution  of  shallow-water
sediments of dissimilar age [Rudich, 1983, 1984]
and  zones  of  Cretaceous  magmatism
[Makarenko, 1997; Rudich, 1983; and others] in
the Atlantic Ocean.

Charts: A – according to PTH; B – based
on actual  data;  C --  1-3 – outer  boundaries  of
regions  with  shallow-water  sediments  (1  –
Cretaceous;  2  – Paleogene;  3 – Neogene);  4 –
zones of Cretaceous magmatism.

At the same time, a 15-km thick crust
has to be viewed as a formation of transition
type. One can’t help asking a question that

plate tectonics adepts have not been able to answer since the time the concept was first conceived:
How come zones of spreading that expand at fairly dissimilar rates manage to produce a crust of
virtually equal thickness on half the Earth’s surface?

Fig.12.  Distribution  of  Cretaceous
basalts (according to Makarenko, 1997). 1 –
Positively proven; 2 – Assumed.

In terms of thickness, the Earth’s
crust in the Arctic Ocean is continental
(Fig. 10) .  The “oceanic” depth of the
Mohorovičić discontinuity accounts for
just  8-10  percent  of  its  area.  In
particular,  thickness  within the  Gakkel
Ridge  area  and  in  a  portion  of  the
Canada Basin decreases to about 14 km

(Artyushkov, 2010). A larger part of the Earth’s crust in the Mediterranean Sea is continental in
origin, and continental crust with Precambrian and Lower Paleozoic rocks was found at the surface of
the Scotia Sea floor (Silantyev, 1984). There is no doubt about the presence of a continental bridge
between Eurasia and Australia, as well as North and South Americas. It is abundantly clear that there
was no drawing apart of continents by oceans in which zones of spreading produce a thin oceanic
crust (Gordienko, 2012; Frolov and Frolova, 2010).

3. Numerous characteristics of the distribution of sedimentary and magmatic rocks have
been revealed in the course of oceanic studies, and it is impossible to account for them in terms of
PTH.

Fig. 13. Distribution of areas of recent
dry land (black patches) in oceans.

3.1. It is most convenient to observe
the  distribution  of  shallow-water
sedimentary rocks in the Atlantic Region,
where  the  Mid-Ocean  Ridge  (MOR)  is
situated at the center (Rudich, 1983, 1984,
and others). The oldest rocks occur at the
center  of  the  region  rather  than  at  its
periphery  (Fig.  11).  A  broad  band  of
Cretaceous basalts stretches in the central
part of the ocean, virtually along its entire
length encompassing MAR.  It  could not
have remained intact in that area had the
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floor experienced expansion during Post-Cretaceous time. It is a manifestation of magmatism similar,
in terms of composition and distribution, to traps of continental platforms in the process of which
crustal basification and subsidence took place. The same pattern can be viewed within other oceans
(Fig. 12). No disruption in zones of Cretaceous basalts due to spreading ridges has been found in the
Indian or Pacific oceans (Blyuman, 2008; Makarenko, 1997; McDougall, 1988; and others). Worthy
of mention is also “…homology of continental flood basalts and oceanic basalts, their emergence in
the course of a single magmatic cycle” (Rudich, 1983, p. 259).

3.2.  What recently used to be areas  of dry land are widespread in  oceans as  indicated by
various parameters, see Figs. 6 and 13 (Frolov and Frolova, 2010; Frolova et al., 1989; and others).
Its submergence (the increase of the depth of the crystalline basement floor) occurred in the form of
an abrupt collapse and not, as suggested by “Sclater’s curve,” in the course of cooling of the plate
that drifted from MOR toward continents (Artyushkov, 2010; Rudich, 1983, 1984) – see Fig. 14.

Fig. 14. Variations in the seafloor depth for some oceanic areas.
1 - Floor depth, 2 - Basement depth, 3 - Periods of magmatism, 4 - Sclater’s curve for the Arctic Region.

Fig. 15 gives an idea about the information database enabling such conclusions to be drawn.
Data on 326 boreholes from 199 areas in the majority of oceanic regions have been used.

This type of information is available for all oceans (rather limited data for the Arctic Ocean),
which shows no association between subduction through collapse and position of “spreading” ridges
relative to continents around the ocean. “….relatively recently, at the end of the Mesozoic and in the
first half of the Cenozoic, vast areas of the present-day water body, including those, within which the
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oceanic bed now lies at the depths of 4-6 km, were located near the surface. Their subduction was a
very intensive process and proceeded within short periods of time” (Rudich, 1983, p. 260).

Results, similar in meaning, were obtained by Blyuman (2008) in a study of basalt samples
from depths of the roof of the oceanic crust’s second layer based on materials of “The Deep Sea
Drilling Project,” (1969-2007).

 “-- Basalts underwent subaerial weathering;
“-- Clays overlying basalts…. are products of basalt weathering;
“-- Clays are overlain by carbonaceous oozes, registering a sharp transition from subaerial

conditions to shallow-water marine ones, and then by pelagic siliceous oozes that formed under deep-
water pelagic conditions;

“-- A unit of clays and argillites – a clearly defined thick layer of ground type of weathering
that formed over basalts” (Blyuman, 2008, p. 74);

“Volcanic rocks (at the interface between the first and second layers – Gordienko) are largely
represented by alternating series of flows at the roof of each of which subaerial crusts of weathering
are common” (Blyuman, 2008, p. 80).

Fig.  15. Sites  of  core
sampling  for  identifying  basalt
weathering  crusts  (Blyuman,
2008).

In the western part of the
Pacific Ocean, the composition
of  lavas  and  the  isotopy  of
lead,  strontium,  and  niobium
on  islands  testify  to  their
melting  out  of  continental
rocks  (Vasilyev,  1989;
Petrological…,  1996;  and
others) aged about three billion
years.  Before  the  onset  of

oceanization in that part of the Pacific Region, at least 10 km of the earlier crust (common there are
fragments of crystalline basement rocks metamorphosed at 0.35 GPa and at 4000C) (Vasilyev, 1989).
The crust was, in all probability, mafic in composition.

3.3. Volcanic provinces, whose rocks have maintained their specific composition over several
stages of activity, were found in the ocean. Some of them are shown in Fig. 6, and they abound in the
Pacific and Indian oceans. Kogarko and Asavin (2007) consider this fact inconsistent with the idea of
intermixing  of  the  upper  mantle  material  during  convection,  something  that  the  plate  tectonics
hypothesis suggests.

PTH supporters  not  infrequently  refer  to  the  age  distribution  of  young magmatic  rocks  of  the
Hawaii Ridge as a proof of plate movement over a “hot spot” (Petrological…, 1996; and others). If this
assumption is true, then the plate would have drifted for 12 million years north-westwards with the speed
of 10 cm a year (twice as fast as spreading?). The above assumption is based on ignoring all other data on
the age of magmatism in the virtually uninterrupted Obruchev-Imperial-Hawaii Rise. Out of the total
6,000 km length, the Hawaii Ridge, with its consecutively changing age, accounts for just 1,200 km.
No such pattern has been observed in other parts of the rise. Moreover, older volcanic structures
present  in them are partially eroded, and heterochronous effusive deposits  found there point  to a
relatively long-term supply of magmas from mantle sources that were stable relative to the crust. The
age of shallow-water sediments at the slopes of the Hawaii Ridge unequivocally testifies in favor of
its existence long before the onset of the magmatic stage in question (Rudich, 1984).

In the Pacific Ocean, there is yet another area within which the age of effusive deposits changes
consecutively in the same range as in the aforementioned part of the Hawaii. It is the Californian part
of the East Pacific Ridge. The concept of movement over a “hot spot” cannot be applied to it, because
otherwise  one  would  have  to  assume  that  the  spreading  ridge  travels  along  its  own  strike
(Petrological…, 1996). Instead, PTH proponents are voicing the opinion about a sharp turn of the
zone  of  spreading,  its  break  into  small  fragments,  between  which  displacement  occurs  along
transverse faults. This would have supported the assumption that the “hot spot” is fixed, while the
“drift” of the effusive rocks’ age is associated with the Pacific Ocean plate displacement relative to
the North American plate. It is hard to justify this incredibly artificial construction.
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Table 2.  Average heat flow (in mW/m2) at the Mid-Ocean Ridge slopes and in oceanic basins (in mW/m2)
(shown in parentheses is the number of heat flow measurements) according to Podgornykh and Khutorskoy (2000).

Geotravers West. slope East.slope West.basin East.basin
Atlantic ocean

450 n.l. 52(18) 58(16)
Kanar-Brasilian 50(31) 44(28) 52(231) 46(76)

190 n.l. 40(21) 43(6)
20 n.l. 55(17) 51(6) 54(13) 59(33)

Angola-Brasilian 61(76) 41(67) 60(63) 50(49)
310 s.l. 39(13) 34(8) 32(4) 56(8)

Pacific ocean
120 n.l. 115(11) 106(15) 58(27) 58(35)

00 74(29) 36(29)
150 s.l. 46(28) 122(105) 54(73) 79(108)

Indian ocean
60 s.l. 49(19) 76(4)
100 s.l. 40(33) 46(7)

3.4. The heat flow in oceans does not match that assumed in terms of PTH. In axial parts of all
mid-ocean ridges, as well as in continental hydrothermal areas, the heat flow is high and sharply
variable, yet undergoing normalization over short distances beyond those areas. If one really studies

this parameter, any comparison with estimated
values  is  meaningless.  Outside  this  narrow
zone, the heat flow changes less significantly
and,  on the whole,  irregularly relative  to  the
ridge axis (Table 2).

To calculate the heat flow value in terms of
PTH, it is necessary to know “the rate of ocean
floor expansion,” which is usually determined
as  a  function  of  distances  between  linear
magnetic  anomalies.  This  approach  is
challenged below, but even if one uses it (by
applying  “Sclater’s  curve”  –  heat  flow  as  a
function of crustal “age”), the figures will not
match anyway (Fig. 16).

Fig.  16. Distribution  of  averaged  heat  flow
values  in  the  Atlantic  and  Pacific  oceans  versus
distances from mid -oceanic ridges (Popova, 1987).
The lines indicate estimated distribution for cooling
plates.

If one adopts other concepts regarding oceanic crust age (on the assumption that spreading is
something real) in terms of distances from the mid-ocean ridge to continents with margins of Atlantic
type,  then correlation between estimated and measured heat  flow values will  become even more
problematic.

3.5.  According to  PTH,  huge  horizontal  displacements  occur  along “transform” faults  due  to
dissimilar rates of spreading in various fragments of the mid-ocean ridge. In particular, axes of ridges
undergo shifting. On continents, the shift of rift axes (common, for example, in the Rheno-Lybian
system) has nothing in common with such phenomena. The contrary must be true – it is precisely the
arrangement  of  rift  fragments,  discontinuous  and  with  displacements  --  that  causes  dislocations
within enclosing rock masses.

If we turn from a speculative picture to real facts enabling us to proceed from the data on faults to
judge displacements, we will see the same pattern in oceans (Fig. 17). A huge trough filled with
sedimentary rocks aged from Middle Eocene to Quaternary lies in the eastern and central parts of the
Pacific Ocean. The boundaries of stratigraphic layers and isopachs of the sedimentary structure are
not  affected  by  transform faults  intersecting  them.  It  is  obvious  that,  over  40  million  years,  no
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substantial displacement has taken place along the Clarion, Clipperton, or Galapagos faults west of
the East Pacific Ocean Platform.

Fig.  17. Structure  of  the
sedimentary sheath in an area of the
Pacific Ocean Eastern Basin (Rudich,
1984).

1 - boreholes, 2 – isopachs of the
Quaternary-Middle  Paleogene
sedimentary  structure,  3  and  4  –
boundaries  of  formations:  3  --
Marquesas  (Early  Neogene-Late
Paleogene),  and  4  –  Line  (Middle
Paleogene).

Lomakin’s  analysis  of  the
orientation of  dislocations  at  the
Atlantic  and Indian  ocean floors
prompted  him  to  conclude  that
they belonged to a single global
(occurring  on  continents  too)
ancient regmatic system that was

not subject to considerable horizontal displacements (Lomakin, 2013).

4.  Determination of the oceanic crust age on the basis of magnetic field linear anomalies is a
major element of PTH.

The authors of the hypothesis (Vine and Matthews, 1963, p. 948) proceed from the following model of
sources of alternating-sign anomalies: “The thickness of causative magnetic bodies…. is limited…. by the
Curie point…. at the depth of 20 km below sea level and beneath central parts of the ridges…. – at
the depth of 11 km.” These dimensions made it possible to use a relatively low (realistic for basalts)
magnetization value – about 2-2.5 A/m. The aforementioned heat-flow data for troughs and slopes of
mid-ocean ridges point to a much greater depth at which magnetite’s Curie point is reached. Given
the width (20 km) of the blocks as adopted by the authors, it is virtually impossible to determine the
depth of the source’s bottom edge: The computed field changes little with larger, by 5 to 10 km,
depth (and insignificant change in magnetization). The Moho discontinuity actually lies at the depth
of 10 km. Therefore, the authors, in order to make use of moderate magnetization, have to resort to a
source, which is mainly located within the mantle, and this makes the entire construction meaningless
as far as crustal age determination is concerned.

The  use  in  the  above  example  of
magnetite  for  the  basin’s  crustal  rocks  is
perfectly  justified  because,  with  age,  it
replaces  other  iron-bearing  minerals
(Pechersky and Genshaft, 2002) – Fig. 18.

Fig.  18. Variations  in  the  relative  share  of
magnetite among iron- bearing ores and subaerial
Phanerozoic  basalts  (Pechersky  and  Genshaft,
2002).

In later studies the depth of the bottom of the source was correlated with the thickness of the
oceanic crust upper layer (about 2 km). But in this situation, interpretation that would satisfy the
hypothesis  of  Vine  and  Matthews,  turned  out  to  be  impossible  or  required  unrealistically  high
magnetization (Gordin et al, 1987; and others).

Actually, in typical cases, authors of studies aimed at determining the age of the Earth’s crust in
terms of magnetic anomalies do not even undertake to substantiate the observed anomaly. In a study
published by Johnson in 1979, for example, a low Curie temperature (2300 C -2700 C) was found in
basaltic titanomagnetite samples from boreholes drilled at the slope of the Mid-Atlantic Ridge, a
lower magnetic susceptibility, a considerable amount of rocks (up to 67 percent) were classified as
formations with inverse magnetization, and a conclusion was made that it is impossible to account for
the observed positive anomaly by the data derived for a layer of young basalts. The author expressed
an opinion that deeper sources should be sought. Then the “age of the crust” was determined with
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dead  certainty  proceeding  from  the  very  fact  of  the  anomaly  presence  and  the  position  of  the
“corresponding” period of normal magnetic field on the conventional scale.

Fig. 19. Ages of magmatic rocks of the Atlantic
Ocean  (2)  and  those  in  the  marginal  part  of  the
Arctic Ocean (1) at various distances from the Mid-
Atlantic Ridge correlated with the “age of the crust”
estimated on the basis of linear anomalies (3).

The  discussion  of  linear  anomalies
interpretation could be continued further, but that
would go beyond the goals of this chapter. The
principal  question  is  whether  it  is  possible  to
determine the age of the Earth’s crust in terms of
anomalies. This author believes that it is absurd,
by definition, to make the age of the crust fit the

age of the volcanic material in its upper layers. The ages of lower layer rocks were discussed earlier in this
chapter, and they have nothing in common with those assumed by PTH. Fig. 19 lists data on the ages of
the Atlantic Ocean’s magmatic rocks correlated with distances from the Mid-Atlantic Ridge axis (ancient
rocks of the rift  trough are naturally excluded from the analysis).  This distribution is compared with
variations in the “age of the oceanic crust” as suggested by magnetic data.

It is hardly necessary to discuss in detail age determinations based on such evidence since this was
done repeatedly by A. Meyerhoff and H. Meyerhoff (1974). Rather, one should simply concur with
the  opinion  of  Gordin  to  the  effect  that  “….resorting  to  impressive  coincidences  between
‘independent’determinations of the lithosphere’s age in terms of the data of magnetic surveys and
deep-water drilling is illusory. As a matter of fact, those coincidences are due to the technology used
for identifying anomalies based on coordination of magnetic profiles with borehole reference points
and elimination of discrepancies by adjusting the age estimates and/or renumbering the anomalies.
“That  evaluations  of  the  ‘magnetic  age’  are  fictional  is  also  attested  to  by  referencing  between
various  anomaly  scales.  It  reveals  distortions  in  the  standard  sequence  of  inversions  --  faulting,
compression, and expansion -- exceeding the duration of identical magnetic epochs. By likening an
anomaly scale to a ‘standard ruler’ one has to admit that determination of the lithosphere’s magnetic
age is akin to measurements with the aid of a rubber standard with all the ensuing consequences”
(Gordin, 2002, p. 28).

Nor does the dating of the Atlantic spreading processes steer clear of the wide range of opinions
such as described for continents. As far as this author can judge, the version (Fig. 19) of uniform
spreading since the Middle  Jurassic  is  shared by many. Yet,  a  collection of  concepts  voiced by
different PTH supporters, as quoted by (Silantyev et al., 1992), suggests that spreading first started in
the Tethys, then, only since the Cretaceous, it occurred in the Mid-Atlantic Ridge, with numerous
complications in the process, which could not but affect the isochron distribution, and only from the
Miocene the contemporary form of expansion started.

PTH IN TRANSITION ZONES

The situation in transition zones of Atlantic type does not draw special attention of plate tectonics
adepts.  The  plate  tectonics  hypothesis  offers  no  answer  to  a  simple  question:  Why  is  it  that
subduction zones at the interface between the oceanic plate and the continent emerge in some places
and not in others? We are talking about an observable situation and not about wandering terrains or
past oceans swinging shut. The entire “might” of the analysis involving PTH is briefly discussed
earlier in this chapter. In the following, we will use the data on transition zones of Pacific Ocean type,
mainly Kuril-Kamchatka that this author knows best.

In terms of PTH, lithospheric plates there plunge under continents, a backarc sea is present, as
well as island arcs (partially on continental margins), a deep-water trench, and marginal arches at the
limbs of plunging plates. These regions are covered by studies better than oceans. In some cases,
descriptions of their contemporary structure and geological history are almost as detailed as those for
continents,  and this narrows down the reach of plate tectonic adepts’ imagination in the canonic
frameworks of the hypothesis. The result does not boil down to rejecting the hypothesis, but rather
equips it with additional elements.

There  are  no mid-ocean ridges  in  backarc  seas,  yet,  magmatism,  which,  at  the  present  stage,
closely approaches the arcs, matches the magmatism of spreading ridges in terms of composition
(Petrological…, 1996; Frolova et al., 1989; and others). So, what is it? Those who back PTH call it
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“dispersion spreading” (spreading above a subducting plate!?) This author failed to find any further
explanation of the “phenomenon” in the literature, so we are probably dealing with a mere bag of
words). At the external, oceanic side of the trench and within it, alongside other rocks, magmatic
rocks that are completely identical with those on the arcs are also common. In accordance with the
two-word  “explanation”  by  PTH proponents,  it  is  “dispersion  spreading”  (Petrological…,  1996).
Perhaps  someone,  but  not  this  author,  is  capable  of  envisioning  the  mechanism  of  dispersion
spreading. The standard plate tectonics interpretation of the deep-seated processes in the transition
zone of oceanic type assumes that the plunging material within the convection cell returns to the zone
of spreading. In this particular case it is hard to figure out what zone we are talking about. There is
only the Mid-Atlantic Ridge at the latitude in question. This author has never seen a description of a
slab traveling beneath North America. 

However,  in  the  opinion  of  other  PTH supporters,  the  submerging  plate  at  the  depth  of  several
hundreds of kilometers does not return to the east, but rather heads for thousands of kilometers westwards,
accumulates material for contemporary and, earlier, for Hercynian magmatism of the Siberian and Chinese
platforms (Kovalenko et al., 2010; and others). (Those PTH adepts don’t bother to ask themselves how
this could happen to plates that plunge toward one another from different sides of some island arcs). But
perhaps the slab does not travel so far and halts hundreds of kilometers away from the site of subduction?
(Zhao et al., 2010). There is a recent trend to link variously-directed movements to the zone of subduction
too. During subduction, when reaching a level of metamorphism typical of Moho and upper mantle, the
former continental crust blocks, rise at that point to the surface (Gerya, 1999).

This very colorful  if  somewhat immature adventure of the transition zone and its  environs is
supplemented (see above) with flocks of terrains traveling along their own routes, which are not in
any manner coordinated with the main routes of the slabs (how can one understand what those routes
are?). And no matter what actually happens, in the Carpathian region, for example (see above), the
entire available geological and geophysical data match the whole story. Yet, if one analyses those
cases of matching in detail, it will transpire that, according to the verbal admission by the authors of
the geodynamic model themselves, just two or three facts satisfy their model. At the same time, all
facts  supporting the aforementioned concepts  of  deep-seated processes  in the  transition zone are
disregarded  when  it  turns  out  that  the  subduction  zone  leaps  over  (the  Kuril-Kamchatka  zone
eastwards) with an amplitude of dozens of kilometers and with the periodicity of one million to
several dozen millions of years (Avdeyko et al., 2006; and others).

But why bother and coordinate certain things even at such a level? They were simply ignored.
1. A rock complex that used to be viewed as a product of inner-plate magmatism (Volynets, 1994)

has been identified in the Kuril-Kamchatka island arcs system. This author never came across any
explanation for this fact (except the usual blah-blah about a “hot spot” that suddenly turned itself on
and as “conveniently” turned itself off, or about a block of peridotite of Mid-Ocean-Ridge Basalts
(MORB) type of material that was not, for some reason, capable of melting fast enough as compared
with that 30 to 50 km further west, and so on). Moreover, in determinations of the composition of the
“Island arc complex” (which is later used to diagnose “geodynamic conditions” high and low up to
the Archean of the shields), mafic and ultramafic rocks “within the plates” are not taken into account.
A typical trick: if something does not fit PTH, ju st ignore it.

2. Subduction is only effective if the process is sufficiently long-term, compared with the age of
the most ancient oceanic crust – about 150 million years or older (in the case of Kovalenko et al.,
2010; and others) or with the age of platform magmatism – 250 million years. This should also be the
age of the trench. The very first  seismic exploration and studies of sedimentary rocks within the
Kuril-Kamchatka, Japan, and Mariana trenches showed that the above assumption did not hold water.
The age of the start of subduction was estimated at 20 to 40 million years (Rudich and Udintsev,
1987; and others). More detailed studies indicated that trench sediments had accumulated before the
trenches reached the status of barrier-depression, and in that capacity they are very young: 0.5 to 1.0
million years. Let me quote conclusions drawn from one such study in the Pacific Ocean Northwest
Trench.“Terrigenous sediments were carried off the cordilleras of Japan, Kuriles, and Kamchatka
along a single network of river valleys, submarine canyons, and fan valleys (abyssal channels) in the
Middle-Late Miocene – Early Pleistocene against the backdrop of the Pacific Ocean transgression
which  deluged  a  vast  peneplain  (Darwin  Rise)  before  the  Kuril-Kamchatka,  Japan,  and  Izu-
Ogasawara deep-water trenches  began to emerge (Lomtev et  al.,  1997,  p.  28).  The quantity and
character  of  the accumulated terrigenous material  agree well  with the cordilleras’  “productivity.”
“The dating of Pacific Ocean trenches points to their recent (0.5-1 million years) emergence (Middle
Pleistocene)…” (Lomtev et al., 1997, p. 28). In areas more distant from the shore than the emergent
trenches, the rate of sedimentation and the composition of sediments at the edge of the plate changed
sharply: The “barrier-depression” effect is at work.
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Fig. 20. Structure of the trench in
the  transition  zone  from  North
America to the Pacific Ocean in the
area of the mouth of River Columbia
(Udintsev, 1987).

1  –  horizontally  layered  Upper
Pleistocene  (0-0.5  million  years)
turbidites,  2  –  Lower  Pleistocene
(0.5-1.8  million  years)  parallel
laminated  turbidites  and  Pliocene
(1.8-5 million years) coarse-grained
sediments, 3 – acoustic basement.

The Oregon-Washington Trench at the margin of North America and the South-Chilean Trench in
South America are being completely filled with sediments, and the initial removal through them of
terrigenous material to margins of the Cascadia and Humboldt plates is continuing. Here the picture
of the beginning of the trench block subduction becomes particularly clear (Fig. 20 ). The depth of
the sea floor in the area in question is about 3 km. There are reasons to believe that Early Pleistocene-
Pliocene rocks formed at depths greater than today’s by 0.2 - 0.7 km and that they submerged not
earlier than in the Late Pleistocene, in other words, the trench is younger than the beginning of the
Late Pleistocene (Udintsev, 1987).

Submergence  of  a  lithospheric  plate  in  the  subduction  zone  implies  an  absolutely  definite
distribution of earthquake hypocenters (they must reach maximum concentration at the starting point
of the downgoing trajectory where the plate and the enclosing medium are still cold and highly rigid)
and positive anomalies of seismic wave velocities (relatively high velocities can be attributed to a
cold plate). Detailed seismological models of the region’s Earth’s crust and upper mantle reveal other
characteristics of the zone’s structure and seismicity (Fig. 21). The concentration of hypocenters in the
area of the trench axis is minimal, and it grows to maximum only 50-100 km away toward the dry land,
i.e. outside the trench. And the distribution of positive velocity anomalies there is a far cry from those
predicted.

Fig.  21. Distribution  of
anomalous  (calculated  from
average  in  the  region  of
distribution)  compressional
seismic  waves  (P-waves)
velocities  (in  в  n·0,1  km/sec)
along the profile across southern
Kamchatka and the adjacent part
of the water body [Nizkous et al.,
2006].

1  –  volcanic  arc,  2  –  deep-
water  trench  axis,  3  and  4  –
isolines  of  anomalous  velocities
(3  – positive,  4  – negative),  5–
earthquake hypocenters.

3. PTH advocates tend to adhere to a concept that earthquake mechanisms in subduction zones
point to the direction of tension and compression coinciding with the trajectory of plate subduction.
In particular, at small depths on insular shoulders of trenches, they correspond to the formation of
low-angle  overthrusts  (Isaacs  and  Molnar,  1971;  and  others).  Studies  of  mechanisms  of  a  large
number  of  earthquakes  in  the  Pacific  Ocean  transition  zones  (including  those  used  by  the
aforementioned authors), especially in the Kuril-Kamchatka transition zone, indicated that all those
assumptions  are  incorrect  (Balakina,  2002;  and  others).  “In  their  solutions  regarding  focal
mechanisms, advocates of the plate tectonics hypothesis single out low-angle nodal planes in the
capacity of faulting in shallow earthquakes foci simply because that approach sits better with the
subduction concept.  Evaluations  of  parameters  of  focal  disturbances  through correlation between
observed  and  theoretical  seismograms  cannot  be  used  to  prove  the  availability  of  low-angle
overthrusts, since the inverse problem cannot be solved unambiguously” (Balakina, 2002, p. 132). At
depths down to 70-100 km,  real  displacements,  which are  in conformity with focal  mechanisms

23



studied, are largely directed almost vertically downwards, the prevailing verticality is maintained at
large depths, and the direction varies from area to area (Balakina, 2002).

4. Numerous geological features were revealed at the oceanic slope of the trench, complicated
by the Zenkevich Swell (Hokkaido Uplift) and Obruchev Rise, at the shelves of longitudinal faults,
which render the trench sharply different  from typical  oceanic regions (Vasilyev,  1989;  Lomtev,
2008; Lomtev et al., 1997; Petrological… 1996; Rudich and Udintsev, 1987; Sergeev et al., 1983;
Tectonosphere …, 1992; and others). “Several rock complexes differing in type and probably also in
age (the age was later determined – Gordienko) were identified in the recurring sequence from the
bottom upwards. The first of them, the oldest, is composed of biotite gneisses, amphibolites, marble
rocks, quartzites,  and biotite-amphibol gneisses. As one goes further up along the slope, they are
replaced by andesites, basalts, felsites, sandstones, and gravelstones overlain by quartz porphyrites,
felsites,  andesite-dacites,  and  dacite  porphyrites.  Still  further  up,  the  structure  is  composed  of
subaerial formations and deposits: liparites, liparite lavas, ignimbrites, tuffs, and tuffites. Not only are
all the above structures similar to Kamchatka’s metamorphic, magmatic, and sedimentary series, but
they also echo their sequence.” (Rudich and Udintsev, 1987, p. 24). Proceeding from these and other
data, Lomtev (2008) analyzed the evolution of the Earth’s crust in the part of the Pacific Ocean’s
North-Western Depression prior to its oceanization. Its initial thickness is estimated at about 33 km.
In other words, the edge of the Pacific Ocean’s North-Western plate has nothing to do with spreading.

5. Earlier in this chapter, an estimate was presented of maximum spreading in the Pacific Ocean
in  terms  of  magnetism:  0.3  km3 a  year.  For  Pacific  Rim  volcanoes,  their  “productivity”  was
determined taking into account only those products that had deposited at the surface (i.e., assessment
by  the  minimum).  According  to  Aprodov  (1982),  Gushchenko  (1979),  Naboko  (1969),  Ritman
(1964), and others, it may be estimated at 1.2 km3 a year. It is true that both estimates are inaccurate,
but the difference is too large to be considered accidental. PTH does not explain how the material
melted out of a plate that resulted from spreading, or how it can be several times larger in volume
than the plate itself. Supplementing this by melting in the lithospheric wedge (Avdeyko et al., 2006;
and others)  under  the  effect  of  fluids  from the submerging plate  (the  assumption that  fluids  are
insufficient for melting the plate material, whereas a portion of fluids would do for ultramafic rocks
of the lithospheric wedge) appears to be a stretch of the imagination. Apart from that, observed focal
depths  beneath  the  arcs  are  virtually  the  same as  in  other  oceanic  areas  (V.  Gordienko  and  L.
Gordienko, 2013; and others).

Table 3. Average PT parameters of mantle magma chambers in the Pacific, Atlantic, and Indian
oceans (values are rounded up to 5 km and 50°C).

Region 1st level 2nd level 3d level 4th level
MOR 190km 1650°C 140km 1500°С 80km 1300°С 50km 1250°С

Aseismic ridge 180km, 1600°C 140km 1450°С 90km, 1350°С 55km 1250°С
Basin 195 km, 1650°C 140 km, 1450°C 85km 1350°С 55km 1250°С

Island arc 205km, 1650°C 150 km, 1550°C 85km 1350°С 50km 1200°С

Parameters of magma chambers were, naturally, obtained with the help of the data for the Pacific
Ocean Rim. Parameters of crustal chambers were also assessed at 20-30 km and 3-6 km; they are not
shown in Table 3 because they were believed to be products of mantle chambers. The lithospheric
wedge beneath the island arc is located at depths ranging from 30 to 150 km. Location of just one out
of four mantle chambers can be explained in terms of the effect of a slab on the melting of the
adjacent part of the lithospheric wedge (Table 3).

CONCLUSIONS
There  are  more  than  enough facts  (their  number  can  be  easily  increased)  to  give  a  negative

assessment of the hypothesis under question. Nevertheless, PTH has become extremely popular. In
one of his last publications Belousov offers a clue to solving this riddle.

“….all obstacles have been removed. All  sorts of movement or spin of plates of  any size are
possible…. At any place and at any time zones of spreading, subduction, or obduction can emerge
and vanish again… A researcher can determine at will the convenient size of plates, their shape,
direction, and time of their movements or rotations. At the same time, he or she feels completely
liberated from bothering why and how those plates formed and why they drift.”

“These conditions of total free-for-all… are certainly creating ideal settings for ‘explaining’ any
structural  situation.  This circumstance is  precisely what makes the  plate  tectonics  hypothesis so
attractive. It hypnotizes one and makes one feel satisfied with the finality of his judgments. From the
eternal quest and constant qualms, scientific creativity transforms into quiet and simplified labeling
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of phenomena according to standard requirements. It is certainly hard to deny such mental comfort
to oneself” (Belousov, 1991, p. 10).

It is also possible to add the power of authority to the above. This author repeatedly heard that PTH is
correct  because Khain himself  recognizes  it.  Avsyuk,  who wrote  a  preface to  a  book under the title
“Controversial Aspects of Plate Tectonics and Possible Alternatives” is telling a story of how Mercury’s
revolution period was determined. It was established by Schiaparelli in 1889 as equal to 88 days and to the
period of orbital movement. Supporters of the famous astronomer corroborated this result again and again
for  75  years  with  the  help  of  new  observation  data  obtained  with  increasingly  more  sophisticated
equipment. After radio-astronomical methods were applied, the actual revolution period was set at 55
days, and a re-examination of these data adjusted the period to 50-60 days (Avsyuk, 2002). The force of
authority is enormous, but it  was already clear to Bacon (1214-1294) that “there are three sources of
knowledge: authority, rational thinking, and experience. Authority, however, is not enough if you do not
have a logical basis without which it leads you to accept things on faith rather than understanding. …. And
rational thinking alone cannot distinguish sophism from real proof, unless it can justify its conclusions
by experience.” (History…, 1981, p. 58-59). Bacon was a Franciscan friar and professor of theology
at  Oxford  University,  and  he  spent  12  years  behind  bars  for  admonition  of  his  colleagues’  ill
behavior, thereby slurring the authority of the Church. Seven hundred years have passed since then.
Our contemporaries, who occasionally admit making up their results to fit PTH, provide as an excuse,
apart  from the opinion of  acknowledged authorities,  also fear  lest  they would not  otherwise  get
grants, would not be allowed to publish their articles in prestigious journals that might reject their
articles  if  the notion “geosyncline” was mentioned there.  In fact,  people  with normal geological
education also experience ethical  problems.  Geologists  from generations that  grew up during the
period  of  PTH  domination  did  not  get  enough  information  from  their  teachers  about  simplest
geological facts and methods of their analysis.  It is only by working independently that they can
reach a professional level (we are not talking about individual problems in resolving many of which
modern geology has been developing rapidly and successfully), but far from everybody holds such
inspiration.

Characteristics of human nature that facilitated the contraction of the plate tectonics bacilli by the
majority  of  members  of  the  worldwide  geological  community  are  far  from ideal.  Consequently,
recovery will be a long process.
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2. ESSENTIAL POINTS OF THE ADVECTION-POLYMORPHISM
HYPOTHESIS

This author in 1975 submitted to Vladimir V. Beloussov’s judgment his book entitled “Thermal
Anomalies in Geosynclines” (Gordienko, 1975) in which the hypothesis of a deep-seated process in
the  Earth’s  crust  and  upper  mantle  was  analyzed  (solely  for  this  specific  type  of  endogenous
conditions). The book also discussed the concept of correlation between tectonics and magmatism, on
the one hand, and advection in the mantle (Beloussov,  1972) and polymorphic transformation of
rocks, on the other (Goguel, 1965; Subbotin et al., 1968; and others). The presentation of the book
was largely a success, yet at that time as well as during our later conversations (not too many of them
– just three or four), Beloussov urged me to pay more attention to manifestations of recent events that
impede examination of traces of earlier processes. He also warned me against devising a detailed
pattern of heat and mass transfer in the tectonosphere because, in his opinion, not enough empirical
evidence has been amassed for continents, let alone for oceans. After a while, the significance of the
first  remark  made  sense  to  me,  although  I  was  still  reluctant  to  go  along  with  the  second one
(Beloussov in 1991 found it necessary to share his latter observation with all geologists in an article
that  was also his  last  will  and testament).  The work on the hypothesis was a long process,  and
insufficient information for continents hampered it less than the lack of consistency or errors made by
this author in the evaluation of manifestations of certain deep-seated processes responsible for the
observed geological phenomena. Over the past 20 years, hardly any additional data for oceans that
might throw light on their “pre-oceanic” history have been acquired. It may, however, be claimed that
an  intrinsically  consistent  (perhaps  not  yet  exhaustive)  scheme  illustrating  the  effect  of  the
tectonosphere’s “heat-flow engine” has been created based on solid evidence. It is the first time that it
examines the events of geological history within the framework of the law of conservation of energy.
We are talking about the advection-polymorphism hypothesis (APH) (Gordienko, 1998, 2007, 2012,
etc.). A hypothesis claiming to be a solution to this problem should satisfy a number of requirements,
and it might be a good idea to consider them before proceeding to the subject matter.

REQUIREMENTS FOR THE TECTOGENE HYPOTHESIS

Reconstruction of the deep-seated processes in the Earth’s crust  and upper mantle proceeding
from known geological episodes in the near-surface zone and physical fields and models is a tricky
challenge, as is the case with any inverse modeling. However, differences between versions of deep-
seated processes explaining the same observed phenomena go far beyond the limits of equivalent
solutions. This scatter is largely the result of resorting to physically unlikely processes in the upper
mantle and/or  taking into account  for  control  purposes far  from all  geological  phenomena being
studied.

The latter complication can be precluded by applying the concept of endogenous conditions each
of  which  is  characterized  by  a  series  of  consecutive  “elementary  phenomena”  in  the  region’s
geological history (Beloussov, 1978, 1982; and others). Such materials sum up the huge experience
amassed by geological science in the past.

In  this  author’s  opinion,  the  method for  the  elaboration and implementation of  the  tectogene
hypothesis should satisfy the following criteria:

1. Enable the formulation of concepts of a physically plausible mechanism for the deep-seated
process in line with up-to-date knowledge on the composition, structure, and energy capacity of the
Earth’s tectonosphere.

2. Bring the process design up to a level that would enable sufficiently accurate evaluations of
the distribution of physical properties of the material making up the tectonosphere for any moment of
the region’s history (including the geologically significant period of time following the completion of
the active phase).

3. Demonstrate quantitative consistency between estimated and observed geophysical data for
the  region.  Velocity  and  geoelectric  models  for  the  region  as  estimated  on  the  basis  of  the
hypothetical  process  are  compared  to  those  derived  from  experimental  evidence.  Estimated
gravitational and magnetic fields and the distribution of heat flow (HF) are directly compared against
observed ones. No massaging of stats is an essential requirement. The parameters coincide within the
limits of reference accuracy adopted in advance for estimated and experimental data. If the limits turn
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out  to  be  excessively  wide  (i.e.,  if  they  permit  correlation  between  fields  and  models  for
fundamentally dissimilar mechanisms of the process), then comparison employing this method for
deep geophysical  studies is considered to be inconclusive and must  be excluded from the list  of
control criteria. In the event that an unfinished recent active process is analyzed, when there is no
clear picture regarding the type of endogenous conditions and, accordingly, when the type of a deep-
seated process cannot be selected with certainty, such comparison can be performed with the help of
certain  parameters  derived  from  observed  data.  In  this  particular  case,  determining  the  type  of
endogenous conditions is precisely the goal of the study.

4. Show that it is possible to reconstruct the geological history of regions with dissimilar types
of endogenous conditions. A hypothetical mechanism of the process must enable calculation of rates
and amplitudes of uplifting and subsidence, sedimentation, the time of emergence and the depth of
magma chambers for various stages of the region’s evolution, the distribution of zones of lithogenesis
and metamorphism in crustal rocks, etc.

It goes without saying that relevance of different methods for hypothesis control can vary with the
type of endogenous conditions and age of the process.

The use of  geophysical  data  is  only possible  when the impacts  of  the  processes  give rise  to
significant  anomalies  in  the  physical  properties  of  crustal  or  mantle  material,  anomalies  that  the
hypothesis could predict with sufficient accuracy. Those impacts are caused by changes in the rock
composition  and  abyssal  temperatures  (T).  Changes  in  composition  can  be  studied  in  terms  of
geophysical data provided that, within a considerable depth interval, the contemporary composition
has been determined and the composition that had existed prior to the onset of the process is known.
It is certainly far from always that such a problem can be solved at a quantitative level. In some cases,
the data on the structure and thickness of the Earth’s crust and its individual layers as supplied by
deep seismic probing constitute an exception. Temperature anomalies that took shape in the Earth’s
interior  during  the  onset  of  the  process  and  that  have  somewhat  abated  by  now  can  be  quite
accurately described in terms of the APH. The resulting disturbances in the physical properties (and
physical  fields)  can  be  recorded,  provided  that  they  are  large  enough,  but  their  magnitudes  are
maintained solely for Alpine and post-Alpine processes.

The composition of magmatic and sedimentary rocks presently lying at the surface, as well the
extent  of  their  lithogenic  variations  and  other  geological  data  have  changed  much  less  than
temperature anomalies, and therefore, in many cases, the use of the former in the analysis of pre-
Alpine processes is to be preferred.

Let  us  examine the validity  of  this  statement  on an example of  the  Donets  Basin Hercynian
geosyncline, which has been well covered by geological and geophysical studies and which was also
involved in active Cimmerian processes. We will use the results of a thermal model constructed for
the region’s tectonosphere in terms of APH concepts.

Fig.  1. Graphs  illustrating  distribution  of  anomalous  heat
flow values and anomalous gravitational effect consistent with
Hercynian and Cimmerian processes in the mantle of the Donets
Basin.

The present temperatures in the Earth’s interior of
the  region  that  are  associated  with  the  Hercynian
geosynclinal process (which culminated in folding and
final magmatism 250-230 million years ago) and active
Cimmerian processes (180-170 million years ago) are
not markedly different from those that existed prior to

the  onset  of  the  geosynclinal  cycle  of  development  about  380  million  years  ago.  The  strong
temperature anomalies that prevailed during the active period have smoothed out almost completely.

A portion of the model associated with Hercynian and Cimmerian heat and mass transfer events
displays a positive temperature anomaly not exceeding 50oC within the depth range of 45-180 km. 

Further down, a negative anomaly of commensurable intensity (about 70oC) was recorded. The
solidus temperature is exceeded at the depth of about 300-350 km. In the upper 300-km mantle and
crust strata, there are no partial melting layers that might be responsible for appreciable conductivity
anomalies  associated  with  melts  and  fluids  arising  during  thermal  dehydrotation of  rocks.  The
decrease in P-wave velocities under the effect of high temperatures within the depth interval of 40 to
200 km is about 0.02-0.03 km/sec, which is clearly lower than the margin of error. Thus, geoelectric
and velocity models of the region’s mantle cannot detect traces of the Hercynian and Cimmerian
processes in the Donets Basin. The change in mantle rocks density under the effect of positive and
negative anomalous temperatures in the central part of the region will average -0.007 g/cm3 in the
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depth range of 45-180 km and +0.004 g/cm3 at the depths between 180 and 450 km. Temperature
and, accordingly, density anomalies occur within an area which is at least twice that occupied by the
geosyncline. A gravity anomaly in the mantle matching density anomalies along the profile from the
center of the region to its periphery is shown in Fig. 1. At the center of the Donets Basin, it does not
reach 10 mGal, which is lower than this type of disturbance actually recorded there. This anomaly
cannot be registered also for the reason that there exists in the region a more significant anomaly
associated with recent active processes (up to 30-35 mGal). The estimated anomalous deep-seated
heat flow along the profile from the center of the Donets Basin to its periphery which is associated
with Hercynian and Cimmerian processes is lower than 3 mW/m2. This is below the margin of error
in  heat  flow determinations  in  the  Donets  Basin  (Fig.  1).  Apart  from that,  strong thermal  field
disturbances, associated with effects of recent processes, are common there.

The difference between contemporary crustal temperatures due to the deep-seated processes in
question and those that prevailed prior to their onset does not exceed a few dozen degrees. Nor should
one expect a substantial change in the depth of the magnetite Curie isotherm or try to attribute it to
variations in the thickness of magnetic features or, accordingly, in the magnetic field.

Thus,  no  appreciable  traces  of  Hercynian  or  Cimmerian  processes  should  be  included  in
contemporary geophysical data (with the exception of the crust velocity profile),  and the relevant
information should not be applied for verifying the tectogene hypothesis regarding events of that age.
At the same time, the heat-flow model for the Donets Basin constructed in accordance with the APH
exhibits a number of specific elements that can be geologically validated.

In terms of the said model, the temperature distribution at the depth of a few kilometers at the time
of completion of the Hercynian process must conform to the heat flow amounting to about 70-75
mW/m2 at  the  center  of  the  region  with  a  noticeable  attenuation  toward  its  periphery.  In  areas
involved in Cimmerian processes the temperatures right after the cessation of those processes are
much higher and their distribution with depth is nonlinear. The temperature increase is due to the
effect of hydrothermal fluids rising above magma intrusions along fault zones up to the depth of the
lower  surface  of  Permian  rocks  (about  2  km  at  the  onset  of  Cimmerian  processes).  Estimated
temperatures can be correlated with the data on paleo-temperatures in the corresponding parts of the
Donets Basin that have been established according to the extent of coal metamorphism and lithogenic
alteration of sedimentary rocks. Fig. 2 illustrates results of the comparison.

Fig. 2. Comparison between estimated heat-flow models (lines)
and  experimental  data  on  paleo-temperatures  dating  back  to
Hercynian (1) and Cimmerian (2) periods.

The estimated and experimentally derived temperatures for
both periods of geological history match completely.

A heat-flow model was used to estimate the depths of the
top of the asthenosphere in the Donets Basin’s mantle for the
time of formation of magmatic rocks of mantle origin.  They
can be correlated with depths of magma chambers derived from
the composition of igneous rocks. The available evaluations of
the  error  margin  in  determining  the  depth  of  the  upper

asthenosphere from geological data come up to about 10 to 15 km. The chemical composition of
some  rocks  testifies  to  the  involvement  of  crustal  material  in  the  formation  of  the  magma’s
composition. For example, the Southern Donets Basin complex, which is virtually synchronous to
inversion, includes trachyandesites and trachyliparites in addition to other rocks.

Table. Comparison of parameters of magma sources in the Donets Basin mantle 380-170 million
years ago.

Age,
Ma

Depth of the top of the asthenosphere in km; temperatures in oC
Based on heat-flow model Based on rock composition

380 255; 1,800 190; 1,650
320 157; 1,550 150; 1,500
320 97; 1,400 90; 1,300
240 60; 1,250 50; 1,200
170 50; 1,200 50; 1,200

Obviously,  this  type of control was also successful.  If we add to the above results  a detailed
picture of reconstruction of the rate of sedimentation at  all  stages of geosynclinal  evolution (see
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below) and the size of the erosion zone, it can be concluded that the absence of anomalies of physical
fields does not render the pattern of the deep-seated process unverifiable. This pattern can be verified
with confidence at a quantitative level in terms of geological evidence. Of course, a high degree of
geologic certainty is required for that. Unfortunately, today it can only be achieved for continents and
some parts of transition zones. It has to be admitted that the irrefutable change in the Donets Basin’s
crustal composition as compared to the crust of the adjacent Ukrainian Shield (basification) cannot be
accurately interpreted since it may be associated with events of Riphean, Hercynian, or Cimmerian
age. The said change can, however, be reliably identified with the help of contemporary anomalies of
physical fields in a section of the basin located in the zone of recent  active processes. There,  at
shallow depths, temperature distributions close to those shown in Fig. 1 (a Cimmerian model) were
recorded.  Estimated  and  experimentally  obtained  anomalies  of  heat-flow,  electrical  conductivity,
seismic wave velocities, and mantle gravity - all anomalies predicted by the APH as a result of heat
and mass transfer – were found to be quantitatively matching.

Naturally, to tackle the aforementioned problems, we had to substantiate and adopt parameters of the
environment (chemical and mineral composition of crustal and mantle rocks, their density, seismic wave
velocities  in  them,  thermal  and  temperature  conductivities,  electrical  conductivity,  viscosity,  energy
capacity, etc.) and the effect of temperature on them (to the extent of a small degree of partial melting),
pressure and polymorphous transformations (Gordienko, 2012; and others).  A procedure was also
adopted for constructing models by way of calculation of background properties for the platform-type
tectonosphere material (remaining quiescent for a long period of time) with subsequent computation
of corrections taking into account temperature variations and polymorphous transformations due to
heat and mass transfer during active processes.

ENERGY BALANCE
Identification of the energy source responsible for deep-seated processes in the tectonosphere is

one of the major goals of modern geological science. In this author’s opinion, presently available
information is perfectly sufficient for a quantitative description of parameters of such a source and for
proving the conformity of the released energy to all known energy-intensive phenomena throughout
all documented geological history. We are talking about radiogenic heat generation (HG) within the
Earth’s crust and upper mantle that is used in the APH in this capacity (Gordienko, 2012; and others).
The aforementioned problem is not solvable in terms of any other available hypotheses.

Energy balance is the sum of heat generation in the crust and mantle, on the one hand, and energy
spent on maintaining the heat flow through the surface, on the other. The latter parameter comprises
three components: associated with 1) cooling of the motionless medium; 2) heat generation in the
motionless medium; 3) heat and mass transfer in the tectonosphere during active processes. Energy
requirements for other manifestations of active processes (magmatism, uplifting, folding, and so on)
are insignificant compared to heat-flow anomalies accompanying active processes (Gordienko, 2012,
2014a; and others). Differences in composition between mantle rocks in platform (“cratonic”) and
oceanic regions were revealed earlier in studies published by Pronin (1973), Boyd (1989), and others.
In Boyd’s opinion, cratonic rocks could not in any way have been formed through “clustering” of
oceanic rocks. Continental regions outside platforms occupy an intermediate position (Boyd, 1989). 

Hence,  it  makes  sense  to  separately  analyze  the  distribution  of  HG in  the  tectonospheres  of
Precambrian platforms, Phanerozoic geosynclinal zones, and oceans.

There are numerous data on the content of uranium, thorium, and potassium (and, accordingly, on
the contemporary HG) in crustal rocks. For the same rocks, longitudinal seismic wave velocity (V p)
values have been determined, as well as their dependence on temperature and pressure. This enabled
us to establish correlation between parameters for rocks in the consolidated crust: HG =1.28exp1.54
(6-V  p) in the case of platform-type temperature distribution (Vp in km/sec, HG in  μW/m3). Heat
generation in weakly lithified rocks (Vp = 2 km/sec) in the upper portion of the sedimentary layer is
quite stable (1.2 μW/m3). Toward the lower portion of the thick layer, where lithification increases

considerably (Vp = 5 km/sec), HG has been found to decrease to approximately 0.8 μW/m3 and to 0.5

μW/m3 -- at the lithification temperature of 400 oC and Vp = 6 km/sec.
Heat flow variations on platforms, including zones of appreciably reduced heat flows, are in fairly

good agreement. This kind of monitoring shows absence of any considerable errors in the data used.
Heat generation in crustal rocks has apparently been studied much better than in mantle rocks.

Variation of crustal HG with time has been determined according to half-life times. The heat flow,
generated over 0-3.6 billion years by the crust of platform type with a typical velocity profile, varies
widely and averages 28mW/m2. Integral heat generation (31.5.1014 J/m2) was determined for the period of
0-3.6 billion years. This time range was selected because it enables us to relatively accurately reconstruct
the geological history and assess energy requirements for active processes on platforms (shields). In the
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Earth’s  Phanerozoic  geosynclinal  zones,  crustal  thickness generally  matches that  on platforms. In the
upper  portion  of  the  layer,  velocity  profiles  are  similar  too  (the  differences  do  not  exceed  natural
variations; velocities are somewhat lower down to 10 km; further down they are higher than on platforms;
at greater depths, the situation is different, the velocities are higher, especially if one takes into account
corrections for temperatures) . Heat generation for the entire crust has been estimated, on the average, as
being 0.13μW/m3 lower than for  platforms (it  would be preposterous in  the given case to  talk about
precise  results).  Total  contemporary radiogenic  heat  generation in  the  crust  beneath the platform
(Wcrust =  HG  . H,  where  H  stands  for  the  layer’s  thickness)  amounts  to  23mW/m2,  and  under

geosynclinal zones, to 17.5mW/m2. Beneath oceans with a crustal thickness of about 6 km (about 0.5
km is represented by sedimentary rocks, and 5.5 km – by basic rocks), the average heat generation
within the crust amounts to about 0.5 μW/m3 and total energy generation is 3mW/m2.

Fig 3. Histograms of K2O, U, and Th content distribution in mantle rocks of platforms, geosynclines, and
oceans, as well as values of contemporary HGs. n is the number of analyses used, M is the median value, and
Av is the average value.

There is quite a wide range of opinions regarding the value of HG in the upper mantle.  One
frequently  hears  claims  to  the  effect  that  uranium  and  thorium  there  are  sparse  and  that  their
occasional higher contents are the result of xenoliths being contaminated with the magma material
transporting them upwards. Recent evidence makes it possible to reject that point of view and support
A. Ringwood’s opinion that “…there is every reason to suggest that the association of peridotite and
eclogite xenoliths and xenocrysts encountered in kimberlites is an average ‘specimen’ of the mantle”
(Ringwood, 1981, p. 104) and that the composition of pyrolite is actually “…a mixture in which
Alpine  peridotites  account  for  three  parts  of  the  volume  and  Hawaiian  tholeiites  for  one  part”
(Ringwood, 1981, p. 174-175). When applying this model for the evaluation of HG (and not of the
chemical or mineral composition of pyrolite), one should certainly keep in mind that basic rocks in
the mantle are represented by eclogites, in which uranium and thorium contents are much lower than
in basalts (HG shrinks from about 0.5 to 0.1-0.2 μW/mW/m3 (Gordienko, 2014a).

30



HG values for three types of regions, as shown in Fig. 3, are clearly different as also are the
numbers of analyses used. It can be assumed that the result for platforms will hardly change if we
introduce  new  data  (it  was  the  same  even  with  half  the  amount  of  data),  and  in  the  case  of
geosynclines this is also quite likely; information for oceans is so far insufficient, and it is necessary
to continue amassing it for a reliable evaluation of HG.

In calculating the total HG for the entire upper mantle, the depth of its bottom was assumed to
match  the  beginning  of  olivine-α  to  olivine-β  transformation  at  present  temperatures  beneath
quiescent Precambrian platforms. It does not necessarily correspond precisely to a less intensive heat
generation in the transition zone (down to 670 km) and in the lower mantle. Yet, it is noteworthy that
the total number of radiogenic heat sources in the crust and upper mantle of all the three varieties of
regions turns out to be virtually the same: 42 ± 0.5 mW/m2. In other words, today, at any point of the
Earth, the same amount of heat is generated beneath a unit surface, but its sources are distributed in
dissimilar ways due to the formation of the crust of one type or another. On continents, the crust of
approximately contemporary thickness has been in existence for billions of years. With regard to
oceans, the situation is not clear. In all likelihood, the crust there, as it is now (more specifically, with
the Mohorovičić discontinuity lying at the depth of about 10 km, which is not necessarily an accurate
figure), is young, and tens or a few hundreds of millions of years ago its thickness was approximately
the  same as  that  of  the  continental  crust,  and  it  was  probably  more  basic  in  composition.  This
exhausts all the more or less reliable information on the history of the oceanic crust.

Thus, HG bears information on differences between mantle rocks as established by Boyd. Other
parameters  (density,  seismic  wave  velocities,  and  electrical  conductivity),  given the  same depth,
temperature,  and  mineralogy,  do  not  reflect  known  variations  in  the  chemical  composition
(Gordienko, 2010, and others).

The composite value of HF (heat flow) is determined not only as a result of heat generation in the
crust  and  mantle,  but  also  as  a  consequence  of  the  still  ongoing  process  of  cooling  in  the
tectonosphere that started, according to the APH, 4.2 billion years ago with the solidus temperature.
For  mantle  rocks  it  amounts  to  Tsol =1,013+3.914H  -  0.0037H2,  where  H  is  the  depth  in  km
(Gordienko, 2012) down to the transition zone at the bottom of the upper mantle. The sum of the two
estimated components for the present time – the HG in the mantle and cooling -- is 20.5mW/m2. This
corresponds with a high degree of accuracy to the value of the heat flow in the mantle on platforms
(i.e., in the situation of a long-term absence of heat and mass transfer) determined as the difference
between experimental HF and estimated radiogenic HF in the crust (Gordienko, 2012; and others).
Such a coincidence would have been impossible if the HG, temperature conductivity in the upper
mantle,  and  parameters  of  its  cooling  had  been  selected  at  random.  The  sum  of  all  the  three
components of conductive heat flow presently constitutes 40 mW/m2, which is very close to the HF
observed on the platform outside areas  of  anomalies  associated with deep-seated  heat  and  mass
transfer.  As a rule,  the observed heat  flow is higher than estimated by approximately 2 mW /m2,
which, in a number of regions, might be due to a relatively high HG in the sedimentary layer, and to
the occurrence of granitoids on the shield.

Integral heat generation in the crust and upper mantle of platforms, over recent 3.6 billion years,
amounts to 73.5.1014 J/m2.  Over the said period of time, the conductive heat flow has carried off

59.5.1014J/m2. The difference, 14.1014 J/m2, must be supplied by heat and mass transfer during active
deep-seated processes.

ADVECTIVE HEAT AND MASS TRANSFER
The thermal evolution model for the mantle is based on the concept of the initial  temperature

distribution that prevailed about 4.2 billion years ago. If we disregard aspects of the process that are
not essential for our purpose, it was due to the antecedent accretion (that led to the planet’s heating by
1,500-2,500 oC, on the average, depending on the process scheme used), to the Earth’s differentiation

into the core and outer shells (which was responsible for the average rise in temperature by 1,200 0C)
over several hundreds of millions of years (The Early History of the World, 1980; Ringwood, 1981;
and others), and to the formation of a “magma ocean” with a depth of about 1,000 km. “The magma
ocean is becoming enriched with volatile and incoherent elements by contrast with solid magma,
which is becoming very dry and devoid of volatile elements” (The Early History of the World, 1980,
p. 28), with crustal material being removed from it. The process is accompanied by intensive heat and
mass transfer (in all likelihood, through continuous convection) and by a cooling of the tectonosphere
to the level of rock solidus temperature. Once this temperature is reached, the viscosity of the mantle
material increases significantly and continuous convection at the rate required for enabling heat and
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mass transfer during actual active processes becomes unlikely. Subsequent temperature variations are
linked to  conductive cooling through the surface,  emission of  radiogenic  heat  (with an intensity
varying with time and, in the absence of heat losses, capable of heating the upper mantle of a future
platform by 2,000-2,500 oC), and to heat efflux through advection during active processes. Additional
sources  of  heat  (its  generation or  absorption)  can emerge during displacement  of  the  top of  the
polymorphic transformation zone in the upper mantle’s lower portion. It is precisely the period of the
past 0-4.2 billion years, encompassing the greater part of the Earth’s history, that is analyzed below.
Preference is given to the tectonosphere of platforms because for them results of calculations can be
correlated with available evidence.

For the adopted temperatures (T), heat generation HG), and thermal properties of the medium we
can obtain the following temperature distribution in the upper 500 km of the Earth’s shell (Fig. 4).

Fig.  4. Estimated
temperature  distribution
pattern  without  taking  into
account heat and mass transfer
in  the  tectonosphere  of
dissimilar  ages  (the  numbers
on  the  curves  -  billions  of
years old) and heat generation
level within the mantle of the
platform. S stands for solidus;
L stands for liquidus.

It  goes  without  saying
that  a  structure,  in  which

not just solidus, but also liquidus of mantle rocks within the depth range of hundreds of kilometers
are  excessively high,  cannot  be stable.  Heat  and mass  transfer  diverting  excess  heat  toward the
surface is inevitable.

From the viewpoint of the least action principle commonly applied in mechanics (preference given
to  a  process  providing  the  sought  result  given  the  minimal  product  of  mass,  velocity,  and  path
length), the transfer of overheated material toward the surface will be through advection, rather than
with the help of closed-circuit convection with a long horizontal axis. That was exactly the way in
which the Earth’s core became separated and all phenomena of magma transfer occurred.

When calculating thermal variation models reflecting the effects of heat and mass transfer, we
superposed results of displacement of the material in each active episode of the region’s history on
the initial model (distribution of solidus temperature down to 1,000-1,100 km depths 4.2 billion years
ago) and results of its evolution under the effect of heat generation and heat release through the
surface. Studies of the composition of magmatic rocks in the Ukrainian and other shields (Gordienko,
2014b; Gordienko et al.  2005;  and others) have shown that,  in the course of active Precambrian
processes,  depths  of  the  top  of  the  asthenosphere  varied  in  the  same  manner  as  they  did  in
Phanerozoic geosynclines and rifts. For precisely that reason designations such as “geosyncline” and
“rift” were attributed to ancient processes, although tectonic effects there might have been different
from Phanerozoic ones.

The choice of  endogenous conditions was tied to  the  type of  the  preceding thermal variation
model. If the temperatures exceeded solidus within a broad range of depths greater than 200 km, the
situation was assumed to be suitable for the emergence of convection and of a geosynclinal process
within the asthenosphere. Also taken into account was the presence of a gradient exceeding adiabatic
in the asthenosphere or in a portion thereof. It was precisely such a segment of the asthenosphere that
was considered suitable for a convective interfusion of the material and for shaping of an asthenolith
that floated upwards. If the asthenosphere was thinner, conditions were considered to be suitable for
rifting or for a single activation episode (during which the material moved like at the initial stage of
rifting). In that case, as a rule, the material was removed from the asthenosphere or its portion about
100 km thick, less frequently 50 km thick. In the absence of the asthenosphere or its insignificant
thickness  (less  than  50  km),  the  evaluation  (implying  just  the  evolution  of  the  background  and
smoothing  of  previous  temperature  anomalies)  was  continued  until  required  conditions  were
obtained. To simplify calculations, the diameter of a single quantum of tectonic action (QTA – a
minimum volume of material capable of changing position, see below) was in all cases considered to
amount to 50 km. Every geosynclinal or rifting event was matched by the transfer of three QTAs.
When necessary, restriction of emerging heat sources in length and width was taken into account.
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Of course, the modelling that was carried out does not reflect one and the only plausible version of
the sequence of active processes in the shield’s tectonosphere. When the heat model did not make it
possible to conclusively opt for a type of endogenous conditions, we considered several varieties of
the process with different thermal properties of the medium and different types of the process, so that
active process could start or the time-span of the “tectonic quiescence” could be extended to enable a
more complete “maturation” of conditions for subsequent heat and mass transfer.  In all cases we
observed largely the same pattern. There is nothing that could be added to or removed from the
estimated heat and mass transfer episodes.

Computations performed for the depths beneath the zone under study have revealed a peculiar
situation. Within a depth range of about 700-1,000 km, a layer with insignificant partial melting left
by the “magma ocean” has  remained intact  throughout the  entire geological  history.  This global
asthenosphere is commensurable in volume with the outer core and is larger than the inner core.
Presently  available  velocity  models  of  the  mantle  do  not  detect  it.  There  only  exist  indirect
indications of changes in the elastic parameters, but geoelectric studies clearly identify it (Gordienko,
1998; Gordienko et al., 2011b; Semenov, 1998). From the depths of 200-250 km, the density of the
liquid is higher than that of the crystalline material with the same composition, and for that reason no
supernatant asthenoliths take shape in the global asthenosphere. Low viscosity causes seismicity to
cease in the upper part of the asthenosphere at an approximate depth of 700 km.

Let us assess the contribution of active processes to energy transport. The anomalous heat flow in
the geosyncline removes 0.68.1014 J/m2, and if we take into account energy output on nonthermal
processes in the near-surface zone (primarily, the uplifting of the crustal block and upper mantle
layers), then energy spent on a single geosynclinal cycle increases to 0.8 .1014 J/m2. This value turns

out to be somewhat lower in the case of rifting: about 0.6 .1014 J/m2. Approximately the same amount

of energy (0.55.1014 J/m2) is required for a single-episode active process.  In the latter case,  it  is
impossible to plot an experimental heat-flow anomaly, and therefore an estimated amount of energy
obtained with the help of the APH was used for the evaluation of the energy output. Judging by the
intensity of perturbations in areas where heat-flow anomalies in the zone of recent active processes
are presumably associated not just with geothermal activity alone, the maximum heat flow reaches
approximately the same values as in the rift: about 20 mW/m2 (Gordienko, 2014a; and others).

A detailed analysis of model construction and comparison between the estimated age of periods of
active processes and that established experimentally for shield rocks of all continents were published
in (Gordienko, 2009a, b; and Gordienko et al., 2005). The comparison was encumbered by the fact
that, starting from the Late Archean and Proterozoic, active processes never spread simultaneously
over the entire territory. Insignificant differences in mantle rocks’ heat generation have caused a
certain  shift  in  the  estimated  age  of  active  processes  within  different  shield  blocks,  whereas
evaluations were performed for just a single block. It  is nevertheless possible to reliably identify
dating  results  suitable  for  comparison  with  those  determined  with  the  help  of  models  on  the
Canadian, Baltic, Ukrainian, and Indian shields, as well as on the Siberian, Sino-Korean, African,
South American, Australian, and Antarctic platforms.

A small number (four out of 51) of “skipped” experimental dating results by comparison with those
based on models could be due to the insufficient level of knowledge about the shields (in many cases
recent studies have filled in those gaps) and insufficient information available to this author. Cases of
“skipped” results are much more numerous for the Antarctics, a continent which is poorly studied as the
greater  part  of  its  surface  is  covered  by  ice.  On  the  whole,  the  agreement  between  estimated  and
experimental  data  is  beyond  doubt,  and  it  would  be  preposterous  to  suggest  that  it  was  a  random
coincidence.

In areas of the world’s shields and platforms, where traces of active processes that have occurred
over  3.6  billion  years  can  be  observed,  23  active  events  have  taken  place.  They  include  three
geosynclinal processes, 11 cases of rifting, and nine active processes (recent active processes are not
listed here because they have not yet occurred on the greater part of platforms). The evaluations that
have been conducted are in fact about a physical substantiation of Stille’s canon (Stille, 1924). The
result (energy expenditure of about 14.1014 J/m2) corresponds to the difference between radiogenic
heat  generation  in  the  crust  and  upper  mantle,  on  the  one  hand,  and  conductive  flow from the
tectonosphere, on the other. Therefore, if we compare the derived 14 .1014J/m2 with the entire energy
discharged,  it  accounts  for  20  percent  of  the  total  energy,  whereas  if  the  comparison  is  with
radiogenic  energy  alone,  the  corresponding  value  will  amount  to  30  percent.  Radiogenic  heat
generation in the tectonosphere is perfectly sufficient for explaining deep-seated processes, and there
is no sense in resorting to other data, especially regarding deep-seated processes for which there is no
information (the core/mantle interface, and so on).
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Fig. 5  illustrates variation in heat generation in the crust and upper mantle of platforms versus
energy spent on active processes over recent 3.6 billion years. Evolution of the activity versus time
matches heat generation variations in the mantle better than in the crust. This is natural since crustal
energy  is  largely  spent  on  maintaining  the  heat  flow.  Fig.  5 shows  that  the  drop  in  the
tectonomagmatic activity is due solely to a lower concentration of radioactive elements in the course
of their decay. There is no such depletion in mantle rocks in terms of heat generation, or otherwise
experimental dots would have been plotted below the curve based on estimated data.

Fig. 5. Relative variations of heat generation in the crust (1) and mantle
(2) of platforms and average energy requirements for active processes within
stretches of time of 0.6 billion years (3).

The data  of  geothermometry  reflecting  pressure  and temperature
(PT) conditions  under  which rock formation or  transformation took
place during the Early Precambrian through our time also corroborate
the  adopted  level  of  heat  generation  in  the  crust  and  mantle.  This

information is supplied by xenoliths transported through kimberlites and alkaline basalts in platform
regions. The greater part of crustal data was derived from near-surface rocks making up units with
dissimilar  sizes  of  erosional  truncation.  Mineralogical  characteristics  of  those  formations  and
xenoliths from the greater part of the crust retain traces of maximum temperatures. In the mantle,
under the effect of extreme PT conditions, rocks largely “managed to adjust” to platform conditions,
but there too estimated and experimentally obtained temperatures match fairly well.

In  geosynclinal  zones  and  oceans,  during  the  period  following  “all-encompassing”  active
processes (less than 2.5 billion years ago) heat-and-mass transfer events in the mantle must have
occurred more frequently than on platforms. Calculations and some experimental evidence indicate
that the minimal gap between heat and mass transfer episodes amounts to 20-30 million years. This
can also be observed in the Hadean, 4 to 4.5 billion years ago (Balashov, 2009).

In the Archean and Early Proterozoic, experimental ages of active processes in geosynclinal zones
correspond to those estimated for platforms. After two billion years, the number of observed data are
much more numerous, that is to say, the assumption on a higher activity in connection with more
intensive heat generation is justified.

The geological history of oceans is only known for a very short stretch of time. Just for a portion
of the Mid-Atlantic Ridge (MAR), the quantity of dating results points to a much more intensive
energy  generation  in  the  tectonosphere,  including  in  the  Precambrian,  than  what  was  used  in
computations of the platform model. In a geologically recent past, active events with minimal age
differences have been recorded on relatively small blocks of oceanic regions (Gordienko et al., 2013a
& b).

One gets the impression that there also exist regions with intermediate heat generation values
between platforms and geocynclinal zones of the Phanerozoic (Baikalides, which are not involved
into geosynclinal processes of Caledonian or younger age) and between geosynclines and oceans. In
the latter case, we are talking about backarc and intercontinental basins, as well as median massifs
with a sharply thinned-out and often basified crust. There is also information on the existence of such
incompletely reworked crust-mantle blocks in all oceans (Gordienko et al., 2013a &b). A smooth
variation in heat generation can be used as a substantiation of the Eardley principle (Eardley, 1951),
but  its  applicability is  clearly limited.  For example,  the  Eardley principle  does not  work for  the
southern edge of the Tethys.

On the whole, the available information is sufficient for corroboration of the hypothesis on the
elevated heat  generation in  the  mantle  beneath oceans and,  consequently,  on their  high tectono-
magmatic activity. This issue should, however, be dealt with based on a larger amount of factual
evidence.

QUANTUM OF TECTONIC ACTION (QTA)
The QTAs mentioned earlier in the chapter ascend more or less synchronously toward the upper

part of the tectonosphere and aggregate together to form large asthenoliths beneath the entire territory
of regions experiencing active processes. Let us analyze the feasibility of existence of such bodies
using, to begin with, information on the geometry of regions with synchronous activity of the same
type, even though it may only indirectly reflect the size of the sought QTA. In view of the fact that
the length of such areas is usually much larger than width, it might be a good idea to concentrate on
the latter parameter (width). The collected data refer to structures with rather distinct boundaries. The
generalization is not intended to qualify for complete integrity or statistical validity. Its results were
only required for answering the following questions: 1) Is there a minimum width of structures that
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would be typical for manifestations of the same type of endogenous conditions?, 2) Does it vary with
age during the Phanerozoic?, and 3) Does it coincide in the case for dissimilar conditions?

For the Tethys, the width of folded zones ranges from 60 to 150 km. Mainly Alpine structures
were analyzed (here and hereafter  large bodies,  such as Carpathian-Dinarides “ovals,” which are
known to have been formed by numerous QTAs, were not included in the analysis). In the Pacific
Ocean zone, Alpides and Cimmerides were examined. About the same range of widths of structures
as  in  the  Tethys  was  observed  there,  although a  small  number  of  folded  structures  were  either
narrower  or  wider.  In  the  case  of  Paleozoids  (primarily  Hercynides)  in  Western Europe and the
Appalachians,  the  prevalent  width  is  50-60  km,  and  narrower  structures  were  virtually  not
encountered. The same applies to small folded Paleozoid zones of Eastern Australia. Caledonides and
Hercynides of Taimyr and of the basement of the Western Siberian Plate and Altay-Sayan-Mongolian
region are largely represented by zones 60 ±20 km in width. Essentially the same values of width
have been recorded in the youngest folded Paleozoid zones of island arcs at the periphery of the
Pacific Ocean and in the Caribbean Basin. The data on Cenozoic rift troughs in the East African
system  and  in  the  Baikalian  and  Moma  rift  zones  have  also  been  used.  Cenozoic  troughs  of
continental Western Europe were analyzed alongside somewhat older (partly Mesozoic) ones in the
North Sea. Materials on the Meso-Paleozoic rift system of the Western Siberian Plate and Paleozoic
rifts of the Eastern European Platform have been generalized. In all cases narrow structures were
found to prevail, but troughs narrower than 40 km have hardly been found. The widths of deep-water
trenches in the Pacific Ocean and adjacent aquatic areas of the Atlantic and Indian oceans are fairly
stable.  They generally  average  50-100 km,  and the  greater  part  of  the  dataset  is  represented  by
minimum values from that range.

When it comes to mid-ocean ridges (MOR), it is difficult to mark out boundaries of structures
widths. The widths are most certainly not limited by the narrow central rift valleys (some ridges don’t
even have them). Those very young (at any rate in terms of recent manifestations of active processes)
formations can be used for determining the QTA’s length. If we assume that the QTA’s length is the
size  of  a  structure  connected  with  it  along  the  strike,  it  is  impossible  in  the  majority  of  the
aforementioned bodies to determine it: Without a detailed analysis, they seem to be uniform along the
strike  or  fragmented  as  a  result  of  superposed  active  perturbations.  It  is  only  in  the  youngest
formations, such as MOR, where the crust is thin and friable, that results of action of each individual
QTA displacing the axis of the ridge can be detected. As a consequence, the ridge must be broken
into a series of blocks separated by young faults.  This is precisely the kind of structure that was
detected in well studied areas of the worldwide MOR system. In particular,  for the Mid-Atlantic
Ridge, typical sizes of blocks along the strike amount to 50±30 km, and for the Californian segment

of  the  East  Pacific  Ridge,  to  60±20  km.  Close  (or
stack-fold) to  those sizes  are  Paleozoic  segments  of
the Dnieper-Donets Depression (DDD) rift that were
identified along the strike of the structure.

Fig. 6. Anomalous bodies identified in the tectonosphere of
the Beltsy zone of recent active processes on the Moldavian
Plate.  1—isotherms (oC);  2  –  partial  melting  zones;  3,  4  –
seismic wave velocity contours (km/sec): 3 – experimental, 4 –
estimated; 5 – boundary of the zone of low electrical resistivity
in the mantle.

In connection with recent active processes on the
territory of Ukraine, a network of faults experienced
synchronous  “revival”  that  also  encompassed  faults
outside  active  zones  proper.  Studies  of  those  faults
(which  have  been  mobile  over  recent  three  million
years or so) have made it possible to trace their split
arising during a single process. The existence of two
networks  of  faults  is  obvious.  Histograms  of  the
distributions  of  cell  sizes  in  each  of  them  clearly
reflect  a  mixed  arrangement  of  datasets  with
predominant  sizes  of  60  and  120  km,  i.e.  they
correspond to the sizes of 1 and 2 QTAs. Thus, near-
surface  manifestations  of  various  types  of  active
processes  are  characterized by fairly  stable  minimal
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sizes of bodies that remained unchanged during the Phanerozoic. The sizes in question are close to
50-70 km.

Direct  studies  of  mantle  bodies  with  anomalous  properties  beneath  zones  of  young  active
processes of dissimilar type on continents and in zones of transition to oceans register approximately
the same minimum widths: 50-60 km. To identify such formations, we used results of interpreting
heat-flow disturbances, geoelectric, and seismological data. The width of anomalous features beneath
activated Alpides of the Greater and Lesser Caucasus is 40-60 km; beneath the zones of the Pamirs,
Tien-Shan, and the Turanian Plate, 50-100 km; beneath Southern Kazakhstan, 50-70 km; beneath the
Kurile Island Arc, 60-80 km; beneath the Tatar Strait rift, 30-70 km; and beneath activated Alpides of
the North American Cordilleras Coast Range, 40-60 km.

The QTA thickness can be determined in zones of young active processes where strong anomalies
of physical properties of the upper mantle material, corresponding to single features, are encountered.
One such example is shown in Fig. 6. Anomalous features whose properties match those of partial
melting zones and whose thickness is close to the QTA width and length have been identified.

Thus, the feature in question turns out to be isometric in shape and measuring approximately
between 50x50x50 and 70x70x70 km. The absence in an individual QTA of “roots” reaching down
deep into the mantle, testifies to the advective nature of the heat and mass transfer that produced it.

A seismic wave velocities distribution in regions of recent active processes also points to the
prevalent character of the heat and mass transfer. Corresponding sufficiently reliable data (throwing
light on the upper mantle within a considerable depth range) are not plentiful so far. Some of them
are shown in Fig.  7 generalizing velocity profiles from publications  of  Gontovaya et  al.  (2006);
Buryanov et al. (1987); Sobolev et al.1996; and others.

Fig. 7. Velocity models for the upper mantle of various regions.
1-- Platform, 2 -- Alps, 3 – Caucasus, 4 – Kamchatka, 5 – Massif
Central, France.

It is difficult to provide a full-scale analysis of the physical
mechanism of QTA formation,  primarily due to shortage of
reliable  information  on  properties  of  the  medium and  their
variations. A possible option for resolving the problem may be
provided  by  results  of  Khazan’s  studies  (1999a  &  b)
suggesting that a partial melting layer may have existed for a
very long time with the top lying at the depth of 200-250 km
and the bottom at  400-450 km. In the  upper portion of  the

layer, unstable volumes of material with the diameter of 50-100 km can take shape. They are capable
of rising up to 50-150 km, so that they can reach the depth immediately beneath the M. discontinuity.
The  present  author’s  constructions  based  on  a  somewhat  different  concept  of  properties  of  the
medium have produced approximately the same parameters (Gordienko, 1998; and others).

PARAMETERS OF MAGMA CHAMBERS
It follows from the chart that the QTAs occur at the same depths under all endogenous conditions.

They differ  in the sequence of rising to the top position.  In order to explain the composition of
magmas being melted out and heat flows at different stages of the process, it is necessary to assume
that,  prior  to  the  emergence of  the  QTA,  there  appear  magma chambers  with depths  of  the  top
portions  ranging  from 220  to  250  km  that  later  decrease  to  160,  100,  and  40  km beneath  the
geosynclines.  In  rifts,  the  sequence  of  depth  variations  is  reversed.  In  zones  of  single-episode
activation with a small initial reservoir of partial melting in the lower part of the upper mantle, the
initial rise is likely to have been to a depth of 200-250 km and then -- to beneath the crust.

During active processes in the area of a recently completed geosynclinal or rifling process, a relict
asthenosphere with a shallow (about 100 km) depth of its top portion is used for the formation of a
QTA. Once the mantle asthenolith reaches depths right beneath the crust, the molten basic material
breaks into the lower and median parts of the continental crust, while consolidated eclogitized crustal
rocks sink into the mantle. This is possible during real time when the eclogitization reaction gets a
boost as a result of heating and under the effect of fluids. The total volume of the crust -mantle
exchange is very large: Over the period of crustal history, about half of the contemporary mantle
volume (on the average for the Earth) has intermittently been part of its composition. Therefore, the
common perception on the upper mantle depletion is groundless.

Crustal chambers are predicted to occur at depths greater than 20 km with individual intrusions of
secondary magmas reaching depths of 6 to 10 km.
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To verify this hypothetical pattern, we used information on the location of interfaces in the upper
mantle that formed above the chambers as zones of repeatedly metasomatically altered rocks, the data
on depths from which xenoliths were transported upwards by kimberlites and alkaline basalts, and
depths of chambers in terms of the composition of igneous rocks. A small amount of data on the
depths of chambers within and beneath the crust  was used in terms of the Curie temperature of
titanomagnetites in young igneous rocks. The information was collected for all continents and oceans
and for all types of endogenous conditions (Gordienko, 2014b; and others). There was one exception:
seismological data for Northern Eurasia (Pavlenkova et al., 2006; and others). The relevant data for
all continents and oceans are shown in Fig. 8.

The  data  on  magma  chambers,  predicted  by  the  hypothesis  and  obtained  with  the  help  of
independent geological and geophysical techniques are in essentially perfect agreement. It can be
assumed that quantitative verification based on this parameter has been accomplished.

Fig.  8. Histograms showing distribution  of  parameters  for  magma chambers.  A-C – depths  of  the  top
portions  of  magma  chambers:  A  –  for  the  Transcarpathian  Trough  according  to  Curie  temperatures  of
titanomagnetites  in  young  volcanic  rocks;  B  –  according  to  xenoliths  carried  upwards  by  kimberlite  and
alkaline-basic magmas (B1); according to majorite inclusions in diamonds (B2);  C – according to velocity
profiles for the upper mantle; D – temperatures and depths of top portions of magma chambers in the mantle in
terms of the composition of igneous rocks from most comprehensively studied areas of continents and oceans;
E – comparison of solidus temperatures (line) adopted in the APH and temperatures at the top of melting foci
(dots).

CORRELATION  BETWEEN  ESTIMATED  AND  EXPERIMENTALLY  DERIVED
PARAMETERS. APPLICATIONS.

In the course of work on the hypothesis, it was continuously verified through examination of the
geological history of various regions that featured young and relatively old (Phanerozoic) endogenous

conditions of continents, oceans, and transition zones. It would be unrealistic to review this whole
study in a  single  chapter.  Given below are  examples  of  correlations  between thicknesses  of  the
sedimentary layer (and its changes with time), gravity field, velocity profiles in the upper mantle, and
temperatures within it. Before starting the study of each individual region, we constructed a heat
model based on the region’s earlier history. A probability of activation in the region in one form or
another was determined (see above). Naturally, whenever data on the age of initial active events were
available,  the onset  of  a simulated heat  and mass transfer was timed precisely to that  period.  In
geosynclines and rifts,  the times of second and third QTAs emergence at top positions were also
determined taking into account known facts of geological history, even though, of course, the process
would not start unless there is a certain reserve of overheated material. The size of the region drawn
into active processes was also taken into consideration.

A thickening of the sedimentary layer was viewed as equivalent to its subsidence. This assumption
was tested on an example of the Ukrainian Shield and surrounding depressions. The volume of rocks
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supplied into them fairly well matches the size of the erosional truncation on the shield over the
period from the Riphean to present time.

Subsidence  (and  upheaval)  were  assumed  to  be  associated  with  temperature  anomalies,
polymorphic transformations, and changes in crustal composition and thickness. The latter factor, for
example, played a major role in the formation of the Black Sea’s western trench. It is located within
an extended strip – from the Mesian Plate to the Turanian Plate – an abnormally basified ancient crust
(Gordienko et al., 1990; and others). The process of transformation of basaltoids into eclogites during
young active processes, imparted an oceanized appearance to the trench.

In the majority of cases Fig. 9 shows average thicknesses of the sedimentary layer for different
basins. The agreement is fairly good, and it is only in Atlantic-type troughs of the transition zone that
the differences grow significantly. The deep-seated process for this type of zone has not been studied
as reliably as for continents. An analysis of events in intercontinental and backarc seas suggests that
the area underwent oceanization. Matching it is the heat and mass transfer in the mantle, similar to
that in rifts, but more intensive. It has to be admitted that the triad approach suggested by Cloos
(1939) must also be applied to cases of rifting on a basic crust. A syneclise with a thick layer of
sedimentary rocks took shape in the Carboniferous-Permian above the rift structure of the Dnieper-
Donets Depression whose crust had been basified by Riphean processes. In the Black Sea rift that
emerged on a basic crust block, a suboceanic structure formed during the Cretaceous -Cenozoic. In
many cases, this kind of structure on the vast expanses of contemporary oceans is not filled with thick
sediments simply because provenance areas are too distant from there.

Fig.  9. Experimental  (1)  and  estimated
(2)  variations  of  the  sedimentary  layer
thickness in Folded Carpathians (A), on the
Scythian Plate (B), in the Donets Basin (C),
in  the  Dnieper-Donets  Depression  (D),  in
the Pripyat trough (E), in the Western Black
Sea trench  (F),  in  the inner (G) and outer
(H) depressions of the North American cis-
Atlantic trough.

The  notion  of  a  major  feature  of
geosynclinal  conditions  –  holomorphic
folding – does not play an essential role
in the APH (probably, not yet). Energy
spent  on  it  is  insignificant,  and  it  is
presumed  that  folding  may  have
resulted  from  gravitational  slide
(Aubouin,  1965;  Cosgrove,  2005;
Frostick,  2005;  Guterman,  1987;  and
others)  plus  a  large  contribution  of
seismic  tremors  (and  displacement
toward  the  outer  boundary  of  the
basement’s  relative  uplift),  and/or

advection during crustal rocks’ transformation in the process of plunging and heating (Gerya, 2004;
Gordienko et al., 2011a). Substantiation of the “Aubouin wave” thesis can be seen in the earlier onset
of  conditions  for  heat  and  mass  transfer  in  the  tectonosphere’s  central  more  overheated  regions
involved in active processes.

Values of the mantle gravity anomaly are estimated as the difference between the observed field
and crustal effect. The latter is derived from the density profile established on the basis of the velocity
profile.  Used in practice are densities anomalous with regard to those in the upper mantle (3.32
g/cm3). 

On parts of the platform, where no active processes are known to have taken place over a very
long period of time (and the mantle density is normal and close to background values), the crustal
effect minus 870 mGal corresponds to a zero observed field (the Bouguer anomaly).  The crustal
effect is distributed in reference to this norm. Its deviation from the observed field is used to assess
the mantle  anomaly.  Even with high-quality  velocity  profiles,  the  error  is  at  least  10 mGal.  An
anomaly of 20 mGal which in many cases corresponds to recent active processes on the platform was
viewed as significant. In Alpine geosynclines and rifts (including those on the territory on which
contemporary active processes are taking place in addition to the main process), anomalies are much
greater (Fig. 10). The data on anomalous temperatures in the mantle and density variations during
polymorphic transformations were used to evaluate the anomaly in accordance with the model of the
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process. Results of the comparison are shown in Fig. 10. In most cases the difference between the
estimated and observed fields, with an account of the mantle’s anomalous effect, cannot be attributed
to errors.

Fig. 10. Mantle gravity anomaly in some areas of active processes that have been covered by studies.

1 -- observed  field (the Bouguer  anomaly),  2 --  estimated effects  of  the crust  and normal mantle,  3 –
estimated effect with an account for the mantle’s anomalous density according to the APH. Zones of recent
active processes: A – in the center of the Ukrainian Shield; B – in the Dnieper -Donets Depression; C – in the
Donets Trough; D – on the Scythian Plate; E – in the marginal part of the area of recent rifting and crust
basification in the Western Black Sea Depression; F – in Eastern Carpathians,  G – in Eastern Kamchatka,
Kurile-Kamchatka Trench, and in the North-Western plate of the Pacific Ocean.

Fig. 11. Gravity anomaly in the mantle beneath some active oceanic and transition zones covered by studies
(See Fig. 10 for symbols).

A – Angola-Brazil geotraverse (Pavlenkova et al., 1993) running across the Mid-Atlantic Ridge (MAR) and
adjoining basins; B – Inner and Outer depressions of the North American Cis-Atlantic trough and adjacent part
of North America with the Appalachian zone of active processes; C – South Okhotsk backarc trough; D --
Transition zone from the Andes to the Nazca Plate.

The approach used in the evaluation of the mantle gravity anomaly can be applied not just to
continental, but also to some oceanic regions. It should be noted that, in terms of the APH, island arcs
are not viewed as pertaining to oceans. Processes in them do not differ from those in other alpine
geosynclines.

Fig. 11 shows a collection of data on mantle gravity anomalies in oceans and transition zones.
Some of the relevant models of deep-seated processes presented in the study and based on the APH
are so far less accurately validated than in the case of continents. The model relating to the transition
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zone from North America to the Atlantic Ocean is complicated by the need to take into account active
processes  in  the  area  of  the  Appalachians  and the  adjoining  part  of  the  platform.  The  anomaly
calculation error grows appreciably (to 20 mGal) in oceans, but the magnitude of the disturbance
there is also much greater.

Fig. 12. Temperatures estimated according to the APH (lines) and measured by geothermometers (dots).
Ukrainian shield; B – Pripyat arch (platform territory with lower heat generation values in the Earth’s crust); C
– geosynclines of the Kuriles, Kamchatka, and Apennines; D – rifts of the French Central Massif, Rio Grande,
and Kenya; E -- zones of recent active processes in the Aldan Shield, Vitim escarpment, and Bohemian massif;
F – Somali, Mariana, and Philippines trenches and the area of the Yap trough; G – Japan basin.

Mentioned above was agreement between temperatures of the crust and upper mantle on platforms
as estimated with the help of the APH, on the one hand, and experimental data, on the other. Results
of a  similar  correlation could also be provided for Phanerozoic  geosynclines,  rifts,  and zones of
single-episode active processes on continents and in oceans (Fig. 12).

It  appears  that  estimated  and  experimental  data  are  in  fairly  good  agreement.  Numerical
characteristics  of  the  degree  of  their  correlation  are  represented  by  two  parameters:  differences
between estimated and experimental temperatures and differences between temperatures of magmas
measured at  the same depth.  Modal  values  of  both divergences  amount to about  50 oC, i.e.  the
dissimilarity between experimental and estimated data could be due to an error in the experiment.
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Fig.  13. Comparison  between  experimental  (1)  and  estimated  (2)  compressional  (P)  wave  velocity
distributions in the upper mantle beneath regions with dissimilar endogenous conditions (Gontovaya et al. 2006;
Gordienko et al., 2014; Pavlenkova et al., 2006; and others).

A – Precambrian platform, B – zone of active processes on the platform, C – Alpine geosyncline, D –
Alpine rift, E – Mid-Ocean ridge, F – island arcs and offshore ridges at the North and South America Pacific
coast, G – Zenkevich swell at the margin of the Pacific North-West plate, H – Kurile-Kamchatka trench.

Yet another parameter that can be used to verify models of deep-seated processes based on the
APH is the distribution of seismic P-waves in the upper mantle. Selection of material for comparison
is no simple task. Some of the relevant approaches are discussed by Gordienko (2010) and others.
Data available for areas beneath vast regions of the Carpathian-Dinarides “oval” and others were used
to  characterize  Alpine  geosynclines.  Abnormal  velocities  are  considerably  less  common beneath
relatively narrow structures  (the  Greater  Caucasus and the Alps).  Data  for  such zones  of  North
Eurasian Precambrian platforms were used to exemplify recent active processes, since there one has a
chance to observe the corresponding anomaly without distortion. This goal has not, however, been
achieved (Gordienko, 2010) – see Fig. 13B. In the upper part of the profile, observed velocities are
appreciably higher than estimated ones, which could be accounted for by eclogitized basic crustal
rocks sinking to a small depth in the mantle as a result of the fact that the process was too young.
With regard to young rifts, this author does not have at his disposal sufficient information on velocity
profiles there. When it comes to oceans, experimental data are meaningful for island arcs (and similar
structures – coastal ridges of both Americas) and the Mid-Ocean Ridge. In the former case, the result
is virtually the same as that obtained for geosynclines (with which they are actually identified in
terms of the APH). Profiles recorded beneath trenches and oceanic depressions are so far poorly

substantiated. Apart from the data listed in  Figs. 13G & H,  a small amount of information is
available in publications, but its reliability has yet to be examined.

The list of procedures for verifying the constructed models could be continued, although the rest
of the approaches would hardly add more credibility to the result. On the whole, it is good enough.
No other hypothesis would make it possible, without selecting parameters of the model, to obtain
such quantitative agreement, the divergences being within acceptable limits of error.

Several applications of the APH to studies of seismicity problems and to prospecting for mineral
deposits  (hydrocarbons,  hydrothermal sulphide ores,  diamonds,  and geothermal energy resources)
have  been  considered.  They  contribute,  with  various  degrees  of  significance,  to  the  available
knowledge for each of the aforementioned areas of interest. The main value of such applications is
perhaps the fact that tried and tested methods for analyzing geological and geophysical information
can be applied to new targets. But there also are important new features that may well prove useful as
additional tools in the arsenal at the disposal of experts researching the processes listed above. By
way of example,  let  me refer  to the possibility of applying the APH in studies of the nature of
earthquakes and hydrocarbon deposits.

Fig.  14. Distribution  of  zones  of  recent  active
processes  (shaded)  and  earthquake  foci  (dots)  on  the
territory of Ukraine.

As far as seismicity is concerned, of particular
interest  is  the use of thermal models for studying
energy absorption and variations in tremor rate, as
well as correlation between the earthquake moment,
energy capacity, and the hypothetical volume of the
earthquake  focus.  Still  more  compelling  is  the
connection  between  outlines  of  zones  of  recent
active  processes  and  earthquake  epicenters

independently  determined  with  the  help  of  geological  and  geophysical  data  (Gordienko,  2001;
Gordienko et al,  2005; and others). That this connection exists is beyond doubt, even though the
picture is not complete due to the lack of relevant knowledge. In Ukraine, a seismic recording system
picks up events in the west and south. Information on weak earthquakes in the center and in the east
has only been obtained recently owing to observations in Russia. A continuation of such observations
will probably lead to spotting new foci.

According to the APH, hydrocarbon deposits have been forming during recent active processes
over last hundreds (or probably dozens) of thousands of years. Over that period of time, basic mantle
smelts carrying dissolved fluids broke into the lower and middle portions of the Earth’s crust. Basic
and ultrabasic  rocks  that  had  earlier  been metamorphically  altered to  granulite  facies  underwent
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serpentinization.  Hydrogen  and  relatively  small  amounts  of  hydrocarbons  were  released.  Partial
melting in the middle crust encompassed some rocks in the stage of amphibolite facies. The fluid
flows rose largely through permeable zones of faults  (whose permeability increased by orders of
magnitude  under  the  effect  of  seismicity)  and  transported  hydrogen  into  the  middle  and  upper
portions of the crust. The presence within the crust of appreciable concentrations of carbon (graphite,
schungite, or less metamorphically altered, probably primary, sedimentary formations) caused the
emergence  of  hydrocarbons.  Calculations  suggest  that  this  could  be  the  process  resulting  in  the
formation of several “generations” of deposits at the same location. Such a model makes obvious the
connection (provided that the aforementioned events occur on the platform without any influence of
other types of active endogenous conditions) between clusters of deposits and a number of geological
characteristics (helium isotope anomalies, high pore pressure, hydrochemical inversion, appearance
within reservoirs of micro- and nanoparticles from metamorphosed lower crust rocks, and so on), as
well as anomalies of physical fields. The entire region of recent active processes is demarcated by a
gravity anomaly in the mantle and by a zone of reduced velocities in the upper mantle. Additional
anomalies are recorded in the gravity field over permeable (decompressed) faults; the same features
are  also  identified  by  electric  conductivity  anomalies.  Association  of  heat  -flow anomalies  with
clusters of deposits is less certain. Over the aforementioned period of time, measurements of heat
anomalies from the middle and lower crust have not reached the depths of temperature measurements
in boreholes. Elevated temperatures (and helium isotope anomalies) are confined exclusively to areas
in the vicinity of local faults through which abyssal fluids are injected into deposits.

The presence of oil and gas in certain parts of the Dnieper-Donets Depression is confirmed by all
geological  criteria.  Fig.  15 shows that  hydrocarbon deposits  are confined to  areas  of  the  mantle
gravity anomaly.

Fig. 15. Oil- and gas bearing capacity in the Dnieper-Donets depression versus mantle gravity anomaly
greater than minus 20 mGal.

1 -- anomaly outlines, 2 – oil and gas deposits, 3 – profiles along which variations of oil- and gas bearing
capacity and anomalies of physical fields were correlated (see Fig. 16).

Fig.  16.
Comparison  of
variations  in  the  oil-
and  gas  bearing
capacity  (1)  of  the
Dnieper-Donets
depression  with  the
mantle  gravity
anomaly  (2);  with
composite longitudinal
conductivity  in  the
middle  crust  (3);  and
with  elevated  heat
flow  values  (the
background  heat  flow
amounts  to  43  mW/
m2) (4); longitudinal
and transverse deep -
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seated faults that have experienced active processes in recent three million years or so (5). t s.f./m 2 -
tons of standard fuel to unit area in m2.

Further south-east, in the Donets Basin, the anomaly remains intact, whereas oil and gas deposits
are only located within a narrow zone near the northern marginal fault. In boreholes at the center of
the region, in addition to a small amount of “coalbed” methane, a flow of hydrogen from abyssal
depths has also been recorded (Murych et al., 1975). It so happens that there was no carbon available
at the relevant depth to enable the formation of hydrocarbons within the crust.

For comparison with anomalies of physical fields, the data on the deposits in the depression have
been processed in the following way: The territory of the depression was divided into longitudinal
and transverse bands with respective widths of 12.5 km and 25 km. Within those bands, reserves of
the deposits were added up in tons of standard fuel and assigned to a unit area (t s.f./m 2) . Average
values were determined for the mantle gravity anomaly and composite longitudinal conductivity in
the middle crust within the same bands. Variations of both parameters are in fairly good agreement
with variations in the oil- and gas bearing capacity. Correlation between heat flow anomalies and
clusters of deposits is not so perfect (see above). Yet, occasional heat flow escalations have been
recorded in the same deposits (Fig. 16) against the background values amounting to approximately
43mW/m2 in the region.

On the whole, predictions based on the APH are being proved true and the resulting data may well
prove to be a useful addition to multidiscipline prospecting for oil and gas.

CONCLUSIONS
Information  presented  in  this  chamber  shows  that  the  tectogene  hypothesis  complying  with

formulated requirements is realistic.  The scope of the paper does not make it  possible to further
expand the arguments,  and this  may render  it  less convincing.  All  the more so that  some of its
components do need to be further studied and amended.  In recent  years,  this  author has already
introduced  certain  changes  into  the  subject  matter  of  the  hypothesis  as  broached  in  earlier
publications (Gordienko, 1998, 2007 and 2012; and others). This applies even more to earlier studies
dealing with the application of the hypothesis to the evolution of the tectonosphere in regions with
dissimilar endogenous conditions in northern Eurasia (Buryanov et al., 1987; Gordienko et al. 1990,
1992, 2005, 2006, 2011; and others). At the same time, this author found it appropriate to discuss a
full version of the hypothesis for the first time in English. It might therefore be useful to complement
this paper with several new publications in which the author could expound in more detail and with
greater  validity the concepts of the energy source,  Precambrian history of the world’s platforms,
depths  of  magma  chambers  in  the  mantle,  evolution  of  Phanerozoic  geosynclines,  rifts,  regions
experiencing recent active processes, oceans and various types of transition zones, seismicity, and
origin of mineral deposits.
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3. ENERGY BALANCE IN THE TECTONOSPHERE

"Close  relationship between various  endogenous processes  suggests  the  presence  within the Earth  of  a
phenomenon that might be a major and common cause of tectonic, magmatic and metamorphic processes…. It
is quite apparent to us that only heat and heat alone can be such a common cause.”

 V.V. Beloussov, The causes of endogenous processes, 1973

Identification of the energy source of any deep-seated processes is an indispensable part of any
serious tectogenic hypothesis. The presently available data make it possible to identify the source --
the radiogenic heat  generation (HG) in the Earth’s crust  and upper mantle --  and to show, on a
quantitative  level,  correlation between the energy being released and all  known energy-intensive
processes throughout the entire documented geological history (Gordienko, 2012; and others). This
problem is unsolvable in the frameworks of other available hypotheses.

In terms of the advection-polymorphism hypothesis (APH) (Gordienko, 2012; and others),  the
energy balance is a sum of heat generation in the crust and mantle, on the one hand, and energy spent
on maintaining the heat flow (HF) through the surface, on the other. HF comprises three components
associated with 1) cooling of a quiescent medium; 2) heat generation therein; and 3) heat and mass
transfer in the tectonosphere, a phenomenon that accompanies active processes. Energy requirements
for other manifestations of active processes (magmatism, upheavals, folding, etc.) are insignificant in
comparison with HF anomalies accompanying active processes (Gordienko, 1998, 2012, etc.). This
can be exemplified by an assessment of energy transported through a unit  surface in areas of its
highest  (for  the geological  phenomena being observed)  consumption – vast  magmatic provinces.
Given the total thickness of lava layers amounting to 0.5 km and additional heat generation reaching
1,000-1,200 oC, the transported energy does not exceed a few percent of that consumed through heat
and mass transfer in the mantle and finally manifests itself at the surface as an anomalous heat flow
(2-3.1012/J/m2 against 60.1012 J/m2).

The adopted parameters of the source need to be monitored. The initial procedure of monitoring
the accuracy of selected heat generation values and assessment of the HF arising as a result of the
tectonosphere’s  cooling  consists  in  referencing  the  total  HF  with  that  observed  on  a  quiescent
Precambrian platform, i.e., in a region where no heat and mass transfer occurred in the mantle for a
sufficiently long period of time (hundreds of millions of years). Naturally, the period of time, during
which the value of HG responsible for the formation of contemporary HF, must be long enough to
enable  an assessment  of  the  contribution of  a  large part  of  the  mantle  and to  take into account
variations of the radiogenic heatgeneration in the course of time. This paper uses a maximum stretch
of time (4.2 billion years) . The second procedure is correlation between the total radiogenic heat
generation over a long period of time and energy carried away over that period of time by conductive
heat flow and anomalous HF during active periods of geological history. We opted for a period of 0
to 3.6 billion years during which it is possible to describe that history fairly well, at any rate for
contemporary shields.

In view of the fact that radiogenic heat generation varies sharply with time, it might be of interest
to compare estimated and experimentally derived data characterizing such variations for the energy
being “consumed.”

Differences in the composition of mantle rocks on platforms (this author considers the frequently
used term “craton” to be unsuitable and hardly reflecting the Precambrian and Phanerozoic history of
the regions) and in oceans were shown as early as in the works of Pronin (1973), Boyd (1989), and
others.  In  Boyd’s  opinion,  mantle  rocks  of  platforms  could  not  have  been  formed  through
“clustering” of the oceanic lithosphere. Continental regions outside platforms occupy an intermediate
position (Boyd, 1989). It makes sense, therefore, to analyze separately the distribution of HG in the
tectonospheres of Precambrian platforms, Phanerozoic geosynclinal belts, and oceans.

HEAT GENERATION IN THE EARTH’S CRUST

There is an abundance of data on the content of uranium, thorium, and potassium (and therefore,
on contemporary heat  generation)  in  crustal  rocks.  Determined for  the  same rocks were P-wave
velocities (Vp), as well as their dependence on temperature (T) and pressure. As a result, correlations
were established between parameters for rocks of the consolidated crust HG=1.28exp (1.54 [6-Vp])
for  the  case  of  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 =
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1.264 – 0.084exp (0.554 [Vp – 2]) (Fig. 1) (Gordienko, 1999 and 2000; and others) (HG in μW/mW/m3,
Vp in km/sec).

Fig. 1. A is variation of heat generation in
crustal rocks of a contemporary platform (1 –
sedimentary  layer  and  metapelites  and  2  –
consolidated  crust)  as  a  function  of  seismic
wave velocities. B is variation in HG of crustal
rocks in the course of  time (Av is  the mean
value, Σ is composite heat generation over 3.6

billion years in 1014J/m2). C is variation of the
heat flow due to HG in platform crust over 3.6
billion  years  (Σ is  total  transported  energy,

1014J/m2).

To estimate  heat  generation  in  terms  of  concentrations  of  radioactive  elements,  we  used  the
following common expressions: U equals 0.097  σ.C W/m3; Th equals 0.026  σ.C W/m3; K equals

0.036.10-4 σ.C  W/m3,  K2O  equals  0.03.10-4 σ.C  W/m3 where  σ stands  for  density  and  C  for
concentration.

In all cases we used average values of heat generation in groups of rocks. The mention of this
completely normal circumstance is linked to the determination of mantle rocks’ HG (see below). The
data on heat generation in the sedimentary layer and in the consolidated crust are shown in Fig. 1 ( A).
Two-  and  three-dimensional  forward  stationary  problems  were  solved  with  the  help  of  the
aforementioned  patterns  of  HG  distribution  versus  seismic  wave  velocities.  Comparisons  with
experimentally derived data were performed primarily on platform-type territories of Ukraine (with
stable mantle HF) covered by a dense network of deep seismic probing profiles with crustal velocity
profiles and HF determinations. A fairly good correlation of HF variations was obtained in all cases
including zones of substantially lower heat flows. This type of verification shows absence of any
appreciable errors in the data used.

