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THERMODYNAMIC AND HYDROGEOLOGICAL CONDITIONS
OF FORMING THE HYDROCARBON DEPOSITS OF THE PRE-BLACK SEA
AQUIFEROUSBASIN

Pur pose. Finding the connection between the thermodynamic conditions of hydrocarbon mixtures synthesis and
zones of oil and gas accumulation. Methodology. The thermodynamic eguilibrium depths of gas and gas-
condensate deposits were fixed by the method of eguilibrium constants of independent reactions based on the
chemical composition of hydrocarbons re-counted on chemical elements. The investigations of formation waters,
natural gases and water-dissolved gases were based on the methods of chemical, elementary spectral, atomic
absorption and gas chromatographic analysis. Results. Received data point to essential differences in depths of a
thermodynamic equilibrium for the deposits of Eocene, Maikopian, and Neogene on the one hand, and Lower
Paleocene and Cretaceous sediments on the other. The first ones are characterized by values of depths in boundaries
from 30 to 50 km while the second ones show a similar parameters in the boundaries from 120 to150 km. The analysis
of the geological, hydrogeological and geochemical circumstances of the Pre-Black Sea aquiferous basin (PBSAB)
testified to that the gas-vapour mixtures that are the sources of the Upper Cretaceous, Paleocene and Maikopian gas
deposits are formed in high-temperature zone (about 300 °C) of depth origin. We consider the Lower Paleocene
fields as primary formed only if gases rapidly migrated vertically (in free phase) from high-temperature places of
their generation. The ways of possible migration were sublatitudinal faults and zones of decompression. The
hydrocarbon fields in Maikopian and even Miocene sediments show the further way of vertical migration of gas and
its accumulation in the traps throughout the whole way. Based on the analysis of the hydrogeological, hydro-and
gas-geochemical investigations and thermodynamic calculations the model of gas fields forming in PBSAB was
carried out. Originality. Hydrogeological data and thermodynamic calculations indicate the depth of origin of
hydrocarbons. We suppose that differences in equilibrium depths between the fields of various deposits are coherent
with peculiarities of processes of their filling with fluids. The maximum localization of gas-condensate fields at depths
of 1900-3000 m testifies not to hydrocarbons formation in this range of depths, but to optimum geology-
hydrogeological conditions of forming and of preservation deposits. The migration and preservation of hydrocarbons
demand essentially various geology-physical and hydrogeological circumstances: the first is favoured by dynamics of
the hydrostatic pressure systems, active tectogenesis, high temperatures, low mineralization of waters; guasistagnat
environment, moderate temperatures, presence of the reservoirs that overlapped by reliable seals are favourable for the
other. The zone of oil and gas accumulation is related to elisional systems; and zone of through migration to
thermohydrodynamic water drive systems. Practical significance. The received data allow forecasting composition
of a hydrocarbonaceous component of a field proceeding from its proximity to a decompressions zone and depth of
occurrence. We guess that with depth the amount of heavy alkanes will be incremented. The gas condensate fields, on
depths more than 1900 m, have a plutonic genesisis.

Keywords: Pre-Black Sea aquiferous basin, thermodynamic equilibrium, equation of state, formation waters,
water-dissolved gases, hydrocarbons.

I ntroduction

The hypothesis, based on the supposition that the
deep fluids [Ryuichi Sugisaki, Koichi Mimura, 1994,
Chekaliuk E. B., 1971] which are degassed from
bowels of the Earth and are the complex
multicomponent mixture of compounds and elements
situated mainly in the supercritical state can serve as
the material for forming hydrocarbons, is actively
discussed in oil and gas geology over the last decades.
The thermodynamic calculations [C. Zhang, Z. Duan,
2009, Chekaliuk E. B., 1971, Huizenga J. M., 2001,
Zubkov V. S., 1998] have shown that the favourable
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conditions for the synthesis of hydrocarbon compounds
are at the depths with a lower limit approx -1000 km. It
is determined (Lyubchak O., 2008) that the peak
concentrations of alkanes in the synthesis correspond to
a depth of approx -430 km. The upper limit of
favourable temperature and pressure conditions for
increasing of the hydrocarbon skeleton reaches -20 km.
The hydrocarbon synthesis is impossible at depths less
than -20 km. The latter does not deny the possibility of
destruction of high-molecular compounds (dispersed
organic matter) in the sedimentary formation with
forming saturated hydrocarbons.

O O. V. Lyubchak, I. V. Kolodiy, Y. V.Khokha, 2015
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Hydrocarbons of various homologous series can
be synthesized in the presence of compounds contai-
ning hydrogen and carbon in suitable temperature and
pressure conditions. Having based on a series of
investigations the depth of —1000 km was adopted as
the beginning of the “synthesis zone”, where the
maximum concentration of hydrocarbons falls on —
430 km.

The equilibrium hydrocarbons mixtures are
formed at a depth ranging from —20 to — 220 km. This
interval is called the “zone of equilibrium”.

