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HYDROGEOLOGICAL ASPECTS OF THE GENESIS,
MIGRATION AND FORMING OF HYDROCARBON FIELDS
IN THE SOUTHERN PART
OF THE PRE-BLACK SEA AQUIFEROUS BASIN

The model of forming of hydrocarbon deposits in the aquatic part of the Pre-Black
Sea aquiferous basin substantiates by the set of hydrogeochemical, gas-geochemical, geo-
temperature, and hydrodynamic data. The model is based on modern views on the geody-
namic history of development and makes it possible to state that the formation of gas-va-
pour systems occurred in the lower reaches of the sedimentary stratum of the riftogen at
high pressures and temperatures and the presence of water. The basis of gas-vapour systems
was both thermocatalytic and subcrustal (mantle) gases. Active heat and mass transfer of
fluids during Alpine tectonogenesis continues to this day, which is confirmed by geother-
mal anomalies caused by the upward discharge of groundwater, endogenous gases —
methane, helium, carbon dioxide, hydrogen, etc. The probable migration paths are sub-
latitudinal disjunctive dislocations and decompression zones in areas where tensile forces
were manifested against the background of regional compression, for example, in places
where faults of different directions intersect. As a result of gas migration, especially through
clayey rocks, sorption of heavy hydrocarbons occurred, which determined gas-geochemi-
cal zoning. Gas migration was realized in a free high-temperature gas-vapour phase, which
filled the traps, displacing or compressing the formation water. Active heat and mass trans-
fer affects to the hydro- and gas-hydrogeochemical zoning and the filling of existing traps
with hydrocarbons.

Practical significance. Hydrogeochemical features such as water-dissolved gases and
condensation water are the direct indicators of oil and gas potential. Hydrogeological
model can be used to forecast deposits in other oil and gas-bearing regions (in particular,
the Carpathian Foredeep).

Keywords: Pre-Black Sea aquiferous basin, Karkinit-Northern Crimean trough, hydrogeo-
logical peculiarities, water-dissolved gases, condensate waters, hydrocarbons, vertical migration.

Introduction. The study of modern hydrogeological conditions, in compari-
son with geodynamic history of the development of research area and regional
features of the distribution of heat flow makes it possible to clarify the patterns of
formation, preservation and presence of hydrocarbon deposits.

The Pre-Black Sea aquiferous basin is located between the southern slope of
the Ukrainian Shield in the north, the deep-water depression of the Black Sea
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in the south, the Odesa fault in the west and the Orekhovo-Pavlohrad fault in the
east. Their main structural elements are the slope of the East European Platform,
the Karkinit-Northern Crimean trough and the Black Sea-Novoseliv uplift.

At the level of Cretaceous deposits, the aquiferous basin is based on a large
structure of riftogenic nature. According to modern data, the boundaries of this
structure are the north of the Plain Crimea and the northwestern shelf of the Black
Sea (North Crimean riftogen). At the level of Cenozoic sediments is the Kar-
kinit-Northern Crimean trough. These regional structures are parts of the Black
Sea megatrough (Fig. 1).

In the section of the aquatic part of the basin, basal (Proterozoic—Mesozoic),
Lower Cretaceous (Aptian—Albian) terrigenous; Upper Cretaceous, Paleocene,
Eocene carbonate; Maikopian terrigenous and Neogene (Miocene) carbonate-ter-
rigenous complexes are distinguished. There are no saline sediments in the section
(Ilvaniuta, 1998).

In the water area of the Pre-Black Sea aquiferous basin, gas deposits have been
established in most aquifer complexes — from the Upper Cretaceous to the Neogene.
Oil deposits in the water area of the basin have not yet been established, but oil
shows have been noted during reservoir testing. The deposits are confined to local
uplifts, grouped into zones confined to sublatitudinal faults — gas at depths of over
500 m, gas condensate — about 1800 m. The deposits in carbonate reservoirs are
mainly disjunctively disrupted, the deposits in the reservoirs of the Maikopian series
are layered vaults, not disrupted disjunctively, but often limited lithologically.

