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During the Crimean earthquakes of 1927, incomprehensible natural phenomena were
observed in the Black Sea — flashes of fire above the water (henceforth referred to as the
fire phenomena). It was originally believed that these phenomena were associated with
ignition of methane, which had escaped from the seabed due to tectonic disturbances
formed during seismic movements.

Analysis of the available geological and geophysical materials, along with the seis-
micity of the northern Black Sea region, indicates that the fire phenomena that had oc-
curred during the Crimean earthquakes of 1927 were caused by massive gas emissions.
These emissions were a result of the powerful mantle gas-fluid flow into the decom-
paction zones of the crystalline basement along tectonic disturbances of various scales
within the Odessa-Sinop and Circum-Black Sea fault zones during this time. In fact, the
earthquakes were a trigger for the activation of tectonic disturbances in the bottom sedi-
mentary horizons for the migration of focused deep gas-fluid flows.

To establish a proper interpretation and understanding of the fiery phenomena ob-
served during the Yalta earthquakes of 1927, the conceptual system of the hypotheses of
A.L. Gilat and A. Vol [2012] is provided. The main energy source for the Earth's internal
processes is considered to be the induced chain of degassing reactions of hydrogen and
helium, as the most common and important energy carriers and reservoirs.

This article analyzes the deep structure of focal zones and the nature of the seismic
process, and it, and via these analyses it considers the possible nature of the manifesta-
tions of the fires phenomena phenomena. Through the methods used in this study, their
spatial and temporal directionality of the fire phenomena is established. The main bands
of the fire outbreaks over the water spread in two directions. The earlier one, the Sevasto-
pol-Evpatoriya zone, was elongated submeridionally to the west of the coast. It lied was
spatially situated to the east of the Nikolaevskiy fault. The later one, the Yalta-Alushta
zone of the northeastern extension, was associated with tectonic disturbances within the
Circum-Black Sea fault zone. This fault zone remains active at the present time, which
is confirmed by its seismicity, the structure of the consolidated crust and sedimentary
strata, the forms of the bottom relief, etc.
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Introduction. In the Black Sea during the
Crimean earthquakes of 1927, powerful gas
emissions were observed, which were accom-
panied by fire phenomena. The latter were
overlooked, and A.A. Nikonov [2002] drew at-

tention to them for the first time. However, al-
ready in the 1930s, researchers assumed that
the outbreaks of fire above the water were as-
sociated with the ignition of methane, which
had escaped from the seabed through cracks
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formed during seismic movements. The vol-
umes of gas emissions were significant — mil-
lions of cubic meters of methane. This is what
prompted us to consider these emissions as
a kind of gas plume, and to associate their
genesis with the upper mantle and deep fault
zones [Shnyukov, Kobolev, 2021].

Interpretation of the fire phenomena to the
west of Crimea is a rather complex task. In the
thirties of the last century, the structural fea-
tures of the northwest of the Black Sea were
still insufficiently studied. The Black Sea wa-
ter area to the west and south of the Crimean
Peninsula, where fire phenomena were mani-
fested after the Crimean earthquake of 1927,
was intensively studied by geological and
geophysical methods in the post-war period
— from 1946 to the present. The level of geo-
logical knowledge has vastly increased dur-
ing this time. Today, the geological structure
of the region, the development of fields of gas
seeps, gas hydrates, as well as gas deposits
and mud volcanoes, are clearly delineated.
Fault tectonics, which plays a special role in
the location of gas accumulations, has been
studied, helping to identify areas of signifi-
cant fault activity (Fig. 1). At the same time,
the unreliability of the geographical location
of events makes many, even most, judgments
conjectural.

Classical models of seismology predict
that earthquakes occur as a result of tectonic
movements of rocks during a critical accumu-
lation of elastic stress. However, the elastic
energy of ruptures in the lithosphere cannot
cause such a powerful release of energy to
ensure the dominant vertical component of
the Earth's surface motions. The cycle —fore-
shocks, main shock, aftershocks — which is
observed during catastrophic earthquakes,
and most importantly, their energy source
[Birgmann, Dresen, 2008], is also not ex-
plained by the classical models.

For the interpretation and understanding
of the nature of the fiery phenomena observed
during the Yalta earthquakes of 1927, the con-
ceptual system of hypotheses of A.L. Gilat and
A. Vol [2005, 2012] is of interest, in which the
main source of energy for the Earth's inter-
nal processes is considered to be the induced
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chain of degassing reactions of hydrogen and
helium, as the most common and important
energy carriers and reservoirs. The essence of
the proposed hypothesis: primary hydrogen
and helium, the basic elements of the cos-
mos, accumulated excess energy during the
period of Earth's accretion through the forma-
tion of solid and liquid solutions, chemical
compounds, cluster structures, and Van der
Waals compounds. After the end of the accre-
tion process, the process of energy release,
degassing, began and continues to this day,
i.e., a chain of induced chemical reactions at
the boundaries of local changes in RT condi-
tions. These changes cause exothermal de-
composition of unstable structures and asso-
ciated secondary endothermic reactions from
the formation of other compounds that are
stable under these conditions. The proposed
model provides a solution to the problems
associated with the lack of a suitable energy
source for the main endogenous processes
of the Earth. At the same time, it provides a
key to explaining the synthesis of inorganic
hydrocarbons (mainly methane), which are
formed in parallel with intrusive and effusive
processes during mutual reactions of elemen-
tary decay products of hydrogen and helium
compounds. The release of the primary accre-
tion energy stored in hydrogen and helium
compounds by means of a series of exother-
mal reactions and phase transformations is,
in our opinion, the fastest and most efficient
of all energy transfer processes.

As one of the important sources of energy,
the latent energy of primary hydrogen (H) and
helium (He), which comes from the Earth's
core and causes the degassing processes, is
considered. This latent energy is converted
into completely different types of chemical,
electromagnetic, and thermal energy of active
compounds responsible for the main endog-
enous Earth processes [Gilat, Vol, 2005, 2012].

The main sources of the Earth's internal
energy are currently considered to include
nuclear reactions of cold fusion, natural fis-
sion reactions, radioactive decay of U, Th, and
4OK, gravitational differentiation in the Earth's
liquid core, and the energy of lunar tides.
Unlike the above, chemical energy can be
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Fig. 1. Main geomorphological and structural-tectonic elements of the Black Sea water area to the west and south
of the Crimean Peninsula (after [Shnyukov, Kobolev, 2018]): I — coastline, 2— shelf edge (a), water depth isobaths
(b), 3—river deltas, 4 — paleo(proto) river deltas: established (a), suspected (b), 5— mantle fault zones, 6 — faults
of the consolidated foundation, 7— tectonic disturbances of the first (@) and second rank (b), § — gas seeps/torches.

transported by reactive gases, concentrated
and focused in mantle plumes; it can cause
powerful earthquakes. The authors quite con-
vincingly consider the earthquake process
as a series of chemical explosions caused by
physicochemical processes [Gilat et al., 2019].

