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Abstract.Gas hydrates occurring in the World Ocean are considered as the additional and

Received 09.05.2018; perspective non-traditional resource of hydrocarbon materials. The proposed classifica-
Received in revised form 16.052018; tion of deposits as for mining and geological conditions of their occurrence as well as
Accepted 20.06.2018 methodological approach to their development and calculation of technological parame-

ters of methane extraction from the World Ocean floor with minimum impact upon the
Earth’s hydrosphere is of considerable importance in the context of current studies of new and most prospective source of energy in
terms of the available experience gap as for the development of gas hydrate deposits. The approach to search for and explore gas
hydrate deposits occurring on and under the World Ocean floor has been suggested; the approach is based upon the regularities of gas
hydrate distribution in lithological varieties and geological structures. The necessity to take into consideration the pore space enclos-
ing gas hydrate thicknesses to calculate their reserves has been substantiated. The overview of scientific literature sources summariz-
ing the results of marine expeditions as well as the analysis of publications of world scientific community dealing with the studies of
gas hydrates has made it possible to determine that gas hydrate deposits are associated to the zones of jointing of continental plates
and oceanic troughs. In their turn, those zones, due to different genesis, are made up of the corresponding various products of sedi-
mentary rock accumulations. Detailed analysis of the Black Sea floor structure has been performed. Three geomorphological zones
have been singled out; basic types of gas-bearing capacity manifestation and methane liberation from the interior have been
represented. Quantitative evaluation of methane content in gas hydrate deposits has been given taking into account the detected ones.
Data concerning gas-bearing capacity of the Black Sea floor proved by the map of mud volcanoes location within the areas of gas
hydrate sampling have been considered. That was the basis to analyze peculiarities of the formation of bottom-sediment gas hydrates
basing upon genetic origin of lithological composition of their enclosing rocks and their structures in terms of the Black Sea floor.
Relation between the features of the World Ocean floor structure and the distribution of gas hydrate deposits has been determined.
Theoretical approach to search for and explore gas hydrate deposits both in the Black Sea and in the World Ocean has been devel-
oped and proposed. Interaction between different zones of the World Ocean floor and types of gas hydrate deposits based upon the
compositions of their enclosing rock has been shown. Lithological composition of the rocks enclosing gas hydrates has been ana-
lyzed in detail. That will make it possible to determine the type of any specific deposit and elaborate technological scheme to open
and develop methane-containing gas hydrate deposits.

Key words: the Black Sea, the World Ocean, gas hydrate, methane, bottom sediments.

["e0noro - CTPYKTYpPHI NepeayMoBM ra3oHOCHOCTI Ta rigpaTtoyTBopeHHA B CBITOBOMY OKeaHi
(Ha npnknagi YopHoro mops)

E. O. Makcnmosa, C.I. KocTpuubka

Jep>KaBHuii BULLMIA HaBYaIbHWIA 3aKnaf, «HauioHanbHWiA FipHYmMin yHiBepCcuTeT», [JHINpo, YKpaiHa,
email: elmaks28@gmail.com; inmovnmu@gmail.com

AHoTauis. PogoBuila ra3oBux rigpatiB € NepcrneKTUBHNM [0AATKOBUM [DKEPESIoM BYreBOAHEBOI CMPOBMHM. Ha cyyacHoMy eTani
[OCNigpKeHb LbOro HOBOFO i HaibinbLL MepcneKkTUBHOMO AKepesia EHEPreTUYHINX PEeCYPCiB, Mae BE/IMKE 3HAYEHHS PO3pobKa TEXHO-
NIOTIYHMX MapameTpiB MPOLECY BUIYYEHHS] MeTaHy 3 AHa CBIiTOBOro OKeaHy 3 MiHiMa/bHUM BMAMBOM Ha rigpocdepy 3emni. Ans
[OCATHEHHS L€l MeTU, € BENIbMY aKTyalbHUM BCTaHOBJIEHHS FE0/I0r0-CTPYKTYPHUX 0COBNMBOCTEN 3aNsaraHHs LbOro pecypey, BrsB-
JIEHHS 3aKOHOMIPHOCTE M0ro MOLMPEHHS B AOHHUX BiAKNaAEHHSX Ta OLiHKa BNAMBY NiTOMOMYHOr0 CKnagy nopig, Lo BMiLLytOTb
rasorigpart Ha (hopMyBaHHS MOro CTPYKTyp. 3anpornoHoBaHa Kiacudikayis pofoBuULL, ra3oBMX iApaTis, WO 3anaraloTb Ha gHi i nig
[HOM CBIiTOBOro OKeaHy, 3aCHOBaHa Ha 3aKOHOMIPHOCTSIX TX MOLUMPEHHS B PI3HUX AITOMOMIYHUX PI3HOBUAAX | FEOMOTIYHMX CTPYK-
Typax, Haflae MOXMBOCTI AN15 TX NOLWYKY i po3Bifku. OBrpyHTOBaHO HeO6XifHICTb BpaxyBaHHA OL{IHKX MOPOBOro NpocTopy, Wo
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BMilL|a€ rasorigpaTHi TOBLYi AN NigpaxyHKy X 3anaciB. BUKOHaHO AeTalbHUWiA aHani3 6yanoBu fHa YopHOro mops, BUgineHi Tpu
reomMopao/oriyHNX 30HN | HaBefeHi OCHOBHI BUAWM MPOSIBMA FAa30HOCHOCTI i BUAINEHHA MeTaHy 3 Haap. Ha uili OCHOBI BMKOHaHO
aHani3 0co611BoCTel POPMyBaHHA ra3origpaTiB AOHHUX BigKNafeHb, Ha OCHOBI FEHETUYHOIO MOXOKEHHA NITONOTIYHOr0 CKnagy
nopig, Wo BMILLYHOTb i X CTPYKTYP, Ha NpuKnagi gHa YopHoro mops. 3 ypaxyBaHHAM BUSIBMIEHNX POAOBWLL, ra3oBuMX rigpaTis, HaBe-
[leHa KinbKiCHa OLjiHKa BMICTY MeTaHy B ra3origpaTHuX BigKNafeHHsIX.

