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Annotation
Relevance of the study is due to the importance of composition and maturity of the dispersed organic matter (DOM)
as indicators of rock forming conditions, which may contribute to the paleoecological reconstruction of sedimentation
conditions for rocks in the ore-bearing stratum of the Safyanovskoe deposit.
Objective: to analyze the composition and characteristics of DOM in carbon-siliceous rocks of the ore-bearing
stratum of the Safyanovsky copper-pyrite deposit. The obtained characteristics of the DOM make it possible to reveal
the source of original accumulation and the level of its transformation under the influence of various geological
processes.
Methods. A detailed study of DOM was carried out by the EPR method (electron paramagnetic resonance) for powder
preparations. EPR spectra were recorded at room temperature on X-band spectrometers DX-70, ESR 70-03 DX/2, and
SE/X-2547 RadioPAN. The analytical procedure for studying organic matter (OM) included: determination of insoluble
residue and C__ content in the rock, extraction of the chloroform bitumoids (CB) and the alcohol-benzol bitumoids
(ABB), humic acids (HA), determining the group composition of CB and hydrocarbons (HC), chromatographic
fractionation with determination of the sum of methane-naphthenic and aromatic fractions of hydrocarbons, GC-MS
analysis of n-alkanes, cyclic and polyaromatic hydrocarbons (PAHs). GC-MS analysis was performed on the complex
Hewlett Packard 6850/5973 with a quadrupole mass detector and analytical information processing software.
Results. Analysis of the EPR spectra of carbon-siliceous rocks of the Safyanovskoe deposit showed the presence of
the two types of carbon signal (C-org), characteristic of the plant and the animal residues. It was also found that the
DOM has never been exposed to temperatures greater than 300 °C. Geochemical analysis of OM indicates that DOM
is at a high maturation stage (residual organic matter (ROM) > 99%). But the type of distribution of polyaromatic
hydrocarbons (PAHs) suggests that the primary OM was specifically altered at elevated temperatures.
Conclusions. DOM of carbon-siliceous rocks of the Safyanovsky deposit is genetically the same, its type is mainly
sapropelic and accumulation is associated with marine conditions. A characteristic feature is, on the one hand, its
high polymerization, which is typical for DOM of the stage of late mesocatagenesis, and, on the other hand, its
molecular composition does not allow us to talk about the maturation of DOM in the process of natural regional
metamorphism.

Keywords: Safyanovskoe copper-pyrite deposit, carbon-siliceous rocks, dispersed organic matter (DOM),
hydrocarbons, electron paramagnetic resonance, paramagnetic organic radicals.

Introduction

Safyanovskoe deposit is located within the East Urals rise
in the southern part of the Rezhevskaya structural-formation-
al zone (Fig. 1). It is localized in the altered volcanic and vol-
cano-sedimentary rocks of acid-medium composition, which
opened in the career of the Main ore deposit.

Main ore body of massive pyrite ores has a length of 400
m and a width of up to 140 m. The southern flank of the ore
body rapidly tapers out, and the northern passes in a series

of apophyses, which are represented by massive pyrite, cop-
per-zinc and vein-disseminated sulfide ores [1]. Host rocks
tectonically elaborated, brecciated and hydrothermally altered.
Ore-hosting strata has a capacity of approximately 500 m.
Carbon-bearing-siliceous rocks are part of the ore-host-
ing strata in the form of benches with thickness ranging from
0.1to 1.5 m and contain C_ 4-6% [2]. They opened by quar-
ry and at a depth of more than 200 m - by mine working
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Figure 1. Map of the Safyanovskoe deposit’s location.
PucyHok 1. Kapta pacnonoxeHus CadbsiHOBCKOro MeCTOpOXAeHMs.

Figure 2. Carbon-bearing rocks of the Safyanovskoe deposit. a — contact of sandstones and siliceous-carbonaceous rocks in the Safyanovsky
quarry, horizon 100 m; b — limestone from the wall of the mine workings, 285 m depth; c — siliceous-carbonaceous rock from the wall of the mine
workings, 285 m depth.
PucyHok 2. Yrnepoaocopaepxaime nopoabl CadpbAHOBCKOro MECTOPOXAEHUSA. @ — KOHTAKT NECYaHNKOB U KDEMHUCTO-YIMepoANCTbIX No-
poa B CadbsHoBCKOM Kapbepe, ropu3oHT 100 M; b — M3BECTHSAK CO CTeHbl FOPHbIX BLIPABOTOK, rMybrHa 285 M; ¢ — KpeMHUCTO-yrnepoancTas

rnopoga oT CTeHbl FopHbIX BbIpaboTok, rmybuHa 285 m.

(southwestern flank of the Safyanovskoe ore field). Here they
are in contact with Devonian amphipora bituminous lime-
stone and serpentinite of the Rezhevsky massif.