Crustal HG variations versus time have been determined in terms of half-life periods for uranium
(4.51.109  years),  thorium  (13.9.109  years),  and  potassium  40  (1.3.109  years)  and  estimates  of
radioactive isotopes’ contents (Fig. 1B). The heat flow generated by the platform crust with a typical
velocity profile as a result of heat generation in its rock has varied widely over 0-3.6 billion years and
averages 28 mW/m2 (see Fig. 1C).

In the Earth’s Phanerozoic geosynclinal zones, crustal thickness matches, on the average, that on
platforms. At the top, velocity profiles are also close (the differences not exceeding natural variations;
down to 10 km, the velocities are somewhat lower, whereas at the depths of 10-20 km they are
somewhat higher than on platforms). At greater depths, the situation is different (Fig. 2).

The average difference of contemporary heat generation for the entire crust of geosynclines can be
assessed (it  would be pointless to talk about a precise result) as 0.13 μW/m W/m 3 lower than on the
platform.

The  total  contemporary  radiogenic  heat  generation  in  the  crust  beneath  platforms  (Wcrust  =
HG.H, H being the thickness of the layer) is 23 mW/m2; beneath geosynclinal belts, it amounts to
17.5 mW/m2.

Fig. 2. Comparison between velocity profiles of the crust of shields and
Phanerozoic geosynclines.

1  –  Mean  velocity  profile  of  the  Ukrainian,  Baltic,  Canadian,  Indian,
Aldan, Arabian, and Australian shields (Tripolsky et al., 2004; and others); 2 --
Mean  velocity  profile  of  the  Donets  Basin,  Carpathian  Alpides,  Crimean
Cimmerides,  Rheno-Hercynian  and  Moldanubian  zones  of  Europe’s
Hercynides,  English  Caledonides,  Tien-Shan  and  Urals  Hercynides,
Kamchatka,  Cordilleras,  and  Andes  Alpides  and  Cimmerides  (Gordienko,
2012; and others); 3 -- Mean velocity profile of geosynclinal crust  adjusted
with an allowance for high temperatures.

Beneath oceans with a solid crust 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 μW/mW/m3, and the composite contemporary energy generation is 3 mW/m2.
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HEAT GENERATION IN THE UPPER MANTLE
The HG value in this part of the tectonosphere can be derived from the results of determination of

uranium,  thorium,  and  potassium  concentrations  in  xenoliths  transported  by  kimberlite  magmas
(about two-thirds of the data known to this author) and alkaline basalts (primarily on platforms).
There is no perceptible difference between the two groups of xenoliths. Nor is there much difference
between the data on xenoliths and more sparse information for areas where mantle rocks emerge onto
the surface (in axial troughs of some mid-ocean ridges – MOR (Aumento et al., 1971; Vinogradov et
al., 1969; and others)). The data on uranium and thorium vary widely, on potassium - less so. The
latter, however, accounts for just up to 25 percent of mantle rocks’ HG.

There is a common opinion to the effect that uranium and thorium contents in mantle rocks are
insignificant, approximately at the level of maximum peaks on the histograms shown later in this
paper (Komarov et al., 1973; Sorokhtin et al., 2000; Anderson, 1983; and others), whereas relatively
higher contents are caused by contamination with magma material during the xenoliths’ transfer up to
the surface. This kind of judgment derives from the concept that the mantle composition changes
from primitive toward depleted due to the transportation of its incoherent components into the crust.
From  the  viewpoint  of  the  problem  in  question  both  contentions  are  extremely  indeterminate
(information on the HG in the initial – primitive -- magma and the resultant depleted magma are ill-
founded and differ from author to author) and can be seriously challenged.

According to the advection-polymorphism hypothesis (APH), throughout the Earth’s documented
geological history, crustal eclogites descended into the upper mantle in the amount that exceeded half
of the mantle’s volume. Many other authors, among them proponents of other tectogene hypotheses
(Ringwood, 1981; Savko et al., 2002; Sobolev et al., 1980; Ukhanov et al., 1988; Gao et al., 2008;
Green et  al.,  2004;  Jacob,  2004;  and others)  also adhere  to  the  opinion about  the  existence and
intensity of this (and naturally, of the reverse) process. The scope 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 differ from the upper portion.

There  is  plenty  of  evidence  contradicting  the  view  that  the  specific  composition  of  mantle
ultrabasites might be a result of contamination with basalts and proving that they actually formed in
the mantle (Feininger, 1980; Francis, 1997; Ionov et al., 1994; Lapin et al., 1976; Nicholas, 1986;
Wilkinson et al.,  1987) .  There are direct indications of the mantle’s fertile composition beneath
oceans (Cannatelli et al., 2011; and others). Some ultrabasic rock blocks, for example, at the axes of
mid-ocean ridges (MOR) of the Atlantic and Indian oceans, exhibit fertile composition (Aumento et
al., 1971; Vinogradov et al., 1969; and others).

The  mantle  enriched with  radioactive elements  forms in  metasomatically  altered rocks above
partial melting chambers (according to the APH, their total thickness in the upper mantle is about 60
km). We are talking about heterogeneous structures composed largely of common mantle rocks with
low concentrations of K, U, and Th and a small amount of rocks with high HG that originated along
permeable zones under the thermal and chemical effect of the magma. In particular, in a layer of
pyrolite of plagioclase facies directly beneath the mid-ocean ridge, the uranium content is even higher
than in tholeiites, which are melted out at a somewhat deeper level. Uranium concentrations have
been  determined  in  large  peridotite  massifs  both  with  corrections  for  serpentinization  and  in
fragments  composed  of  unaltered  minerals.  The  results  match  well  (Aumento  et  al.,  1971;  and
others).

The following data, for example, indicate that mantle composition cannot be classified under the
label of depleted formations, not even beneath ancient platforms. Half of the upper mantle beneath
South Africa consists of harzburgites and depleted lherzolites,  and the other half  is  composed of
metasomatized and fertile lherzolites; the latter group of rocks beneath the Canadian Shield accounts
for 40 percent, and beneath Australia -- for half of the rocks (Griffin et al., 2003; O’Reilly et al.,
2009; and others). Beneath the Rocky Mountains, the mantle is composed of accumulative rocks,
dunites,  harzburgites,  lherzolites,  wehrlites,  orthopyroxenites,  micaceous  pyroxenites,  websterites,
and glimmerites (Downes et al., 2004).

According to the data of Ukhanov et al. (1988), parts of the Siberian Platform’s mantle profiles
studied with the help of xenoliths within kimberlites are composed of eclogites (30-70 percent), and
the rest are peridotites and some websterites. About one-third of the eclogites originated in the crust,
about  the  same amount  is  of  uncertain  origin,  and  the  rest  are  mantle  material.  The  content  of
uranium in eclogites is 2 to 2.5 times greater than in peridotites (the aforementioned source, however,
lists few relevant data).

The  upper  mantle  beneath  the  Ukrainian  Shield  is  represented  by  combinations,  in  various
proportions,  of  lherzolites,  eclogites, websterites,  dunites, glimmerites,  and pyroxenites (Tsymbal,
1996; Tsymbal et al., 2003; and others) . In this particular case, it is a matter of Phanerozoic mantle
enrichment, as compared to the Precambrian, rather than its depletion (Gordienko et al., 2005).
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Fig. 3. Histograms of distribution of K 2O, U, and Th contents in mantle rocks of platforms,
geosynclines, oceans, crustal basites and eclogites, as well as meteorites. n is the number of analyses
used; M is the median value.
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Findings on the Baltic Shield testify to  the presence of  a  wide variety of  mantle rocks there
(Shchukina, 2013; and others). The data on numerous areas of Cenozoic alkaline basaltic magmatism
on continents  and  in  oceans  reveal  various  trends  of  variations  in  spinel  lherzolites.  Also,  both
depleted and enriched magma material was encountered (Grachev, 1989). A wide range of rocks –
from those presumably representing a primitive mantle to extremely depleted dunites – have been
found among xenoliths transported by Neogene basalts in the Central Massif of France (Sobolev et
al., 1996). Xenoliths transported by Hawaiian basalts comprised peridotites, wehrlites, eclogites, and
dunites (Geochemistry of igneous rocks).

Consequently, the concept of unidirectional alteration (depletion) of the mantle with age appears
to be speculative rather than supported by evidence. The point is that crustal material was involved in
the formation of the upper mantle composition as is corroborated by numerous data (Sobolev et al.,
1980; Ukhanov et al., 1988).

The available evidence does not, however, make it possible to attribute dissimilar concentrations
of uranium and thorium to specific mantle rocks. In many cases description of rocks does not go
beyond very general characteristics, such as, for example, “primitive mantle.” Those rocks actually
contain formations with variations in chemical composition that are larger than their differences from
depleted or fertile mantle (Grachev, 1989; and others).

The list of supporting points could be continued further, but even those cited here are sufficient for
sharing Ringwood’s opinion to the effect that “… there is every reason to assume that the association
of peridotite and eclogite xenoliths and xenocrysts encountered in kimberlites constitutes an average
‘sample’ of the mantle” (Ringwood, 1981, p. 104).

A database collected by this author for about 40 years was used to determine average values of
HG. The relevant bibliography is provided in Gordienko (2014), and we do not reproduce it here for
space considerations. It mainly pertains to platforms, while geosynclines and oceans are covered very
little. We can now fill in the gaps. For geosynclines, we used the following sources:

Ackerman et al., 2007; Downes et al., 2004; Embey-Isztin et al., 1989 ; Feininger, 1980; Francis,
1976; Gang Xu  et al., 2004; Garuti  et  al.,  2001; Gasperini et al.,  2006; Glebovitsky et al., 2007;
Harvey et al., 2012; Ionov, 2010; Ionov et al., 1994; Kaczmarek, 2007; Khodyrev, 1996; Lapin et al.,
1987; Litasov et al., 2005; Luhr et al., 1997; Lutkov et al., 2004; Morioka et al., 1978; Muentener et
al., 2000; Pelsier et al., 2002; Smith, 2010; Shubina et al., 1997; Volkova et al., 2008; Gang Xu et al.,
2000; and others. For oceans: Anderson, 1969; Asavin et al., 1997; Aumento et al., 1971; Binns,
2004; Bloomer, 1985;Bonadiman et al., 2005; Bonatti et al., 1986; Bourgois et al., 1985; Cannatelli et
al., 2011; Casey, 2008; Dmitriev, 1977; Gregoire et al., 2000; Ishii et al., 2005; Ishikawa et al., 2004;
Leander et al., 2002; Neumann et al.; Parkinson et al., 1998; Putirka et al., 2011; Revillon et al.,
2000; Saveleva et al., 2006; Vinogradov et al., 1969; Wilkinson et al.,1987; and others.

Fig. 3 shows histograms of distribution of radioactive elements in rocks of the mantle (and in
crustal basites and eclogites) for three types of regions in question. Differences in the numbers of
analytical results are wide, and it can be assumed that the result for platforms will hardly change if
we add new data (it was the same when we only had 50 percent of the data available now); the same
this is also likely for geosynclines. Information on oceans is so far in short supply and it essential that
evidence should be further amassed to make it possible to arrive at a reliable assessment of heat
generation. Yet, even available information points to noticeable differences in heat generation for the
three types of the Earth’s regions.

The depth of the upper mantle bottom assumed by this author, an interface where, according to the
APH, olivine-α starts transforming into olivine-β at contemporary temperatures beneath quiescent
Precambrian platforms (about 470 km) does not necessarily conform precisely to the change in heat
generation.

Nevertheless, it might be appropriate to point out that the total number of radiogenic heat sources
in the crust and upper mantle of all the three types of regions happens to be virtually the same: 42 ±
0.5 mW/m2. It is unlikely that the differences exceed the computation error. To put it differently, the
same amount of heat is presently generated at any point of the Earth, but its sources are distributed in
dissimilar ways, which is due to the formation of one type of crust or another. On continents, the
crust of approximately contemporary thickness has existed for billions of years, whereas the situation
is not clear regarding oceans; in all likelihood, the way it is now (i.e., with the M. discontinuity’s
depth at about 10 km, which may not be an accurate assumption), it is young, and dozens or hundreds
of millions of years ago there existed there a crust with a thickness similar to that of continents and
possibly basic in composition.  This exhausts all  the more or less trustworthy information on the
history of oceanic crust.
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Thus,  HG  values  reflect  differences  in  mantle  rocks  as
established  by  Boyd  (Boyd,  1989).  Given  the  same  depth,
temperature, and mineral composition, other properties (density,
seismic wave velocities, and electrical conductivity) do not reflect
the known variations of chemical composition (and all the more
so, the trends identified by Boyd) (Gordienko, 2010; and others).

Fig. 4. Heat generation in mantle rocks of platforms (1), geosynclines
(2), and oceans (3) versus time. Σ is total heat generation over 3.6 billion

years in the upper mantle of platforms, in 1014J/m2.

Fig. 4  shows variation of HG versus time in mantle rocks of
regions in question. Encountered in the crust are HG differences
of about 20 percent which is directly manifested in values of the
heat flow. It cannot be ruled out that such fluctuations are also
characteristic of the mantle. It is therefore possible that 4.2 to 2.5-
3  billion  years  ago,  “energy  saturation”  of  the  mantle  beneath
platforms  and  geosynclines  differed  within  limits  of  natural

variations. This is the level of contemporary HG in the mantle of oceans.
At  present,  HG in  the  mantle  of  platforms  amounts  to  0.043  μW/mW/m3;  this  virtually  matches

Ringwood’s concepts on the composition of mantle pyrolite as “a mixture of three-fourths of Alpine
peridotites and one-fourth of Hawaiian tholeiites” (Ringwood, 1981, p. 174-175). Certainly, while
applying such a model for the assessment of HG (rather than of chemical and mineral composition of
pyrolite), one needs to be aware of the fact that basic rocks in the mantle are represented by eclogites
in which uranium and thorium contents are much lower than in basalts (according to HG, from 0.47
to 0.11 μW/mW/m3 -- see Fig. 3) (Gordienko, 2014).

ELEMENTS OF HEAT BALANCE IN PLATFORM TECTONOSPHERE

An analysis of the initial stage of the Earth’s geological history shows that the heat flow from the
lower  mantle  is  close  to  zero  (Gordienko,  2012;  and others).  There  is  pretty  much an adiabatic
situation between the lower mantle’s top and bottom (judging by the temperatures of melting), and
this  corresponds  to  a  heat  flow of  1.5-2.0  mW/m2.  According  to  Ringwood (1981),  there  is  no
basaltic component in the lower mantle (as a consequence of the “magma ocean” effect). Therefore,
heat generation (which is the same for all the three types of regions) in it is at the level of extreme
points  on  the  histograms  presented  in  Fig.  3:  0.010  μW/mW/m3;  the  calculation  of  contemporary  HF

produces 0.5 mW/m2 at the surface, and at the bottom of the upper mantle, mantle (with an account of

sphericity) is 1.0-1.5 mW/m2.  It  is only a negligible  emperature gradient that could account for the
distribution of seismic wave velocities in the lower mantle. Similar results are also obtained with the
initial chondritic model of a silicate Earth. Radiogenic heat generation in the iron core is vanishingly
small (two or three orders of magnitude lower than in the mantle), and no energy from it is supplied
to the tectonosphere.

Fig. 5. A – Heat flow due to heat generation in mantle rocks of
the platform.  B – Heat  flow due to the tectonosphere’s cooling
from the level of solidus. Σ -- Total Values of transported energy

over 3.6 billion years (in 1014J/m2).

Heat flow due to heat generation during the period of 0-
3.6 billion years ago is shown in Fig. 5A. In addition to heat
generation in the crust and mantle, the total value of heat
flow is also formed by the long-term cooling, the continuing
stage  of  which  started  (according  to  the  APH)  from  the
solidus temperature 4.2 billion years ago. For mantle rocks,
Tsol = 1,013+3.914H – 0.0037H2, where H is the depth in km
(Gordienko, 2012) within the depth range of 0-470 km.

The  sum  of  the  two  estimated  components  presently
equals 20.5 mW/m2. It matches the value of the mantle heat
flow on platforms (i.e.,  in the situation of a longstanding
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period of absence of mass transfer) determined as the difference between observed heat flow and
estimated crustal radiogenic HF (Gordienko, 2012; and others). This would have been impossible
with incorrectly selected heat generation in the upper mantle and in conditions of its cooling. The
sum of all the three components of the conductive heat flow presently amounts to 40 mW/m2, 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  Voronezh anteclise,  in  the  Dnieper-Donets  Depression,  on  the
Ukrainian  Shield,  on  the  Volyn-Podolsk  plate,  and  in  the  South  Ukrainian  monocline.  Not
infrequently,  HF  is  higher  by  approximately  2  mW/m2,  which  may,  in  a  number  of  areas,  be
attributed to the presence of a sedimentary layer with a relatively high heat generation, and on the
shield – with an abundance of granitoid rocks.

The  integral  heat  generation  in  the  crust  and  upper  mantle  over  recent  3.6  billion  years  is
73.5.1014J/m2. The conductive heat flow during that period of time carried away 59.5 . 1014J/m2. The
difference must be due to the heat- and mass transfer during active deep-seated processes.

Let  us  analyze  energy  requirements  for  deep-seated  processes  (Wactv.).  We  are  talking  about
geosynclines, rifts, and zones of single-episode active processes (according to the APH, there are
three episodes of heat-and mass transfer in the geosynclinal process and two or three episodes in
continental  rifting)  that  occurred  in  the  geological  history  of  the  contemporary  platform.  This
problem was analyzed in greater detail by Gordienko (2012) and others. Some general data alone are
considered in this paper. It should be pointed out that, in this author’s publications, the value of W actv.

varies somewhat. This is due to the difficulty involved in attempts to accurately assess the heat flow
in relatively young geosynclines or rifts.

In many instances, heat flow values are distorted by the effect of ongoing active processes. The
Wactv.values  listed  below  are  somewhat  lower  than  those  used  in  Gordienko  (2012)  due  to

corrections introduced into the values of anomalous HF for individual regions.

Fig. 6. A refers to the HF anomaly in the geosyncline and B -- to the HF anomaly in the rift.

The  anomalous  heat  flow  in  the  geosyncline  carries  away  0.68.1014J/m2 (Fig.  6A);  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 0.8.1014 J/m2.

For the rifting process, this value turns out to be somewhat lower: about 0.6 .1014J/m2 (Fig. 6B).
Approximately as much energy (0.50-0.55.1014J/m2) is required for a single episode of activation. In
the latter  case,  it  is  impossible  to  construct  an experimental  heat-flow anomaly,  and so  a  value
estimated  in  accordance  with  the  APH was  used  for  determining  Wactv.  The  anomaly  reaches
maximum of about 20mW/m2, just like in the rift.

HEAT AND MASS TRANSFER IN THE TECTONOSPHERE

Here is how we performed the calculation of thermal models reflecting the aftermath of heat and
mass transfer. The initial distribution of temperature (T) in the mantle (the distribution of solidus
down  to  the  depths  of  1,000-1,100  km 4.2  billion  years  ago)  changes  under  the  effect  of  heat
generation and heat transfer through the surface. Consequential effects of the advective transport of
material in each active episode of the region’s history were superposed on the result. A study of the
composition of  magmatic  rocks in  the  Ukrainian and other  shields  (Gordienko et  al.,  2005;  and
others)  showed that,  in the  course  of  active processes in the Precambrian,  the depths  of  the  top
portion of the asthenosphere varied in exactly the same manner as in Phanerozoic geosynclines and
rifts.  It  is  precisely  the  reason  why  the  ancient  processes  were  labeled  “geosyncline”  or  “rift,”
whereas their tectonic impacts could differ from those of Phanerozoic ones. In all likelihood, in the
Precambrian,  a  homodromic  sequence  of  magmatism  inherent  in  Phanerozoic  geosynclines  still
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prevailed  until  it  was  perturbed  at  the  stage  of  subsequent  activation  (Gordienko  et  al.,  2005).
However,  the sedimentary sheath of the huge areas of protogeosynclinal  (protomiogeosynclinal?)
Riphean, or even Vendian -- Early Cambrian trenches (Grampian or Cordilleran geosynlines, etc.)
forms in the absence of any conspicuous slopes that might cause holomorphic folding during sliding
along  the  basement  (Gordienko,  2012).  Therefore  a  most  important  indication  of  this  type  of
endogenous conditions may be missing. This assumption is generally corroborated (Shuldiner, 1982;
and others).

The choice of the type of active process was linked to the type of the antecedent thermal model. If
the temperatures were higher than solidus within a broad range of depths larger than 200 km, the
situation  was  considered  suitable  for  the  emergence  of  an  intra-asthenospheric  convection  and
geosyncline. At the same time, the presence of a superadiabatic gradient in the asthenosphere or in its
part  was taken into account.  Such specific part  of  the asthenosphere  was viewed as  suitable for
convective intermixing of  the  material  and for  shaping an ascending asthenolith.  With a  thinner
asthenosphere,  conditions  were defined as favorable  for rifting or  for a single-episode activation
characterized by 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  from  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. To simplify the calculations, the diameter of
a unit quantum of tectonic action (QTA – a minimum volume of transportable material) was in all
cases assumed to be 50 km. The displacement of three QTA units corresponded to each geosynclinal
or rifting event. 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
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 conditions, so that it would enable us to simulate
an activation or extend the period of “tectonic quiescence” in order 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 estimated episodes of heat and mass transfer.

Table 1. Comparison between rock dating results (in millions of years) for the Ukrainian Shield based on
models (M) and experimental data (USh).

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

Table 1 is an example of comparison between estimated and experimentally established dating of
active processes for a considerable stretch of the Ukrainian Shield’s geological history. A detailed
review of  modeling  and comparison  between estimated  ages  of  active  events  and  those  derived
experimentally for shield rocks on all continents is presented in the papers by Gordienko (2009a, b)
and Gordienko et al. (2005) . The comparison is impeded by the fact that active processes in the Late
Archean  and  Proterozoic  do  not  simultaneously  engulf  the  entire  territory.  Small  differences  in
mantle  rocks’  heat  generation  cause a  certain shift  in  activation ages  of  different  shield blocks,
whereas calculations pertain to a single block. Yet, it is possible to reliably identify dating results
suitable  for  comparison  with  those  derived  from models.  “Skipped”  experimental  dating  results
(Table 1) could be due to incomplete information on the shield (recent studies have in many cases
filled in the gaps) or to insufficient information available to this author. On the whole, however,
agreement between estimated and experimental data is beyond doubt. Their accidental match is out of
the question.

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 1). They include three geosynclinal, 11 rifting,
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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 output of about 14.1014J/m2) 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 tectono-magmatic activity consumes about 20 percent of the
heat flow energy being released (30 percent of radiogenic energy). Radiogenic heat generation in the
tectonosphere is perfectly sufficient to account for deep-seated processes, and there is no need to
resort to other data, in particular, to those pertaining to depths on which no information is available
(the core-mantle interface, and so on).

Variations of heat generation in the crust and upper mantle of platforms versus energy spent on
active processes over recent 3.6 billion years are shown in Fig. 7. Changes in the activity with time
match evolution of heat generation in the mantle rather than in the crust. This is understandable:
Crustal energy is mainly spent on maintaining the heat flow.  Fig. 7 shows that a decrease in the
tectono-magmatic  activity  is  exclusively  associated  with  the  reduction  of  the  concentration  of
radioactive  elements  in  proportion  to  their  decay.  No  mantle  rock  depletion  in  terms  of  heat
generation takes place – otherwise experimental points would have been plotted below the curve
based on estimated data.

Fig. 7. Relative variation of heat generation in the crust (1) and mantle (2)
of platforms and average energy requirements for active processes for stretches
of time of 0.6 billion years (3).

The  data  of  geothermometry,  reflecting  PT  conditions  of  rock
formation or transformation from Early Precambrian to present time also
testify in favor of the assumed level of heat generation in the crust and
mantle  (Figs.  8  and  9).  This  information  is  supplied  by  xenoliths

transported upwards by kimberlites and alkaline basalts in platform regions. A greater amount of data
for the crust was obtained from surface rocks of blocks with dissimilar sizes of erosional truncation.

Fig. 8. Comparison between estimated (1) temperatures (T) for periods of activation and experimentally
derived  (2)  data on PT conditions under which  Precambrian  platform rocks formed;  3 – T distribution in
platform crust in the Phanerozoic; 4 -- solidus temperatures of rocks of the amphibolite and granulite facies of
metamorphism. Symbols used to designate various shields:  CnSh – Canadian Shield,  BSh – Baltic Shield,
UkrSh – Ukrainian Shield, and IndSh – Indian Shield; Platforms: AfrP – African, SAm – South American, AuP
– Australian, AntP – Antarctic.
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Fig. 9. Comparison between estimated anomalous temperatures (1) and geothermometry results (2) in the
mantle.

Agreement between estimated and experimentally obtained temperatures (T) is almost complete.
It  has to be mentioned that maximum temperatures reached in the crust during activation remain
largely  unchanged  provided  that  there  is  no  further  heating.  In  the  mantle,  in  the  absence  of
activation, temperatures are higher than in the crust, and that promotes changes in mineralogy – its
“adaptation”  to  platform  conditions.  Geothermometric  data  shift  from  those  corresponding  to
maximum heating toward lower temperatures (Figs. 8 and 9).

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.

Fig.  10. 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.

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;  and  others).  The  modeling  is
expected to solve the problem of correlation between

K, U, Sr, as well as isotopes of He, Ar, Ne, Xe and other inert gases in the mantle, crustal basalts, and
atmosphere. The recorded inconsistency can be eliminated if we get on board with the concept of
mass flow from the 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. 10.

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 resulting parity makes it possible to calculate the size of the mass flow corresponding to one
of the 23 platform activation events over recent 3.6 billion years. This matches removal from the
mantle  of  the  material  equivalent  to  a  13-13.5  km  thick  layer.  In  terms  of  the  advection-
polymorphism  hypothesis  (APH),  in  the  case  of  the  platform  version  of  heat  generation  (HG),
material equivalent to 7-8 km thick layer is removed from the mantle 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 45 events,
respectively. In view of the fact that dry land, the shelf, and part of the continental slope, where the
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crust still differs from the oceanic crust, occupy 35 percent of the Earth’s surface, and assuming that
platforms and geosynclinal belts occupy areas of similar size, we obtain the removal of the material
equivalent to a 13-km thick layer, on the average, at the Earth’s surface for each active event on the
platform. 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.

HEAT  GENERATION  IN  THE  UPPER  MANTLE  AND  ACTIVE  PROCESSES  IN
OCEANIC PHANEROZOIC FOLDED ZONES

It is obvious that in those regions during the period following “all-encompassing” active events
(less than 2.5 billion years ago) episodes of mantle heat and mass transfer must have been more
frequent than on platforms.

Let us determine maximum frequency of such events. There are no sufficient 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 ordinary
advection episode (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 are corroborated by results of some independent studies.

It would be logical to expect 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 active events
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  et  al.,  2001;  and  others).  In  Phanerozoic  geosynclines,  episodes  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 (Gordienko, 2009b), intervals between activation episodes 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 similar to that in the mantle
of Phanerozoic geosynclines. Later, the difference in HG increases at a fast rate and the time interval
between activation events on the platform (geosynclinal cycles are absent) grows to 180 million years
by the end of the Precambrian. This particular period may hold the key to finding differences in the
activity of the two types of regions.

To enable a comparison, it is necessary to select portions of Phanerozoic geosynclinal belts of
relatively small dimensions for which dating of active events is known within a considerable time
interval. It is a complicated procedure. Instead of one area, three were used for which there were no
offsets between close dating results (only accurate results were admitted): the Sangilena block in
Tyva, the southern part of the Yenisey range, and the Bashkirian block of the Urals (Anisimova et al.,
2012; Bibikova et al.,  1993; Precambrian-Phanerozoic Folding Belts,  1982; Nozhkin et al.,  1989,
2012; and Pronin, 1965). Boldface numbers in  Table 2 show dating results coinciding in the three
areas.  Their  quantity and position on the time scale suggest  that  there are no “irrelevant” dating
results on the checklist.

In the Archean and Early Proterozoic, experimentally derived ages match up with estimated ones.
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  active  processes  (including
contemporary ones) are similar to those on platforms. It is possible that heat generation in regions
under study is somewhat less intensive than is typical of Phanerozoic folded belts.

In all likelihood, there are no distinct boundaries between parts of the Earth with dissimilar heat
generation  in  the  mantle.  There  is  still  a  possibility  that,  after  geosynclinal  development  ceases
completely on main platforms, it may still continue for a certain period of time in their vicinity. The
greater the distance from the main platforms, the longer the geosynclinal development will be. Thus,
the  available  concepts  account  for  the  Eardly  (1951)  principle  in  terms  of  energy  parameters.
Geological evidence,  however, shows that this principle cannot  be applied across the board.  The
Eardly principle is applicable to North America and North Eurasia and, to some extent, also to South
America and the Antarctic. In the area of the Tethys’ southern boundary, it definitely does not hold.
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Table 2. Dating results for the Urals’ Bashkirian block, Yenisey range, and Sangilena block (the
above  structures  acronymized  as  BYeS)  versus  those  obtained  with  the  help  of  modeling  for
platforms (M) (age in million years).

М BYeS М BYeS М BYeS М BYeS М BYeS
3300 3300 2350 1850 830 1050 520
3270 3250 2280 2260 1800 810 950 470
---- --- 2240 1750 750 900 440
278 2790 2200 2210 640 870 400 400

2740 2730 2150 580 810 350
2700 2700 2120 2100 1480 470 790 780 310
2650 2670 2060 2050 400 750 280
2600 2600 2000 1350 730 200 220
2550 2550 970 1250 250 700
2500 930 150 670 0
2400 2400 900 1100 120 600 620

This author repeatedly analyzed deep-seated processes in Phanerozoic  geosynclines,  rifts,  and
zones  of  active  processes  within  the  frameworks  of  the  advection-polymorphism  hypothesis
(Gordienko,  2012;  and others).  Until  differences  in  heat  generation by upper  mantle  rocks were
detected, we had to proceed, at the initial stage, from lateral heat and mass transfer to explain major
geological phenomena: the use (basically in geosynclines) of the energy of neighboring areas. Its
contribution to the total energy consumption by the process is difficult to assess. In fact, the energy
outflow in the form of heat flow increase was insignificant – about 10 percent of the total. Yet, on the
whole, the energy output was much higher (primarily, on heat exchange with underlying mantle layer
ensuring preservation of the partial melting reservoir for the formation of future QTAs). That energy
is, however, fully recouped through increased heat generation.

Energy generation in the mantle beneath platforms gradually decreased and, 1.5 to 2.0 billion
years ago, it turned out to be insufficient for triggering a geosynclinals process. The territories of
simultaneously produced geosynclines on continents dwindled (Fig. 11), and this type of endogenous
conditions became confined to geosynclinal belts.

Fig.  11. Variation  of  absolute  and  relative  areas  of
geosynclines on continents (Gordienko, 2012; and others)

Geological  history  of  oceanic  mantle  rocks
might be instrumental for verifying the hypothesis
of higher heat generation in them, but only a very
short period of that history has been studied.

The  data  listed  in  Table  3 refer  to  an  about
6,000-km long MAR stretch. In various parts of the

ridge  active  events  may  occur  with  a  certain  shift  in  time  (due  to  small  fluctuations  in  heat
generation), and this may cause an impression as though their number exceeds that obtained through
calculations. In fact, the dating results highlighted in boldface numbers in Table 3 were obtained on
the  MAR’s  limited  stretch  of  about  300  km.  Their  number  testifies  to  a  much  greater  energy
generation  in  the  tectonosphere  (including  in  the  Precambrian)  than  that  used  in  the  simulation
procedure. In geologically recent past, active events with minimum age differences are found to have
occurred on relatively small blocks of oceanic regions (Gordienko et al., 2013 a and b).

Table 3. Comparison between estimated ages of active events according to the APH (M) and experimentally
derived ages of activation for the Mid-Atlantic Ridge (MAR) (in millions of years).

М MAR М MAR М MAR М MAR М MAR
2650 2650 2200 1690 840 120
2600 2580 2150 1630 790 780 70
2550 2520 2120 2130 1570 600 650 40
2500 2490 2060 1480 1500 560 20
2400 2420 2000 2000 1350 1370 500 5 1-3
2350 1850 1860 1250 400 350
2280 1800 1800 1100 250
2240 1750 1740 950 990 200 160
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One gets an impression that there also exist regions with intermediate values of heat generation
between  Phanerozoic  geosynclinal  belts  and  oceans.  We  are  talking  about  backarc  and
intercontinental water bodies, as well as median massifs with sharply thinned out and in many cases
basified crust. There also exists information on similar, not fully reworked, crust-mantle blocks in all
oceans (Gordienko et al., 2013 a and b).

On the whole, the available information is sufficient for endorsement of the hypothesis regarding
elevated  heat  generation  in  the  mantle  beneath  oceans  and  the  resulting  high  tectono-magmatic
activity there. This issue should be considered on the basis of more factual evidence.

CONCLUSIONS

The generalization of the data on radiogenic heat generation in upper mantle rocks within the
frameworks of the APH has made it possible:

1. To identify three levels of the HG value (there may also be intermediate levels) confined to
continental  Precambrian platforms,  geosynclinals belts,  and oceans:  0.04;  0.06;  and 0.08  μW/mW/m3,
respectively.

2. To reveal agreement between the total contemporary heat generation in the crust and upper
mantle for three types of regions despite considerable differences in the distribution of heat sources
versus depth.

3. To show that for all platform regions (and possibly also for Phanerozoic geosynclinal belts)
radiogenic heat generation may be used to quantitatively account for the heat flow, all deep-seated
processes  in  the  tectonosphere  over  the  known  history  of  the  Earth,  and  the  distribution  of
contemporary and maximum temperatures in the crust and upper mantle.

4. To  map  out  such  parity  for  a  period  of  geological  history  of  oceans  where  more
comprehensive studies are hampered by lack of information.
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4. ADVECTIVE HEAT AND MASS TRANSFER

The pattern of displacements must be reminiscent of … “advection” because there are no conditions for full
convection loops to take shape…. This hypothetical mechanism can be used to construct a fairly elegant scheme
of deep-seated processes.

V.V. Beloussov: The Earth’s Crust and Upper Mantle, 1972.

Many authors have discussed the Earth’s early (“pregeological”) thermal history (Early History of
the Earth, 1980; Fedorin, 1991; Lyubimova, 1968; Ringwood, 1981; Vityazev, 1973; and others). It
involves accretion and subsequent differentiation of the Earth into the core and outer shells.  The
initial  stage  includes  heating  caused  by  compaction  and  “buried”  impact  heat.  The  resulting
temperatures (T) reaches about 2,000oC with a maximum at the depth of about 1,500 km. In part of
the volume,  this  is  sufficient  for  melting iron inclusions  and,  as  they sink  (the  Rayleigh-Taylor
instability theory in action), the process becomes self-sustained and further accelerates. It comes to an
end very quickly producing advection cells of at least two dimensions ranging from several thousands
to several hundreds of kilometers. It is likely that in areas of ascending currents, specific properties of
composition of the material making up the upper portion of the profile take shape as early as at that
particular stage. Assessments of the energy being released differ from author to author, but all of the
estimates  are  very  high  –  equivalent  to  temperatures  of  up  to  5,000  –  10,000oC.  Temperature
distribution with a reduction toward the center of the Earth appears to be a likely pattern (Vityazev,
1973; and others). Maximum heating in that case occurs at the contemporary surface of the core. A
high degree of melting of the material within an enormous range of depths is beyond doubt. This
produces a “magma ocean” which “becomes enriched with volatile and incoherent elements of the
relatively solid mantle thus rendering it very dry and depleted of volatile elements” (Early History of
the Earth, 1980, p. 28). At the same time, crustal material is being removed from the “magma ocean.”
This process is accompanied by vigorous heat and mass transfer (in all likelihood, through continuous
convection),  the  temperature  distribution  reaches  an  adiabatic  level  (outside  relatively  thin
interfaces). The sharp change of the solidus temperature in the transition zone causes separation of
rocks from the layer undergoing convection at depths greater than approximately 450 km. In such
conditions, the cooling of upper mantle rocks to the level of solidus proceeded at a relatively fast rate
and ended about 4.2 billion years ago. Once the solidus level is reached, the viscosity of the mantle
material increases significantly, so that, given a known frequency of active episodes, any continuous
convection at a rate required to ensure heat and mass transfer becomes unlikely.

Subsequent changes of temperature are believed to be associated with conductive cooling through
the surface, discharge of radioactive heat (whose intensity varies with time and which is capable of
heating up the upper mantle of a future platform by 2,000-2,500oC provided that there are no heat
losses), and transport of heat to the surface during active processes. The effect of heat sources arising
as a result of displacement of the front of polymorphous transition during the temperature change at
the upper mantle lower portion turns out to be insignificant.  The next period (about 0-4.2 billion
years ago) represents geological history.

From  the  perspective  of  the  law  of  least  action,  which  is  frequently  applied  in  mechanics
(preference being given to a process ensuring the sought result at the minimum product of the mass
by speed and by distance), the “nonconductive” transfer of the overheated material to the surface will
be through advection rather than through closed cell convection with a long horizontal axis. This is
precisely what the segregation of the core and the phenomena of magma transfer looked like.

MELTING OF ROCKS IN THE TECTONOSPHERE

Melting points of crustal rocks in the upper two-thirds of the continental platform’s normal crust
in the amphibolite facies of metamorphism and in the granulite facies of the lower one-third portion
of  the  crust  have  been  studied  fairly  well.  In  the  case  of  the  amphibolite  facies,  the  solidus
temperature (Ts) is 600-650oC at depths from 30 to about 10 km and rises to 900-950oC (closer to the
surface). As rocks in the amphibolite facies approach solidus temperature, this leads to the discharge
of free fluid, and that is precisely what is responsible for a low melting point, with rock composition
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playing a minor role. In granulites, Ts rises from 950oC to 1,050oC within the depth range from 30 to
40-45 km.

Fig. 1. Solidus (S) and liquidus (L) temperatures for mantle rocks.
1 and 2 are based on experimental data (1 for solidus and 2 for

liquidus)

In  the  case  of  mantle  rocks,  this  author  has  opted  for  a
solidus  temperature  in  the  depth  range  of  about  50-450 km
according to  the  formula  Ts =  1,013 = 3.914H – 0.0037H2,
where H is the depth in km. This is presumed to be the very
start of melting (with the concentration of fluid of up to 1%) in
a dry environment.  It  was deemed proven that  mantle  rocks
contained just fractions of a percent of water (Gordienko, 2012;
and others).  This is due to the effect of impurities and most
probably  has  no  influence  on  the  principal  rock-forming
minerals. This pattern of distribution has been corroborated by

the data of various authors and is presented in Fig. 1 together with the liquidus curve (Kadik et al.,
1990; Prodayvoda et al.; Agee et al., 1993, Gasparik, 1992; and others). It was then assumed that with
the temperature increase by 50oC the melt concentration increased by one percent to several percent
(in the absence of magma segregation and its transport toward the surface).

Dry-solidus  graphs with large  Ts at  the  same depths  have  been  widely  reported  in  literature.
Recent data, however, are closer to those shown in Fig. 2.

Fig.  2. Alternative  distributions  of  dry-solidus  temperatures  in  the
upper mantle

1 – according to Gordienko (2012); 2 – according to Katz et al., 2003;
3 – according to Frolova et al., 1989); 4 -- adiabatic cooling graph for
ascending  melts;  5  – solidus graph for  eclogite  according  to  Butvina,
2006; and others)

Experimental values of Ts for various depths (pressures) were
derived  in  the  process  of  heating  of  lherzolitic  rocks  at  fixed
pressures.  In  laboratory experiments,  the  presence of  glass  in  a
quenched specimen was assumed to mark the start of the melting

process. It was presumed that the duration of the experiment was sufficient enough for changing the
phase of a portion of the rock and the accompanying physicochemical phenomena. To register T s,
one would need to wait for the appearance of a substantial amount of glass (we are talking about a
few percent, as a rule). In that situation some rock-forming minerals become part of the melt. Yet, the
very first insignificant (up to one percent) portions of melt emerge “…under the effect of impurity
elements….” (Kadik et al., 1990, p. 1265). According to many authors, small amounts of water and
carbon dioxide (at the level of a few tenths of a percent) are present in the mantle (Kovalenko et al.,
2006; and others), in particular, in the form of microinclusions in various minerals (Bell et al., 1992;
and others).  It  is  around them (and some accessory minerals  of  metasomatites  with low melting
points) that initial drops of the melt take shape without actually affecting the bulk of the rock. Some
authors  provide  a  detailed  picture  of  the  entire  procedure  based  on  the  data  pertaining  to  the
composition of mantle xenoliths (Ionov et al.; and others).

This  phenomenon  may  be  overlooked  in  experiments  whose  main  purpose  is  to  study  the
composition of magmas which form at appreciable degrees of rock melting as a function of rock
composition, PT-conditions, the effect of fluids, and so on. On the other hand, the emergence of just
one percent of fluid has a significant effect on the viscosity of the upper mantle material (reducing it
by approximately one order of magnitude), lowers seismic wave velocities (P-waves by about 0.07
km/sec and S-waves by 0.04 km/sec),  reduces electrical  resistivity  of  rocks by a factor  of  1.5-2
(rendering it  to drop to the “asthenospheric” level  – of about  100 Ohm-meters.  Its  effect  is  less
conspicuous but it does have an impact on the rock density reducing it by approximately 0.003-0.004
g/cm3 (at depths down to 250 km). It appears therefore that the use of a minimum value of T s, as
described by the aforementioned formula, could be well  justified for tackling problems in which
variations  in  physical  properties  of  mantle  rocks  play  a  major  role.  There  also  are  additional
arguments in favor of this option.

Mineral  associations  in  xenoliths  carried  to  the  surface  by  magmatic  rocks  (kimberlites  and
alkaline basaltoids) reflect PT-conditions at the depth where they were captured by magma flows
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directly before the ascent. Zones of partial melting providing material for various types of mantle
magmatism normally form over dissimilar periods of time. The greater part of kimberlite magma
takes shape right before its ascent and xenoliths transported by it reflect temperature conditions that
existed prior to the onset of an active process. The magma of alkaline basaltoids produces relatively
long-lived foci;  rocks beneath them have enough time to heat up, and xenoliths transported from
depths, which are the greatest for the given area, must carry information on temperatures close to
those typical of the upper portion of the partial melting layer, i.e.,  to Ts Gordienko et al. (2005)
collected a large body of information on PT-conditions at which such xenoliths formed from alkaline
basalts.  It  is shown in  Fig.  3 with some additions (Litasov et al.,  2005; and others).  It  was also
pointed out that some kimberlites contain xenoliths which can be associated with a wide range of
thermal models.  Beside Ts distributions typical  of  quiescent platforms, much higher temperatures
have been registered at the same depths. This is likely to be due to the emergence, in the process
leading  to  magmatic  event,  of  an  area  pierced  through  by  veinlets  of  crystallized  melts  and/or
material  transported  by solutions  from that  zone,  over  the  top  of  the  partial-melting zone.  Such
phenomena were described both for the upper crust (Lukin et al., 1988) and for the mantle (Litasov et
al., 2005; and others). Positive temperature anomalies amounting, respectively, to 70-120oC and 30-

150oC (by comparison with surrounding rocks) have been registered within small depth ranges. It can
be assumed that such “overheated” xenoliths from the top of the kimberlite magma chamber reflect a
temperature close to Ts . For that reason these (not too abundant) data are also shown in Fig. 3. On
the other hand, assessments of PT-conditions at which magmas were formed (Frolova et al., 1989;
and others) that were performed on the basis of composition of igneous rocks can also comprise
information on the value of Ts in the form of minimum values for each depth of the chamber. This
information is also provided in Fig. 3

Fig. 3. Correlation between estimated Ts as a function
of depth and experimental data:

A) 1 – PT -conditions under which xenoliths formed at
the top of the magma chamber, 2 – lowest temperatures of
the magma, 3 – Ts = f(H). B) Histogram of the distribution
of  experimental  data  deviations  from the  estimated  Ts  =
f(H)  graph.  C) istogram of the distribution of  differences
between experimental temperatures at coinciding depths.

The  Ts =  f(H)  graph  is  in  agreement  with
experimental  data,  although  differences  at  some
depths are quite significant. The histogram shown in
Fig. 3B illustrates those deviations. The most common
values of such differences T – Ts (67 percent of  all
values)  range  within  ±  45oC. Average  differences
between experimental temperatures for xenoliths at the
same  depth  amount  to  about  60oC.  They  can  be
accounted for both by differences between results of

temperature  determinations  using  most  commonly  employed  geothermometers  (50-70oC)  and  by
dissimilar effects of the aforementioned metasomatic halos above the top of the magma chamber on
the rocks.

Thus, experimental data agree, within acceptable limits of accuracy, with the adopted Ts=f(H).
The magma density in mantle rocks largely depends on the melt composition. For basaltic magma

it is by 0.4 g/cm3 smaller than the density of peridotite heated to the level of solidus beneath the M.

discontinuity and by 0.15 g/cm3 smaller at the bottom of the upper mantle. When the magma material
with a composition close to that of the substratum melts out, the situation is substantially different:
The density of the melt rapidly increases with depth and, from about 250 km, it exceeds the density of
peridotite (Agee et al., 1993).

Different authors come up with quite dissimilar  estimates -- from 0.2 to 5.0 percent -- of the
concentration of fluids that may be retained in the tectonosphere without segregation, emergence of
mobile clusters, or their transport to the surface (Arndt, 1977; Dobretsov, 1980; Guterman, 1987;
Kaminsky, 1983; Mitchell, 1975; Sleep, 1074; and others). It is possible that such a wide spread of
results is due to the circumstance that some authors allow for, while others do not allow for the state
of stress (which changes the permeability of the medium by orders of magnitude) or the effect of
fluids  on  viscosity.  In  any  case,  the  available  data  rule  out  any  long-term  existence  in  the

59



tectonosphere of bodies with a large (higher than a few percent) concentration of melts. If we take
into account the above statement about the melt density, the direction of its flow may prove to be
dissimilar for different compositions and depths.

Once the melt emerges, the effective viscosity of the medium changes radically (Kushiro, 1976;
Persikov, 1984; and others). For small concentrations, the extent of the effect has not been studied
sufficiently well, but for 5-percent concentrations the Roscoe formula can be used (Persikov, 1984):
ηm = ηl/Cl2.5, where C stands for concentration and indices “m” and “l” designate mixture and liquid,
respectively.

Experimentally derived variations of the parameter may reach a factor of 2,000. At  η of melts
equaling 0.1-10,000 Pa·s, the mixture’s viscosity will be many orders of magnitude lower than that of
solid rocks. The Roscoe formula is inapplicable to smaller concentrations. It can be expected that the
heat and mass transfer processes in the asthenosphere with a minimum extent of melting will occur
incommensurably faster than outside the asthenosphere.

GLOBAL ASTHENOSPHERE

It  becomes  obvious  from calculations  of  the  distribution  of  mantle  temperatures  approaching
solidus that, as a result of a sharp change that this parameter undergoes in the zone of transition from
the upper to lower mantle and within the depth range from 700 to 1,100 km, there may still remain a
minor degree of partial melting (one or two percent) during rock crystallization above and beneath
the aforementioned depth range. Contemporary temperature determinations beneath the Precambrian
platform that take into account heat generation (HG) in the mantle beneath the platform (Gordienko,
2015b;  and  others)  and  the  effect  of  all  active  events  (Gordienko  et  al.,  2011)  show  that  the
asthenosphere, which formed at the end of the Earth’s early history, remains intact (Fig. 4). There is
no  reason to  assume that  it  is  absent  beneath  geosynclinal  belts  or  oceans;  in  other  words,  the
discovered feature is actually the global asthenosphere (GA) (Gordienko, 2000). In terms of volume,
it is close to that of the outer core and is much larger than the inner core. Recognition of its existence
is essential for resolving many problems of the Earth’s physics. It is likely that the low-viscosity GA
is responsible for the cessation of seismicity, which is common in certain parts of transition zones
between continents and oceans up to the top of the global asthenosphere.

Fig. 4. Thermal model for the Precambrian platform mantle
1 – temperature distribution, 2 – solidus temperature distribution

in mantle rocks.

The GA was detected not only by geothermal, but also by
geoelectrical studies (Gordienko, 1998 and Semenov, 1998).
It  was  earlier  discovered  at  the  depth  of  900  km  by  B.
Gutenberg (according to a Russian publication, 1963) with the
help  of  seismological  evidence.  L.P.  Vinnik  and  A.V.
Nikolayev identified, within a similar depth range, a specific
feature of the lower mantle’s velocity profile (Vinnik et al.,
1970) . This feature is not, however, reflected in recent global
models.  Nevertheless,  seismological  evidence  is  not  at

variance with its existence.
Changes in longitudinal wave velocities (Vp) at depths ranging from 700 to1,100 km, in contrast

with the smooth background increase of the parameter with depth, could be associated precisely with
the emergence of fluids, since in the given case no appreciable temperature anomalies are required for
the formation of a partial -melting layer. According to the available data on the effect of the melt on
the velocity at the center of the aforementioned depth range, V p may be expected to drop to 0.1
km/sec. Tests on a model representing one of the referent velocity distributions along the Earth’s
radius taking into account such an anomaly or ignoring it (Gordienko et al., 2012) have proved that
this kind of disturbance cannot be reliably identified. It is therefore more expedient to look for the
image of the global asthenosphere in terms of such experimental seismic model parameters that are
more “sensitive” to properties of the medium.

Proceeding from published data (Vinnik et  al.,  1970;  Gutenberg, 1963; Handbook of Physical
Constants, 1969; Yanovskaya, 2006; and others), the real value of the vertical gradient of velocity
(dVp/dH) within the depth range in question amounts to about 0.002 sec-1. If the velocity profile is
complicated by the effect of partial melting with the aforementioned concentration of fluids toward
the center of the asthenosphere, the gradient will decrease by 30 percent; if the trend is toward the
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bottom, the gradient will  grow back to a normal value. Such negligible variations in dV p/dH are
barely perceptible and cannot always be reliable enough (Vinnik et al.,  1970).  For precisely that
reason we are using, in the capacity of experimental data, averaged values of gradients obtained by
six different authors on velocity models -- from Jeffreys-Bullen to AK135 (Fig. 5).

Fig. 5. Variations in the P-wave velocity gradient and in the
ratio of P-wave velocities to S-wave velocities within the depth
range of the global asthenosphere.

The experimental  result  turns  out  to  be qualitatively
close to the predicted one, even though the extreme point
of  the  gradient  anomaly  is  clearly  shifted  toward  the
bottom of the hypothetical asthenosphere. Comprehensive
seismological studies in areas where the existence of the
asthenosphere in the upper mantle is beyond doubt (these
are  contemporary  areas  of  volcanic  activity  where

magmas of undeniably mantle origin are exposed at the surface) reveal a trend toward a decrease in
the Vp/Vs ratio within the asthenospheric depths range as compared to the ratios in the lithosphere or
beneath the asthenosphere. Such result was, in particular, recorded beneath Eastern Kamchatka and
the adjacent Pacific Ocean water body (Gontovaya et al., 2006, 2009). The melt concentration in the
asthenosphere in that area is not high –up to 2-2.5 percent, and the relevant decrease in the Vp/Vs ratio
is about 0.02-0.03. It would be hard to assume that the magnitude of the disturbance has been reliably
determined. However, the difference was recorded for large enough bodies with linear dimensions of
several hundreds of kilometers and thickness of 50 km or more. Therefore, the qualitative effect of
the anomaly can be accepted until contradictory evidence is brought forward. This author has not
come  across  such  evidence.  The  Vp/Vs ratio  variation  within  the  depth  range  occupied  by  the
hypothetical  global  asthenosphere,  as  shown  in  Fig.  5, is  close  to  predicted.  The  study  used
information on velocities of P-waves and S-waves based on lower mantle models, such as those of
Gutenberg, Jeffreys-Bullen, PREM, and AK135.

The data on the distribution of electrical resistivity (ρ) in the lower mantle material based on
results of magnetic-variation probing (MVP) have been reported over recent 10-15 years for many
regions with dissimilar endogenous conditions. Semenov in 1998 published what appears to be the
most comprehensive generalization of geoelectrical models for mantle depths probed in numerous
continental and oceanic regions. Those data generally support the assumption on the existence at
depths greater  than 700 km of a zone featuring lower values of electrical resistivity (ρ),  and the
depths of the top and foot of the body vary noticeably. Nevertheless, it is impossible to maintain that
this is due to particular types of endogenous conditions. One of the shortcomings of the data used in
MVP  is  the  absence  of  information  on  the  magnetotelluric  (MT)  field  which  might  reflect
characteristics of the geoelectric profile for the crust and upper mantle. Results of a magnetotelluric
probing (MTP) were used to fill in this gap in the same regions where geomagnetic observatories
were located. At 12 geomagnetic observatories (or in their vicinity) in Central and Eastern Europe
MTP studies were performed within the framework of the international  CEMES (Central  Europe
Mantle  Geoelectrical  Structure)  project  (Preliminary  analysis  of  long-period  induction  across  the
Trans-European suture zone, 2004).

Fig. 6. A – sites of magnetotelluric (MT) field observation stations; B – variation with depth of the total
longitudinal conductivity ∆S; C -- variation of mantle rocks’ ρ with depth at observation points (Gordienko et
al., 2011)
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Regions with utmost contrasting continental endogenous conditions have been identified on the
territory in question.

It  is  obvious  that  the  sharp  increase  in  S  is  noticeable  further  down  from  the  zone  of
polymorphous transformations at the interface between the upper and lower mantle, starting from
approximately  700  km.  With  the  depths  set  for  the  models,  the  bottom of  the  layer  cannot  be
discerned; it  probably lies somewhat deeper than 1,000 km. With this approach, a more accurate
depth  of  the  bottom can  be  obtained  upon reaching  a  level  at  which  ∆S starts  decreasing  after
reaching a maximum. The  ρ of the liquid, which forms during lower mantle rocks’ melting, is not
known, but it is definitely much lower that the ρ of the upper mantle rocks’ melt (about 0.7 Ωm). The
average value of ρ in the discovered high electrical conductivity zone is about 0.3 Ωm and that of
rocks enclosing it is 1-3 Ωm. In conditions of full cohesion (which is normal for a liquid even with a
concentration amounting to fractions of a percent) and one percent of content, ρ of the melt has to be
about 0.003 Ωm to enable one to explain the anomaly. If we assume a larger concentration of the
liquid, then coordination with seismological data will be disrupted. Credibility of the assessments can
only be verified once we get results of laboratory determinations of ρ within a corresponding range of
compositions, temperatures, and pressures. Generally speaking, this does not seem to be implausible
at least for the reason that high density of the liquid at the depths in question can well cause the fluid
to remain within the melt (in all likelihood, integrated high-density fluid forms there), and electrical
conductivity of the fluid in the upper mantle is two orders of magnitude higher than that of the melt.
Yet, it is extracted from the chamber (at depths down to 200-250 km) with segregated magma, so that
the value of ρ in the upper mantle partial-melting lense is relatively high.

Analysis of the data collected by methods of deep geophysical probing points to a high probability
of the existence of a global asthenosphere – a relic of the primary “magma ocean.”

QUANTUM OF TECTONIC ACTION
Velocity profiles of the upper mantle are among proofs of the advective nature of heat and mass

transfer in the tectonosphere during active processes. Some of them (for example, those involving
Alpine geosynclines of the Alps and Caucasus) are shown in a study (Gordienko (2015a), where they
are compared with a velocity model for a quiescent Precambrian platform. Comparing the latter with
a thermal model (Fig. 4), we realized that the velocity gradient in the main portion (100-400 km) of
the upper mantle conforms to the temperature gradient, which is seven times greater than adiabatic,
the velocity difference being 0.44 km/sec, and the temperatures reaching 1,080oC. In the case of a
geosynclinal process, the Vp gradient is 0.77 km/sec and the effect of pressure and changes in mantle
rocks’ mineralogy remain largely the same, and therefore, the temperature gradient must be 450oC. It
is three times that of the adiabatic.

During advection (open-loop convection), the drop in the geothermal gradient, as compared to the
initial one, results from the temperature increase in the upper depth range, to which the emergent
volume of material rises, and from the temperature decrease at the depth to which the compensatory
volume sinks. In the most contrasting case (within a geosyncline), rocks of the upper mantle’s upper
and lower portions swap positions. Velocity profiles reflecting this event register the depth of the cell
center  at  a point  where Vp values in the platform and Alpine geosyncline profiles coincide.  The
sought depth is approximately 220 km (Gordienko, 2015a).

The temperature at the top of the ascendant body volume when it occupies its upper position
exceeds solidus. Part of the resulting melt may flow onto the surface. Numerous data (see below)
testify to the fact that, in the process of geosyncline development, the melting foci are located in the
mantle at three levels, the top portions of the shallowest of them reaching the M. discontinuity at
about 40 km. It can be assumed that their thickness is about 60 km.

Elementary volumes of migrating material have been termed “quanta of tectonic action” – QTA.
More  or  less  synchronously  ascending  QTAs  merge  to  form large  asthenoliths  above  the  entire
territory of regions experiencing active processes. Let us discuss the physical reality of such bodies.

There  is  plenty  of  evidence (especially  in  areas  of  recent  active  processes)  to  the  effect  that
migration of abyssal material and associated tectonic events in the near-surface zone that can be
directly observed occur intermittently in time and space. It might be logical to presume that each
active episode, including minor ones, as far as duration and area are concerned, is caused by an
individual episode of mantle material displacement. In the given case, the active episode does by no
means  imply  formation  of  a  separate  local  plicative  or  disjunctive  structure,  volcanic  chamber,
intrusion, zone of metamorphism or lithogenesis, but it is rather a nearly synchronous manifestation
of one of the types of active endogenous conditions on the territory in question. Those conditions
may be manifested through a whole set of “ordinary events”: For example, at the final stage of a
geosynclinal cycle, almost synchronously and on the same territory, there form folds, faults, thrusts,
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and uplifts.  Apart  from that,  deep-seated metamorphic processes take place,  as well  as granitoid
intrusions.

The level  of detail  achieved lately and the reliability of results of  geological and geophysical
studies enables us to set the task of discovering such a minimal mantle process and its manifestations
in the near-surface zone. The proposed term – QTA (Gordienko, 1995) – implies genetic neutrality of
the sought body. The search for a minimum episode of convection or advection, a minimum thermal
flow, and so on predetermines the character of a deep-seated process in advance.

It is obvious that the grid of geological data characterizing manifestations of various endogenous
conditions is much finer in the near -surface zone than that achieved in studies of mantle bodies. It is
therefore necessary to start with an analysis of the available information on the geometry of areas
with the same type of synchronous activity, even though this may only indirectly reflect the size of
the sought QTA. In view of the fact that the length of the zones is, as a rule, much larger than their
width, it makes sense to focus on the latter parameter (width). It is precisely there that the size of a
single  quantum  can  be  detected.  Broad  formations  (folded  “ovals,”  median  massifs  of  large
geosynclines, and so on) were not incorporated in the study. It is possible that aggregations of many
QTAs correspond to such structures. The data quoted below pertain to structures with sufficiently
distinct boundaries. In the case of Paleozoic geosynclines, we are talking largely about folded zones
of Hercynides and Caledonides bounded by major faults.  Zones buried under young sedimentary
veneers were not included in the study (with the exception of the well-studied West Siberian Plate
basement). Deep-seated faults edging grabens were assumed to be boundaries of rifts. The widths of
deep-water  trenches  were,  as  a  rule,  determined  at  the  level  of  the  depth  of  the  water  body
corresponding to the depth of an adjoining oceanic basin.

Fig. 7. Histograms of distribution of active zones’
widths

1  –  Eastern  African  rift  system;  2  –  rifts  of  the
Eastern European Platform and West Siberian Plate; 3 –
Western  European  rifts;  4  –  Hercynides  and
Caledonides of Western Europe and North America; 5 –
Hercynides  and  Caledonides  of  Taimyr,  Western
Siberian  Plate basement,  and  Altai-Sayan -Mongolian
region;  6  –  Cordilleras  and  Andes  and  Verkhoyan-
Chukotka region; 7 – deep-water  trenches;  8 – island
arcs

The  above  generalization  based  on  published
data is not presented as something ``complete and
statistically  valid  (the  eight  histograms in  Fig.  7
are based on 600 values of width). Its results were
only needed for getting answers to the following
questions: 1) Is there a minimal width of structures
typical  of  manifestations  of  a  single  type  of
endogenous  conditions?,  2)  Does  it  change  with

age  during  the  Phanerozoic?,  and  3)  Does  it  happen  to  be  the  same  for  dissimilar  endogenous
conditions?

A generalization for  folded uplifts  of  the  Mediterranean belt  was reported by Sholpo (1991).
According to Sholpo, those widths range between 60 and 150 km. Mainly Alpine structures were
studied. In the Pacific belt, Alpides and Cimmerides were analyzed. Structures of North and Central
America’s  Cordilleras,  South  America’s  Andes,  and  Verkhoyan-Chukotka  folded  region  of
northeastern Asia were also analyzed.  Approximately the same range of widths (Fig.7) as in the
Tethys was revealed, although some wider and narrower folded zones were also encountered.

For Paleozoid folded zones (largely Hercynides) in Western Europe and in the Appalachians,
prevalent widths were found to measure 50-60 km, and actually no narrower structures were found.
The  same  applies  to  small  folded  zones  of  Paleozoids  in  Eastern  Australia.  Caledonides  and
Hercynides  of  Taimyr,  the  basement  of  the  Western  Siberian  Plate  and  Altay-Sayan-Mongolian
folded region are represented by folded zones mainly 60±20 km in width (Fig. 7).

In fact, the same widths have been detected in the youngest folded zones of volcanic arcs at the
periphery of the Pacific Ocean and in the Caribbean basin.

The data on Cenozoic rifts of the Eastern African system, the Baikalian and Moma zones are
listed. Cenozoic rifts of continental Western Europe have been studied alongside somewhat older
(partly Mesozoic) rifts of the North Sea. The data on the Meso-Paleozoic rift system of the Western
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Siberian Plate and Paleozoic rifts of the Eastern European Platform have also been listed. In all cases
narrow structures prevail, but trenches less than 40-km wide are almost absent.

The widths of deep-water trenches of the Pacific Ocean and adjacent water bodies of the Atlantic
and Indian oceans are fairly stable. They largely range from 50 to 100 km, and the greater part of the
dataset is represented by minimum values from this range.

In mid-ocean ridges (MOR),  it  is  difficult  to discern boundaries of structures that  might  help
assess their widths. The width is most certainly not limited to the narrow (or absent in some ridges)
central graben. It would be a largely questionable venture to draw a boundary of the ridge on the
basis of the site where the gradient angle changes. We are talking about very young (at any rate in the
latest manifestations of active processes) formations which could be used for assessment of the QTA
length. If we assume that its length equals the size along the strike of an associated structure, it is
impossible to determine it in the majority of bodies studied: Without a detailed analysis, they appear
to be uniform along the strike or fragmented as a result of superposed active events. It is only in
youngest formations, such as MOR, with a thin and fragile crust, that results of action of each QTA,
individually pushing the ridge axis, can be discovered.

Fig.  8. Faults  on  the
territory  of  Ukraine  that
have  been  active  over
recent  3  million  years
(according to Verkhovtsev,
2006), with simplifications.
Fault  systems with strikes:
1. NW-SE and SW-NE and
2. S-N and E-W.

Consequently,  the
ridge  must  be  broken
into a series of blocks by
young  faults.  Precisely
such  a  structure  was
discovered  in  well-
studied  parts  of  the
worldwide MOR system.

In particular, typical sizes of blocks along the strike of the Mid-Atlantic Ridge (MAR) amount to
50±30 km; for the Californian part of the Eastern Pacific Ridge, the relevant sizes are 60±20 km.
Close or n-tuple to those sizes are Paleozoic elements of the Dnieper-Donets Depression (DDD) rift,
identified along the strike of the structure.

In connection with recent active processes on the territory of Ukraine, a network of faults, even
those outside the boundaries of active zones proper, have synchronously regained activity. Studies of
those faults (that have been mobile over recent approximately three million years) have enabled us to
trace divisibility arising from a single process (Fig. 8) (Verkhovtsev, 2006).

The presence of two networks of disturbances is obvious. Histograms of the distribution of cell
sizes in each of them clearly reflect a mixture of datasets with prevailing sizes of 60 and 120 km
corresponding to sizes of one or two QTAs.

Thus, near-surface manifestations of various types of active processes are characterized by fairly
stable minimum sizes of features that never changed during the Phanerozoic. Those sizes are close to
50-70 km. Direct studies of mantle bodies exhibiting anomalous properties beneath zones of various
types of young active processes on continents and in zones of transition to oceans have revealed
approximately  the  same  minimum  widths:  50-60  km.  Results  of  interpretation  of  heat-flow
anomalies, geoelectrical and seismological data were used to identify such features. The widths of
anomalous bodies (in km) are as follows: 40-60 beneath activated Alpides in the Greater and Lesser
Caucasus; 50-100 beneath the zones of the Pamirs, Tien-Shan, and the Turanian plate; 50-70 beneath
Southern Kazakhstan; 60-80 beneath the Kuriles Island Arc; 30-70 beneath the rift of the Tatar Strait;
40-60 beneath activated Alpides in the Coast Range of the North American Cordilleras (Buryanov et
al.,  1987;  Geoelectrical  model  of  the  tectonosphere  in  the  Eurasian  folded  belt  and  adjoining
territories, 1998; Gordienko, 2001; Gordienko et al.,1990; Tectonosphere of the Asia Pacific Rim,
1992; and others). It would be appropriate to mention that the width of mantle features turns out to be
somewhat  larger  (by  approximately  10  km)  than  their  surface  manifestations,  even  though  this
difference is unlikely to have been determined with a high precision.

An  example  of  identifying  QTA in  the  mantle’s  upper  levels  in  terms  of  seismological  and
geoelectrical data is provided by Gordienko (2015a).
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Consequently, the volume of a single QTA must be 120±60 thousand km2.
The rates  of QTAs displacement  are  difficult  to  estimate  with acceptable accuracy.  It  can be

asserted that the duration of this  episode is shorter than the shortest interval between two active
events,  i.e.,  20 million years  (Gordienko,  2015b).  Proceeding from properties  determined by the
author (Gordienko, 2012; and others) -- composition, mineralogy, and temperature of platform mantle
rock samples -- the duration of displacement of a body of such size can be assessed in accordance
with  the  Stokes’  law as  5-10  million  years.  We are  talking  about  a  displacement  with  a  depth
differential ranging from 220 to 40 km. With allowance for the rate of deformations (Artyushkov et
al., 1996; Gerya, 1999; Terkot, 1985; and others), the estimated effective viscosity decreases and the
time of displacement amounts to about one to two million years. This result makes it possible to
simulate thermal effects of QTA displacement without taking into account changes in temperature in
the process of displacement. Except for adiabatic temperatures, of course (Fig. 2).

In areas, where recent movements of the surface have been studied in great detail, periods of sharp
intensification of those movements have been registered. They probably reflect QTA displacements.
For example, vertical movements of the surface of two of the Ukrainian Carpathians’ blocks – the
folded zone and the foredeep, whose widths are close to those of the QTA, – may well match the
movements  of  ascending and descending volumes of  mantle  material  (Fig.  9)  (Studies  of  recent
geodynamics of Ukraine’s Carpathians…, 2005).

Fig.  9. Rates  of  vertical  movements  affecting  Folded
Carpathians (1) and cis-Carpathian trough (2).

Displacements over the period from 25 million years
ago (when the main folding phase started) to our days
have  been  studied.  Throughout  that  period  of  time,  a
single double -splash activity has been observed (see Fig.
9).  The  duration  of  such  an  active  event  matches  the
period  of  just  a  few  million  years.  In  other  regions
covered  by  studies  where  active  events  took  place  at
different times, conjugate motions of opposite directions
are rare. Certain “interpenetrating” flows of material have
to be assumed as more common.

It is difficult to view the physical mechanism of QTA
formation in its entirety, primarily due to the shortage of reliable information on properties of the
medium and their changes. The findings of Ya. M. Khazan and the somewhat different data obtained
by this author (Gordienko) could be mentioned as plausible approaches to resolving the problem. It
follows from them that a partial-melting layer with the depth of the top level at 200-250 km and of
the bottom at 400-450 km may have existed for a very long period of time. Unstable volumes of the
material with a diameter ranging from 50 to 100 km could form in the upper portion of the layer and
ascend over distances from 50-100 km up to the M. discontinuity (Gordienko, 1998; and others).

PARAMETERS OF MAGMA CHAMBERS

The  pattern  of  heat  and  mass  transfer  during  active  processes  suggests  that  QTAs  occur  at
identical depths in all cases of endogenous processes. They differ in the sequence of their rise to the
top. In order to explain the composition of magmas being melted out and the heat flows (HF) at
different stages of the process, it is necessary to assume that magma chambers, initially emerging
beneath geosynclines, had their top portions at depths of 220-250 km (prior to the start of the QTA),
then at 160, 100, and 40 km. The sequence is inverse in the case of rifts. In zones of single-episode
active processes with a small initial partial-melting reservoir in the lower part of the upper mantle, it
is likely that the material first rises to a 

depth of 220-250 km and then to beneath the crust. When a recently completed geosynclinal or
rifting process gets under way again, the relic asthenosphere with a shallow (about 100 km) depth of
the top portion goes for the formation of a QTA.

Crustal  magma chambers are predicted to occur at depths somewhat greater  than 20 km with
sporadic intrusions of secondary magmas to depths of up to 6-10 km.

To verify this hypothetical model, we used information on the position of interfaces in the upper
mantle,  interfaces  that  took  shape  above  magma  chambers  in  the  form  of  zones  of  repeatedly
metasomatically  altered  rocks,  the  data  on  depths  from  which  kimberlites  and  alkaline  basalts
transported xenoliths, and on depths of the magma chambers according to the composition of igneous
rocks. A small amount of data on the depths of magma chambers in the crust and beneath the crust
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were used in  accordance with the  Curie  temperature  of  titanomagnetites  in  young igneous rocks
(Glevasskaya, 1983). 

The data on magma chambers as predicted by the hypothesis and those derived by independent
geological  and  geophysical  techniques  are  in  virtually  full  agreement.  Therefore,  numerical
verification in terms of the said parameter can be viewed as accomplished.

Fig. 10. Histograms showing distribution of parameters of magma chambers

A-C – depths of the top portions:  A – for the Transcarpathian  trough, based on Curie temperatures  of
titanomagnetite  (according  to  Glevasskaya,  1983);  B  –  based  on  xenoliths  transported  by  kimberlite  and
alkaline-basic magmas (B1) (Gordienko, 2012; and others); according to majorite inclusions in diamonds (B2)
(Bobrov, 2009); C – based on upper mantle velocity profiles, primarily for Northern Eurasia (Pavlenkova et al.,
2006; and others).

It is, however, necessary to analyze not just depths but also temperatures in the top portions of
magma  chambers,  as  well  as  possible  changes  in  PT parameters  with  the  age  or  with  type  of
endogenous conditions. We found the use of the correlation between composition of igneous rocks
and parameters of the magma chamber, as proposed by Gordienko, 2014; Gordienko et al., 2013a,
2013b; Gordienko et al., 2014a, 2014b; and others, to be suitable for tackling this problem. The listed
publications contain a vast bibliography pertaining to rock composition. It will not be replicated in
this paper for reasons of space.

To  achieve  the  stated  goal,  we  need  a  technique  for  express  analysis  of  information  on  the
composition of rocks that originated in the mantle, a technique that would make it possible to process
dozens  of  thousands  of  analytical  results.  To  begin  with,  several  methods  based  on  the  use  of
numerous data on rock composition were employed (Gordienko et. al, 2013a and 2013b). Then, based
on the results published by Ariskin, 1999; Nikolayev et al., 2005; Svetov et al., 2003; and others, we
managed to confine our calculations to using concentrations of two oxides. Determinations of the
depth of the magma chamber top portion (H) and temperature (T) in it were performed with the SiO2

content not exceeding 52 percent (i.e., for basic and ultrabasic rocks); carbonatites and formations
with large concentrations of elaeolites (i.e., not just elaeolite syenites, but also phonolites, etc.) were
disregarded. Contents of Al2O3 and MgO were used. As shown on thousands of examples of PT
parameters’ determinations for magma melts, those values reflect them particularly accurately (see
Figs. 11 and 12) . The following formulas were used: T = - 0.365(MgO)2 + 32.903(MgO) + 1,060 и T

= - 0.133(Al2O3)2 – 32(Al2O3) + 1,824 and H = 0.319(T-1,050), with  Н in km and  Т in  0С. The
temperature versus depth relationship turns out to be essentially linear for the upper half of the upper
mantle:  Н =  0.33(Т-1,060)  and  very  close  to  that  shown  above.  At  large  values  of  Al2O3

concentrations, the formula yields clearly underrated temperature values and, accordingly, underrated
depths of magma chambers. For that reason, at concentrations of 22 percent and higher, a constant
value of T = 1,070oC was used which, in the case of commonly encountered concentrations, could not
appreciably affect the results. MgO concentrations below 1.5 percent were not used either.

There were attempts to use in the calculations a relationship between calcium oxide concentration
in igneous rocks of mantle origin and the depth and temperature of the magma chamber. They proved
to be less successful than those for aluminum and magnesium oxides.
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Fig.11. Relationship between concentrations of magnesium, aluminum, calcium, sodium, iron, and titanium
oxides for rocks of the Hawaii  Islands (A) and Australia’s Yilgarn Shield (B). The line marks the type of
relationship deduced from evaluation formulas.

Fig. 12. Illustration of deviations of Al2O 3 and MgO relationships in real rocks of dissimilar age in several
oceanic  and continental  (dots)  regions from those assumed on the basis  of  calculation formulas  (line).  A)
Azores Islands, Jan Mayen Island, and Reunion Island; B) Polynesia; C) Kamchatka; D) Urals; E) Baltic Shield.
Shown in the insert is a histogram of deviations from the average of estimated temperatures according to Figs.
11, 12, and others.
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The opportunity of using large datasets presented in Geochemistry, 2005 (in Russian) has made it
possible to clarify the cause of that phenomenon and provide even more sound grounds for ruling out
the use of calcium concentrations (Fig. 11). Other oxides are even less suitable.

A comparison between estimated parameters and those derived for the same rocks with the help of
a  detailed  mineralogical  analysis  based  on  published  evidence  from  geothermometry  and
geobarometry studies (Ariskin, 1999; Bryant et al., 2006; Dawson et al., 1997; Nikolayev et al., 2005;
Ocean…, Slavinsky, 1983; Svetov et al., 2003; and others) shows that errors in the methods being
compared are similar in magnitude. A shortcoming of this approach is the need to actually coordinate
the  results  with  the  adopted  solidus  line.  This  leads  to  an  appreciable  reduction  in  temperature
variations at a single estimated depth.

We  get  a  depth  range  stretching  for  several  extra  kilometers.  A  specific  version  of  such
“stretching” is also shown at the bottom of Fig. 12.

Actual errors amounting to several dozens of degrees (Celsius) and about 10 km for rocks of
mantle origin noticeably exceed those resulting from the calculation technique proper. Their values
can, for example, be assessed on the basis of comparison between magnesium and aluminum oxides’
concentration relationships as derived from calculation formulas and those observed in reality (Figs.
11 and 12). The obtained ΔT values reflect differences between temperatures calculated in terms of
concentrations of  each of  the  oxides.  The listed results  are  the  mean values of the parameter  in
question (a typical deviation from them is about 40oC). The scatter of oxides’ concentrations shown
in Figs. 11 and 12 characterizes its value as close to optimal. It can be smaller or larger within large
enough datasets used.

Additional  difficulties  crop up with the  use  of  the  bulk of  the  dataset  reported in  the  source
(Geochemistry), where there is no information on the content of silica. One should be aware of the
possibility  that  rocks  with  MgO  lower  than  four  percent  might  be  categorized  as  intermediate
between basic and acid (Figs. 11 and 12). It is also obvious that within the range of 5-8 percent
contents,  apart  from the main trend of  compositional  variation,  there emerges an additional  one,
presumably associated with a crust-mantle material exchange. It is less conspicuous on continents,
whereas in oceans it manifests itself to the full extent precisely as a result of oceanization. During that
process, eclogitized basic rocks of the Earth’s crust, undergoing changes, sink into the mantle and
affect its composition within the depth range where partial melting foci occur at the depths of 40-50
and (mainly) 100 km. In petrological publications, one can come across justification for the point of
view according to which some eclogites available in the mantle migrated into it from the crust (see
bibliography to the work of Gordienko, 2015b).

The resulting rock unit (adakites and other rocks) can only partly be categorized as basic rocks in
terms of conventional criteria (SiO2  ≤ 52%). According to the data in [Geochemistry],  the basic
portion of adakites can be characterized by SiO2, MgO, and Al2O3 contents amounting to 49-53%,
6.5%, and 17%, respectively. No specific trend in the variation of contents in this dataset can be
detected, except that there might be a very insignificant increase in Al2O3 with an increase in the
MgO concentration (i.e., the variation is opposite in sign to that estimated). By applying conventional
formulas, we can obtain an average depth of 65 km for the melting focus in the basic portion of
adakites.  Mineralogical  geobarometry  findings  (Geochem.)  point  to  the  depth  of  85±20  km.
Therefore, for datasets presented in Geochem., in which the concentration of silica was not known,
the estimated depth of the melting focus for rocks of the additional trend of content variation (see
above), within the MgO contents ranging from 5 to 8 percent, increased by 20 km. In this particular
case, calculations using the standard formula were performed for MgO concentrations higher than
eight  percent.  It  goes  without  saying  that  such  corrections  do  not  contribute  to  the  accuracy  of
calculation results. Yet, corresponding oxide concentrations can be derived from datasets for which
deviations from average values of depths and temperatures were determined (Figs. 11 and 12). This
made it possible to simplify somewhat the assessment of the scatter in readings.

There  is  also another  way to view the situation.  The temperatures  of  melting used for  depth
calculations pertain to the peridotite paragenesis, whereas they are by approximately 100oC lower for
eclogite. The estimated depth is understated by approximately 25-30 km (Gordienko et al., 2013a and
b). 

In other words, quite a few parameters of melting foci from the depth range between 60 and 80 km
in Figs. 11 and 12 actually apply to the depth of about 100 km.

To differentiate between large datasets provided in Geochem., we used, whenever possible, arrays
of analyses attributed to specific rocks. A relatively small spread of oxide concentration values in the
area of basic rocks with maximum silica contents resulted, in some cases, in information arrays in
which characteristics of two foci, most frequently closest to the surface, merged. As shown above
(Fig. 10), it is important to think in terms of the limited thickness of a real melting focus in the
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mantle. Conversely, broad ranges of variation of large MgO concentrations in ultrabasic rocks (as
shown in Fig. 10 for wehrlites and dunites: 33-46 percent) do not cause any significant variations in
the estimated H and T – just at the level of calculation error (Fig. 12: 10 km and 40oC).

Fig. 13. Sites from which rock samples used in this study were collected.

Despite these and other shortcomings, the large amount of material used and the wide range of
endogenous conditions have enabled us to obtain credible results.

To  address  the  task,  we  invoked  results  of  compositional  analyses  of  magmatic  rocks  that
originated in the mantle beneath dry-land territories and marine areas of all continents and oceans.
Their total number is about 70,000, and 30,000 of them were collected in oceans. Fig. 13 shows the
location of sampling sites. It is obvious that the density of the network of sites from which samples
were collected for analysis is not uniform. This impression is further reinforced when we consider
sample collections categorized according to separate types of endogenous conditions or regions. We
received 9,700 analyses for Hawaii and its “pedestal”; 4,000 for MOR; 3,600 for the North Atlantic
Region; 2,100 for the Canary Islands;  1,000 for the Galapagos and Marquesas islands;  1,050 for
Madeira, Kerguelen, and Comoro islands; and 900 for Azores and Reunion islands; a total of 8,000
for large volcanic provinces of continents (Deccan, Parana, Karroo, Colombia, Snake River, Basin
and Range, and Mexico); 4,000 for the Cascade Range and the Andes; 2,300 for Iceland; and 12,000
for  island arcs  (the  Antilles,  Kamchatka,  Kuriles,  Aleutians,  Japan,  Ryukyu Islands,  Idzu-Bonin,
Marianas, and New Zealand). On the other hand, just 300 samples from the entire water area and
Arctic Ocean islands have been used.

It has to be noted that, in terms of the advection-polymorphism hypothesis (APH), island arcs are
identified as young geosynclines and data pertaining to them were analyzed as part of the data for
continents.  Island arcs in the southern part of the Indonesian archipelago are henceforth formally
qualified  as  Australian.  The  contemporary  Iceland  rift  (which  cannot  be  viewed  as  an  oceanic
structure, at any rate due to the crustal thickness there) is formally “attributed” to Eurasia.

Some information was not  used in  order  to  avoid going beyond the specified limits  of  silica
concentrations. This can be exemplified by commonly occurring andesite-basalts among which one
can encounter rocks with SiO2 accounting for over 52 percent -- in view of the absence of information
on this parameter.

Oceans
It  was  shown  on  the  basis  of  geological  and  geophysical  evidence  that  the  plate  tectonics

hypothesis  is  not  applicable  to  any  oceans  and  that  the  continental  crust  may  have  undergone
oceanization relatively recently (since the Mesozoic). The data for all mid-ocean (seismic) and the
majority of aseismic ocean ridges were used in the analysis (Fig.  13).  We are talking about  the
Hawaiian and Imperial ridges (including the Obruchev Rise), the 90-degree East Ridge, the Maldives,
and the Mendeleev Ridge. Rocks of large plateaus were studied: Polynesian and Samoa, Mid-Pacific
and Marcus-Wake seamounts, Ceylon, Broken, Naturaliste Plateau, Kerguelen, Mascarene, Comores,
and Fiji.  Information is  available on oceanic plates:  Line, Eastern Mariana, North-Western Plate,
Melanesian and  Manihiki plates, and trenches of peripheral seas: Caribbean, Scotia,  Tyrrhenian,
Philippine,  and the Sea of Japan. The data collected on the Azores, Bermudas,  Galapagos,  Cabo
Verde, Canaries, Kerguelen, Comores, Madeira, Marquesas, Reunion, St. Elena, Tristan a Cunha ,
and Jan Mayen islands were studied. Part of this information (at least that collected in the Indian
Ocean)  could  just  as  well  be  attributed  to  oceanic  plateaus.  The  Tonga,  Mariana,  and  Central
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American trenches were also included in the study. Oceanic plateaus, such as Kerguelen, Comores,
and Fiji have been studied relatively less thoroughly (not in terms of the number of analyses, but
rather in terms of the number of regions). The following basins were covered by studies: Somalian,
Mozambique, Wharton, Perth, Cocos, South Indian, North- and South Australian, Angolan, Brazilian,
and others.

Results characterizing the entire batch of magma chambers’ “levels” could not be obtained for
some regions covered by studies. In all likelihood, however, this is due to the specifics of exploration
maturity. Nevertheless, the existence of the deepest-seated (215±15 km) magma chambers has been
corroborated (Table 1), as well as of those at intermediate depths (145±15 km and 85±5 km), and of
the shallowest magma chambers (55±5 km). In some cases, results of magma material transport to the
subsurface chamber at the depth of 30±5 km could be discovered.

Table  1. PT parameters  of  magma chambers  in  the  mantle  beneath  oceans  (the  depth  in  km and  the
temperature in oC).

Regions Level 1 Level 2 Level 3 Level 4 Level 5
Pacific Ocean

MOR - - 90; 1,300 - -
Aseismic ridges - 120; 1,400 85; 1,300 65; 1,250 -
Plateau, Shelf 230; 1,800 - 80; 1,300 55; 1,200 -
Basins 230; 1,800 190; 1,650 80; 1,300 55; 1,200 25; 1,150
Islands 200; 1,700 145; 1,500 95; 1,500 65; 1,250 30; 1,150
Trenches 210; 1,700 130; 1,450 85; 1,300 65; 1,250 40; 1,200
Peripheral seas - 130; 1,450 90; 1,350 60; 1,200 40; 1,150

Atlantic Ocean
MOR 230; 1,800 140; 1,500 95; 1,350 55; 1,250 25; 1,100
Plateau; Shelf 220; 1,750 150; 1,550 90; 1,350 55; 1,200 30; 1,150
Islands 210; 1,700 140; 1,500 95; 1,350 55; 1,200 35; 1,150
Peripheral seas - 140; 1,500 80; 1,300 55; 1,200 25; 1,100
Trenches - 145; 1,500 100; 1,350 - -

Indian Ocean
MOR - 150; 1,550 90; 1,350 55; 1,250 25; 1,100
Aseismic ridges - - 85; 1,300 50; 1,200 30; 1,150
Basins - - 85; 1,300 55; 1,200 -
Islands 190; 1,650 140; 1,500 90; 1,350 55; 1,350 30; 1,150

Arctic Ocean
MOR 215; 1,700 140; 1,500 100; 1,350 70; 1,300 45; 1,200
Aseismic Ridge - - - 70; 1,250 30; 1,150
Plateau; Shelf - 170; 1,600 90; 1,350 75; 1,300 50; 1,200
Basins - 120; 1,400 95; 1,350 75; 1,300 55; 1,250

Atlantic  Ocean islands  that  have  been  covered  by  studies  are  not  put  in  a  separate  category
because they are situated on the shelf.

On the whole, it is obvious that the derived depths of magma chambers and temperatures in them
match those predicted and do not point to any appreciable differences in parameters between oceanic
regions.

Eurasia

In  the  dataset  pertaining  to  continents,  Eurasia  stands  out  both  in  terms  of  the  quantity  of
information and diversity of zones studied that have displayed dissimilar endogenous conditions. It
makes sense to discuss the relevant results separately.

The  materials  on  Eurasia  can  be  used  to  analyze  the  issue  of  variation  of  magma  chamber
parameters with age, both in the Precambrian (as suggested, for example, by Svetov et al., 2003) and
in the Phanerozoic, as well as their differences for geosynclines, rifts, and zones of single-episode
active processes.

The data on Eurasia were divided into groups according to the type of endogenous conditions.
When the volume of information within the groups was sufficiently large, regional or age-related sub-
groups could be identified.

Magmatism in  Eurasian  geosynclines  of  dissimilar  age  is  rather  unevenly  represented  in  the
dataset.  Information on regions with folding of Caledonian and Cimmerian age is insufficient for
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attributing individual characteristics to them. For that reason, the data on the former were added to
the dataset on Hercynides and the data on the latter – to Alpides.

The tables shown below contain recurring names of regions. This happens in cases when different
selections  of  analyses,  largely those quoted from different  publications,  are  used in  the  analysis.
Sometimes  they  refer  to  stages  of  geological  history  differing  in  age  or  in  type  of  endogenous
conditions.  The  assumption  on  the  change  of  magma  chambers’  parameters  with  the  age  of
geosynclines is considered on the basis of data provided in Table 2.

Table 2. PT parameters for magma chambers in Eurasian geosynclines of dissimilar age

Region, age of folding Parameters of magma chambers (H in km; T in oC)
Level 1 Level 2 Level 3 Level 4

Ukrainian Shield, Archean (Sursky greenstone
structure) 220; 1,750 155; 1,550 95; 1,350 55; 1,200
Ukrainian  Shield,  Proterozoic  (Krivoy-Rog-
Kremenchug zone) 225; 1,750 170; 1,550 85; 1,300 55; 1,200
Tien-Shan, Hercynides 210; 1,700 150; 1,500 85; 1300 60; 1,200
Crimea, Cimmerides 195; 1,650 165; 1,550 80; 1,300 50; 1,200
Carpathians, Alpides 210; 1,750 140; 1,500 90; 1,350 50; 1,250

It  is  obvious that  no such correlation can be spotted,  the  differences  between parameters  are
insignificant, and the changes are irregular. This is also corroborated by other evidence quoted below.
Information on shallowest (crustal) chambers was not considered since they are often inaccessible in
the case of Precambrian geosynclines due to the level of erosional truncation.

Yet,  we  can  analyze  information  on  several  Cimmerian  and  Alpine  geosynclines  for  which
relatively meaningful datasets have been put together (Table 3).

Table 3. PT parameters of magma chambers in Eurasian Alpine and Cimmerian geosynclines
Region Level 1 Level 2 Level 3 Level 4
Sikhote Alin 210; 1,650 - 75; 1,300 55; 1,200
Honshu and Ryukyu - - 90; 1,300 50; 1,200
Lesser Caucasus 210; 1,650 - 100; 1,350 55; 1,200
Rodopes 220; 1,750 135; 1,450 105; 1,350 55; 1,200
Komandor and Aleutian Islands 195; 1,650 155; 1,550 100; 1,300 55; 1,200
Kamchatka and Koryakia 215; 1,750 155; 1,550 90; 1,300 55; 1,200
Sakhalin 230; 1,800 - 100; 1,350 50; 1,200
Chukotka 230; 1,750 - 80; 1,300 55; 1,200
Kuriles - - 95; 1,350 55; 1,200
Bonin, Marianas, and Solomon arcs 170; 1,500 130; 1,450 85; 1.300 55: 1.200
Philippines - 130; 1,450 - 50; 1,300
North Vietnam - 125; 1,450 95; 1,350 50; 1,200
Sulaiman-Dag - - - 40; 1,150
Elburs - 123; 1,450 100; 1,350 50; 1,200
Zagros 190; 1,650 170; 1,580 110; 1,400 50; 1,200
Tibet - - 80; 1,300 45; 1,200
Taurus - - 85; 1,300 55; 1,200
Appenines and Corsica - 150; 1,500 85; 1,300 55; 1,200
Pindos - 145; 1,500 90; 1,300 55; 1.200
Cyprus and Syria - 150; 1,500 85; 1,300 65; 1,250
Himalayas - - 90; 1,300 65; 1,250

A considerable part of the datasets turned out to be comprised of uniform analyses pertaining to
just a limited depth range of magma chambers’ locations. In other regions, however, all levels are
discernible. More often, melts from crustal sources are represented by acid and intermediate rocks,
and for that reason the uppermost level is not included in the Table.

Approximately the same applies to Caledonian and Hercynian geosynclines in Eurasia (Table 4),
but in this case the upper level has, after all, clearly manifested itself in magmatic rocks of mantle
origin.

Table 4. PT parameters of magma chambers in Eurasia’s Caledonian and Hercynian geosynclines
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Region; Age of folding Level 1 Level 2 Level 3 Level 4 Level 5
Central Asian* Caledonides and 
Hercynides - 140; 1,500 90; 1,300 55; 1,200 30; 1,150
Kolyma zone of Hercynides 210; 1,700 - 110; 1,400 65; 1,250 -
Western Siberia, Hercynides - - 115; 1,450 70; 1,250 35; 1,150
Tien-Shan, Caledonides and 
Hercynides 220; 1,750 145;1,500 115; 1,400 70; 1,250 45; 1,200
Timan, Hercynides - - 100; 1,350 70; 1,250 10; 1,100
Urals, Hercynides 230; 1,750 145; 1,500 95; 1,350 70; 1,250 35; 1,150
Donets Basin, Hercynides - 160; 1,550 100; 1,350 50; 1,200 -
Altai, Hercynides 190; 1,650 - 100; 1,350 65; 1,250
Sikhote-Alin, Hercynides 215; 1,700 - 90; 1,300 55; 1,200 25; 1,150
Caucasus, Hercynides 210; 1,700 160; 1,550 90; 1,300 65; 1,250 40; 1,150
Western Kamchatka, Hercynides - 145; 1,500 100; 1,300 75; 1,300 45; 1,200

*Altai, Transbaikalia, Eastern Kazakhstan, Zaisan, Western Mongolia, Tien-Shan, Tyva, Kuznetsk Basin,
Kuznetsk Alatau, Mountainous Shoria

The data on Norwegian Caledonides and on the Hercynides of the Rheno-Hercynian zone do not
contradict those listed in the Table, but are limited to just one chamber depth.

The only scenario of endogenous conditions under which the deepest-seated magma chambers in
the upper mantle may not manifest themselves (typical H not exceeding 100-150 km) is exemplified
by contemporary  active  processes  involving  Alpides  (and Late  Cimmerides  of  the  Pacific  zone)
(Table 5). For folding with ages ranging from 30 to 60 million years, heat and mass transfer may
start following 

restoration of  a  small  zone  of  partial  melting  in  the  lower  portion of  the  upper  mantle.  The
material is initially transported to under the crust, and then, in the case of recurrent advection (its
probability at the present stage of APH formulation is not yet clear), the heat -penetration zone and a
small extent of partial melting may cause the material to spread down to 140-150 km depths. In the
case of Late Alpides, heat and mass transfer uses partially molten matter of the primary asthenolense
to transport the material directly to under the crust and into the crust.  The depths of the magma
chambers are unlikely to exceed 100-150 km.

Table 5. Recent active events in geosynclines with dissimilar ages of folding

Regions Level 2 Level 3 Level 4 Level 5
Alpides and Cimmerides* 140; 1,500 100; 1,350 75; 1,300 50; 1,200
Caledonides and Hercynides 
Mongolian Altai - 90; 1,300 75; 1,300 50; 1,200
Caucasus - 90; 1,300 70; 1,250 -
Central Europe** 135; 1,450 105; 1,400 80; 1,300 50; 1,200
Rhine Graben and Massif Central - 110; 1,400 85; 1,300 55; 1,200
Central Spain 120; 1,450 100, 1,350 - -
Northwestern Tien-Shan - 150; 1,400 75; 1,300 45; 1,200

*Verkhoyansk– Kolyma system, Kuriles (islands Paramushir, Shikonan, Iturup, and Kunashir), Komandor
Islands (Bering  island),  Betic  Cordillera,  South-Western  China,  Vietnam,  Cambodia,  Thailand,  Southern
Carpathians, Balkanides, Pannonia;

**Bohemia, Thuringia, Saxony, and Silesia

Table 6. PT parameters of magma chambers in Eurasian* rifts of dissimilar ages
Age Level 1 Level 2 Level 3 Level 4 Level 5

Riphean and Vendian 195; 1,650 140; 1,500 90; 1,350 60; 1,250 35:1,150
Paleozoic 215; 1,700 165; 1,550 90; 1,350 55; 1,200 -
Cenozoic 230; 1,750 165; 1,550 85; 1,300 60; 1,250 10; 1,100

Contemporary rift - 145; 1,500 90; 1,350 - -

*Orsha Trough, Anabar Shield slope, Northeastern Mongolia, Kuznetsk Basin, Dnieper-Donets Depression,
Western Siberian Plate,  Tunguska Syneclise, Siberian Platform, Baikal, Baikal  Lakeside,  Arabian Platform,
Jordanian Rift, Sikhote-Alin, and Iceland.

The datasets collected for rifts of about the same age have made it possible to detect almost all
deep-seated levels of magma chambers. In this case too there is every reason to conclude that there is
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no appreciable dependence of their depths and temperatures on the age of the process. The data on
specific  regions  listed  in  Table  7 point  to  the  same finding.  Table  7 also  lists  information  on
magmatism in various regions of eastern and southeastern Asia for which the data available to this
author do not always enable determination of the type of endogenous conditions. It cannot be ruled
out that some of the provided information pertains to single-episode active events, rather than rifting.

Table 7. PT parameters of magma chambers in Eurasian rifts
Region Level 1 Level 2 Level 3 Level 4 Level 5
Korea - - 90; 1,300 65; 1,250 20; 1,100
Inner Mongolia - - - 70; 1,250 45; 1,200
Southeastern China - 145; 1,500 100; 1,350 70; 1,250 45; 1,200
Emeishan - 135; 1,450 100; 1,350 70; 1,300 -
Tibet - - 95; 1,350 70; 1,300 30; 1,150
Taiwan - - 100; 1,350 80; 1,300 55; 1,200
Deccan - 140; 1,500 105; 1,400 75; 1,300 45; 1,200
Urals 180; 1,600 125; 1,450 100; 1,350 75; 1,300 45; 1,200
Chukotka - 125; 1,450 100; 1,350 70; 1,300 50; 1,200
Norilsk 175; 1,600 150; 1,500 100; 1,350 80; 1,300 -
Stanovoi Range - 95; 1,350 75; 1,300 55; 1,200
Baltic and Ukrainian shields 140; 1,500 95; 1,350 80; 1,300 -

Table 8. PT parameters of magma chambers in Eurasian Precambrian massifs
Region; Age Level 1 Level 2 Level 3 Level 4 Level 5

Ukrainian Shield, Archean 210; 1,700 155; 1,550 95; 1,300 70; 1,250 35; 1,150
Ukrainian Shield, Proterozoic 195; 1,700 140; 1,500 95; 1,350 65; 1,250 25; 1,150
Voronezh Cryslalline Massif,Archean 190; 1,600 120; 1,450 - 65; 1,250 20; 1,100
Baltic Shield, Archean 205; 1,700 155; 1,550 105; 1,400 65; 1,250 20; 1,100
Baltic Shield, Proterozoic 205; 1,700 150; 1,500 95; 1,300 75; 1,300 -
Aldan Shield, Archean 210; 1,700 160; 1550 120; 1,400 - -
Aldan Shield, Proterozoic 200; 1,700 145; 1,500 105; 1,400 70; 1,250 -
Anabar Shield, Proterozoic 205; 1,700 145; 1,500 90; 1,300 70; 1,250 -
Indian Shield, Proterozoic 210; 1,700 150; 1,500 100; 1,350 75; 1,300 -
Indian Shield, Archean 190; 1,650 - 100; 1,350 70; 1,250 -

Generalization of the data for several rifts in each region, including areas with relatively small
erosional truncation, has enabled us to determine parameters of crustal sources.

It can be concluded that parameters of magma chambers match predicted ones. No appreciable
variation of those parameters versus age of the process could be registered either in the Precambrian
or in the Phanerozoic (exactly as presumed by the APH).

Other continents

Outside  Eurasia,  studies  of  diverse  endogenous  conditions  are  largely  limited.  Phanerozoic
geosynclines  are  quite  common only  in  North  America  and  in  island  arcs.  In  the  former  case,
however, the best studied part of magmatism covers post-geosynclinal active processes and is mainly
represented  by  andesites,  i.e.,  formations  with  medium  acidity.  Some  examples  (such  as  the
composition of Vesuvian andesite lavas) suggest that calculation formulas being used can also be
applied to those rocks. Yet, other types of composition are also encountered. This issue has not been
addressed so far, the aforementioned datasets were only used in part (so far as the andesitic -basaltic
material was concerned) for which a corresponding level of SiO2 concentration is reported in the
literature.

On the other hand, rift structures of various ages are quite common on the continents in question.
In particular, this is the situation in Africa (Table 9). Phanerozoic geosynclines on the continent are
not numerous and have hardly been studied at all.

Two data units can be identified in the most representative dataset for the Eastern African Rift:
Strongly prevailing in one of them are concentrations of oxides which produces an estimated 100 km
depth of the magma chamber and the temperature of 1,350oC. In the other, two bodies are identified
with depths of the top portions amounting on the average to 115 km and 85 km. On the whole, the
magma chambers’ parameters do not differ appreciably from those predicted.
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Table 9. PT parameters of magma chambers in the mantle of Africa
Region Level 1 Level 2 Level 3 Level 4 Level 5

South Africa, Archean 200; 1,700 150; 1,500 95; 1,350 - -
South Africa, Archean, Rift 215; 1,700 155; 1,550 100; 1,350 - -
Namibia, Archean, Proterozoic 180; 1,600 - 80; 1,300 65; 1,250 -
Egypt, Proterozoic - - - 65; 1,250 -
South Africa, kimberlite 215; 1,700 140; 1,500 - - -
Marocco, Kameroon, Ghana,
Riphean Rift - - 90; 1,300 60; 1,200 30; 1,150
Marocco, Cimmerian Rift - 145; 1,500 95; 1,350 55; 1,200 30; 1,150
Karroo 185; 1,650 150; 1,500 100; 1,350 - -
Algeria, Alpides - - - 40; 1,150 -
Eastern Africa, Alpine Rift 185; 1,650 145; 1,500 95; 1,350 55; 1,200 20; 1,150
Nigeria, Alpine Rift - - - 70; 1,250 -

The publications we used do not comprise enough data to characterize the Paleozoic geosynclinal
process in North America. Meso-Cenozoic geosynclines, as well as Precambrian structures and rifts
are described in greater detail.

Table 10. PT parameters of magma chambers in the mantle of North America
Region Level 1 Level 2 Level 3 Level 4 Level 5

Canadian Shield, Archean 210; 1,700 150; 1,500 105; 1,400 - -
Canadian Shield, Proterozoic 185; 1,650 140; 1,500 95; 1,350 60; 1,200 -
Greenland, Proterozoic - 170; 1,600 85; 1,300 65; 1,250 15; 1,100
Appalachians, Caledonides - - 95; 1,350 60; 1,200 35; 1,150
Newfoundland, Caledonides - - 105; 1,400 70; 1,250 35; 1,150
Alaska, Alpides 230; 1,750 150; 1,500 100; 1,350 55; 1,200 -
Aleutians, Alpides - - 105; 1,400 55; 1,200 -
Central Cordilleras, Alpides - - 80; 1,300 50; 1,200 -
Cascades, Alpides - - 90; 1,300 - -
Antilles Arc, Alpides - 120; 1,450 90; 1,300 50; 1,200 -
Rocky Mountains, Cimmerides 205; 1,700 140; 1,500 95; 1,350 - -
California, Cimmerides - 155; 1,550 100; 1,350 70; 1,250 -
Mexico, Alpine Rift 200; 1,700 130; 1,450 100; 1,350 60; 1,250 -
Great Basin, Alpine Rift - - 95; 1,350 - -

On the whole, the available information (we are talking about representability of the analyses,
rather than their quantity) is insufficient for offering a detailed picture of a continent with such an
intricate  geological  history.  Within the frameworks of  a  global  overview,  however,  the  obtained
results are good enough since they are not at variance with those predicted.

Table 11. PT parameters of magma chambers in the mantle of South America
Region Level 1 Level 2 Level 3 Level 4 Level 5

Guiana Shield, Proterozoic - - 90; 1,300 45; 1,200 -
Guiana Shield, Kimberlites - 160; 1,550 110; 1,400 50; 1,200 20; 1,100
Brazilian Shield, Proterozoic - 150; 1,500 80? 1,300 65? 1,250 -
Brazilian Shield, Hercynian active processes - 160; 1,550 85; 1,300 60; 1,250 -
Brazilian Shield, Alpine active processes - - 95; 1,350 65; 1,250 40; 1,150
Argentina, Hercynides - 170; 1,600 - - -
Argentina, Cimmerian active processes - 140; 1,500 90; 1,300 65; 1,250 -
Cordilleras of Central America,Alpides 240; 1,800 - 90; 1,300 65; 1,250 35; 1,150
Colombia, Alpides 205; 1,700 150; 1,500 90; 1,300 - -
Andes, Alpides 190; 1,650 - 95; 1,350 55; 1,200 30; 1,150
Andes; Cimmerides - - 80; 1,300 60; 1,250 35; 1,150

Approximately  the  same  applies  to  results  on  South  America.  Despite  the  predominance  of
information on the Andes in the dataset, andesites in them are poorly represented (isolated analyses).
Information on Precambrian rocks in the Brazilian and Guiana shields is also scarce. Yet,  all the
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parameters of the magma chambers are in fairly good conformity with predicted ones. Consequently,
the goal of the overview has been met.

