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Abstract. Comprehensive interpretation of the results for regional seismic operations and reinterpretation of archived
seismic data, their correlation with the drilling data of more than 30 deep wells, including Severo-Novoborsk
parametric well, made it possible to clarify the structural maps and thickness maps of all seismic facies structures
developed in the territory and water area in the junction of the north of Izhma-Pechora depression and Ma-
lozemelsko-Kolguevsk monocline of Timan-Pechora oil and gas province. Data obtained were used at basin
modeling in TemisFlow software in order to reconstruct the conditions of submersion and transformation of
organic substance in potential oil and gas bearing formations. Modeling made it possible to get an idea of the
time and conditions for the formation of large zones of possible hydrocarbons accumulation, to establish space-
time connections with possible sources of generation, to identify the directions of migration and on the basis
of comparison with periods of intense generation, both from directly located within the operation area and
outside them (taking into account possible migration), to identify zones of paleoaccumulation of oil and gas.
Work performed made it possible to outline promising oil and gas accumulation zones and identify target
objects for further exploration within the site with an ambiguous forecast and lack of industrial oil and gas potential.

Key words: Timan-Pechora oil and gas bearing province; Malozemelsko-Kolguevsk monocline; basin modeling; oil
and gas accumulation zones; prospects of oil and gas content

Introduction. The area of investigation covers the northwestern part of the Timan-Pechora
sedimentary basin (TPSB). It formed during the Phanerozoic on the denudation surface of meta-
morphosed shale and volcanogenic formations of the ceased-existing “dead” paleobasin of the
Riphean-Vendian (Baikalian) consolidation, and became the Timan-Pechora epibaikalian plate
(TPEBP).

Age of sedimentary formations. Considered sedimentation basin is composed of formations
from late Cambrian — lower Ordovician to Neogene and Quaternary sediments (510-0.01 million
years). Age of the formations was established based on stratigraphic investigations of the rock sam-
ples from drilled wells. Tests determined the geological age by paleontological remains [6] and the
absolute age by isotopes of mineral inclusions in sedimentary rocks and magmatogenic intrusions,
as well as using seismic reflecting surfaces. According to the prevailing number and volume of
formations participating in the structure of the TPSB, its age is Paleozoic-early Mesozoic (Triassic)
[5, 26], later formations are presented in insignificant volumes.

Geographical location and area. Timan-Pechora sedimentary basin is located in the northeast of
the European part of Russia, between 64 and 70° north latitude and 47 and 60° east longitude.
It has trapezium contours stretched in the northwest direction. Its area is estimated (total land and sea)
at more than 450 thousand km?, of which two-thirds are located on land and more than
180 thousand km? in the northern part is covered by Pechora Sea (southern part of the Barents Sea)
with islands. The largest island — Kolguev (4400 thousand km?) — is located in the western part of the
Pechora Sea, 75 km from land (Fig.1).

Geological and geophysical exploration state. TPSB is well studied in the course of seismic
exploration (average density of seismic exploration profiles exceeds 2 km/km?) in the central and
southern parts and is poorly studied in the northwestern and far eastern parts. Density of seismic
exploration operations, as well as drilling, is not uniform. The highest density of CDP profiles
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Fig.1. Overview scheme of the investigated area with applied seismic profiles and wells that
drilled-in the lower structural floor

Wells: 1 — parametric; 2 — prospecting and appraisal; 3 — seismic profiles CDP-2D;
4 — boundaries of tectonic zoning

is 1.5-2.2 km/km? at megaswells: Pechora-Kolvinsk and southeast of Pechora-Kozhvinsk, in the
Khoreyver depression. Density decreases to 0.8-1.5 km/km? on the Shapkin-Yuryakhinsk swell and
in the Varandey-Adzvinsk structural zone. The lowest density (0.1-0.8 km/km?) is in the northern
half of the Izhma-Pechora syneclise. In the sedimentary apron of the land, 35 regional,
subregional and zonal seismic reflecting surfaces (reflectors) have been identified [19].

More than 5.500 deep oil and gas wells with a drilling volume of more than 10 million meters
have been drilled within TPSB. Only 54 of these wells, most of which only drilled-in Mesozoic sed-
iments, were drilled in the aquatorial continuation of the sedimentary basin.

