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Abstract—The uppermost Bathonian–lowermost Boreal Berriasian clay horizons (Gol’chikha Formation) of the Yenisei–Khatanga 
regional depression are regarded as probable oil source strata. Considerable core recovery in the Middle Jurassic to Lower Cretaceous sec-
tions from the boreholes drilled in the Paiyakhskaya well site and the presence of oils in the overlying strata of the Shuratovo Formation 
permit us to carry out integrated stratigraphic (bio-, litho-, chemo-, and seismostratigraphic) and geochemical (organic matter and oils) 
studies of the entire section of the Gol’chikha Formation and boundary beds, to reveal oil-producing horizons, and to compare the genotype 
and maturation level of their oils with those of the potentially oil source organic matter (OM) of the rocks. A detailed biostratigraphic zona-
tion of the sections of the Gol’chikha Formation based on microfossils has been carried out. Comparison of δ13Corg variations in the Volgian 
and in the lower beds of the Boreal Berriasian with those in the Barents Sea shelf and in the northeast of East Siberia provided the basis 
for more accurate definition of the boundaries of stages and substages in the intervals free of fossils in the Paiyakhskaya area. The studied 
section of the Gol’chikha Formation has been divided into eight lithologic members calibrated with bio- and seismostratigraphic units. 
The distinctive features allowing the definition of the upper boundary of the Gol’chikha Formation are proposed using GIS data. Analysis 
of bio- and chemostratigraphic data allowed the correlation of the seismic reflecting horizons defined in the Gol’chikha Formation and its 
boundaries with the geologic section and relevant litho- and biostratigraphic units. It has been established that the strata with the highest 
content of organic matter consist of the upper part of the Gol’chikha Formation (the Upper Volgian and basal Boreal Berriasian). According 
to the vitrinite reflectance data, the OM catagenesis in the Upper Volgian interval corresponds to the oil window, which is confirmed by 
pyrolysis data. Thus, these strata can be considered oil-producing. The low δ13Corg values confirm the predominantly marine OM composi-
tion. Analysis of oils from the Cretaceous productive strata of the Paiyakhskaya area shows that they formed from the marine OM of the 
upper part of the Gol’chikha Formation at the same accumulation stage. The comprehensive studies of the Gol’chikha Formation in the 
Paiyakhskaya well site and complete stratigraphic coverage of the sections confirm that they can be considered a hypostratotype.

Keywords: Jurassic, Cretaceous, stratigraphy, microfossils, geochemistry of organic matter and oil shows, hydrocarbon biomarkers of oil, Arctic, Yenisei–
Khatanga depression

INTRODUCTION 

Arctic territories of Siberia, including the Yenisei–Khat-
anga regional depression are of high hydrocarbon potential, 
but still remain understudied. Upper Jurassic and Cretaceous 
terrigenous beds are characterized by favorable combina-
tions of reservoirs and seal rocks as well as by concentration 
of high-carbon formations in the significant part of the 
Northern Hemisphere. The Gol’chikha Formation is regard-
ed as one of such oil-producing horizons in the Yenisei–
Khatanga regional depression and the neighbouring areas of 
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the West Siberian syneclise (Filiptsov et al., 2006; Kim and 
Rodchenko, 2013). Lately, this formation has been inten-
sively studied based on the materials of drilling, GIS and 
seismic data (Golovin, 2009; Kontorovich, 2011; Afanasen-
kov et al., 2016, 2017; Fomin, 2016; Klimova et al., 2018; 
Kontorovich et al., 2018; Ryzhkova et al., 2018).

The Gol’chikha Formation was introduced into the re-
gional stratigraphic maps of Western Siberia by the Deci-
sion of the 5th Interdepartmental Regional Stratigraphic 
Meeting (IRSM) (Decision…, 1991). The layers in the depth 
interval of 2937–3312 m from borehole Deryabinskaya 5 
was suggested as a stratotype for this formation (Fig. 1, A) 
(Kukushkina and Kislukhin, 1983; Kislukhin, 1986). In the 
same years (Kartseva et al., 1983), the Deryabinskaya For-
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mation was described from the same borehole section and 
subdivided into the lower (2968–3313 m) and upper (2510–
2968 m) subformations. The stratigraphic ranges proposed 
for these new formations were very close. Nevertheless, it 
was later shown that the Gol’chikha Formation was ap-
proved by IRSM (Decision…, 1991) with nomenclative 
mistakes ignoring certain recommendations of Stratigraphic 
Code (Zhamoida, 1992; Shurygin et al., 2000; Russian stra-
tigraphic code, 2006). However, this lithostratigraphic unit 
was widely applied in geological prospecting and explora-
tions in the northeastern part of Western Siberia and the 
Yenisei–Khatanga depression. The formation is character-
ized by significant alterations in its thickness and structure 
and by a relatively monotonous silty-clay composition. 

Note that published biostratigraphic data were incom-
plete and very schematic. In one case, the Callovian-Volgian 
(possibly Early Berriasian) age was stated for the Gol’chikha 
Formation, but the material necessary for this conclusion 
(taxonomic composition of fossil assemblages) was not 
demonstrated. In another case (for the Deryabinskaya For-
mation), the names of the foramimiferal assemblages and 
some ammonites were indicated, but these fossils were not 
calibrated with the stratotype section (Kartseva et al., 1983; 
Kislukhin, 1986).

In 1989, D.P. Kulikov (1989) suggested the 3720–4028 m 
interval from section of borehole Yuzhno-Noskovskaya 318 
as a new stratotype for the Gol’chikha Formation (Fig. 1, A) 
subdividing it into two subformations (lower – 3895–

Fig. 1. Location of stratotypic sections of the Gol’chikha Formation in the northeastern part of Western Siberia and the western part of North-Siberian 
Lowland (A) and the studied sections in the Paiyakhskaya area (B) on the structural map along the top of uppermost Jurassic – lowermost Cretaceous seis-
mogeological mega-unit (B) (Kontorovich, 2011) (C) and the tectonic map of the western part of the Yenisei–Khatanga regional depression (Kontorovich, 
2011) (D).
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4028 m, upper – 3720–3895 m). Detailed macro- and micro-
paleontological data were published for this reference sec-
tion of the Gol’chikha Formation. However, core data were 
provided only for the uppermost Bathonian-Callovian inter-
val, and foraminifers of the Upper Oxfordian, Kimmeridg-
ian, Volgian and Lower Cretaceous were identified in the 
uppermost part of the formation based on the rock cutting 
material from one interval (3690–3742 m) (Kulikov, 1989). 
Rare ammonites and foraminiferal assemblages of the Callo-
vian, Upper Oxfordian, Kimmeridgian, Volgian and Boreal 
Berriasian were revealed in some other sections from the 
Yenisei–Khatanga depression. 

According to the current stratigraphic scheme of Western 
Siberia (Gurari, 2004), the Gol’chikha Formation is equiva-
lent in age to the Tochino Formation (Upper Bathonian – 
lower part of the Upper Callovian), Sigovo Formation (up-
permost Callovian – lowermost Upper Oxfordian), and 
Yanovstan Formation (uppermost Oxfordian – lowermost 
Boreal Berriasian) of the Ust’-Yenisey region. Сonformably 
lying on the Malyshev Formation, the Gol’chikha Formation 
is overlaid in different areas by the Akhskaya, Shuratovo 
and Nizhnyaya Kheta formations. However, the upper 
boundary of the Gol’chikha Formation is hardly recognized 
from core material in many sections, which is not exclusive 
due to the gradual changes in the lithological composition of 
the boundary layers of the Bazhenov and overlaying Ku-
lomzino formations that are similar to those that occur in the 
eastern part of Western Siberia. Note that the biostratigraph-
ic characteristic of the Gol’chikha Formation does not meet 
the current requirements in the latest stratigraphic scheme of 
Western Siberia (Gurari, 2004). 

