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Abstract. The article considers potential oil and gas accumulation zones in the northern regions of Western Yakutia. The
subthrust zone of the periphery of the Verkhoyansk folded structures is of particular interest for oil and gas exploration,
especially on the Kitchansky protrusion and adjacent sections of the Verkhoyanskaya Arc, including the northern margin
of the Aldan branch up to the Tompon depression, as well as within the northwestern Verkhoyansk cover. Within the study
area, it is proposed to consider potential oil and gas accumulation zones located along migration pathways and at their
ends as forecasting objects, highlighting the most likely directions of hydrocarbon movements. From the perspective of
the potential for non-anticlinal trap formation in the lower part of the Permian deposits, the region adjacent to the northern
slope of the Yakut Arch is of interest. Permian and Triassic deposits resting directly on the crystalline basement represent a
promising complex. The mudstones of the Nedjelinskaya formation are likely to serve as a cap rock. For regional geological
work, it is proposed to consider promising oil and gas objects within the Kitchanskaya and Yakutskaya oil and gas accumu-
lation zones. This work is aimed at the study of the geological structure of the junction zone of the southeastern part of the
Predverkhoyansky trough, the northern slope of the Aldan anteclise and the southern side of the Vilyui syneclise, the nature
of structural and lithological relationships, the areal distribution of stratigraphic complexes within the sedimentary cover, the
identification of oil and gas promising reservoirs and zones of potential oil and gas accumulation, the refinement of oil and
gas prospects and estimation of predicted hydrocarbon resources. It is assumed that quantitative oil and gas accumulation
will belong to traps of a predominantly non-anticlinal (stratigraphic) type.
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O630p noTeHUManbHbIX 30H HedpTerazoHakonneHusA
Ha TeppUTOpPUN CeBepHbIX panoHOB 3anagHou SAKyTum
AnNA npoBeAeHUs1 perMoHarbHbIX reoniorm4eckmux pabor

M.B. HukonaeBa®“, A.Il. UBaHoB®, C.C. BepablieB®

“*YIHemumym npobnem Hegpmu u 2a3a CO PAH — o6ocobrieHHoe nodpasdeneHue ®edeparnbHO20
uccredosamernbCKo2o yeHmpa «SIKymckul HayydHbit yeHmp CO PAH», Slkymck, Poccutickas @edepayusi

Pe3rome. B ctaTbe paccMOTpeHbl NoTeHLMarnbHble 30HbI HeTerasoHakonneHNs Ha TEPPUTOPUN CEBEPHLIX PanoHoB 3a-
nagHon Akytumn. OnpeaeneHHbl MHTEpec AN NOUCKOB HedTU M ras3a NpeacTaBnseT NoAHaABMroBas 30Ha nepudepun
BepxosiHCKMX cknagyaTbiX COOpY>XeHWU, 0cobeHHO Ha KMTYaHCKOM BbICTYME M CMEXHbIX yvacTkax BepxosiHckow ayru,
BKIlOYAsi CEBEPHYIO OKpavHy AnAaHCKOM BETBM BMNOTb A0 TOMMOHCKOW BMaAuHbl, @ TaKkke B Mpeaenax cesepo-3anaj-
Horo BepxosiHckoro nokpoBa. B npegenax Tepputopumn paboT NpeasiokeHo B Ka4ecTBe 06bEKTOB NPOrHO3MPOBaHMS pac-
cMaTpuBaTbh NOTEHUMarnbHble 30Hbl HehTEra30HAKOMMEHWS, HaX0AsLWMECH Ha NYTU MUrPALIMOHHBIX MOTOKOB U B MX OKOH-
YaHUSAX C BblAeneHneM Havbonee BEpPOATHbIX HampaBneHun ABMXKeHUs yrneBogoponos. C TOUKM 3pEeHUS BO3MOXHOCTU
dpOpMMPOBaHMSA HEaHTUKIMHAMBHbBIX NIOBYLUEK B HUXHEW YacTU NEPMCKUX OTIIOXEHUA MHTePeceH panoH, TATOTEIOLWMIA K
TEpPUTOPMM CEBEPHOrO CKMOHa AKyTCKOro cBoda. B kavecTBe NepcrekTMBHOIO KOMMMEKCa BbICTYNAOT OTIIOXKEHWS nep-
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MU 1 Tpuaca, 3anerawLme HenocpeacTBEHHO Ha KpucTannmyeckom dyHaamMeHTe. [MOoKpbILLKON NpeanonoXUTensHO Mo-
ryT CIY>XUTb aprumnnuTbl HEOXXENVHCKOW CBUTHI. [ns npoBefeHUs pernoHanbHblX reonormyeckux paboT npepnaraertca
paccMOTpeTb HedhTerasonepcnekTMBHble 00beKThl B npeaenax KnutyaHckom n AkyTckom 30H HedTerazoHakonneHus. Lle-
NeBbIM Ha3HaYeHWeM OaHHbIX paboT SIBNSETCH M3yyYeHne reorniormyeckoro CTPOEHUS 30Hbl COUNEHEHUST HOro-BOCTOYHOMN
yacTtu [NpenBepxosiHckoro npornba, ceBepHOro CKkrnoHa AnaHCKON aHTEKNM3bl U KKHOro 6opta Buntoicko CUHEKNM3bI,
XapakTepa CTPYKTYPHOIO U NMTOMOMMYECKOro B3aUMOOTHOLLEHWS, NIOWaAHOro pacnpoCcTpaHeHus cTpaTurpaduyeckmx
KOMMNIIEKCOB OCaZIOMHOr0 Yexra, BblaeneHns HedpTerasonepcnekTMBHbIX pe3epByapoB M 30H BO3MOXHOIO HedTerasoHako-
NMNeHNsi, yTOYHEHNS NEPCNeKTUB HeTEra30HOCHOCTM U OLIEHKMN MPOTrHO3HbIX PECYPCOB YrNeBoAopoaoB. [Npeanonaraercs,
YTO KONMMYeCTBEHHOE HedbTerasoHakonneHne byaeT npvHagnexartb JOBYLUKAM NPENMYLLECTBEHHO HEAHTUKITMHANbHOIo
(cTpaturpadguyeckoro) Tuna.