Drilling activity within the land surface of TPSB is very uneven. In the northern half of Izhma-Pe-
chora syneclise, which is the area of this investigation, it does not exceed 0.01 m/km?. In Pechora-Kolvin-
sky aulacogen located to the east, it increases in some areas up to 200 m/km?. Khoreyver
depression of Khoreyver-Pechoromorsk syneclise is characterized by an average drilling activity
(50-100 m/km?), but its coastal part is much less studied — drilling activity is only 10 m/km?. Drilling
density approaches 50 m/km’ in the water area on the eastern half of Kolguev Island (East Kolguev struc-
tural zone). Single wells in other zones provide the total drilling activity of Pechora Sea at a level of
0.01 m/km? or less. Rock samples in wells were taken in intervals with known or assumed oil and gas
saturation, and in parametric (stratigraphic) wells — periodically (pointwise) throughout the wellbore.
The most significant onshore drilling operations were carried out in the period from the 1970s to the early
1990s by the state-owned enterprises “Ukhtaneftegazgeologiya™ and “Arkhangelskgeologiya”, and after
their reorganization — by the enterprises “Lukoil”, “Rosneft”, “Surgutneftegaz”, “Tatneft”,
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“Gazprom” and other independent establishments. Deep offshore drilling was carried out by
“Arktikmorneftegazrazvedka”.

At different stages of the area investigation, geophysical (mainly seismic) material was re-
peatedly summarized in thematic works of PGO “Pechorageofizika”, “KOME”, TPO “VNIGRI”
(TP “NIC”), FGUE*“VNIGRI”, JSC Severgeofizika (authors: F.N.Snisar, N.A.Bogdanov, V.A.Stenina,
A.A.lvanov, T.A.Karpyuk, A.L.Kunko, M.D.Belonin, O.M.Prishchepa, A.N.Shaposhnikova
and others).

Significant contribution to the formation of modern ideas about the geological structure of
the region was made by the research works of M.D.Belonin, L.T.Belyakova, V.I.Bogatsky,
G.F.Budanov, E.G.Bro, V.A.Dedeev, N.A.Malysheva, A.V.Martynov, N.I.Nikonova,
A.V.Kuranova, O.M.Prishchepa, N.I.Timonina and others. Geochemical prerequisites for predicting
the oil and gas content of the Timan-Pechora province (TPP) are considered in the works of S.G.Neruchev,
T.K.Bazhenova, L.A.Anischenko, S.A.Danilevsky, T.A.Kiryukhina, O.M.Timoshenko, A.V.Stupakova
and others.

Potential oil and gas content of the western parts of the region is confirmed by the discovery of
Peschanoozersk (1982) and Tarksk (1988) oil fields on Kolguev Island and Verkhne-Kharitseysk
(1985) non-industrial field in the Malozemelsko-Kolguevsk oil and gas bearing area (OGBA).

Despite the significant volume of geological exploration (mainly seismic exploration) carried
out in recent years within the north-west of Timan-Pechora province, including its offshore continu-
ation, these areas remain underexplored, and if assessing the prospects for oil and gas content, they
are high-risk for exploration by enterprises. The reasons for this are negative results of drilling most
of the deep wells traditionally constructed within the uplifts on large anticlinal structures, where,
according to modern concepts, the section of the lower middle Paleozoic part of the section is signif-
icantly reduced.

Confinement of the discovered oil deposits to Triassic interval of the section determined the
increased interest to the upper structural stage and insufficient attention to the lower middle
Paleozoic structure. Its pro-
spects are estimated quite high
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Both structural and non-anticlinal traps (O.M.Prishchepa, A.V.Kuranov, N.I.Nikonov,
S.A.Lukova and others) are considered as predictive objects of oil and gas accumulation
in the sub-Domanic part of the section. Zones of their congestion are of particular interest.
In 2008-2018 the team of FSUE “VNIGRI” has created a scientific and analytical basis for predicting oil
and gas accumulation zones in TPP onshore — offshore transition zone. Creation of a model for the for-
mation of oil and gas accumulation zones in the investigated object allows reducing the geological risks
and attracting the attention of the operators to the conduction of geological exploration (GE) within the
operational area.

Methodology. Investigation was carried out on the basis of a comprehensive interpretation of
geological and geophysical data from regional and areal seismic surveys, the results of drilling and
analytical study of the rock samples from the wells, including the Severo-Novoborsk parametric well,
drilled by JSC “NPC Nedra” as part of work under a government order.

Following promising oil and gas bearing structures are distinguished bottom-up in the
sedimentary apron within the investigated area (Fig.2): Cambrian-(?)lower-middle Ordovician
terrigenous, middle Ordovician-lower Devonian carbonate, middle Devonian-lower Frasnian ter-
rigenous, Domanic-Tournaisian carbonate, upper Visean-lower Permian carbonate, upper Per-
mian and Triassic terrigenous [27].

Structural construction of the main reflecting horizons (RH) of the early-middle Paleozoic inter-
val, as well as the analysis of the thicknesses between them, the changes in which are associated with
significant tectonic events (Fig.3) were the basis for identifying tectonic elements. Contours of the
identified structures are brought in line with the anomalies of the gravitational and magnetic fields.
When ranking, the structures were assessed according to the following criteria: sign, shape, isolation,
dimension and hierarchy. Dimension and hierarchy determined the order of the structural element
and its position in the hierarchical row.