Knrouogi cnosa: YopHe Mope, CBiTOBWIA OKeaH, ra3oBwii rigpaT, MeTaH, AOHHI BiAKNaLeHHs.

Introduction. International scientific com-
munity considers huge deposits of gas hydrates in
the World Ocean as the extra nontraditional source
of carbohydrates. Studies of gas hydrates have be-
come more active in recent 50 years. Many of
scientists from different countries discuss the issues
concerning the availability of gas hydrates and con-
ditions of gas hydrate formations. Over that period,
various scientists (Okuda, 1988;Kvenvolden,
Robertson, Simons, 1988;Shnyukov, Gozhik, Kra-
yushkin, Klochko, 2007; Makogon, 2010; Chen,
Zhou, Su, Liu, Lu, Wang, 2011; Kobolev, 2017 and
others) have determined the availability of gas hy-
drates within the mainland and considerable occur-
rences of gas hydrate deposits within the shelf and
floor of the World Ocean. Such authors as Sloan,
1990;Yamamoto, Terao, Fujii, Ikawa, Seki, Matsu-
zawa, Kanno, 2014; Zhao, Song, Lim, Lam, 2017)
state that gas hydrate reserves (2 - 1016 m®) are
comparable to the amount of oxygen in the Earth’s
atmosphere (8 - 1017 m®). Taking into considera-
tion high specific gas concentration in natural hy-
drates (up to 160 m / m®), their relatively shallow
occurrence (under seafloor starting from the water
depth of 300-500 m) (Byakov, Krugliakova2001),
deep-sea hydrates are considered as a real alterna-
tive to the traditionally extracted gas. Nowadays,
Great Britain, Germany, Canada, China, the USA,
Norway, and Japan are involved in the development
of gas hydrate extraction technologies.

Japanese and Canadian researchers have
made successful attempts of gas hydrate deposit
development. In 2012, Japan initiated one of the
top-priority national budget-financing programmers
in the world aimed at the development of marine
gas hydrate deposits of Nankai Trough at the depth
of 950 m (Yamamoto, Terao, Fujii, Ikawa, Seki,
Matsuzawa, Kanno, 2014). For the first time in the
world practice, Japanese gas enterprise has ma-
naged to extract gas from the seafloor gas hydrates.
The extraction may be called as a well production
testing. For instance, Canadian experts have ex-
tracted gas from the gas hydrates deposits located
within the permafrost zone. Irrespective the facts
that gas emission was stable only during six days
and the experiments cost CDN 48 min, scientific
community took the news as a real breakthrough in
the sphere of “blue fuel” extraction as Arctic area
of Canada is characterized by gas hydrate deposits
being sufficient to satisfy the needs of Canadian
domestic market for some hundred years to come.

Topicality of the research is proved by the no avail-
ability of both direct and indirect methods to search
and explore gas hydrate deposits within the World
Ocean floor apart from geophysical one. Geophysi-
cal methods are widely applied by modern science
to detect such deposits, taking into consideration
specific features of their occurrence and expansion.
However, to plan any geophysical expeditions, it is
important to have previous outline of the zone for
searching and exploring; further evaluation of the
deposits requires innovative approach considering
pore space, facility, and enclosing rock structure.
The paper proposes to predict these parameters
according to the bottom structure before the begin-
ning of deep drilling operations.

The author deals with the problem not only
in terms of the obtaining additional power resource,
but also because of the concerns that there may be
serious environmental and climatic problems as a
result of possible accidental methane release into
the atmosphere not only during incorrect develop-
ment of gas hydrate deposits but also in the context
of relatively minor changes in thermodynamic
(climatic) conditions being close to the limit of gas
hydrate phase stability (Bondarenko, Maksymova,
Koval 2013; Maksymova, 2015, 2016, 2018). In
other words, as a result of global warming and in-
crease in the World Ocean temperature, deep-sea
gas hydrates may begin their uncontrollable de-
composition even without human involvement as
the shift in phase balance in terms of environmental
temperature rise will result in chain reaction of gas
liberation. That is true about the Black Sea as well.
Currently, there is no scientifically substantiated
technology to develop gas hydrate deposits. Ration-
al development of that additional natural energy
resource requires the elaboration of a technological
scheme taking into consideration the specific geo-
logical and morphological structure of each deposit
as well as the utmost environmentally friendly
technology of gas extraction from gas hydrate de-
posits. Thus, the main task for today is to formulate
a complex approach for that natural resource devel-
opment. With respect to the available wide-scale
worldwide studies in the area, it is obvious that we
need detailed analysis of the relations of all the
processes within the considered systems from the
viewpoint of geological conditions and regulari-
ties.

