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The article by V.V. Gordienko «About Geo-
logical Theory» published in Geophysical Jo-
urnal [Gordienko, 2022] discusses various as-
pects of the Advective-Polymorphic Hypothe-
sis (APH) developed by the author. In its main
content, the paper does not differ or differs but
little from other publications of the author on
this topic (for example, [Gordienko, 2013, 2017]).
In this article, the emphasis is on the possibili-
ty of interpreting the APH as a geological theo-
ry. The second word here (theory) means a sug-
gestion to consider the APH from the same po-
int of view as theories in mathematics and phy-
sics, i. e. as a logical construction based on a
certain set of axioms. The word «geological »
means that a certain set of geological facts is
chosen as a system of axioms, going back to the
concept of endogenous regimes by V.V. Belo-
usov [Belousov, 1978].

Asin other publications of the author (e. g.,
Gordienko [2013, 2017, 2018]), in this paper much
attention is paid to criticism of the Plate (Glo-
bal) Tectonics. The author of this comment,
in contrast to V. V. Gordienko, is a supporter
of global tectonics, since some observations
are naturally, and sometimes uniquely expla-
ined in this paradigm. At the same time, the-
reis arange of problems in which plate tecto-
nics cannot be effective simply because it is
not able to provide a necessarily detailed des-
cription of geological processes. Actually, the
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To doubt everything, to believe everything,
are two solutions that are equally convenient:
both of them save us from the need to think.

A. Poincaré [Poincaré, 2020]

absence of a clear divide between classical geo-
tectonics and plate tectonics is the reason for
the mutual misunderstanding between geolo-
gists and supporters of plate tectonics.

To some extent, the relationship between the
fundamental and applied physics can serve as
an illustration of what the relationship betwe-
en geology and plate tectonics could be. With
the exception of radioactive decay and some la-
boratory experiments, all observed natural phe-
nomena on the planet and within it are due to
electromagnetic and gravitational interactions.
However, despite the fact that there are exact eq-
uations describing these processes, many pro-
blems cannot be solved from the first princip-
lesbecause of technical complexity. In these ca-
ses, phenomenological approaches (say, elas-
ticity theory, fracture mechanics, heat conduc-
tion theory, GLAG theory of superconductivi-
ty), physical modeling (e. g., wind tunnels), or
methods of the field of chemistry are used. The-
re are no contradictions between the fundamen-
tal and applied physics, because their areas of
applicability are separated.

Intectonics, unlike physics, there areno «ex-
act equations» that describe tectonic proces-
ses, so it isimpossible to separate the areas of
applicability of the «fundamental» and «appli-
ed» tectonics in the same way. With some de-
gree of conventionality, we can say that plate
tectonics tends to describe tectonic processes
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with an emphasis on physics, while classical
tectonics considers them to a greater extent in
a historical context. As a result, the construc-
tion of plate tectonics, especially in the early
stages of its development, when the plates we-
re allocated rather arbitrarily, are faced with ac-
cusations of being anti-historical (V.V. Belou-
sov), while attempts to explain everything and
everyone by purely geological methods lead to
statementsthat contradict the physicaland even
common sense.

In particular, such a contradiction to com-
mon sense is the refusal to recognize the rea-
lity of the subduction process. I already wrote
about this earlier [Khazan, 2014], but the com-
mented article shows that there is a need to re-
turn to this again.

It should be said that the question of the na-
ture of the seafloor spreading and subduction,
or, more precisely, of the spreading/subducti-
on system, is the key point of controversy bet-
ween the classical tectonics and the plate tec-
tonics. No compromises are possible here: if the
spreading/subduction system is functioning,
then there can be no doubt about the correct-
ness of the fundamental provisions of plate tec-
tonics, in particular, about the possibility and
even inevitability of large-scale flows in the
mantle and horizontal movements on a global
scale. On the contrary, if spreading/subduction
does not exist, then horizontal displacements
on a global scale are impossible and, therefore,
the classical tectonics notions of the primacy
of vertical movements in the tectonosphere are
valid.

