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Abstract

The study of the geological setting features of the West Siberian Oil-and-Gas Province (OGP) is relevant
for establishing the relationship between the spatial distribution of local strike-slip dislocations (Russko-
Chaselsky Ridge) and the structure of the regional Pai-Khoi-Altai shearing zone. The work aims to identify
the regularities of hydrocarbon accumulations location associated with fault systems of this zone. The
paper presents the results of studies aimed at assessing the nature of the Earth crust disturbance within
the regional Pai-Khoi-Altai shearing zone and the prerequisites for the occurrence of hydrocarbon
accumulations within it. A complex set of regional and detailed geophysical data, including 2D and 3D
seismic surveys and digital models of gravity and magnetic fields, was used as a factual basis. Based on
these materials, cross-sections and maps were drawn showing the structural features of the sedimentary
cover and consolidated basement, and an analysis of the nature of the Earth crust disturbance within the
shearing zone was performed. It was revealed that the disjunctive dislocations of the regional Pai-Khoi-Altai
shearing zone have a characteristic morphology described by a right-lateral strike-slip (dextral) fault strain
ellipsoid. Within the Russko-Chaselsky Ridge, patterns were identified in the manifestation of strike-slips
and graben-rifts systems caused by the tectonic activity of the regional Pai-Khoi-Altai shear. The shearing
zone, en echelon faulting, and associated Riedel shears constitute a single, hierarchically subordinate
system of the upper Earth crust disturbance. It is characterized by the development of en echelon system
of disturbance zones in the platform cover and the upper part of the consolidated basement, interpreted
as Riedel shears of prevailing submeridional strike. Based on the interpretation of seismic cross-sections
along the Riedel shears, “flower structures” extending from the Lower Cretaceous to the top of the Paleozoic
were distinguished. Structures of this type, located within the West Siberian Oil-and-Gas Province and
represented by dislocation systems, may act as drainage in further substantiation of the mechanisms of
migration and accumulation of hydrocarbons.
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AHHOTaUuA

