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Abstract—Samples of carbonate and siliceous-carbonate deposits of Semiluk—Sargaev horizons of the
N-—NE slope of the South Tatar uplift, Volga-Ural petroliferous basin, have been studied. Specific feature
of the source rocks—high concentration of compounds—anoxia testifiers in the photic layer has been iden-
tified. That is, organic matter has been deposited under the conditions of the constant presence of anoxia
in the photic layer of the sedimentation basin at sufficiently high thickness of the water column contami-
nated with hydrogen sulfide. Since by the composition of saturated hydrocarbons the studied samples are
typical for deposits of the Semiluk horizon of the central part of the Volga-Ural basin, we can assume a
fairly wide prevalence of such conditions within the South-Tatar arch. Changes in the concentrations of the
components—anoxia markers—show cyclical changes in output layer contaminated with hydrogen sulfide

or its bioproduction within the studied time.
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INTRODUCTION

The first compounds—testifiers of anoxic condi-
tions in the photic layer of sedimentation basin—have
been discovered in the oil of Shakalyk-Astana field
over 30 years ago (Ostroukhov et al., 1982). At the
same time their structure has been proven via counter
synthesis: 1,2,6-trimethyl-alkilbenzene with iso-
prenoid chain of irregular structure. However, geo-
chemical significance of these alkyl-benzenes was
found later. As a result of detailed composition and
structure study of a huge number of components of
aromatic fractions extracted from bitumen of a wide
range of different age deposits, it was found that more
than 100 compounds C,;—C,, represent transforma-
tion products of two—three C,y-bicyclic aromatic
carotenoids with polyene isoprenoid chain of irregular
structure connecting two tri-methyl-substituted ben-
zene cycles (Hartgers et al., 1994; Koopmans et al.,
1996). Producers of these aromatic carotenoids are
photosynthetic bacteria that exist only in the condi-

! The article was translated by the authors.

tions of hydrogen sulfide contamination. Produced by
each type C,y-carotenoids differ in the position of
methyl groups in one of the benzene rings. One type
may exist up to the lower limit to the photic layer
(Hartgers et al., 1994). Because of the very specific
structure of the identified compounds, they are reli-
able markers of anoxic conditions in the photic layer of
the sedimentation basin (Koopmans et al., 1996).

Estimation of such special conditions of organic
matter formation is very important at least in terms of
the possible ways and rate of conversion. Indeed, the
polyene chains present in appreciable concentrations
may by themselves through a system of coupled reac-
tions affect the transformation processes of the buried
dispersed organic matter (DOM). Further variants
may occur if the hydrogen sulphide is present in the
sediment (Koopmans et al., 1996). However, to date,
with a few exceptions such as the global anoxic event 1,
special study of spreading of such sedimentation con-
ditions was not carried out. A small number of publi-
cations exist for Russia where on limited material,
inter alia, presence of bitumen and oils of correspond-

726



PROOF OF FORMATION OF ORGANIC MATTER IN UPPER DEVONIAN CARBONATE

ing compounds—anoxia markers—is singled out.
Thus, their presence has been identified in the samples
of Domanik strata of the Timan-Pechora petroliferous
basin (Bushnev, 2002, Bushnev et al., 2016). Presence
of anoxia in the Early Cretaceous basin of the Russian
plate is fixed in the material out of the well in the Uly-
anovsk region (Bushnev, 2005). Anoxia markers in the
photic layer have been found in the oil of Devonian
carbonate deposits of the same region (Bochkarev
et al., 2010). Detection of these markers in the individ-
ual oils of Timan-Pechora, Volga-Ural and West Sibe-
rian petroliferous basin, as well as Sakhalin, was
reported in (Pevneva et al., 2010).

It is fundamentally important that none of the
works, except for (Hartgers et al., 1994; Koopmans
et al., 1996), contains quantitative estimation of the
total content of components—anoxia testifiers.

