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HEAVY METALS IN OILS AND FORMATION OF BITUMEN-HYDROTHERMAL 

ASSOCIATIONS IN THE ROCKS OF THE DNIEPER-DONETSK PALEORIFT 

 
В. Г. Суярко, Л. В. Іщенко, А. М. Єрофєєв, В. В. Сухов, Я. С. Шморг. ВАЖКІ МЕТАЛИ У НАФТАХ ТА ФОРМУ-

ВАННЯ БІТУМО-ГІДРОТЕРМАЛЬНИХ АСОЦІАЦІЙ У ПОРОДАХ ДНІПРОВСЬКО-ДОНЕЦЬКОГО ПАЛЕОРИФТУ. 

Розглянуто закономірності накопичення важких металів у нафтах та їх взаємозв’язок з утворенням бітумо-

гідротермальних мінеральних асоціацій у породах рудних полів в межах Дніпровсько-Донецької западини та Донецької скла-

дчастої структури.  

Описано процес тепломасоперенесення у літосфері, що є основним фактором формування як вуглеводнево–металевих 

флюїдних систем, так і родовищ вуглеводнів та гідротермалітів. Насамперед це явище пов’язане із альпійською тектоніч-

ною активізацією, що призвела до утворення консидементаційних мезозойсько-альпійських складчастих антиклінальних 

структур, у межах яких функціонує потужна геохімічна система «вода-вуглеводні-гідротерми». У межах цієї системи 

спостерігається висхідне розвантаження мінералоутворюючих флюїдів, які характеризуються широким комплексом мік-

роелементів включно з важкими металами (V, Mn, Al, Hg, Cr, Fe, Zn, Co, Ni). 

Досліджено процеси, що призводять до накопичення важких металів у нафтах та утворення бітумо-

гідротермальних асоціацій у гірських породах.  

З’ясовано деякі закономірності вмісту важких металів у нафтах, що пов’язані з особливостями формування покладів 

в межах різних геологічних структур.  

Визначено геохімічну закономірність збільшення концентрацій важких металів з глибиною залягання нафти. Це 

пов’язано з високими вмістами сірчаних сполук у вигляді гідротермальних сульфідних мінералів, які активно гідролізуються 

в умовах високих температур і призводять до вилуговування металів та надходження їх у флюїдні системи, де утворю-

ються стійкі сірчані комплекси. Таким чином на контакті металовміщуючих та вуглеводневих флюїдів, що мають спільні 

шляхи міграції, цілком можливим є збагачення нафт важкими металами.  

Наведено можливості практичного використання результатів дослідження для прогнозування та пошуку родовищ 

корисних копалин.  

Ключові слова: важкі метали, нафта, бітумо-гідротермальні асоціації, палеорифт, розломи, висхідне тепломасопе-

ренесення, флюїди.  

В. Г. Суярко, Л. В. Ищенко, А. М. Ерофеев, В. В. Сухов, Я. С. Шморг. ТЯЖЕЛЫЕ МЕТАЛЛЫ В НЕФТЯХ И ФОР-

МИРОВАНИЕ БИТУМО-ГИДРОТЕРМАЛЬНЫХ АССОЦИАЦИЙ В ПОРОДАХ ДНЕПРОВСКО-ДОНЕЦКОГО ПА-

ЛЕОРИФТА. Рассмотрены закономерности накопления тяжелых металлов в нефтях и их взаимосвязь с образованием би-

тумно-гидротермальных минеральных ассоциаций в породах рудных полей в пределах Днепровско-Донецкой впадины и До-

нецкой складчатой структуры. 

Описан процесс тепломассопереноса в литосфере, который является основным фактором формирования как углево-

дородно-металлических флюидных систем, так и месторождений углеводородов и гидротермалитов. Прежде всего это 

явление связано с альпийской тектонической активизацией, которая привела к образованию консидементационных мезо-

зойско-альпийских складчатых антиклинальных структур, в рамках которых функционирует мощная геохимическая си-

стема «вода-углеводороды-гидротермы». В рамках этой системы наблюдаются восходящие разгрузки минералообразую-

щих флюидов, которые характеризуются широким комплексом микроэлементов, включая тяжелые металлы (V, Mn, Al, Hg, 

Cr, Fe, Zn, Co, Ni). 