M3yueHre 0COOEHHOCTE Te0JIOrMUYeckoro cTpoeHus 3anamaHo-Cubupckoii HedTera3soHOCHOI MPOBUHIUN
(HI'TI) akTyanbHO I/ YCTAHOBJIEHUSI B3aMMOCBSI3M MeKAy MPOCTPAHCTBEHHBIM paciipeiesieHeM JI0Kalb-
HbBIX CIBUTOBBIX AMCAOKaLMi1 Pyccko-YacenbCKOro Bana M CTPYKTYpOii permoHaibHOI [1aii-Xoii—AnTtaickoi
COBUTOBOI 30HBI. Lleib paboThI — BBISIBJIEHME 3aKOHOMEPHOCTEN JIoKanu3auun YB-CKOIIeHii, acCoumu-
POBAHHBIX C Pa3pbIBHBIMM HAPYIIEHUSIMU ITOV 30HbI. B cTaTbe NpeacTaBaeHbl pe3y/ibTaThl MCCIEL0BAHNIA,
HaIlpaBJIEHHBIX Ha OLIEHKY XapaKkTepa geCTPYKL UM 3eMHOM KOPBI B IIpefenax permoHanbHoii [Tan-Xon-An-
TaCKOM COABUTOBOV 30HBI ¥ MPEAIIOCHIIOK JOKIM3ALUM MEeCTOPOXKIEHWIA YITIeBOLOPOAOB B €e Mpenenax.
B kauecTBe (aKTOIOTMUYECKOI OCHOBBI 3a€/iCTBOBAH KOMILJIEKC PETMOHAIbHBIX U IeTalbHbIX reodusnye-
CKMX TaHHBIX, BKIoUaomui 2D u 3D ceiicMopa3BenKy, MG poBbie MOIe/IM IPaBUTALIMIOHHOTO ¥ MAarHUTHO-
ro noJjeii. Ha ocHOBe 3TUX MaTepuasoB ObIIM ITOCTPOEHbBI paspessl ¥ KapThl, 0OTOGpaskaolnye 0COGeHHOCTH
CTPOEHMST 0CAIOYHOTO UexJia ¥ KOHCOIUINPOBAHHOIO GYHIAMEHTA, BBIIIOJIHEH aHA/IN3 XapaKTepa JeCTPYK-
LMY 3eMHOJ KOpPBI B TIpefenax COBUTOBOI 30HbI. BbISIBI€HO, UTO pa3pbiBHbIE AMCIOKALIMM PeTMOHAIbHOM
[Tait-Xoii—AnTaiickoil CABUTOBOI 30HBI UMEIOT XapaKTePHYI0 MOPQOIOTHIO, OMICHIBAEMYIO SJUIUIICOUIOM
IedbopManuii MpaBOCTOPOHHETO caBura. B mpemenax Pyccko-YaceabCKOro Baja oIpeaeeHbl 3aKOHOMEP-
HOCTU TIPOSIBJIEHMSI CUCTEMbI CABUTOBBIX AMCIOKAIMI U TpabeH-pUGTOBbIX CTPYKTYP, 0OYCIOBIEHHBIX
TEKTOHUYECKOW cucTteMoy permoHanbHOro Ilaii-Xovi—Anrarickoro casura. CoBurosasi 30Ha, OIlepsIolie
pas3JIoMbl U CBSI3aHHbBIE C HUMU CKOJIbI PUIe/si COCTaBISIOT eAUHYI0 MepapXUuecK MOAUMHEHHYIO CUCTEMY
IeCTPYKLUM BepxXHel KOpol. [l Hee XapaKTepHO pa3BUTHME 31IEJIOHMPOBAHHONM CUCTEMBI 30H E€CTPYKLIUU
1aThOPMEHHOTO Uexyia M BepXHell YacTu KOHCOMMAMPOBAHHOTO (PyHIaMeHTa, MHTEPIIPETUPYEMOI KaK
TpeuHbl Pupesns ¢ mpeobnanaHem cyoMepUAMOHAIBLHOTO MpocTupanus. [lo pe3yibraTaM MHTEPIIpeTa-
LU ceficMMYeCcKMX pa3pe3oB BIOJb TpelllH Puienst BbIAesSIOTCS «CTPYKTYPhBI IIBETKa», MIPOCTMUPAIOIIecs
OT HMKHETO MeJia A0 KPOBJIM Mae030MCKUX OT/IOKeHM. CTPYKTYpBI 3TOrO TUIIA, TOKAIM30BaHHbIE B IIpe-
Imenax 3anagHo-Cubmpckoit HedTerazoBoii MPOBUHIIMK U IIPeCTaBAeHHbIE CUCTeMaMM OMCIOKALMIA, MO-
TYT BBICTYIIATh APEeHakoM TPy JajibHelileM 060CHOBaHUY MEXaHM3MOB MUTPALIMY U aKKYMYJISIIIMY MECTO-
POXIEeHUI YIIeBOA0POIOB.
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CIBUTOBBIE CTPYKTYPBI, TpabeH-pudT, 3anagHas Cubupb, HeTera3oHOCHOCTh, IPaBUTALIMOHHbIE aHOMAJIUN,
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Introduction

We examined the geological setting features
of the West Siberian Oil-and-Gas Province (OGP)
in order to establish the relationship between the
spatial distribution of local strike-slip dislocations
(within the Russko-Chaselsky Ridge) and the dislo-
cation system of the regional shearing zone in con-
nection with the study of the regularities governing
the location of hydrocarbon accumulations associa-
ted with a complex system of disjunctive dislocations
that are part of the regional Pai-Khoi-Altai shearing
zone [1, 2].

Within the West Siberian OGP, the bulk of the
identified hydrocarbon accumulations [3-5] are con-
fined to Cretaceous sediments. The Bazhenovsky hori-
zon is considered to be the oil source strata; the Lower
Cretaceous terrigenous rocks act as the reservoir; the
Podachimovsky horizon mudstone is the impermeable
layer [6-8]. The mechanism of hydrocarbon migration
can be largely explained by the development of a sys-
tem of disjunctive dislocations. Many researchers
studied the nature of shear dislocations in consolida-
ted basements and the lower parts of the sedimentary
cover of the West Siberian geosyncline [9, 10]. For in-
stance, A.E. Kontorovich distinguished between major
shear dislocations of different directions (first order)
penetrating into the Lower Cretaceous horizons and
secondary shears (second order) mapped in the Ceno-
zoic sequence [3, 11, 12].

A.1. Timurziev, based on an in-depth study of the
2D and 3D seismic survey data, concluded that regio-
nal shearing zones are widely manifested in the north-
western part of the West Siberian geosyncline [2, 9].
The author notes that the results of the 2D seismic
surveys do not always accurately reflect horizontal
shear structures (strike-slips), unlike the results of
the detailed 3D seismic surveys [11, 13]. An important
feature of the shears, in his view, is the almost com-
plete absence of vertical displacements at the level of
the uppermost consolidated basement.