Thus, the objective of the paper is to demon-
strate the relations between the World Ocean floor
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peculiarities and the occurrence of gas hydrate de-
posits, depending upon the enclosing rock composi-
tion, for their further possible development.
Analysis of publications. According to the results
of scientific papers by E.F. Shnyukov, V.P. Kobo-
lev, A.A. Pasinkov and others (Shnyukov, Kobolev,
Pasyinkov 2013; ShnyukovE, Ziborov 2004;Lee,
Ryu, Yun, Cho, 2011), generalized complex state-
of-the-art study has been carried out to identify and
explore gas hydrate deposits by the expeditions
from different countries.

Analysis and comparison of numerous maps
and aerial survey data of the identified deposits of
gas hydrates and zones of global tectonic faults
prove the association of the majority of the deposits
to the zones of joints of continental plates and abys-
sal depths [Maksymova, 2013, 2015]. In their turn,
due to different genesis, those zones are made up
from the corresponding products of sediment ac-
cumulation.

The Black Sea floor has been the subject of
study since antiquity. According to the conclusions
of the international oceanographic expedition by
“Aquanaut” research vessel in 1993, one of the
hypotheses of the Black Sea origin tells that 7500
years ago there was the planet deepest aquatic lake
which level was lower than the modern one by
more than 100 m. When the Glacial Era was over,
the World Ocean level rose and the Bosporus strait
was breached. 100 thousand m? of fertile lands be-
ing already cultivated were flooded. According to
the hypothesis, the Black Sea origin was possibly
accompanied by mass mortality of all the lake
fresh-water life which decomposition products were
represented by methane and hydrogen sulphide. In
1996, theory of the Black Sea flood was also pro-
posed by the geologists William Rayan and Walter
Pitman (University of Columbia, the USA); accord-
ing to their theory there was a massive and cata-
strophic rise of the Black Sea level (about 5600
B.C.).

Insummer 1890, an expedition headed by
I.B. Shpindler equipped 37 deep-water stations; 889
different-depth temperature measurements, 446
specific gravity tests, and 12 draggings were per-
formed. Thus, following facts were proved:

- floorofthecentralBlackSeapartis ~ abasin-
beingexclusivelyflat, stretchedapproximatelyfrom-
westtoeast, withthedepthdownto 2 244 m;

- watertemperaturebeginningfromthedepthof
200 m and down to the floor is uniform being
about 9 °;

- salinityatthosedepthsincreasesdowntothef-
loorveryslowly (upto 22 g/l), atthesametimeitdif-
ferssharplyfromthesalinityofthelayerslocatedhigher
(about 17 g/);

- in the summer time, in some places, water
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temperature down to 50 m is heated up to 25 de-
grees, then, down to the depth of 100 m, one can
observe water layers with the temperature of about
7 degrees;

- at the depth lower than 200 m the water is
saturated with hydrogen sulphide, there are no liv-
ing organisms, and scallops occur in deep deposits
that is characteristic only for fresh-water limans.

The deepest water is 2250 m along the axis
opposite the Crimean Peninsula. The fact of coinci-
dence in the directions of main axes of basins and
axes of mountain folds in the Crimea is of special
interest. Orientation of folds in the Crimean Moun-
tains has two systems: the first one is from the
north-east to the south-west; the second one is from
the south-east to the north-west. The first system
being also characteristic for the Balkan folds, is the
basic one, it coincides with the direction of the axis
of the deepest trough in the Black Sea. The second
fold system, corresponding to the folds of the Cau-
casus Mountains, coincides with the greatest axis of
the eastern sea basin.

Thus, the first Black Sea oceanographic sur-
vey was crowned with the greatest oceanographic
discoveries. Later, there were organized numerous
expeditions which confirmed those five key find-
ings.

Retrospectively, gas ingresses were widely

highlighted in scientific papers by such geologists
as Byakov, R.P. Krugliakova and many other re-
searchers (Byakov, Krugliakova2001; Shnyukov,
Ziborov 2004). Great contribution into the study and
systematization of the data concerning structure, gas-
bearing capacity, and gas hydrates of the Black Sea
was made by P.F. Gozhik, V.I. Starostenko, E.F.
Shnyukov, V.P. Kobelev, AE. Lukin (Shnyukov,
Gozhik, Krayushkin, Klochko , 2007; Shnyukov,
Kobolev, Pasyinkov 2013; Lukin. 2014).
Material and research methods. The paper uses
methodically a system analysis of the available gas
hydrate deposits, proves the possibility of their
extraction, and, considering certain difficulties in
carrying out the detailed exploration, develops
theoretical approach based upon previous evalua-
tion and mining and geological conditions of the
distribution of such deposits. The proposed classifi-
cation approach to search and explore economically
expedient, in terms of methane extraction, zones of
the World Ocean floor is of high value at the
present stage of studying new additional and the
most prospective source of energy resources. For
the first time, the interrelation of different zones of
the World Ocean floor and the types of gas hydrate
deposits has been demonstrated on the basis of their
genetic origin and enclosing rock structure.

