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Abstract

Cretaceous deposits represent one of the most important stratigraphic intervals characterized by the development
of hydrocarbon reservoir rocks. Given the growing demand for energy resources and the depletion of proven
reserves, further study into the Lower Cretaceous deposits of the Chechen Republic is a crucial task for the region
and the entire country aiming to ensure its energy security. For the Chechen Republic, which has a significant
number of historically explored oil fields, the synthesis and reinterpretation of logging data will open up new
opportunities for the development of deep horizons. More than ten fields associated with the Lower Cretaceous
deposits are discovered in the Tersko-Sunzhenskaya oil and gas region (TSOGR). The thick oil and gas bearing
terrigenous sequence formed in the coastal zone of the marine basin in the East Caucasian foredeep is one of the
most important areas for hydrocarbon production in the Chechen Republic. We provide a brief summary of the
exploration status of the Lower Cretaceous rocks in the Eastern Ciscaucasia since the early period. We present
information on the geological and geophysical exploration status and oil and gas potential of the Lower Creta-
ceous in the TSOGR. In addition, we generalized data on the distribution, formation, and development features
of the Lower Cretaceous reservoir rocks and associated oil and gas reserves to improve understanding of the
prospects for further development of the Lower Cretaceous deposits in the Chechen Republic — one of the oldest
industrially developed Cretaceous deposits.
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Introduction

Global practice in oil and gas exploration methods showed that most hydrocarbon accumu-
lations formed during the Mesozoic, with approximately 60 % of oil and gas fields associated
with deep-lying Cretaceous reservoir rocks [1-3]. The studied Albian-Aptian deposits of the
Cretaceous initially formed under marine conditions favourable for the accumulation of organic
matter — the initial substrate for subsequent hydrocarbon generation. During diagenesis and
catagenesis, these predominantly terrigenous (sand-silt) sequences acquired good reservoir
properties (due to the development of pore and fracture space), which later ensured efficient
hydrocarbon accumulation. Geological features and tectonic processes created numerous anticli-
nal traps of structural and combined structural-tectonic types (fault- and thrust-screened), thereby
completing the formation of the petroleum system [4-6].

Analysis of the age-based distribution of deep-lying oils, conducted in [7-9], showed that the
Paleozoic oils predominate in the studied sample, accounting for more than 53 % of the total volume.
Approximately one-third of deep-lying oils is concentrated in the Mesozoic deposits, while the

181
This is an open access article under the CC BY 4.0 license



i35m  Journal of Mining Institute. 2026. Vol. 278. P. 181-196
tel  © Timur B. Ezirbaev, 2026

Cenozoic deposits account for roughly 14 % [10, 11]. In the Russian Federation, the concentration of
hydrocarbon accumulations at great depths is mainly characteristic of the West Siberian and North
Caucasian oil and gas basins — 33 and 35 deep-lying oil fields, respectively [12]. A significant portion
of these accumulations is associated with the Cretaceous rocks, both in Western Siberia and in the
Eastern Ciscaucasia. In the Chechen Republic, more than half of oil production comes from accumu-
lations in carbonate and terrigenous rocks of the Upper and Lower Cretaceous. Since 2011, deposits
from the Lower Cretaceous formations are under commercial development at the following fields:
Starogroznenskoye, Oktyabrskoye, Bragunskoye, Goryacheistochnenskoye, Eldarovskoye, Khayan-
Kortovskoye, and Pravoberezhnoye.

Significant contributions to the geological understanding of the Eastern Ciscaucasia were made
by the works of 1.0.Brod, I.A.Konyukhov, A.A.Khanin, M.S.Burshtar, V.P.Belousov, P.P.Zaba-
rinsky, 1.M.Krisyuk, B.K.Lotiev, Yu.A.Sterlenko, V.I.Konovalov, V.A.Stanulis, K.l.Smolyaninova,
A.V.Merkulov, N.E.Merkulov, V.N.Maydebor, V.D.Talalaev, M.S.Bagov, A.S.Sakharov, V.M.Vasiliev,
and A.E.Salamatin, among many other researchers. The subject of study in this work is the Lower
Cretaceous Albian-Aptian deposits of the Tersko-Sunzhenskaya oil and gas region (TSOGR). The focus
is primarily on the geological, geophysical, and hydrogeological data directly relevant to the study of
the Lower Cretaceous.

Thus, the Lower Cretaceous complex of the TSOGR, despite its long exploitation history, cannot
be considered geologically depleted. The main unresolved issue lies in the lack of effective tools for
identifying local accumulations screened by impermeable rocks and hydrodynamic settings within
generally depleted fields.

The objective of this work is to quantitatively assess the resource potential of such “missed”
targets in the Albian-Aptian deposits of the TSOGR. This is based on a historical analysis of the
geological and geophysical exploration status of the Lower Cretaceous deposits, comprehensive re-
processing of the historical archive of geophysical and petrophysical data, and the development of
technical solutions for their further exploration. To achieve this objective, the following tasks were
addressed: critical analysis and systematization of previous research results; development and verifi-
cation of a petrophysical model for identifying low-permeability reservoirs; application of the model
to process well data sets and map prospective intervals; formulation of a justified plan for geotech-
nical operations.