Carbon-bearing-siliceous rocks are represented by pseph-
ite-psammitic tuffites, crystal-lithocrystalloclastic and pelito-
litic. The structure consists of fragments of quartz, plagioclase
crystals, angular-rounded fragments of rhyodacites, shells of
foraminifera, radiolarians, and accumulations of carbon-bear-
ing organic matter (COM), carbonates as well as chlorite, mica,
kaolinite [3]. Sandstones are found in the ore-hosting mass of
series and have virtually identical composition, graded bed-
ding and, sometimes, wavy contacts with siliceous-carbona-
ceous rocks (Fig. 2, a).

Recent research on carbon-bearing-siliceous aleuropelites
opened by quarry (horizons 157 m, 100 m, rib-side count)

have been found non-carbonate (apatite, quartz) shells of for-
aminifera Parathurammina aff. tamarae L. Petrova, 1981, the
top Eifel-Givetian [4]. In the limestone (southwestern flank of
deposit) opened by mine workings (d. 285 m), have founded
calcareous foraminifera Parathurammina magna Antropov,
1950 Eifel-Givetian [5], which confirmed the Middle Devoni-
an age of volcanic-sedimentary rocks of ore-hosting strata.

The composition and characteristics of dispersed organ-
ic matter (DOM) is an important indicator of rock facies and
genesis of ore formation. With that in mind we have been stud-
ied carbon-bearing-siliceous rocks of ore-hosting strata of the
Safyanovskoe copper-sulfide deposit (Middle Urals).

Materials and methods

Carbon-bearing siliceous rocks of the ore-hosting stra-
ta exposed by mine workings at the contact of limestone and
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serpentinites at depth of 285 m contain up to 4% organic bi-
tuminous matter. The mineral composition of the rocks is pre-
sented in Table 1. In 2013 in the wall of limestone mine were
drilled two sub-horizontal wells No. 2340 and No. 2341 with
length of 50 m towards the east and southeast. Limestone in
the wall of mine is deep blue almost black color, fractured with
crystals of calcite, dolomite, quartz and barite filling the cracks;
contain sulfides and bituminous material (Fig. 2, b).

It was determined that in the south-east direction they ta-
per out and grade to carbon-bearing-siliceous rocks (Fig. 2, c).
Out of fault zone limestone are micro granular argillaceous-de-
trital broken by cracks with calcite and carbon-bearing-siliceous
material. In a limestone it is observed that amphipora interlayer
capacity of 0.1-0.2 m occurred through 0.5-1.0 m. In order to
determine the genesis of DOM we studied limestone opened by
drift and carbon-bearing-siliceous rocks drift and quarry.

Carbon-siliceous formations are with carbon-bearing
veinlet opened by mining, black and consist of quartz, chlorite,
mica and plagioclase. There are impurities of calcite, magnesite,
siderite, pyrite and COM in the rock matrix. They are identical
on mineral composition to overlying formation rocks exposed
by quarry. An earlier thermal analysis of the silica-carbona-
ceous rock samples, breccias and circum-ore metasomatites
showed slightly metamorphosed organic matter (OM) of plant
origin in amounts up to 6%, which burns at 200-330 °C [6] in
studied samples.

The paramagnetic properties of the Safyanovskoe deposit
rock containing DOM were studied by EPR (electron para-
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magnetic resonance). Spectra of paramagnetic carbon radicals
are relatively simple and have been described for many solids
and liquid natural OM as well as products of their thermo-
chemical transformations.

Samples of carbon-bearing-siliceous rocks of quarry
were studied in the Physics of minerals laboratory of KFU
by A. A. Galeev and laboratory of physical and chemical test
laboratory of the Institute of Geology and Geochemistry of
the Ural Branch of the Russian Academy of Sciences (IGG
UB RAS) by Yu. V. Shchapova. In the Physics of minerals lab-
oratory of KFU EPR spectra were recorded from a powder
weighed quantity of 20-40 mg of initial and heated samples
at temperatures of 350 and 600 °C for 30 minutes. The record-
ing was made at room temperature in the automatic mode
on a DX-70 portable spectrometer with operating frequency
9.272 GHz. In the IGG UB RAS laboratory ESR spectra were
recorded on spectrometer 70-03 DX/2 at room temperature
(initial test) and after samples heating up to 300 and 600 °C
for 30 min. Studies of limestone and carbon-bearing-sili-
ceous rocks exposed by mine workings were carried out in
the laboratory of mineralogy of the Institute of Geology of
Komi Science Centre UB RAS by V. P. Lyutoev on X-band
spectrometer SE/X-2547 RadioPAN. Recording mode is
identical. The results are shown in table 2.

Modern geochemical studies at the reconstruction of
facial-genetic conditions commonly use biomarker analysis.
The amount of hydrocarbons (HC) in the composition of
the DOM and their structural features serve to characterize

Table 1. The mineral composition of the carbon-bearing rocks of the Safyanovskoe deposit.
Ta6nuua 1. MuHepanbHbI cocTaB yriepoaucTbix nopoa CahbAHOBCKOro MeCTOpPOXAEHUSA.