Исследованы процессы, приводящие к накоплению тяжелых металлов в нефтях и образованию битумо-

гидротермальных ассоциаций в горных породах.  
Выяснено некоторые закономерности содержания тяжелых металлов в нефтях, связанные с особенностями форми-

рования залежей в пределах различных геологических структур. 
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Определена геохимическая закономерность увеличения концентраций тяжелых металлов с глубиной залегания нефти. 

Это связано с высоким содержанием сернистых соединений в виде гидротермальных сульфидных минералов, которые ак-

тивно гидролизуются в условиях высоких температур и приводят к выщелачиванию металлов и поступлению их в флюид-

ные системы, где образуются устойчивые серные комплексы. Таким образом, на контакте металлосодержащих и углево-

дородных флюидов, имеющих общие пути миграции, вполне возможно обогащение нефтей тяжелыми металлами. 

Приведены возможности практического использования результатов исследования для прогнозирования и поиска ме-

сторождений полезных ископаемых. 

Ключевые слова: тяжелые металлы, нефть, битумо-гидротермальные ассоциации, палеорифт, разломы, восходящий 

тепломассоперенос, флюиды. 

 

Introduction. The problem of hydrocarbons 

and heavy metals’ coexistence in geological space is 

interesting, given its theoretical and practical signif-

icance. This has been highlighted in many works of 

domestic and foreign scientists from different posi-

tions due to the lack of unambiguity in the explana-

tion of this phenomenon. 

Heavy metals are not only found in most oils, 

but also occur with bitumens in bitumen-

hydrothermal mineral associations of ore deposits. 

The main issue in solving this problem is the study 

of genetic, spatial and temporal relationships of 

heavy metals and hydrocarbons. Based on practical 

material, the authors have tried to highlight geologi-

cal and geochemical processes of the hydrothermal-

hydrocarbon natural systems’ formation, using case 

study of the Dnieper-Donetsk Paleorift (DDP) with-

in the Dnieper-Donetsk Depression (DDD) and Do-

netsk Folded Structure (DFS), allowing us to offer 

our vision of this geological phenomenon. 

The conclusions of the research will be useful 

for modeling the processes of hydrocarbon accumu-

lations’ formation and ore hydrothermal fields. 

The subject of the research is oil and bitu-

men-hydrothermal mineral associations. 

The object of the research is geochemical sys-

tems of hydrocarbons and heavy metals. 

The main material. The Dnieper-Donetsk 

(Dono-Dnieper) paleorift (avlakogen) is an ancient 

Paleozoic rift of the Eastern European platform 

[7,26], which within Ukraine consists of two geo-

logical structures: the Dnieper-Donetsk depression 

(DDD) and the Donetsk folded structure (DFS). The 

paleorift filled with terrigenous-carbonate-carbona-

ceous sedimentary rocks, up to 10–20 km thick, 

sometimes larger, is characterized by high oil and 

gas bearing capacity, and DFS is characterized by 

industrial hydrothermal mineralization [4, 16]. This 

is because the geological structure of the paleorift as 

well as the processes that occur in its geostructure 

during geological development. 

Rifts as tensile structures, together with com-

pression structures – orogens, play the leading role 

in the functioning of the processes of ascending heat 

and mass transfer, associated with the migration of 

deep fluids in the lithosphere. This, in turn, pro-

motes the transfer of gas-liquid fluids through faults 

and the formation of various oil and gas and hydro-

thermal (including ore) mineral deposits in zones of 

tectonic decomposition of sedimentary strata. 

In our opinion, the intensity of heat and mass 

transfer in riftogens is caused by the influence of 

heat flux from the mantle diapir under the crystal 

bed. Its excitation during periods of tectonic activa-

tion not only determines the directions and veloci-

ties of individual lithosphere plates that limit riftho-

gens, but also causes a periodic increase in the man-

tle thermal field, which is the major factor in the 

formation of both hydrocarbon-metal fluid systems 

and hydrocarbon deposits [2,3,23]. 