The present article is an attempt to ex-
plain the previously incomprehensible fiery
phenomena observed during the Yalta earth-
quakes of 1927 by taking into account the
abovementioned conceptual system of hy-
potheses by A.L. Gilat and A. Vol [Gilat, Vol,
2005, 2012; Gilat et al., 2019], as well as the
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previously proposed scenario of the structu-
ral-tectonic evolution of the Black Sea mega-
depression [Kobolev, 2003, 2016, 2017].
General information about the Yalta
earthquakes of 1927. Earthquakes in Crimea
have been known since ancient times, but the
most significant of them in terms of strength
and consequences for Eastern Europe in the
20th century occurred in 1927. The first in-
formation about them was covered in detail
in a collection of articles by V.A. Obruchey,
P.M. Nikiforov, P.A. Dvoychenko, P.I. Hol-
landskiy, A.I. Markevich, E.F. Skvortsov, and
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S.V. Shimanovskiy, which was published in
1928 based on the materials of a scientific
meeting initiated by the government com-
mission for the elimination of consequences
[Black Sea ..., 1928]. Unique observations
were published by the eyewitnesses —
A.V. Voznesenskiy [1927], P.A. Dvoychenko
[1928a,b], S.P. Popov [1928], and A.Kh. Po-
lumb [1933].

Many collected archival materials are giv-
en in scientific publications that appeared in
later years.The materials are not always sup-
ported by reliable seismological information
and are most often scattered and contradic-
tory. The most meaningful detailed analysis
of the macroseismic effect of the Crimean
earthquakes of 1927 was performed by the
well-known seismologist A.A. Nikonov [1986,
1994, 2000, 2002, 2003, 2007, 2012] and Crime-
an seismologists V.A. Korolev, V.S. Knya-
zeva, V.E. Kulchytsky, B.G. Pustovitenko,
A.M. Sklyar [Korolev et al., 1995; Kulchytskiy,
Pustovitenko, 1995; Knyazeva, 1999; Sklyar
et al., 2000]. Let us dwell in more detail on
the published facts, namely, the sequence of
tremors during the Crimean earthquakes of
1927.

On the morning of June 26, 1927, before
the earthquake, the sea remained completely
quiet and calm. However, the eyewitnesses
said that small ripples formed on the water,
and the sea seemed to be boiling. In the bay
between Ayu-Dag and Cape Plaka, approxi-
mately 40 meters from the shore, a long strip
of foam was briefly observed. This may in-
dicate that gas disturbances had already oc-
curred at the bottom and in the water column.
The first strong aftershock was recorded at
13:21.The magnitude was approximately 6.0,
and the destructive force on the coast was
7 points. The source of the earthquake was
located under the seabed, south of the vil-
lages of Foros and Mshatka. This earthquake
did not cause serious damage or casualties,
but panic arose among vacationers. Several
people were injured, though there were no
deaths. Landslides were observed on the out-
skirts of Sevastopol; cracks appeared in some
houses; the post office building and one of
the churches were damaged. On June 29, an-
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other weaker aftershock occurred, which did
not cause significant damage [Dvoychenko,
1928a].

The earthquakes of June 26 and 29 were a
foreshock of the next event on September 11,
1927, which was much stronger and caused a
real catastrophe. The first signs of the earth-
quake began to appear at about 8 pm. The
animals were noticeably worried and refused
to eat. Horses neighed anxiously and broke
free from their harnesses; cows mooed con-
tinuously, and dogs and cats huddled close to
their owners. Fishermen who had gone out for
night fishing heard a rumble on the sea be-
tween Alushta and Sudak. An unusual distur-
bance in the form of a small lump, outwardly
similar to the «boiling of the sea» forced even
the bravest to return to the shore. At exactly
midnight, dogs howled all along the coast,
and then a loud roar was heard, which inter-
rupted this howling [Dvoychenko, 1928a].

The intensity and duration of first shock,
which occurred on the night of September
11—12 at 0:13, surpassed in all earthquakes
in Crimea, at least since the beginning of the
1ot century [Markevich, 1928]. Its epicenter
was located under the seabed at a depth of
17 km, about 20 km southeast of Yalta, and
was elongated along the coast. Its intensity
on the coast is estimated at 8 points on the
MSK-64 scale, with a magnitude of 6.8. Win-
dows were breaking; plaster was falling off;
floors and ceilings were cracking; iron sheets
on the roofs were rattling, and floors and ceil
chimneys [Dvoychenko, 1928b].

The first shock lasted no more than 10
seconds and was followed by a second. Ev-
eryone rushed to flee from the houses, where
walls were falling, roofs were cracking, and
balconies and cornices were collapsing. Land-
slides thundered in the mountains, the sea
moved away from the shore and again crashed
against it in a violent wave. The lights went
out. Continuous shocks, the destruction of
buildings, the groans of the wounded, mass
hysteria, and senseless rumors caused an un-
usual panic. The maximum destructive force
near Big Yalta reached 8 points. In Sevasto-
pol, Simferopol, and Alushta it was 7 points;
in Feodosiya and Evpatoriya — 6 points; in
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Kerch — 5 points; in Novorossiysk and Ros-
tov— 4 points; in Odesa and Kyiv— 3 points.
Significant, but not catastrophic, destruction
occurred in areas with a 7—8-point impact
[Nikonov, 2003].

Within 11 hours, 27 strong aftershocks
occurred. In just a few days, more than 200
aftershocks were registered. Huge columns
of smoke and fire appeared at sea near Se-
vastopol. The Earth seemed to be shaking in
a fever. Panic broke out every now and then.
Severe destruction was also observed in Sim-
feropol, many villages in the foothills and
steppe parts of Crimea were in ruins (Fig. 2).
The earthquake lasted for several days, and
even on September 15, its aftershocks were
still felt. The most powerful ones destroyed
buildings on the coast from Alushta to Se-
vastopol. In Alushta, hotels and the Genoese
Tower were damaged, and in Alupka, the
Vorontsov Palace and mosque. Collapses
formed on the highway near Oreanda, the
village of Opovzneve was severely damaged,
and landslides occurred on Mount Kishka. In
the Yalta area, 70 % of buildings suffered; in
the city itself, the Rossiya and Yalta hotels, as
well as residential buildings, were damaged
[Knyazeva, 1999].