The easiest way to demonstrate the validity
of the basic principles of the plate tectonics is
to study coseismic movements in subduction
zones [Stern, 2002; Hyndman, 2007 Wang, 2007
Bilek, Lay, 2018], since in these zones every-
thing happens right before our very eyes and
can be studied instrumentally in real time.

Megaearthquakes with a magnitude of 8
and above occur at a frequency of about 0.7 per
year [Engdahl, Villasefior, 2002]. During the 20
century, 45 such earthquakes were recorded,
and in the 21 century there have already been
17 of them, including the Sumatra 2004 and To-
hoku 2011 magnitude M9+ earthquakes. Natu-
rally, weaker events with a magnitude of 7 to 8

114

occur much more frequently. The high frequ-
ency of great earthquakes makes it possible to
effectively use stationary observation networks
on land and on the ocean floor. For example, in
the section of the Japan Trench, where the To-
hoku earthquake of magnitude 9.1 occurred on
March 11, 2011, a network was deployed that in-
cluded GPS sensors on land and ocean floor as
well as bottom pressure sensors, which were us-
ed to determine the vertical coseismic displa-
cement of the ocean floor [linuma et al., 2012].

Plafker [1965] drew attention to the fact
that during the Alaska earthquake on March
27,1964, the vertical coseismic displacements
of the surface, which were observed in a band
about 800km long and about 200 km wide loca-
ted on the continental side of the ocean trench,
were clearly zoned: the trenchward edge of the
band was ascending, while closer to the conti-
nent, the vertical coseismic displacements chan-
ged sign and became descending. Afterwards,
it was found that during the subduction earth-
quakes, such zoning of vertical surface move-
ments is ALWAYS observed (e. g., [Plafker, Sa-
vage, 1970; Plafker, 1972; Chlieh et al., 2007, Ii-
numa et al., 2012]). Meanwhile, horizontal co-
seismic movements of both the oceanic pla-
te and the continent in the epicentral zone are
ALWAYS directed towards the trench.

ALL these observations at once, as well as
the ORIGIN of the TRENCH, are explained by
the subduction of the oceanic plate under the
continental one. The oceanic plate pulls the ed-
ge of the continental one down, forming a trench.
At some section of the quasi-horizontal fault
between the plates (in the future seismogenic
zone), relative displacements are blocked, so
that the continental plate bends upwards so-
mewhat. When the seismogenic zone breaks,
the bend is removed, the freed (oceanic) edge
of the continental plate jumps up, generating
a tsunami, and the rest of the bowed section of
the plate moves down. The oceanic plate mo-
ves under the continent for tens of meters, and
the resulting fault propagates in the direction
perpendicular to the movement of the plate
(transverse shear crack) and runs a distance of
hundreds to thousands of kilometers. At pre-
sent, coseismic motions are observed instru-
mentally. However, it was also previously known
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that all tide sensors in the Pacific Basin record-
ed a positive tsunami wave arising from the up-
ward movement of the ocean floor in the tsuna-
mi source [Plafker, Savage, 1970; Ho et al., 2019].

No other explanation for these observati-
ons is possible. And it is quite characteristic
that V.V. Gordienko, who is a fundamental op-
ponent of plate tectonics and subjects it to mer-
ciless, although by no means always fair criti-
cism, never mentions these observations, which

irrefutably testify to the reality of subduction.

Instead, V. V. Gordienko emphasizes particu-
larissues, e. g., the absence of pronounced se-
ismicity at the outer (oceanward) edge of the
trench.

