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Abstract: The paper presents the results of geological interpretation of the set of geophysical data with sub-

stantiation of geological-geophysical and structural geological criteria of oil and gas potential of the sedimen-

tary cover deep levels and the upper part of the consolidated basement in the central West Siberian oil and gas 

basin. Gravity, magnetic and seismic data are used. The character of manifestation of the regional Pai-Khoi–

Altai strike-slip zone covering an area up to 200 km wide is shown. The study provides a basis for assuming a 

spatial genetic relationship between the conditions for localizing hydrocarbon traps and the extensional and 

strike-slip structures of the zone that form so-called “flower structures”. The substantiated structural geological 

criteria were applied to solve the problem of pattern recognition with training, highlighting the environments 

favourable for localization of hydrocarbon fields. 

Keywords: strike-slip; hydrocarbons; geophysics; basement; West Siberian oil and gas province;  

geophysical data interpretation 

 

1. Introduction 

The West Siberian petroleum and gas basin provides approximately 70% of Russia's oil produc-

tion and over 90% of its gas production [1]. The region is characterized by intensive exploitation of a 

productive thickness with a depth of 2-4 kilometers, consisting of Jurassic and Cretaceous deposits 

covered by younger sediments. This well-studied interval is gradually depleting, with experts noting 

a declining trend in oil and gas reserves growth, while there is no anticipated decrease in demand for 

petroleum products [2,3]. 

Relatively less explored but potentially petroleum and gas-bearing are the pre-Jurassic strata, 

including the so-called “intermediate structural layer” and the weathered crust of the consolidated 

basement. According to various estimates, 3 to 15% of the world's proven oil reserves are localized 

in the basement rocks. However, the volume of exploratory drilling to reach this level is orders of 

magnitude less than in the sedimentary cover, and the discovery of deposits of this type often hap-

pens by chance [4].  

In the pre-Jurassic complex of Western Siberia, deposits have been identified at dozens of fields 

with oil reserves of about 0.2 billion tons (for comparison, current recoverable reserves from all hori-

zons of Western Siberia are nearly 18 billion tons) [5,6]. The prospects for new discoveries in these 

deposits are significant, and the pre-Jurassic complex deposits are considered to be the principal 

source for locating large reserves in the Western Siberian region [7]. 

The West Siberian petroleum and gas basin is of interest to leading Russian geologists such as 

V.S. Surkov [8], A.E. Kontorovich [9], G.A. Lobova [10], A.I. Timurziev [4,11], S.F. Khafizov [12], and 

others. While the prospects for discovering oil deposits in the basement  rocks of the West Siberian 

petroleum and gas province are highly rated, the factors controlling the formation of deposits in pre-

Jurassic-age rocks are relatively poorly understood to date [13]. This circumstance is likely the reason 
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for the lack of new discoveries at deep horizons in the sedimentary cover, in the “intermediate struc-

tural layer,” and in the upper part of the basement. 

According to the results of scientific research, the localization of hydrocarbon deposits in pre-

Jurassic complex rocks can be influenced by: 

• the presence, thickness, and composition of “intermediate structural layer” rocks. 

• the development of regional strike-slip dislocations, which create extensive zones of defor-

mation and increased fracturing in the overlying sedimentary cover, controlled by “flower struc-

tures” [14]. 

• triassic riftogenesis with the development of volcanic-sedimentary deposits. 

• the presence of uplifted basement surface features. 

• the development of weathered crusts in the basement. 

Our study examines the deep structural characteristics and the impact on the oil and gas poten-

tial of the Pai-Khoi-Altai strike-slip zone region. 

The significance of strike-slip dislocations in predicting oil and gas deposits has been noted by 

researchers such as G.G. Gogonenkov [15], N.V. Nassonova [16], A.I. Timurziev [11], O.A. Smirnov 

[17], V.P. Igoshkin [18] and others. The manifestation of strike-slip tectonics in the West Siberian sed-

imentary basin has been identified at both regional levels (based on potential field data and 2D seis-

mic surveys) and large-scale levels (based on 3D seismic surveys). It has been established that strike-

slip dislocations appear in the form of curtain faults (in plan view) and “flower structures” (in cross-

section). Publications mention the influence of the “piston” effect [16], which pressurizes fluids and 

operates during compression and extension, as well as the formation of “pull-apart” basins with de-

veloped sedimentary accumulation and the formation of curtain folds and faults, complicating the 

structure of deposits. 