The basis of theoretical considerations as for
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the regularities of the formation of gas hydrate de-
posits is represented by the key concept: relying
upon a genetic origin and mining and geological
belonging to one or another ocean floor structure,
there will be different thermobaric conditions for
the be-ginning of gas hydrate formation and depo-
sits accumulation taking into consideration corres-
ponding composition of lithological variations of
the enclosing rocks. Floor thickness is represented
by the substances ranging from finely dispersed
aluminum silicate deposits to quartz fine-grained
sands and coarse size breccia of various mineralog-
ical composition of rock-forming thicknesses; it
also has indices of heat conductivity, specific heat
capacity, porosity, and permeability, being unique
for each deposit, that should be also taken into ac-
count while selecting the technique for a specific
deposit development.

Results and their analysis.There are three basic
geomorphological elements within the Black Sea
water area: shelf, continental slope, and deep-sea
trough. The Black Sea shelf is a flat underwater
slope spreading down to 90-150 m. 10-12 thousand
years ago it was a plain where rivers flew. When

last glaciers melt and retreated to the north, those
plains turned to be flooded. Now the shelf covers
24% of the Black Sea floor area. Its width varies. In
the north-west, shallow marine shelf stands out to
the sea by 200-250 km; at Caucasian and Asia Mi-
nor coasts is stands out to the sea only by 6-10 km;
somewhere it even ends abruptly at 500 m from the
coast. Continental slope is represented by a narrow
zone of a steep turn of a seafloor from the outer
shelf down to the depth of 1830 m with the steep-
ness of 20-30 degrees. Deep-sea trough of the
Black Sea (36% of its water area) is elongated from
the west to the east in the form of oval; it bends
slightly to the north, its floor is relatively flat, and
depths are deeper than 2000 m (Fig.1).

According to the results of the expeditions of
the Ministry of Geology of AS of the USSR and the
Ministry of Higher Education Institutions of the
USSR (1988-1989), deposits of gas hydrate me-
thane and natural gas were found in the Black Sea
at the depths of 200-800 m with the thickness of
250-1200 m located lower than the seafloor level

with layer thicknesses accounting for dozens of
meters.

Depth niore than

2000 m

i -4
A *

Fig.1.The Black Seabasin. A lens demnstrate the ethbeing more than 2000 m. hoto NASA.

Methane resources in gas hydrate deposits
opposite the Crimea are estimated to be 20-25 trn
m3; the research carried out by the expeditions of
the Ministry of Geology of AS of the USSR and the
Ministry of Higher Education Institutions of the
USSR (1988-1989) shows that according to the
seabed drilling and gas hydrate sampling in terms
of more than 400 test cores, the amount of methane
within the whole Black Sea shelf is not less than
100 trn ma.

First methane bursts took place as a result of
the Crimean earthquake, 11 September 1927. A
burst of flame being about 500 m high and 1.5-
mile-wide was recorded to the east from Sevasto-
pol. Similar bursts were observed from the ligh-
thouse in Yevpatoria; at that, bursts in the form of
hot clouds were moving from the north to the south.
According to the earthquake description by A.L.
Nikonov, within the period from 14 September
1927 to 5 October 1927, columns of white vapor
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over the sea surface as well as burning clouds,
flames, and even fire columns immersing into the
sea with hissing and bursting into flame again were
observed near Alushta, Alupka, and Sudak as well
as towards Pryvitne settlement

and Feodosia.

From the geographical viewpoint, it is obvi-
ous that such gas-bearing capacity is characteristic
for different geological structures of the Black Sea
floor. If near Yevpatoria it is associated to the con-
tinental shelf, then opposite Alushta, Alupka, Sudak
it is associated to a much deeper continental slope
or even to Sorokin Trough. The latter conclusion is
proved by the results of the expedition by the Aca-
demic Research Fleet of Ukraine (Shnyukov, Kobo-
lev, Pasyinkov 2013). Abundant gas occurrences
are recorded near the coastline of Bulgaria.

Numerous researchers consider the Black
Sea as a unique basin in terms of its gas-bearing
capacity as it is characterized by rather high seabed
gas recovery comparing to other basins of the
World Ocean with the discovered hydrocarbon
reserves. According to the results of American re-

¢ Crimea

iV
Romania

search expedition by “Knorr” vessel, methane re-
serves in the Black Sea are 88 bln m°.

