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The article examines the conditions of formation, transformation mechanisms, and spatial distribu-
tion of heavy oils in the major petroleum-bearing regions of Ukraine, including the Dniprovsko—Donetska
Depression, the Precarpathian area, and the Crimean region. The aim of the study is to determine the conditions
of heavy-oil accumulation and to characterize their distribution across Ukraine. It has been established that heavy
oils, which are defined by increased density and a high content of resin—asphaltene components, are formed
primarily through degradation processes affecting light and medium crude oils. This research integrates field
observations, laboratory experiments, and theoretical concepts to evaluate the contributions of biodegradation,
degassing, leaching of water-soluble fractions, and sulphate-induced oxidation to the formation of heavy oils.
Particular emphasis is placed on the role of sulphate reduction and polysulphide formation, which intensify
hydrocarbon oxidation and accelerate the transition of oils into heavier forms. Chromatographic analysis of n-al-
kanes from fields with different geological settings demonstrates systematic depletion of light hydrocarbons,
shifts in carbon-number distribution maxima, and an increase in sulphur-bearing compounds. Experimental
interaction of n-alkanes with sulphate and sulphide ions at low temperatures (40 °C) simulates natural hypergene
processes and confirms the catalytic function of hydrogen sulfide in promoting hydrocarbon oxidation through
polysulfide intermediates. The results highlight region-specific factors controlling heavy-oil formation, including
burial depth, reservoir hydrochemistry, gas saturation, and the influence of meteoric waters. This integrated anal-
ysis enhances the understanding of heavy-oil evolution in Ukrainian basins and provides a conceptual framework
for predicting the distribution of viscous hydrocarbon accumulations, which is crucial for optimizing exploration
strategies and developing technologies for their efficient recovery.
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n-alkanes distribution, chromatographic analysis, Dniprovsko—Donetska Depression, Precarpathian region,
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Introduction. The important direction of the further development of oil production
industry is the studying of hardly recoverable hydrocarbons, among which the significant
part belongs to degraded oils with density more than 870 kg/m®. By the data of J. Hunt [5],
B. Tisso and D. Vette [12] they are formed in the result of the destruction process (degrada-
tion), which includes: degassing, biodegradation (oxygen and sulphate oxidization) and leaching
of the water-soluble components of oil.
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Research analysis. Biramzhe and M. Bestuzhev [4] suppose that degassing and leaching
of hydrocarbons change only the fractional composition of oils, but not their chemical com-
position. Their chemical composition undergoes the influence of outer agents-oxygen and sul-
phur. Sulphuring changes the oil composition and the chemical structure of its components. The
experiment was carried out, during which oil distillates were heated to 150-170°C with 5 % sul-
phur powder during 5 hours in a cylinder with a mixer and a cooler. The following conclusions
were drawn: a great number of asphaltenes were formed; distribution of sulphide compounds in
the products, obtained in the laboratory, is analogous to natural ones in sulphide oils.

At studying the problem of the sulphur compounds origin in oil it is very important to
investigate the process of the sulphur genesis.

H. Smith [11] considers two ways of sulphur formation under natural conditions. The
first way is as follows: complex organic sulphur-bearing compounds, aminoacids, for example,
which are like D-cisteine HSCH,CH(NH,)CO,COOH or D-metione CH,S(CH,)CH(NH,)CO,H,
are disintegrated forming molecular sulphur and hydrogen sulphide.

These data are proved by J. Hunt [5]: generation of H,S takes place from organic com-
pounds of sulphur, in the result of their disintegration in the source rocks at 130-150°C.

The second way is based on bacterial restoration of SO,*” in the presence of hydrocar-
bons, as a nutrient medium for microorganisms Viebrio desulfuricans with formation of hydro-
gen sulphide. Schematically this process looks like that:

SO,* + bacterina — H,S + metabolic products.

Hydrogen sulphide, in its turn, interacts with SO,*, that leads to formation of elementary
sulphur.