The geodynamic development of the Black Sea Basin includes several stages
of tectonic-magmatic activation due to the extension of the lithosphere and the
opening of sea basins. Rift structures arose in some epoches of the Mesozoic. In the
second half of the Alpine tectonogenesis, tension forces prevailed, which led to
the deflection of the sides of the Black Sea Depression and the formation of structures
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Fig. 1. Tectonic map of the region (fragment after B. Polukhtovych, S. Zakharchuk in
(Gozhyk, 2007)):
1 — boundary of Karkinit-Northern Crimean trough; 2 — boundaries of structural zones; 3 — zone of
Odesa fault; 4 - disjunctive dislocations; 5 — local uplifts in K, sediments; 6 — gas deposits; 7 —
boreholes used in section
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promising for hydrocarbon accumulations. Such conditions are typical for the
Karkinit-Northern Crimean trough. Tectonic processes in the Oligocene, Late
Miocene, Pliocene were complicated by vertical movements of the Earth’s crust
associated with active heat and mass transfer of fluids during the Alpine tectono-
genesis and continue to this day (Pavlyuk et al., 2002). As confirmation, geother-
mal anomalies are recorded, caused by the upward discharge of groundwater, en-
dogenous gases — methane, helium, carbon dioxide, hydrogen, etc. Since the re-
search area is characterized by the presence of low-permeable rocks in the section
(1-10 md/day), the discharge of water occurs mainly through fault zones. Active
heat and mass transfer has affected the hydro- and gas-hydrogeochemical zoning
and the filling of existing traps with hydrocarbons.

Purpose. Substantiation of the model of forming hydrocarbons fields on the
base of geological, hydrogeological geochemical, gas-geochemical peculiarities
of gas and gas-condensate deposits.

Methodology. The investigations of formation waters, natural and water dis-
solved gases were based on the methods of chemical, elementary spectral, atomic
absorption and gas chromatographic analysis completed in the laboratories of
JSC “Chornomornaftogaz”, Lviv Branch of Ukrainian State Research Institute
and Institute of Geology and Geochemistry of Combustible Minerals of National
Academy of Sciences of Ukraine.

Analysis of previous studies. It was established that the Black Sea aquiferous
basin belongs to high-temperature areas (the value of the geothermal gradient is
4.66 °C/100 m, which is typical for gas-bearing areas). The differentiation of the
thermal field in the Karkinit trough is 54 to 80 mW/m? (Kutas, 2010). The differen-
tiation of the geothermal field increases from 62 % at a section of —3000 m to
86 % at a section of —1000 m. The calculated temperatures at the maximum depths
of gas-bearing complexes (5-8 km) are for the Lower Cretaceous and Basal —
184-297 °C, Upper Cretaceous — 152-222 °C, Paleocene — 99-164 °C, Maiko-
pian — 67-110 °C. The most submerged part of the Karkinit-Northern Crimean
trough (Tarkhankut-Mikhailivska depression) is characterized by a temperature
minimum, dislocations from its northern and southern sides are characterized by
temperature maximums (Gozhyk, 2007). Such a distribution of thermal and geo-
temperature fields demonstrates, on the one hand, a thick layer of low-thermally
conductive sediments in the most submerged part of the trough, and on the other
hand, convective heat and mass transfer in the near-shore fault zones, above which
there are positive anomalies. Geobaric conditions and filtration parameters of the
rocks made it possible to assume the movement of waters of the elision aquifer
system from the most submerged zone of the Karkinit-Northern Crimean trough
towards its sides. The upward discharge of groundwater and endogenous gases is
carried out by zones of increased permeability into the above-located complexes
(I. V. Kolodiy & Medvid, 2018, 2019). Infiltration water pressure systems are on
the northern periphery of the basin.