The site that was called “zone of stability of
methane” is situated over the zone of equilibrium. The
“zone of equilibrium” is supposed to be a kind of
reactor, where the hydrocarbon mixtures are formed
and then come into the traps in the presence of nearby
sublatitudinal faults or zone of decompression.
Methane is the only stable component of the
hydrocarbon mixtures, presented at the depths from -
20 km to the surface. It should be noted, that in the
zone of stable methane the chemical processes are
characterized by low values of the equilibrium
constants. With a certain degree of approximation it
can be argued that the systems like natural gas and
gas condensate are “preserved” in these circumstances
keeping the information about the primary
temperature and pressure conditions of their forming.

Purpose

The establishment of lateral and vertical patterns
for the depths of natural hydrocarbons mixtures
formation in the “zone of equilibrium” is the main
task of this work.

Methodology

The estimation of depths of thermodynamic
equilibrium for hydrocarbon deposits was carried out,
proceeding from the following. In the literature two
basic thermodynamic methods of calculation of
composition of equilibrium systems with known
values of temperature and pressure are given:
equilibrium constants of independent reactions and
minimization of Gibbs energy (or entropy
maximizations). Restriction of the first method is
extreme complexity and even impossibility of
composing an adequate set of the equations for
systems with many components from different groups
and homologous series. The second method, thanks its
flexibility and possibility to determine equilibrium
composition of heterogeneous systems, has gained
wide popularity last years. Now the majority of the
scientific software is based on minimization of Gibbs
energy (SELECTOR-C, UNITHERM, SUPCRT92,
HCh, etc.).

We suppose that the common objective problem of
the above-mentioned methods consists in imper-
fection of methods of definition of activity of
individual chemical compounds under high and
ultrahigh pressures and temperatures.

The modern software for calculation of activity
use equations of heat capacity with various
corrections for unionized compounds. Engineering
software's apply equations of state on the basis of
expansion of Van der Waals classical equation. The
error problem at calculation of coefficients of activity
was considered in details in works by Karpov et.al.
[Karpov I. K., 1981]. Based on the results of testing it
is ascertained that, depending on the used equation of
state and model of mixture imperfect, the value of an
error of a fugacity logarithm increases with increasing
pressure and reaches 30 % at pressures exceeding
3000 MPa. Certainly, it is not enough for calculation
of an equilibrium state of systems in the conditions of
an astenosphere of the Earth. Therefore the task of
working out a semiempirical equation of state which
would give information about parameters of substance
in the conditions of high pressures and temperatures
was set by us.

Analyzing character of isochors (0P/0T)y on P-T-
diagram's it is not hard to note that except a narrow
zone round lines of phase changes, they are straight
lines, at least, in boundaries of accuracy of
experiment. On these direct sites of isochors the
values of partial derivatives (OP/0T)y, and (0U/0V)y, do
not depend neither on temperature, nor on pressure,
and only on molar volume V-

T T
Py =—R—(ﬂ—PSR} (1)
Or Og

where lower index R corresponds to the reduced (to
value in a critical point) value of parameter, S — to
value on a saturation line and ap = (OTR/OPp)y.
Equation (1) should satisfy the conditions of a critical
point, and also to requirements of a maximum of
saturation lines Tsz and Pz, as functions from
volume.

For all substances in a critical point function Tgg
from Vs envelops function Pgz from both sides,
therefore for individual substance O<a-<1. In 1962 L.
Riedel has introduced similarity criterion Ri, which in
a critical point is equal o”'. On T-P-diagramme a is
angular coefficient of isochore V.

For simplification in the equation (1) expression in
parenthesis is replaced by following:

T
(ﬂ_PSRJzFR7 2
O R

which F was calculated as the absolute term of linear
equation of the isochore in 7-P co-ordinates and was
compared with Fp constructed according to
experimental data of lines of saturation Pg; and Tgp.
Outcomes of comparison have shown an adequate
accuracy of calculation on all space of volumes
including a critical point.

Establishing depending oz and F (as coefficients
of the linear equation) on molar volume V; the
observed P-V-T data of 16 substances have been used.

Fig. 1 shows schematically the character of
dependence o upon Vp :
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Fig. 1. The basic character of depending
(GT/GP)V on VR

Fig. 2. The basic character of dependence
of function F on Vi

The carried out analysis points out that for great
values of volume (Vz> 5) function have linear
character, and the angular coefficient is equal to value
of a compressibility factor.

Beginning from V; <5, dependence o on Vy starts
to lose linear, but preserves the monotonous character
to Vz = 0.4. Substances which by their properties come
nearer to ideal, show the linear character of dependence
ag on Vp to values Vi = 1, however with reduction of
volume it gains the above described character.

In Fig. 1 dash line corresponds to ap from the
equation of Van der Waals. It cuts point V; on axis Vx
which corresponds to volume of one mole of
compound in maximum packing. However, it has
been shown by experiments that value ¥, for all
substances usually is several times less than
calculated on the Van der Waals equation

For dependence description ag; on V; in a range
of values Vi from 0.5 and more the functions is
offered. This function in detail was described in
[Khokha Yu., 2014].

In the equation of state the dependence of
temperature and pressure on volume for points of a
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line of saturation was not determined separately, and
reduced to one function Fj. The basic character of
dependence Fj from Vg:

Physical meaning Fy is the additional pressure of
intermolecular forces presented as a derivative on
volume at constant temperature from an internal
energy of intermolecular interactions. The range of
values Fy is divided (conditionally) into two parts:
before and after V' ~ 0.5. The part with Vz > 0.5 is
proportional to volume raised to the second power, as
well as it is in the equation of Van der Waals.