The Paiyakhskaya area (Fig. 1, B, d) is located in the 
periclinal zone of the western slope of the Rassokha megas-
well and Belovo trough or, according to another tectonic 
regionalization, in the southwestern part of the East-Nos-
kovskaya depression, constituting quite a steep monocli nal 
slope along the top of the Upper Jurassic – base of the Low-
er Cretaceous (Isaev et al., 2010; Kontorovich, 2011) 
(Fig. 1, C). The area is crossed by a number of seismic pro-
files including such as 3590010 and 0602113, which are laid 
in sublatitudinal and submeridional directions. In the seis-
mic sections, the Gol’chikha interval produces almost a 
paral lel record of highly dynamic reflections. The Gol’chikha 
Formation almost reaches its maximum thickness (722 m) in 
this region with its complete section tapped by a first 
paramet ric borehole of 4207 m in total depth that reached 
the top of the Malyshevka Formation. The core data were 
collected from this borehole to characterize the lowermost 
(4000–4029 m) and uppemost (3453–3463 m) parts of the 
Gol’chikha Formation as well as the lower (3322–3349 m) 
part of the Shuratovo Formation. The most detailed core 
data from the middle and upper parts of the Gol’chikha For-
ma tion (3890–3900, 3785–3800, 3627–3730, 3463–
3564.5 m) come from borehole four reaching its bottom at 
3910 m depth that is located within the formation. The oil-

saturated and substantially aleurite layer (productive layers 
НХ-IV) lays at the bottom of the Shuratovo Formation. 

Significant amount of the core data obtained from the 
formation sections tapped by the boreholes in the Paiyakhs-
kaya area, and the presence of oil in the Cretaceous parts of 
these sections provide the basis for combined stratigraphic 
(bio-, litho-, chemo-, seismostratigraphic) and geochemical 
(organic matter, oils) studies of the whole section of the 
Gol’chikha Formation and its boundary layers to detect oil-
producing strata and compare the genotype and maturation 
level of the oils with potentially oil source organic matter 
(OM) of the rocks. Thus, this formation section can be con-
sidered as a hypostratotypic one. 

The Gol’chikha Formation is composed of relatively mo-
notonous silty clay strata. According to the results of seis-
mic investigations, its thickness reaches more than 800 m in 
the submerged part of the Central Taimyr trench and reduc-
es in all directions, reaching the first tens of meters in the 
edge parts. 

Microfauna distribution in the section of the Gol’chikha 
Formation is not homogeneous in the central part of the 
western area of the Yenisei–Khatanga depression. Many 
samples contain no microfossils, which is, probably, due to 
high sedimentation rate. Nevertheless, the most complete 
micropaleontological data providing the ground for strati-
graphic position of the Gol’chikha Formation are currently 
obtained from the Paiyakhskaya area, which allows the de-
tailed correlation of unequally distant Middle Jurassic – 
Lower Cretaceous sections.  

Thus, the results of combined (stratigraphic, geophysical 
and geochemical) studies suggest that the sections of the 
Gol’chikha Formation from the Paiyakhskaya area can be 
proposed as a stratotype for the uppermost Bathonian – low-
ermost Boreal Berriasian in the submerged parts of the 
Yenisei–Khatanga depression.

MATERIALS AND METhODS

In order to determine the lithostratigraphic composition 
and boundaries of the Gol’chikha section, the following well-
logging data were analyzed: spontaneous-polarization (SP) 
logging, apparent resistivity (AR) logging, caliper logging, 
neutron (GR-N) logging, gamma-ray (GR) logging, and 
acoustic logging. We analyzed the seismic sections crossing 
the Paiyakhskaya area, calibrated with the section of the 
highly dynamic seismic reflections assigned to the Gol’chikha 
Formation and its boundaries, which made it possible to 
study the spatial changes of the formation morphology and 
structure.  

Micropaleontological analysis was based on the 212 
samples from the sections of the Gol’chikha Formation 
tapped by boreholes Paiyakhskaya 1 and 4. The samples of 
200 g in weight were used to study the microfauna. Crushed 
samples were soaked many times in heated supersaturated 
solution of sodium hyposulphate for their disintegration that 
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was followed by crystallization of the solution during its 
cooling. Then, the samples were boiled in water for several 
days and rinsed through a mesh with a cell diameter of 
56 μm. If the samples did not disintegrate completely, the 
cemented sediments were weighed to recalculate the re-
vealed microfauna for initial 200 g of weight. Following pa-
rameters were taken into account during the selection of 
microfauna: the frequency of occurrence for every species, 
the ratio of broken and intact tests, the number of adult and 
juvenile specimens, their mineral composition, grain size, 
the degree of sediment rounding and sorting, presence/ab-
sence of detritus, pyrite, problematics, etc., sediment weight 
after rinsing and drying. 

Thirty four samples from the Upper Jurassic of borehole 
Paiyakhskaya 4 were used for palynological analysis. 
Cleaned samples were disintegrated into grains of 2–4 mm 
in size, dissolved in hydrofluoric acid for several days and 
then rinsed. The organic and mineral parts were separated 
using centrifugation in cadmium fluid of specific gravity 
2.25. Then, the samples were again soaked in hydrofluoric 
acid for a day to dissolve residual silicates. After rinsing, the 
samples were treated by hydrochloric acid for 2–3 hours to 
remove secondary minerals, rinsed again to be dried and 
placed in glycerin. 

The obtained micropaleontologic and palynologic data 
were used for biostratigraphic analysis to study the distribu-
tion of microfossil zones within the Upper Jurassic – Lower 
Cretaceous sections and to determine the stratigraphic posi-
tion of seismic horizon boundaries. To specify the position 
of stage and substage boundaries in the studied sections, we 
also applied the chemostratigraphic data obtained from the 
Upper Jurassic – Lower Cretaceous δ13Сorg variations.

Geochemical OM investigation was performed for 67 
samples of mudstones and silty mudstones from the Gol’-
chikha Formation and 13 siltstones samples from the Shura-
tovo Formation (boreholes Paiyakhskaya 1 and 4). Before 
the analysis, the samples were crushed into grains of 
0.25 mm in size. Organic carbon concentration (Corg % in 
rock) was determined in decarbonized rock after processing 
a sample in hydrochloric acid (10%) and its burning in oxy-
gen flow at a temperature of 1000–1100 °С using the АN-
7529 analyzer. The rock’s pyrolytic characteristics (S1, S2, 
Тmax) were measured with the Rock-Eval version using 
SourceRockAnalyzer (HumbleInstruments).

OM catagenesis was estimated from vitrinite reflectance 
(R°

Vt) values for 11 samples (analysis performed by A.N. Fo-
min, Trofimuk Institute of Petroleum Geology and Geo-
physics) and pyrolytic data analysis. 

The studied oil samples were collected at the top of bore-
hole Paiyakhskaya 1 from 3420–3426 m (three samples), 
1489–1501 and 1503–1506 (one sample), and of borehole 
Paiyakhskaya 8 from 3458–3494 m (one sample). Physical 
and chemical characteristics of the samples (density, frac-
tional composition, sulfur content, hydrocarbon content) 
were obtained using standard techniques. Gas-liquid chro-
matography (Agilent Technologies 7820A GC System with 

HP5 fused silica capillary column) and gas chromatogra-
phy–mass spectrometry (GC Hewlett Packard 5890 with 
HP5 fused silica capillary column and Agilent MSD 5972A) 
methods were applied to detect the hydrocarbon fractions 
required for geochemical interpretations such as n-alkanes, 
acyclic isoprenoids, steranes, terpanes and aromatic com-
pounds (DBT, phenanthrenes, mono – and triaromatic ste-
roids). The fractions were obtained through elution liquid 
chromatography of oil fractions at a boiling point tempera-
ture of > 200°C after asphaltene precipitation. The distribu-
tion of identified hydrocarbon biomarkers was used to deter-
mine the oil genotypes and degree of OM maturity (Petrov, 
1984; Peters et al., 2005).