Knrouyeenle crioea: HedhTerasonepcrnekTBHble 00bekThl, 3anaaHast AkyTusi, HedTerasoHakonIeHne, NoByLLKa, SKyTCKUiA
cBof
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Introduction

The sedimentary section within the study
area of Western Yakutia is represented by a
broad stratigraphic range of promising com-
plexes. The primary objects of study are the
commercially hydrocarbon-bearing deposits
from the Riphean to the Jurassic—Cretaceous,
which constitute the largest volumetric part of
the sedimentary cover in the study area. In the
northwestern regions, Ordovician, Silurian, and
Devonian deposits may also be hydrocarbon-
bearing, although they have currently been in-
sufficiently studied in detail [1].

The commercial significance of accumula-
tions contained in Riphean deposits has been
confirmed within Yakutia, in the Berezovskaya
depression. A gas-condensate pool has been
established in the interval of the Torginskaya
Formation of the Riphean at the Bysakhtakh
field. Furthermore, within the Yurubcheno-
Tokhomskaya zone, fairly large hydrocarbon
accumulations have been identified, generally
confirming the high potential of the Riphean se-
quences [2].

Sedimentary basin areas are subdivided into
zones of predominant hydrocarbon generation
and zones of predominant hydrocarbon accu-
mulation. The former typically include large and
medium-sized negative plical structures, within
which thick sequences of sedimentary rocks ac-
cumulate, generating hydrocarbons. The petro-
leum potential of a reservoir is critically depen-
dent on the intensity of hydrocarbon generation

and accumulation processes [3]. Hydrocarbons
generated within negative structures migrate
toward adjacent uplifts. The presence of sealing
cap rocks and migration pathways ensures the
movement of hydrocarbons toward piezometric
minima along the flanks of uplifts. The features of
the structural framework of potentially productive
complexes exert a significant influence on the
distribution of migrating hydrocarbons [4].

This article presents recommendations for
regional geological studies of the northern ter-
ritories of Western Yakutia.

Materials and methods

The Predverkhoyansk petroleum province,
confined to the western margin of the Verkhoy-
ansk fold-thrust system, represents a promising
but poorly studied region of Eastern Siberia in
terms of petroleum potential. The geological
structure of the territory is determined by a com-
plex combination of platform and fold-deformed
structures, which governs the specifics of hydro-
carbon accumulation and localization [5].