For exposition of dependence Fy; on Vy in the
space of values Vi > 0.5 special function is offered.
By analogy with previous functional dependence, this
function was described in [Khokha Yu., 2014].

Finally the equation of state will be noted:

T
Pr=—L— —Fp . 3)
op P

For all explored substances constants of the
equation (8) are fixed. For some of them factors f# and
y remained not fixed. It is related to an insufficient
amount of experimental data for these substances.

For calculations of equilibrium compositions of
natural gas and gas condensate, taking into account
simplicity of system, the method of equilibrium
constants of independent reactions has been used.
Calculation of activity has been made using an equa-
tion of state (4) which has shown an adequate accu-
racy [Khokha Yu., 2005]. Comparison with experi-
mental data for individual substances shows that the
error for the pressures calculating exceeding 100 MPa
(for water comparison was made to 25000 MPa,
methane — 900 MPa) did not exceed 18 %.

Natural gas, on the whole, contains methane
homologues, and also nitrogen, carbon dioxide and in
negligible amounts of hydrogen sulphide and helium.
Calculation of the thermobaric conditions of
formation of natural gases is reduced to a solution of
an algebraic equation of the fifth power:

NCO2 +NN2 +NH8+NH2S

X

Ny, =Np,s

2

5 5
x> ki + I)VCiHZH-Z +> kiveu,,, —1=0
i=1 i=1

Calculation of a mole portion of homologues of
methane is grounded on the supposition that system
components compose a regular solution.

We have selected the Pre-Black Sea aquiferous
basin (PBSAB) as a model region (Fig. 3), for which
the equilibrium depths of the gas and condensate
fields were determined and analyzed.

The water area of the PBSAB belongs to regions
promising for the search of hydrocarbon accumu-
lations . There are more than a hundred structures,
within its boundaries, that can serve as traps for
hydrocarbons, that allows us to hope for new disco-
veries with the full determination of characteristics of
gas accumulation based on objective material sheding
light on the pressure and temperature conditions of
the genesis and migration of hydrocarbons.
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Fig. 3. Seismic-geological cross section of the model region along line Desantne-Golitsyno

There have been discovered 17gas and 5 gas —
condensate reservoirs in the water area of the PBSAB.
The gas deposits have been recorded at depths from —
500 to -1600 meters in Neogene, Oligocene—Lower
Miocene (Maykopian), Paleocene and Eocene
sediments. Four of 5- condensate deposits occur in the
Lower Paleocene reservoir (horizon P-XI), and one in
the Maastrichtian of Upper Cretaceous. Till now the
industrial gas accumulations have not been discovered
in the Lower Cretaceous and older formations in the
water area of the PBSAB. The small deposits of oil
and gas condensate are known in Tarkhankut
peninsula.

It is an important thing in the analysis of forming
gas deposits in the water area of the PBSAB that the
gas deposits irrespective of the age of collectors do
not occur at the depths less than -500 for gas, and -
1900 m for gas-condensate. The most deep-seated
reservoir among exposed ones is Arkhangelske gas
field in the horizon P— XI ,in which influx of gas was
obtained at an interval of 2973 to 3117 m

All deposits in Low-Paleocene sediments at the
depths of 1900 to 3000 m belong are gas- condensate
with the condensate factor 39-194 cm’/m’. As the
exception the Odesa deposit is (interval of 1570 to
1594 m), gases of which do not differ from gases of
other Maykopian deposits, which lie hypsometrically
considerably higher.

It was also estatablished that the gas-condensate
reservoirs are arched, massive-formational, tecto-

nically screened with covers which lie discordantly on
the reservoir beds [Atlas..., 1998, etc.]. Emptiness of
Paleocene and Cretaceous carbonate rocks is of
tectonic or hypergenous origin. Owing to this, after
overlapping by fluid impermeable rocks Lower
Paleocene reservoires of future gas- condensate fields
were formed.

Many researchers believe that commercial oil and
gas presence of the basins is associated with the rifts
and overrift structures, in particular with near-fault
zones that delineate them. Such a connection is
considered as genetic. The supporters of the
sedimentary- migration hypothesis perceive it in the
effect of high heat flow in the rift on the
transformation of dispersed organic matter (DOM)
into hydrocarbons [V.O. Sokolov, V.Yu. Hain, etc.].
Supporters of mineral mantle origin connect the
hydrocarbons with the processes in the mantle.
[E.B.Chekalyuk, G.N.Dolenko, G.Yu.Boyko, etc.].
Both of them consider the zone of deep faults of rifts
as migration paths of oil and gas. Taking this into
account, confinement of gas condensate fields to the
side, complicated fracture areas of Odesa- Dzhankoy
riftogen is considered to be eloquent [Sollogub V. B,
Sologub N. V., 1982].

The essential characteristic of the method of
forming gas fields is the degree of gas saturation of
formation waters, or its (gas) deficit (inverse value), i.
e., the ratio of real gas saturation to the maximum
possible under present temperature-pressure condi-
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tions. Maximum saturation of waters with gas while
decreasing pressure in a drive water system (e.g.as a
result of rising of tectonic movements), in researchers'
opinion, promotes degassing waters and formation of
gas accumulations [Cortsenshtein V.N., 1984].