Number Name of rock, correlation Mineral composition
of sample
. o Quartz, plagioclase, hydromica, chloritic, brassil, barium

1346 Carbon-bearing rock, quarry, hor. 157 m (rib-side count) sulphate, OM 3,5%

D10/12 Chalkstone, drift (D), dept. 285 m Calcite, dolomite, barium sulphate

D11/12 Same Same

D12/12 Clinkstone, rock with clouded of calcite and sulphides, Plagioclase, chloritic, calcite, serpentine, derivatives of

hydrocarbons sulphides
D13/12 Flinty rock with clouded of calci-spar and sulphides, hydro-  Quartz, magnesite, talc, serpentine, micaceous mineral,
carbons derivatives of dolomite, calcite

D14/12 Same Quartz., talc, magnesite, derivatives of serpentine, calcite,
dolomite

D15/12 Same Quartz, magnesite, talc, derivatives of calcite OM to 2-3%

D16/12 siliceous-carbonaceous rock Quartoz, chloritic, glist, plagioclase, calcite, pyrite,
OM 4%

D17/12 Same Quartz, calcite, plaglgcla§e, chloritic, glist, pyrite, deriva-
tives of magnesite, siderite

D18/12 Flinty rock with sulphides Talc, quartz, magnesite, calcite, dolomite, serpentine, glist

D19/12 Clinkstone. serpentinite Serpgntlne mixed with chloritic, derivatives of talc,
amphibole

D20/12 Serpentinite Serpentine, amphibole, magnetite

D21/12 Same Same

Note. The mineral composition of the rocks is defined by X-ray phase analysis on diffractometer XRD-7000 (Shimadzu) (operator O. L. Gal-
akhova), organic content determined by the thermal method (analyst V. G. Petrishcheva). Analyses are carried out in physical and chemical test
laboratory of the Institute of Geology and Geochemistry of the Ural Branch of the Russian Academy of Sciences the city of Ekaterinburg.

28 E.N. Copoka u gp. Dispersed organic matter characteristics as an indicator of rock alteration degree of the Safyanovskoe
copper-sulphide deposit (Middle Urals)//WU3Bectua YITY. 2020. Bein. 1(57). C. 26-36. DOI10.21440/2307-2091-2020-1-26-36



E.L Soroka et al. / News of the Ural State Mining University. 2020. Issue 1(S7), pp. 26-36 EARTH SCIENCES

the genetic type of OM and its catagenetic transformation  exposed by mine workings at a depth of 285 m. The OM com-
degree. ponent composition is shown in Table 3.

Earlier geochemical OM analysis of carbon-bearing-sili- The analytical procedure used in the OM study included
ceous rocks of the Safyanovskoe deposit (height 157 m; quarry  determination of the rock insoluble residue and content C_,
depth 50 m) showed that it belongs to the sapropelic type [2].  chloroform extract (A, ) and alcohol-benzene (A ) bitumens,
We have recently carried out a geochemical OM study of rocks ~ humic acids (HA), determination of group composition of A ||

Table 2. Carbon Radicals in OM of the Safyanovskoe deposit.
Ta6nuua 2. YrneBogopoAHble paaukanbl B opraHuyeckom BewectBe CapbAHOBCKOrO MeCTOPOXKAEHUS.

Number Untreated Annealing 300 °C, 30 min Annealing 600 °C, 30 min
of sample g-factor AB, mT C, spins/g g-factor AB, mT C, spins/g g-factor AB, mT C, spins/g
D10/12 2.0028 0.20 10" 2.0028 0.15 0.9 -10% 2.0028 0.23 108
D11/12 2.0029 0.60 1.8-10% 2.0032 0.70 2.6-10"% Not founded - -
D15/12 2.0026 0.61 1.5-10% 2.0029 0.67 2.0-10% Not founded - -
D16/12 2.0029 0.60 1.5-10% 2.0032 0.70 1.3-10% Not founded - -

Table 3. OM component composition of the Safyanovskoe deposit.
Ta6bnuua 3. KOMNoHeHTHbIN cocTaB opraHuyeckoro BelwecTtBa Cad)bsIHOBCKOro MeCTOPOXAEeHMS.

Component L. K. IV-th D14/12 D16/12
I.R. 90.95 89.93
CaCo, 9.05 10.07
C.. 1.09 1.21
C,,inir 2.60 3.77
Rock content, % C,/rock 2.86 419
OB 3.72 5.45
A 0.006 0.007 0.011
A 0.010 0.003 0.004
HA 0.000 0.000
CPI 1.08 1.17
A 0.17 0.007 0.19
Group content OM, % a 0.27 0.003 0.07
HA 0.00 0.00
ROM 99.6 99.7
B=(A,/C,.) 100 0.22 0.25
ALAL 2.3 2.9
Oils 31.6 14.18 324
A, composition, % Resins 64.9 48.37 63.8
Asphaltenes 3.5 37.45 3.8
HC. % In rock 0.002 0.003
In OM 0.05 0.06
HC composition, % Me-Nf °8.8 2.7
Ar 41.2 27.3
Me—Nf/Ar 1.42 2.7
Me—Nf, % In rock 0.0013 0.0025
Ar, % In rock 0.0008 0.0009
c,/C, 24.4 10.88
Pr/Ph In rock 0.87 0.96
PriC,, In rock 0.62 0.45
Ph/C,, In rock 0.88 0.96
Ts/Ts + Tm In rock 0.51
22S/22S + 22R In rock 0.60
20S/(S + R) In rock 0.38
S In rock 0.45