According to S.V. Shimanovskiy [1928], in
the period from September 11 to December
31, 1927, 352 aftershocks were recorded in

Yalta. The maximum number of aftershocks
fell on September 12(41), the greatest force of
the shocks was between 8 and 9 points, fol-
lowed by a gradual decrease in the number
of shocks and their strength. All cities within
the zone of 7-point shocks on June 26 were
affected by an 8-point impact. There is lim-
ited and contradictory information about the
number of dead and injured.

The Crimean earthquakes of 1927 can be
compared with the February catastrophic
earthquakes in Turkey and Syria in February
2023 (magnitude 7.7).

The fire phenomena. The earthquake of
September 11, 1927, was accompanied by
many side effects: tsunami waves of 0.5—
0.7 m [Nikonov, 2002] (Fashchuk [2005] re-
ports waves of up to 2—3 m), underwater land-
slides, the fires [Dvoychenko, 1928b; Niko-
nov, 2002]. The work [Nikonov, Sergeev, 1996]
notes that during the Crimean earthquakes
of 1927, surface disturbances also occurred
as landslides and rock falls.

Fire phenomena at sea were observed
30 km west of Sevastopol by Professor
P.A. Dvoychenko, who, on the evening of Sep-
tember 11, heading to Chersonese, saw the
western part of the sky covered with a bright
brown—orange light, effectively reflected on
the smooth surface of the Quarantine Bay. It
was as if a fire was burning, the bright light
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Fig. 2. Special issue of the newspaper Krasnyy Krym dedicated to the Yalta earthquake of 12 Septem-

ber 1927.
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of which passed through a smoke screen. The
reflection from the water surface was so bright
that the horse rushed to the side and did not
want to walk close to the water [Dvoychenko,
1928b]. He notes that at the moment of the
main shock, only from Sevastopol, there was
a triple-flash, but a short-lived flash of pale
flame was observed near the sea horizon;due
to panic, no one noticed it.

During the earthquake of 12 September
1927, fire phenomena were recorded for al-
most a month and a half— in September and
October. A.A. Nikonov [2002] cites the tes-
timony of residents of the village of Nizhny
Kermenchik that during the earthquake they
observed red fire in the western direction,
where there were no storm clouds at that
time. Thus, the fire flashes were enormous in
size, since they were visible at a distance of
up to 60—70 km. Afire flash about 500 m high
and about 1.8 km wide was observed on Cape
Lukull. These flashes were visible even from
Evpatoria. It is also known from the stories of
eyewitnesses from Feodosiya that 30 km in
the direction of Anapa (i.e., on the other side
of the main focus and also at a great distance),
in the sea, fire pillars were also seen. Thus,
it turns out that outbreaks of fire, including
linearly distributed ones, took place in the Se-
vastopol-Evpatoria, Sudak zones (tentatively),
and Feodosiya. In the Sevastopol-Evpatoria
zone, they were observed during the main
earthquake and aftershocks that occurred on
the same night, then in early October, in the
Sudak zone —in early November. It should be
assumed that outbreaks of fire as stripes and
spots above the water are definitely associ-
ated with tectonic disturbances due to earth-
quakes. This conclusion somewhat helps the
interpretation of the outbreaks since the main
lines of disturbances, fields of gas flares and
gas hydrates, are outside the coastal zones. If
we take into account data on local tremors in
the Sevastopol-Evpatoriya zone, it is obvious
that there was a separate focal zone to the
west of the coast near Sevastopol, elongated,
apparently, submeridionally.

The emissions of large masses of hydrocar-
bon gases west of Sevastopol were described
by G.I. Popov [1969]. He noted that during the
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earthquake, a huge fiery band was observed
from three lighthouses on the western coast
of Crimea, 30 miles (55 km) from the coast
over a large stretch between Sevastopol and
Cape Lucull.

Perhaps the most professional observations
were made in the western part of the Black
Sea by employees of three lighthouses in the
Crimea — Konstantinovskiy ravelin (Sevasto-
pol), Cape Lucull, and Evpatoriya. Lighthouse
archives allowed L.I. Mitin to clarify the se-
quence and number of flashes [Shnyukov et
al., 1994]. P.A. Dvoychenko [1928b] empha-
sizes that after a moment of panic, flashes of
fire were recorded from all lighthouses on the
western coast. He estimated the duration of
the flashes to be 1—1.5 min; their height and
width were determined by eye up to 500 m up
and up to 2km wide. The fire was pale, faintly
luminous, and some defined it as a luminous
cloud.

In total, 16 large-scale fire phenomena
were observed to the west of Crimea. Most
likely, different phenomena were observed
from different lighthouses. In terms of time,
only observations from Cape Lukull and from
the Konstantinovskiy ravelin (Sevastopol) co-
incide, which recorded flashes on September
12 at 3:32a.m. and 3:41 a.m. The distance be-
tween the lighthouses is 50—60 km, perhaps
the same fire phenomena were noted. In other
cases, there are discrepancies in the time of
the flashes, which indicates different observa-
tion objects.

Unfortunately, the initial information on
the fire phenomena is often based on con-
troversial data. This applies, first of all, to
the distances from the coast and observation
points, number, and duration of the flashes.
The latter is largely explained by their loca-
tion and, accordingly, scale and the possible
observation of one phenomenon from differ-
ent points. Meanwhile, the distances to the
emission sites were estimated by random ob-
servers, excluding the fire service workers.
Hence, there is a large spread in estimates of
the remoteness of the fires.

Naturally, the idea arises to use data from
other regions for comparison. Explosions and
burning gases of mud volcanoes have been
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repeatedly observed in the Caspian Sea. At
the same time, more accurate data on the dis-
tance of fiery phenomena from the coast and
observation points during the explosions of
mud volcanoes of the Baku Archipelago in
the Caspian Sea were obtained due to their
reliable location. Thus, a column of flame over
500 m high in 1977 on the Garasu volcano
was observed in Baku at a distance of about
40—50 km [Aliyev et al., 2015]. The latest case
of a large-scale fiery torch above the water
was recorded on July 4, 2021 off the coast of
Azerbaijan in the Caspian Sea. The probable
cause of the giant pillar of fire in the middle of
the sea, rising high above the horizon, was the
eruption of a mud volcano on Dashly Island,
approximately 30 km from the coast (Fig. 3).