Lacking this information it is impossible to deter-
mine whether hydrogen sulfide contamination was
permanent covering most of the water column, so that
a substantial portion of the buried organic material
was formed under these conditions, or—episodic, dis-
tributed to a limited water layer, when the proportion
of such substance in the overall balance of dispersed
organic matter (DOM) was small.

Therefore, the aim of this article is to prove high
input of organic matter formed in anoxic conditions in
the photic layer in the overall balance of Domanik and
Sargaev deposits for the N—NE slope of the South-
Tatar arch based on quantitative analysis of the widest
possible set of compounds—biomarkers.

EXPERIMENTAL PART

Chloroform bitumen was extracted from the rock
crashed to powder 0.25 mm in size by chloroform in
the Soxhlet apparatus for at least 120 hours. After stan-
dard asphaltene precipitation by hexane, malthenes
obtained were separated on silica gel (Merck), impreg-
nated with AgNO;. When allocating saturates fraction
used eluent was hexane, for aromatics fraction — tolu-
ene. Completeness of separation was confirmed by
chromatomass-spectrometry (GCMS).

Mass spectral analysis was performed on GC-MS
Thermo Focus DSQ II. Used capillary column—HP-5,
length 15 m, internal diameter 0.25 mm, 0.25 mcm
phase thickness, carrier gas—helium. Mode: injector
temperature 300°C, initial temperature of the thermo-
stat chromatograph—70°C, heating rate 2°C/min up
to 310°C, then—isotherm for 20 minutes; operation of
the mass spectrometer: ionization energy 70 eV, source
temperature—250°C, scanning in the range of 10-Da
at a rate of 1.0 scans/s, resolution around a single mass
range.
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RESULTS AND DISCUSSION

The objects of study are represented by the samples
of the Devonian carbonate complex of the two wells
located on the N—NE slope of the South Tatar arch
(Tlyanchi-Tamaksky area, Volga-Ural petroliferous
basin). Deposits of the carbonate complex were stud-
ied in the stratigraphic interval of Sargaev—Semiluk
horizons in the depth interval 1626—1706 m.

Wells of the N—NE slope of the South Tatar arch
structurally belong to the depression part and the slopes
of the Semiluk trough which formation began in Sar-
gaev time. The most elevated part of the depression was
located within the southern part of the arch. From
Rechitsk time it takes the form of a clearly defined
depression of the Aktanysh-Chishminsky trough (part
of the Kama-Kinel trough system), dated to the north-
ern and northeastern parts of the arch (Fig. 1). The total
thickness of the studied sediments is about 50—60 m.

The studied section is represented by limestones
with varying quantity of clayey admixture and signifi-
cant part of siliceous component (Table 1). Content of
clay minerals is relatively increased (30% average) in
the lower part of the section (Sargaev horizon), while
the Semiluk part practically does not contain clay
(6% on average). Low organic matter content (total
organic carbon (TOC)—0.07—4.7%, “subdoman-
ikoid” and “domanikoid” concentrations) refer to
light carbonate rocks represented by bioclastic lime-
stones, micritic, dolomites, phtanites and claystones of
gray, greenish gray and brown colors. High concentra-
tions of OM (5.97—49.4%, “domanik type”) are typical
of the predominantly dark-colored mixed siliceous-
carbonate rocks; they form rythmites of pure calcareous
to pure siliceous composition, at that organic compo-
nent plays alongside the rock-forming role.

Content of bitumen in rocks is characterized by a
wide range of values (ChB = 0.01—4.1%) and depends
on the concentration of OM. Organic matter is synge-
netic that is confirmed by the correlation between the
quantity of OM and bitumen (Fig. 2).

Single samples of siliceous and bioclastic limestone
migratory bitumen are observed fixed by high values of
bitumen coefficient "B = 52—62%, while the back-
ground concentration is less than 20% (Fig. 3). Rela-
tively increased bitumen content of OM located at the
beginning catagenesis level (7},,,, = 400—433°C) is due
to increased lipid fractions in the initial OM.

The group bitumen composition is represented by
dominating asphaltene components (an average of
70%), 30% of malthenes; in some samples its content
increases to 50—60%.