Morphological differentiation of the accumulation surfaces of the lower-middle Paleozoic
sediments determined their polyfacies. Sedimentological and lithological-facies analyzes of the
investigated interval of the section made it possible to predict the development (vertically and laterally)
of rocks with different filtration properties. It gave grounds for contouring the distribution areas of
the most promising natural reservoirs in terms of oil and gas content [8]. Perspective oil and gas
source strata (OGSS), the presence of which is noted in all sedimentary structures, have been identi-
fied and characterized. To assess the possibility of realizing the generation potential of Silurian
OGSS, an analysis of the submersion curve was applied. This analysis refers to the methods
of paleostructural constructions and reflects the most significant stages of the basin evolution.

Realization degree of the hydrocarbon potential for Silurian OGSS was estimated by the method
of basin modeling in TemisFlow software. To build models of migration and the formation of poten-
tial hydrocarbon accumulation zones, 2D-models were constructed along the lines selected taking
into account changes in the lithological-facies composition of rocks, geochemical indicators, values
of formation pressures and temperatures in accordance with the profiles of geological and geophysical
sections.

Discussion. Composition, structure and ratio of rocks that make up natural reservoirs (NR) are
determined by genesis — the origin of certain types of sediments, the frequency of sedimentation, the
nature of secondary transformations [25, 26]. Genetic approach is an effective technique for predict-
ing the reservoirs as a whole and its individual elements. The most significant structure, which in-
cludes a series of NR at different levels, is Domanic-Tournaisian [9]. It also includes Domanic oil and gas
generating strata, which is fundamental for the province. Its potential for oil is estimated at 70 % from its
contribution to the formation of TPP fields, and for gas — more than 50 %.

Upper Cambrian(?)-lower Ordovician terrigenous oil and gas promising structure is represented
in the volume of the upper Cambrian (?) sediments, Sedyel formation of the Tremadocian stage, Nibel
formation of the Arenig stage and the conventionally identified Llanvirn stage. Sediments of
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Fig.3. Structural frame of the investigated area (based on seismic survey results)

Main reflective horizons: I1Id — sole of Domanik sediments, III-IV — pre-Fransk erosion surface,
IV — near the roof of the Silurian, V’ — near the top of the lower-middle Ordovician terrigenous sediments, VI — foundation roof

the structure with angular unconformity lie on the base of the Proterozoic age and are represented by
sandy-clay sediments of the littoral and supralittoral. Structure is spread in the paleo-depressions of
the Sozvinsk-Novoborsk structural zone and the water area of the West Kolguevsk depression. Char-
acteristic feature of the sedimentation conditions is the compensated filling of the basin, which was
ensured by the removal of clastic material from Timan and the uplifted Malozemelskiy block. Well
202-Severo-Zapadnaya (Kolguev Island) drilled-in the structure to the fullest extent, where the upper
Cambrian age of the silty-argillaceous stratum at a depth of 4147-4345 m has been proven by faunal
evidence. Overlying Sedyel (Sediol) formation, composed mainly by sandy material, is dated to
Tremadocian stage of the lower Ordovician. 1-Bugrinsk well drilled-in thick (not less than 1000 m)
Tremadoca sediments, represented by rhythmic interbedding of sandstones and mudstones with
a clear predominance of sandstones. In the southern part of the investigated area — within
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Izhma-Pechora syneclise — sediments of the same age were drilled-in by 1-Bolshepulskaya well,
where their thickness is about 50 m.

Middle Ordovician-lower Devonian carbonate OGS is distinguished in the volume of the upper
part of the middle-upper Ordovician, Silurian and lower Devonian, it is distributed in a limited part
of the investigated area.

Silurian sediments within the operation area were exposed only on the Malozemelsko-Kolguevsk
monocline, predominantly with a carbonate composition and a total thickness of 0-500 m. Lower and
upper sections are distinguished within the Silurian system.

Lower Silurian section in the volume of the Llandoverian and Venlokian stages, composed of
interlayered red mudstones, siltstones, sandstones, was studied by wells 1-Yuzhno-Sengeiskaya and
I-Tanyuiskaya.

Upper Silurian section in the volume of Ludlovian and Przhidolian stages within the investigated
area has a limited distribution because of prolonged pre-middle Devonian and pre-Fransk erosions.
Corresponding section was drilled-in by wells in the structures of Malozemelsk block (1-Yuzhno-
Sengei, 1-Yushmanovsk, 1-Naryan-Mar).

Upper deposits of the lower Devonian are represented by fragmentarily developed deposits of
the Lokhkovian stage, presumably in the volume of the Ovinparmian horizon only in the extreme
eastern sections of the investigated area. Its presence in the section was proved by drilling data
at the Peschanoozersk area in wells 4 (thickness is 46 m) and 46 (256 m). Rocks are represented
by carbonate-argillaceous and sulfate-carbonate-argillaceous deposits of lagoons in the West
Kolguevsk depression and Peschanomorsk structural zone.