S. Kushnir [8] calculated thermodynamic parameters of the process of the ion SO, res-
toration by various types of organic compounds. The obtained data show that all the reactions
are endothermic, so they cannot be used by bacteria as a source for procuring energy. Thus, in
the zone of hypergenesis an important role is played by not only biological, but purely chemical
restoration of sulphates by hydrocarbons. All the obtained data show, that the ions SO, can
really be reduced in formational waters to H,S at the temperatures lower than 150°C, and the first
product is not H,S , but SO, . Simultaneous presence of H,S and SO, in the system makes possi-
ble to form free sulphur according to the equation:

SO, +2H,S — 3S +2H,0

Thermodynamic calculations are given also by L. Anisimov [2]. They prove a princi-
pal possibility of formation of H,S without bacteria participation, when CaSO, interacts with
the organic compounds, spread in the nature, at low temperatures.

Possibility of chemical reduction of ions SO, is closely connected with chemical activi-
ty of hydrocarbons, which increases in the following sequence: alkanes < arenes < naphthenes <
carboxylic acids < carbo-hydrates [3].

Oxidation. The changes of components during the given process are evident, but geo-
chemical medium at great depths is reducing, so the oxidation of the oil pools is connected only
with the zones, which are in the contact with free air or formational sulphate waters.

The investigations of R. Biramzhe and M. Bestuzhev [4] show, that in the process of oxi-
dation pitches and asphaltenes cannot form. Having analyzed the literary and their own exper-
imental data they came to the conclusions: the influence of oxygen on the mixture of oil com-
ponents goes selectively — at first polar and polycyclic components are oxidized, then aromatic
ones, and saturated hydrocarbons are oxidized in the last place. Oxidation is accompanied with
a number of secondary reactions, among which a special place belongs to the reaction of con-
densation of oxidized products. And it leads to the formation of heterocyclic compounds with
high molecular mass.

Biological action. Chemical composition of oils can also be greatly changed under
the influence of specific bacteria.

A. Jobson and others [6] gave the data of influence during 21 days of clean and mixed
cultures of bacteria on oil of North-Cantal field, Saskachevan (Canada); its density increased
during this period from 827 to 1046 kg/m>.
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The experiment data show that biodegradation goes in the following way: n-alkanes,
isoprenoid alkanes, cycloalkanes and aromatic compounds [35, 6, 12].

R. Biramzhe and M. Bestuzhev [4] contend that biological actor of oil transformation is
limited with only specific cases: during the given process only chemical composition is changed,
but not the structure of oil molecules, for example-three-cycled naphthenes are not formed from
monocycled ones, etc.

Literary review made possible to do the analysis of main mechanisms of oils degradation,
which led to their density increasing at the expense of augmentation of the pitchy-asphaltene com-
ponents part. And in the case of the light hydrocarbon migration and washing out the water-sol-
uble ones and biodegradation this increasing possesses relative character, because the common
quantity of pitchy-asphaltene matters in oil remains constant at decreasing the hydrocarbons
common part.

The aim of this study is to determine the geological, geochemical, and hypergene condi-
tions that control the formation, transformation, and spatial distribution of heavy oils in the major
petroleum-bearing regions of Ukraine, and to identify the key degradation and oxidation pro-
cesses responsible for their evolution.

Materials and Methods. Source Materials and Study Objects. Samples of oils from
the Semenivka (Crimea), Bohdanivka (DDD), and Kokhanivka (Precarpathian) fields were ana-
lyzed to identify degradation mechanisms and conditions of heavy oil formation.

Extraction and Preparation of n-Alkanes. n-Alkanes were isolated using a urea complex-
ation method, allowing selective extraction of straight-chain hydrocarbons.

Chromatographic Analysis. Flame-ionization detection was used with the following set-
tings: evaporator 350°C, detector 300°C, program 60°C — 5°C/min — 320°C (20 min hold),
nitrogen carrier gas (60 mL/min), two packed SE-30/INZ-600 columns. Identification was based
on retention time correlations with standard mixtures.