The standard value (δ13Сorg) deviations of the isotopic 
signatures of the stable carbon isotopes of non-debitumi-
nized carbon-free rock residues was measured at Trofimuk 
Institute of Petroleum Geology and Geophysics, using a 
mass spectrometer system comprising a spectrometer Finni-
gan МАТ 253 and an introduction system GasBench II 
(Thermo Electron Corporation). The δ13С values were mea-
sured using a DELTA V Advantage mass spectrometer 
(ThermoFisher) in the Tomsk Branch of the Siberian Re-
search Institute of Geology, Geophysics and Mineral Reso-
urces. The isotopic signature was characterized as a 13С/12С 
ratio and a δ13Сorg (‰) value deviation in relation to the 
Vien  na Pee Dee Belemnite (VPDB) measured as δ =((Rsample

 – 
Rstandard) / Rstandart) × 1000, where R = 13С/12С. The error of 
the obtained δ13Сorg values varied as ± 0.1 (for standards) 
and was less than ± 0.25‰ (for samples). The error for non-
debituminized carbon-free rock residues did not exceed 
0.3‰, and for oils – 0.5‰.

RESULTS OF STRATIGRAPhIC STUDIES

Biostratigraphy 

Microfauna. Microfauna in the Paiyakhskaya section of 
the Gol’chikha Formation has quite a sporadic distribution, 
so the sufficient number of samples did not contain any mi-
crofauna residues (Fig. 2). The assemblage of the foraminif-
eral zone Dorothia insperata, Trochammina rostovzevi JF25 
having a wide stratigraphic range (uppemost Upper Batho-
nian – Callovian) is widespread in the lower part of the 
Gol’chikha Formation (Nikitenko 2009; Nikitenko et al., 
2013). The first occurrences of foraminifers from this as-
semblage (Trochammina rostovzevi, Recurvoides cf. scher
kalyensis, Ammobaculites borealis, Haplophragmoides cf. 
magnus, Saccammina compacta) are revealed in argilla-
ceous, dark-grey silstones from borehole Paiyakhskaya 1 
(4018 m, Figs. 1, 2). Upper-Callovian ammonites Longae
viceras novosemelicum were previously defined slightly 
above this level (4017.4 m) (Alifirov and Meledina, 2010).

In some cases, the biostratigraphic units on foraminifers 
characterized by narrower stratigraphic range can be recog-
nized in the lower beds of the Gol’chikha Formation. For 
example, the assemblages of foraminiferal local zone Kut
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Fig. 2. Bio- and lithostratigraphy in the sections of the Gol’chikha Formation in the Paiyakhskaya area and the positions of main reflecting horizons. 
Geochemical characteristics of OM and oils.  1, ammonites (а), foraminifers (b) and dinocysts (c), 2, indexes of foraminiferal zones (Fig. 3), 3, OM 
genotype: aquagenic (а), terrigenic (b), mixed (c), 4, source rock (а), productive horizon НХ-IV (б), 5, Сorg.variation curves, %: boreholes 
Paiyakhskaya 4 (а) and Paiyakhskaya 1 (b) and δ13Сorg, ‰ (V-PDB): boreholes Paiyakhskaya 4 (c) and Paiyakhskaya 1 (d), 6, oil inflows from 
productive horizons (а) and δ13С values of the oils (b).
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sevella memorabilis, Guttulina tatarensis JF28 (uppermost 
Upper Bathonian – lowermost Lower Callovian) are known 
from the lowermost part of the Gol’chikha Formation in the 
Ozernaya and Khabeyskaya areas (Kartseva et al., 1983). 
The foraminiferal zones Ammobaculites igrimensis JF31 
and Conorboides taimyrensis JF32 are revealed at higher 
stratigraphic level in the borehole section drilled in the Ka-
beyskaya area. Uppermost Bathonian – Lower Callovian 
ammonites Cadoceras sp. juv., Cadoceratinae gen. et sp. 
ind., Kosmoceras sp. juv., Keppleritinae gen. et sp. ind. are 
defined in basal layers (4021.2–4032.3 m) of the Gol’chikha 
Formation in its reference section (borehole Yuzhnoe-Nos-
kovskaya 318). The middle part of the Callovian (4011.9–
4016.1 m) is characterized by occurrences of Rondiceras 
sp. juv., R. ex gr. milaschevici. Upper Callovian Longae
viceras spp., Quenstedtoceratinae are identified in the inter-
val 3986.2–4010.7 m (Alifirov and Meledina, 2010). Above 
this level, no fossils have been revealed in the reference sec-
tion of the Gol’chikha Formation (Fig. 1). The foraminifers 
typical for the Kimmeridgian, Volgian and Lower Creta-
ceous were found only in the cuttings samples from the in-
terval 3690–3742 m (uppermost part of the Gol’chikha 
Forma tion and lowermost part of the Nizhnaya Kheta For-
mation) (Kulikov, 1989).

Another foraminiferal assemblage including Trocham
mina cf. oxfordiana, Glomospira oxfordiana, Recurvoides 
scherkalyensis, Ammodiscus thomsi, Ammobaculites cf. syn
dascoensis, Saracenaria ex gr. carzevae that is typical for 
foraminiferal zone Trochammina oxfordiana JF36 (Lower 
Oxfordian – basal part of the Upper Oxfordian), is revealed 
slightly above this level, in the interval 4000–4015 m of the 
borehole Paiyakhskaya 1 (Figs. 1, 2) in the dark-gray mica-
ceous and silty (to a different extend) mudstones (Fig. 3) 
(Nikitenko, 2009; Nikitenko et al., 2013).

The higher levels of the Gol’chikha Formation are char-
acterized based on the micropalaeontological data obtained 
from the borehole Paiyakhskaya 4 (Figs. 1, 2). Diverse fora-
miniferal assemblage comprising Haplophragmoides ex gr. 
canuiformis, Trochammina sp., Recurvoides ex gr. sublus
tris, Lenticulina cf. mikhailovi, Saracenaria subsuta, Pseu-
donodosaria tutkowskii, dentalina sp., Geinitzinita cf. prae
nodulosa is defined from the interval 3895–3900 m in 
dark-grey sandy mudstones with glauconite segregations. 
Such associations are typical for the foraminiferal zone 
Haplophragmoides canuiformis JF40 (uppermost Upper Ox-
fordian – Lower Kimmeridgian). However, considering a 
large number of calcareous forms in this assemblage, we 
cannot exclude that this level constitutes only to the upper 
part of this zone (JF39, uppermost Lower Kimmeridgian) 
(Nikitenko, 2009).

The middle part of the Gol’chikha Formation in the bore-
hole Paiyakhskaya 4 (intervals 3785–3800, 3715–3730, 
3700–3715, 3685–3700, 3671–3685, 3657–3671 m) com-
posed of black mudstones with coarse-grained aleuritic in-
terlayers and, sometimes, fragments of bivalve shells and 
onychites, contain no microfauna (Fig. 2).  

The assemblages including Recurvoides ex gr. stscheku
riensis, dorothia tortuosa, Haplophragmoides ex gr. vol
gensis, Kutsevella cf. haplophragmoides, Lenticulina ex gr. 
sosvaensis, Cribrostomoides sp., Saracenaria sp. that are 
characteristic for the upper half of the foraminiferal zone 
Kutsevella haplophragmoides JF44 or lower part of the fora-
miniferal zone Spiroplectammina vicinalis, Dorothia tortuo-
sa JF45 corresponding to the uppermost Lower Volgian, are 
revealed from the lowermost part of the interval 3657–
3671 m of the borehole Paiyakhskaya 4 represented by black 
mudstones with aleuritic interlayers (Fig. 2) (Nikitenko, 
2009; Nikitenko et al., 2013).