The point is that at the oceanic edge of the
trench, where the cold and, accordingly, rigid
oceanic plate bends and must inevitably crack,
only weak seismicity is observed, despite the
fact that detailed seismic data indicate a large
number of normal faults on the oceanic slope
of thetrench (e. g., [Raneroetal., 2003]). This
phenomenon has a special name «the dichoto-
my of arigid plate and a soft slab» (Petersen et
al., 2018) (here, a slab means a subducting part
of an oceanic plate). To explain it, water perco-
lation into the crust and upper mantle weake-
ning the plate is usually considered (e. g., [ Til-
mann et al., 2008]). The problem of the dichoto-
my between arigid plate and a soft slab seems to
have been resolved by Gerya et al. [2021], who
showed that the weakening of the slab can be a
consequence of its brittleplastic damage down
to the level of individual grains of the crystal
structure. This phenomenon explains the deve-
lopment of faults with a large displacement ne-
ar the trench, the appearance of pronounced
boundaries and localized areas of reduced ef-
fective viscosity inside the subducting slab [Ge-
rya et al., 2021].

Another remark, made by V.V. Gordienko
in Section 5, says that the movement of the pla-
te is accompanied by heating by 4—5 thou-
sand degrees per 1 million years due to fricti-
on. To give such an estimate, it is necessary, at
a minimum, to explain how it was obtained. Sin-
ce this is not presented in the paper, [ regard
this estimate as simply a misunderstanding.

In the article under discussion, spreading
is not considered, but in other publications
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V. V. Gordienko even goes so far as to accuse
everyone who investigates band magnetic ano-
malies that testify to spreading in the MOR, of
data manipulation. It is pointless to discuss the-
se accusations, but it makes sense to consider a
couple of meaningful remarks [Gordienko, 2017].

The first of them refers to the dating of rocks
near the axis of therift valley of the Mid-Atlan-
tic Ridge (MAR) on opposite sides of it. Accor-
ding to Silantiev et al. [2000], the K-Ar ages of
two rock samples taken at a distance of 5 and
6 km from the spreading axis are 3.5 Ma and 9
Ma, respectively, and at a spreading rate of 2.8
cm/yr., these samples should have been about
100 km and 250 km from the spreading axis, re-
spectively. Silantiev et al. [2000] suggested that
the spreading in this section of the MAR has an
impulsive character, while V.V. Gordienko beli-
eves that this apparent contradiction indicates
that the canonical plate tectonics is erroneous.
[think that the reason for the discrepancy bet-
ween the age determined from magnetic ano-
malies and the radioisotope one is due to the
well-known difficulties in the K-Arisotope da-
ting [Kelley, 2002; Dickin, 2005]. (Agood exam-
ple of such errors are the dates of the lunar sam-
ples delivered by Apollo 11. In this case, thereis
certainly no contamination of the samples with
atmospheric argon, but, nevertheless, the da-
tes of the K-Ar method have a significant scat-
ter, while the Ar-Ar dates of the same rocks are
quite consistent [Kelley, 2002]). At present, K-
Ardating is mainly used to calibrate standards
[Kelley, 2002], while the “°Ar-3%Ar method is us-
ed for real dating [McDougall, Harrison, 1999;
Kelly, 2002; Dickin, 2005; Schaen et al., 2021].
This technology also has its difficulties, but the-
re are protocols that allow one to get correct re-
sults [Kim, Cho, 2020]. Finally, Kostitsyn et al.
[2018] performed U-Pb dating of rocks along
the Vema transform fault, located near the rid-
ge section sampled by Silantiev et al. [2000].
These data, as well as the Ar-Ar dating of the
amphibole in ultramafic mylonites [Cipriani et
al., 2009] and the U-Pb age of zircon from gab-
bro [Skolotnev et al., 2010], demonstrate a li-
near increasein the age of rocks with distance
from the spreading axis, corresponding to the
rate spreading of 16.2 = 0.8 mm/year, and the
ages of the samples correspond to those based
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on magnetic anomalies, which means that the
samples were formed on the spreading axis.