Riftogens by internal structure are divided into 

symmetrical and asymmetric. The Dnieper-Donetsk 

paleorift belongs to the first type and consists of 

separate tectonic ridge-like segments, which are di-

vided by transform transverse faults [31,34,2]. With-

in these ridge-like depressions, which are in fact 

separate Paleozoic lithospheric blocks, younger sed-

imentary Mesozoic-Alpine folded anticline struc-

tures characterized by hydrothermal-hydrocarbon 

fluid dynamics were formed in the sedimentary stra-

tum. This, in particular, led to the formation of hy-

drocarbon-hydrothermal systems in the fault zones, 

which affected not only the presence of heavy met-

als such as Hg, V, Co, Ni, Pb and others in the oils 

of the region, but also the formation of ore hydro-

thermal mineralization zones in the form of ore 

manifestations and deposits of mercury and mercu-

ry-polymetallic specialization with accessories in 

the form of minerals such as Cu, Ni, Co, Fe, etc. [16]. 

Among the deposits of hydrocarbons of DDD, 

in the rocks of which there is hydrothermal mineral-

ization (among which there is ore mineralization), 

there should be noted: Khurinskoe, Yuliivskoe, Ma-

chukhskoe, Yablunovskoe, Kotelevskoe, and others 

[17]. Instead, methane gases and naphthenes (bitu-

mens and asphaltenes) constantly accompany the 

DFS hydrothermal ore fields such as Mykytivske, 

Druzhkivsko-Kostiantynivske, Slovyanske [11] in 

the process of ascending unloading along the faults 

of deep hydrocarbon-hydrothermal streams from the 

generalized core to the depths structures. In the 

near-surface layer of sedimentary rocks this led to 

the formation of strong geochemical barriers, within 

which there was, first of all, hydrothermal mineral 

formation [26,31,37,12], as well as oil and gas ac-

cumulation [21]. Most productively, these processes 

took place in the region in the Laramian phase of 

alpine tectogenesis, which is associated with the 
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formation of mercury and mercury-polymetallic de-

posits [29] with bitumen-hydrothermal mineral as-

sociations in which some hydrocarbons and hydro-

thermalites may, in our opinion, have a paragenetic 

relation [3,7,11,10]. 

Hydrocarbons and metal-containing fluids are 

transported in the earth's crust with the obligatory 

participation of H2O in gaseous and liquid forms. In 

the process of migration through the zones of open 

faults, they all form fluid systems "water-

hydrocarbons-hydrothermal vents", which at differ-

ent stages of tectonic activation of faults carry out 

"injection intrusion" into the sedimentary layer [17]. 

Groundwater and brines play a huge role in the 

emergence of physico-chemical barriers (to, pH) 

within which the processes of hydrothermal mineral 

formation take place [26,38,24]. Within the lower 

hydrodynamic floor at the depth of 5-6 km, these 

solutions exist in the region in the form of strong 

brines with mineralization up to 320.00 g/dm3 and 

are characterized by temperatures ≥150-200oC, high 

pH values (≥9), СО, СО2, СН4, Не, Н2 with mercury 

vapor saturation, and the presence of wide range of 

trace elements, including various heavy metals, in 

its composition [19,26,33]. 

At present, the ascending unloading of high-

pressure deep waters and brines under the action of 

heat and mass transfer processes within hydrother-

mal ore fields and hydrocarbon deposits causes the 

formation of complex geothermal, hydrogeochemi-

cal and hydrogeothermal anomalies. Spatially they 

coincide with areas of modern upward tectonic 

movements (up to 5.0-10.0 mm per year) [38]. The 

formation of such complex hydrodynamic-gas-

dynamic-geothermal-geochemical anomalies is the 

evidence of heat and mass transfer processes that 

occurred in areas of modern tectonic activation of 

faults [20,38]. The fluid flows discharged here differ 

in the phase and geochemical diversity of chemical 

elements and their compounds in the form of gases, 

vapors, liquids and suspensions. Within the ore 

fields of the region, these streams contain carbon 

monoxide and dioxide, methane, mercury vapor, and 

various ions and complexes of heavy metals in liq-

uid solutions [27,37]. 