The sedimentary cover of the Predverkhoy-
ansk petroleum province is composed mainly of
terrigenous and terrigenous-carbonate deposits
of the Riphean, Vendian, Paleozoic, and Mesozo-
ic, with thicknesses locally exceeding 8—10 km.
The most promising in terms of petroleum po-
tential are the Lower and Middle Paleozoic com-
plexes, represented by alternating sandstones,
siltstones, and carbonate rocks with favorable
reservoir properties [6].
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The identification of potential oil and gas
accumulation zones is based on an integrated
analysis of structural-tectonic, lithological-facies,
and geochemical factors [7].

Within the Predverkhoyansk petroleum prov-
ince, several structural zones are distinguished,
differing in the degree of deformation of the sed-
imentary cover. In the western part of the prov-
ince, relatively weakly disturbed platform struc-
tures prevail, represented by gentle anticlinal
uplifts and monoclines. These structures can
serve as favorable objects for the formation of
classical anticlinal traps, especially in combina-
tion with lithological screening. Approaching the
frontal part of the Verkhoyansk fold-thrust belt,
the intensity of deformation increases, which is
expressed in the development of linear folds and
tectonically screened blocks [6-8].

Thrust structures, widely developed in the
eastern and central parts of the Predverkhoy-
ansk petroleum province, are of particular impor-
tance for petroleum potential. Within such struc-
tures, accumulations can form in uplifted fold
limbs, thrust wedges, and tectonically screened
traps, where thrust surfaces act as fluid seals.

An important element of the structural con-
trol of oil and gas accumulation is the junction
zones of thrusts with subvertical faults. In these
zones, conditions are created for the concen-
tration of deformations, the formation of local
structural traps, and the intensification of verti-
cal and lateral hydrocarbon migration. Faults of
various kinematics can serve a dual function: as
migration pathways for fluids at early stages and
as sealing elements at late stages of tectonic
development [9-11].

Faults play a significant role in the localization
of hydrocarbon accumulations: on the one hand,
they facilitate the migration of fluids from deep
generation centers, and on the other hand, they
can act as seals, forming tectonic traps. Thrust
structures are of particular importance, within
which accumulations can form in allochthonous
blocks with preserved reservoir properties [12].

Thus, potential oil and gas accumulation
zones within the Predverkhoyansk petroleum
province are confined to structurally complicated
areas of the foredeep and the frontal part of the
fold-thrust belt, where source rocks, effective
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reservoirs, and reliable traps are combined. Fur-
ther refinement of the petroleum prospects of the
region requires detailed seismic surveys, para-
metric drilling, and comprehensive geochemical
studies.

The geochemical prerequisites for the pe-
troleum potential of the Predverkhoyansk petro-
leum province are associated with the presence
of thick Cambrian and Ordovician source rock
sequences, represented by organogenic-clayey
and carbonate-clayey rocks. The organic matter
content in these deposits reaches 2-5%, and
the kerogen is predominantly of types Il-lll,
which determines a mixed oil and gas genera-
tion trend [12].

Hydrocarbon generation kitchens are local-
ized mainly in the deep parts of the foredeep
and subthrust zones, where the combination
of elevated temperatures and pressure favored
active generation of gas and gas-condensate
fluids [13]. Subsequently, hydrocarbons migrated
predominantly along faults and zones of tectonic
fracturing associated with thrusts and related
faults. Thus, structural elements acted not only
as traps but also as main pathways for vertical
and lateral migration.

Potential oil and gas accumulation zones
within the Predverkhoyansk petroleum province
are formed as a result of the close interaction
of structural and geochemical factors. The most
promising areas are those where thrust-fold
structures are combined with zones of maximum
realization of the generation potential of source
rocks and favorable conditions for hydrocarbon
migration and accumulation.

In predicting potential oil and gas accumu-
lation zones within the Predverkhoyansk petro-
leum province, direct and indirect indicators of
the presence of hydrocarbons, recorded from
geological-geophysical and geochemical studies,
are of great importance. Given the limited deep
drilling data, such indicators allow a substantial
refinement of the prospects of individual struc-
tural elements and local features.

Direct indicators of hydrocarbon saturation in-
clude shows of hydrocarbon gases and bitumoids
in the sedimentary cover section. In several areas
of the Predverkhoyansk petroleum province, gas
shows have been recorded in fractured sand-

|
3
|


www.nznj.ru

Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online) £+

2026;49(2):?-? !

stones and carbonate rocks of Paleozoic age, as
well as the presence of dispersed bitumoids in
organogenic-clayey sequences. Bitumoid impreg-
nations, asphaltenes, and resinous substances
indicate processes of migration and partial de-
struction of hydrocarbon accumulations and are
considered indicators of source rock potential and
active fluid dynamics [14, 15].