Results. Based on the analysis and interpretation of literature sources and our
own material from hydro-gas-geochemical and geobaric data, a detailed geologi-
cal-hydrogeological model of the formation of hydrocarbon deposits of the northern
shelf of the Black Sea is presented. Gas-hydrogeochemical studies (1. V. Kolodiy, 2014;
Zhabina et al., 2015) have established that the absolute gas saturation of waters
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increases with depth, reaching 3850 cm®dm? in the basal (Proterozoic) aquifer
complex, while the highest relative (reduced to depth) characterizes the Maikopian
and Paleocene productive complexes. The composition of water-dissolved and
free gases is methane (C,— 90-98 % vol), with a small amount of methane homo-
logues (0.03-6.3 % vol), and non-hydrocarbon components (CO, + N, - 0.8-3.1).
The differentiation of the composition of gases has been established. Superdry
gases (C,/C,,>10000) present in the Neogene and partly Maikopian, dry —
(C,/C,, 10000-300) in the Maikopian and occasionally Eocene, medium dryness —
(C,/C,, 300-50) in the Paleocene and Eocene. Fatty gases (C,/C,, <50) present in
the Paleocene, Upper Cretaceous Jurassic, occasionally Eocene and Maikopian
complexes. Gases of gas condensate deposits are characterized by C,/C,, <20.
The lowest contents of non-hydrocarbon components — CO, + N, - 0.8-1.7 are in
the industriallly gas-bearing Maikopian and Paleogene complexes, the highest are
from the Upper Cretaceous to the Basal (3.1-2.8) and in the Neogene complex (2.9).

Despite the fact that the maximum relative (depth-adjusted) values of gas satu-
ration of formation waters, selected under the most optimal conditions, in deposits
and exploration areas reach high values, they do not reach the maximum possible
(according to the geothermobaric conditions of the area). The mechanism of for-
mation of deposits due to degassing of the water pressure system is unlikely.
Gas-geochemical zoning reflects the differentiation of the composition of gases
during their migration.

Hydrogeochemical zoning of the inversion type is due to the change with
depth of chloride magnesium-sodium, chloride-sodium, calcium-sodium medium
and weak brines with waters of the same types, but significantly lower salinity and
the appearance of hydrocarbonate-sodium and sulfate-sodium waters in Paleocene
and Upper Cretaceous deposits, which is due to the lithological and geothermal
features of the section. Comparison of hydrogeochemical and gas-hydrogeochemi-
cal data allowed us to find that increased methane content is characteristic of
low-sulfate chloride-sodium, calcium-sodium salt waters of the Neogene, Eocene
and Maikopian complexes, and heavy hydrocarbons are characteristic of waters of
lower mineralization, relatively enriched with sulfates and hydrocarbonates (sul-
fate-chloride and hydrocarbonate-chloride types) (Fig. 2). Such features of the dis-
tribution of water-dissolved gases indicate a spatial relationship, and not their ge-
netic conditionality.

The presence of natural condensation waters in the base of the deposits are
the most significant hydrogeological phenomena characterizing only carbonate
Paleocene and Upper Cretaceous productive reservoirs. Most often they form
mixtures with waters of geochemical background. In addition to low salinity, they
have a specific ion-salinity composition — high contents of HCO,, NH, and other
trace elements (I. V. Kolodiy, 2001; V. V. Kolodiy, 1971). Their preservation to
this day indicates a significant rate of subvertical migration of gas-vapour mixtures,
high-temperature sources of hydrocarbon generation and geologically recent time
of formation of deposits. The methane carbon of the P-XI horizon of the Golitsyno
deposit is isotopically heavy (6°C — 3.62 %, — exceeds the limits of biogenic syn-
thesis) (V. V. Kolodiy & Kolodiy, 2002). This gives grounds to argue about the
formation of hydrocarbon compounds, including during the processes of inorganic
synthesis (Fig. 3).
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Conclusions. The formation of gas-vapour systems occurred in the lower
reaches of the sedimentary rift layer at high pressures and temperatures and the
presence of water. The basis of gas-vapour systems were both thermocatalytic and
subcrustal (mantle) gases. The migration of gas-vapour systems proceeded quite
quickly in the subvertical direction through zones of disjunctive faults and rock
fracturing. As a result of gas migration, especially through clayey rocks, sorption
of heavy hydrocarbons occurred, which determined gas-geochemical zoning. Gas
migration was realized in the free high-temperature gas-vapor phase, which filled
the traps, displacing or compressing the formation water. The processes of forma-
tion of hydrocarbon gas deposits were superimposed on the hydrogeochemical
situation that had formed at the time of migration (Late Miocene).