A complete set of standard analyzes the composi-
tion of alkanes, steranes and triterpanes, based on
which conclusions on the sedimentation conditions in
Domanik and pre-Domanik time are drawn. The
results are shown in Tables 2 and 3. The main conclu-
sion that follows from these data—the composition of
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Fig. 1. Location of the study area.

saturated hydrocarbons of the studied samples is typi-
cal for DOM of the Semiluk horizon of the central part
of the Volga-Ural region (Gordadze and Tikhomirov,
2005).

Alkanes composition is typical for reducing sedi-
mentation conditions in the marine environment.
Unimodal distribution of n-alkane HCs is observed.
Chain length is C,—C;, with maximum on n-C,g_,,,
that is characteristic for marine algal OM. Pr/Ph < 0.9
(smallest—0.3), K; = 1.1-9.1 (2/3™ of the samples—
from 2.0 to 4.5). No expressed evenness or oddness of
n-alkanes is observed. Predominance of C,; among
steranes C,7:C,5:Cyy is characteristic of shallow-
marine depositional environment of the generating

GEOCHEMISTRY INTERNATIONAL

strata with predominant phytoplankton, and the dom-
inance of sterane C,q indicates the possible involve-
ment of higher plants.

Under-Domanik deposits of Sargaev horizon are
characterized by the presence of autochthonous OM
accumulated in shallow-marine environments of pre-
dominantly carbonate sedimentation and reducing
diagenetic conditions. Evidence of normal salinity in
the pre-Domanik shallow basin is extremely low value
of the ratio G/H30—<0.07 and 0.03.

Sapropelic type of OM is proven by the data of
macro- and micropetrography rock studies, ratios of
iso-/n-alkanes, CPI. Organic matter is slightly trans-
formed that is proven by the prevalence of R-configu-
Vol. 55
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Table 1. List of studied samples of Tlyanchi-Tamaksky area and its pyrolysis characteristics
Mass content, % Rock Eval pyrolysis
S S, HI
Sample | Depth, m| Horizon
SiO, |carbonates| T °C | TOC, % PI mg
mg HCs/g rock HCs/g
TOC
well 300
47 1675.3 D3gm 98 2 419 24.28 9.01 152.6 0.06 629
41 1679.74 Dsgm 27 69 417 16.86 6.7 98.5 0.06 584
37 1682.29 D3gm 39 61 411 29.69 9.71 180.9 0.05 609
33 1684.05 D3gm 83 17 413 28.75 16.55 175.3 0.09 610
32 1684.48 Dsgm 1 99 421 0.4 0.06 0.98 0.06 245
27 1686.92 D3gm 30 50 410 23.81 2.26 145.7 0.05 612
22 1689.05 D3ym 26 71 413 49.37 13.78 284.8 0.05 577
9 1704.72 Ds, 3 97 425 0.66 0.12 0.74 0.14 112
1705.51 Ds, Undef. | Undef. 413 21.61 11.71 121.8 0.09 564
well 859
33 1626.2 D3gm 3 97 420 1.87 0.99 8.15 0.11 436
29 1627.0 D3ym 46 52 426 7.16 4.95 38.0 0.12 530
26 1628.05 Dsgm 84 14 423 8.79 8.25 51.2 0.14 582
25 1628.4 D3ym 7 92 422 19.27 6.81 95.2 0.07 494
24 1629.0 Dsgm 92 423 2.98 1.83 15.3 0.11 514
19 1630.38 D3igm 14 80 422 10.68 4.06 57.4 0.07 538

ration homohopanes over homohopanes with S-con-
figuration (22S/22R = 0.38 and 0.97), low values of
T,/T,, ratio, prevalence of ala-isomer of steranes over
BB-isomers, although the generation of “early” HC
fluids has already started that is manifested in rela-

tively high degree of bituminization. This is also con-
firmed by maturity coefficients of polycyclic aromatic
HCs: values TAI/(TAI + TAII) = TA(I)/TA(I) = 4
and 7%, DBT index 4-Me-/1-Me- = 0.45 and 0.9 are
consistent with the thermal indexes by steranes and
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Fig. 2. Relation of TOC and chlorophorm bitumen con-
centrations in the rocks of carbonate complex of Tlyanchi-
Tamaksky area.
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Fig. 3. Relation of OM concentrations and bitumen coef-
ficient in the rocks of carbonate complex of Tlyanchi-
Tamaksky area.
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Table 2. Geochemical features of the samples by alkanes and steranes composition