The water area of the PBSAB is characterized by
the deficiency of gas saturation of formation waters,
which is on average 54.2% in all areas. In the
productive structures the value of coefficient of
elasticity Ce = Pgas/Poediplankery Over 0.70 amounts
26.0% of all definitions, and unproductive ones only
6.0%. The value of C, more than 0.75 takes place
only in the industrial gas-bearing structures, which
accounted 21% of the definitions. In the most
productive structures the coefficient of elasticity is
from 0.5 to 0.7 (36.8% determinations), and in
unproductive ones 0.3-0.5 (35.3 %).

Average values of the coefficient of elasticity of
water-dissolved gases (WDG) of aquiferous
complexes increase from Miocene to Maykopian and
Paleocene from 0.35 to 0.54 and 0.55, and decrease in
the Upper Cretaceous and Jurassic to 0.34 and 0.22,
respectively, that is well agreed with the industrial
content of gas of Maykopian and Paleocene.
Nevertheless, there were fixed significant ranges of
values C, laterally for different depth intervals:
400 — 1000 m —0.03 to 0.85, 1400-2000 m — 0.02 to
0.92, 2000-2500 m — 0.05 to 0.73 , 2500 -3000 m —
0.02 to 0.92 , and 3000 — 3800 m — 0.05 to 0.80. No
changes of- C, in the area of distribution of
aquiferous complexes have been observed in the
water area. In the Miocene they increase from the
North to the South and from Golytsyno and Prad-
niprovsk structures to Selske, and in Maykopian —
from Golytsyno and Pradniprovsk to Flangova and
Odesa structures . However, in the Paleocene and
Upper Cretaceous complexes Cq WDG decreases in
this direction. Both of these features suggest that the
field of elasticity of WDG is caused by local rather
than regional factors .

The most gas saturation is characteristic for calcium
chloride (Cl.Ca) (after Sulin) (to 3.148+10° m’/m’,
the average 0.628+10° m’/m®), and hydrocarbonate
natrium (Hyd.Car.Na) (0.670¢10°—4.760¢10° m*/m’,
average 1.207+10° m’/m’) waters. Such gas saturation
belons to the overcontour waters of gas and
undunderlying waters of gas- condensate deposits.

The most absolute gas-saturated waters are
characteristic of the Paleocene deposits, but however,
they do not reach the maximum possible values
established on schedule of O. L. Culberson and
I. I. Mc-Ketta [Cortsenshtein V.N,.1977]. Since the
solubility of methane in water depends on the
temperature and pressure conditions that vary widely
in different parts of the basin, we have counted the
most theoretically possible gas-saturated water for
different ratios P, and T,. Only in 4 cases of 44
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definitions actual gas saturation comes close to the
maximum theoretically possible.

Established by us gas-geochemical zoning is
represented by change from down to up the section of
fat gases ( C,/C, + <50 ), medium (C;/C,; 50-400), dry
(C1/Cy+ 400-10000) and super dry (C,/Cp > 10000)
due to differentiation composition of hydrocarbon
gases, accompanying its migration.

Based on the composition of gases there were
distinguished four gas-geochemical zones in the
section of sedimentary complex of the water area of
the PBSAB. They are: superdry gases of the Neogene
sediments , industrial gas content of which is
determined in Arkhangelske field at around -601 m;
dry and medium gases of the Maykopian and Eocene
horizons of Odesa field in the range of marks — 571 to
-908 m and fat condensate gases of the Paleocene and
the Upper Cretaceous of Shtormove, Golytsyno and
Shmidt fields. The gases, similar in composition to
the gases of the second zone, occur in the the
Paleocene deposits of Odesa deposit, but much
deeper: -1595 m -1675 m. Fat gases of Paleocene
horizon of Shtormove gas-condensate deposit lie at
approximately the same elevation. Thus, gas-bearing
horizons of Odesa deposit by the composition of
gases, are different from other deposits in the water
area of PBSAB that completely is agreed with their
special structural- tectonic position.

Subvertical migration of gas-vapour systems was
accompanied by changes of their composition and
forming in relatively deep-seated horizons the gas-
condensate, and at shallow depths — the dry gas fields.
Tension strength was manifested on the background
of regional contraction the ways of the possible
migration were the sublatitudinal faulting and
decompression zones in the areas where, for example,
at the crossing of faults of different directions.

Edge waters of Maykopian and Eocene and
undunderlying waters of Lower Paleocene and Upper
Cretaceous industrial gas-bearing reservoires of GD
and GCD belong to different genetic types after B.
Sulin: — Cl.Ca with salinity of 29-72 g/l and
Hyd.Car.Na with salinity of 21-31 g/1, respectively.