Practical significance. Hydrogeochemical pecularities such as water-dissolved
gases and condensation water are the direct indicators of oil and gas potential.
Hydrogeological model can be used to forecast deposits in other oil and gas-bearing
regions (in particular, the Carpathian Foredeep).

Gozhyk, P. F. (Ed.). (2007). Oil and gas prospective objects of Ukraine. Scientific and
practical bases of hydrocarbon fields prospecting in the northwestern shelf of the
Black Sea. Kyiv: EKMO. [in Ukrainian]

Ivaniuta, M. M. (Ed.). (1998). Atlas of oil and gas fields of Ukraine: Vol. 6. Southern oil-
and-gas-bearing region. Lviv: Tsentr Yevropy. [in English & Ukrainian]

Kolodiy, I. V. (2001). Hydrogeochemical features of the Golitsyno gas-condensate field.
In Proceed. of youth sc. conf. “Earth Science — 2001 " (pp. 64—65). Lviv: lvan Franko
National University of Lviv. [in Ukrainian]

Kolodiy, I. V. (2014). Expected localization of hydrocarbon deposits of the Black Sea
aquiferous basin based on hydrogeochemical indications. Visnyk of V. N. Karazin
Kharkiv National University, Series “Geology, Geography, Ecology”, 41(1128),
32-36. [in Ukrainian].

Kolodiy, I. V., & Medvid, H. B. (2018). Hydrogeological characteristics of the Lower Creta-
ceous terrigenous complex of the Karkinit-Northern Crimean Deep in the aspect of
its potential for oil and gas presence. Visnyk of V. N. Karazin Kharkiv National Univer-
sity, Series “Geology, Geography, Ecology”, 49, 59-69. https://doi.org/10.26565/2410-
7360-2018-49-05 [in Ukrainian]

Kolodiy, I., & Medvid, H. (2019). Forecast estimation of oil and gas reserves of Lower
Cretaceous sediments in Karkinit-Northern Crimean deep (by gas-hydrogeochemical
indicators). Geology and Geochemistry of Combustible Minerals, 3(180), 90-99.
https://doi.org/10.15407/ggecm2019.03.090 [in Ukrainian]

Kolodiy, V. V. (1971). On the origin of the hydrogeochemical anomalies in the October oil
and Western-October gas-condensate fields. Geology and Geochemistry of Combus-
tible Minerals, 27, 10-19. [in Russian]

Kolodiy, V. V., & Kolodiy, I. V. (2002). The model of forming gas fields of the Northern
Black Sea aquiferous basin. Geology and Geochemistry of Combustible Minerals, 4,
11-20. [in Ukrainian]

Kutas, R. Y. (2010). Geothermal conditions of the Black Sea basin and its surroundings.
Geophysical journal, 32(6), 135-158. https://doi.org/10.24028/gzh.0203-3100.
v32i6.2010.117453 [in Russian]

Pavlyuk, M. L., Varicheyv, S. O., & Rizun, B. P. (2002). Oil and gas formation and geody-
namic models of forming of oil and gas-bearing provinces. Geology and Geochemis-
try of Combustible Minerals, 1, 3-11. [in Ukrainian]

32



Zhabina, N., Anikeyeva, O., Kolodiy, I., & Mintuzova, L. (2015). New data on the stratigra-
phy of deposits and hydrogeochemical conditions of Pradnieper Area (north- western
part of the Black Sea shelf). Visnyk of Taras Shevchenko National University of Kyiv.
Geology, 3(70), 18-22. https://doi.org/10.17721/1728-2713.70.03 [in Ukrainian]

CrarTs HagidmIa:
25.02.2025 p.

Isanna KOJIOJIIN', Onena AHIKEEBA?

