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FLUID REGIME AND ORE WATER OF BITUMO-HYDROTHERMAL MINERAL
ASSOCIATIONS IN THE CONDITIONS OF WESTERN DONETSK GRABEN

B.I. Cyapro, JILB. Iwenxo, O.B. Taspuniox. @OJIOITHHH PEXHM TA OPEOJIBHI BOIH FBITYMO-
TIIPOTEPMAJIBHHX MIHEPAJIBHHUX ACOIIIAIIIH B YMOBAX 3AXITHO-JOHEI[BKOTO TPABEHY. ®opmysanns
OimyMo-2iopomepmManbHuUX MiHepanbHux acoyiayitl, nio AKUMU A6MOPU PO3YMIIOMb HPOCMOPOBO i 2eHEMUYHO 00YMOGIeHe CNilbHe
3HAXOOMHCEHHS Y 2IPCLKUX NOPOOAx 2i0pOmepmManrbHuX MiHepanie ma npupooOHux Oimymie, Xapakmepusyrmucsa cneyugiunum ¢uioio-
Hum pescumom. Y nopooax 3axiono-/loneyvkoeo epabeny ciopomepmanimu, wo npeocmagieHi pyoHumMu ma HepyoOHUMU MiHepaiamu,
acoyiioroms 3 meepouMu Gimymamu — RPUPOOHUMY CROTYKAMU, WO CKIAOAIOMbCA 3 BUCOKOMONEKVIAPHUX 8Y2l1e800HI8 ma cemepoa-
MOMHUX MONEKYNl pi3Ho20 6udy i noxooddcenus. Lle sguuje cnocmepieacmvca y nopooax aHMUKIIHANLHUX CMPYKMYP 3 AKUMU
nos’sazami 6ioomi pyowni noas pmymuoi ma nonimemaniunoi cneyianizayii — Muxumiecere, Jpyoickigcbko-Kocmsanmuniscoke ma
Crnos ancoke.

[l yux nonixpoHHUX 2iOpOmMepMAIbHUX CUCTEM GUPIUATbHE 3HAYEHHS ) 6UHUKHEHHT OImyMo-2i0pomepmManbHux acoyiayii ma-
214 1apamiicvka ¢asza anvnilcbKo2o meKmozeHesy.

CmpykmypHo yi cucmemu npuypoueri 00 mekmoHO2eHHUX 30H PO3VIINTbHEHHs Y CKIeniHHUX yacmunax anmuxiinanei. Opeo-
JIbHI 800U, W0 mMym opmylomsca, yMiwyoms AK XiMIiYHi eleMeHmu ma CHOIyKu, 3ano3udeHi 3 nopio, minepanie ma 6imymie, max i
mi, Wo HA0X00AMb 3 NIOKOPOBUX 2IUOUH ) (IIOIOHUX NOMOKAX.

Teoximiuni anomanii (nimo-, 2iopo- ma 2a3o-) CynpoBOONCYIOMbCA 2e0MEPMIUHUMU | YIMBOPIOIOMbCA HA OLIAHKAX CYYACHOI me-
KMOHIYHOT akmueizayii ahmuKIiHAAbHUX CIMPYKIYP, WO CEIOUUMb NPO CYHACHUL (NOCM2IOPOMEPMANbHULL) eman Po3eUmkKy ciopome-
PMANbHUX CUCTEM Y PEe2iOHI.

Knrwuoei cnosa: @roionuil pesicum, 6imymo-eciopomepmanvha acoyiayis, 3axiono-/{oneyvruil epabet, mekmoHiuHUil po3iom,
MenioMaconepenecenis, OpeoivHi 600U, 2a3u, mekmoniuna gasa.