Both types of water are enriched with trace
elements (TE) —J, Br, B, NHy, some components of
water -soluble organic matter (WSOM), what together
with high values of hydrostatic coeficient (Pp/ Peond.g)
testify to hydrogeological isolating gas-bearing
reservoirs and, as a consequence, to favourable
conditions for preserving deposits in them. In the
producing horizons at the base of gas condensate
deposits mixtures of “secondary” waters condensed
while cooling of gas-vapour mixtures, with the
primary formation ones were formed. This is shown
by their low salinity of waters (0.5-10 g/l) and their
composition (high, sometimes up to 45% eq., content
of HCO;, more usual Hyd.Car.Na type, the relative
enrichment with some TE and TC).
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Fig. 4. Schema showing equilibrium depths, stratigrafic and zone
of disconsolidation for Arkhangelske and Golytsyno fields

So, the condensate waters are the hydrogeological
criterion of grounding the different aspects of the
formation of the hydrocarbons accumulations. They
can preserve in the depths only if gases rapidly
migrated vertically from high-temperature places of
their generation to the traps with significantly lower
values of temperature. Bordering the low-salinity
waters under the influence of more mineralized
hydrogeochemical background is vanished for a
relatively short period of time , not exceeding 10’
years [Kolodiy V. V., Kolodiy I. V. 2002], that is why
their presence indicates geologically recent formation
of the deposit.

Geological and hydrogeological criteria indicate
the time of deposits formation, e.g. screening the
Paleocene fields by seals, which stratigraphically
diskordantly overlap gas-bearing beds of the
Arkhangelske, Shtormove and Schmidt deposits. As it
was mentioned above, the indication of geological
“youth” of deposits is the presence of poorly mine-
ralized condensate waters, the chemical composition
and mineralization of which differ substantially from
hydrogeochemical background. The presence of the
fields itself in the Miocene sediments indicates
Pliocene- Quaternary time of their forming .

The morphology of the traps of gas fields in
Paleocene sediments is very characteristic. and
indicator, viz. the absence of tectonic screening from
deep part of Mikhailivka depression its presence on
the opposite side (Odesa, Golitsyno, Schmidt,
Arkhangelske deposits). In our opinion, this is due to
the important role of Odesa-Dzhankoy rift zone in the
formation of hydrocarbon accumulations and
subvertical (stepped) gas migration from plunged to
risen portions of riftogen sides . Hereby the traps of
Golitsyno and Southern Golytsyno fields were filled

from the faults of the northern side and those of
Shtormove and Arkhangelske —from southeastern and
southern (Fig. 4).

The presence of two or three gas-bearing
formations over the massive-formational Paleocene
reservoirs in favourable lithological and structural
conditions is natural. It reflects the further way of
vertical migration of gas and its accumulation in the
traps: in the sediments of Maykopian and even
Miocene (Arkhangelske deposit). During the
migration of gases, especially through the Maykopian
clay rocks the sorption of heavy hydrocarbons took
place. It caused a decrease of content of heavy
hydrocarbon gases. Since the gases in the Maykopian
deposits are of different composition —from superdry
to fat, we consider them migrational. If the
Maykopian gases had been syngenetic to sediments,
they would have been approximately of the same type
[Kolodiy 1.V, 2003).

Results

Calculations have shown that depths, in which
equilibrium mixtures of the chemical composition
similar to natural gases of known deposits are formed,
do not correspond to depths of their bedding in a
section of sedimental succession.

Received data (Table) point to essential differences
in depths of a thermodynamic equilibrium for the
deposits of Eocene, Maikopian, and Neogene on one
hand, and Lower Paleocene and Cretaceous sediments
on the other. The first are characterized by values of
depths in boundaries from 30 to 50 km while the second
show a similar parameters in the boundaries
120-150 km.
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We suppose that differences in equilibrium depths
between the fields of various deposits are coherent with
peculiarities of processes of their filling with fluids. The
maximum localization of gas-condensate fields at depths
of 1900-3000 m testifies not to hydrocarbons formation
in this range of depths, but to optimum geology-
hydrogeological conditions of forming and of
preservation deposits.

Originality

The migration and preservation of hydrocarbons
demand essentially various geology-physical and
hydrogeological circumstances: the first is favoured by
dynamics of the hydrostatic pressure systems, active
tectogenesis, high temperatures, low mineralization of
waters; guasistagnat environment, moderate
temperatures, presence of the reservoirs that overlapped
by reliable seals are favourable for the other. The zone of
oil and gas accumulation is related to elisional systems;
and zone of through migration to thermohydrodynamic
water drive systems [Kolodiy V.V., Kolodiy 1.V., 2007,
Kolodiy 1.V., 2014]. We suppose that migration of
hydrocarbons just before filling traps took place in the
free hydrocarbons phase, not in water solution. Is
sewered in zone of the tectonic deformations connecting
the deep bowels with zone of forming deposits in traps.
The subvertical migration is predominant though the role
of lateral migration is not denied also at small distances.

The essential moment that we wanted to pay
attention to is the following: for calculation of depths of
an equilibrium we have used exclusively chemical
composition of hydrocarbons of the discovered fields, re-
counted on chemical elements. As a matter of fact, we
have supposed that the relationship between chemical
elements in a zone of formation of this mixture
corresponds to relation fixed in a trap.