According to the results of expedition by
“Professor Vodianytsky” research vessel (2002-
2006), it is determined that if methane seeps from
the Earth’s interior very deep underwater, then gas
is formed into a gas hydrate deposit. However,
sometimes-unconfined major gas releases break gas
hydrate formations. The expedition proved the fact
that all the large flames preserved their location and
intensity that increased the chances for perspective
oil and gas extraction. About 50 mud volcanoes
were discovered; however, scientists state that their
number is much greater. According to Yevhen
Shnyukov, marine geologist, academician of the
Academy of Sciences of Ukraine, discharges of
some mud volcanoes are similar to some famous
Caspian ones where eventually extensive oil fields
were established. One more peculiarity of the Black
Sea floor is the availability of methane gas hydrate
caps; about 20 of them are already found (Fig. 2).
Sorokin Trough located 40 km to the south-east
from Yalta is one of the most prospective areas of
the seabed; the through depth is 2 km.

Ukraine

Location of gas hydrate detection

Fig. 2.AreasofgashydratesintheBlackSeadetected during the expedition by “Professor Vodianytsky” research vessel [Shnyukov,

Kobolev, Pasyinkov 2013]

Gas hydrate discoveries are located within
the large geological structures both in Eastern
Black Sea and Western Black Sea troughs. Some
scientists  (Lozynskyi, Saik, Petlovanyi, Sai,
Malanchyk, 2018) consider that only from 1 to 10
% of gases entering the hydrate formation zone are
stabilized in gas hydrates.
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Perspective areas to search for gas hydrates
also include: continental slope (from the depths of
700-800 m to its foot), paleodel deposits of the
river fans (Kobolev, Verpakhovskaya, 2014), zones
of mud streams and zones of displacements, and
zones with the developing diaper structure, first of
all, the ones formed by mud volcanoes. Gas-bearing
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area is also the one represented by the whole terri-
tory of central Black Sea fault being the basis for
the development of the continental slope as well as
the areas of deep and regional faults located deep in
the sea, zones of diaper development complicated
by mud volcanism, and, possibly, zones of deep-sea
subma-rine discharge. Sorokin Trough is also con-
sidered to be a perspective area.

Special attention should be paid to paleodel
deposits. Considerable occurrences of gas-saturated
sludge and gas hydrates can be observed here. Bed
deposits contain methane which concentration is by
3-4 times more than the background values. The
sampled gases include hydrogen sulphide, methane,
and heavy hydrocarbons.

According to the results of the Black Seas
seismic and geoacoustic surveying, numerous ano-
malies demonstrating the availability of gas hy-
drates were singled out. Such areas are known with-
in the western part of the trough, barrier anticlinal
zone, Palas Rise, Sorokin Trough, Anapa Rise, and
at the foot of the Caucasian continental slope. More
than a dozen of gas hydrate discoveries in the sur-
face layer of bed deposits were recorded in the
Black Sea; bed deposit interval was 0.6-2.85 m
(within the Crimean continental slope, Palas Rise
etc.). Gas hydrate methane deposits with the thick-
ness of 400-800 m under the seabed were found
within some areas of the Black Sea at the depth of
300-1000 m.

Geological and geophysical data and litera-
ture sources by the scientists of the NAS IGS of
Ukraine who studied north-west and Kerch-
Feodosia areas of the Black Sea basin shelves were
used to develop a map of the perspective structures
of gas hydrates and hydrocarbon deposits.

Thestartofhydrocarbonexplorationinthatre-
giondatesbacktothe 1950s. In 1976, the research
carried out by seismic survey robots of the Black
Sea geophysical expedition by “Krymmorheolo-
giia” association (Gruzer, F.L. and others) proved
the availability of Kerch-Taman periclinal trans-
verse trough; in addition, Southern-Kerch and Sub-
otin structures were determined in association with
“Yuzhmorheo” CGE RMA. In 1978-1982, compre-
hensive maps of different levels of Meso-Cenozoic
Subotin, Sokolov, Hlyboka etc. structures were
developed basing upon the detailed seismic survey-
ing carried out by “Soiuzmorheo”.

According to the detailed seismic surveying
with the application of modern techniques, Subotin
structure is among the largest ones in terms of local
structures determined within Kerch shelf. In 2005, a
parametric well No. 403-Subotin was drilled within
the vault part of Subotin structure; the purpose was
to specify lithological and stratigraphic differentia-
tion of the opened section as well as its facies and

formation characteristics, to study conditions of the
occurrence of perspective Cretaceous-Neogene
complexes, to obtain geological and geophysical
parameters for lithological and stratigraphic associ-
ation, to understand the levels, data on physical
properties of rocks as well as physical and chemical
characteristics of the formation fluids required to
inter-pret seismic exploration commercial and geo-
physical studies, to define perspectives of oil-and-
gas bearing capacity of the opened section, and to
refine the evaluation of the unexplored hydrocarbon
resources. Target well depth is 4300 m; true well
depth is 4300; target level is Paleocene-Upper Cre-
taceous; true achieved level is Lower Eocene.

Geological surveying vessel “Iskatel” has de-
termined 35 bln m® of gas within the northern-
eastern Black Sea shelf in Odesa region.