In the current work, using one specific area as an example, we examine the relationship between 

the formation of deep oil and gas deposits and the positions of principal strike-slip dislocations and 

feathering faults. We started with the assumption that strike-slip zones largely control the formation 

of fluid-permeable zones within the areas of principal and feathering dislocations. The study area 

chosen for research is located in the central part of the West Siberian petroleum and gas province and 

includes map sheets P-43 – P-44, which are intersected by the regional Pai-Khoi-Altai strike-slip zone 

from southeast to northwest (see Figure 1).  
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Figure 1. Geotectonic position of the Pai-Khoi - Altai regional strike-slip zone and the research site on 

a fragment of the tectonic scheme of Northern Eurasia and the adjacent shelf basement. Symbols: 1-3 

– ancient platforms (1 – AR blocks, 2 – PR1 suture zones, 3 – PR1 paleoriftogenic zones); 4-5 – Baikalian 

folded areas (blocks (4) and interblock suture zones (5), here and further, correspondingly); 6-7 – Cal-

edonian folded areas (6-blocks, 7- interblock zones; bright colours – within the research site, lightened 

– outside the research site); 8-9 - Hercynian folded area (8-blocks, 9- interblock zones; bright colours 

– within the research site, lightened – outside the research site); 10 – Cimmerian folded areas; 11-12 – 

Alpine folded areas (11- blocks, 12 - interblock zones); 13– oceanic areas; 14 – continental slopes and 

deep–sea depressions; 15 - faults (a-major, b-minor); 16 – faults of the Pai-Khoi–Altai strike-slip zone, 

17 – research site. 

Researches has revealed that the Hercynian folded basement has a heterogeneous composition, 

consisting of metamorphic and variably metamorphosed sedimentary rocks (clay shales, ortho- and 

metashales, carbonate rocks) that have been disrupted by intrusions of both acidic and mafic compo-

sition. During the Early Mesozoic, uplift movements predominated over a large part of the area, re-

sulting in significant erosion of the pre-Mesozoic strata and the formation of extensive weathering 

crusts. In the Early Triassic, rift zones began to form and develop, which were filled with sedimen-

tary-volcanogenic deposits. The accumulation of rocks was accompanied by folding and the devel-

opment of faulted (including strike-slip) dislocations, driven by stresses along the boundaries of ad-

jacent folded areas. Simultaneously with the deepening of graben-rift basins, there were multiple 

shifts between basin and continental facies [24]. A marine regime was established in most of the re-

gion during the Late Jurassic, coinciding with the deposition of sandy-silt-clay sediments. At the end 

of the Jurassic period, carbonate-rich and bituminous clay silts were deposited in the marine basin 

[24,25]. During the same period, active movements occurred along the regional Pai-Khoi-Altai strike-

slip zone. 
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Thus, the information about the geological history supports the presence of a substantial volume 

of sediment and organic materials buried in pre-Jurassic rocks, indicating the possible role of the Pai-

Khoi-Altai strike-slip zone in the formation of hydrocarbon-bearing structures during the Jurassic 

and Late Paleozoic stages of the West Siberian region's crustal evolution. 

2. Hydrocarbon potential of the Pre-Jurassic basement in the study area 

Within the considered area, several hydrocarbon-bearing complexes (HBC) are distinguished: 

the pre-Jurassic (Paleozoic), Jurassic (Tyumen, Vasyugan and Bazhenov), boundary time interval (up-

per Jurassic - lower Cretaceous), Lower Cretaceous (Figure 2). Most of them are terrigenous (sand-

stone), but there are accumulations of hydrocarbons in the tops of the Triassic volcanic rocks, their 

porosity reaches 15 %. Major source rocks are: unnamed Triassic organic-rich sediments; Togur-Tyu-

men formation (J1-2) (coals in shales and sandstones), Bazhenov (J3-K1) organic-rich shale, Pokur 

formation (K1-2). In the Caledonian part of the study area, there is a hydrocarbon-bearing “interme-

diate structural layer” (ISL) located between the consolidated basement and the platform cover. This 

layer is primarily composed of Late Paleozoic sediments and weathering crusts, partially re-depos-

ited, with zones of organic matter (OM) generation [17,27]. This complex is poorly studied over most 

of the area due to its deep burial, and it has only been encountered in a limited number of wells. 