Materials and methods

Stages of studying Lower Cretaceous rocks. The beginning of geological research into the
Lower Cretaceous in the Caucasus region can be traced back to the publication of works by the ex-
plorer and scientist 1.V.Mushketov in 1886. In 1897, the work of geologist and paleontologist
N.M.Karakash provided a lithological description and faunal justification for distinguishing individ-
ual stages and zones [13]. Geological structure and stratigraphy of the Cretaceous across the entire
Caucasus, particularly stratigraphy of the Lower Cretaceous deposits*, were extensively studied later
by such scientists as N.A.Kudryavtsev, |.G.Kuznetsov, V.P.Rengarten, and T.A.Mordvilko [14, 15].
From 1914 to 1939, A.N.Ryabinin (1914), B.A.Alferov (1925), L.A.Grechishkin (1932), and
V.M.Pats (1939) studied the Lower Cretaceous directly in the Grozny region, southeast of the Assa
and Kambileevka rivers. Researchers V.A.Tilyupo, V.l.Pats, N.S.Zolotitsky, V.A.Stanulis, and others
collected a large body of factual data on the Lower Cretaceous section in the highland areas of the
Grozny region. There were relatively few dedicated studies focusing on the lithology and petrography
of the Lower Cretaceous during this early research period. Prior to 1950, these investigations were
conducted in a non-systematic manner [16, 17].

* Comparative lithological and petrographic characteristics of the Lower Cretaceous rocks in the Eastern Ciscaucasia and the
Terek-Kuma Plain: Report on research work. Grozny: Grozny QOil Research Institute, 1961, p. 114.
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The works by V.M.Pats, M.G.Barkovskaya, and others, who conducted research in Chechen-
Ingushetia, contain some data on the lithology and petrography of the Lower Cretaceous [18].
However, as early as 1951, K.l.Smolyaninova processed the material collected by geologist
V.A.Stanulis on the Lower Cretaceous in the Netkhoy river basin (Netkhoy, Erbel, Uchikhoy), with
the results compiled into a special report.

Research carried out by the North Caucasian Oil Expedition of the USSR Academy of Sciences
(I.A.Konyukhov, V.V.Olenin, and others) marked the beginning of detailed and systematic study of
the Mesozoic in Dagestan and the Eastern Ciscaucasia. The authors extensively used the results of
petrographic studies to support their main conclusions [19, 20]. In subsequent years, due to increased
interest in these deposits amidst the forecasting of petroleum potential in the Cretaceous formations
of the Eastern Ciscaucasia, the Mesozoic-related studies expanded significantly. Many geological
institutions engaged in their investigation. Over several years, the stratigraphy of the Lower Creta-
ceous in North Ossetia and the Grozny region was studied by researchers from the Grozny Oil Insti-
tute (1.M.Krisyuk) and the Groznefterazvedka Trust (L.A.Kolykhalova and V.A.Stanulis). The pro-
cessed ammonite (V.P.Rengarten) and pelecypod (T.A.Mordvilko) fauna significantly refined the
stratigraphy of the Lower Cretaceous in these areas.

In the early 1950s, two reference wells — Artesian and Dzhanay — were drilled in the Stavropol
Krai region, in the area of the Zaterechnaya Plain, along with a deep well near the village of Promys-
lovoye. Core data from these wells provided virtually the first insights into the lithological structure
and occurrence patterns of the Lower Cretaceous in the study area. Petrographer G.E.Labkovskaya
conducted petrographic studies of core material from the Artesian 1 reference well. The entire section
penetrated by the well was described in detail, including the Lower Cretaceous sequence. Based on
mineralogical and lithological characteristics, three series were identified within the section of these
deposits: the two upper series are represented by a complex of sand-silt rocks and clays, while the
third is predominantly composed of carbonate rocks. In 1954, the first results of petrographic study
of the Lower Cretaceous were obtained by petrographer K.I.Smolyaninova. Later on, between 1956
and 1963, a more extensive dataset on the Lower Cretaceous was compiled. The report provides a
detailed lithological and petrographic description for all marker formations of the Lower Cretaceous,
compares the equivalent deposits in the Artesian, Dzhanay, and Promyslovoye areas, and concludes
that formation X111 more likely belongs to the Aptian of the Lower Cretaceous rather than to the
Jurassic [21].

Around the same period, from 1955 to 1957, Senior Researcher at GrozNIl R.G.Dmitrieva con-
ducted a detailed study of the Jurassic in the Zaterechnaya Plain, as well as the rocks of formation
XI11. She provided a comprehensive description of these deposits, along with conclusions regarding
sedimentation conditions and sources of terrigenous material supply for these deposits. The attribution
of formation XIII to the Upper Jurassic was proven. From 1957 to 1959, R.G.Dmitrieva continued
studying rocks from the Lower Cretaceous of the Zaterechnaya Plain. As a result, she gave a detailed
description for both the clayey rocks of the Lower Cretaceous and the terrigenous rocks within these
deposits.

Senior researcher at GrozNIl A.E. Salamatin, who also studied the geology of the Lower Creta-
ceous in the Zaterechnaya Plain and adjacent areas, compiled numerous facies maps for each stage
of the Lower Cretaceous, isopach maps, and addressed the key issues of paleogeography for these
deposits across the extensive area of the Eastern Ciscaucasia [22].