B.I. Cyspxo, JIB. Iwenro, O.B. Tnspumox. ®JIOHJHBIH PEXHM H OPEOJBHBIH BOJAbI BHTYMO-
THIPOTEPMAJIbHBIX MUHEPAJIbHBIX ACOIIHAIIHH B YCIOBHAX 3AIIAJHO-JOHEILKOIO I'PABEHA. ®opuu-
posanue 6umymo-2u0pomepmanbHolX MUHEPATbHBIX ACCOYUAYULI HOO KOMOPLIMU ABMOPbL NOHUMAION NPOCMPAHCINGEHHO U 2eHemu-
yecku 00YClo61eHHOe COBMECIMHOe HAXOANCOEHUEe 8 COPHLIX NOPOOAX 2UOPOMEPMANLHBIX MUHEPALO8 U NPUPOOHLIX OUMYMO8, XapaK-
mepusylomes cneyugpuueckum Guioudnvim pexcumom. B nopooax 3anaono-Loneykozo epabena sudpomepmanumsl, Komopbvie npeo-
cmasnennvie pYOHbIMU U HePYOHbIMU MUHEPATIAMU, ACCOYUUPYIOM C MBEPOLIMU OUMYMAMU — NPUPOOHBLIMU COCOUHEHUAMU, YO CO-
CMOAM U3 8bICOKOMONEKYIAPHBIX Y2Ne6000P0008 U 2eMePOamOMHBIX MOAEKY PA3HO20 8UOA U NPOUCXOAHCOeHUs. DMO seiieHue Haonio-
oaemcsi 6 NOPOOAx AHMUKIUHATLHLIX CIPYKMYP C KOMOPLIMU CEA3aHbL U36ECHIHbIe PYOHbIE NOAS PIMYMHOU U NOAUMEMAIUYECKOU
cneyuanuzayuu — Huxumoscxoe, Jlpysckoscko-Koncmanmunosckoe u Cnaganckoe.

Jlns omux noMuXpoHHBIX 2UOPOMEPMATLHBIX CUCHEM peulaiowjee 3HaveHue 8 603HUKHOBEHUU OUMYMO-2UOPOTNEPMATbHBIX ACCO-
yuayuil umena 1apamuiickas aza anbnuiicko2o mexkmozenesa.

CmpykmypHo mu cucmemsvl NPUypoUeHsl K MeKMOHUYeCKUM 30HaM Pa3yNI0MHeHUs HOPOO 8 C80006bIX YACMAX AHMUKIAUHA-
netl. OpeonvHbie 600bl 30€Ch QOPMUPYIOMCS KAK 3G CUEN XUMUYECKUX DIEMEHMO8 U COOUHEHU, KOMOopble 3aUMCMBO8AHHblE U3 NO-
POO, MUHEPANO8 U OUMYMO8, MAK U 3a cuem, QIOUOHBIX NOMOKO8, KOMOopble NOCMYNAIOM U3 NOOKOposulx nyoun. Ieoxumuyeckue
anomanuu (1umo-, 2u0po- U 2a30-) CONPOBONCOAIOMCS 2e0MEPMUUECKUMU U 0OPAZVIOMCSL HA YUACIMKAX COBPEMEHHOT MeKMOHUYECKOl
AKMUBHOCMY AHMUKIUHANLHBIX CIPYKMYP, YMO CEUOEMEeNbCmEyem 0 COBPeMEeHHOM (ROCMeUOPOMepMAnsHOM) dmane pa3eumisl
2UOPOMEPMATLHBIX CUCTEM 8 PecUOHe.

Kniouesnie cnosa: ¢niouonsiii pescum, bumymo-euopomepmanvhasn accoyuayus, 3anaono-/loneyxuii epaben, mekmonuieckuil
Pasiom, meniomMacconeperoc, opeonvHvle 800bl, 2a3bl, MEKMOHUYECKAs (asa.

Problem formulation. By the term "bitumen-
hydrothermal mineral association,” the authors un-
derstand the spatially and genetically determined
joint location of hydrothermal minerals and natural
bitumen in rocks. In this case, "natural bitumen" is a
natural hydrocarbon compound of a solid, viscous
and viscous-liquid consistency consisting of high

molecular hydrocarbons and heteroatomic (oxygen,
sulfur, nitrogen and metal-containing) compounds
having structural viscosity and non-Newtonian fluids
[25]. Ore water of such associations is characterized
by certain geochemical specifics.

Hydrothermal mineralization in the rocks of the
Western Donetsk graben, which is the eastern part of
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the Dnieper-Donetsk paleorift, is often found togeth-
er with solid bitumen. This phenomenon is estab-
lished in various ore fields of the region. Among
them are Nikitovskoe, Druzhkivsko-Konstanti-
novsky, Slovyanskoye ore fields and numerous
orodimensions of hydrothermal mineralization in
rocks. All of them are confined to different types of
anticlinal structures.