 

Figure 2. Stratigraphic position of major oil source beds and reservoirs. 

In Paleozoic rocks, the following oil deposits have been explored and studied (Figure 3): Severo-

Varieganskoye field, where oil accumulations are found in fractured volcanites and shales, as well as 

in their weathering crusts. Their structure is poorly studied [24]. 

Sovetskoye field - reservoir M1 (Paleozoic) consists of loose weathered volcanites of the basic 

composition and fractured organogenic limestones. The pre-Jurassic HBC here is encountered in five 

wells at depths ranging from 2702 to 2776 meters. Commercial oil flow is obtained from weathered 

fractured limestones [24]. 

Kotygyeganskoye field (Vasyuganskaya oil and gas region), where the oil reservoir is located in 

fractured-cavernous Paleozoic collectors represented by dolomite breccia [25]. 

Several fields have oil reservoirs in pre-Jurassic rocks, including the unique Kharampur field, 

large fields like Bakhilovskoye, Varyngskoye, Verkhnekolik-Eganskoye, as well as the medium-sized 

and small Festivalnoye and Severnoye fields [25]. 
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Figure 3. Scheme of oil and gas potential of the research site. Grey color indicates oil and gas fields in 

standard geological settings; red color indicate fields of the pre–Jurassic strata (ISF, weathering crust 

of the basement, traps associated with strike-slip zone). Fields are marked with numbers: 1- Severo-

Varieganskoye (reservoir - fractured effusions and shales and their weathering crusts); 2 - Sovetskoye 

(weathered mafic effusions and fractured organogenic limestones); 3 - Kotygyeganskoe (dolomite 

breccia of Paleozoic age). Fields with oil and gas pools in pre-Jurassic deposits: 4 - Kharampur, 5 - 

Festivalnoye, 6 - Bakhilovskoye, 7 - Varyngskoye, 8 - Verkhnekolik-Yeganskoye, 9 – Severnoye field. 

The thickness of the intermediate layer, based on the limited number of wells studied, is esti-

mated to be highly variable, averaging several hundred meters [28,29]. Due to its strong metamor-

phism, ISL was not considered a promising target for oil exploration until the 1970s. However, sub-

sequent assessments have shown that the ISL, in terms of sedimentary fill volumes, is “comparable 

to the volume of the Mesozoic-Cenozoic cover of the plate” and could be a significant source of or-

ganic matter [30]. High prospects for oil and gas in the actual intermediate structural layer based on 

the study of oils, bitumens, and organic matter dispersed in rocks and underground waters [31]. 

Moreover, organic matter could have migrated into overlying horizons through subvertical fluid-

permeable zones formed by strike-slips [32]. 

4. Characteristics of the Pai-Khoi – Altai regional strike-slip 

The importance of evaluating the effects of tectonic disruptions on the rocks in the lower part of 

the platform cover and the geosyncline basement is exceptionally high. There are fundamental pre-

requisites for oil and gas potential in the Pre-Jurassic rocks in this area: the presence of oil-source 

rocks in favorable conditions for hydrocarbon “maturation” and the existence of a cap rock. An im-

portant element is the presence and positioning of reservoirs, which could be located in areas where 

hydrothermal alteration processes occur due to tectonic activity [21,33]. According to various authors, 

deep-seated tectonic processes led to leaching of feldspar from acidic rocks, karst formation in car-

bonate rocks, development of caverns and fractures, and leaching of minerals from basic lavas (bas-

alts), resulting in the formation of porous and fractured reservoirs [21,34,35]. Traps in such rocks are 

typically located in erosional-tectonic elevations of the basement (weathering crust), in areas of Tri-

assic rock exposure on basement elevations [7], and near fault disruptions that create collectors and 

tectonic-screened traps [36]. 

To gain a better understanding of the patterns of deposit localization in areas influenced by the 

principal strike-slip fault and surrounding feathering dislocations, a tectonic reconstruction and de-

tailed analysis of the placement of disjunctive dislocations are required. To describe typical defor-

mations associated with strike-slip faults, the concept of “flower structures,” proposed by Harding 
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T.P. in the early 1970s in the process of seismic data analysis [37], is used. Strike-slip dislocations are 

characterized by an almost vertical narrow zone of deformation at deep levels of the section and an 

expansion of the dislocation area approaching the surface (see Figure 4). Various-scale strike-slip 

zones exhibit complex morphology, intense disruption of host rocks, and a wide stratigraphic range 

of oil and gas potential due to the high fluid permeability of “through” subvertical faults. 