Table 12. PT parameters of magma chambers in Australia
Region Level 1 Level 2 Level 3 Level 4 Level 5

Yilgarn Shield Archean 200; 1,700 170; 1600 80; 1,300 60; 1,200 -
Central Australian Shield,Proterozoic 200; 1,700 - 85; 1,300 60; 1,200 30; 1,150
Central Australian Shield,Rift, Archean 200; 1,700 125; 1,450 80; 1,430 60; 1,200 -
New Guinea, Hercynides - - 85; 1,300 - 20; 1,100
New Zealand, Alpides - - 100; 1,350 65; 1,250 -
Tonga-Kermadec, Alpides - - - 50; 1,200 -
Australian Islands, Alpides 220; 1,750 - 90; 1,300 50; 1,200 -
New Britain, Alpides - - 85; 1,300 55; 1,200 -
Solomon Islands, Otong Java , Alpides 185; 1,650 155; 1,550 85; 1,300 55; 1,200 -
Fiji, Alpides - - 95; 1,350 50; 1,200 -
Tasmania, recent active processes - 100; 1,350 - -

In Australia (including Tasmania) and on adjacent island arcs, a sufficient number of analyses
have been considered to characterize the continent’s major tectonic regions. Certainly, not all levels
of magma chambers in the mantle could be taken into account, but all  the results fall  within the
predicted limits.

Table 13. PT parameters of Antarctic magma chambers

Region Level 1 Level 2 Level 3 Level 4 Level 5
Archean 205; 1,700 160; 1,550 95; 1,350 50; 1,200 25; 1,150
Proterozoic 180; 1,600 145; 1,500 90; 1,300 50; 1,200 25; 1,150
Caledonides and Hercynides - - 90; 1,300 50; 1,200 -
Cimmerides - 150; 1,500 100; 1,350 - -
Cimmerides and Alpides - 140; 1,500 70; 1,250 50; 1,200 -
Recent active processes - - 95; 1,350 55; 1,250 25; 1,150
Island Arc (Scotia) - - 85; 1,300 - -

On the territory of Antarctica, the type of endogenous conditions does not always render itself to
identification. That is why the rocks there were grouped exclusively in terms of their absolute age and
territory. Areas where magmatic rocks with an age of a few million years have been encountered
were classified as regions of recent active processes: Ross Island, Gaussberg area, Marie Byrd Land,
and Munro Island. The Cimmerides - Alpides, from 180 to 15 million years: in the vicinity of the
Mount Erebus Volcano, Mount Morning, Prince Charles Mountains, and Victoria. The Caledonides
and Hercynides – from 500 to 250 million years: Enderby Land, Prince Charles Mountains, and the
Heritage area south of the Antarctic Peninsula. The Proterozoic is represented in the Prince Charles
Mountains,  Enderby Land,  Mawson,  and Vestfold Hills.  The Archean is  featured by Gaussberg,
Enderby, and Vestfold Hills.

It  has to be pointed out  that  in results  obtained for Antarctica (with the exception of a small
dataset on processes of Alpine age) one can commonly encounter a situation in which the third level
of magma chambers shows up at the depths of 80 to 100 km or 90 km, and those results are equally
well substantiated.

Data collation

Figs. 14 and 15 show cumulative distributions of temperatures and depths for magma chambers in
oceans and continents.

Deviations from mean H and T values within groups characterizing magma chambers for each of
the studied regions (in which there were sufficient numbers of determinations) do not differ from
those presented above for several datasets on oceans and continents.
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Fig. 14. Histograms of distribution of temperatures and depths of magma chambers in the mantle of oceans
(A) and continents (B).

It would be wrong to assert that the obtained magnitudes of variations can be viewed as reliably
established  errors  introduced  by  the  measurement  technique  and  besides,  parameters  of  magma
chambers must be somewhat dissimilar for different regions not just due to calculation errors. In
reality, however, in the majority of cases the difference between the depths of neighboring magma
chambers is several times greater than 14 km based on detected variations. In other words, we are
talking about separate bodies.

Fig. 15. Histograms of distribution of temperatures and
depths of magma chambers in the mantle of the best studied
areas of continents and oceans.

As pointed out above,  it  cannot be ruled out that
parameters of magma chambers vary somewhat from
area  to  area.  They  may  remain  within  the  range  of
predicted  parameters,  yet  even  insignificant
differences  in  depths  and  temperatures  will  cause  a
“smearing  of  highs”  on  histograms.  In  order  to
eliminate  this  effect,  we  constructed  histograms  for
areas  in  which  all  levels  of  magma  chambers  are
represented (Fig.  15).  It  is  only  the  presence  of  the
uppermost  magma  chamber  at  the  crustal  level  that
was considered not essential. Still, information on the
latter features that were not listed in Tables 2 and 3
was also taken into account. It should be emphasized

that  we  are  talking  about  chambers  formed  by  intrusions  of  basic  and  ultrabasic  magmas  into
continental crust rather than about volumes of partially molten rocks of the amphibolite facies of
metamorphism in the crust. Temperatures in such formations are much lower.

Differentiation of magma chambers by levels becomes somewhat more distinct, the lows become
deeper,  but  the  depth  range  between  50  and  100  km  is  not  as  free  from  magma  chambers  at
intermediate depths as is the case between 100 and 150 km or 150 and 200 km.

This might be due to the effect of both factors mentioned above: 1) submergence of the chamber’s
top portion during the cooling of the material at  the uppermost level and 2) melting of the basic
eclogitized crustal blocks that sank into the mantle.

It is convenient to analyze the first situation on an example of Eastern Kamchatka (Gontovaya et
al., 2006; and Yermakov et al., 2006) – Fig. 16. According to the APH, after the completion in that
region of the geosynclinal process proper, recent active processes resulted in the transfer of some of
the material from the primary asthenosphere into the crust with a replacement of that material by a
relatively cool eclogitized crustal substance. Over time, it underwent melting in the asthenosphere or
sank below it, the temperature in the partial-melting layer dropped, and its top portion in a number of
areas of the region plunged to a depth greater than 50 km, at which it used to lie prior to the onset of
active processes. A velocity model of the region’s mantle was matched against the seismic wave
velocity distribution at the solidus temperature of common mantle rocks and eclogites. This suggests
that the concentration of eclogites is small and that they only reduced the solidus temperature but did
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not cause any increase in seismic wave velocities. The top of the asthenosphere occurs at depths of
about 50-80 km. Incidentally, errors of determination of velocities and temperatures do not rule out a
different pattern of distribution of partial-melting zones to an extent that the asthenosphere may have
undergone a split into two segments with the top portions lying at the depths of about 40 km and 80-
100 km. According to results of a petrological analysis of rocks (Frolova et al., 1989), the melting
foci from which Kamchatka’s young lavas spilled onto the surface are situated in the depth range
from 70±10 to 140 ±20 km. The depth range characterized by high electrical conductivity in the
mantle of Eastern Kamchatka (viewed as an integral region) varies from 70 to 110 km (Moroz, 2009).
The depth of the top portion of the melting focus,  as established on the basis of  aluminum and
magnesium oxides in young volcanic rocks, varies within quite a wide range (Fig. 16). However, they
reflect actual variations in depth of the asthenospheric surface depleted to various degrees by the
process of recent active processes.

Fig.  16. Partial  melting  zone  in  the  mantle  beneath
Eastern Kamchatka.

1 – Boundaries of the high electrical-conductivity layer
(Moroz,  2009);  2-4  –  Top  portion  of  the  contemporary
asthenosphere based on velocity models for the south of the
peninsula  (2),  center  (3),  north  (Gordienko,  2010)  (4);
estimated depths  of the top portions of magma chambers
according  to  aluminum  and  magnesium  oxide

concentrations in young rocks of Eastern Kamchatka (5).

The Curie temperature (Tc) of titanomagnetites in young rocks of Eastern Kamchatka (Yermakov
et al., 2006) enables us to trace magma sources in the crust (at 20-25 km) and in the subcrustal mantle
(60 km).

Fig. 17. P-wave velocities at the upper levels of the mantle
beneath oil- and gas-bearing zones affected by recent active
processes in Northern Eurasia (Pavlenkova et al., 2006).

1 and 2 – Velocity distribution at solidus temperatures of:
1 – peridotite, 2 -- with a small admixture of eclogite, 3 –

mean  velocity  values  at  various  depths  and  deviations
from those values.

The above  example  does  not  unequivocally  show
the involvement of eclogites in the processes at the

depths  of  50-100  km.  In  all  likelihood,  the  eclogites  may  have  sunk  to  greater  depths  and  are
producing a positive velocity anomaly precisely there. In order to identify it at the depth of 50-100
km, it would be necessary to use much more information. Certainly, the times of the onset of events
in zones of recent active processes in different regions do not coincide. Small variations are quite
possible, in some cases resulting in the process reaching a stage shown for Kamchatka, whereas in
others high-velocity eclogitized blocks only sank to the subcrustal part of the mantle. It is precisely
the “velocity diversity” pattern that prevented us from identifying a discontinuity at the depth of
about 50 km on the basis of velocity models for Northern Eurasia (Pavlenkova et al., 2006). If the
entire information for zones of contemporary active processes on this territory is pooled together, one
can observe quite a telling picture (Fig. 17).  Despite the probability of substantial heating of the
mantle’s  subcrustal  portion  (in  many  hypothetical  zones  of  recent  active  processes  in  Northern
Eurasia,  the  heat  flow has  hardly  been  studied at  all  and the  very  existence  of  such zones was
established proceeding from less reliable criteria, largely oil and gas presence), high Vp values, not
infrequently higher than on platforms, are also quite common there. This can be accounted for by a
considerable concentration of eclogitized blocks. In cases when they have undergone partial melting,
the velocity decreases to values testifying to a small extent of partial melting.

When eclogite is present in large amounts and partial melting is relatively small, graph 2 in Fig
17 shifts to the right.

In zones in question, small foci of partial melting may occur at different depths. It is, however,
virtually impossible to verify their conformity with estimated depths. Kamchatka alone was included
in the aforementioned compilation for regions with young magmatism.

The results of the study show coincidence (or similarity) between depths and temperatures of the
major magma chambers in the mantle beneath oceans and continents.  In terms of the advection-
polymorphism hypothesis (APH), this is the only possible pattern. The point is that the maximum
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depth (200-250 km) from which mantle magmas can be transported to the surface or to the subsurface
is restricted by the change in the sign of density contrast between the liquid and solid phases, the
composition being the same. At such depths (unlike at shallower ones), the composition of melts is
commonly close to the composition of rocks.

CONCLUSIONS
The concepts on the Earth’s early history, including accretion, heating through self-compaction

and impacts of meteorites, and then differentiation, suggest with a high degree of certainty that once
there  existed  a  very  deep  magma  ocean.  Its  cooling  (with  the  formation  of  a  residual  global
asthenosphere) resulted in a temperature of the tectonosphere at the level of solidus, and subsequent
thermal  evolution  lends  itself  to  quite  an  accurate  assessment.  It  has  now been  performed  for
contemporary Precambrian platforms. It was also essential to assume periodic bursts of energy into
the subsurface part of the tectonosphere occurring in the form of displacement of quanta of tectonic
action and larger asthenoliths holding them together. At the present stage, the hypothetical setup can
be  quantitatively  verified  by  various  geological  and  geophysical  techniques.  This  suggests,  in
particular, that mantle magma chambers are located in a predictable manner, something that has been
actually corroborated on the global material along with an assumption on the probability of a minor
degree of partial dry melting of mantle rocks at the level of solidus, much lower than assumed in
many studies.

A result pointing to the invariability of the depths of top portions of magma chambers throughout
geological history also appears to be perfectly natural from the point of view of the APH.
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5. PLATFORMS: THERMAL AND GEOLOGICAL HISTORY

Information on the energy source for deep-seated processes and types of heat and mass transfer that
was discussed in  earlier  papers  of  the  series  (Gordienko,  2015a,  2015b,  and 2015c)  enables  us  to
analyze  thermal  evolution  of  the  tectonosphere  (and  its  manifestations  in  the  near-surface  zone
accessible to observations) for the entire geological history (approximately over the past 4.2 billion
years of the Earth’s existence). It depends on the level of heat generation (HG) in the upper mantle. We
used in our calculations the lowest level of HG = 0.04μW/mW/m3, which is presently typical of the upper
mantle beneath continental platforms. This option provides the opportunity to perform a detailed and
independent  verification  of  the  results.  Erosion  on  platform  shields  exposed  magmatic  and
metamorphic rocks of dissimilar age, and this makes it possible to follow the sequence of active events
in a maximum age range. In regions with other HG levels – oceans and geosynclinal belts – such data
are scarce so that verification cannot be complete.

In the description of the object of exploration, this author avoids using the term “craton” which he
believes to be misleading as it implies tectonic and magmatic quiescence in the Phanerozoic. In reality,
however, there have been intermittent activations in all regions covered by that notion (“craton”). The
term “Precambrian platform” (hereafter  referred to as  “platform” – for  the  sake of brevity)  means
merely the absence of Phanerozoic geosynclines on the territory in question. Shields are parts of the
platform almost or entirely devoid of a Phanerozoic sedimentary veneer.

COMPUTATION SCHEME
The thermal evolution model of the mantle beneath the region during the Precambrian is based on

the assumption of the initial temperature (T) distribution in the tectonosphere about 4.2 billion years
ago  (corresponding  to  the  solidus  temperature,  within  the  depth  range  of  50-450  km:  T s =
1,013+3.914H - 0.0037H2,  where H designates depth in km).  Further variations in temperature are
associated with conductive cooling through the surface, radiogenic heat emission (with the intensity
changing with time, the present level being 0.8 μW/mW/m3 at depths from 0 to 21 km; 0.36 μW/mW/m3 at 21-42

km; 0.04 μW/mW/m3 at about 42-500 km; and 0.004 μW/mW/m3 at 500-1,500 km), and heat transfer toward the
surface  through  advection  during  active  episodes.  The  material  moved  in  the  shape  of  quanta  of
tectonic action (QTAs), with a diameter of 60±10 km. Minimum time intervals between them amounted
to several tens of millions of years. Displacement of three QTAs was required for geosynclinal and
rifting processes to take place. In the former case overheated material first rose to depths of 150-200
km, then to 100-150 km and, finally, to 50-100 km. It was replaced by relatively cool material from the
corresponding depth  ranges.  The  final  episode  of  heat  and  mass  transfer  was  accompanied  by  an
intrusion into the crust of partially molten substance in quantities equivalent to a 7-8 km thick layer.
Eclogitized basic rocks of the crust  plunged into the subcrustal  asthenosphere.  The intrusion depth
intervals  ranged  from  20  to  40  km.  During  rifting,  the  sequence  of  changes  in  the  depths  of
immobilization of the ascended QTAs was opposite to that in the geosyncline: Initially, the upward
intrusion reached the depths of 50-100 km (and into the crust) and then to 100-150 km and 150-200 km.
In cases of single-episode activations, the displacements coincided with the initial stage of rifting.

A study of the composition of magmatic rocks on shields (Gordienko, 2015c; and others) has shown
that,  in the course of active Precambrian processes,  depths of the top portion of the asthenosphere
varied in the same manner as in Phanerozoic geosynclines and rifts, as predicted by simulation results.
It is in this sense that the terms “geosyncline” or “rift,” were ascribed to ancient processes even though
tectonic ramifications of those events in the near-surface zone might  have been different  from the
processes in the Phanerozoic.

The choice of type of an active process was coordinated with the type of the preceding thermal
model. If, prior to its onset, the temperature exceeded solidus within a large depth range, greater than
200 km, the situation was considered suitable for triggering convection and geosynclinal process inside
the  asthenosphere.  Also  taken  into  account  was  the  presence  of  a  superadiabatic gradient  in  the
asthenosphere or its part. It is precisely such part of the asthenosphere was considered fit for convective
shuffling of the material and shaping up an ascending asthenolith. If the asthenosphere was thinner
prior to the active process, the conditions were assumed to be favorable for rifting or for a single-
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episode activation. During rifting, the material was removed from the asthenosphere or from its portion
about 59-100 km in thickness. In the absence of the asthenosphere or its insufficient thickness (less than
50 km), the situation was considered unsuitable for triggering active heat and mass transfer, so that
computations (implying exclusively evolution of the background and smoothing earlier temperature
anomalies) was continued until suitable conditions presented themselves.

Geological  data  on  the  history  of  active  processes  in  the  Precambrian  on  the  territory  of  the
Ukrainian (USh) and Baltic (BSh) shields indicate (Gordienko et al., 2005; Gordienko, 2009a) that
about 3.0-3.5 billion years ago they simultaneously or nearly simultaneously encompassed the entire
territory of the shield or its large part. Naturally, synchronous activations were not of the same type.
This is inevitable due to significant differences, reaching about 20 percent, in heat generation within
crustal and mantle rocks, differences that were detected on the shields (Gordienko et al., 2005; and
others). In fact, however, this percentage appears plausible for crustal rocks only. No variations of such
intensity  could  be  as  strongly  validated  for  mantle  HG.  The  aforementioned  data  are  certainly
incomplete, yet the assumption is not, at least, at variance with known evidence. Then there emerged
zones of about 100 km in width (and possibly much bigger in length) in the vicinity of which, during
their activation, “tectonic and magmatic calm” prevailed. The instant of such a change in the geometry
of  active  regions  during  construction  of  a  thermal  model  had  not  been  set  in  advance  but  was
determined in the course of computations. It was established that the continuation of the “territorial all-
encompassing” activity becomes impossible at the assumed HG about 2.5 billion years ago, i.e. once
the Proterozoic set in.

The  computations  were  conducted  in  several  stages  using  solutions  to  the  direct  geothermal
problem, in particular, those reported by Gordienko et al., 2005.

1. In  calculations  of  the  variation  in  the  initial  temperature  distribution  owing  to  conductive
cooling  through  the  surface,  we  used  the  conventional  formula  for  a  cooling  half-space.  Test
calculations have shown that it is sufficient to take into account the temperature in a layer about 1,500
km in thickness for an analysis of the tectonospheric model.

2. The temperature distribution obtained for every moment was complemented by effects of four
one-dimensional radiogenic heat sources changing with time: a) upper part of the crust, b) lower part of
the crust, c) upper mantle, and d) lower mantle. Variations in heat generation with time in each layer
were accounted for by dividing the calculation periods into intervals with sustained HG within them.
Their lengths increased toward contemporary time, which is due to the exponential dependence of the
concentration of radioactive elements on time.

3. For  each  active  episode  of  the  region’s  history,  results  of  advective  displacements  of  the
material were superposed on the obtained background models.

4. Effects of heat sources arising during the displacement of the polymorphous transition front
were calculated as related to heat generation in the transformed layer.

5. At the initial phase of computations, the difference between the Earth’s surface temperature in
the past and present was taken into account.

6. We made an attempt to take in account the effect of the Earth’s surface bombardments by large
meteorites (see below).

The Earth’s  crustal  thickness was believed to have been variable in the initial  part  of  the time
interval. As will be shown below, the early existence of the crust with a thickness commensurable with
contemporary appears to be most unlikely for thermal considerations, even if we disregard the probable
bombardment of the surface by large meteorites that sharply decreased just 3.8 billion years ago (Fig.
1; The Early History of the Earth, 1980).

Fig. 1. Variation in the intensity of  meteorite  bombardment  of the
surface over the Earth’s history, according to The Early History of the
Earth, 1980. The data e for the Moon. N stands for the number of craters

with diameters larger than 4 km per 1 km2.

According to petrological evidence, the primordial Earth’s crust
(about 4 billion years ago) had a composition and thickness (about
20  km,  The  Early  History  of  the  Earth,  1980)  close  to
contemporary, but was not yet solid enough or differentiated the
way the contemporary crust is. During the initial test calculations,
the time of transition to a contemporary crust  was dated as 3.8
billion years ago. The following information supports this finding.
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Basic granulites that formed 2.5 billion years ago in the lower crust at the depth of 42 km (T = 850oC)
were described in China. It follows that at that time the crust already possessed contemporary thickness
(Geochemistry…, 1987). The Late Archean granulite rocks of the Indian Shield (aged about 2.8 billion
years) formed in the crust at depths ranging from 18 to 28-30 km (T = 600-800oC) (Geochemistry…,
1987). Among Archean rocks (aged up to 3-3.5 billion years) on the Ukrainian Shield one can come
across  basic  granulites  that  formed at  the  depth  of  up  to  35  km (Shcherbak,  2003;  and  others)  .
Granulites that came into existence in the lower part of a thick crust (the thickness matching that of the
contemporary crust) in the north of the Baltic Shield are aged about 3.5 billion years (The Early History
of the Earth, 1980). The oldest of the known rocks on shields of various continents of the Earth (aged
3.7-3.8 billion years) clearly belong to a sufficiently well-developed continental crust except that that
crust  did  not  yet  undergo  differentiation  into  acidic  upper  portion  and  basic  lower  portion
(Geochemistry…., 1987). On the Ukrainian Shield, “by the time of 4.2 billion years there had already
existed a thick crust that might ensure granulite facies metamorphism” (Clark et al., 1988, p. 281). In
all likelihood, the Archean crust was not much different from the contemporary crust one in terms of
average composition, but included acidic and basic rocks of mantle origin, rocks that were not yet
altered by anatectic processes. It could well be that heat generation in that crust did not change so
radically with depth as is the case of the contemporary crust. Yet, this difference does not significantly
affect the mantle temperatures being determined.

No fixed instant  of  emergence of  the contemporary type of crust  was used in  the calculations.
Different versions were considered, in which during the period prior to the formation and stabilization
of the crust,  a  certain part  of  radiogenic heat  sources it  contained became distributed in the upper
mantle layers several dozens of kilometers thick (Early History of the Earth…., 1980; and others). The
change  in  the  instant  of  emergence  (and  preservation  throughout  the  remaining  history)  of  the
contemporary Earth’s crust only resulted in certain variations of the type of models around that period
of time. That effect is not too conspicuous in the distribution of temperatures in the tectonosphere 100-
200 million years after the crust gained stability.

We used  one  value  for  the  rocks’  temperature  conductivity:  7.10-7m2/c  and  for  the  volumetric  heat

capacity: 4.2.106J/m3 oC that were substantiated earlier (Gordienko, 1998; and others) . Test calculations
using appreciably larger values have shown that, had they been true, the mantle’s thermal sources would
have been exhausted too fast and that would have rendered active processes impossible as early as in the
Proterozoic.

The data available in the literature on the elevated temperature at the Earth’s surface in the Archean
are  rather  ambiguous.  It  is  commonly  accepted  that  the  overheating  was  quite  significant,  but  its
intensity and the time scale of the anomaly are assessed in different  ways.  It  was assumed during
calculations  that  the  temperature  close  to  contemporary (at  any rate  below 100oC) set  in  after  the
abatement in the intensive bombardment of the surface with large meteorites about 3.8 billion years
ago. Approximately 4.2-4.0 billion years ago, it amounted to about 5000C, and then gradually abated to

100-2000C (The Early History of the Earth, 1980; and others). A different approach is not, however,
ruled out: “The existence of sedimentary rocks and, consequently, liquid water, starting from 3.8 billion
years ago,  is  obvious” (Taylor et  al.,  1988,  p.  359).  As follows from subsequent  calculations (see
below), temperatures in the upper tectonosphere exceed solidus no matter what the approach might be.
In  this  context,  the  effect  of  bombardment  of  the  Earth’s  surface with  large  meteorites  makes no
difference either, as its thermal effect added up to the crust and upper mantle that already periodically
underwent partial melting anyway.

Prior to crustal stabilization and reduction of the surface temperature, much water had still been in
the mantle, and that reduced its solidus temperature by 150-200oC up to the depth of about 150 km. The
instant of transition to a “dry” mantle has to be taken into account in calculations to determine the
location of the top of the asthenosphere. “A most compelling evidence provided by rocks is the obvious
similarity between the processes of erosion and sedimentation over the past 3 billion years” (Garrels et
al., 1974, p. 62 -- in Russian translation). In other words, by that time, the mantle had already lost the
bulk of water, the water regime at the surface was similar to that in Phanerozoic, or probably earlier
(see above). Proceeding from geological data for shields, the time of transition to usual sedimentation
can be pushed back if we go by the age of the oldest sedimentary rocks – to about 3.0-3.5 billion years.

Information on the amount of energy being released or absorbed during compaction or decompaction of
rocks in connection with polymorphous transformation at the bottom of the upper mantle makes it possible
to  estimate  the  effect  during  olivine  transition  to  a  mineral  with  the  structure  of  spinel  at  5.10 7J/m3
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(Gordienko, 1998) . The effect of such a source on the temperature of the overlying medium turns out to be
vanishingly small at the distance of several tens of kilometers away from the transition front and does not
exceed several tens of degrees at the front proper. Variations in temperature hardly exceed the calculation
error  associated  with  the  inaccuracy  of  values  of  tectonospheric  rocks’  thermal  properties  used  in  the
calculations.

SIMULATION RESULTS
The starting thermal model conforms to the regime required for triggering a geosynclinal (in the

aforementioned sense) process. Material in the depth range between 200 and 500 km is drawn into
displacement. After the completion of the cycle, the conditions become suitable for triggering rifting,
then -- another one, following which conditions become suitable again for forming a geosyncline, and
so on. A consecutive chain of active processes on the entire territory of the shield and the reduction in
heat generation lead to the exhaustion of the mantle’s thermal resources. Further activity encompassing
the entire territory became impossible about 2.5 billion years ago. Active events that took place closer
to our days were considered to be confined to relatively narrow bands about 100 km in width beyond
which, over a considerable distance, there have been no synchronous heat and mass transfer in the
mantle.

It  took  70  heat  and  mass  transfer
episodes  over  the  period  of  4.2-0.00
billion  years  for  the  advective
evacuation  of  energy  from  the
tectonosphere.

It is possible that the simulation does
not  represent  the  only  feasible
alternative of the quantity and sequence
of  active  processes  in  the  shield’s
tectonosphere. Several other alternatives
of the process in the tectonosphere of the
shield  were  also  considered  with
dissimilar  thermal  properties  of  the
medium  and  dissimilar  choice  of  the
course  of  the  process  whenever  the
thermal model failed to unambiguously
give  preference  to  a  geosynclinal  or
rifting type of  endogeneous regime,  so
as to make it possible to simulate their
onset  or  extend the period of “tectonic
quiescence” for further “maturation” of
conditions  favorable  for  triggering  the
next heat and mass transfer. In all cases
the pattern turned out  to  be essentially
the same.

Fig.  2. Evolution  of  the  asthenosphere
during  platform-type  HG  in  the  crust  and
upper mantle. 1 – Asthenosphere, 2 – upper
part  of  the  asthenosphere  for  a  “liquid”
mantle, 3 – types of endogeneous regime (G
– geosynclinals, R – rifting, and A – single-
episode activation)

Modelling  results  are  presented  in
Fig.  2  in  the  form  of  asthenospheric
evolution  and  in  Table  1  showing

variations of temperature (T) for various periods of the platform’s geological history. The horizontal
scale of the diagram shows the time of appearance of a particular type of model in Ga.

Table 1. Temperature evolution in the platform’s upper mantle
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Н,km Т (0С) for t (Ga)
4.2 4.1 4.0 3.9 3.8 3.7 3.6 3.5 3.4 3.3 3.2

50 1,200 1,400 1,210 1,310 1,260 1,050 1,220 1,060 1,170 960 1,100
100 1,370 1,650 1,620 1,530 1,560 1,510 1,610 1,570 1,570 1,460 1,620
150 1,510 1,550 1,680 1,620 1,640 1,770 1,740 1,810 1,760 1,780 1,770
200 1,650 1,470 1,710 1,680 1,630 1,860 1,740 1,840 1,800 1,890 1,720
250 1,760 1,640 1,760 1,750 1,760 1,880 1,720 1,810 1,800 1,890 1,730
300 1,850 1,740 1,820 1,840 1,880 1,910 1,860 1,820 1,810 1,910 1,790
350 1,930 1,770 1,860 1,930 1,930 1,950 1,980 1,890 1,890 1,950 1,850
400 1,980 1,910 1,890 1,980 1,990 2,010 2,060 2,020 2,020 2,010 1,990
450 2,020 2,060 1,940 2,050 2,080 2,100 2,130 2,100 2,100 2,070 2,090
500 2,310 2,310 2,160 2,190 2,200 2,210 2,210 2,210 2,210 2,200 2,200

Н,km 3.1 3 2.9 2.8 2.7 2.6 2.5 2.4 2.3 2.2 2.1
50 1,030 890 960 960 900 800 910 790 800 820 1,030
100 1,520 1,390 1,450 1,460 1,350 1,230 1,300 1,200 1,190 1,220 1,380
150 1,740 1,730 1,550 1,730 1,580 1,520 1,510 1,440 1,460 1,470 1,490
200 1,780 1,870 1,660 1,780 1,660 1,680 1,620 1,580 1,610 1,630 1,590
250 1,750 1,890 1,780 1,760 1,740 1,770 1,720 1,740 1,730 1,760 1,660
300 1,800 1,920 1,890 1,790 1,820 1,860 1,820 1,850 1,800 1,840 1,720
350 1,910 1,950 1,960 1,820 1,870 1,930 1,910 1,930 1,880 1,920 1,850
400 2,010 2,040 2,020 1,880 1,950 2,000 2,010 2,040 1,970 1,960 1,890
450 2,070 2,070 2,060 1,960 2,000 2,050 2,050 2,070 2,070 2,020 1,970
500 2,190 2,180 2,150 2,130 2,120 2,120 2,120 2,150 2,150 2,130 2,130

Н,km 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.0
50 750 730 840 710 700 880 680 760 800 650 650
100 1,180 1,150 1,330 1,150 1,130 1,250 1,100 1,150 1,200 1,060 1,070
150 1,440 1,430 1,550 1,430 1,400 1,400 1,380 1,370 1,410 1,360 1,360
200 1,600 1,600 1,620 1,620 1,600 1,580 1,570 1,550 1,550 1,560 1,560
250 1,730 1,750 1,690 1,740 1,730 1,720 1,710 1,680 1,710 1,730 1,690
300 1,820 1,820 1,740 1,830 1,820 1,700 1,800 1,730 1,810 1,860 1,800
350 1,930 1,900 1,860 1,940 1,870 1,780 1,890 1,700 1,860 1,,930 1,890
400 2,000 1,960 1,930 2,020 1,930 1,860 1,980 1,960 1,850 2,000 1,990
450 2,070 2,020 1,990 2,060 1,970 2,020 2,200 2,070 1,920 2,040 2,070
500 2,150 2,130 2,120 2,160 2,100 2,140 2,160 2,200 2,140 2,170 2,200

Н,km 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0
50 750 610 660 570 650 840 590 520 570 510
100 1,160 1,030 1,070 980 1,060 1,180 1,000 930 1,000 920
150 1,370 1,330 1,340 1,290 1,320 1,310 1,300 1,250 1,280 1,240
200 1,550 1,540 1,520 1,510 1,510 1,500 1,500 1,480 1,480 1,470
250 1,700 1,700 1,660 1,670 1,680 1,690 1,670 1,670 1,640 1,670
300 1,800 1,820 1,750 1,810 1,790 1,800 1,800 1,830 1,760 1,830
350 1,820 1,910 1,840 1,930 1,850 1,750 1,860 1,920 1,830 1,920
400 1,850 1,980 1,950 2,020 1,900 1,690 1,910 1,990 1,880 1,980
450 1,980 2,050 2,060 2,090 2,000 1,830 2,000 2,100 1,990 2,060
500 2,160 2,170 2,190 2,190 2,150 2,140 2,140 2,160 2,120 2,150

It  has  to  be admitted that  simulation results  listed in  Fig.  2 represent  a considerably smoothed
pattern of depth variations at the top and bottom of the asthenosphere. They reflect a situation that took
shape 10-40 million years following the heat- and mass transfer episode. Immediately after that, at the
final stage of geosynclinal development and at the early stage of rifting, the top portion of the partial-
melting layer ascended to the bottom of the crust, and in the central portion of the crust, there emerged
a partial-melting layer of rocks in the amphibolite facies of metamorphism. In some cases, rocks in the
lower (basic-granulite) crustal layer also underwent limited melting. The bottom of the asthenosphere
also  underwent  considerable  upheaval  immediately  after  the  next  heat-  and  mass-transfer  episode
relative to that shown in Fig. 2.

We ought to make a few remarks regarding the crustal portion of the model. Even though it is not
the main target of the calculations, it is closely associated with the mantle portion and reflects details of
the process that can be verified by geological data.
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The possibility of a multiple (30 times in the model under consideration) crust-mantle exchange is
contingent  on  the  situation  in  which  eclogitized  basic  crustal  rocks  plunging  into  the  mantle  are
replaced by chemically similar melts from the mantle. This creates conditions for the process to recur.

A more detailed analysis of events within the crust (Gordienko, 1998; Gordienko et al., 2005; and
others) shows that the overheated mantle material does not form a single consolidated layer, but rather
spreads within a depth range of 20-42 km with a downward increase in concentration. In the middle
crustal layer, the concentration averages 25 percent and in the lower – 50 percent. In such a model
(based on results of interpretation of heat flow anomalies in zones of Ukraine’s recent active processes)
the melting of rocks in the amphibolite facies of metamorphism is subject  to the following limits:
Melting can start from the depth where the rocks’ temperature exceeds solidus values (600-650 oC at 10

km or  deeper,  growing to 950oC toward the surface)  up to the  bottom of the  transition layer still
containing limited amounts of such rocks. On shields, this boundary lies at an average depth of 30 km
(Gordienko et al., 2005; and others). For a typical development of the thermal process to take place, the
upper boundary of the partial-melting zone in the crust should not rise above 18-20 km. At shallower
depths,  one  can  come across  rocks resulting from intrusions into upper  crustal  levels  of  acid  and
intermediate  magma  from  the  layer  at  20-30  km.  There  exist  relatively  short  periods  within
geosynclinal and rifting activity cycles when solidus temperatures (1,050-1,100oC) are exceeded in the
lower (basic-granulite) portion of the crust. This phenomenon match a different type of magmatism
(less acidic, plagiogranitic, and syenitiсesses and seismicity) in composition.

In the Archean (until the formation of a dry basic granulite lower crust), melting foci of an acid
component could also occur at depths greater than 30 km.

Let us discuss the main results of modelling regarding the mantle in somewhat greater detail.
3. The  temperature  computation  was  initially  performed  without  taking  into  account  the

anomalous  temperature  at  the  surface  during  the  period  of  3.8-4.2  billion  years  ago  or  meteorite
bombardment. Nevertheless, it was revealed that solidus temperatures were higher than normal within
the entire crust or its larger part. If we also add to this the effects of high temperature at the surface and
meteorite bombardment, the existence of a stable Earth’s crust during that period becomes all the more
dubious. This is despite the fact that the presence of clastic ancient (up to 4.5 billion years) zircons on
the shields indicates that the crust did not disappear in its entirety.

4. During the period from 3.8 to 3.5-3.0 billion years ago, the top portion of the asthenosphere
must have been higher up by comparison with the level typical of “dry” mantle. It is possible that the
lower part of the crust may have also undergone frequent melting.

5. During  the  period  of  1.7-2.3  billion  years  ago,  the  alternation  of  geosynclinal  and  rifting
processes  in  the  tectonosphere  of  the  shield  gave  way  to  single-episode  activations  essentially
corresponding to the initial stage of rifting. The difference is in that the material during rifting comes
from a thicker asthenosphere. It is the time which may be considered as a period of transition to a
platform-type evolution.

6. During the period between 4.2 and 1.7 billion years ago, there existed a certain alternation
pattern of types of endogenous regime in the tectonosphere of a future platform. According to that
pattern, a geosynclinal cycle was followed by two or (less frequently) three rifting processes. In the
case in question (Fig. 2), two (out of the six analyzed) situations were spotted in which a geosynclinal
process was followed by three riftings. It cannot be ruled out that this feature in the model was due to a
somewhat inaccurate choice of time when the crust of the shield acquired its contemporary appearance
(3.8 billion years ago) and to difficulties involved in the choice of the type of regime that prevailed at
the end of the period.

The result suggests the existence, in the early Precambrian (4.2-1.7 billion years ago), of “extensive
cycles” that generally lasted 0.2-0.4 billion years, each cycle comprising 9 to12 single episodes of heat
and mass transfer in the tectonosphere. There were no such “extensive cycles” in the Phanerozoic. This
is probably what accounts for the difference between the “permobile stage” of tectonospheric evolution
and the stage that followed it.

4. The time span dividing heat and mass transfer episodes in the course of geosynclinal, rifting,
and then activation processes  increases appreciably over  the  shield’s  geological  history.  Results  of
calculations were used to derive mean values of Δt within the time intervals of 4.2-4.0, 4.0-3.5, 3.5-3.0,
3.0-2.5, 2.5-2.0, 2.0-1.5, 1.5-1.0, 1.0-0.5, and 0.5-0 billion years ago. The resulting pattern is in fairly
good agreement with that  established for the Ukrainian Shield on the basis of  geological  evidence
(Gordienko et al., 2005).
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Processes in geosynclines and rifts match  Δt values of 20-90 million years,  i.e.,  they do not  in
principle differ from those typical of the Phanerozoic. The difference lies in the fact that activity cycles
in the Phanerozoic are separated by considerable time intervals of tectonic quiescence, whereas active
events in the Early Precambrian follow in succession, without or almost without gaps. The gaps first
started 2.4-1.7 billion years ago. During the platform period,  Δt values increased to 100-250 million
years,  and  this  has  also  been  pointed  out  by  many  researchers  regarding  the  Ukrainian  Shield
(Shcherbak et al., 2004 and others).

5. A contemporary thermal model of the shield’s tectonosphere (Fig. 2) exhibits conditions for a
successive active process to start. This result was not programmed in advance. It was rather obtained as
an outcome of the entire preceding thermal history. It is certainly true that readiness for activation
(which, according to the model, was preceded by an activation of Cimmerian age – Fig. 2) was detected
for the shield’s block in which events proceeded precisely in the manner predicted in the model.  The
situation in adjacent blocks could well be different.

6. An analysis of magmatism on the shield during the time stretch of 1.7-4.2 billion years ago,
when virtually the entire transport of mantle melts and fluids into the Earth’s crust and onto the surface
took place, indicates that the distribution of magma chambers near the top portion of yet another QTA
or asthenosphere was irregular with depth. Approximately 10 percent of the material occurs at the depth
of about 150 km, 35 percent at about 50 km, and 55 percent at about 100±25 km. It is precisely within
the last  depth interval that maximum changes in composition caused by the removal of incoherent
elements of the mantle and reworking of its material by fluids must have taken place.

7. The computation of thermal models was performed for the depths reaching 1,000 km. It follows
from its  results  that,  as  distinct  from the temporary emergence of just  a thin asthenosphere  in  the
Proterozoic and Phanerozoic in the tectonosphere of the shield, it continues to exist in full beneath the
zone of polymorphous transformations. The general cooling of the Earth through the surface and the
cooling effect of the heat and mass transfer in the upper mantle do have an effect, but even insignificant
heat generation actually makes up for those effects. The revealed feature is global in occurrence which
is corroborated by geoelectrical data, including those for the Ukrainian Shield (Gordienko, 2015c; and
others).

The conclusion about the impossibility of the existence of a stable crust 4.2-3.8 billion years ago
was proven with full certainty through modeling. It is therefore not surprising that no significantly large
fragments  of  the  crust  older  than  3.8  billion  years  have  so  far  been  found  on  the  shields  of  all
continents. It is unlikely that they may be discovered in appreciable amounts now, even though older
crust have occasionally been seen, and it cannot be ruled out that its blocks are simply not exposed at
the surface. “Geological evidence observable on the Earth is not older than 3.8 billion years,  even
though the presence of zircon grains aged 4.1 billion years points to existence of older crustal rocks”
(Taylor et al., 1988, p. 342 -- in Russian translation).

Geological data corroborate the location within the crust of the main range of depths where acid
magma formed. “… migmatization…. ceases during transition to the granulite facies…. the origin of
granites is in most cases confined to the median part of the crust (20-25 km)” (Archean..., 1987, pp. 202,
246). “It is assumed that they (granites – V. G.) were melted out at depths of 15-20 km” (Shcherbakov,
2005, p. 224).

However, numerous intrusions of acid and intermediate magma that took place in the Precambrian
resulted in a situation in which, during periods of active processes, temperatures (600-650oC) typical of
those processes spread in some locations much closer to the surface and reached the depth of 10 km,
above which the solidus temperature rises rapidly. Such a model turned out to be useful, in particular,
in  studying  the  situation  that  has  taken  shape  over  past  millions  of  years  in  the  crust  of  the
Transcarpathian Trough (Gordienko et al., 2005) . Such events find expression in the presence of “…
horizontal metamorphic zonality” (Shcherbakov, 2005, p. 250) near granite domes in the Ukrainian
Shield. Their existence is also supported by the fact that “…temperatures in metamorphic strata grow
faster than on granite basement elevations” (Schcherbakov, 2005, p. 253). Taking into account this
additional  (intracrustal)  level  of  advection,  whose  presence  has  virtually  no  effect  on  the  mantle
temperature, estimated temperatures in the crust 3.5-1.0 billion years ago, right after mantle intrusions,
prevail within the range reported by Gordienko (2015b). This range was compared versus the data on
PT conditions of metamorphism in the crust of world shields that reflect the situations at maximum
heating of the crust. The results agree with estimated data.

The volume of exchange of basic material between the crust and mantle required for triggering an
advective transport of heat is very large. Following crustal stabilization (3.8-0 billion years ago) there
have been 26 exchange episodes, more specifically, the amount of material equivalent to a layer 210-
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260 km in thickness moved into the crust and back (the average density of crustal basic rocks and
eclogites is close to the average density of the upper mantle’s overheated rocks: 3.25 and 3.45 g/cm 3,
respectively). According to the (The Early History…., 1980 and Geochemistry…, 1987), a 255±45 km
thick mantle layer was involved in the formation of the crust. Inasmuch as the concentration of the low-
melting “basaltic component” of mantle pyrolite is estimated at 10-15 percent, it may be assumed that it
used to be part of the crust several times. The differences in composition of basic rocks of mantle origin
(alkaline and tholeitic eclogites) and eclogites (or basic granulites that make up eclogites plunging into
the mantle) indicate that even after the crust stabilized, the process of its enrichment with Fe, Ti, Ca,
and Si has continued (Table 2). The transport of radiogenic heat sources into the crust is continuing as
well.

The above results are certainly not precise. They do not take into account changes in composition
during transition from basic granulites to eclogites, contribution of the gas -fluid component of basalt
magmatism, etc. For example, the composition of eclogite from the lower crust of the Massif Central,
France (Taylor et al., 1988) differs notably from that shown in Table 2 (SiO2 – 48; TiO2 – 1; Al2O3 –
18; FeO+Fe2O3 – 7; MgO – 8; CaO – 11; Na2O – 2; and K2O - 0.5). At the same time, eclogites in the
mantle  beneath the Pamirs  have  the following composition:  SiO2 -  43.4;  TiO2 -1.8;  Al2O3 -  15.6;
FeO+Fe2O3 -13.5; MgO - 6.3; CaO - 11.8; Na2O - 2.6; and K2O - 1.4 percent (Dmitriyev et al, 1983).
To  put  it  differently,  it  is  only  possible  to  outline  the  general  trend  of  variations  in  principal
components of the composition.

Table 2. Composition of typical crustal basalts and granulites on shields

Oxide
Contents (%)

Basalt Granulite Δ
SiO2 49 48.5 0.5
TiO2 2.5 1 1.5
Al2O3 14 16.5 -2.5
FeO+Fe2O3 12 10 2
MgO 8 10 -2
CaO 10.5 9.5 1
Na2O 2 2.5 -0.5
K2O 1 1 0

This conclusion is to a certain extent supported by the data on the Ukrainian Shield (Gordienko et
al., 2005). It is shown that from activation to activation within the frameworks of a single development
cycle of the Azov Region block, the mantle becomes enriched with MgO and Al 2O3 and loses part of its
SiO2. On the other hand, the mantle loses some sodium, while calcium and iron contents remain stable.

Outside periods of activation in the Riphean-Phanerozoic (the past 1-1.5 billion years), temperatures
in the upper mantle stabilize, varying with depth by just a few dozens of degrees (up to ±70  oC at
depths of 100-200 km, the HG remaining within normal limits). The differences are even smaller in the
Phanerozoic. This justifies the use of a unified thermal model reflecting the situation prior to the onset
of Phanerozoic active processes (Gordienko et al., 2005; Gordienko, 2015b; and others).

Fig.  3. Diagram  showing  location  of  Baltic
Shield blocks (Early History…., 2005; and others)

1 – Caledonides. Blocks: 2 – Kola-Karelian (2a
– Laplandian belt, 2b – Kola-Norwegian Province,
2c – Fenno-Karelian Region, 2d - White Sea 

Belt),  3 – Svekofenian,  4 – Dalslandian (4a --
Oslo graben).

The dotted line marks the shield’s boundary on
dry land.

A simulation study of  deep-seated processes
and  thermal  evolution  of  the  tectonosphere  has
shown  that  at  the  contemporary  level  of
knowledge, notwithstanding insufficient accuracy
of information on many parameters necessary for

86



the calculations, it is quite possible to obtain fairly definitive results. We succeeded in showing that the
adopted pattern of deep-seated processes and the level of radiogenic heat generation makes it possible to
obtain thermal models matching many geological data for shields. But the major verification of the model
requires comparison between obtained results and the data on activation ages on platforms.

CORRELATION BETWEEN SIMULATION AND EXPERIMENTAL DATA
It is not an easy task to select materials in terms of ages of rocks from platforms (virtually, shields)

that  are  suitable  for  comparison  with  results  of  modeling.  One  of  the  major  problems  is  the
aforementioned situation that took shape in the Proterozoic with simultaneously existing active and
passive blocks. Their emergence is probably due to minor differences in the HG of mantle rocks in
connection with which conditions for triggering active processes do not become “ripe” simultaneously
throughout  the  shield.  By generalizing  the material  for  the  entire  shield  we  will  inevitably obtain
“extra” datings that may differ from adjacent ones more than can be accounted for by the error in
measurements. This may affect the objectivity of the comparison. For that reason data should initially
be selected on a large well-studied shield with a distinct separation into blocks. These considerations
led the author to opt for the Baltic Shield (BSh) (Gordienko, 2009), rather than for the Ukrainian Shield
(USh) (Gordienko et al., 2005).

The main source of Baltic Shield rock datings (Early History…, 2005) that we have used provides
few data on the Svekofenian block and no data at all on the Dalslandian block. Thus, we had to confine
our comparison to the Kola-Karelian block (KKB). Yet, we are talking about quite a large structure
occupying an area of about 470,000 km2, which is about twice the territory of the Ukrainian Shield (the
Fenno-Karelian part of the block is about 280,000 km2 in area).

Comparison of information on datings of Baltic Shield rocks as provided in various publications
points to the need of employing the data from The Early History…, (2005), where results of previous
studies are generalized and many datings are revised to conform to contemporary requirements.

Altogether  about  350 age  determinations  for  the  Kola-Karelian  block  (KKB)  were  used  in  the
analysis (much more than for the Ukrainian Shield); some of the datings are results of data smoothing
in a single rock massif. The dating results cover a large interval of the time scale (3.55-1.75 billion
years ago), with almost no “gaps,” but saturation of various time spans is sharply dissimilar.

Fig.  4. Histogram  showing  distribution  of
numbers  of  age  determinations  for  KKB  rocks
within time spans of 100 million years

The  relative  frequency  of  occurrence  of
particular  datings  is  not  directly  associated
with  the  prevalence  of  the  corresponding
rocks: A considerable amount of them fall into
the  category  of  intrusive  formations
occupying relatively small areas. It is obvious

that in order to obtain discrete datings, which could be coordinated with estimated ages of activation, it
is necessary to process the material first. To begin with, the true value of the error in age determinations
should be established. The values of errors (Δt), cited in The Early History... (2005), apply to most of
the dating results used. They are shown on the histogram (Fig. 5).

Fig. 5. Computational errors in dating rocks of the Kola-Karelian
Block (The Early History..., 2005)

The distribution of  Δt is far from being normal. It is only
possible  to  assume  that  the  majority  of  values  (71%)  fall
within the limit of 10% ±10%, and this value can be used as a
typical error.  On the other hand, it is necessary to take into
account a noticeable amount (15-20 percent) of results of age
determinations with errors ranging within the limits of  50%
±20%. It follows from the data that it makes sense to present
all  the  dating results  as  numbers  rounded off  to  10 million
years and view values in batches of age determinations that

differ from the average value by 10 million years or less, as actually matching. Clearly, within age
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intervals of 1.75-2.35 and 3-3.55 billion years, for which information is relatively scanty, this approach
will rule out problems with determination of ages suitable for comparison with simulation results.

For example:
1. Nonrecurrent (sporadic) dates separated from adjacent ones by 20 million years or more on the

time scale and recurrent (coinciding) dates with the same parameters.
2. Average dates in groups in which all  values differ  from average ones by no more than 10

million  years.  There  are  29  such  groups  out  of  39  (Table  3).  Part  of  them  are  also  outside  the
mentioned time intervals.

Table 3. Model (M) and experimental age determinations for Early Precambrian rocks of the Baltic Shield
Kola - Karelian block (KKB). Digits within parentheses indicate numbers of rounded-off age datings. Groups of
dates in which deviations from average reach 20 million years are shown in boldface.

M KKB M KKB M KKB
3,530 3,530 3,040 3,030 2,450±10 (13)
3,500 3,510±10 (2) 3,010 3,010±10 (2) 2,400 2,400±10 (3)
3,470 3,470 2,980 2,980±10 (4) 2,350 2,350±10 (4)
3,440 3,440±10 (2) 2,940 2,940±10(10) 2,280 2,280±10 (3)
3,410 3,410±0 (3) 2,900 2,900±10 (5) 2,240 2,240±10 (2)
3,370 2,860 2,860±10 (27) 2,200 2,210±0 (5)
3,330 3,330±10 (3) 2,820 2,820±10 (25) 2,150 2,160
3,300 2,780 2,780±10 (34) 2,120 2,120±10 (4)
3,270 3,250±10 (3) 2,740 2,740±10 (23) 2,060 2,050±10 (9)
3,230 3,230±10 (6) 2,700 2,700±10 (48) 2,000 1,990±10 (7)
3,200 3,210±0 (5) 2,650 2,650±10 (25) 1,940±10 (18)
3,170 3,160±10 (2) 2,600 2,590±10 (6) 1,850 1,870±10 (5)
3,140 3,140±10 (2) 2,550 2,540±10 (5) 1,800 1,780±10 (3)
3,100 3,100±0 (3) 2,500 2,490±10 (15) 1,750 1,750±10 (2)

6. It may so happen that groups of data may comprise up to 25-30 percent of values diverging
from average by a double error, i.e. by 20 million years (Fig. 6). It is natural that such deviations can be
expected in relatively large volumes of samples within the time span of 2.35-3.0 billion years. This
applies to 10 groups of experimental data (Table 3), which, just like those discusses above, can be
viewed as characteristic of  discreet  periods in the shield’s activation.  The latter  conclusion cannot,
however, be considered completely well grounded: Inside groups of data selected from the continuous
sequence of age determinations for KKB rocks one cannot observe irregularities in age clusters that
might indicate a preferential age for the group (Fig. 6).

Fig.  6. Distribution  of  dates  in  groups
selected  from  the  bulk  of  ages  for  the  Kola-
Karelian block rocks.

This may be due not just to errors in the
parameter determination, but also to certain
differences between actual ages of the events
in  a  single  stage  of  activation  of  the
tectonospheric shield in various areas of the
block  which  are  not  infrequently  spaced

many hundreds of kilometers apart. For that reason, samples for large segments of the Kola-Karelian
block (see Table 4) were made for the corresponding time span.

Table 4. Times (in millions of years) of active processes established for KKB segments

Model
Fenno-Karelian

Region
White Sea

Belt
Laplandian

Belt
Kola-Norwegian

Province
2,940 2,950±10(4) 2,950 2,930 2,930±0 (3)
2,900 2,900±10 (6) 2,890±10 (2) 2,900
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2,860 2,860±10 (12) 2,850±10 (5) 2,870 2,870±10 (3)
2,820 2,810±10 (21) 2,820±10 (8) 2,830±10 (5)
2,780 2,780±10 (10) 2,790±0 (4) 2,790±10 (6)
2,740 2,740±10 (27) 2,730±10 (9) 2,750 2,740±10 (6)
2,700 2,700±10 (23) 2,690±10 (10) 2,700±10(3) 2,690±10 (5)
2,650 2,650±10 (8) 2,650±10 (5) 2,680 2,650±10 (6)
2,600 2,590 2,580±0 (4) 2,620±10 (2)
2,550 2,530±0 (2) 2,550 2,550
2,500 2,510 2,510±10(3) 2,500±10 (4)

It is obvious that the quantity of dating results, which have to be processed using clause 3 of the
rules for identifying discrete dating results, has decreased and they are largely confined to the Fenno-
Karelian Region occupying more than half of the block’s area. If the same procedure is applied to
separate  domains  inside  the  region  (also  using  individual  dating  results  shown  in  other  tables  in
averaged form) (The Early History…., 2005), we get (Table 5) a nearly complete disappearance of
unreliable ages of activations.

Table 5. Ages of activations (in millions of years) determined for segments of the Fenno-Karelian Region

Model Voldozero domain Central Karelian domain Western Karelian domain
2,940 2,930±10(5) 2,930±10 (4) 2,930±10 (3)
2,900 2,890±10 (4) 2,890±10 (6)
2,860 2,860±10 (8) 2,850±10 (4) 2,850±10 (4)
2,820 2,830±10 (6) 2,820±10 (7) 2,810±10 (4)
2,780 2,780 2,790±10 (21) 2,770±10 (4)
2,740 2,730±10 (3) 2,750±10 (30) 2,720±10 (7)
2,700 2,700±10 (4) 2,690±10 (26) 2,700±10 (6)
2,650 2,640±10 (5)
2,600 2,590±10 (4)
2,550 2,530 2,560

Some additional information for determining the age of the Baltic Shield’s Early Precambrian rocks
can be obtained by analyzing dating results for the Svekofennian Block (Table 6), despite the fact that
younger rocks prevail within it.

Table 6. Ages (in millions of years) of activations determined for the Baltic Shield’s Svekofennian Block

Model
Svekofennian

Block
Model

Svekofennian
Block

Model
Svekofennian

Block
2,860 2,850±0(2) 2,500 2,460 2,060 2,060
2,820 2,400 2,000 1,990±0 (5)
2,780 2,350 1,960±10 (37)
2,740 2,280 1,900±10 (7)
2,700 2,710 2,240 2,250 1,850 1,880±10 (26)
2,650 2,200 2,200 1,800 1,800±10 (8)
2,600 2,150 2,130 1,750 1,770
2,550 2,120 2,110

It can be assumed that, by processing all dating results for the Kola-Karelian block listed in the
publication (The Early History…., 2005), we managed to identify 43 episodes of the block’s activation
(Table 3). The overwhelming number of them (38) match age determinations obtained with the help of
simulation procedures, with deviations not exceeding those that can be accounted for by experimental
errors. In three cases, there are no analogues in experimental data to available simulation activations. 

Probably,  rocks  involved  in  those  activation  cycles  have  not  survived  or  have  not  yet  been
discovered. A serious problem arises from the fact that two batches of experimental age determinations
have  been  identified  with  a  high  degree  of  confidence,  while  relevant  computed  data  contain  no
analogues to them. The point is that, in modelling, the onset of activation (a heat and mass transfer
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event) should be completely a function of the accumulation of the required energy and partial melting
within  a  considerable  depth  range.  At  the  same  time,  certain  differences  in  time  spans  between
neighboring activations established through modelling and those based on experimental data appear to
be quite permissible. Yet, with a sufficiently good agreement between the total number of activations in
the Early Precambrian Baltic Shield and observed evidence, a “superfluous” experimentally established
event needs to be given a special explanation.

In the Azov block of the Ukrainian Shield, such “superflous” dating results at the boundaries with
the Donets Basin and the Scythian plate were accounted for by the emergence of quanta of tectonic
action (QTAs) in the Late Precambrian and Phanerozoic involving the mantle beneath regions adjacent
to the relatively small block in whose own tectonosphere energy reserves had already been depleted so
that  they  were  no  longer  capable  of  triggering  such  frequent  heat  and  mass  transfer  episodes
(Gordienko et al., 2005). This explanation does not hold water for periods of 2,450 and 1,950 million
years ago on the Baltic Shield. It is also hard to accept an alternative explanation according to which
the absence of activations commensurable in terms of age with those obtained through modelling in a
certain stretch of the time scale is balanced out by the presence of “excessive” activations in another
stretch of the time scale. The time gaps between “skipped” and “excessive” episodes of heat and mass
transfer are too long to enable an outburst  of  the “stockpiled” energy in the form of an additional
process.  As  established  in  the  course  of  simulation  (see  above),  active  processes,  since  about  2.5
million years ago, have not simultaneously encompassed the entire shield. They have occurred within
separate  relatively narrow blocks.  Experimental  data do not  contradict  this  computed estimate.  An
analysis of information pertaining to parts of the Kola-Karelian block suggests that ages of about 2,45
and 2,4 million years have been established in different  places and that,  in all  likelihood,  a single
activation took place, but not exactly at the same time. The impression of two consecutive processes
was begotten in the course of drafting a unified dating scale for the entire Kola-Karelian block.

Table 7. Average values of ages (in millions of years) of active events in the Proterozoic within parts
of the Kola-Karelian block of the Baltic Shield.

Model

Kola-Karelian block
Fenno-Karelian

Region
White Sea

Belt
Laplandian

Belt
Kola-Norwegian

Province
2,500 2,490 2,470 2,500
2,400 2,430 2,440 2,390 2,440
2,350 2,370 2,360 2,360 2,330
2,280 2,280
2,240 2,240
2,200 2,210 2,210 2,210
2,150 2,160
2,120 2,120 2,110 2,120
2,060 2,050 2,050 2,040
2,000 1,990 1,990

1,940 1,930 1,950 1,950
1,850 1,870 1,880 1,880 1,870
1,800 1,790
1,750 1,770 1,750

Experimental dating of about 1,950 million years ago was established alongside the preceding one
(2,000 million years ago) in the Kola-Norwegian and Finno-Karelian parts of the block. In the former
case the areas of dating coincide (Pechenga), but the age was determined with an error of 40-50 million
years (The Early History…, 2005). In the latter case the sites where datings were conducted do not
coincide, and it can be assumed that in the area where the estimate of 1,950 million years ago there had
been no earlier activation. In the White Sea and Laplandian belts no preceding activations (aged 2,000
million years  or  older)  have not  been established.  It  could be reasoned that  activation aged 1,950
million years in the areas in question followed the activation aged 2,060 million years or more. This
conclusion would not be necessarily correct:

The absence of known dating results does not point to the absence of activation.
If, however, the dating results in Pechenga do point to the presence of two activation events (2,000

and 2,050 million years ago) at  the same site,  it  might  be worthwhile considering the question of
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feasibility of such a course of events for the specific time span. Let us calculate thermal evolution of the
100 km-wide block’s tectonosphere during the period between 2,100-1,750 million years ago.

Fig. 7. Distribution of temperatures in the shield’s
tectonosphere  prior  to  activations:  2,500 (1),  2,000
(2), 1,950 (3), 1,850 (4), 1,800 (5), and 1,750 million
years ago (6).

This  procedure  could  make  sense  since  a
single  -episode  advection  in  the  upper  mantle
might  well be two-levelled.  The material from
the  lower  levels  of  the  upper  mantle  is
transported  to  a  depth  of  about  200  km,  and
there  a  new  QTA  forms  before  traveling  to
beneath the crust. It cannot be ruled out that its
contribution might have saved a certain amount
of energy so as to enable triggering an additional
episode of the tectonospheric material transfer.

Calculations  detected  a  zone  of  partial
melting suitable for a single-episode activation at the depths of about 150-200 km by the time of 2,050
million years ago (Fig. 7).  During the period of 2,000 million years ago, a partial melting zone is
detected at the very bottom of the upper mantle, at the depth of about 380-470 km.

Around 1,950 million years ago the partial melting zone was absent, but in the time span of about
90-140 km, the temperature differs from solidus by an average of 40oC, which hardly exceeds the
calculation error. If we assume that such conditions are favorable for the start of advection, then 100
million year later, there will emerge yet another small zone at the bottom of the upper mantle with
temperatures higher than solidus (Fig.  7),  a  zone suitable for heat  and mass transfer.  About 1,800
million years ago, the temperature distribution throughout the upper mantle did not exceed solidus, but
at the depths of 300-350 km it differed from solidus by just 30oC. As the process continued toward
1,750 million years ago, the location where the temperatures of the mantle and solidus converged (the
average difference being 70oC) is spotted at the depths of 80-130 km.

Thus, activations within time periods envisaged by the basic model are difficult to reconcile with an
additional episode of heat and mass transfer. In all likelihood, this estimated event should be dismissed
as unrealistic. Variation in magnitude of radiogenic heat generation within reasonable limits is unlikely
to fundamentally affect the situation, all the more so since there are no grounds for such an assumption:
During  the  preceding  period,  a  long  sequence  of  dating  results  matching  experimental  ones  was
obtained, something which is impossible had there been a considerable error in the choice of a heat
generation (HG) rate.

DATA CONTROL FOR CONTINENTAL SHIELDS

In addition to the aforementioned data for the Baltic Shield (BSh), information on the parameter t
for the Canadian Shield (CSh) was used, as well as certain information on the territory of Greenland,
Precambrian massifs of the Siberian Platform (SP), Guiana and Brazilian shields of the South American
Platform (SAP), and the African Platform (AfP) (this combines the Nigerian-Mozambique and South
African shields, the data for which are particularly abundant). It is shown that the much less abundant
data for other shields of the continent are not at variance with those established for the AfP, for the
Indian  Shield  (ISh),  Sino-Korean  Shield  (SKSh),  as  well  as  for  the  Precambrian  regions  of  the
Australian (AP) and Antarctic (AnP) platforms. The location of regions (except for Antarctica’s massifs
free from ice) is shown in Fig. 8. Not included in the analysis are only the data for Precambrian rocks
inside  the  majority  of  folded  Phanerozoic  areas.  The  relevant  information  (for  the  Appalachians,
Cordilleras, Andes, etc.) does not contradict the data for adjacent shields, but in each particular case it
is represented by relatively small data package largely pertaining to the Proterozoic.

It is noteworthy that the absence of contradictions between activation ages based on models and
experimentally established dating results for rocks of the so far poorly studied Mid-Atlantic Ridge
Precambrian basement  within  the  age interval  of  2.6-0.6  billion  years  ago was also shown before
(Gordienko, 2014).
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Thus,  the  material  used  appears  to  be  quite  adequate  for  substantiating  the  conclusion  on
applicability  or  non-applicability  of  the  proposed  approach  to  explaining  known  dating  results.
However, the reliability of the results of comparison is largely determined by the error t on which the
possibility of pinpointing practically synchronous events depends.

This problem was earlier analyzed, on the qualitative level, by the authors of a generalizing study
(Tugarinov et al., 1970): “It is likely that there may not have been exact synchronism between tectonic
events that  took place on different  continents over the same period of time that  we have selected.
Within  the  limits  of  present-day  accuracy  of  measurements,  however,  they  can  be  presumed  as
synchronous” (Tugarinov et al., 1970, p. 378).

To assess the error in a single determination of the age of rocks, about 500 values of errors (∆t) cited
in publications were used. They are listed in the form of a histogram in Fig. 9 and encompass data for
all regions over the entire period in question.

A typical error amounts to about 15 million years (i.e., it is somewhat larger than listed above for the
Baltic Shield), but the distribution does not correspond to normal distribution, and therefore, this value
can only be viewed as a minimal assessment of the error. Sample arrays comprising 5 to 10 or more
values must include corresponding amounts of ages determined with errors two to three times larger.
Consequently, in such cases groups of values with mean deviations from the average amounting to 20
million years can be viewed as pertaining to the same event.

Fig. 8. Locations of Precambrian rock massifs the data on which have been used in this paper

In  line  with  this  assessment,  the  following in  the  consecutive  series  of  t  for  the  given  region,
including all known (more specifically, all those included in the analysis) values were identified as
characteristic of an individual event.

1. Nonrepetitive (random) dates separated from neighboring ones on the time scale by at least 20
million years and recurrent (coincident) dates with the same parameters.

2. Average dates in groups where all values differ from average ones by no more than 15 million
years.

3. Average dates in relatively large groups of data with deviations from average values by up to
20 million years. It should be taken into account that the magnitude of deviation could be associated not
just with the error in the determination of the parameter, but also with certain differences in the actual
ages of events in a single stage of tectonospheric activation in different areas of the region, which are in
many cases separated by hundreds of kilometers.
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Fig. 9. Histogram showing distribution of errors in the
determination of  Precambrian  rocks’  age (Brown,  1970;
The Early History…., 2005;

Encyclopaedia,  1980;  Gondwana  Research;  Khain,
1971, 1977, 1979; Precambrian…..  1968, 1976a, 1976b,
1977; Precambrian Research;

Ryabchikov et al., 2002; Semikhatov, 1974; Smelov et
al.,  2006;  Taylor  et  al.,  1988;  Tugarinov  et  al.,  1970;
Vernikovsky et al., 2006).

Tables 8- 17 summarize results of comparison between simulated and experimental data (in millions
of years)  for  the  Precambrian rock massifs  listed  above.  M designates  simulated (estimated)  date;
shown in parentheses is the number of t values in the group, provided that the number is larger than
one.

Table  8. Comparison  between  simulated  and  experimental  dating  results  for  the  Canadian  Shield  (CSh)
Precambrian rocks

М CSh М CSh М CSh
3,800 3,800±0(2) 3,140 3,150 2,240 2,240± 10(3)
3,770 3,100 2,200 2,190±0(3)
3,740 3,070 3,080±0(3) 2,150 2,160±10(3)
3,710 3,700±0(2) 3,040 3,040 2,120 2,110± 10(3)
3,680 3,010 3,000±0(2) 2,060 2,060±10(4)
3,650 2,980 2,980±10(2) 2,000 2,000±10(8)
3,620 3,620 2,940 2,940±10(2) 1,910±20(5)
3,590 3,590±10(2) 2,900 2,910±10(2) 1,850 1,850±20(20)
3,560 3,550 2,860 2,850±10(2) 1,800 1,800±10(12)
3,530 2,820 2,820±10(3) 1,750 1,750±20(20)
3,500 3,500±10(4) 2,780 2,780±10(3) 1,650 ±20(15)
3,470 2,740 2,740±10(7) 1,560±20(13)
3,440 2,700 2,700±10(11) 1,480 1,470±20(13)
3,410 3,410±0(2) 2,650 2,650±10(10) 1,350 1,330±20(8)
3,370 2,600 2,600 ±10(9) 1,250 1,260± 20(9)
3,330 3,350 2,550 2,550±10(10) 1,180±20(11)
3,300 3,300±0(3) 2,500 2,480±20(8) 1,100 1,080 ±20(19)
3,270 3,250 2,400 2,420±20(14) 950 960±20(8)
3,230 3,220 2,350 2,350±10(4) 790 770
3,200 3,200±0(2) 2,280 2,290±10(5) 670±20(4)
3,170 600 600 ±20(4)

Table 9. Comparison between simulated and experimental dating results for the Baltic Shield (BSh)
Precambrian rocks

М BSh М BSh М BSh
3,710 3,700 3,070 2,200 2,210±0 (5)
3,680 3,040 3,030 2,150 2,160
3,650 3,010 3,010±10 (2) 2,120 2,120±10 (6)
3,620 2,980 2,980±10 (4) 2,060 2,050±10 (9)
3,590 2,940 2,940±10(11) 2,000 1,990±10 (7)
3,560 2,900 2,900±10 (5) 1,940±10 (18)
3,530 3,530 2,860 2,860±10 (27) 1,850 1,860±20 (15)
3,500 3,510±10 (3) 2,820 2,820±10 (25) 1,800 1,790±20 (8)
3,470 3,470 2,780 2,780±10 (34) 1,750 1,740±10 (4)
3,440 3,440±10 (2) 2,740 2,740±10 (23) 1,610±20(14)
3,410 3,410±0 (3) 2,700 2,700±10 (48) 1,550±20 (6)
3,370 2,650 2,650±10 (25) 1,480 1,480±20 (5)
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3,330 3,330±10 (4) 2,600 2,590±10 (7) 1,350 1,330±20(3)
3,300 2,550 2,540±10 (5) 1,250 1,230±20(7)
3,270 3,250±10 (3) 2,500 2,490±10 (15) 1,100 1,120±20(8)
3,230 3,230±10 (6) 2,440±10 (15) 1,060±20(5)
3,200 3,210±0 (5) 2,400 2,400±10 (4) 950 960±20(20)
3,170 3,160±10 (2) 2,350 2,350±10 (4) 850±10(6)
3,140 3,140±10 (2) 2,280 2,280±10 (3) 790 780±20(3)
3,100 3,100±0 (3) 2,240 2,240±10 (2) 600 600±20(6)

Table 10. Comparison between simulated and experimental dating results for the Ukrainian Shield
(USh) Precambrian rocks

М USh М USh М USh
3,680 3,680±0(2) 3,010 3,010±10(6) 2,000 2,000±10(18)
3,650 3,650±0(5) 2,980 2,980±10(5) 1,950±20(12)
3,620 3,620±10(3) 2,940 2,920 1,850 1,880±20(4)
3,590 3,600±0(3) 2,900 2,900±10(9) 1,800 1,800±0(7)
3,560 3,560 2,860 2,860±10(4) 1,750 1,750±10(7)
3,530 2,820 2,820±10(12) 1,690±10(2)
3,500 3,500±0(3) 2,780 2,790±10(7) 1,580±20(5)
3,470 2,740 2,740±10(3) 1,480 1,460±20(5)
3,440 3,450±10(3) 2,700 2,700±10(10) 1,350 1,350±20(3)
3,410 3,400±0(3) 2,650 2,660±10(6) 1,250 1,230±20(4)
3,370 3,370±20(3) 2,600 2,600±0(9) 1,100 1,100±0(2)
3,330 2,550 2,550 950 900±0(2)
3,300 3,310±10(10) 2,500 2,500 790 770
3,270 3,270±10(4) 2,400 2,430±10(4) 600 650
3,230 3,250 2,350 2,340±20(5) 400 380±10(2)
3,200 3,190±10(3) 2,280 2,290±10(5) 200 250
3,170 3,170±10(4) 2,240 2,240±0(2) 70
3,140 3,140±10(7) 2,200 2,200±0(3) 0 5
3,100 3,100±0(7) 2,150 2,150±10(10)
3,070 3,070±0(5) 2,120 2,110±10(9)
3,040 3,040±10(5) 2,060 2,060±10(15)

Table 11. Comparison between simulated and experimental dating results for the Siberian Platform (SP) Precambrian
rocks

М SP М SP М SP
3,500 3,500 2,900 2,910±10(2) 2,000 2,000±10(7)
3,470 2,860 2,860±0(2) 1,930±20(18)
3,440 2,820 2,800 1,850 1,860±20(17)
3,410 2,780 2,770 1,800 1,810±20(8)
3,370 2,740 2,750 1,750 1,750±10(11)
3,330 3,350 2,700 2,700±0(3) 1,680±20(8)
3,300 3,300 2,650 2,660±10(2) 1,580±10(3)
3,270 3,250 2,600 2,600 1,480 1,500±20(7)
3,230 3,230 2,550 2,550 1,400±0(4)
3,200 3,200 2,500 2,490±10(4) 1,350 1,330±10(4)
3,170 3,160 2,400 2,410±10(4) 1,250 1,250±20(9)
3,140 2,350 2,350±20(2) 1,100 1,100±20(14)
3,100 3,100±0(4) 2,280 2,300±0(3) 950 960±20(6)
3,070 2,240 2,240±10(2) 870±20(10)
3,040 2,200 2,200±0(3) 790 790 ±20(15)
3,010 3,000±0(2) 2150 2,140±10(4) 720 ±20(13)
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2,980 2,970±10(3) 2120 2,110±10(5) 640±10(10)
2,940 2,940±10(2) 2060 2,060±20(4) 600 580±10(5)

Table 12. Comparison between simulated and experimental dating results for Precambrian rocks of the South
American Platform (SAP)

М SAP М SAP М SAP
3,500 3,500±0(2) 2,900 2,900±0(2) 2,060 2,060±20(11)
3,470 3,470 2,860 2,000 2,010±10(10)
3,440 3,450 2,820 2,800 1,960±10(9)
3,410 3,400±0(3) 2,780 2,780±10(2) 1,850 1,860±20(13)
3,370 2,740 2,740±10(2) 1,800 1,800±10(9)
3,330 2,700 2,700±0(6) 1,750 1,750±20(7)
3,300 3,300 2,650 2,670 1,670±20(10)
3,270 3,260±10(2) 2,600 2,600±0(3) 1,530±10(4)
3,230 3,230±20(2) 2,550 2,540±10(2) 1,480 1,490±10(3)
3,200 3,200±0(2) 2,500 2,490±20(4) 1,350 1,350±20(11)
3,170 3,170±10(4) 2,400 2,430±20(3) 1,250 1,210±10(9)
3,140 3,150 2,350 2,350±10(4) 1,100 1,100±20(6)
3,100 3,100±0(2) 2,280 2,300±10(4) 950 980±20(7)
3,070 2,240 2,250±10(3) 890
3,040 3,040±0(2) 2,200 2,200±10(5) 790 780±20(5)
3,010 3,010±10(2) 2,150 2,150±10(7) 670±20(8)
2,980 2,990 2,120 2,120±10(8) 600 570±20(8)
2,940 2,930

Table 13. Comparison between simulated and experimental dating results for the African Platform
(AfP) Precambrian rocks

М AfP М AfP М AfP
3,740 3,750 3,070 3,070±10(2) 2,150 2,150±10(3)
3,710 3,700 3,040 3,040±0(3) 2,120 2,110±10(6)
3,680 3,670 3,010 3,000±0(4) 2,060 2,060 ±20(6)
3,650 2,980 2,980±10(3) 2,000 1,990 ±10(9)
3,620 2,940 2,950±10(2) 1,930 ±20(9)
3,590 3,600±0(2) 2,900 2,900 ±0(5) 1,850 1,860±20(8)
3,560 3,560±0(2) 2,860 2,870±10(3) 1,800 1,800±10(10)
3,530 3,530±10(2) 2,820 2,810±10(6) 1,750 1,740±20(7)
3,500 3,500±0(2) 2,780 2,780±10(3) 1,620±20(4)
3,470 3,480±10(3) 2,740 2,740±20(3) 1,530±20(3)
3,440 3,440±10(3) 2,700 2,700 ±10(5) 1,480 1,430±20(3)
3,410 3,410±10(3) 2,650 2,650±10(8) 1,350 1,330±20(5)
3,370 3,380±10(2) 2,600 2,600±10(5) 1,250 1,250 ±20(7)
3,330 3,330 ±10(2 2,550 2,550 ±10(6) 1,200±10(2)
3,300 3,300±10(3) 2,500 2,500 ±10(4) 1,100 1,090±10(7)
3,270 3,260±0(2) 2,400 2,410±20(10) 950 950 ±20(8)
3,230 3,230±10(4) 2,350 2,350±10(4) 850±20(6)
3,200 3,200±0(5) 2,280 2,290±10(6) 790 770±20(6)
3,170 3,180 2,240 2,240±10(3) 670±20(5)
3,140 3,150 2,200 2,200±10(6) 600 570±20(8)
3,100 3,100±0(4)

Table 14. Comparison between simulated and experimental  dating results for the Indian Shield
(ISh) Precambrian rocks

М ISH М ISH М ISH
3,590 3,600 2,980 2,970 2,060 2,030

95



3,560 2,940 2,920±0(2) 2,000 2,000
3,530 2,900 2,900±0(2) 1,950±10(4)
3,500 3,500±0(3) 2,860 2,850 1,850 1,870±20(2)
3,470 2,820 2,800±0(3) 1,800 1,810±10(3)
3,440 3,440 2,780 1,750 1,720±20(4)
3,410 3,410±0(2) 2,740 2,750 1,580±20(11)
3,370 3,350 2,700 2,700±10(5) 1,480 1,480±20(6)
3,330 3,330±10(2) 2,650 2,630 1,350 1,350±20(6)
3,300 3,300±0(2) 2,600 2,600±10(3) 1,250 1,240± 20(7)
3,270 3,260±0(2) 2,550 2,560±0(2) 1,100 1,100±20(11)
3,230 3,230±20(2) 2,500 2,490±10(6) 950 970±20(20)
3,200 3,200±0(4) 2,400 2,400±10(5) 890±20(5)
3,170 2,350 2,310±10(3) 790 790±20(8)
3,140 3,120±0(2) 2,280 730±20(4)
3,100 3,100 2,240 670±10(2)
3,070 3,070 2,200 2,200 600 620±20(5)
3,040 2,150 2,140
3,010 3,000 2,120 2,100±0(3)

Table  15. Comparison  between simulated and  experimental  dating results  for  the Sino-Korean
Shield (SKSh) Precambrian rocks

М SКShSh М SКShSh М SКShSh
3,680 3,670 3,010 3,000±0(2) 2,060 2,060±20(3)
3,650 3,550 2,980 2,000 2,000±10(8)
3,620 2,940 2,950 1,930±20(12)
3,590 3,600 2,900 2,900±0(4) 1,850 1,860±10(16)
3,560 2,860 2,850 1,800 1,800±0(11)
3,530 3,530 2,820 1,750 1,740±20(4)
3,500 3,500 2,780 2,800±0(3) 1,650±20(6)
3,470 2,740 2,740±10(5) 1,480 1,520±20(2)
3,440 2,700 2,700± 0(2) 1,400±0(2)
3,410 3,400±0(2) 2,650 2,650±10(2) 1,350 1,370±10(2)
3,370 2,600 2,600 1,250 1,290±0(2)
3,330 3,340 2,550 2,550±10(5) 1,100 1,160
3,300 3,300±0(2) 2,500 2,500±0(5) 1,020±10(2)
3,270 2,400 2,420±20(5) 950
3,230 3,240 2,350 2,360±20(3) 880±0(3)
3,200 3,200 2,280 2,300±0(2) 790 780±10(5)
3,170 3,170 2,240 2,240±0(2) 740±0(2)
3,140 2,200 2,200±10(6) 670±20(4)
3,100 2,150 2,160±10(3) 600 600±10(3)
3,070 2,120 2,110±10(5)
3,040 3,050

Table 16. Comparison between simulated and experimental dating results for the Australian Platform (AP)
Precambrian rocks

М АPP М АPP М АPP
3,740 3,750±0(2) 3,070 2,150 2,160
3,710 3,710±10(2) 3,040 3,050 2,120 2,130
3,680 3,680±0(2) 3,010 3,000±0(5) 2,060 2,050±20(3)
3,650 3,650 2,980 2,970 2,000 2,000±10(3)
3,620 3,620 2,940 2,940±10(2) 1,940±10(4)
3,590 3,600±0(3) 2,900 2,900 1,850 1,840±10(6)
3,560 2,860 2,860 ±10(3) 1,800 1,800±10(8)
3,530 2,820 2,810±0(4) 1,750 1,740±10(15)
3,500 3,500±0(3) 2,780 2,780±10(3) 1,660±20(18)
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3,470 3,470 2,740 2,740±10(6) 1,550±20(21)
3,440 3,440±0(2) 2,700 2,700±10(12) 1,480 1,480±20(12)
3,410 3,400±0(2) 2,650 2,660±0(5) 1,350 1,350±20(12)
3,370 3,350 2,600 2,600±0(5) 1,250 1,220±20(11)
3,330 3,330±10(2) 2,550 2,550±10(3) 1,100 1,150 ±20(13)
3,300 3,300 2,500 2,480±10(3) 950 980±20(10)
3,270 3,250±0(3) 2,400 2,400±10(3) 900±20(4)
3,230 2,350 2,360 790 790±10(5)
3,200 3,200±0(2) 2,280 2,300 730±10(8)
3,170 3,180 2,240 2,250±0(2) 690±10(5)
3,140 3,120 2,200 2,200±0(2) 600 600±20(5)
3,100 3,100

Table 17. Comparison between simulated and experimental dating results for the Antarctica Platform (AnP)
Precambrian rocks

М АPnP М АPnP М АPnP
3,470 3,470 2,900 2,000 2,000
3,440 2,860 2,840±0(2) 1,900±0(2)
3,410 2,820 2,820±10(4) 1,850 1,860±10(2)
3,370 3,380±0(2) 2,780 2,790±10(4) 1,800 1,800±0(2)
3,330 3,350 2,740 1,750 1,740 ±20(8)
3,300 3,300 2,700 1,620±20(8)
3,270 3,270 2,650 2,640±10(2) 1,560
3,230 2,600 2,600 1,480 1,490±10(2)
3,200 3,200±0(2) 2,550 2,540±10(2) 1,350 1,370 ±20(5)
3,170 3,170±0(2) 2,500 2,500±10(9) 1,250 1,270±20(5)
3,140 3,150 2,400 2,420±20(7) 1,100 1,120±20(20)
3,100 3,100 2,350 950 960±20(7)
3,070 3,070±0(3) 2,280 2,300 880±10(2)
3,040 2,200 2,200±0(3) 790 800
3,010 3,000 2,150 700
2,980 2,980 2,120 2,100±0(2) 600 620 ±0(2)
2,940 2,060 2,060±0(2)

On Precambrian massifs of the majority of continents the recorded part of geological history started
from 3.6 to 3.8 billion years ago which matches simulation results. As regards SAP, SP, and AnP, the
data  of  single  age  determinations  of  about  3.7-3.8  billion  years,  separated  from  main  arrays  of
information by large gaps, have not been shown. Also confirmed is the existence of a pre-geological
stage of development as earlier indicated by many authors. In primary clastic rocks of some shields
(USh, CSh, AP, ISh, and others) zircons aged 4.0-4.5 billion years have been encountered. They pertain
to the period of an unstable crust from which by now no noticeable formations have remained on the
erosional truncation. In the majority of case sthey are no older than 4.2 billion years.

According to the model, the “territorial all-encompassing” activity on shields became impossible
about 2.5 billion years ago. Active events closer to contemporary were viewed as ones that occurred
within relatively  narrow strips  about  100 km in  width beyond which  simultaneous  heat  and  mass
transfer in the mantle was absent over large distances. This estimate agrees with conclusions reached by
Tugarinov et al.  (1970) on the differentiation of the processes on Precambrian massifs during that
period: “Primary cores of practically all contemporary continents took shape directly after the end of
the  Rhodesian  tectono-magmatic  epoch  (i.e.,  2.4-2.5  GA  –  Gordienko).  It  is  precisely  then  that
relatively large blocks first  acquired their distinctive features, and subsequently, geosynclinal zones
could no longer be spotted on them….” (Tugarinov et al., 1970, p. 393).

According to modelling results, after 2.0±0.3 billion years ago, alternation of geosynclinal and rifting
processes in the tectonosphere of shields gave way to conditions favorable for single-episode activations.
This conclusion agrees with the data obtained for various continents: “…. starting from 2,000 million years
ago, for the first time in the Earth’s history, there emerged platform-type plutons” (Tugarinov et al., 1970,
p.393).
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Some of the simulation dating results have no analogs among experimental data. This applies to 15±
5%  values  greater  than  2  billion  years  and  may  well  be  accounted  for  by  insufficient  degree  of
exploration of rocks or their poor state of integrity.

For more recent periods, all estimated dates have analogs among experimentally derived ages. At
the same time, there appear values of t which are absent in simulation results. This phenomenon can be
explained in the following way (Gordienko, 2009a, 2009b; Gordienko et al., 2005). The permobilic
stage in geological history consists in a sequence of geosynclinal and rifting activations separated by
time  spans  which  can  be  correlated  in  duration  with  gaps  between  stages  of  development  of
geosynclines or rifts. Activations encompassed the entire future platform. They might in the future be
separated (the closer to the Phanerozoic the more frequently) by longer periods of “tectono-magmatic
quiescence” in each of the blocks with individual histories of development. In simulation results, this is
reflected in the appearance of time gaps without heat and mass transfer 2.5-2.4, 2.0-1.85, 1.75-1.48 and
0.79-0.60 billion years ago. In experimental data, representing generalization of information for many
blocks of shields and platforms, such gaps in the dating sequence are absent due to the absence of
synchronicity in the processes taking place in various parts of the regions. That is how “extra” t values,
as compared with simulation results, appear in Tables 8-17. The above assumption can be verified with
the help of data shown in Fig. 10.

Fig. 10. Time intervals (Δt)
between  active  Precambrian
events as a function of rocks’
age (t).

1 and 2 – experimental data
averaged  1)  for  shields  and
platforms;  2)  for  separate
blocks; 3) estimated data

Fig. 10 shows estimated
Δt  values  outside
aforementioned  intervals
that  presumably  separate
cycles  of  geosynclinal  and
rifting activity. In the upper

part of Fig. 10, experimentally derived intervals between periods of activity based on averaged t values
from Tables  7-16  are  correlated  with  estimated  Δt.  In  the  lower  part  of  Fig.  10,  correlated  with
estimated values are gaps between periods of activity averaged for relatively narrow blocks: The Azov
Massif (in the Ukrainian Shield), the Laplandian and White Sea zones (on the Baltic Shield), parts of
the Slave Craton (Canadian Shield), and the Yilgarn and Goler shields (Australian Platform). In both
cases, agreement has been registered for the permobilic period and for some time after it – until about
1.8-2.0 billion years ago. For younger ages, differences in the geological history of individual blocks
are becoming increasingly significant and conformity with estimated Δt values (determined within this
time interval precisely for a single block) cannot be reached for the shields in general.  Conformity
between estimated  and experimental  data  is  fairly  good if  comparison  is  performed with  data  for
individual blocks.

It was shown in a study by Gordienko (2009b) that thermal energy discharged through radioactive
decay of the assumed (platform) level is most likely insufficient to ensure additional heat and mass
transfer episode between active periods 2.0 and 1.85 billion years ago. This process could only occur in
those blocks in which there had been no event aged 2.0 billion years. Later, the time of heat generation
(HG) decreases and intervals of about 50 million years between activations are all the more unrealistic.
Let  us  consider  the  possibility  of  coming  across  “extra”  dating  values  in  individual  blocks  of
Precambrian platforms within the period of 1.8-0.6 billion years ago provided that one of the estimated
activations whose age is listed in Tables 8-17 (Fig. 11) is missing.

It is obvious that, in the absence of activation 1.75 billion years ago, a process 1.65 billion years ago
becomes possible (in other words, a thick zone of partial melting emerges, a zone capable of becoming
a source of material and energy for a heat and mass transfer event to be triggered). If this does not
happen, then, 100 million years later,  there will  be enough stored energy for triggering two active
episodes  (for  example,  1.55 and 1.45 billion years  ago).  If  an activation 0.95 billion years  ago is
omitted, this would lead to a possible process 0.85 billion years ago, and so on.
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Fig. 11. Estimated temperatures in the upper mantle for Middle and Late Proterozoic. Numbers next to the
graphs stand for time in millions of years ago; S is the solidus temperature.

HEAT GENERATION (HG) VARIATIONS IN MANTLE ROCKS

The analysis of  the geological  history of platforms presented in the paper was performed for a
specific level of heat generation in mantle rocks. This approach has its limitations. The overwhelming
majority of samples studied were collected from the mantle of regions where there was no geosynclinal
folding in the Proterozoic. With regard to other samples, nothing certain can be said in this respect.

Two circumstances make it  possible to suggest
that HG in the mantle of Precambrian platforms may
deviate appreciably from the adopted average (0.04
μW/mW/m3) over large territories.

1.Expansive  zones  of  reduced heat  flows  (HF)
have  been  spotted  on  platforms.  In  a  number  of
cases  those  anomalies  might  be  associated  with
near-surface distortions. One of them is located on
the Eastern European Platform, and this author took
part  in  determining  some  of  the  low  heat  flows
there. There are reasons to believe that they reflect
an anomaly in the deep-seated heat flow (Gordienko
et al., 2007) (Fig. 12).

Fig.  12. Segment  of  the  HF  map  for  Central  and

Eastern Europe. HF contours are in mW/m2

In the southern part of the negative heat flow anomaly near the Ukraine/Belarus border (on the
Pripyat Swell), the HF level – about 30-35 mW/m2 – is

by  approximately  10  mW/m2 lower  than  typical  of
platforms.  The  available  data  on  the  crustal  velocity
profile,  given  the  usual  type  of  correlation  between
seismic  wave  velocities  and  heat  generation,  do  not
enable us to account for the HF level decrease at normal
HF from the mantle. Heat generation in mantle rocks has
to be reduced by approximately 20 percent.

Fig.13. Comparison  of  estimated  temperatures  (T)  with
geothermometry  data  pertaining  to  the  upper  mantle  of  the
Ukrainian Shield and the Pripyat Swell.

Estimated T: 1 – Ukrainian Shield, 2 – Pripyat Swell;
Geothermometry  data:  3)  Ukrainian  Shield,  4  –  Pripyat

Swell

An assessment of the tectonospheric thermal history
for such a version of HG is described by Gordienko et al
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(2005). It turned out that, in such a region, during the period of 3.6-0.00 billion years there may have
been 16 heat  and mass transfer episodes,  whereas this number is  49 in a region with normal HG.
Contemporary estimated temperatures in the tectonosphere also differ (Fig. 13). This difference can be
corroborated by comparison between estimated T and the data of geothermometry.

Agreement between estimated and experimental data proves that the approach is valid. Estimated
temperatures at the bottom of the upper mantle practically coincide (Fig. 13).

2. Frequently encountered on platforms are regions with HG values at the level of 50mW/m2. This
provides no grounds to believe that heat generation in rocks, which originated in the upper mantle, as
more intensive. Such minor disturbances may have different causes.

As  shown  above,  results  of  assessments  for  normal  HG  in  the  upper  mantle  rocks  show that
geosynclinal processes during the period of 2.4-0.6 billion years ago were unlikely. A total of 19 heat
and mass transfer events took place within that period in rift structures and in zones of single-episode activation.

Fig. 14. Map showing location of geosynclines  of dissimilar age on continents (Larin,  2012; and others).
Shields: 1 –Archean folded zones, 2 – Archean and Proterozoic folded zones, 3 – Precambrian platforms with
sedimentary veneers, 4 – Phanerozoic folded zones

The presence of geosynclinal folded zones of Proterozoic age on large territories of Precambrian
platforms is an argument in favor of the existence of regions with more extensive heat generation in
upper mantle rocks (Fig.14). Various data point to the existence of six to 12 epochs of folding. Precise
determinations based on available  information are  not  possible.  Some of  the folded zones may be
confined to Precambrian massifs within Phanerozoic geosynclinal belts, not all of them overlapping on
Precambrian platforms (Bogdanov et al., 1968; Larin, 2012; Stille, 1968; and others). Therefore, closer
to the actual picture might be a minimum estimate of the number of geocynclinal cycles. Eighteen
episodes of mantle heat and mass transfer during the period of 2.4-0.6 billion years ago are associated
with them.

On territories  in  question,  over  the  same  period  of  time,  there  occurred  at  least  six  stages  of
formation of platform-type batholiths probably indicating the cessation of the geosynclinal stage in the
region’s history (Larin, 2012). There is no doubt that after we use results of more detailed studies on
those platform blocks, traces of several single-episode activations, probably rifting processes, could be
detected. A hypothetical number of heat and mass transfer episodes could come to about 30.

Obviously,  the  effect  of  HG variations  in  upper  mantle  rocks  beneath  Precambrian  continental
platforms is fairly distinct, despite the poor level of knowledge of the problem.

CONCLUSIONS
Thus,  correlation  between  estimated  and  experimentally  established  ages  of  activations  in  the

Precambrian can be considered proven for platforms of all continents. Calculations of thermal history
that have been conducted enable us to numerically determine the dates of active events and variations
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in their characteristics and frequency. The investigation that was carried out is essentially a physical
substantiation of Stille’s canon.
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6. GEOSYNCLINES
 

The  term  “geosyncline”  has  been  tackled  in  numerous  publications.  We  will  not  join  in  the
discussion that has been under way for over a century, but will just highlight characteristics of this type
of  endogenous  conditions  that  set  it  apart  from  others.  We  are  talking  about  a  combination  of
holomorphic folding and homodromic sequence of magmatism.

The  tectonosphere  of  geosynclines  became  this  author’s  principal  subject  of  study  since  the
inception of the initial version of the advection-polymorphism hypothesis (APH) (Gordienko, 1975)
and has remained as such at all stages of its further evolution (Buryanov et al., 1987; Gontovaya et al.,
2006; Gordienko, 1998; Gordienko et al., 1990, 1992 and 2011; and others). In the course of these
studies,  processes  in  the  tectonosphere  of  the  North  American  Cordilleras,  the  Alps,  Balkanides,
Carpathians, Caucasus, Tien-Shan, Pamirs, Kamchatka, Sakhalin, Kuriles, Japan, Sikhote Alin, Donets
Basin,  Scythian and Turanian plates,  and the Crimea have been analyzed with varying degrees  of
conclusiveness and detail. In all cases, known facts of the regional geological history fit the pattern of
the geosynclinal cycle (Aubouin, 1965; 

Beloussov, 1978).
The use of this vast body of material has enabled us to draw two important conclusions:
1. In many cases, dozens of millions of years after the conclusion of the Phanerozoic geosynclinal

cycle (holomorphic folding and final magmatism), an additional stage of active processes took place on
the same territory. It would be wrong to label them as “geosynclinal process” since it also encompassed
adjacent regions, including platforms.

2. The verification technique used in the APH to determine the validity of the heat and mass transfer
pattern consists in comparing experimentally derived geological and geophysical facts with estimated
ones (Gordienko, 2015a). The differences (without  numerical tailoring) must not exceed those due to
observation or calculation errors. The efficiency degree of such a procedure depends on the quantity of
facts suitable for comparison. The said quantity goes down with the growing age of the geosyncline.
The quantity of facts is the largest for Alpides where disturbances in physical fields and models due to
anomalous temperatures (T) at depths are significant. We have therefore opted for the Carpathians and
Kamchatka to illustrate the hypothesis.

The choice of precisely the said regions was motivated by the fact that they represent dissimilar
types of geosynclinal belts: continental Alpine-Himalayan and peripheral Pacific. Apart from that, they
complement one another in what concerns the extent of coverage by various geophysical methods.

EASTERN CARPATHIANS
The tectonic classification of the region adopted in the study and the description of its geological

history are largely based on the studies carried out over recent 40 years (see Bibliography to Gordienko
et al., 2011a). It was assumed that zones of folding on the territory of Ukraine and in its close vicinity
were confined to troughs that emerged on the basement of Riphean-Caledonian-Hercynian age. They
are represented by the Folded Carpathians (FC) and Transcarpathian (TrC) zones, Fig. 1. In addition to
basements of contemporary Transcarpathian troughs -- Eastern Slovakian and Chop-Solotvino, -- the
Transcarpathian zone also encompasses strips of Pieniny and Marmarosh cliffs, the Marmarosh Massif,
as well as the Rahov and Ceahlău nappes.

The initial geosynclinal process can, if only approximately, be dated back to the Gothian epoch that
ended about 1,200 million years ago. The mid-Riphean rocks at the basement are about two kilometers
in thickness. The eastern boundary of the next (Baikalian) geosyncline with the age of folding inception
of about 900 million years lay in the area of the Teisseire-Thornquist line; the western boundary has not
been identified. An active tectonic process during the Cadomian epoch on the territory of the region in
question may have occurred at the boundary of the Cambrian and Vendian. We are talking about rifting
in the Volyn-Polesie trough. Relevant data are available for the Volyn-Podolsk Plateau and Belarussian
Massif; the extension of the trough into the Carpathian Region is likely but cannot be proven. If this
process did take place, it must have been quite unusual and comprised two stages aged 600 and 550
million years. In the Carpathian basement, in addition to the dating of metamorphism at the final stage
of the Hercynian period (340±20 million years) and of the Permian activation (250±20 million years),
an age of 150 million years was also obtained – the start of the Alpine stage at the boundary of Folded
Carpathians and the Transcarpathian Region. Similar age determinations were obtained in Dobruja, at
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the  periphery of  the  Leżajski Massif,  in  Silesia,  and further  north of  it.  In  all  the  aforementioned
benches and in the basement of the Lvov Trough, over a short distance, the age of the folding was
already determined as Caledonian.  One gets the impression of a somewhat protracted geosynclinal
cycle of Late Caledonian-Early Hercynian age. This interpretation of the available facts appears to be
better  substantiated  than  the  option  of  admitting  the  existence  of  two  adjacent  heterochronous
geosynclines. Eastern boundaries of Carpathian Hercynides and Caledonides actually coincide with the
boundary  of  Baikalides.  Total  thickness  of  the  sedimentary  volcanogenic  layer  of  Caledonian-
Hercynian age near the geosyncline’s eastern edge is about four kilometers. The location of individual
structural elements of the Marmarosh Massif suggests that, despite the steadiness of the geosyncline’s
eastern boundary, the Paleozoic and Alpine regions involved in active processes differed in directions
of strike. Other data do not, however, support that conclusion.

Fig. 1. Location of Eastern Carpathian geosynclinal zones on the territory of Ukraine and in its close vicinity.
1.  Northeastern  platform  foreland  of  the  Carpathian  geosyncline,  2.  Cis-Carpathian  Trough,  3.  Folded

Carpathians zone, 4. Transcarpathian troughs zone, 5.  Pieniny cliffs zone, 6. Young volcanics, 7. Overthrusting
direction, 8. Deep seismic probing profile. The inset shows tectonic features of the Carpathians and borders of
states.  PrB stands  for  Cis-Carpathian  Trough, Folded  Carpathians  (FC),  Western  Carpathians  (WC),  Eastern
Carpathians (EC), Southern Carpathians (SC), Transcarpathian troughs (TrB), Transylvanian Depression (TB),
Apuseni (A), Pannonian Depression (PB), Lvov Depression (LB).

The Paleozoic geosynclinal process culminated in regional metamorphism whose intensity may have
varied significantly throughout  the  region.  The temperature  distribution shown below characterizes
fairly well conditions within the crust of the geosyncline (Fig. 2). Moreover, the very fact that rocks

which, about 300 million years ago, used to lie at depths of over 30
km,  have  now been discovered at  the  surface  may serve as  an
indication of possible rather fast vertical displacements of crustal
blocks. Such a block may be viewed as an analogue of the known
Ivrea zone in the Alps, a zone illustrating a result of a deep-seated
part of the Earth’s crust rising by approximately 20 km.

Fig. 2. Geothermometry data pertaining to the final stage of evolution
of the Carpathian Paleozoic geosyncline.  Sol denotes solidus of rocks in
the amphibolite facies of metamorphism. 

Experimental (1) and estimated (2) data.

At  the  very  end  of  the  Paleozoic,  the  region  underwent
activation. It is unlikely that it was geosynclinal activation or rifting, it was rather a minor activation – a
single event. A series of dating results at the Permian-Triassic level support this conclusion.

Alpine geosynclinal processes on the territory of the region under study started in the Late Triassic-
Early Jurassic (about 190 million years ago). A review of opinions voiced by different researchers of
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the  Carpathian  Region  has  made  it  possible  to  outline  the  following  sequence  of  events  without
claiming greater veracity of their description than that achieved through other approaches. The process
started within an approximately 50 km-wide Transcarpathian zone as an insignificant (possibly, not
widespread) subsidence and accumulation of sediments (Fig. 3). After the folding process (or, at the
least, a hiatus in sedimentation and temporary uplifting) close to the interface between Early and Late
Cretaceous  (about  110  million  year  ago),  sediments  accumulated  again,  in  patches,  but  only
occasionally did the sedimentation rate reach about 30 meters per million years. It did not exceed 10-20
meters per million years during the larger part of the period prior to folding, at the interface between
Paleogene and Neogene (about 25 million years ago). Such a rate (5÷20 meters per million years) is
typical of the corresponding period of history of a part of the Eastern European Platform adjacent to the
Carpathians. In  other  words,  this  stage  of  evolution  of  the  Transcarpathian  Region predating
hypothetical Late Alpine folding does not look typical of geosynclinal evolution. True, neither was the
preceding sediment accumulation vigorous enough. This kind of situation is generally nothing out of
the ordinary as far  as eugeosynclinal  Alpide zones are concerned.  The absence of silicides among
Transcarpathian sediments seems to be an essential difference.

At the southwestern boundary, the nascence of the eugeosynclinal trough was accompanied by the
appearance of rocks of the spilite-diabasic formation and in the northeast – of the ophiolitic complex –
hyperbasite  and  spilite-diabasic  formations.  At  the  same  boundaries  of  the  zone,  inversion-type
volcanism was detected in the Upper Cretaceous and partly in the Eocene within previously deformed
folded bands. The age of the inversion is about 120-90 million years. It would be logical to classify
subsequent manifestations of magmatism (about 50 million years ago) as postgeosynclical events for
that  zone provided that  they match  Transcarpathian  history (they  can  also  be  characteristic  of  the
neighboring Folded Carpathians zone). Traces of an intermediate stage of magmatism – porphyrites,
diabases,  and their tuffs – have been found in the Upper Jurassic (about 150 million years) of  the
Marmarosh Massif.

In the Middle Cretaceous (about 100 million years ago), fold-thrust structures formed within rocks
of the Marmarosh Massif. In the cliff zone, narrow wedges and small sheets of Mesozoic rocks spread
out in a fan-shaped manner both southwards and northwards from the center.

 

Fig. 3. Variation of sedimentary layer thickness (experimental: 1 – for Transcarpathian and 2 – for Folded
Carpathians) and estimated (3 and 4 – for Transcarpathian and 5 - for Folded Carpathians), and magmatism in the
Carpathian  Alpine  geosyncline.  Igneous  rocks:  ultrabasic  (u),  basic  (b),  intermediate  (int)  and  acid  (a).  3  –
estimated values for individual stages, 4, 5 – smoothing curve. 

Mesozoic igneous rocks in the Transcarpathian Region include ultramafites; the said igneous rocks
also  transport  spinel  lherzolite  xenoliths  (i.e.,  material  of  subcrustal  mantle,  in  the  case  of  strong
heating – from depths not larger than 100 km, yet the high magnesium content in the rocks may attest
to a greater depth of the primary magma chamber).

Outside of the Ukrainian Carpathians, magmatism aged about 90-100 million years is confined to a
very  long  zone  whose  northern  tip  in  the  Apuseni  Mountains  (Romania)  extends  almost  to  the
Transcarpathian Region.  Rocks ranging from ultrabasic to granitic are present there. The depths of
primary chambers amount to 210±80 km; magma chambers form beneath the crust at 55-60 km; the
primary chamber within the crust -- at depths of 32-25 km and the secondary chamber at 2-10 km. 
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The above  information indicates  that  major  geosynclinal  processes  in  the  Transcarpathian  zone
came to an end between the Early and Late Cretaceous. Quite naturally, active processes in the zone do
not  cease  because,  next  to  that  quite  narrow  band,  there  evolve  geosynclinal  zones  of  Folded
Carpathians and the Pannonian Massif (the latter are insufficiently covered by studies due to the very
thick sedimentary veneer in the young Pannonian Depression overlying the massif).

The miogeosynclinal zone of the Folded Carpathians started warping (which was relatively weak at
the  beginning)  in  the  Early  Cretaceous  (about  130  million  years  ago).  Taking  into  account  the
overthrust amplitude at the boundaries of the zone, its width in Ukraine can be estimated as varying
from  the  northwest  to  southeast  from  100  km  to  50-60  km.  The  sedimentation  rate,  like  in  the
Transcarpathian  zone,  increased  with  time,  and  it  is  on  the  whole  twice  higher  than  in  the
eugeosyncline (Fig. 3). The sediments are largely represented by the Cretaceous-Paleogene flysch.