The second remark refers to a more compli-
cated situation. Among the zircons sampled in
the MAR rift [Bortnikov et al., 2008, 2019; Lis-
senberg et al., 2009; Kostitsyn et al., 2015; Bea
et al., 2020] and dated by the U-Pb method,
there are young zircons 0.6—2.0 Ma old [Bort-
nikov et al., 2008; Lissenberg, 2009; Kostitsyn,
2015; Bortnikov et al., 2019; Bea et al., 2020],
which are clearly of spreading-related igneous
origin. However, in addition to these zircons,
there are zircons of other age groups (6.7—11.2
Ma, 12.9—17.6 Ma) [Lissenberg, 2009; Bortni-
kov etal., 2019] and even zircons of the Prote-
rozoic-Archean age (2—3.2 Ga [Kostitsyn et al.,
2015; Bortnikov, 2019]. Bortnikov et al. [2022]
showed that these are relics of the oceanic litho-
spheres, which during the magmatic evolution of
the MAR rift valley were involved in the parti-
al melting of the mantle. According to V.V. Gor-
dienko, the existence of these zircons questi-
ons the entire concept of plate tectonics. It se-
ems to me, that the findings of young zircons
are more important, since they definitely indi-
cate that, in accordance with the conception of
spreading, magmatism existed in the vicinity
of the mid-Atlantic rift axis and its age corres-
ponds to the modern distance of the rocks from
therift axis. If the data allow one to determine
the MAR spreading rate, it turns out to be ve-
ry low, about 1.5 centimeters per year [Lissen-
berg et al., 2009; Kostitsyn et al., 2018].

[ reiterate once again: the observations of
coseismic movements in subduction zones le-
aveno doubtabout thereality of the latter. Con-
sidering that the oceanic crust and lithosphere
are renewed every approximately 200 million
years, the reality of subduction unquestionab-
ly means both the reality of spreading and its
consistency with subduction. Indeed, otherwi-
se, either fracture/subsidence of the oceanic
crust (if spreading lags behind subduction) or
uplifts (if subduction lags behind spreading)
would be observed.

The mostimportant and, at the same time,
the most complicated and controversial is the
question of the energy sources of global tecto-
nic movements. It is quite clear that the energy
is drawn from the heat and/or potential energy
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of the gravitational field (the contributions of
tidal friction and rotation deceleration are ap-
parently negligible). The whole question is by
what mechanism the energy supplied is trans-
formed into mantle flow. There are several fun-
damentally possible mechanisms in global tec-
tonics (global geodynamics), therelative role of
which is the subject of discussion. These are the
pushing of plates apart in the spreading zone,
the negative buoyancy of the descending slab,
aswell as instabilities at the mantle-core boun-
dary. In the latter case, thermal instability se-
ems to be the most realistic source of energy sup-
porting the global mantle flow, since thereis a
heat flow from the core to the mantle, ensuring
the functioning of convection in the outer core
and the magnetic dynamo. This optionisanall
the more interesting one because the Earth is
the only silicate planetin the solar system that
has a strong magnetic field and simultaneous-
ly demonstrates a plate tectonic behavior. This
coincidence is most likely not accidental, sin-
ce the plate tectonics, with hot plates brought
to the surface, is the most efficient mechanism
for cooling the planet providing the largest he-
at flux passing through the mantle. The grea-
ter is this heat flux, the more heat is removed
from the core resulting in more intense outer
core convection and stronger magnetic field
[Aryasova, Khazan, 2018].

The purely geological approach, orin any
case, the geological approach in the interpre-
tation of V. V. Belousov and V. V. Gordienko,
suggests the choice of options that is limited
by the assumption of the primacy of vertical
movements over horizontal ones. V. V. Belou-
sov simply speaks of the ascent of hot portions
of matter from the lower mantle, without spe-
cifying exactly how they acquired extra heat
that ensures buoyancy [Belousov, 1978, p. 212].
V.V. Gordienko assumes that in the mantle the-
reregularly occur «activizations», during which
1—3 hot portions of matter of the order of 50 km
diameter (according to V.V. Gordienko's assum-
ptions) ascend; he calls these portions «quanta
of tectonic action» (QTA).