[HCcTUTYT reomorii i reoximii roprounx komannH HAH Ykpainu, JIsBiB, Ykpaina,
e-mail: *ivannakolodiy@gmail.com; 2geolena@ukr.net

I'TAPOTEOJIOI'TYHI ACIIEKTH ITOXO/’KEHHSI,
MITPAIIIT TA ®OPMYBAHHS POJIOBUII BYTJIEBO/IHIB
HIBAEHHOI YACTUHHU
MPUYOPHOMOPCBHKOI'O BOJIOHAIIIPHOI'O BACEMHY

Ha ocHOBI rizporeoxiMiqHNX, Ta30T€0XIMIYHIX, T€OTEMITePaTyPHUX, T1IpOAnHAMIY-
HUX JaHUX OOTPYHTOBAaHO MOAETH (hOpMYBaHH MMOKJIAIIB BYIJICBOIHIB aKBAaTOPIHHOI Yac-
TuHU [IprgopHOMOpPCEKOTO BoTOHAMIpHOTO OaceitHy. Mozens 60a3yeThest Ha Cy9acHUX T10-
IJII1aX HA TEOAMHAMIYHY iCTOPIF0 PO3BHUTKY 1 Ia€ 3MOTY CTBEPKYBATH, 10 (POPMYBaHHS
ra30MapoBUX CUCTEM BiIOyBasOCs B HU3aX 0CAJI0BOI TOBII PU(TOTEHY 32 BHCOKUX THUCKIB
i Temmeparyp Ta HasBHOCTI Bogu. OCHOBOIO Ta30MapoOBUX CHUCTEM OyIH SK TepMOKaTalli-
TUYHI, TaK 1 MAKOPOBi (MaHTIiHI) Ta3u. AKTHBHE TETTIOMACOTIEpeHeCeHHS (PITFOINiB mMpo-
TSATOM QJIBITIHCEKOTO TEKTOHOT'€HE3Y MPOIOBKYETHCS JOTEIEp, IO MiATBEPIUKYETHCS Ieo-
TePMIYHIMHU aHOMAITISIMHU, CTIPHYNHEHUMH BHUCXITHUM PO3BaHTAKEHHSIM ITi[3EMHUX BOJ,
SHJIOTEHHUX Ta3iB — METaHy, TeJlif0, BYIIIEKHUCIOro a3y, BOAHIO Toro. [Imsixamu iMoBip-
HOI Mirpariii € CyOmpoTHi 113 IOHKTHBHI JUCIIOKAIlii Ta 30HU PO3YIIiITPHEHHS HA JiJISTH-
Kax, I Ha TJIi periOHaIbHOTO CTUCKAHHS NPOSBISUINCS CHJIM PO3TATY, HAIPUKIIAJ, Y Mic-
X TIEPETUHY PO3JIOMIB Pi3HUX HANPsSMKIB. YHACTIIOK Mirparii rasis, 0codimmBo depes
IJIMHUCTI TIOPOIIH, BiOyBamacs copOIlisi Ba)KKUX BYTJIEBOIHIB, IO 1 3yMOBHJIO T'a30T€0Xi-
MIYHY 30HaJBHICTE. Mirpariis ra3iB peajizyBajiacs y BUIbHII BUCOKOTEMIIEpaTypHiii Tazo-
mapoBii (asi, sika 3aMOBHSIIA TTACTKH, BUTICHSIOUHN 200 CTHCKAIOYH IJIACTOBY BOAY. AKTHBHE
TEIUIOMACOIIepEHECEHHs BIUTMBAE Ha TiIpO- 1 Ta30TiIpOreoXiMiqHy 30HAIBHICTH 1 Ha 3a-
MIOBHEHHS BXKE HASIBHUX MACTOK BYIJICBOIHIMH.

lNgporeoximMiuHi XapaKTEPUCTHKH, TaKi K PO3YHHEH] Y BOII ra3u Ta KOHJICHCAIIHHI
BOJIH, € TIPSMIMH O3HaKaMu HapTorazoHOCHOCTI. ['igporeonoriaaa Moens MOke OyTH BU-
KOpHUCTaHa JJIs TIPOTHO3YBAHHS MOKJIA/IIB B IHIMNX HAa(QTOTa30HOCHUX pErioHax (30kpema
[epenkxapnarcbkoMy IPOTHHI).

Krouosi cnosa: TlpnaoproMopchkuii BofoHamipHmid 6aceitd, Kapkinitcpko-IliBHIYHO-

KPUMCBKHI MPOTHH, T1IPOTreoIOTidHI 0COOIMBOCTI, BOAOPO3UNHEHI Ta3H, KOHACHCAIiHI
BOIIH, BYTJICBO/IHI, BEPTUKAJIbHA MITpaIlis.
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