Note: I. R. (ir) — insoluble residue; A, — chloroform bitumoid; A, — alcohol-benzene bitumoid; HA — humic acid;  — bituminosity coefficient;
HC — hydrocarbons; Me—Nf — methane-naphthenic fractions of hydrocarbons; Ar — aromatic hydrocarbon fraction; ROM (residuel organic mat-
ter) — degree of polymerization; CPI — oddity coefficient. Weighed quantity of sample D16/12 to 104.5 g sample weight D14/12 100 g. Sample
data L.K. IV-th of the Safyanovsky quarry is given according to citation 2 [2].
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Figure 3. Characteristic EPR spectra in the resonance magnetic
field region of thermally unstable OM and quartz radicals.
PucyHok 3. Xapakrepuctuyeckue cnektpbl MNP B o6nactu peso-
HaHCHOrO MarHUTHOrO NOMNs TePMUYECKN HeCTabMIbHbIX paauKa-
FIOB OpraHU4ecKoro BewecTBa U KBapua.
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Figure 4. Scanning electron microscopic images of carbonaceous
streaks in siliceous-carbonaceous rock of the Safyanovskoe
deposit.

PucyHok 4. CkaHupyoliee 3neKTPOHHO-MUKPOCKONMYecKoe U3o-
OpaxeHue yrnepogMcTon norocbli B KPEMHUCTO-YINepoaucTomn
nopoae CapbAHOBCKOro MeCTOpPOXAEHUA.

and hydrocarbons (HC), chromatographic fractionation with
the extract of the methanol-naphthenic and aromatic frac-
tions of hydrocarbons, GC-MS analysis of n-alkanes, cyclic
and polyaromatic hydrocarbons (PAH). GC-MS analysis of
the samples SH16/12 was performed on the complex Hewl-
ett Packard 6850/5973 with a quadrupole mass detector and
analytical information processing software at the All-Union
Research Institute of Oceanology, Department of Oil and
Gas Potential of the Arctic and Oceans, Laboratory of Organ-
ic Geochemistry, in the city of St. Petersburg, by the analyst
V. L. Petrova. Sample SH14/12 was examined in the laborato-
ry of Geochemistry of Combustible Minerals, Department of
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Petroleum Geology KFU, in the city of Kazan, by the analyst
F. F. Nosova.

Results and discussion

Fig. 3 shows the typical ESR spectra of carbon-bearing-si-
liceous rocks from the Safyanovskoe deposit quarry. Analysis
of the spectra showed the presence of two types of signal C
specific to plant and animal remains [7]. The spectra, as in the
initial samples as well as after heating at 300 °C, reveals a signal
in the C_area with a broad spectrum line (Fig. 4). The signal
characteristics after annealing at 300 °C: g ~ 2,0031 + 0.0001
and line width AB ~ 0.5-0.7 mT, indicating the presence of OM
plant residues metamorphosed at relatively low-temperature
conditions (not exceeding 300 °C) [8]. Once heated to 600 °C
Cop @ signal with g ~ 2.0027 £ 0.0001 appeared as a narrow
spectrum line (AB = 0.15-0.2 mT). The signals from these pa-
rameters are peculiar to the OM remains of protein series [7].
Perhaps, this OM formed as a result of spoilage microorgan-
isms on the stage of sedimentation and early diagenesis.

Analysis of the EPR spectra of DOM rocks exposed by
mining revealed its identity to quarry samples. It was meta-
morphosed under temperature not higher than 300 °C (Table
2). A sample of limestone SH10/12 revealed two types of sig-
nals C_, which may indicate similar depositional conditions
for carbon-bearing-siliceous formations as well as limestone.
Judging by the intensity of the spectrum in sample 1346 of
quarry [6] and SH16/12 (Table 2) carbon-bearing-siliceous
rocks, the concentration of paramagnetic centers C_ - 1.3 -

10'® spin/g, and in samples of limestone SH11/12 - 2 610"
(Table 2), which is typical of some types of coal [8]. Scanning
electron microscopic images of carbonaceous streaks in sili-
ceous-carbonaceous rock obtained using a REMMA-202M
microscope (operator E. V. Nuzhdin) show a structurally uni-
form black surface with a shell fracture, which may be charac-
teristic of vitrinite (Fig. 4). It can be assumed that the carbona-
ceous material was at a low (brownish) stage of metamorphism
and is now represented by fusenized (inertinite) and vitrenized
(gelified) plant residues as well as soluble compounds that were
originally part of the lipoid microcomponents of resins.

In addition, in the spectra of carbon-bearing-siliceous
rocks (SH16/12 and 1346) the signal E”in the center of quartz
are observed (Fig. 3). Preservation of this center throughout
the history of rocks also indicated the low-temperature trans-
formation of the rock. Additional centers were identified in the
EPR spectra of limestone (sample SH10/12): center SO, - (g =
2,005) and axial CO, - (g = 1,999; 2,003), which indicates the
low temperature effects on limestone not exceeding 250 °C.