At the southwestern boundary of the Folded Carpathians zone, the start of the process is marked by
spilite-diabase magmatism. The termination of the active mantle heat and mass transfer could, with a
certain extent of probability, be  correlated with manifestations of Eocene magmatism at its boundary
approximately 40-50 million years ago.  According to  some data,  however,  volcanic  activity in the
Krośnieński zone also took place in the Oligocene. It cannot be ruled out that about 90 million years
ago  magmatic  manifestations  in  that  area  were  also  among  those  events.  The  situation  regarding
magmatism in the Southern Carpathians resembles the situation that was studied in detail in the Donets
Basin: The majority of known igneous rocks (with the exception of the Mius dyke complex formations)
lie at the southern margin of the Hercynian geosyncline, at the boundary of the Azov Massif.

The age of  the  main stage in  the  formation of  folds  and veneers  in  Folded Carpathians  varies
markedly across its  territory and averages about  25 million years.  Migration of the age of folding
(probably lengthwise and across the zone) cannot be clearly followed in the Ukrainian part of Folded
Carpathians,  in  particular,  due  to  the  superimposed  Late  Paleogene  Krosno  (Poland)  Depression.
Migration is better traced further southeast (in Romanian Eastern Carpathians). This phenomenon is
typical of folded zones of rather wide geosynclines, in particular, Mediterranean Alpides; it has been
detected in the Dinarides, Ellinides, etc. 

Migration of  the  manifestations  of  active processes,  as  attested to  by geological  data,  makes it
possible  to  conclude  that  movements  of  the  deep-seated  substance  in  the  wider  part  of  Folded
Carpathians occurred with a certain temporal hiatus: In southwest, it happened earlier than in northeast.
If so, the vergence of folds and the stress and strain causing deformation should be oriented both across
the trough and in a direction close to meridional. This conclusion matches the data of tectonophysical
studies in the region. According to those studies, the stresses do not exceed the rocks’ strength, more
specifically, the rock cover forms as a result of rocks slipping down the sloping basement.

At the post-folding stage of development (starting from about 15 million year ago), the main part of
the Transcarpathian zone sagged while accumulating Neogene molasses in the process. At the same
time,  the  Folded  Carpathians  zone  rose  and  is  still  rising.  This  pattern  of  events  points  to  a
superimposed  nature  of  recent  (Pliocene-Pleistocene  and  partly,  Miocene)  processes  relative  to
geosynclinal processes proper.

Magmatism, presumably matching the orogenic stage of the geosyncline, is known to have been
affecting the Transcarpathian zone (median massif?) since 15 million years ago. Two stages have been
identified within the period of 10-15 million years ago: The beginning is represented by acid rocks
from crustal magma chambers; later, andesites emerged; the primary source of the magma occurs at the
depth of 50-100 km, and the temperature within that depth range was estimated as 1,300-1,350oC.

At the initial stage, the last major episode of folding and thrusting took place in the Carpathians
about  12 million years  ago.  Associated with it  are  largely displacements  at  the  outer  boundary of
Folded Carpathians where the flysh thrusts over the foretrough and Neogene molasses collapse. The
elevation of Folded Carpathians was faster by an order of magnitude that the elevation of the preceding
period, but it was short-term – about four million years. Within the period of 10-5 million years ago, the
level of the surface in the Folded Carpathian zone and in both troughs remained virtually unchanged.

Two areas of magmatism formed in the Transcarpatian Region: The inner volcanic arc with rocks
ranging in age from 15 to 5 million years (a contrasting formation comprising two sequences – basalt-
andesite-liparite and dacite-liparite) and outer volcanic arc with rocks ranging in age from 4 to 1.5
million years (a continuous andesite-basalt sequence). The early acidic volcanism is clearly associated
with  crustal  sources.  The  andesites  are  also  of  crustal  origin,  but  they  resulted  from  reworking
(destruction) of the lower portion of the crust by basalt intrusions. Andesite-basalts are the product of
differentiation in intermediate chambers that have subcrustal source of magma supply. Widespread in
the Folded Carpathians are telethermal deposits of arsenic-antimony and some mercury-bearing rocks.
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In other words, magma chambers supplying telethermal fluids exist at the stage of contemporary active
processes  and  beneath  a  seemingly  amagmatic  miogeosynclinal  zone.  Some  of  them  are  of  Late
Pliocene age. Individual hydrothermal manifestations have been traced up to the margin of the Cis-
Carpathian Trough.

Manifestations of magmatism dating back to 2-5 million years ago are known in the southern part of
the Cis-Carpathian Trough overlying the platform of the Moldovian plate (Bacău area) and the Mesian
plate. Similar rocks have also been spotted in the  Caliman-Hargit mountain range (Transcarpathian
Region).  In  the  Vygorlat-Gutin  range,  which  is  a  northwestern  extension  of  the  Caliman-Hargit
mountain range, thermomagnetic data have enabled us to establish depths of the main foci of basalts
and andesite-basalts at 60±10 km, liparite-dacites at 27±5 km, and peripheral magma chambers with
mixed-composition magmas are common at depths of up to about 7 km.

It is obvious that the depths of magma chambers are distributed in the same way as during the period
of completion of the geosynclinal process in the Transcarpathian Region, i.e., in addition to the main
melting chamber within the  crust  at  the  depth of  about  20 km, there also exist  secondary magma
intrusions into the upper crust that also feed volcanos.

Chemical characteristics of andesites in the Mesian plate and in the Caliman-Hargit range point to
the depth of the intermediate magma differentiation at about 100 km; according to geochemical and
thermomagnetic data, the magma of olivine basalts that formed later (but within the same stage of
magmatic activation) underwent differentiation at the depth of about 50 km (Gordienko, 2015c) after
emerging at the depth of 200 km. The latest information pertains to contemporary active processes
outside the geosyncline, on the Mesian plate, where no subcrustal asthenosphere had existed prior to the
start of the process. 

The main data on the depths of Alpine-age magma chambers in the Carpathian geosyncline, based
on studies of igneous rock composition, are listed in Table 1 in which they are correlated with the data
derived with the help of thermal models (see below).

Table 1. Comparison between estimated and experimentally established depths of magma chambers 
Age, Ma Depth (km) of magma chambers in

the Transcarpathian zone
Depth (km) of magma chambers in

the Folded Carpathians zone
Experimental Estimated Experimental Estimated

190 200 220
140 125 130
130 100-150 160
90 200 220 100 110
90 50 60

40-50 110 50-100 60
2-15 75 45-90 20 25
2-15 20-25 20-25

Let us analyze patterns of heat and mass transfer in the tectonosphere of the Carpathian geosyncline
in terms of the APH scheme, starting from the time of the Galician geosyncline formation for which
age determinations of the process are available.

The initial temperature distribution in the mantle beneath the future geosyncline differed from the
background pattern because it was a result of relaxation of temperature anomalies that resulted from the
process of geosynclinal activation 1.2 billion (Ga) years ago. Accordingly, the material,  which was
overheated 900 million years ago, traveled from the depths range of 220-480 km to the 150-200 km
depth interval (T=+350oC anomaly), and the material that sank to replace it cooled the asthenosphere
down by 65oC. The thickness of the asthenosphere beneath the geosyncline increased (Fig. 4). At the
second stage -- 870 million years ago, -- the heated and partially molten material from the depths of
170-480 km (the T anomaly equaling -85oC) rose to the 100-150 km (the anomaly of T = +530oC). At
the third stage – 830 million years ago – rocks from the depths of 110-480 km (the T anomaly is –
100oC)  rose  to  the  50-100  km  interval  (the  T  anomaly  =  +730oC).  The  described  process  is
supplemented  by  the  radiogenic  heat  generation  in  the  upper  mantle  at  the  level  of  0.06  μW/mW/m3

(Gordienko, 2015b).
The model was constructed with a view to analyzing the possibility of all active processes known in

the region and their thermal ramifications affecting, in the final analysis,  conditions of shaping the
Carpathian  Alpine  geosyncline.  For  that  reason,  when  dealing  with  ancient  active  processes,  the
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calculations  were  limited to  major  events,  while  crustal  intrusions  were  not  taken  into  account  in
simulations.

Thermal models shown in  Fig. 4 describe the situation that prevailed prior to the ascent of three
QTAs (quanta of tectonic action) and 30 million years later, after the heat and mass transfer process
was over.

Then there followed a protracted hiatus in active processes with accumulation of energy in the lower
portion of the upper mantle that led, 600 million years ago, to the emergence there of a reservoir of
partially molten rocks suitable for triggering the next heat and mass transfer event. The location of
boundaries of the Volyn-Polesie rift in the region is not known. Presumably, it may occupy a large part
of the region, but due to the sharp difference between its strike and the strikes of geosynclines of all
ages in question, thermal effects may have only be felt in the northwest. 

Fig.  4.  Estimated  heat  model  of  the
Galician geosyncline.

Numbers next to the curves denote age
in millions of years. Sol stands for solidus of
mantle  rocks.  Ol-Sp are  PT  conditions
during olivine transformation into a mineral
with spinel structure.

The  mean  temperature  beneath  the
Carpathian  Region  estimated  for  such
conditions  reflects,  to  a  certain extent,
the influence of the  rift  on the mantle

thermal field and probably does not introduce serious errors into the results of calculation which were
used for further analysis (there still remains 150-200 million years before an active process, closest to
rifting, will start). It cannot be ruled out that a substantial difference between the northern and southern
parts of the region dates back to that particular time. This difference was also spotted on the Volyn-
Podolian plate (Gordienko et al., 2011a).

The rifting process was studied more thoroughly to the east of the Carpathians, and for that reason
the model uses division of the active processes into stages established for the Volyn-Podolian plate
(Gordienko et al., 2012), Fig. 5. In the first stage, 600 million years ago, the overheated material travels
from the depths interval of 220-340 km (the temperature anomaly is -320oC) into the depth range of 50-
100 km (the T anomaly is +780oC). A crustal level of partial melting is produced; conditions within it
are not analyzed in detail for reasons stated above. In the second stage, 550 million years ago, the
removal of material occurs from the 350-480 km depth interval (the T anomaly is – 210oC) into the
depths range of 100-150 km (the T anomaly is +560oC).

Fig. 5. Estimated thermal model of the
Volyn-Polesie  rift.  See  Fig.  4  for  the
legend.

The  low  intensity  of  temperature
anomalies in  Fig. 5 is associated with
the peripheral effect  of the rift’s  heat
sources  on  the  region’s  entire
tectonosphere. The same accounts for
the preservation of  a  noticeable  layer
of partial melting in the lower levels of
the  upper  mantle.  It  is  almost
completely absent in the central part of

the rift so that the continuation of the heat and mass transfer is impossible. In this case too, the crustal
portion of the model was not taken into account. It was analyzed in detail in the study by Gordienko et
al. (2012) where it was correlated with the data on magmatism of corresponding age.

One hundred million years after the last episode of heat and mass transfer, there again formed in the
rift’s  tectonosphere  a  partial  melting  layer  at  the  bottom of  the  upper  mantle,  a  layer  capable  of
producing new quanta of tectonic action – QTAs (Gordienko, 2015a) – Fig. 6. It was assumed that the
process in the “time-expanded” (see above) Paleozoic geosyncline started 450 million years ago with
the material rising from the depths ranging between 240 and 480 km (the T anomaly amounting to -
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70oC) to the depths of 150-200 km (the T anomaly equaling +3400C).
The second stage (400 million years ago) consisted in the evacuation of the material from the depth

interval  of  170-480 km (the T anomaly amounting to  -65oC) to the  depths  of  100-150 km (the T
anomaly being +410oC). In other words, the asthenosphere expanded considerably after the first stage.
The third stage, 350 million years ago: The material from the depths interval of 170-480 km (the T
anomaly amounting to -120oC) migrated to the depths of 50-100 km (the T anomaly is estimated at
+770oC), there followed crustal intrusions whose aftereffects were not taken into account in the model.

The Paleozoic geosynclinal cycle was supplemented by active processes that presumably had the
following parameters.  About 300 million year ago, the material from a shallow (80-160 km, the T
anomaly equaling -190oC) asthenosphere migrated to under the crust at 40-80 km (the anomalous T=
+390oC). Then there followed intrusions into the crust that continued until 280-270 million years ago.
The final events involved only the central part of the geosyncline and sporadic granitization led to a
nonuniform magmatism of crustal rocks. The corresponding distribution of temperatures was calculated
and is shown in Fig. 2, because it may be correlated with experimental thermometry data (see above).

Fig. 6. Estimated thermal model of the
Carpathian Paleozoic geosyncline. See Fig.
4 for the legend.

The  Alpine  process  in  the
Transcarpathian  zone  started  190
million years ago with the transport of
rocks from the 230-480 km interval to
180-230  km  (the  anomalous
T=+200oC). The submergence of rocks
from  the  upper  level  caused  cooling
down of  the  lower  level  by 40oC. At
the  second  stage  (150  million  years

ago), rocks from the depth interval of 180-490 km (the anomalous T= -60oC) rose to the interval of 120-
170 km (the anomalous T = +360oC). In the third stage, 100 million years ago, from the 180-480 km
(anomalous T = -140oC) to 40-90 km (the anomalous T =+870oC).

In the Folded Carpathians zone, the process started 150 million years ago with the material rising
from the depths interval of 220-480 km to the interval of 170-220 km (the anomalous T = +200oC). The
lower level cooled down by 40oC. The second stage, 100 million years ago, from the depths of 180-480
km (the anomalous T = -65oC), the material traveled to the depths of 120-170 km (the anomalous T =
+400oC). In the last stage, 50 million years ago, it migrated from 140-260 km (the anomalous T = -
240oC) to 40-90 km (the anomalous T = +580oC).

Fig. 7A illustrates thermal models for the periods prior to the ascent of the QTAs;  Fig. 7B lists
results  of  temperature  calculations  shortly  after  QYAs stopped and at  that  tome both positive  and
negative anomalies were close to maximum.  Fig. 7B shows thermal models for the period of recent
active geosynclinal processes. Represented in it is a heat and mass transfer process that has never been
analyzed before. The point is that activation in a narrow Transcarpathian zone (and also in Folded
Carpathians, although to a smaller extent) is separated from the time of ascent of the last QTA by quite
a significant period of anomalies relaxation. Just traces of subcrustal asthenosphere have remained for
the period of 15 million years ago.  At the base of the upper mantle,  however,  there still  exists  an
appreciable  reservoir  of  partially  molten  rocks.  It  would  be  logical  to  assume  that  precisely  that
material will,  in a certain situation, be transported to an intermediate chamber and from there – to
beneath the crust with subsequent crustal intrusions.

During the period of 10-15 million years ago, temperatures in the lower crust of the Transcarpathian
zone (at approximate depths of 30-45 km), exceeded the solidus of basic granulites (950-1,150oC). The
material became involved in an advective mass transfer together with mantle material. A mixture of
crustal and mantle material formed and travelled beneath the Folded Carpathians zone where there had
not been such high temperatures in the lower crust. The “Roots” must be about 5 km thick, i.e., the total
crustal  thickness  is  somewhat smaller  than 50 km if  the  roots are common throughout  the  Folded
Carpathians zone, and 50 km if they are confined to its eastern part. Judging by their location, it may be
figured out that the subsiding branch of the flow at that time must have been situated east of the Folded
Carpathian zone – beneath the Cis-Carpathian Trough. These considerations suggest the possibility of a
lateral movement of the subcrustal mantle material over a distance of about 100 km. It was assumed in
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the course of construction of models for both regions that transfer of the material into an intermediate
chamber and beneath the crust  occurred simultaneously 15 million years  ago.  This  may well  be a
simplification of the true course of events, but information making it possible to upgrade the model in a
substantiated way are not available.

Fig. 7. Computed thermal model of the Alpine geosyncline in the Transcarpathian Alpine zone. See Fig. 4 for
the legend. Arrows indicate depths of magma chambers of corresponding age based on experimental data.

Alpine evolution of the thermal model  for the tectonosphere of the Folded Carpathians zone is
shown in Fig. 8.

Fig. 8. Computed thermal model of the Folded Carpathians Alpine geosynclinals zone. See Figs. 4 and 7 for
the legend.

It was also assumed that basic melts from a subcrustal source were transported into the lower and
median portions of the crust about 2 million years ago. Also, in the Transcarpathian zone, the process
was supplemented by intracrustal advection (transport of partially molten rocks of amphibolite facies
from the depth interval of 20-30 km to the 10-20 km interval. From there individual upward intrusions
reached depths as shallow as 5 km). No such events took place in the Folded Carpathians zone. It goes
without saying that  crustal intrusions might  have happened somewhat earlier,  as well.  Calculations
carried out for their age of 5 million years have shown that for the greater part of the model temperature
variations were insignificant, but that they are noticeable for crustal and subcrustal depths, at any rate,
they may cause us to reconsider substantially the location of boundaries of present partial melting zones
in the crust. This will, naturally, affect the value of the computed anomalous heat flow through the
surface of the regions.

On  the  whole,  contemporary  thermal  models  point  to  the  location  of  the  top  of  the  mantle
asthenosphere at the depth of 50±5 km, and in the crust of the Transcarpathian zone the partial-melting
layer with the top at the depth of about 20 km extends down to the M. discontinuity, in the western part
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of the Folded Carpathians zone the top of the partial-melting layer (basic granulites) lies at about 35 km
depth, and its bottom coincides with the M. discontinuity. Partial-melting layers in the crust must be
overlain by rocks impregnated with fluids that ascended from melting chambers. In the Transcarpathian
Region, they are supplemented by local igneous and hydrothermal veins that formed during intracrustal
advection.

In the tectonosphere of the western part of the Lvov Paleozoic trough lying between the Carpathian
geosyncline and the Volyn-Podolian plate, deep-seated processes (except for Alpine) developed in line
with a scenario similar to that described for the Carpathians. Yet, it is not clear how a geosyncline of
Galician period could spread to that territory (it was not taken into account in the construction of the
model). The Paleozoic geosynclinal process within a fairly narrow (in the part that has remained intact)
zone of presumably Carpathian strike is beyond doubt. The uncertainty of this information and the
unquestionable  location  of  the  zone  at  the  boundary  of  areas  with  dissimilar  radiogenic  thermal
generation in mantle rocks leaves us no choice but to admit that the model is judgmental in character.
As a result we came up with a thermal model shown in Fig. 9. It comprises indications that the region is
prone to activation: A considerable partial-melting layer at the bottom of the upper mantle. Estimated
temperature  patterns in  deep-seated layers  of the  platform margins and Cis-Carpathian trough also
comprise this feature. A melting chamber with the depth of the top portion between 300 and 400 km
may also exist in the western part of the Cis-Carpathian trough provided that heat generation in upper
mantle rocks there is higher than on the platform. 

It appears that in such situations we should opt for a scenario of mantle mass transfer with formation
of an intermediate reservoir of partially molten rocks at depths of about 200-250 km in to describe the
deep-seated  process  in  recent  activation  (Gordienko  et  al.,  2011a  and  2012).  The  deep-seated
asthenosphere may not necessarily spread across the entire region, and active events do not always
encompass  entire  troughs.  Also,  crustal  and mantle  layers  of  partial  melting may be absent  at  the
periphery of activation zones (Fig. 9).

It may be assumed that anomalies of the heat flow through the surface will be similar in the Lvov
trough and in the activated part of the Cis-Carpathian trough.

Fig. 9. Thermal models for recent activation within the Lvov trough (A) and Cis-Carpathian trough (B). See
Fig. 4 for the legend.

When checking the validity of a deep-seated process simulation pattern, it makes sense to analyze
those predicted geological phenomena in the near-surface zone that can be sufficiently well calculated
and correlated on a quantitative level with those established experimentally. We will adhere to the same
principle in analyzing geophysical ramifications. These remarks hold for all stages of evolution of the
Carpathian geosyncline except for recent active processes. In the latter case experimental data will be
used for studying that  still  ongoing deep-seated process.  The most  reliable results  can be obtained
through correlation between thermal models and the data of geothermometry.

1.  As  pointed  out  above,  the  data  of  geothermometry  characterize  temperatures  of  Paleozoic
metamorphism (for the latest stage of geosynclinal development) of crustal rocks within a rather broad
range of depths. They can be correlated with estimated temperatures (Fig. 2). Typical discrepancies are
lower than 40oC which may well be accounted for by errors in experimental data.

2. Among igneous rocks aged 10-15 million years in the Transcarpathian zone, there also are rocks,
which formed in a magma chamber at the depth of 50-100 km at the temperature of 1,300-1,350 oC. It is
precisely at  the above depths that  the  predicted top of the  asthenosphere  (Fig.  7)  must  have been
located during the period in question, and the temperatures at that level amounted to 1,300 -1,350oC.
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3. More representative geothermometry data characterizing the final stage in the development of the
Carpathian geosyncline are not available. It may, however, be assumed that PT conditions in the zone
of  the  Bohemian Massif  (median  massif  of  the  Paleozoic  geosyncline  in  the  northern  foreland of
Western  Carpathians)  are  similar  to  those  in  the  Lvov  trough  activation  zone.  Fig.  10 presents  a
comparison between estimated and experimental data on the thermal model.

Fig. 10.  Comparison between estimated (in gray) and experimental
(crosses) data on temperature distribution in the upper tectonosphere of
the Bohemian Massif and Lvov trough.

The  coordination  may  be  considered  as  satisfactory  (in  this
specific  situation  a  numerical  assessment  would  hardly  make
sense),  and  the  much  higher  experimental  results  compared  to
estimated data at shallow depths is due to the absence in the model
of  the  effect  of  intracrustal  advection  “drawing”  relatively high

temperatures to depths of 5-10 km (see above).
It should be pointed out that, at the end of the geosynclinal cycle, the top of the partial-melting zone

in the crust turns out to be virtually the same during the Hercynian and Alpine periods (Figs. 2 and 10).
4.  Assessments of the depths of magma sources in the Transcarpathian and Folded Carpathians

zones conducted by different authors for each of the three stages of the Carpathian Alpine geosynclinal
evolution are compared in Table 1 with those obtained from thermal models (Figs. 7 and 8).

The average difference is just about 10 km which does not exceed the error in depth determinations
by  each  method.  Comparisons  between  estimated  and  experimentally  derived  depths  of  magma
chambers were also conducted for crustal bodies at the stage of active processes, but the results are less
reliable:  Considerable  transformations  in  crustal  composition  of  the  Transcarpathian  zone  during
postgeosynclinal time may have markedly affected conditions of partial melting within the relevant
depth interval.

5. Thermal models for the tectonosphere constructed on a stage-by-stage basis make it possible to
analyze changes in the volume of its rocks and, accordingly, displacements of the regions’ surface. Two
factors were largely taken into account:  Temperature anomalies and polymorphic transformation of
rocks.  In  the  latter  case,  variations  in  the  volume during eclogitization were assumed to reach 20
percent; mantle olivine transformation into the mineral with spinel structure – 8 percent; and spinel
lherzolite transformation into garnet lherzolite – 2.3 percent (Sobolev et al., 1996; Irifune, 1987; and
others). 

Fig.  11. The  effect  of  temperature
on mantle rock density as a function of
depth. The dashed line is the result  of
extrapolation of known data. 

The  emergence  of  a  partial-
melting zone in the upper portion of
the  upper  mantle  was  assumed  to
have  caused  a  0.013  g/cm3

decompression per every percent of fluid. The change in crustal composition is also of significance,
namely, basification of its parts in the course of an active process. It is certainly impossible to claim
with confidence that  basification took place precisely during the stretch of the  region’s geological
history in question. Yet, this assumption was tested anyway. The extent of changes and the depth range
were determined on the basis of the velocity profile for the region’s crust. The melting at the bottom of
the upper mantle was not taken into account: Changes in volume in those conditions have hardly been
covered by studies at all.

The effect of various factors on the displacement of the Carpathians’ surface is illustrated in Table
2.

The total estimated thickness of the sedimentary layer in the Transcarpathian zone is about 4 km,
which is quite close to the experimentally derived result. Sedimentation rates at different time stretches,
however, differ markedly from those known from geological evidence. This is hardly surprising since
many  effects  are  calculated  on  the  basis  of  incomplete  information,  and  their  magnitude  may  be
accounted for by real computation errors. A small initial subsidence known from geological data may
be recorded as an elevation in the estimated graph. Such a result is possible, in principle: Experimental
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data pertain to areas with known sediments, and fragments of the zone with uplifts and denudation are
not taken into account. The total estimated subsidence of the surface averages 6 km. It naturally may be
extremely irregular due both to incomplete synchronicity in the ascent of two QTAs and to the cross
flows  of  the  asthenospheric  material  in  the  direction  away  from  zones  of  fastest  subsidence.
Assessments indicate that thickness variations by a factor of up to two are possible (i.e., thickness may
range from 3 to 12 km). 

The above results of evaluations of the region’s surface displacements also incorporate the effect of
changes  (increase)  in  the  Earth’s  crust  thickness  beneath  Folded Carpathians  and part  of  the  Cis-
Carpathian Trough – based of the data of deep seismic probing. Analysis of a velocity profile taking
into account high temperatures at large depths indicates that crustal thickening might be associated
(completely or  partly)  with another  structure  that  formed in pre-Alpine time.  In other  words,  it  is
necessary to make allowance for the presence of an uncertainty factor in this part of simulation too. The
APH can only indirectly forecast the process of folding. When the hypothesis was first conceived, it
was  assumed  that  the  holomorphic  folding  of  the  sedimentary  layer  and  part  of  the  basement
accompanied by the formation of thrusts may have been caused by both material slipping down the
rising blocks and advection phenomena in the sedimentary layer.

Table 2.  Computed components of upward (+) and downward (-) movements of the Carpathians’ surface
during various periods of their Alpine geological history

Effect Surface displacement (km) by stages 
(millions of years)

Transcarpathian zone
190-140 140-90 90-50 50-15 15-0

Ta +0.2 +0.5 -0.3 -0.3 +1
Ol-Sp -0.8 -1.2 +0.4
Spinel lherzolite-garnet lherzolite -0.1 +0.4 -0.3 -0.2 +0.4
Basalt-eclogite -1.5 -1.5
Change in the M. discontinuity depth -3
Crustal basification -0.3
Total: -0.1 -1.8 -0.2 -0.5 -1.8

Folded Carpathians zone  
150-90 90-15 15-0 

Ta +0.3 -0.1 -0.3 
Melt +0.9 -0.8 +1.2 
Ol-Sp -0.8 -1.6 -2 
Spinel lherzolite-garnet lherzolite +0.2 +0.2 
Basalt-eclogite -1.5 -1.5 
Change of the M. discontinuity depth +0.5 
Crustal basification -0.7 
Total: +0.4 -4.5 -1.9 

The latter cause seems to be quite a natural consequence of the intensive heating through of the thick
sedimentary stratum whose viscosity is lower than that of the cryslalline crust. Indeed, if we determine
the Rayleigh number (Ra= g·γ·β·L4/ α·ν, where g denotes gravitational acceleration, γ is the geothermal
gradient in the sedimentary layer, β is the rock temperature expansion coefficient, L is thickness of the
layer,  α is thermometric conductivity, and  ν is kinematic viscosity) for the sedimentary layer of the
Carpathians, the value will be about 1,400. This Rayleigh number supports the possibility of the onset
of convection. Determinations of the rate of movement displacement of the material in a cell with the
help of a technique proposed by Knopoff (1967) and formulas devised by Ostroumov (1952) have
produced similar results. The displacement amounts to about 10 km per million years. Such a rate could
promote the formation of holomorphic folds, thrusts, and overthrusts. The formulas used imply that the
rock strength equals zero, but this can hardly put a ban on convection. By applying the data on the
relationship  between  the  strength  of  crystalline  rocks  and  PT  conditions,  it  is  possible  to  plot
distributions of shear strength for depths of 5,  10,  and 15 km where metamorphic or more fragile
catagenetically altered rocks occur. The magnitude of the parameter turns out to be stable at each depth
despite considerable temperature variations, and the changes are largely associated with the increase in
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pressure. At the depth of 5 km, the rock strength is 0.21 GPa; at 10 km it is 0.32  ±0.01 Gpa; and at 15
km, 0.43 ±0.02 GPa (Gordienko et al. 2006). These small values can be surpassed, in particular, by
thermoelastic stresses. Incidentally, folding may take effect even without overcoming the shear strength
(Aronsky et al., 1995), which may indirectly point to the inapplicability of the above mechanism or to
plasticity being reached at a shallow depth. The major obstacle for advection folding to ensue could be
a very considerable catagenetic compaction of sedimentary rocks with depth. It greatly overbalances
thermal decompaction.

The absence of folding in the sedimentary stratum of rift  troughs (such as,  for  example,  in the
Dnieper-Donets Depression) is an even more compelling evidence. Within them the thickness of the
layer,  viscosity of rocks, and the geothermal gradient during the period of maximum heating meet
conditions for the onset of advection to the same degree as in the geosyncline.

Guterman (1987 and 1989), with the help of physical simulation, analyzed the onset of folding in the
Carpathian geosynclinal trough during the sedimentary stratum creeping down the sloping basement.
Conditions of similarity to the real medium were maintained, moreover, viscosity of the sedimentary
layer rocks (by an order of magnitude larger than what should have corresponded to it in the model –
according to Gzovsky, 1975, -- the dynamic viscosity of the flysh being 1017Pa.s) suggested that the
folding process  would spread to  part  of  the  basement  rocks too.  Propagation of  the  “uplift  wave”
through the basement of a sedimentary basin that could produce inclination angles of about 5 o (Fig. 12)
turned out to be a determining factor for the process that might have shaped the pattern of contortion
quite similar to that observed.

Fig. 12. Comparison between the folded structure  of  Eastern Carpathians according  to experimental  data
(Studies…, 2005) (A) and simulation results (Guterman, 1989). 

Clearly, experimental data on the shape of the folds and simulation results are similar.
An analysis of the thicknesses of syntectonic sediments in the Folded Carpathians zone reveals two

specific features that have been described in detail in geological literature (Glushko, 1994). The first of
them consists in the fact that the basement of the Romanian Eastern Carpathians (whose width matches
the ascent of a single QTA that occurred somewhat earlier than beneath the northeastern part of the
Ukrainian Eastern Carpathians) has consistently occurred several kilometers higher than the basement
of the Ukrainian Eastern Carpathians. The resulting inclination angles are close to those assumed in the
simulation. This creates conditions for consedimentary and postsedimentary  creeping and crumpling
with a vergence diagonal relative to the strike of the trough. The second specific feature consists in the
persistent lag of subsidence in the northeastern part of the trough in the Ukrainian Eastern Carpathians
from that in its southwestern part. This could be due to the lack of synchronicity in the ascent of the two
last QTAs in the Folded Carpathians zone and,  accordingly,  to the beginning of the zone’s crustal
restructuring under the effect of mantle melts’ intrusions. The basement inclination angles taking shape
in  the  process  are  somewhat  smaller  than  those  assumed  in  physical  simulation  but  are  fairly
comparable with them (minimal inclinations used in modelling amounted to about 0.09; smaller values
were disregarded, and it cannot be ruled out that the effect similar to that observed might have been
obtained even at smaller inclinations). Thus, conditions for creeping and crumpling emerged with a
vergence across the trough. “Piling up” and overthrusting of sedimentary rocks on the foreland took
place at the northeastern boundary of the trough.

An  “additional”  stage  of  folding  (that  started  10-15  million  years  ago  and  continued  until
geologically recent time) is associated with a recent activation of the region. At that time the process
encompassed the greater part of the Transcarpathian zone. The displaced lower portion of the crust
caused the M. discontinuity in the Folded Carpathians zone to sink deeper. The plunging motion started
at the southwestern margin and triggered a series of uplifts that spread from southwest to northeast.
Molasses, which accumulated at the edge of the foreland in the inner zone of the Cis-Carpathian trough
at the preceding stage during the denudation of the “clustering” area at the margin of the trough, also
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underwent crumpling. The upheaval of the Folded Carpathians zone must be proportional in amplitude
to the subsidence at the rear of the trough: 1-1.5 km over 10-15 million years.

The contemporary topography of the Ukrainian Carpathians in numerous inner zones of the highland
system features inclinations at the level of 0.05-0.10, i.e., conditions for the onset of folding are still in
place.

6. The above contemporary thermal models for upper levels of the mantle in the Carpathian region
attest to overheating by approximately 600oC on the average. In response, P-wave velocities decrease
by 0.36 km/sec. The background velocity at the depth of a few dozen km beneath the M. discontinuity
is about 8.15 km/sec. Studies (Gordienko et al., 2012) have shown that the velocity beneath the region
at the depth of about 40-80 km amounts to 7.8 km/sec.

7. Overheated and partially molten bodies within the crust and upper mantle of the region must be
reflected through a considerable increase in the electrical conductivity of rocks. Calculations show that
conductors with cumulative longitudinal conductivity (S) of up to 1,000 Sm really exist. The area of
fluidization above the crustal zone of partial melting may also possess somewhat larger S value. Studies
(Gordienko  et  al.,  2011a)  have  shown  that  such  conductors  can  be  spotted,  although  the  task  of
pinpointing them is rendered somewhat difficult by the fact that an area with a very high  S lies at
relatively shallow depths beneath a considerable part of the region. This can only be accounted for by
the presence of graphite-bearing rocks in the fluidization zone. Geological data do not rule out this
scenario.

8. Negative and positive temperature anomalies in the upper mantle, as well as zones of partial
melting and polymorphic transformations (see above) have an impact on the density anomalies of the
rocks. Taking into account influence of all the aforementioned factors, we can assess the gravitational
effect created by the difference between the mantle density beneath the geosyncline and that beneath
the  platform.  It  will  reflect  the  entire  effect  of  the  simulation  process  on  the  present  state  of  the
material.  To verify the  validity  of  the  heat  and mass  transfer  scheme,  let  us  compare it  with that
established on the basis of experimental data. To do so, we need to subtract from the observed field the
estimated crustal effect and the effect of a normal (platform) mantle. 

Without dwelling on the technique of the procedure that has been described in detail in many of this
author’s publications (Gordienko et al., 2005, 2006, 2011a, 2012, etc.), let us focus on the result. The
simulation  was  performed  along  a  deep  seismic  probing  profile  beneath  which  crustal  velocity
distribution is known. Velocity values were converted to density and calculations were carried out for
three-dimensional crustal bodies believed to be best representative of crustal structure there. The results
are shown in Fig. 13.

Fig.  13. Gravitational  effects  along the  deep  seismic
probing profile in the Ukrainian Carpathians

1-- Observed field; 2 and 3 – estimated fields (2 – for
the crust and normal upper mantle, 3 – with an allowance
for the upper mantle with a density anomaly)

The  estimated  effect  of  the  crust  and  normal
mantle turns out to be much higher than the observed
field. The deviations are very large: At the boundary
between the foretrough and folded zone, they reach
50  mGl  and  in  the  Cis-Carpathian  trough  at  the
boundary with the Pannonian trough, they come up to
nearly  200  mGl.  There  is  an  obvious  need  to
supplement  it  with  the  field  of  a  decompressed
mantle.  After  adding  the  effect  of  an  anomalous
mantle,  we  obtain  virtually  identical  observed  and
estimated  fields.  The  differences  between  them
amount to ±15-20 mGL, so that given the size of the
anomalies,  they  may  be  viewed  as  perfectly
acceptable  and  accounted  for  by  observation  and
assessment errors. Simulation was performed for six
more  profiles  running  along  the  strike  of  folded
structures in the region and crosswise. The results do
not differ significantly from those shown in Fig. 13.
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9. Correlation between the region’s thermal model and the heat flow (HF) distribution appears to be
a method of choice for verifying the selected heat and mass transfer pattern. This operation, however,
must comply with a number of requirements. Quite common in tectonically and magmatically active
regions with elevated HF are local anomalies of dissimilar nature, and unless their effect is eliminated,
one  cannot  be  sure  that  experimental  evidence  can  be  correlated  with  estimated  results.  In  the
Carpathians, just like in other regions of Ukraine, large-scale determinations of HF (13,000 values were
obtained in individual  boreholes on the 600,000 km2  territory)  are accompanied by introduction of
various adjustments, but in complicated cases, it is necessary to resort to data smoothing as a way to
eliminate disturbances of unclear nature. This fully applies to the Carpathians (Fig. 14).

The agreement achieved is almost complete. It may be even better in the Transcarpathian zone. 
What  is  missing  in  the  model  is  a  local  construction  taking  into  account  an  additional  cell  of

advective heat and mass transfer in the upper crust. Its effect will increase the HF at the center of the
trough by approximately 10-20 mW/m2. Generally speaking, the principle of matching calculated and
observed parameters cannot be applied “as is,” without data retrieval, in the case of ongoing active
processes. This process (highly resembling the initial phase of rifting) has not yet come to a close, the
relevant full range of geological phenomena is not known, and therefore, there is no perfectly suitable
model for heat  and mass transfer.  In this particular  case,  the choice of age of the last intrusion of
magma material into the upper crust has a rather strong influence on coordination between calculated
and observed HF. In our computations, we used the age of two million years matching the majority of
dating results. There is yet another dating – one million years – and with that age of the heat source the
coordination is getting better. For this, however, we will need a certain increase in the width of the
activation zone.

Fig.  14. Comparison  between
distributions  of  estimated  (1)  and
experimental (2) heat flow values along the
deep seismic probing profile running across
the Carpathians (see Fig. 1).

The  analysis  of  deep-seated
processes and their ramifications in the
tectonosphere  of the  Ukrainian Eastern
Carpathians,  as  well  as  their
ramifications  that  may  be  correlated

with  geological  phenomena  and  physical  fields  has  produced  fairly  good  coordination  between
experimental and estimated data. In the majority of cases, whenever possible, a numerical match was
obtained without the need to adjust parameters of deep-seated processes. This enables us to give a high
rating to the validity of the hypothesis.

EASTERN KAMCHATKA

Kamchatka’s geological history has not been covered by studies as extensively as the Carpathians.
The available data point to a great similarity in the evolution of both regions. Two zones have also been
identified in Kamchatka: The Alpine geosynclinal process started somewhat earlier in the western than
in  the  eastern  zone.  It  is  precisely  for  the  latter  that  we  have  constructed  a  very  detailed  three-
dimensional  velocity  model  of  the  crust  and  upper  mantle  (down  to  200  km;  the  model  is  one-
dimensional for larger depths). In the same area, deep geoelectrical surveys have been carried out, and
numerous petrological data are available. In addition to Eastern Kamchatka, the velocity model also
covers the deep-sea trench and the northwestern plate margin of the Pacific Ocean. These particular
circumstances have prompted the choice of the region for studies described below. 

The schematic pattern of deep-seated processes and the evolution of the thermal model at the margin
of the Pacific Ocean northwestern plate (east of bearing picket 240 on the profile) matches the pattern
described by Gordienko (2001b), and will not be dealt with in this paper. The resulting deep-seated T
values are incorporated in the general model. Processes in the western Kamchatka geosyncline (west of
bearing picket 0) have also been simulated and their effect has been taken into account in the thermal
model on the profile. 

The construction of the pattern of deep-seated processes in Kamchatka resembles a similar 
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Fig.  15. Eastern  Kamchatka:
Elements of geological structure and
layout of mantle velocity profiles. 

1 – Activated portion of the Sea
of Okhotsk plate; 2 – young effusive
rocks;  3  –  anticline  axis;  4  –
synclinal axis; 5 – major faults; 6 –
trench axis; 7—profiles along which
velocity  models  were  built  with
bearing  pickets  on  them  (see
below); 8 – composite interpretation
profile;  9  –  profiles  along  which
density models were constructed.

 procedure  performed  for  the
Carpathians. It has been assumed
that  the  widths  of  the  zones  of
western  and  eastern  Kamchatka
are almost the same: About 240-
250  km  (i.e.,  n-tuple  size  of  a
QTA;  four  quanta  of  tectonic
action are located nearby). In the
west,  the  process  started  140
million years ago and ended 60
million years ago. In the east, the
estimates are 120 and 20 million
years  ago,  respectively
(Gordienko  et  al.,  1992;

Goryachev,  1966;  Marakhanov  et  al.,  1981;  and  others).  At  the  eastern  end  of  the  profile  the
development of the process is  markedly affected by events beneath the oceanic plate,  while at  the
western end – by events within Early Alpides. Migrations of the material occurred from depth intervals
where QTAs might have formed (in other words, a partial melting layer had been in place by the time
of QTA formation) into depth intervals above the asthenosphere, as is standard for the geosynclinals

process:  1)  120  million  years  ago  at  bearing
pickets 0-100 from the depths of 330-480 km and
at pickets 100-200 from the depths of 260-460 km
to the depths of 160-220 km; 2) 80 million years
ago at pickets 380-480 km and at pickets 100-170
km – from the depths of 180-260 km to the depths
of 100-160 km; 3) 20 million years ago at pickets
0-80 from the depths of 120-190 km, at pickets 80-
120 – from the interval of 120-180 km, at pickets
120-160 – from the depths of140-180 km, and at
pickets 180-240 – from the depths of 440-480 km
to the depths of 40-100 km. The times of QTAs’
ascent have been estimated approximately, and a
more  detailed  analysis  of  the  geosyncline’s
geological history may help further specify those 

Fig. 16. Thermal model (isotherms in oC) along the
profile. The diagram at the top is a recent model, and
the  diagram  at  the  bottom  reflects  the  situation  that
prevailed 100 million years ago. Partial-melting layers
are  shown in  gray  color.  The  dashed  line  marks  the
boundary  of  the  area  with  melt  concentration  higher
than 2%. The black rhomb and square denote foci  of
magmatism based on petrological evidence (see below).

 age intervals. At all stretches of the profile (except for the easternmost length, where the crust is thin),
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the final stage of the process is further complemented by intrusions into the crust to depths of about 20-
40 km. Over recent millions of years, the territory of Kamchatka has been involved in contemporary
active processes. In the model, the activation was represented by transport into the crust of the melt
from the residual asthenosphere at bearing pickets 20-0 and 40-80, something that happened 5 and 0.5
million years ago Marakhanov et al., 1981; and others). Each displacement of the material resulted in
the  formation  of  anomalous  temperature  zones  of  dissimilar  signs  at  different  depths.  They  were
analyzed as nonstationary three-dimensional heat sources whose effect was calculated for the entire
interval of time from their emergence to present time. Anomalous temperatures were summed up with
the background temperature that had existed prior to the active process. Kamchatka’s pre-geosynclinal
history has not been properly studied, and for that reason a thermal model constructed for other Alpides
was used to represent the background.

The  resulting  thermal  model  along the  interpretation  profile  is  depicted  in  Fig.  16.  Geological
information suitable for numerical verification of the pattern of the deep-seated processes that was used
is but scarce. Of particular interest in this context is verification with the help of velocity and density
models. The extent of detail in the velocity model (Gontovaya et al., 2003, 2005, 2006; and Nizkous et
al., 2006) is sufficient for spotting differences in the structure of the crust and upper (to 200 km) mantle
in parts of the region. The pattern of the deep-seated process (and the thermal model) only represent a
two-dimensional  construction.  The  geological  information  used  is  adjusted  to  “fit”  such  a  model
structure.

It  was assumed that  recent  volcanism is represented by two zones that  stretch across the entire
region (see above).

For comparison with such an averaged construction, we selected data for three profiles (representing
a  three-dimensional  tomographic  model)  on  which  there  should  be  no  visible  effect  from  areas
encircling the Kamchatka geosyncline from north to south: profiles 7, 8, and 10 which are shown in
Fig. 15. Comparison was performed both with the mantle velocity model averaged for three profiles
and with those constructed along each of those profiles (see below).

It  is obvious that the thermal model  incorporates the mantle asthenosphere (where temperatures
exceed T solidus) at depths of about 70-120 km and a thin layer of partial melting in the crust at depths
of about 20-30 km. In the latter case, partial melting was believed to start at temperatures higher than
600oC (Gordienko, 2012). It is likely that both partial-melting layers are absent at pickets 130-170. It
also seems likely that a small partial-melting layer exists at the bottom of the hottest portion in the
thickest crust at temperatures higher than 1,050oC.

The crustal part of the thermal model that was not taken into account in the construction of the
velocity model has been calculated in very general outlines, without much detail  that might reflect
rather  complicated  processes  within  the  crust,  processes  typical  of  post-geosynclinal  activation.
Information on temperatures and pressures (depths) at which crustal rocks presently lying at the surface
formed (Gordienko et al., 1992; Marakhanov et al., 1981; and Frolova et al., 1989) makes it possible to
verify the crustal part of the thermal model (Fig. 17). 

Fig.  17. Comparison  between  estimated  (1)  and
experimentally derived (2) temperatures in the Earth’s
crust of Kamchatka.

On the whole,  a  fairly  good match has  been
achieved.  Experimentally  derived  temperatures
that  turned  out  to  be  higher  than  estimated  in
some  areas  are  confined  to  a  range  of  depths

above a partially-melting layer within the crust.  High temperatures there indicate that crustal rocks
around magma intrusions into the upper crust absorbed the heat. This twist of the process was not taken
into  account  in  the  model.  Its  analysis  provides  explanation  for  such  temperature  anomalies  (see
above).

According to petrological data (Frolova et al.,  1989), depths of pockets of young magmatism in
Kamchatka’s mantle may be located at depths ranging from 70±10 km to 140±20 km. This result agrees
fairly well with the contemporary thermal model (Fig. 16). Using larger amounts of data, Gordienko
(2014b)  analyzed  depths  of  magma  chambers  and  temperatures  in  them  and  provided  a  relevant
bibliography. Depths and temperatures were determined for the foci of initial magmatism: 215 km and
1,750oC and 155 km and 1,550oC. In the median stage of the cycle: 90 km and 1,300oC; and for the
final stage and contemporary activation: 55 km and 1,200oC. These data are in agreement with thermal
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models representing respective ages.
Consequently,  petrological  control  of  the  thermal  model  appears  to  be  a  success.  It  may  be

continued further with the use of information on the composition of igneous rocks of mantle origin but
of different age collected from other areas of Kamchatka.

Distribution of heat flow values in the region might seem like a logical verification of the thermal
model. In fact, however, it is hardly workable at all in the case of Kamchatka because of the region’s

insufficient  coverage  by  geothermal
studies (Fig. 18). 

Fig.  18. Distribution  of  heat  flow  (in
mW/m2) in the area under study (Smirnov et
al., 1991).

On the basis of the thermal model (in
terms  of  differences  between
temperatures  at  different  depths  and
background  temperatures  beneath  the
Precambrian platform) and the data on
the  distribution  of  velocities  in  the
mantle of the Precambrian platform (in
line  with  the  hypothesis  and lherzolite
composition of mantle rocks), Vp values
in  the  region  were  calculated  and
correlated  with  those  derived
experimentally. The data on Vp variation
with temperature at various depths have

been  analyzed  fairly  well.  They  are  listed,  for  example,  in  a  study  by  Sobolev  et  al.  (1996).  In
calculations, the Vp=f(T) was simplified to linear which does not cause errors larger than 0.01 km/sec.
It  was assumed that  100oC temperature  differences  from the  background temperature  (beneath  the
platform) cause Vp to change by 0.06 km/sec. With the emergence of melt (solidus temperature of

mantle  rocks  is  exceeded:  Ts=1.013+3.914H  –  0.003H2,
where H designates depth in km), Vp values further decrease
by 0.07 km/sec per each percent of its  concentration.  The
amount of melt was assumed to be increasing from 1% at the
point  of  solidus  by  1% with  the  temperature  increase  by
50oC (Gordienko, 2012; and others). An estimated velocity
model along the interpretation profile is shown in  Fig. 19
where it is compared to experimental results.

Fig. 19. Experimental (A) and estimated (B) velocity models
along the profile. The asthenosphere is marked by gray color.

Elements  matching  the  experimental  model  and  those
differing from it can be clearly seen. In a generalized form,
they  can  be  represented  through  comparison  between  Vp

values  pertaining  to  each  depth  (Fig.  19).  Estimated
velocities (with the exception of those at the topmost part of
the profile) turn out to be slightly lower than experimental.

Fig.  20. Comparison  between  mean  estimated  and
experimentally  derived  velocities  along  the  profile.  A1  is  the
asthenosphere according to seismological and geothermal data; A2
is the asthenosphere in terms of geoelectrical data (see below).

A  more  detailed  analysis  of  the  balance  between
estimated and experimental velocity models was performed
in the following way (Gontovaya et al., 2006). Areas of the
models were divided into elementary cells 20x20 km in size;
for each of them the mean value of Vp was calculated.  A
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histogram showing distribution of differences between them is shown in  Fig. 21. The distribution of
differences deviates somewhat from normal, but the assessment of the modal value (0.075 km/sec) is
quite reliable.  Apparently, this can be accounted for by errors in both values being correlated (the
calculation  error  is  clearly  0.05  km/sec  or  larger).  Therefore,  the  agreement  can  be  viewed  as
acceptable.

Fig. 21. Histogram showing differences between estimated and
experimentally derived Vp along the profile.

The mean deviation, according to results of comparison
with individual sections on three profiles is 0.12 km/sec. In
view of the conditions making the comparison difficult  to
perform, such a divergence may be accepted as satisfactory.
To put  it  differently,  considering the adopted composition
and  mineralogy  of  mantle  rocks,  as  well  as  temperature
distribution, the experimentally derived velocity values can
be accounted for.

A velocity model  for Kamchatka’s entire upper mantle
was constructed on the basis of a thermal model (Gordienko

et al., 2015) – see Fig. 22.
The divergence between the velocity models averages about 0.1 km/sec, which is readily accounted

for by errors in the determination of experimental data. Differences between the above models and the
platform model point to an advective nature of the heat
and mass transfer.

The thermal  model  reflecting deep-seated processes
in  the  region  must  also,  to  a  certain  extent,  reflect
seismicity,  which  is  an  important  parameter  at  the
contemporary  stage  of  events.  To  analyze  it,  it  is
necessary  to  consider  numerous  parameters  of  the
medium and earthquake characteristics. It will therefore
be reported in a special paper largely based on a study by
Gordienko (2014a).

Fig.  22. Comparison  between  the  upper  mantle  velocity
model  for  island arcs  and those constructed  in terms of  the
APH theory.

1.  Velocity  distribution  in  the  upper  mantle  of  the
Precambrian platform; 2. Velocity distribution constructed by
Gordienko et al., (2015); 3. Predicted velocity model for the
Alpine geosyncline upper mantle based on the APH theory.

Thermal model and geoelectrical data.  Various publications provide somewhat different depth
intervals, at which a conductive layer (with specific electric resistance ρ smaller than 100 Ohm.m) lies
in the mantle beneath Eastern Kamchatka and the Kronotsky Gulf (Moroz, 1991; and others): from 40-
150 to 110-180 km. This uncertainty can be readily explained by complicated conditions under which
the deep-seated feature was identified beneath crustal conductive zones with variable ρ and appreciable
composite longitudinal conductivity.

Comparison between thermal and velocity models, on the one hand, and geoelectrical model, on the
other, reveals their significant mismatch. Crustal portions are qualitatively similar. Mantle portions are
not. Differences in depths of the conductive layer’s bottom are not that important. The point is that, in
geoelectrical surveys, the depth of the top of the body and the magnitude of the composite longitudinal
conductivity are the most reliably determinable parameters. Yet, according to a geoelectrical model, S
amounts to 8,500-9,000 sm (siemens units),  whereas in thermal and seismological models it ranges
from 1,500 to 2,000 sm.  The evaluation of  S for  the  asthenosphere  on thermal  and seismological
models was conducted for virtually dry melting conditions and an average melt concentration of about
2%.  In  that  case,  for reaching  the  ρ  value  of  5-10  ohm.m in  a  conductive  medium,  the  relevant
concentration should be 12%, which corresponds to a velocity anomaly of about 1 km/sec. Such an
anomaly is unlikely for a considerable depth range. Segregation of the melt and its transport upwards
(resulting in a depletion of the concentration in the layer) take place at a concentration of 3-5%. The
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value  of  ρ  may only  change  if  the  mantle  melt  contains  a  large  amount  of  fluids.  The  available
estimates of this parameter for Kamchatka’s young igneous rocks (Frolova et al., Volynets et al., and
others) do not go beyond the limits within which the effect of fluids on the asthenosphere’s ρ is minor
(Gordienko, 2001a). Further studies of geoelectrical data were instrumental in establishing a 70-110 km
depth range with high electrical conductivity in the mantle of Eastern Kamchatka (on the whole, as an
integral region) (Moroz, 2009). The above estimate is close to the data of thermal and seismological
models.

Density  model  of  the  tectonosphere.  The  aforementioned  three-dimensional  velocity  model
incorporates the Earth’s crust. It turned out to be sufficiently detailed and reliable for constructing (in
combination  with  other  data  –  Anosov  et  al.,  1978;  and  others)  diagrammatic  models  of  density
distribution along the three profiles running across Eastern Kamchatka (Fig. 15). The crustal model
represented the distribution of depths for the M. discontinuity, 6.5 and 7 km/sec velocity levels, and the
basement. The velocity of a layer between the 7 and 6.5 km/sec isolines was assumed to be 6.7 km/sec.
The Vp value of 6.0±0.5 km/sec was adopted for the basement surface, and 6.5 km/sec was considered
as an average between the basement and the 6.5 km/sec isoline.  Thus,  the velocity profile used is
overschematized, yet,  given the available factual data, it  is impossible to construct a more detailed
profile: The details would be inaccurate.

The abundance of basic and ultrabasic rocks in the Earth’s crust of Kamchatka has prompted us to
use, alongside conventional formulas, also conversion formulas from Vp to σ applicable to the layer of
crust-mantle mixture (CM): σ = 2.69 +0.26 (Vp-6) and σ = 3.02 + 0.28 (Vp-7), where σ is density in
g/cm3. It certainly largely applies to the lower layer of a consolidated crust: Without the effect of high
temperature, velocity values there would have been like in the CM layer. Small corrections (0.005-0.01
g/cm3) made up for the anomalous heating of the crust. The thickness and density (2.55 g/cm3) of the
sedimentary-igneous veneer on dry land was adopted according to a study published by Gordienko et
al.  (1992) and others.  These data do not  contradict  the  rather scanty  information on seismic wave
velocities in Kamchatka’s veneer (2.4 - 4.6 km/sec). The thickness of sediments beneath the seabed was
believed  to  be  decreasing  in  the  direction  from the  shore  to  the  trench from 4-5  to  1-0.5  km in
accordance with typical distributions of the parameter in other areas of southern Kamchatka, as well as
the Kuriles and Hokkaido. It was assumed that the density there is somewhat lower than on dry land:
2.45 g/cm3. There is no material to specify the parameter, and the influence of its variation on crustal
effect is hardly significant at all.

Provided that density distribution in the upper mantle is normal, the estimated gravitational effect of
the crust resembles in shape the distribution in the observed field, but as far as its level is concerned, it
has nothing in common with the latter: It is higher by approximately 200 mGal (170-190 mGal) on dry
land and by over 200 mGal at sea. The magnitude of the mantle anomaly generally resembles that
common for the Alpine geosyncline undergoing contemporary activation, as well as for young oceanic
basins. It testifies to a very intensive heating of the upper mantle’s top portion, something that (in terms
of the APH) is inevitably associated with the cooling of the mantle’s lower portion and polymorphic
transformations of mantle rocks.

A thermal  model  for  the  upper  portion  of  the  mantle  (to  approximately  200 km)  was  already
presented earlier in this paper. A certain adjustment was introduced for the mantle beneath the basin.
The major problem in the construction of a model for the basin encompassing the entire thickness of the
upper mantle boils down to the lack of reliable geological information on the events that have taken
place over recent dozens of millions of years. The problem is further aggravated by the fact that the
process  beneath  the  Obruchev  Hills  may  differ  from  the  processes  in  the  basin  proper.  Even  if
temperatures in the top portion of the upper mantle are similar for different versions of the process, they
may differ considerably in the mantle’s lower portion and cause changes in density (which may turn out
to be quite appreciable once conditions become ripe for polymorphic transformation of rocks), so that
the resulting densities  would differ  from those used in  the  calculations.  These considerations have
prompted us to restrict the area of calculations and not to go beyond the trough axis. Further southeast
the reliability of the results may sharply decrease. 

The distribution of temperatures was used to determine anomalous densities. The following factors
σ relative to normal distribution (Tn) under the effect of an anomalous temperature, i.e. its deviations
from the background temperature. At the point of solidus (Ts) the amount of fluid was assumed to equal
1%, so that for its increase by 1% (to the level of segregation – presumably amounting to 3-5%), a
heating by 50oC was assumed to be required. One percent of basaltic fluid (at depths indicated in the
model) reduced the density by 0.0033 g/cm3. This correlation cannot be applied to larger depths: For
melt composition corresponding to the composition of the rock, the melt is more compact than the solid
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mantle at depths larger than 200-250 km.
2. High temperatures caused mantle rocks at depths of about M.-30 and 30-100 km to transform to

plagioclase and spinel facies, respectively. This resulted in the reduction of their densities by 0.125 and
0.08 g/cm3 (Gordienko, 2012; and others). A concept regarding preservation of relics of the reworked
continental  crust  beneath  a  thin  oceanic  crust  (down  to  33  km)  in  the  northwestern  basin
(Geodynamics…, 1997) suggests the same densities.

The anomalous density values for upper mantle rocks of the region are presented in Fig. 23. 

Fig.  23.  Anomalous  densities  in  the  upper  mantle
beneath the profiles. 1 – isolines of anomalous densities
(in 0.01 g/cm3)  associated with anomalous temperatures
and partial melting; 2 – plagioclase lherzolite zone; 3 –
spinel  lherzolite  zone;  4  –  zone  (above  470  km)  of
anomalous  compaction  in  connection  with  polymorphic
transformation at the bottom of the upper mantle.

Attempts  to  precisely  determine  the  error  in
calculations of the effect of the mantle’s anomalous
densities  have  so  far  failed.  Real  errors  in  the
calculation  of  temperatures  (Gordienko,  2012;  and
others)  enable  us  to  assess  errors  in  drawing
boundaries of polymorphic transformation zones at
just a few kilometers. Associated with them in each
case  may  be  errors  in  the  calculation  of  the  field
equaling 10-15 mGal.

3.  During  the  process  of  cooling  of  the  upper
mantle’s lower portion as a result  of the overlying
deep-seated material sinking there, conditions arise
that  promote  a  temperature  at  which  olivine

transforms into a mineral with the structure of spinel,  and thus the rock undergoes compaction by
approximately  0.21  g/cm3

(Gordienko, 2012; and others). At a
normal  temperature  distribution,
the  transformation  occurs  at  the
depth of about 470 km.

Fig.  24. Comparison  between
estimated  and  observed  gravitational
fields along profiles I, II, and III. 1-3
are gravitational fields: 1 – observed, 2
and 3 estimated (2 -- is the effect of the
crust  and  normal  mantle,  3  –  taking
into  account  the  mantle’s  anomalous
density).

With  an  account  for  all  the
errors  in  the  determination  of
estimated and observed fields listed
above  as  (Σ(Δg)2)0.5,  we  get  an
assessment  of  the  divergence  that
they caused between the Δg values
being  compared  amounting  to
about  40  mGal.  The  estimated
gravitational  effect  of  anomalous
densities  in  the  upper  mantle
beneath  the  profiles  makes  it
possible to approximately equalize
the  estimated  and  observed  fields
(Fig.  23).  Significant  divergences
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have largely been detected in marine portions of the profiles where errors in the determination of both
values being compared may increase. It cannot be ruled out that after the used a priori information is
refined,  the  estimated and observed fields  may turn out  to  be closer in  magnitude.  On the whole,
correlation between the fields may be viewed as satisfactory, with an allowance for the lack of accuracy
and,  occasionally,  the hypothetical  character  of  the data used and colossal  swings in the values of
gravitational fields along the profiles.

Fig.  25. Histogram illustrating  divergences  between  calculated  and
observed fields along profiles I, II, and III.

Maximum  divergences  between  the  estimated  and  observed
fields at some sites reach 89-100 mGal, which is a lot, yet they do
not contradict the assessment made above. Maximum divergences
are confined to the trough and to the area east of it. The overall
results of the comparison between the fields are shown in Fig. 8. It
follows from them that the average difference between the fields

along all the three profiles does not exceed the forecast value and amounts to 30-40 mGal. A histogram
of the distribution of the divergences is more or less symmetrical and points to its relative similarity to
normal distribution.

We can generally claim that in the case of Kamchatka, a fairly good match between prognostic and
experimentally derived parameters can be achieved without the need to adjust them, and the level of
deviations is in line with errors in both sets of parameters.

CONCLUSIONS
The task we set for ourselves in this study has been accomplished. We managed to explain on a

quantitative level (within the limits of real errors) the geological phenomena and physical fields for two
Alpine geosynclines (as well as for many others -- see INTRODUCTION). We have thereby shown
that our hypothesis on deep-seated processes can be applied to the most intricate -- geosynclinal -- type
of endogenous conditions. 
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7. CONTINENTAL RIFTS AND RECENT ACTIVATION
ZONES

In his definition of the notion “rift,” this author follows a well-substantiated triad advanced by H.
Cloos in 1939: “Uplifting-faulting-volcanism.” Other geological events, which are frequently observed
on the territories of rifts, might complement the process, but are not its part. In his study, the author
focused on rifts on the territory of Ukraine: The Dnieper-Donets Basin (DDB), Pripyat Trough (PT),
Pripyat Swell (PS), and Volyn-Polesye Trough (Gordienko, 2012; Gordienko et al., 1985; and others).
Also analyzed was the Massif Central in France, a portion of the Rhine-Libya rift system (Buryanov et
al.,  1987;  Gordienko et  al.,  1985;  and others).  Manifestations of rifting in Central  Asia and at  the
Pacific margin of Asia were covered in the study, too (Gordienko et al., 1990, 1992). The advection-
polymorphism hypothesis (APH) employs, as an analytical tool, simulation of heat-and-mass transfer
processes in the tectonosphere to compare them against experimental geological and geophysical facts
(Gordienko, 2015a). The differences (without matching simulation parameters) should not exceed those
due to observation or calculation errors. The efficiency of the procedure depends on the quantity of
facts suitable for comparison, considering that the said quantity diminishes with the age of the process.
It is the highest for Alpine rifts, where physical fields are affected by appreciable disturbances, and
models take into account anomalous temperatures (T) at greater depths.

Fig. 1.  Diagram depicting patterns  of  rifting on the Eastern  European Platform according  to  Milanovsky
(1983)  plus  results  published  by  Buturlinov,  1979;  Ellern,  1979; Gavrish,  1987;  Gonshakova  et  al.,  1973;
Koronovsky, 1984; Korzun et al.,  1977; Leonov, 1976; Lukin, 1997; Shumlyansky, 1983; and Valeyev et al.,
1969.

1 – pertains to grabens and 2 – manifestations of magmatism.

This is the reason why the French Massif Central, a stretch of the Rhine-Libya rift system, is used to
illustrate the hypothesis. On the other hand, the Dnieper-Donets Depression, despite its Hercynian age
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and owing to its detailed coverage by studies, offers vast information for monitoring the deep-seated
process. 

The  chapter  also  briefly  analyzes,  largely  on  the  basis  of  Ukrainian  data,  the  tectonospheric
processes in zones of single-episode, mainly recent, activation close to the initial phase of rifting.

THE DNIEPER-DONETS BASIN
The rift  in  the  Dnieper-Donets  Basin is  a  component  of  the  Eastern European Platform (EEP)

Devonian system predated by the Riphean system (Fig. 1).
Geological history. It is obvious that active processes in the Riphean-Vendian pervaded nearly the

entire territory of the platform. Then there followed a lengthy period of relative tectonic and magmatic
“quiescence” that prevailed for about 250 million years. The active processes, which recommenced in
the Early Devonian, were typical of a considerable part of the EEP territory, although smaller than
during the Late Precambrian. The processes did not cease during the Late Devonian. Depressions in
some areas (the Oslo Graben) continued to develop through the Permian. In the Donets Basin, the
process acquired parageosynclinal character and lasted until the Permian-Triassic transition. In the Late
Paleozoic, a syneclise was taking shape in the DDB. Yet, major events that characterized the rifting on
the platform were restricted to a rather narrow time interval. 

In the Mesozoic-Cenozoic, quiescence in the tectono-magmatic activity set in almost everywhere
and lasted for about 250 million years. It presumably gave way to recent active events (see below).
“The latest phase of tectonic activity in aulacogens and fault zones on the Eastern European Platform
took place during the Late (?) Pliocene-Anthropogene” (Milanovsky, 1983, p. 74).

Traces of the Riphean process in the Dnieper-Donets Basin (DDB) are not numerous. They include
fragments of rocks of the corresponding age (undoubtedly pre-Devonian) removed by rising salt diapirs
from the slopes of benches in the depression basement. Drilling has uncovered diabasic rocks aged
about 700 million years (Lukin, 1997).

It cannot be ruled out that the fact of the Riphean and Paleozoic rifts being confined to the same area
can be accounted for by the specificity of its earlier history. “Possibly, the Dnieper-Donets Aulacogen
(including its  western,  Pripyat,  portion,  which developed vigorously only in the Devonian)… have
inherited the extremely ancient Early Archean (or even Catarchean) linear mobile belt of the basement”
(Milanovsky, 1983, p. 43).

The elevated activity may be due to the intensity of heat  generation (HG) by mantle rocks,  an
intensity which is somewhat higher than normal for a Precambrian platform (Gordienko, 2015b).

Fig. 2 shows a structural scheme of the DDB and its extension along the strike of the Pripyat Trough
and Pripyat Swell. The latter, in the Late Devonian, evolved in full conformity with H. Cloos’ model,
and no appreciable subsidence took place there. In the Pripyat Trough, rifting proper was supplemented
by the formation of a shallow Devonian trough filled, in the upper portion of the structure, with a thin
layer of Meso-Cenozoic sediments. 

In the Eifelian time (from about 400-395 million years ago), the future DDB and adjacent territory
experienced uplifting accompanied by the formation of initial narrow and shallow fault-zone grabens.
“…Deposits older than Eifelian-Givetian occur sporadically, are negligible in thickness (the known
thickness of Eifelian deposits in the Dnieper-Donets Depression ranges from 20 to 30 meters), and their
age determination is largely problematic” (Leonov, 1976, p. 168). “…There is no direct evidence that
they (the grabens – V.G.) existed in the pre-Eifelian time” (Leonov, 1976, p. 170). “...At the end of the
Middle Devonian, the rocks underwent ascending movements and rifting which caused denudation of
Devonian formations at the edges and in arched blocks….” (Volcanismus.., 1977, p. 26). Ascending
movements continued until approximately 370 million years ago, then they resumed briefly about 360
million years ago (Volcanismus…, 1977). The area of uplifts around the DDB is several times that of
the  future  depression.  In  the  process  of  rifting,  uplifts  clustered  in  the  immediate  vicinity  of  the
developing trough and encompassed, on each side of it, a territory comparable with dimensions of the
depression (Ellern, 1970).

Maximum sedimentation rate (on the average, over 200 meters per million years) in the DDB’s
history has been recorded for the Late Frasnian-Famennian time (370-360 million years ago). Then the
situation changed abruptly. According to “Block Tectonics….” (1991, p. 26), “During a major pre-
Carboniferous  hiatus,  the  topography  flattened  out  and  the  crust  of  weathering  formed.  Marine
transgressions in the Tournaisian and Early Visean periods marked the onset of a new stage in the
region’s evolution.” Then there followed a period of continuous and steady accumulation of sediments.
“The Upper Visean-Serpukhovian paralic  carbonaceous-terrigenous-carbonate complex overlies, with
an  interregional  stratigraphically  sliding  unconformity,  the  Lower  Carboniferous,  Devonian,  and
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Precambrian formations both in the paleorift and at the edges of the DDB, thereby triggering a new
syneclise-miogeosynclinal stage in the development of the region” (Geology…, 1989a, p. 57). The said
complex covers a much larger area than the preceding one.  The average sedimentation rate in the
Carboniferous is about 60 meters per million years. In the second half of the Visean period (about 340
million years ago), the pattern of the warping process changed drastically. Until then, there had been no
distinct trend of sediment accumulation from the edges toward the center and from the Bragin ledge (at
the boundary with the Pripyat Trough) toward the Donets Basin. The axis of maximum thicknesses
shifted. Since then it crossed the center of the DDB, and the aforementioned pattern in the distribution
of thicknesses retained that trend for the entire remaining Carboniferous and Early Permian period
(Block tectonics…, 1991).

Fig. 2. Structural diagram of the Dnieper-Donets Basin (DDB) and adjoining elements of the Devonian rift
system according to (The Map…, 1988; and others).

1 – depressions, 2 – major faults, 3 – Moho discontinuity depth contours, 4 – Deep seismic probing profiles.
Shown in the inset are averaged velocity models of the crust in the DDB, Pripyat Trough (PT), and adjacent
territories (Gordienko et al., 2006; and others).

1 – Peripheral endogenous fault zones of grabens, 2 – Quaternary--Carboniferous sediments, 3 – Devonian
sediments, 4 – Background depth of the M. discontinuity beneath the Ukrainian Shield (42.5 km), 5 and 6 – Vp
values (5 –near depressions, 6 – within grabens), 7 – background Vp pattern in the Earth’s crust of the Ukrainian
Shield, 8 – Vp pattern within the consolidated portion of the crust beneath the DDB graben.

There are virtually  no Devonian sediments  on the Pripyat  swell.  Older rocks there experienced
denudation  which  points  to  the  region’s  upheaval  during  the  Middle-Late  Devonian  activation
(Geotectonics…., 1990; and others).

The deposition of sediments in the Pripyat Trough during the Devonian is similar to that on the
DDB (Balabushevich, 1965; and others). It is obvious that during the period of 390-375 million years
ago the sedimentation rate was small (10-40 meters per million years, on the average). In some areas of
the trough, Middle Devonian and Lower and Middle Frasnian rocks are totally missing. About 375-360
million  years  ago,  the  average  sedimentation  rate  was  250  meters  per  million  years.  In  the
Carboniferous, the average rate did not exceed 10 meters per million years, i.e., it did not differ from
the rate typical of tectonic conditions on platforms. Movements along the faults  around the trough
started 375 million years ago and ceased 360 million years ago.

The sedimentation pattern in the DDB during the Permian is significantly similar to that during the
Devonian:  Fragmentarity,  sharp  variations  in  thickness,  and  the  presence  of  salt.  Even  though
magmatism  of  the  corresponding  age  has  not  been  reliably  established,  traces  of  hydrothermal
processes  toward  the  end  of  the  period  have  been  spotted.  It  cannot  be  ruled  out  that  additional
activation took place during that stretch of time (Lukin, 1997; and others). Its age grows from southeast
to northwest within the Permian period (Geology…., 1989a).
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Magmatic manifestations of the Permian activation aged 260 ±20 million years were found on the
slope  of  the  Ukrainian  Shield,  80  km away from the  southwestern  fault  at  the  edge  of  the  DDB
(Shcherbakov,  2005).  Their  composition  has  made  it  possible  to  assess  the  depth  of  the  magma
chamber at 85±10 km. Xenocrysts of diamonds, stishovite, etc. point to the primary magma source at
depths greater than 200 km.

The level of knowledge on the DDB sedimentary complex based on the data of drilling and seismic
exploration  enables  quantitative  evaluation  of  sediment  accumulation  in  the  region  (Atlas…;
Geology…., 1989a, 1989b; and others), thereby providing parameters suitable for correlation with the
expected aftermath of the deep-seated process in the regional tectonosphere.

The  depths  of  major  interfaces  at  the  northwestern  and  southeastern  edges  of  the  DDB range
between 1-2 km,  2-9 km,  and 3-16 km for  the  Dronovo suite  (Permian-Triassic  interface),  Lower
Carboniferous,  and  the  basement,  respectively.  It  is  obvious  that  differentiation  in  thickness  of
stratigraphic elements from the Mesozoic/Paleozoic interface toward the basement increases along and
across the strike of the basin. The rather flat floor of the Meso-Cenozoic syneclise (with the exception
of individual sharp thickening during the Permian period) differs from the intricate boundary in the
Early Carboniferous and from the basement topography.

The effect of a more intensive Carboniferous sedimentation process in the Donets Basin becomes
more visible in the southeastern part of the depression and in the transition zone from the Dnieper-
Donets to the Donets Basin. Therefore, assessment of the sedimentation results typical of the Dnieper-
Donets Basin proper requires an approach that would make it possible to differentiate between these
processes.

This would be easier to accomplish with the help of geological profiles shown in Fig. 2. Yet, we
need to take into account the fact that the data on the Middle Devonian-Lower Frasnian sedimentary
layer thickness are only available for the northwestern group of profiles. In the southeastern group,
where the basement lies at a great depth, the lower parts of the profiles are based exclusively on the
basis of seismic evidence and the relatively thin Middle Devonian-Lower Frasnian layer could not be
identified there. It was therefore assumed in the determinations of thicknesses of the layers that the
situation recorded along the GII-II profiles also prevails further southeast.

A corresponding graph depicting sedimentary layer thickness in the Dnieper-Donets Basin is shown
in Fig. 3. Thickness variations in the Pripyat Depression for the Devonian coincide with those in the
Dnieper-Donets Basin. With regard to the Carboniferous-Devonian, there is a sharp difference (Fig. 3). 

Fig. 3. Variation in the average estimated (1) and observed (2) thicknesses of the sedimentary layer in the
Dnieper-Donets Basin (DDR) and the Pripyat Trough (PT).

On the whole, analysis of the data regarding the processes of formation of the Dnieper-Donets Basin
sedimentary layer enables us to formulate a few conclusions.

1. Middle Devonian-Lower Frasnian deposits accumulated within small grabens adjacent to faults;
uplifting and erosion prevailed on the rest  of  the territory of the future Dnieper-Donets Basin and
Pripyat Trough.

2. Late Devonian sediments accumulated within a 50-60 km wide trough in the northwest of the
depression and within a100-110 km wide trough in the southeast.  The width varied approximately
along the 32o30' meridian.

3.  Areas  occupied by  deposits  of  various  stages  of  the  Upper  Devonian  virtually  coincide.  No
appreciable increase in them in the course of time has been recorded. This fact points to the absence of
crustal stretching during the period of formation of the postrift complex (Artyushkov et al. 1987; and
others).
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4. The syneclise stage, which took place only in the Dnieper-Donets Basin, was characterized by
subsidence of a  territory,  whose area exceeded that  of  the  rift  trough,  without  causing ruptures or
changes  in  thickness  of  the  Devonian  complex.  The  observed  variations  in  its  thickness  can  be
attributed to halokinetic phenomena.

5.  Sedimentation  rates  in  the  Dnieper-Donets  Basin  and  Pripyat  Trough  during  the  Frasnian-
Famennian are similar, amounting to about 250 meters per million years and surpassing appreciably the
rates typical of endogenous conditions on platforms. During the Carboniferous-Cenozoic in the Pripyat
Trough  and  Mesozoic-Cenozoic  in  the  Dnieper-Donets  Basin,  the  sedimentation  rate  was  several
meters per million years, i.e., it did not differ from that on the platform. During the Carboniferous-
Permian in the Dnieper-Donets Basin, it was at the level of 25-30 meters per million years – somewhat
higher than on the platform.

6.  Manifestations of two activations (Permian and Jurassic)  have been revealed in the Dnieper-
Donets Basin and at its periphery -- the Jurassic activation was probably not widespread. The relevant
magmatism was weak and has been insufficiently well studied. Over the said periods, the sedimentation
rate decreased noticeably.

A sufficiently detailed analysis of rift  magmatism and a relevant bibliography were provided in
publications by Gordienko et  al.,  2006;  Lyashkevich,  1982;  and others.  Information on the age of
individual magmatic events within the rift and at its edges differs somewhat from author to author, but
three stages in those events have been clearly identified. They were assumed to be 390, 375, and 360
million years ago, so that possible differences, which are too small, cannot affect results of correlation
between parameters of observed and estimated ages.

Within the rift, peripheral deep-seated faults extend far west from the Pripyat Trough to the vicinity
of Berlin. Initially, they delineated a unified magma-controlling Paleozoic structure with approximately
synchronous effusions of  compositionally  similar  magma flows from large depths.  The first  basic-
ultrabasic complex incorporated kimberlite-like rocks, alkaline basalts, andesitic basalts, andesites, and
liparites  (Lyashkevich,  1982;  Tsymbal,  2003;  Veretennikov  et  al.,  2001;  and  others).  Xenocrysts
transported through diatremes bear witness to focal depths larger than 180 km, and the composition of
rocks there indicates that the depth of the top portion of the melt source was 185-190 km and that the
temperature there was about 1,600-1,650oC (Gordienko, 2014c, 2015c). The shallower portion of the
complex is composed of rocks supplied from a subcrustal (40-60 km) magma pocket and a crustal
magma pocket  (20-30 km).  The  quantity  of  those  magmatics  far  exceeds  the  volume of  all  other
igneous elements of the rift taken together.

It  is difficult  to differentiate between the second and third stages of magmatism. Some authors
believe  that  they represent  parts  of  the  same event.  Rocks  that  formed during that  period  include
insignificant secondary supplies of magma from a deep-seated (about 200 km) magma chamber. Apart
from  that,  alkaline  basalts  and  carbonatites  can  be  found.  The  latter  are  likely  to  point  to  a
differentiation of the ascending magma at depths of about 100 km. The xenocrysts transported by the
magma may have been captured at depths greater than those of the magma chamber that fed the first-
stage magmatism. The composition of the associated trachybasalts, however, suggests that the magma
chamber lay at a depth only slightly larger than 60 km (T = 1,250 oC). We are inclined to estimate the
average depth of the top portions of magma chambers in the presumably second stage at about 80±20
km. There is also a group of rocks with picritic composition. The said group bears signs pointing to
magma being supplied from a chamber with the depth of its top portion of about 100-120 km (T =
1,400oC). It is likely that a short-lived partial-melting zone formed above it somewhat closer to the
surface.

The paleogeothermal gradient (γ), which has been studied in detail for the Dnieper-Donets Basin,
may be used as an additional characteristic of the deep-seated process during the syneclise stage of the
basin’s formation. The gradient was determined for Carboniferous rocks (affected by heating during the
period of Permian activation). In the said formations, it is double that in contemporary ones (Ivanova,
1991). Fig. 4 shows a histogram of areas within the basin where this value of the parameter prevails.
With the exception of local areas (the most heated of which are mainly confined to the vicinity of the
zone  transitional  to  the  Donets  Basin),  the  geothermal  gradient  that  prevailed  within  the  Dnieper-
Donets Depression during the Carboniferous equaled 30-35oC/km.

The  structure  and  thickness  of  the  Earth’s  crust  (Fig.  2)  constitute  particularly  prominent
characteristics of the Dnieper-Donets Basin. While the crust in the Pripyat Trough hardly differs from
the crust underlying the Ukrainian Shield and the Belarussian Massif, it thins out sharply beneath the
Dnieper-Donets Basin directly under the trough and is thicker at the periphery. 
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Moreover, the seismic wave velocity is significantly higher in the consolidated part of the basin. The
velocity increase within the 15-30 km depth range could be a consequence of basification (an increase
in the proportion of basic rocks).  At larger depths, one can only talk about  additional  eclogites or
ultrabasic rocks, the former alternative being more likely.

Fig. 4. Paleogeothermal gradient (A – observed, B – estimated) in the Carboniferous rock formation of the
Dnieper-Donets Basin.

Over the last millions of years, the territory of the rift has been exposed to recent activation. Its
geological manifestations may be seen in the elevation of the surface in the greater part of the basin,
activation of faults, emergence of anomalies in the local heat flow (HF), helium isotopy, hydrochemical
inversion,  abnormally high  pore  pressure,  formation  of  hydrocarbon deposits,  whose age does  not
exceed  several  hundred  thousand  years,  and  seismicity  (better  studied  for  the  Pripyat  Trough)
(Gordienko et al., 2006; Lukin, 1997; and others). Some of the relevant data are shown in Fig. 5.

The data  clearly identify the  southeastern part  of  the  basin (the Dnieper Basin –  Fig.  2)  as  an
activation zone and point  to an intrusion,  under high pressure,  of  superheated fluids,  in which the
composition of water differs from that in the sedimentary veneer, into the upper layers of its crust. They
also testify to the presence of a mantle stage in the active process (a high content of  3helium). The
absence of indications of a recent activation in the northwestern part of the depression (the Desna Basin
–  Fig. 2) does not necessarily mean that such an event never happened in recent past. It may have
started somewhat earlier in that area so that the time of the aforementioned manifestations is already
over. Heat flow anomalies in the Desna Basin are even more numerous than in the Dnieper Basin.
Activation signs in the Pripyat Trough are obvious, just as they are in the Dnieper Basin.

Fig.  5.  A  –  Amplitudes  of  crustal  surface  elevations  over  the  last  three  million  years  (according  to
Verkhovtsev, 2006). B -- Sites where helium isotopy was measured (1 -- background values and 2 -- anomalous
values); the northwestern boundary of the hydrochemical inversion zone in the Dnieper-Donets Basin (3); and
location of some young hydrocarbon deposits with abnormally high pore pressure (AHPP), the age of some of
those deposits has been estimated as less than one million years (4). 

Geophysical indications of activation will be discussed below.
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 In this region, it is necessary to analyze the deep-seated processes associated with Riphean and
Hercynian rifting events, as well as recent activation with possible addition of the Permian activation to
the list. It is also essential, in the course of our analysis, to touch upon the geological history of the
Pripyat Trough which is closely associated with the history of the Dnieper-Donets Basin.

In terms of the advection-polymorphism hypothesis (APH), active heat and mass transfer in the
tectonosphere of the future rift started after the formation in the lower portion of the upper mantle of a
sufficiently thick layer of partially molten rocks (asthenosphere). A complete process (three-stage heat
and mass transfer) requires an at least 150-km thick layer. Transfer of the overheated and partially
molten material from the asthenosphere to the upper part of the upper mantle proceeds in separate
portions – quanta of tectonic action (QTA) with the diameter of 60 ± 10 km. They ascend throughout
the territory of the region (creating large asthenoliths), and therefore the size of the region must be a
multiple of the aforementioned diameter.

Initially, QTAs travel from the upper one-third portion of the asthenosphere to beneath the crust (to
depths ranging from 40 to 100±10 km). The depth of the asthenosphere’s top portion beneath the rift
increases,  and a  new (upper)  asthenosphere  forms  beneath the crust.  Following some geologically
insignificant time period, basic melts from the new asthenosphere intrude into the crust. At depths of
20-30 km, they occupy 25 percent of the space, and at 30-40 km – 50 percent. The place for those rocks
is vacated by  basic rocks which had been contained in the crust. In the course of heating, the basic
rocks underwent a stage of fast eclogitization (fluids paying a major role in the process) and sank into
the asthenosphere which cooled down somewhat as a result. By the end of the process (after the ascent
of the third series of QTAs), with a cooling of the crust, a large part of new basic material again goes
through the temperature interval of rapid eclogitization and may transmutate into eclogite.

The partial-melting chamber arising in the crust and involving rocks in the amphibolite facies of
metamorphism (at the temperature of 600oC or higher) is sealed at the bottom by the lower portion of
the transitional layer (about 30 km in thickness) which still contains such rocks. It is from there that
magmas of acid and intermediate composition and fluids, generated during thermal dehydration, invade
the  upper  crust.  The heating of  the  lower  crust  during  the  initial  and (probably even more so)  at
subsequent stages of heat and mass transfer causes its temperature to approach the solidus of basic
granulites (1,050-1,100oC) (Yukhanyan, 1985; and others); at some segments of time, the temperature
might even exceed the solidus. Crustal rocks could be drawn into shifting within the advective flow’s
horizontal branch, whose length is collatable with QTA dimensions.

The second batch of QTAs rose 20±10 million years after the first batch from the upper half of the
lower asthenosphere into the depth range of about 100-160 km. The material that rose up was replaced
by a relatively cool substance that had descended from the same depth range. The asthenosphere cooled
down substantially and its top portion sagged. During that period, the upper asthenosphere and the
partial-melting layer were still retained within the crust.

The third batch of QTAs travels from the residual lower asthenosphere into the depths interval of
about  150-200 km thereby building  up  the  upper  asthenosphere  from the  bottom.  Relatively  low-
temperature  rocks  from  the  aforementioned  range  of  depths  replace  those  QTAs.  The  lower
asthenosphere cools down and completely disappears at that stage. The cooling also encompasses the
depth range where, at lower temperatures, olivine in mantle rocks might convert into a mineral with
spinel structure.

Upon completion of the heat and mass transfer episode in the upper mantle, there sets in a period
when the tectonosphere cools down through the surface, then heats up again with the heat generated as
a result  of  radioactive decay in the crust  and upper mantle,  and positive and negative temperature
anomalies at various depths smooth out. Conditions gradually arise favoring replication of a limited
version of the process (with the ascent of one or two QTAs).

A model for the Dnieper-Donets Basin simulated the period of time when last major active events
came to an end on the shield and adjacent territories, events that had been accompanied by the heat and
mass transfer in the mantle. It was assumed that it was the period when plutons were taking shape –
about 1,750 million years ago. Even a considerable change in this date does not cause any appreciable
change in  the  calculation results.  Energy reserves accumulated within the upper mantle during the
preceding period and suitable for heat and mass transfer (i.e., guaranteeing the presence of a partial-
melting layer) had been spent and the asthenosphere no longer existed (Gordienko, 2015c; and others). 

During  the  next  period, radiogenic  heat  generation  (which  was  assumed  to  be  by  0.01μW/mW/m3

higherage for the platform – Gordienko, 2015b), produced effects in the lower portion of the upper
mantle that  were stronger than cooling through the surface.  By the time of the presumed onset  of
Riphean rifting (about 760 million years ago), the temperature in the upper mantle exceeded solidus
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within the depth range of 200-500 km. This was sufficient to trigger a full-scale rifting whose model
has been constructed according to the technique described above. The time spans between the ascents
of successive QTAs were assumed to be 20 million years. Twenty million years after the completion of
the process (700 million years ago), the T pattern was like shown in Fig. 6.

Fig. 6. Temperature distribution in the upper mantle of the
Dnieper-Donets  Basin  1,750  and  760  million  years  ago.
Numbers on the graphs mark the age in millions of years, S is
the mantle rock solidus,  and Ol-Sp are  conditions at  which
olivine transformed into spinel

The period of mass transfer during Hercynian rifting
was  determined  on  the  basis  of  mantle  magmatism
manifestations as 390-360 million years ago. The dating
is not accurate, but its real variations will not have any
appreciable effect  on computation results.  Prior to the
start  of  the  process  (after  anomalies,  associated  with
Riphean events and with the heating of the lower half of
the  upper  mantle,  smoothed  out),  an  asthenosphere

formed in the region at the depths of 220-480 km (Fig. 7). It should be noted that the above refers
exclusively to the Dnieper-Donets Basin. In the area of the Pripyat Swell and, at least partially, in the
Pripyat  Trough,  heat  generation  by  tectonospheric  rocks  was  lower  and  thickness  of  the  young
asthenosphere there could hardly exceed 150 km. 

Fig.  7.  Temperature  distribution  in  the
tectonosphere  of  the  Dnieper-Donets  Basin
following Riphean and during Hercynian  rifting.
See Fig. 6 for the legend. Arrows mark the depths
of  magma  chambers  based  on  petrological
evidence (see above).

The  dates  of  when  the  QTAs  ascended
were assumed to be 390, 375, and 360 million
years  ago.  The  width  of  the  depression
restricted  their  diameter  to  about  50  km;
beneath the Desna Basin, the QTAs rose one
by  one  per  each  unit  of  length  of  the
depression, while beneath the Dnieper Basin,
the rate was by two QTAs.

The first asthenolith formed at depths of 220-290 km and ascended into the depth interval of 40-90
km. The subcrustal mantle became heated up by 760oC. Intrusions from the upper asthenosphere into
the crust took place and eclogitized crustal rocks that descended into the asthenosphere cooled it down
by 70oC. As a result of the events listed above, five million years after the asthenolith rose (385 million
years ago), the situation was like that depicted in a thermal model shown in Fig. 7. A partial-melting
layer formed within the crust at depths of 15-20 to 30 km; within the subcrustal mantle, at  depths
ranging from 50 to 90 km, the top of the lower asthenosphere plunged to a depth of 300 km.

The second asthenolith  (before  its  formation,  the T anomalies smoothed out  somewhat)  formed
within the depth range of 310-380 km and rose to the depths of 80-140 km. The respective temperature
anomalies  amounted  to  -380 oC and  620oC.  Five  million  years  later  (370  million  years  ago),  the
temperature distribution became as shown in Fig. 7. The thickness of the crustal partial melting layer
shrank to just a few kilometers, the upper asthenosphere occupied a depth interval between 80 and 150
km, while the top of the lower asthenosphere sank to 380 km.

The third asthenolith emerged within the depth interval of 380-450 km and rose to the depths of
150-200 km. The thermal anomalies constituted -300oC and 430oC. Five million years later (355 million
years ago), the partial-melting crustal layer might still be there, but its thickness became extremely
small. The upper asthenosphere was located within the depth interval of 100-210 km, whereas the lower
asthenosphere  was  actually  no  longer  existent.  It  should,  however,  be  pointed  out  that  conditions
promoting polymorphic transformation at the bottom of the upper mantle did not mature (Fig. 7).

130



The  period  of  zero  heat  and  mass  transfer  in  the  upper  mantle  following  the  completion  of
Hercynian rifting was assumed to prevail until 260 million years ago, i.e. until Permian activation. By
that time, thermal anomalies in the mantle substantially relaxed, the solidus temperature at depths of
380-470 km was exceeded, and the process of activation associated with the ascent of a single QTA to
beneath a unit of the region’s surface became possible. Conditions for such activation might not be ripe
for the Pripyat Swell and part of the Pripyat Trough: Activation there was “postponed” until Cimmerian
time. Nor should one rule out variations in heat generation in the Dnieper-Donets Basin, since such
variations may have been significant in this context. They may have caused both a delay in Permian
activation and its replacement by a couple of activations, for example, in the Late Carboniferous and
Cretaceous-Paleogene. In the latter case, the area may “not have been ready, in terms of energy” for
recent activation.

The ascent  of  an asthenolith  to  a depth of  50-100 km may have been responsible  for  Permian
activation. Within that depth range, a temperature anomaly amounting to 980oC builds up, whereas at
depths of 380-470 km the temperature anomaly is – 600oC. Molten mantle material intrudes into the
crust.  Eclogitized crustal  basic rocks that  descended into the upper asthenosphere cool  it  down by
190oC. The temperature in the lower asthenosphere drops to below solidus.

As pointed out earlier in this paper, the next period could include an assortment of events. This
assumption is also corroborated by the determination of the temperature in the tectonosphere for the
time point of three million years ago (a rather arbitrary dating for the start of recent activation in the
Dnieper-Donets Basin – Gordienko et al.,  2006; and others).  The partial-melting layer at the lower
levels of the upper mantle (Fig. 8) reaches a thickness of 180 km (within the depth range of 280-460
km). We can neither rule out the start of a “full-scale” rifting, nor a stage of activation between the
Permian and recent periods missing in the model described above.

Fig.  8. Temperature  distribution  in  the
tectonosphere  of  the  Dnieper-Donets  Basin
during Permian and recent activations. See Fig. 6
for the legend.

Adhering to the conventional scenario of
the basin’s geological history, let us analyze
a recent single-event activation. Overheated
and partially  molten  material  of  the  upper
mantle travels from the depths between 280
and  370  km to  the  depths  of  50-100  km.
Temperature  anomalies  of,  respectively,  -
550oC and +980oC arise. Approximately 0.5
million years ago and 0.2 million years ago,
mantle  melts  invaded  lower  and  median

crustal  strata,  while  submerged  eclogitized  rocks  caused  the  temperature  of  the  subcrustal
asthenosphere to drop by 200oC. Within the lower levels of the upper mantle, at depths of 400-479 km,
there still remained a partial-melting layer (Fig. 8) suitable for the formation of yet another asthenolith
and for the continuation of active endogenous conditions. Proceeding from actual time intervals, which
divide activation stages in the process of rifting (to the tune of 20 million years), one can expect a
certain expansion of the remaining lower asthenosphere, something that might be instrumental in the
formation of not just the second but also the third QTA beneath a unit area.

An analysis of  the thermal model evolution in terms of the advection-polymorphism hypothesis
(APH)  that  we  conducted  makes  it  possible  to  establish  a  number  of  verifiable  geological
characteristics of the process. 

1.  It  would  be  natural  to  expect  that  the  rift’s  dimensions  are  n-tuple  or  equal  to  the  QTA’s
dimensions (50-70 km).

2. During the period of 390-385 million years ago, igneous rocks of mantle origin could form at the
depth of about 200 km (provided that portions of magma split from the asthenolith in the process of its
ascent  and travelled directly  toward the surface)  or  40-50 km.  After  them,  almost  simultaneously,
igneous rocks from crustal chambers must have formed at the depth of 20-30 km.

3. During the period of 375-370 million years ago, igneous rocks must have emerged with the depth
of magma differentiation pockets of about 80 km. At the final stage of magmatism (360-355 million
years ago), the depths of magma chambers remained largely the same (100-120 km). Throughout the
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entire period of 375-355 million years ago, magmatism of crustal pockets was possible, although its
intensity must have been much weaker than at the start of the process. During the period of Permian
activation, magma chambers were located both beneath the crust and within the crust. 

4.  Intrusion  of  mantle  melts  into  the  crust  and  the  concomitant  eclogitization  caused  crustal
compaction by approximately 0.1 g/cm3 provided that the process encompassed the entire territory.
Judging by velocity profiles of the crust in the Dnieper-Donets Basin and Pripyat Trough, eclogitization
of basic crustal rocks was extremely irregular. On the average, compaction of the consolidated vis-à-vis
normal crust of adjacent regions can be estimated at 0.05 g/cm3,  which must correspond to surface
subsidence by approximately 0.7 km. Simultaneously with that, however, an effect of upheaval with the
same intensity took place due to the heating up of the mantle’s subcrustal portion. In the evaluation of
the upheaval effect, we took into account both the cooling down that occurred within the depth interval
from which overheated material  was supplied and differences  in thermal expansion coefficients  of
rocks at different depths. Thus, by the end of the first stage (390-375 million years ago), the surface
regained its initial position or slightly subsided (by no more than 0.2 km). At the beginning of the stage
it may have been raised by a few hundred meters (the heating effect prevailed).

It has to be mentioned that the thermal model of the first stage also incorporates a short interval of
time during which partial melting in the lower (granulitic) portion of the crust was possible. Therefore,
as early as by the end of the stage (375 million years ago), the material of the lower crust may have
been involved in the displacement along limited horizontal tracts of the advective flow (intermixing of
rocks in the process would be quite natural,  with the formation of a crust/mantle layer),  as well as
insignificant  subsidence of  the  surface.  Generally  speaking,  however,  this  process is  typical  of  the
beginning of  the  second stage – the  ascent  of  the  second asthenolith.  During that  period of  time,
partially molten (or, at any rate, strongly overheated) rocks were still present in the lower crust, and the
mantle material displacement there clearly took place.

This  component  of  the  process  deserves  somewhat  more  detailed  consideration,  which  became
possible due to recently obtained evidence (Chen et al., 2007; Gerya, 2010; Wilks et al.; and others).
Proceeding from the data of granulometric paleopiezometry, the pressure differential in the process of
deformation and recrystallization of xenoliths from the basic-granulitic lower crust (from the depths of
28-42  km,  at  temperatures  of  800-900oC,  i.e.,  somewhat  lower  than  the  solidus  of  those  rocks  –
Yukhanyan et al., 1985) is estimated at 14-20 MPa. Accordingly, based on the law applied to steady
flow processes (Wilks et al., 1990), the rate of deformation can be estimated at 10 -13-10-11 sec-1 and the
equivalent viscosity at 1017-1019 Pa.sec. The rate of deformation of upper mantle rocks is 10 -17-10-13sec-1

and  viscosity  amounts  to  1019-1021 Pa.sec.  The  material  transfer  rate  in  the  horizontal  branch  of
advection can be determined for actual parameters of the process (Gordienko, 1975) as amounting to
0.5-1.0 cm per year. Crustal rocks obviously joined the movement of mantle rocks. Thickening of the
crust at the periphery of the Dnieper-Donets Basin (Fig. 2) occurs over a stretch of time of about 10
million years within a single stage of rifting.

5. The amount of lower crust rocks transported (largely about 380-370 million years ago) away from
the territory of a future rift cannot be assessed directly in terms of the APH. With the help of seismic
data, we can establish that crustal thinning in the trough that was taking shape amounted to about 12-
12.5 km.  This  is  in  agreement  with the  surface subduction by about  1.9 km.  Taking into account
igneous and exhalation deposits of mantle origin that were transported to the trough area, we will arrive
at  an  additional  subduction  of  about  1  km.  Positive  and  negative  temperature  changes  in  the
tectonosphere may have caused a slight (about 0.2 km) elevation of the surface. In other words, the
combined effect at the stage will constitute a subsidence by 2.7 km. The irregular sedimentation could
be due to differences in heating, crustal thinning, intensity of magmatism, or withdrawal of partially
molten asthenospheric material from beneath areas with higher rates of sedimentary layer accretion. 

6. In the second stage, the amplitude of displacements along peripheral faults becomes noticeable
and grows fast. It must be proportional to the thickness of sedimentary deposits: about 2-2.5 km.

7. After the ascent of the third batch of QTAs, tectonic effects were associated with changes in
temperature within the tectonosphere, and the main of those effects was triggered by a cooling of the
zone  of  rocks  at  the  bottom of  the  upper  mantle.  It  is  there  that  an  approximately  eight-percent
compaction occurred within an approximately 35-km thick layer. In the course of time, thickness of the
transformed  layer  decreased,  and  averaged  25  km  over  the  period  of  smoothing  of  temperature
anomalies (360-260 million years ago). The total subsidence of the surface reached 2 km. A slight
increase in the subsidence rate is possible in connection with an increase in pressure exerted by the
growing thickness of the sedimentary layer. Yet, there is also a factor of thinning out of the transformed
layer – an increase in temperature at the transition front due to the exothermicity of the process. Those
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effects must, to a certain extent, be mutually compensatory. It should be pointed out that, during the
period of the Dnieper-Donets Basin evolution, sediments must have occupied a territory larger than
formations of the preceding epoch. Polymorphic transformations at the bottom of the upper mantle
engulfed not just rocks at large depths directly beneath the rift, but also adjacent areas that had also
been affected by some cooling due to the subsidence of cold asthenoliths. It is also worth mentioning a
secondary effect  caused by the ascent of the third QTA: Right after  its  immobilization at  minimal
depths (360 million years ago), even before appreciable ramifications caused by the transformation of
material at the bottom of the upper mantle, temperature changes must have triggered a short-term and
small-amplitude upheaval or, at least, a sharp decrease in sedimentation rates.

8.  Permian activation (by  contrast  to  recent  activation --  see  Fig.  8)  also resulted  in  a  surface
subsidence attributed to polymorphic transformations of rocks at the bottom of the upper mantle in a
layer with an average thickness (for the period of 260-3 million years ago) of about 35 km, i.e., the
surface subsided by 2.8 km. Thermal effects must have caused a 0.5 km upheaval. Besides, during that
period  thermal  decompaction  of  the  crust  and  subcrustal  mantle  must  have  caused  a  short-term
upheaval and a hiatus in sedimentation.

9. Recent activation must only lead to an upheaval by a few hundred meters which is likely not to be
over yet. Whatever the case might be, cessation of the surface subsidence and sedimentation may be
expected. On the whole, variations in the sedimentary layer thickness in the Dnieper-Donets Basin are
predicted in the form shown in Fig. 3.

10. In the Pripyat Trough, an estimated history of sedimentation that lasted until 375 million years
ago coincided with that analyzed for the Dnieper-Donets Basin. After that, sedimentation ceased until
Middle Jurassic activation. A thermal model constructed for such conditions pointed to the presence in
the region, about 179-180 million years ago, of a lower asthenosphere within the depth interval of 390-
470 km.  A single  QTA may have formed there,  and therefore  an activation similar  to  that  in  the
Permian of  the  Dnieper-Donets  Basin,  must  have been accompanied by a  decrease in  temperature
within a depth interval where that event triggered polymorphic transformation and subsidence of the
surface by approximately 2 km during the next period.

11. Upon completion of the rifting period and until the end of the Carboniferous (360-300 million
years ago), the estimated geothermal gradient (γ) in the sedimentary layer of the depression varies in
line with the data presented in Fig. 4.

12. The adopted thermal model of the process of recent activation (Fig. 8) points to the absence of
anomaly of the heat flow through the surface. This result cannot, however, be used to verify the validity
of the process simulation because it was precisely the absence of the heat flow anomaly that served as a
criterion  for  selecting  the  model  for  that  stage  of  the  Dnieper-Donets  Basin  development  without
sufficient  knowledge  about  the  geological  events. At  the  same  time,  the  estimated  distribution  of
temperatures (T) within the crust and upper mantle prior to recent activation (3 million years ago – Fig.
8), which is the result of a long series of calculations covering the period from 1,750 million years ago,
can be verified with the help of independent data: temperatures determined on the basis of present heat
flow values.

Let us compare events predicted in terms of the APH for the near-surface zone of the Dnieper-
Donets Basin with those known from geological evidence.

1. Charts showing lengthwise division of the Dnieper-Donets Basin that were plotted by various
authors  make it  possible  to  identify,  in  the  capacity  of  units  with somewhat  dissimilar  geological
history, fragments that are in all cases n-tuple to 65-75 km in size (Geology…, 1989a and 1989b). The
width of the depression between peripheral faults in the Desna area of the zone is about 65 km, and
further southeast (after a relatively narrow transitional zone), it widens up to approximately 120 km
(2х60 km) – see  Fig.  2.  Consequently,  the  dimensions of  the structure can be correlated with the
dimensions of the QTA. The same applies to the Pripyat Trough and Pripyat Swell (180х130 km and
140х140 km, respectively, which corresponds to six and four QTAs).

2  and  3.  The  depths  of  magma  chambers  in  the  rifting  stage  of  the  Dnieper-Donets  Basin  as
estimated on the basis of intrusive and effusive rocks petrology are in full agreement with the predicted
values (within the margins of error): According to petrological data and the thermal model, the primary
chambers are located at the depths of 190 and 220 km, the magma differentiation in the asthenolith that
rose up initially occurs at the depths of about 40 and 40 km, then 80 and 80 km, and finally at 110 and
90 km; at the beginning of the process, crustal pockets emerge at the depths of about 25 and 20 km. The
relevant depths during Permian activation are 85 and 65 km (Fig. 8).

4-10. Estimated variations with time of the sedimentary layer thickness in the Dnieper-Donets Basin
and Pripyat Trough, as well as the period and amplitude of displacements along the faults rimming the
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depression (Fig. 3) are in virtually full  agreement with available geological evidence. Computation
results also indicate certain characteristics of variation in sedimentation rates during the Carboniferous
and Permian. The activity of faults in the southwestern part of the basin which is somewhat “dragged
out” in time, by comparison with estimated activity, is probably due to the effect of the processes that
took place during the Carboniferous in the Donets Basin.

11. The estimated value of the geothermal gradient in the Carboniferous, 360-300 million years ago,
averages 32.5oC/km (Fig. 4). Paleogeothermal data furnish the same average result. 

12. Estimated temperatures in the crust and upper mantle directly prior to recent activation (Fig. 8)
have  been  compared  to  background  temperatures  calculated  on  the  basis  of  the  heat  flow in  the
depression. The results are presented in Fig. 9.