Most oil and gas-oil fields, in the oil of which 

the presence of heavy metals has been analytically 

determined, are confined to anticlinal structures that 

accompany the zones of deep faults [9]. This also 

applies to bitumen-hydrothermal mineral associa-

tions of DFS [37]. Hydrothermalites in quartz, the 

composition of gaseous-liquid inclusions of which 

constantly include methane and its homologues, also 

control the faults in the region [6]. 

These factors may indicate the formation of 

end-to-end interformational fluid systems, which are 

favorable for the migration in the earth's crust of 

both hydrocarbon compounds and heavy metals, in 

fluid-dynamically active areas of faults [20,24,38]. 

Hydrocarbons are of both biogenic and abio-

genic origin, and the source of heavy metals can be 

mantle excalates of the weathering crust of the 

foundation, ore mineralization of sedimentary rocks, 

as well as fluids of posthydrothermal activation of 

alpine (laramian) hydrothermal systems [26,38]. 

The interaction of hydrocarbons with heavy 

metals in natural geochemical systems is difficult to 

understand without realizing the possibility of pres-

ence of certain amount of abiogenic (synthesized) 

hydrocarbon compounds in oils. Their presence in 

bitumen is evidenced by the results of isotopic stud-

ies of carbon [24]. In such circumstances, the prob-

lem is solved much easier, because it involves the 

presence of abiogenic hydrocarbons in oils together 

with heavy metals of mantle-metamorphogenic gen-

esis. The process of generating the synthesized hy-

drocarbons takes place at a temperature of ≈1000oC 

according to the scheme (Fischer-Tropsch syn-

thesis): 
 

nCO2+(2n+1)H2→CnH2n+2+nH2O. 

The same reaction in the presence of catalysts 

in the form of heavy metals (Co, Ni, Fe, V, etc.) can 

occur at much lower temperatures such as 400-

200oC, which on average corresponds to both litho-

spheric depths up to 1000 m and medium-

temperature hydrothermal vents. That is, the natural 

synthesis of hydrocarbons and, in particular, naph-

thenes is quite possible not only in the mantle, but 

also in the lithosphere. Although the question of 

presence of biomarkers in abiogenic oil, it would 

seem, is debatable [13,14]. In our opinion, the gene-

sis of oil, which has signs of organic and inorganic 

genesis together, is caused by the multiphase of 

naphthidogenesis [13]. This gives grounds to claim 

that all hydrocarbons from gases and oils to bitumen 

and asphaltenes are polygenic. This approach to the 

genesis, in particular of heavy hydrocarbons, makes 

it possible to satisfactorily explain both the presence 

of heavy metals in petroleum and the existence of 

bitumen-hydrothermal mineral associations. 

Heavy metals in DDD oils have been found [9] 

within various deposits. 

Determination of V, Cr was performed on an 

energy-dispersion spectrometer "SPRUT" SEF 01. 

Spectrum accumulation time was 600 seconds. 

Determination of chemical elements Mn, Fe, 

Co, Ni, Zn, Hg was performed on a wave-dispersion 

spectrometer "SPRUT" SEF 01M1 (№703-96 in the 

State Register) by calibration method (the analyst – 

Ph.D. O. O. Baturyn). The measurement time at the 

peak was 60 × 4 = 240 s, and against the back-

ground – 60 × 8 = 480 s. The value of the pulse-

statistical coefficient of variation did not exceed 
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0.5% of the measured value [9]. The concentrations of these elements are shown in table 1: 
 