Government program — 2020 stipulates com-
plete provision of Ukraine with its own energy car-
riers. The fact that Ukraine has renewed oil-and-gas
explorations within the Black Sea shelf demon-
strates the considerable progress in Ukrainian geo-
logical prospecting. According to the estimations
by geological explorations, gas reserves within the
shelf are not less than 40 bln m® within the area of 7
thousand m? of the northern-western Black Sea
shelf. Ukraine has sufficient amount of resources to
satisfy own gas needs; moreover, Ukraine has the
possibilities to extract gas on its own. The papers
by A.Ye. Lukinov establish genetic relations be-
tween the tectonic and geodynamic peculiarities
and conditions of generation, migration, and accu-
mulation of the Black Sea region hydrocarbons and
Caspian mega basin, which is considered to be
unique in terms of, oil-and-gas bearing capacity.
The scientist points out that we have all reasons to
state that in terms of the corresponding measures of
the Black Sea basin exploration, similar to the Cas-
pian one, the number of oil-and-gas deposits in the
Black Sea will be not less than the ones of the Cas-
pian area (Lukin, 2014).

Thus, taking into consideration rather abun-
dant methane content of the Black Sea trough,
depths, and their temperature mode, it is obvious
that there are all the required prerequisites of me-
thane generation. Basic mass of gas hydrates con-
firmed by sampling is accounted for Ukraine and
Romania; less gas hydrate amounts are accounted
for Turkey, Bulgaria, and Russia.

Structure of the Black Sea floor and bed de-
posits enclosing gas hydrate formations

The author has carried out a detailed analysis
of the floor structure from the viewpoint of the
sedimentary cover enclosing gas hydrates of rocks;
the analysis is of high importance to have good
understanding of the conditions for the formation of
gas hydrate deposits as well as peculiarities of
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thermal and physical properties of their enclosing
rocks to develop further schemes of extracting that
valuable

energy resource.

Beginning from the depth of 25-50 m, bed
deposits of the Black Sea are represented by gravel
and sand. The Black Sea shelf starts from the coast
and goes down to the depth of 100-140 m. General-
ly, at the levels higher than 2000 m depths, within
the lim-its of firths, sedimentations of a steep conti-
nental slope are stipulated by river discharge; they
are rep-resented by sand, pebbles, and mud bank
with shells. Remains of mussels and horse mussels
can be found within the shelf. They form so-called
phaseoline ooze. Central part of the Black Sea
floor, deeper than 200 m, is represented by abyssal
plain represented by bluish-grey terrigenous mud,;
occasionally it is covered with white encrustation of
amorphous carbonate limestone. Sedimentation
mass occurs on a basalt bed covering the Earth’s
mantle.

Huge quantities of benthos, plankton, zoop-
lankton, and other biomass defined and evaluated
by the scientists of the Institute of the Biology of
Southern Seas of the NAS of Ukraine may be addi-
tional sources of organics along with endogenous
methane. Not only benthos but also some species of
plankton was found by the scientists within the
hydro sulfuric zone of the Black Sea as well as at
the depths being more than 1500 m near the seaf-
loor. That is an interesting fact confirming genetic
connection of the Black Sea with fresh-water com-
plexes. Bathyal zone of the Black Sea bottom, cov-
ering both shelf and continental slope depths, i.e.
from 200 m down to 3000 m, is colonized: total
amount of zooplankton at the depths of 0-50 m is
within the range of 347-7185 sp. / m®; biomass —
29.19-330.98 mg / m®; average values of total num-
ber of planktonic organism biomass in bottom se-
diments in terms of two depth ranges being 1250-
1850 m and 2060-2110 vary from 1 867 to 18844
sp. / 0.1 m?and from 98.91 to 1195.97 mg / 0.1 m?
respectively. Not less than 100 min tons of organics
per year merged into the lower sea layer being tak-
en by sulfate-reducing bacteria generating hydrogen
sulphide. Sediment accumulation rate in the Black
Sea in not less than 1 m / th years, 100 m per 100 th
years, and 1 km per one min years.

Thickness of bottom sediments accumulated
in the Black Sea basin (within the abyssal plain) is
4-8 times more than the depth of the Black Sea
water column; thus, the thickness is from 8 to 16
km. That is the thickest layer of the World Ocean
bottom deposit. Analysis of core samples from the
depths of several thousand meters under the seabed
from various regions of the Pacific and Atlantic
Oceans as well as the Black Sea demonstrates that
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archaea prevail having adapted to live in such a
complex environment (Chen, Zhou, Su, Liu, Lu,
Wang, 2011).

Archaea live on ooze, mud, and remains, pe-
trified and processed by other organisms. As a re-
sult of their activity, archaea generate methane.
According to the literature data and the studies by
the Institute of Geological Sciences of the NAS of
Ukraine, S.I. Subotin Institute of Geophysics of the
NAS of Ukraine, Marine Hydrophysical Institute,
and the Department of Marine Geology and Sedi-
mental Ore-Formation of the National Museum of
Natural History of the NAS of Ukraine, the general-
ized crosscut of deep water bottom sediments of the
Black Sea is as follows:

1. Modern sediment layer is the surface layer
with the thickness up to 1 m (maximum thickness is
1.09 m) consisting of the alternating thinnest inter-
layers (0.5-3 mm) of oozy substance with coccolith
inclusions.

2. Ancient Black Sea deposits are characte-
rized by the increased amount of organic substance.
The complex consists of three layers:

Upper intermediate layer enriched with or-
ganic substance represented by high-plastic grey
and reddish-brown (within the areas of decay ooze)
micro-layered oozes. That layer thickness is about
0.20 m (maximum thickness is 0.6. m). Upper
boundary of the complex is clear due to almost
constant availability of turbidities-argillaceous in-
terlayers within its roof.