The assemblages from the overlaying part of the section 
in the borehole Paiyakhskaya 4 (intervals 3550–3464 and 
3538–3550 m) composed of black mudstones with aleuritic 
interlayers, contain only agglutinated forms such as Recur
voides ex gr. praeobskiensis, dorothia cf. tortuosa, Glomo
spira sp., Cribrostomoides sp. ind., Haplophragmoides sp. 
ind., Evolutinella sp. ind. strongly dominating by Trocham
mina septentrionalis that often forms monospecific accumu-
lations. Apart from the foraminifers, the ammonites dorso
planites sp. are found in this interval. The foraminiferal 
zone Trochammina septentrionalis JF46 is widespread in 
Arctic regions of Western and Eastern Siberia (Nikitenko, 
2009) and corresponds to the Middle Volgian without its 
uppermost part (Figs. 2, 3). 

The upper part of the Gol’chikha Formation (interval 
3478–3538 m) is composed of black mudstones with aleu-
ritic interlayers in the Paiyakhskaya area. Abundant Ammo
discus veteranus and rare Evolutinella ex gr. emeljanzevi, 
Trochammina ex gr. rosacea, Recurvoides praeobskiensis 
are revealed from the basal part of this interval. Such assem-
blage structure and taxonomic composition are typical for 
the local foraminiferal zone Ammodiscus veteranus JF55 
(lower part of the foraminiferal zone Evolutinella emeljan-
zevi JF52) correlated with the uppermost Middle Volgian 
and lowermost Upper Volgian. The upper part of this inter-
val contains rare Ammodiscus veteranus, Evolutinella emel
janzevi, Recurvoides praeobskiensis suggesting its attribu-
tion to the foraminiferal zone JF52 (uppermost Middle 
Volgian – basal Boreal Berriasian) (Figs. 2, 3) (Nikitenko et 
al., 2013, 2018).

The uppermost part of the Gol’chikha Formation in the 
boreholes Paiyakhskaya 4 (3465 m) and 1 (3460 m) com-
posed of black mudstones with sandy aleuritic interlayers 
having thin horizontal and cross lamination and contains 
the assemblage of the foraminiferal zone Gaudryina gerkei, 
Trochammina rosaceaformis KF1 (lower part of the Boreal 
Berriasian) (Figs. 2, 3) (Nikitenko et al., 2013, 2018). The 
assemblage includes rare Trochammina ex gr. rosaceafor
mis, Gaudryina ex gr. gerkei, Cribrostomoides sp. (ex gr. 
volubilis), Ammodiscus veteranus, Kutsevella praegood
landensis.

Palynomorphs. The samples obtained from the upper 
part of the Gol’chikha Formation (3564.5–3508 m interval 
of  the borehole Paiyakhskaya 4) (Figs. 1, 2) produced abun-
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dant palynological residue. It is almost completely com-
posed of organic matter, which is strongly altered and re-
worked up to the pelitic particles, most probably, due to 
bacteria and detritophages influence. The latter cannot be 
excluded since some layers are characterized by bioturba-
tion. Palynomorphs are very rare. The associations contain 
spores and pollen of terrestrial plants as well as vegetative 
detritus with the preserved structure of plant tissues evi-
dencing the input of continental organic matter. The poly-
morphs are characterized by no signs of pyritization often 
considered as a feature of pronounced stagnant conditions 
and sulfurous contamination, and mainly represented by 
taxa of wide stratigraphic extend. Striate and granular spores 
of schizaeaceous ferns of genera Cicatricosisporites, Trilo
bosporites/Concavissimisporites are rare. These palyno-
morphs appear in the Upper Oxfordian of Siberia, Australia, 
North Africa and the northern part of Western Europe (Ily-
ina, 1985; Batten, 1996; Shurygin et al., 2000; Herngreen et 
al., 2000; Sajjadi and Playford, 2002; Nikitenko et al., 
2015), but they are rare in the Kimmeridgian and Lower 
Volgian. Their abundance gradually increases in the Upper 
Volgian and Berriasian. Dinocysts Gochteodinia mutabilis 
(Riley in Fisher et Riley) Fisher et Riley that are typical for 
the uppermost Kimmeridgian – lowermost Upper Volgian 
(Powell, 1992; Herngreen et al., 2000) are defined at the 
depth of 3561.48 m.

The samples obtained from the upper part of the 
Gol’chikha Formation (interval 3508–3463 m) in the bore-
hole Paiyakhskaya 4 (Figs. 1, 2) contain less abundant or-
ganic residue. It is better preserved and not altered unlike 
the lower layers of studied section. The palynomorphs are 
strongly dominated by prasinophytes (Leiosphaeridia spp.), 
and Tasmanites spp. are rather abundant in the upper part. 
The abundance of prasinophytes is often regarded to be re-
lated to dysoxic and anoxic environments (Tyson, 1995; 
Jansonius and McGregor, 1996; Ilyina et al., 2005). How-
ever, there are no signs of pyritization of the polymorphs 
considered as a feature of pronounced stagnant conditions 
and sulfurous contamination. The abundance of prasino-
phytes can also be related to the increased productivity of a 
photic zone and input of abundant organic matter to the 
near-bottom waters that, in turn, is favorable for the bacte-
rial flora development, to be the possible cause of sulfurous 
contamination (Peters et al., 2005; Kashirtsev et al., 2018). 
Presence of the spores and pollen of terrestrial plants as well 
as vegetative detritus having preserved structure of vegeta-
tive tissues can be the evidence of continental organic mat-
ter input. More abundant occurrences of striate and granular 
spores of schizaeaceous ferns suggest higher stratigraphic 
interval that probably corresponds to the Upper Volgian – 
lower part of the Boreal Berriasian. The dinocysts Apteo
dinium maculatum Eisenack et Cookson are defined at a 
depth of 3491.05 m. Their lowermost occurrences are known 
from the uppermost Upper Volgian – lowermost Boreal Ber-
riasian in Northern Siberia and the Russian Platform (Pest-
chevitskaya et al., 2011).

Chemostratigraphy

The excursion trends of the δ13Сorg variation curve ob-
tained for the uppermost Kimmeridgian – lowermost Boreal 
Berriasian of the Paiyakhskaya area (Figs. 2, 4) are almost 
identical to those of the Barents Sea shelf (Spitzbergen Is.) 
and the northwest of Eastern Siberia (Olenek River down-
stream) despite the differences in absolute values (Hammer 
et al., 2012; Nikitenko et al., 2018) (Fig. 4, B). The outcrops 
of the Upper Jurassic/Lower Cretaceous of these regions are 
characterized by well-developed biostratigraphy based on 
different groups of fossils. Along the correlation of these 
sections on isotopic-hydrocarbon data, it provides the basis 
for more accurate definition of stratigraphic positions of 
stage and substage boundaries in the Paiyakhskaya area for 
the intervals including no fossils. The comparison of δ13Сorg 
variations from different regions requires proper biostrati-
graphic control. The combined application of bio- and che-
mostratigraphic data allows us to improve the accuracy of 
global correlations.

The highest δ13Сorg (–24…–25‰) values are obtained for 
the Kimmeridgian part of the Paiyakhskaya section, and 
they gradually reduce in the Lower Volgian to –26.5… 
–27.9‰. A slight increase of the values is observed near the 
boundary of the Lower and Middle Volgian (up to – 25.9‰). 
This level is also characterized by a similar low-amplitude 
increase of δ13Сorg values in the Barents Shelf and Eastern 
Siberia (Fig. 4) (Hammer et al., 2012, Nikitenko et al., 
2018). A negative shift of the δ13Сorg value is observed in the 
middle part of the Middle Volgian, reaching 2‰ and gradu-
ally decreasing down to –28.5‰ towards the Upper Vol-
gian. The δ13Сorg values reduce down to –29,5‰ in the end 
of the Volgian and reach their minimum in the basal Boreal 
Berriasian (–30.0…–31.2‰). The interval with negative ex-
cursion is then abruptly replaced by high positive δ13Сorg 
values in the lower part of the Boreal Berriasian reaching 
25.3‰ on average (Figs. 2, 4).