The temperature patterns derived with the help of different methods are in complete agreement. The
geothermometric data for the Pripyat Swell characterize thermal conditions that had prevailed in the
Devonian before the rifting started. In the case of the Dnieper-Donets Basin, those conditions hardly
differ from those that prevailed before recent activation. The minor deviation of the geothermometric
data corroborates the assumption on a weaker heating of the mantle beneath the Pripyat Swell and,
possibly, also beneath part of the Pripyat Trough due to a reduced heat generation in the rocks there.

Fig.  9. Comparisons  between  temperatures  in  the  crust  and  upper
mantle estimated (1) as a result of the thermal model evolution over the
period of 1,750-3 million years ago and those calculated in terms of the
heat flow in the Dnieper-Donets Basin (2). Geothermometric data for the
Pripyat Swell (3) (Tsymbal, 2003).

Thus, the pattern of the deep-seated process constructed in terms
of  the  advection-polymorphism  hypothesis  (APH)  matches
estimated  events  in  the  near-surface  zone. Moreover,  on  the
quantitative level, those estimated events, agree, without resorting
to tailoring parameters of the process, with major geological data
characterizing the evolution history of the  Dnieper-Donets Basin

and Pripyat Trough. By using the APH, we can also obtain geologically meaningful interpretation of
the results  of  seismic studies pertaining to the structure of the Earth’s crust in the Dnieper-Donets
Basin.

Verification of the hypothesis of the deep-seated process at the stage of recent activation may be
continued through analyzing the basin’s physical fields.

MASSIF CENTRAL, FRANCE
The structure of the Massif Central differs from that of the Dnieper-Donets Basin not just by its

Alpine (post-Alpine?) age, but also by tectonic impacts of the deep-seated process.
The largely Epi-Hercynian Western European Plate (WEP) with a rather thin (about 30-35 km)

Earth’s crust between the Eastern European Plate (EEP) and the alpides, is actually a mosaic of recent
activation zones,  young rifts,  and nonactivated bodies.  It  is  not  infrequently difficult  to  accurately
determine the type of endogenous conditions prevailing in a particular area of the region. The French
Massif Central can be reliably classified as part of the Rhine-Libya rift system. In addition to Hercynian
folded zones,  the  WEP basement  incorporates  median massifs  (the  Moldanubian zone  and others)
whose rocks display traces of various types of the Riphean tectono-magmatic activation (Rutten, 1972).
Therefore, the Alpine rifting was preceded by two well-known processes the latter of which ended 300-
350 million years ago. A thermal model conforming to assumptions on the prehistory of the described
events for the period of about 30-40 million years ago (active events in the Rhine-Libya system are
assumed to have started at that period of time) is shown in Fig. 10. Conditions for the beginning of a
full-fledged (i.e., not limited to a single heat and mass transfer event) active process are obvious; an
approximately 250-km thick asthenosphere occupies the lower portion of the upper mantle.

The available geological information makes it possible to use, for calculations, somewhat dissimilar
parameters  of  rifting  on  the  massif.  It  is  actually  also  possible  to  apply  the  pattern  of  material
displacement used for the case of the Hercynian process in the Dnieper-Donets Basin, but the absence
of major subsidence events suggests a different depth for the latest source of overheated material. We
analyzed models with the widths of the zone ranging from 60 (two or three zones with nonactive gaps
between them)  to  240 km (a  single  zone),  with time gaps  between heat  and  mass  transfer  events
amounting to 10 and 15 million years; the most recent transfers of the material from the lower to the
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upper portion of the upper mantle occurred there 5 and 10 million years ago. The resulting thermal
models did not differ in any significant manner. In all cases, one element of the process remained intact
in all  computations: Transport of the material to under the crust and into the crust from the extant
shallow asthenosphere over recent 0.5-2 million years. It is impossible otherwise to account for recent
(the age of latest magma eruptions is estimated at just thousands of years) magmatism in the French
Massif Central.  Fig. 11 is a version averaging several similar models for a broad zone. It has to be
noted that  temperature distributions  for  the  periods of 20 and 5 million years  ago are  confined to
instances  prior  to  the  ascent  of  the  second and third  asthenoliths,  in  other  words,  they  pertain  to
moments of relatively weak heating of the crust and subcrustal mantle. By way of example, 25 million
years ago, the temperature in the median portion of the crust was sufficiently high for melting out acid
Miocene magmas  whose  effusions have been  spotted  in  some areas  of  the  French Massif  Central
(Rutten, 1972).

Fig. 10. Temperature distribution in the tectonosphere of the French Massif Central during Alpine rifting.
Digits on the graphs mark the time periods in millions of years ago.

A conventional technique used for forecasting displacements of the Massif Central surface under the
effect of heat and mass transfer suggests that those displacements were simple. In the course of the
process, the difference between the effects of heating and cooling of various upper mantle volumes
builds up. It is insignificant in the first stage - just 01-0.2 km by its end (at the beginning, it was about
twice that value). At the second stage, another 0.7 km add up, and at the third stage, 0.5 km more.

Thus we can expect a relatively recent elevation by approximately 1-1.5 km (without allowance for
erosion).

Fig. 11. Distribution of P-wave velocities (in km/sec)
and densities (in parentheses, g/cm3) in the Earth’s crust
of  the  Massif  Central.  Sediments  are  shown  in  gray
color.

No  significant  basification  of  the  crust
apparently occurred. This is attested to by relatively
low velocity values in the region’s thin crust (Fig.
11).  Even  if  we  take  into  account  the  high

temperatures,  there  are  no  grounds  for  assuming  appreciable  differences  in  composition  between
“granitic” and transitional layers, on the one hand, and the typical layer, on the other (the lower –
“basaltic” – layer within the crust is missing not only beneath the Massif Central, but also beneath a
large part of the Western European Plate).

As far  as can be judged on the basis  of  available  data,  the  thinning out  of  crust  in the  region
amounted to between 2-3 and 5-6 km. This matches subsidence by 0.4-1.0 km (southeast of the Massif
Central  to  the  Alps,  where  crustal  thickness  is  larger).  In  all  likelihood,  subsidence events  mainly
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occurred in  areas  with minimal crustal  thickness  where sedimentation promoted withdrawal of the
partially molten material from beneath local troughs that were taking shape. As a result, downwarping
in those areas was twice stronger, whereas in other areas there was none. The process described above
dates  back  to  the  Late  Oligocene-  Early  Miocene.  Later,  there  was  no  further  sedimentation,  and
wherever sediments had not been covered with basalts,  they underwent denudation while the entire
territory experienced elevation (Rutten, 1972).

The  expected  recent  height  of  the  relief  (the  latest  activation  was  preceded by  a  peneplain)  is
generally in agreement with that observed (Fig. 12): The somewhat lower values are due to erosion and
ordinary “degradation”  of  the  uplift  which  is  always  smaller  in  amplitude  and larger  in  area  than
predicted.

According to the thermal model (Fig. 10, the geologically recent asthenosphere lies at the depth of
about 100 km. This result coincides with those obtained from petrological and seismotomographic data
(Sobolev, 1996); it is presumed that the adopted solidus temperature of mantle rocks is reached at the
same depth.

The heat flow on the Massif Central is very high. It fairly well matches the thermal model for recent
conditions (Fig. 10), with the exception of extreme surges associated with the effect of hydrotherms.
For that particular reason, a simulation study was performed for a segment of the Rhine-Libya system,
namely, for the Rhine Graben, in order to account for those extremely high surges (Bächler et al.,
2002). Fig. 13 shows a comparison between estimated and averaged experimental heat flow values.

Fig 12. Relief heights along the latitudinal profile across
the Massif Central.

Appreciable  deviations  of  the  observed  from
estimated heat flow values could only be detected in
the  eastern  part  of  the  profile  where  a  positive
anomaly associated with heat sources within the Alps’

young geosyncline may have emerged.

Fig. 13. Distribution of the heat flow values along
the  latitudinal  profile  across  the  French  Massif
Central. Heat flow: dots represent experimental data
averaged with an interval of 40 km; the line reflects
estimated values.

Velocity  models  for  both  types  of  seismic
waves  were  constructed  for  the  region
(Marquering et al., 1996; Sobolev et al., 1996;

Zielhuis et  al.,  1994;  and others)  down to considerable depths.  Also used in the upper part  of  the
profiles are the data of deep seismic probing on P-wave velocities in the subcrustal mantle (Fig. 11).
The values of Vp and Vs were computed for various versions of the advection process described above
(and, accordingly, for thermal models). Their correlation with experimentally derived velocities (Fig.
14)  showed  that  differences  between  estimated  and  experimental  Vp and  Vs constitute  several
hundredths of a kilometer per second and could well be due to errors in the assessment procedures. All

the  more  so,  since  differences  between  velocities
determined with the help of various techniques at minimal
depths reach several tenths of a kilometer per second.

Fig. 14. Comparison between experimental (1) and estimated
(2)  values  of  seismic  wave  velocities  in  the  Massif  Central
mantle.

Gravity  modelling  was  performed  along  the  deep
seismic  probing  profile  running  across  the  massif
(Buryanov et. al., 1987; and others). The anomaly in the
mantle is stronger than those recorded in zones of recent
activation, because a significantly larger depth range in the
subcrustal tectonosphere underwent thermal decompaction
(Fig.  15).  In  the  assessment  of  the  mantle’s  anomalous
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gravitational effect, the anomalous situation outside the Massif Central was taken into account. To the
east of it, there lies a young geosyncline of the Alps beneath which the mantle is heated up within a
depth range of 200 km down from the M. discontinuity. Judging by the sharply anomalous heat flow
(60-90 mW/m2), a recent activation zone may be lying further west. These elements of the model have
changed significantly the estimated field at both flanks. The recorded field disturbance agrees with the
estimated anomaly, and the deviations clearly do not exceed those due to errors.

Fig. 15. Results of gravity modelling for the Massif Central
tectonosphere

1 – observed gravity field; 2 and 3 – estimated effects: 2 --
of  the  crust  and  normal  mantle,  3  –  taking  into account  the
effect of anomalous mantle. 

Results of geoelectrical studies in the region are rather
scarce. Magnetotelluric probing (MTP) studies conducted in the Paris Basin and at adjacent basement
highs (in the northern periphery of the Massif Central) revealed a conducting body with its top lying at
a depth of about 80 km and with a total longitudinal conductance (S) amounting to about 1,000 S/m. In
the area of the Rhine Graben (i.e., within the same Rhine-Libya system), the corresponding results are
100 km and 700-1,100 S/m (Buryanov et al., 1987; and others). These parameters are close to those
predicted by the thermal model of the rift: 90 km and 1,500 S/m.

Thus, all available geological and geophysical data for the French Massif Central match, without
quantitative tailoring, the estimated data based on the advection-polymorphism concept regarding the
deep-seated process.

SINGLE-EPISODE ACTIVATIONS
In  terms  of  the  advection-polymorphism concepts,  the  deep-seated  process  in  zones  of  single-

episode activation on continents  is  similar  to  that  happening at  the  initial  stage of  rifting and not
infrequently complements (after some time span) processes in rifts and geosynclines. It is however, just
as common on platforms, including Precambrian ones.

The data on two such events – Permian and recent activations in the Dnieper-Donets Basin -- are
listed above.  They differ  substantially in terms of starting thermal models:  In the former case,  the
energy margin can only trigger a single heat-and-mass transfer episode, whereas in the latter case, the
energy margin is sufficient for continuing the activity further, and it cannot be ruled out that events,
which  already  happened,  are  actually  the  beginning  of  a  rifting  process.  In  the  case  of  Permian
activation, heat-and-mass transfer may proceed according to two scenarios: A QTA travels to beneath
the crust directly from the partial-melting chamber at the bottom of the upper mantle or, indirectly,
from an intermediate chamber that emerged at the depth of about 200-250 km (Fig. 8). The process of
single-episode activation in Alpine geosynclines that recently completed their development proceeds
with the utilization of overheated and partially molten mantle material from a relatively shallow relict
asthenosphere.

The  processes  of  single-episode  activation  also  include  those  involving  mantle  and  crustal
magmatism, as well as amagmatic processes.

Thus,  the  endogenous  conditions  being  analyzed  appear  to  be  multivariant,  so  that  their  more
detailed study may lead to their division into two or more independent groups.

In view of the fact that traces of thermal events in zones of ancient processes vanish faster than in
geosynclines and rifts, it is only possible to analyze what has remained from the geological structure.
With regard to recent processes (that started several millions of years ago) the deep-seated heat-and-
mass transfer has not yet been reflected in events accessible to observation. All the more so, the history
of future stages is not known. In this situation the goal of the study boils down to proving the very fact
of a single-episode activation. In many cases it is impossible to achieve agreement between estimated
and experimental geological and geophysical data without tailoring model parameters. 

Studies of single-episode activation zones are nevertheless necessary, since even exploration that
has so far been performed points to a widespread presence of such zones on continents and to the fact
that seismicity, hydrocarbon deposits, and geo-energy resources are confined to them.

It is opportune to analyze the situation in single-episode activation zones, mainly on materials for
Ukraine that this author is fairly well familiar with, especially as concerns the territory of the Dnieper-
Donets Basin. Fig. 16 shows locations of single-episode activation zones identified on the territory of
Ukraine  with  the  help  of  comprehensive  geological  and  geophysical  data.  In  addition  to  the
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aforementioned information, we also used the data on gravity anomalies in the mantle, seismic wave
velocities  in  the  crust  and  upper  mantle,  as  well  as  electrical  conductivity  within  relevant  depth
intervals.

Fig. 16. Zones of recent activation on the territory of Ukraine.
1 – activation zones, 2 – sites with anomalous helium isotopy in subsurface water and gas, 3 – earthquake

epicenters, 4 – outlines of the Eastern European Platform.
Single-episode activation zones (numbers in circles): 1) Carpathian, 2) Yavorov, 3) Ternopol, 4) Chernovtsy,

5) Dniester, 6) Kirovograd, 7) Dnieper, 8) Dnieper-Donets, 9) Donets Basin, 10) Azov Region, 11) Crimean, 12) 

Dobruja Region

It  is  obvious  that  single-episode  activation  zones  are  abundant  in  regions  with  all  types  of
endogenous conditions represented in Ukraine. This phenomenon has only been studied over last two
decades, and it is so far impossible to claim that all such zones have been spotted and delineated. The
grid of helium isotopy determinations is very sparse and irregular, yet anomalies have been revealed in
zones confined to all types of tectonic regions. It is therefore very much likely that the process also
spreads to a portion of the mantle. Some of the earthquake hypocenters in southern Ukraine are also
located within the mantle (Gordienko, 2014a).

No less graphic is the fact that prospective oil-and-gas-bearing fields are confined to single-episode
activation zones. This is attested to by the data presented in Fig. 17. Coupled with information on other
continental regions, they enable us to claim that oil and gas fields are always associated with single-
episode activation zones. Activation is certainly a necessary but not sufficient cause of oil and gas
presence.

The concepts of the course of the deep-seated single-episode activation process discussed above
have made it possible to calculate thermal models for the crust and upper portion of the mantle where
the major positive temperature anomalies are located (Fig. 18). 

The  models  clearly  agree  with  independently  obtained  geothermometry  data.  Some  (low-
temperature) xenoliths may characterize platform conditions prior to the onset of activation. They may
have been captured by the magma that separated from the QTA (quantum of tectonic action) prior to
the formation of a subcrustal asthenolense. This phenomenon is practically absent beneath the Alpine
geosyncline: Deviations of experimentally derived temperatures from estimated ones can be accounted
for  by  calculation errors.  The fact  that  geothermometry  data  exceed those estimated for  relatively
shallow depths is due to the formation above the partial-melting crustal layer of intrusions into the
upper crust that are not reflected in the model.
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Fig. 17. Recent activation zones on the territory of Ukraine and oil and gas fields.
1 – Approximate outlines of hydrocarbon deposits; see Fig. 16 for the legend.

Fig. 18. Estimated thermal models and geothermometry data for recent single-episode activation zones (60 km
wide) within the Precambrian platform (A) and Alpine geosyncline (B).

1 – temperature distribution beneath the platform prior to activation, 2 – area of estimated temperatures for the
single-episode activation zones on the platform (in the center and at the periphery), 3 -- geothermometry data for
platform zones of single-episode activation (Aldan, Vitim, and the Czech Massif), 4 – estimated temperatures in a
single-episode activation zone in the central part of the Alpine geosyncline, 5 – geothermometry data for Alpine
zones of single-episode activation (Kamchatka, Kuriles, and Apennines), 6 – solidus temperatures of mantle rocks
and formations of the amphibolite facies of metamorphism in the crust (within the depth range of 10-30 km).

Over several millions of years following the activation onset, the thermal wave from the mantle
source had not yet reached the surface. Earlier, the effect of an overheated crustal level emerged there.
Heat  flow anomalies of up to 10-40 mW/m2 took shape and have been recorded in single-episode
activation  zones  in  the  Carpathians,  Scythian  Plate,  Donets  Basin,  Ukrainian  Shield,  etc.  Not
uncommon, however, is a situation in which the sources in the median portion of the crust have not yet
been reflected in heat flow anomalies. In the Dnieper-Donets Basin, for example, anomalies can only
be encountered in the vicinity of local faults. Overheated fluids, including oil-and-gas-bearing ones,
percolate through the faults’ permeable zones onto the surface (Bächler, 2002, Gordienko et al., 2005,
2006;  and  others).  Such  heat-flow  anomalies  exceeding  double  permissible  error  in  heat  flow
determinations for the Dnieper-Donets Basin are shown in Fig. 19. It is possible that anomalies in the
northern part of the Desna Basin actually mark a continuation of a recent activation zone in the Pripyat
Trough.

Thermal models of recent single-episode activation zones (Fig. 18) enable us to compute a pattern
of seismic wave velocity propagation within a subcrustal depth interval. Estimated Vp values beneath
the platform and Alpine geosyncline at the depth of 50-80 km (Fig. 20) must decrease to approximately
7.8 km/sec. As far as Ukraine is concerned, experimental material of this kind is in short supply. It is
possible to use results of interpretation of the data on the 1965 earthquake in Beregovo (Transcarpathia)
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that was registered by seismic stations in the Carpathians, in the Bohemian Massif, and in the Crimea
(Gordienko  et  al.,  2012b).  P-waves  within  the  aforementioned  depth  range  propagate  almost
exclusively beneath single-episode activation zones on the platform and in the Alpine geosyncline. In
all cases, velocities match those predicted.

Fig.  19. Location  of  sites  in  the  Dnieper-
Donets  Basin  where  deep-seated  heat  flow  is
equal to or higher than 55 mW/m2.

Numerous data on velocity values in the
upper  mantle  of  northern  Eurasia  beneath
platforms  and  oil-and-gas  bearing  single-
episode activation zones are  presented in  a
publication  by  Gordienko  (2014b)  largely
quoting  Pavlenkova  et  al.  (2006).  For
comparison with experimental data, velocity
models  were  constructed  for  both  types  of
regions.

A  pattern  of  distribution  of  P-wave
velocities  for  the  platform was  constructed
with  an  allowance  for  the  fact  that,  on  a
considerable  part  of  the  Siberian  Platform,
temperatures at large depths may turn out to
be  noticeably  lower  than  typical:  Regions

with lower heat  flow are common there.  Fig. 20 shows that  mean experimental values at different
depths deviate from estimated values by an average of 0.07-0.08 km/sec, which can well be accounted
for by errors in the determination of Vp values. This agreement proves that the choice of mantle rock
composition and of the effect of composition, temperature, and pressure on velocities was correct. A
different picture becomes apparent when we proceed to comparison of the data for the mantle in single-
episode activation zones (Fig. 20). Quite extensive variations in Vp are obvious. Discovered within
zones in  question are  both low-velocity  blocks reflecting partial  melting of  rocks with eclogite  or
pyrolite mineral composition and high-velocity blocks whose properties can only be explained by the
presence in the mantle of large amounts  of solid  eclogites.  In  several  cases,  the data  on xenoliths
corroborate this assumption (Gordienko, 2014b). It would be natural to ascribe the formation of such
blocks to subduction of eclogitized basic crustal rocks into the mantle in the process of single-episode
activation. Their present depth is associated with the age of that part of the process and the rate of
displacement. These parameters can be correlated with the assumed start of mantle melts’ intrusion into
the crust, the size of the blocks, and viscosity of the subcrustal mantle (Gordienko, 2014b). At larger
depths, the velocity anomaly weakens as garnet concentration in the pyrolite grows thereby reducing
the density contrast between pyrolites and eclogites. The mean experimental data at the level of the top
of the diamond facies already agree with estimated data. 

Fig.  20. Comparison  between  estimated  and
experimental Vp patterns in the upper mantle of platforms
and single-episode activation zones of Northern Eurasia. 

Platform:  1-  estimated  and  2  -  experimental  Vp.
Single-episode  activation zones:  3  –  estimated  (regions
with heat flow: a –normal, b - lower), 4 - experimental Vp.

It is also possible to analyze, for the territory of
Ukraine,  how the sought  velocity anomaly can be

identified proceeding from the data oт Vp  values directly beneath the M. discontinuity, at the depth of
about  50 km.  For  that,  we will  use  information recorded along deep seismic probing profiles  and
supplement it with information derived in the course of interpreting the times of arrival to seismic
stations of waves from the aforementioned Beregovo earthquake, plus some other data (Gordienko,
1999; Gordienko et al., 2012b; and others).  A comparison between Vp values obtained by different
authors in the same areas indicates that the error in their determination is at least 0.1 km/sec. For that
reason, the contour lines in Fig. 21 are spaced at 0.2 km/sec. The insufficient observation grid density
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also renders reliability of the contours indeterminate. The data shown in Fig. 21 should be viewed as
high-quality information.

Fig. 21. Distribution of seismic P-wave velocities beneath the M. discontinuity on the territory of Ukraine
1  –  velocity  determination  sites,  2  –  contour  lines  (in  km/sec),  3  –  outlines  of  recent  activation  zones.

Histograms of Vp values distribution on the Precambrian Platform, Ukraine: 1) in zones of recent activation, 2)
outside those zones

Used in the comparison are exclusively the data for the platform part of Ukraine because lower
velocities in Phanerozoic geosynclines may be associated with traces of geosynclinal heat-and- mass
transfer in the mantle.

Despite the aforementioned problems that arise in the construction of Fig. 21, it is obvious that
relatively reduced Vp  values prevail  within recent activation zones. Average values both inside and
outside such zones differ  by approximately 0.1 km/sec.  On the whole,  it  can be concluded that  a
negative anomaly of seismic P-wave velocities in the subcrustal mantle of single-episode activation
zones can be identified even in the case of its blanketing by a disturbance of opposite sign.

Lower velocities can also be registered in the Earth’s crust of single-episode activation zones. They
can largely be detected  in  platform regions with  a  thin  or  totally  absent  sedimentary layer  where
background distribution of  Vp can  be  identified with reasonable  accuracy.  Negative  anomalies  are
mainly encountered in the upper crustal portion where they are associated both with overheating and
fluidization of rocks overlying the median crust partial-melting layer.

Thermal  models  of  the  mantle  for  single-episode  activation  zones  point  to  an  appreciable
decompaction of rocks beneath the crust. It  is precisely those bodies that are responsible for major
disturbances in the gravity field, whereas those lying at larger depths are less visible. Calculations show
that anomalies in single-episode activation zones on platforms and in Alpine geosynclines must  be
fundamentally different. Differences may be detected between the Hercynian geosyncline of the Donets
Basin and the periphery of the Black Sea Alpine rift. Errors in the evaluation of both observed and
estimated gravity fields being compared add up to an error amounting to 10 mGl,  so that  reliably
determined anomaly of this type should be at least 20 mGl. Judging by calculation results, such effect is
precisely what must be expected at the periphery of a single-episode activation zone on the platform. It
can be revealed through computation of the gravity anomaly in the mantle (Gordienko, 1999) – the
difference between the observed field and the effect of the crust and normal mantle. It is true, however,
that the detail and reliability of such calculations depend on the density of networks of deep seismic
probing profiles and on the quality of crustal velocity profiles along them. In single-episode activation
zones on the platform the result is on the borderline of acceptable. The situation is no better in areas
with more intensive gravity anomalies in the mantle: The anomalies that are identified there are more
trustworthy, but they are largely associated with phenomena not related to single-episode activation.

Results of relevant calculations are shown in Fig. 22.
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Fig. 22. Distribution of the mantle gravity anomaly (1) (contour lines in mGl) and approximate outlines of
conducting bodies (2) on the territory of Ukraine. 3 – Boundaries of recent activation zones. Histograms showing
distribution of mantle gravity anomaly values on Ukraine’s Precambrian Platform: 1 – in recent activation zones,
2 – outside such zones

Notwithstanding the aforementioned inaccuracy of calculations,  the anomaly identified is,  in all
cases, in fairly good agreement with that predicted on the basis of the thermal model (the extent of rock
decompaction  in  the  subcrustal  mantle).  All  zones  of  recent  activation  are  marked  by  anomalies.
Outside  those  zones,  the  intensity  of  disturbances  on  the  Precambrian  Platform is  weaker,  on  the
average, by 10 mGl (Fig. 22).

The anomalous heating of the mantle’s upper levels and of the crust unavoidably causes an increase
in the rocks’ electrical conductivity. In effect, zones with low electrical resistivity (ρ) can be detected

(especially in the case of a thick sedimentary layer
with  relatively  low  ρ)  when  total  longitudinal
conductivity (S) reaches at least several hundreds
of Sm. It is not easy to predict the distribution of ρ
in  overheated  crustal  blocks  and  upper  mantle
because  it  depends  on  several  factors.  Specific
electrical resistivity of a solid silica skeleton can
practically  always  be  considered  as  very  high
(exceeding 100 Ohm.m by orders of magnitude)
(Gordienko,  2001).  The  melt  concentration  (ρ  ≈
0.7 Ohm·m) in large volumes of rocks is not high
– at the level of one percent. Accordingly, ρ in a
partially  molten  block  (1.5ρr

.C-1,  where  ρr is
specific  electrical  resistivity  of  the  fluid  and  C
designates  the  fluid  concentration)  amounts  to
about 100 Ohm.m. If the block is 10 km thick, S
will be about 100 Sm.

Fig.  23. Values  of  ρ  for  rocks  at  varying
concentrations (C, in percent) of conducting inclusions:
A – for the deep-seated fluid with ρ = 0.06 Ohm.m; B –
for  ore minerals;  C – for  graphite  (Gordienko,  2001;
and others).

1 – experimental data, 2 – respective functions of ρ
= f (C), 3 – percolation contrast of ρ in situations when
conducting inclusions reach full cohesion.
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Fig. 23 shows data on the effect of various conducting inclusions in rocks capable of forming large
conducting bodies with high values of S. Obviously, it is virtually unlikely to achieve this result on the
basis of actual concentrations of ore minerals without fluids or graphite that might raise the degree of
cohesion. In the case of a fluid filling the pore space, cohesion is reached as early as at C = 0.1 percent.
The selected value of the fluid ρ that was used in Fig. 23 conforms fairly well to conditions prevailing
at the depth of about 10 km in a single-episode activation zone and to a mineralization usual for such
conditions. At real values of C, ρ ≈ 10-20 Ohm .m, and a 10-km thick layer will create a body with S =
500-1,000 Sm that could be reliably identified. Graphite concentrations in large bodies do not exceed
tenth fractions of a percent. With C of about 0.5 percent, the ρ of a dry rock will reach approximately
600 Ohm.m and the total longitudinal conductivity of a 10-km thick layer will be lower than 100 Sm, in
other words, the conducting body is impossible to detect. In the presence of fluidization (full cohesion),
however, the ρ in a graphite-bearing zone will fall to 1 Ohm .m or even lower, and S will be equal to or
larger than 10,000 Sm.

Thus, the values of S in conducting bodies that emerged in single-episode activation zones may vary
by an order of magnitude. This is precisely what we can observe in relevant areas of Ukraine. The
anomaly in the Kirovograd single-episode activation zone has S of about 5,000-15,000 Sm. On the
Ukrainian Shield, the anomaly extends along a graphite-bearing area (Gordienko et al., 2005). In the
Carpathian area, S reaches 10,000-70,000 Sm. Within its reaches outcrops of graphitic rocks have also
been found. Other anomalies (primarily in single-episode activation zones of the Dnieper-Donets and
Donets Basins) exhibit S ranging from 500 to 1,500 Sm. It cannot be ruled out that conductivity in the
Dnieper-Donets  Basin is  partly  associated with the  presence of  shungite  in  Riphean rocks (Lukin,
1997).

In  some  parts  of  Ukraine’s  single-episode  activation  zones  (Kirovograd,  Carpathians,  Dnieper,
Donets  Basin,  Crimean,  and  others),  conducting  bodies  have  been  spotted  in  the  mantle,  but  the
reliability of that discovery is lower than in the case of the crust. 

Fig. 24. Correlation between the depth (in km) of the M discontinuity (1) and recent activation zones (2).
Histograms  of  the  distribution  of  M discontinuity  depths  on  Ukraine’s  Precambrian  platform:  1  –  in  recent
activation zones; 2 – outside such zones. 

Similarity between the deep-seated process in single-episode activation zones and the initial stage of
rifting does not necessarily imply a thinning out of the crust, all the more so that the major part of this
phenomenon beneath rifts is associated with the second stage. A possibility of such an event should not,
however, be ruled out. This can be verified on the Precambrian Platform outside the area of Hercynian
rifting which brought about a change in the depth of the M. discontinuity in the Dnieper-Donets Basin.
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It  goes without saying that  territories of Phanerozoic geosynclines in the Carpathians, Crimea,  and
Donets  Basin  are  even  less  suitable  for  such  verification  (Gordienko  et  al.,  2011;  and  others).
Correlation between locations of Ukraine’s single-episode activation zones and the diagram of crustal
thicknesses is  shown in  Fig.  24.  The accuracy of  determination of  the M. discontinuity’s  depth is
assumed to be at the level of several kilometers.  The reliability of drawing contour lines given the
irregular network of deep seismic probing profiles cannot be assessed numerically. For that reason, the
diagram is essentially  qualitative.  Yet,  single-episode activation zones are likely to be confined to
crustal thinning.

The average difference between M. discontinuity depths within and beyond recent activation zones
amounts to 4 km (Fig. 24).

It can be maintained that our analysis, largely based on the data for Ukraine, has enabled us to fairly
comprehensibly charactrize specific features of single-episode activation zones. Still, there is still much
we need to find out regarding their origin and evolution history.

CONCLUSIONS

The  purpose  of  the  paper  was  to  test  the  feasibility  of  applying  concepts  of  the  advection-
polymorphism hypothesis (APH) to constructing models of deep-seated processes in the tectonospheres
of rifts and single-episode activation zones on continents. Studies of the Hercynian rift (in the Dnieper-
Donets Depression) and of the Alpine rift (the Massif Central in France), enabled us to explain, at a
quantitative level, geological phenomena and physical fields (within limits of permissible errors). It is
important to point out that agreement between experimental and estimated data was achieved without
the  need  to  adjust  parameters  of  the  models.  Thus,  we  were  able  to  provide  explanation  for  the
following:

1. The data of geothermometry for the crust and upper mantle;
2. Evolution of the sedimentary layer thickness and crustal thickness (the latter – at a qualitative

level);
3. The age and composition of igneous rocks, the depths of magma chambers and temperatures in

them;
4. The observed distribution of the heat flow;
5. Seismic wave velocities in the Earth’s crust and upper mantle;
6. Gravitational effects of density anomalies in upper mantle rocks;
7. Electrical conductivity anomalies in the Earth’s crust and upper mantle.

Procedures  for  the  investigation  of  zones  of  single-episode  activations,  which  are  currently  in
progress and which occurred in geological past, have not yet been worked out in sufficient detail, and it
cannot be ruled out that the deep-seated processes in question differ significantly and, in that case, we
will need to analyze more than one type of endogenous conditions. Still, we did manage to identify, on
the territory of Ukraine, single-episode activation zones and to show that associated with them are
seismicity, anomalous helium isotopy in subsurface waters, oil and gas presence, heat-flow anomalies,
seismic wave velocities in the subcrustal portion of the upper mantle, electrical conductivity anomalies,
negative gravity anomalies in the mantle, and possibly, also reduction in the Earth’s crust thickness.
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9. OCEANS AND TRANSITIAN ZONES

Oceans  have  been  covered  by  geological  and  geophysical  studies  much  less  extensively  than
continents or transition zones. For that reason, it is so far impossible to achieve the same definiteness in
the  construction  of  models  depicting  deep-seated  process  based  on  the  advection-polymorphism
hypothesis  or  to  verify  them  with  the  help  of  experimental  data.  In  this  author’s  earlier  paper
(Gordienko, 2012), such a process, whose pattern was constructed with the help of a certain body of
information,  was  discussed.  The  following  is  a  somewhat  different  approach  (although  similar  in
principle to the earlier one, since it is based on the same APH assumptions). It is likely to be close to an
ultimate version.

Not only has the use of new data made it possible to devise a more detailed and close to reality
pattern  of  the  tectonospheric  material  displacements  within  the  frameworks  of  the  endogenous
conditions in question. It has also suggested that the deep-seated processes involved in the oceanization
and rifting are essentially the same and that their near-surface manifestations differ due to the dissimilar
composition of the crust prior to active events.

This paper analyzes the process of oceanization of the Earth’s crust with continental thickness, and
this also requires an analysis of events in active continent -to-ocean transition zones. Also discussed is
the deep-seated structure of currently quiescent transition zones.

OCEANIZATION: THE OCEANIC CRUST

This  author  deems it  necessary  to  provide  a  reasonably  more  objective  characterization  of  the
oceanization dynamics: To determine the activation background (the primordial type of the Earth’s
crust and its geological prehistory), to identify the main patterns of magmatism, displacements of the
surface, and sedimentation, and to generalize information on the finite crustal structure.

In the relatively well studied Mid-Atlantic Ridge (MAR), the Precambrian age of the basement has
been established, as well as involvement of magmatic and metamorphic events in its formation during
the Archean-Phanerozoic. In  Fig. 1,  the findings are compared with similar data for the Ukrainian
Shield  (USh)  and  with  estimated  temperatures  (T)  established  as  an  effect  of  various  processes,
including those that  heat  up the Earth’s crust  the most,  all  that  within the framework of the APH
concepts. 

Fig.  1. P-T  conditions  under  which
crustal  rocks  formed  in  the  Ukrainian
Shield  and  the  Mid-Atlantic  Ridge
(Gordienko et al., 2005; Krivoy Rog... ,
2011, Pogrebitsky et al., 2002; Frolova et
al., 2002; and others). Temperatures: 1 –
estimated, 2 – experimental.

Mafic  crustal  blocks  in  transition
zones  are  much  more  common  than

within continents proper. In the area, where North America comes into contact with the Atlantic Ocean,
they account for at least half of the crustal blocks (Geology…, 1979). The crust of the Faroe Iceland
Ridge is mainly composed of such blocks, which are also numerous at the eastern margin of Eurasia
(part of Kamchatka, Kurile Islands, Hokkaido, etc.). (Tectonosphere…, 1992; and others). It would be
logical  to  assume  that  the  crust  with  continental  thickness  that  was  reworked  in  the  process  of
oceanization was largely mafic with a thin granite-gneiss layer. The latter might have largely undergone
denudation during the region’s elevation prior to the oceanization process. Scientists who surveyed the
Faroe Iceland ridge (Frolova et al., 2002), for example, have identified such an elevation. In the western
part of the Pacific Region, the composition of lavas and the isotopy of lead, strontium, and columbium
on islands indicate that they were melted out from the continental substrate aged about 3 billion years
(Vasilyev, 1989; Govorov et al., 1996; and others). Prior to the onset of oceanization in that part of the
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Pacific Region, at least 10 km of the earlier crust had been cut off by erosion (fragments of rocks of the
crystalline basement metamorphosed at 0.35 GPa and 400oC are common there) (Vasilyev, 1989).

Despite the limited number of drilling operations and small depths of the boreholes, it is explicitly
clear that the MAR basement was shaped by deep-seated processes whose thermal effects could be
quite similar to those that impacted rocks of the Ukrainian Shield. Crustal thickness within which those
processes occurred was at least (most probably larger than) 25 km. A typical depth of the Mohorovičić
discontinuity (Moho) at continental margins is about 30 km (Kunin, 1989).

Crustal blocks with dissimilar previous geological history underwent oceanization. This follows, in
particular,  from  results  of  studies  in  the  northwestern  part  of  the  Pacific  Ocean  (Anosov  et  al.;
Blyuman, 2008; Choi, 1987, 1998; Krasnyy et al., 1981; Govorov et al., 1996; Sergeyev et al., 1983;
Udintsev, 1987; Vasilyev, 1988; and others).

In the vicinity of southern Kuriles, at the tip of the Zenkevich Swell and at the margin of the Pacific
Ocean northwestern trench, within one of the areas of the residual continental crust (Geodynamics…, 1997),
there lies a portion of a very long band of “claviform” rises in the basement (about 1,500x100-:-200 km)
whose eastern margin has not yet been delineated. Dredging operations at the slopes of horst uplifts and lava
cones containing xenoliths have revealed thin sediments and young lavas represented by three complexes:
Neogene-Quarternary island arcs, also comprising large volcanic mountains up to 2-2.5 km in height;
2)  Paleogene  –  alkaline  basalts,  and  3)  Cretaceous-Paleogene  spherical  basalt  inclusions  from the
ocean’s abyssal plains. They are underlain by rocks of geosynclinal sedimentary-igneous and intrusive
“orogenic”  complexes  that  had  been  metamorphized  and  dislocated  during  the  Laramian  time,
apparently on top of an ancient mafic crust.  Similar results have been obtained for the area of the
Obruchev Rise.  Manifestations  of  magmatism over  the  last  70  million  years  at  the  Obruchev and
Zenkevich rises are similar to those observed in the peripheral seas of the Pacific Ocean, in the Yap
Trench, and in many other areas. A more recent exploration of the Northwestern Basin and adjacent
regions with the help of seismic and deep-sea drilling methods makes it possible to arrive at quite sound
conclusions pertaining to the structure and geological history of that specific part of the ocean. It cannot
be ruled out that a similar situation also prevails in the so far insufficiently explored region limited by a
flexure that was earlier identified at the M. discontinuity, i.e., to 150o western longitude (Kunin, 1989;
Semenova, 1987; and others).

In the central part of the plate, the following crustal profile can be pictured (without focusing on
substantial variations in age, thickness and composition that can be observed as one approaches the
Zenkevich and Shatsky rises) (Geodynamics…., 1997). The 5.5-km thick water layer is underlain by
loose terrigenous sediments with a thickness of about 0.4 km that formed approximately 0-25 million
years ago. At the end of the period (about 0-1 million years ago – after peripheral trenches took shape
near island arcs at the western periphery of the region), sediment accumulation slowed down abruptly
and gave way to a hemipelagic process.  The sedimentary thickness is  in good agreement with the
“productivity” of the island arc cordilleras in the west of the region.

Next, there lies a 0.03-km thick clay stratum that formed on dry land during the period of existence
of the so-called Darwin Rise -- about 25-85 million years ago. Further down to the depth of about 7.5
km (henceforward, relative to the ocean surface), there lies a sedimentary-volcanic layer about 0.45-km
in thickness (with an increase in the content of effusive rocks toward the bottom, Vp = 4.5 km/sec) that
formed in shelf environments approximately 85-145 million years ago. It  is underlain be a stratum
(with the bottom reaching the depth of about 9 km) in which the volume of effusive rocks sharply
prevails over the volume of sedimentary rocks. The effusive rocks there also emerged at the surface or
at shallow depths of the marine basin (Vp = 6.5 km/sec) about 145-200 million years ago. Detected
further down, there is a layer similar to the overlying one in terms of rocks making it up (its bottom lies
at the depth of 9.5-10 km); its estimated age is about 200-240 million years. Underlying it are deposits
(with  the  bottom  portion  lying at  about  12-13  km,  Vp =  7  km/sec)  composed  of  metamorphic,
sedimentary, and igneous rocks (with a predominance of basic rocks) of Paleozoic and, possibly, Late
Proterozoic age. Further down to the depth of 32-33 km, a layer of a presumably Proterozoic-Archean
basement  of  an  ancient  platform  saturated  with mantle  rocks  intrusions  was  identified  (Vp =  7.9
km/sec). P-wave velocities in the subcrustal mantle are higher somewhat than the background level and
amount to 8.2-8.3 km/sec.

Various authors dealing in their studies with the region’s crustal structure resort to dissimilar, at
times  conflicting,  terminology.  The  layer  with  Vp values  ranging  from  7.3-7.9  to  7.7-8.1  km/sec
beneath the Hawaiian Rise has been referred to as part of the crust, while the layer with Vp estimated as
7.4-7.9 km/sec beneath the northern part of the Eastern Pacific Rise and the Juan de Fuca Ridge has
been  assumed  to  pertain  to  the  mantle.  In  some  cases,  the  M.  discontinuity  and  the  crust/mantle

146



interface are perceived as separate features: “The layer velocity beneath the M. discontinuity amounts
to …. 7.9 km/sec with an increase to 8.3 km/sec from the depths of 32-33 km (the top of the upper
mantle) below ocean level. It is noteworthy that intensive wide-angle reflection at the mentioned depths
has been tracked over distances of 200-500 km with the explosive charge mass amounting to 20 kg. At
the same time, the M. discontinuity at the depth of 13 km can be followed over short (30-60, and only
occasionally up to 100 km) distances from the explosion site,  the explosive charge mass being the
same” (Geodynamics…., 1997, pages 42-43). It appears more logical to view the M. discontinuity as an
interface beneath which there lie exclusively mantle rocks (with velocities of 8.0 km/sec or higher.
Exceptions can only be associated with abnormally heated areas). Traces of a thick crust reworked
during oceanization have also been discovered in the Southern Okhotsk Depression where the existence
of such crust prior to oceanization is beyond doubt. The Vp values for such depths are listed (along with
the data for some other depressions of the Atlantic Ocean) in Fig. 2. The average velocity within the
depth range of 10-30 km (in Fig. 2) is about 7.9 km/sec. It should be noted that we are not talking here
about generally recognized fragments of continental crust that are common in all oceans. The traces in
question have been spotted in areas where oceanic crust with its usual velocity profile prevails.

Fig. 2.  Velocity profiles for the Earth’s crust in the Pacific
Ocean northwestern trench (1), Rockall Trough in the northern
Atlantic  Region  (2),  Southern  Okhotsk  Depression  (3;  an
alternative version of the profile is shown in graph 3a), Brazilian
and Angolan basins in the Atlantic Region (4) (Geodynamics….,
1997;  Syvorotkin  et  al.,  2013;  Tectonosphere…,  1992;  and
others).

The  above  assumption  on  the  crust  transformation
pattern  is  also  corroborated  by  an  analysis  of  the
characteristics  of  its  velocity  structure  for  the  entire
western  part  of  the  Pacific  Ocean.  There,  “one  can  see

results of transformation of what used to be the crust of continental-type or, more likely, a crust close to
contemporary, as can be seen in the western transition zone, into oceanic crust.” (Semenova, 1987, p.
93).

Oceanization, whose deep-seated process is largely similar to that typical of rifting (see below),
causes substantial transformation of rocks in the lower portion of the crust undergoing transformation.
Its properties can be characterized as follows. The lower layer of the crust of platform type comprises
up to 30 percent of ultrabasic formations (Gordienko et al., 2005; and others) . In the lower portion of
the oceanic crust, their content is hardly much higher (it is primarily basic melts that intrude into the
crust). The crust also contains residual basic granulites with a density of about 2.9 g/cm3 at a high
temperature and eclogites with a density of 3.4 g/cm3. Rocks with a very similar composition can be
seen  directly  in  elevated  blocks  along  the  Mid-Atlantic  Ridge  axis  (Shulyatin  et  al.,  2012).  The
complex  comprises  Phanerozoic  and  Precambrian  (to  Archean  –  see  below)  basic  and  ultrabasic
formations in the amphibolite and granulite facies,  i.e.  those that  formed within a thick crust.  It  is
precisely this model of a rather thick (30 to 40 km, including the water layer) crust and not that used by
founders of the plate -tectonics theory (who assumed the thickness of about 10 km) that conforms to the
requirements set forth in the publication by Vine et al. (1963). Our model allows for the possibility of
emergence of magnetic anomalies (though not very strong ones, consistent with a magnetic intensity of
2-3 A/m) . With a 30-percent eclogite content, the density of that portion of the crust will amount to
3.12 g/cm3. If upper levels of the mantle are substantially overheated, the rocks will be in the facies of
plagioclase lherzolite, and the density will decrease to 3.10 – 3.15 g/cm3. In other words, much of the
reworked lower  crust  in  oceans does  not  sink into the  mantle.  On the whole,  such a construction
appears to be plausible. Yet, the average velocity in such an aggregate will only come up to 7.9 km/sec,
which is after all  lower than usual for the mantle. Examples of velocity profiles depicted in Fig. 2
match the above result, however, they do not necessarily reflect a typical situation. A histogram shown
in Fig. 3 is based on a larger data sample.

Fig. 3 . Histogram showing seismic wave velocities pattern at
depths of 10-30 km beneath the Pacific and Atlantic oceans (Deep
seismic  probing….,  1987;  Geodynamics…,  1997;  Syvorotkin  et
al., 2013;

Tectonosphere…, 1992; and others)
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In this case too, the average velocity value is close to 7.9 km/sec. Yet, the presence of blocks with
considerable  deviations  from  the  above  value  is  quite  obvious.  We  arrive  at  a  similar  result  by
analyzing  the  spatial  pattern  of  seismic  wave  velocities  beneath  the  M.  discontinuity  (commonly
believed to occur at a depth of about 10 km) – Fig. 4.

Fig.  4. Areas  with  dissimilar  Vp  at  depths
larger  than  10  km in  the  Pacific  Ocean  (Deep
seismic probing…, 1987).

A  review  of  information  on  geological
events in the Pacific and Atlantic oceans and
in  transition  zones  (Blyuman,  2008;  Choi,
1987;  Yemelyanova et  al.,  2002;  Frolov et
al.,  2011;  Frolova  et  al.,  1989,  2002;
Geological…,  2005;  Golubeva,  2009;
Govorov, 2002; Rudich, 1983, 1984; Rudich
et al., 1987; Silantyev et al., 2000; Tectonic
zoning…,  2006;  Tectonosphere…,  1992;
Udintsev, 1987; Vasilyev. 1989; and others)
makes  it  possible  to  lay  out  (perhaps only
preliminarily, until we obtain more accurate
data) several stages of activation. The Late
Hercynian stage -- 320÷240 million years --

is the least clearly defined. The Cimmerian (180÷80 million years), Alpine (60÷20 million years), and
post-Alpine  (15÷0 million  years)  stages  are  better  documented.  Endogenous  conditions  during  the
aforementioned periods were dissimilar.  The entire Hercynian period is likely to have been largely
geosynclinal.  It  cannot,  however,  be ruled out  that oceanization conditions prevailed in the area of
contemporary  mid-ocean  ridges  (MOR):  Geosynclinal  conditions  in  the  Cimmerian  period  can  be
traced  in  contemporary  back-arc  basins.  During  the  Alpine  and  post  -Alpine  periods,  back-arc
depressions  underwent  oceanization,  while  regions  of  mid-ocean  ridges  that  had  been  formerly
oceanized became activated.

Oceanization  can  be  conveniently  analyzed  on  the  basis  of  the  most  representative  material
pertaining to back-arc depressions. In this case too, information on the earlier geological history is
limited. However, by adopting a sufficiently well-grounded assumption regarding an earlier Cimmerian
geosyncline, one can describe, quite accurately, its inception as a reaction to the emergence of a thick
partial-melting zone within the depth range of 200 to 470 km (Gordienko, 2016). Apart from changes
under the effect of heat and mass transfer, the model of thermal evolution also accounts for the effect of
heat generation (HG) by mantle rocks at a geosynclinal level (Gordienko, 2015a) amounting to about
0.06 μW/mW/m3.

Relatively comprehensive information can be collected for the Sea of Okhotsk. Manifestations of
the process in question are only clearly visible in the Southern Okhotsk Basin, and they basically match
information for other depressions. Within the Sea of Okhotsk, the geological prehistory of its formation
can be explored outside the deep-water basin. Structures with a history similar to that of the basin are
also  common  further  north  of  the  Southern  Okhotsk  Basin,  in  the  TINRO  and  Lebed  troughs.
Subsidence there is no deeper than 4 km (within a relatively narrow local trough). The said structures
differ from the Southern Okhotsk Basin in that there have been no rapid uncompensated subsidence
within them over recent 0-5 million years (Fig. 5). The water layer in the Southern Okhotsk Basin is
more than three times thicker. For that reason, information on the prehistory (prior to recent 50 million
years or so), rates of the sedimentary layer thickness variations and magmatism in those areas may be
used in the study in conjunction with the data for the Bering, Japan, and Philippines seas. Proceeding
from less representative geological evidence (in the case of the Bering Sea, in particular), it would
suffice to reasonably assume the existence of a Cimmerian geosyncline with the age of the initial
magmatism of about 200 ±10 million years and of final magmatism -- about 100 ±10 million years
within all depressions under study at the western periphery of the Pacific Ocean. Upon completion of
its  development at the periphery of the Eurasian continent,  the “tectono-magmatic quiescence” has
persisted over approximately 50 million years. We are talking about a rather typical pause prior to post-
geosynclinal activation.
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After calculating a thermal model for the stated period, we found out (Fig. 6) that the accompanying
magmatism could  only  be  due  to  the  relict  partial-melting  reservoir  that  has  remained intact  at  a
relatively shallow depth.

Fig. 5. Diagram of the Okhotsk Sea Region. 1 – Sea depth (km), 2 – deep-sea Southern Okhotsk Depression, 3
– epicenters of deep-focus (400-700 km) earthquakes, 4 – profiles along which Cenozoic sedimentary stratum
structures were drawn.

Fig.  6.  Thermal  models  of  the
tectonosphere  in  the  Southern  Okhotsk
Depression.  Numbers  next  to  the  graphs
denote the age in millions of years. Shown in
the  background  is  a  thermal  model  of  the
Phanerozoic geosyncline prior to activation.
Sol is the solidus temperature of rocks (per --
for peridotite, ec – for eclogite, and gr – for
basic granulites);  Ol-Sp are  conditions  that
prevailed  during  the  phase  of  olivine
transition  into  a  mineral  with  spinel
structure;  Mag denotes  depths  of  young
magmatism foci (Frolova et al., 1989).

There is no potential energy source for
large-scale heat and mass transfer in the lower portion of the upper mantle. Notably, an activation about 50
million  years  ago (Figs.  6 and  7)  occurred  during  the  post-Cimmerian  time. It  was only  starting from
approximately the transition from the Eocene to Oligocene (about 35 million years ago) that a sufficiently
large melting chamber emerged above the top portion of the zone undergoing polymorphic transformation of
rocks  at  the  boundary  of  the  upper mantle,  and  its  material  spilled  to  beneath  the  crust.  This  was
accompanied by uplifting, erosion, split of the top of the structure, and magmatism, which are usual

149



phenomena  at  the  initial  phase  of  rifting.  Such  a  course  of  events  (a  short  period  of  energy
accumulation between the end of the geosynclinal  cycle and the start  of rifting) is  associated with
elevated  heat  generation  in  mantle  rocks  at  the  periphery  of  the  continent.  Two more  periods  of
magmatism have been identified (Fig. 7). They are likely to be part of rifting. It is, however, hard to
view those manifestations of magmatism as separate events. Relative extreme points on the histogram
of rock age pattern are indistinct, possibly, due to a certain lack of synchronism in the development of
the depressions in question (as well as of different portions of the depressions, especially considering
the presence within them of local rises with different crustal structure) -- a rather common phenomenon
(Govorov, 2002; Frolova et al., 1989; and others). In constructing our thermal models, we considered
several versions of heat and mass transfer for the time period of 30-0 million years. None of them
caused any substantial change in the contemporary T pattern.

Fig. 7. Histogram depicting age pattern of igneous rocks
in back-arc basins.

Over much of the Oligocene period, the sedimentary layer
formed exclusively in local troughs of fault zones. After the
second magmatic episode, the process proceeded at a rather

stable rate for about 20 million years. About 5 million years ago (i.e., at the very start of the Pliocene),
the process gained speed and the contemporary depth of the basement that had existed by that moment
doubled (Fig. 8).

Fig. 8. Variations in the depth of the pre-Cenozoic basement in the Southern

Okhotsk Basin.  1 – Variations in the depth of sediments according to
geological evidence; 2 – uncompensated subsidence of the basin bottom
in the Pliocene-Quaternary time; 3 – estimated subsidence of the bottom.

GEOLOGICAL RAMIFICATIONS OF OCEANIZATION AND
GEOPHYSICAL MONITORING OF THE PROCESS

The three manifestations of magmatism (referred to rifting) are characterized by the presence, in all
rock complexes, of products of the partial melting crustal zone (at any rate, in individual areas of the
basins). Such a result presupposes the presence of a subcrustal asthenosphere at each of the stages. It
has been pointed out on many occasions that magmatism in peripheral seas is characterized by an
“abundance of acid and intermediate differentiates attesting to the presence of numerous intermediate
foci within the crust and to the processes of interaction between the magmas and crustal material. Those
differentiates  are  particularly  widespread  within  calcareous-alkaline  sequences,  where  they  may,
occasionally,  even exceed basic rocks in volume. Those sequences are  associated with the  earliest
stages of volcanism, when the sea basin did not yet take shape. Consequently, it was precisely at that
stage that the Earth’s crust experienced the most intensive reworking…. During the entire period of
activity, primitive primary magmas did not spill onto the surface, but rather underwent differentiation
within intermediate chambers” (Frolova et al., 1989, p. 237). Magma chambers in the upper crust may
rise to depths of 5-10 km, i.e. may occupy their position within a thin “granitic” crustal layer.

Let us analyze effects of the evolution of the basin’s thermal model. Following the ascent of the first
asthenolith from the depth range of 370-420 km to the interval of 50-100 km, there forms a partial-
melting layer beneath the crust, mantle melts intrude into the crust, rocks in the amphibolite facies of
metamorphism  undergo  melting,  and  intermediate-composition  magmas  rise  (the  potential  for  the
formation of acid magmas is restricted by the initial  composition of the crust) into the median and
upper portions of the crust, basic rocks in the lower crust become eclogitized, and the rock blocks,
whose density exceeded that of mantle rocks, subside to beneath the crust. The median portion of the
crust undergoes basification, and the upper (“granitic”) portion is in some places totally destroyed by
erosion.

Let us now analyze the sequence of events (manifestation of the results of heat and mass transfer in
the geological phenomena under observation).

1. First  of  all,  under  the  effect  of  overheating  of  the  mantle’s  upper  levels,  the  crust  arches
upwards. Computations of the effect also take into account a pertinent cooling in the lower levels of the
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mantle.  Yet,  the  temperature  expansion  coefficients  within  relevant  depth  intervals  differ  by
approximately 0.01 g/cm3/100oC (Fig. 9), so we are definitely talking about an uplifting. Its amplitude
reaches 0.9 km.

Fig.  9.  Variations  in  seismic  P-wave
velocities  and  mantle  rock densities  as
functions of temperature variations at different
depths.

In fact,  the amplitude is  considerably
smaller since the uplifting encompasses a
territory with an area larger than the area

of activation. The temperature beneath the crust changes faster than at the bottom of the upper mantle,
so that the uplifting is reduced. An additional effect of erosion over a geologically short period of time
produces a peneplain.

2. By the end of the stage, the oceanization process already becomes quite significant causing
basification and eclogitization of the crust.  Precise values of rates of mineralogical transformations
(eclogitization of basic rocks) are not known, but a certain approximation to them can be seen in Table
1 (Korolyuk, 2004). The presence of volatile substances is an essential condition for transformation at a
real rate. In the case in question, the presence of such substances is beyond doubt. It is an indispensable
result  of  partial  melting  of  rocks  in  the  amphibolite  facies  of  metamorphism  accompanied  by
dehydrotation.

Table  1.  Time  (in  years)  required  for  smoothing  chemical inhomogeneities  in  garnets  at  the  stages  of
submersion and exhumation (Korolyuk, 2004) with an allowance for the size (R) of mineral granules.

Temperature range, oC Pressure range, kbar R=0.05 mm R=0.5 mm R=5 mm
Submersion stage

500-600 5.56-6.67 3.107 3.109 3.1011

500-700 5.56-7.78 1.3.106 1.5.108 1.3.1010

500-800 5.56-8.89 1.105 1.107 1.109

500-900 5.56-10.0 1.104 1.106 1.108

500-1,000 5.56-11.11 1.3.103 1.4.105 1.3.107

Exhumation stage
1,000-900 11.11-10.0 4.102 5.104 5.106

1,000-800 11.11-8.89 1.104 1.4.106 1.108

1,000-700 11.11-7.78 3.105 4.107 5.108

1,000-600 11.11-6.67 1.8.107 2.109 2.1011

1,000-500 11.11-5.56 2.108
2.1011 2.1013

It can be assumed that the process was completed over the first few million years.
3. The initial crustal thickness in the basin was approximately 32 km. After its thinning out, there

only remained 13 km (the observed crustal thickness without the underlying reworked crust-mantle
mixture amounts to 19 km minus Cenozoic sediments with intercalations of extrusive rocks and water).
The initial density of transformed crustal blocks that submerged into the mantle amounted to 2.9-3.0
g/cm3 and changed by 0.4-0.5 g/cm3. The relevant subsidence was to 2.8-2.9 km. Within the remaining
crust, at least 9 km (judging by the velocity structure along the deep seismic probing profile) underwent
a decrease in density by approximately 0.1 g/cm3 (basification). The corresponding subsidence must
have  been  by  0.3  km.  It  is  impossible  to  determine  whether  or  not  the  lower  crust  material  was
transported to the periphery of the basin because we have no idea about the initial thickness of the crust
around it  prior  to  the  restructuring.  Individual  cases  of  crustal  thickening can be  spotted  on  deep
seismic  probing  profiles  (Tectonosphere…,  1992;  Tectonic…,  2006;  and  others).  Their  nature,
however, could be dissimilar. At any rate, crustal thickening beneath island arcs is most likely a result
of an earlier geosynclinal process.

4. Conditions for polymorphic transformation at the bottom of the upper mantle were ripe in a 40-
km thick layer shortly after the first episode of heat and mass transfer (at least 10 million years ago). By
that time, the period of a relatively fast change in the strong negative local temperature anomaly had
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been over. The compaction of rocks there amounted to about 8 percent. The corresponding subsidence
of the surface was by 3.2 km. This enables us to complete the calculation of the crustal surface dipping
if we date the effect in question to between 5 and 0 million years. This result is in perfect agreement
with that known on the basis of independent data (Fig. 5). The rate of mantle olivine transformation
into amineral with spinel structure in the environment of the upper mantle bottom is not known. There
is an opinion to the effect that “Experimental data on diffusion and results of modelling point to the fact
that partial homogenization, both elemental and isotopic, will be reached (at temperatures higher than
1,500-1,600oC – V. Gordienko) over the first dozens of thousands of years” (Shulyagin et al., 2012, p.
34).

Apart from the match between an estimated depth of the asthenosphere and depths of young magma
chambers (Fig. 6), similar coincidence has been observed for mantle chambers within the depth range
of 30-130 km during earlier stages of oceanization (Gordienko, 2015). Magma chambers discovered in
peripheral  seas  at  the  depth  of  about  200  km  can  be  attributed  to  the  onset  of  the  Cimmerian
geosynclinal stage.

It is possible that sharp cooling of the upper mantle’s lower levels beneath the troughs of the Sea of
Okhotsk with a similar Cenozoic sedimentary layer occurred somewhat later that beneath the Southern
Okhotsk Basin. For that reason, the process of polymorphic transformation there did not yet reach a
substantial scale, and the uncompensated subsidence of the surface just started. And so, it is precisely
the  subsidence  of  the  block  undergoing  transformation  which  is  attested  to  by  the  deep-seated
seismicity in the zone of transition from the upper to the lower mantle (Fig. 5). The mechanism of the
above phenomenon will be analyzed in a special study dealing with the nature of seismicity.

The  troughs  in  the  northeastern  part  of  the  Sea  of  Okhotsk  comprise  a  Neogene-Quaternary
sedimentary layer with a thickness of at least 6 km, the sea depth there being about 0.5 km. In other
words, not only did the rapid plunging stage occur there during the polymorphic transformation at the
upper  mantle  bottom,  but  also  the  resulting  depression  already accumulated  sediments.  It  is  quite
natural that no deep-seated earthquakes can be seen there (Fig. 5).

Numerous relatively young structures of that type can be spotted in various Eurasian regions; some
of them formed on the Late Proterozoic basement. They include Black Sea, Rioni (in Georgia), Kura (in
Georgia),  and  Western  Turkmenian  depressions  (velocity  profiles  in  which  reveal  clear  traces  of
basification and, occasionally, also eclogitization).

3. Over the entire period under study, a partial-melting layer was retained beneath the crust of the
region and within the crust itself. This promoted magmatic activity; as a result of periodical intrusions
of basaltic melts, the temperature within the crust was maintained at a level required for the generation
of crustal magmas.

Thus, the diagram depicting deep-seated processes in terms of the APH (advection-polymorphism
hypothesis) and the relevant thermal model enable us to numerically explain facts from the geological
history  of  the  depressions.  Their  formation  illustrates  a  nearly  completed  oceanization  of  the
continental  crust.  It  transpires  that  oceanization does  not  necessarily  occur  directly  at  the  external
boundary of the ocean that formed earlier. A region with a crust transformed in the way described
above and situated at a considerable distance away from areas of sediment ablation will display a crust
typical of the western part of the Pacific Ocean (13 km) with a thin (about 1 km) igneous-sedimentary
layer and an underlying basic crust at the sea depth of about 5-6 km.

Predicted anomalies of physical fields (thermal and gravity) and geophysical models (velocity and
geoelectricity) in areas of young oceanization may serve as independent tools for verifying the adopted
model of the process.

If we ignore the last stage of magmatism, the heat flow (HF) in peripheral seas must reach 70-75
mW/m2, but if that event is taken into account, the resulting HF will be higher by about 20-25 mW/m 2.
The latter value cannot be estimated accurately enough because it  is noticeably associated with the
geothermal activity responsible for local anomalies. Notably, HF values cannot be viewed as reliable
criteria for verifying the model of the deep-seated process. Part of the heat flow is produced by an event
that may or not have taken place during oceanization in the given area, or occur over a certain (but
always short) period of time, and lead to the emergence of overheated masses of material at a certain
(but  always shallow) depth.  The said disturbance has  nothing at  all  to  do with the  distribution of
temperatures  (T)  at  depths  larger  than  100 km.  Young  magmatism is  widespread  in  the  Southern
Okhotsk Basin (Yemelyanova et al., 2002; Frolova et al., 1989; Patterns…, 1987; and others) as far as
the Kurile Arc or even beyond it.
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Accordingly, the heat flow in the Southern Okhotsk Basin outside areas with positive anomalies,
amounts to about 70-80 mW/m2, whereas in areas with such anomalies it is somewhat higher than 90

mW/m2 (Tectonic…, 2006; Tectonosphere…., 1992) – Fig.10.

Fig. 10. HF distribution along the profile across
the Southern Okhotsk Basin and the Kurile Arc. The
dots  denote  experimental  data,  the  lines  represent
estimated data.

The  thermal  model  clearly  enables  us  to
account  for  the  observed  heat  flow  pattern.
Changes in crustal thickness, replacement of its

top portion with water, overheating of upper levels of the upper mantle and cooling down of the lower
levels, as well as the polymorphic transformation of rocks in the lower portion of the upper mantle -- all
of the above must produce a mantle gravity anomaly. It must reach 150 mGal, given the actual width of
the region equaling several hundreds of kilometers – Fig. 11.

Fig.11.  Comparison between observed and estimated
gravity fields  along  the  profile  across  the  Southern
Okhotsk Basin and the Kurile Arc.

1 – observed field; 2 and 3 – estimated fields (2 is the
effect of the crust and normal mantle, and 3 – taking into
account the anomalous density of mantle rocks).

The magnitude of the mantle anomaly is close to
that  predicted,  yet  there  is  no  complete  match
between the  observed  and estimated  fields.  In  the
case  of  the  depression,  the  difference  may  be

accounted for by the inaccuracy of the input data. Agreement is better in other areas of island arcs
(Gordienko, 2016; and others). At the same time, in the southern part of the Kurile Arc, we detected an
inconsistency in the correlation between density and seismic wave velocity used in the calculations.
This could be due to the abnormally high iron content in the crust (Tectonosphere…, 1992).

The considerable overheating in the subcrustal portion of the mantle reaching the level of a small
degree of partial melting (to the tune of 2 percent on the average for the asthenosphere) must cause a
negative anomaly of seismic wave velocities. Its predicted magnitude may reach 0.3-0.4 km/sec (for
Vp), which exceeds appreciably the error in the determination of the parameter by techniques of modern
seismology. The positive anomaly in the lower portion of the upper mantle is also large – Fig. 12.

Fig. 12. Comparison between experimental (Gordienko et al.,
2016) and estimated thermal models of the upper mantle beneath
peripheral seas.

1--  experimental  distribution  of  V  p;  2  --  Vp estimated
according to the thermal model; P1 is the velocity model of the
mantle beneath a quiescent platform; Sol is an estimated velocity
structure at the level of the temperature at the onset of melting.

The difference between observed and estimated velocity
structures is small and can well be accounted for by errors
in both calculations and experiment (Fig. 12).

The partial melting zone in the upper half of the upper
mantle in the area of oceanization must be perceived as a
body with elevated conductivity. With the specific electrical
resistivity (ρ) of  the melt  amounting to about  0.7 Ohm.m
and the average content of fluid -- about 2 percent, we may

expect the ρ of the asthenosphere equaling about 50 Ohm.m. Any appreciable content of fluids in the
melt seems unlikely: A recent transportation of magma to the surface must have largely “dehydrated”
the magma generation zone. The cumulative longitudinal conductance (S) of the 160-km thick zone
(this parameter cannot be determined with sufficient accuracy –  Fig. 6) will amount to about 3,000-
3,500 Sm. Experimental determination of S for the Southern Okhotsk Basin was conducted on the basis
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of a small number of poor-quality data (Tectonosphere…, 1992). The depths of the conducting body’s
central  portion  are  close  to  that  estimated  according  to  the  thermal  model.  The  values  of  S,  as
determined by different authors, vary from 3,000 to 2,500-7,000 Sm. We may only talk here about a
very approximate match, and the quality of the experiment does not make it possible to count on more
than that.

On the whole, verification in terms of deep geophysical profiling data has been a success: There was
no need to resort to data tailoring in order to prove that the estimated magnitudes of the fields and
parameters of the models match experimentally derived data within the limits of admissible error.

OCEAN BASINS, TRENCHES, AND MID-OCEAN RIDGES The data on the age of magmatism in
basins are listed in Fig. 13.

Fig. 13. Ages of igneous rocks in ocean basins (Blyuman, 2008;
Frolova et  al.,  2002;  Golubeva,  2009;  Govorov  et  al.,  1996;
Vasilyev, 1989; and others). 1 – histogram of age distribution, 2 –
time when the bottom surface subsided abruptly.

Three major periods of magmatism can be identified, like
in the case of peripheral sea depressions; the latest of them is
accompanied by abrupt subsidence. In other words, one gets
an impression that the process analyzed above repeats itself.

Naturally enough, given a very insignificant sediment accumulation, for the reason of large distances
from the sources, the subsidence of the bottom surface has largely remained uncompensated. The depth
of the ocean (about 5-6 km) is consistent with the estimated extent of subsidence. This is possible
provided that  the  continental  crust  undergoes  oceanization.  After  the  process  has  been completed,
manifestations of magmatism are still encountered within basins, i.e., the thermal model must comprise
a depth interval with temperatures above the solidus (of peridotite or eclogite) even 50 million years
after the onset of active events. Calculations (simulating the “aging” of the model shown in Fig. 6 by
50 million years  with the  HG in the upper  mantle  being at  the  level  of  0.08  μW/mW/m3 justifies  the
aforementioned  assumption  (Fig.  14).  A  younger  (less  than  50  million  years)  magmatism is  also
possible. It is represented in reality by structures in the Hawaiian–Emperor seamount chain, by the
multitude  of  volcanic  mounts  in  the  northern  part  of  the  Pacific  Ocean,  etc.  Due  to  their  limited
occurrence, those details were not taken into account in the computation of the model depicted in Fig.
14.

Fig. 14. Thermal  model of the ocean
basin  tectonosphere.  See  Fig.  12 for  the
legend.

It  has  to  be  emphasized  that  the
thermal  model  that  has  been
constructed  pertains  to  the  internal
part  of  the  basin.  There  is  no
asthenosphere at the periphery of the
region which underwent  oceanization
50-100 million  years  ago.  Unless,  of
course,  it  did  take  shape  due  to  the
heating from an adjacent region where
the  deep-seated  process  took  a
different  course.  For  example,  at  the
boundary of the basin and an Alpine

geosyncline with a superposed post-Alpine activation, a relatively low-temperature block of a deep-sea
trough with an oceanized crust may have formed (Gordienko, 2016; and others). Cooling down at the
level of the lower portion of the upper mantle that spread from the geosyncline caused an additional
compaction  of  rocks  in  the  transition  zone  (at  depths  of  approximately  450-650  km)  and  to  an
additional (compared to oceanization) subsidence of the block.  This event occurred 0.5-1.0 million
years ago, and therefore, no recent deep-focus earthquakes can be registered there.
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The  processes  discussed  for  the  two  types  of  oceanic  regions  swept  across  a  vast  territory  of
contemporary oceans. It is therefore necessary to point out an important feature of oceanic regions’
formation. Fifty million years have passed since crustal changes took place and eclogites sunk into the
mantle, in the case of basins of peripheral seas, and 100 million years -- in the case of oceanic basins.
Consequently, the increased heat generation by mantle rocks must be confined to those periods of time.
It  will  be  shown later  in  the  paper  that  the  relevant  period beneath the Mid-Ocean Ridge (MOR)
amounts to 150 million years (200 million years cannot be ruled out either). It is likely that elevated HG
is limited not just in terms of time, but in terms of depth – about 200 km – as well. On the other hand, if
we adopt this pattern, it  will  contradict the assumption on equal amounts of heat generation in the
tectonosphere  of  continents  and  oceans  as  adopted  in  this  author’s  study  (Gordienko,  2015c).  To
conform to that hypothesis, we need elevated HG throughout the depth interval of 0-500 km. This will,
in turn, require repeated acts of heat and mass transfer in the tectonosphere beneath oceans. In that case,
the depth interval, where rocks underwent polymorphic compaction, will constitute the only exclusion
from the zone of elevated HG.

Despite the smoothing of temperature anomalies, both negative and positive, relative to the moment
of completion of the oceanization process (i.e., over the last 50 million years), the ocean depth in the
basin has not changed in any appreciable way. Small uplifting and subsidence features are largely self-
compensatory (Figs. 6 and 14).

Fig. 15. Comparison between experimental (Gordienko et al., 2016) and estimated velocity models for the
upper mantle beneath basins (1) and trenches (2). 1 and 2 are experimentally derived Vp patterns; 1a and 2a are
values estimated according to the thermal model. See Fig. 12 for the legend.

Let us analyze to what extent the thermal models for the basin and trench match geophysical data. P-
wave velocity profiles for the upper mantle, as presented in the study (Gordienko et al., 2016) for the
Atlantic and Pacific oceans and S-wave velocities – for beneath the Atlantic and Indian ocean basins
(Bussy et al., 1993 and Marquering et al., 1996) have been compared with those estimated according to
the thermal model (Fig. 15).

Fig. 16. Heat flow along the profile across the Atlantic Ocean. 1 – Observed heat flow values, 2 – estimated
HF. Shown in the inset are histograms of deviations between observed and estimated HF values (A) and observed
HF values for neighboring sites (B) on the Angola-Brazil geotraverse.

The  match  is  quite  complete  with  average  disagreement  for  P-  and  S-waves  not  exceeding
acceptable error limits. The noticeable divergence in the upper part of the profiles for basins (P-waves)
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could be due to the aforementioned manifestations of young magmatism. Partially molten zones above
the asthenosphere are spotted in various areas of basins, and velocities within them are smaller. There is
no such effect in the estimated profile. The absence of the asthenosphere is clearly seen at the upper
levels of the mantle beneath trenches (Fig. 15).

The heat flow in trenches has not been studied in sufficient detail. The available data point to its
lower  values  ranging  from  30  to  50  mW/m2,  which  is  not  at  variance  with  the  thermal  model
(Tectonic…., 2006; and others).

Frequent (although not ubiquitous) presence of young magma chambers at the upper levels of the
mantle and crust of the basin also complicates verification of the model in terms of experimental heat-
flow  data.  Relatively  small  positive  anomalies  of  heat  flow  are  common  above  shallow melting-
chambers. The said anomalies are supplemented by the effect of hydrothermal circulation systems. A
correlation between estimated and observed heat-flow values in basins is shown in Fig.16.

Thus, coordination between the adopted model of the process and geothermal information has been
achieved. Without overestimating this fact, we should point out that the heat flow estimated for the
ocean on the basis of the conventional “ocean floor spreading” rate has nothing in common with the
observed heat flow.

A density  model  of  the  tectonosphere  has  also been constructed  along the  same Angola-Brazil
geotraverse proceeding from the data on crustal velocity structure (Pavlenkova et al., 1993) – Fig.17.

Fig. 17. Gravity field along
the Angola-Brazil geotraverse.

1-3  are  the  gravity  fields
(1– observed and smoothed; 2
and 3 are estimated fields: 2 –
for  normal  density  of  mantle
rocks, 3 – taking into account
anomalous  density  of  mantle
rocks). Shown on the inset is a
histogram  of  dissimilarities
between  estimated  and
observed  gravity  fields  along
the Angola-Brazil geotraverse.

There  is  a  sufficiently
good  match  between  the
observed  and  estimated

gravity fields after allowance for anomalous densities in upper mantle rocks: The average mismatch
amounts to ± 14 mGal which can readily be accounted for by observation and computation errors. An
almost identical conformity has been reached along the profile across the transition zone between the
Nasca  Plateau  and  South  America.  The  relatively  narrow  geosyncline  of  the  Peruvian  Andes  is
characterized by a relatively small mantle gravity anomaly, whereas on the plateau, the anomaly is

much more intensive. Generally speaking,
mantle  gravity  anomalies  in  basins  are
similar  to those typical of  young rifts on
continents (about -200 mGal) (Gordienko,
2016b)  –  Fig.  18.  The  maximum  of  all
anomalies detected in various regions has
been  measured  on  the  Mid-Ocean  Ridge
(MOR)  where  it  reaches  up  to  -350-400
mGal – Fig. 17.

Fig. 18. Comparison between observed and
estimated gravity fields along the profile from
the Nazca Plateau to the Peruvian Andes. 1 –
observed field; 2 and 3 are estimated fields (2 –
the effect of crust and normal mantle, and 3 –
taking  into  account  anomalous  density  of
mantle rocks).
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The observed and estimated heat flows are generally in agreement (with the exception of the axial
portion of the Mid-Atlantic Ridge where strong anomalies are associated with contemporary thermal
springs and small near-surface intrusions that were not taken into account in the model). A standard
deviation of the estimated from observed HF values amounts to ±15 mW/m2. It can be fully accounted
for by the error in experimental data. In fact, heat-flow values, determined over short distances (tens of
kilometers) along the traverse, vary, on the average, by 20 mW/m2 (Fig.16) .

The  mantle  gravity  anomaly  in  the  Kamchatka  trench  was  estimated  by  Gordienko  (2016a)  .  Its
magnitude (-150-200 mGal) does not characterize the structure proper since it is largely caused by the effect
of the adjacent island arc and basin.

The estimated value of S beneath the basin is 1,500 Sm. Experimental data are in short supply and
approximately the same value was reported in The Tectonosphere… (1992).

No appreciable electrically conductive body has been detected in the tectonosphere of trenches.
Besides, the available experimental data are very scanty.

New  information  on  rock  composition  in  the  central  part  of  the  Mid-Atlantic  Ridge  (MAR),
information whose volume far exceeds that available for the majority of continental shields enables us
to claim with confidence that it is incompatible with the plate tectonics theory. On the MAR axis and in
escarpments of some transform faults, ancient rocks of a gabbro-ultrabasic complex in amphibolite and
granulite facies of metamorphism have been discovered, and quite a number of their properties rule out
their mantle origin. Nor does the concept of recycling hold water here (Shulyatin et al., 2012) – Fig. 19.

Fig 19. Histograms of the distribution of rock ages
in the mid -Atlantic Ridge (A, B, and C) (Shulyatin et
al.,  2012)  and in  the Southern  American  and African
(D) shields (Gordienko, 2010).

A) Based on results of 593 analyses of zircons with
the  help  of  U-Pb  (SHRIMP  II)  and  laser  ablation
techniques;  B)  based  on  results  of  additional  200
analyses  of  zircons  with  the  help  of  U-Pb (SHRIMP
II)and laser ablation techniques; C) based on results of
about 100 determinations of Sm-Nd, Ru-Sr, K-Ar, and
Ar -Ar by the classical U-Pb method on zircons and by
other  techniques  on  rock-forming  minerals  and  bulk
samples. (SHRIMP II is an acronym for Sensitive High
Resolution Ion Probe II).

The  datings  listed  in  this  paper  have  been
arrived at  with the help of different  methods for
different  minerals  and different  isotopic  systems.
Nevertheless,  they  display  a  pattern  of  age
distribution in the Precambrian close to that for the
shields  of  South  America  and  Africa.  Such
consistency clearly attests to the fact that the rocks,
which  have  been  studied,  pertain  to  crustal
complexes common to the two continents and to
the ocean.

“…geological  observations  indicate  that  some
plutonic  rocks  date  back  to  the  pre-Early

Cretaceous or, possibly, even to the pre-Early Jurassic periods and that igneous and plutonic rocks in
the Mid-Atlantic Ridge are not convergent,  that is to say, they did not emerge from a single near-
surface magma chamber.” (Shulyatin et al., 2012, p. 31). Moreover, the datings for meta-effusive rocks
ranging from 600 to 900 million years “… provide proof that volcano-plutonic activity in the Mid-
Atlantic Ridge proceeded in many stages not just in the Cenozoic time, but also much earlier, and this
enables us to view meta-volcanic and meta-gabbroic rocks and the associated ancient ultrabasic rocks
as formations of the pre-oceanic crystalline basement protocrust) that underwent transformation in the
process of pre-oceanic and syn-oceanic tectogenesis” (Shulyatin et al., 2012, p. 32).

Characteristic properties of the ancient rocks suggest that a large chunk of the crust that had existed
on the Mid-Atlantic Ridge prior to oceanization was cut off. The composition of those rocks does not
contradict the concepts regarding results of oceanization formulated above.
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There are direct indications to the effect that 140 million years ago, the crust beneath a section of the
Mid-Atlantic Ridge was transformed and raised effectively to the ocean surface. Mentioned above was
information on the Late Hercynian stage of activation that involved the MAR. To put it differently, the
MAR of today is not what it initially was (et al., 2012). Igneous rocks aged 0-53 million years may
have been produced during the latest stage of activity, although areas of their occurrence cannot be
determined  from the  available  data  (Skolotnev  et  al.,  2010).  According  to  Rudich  (1983),  young
magmatism on one of the MAR stretches fits into the time interval from 0 to 15 million years. On the
Eastern Pacific Rise, only very young (Late Pleistocene) lavas have been identified.

Let us analyze results of the Early Cimmerian oceanization process proceeding from the assumption
that it was similar to the younger process described above (Fig. 20). We assume that about 150 million
years passed prior to the beginning of the Mid-Ocean Ridge formation when the heat generation level
was  at  its  highest.  The  final  temperature  pattern  points  to  a  vast  zone  within  which  the  solidus
temperature of eclogite and/or peridotite was reached or almost  reached (deviations from it  do not
exceed the possible calculation error – about 50-100oC).

Over  the  period  of  “tectono-magmatic  quiescence,”  subsidence  of  the  surface  due  to  reduced
temperature anomalies  amounted  to  0.6  km,  whereas  its  upheaval  --  owing  to  the  polymorphic
transformation  and  decompaction  of  rocks  at  the  bottom  of  the  upper  mantle  --  reached  2  km.
Subsequent events can be visualized in different ways – this author does not have enough information
to specify them in detail. Extremum versions of thermal evolution on models that could be computed on
the basis of initial temperature distribution suggest that thermal anomalies may have contributed 2.5 to
4.5 km to the upheaval. Perhaps, it might be a good idea to construct markedly dissimilar models for
specific ridges or even for their portions. However, the data for such a study are in short supply. It may
be  assumed,  with  an  equal  degree  of  probability,  that  the  peripheral  sea  model  might  also  be  a
contemporary approximation to

Fig  20. Temperature  distribution  within
the tectonosphere of the Neogene Mid-Ocean
Ridge. Solamph denotes solidus of rocks in the
amphibolite facies. See Fig. 12 for other items
of the legend.

2. the thermal model of the Mid-
Ocean Ridge. So might be the version of
heat  and  mass  transfer  (Gordienko,
2012),  or  models  based  on  other
schemes of the process. In the case of
the  peripheral  sea  model,  no  crustal
oceanization is known to have occurred
beneath the MOR; it  already happened
before,  and  differences  in  thermal

models for the polymorphic transition zone are all too obvious. One feature in common for starting
models which simulate the period prior to the Mid-Ocean Ridge evolution over the oceanic crust seems
to be apparent in all aforementioned scenarios: The bottom portion of the partial-melting zone, which
feeds the heat and mass transfer process, is situated at a smaller depth than beneath active regions of
continents. This is a result of an elevated heat generation (HG) within the depth range bounded from
below by the top of the zone of polymorphic transformations.

The computation result shown in Fig. 20 is consistent with the scenario of a short-term (probably
initial) heat and mass transfer process as a result of which overheated material is transported from the
depth range of 275-425 km upwards to the level of 40-110 km. It feeds the partial-melting layer in the
upper horizons of the mantle beneath the region. Clearly, in this situation magma inevitably travels
upwards to under the crust, effusive rocks form, and hot springs circulate over shallow intrusive bodies.
Five million years ago, the overheated substance moved upwards from that source (at the depths of 50-
100 km), already within a narrower zone (about 200 km in width), to the depths of 25-50 km. Naturally,
the process was again enhanced by molten material intrusions into a thin crust.

The total rise of the ocean bottom above the level of adjacent basins will amount to about 2.5 km
(the upheaval by 2.4 km due to emergent temperature anomalies, and subsidence by 1.3 km associated
with the displacement of the top portion of the zone of polymorphic transitions). At present, the ridge
surface  is  already  subsiding.  In  the  central  part  of  the  wide  Mid-Ocean  Ridge,  uplifting  may  be
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expected to match the aforementioned value. The upheaval is much smaller at the periphery. Judging by
heat  -flow  variations,  marginal  fragments,  in  which  traces  of  activation  are  insignificant,  may  be
encountered there. The heat flow in them is close to background values.

The depths of magma chambers beneath the Mid-Ocean Ridge that have been deduced on the basis
of rock composition (Gordienko, 2015b) match the thermal
model  (taking into account intermediary versions over the
period  of  0-15  million  years  ago)  –  Fig.  20.  The
contemporary thermal model points to a possibility that an
active process in the region may still be under way, i.e., that
the  formation  of  the  Mid-Ocean  Ridge  in  the  version
discussed is not yet over.

Fig.  21. Comparison  between  estimated  (line)  and  observed
(dots  and  dashes)  heat  flow for  the  Mid-Ocean  Ridge  (Ginsar,
1987; Podgornykh et al., 2000; Popova, 1987; Tuyezov, 1988; and
others).

The estimated value of the heat flow across the strike of
the about 1,000-km wide Mid-Ocean Ridge is  shown in  Fig.  21.  The calculation is quite arbitrary
because the value of the said parameter in peripheral parts of the region is largely dependent on the
thermal history of adjacent basins, a history that was assumed to match that described above. However,
that assumption is not necessarily true. The estimated HF values match the observed ones, but the
aforementioned uncertainties regarding the construction of the model of the process prevents us from
claiming that such a coincidence is an irrefutable verification.

Verification in terms of a specific model for the mantle beneath the ridge might be more convincing.

Fig.  22.Comparison  between
experimental (Gordienko et al., 2016
and Marquering et al., 1996) (1) and
estimated (2) velocity structure models
for the upper mantle beneath the Mid -
Ocean  Ridge.  See  Fig.  12  for  the
legend.

No  earthquakes  have  been
registered beneath the Mid-Ocean
Ridge  near  the  front  of
polymorphic  transition:  At  that
stage of  the  process,  the  cooling
did not affect it. Shallow seismic
activity is associated with vertical
translocations of crustal blocks as
described above.

Regarding S-waves, the data are only considered for the Mid-Atlantic Ridge in the area with the
following coordinates: 30-60 degrees of latitude north (Marquering et al., 1996).

Coordination between estimated and experimental models based on P- and S-waves may be viewed
as satisfactory, especially considering uncertainties in the selection of the pattern of the deep-seated
process. Some other from among the aforementioned alternatives to the process beneath the Mid-Ocean
Ridge do not lend themselves to constructing thermal models which could be coordinated with the
velocity model.

A density model of the Mid-Ocean Ridge tectonosphere has already been discussed earlier in the
text (Fig. 17). It was constructed with the help of the same version of the deep-seated process as was
used for constructing the thermal model. The match between them can be viewed as satisfactory.

In this author’s opinion, the so-called Juan de Fuca Plate is part of the Mid-Ocean Ridge system
over virtually the entire expanse from the Juan de Fuca Ridge to the shelf near the North America
shore. There are no grounds for identifying the Juan de Fuca Ridge with the Mid-Ocean Ridge: Its
elevation over the plate level is negligibly small; its width differs from typical by more than an order of
magnitude; and the heat flow directly at its western edge drops to background values. At the same time,
the heat flow on the Juan de Fuca Plate is very high, which points to a shallow location of magma
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chambers  and  to  active  thermal  springs.  The  presence  of  an  unusually  thick  sedimentary  layer  is
associated with its location in close vicinity of the continent and with the absence of a trench. Some
geologists (Beloussov, 1982; Frolov et al. 2011; and others) have admitted that the East Pacific Rise
north of the Gulf of California is divided into continental and oceanic parts. In terms of the thermal
model,  the  total  longitudinal  conductivity  of  the  Mid-Ocean  Ridge  thick  asthenosphere  can  be
estimated  as  4,500  Sm.  According  to  Varentsov  et  al.  (1996),  recorded  there  was  precisely  that
magnitude of S. Directly west of the Juan de Fuca Ridge, the conducting body is no longer detected. In
a review by Baba (2005), S of the Mid-Ocean Ridge tectonosphere was estimated at 6,000-10,000 Sm.
This author (V. Gordienko) deems the latter estimates less reliable.

TRANSITION ZONES OF ATLANTIC TYPE

Geological and geophysical information that can be used in this case is particularly richly represented in
transition zones of the Atlantic Ocean, especially in its northern part (Belyayevsky, 1981; Beloussov, 1982;
Geology…..  volumes 1-3,  1978,  1979;  Khain,  1971;  Kunin,  1989;  Levin  et  al.,  1996;  Major  structural
features…, 1994; Udintsev, 1987; Ulrike et al., 1998; Usenko, 1987; and others). But here, too, it does
not enable us to judge the main characteristics of the deep-seated process in every particular section of
the zone. It appears essential to resort to a generalization of the data for many sections characterized by
a similar course of evolution. This approach prompts us to focus on the eastern coast of North America
since, along almost its entire length, it comes into contact with the over 500-km wide Caledonian-
Hercynian  geosyncline  of  the  Appalachian  Mountains.  Many  of  the  specific  characteristics  of  the
geological history detected there are close to those observed at the eastern margin of the ocean at the
contact with Scandinavian Caledonides, British and French Caledonides and Hercynides, and so on.

Based on results of geological and geophysical studies, the structure of the sedimentary layer and of
the Earth’s crust were constructed along ten 300- to 1,400-km long profiles extending from Labrador to
the  Bahamas  Plateau.  Magnetic  and  gravity  fields,  and  the  heat  flow (largely  on  dry  land)  were
explored there in sufficient detail. The perioceanic trough of the North American Atlantic Coastal Plain,
about 4,500 km in length and about 500 km in width, encompasses the coastal area of dry land, the
shelf, the continental slope, and part of the continental rise. The trough is divided into two basins: The
Internal basin (on the shelf and adjacent dry land) and the External basin (on the slope and at the foot of
the  slope).  The basins  are  separated by  a  basement  promontory,  and their  geological  histories  are
clearly dissimilar. In many cases, the depth of the trough is much greater within the External basin near
the basement promontory. The structure about 60 km in width (matching the size of one quantum of
tectonic action – QTA) resembles a deep-water trough filled with sediments. It will not be discussed
separately because the process of its formation does not differ in principle from that of the rest of the
basin.

The width of the Internal basin is about 150±20 km, the promontory separating the basins is about
70 km wide, and the width of the External basin is 190±30 km, i.e., in all these cases the dimensions of
the structures are n-tuple of the QTA size.

It  has been established that “Transition from the continental to oceanic crust occurs beneath the
continental  slope  and  is  occasionally  marked  by  an  oceanic  basement  promontory  producing  the
magnetic anomaly at the eastern coast” (Geology…, 1978, Vol. 2, p. 99). Active events in the Jurassic-
Holocene period took place on both sides of that line.

In  the  Internal  basin,  “…block-faulting  displacements  took  place  in  the  Late  Triassic-Early
Jurassic… The basins bound by faults became filled with clastic deposits…. Concurrently, volcanic
eruptions were taking place” (Geology…, 1978, Vol. 2, p. 118). In other words, in accordance with
geological criteria, the process may be categorized as rifting, despite the fact that the available data do
not point to a stage of uplifting. In the next period of time sedimentation in the shallow-water basin
proceeded with diminished intensity. It appears most likely, however, that yet another activation phase
took place there. On the Bahamas Plateau, it is marked by deformations in the Early Cretaceous or Late
Jurassic. On the Brazilian Shelf and adjacent dry land, the relevant period (about 150 million years ago)
was marked by magmatism of mantle origin. The crust beneath the basin is about 30 km thick, which is
by 10 to 15 km thinner than in continental regions situated further west.

In the External basin, the process started with the accumulation of Jurassic sediments, the bottom of
the  basin  being less  than  one  kilometer  deep.  Starting  from the Early  or  Middle  Cretaceous  (i.e.,
approximately  100  million  years  ago),  those  sediments  were  replaced  by  pelagic  or  hemipelagic
sediments  (the  average  contemporary  sea  depth  in  the  basin  being  about  four  kilometers).  Such
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“starting conditions” cannot be attributed to the fact that the basin formed over the oceanic crust (where
the  contemporary  oceanic  depth  is  5.5  km)  of  Pre-Jurassic  or  Early  Jurassic  age.  Besides,  the
consolidated part of the crust there is about 7.5 km thick, whereas crustal thickness beneath typical
plates of the Atlantic Ocean is about 4-5 km. It has to be assumed that, prior to the onset of the process
in question, the crustal block beneath the External basin was not oceanic in origin. It rather resembled
the contemporary block beneath the Internal basin. East of the External basin, there lies a block of
typical oceanic crust whose bottom reaches the depth of 5-5.5 km and the sediments are 1 to 1.5 km
thick (as is typical of the northwestern Atlantic region). Hence, the events in the transition zone resulted
in changes at the periphery of the continent and in the consecutive destruction of its crust. The process
was also promoted by the presence of numerous mafic blocks which are readily prone to reworking.
They have been detected beneath the Internal basin in the form of thick high-velocity (Vp = 7.0-7.4 km/
sec) layers with the top at the depth of 5-10 km – “the Lower Paleozoic Proto-Atlantic ophiolitic crust,”
quoting the terminology used in the publication Geology…., (1978). The presence of such a layer is an
essential attribute of the transition zone (Beloussov, 1982).

The situation in the eastern and southern fragments of the Faroe-Greenland Escarpment (Rudich et
al., 1987; and others), directly adjacent to the northern margin of the transition zone in question, can
also serve as a recent graphic example of the transformation. Even though the location of various types
of troughs does not fit a distinct pattern known for the North America coastal zone. There, along the
entire huge stretch of the escarpment, the sea depth does not exceed several hundreds of meters, the
young sediments  are  no  thicker  than  one  kilometer,  and  crustal  thickness  is  about  30  km.  In  the
superposed narrow troughs (Rockalland Faroe-Shetland), the sea depth ranges from 0.5 to 2.0 km, the
sediments are several kilometers thick, and crustal thickness is 10-15 km (Fig. 23). The beginning of
the abrupt subsidence of the Faroe-Greenland troughs’ escarpment was accompanied by magmatism.

Along several  profiles  in  the  structure  of  the  External  basin  sedimentary  veneer,  high  velocity
“basement highs” have been discovered. They are presumably composed of the same basic rocks as the
upper oceanic layer (Fig. 23) . Their top portions reach Eocene deposits, and the age of the process,
responsible for their formation, can be assessed at about 50 million years. A synchronous stage of
magmatism was spotted on the Brazilian segment of the transition zone.

Fig. 23. Velocity models of the
crust at the northeastern margin of
the  Atlantic  Ocean  (A),  eastern
periphery  of  North  America  (B)
and  the  Gulf  of  Mexico  (C)
(Belyayevsky,  1981;  Geology…,
1979; and others).

Geological  and  geophysical
data  pertaining  to  the  Gulf  of
Mexico  provide  yet  another
proof  that  processes  at  the
Atlantic-type periphery result in
transformations  of  the
continental crust (Fig. 23).

The history of sedimentation
and  magmatism  in  the  Gulf
Coast  and  Sigsbee  (as  well  as
Campeche)  basins,  situated  at
the  periphery  of  the  same
Hercynian  geosyncline  and
separated  by  a  promontory  in
the  basement,  is  essentially
similar  to  the  history  of  the

Internal and External basins at the Atlantic coast of North America down to the contemporary sea depth
(3.5  to  4.0  km)  in  the  central  part  of  the  Sigsbee  basin.  In  that  trough with  a  thin  high-velocity
consolidated crust, the bottom section of the sedimentary stratum comprises thick layers of Jurassic
evaporites that could only emerge in shallow water, rather than in a typical deep-water oceanic basin.
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Fig.  24. Thermal  model  of  the
tectonosphere  in  the  transition  zone  of
Atlantic type.

1 and 2 – heat flow (1 – observed, 2 –
assumed); 3 – isotherms (oC); 4 – boundary
of the partial melting zone of mantle rocks.

The trough is encircled on all  sides
by massifs of a young continental crust.
Consequently,  we  are  talking  about  a
site of obvious (though not completed)
oceanization;  it  is  hard  to  explain  the
available  data  in  terms  of  plate
tectonics.

Thus,  it  is  possible  to  determine,
with a certain degree of probability, the
principal parameters of the events in the
near-surface  zone.  Those  parameters
must  match the deep-seated process in
the tectonosphere that can be modelled
according  to  the  advection-
polymorphism scenario. Such a process
involves two episodes of heat and mass

transfer in each basin, episodes which are separated by time intervals of about 50 million years.
The thermal model evolution has been analyzed taking into account the following factors:
1. The western part of the model (500 km) is represented by a tectonosphere with temperatures

typical of the Post-Caledonian region (this occasionally also applies to the Post-Hercynian region with
the age of folding amounting to about 300 million years). The temperatures there are somewhat higher
than those typical of the platform.

2. The eastern part – a tectonosphere of the oceanic region in which the active process came to an
end about 50 million years ago. Information on the age of magmatism in northwestern Atlantic region
basins  with oceanic  crust  (Rudich,  1983)  can be assumed (disregarding the large scatter  of  dating
results) as pointing to preceding stages of heat and mass transfer taking place 100 and 150 million years
ago. Supplementing the model is elevated heat generation in mantle rocks over the past 100 million
years.  This effect  beneath the External  and Internal  basins was also confirmed,  but  it  is limited in
intensity and duration.

Against the background of relaxation of the tectonospheric thermal anomalies associated with active
processes in the past, two active episodes of advective heat and mass transfer occurred beneath each of the
basins so that overheated substance traveled from the asthenosphere to under the crust while the cool
subcrustal  material  replaced  it.  The  process  was  supplemented  by  subsidence  of  large  eclogitized
crustal blocks thus causing a thinning out of the crust and a lowering of the temperature in the mantle.
The depth of the top of the second QTA is assumed to be larger than that of the first QTA, i.e. the
process  resembled  incomplete  rifting.  This  was  due  to  the  appreciable  prior  cooling  of  the  lower
tectonosphere through processes in adjacent regions. Beneath the Internal basin, the QTAs rose from
the depths of 270-370 and 410-470 km to depths of 45-105 and 105-165 km. Beneath the External
basin, the QTAs rose from the 230-350 and 370-470 km depths to 30-90 and 90-150 km.

Calculations have prompted a contemporary thermal model of the tectonosphere (as well as models
for various periods of the region’s history) as shown in Fig. 24. The model does not include the western
part of the Appalachians experiencing recent activation. It is noteworthy that the temperature pattern
derived for  the  eastern  Appalachians  turned out  to  be somewhat  higher  than  solidus  at  maximum
depths. A probability of the onset of activation there has been ascertained. The estimated heat flow is in
good agreement with average observed values, and the deviations do not exceed 3 mW/m2.

As repeatedly pointed out  above,  this  coordination appears  to  be an essential  element  enabling
verification of the model, yet it cannot be used as a weighty argument in favor of its validity. The
magnitude of the estimated heat flow is largely determined by relatively shallow heat sources. The
determination of the surface subsidence in the Internal and External basins was performed for a one-
dimensional problem without taking account many factors that might affect the result. Nevertheless, it
must be quite realistic since the basic effect is associated with the transformation of crustal basic rocks
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with  the  average  density  of  2.9  g/cm3 into  eclogites  with  the  density  of  3.4  g/cm3.  A  17-percent
compaction of about 18-km thick layers beneath each of the basins must account for approximately half
of the subsidence amplitude. The other half is due to the change in temperature of the tectonosphere
and with the depth of the top portion of the polymorphic transformations’ layer at the upper mantle
bottom.

The potential for such a huge part of the crust to undergo transformation into eclogites requires
special substantiation. The content of basic rocks in the consolidated crustal layers is about 13 percent
in  the  “granitic”  layer,  62  percent  in  the  transition  layer,  and  80  percent  in  the  “basaltic”  layer.
Proceeding from the fact that about one-third of crustal blocks in the transition zone are composed of
purely mafic rocks, the average content of basic rocks in the two top layers can be increased to 40 and
75 percent,  respectively.  During  consecutive  activations  in  the  two lower  crustal  layers,  about  50
percent of the volume is replaced by basic melts from the mantle; in the upper layer, the amount is 25
percent. Average contents of basic rocks in the layers reach 55, 88, and 90 percent. Taking into account
relative  thicknesses  of  the  layers,  we  can  determine  the  total  content  of  basic  rocks  in  the  crust
undergoing  transformation  as  equivalent  to  a  35-km  thick  layer.  When  it  totally  transforms  into
eclogites and sinks into the mantle, the thickness of the remaining consolidated crust will amount to
about 7.5 km. It has to be realized that for a normal continental crust, which does not comprise basic
rock blocks,  and for the crust  whose basic rocks experienced at  least  partial  eclogitization,  such a
radical change in thickness in the course of the process described above is unachievable. It can only
take place if the upper layer of a consolidated crust experiences a substantial upheaval and denudation
during the initial stage of the active process.

Regarding the region in question, it is impossible to clarify whether the Pre -Jurassic denudation of
the consolidated crust actually took place. However, the above considerations are supported by the fact
that subsidence in the Internal basin comprising mafic crustal blocks was more intensive: Over the
entire period from the Jurassic through the Holocene, an average of 9.3 km of sediments accumulated
there, whereas in the rest of the blocks the thickness of sedimentary deposits averaged 6.4 km

The  “rifting”  process  in  the  transition  zone  of  Atlantic-type  has  a  specific  feature  which
distinguishes it from continental: The thinning out of the crust beneath the basin is not accompanied by
its thickening at the periphery (Gordienko et al., 2006). It is possible that in this specific case, the heat
and mass transfer does not include a noticeable horizontal limb.

The amplitudes of downwarping have been estimated in the following way.
During  the  period  of  200-150  million  years  ago,  in  the  Internal  basin,  the  sagging  due  to  the

eclogitization of basic crustal rocks with a total thickness of 9 km amounted to 1.6 km; subsidence due
to the 10-km displacement of the polymorphic transition boundary – to 0.6 km; due to the cooling of
the upper mantle bottom portion – to 1.2 km; and the rise due to the heating of the upper mantle’s upper
portion – to 1.6 km. The composite effect amounts to a subsidence by 1.8 km.

In the Internal basin, over the period of 150-100 million years ago, a similar subsidence occurred: by
1.6  km,  as  a  result  of  eclogitization  and  by  3  km,  as  a  result  of  a  50-km  displacement  of  the
polymorphic transition boundary. The total subsidence of the surface by the moment of 100 million
years  ago comes up to  6.4 km.  Over  the  last  two stages  –  100-50 and 50-0  million  years  ago –
approximately 0.2 km thickness must have been added owing to the additional pressure of the crust -
and-mantle block with a young sedimentary layer on the transition boundary. The total cooling of the
upper mantle by the end of the period in question, as compared to the period of 100 million years ago
will lead to an additional 0.4-km downwarping. The heating of the polymorphic transition area will
cause a displacement of its boundary by 30 km, i.e., to a 1.8 km rise. By now, the estimated amplitude
of downwarping must be 5.2 km.

In the External basin, 200-150 and 150-100 million years ago, there may have occurred a 0.1 km
downwarping due the cooling of the entire upper mantle and an insignificant displacement of the upper
boundary of transition.  During the period of 100-50 million years ago,  the  effect  of  eclogitization
contributed 1.6 km to the subsidence of the surface; the 5-km displacement of the upper boundary of
polymorphic transition added another 0.3-km to the subsidence; and the effects of heating and cooling
of various parts of the upper mantle were responsible for the estimated 0.6 km uplifting. During the
period of 50-0 million years ago, the effect of eclogitization of crustal rocks caused downwarping by
1.6 km; the 60-km displacement of the polymorphic transition front – a3.6 km subsidence; the pressure
exerted by the crust-mantle block with new sediments – a 0.2-km subsidence; and the heating and
cooling of various parts of the mantle – a 0.3 km rise. By now, the total subsidence of the surface
amounts to 6.4 km.
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Fig. 25 illustrates a comparison between estimated and experimentally derived depth values.

Fig.  25. Observed  (1)  and  estimated  variations  of  the  depth  of  the
Internal  (A)  and  External  (B)  basins  of  the  North  America  Atlantic
Trough.

The depths of magma chambers determined proceeding from the
composition of igneous rocks in the External basin (Gordienko et
al.,  2013) fall within the 40-70 km range, which is less than the
depth of the top of the contemporary asthenosphere (Fig. 24). But
the age of the rocks there amounts to dozens of millions of years,
and the heating of the upper tectonosphere in the basin was greater
during that period. Thus, we have managed to coordinate, in a first

approximation, the educed concepts regarding the nature of the deep-seated process with facts of the
geological  history  for  basins  that  formed  in  the  transition  zone  of  Atlantic  type.  The  apparent
differences in the depth variation graphs for the basins as functions of time may be due to the effect of
processes happening outside the basins (a one-dimensional model is insufficient for the purpose).