Table 1
Reservoir characteristics of the main lithological types of shallow-water shelf genesis of the upper Devonian
carbonate structure [21]
Porosity Fissured Permeability
Facial zones Rocks types Reservoir type coefficient, permeability, coefficient,
% mD mD
Pa“emle.d spheral-clotted Fissure-pored 23-525 0.92.6 0.072-3.36
1mestones
Patterned
Silt hills spherical-clot-lumpy Pore-fissured 1.34-3.17 1.5-3.7 <0.001
- limestones
5 .
5 Secondary dolomites Flssure-cavernous- | 4y 15 ¢ 1235 0.037-6.6
3] pored
IS . -
E Morphologl'cal bottom 'Detrltal limestones Pored 03-11.0 1728 0.6-222
z uplifts (limestone sandstones)
= Uneven-grained spotted
Z | Open shallow-water ol tiie | limegones Pore-fissured 0.6-4.18 1.52.3 <0.01
shelf
Thin fine-grained limestones Pore-fissured 0.4-10 1.3-2.1 <0.001
Facies of a shelf shallow Primary dolomites Pore-fissured 2.8-4.7 0.5-1.2 <0.01
with complicated water .
exchange Anhydrites 0 0

Domanik-Tournaisian carbonate OGS in the volume from the Domanik horizon of the upper
Devonian to the Tournaisian sediments of the lower Carbon is vastly developed and is represented in
the most part of the TPSB by terrigenous-carbonate rocks. Three sublatitudinal lithological-facies
zones can be distinguished according to the features of the sediments composing the structure: south-
ern — coastal-marine and trans-reef shelf with terrigenous and carbonate sediments; central — slope
progradational terrigenous-carbonate sedimentation with single linearly grouped reefs; northern — with
condensed siliceous-carbonate rocks (domanikites) of the pre-reef depression and wedgeouts of the
terrigenous-carbonate filling strata. General tendency for this OGS is an increase in terrigenous ma-
terial to the west. Within the investigated area, southern distribution zone corresponds
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to the southern part of the Malozemelsko-Kolguevsk monocline, up to the latitude of Kolguev
Island; central — Kolguev Island and to the west; northern — north of Kolguev Island. Thickness of
the OGS varies from 250-300 to 400-600 m due to the presence of reef structures in the central part
and decreases in the northern zone. Amplitude of pre-Visean erosion increases to the west, destroying
ancient layers of the structure, up to the swing included [7, 13].

Distribution patterns of reservoir rocks (table 1) and seals forming PR of various scales were
revealed on the basis of the comprehensive interpretation of geological and geophysical data within
each OGS.

Results. Natural geological bodies of the formation level, where the processes of oil and gas
formation took place (and / or are proceeding) — oil and gas source formations or horizons, are
responsible for the oil and gas potential of various regions. Total oil and gas source potential of
a particular oil and gas basin (OGB) should be assessed by the amount of organic substance (OS)
contained in the OGSS. It is characterized by certain OS concentrations, types and volumes, i.e. thick-
ness and area of development, as well as maturity (catagenesis). In order for OGSS (or their combi-
nation) to turn into an oil and gas formation cluster (OGFC), minimum values of HC migration den-
sities from them must be at least 50 thousand tons/km? (50 million nm*/km?) under ideal conditions
of accumulation (in the immediate vicinity of the reservoir and its optimal thickness).
In the general case, the value of 100 thousand tons/km? (100 million nm?/km?) can be taken as the
boundary cluster density of migration [18]. In order to mark the localization of OGFC, first it is
necessary to determine the area of development and the thickness of OGSS, as well as the concentra-
tion of OS (Corg) in them. Then the degree of OS catagenesis should be identified, and after that, using
the created models of HC generation-migration, the scale of OS type migration for the corresponding
given OGSS should be calculated.

There is very little data from geochemical investigations of fluids and rock sample extracts
at the investigated area, which could make it possible to get an idea of the generation potential.
Detailed geochemical study of rock samples from wells 202-North-West, 1-Aquamarinsk and
2-Aquamarinsk revealed the main geochemical characteristics of potential oil and gas source
rocks in the operation area and the main regularities of OS transformation processes.

Entire sedimentary section is characterized by a low content of bitumoids, whereas oxidized
components prevail in Permian-Triassic rocks, and reduced components in most samples of Paleozoic
rocks [1, 2, 18, 24].

Content of soluble components in the composition of dispersed organic substance (DOS) is ra-
ther heterogeneous and irregularly varies over a wide range (1.4-17.5 %). This may be due to a change
in the conditions of sedimentation and / or the source of sedimentation material drift. Bitumoids in
the investigated samples have a syngenetic nature.

Mudstones of the lower Ordovician (Oit) and upper Cambrian (€3?) are characterized by shallow
water-sea conditions of formation and sapropel OS. At the same time, Ordovician samples contain a
large proportion of algal OS (table 2). Degree of rock transformation according to bituminological
data remains relatively low; however, the correctness of these definitions is questionable, especially
given the small amount of available rock sample material [ 14].