On the other hand, in the rocks of most of the
oil-and-gas bearing structures known in the Western
Donetsk graben (and not only here), there is both ore
hydrothermal mineralization and non-ore. Such a
pattern, in our opinion, is not only due to the joint
ways of migration, but also, possibly, to the joint
sources of generation of hydrothermal minerals and
hydrocarbons. Considering this issue, one should
proceed from the fact that the energy basis for the
formation of hydrothermal mineralization, as well as
the accumulation of hydrocarbons in the earth's crust
is the fluid heat-and-mass transfer. Heat flows
formed in the mantle, carry out ascending unloading
in the zones of deep faults and, saturating with min-
eral matter, carry huge masses of geological matter -
from hydrothermal mineral-forming solutions to gas-
liquid fluids, an essential component of which are
hydrocarbons. In addition, by capturing the sub-
stance of rocks in the course of its movement, these
endogenous streams are unloaded in areas of the re-
moval of geostatic pressure within the limits of anti-
clinal folds that are increasing in the present time
[2,5,20,33,37].

The indicated processes are caused mainly by
three factors: features of geological development of
the region; its structural structure and the modern
level of tectonic activity of the region. All other fac-
tors (geophysical, hydrogeological, lithological, ge-
ochemical, etc.) are of secondary importance.

Analysis of the latest research and publica-
tions. The problem of the fluid regime of hydro-
thermal processes involving hydrocarbon com-
pounds has long been the subject of discussion in
scientific geological circles around the world.

In the early stages, as well as now, it is often
considered in the context of two opposing paradigms
- the organic and inorganic origin of hydrocarbons.
This, on the one hand, makes it rather interesting and
ambiguous, and on the other - requires specific sci-
entific facts and research results.

In frequent cases, there is a joint finding of sol-
id bitumen, naphtides, petroleum, methane and its
homologues within hydrothermal ore fields. This
phenomenon is observed on different continents,
mainly in areas with a young Meso-Cenozoic tecton-
ic activity, which is the result of modern heat-and-
mass transfer in the earth's crust, the most intense
foci of which are concentrated on the fluid-dynamic
open areas of zones of deep faults [6,19,25,32].

Among the researchers who studied this prob-
lem somehow or another, there are the well-known
Ukrainian (G. Dolenko, V. Porfiriev, I. Chebanenko,
M. Pavlyuk, O. Lukin, E. Chekalyuk, V. Gavrish, L.
Dobryansky), Russian (P. Kropotkin, M. Kudrya-
vtsev, N. Ozerova, N. Beskrovny, J. Pikovsky),
american (D. White, A. James, M. Cox, E. Bailey, R.
Carson) and many other scientists from different
countries of the world.

Often low- and medium-temperature mercury
mineralization is associated with bitumen, petroleum
and hydrocarbon gases. Hydrothermal mineraliza-
tion and bituminous materials are widely represented
in Meso-Cenozoic folded and volcanic structures of
the Pacific rim [21]. Spatial connections of hydro-
thermal mineralization and hydrocarbon compounds
are found in the Ukrainian Carpathians and the Cri-
mea, the Czech Sudeten and the Spanish Pyrenees,
the Central Asian structures of Tien Shan and Pamir,
in North America and Africa, in Siberia and New
Zealand. This phenomenon is observed on different
continents, which makes it, in fact, general- plane-
tary [3,5,6,10,12,19,32,38].

Regional studies have established bitumen-
hydrothermal mineral associations in the region. In
addition to the Nikitovsky, Druzhkivsky-
Konstantinovsky and Slavic ore fields, they were
found on Bilyaivsky, Spivakivsky, Petrovsky,
Izyumsky and other anticlinal structures [10,12].

The development and improvement of the la-
boratory and experimental base of geological sci-
ence with the involvement of such modern research
methods as isotopic and mass spectrometric analyzes
reproduces the basic parameters of the fluid regime,
in which hydrocarbons participate in hydrothermal
mineral formation [2,5,8,33,34]. This, in turn, makes
it possible to quite realistically define the formation
of bitumen-hydrothermal mineral associations in
rocks and the formation of halo waters around them
[13,25,27,38,].