Information on the distribution of  seismic wave velocities  in  the  region’s  mantle  is  scarce and
conflicting.  In this situation,  gravitational  modelling appears  to be the only efficient  technique for
verifying the proposed pattern of the deep-seated process. The observed gravity field, with which we
compare the estimated field, is fairly consistent along the strike (Geology…, 1978; Isostasy…, 1987).
This makes it possible to perform its averaging, which will identify typical characteristics of the gravity
pattern (the Bouguer gravity anomalies on dry land and the Faye anomalies at sea) along the composite
transverse profile (Fig. 26).

While selecting crustal rock densities in terms of seismic P-wave velocities within corresponding
depth intervals, we also took into account results of density modelling that was performed earlier in the
region along the majority of profiles in question (Geology…, 1978). A compaction by 0.05 g/cm 3 was
introduced into the data on the crustal block beneath the Internal basin due to the fact that one-third of
the profiles across the block have revealed a high-velocity crust.

Fig. 26. Density model of
the  tectonosphere  for  the
transition  zone  from  North
America  to  the  Atlantic
Ocean.

1-3  –  gravity  field:  1--
observed,  2  and  3  –
estimated (2 – the effect  of
the crust and upper mantle, 3
–  taking  into  account  the
anomalous  effect  of  mantle
rocks); 4 – isodenses of the
anomalous  density  caused
by temperature disturbances

(g/cm3);  5  –  polymorphic
compaction  zone  at  the
bottom of the upper mantle;
6 and 7 mark decompaction
zones corresponding to (6 –
plagioclase  peridotite  and  7
– spinel peridotite) . Shown
in the  insert  is  a  histogram
of  differences  between
estimated  and  observed
gravity  fields  along  the
profile.

The  level  of  the
estimated gravity field for

the case of a normal mantle differs sharply from the level of the observed gravity field: At the eastern
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end of the profile, the difference is about 230 mGal, whereas at the western end it equals about 80 mGal
(Fig.  26).  The anomalous densities  in  the  mantle  model  were associated  (see  above):  1)  with  the
presence beneath the thin crust of the plagioclase peridotite down to a depth of about 30 km; 2) with the
prevalence of spinel peridotite in the heated mantle down to a depth of about 100 km; 3) with density
changes within the limits of positive and negative temperature anomalies; 4) with the rise of the top
portion of the zone of polymorphic transition of mantle rocks in the abnormally cooled part of the
region at corresponding depths (Fig. 26).

The allowance for the anomalous effect of the mantle has made it possible to match the estimated
and observed fields fairly well. The average discrepancy amounts to 22 mGal (Fig. 25), which can,
most probably, be accounted for by the averaged character of the material used. The said material does
not reflect local anomalies of the observed field or local characteristics of the model.

It follows from Fig. 24 that the External and Internal basins in the transition zone are characterized
by dissimilar thermal models. The construction of a one-dimensional velocity model for the region’s
upper mantle on the basis of the technique applied in the study by V. Gordienko et al. (2016) might, in

this particular  case,  characterize nothing more than a  certain
averaged distribution of Vp values.  Apart  from that,  the data
(collected for the Atlantic coasts of North and South Americas)
turned out to be scanty, so that we had to limit the profile by a
depth of about 350 km. For that reason, we used two models
estimated for parts of the thermal model in order to compare
them with the experimental velocity model. They are shown in
Fig. 27.

Fig. 27. Velocity models for the upper mantle beneath transition
zones of Atlantic type. 1 – experimental; 2 and 3 – estimated (2 -- for
a  heated-up  area  and  3  –  for  a  relatively  cool  area).  Sol is  the
distribution of P-wave velocities at the temperature which prevailed at
the  start  of  the  melting  process  (maximum content  of  the  magma
material at the center of the asthenosphere equaling 2 percent); PI are
velocities beneath a quiescent Precambrian platform.

Differences between the constructed velocity profile and that for the platform clearly indicate an
advective  nature  of  the  process  which  resulted  in  the  formation  of  a  transition  zone.  Comparison
between the experimental velocity model and those derived according thermal models for the External
and Internal basins shows that the average for the “thermal” models is quite close to the model based on
seismological data. This enhances the reliability of the velocity structure estimated for the upper mantle
beneath  the  transition  zone,  but  at  the  same  time  proves  that  the  one-dimensional  construction  is
inadequate for exploring such a structure.

An analysis of  the region’s magnetic field does not  provide additional  points pro or contra the
adopted model for the deep-seated process. It is obvious that in the area of a positive “eastern coast
anomaly,” the only one that persists along the entire transition zone, the Curie isotherm for magnetite is
located beneath the M. discontinuity, so that the entire crust may be involved in the creation of the
anomaly source. Judging by the density model, the basement high, which is situated there (Fig. 23), is
largely composed of basic rocks, such as are normally found in the median portion of the continental
crust. They may well be sufficiently magnetized to generate the anomaly (Gordienko et al., 2005; and
others) . Retrieval of parameters for the relevant body produces their values not noticeably different
from those derived earlier during numerous rounds of the anomaly interpretation (Geology…, 1978;
and others).

Seismicity in the transition zone at the eastern coast of North America is rather weak, which fits the
end of a stage in the transformation process. It noticeably intensifies in the zone of recent activation in
the vicinity of the boundary between the Appalachians and the North America Planform.

An analysis of the geological and geophysical data pertaining to the Atlantic-type transition zone
has made it possible to establish the following:

7. Evolution of the transition zone is actually about transformation of the continental crust into a 
crust of intermediate type and then – into an oceanic crust. Areas, which had the oceanic crust prior to 
the transformation and which are now adjacent to the transition zone, were not involved in the active 
process.

8. Concepts on the advective-polymorphic process within deep strata of the region can be applied to
explain  the  entire  available  geological  and  geophysical  information.  The  use  of  the  said  concepts
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enables us to construct a model of the tectonospheric evolution, close to the model for rifting processes,
yet possessing specific features (in particular, limited to the ascent of just two QTAs).

DEOCEANIZATION HYPOTHESIS

In  their  studies  of  ancient  (including  Precambrian)  structures,  proponents  of  the  plate  tectonics
theory keep encountering traces of “defunct” oceans in presently continental regions. Arguments in
favor of such concepts do not hold water. Likening ophiolite complexes of geosynclines to fragments of
oceanic crust is based on ignoring the presence of acid rocks in their composition and on the unfounded
assumption  to  the  effect  that  the  entire  oceanic  crust  is  composed of  rocks from the  upper  layer.
Moreover, there is currently not a single example of a “defunct” ocean. Nevertheless, our objections
cannot rule out the possibility that some form of de-oceanization may exist. A potential version of such
a hypothetical process is discussed below.

The geological history of the Pacific Ocean’s northwestern basin comprises a feature pointing to its
uniqueness. During the Late Cenozoic, an about 6-7 km fragment of the upper crust layer broke off and
travelled eastwards in the direction of the Shatsky Rise (Lomtev et al., 1997; and others). A series of
listric  dislocations,  piercing  through the entire  stratum,  emerged.  The  displacement  of  overlapping
thrust sheets reached several kilometers. In view of the fact that age migration of the top bench of
effusive basaltic rocks,  overlying the entire strata of earlier deposits,  from the Shatsky Rise to the
Zenkevich  Rise  is  all  too obvious,  it  may be assumed that  the  break-off  of  the  rock stratum was
triggered by the propagation of a wave of basement subsidence. “It may have determined the general
direction of the gravitationally triggered break-off of the oceanic crust in the direction of the Shatsky
Rise” (Lomtev et al., 1997, p. 62). It is necessary to emphasize that it is largely traprocks which are
involved in the formation of thrust sheets (sedimentary rocks prevail only in the upper portion of the
stratum). The Shatsky Rise is a Late Cenozoic structure holding the front of the gravitational break-off,
a site of the oceanic crust clustering. “The thickness of a solid Earth’s crust” (i.e., of the upper layer
underlain by an ancient basified crust) there is by 10-15 km larger than in the Northwestern basin
(Tectonics…, 1983) . It cannot be ruled out that a process of formation of a new thick crust is taking
place in  the Shatsky Rise area  rather than destruction of the  ancient  crust.  It  is  likely that  crustal
accretion at the top occurs with the participation of igneous-sedimentary complexes compositionally
close to those lying in the upper part of the Northwestern basin. They are largely composed of basic
rocks, terrigenous sediments (in which the content of SiO2 is at the level of that in medium igneous
rocks), and pelagic sediments (in which the content of SiO2 is at the level of that in basic and ultrabasic
rocks). This type of material can only form a mafic crust which can be easily destroyed in the course of
subsequent activations or intrusions of mantle melts. See Lomtev et al. (1997) for the mechanism of the
process.

This author (V. Gordienko, 1992) believes that areas, in which the thickness of the sedimentary-
igneous layer, overlying the crust of oceanic type, increases relatively fast and which have indications
of rock transformation, could be prone to de-oceanization. In all likelihood, such areas are located at
small distances from dry land and are not separated from it by a deep “basin-trap.” In the northern part
of the Indian Ocean’s Central Trough (the Bengal fan), crustal parameters do not differ from those in
other troughs. According to isolated determinations (Pollack et al., 1991), the heat flow there reaches
about 50 mW/m2, the crustal thickness amounts to about 12 km, and the depth of the bottom ranges
between 5.0 and 5.5 km. The sedimentary layer thickness varies within 0.4 and 1.0 km. Seismic studies
in the area have revealed a vast zone of isoclinal folding (Ilyukhin et al.., 1984). The stratigraphic range
of contorted rock beds is from Upper Cretaceous to Paleogene, and the age of folding is estimated at
50-70 million years. Dislocations recurred in the Upper Neogene, though in a weaker form. We are
talking here about a geological phenomenon which is never encountered in normal oceanic troughs; if
the layer gains in thickness and contortion recurs, the stratum may undergo dynamo metamorphism.

The two scenarios described above can only point to a possible trend in seeking a solution to the
problem that has so far been formulated in very general terms.

CONCLUSIONS

On  the  whole,  it  can  be  stated  that  the  advection-metamorphism  hypothesis  has  been  quite
successfully applied to describe deep-seated processes in oceans.  Their  predicted effects match the
principal  geological  and geophysical  data without  the  need to adjust  parameters.  The quantity  and
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quality  of  the  available information  are,  however,  far  below  the  level  achieved  for  continents.
Consequently, it cannot be ruled out that once new data (primarily geological) become available, some
elements in the models for deep-seated heat and mass transfer in oceans may be revised. In particular,
the course of the process may be further specified if we use specially constructed models for the upper
mantle beneath oceans, notwithstanding their simplified (averaged) form.
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9. P-wave velocities in the upper mantle beneath oceans

A generalization of the geological and geophysical information pertaining to oceans and ocean- to-
continent transition zones that was performed, in particular, by Gordienko (2012, 2015) and others,
reveals that the said information is insufficient to ensure well-grounded verification of hypothetical
schemes of the deep-seated processes in the tectonosphere of the regions in question. In this specific
case,  we  are  talking  about  schemes  conforming  to  the  advection-polymorphism  hypothesis.  The
situation may be rectified, to a certain extent, with the help of velocity models constructed for the upper
mantle beneath those regions, which are known for their elevated seismicity and are equipped with a
rather  extensive  earthquake  monitoring  system.  Even  the  construction  of  one-dimensional  P-wave
velocity (Vp) distribution with depth, although not reflecting sufficient detail, could enable us to gain
insight  into the  main patterns  of  heat-and-mass  transfer  in  the  upper  mantle.  Of  particularly great
interest  would  be  a  comprehensive  set  of  such  models  for  seismically  unstable  mid-ocean  ridges
(MOR), oceanic basins, deep-water trenches, island arcs (in these authors’ opinion, also coastal ridges
as their equivalents), and back-arc troughs.

Velocity profiles constructed for many such regions have been reported in publications, but that
information tends to be inconsistent (see below) or is limited to a priori concepts, such as, for example,
on the absence of velocity variations with regard to the AK135 model (Gudmundsson et al., 1998; and
others) at depths of the upper mantle’s lower portion, and so on.

The most promising, in our opinion, is an operation being planned for island arcs with the use of
particularly dense seismic observation networks. Hypocenters of many earthquakes beneath territories
and off-shore expanses in those regions are located at relatively shallow depths in the mantle’s upper
horizons. They may provide valuable material for the constructions being planned. Yet, we are also
aware of possible complications due to the extremely irregular distribution of seismic wave velocities
in  the  subcrustal  portion  of  the  tectonosphere  (Nizkous  et  al.,  2006;  and  others).  Despite  these
reservations,  however,  the  goal  may still  be  achieved.  In  the  authors’  opinion,  island arcs  are  not
oceanic  formations  proper:  They  are  Alpine  geosynclines  similar  to  those  on  continents.  This
conclusion is also corroborated by seismological data (Gordienko, 2016; and others). Yet, the arcs are
part of a system of structures in the active zone of

continent -to-ocean transition. Back-arc troughs are often located closer to the continent and their
crust is in a state of nearly complete oceanization. For that reason we added island arcs to the list of
regions to be explored. After we study them and gain experience, it will be easier to proceed to the
construction of mantle models for other, strictly oceanic, regions.

A PRIORI DATA ON VELOCITY PROFILES FOR THE UPPER MANTLE BENEATH
OCEANS

Oceans and active margins have been covered fairly well by seismological studies (Boldyrev, 1986;
Chu et al., 2012; Feng et al., 2007; Fukao, 1977; Gontovaya et al., 2006; Gudmundsson et al., 1988;
Hansen et  al.,  2001;  Jiang et  al,  2009;  Report….,  2008;  Tarakanov,  2006;  Tectonosphere…, 1992;
Walck,  1995;  Yamasaki  et  al.,  1996;  and others).  There are,  however,  quite significant  differences
between models for regions of the same type that are described in the publications listed above. This is
largely due to the fact that individual authors adopt a priori concepts on the velocity structure of the
upper mantle. For a geological interpretation of velocity profiles to be accurate, they must be presented
in absolute values of Vp. For that reason, we ignored models based on anomalous values if the authors
failed to provide information on the relevant profiles.

Two groups of models can be identified: The first group always displays a sharp velocity contrast at
a depth of about 400 km; this element is absent from the second group (Fig. 1). Our data represent an
average for several profiles; an average value ± average deviation from it are shown for each depth.
Information for different regions varies depending on the number of models used, and we cannot claim
that we have reviewed all the available data. It is rather a matter of detecting prevalent trends. The
average values preset for all depths in the upper mantle beneath oceanic regions are fairly similar (the
deviations amounting to a few tenths of a kilometer per second) . Therefore, in selecting an estimated
traveltime graph matching observed ones, it is possible to use a single first-approximation model. Apart
from seismic data, petrological data too, in particular those obtained by A. Ringwood (1981), provide a
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substantiation  for  placing  an  interface  at  the  depth  of  410  km.  This  depth  is  not  infrequently
incorporated  a  priori  into  velocity  models  for  the  mantle.  The  petrological  evidence  points  to  the
beginning  of  a  polymorphic  transformation  of  mantle  rocks  at  approximately  that  depth  (at  the
temperature  of  about  1,600oC).  Taking  into  account  the  hypothetical  composition  of  the  olivine
undergoing transformation, it has to be assumed that the process spreads over a considerable depth
interval (the PT-conditions). According to estimates (Brown et. al., 1981; Irifune, 1987; and others),
based on experimental data, the thickness of the layer, in which olivine-α transforms into modified
spinel (olivine-β) and the transition of pyroxenes into garnets is completed, amounts to about 60 km. A.
Ringwood’s  estimate  is  100  km,  but  in  his  interpretation  it  is  apparently  a  depth  range  for  two
transitions culminating in the formation of olivine-γ (specifically, spinel with olivine composition).

Fig. 1. Velocity models for oceanic regions.

1 – without a surge in Vp at the depth of about 410 km; 2 – with a surge in Vp; 3 – velocity profiles for the
upper mantle constructed in the course of this study

The value of the vertical temperature gradient used in the evaluation of the depth of the polymorphic
transition appears to be close to the actual gradient, but the quoted absolute T values and the technique
used for their determination (Brown et al., 1981 and Ringwood, 1981) are at variance with our thermal
models for the upper mantle (Gordienko, 2012, 2015; and others).

The very fact of the aforementioned dissimilar velocity profiles being recorded in the same region
shows that it is impossible to get an unambiguous solution to the inverse geophysical problem given
dissimilar  approaches resorted  to  by different  authors.  Researchers  who studied this  specific  issue
(Zhao et al., 1999, for example), point out that seismic evidence can be made consistent with dissimilar

Vp patterns within the depth interval in question.
The depth of the velocity contrast in the models

in  question  has  been  assumed  to  equal
approximately 400 km. At the same time, studies
conducted  with  the  specific  goal  of  determining
that  depth  (i.e.,  under  the  assumption  that  the
interface exists), suggest a depth of about 430 km
or somewhat larger (Flanagan et al.,  1999) – for
some reason, the resulting diagram shows depths
smaller by 10 km (Fig. 2).

Fig.  2.  Diagram  showing  the  “410  km”  interface
(Flanagan et al., 1999)

The reliability of such information improves with an increase in detail and accuracy of accounting
for the overlying strata (Flanagan et al., 1999), but in practical terms, the depth variations (about 10
km) are smaller than the errors in their determination (about 15 km). From this perspective, it might be
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useful  to  compare  obtained results  with the  data  of  deep seismic probing  on  the basis  of  nuclear
explosions in Northern Eurasia (Pavlenkova et al., 2006). In this case, the interface imaging technique
enables us to make the most of the information on velocities in the crust and upper mantle. The depths,
as determined by the two methods, coincide with an accuracy of up to a few kilometers.

Fig. 3. Seismic P-wave velocity pattern in the lower portion of the upper
mantle beneath Southern Africa (Zhao et al., 1999)

Thus,  the  depth  at  which  polymorphic  transition  most  probably
started  must  be  about  430-435  km.  This  result  is  also  in  close
agreement with that established with the help of a thermal model for
the upper mantle beneath a quiescent  platform. At somewhat larger
depths,  the  velocity  must  increase  with  a  larger  gradient,  but  not
discontinuously.

Results of studies, aimed at exploring the “inner structure” of the velocity contrast, to some extent
meet such conditions (Zhao et al., 1999; and others, for example). The velocity structure of the mantle
beneath the Southern Africa Shield was analyzed and in the pertinent part of it, the vertical gradient of
the P-wave velocities is seen to grow 7- to 8- fold compared to the overlying layer (Fig. 3). This study
analyzed a velocity profile of the mantle beneath the Southern Africa Shield in the relevant part of
which the vertical gradient of the P-wave velocity is seen to be at least seven to eight times larger than
in the overlying strata (Fig. 3). Such velocity jump cannot be reconciled with the polymorphic nature of
the interface. It is therefore essential to provide a judgment that would explain the physical nature of
the phenomenon. The relevant data are shown in Fig. 4. The temperature pattern at the bottom of the
upper mantle conforms to the geosynclinal endogenous conditions (island arc), rather than to platform
conditions as shown in Fig. 3. In terms of the APH concepts, this signifies a considerable decrease of
temperature.  Polymorphic  transformations  depicted  in  Fig.  4 imply  preservation  of  the  chemical
composition of minerals.

Fig. 4.  Thermal model (on the
right-hand  side)  for  the  bottom
portion of the upper mantle and a
diagram showing transformation of
the  mineral  composition  of  the
material  (on  the  left)  for  the
postgeosynclinal phase. The arrows
indicate  directions  of  velocity
increase  during  the  polymorphic
transition  of  the  mineral.  Ol
designates olivine (~ 10% fayalite),
Ga stands for garnet, Cpx and Opx
are,  respectively,  clinopyroxene

and orthopyroxene.

Vp variations were evaluated in terms of the Birch law which requires minimum information. Within
the depth interval of 440-500 km, the velocity increases by 0.45 km/sec (with an allowance for the
preservation  of  the  vertical  gradient  associated  with  changes  in  temperature  and  pressure).  The
estimated vertical gradient does not  differ  appreciably from that derived for averaged experimental
models shown in Fig. 1. The only difference is that its increase starts at a smaller depth. It is precisely
this velocity structure that was adopted for the starting model. Differences at the very bottom of the
profile could not affect results obtained at smaller depths, and the depth, which the raypaths used in the
calculations could reach, was limited to 450-470 km.

Some contemporary seismologists do not consider the task of diagnostics of velocity contrasts in the
mantle as accomplished. “…we are currently trying to make sense of the important characteristics of
the seismic field that were identified as a result of processing seismic records from earthquakes and
major explosions. We are analyzing the validity of features, such as discontinuities at 220, 410, 520,
and 660 km depths. We need to know the course of the discontinuities at 410 and 860 km and to see
how variable those depths are, and whether the discontinuity at 520 km is ubiquitous, i.e., global.”
(Yakupov, 2011).

Our crustal model (for island and offshore seismic stations) was based on the data from publications
(Aoki, 1972; Iwasaki et al., 2013; Erlikh, 2011; Nizkous et al., 2006; Tectonosphere…, 1992; Udintsev,
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1987; Usami, 1958; Yoshii, 1974; Zhao, 1997; and others). Crustal thickness in first-approximation
models is limited to 30 km. In conformity with available data, a simplified velocity pattern was adopted
in the form of three layers with velocity values at the interfaces: 0 km – 5.0 km/sec, 10 km – 6.6
km/sec, 20 km – 7.4 km/sec, 30 km – 7.7 km/sec, and with linear variations between them. It goes
without saying that the adopted crustal thickness and velocity structure are the result of a compromise
between the  data  reported  by  different  authors.  In  some specific  regions,  certain  corrections  were
introduced to the structure without affecting results of the calculation in any appreciable manner. The
aforementioned high variability of seismic P-wave velocities within the subsurface depth interval has
been detected as a result of all sufficiently detailed studies (Nizkous et al., 2006; Pavlenkova et al.,
1993; and others) (Fig. 5).

Fig.  5.  Histogram  showing  distribution of  Vp

values within the mantle at depths from 10 to 80
km beneath  the  Angola  and  Brazil  basins  of  the
Atlantic Ocean (Pavlenkova et al., 1993).

The  aforementioned  high  variability  is
responsible for the sharp increase in the scatter of
arrival times of waves from earthquakes at small

angular distances. The corresponding segments of traveltime graphs were simply ignored, and the graphs
started from about 3o after which the scatter of arrival time acquired a stable character. Accordingly, velocity
profiles were constructed, as a rule, starting from depths of about 50 km.

The nature of the variability of seismic wave velocities beneath the crust is not always amenable to
detailed interpretation.  The arrows in  Fig.  5 point  to Vp values typical of  ordinary lherzolite (7.85
km/sec) and eclogite (8.35 km/sec) at  subcrustal  temperatures in the mantle beneath basins.  These
values  are  close  to  peaks  in  the  distribution.  The  accompanying  parts  of  the  histogram could  be
explained provided that the error in the velocity determination is within permissible limits (about 0.1-
0.2 km/sec). Considerably larger values, however, cannot be interpreted that way. They constitute a
separate dataset with the average value of about 8.50-8.55 km/sec. No such values can be obtained
given  usual  chemical  and  mineral  composition  of  rocks  and  assumed  PT  conditions.  Especially
considering  that,  according  to  the  data  provided by  one of  the  authors  (Gordienko,  2012),  known
differences  in  the  chemical  composition of  the  upper  mantle  rocks beneath  continents  and  oceans
cannot be the cause of a noticeable disturbance in velocities. Information on relevant compositions in
the study published by F. Boyd (1989) enabled us to come up with a somewhat different conclusion. If
that information is valid, this cannot be obvious proceeding from by Boyd’s data: The evidence is
insufficient and confined, in particular, to a single area of the Precambrian Platform – Southern Africa),
then a somewhat higher content of iron in mantle minerals beneath oceans might be responsible for the
velocity decrease by 0.05-0.10 km/sec. The increase in iron content could be due to the process of
oceanization of the basic crust with a continental thickness (Gordienko, 2012; and others). In the course
of that process, basic rocks in amounts equivalent to a 20-30 km thick layer should sink into the mantle.
Iron content in them averages 13%, whereas iron content in the mantle beneath continents is 7%. It is
possible that iron content in the upper portion of the upper mantle increased by 1-2% which agrees
somewhat with F. Boyd’s estimate. It is most likely that the lower portion of the upper mantle was not
affected by such a process: In normal mantle rocks, at such depths, a considerable part of pyroxenes
had already been replaced by garnets and their density is not lower than that of eclogites.

The above data suggest that it is necessary to introduce small (at the level of computation error)
negative corrections into estimated Vp values obtained with the help of thermal models for regions
beneath oceans. Alternatively, it  is also possible that the process involved iron depletion in mantle
rocks  (in  particular,  eclogites)  from  which  magmas  melted  out  before  invading  the  crust  during
oceanization. The likelihood of such an event is not clear, but its effect can be considerable.  Table 1
lists Vp variations in eclogite minerals versus variations in iron content.

The conjectural variation is possible, in principle, but its validity should be verified experimentally.
The  noise  due  to  the  variability  of  velocities  in  mantle  rocks  beneath  oceans  does  not  always

enhance the disordered scatter of dots in the construction of a traveltime graph. Also possible is the
emergence of anisotropy in the medium resulting in dissimilar traveltime graphs for different directions
of propagation of earthquake waves. Of all the regions studied, this phenomenon was only encountered
beneath the Tonga Island Arc and the accompanying Tonga Trench.  The traveltime plotted for the
Tonga Island Arc and shown in Fig. 6 is compared to that constructed for the Aleutian Arc.

171



Table 1. Vp variations in pyroxenes and garnets as functions of iron content

Mineral Vp, km/sec
Diopside CaMgSi2O6 7.8
Hedenbergite CaFeSi2O6 6.7
Enstatite Mg2Si2O6 7.8
Bronzite (Mg0.91 Fe0.09)2(Si2O6) 7.4
Grossular Са3АPl2(SiO4)3 8.8
Almandine Fе3АPl2(SiO4)3 8.5
Pyrope Мg3АPl2(SiO4)3 8.6

Fig. 6. Experimental traveltime graphs (reduced to the velocity of 8.2 km/sec) beneath two island arcs. Dots
mark observed  arrival  times  of  waves;  lines  –  averaging  traveltime  graphs;  ±4  sec  and  ±1.7  sec  are  mean
deviations of the dots from the averaging traveltime graph.

Deviations of observed arrival times from the averaging traveltime graph in the case of the Tonga
Island Arc are much greater than for the Aleutian Arc. The experimental dataset for the Tonga Arc falls
into two parts. The upper one largely matches the averaging traveltime graph for the Aleutian Arc (as
well as for other arcs and coastal ridges – see below). The picture is different in the case of the second
dataset, which is quite distinct from the first one. The median traveltime graph for the Tonga Arc lies
much lower, which corresponds to considerably higher velocities in the mantle. A possible cause is an
unusually high polarization anisotropy of the mantle rocks in the region (Fig. 7).

It is not clear whether this assumption is valid. The data for the Tonga Island Arc and trench have
simply been removed from the analysis.
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Fig. 7. Polarization anisotropy pattern in the mantle beneath the Pacific Ocean (Romanowicz, 2003)

1 -- polarization anisotropy contour lines (Vsh-Vsv/V  sh in %) at the depth of about 150 km; 2 -- the Tonga
Island Arc; 3 – the Tonga Trench

FACTUAL EVIDENCE USED

Tectonic  classification  of  oceans  and  active  margins  is  often  based  on  an  adopted  hypothesis
regarding deep-seated processes. In view of the extremely limited information on the geological history
of oceans, the authors tried to avoid such an approach. In most cases, we used purely morphological
indications  and  information  on  recent  seismicity.  Upheavals  accompanied  by  earthquakes  were
attributed to mid-ocean ridges; vast trenches were classified as regions of the same type regardless of
local topography or manifestations of recent magmatism that complicate the general picture; marginal
trenches and back-arc troughs were identified according to the sharp variation of depths. Island arcs and
coastal ridges of Kamchatka, as well as of Northern, Central, and Southern Americas constituted an
exception.  They  were  viewed  as  undergoing  the  very  beginning  of  the  postgeosynclinal  stage  of
evolution,  in  many  cases  complicated  by  recent  activation  (Gordienko,  2012,  2016).  Within  their
boundaries, the latest folding of the thick strata (usually confined to troughs at the outer – oceanic –
side of the island), aged from Oligocene to Pliocene, occurred at the Pliocene/Pleistocene interface. It
cannot be ruled out that folding in arcs situated further west is older.

Territorial proximity of structures of dissimilar-age is obvious in the broad Japan Arc. However, the
location of earthquake epicenters at the eastern margin of the arc, often between the shore and the deep-
water  trench,  makes  it  possible  to  specifically  describe  the  youngest  part  of  the  structure.  Its
southwestern part may be an exception. It is not followed by a trench. Moreover, it is located west of
the young Fossa Magna rift structure presumably extending the Izu-Bonin Arc northwards. Traveltimes
of waves from local earthquakes do not, however, differ from others over the same angular distances.

Fig.  8  shows  location  of  seismic  stations  whose  data  were  used  in  this  study (US Geological
Survey….).

The regions covered by studies differ significantly both in terms of the volume of collected evidence
(the number of earthquakes) and coverage of the existing structures of the same type. This is associated
with the availability of information, as well as with the size and location of the structures. A composite
numerical characterization of the data is presented in Table 2.
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Fig. 8. Seismic stations whose data were used for plotting traveltime graphs.

1—seismic stations, 2—mid-ocean ridges, 3 –trenches, 4 – back-arc troughs covered by studies.

Table 2. The numbers of earthquakes the data on which were used in drawing up traveltime graphs

Region No. Region No.
Mid-ocean ridges

Australasian-Antarctic 456 Mid-Atlantic 563
Eastern Indian 457 Eastern Pacific 871
Chilean 137 Galapagos-Coco 91

Basins
Angolan and Brazilian 15 Northern American 188
Northern Pacific 33 Western Australian 640

Trenches
Aleutian 160 Japanese 12
Kuril-Kamchatka 19 Izu-Bonin 616
Tonga (not used) 30

Island arcs and coastal ridges
Aleutian 2,337 Javanese 127
Kuriles 3,168 Tonga (not used) 804
Japan 710 Kermadec 454
Izu-Bonin 1,310 Southern Andes 1,060
Solomon 740 Northern Andes 562
New Guinea 1,138 Northern Cordillera 277
Philippines 971 Southern Cordillera 1,093

Back-arc troughs
Japanese 170 Philippines 220
Bering 390 Southern Okhotsk 120
Total 19,939

We used information  recorded at  130  seismic  stations.  The  most  comprehensive  evidence  was
collected for island arcs and coastal ridges in the Pacific and Indian oceans. The large spatial extent of
the structures and the abundance of earthquakes contributed to our efforts. Trenches were among the
least explored features. The small width of such structures, which are twisted in plan, hampered the
choice  of  sites  for  seismic  recording  stations  and  of  shallow earthquakes  that  might  alleviate  the
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construction of a velocity model specifically for the trench not affected by adjacent basins or island
arcs. For that reason, the mean velocity model for the trenches turned out to be much less substantiated
than for arcs. The maximum depth to which the Vp pattern was plotted was also smaller. The situation
is  somewhat  better  in  the  case  of  back-arc  troughs:  We managed to construct  a  model  for  depths
reaching the lower portion of the upper mantle. Mid-ocean ridges are delineated relatively well, while
oceanic trenches – not so well. Hopefully, in the future, the use of larger amounts of data will make it
possible to update the so far obtained results. Yet, even the results already at hand may be instrumental
in  discovering  many  important  characteristics  of  the  mantle’s  velocity  structure  beneath  oceanic
regions.

COMPUTATION TECHNIQUE

The estimated traveltime graph was plotted on the basis of the SEIS-83 modelling program worked
out by I. Psencik and V. Cerveny. The resulting pattern of refracted wave raypaths penetrating the strata
to different depths makes it possible to detect the causes of gaps (not identical to those responsible for
the emergence of “blind zones” in areas with lower velocities) and “loops." The “loops” were also
detected during earelier studies of the mantle beneath oceans (Tarakanov, 2006; and others). Maximum
necessary depths that the rays could reach were attained at approximately 23 o offset  distances and with
traveltimes  of  about  300 sec.  For  comparison  with  the  estimated  traveltime graph,  we  used  information  on
traveltimes from a publication by the US Geological Survey. We only used those data on the earthquakes whose
epicenters were located in regions covered by studies. The depths (H) of the hypocenters used in the analysis of
the earthquakes reached 50-55 km. All of them were converted to a single H value approximately matching the
depth of the M. discontinuity. Corrections to the arrival times of waves were revised in the process of construction
of a velocity structure within the depth range between the actual depth of the hypocenter and the depth of the M.
discontinuity.

For convenience of comparison between estimated and observed traveltime graphs, we plotted their
reduced  versions  for  seismic  P-wave  velocities  in  upper  mantle  rocks  amounting  to  8.2  km/sec.
Smooting of observed arrival times was performed using a sliding window at 3-4 degrees. The resulting
point on the traveltime graph was placed inside the window with an allowance for the varying “cluster”
of observed data; a unit step of the window amounted to 0.4o.

Deviation of dots from the median curve appears to be a fairly good characteristic of the error in the
observed traveltime graph. The average deviation for all the traveltime graphs is about 2 sec. A typical
value of the deviations does not exceed those obtained in similar studies (Feng et al., 2007; and others).

According to evaluations presented by Nazarova et al. (2010), a deviation of about 2 sec can only be
due to an error in the determination of the planimetric position of the earthquake epicenter, given a real
error in the information on the one-dimensional velocity model used in the computation of the epicenter
parameters. An error in the determination of the epicenter depth also contributes to the deviation by
increasing it considerably. According to Tarakanov (2006), the error in the determination of the instant
of the event is 1.0-1.2 sec. The error in the determination of the epicenter location is ±10-15 km and of
the epicenter depth, ±10 km. According to the Report…. (2008), the error in the determination of the
epicenter coordinates is about 0.10 degrees latitude and longitude. Determinations of the computation
error for the larger part of the traveltime graph produce a value of at least 1-1.5 sec; in all likelihood,
the errors are larger, but it is impossible to establish them with a reasonable precision.

Figs. 9 and 10 illustrate observed traveltime graphs.
Averaged traveltime graphs were constructed for all types of oceanic regions under study. Trenches

were  an  exception:  The  insufficient  amount  of  available  material  caused  us  to  construct  a  single
travetime graph using the data for all structures. Average deviations of individual traveltime graphs
from the median are not large (they reach maximum for island arcs and coastal ridges, but even there
they amount to 1.8 sec)  --  just  around 1.5 sec.  At the present  level  of  available  information,  it  is
possible to conclude that a single traveltime graph should be applied to the entire dataset for separate
structures within regions of the same type. Given the aforementioned errors, differences are inevitable. Results of
comparison between observed and estimated traveltime graphs can  also be assessed with an account  for  the
aforementioned error.  Variations in computation results,  expressed in terms of time differences for dissimilar
velocity structures, change significantly with the depth for which changes are introduced into the model.
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Fig. 9.  Reduced observed traveltime graphs recorded at seismic stations on island arcs and coastal ridges
under study

Fig. 10. Reduced observed traveltime graphs recorded at seismic stations on mid-ocean ridges (MOR), basins,
trenches, island arcs, and back-arc troughs

176



Fig. 11.  Coordination between observed (solid lines) and estimated (dashed lines) traveltime graphs.  A –
MOR (mid-ocean ridges), B – basins, C – trenches, D – island arcs, E – back-arc troughs

In order not to overlook velocity anomalies, we will classify as appreciable all those differences
between  estimated  and  observed  traveltime  graphs  that  exceed  two  seconds.  Yet,  not  all  velocity
anomalies (conforming to deviations  from the selected estimated traveltime graph) recorded in  the
procedure can be viewed as reliable.

The majority of observed traveltime graphs match estimated ones fairly well (see Fig. 11), i.e., we
can claim that a typical velocity structure of the upper mantle beneath the features under study matches
that used in the computations.

Fig.  12.  Histogram  showing  a  pattern  of deviations  of  averaged
experimental traveltime graphs from estimated graphs.

Some  appreciable  anomalies  were  detected  in  the  mantle
beneath Kamchatka. In parts of the observed traveltime graphs
one can see deviations from estimated data, so that in order to
remove them for the area beneath Kamchatka, it is necessary to
introduce  a  velocity  by  approximately  0.15  km/sec  lower  at
depths of about 100-200 km. The presence of an almost identical
feature may be assumed beneath Papua New Guinea and the East

Indian Ridge.
Histograms of the distribution of deviations of experimental traveltime graphs from estimated ones

(texp  –  test)  were  constructed  for  all  regions  (Fig.  12).  Obviously,  the  typical  differences  in  the
traveltime graphs can be fully accounted for by errors in the source material; small anomalies of 0.10-
0.15 km/sec with respective differences in traveltimes amounting to 2-3 sec are rare.

DISCUSSION OF RESULTS

The best-fit velocity profiles do in fact differ from the prestack profile. Yet, the difference is not that
big. Within the greater part of the upper mantle, the differences come up to a few tenths of km/sec, but
they are quite noticeable (Figs. 1 and 13).

Analysis of the deep-seated processes that prompted the construction of certain thermal models for
the mantle and the observed Vp patterns will be performed in the next study (with the exception of
island arcs one of which was discussed by Gordienko, 2016). In this paper, we will focus on velocity
models proper.

Vp patterns plotted for the upper mantle beneath oceans raise the question of the validity of the
reference models  currently in use. One of the most popular ones is the AK135 model (Kennet et al.,
1995), which, in the case of the upper mantle, hardly differs significantly from the IASP91 model. The
said models were derived as a result of integration of global information on traveltimes of waves with
dissimilar  oscillation frequencies  generated by earthquakes and “…are used as zero approximation
reference models in tomographic models in which the mantle is divided into sufficiently small blocks
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(~1°;  100  km  in  dimension);  in  those  blocks  mis-ties  are  determined  between  wave  propagation
velocities relative to their values in the reference model” (Yakupov, 2011). Maximum Vp values have
been recorded in currently active structures, such as Alpine geosynclines, rifts, and mid-ocean ridges
(MOR)  (Gordienko,  2010;  and  others).  According  to  the  AK135  model,  velocities  within  the
aforementioned depth interval  are  noticeably  higher.  They cannot  be reconciled  with composition,
mineral content, or PT conditions. The use of such reference models will produce false anomalies. It
cannot be ruled out that the problem stems from the use of waves with dissimilar oscillation frequencies
in the construction of global or regional models. As shown by S. Karato (1993), velocity depends on
frequency,  as well  as on temperature:  V(ω,T) = Vo(T){1 + (Q-1/π)ln  ωτ(Т)},  more specifically,  it  is
associated with relaxation time τ which, in turn, depends on frequency.

Fig. 13. Best-fit velocity models for the upper mantle beneath oceanic regions.

P1 marks the velocity profile of the mantle beneath a quiescent Precambrian platform; Sol is velocity pattern
at the beginning of the melting process; 1 – mid-ocean ridges (MOR), 2 – basins, 3 -- trenches, 4 – island arcs or
coastal ridges, 5 – back-arc troughs; 4a pertains to a velocity profile based on the data for the mantle’s thermal
model beneath the region conforming to the APH (advection-polymorphism hypothesis) concepts regarding deep-
seated processes (Gordienko, 2016)

Velocity patterns that we have constructed comprise symmetrical positive and negative anomalies
unlike velocity  patterns  for  parts  of  quiescent  Precambrian platforms (Fig.  13).  They point  to  the
advective  nature  of  the  heat-and-mass  transfer  that  caused  those  anomalies.  The  model  for  areas
beneath trenches is an exception. It may well be explained by the lateral aliasing effect on the platform
model of overheated volumes of material from the subcrustal mantle beneath island arcs and ocean
basins. A symmetrical positive anomaly may be positioned at depths larger than those studied beneath
trenches. This points to a relatively recent large-amplitude advective displacement of the upper mantle
material beneath one or both adjacent regions. Geological evidence fully corroborates this assumption.
Almost identical heat-and-mass transfer events took place beneath Alpine geosynclines, island arcs, and
ocean basins, at any rate in the northwestern Pacific Ocean Basin and; 100 million years later, such
events took place beneath arcs (Gontovaya et al., 2006; Gordienko, 2012; Tectonosphere…, 1992; and
others).  In  both  cases,  they  may  have  been  complemented  by  single-event  heat-and-mass  transfer
processes during recent millions of years. Studies of the upper mantle beneath trenches at the eastern
periphery of the Pacific Ocean have not, unfortunately, been conducted. This should be done in the
future since geological data prompt a possible difference of the processes under way there from those
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typical of the western periphery (in particular, some trenches are filled with young sediments), at any
rate, within the transition zone of Colombian type (V.V. Beloussov, 1982).

Velocity structure of the area beneath the trench may point to a relatively small mass of overheated
material transported to the subcrustal area beneath adjacent regions – at the level of one quantum of
tectonic  action  (QTA).  In  terms  of  the  advection-polymorphism  hypothesis  (APH),  QTA  is  the
minimum  volume  of  material  with  a  typical  diameter  of  50-70  km  involved  in  displacement
(Gordienko, 2012; and others).

The resulting models have been cross-referenced with V  p patterns at solidus temperatures and at
relevant depths. They differ somewhat for island arcs and costal ridges, on the one hand, and the rest of
the regions, on the other. In the former case, we assumed normal composition of the mantle beneath
continents  and  in  other  cases,  eclogite  inclusions  most  probably  underwent  melting  which  caused
changes in the solidus temperature and Vp values. A comparison between the mantle model beneath
trenches  and  the  distribution  of  Vp at  solidus  temperatures  prompts  a  conclusion  that  there  is  no
asthenosphere there. In all other cases, it does exist, and its top portion lies at relatively shallow depths
pointing to the recency of the processes in the mantle. Such depths of the partial-melting layer may
only arise under the effect of Alpine or post-Alpine heat-and-mass transfer episodes.

Fig. 14. Thermal model for an island arc Sol
is the temperature at  the beginning of melting
of the  mantle  rocks;  Ol-Ap  is  the  start  of  the
olivine to spinel transition; PI is a thermal model
for an inactive (quiescent) platform

It is worth comparing models for back-
arc  troughs  and mid-ocean ridges  (MOR).
They  are  almost  identical,  the  differences
spotted  just  within  small  depth  intervals
amount to 0.1 km/sec. From the perspective
of  the  advection-polymorphism hypothesis
(APH), this is exactly as expected: Identical
processes involving heat-and-mass  transfer
occur  at  the  same time within  the  mantle

beneath territories with dissimilar types of the Earth’s crust. In the former case, we are talking, on the
one hand,  about  oceanization (essentially  completed)  of  the  initially  basic  crust  with a  continental
thickness, and, on the other hand, about a considerable (uncompensated, at the final stage) subduction.
In the latter case, a region with an already oceanized crust undergoes activation. The effect causes a
very significant heating of the subcrustal mantle and lower layers of the modified crust. Owing to the
variable  coefficient  of  temperature  expansion,  which decreases with depth,  the said effect  strongly
prevails over the effect of cooling and compression of the upper mantle’s lower portion. A considerable
upheaval forms. In the geologically near future, olivine in mantle rocks at the bottom of the upper
mantle will undergo compaction, the ridge will level off, and the oceanic depth will get closer to that of
the basins. The difference between velocity profiles of back-arc troughs and basins may well be in line
with the weakening of thermal anomalies that took shape over the period of about 50 to 100 million
years  following  oceanization  of  the  crust  in  the  basin.  This  estimate  certainly  takes  into  account
enhanced heat generation in mantle rocks of the ocean as compared to that beneath continents.

Particularly  large  amounts  of  geological  and  geophysical  data  enabling  us  to  monitor  velocity
profiles are available for the areas of island arcs. Let us discuss some of them.

The advective nature of heat -and -mass transfer during the formation of the partial-melting layer in
the upper levels of the mantle beneath arcs has been corroborated by petrological evidence: “Rocks…
of  Late  Cenozoic… age,  common in… mature  island  arcs… with  relevant  depth facies  could not
possibly comprise such amounts of incoherent elements… not even in the course of the processes of
zonal melting or selective fluid leaching. It would therefore be more reasonable to assume that plastic
material  traveled  into  the  upper  mantle  selective  melting  zones  from  much  larger  depths”
(Geochemistry…, 1980, p. 300-301).

A shallow asthenosphere  is  the  most  important  and  verifiable  element  in  the  mantle’s  velocity
structure  beneath  island  arcs.  It  is,  however,  necessary  to  bear  in  mind  that  the  depth  of  the
asthenosphere’s top portion in every region under study varies as a function of proximity to the edge of
an active geological feature, location of recent activation zones, and so on.
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Beneath Eastern Kamchatka, for example, the use of velocity patterns along profiles in different
parts of the territory reveals quite significant variations in the depth of the velocity interface typical of
solidus (in Fig. 15, the initial points of the profiles coincide with the Central Ridge of Kamchatka). It is
likely that foci of recent magmatism confined to the top of the asthenosphere occur at depths ranging
between 50 and 110 km.

Fig. 15. Location of the top level of the asthenosphere
on the basis of seismological data for areas beneath Eastern
Kamchatka (Gontovaya et al., 2006; Gordienko, 2010; and
others)

1 -- for south, 2 – for center, 3 – for north.

The scarce information obtained with the help of
deep-penetration geoelectrical  surveys suggests  that

the top portion of the conducting layer beneath Sakhalin lies at the depth of 50-80 km (according to
another  version  of  interpretation,  the  layer  is  positioned within  the  depth  interval  of  80-120 km);
beneath  southern  Kuriles,  at  70-80  km;  beneath  northern  Kuriles  –  at  50-70  km;  and  beneath
Kamchatka – within the depth interval of 70-110 km (Moroz, 2009; Tectonosphere…, 1992).

According to petrological  data,  young magma chambers beneath Kamchatka are common at the
depths of 30-40 km, but they may also occur at 60-80 km or even deeper (down to 120-160 km).
Magmas of the Kuriles form in chambers at depths between 25 and 40-60 km (Tectonosphere…, 1992).
According to Frolova et al., (1989), melting chambers from which Kamchatka’s young lavas rose to the
surface, occur within the depth interval between 70±10 and 140±20 km.

Using one of the techniques for determining magma chambers’ depth and temperature as described
in publications (Gordienko et al., 2013 a,b; and others) in terms of aluminum and magnesium oxide
concentrations in rocks of mantle origin, we will  determine the said parameters for island arcs and
similar  structures at  continental  margins.  We largely used the following publications as sources of
information: Geochem…, Govorov et al., 1996; and others. The resulting depths are listed in Table. 3.
It has to be pointed out that the resulting temperatures are in perfect agreement with the thermal model
for a geosyncline at the stage of activation. The said model underlay the construction of the velocity
profile.

Table 3. Depths of magma chambers for young and recent magmatism in the mantle beneath island arcs

Region
Depths of magma

chambers, km Region
Depths of magma

chambers, km

Alaska 55-100 Bonin-Mariana Arc 55-85
Aleutians 55-105 Australian Islands 50-90
Commander Islands 55-100 Fiji 50-95
Koryak 55-90 Tonga-Kermadec 50
Kamchatka 55-90 New Britain Island 55-85
Kuriles 55-95 Solomon Islands 55-85
Sakhalin 50-100 New Zealand 65-100
Honshu, Ryukyu 50-90 Antilles Arc 50-90
Philippines 50 Scotia Arc 85

Calculations have shown that magma chambers do in fact cluster within the depth range discovered
as a result of construction of a velocity profile for island arcs. This conclusion fully matches concepts
of the APH: The initial magmatic activity beneath geosynclines is fed by much deeper (200-220 km
and about 150 km) sources, and it is only at the median and conclusive stages of geosynclinal evolution
that  magma  chambers  approached  subcrustal  depths  (Gordienko,  2012).  Recent  postgeosynclinal
activation utilizes material and energy reserves of the asthenosphere that emerged precisely at the end
of the cycle.

At the very bottom of the profile, the high vertical gradient in the Vp distribution beneath oceanic
regions may signify the beginning of a polymorphic transformation of the mantle olivine. If one views
this anomaly as a consequence of the sharp drop in temperature following the final advective heat-and-
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mass transfer episode, then the corresponding temperature hike should be at the level of 800oC. Such an
anomaly is unrealistic since it far exceeds the difference between normal platform-type temperatures
and the PT conditions at  the onset of  the process of  α-olivine transition into  β-olivine. Anyway, a
velocity model for such depths is rather dubious: Its noticeable changes do not affect the estimated
traveltime graph in any appreciable manner.

CONCLUSIONS
Velocity models for the upper mantle beneath oceans have been constructed on the basis of a whole

series of similar studies performed over many decades. The resulting evidence prompted the choice of a
profile without a sharp velocity contrast at the depth somewhat larger than 400 km – as is also quite
common in models  presented in  publications  (Report…, 2008;  Tarakanov,  2006;  Tectonosphere…,
1992; and others). A rather thick asthenosphere was detected – a layer of partially molten mantle rocks
with a small (approximately up to 2%) liquid phase content. A thick depth interval with abnormally low
-temperature rocks has been spotted in the  lower portion of  the upper  mantle.  The extent  of  their
cooling at the depth of 400-450 km is sufficient for triggering a polymorphic transformation of olivine.

The constructed velocity profiles vary little from region to region with the same type of endogenous
conditions. This enables us to maintain that the models represent standard (typical) V p distributions in
the mantle beneath the regions, just as presumed in terms of the APH. The estimated mantle profile
beneath island arcs fully fits that predicted. Models of ocean basins are in agreement with the concept
to the effect that the mantle beneath them is a result of smoothing of thermal anomalies that prevailed
in the mantle beneath the mid-ocean ridges (MOR) or back-arc troughs.

A more detailed analysis of the nature of velocity anomalies will be performed in studies of the
deep-seated  processes  in  the  mantle  beneath  oceans.  Velocity  profiles  alongside other  geophysical
information will constitute major criteria for verifying the credibility of the tectogene hypothesis.
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10. Deep-seated processes and seismicity

The chapter analyses phenomena of seismicity in terms of the advection-polymorphism hypothesis
(APH) in conjunction with information on parameters of  the medium. The two approaches do not
necessarily overlap, and many of the concepts can also be applied beyond the APH hypothesis. We are
talking,  primarily,  about  association  of  earthquakes  with  zones  of  recent  activation  (RA)  and
oceanization. Identification of such types of endogenic conditions was discussed in fairly good detail by
this author (Gordienko, 2016 a, b). It would be appropriate here to provide some information on the
deep-seated  process  and  relevant  thermal  models  of  the  tectonosphere  that  are  essential  for
understanding the mechanisms of seismicity.

Zones of recent activation are widespread on continents, in oceans, and in oceanic hollows. Recent
active processes in zones of oceanization and on mid-ocean ridges are constituent  elements of the
endogenic conditions.  On pre-Alpine continental  platforms,  the  mantle material  rises from a deep-
seated source at  the bottom of the upper mantle. The said material  either reaches the area directly
beneath the crust or forms an intermediate chamber at the depth of about 200 km. In the Alpides of
continents and oceanic regions, a relatively shallow asthenosphere in the final stage of development
serves as the source. A commonly accepted scenario sets the beginning of the activation at several
millions of years ago. In many cases, however, one may come across “older” activations that have been
underway over 10-20 million years. It could well be that, in those areas, heat and mass transfer in the
upper tectonosphere occurred repeatedly, but this problem has hardly been studied at all.

On continents, the partially molten material travels from subcrustal overheated areas into the crust to
a depth range of 30-40 km (occupying about one-half of the volume) and 20-30 km (one-fourth of the
volume). Blocks of eclogitized basic rocks sink below the crust. The heated crust “unfreezes” the

eclogitization reaction accelerated by fluids. The fluids were transported by mantle melts and had
been produced during partial melting of rocks in the amphibolite facies of metamorphism. The rate of
transformations may well reach (Korolyuk et al., 2004) the required extent – mineralogical changes
over 105 years with the grain size of 0.05 mm. In oceans, intrusions occur into a transformed crust
(Gordienko, 2016b) which, in terms of seismic wave velocities, hardly differs from the mantle’s upper
levels. So far, it has not been possible to determine the amount of transported material.

Let  us complement the brief  description of the recent  deep-seated activation (RA) process with
thermal models of the tectonosphere conforming to recent activation of continental regions (Gordienko,
2016a) – Fig. 1. Temperatures in the upper mantle beneath some other regions are listed below.

Fig. 1. Thermal models of the tectonosphere in activated
regions. A-- Precambrian platform, B -- Alpine geosyncline.

1 – Areas of estimated temperatures T (for the platform,
within the range  from the  center  of  the  60-km wide  RA
zone to its periphery;  for the geosyncline,  also taken into
account are age variations of the process that are normal for
alpides); 2 -- experimental data (A -- the Bohemian Massif,
Aldan,  and  Vitim;  B  –  Kamchatka,  Apennines,  and  the
Caucasus),  3 – solidus for mantle peridotites; in A and B
within upper portions of the profile, solidus for crustal rocks
in the amphibolite facies of metamorphism is shown.

The  data  on  seismicity  for  the  territory  of
Ukraine and neighboring countries, as well as information on earthquakes in the active Pacific zone
were used in the analysis. In the former case, we are talking almost exclusively about shallow crustal
earthquakes and low-energy classes. In the latter case, attention is also focused on deeper-seated events
and higher-energy classes.

We will, however, start with characteristics of the medium, so that our analysis of the nature of the
phenomenon could be better substantiated.
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SEAR  STRENGTH  AND  SPECIFIC  ELASTIC  ENERGY-CAPACITY  OF  CRUSTAL
ROCKS

Vast information that can be used for the determination of the above parameters is only available for
the crust. The data on Ukraine’s seismicity enable us to specify which parts of the territory they fit.

Outside  of  Ukraine,  but  relatively  close  to  its  territory  (Vrancea  in  Romania  and  Karcag  in
Hungary), hypocenters locally reach the depths of 150-200 km (The U.S. Geological Survey). The data
listed in Fig. 2 show that virtually all earthquakes there are confined to RA zones, so that we should
focus on crustal depths at the level of 5-10 and 20-25 km. On the territory, where relatively deep-seated
hypocenters  are  common,  more  shallow  ones  can  also  be  spotted.  The  9.0-9.5  energy  class  of
earthquakes is particularly widespread.

Krylov et al. (1996) set forth a method for exploring conditions under which energy builds up that
eventually triggers earthquakes. The method involves determination of the elastic potential energy of
crustal blocks. The proposed formula,  w =  τ2/2G =  τ2/2σVs

2
, where  τ is shear strength (the breaking

shear stress) presents interest in its own right as a characteristic of the seismogenic structure, G is the
shear modulus, σ is density, and Vs is velocity of seismic S-waves. The parameter w (“potential elastic
energy building up within a unit of the medium as a result of its shearing deformation up to the break
point”) (Krylov et al., 1996, p. 57) does not appear to represent the entire complexity of the process of
building up seismogenic stresses. It is not suitable for comparison with genuine sources of stress and
cannot be used for determining the time when the ultimate amount of energy is stored, since relaxation
is not  taken into account. At any rate, estimates of elastic potential energy might be of interest as
extreme values of actual energy content.

Fig. 2 . Earthquakes on the territory of Ukraine (Granite…, 2002; Nadezhka et al., 2008; Safronov, 2005;
Savko et al., 2008; and others).

1 – Zones of recent activation, 2 – boundaries of Phanerozoic geosynclines, 3 – earthquake epicenters, 4 –
outlines of areas with average depths of epicenters amounting to 7.5 km (north of the boundary) and 22.5 km
(south of the boundary).

In  view of  the  fact  that  crustal  rock density  is  often  determined on  the  basis  of  seismic wave
propagation velocity,  it  is possible to replace it  in the w calculation formula with a corresponding
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expression by reducing the entire initial information to τ and V. In our specific case, this stands to
reason,  since  conversion  of  velocity  to  density  is  performed  for  small  depths  and  temperature
anomalies.

Fig. 3 shows values of τ for crustal rocks at different temperatures.

Fig. 3. Shear strength versus PT conditions (Handbook of Physical Constants of Rocks, 1969; Krylov et al., 1996;
Petrophysics…, 1992; Physical properties of rocks and minerals, 1984), and estimates of temperature distributions in
the crust of platforms and central portions of RA zones (Gordienko et al., 2016b; and others); 1 and 2 characterize
platforms (1 – reduced heat generation of crustal rocks, 2 – normal), 3 and 4 – activation zone (3-marginal portion, 4 –
central); 5 – highly overheated part of the Alpine geosyncline activation zone, namely, the Transcarpathian Trough.

A prevailing correlation between the parameter in question and pressure (depth) is obvious, while
dependence on temperature appears to be less significant at shallow depths. For the depth of 7.5 km, a
single value of τ = 0.27±0.01 GPa will suffice. However, differences become noticeable at 22.5 km,
especially considering stronger overheating (to approximately 700oC) in the zone of recent activation
in  the  Transcarpathian  Trough  and  considerably  lower  (by  approximately  50-70oC)  than  normal
temperatures in zones with reduced heat generation on the platform. At 22.5 km, shear strength may
range within 0.37-0.60 GPa.  If  squared,  these values  differ  approximately by a  factor  of  2.6.  The
relevant  values:  for  the platform  with  lower  heat  generation  in  rocks  –  0.60,  with  normal  heat
generation – 0.56, at the edge of the zone of recent activation – 0.52, at the center – 0.42, and in the
Transcarpathian Trough – 0.37 GPa.

Apart from shear strength, an additional characteristic of the media is used – the elastic modulus: K
=σ(Vp2–1.33Vs2). (Seismic Survey, 1981). In our specific case (at Vp/Vs = 1.74), K = 0.56·σ·Vp2 =
0.85·τ2·w-1. In the publication “GRANITE”…, 2002, a conclusion was made on the basis of the data for
the ASTRA firing field that  earthquake foci  are confined to  zones with high values  of the  elastic
modulus. In other words, given the same value of τ (at the same depth), the maximum value of the
elastic modulus corresponds to the minimum of specific energy capacity.

Fig. 4. Distribution of K (in g·cm-3·km2·sec-2) within a layer
with respective depths of the top and bottom portions amounting
to 6 and 9 km (contours), according to “GRANITE”…, (2002)
on  the  ASTRA  firing  field,  and  earthquake  epicenters
(“GRANITE” Geotraverse…, 2002; Nadezhka et al., 2008); and
Savko et al., 2008) (dots)

The above conclusion does not appear to hold true even
on the basis of  the material  presented in the monograph
(“GRANITE”…,  2002).  If  we  use  more  data  for  all
earthquake epicenters presently known, we will confidently
reveal  the  absence of  such coordination (Fig.  4),  at  any
rate, for the observable variability in the parameter values.

The values of crustal rock densities estimated according
to seismic wave velocities are listed in this author’s paper (Gordienko, 1999). This model does not take
into account certain effects that are essential for accurate calculation of the gravity field (Gordienko et
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al., 2005), although this is insignificant in the given case. At depths of 7.5 and 22.5 km, the density
varies quite noticeably, and it might be reasonable to take such variations into account (Fig. 5A).

Velocities of S-waves in the Earth’s crust of Ukraine have been studied much less extensively than
P-wave velocities. The values of Vs can be derived from the values of V p with the help of the Vp/Vs

ratio. It was earlier estimated as an average value of determinations available for Ukraine (Gordienko et
al., 2011) equaling 1.76. In the southern part of the Voronezh Massif, in the ASTRA testing area and on
the Russian stretch of the  GRANITE geotraverse,  the data extracted from earthquake observations
(“GRANITE”…, 2002; Nadezhka et al., 2008; Savko et al., 2008), produce an average Vp/Vs ratio of
about 1.70-1.72. If we use the 1.74 value, the error will most probably be insignificant.

Fig. 5. Distribution of rock density (in g/cm3) ( A), S-wave velocities (in km/sec) within a unit of the medium

(B), and elastic potential energy (in 106J/m3) (C) for the territory of Ukraine at depths of 7.5 and 22.5 km.

Variations of estimated Vs velocities at depths under study are between 0.3 and 0.5 km/sec. Their
distribution is illustrated in  Fig. 5B. Results of calculations of the elastic potential energy at relevant
depths are listed in Fig. 5C.

The sought parameter turns out to be quite stable at each particular depth, and its variations versus
depth and temperature are not very significant. Information on τ is insufficient for the evaluation of w
for  the  upper  mantle.  Nevertheless,  one  can  assume with a  large  degree  of  certainty that,  at  high
temperatures for all crystalline rocks, the shear strength does not exceed the values provided above. In
that case, the elastic potential energy must be at the level of 106J/m3 which is not higher than in the
crust.
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VISCOCSTY AND STRESS RELAXATION TIMES

It appears essential to account for viscosity (dynamic viscosity -- η -- as a rule) in analyzing heat and
mass transfer in the tectonosphere. For that reason, this author, over about 40 years, repeatedly resorted
to various techniques for its evaluation (Gordienko, 1975, 1998 and 2012; and others) on the basis of
published  data  and  elements  of  the  advection-polymorphism  hypothesis  (APH)  that  he  was
concurrently developing.  There have lately appeared many new experimental  and estimated results
making it  possible to take into account the effect on the viscosity of rock composition, grain size,
temperature, pressure (P), differential stresses, melts and fluids, the rate of deformation, vibrations, and
so on. Many previously known data can also be revaluated. This author has also revised some of his
own concepts on material displacement in the course of active phases in geological history. It makes
sense to further specify earlier estimates of viscosity that had been effectively limited to the diffusion
component, i.e., the calculation was focused on the maximum value of η.

All  further  discussions  assume validity  of  the  concept  set  forth by Barnhoorn  et  al.  (2011)  on
superplastic  deformation  based  on  grain  boundary  sliding  in  combination  with  diffusive
accommodation. It goes without saying that the effect of intragrain dislocations should not be fully
disregarded. This approach prompts the need to refer, first of all, to experimental data. Information
from two sources was used for the purpose: 1. Estimates of viscosity of the medium based on the data
on surface displacements following the removal of glacial load or the effect of a major earthquake; 2)
results  of  laboratory  experiments  within  an  accessible  range  of  deformation  rates  and  relevant
differential  stresses.  With  the  use  of  the  latter,  extrapolation  of  the  parameters  onto  the  area  of
geologically real ones was performed in terms of conventional formulas for viscosity (Turcotte et al.,
1985;  and others).  Equations that  are currently in use “…simulate rheological properties of mantle
substratum which are characterized by diffusion creep at low stresses, and by dislocation creep at high
stresses” (Turcotte et al., 1985, p. 542). “Even though it is quite important to understand the rheology
of the mantle, there is no particular need to differentiate between rheological equations with n=1 and
n=3 in order to obtain a qualitatively true pattern of currents in the mantle,  … dependence of the
viscosity coefficient on temperature and pressure, which is the same for both types of creep, is much
more essential from the viewpoint of the effect on mantle currents than any potential dependence on
stress” (Turcotte et al., 1985, p. 536).

Fig. 6. Distributions in the upper mantle of temperatures (A), seismic P-waves velocities (B), and viscosities
for various regions of continents and oceans (C); sol is the melting temperature of mantle rocks. 1 – A quiescent
Precambrian platform, 2 – temperature and viscosity in the mantle prior to the onset of a geosynclinal process, 3 –
Alpine geosyncline, 4 – young continental rift, 5 – ocean basin, 6 – mid-ocean ridge, 7 – back-arc basin.
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Publications analyzing many aspects of the problem (Bürgmann et al., 2008; Gerya, 2010; Polukhin,
1982; Turcotte et al., 1985; and others) lay grounds for selecting the sequence of factors that affect the
result of the present investigation. Namely, to begin with, we need to fix parameters of the medium
whose variations are unlikely or poorly studied, then proceed to parameters that are studied better and
that manifest themselves differently within different depth ranges. As a result, we have come up with a
model for viscosity distribution in the upper mantle beneath a quiescent Precambrian platform and have
selected values of parameters for the crust and transition zone to the lower mantle. Also considered was
a technique for registering changes in conditions at various depths in the upper mantle prior to the onset
and in the course of an active heat-and-mass transfer process.

The data that have been studied make it possible to calculate lgη values for the mantle in regions
with dissimilar endogenic conditions. Thermal models based on the APH concepts (Gordienko, 2012;
and others) were used for the purpose. Velocity models for the upper mantle were selected for those
regions from publications (Gordienko, 2012, 2016b; Gordienko et al., 2016; and others) – see Fig. 6.
This  update  was  added to  enable  assessment  of  computation  quality  through comparison  between
independently determined parameters: viscosity and velocity (see below).

The input into the computation of the model of the temperature and viscosity distribution in the
region, where geosynclinal activation is only about to occur, was done in order to analyze conditions
prevailing at the start of the heat-and-mass transfer process.

Yet another remark concerning the data listed in Fig. 6: For the depth of 50 km beneath the ocean
basin, we used a temperature (and a relevant estimated viscosity) that differed from those used in the
paper  by  Gordienko  et  al.  (2016)  .  In  this  particular  case,  a  discrepancy  was  registered  between
experimental and estimated Vp values for that specific depth. The discrepancy was due to the failure to
take into account,  in  the  thermal  model,  recent  activation in  the  majority  of  basins  studied in  the
Atlantic and Pacific oceans. The process was accompanied by magmatism from the foci at depths from
a few dozen kilometers to 70-80 km. Thus, estimated velocities turned out to be overstated. After the
deep-seated process was complemented by an element of activation, the experimental and estimated
seismic P-wave velocities became equalized.

To complete the picture, we need to mention seismicity, which is yet another factor of influence on
effective viscosity. The definition “effective” is used here for the reason that there is no certainty that
mechanisms of displacement are the same in conditions of presence or absence of earthquakes.

In  principle,  relative  displacements  of  elements  of  the  geological  medium are  always  present.
Suffice it to mention daily “not perfectly elastic” solid tides. It is believed that with the process duration
of 1-104 seconds, the mantle behaves like a virtually elastic body (Turcotte et al., 1985). Yet, if the tidal
effect on viscosity does occur, it is accounted for indirectly in the experimental data of the first kind
(see above). The situation is different when we deal with earthquakes (Bürgmann, 2008; Freed et al.,
2006a & b). This was graphically evident during a major earthquake (with a magnitude of 7.9 and the
hypocenter depth of about  50 km) in the  southern part  of  Alaska.  Shortly after  that,  the  viscosity
decreased substantially – by 2.0-2.5 orders of magnitude – which largely remained at that level over
several years. This is certainly far from being a geological time scale, but in Alaska and other active
regions earthquakes occur frequently, although not so powerfully. In the southern zone of the region, 75
earthquakes with a magnitude of 5 or higher happened over 50 years. The hypocenters were located at
depths of 1-128 km. Three of them were particularly strong, with magnitudes of 9.3, 7.1, and 7.9.

There are quite a few examples of changes in viscosity associated with earthquakes, although this
phenomenon has not been studied in detail in other regions. For example, after a major earthquake in
the vicinity of Java, the viscosity changed from 5·1019 -- which had been measured for a long period of

time prior to the earthquake -- to 5·1017 Pa·sec (Bürgmann, 2008).
The available data enable us to evaluate viscosities for specific velocity profiles in the upper mantle.

This should be done separately for velocities that are higher and lower than those for the platform. The
corresponding linear graphs within the range of parameters under study look like this: Δlgη = 1+2.5ΔVp

at ΔVp > 0 and Δlgη = 1–14.2ΔVp at ΔVp < 0. Deviations of the Δlgη values from the median line, as
shown in the histogram (Fig. 7), average 0.9, i.e., viscosity assessments involve an error by a factor of
about eight.  The histogram does not differ significantly from the one that corresponds to a normal
distribution.  The scatter  of  values  looks quite  natural  since differences  between velocity  values  of
seismic P-waves in terms of experimental and estimated data (the temperature in the mantle) are about
±0.11 km/sec. If errors in each of the methods are equal, they amount to about 0.07-0.08 km/sec, which
is equivalent to a scatter  of  Δlgη values of about 0.6±0.6 due solely to the inaccuracy in the ΔVp
estimate. Judging by the available data, the error could be due to errors in the initial velocity model for

187



the mantle beneath the platform. This primarily relates to uncertainty in the assessment of the effect of
partial melting of mantle rocks on viscosity.

To determine viscosity in the region under study, it is necessary to assess velocity anomalies relative
to  those  for  platforms,  and  introduction  of  corresponding  corrections  produces  the  pattern  of  η
distribution versus depth (Fig. 7).

Directly above the M. discontinuity, crustal viscosity is by about an order of magnitude lower than
density in the mantle beneath the M. discontinuity, i.e., at virtually the same pressures and temperatures
(Chen, 2007; Dimanov et al., 2000, 2005; Kenner et al., 2003; Wang, 2007; and others). In the absence
of a sedimentary layer, the viscosity of crystalline rocks near the surface is higher by a factor of 2.5
than that of formations at the bottom of the crust. In shields’ consolidated crust of platform type,  lgη
decreases with growing depth from 23 to 20.5. In a sedimentary layer with a thickness of up to 10 km
(Gordienko, 2012 and others), viscosity is lower than in deeper crustal strata. The flysch (an element of
the sedimentary layer with a median viscosity) has the lgη at the level of 17. Down to about 10 km, the
viscosity  is  likely  to  reach  values  typical  of crystalline  rocks  at  a  corresponding  temperature.
Exceptions are represented by young rocks that formed a thick sedimentary layer over a very short
(geologically speaking) period of time and have not yet been subjected to considerable catagenesis.

Fig.  7.  Correlation  between
viscosity anomalies and seismic P -
wave  velocities  in  the  mantle
beneath various regions (relative to
values of the said parameters in the
mantle  beneath  a  Precambrian
platform) and a histogram showing
distribution  of  deviations  in
viscosity  from  registered  linear
relationships.

A transition zone between the upper and lower mantle is composed of rocks with viscosities three
orders of magnitude larger than typical of overlying formations (Bürgmann et al., 2008; and others).
Amidst  all  the  active processes,  the  temperature there does  not  reach solidus  and,  for that  reason,
already at small depths beneath the top layer, viscosity rises to 1024Pa.sec and continues to grow with
depth.

The major factor in the analysis of conditions, under which energy builds up to eventually trigger
earthquakes, is the stress relaxation time (t) in a viscoelastic medium. It is normally set as t=η/G. The
value of G=2σ. V2 s has been estimated in terms of properties of rocks at crustal and mantle depths. It
amounts  to  about  1011Pa.  Approximately  the  same value has  been derived  according to results  of
laboratory measurements  for typical  crystalline  rocks from the upper crust  (Handbook of Physical
Constants of Rocks, 1969; and others). This value certainly characterizes an entirely different range of
deformation rates than the one used for the assessment of rock viscosity. This author is not aware of
any data on G as a function of deformation rate. The value of about 1010Pa is used in tectonophysical
determinations (Gzovsky, 1975), that is to say, no radical change in the modulus is accounted for. It
cannot  therefore  be  ruled  out  that  the  stress  relaxation  time  (even  at  the  smallest  G)  for  the
aforementioned values of  η in the mantle amounts to 102-n.105 years. The values of  t are very small,
especially in portions of the crust and mantle with  T exceeding solidus. Incidentally, the advection-
polymorphism hypothesis (APH) assumes that temperatures at depths of about 700-1,000 km rise above
solidus.  This  explains  the  absence  of  earthquake  foci  within  the  aforementioned  depth  range
(Gordienko et al., 2011).

This  author previously assumed that  stresses caused by temperature changes in zones of recent
activation could trigger earthquakes (Gordienko, 1998; and others). The recently obtained data restrict
the depth interval, in which such events are possible, to the upper portion of the crust.

ELASTIC POTENTIAL ENERGY AND THE SEISMIC MOMENT

Classification of earthquakes registered in Ukraine (Safronov, 2005; and others) makes it possible to
assess a typical energy of tremors being released during such events as 109±4 J. Henceforth, we used
simplified formulas for the energy class and for the seismic moment (M0) determined in terms of the
magnitude  K=1.6M + 4.6, lgM0 = 12+M. Given the real volumes of crustal or mantle substance, in
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which  stress relaxation  takes  place,  the  onset  of  vibrations  requires  energy  by  many  orders  of
magnitude smaller than might be stored in the form of measured elastic potential energy. It follows
from calculations that for an earthquake to occur, very small stresses might suffice (at the level of 0.1
Pa). This value, however, is far too incomparable with the real strength of rocks. At depths of about 10
km, in zones of RA in the vicinity of recent intrusions of overheated material, the temperature may
change  by  1-10oC  over  0.1  million  years.  Calculations  have  shown  (Gordienko,  2012)  that  a
temperature change by 1oC generates stresses at the level of 1 MPa. At least 2.5.106J/m3 is required for
heating up the rock volume by 10C, given a real volumetric heat capacity. Part of that energy translated
into elastic stresses should be quite sufficient to fit such a magnitude.

Let us refer to data on strong and well-studied earthquakes. One of them, with a magnitude of 6.5,
occurred in Parkfield (California) in 1966 (Aki, 1975; Yanovskaya, 2006; and others). With the help of
various formulas for assessing the energy class according to (Aki, 1975, Richter, 1963; Yanovskaya, 2006;
and others), we will get the value of seismic energy 2 . 1015J. Deviations of individual values from the mean
value  amount  to  approximately  a  factor  of  5,  which  is  typical  of  such  computations  (Aki,  1975).  A
thoroughly studied distribution of aftershocks enabled us to determine the volume of the source as 40x10x2
km (0.8.1012m3),  in other words, the concentration of energy (that transformed into seismic energy as a

result of the destruction of rocks) amounted to  103-4 J/m3. According to current concepts, total energy of
faulting (destruction of rocks)  is 10 to 100 times larger than the resulting seismic energy. The seismic
moment makes it possible to determine the total energy (Golitsyn, 2010; Kanamori, 1977; Yanovskaya,
2006; and others) . It is the product of the force of friction against the entire plane (actually, the volume) of
the ruptured rock zone by the magnitude of displacement along it. It amounts to a little higher than 1018J in

the case of the Parkfield earthquake, i.e., the stored elastic energy with a density of 1.2. 106J/m3 was released
within the aforementioned volume. The result matches the energy capacity of rocks: The rupture zone is
situated within the depth range of about 2 to 12 km. The released stress, 1-1.5 MPa, also conforms to the
estimated energy capacity which is equivalent to 1-1.5.106J/m3. Similar results can be provided for the well-
studied Alaska earthquake that occurred in 1964. (Yanovskaya, 2006; and others).

Thus,  in  the  process  of  displacement  (partial  shattering)  of  a  rock  block,  which  is  actually  an
earthquake focus, the entire energy that may have been stored in it is utilized. There is simply no way
for non-elastic relaxation of stresses to take place. The accumulation of stresses must occur over a very
short period of time, shorter than the time of relaxation.

Parameters of major earthquakes that have been studied can now be determined with increasingly
high reliability, and this leads to narrowing down their range. Along with the appearance of more valid
concepts on mechanisms of the processes in the zone of transition to the lower mantle (Kalinin et al.,
1988; Kuskov, 1987: Burnley, 1989; Yanovskaya, 2006; and others), energy characteristics were also
revised. Concepts regarding the area of the rupture that formed and the seismic moment are being used

arbitrarily  enough,  yet  they  are  useful  if  one
needs  to  compare  all  the  data.  With  such  an
approach,  all  the  values  of  stresses  being
released fall  within a rather narrow range that
does  not  actually  exceed  the  acceptable
computation error. The average value is close to
3 MPa (Yanovskaya. 2006).

Fig. 8. Correlation between the seismic moment
(Ma) and the area of the fault (S) for earthquakes of
various energy classes and depths.

Earthquakes: 1 – in various regions of the world
(Yanovskaya,  2006),  2  –  in  the  Vrancea  zone,
Romania (Heidbach et al., 2007).

With larger amounts of data, the resulting value should be 5-6 MPa (Fig. 8). It may be assumed that
the estimated value of energy capacity specifies MPa for each particular site (PT conditions and rock
composition) where stresses can be stored.

If energy capacity variations in the foci of major earthquakes are small, the data listed above ( Fig. 8)
make it possible to assess the width of the focus (Fig. 9). This implies that the focus has a length х
(horizontal extent), a depth  Δz (the difference in  z between the top and bottom of the focus), and a
width Δy  (the smaller horizontal size).  Calculations have shown (Fig. 9) that the width amounts to
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dozens of kilometers. For the Vrancea zone adjacent to Ukraine, the stresses being released are close to
10 MPa (Fig. 8). This value allows us to bring correlation between the length and width of the focus
closer to that characteristic of other events (Fig. 9).

Fig. 9 . Estimated values of у for different √S of major
earthquakes. The crosses mark the data for the Vrancea
zone.

Such a focus bears little resemblance to a fault
plane.  Here,  we are rather talking about  a volume
with commensurable Δy and х . Block displacements
(h)  that  trigger  earthquakes  and  that  can  be

expressed as h=Mo/G.S for deep-seated events, amount to about one meter, and this matches observed
magnitudes for the foci that emerge onto the surface. For medium-depth (90-150km) earthquakes in the
Vrancea zone, the displacements range from 0.3 to 3.0 meters (Heidbach et al., 2007).

WHAT TRIGGERS EARHQUKES ET SMALL AND MEDIUM DEPTHS

Seismicity associated with thermoelastic stresses in the upper mantle was noted above (Gordienko,
1998; and others). At larger depths, quick changes in density that cause stresses exceeding rock strength
must be the most common sources of seismicity. Earthquakes caused by magma movements appear to
be exceptions from this class of events. Let us mention some of them first.

Magma movements within the crust  occurs largely along faults  produced as a result  of  magma
rupturing fragile rocks (at relatively low temperatures). The mechanism has been analyzed in detail, for

example,  by  Khazan  (2003)  and  appears  to  be
quite realistic. One of the practically investigated
cases involving such a mechanism is illustrated in
Fig. 10.

Fig.  10.  Excision  of  the  Yubileynaya kimberlite
pipe  crater  portion  in  Yakutia  by  a  dolerite  sill
(Perchuk, 1997, with simplifications).

Rocks:  1  --  Enclosing  rocks,  2  --  dolerites,  3  –
kimberlite facies.

One can clearly see that the dolerite sill pushed the severed portion of the Yubileynaya kimberlite
pipe over a distance of several hundred meters horizontally and 35 meters vertically. It is very much
likely that such a movement was accompanied by an earthquake.

Fig. 11. A – Earthquake hypocenters prior to eruptions of the Ushkovsky and Klyuchevsky volcanoes (dots)
and hypothetical paths of magma movement (arrows). B – Relative number of foci at various depths in the area of
the Klyuchevsky volcano in 2005-2007. Hypocenters at depths: 1) down to 2 km; 2) from 2 to 8 km; 3) from 15 to
35 km; 4) summit eruption instants.
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Numerous  earthquake  foci  have  been  spotted  beneath  Kamchatka  volcanoes  directly  before
eruptions (Slavina et al., 2011) (Fig. 11).

It cannot be ruled out that displacement of hypocenters may be used for tracing magma movements
from the medium- or lower-crust asthenosphere to the upper crust, as far as the near-surface magma
chamber directly before the eruption (Slavina et al., 2011).

The aforementioned unlikely probability  of  thermoelastically triggered earthquakes at  all  depths
except  in  the  upper  crust  should  not  be  perceived  as  an  indication  to  the  effect  that  there  is  no
correlation between earthquakes and thermal anomalies at  larger depths.  Those disturbances within
rifts, geosynclines, and RA zones cause rapid displacements of crust-mantle blocks, over hundreds and
thousands of meters. It is within them and especially at their boundaries that stresses and faults emerge.

For  the  period  of  recent  activation (at  its  final  stage,  starting from 0.1  million years  ago),  the
hypothesis envisages intrusion of mantle melts into the crust and plunging of eclogitized rock blocks
into the mantle.

The thickness of eclogite layers proper within the blocks reaches 7-8 km, with a density of about
3.45 g/cm3 (for normal PT conditions). It was earlier believed (Gliko et al., 1986; and others) that, in
favorable  conditions,  the  crustal  rock  eclogitization  process  takes  approximately 107 years.  Recent
studies of such transformations point to quite dissimilar stretches of time depending on crystal sizes
(Korolyuk et al., 2004). With the presence of fluids, the process may be completed within thousands of
years, something that perfectly fits in the final stage of RA. According to the Stokes law, the rate of
plunging to a depth of about 150 km ensures completion of the process 0.1 million years later and
plunging to  about  250 km will  take about  1-1.5 million years.  Further  subsidence of  such  bodies
appears to be unlikely due to the decrease in the density contrast with the adjacent medium and the
insufficient pressure to exceed the strength of the effectively tough rocks. Blocks of significantly larger
size than mentioned above may constitute an exception.

If  the  sunk  asthenoliths  undergo  heating  and  their  mineralogy  changes,  this  may  cause
countermotions in the crust and upper mantle.

Very significant movements of rocks have been studied on the basis of mineralogical markers in the
crust of active (presently or in the past) regions (Buslov et al., 2015, Gerya, 2010; Perchuk et al., 2005;
Perchuk, 1997; Clark et al., 1988; and others). The movements can be quite slow; for example, rocks in
the Victory gold field (Clark et al., 1988) travelled over about 90 million years in the Early Proterozoic
along the trajectory shown in Fig. 12.

Fig.  12.  Changes
in  PT  conditions
around  crustal  and
mantle rocks.

1--  Ancient
platforms,  2  –
margins of continents
and  island  arcs,  3  –
folded belts (Perchuk,
1997),  4  –  Victory
gold field in Australia
(Clark et al., 1988), 5
--  eclogites  from  the
area  of  Faro,  Alaska
(Perchuk et al., 2005).

In  other  cases,
displacements  were
rather  rapid.  They
occurred  over
stretches  of  time
close to the time of
stress  relaxation
touched  upon
earlier in the paper.

In the Faro area (Alaska), it took the rocks 80 thousand years to travel vertically over 16 km (Perchuk
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et al., 2005) (Fig. 12). The 25-30 km upheaval of the Limpopo belt rocks occurred within two million
years (Perchuk, 1997).

The data shown in Fig. 12 raise a number of questions. In particular, while temperatures deep within
the platforms match fairly well periods of activation and heating up, in other regions, at the stages of
subsidence, the temperatures are only slightly higher than contemporary temperatures on platforms.
And it is only “on the way back” that they approach conditions prevailing in activated regions. Yet, the
trend set by the aforementioned studies of sufficiently rapid rock movements may help understand the
nature of seismicity.

Fig. 13 . Depths at which majorite inclusions in diamonds
formed  as  determined  on  the  basis  of  their  composition
expressed in formula units per given number of oxygen atoms
(Stachel, 2001; Taylor et al., 2004; and others).

The  displacement  amplitudes  mentioned  above  are
not  the  largest  from  among  those  determined  on  the
basis  of  petrological  data.  Some of  them spread  to  a
considerable portion of the upper mantle – see  Fig. 13.
There  is  information  on  mantle  material  movements
within even larger depth ranges, but in this case we are
talking  about  small  fragments  of  material  whose

displacement  is  probably
associated  with  magmatism,
rather  than  with  movements  of
large blocks of solid rocks.

Fig.  14. Average  values  of
seismic  wave  velocity  variations
within the mantle of regions 1-4 (in
percent).  The  depth  range  in  the
transition zone is shown in gray.

Geomorphological
observations  also  detect
displacements with a similar order
of  magnitude.  Over  recent  20
thousand  years,  the  Pamir  has
been  rising  at  the  rate  of  1.5
meters per century. Tibet has been
rising at the rate of one meter per
century.  In  other  words,
displacements  usually  recorded
during  major  earthquakes  in  the
above  regions  occur  over  the
shortest relaxation times.

The available data enable us to
trace upward movements of small
pieces  of  the  material  that  “  got
off the pad” in the lower portion
of  the  upper  mantle  and  in  the
transition  zone.  No  verifiable
proofs  of  material  supplied from
the lower mantle have been found
(Ivanov,  2010).  This  conclusion
can  be  corroborated
seismologically. The work of Gu
et  al.  (2003),  for  example,

presents average variations in seismic wave velocities in the mantle of regions that contain bodies with
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particularly contrasting endogenic conditions: continents, oceans, and transition zones of Pacific type
(Fig. 14).

Similar results have been cited in the study of Fukao et al. (2001). Density contrasts (derived from
velocity contrasts) in the lower mantle amount to about 0.01 g/cm3, which is several times smaller than
in the upper mantle. Viscosity in the lower mantle is larger by a factor of 5 to 10. It is unlikely that any
substantial movements of the material could be expected within that depth range. In line with APH
(advection-polymorphism hypothesis) concepts, there are no energy prerequisites for that either.

The  same conclusion  can  be  arrived  at  if  we  analyze  the  largest  velocity  anomalies  registered
beneath the bottom of the transition zone and cited in the literature. Even if they are accurate enough,
their intensity is insufficient for pinpointing bodies capable of moving.

In  rocks  of  eclogitized crustal  blocks  descending to  depths  of  250 km,  Vp and  σ exceed those
parameters typical of rocks in the upper levels of the mantle that underwent heating in the course of
recent activation. According to concepts of J. Aubouin (1967) on seismic activity migration, younger
age of the process and shallower subsidence of higher-density blocks must characterize external zones
of the geosyncline. This is particularly true in the case of Kamchatka (Fig. 15).

Fig.  15.  Locations  of
earthquake hypocenters  versus
velocity profile for the transition
zone  in  Kamchatka  (Gordienko
et al., 2016).

1 – Volcanoes, 2 – deep-sea
trench  axis,  3  –  profile  along
which  the  velocity  model  and
hypocenter  locations  have  been
constructed, 4 – hypocenters, 5 –
anomalous  velocity  contours
(km/sec).

The  hypocenters  have
been selected over last  eight
years  from  a  60-km  wide
band  along  the  profile.  The
data on approximately 3,000
earthquakes have been  used.
When  we  used  information
for other periods of time and
for  different  widths  of  the
bands  from  which  the  data
were  collected,  the  resulting
hypocenter  distribution
turned  out  to  be  somewhat
different  from that  shown in
Fig. 15, but the difference is
small  and  the  pattern  is  the
same  in  principle.  The

hypocenters  are  marked  by  identical  symbols  without  differentiating  between  events  of  dissimilar
energy classes. The only exception was made for one of the deepest (640 km) earthquakes that will be
discussed below.

The velocity profile we have used is actually a compilation of one-dimensional models for the basin,
trench, island arc, and back-arc trough. The anomalous values have been estimated relative to average
values of Vp for each depth. The resulting profile is certainly largely smoothed out due to the specifics
of  the  input  data.  Other  versions  constructed  for  the  region  with  the  help  of  various  techniques
(Gontovaya et al., 2009; and others) point to more intensive anomalies. Preference in the study was
given to the profile that covered a large territory thereby making it possible to view important features
of the general picture. Earthquakes with depths of foci reaching about 250 km may well be accounted
for  by  downwarping  of  eclogitized  crustal  blocks  that  started  earlier  at  the  rear  flanks  of  the
geosyncline where it reached maximum. In the frontal part of the region, the process started recently,
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and  subsidence  there  is  minimal.  Beneath  western  Kamchatka,  where  there  lies  an  activated
Epicimmerian or Late Alpine plate, the process is most likely over and earthquakes there are rare.
Deeper earthquakes can only strike in the zone of transition to the lower mantle. Their hypocenters are
separated from shallower ones by an extensive aseismic gap.  Such gaps exist in all  regions where
earthquake foci are located in the zone of polymorphic transformations.

The profile shown in the diagram illustrates lack of agreement between the genuine structure of the
upper mantle and seismicity, on the one hand, and plate tectonics postulates, on the other.

1. The oceanic plate approaching the “subduction zone” does not appear to be cold, or dense, or
capable  of  submerging under  the  low-density  continental  edge.  It  transpires  from the evidence on
magmatism, heat  flow, as well  as thermal and velocity models that  the asthenosphere there lies at
shallow depths and that the plate density is lower than the density of the block of rocks in the trench.

2. According to Turcotte et al.  (1985), the submerging plate cannot bend elastically to fit  the
external  slope  of  the  trench.  The  required  bending  must  be  accompanied  by  the  formation  of  a
constantly restorable fault system, something that should lead to intensive seismicity. In fact, however,
there is little or no seismicity at the external margin of the trench.

3. The location of a part of the focal zone with a maximum cluster of earthquakes cannot match
the surface of a plate that starts plunging in front of the trench: The zone is located 100-150 km closer
to the continent. Identical results were obtained for other areas of Pacific-type transition zones (U.S.
Geological Survey) (Fig. 16).

Fig. 16. Distribution of hypocenters with shallow and medium-focus depths of earthquakes in some areas of
transition zones in the Pacific Ocean

1 – Hypocenters, 2 – deep-ocean trench axes

The “window” in the focal zone cannot be accounted for in terms of movement of a solid plate
whose lower edge has reached the upper-to-lower mantle transition zone.

Some maximum-depth earthquake zones run across island arcs, which contradicts concepts on their
origin presented in terms of plate tectonics. One portion of the descending plate generates earthquakes
in the upper-to-lower mantle transition zone, while the other does not (see below).

The list  of  mismatches could be continued.  Yet,  even those pointed out  above are sufficient  to
conclude that patterns of anomalous velocities and earthquakes are at variance with concepts of plate
tectonics.

The process of formation of crustal blocks capable of changing their position under effect of density
changes can also spread to less metamorphized lower crustal layers causing gabbroic rocks conversion
into garnet granulites, as presented by Artyushkov et al. (1996) for the Cis-Carpathian trough during the
Miocene.
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Yet another possible scenario of density anomaly arising in the crust can be explored in Alpine
geosynclines, such as the Carpathian one (Gordienko et al., 2011). Processes of significant compaction
are taking place in the lower portion of the sedimentary layer. The rising temperature and pressure in
the course of rock subsidence trigger catagenetic transformations, which reach a metagenetic level by
the time the temperature rises to approximately 400oC (Fig. 17).

Fig.  17.  Density  variations  in
metapelitic  rocks  versus
temperature  and  relevant  changes
in seismic wave velocities

1  –  Data  for  individual
specimens,  2  – averaged  data  for
groups of specimens.

Seismic wave velocities also
increase with growing density,
although not as intensively as in
the  case  of  crystalline  rocks.

For  that  reason,  as  velocities  approach  6  km/sec,  the  density  of  metapelitic  rocks  exceeds,  by
approximately 0.1 g/cm3,  the density of formations in the upper portion of the “granitic” layer that
comes  into  contact  with  those  metapelites  (Gordienko,  1999).  The  about  4-km  thick  overlying
decompressed body cannot rise for more than 5 to 10 km, but that is a substantial part of its depth.

The crustal profile shown in  Fig. 18 pertains approximately to the boundary between the Folded
Carpathians and Cis-Carpathian trough, where the strongest manifestation of lower crust eclogitization
may be expected (as suggested by the pattern of seismic wave velocities).

Fig. 18. Distribution of temperatures, seismic
wave velocities and densities in crustal rocks of
the Carpathians

Thus,  two  zones  of  density  inversion
emerge in the crustal profile. In appropriate
conditions,  they may cause a displacement
of the material. For real sizes and viscosity
(1020 Pa.sec),  the  displacement  rate  will
range  from  a  few  tenths  to  several

centimeters a year. Such rates are quite substantial: It may take a few hundred years for the material to
move over several meters required for the creation of a fracture and a consequent earthquake. In all
likelihood, such movements occur sporadically once the stress level necessary for overcoming the force
of friction between the opposite wings of the fault is attained. Faults associated with earthquakes that,
according to other criteria, were activated during the Pleistocene have been studied in great detail in the
Carpathians (Verkhovtsev, 2006).

Zones  of  density  anomalies of  opposite  sign are  located  in  different  portions  of  the  profile
transverse to the strike of the folded structure. Apparently, compaction in the lower crust largely occurs
at its external boundary. It cannot, however, be ruled out that positive density anomalies (primarily as a
result  of gabbro transition to granulitic rocks) also take shape in internal  areas of the Carpathians.
Conditions  for  the  emergence  of  a  density  contrast  at  the  boundary  between  the  catagenetically
transformed part of the sedimentary layer and the crystalline basement surface may arise along the
entire stretch of the folded zone. Such conditions may take shape both in the southwestern and central
areas of the region. It therefore appears very much likely that the movement of the material related to
the described changes in the density of crustal rocks will also have a horizontal component contributing
to the continuation of the folding process.

EARTHQUAKES AT MAXIMUM DEPTHS

Deep-focus earthquakes are not common. Even in transition zones between continents and oceans,
over 68 percent of their extent, no earthquakes have been registered at all. Or else they happen at the
same depths and in the same concentration as in the adjacent part of the continent. Earthquakes are
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common at depths of 20±20 km on seven percent of the transition zone stretch (like beneath mid-ocean
ridges We are talking about transition zones of Columbian type which, in this author’s opinion, actually
form a contact of North America’s western margin with an nascent mid-ocean ridge. On 17 percent of
the stretch, earthquakes occur at depths reaching 250-300 km, and just on eight percent of the stretch,
they may strike at larger depths. They are obviously associated with specific processes.  Studies of
geological  events in relevant  areas of transition zones point  to oceanization or recent  activation in
adjacent  areas  of  continents.  The  latter  scenario  was  analyzed  by  this  author  and  his  colleagues
(Gordienko et al., 2008), and for the time being, nothing new can be added to the data presented in the
paper.

An assumption  to  the  effect  that  deep-focus earthquakes may be  associated  with mineralogical
changes in mantle rocks under the effect of temperature variation (Burnley, 1989; Gordienko, 2012;
Kalinin et al., 1988; Kuskov, 1987; Tectonosphere…, 1992; Yanovskaya, 2006; and others) makes it
possible to opt for a scenario that this specific group of seismic events might be due to relatively long-
term polymorphic transformations. Yet, uncertainty about the speed of such processes or displacement
of rock mass volumes precludes any more or less accurate prediction of this  type of seismicity in
specific regions. If we try to use in the analysis all the available data, there is hope that typical features
of the phenomenon might show up there.

Variously aged geosynclines and fragments of Precambrian platforms are widespread in transition
zones of the Pacific Ocean. Areas of recent activation and oceanization are overlain by both types of
aforementioned features. An analysis of contemporary thermal models for endogenic conditions listed
above shows that recent significant changes in temperature at respective depths could only occur within
youngest Alpides, as well as in zones of RA and oceanization. Recently formed Alpides near the shores
of  the  Pacific  Ocean  are  not  common  at  all  (Sakhalin,  part  of  Japan,  and  so  on).  The  latest
displacements  of  the  tectonospheric  material  that  are  associated  specifically  with  geosynclinal
conditions  occurred  in  those  areas  about  20-30 million  years  ago.  This  stretch  of  time  somewhat
exceeds the period which is optimal for generating stresses. In this sense, no deep-focus earthquakes
can  be  encountered  along the  entire  eastern  periphery  of  the  Pacific  Ocean (for  an  exception  see
Gordienko et al., 2008). Recent activation aged a few million years is common on the Ukrainian Shield,
in Donbass, etc. No earthquakes with foci deeper than 300 km have been spotted there. Probably, not
enough time has elapsed since the beginning of the process to enable transformation of rocks at the
bottom of the upper mantle or changes in their density. Activation zones aged about 30 million years
are common on European epi-Hercynian plates. They are mainly products of rifting, but in some cases
(the  Bohemian  Massif,  the  Stavropol  Rise,  etc.),  single-episode  activation  conditions  may  have
prevailed.  There,  too,  deep-focus  earthquakes  have  not  been  recorded.  It  cannot  be  ruled  out  that
relevant transformations there have already been completed.

The age of the latest transportation of the material at relevant depths seems to be about 10 million
years. This age is typical of the final stage of oceanization in peripheral seas in the west of the Pacific
Ocean and of single-episode activation of fragments of the Sino-Korean and South American platforms.
It has to be emphasized that deep-seated seismicity is likely to exist within the regions in question, but
it does not necessarily have to be manifested in each of them today.

Fig. 19. Incidence of deep-
focus  earthquakes  (U.S.
Geological Survey):

1  –  Areas  of  deep-seated
seismicity;  2  –  deep-sea
trenches.

The  majority  of
hypocenters  are  associated
with  tectonic  events  (Fig.
19).  Fragments  of
hypocenter  zones  that  are
partially located in areas of
oceanization  but  also  run
across  island  arcs  can  be
viewed as  exceptions.  This

applies  to  fifty  percent  of  areas  where  deep-focus  earthquakes  are  registered.  In  places,  where
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hypocenter zones run across island arcs (Japan, Philippines, Solomon Islands, and New Zealand), the
character of processes under way there over last 10-20 million years differs from that of the processes
in other parts of the regions. On the Honshu Island, this applies to environs of Fossa Magna (the Great
Rift),  which is  considered to be the site of  a junction taking shape between the Sea of Japan and
Philippine Sea areas of oceanization characterized by a thin Earth’s crust, intensive magmatism, as well
as  subsidence  and  accumulation  of  young  sediments.  The  focal  zone  on  the  Solomon  Island  Arc
partially coincides with a young and deep trough on Island Guadalcanal where up to 4.5 km sediments
and volcanic rocks accumulated during the Post Miocene period. On New Zealand’s North Island, the
focal  zone  coincides  with  the  Taranaki  Trough  (where  thickness  of  the  sedimentary-volcanogenic
strata, aged less than 20 million years, is about 5 km) (World Encyclopedia…, 1980) . Such cases of
surface  subsidence  are  comparable  with  those  that  occurred  syntectonically in  areas  undergoing
oceanization.

If we also classify those areas as undergoing as yet unfinished processes of oceanization, then about
90 percent of the hypocenters fall into just that category of regions. The category of the rest of the areas
is not clear. Perhaps, if we acquire more detailed geological information, the remaining 10 percent will
also  be  classified  as  regions  undergoing  oceanization  in  which  the  deep-seated  process  has  not
manifested itself in full.

It  is suitable to analyze the origin of deep-focus earthquakes on an example of the Kamchatka-
Sakhalin  zone  (Fig.  19),  the  data  on  which  are  particularly  abundant.  The  aforementioned  zone
attracted interest after a powerful earthquake on May 24, 2013. Its magnitude amounted to 8.3, and the
hypocenter was located at a depth of about 640 km. The tremors were registered at unusually large
distances. Presumably, the distribution of aftershocks (which are not typical of earthquakes with such
focal depths) to some extent delineates the spatial volume within which stresses were released through
the earthquake. In resorting to such an approach, it is essential to exclude the effect of foci located at
the  periphery and,  all  the  more so,  the  rather  strong earthquake that  occurred farther  south,  some
distance away from the one in question (Chebrov et al., 2013). The resulting pattern is shaped like a
parallelepiped with the vertical right-angled side approximately 150-200 km in length and a thickness
of about 100-150 km, a pattern that almost exactly fits the Lebed trough, west of Kamchatka. It is
significant that the event occurred at the edge of the zone of deep-focus hypocenters. No maximum-
depth hypocenters have been spotted northeast  of the area,  despite the fact  that  the trench and the
Northwestern Pacific Ocean plate stretch further (Fig. 19) . The parameter w is estimated at 6.105J/m3.
The entire volume of the body may store energy of about 2.3.1021J (in the absence of relaxation). The
seismic moment amounting to  3.1021J is quite close to that value. The released stress turns out to be
minimal in the case of major earthquakes. Large amounts of released energy are associated with a large
volume of  the  focus.  The  displacement  D=Mo/G.S (Yanovskaya,  2006)  is  about  5-6  meters.  This
distance, naturally, presupposes the mechanism of the focus used in the calculation – a displacement
along the plane of the fault line. The result is close to that obtained by Prytkov et al. (2015), which does
not by any means imply that the geodynamic mechanisms responsible for the accumulation of stresses
and for the displacement are the same.

Using an essentially different computation technique, Ye, I. et al. (2013) obtained the length of the
rupture larger than 180 km; the released seismic energy is surprisingly small – 1.5.1017J (two orders of
magnitude smaller than the estimate in terms of magnitude); the displacement equaling 2-: -10 meters;
and the stress being released amounting to 12-15 MPa, which is about an order of magnitude smaller
than that quoted above.

If the seismic moment coincides with maximum possible energy stored in the volume of the source,
this  testifies  to  a  very  fast  accumulation  of  stresses  over  a  period  much shorter  than  the  time  of
relaxation.  In all  likelihood,  we are  talking about  less  than one million years.  In other words,  the
stresses there built up geologically recently, but their emergence in that particular location could be due
to special conditions that had taken shape prior to the activation.

Oceanization of an epi-Hercynian plate, within which the latest geosynclinal process was preceded
by the Hercynian one, was discussed by Gordienko (2016b) on an example of the Southern Okhotsk
Basin.  The thermal model  that  was constructed made it  possible  to account for  all  geological  and
geophysical  characteristics  of  the  region  without  resorting  to  parameter  tailoring.  The  said
characteristics  include  sedimentary  thickness  and  its  variations  with  time,  the  depths  of  magma
chambers,  the heat  flow,  the  mantle’s velocity  profile,  the gravity anomaly in  the  mantle,  and the
electrical  conductivity  anomaly  (Gordienko,  2016b).  It  was  shown,  in  particular,  that  temperature
changes in  the  zone of  polymorphic  transformations at  the  interface between the upper  and lower
mantle caused a very rapid uncompensated subsidence of the basin floor. The thickness of the upper
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layer (including water) reached 6 km. In the sea area northwest of the basin, this stage has just started
(the upper  layer  thickness  ranges  between 3  and 4  km).  In  the  northeast  of  the  sea,  it  is  already
complete (the upper layer thickness there is 6 km): The subsidence there occurred not just rapidly, but
the resulting depression had enough time to be filled with sediments.

The above data enable us to conclude that the source of deep-focus earthquakes within the Southern
Okhotsk  Basin  and the  northeastern  part  of  the  sea  has  already exhausted  its  power.  In  the  zone
northwest of the Southern Okhotsk Basin, it is still at work. It is precisely there that we observe a
cluster of deep-focus earthquakes (Fig. 20).

Fig.  20  .  Subsidence  of  the  pre-Cenozoic  basement  in  the  Southern  Okhotsk  Basin (A)  and  deep-seated
seismicity in the Sea of Okhotsk (B)

5. 1-- of sedimentary thickness variations according to geological evidence, 2 – uncompensated subsidence 
of the basin floor during the Pliocene-Quaternary period, 3 – estimated subsidence of the basin floor. B: 1 – 
earthquake epicenters at depths ranging from 400 to 700 km, 2 – areas with 3±1 km thick young sediments and 
with the bottom lying at the depth of 1±0.3 km (Tectonic…, 2006).

According to APH concepts,  the zone of deep-focus earthquakes must be overlain by a zone of
shallow-focus tremors (possibly, small numbers of them). This assumption proved to be true (Fig. 15).

ZONES OF ENHANCED ABSORPTION OF SEISMIC WAVE ENERGY IN THE CRUST
AND UPPER MANTLE

Seismic energy absorption may be viewed as an additional characteristic of the asthenosphere. There
are two approaches to exploring the phenomenon.

The first  of  them was applied,  in particular,  at  the seismic recording system to study direction
sectors of seismic wave propagation from near earthquakes in the Carpathian-Balkanian Region where
significant deviations of the actual arrival azimuth from the theoretical one (azimuthal anomalies) were
observed (Nesterov et  al.,  1987).  A territory occupying a  large part  of  the  Pannonian Massif  was
identified according to the intersection of direction sectors recorded at nine stations. A body causing the
anomalies  must  be  located  within  that  territory.  Judging  by  the  periods  at  which  the  ray  path
disturbances are recorded, it may be assumed that the anomaly-causing body lies within a depth range
of  about  20-60 km.  The Transcarpathian Trough happens to  be located outside that  territory.  Yet,
Nesterov et al. (1987) suggest that the northern boundary of the anomalous body could be displaced
further northwards.