Laboratory Modeling of Hypergene Processes. Model experiments involved contacting
n-alkane mixtures with aqueous SO4?~, SO4?~ + S?7, S?7, and elemental sulfur at 40°C for
300 days under anoxic conditions. Ion concentrations: SO4?~ =200 g/dm?, S?” = 10 g/dm?.

IR Spectroscopy. IR spectra were recorded to detect oxidation products. Significant
absorption bands occurred at 1560-1620 cm™? (oxidized groups), 1660—1680 cm™? (quinoid
structures), and 1700-1740 cm™? (esters). Strongest effects occurred with joint SO4?~ + S?” sys-
tems, confirming polysulfide formation.

Results were compared with natural chromatograms, depth, sulfur content, gas saturation,
and alkane distribution maxima to evaluate biodegradation, degassing, leaching, and sulfate oxi-
dation roles in heavy-oil formation.

Results and discussion. In Ukraine the fields of heavy oils are located in Dnieper-Donets
depression (DDD), the Precarpathians and in the Crimea. The data of investigations of their phys-
ical-chemical parametres, the regularities of distribution and conditions of their bedding are given
in the works [7, 9, 14]. By the results of these works the following regularities can be singled out:

» in DDD the pools of heavy oils are spread mainly in Middle Carboniferous deposits,
the exception is Reshetnyaky field (Jurassic, 530 m);

 in the Precarpathians the main pools of heavy oils are concentrated in Jurassic depos-
its, the exception is Pavlivka field (Devonian, 960 m);

* heavy oils of the Crimea are met only in Miocene deposits of the Kerch peninsula.

The range of the bedding depths of heavy oils is wide enough: from 100 m (Voykove
field, the Crimea) to 4137 m (Kulychykhyne field, DDD). Practically a half (48 %) of the known
fields is bedded at depth to 2000 m — these are the pools of the Kerch peninsula, of the Outer zone
of Precarpathian deep, and also the separate pools of the Inner zone of the same deep and DDD.

Gas saturation for heavy oils is not high, and for 62 % of the fields does not exceed 50 m*/m?>.

Except the establishing of the common regularities of spreading we studied physi-
cal-chemical parametres, component composition, fractional content (table) and distribution
of n-alkanes of heavy oils, which belong to the different oil-and-gas-bearing regions of Ukraine,
are at different depths and vary among themselves by density and sulphur content [1].
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N-alkanes were extracted from oil by the method of complex-forming with carbamide
with the following studying on chromatograph: flame-ionized detector, temperature of evapo-
rator -350°C temperature of detector — 30°C, programming of thermostat — 60°C — 5°C/min —
320°C — 20 min — 320°C, gas-bearer nitrogen (the velocity of current — 60 ml/min), two packed
columns — 10 % SE-30 on INZ-600. Qualitative identification of the chromatogram peaks was
done by the graph of dependence of the n-alkanes time of retention (mixture: C,, C,, C,,, C
C, C,,, C,)) upon the number of atoms of carbon in carboniferous skeleton.

In DDD we studied oils of Bogdanivka field. They belong to different oil-and-gas-
bearing horizons and varies among themselves by meanings of density and sulphur content.
Their chromatograms are shown in fig. 1. In fig. 2 the chromatograms of the n-alkanes distri-
bution of Semenivka field (the Crimea) and Kokhanivka one (the Precarpathians) are given. On
Semenivka field oils belong to two oil-and-gas-bearing horizons.

10° 122

16>

Fig. 1. Chromatograms of the degraded oils of Semenivka and Kokhanivka fields
Semenivka int. 201-213 m, d = 921 kg/m?®; Semenivka int. 252-264 m, d = 906,6 kg/m?; Kokhanivka
int. 1100 m, d = 982 kg/m?