 

Figure 4. A conceptual diagram of the “flower structure” and fields associated with strike-slip defor-

mations. 

The formation of “flower structures” may disrupt the integrity of the reservoir with the creation 

of tectonically screened traps. Deposits in zones with the development of such structures will have a 

complex blocky or lens-like character, likely without a single water-oil contact. Furthermore, the ac-

tual development of tectonic faults results in the formation of additional porous space in reservoirs 

of various types [31,38], including in the weathering crust of the basement and weakly metamor-

phosed sediments in areas adjacent to fault disruptions and fluid alteration zones. 

The presence of regional strike-slip faults in Western Siberia was noted by Ivanov K.S. et al. in 

2005 [39], based on deep drilling data and potential field interpretation results. In 2007, K.O. Sobor-

nov [40] came to the same conclusion based on regional seismic survey data. Independently, the pres-

ence of a strike-slip fault zone was suggested by Egorov A.S. and Antonchik V.I. based on compre-

hensive studies of the deep structure of the Earth's crust [23,41,42]. Later, the strike-slip fault zone 

stretching from the Pai-Khoi–Novozemelsk fold area to the Altai-Sayan fold area was studied by 

various authors [40; 16], and it was given various names, such as the “Trans-Eurasian fault” or 

“Trans-Eurasian left-lateral fault” [43], the “Main strike-slip zone of Western Siberia” [40], “left-lat-

eral fault system” [18] and others. The kinematics of the principle fault of strike-slip zone is the subject 

of numerous discussions. Both left- and right-lateral kinematics are assumed. In certain regions, the 

distribution of a system of Neogene-Quaternary horizontal strike-slips in Paleozoic basement was 

observed, resulting in complex plicative and disjunctive deformations of the sedimentary cover [15].  

The location of the principal strike-slip fault varies significantly among different authors. In our 

study, the refined position of the principal and adjacent strike-slip dislocations is presented within 

an area up to 200 km in width. The structure of tectonic deformations heterogeneities of the basement 

and sedimentary cover of the West Siberian geosyneclise are well manifested in potential fields. 

Zones of Jurassic sedimentary filling of consolidated basement depressions are reflected in gravimet-

ric and magnetic data, as sedimentary rocks have lower density and magnetization compared to most 

consolidated basement rocks. Accordingly, the accumulation of sedimentary deposits in troughs dur-

ing the Mesozoic era should be manifested as negative anomalies in potential fields. Rift structures, 

on the other hand, where sediments are complemented by dense and magnetized volcanites, manifest 

as positive anomalies in potential fields (Figure 5). 
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(A) (B) 

 
 

(C) (D) 

Figure 5. Maps of the vertical derivative of the gravitational field in Bouguer reduction (a), the vertical 

derivative of the anomalous magnetic field (b), the horizontal gradient of the isochron reflecting the 

“B” horizon (c), and the results of tectonic decoding (d). 1 - major faults, 2 - fold boundaries, 3 - bound-

aries of horst-graben structures, 4 - other fault disruptions, 5 - strain ellipsoid, a – extension axis, b – 

compression axis, c – normal faults, d – trust faults, e – strike-slip (antithetic), f – strike-slip (syn-

tithetic). Red lines indicate the positions of seismic sections presented in Figure 4. 

The analysis of the localization patterns of the identified principal strike-slip faults and the feath-

ering rift dislocations allows us to draw conclusions about the kinematics of the principal strike-slip 

fault zone under consideration. To solve this problem, the “strain ellipsoid” model was applied, ac-

cording to which the total stress in the strike-slip zone is considered to be the result of the superpo-

sition of tension and compression stress fields developing along the shear zone [44]. To decipher the 

deformations mapped on the research area, the right-lateral strike-slip model is most confidently 

suitable. In this case, stretching deformations (rifts) develop along the short axis of the ellipsoid at an 

angle of about +45° to the shear axis (Figure 5d). 