Hydrogeological ~data and  thermodynamic
calculations indicate the deep character of genesis of
hydrocarbons. In our opinion, gases of different
composition (from superdry to fat), distributed in
Maikopian, are migrational.
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TEPMOANHAMUYECKHE U THAPOI' EOJIOTMYECKHE YCIOBUS ®OPMUPOBAHUM A
VTJIEBOJJOPOJHBIX MECTOPOXAEHUI TPUYEPHOMOPCKOI'O BOJOHAIIOPHOI'O BACCEMHA

Lenb. VYcraHorRNmEHWE  RB3AWUMOCRI3W  MEXIy  TEPMOIWHAMHUECKHMW  YCIORMSMH  OOpa3oRaHWs
YTIIEBOJIOPOMIHBIX cMecell M 30HaMH aKKyMyJIIMU 3aylekel yrieBomoponoB. Metomuka. s pacdera rimyOuH
PABHOBECHS HAMH HCIOJB30BANCS HCKITIOUUTENBHO XMMHYECKUM COCTAB ra30B MECTOPOXKIACHUN YIIIEBOAOPOAOB,
TIEPECUNTAHHEIN Ha JJEMEHTHL. B MccrmenoBaHMSIX MOM3EMHBEIX BOJ, CBOOOMHEIX M PACTBOPEHHBIX B BOJE Ta30B
HCTIONTB30BATHCH METO/IBI XUMIUECKOTO, KOIMYECTBEHHOTO CIEKTPATFHOTO U aTOMHO-a0COPOIIHORHOTO aHATI30B, a
Takoke razoBas XxpoMmatorpagus. PesynbTatel. [lomydeHHble pe3ybTaThl YKa3bIBalOT Ha CYIIECTBEHHbBIE OTIIHUMA B
TTyOWHAX TEPMOAMHAMWIECKOTO PABHOBECHS JUTSI MECTOPOXKACHHI B DOIECHOBBIX, MAHKONCKHMX, M HEOTEHOBBIX
OTIIOKEHUSIX € OJIHOM CTOPOHBI M HIDKHEIATCOIICHOBBIX, MEJIOBBIX — ¢ Jpyroi. IlepBele XapakTepusyroTcs
3HAUEHUAMHU PaBHOBECHBIX ITyOHH B rpaHuiax oT 30 1o 50 kM, B TO BpeMs KaK BTOpBIE IIOKa3bIBAlOT aHATOTUUHbBIE
mapameTpsl B Tparmiax ot 120 1o 150 kM. Ananms TeoorHHIecKuX, THPOTEOIOTHIECKUX M TEOXIMHIECKHUX YCITOBHI
[puruepHOMopckoro pomoHanopHoro 6acceiina (IIBHB) cBuaeTenbCTRYET, UTO HCTOUHUKH TA30MAPOBBIX CHCTEM, H3
KOTOpBIX 00pa30BaliCh 3aJIEXH Ia3a B BEPXHEMENTOBBIX, [TATCOIIEHOBBIX U MAaHKOIICKUX OTIOMKEHUAX, HAXOAHUIUCE B
BBICOKOTeMITepaTypHO# (okoro 300 °C) 30He TiTyOoKuX BllajwH Oaccelia. MBI cuMTaeM, 9TO HIDKHETIATEOIIEHOBhIE
3aTekd  c(hOPMHPOBAHBl TEPBUYHO, BCIIEACTBHE OBICTPOTEUHON CyOBEpPTHUKATRHON MHMIpalldyl TOMOTEHHOH
ra3onapoBOd CMeCH M3 BBICOKOTEMIEpPATYpHBIX 30H TeHepalid. IlyTAMH BO3MOXKHOM MHUTrpallid  OBLTH
TEKTOHUUYECKUE HAPYIICHUS U 30HBI IIOBHIIEHHON TPEIIMHOBATOCTH TIOPOIT. 3aEKI B MANKOICKHAX M MHOIIEHOBBIX