Fig. 3. A giant pillar of fire in the Caspian Sea was
observed on July 4, 2021, from the coast of Azer-
baijan (left) and drilling platforms (right) https://
twitter.com/JournalistSahab/status/ 14118633593
73266948.

As one can see from the above review, more
than 16 powerful gas (fire) emissions were reg-
istered to the west of the Crimea. According to
P.A. Dvoychenko [1928a], most of them lasted
1—1.5 min. However, the fire phenomenon
in October, observed from Evpatoria, lasted
more than two hours. To the south and south-
east of the Crimea, fire phenomena and gas
emissions were longer. Their number is not
less than 6. At the same time, many millions
of cubic meters of methane were released and
burned. The phenomenon was grandiose and
had been underestimated before.

According to P.A. Dvoychenko [1928a],
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it can be assumed that at least 10 fires had
dimensions of up to 500 m in height, up
to 2000 m in length and at least 100 m in
width. The total volume of the flash space is
10,000,000 m>. According to reference data,
the flash of a gas mixture (air and methane)
occurs when methane in the air reaches a
minimum of at least 16 %, and explosions
— most often at 9.5 % methane. Explosions
lasted 1—1.5 min. It is obvious that one mil-
lion cubic meters of methane, which probably
formed such a gas accumulation, burned out
and dispersed instantly. But the two-hour
flame was obviously fed all the time, and in
this regard it can be assumed that 80 times
more methane burned out — up to 80 mil-
lion m>. Thus, only the western part of the fire
phenomena absorbed at least 100 million m®
of gases! Obviously, all these are hypothetical
calculations, but the order of the figures is
very indicative and demonstrates the scale of
the phenomenon. Energy expenditure in the
south and southeast of Crimea were no less.

The composition of the gases was estimat-
ed at the time of observations. P.A. Dvoychen-
ko [1928a] even tried to decipher the color
shades of the fire phenomena. In his opinion,
a pale flame appeared as a result of the flash
of hydrogen phosphide, and then hydrocar-
bon gases flashed brightly, as he believed,
from the mud of the Black Sea. Sailors of the
ships met in the area of the explosion by a
special hydrograph boat spoke of the smell
of hydrogen sulfide. This smell was also felt
on the beach. Therefore, we can conclude
that hydrocarbon gases were emitted, mainly
methane with impurities of hydrogen sulfide,
hydrogen phosphide or fluoride, and simply
hydrogen. The role of methane is obvious.

The data on fire phenomena in the Black
Sea south of Crimea are rather uncertain. Var-
ious sources mention pillars of white steam.
For example, on September 14, at 5:23 p.m.,
7 km from the coast opposite Kuchukkoy
(near Alupka), an unknown observer saw a pil-
lar of white steam approximately 200 m high.
After 3—4 s, it dissipated, and another one
rose in its place. No tremors were observed
in Yalta at that time [Nikonov, 2002].

A.A. Nikonov [2002] notes fire phenomena
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in the sea on October 2, 3, and 4 opposite
the village of Uskut (Pryvitne), 20—25 km
southwest of Sudak, but a detailed descrip-
tion of this phenomenon was recorded only
on October 4. According to P.A. Dvoychenko
[1928a] from the words of eyewitness E. Kar-
povich: «On the 4th, at 11 p.m., in the middle
of the sea, approximately opposite the village
of Uskut, a weak whitish strip appeared at
first, which gradually acquired an increas-
ingly bright red color. At about 10:40 p.m., its
darkening in the form of smoke was noticed
from the shore, which moved to the center
of the strip and captured the latter by 2/3.
The remaining part, at 11:15 p.m., burst into
flames in the form of a column of fire measur-
ing 0.75 m? from which sparks separated. The
bright red fire lasted for about 5 min, and then
it sank into the water, leaving a trace that was
observed on a large area of the illuminated
surface. Afew seconds later, the flame quickly
flared up again in the same place and over a
considerable area in the form of a large glow.
Such flashes lasted for more than an hour.
They were bright red, and the flashes were
repeated very often, simultaneously in sev-
eral places in the direction of Sudak. In the
intervals between the flashes, phenomena re-

sembling shrapnel explosions were observed
three times in the air, quite high above the
sea. However, the flashes were so strong that
the clouds glowed. Tongues of flame were
visible in binoculars». As one can see, a fair-
ly detailed description of the phenomenon
indicates really constant emissions of large
masses of gases over a significant area for an
hour. Judging by the description, these were
emissions of millions of cubic meters of gas.
An implausible detail about the size of one of
the flashes — 0.75 m®— is an assessment that
is hardly possible in the sea on the horizon.

Taking into account the eyewitness ac-
counts of the fiery phenomena during the
earthquake of September 12, 1927, we have
schematically depicted their approximate lo-
cation and directions of spread (Fig. 4).

Fire outbreaks, including the linear ones,
occurred in the Sevastopol-Evpatoria, Sudak
zones (tentatively), and Feodosia. In the Se-
vastopol-Evpatoria zone, they were observed
during the main earthquake and aftershocks
on the same night and the first days of Octo-
ber. Thus, the phenomena have both a spatial
and a temporal direction. The main bands of
fire outbreaks over the water spread in two
directions. The earlier one, in the Sevastopol-

Yevpatoria

Simferopol

Alushta

- ~ 10,
-_
= 3

~__l4

Fig. 4. Location of fire pillars during the Yalta earthquakes of 1927: 1 — epicenters of the earthquakes,
2 — approximate location of fire pillars, 3 — hypothetical directions of the propagation of fire phe-

nomena, 4 — isobaths of the seabed relief.
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Evpatoriya zone, is elongated submeridional-
ly to the west of the coast and is situated to
the east of the Nikolaevskiy fault. The later
one, moving in the northeast direction, is defi-
nitely associated with tectonic disturbances
within the Circum-Black Sea fault zone.
Today, the submeridional Nikolaevskiy
(West Crimean) fault, closest to the western
coast of the Crimea, is geophysically well-
known and clearly traced (see Fig. 1). Howev-
er, itislocated almost 100 km from Sevastopol
and Cape Lukull. It would be very tempting to
explain the fire phenomenon migrating from
north to south at 3:40 am on September 12,
1927, by the emission of a huge strip of gases
along the submeridional fault, its ignition in
the northern part, and the movement of the
flame from north to south as the methane
burned out. However, for such an explana-
tion, the gas emissions must be enormous,
illuminating the clouds during combustion

so they would be visible so far away. Alterna-
tively, the emissions occurred along a smaller
fault, subparallel to the Nikolaevskiy fault but
much closer to the shores of Crimea.