The EPR spectrum of the sample SH15/12 (g = 2.0026,
Table 2) is typical for OM series of bitumen, which g-factor
value can be attributed to oxykerit with the line width and the
presence of a weak signal after heating at 600 °C. Except for
the value of the g-factor, oxykerites similar to some shungites
of Karelia (g = 2,0024)[9]), which are on the regressive stage of
metamorphism.

As a result of chemical analysis OM of carbon-bearing-si-
liceous rocks of the Safyanovskoe deposit it was found that in
spite of a fairly high content of C (4.19%) and chloroform
bitumoid (A, = 0.011%), DOM is at the advanced stage of
transformation (ROM > 99%)[10]. This is consistent with the
absence of humic acid. The composition of the soluble DOM
components is dominated by non-oxidized structures (A, /
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Figure 5. Carbon number distribution of n-alkanes in carbonaceous-siliceous rocks from the Safyanovskoe field.
PucyHok 5. PacnpepeneHue yrnepoAHbIX Yucern H-ankaHoB B YIMUCTO-KPeMHUCTbIX nopoAax CadbAHOBCKOro MeCTOPOXAEHMS.

Table 4. The relative content and terpanes in the sample D16/12.

Ta6nuua 4. OTHOCUTeNbHOE coaepkaHue TepnaHoB B npo6e D16 / 12.

Triterpanes Steranes
Cio0 Tu/Cosrs 0,70 < 1 marine Percent of the amount of steranes
Coyo6 T./Coq s 3,45 1 marine C,, 39,5 > 33% marine
H,g/H., 0,77 > 0,60 marine Csu 22,2
H,,R/H,, 0,34 > 0,25 marine Cy 38,3
H,R/H,,R Nd H, R 27(abb + aaa)/29(abb + aaa) 1,03 > 0,9 marine
2o T/(,Ts + C,p) 0,25 28(abb + aaa)/29(abb + aaa) 0,58 > 0,7 marine
Ts/Ts + Tm 0,51 1,0 equilibrium dia/reg (C,,) 0,40 1,0 equilibrium
C,, AB (,,5/,S *+ ,R) 0,60 0,62 equilibrium 203/(S + R) aaa C, 0,38 0,55 equilibrium
C.,,Ba/(aB + Ba) Nd moretane C,, aBp/(aBp + aaa) (S) 0,45 0,70 equilibrium

Note: nd’-components is absent or is below the detection threshold; C,,—~C,, — hopanes; S, R — enantiomers of C,,—~C,, hopanes;

Ts—18a trisnorneogopan (C,,); Tm-17a trisnorgopan (C,,) [12].

Polyaromatic hydrocarbons. The distribution of PAHs is shown in Fig. 5. Based on the above data, a feature of the test sample is a high content of PAH. As part
of the aromatic hydrocarbons fraction they represent approximately 65% (MPI — 0.40 — transformation level index of non-substituted phenanthrene and its methyl
homologues; F1/202 — 0.25 fluoranthene share in the total content of molecular group 202).

A, = 2.9), and the value of f (0.25) is much lower than 1 (Ta-
ble 3), which indicates synergetic nature OM. It is known that
B - is the main indicator at the identification of the genetic
type bitumoid its sinergeticity or epigeneticity in relation to
the host rocks. In the case of syngenetic bitumoid its value does
not exceed 5-10 [11].

The hydrocarbon content of COM and OM in the rock is
relatively low, but in their group composition dominates ali-
phatic compounds.

Normal alkanes and isoprenoids. Paraffin hydrocarbons
are genetic markers that allow determining the origin of the
initial organic material. The parameters characterizing the
distribution of hydrocarbon alkane series (C,, ) and (C,, ,))
make it possible to indicate the fraction of aquatic and terrig-
enous biota in the formation of OM bottom sediment [12].
The molecular structure of n-alkanes and isoprenoids shows
mostly hydrobionts genesis of the original OM, as indicated
by the ratio of the markers of sapropel and humic compounds

E.N. Copoka v gp. Dispersed organic matter characteristics as an indicator of rock alteration degree of the Safyanovskoe 31
copper-sulphide deposit//WU3Bectusa YITY. 2020. Bbin. 1(57). C. 26-36. DOI10.21440/2307-2091-2020-1-26-36



HAYKHM O 3EMAE

E.H. Copoxa u dp. / Ussecmus YI'TY. 2020. Bon. 1(57). C. 26-36

2500
2000
1500

ng/g

1000

500

Figure 6. Distribution of polyaromatic hydrocarbons (PAH) in carbonaceous-siliceous rocks from the Safyanovskoe deposit.
PucyHok 6. PacnpepeneHve nonuapomatuuyeckux yrnesogopopos ([MAY) B yrmucTo-kpeMHUCTbIX nopopax CadbAHOBCKOro

MeCcTopoXaeHus.