However, it is necessary to explain the differences in the orientation of the rift structures in the 

three zones of the research area: the steepest angles relative to principal strike-slip faults are noted in 

the southwestern and northeastern parts of the research area; the most gentle - in the central zone 

located between the two principal strike-slip faults. Such picture is explained in the same work by 

R.G Park (1988), in which the author, with reference to earlier works (Harding, 1974 and Reading 

1980), showed that under conditions of general compression of the strike-slip zone, rifts are oriented 

at a steeper angle (60° or more) to the strike-slip axis; under extension conditions, the slope of the 

rifts decreases to 25-30°. This zonality can be used as predictive signs of localization of hydrocarbon 

traps. 

Strike-slip structures are revealed in sections of the West Siberian sedimentary basin at different 

scales. For example, in 3D seismic survey data, strike-slips extending tens of kilometers form systems 

of disruptions within the Mesozoic layers [15]. When interpreting data from regional 2D seismic sur-

vey profiles at deeper levels of the section, the “flower structure” is less clearly observed due to the 
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chaotic distribution of the wave field [45]. Figure 6 schematically illustrates the manifestation of the 

principal and adjacent feathering dislocations of the strike-slip zone. 

  

(A) (B) 

Figure 6. Examples of seismic sections in the indicators of reflexivity along latitudinal profiles 1 and 

2. The principal fault is shown by a bold line; feathering dislocations. by thinner lines. See position of 

the lines in Figure 5g. 

Materials from previous studies and the results of the analysis of geological-geophysical data 

allow us to characterize the strike-slip fault as a long-lived structure, formed during the pre-rift stage 

of the region's evolution and continuing its tectonic activity during the post-rift stage of sediment 

accumulation in the West Siberian basin [40]. From our point of view, the beginning of the strike-slip 

formation should be correlated with the final stage of Hercynian orogeny, and active tectonic move-

ments probably continued until the end of the Jurassic. Our research indicates that dislocations asso-

ciated with the Pai-Khoi–Altai regional strike-slip are primarily manifested at the Mesozoic level of 

the sedimentary cover and in the consolidated basement. The presence of strike-slip dislocations is 

almost absent in the layers located above the Bazhenov horizon. Therefore, at the end of the Mesozoic 

and Cenozoic eras, the considered structure probably did not exhibit activity. Nevertheless, traces of 

the strike-slip fault zone's influence may be found in the folded structures of overlying horizons. 

5. Predictive assessment of the study area based on a set of geological, structural, and geophysi-

cal factors 

The study area is characterized by a high density location of oil and gas deposits and, conse-

quently, the area is highly studied by geological and geophysical methods [46]. Third-generation of 

state geological maps (sheets P-43, P-44) are available online [47]. Three profiles of deep seismic 

sounding (Bitum, Kimberlite, Quartz) are laid here, as well as a series of regional 2D seismic (CDP) 

profiles. Within individual deposits and prospective zones, numerous 3D seismic survey areas are 

localized. Digital gravity and magnetic survey data are available on a scale of 1:1,000,000 [48,49]. 

Rift structures served as zones of organic matter accumulation and provided heating of these 

layers to achieve a high degree of catagenesis for oil maturity [50], ensuring their migration capabil-

ity. Several deposits are localized on the periphery of rifts [51], which makes it reasonable to use 

gravity and magnetic data as indirect predictive factors. Intrusions of various compositions are dis-

tinctly manifested in potential fields as isometric anomalies of different signs and amplitudes. 

To study the heterogeneities of the sedimentary cover and conduct predictive assessments for 

oil and gas, several techniques are applied, such as the method of gravimetric detection of oil and gas 

(GDONG) [52], the method for identifying “deposit-type” anomalies (DTA) [53] and others. How-

ever, direct hydrocarbon reservoir prediction methods based on potential fields generally do not 

demonstrate high effectiveness. 

The comprehensive interpretation method applied in this work, developed by A.S. Dolgal [54], 

consists of the following procedures: filtering (transformation), zoning (classification), combining the 

results of methodical interpretation, identification of prospective zones (forecast), and modeling. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 October 2023                   doi:10.20944/preprints202310.0548.v1

https://doi.org/10.20944/preprints202310.0548.v1


 9 

 

Formalized forecasting within the study area is performed using a pattern recognition algorithm 

that utilizes geological-structural and geophysical parameters available in digital format as factors 

for training. 