The analysis of the n-alkanes distribution in oils of Semenivka field and their fractional con-
tent (table 1) shows that they are strongly degraded. Taking into consideration a small depth of bed-
ding of the investigated oils and low content of sulphur in them it is possible to state, that during their
transformation the processes of biodegradation and degassing of the field prevail (gas saturation is
2.4 m¥m’). Besides these factors the influence of oxygen of the free air is also significant, because
the field, which is situated nearer to the surface, has higher density, and maximum of the n-alkanes
distribution is displaced in the direction of hydrocarbons with a longer carboniferous skeleton (fig. 1).
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Fig. 2. Chromatograms of the degraded oils of Bogdanivka field in DDD
Bogdanivka int. 2385-2387 m, d = 871 kg/m?®; Bogdanivka int. 2039-2049 m, d = 833 kg/m?;
Bogdanivka int. 2062-2076 m, d = 804 kg/m®

Table 1
Physical-chemical parametres of the investigated oils
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Oils of Bogdanivka and Kokhanivka fields are bedded much deeper and have high sulphur
content. It makes possible to state that in this case the process of sulphate oxidation plays an impor-
tant role. It is proved by the fact that with increasing of sulphur content in oils the density also
increases (table 1), the part of light components decreases, maximum of the n-alkanes distribution
is displaced in the direction of hydrocarbons with a longer carboniferons skeleton (fig. 2).

During studying the process of oil degradation because of sulphate oxidation we made
a number of laboratory investigations with different forms of sulphur. The mixture of n-alkanes
was studied. This mixture without air contacted during 300 days at temperature 40°C with
the solutions that contained SO,> in one case; in the second — SO,* + S*7 in the third — S*;
in the fourth — S (elementary sulphur). The solutions were prepared using formational water
with the ions content (mg/cm?): C_.. = 118,65; C =28,80; C., =8,86; CHCO], = 482,04; for
SO,* and S* we fixed concentration (g/dm3) soi- 200 and C =10.

During the investigations we obtained the followmg results

1) On IR-spectra of the products of oxidation of the n-alkanes mixture with sulphate-ion
(fig. 3, b) the increasing is shown in comparison with the initial mixture (fig. 3, a) of the stripes
of absorbtion 1560, 1580, 1620, 1710 cm™.

Fig. 3. IR-spectra of the n-alkanes mixture
a) initial; b) oxidation with SO~ ion; c) oxidation of SO,*~ ions in presence of S*~

2) Joint presence of ions SO,*” and S* leads to the essential change of the interaction
character in the system sulphate water-hydrocarbons. On IR-spectra the increasing of the stripes
of absorbtion 1560, 1580, 1620, 1660-1680, 1700-1720, 1740 cm™ (fig. 3, c) is observed in
comparison with the initial one. And in the given case the stripes 1660-1680 cm™' are shown
more intensively, that corresponds to the chinoid structures, and additionally the stripe
1740 cm ' appears, that indicates to the presence of complex ethers.
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3) IR-spectra of the hydrocarbons mixture, which contacted with water that contained
free sulphur or sulphide-ion, retained without changes. This result lets to content that sulphur
and sulphide-ion do not take part in the oxidation process independently, they only catalize this
process. It is proved by the data by W.Toland [13], who states that sulphate-ion oxidizes hydro-
carbons more rapidly in the presence of H.S .

So on the base of experimental and literary data it is possible to state, that the main role
of hydrogen sulphide is in the reaction of interaction with sulphur [5, 10]:

S, +H,S—HS,

During this reaction polysulphides are formed, which are stronger oxydizers than sul-

phate-ion. It hastens and deepens the process of hydrocarbons degradation.
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HaT Ta XapaKTepPUCTUKA IXHBOTO MOIMIMPEHHS B MekaxX YkpaiHu. BcTaHoBneHo, mo Bakki HadTH, sKi
XapaKTePHU3YIOThCS ITiIBUIIIEHOI0 TYCTHHOIO Ta BUCOKHM YMICTOM CMOJIMCTO-ac(halbTeHOBUX KOMIIOHEHTIB,
YTBOPIOIOTHCS MIEPEBAYKHO BHACTIZIOK MPOLIECIB Aerpaallii, 10 BIUIUBAIOTH Ha JIETK] Ta CEPeIH] COPTH CHPOT
HadTu. JlaHe NOCTiIKEHHs IHTErpye MONbOBI CIIOCTEPEKEHHS, Ta0OPAaTOPHI EKCIIEPUMEHTH Ta TEOPETUYH1
MOJZiesi 3 METOI0 OLIHWTH BHECOK Oioferpajaiii, aerasaiiii, BHIyrOBYBaHHs BOJOPO3YMHHMX (hpaKiiii
Ta cynb(ar-iHIyKOBaHOTO OKHCHEHHs1 y (opmyBaHHs Baxkkux Hadr. OcoOmuBy yBary MpUIiICHO poii
cyabgarpeayKiii Ta yTBOPEHHS MOMICYTb(iIiB, sIKi IHTCHCU(IKYIOTh OKUCHEHHSI ByITIEBO/IHIB 1 IPHUCKOPIOIOThH
nepexia HagTOBUX cHCTeM y Bakki (popmu. XpomarorpadivyHuii aHami3 n-ajkaHiB i3 pOJOBHIL, 1[0 HAJIE)KATh
JI0 PI3HHUX T'e0JIOTIYHIX 0OCTaHOBOK, IEMOHCTPYE CHCTEeMaTHYHe 301JHEHHS Ha JIETKi BYIJICBOIHI, 3MIiIICHHS
MaKCUMYMIB PO3IOALTY 32 KUTBKICTIO aTOMiB KapOOHY Ta 3pOCTaHHsS KOHLEHTpALl CIpKOBMICHUX CIOJYK.
ExcriepuMenTaabHa B3a€MOJIS N-ajkaHiB i3 cynbdar- Ta cyibdin-ionamu 3a Hu3bkux Temieparyp (40 °C)
MOJIEIIOE TIPUPOIHI MPOLECH TilepreHesy Ta MiATBEPIKY€E KaTaliTHYHY POJIb CIPKOBOAHIO B iHTeHCHDiKawil
OKHCHEHHsI BYIJICBOJHIB 4epe3 Moicynb(hiaHi mpoMikHi mpoaykTd. OTpuMaHi pe3ynbTaTd MiJKpEeCIOTh
perioHanbHO-crelM(pidHI YUHHUKH KOHTPOJIO (OPMYBaHHS BaXKKHX HA(T, cepel] SKUX TIHMOMHA 3asIraHHs,
T1IpOXiMiYHi BIACTHBOCTI IUIACTOBUX BOJI, PiIBEHb TA30HACHYCHHS Ta BIIUB METEOPHUX BoA. [IpencTaBnenuit
IHTErpoBaHUI aHaNIi3 MONIHOIIOE PO3YMIHHA OCOOMMBOCTEH €BOMIOLII BaKKMX HA(T B YKPAiHCHKHUX
ocaoBux OaceiiHax i popMye KOHIENTYalbHY OCHOBY ISl IPOTHO3YBAHHS JIOKATi3alii CKyITYeHb B SI3KHUX
BYIVIEBOJIHIB, 1110 Ma€ BUPILIaJIbHE 3HAYCHHS ATl ONTUMI3ALl] CTpaTerii MOIIyKiB Ta pO3po0IeHHs TEXHOIOT i
X e(heKTHBHOTO BHIOOYTKY.

Kniouosi cnosa: Baxki HadTH, OGlomerpanauis, cynbhaTpeayKilis, MOIiCyIb(ian, OKUCHEHHs
BYIJICBOJHIB, PO3MOALNT N-ajkaHiB, xpomarorpadiuxuii anami3, [HimpoBcbko—J[oHelbka 3amajuHa,
[lepenkapnarcekuii perion, KpuMcbkuii perioH.
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