(C,,/C,,=10.88) as well as the mono-modal nature of the n-al-
kanes distribution with the overwhelming dominance of low
molecular weight compounds (C . ,,) (Fig. 5). The oddity co-
efficient CP]J, close to 1 indicates the high degree of n-alkanes
conversion and OM as a whole. Isoprenoids pristane and phy-
tane ratio (Pr/Ph < 2 and Pr/C = 0.45) is typical for marine
deposition of sediments [12, 13].

Terpanes and steranes. Distribution of cyclane hydro-
carbons (terpanes, hopanes, cyclanes) in the studied sam-
ple also indicates mainly sapropelic genesis of OM. This is
evidenced by the value of tricyclanes coefficients (C, , T/
C, . C,.,T./C,,) and the ratio of norgopan, hopane and
C,,— homohopane that can serve as indicators of the origin of
the initial organic material [14]. A data presented in Table 4
clearly demonstrate the significant role of the “sea” hydrobiont
OM in the original organic material.

In the geological objects hopanes are present in the form
of homologous series of compounds of C_-C._. At the stage
of sedimentogenesis and early diagenesis, biogenic hopanes
(BB-hopanes) are formed, at the postdiagenetic stage, take the
structural transformation of hopanes occurs with formation
af- and Ba-hopanes. For hopanes of composition of C, -C,,,
enantiomers of the configuration R in S are isomerized. Ab-
sence in the composition of terpanes, biohopanes and more-
tanes (BB- and Pa-isomers) indicates the postdiagenetic trans-
formation of DOM. At the same time the ambiguity of hopanes
maturity level of DOM (Ts/Ts + Tm, ,,S/,,S +  RC. ) does not
allow to characterize the maturity levels of DOM as reached
the thermodynamic limit. . This assumption is also supported
by the distribution of sterans (Table 4), whose maturity indices
are far from thermodynamic limit and do not exceed the val-
ues characteristic of the early stage katagenesis (MK)).

In a homologous series of steranes (C,-C, ) dominated
cholestanes (C,), which reflect the contribution of aquatic or-
ganisms in the composition of initial OM. The ratios of regular
and rearranged isomers in the homologous series of steranes
are also aimed at determining the genetic type of the initial
DOM. These data compare favorably with the above men-
tioned values for alkanes and terpanes.

Unlike conventional sedimentary rocks [12], PAHs are
dominated by unsubstituted condensed polyaromatic com-
pounds with four to seven rings (MM 178, 202, 228, 252, 276,
278). Thus the pyrogenic compound, the formation of which
is associated with a high impact on the DOM, constitutes 94%
of the PAH amount (Fig. 6). Naphthidogenic PAH are typical
of sedimentary rocks, being formed by the transformation of
DOM during lithogenesis. However, in this case it is a minor
component. This type of PAH distribution suggests that initial
OM undergone specific transformation under high tempera-
tures.

As a result of geochemical researches it can be con-
cluded that the OM carbon-bearing-siliceous rocks of the
Safyanovskoe deposits genetically the same type, mainly sap-
ropel and its accumulation is due to sea conditions. A charac-
teristic feature is, on the one hand, its polymerization, which is
typical for the DOM of the stage of late mesokatagenesis. On
the other hand, its molecular structure cannot be indicative
of the maturation of DOM during natural regional metamor-
phism. The specifics of the geochemical parameters of DOM
can be due, for example, to the effect of high temperatures as-
sociated with the intrusive processes (contact metamorphism)
or post volcanic hydrothermal activity.

As noted above, in some physical and chemical param-
eters (sample D 15/12, Table 2), OM of the Safyanovskoe

32 E.N. Copoka u gp. Dispersed organic matter characteristics as an indicator of rock alteration degree of the Safyanovskoe
copper-sulphide deposit (Middle Urals)//WU3Bectua YITY. 2020. Bein. 1(57). C. 26-36. DOI10.21440/2307-2091-2020-1-26-36



E.I Soroka et al. / News of the Ural State Mining University. 2020. Issue 1(57), pp. 26-36

field can be compared to OM of Karelia shungites. According
to geochemical characteristics of OM carbon-bearing-sili-
ceous rocks Safyanovskoe deposits (Table 3), it is comparable
to low-carbon shungite deposits of Shunga (C - 3%; A, -
0.017, A, - 0.01; Pr /Ph - 0.78; Ts /Ts + Tm - 0.42-0.76; S
/,,S + ,R = 0.39-0.49, with a low fraction of moretanes [15]).
Temperature of metamorphism of Shungovskoe deposit is es-
timated at 300-330 °C [16]. However, unlike shungites, the HC
of the Safyanovskoe massive sulfide deposit contains aromatic
compounds with a high content of PAH, which means a lower
degree of metamorphic transformation.

A geochemical study of OM of modern sulfide hydrother-
mal sediments of the Mid-Atlantic Ridge (i. e., in the Ashadze,
Lost City, Rainbow and Broken Spur fields) showed its mixed
genesis, the specificity of which is due to accelerated OM mat-
uration processes under extreme environmental conditions
[17, 18]. Pyrogenic compounds in PAH composition were
identified in the OM bottom sediments within the Ashadze-1
hydrothermal field [17]. This pyrolytic component is a narrow
range of compounds (F1/202 - 0.7). Given the presence in the
composition of cyclanes, cheilanthanes, diasteranes and geo-
gopanes as sufficiently pyrogenic indicators of aromatic hy-
drocarbons, being indicators of the maturity level of the n-al-
kanes substance (CPI-1), the authors [7] concluded that the
accelerated thermal catalytic maturation of OM in sediments
of the Ashadze-1 field under the influence of the hydrothermal
conditions of the environment was “expressed in the seal and
the polycondensation of geochemically less stable structures.”

