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HEAVY METALS IN OILS AND FORMATION OF BITUMEN-HYDROTHERMAL
ASSOCIATIONS IN THE ROCKS OF THE DNIEPER-DONETSK PALEORIFT

B. I Cyapko, JI. B. Iwenko, A. M. €pogpees, B. B. Cyxos, A. C. IlImope. BA’KKI METAJIU Y HA®TAX TA ®OPMY-
BAHHA BITYMO-TIIPOTEPMAJIbHUX ACOLIAIIIH Y ITOPOJAX JHIIIPOBChKO-JOHEI[BKOIO ITAJTEOPH®TY.
Pozenanymo 3aKOHOMIDHOCMI HAKONUYEHHA GAXMCKUX Memanie y Hagmax ma iX 63a€MO038’A30K 3 YMEOPEHHAM Oimymo-
2I0pOmMepMANbHUX MIHEPATbHUX acoyiayill Y nopooax pyoHux nouie 8 mexcax Jninposcvko-Joneyvroi 3anadunu ma Joueyvkoi cxia-
ouacmoi cmpyKmypu.

Onucano npoyec meniomaconepeHecents y 1imocgepi, wo € 0CHOGHUM PAKMOPOM POPMYBAHHSA AK 8Y2le600HE80—Memanlesux
nioionux cucmem, max i pooosuwy 8yenesoonie ma ciopomepmanimis. Hacamnepeo ye sieuwe nog szane i3 anbnitiCbKo mekmoHiy-
HOIO akmueizayicto, wo npuseeia 00 YmeopeHHs: KOHCUOEeMEHMAYIIHUX Me3030UCLKO-ANbNICOKUX CKAAOUACUX AHMUKTIHATbHUX
CIMPYKMYp, V MeNCAxX SKUX QYHKYIOHYE NOMYAHCHA 2€OXIMIYHA cUCmeMda «800a-gyeleso0ni-ciopomepmuy. Y medxcax yici cucmemu
cnocmepieacmucsl BUCXIOHE PO36AHMANCCHHS. MIHEPANOYMBOPIOIOUUX at0ioie, AKIi Xapakmepusyiomoscs WUPOKUM KOMILEKCOM MIK-
poenemenmis ekaOUHO 3 gaxckumu memanamu (V, Mn, Al, Hg, Cr, Fe, Zn, Co, Ni).

Jocnioorceno  mpoyecu, wo nNpu3BoO0AmMb 00 HAKONUYEHMSI BAJCKUX Memanie y Ha@max ma YmeopeHHs Oimymo-
2I0pomepManbHUX acoyiayitl y 2ipCbKux nopooax.

3’sc06aH0 0esaKi 3aKOHOMIPHOCIT 6MICITY BAJCKUX MEMANi8 Y Haghmax, wjo noeg a3ami 3 0coOIUB0CMAMU POPMYBAHHA NOKLADIE
8 MeNCAx Pi3HUX 2e0N02IUHUX CIPYKMYD.

Busnaueno eeoximiuny 3aKoHOMIpHICMb 30IIbUEHHS KOHYEHMPAYill 6adCKUX Memanie 3 2iubuHoo 3anseanus Hapmu. lle
106 'A3aHO 3 GUCOKUMU BMICIAMU CIDYAHUX CRONYK Y 8U2NA0L 2I0POMEPMANbHUX CYIb@IOHUX MIHEPAN8, SIKI AKMUBHO 2IOPOI3YIOMbCS
6 YMOBAX GUCOKUX memnepamyp i npu3eo0sims 00 GULY208YE8AHHS MEMAi6 Ma HAOX0OJCeHHs ix Y GuioiOHi cucmemu, oe ymeopio-
fombvcs cmitiki cipuani komniaexkcu. Takum YUHOM HA KOHMAKMI MemanosMilyoyux ma 8y2ne600Hesux (nioiois, wo mMarwms CHilbHi
WAAXU Miepayii, YLIKOM MONCIUBUM € 30A2AUeHHS HADM BANCKUMU MEMATAMU.

Hasedeno moorciusocmi npakmuyHo2o UKOPUCMAHHA Pe3YTbmamie 00CAIOHNCeHH 0N NPOSHO3Y8AHHA A NOUWYKY POO0SULY
KOPUCHUX KONATUH.

Knrwuoei cnosa: sasicki memanu, napma, 6imymo-2iopomepmanvhi acoyiayii, naneopugm, po3nomu, UCXiOHe meniomacone-
penecenns, guioiou.

B. I Cyaprxo, JI. B. Hwenko, A. M. Epoghees, B. B. Cyxos, A. C. IlImope. TAJKE/IBIE METAI'Ibl B HE®TAX H ®OP-
MHPOBAHHE BHTYMO-THIPOTEPMAJIBHBIX ACCOLHAIIHH B IOPOJAX JHEITPOBCKO-JOHELIKOIO I1A-
JEOPU®TA. Paccmompenvl 3aKOHOMEPHOCHU HAKONTEHUSL MAJICENbIX MEMAalos 8 Hehmax U Ux 63auMoces3b ¢ 0bpazosanuem Ou-
MYMHO-2UOPOMEPMATLHBIX MUHEPATbHBIX ACCOYUAYULL 8 NOPOOAX PYOHLIX noletll 8 npedenax [nenposcko-/oneykoil enadurnwvt u [o-
HeyKoll CKIaouamou CmpyKkmypbl.