Ne | Well |Sample| Age |Pr/Ph nl—)(rj/” nlf?j/l 8 K 281%2_(')_514 ) ((XO?E/BB) (ﬁ:ag:—/ Ocili/e . C51/ZC19|Cy7:Cyg:Cog
1| 859 33 D34 | 0.30 1.3 2.7 2.1 0.47 0.60 0.14 0.30 0.10 38:17:45
2| 859 29 D3gm | 0.31 1.6 33 2.6 0.45 0.61 0.12 0.25 0.06 37:17:46
31 859 26 Diyn | 0.44 1.9 3.7 2.9 0.44 0.53 0.18 0.50 0.05 35:21:44
4| 859 25 D34 | 0.50 0.84| 1.5 1.2 0.47 0.54 0.17 0.45 0.20 38:20:42
5| 859 24 D3gm | 0.39 1.5 3.0 2.3 0.45 0.60 0.15 0.28 0.09 37:19:44
6| 859 19 Dign | 0.42 1.2 2.4 1.8 0.45 0.59 0.13 0.25 0.14 41:17:42
71 300 47 Dsgm | 0.37 2.1 4.0 33 0.49 0.56 0.13 0.20 0.06 36:18:45
81| 300 41 D3gm | 0.55 2.6 4.6 4.2 0.46 0.57 0.14 0.26 0.08 38:17:45
91 300 37 D3gm | 0.62 33 3.7 3.6 0.39 0.23 0.15 0.20 0.03 36:18:46

10 | 300 33 Ds3gm | 0.59 2.4 3.6 3.0 0.45 0.47 0.19 0.31 0.09 36:15:49
11 | 300 32 D3gm | 0.70 2.2 3.0 2.9 0.44 0.52 0.18 0.31 0.06 35:16:49

12| 300 27 Digp | 0.88 9.0 9.3 9.1 0.13 0.21 0.33 0.41 0.03 36:18:46
13 | 300 22 Ds3gm | 0.39 2.5 5.1 4.0 0.52 0.52 0.16 0.35 0.05 38:17:45

14| 300 9 Ds, 0.13 1.4 1.1 1.1 0.28 0.44 0.6 1.13 0.34 48:17:35

15| 300 7 Ds, | 0.70 8.7 5.6 6.5 0.10 0.25 0.6 0.66 0.08 35:18:47

Dia-/reg- ratios are measured by steranes C,.

Table 3. Geochemical characteristics of the samples by triterpanes composition

Ne Well |Sample| Age | Ty/Tnm |Hao/H3g|Mso/Hsg Pg;;— T?g?__/ Hl;()e/(;__lzg Hss/Hsy I_SI:);Z?;SS/ G/H;
1 859 33 D3gm 0.12 0.63 0.06 0.51 0.10 0.03 1.4 0.9 0.21
2 859 29 D3gm 0.12 0.58 0.05 0.26 0.11 0.03 1.5 1.5 0.16
3 859 26 D3ym 0.10 0.55 | <0.03 0.44 <0.07 | <0.05 1.4 0.5 0.94
4 859 25 D3gm 0.11 0.64 0.09 0.57 0.08 0.07 | undef. 0.6 0.76
5 | 859 24 | Dy | 002 | 060 | 006 | 037 | o | 002 | 22 | 13 0.16
6 859 19 D3ym 0.13 0.66 0.05 0.52 0.11 0.02 1.5 1.3 0.17
7 300 47 D3gm 0.11 0.55 0.04 0.18 0.18 0.05 1.4 0.6 0.27
8 300 41 Dsgm 0.11 0.45 0.07 0.11 0.22 0.03 1.4 1.1 0.29
9 | 300 37 | Dy | 007 | 08 | 017 | 019 | 025 | 003 | 09 | 05 0.56