Drilling and petroleum potential. Drilling into the Lower Cretaceous deposits of the TSOGR
for development purposes began in 1954 at the Karabulak-Achaluki field. Well 16 penetrated the
Barremian but yielded no positive results when testing the Lower Cretaceous complex. However, an
unexpected oil gusher was obtained from the Upper Cretaceous deposits in the same well. This caused
further exploration of the Lower Cretaceous in the zone of foreland anticlinal folds to be temporarily
downgraded in priority. The first commercial oil from the Lower Cretaceous was obtained only six
years later, in 1960, at the same Karabulak-Achaluki field, from well 39.
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In 1958-1959 three wells were drilled in the Argun River area, penetrating the Lower Cretaceous
sequence. Valuable factual data were collected from these wells, with considerable attention paid to
the geological and petrographic study of the Mesozoic deposits — particularly the Lower Cretaceous
ones. Special interest in this complex stems from its proven commercial petroleum potential, coupled
with insufficient knowledge of its stratigraphy and lithology.

The first field geophysical studies of the Albian-Aptian of the Lower Cretaceous in the study
area were carried out as early as 1955, also at the Karabulak-Achaluki field. The mandatory suite of
geophysical investigations for these deposits was approved in 1968 and included standard logging,
lateral logging sounding (LLS), caliper logging (CL), gamma-ray logging (GL), and neutron gamma-
ray logging (NGL).

In subsequent years the natural radioactivity of the Mesozoic sand-silt-clay rocks and their
fractions was first studied for the Albian-Aptian of the Chechen Republic and the Republic of
Ingushetia. It was found that radioactivity of the sand, siltstone, and clay fractions amounts to 2,
8.5, and 9 pg-eq Ra/g respectively. Acoustic logging (AL) was performed in single wells as an
additional method for assessing rock porosity.

By the early 1980s the Lower Cretaceous deposits were studied by drilling in many areas of
the North-Eastern Caucasus and were fully penetrated by wells in mountainous and foothill re-
gions at the Zolskaya, Baksanskaya, Argudanskaya, Datykhskaya, Argunskaya, Elistanzhinskaya,
and Benoyskaya prospects. Within the Sunzhenskaya and Terskaya anticlinal zones, the deposits
were fully penetrated at the Zamankulskaya, Karabulak-Achalukskaya, Malgobek-Voznesen-
skaya, Aliyurtovskaya, and Khayan-Kortovskaya prospects; partially penetrated at the Nazrano-
Yandyrskaya, Sernovodskaya, Kharbizhinskaya, Arak-Dalatareckaya, Akhlovskaya, EI-
darovskaya, and Starogroznenskaya prospects; and fully penetrated in the Priterechnaya zone at
the Galyugaevskaya and Burunnaya prospects.

As a result of the conducted prospecting and exploration activities, the petroleum potential
of the Valanginian, Barremian, and Albian-Aptian deposits was determined in the Lower Creta-
ceous section. Commercial reserves of oil and gas from the Lower Cretaceous were placed on the
state balance sheet for the following fields: Karabulak-Achaluki, Malgobek-Voznesenskoye,
Khayan-Kort, Starogroznenskoye, Oktyabrskoye, Bragunskoye, Akhlovo, Eldarovo, and
Yastrebinoye. A significant part of the East Caucasian foredeep is occupied by an epicontinental
marine basin. Sediment accumulation occurring in this basin led to the formation of clayey, sand-
silt-clayey, and carbonate rocks. These rocks are precisely involved in the development of a thick
sedimentary terrigenous-carbonate formation that constitutes the Lower Cretaceous deposits of
the TSOGR [23].

According to A.E.Salamatin [22], the Lower Cretaceous incorporates the Valanginian-Hau-
terivian, Barremian, Aptian, and Albian stages. The main oil and gas bearing horizon is the terri-
genous complex of the Albian and Aptian, occurring at depths from 2300 to 6500 m. The average
thickness of the Lower Cretaceous as a whole varies from 700 to 1600 m. For the convenience of
dismembering and correlation of the studied target, a median normal geological-geophysical section
was compiled (Fig.1), with some refinements by the article’s author. Six sand-silt members are iden-
tified init—1, I1, 111, IV, V1, and V2. The main discovered oil and gas reserves in the Lower Cretaceous
are concentrated in the Aptian deposits, which include five of the aforementioned six members — II,
I, 1V, V1, and V2.

In 1977, K.1.Smolyaninova, in one of her works devoted to the study of deep-lying reservoirs in
the area under investigation, presented the results of petrographic and lithological studies of the rocks.
She showed that the main “container” of the pay Albian-Aptian formations occurring deeper than
3000 m is primary intergranular porosity, supplemented by leaching porosity and fracturing. Based
on the assessment of the permeability and porosity properties of the Aptian rocks, it can be concluded
that the studied reservoirs belong to the fracture-pore type [24].
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Laboratory core studies were mostly conducted
at the Special Design and Technology Bureau of
Field Geophysics, the North Caucasian State Re-
search and Design Institute of the Oil Industry, and
the Grozny Qil Institute. On selected core samples,
a special analysis to study the elemental composi-
tion was carried out at the All-Union Research
Institute of Nuclear Geophysics and Geochemistry
in Moscow. The mineralisation of pore waters was
studied at Rostov State University, and petrographic
descriptions of thin sections were performed by the
thematic expedition of the Grozneft Association. In
total, there are documented analysis data for more
than 1200 core samples from over 60 wells across
nine Lower Cretaceous fields of the TSOGR.