Detailed studies within the Ety-Purovsky accu-
mulation have shown that regional shears are framed
by a system of en echelon tension stress and shearing
dislocations. Within the shearing zones, based on the
3D seismic data, the author has identified a system of
northwestward strike-slips and en echelon northeast-
ward strike-slips on the sides and in the spaces sepa-
rating the major strike-slips [9-13].

In our research, we considered the features of the
deep structure of the regional Pai-Khoi-Altai shear-
ing zone, which, judging by a complex of geological
and geophysical data, extends from the Altai-Sayan
folded area to the Pai-Khoi. The zone includes the
main fault (geosuture) and a system of en echelon ex-
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tension faults and strike-slips (shears) [14, 15] (Fig. 1).
This system of tectonic dislocations developed against
the backdrop of a consolidated basement formed by
formations of different age, from the Yenisei (Bai-
kalides), Kazakhstan and Altai-Sayan (Caledonides),
Ural and Central-Western Siberian (Hercinides) fold-
ed areas [14].

Research techniques
and factual material

The area of our detailed research (Fig. 1, a), in-
cluding the outline of the Russko-Chaselsky Ridge, is
characterized by a high level of geological and geo-
physical knowledge [16]. As a factual basis for the re-
search, we used the results of seismic surveys, deep
drilling data, and potential geophysical fields data
borrowed from the Gravimag database at a scale of
1:200,000 [16, 17].

The study area at local level was selected depend-
ing on the seismic cross-section outlines. To simu-
late shear dislocations and investigate the structure
of the basement and sedimentary cover within the
study area, we performed a series of procedures: cal-
culation of potential field transformants [18], inclu-
ding factorization into regional and local compo-
nents, calculation of gradients, etc. [19, 20]. To esti-
matetheamplitudesoftectonicdeformations,seismic
cross-sections were filtered using surface-consistent
procedures, adaptive noise suppression, 5D regular-
ization, and Kirchhoff depth migration (using OVT
panels), as well as post-processing' [21]. In addition,
the results of solving inverse problems of gravity and
magnetic surveys, etc. were used (Fig. 2) [21]. The
methodological approach involved applying a mul-
ti-level data processing scheme at regional and local
levels to identify characteristic patterns of subordi-
nation of geological structures.

A.I. Timurziev found similar horizontal shear
structures (strike-slips) are manifested in the sed-
imentary cover by linear en echelon systems of
downthrow faults and thrust faults; the en echelon
faults are grouped into a linear zone of NW strike
(310-320°) with a width ranging from 1.0-1.5
km in the lower part of the sedimentary cover to
5.0-6.5 km in the Upper Cretaceous top. Along the
strike, the suture zone comprises grabens and de-
pressions of shear extension [9, 22].

A qualitative interpretation of the trans-
formants [18, 23] allowed to identifying elongated
positive anomalies of the gravitational and magnetic
fields of submeridional strike in the central part of the

! Kadyrov R.I. Basin analysis and modeling of oil-and-
gas-bearing systems. Kazan: Kazan (Volga Region) Federal Uni-
versity Publ.; 2020. 33 p. (In Russ.)


https://mst.misis.ru/

MINING SCIENCE AND TECHNOLOGY (RUSSIA)

FOPHbIE HAYKU U TEXHOJIONMU
2025;10(2):109-117

detailed study area, which, in our opinion, are man-
ifestations of rift structures [23-25]. On the structu-
ral-tectonic diagrams compiled based on these data
(see Fig. 2), first-order shear dislocations (strike-slips)
have a predominantly northwestern strike, while se-
cond-order rift structures are oriented northeastward
and located in the space between the major shear dis-
locations [23, 26, 27].

The manifestations of these dislocations at a de-
tailed level in seismic cross-sections of the Bazheno-
vsky reflective horizon interval (Fig. 3) are expressed
in graben-rift structures, traced in the form of “Riedel
shears” oriented at an angle of 30° to the main shear
axis [28, 29].

According to most researchers, the main shear
dislocations are deeply seated [30, 31]. The exten-
sion structures are most likely seated near the sur-

Folded areas:
@ - Pai-Khoi - Novozemelskaya 5 '\+]
@ - Ural

(® - Kazakhstan

@ - Central-Western Siberian
(® - Altai-Sayan

® - Yenisei
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face [32]. In this regard, we studied geological and ge-
ophysical cross-sections based on reference seismic
profiles [11, 15]. In the interval between 1,000 and
2,000 ms, a system of disjunctive dislocations with a
characteristic "flower structure" morphology can be
traced (Fig. 4) [14]. Above this interval, only anticline
folds are manifested that indirectly confirms the as-
sumption of an attenuation of tectonic deformations
in the Upper Jurassic sediments [31, 33].