10 300 33 D3gm 0.11 0.53 0.08 0.13 0.25 0.04 1.3 0.8 0.24
11 300 32 D3gm 0.16 0.49 0.07 0.09 0.27 0.02 1.2 0.8 0.23

12 300 27 D3ym 0.10 0.63 0.30 0.09 0.63 0.04 0.6 0.4 0.38

13 | 300 2 | Dy | 011 | 055 ] 006 | 014 | 022 | 003 | 13 | 07 0.29

14 | 300 9 | Dy 019 | 066 | 027 | 042 | 039 | 025 | 08 | 13 0.03

15 300 7 Ds, 0.14 0.35 0.31 0.07 0.35 0.13 1.0 0.6 <0.07

H—homohopanes, M—moretane, G—gammacerane, Tri-/Penta—tricyclane C,3/Hopane Cj, Tetra-/Tri—tetracyclane C,,/Tricy-
clane Cys.
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hopanes and point on low thermal maturity of depos-
its (protocatagenesis—early stage of hydrocarbon gen-
eration).

Domanik deposits of Semiluk horizon contain
autochthonous OM accumulated according to
(Khisamov et al., 2015) in shelf conditions (depth
150—200 m) of predominantly carbonate sedimenta-
tion and reducing diagenetic conditions with low Eh
values. Increasing of mineralization of the sea water in
Semiluk time is stated from the value G/H;, = 0.16—
0.94, at that three samples — 0.56, 0.76, 0.94, the rest—
0.16—0.38. Bitumen part of OM is mostly autochtho-
nous, partially affected by migration (presence of
para-autochtonous bitumen), represented mainly by
the asphaltene fraction, which indicates low maturity
of OM. Accumulation of the sediments occurred in
the marine clastic-carbonate sedimentation condi-
tions without significant input of humic OM. Initial
OM was formed by marine phytoplankton and/or
zooplankton. By the value of maturity coefficients
OM is non-homogenous. Some samples are charac-
terized by sharp prevalence of isoprenanes over n-
alkanes, predominance of homohopanes of R-config-
uration over S-configuration, low values of T,/T,,,
predominance of ot-isomers of steranes over f3-iso-
mers that indicates level of maturation of these depos-
its as late proto-catagenesis (PC;). In the others com-
position of the cyclic biomarkers is typical of oils:
S/R ratio for homohopane C;, ~ 1.5, BB/(cco+pB)—
in the range of 0.50 to 0.61, 200oS/200i0t(S+R)—
0.41—0.47, that is taking into account T,,, values and
DBT index 4-Me-/1-Me- (0.9—2.1) indicates begin-
ning of meso-catagenesis MC,.

An important feature of the aromatic fractions of
the studied Domanik-Sargaev deposits is evidence of
sharply reducing conditions in the sedimentation
basin up to hydrogen sulfide contamination. Credible
evidence of hydrogen sulphide contamination cover-
ing the photic layer of the paleobasin, is considered
the presence of diagenetic derivatives of isorenieratene
in organic matter of the sedimentary rocks. This is
carotenoid synthesized by green sulfur photoautotro-
phic bacteria, genus Chlorobiaceae; necessary condi-
tions of'its existence are light and hydrogen sulfide dis-
solved in water (Hartgers et al., 1994; Koopmans et al.,
1996). These components are distinguished by their
isotopic composition: carbon is 10—15%o. heavier than
the carbon of lipids of other photosynthetic organisms
(Hartgers et al., 1994; Koopmans et al., 1996 Bushnev
et al., 2016).