To date, considerable volumes of field and ex-
perimental information have been accumulated on
the modeling of hydrothermal processes of mineral
formation and oil and gas accumulation in the upper
part of the earth's crust due to mantle exhalations
[2,17,18,20].

A few studies are devoted to bitumen hydro-
thermal mineral associations in the rocks of the
Western Donetsk graben associated with the works
of V. Shumlyanskii, A. Gorovy, V. Skarzhinsky, V.
Suyarko, K. Bezruk, L. Ishchenko [3,14,25,34].

Particular attention should be paid to the works
that determine the thermodynamics of the deep pro-
cesses of heat-and-mass transfer both in hydrother-
mal ore fields [27,37] and in zones of deep oil and
gas accumulation [2,20, 30]. Particular attention
should be paid to the development of models of for-
mation of halo waters in the hydrothermal ore fields
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of the region at the expense of the endogenous and
exogenous fluid-dynamical factors and processes
[13,14,25,27,30].

Selection of previously unsolved parts of the
general problem. Resolving the problem of hydro-
carbon participation in the hydrothermal process is
of a general nature and needs to be clarified and de-
tailed for different geological regions. This, above
all, is determined by the conditions that determine
the formation of bitumen-hydrothermal mineral as-
sociations in erupted rocks. Among the unresolved
separate problems of this problem is the formation
of a fluid regime of hydrothermal process with the
participation of hydrocarbons in the conditions of
the Dnieper-Donetsk paleorift, and in particular,
Western Donetsk graben.

Formulating the purpose of the article. Inves-
tigation of the features of the fluid regime and the
participation of hydrocarbons in a hydrothermal pro-
cess in the conditions of the Western Donetsk graben
(Dniprovsk-Donetsk paleorift).

Presenting main material. Formation and fur-
ther geological development of the Dnieper-Donetsk
paleorift (including the territory of research) are as-
sociated with the periods of tectonic activation, ac-
companied by the formation of new and rebuilding
existing folded and burst structures, in sedimentary
rocks of which hydrothermal minerals deposited,
that are spatially-genetically connected with bi-
tumen.

Tectonic disturbances, different in order, direc-
tion and amplitudes, several of which reach the man-
tle, were and are now the main channels of heat-and-
mass transfer. It is with them that the upstream flows
of thermal crust-mantle fluids, deep water and hy-
drocarbon migration are connected [16,18,37]. For
the last tectonic channels, in spite of the traditional
ideas, are, in our opinion, not only the underlying
but also the distributive ones. At the same time, un-
der favorable structural-tectonic and lithologycally-
facies conditions, discontinuous tectonic disturb-
ances with signs of hydrothermal activity can be the
main factor in the formation of hydrocarbon traps in
deep (more than 4-6 km) Paleozoic horizons, as well
as in the upper part of the geological section [28].
This, in our opinion, is due to the development of
powerful dissolution zones around them.

Within the active sections of faults in various
geological epochs of the region, there were tectonic
movements, the result of which were magmatism,
hydrothermal activity and conglomeration of hydro-
carbon accumulations. The authors associate the ac-
tivation of fracturing structures and the intensifica-
tion of heat-and-mass transfer processes with the
Alpine tectogenesis, the result of which were neotec-
tonic geodynamic stresses, manifestation of which is
the geothermal field tensity, fluid mass transfer and
anomalies of high reservoir pressure in the rocks, as

well as gas and hydrogeochemical anomalies of me-
thane and its homologues, which are direct indica-
tors of oil and gas pressence [28].

Modern heat-and-mass transfers on the territory
of research are established within the limits of an-
cient polychronic hydrothermal systems, the most
active resumption of which occurred in the Laramie
phase of alpine tectogenesis. Here there is an as-
cending unloading of alkaline (pH 7,8-9,2), chloride-
sodium and chloride-hydrocarbonate-sodium waters
with high (sometimes with very low) mineralization
and abnormally high concentrations of endogenous
chemical elements (Hg, B, Li, Rb, Cs, I, F, Br As
etc.). In the dissolved or free state, the gases - CO,,
CH,, Ny, etc., are fixed here, among which the met-
amorphogenic mantle occupy a prominent place -
H,, Ag, Ne, steam Hg. For the most part, such cells
spatially coincide with the sections of both modern
tectonic activity and high tensity thermal field.
Sometimes they are accompanied by geophysical
anomalies of different nature. Such centers of un-
loading of endogenous fluids that are abnormal in
chemical composition, heat flow, groundwater and
deep-formed gases are detected in the zones of the
Central Donetsk, Korul'sko-Dronovsky, Mushketov-
sky-Persianovsky, Krasnoritsky, Maryovskogo and
many other faults, the existence of which is associat-
ed with processes that occur under the earth's crust
[8,18,27].