Middle layer is represented by sapropel being
homogeneous, dense, and olive green to black in its
color. Its average density is 0.40-0.50 m at maxi-
mum value of 0.80 m.

Lower level is represented by pelitic dark-
greyish ooze with the characteristic increased con-
tent of organic substance. In addition, they are se-
parated by the interlayers of turbidities.

3. Novoeuxinian deposits are not opened to
their full capacity (down to 3 m from their roof).
The opened cut of Novoeuxinian deposits is
represented by three benches (Bondarenko, Vytiaz,
Zotsenko, 2015):

Upper bench is made up by light grey oozes
with the thickness up to 0.40 m. At the top, within
the boundary with sapropel level, turbidities inter-
layer is often observed. There is the same layer (up
to 0.1-0.11 m) within the lower boundary of the
oozes. Lower, there are the benches of terrigenous
pelitic muds being plastic, bluish-grey with hydro-
troilite interlayers within their lower share. Occa-
sionally, there can be observed a turbidities level
(up to 0.12 m) within the thickness of the bench;
the basis of that level is represented by the interlay-
ers of fine-grained sand, changing upwards into
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muddy sediments, and by inclusions of dense yel-
lowish-brown clay.

The lowest bench, among the opened No-
voeuxinian ones, is represented by black hydrotroi-
lite oozes, with occasional minor interlayers of
terrigenous blue-grey ooze.

Threegenetictypesofsedimentsaresingledou-
tinadeep  waterpartoftheBlackSea:  terrigenous,
biogenous, andterrigenous-biogenous. In their tex-
ture, sediments are layered, sometimes crypto-
layered, with flowing or soft consistency. Biogen-
ous oozes are represented by coccolith, sapro-pel,
sapropel-like, and sapropel-coccolith varieties. In
terms of physical and mechanical properties, oozes
are represented by the types ranging from liquid to
high-plastic ones.

Such a detailed analysis of lithological com-
position carried out by the scientists of the NAS of
Ukraine is of high importance; thus, the author of
the paper takes it as the basis for the developed
methodology to calculate the dissociation rate of
various-genesis gas hydrate thicknesses. Those
lithological varieties have individual indices of
thermal capacity, thermal conductivity, porosity

etc. being essential while developing such deposits
in future.

Having studied and analyzed numerous na-
tional and foreign literature sources dealing with
nat-ural gas hydrates, the author of the paper inter-
links conditions of their formation in the World
Ocean in general and in the Black Sea in particular
and bottom sediments being their enclosing rocks.
Apart from high pressure and low temperature,
such parameters as gas saturation, porosity, and
thermal conductivity of a certain lithological differ-
ence are of considerable importance.

The author is stick to the hypothesis of hy-
drate formation from the Earth’s crust interior
(Maksymova, 2013). Its essence is in the fact that
methane outgoes from the Earth’s interior through
faults in the oceanic crust from deep depths, about
several dozens of kilometers. Gas flows go through
geological sedimentary layers of sea and ocean
floors. Certain conditions (increased pressure -from
11 MPa to 15 MPa and low temperatures - from 5 °
C to 14 ° C), in terms of the available water, effect
natural gases; finally, gas hydrates are formed (Fig.

—

| -

DEPTH TO SEA BOTTOM 800 m

$C N\

GEMERATION OF HWPROCARBON FLOW

Thus, within the boundaries of continental
slope and deep water bed of the Black Sea trough,
there are all the necessary conditions to accumulate

natural hydrocarbons in solid (gas hydrate) and
liberated (gaseous) state: rather low water tempera-
tures, the required pressure, alternation of porous
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and argillaceous sediments in the cut, wide-scale
gas-bearing capacity of the water basin. Geological
zones of gas hydrate development are often con-
nected with the development of argillaceous diapers
complicated by mud volcanoes. Fragments and
separate inclusions of gas hydrates are often found
in the outbursts of mud volcanoes. Thickness of gas
hydrate deposits may reach up to 400 — 500 m; in
some cases, the thickness may be even 1000 m. As
a rule, under-hydrate gas is accumulated under the
gas hy-drate deposits. The Black Sea gas hydrates
are most often represented by irregular fine inclu-
sions within the semi-liquid oozes, snow-like
flakes, or cakes located both on and in the cavities
of oozes of various lithological composition. Gas
hydrates may develop both in quaternary and Neo-
gene deposits. Deposits containing gas hydrates
forms impermeable cover for gases; under-hydrate
gas deposits are accumulated under that cover.

It is quite possible that the whole system is in
dynamic balance; however, the system, experienc-
ing certain unloading through the funnels of volca-
noes and by means of gushers, is refilled at the
expense of gas deposits from the deeper levels in
the interior.

Scientists of different periods of time devel-
oped various classifications of gas hydrate deposits
according to the conditions of accumulation and
availability: in terms of cryohydrate features, de-
pending upon the phase state of rock fluids
(Istomin, Yakushev, 1992), in terms of geological
and physical peculiarities (Moridis, 2003), and as
for thermobaric condition of the occurrence
(Makogon, 1997).