Trimethyl-alkylbenzenes of C;,—C;; composition,
bi-, tri-, and polycyclic aromatic structures with iso-
prenane substituents are identified in the aromatic
fraction of bitumen (Fig. 4), indicating the existence
of anoxia in the photic layer of the sedimentation
basin, that is consistent with the reduced values of
Pr/Ph and increasing concentrations of DBT and its
derivatives.
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Identification of compounds—anoxia testifiers in
the photic layer of the sedimentation basin shown in
Fig. 4 was carried out on the basis of GCMS, based on
data on mass spectra and retention time of compo-
nents, as well as those manifested in the chromato-
grams of the stereoisomers listed in (Hartgers et al.,
1994; Koopmans et al., 1996, Clifford et al., 1998).
Mass fragmentograms by characteristic ions with
m/z =133, 134, 237,287, 169, 183, 209, 223 were ana-
lyzed, i.e. compounds those in accordance with (Hart-
gers et al., 1994; Koopmans et al., 1996) are the high-
est, and by listed in the same molecular ions hydrocar-
bons from M = 546 to M = 148. The peaks coinciding
on mass fragmentograms by molecular and corre-
sponding characteristic ions, were normalized to the
total ion current. Samples where each identification
component is present in highest concentrations were
defined, and these samples were used for definition of
a set of basic ions and their intensity in the mass spec-
trum of the compound compared with the data of
(Hartgers et al., 1994; Koopmans et al., 1996).

Comparison took into account all the characteris-
tic ions contained in the cited papers. Identification of
peaks of biphenyls XXV is confirmed by the respective
type of mass fragmentograms by ion m/z = 237 for a
number of components C;,—C,, shown in Fig. 1 in
(Koopmans et al., 1996) (single peak C,y and couples
of peaks C,,—C,, with an intensity ratio 1:1 due to the
presence of an asymmetric center in a substituent). To
distinguish between the isomers with 2,3,6-Me,- and
3,4,5-Me;- benzene molecule fragments we used the
ratio of peak intensities of ions with m/z = 133 and 134
(in compounds with 2,3,6-Me;- fragment the ratio is
much higher) (Hartgers et al., 1994; Koopmans et al.,
1996). Structure XII is set according to (Clifford at all,
1998) based on the similarity of its mass spectrum and
spectrum of analogue-2,3,6 Me;- fragment (XIII)
with typical at transition to isomers with 3,4,5-Me;-
fragment decreasing in the ratio of ion peak intensities
with m/z = 133 and 134, and difference in retention
time of chromatographic peaks XII and XIII, equal to
that of I and II. Typical mass fragmentograms are
shown in Fig. 5.

Strictly speaking, the data is insufficient for VII—X
to establish a clear position of the methyl groups, so it
is possible that some of these compounds have the
structure not with assigned structure with 2,3,6-Me;-,
but with 3,4,5-Me;-distribution of substituents.
Because of their low content in all the samples it has
no effect on the final conclusions. Components 111
and IV are located close on the chromatograms, so
that their summary content was only measured.
Regarding the number of compounds it was not possi-
ble to establish which of the isomers they correspond.
There are three options for the structures XIX and XX
(LVIID-LIXD, R = Me and R = H, respectively,
index “D” indicates the compound number in (Koop-
mans et al., 1996) and two—XXIV (LVD or LVID). In
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Fig. 4. Structure of the identified compounds—anoxia markers in the photic layer of the sedimentation basin. Question marks—
cases when the structure is identified to the accuracy of the isomers stated in the figure.

Fig. 4 such cases are marked with question marks. The
peaks of C,5 isomers of 2,3,6-Me;- and 3,4,5-Me;-
substituted benzenes (C;5-XXVI and XXVII) are exactly
coinciding, as follows from the dependences of the
retention time of these two series of compounds by their
molecular weight and an intermediate value of the ratio
of intensities of the ions with m/z = 133 and 134.