Table 1 

Concentration of heavy metals in the oils of various DDD deposits 

№ Deposit 

Depths of 

the deposit, 

m 

Concentrations of heavy metals, ppm 

V Mn Al Hg Cr Fe Zn Co Ni 

1 Bakhmachske 3600-3610 0,6 - 1,53 0,02 0,14 4,46 1,16 0,06 32,7 

2 Krasnozayarske 4200-4500 0,09 - - 0,16 0,45 221,0 3,29 0,03 2,17 

3 Kremenivske 2287–2303 0,82 0,21 1,37 - 0,01 1,48 0,23 0,005 1,20 

4 Khukhryanske 3266-3291 3,18  - 2,43 0,20 3,90 1,42 1,51 0,002 38,1 

5 Lipovodolinske 4648-4650 0,07 0,21 - 0,01 0,14 4,13 0,41 0,004 - 

6 Malosorochynske 2303-2319 2,17 - 2,74 0,01 0,04 0,12 0,25 - 2,72 

7 Prokopenkivske 2516-2523 13,2 - - 0,05 0,14 9,19 1,04 0,02 31,4 

8 Raspashnivske 4037-4259 1,75 0,25 3,52 - 0,61 48,5 5,60 0,03 17,6 

9 Quiver 1048-1050 2,3 0,09 4,50 0,30 0,71 1,35 0,52 0,13 0,23 

10 Solontsivske 1193-1198 0,16 0,21 - 0,03 0,13 28,7 2,34 0,003 1,50 

11 Talalaivske 3507-3522 12,2 - - 0,0007 0,39 31,0 1,40 0,02 2,90 

12 Perekopivske  4440-4450 0,13 - - 0,03 0,25 6,22 0,81 - 0,50 

13 Yuryivske 1617-1625 9,50 1,60 27,1 - 0,04 0,69 0,35 0,006 4,22 

 

According to our data, the concentrations of 

heavy metals in oils correlate with their structural 

composition and, in particular, with high-

temperature fractions of oils [9]. It has been experi-

mentally established that the content of heavy met-

als is directly proportional to the density and depth 

of oil, which, in our opinion, can be explained by 

the physicochemical features of the processes of 

metal accumulation in porphyrin complexes of 

heavy-boiling oil fractions. According to our calcu-

lations, one of the natural sources of some heavy 

metals in hydrocarbon fluid systems could be not 

only mineral-forming hydrothermal vents, but also 

hydrothermal sulfide minerals. It is binary sulfide 

compounds that are actively hydrolyzed under con-

ditions of high (over 700oC) temperatures, which 

lead to leaching of metals with their subsequent en-

try into fluid systems according to the scheme: 
 

2МеS+2HOH↔(MeOH)2S+H2S↑ 

As a result, the enrichment of oils with heavy 

metals at the contact of metal-containing and hydro-

carbon fluids that have common migration routes is 

quite possible. Their migration in oils most often 

occurs in the form of organometallic complexes or 

complexes with sulfur. The latter contain hydrocar-

bon radicals in the form of two unshared pairs of 

sulfur atoms. This allows them to form complex 

compounds of the donor-acceptor type with salts of 

heavy metals having vacant orbits (Ag, Pb, Hg, Cu, 

Ti, Ni, etc.) [9]. 

Another source of heavy metals in naphthoids 

may be the so-called "dark-colored pelitomorphic 

polymineral substance" [17] from the Precambrian, 

Devonian and Coal seams of DDD and other regions 

of the world. It contains anomalous (100-1000 times 

higher than Clark) concentrations of rare earths (Ce, 

La, Nd) and other elements: Zr, Ga, Th, Ti, Cr, V, Sr, 

Ba, B, U, Hg , Li, Rb, Cs, Zn, Cu, Mn, Au, Pd, etc. 

[19], which have deep origin and are associated with 

mantle excalates [21]. 

The isotopic composition of carbon of this sub-

stance (13С) from - 19.6 to - 23.7 ‰ is much heavi-

er than "organic" in sedimentary rocks, which clear-

ly indicates the influence of mantle fluids during the 

formation of pelitomorphic substance [16]. 

Analysis of the distribution of concentrations of 

heavy metals in oils depending on the depth of sam-

pling from different deposits in the region allowed 

to establish a clear interrelation between the increase 

in their concentrations in metals and depth (fig. 1). 

To depict the dependence of the depth of the 

hydrocarbon fluid on its microelement content, the 

average data on the depths of the deposits, which 

were approximated graphically by the first approxi-

mation, were used. This allowed us to qualitatively 

illustrate the interrelation between the depth and 

concentrations of metals in oils [8,9]. 

Another factor in the natural interaction of hy-

drocarbons and heavy metals is the formation of 

"bitumen-hydrothermal mineral associations" in the 

rocks of DDP that are paragenesis of hydrothermal 

minerals and natural bitumen in the rocks of ore 

fields. Bitumens are represented by solid, viscous, 

and viscous-liquid varieties, which consist of high 

molecular weight structured hydrocarbons and het- 
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Fig. 1. Dependence of heavy metal concentrations in oils on depth 

 

eroatomic (oxygen, sulfur, nitrogen, metal) com-

pounds. Ore minerals are represented by sulfides of 

such heavy metals as mercury, lead, zinc [16,10,11]. 