One version of a possible explanation for
the appearance of the grandiose flash of flame
on September 2, 1927 at 3:31 am (and 3:41 am),
observed from Cape Lukull and the Konstan-
tinovskiy ravelin of Sevastopol, is the impact
of earthquake aftershocks on the gas hydrate
field, which has been delineated in this water
area [Kobolev, Verpakhovskaya, 2014]. It may
well be that shaking the sedimentary layers
during the earthquake led to the destruction
of gas hydrates and to a powerful emission of
gases or release of gas bubbles at the bottom,
which produced a huge flame [Rybak et al.,
2024].

It is impossible not to pay attention to
other flashes, especially in the movement of
the flame from north to south — to the east of

———

Sea of Azov

ol 2 3 (2)4 A5

Fig. 5. Spatial distribution of earthquake epicenters and their magnitudes (shown by icons of different shapes)
in the South Crimean seismogenic belt: I—3 — epicenters at depth (I — 0—15 km, 2 — 15—30 km, 3 — more
than 30 km), 4 — Crimean seismogenic subzones (1 — Sevastopol, 2 — Yuzhnoberezhnaya (or Yalta-Alushta),
3 — Sudak, 4 — Kerch-Taman), 5 — seismic stations (ALU — Alushta, ANN — Anapa, DON — Donuzlav, FEO
— Feodosia, KERU — Kerch, SEV — Sevastopol, SIM — Simferopol, SUDU — Sudak, TARU — Tarkhankut, YAL

— Yalta (modified after [Gobarenko, Yegorova, 2020]).
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the Nikolaevskiy fault. There, several points
of flame were traced that continued just as
grandiosely in October for two hours to the
south of Evpatoria [Dvoychenko, 1928a].
Seismicity analysis of the Crimean region.
Unfortunately, instrumental seismological
observations in Crimea began only after the
devastating earthquakes of 1927 [Pustovi-
tenko et al., 1989]. Fig. 5 shows the distribu-
tion of earthquake foci in the South Crimean
seismogenic zone [Gobarenko, Yegorova,
2020], which is based on the corrected earth-
quake parameters in the seismic-tomographic
constructions. This zone is characterized by
earthquakeswith epicenters at depths from 15
to 33 km or >33 km with magnitudes of 3—6.
Within the Crimean-Caucasian seismo-
genic belt, we are interested in two main zones
of grouped earthquake foci, in which the seis-
mic activity and the stress field's orientation
are considered to be relatively homogeneous.
These are seismically active zones with dif-
ferent earthquake foci locations (see Fig. 5):
Kerch-Taman, which dips in the north at an
angle of ~30°, and Yalta-Alushta, which is gen-
tly inclined to the southeast at an angle of
~18° [Gobarenko, Yegorova, 2020]. The most
seismically active should be considered the
Yalta-Alushta zone, where the powerful earth-
quakes of the 20th century occurred in 1927
It should be noted that the vast majority
of earthquake epicenters in the northern part
of the Black Sea are recorded in a continu-
ous strip from Sevastopol to Feodosiya. The
earthquake epicenters are located mainly
of 10—40 km from the coast. They are con-
centrated in the steep part of the continental
slope between the continental shelf and the
bottom at depths between 200 and 2000 m.
This boundary is the place of contact of areas
of the Earth's crust that experience oppositely
directed modern vertical movements. They
proceed unevenly and are accompanied by
earthquakes [Gobarenko, Yegorova, 2020].
Peculiarities of the deep structure of the
South Crimean seismogenic zone. The Black
Searegion is part of the southern alpine belt,
which includes structures of different ages,
genesis, and evolution, the restructuring of
which in the Cenozoic formed its modern
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appearance. A characteristic feature of the
region is increased seismic activity and high
mobility of the lithosphere, manifested in a
differentiated anomalous thermal field. The
latter indicates deep energy processes associ-
ated with increased matter mobility [Kutas et
al., 1998]. Vivid evidence of them is anoma-
lous gas manifestations in the form of seeps,
torches, and fountains of mud volcanoes. This
circumstance can be the basis for searching
for general patterns in their distribution in
connection with seismic activity. The physical
nature of this connection can be explained by
tectonic processes that shape the heteroge-
neous structure of the Earth's crust. This is es-
pecially clear within fault zones, which serve
as migration channels for gas-fluid flows and
are clearly seen in the distribution of anoma-
lous gas manifestations [Shnyukov, Koboleyv,
2018; Kutas, 2020].

The shelf and continental slope of the
southern coast of Crimea are characterized by
the largest dip gradients caused by contrast-
ing neotectonic and modern tectonic move-
ments. The geomorphology of the coastline of
the southern coast of Crimea and the seabed
relief in its continuation and the degree of
horizontal and vertical dismemberment of the
underwater relief indicate the differentiation
of neotectonic movements. Multidirectional
movements occurred throughout the entire
neotectonic stage and continue to this day.
At the same time, the velocity gradients of
the latest dips of the Black Sea megadepres-
sion are an order of magnitude higher than
the gradients of the raised adjacent land. The
zone of the highest gradients of seabed move-
ment velocity is located in the continental
slope region. The transition zone from areas
experiencing uplift to areas of subduction
includes the modern shelf and a narrow strip
of the southern coast of Crimea [Shnyukov
et al., 2010].

The earthquakes of 1927 were concen-
trated on the continental slope south of the
Crimean Peninsula within the South Crimean
seismic zone. The boundary of the continental
shelf and the steep slope of the depression
coincides with a deep fault. In this area op-
positely directed modern vertical movements
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are concentrated. They proceed unevenly,
accompanied by tremors, i.e., earthquakes.
Within this fault, modern relative movements
of the crust occur: the rise of the Mountain-
ous Crimea and the lowering of the Black
Sea bottom. According to V.V. Yudin and
Y.G. Yurovskiy [2011], the vertical component
is expressed in a 3.6km difference in the mod-
ern relief from the highest point of Crimea,
the town of Roman-Kosh (1545 m) to the sea
bottom at a depth of 2100 m. Given the thick-
ness of the Neogene-Quaternary sediments
in the Black Sea, the vertical difference of the
neotectonic relief reaches 10 kilometers or
more.