Lithostratigraphy 

Analysis of well logging materials and the published data 
(Kartseva et al., 1983, Kislukhin, 1986; Kulikov, 1989) 
demonstrates that the lower boundary of the Gol’chikha 
Formation is unambiguously determined when the sand-
stone with the saw-like configuration of apparent-resistivity 
curve is replaced by mudstones characterized by low or 
poorly-differentiated AR values or by an SP anomaly at 
depth of 4158 m the in borehole Paiyakhskaya 1 (Figs. 1, 2). 
The boundary between the Shuratovo and Gol’chikha For-
mations is almost impossible to recognize from the core ob-
tained from the borehole Paiyakhskaya 4. The layers laying 
both under and above this boundary are composed of black 
dense argillaceous siltstone, and mudstones are described 
only at the depth of 3463 m and beneath this level.

Unlike different published variants of stratigraphic posi-
tion of the formation’s top (Zlobina and Rodchenko, 2015; 
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Klimova et al., 2018), we define it in the base of first high-
resistivity bed (oil-saturated in the borehole 1) of the Shu-
ratovo Formation at the depths of 3436 m in the borehole 
Paiyakhskaya 1 and 3435 m in the borehole Paiyakhskaya 4 
(Figs. 1, 2) following the point of view of exploration geolo-
gists and the principles of comprehensive evaluation of the 
upper boundary of the Bazhenov Formation (Ryzhkova et 
al., 2018).

There is an opinion that the formation consists of two 
subformations (Kulikov, 1989; Borisov, 2015). While the 
lower one (Kulikov, 1989) is composed of more coarse-
grained sediments, the upper one is considerably argilla-

ceous. Nevertheless, these differences are hardly recognized 
in lateral distribution. According to the analysis of GIS dia-
grams from the borehole 1, the formation is characterized by 
cyclic structure and can be subdivided into eight large mem-
bers of complex constitution (Fig. 2). The first member is 
represented by two transgressive-regressive cycles com-
posed of interlaying mudstones and siltstones (re-pro-cycli-
tes according to Yu.N. Karogodin (1980)). The structure of 
the second one is of regressive character changing from 
mudstones to siltstone upwards the section.

The specific features of the first and second members cor-
respond to those of the lower subformation as it was de-

Fig. 4. Comparison of the δ13Сorg variations in the sections of the Volgian Regional Stage and lowermost Boreal Berriasian in different regions: 
Spitsbergen Is. (1), Paiyakhskaya area (2) and Eastern Siberia, the Olenek River (3). (А) Global palaeogeography of the Northern Hemisphere in 
the Late Jurassic – Early Cretaceous (B) (palinspastic reconstructions from (Scotese, 2011) with modifications). B, encircled numbers: 1, West-
European Basin, 2, Vikings’ Channel, 3, Barents Sea Basin, 4, West-Siberian Basin, 5, Yenisei–Khatanga Channel, 6, Anabar–Lena Basin.
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scribed by D.P. Kulikov (1989), because they are more 
coarse-grained than the overlaid strata. Stratigraphic extend 
of the Lower Subformation was defined as the Callovian – 
Lower Kimmeridgian. Note that the presence of the Kim-
meridgian or Oxfordian in the uppermost part of the subfor-
mation is suggested from the occurrences of bivalve shells 
(Astarte sp. juv (cf. A. extensa) and Dacryomya sp. nov.) in 
the core the borehole Sredneyarovskaya-3 (3302 + 12.5 m) 
(Kulikov, 1989) and cannot be regarded as conclusive, be-
cause the fossils are defined at generic level. According to 
our data, the coarse-grained first and second beds are limited 
to the Callovian – Lower Oxfordian (Fig. 2, foraminiferal 
zones JF36, JF25 and older). 

The composition of third member is also of regressive 
character dominated by mudstones. The fourth one is com-
posed of mudstones in its upper part and alternation of 
mudsto nes and dominated siltstone in its lower part. This 
member contains the foraminiferal assemblage of the Kim-
meridgian zone JF40 (or JF39) (Figs. 2, 3). The fifth mem-
ber is regarded as a marking one in both sections previously 
proposed as the hypostratotype of the Gol’chikha Formation 
(Kislukhin 1986; Kulikov, 1989), and it mainly consists of 
high-resistivity siltstones with abnormally high GR-N val-
ues (in stratotypes and GR) in some other areas on the right 
bank of the Yenisei River. The composition of the sixth 
member is of regressive structure, with the siltstone propor-
tion increasing upwards the section. This member contains 
the assemblage of the Volgian foraminiferal zones JF44, 
JF45 (Figs. 2, 3). The seventh member is composed of mud-
stones including fine-dispersed ones with Middle Volgian 
fossil assemblage in its upper part. The argillaceous rock of 
the eighth member is characterized by high and stable radio-
activity index increasing upwards the section (Upper Vol-
gian – lowermost Boreal Berriasian) (Fig. 2).

The number of members, structure of the section and 
thickness of the formation change significantly beyond the 
Paiyakhskaya area (Fig. 1). Facial changes of the formation 
are determined by rock composition, dissected palaeorelief 
in the different parts of a source area, the distance from the 
latter as well as the peculiarities of the formation of the initial 
members of the Upper Jurassic – Lower Cretaceous clino-
form unit. The close borehole sections demonstrate different 
trends in the logging-curve. The replacement of the Tochino-
Sigovo-Yanovstanskaya section type by the Gol’chikha one 
is of fairly gradual character in the marginal areas of the ba-
sin, therefore different variants of section subdivision are of-
ten proposed by different researchers in the transitional zone.

Seismostratigraphy 

A number of highly dynamic seismic reflections were de-
tected that are associated with the top of undelaying Maly-
shevka Formation (Tml, uppermost Upper Bathonian) and 
the top of the Gol’chikha Formation (Gl1, lowermost Boreal 
Berriasian) in seismic sections crossing the Paiyakhskaya 

area in sublatitudinal and submeridional directions (Fig. 5). 
Apart from this, three reflecting horizons (RH) forming in-
dependent seismic sequences are well recognized in the 
middle part of the Gol’chikha Formation, that we conven-
tionally classified as Gl2-Gl4 having a reliable calibration to 
the geologic section slightly under this level.

The Tml—Gl4 seismic sequence (Fig. 5) corresponds to 
the lower part of the Gol’chikha Formation in the studied 
area characterized by a series of extended continuous reflec-
tions. According to well logging data from this region, this 
part of the section is mainly composed of argillaceous silt-
stone and consistent with the coarse-grained part of the for-
mation. The Tml seismic horizon is confined to the top part 
of the Malyshevka Formation containing fossil assemblages 
of the Upper Bathonian in many sections (Shurygin et al., 
2000; Nikitenko, 2009; Nikitenko et al., 2013).

The stratigraphic position of reflecting horizon Gl4 in the 
section tapped by the borehole Paiyakhskaya 1 below the 
foraminiferal zones JF25/JF36 of the Callovian and Oxford-
ian suggests that this part of the section corresponds to the 
upper part of the Callovian and, thereby, the seismic se-
quence is approximately consistent with the Tochino For-
mation of the southern part of the Yenisei–Khatanga region-
al depression. The stratigraphic range of this seismic 
sequence is assumed to be the uppermost Upper Bathonian – 
upper part of the Callovian (Figs. 2, 3).