GEOCHEMISTRY INTERNATIONAL

According to the standard ratio m; = kXl 4
where 1, —integrated intensity of the sum of the
characteristic ion peaks i (in the group j), m—weight %
of the j-group, k—empirical coefficient for the j-th
group (see below, summation of all the compounds of
the group), quantitatively (mass % of the fractions of
aromatic compounds) determined the content of the
Vol. 55

No. 8 2017
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Table 4. Content of compounds—anoxia markers in the photic layer of the sedimentation basin in the aromatic fraction

% of common content of compounds—anoxia markers
No. Well | Sample | Age Content C
(mass %)| 1411 Ot;‘l(; Csy, C33 | Cy—Cyr | XXV | ZXXVI |2 XXVII
1 859 19 D34m 5.1 7 1 1 4 3 65 19
2 859 24 D34m 5.6 26 2 2 3 2 48 17
3 859 25 Digm >1.3 Undefined 0 5 14 58 23
4 859 26 Digm >1.5 Undefined 3 5 13 58 21
5 859 29 Dsgm 5.5 46 1 1 3 2 32 15
6 859 33 Digm 4.5 31 2 2 4 2 41 19
7 300 22 D34m 4.3 14 2 2 4 6 51 20
8 300 27 D34m 4.2 17 2 25 5 38 13
9 300 32 Dsgm 6.1 61 3 3 2 18 12
10 300 33 | Dagn 7.6 6 ‘ 1 1 4 5 60 23
11 300 37 D3gm 1.5 18 3 9 5 44 21
12 300 41 D34m 3.1 30 ‘ 6 6 9 3 31 15
13 300 47 D34m 2.5 15 2 5 8 52 19
14 300 7 Ds, 5.5 15 ‘ 8 3 10 14 39 11
15 300 9 Ds,, 1.2 44 3 12 0 28 12

following compounds and their groups: I + II, amount
of other components C,, (at low accuracy of their con-
tent estimation—all C,, compounds cumulatively),
C;, and C;3, C,—C,;, the sum of biphenyls row
(XXV), 2,3,6-Me;-substituted benzenes (XXVI), 3,4
5-Me;-substituted benzenes (XXVII). Characteristic
peaks are defined as sum of even and odd ions:
m/z 133 + 134, 237 + 238, 287 + 288, 169 + 170,
183 + 184,209 + 210, 223 + 224. For such sums k; val-
ues within a set of such structures are less dependent
on the structure and molecular weight of the individ-
ual compounds. In addition, we used molecular ion
with m/z = 274 and m/z = 237.

Empirical coefficients k; for the individual com-
pounds in the first approximation, are equal to the
ratio of the integrated intensity of the compound peak
in the chromatogram obtained by total ion current to
the integrated intensity of the peak of the same com-
pound in the mass fragmentograms built on the corre-
sponding ion or their sum, as the ionization cross sec-
tions, per unit mass, for all the aromatic fractions are
close enough (Brodsky, 1985). Their measurement
was conducted using the samples with proven corre-
sponding peaks in the chromatograms by the ion cur-
rent are not composite. Total coefficients for 10 com-
pounds among the structures [-XXIV were measured,
the biggest concentrations of which are highest for

GEOCHEMISTRY INTERNATIONAL

4 members of the biphenyl row XXV (Cjs to Cy),
5 members of the row of 2,3,6-Me;-substituted ben-
zenes XXVI and 4 members of the row of 3,4,5-Me;-
substituted benzenes XXVIII (in both rows—from C,,
to Cy).

Only four compounds were measured in one sam-
ple. For the rest, they were performed in two—three
samples with further averaging. The measured coeffi-
cients for individual compounds were averaged by
groups of components (see above) to obtain the aver-
age values k; for the group. Except biphenyls XXV the
greatest difference between the average value and the
value determined for the individual compounds was
less than 15 rel %. Biphenyls XXV obtain the coeffi-
cient for connection with methyl substituent that is
about a half times less than the other. In all the sam-
ples studied in separate accounting of methyl substi-
tuted homologue and other members of the series
compared with that obtained by using the group aver-
age coefficient difference of less than 5 rel %, that is
acceptable. The compounds in that it was not possible
to measure the empirical coefficients, according to the
intensity of their peaks, amount a small fraction of
each group, so that for any possible significance of
these factors impact on their average value is negligi-
ble. The probable error of measurement the total con-
centration of the compounds—anoxia markers in the
photic zone—is about 25 rel %.
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The results are shown in Table 4. It should be noted
that among the components C,, prevailing is I, con-
centration of I1 is three times less than that for compo-
nent I. Elevated content of group C,,—C,, are stipu-
lated by sharply increased concentrations of XXI,
XXII and, to a lesser extent, XIX.