A significant role in the dynamics of the
lithosphere of the Black Sea region is played
by faults of both mantle and crustal origin,
which extend far beyond the boundaries of
the megadepression and separate large tec-
tonic blocks of the Earth's crust. Deep faults
of the Black Sea megadepression have devel-
oped over a long time. Many of them have re-
tained their activity at the present time, which
is manifested in intense seismic activity.

Based on the increased gradients of the
mantle component of the gravitational field,
V.I. Starostenko et al. [2010, 2015] distinguish
a number of fault zones of the consolidated
crust according to the scheme of fault tecton-

ics of the consolidated crust of the Black Sea.
These include, first of all, the Odessa-Sinop
fault zone, which is traced from the East Eu-
ropean Platform to the Pontides parallel to the
axis of the Central Black Sea Uplift and in-
tersects with the Latitudinal fault zone which
occupies the water area south of Crimea be-
tween the deep-sea depression and the con-
tinental slope (Fig. 0).

Previously, based on the results of seismic
work, this transition zone between the deep-
sea depression and the continental slope
west of Crimea was interpreted as a flexural
fold, not accompanied by large disturbances
and relative movements of the crustal blocks
[Tugolesov et al., 1985]. Later, a number of
researchers [Chekunov, 1987; Banks, Robin-
son, 1997, Kobolev, 2003] showed that this
boundary has a clearly tectonic character and
is a deep fault. Behind it, was a significant
displacement of the basement and the Moho
section, a sharp change in the thickness and
structure of the crust, and dislocation of deep-
sea sediments. This is evidenced by the re-
sults of the reinterpretation of seismic materi-
als along the 25" profile, which showed the
existence of a high-amplitude fault south of
the Crimean Peninsula, along which the base-
ment on the shelf dips sharply (up to 8 km)
[Baranova et al., 2008].

38°

44°

42°

Fig. 6. Fault tectonics of the consolidated crust of the Black Sea megadepression [after [Starostenko et al., 2010]
with alteration]: I — faults of the diagonal system of the first (a) and second (b) order, 2— faults of the orthogonal
system of the first (@) and second (b) order, 3 — directions of shifts, 4 — directions of dip, 5 — zones of elevated

gradients of the mantle component of the gravity field.
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This conclusion was also confirmed by the
results of the regional seismic studies of the
Black Sea Geophysical Survey [Graham et
al., 2013]. In our opinion, the transition zone
from the continental slope to the deep-sea
basin along the Crimean Peninsula is a long-
lived Circum-Black Sea fault zone, compli-
cated along the perimeter by a depression
of variable width. This fault zone remains
active, which is confirmed by its seismicity,
the structure of the consolidated crust and
sedimentary strata, the forms of the bottom
relief, etc. Thisis indirectly evidenced, in par-
ticular, by the anomalous concentration of gas
jet manifestations within its boundaries.

The application of the ideas of plate tec-
tonics to the geological explanation of the
seismicity of the North Black Sea area as-
sumes the presence of oceanic lithosphere
and its descent into the subduction zone un-
der the continental lithosphere of Crimea.
The subduction zone has earthquakes at its
boundary in the slip plane of the oceanic and
continental lithosphere. Such a plane is called
the seismofocal zone.

The South Crimean seismogenic zone off
the coast of the Mountainous Crimea is often
perceived as a manifestation of the subduc-
tion zone to the north. If the thrusting here
really occurred, it was concentrated in the
crust, in a local area, which is not at all typi-
cal for Benioff zones with their linear extent
and depth of earthquake foci. Within the Al-
pine fold belt, where very active processes are
currently taking place, there are essentially
no Benioff zones. However, there are sepa-
rate points or localized areas that can only be
compared with these zones after a number of
caveats or warnings.

Thus, since there are no signs of a deep-
sea trench, back-arc, or inter-arc basins south
of Crimea, it should be assumed that a true
subduction zone is absent here. However, an
accretionary wedge of dislocated sediments
lying on the suboceanic-crust negative grav-
ity anomalies and significant small-focus seis-
micity allowed this type of convergence to
be called pseudosubduction or quasisubduc-
tion [Yudin, Yurovskiy, 2011]. It should also be
noted that many Ukrainian researchers still
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reject the ideas of the above authors about
the structures of powerful tangential com-
pression formed during the Cenozoic con-
vergence in the Crimean-Black Sea region.
As an alternative, it is appropriate to distin-
guish extensional structures in the form of
an endogenous Circum-Black Sea fault or a
keystone subsidence of the Crimean blocks
along steep listric faults and flexures into the
Black Sea [Kobolev, 2003].

An important circumstance is the fact
that along the northern border of the deep-
sea part of the Black Sea, a system of intra-
crustal bodies of basic and ultrabasic com-
position has been discovered [Starostenko et
al., 2001]. This series of bodies, recorded by
seismic-gravity modeling in the upper part of
the granite-gneiss complex and the lower part
of the sedimentary cover, characterizes areas
of crustal failure and horizontal displacement.

The above allows us to argue that the
«large-scale» subduction of the «oceanic»
Black Sea lithosphere in the northward di-
rection under the continental lithosphere is
impossible, at least since the middle of the
Cenozoic. The reason for this is the «heated»
Black Sea lithosphere, which, due to its physi-
cal properties, is unable to «subduct» under
arigid continental plate [Kutas et al., 1998].

Thus, the geological situation in the north
of the Black Sea, to some extent, resembles
an accretionary prism. Despite all the dif-
ferences in interpretation among tectonists
(subduction, pseudosubduction, quasisub-
duction), the accretionary wedge that goes
under Crimea is traced here. It is here, south
of Crimea, that the main swarm of deep-sea
mud volcanoes is recorded in the Sorokin
trough. Active upward migration of deep-
sea gas-fluid flows formed secondary centers
with anomalously high gas pressures above
the section(the mud diapirs). Through-going
deep-sea mud volcanoes are an example of
localized flows of deep hydrocarbons that
pass through the sedimentary cut and are
controlled by deep faults and flexural-thrust
zones.

Plume-tectonic nature of the Crimean
earthquakes of 1927. Most endogenous re-
gimes are evidence of the enormous role of
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deep-matter advection as the main source
of global and regional tectonics. Advection
of gas-fluid flows plays an important role in
plume tectonics. Local emissions of deep flu-
ids in the upper mantle are associated with
plumes. They are sources of active tectonic
transformation of the continental lithosphere
and bear signs of pulsating degassing of the
Earth.