The records of the Gl4—Gl3 seismic sequence (Fig. 5) are 
also characterized by a series of continuous dynamic reflec-
tions. At the same time, some reflections demonstrate a 
shingled onlap pattern (Fig. 5, b, profile 3590010). In the 
core of the borehole Paiyakhskaya 1, the lower part of this 
seismic sequence is consistent with the mainly dark grey 
and black micaceous mudstones characterized by thin hori-
zontal lamination, which are alternated with argillaceous 
siltstone and contained marine microfossils and numerous 
siderite nodules. The Gl3 reflecting horizon is located be-
tween the levels characterized by foraminiferal assemblages 
of zones JF36 (Lower Oxfordian – basal Upper Oxfordian) 
and JF40 (uppermost Oxfordian – Lower Kimmeridgian, or 
JF39 — uppermost Lower Kimmeridgian). According to the 
micropaleontological data, its stratigraphic position corre-
sponds to the uppermost Oxfordian or lowermost Kimmer-
idgian that is approximately consistent with the boundary 
between the Lower and Upper Subformations of the Sigovo 
Formation (the level of the Barabino Member) in the sec-
tions of other facial regions of Western Siberia (Gurari, 
2004; Nikitenko, 2009; Nikitenko et al., 2013). The strati-
graphic range of this seismic sequence is assumed is to be 
the upper part of the Callovian – uppermost Oxfordian / 
base of the Kimmeridgian (Figs. 2, 3).

The Gl3—Gl2 seismic sequence (Fig. 5) is represented by 
a series of extended continuous reflections. In the geologic 
section, the relevant interval of the Gol’chikha Formation is 
composed of dark grey mudstones, silty in different extent, 
with glauconite lenses in its lower part and by black mud-
stones with silty interlayers in the upper one. The strati-
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graphic position of the Gl2 seismic horizon is determined by 
its position between foraminiferal zones JF40 (uppermost 
Lower Kimmeridgian) and JF44/JF45 (Lower Volgian) and 
corresponds to the Upper Kimmeridgian (Nikitenko, 2009; 
Nikitenko et al., 2013). This level may correspond to the 
base of the Yanovstanskaya Formation in the northeastern 
part of Western Siberia along the boundary of Siberian Plat-
form. Thus, the stratigraphic range of this seismic sequence 
is assumed is to be the uppermost Oxfordian / base of the 
Kimmeridgian – upper part of the Upper Kimmeridgian 
(Figs. 2, 3).

The Gl2—Gl1 seismic sequence (Fig. 5) differs from 
those described above by a series of well-defined reflections 
flowing into the clinoform reflections of the Shuratovo For-
mation by the type onlap pattern (Fig. 5, а, profile 3590010) 
that may give a false impression of stratigraphic discontinu-
ity. There are the fragments of RH onlap pattern (Fig. 5, b) 
near the base of this sequence. The relevant part of the sec-
tion is built of mainly black mudstones, sometimes argilla-
ceous, with silty interlayers. The stratigraphic position of 
the Gl2 reflection seismic horizon is calibrated with the low-
er part of the foraminiferal zone KF1 and corresponds to the 
lowermost Boreal Berriasian (Nikitenko et al., 2013). The 
stratigraphic range of this seismic sequence is consistent 
with the upper part of the Upper Kimmeridgian – lowermost 
Boreal Berriasian (Figs. 2, 3).

GEOChEMISTRY OF ThE ORGANIC MATTER 
FROM ThE GOL’ChIKhA FORMATION  
AND OILS IN CRETACEOUS SECTIONS  
OF ThE PAIYAKhSKAYA AREA 

The studied sediments from the sections of the Gol’chikha 
Formation and lowermost Shuratovo Formation are poten-
tially oil- and gas-producing and their OM content varies 
from 0.6 to 9.9% (Fig. 2). To determine OM type in the 
rocks, we used the results of pyrolysis and estimated δ13Сorg 
values, and their variations along the Oxfordian – lowermost 
Boreal Berriasian section. The performed data analysis has 
demonstrated that OM katagenesis in studied boreholes in-
creases with the sampling depth from MK1

2 to MK2 accord-
ing to the A.E. Kontorovich scale (1976), and the vitrinite 
reflectivity varies within a range of 0.70–1.14%. In general, 
the estimations of OM maturity from pyrolysis data corre-
spond to those based on coal petrography. Analysis of value 
dependence of hydrogen index (HI) and pyrolytic tempera-
ture Tmax reflecting the quality of organic matter (kerogen 
type) and its maturity degree, has also revealed certain regu-
larities (Fig. 6).  

The OM content varies in high extent (from 1.8 to 9.9% 
per rock) in the dark-grey mudstones and siltstones of the 
lower part of the Gol’chikha Formation (lowermost Oxford-
ian) from the borehole Paiyakhskaya 1 (uppermost part of 
member 2). The abnormally high concentrations of Сorg 
(6.0–9.9%) for the lowermost Gol’chikha Formation were 

obtained from an interval between 4009.0–4015.1 m 
(Fig. 2), which is due to abundant fine-dispersed carbona-
ceous plant detritus in the mudstones. The values of Сorg var-
ied between 1.8–4.1% in other samples from the lowermost 
Oxfordian. The determination of OM type based on pyroly-
sis data is problematic, as it is in the main gas generation 
zone (MGZ) and almost fully depleted its initial hydrocar-
bon potential (35–97 mg HC/g Сorg) (Fig. 6). Note that there 
is some increase in the HI values, up to 77–97 mg HI/g Сorg 
that is due to considerable content of fine-dispersed carbo-
naceous plant detritus. According to the data on carbon iso-
topic composition, the OM in the studied interval is of 
mixed terrigenic-marine origin, due to the presence of argil-
laceous interlayers containing marine or mixed OM with 
δ13Сorg values of –27.2 and –29.9‰ (Fig. 2).

The organic carbon concentrations vary from 0.6 to 2.8% 
(1.4% on average) in the Kimmeridgian dark-grey and black 
mudstones from the borehole Paiyakhskaya 4 (members 4 
and 5) (Fig. 2). The OM generation potential in the Kim-
meridgian part of the Gol’chikha Formation section is also 
considerably depleted. The HI values vary from 48 to 68 mg 

Fig. 6. HI vs. Tmax dependence for different horizons of the Gol’chikha 
Formation within the Paiyakhskaya area 1, lines limiting maximum HI 
values for three OM types: I, aquagenic, lacustrine type, II, aquagenic, 
marine type, III, terrigenic, related to higher plants; 2, vitrinite reflec-
tance isolines (R

o
Vt), 3, direction of HI and Tmax changes in katagene-

sis, 4, samples from the lowermost Boreal Berriasian samples (а) and 
lowermost Oxfordian (б), borehole Paiyakhskaya 1, 5, samples from 
the lowermost Boreal Berriasian (а), Upper Volgian (b), Middle Vol-
gian (c), Lower Volgian (d), and Kimmeridgian (e), borehole Paiyakhs-
kaya 4.
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HC/g Сorg, and the OM maturity corresponds to the end of 
main oil generation zone (R°

Vt = 1.09%, MK2, Tmax = 453–
465 °С) (Fig. 6). The heavy isotopic values (δ13Сorg –24.8…
–24.0‰) in this part of the section suggest the terrigenic 
genotype of OM (kerogen type III). 

The organic matter from the mudstones in the Lower 
Volgian and lowermost Middle Volgian (borehole Paiyakhs-
kaya 4, member 6) is of mainly terrigenic type related to 
terrestrial higher plants. The δ13Сorg values in the insoluble 
constituents of rock are –26.3‰ on average (–26.9… 
–25.8‰) (Fig. 2). The values of residual generation poten-
tial vary from 30 to 110 mg HC/g Сorg (75 mg HC/g Сorg in 
average) in this interval. The HI values increase up to 101 
and 146 mg HC/g Сorg respectively in two samples from the 
Lower Volgian (3685 m) and lower part of the Middle Vol-
gian (3637 m) that in combination with the results of isoto-
pic signature analysis (–27.7 and –28.3‰) suggests a sig-
nificant input of marine OM has in the sediments from this 
part of the section. The R°

Vt values (0.87—1.01%) in the 
Lower Volgian mudstones indicate that the OM maturity 
corresponds to the level of MK2. No vitrinite reflectance 
measurements were obtaines from the overlaying Middle 
Volgian sediments, so determination of the depth corre-
sponding to МК1

2/МК2 change is problematic. The Tmax val-
ues for the whole interval vary from 444 to 456 °С indicat-
ing the OM belongs to the main oil generation zone (Fig. 6). 