Since 1980, the following suite of field
geophysical investigations is applied to study the
Albian-Aptian — standard logging, lateral logging
(LL), induction logging (IL), combined lateral and
induction logging (LIL), lateral logging sounding
(LLS), acoustic logging (AL), gamma-ray logging
(GL), neutron gamma-ray logging (NGL), caliper
logging (CL).

The historical analysis carried out allows us to
draw a conclusion that is fundamentally important
for the present study. By the early 1990s, an excep-
tionally large and detailed array of primary geologi-
cal and geophysical data was accumulated in the
TSOGR. However, the methodological toolkit for
interpreting this data was limited by the technolo-
gies of the time and focused on identifying large,
structurally controlled accumulations in high-per-
meability reservoirs. Complexly structured silt-clay
members, which constitute a significant part of the
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Fig.1. Summary section of the Albian-Aptian deposits
of the TSOGR

section, often remained a blind spot. Thus, today we are faced with the need to fully digitise and reinterpret
the accumulated material using advanced techniques and modern digital technologies — as an additional
argument in favour of previously proposed recommendations for further development. This constitutes

the subject of the subsequent discussion.

Current state and prospects. The majority of the TSOGR lies within the Chechen Republic.
In addition to the Chechen Republic, this oil and gas-bearing region extends into part of the Republic
of Ingushetia and covers minor portions of several other neighbouring regions. The Chechen Republic
is rightfully considered one of the oldest oil-producing regions in the country and the world.
In October 2023, the region’s oil industry marked the 130th anniversary of initiating the commercial

development of hydrocarbon deposits.
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Fig.2. A fragment of the map of mineral resources of the Russian Federation (Scythian series), revised by the author

Since the start of development of the Lower Cretaceous deposits (1983), about 34 accumulations
were discovered in the Mesozoic. Currently, 15 accumulations are under development across several
fields in the Chechen Republic, and six in Ingushetia (Fig.2). After the collapse of the USSR, geo-
logical exploration activities in the region were almost suspended from 1992 to 2008. Comprehensive
geological exploration was resumed only in 2009, including seismic exploration and prospecting and
exploratory drilling. From 2009 to 2022, the following were implemented in the Chechen Republic:
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2D seismic survey on twelve and 3D seismic 100
survey on three licensed areas of Groznefte- & 80 | H H . H
gaz JSC (a subsidiary of NK Rosneft PISC), £ 4, | i i | i
2D seismic surveys were performed on seven é 0 | 1 i | i
licence blocks of Chechenneftekhimprom JSC. &
As a result of data processing and interpretation, A& 20 1 912 [ 827 /| 957 [ 988 | 998 || 748
six structures were identified, one exploratory 0 1 ) 3 4 : 5
and five prospecting wells were drilled [25, 26]. Fields
In 2003 1.G.Shnurman conducted a com-
prehensive analysis of available core data, Fig.3. Depletion of the Lower Cretaceous fields

. . . L. in the TSOGR (Chechen Republic)
based on which petrophysical characteristics of 1 _ Bragunskoye: 2 Oktyabrskoye: 3 — Pravoberezhnoye

the Albian-Aptian deposits were studied and 4 — Starogroznenskoye; 5 — Khayan-Kortskoye; 6 — Eldarovskoye
updated [27]. From 2009 to 2012, as part of re-

search into modern methods and technologies for processing and interpreting well logging data
(WLD), a comprehensive analysis of results was carried out. An additional set of core data studies
was performed to better substantiate the requirements for the interpretation level of WLD in the stud-
ied geological section. A set of petrophysical models in terrigenous rocks of the studied section was
substantiated, and a methodology for interpreting WLD in the Lower Cretaceous accumulations of
the TSOGR was proposed [28-30]. To date, the vast majority of drained oil and gas accumulations
in the Chechen Republic are in the final stage of development, with the degree of oil reserve depletion
exceeding 98 %. As of 01.01.2025, the state balance of the Russian Federation for the Chechen
Republic includes the following oil reserves: category A + Bi (oil from developed accumulations
for which production is ongoing or planned) — 9805 thousand t; category B2 (oil from undrilled
evaluated accumulations of fields brought into development, for which production is planned) —
1779 thousand t.

The bar chart (Fig.3) graphically presents data on the depletion level of individual Lower Creta-
ceous accumulation across a number of key fields in the study area. As of January 2025, the degree
of exploration of initial forecasted total oil resources amounted to 80.16 %, while the depletion level
of drilled reserves, as previously noted, exceeds 98 % [31]. This situation renders traditional ap-
proaches based on searching for large structures ineffective and necessitates a transition to a model
focused on identifying residual and missed reserves in heterogeneous reservoirs within already
explored areas.

Despite the fact that the depletion level of the Cretaceous complex within the TSOGR reaches
98 %, this complex — particularly its Lower Cretaceous part — remains insufficiently drilled and tested.
One of the priority directions remains the retesting of the Lower Cretaceous deposits within the geo-
logical exploration programme, following a thorough analysis of available geological and geophysi-
cal stock materials, based on the results of their digitisation, processing, and interpretation.