Onucan npoyecc meniomMacconeperoca 8 Iumocgepe, KOMopwvlil A6IAENC OCHOBHBIM (PaKMopom opMuposanus Kax yeneo-
00POOHO-MEMATIUYECKUX (DIIOUOHBIX CUCMEM, MAK U MECMOPONCOEHUU Y2le6000p0o0os u cudpomepmanumos. IIpescoe ececo 5mo
SGNEHUe CEA3AHO C ANBNULICKOU MEeKMOHUYECKOU aKxmuseusayuetl, Komopas npueend K 06paz0eaHuio KOHCUOEMEHMAYUOHHBIX Me30-
30UCKO-ANBAULICKUX CKAAOYAMbIX AHMUKIUHATLHBIX CIMPYKMYD, 6 PAMKAX KOMOPbIX (YHKYUOHUDYEm MOWHAS 2eOXUMUYECKAsl CU-
cmema «800a-yeneso00poobl-2udpomepmuvly. B pamkax smoil cucmemvl HAOIIOOAIOMCI 80CX00sWUe PA32PY3KU MUHEPATI000paA3YIO-
wux ¢hrroudos, Komopuvle XapaKmepuzyomes WUpoOKUM KOMRLEKCOM MUKPOITIEMEHMOo8s, eKatodas msxcenvie memannvl (V, Mn, Al, Hg,
Cr, Fe, Zn, Co, Ni).

Hccnedosanvl  npoyeccvl, npugoosiyue K HAKONIEHUIO MANCENbIX Memanios 6 Hedmsax u o0pazosanuio oOumymo-
2UOPOMEPMATILHBIX ACCOYUAYULL 8 2OPHBIX NOPOOUX.

Buisicneno nexomopule 3aKOHOMEPHOCMU COOEPICANUS MANCENbIX MEMALI08 6 HeQMSX, CA3aAHHbLE C 0CO6EeHHOCMAMU Gopmu-
posaHus 3anexcell 8 npedenax pasuyHblX 2e0N02ULEeCKUX CIPYKMYyp.
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Onpeodenena 2eoxumuieckds 3aKOHOMEPHOCHIb Y8eNUdeHls KOHYEHMPAYULl MANCeNbIX MeMAios ¢ 21yOuHoU 3ane2anus Hepmu.
Omo céA3aHO ¢ BLICOKUM COOEPHCAHUEM CEPHUCBIX COCOUHEHUL 8 8U0e 2UOPOMEPMATIbHBIX CYIbHUOHBIX MUHEPANOB, KOMOpble aK-
MUBHO SUOPOTUBVIOMCSA 8 YCILOBUAX 8bICOKUX MEMNepamyp U Npueoosam K GbliyelauyuBaHUIo Memanios u NOCMynieHuro ux 6 Guiouo-
Hble cucmembl, 20e 06pasyiomcs ycmouuussle cephvle Komniexcol. Takum o6pasom, Ha KOHMAKMe MEmaiioCcoOepHCAuUX U yieso-
00POOHBIX DAIOUO08, UMEWUX 00WUe NYMU MUSPAYUY, BNOTHE B03MONCHO 0002alyeHIe Hedhmell MAHCETbIMU MEMATIAMU.

TIpusedenvi 603MOACHOCMU NPAKIMUYECKO20 UCHONb30BAHUSA PE3YAbINAMOE UCCIE008aHUs OISl NPOSHOZUPOBAHUS U NOUCKA Me-

CMOPOACOEHULl NONE3HBIX UCKONAEMBIX.

Knrouesvie cnosa: msicenvie memanivl, Heghmov, OUMYMO-2UOPOMEPMATbHBIE ACCOYUAYUU, NATEOPUPM, PATOMb, BOCXOOAUULL

MEeNnIoMAaAcconeperoc, Garuobl.

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 H>O 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 (t°, 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/dm? and
are characterized by temperatures >150-200°C, high
pH values (>9), CO, CO,, CHa4, He, H, 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 lig-
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 ~1000°C
according to the scheme (Fischer-Tropsch syn-
thesis):

HC02+(2H+ 1 )H24>CHH2n+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-
200°C, 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 (Ne703-96 in the
State Register) by calibration method (the analyst —
Ph.D. O. O. Baturyn). The measurement time at the
peak was 60 x 4 = 240 s, and against the back-
ground — 60 x 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
Depths of Concentrations of heavy metals, ppm

Ne Deposit the dleé)osn, V | Mn | Al Hg Cr Fe Zn Co Ni
1 Bakhmachske 3600-3610 | 0,6 - [ 1,53] 0,02 |0,14] 446 | 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 | - 243 | 0,20 |390]| 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 - 2,741 0,01 |0,04| 0,12 | 0,25 - 2,72
7 | Prokopenkivske | 2516-2523 | 132 | - - 0,05 10,14 9,19 | 1,04 | 0,02 | 31,4
8 Raspashnivske 4037-4259 | 1,75 | 0,25 | 3,52 - 0,01 | 48,5 | 560 | 0,03 | 17,6
9 Quiver 1048-1050 | 2,3 10,09 | 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 | 122 | - - 10,0007 10,39 ] 31,0 | 1,40 | 0,02 | 2,90
12 Perekopivske 4440-4450 [ 0,13 | - - 0,03 10,25 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 700°C) temperatures, which
lead to leaching of metals with their subsequent en-
try into fluid systems according to the scheme:

2MeS+2HOH«(MeOH),S+H,S1

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 (8'3C) from - 19.6 to - 23.7 %o 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 ’C, they
also have an increased amount of heavy isotope
(**C), which may indicate its abiogenic origin (table 2):

Table 2
Carbon isotope composition in bitumen of hydrothermal ore fields of Donbass
Sample Mineral Sampline point 513C, %o
Ne substance PUNE P (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 C,Ha, 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 (500°-150°C), 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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