Seismic recording systems in Lvov, Uzhgorod, and Kosov indicate that the Transcarpathian Trough
is part of the territory comprising the anomalous body. The limited number of earthquakes used in the
study  (Nesterov  et  al.,  1987)  resulted  in  drawing  sectors  where  there  is  no  information  on  the
anomalous  character  of  the  wave arrival  azimuths.  This  is  irrelevant  in  the  case  of  the  Lvov and
Uzhgorod seismic recording systems:  “Anomalous sectors” encompass the  trough or  its  parts.  The
“anomalous sector” recorded at the Kosov station intersects the Uzhgorod and Lvov sectors south of the
Transcarpathian  Trough,  but  its  northern  boundary  is  not  known,  and it  may be assumed that  the
available data are not at variance with the decision to consider the trough as part of the area distorting
the ray paths. However, if we assume that the lower crust and the top portion of the upper mantle
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constitute  a  body with  anomalous absorption,  this  alone will  not  make it  possible  to  estimate  the
difference of absorption within it from that in a less heated medium within the same depth range.

The second approach is based on studies of shakeability (the shape of isoseisms from deep-focus
earthquakes) and its correlation with thermal models of the tectonosphere in the region. The thermal
models shown above make it possible to figure out that areas, in which the upper mantle asthenosphere
is supplemented with a crustal partial-melting layer, are common in the internal zone of the Alpine
Carpathian geosyncline. Moreover, that layer in the median portion of the crust is often accompanied
by individual young intrusions into the upper crust. It would be logical to assume that its weakening
effect on the surface shakeability during earthquakes should be more significant than that of the mantle.
On  the  other  hand,  such  areas  must  exhibit  the  highest  heat  flow.  The  difference  between  the
Transcarpathian Trough (and the Pannonian Depression), on the one hand, and the Folded Carpathians,
on the other, appears to be illustrative. It can be seen not just in the Ukrainian Carpathians, but also
beyond them and is controlled by young magmatism as well as by heat flow anomalies. Volcanic rocks
comprise an upper crust component.  Earthquake foci there are clearly closer to the surface than in
Folded  Carpathians.  This  is  typical  of  some  Pannonian  and  Transcarpathian  troughs  in  Slovakia,
Ukraine,  and  Romania.  The  volcanic  rocks  are  represented  by  the  Vygorlat-Gutin  and  Căliman  -
Harghita Ranges. The zone (occupying a considerable part of the Transcarpathian Trough) is identified
by a relatively narrow deep-seated heat flow anomaly (Gordienko et al., 2011). Its weakening effect on
the surface shakeability effected by waves from deep-focus earthquakes in the Vrancea zone must be
the largest. This is because a larger degree of melting is likely there, as well as saturation with fluids
isolated during thermal dehydration of large masses of crustal rocks.

The mutual alignment of the vast asthenospheric region, the aforementioned zone, and the earthquake
foci in the Vrancea zone may vary at different points on the time scale. It  cannot be ruled out that the
behavior  of  isoseists  during  certain  events  could  be  instrumental  in  detecting  attenuation  essentially
associated with the magmatic band. The earthquake that occurred in 1940 is suitable for this purpose – the
depth of its focus was 150 km ( Fig. 21A). In the case of other earthquakes (such as the one in 1977 – the
focus was located at the depth of 90 km), we can largely observe isoseist deformation caused by energy
absorption in the area of the asthenosphere in the internal zone of the Carpathians-Dinarides region as a
whole.  In  1940, the location of the focus at the southern margin of  the magmatic  band caused a vivid
manifestation of its influence on the isoseist pattern.  Fig. 21A shows that the reduction in the intensity of
surface tremors due to the energy absorption in that body (northwest of the focus) proceeds several times
faster than in the case .

Fig. 21. A – Pattern
of  isoseists  from  the
1940  earthquake  in  the
Vrancea zone. The gray
color  marks the pattern
of  the  highest  heat
flows in the region. B –
Changes of I (intensity)
at  growing  distances
from  the  epicenter  in
various  directions  (see
the  text).  The  numbers
on  the  graphs  mark
deviations  of  the
direction  from  the
northward  one
calculated clockwise (in
degrees).

Let us try to numerically characterize the attenuation prompted by the shape of the isoseists.  A
normal reduction in shakeability with distance is described by a known empirical expression: I =1.5M –
3.5lg (x2+h2)0.5+3, where I is intensity, M is magnitude, x is the distance from the epicenter, h is the
depth of the focus (x and h are measured in kilometers). Assuming that the maximum magnitude above
the focus (x=0) equals 9, we determine M as 9 (which is close to the result obtained with the help of
another approach; Seismicity…, 1969).
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Let us determine intensity (I) variation with distance. We assess actual variations of I for different
directions from the epicenter (Fig. 21B) . It is obvious that in the southwestern direction (240o) the
shakeability varies virtually in harmony with the estimated data. At distances in question, no areas with
shallow asthenosphere are encountered on the paths of wave propagation. Therefore the aforementioned
formula is suitable for the region under study and for the earthquake focus. of its absence (northeast and
southwest of the focus).

In the northeastern direction (30o), the drop in shakeability conforms to the estimated data until the
profile starts running across the Beltsy RA zone within which a combination of geophysical techniques
has  revealed  an  asthenospheric  lense.  That  body  significantly  increases  energy  absorption  (the
shakeability diminishes with distance) . The Reni zone of recent activation, which is located precisely
east of the epicenter (90o), produces a similar effect. A similar situation can be seen in the southern

(about 180o) and southeastern (120-150o) directions, where the drop in  I is due to the effect of the
asthenosphere within zones of recent activation in the southern part of the Mesian plate, the Balkans,
and  the  Black  Sea.  Even  greater  variation  in  shakeability  (Fig.  19B)  occurs  in  the  northwestern
direction (approximately 270-290o) from the epicenter, in the direction of the asthenospheric area of the
Pannonian Massif, and within the magmatic band extending into the Transcarpathian Trough (in the
direction of 300-315o). On the whole, the latter two bodies cause a very significant attenuation in the

wave propagation.  The parameter  Z characterizing it  [Z = (xi=1-xi)/lg(xi=1+h)(xi+h)0.5] exceeds  that
estimated for normal conditions by a factor of 2 to 10 (Seismicity…, 1969).

It also makes sense to analyze the data on Carpathian and cis -Carpathian earthquakes with smaller
depths of the foci and smaller magnitudes just to check out whether or not they can be used for such
evaluations. 

For  the  1875 earthquake in  Velikiye Mosty (cis-Carpathia)  (Seismicity…, 1969)  with the  focal
depth of about 20 km and magnitude of 5.2, the isoseists show attenuation in the southeastern direction
exactly matching the estimated data. It is this specific direction that is free of the effect of asthenolenses
over a considerable distance. Therefore, concepts on normal attenuation of seismic wave energy are
also suitable for such shallow-depth events.

Fig.  22. A  –  Manifestations  of  shakeability  (earthquake  intensity)  during  the  1965  Beregovo
earthquake. B – Intensity (I) variations at growing distances from the epicenter.

Manifestations  of  shakeability  (intensity)  in  sites  around  the  1965  Beregovo  earthquake
(Seismicity…, 1969) with the focal depth of 5 km and magnitude of 3.7, are shown in  Fig. 22A. A
comparison with a normal decrease of intensity with growing distances (22B) indicated that, without
anomalous absorption of energy, seismic vibrations only travel for several kilometers. Then, 12-15 km
further, the intensity decreases by 50 percent compared to estimated intensity. It is obvious that energy
absorption takes place within a shallow crustal body. Most likely, the vibration energy in such places
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transforms into thermal energy. Evaluations show that the capacity of such energy sources is negligibly
small  by  comparison  with  those  feeding  the  actual  heat  flow even in  highly  seismic  areas  of  the
Carpathians.

CONCLUSIONS

An analysis  of  the  conditions  prevailing  in  the  medium,  factors  responsible  for  the  buildup of
stresses, and earthquake parameters has made it possible:

1. To assess the values of strength, elastic energy capacity, viscosity, and stress relaxation times of
crustal and upper mantle rocks taking into account their composition, temperature, and pressure (depth)
for the territory of Ukraine and zones with dissimilar endogenic conditions on continents and in oceans.

2 – To illustrate the relationship between properties of the medium, on the one hand, and the energy
class, seismic moment, dimensions of the focus, and stress relaxation of earthquakes, on the other. As a
result, the assumption regarding a very rapid buildup of stresses causing faulting in rock masses and
displacement of blocks has been substantiated.

3 – To analyze the nature of earthquakes at various depths in terms of APH concepts and outline the
maximum  depth  and  types  of  endogenic  conditions  at  which  such  events  become  possible.  An
explanation has been offered regarding the absence of earthquakes in the Earth’s lower mantle.

4 – To make an assessment of seismic wave energy absorption in partial-melting layers of crustal
and upper mantle rocks in zones of recent activation.
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11. RESENT SINGLE-EPISODE ACTIVATION AND OIL
AND GAS DEPOSITS

This author views association between oil-and-gas presence (hydrocarbon – HC – deposits) with
recent activation (RA) as sufficiently well substantiated in terms of various geological and geophysical
evidence (Gordienko et al., 2006, 2008; and others). The idea of such association is actually not new. It
has long been a matter of discussion in geological literature (Fault tectonics…, 1989; Lukin, 1997,
2004; Prospecting for hydrocarbons …, 1989; and others). Yet, nobody went beyond the statement as
such. It is pointed out in “Prospecting for hydrocarbons….” (1989, p. 48), for example, that “….recent
enhanced tectonic activity in the region is an important criterion to the effect that it may be associated
with highly productive hydrocarbon generation zones. The role of recent activation (RA) boils down to
the proof that it produces fracture zones in rocks of the sedimentary veneer and basement, reactivates
ancient faults, something that “is particularly vivid in the crystalline basement and lower levels of the
sedimentary veneer, …. and creates tectonic displacement systems with directions close to parallel.
Their width reaches at least 10 km” (Fault tectonics…, 1989, p. 101). It appears about time to proceed
from the acknowledgment that the association exists to an analysis of the mechanism, which is crucial
in the formation of hydrocarbon deposits through the process of tectonospheric activation and recent
activation manifestations in physical fields and geological phenomena that can be used as prospecting
criteria. The said geological phenomena were studied largely proceeding from the data for Ukraine’s
deposits, mainly in the Dnieper-Donets Basin (DDB). We are talking specifically about hydrocarbon
deposits since the available evidence on the wide occurrence of hydrocarbon traces in crustal and upper
mantle rocks is sufficient for ascertaining their existence.

It  appears that recent discussions on the origin of hydrocarbons focusing on the choice between
organic  and inorganic  alternatives  are  largely  artificial.  Provided below are  arguments  in  favor  of
crustal nature of hydrocarbons with carbons originating in rocks of the crystalline crust. It is true that,
in accordance with available data, metapelites, even in the granulite facies of metamorphism, comprise
graphite with an “organic label” of carbon (Petersilier et al., 1979a, b). That is to say, what is presently
viewed as “inorganic” substancel, could have been “organic” in the past. Yet, can we consider available
diagnostic techniques (primarily those based on carbon isotopy) for ascertaining the organic origin of
hydrocarbons as reliable (see below)? Most probably not (Galimov, 1973). It would therefore be a good
idea, for the time being, to refrain from a final judgement. In particular, since the existence of “coal
methane” associated with organics is  but  obvious (Azarov et  al.,  2009).  Gas reserves in Ukraine’s
“ordinary” deposits come up to 1.3.1012 m3 and in coalmines of Donbass -- to up to 0.8.1012 m3 (Azarov
et al., 2009). It is beyond doubt that “coal methane” reserves outside mining field boundaries are even
more abundant and (like also in other countries of the world) they exceed gas reserves in traditional
deposits  and constitute 260 trillion cubic meters.  Quite likely (although not  yet  proven) is  organic
origin of “shale” gas and the accompanying oil (Lukin, 2011; and others). 

Formation of large masses of hydrocarbons -- methane and its homologs, as well as petroleum n-
alkanes -- within hydrothermal rift systems, overlain by unconsolidated sediments (the Guaymas Basin,
the Middle Valley of the Juan de Fuca Ridge northern portion, and the Escanaba Trough of the Gorda
Ridge),  is  associated  with  thermolytic  processes  involving  organic  matter  of marine  sediments
(Belyayeva et al., 1992; Bogdanov, 2000; Simoneit et al., 1988; and Welhan et al., 1987).

The present study analyzes one of the aspects of the problem of hydrocarbon deposits’ origin – a
concept of their abiotic nature. Concepts of the advection-polymorphism hypothesis regarding a recent
single-episode activation were used to that end.

THE DEEP-SEATED PROCESSES OF RECENT ACTIVATION
This author (Gordienko, 2016) discussed the process in question in sufficient detail. Let us point out

its main characteristics essential for tackling the task. The scenario of heat transfer in the tectonosphere
of the recent activation zone involves uncertainties due to the incompleteness of the process and its
manifestations in regions with quite dissimilar ages of previous geosynclines or rifts.

During recent activation, the molten material travels into the crust from the overheated subcrustal
area  (that  took  shape  about  five  million  years  ago  during  the  ascent  of  the  substance  from  an
intermediary focus beneath the platform or that had been there prior to the onset of activation in the
Alpides). The melt travels into the depth range of 30 to 40 km (0.5 million years ago and occupies
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about half of the volume) and into the depth range of 20-30 km (0.2 million years ago, occupying one-
fourth of the volume). The average temperature (T) there increases by 300±50 oC. Eclogitized blocks of
basic  crustal  rocks  plunge  beneath  the  crust  and  reduce  the  temperature  by  approximately  120oC.
Crustal heating “triggers” the eclogitization reaction, which is further accelerated by fluids, transported
by molten mantle material. The fluids, for their part, formed in the process of partial melting of rocks in
the amphibolite  facies  of  metamorphism.  The rate  of  transformations may well  reach the required
extent (Korolyuk et al., 2004) – the change in the mineralogical composition over 105 years, with grain
size of 0.05 mm.

Crustal thinning in the recent activation (RA) zone cannot be viewed as a mandatory element of the
process, although it cannot be ruled out either. The available experimental data (not numerous, so far)
testify in favor of such an eventuality. The magnitude of the M. discontinuity displacement beneath the
zone (and crustal swelling at the periphery) is likely to be limited to about five kilometers.

Fig. 1. Estimated thermal models and
geothermometry  data  for  RA  zones  (60
km in width) on the Precambrian platform
(A) and in the Alpine geosyncline (B)

1 – The area of estimated temperatures
(T) in the RA zone of the platform (at the
center  and  at  the  periphery);  2  –
geothermometry  data  for  RA  platform
zones  (Aldan,  Vitim,  and  the  Bohemian

Massif); 3 -- estimated temperatures (T) in the RA zone within the central part of the Alpine geosyncline; 4 –
geothermometry data for Alpine RA zones (Kamchatka, Kuriles, and Apennines); 5 – solidus temperatures of
mantle rocks and structures in the amphibolite facies of metamorphism within the crust (in the depth range of 10-
30 km)

The heat and mass transfer model, in both versions, does not presume a temperature decrease in the
area of polymorphic transformations at the bottom of the upper mantle that would be sufficient for
transition to a denser phase of olivine. Crustal thinning may result in downwarping of the surface by
0.6-0.7 km. An estimated upheaval of the surface due to temperature variations of both signs at various
depths  (with  dissimilar  thermal  expansion  ratios)  amounts  to  about  0.8-0.9  km.  The  difference  is
insignificant,  and  yet,  it  could be that  the  surface may have risen by 100-200 meters.  The  above
assessments apply to RA on a Precambrian platform; the situation is  even more uncertain when it
comes to recent areal activation in Alpine geosynclines.

The results of temperature calculations were compared with the data of geothermometry studies for
both types of regions (Fig. 1). The relevant bibliography is provided in (Gordienko, 2010). In the case
of  recent  activation on a  Precambrian platform,  the  comparison is  not  quite  valid:  Xenoliths  were
transported by young alkaline basalts,  i.e.,  the  activation process  involved a  magmatic  component,
which is absent from many RA zones. Thermal models for the depth ranges with maximum heating are
largely similar and are not at variance with the data of geothermometry (Fig. 1). They must clearly
reflect two zones of partial melting. A rather thick zone – in the mantle’s subcrustal portion within the
depth range from 50-60 km to 90-100 km), and a thin zone in the lower crust at depths slightly larger
than 20 km. The latter zone may even be missing if the magma intrusion into the crust appreciably
preceded the ages of the process assumed in the calculations. That zone itself could be a source of
material  for  intracrustal  advection  leading  to  the  formation  of  separate  intrusions  of  acid  and
intermediate magma into the depths of 5 to 10 km (Gordienko, 2007).

During the period when the partial-melting layer existed, it was overlain by an area of fluidization –
where the medium was impregnated with fluids, supplied from deep levels and accounting for several
percent  of  the  volume.  It  seems  likely  that  it  is  precisely  there  that  (in  the  presence  of  required
quantities  of  source  substances)  hydrocarbons  could  form  and  make  their  way  upwards  through
permeable zones into the sedimentary layer or into the upper portion of the crystalline basement and,
under favorable conditions, accumulate into deposits.

THE ORIGIN OF HYDROCARBON DEPOSITS (HC)
The pattern of the deep-seated process described above does not rule out hydrocarbon formation in

the  mantle  (probably  within  its  overheated  subcrustal  portion),  in  the  crystalline  crust,  and  in  the
sedimentary layer (from the organic material present in its constituent rocks).
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The available data on biomarkers and other indications in favor of organic matter involvement in the
formation of some hydrocarbons enable us to view this source as real (Lukin et al., 2004) without,
however,  considering  it  as  major  or  the  only  one.  Even  though  the  amount  of  organic  carbon  in
groundwater is 12 times larger than the amount of carbon in world oil reserves and its total quantity in
the sedimentary veneer is larger by four orders of magnitude (Shvets, 1971). In virtually any region
with  a  thick  sedimentary  layer  (providing  PT  conditions  for  organic  carbon  transformation  into
hydrocarbon), carbon is available in sufficient  supply for the creation of HC deposits.  There exist,
however, oil and gas fields that cannot be associated with primary organic carbon (i.e., carbon from the
material of organic origin that had not been metamorphically reworked).

The possibility of hydrocarbons’ steady-state existence at large depths in the crust and upper mantle
may be considered proven.  “E.B. Chekalyuk (Chekalyuk,  1986;  and others)  has carried out  a  vast
program  of  research  aimed  at  determining  equilibrium  component  and  aggregate  composition  of
hydrocarbon systems in the  conditions  of  the  Earth’s  crust  and upper  mantle.  He answered in  the
affirmative the fundamental question regarding the possibility of heavy hydrocarbons’ equilibrium-state
existence outside the area of their metastable location.” (Bychinsky, 2004, p. 8). Relevant evidence is
shown in Fig. 2 for the slightly heated crust and upper mantle. A remake of E.B. Chekalyuk’s model
based on results of a different calculation technique (Karpov et al., 1998) leads to a proof that other
heavy hydrocarbons can also exist in equilibrium in conditions prevailing in the upper mantle. The
temperatures  used  in  both  cases  for  upper  mantle  depths  are  substantially  lower  than  real  ones.
Notwithstanding that,  the pattern is essentially the same, namely, heavy hydrocarbons can probably
exist in stable condition, even though their component or aggregate composition may differ from those
shown in Fig. 2.

Fig. 2. Composition of the gaseous phase of
the C-H system in equilibrium with graphite (at
large depths – with diamonds) in the earth’s crust
and upper mantle (Bychinsky et al., 2004). 

Tplatform stands  for  normal  temperature
distribution  typical  of  platform.  Tmodel

denotes  the  temperature  distribution  for
which  the  model  was  constructed.  The
possibility  in  principle  of  hydrocarbon
formation within the mantle or evidence to
the effect that some of them are present at
corresponding depths  do not  provide proof

that all or considerable quantities of hydrocarbon deposits are of mantle origin. Various views have
been discussed in the literature (Dmitriyevsky et al., 1997, 2002; Dmitriyev et al., 1994; Krayushkin,
2000,  2007;  Lukin,  1997,  2009;  Sugisaki  et  al.,  1994;  and  others).  Sometimes,  authors  resort  to
information on carbon isotopy for diagnostics of hydrocarbons’ origin (Kamensky et al., 1976; Lukin et
al., 2004; and others). This author does not consider such reasoning convincing at all. According to
E.M. Galimov (Galimov, 1973), there exist two carbon varieties in the mantle: Concentrated mobile
carbon (gases, graphite, and diamonds) with δ13C equaling -0.7 and -1.8 percent, i.e. with the isotopy of
carbonaceous chondrites (Fig. 3) and dispersed carbon which is not involved in the formation of gases
and which is transported into the Earth’s crust exclusively with intrusions. Its δ13C equals -2.2.,. i.e., its
isotopy is chondritic. 

Fig.  3.  Carbon  isotopy  in  various
formations (Galimov, 1973)

1  --  Carbonaceous  chondrites;  2  –
diamonds; 3 – carbon dioxide of different
origins; 4 – crustal graphite and dispersed
carbon present in intrusive rocks; 5 – oil;
6 – hydrocarbon gases; 7 – the value of
δ13C as function of the depth of  the gas
deposit

If  we  assume  that  δ13C  remains
invariable in the process of formation
of  crustal  bodies  from  mantle
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material, it will transpire that crustal graphite isotopy matches that of mantle carbon, provided that it
was involved in the formation of all carbon varieties. Oil may well be associated with crustal graphite
or with dispersed carbon of the mantle. However, the isotopy of gas (including associated natural gas
from oil deposits) suggests the possibility of sharp changes in δ13C values. This parameter also varies
significantly with the deposit’s depth (Fig. 3). The gas occluded in hard coal has δ13C varying from -1.5
to -7% (Galimov, 1973). Methane whose origin is indisputably abiotic -- it forms in crystalline rocks of
mid-ocean ridges (MOR) -- has δ13C amounting to -1.4 % (Bogdanov et al., 2000). According to E. M.
Galimov, “… the heterogenous fractionation of carbon isotopes could be used for studying a vast range
of geological processes. At the same time, however, it is precisely the presence of subtle and multiform
isotopic  effects  in  the  process  of  graphite  formation  that  must  caution  us  against  resorting  to
excessively straightforward conclusions regarding graphite genesis on the basis of measurements of its
isotropic  composition.”  (Galimov,  1973,  p.  352-353).  This  also  applies  fully  to  hydrocarbons.
Assuming that the procedure and conditions of their formation are known (including the presence and
relative concentration of associated natural gases with known carbon isotopy), as well as the mother
substance, one may try to predict the result of fractionation. Any solution to the inverse problem is
clearly problematic.

It  would  therefore  be  more  advantageous  to  use  other  parameters  for  selecting  between  the
crystalline crust and the mantle as the source of formation of significant hydrocarbon accumulations.
Traces of hydrocarbons are extensively present in rocks within both depth ranges, but we will use the
description “significant” solely with regard to accumulations with minable reserves (30-40 percent of
total reserves) of about 5-10 tons of standard fuel per square meter. They alone are suitable for building
up real deposits of oil and gas.

From this perspective, the frequently reported methane accumulations within alkaline basic rocks
and syenites of mantle origin present no interest. Especially considering that a detailed analysis places
them into the category of rocks that underwent secondary alterations near the surface (Ikorsky, 1977).

In the opinion of M.V. Borisov (2000), high partial pressures of hydrogen in deep-seated fluids
build  up  in  the  process  of  interaction  between  rocks  with  basic  composition  and  water  at  high-
temperature, so that another endogenic source is not required. Interaction between the resulting fluids
and graphite- and pyrite-containing rocks leads to the formation of flows of ore-free reductive fluids
with hydrogen sulfide and methane. A special experimental study was also performed with a view to
analyzing interaction between hydrothermal  fluids  and various bituminous and carbonaceous rocks
within a broad range of temperatures (320-550oC) and pressures (30-150 MPa). The results show that
the said interactions produce oil, asphalt, asphaltene, and methane (Balitsky et al., 2008). The question
regarding the amount of hydrocarbons generated by such processes within the crust remains open.

That  hydrocarbon  sources  do  exist  at  various  depths  follows  from  results  of  a  study  of
microelements (ME) in them and in crustal rocks: “… It has been shown that ME composition in coals
and oil shales is much more closely associated with microelement composition of the upper crust than
with  the  lower  crust,  whereas  ME content  in  oils  correlates  better  with  the  composition  of  lower
continental crust. Correlation between ME concentrations in oils and in biological matter is usually
noticeably weaker than in the case of ME composition in the lower continental crust” (Rodkin et al.,
2015).

The content of hydrocarbons in crystalline rocks of the Ukrainian Shield (USh) is insignificant. If
we extrapolate the data obtained for the near-surface area (Krayushkin, 2007) to the entire crust, the
resulting values of the resources’ density will be two to three times smaller than required for deposits to
build up. Yet, the amount of carbon in the crust may turn out to be quite appreciable. To assess the
parameter, it would be logical to use the data of geoelectrical studies. Quite vast territories were found
in the west of the crystalline shield and beneath the sedimentary layer in the Volyno-Podolsk Plate
(VPP) with integral values of total longitudinal conductivity (S) in the “granitic” (deeper than 4 km)
and transitional crustal layers of up to 100-150 Sm (occasionally, up to 200-300 Sm) (Logvinov et al.,
2009). In the western part of the Ukrainian Shield, they are seen to be confined to graphite-bearing
areas (Gordienko et al., 2005; and others).

Alternatively, the electrical  conductivity anomalies detected in the crust may be associated with
fluids that formed during recent activation and not with graphite. In that case, such insignificant S
values may point to a later stage of the process, when partial-melting layers in the crust have already
undergone  crystallization.  However,  the  disposition  of  the  conductive  bodies  in  question  does  not
match recent activation zones identified in terms of geological and geophysical characteristics.

The  depth  at  which  graphite  lies  beneath  the  surface  in  graphite-bearing  areas  and  in  what
concentrations cannot be determined precisely proceeding from geological evidence (Yatsenko, 1998).
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Knowing the value of  S,  we can derive an integral  characteristic  in the  form of  graphite  resource
density  within the  crust:  Fсesses and seismicity =  H·C·σ,  where Н stands  for  thickness  of  the  graphitization  layer  (in
meters), С denotes the concentration of graphite (about 0.01), σ is the graphite density (about 2.1-2.3
tons per cubic meter). At S = 50-150 Sm, Fсesses and seismicity= 110-330 tons per square meter. These are very large
numbers. Coal reserves in Donbass, for example, can be evaluated as Fc=3-4 tons/m2. The carbon that
has been detected would suffice for the creation of dozens of “generations” of deposits, provided that it
combines  with  hydrogen  (plus  25  percent  of  bulk  material)  transported  from large  depths  during
activation  (Lukin,  1997;  and  others),.  They  can  consecutively  emerge  and  disappear  (losing  light
components  and  retaining  restite  bitumens  (Lukin,  1997)  without  involvement  of  the  sedimentary
veneer. 

According to available evidence, despite the recent rather broad popularity of the opinion that upper
mantle rocks are predominantly prospective as hydrocarbon generators is questionable.

1. It is impossible to corroborate by petrological evidence the assumption that material is supplied
from the lower mantle and/or from the interface between the lower mantle and the core It is a purely
theoretical  speculation.  “…petrological  studies  of  the  substance  that  rose  to  the  surface  from  the
deepest levels have shown that the relevant depth is limited to upper levels of the lower mantle (~ 650-
700  km),  i.e.,  to  the  depth  of  the  deepest  earthquakes.  Ferropericlase  inclusions  found  in  some
diamonds do not rule out the involvement of deeper mantle levels, yet they do not provide explicit
validation of such a theory either. Nor do geochemical data explicitly confirm the involvement of the
lower mantle substance in the processes of magma generation beneath volcanically active areas. At the
same time, they testify to a complete material isolation of the core from processes in the upper mantle”
(Ivanov, 2010, p. 87).

2. Geoelectrical data do not detect graphite concentrations in the mantle that would be even close to
those assumed in the consolidated crust. On the territory of the Eastern European Platform, outside
recent activation zones, the values of ρ in upper mantle rocks down to 100 km depth amount to n.100 --
n.1,000  Ohm.m (Semenov  et  al.,  2008).  Clearly,  conductive  bodies  with  parameters  pertaining  to
graphitized  crustal  zones  may  remain  undetected  during  deep  geoelectrical  studies.  As  of  now,
however, there is no better information.

3. The contents of hydrogen and hydrocarbons in ultrabasic rocks are negligibly small (Petersilier et
al., 1979a; and others). Information on the composition of mantle rock xenoliths makes it possible to
assess  concentrations  of  graphite  and  diamonds  at  maximum  values  lower  than  those  in  crustal
formations by orders of magnitude – 10-6-10-7 (Altukhova,  2012; Frolov et al.,  2005; Shkodzinsky,
2014; and others). Even assuming full mobilization of carbon from a layer about 50 km in thickness (a
normal  thickness  of the asthenosphere  in  an active region),  we will  obtain a negligible  amount of
material  which  is  not  good  enough  for  building  up  a  deposit.  An  assumption  to  the  effect  that
carbonatites are involved in the formation of hydrocarbons does not change the situation in any radical
manner.  Moreover,  special  arguments  are  needed to substantiate  their  emergence within a  specific
depth range, within a specific period of time (Gordienko et al., 2005; and others), and in a specific
concentration. Carbon in carbonatites is isotopically heavy – δ13C=-0.7% (Galimov, 1973).

Information on meteorites that could be primary substance for the formation of the Earth’s mantle
(Sobotovich et al., 1982) makes it possible to assess the content of C in carbonaceous chondrites (about
5% of the total amount of meteorites) at 2%. Taking into account the content of carbon in the rest of
chondrites, we obtain an average concentration of C in the initial substance at 0.15%, but the transfer
into the crust (where virtually all the water from carbonaceous chondrites traveled) reduces this value
by several times.

4. The amount of hydrocarbons in gases of mid-ocean ridges (if those gases are presumed to be of
mantle origin, which is not true in many cases – Bogdanov et al., 2000) is much smaller than required
for  the  formation of  hydrocarbon deposits  over  several  hundreds of  thousands of  years.  Hydrogen
recovered in  mid-ocean ridges  is  in  better  conformity with that  required for  the  formation of  real
hydrocarbon deposits on the condition that crustal carbon complements it to a state of methane.

The amount of hydrogen that the Earth is losing (the loss is replenished by the planet’s degassing)
comes up to 2.5.105 tons per year (Belov, 2003). If a comparable mass of H2 goes for the formation of
hydrocarbons, then over 100-200 thousand years, hydrocarbon deposits may build up with reserves
matching in size those already explored.

Galimov mentions in his publication that “Mantle carbon inherited from carbonaceous chondrites, as
it occurs in concentrated form in a medium rich in hydrogen and also in iron oxides, turns out to be
particularly reactive and is transported into the Earth’s crust in the form of gaseous compounds, such as
CO, CH4,  and CH2” (Galimov, 1973,  p.  337).  The above situation could have occurred during the
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period of accretion, prior to the reworking of the meteoritic substance. It appears most unlikely in the
case of the present mantle in which carbon is present in the form of graphite and diamonds. It is also
worth mentioning yet another potential source of hydrogen in the crust – radiolysis of pore water (Lin
et al., 2005). This assumption has not, so far, been properly analyzed, but available assessments of the
productivity of such a source show that it cannot “compete” with other potential sources.

The capacity of a consolidated Earth’s crust to produce hydrocarbon deposits during the period of
recent  activation may be associated with hydrogen generation in the process of  serpentinization of
ultrabasic and basic rocks. “Olivine rocks are seldom found in an unaltered form. They are usually
more or less  serpentinized and are often totally transformed into ophites/ serpentinites” (Zavaritsky,
1961, p. 223). “…When drilling a deep borehole…, we revealed an unserpentinized dunite body with a
cavity containing a heavily condensed gas – hydrogen” (Zavaritsky, 1961, p. 226).

Also  possible  could  be  reactions  between olivine  and  aqueous  fluid  containing  carbon  dioxide
(Dmitriyev et al., 1999):

6(Mg1.5Fe0.5) SiO4 + 7H2O = 3Mg3Si2O5(OH)4 + Fe3O4 + H2

CO2 + 4H2 = CH4 +2H2O
The role of seawater at the ocean floor was assumed to be of particular significance. It percolates

deep into the overheated rocks around the magma chamber within mid-ocean ridges (Dmitriyev et al.,
1999). Excessive salinity of “smoker” waters (Bogdanov et al., 2000) is in contradiction to this point of
view. Similar chambers in the median and lower portions of the continental crust (at depths of 20-40
km), which is largely composed of basic and ultrabasic rocks, form and exist over geologically short
periods of time during the period of recent activation.

According to Dmitriyev et al. (1999), reworking of some minerals in 1 km3 of harzburgite at the
water-to-rock ratio of 2:1 produces 5·105 tons of Н2 and 2.5.105 tons of CH4. Reaction between H2 and
crustal  carbon results (taking in account methane,  which is already there) in about 6,000 m3/m2 of
methane,  i.e.  7.5 tons of standard fuel  per square  meter.  Extractable  reserves  of about  2.8 tons  of
standard fuel per square meter build up above every unit area of a serpentinized massif. More complete
reworking  of  the  rock  or  entrainment  of  a  several  km-thick  layer  into  the  process  and  methane
concentration on part of the territory may ensure the formation of commercial deposits with the density
of extractable reserves of about 5-10 tons of standard fuel per square meter.

It  should be pointed out  that  far  from all  mid-ocean ridge hydrocarbons can be categorized as
abiogenic (see above). Such hydrocarbons are in sufficient supply for the formation of strata containing
gas hydrates in top portions of sedimentary sections on sea floors. Resources of this type tend to be
overestimated.  For  the  Sea  of  Okhotsk,  where  conditions  are  favorable  and  where  fairly  detailed
information is available on the potential thickness of the deposit and on the composition of gas in it, the
density of the reserves amounts to 0.025 tons of standard fuel per square meter (Veselov et al., 2006).
Without  even  proceeding  to  extractable  resources  (this  approach  cannot  presently  be  technically
motivated),  and  assuming  that  gas  hydrates  are  underlain  by  an  equivalent  amount  of  gaseous
hydrocarbons, the resources in question have to be viewed as unsuitable for building up gas deposits.
This conclusion does not necessarily imply that hydrocarbon deposits in the crust cannot be present
beneath gas hydrates or in areas without gas hydrates.

According to the data for the central part of the Ukrainian Shield, the present erosional truncation
largely displays 0.1-3 km thick serpentinized ultrabasic rocks (Ultrabasic…. 1979). Their amounts must
grow with depth. Some of the blocks contain graphite. Consequently, the hypothesis on crustal origin of
hydrocarbons appears to be true. The rates of the processes of hydrogen generation and hydrocarbon
synthesis  in  real  conditions  within  an  activated  crust  remain  a  problem  whose  analysis  requires
additional  research.  The data  published by Welhan et  al.,  (1979)  asserting that  1.3 .109m3 CH2 and
0.16.109m3 CH4 is produced in mid-ocean rift valleys over a single year serve as a certain argument in
favor of the assumption on sufficient rates for hydrogen generation. If we extrapolate these amounts to
relatively small areas of hydrothermal fields that have existed simultaneously at the mid-ocean ridge
axes over 103-6 years (Krayushkin,  2008), then the rates of hydrogen generation can be deemed as
sufficient (at the level of available information).

Experimental  studies  on  hydrogen  derivation  in  the  process  of  basic  and  ultrabasic  rocks’
serpentinization were conducted for pressures corresponding to depths of 5-20 km and temperatures of
25-400oC (Dmitriyev et  al.,  1999).  For  a  natural  process  in  the  crust  of  the  mid-ocean ridge  (the
Rainbow hydrothermal field), a similar minimum depth and temperature range of 350-500oC have been
established (Barriga et al.., 1997). It is likely that methane forms from H2 and CO2 within a limited
range of conditions. The point is that, in some cases, in the absence of another source of carbon, no
hydrocarbons emerge. 
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Fig.  4.  Distribution  of  methane  and  hydrogen in  the  Bobrikovo-1  borehole
(Murich et al., 1975).

This may account, in particular, for differences in gas drive between the
Dnieper-Donets  Basin  (DDB)  and  Donbass.  The  activation  process  is
currently under way within both regions. Therefore, hydrogen must evolve
from the lower portion of the crust. There are no telling signs of activation
in the northwestern part of the Dnieper-Donets Basin and no significant
hydrocarbon deposits to boot. It is impossible to establish the presence of
graphite within the consolidated crust of the DDB in terms of geoelectrical
data  (Gordienko  et  al.,  2006;  and  others).  Yet,  a  rather  thick  Riphean
stratum is present on the territory of the basin, and part of it may happen to
be a source of hydrogen (Lukin,  1997).  There are hydrocarbon deposits
there.  On  the  territory  of  Donbass,  outside  areas  of  commercial  coal-
bearing  strata  (the  Nagolny  Range  and  others),  the  Phanerozoic  and,
probably,  Riphean  protogenic  sedimentary  rocks,  constituting  a  stratum
with  a  total  thickness  of  10-20  km,  do  not,  according  to  geological
evidence,  contain  carbon,  and  there  are  no  hydrocarbon  deposits  there.
Such deposits only emerge at the periphery of the basin and of the Azov
Massif where, apart from activation zones, the presence of graphite can be

assumed.  “In  central  areas  of  Donbass  (the  Nagolny  Range),  carbon oxides  and hydrogen clearly
prevail in the composition of water-dissolved gases, while carbon hydrides are absent” (Lukin, 2004, p.
54).

It  is  likely  that  hydrogen,  “not  used”  for  the  formation  of  hydrocarbons,  is  present  in  large
concentrations. Murich et al. (1975), in their analysis of the data, arrived at a conclusion on the sources
of gases. The most likely source for methane is the stratum of coal-bearing (low-grade carbonaceous in
that Early Carboniferous area) stratum penetrated by a borehole. Hydrogen and carbon dioxide come
from larger depths.

Such anomalous flows of hydrogen from large depths have been spotted in several areas of the
Eastern European Platform (Larin et al., 2008). Apparently, they are not uncommon there.

On  the  other  hand,  in  the  crust  of  the  Kirovograd  activation  zone,  which  runs  in  the  
north-south direction across the Ukrainian Shield, it is solely the presence of graphite that helps explain
the intensively conductive body (Gordienko et al., 2005). Above it, in the upper crust, gas flows have
been detected in which hydrogen accounts for 15 percent and hydrocarbon – for 70 percent (Voytov,
1974). The concentrations are not high, but the background content of dissolved methane in ground
water of the region, at the depth of down to 1 km, is close to zero.

Studies of hydrothermal flows containing hydrogen and methane and confined to mid-ocean ridges
not only indicate that the above mechanism is effective in the formation of hydrocarbon deposits, but
also  that  the  process  is  complicated  and  involves  constraints.  In  particular,  the  process  must  be
preceded (Bazylev, 2000) by metamorphism of rocks containing olivine at temperatures higher than
those of the serpentinization proper -- higher than 600oC. We are talking about conditions promoting
formation of dust-like impregnation of awaruite (a native alloy with composition close to Ni3Fe – an
accessory  mineral  often  found  in  serpentinized  ophiolites).  The  presence  of  such  metamorphic
structures in the basement of mid-ocean ridges appears to be quite realistic (Fig. 5).

Fig.  5.  Conditions  favorable
for  rock  metamorphism  in  the
basement  of  the  Mid-Atlantic
Ridge (Pogrebitsky et al.,  2002)
(A) and the Ukrainian Shield (B)
– based on a compilation of the
data reported by different authors
and put together by Gordienko et
al. (2005).
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The  preliminary  metamorphism  also  affected  rocks  of  the  continental  crust.  The  data  on  the
Ukrainian Shield may serve as an example of PT conditions prevailing in such processes. (Fig. 5).

Fig 6. Thermal models for the Cimmerian thermal dome for
the major anticline of Donbass and for present thermal domes
of the Ukrainian Shield and Donbass
1  –  Estimated  temperature  distribution  for  the  Cimmerian
thermal  dome;  2  –  temperatures  according  to  the  data  of
geothermometry;  3  –  estimated  temperature  distribution  at
centers of existing thermal domes in the Ukrainian Shield and
Donbass;  4  –  average  observed  temperatures  measured  in
boreholes  drilled  through  the  Dnieper-Donets  Basin  (the
background heat flow amounting to 43 mW/m2); 5 – maximum
measured  temperatures  in  boreholes  drilled  through  the
Dnieper-Donets Basin

Under the effect of the heated fluid on metamorphosed rocks in the lower crust of the mid-ocean
ridge, oxygen fugacity in the course of serpentinization is buffered by awaruite and that of carbon oxide
– by calcite and dolomite undergoing crystallization. As a result, the fluid is dramatically enriched in H 2

and CH4. An identical process is assumed to have taken place in continental olivine-containing rocks
(as a rule, under the effect of fluids with much lower temperatures, as low as 100-200oC). The flow of
deoxygenated  hot  fluids  ascending  above  serpentinized  rocks  transports  microscopic  particles  of
metals, sulfides, and carbonates – an intricate complex, which is completely allogenic in composition
with regard to rocks in which a hydrocarbon deposit is taking shape.

It is also necessary to mention the procedure of hydrocarbon transport and accumulation, a topic on
which there exists a whole range of concepts (Galimov, 1973; Gordienko et al., 2006; Lopatnikov,
1999;  Lukin,  1997;  and  others).  The  fact  that  fluids  are  capable  of  very  fast  translocation  within
activated medium (anomalous temporary increase in  fractured-zone permeability)  has  already been
substantiated sufficiently well by geothermal evidence. In particular, a thermal model constructed for
one  of  such  active  episodes  (a  “thermal  dome”  model)  has  been  corroborated  by  the  data  of
thermometric studies down to a depth of several kilometers (Gordienko, 2007; and others) – see Fig. 6.
The said model differs from models for zones of recent activation in Donbass, on the Ukrainian Shield,
and others (temperatures at the depths of the latter are lower for similar depths – Fig. 6), since it applies
to the case of a thick fluid-proof stratum near the surface, a stratum that was there in Donbass during
the Cimmerian period. Besides, it takes into account preheating of the medium through processes in the
Hercynian geosyncline, as well as elevated temperature of the surface during the Mesozoic. Yet, this
specific model can be verified by independently derived data.

The above mechanism does not enable us to specify the mode of hydrocarbon transport that ensures
hydrocarbon accumulation within deposits. The content of petroleum acids and phenols in the waters of
non-petroleum artesian basins (2 and 1 mg/liter, respectively) does not differ significantly from that in
waters  of  oil  fields  (3.5±3  and  2±1.5  mg/liter)  (Shvets,  1971).  Inasmuch  as  the  deposits  are  not
ubiquitous, we need to rule out the possibility of accumulation of hydrocarbons transported by water in
soluble form. Calculations based on their solubility in real PT conditions at depth also corroborate this
conclusion.

Proceeding from the data shown in Fig. 6, we can maintain that the effect of the decrease in P and T
in  the  course  of  the  fluid  ascent  may  be  responsible  for  the  loss  of  light  hydrocarbons.  Heavy
hydrocarbons may “get stuck” in fine pores and may also accumulate in scattered state in the form of
tiny drops and particles (Galimov, 1973). Such hydrocarbon background does not lead to the formation
of deposits. For that, very fast hydrocarbon mobilization and transport in concentrated form into the
container-rock are required. It appears that a “shake-up” of the medium is a necessary condition, “…the
seismic factor should not be viewed as promoting, but rather as determining the very possibility of the
process of hydrocarbon migration and accumulation” and “the transporting role of gas is likely to be in
a mechanism such as floatation rather than formation of gaseous fluid.” (Galimov, 1973, p. 141-142).

Seismicity (primarily, widespread weak tremors) is common precisely in zones of recent activation,
but  in  many cases  small-magnitude events  are  poorly studied.  Fig.  7 illustrates  the  distribution of
earthquake epicenters within Ukraine and adjacent territories.

Earthquakes occur in all oil-bearing regions of Ukraine, but they are very scarce in the Dnieper-
Donets region, which is rich in hydrocarbons. This may be due to its insufficient coverage by studies.
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Weak earthquakes on the Voronezh Massif,  with epicenters marked in  Fig. 7,  had essentially been
ignored until special studies were performed aimed at pinpointing those particular events. 

The  above  pattern  of  hydrocarbon  generation  and  formation  of  their  deposits  is  somewhat
hypothetical, but its elements are well coordinated in terms of concepts of the advection-polymorphism
hypothesis (APH). Besides, it makes it possible to identify geological and geophysical features inherent
in oil-and gas-bearing regions.

Fig. 7. Locations of earthquake epicenters (Andrushchenko et al., 2009; Savko et al., 2008; Safronov, 2005;
and others)

Prospective indicators of oil and gas potential
It has to be mentioned straight away that indicators of recent activation required for the formation of

hydrocarbons  do  not  point  directly  to  the  presence  of  deposits  in  a  recent  activation  zone.  The
mechanism of  building up oil  and gas  resources,  which was discussed above,  implies  that,  unless
appropriate conditions arise, hydrocarbons do not necessarily form in a deep-seated chamber, nor do
they accumulate in near-surface traps. Therefore, the following criteria do not replace the commonly
used prospecting criteria for oil and gas presence, but rather complement them.

It is certainly worth analyzing characteristics that we could compare with experimentally derived
data. Experimental results tend to be irregular in reflecting properties on territories under study. For
some of them, it is possible to use material obtained for the entire territory of northern Eurasia; for
others  –  on a  limited  territory  of  the  Dnieper-Donets  Basin.  Virtually  all  criteria  identified in  the
Dnieper-Donets Basin also apply to other petroliferous regions of Ukraine – in the Carpathians and on
the Scythian Plate. Their discovery, however, is strongly hampered by the effect of “noise.” We are
talking  about  geological  processes  and  anomalies  of  physical  fields  associated  with  the  Alpine
geosyncline of the Carpathians and the Black Sea rift next to the Scythian Plate. The set of prospective
indicators of oil and gas potential put together for those regions turns out to be less compelling. For that
reason, the present chapter lists primarily information on the Dnieper-Donets Basin. Information on
other regions is available in other publications: Gordienko et al., 2011, 2015, 2017; and others.

1. Overheating of the Earth’s upper mantle and crust. This is a fundamental element of the process,
the source of physical fields’ anomalies, surface upheavals, and other geological phenomena in recent
activation (RA) zones. The temperature anomaly in the mantle (unlike in the temperature distribution
on the platform) reaches 400-600oC at the center of the zone, and the temperature anomaly averaged for
the entire activated volume is smaller by a factor of 1.5-2. In the lower and median portions of the
crust, shortly after the intrusion of molten mantle material, the temperature exceeds the solidus of rocks
in the amphibolite facies in the median crust (600oC) and may come close to the solidus of rocks in the

210



granulite  facies  in  the  lower  crust  (900-1,000oC) thus  creating disturbances  as  high  as  200-400oC.
Crustal anomalies relax at a fast rate, the temperatures above the zone of mantle magma material may
be elevated around separate stocks of acid and intermediate melts that reached the upper crust. Thermal
springs carry the heat above them further. Depending on the stage of the process, overheating may be
reflected in the form of local anomalies in the vicinity of relatively thin permeable zones (up to several
hundred meters in width; in the case of closely spaced zones, the anomalies can be much wider). More
extensive anomalies  emerge later  due to  the  heating of  the  entire  upper  crust  by deep-seated heat
sources.

2.  Heat flow anomalies. Disturbances in the Earth’s heat flow often track recent activation (RA)
zones and petroliferous areas. In principle, however, as follows from special computations, they do not
necessarily exist as spatially expansive anomalies that can be detected with the help of conventional
irregular and sparse grids of heat-flow determinations. If the age of mantle (a few million years) and
crustal (hundreds of thousands of years) heat sources is relatively young, their effect does not yet reach
the near-surface zone. The heating only affects the nearest vicinity of the permeable zone of faults
through which the deep-seated fluid rises. For that reason, anomalous heat flows can be registered as
local disturbances with widths not exceeding 1-1.5km (Gordienko et al. 2006)

Intensities of local and regional anomalies are similar and reach a maximum of 20-25 mW/m 2. In
platform zones, absolute values of heat flow come up to 60-65 mW/m2, in Alpine geosynclines they
vary widely depending on the part of the region: In the foretrough, they hardly differ from platform
values, while in the rear trough the HF exceeds 100 mW/m2. 

3. Anomalous isotopy of helium. The partial melting of mantle rocks, transport of mantle melts into
the crust, acid magma intrusions into the upper crust, and circulation of fluids, transported from deep
levels, above those intrusions – all this contributes to mantle helium (in which the content of  3He is
1,000 times higher than in crustal helium) getting into the groundwater of the activated region. Such
anomalies are clear indications that the mantle stage of the process is in effect and that it is young. In
practice, however, this criterion cannot applied in many cases, since the anomalies are mostly local and
disappear at small distances from the effluent conduits through which the fluids are transported to a
depth where they become amenable to study.

4.  Surface upheavals over recent millions of years. The above rough estimation indicates that the
surface can rise with an amplitude of 100-200 meters. The main source of the upheavals -- excessive
heating of  the  mantle’s  upper  levels  –  is  very powerful  and is  located at  a  depth matching linear
dimensions  of  the  recent  activation  zone.  Consequently,  we  should  expect  a  smaller  amplitude  of
upheavals on a territory larger than that occupied by the source.

5. Activation of faults. Displacements along faults at the boundaries of recent activation zones and
inside them are inevitable. Yet, here too, we can apply inferences similar to those regarding surface
upheavals. The “revival” of a part of the ancient fault is most likely to cause displacement along its
extension  beyond the  zone,  i.e.,  this  symptom of  activation  will  be  registered  on  an  overly  large
territory.

6. Earthquakes. Various elements of the recent activation process in the crust and upper mantle can
serve as sources of stresses that eventuate in an earthquake. A more detailed study on this topic is
provided in the following publications: Gontovaya et al., 2007, 2009; and Gordienko et al., 2008. It is
quite likely that local seismicity is confined to RA zones, but this phenomenon can be represented by
events at clearly dissimilar depths in Alpine and older regions. Apart from that, seismicity, associated
with  translocations  of  blocks  of  crustal  rocks,  whose  density  changed as  a  result  of  polymorphic
transformations, can be local in time and not coincide with the observation period. As pointed out
above, weak earthquakes may simply be overlooked by the available network of recording stations.

7.  Zones  of  abnormally  high  reservoir  pressures  (AHRP).  Their  emergence  is  inevitable  when
overheated  high-pressure  fluids  break  into  a  hydrocarbon  deposit.  The  actual  permeability  of  the
enclosing rocks does not allow high pressures to last long. We are talking about time stretches that are
far from being geological in scale – just hundreds or thousands of years. Consequently, the present
existence of AHRP zones in many hydrocarbon deposits bears witness to the continuing supply of
fluids and to the incompleteness of the process of deposit formation.

8.  Zones  of  hydrochemical  inversion  and  microparticles.  The  chemical  composition  of  the
substance, dissolved in fluids coming from large depths, even in the case of their partial mixing with
groundwater of surface origin, must differ substantially from the composition of the latter. 

In  the  case  of  Ukraine’s  petroliferous regions,  this  implies,  primarily,  replacement  of  chlorine-
sodium waters,  which are responsible for spreading salts in the sedimentary layers of the Dnieper-
Donets Basin, the Ciscarpathian and Transcarpathian troughs, and in an area of the Scythian Plate.
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Carbonate waters replace chlorine-sodium ones. Fluids in the source come into contact with calcite,
whose formation buffers the CO2.  Numerous subtler characteristics in the composition of dissolved
salts also take shape. 

The deoxygenated fluid must comprise traces of quite an intricate procedure of its formation. They
can be characterized in terms of available data on rocks and processes within hydrothermal fields of
mid-ocean ridges and in massifs of basic-ultrabasic rocks of continents (that are all often referred to,
without distinction, as ophiolites).

Serpentinites,  through which fluids  percolate,  comprise  awaruite  minerals whose composition is
illustrated in  Table 1.  The size of the inclusions ranges from 3 to 20  μW/mm, that  of  pentlandite and
heazlewoodite amounts to 5 μW/mm. Spinel inclusions are also encountered (Bazylev, 2000). Some calcites
and dolomites in serpentine are represented by microintergrowths. In basic and ultrabasic complexes of
continents, “…about 15 percent of sulfides are comprised in grains sized less than 2-5 μW/mm and represent
nano- and microparticles….” (Raskayev et al., 2009, p. 635). Some small grains form chromite (with
admixtures of Al and Mg, less commonly with Mn, Ti, and V), Pt (and platinoids), Au, SnO 2 and TiO.
Cassiterite  is  impregnated with Ti,  Nb,  Ta,  Fe,  Cr,  V,  and W sized 1to100 μW/mm.  During pyroxene
metamorphism (bastitization), chrome and aluminum are lifted out from the rock.

Table 1. Element contents in some ore minerals of serpentinites from mid-ocean ridges (Bazylev, 2000) 

Element Content, % Element Content,%
Awaruite Pentlandite,

heazlewoodite
Spinel Spinel

S 0.12 33.39 О 19
Ni 74 44.22 Ti 0.3
Fe 24 20.39 29 Al 6
Cu 1 0.07 Mn 1
Co 0.7 1.47 Mg 4.5
Zn 0.04 0.01 0.2 Cr 35
Pb 0.04 0.02 V 0.1

 
The question is: How far the fluid in question is capable of transporting all those micro- and nano-

particles and whether they can reach the hydrocarbon deposit. The answer in the affirmative is likely,
since it may be considered proven that the fluid transports Late Precambrian microfossils sized 1-100
μW/mm (Aseyeva, 1976) into the Upper Paleozoic of the Dnieper-Donets Basin – over a distance of up to 5-
10 km (Lukin, 1997).

Thus, apart from the intricate composition of salts, dissolved in the fluid at depth, deposits enriched
in quite dissimilar microparticles, which are not typical of the enclosing rocks, may accumulate in the
reservoir rock – a place where the ascending fluid flow stops or slows down abruptly.

9.  Seismic wave velocity anomalies.  Such disturbances are associated with both overheating and
changes  in  the  composition  and  mineralogy  of  crustal  and  mantle  rocks.  Crustal  overheating  and
basification create an intricate pattern of negative and positive velocity anomalies. It superimposes the
velocity profile of the region, whose earlier geological history could also be responsible for appreciable
deviation of velocity from the background. As a result, it is difficult to reliably identify disturbances
caused exclusively by recent activation (Gordienko et al., 2005, 2006).

The  negative  velocity  anomaly  in  the  upper  mantle  must  be  noticeable  starting  from  the  M.
discontinuity to 150 km (Fig. 1), and its maximum intensity (for P-waves) may reach 0.3-0.4 km/sec.
However, even within the said depth range, positive velocity disturbances may arise due to eclogitized
crustal rock blocks sinking into the mantle. The data on xenoliths from Siberian kimberlites testify to
the  fact  that  such  rocks  can  retain  their  mineralogical  composition  (and,  accordingly,  anomalous
properties) for a long time (Ukhanov et al., 1988). It may be expected that eclogites, which only slightly
descended beneath the M. discontinuity, are most  common in recent activation zones on platforms
(Gontovaya et al., 2009). Their presence must largely compensate for the negative anomaly of thermal
origin. Thus, a negative velocity anomaly with a maximum of about 0.1-0.2 km/sec may be expected in
the subcrustal mantle at a depth of 50-100 km.

10. Reduction in the depth of the M. discontinuity. The pattern of the deep-seated process of recent
activation does not incorporate a decrease in crustal thickness as an indispensable element. For that
reason, we cannot consider the assumption on the rise of the M. discontinuity as a predictive criterion
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of recent activation (RA) (as well as a region promising for hydrocarbon deposits), all the more so since
even experimentally detected change in crustal thickness may have been caused by a different event.
Nevertheless, comparison of the aforementioned assumption with known deep seismic probing data
presents interest, since many characteristics of heat and mass transfer during recent activation need to
be defined more accurately. A reliable pattern of the incomplete process can be obtained if we employ
all the relevant data.

11. The “mantle” gravity anomaly. That the mantle’s upper levels undergo thermal decompaction in
the course of recent activation is beyond doubt. Calculations show that, given a normal size of the zone,
the intensity of the corresponding gravity anomaly reaches about 20-30 mGl and decreases to 20 mGl at
the edge of the zone. It is not that easy to identify this disturbance. The accuracy of the calculation
depends on the margin of  error  in  the  crustal  velocity  profile  and validity  of  the  concepts  on the
relationship between seismic wave velocities and rock density. Prediction of the anomaly should also
take into account the presence of decompaction zones in the crust. Such zones are not always reflected
in seismic wave velocity patterns since they may consist of relatively thin vertical bodies -- permeable
fault conduits. The technique for assessing a mantle gravity anomaly is as follows: We first determine
the gravitational effect of the crust and normal mantle and then subtract it from the observed field. The
effect of the permeable fault zones is included in the mantle effect, even though the sources are located
within the crust. Calculations have shown that the negative gravity anomaly directly above the fault
may reach 5 mGl.

12. Electrical conductivity anomalies. Overheating and partial melting of crustal and upper mantle
rocks in recent activation zones, as described above, are bound to manifest themselves in geological
bodies in the form of elevated electrical conductivity. The molten material proper is not characterized
by particularly low electrical resistivity (ρ), which is at the level of 0.7 Ohm .m. With magma content of
about 2% (Gontovaya et al., 2007), ρ in the partially molten rock decreases to 50 Ohm.m, and the total
longitudinal conductivity of the body with a thickness of 10-50 km amounts to 200-1,000 Sm. The
content of the fluid (which may reach 50%) in the melt causes S to increase by several times. More
likely, however, seems to be migration of the fluid into the space above the partial melting zone. The
fluid migrates from a mantle body largely with the magma that intrudes into the crust thus promoting
fast eclogitization of rocks.

Biotite is believed to be the most probable source of fluids during the heating and partial melting in
real rocks of “granitic” and transitional layers of the consolidated crust. Its content in granites is up to
5%, in many types of gneiss – up to 15%. This mineral contains n .% of structural water per volume.
Biotite  releases  most  of  the  water  (about  60  percent)  at  the  temperature  of  600-700 oC,  more
specifically, when it combines with less hydrous or ahydrous minerals. The fluid fills pores that form.
Rock fracturing does not necessarily cause obvious pore space. However, during biotite transition via
amphiboles  to  pyroxenes (amphibole  to  pyroxene transition  is  also  associated  with water  release),
density increases by 3%, which must produce the relevant pore volume. Thus, n .0.1% of inclusions
appear in the medium, and their resistivity is low (ρ in the magmatic fluid may be assessed as 0.04
Ohm.m) (Gordienko, 2001), and ρ of the medium reaches n .1-10 Ohm.m. If the body is 10-15 km thick,
the value of S will come up to several thousands of Sm. Apparently, the connectivity between graphite
inclusions in rocks and ore inclusions (in background amounts) does not increase. At any rate, they do
not affect the reduction in specific resistivity in any appreciable manner.

Against the background of the conductive layer analyzed above, the layer of melt proper (if it still
exists) within the crust contributes little to the total value of crustal S. In many cases, it is also difficult
to reliably identify the mantle zone of partial melting beneath the fluid body in the median portion of
the crust.

COMPARISON BETWEEN PROJECTIVE AND EXPERIMENTAL DATA
Let us verify to what  extent  projective criteria of oil-and-gas occurrence associated with recent

activation (RA) match available geological and geophysical evidence.
1. Estimated thermal anomalies in the mantle beneath various zones of recent activation can be

corroborated by the data of geothermometry studies in some regions. This type of information is widely
available for Alpine geosynclines and is rare for platforms. Moreover, young magmatism in a part of
the Siberian Platform and in the Bohemian Massif is not accompanied by the formation of hydrocarbon
deposits, whereas magmatism did not occur at all in oil-and gas-bearing platform regions (ranging from
Precambrian to epi-Cimmerian). It is, therefore, difficult to talk about proper correlation of the thermal
model  for  the  mantle’s  upper  levels  beneath  oil-  and  gas-bearing  platform zones  on  the  basis  of
geothermometry data. Nevertheless, it is possible to maintain that estimated models fit this information
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fairly well.  Deviations do not  exceed the error in the determination of PT conditions under which
xenolith minerals form.

Fig.  6 illustrates an estimated distribution of temperatures (T) in the upper portion of the crust
reflecting the maximum version of the model for the center of the permeable zone with ascending
fluids. At a small distance from it, temperatures must already be close to background values typical of
average heat flow in the region. In the case of the Dnieper-Donets Basin, the relevant value is 43 mW/
m2,  and  corresponding  temperatures  are  quite  common  for  the  depression.  Maximum  measured
temperatures are close to estimated anomalous ones or coincide with them (Fig. 6).

In the outer zone of the petroliferous Ciscarpathian trough (with a platform-type basement), where
the background heat-flow does not differ appreciably from that observed on the Dnieper-Donets Basin,
the anomalies are stronger and more common. The same applies to the Scythian Plate. It cannot be
ruled out that the heat- and mass-transfer process in the crust of the aforementioned regions started
somewhat earlier than in the Dnieper-Donets Basin.

Temperatures  in  the  sedimentary  layer  of  oil-and gas-bearing  regions  of  Alpide  structures  (the
Carpathians,  the  Transcarpathian
and Pannonian troughs, as well as
Kamchatka)  are  considerably
higher  due  to  a  different
background.

Fig.  8.  Some  indicators  of
activation and of oil and gas presence
in the Dnieper-Donets Basin

1 – Anomalies in the  3He/4He; 2 –
northwestern  boundary  of  the
hydrogeological  inversion  zone
(Lukin, 1997); 3 – AHPP (abnormally
high formation pressure) zones in the
area of deposits, some of which have
are  younger  than  one  million  years
(Atlas...,  1998;  Lukin,  1997);  4  –
profiles  I  and  II  along  which  2-D
geoelectric  models  have  been
constructed,  and  gravitational
modelling  profile  III  (Gordienko  et
al.,  2006) (see below); 5 – locations
with heat flows higher than 55 mW/
m2. 

2. Heat flow anomalies have been detected in all petroliferous regions of Ukraine, in the Pannonian
Massif, in the Pre-Caucasian region, in Kamchatka, in the Western Siberia Plate, and in other regions.
In all Alpides, with the exception of their foretroughs, heat flow anomalies far exceed those observed in
platform basins. The differences are very close to those predicted. The task of identifying anomalies is
the hardest  in regions where they are associated solely with local  heating of rocks near permeable
faults. The thermal field of the Dnieper-Donets Basin is an example of such situation. The background
heat  flow  there  is  not  high  –  just  43  m/Wm2.  As  we  determine  an  anomaly  as  excess  over  the
background by three mean squared errors, we get the value of 55 m/Wm2. The distribution of points at
which such (or higher) heat-flow values were measured is shown in Fig. 8. Clearly, anomalies can be
registered  throughout  the  depression.  In  the  zone  of  transition  from the  Dnieper-Donets  Basin  to
Donbass, their concentration grows, and in Donbass, the disturbances are already not just local, but
rather span over a considerable part of the region. In this sense, parameters of the recent activation
process in the Dnieper-Donets Basin and in Donbass are dissimilar.

The spread of heat-flow anomalies to the northwestern part of the Dnieper-Donets Basin, where no
oil or gas are presently found, looks quite bizarre (Fig. 8). Possibly, other mechanisms are responsible
for heat-flow anomalies there, something that strongly downgrades the role of HF as a criterion for oil
and gas occurrence. This conclusion needs to be substantiated by a more detailed exploration of the
ages of residual bitumens (hypothetically, traces of hydrocarbon deposits that once existed in the Desna
Basin (Lukin, 1997).
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Yet, the lack of coincidence between heat-low anomalies and hydrocarbon deposits may also be
accounted for by a limited development of the carbon-bearing Riphean stratum in the Dnieper-Donets
Basin. Fragments of its rocks are known to occur exclusively between the meridians of 34 o and 37o east
longitude (Lukin, 1997), although we cannot rule out a continuation of the stratum beyond that stretch
(hydrocarbon deposits can be traced to the 32o15’ meridian (Atlas…, 1998).

3.  The isotopic ratio of helium in groundwater (3He/4He) was determined in many petroliferous
regions: Kamchatka (Kamensky et al., 1976), the Pre-Caucasus region (Polyak, 1988), the Dnieper-
Donets  Basin,  the  Pripyat  Trough,  the  Carpathians,  the  Pannonian  Massif,  and  the  Scythian  Plate
(Gordienko et al., 2001), and others. In all cases, anomalies with dissimilar intensities were registered,
which  is  an  indication  that  mantle  helium makes  it  into  near-surface  fluids.  This  view  does  not,
however, appear to be explicit: In the Dnieper-Donets Basin, the anomalies are not that strong; they are
much stronger in the Carpathians and on the Scythian Plate. At the same time, there are no helium
isotopy anomalies in  the  Ciscarpathian Trough where the region’s major hydrocarbon reserves  are
localized.

Higher than background values of  3He/4He (about 2.10-8) in the Dnieper-Donets Basin have only
been registered in the southeastern part of the depression (Fig. 8) – approximately to the meridian of
32o45’. In the northwest (the Desna Basin), there are no anomalies. They reemerge further north, in the
Pripyat Trough. This is in agreement with the distribution of hydrocarbon deposits in the depression
and in the trough (Atlas…, 1998).

Helium isotopy anomalies in the Dnieper-Donets Basin appear to be local in character: In the only
case, when the 3He/4He pattern was studied as a function of distance from the fault (to which maximum
disturbance was confined), the background value was measured one kilometer away from it.

It may generally be concluded that the projective helium isotope criterion for oil- and gas occurrence
holds true (it has been corroborated for many deposits around the world (Valyaev et al., 2014; and
others), although its application is considerably limited due to the sparse and irregular grid of 3He/4He
determinations.

4. Fig. 9 illustrates upheavals of the depression surface that have occurred over about three million
years – based on the results published by Verkhovtsev (2006).

Fig.  9.  Distribution  of  amplitudes  of
surface upheavals in the area of the Dnieper-
Donets  Basin  over  last  three  million  years
(Verkhovtsev, 2006).

The upheavals pattern shown in Fig. 9
is not at variance with the projection. The
northwestern  boundary  of  the  activated
part  of  the depression turns out  to be at
approximately the same location as shown
in  Fig.  8.  One,  however,  gets  the
impression (especially, after looking at the
data on surface displacements over a long
period of time), that reconstruction of the
upheavals pattern is not complete and that

the  petroliferous  part  of  the  Dnieper-Donets  Basin  is  still  in  the  process  of  becoming  a  separate
structure.

Also noteworthy are “offshoots” of anomalous upheavals from the Dnieper-Donets Basin to the
slope of the Voronezh Massif in the area of the meridian 34o east longitude. To the east of the meridian
35o east longitude, within a similar zone of upheavals, gas deposits are known to exist in basement
rocks north of the Dnieper-Donets Basin marginal fault.

5 and 6. Displacements along the faults during recent activation have also been registered essentially
throughout the entire territory of Ukraine (Verkhovtsev, 2006). There is nothing out of the ordinary
about that, since there are numerous zones there, and displacement along faults are likely to spread
beyond them. It is largely normal faults and thrusts that are typical of the Dnieper-Donets Basin. Some
displacements inherited large ancient faults or are close to them; the majority of young displacements
“re-energized” small ancient faults or run through locations where such faults were not detected earlier
(Fig. 10).
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Thus, faults in the Dnieper-Donets Basin are re-energized, which promotes transport of fluids from
deep-seated areas,  so that  the projective criterion is  there,  but  its  significance for identifying areas
promising for hydrocarbon deposits are actually nil. About the same applies to seismicity (Fig. 7). It is
not  unlikely that  more detailed studies  within the  depression will  reveal  greater  numbers  of  weak
earthquakes. In other petroliferous regions of Ukraine and beyond it seismicity makes itself felt to some
extent.  Yet,  it  can  also  manifest  itself  in  recent  activation  zones  where  there  are  no  hydrocarbon
deposits.

Fig.  10.  Faults that  have been re-energized
over  last  three  million  years  (Verkhovtsev,
2006).  Large  ancient  faults  are  shown in  gray
color (Map of fractured zones …, 1988).

It  is  impossible  to  predict  the  depth of
hypocenters for recent activation zones that
comprise quite a range of scenarios of the
deep-seated process.  An assumption to the
effect that shallow-foci earthquakes must be
widely  represented  within  the  depression
appears  likely,  but  in  individual  cases
(apparently,  outside  petroliferous  zones,
although  within  the  same  zones  of  recent
activation)  deeper-focus  earthquakes,  even
the  deepest  ones,  may  be  encountered,
(Gordienko  et  al.,  2008a  and  2008b).  In

Ukraine, it is only shallow-foci earthquakes, almost exclusively crustal ones have been registered.
7. Zones of abnormally high pore pressures (AHPP) are common in the Dnieper-Donets Basin and

in other petroliferous regions of Ukraine and beyond it (Atlas…, 1998). The Volyn-Podolsk Plate is the
only region where they have not been registered. It is within the realm of possibility that small and rare
deposits in the region are only confined to the upper part of the zone of circulation of fluids from deep-
seated areas or that they have existed too long after the latest liquid replenishment under high pressure.

8. The occurrence of hydrochemical inversion zones is approximately the same as that of AHPP
zones (Fig.  8).  They have been encountered in Ukraine’s petroliferous regions and elsewhere.  The
phenomenon  of  inversion  clearly  points  to  the  deep-seated  origin  of  the  fluids  transporting
hydrocarbons (Lukin, 1997, 2004; Lukin et al., 2004). Chemical differences of deep-origin fluids from
those associated with the overlying part of the profile is generally close to projective.

An intricate complex of micro- and nanoparticles of metals, as well as their oxides, sulfides, and
carbonates that form when the fluid is deoxygenated in the process of serpentinization of previously
metamorphosed basic and ultrabasic rocks has recently been found in hydrocarbon deposits of various
regions (Lukin, 2009). It is impossible to predict ratios of their concentrations observed, in particular, in
the  Dnieper-Donets  Basin,  primarily  in  the  dark  pelitic  substance  (Lukin,  1997,  2006).  For  their
assessment, one needs to know initial proportions (directly after the particles are captured by the fluid)
and changes  during  transportation  (particle  sizes  vary  up  to  about  two  orders  of  magnitude),  and
sedimentation. No such information is available. An additional difficulty is associated with the fact that
transformations  of  oceanic  rocks  have  been  studied  more  thoroughly  in  natural  conditions  (large
amounts of water), whereas studies of actual hydrocarbon deposits require knowledge of conditions
prevailing  for  continental  rocks. “Differences  in  the  conditions  of  metamorphism for  oceanic  and
ophiolitic  (in  a  broad  sense  of  the  term…) peridotites  also  consist  in  the  fact  that  some  mineral
associations,  common in ophiolitic peridodites  and developing at  low water-to-rock ratios,  such as
brucite+serpentine,  antigorite+olivine,  calcite+serpentine,  dolomite+serpentine,  and
diopside+serpentine are either not known or poorly manifested in oceanic peridotites.” (Bazylev, 2000).
We can only register general similarity in the composition of projective and observed inclusions (in
particular, the occurrence of native iron and nickel), but even this appears to be a significant argument
in favor of the hypothesis regarding the formation of fluids.

9. The available information on the distribution of seismic wave velocities in the Earth’s crust of
Ukraine’s  petroliferous  regions  is  not  sufficiently  accurate  or  reliable  for  identifying  velocity
anomalies. In many cases, one gets the impression that anomalies associated with basification of crustal
rocks compensate for thermal effects. Incidentally, in the Transcarpathian Trough at the depth of 20-27
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km (Exploration of the Lithosphere and Asthenosphere …, 1980), in the Pripyat Trough at 20-30 km
(Boborykin et al.,  1993),  and in the Baltic Syneclise at  20-23 km, those anomalies were observed
separately. Their depths are in rather good agreement with those common for the transitional crustal
layer comprising rocks in the amphibolite facies of metamorphism, where recent  partial  melting is
possible.

The  situation  regarding  identification  of  the  Vp anomaly  in  the  upper  levels  of  the  mantle  is
somewhat better  since a  large body of factual  evidence is  available,  so that  chances  of successful
projection of the postulated disturbance are higher. Lower velocities of seismic P-waves have been
detected in  the  mantle  beneath numerous petroliferous regions.  It  might  be of  interest  to  correlate
velocity profiles of the mantle with oil and gas presence in Northern Eurasia. Such comparison in the
study performed by Bulin et  al.  (1999) did not arrive at any unequivocal  result:  Negative velocity
anomalies were registered at the top of the mantle (in layers dozens of kilometers in thickness) beneath
gas and gas condensate deposits (absolute Vp values ranging from 7.9 to 8.2 km/sec). At the same time,
velocities beneath 65% of oil deposits reached 8.3-8.7 km/sec.

The velocity distribution projective in the model of the deep-seated process is complicated (see
above). Assessments of the integral effect suggest that the sign of the anomaly must remain the same
and that its intensity will decrease by comparison with the total magnitude of the disturbance due to the
thermal effect by 0.1-0.15 km/sec. The young age of the process must bring about situations in which
large masses of  high-velocity  eclogites lie  directly beneath the crust.  Conservation of the negative
anomaly there is problematic.

To verify the projection, factual evidence retrieved from deep seismic probing was used, as well as
the data of non-explosive seismology pertaining to petroliferous regions. The relevant velocity profiles
covered the mantle’s subcrustal stratum with the thickness ranging from dozens to 100 km (Boborykin
et al., 1993; Geophysical parameters of the lithosphere …, 1996; Gontovaya et al., 2007; Exploration of
the Lithosphere and Asthenosphere …, 1980; Ilchenko, 1999; Pavlenkova et al., 2006; and others). Fig.
11 shows locations of sampling sites. 

Fig. 11. Velocity profiles for the mantle’s upper levels (1) and known hydrocarbon deposits (2) in northern
Eurasia

The profiles ran across the Baltic Syneclise, Pripyat Trough, Pannonian Massif,  Transcarpathian
Trough, Scythian Plate, eastern part of the Eastern European Platform, Western Siberian Plate, southern

and  eastern  margins  of  the  Siberian  Platform,  and
Kamchatka.  Velocity  profiles  have  been  selected  for  that
vast  territory  on  platforms  outside  zones  of  hydrocarbon
deposits (and outside petroliferous regions) with an interval
of 100 km. 

Fig. 12. Vp distribution in the upper mantle of northern Eurasia
1 – Average values between platforms outside recent activation

(RA) zones; 2 – estimated velocity distribution (average values for
normal  and  lower  temperatures  (T)  in  the  mantle  beneath  the
platform); 3 -- average values beneath petroliferous regions; 4 –
estimated distribution of velocities (averaged for thermal models

shown in Fig. 1)
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Vp values were averaged within 20 km depth intervals starting from 40 km. The same procedure
was performed for petroliferous regions. Fig. 12 illustrates results of the comparison.

Experimental data for the platform match estimated patterns. More specifically, in those regions the
content of eclogites in the mantle does not differ significantly from that adopted in the model. Within
activated petroliferous regions, it is only at depths larger than 100 km that the data match. (Fig. 12). At
more shallow depths, in full agreement with the prediction, velocities are higher than estimated due to
the presence of crustal  eclogites that  had enough time to sink to dissimilar  depths in regions with
dissimilar endogenic conditions that prevailed in the past.

9. Histograms showing distribution of the M. discontinuity depths have been constructed for non-
activated platforms and for activated petroliferous regions of northern Eurasia (see Fig. 13). 

Fig.  13.  Histograms  depicting  distribution  of  crustal  thicknesses  in
platform (1) and petroliferous regions of northern Eurasia

Experimental  data  collected  on  a  vast  territory  in  regions  with
dissimilar  earlier  geological  histories  suggest  that,  statistically,  the
effect  of  crustal  thinning  is  visible,  after  all.  Variations  in  the  M.
discontinuity depth amount to about 5 km, which is in agreement with

the figure adopted for the assessment of the amplitude of young upheavals (see above). 
The histogram did not use the data for the Dnieper-Donets Basin. This was due to the uncertainty

about the time of crustal thinning in the basin. The average depth of the M. discontinuity within the
depression is  about  39 km,  but  the  thick sedimentary layer of Paleozoic  and (to  a  smaller  extent)
Mesozoic  age  is  most  likely  indicative  of  a  thinning  during  the  period  of  Hercynian  rifting  and
Cimmerian activation. The “involvement” of recent activation in the process in question needs to be
analyzed separately, something that has yet to be done.

11. It is only on an example of the Dnieper-Donets Basin that the gravity anomaly pertaining to the
mantle and a geoelectrical model of the median crustal portion can be analyzed with proper reliability.
For other petroliferous regions of Ukraine and beyond it, no sufficiently detailed models are available
so far. Alternatively, the anomalies may incorporate strong effects that are not associated with recent
activation in the given region. Such obstacles interfering in the identification of the gravity anomaly
due to the effect of the mantle also exist in the Carpathian Region (including the Ciscarpathian Trough),
on Kamchatka – the effect of the Alpine geosyncline, and on the Scythian Plate – the effect of the
young rift in the Black Sea. No such obstacles exist in the Baltic Syneclise and in the Pripyat Trough,
but the results are very limited. It is worth mentioning that they are not in variance with those registered
in the Dnieper-Donets Basin.

For the Dnieper-Donets Basin, crustal density models were constructed along seven transverse deep
seismic probing profiles and six auxiliary profiles running between them. In the case of the auxiliary
profiles, crustal velocity profiles represent an average from among velocities known on neighboring
profiles (Gordienko et al., 2006). The velocity profiles were converted to density ones, the gravitational
effect  of  the  crust  and  normal  mantle  was  determined  and  compared  to  the  observed  field.  The
difference reflects  the  mantle-generated gravity anomaly in  which,  in  addition to  the  effect  of  the
mantle’s anomalous densities, inevitably present are also effects of crustal bodies not taken into account
in the initial model. In our specific case, those bodies may well be permeable fault zones through which

fluids traveled from the depth to the upper
portion  of  the  sedimentary  layer.
Assessments of the calculation error indicate
that  the reliably identified mantle anomaly
amounts to – (minus) 20 mGl. Its location is
depicted in  Fig. 14,  in which the anomaly
correlates with known hydrocarbon deposits
in the Dnieper-Donets Basin.

Fig. 14. The “mantle” gravity anomaly in an
area of the Dnieper-Donets Basin

1  –  The  territory  affected  by  a  negative
gravity anomaly of at least 20 mG/l generated by
the mantle; 2 – hydrocarbon deposits
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Let  us  analyze  to  what  extent  the  observed  anomaly  matches  the  projective  value,  which  was
determined as the effect of thermal decompaction of the mantle’s portion beneath the crust. The effect
of  deeper  thermal  decompactions  is  not  strong and was not  reflected in  the  model.  The estimated
pattern across the depression (and across the recent activation zone) is illustrated in Fig. 15. Correlated
with it are values of experimentally established mantle gravity anomaly that have been averaged along
the entire extent of the meaningful disturbance with the interval of about 12 km across the Dnieper-
Donets Basin.

Fig.  15.  Comparison  between  gravity  anomaly
generated  by  the  mantle  in  the  Dnieper-Donets  Basin
according  to  results  of  field observations and modeling
(1) and estimated in terms of anomalous temperature (2);
3  –  Location  of  marginal  faults  in  the  Dnieper-Donets
Riphean graben.

It is obvious that the projective magnitude of the
anomaly has been confirmed and that the differences
between estimated and experimental values amount
to  just  a  few  mGl  –  this  is  clearly  below  the

calculation error. Apart from that, we can register additional disturbances associated with longitudinal
faults  of  hypothetically  Riphean  age  that  were  probably  “revived”  during  the  period  of  recent
activation.

The data in Fig. 14 show that the anomaly matches the hydrocarbon deposits, but they also indicate
that it is impossible to identify petroliferous areas in terms of the anomaly. The anomaly covers a much
more  extensive  area  since  it  reflects  the  entire  zone  of  recent  activation.  Small  fragments  of  the
anomaly further southwest,  west,  and northwest of  the main territory coincide with margins of the
Kirovograd, Dnieper, and (likely) Southern Pripyat zones of recent activation (Gordienko et al., 2005,
2006). Southeast of the main disturbance, approximately along 34o east longitude, we can observe an
offshoot anomaly corresponding to the northern continuation of the Kirovograd recent activation zone
(that extends beyond Ukraine, as suggested by geoelectrical data).

At the northeastern edge of the Dnieper-Donets Basin (Fig. 8), an attempt was undertaken to analyze
gravity anomalies associated with permeable faults in their “pure” form – without the effect of mantle-
produced disturbance. This became possible owing to quite considerable information on the thickness
of the sedimentary layer and its composition provided by drilling operations. The effects of mantle
decompaction and of the sedimentary layer in the Dnieper-Donets Basin were balanced out from the
observed field (Fig. 16).

Fig. 16. Distribution of the deep-seated heat flow and correlation between averaged anomalous gravity field
along profile III (Fig. 8) and estimated one

1 – Averaged  anomalous gravity field;  2  – estimated gravity field;  3  – values  at  measurement  sites  and
smoothed heat-flow distribution; 4 – best-fit width of the decompaction zones; 5 – location of gas deposits

The intensity of the anomalies reaches about 5 mGl. After we studied parameters of fractured zones
in the region, we were able to calculate relevant gravitational effects through determining the best-fit
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width of decompaction zones (Gordienko et al., 2006). Known gas deposits at the northeastern edge of
the Dnieper-Donets Basin fit almost entirely into the selected zones.

At the edge of the depression, not quite strong heat-flow anomalies manifest themselves better than
in the depression proper (Fig. 16). Clearly, the increase in the parameter is associated with permeable
zones that control the majority of deposits.

The model adopted for the process of formation of hydrocarbon deposits enables prediction of two
electrical conductivity anomalies – in the crust and in the upper mantle. Such anomalies were registered
in some petroliferous regions: In the Baltic Syneclise, at the depth of 20-23 and 50-80 km (Gordienko,
1993);  in  Eastern Kamchatka,  at  10-40 and 70-100 km (Moroz,  2009);  in  the  western part  of  the
Scythian Plate, at 10-30 and 40-100 km; in the central part of the Scythian Plate in Ukraine, at 15-20
and 80-100 km; in parts of the Ciscarpathian Trough, at 20-30 and 50-70 km, as well as 10-20 and 50-
100 km; in the Pripyat Depression, at 20-30 and 50-80 km; and in the Pannonian Massif, at 70-100 km
(Geoelectrical model…, 1998). With regard to the Folded Carpathians and the Transcarpathian Trough,
the data on the conductive body in the mantle are contradictory, and the crustal conductive body lies
within a depth range of  about  10-20 km.  Such information is  not  generally  at  difference with the
prediction, yet it is insufficiently detailed.

Deep geoelectrical studies in the Dnieper-Donets Basin (Gordienko et al., 2006) were performed in
two stages. The first stage centered on studying the distribution of  ρ in the highest conductive upper
sedimentary stratum. Its total longitudinal conductivity reaches 3,000 Sm. By taking the effect of that
body into account, we managed, in the second stage, to identify within the depression a deeper-seated
discontinuous conductive body lying at the bottom of the sedimentary layer or even deeper.  Fig. 17
shows its position along transverse and longitudinal profiles I and II (see Fig. 8).

Fig. 17. Location of deep-seated conductive bodies in the Earth’s crust of the Dnieper-Donets Basin along
profiles I and II (Fig. 8)

1 – Outlines of the conductive bodies with ρ ranging from 1 to 25 Ohm.m; 2 – position of marginal faults of
the Dnieper-Donets Basin’s Riphean graben.

The values of S for the crustal conductive body match concepts viewing its formation as a zone with
fluids above the partial melting layer. The said zone is located precisely in a petroliferous area of the
Dnieper-Donets Basin.

By now, a conductive body has also been identified in the mantle beneath a recent activation zone of
the Dnieper-Donets Basin at depths from 40 to 70 km and with ρ from dozens to units of Ohm .m
(verbal report by I.M. Logvinov).

VARIATION  IN  OIL  AND  GAS  OCCURRENCE  AND  IN  PHYSICAL  FIELDS
ANOMALIES

The adopted model depicting formation of hydrocarbon (HC) deposits provides for considerable
irregularity  in  the  distribution  of  their  reserves.  If  our  understanding of  the  process  is  valid,  then
anomalies in the gravity field, electrical conductivity, and heat flow, whose highs are confined to zones
of permeable faults, should also vary along with that parameter.  Let us analyze the problem on an
example  of  the  Dnieper-Donets  Basin.  Let  us  assume that  known HC deposits  on  the  thoroughly
explored territory “fully” represent oil and gas presence there. More specifically, that the quantity of
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hydrocarbons in still not discovered deposits varies from site to site approximately like in the already
explored  deposits.  The  initial  extractable  reserves  of  categories  A+B+C1 in  the  known  deposits
(Atlas…, 1998) comprising oil, gas, or condensate have been converted to standard fuel – Fig. 18.

Fig. 18. Hydrocarbon reserves (in million tons of standard fuel) in deposits of the Dnieper-Donets Basin:
1 – Marginal faults in the depression; 2 – marginal faults in the Dnieper-Donets Basin Riphean graben; 3 --

hydrocarbon deposits

To characterize the variability of oil and gas presence, the territory of the depression and its edges
was divided into 25-km wide transverse strips and longitudinal bands of somewhat variable width (in
conformity with the Dnieper-Donets Basin southeastward expansion). On the average, the width of a
longitudinal band amounted to 12.5 km. For each strip and band, total reserves per unit area (F) were
estimated, and graphs of their variations along and across the Dnieper-Donets Basin were drawn (Fig.
19).

Fig.  19.  Variations  along
profiles I and II (Fig. 8) in the
potential  reserves  of  oil-and-
gas,  gravitational  anomalies,
the crustal conductive body S
value, and heat flow

1  –  Variations  in  F;  2  –
variations  in  mantle  anomaly
∆g;  3  –  variations  in  the  S
value  for  the  crustal
conductive body; 4 – heat flow
(only HF values larger than 55
mW/m2 are shown); 5 -- deep
faults;  6  –  marginal  faults  of
the Riphean graben

The  parameter  F  is
obviously quite variable. Its highs along the transverse profile are confined to marginal faults of the
Riphean graben. Along the longitudinal profile (from northwest to southeast), they occur in the vicinity
of the deep faults of Western Ingulets, Krivoy Rog-Kremenchug, Orekhovo-Pavlograd, western Azov,
and  central  Azov.  The  location  of  major  hydrocarbon  deposits  in  the  Dnieper-Donets  Basin  near
marginal  faults  of  the  Riphean  Graben  produces  strong  highs  of  F  that  obscure  the  effect  of
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confinement of many deposits in the southeastern part of the Dnieper Basin to the Dnieper-Donets
Basin’s marginal  faults  and of the transitional  zone from the Dnieper-Donets Basin to Donbass.  A
certain distinction of displacements along those fragments of faults was noted even at the Hercynian
stage of development of the depression (Gordienko et al., 2006) 

Association between anomalies in the gravity field and electrical conductivity, on the one hand, and
oil-and-gas potential reserves, on the other, is quite obvious. When it comes to heat flow anomalies, the
association is not pervasive. Generally speaking, one gets the impression that hydrocarbons are hardly
formed  or  transported  in  zones  between  faults.  Since  both  longitudinal  and  transverse  faults  are
involved in  the  process,  the  territory between transverse  faults  is  also,  to  some extent,  filled with
deposits.

If one assumes that the value of F is associated with the intensity of physical fields’ anomalies, that
would be essentially wrong. Both types of anomalies “mark” permeable zones, but their values depend
on the character and intensity of the processes under way there, processes that can produce dissimilar
relationships, such as between F and S.

Fig.  20.  Variations  in  the  S  value  along  the
Kirovograd electrical conductivity anomaly

1 – Crustal  conductive bodies;  2  – profiles  of
geoelectrical  studies  along which two-dimensional
models were constructed; 3 – approximate values of
S at sites where the profiles run across conductive
bodies

The latter statement is clearly confirmed by
changes in the parameters along the Kirovograd
electrical  conductivity  anomaly  (Fig.  20).
Crustal  conductive  bodies  displaying  the
anomaly  (Fig.  20)  are  shown  as  continuous
lines without offshoots. This is most probably a
wrong  picture  (Gordienko  et  al.,  2006).  It  is
only  in  the  Dnieper-Donets  Basin  that  the
values of F differ from zero. The values of S
there are minimal for both conductive bodies.

Thus, the geophysical criteria that have been
identified are instrumental for discovering and

tracing permeable fault zones through which fluids percotate. This may assist in pinpointing parts of the
petroliferous region that are particularly promising for hydrocarbon deposits. Yet, this is insufficient for
identifying such areas within recent activation zones.

CONCLUSIONS

The  attempt  to  analyze  association  between  hydrocarbon  deposits  and  the  process  of  recent
activation has made it possible to establish such an association and its characteristic with a high degree
of certainty. As things stand now, we can briefly describe it as follows.

The main event in the recent activation process – the heat and mass transfer in the mantle – causes
emergence  of  an  overheated  and  partially  molten  subcrustal  body.  The  molten  material  from that
subcrustal  body  penetrates  the  crust  and  heat  up  its  lower  and  median  portions.  As  a  result,  the
previously metamorphosed basic and ultrabasic rocks undergo serpentinization and release hydrogen
and hydrocarbons. Seismicity that accompanies activation raises permeability of deep-seated faults by
orders  of  magnitude  (by  approximately  1,000  times)  thereby  promoting  rapid  transport  of  fluids
through  carbon-containing  zones  of  various  nature,  and  the  amount  of  hydrocarbons  increases  by
several times. Tremors also contribute to separation and accumulation of hydrocarbons.

It  is  obvious  that  recent  activation  zones  have  to  be  identified  according  to  a  combination  of
geological and geophysical criteria. If we use proper techniques to explore the territory, the validity of
the  prediction  will  be  high  (Fig.  21).  However,  in  accordance  with  available  geoelectrical  data,
graphite-containing levels of crustal “granitic” and transitional layers are far from being pervasive in
occurrence; nor is the sedimentary layer omnipresent,  and it does not necessarily contain sufficient
amounts of organic carbon within the specific depth range (PT conditions).
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Fig. 21. Recent activation zones in Ukraine and hydrocarbon deposits
1 – Recent activation zones in Ukraine according to available data; 2 – approximate outlines of deposits; 3 –

boundaries of the Precambrian platform

To identify petroliferous regions within recent  activation zones,  we have yet  to develop special
techniques.  Prior  to  that,  we  will  have  to  conduct  more  detailed  gravimetric,  geothermal,  and
geoelectrical studies in the already identified zones. Apart from that, we need to study the composition
of gases at large depth and metallometric anomalies within those zones irrespective of the presence of
petroliferous areas there. Within those regions, a complex of criteria based on the hypothesis regarding
formation of hydrocarbon deposits  may substantially supplement the methods used at  present.  It  is
necessary,  while  implementing  the  ideas  of  N.A.  Kudryavtsev  and V.B.  Porfiryev  on  deep-seated
hydrocarbons, to apply the program for exploring horizons beneath known deposits. The need to raise
the extraction of coal-bed methane to a level corresponding to its reserves is beyond doubt. 

223



12. GEOTHERMAL ENERGY RESOURCES

The chapter further specifies certain points touched upon in the studies by Gordienko, 2015; and
others, dealing with the advection-polymorphism hypothesis (APH) regarding deep-seated processes. It
may therefore contain some repeats.

The share of the Earth’s heat in the world’s energy balance is insignificant, so far. It is, however, the
fastest developing branch of power engineering (Lud et al., 2001; Zabarny et al., 1997; and others). The
deployment in recent years of new technologies for heat extraction (thermal pumps and so on) (Kohl et
al.,  2002;  Lud et  al.,  2001;  Tester  et  al.  1990;  and  others)  speaks  volumes  about  the  potential
geothermal  power  engineering  advancing  to  occupy  a  leading  position  in  residential  energy
consumption.  In  economically  developed  countries,  over  several  recent  years,  about  a  million
geothermal  heating  systems  for  households  have  been  installed.  The  ecological  aspect  is  also
noteworthy here: The modern geothermal energy systems provide for complete  return of the water,
recovered from large depths, back  into the ground. For that reason, analysis of geothermal evidence
with a view to assessing the thermal energy resource potential appears to be important and topical.

This  study is  regional  in  character  and  aims specifically  at  an  assessment  of  the  concentration
(density)  of  thermal  resources  (W).  Actually,  reserves  in  deposits  can already be determined once
relevant tasks are set for a number of Ukrainian regions. In accordance with requirements worked out
for other mineral deposits, such an assessment can be performed in different versions (Dyadkin, 1985;
Dyadkin et al., 1991; Gordienko, 2001; Gordienko et al. 2002; Shpak et al.  1989; and others) with
dissimilar  degrees  of  validity  and  proceeding  from  dissimilar  heat-extraction  technologies.  The
circulation technology for heat extraction from dry rocks (Armstead et al., 1987; Shpak et al. 1989; and
others) appears to be the best as it fully reflects the region’s energy potential. It is precisely for the case
of circulation technology that calculations will be performed and, if necessary, the results can be re-
examined in line with requirements of other technologies.

It is common practice to classify resources, in terms of the degree of validity, into the categories of
promising (C3) and  forecast (P1 and P2). With regard to resources in category P2, we are talking just
about the probability of conditions prevailing in the region that might be favorable for the formation of
geothermal energy fields. Information on temperature distribution at depth is based on geological and
geophysical data (also, to a small extent, on geothermal data). The largest achievable drilling depth (10
km)  is  adopted  in  the  calculations.  It  is  assumed  that  the  rock  massif  can  be  cooled  down  to  a
temperature prevailing at the surface. In fact, this approach can only result in a wishful appraisal, which
is hardly suitable for identifying specific areas potentially promising for the extraction of the Earth’s
heat. The P1 category is applicable to regions, for which energy extraction has already been rated as
possible, in principle. The calculations use currently realistic drilling depths (down to 6 km) and take
into account requirements from various energy consumers regarding the temperature at the input of the
heat carrier to the heat-exchange unit and its subsequent discharge. Promising resources C 3 also take
into account economic expediency of the Earth’s heat utilization in terms of its confinement to densities
at which the extracted energy can compete with that provided by conventional sources.

The borderline between P1 and C3 resources shifts with technological improvements and with the
cost of energy from conventional sources. For that particular reason, the authors decided to perform
calculations for the entire territory of Ukraine assuming the level of W that reflects the contemporary
position of the borderline between P1 and C3. In doing so, we will focus on resources suitable for the
use in heat supply systems, i.e., for hot fluid extraction from the geothermal circulation system (GCS)
at  the temperature  of 60oC and its  dumping out  at  20oC. These are  the largest  possible resources,
considering that we need 100-40oC and 210-70oC, respectively, for heating and electricity production
(steam  for  turbines).  This  approach  enables  us  to  adopt  globally  approved  results  of  economic
appraisals published by the Massachusetts  Technological  University  (see Fig.1).  They point  to  the
economic feasibility of geothermal energy extraction from the GCS for the most up-to-day technologies
at the level of the geothermal gradient  γ equaling 20-25oC/km. Ukraine also provides an example of
using thermal energy in practice in an area with such a value of γ. 

Actual sources of geothermal energy involve a feature that often tends to be misrepresented. We are
talking about categorization of such sources as renewable. This is true, in principle: The heat extracted
from the Earth’s interior will,  some day,  be replenished with the  heat  coming from larger depths.
However, in terms of the genuine thermal properties of the medium, the rate of such a renewal turns out
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to be incommensurably slower than what human history is aware of, i.e., it will eventually amount to
zero.

We used in our analysis the data obtained for the
territory of Ukraine due to two reasons: 1) The authors
have contributed much to the detailed coverage of the
territory in question; 2) We can show on this example
the significance of geothermal energy for ordinary (not
volcanic) region.

Fig. 1.  Production costs of the heat  extracted with the
help  of  the  geothermal  circulation  system  (GCS)  as  a
function of geothermal conditions and of the technological
level. Economic model of the Massachusetts Technological
University (Tester et al., 1990). The digits 1 to 4 designate
versions of the GCS technology.

CALCULATION PROCEDURE
This is how the density of thermal resources is calculated (Dyadkin et al., 1991; and others):
W = N·K·Cρ·  Т(Нbd - Нв),
where N is the fuel consumption norm per marketable heat. It equals 0.34 .10-10 tons of standard fuel

divided by J (one ton of oil contains 1.47 tons of s.f.; one ton of coal – 0.9 tons of s.f.; one ton of
condensate -- 1.54 tons of s.f.; 1,000 m3 of gas – 1.25 tons of s.f.; and one ton of lignite - 0.49 tons of
s.f.); K is the temperature extraction coefficient (adopted in the publication by Dyadkin et al., 1991, as
equaling 0.125); Cρ - volumetric heat capacity of rocks. It is virtually invariable and amounts to 2.5 .106

J/m3 oС;  Т – is the temperature differential -- amounting to 40oС -- between the heat carrier and the
water being discharged;  Нbd – is the the depth of the borehole at which the bottom Т was measured;
Accordingly, W = 0.000425(Нbd – Нb) in tons of s.f./m2 (Н in meters);

Нb  is  the  depth at  which the average temperature in the  Нbd –  Hb range amounts  to 600С. It  is
determined from the formula (Тbd – Тtm)/0.5γ, где Тtm stands for the temperature of the heat carrier,   -
is the average geothermal gradient within the depth interval.

If the temperature (T) at the lower point is high, the upper point turns out to occur above the surface.
To prevent this situation from happening, we need to introduce a restriction for T: It has to be 10 oC
higher than the temperature of the water to be dumped back, i.e., it must be 30oC. In such a case, we
need to take into account the difference between the average temperature of recoverable water and the
standard temperature amounting to 60oC. This produces an additional factor – (Tav-20)/40 -- in the W
calculation formula. 

Consequently, the task reduces to determining T for the given region (for the given distribution of
thermal conductivity with depth) at dissimilar deep-seated heat flows (HF) characteristic of the region
and to  subsequent  assessment  of  W for  the  drilling  depth  of  6,000 meters  (evaluations  were  also
performed for the depths of 4,500 and 3,000 meters). The use of the specific temperature at the surface
on the site, where deep-seated temperatures were determined, produces variations in W values of up to
±4% (for example, if 8oC is replaced by 6 to 10oC). Thus, it is possible, in principle, to adopt a single To

value in the determination of T in terms of the heat flow.
Clearly, the temperature extraction ratio is not a constant value. It has to be determined with a view

to real conditions of the procedure.
The calculation shows that  we do not  need to  take into account  every single  parameter  of  the

process.  To  begin  with,  the  temperature  anomaly  does  not  significantly  exceed  the  limits  of  the
fractured  zone  over  the  entire  period  of  system operation.  The  time  of  the  system existence  may
constitute a restriction. It is associated with silting of the fractured zone around the borehole. This
prevents water being discharged from percolating back down in required amounts, so that more power
is  needed to  operate  injection  pumps,  and  so  on.  Proceeding  from available  data,  the  geothermal
circulation system  may function for  25 years.  If  it  operates  for  a  shorter  period of  time,  then the
moment when the average temperature in the bed, from which water is extracted, reaches 60 oC, heat
extraction must be halted.

Let us determine the system’s operating time. According to Tester et al., 1990; and others, the layer
in which fracturing occurs  can reach 500 meters  in  thickness.  We estimate  the  dimensions of  the
fractured area as 250x250 meters. The connected porosity accounts for about 0.1 of the rocks’ volume.
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Its variation does not have any significant effect on the result: depending on porosity, the system will
be filled through a single operation of the injection pump more frequently (with a lower single thermal
effect) or more seldom (with a larger single thermal effect).

The amount of injected water, given affordable power consumption for injection operations, will
amount to 1,000-7,000 m3 a day. If we adopt a real value (to simplify the assessment) of 4,300 m 3 a
day, it takes two years to fill up the porous system. The following formula describes temperature drop
in the volume: Ta1 = 0.167.dT (taking into account the ratio of volumetric heat capacities of water –
4.18.106 J/oC.m3 – and of the rock). dT denotes temperature difference between the average T at the
depth of 5,500-6,000 meters and 20oC. The evaluation shows that the resulting anomaly remains intact
in the body (not for just two years, but for the entire real period of observations). Therefore, Ta2 equals
0.167 (dT – Ta1) and so on, until (dT – the sum of Ta1), etc. reaches 40oC.

The estimated time for the drilling depth of 6 km at geothermal gradients amounting to 2-6 oC/100
meters ranges between 8 and 23 years; for 3 km, the estimated time will constitute 1.5 to 13 years.
Therefore, the lifetime of the system is not exceeded and the coefficient K can be determined (To=10oC)
as (5,750γ – 50)/(6,000 -20/γ)6γ, where γ is measured in oC/meter. At γ=0.02, K amounts to 0.108, at
0.03 to 0.127, at 0.04 to 0.136, and at 0.05 to 0.141.

The calculations of abyssal temperatures in terms of heat-flow values in the regions were conducted
for a stationary distribution, and corrections were excluded from estimated temperatures. The point is
that observed heat-flow values are not suitable for the task when we deal with large depths. In the
Dnieper-Donets  Basin  (DDB),  it  was  more  suitable,  instead  of  striking  off  the  correction  for
hydrogeological conditions, to introduce somewhat elevated thermal conductivity in the upper portion
of the profile.

The calculations used values of average effective thermal conductivities γ of rocks within the depth
ranges of 0-1.5, 1.5-3, 3-4.5, and 4.5-6 km listed in Table 1 (in W/m.oC).

Table 1. Thermal conductivities distribution versus depth in Ukrainian regions

 Н,
km

1 2 2-3 3 4 5 and 7 5,7-
slopes

6 - pit
walls

6 8 9 10

0-1.5 1.85 2.65 2.45 1.8 2.1 2.65 1.7 1.8 1.8 2 1.8 1.6
1.5-3 2.65 2.65 2.45 2.25 2.65 2.65 2.65 2.05 2.05 2.1 2.2 2.05
3-4.5 2.65 2.65 2.45 2.65 2.65 2.65 2.65 2.65 2.2 2.3 2.65 2.5
4.5-6 2.65 2.65 2.45 2.65 2.65 2.65 2.65 2.65 2.3 2.5 2.65 2.65
0-6 2.39 2.65 2.45 2.28 2.49 2.65 2.32 2.22 2.07 2.21 2.27 2.12

Numbering of regions: 1 – Transcarpathian, 2 – Carpathian, 3 –Ciscarpathian Trough, 4 – Volyno-
Podolian plate, 5 – Ukrainian Shield, 6 – Dnieper-Donets Basin, 7 – Voronezh Massif, 8 – Donbass, 9 –
Southern Ukraine monocline, 10 – the Crimea

The suggested technique for estimating abyssal temperatures involves obvious sources of errors,
primarily, the failure to account for real values of thermal conductivity at the evaluation point. To make
up for this inconsistency, we conducted comparison between estimated and measured temperatures for
all the regions in question at maximum depths of measurements. This did not include the Ukrainian
Shield and its  slopes,  where virtually no deep boreholes are available (except  for the boreholes in
Krivoy Rog and Kirovograd areas, 5 and 3 km, respectively). The resulting histograms display modal
values of deviations in the Carpathian, Transcarpathian, and Donets Basin regions amounting to 1oC.
For the Dnieper-Donets Basin, the Crimea, the Volyn-Podolian Plate, and Southern Ukraine monocline,
the deviations amount to 3-4oC. The deviations increase sharply exclusively in areas with thick salt
beds.  They  are,  however,  not  suitable  for  the  creation  of  geothermal  circulation  systems (GCS).
Consequently, errors in temperature evaluations cannot have a significant effect on the determination of
W. The predicted error of up to 10% does not exceed that in the measurements of the heat flow.