The combination of direct and indirect indi-
cators of hydrocarbon presence makes it pos-
sible to identify the most promising oil and gas
accumulation zones, confined to anticlinal uplifts
of platform type, thrust-fold structures, and sub-
thrust traps.

Of particular interest for oil and gas explo-
ration is the subthrust zone of the periphery of
the Verkhoyansk folded structures, especially on
the Kitchansky protrusion and adjacent sections
of the Verkhoyansk Arc, as well as within the
northwestern Verkhoyansk cover [16].

Within the latitudinal branch of the Predverk-
hoyansk trough, from the perspective of the
potential for non-anticlinal trap formation in the
lower part of the Permian deposits, the area ad-
jacent to the northern slope of the Yakut Arch is
of interest, where Permian rocks rest on granit-
ic-gneisses of the crystalline basement at depths
exceeding 3,000 m. Despite the considerable
depth of burial and proximity to the folded region,
the Permian sequence, in terms of catagene-
sis, falls into the zone of moderate alterations;
the exposed section is more clayey than in the
Vilyui syneclise, reservoir beds are of relatively
small thickness (up to 20-25 m), and the silt-
stone-clayey interbeds separating them locally
reach thicknesses of up to 100 m [17].

The prospects for petroleum potential of Ju-
rassic and Cretaceous deposits are evidenced
by the results of testing the Namskaia refer-
ence well, where nine intervals were tested in
the Lower Cretaceous — Lower Jurassic sec-
tion (1,631-3,003 m). From all intervals, inflows
of mineralized water with dissolved gas were
obtained, with a maximum gas flow rate of up
to 1000 m3/day.

Results and discussion
The platform margin of the folded framing,
which is promising for the discovery of large
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hydrocarbon accumulations in lithologically and
stratigraphically screened traps of the basal hori-
zons, is proposed to be initially studied in the
area of the left bank of the latitudinal course
of the Aldan River by conducting regional work
within the latitudinal (Aldan) branch of the
Predverkhoyansk trough. The figure shows the
proposed objects for regional study.

Namsky prospect. The proposed study area
is located within the junction zone of the south-
eastern marginal part of the Vilyui syneclise and
the Aldan branch of the Predverkhoyansk trough,
and is confined to the western half of the Lunkh-
insko-Kelinskaya depression.

From the west, the area is bounded by the
contour of the Yuzhno-Vilyuisky regional study
area (Andreevskaya 2, Bayskaya 1, Yuzh-
no-Nedzhelinskaya 251 wells); the northwestern
boundary runs along the axial line of the eastern
periclinal closure of the Khapchagai megaswell
up to the Ust-Vilyui and Sobo-Khainskoye fields.
The northeastern boundary extends from the So-
bo-Khainskaya area to the Namskaia reference
well along the left bank of the Lena River. The
area covers 21,368 kmZ.

Within the study area, the basement lies at
depths from 4 km in the south to 12—15 km in the
northern subsided part. The sedimentary cover
is represented predominantly by two deposi-
tional complexes: the lower Vendian—Cambrian
and the upper Upper Paleozoic—Mesozoic [18].
Within the study area, the platform-adjacent and
fold-adjacent domains are distinguished. The
platform-adjacent domain is characterized by
a gentle subsidence of the Permian—Mesozoic
deposits with increasing thickness of the com-
plex toward the Predverkhoyansk trough. The
fold-adjacent domain is characterized by steeper
dip of the rocks and the development of tectonic
faults of Verkhoyansk strike, of thrust origin. Ex-
ploratory drilling was carried out within the Ber-
geinskaya and Oloy structures. The main pros-
pects are associated with the Permian—Triassic
sedimentary complex, which is predominant and
occurs at depths accessible for drilling. Indica-
tions of oil saturation in Upper Jurassic depos-
its have been established in the Bergeinskaya
and Oloy areas at depths down to 3,800 m. In
addition, during testing of the Oloy well, two oil
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shows in the form of oil films were obtained from
Lower Cretaceous deposits. In the Namskaia
reference well, inflows of formation water with a
high content of dissolved gas were obtained from
Jurassic deposits. In Yuzhno-Nedzhelinskaya
well No. 251, weak gas inflows were obtained
from Upper Permian deposits.
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The Yuzhno-Nedzhelinskaya structure was
prepared in 1961 on the conventional horizon D
(lower part of the Cretaceous deposits). In 1967,
during the revision of geological and geophysical
materials, structural mapping was performed on
the Triassic—Permian horizon. Morphologically,
the structure represents a structural nose, within
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which a local fold of northeastern strike is con-
toured along the -3,600 m isohypse. The area is
14 km?, with an amplitude of about 50 m. Based
on the structural mapping performed in 2014 on
the Triassic—Permian horizon, a structural nose
was mapped. In the vertical section along profile
line 130202, it appears as an anticlinal bend
throughout all deposits of the sedimentary cover.