It was previously thought that heat from the
liquid core to the lithosphere is transferred by
mantle plumes in narrow ascending columns
due to convectional heat transfer. However,
the driving forces for their formation from
the liquid core to the lower mantle bound-
ary cannot be explained by the hypothetical
temperature difference between the upper-
most liquid core and the lowermost mantle.
Partial melts cannot pass through the colder
solid barriers of rocks several kilometers
thick without additional energy input. Thus,
plumes cannot migrate through the nearly
3000 km thick solid mantle.

According to the hypothesis of A.L. Gilat
and A.Vol [2012], it is the latent energy of
primary hydrogen (H) and helium (He), un-
like the energy of traditional sources, that
creates convection in the Earth's outer core
and forms liquid magma in the mantle and
supplies energy to upward flows. It can be
easily transferred from plumes along large
faults and their branches, quickly concen-
trated and realized explosively. It creates
very high rates of energy release and all the

geophysical and geochemical anomalies typi-
cal of earthquakes. It is the concentrations of
explosive accumulations that are responsible
for the cycle of earthquakes (foreshocks —
strong shocks — aftershocks) within their
ascending hypocenters [Gilat et al., 2019]. It
should be emphasized that the geodynamics
of areas with high seismicity and the nature of
strong earthquakes are more closely related
to mantle plumes rather than plates' move-
ment along individual faults [Kopnicheyv, So-
kolova, 2017].

According to the hypothesis of A.L. Gilat
and A. Vol [2012], sublimation of H and He
from the solid core and convection in the
outer shell with flow melting in the mantle
create gas-fluid blowing plumes. The release
of H and He is accompanied by an intensive
release of their accumulated specific (latent)
energy (Table). Their ionization and inclusion
in various chemical compounds are accom-
panied by decomposition due to local and
gradual PT-changes. Constant compression
and decompression (foreshocks — strong
shocks — aftershocks) in the upward-moving
hypocenter are accompanied by additional
energy emissions, which cause the release of
elementary H, O, C, S, Cl, F, etc. This process
causes explosive or combustible synthesis of
H,0, SO,, H,SO,, CO,, H,S, HCL, HF, and
other compounds in accordance with local
changes in thermodynamic conditions [Gilat
etal., 2019].

The idea of a plume as an element of

Specific potential (latent) energy of helium and hydrogen [Gilat, Vol, 2005]

Depth, Pressure, Temperature, Specific energy, J/mol
km Gpa K Helium Hydrogen
0 0 300 12.480 8652
10 0.3 500 20.800 14.420
100 3.4 1800 74.880 51.912
500 18 2000 83.200 57.680
1000 40 2500 104.000 72.100
2000 88 3500 145.600 100.940
3000 160 5500 228.800 158.620
4000 238 5800 241.280 167.272
5000 321 6000 249.600 173.040
6000 358 6200 257.920 178.808
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geodynamics arose relatively recently. This
was caused, on the one hand, by the failure
of plate tectonics, which could not find an
explanation for intra-plate volcanism and
magmatism, and, on the other hand, by the
successes of seismologqy, in particular, seismic
tomography [Nolet, 2017]. In this regard, the
seismotomographic constructions of P-veloci-
ty models directly under the Black Sea mega-
depression, presented in [Gintov et al., 2016],
are of significant interest (Fig. 7). On vertical
longitudinal sections of the P-velocity mod-
el of the mantle directly under the Western
Black Sea Depression (Fig. 7, a, b) at depths
from 2500 to 1700 km, a low-velocity hetero-
geneity (AVp<0.175 km/s) is clearly recorded,
which we identify with the relic of the Black
Sea plume. At the same time, under the East-
ern Black Sea Depression (Fig. 7, c), there is
no such anomalous zone. These constructions
are a significant confirmation of the above
considerations about the existence of a man-
tle multi-intrusion — the Black Sea plume —
as a structure of deep energy discharge. The
location of the latter to the west of the Central
Black Sea Uplift can explain the difference
in the mechanisms of formation of the main
structural units — the western and eastern
depressions of the Black Sea megadepression
—aswell as the absence of mud volcanoes in
the Eastern Black Sea Depression and their

30° 35° 40° 45° 50° 30° 35°

rather wide distribution in the Western Black
Sea Depression.

The movement of such significant (in the
first hundreds of thousands of cubic km)
masses of melt into the lithosphere created
an equivalent deficit of them at depth. As a
result, compensatory collapse occurred, and
corresponding dips appeared on the Earth's
surface. At present, they are located on the
periphery of the Black Sea megadepression in
the form of mobile compensatory structures
of the Greater Caucasus, Eastern and West-
ern Pontus, the Crimean geosyncline, and the
Black Sea trough [Kobolev, 2003].

Conclusions. Earthquakes in Crimea have
been known since ancient times, but the most
significant of them in terms of power and con-
sequences for Eastern Europe in the 20th cen-
tury occurred in 1927.

These are spatially concentrated on the
continental slope south of the Crimean Pen-
insula within the South Crimean seismic zone.
The boundary of the continental shelf and the
steep slope of the depression spatially coin-
cide with the Circum-Black Sea fault zone,
in which oppositely directed modern vertical
movements are concentrated. They proceed
unevenly, accompanied by tremors, i.e., earth-
quakes.

Analysis of the available geological and
geophysical material allows us to assert that

Fig. 7. Vertical longitudinal sections of the P-velocity model of the mantle under the Black Sea megadepression
[Gintov et al., 2016]: a — 34°N, b — 35°N, ¢ — 36°N. Dark gray and gray colors show relatively high-velocity
heterogeneities, and light gray and white — the relatively low-velocity.
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subduction of the Black Sea lithosphere in
the northern direction is impossible. On the
other hand, the geological situation under
Crimea, to some extent, resembles an accre-
tionary wedge.

The massive methane emissions resulting
from the Crimean earthquakes of 1927 were
accompanied by fire phenomena as a result
of a powerful mantle gas-fluid flow into the
decompacted zones of the crystalline base-
ment along tectonic faults of various scales
within the Odessa-Sinop and Circum-Black
Sea fault zones. The earthquakes were a trig-
ger for the activation of tectonic faults in the
bottom sedimentary horizons and the migra-
tion of focused deep gas-fluid flows. The fire
phenomena should be attributed to methane,
which escaped from the crust and ignited by
spark electric discharges during friction and
collision of rocks. Part of this gas may be gas
hydrate [Rybak et al., 2024] since when the
pressure and/or temperature change, the lat-
ter can dissociate and be both an additional
source and a destabilizing factor for sedi-
ments.