OTITOMEHUSAX OTpaXaroT MANbHEUIMA IMyTh BEpPTUKATBHON MHIpAllMM Ta3a U ero akKyMysllAd B JIOBYIIKAaX.
T'vuaporeonorndeckiie, THAPO M Ta30r€OXMMHUECKHE HCCIEIOBAHUS W TePMOAMHAMHYECKUE pacudeThl Jaid
BO3MOKHOCTE 00OCHOBaHUsT Mozenu (opmupoeanms ra3oBeix Mectopokaenwii [IBHB. HayuHasi HOBH3HA.
I'maporeonorndeckie WCCNEAOBAaHUAS W TEPMOAMHAMHIHECKWE pAcHeThl, IPOBEJICHHBIE HAMH COTTIACYIOTCS C
MIpeACTABIECHASMHU O BBICOKOTEMIIEPATYPHOM IeHE3HUCE YITIEBOAOPOAOB. MBI IonaraeM, 4To OTITHYHA B paBHOBECHBIX
TITyOHHAX MEXTY MECTOPOIKICHIIMA PA3THYHBIX OTIOKEHHI CBA3aHBI ¢ OCOOCHHOCTAMH ITPOIIECCOB HX 3AIIOTHEHUA
duttorioM. MakcuMmy™ Jokanmzaniy 3aneked B uHTepBamax royomH 1900-3000 M cBuHueTenscTBYeT HE 00
0o0pa3oBaHMM YITEBOJOPOIOB B 3TOM JWala3oHe ITyOMH, a o Haubonee ONaronpUATHBIX TEONOrO-
TH/IPOTEOJIOTHIECKUX YCIOBISX (hOPMUPOBAHIS U COXpAaHEHwMs 3asieke. Murpaims 1 KOHCepBallHst yIiieBOA0POIOB
TpeOyeT pa3sTUYHBIX TEONOTO-(DI3HHECKUX M THAPOTEONIOTHYECKUX OOCTAHOBOK: MHTPAIlK  OaronpHsSTCTBYET
JIMHAMIYHOCTE BOJIOHATIOPHBIX CHCTEM, aKTUBHBIM TeKTOTeHe3, BEICOKHE TEMITEpaTyphl, HEBBICOKAs MHHEPATH3AIINSA
BOM;, aKKyMY/SIIHK (KOHCEPBAIIMN) YIJIEBOAOPOIOB OarONpHATCTBYET KBA3M3acTOMHAss 00CTAHOBKA, yMEPEHHEIE
TEMIIEPATYPBI, HATHIHE PE3EPBYAPOB, IEPEKPHITHIX HAIC)KHBIMH ITOKPHIITKAME. 30HA HE(TEra30HAKOIIICHHS CBS3aHa
C JMM3HOHHBIMH, a CKBO3HOI MHIpallii — ¢ TePMOIMHAMUYIECKUMHY BOJIOHATIOPHBIMA crcTeMami. IlpakTudeckas
3HAYNMOCTb. Pe3ynbTaTel  MO3BONSAIOT  IPOrHO3UPOBATH  COCTAB  YITIEBOJIOPOAHOM  COCTABIAIOLIEH
MECTOPOXK/IEITHS UCXOM U3 €r0 MECTOIOJOXKENHA, a MMEHII0 — COCENICTBA C 30IOH pa3yIuoTHENHI IIOPOJ
(TTOBBIIIEHOH TPETIMHOBATOCTH) U TTyOHHON 3anmeranus. MBI monaraem, 9To ¢ TITyOHHOH KOMTHYECTBO TSDKETBIX
anKkaHOB OyJIeT yBETUUUBATHCS. | a30KOHACHCAaTHBIE MECTOPOKACHNA, HaXoAsliecs Ha rmyOuHax 6omnee 1900 M,
HMEIOT  TIJTyOMHHOE  MPOHCXOXKIeHHe. [ unporeonormuecKkHe ¥ TEPMONHHAMHHYECKHE  KPHTEPHH
razonedrernocHoctnn [Ipruepnomopckoro BHB MOTYT HCHONBE30BaTRCS [UTS IPOTHO3MPOBAHHS 3allekKEN B
JIPYTHX He(hTera30HOCHBIX PerHOHaxX YKpawuHBbL.