It should be noted that the author’s analysis of available geological and geophysical materials
was carried out only within the boundaries of already identified and developed Lower Cretaceous
fields in the Chechen Republic. In these fields, there may be oil accumulations in the Cretaceous
deposits that were missed during initial drilling, as well as fields holding oil classified as category C»
reserves or Cs resources on the balance sheet. For this purpose, materials from nine fields within the
operational area of Grozneftegaz JSC were analysed. The methodological background for addressing
the set task was TABS technique for interpreting WLD in terrigenous silt-clay rocks, adapted by the
author for the conditions of the Albian-Aptian deposits in the TSOGR and implemented in the Gintel
software package. The subject of the study includes petrophysical, permeability, and porosity
properties of the Albian-Aptian terrigenous reservoirs, as well as spatial distribution of potentially
pay intervals, identified based on reinterpretation results.
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Study algorithm. To localise missed accumulations and substantiate recommendations for addi-
tional exploration, a technique for identifying sand-silt bodies potentially containing residual hydro-
carbon reserves was used. The technique was developed by the author through adapting a system of
petrophysical models and in-depth interpretation of WLD from the TABS Gintel system for the con-
ditions of Albian-Aptian deposits in the TSOGR. The technique includes the following sequence of
operations: loading and normalisation of multi-format WLD and core data into a unified database;
estimation of derived parameters based on a three-component model. The model allows decomposing
logging curves to estimate the volumetric content of sand fraction (Ksand), Silt fraction (Kisii), clay
fraction (Kciay), effective porosity (Kefpor), Water saturation coefficient (Kw), and predicted permea-
bility (Kperm)

Criterion-based analysis. Prospective intervals were selected automatically when the following
conditions were simultaneously met: Ksand > 55 %, Kef.por = 8-15 %, Kperm < 1 mD, Kw > 40 %. These
intervals are interpreted as lenses with preserved capacity but hindered drainage [32]. The proposed
petrophysical modelling system is based on the concept of a three-component rock composition
(sand — silt — clay), schematically presented in Fig.4. According to this concept, any terrigenous
reservoir is considered as a system consisting of a structural framework and a pore space. The frame-
work, in turn, is formed by sand, silt, and clay fractions, carbonate cement, rock fragments, and
accessory minerals.

The key distinction and advantage of the used model is the joint consideration of the influence not
only of the clay component, but also of the silt component on the integral physical parameters of the
reservoir. This approach allows a more accurate description of the complex dependence of the physical
properties of the structural framework on its fractional composition, surface charges of particles,
mineralisation of formation fluids, and degree of oil and gas saturation. These factors directly determine
adsorption processes and, consequently, the geophysical characteristics recorded in the well by the well
logging suite. The methodology was developed based on arrays of digitised data from the standard WLD
and laboratory core studies for 63 wells at key TSOGR fields. It rests on a three-component petrophysical
model of sand-silt-clay rock, which enables quantitative determination — based on WLD data — of frac-
tional composition of the rock matrix (content of sand, silt, and clay fractions), porosity, proportion of
bound water, and absolute permeability.

The key principle of the methodology is to identify intervals in the section with an elevated propor-
tion of the silt fraction (more than 50-60 %) where, with preserved porosity (8-15 %), a sharp deterioration
in filtration properties (permeability less than 0.1-1 mD) and an anomalously high proportion of bound
water (30-70 %) are observed. Such intervals, screened by clay interlayers, form isolated lenticular bodies
(beds) where — under conditions of prolonged well downtime — residual oil reserves could be preserved
or regenerated. The methodology application algorithm includes the following steps: comprehensive
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reinterpretation of WLD for wells, with estimation of the full set of petrophysical parameters; mapping of
intervals meeting the specified criteria (silt composition, low permeability); correlation of these intervals
between wells and delineation of geological bodies in volume; ranking of bodies by prospectivity;
development of recommendations (deepening of existing wells or drilling new ones) [33].

The seismic survey coverage of the area under study is insufficient to unambiguously resolve the
geology of any given structure, especially when the number of drilled wells is small. This is primarily
due to the complex mountainous terrain and the presence of numerous settlements, a network of various
communications, and agricultural lands — all of which limit the possibilities for conducting seis-
mic exploration using explosive sources of excitation. The latter provide higher-quality information
compared to vibroseis sources. In addition, the presence of anticlinal folds with near-E-W strike and
narrow synclinal troughs between them necessitates laying rather long lines across the strike of the
structures. Tie (near-E-W) 2D lines are of low informational value under the given conditions due to
the superposition of numerous lateral waves. As a result, geometrisation of the structure and identifi-
cation of various types of discontinuities complicate the task of building a representation of the
hydrocarbon accumulation model. Given the difficulties in studying the Cretaceous structures by seis-
mic methods, drilling operations come to the forefront; it is their results that provide the main under-
standing of the structures’ geology. The presence of reservoirs and their saturation within the studied
deposit complex is determined by WLD and formation testing. Based on this criterion, the following
are included in the group of priority geological exploration activity targets: fields already listed on
the balance sheet under reserve category C, (Goryacheistochnenskoye), fields with potential reserve
growth from penetrated but untested formations (Mesketinskoye, Mineralnoye, Severo-Dzhal-
kinskoye). The second priority group includes targets with prospective resources listed under cate-
gory Cz (Severo-Bragunskoye, Severo-Mineralnoye) [34].