The Black Sea is a globally unique phe-
nomenon since no other sea in the world has
such active gas release [Shnyukov, Koboley,
2013]. According to modern ideas, methane
can be biogenic or catagenic. In the first case,
itis generated directly in the sedimentary lay-
er by the biochemical oxidation of organic
matter. In the second, it migrates from great
depths. The biogenic hypothesis has certain
difficulties explaining the accumulation of
such large volumes of gas.

We have every reason to believe that micro-
bial metagenesis in the Cenozoic sediments is
not enough to ensure such a powerful gas dis-
charge at the bottom of the Black Sea mega-
depression [Shnyukov, Kobolev, 2018]. Thus,
the grandiose gas-fire phenomena during the
Yalta earthquakes of 1927 are difficult to ex-
plain satisfactorily without involving the deep
component. They have a spatial and temporal
direction. The main bands of fire outbreaks
over the water spread in two directions. The
first one, the Sevastopol-Evpatoriya zone, is
elongated submeridionally to the west of the

ISSN 0203-3100. Geophysical Journal. 2025. Vol. 47. Ne 1

coast and spatially follows the Nikolaevskiy
fault. The second one, the Yalta-Alushta zone
of the northeastern extension, is associated
with tectonic disturbances within the Circum-
Black Sea fault zone. This fault zone remains
active at present, which is confirmed by its
seismicity, the structure of the consolidated
crust and sedimentary strata, the forms of
the bottom relief, etc. This is indirectly sup-
ported, in particular, by the anomalous con-
centration of gas-mud manifestations within
its boundaries.
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IIpupopa BOTHEHHUX SIBUIILL
nip yac KpuMcbKux 3emaerpycis 1927 p.

B.I1. KOﬁOAGBI, B.B. }IHKOZ, 2025

1IHCTI/ITyT reodizukm iMm. C.I. Cy66orina HAH VYkpainu, Kuis, YkpaiHa
2OpechKUi HAI[ OHAABHUM yHiBepcureT iMeHi [.I. MeunukoBa, Opeca, YKpaiHa

[Tip vac Kpumcbkux 3eMaeTpyciB 1927 p. y HopHOMY MOpPi CIIOCTepirarrcs He3po3yMini
IIPUPOAHI SBUIIla — CIIaAaXM BOTHIO Hap BOAOI0. OCTaHHI, 9K TOAI BBaKaAH, ITOB'sI3aHi 3
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3aropaHHsAM MeTaHy, KU BUPUBABCS 3 AHA MOPS Yepes YTBOPEHI IIPU CEMCMIUHUX PyXax
TeKTOHIYHI ITIOPYIIIeHHS.

AHaai3 HagBHUX I'eOAOTO-TeO(Di3MYHUX MaTepiaAiB, IIOpsA 3 CEMCMIYHICTIO MiBHOUYI
YHopHOMOPCHKOTO PETiOHY, CBIAUUTS, 1110 BOTHSIHI 9BHUINA IiA 9ac KpUMCBKUX 3€MAETPYCiB
1927 p. 3yMOBA€HI I'PaHAIO3HUMM BUKUAAMU a3y B Pe3yAbTATI HOTY>KHOI'O MaHTIMHOTO
ra3o0(A0IAHOIO IOTOKY B PO3YIIiAbHEHI 30HU KPHUCTAAIYHOTO PYHAAMEHTY B3AOBIK TEK-
TOHIUHUX IOPYIIEHb Pi3HOTO MaciTady B Mexxax OapecbKo-CHHOIICHKOI Ta LlupKyMuop-
HOMOPCBKOI pO3AOMHUX 30H. HaToMicTh 3eMAeTpycH OyAU TpUTepOM aKTUBi3allil Tek-
TOHIUHUX IIOPYIIEeHb Y IPUAOHHUX OCAAOBUX FOPU30HTAX AAS Mirparii cpOKyCcoOBaHUX
TAMOUHHUX Ta30(PAIOIAHUX IIOTOKIB.

AASL TAYyMadeHHS 1 pO3yMiHHS IPUPOAYU BOTHEHHUX SIBUII, 1110 CIIOCTEPIraAuC IIiA 9ac
SIATUHCBKUX 3eMAeTPYCiB 1927 p., PO3TAIHYTO KOHIENTYaAbHY CUCTeMy rinmore3 A.A. T'i-
AaTau A. Boaa [2012], 3riaHO 3 IKOIO OCHOBHUM AJKepPEeAOM eHeprii BHYTPIIIHIX IpolieciB
3eMAi € iIHAYKOBaHHNM AQHITIOT peaKIlil AeTa3allil BOAHIO Ta TeAi0, IK HalOIABIII TOITUPEHNX
i HaMBa>KAMBIIINX 30epiraviB Ta HOCIIB eHepril.

Y cTarTi aHaAi3yeTbCcs rAMOMHHA OyAOBa OCEPEAKOBUX 30H i XapaKTep CeMCMigHOTO
IIPOILeCy, PO3TASIAQETHCS MOJKAMBA IIPUPOAA IIPOSIBIB BOTHEHHUX SBUIL. BCTaHOBAEHO iX
IIPOCTOPOBY i YaCcOBY HallpaBAeHICTb. OCHOBHI CMYyTHM CIIaAaXiB BOTHIO Haa BOAOIO IOIIIHU-
PIOBAAUCH ¥ ABOX HampsaMKax. [Tepira 3a yacom CeBacTONOABCKO-EBIATOPIMICHKA 30HQ,
BUTATHYTa CyOMEepUAIOHAABHO Ha 3aXOAl Bip y30epeskiKs, IPOCTOPOBO HacAipye Muko-
AQIBCBKUM PO3AOM. ApyTa 3a 4acoM, SIATUHCBKO-AAYIITHHCBKA 30HA MIiBHIYHO-CXIAHOTO
IIPOCTATaHHS, [TOB'43aHa 3 TEKTOHIUHUMU ITOPYIIEHHIMHU Y Me>kaX LImpKyMuOpHOMOPCHKOL
30HU Po3AOMiB. LIg po3aomHa 30Ha 30epirae akTUBHICTD i HUHI, 110 MIATBEPAIKYETHCS 11
CeNCMIiuHICTIO, OyAOBOIO KOHCOAIAOBAHOI KOPH i 0CaA0BOI TOBII, hopMaMu peabedy AHa
Ta iH.

KAro4oBi caoBa: ra3oMAr0iAHMN IIOTIK, BUKMAHW Ta3y, PO3AOMHI 30HU, HOpHe MOpe,
3eMAETPYCH.
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