Table 2
Results of rock samples investigation for well 1-Bugrinsk by the Rock-Evalmethod
Sample | b m S| S Tonx TOC HI PI
number
1 4086.00 0.01 0.04 439 0.08 - -
2 4149.83 0 0.02 439 0.08 - -
3 4153.00 0 0 w/o 0 - -

Note. Si — free HC to 300 °C, mg HC/g of rock; Sz — HC-products of kerogen and resinous-
asphaltene substances pyrolysis at 300-600 °C, mg HC/g of rock; Tmax — temperature of the maximum
HC output during kerogen pyrolysis, °C; TOC — total content of organic carbon in the rock, % mass;
HI - hydrogen index, mg HC/g TOC; PI — productivity index Si/(S1 + S2).
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Within the Malozemelsko-Kolguevsk monocline (MKM) and adjacent territories, Silurian strata can
be considered as oil source strata, distinguished in the well sections by positive anomalies of the
gamma-ray log curve.

Zone of distribution for the Silurian OGSS is the submerged parts of the Shapkinsk step, as well
as the depocentral parts of West Kolguev depression and the Denisov block in the junction zone of
MKM. There, under the conditions of marine paleo-bays, significantly clay strata, rich in aquagenic
OS and possessing oil source potential, were formed.

According to the geochemical characteristics, upper Devonian mudstones of the Famennian and
Frasnian stages, which include Domanic rocks, considered as the main oil source depression deposits
in the regional plan [21], have shallow-marine genesis within MKM. In addition, these rocks are
characterized by a low level of thermal maturity. According to the data of detailed bituminology, it
can be evaluated as MK;; however, taking into account the entire amount of material, this value
should be considered rather underestimated. In some samples, there is an increased content of Corg,
as well as a significant proportion of algal OS [23].

Marls of the upper Carbon in their geochemical characteristics are close to the rocks of Permian
age, but differ in deeper-water conditions of DOS sedimentation and processing. In the carbonate
rocks of the middle and lower Carbon OS becomes predominantly sapropelic whereas maintaining a
relatively low level of catagenetic transformation and insignificant variations in facies conditions of
sedimentation.

Influence of humus material is rather reduced in the rocks of the middle and lower Permian, and
the facies conditions of sedimentation can be characterized as lagoon-continental. Thermal maturity
is low.

Lower and middle Triassic rocks are characterized by mixed humus-sapropel DOS. Diagenetic
transformation of the initial DOS took place in a shallow-water marine facies setting. Thermal ma-
turity of DOS is low [22].

Thus, DOS of the investigated samples can be estimated as thermally weakly-moderately trans-
formed, sapropelic-humus (Perm-Triassic) and humus-sapropel (Carbon-Cambrian?).

The main role in terms of oil and gas formation on TPSB territory belongs to Domanik-Tour-
naisian (D3dm-C;t) and Silurian formations (29 and 25 % for oil, respectively) [ 18], lower Permian
formations are less significant (12 for oil and 22 % for gas).

Domanik-Tournaisian D3dm-C;t formation continues from the continent into the sea based on
facies constructions and seismic data, results of which were used to identify reef bodies that outline
the zone of pre-reef facies of sublatitudinal strike. There are thin layers of domanic rocks in the sec-
tion of clay-carbonate deposits of the 1-Pakhancheskaya well, which is typical for some areas of the
back reef facies near the reef body itself. These seams are enriched by OS and are insignificant in
terms of large-scale oil and gas formation, but indicate the relative proximity of the formation-scale
Domanikoids. Thickness of the Domanic OGSS increases from west to east — from 20 to 300 m as
the age range of the formation expands [ 13, 15]. Average Corg concentrations vary in the range of 0.6-
1.5 %, Domanik-Tournaisian OGSS is characterized by the following degrees of OS catagenesis in

the area of operations: MK} and MK3.

OGSS of the Artinsk-Kungur structure Pjar-P1k within the water area improves its oil and gas
source properties due to an increase in the maturity of OS (catagenesis) as a result of a significant
increase in the thickness of Triassic sediments. OGSS of the Artinsk formation has a clay-carbonate
composition. There, OS is represented by the following types: sapropelites, oxy-sorbosapropelites,
and also humites. OGSS composition of the Kungur formation is predominantly terrigenous (mud-
stones and clayey siltstones), with the following OS common types: humite-sapropelite and sapro-
pelite-humite.