According to V. V. Gordienko, QTAs in the
upper mantle or crust are heated by radioacti-
ve heat sources. This scheme raises many qu-
estions. For example, V.V. Gordienko suggests
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that the formation of extended structures —
rifts and mid-ocean ridges — is the result of
the combined action of a large number of indi-
vidual independent QTAs. In other words, the
structures with a length of tens of QTAs and a
transverse size of 1—2 QTAs are composed of
several tens of independent elements. What
mechanism ensures their «self-organization»
is not even discussed.

But the main problem, however, lies in the
fact that it is not clear how, in general, the in-
stability that generates QTA could arise. The
point is that in this case the positive feedback,
which is necessary for the development of any
instability, does not function. (With positive fe-
edback, the rate of a growth of an infinitesimal
perturbation is proportional to its magnitude,
so that arandom deviation from an equilibrium
grows exponentially. Known examples: insta-
bility of a homogeneous gravitating gas; insta-
bility of a liquid cooled from above; the develop-
ment of an epidemic at the stage of exponential
growth).

In the examples given, the perturbation is
self-reinforcing, since, asit develops, the condi-
tions for further growth are improving. In cont-
rast, if in a homogeneous medium with radio-
active heat sources the temperature in a cer-
tain region increased due to random reasons,
this does not affect the heat release in any way;,
since the radiogenic heat release does not de-
pend on temperature at all, and the thermal
perturbation dissipates. The only possibility is
if there are so much more heat sources in a vo-
lume than around, that excess heating exce-
eds heat transfer, and the volume may begin to
ascent. However, in this case, the ascending re-
gion takes the excess sources with it, i. e. this
is an isolated episode. A permanent instabili-
ty of this type is impossible. In principle, it is
quite possible that in the early stages of the pla-
net evolution, irregularities in the distributi-
on of radioactive isotopes could lead to a one-
time development of an instability/instabiliti-
es of this type. But there are no reasons that co-
uld cause regular «activizations» to occur. And
even more so, no reason exists for lineaments
with the length much greater than their width
to form.

TI'eogusuueckuti xypraar Ne 3, T. 44, 2022

The monograph [Gordienko, 2017] is pre-
faced with an epigraph from A. Poincaré [Po-
incaré, 1999]: «To say that a rule is accepted
by everyone does not mean to substantiate it
...». V.V. Gordienko, of course, has in mind
the plate tectonics, which is taken for grant-
ed by the vast majority of researchers, altho-
ugh some, including V.V. Gordienko, criticize
it. Butif one starts waving quotes from the gre-
ats, then I much more like the idea from ano-
ther book by Poincaré [ Poincaré, 2020], which
very accurately characterizes the situation in
the geological and geophysical science: «To
doubt everything, to believe everything —two
solutions that are equally convenient: both sa-
ve us from having to think». We can conclude
that the proof of the reality of subduction is, as
they say, far «beyond reasonable doubt», ine-
vitably implying as explained above, the reali-
ty of spreading, as well as the existence of lar-
ge-scale flows in the Earth's mantle.

Some time ago Aryasova and Khazan [Ary-
asova, Khazan, 2016, 2018] showed that even
such a seemingly particular manifestation of the
spreading-subduction system as the stabiliza-
tion of the ocean depth and oceanic heat flow
in areas of old oceanic crust requires the pene-
tration of convective mixing to a great depth in-
to the mantle, possibly down to the core boun-
dary. In other words, it follows from the existen-
ce of the spreading-subduction system that the
thermal structure of the planet is a single who-
le. The development of a quantitative model of
the functioning of a heat engine called «the pla-
net Earth» is the main task of global tectonics,
which would be more correctly called global geo-
dynamics, meaning that we are talking about
solving purely dynamic problems. This directi-
on of research seems to me very promising, al-
though it is difficult to expect that the appro-
aches of global geodynamics will be effective
for geological problems of aregional scale, the
study of the Earth's crust, the theory of ore for-
mation, and solving the problems of the mine-
ral deposit formation. I think that this is where
the boundary lies between the areas of appli-
cability of classical geology/geotectonics, on
the one hand, and global geodynamics, on the
other.
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