Hydrocarbon distribution in the bottom sediments of the
hydrothermal fields of Lost City and Rainbow (MAC) is char-
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acterized by the presence of even-numbered homologues in
the low- and high-molecular-weight portions of the area, as
reflected in the CPI parameter values, which average 0.86 and
0.89, respectively [19]. This is a result of reduction processes
that have occurred in the hydrothermal transformation of OM.
Moreover, in the sulfide sediments of the Rainbow and Broken
Spur fields there are n-alkanes of abiogenically thermo-origin
and sediments of active smokers characterized by high levels of
long-chain n-alkanes 2C,,-C,, - 85.7% [18].

According to data from our research, the OM of the
Safyanovskoe deposit was exposed to the low temperature
- not higher than 300 °C. Since, according to the EPR data,
it presedved paramagnetic tracers of plant and animal origin
(Sample SH10/12, Table 2), as well as radiation centers in min-
erals, for some samples, in particular, limestone, temperature
exposure limit was not higher than 250 ° C. Given the data [20]
on the forming conditions of barite veins in the formation of
ore facies of the Safyanovskoe deposit as well as in the forma-
tion temperature of chlorite wall rock [21], we can assume that
the temperature range of wall-rock alteration, in the presence
of rocks containing OM, ranges from 130° to 260 °C.

Conclusion

The geochemical study of OM in the rocks of the
Safyanovskoe deposit confirmed its affiliation to the sapropel
type and sea-shallow formation conditions. According to the
geochemical and physicochemical study of OM, its syngenetic-
ity with enclosing wall rocks was established. The level of OM
transformation of the Safyanovskoe deposit indicates its rapid
(albeit incomplete) maturation during the evolution of the hy-
drothermal fluid.
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OCcobEHHOCTN OPraHNYECKOro BELIECTBA KaK MHAMKATOPA
crerneHu nameHeHust NopoA CadobsIHOBCKOrO MEAHOKOAYEAAHHOTO
mecTtopoykaeHust (CpeaHun Ypana)

Enexa MnpgyctpoBHa COPOKA",
AxmeT AcxaTtoBuu MAJIEEB?,

Bepa UropesHa METPOBA?,
Bnagumup Masnoeuy JIDTOEBS?,
JTro6oBb BnagumuposHa JIEOHOBA”

"MHCTUTYT reonorum n reoxumun um. akagemuka A. H. 3asapuukoro YpO PAH, Poccusi, EkatepuHOypr
2KasaHckuii (MpuBormkckuii) cheaepanbHblil YHUBEPCUTET, VIHCTUTYT reonornn 1 HedpTerasoBbIX TEXHOMOTUIA,
Poccus, KasaHb