At a depth of up to 1000 m, gases are dominat-
ed by carbon dioxide, the concentration of which is
2 times higher than the background, and methane
spontaneously released during well drilling within
the limits of ancient hydrothermal systems con-
trolled by regional faults [15,16]. Sometimes, the
temperature of the waters of the Paleozoic and Mes-
o0zoic deposits even at depths up to 0-300 m reaches
23°-27° C [25,28] at the background values of 10°-
12°C. Such hydrogeotermic anomalies are found
within the limits of anticlinal structures with hydro-
thermal mineralization and manifestations of oil and
gas, controlled by deep faults: on Main (Horlivska)
(up to 18°C), Druzhkivsky-Konstantinovsky (up to
19°C), Slavyansk (up to 20°C). Svyatohirskaya (up
to 27°C), Korul (up to 22°C) anticlines and some
other structures of the region. The excess by the av-
erage abnormal temperatures of groundwater of sim-
ilar proportions in the rocks confirms the version
that the deep waters of faulty structures are the main
factor of heat-and-mass transfer in the upper zones
of the earth's crust [4].

Experimental studies have established that heat-
and-mass transfer in the deep areas of the earth's
crust occurs at the expense of gaseous fluids, and in
the upper part of it, it is controlled by the circulation
of sodium chloride waters and brines containing
components of high molecular weight hydrocarbon
compounds. The composition of these compounds
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(molecules) may include nitrogen, sulfur, oxygen,
halogens (fluorine, iodine, bromine), as well as met-
als in the complex forming so-called asphalt-
smearing substances. Generally, more than 900 hy-
drocarbon compounds of paraffin, naphthenic and
aromatic series contain all of these microcompo-
nents [24]. Among them, of particular interest from
the genetic point of view, are heavy metals (Ni, Cr,
V, W, Fe, Hg, etc.), which are almost always present
not only in oil, but also in hydrocarbon gases
[5,16,24]. They are the specific genetic markers of
hydrocarbons. Taking into account the natural ther-
modynamic conditions, extracting heavy metals
from crystalline rocks is possible only at such tem-
peratures and pressures, when the oil in its usual
form, cannot exist as a crystalline mineral
[31,33,34,37].

In the study of hydrogeochemical and gasogeo-
chemical anomalies, one of the most important is-
sues is the genesis of their components. The answer
to it can be considered in two aspects: 1) the origin
of the main components of groundwater and gases;
2) genesis of microelements of water and dissolved
and free gases [28].

The analysis of the isotopic composition of hy-
drogen and oxygen of groundwater in the zones of
deep faults in the region has confirmed that they are
mainly (95-97%) are hidden seawater diluted in the
sedimentation pool by infiltration water [7]. This
suggests that only 5-7% of groundwater of fault
zones can be "juvenile waters", which are highly
diluted with vadose waters, but are actively involved
in the formation of hydrothermal and hydrocarbon
deposits and their ore water. However, in the process
of considering the origin of water, it is necessary to
take into account the isotopic ratio of O,, H,, and to
study the isotopes of dissolved chemical elements in

them. The content of the latter in fault zone waters
depends on the temperature, chemical composition
and velocity of the fluids - factors that determine the
solubility of the isotopes, the duration of contact
with the rocks and the vadose waters. Among the
chemical elements, the isotopes of carbon, uranium,
radium, radon, argon, helium are of fundamental
importance for genetic diagnostics of fluid and solid
forms of geological matter.