Lower Permian sediments of the Artinskian and Kungurian stages are characterized by a rather
high oil generation potential. However, in terms of the transformation degree, they are at the upper
boundary of the oil window, i.e. in the early stages of catagenesis. Consequently, modeling results
should show in which parts of the investigated area the transformation degree of the lower Permian
deposits was high enough for the formation of industrial HC deposits [10].
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Fig.4. Structural map for the base (OG VI) with tectonic zoning

Tectonic elements: Superorder: G — Timan ridge; D — Izhma-Pechora syneclise; E — Malozemelsko-Kolguevsk megablock (monocline);
Zh — Pechora-Kolvinsk megablock (aulacogen); I — North Pechoromorsk monocline; /order: D1 — Neritsk step; D4 — Novoborsko-
Sozvinsk structural zone; Ds — Seduyakhinsko-Malolebedinsk disjunctive megaswell; Ei — Korginsk step; E2 — West Kolguevsk
depression; E3; — Kolguevsk block; E4 — Malozemelsk block; Zhi — Pechora-Kozhvinsk graben; Zh, — Denisovsk block; 2 order: D; -
Seduyakhinsk disjunctive swell; Dg — Seduyakhinsko-Yantygsk bridge; Eg — West Kolguevsk uplift; E% — Kolguevsk structural zone of
horsts and grabens; E% — Peschanomorsk structural zone; E — Naryan-Mar step;EZ — Udachnaya step; ES - Haritseisko-Shapkinsk step;
3 order: Eg‘l — Bugrinsk dome; Eg‘z — West Bugrinsk step;E}{1 — South Sengei dome; E}? — East Seduyakhinsk ledge;
E} 3 — Nerut graben; E3!' - Sengei g'raben;E‘z{2 — Sengei horst; E3! — Haritsei step; E3?2 — South Anorgayakhsk dome

Wells: 1 — parametric; 2 — appraisal; 3 — that didn’t drilled-in the base; 4 — name of the well, bottomhole depth; 5 — ridges; 6 — bound-
ary of tectonic elements;7 — name of the tectonic element; 8 — isohypses; 9 — investigation area; 10 — coastline

In the northwestern part of TPP, Artinsko-Kungursk OGSS is characterized by the degrees of
OS catagenesis MK; and MK} .

In order to assess the scale of o1l and gas formation within any territory (water area) with the use
of existing computational models, it is necessary: to select OGSS; to determine the area of their dis-
tribution and thickness, i.e. volume; concentration and type of organic substance in the rocks com-
posing them; degree of OS catagenesis.

The most known oil and gas source formations within MKM and adjacent territories have sig-
nificant differences due to different conditions of sedimentation and distribution in the section of
DOS-enriched rocks.
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(well 1-Yushmanovsk)

Submersion charts for: 1 — base; 2 — boundaries of sedimentary structures; 3 — sea level change curve

Results of the work carried out to assess the oil and gas source potential in the lower middle
Paleozoic section of MKM showed the main prospects for the formation of possible hydrocarbon
accumulations to be associated with the Silurian oil and gas fields. It was not possible to separate
lower and upper Silurian sediments in the investigated area, therefore, the characteristics of their oil
and gas source potential are given together.

To the west of the fault that separates the structures of the Pechora-Kolvinsk aulacogen from the
Malozemelsko-Kolguevsk monocline, a strip of OGSS absence is mapped. Thickness scale for OGSS of
the Silurian structure in the area of operations is 50-400 m, whereas the direction of change in the thick-
ness and their gradients are brought in accordance with the seismic map of the total thicknesses O»-D;.
Average Corg concentrations in OGSS (Si-2) vary in the range 0.25-0.60 % [3, 18].

Data of analytical geochemical investigations provided the basis for creating a basin model for
the studied region. Modeling of the generation processes, migration and accumulation of hydrocar-
bons was carried out using the TemisFlow software. Geological history of the basin is modeled by
means of Back stripping technology, which involves the restoration of the basin submersion history
by successive cutting of structural horizons. Modeling of geochemical history is carried out on the
basis of the kinetic model of hydrocarbon transformation, based on the work of the French Institute
of Petroleum (IFP). Applied modeling method allows combining disparate geochemical and structural
materials, assessing the qualitative characteristics of oil and gas source rocks and the realization de-
gree of their potential, obtaining approximate, but substantiated quantitative data on the scale of HC
generation and migration.

75



!_EI [ Journal of Mining Institute. 2021. Vol. 247. P. 66-81 DOI: 10.31897/PMI.2021.1.8
Iél Oleg M. Prishchepa, Ivan S. Borovikov, Evgenii |. Grokhotov

West Kolguevsky

Shapkinsky

Fig.6. Catagenetic zoning of the upper Silurian sediments (a), generation clusters and directions
of HC migration in the Malozemelsko-Kolguevskaya monocline and zones of its junction
with adjacent territories (b)

At the initial stage, structural maps were built for the main reflecting horizons and thickness
maps between them in order to create a model (Fig.3, 4). Degree of erosion was estimated as a result
of large interruptions in sedimentation. Promising source strata and predicted reservoirs and seals of
the lower structural stage of the MKM were identified [32].

