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Well A B C D E
Age / Geochemical parameters D4l it qt ar u
11~ 18 71.38 61.32 54.56 - -
197 24 15.97 19.24 21.45 - -
25 34 5.39 9.82 15.45 - -
iso-/n-alkanes 0.08 0.11 0.09 - -
Pr/Ph 1.01 0.98 0.94 - -
(Pr+Ph)/(G+Cyp) 0.12 0.29 0.30 - -
Pr/Cy; 0.07 0.21 0.21 - -
Ph/Gg 0.30 0.49 0.50 - -
2* 14( 16+ 19) 2.51 1.73 1.71 - -
2* 5d( 28t 30) 0.88 0.86 0.89 - -
CPI 1.13 1.30 1.26 - -
270 28 29 35:26:39 | 31:28:41| 31:29:40| 31:21:48 | 32:22:46
Dia/reg 1.23 0.59 0.61 0.39 0.42
Steranes/hopanes 0.10 0.15 0.15 0.18 0.26
Tri/penta 0.07 0.07 0.07 0.26 0.39
3( 313) 0.15 0.14 0.12 0.15 0.17
Hoo/Hzo 0.52 0.59 0.71 1.30 1.31
* o 0.41 0.50 0.49 0.46 0.50
o, 0.48 0.50 0.51 0.56 0.55
, % Cs 8.50 8.40 9.41 6.65 8.08
22S/22S+22R 0.60 0.60 0.61 0.54 0.53
Ts/Tm 1.15 1.37 1.42 0.48 0.47

Table 2. Geochemical characteristics of the saturated fraction of the Labagan field oils. *K, = 205/20S+20R (C29
Sa(H),14a(H),17a(H) steranes); **K, =abb/abb+aaa (C29 5a(H),14f(H),17p(H)- and 5a(H),14a(H),17a(H)-steranes).

Fig. 4. Molecular weight distribution of n-alkanes (1) and isoprenanes (2) in high boiling fractions of oils: a) of different geo-
chemical types (I-VIII), by (Kiryuchina, 1995); b) in the oil of Labagan field (average values for wells A-C)

Polycyclic hydrocarbons

In oils, the composition of polycyclic HCs-
biomarkers has been studied, which contains important
information on the composition of the initial organic
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matter of oils, conditions of its accumulation and
thermal transformation (Peters et al., 2005). Their
distribution and the resulting coefficients are shown

in Table 2.
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The distribution of steranes is shown in m/z 217 mass
chromatograms (Fig. 5). Cholestane (C,,) varies from 31
to 35%. There is a slight prevalence of ethylcholestane
(C,,) over neighboring homologs, its oil content varies
from 39 to 48 %. Triangular diagram shows a8} steranes
of the C,-C,, distribution (Fig. 6). Figure 6 clearly
shows that the oils from Lower Devonian Lokhkovian
deposits and Lower Carboniferous Tournaisian
deposits have a slightly different composition of the
initial OM than Permian oils, but are characterized
by similar sedimentation conditions of the initial
OM, which occurred in coastal-marine environments.
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Fig. 5. Mass chromatograms of steranes (m/z 217) of methane-
naphthene fractions of oils from deposits of different ages
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Fig. 6. Diagram of the relative distribution of C,-C,
isosterans in oils

One indicator of the facial conditions of sediment
accumulation (Brassell et al., 1984; Petrov, 1991) is the
ratio of diasteranes to regular steranes (dia/reg). The
increased values of this coefficient (0.59-1.23) indicate
the prevalence of the clay component in source rocks
(which is consistent with the data on the lithological
composition of the rocks).

To assess the contribution of algal and bacterial
organics, the authors (Peters et al., 2005) suggested using
the ratio of steranes/hopanes. The ratio steranes/hopanes
varies from 0.10 to 0.26, which indicates an insignificant
or moderate bacterial processing of the initial organic
matter in an early diagenesis.

The distribution of terpanes is shown in m/z 191
mass chromatograms (Fig. 7). Tricyclic HCs, hopanes,
moretane are clearly identified on mass chromatograms.
The D1 and Ct oils are low in tricyclic hydrocarbons
(tri/penta ratio is 0.07), and in biodegradated oils this
value rises to 0.39.

Hopanes are represented by compounds from H,,
to H,,. The distribution of af3 hopanes of C, -C,,
composition — the homohopane index (C,,/C, +C,)) -
is characterized by low values, which indicates the
existence of sub-reducing conditions in sedimentation
of the initial OM in early diagenesis.