The most actively entering the water of the deep
faults of the Dnieper-Donetsk aulacogene are carbon
dioxide (CO,) and methane (CH,). The latter is like-
ly to be a product of degassing the mantle, as well as
metamorphism of sedimentary rocks. In mantle car-
bon dioxide, the content of heavy nuclide 6'*C is in
the range of 6-13 %o for an average value of 7 %eo.
This isotopic composition also has methane, which
can be formed in the mantle together with CO, dur-
ing the interaction of carbon with water [2,7,23,34].
In the upper layers of the earth's crust deep methane
can be oxidized by reaction:

CH4 + 2H20(—>C02 + 4H2

In the future, as a result of the dissolution of
carbon dioxide in water, sometimes deep hydro car-
bonate sodium water may be formed.

Carbon dioxide from deep horizons of the
earth's crust comes in fault zones that control both
hydrothermal fields and hydrocarbon generation
zones. Here, on the sites of discharge of fluid
streams, there is a selection of CO, and CH, (both in
free and soluble forms) with a relatively high con-
tent of heavy nuclide 8°C [20,25]. As an example,
Druzhkivsky-Konstantinovsky ore field, which is
confined to the eponymous anticlinal folds (Table
1).

Table 1

Isotope composition of carbon in waters and gas streams of Druzhkivsky-Konstantinovsky anticline
(according to O. Friedman, 1971)

0, 13 0,
Selection point ) Volume share, % 6 °C, %o
sample (well) Phase state
CH, CO, CH, CO,
18,78 9,9 -20,1 -5,0
Ne 6-]1 Gas dissolved in water
77,1 0,5 — -8,1
Ne 7-11 Free gas 44,8 15,3 -15,1
Ne 9-]1 Gas dissolved in water 38,0 11,1 -30,8 -8,4

As can be seen from Table 1, heavy isotope of
carbon content (5"°C) is greater in carbon dioxide
than in methane, which is determined by the ther-
modynamic properties of carbon in these compounds
[28]. The values of §"°C for methane vary from -20,1

to -30,8 %o, indicating its predominantly crust (met-
amorphogenic-catagenetic) origin [1]. In carbon di-
oxide, dissolved in pressure sodium chloride and
hydro carbonate (chloride) sodium waters and
brines, as well as in free CH, from gas jets, this val-

- 116 -



Cepis «leonoeis. [eocepagpisi. Ekonoezisi», sunyck 48

ue ranges from 5 to 15,1%o, which is more character-
istic of its endogenous variety [15,16,40]. In our
opinion, this is evidenced by the fact that, within
hydrothermal hydrocarbon systems, two the most
important components - methane and carbon dioxide
- can accumulate as a result of endogenous degas-
sing of the Earth [20,23].

Degasification of the mantle in the Dnieper-
Donetsk paleorift is accompanied by the constant
emission of fluids, which migrate in sedimentary
rocks, "steaming™ and saturating them with endoge-
nous components. By deep water moving the pro-
cesses of catagenetic transformations in the earth's
crust can be explained. Deep water absorbs endoge-
nous heat flow and is constantly heated, and while
moving to the surface, on the contrary, they give
their thermal energy to colder sediment and infiltra-
tion water. Thus, it turns out that the spatial coinci-
dence in the region of areas of increased tension of
geothermal field with sections of hydrogeothermal
mineralization and hydrocarbon accumulations and
their ore water can be justified by genetic factors
[2,4,20].

Vertical crust-mantle convection, which in-
creases at the moments of folding phases and fades
in the periods of relative tectonic stabilization, still
continues in the region in accordance with the "post-
hydrothermal stage" of its geological development
[10]. Therefore, within the stable hydrothermal sys-
tems limits on the sites of fracture structures with the
greatest fluid permeability the long-lived centers of
heat transfer have formed. During the long history of
geological development of the region there was a

periodic discharge of the heat flow in them, hydro-
thermal solutions and hydrocarbon fluids, which
moved to the upper horizons of the earth's crust with
the participation of deep formation water, forming
bitumen-hydrothermal mineral associations, as well
as affecting the formation of ore water [16].