SBHUWMOkeaHreonorus, Poccus, CaHkT-INeTepbypr

“MHcTuTyT reonorumn Komum HayuHoro ueHtpa YpO PAH, Poccusi, ChikTbiBKap

AHHOTaLws
AxmyanvHocmv pabompl 3aKIOYaeTCA B TOM, YTO paccesHHoe opraHmdeckoe BemjectBo (POB) aBmaerca
Ba>KHBIM MH/IMKATOPOM (aliiaIbHOI IPYHAIEKHOCTU IOPOJ, YTO MOXET CIIOCOOCTBOBATD IaJIe09KOTOINIECKO
PEKOHCTPYKIIMM YC/IOBUII CeJVIMEHTallMM IOpof pypoBMewaromein tommuy CadbAHOBCKOTO MeCTOPOXKAEHMA
(Cpenumit Ypan).
IJenv pa6omvi: uccnenoBaHme coctaBa 1 ocobenHocTeit POB yrieponycTo-KpeMHUCTBIX HOPO PyLOBMeIIAoLIeit
tormuy CadbAHOBCKOTO METHOKOTYETAaHHOTO MecTopoxKzieHusA. IlomyueHHble xapakrepuctuku POB mossonsmoT
BBIABUTD MICTOYHMKM €TO0 IIOCTYIUICHN:A U YPOBEHb TpaHC(OopMaLuy IIOf, BO3JEICTBIEM PAa3IMYHbIX TeOTOIMYeCKIX
IIPOLECCOB.
Memoodonozus uccnedosanuii. [leranbHoe wusydenme POB mnposogmmoce Meropom OIIP  (anmekTpoHHOTO
IIaPaMarHUTHOTO Pe30HAHCa). 3alMCh CIIEKTPOB IIPOM3BOAM/IACD IIPY KOMHATHOI TeMIlepaType B aBTOMAaTU4eCKOM
peXuMe Ha OpTaTMBHOM criekTpoMeTpe DX-70 ¢ paboueit wactoToit 9,272 I'Tiy, Ha cnektpomeTpe ESR 70-03 DX/2 n
Ha papuocnexTpoMerpe X-auanasoHa SE/X-2547 RadioPAN. AHanuTudeckas npolenypa n3y4eHus OpraHin4ecKoro
BemectBa (OB) BkIOuanma: onpesiesieHNe B IOpOJe HEPaCTBOPMMOrO OCTaTKa u copepkanma C ope VIBBTICUCHIE
xnopodopmMHOro A v crimpTo6en3onbHoro A_  6urymonsios, rymuHoBbix kucnot (I'K), onpepenenie rpynnosoro
cocraBa A_u YFHCBO}IOPO,[[OB (YB), xpomatorpaduyeckoe (HpaKlMOHMPOBAHME C BbIIeJICHIIEM CYMMBbI METaHO-
Ha(bTeHOBOM u apomatndeckoir ¢ppakumit YB, IX-MC aHanmus H-aJIKaHOB, IMKIMYECKUX U IOIMAPOMATIYECKIX
yrnesopopopos (ITAY). I'X-MC ananus nposopgyuy Ha komiiekce Hewlett Packard 6850/5973 ¢ kBafjpyno/nbHbIM
Macc-IAeTeKTOPOM U IIPOrPaMMHBIM KOMIIIEKCOM 00pabOoTKy aHAIMTIYEeCKOI MHGOPMAIIVIL.
Pesynomamut. Anamms criekTpos OIIP yrnepopycto-kpeMHUCTBIX TOpof CadbAHOBCKOTO MECTOPOX/IEHNA ITOKA3aJT
Ha/INYIe IBYX TUIIOB CUTHAMa yrnepoa C  , XapaKTePHBIX /LA PaCTUTE/TbHBIX (BOZOPOC/IEBbIX) 11 6ETKOBBIX OCTATKOB,
a TaK>Ke, YyCTaHOBJIeHO, uTo POB UBMEHEHO B ycnoBusAx HarpeBaHus He Boiiie 300 °C. B pe3ynbraTe reoXMmnyeckoro
ana;msa OB 6b110 ycTanosneHo, yto POB HaxopuTcs Ha BbICOKOI ctapuy npeobpasoBanus (OOB > 99 %). Ho
TUII paclpefieNieHNs ToMapoMaTndeckux yriaesogoponos (ITAY) mosBomnser mpeanonoxurs, 4yto ucxopHoe OB
IpeTepIeno cuenuduyeckyro TpaHCGOpMaLMIO TI0]] BO3/EICTBIEM HOBBIIIEHHBIX TEMIIEPATYP.
Bwi6oowvt. POB yrneponucto-kpeMHUCTBIX 1TOpof CadbAHOBCKOTO MECTOPOXKAEHMA I'€HeTHYECKN OJHOTUIIHOE,
IPeVMYILeCTBEHHO CaIlPOIIe/IeBOE, V1 €0 HAKOIIIEH e CBA3aHO C MOPCKVIMM YCIIOBMAMU. XapaKTePHO 0COOEHHOCTBIO
ABJIAETCH, C OJJHOJ CTOPOHBI, €r0 NO/IMMEPU30BAaHHOCTD, 4TO TMIINYHO A1 POB cragum nospHero MesokarareHesa,
a C IpyToiil CTOPOHBDI, €T0 MOJIEKY/ISIPHBII COCTAB He II03BOJIAeT TOBOPUTD O co3peBaHuu POB B xoze guarexesa, 4To
CBA3aHO C YCKOPeHHBIM co3peBaHyeM POB B pesynbrare KOHTaKTHOTO MeTaMOp(®uU3Ma, 1160 IMAPOTEPMaTbHOTO
BO3JIeICTBUS.

Kniouesvie cnoséa: CadbsiHOBCKOE MeJHOKOTYEJAHHOE MECTOPOXKAEHME, YINIEPOAUCTO-KPEMHUCTDbIE ITOPOBL,
paccesiHHOe opranndeckoe Beuectso (POB), yrneBogopopst, DIIP-criekTpbl.
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Asmoput svipascatom 6nazodaprocmu enasromy zeonozy H. B. Jlewjesy u konnexmusy OAO «Cagosrmedv» 3a npedocmas-
JleHue mamepuanos 0 cmamou. Hawe uccnedosarue 0v1710 n0020mMos/1eHO NPU HACMU4HOU no0Oepicke HA cpedcmea cyocuouil,
vI0enSIEMbIX 8 paMKax 2ocydapcmeentoii noddepicku Kaszarckoeo (IIpusonickozo) dedepanvrozo yHusepcumema ¢ uemio no-
BbIUEHUS €20 KOHKYPEHMOCNOCOOHOCU CPedl 8edYUsUX MUPOBbIX HAYUHDIX U 00PA308aAMENbHbIX UEHMPOB, A MaKice 3d cuem
epanma Kasamnckozo pedepanvrozo yHusepcumema Ha 6binosiHeHue 06usecmeentble 3a0aHUs 6 chepe HAY*HOTI OesTmMeIbHOCU.
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