Let us now determine the level of W, delineating areas with the territorial distribution of category C 3

resources. It amounts to 2.5 tons of standard fuel per square meter.  Table 2 lists heat-flow values in
various regions of Ukraine that are compatible with the aforementioned and other values of W. It is
obvious that the relationship between the territorial distribution of geothermal sources and the value of
the deep-seated heat flow (HF) is quite complicated, especially so at large values of W.
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Table 2. Correlation between HF and W in different Ukrainian regions

W, tons of s.f.
per m2

 HF, mW/m2 in regions
1 2 2-3 3 4 5 and

7
5 and 7
slopes

6 –  pit
wall

6 8 9 10

1 38
2 48 44 41 45 48 42 40 38 40
3 59 54 50 55 59 51 49 46 49 50
4 69 64 60 65 69 60 54 58 59 56
5 73 80 74 69 75 79 62 67 68 64
6 82 79 76 73
7 92 85 81
8 101
9 111
10 120
HF С3 min 48 53 49 46 50 53 46 44 41 44 45 42

The estimates indicate that the density of resources falling into category C3 are quite widespread.
Of certain interest is correlation between W values and the data on hydrocarbon deposits. Let us

examine the territorial distribution of energy resources that can be extracted in the form of commercial
heat from a large oil deposit in the Dnieper-Donets Basin (without taking into account the expenditure
of energy on oil transportation and with the efficiency of its conversion into useful heat amounting to
0.8). If we adopt actual parameters of the deposit: thickness of the productive bed equaling 180 meters;
porosity of the reservoir rocks – 0.15; the pore-filling coefficient – 0.75; the extraction coefficient –
0.37; and oil density – 0.8 t/m3, we get 8.8 tons of standard fuel per m2. In the case of minor deposits,
which, in the conditions prevailing in Ukraine, are considered to be cost efficient for operation only
provided that boreholes are already there, the  reserves distribution density  is smaller by an order of
magnitude.

This  suggests  that,  even  in  terms of  concentration,  geothermal  energy in  a  number  of  areas  is
comparable  with  that  comprised  in  traditionally  mined  hydrocarbon  deposits.  Territories  where
geothermal energy is available are much more sizable.

The above evaluation of K envisages “single-use” heat extraction technique. In this case, the value
of W (W6) appears to be sharply lower. It is obvious that energy extraction can proceed further even
after its source has been exhausted at the depth of 5.5-6.0 km (possibly, without the need of drilling
additional boreholes). Energy is likely to be recovered from the depths of at least 2.5-3.0 km at the
geothermal gradient of 20oC/km. Relevant evaluations for other depths (H, in km) at the bottom of the
interval being mined produce values of W = (0.427H – 0.07)(γ –2.7 + 0.3H). For example, given the
heat flow of 45 mW/m2 typical of the Dnieper-Donets Basin, the “full” value of W will be 4.5 time
higher than W6. It is noteworthy that by using the data for regions characterized by dissimilar values of
W6, we can readily obtain (for the range of W6 2.5-10), W3 = 0.53(W6 -1.5) and W4-5 = 0.78(W6 – 0.8).

INITIAL DATA
In our specific case, the evaluation of geothermal  reserves distribution density was based on the

available heat-flow values. The level of knowledge of Ukraine’s territory in terms of this parameter is
unique. In the rest of Europe, about 4,000 HF values were determined in various boreholes, whereas in
Ukraine (occupying just 6% of the continent’s area) the number of such determinations is 13,000. Thus,
Ukraine is best suited for showing the potential possibilities of utilizing the Earth’s heat in regions, the
majority of which have not been known for a high-energy potential.

In addition to a large body of information on the heat flow, Ukrainian explorers make use of values
of the deep-seated heat flow. This implies introduction of allowances for the effect of near-surface
distortions into observed values.

This primarily applies to the effect of the paleoclimate. Special studies have made it possible to
select the length of the time sequence for paleotemperatures at the surface enabling us to adjust the
values  of  T  at  various  depths.  The  total  length  of  the  sequence  amounted  to  1.2  million  years.
Adjustments in shallow boreholes drilled through the shield sometimes account for one-third of the
heat-flow value.
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In many regions, the effect of groundwater cross-flows was significant. It is extremely diverse in
form and intensity. In some cases, the geothermal gradient may decrease almost to zero. If the borehole
pierces “underground rivers,” there may also appear negative values of the geothermal gradient.

Less significant and less common in Ukraine are allowances for the structural effect, young thrusts,
and sedimentation. Those features are large beneath the surface of the Black Sea floor, but no relevant
data were used in the evaluation of W. 

The HF values in adjacent (one minute of latitude and longitude apart) boreholes were averaged in
line with the regional character of the study. As a result, the diagrams presented below cover 5,500
sites. The HF determination grid is very irregular. Clearly, the majority of values were obtained for
petroliferous  and  coal-bearing  areas,  as  well  as  fin  local  territories  of  ore  fields.  In  other  areas
(primarily, in a larger part of the Ukrainian Shield and its slopes, at the Voronezh Massif slope, and
partly, in Folded Carpathians), “blank spaces” prevail.

Fig.  2 shows the pattern of  HF distribution.  This  version of  the  map is  somewhat  out  of  date
(National Atlas of Ukraine, 2007), so that in the given case, it is simply a way to show a general picture
of the parameter variations.

Fig. 2. Deep-seated heat flow on the territory of Ukraine.

The difference between maximum HF values for the Transcarpathian Trough (120-130 mW/m2) and
minimum values for the Ukrainian Shield (30-35 mW/m2) reaches a factor of 4, and the estimated
values  of  W  differ  even  more  significantly  (see  below).  Even  before  we  proceed  to  estimating
geothermal resources density, it can be surmised that they are mainly confined to three vast basins:
western, southern, and eastern, divided by a territory at the center of Ukraine where the resources are
scarce. The majority of the aforementioned basins cannot be shown in the maps presented below, yet it
is precisely within those basins that the region’s maximum geothermal energy is amassed (Fig. 3).

The  lateral  dimension  of  the  anomalies  amounts  to  a  few kilometers,  and  the  intensity  of  the
disturbance (above the local background) is rather monotonous – about 20 mW/m2, which corresponds
to the W increase (see  Table 2) by approximately 2 tons of s.f./m2. Geological evidence and special
evaluations indicate that the anomalies are confined to areas close to heated fluids whose source is
located at a depth of 6-7 km in zones of recent activation (Aleksandrov et al., 1996; Gordienko et al.,
2002a, 2002b; and others). The width of the permeable zone through which the fluids percolate turns
out to be small – at the level of a few hundred meters. A.E. Lukin built a similar model, not based on
geothermal data, for a petroliferous structure in the Dnieper-Donets Basin (Lukin, 1997) – Fig 4. It is
noteworthy that in all cases the parameters of the circulation system are similar, despite the tectonic
diversity of the regions in question.
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Fig. 3. Local anomalies of the deep-seated HF in various regions of Ukraine
The regions shown on the map: Volyn-Podolian Plate (1-3), CiscarpathianTrough (4), Ukrainian Shield (5-6),

Donets Basin (7-8), Scythian Plate (9), and Dnieper-Donets Basin (10-12). The dots mark experimentally derived
HF values and lines denote estimated values.

Fig.  4.  Abyssal  water  injection through dislocations on the
Machukha field (Lukin, 1997 – adjusted for ease of reference)

1  --  direction  of  abyssal  fluids  movement  under  high-
pressure;  2 -- gas deposit; 3 -- dislocations; 4 -- unconformity
surface (barrier?).

Consequently, already at this stage of regional studies,
one can talk about the discovery of individual geothermal
energy  resources  that  occur  in  virtually  all  regions  of
Ukraine, including the Ukrainian Shield, which is, in fact,
not really promising for the mineral resource in question.

GEOTHERMAL RESOURCES IN UKRAINE’S MAIN REGIONS
Fig. 5 shows distribution of geothermal resources in the western region.
The W6 level on the Volyn-Podolian plate conforms to the changeover from low values at the slope

of the shield to elevated ones in the Carpathian geosyncline undergoing a stage of post-geosynclinal
activation. In the north of the region, there lies a zone of extremely low W values (much lower than
cost-efficient) confined to the site of the Volyn negative heat-flow anomaly. The average level of the
geothermal energy concentration is quite low ranging from 1.5-2 to 2.5 tons of s.f./m2. Elevated W6

values are only observed within Yavoriv, Ternopil, and Chernivtsi heat-flow anomalies (up to 4-5 tons
of s.f./m2). The anomalies in question are confined to recent activation zones where other geological
and geophysical indications of the process have also been registered. 

A similar pattern has also been observed for the Ciscarpathian Trough (which, with the exception of
its southwestern margin, overlies a Precambrian basement) where typical values of the heat flow are
small  and where larger  heat-flow values  have only been registered within western portions  of  the
Yavoriv and Chernivtsi anomalies, as well as at the border with the Folded Carpathians.
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Fig. 5. Geothermal resources in the west of Ukraine
1-- Sites where the values of W were determined; 2 -- boundaries of tectonic units. The periphery of the

Pannonian Depression, the Transcarpathian Trough, the Folded Carpathians, the cis-Carpathian Trough, and the
Volyn-Podolian plate extend from the southwest to northeast.

The thermal field in the Folded Carpathians has largely been explored in the Skiby zone, which
partly overlaps the foredeep. In the main part of the region, there are few boreholes covered by studies,
so that we observe a large “blank space” there (Fig. 5). The values of W6 average 33.5 tons of s.f./m 2

despite the rather high HF. This is due to the considerable thermal conductivity of rocks reducing the
geothermal gradient.

In the Transcarpathian Trough, the values of W6 are the largest for the territory of Ukraine. In some
areas, they come up to 10 tons of s.f./m2. This region appears to be the most likely for making use of the
Earth’s heat. It is there that hot water is supplied to spa resorts and goes for heating purposes. There
were  plans  to  build  a  geothermal  electric  power  plant  there.  Nowadays,  however,  the  structure,
designed for the plant, serves as a gas-storage facility for the transit gas pipeline.

Owing to the large territory the Volyn-Podolian plate occupies, the total amount of resources in the
western basin makes it quite promising (despite the low W6 values). Altogether, 0.25.1012 tons of s.f. is
accumulated in the basin (we are talking about the depth range of 5.5-6.0 km, and the resources can be
considerably supplemented by those located at more shallow depths – see above).

In the southern basin (Fig. 6),  at  the transition from the Ukrainian Shield slope to the southern
Ukrainian monocline, and then to the Scythian plate, the W6 value gradually increases from north to
south  from  2.5  to  3.5-4.0  tons  of  s.f./m2.  A  combination  of  geological  and  geophysical  studies
conducted in recent activation zones of the Crimea, northern Dobruja, and cis-Dobrujan Trough have
identified anomalies of up to 7 tons of s.f./m2. Some of them have been associated with the heating up
of a stratum several kilometers in thickness by hot abyssal fluids (Gordienko et al., 2002; and others).
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Fig. 6. Geothermal resources of the southern basin
See Fig. 5 for the legend

Fig. 7. Geothermal resources at the slope of the Voronezh Massif (the top diagram) and of the Dnieper-Donets
Basin (the lower diagram)

See Fig. 5 for the legend.

The total amount of geothermal resources in the basin is quite significant due to its vast territory:
0.3.1012 tons of s.f.

The thermal field in areas of the eastern basin has been explored with dissimilar degrees of detail. In
the Donets Basin, the coverage is the best (6,500 individual determinations of the heat flow), whereas at
the Voronezh Massif slope it does not exceed the extent of coverage of the Ukrainian Shield. For that
reason, parts of the basin are shown at different scales (Figs. 7 and 8).

The data for the territory of Russia were also used for plotting the diagram of W6 distribution at the
Voronezh Massif  slope.  This  only  slightly affected  the  possibility  of  identifying areas  with viable
values of W, and “blank spots” there are common. It is only at the boundary with the Donets Basin that
a small area was identified with the relevant parameter larger than 4 tons of s.f./m2.

In  the  Dnieper-Donets  Basin  (DDB),  territories  promising  for  rich  geothermal  resources  are
widespread. Yet, usual concentrations of geothermal energy in the DDB are not high – about 2.5-3.0
tons  of  s.f./m2.  In  rare  cases  only,  can  one  encounter  areas  with  W larger  than  4  tons  of  s.f/m 2

(exceptions are mentioned earlier in the chapter). The boundary between the DDB and Donbass proper
is in the given case drawn quite arbitrarily: A straight line replaces the vast transition area. It roughly
separates the territory with a dense survey grid at the Donbass mining fields from the territory with a
sparse survey grid – at hydrocarbon deposits in the Dnieper-Donets Basin (Fig. 7).

231



Fig. 8. Geothermal resources of Donbass
See Fig. 5 for the legend

The concentration of geothermal energy in Donbass is much higher than in the Dnieper-Donets
Basin (Fig. 8). However, in Donbass, elevated values of estimated W6 are largely associated with water
percolation through permeable fault zones. The temperature distribution with depth (down to 6 km) in
them is virtually invariable, even though it should have differed from that derived according to the
formula. It might be easy to amend the values, but such procedure would only make sense in the case of
more detailed studies (the available estimates are provided in parentheses in the table attached to Fig.
8). It is unlikely that detailed studies would radically alter the W6 values. The subparallel strike of the
faults near the axes of the Main and the Druzhkovka-Konstantinovka anticlines is probably responsible
for a significant expansion of the thermal anomalies. That is why one can observe them on the map
(Fig. 8).

The average concentration of geothermal energy in Donbass amounts to about 4.0-4.5 tons of s.f./
m2,  increasing  to  6.0-7.0  tons  of  s.f./m2 in  the  northwestern  part  of  the  Main  anticline  and  in
southwestern Donbass. W6 anomalies are quite common in the region. It only remains to point out that
values  of  the  estimated  parameter  in  southwestern  Donbass  with  a  thin  sedimentary  veneer  are
somewhat overestimated. The determinations there used the same value of  γ as for other areas of the
region. Actually, however, a considerable depth range there is composed of crystalline rocks of the
basement  with  an  average  thermal  conductivity  higher  by  15-20  percent.  A  comparison  between
observed and estimated temperatures does not detect the error since the depths of the boreholes, in
which temperatures were measured, are not sufficiently large (about 1 km). 

As pointed out earlier in the chapter, the insufficiently detailed coverage of much of the Ukrainian
Shield makes it  impossible to describe the thermal field on its  large territories. This also naturally
applies  to  the  distribution of  W values.  The data  presented in  Fig.  9 testify  to  the  fact  that  areas
promising for category C3 resources may be available on the Ukrainian Shield and its slopes, but their
identification and exploration have yet to be carried out. If we apply the concept of a low heat flow to
the entire shield outside the Kirovograd anomaly (and to a few other spatially small HF disturbances),
the W6 value there may be estimated at 1.8 tons of s.f./m2.

Northeast of the shield (already in Belarus), there appears a zone of relatively high W6 values in the
Pripyat  Trough.  In  reality,  however,  the  entire  Belarusian  Massif  and  the  Pripyat  Swell  are
characterized as zones of abnormally low HF and, accordingly, low W values.

The poor exploration maturity of the Ukrainian Shield territory and the detection of quite intensive
heat-flow anomalies  in  its  best-explored  parts  show that,  at  least  in  individual  zones,  commercial
reserves of geothermal energy may be discovered in the future. Their detection is likely within the still

232



not fully explored Dnieper anomaly at the northeastern part of the Ukrainian Shield. The northwestern
part of the Ukrainian Shield and the adjoining territory of the Volyn-Podolian plate, as well as some
territories in the northern part  of  the shield are the only areas that have no prospect  of containing
geothermal resources. It  is unlikely to expect there heat-flow values (even close to average for the
region) at which the level of promising resources can be achieved. This is due to the high thermal
conductivity of crystalline rocks.

Fig. 9. Geothermal energy resources of the Ukrainian Shield and its slopes.
See Fig. 5 for the legend.

CONCLUSIONS
Fig.  10  shows  a  joint  map  of  geothermal  energy  resources.  It  is  poor  in  detail  but  illustrates

possibilities for consecutive utilization of the Earth’s heat from various depth intervals.

Fig. 10. Regional distribution of W values on the territory covered by studies. The digits mark tectonic regions
(see Table 1)
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In three basins and in the central part of Ukraine, known for the low thermal potential, the total
amount of thermal resources amounts to about 1012 tons of standard fuel. Let us compare the resulting
data  with information on Ukraine’s of  fossil  fuel  reserves shown in  Table 3 (National  Geological
Survey of Ukraine, 1999).

Table 3. Energy reserves in Ukraine’s fossil fuel deposits
Fuel type Reserves Reserves in tons of s.f.
Hard coal 4.31141·1010 tons 3.880·1010

Lignite 0.25848·1010 tons 0.127·1010

Peat 0.0659379·1010 tons 0.025·1010

Oil 0.01467 1010 tons 0.022·1010

Gas 129·1010 m3 0.161·1010

Condensates 0.00807·1010 tons 0.012·1010

Total 0.04·1012 tons of s.f.

The total value of W6 exceeds reserves of fossil fuel (mainly, hard coal) by a factor of 25. In view of
the fact that geothermal energy is more advantageous ecologically, we can appraise the utilization of
the Earth’s heat in Ukraine as a very promising trend.

An evaluation of geothermal resources that can be used without additional heating, so that we obtain
steam suitable  for  producing  electricity,  has  shown that,  at  the  drilling depth  of  4.5  km,  minimal
resources emerge in the zone of maximum heat-flow values in the Transcarpathian Trough (>120 mW/
m2). The temperature of the fluid is 210oC and that of the water being discharged -- 70oC, i.e. the fluid
being discharged may be used for heat  supply.  With the drilling depth of 6 km, we obtain values
matching those of W6 for the version discussed above (T of the heat conductor is 60oC and of the
discharge – 20oC): 6 – 0; 7 – 2.5; 8 – 3.8; 9 – 5;10 – 8 tons of s.f./m 2. In other words, conditions
suitable for the extraction of steam are present solely in the Transcarpathian Trough and in a rather
limited number of areas in the Crimea and Donbass.

There  exist  quite  promising  projects  for  the  utilization  of  hot  water  (provided  that  exploration
boreholes are already available) that can produce steam by way of additional heating with the help of
burning associated gas from line wells in the Dnieper-Donets Basin fields, methane from abandoned
coal mines of Donbass, shale gas, etc.

The assumption, voiced at the beginning of the chapter regarding high advantages offered by the use
of thermal energy, has been validated by relevant studies. This traditional alternative source could be
quite timely for Ukraine.

234



13. DEEP-SEATED PROCESSES AND DIAMOND-BEARING ROCKS
 

INTRODUCTION
The chapter further specifies certain points touched upon in this author’s article (Gordienko,

2015a) dealing with the advection-polymorphism hypothesis (APH) regarding deep-seated processes.
It may therefore contain some repeats.

In  recent  decades,  the  spectrum  of  magmatic  rocks  containing  certain  concentrations  of
diamonds has increased (Lapin et al., 2007; Marakushev et al., 2005; Mitchell et al., 1991; Shirey et
al.,  2013a and b;  and others).  Most  of  them are  associated with magma sources  at  large depths:
kimberlites  and  kimberlite-like  rocks,  lamproites,  lamprophyres,  minettes,  etc.  An analysis  of  the
geological situation in areas of their formation enables one to arrive at a conclusion that they are
associated with initial magmatism. In the case of rifts, this correlation is but obvious. When it comes
to  geosynclines,  studies  of  initial  complexes  there  are  rendered  more  complicated  due  to  thick
sedimentary  strata.  Yet,  such  rocks  are  available,  though  not  pervasively,  in  all  rift  systems  of
continents and in geosynclinal belts (Continental…, 1995; Kaminsky et al.,1995; Magmatic…, 1987,
Shirey et al., 2013b; and others).

A question arises as to whether or not kimberlite magmatism is associated with single-episode
activations. Clearly, in the case of typical post-geosynclinal activation (dozens of millions of years
following  the  cycle  completion),  involving  relict  melts  from  a  shallow  asthenosphere,  diamond-
bearing kimberlites cannot form. If, however, the platform experiences activation, this is likely to be
the case. Magmatic manifestations of Permian activation 260±20 million years ago were explored 80
km away  from the  southwestern  framing  fault  of  the  Dnieper-Donets Basin  on  the  slope  of  the
Ukrainian Shield (Shcherbakov, 2005). Some geologists view them as astroblemes (scars on the earth's
crust made by the impact of a meteorite). Their composition makes it possible to determine the depth
of the secondary focus equaling 85±10 km. Xenocrystals of diamonds, stishovite, etc. point to a depth
of the primary focus amounting to over 200 km. The activation is separated by 100 million years from
the Hercynian heat and mass transfer within the rift mantle. So that there was enough time for an about
60 km thick partial melting layer to take shape at the bottom of the upper mantle (Gordienko et al.,
2006).  It  is  possible  that  some kimberlites  of  the  Azov Massif  are  related  to  the  post-Hercynian
activation in the Donets Basin and adjacent territories. The majority of the kimberlites in the Azov
Region are associated with the initial magmatism in the Donets parageosyncline. Neither of those rock
varieties contains diamonds. It has to be pointed out that environments, in which initial magmatism
took  place  in  the  Precambrian,  were  essentially  different  from  those  in  the  Phanerozoic.  More
specifically,  during  that  period  of  time  there  existed  a  relatively  shallow asthenosphere  virtually
precluding conditions suitable for the formation of diamonds within large depth intervals (Gordienko,
2015d). It is only in the Riphean that the situation became similar to that in the Phanerozoic. The
majority of diamond-bearing rocks formed precisely during the period that started in the Late Riphean-
Vendian (Shirey et al., 2013; and others). In terms of the APH concepts, the small amount of older
diamonds can be divided into two categories.  The oldest  ones  can be classified as  related to  the
permobile  period (Gordienko,  2015d)  when the intensity  of  the  crust-mantle  exchange  was  at  its
highest and much of the basic material sunk into the mantle. Diamonds of the eclogitic paragenesis
must  have  prevailed  during  that  period.  Then  there  appeared  temporarily  inactive  areas  where
diamonds of the peridotitic paragenesis could also form. Taking into account possible variations in the
heat generation within the mantle, the span between the above periods can be assessed at 3±0.5 billion
years. Recent mineralogical evidence date it at 3.2 billion years.

Formation  of  diamond-bearing  rocks  is  in  full  agreement  with  APH  concepts  (Gordienko,
2015a). The hypothesis does not, however, explain the difference of diamond-bearing rocks from other
rocks produced during the initial magmatism. The magmas rise to the surface at a high speed, and this
may explain why the diamonds remained intact.

Diamonds are passively involved in the process and frequently differ sharply in age from rocks
created  by  the  magma that  transports  them.  Occasionally,  we  encounter  some diamonds  that  are
extremely old and probably formed in specific conditions (see below). Mantle rocks contain too little
carbon – below 10-6 (Altukhova, 2012; Shirey et al., 2013a). Carbon content within the crust is by
orders of magnitude more abundant. This is probably the reason why diamond clusters primarily occur
within crustal eclogites that sank into the mantle. Their content in eclogitic xenoliths may reach 10-
15% (Shirey et al., 2013a).

At first glance, it is easy to account for the phenomenon of magmas’ rapid rise to the surface:
Kimberlites contain much water and carbon oxides (Table 1).  However, its  presence in diamond-
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bearing rocks and absence from other initial formations of virtually the same age and depth of the
magma chambers raises questions.

Table 1. Comparison between initial melts of Jericho (Canada, 1-4) (Kopylova et al., 2007) and
other kimberlite melts on the basis of published data (5-9)

Oxides wt, %
1 2 3 4 5 6 7 8 9

SiO2 29.5 26.6 26.4 28.5 26.2 26.5 25 27 28.1
TiO2 1.3 1.4 1.6 1.6 2.6 2.2 3.2 0.5 0.7
Al2O3 1.8 1.7 2.3 1.6 2.8 2.2 2.3 1.3 1.6
Cr2O3 0.4 0.3 0.4 0.4 0.2 0.2 0.1 0.2

FeO(T) 7.4 6.8 6.7 7.4 9.6 8.8 9.2 5.4 6.6
MnO 0.2 0.2 0.2 0.2 0.2 0.1 0.2
MgO 28.4 26.1 25.8 28.7 25.2 26.5 26.1 22.4 23.1
CaO 11.3 15.1 14.9 12.2 13.3 12 15 19.4 16.7
Na2O 0.1 0.1 0.1 0.2 0.1 0.1 0.2 0.2
K2O 1.5 1.4 1.8 1.2 0.8 1.5 1.9 0.4 0.5
P2O5 0.6 0.8 0.9 0.4 2 0.3 0.6 0.8
CO2 8.3 11.3 11.2 9.3 8.2 7 8.6 14 12.1
H2O 9.4 8.1 7.6 8.5 7.3 12.3 4.9 7.1 6.7

 
Numerous recent publications deal with these problems (Kamenetsky, 2011; Kopylova et al.,

2007; Marakushev et al., 2005; Price et al., 2000; Russel et al.; and others).
The hypothesis on the deep-seated processes advanced by this author also makes it possible to

offer assumptions on the nature of the fluids in question and some other related problems. The paper
deals with precisely such matters.

THE DEEP-SEATED PROCESS
 It is more convenient to examine events of initial magmatism on an example of thoroughly

studied rifting manifestations. On the Eastern-European Platform (EEP) traces of rifting were spotted
in  Riphean and Devonian  deposits  (Gordienko,  2016b).  Widespread  over  its  entire  territory were
swell-like  uplifts  with  split  arches  and magmatic  rocks  --  largely  products  of  initial  magmatism.

Manifestations of magmatism are also
discernible  over  large  distances  from
the uplifts. Therefore, their traces must
be abundant on the Eastern European
Platform, in particular - on the territory
of  Ukraine with which  this  author  is
quite familiar (Fig. 1).

 
Fig. 1. Characteristic features of the

kimberlitic  and  lamproitic  magmatism in
Ukraine  (Geyko  et  al.2006;  Geology…,
2001;  Kvasnytsya,  2016;  Shcherbakov,
2005; and others)

1-- Sites of alluvial  diamond finds
(0.1-3.4 mm), 2 – kimberlite pipes, dykes,
and  kimberlite  fragments,  3  –  lamproite
pipes and dykes. 

Known in the Dnieper-Donets Basin are Riphean rocks aged somewhat over 700 million years
and Hercynian rocks aged about 400 million years that formed in the process of initial magmatism
(Gordienko et al., 2006).

In  approximately  the  same  areas,  where  diamonds  were  found,  their  accessory  minerals,
primarily garnets, are also widespread. Diamond clusters discovered in Ukraine’s sedimentary rocks
constitute typical  peaks in Riphean and Devonian deposits  (Kalashnik,  2010;  Shumlyansky et  al.,
1992). Devonian trappean volcanoes carried off kimberlite fragments, and diatremes in southeastern
Belarus also date back to the Hercynian period. Twenty-four diatremes were spotted in that area. They
are composed of ultrabasic rocks (lamproites?); five of the pipes contained diamond grains sized 0.1-
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0.3 mm. Consequently, the evidence to the effect that the rocks there pertain to two consecutive cycles
of rifting is compelling. It is only finds of alluvial diamonds at Ukraine’s southeastern border (Fig. 1)
that could be associated with the Riphean-Vendian processes on the territory of the contemporary
Carpathians (Gordienko, 2016a).

Let us analyze the period of initial magmatism in a Riphean rift in terms of APH concepts. That
period started about 720-730 million years ago (Gordienko et al., 2006). The overheated and partially
molten substance travels from the depths range of 220-320 km to the depths of 40-100 km beneath the
crust. Shortly afterwards, the molten mantle material rushes from a subcrustal chamber into the crust
and forms there a partially melting layer comprising rocks in the amphibolite facies (at depths smaller
than 30 km).  A thin layer  of  basic  granulite  melting arises  in the  lower crust.  Crustal  heating is
accompanied by rock fluidization which is also promoted by dehydration of amphibolite structures in
the process of melting. Such conditions promote eclogitization of basic crustal rocks (Fig. 2).

Fig. 2. Conditions favoring eclogitization of the lower crust portion over a period of 10 million years
following the start of rifting.

1  –  Contour  lines  (oC);  2  –  boundaries  of  partial  melting  zones:  Upper  boundaries  –  600oC  for
intermediate  and acid  rocks  in  the  amphibole facies;  700oC for  gabbro rocks;  and about  1,000oC for  basic
granulites. Lower boundaries of the zones – 30 km and the Moho discontinuity, respectively. 3 – eclogitization
zones.

The process will come to a completion when the transformed block creates a pressure exceeding
the strength of the enclosing rocks. Eclogites are much harder than the crust and also than the heated
and molten upper mantle. When they sink into the mantle, the densities only level off at a depth of
about 250 km. The density of mantle rocks during the period in question is low (Gordienko, 2017), so
that the mentioned depth would already be reached within several millions of years.

According  to  the  diagram of  the  deep-seated  process  for  a  geosyncline,  the  sinking  of  an
eclogitized crustal block into the mantle also takes place, though during the final stage (Gordienko,
2016a). 

By  the  completion  of  the  Riphean
rifting,  the  thermal  model  of  the  region
would look like that shown in Fig. 3.

Fig. 3. Temperature (T) distribution in the
tectonosphere  over  the  period  between  the
Riphean (700 million years  ago) and Hercynian
(400 million years ago) rifting events.

Sol is  the  temperature  at  the  start  of
mantle  rocks’  melting;  Ol-Sp mark
conditions  prevailing  at  the  start  of  mantle
rocks’ olivine transformation into a mineral
with spinel structure.
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The computation of temperature variations during the period of 700-400 million years ago took
into account the cooling through the surface and radiogenic heat generation in the crust and upper
mantle. The heat generation in the upper mantle was assumed to be somewhat higher than that normal
for the platform (0.05  μW/mW/m3). The heating level reached in the lower portion of the upper mantle
exceeds solidus  and triggers  the  beginning  of  a  consecutive  (Hercynian)  rifting.  The  temperature
distribution in the upper portion of the upper mantle matches that established according to the data on
P-T parameters for xenoliths transported by the kimberlitic magma (Fig. 4).

Fig.  4.  Estimated  temperatures  (line)
for  the period of 400 million years  ago and
experimental  data  (dots)  for  diamondiferous
areas of Southern Africa and Siberia

The  scatter  in  experimental
temperatures (T) is quite appreciable. It is
possible  that  thermal  models  for  the
regions in question differ somewhat. Yet,
even if we use the data for xenoliths from

a single pipe or from a group of adjacent pipes, deviations from the median line will average at least
100oC. Thus, the model appears to be in reasonable agreement with experimental data.

When  it  comes  to  normal  mantle  rocks,  determinations  by  different  authors  of  water
concentration in minerals of xenoliths from different regions range from 0.01 to 0.10 percent (Beran et
al., 2006; Kopylova et al., 2007; Li et al., 2008; and others). Water is mainly contained in phlogopite
and amphibole micro-inclusions within lherzolites and harzburgites. At depths down to 200-250 km,
the sinking of eclogites causes a significant change of the situation. Some of those formations can be
characterized as low-temperature ones. According to Perchuk (2003) and Perchuk et al. (2015), they
comprise  lawsonite  (CaAl2Si2O7(OH)2H2O)  with  11%  of  water  content  (by  weight).  Water
concentration in eclogitic omphacites (up to 0.8%) is also noticeably higher than in other minerals. On
the whole, xenoliths within eclogites contain 0.2-1.4% of water (Karimova, 2009; Kopylova et al.,
2007; and others). The solidus temperature of eclogites (Butvina, 2006 and Litvin et al., 2004a) at the
depths in question is lower by 100-200oC than that of peridotites. This explains why a small degree of
their melting is attained earlier than that of the mantle material proper.

According  to  various  authors,  a  potential  for  melt  segregation  arises  at  its  quite  dissimilar
concentrations (Arndt, 1977; Rocco et al., 2013; Sleep, 1974) ranging from 0.2 to 5%. Sleep (1974)
assumes that values of 1-2% are realistic for the case of alkaline composition and saturation with
fluids. In the process of segregation, the magma becomes enriched in water and its solubility in the
melt is sufficient for incorporating all water present in kimberlites (Kopylova et al, 2007). The amount
of carbon dioxide emission may exceed the “capacity” of the rather limited amount of magma. In that
case, carbon dioxide is also absorbed into the concurrently shaping immiscible carbonatite part of the
molten material. With an increase in volume, the kimberlitic melt absorbs the entire available carbon
dioxide, so that there is no carbonatite magma left. The high solubility of volatiles in the kimberlitic
magma prevails until the pressure rises at the depth of about 4 km. Closer to the surface, the magma
bubbles up, and a diatreme takes shape. As H. Cloos believed back in 1941, the diatreme filling does
not fully match the notion of “magmatic rock,” that is the material crystallizing from the magma.

Let us determine the pace at which magma travels from its chamber into the crust. When we
estimate the size of the melt’s rising portion, we should proceed from a group (field) of pipes, rather
than from a single pipe. The field appears to be commensurable with a QTA (quantum of tectonic
action): In line with the APH hypothesis,  it  is a minimum volume of material capable of moving
around (Gordienko, 2015a) for about 60 km (Ukhanov, 1988). With an average density differential
amounting to 0.8 g/cm3 and average viscosity of 1020 Pa.s (Gordienko, 2017), the rate will equal 3.5
meters per year. More specifically, the translocation may take about 6,000 years. Over that time span,
the QTA will adiabatically cool down by about 200oC. Any other appreciable temperature changes are
out of the question. Consequently, diamonds on their way up to the surface are affected temperatures
150±150oC higher than the temperature at which they existed for a long time prior to their capture by
the magma. The increase in temperature is not high, but it is accompanied by a sharp drop in pressure.
This author is not familiar with direct evaluations of the rate of diamond transformation. There are,
however, results of experiments (Korolyuk et al., 2004) according to which crystals measuring a few
tenths of a millimeter require much more time. It is highly likely that diamonds may remain intact
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even without colossal rates of magma translocation, as follows from some publications (Kelly et al.,
2000; and others) – 15 km per hour or higher. Some diamonds turn into carbon dioxide after the
magma ceases its movement near the surface. The upper portion of the magma cools down quickly, so
that the diamonds remain intact, while the lower portion cools down slower and the diamonds are lost.

Fig. 5. Contents of petrogenic oxides in kimberlites from various regions of the world

The processes described above reduce to the formation in the lower crust of purely eclogitic
blocks. Certainly, formations with mixed composition also form take shape and sink into the mantle.
Their  chances  of  reaching the  depths  of  200-250 km are  not  that  high.  The  same applies  to  the
formation of a QTA: In the process of melt segregation, it may incorporate elements that were not part
of eclogites. This is probably the way the composition ranges of kimberlites and kimberlite-like rocks
form.  Fig.  5 provides  relevant  information.  The  compilation  does  not  qualify  to  represent  a
generalization  of  universal  data,  though.  It  simply  puts  together  information  on  the  results  of
approximately 1,100 analyses of kimberlites from different continents, including pipes and dykes from
the central part of the Ukrainian Shield. The data illustrate an extensive spectrum of compositions of
rocks that the authors classify as kimberlites (Geyko et al., 2006; Perchuk, 2005; Price et al., 2000;
Shcherbakov, 2005; Shirey et al., 2013a; and others). Variations in concentrations in other rock groups
(basalts, for example) are much smaller.

Studies of xenoliths transported by kimberlites from the mantle beneath the Siberian Platform
indicate that eclogites in the mantle are quite abundant and that about one-third of them are of crustal
origin. The origin of about the same volume of eclogites still remains unclear (Ukhanov et al., 1988).

In  many  cases,  the  frequently  cited  scenario  of  kimberlitic  magma  formation  above  the
asthenosphere, which existed there for a long time at the depth of about 200 km (Groves et al., 1987;
and others) is not conducive to the formation of diamonds. The conductive and fluidal heating of rocks
above the top of the asthenosphere would eliminate them. In fact, they would not even form. In fact,
the  “graphite-diamond”  interface  gets  intersected  if  the  distribution  of  solidus  temperatures  is
exceeded  at  the  depth  of  200  km.  This  occurs  at  approximately  170-180  km.  At  larger  depths,
diamonds cannot form within the oxidized metasomatic environment (according to the data of Kadik,
1999). Conditions in this situation are close to the QFM (quartz-fayalite-magnetite) buffer above the
asthenosphere. 

FORMATION OF DIAMONDS
Diamond  transport  is  a  side  effect  of  kimberlitic  magmatism.  Diamonds  actually  play  no

significant role either in the composition of mantle rocks (concentration at the level of 10 -6) or in the
composition of igneous rocks (10-9) that  pulled them out  (Altukhova,  2012;  Shirey et  al.,  2013a).
Nevertheless, the processes of their formation and transport make it possible to analyze interesting
characteristics of events taking place in the mantle.

Apart from temperature and pressure, the nucleation of diamond crystals is naturally affected by
silicate and non-silicate components in the rock composition (Bobrov, 2009; Butvina, 2006; Fedorov
et  al.,  2004;  Garanin  et  al.,  2009;  Kuzmin,  2009a;  Litvin  et  al.,  2004a;  Pearson  et  al.,  2005;
Shushkanova, 2007; and others). Information on inclusions within diamonds, as well as experiments in
synthesis have shown with a high degree of probability that some inclusions fully reflect the fact that
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nucleation  occurred  in  a  silicate-carbonate-carbonic  environment.  The  growing  concentration  of
silicate components reduces the intensity of the process and can promote crystallization of metastable
graphite. For that reason, a borderline characteristic of the diamond nucleation concentration barrier
(DNCB)  was  introduced  (Litvin  et  al.,  2004a;  and  others).  This  parameter  can  be  determined
experimentally in the field of variable P-T conditions.

Information on “central” inclusions within diamond crystals, whose composition differs from
that  of  “peripheral”  macro-inclusions,  is  essential  in  the  determining  the  range  of  nucleation
conditions. Their minerals occasionally contain microdiamonds, and they are largely composed of ore
elements; carbonates can also be there. Peridotitic (olivine) and eclogitic (omphacite) phases were also
identified.  In  the  former  case,  nucleation  occurs  in  graphite-iron-wustite-magnesium-olivine-iron-
nickel sulphides. In the latter case -- in iron-omphatite sulfides, possibly – metallic iron and K-Na-Al-
Si melts. The environment is reductive, close to the iron-wustite buffer.

It  is  shown,  judging  by  the  criteria  of  syngenetic  relations  between diamonds  and primary
inclusions in them, that a sulphide environment cannot play a major role in promoting nucleation, even
though it might also be involved as a subordinate scenario of the process (Shushkanova, 2007).

It  is,  in fact,  impossible to prove that  these criteria match the APH requirements,  since the
relevant aspect of the hypothesis has not yet been formulated. Its application to the distribution of yet
another parameter of the environment that has a substantial effect on the diamond formation seems to
be more promising. We are talking about oxygen fugacity variations versus depth in relevant layers of
the upper mantle. In general, we should also be talking about the value of the redox factor (Rh =
(Eh+0.06 hH).0.03, where 0.03 is a constant value for the system at 30oC). Oxidation increases with
Rh (Simakov,  1998).  It  is,  however,  more convenient  to use the existing system of mineralogical
fugometers.

According  to  a  popular  opinion,  redox  conditions  at  the  same  depth  in  the  mantle  vary
substantially over time (Simakov, 2003). “The ancient mantle was characterized by highly reductive
conditions  matching  values  of  fO2 close  to  conditions  of  equilibrium with  the  participation  of  a
metallic Fe-Ni phase. In the course of time, the mantle was becoming increasingly oxidized (Kadik,
1999; and others). The values of fO2 equilibria with an involvement of the metal-carbon melt are close
to the iron-nickel-wustite (INW) buffer.  It  may therefore be assumed that  diamond crystallization
within the earth’s ancient mantle occurred at the expense of heterogeneous magmatic melts which
incorporated Fe and Ni in an unbound state, something that reduced P-T threshold parameters of the
diamond phase formation” (Fedorov et al., 2002, p. 3).

The development of kimberlite volcanism, however, proceeded over various geological periods.
Diamonds occur within clastic rocks of Precambrian and Lower Paleozoic age (“phyllites” in Brazil,
Precambrian conglomerates of  Witwatersrand in  South Africa,  in India,  and in  Lower Ordovician
deposits in the Urals). Currently known kimberlites in Africa are largely of Mesozoic age. Known on
the Siberian Platform are pre-Permian, Triassic-Lower Jurassic, and Upper Jurassic kimberlites. The
data  on the ages of kimberlites from the particularly productive Vendian-Phanerozoic period (see
above), according to Heaman et al., (2003) and Shevyrev et al., (2015) are listed in Fig. 6.

Fig. 6. Ages of kimberlite magmatism manifestations in Vendian and Phanerozoic deposits on platforms:
African, North American, Siberian, and Eastern European

Kimberlites: 1 - diamondiferous, 2 – non-diamondiferous
According to APH concepts, the crust-mantle exchange during active heat and mass transfer has

been intensive over the entire geological history. It is therefore hard to agree with the notion of such
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radical  temporal  changes.  On the other hand,  the hypothesis  assumes that,  during each activation
episode, the depths of the top portions in the partial melting zones were almost the same (Gordienko,
2015a).

“Late-stage  metasomatites”  form  above  the  partial  melting  pocket,  and  a  large  portion  of
oxidized  fluids  produced  during  melting  fills  them.  Beneath  the  partial  melting  pocket,  during
crystallization of the liquid that already was there, “early-stage metasomatites” with a reduced oxygen
fugacity build up. The water they contain undergoes deoxidation to a state of hydrogen and carbon
dioxide -- to a state of carbon. It appears that this process is triggered by the “diversion” of oxygen and
its involvement in the formation of the [SiO4]4-  carcass. The concentrations of all the aforementioned
components are not  high, and the process of carbon reduction turns out  to be closer to complete.
Concurrently with the decrease in fO2, the residual fluid becomes enriched in water by comparison
with methane or carbon dioxide.

In the light of the above concepts, the notions of “late” and “early” metasomatosis do not seem
to  be  appropriate.  In  terms  of  time,  the  “late”  metasomatosis  is  more  likely  to  set  in  during  a
consecutive  activation  somewhat  earlier  than  referred  to  as  “early.”  Yet,  this  difference  is
insignificant. Metasomatites (not a very precise term either) are close enough in age at each stage of
the heat and mass transfer. The composite effect of the numerous stages fixes the boundary between
the depth intervals (a few dozen kilometers in thickness) with dissimilar extents of oxidation. Even
though the accumulation of contrast levels off during a consecutive stage of the active process with the
arrival of material from larger depths into the interval under study 

Experimental data reveal a noticeable
effect  of  fO2 on  diamond  formation
(Simakov,  1994,  2003;  Simakov  et  al.,
1995; Slavinsky, 1994) (Figs. 7 and 8).

Fig. 7. Diamond-bearing parageneses as
functions of lgfO2 and temperature for various
silicate media in the upper mantle. A designates
lherzonites and B – eclogites

1  –  Diamond-bearing  parageneses;  2  –
non-diamondiferous parageneses

Fig.  8.  Correlation  between  diamond  potential
and the extent of oxidation of the medium

1 and 2 are samples (1-- without diamonds and 2
-- with diamonds); I and II – are outlines of diamond-
bearing  and non-diamondiferous  parageneses;  EMOG
(enstatite-magnetite-olivine-graphite)  is  the  Eggler
barrier (Eggler, 1983).

The  picture  is  not  quite  distinct:  The
diamond-bearing  parageneses  occur  within  non-
diamondiferous ones  or  slightly  exceed  the
boundaries thereof. This points, in particular, to the
lack of absoluteness in the concentration barriers of
diamond nucleation  (CBND).  When  natural
parageneses  are  used,  the  differences  increase

somewhat.
In the authors’ opinion, marginal oxidation of diamond-bearing rocks is  close to the Eggler

barrier,  in  other  words,  it  is  significantly  smaller  than  that  of  QFM  (oxidized  quartz-fayalite-
magnetite) buffer. Nevertheless, differences between mean values of lgfO2 in diamondiferous and non-
diamondiferous samples  amount  to  just  1.7  with  an  allowance  for  the  error  in  the  parameter
determination equaling about 1.0-1.2 (Nikitina, 1994; and others).

Despite the largely indeterminate results, it is worth trying to verify an assumption, based on the
APH, according to which a major depth interval,  where diamonds form, is  confined to the upper
portion of the periodically emerging magma chamber that caused changes in the oxidation of mantle
rocks. Taking into account the data on typical depths of the magma chambers, we assume that the
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maximum must occur at 150-170 km. Below that maximum and above it, fO2 must increase and the
amount of diamonds must decrease.

The data on the values of lgf(O2) – lg(QFM), provided by Simakov (2003) for peridotitic and
eclogitic parageneses at the depths of 100-250 km, exhibit considerable scatter (Fig. 8). Let us average
them within the depth intervals of 125-150 km and 150-175 km. The concentration of results there is
the largest,  and we can use about 50-60 determinations of oxygen fugacity for each interval.  The
results show that the value in question is -2.3 above the boundary and -3.0 below it.

The  difference  corroborates,  in  principle,  the  assumption  we  are  analyzing,  though  that
difference is quite insignificant, hardly exceeding the margin of error: According to Simakov et al.
(1995), it reaches 1. Besides, the very procedure of averaging lgfO2 is not valid enough.

Fig. 9. Histogram depicting distribution of diamonds versus depth
1 – position of the “graphite-diamond” boundary for the majority of

areas where relevant data were selected; 2 – depths of magma chambers’ top
portions in terms of the APH concepts; 3 – histogram showing distribution of
diamond clusters

The depth of diamonds’ location prior to their capture by the
kimberlite  magma can be estimated  if  their  crystals  are  found in a  xenolith  or  if  enclosing  rock
minerals are embedded in the crystal. Not many such samples have been reported in publications. This
author has managed to collect about 90 of them. Fig. 9 depicts their distribution versus depth (Bobrov,
2009; Manakov, 2001; Nikitina, 1994; Simakov, 1994 and 2003; Simakov et al., 1995; Slavinsky,
1994; Manakov, 2001; Spetsius et al., 1990; and others).

The result is not quite telling. Well, it is hard to expect anything more significant given the
depth determination error margin of about 15 km (Nikitina, 1994; and others), as well as irregularities
in the distribution of the depths of xenoliths transported by kimberlites (Fig. 9). Maximum of their
distribution at the depths of 150-170 km could be due to causes that have nothing in common with the
presumed one.

Thus, the effect predicted by the APH has been proven, if only at a low level of reliability due to
the specific character of the data used.

MAXIMUM DEPTHS OF KIMBERLITE MAGMA CHAMBERS
The above scenario of kimberlite magma formation meets the basic requirements of the theory.

The melt forms and ascends rapidly without heating up overlying rocks before the start, and diamonds
captured on the way arrive to the finish line without undergoing oxidation. We should not, however,
rule out a different way of arriving at the same result. Such as, for example, an assumption that magma
or its portion issues from primary chambers situated at much larger depths and only pauses for a short
while before rushing toward the surface. One of the scenarios of the rifting process, according to the
APH,  presumes  such  translocations.  They  do  not  have  to  take  place  across-the-board.  Likely
differences in heat generation within mantle rocks and temporal intervals between activations may
produce  significantly  dissimilar  thermal  models  for  interior  regions  of  the  platform  (Gordienko,
2015b). Differences exist, for example, between the African and Southern American platforms, etc. At
low temperatures, the formation of a partial melting chamber at the depth of 200-250 km seems to be
less likely. The cases of deep-seated silicate and ore inclusions in diamonds indirectly corroborate this
observation (Fig. 10). Such diamonds are rare – just about 5 percent (Shirey et al., 2013a).

Fig. 10. Depths and temperatures at which inclusions in Guinean
diamonds and in diamonds from the Premier pipe (South Africa) formed
(Bobrov, 2009; and others)

Diamonds,  such as  mentioned above,  were found among
the diamonds with inclusions from pipes discovered in Guinea
and from the Premier pipe in South Africa. Those diamonds could
have been captured by the partially molten material that ascended
from the depth interval directly above the upper mantle bottom,

as predicted by the APH. The data for South Africa, reported by Haggerty et al. (1990), also point to
the largest from among the depths, shown in Fig. 10, at which the xenolith mineral association formed.
Information on much larger depths (over 600 km) at which xenoliths could form to be later transported
by magmas to the surface of the Solomon Island Arc (Collerson et  al.,  2000) is  subject  to many
questions regarding its credibility, so that its use now seems to be premature. All the more so, since
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other authors, who conducted research within a wide range of pressures and temperatures, interpret the
same compositions of majorite garnets differently (Harte, 2010; and others).

The  actual  range  of  depths  at  which  majorite  garnets  occur  and  whose  inclusions  are
encountered within diamonds can be estimated on the basis of experimental data (Irifune, 1987; and
others). Such data make it possible to study Al+Cr/Si as a function of pressure (Stachel, 2001; Taylor
et al. 2004; and others). Samples used came from different parts of Africa, Brazil, and other regions
(Bobrov, 2009). The recorded depths reach 450-500 km.

The garnets in question are stable at depths over 200 km, but they reach the surface within
exhumed eclogites (Van Roermund et al., 1998) even without kimberlite magmas, i.e., the exhumation
is sufficiently rapid to maintain the garnets intact. The obtained data point directly to the depth of the
upper mantle bottom (and to a sharp increase in seismic wave propagation velocities) beneath the
region of the rift or geosyncline prior to activation, i.e., prior to the start of initial magmatism. In
contrast to the common opinion, it lies at 470 km rather than 410 km (with an allowance for the error
margin of at least 20 km), which is in conformity with results of the best substantiated determination
of the parameter, like, for example beneath Southern Africa (Zhao et al., 1999).

According to the APH, the diamonds were within a portion of material with an insignificant
degree of partial melting (about 1-2 percent) which traveled from beneath (from the primary chamber)
to a depth interval with the top at about 200-250 km. There, the magma underwent differentiation and
separation, acquired characteristics of kimberlite melt, and was transported toward the surface. On the
way upwards, it captured xenoliths at intermediate depths, including from the body that ascended from
the bottom of the upper mantle -- the “quantum of tectonic action” (QTA) (Gordienko, 2015a,b).

The entire process was very rapid, unlike the usual procedure of magma chamber formation, a
procedure during which there is enough time for altered rocks to form a sufficiently thick layer above
the magma chamber.

There is an opinion (Perchuk, 2005; and others) to the effect that the primary chamber lies at the
core-mantle interface. This discontinuity has lately become an increasingly popular spot for placing
there the sources of all inexplicable processes without fear that such an approach could be examined
and proven invalid.  There is  no reliable evidence on material supply from the lower to the upper
mantle (Ivanov, 2010; and others). 

MINIMUM DEPTHS AT WHICH DIAMONDS FORM
The two potential scenarios of diamond manifestations are not presently viewed as plausible

varieties of diamond deposits, i.e., clusters of diamonds suitable for cost-efficient mining. They are,
however, worth brief mentioning. 

A lot of evidence has piled up regarding finds of diamonds that formed under P-T conditions,
totally different from those discussed above. Those diamonds were not discovered within kimberlites,
but  rather  within  normal  crustal  rocks that  formed at  temperatures  of  about  700oC and pressures
amounting to 2-3 GPa in the course of metamorphism of ancient sedimentary rocks and trappean rocks
piercing through them (Perchuk, 2005; Shirey et al., 2013a; and others). Results of recent experiments
have  confirmed  the  possibility  of  microdiamond  synthesis  and  growth  of  their  crystals  owing  to
carbonate carbons in the presence of certain oxides. A potential was examined for diamond formation
owing  to  an  evolution  of  the  carbonate-silicate,  fluid-carbonatite,  and  alkaline  multi-components
systems. The results were positive: Diamonds can form at relatively low pressures and temperatures
within a reductive medium and under the conditions of disequilibrium (Karzhavin, 2010; Shirey et al.,
2013a). Apparently, the result of the transformation can remain intact only provided that the products
of  such  evolution  rapidly  move  into  an  area  of  low  temperatures.  Graphite  pseudomorphs  after
diamond may take shape in the rock (Perchuk,  2008).  Moreover,  diamond nanoparticles can both
emerge and become stabilized (presumably, under the effect of nitrogen) even closer to the surface at
350-500oC and 0.001-0.1 GPa (Simakov et al., 2008). 

The above P-T conditions seem to be perfectly realistic in terms of the APH. They arise within
activated crust in the process of intracrustal advection. In particular, such values of heating in the
upper crust are marked in  Fig 11. During activations, the temperatures at the corresponding depths
were higher, whereas those rocks, whose formation conditions were determined within coordinates of
pressure and temperature, presently lie at the surface.
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Fig. 11. Comparison between estimated (1) and experimental (2) data on temperature distribution in the
crust of Precambrian shields and platforms

3 – Phanerozoic  distribution of  temperatures  in  the platform crust  with normal  heat  generation;  4  --
solidus temperatures in rocks of the amphibolite and granulite facies of metamorphism.

Regions (numbers within circles):  1 – Canadian Shield,  2 – Baltic Shield,  3 – Ukrainian Shield, 4 –
Siberian Platform, 5 – South American Platform, 6 – African Platform, 7 – Indian Shield, 8 – Sino-Korean
Shield, 9 – Australian Platform, 10 -- Antarctic Platform

It is likely that rocks inclosing minerals formed through a different process. “… they could only
form at very high pressures, whose maximum could match depths larger than 120 km. Such minerals
included  tiny  diamonds  frequently  encountered  in  aggregates  with  zircon  (Zr2SiO4)  and  Mg-Ca-
carbonates, coesite (high-pressure variety of quartz), aluminiferous sphene (solid solution of the Al 2O3

– CaTiO3 systems), and rutile (TiO2 -- Al2O3), as well as potassium- containing clinopyroxene (solid
solution Ca (Mg, Fe) Si2O6 -- KAlSi2O6). So far, such anomalous phenomena have no explanation in
terms  of  physics:  “We  have  no  knowledge  of  a  mechanism  that  would  enable  large  masses  of
continental crust sink into the upper mantle down to a depth of at least 120 km and then bring them
back to the daylight surface” (Perchuk, 1977, p. 72). Rock blocks with such tectono-metamorphic
history, in the case when pressures at the highest point of metamorphism reached the field of coesite
stability, are termed ultrahigh-pressure metamorphic terrains (UHP-terrains).

Fig. 12. Correlation between temperature distribution within
the cold upper portion of the upper mantle and graphite-diamond
and quartz-coesite transformation conditions 

1a -- temperatures beneath the platform; 1b -- temperatures
prior to the initial magmatism (see Fig. 3); 2 -- P-T conditions of
eclogite exhumation from the Kokchetav Block (2a -- at individual
points of the exhumation trajectory, according to Buslov et al., 2015
and  Zhimulev,  2007);  3  and  4  --  parameters  of  the  medium
proceeding  from  the  data  on  central  inclusions  in  diamonds
(Bodrov, 2009) for eclogitic (3) and peridotitic (4) parageneses

Known at present are about 20 metamorphic complexes
incorporating coesite (Liou et al., 2004; Shirey et al., 2013) or
quartz pseudomorphs after coesite. Some of them are marked
in Fig. 13.

Conditions that prevailed during the formation of UHP complexes can be conveniently analyzed
on an example of the Kokchetav Block in Central Kazakhstan -- one of the best-explored complexes.
According to recent data (Buslov et al., 2015), the depth to which its rocks subsided – 150-200 km --
is larger than that of known bodies of similar type. 

It is so far impossible to describe the geological history of the Kokchetav Block, which is part of
the Central Asia folded belt, in substantial detail. Literature, however, contains information enabling a
reconstruction of the history of the region’s development during the period when diamond-bearing
rocks formed (Buslov et al., 2015; Khain, 1977a; Zhimulev, 2007; and others.) Yet, some points in the
reconstructed history remain at the level of likely assumptions, because much of the massif’s Riphean
sedimentary-igneous section was destroyed by erosion.
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Fig. 13. Large primary diamond deposits: 1-- from the depths of 120-250 km, 2 -- from over 250 km, 3 --
UHP terrains

It can be maintained that two consecutive stages of geosynclinal development took place in the
region: Late Grenvillian (Early Lufilian?) and Early Caledolian (Late Baikalian?). Each of the stages
started  with  basic-ultrabasic  magmatism  and  ended  with  acidic  magmatism  and  folding.  Those
processes  came to an end 850 and 450 million years  ago,  respectively.  Territorial  overlapping of
geosynclines did exist, but it is impossible to determine its extent.

A thermal  model  of  the  tectonosphere  was  constructed  for  the  said  period  of  the  massif’s
development involving heat generation in the upper mantle beneath the geosyncline. It is shown that
the time span between the two events was sufficient for the accumulation of required energy. About
550 million years ago, initial magmatism could trigger the Caledonian geosynclinal process. The start
of the UHP terrain exhumation dates back precisely to that time interval. Information on the procedure
of its subduction is unavailable. Apparently, it happened long before the beginning of the Caledonian
cycle.

Rocks making up the UHP complex within the Caledonian stratum exhibit clear traces of their
formation from rocks of the sedimentary-igneous (upper) crustal layer of the Lufilian geosyncline. It
can be assumed that  precisely those formations,  complemented by rocks of the lower crust,  were
involved in the creation of the block that rose to the surface in the Caledonian time. This author
(Gordienko,  2014c)  analyzed  the  mechanism of  formation  of  crustal  blocks  capable  of  changing
position within the crust and of sinking into the mantle. We are talking about intracrustal advection. In
the lower portion of the geosyncline’s sedimentary layer, during its  subduction and heating,  there
formed rocks whose density was higher (by 0.1-0.15 g/cm3) than the density of rocks in the upper part
of the heated consolidated crust. After subsiding by several kilometers, they entered the eclogitization
zone. The composition of the resulting mixture (Zhimulev, 2007; and others) makes it  possible to
estimate the density of the block after it dipped into the mantle and metamorphic transformations of its
components (quartz into coesite, amphibole into omphacite, and so on). The density anomaly enables
us to estimate the depth to which the block sank as two-thirds of the depth to which pure eclogite
subsided  (see  above).  The  depth  where  the  block  halted  would  amount  to  about  170  km.  This
independently derived estimate matches the data of Buslov et al. (2015). Transformation of sunken
rocks comprising siderite, pyrite, and graphite favors diamond formation within them. In this sense,
the process is essentially different from the one through which diamonds embedded in rocks above the
magma chamber are transported by kimberlites. 

It  might  be  logical  to  associate  the  rise  of  the  complex that  remained in  the  medium with
platform-type temperature all the way toward the surface (Fig. 12) with the start of initial magmatism.
Perhaps, the rocks within it were only slightly heated as compared with conditions that prevailed prior
to the onset of the Caledonian process. Publications (Buslov et al., 2015; Zhimulev, 2017) mention
traces of insignificant partial melting of rocks within the complex. At temperatures of 1,100-1,200oC
reached at  the  depth  of  about  150-170 km,  solely  micro-inclusions  of  amphibole  and phlogopite
(biotite?)  could  have  undergone  melting.  As  a  result,  there  emerges  a  minimal  negative  density
anomaly measuring hundreds of a fraction of g/cm3.
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The rate at which the complex ascends inside the mantle is 50 times lower than that of the
kimberlite magma (130 km over 2-5 million years). The difference in the density anomaly could slow
down the upward motion by one-half of the order of magnitude. An additional order of magnitude is
most likely due to the smaller size of the body. The relevant thicknesses are not appreciable (about 1
km). The authors of the studies (Buslov et al., 2015; Zhigulev, 2007; and others) believe that the body
split into several sheets that changed position separately within the crust. The total thickness could not
be determined, but it may well have been one-third of the QTA dimension. This explains the estimated
rate of the upward movement within the mantle. Calculations show that precisely when the thickness
was 20 km, temperature variations with depth would be close to those shown in Fig. 12.

The rate of the body upward motion within the crust is lower by an order of magnitude. This
agrees with the increase in viscosity. More likely, however, is the effect of a different mechanism that
was responsible for fragmentation of the block. We may deal with the involvement of the massif in
advective folding with the formation of overthrust sheets (Gerya, 2010).

The process of formation of UHP-terrains, as viewed by proponents of plate tectonics (Buslov et
al., 2015; Malusa et al., 2015; Shirey et al., 2013a and b; and others), lacks consistency, is totally
devoid of substantiation in terms of energy, and actually represents, for some vague reasons, a series
of block translocations.

CONCLUSIONS
Analysis of the problem of formation of diamond-bearing rocks has shown that employment of

concepts of the advection-polymorphism hypothesis (APH) throws more light on certain processes
taking place in the tectonosphere.

1. Formation of diamonds at various depths in media with dissimilar compositions.
2.  Formation of kimberlite magma out  of  crustal  eclogites,  which sank into the  mantle  and

which underwent partial melting with the onset of conditions of initial magmatism.
3. Formation of a “two-stage” heat and mass transfer encompassing depths of the upper mantle

lower portion and part of the zone of transition to the lower mantle.
4. Abnormally rapid transport of xenocrystals and xenoliths toward the surface. 
5. Dipping of UHP crustal blocks into the mantle and their surfacing back during consecutive

activation.
Some of such events in the geological history reflect certain deep-seated processes postulated by

the  hypothesis.  In  other  cases,  we  could  be  dealing  with  phenomena  that  are  insignificant  by
comparison with the general scenario of heat and mass transfer. We had to draw attention to them for
precisely the reason that they are associated with diamond formation and transport. Yet, even there,
the APH application turns out to be a useful instrument.

Acknowlegement:  The  author  wishes  to  express  special  thanks  to  Mrs.  Rita  Schneider  for
translating this manuscript from Russian. 
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14. GOLD-BEARING SULPHIDE DEPOSITS ASSOCIATED WITH DEEP-SEATED PROCESSES

In addition to the pattern of substance transfer in the course of geothermal deposits’ formation,
the paper also focuses on sources of fluids and material filling ore zones. The origin of the nonmetallic
portion in the filling is clear enough: The environment comprises sufficient amounts of silicates and
carbonates. Required amounts of ore material  can also be derived from host  rocks.  It  is far  more
complicated to model the processes of its capture by the fluid, followed by its transport and settling.
The source of the fluid is particularly problematic. The isotopy of oxygen in its composition often
points to its surface origin. This type of origin is beyond doubt if we are talking about hydrothermal
systems on the ocean bottom. Yet, even in this specific case, helium isotopy points to the presence of
mantle components in the fluid. Metamorphogenic and magmatic fluids are obviously involved in the
process.

The purpose of the study is to prove that concepts of the advection-polymorphism hypothesis
regarding deep-seated processes in the Earth’s tectonosphere can be applied to exploring the formation
of certain types of mineral deposits. The questions listed above also need to be answered in the study.

The paper discusses gold-bearing sulphide deposits in light of the possibility to examine them in
terms of the data known to the author for the territory of Ukraine. Without challenging H. P. Taylor,
Jr.’s statement to the effect that “each  mineral deposit seems to be a unique phenomenon, and this
makes it difficult to expand the results of investigations devoted to the nature and evolution of the
hydrothermal metalliferous  fluid or  fluids, which  is especially true in relation to most  hydrothermal
vein deposits” (Geochemistry of Hydrothermal Ore Deposits, 1982, p. 232-233), let me just indicate
that the processes analyzed below are also characteristic of other types of hydrothermal mineralization
and not of them alone.

Over 40 percent of the world’s gold reserves are associated with gold-bearing sulphide ores
(Kuzmin et al., 1999). Gold is primarily present as finely dispersed inclusions within sulphides (pyrite,
pyrrhotine, arsenopyrite,  chalcopyrite,  etc.). In that sense, sulphide ores do not differ from ores of
magmatic sulphide Co-Ni-Cu deposits. By way of example, commercial-grade sulphide ores in the
Norilsk Region usually contain about 1-2 grams of gold per ton.

This type of mineralization and such deposits are encountered in various regions of Ukraine.
They are viewed as products of the hydrothermal process (the skarn portion is often inaccessible due
to the limited erosional truncation (Nechayev et al., 1998). Mineralization usually accompanies steep
faults producing fractured zones. In the Transcarpathian Region, this occurs within poorly lithified
primary igneous-sedimentary strata. In Donbass, the extent of host rocks’ lithogenesis is much higher.
On the Ukrainian Shield, it reaches greenschist of amphibolite facies. Precambrian and Cimmerian
manifestations of this type of mineralization took shape in similar rocks both on the Ukrainian Shield
and in the Donets Basin. It is only in the Precambrian, especially in the Archean, that basic formations
prevailed in the volcanogenic portion of the deposits. Consequently, during any stretch of geological
history the gold-bearing sulphide type of mineralization occurred throughout northern Ukraine from
the Donets Basin to the Transcarpathian Region.

Formation of ore bodies
Over recent decades, thousands of publications have been

dedicated to this topic. We will only briefly mention the basic
principles of the pattern in which ore material is mobilized by
thermal  springs,  and  is  then  transported  and  deposited.
Applications  of  the  advection-polymorphism  hypothesis,
advanced by this author, are only concerned with several aspects
of the process – its depth range, speed, and thermal model.

Fig. 1.  Correlation  between  salt  concentration  and
homogenization  temperature  of  gas-fluid  inclusions  (A)  within  ore
minerals  of  polymetallic  deposits  in  various  regions  of  Russia
(Sharapov,1992; and others) and  (B) in the  Dzhimidon and Sadon ore
fields (Northern Caucasus) (Khetagurov et al., 1986)

The  data  referred  to  below  were  quoted  from  studies
published  by  Borisenko,  2006;  Borisov,  2000;  Borisov  et  al.,
2010,  Geochemistry  …,  1970,  1982;  Yatsenko  et  al.,  2009;
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Krivtsov et al., 1981; Marsden et al., 2006; Raffensperger et al., 1995a and b; Ryzhenko, 1981; Syasko
et al., 2006; Sharapov, 1992; Starostin et al., 1996; Volkova, 2009; and others.

Models based on the data of actual ore fields show that rocks, which directly host ore deposits or
those contained in the stratum sequence, could well be the source for ores. For ore deposits under
study to form, no excess in percent abundance of elements within parent rocks is required. In the case
of polymetallic deposits, the most likely source of metals and sulphide sulphur are granites, including
those with minor concentrations of sulphide sulphur.

The mobilization area for ore components is local in character and, for that reason, ore bodies of
the relevant type are categorized as medium or even small (Borisov, 2000; and others). In order to
accumulate 106 tons of ore (a fairly large deposit of Cu, Pb, and Zn) from a granite block with a 4-5
km wide pane, we might need to extract about 7 percent of metal from that block (Geochemistry…,
1970).  It  is  common  knowledge  that  sulphides  and  arsenides  in  metals  are  favorable  for  the
accumulation of gold (Borisenko, 2006; Geochemistry…, 1970; and others). Moreover, they do not
necessarily  originate  from the same rocks as  sulphide  metals  do.  Average  gold  concentrations  in
dissimilar  types  of  rocks  do  not  vary  significantly:  Ultrabasic  rocks  –  5-6,  basic  rocks  --  4,
intermediate rocks -- 4, acid rocks -- 4-5, and syenites – 4 (in 10-9) (Geochemistry…, 1970).

The fluid, which transports the ore-forming material, attains a chloride concentration, which is
higher by an order of magnitude than normally observed in the melt. It  may actually reach 40-50
grams per liter (we are talking here about typical values, whereas much higher concentrations can also
be  encountered).  As  the  temperature  decreases,  some  chlorides  of  K  and  Ca  escape  due  to  the
transformation of rocks around the fluid circulation channel. The total concentration decreases as the
relative  amount  of  NaCl  grows (Geochemistry…,  1970,  1982).  Such chloride  solutions  are  quite
efficient in extracting metals from the parent rock.

Fig. 1 shows that the most common concentrations of salts are in agreement with the above
evaluations and match results of the compilation performed by this author in the determination of
electrical  conductivity  of  ore-bearing thermal  springs  (Gordienko,  2001a).  The dependence of  the
concentration on  temperature  is  not  directly  visible  due to  the  strong effect  of  the  dissimilarities
among other factors. (Fig. 1A). Information available on one specific deposit makes it possible to
detect the said dependence (Fig. 1B).

Fig.  2.  Estimated  and  measured  (in
subsurface  thermal  waters)  concentrations  of
components in the solution as illustrated by the
diagram of HCO3

- + Na+ (Borisov, 2000).
1 – graph showing estimated equilibrium

concentrations  of  components  in  a  solution
comprising  350 mg/l  chlorine  and  interacting
with a granite rock (50oC, Pco2 --102.0; PH2 – 10-
13.9;  PH2S –  10-20  Pa);  2  –  graph  showing
estimated  equilibrium  concentration  of
components  in  the  water  interacting  with
granite  (50oC,  PCO2 –  102.0  Pa);  3  and  4  –
concentrations of components in thermal waters
of crystalline rocks in the USSR and Bulgaria:
3 – HCO3-Na in water, 20-80oC; 4 – SO4(Cl)-
Na in water, over 50oC; 5 – interface between
thermal  water  varieties;  6  –  direction  of
increase in the SO4

-2 concentrations and water
temperature. The graphs bear marks indicating
change  in  geochemical  types  of  equilibrium

solutions and rock/water ratios adopted in the calculations.

The use of samples of relatively low-temperature waters (enabling mass sampling) makes it
possible to prove that the techniques for calculation of fluid composition are valid (Borisov, 2000) –
see Fig. 2.

The chloride (chloride-carbon dioxide) fluid is part not just of deposit-forming solutions. It is
also involved in the formation of saline sedimentary rocks, which preceded manifestations of gold-
bearing sulphide mineralization in the Transcarpathian Trough, Folded Carpathians,  and the Donets
Basin. The time frame for the existence of such fluids is also extensive: There are reasons to believe
that solutions, which formed Precambrian deposits on the Ukrainian Shield, were actually chloridic
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(Gordienko et al., 2005). There also are indications of the presence of chlorine in solutions within rock
complexes  containing  gold  in  the  Dharwar  Craton  (India)  and  in  the  Siberian  Platform’s  Aldan-
Stanovoy Shield (Safonov et al., 1988; Syasko et al., 2006; and others). This is notwithstanding the
fact that the age (Archean) and composition of host rocks (greenschist belts just like those making up
the Mid-Dnieprovian Block of the Ukrainian Shield -- Gordienko et al., 2003) differ sharply from
those in the Carpathians and in the Donets Basin.

The effect of host rocks on the rate of sulphide deposition, more specifically, the intensity of
reaction between the solution and the host rocks, was analyzed. For example, in a simple isothermal
scenario, disregarding the effect of previous portions of the solution, 45 percent of zinc separate out as
a result of cooling. In the case of reaction with granite, tuff breccia, or mica schist, the figure will be
83 percent, and if amphibolite or crystalline schist are involved, the amount will be 99 percent. The
reaction brings about considerable changes in the solution pH in correlation with the rock’s acid-base
characteristics. More complicated scenarios of events were also studied, in particular, those in which
the  temperature  in  the  system  changes  vertically  (Borisov  et  al.,  2010).  The  studies  involved  a
“granite-fluid” system made up of 15 independent components. The model of water fluid comprised
79 particles, including 26 ore elements. Potential solid phases comprised 52 minerals, including rock-
forming,  metasomatic,  and  metallogenic  ones.  Estimates  of  dissociation  constants  for  complex
compounds  were  used  in  accordance  with  versions  of  Ryzhenko’s  equation  (Ryzhenko,  1981).
Energies of aqueous solution particles were taken into account on the basis of the Helgeson-Kirkham-
Flowers (HKF) model.

In the opinion of the majority of experts,  the aqueous fluid responsible for the formation of
mineral deposits (see below) is mixed in origin – surface and profundal waters of various origins are
involved  in  the  process.  The  types  of  barriers  and  their  relative  roles  at  various  stages  of
mineralization  were  analyzed  in  detail  for  the  above  composition  of  the  aqueous  fluid.  At  the
physicochemical  level  of  modelling,  the  geochemical  role  of  hydrodynamic  barriers  has  been
substantiated.

The  concentration  of  sulphide  sulphur  in  leaching  solutions  amounts  to  n.10-2-3m (where  m
stands for solution molality). This is sufficient for the formation of ore elements’ sulphides once the
conditions change.  There is no need to consider a different source of sulphide sulphur capable of
forming  the  bulk  of  sulphides  in  veined  polymetallic  deposits (Borisov,  2000). Volkova,  in  her
publication (2009), analyzed a scenario of the mineralization process, and her results are provided in
Figs. 3 and 4. As shown below, those results were obtained within a range of genuine conditions.

Fig. 3. Bulk contents of minerals at the upslope of the vein (from higher to lower temperatures) at wave
15 for models with initial conditions: 420oC and 0.1 GPa.

Fig.  4.  Deposition  of
metals  and  sulphur  (mole
percentage  of  the  bulk
amount  of  the  deposited
element)  versus  temperature
intervals along the upslope of
model veins.

It  may  generally  be
surmised  that  studies
performed  so  far  have
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proven quite substantially the concept regarding the process of formation of deposits of the type in
question within the frameworks of a system comprising sources of profundal and surface waters, the
parent rock, and the site of ore deposition.

The potential for the formation of a deposit depends on the duration of the process (the quantity
of “waves,” implying total replacement of the fluid in the interstitial space of the ore deposition site).

The duration of hydrothermal systems’ existence on continents amounts to 1-100 thousand years
(Geochemistry…, 1970; Starostin et al..,  1996). A conclusion has been drawn for vast basins: “...
thermal waters… can transport and deposit sulphides of metals, but such a process is too slow to be
able to produce commercially significant deposits. … for deposits to form, favorable conditions must
prevail  over  at  least  millions  of  years  rather  than  just  over  tens  of  thousands  of  years…”
(Geochemistry…,  1982,  p.  604).  Commercially  significant  mineralization  requires  dozens  of  the
aforementioned “waves.” 

Endogenous conditions and the mantle stage of the process
The fact that the process of mineralization is confined to a certain stage in the evolution of the

region, characterized by a certain type of endogenous conditions, in conformity with APH concepts,
fully predetermines the pattern of heat and mass transfer, as well as the thermal model.  The type of
conditions can be ascertained for Phanerozoic deposits. According to the evidence available to the
author, such conditions developed at the stage of post-geosynclinal activation. The deposits formed 1)
following the Alpine folding in the Carpathians and Balkanides of Slovakia, Ukraine, Romania and
Bulgaria; 2) during the post-Hercynian (Cimmerian) stage of activation that affected the Donets Basin
and the Scythian Plate of the northern Caucasus. No such deposits formed in zones of 1) recent and
Cimmerian activations in the regions of Ukraine’s Precambrian platform, 2) Hercynian rift  of  the
Dnieper-Donets  Depression,  and  the  Pripyat  Through;  3)  recent  activation  in  the  Hercynian  and
Cimmerian geosynclines of the Scythian Plate, and 4) the Hercynian geosyncline of the Donets Basin. 

In terms of the APH concepts, a typical situation at a relevant moment of geological history
implies mantle material transport from a shallow residual asthenosphere into the crust. This results in
partial melting within the median portion of the crust along with acid magma upwelling to depths of
around 10 km (Gordienko et  al.,  2011 and Starostin et  al.,  1996).  Less frequent  and fast-cooling
intrusions to even smaller depths also occur. The depth interval from 30 km to top portions of acid
intrusions  undergoes  fluidization.  The  fluids  may  reach  the  surface  (provided  that  there  are  no
lithological screens) above the intrusions through permeable zones of the faults. All those phenomena
take place against the background of crustal rocks already heated up and metamorphically reworked
during the geologically recently completed geosynclinal process.

This  pattern  implies  the  presence  of  an  active  mantle  stage,  the  possibility  of  material
mobilization by fluids not just from the intrusive granite body alone, the emergence of an intensive
heat flow (HF) anomaly not just above the permeable zone through which the fluids rise, and so on. It
generally matches common concepts (Krivtsov et al., 1981; and others).

Fig. 5. Helium isotopy in rocks exposed by a superdeep borehole in
Kola Peninsula (Ikorsky et al., 1994).

Helium isotopy in the groundwater of ore fields points to the
presence of a mantle stage. Its numerical characteristic is normally
expressed by the formula R = (3He/4He).108. The background value
of R for the crust indicating the absence of a mantle component is
about 2. In Ukraine’s Transcarpathian Trough, where young gold-
bearing sulphide deposits of the Beregovo ore field are situated, R
reaches 200-300 (Gordienko et al., 2001; and others). The mantle
helium identifier cannot be traced in waters of ancient deposits. It
may, however, be discovered in rocks that have retained helium for
long periods of time. Such data are in short supply. Results for the
superdeep Kola Peninsula borehole can be referred to as an example
of such a situation (Fig. 5). A unique experiment performed there

(Ikorsky et al., 1994) encompassing rocks at all depths ranging from 0 to 12 km, made it possible to
detect  an  anomaly  with  R  of  up  to  10-12  against  the  normal  background.  An  analysis  of  the
disturbance  showed  that  the  anomaly  is  associated  with  profundal  fluids,  confined  to  the
Luchlompolsky fault zone, which washed the rocks there during the Proterozoic time. Sulphide gold-
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bearing ores, which formed over the time span of several Proterozoic activations, were found within
the aforementioned depth range. Ore formation is not always accompanied by R anomalies. Ore zones
penetrated by the borehole at the depth of about 1.8 km are marked by helium isotopy in crustal rocks
(Fig. 5).

We cannot, however, rule out an alternative interpretation of the R distribution pattern observed
in the superdeep borehole-3. An elevated (by about 10 mW/m2) heat flow value was detected within
the  depth  range  with  anomalous  values  of  R  (Fig.  5).  It  is  possible  that  we  are  dealing  with  a
disturbance in R associated with a recent circulation of profundal fluids using the same channels as the
Proterozoic ones. Unlike the latter, contemporary fluids on shields are not potentially ore bearing (see
below).

The origin of water in ore-bearing solutions
Before we proceed to compiling a fluid balance, we need to be aware of the amount of water

required  for  the  formation  of  a  deposit.  To  handle  this  task,  we  need  more  information  than  is
currently available. Over the period of time it takes to form a deposit, the amount of water rushing
through it should be equivalent to a water column of about 1-2 km. It may be assumed that most of it
is not “removed from circulation” during convection in a fissured medium. Much of that water spilling
onto the surface returns back to the convection cell. There is evidence on conformity between oxygen
isotopies in thermal springs, geysers, and surface water streams (Babinets et al., 1967; and others).
Consequently, the process of deposit formation over 50-100 thousand years requires much less water.

In conditions prevailing in Ukraine, surface water infiltration to a depth of about 1 km over 100
thousand  years  amounts  to  0.5-1.0  km.  The  above  numbers  apply  to  the  sedimentary  basin.
Considerably less water percolates through the crystalline crust even to larger depths.

In  our  calculations  of  the  amount  of  metamorphogenic  water,  we  used  the  following
information: 1. The data on the distribution of metamorphic facies versus depth in the crust of the
Ukrainian Shield (V. Gordienko et al., 2005); 2. The data on the average content of water in rocks of
dissimilar metamorphic facies (Vergugen, 1962); 3. The data on temperature variations in the crust of
recent activation zones by comparison with the crust of the Precambrian platform and geosyncline (V.
Gordienko, 2016a and b). The resulting “water table” equivalent height is 150 meters.  The water in
question forms following additional  crustal  metamorphism in a  single-event  activation zone.  It  is
preceded by a process, similar in character, which concluded the geosynclinal cycle 10-50 million
years ago. It is likely that a portion of the geosynclinal fluid in the crust is still in place. We are talking
about a regional crustal reworking not restricted to the local area of deposit formation. It is likely that
this set forth conditions for the formation of specifically ore-bearing fluids (Naumov et al., 2011; and
others). The layer immersed in fluidization is very thick – up to 25 km. At depths larger than 30 km,
metamorphism  of  rocks  in  the  granulite  or  eclogite  facies  also  takes  place,  although  it  is  not
accompanied by any appreciable water discharge.

Our estimates apply to a completely crystalline crust. A thick sedimentary layer may at least
double the amount of water forming in the process.

The  regional  body under  study is  not  quite  noticeable  in  terms of  seismic-wave  velocities’
anomaly. This is due to the low concentration of the fluid (less than one volumetric percent). There
are,  however,  occasions when it  can be detected in  the  Donets  Basin and in  the  Transcarpathian
Trough in amounts sufficient for causing anomalies in electrical conductivity, and such anomalies are
discovered more frequently.

The shallow acid intrusive body itself can also contribute to a fluidization of the medium. In
many cases, deposits are confined to it. According to the data for the Donets Basin Nagolny Ridge,
which has been explored in detail, the intrusive body beneath the ore-bearing area is about 5 km thick
(Aleksandrov et al., 1996). By the period of Cimmerian activation, the content of water in the magma
that produced it can be assessed in terms of the data published by Menaker (2011) -- see Table 1.

Table 1. Contents of components in the ore-bearing solution within magmas (Menaker, 2011) 
Components Contents (weight percent)

Oceans Geosynclines Rifts
Basic rock melts

H2O 0.4-0.5 1.9 1.6
Cl 0.3 1.2 2.6
S 0.8-1.2 0.9 0.9
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CO2 0.3-0.4 0.6 2.0
Acid rock melts

H2O 2.2 3.6
Cl 0.8 1.7

H2O 2.2 3.6
CO2 0.4 0.2

The endogenous conditions in the regions, as shown in Table 1, are in line with APH concepts.
It is but obvious that crustal and mantle magmas in continental regions carry much more water and
chlorine than do mantle magmas in oceans. The latter are represented by magmas of both mid-ocean
ridges and troughs.

The intrusive body mentioned above may contain 400-450 meters of water. This implies that the
area above it  can well be particularly prone to vigorous circulation of the ore-bearing solution. It
should largely be confined to a highly permeable narrow fault zone (see below). This may promote
entrainment  of solutions  from adjacent  areas overlying the intrusive body into the heat  and mass
transfer process.

Some manifestations of hydrothermal activity are believed to be amagmatic (Naumov et al.,
2011; and others). Geological and geophysical data pertaining to Ukraine’s zones of recent activation
suggest that this is only formally true. There are no manifestations of magmatism in the Donets Basin
today. Yet, the extensive hydrothermal activity there is accompanied by numerous indications of a
deep-seated process, including the formation of a partially melting zone in the crust and upper mantle.

The data presented above, even though they may be incomplete, make it possible to believe that
sufficient  amounts  of  ore-bearing  solutions  may  form  without  any  involvement  of  hypothetical
intensive fluid jets around the mantle. Some of those fluids penetrate the crust and may reach the
surface. However, there is no relevant evidence that might point to their large volumes. Proceeding
from qualitative considerations, the scenarios of fluid transport from the upper or lower mantle or from
the core/mantle interface (Letnikov, 2006; and others) should so far be considered unsubstantiated.

Thermal models for ore zones
Evaluations of energy requirements for the formation of an average-size deposit of the type in

question produce values of about 1012J. Bearing in mind the data on the process listed above, we might
agree  with  such  an  estimate.  We  cannot,  however,  accept  the  claim  that  this  value  exceeds,  by
thousands of times, the energy transported by the heat flow over the same period of time (Starostin et
al.,  1996).  In  all  geological  processes,  transport  of  thermal  energy  is  a  major  one,  whereas  the
remaining elements of the phenomenon are secondary in terms of energy. 

Let us consider the above statement as applied to our specific case. Some authors believe that it
takes hundreds of years for individual ore veins to form and thousands of years in the case of ore fields
(Starostin et al., 1996). Let us assume that an average deposit formed within 1,000 years and that it
occupies an area of 100 by 100 meters. The average energy requirement per unit area will amount to
3mW/m2, which is lower than the background heat flow by at least one order of magnitude.

Actual heat flow anomalies matching the process can be registered in that same Transcarpathian
Trough in the  area  of  the  Beregovo gold-bearing sulphide deposits  (Fig.  6).  The example of  the
Velyka  Bigan  deposit  is  not  isolated.  Similar  disturbances  also  occur  at  the  Muzhiyevsky  and
Shayansky deposits (outside the Beregovo ore field). However, the background in those regions is not
known sufficiently well, and the anomalous value of the heat flow (close to that for Velyka Bigan) was
determined inaccurately.

Heat  flow  anomalies  in  numerous  zones  of  recent  activation  in  Ukraine  display  the  same
intensity (about 25-35 mW/m2) despite the fact that, outside the Carpathians, they are not associated
with any ore deposits. This also applies to heat flow disturbances in Cimmerian deposits of the Major
anticline (Fig. 6) and the Donets Basin’s Nagolny Ridge, as well as to Precambrian deposits on the
Ukrainian Shield (Gordienko et al., 2005). The situation on the Nikitovsky ore field is also worth
mentioning. Eight deposits of cinnabarite (with a conspicuous content of gold) have been registered
there. They form clusters in three areas of the central part of the anticline and at its limbs (Lazarenko
et al., 1975). The current heat flow pattern (Fig. 6) can be explained, approximately, by arranging in
those  areas  anomalies  calculated  for  the  contemporary  circulation  system  on  the  Mykhaylivsky
deposit. 
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It may therefore be presumed that activation events of dissimilar age use the same permeable
zones for transporting fluids upwards. It is, however, post-geosynclinal activations alone that produce
genuine ore accumulations. Yet, small deposits of sulphides, frequently containing traces of gold, are
present in zones of aforementioned activations that occurred outside of the post-geosynclinal stage. At
the same time, in young ore fields, such as the Transcarpathian Trough, there exist small hydrocarbon
deposits, which are common for zones of recent activation of troughs with the basement age ranging
from Precambrian to Hercynian.  The fluids that originated during those almost barren periods are
characterized  by  appreciably  smaller  concentrations  of  chlorides;  instead,  significant  amounts  of
fluorine have been detected there (Lukin, 1997, 2004; Shumlyansky, 1983, 2007; Shumlyansky et al.,
2003).

Fig. 6. Heat flow distribution at the (A) Velyka Bigan deposits in the Transcarpathian Trough (Boyev et
al., 1977), (B) on the Mykhaylivsky deposit situated at the Donets Basin major anticline (Aleksandrov et al.,
1996), and (C) at the deposits of the Donets Basin’s Nikitovsky ore deposit (Gordienko et al., 2002).

1 – Heat flow (dots marking experimental values; lines – estimated values); 2 and 3 – metallometric data
(2 – in the soil, 3 – in plant ashes); 4 – ore-bearing zones; 5 – Major anticline axial fault

Interpretation of heat flow anomalies, which conformed to areas with vigorous circulation of
fluids (Fig. 6 and others),  proceeded in the form of searching for parameters of a convection cell
whose effect, if added to the heat flow normal for the region (at the moment of the cell inception)
would make it possible to account for the observed pattern. The thickness of the convecting layer – the
distance between the Earth’s surface and the top of the intrusive body – was assumed to equal 7 km.
Aleksandrov et al. (1996) described the applied heat transfer scenario in greater detail. For explaining
the anomaly, it was necessary to assume the presence of a narrow convection cell (just several hundred
meters in width) with a very large Nusselt number implying an unusually high permeability of rocks
within the layer  –  about  5.10-13m2 and the thermal field stabilization time of  about  a few tens of
thousands of years. In the case of the Cimmerian activation in the Donets Basin, the calculations were
rendered  somewhat  complicated  by  the  need  to  take  in  account  the  about  2  km  thick  virtually
impermeable Permian clay stratum in the upper portion of the profile.

Bachler et al. (2002) reported similar calculations for one of the Rhine Graben’s faults. They
arrived at virtually the same parameters for the hydrothermal system (the width of the permeable zone
amounting to 200 meters, the depth of the bottom – 5.5 km, the fault zone permeability – 5.10 -13m2,
and the thermal field stabilization time – 77 thousand years). In all cases, the intensity of the heat flow
anomaly of up to 20-40 mW/m2 at the conventional observation depth (500-1,000 meters) could be
accounted for. 

The permeability of rocks in the Donets Basin’s Major anticline that was determined at normal
laboratory conditions matches their  low porosity of about 1 percent in the topmost portion of the

profile further decreasing to 0.5 percent or lower in the
rest of the sedimentary stratum (Aleksandrov et al., 1996).

Fig.  7.  Correlation  between  permeability  (K)  and
porosity (P) of rocks according to Sharapov (1992)
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In order to explain the observed thermal effect, we would need a permeability value larger than
that calculated in terms of porosity by approximately 2-3 orders of magnitude.  An analysis of the
effect of the temperature and pressure increase with depth on permeability precludes the possibility of
such an effect (Vitovtova et al.,  1982; and others).  This characteristic property in the percolation-
related increase of permeability prevails in all scenarios of this type that are associated with thermal
springs in  activated areas.  Local  seismicity  inherent  to  all  activated zones is  a physical  factor  of
percolation (Galimov, 1973; Romm, 1966).

An alternative viewpoint assumes that an increase in permeability is associated with periodical
short-term increase in porosity due to recurrent injections, under high pressure, of magmatic material
from a deep-seated magma chamber into a near-surface one (Fournier, 1999). The fissures tighten up
in between injections.

The  thermal  anomalies  analyzed  so  far  are  similar  in  terms  of  intensity,  even  though  the
thickness of fissured zones in the Donets Basin is much greater than in the Transcarpathian Trough or
on the shield. 

Thermal models for the Earth’s interior in the central portion of the cell (along the axis of the
“thermal dome”) relate to deposits for which geothermal data are available thereby making it possible
to  monitor  the  results  of  measurements.  Differences  between estimated  models  are  partly  due  to
variations  of  the  Earth’s  surface temperatures  during various  periods  of  geological  history versus
current temperatures. During the Mesozoic period, the temperature was by 20oC higher that at present,
and when deposits in the Ukrainian Shield formed (about 2,000 million years ago) it presumably was
higher than now by 40oC. Fig. 8 illustrates results of comparisons.

Fig. 8. Comparison between estimated temperature patterns (1 and 2) and the data of geothermometry
studies on sulphide deposits of the (A) Transcarpathian Trough (Zatsikha, 1989); (B) Major anticline of the
Donets Basin (Aleksandrov et al., 1996); (C) Nagolny Ridge (Kurilo, 1980; Lazarenko et al., 1975); (D) Ore
manifestations at the periphery of the Donets Basin; (E) Nikitovsky and Sadonsky ore areas (Khetagurov et al.,
1986; Lazarenko et al., 1975); (F) Klintsy ore field; and (G) other deposits in the central part of the Ukrainian
Shield (Marchenko et al., 2008).

1  –  Beyond  thermal  domes,  2  –  within  thermal  domes,  3  and  4  –  the  data  of  geothermometry
measurements (3 – beyond thermal domes, 4 – within thermal domes) 

There is an obvious match between estimated (based on the scenario of the process adopted in
accordance  with APH concepts)  and  experimental  data.  The  thermal  models  turn out  to  be  quite
similar for deposits of dissimilar age.

Let us compare the data on the distribution versus depth of temperatures at which minerals in
ore deposits formed, on the one hand, and information for vast thermal water basins (in many cases,
conjugated with areas of ongoing or recent magmatism) as presented in various publications, on the
other (Geochemistry…., 1970, 1982; Sharapov, 1992; and others) (Fig. 9).

The estimated distribution of T for thermal-water basins is characteristic of a situation with a
nearly  adiabatic  gradient  in  the  main  portion  of  the  cell  and  with  a  strongly  pronounced  upper
boundary zone. In a similar lower boundary zone, the temperature must be close to the solidus for
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granite. We must be talking here about free convection prior to crystallization of the melt. It appears
logical in this particular case to assign the role of a geodynamic barrier to the thin upper boundary
zone.  Assessments  of  the  duration  of  the  period  of  melt
conservation near the top portion of the intrusive body indicate that
it is much shorter than would be necessary for the deposit to build
up. Its main part emerges during the next period of time when the
temperature at the top of the intrusive body is below solidus.

Fig. 9. Distribution with depth of temperatures at which minerals
in ore zones and thermal springs formed

1, 2 – experimental data (1 – thermal springs, 2 – ore zones); 3 and
4 – estimated models for convection cells (thermal springs, 4 – ore zones)

The intensity of heat transfer in a thermal water basin within
an  igneous  area  enables  us  to  explain  with  high  precision,  in
particular,  the  colossal  heat  flows  that  cannot  be  accounted  for
with  the  help  of  a  magmatism  model  in  the  subduction  zone
(Hochstein, 1995; and others).

Compaction of rocks within a thermal dome 
The heat-up within a deposit and in adjacent rock masses may affect the rock density. In the case

of formation of an ore deposit in crystalline structures, the effect would be small. By way of example,
on the Klintsy deposit at the center of the Ukrainian Shield, densities of altered rocks do not differ
from those of unaltered ones. The effect of ore zones proper is insignificant.  Owing to a detailed
gravimetric survey performed in the area, we were able to compare the topographies (Fig. 10) of the
estimated and observed fields.

Fig. 10. Distribution of the observed (1) and estimated
(2) anomalous gravitational fields above ore zones (3) in the
Klintsy deposit.

There  is  no  Δg  anomaly.  The  observed  weak
(relative  to  the  estimated  graph)  negative  anomalies
might be due to existing less compact permeable zones
marked by elevated heat flow values.

In rocks of the sedimentary stratum, even if katagenetically altered like Carboniferous deposits
in the Donets Basin, the heat-up effect in the thermal dome is quite noticeable.

Fig. 11.  Estimated and observed gravitational fields at the Major anticline of the Donets Basin (after
removing the regional background). A – is the anticline field beyond the dome; B – the field within the thermal
dome; C – gravitational effect of the ore-bearing zone.

1 – Estimated Δg values; 2 – difference between the observed field and the effect of the thermal dome at
the Mikhaylovsky deposit; 3 – mean values of the observed field; 4 – the ore zone.

The fact that the ore area in the Major anticline had been thoroughly covered by geological and
geophysical  surveys  facilitated  the  construction  of  a  density  model  for  the  area.  Katagenetic
transformations of rocks under the effect of an intensive heat flow occurred there as early as during the
pre-folding period, so that the formation of the anticline with very steep beds (up to 70-80 o), as well as
upheaval and erosion exposed compact rocks at the surface. The estimated effect of the anticline in its
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central part (Fig. 11A) is in fairly good agreement with the observed field. This proves that the choice
of correlation between the anomalous density and the extent of katagenesis at dissimilar temperatures
was correct. In the area of the deposit, the above effect is reinforced by an additional effect caused by
an acid intrusive body (the density  of  its  rocks is  lower  than that  of  the  host  rocks)  and by the
permeable  fissured  zone  through  which  the  fluids  rise  thereby  producing  the  present  heat-flow
anomaly. The estimated field appears to be somewhat lower than the observed one (Fig. 11B). When
we compare this difference to the estimated effect of the ore zone (Fig. 11C), it becomes obvious that
they  are  similar  both in  shape and magnitude.  Consequently,  a  sufficiently  accurate  and detailed
survey makes it  possible  to use  the resulting gravitational  field as  a  diagnostic  tool  for tracing a
deposit.

Electrical conductivity anomalies
It might be of interest to analyze geoelectric models for potentially prospective areas. We do not

just  mean traditional  techniques  involving resistivity  and induced polarization  techniques  that  are
useful  for shallow depths.  Results  obtained with the help of deep geoelectric studies could throw
additional light on the problem.

The bodies causing anomalous conductivity,  as assumed by the scenario of the process,  are
larger than the deposits proper by orders of magnitude. They are at least typical of ore-bearting areas.
There is only one region in Ukraine where deposits currently form – the Transcarpathian Trough. It is,
however,  not  suitable  for  detecting  associated  electrical  conductivity  anomalies.  Throughout  the
territory of the structure, and beyond it, an extraordinarily strong anomaly prevails. It is characteristic
of the entire activation zone and not  just  of  the area of ore genesis.  In all  likelihood,  apart  from
fluidization, it bears features of graphitization in some crustal areas of the region. 

The Donets  Basin with its  gold-bearing sulphide deposits  is  suitable  better  than other  such
regions for studying electrical conductivity anomalies. Bodies with low specific resistivity (ρ) may in
this case be associated with ore deposits proper (mainly of Cimmerian age) and with magma-fluid

systems of recent activation zones. They are unlikely to hold
ore deposits. Yet, in a number of cases, Cimmerian processes
using  the  same  permeable  fault  zones  most  certainly  took
place there.

Cimmerian mineralization does not produce large bodies
that  could  be  discovered  with  the  help  of  a  dense  grid  of
regional geoelectric studies. Besides, an appreciable electrical
conductivity of a medium impregnated with ore can only be a
result of the ore minerals there forming large concentrations.
The  data  shown in  Fig.  12 indicate  that  percolation-related
decrease  in  the  value  of  ρ occurs  when  the  content  of  ore
minerals in the rock is about 30 percent.

Fig. 12. The ρ value as a function of C (concentration of ore
inclusions in rocks)

1  –  Experimental  data;  2  and  3  –  potential  results  after
drawing an averaging graph (3 --with percolation variations of the
parameter)

Low resistivity values could be due to graphite nodules. In the Donets Basin, however, this kind
of impregnation does not occur (abnormally low  ρ values in coal can only reflect a metamorphism
reaching the level of anthracite). Nor is graphite in other areas of Ukraine associated with the type of
mineralization in question. Thus, fluidal and magmatic bodies alone remain conductive media in the
crust and mantle beneath ore fields (Fig. 9). Judging by heat flow anomalies (Fig. 6), given the present
circulation  of  profundal  fluids,  the  process  uses  the  same  permeability  channels  as  during  the
Cimmerian  time.  Anyway,  heat  flow  anomalies  associated  with  activated  faults  are  much  more
common (Figs. 6 and 13) than ore aggregations that could be of commercial interest. Recent activation
produces very few ore deposits. It may well be that the process is still at a pre-mineralization stage in
the thermal water basin. Therefore, studies of conductive bodies in the tectonosphere of the Donets
Basin is likely to be of significance only as far as our understanding of the process of recent activation
is concerned. 
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Fig. 14 depicts a two-dimensional geoelectric model of the crust and upper mantle beneath the
Donets Basin plotted along the profile running across the Donets Basin at its eastern periphery within
Ukraine.

Fig.  13.  Cimmerian  mineralization
zones in eastern Donets Basin

Deposits  and  ore  occurrences:  1  –
mercury;  2 – polymetal  complexes;  gold;
antimony;  molybdenum  (Shumlyansky,
1983); 3 – fault zones activated over recent
three million years (Verkhovtsev, 2006); 4
–  Cimmerian  and  older  faults  (Map  of
Fractured Zones…., 1988); 5 – the profile
along  which  a  geoelectric  section  was
constructed  (Gordienko  et  al.,  2015a)  –
Fig. 14.

The  pattern  of  conductive
bodies’ position may be interpreted as
an  indication  of  dissimilar  periods  of
time  during  which  individual
activations  took  place.  Shallow-lying
conducting  zones  (2-5),  which

approximately match the position of faults and are situated close to them, do not correspond to bodies
at the lower crust or upper mantle levels. It may well be that temperatures at the lower levels are
already relatively low. Conductor number 1 took shape later and is overheated (partly molten and
comprising fluids) at the lower level. The upper level there is just starting to form.

The  depth of  the  base  of  shallow-lying  conductors  2-5  is  about  8±4 km.   This  is  close  to
predicted. 

Fig.  14.  Bodies  with  elevated  electrical
conductivity in the crust and upper mantle beneath the
Donets Basin along the transverse profile (Fig. 13)

1 – Conducting bodies with ρ below 20 Ohm.m;
2 – magnetotelluric probing sites

Consequently,  activation  and  formation  of
hydrothermal  deposits  are  accompanied  by  the
emergence of electrical conductivity anomalies.

CONCLUSIONS
Our  analysis  of  certain  aspects  regarding  the  origin  of  hydrothermal  gold-bearing  sulphide

deposits has enabled us to prove that the process is in agreement with concepts of the advection-
polymorphism hypothesis  and to  throw light  on those aspects  of  the  phenomenon that  cannot  be
readily accounted for outside the APH concepts.

1. The fact that the deposits formed during the period of post-geosynclinal  activation,  more
specifically, during the period of crystallization of associated shallow-lying intrusive bodies.

2. The presence of a mantle level in the activation process.
3. Assessment of energy consumed by the process and the origin of that energy.
4.  Percolation-related  increase  in  the  medium permeability  is  required  for  the  formation  of

deposits and what triggers that increase.
5. Thermal models for deposits were calculated, and the results match experimental data.
It is shown that geothermal (paleogeothermal), gravimetric, and geoelectric data can be used as

prospecting criteria. The search for gold-bearing sulphide deposits should be continued, considering
that the reserves already explored in Ukraine guarantee commercially viable production of over 10
tons of gold per year. 

257



CONCLUSION
The book, offered to the attention of readers, is the result of long studies by the author. He could not

accept the concept of plate tectonics, which dominated in recent decades in geology. Other modern
ideas about the causes of tectogenesis and its evolution in the history of the Earth also do not meet the
requirements formulated by the author (see Section 2). First of all, it concerns the source of energy of
deep processes. It seems to the author that with the introduction of an energy source and the law of
conservation of energy in the construction of schemes of deep processes,  a solid foundation for a
general theory of the development of the Earth has arisen. Each result can be quantitatively controlled
by many parameters without using a choice. Now such control has already been carried out over a wide
range of geological phenomena and physical fields. It is likely that the work performed is imperfect, but
the author is sure that the first steps have been taken in the right direction.

Acknowledgements:  The  author  wishes  to  express  special  thanks  to  Mrs.  Rita  Schneider  for
translating this book from Russian and to the staff of the Tectonosphere department of Geophysical
Institute Ukrainian Academy Science L. Gordienko, I. Gordienko, O. Zavgorodnyaya, I. Logvinov, V.
Tarasov.
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	Oxides
	wt, %
	1
	2
	3
	4
	5
	6
	7
	8
	9
	SiO2
	29.5
	26.6
	26.4
	28.5
	26.2
	26.5
	25
	27
	28.1
	TiO2
	1.3
	1.4
	1.6
	1.6
	2.6
	2.2
	3.2
	0.5
	0.7
	Al2O3
	1.8
	1.7
	2.3
	1.6
	2.8
	2.2
	2.3
	1.3
	1.6
	Cr2O3
	0.4
	0.3
	0.4
	0.4
	0.2
	0.2
	0.1
	0.2
	FeO(T)
	7.4
	6.8
	6.7
	7.4
	9.6
	8.8
	9.2
	5.4
	6.6
	MnO
	0.2
	0.2
	0.2
	0.2
	0.2
	0.1
	0.2
	MgO
	28.4
	26.1
	25.8
	28.7
	25.2
	26.5
	26.1
	22.4
	23.1
	CaO
	11.3
	15.1
	14.9
	12.2
	13.3
	12
	15
	19.4
	16.7
	Na2O
	0.1
	0.1
	0.1
	0.2
	0.1
	0.1
	0.2
	0.2
	K2O
	1.5
	1.4
	1.8
	1.2
	0.8
	1.5
	1.9
	0.4
	0.5
	P2O5
	0.6
	0.8
	0.9
	0.4
	2
	0.3
	0.6
	0.8
	CO2
	8.3
	11.3
	11.2
	9.3
	8.2
	7
	8.6
	14
	12.1
	H2O
	9.4
	8.1
	7.6
	8.5
	7.3
	12.3
	4.9
	7.1
	6.7