Bitumen-hydrothermal mineral associations are 

a global phenomenon observed within hydrothermal 

ore fields associated with alpine tectonic activation 

[22,23,30,35,36,38]. 

The energetic and material basis of bitumen-

hydrothermal mineral formation is fluid heat and 

mass transfer [15,38]. This process occurred most 

intensively during the periods of alpine tectonic ac-

tivation (Laramian and Attic phases) [24]. Analysis 

of the isotopic composition of bitumen carbon from 

Druzhkivsko-Kostiantynivsky, Mykytivsky and Slo-

vyansky ore fields, performed on mass spectrome-

ters MI 1305 MV (the analysts – V. S. Moroz and 

L. I. Proskurko) and MI-1201-AG (the analyst – 

A. M. Erofeev), indicates that along with the pre-

dominance of organic carbon enriched in 12С, they 

also have an increased amount of heavy isotope 

(13С), which may indicate its abiogenic origin (table 2):

 

Table 2 

Carbon isotope composition in bitumen of hydrothermal ore fields of Donbass 

Sample 

№ 

Mineral 

substance 
Sampling point 

13С, ‰ 

(PDB standard) 

1 bitumen Druzhkivsko-Kostiantynivske ore field -18.27 

2 bitumen Druzhkivsko-Kostiantynivske ore field -21.73 

3 bitumen Druzhkivsko-Kostiantynivske ore field -18.71 

4 bitumen Druzhkivsko-Kostiantynivske ore field -19.19 

5 bitumen Mykytiv ore field -22.22 

6 bitumen Mykytiv ore field -18.71 

7 bitumen Mykytiv ore field -22.48 

8 bitumen Mykytiv ore field -22.62 

9 bitumen Mykytiv ore field -25.16 

10 bitumen Slovyanske ore field -19.19 

11 bitumen Slovyanske ore field -27.07 

 

Inorganic synthesis of carbon and hydrogen at-

oms in endogenous fluid streams can take place at 

temperatures of about 1000°C with the formation of 

compounds of the CnH2n type [24,32], which togeth-

er with mantle-crustal exglates were transferred to 

the densification zones in anticlinal structures. Due 

to the temperature of the process of hydrothermal 

mineral formation (500o-150oC), light hydrocarbons 

(gases) left the natural hydrocarbon-hydrothermal 

system, and the heaviest hydrocarbons, in the form 

of heavy oils, which were converted into bitumen, 

took part in mineral formation. 

The front of hydrothermal vents in the process 

of ascending movement through the underlying tec-

tonic channels passed through a large (≥10 km) ter-

rigenous-carbonaceous stratum, capturing not only 

kerogen scattered in the rocks, but also mobilizing 

huge masses of organic hydrocarbon compounds 
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from coal seams, which eventually led to a signifi-

cant reduction of the specific content of synthesized 

hydrocarbon compounds at the final stage of for-

mation of bitumen-hydrothermal mineral associa-

tions [24]. This indicates not only that the bitumens 

of bitumen-hydrothermal mineral associations of 

hydrothermal ore fields of the region have a poly-

genic biogenic-abiogenic genesis, but also the for-

mation of such geochemical systems in which they 

together with heavy metals can enter common fluid 

flows. 

The established features of the interaction of 

hydrocarbon and metal-containing fluids allow, first 

of all, to predict oil deposits in the structures of the 

anticlinal type at great depths. They also make it 

possible to determine not only the sources of oil 

generation, but also the ways in which hydrocarbons 

enter the deposit. In particular, this applies to the 

explanation of how there is a constant natural re-

plenishment of hydrocarbon accumulations in oil 

and gas deposits (such as in Shebelinsky deposit). 

Conclusions. 

1.  Concentrations of heavy metals in oils nat-

urally increase with the depth of their occurrence 

and their density. Their entry into hydrocarbon 

streams takes place due to endogenous fluid flows 

or ore-forming hydrothermal vents, at the stages of 

alpine tectonic activation of the Dnieper-Donetsk 

paleorift. 