The optimal set of geophysical transformations for predictive assessment in the study area in-

cludes calculating the horizontal gradient magnitude - to enhance the contrast of block boundaries 

and fault dislocations; calculating the vertical derivative of the field - for contrasting the manifesta-

tions of local anomaly-forming objects, which can assist in mapping blocks and sutural zones, fault 

dislocations, basement protrusions, and granitic massifs; mapping “blocks” identified on gravity and 

magnetic fields [55], considering uniform amplitude-frequency characteristics of the fields; and ana-

lyzing the relief morphology of the basement. 

In addition to tectonic parameters, we introduced the “horizontal gradient module of the 

isochron reflecting the “B” horizon” as a predictive factor. This corresponds to the angle of inclination 

of the Bazhenov suite's surface. There is a visual correlation between the hydrocarbon reservoirs of 

the Jurassic basement and the areas with significant tilting of this surface [56–58]. This can be ex-

plained by the impact of the strike-slip fault on the geometry of the Bazhenov suite's roof, leading to 

the formation of specific traps. 

As “training objects,” we selected deposits with reservoirs located at various depths, including 

those in rocks of Jurassic age (deposits 3-9 in Figure 3). The largest of the selected “training objects” 

is the Kharampur deposit (see Figure 3, deposit 4). The basement here is exposed to a depth of about 

4 km, where it is represented by basalts; sediments of the Lower Jurassic age lie unconformably 

above. Within the deposit, 28 reservoirs of the sheet, massive, and lithological barrier types have been 

identified, primarily in sandstones. Due to tectonic disruptions, productive layers are fragmented 

into separate reservoirs with sharp heterogeneity, variability, and fracturing of the reservoirs [58]. 

On the Upper Kolik-Egan oil and gas condensate deposit (Figure 3, deposit 8), the Paleozoic basement 

is penetrated by wells to a depth of 3.2 km. It consists of shales, limestones (Lower Carboniferous 

age), and sedimentary terrigenous formations. In the productive part of the sedimentary sequence, 

the deposit has 62 layers [35]. The oil reservoir, located on an erosional-tectonic protrusion of the 

Paleozoic basement, is exposed on the Festival Square (Figure 3, deposit 5). The host rocks are repre-

sented by sedimentary and volcanic formations [59]. The heterogeneity of the reference sample, due 

to the different geological-structural positions of the reference hydrocarbon deposits, necessitates the 

use of a combination of forecasting methods and a large number of criteria. 

The space of linear, contour, and digital predictive features, formed on the basis of a complex of 

geological and geophysical data, is presented in Table 1. Within the pattern recognition technology, 

we performed: the formation and mutual alignment of data matrix nodes; the selection of the optimal 

interpolation procedure with averaging of the final areal distributions; a detailed analysis of the mor-

phology of primary features; the formalization of initially non-digital features; and, specifically, ob-

ject recognition with training. To implement the latter, a discriminant analysis in an author's modifi-

cation was applied, aimed at considering a small neighborhood of an individual point in the reference 

sample as an independent reference object in a multidimensional feature space. The result of the 

analysis is predictive aureoles distributed over the area of the study area and verified using the K-

means method [60]. 

Table 1. Table of structural geological and geophysical features involved in the task of pattern recog-

nition with training. 

Nos. Name of feature 
Type of fea-

ture 
The form of the attribute metrization  

Geological and structural parameters 

1 Pai-Khoi–Altai strike-slip fault (east-

ern principal fault) 
linear distance to the fault (km) 

2 Pai-Khoi–Altai strike-slip fault 

(western principal fault)  
linear distance to the fault (km) 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 October 2023                   doi:10.20944/preprints202310.0548.v1

https://doi.org/10.20944/preprints202310.0548.v1


 10 

 

3 Near-strike-slip rifts (grabens) contour binary (yes-no) 

4 Near-strike-slip horsts contour binary (yes-no) 

5 Suture zones linear distance to the suture zone (km) 

6 Relief metrized absolute elevations, m 

Geophysical parameters 

7 Magnetic field metrized field level (nT) 

8 Gravitational field metrized field level (mGal) 

9 Vertical derivative of magnetic field metrized values of field transformants (nTl/m) 

10 Vertical derivative of gravitational 

field 

metrized 
values of field transformants (mGal/m) 

11 Modulus of horizontal gradient of 

magnetic field 

metrized 
values of field transformants (nT/m) 

12 Modulus of horizontal gradient of 

gravitational field 

metrized 
values of field transformants (mGal/m) 