After analysing the geological and geophysical data, a number of fields (accumulations) were
classified as underexplored in terms of geological exploration activities. Among the Lower Creta-
ceous deposits, these include Goryacheistochnenskoye, Severo-Bragunskoye, Severo-Mineralnoye,
and Khankalskoye. Based on the amount of possible incremental reserves (resources), the priority
fields should be considered Severo-Mineralnoye, Severo-Bragunskoye, and Goryacheisto-
chnenskoye. In these fields, the incremental reserves of industrial category C: could amount to more
than 1 million t across the entire accumulation area.

Based on an analysis of all available geological and geophysical information, we made a con-
clusion on the expediency of conducting further geological exploration targeting the Lower Creta-
ceous (Table 1), which is the aim of this study.

Table 1
Recommendations for conducting geological exploration within the prospective target boundaries
Prospect Prospective deposits Well number Recommendations

Goryacheistochnenskaya Lower Cretaceous (Albla_n) 121 Deepen!ng
Lower Cretaceous (Barremian) 132, 135 Deepening
Severo-Bragunskaya Lower Cretaceous (Aptian) 2 . I_)eepenmg

32 Drilling a new well
Severo-Mineralnaya Lower Cretaceous (Aptian) 22 . I_)eepenmg

34 Drilling a new well

Discussion

Goryacheistochnenskoye field. The prospects of this field are associated with category C»
reserves in the Albian and Barremian deposits. On the state balance sheet for the field, hydrocarbon
reserves in category C; are listed as follows: Albian deposits — oil — 1684/842 thousand t, dissolved
gas — 346 million m3; Barremian deposits — oil — 1 042/521 thousand t, dissolved gas (category Cz) —
201 million m3.
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In 1992, well 145 was drilled to explore the Barremian accumulation, with a planned depth of
5250 m. The well was abandoned in 2005 due to technical issues, with the bottomhole at 4265 m
in the Upper Cretaceous. Since the geological objectives set for well 145 remain unfulfilled, it is
recommended to deepen well 135 for additional exploration of the C reserve area in the western part
of the Barremian accumulation. In the eastern part of the accumulation, this task will be addressed by
wells 131 and 134.

When analysing the actual geological and geophysical material and well testing data, the following
positive criteria were identified, allowing for deepening of well 135 by 125 m, well 131 by 70 m, and
well 134 by 90 m, with full penetration of the Barremian and subsequent testing of the penetrated
deposits. The Barremian deposits of the Lower Cretaceous within the Goryacheistochnenskoye field
are penetrated in eight wells (110, 111, 112, 122, 123, 130, 131, 135). Testing of the Barremian was
carried out in four wells (111, 112, 122, 130), of which in wells 111 and 122 it was conducted jointly
with formation V of the Aptian. In wells 112 (perforation) and 130 (open hole), inflows of water-free
oil were obtained with production rates of 76 and 25 t/day, respectively. No inflow was obtained in
wells 111 and 122.

According to the data from drilled wells, the Barremian deposits are not fully penetrated within
the structure. The greatest penetrated thickness of deposits was recorded in well 130 and amounted
to 123 m. The actual bottomhole of well 135 is in the Barremian deposits at a depth of 4932 m (—4618 m).
The penetrated thickness of the Barremian is about 40 m. In well 131, the top of the Barremian was
penetrated at a depth of 4966 m (—4694 m), while in well 134 it was not penetrated. Wells 131 and
134 are currently inactive. Consequently, their deepening to target the Barremian accumulation can
be regarded as the most likely option.

In well 135, the top of the Barremian was penetrated in the crestal part of the structure, 25 m
lower than in well 130, where the accumulation was being developed. In well 112, where an inflow
of water-free oil from the Barremian was obtained, the top was penetrated 24 m lower than in
well 135. Additionally, the absolute elevation of the upper hole of the perforation interval in well 130
(—4683 m) is recorded 65 m below the top of the Barremian penetrated in well 135. Taking this
circumstance into account, in well 135 the Barremian deposits will be oil-saturated from the top down
to the conventionally accepted oil-water contact at the elevation of —4800 m. Well 135 will address
the task of transferring part of the reserves from category C- to C; in the western part of the accumu-
lation. In this regard, to fully explore the accumulation in the eastern part, the option of deepening
well 134 should be considered after completing the development of the Aptian accumulation. Like
well 135, it will penetrate the Barremian accumulation within the area of C reserves. The bottomhole
of well 134 is at a depth of 4986 m (—4657.5 m) in the deposits of member V> of the Aptian. When
comparing the thicknesses of the Lower Cretaceous based on well logging suite from nearby wells 110
and 112, the top of the Barremian in well 134 will be penetrated at a depth of about 4990 m (—4661.5 m).
This is 21 m above the upper perforation hole in well 130 (where an oil inflow was obtained) and
138.5 m above the accepted position of the oil-water contact for the accumulation.