Ancient fluids from which minerals are formed,
as well as modern water-gas mixtures discharged
into neotectonically activated faults, are part of the
halo waters and have sodium chloride or chloride-
sulfate sodium composition. Sometimes (Slavic bra-
chianthicline) in the liquid phase of hydrothermal
inclusions, there are hypogeneous microelements
(lithium, cesium, rubidium, mercury, etc.) that are
contained in the fluids, unloaded in faults in modern
times. The composition of their gas phase (which is
dominated by CHy, CO, in the presence of N,, H,S,
He, H,, Ar and others, in general corresponds to the
composition of gas jets emitted from the fountain
wells that revealed the hydrothermal systems of the
Bakhmut and Kalmius-Toreka basins (Table 2)
[8,16,25,27].

More specific information on the genesis of
groundwater of fault structures give, in our opinion,
the ratio of concentrations of rare alkalis - lithium,
rubidium, and cesium in them. The content of these
chemical elements is not controlled by the physical
and chemical equilibrium between water and miner-
als, which confirms them entering the groundwater
from the cells of deep generation, therefore, ore and
deep waters containing rare alkenes, receive an en-
dogenous component [1,38].

Table 2

Chemical composition of gas-liquid inclusions in hydrothermal minerals from the Slavic brachianthicline

Type of Chemical composition Literary
mineralization of gas phase, of liquid phase (water type, pH, source
% mineralization, microelements)
gﬁzjg__‘z% Chloride-sodium (calcic)
Mercury polymetallic 4 pH-6,5-8,5 [11]
No-8-10, mineralization — 176 g/dm®
Hy, HpS, C,Hg, C3H

Two of the simplest and at the same time in-
formative methods for determining the genesis of
solutions are methods based on the ratios of concen-
trations of lithium, rubidium and cesium, used by
different researchers [1,25,40].

On the basis of research results of the content of
rare alkalis in the thermal waters of young volcanic
areas and fault zones, it was found that lithium, ru-
bidium, cesium, and chlorine could not accumulate
in the groundwater due to erosion from rocks, but
came from endogenous, possibly mantle cells of
generation. To determine the genesis of solutions, it
was proposed to use the ratio of the concentrations
of rare alkalis:

a) for sea water — the content Li:Rb:Cs =
100:78:0,22;

©0) for deep (volcanogenic) water the content
Li:Rb:Cs = 100:13:14 (100:9:6) [1].

Concentrations of rare alkalis in the water of
deep faults, which are discharged within certain hy-
drothermal-gas structures of the Western-Donetsk
graben, indicate that the ore waters of the ore fields
is close by composition to modern volcanic waters,
and therefore have an endogenous component
[14,22,25,29,30].

An important diagnostic feature of determining
the genesis of water is also the content of helium, in
the composition of deep fluids, unloaded in many
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Table 3
The ratio of concentrations of lithium, rubidium and cesium in ore waters of fault zones
in some hydrothermal-gas-bearing structures of the region (by V. Suyarko, 2006)
Location and depth of sampling, aquifer concc\a/\r;;g';lon "N | Concentration ratio| Genetic type of
(complex) '3 Li:Rb:Cs groundwater
mg/dm
Druzhkivsko-Kostyatinovsky anticli L 000
ruzhkivsko- ostyatlngvs y anticline, Rb-0,007 100:11:26 depth water
well 7 (C7') Cs— 0,016
. . . . Li—0,078
Slavic dome (Ad_amlvskyl steak), well with Rb_ 0,012 100:15:20 depth water
arbitrary outflow Cs— 0016

deep faults in the region. Its abnormal concentra-
tions (up to 0,067%) were detected in gas jets, spon-
taneously released along with the deep waters in
faults, which erode Druzhkivsko-Kostyatinovsky
anticline [16]. Helium also occurs on other dome
structures of the region with similar geochemical
specialization (Krasnopopovskaya, Slavyanskaya,
Chervonokiskaya, etc.). In almost all cases, the ratio
of nuclides *He/*He fluctuates within the limits of n
10® — n 10°, which definitely indicates the mantle
origin of the element [25,40].

Thus, on the basis of the above signs it can be
concluded that the bitumen-hydrothermal mineral
associations and the ore waters of the ore fields of
the region are formed with the participation of man-
tle and metamorphogenic fluids, in which some of
the main components are carbon and hydrogen.

Conclusions. The results of the study, based on
the actual material of field and laboratory works, let
us make important conclusions.