13 “Geoblocks” of magnetic field metrized conventional unit 

14 “Geoblocks” of gravitational field metrized conventional unit 

15 
Horizontal gradient of the map 

isochron of reflecting horizon B 

metrized proportional to the inclination angle of 

the surface of the Bazhenov Formation 

(s/km) 

Joint processing, implemented in the multidimensional space of the mentioned geological-struc-

tural and geophysical features, aims to create predictive aureoles of potential object detection, similar 

to hydrocarbon reference objects. The result of using the modified discriminant analysis in conjunc-

tion with the K-means method is generalized by us in the form of a scalar field of the probability 

distribution of object detection, similar to hydrocarbon reference objects (Figure 7). It can be seen that 

in the probability value range exceeding 0.5 (highlighted with dark blue shading), the areas extend 

beyond the boundaries of reference objects, forming the most representative anomalies in the areas 

of junction of horst-graben boundaries and principal fault zones. 

 

Figure 7. Forecast areas (blue colour) calculated on the basis of the full set of features with applied 

elements of tectonic interpretation (see symbols in Figure 5d) and the contours of reference deposits 

(see symbols in Figure 3). Cream color emphasizes horst areas; grabens are marked in white. 

As evident, the location of reference deposits aligns with the nodes of intersection of the major 

fault with adjacent extensional structures. When analyzing the interpretation results, we pay 
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attention to the specificity of the distribution of contours of hydrocarbon reference objects, forming 

groups with a regular spatial step, manifested both along the mentioned fault zone and in its vicinity. 

Quasi-periodic systems are a manifestation of wave structuring of the geological environment and 

find application in forecasting deposits of both ore [61,62] and oil and gas. Furthermore, the belt of 

increased probability of detecting deposits similar to reference ones marks known deposits with local 

areas of increased morphological variability. Predictive aureoles are elongated in several different 

directions and have a different distribution pattern in the blocks separated by principal dislocations, 

confirming the significance of the strike-slip fault as a controlling factor for the hydrocarbon potential 

of the region's structures. Among the extensional structures, horsts tend to gravitate toward reference 

objects to the greatest extent. 

6. Conclusions 

The Pai-Khoi-Altai strike-slip zone covers a vast area and manifests itself as a system of two 

principal strike-slip dislocations and numerous adjacent horsts and grabens. Fundamental im-

portance has the nature of feathering dislocations; our detailed constructions indicate right-lateral 

kinematics of the principal strike-slip faults (Figure 6). In addition, this zone extends to the Altai-

Sayan folded area, the dislocations of which, including the Kuznetsk Alatau, have right-lateral kine-

matics. According to seismic survey data, strike-slip dislocations are manifested at depths below the 

Bazhenov horizon; above it, predominantly fold structures are observed, which can also form traps 

for hydrocarbons, increasing the significance of the studied structure. 

The obtained predictive estimates indicate the high prospects of areas adjacent to the eastern 

major strike-slip fault zone and adjacent horst structures. This is explained by the probable presence 

of tectonically weakened fluid-permeable zones; hydrocarbon traps in plicatic dislocations; sources 

of hydrocarbons in the lower horizons of the sedimentary cover; and favorable conditions for the 

maturation of organic matter and hydrocarbon generation. 

In this work, a methodological approach has been tested, allowing the application of formalized 

tectonic and geodynamic criteria in automated forecasting of prospective deep-seated hydrocarbon 

deposits in the study area, including the application of neural network technologies [63]. Based on 

the results of geological interpretation of geophysical materials, a geological-structural basis has been 

developed, the formalized elements of which have been applied as factors in object recognition with 

training on reference deposits. Seismic section data has been applied to verify the identified tectonic 

elements and to confirm the configuration of the Pai-Khoi-Altai regional shift zone. 

Predictive modeling based on the analysis of deep structure and tectonic dislocations of various 

kinematics is a justified tool in regions with promising lower structural strata for oil and gas. From 

the analysis conducted, it is evident that reference deposits are located in those areas of the regional 

strike-slip zone adjacent to which extensional horst structures are present. Studying the geological 

processes of accumulation, both in the traditional organic paradigm and from the perspective of an 

inorganic “mantle” source of oil and gas, along with an analysis of the geophysical manifestations of 

hydrocarbon criteria, may be the key to discovering new deep-seated hydrocarbon deposits in West-

ern Siberia. 
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