2. The energy-material basis for the formation 

of fluid hydrocarbon-hydrothermal systems in the 

rocks of the Dnieper-Donetsk paleorift is the global 

process of ascending heat and mass transfer in the 

earth's crust, which occurs along fault zones during 

alpine tectonic activation (Laramian and Attic  

phases). 

3. Formation of fluid systems in the deep parts 

of the earth's crust of the region occurs with the par-

ticipation of synthesized and organic hydrocarbons 

and mantle exhallates and hydrothermal vents. 

While these systems are cooling, liquid hydrocarbon 

frctions (oils) are being enriched with heavy metals, 

and hydrothermal vents are being enriched with bi-

tumen-forming naphthides. 

4. Practical conclusions on the problem of 

finding heavy metals in oils and the formation of 

bitumen-hydrothermal mineral associations in hy-

drothermal ore fields are grounded in reasonable 

modeling of the processes of formation of hydrocar-

bon accumulations and hydrothermal ore minerali-

zation. They can significantly increase the efficiency 

of forecasting and searching for these types of min-

erals. 

The results of the study have not only theoreti-

cal but also practical significance and can be used 

for prediction and search for hydrocarbon accumula-

tions. 
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HEAVY METALS IN OILS AND FORMATION OF BITUMEN-HYDROTHERMAL  

ASSOCIATIONS IN THE ROCKS OF THE DNIEPER-DONETSK PALEORIFT 

 

Formulation of the problem of the article.  The problem of common finding of hydrocarbons and 

heavy metals in the geological space is very interesting from the point of view of theoretical and practical 

meaning. It was discussed in many works of domestic and foreign scientists from different positions, stipu-

lated by the absence of ambiguity in the explanation of this fact. It is important that heavy metals are present 

not only in oils, but also in bitumen of bituminous-hydrothermal mineral associations of ore fields in the re-

gion. 

The main aim of the article is to research the genetic, spatial and temporal correlation of heavy metals 

and hydrocarbons. 

Research Methods. The processes adducting to the accumulation of heavy metals in oils and the for-

mation of bituminous-hydrothermal associations in rocks have been researched. In particular, the definition 

of heavy metals in oils from various deposits of the Dnieper-Donetsk basin was performed using the X-ray 

fluorescence method and the definition of the isotopic composition of carbon of solid bitumen - by mass 

spectrometric methods. 

Results. The processes adducting to the accumulation of heavy metals in oils and the formation of bi-

tuminous-hydrothermal associations in rocks have been researched. These processes are associated with as-

cending heat and mass transfer, which adduct to the unloading of fluid streams, which contained a variety of 

chemical elements, including compounds of carbon dioxide, methane, mercury vapor, and complexes of 

heavy metal. Spatially, that process coincides with the anticlannel structures which accompany the zones of 

deep faults.  

It has been found that the concentrations of heavy metals in oils are associated with the peculiarities of 

deposits formation within different geological structures. Physical-chemical conditions for the formation of 

hydrocarbon-hydrothermal fluid systems, which involve both biogenic and abiogenic (synthesized) hydro-

carbons, were determined. The established geochemical regularity of increasing concentrations of heavy 

metals with the depth of oil occurrence  is associated with high contents of sulfur compounds in the form of 

hydrothermal sulfide minerals, which are actively hydrolyzed at high temperatures and lead to leaching of 

metals and their entry into fluid`s systems where stable sulfur complexes are formed. 

Scientific novelty and practical importance. The formation of hydrocarbon-heavy metal systems 

within the Dnieper-Donetsk basin occurs with the participation of synthesized and organic hydrocarbons, as 

well as mantle exhalates and hydrothermal vent. The result is cooling of these systems. Hydrocarbon frac-

tions (oil) are enriched with heavy metals, and hydrothermal vents are enriched with bitumen-forming naph-

thides. The practical importance of this research is increase in the efficiency of forecasting and prospecting 

of hydrocarbon deposits at the expense of theoretical modeling of the bituminous-hydrothermal mineral as-

sociations formation in ore fields. 
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