From the stated data (Table 4) primarily it follows
that in all studied samples content of anoxia markers
in the photic zone is huge, ranging from about 1.2 to
7.6 wt % of the fraction, which occupies aromatic and
part of saturated heteroatomic compounds (Smirnov
et al., 2014). Calculating on the total malthene frac-
tion their content lies in the same ranges as the content
of a major group of alkanes—isoprenanes up to C,,
inclusive. Smallest concentration fixed in appropriate
DOM fractions and oils is about 100 times smaller—
about 0.03%. Estimating the observed concentration it
should be understood that all of the components —
anoxia maarkers as a source have only 2—3 com-
pounds which are not the basis of the lipid parts of the
organisms, but pigments (see Introduction).

This concentration is not associated with any other
parameter characterizing the content and composition
of DOM (TOC, bitumen content, malthene fraction
content, content of saturated hydrocarbons and aro-
matics, part of hydrogen in the aromatic ring of the
total hydrogen of malthene fractions measured in
(Smirnov et al., 2014) by PMR method. It does not
depend on the maturity of DOM. Possible exception is
the connection between the content of anoxia markers
with water mineralization (parameter G/H;,). When
considering Semiluk horizon deposits the Spearman
correlation coefficient between the value of G/H;,and
content of anoxia testifiers is —0.786 at the critical
value of 0.801 for significance level 0.001 and 0.684 for
significance level 0.01 (i.e., content of anoxia testifiers
decreases with increasing of mineralization). How-
ever, inclusion of all the studied samples obtained cor-
relation coefficient amounts —0.439 at the critical
value 0.441 for the significance level of only 0.1. At a
low value of the ratio G/H;, both samples of Sargaev
horizon content obtain different content of anoxia
markers: in one of them—at the lower boundary of the
values obtained, for the second—5.5 wt %. Therefore,
to address the issue of the relationship of water salinity
and the content of compounds—anoxia testifiers in
the photic layer large amount of additional data is
required to attract.

CONCLUSIONS

Detailed geochemical study of carbonate and sili-
ceous-carbonate source rocks of Semiluk—Sargaev
complexes within the N—NE slope of the South Tatar
uplift revealed a significant content of anoxia mark-
ers in the photic layer. For the first time total content
of anoxia markers in fractions was calculated in the
entire section. It is shown that they amount from 1.2
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to 7.6 wt % in the fraction of aromatic compounds.
Consequently, this substance was deposited under
conditions of constant anoxia in the photic layer of the
sedimentation basin at sufficiently high thickness of
the water layer contaminated with hydrogen sulfide.
Since by composition of saturated hydrocarbons the
studied samples are typical for deposits of Semiluk
horizon of the central part of the Volga-Ural basin, we
can assume a fairly wide prevalence of such conditions
within the South-Tatar arch. No relationship between
the concentration of anoxia markers with any other
parameter describing the content, structure or matu-
rity of DOM has been defined. Changes in the con-
centrations of the components—anoxia markers—
show cyclic changes of the thickness of the layer con-
taminated with hydrogen sulfide or bio-productivity
within the studied time. Indeed, if the decrease in the
concentration of the anoxia markers is stipulated by
several-fold dilution by substance formed in the aer-
ated area, it means that there has been several-fold
increasing of the OM income into the sediment that
has passed into the buried state. This should lead to
increase of TOC and, ultimately, to negative correla-
tion coefficient between the content of anoxia markers
and TOC, which is not observed.
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