To further explore the accumulation in the Albian deposits, it is necessary to consider the option
of repurposing wells that completed the development of the Upper Cretaceous or Aptian accumula-
tions. The deposits of formation | of the Albian (Lower Cretaceous) within the Goryacheisto-
chnenskoye field are penetrated in 22 wells. Testing of productive deposits was carried out in three
wells (126, 134, 140). In wells 126 and 140 (weak inflow), oil inflows were obtained. In well 134, no
inflow was obtained; the formation in this well is represented by low-permeability clayey reservoirs.
Wells 126 and 140 penetrated the top of the pay on the western periclinal part of the structure, at
elevations of —4502 m and —4655 m, respectively. In well 121, which is currently operating from the
Aptian, the reservoirs of formation | were penetrated in the crestal part of the structure. According to
WLD, formation | reservoirs are recorded at higher hypsometric levels than in wells 126 and 140 —
at elevations of —4298 m and —4334 m, respectively (i.e., 204 m and 321 m higher). Consequently,
well 121 — located in the centre of the accumulation within the C» reserve area — is in more favourable

190
This is an open access article under the CC BY 4.0 license



Journal of Mining Institute. 2026. Vol. 278. P. 181-196 Bl
© Timur B, Ezirbaev, 2026 34
conditions in terms of its hypsometric level than wells 126 and 140, where hydrocarbon inflows were
obtained. The eastern part of the Albian accumulation, where a C; reserve area is identified, can be
further explored by testing in well 132 after the reserves in the Aptian and Barremian are depleted.
Severo-Bragunskoye field. To confirm the identified structural trap (anticline) in the Lower
Cretaceous deposits, the previously prepared project provides for drilling exploration well 32 in the
crestal part of the uplift. The planned exploration well is designed to penetrate the Aptian deposits
to their full thickness, along with penetrating the top of the Barremian of the Lower Cretaceous.
The planned depth of the exploration well is 5800 m. During the drilling of the well, it is proposed to
conduct testing in the open hole and in the production casing. The test intervals are presented
in Tables 2, 3.

Table 2
Open hole formation testing at the Severo-Bragunskaya prospect
Target number Age of deposits Test interval, m
1 Kial 5400-5430
2 Kia 5520-5540
3 Kia 5560-5600
4 Kia 5635-5680
Table 3
Testing and development of formations in the production casing of the Severo-Bragunskaya prospect
Target number Perforation interval, m Age of deposits Inflow stimulation method
1 5660-5675 Kia
5635-5650
5590-5600 N .
2 K
5560-5570 1a Hydrophobic acid emulsion
3 5520-5540 Kia
4 5410-5425 Kial

If drilling a new exploration well is not possible, an alternative option is considered — deepening
one of the wells 16, 20, 21, 31, or 80 — depending on their design and technical condition. These wells
are in the crestal part of the structure, in more favourable hypsometric conditions compared to the
planned well 32. According to WLD, the actual bottomholes of these wells are at the following depths:
4897 m and 5128 m (Upper Cretaceous), 4662 m (foraminiferous layers), 5430 m and 5080 m (Upper
Cretaceous). Wells 31 and 80 are currently producing an oil accumulation in the Upper Cretaceous.
Wells 16, 20, and 21 are observation ones. The option of deepening wells 16 and 31 is considered,
since well 21 is targeted for side-tracking to penetrate the Upper Cretaceous. Given that the total
thicknesses of the Cretaceous within the structure remain virtually unchanged, it is expected that well
16 could be deepened by 800 m from its actual bottomhole, well 31 could be deepened by 270 m.

Severo-Mineralnoye field. To achieve the set goals and objectives of exploring prospective
Aptian deposits, drilling of exploration well 34 is planned. Location of well 34 is at the highest hyp-
sometric elevation (approximately —5320 m) for Member 11, between the drilled wells 22 and 33, in
the expected oil zone of Members Il and V of the western field. The selection of this location for the
planned exploration well 34 is optimal because in the neighbouring well 33, during drilling through
Member Il of the Aptian, an intense oil and gas show was recorded; the wellhead pressure increased
to 25 MPa.

The objective of drilling the planned exploration well 5800 m deep is to fully penetrate the
Aptian sequence of the Lower Cretaceous, with entry into the upper part of the underlying Barremian
deposits. The work programme provides for testing pay intervals in both the open hole and casing.
The test intervals are specified in Tables 4 and 5.
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Table 4
Open hole formation testing at the Severo-Mineralnaya prospect
Target number Age of deposits Test interval, m
1 Kial (In) 5370-5420
2 Kia (lln) 5555-5610
3 Kia (IVn) 5655-5690
4 Kia (Vn) 5730-5785
Table 5

Testing and development of formations in the production casing of the Severo-Mineralnaya prospect

Target number Perforation interval, m Age of deposits Inflow stimulation method
785-57 Kia (Vi .
) 5785-5730 12 (Vo) Clay-acid treatment
2 5610-5555 Kia (I1n)

The practical tasks for additional exploration and further development of the Lower Cretaceous
deposits, as outlined in the project documents of Grozneftegaz JSC and reflected in recent studies,
are largely qualitative and predictive in nature. They identify promising fields (Khayan-Kortovskoye,
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Fig.5. Result of WLD reinterpretation (Lower Cretaceous), Starogroznenskoye field, well 707

MLL — microlateral logging; LL — lateral logging; SP — spontaneous polarization; GL — gamma-ray logging; Dbit — bit diameter; CL — caliper
logging; NGL — neutron gamma-ray logging; AL — acoustic logging; PMP — potential microprobe; GMP — gradient microprobe; coefficients:
Ktipor— fracture interval porosity; Ky og.p0r— bound (immobile) oil and gas porosity; Ko gpor— total oil and gas porosity; Ku.por— Water-saturated
porosity; Kpwpor — bound, water-saturated porosity
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Andreevskoye, Starogroznenskoye) and general horizons, but do not provide instrumental, quantita-
tive justification for targeted geotechnical measures — such as deepening specific wells or precisely
positioning new ones.