1. In Western Donetsk graben, which is an in-
tegral part of the Dnieper-Donetsk paleorift, the nat-
ural affinity of natural, mostly solid, bitumen to the
sections of hydrothermal mineralization in rocks is
established. These areas are found in the rocks of the
anticlinal structures controlled by the zones of deep
faults and their apophyses.

2. The energy sources of the formation of hy-
drothermal mineralization and natural bitumen are
the processes of heat-and-mass transfer, occurring in
zones of fluid-dynamically open faults. The upcom-
ing discharge of fluid flows is determined by three
most important factors:

a) features of the geological development of
the region;

b) its structure;

¢) modern level of its tectonic activity.

3. The isotopic composition of the carbon of
bitumen indicates that they are, in part, of inorganic
origin and were formed as a result of synthesis reac-
tions in thermodynamic conditions of great depths.

This, in turn, does not exclude their income
from common with hydrothermal ore-forming fluids
generation sources.

4. In the halo waters of the bitumen-
hydrothermal mineral associations of the region,
there are chemical elements and gases that have a
deep (mantle) origin. This, as well as the nature of
the quantitative ratios of rare alkalis in them, indi-
cates that hydrothermal systems of the ore fields of
the Western Donetsk graben are active and are at the
modern post-hydrothermal stage of their develop-
ment.
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FLUID REGIME AND ORE WATER OF BITUMO-HYDROTHERMAL MINERAL
ASSOCIATIONS IN THE CONDITIONS OF WESTERN DONETSK GRABEN

The fluid regime of bitumen-hydrothermal mineral associations on the ore fields of the Western Do-
netsk graben, which are part of the Dnieper-Donetsk paleorift, has certain geochemical features. It is condi-
tioned by the peculiarities of geological development, structure and the current level of tectonic activity of
the region.

The purpose of the article is to study the fluid regime of bitumen-hydrothermal mineral associations
and the participation of hydrocarbons in the hydrothermal process.

The research methodology consisted of a theoretical interpretation of laboratory studies, in particular
chemical analyzes of rocks, ore minerals, bitumen, groundwater and gases, as well as isotopic analysis of
carbon of solid bitumen.

Research results. Field studies have found that bitumen-hydrothermal mineralization in the rocks is
naturally timed to tectonically activate anticlinal structures.

The energy source of its formation are the polychronous processes of heat-and-mass transfer, the power
of which is determined by the tectonic activity of the zones of deep faults. In the rocks of the region, with the
specified type of ore mineralization (mercury and mercury-polymetallic), the halo waters of a certain geo-
chemical specialization are formed, which include chemical elements of ore and impure minerals and bitu-
men, as well as endogenous fluids. Among such fluids is the carbon of solid hydrocarbon compounds, the
isotopic composition of which indicates its inorganic origin.

The presence of bitumen-hydrothermal mineral associations of chemical elements and gases in halo wa-
ters of deep origin indicates that hydrothermal systems of the ore fields of the Western Donetsk graben are
on the modern, post-hydrothermal stage of development.

The scientific novelty of the material presented in the article is based on several substantive theoretical
conclusions, which are based on the actual material of the research carried out by the authors.

The natural affinity of bitumen-hydrothermal associations to tectonically activate structures located in
the zones of deep faults has been proved.

The affinity of inorganic carbon bitumino-hydrothermal mineral associations in solid bitumen and
chemical elements present in gas jets and groundwater to metamorphic and mantle processes (He, H,, Hg,
CO,, CH,, Li, Rb, Cs, etc.) is substantiated. , which are manifestations of modern tectonic activity of alpine
tectogenesis.

It was substantiated that the formation of the chemical composition of the halo waters of bitumen-
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hydrothermal mineral associations is provided both by exchange chemical processes in the system "mineral-
water-gas" and by the income of fluids of deep genesis.

The practical significance of the work is conditioned, on the one hand, by the use of ore hydrothermal
mineralization in the rocks as a criterion for the search of hydrocarbon accumulations, and on the other hand,
by the prediction of the possibility of hydrocarbon compounds upcoming from large depths in which, in ab-
normal thermodynamic conditions, an inorganic synthesis of hydrocarbons takes place.

Keywords: fluid regime, bitumen-hydrothermal association, Western Donetsk graben, tectonic fault,
heat-and-mass transfer, halo water, gases, chemical elements, tectonic phase.
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