Knroueswie cnoea. TlpuaepHoMopckuil BomoHaMoOpHELH 6acceliH, TepMOIMHAMUYECKOE PABHOBECHE,
ypaBHEHHE COCTOSIHUS, NIOJI3EMHBIE BOJIBL, BOJIOPACTBOPEHHEIE Ta3bl, YTIIEBOIOPOIBL.
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TEPMOINHAMIYHI I TTAPOTI'EOJIOI'TYHI YMOBHU ®OPMYBAHHA BYTJIEBOJHEBUX
POJOBMIIL TPUYOPHOMOPCEKOI'O BOJOHATIIPHOI' O BACEMHA

Meta. BeranosneHHs 3B’s3Ky MUK TEPMOJMHAMIYHMMH YMOBaMH yTBOPEHHS BYIJIEBOJHEBHX CyMilleil 3
30HaMH aKKyMYJAIl BYIJIEBOIHEBHMX Binkmamis. Metommka. [Ins po3paxyHKy piBHOBOXHHX TITHOMH MH
BHUKOPHCTOBYBAITH BHKITIOYHO XIMIYHHN CKITaj raziB poIOBHII BYTJIEBOJHIB, NepepaXOoBaHUX Ha eleMeHTH. B
JIOCTIKEHHSAX TII3eMHUX BOJ, BITBHUX 1 BOJOPO3UMHEHHX Ta3iB BUKOPHCTORYBAIACH METOAM XIMIYHOTO,
KIUTBKICHOTO CIEKTPATEHOTO 1 aTOMHO-a6CcOpOIIHOTO aHali3iB, a TaKoXK ra3zoBa xpoMaTorpadis. PesyabraTn.
OneprkaHi pe3yTbTaTH BKA3yIOTh HA ICHYBAaHHs CYTTEBOI BIIMIHHOCTI B TTHOMHAX TEPMOAWHAMITHO! PiBHOBATH
JUTSL POJIOBHIIL B €OIICHOBHX, MAWKOIICFKAX | HEOTEHOBHX BIJIKITAZaX 3 OJHOTO OOKY Ta HIDKHBOIIATCOIICHOBHX,
Kpe#aoBux — 3 iHmoro. Iepiii XxapakTepH3yIOTHCS 3HAUSHHAMHU PIBHOBXHUX TTHOHH B Mexax Bix 30 10 50 km,
B TOM Hac K IHII XapaKTepU3YIOTHCS aHAJOTTYHUMM Iapamerpamu B Mexax Bix 120 mop 150 kM. Anamiz
reoJIOTIINX, T1APOreoNoriviux 1 reoximMiunmx ymos Ilputopiiomopcskoro sojomnamipiioro Gaceiinia (IIBHB)
CBIIMUTL, IO JOKEpEsa ra3oNapoBUX CUCTEM, 3 SIKMX YTBOPWINCH [OKIaAM razy B BEPXHbOKpPEHIOBUX,
TIaJIeOlIeHOBHX Ta MalKOIICHKUX BiJIKITaaxX, 3HAXOIMWITHCE y BUcOKoTeMnepatypHii (61 300 °C) 30H1 TTHOOKHX
3anmaguH OaceifHa. Mu BBaKaeMo, IO HIKHBOIIANEOLIEHOBL IIOKITaIM IEPBUHHO cOpMyBaUCh BHACITIIOK
IIBUAKOIUTHHHOT CyOBEpTHKANTBEHOT Mirpallii TOMOTE€HHOT Ta30I1apoBoOi CYMIIli 3 BHCOKOTEMIIEPAaTYPHUX JDKEpeT
reeparii. [ngxamMu MoXTHBOT Mirpartii OynM TEKTOHIYHI MOPYIIEHHS i 30HM Mi/IBUINEHO! TPIIIHHYBATOCTI
ropin. Ilokmamy B MaliKOICHKHAX 1 MIONEHOBHX BiKJIanaX BinoOpakaloTh MOAANBIIAN IUIAX BEPTUKATBHOI
Mirpamnii razy i Horo axkyMmymsmii B TacTKax. [17poreororidydi, TiApo 1 Ta30TeoXiMidHI JOCTi/DKEHHS 1
TEpPMOJIMHAMIYHI PO3paxyHKH Jalyd 3MOTY OOrpyHTyBaTH Mojaens QopMmyBaHHs razoBux poxosuin [IBHB.
Haykora HoBH3HA. [iIpOTEONTOTIUHI JMOCTIKEHHS 1 TEPMOTWMHAMIYUHI PpO3PAXyHKH, IPOBEJCHI HaMH,
Y3TODKYIOTECS 3 YSBIEHHSIMH IIPO BUCOKOTEMITEPATYPHY T€HE3Y BYIIEBOIHIB. MU BBaXKA€MO, IO BITMIHHOCTI B
pPIBHOBOXHMX TTHOMHAX MiX POJOBUIIAMH PIi3HUX BIIKIAMIB TIOB’S3aHI 3 OCOOITMBOCTSAMH TIPOIIECIB iX
3aroBHeHHA duTioinoM. MakcuMyM JToKammizanii nokiamie B inrepsanax riaubua 1900-3000 M cBim4uTh He PO
yTBOPEHHS BYTJIEBOJHIB B IbOMY JTiara3oHi TJTHOMH, a PO HAaWGILIBIN CIPHUATIHBI T€OJOro-TiporeosoridHi
yMmoBH (opMyBaHHs 1 30epexeHHs mokaanis. Mirparis 1 KOHcepBarlis ByrJieBOAHIB HOTpedye pi3HUX reosoro-
(i3UIHEX 1 TigpoTeosoTiuHIX 00CTAaHOBOK: MITpallii CIpysic AMHAMIYHICTH BOJIOHAIIIPHUX CHCTEM, aKTMBHUH
TEKTOTEHE3, BUCOKI TeMITepaTypH, HEBHCOKA MiHepaTi3allisl BO/; aKyMyJsLil (KOHCepBallil) BYTJIE€BOTHIB CIIPHSE
KBazizacTifiHa o0OCTaHOBKA, TIOMIpHI TeMIlepaTypH, HAasBHICTH pe3epByapiB, MepeKpUTHX HaJIHHUMH
TTOKpHIKaMA. 30Ha HadTorazoHaTpOMaJ/UKEHHsS TIOB’si3aHa 3 eM3iHHUMH, a HackpizHoi Mirpamii — 3
TEPMOJMHAMIYHAME BOJIOHANIpHUMH cHucTeMaMd. IIpakTudHa 3HaIymicTh. Pe3ynsTaTH 103BOIAIOTH
IIPOTHO3YBATH CKITaJl BYIJIEBOAHEBO] CKITA/IOBOT POJOBHUIL, BUXOISAUM 3 X MICLIEIIONOXKEHHS, a caMe — OTH3BKOCTL
JIO 30H PO3YIITBHEHHS TOPiA (IIABHUIICHO! TPIIIMHYBATOCTI) Ta TITUOWMHM 3a/IAraHHs. MU BBaKaeMo , IO 3
TITMOMHOIO KIJTBKICTE TSXKKUX alTKaHIB Oyze 30UThITyBaTUCEH. | a30KOHICHCATHI POMIOBHINA HA TITMOMHAX TOHAJ
1900 v marors THOHMHHE NOXOMMKEHHA. [imporeosoriuni Ta TepMOIMHAMIYHI KpHTepil razoHadTOHOCHOCTI
[puuopHomopeskoro BHB M0y Th 3aCTOCOBYBATHCH JUTS 1HIIMX HA(TOra30HOCHHUX PETioHIB YKpaiHH.

Kmiouoesi crosa: TlpudopHOMOpPCHKUET BOToHANipHU Oaceits, TepMo/IHAMIYHA PIBHOBAra, PiBHIHHA CTaHy,
ITi/I3¢MHI BOJIH, BOJIOPOZUHNHEH] ra3H, BYTJIEBOIHI.
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