The methodology proposed in this work — for comprehensive reinterpretation of WLD based
on the TABC technology (ESKS-TABC) within the Gintel environment — is designed to fill this
methodological gap. Applying the methodology allows moving from stating general prospects to
automated digital processing, interpretation, and identification of specific geological bodies — the
so-called “siltstone lenses”. Thus, the methodology serves as a direct link between historically
accumulated data (including datasets from Grozneftegaz JSC) and current objectives for enhancing oil
recovery and further exploration. It provides a criterion-based background for selecting targets,
which aligns with general conclusions about the high depletion rate and the potential for further
development of the region’s Cretaceous deposits. In contrast to overview assessments, our rein-
terpretation of WLD across the well stock of the studied fields — using the TABC methodology —
not only confirmed the prospects but also quantitatively identified the target interval (Fig.5).
Analysis of the estimated parameters (Kisi, Ktotpor, Ko.w) in well 707 of the Starogroznenskoye field
revealed an isolated lens that meets the reservoir criteria with residual oil saturation. It is on the
basis of this digital model that a specific proposal for perforating the well in the indicated inter-
vals can be formulated.

Conclusion

Oil exploration today is inseparable from advanced technologies and is accompanied by high
risks and large investments. However, oil and gas horizons are located at great depths — in our case,
from three to six thousand metres. According to statistics, only 20 % of exploration wells worldwide
are drilled successfully, yielding a commercially viable inflow of oil and gas [35-37]. The cost of an
exploration well exceeds one billion roubles. Yet despite such high investments, the probability of
not achieving the set goals remains substantial — meaning the cost of an error is very high. This implies
that improving the reliability of drilling results is a priority task for all researchers in this field [38].
As computer innovations and technology progress advance, IT technologies and artificial intelligence
become an integral part of research methods in oil and gas prospecting and exploration. This leads to
deeper interpretation and more detailed study of subsurface geology [39-41].

The study, which combines a historical analysis of the exploration level of the Lower Cretaceous
deposits in the TSOGR with the use of modern digital interpretation technologies, allows us to for-
mulate the following main conclusions:

 An analysis of the evolution of geological and geophysical research since the late 19th century
showed that by the end of the active geological exploration activities in the region (early 1990s), a
fairly detailed dataset was formed. However, its potential for identifying unconventional traps re-
mained untapped due to the focus of traditional methods on highly permeable sandstone reservoirs.

« To address the task of identifying “missed” accumulations, the ESKS-TABC integrated inter-
pretation technology was adapted and applied in selected wells using the Gintel software. The key
advantage for TSOGR conditions is the three-component petrophysical model, which allows quanti-
tative identification of intervals dominated by silts fractions with complex porosity (8-15 %), low
permeability (<1 mD), and anomalously high proportion of bound water (30-70 %). This is inter-
preted as an indicator of residual oil presence. Digitization and reinterpretation of WLD using the
ESKS-TABC methodology, machine learning, and neural networks — across all fields drilled to date tar-
geting the Lower Cretaceous in the TSOGR, combined with seismic survey data — will enable the
construction of a 3D model of the distribution of lithological features and reservoir properties
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throughout the entire depth range. Such a model will serve as a source of new geological information
and can largely replace a number of existing schematic maps and cross-sections. This approach will
allow issuing recommendations for deepening the Upper Cretaceous wells from the inactive well
stock into the Lower Cretaceous at three fields: Goryacheistochnenskoye, Severo-Bragunskoye, and
Severo-Mineralnoye. This solution is significantly more cost-effective than constructing new wells.

« The novelty of this work lies not in stating the general prospectivity of further exploration, but
in shifting to targeted, technology justified solutions. Each recommendation stems from the results of
a digital petrophysical model verified against core data, which minimises risks and enhances eco-
nomic efficiency by prioritising deepening of the existing well stock over costly new drilling.

» The proposed approach provides a background for replication at other TSOGR fields and
similar old oil and gas provinces. Further development is linked to integrating the results with
3D seismic survey data to build 3D geological models and applying machine learning algorithms for
automated forecasting.

Thus, the study and reinterpretation of WLD is an important tool for improving the efficiency of
geological exploration activities, which will ultimately contribute to the discovery of new pay inter-
vals. Further research on the Albian-Aptian deposits should also focus on testing new geophysical
methods, clarifying the influence of component composition on key petrophysical relationships and
the results of geophysical methods, reinterpreting existing WLD using modern automated data processing
and interpretation systems. Advanced technologies — including digital data processing, seismic modelling,
and machine learning algorithms — will make it possible to revise outdated methodologies and interpre-
tation results, and to identify new prospective zones by constructing a 3D geological-geophysical
model of hydrocarbon accumulations [42, 43].
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