The mudstones with maximum values of OM saturation 
(Сorg varies from 1.0 до 5.0%, 2.5% in average) was re-
vealed in the borehole Paiyakhskaya 4 from the of the up-
permost part of the Gol’chikha Formation (Upper Volgian 
and basal Boreal Berriasian) (Fig. 4). The trend of increas-
ing HI values (from 109 to 203 mg HC/g Сorg) started in the 
lower part of the Middle Volgian continues in the upper part 
of the Middle Volgian (uppermost part of member 7), where 
OM is of mixed marine-terrigenic type (II/III). Mostly ma-
rine OM (kerogen type II and II/III) with HI values exceed-
ing 200 mg HC/g Сorg is identified in the Upper  Volgian 
(lower half of member 8) (Fig. 6). In the base of the Boreal 
Berriasian (upper part of member 8), the deposits of the 
Gol’chikha Formation are characterized by both high (265—
312 mg HC/g Сorg) and low (67.134 and 155 mg HC/g Сorg) 
HI values indicating the reduced proportion of marine OM 
in this interval.

The samples obtained from the uppermost Middle Vol-
ginian – basal Boreal Berriasian are characterized by low 
δ13Сorg values (from –31.2 to –28.2‰) that confirms mostly 
marine OM composition (Fig. 2). In synchronous strati-
graphic interval of the section, the δ13Сorg values vary from 
–34.0 to –28.0‰ in the central part of Western Siberia (Ba-
zhenov Formation) (Kontorovich et al., 1986), and from 
–30.5 to –28.0‰ in the outcrops of the Laptev Seas coast 
(Pakhsa Formation) (Kashirtsev et al., 2018). The OM kata-
genesis of the Upper Volgian interval corresponds to the 
main oil generation zone that is confirmed by both vitrinite 
reflectance measurements (0.70–0.80%, MK1

2) and the py-
rolysis analysis (Tmax varies from 439 to 450 °С) (Fig. 6).

The Сorg content in the siltstone from the lowermost part 
of the Shuratovo Formation (lower part of the Boreal Berria-
sian) in the borehole Paiyakhskaya 1 varies around the bulk 
Earth value of 0.9% (Fig. 2) following the classification of 
N.B. Vassoevich (1973). The OM in most samples from the 
Shuratovo Formation in the borehole Paiyakhskaya 1 is 
characterized by kerogen type III mostly related to terres-
trial higher plants. The HI values for this interval do not 
exceed 150 mg HC/g Сorg. The value of carbon isotopic 
composition in the insoluble constituents of rock varies 
from –25.5 to –24.2‰. OM katagenesis in this part of the 
section corresponds to the МК1

2 level (R°
Vt = 0.7%) (Fig. 6).

Oil inflows were obtained from different Cretaceous pro-
ductive horizons in the test wells of the Paiyakhskaya area 
(Fig. 1). Oil samples were collected from the wellheads in 
the borehole 1 (Fig. 2) (test intervals: 3420–3426 m, base of 
the Shuratovo Formation, 1489–1501 and 1503–1506 m, the 
Yakovlevo Formation) and borehole 8 (test intervals 3458–
3494, the Shuratovo Formation).

The studied oil samples are characterized by low 
(808.9 kg/m3) and middle (849.8–868.7 kg/m3) densities and 
contain 19–35% of fractions that distil off at a boiling point 
of 200 °С. Their sulfur content is low (<<0.5%), and their 
paraffin is high (~ 4.0%). The amount of hydrocarbons 
(> 85%) in their composition significantly exceeds that of 
resins (>85%) and, especially, asphaltenes (0.16–0.53%). 
The amount of saturated hydrocarbons is two times higher 
than that of aromatic compounds. 

The studied oils have light isotopic signature, the δ13С 
values vary from –31.3 to –29.7‰ (Fig. 2).

Using GLC, n-alkanes from С12 to С40 are identified in the 
saturated fraction having their maximum at С17 (8.2–9.4% 
per total amount of identified n-alkanes), which is a typical 
distribution for hydrocarbon fluids. Among the acyclic iso-
prenoids (from С13 to С25), the pristane concentration is the 
highest (32.5–37.0% per total amount of identified acyclic 
isoprenoids), the concentrations of phytane (17.0–20.9% per 
total sum) and norpristane (16.5–19.4% per total sum) are 
also high, but much lower in comparison to pristane. The 
n-alkane/acyclic isoprenoid ratio changes in a narrow range 
of 5.0–6.5. The other geochemical parameters describing 
n-al kane and acyclic isoprenoid contents are also charac-
terized by close values: pristane/phytane – 1.7–1.9, pris-
tane/n-С17 – 0.6–0.8, phytane/n-С18 – 0.4–0.5, CPI – 1.06–
1.08, n-С27/ n-С17 – 0.3–0.5.

Sterane and terpane concentrations in the saturated oil 
fractions have been estimated using chromatography-mass 
spectrometry (CMS).

The С27, С28 and С29 steranes are characterized by close 
concentrations (28.7–36.0, 28.0–30.1, 26.9–31.1% per total 
sum of sterans respectively), while the С30 sterane concen-
trations are much lower (7.6—12.0% per total sum of ster-
ans). Inconsiderable domination of С29 homolog over that of 
С27 is determined in two samples, while the analysis of three 
samples shows slightly higher concentrations of sterane С27 
in comparison to steran С29 values. The ratio of steranes С29/
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С27 varies from 0.75 to 1.08. The amount of regular struc-
tures (αα- and ββ-) exceeds that of diasteranes (βα-) among 
the isomeric steranes, and ratio βα/(αα + ββ) varies within a 
range of 0.5–0.8.

Studied oils insignificantly differ in isometric values of 
their maturity according to the composition of regular ster-
anes: С29 ββ (20S+20R)/ αα20R (3.6–5.4) and αα 20S/ αα 
20R (1.3–2.3). Among the identified terpanes, it is hopane 
structures (С30 hopane, nor- (С27–С29) and homohopane 
(С31–С35) that prevail followed, in decreasing order, by tri-
cyclenes (cheilanthanes) (С19–С31, 10.3–24.8%), moretanes 
(С29–С32, 2.4–4.5%) and tetracyclic terpanes (С24–С27, 0.8–
2.0%). The ratio between saturated steroid structures and 
terpanes varies from 0.5 to 0.7. The ratios calculated from 
the composition of terpanes have the following values: Ts/
Tm (18α(Н) 22,29,30– trisnorneohopane / 17α(Н) 22,29,30–
trisnorhopane) – 1.77–2.37, С35 homohopane/С34 homoho-
pane – (0.5–0.7), adiantane /hopane С30 – 0.30–0.33, Tricy-
clane index (Itc = 2∙∑C19–20/ ∑C23–26) – 0.4–0.6. The 
dibenzothiophenes, phenanthrenes, mono- and triaromatic 
steroids are identified in the composition of naphthenic-aro-
matic fraction using chromatography-mass spectrometry 
(CMS). The phenanthrenes are characterized by maximum 
concentrations (64.7–84.9% per total sum of identified 
aroma tic compounds). The concentration of triaromatic ste-
roids is much lower (4.9–20.8%), and the values of diben-
zothiophene (6.4–9.5%) and monoaromatic steroids 
(0.7–7.8%) are one order less in comparison to the phenan-
threnes. The phenanthrene/ dibenzothiophene ratio varies 
from 8.8 to 11 and that of tri-/monoaromatic steroids – from 
2.6 to 7.1.