In the author’s opinion, a classification is re-
quired to achieve final practical objective. The ob-
jective is the development of that unusual new
energy resource with maximally possible expedien-
cy and minimum impact upon the World Ocean
environment. That is why classification features are
taken in a complex way, i.e. in terms of the origin
of the deposits, conditions of their future develop-
ment, peculiarities of porous medium, and structur-
al features. Basing upon the detailed analysis of the
origin of gas hydrate deposits as well as upon struc-
ture and lithological composition of gas hydrate
enclosing rocks, their corresponding classification
in terms of genetic type has been developed. The
author has developed classification according to the
substance composition of the enclosing rocks and

their  geological and  structural  features
(Maksymova,
2013):

Type one. Gas hydrate deposits representing
continuous deposits on the sea and ocean floors,
within shelves and troughs as well as within large
tectonic disturbances: along faults, rises, displace-
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ments, and inside grabens. Those amorphous depo-
sits of gas hydrates are in the form of pure ice oc-
curring as independent layer of considerable thick-
ness (from 2-3 m up to 150-200 m). While selecting
the development technique for those deposits, it is
required to take into consideration their high and
intense specific gas recovery factor reaching 80-90
%.

Type two. Gas hydrate deposits in the form of
continuous thicknesses with practically homogene-
ous, fine-grained structures of gas hydrate masses
occurring in shelves and troughs of seas and
oceans, mostly in sands, abraded coarse-grained
crushed cataclasites, within the boundary and under
the seabed; they may also occur in the continents in
the permafrost zones within the boundaries of bu-
ried faults. Those are uncemented or weakly ce-
mented terrigenous deposits with super capillary
porous channels of 0.5-2.0 mm in diameter. While
estimating the reserves and selecting the develop-
ment technique for the deposits of type two, it
should be taken into account that specific gas re-
covery factor will be up to 60 %, and porosity value
should be taken within the range of 60-80 %.

Type three. Gas hydrate deposits associated
to sabulous, argillaceous, and mud deposits which
capillary pores are 0.0002-0.5 mm being saturated
with gas hydrate. Porosity values are within the
range of 40-60 %. They may form layered and
blanket deposits occurring at different slope angles
of anticlinal or synclinal folds, under the sea and
ocean floors. In terms of such deposits, specific gas
recovery factor is not more than 50 %, the process
of development will be accompanied by considera-
ble losses at the expense of the available turbulent
conditions.

Type four. Gas hydrate deposits within the
fragments of rock breccia of various types. Such a
deposit type is formed under different geodynamic
conditions; it is characterized by rather diverse
structure of the enclosing thickness and formed at
the points of rock mass displacements under the
floors of seas and oceans as well as within the per-
mafrost areas. Values of porosity and permeability
will fluctuate within a wide range depending upon
the lithological differences of the enclosing thick-
ness and tectonic fragmentation.

Type five. Gas hydrate deposits in the form of
vein deposits formed within large masses of mag-
matic rocks, along faults; correspondingly, gas hy-
drates occur in the form of large veins. They are of
mixed structure — from visible coarse-grained brec-
cia to amorphous ones occurring under the sea and
ocean floors; they may be also available within the
permafrost zones. In other words, in terms of large
veins, cavities, or caves, gas hydrate will not occur
in the form of type one, in the form of pure ice with
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the highest values of permeability and specific gas
recovery factor. In terms of non-vein areas, so-
called border zones of tectonic faults, gas hydrate
deposits will be characterized by filtration indices
of either type three or type four of the classifica-
tion.

The classification means further supplement-
ing and correcting taking into consideration the
results of geological explorations of gas hydrate
deposits according to the current expeditions car-
ried out in different countries.

Conclusions.

1. Association of the deposits of oil, gas, gas-
condensate, and gas hydrates of the sedimentary
cover to the tectonic structure of the Earth’s crust as
the additional sign to discover gas hydrate deposits
has been proved.

2. Classification of natural deposits of gas
hydrates according to the types depending upon
their belonging to various tectonic structures, oc-
currence conditions, and material composition of
their enclosing rock has been developed. Distribu-
tion of gas hydrate deposits according to their ge-
netic origin makes it possible to be more specified
in the selection of rational technological schemes of
their development.

3. Methodological approach to evaluate gas
hydrate deposits has been elaborated to select the
appropriate technological schemes of the processes
to extract methane from the World Ocean floor
with minimum impact upon the Earth’s hydros-
phere.

4. It is proposed to develop methods and
technologies for gas extraction from natural gas
hydrate deposits on the basis of the corresponding
deposit types.

The study has been carried out in the Nation-
al Mining University according to the Law of
Ukraine “On the priorities in the development of
science and technology” of 12.10.2010,No. 2519-
17, within the framework of Complex Program
“Development of methods and technologies of gas
extraction from natural gas hydrates and production
of artificial gas hydrates to optimize operating
processes”, (state research subject A - 467, 473)
under the scientific guidance of Professor Bonda-
renko, V.I. whom the author expresses her deep
gratitude for permanent assistance and extensive
support.
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