The Figure demonstrates the strike-slips joining
en echelon the plane of major shear in a fan-like man-
ner [1, 34]. The appearance of the “flower structures”
indicates the strike-slips (shears) of northeastern
strike [35, 36] that allows assuming trans-tensional
nature of the strike-slips [13, 34]. The roots of these
faults can be traced below the uppermost basement
(below 6 km) [37, 38].

1 2 3 I (5 .
(18 279 IUL0[ZZ11 12 FEFE13

b

Fig. 1. Fragment of a map of the deep geological setting of the consolidated basement of the West Siberian OGP
with the location of the study area (A), the territory of the Russko-Chaselsky Ridge,
and with the outline of the neighboring area (B), within which the Ety-Purovsky Ridge is located [15]:
1-7 - structural and material subdivisions of the consolidated crust: 1-2 — Epibaykal folded areas (I - blocks, 2 - interblock
zones), 3-4 — Epicaledonian folded areas (3 — blocks, 4 — interblock zones), 5-6 — epihercinian folded areas (5 — blocks,
6 - interblock zones), 7 — ancient platforms; 8—11 - disjunctive dislocations: 8 - the Pai-Khoi — Novozemelsky shear
displacement direction, 9 — en echelon disjunctive dislocations, 10 — boundaries of interblock suture zones, 11 - rift
boundaries, 12 - lineaments and rift development direction, 13 — Ridge outlines (a — Russko-Chaselsky, b — Eti-Purovsky)
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The results obtained confirm that the manifes-
tation of rifts and strike-slips in the form of Riedel
shears creates favorable conditions for the migration
and accumulation of hydrocarbons in traps [39]. For
example, Riedel shears can serve as channels for hy-
drocarbon migration and also change the mechanical
properties of rocks that in turn affects their ability to
retain oil and gas and characterize the novelty of the
authors’ research [2, 40].

The practical application of the results obtained
lies in the use of structural factors (Riedel shears,
“flower structure”) in solving predictive problems
using both geophysical and geological-structural cri-
teria for determining oil and gas potential.

Conclusion (findings)

Thus, it can be concluded that the disjunctive
dislocations of the regional Pai-Khoi-Altai shearing
zone have a characteristic morphology described by
T To0 300 aright-lateral strike-slip (dextral) fault strain ellipsoid.

0
v* iv-27.3[ j_4 7'5

Fig. 2. Results of interpretation based on potential fields
(according to the map of the local component
of the gravitational field) [compiled by the authors]:

1 - boundaries of rift structures (I rank); 2 — strike-slip;
3 —rift structures (Il rank); 4 — presumed boundaries
of Riedel shear development zone; 5 — axial direction

of Riedel shear development

Fig. 3. Interpretation within the detailed study area with
the position of seismic profile B-B’ (highlighted in yellow),

performed on the basis of a horizontal cross-section of the min E— X » s
total 3D cube in the interval of the Bazhenovsky reflective
horizon (characteristic dimensions of kilometers) - a, Fig. 4. The manifestation of the “flower structure”
and the amplitude distribution diagram along and Riedel shears based on seismic data interpretation
the seismic cross-section — b [compiled by the authors] (see legend to Fig. 2) [compiled by the authors]
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The shearing zone, en echelon faulting, and associ-
ated Riedel shears constitute a single, hierarchically
subordinate system of the upper Earth crust distur-
bance and are promising for further study of hydro-
carbon migration and accumulation mechanisms [5].
Within the Russko-Chaselsky Ridge, patterns
were revealed in the manifestation of strike-slips and
graben-rifts systems caused by the tectonic activity of
the regional Pai-Khoi—Altai shear; This zone is char-
acterized by the development of en echelon system of
disturbance zones in the platform cover and the up-
per part of the consolidated basement, interpreted as
Riedel shears of prevailing submeridional strike.
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The main shearing zone within the study area
is 6 km long and 0.8 km wide. In the cross-section,
an interconnection between disjunctive dislocations
can be traced, in the distribution of which a “flower
structure” can be identified, extending from the Lower
Cretaceous to the uppermost Paleozoic and demon-
strating a fan-shaped orientation of faults (within the
studied area).

Structures of this type, located within the West
Siberian Oil-and-Gas Province and represented by
dislocation systems, may be considered as drainage in
further substantiation of the mechanisms of migra-
tion and accumulation of hydrocarbons.
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