At the initial stage of the work, the catagenetic transformation of OS was also estimated by
the deep drilling data using 1D modeling method (Fig.5). Modeling of the temperature history of
catagenetic changes in rocks is based on the expert opinion of T.K. Bazhenova, who believes that
there was a reduced catagenetic zoning in the Paleozoic basins. It was caused by increased paleo-
gradient of temperatures — up to 4.5-5.0 °C/100 m, as well as data on the modern thermal gradient for
mobile base blocks (which was MKM) 2.4-2.7 °C/100 m.

To assess the reliability of seals and the generation potential of oil source rocks, the analysis results
of logging data from deep wells, extrapolated to the territory of the entire area, were used. Surfaces
of seals and oil source rocks were calculated by the method of convergence in the interval between
the main structural horizons by proportional division of the stratum between the main deep surfaces. Cor-
rection of depth reference was made according to well data in areas where it is possible. To assess erosion,
it was assumed that the maximum apparent thickness of the eroded structure is practically equal to the
thickness of the structure before erosion. After that, amount of erosion was calculated as the
difference between the maximum thickness and the current thickness. In this case, paleorelief at the time
of the analyzed structure formation was taken into account. Filling thickness of the paleodepressions was
excluded from the calculation, for which the correlation of additional horizons was performed [17].

Data were input into the TemisFlow software in the corresponding formats, and additional pa-
rameters were set for calculating the basin model, obtained from the analysis of geological and geo-
chemical maps and tables. Thus, data on lithology, OS type and sedimentation conditions were input
(see Fig.2).

Based on the preparatory work, it was revealed that the organic substance in the Silurian OGSS
in the operation area is characterized by the catagenesis degree from MK> to MK3, only on the ex-
treme northern periphery — to MK4.s. The main generation clusters are shown in Fig.6.

Identification and substantiation of oil source strata in the modeling process was a difficult task
due to the marginal position of the operation area in the oil and gas basin. Belonging to a reservorr,
seal or oil source stratum was determined based on the lithological characteristics of the stratum and
the Corg content. Members in the upper Silurian and upper Devonian Domanik sediments were
investigated as OGSS.

Upper Silurian sediments in the operation area represent a stratum of argillaceous-carbonate
interbedding, which was studied in natural outcroppings along the river Dolgaya. Analysis of the GL
curve for well 1-Naryan-Marskaya made it possible to take the thickness of interlayers with oil source
potential as 1/3 of the total thickness for upper Silurian sediments.
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Lower Devonian sediments are developed locally and are not widespread. Their development is
associated with the most submerged areas of the pre-Timan structural stage.

Sediments of the upper Devonian Domanik horizon are characterized by lithological-facies var-
iability. In the southeastern part of the operation area, sediments of Domanik horizon are represented
mainly by clay-carbonate rocks, and in the northern part, mainly carbonate. Thus, a clay-carbonate
member is identified near the base of the Domanik sediments, which wedges out in a northeastern
direction [I11, 31]. To characterize organic substance, wells and outcroppings were
selected in the operation area and in adjacent territories (Table 3).

Table 3
Characteristics oforganic substance
Number of 0
Area well/sample Depth, m Age Value of Corg, %

3886 Dssr+kn 0.95
3963 Dssr+kn 1.09
Yuzhno-Shapkinsk 26 3885 Dskn 0.23
3783 Dsdm 3.6

3786 Ds 4
10702 natural outcroppings Sz 1.3
Naryan-Mar 10700 natural outcroppings Sz 2.28
10700 natural outcroppings Sz 2.87

Type of kerogen was determined based on the results of analysis for rock samples from well 26-
Yuzhno-Shapkinsk by the Rock-Eval method (and also based on the kinetic conditions of gener-
ation): age D3dm; Tmax 446 °C; S1 1280; S» 7910; HI 220.

Calculation of the HC migration scale [20] is carried out according to the following formulas:

» for oil

Q1 =8C.phPET, 107 .

oi con conT 1-K
where Qi — oil migration density, t/km?; § — correction for volatile liquids HCC7-C14 (calculated
during simulation); Ccon — average concentration for OGSS, % to rock; p — rock density, t/m*; & —

OGSS thickness, m; B?Tr — residual OS bituminization, % to Ceon (calculated during simulation

or averaged over actual data); K — coefficient of liquid HC migration, units;
* for gas

Qg :Cconphz;_g'l(y’ (2)

g

where O, — gas migration (generation) density, nm*/km?; y, — proportion of HC gases generated
(migrated) by the middle of a given gradation of catagenesis, reduced to the OS of this gradation, is
calculated during modeling, %; C, — proportion of carbon in insoluble OS, averaged for a given grade
and type of OS, %.

Scale of HC migration is the primary basis for assessing the prospects of a particular region, then
the quantitative assessment of HC resources is determined by the conditions of their accumulation
and preservation.