The maturation degrees calculated from the composition 
of identified aromatic structures are of insignificant spread 
in values: dibenzothiophene index (2- + 3- methyl diben-
zothiophene/ dibenzothiophene) – 0.8–1.1, phenanthrene 
index (2-methyl phenanthrene/phenanthrene) – 0.5–0.6, 
methyl – phenanthrene index 1 (1.5∙(2- + 3- methyl phenan-
threne)/(phenanthrene + 9- + 1- methyl phenanthrene)) – 
0.03–0.05, R0(0.6 ∙MPI 1 + 0.4 %) – 0.42–0.43. 

The results of the investigation of oil samples obtained 
from the Cretaceous productive sediments (Boreal Berria-
sian, Aptian-Albian) in the Paiyakhskaya area has demon-
strated similarities in the chemical properties of oils, δ13С 
values, and component composition (hydrocarbons and aro-
matic compounds) suggest that they were formed at a single 
accumulation stage and derived from one source area. Ac-
cording to hydrocarbon isotopic composition and genetic 
parameters of the composition of identified compounds, 
studied oils can be formed from mostly marine OM accu-
mulated in slightly and/or moderately deoxidizing condi-
tions of shallow water areas due to terrigenous sedimenta-
tion (Bray and Evans, 1961; Tisso and Velte, 1981; Petrov, 
1984; Kontorovich at al., 1986, 2013; Peters et al., 2005). 
According to the calculated indexes, the degree of oil matu-
rity corresponds to the main oil generation zone (Petrov, 
1984; Peters et al., 2005).

The genotype and maturity degree of the investigated oils 
most of all correspond to the organic matter of the upper part 
of the Gol’chikha Formation, according to the results of py-
rolysis analysis and δ13Соrg data presented above as well as 
the data on organic geochemistry on the Jurassic and Lower 
Cretaceous of the Yenisei–Khatanga region (Kim and Rod-
chenko, 2013; Rodchenko, 2016). This correlation allows us 
to consider the sediments in the upper part of the Formation 
(member 8, Upper Volgian – basal Boreal Berriasian) con-
taining mainly marine OM as producing the oil (Fig. 2).

CONCLUSION

The results of comprehensive studies of the sections of the 
Gol’chikha Formation (Upper Bathonian – lowermost Boreal 
Berriasian) drilled in the Paiyakhskaya area located in the 
submerged central part of the western region of the Yenisei–
Khatanga depression demonstrate that these sections can be 
considered as the reference ones. Keeping in mind the insuf-
ficient stratigraphic characteristics of the Gol’chikha Forma-
tion stratotypes previously suggested in  the boreholes Dery-
abinskaya 5 and Yzhnoe-Noskovskaya 318 (Kukushkina and 
Kislukhin, 1983; Kislukhin, 1986; Ku likov, 1989; Nesterov, 
1991), we suggest the Paiyakhskaya sections as hypostrato-
types of this Formation (Figs. 1, 2).

Foraminiferal assemblages of the zones of the Callovian 
(JF25), the Lower Oxfordian and basal Upper Oxfordian 
(JF36), the uppermost Oxfordian – lower part of the Lower 
Kimmeridgian or uppermost Lower Oxfordian (JF40/JF39), 
the upper part of Lower Volgian (JF44/JF45), the lower part 
of MiddleVolgian (JF46), the uppermost Middle Volgian – 
lowermost Upper Volgian (JF55), uppermost Middle Vol-
gian – basal Boreal Berriasian (JF52), and the lowermost 
Boreal Berriasian (KF1) are defined in the studied intervals 
of the boreholes Paiyakhskaya 1 and 4 (Nikitenko, 2009; 
Nikitenko et al., 2013).

The biostratigraphic analysis of the sections from the 
neighboring territories demonstrates that the boundary bet-
ween the Gol’chikha and Shuratovo Formations is located 
within the foraminiferal zone KF1 (lowermost Borelian Ber-
riasian) (Figs. 2, 3). In spite of the unsatisfactory preserva-
tion of the palynomorphs and their poor taxonomic compo-
sition, we succeed to provide the basis for the definition of 
the Upper Volgian in the section.

The analysis of the deviations in isotopic signatures of 
stable carbon isotopes from their standard values (δ13Сorg) in 
the upper part of the Gol’chikha Formation and the lower 
part of the Shuratovo Formation (Volgian – lower part of the 
Borelian Berriasian) demonstrates that the trends in resulted 
curve of δ13Сorg variations are almost identical to those in 
the curves from the Barents Sea shelf (Spitzbergen Is.) and 
the northeastern part of Western Siberia (Olenek River 
downstream) despite the differences in absolute values 
(Hammer et al., 2012; Nikitenko et al., 2018). It provides the 
reliable basis for more accurate definition of the boundaries 
of stages and substages within the Paiyakhskaya area in the 
intervals without any fossils (Figs. 2, 4).



426 B.L. Nikitenko et al. / Russian Geology and Geophysics 61 (2020) 412–427

According to well logging data, the base of the Gol’chikha 
Formation is determined by the changes of the sawtooth ap-
parent resistivity curve having small variations as well as 
the positive anomaly of spontaneous polarization curve 
demonstrating the change of the sandstones of the Maly-
shevka Formation by the mudstones of the Gol’chikha For-
mation (Fig. 2). According to the principles of comprehen-
sive evaluation of the upper boundary of the Bazhenov 
Formation (Ryzhkova et al., 2018), its upper boundary is 
defined at the base of the first high-resistivity bed of the 
Shuratovo Formation (Fig. 2).

The section of the Gol’chikha Formation in the Paiyakhs-
kaya area is subdivided into eight lithological members cali-
brated with bio- and seismostratigraphic units. The number 
of members, the structure of the Formation and its thickness 
change beyond the studied area. The facial heterogeneity of 
the Gol’chikha Formation precludes its distinct subdivision 
into subformations in all areas as it was previously suggest-
ed (Kulikov, 1989).

A number of highly dynamic seismic reflections confined 
to the top of the underlaying Malyshevka (Tml) and the top 
of the Gol’chikha (Gl1) formations has been defined in the 
seismic sections crossing the Paiyakhskaya area in sublatitu-
dinal and submeridional directions (Fig. 5) Within the inter-
val of the Gol’chikha Formation, three highly reflecting ho-
rizons have been detected forming a separate seismic 
sequences. An analysis of bio- and chemostratigraphic data 
allows their calibration with the geologic section. 

The OM content in the rock samples from the Gol’chikha 
Formation and lowermost part of the Shuratovo Formation 
varies from 0.6 to 9.9% (Fig. 2), demonstrating that these 
sections are potentially gas – and oil-bearing. It has been 
shown that sediments contained consistently high values of 
OM are confined to the upper part of the Gol’chikha Forma-
tion (Upper Volgian and basal Borelian Berriasian). The low 
δ13Сorg values confirm the mostly marine composition of 
OM in this part of the section (Fig. 2). According to the vi-
trinite reflectivity data, OM katagenesis in the Upper Vol-
gian corresponds to the main oil generation zone that is con-
firmed by pyrolysis analysis. Thus, these sediments can be 
considered as those had been producing the oil. According 
to the pyrolysis of OM, the lower layers of the formation are 
confined to the beginning of the deep zone of gas genera-
tion, indicating that OM has almost depleted its initial hy-
drocarbon potential (Fig. 6).

The results of analytical investigation of the oils from the 
Cretaceous productive beds in the Paiyakhskaya area has 
shown the similarity of their physical and chemical proper-
ties, δ13Сorg values and component composition (hydrocar-
bons and aromatic compounds), allowing us to suggest that 
they were formed at a single accumulation stage and derived 
from one source area. By their genotype and maturity de-
gree, the studied oils mostly correspond to OM from the up-
per part of the Gol’chikha Formation (Upper Volgian – bas-
al Boreal Berriasian). 
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