The ratio of adiantane (C,,) to hopane C, for oils, the
genotype of which we have defined as the Ordovician-
Lower Devonian, varies from 0.52 to 0.71, and for
oils from Permian deposits — more than 1. In 1994,
AlLA. Petrov (Petrov, 1994) found that for TPOGP oils
the prevalence of adiantane over hopane is most often
characteristic only of the Upper Permian. The C,/C,;
ratio <1 is characteristic of the OM of the Cambrian and
Phanerozoic of Siberia and other regions of the world,
as well as of oils (Parfenova, 2018). In the same work,
as well as in a number of others (HSId et al., 1999;
Filndani et al., 2005; Yandarbiev et al., 2017), data are
presented for oils and OM when the hopane ratio C,/C, |
exceeds unity.
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Fig. 7. Mass chromatograms of terpanes (m/z 191) of methane-
naphthene fractions of oils from deposits of different ages

T.M. Parfenova believes that “biochemistry of
microorganisms that occupied some ecological niche in
Cambrian seas was presumably inherited from organisms
of Precambrian biospheres. ... The biochemical
composition of prokaryotes of some Proterozoic,
Phanerozoic, and Quaternary communities was
characterized by the elevated adiantane-hopane
coefficient” (Parfenova, 2018). According to the authors
(Clark, Philp, 1989), the ratio C,/C,, > 1 indicates
the presence of a significant fraction of the carbonate
component in the initial source rocks.
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o1 2 The degree of biodegradation (Vinogradova,

% Pu Punanova, 2012) of Permian oils is defined as medium

(moderate). Formation of a series of demethylated

ieyelic terpanes ér”i . 25-norhopanes (reliably identified by the fragment ion

\ =a m/z 177) characteristic of high-stage biodegradation oils
%gﬁ 2 p (Volkman et al., 1983) is not observed here.

- tﬁ%ﬁ;% To determine the degree of the maturity of the

i \ %é??iiﬁﬁ OM, the relationship between the initial biological

\ / %%a ik steranes (configuration aaa20R) of C,, composition

& a 2 / / / / /%;% and isosteranes that have been newly formed as a

& AJ\MLJN result of catagenetic processes (afp 20R + 20S)

LLL . (coefficient K|) is often used; as is the ratio of

geosteranes — Sa(H)14B(H)17B(H) — to biosteranes —
Sa(H)14a(H)17a(H) (coefficient K,); as well as the
relative content of moretane (o C,)); the ratio of
neohopane C_, (Ts) to the regular hopane C,, (Tm)
(0.47-0.48); and the coefficient 22S/22S+22R for
homohopane C,,.

Ts/Tm ratio differs slightly in the studied oil
groups. Thus, Ts/Tm for oils from D1 and C,t deposits
correspond to values of 1.15-1.42, while for oils from
P ar and P u deposits they do not exceed unity (Table 2).
However, based on other coefficients, we can say that
the studied oils are equally catagenetically transformed.
The maturity of all the studied oils is low, probably
corresponding to the beginning of the main phase of
oil formation. These differences may well correspond
to the formation of A-C and D-E oils in various source
rocks. The effect of biodegradation on the composition
of biomarkers is not excluded.

Qil-oil correlation

For the oil-oil correlation, we built so-called star
diagrams. For correlation of oil M.V. Dakhnova and
co-authors propose to use ratios between concentrations
of hydrocarbon pairs close in chemical structure
(Dakhnova et al., 2007). As such parameters we used the
ratios: n-C, /n-C ,, n-C /n-C ,i-C /i-C , n-C /n-C ,
Pr/n-C _, Ph/n-C , (Fig. 8). The results obtained by the
distribution of normal and iso-alkanes show the identity
of diagrams, which indicates a common genotype of the
Lower Devonian and Lower Carboniferous oils and good
vertical fluid communication of reservoir rocks. These
conclusions are confirmed by the tectonic structure of
the investigated territory.

A comparative analysis of diagrams of oils based
on sterane and hopane coefficients (Fig. 9) revealed
insignificant differences between the Lower Devonian
and Carboniferous oils from Permian oils, which are
most likely associated with hypergene changes in the
latter.

Conclusions
According to the set of data, obtained by hydrocarbon
composition, two oil genotypes are determined at
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Fig. 8. Correlation of oils by the ratio of the concentrations
of pairs of close acyclic hydrocarbons
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Fig. 9. Star diagram by sterane and hopane coefficients

Labagan field. Oils from the deposits of the Lokhkovian
stage of the Lower Devonian and Lower Carboniferous
belong to the same genotype — the Ordovician-Lower
Devonian. The initial organic matter of oils is sapropelic,
the accumulation of which took place in a sub-reducing
environment. It is assumed that oil migrated from
the Silurian-Lower Devonian sediments to overlying
sediments in the decompression zones.

Due to biodegradation, it is not possible to reliably
determine the genotype of oils from Permian deposits.
This requires additional geochemical studies, such
as thermolysis of oil asphaltenes. However, by the
distribution of polycyclic hydrocarbon biomarkers
we determined that the oil had a slightly different
composition of the initial OM.

The maturity of oils of all the oil and gas complexes,
studied by us, established by the sterane and hopane
coefficients, corresponded to the beginning of the “oil
window”.
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