Timan-Sargaevsk sediments of the upper Devonian, Kungurian sediments of the lower Permian,
as well as the sediments of the middle upper Permian are taken as seals. In addition, clay members in
lower middle Devonian, Carbon, and Artinskian sediments of the lower Permian act as local seals.
However, their thickness is insignificant, therefore, when constructing this model, they can be ne-
glected [28, 30, 31, 33].
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Fig.7. Generation scale of liquid hydrocarbons at stratigraphic levels: a — Devonian Carbon (358.9 million years ago);
b — early Permian (290.1 million years ago); ¢ — Triassic (252.2 million years ago); d — modern time

Results for modeling of HC generation and redistribution are clearly presented by the schemes
of the distribution for the density of the HC liquid phase at different stages of geological history
(Fig.7).

Total generated mass of HC substance, according to the constructed model, within the operation
area is 3.17 billion tonns o.e. This value reflects HC mass generated only by the area own oil source
strata, and does not take into account HC that could migrate from the outside, from the
Pechora-Kolvinsk aulacogen (Pechora-Kozhvinsk megaswell). Based on the simulation results,
expected phase composition of the generated HC is predominantly oil. According to S.G.Neruchev
and S.V.Smirnov [16], “total path migration oil losses during vertical and then lateral migration in
different geological conditions can vary significantly, usually amounting to at least 55-60 %, which
is probably extremely rare; can reach 80-95 %, which occurs most often in natural conditions, and
can reach 100 %, and then industrial oil deposits cannot form, although oil formation took place”.

Obviously, volumes of HC accumulation are much lower and are determined by the paths of HC
migration, volumes and properties of traps along these paths (including the permeability and porosity
characteristics of reservoirs and the fluid-tight properties of the seals).

Middle Devonian — lower Frasnian terrigenous and middle Ordvik — lower Devonian carbonate
structures are the most promising from the point of view of oil and gas potential. Section of the struc-
tures is characterized by the presence of a good reservoir potential, shut by the zonal lower Devonian
and regional Timan-Sargaevsk seals. It is assumed that the main oil and gas prospects of middle
Ordvik — lower Devonian structures are connected with a zone of stratigraphic wedging out, over-
lapped by the Timan-Sargaevsk regional seal. If the Silurian carbonate sediments are overlapped by
Dzher terrigenous sediments, they can represent a single hydrodynamically connected structure under
lower Middle Frasnian seal.
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Fig.8. Location of promising oil and gas accumulation zones: a — middle Ordovician — lower Devonian,
b —middle Devonian — lower Frasnian OGS

1 — coastline; 2 — investigated area boundary; 3 — isohypses of Silurian roof (a) and the sole of Timan-Sargaevsk interval (b);
4 —tectonic disturbances; 5-6 — promising oil prospecting sites: 5 — traps; 6 — promising oil and gas accumulation zones

Main prospects for identifying HC accumulations are associated with traps, mainly of the
structural-tectonic type and stratigraphic wedging out on the western slope of the West-Kolguev
depression, within the Sengei uplift, in the zones of junction of the Naryan-Mar stage with Nerut
graben and Seduyakhinsk swell (Fig.8) [12]. Localized HC traps are combined into promising oil and
gas accumulation zones (POGAZ).

Conclusion. Based on the results interpretation of the seismic surveys carried out in the north-
western part of the TPP, including its water area, generalization of the deep drilling results (including
Severo-Novoborsk parametric well), structural maps and thickness maps of all seismic facies struc-
tures developed in the territory and in the water area were significantly refined. They were used in
basin modeling by TemisFlow software in order to reconstruct the submersion and transformation
conditions of OS in potential oil and gas bearing formations, the most promising of which seems to
be Silurian OGSS. According to the created basin model, total mass of HC substance generated
only by the own oil and gas fields in the operation area is 3.17 billion tonns o.e.

Modeling made it possible to get an idea of the time and conditions for the formation of large
zones of possible HC accumulation. The zones of HC paleoaccumulation are predicted on the basis
of their space-time relationships with possible generation clusters, comparison with the periods of
intense HC generation both from within the operation area and outside (taking into account possible
migration). One of the unresolved issues is the search for transit paths of HC migration from the
cluster of oil and gas formation located in the water area and the cluster of HC generation located
within the Pechora-Kozhvinsk megaswell.

Conducted investigations made it possible to identify POGAZ spatially confined to the western
slope of the West Kolguev depression, Sengei ledge, junction zones of Naryan-Mar step with Nerut
graben and Seduyakhinsk swell. These POGAZ are considered as priority exploration targets for HC
deposits prospecting in middle Ordovician — lower Devonian and middle Devonian — lower Fransky
oil and gas structures [29]. The most important geological feature of these structures
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development is the formation of extended traps of a stratigraphic type (sometimes with tectonic
shielding), which gives hope for the formation of large accumulation zones of hydrocarbons located
in the frontal part of the migration flow from submerged areas of the region.
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