In 1977, the structure was drilled. Based on
testing of Yuzhno-Nedzhelinskaya well No. 251
in the depth interval 4,155-4,159 m (Taragays-
kaya sequence), a minor gas inflow with a flow
rate of 1,000 m®*/day was obtained [19].

One of the interesting structural features
within the study area is the Baysky protrusion.
The Bayskaya structure was prepared and
transferred for drilling in 1974 on seismic hori-
zon J33 (Bergeinskaya Formation of the Upper
Jurassic). As a result of the 2014 mapping along
line PR130202, the Baysky bend was mapped on
the lower structural stage. On the structural map
of the Triassic—Permian horizon, it appears as a
structural cape, the axial part of which extends
from Bayskaya to the Yuzhno-Nedzhelinskaya
well [10]. To refine the structure of these fea-
tures, an additional set of geological and geo-
physical works is required, with the survey line
network tied to previously completed and on-
going works in the Yakutskaya and Nizhneal-
danskaya areas.

The recommended scope of seismic surveys
is 2,000 km. The target objective is to study the
geological structure of the junction zone between
the Aldan branch of the Predverkhoyansk trough
and the Vilyui syneclise in order to identify prom-
ising targets and to localize predicted hydrocar-
bon resources.

Nizhnealdansky prospect. The study area
covers 14,257 kmZ2. It is located within the
fold-adjacent zone of the Aldan branch of the
Predverkhoyansk trough (Nizhne-Aldanskaya
depression). The fold-adjacent zone is charac-
terized by the development of tectonic faults of
Verkhoyansk strike and steeper dip of deposits
into the trough.

The inferred oil and gas accumulation zone
combines linear subthrust structural traps formed
parallel to the front of thrusting of the Verkhoy-
ansk folded domain onto the Mesozoic cover of
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the platform. The bottomhole of the Nizhneal-
danskaya well, drilled in the central part of the
trough on the flank of the Tompon depression,
is located in the basal part of the Batylykskaya
Formation of Cretaceous deposits at a depth of
3,003 m. The thickness of Mesozoic deposits in
the most subsided parts of the Predverkhoyansk
trough is presumably up to 7,000 m.

The sedimentary cover of the Nizhne-Al-
danskaya depression, according to parametric
drilling, is represented by Paleozoic, Mesozoic,
and Cenozoic deposits. Basement rocks were
penetrated by the lvanovskaya well at a depth
of 3,508 m and are represented by micace-
ous-quartz schists and quartzites. The prospects
for petroleum potential of Jurassic and Creta-
ceous deposits are evidenced by the results of
testing the Namskaia reference well [20].

The main fluid seals of the Predverkhoyansk
trough are siltstone-clayey rocks with interbeds
of tuffs of the Nedzhelinskaya, Tagandzhinskaya,
and Monomskaya formations of Early Triassic
age and their equivalents; mudstones of the
Suntarskaya Formation of Early Jurassic age
and their clayey equivalents.

The recommended scope of seismic surveys
is 800 km. The target objective is to study the
geological structure of the study area in order to
estimate prospective resources, identify prom-
ising targets within the zone of thrust develop-
ment, localize predicted hydrocarbon resources,
and identify new oil and gas accumulation zones.

Conclusion

Thus, the features of the geological evolu-
tion of the marginal parts of the Upper Paleozo-
ic—Mesozoic sedimentary basin of the Siberian
Platform (the Predverkhoyansk and Leno-Ana-
bar troughs) allow them to be considered as a
promising regional zone of potential oil and gas
accumulation, with a fairly wide development
of unconformities of various stratigraphic range
and areal extent, which has developed along
the entire structural perimeter. It is quite ex-
pected that here the predominant quantitative
oil and gas accumulation will belong to traps
of a predominantly non-anticlinal (stratigraphic)

type.
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