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SUMMARY

This paper is devoted to the exploration of the deep geological structure and detection of oil
and gas content signs to depths of 5 km in the northeastern part of the Fergana Basin
(Kyrgyzstan), in particular, the license area “Mezhdurechenskaya” of the Kyrgyzneftegaz
JSC. The composition of used GPTS hardware and software complex, the fundamentals of
the method, and the principles of processing and interpretation of measured data are
introduced. The modeling results are presented in the form of geophysical structural and
velocity sections, with signs of oil and gas content applied to them.
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Introduction

In August 2023, experimental and methodological geophysical explorations using the GeoPolariton
Tomographic System (GPTS) were performed to investigate the subsurface structure of hydrocarbon
deposits in the "Mayli-Su [V-Eastern Izbaskent" field and the "Mezhdurechenskaya" area, located in
the northeastern part of the Fergana Basin, Kyrgyzstan. These electromagnetic observations are the
logical continuation of previous research conducted from 1930 to 2019, focusing on the investigation
of hydrocarbon-bearing structures south of the Talas-Fergana fault (Bagmanova & Mirkin, 2021).
Seismic and electromagnetic surveys were concentrated on the exploration of known anticlinal folds
within the Fergana Basin. These investigations led to the identification of various stratigraphic
features, ranging from the Neogene to the Paleogene (Abdullaeva et al., 2021). Information about the
subsurface structure, block nature of the Paleozoic basement, areas of maximum basement
subsidence, and its stepped bedding, etc., was obtained. However, traditional exploration methods
involving technological seismic surveys and deep drilling are becoming increasingly costly due to
technological complexities, rising geophysical equipment costs, and increased labor.

Method and Theory

The significance of non-seismic methods for exploring the Earth's subsurface has increased due to the
development of new passive sensing systems that use natural impulses of the Earth's electromagnetic
field (Shuman, 2008). The lithosphere is an active mechanical and electrodynamic medium,
generating electromagnetic disturbances and creating a complex electromagnetic field on the Earth's
surface. This provides new opportunities for studying the physical processes and structure of the
Earth's crust (Shuman & Bogdanov, 2008).

To perform electromagnetic surveys with the geopolariton tomographic system (GPTS) were used a
UAV-based measuring complex including an analyzer "DSF16M" equipped with a wideband antenna,
and GPS (Prokopenko et al., 2022). High accuracy of measurements in the frequency range from 1 to
100 kHz is achieved through the use of modern hardware and digital signal processing. Measuring
data records every 0.2 seconds. The equipment also utilizes signal filtering functions, data storage
capabilities, primary data processing, and computer-based control functions.

The use of wideband signals distinguishes the GPTS from the other passive methods and enables the
registration of passive electromagnetic radiation at the optimal frequency for a given depth. The
sources of this electromagnetic radiation are dislocations, mechanical stresses, and contact zones
between rock formations with different properties. The method utilizes natural seismicity
(microearthquakes and natural oscillations of the Earth) that influence the geological environment.
Exploration focuses on the field of spontaneous electromagnetic emission generated by changes in the
stress-strain state of rocks in the lithosphere. The properties of this field are significantly different
from magnetospheric and atmospheric fields and considered in the context of lithospheric
electrodynamic activity (Bogdanov & Pavlovich, 2008).

Spontaneous electromagnetic radiation of the Earth is related to the varying ability of rock formations
to accumulate stresses due to their distinct elastic properties. This allows the identification of blocks
and layers of rocks with different types and densities in the lithosphere and upper mantle.
Inhomogeneities in the electromagnetic field at the boundaries of these blocks and layers provide
conditions for studying the tectonic organization of the Earth's crust, including fault zones and
structural disturbances at various depths (Shuman & Bogdanov, 2008).

Data processing and analysis were performed using the software complex, developed by specialists of
Hebei DSF-GEOS Technology Co., Ltd that included applications: “DSF”, “Point Remover”,
“Showings” and “CorrSpeedSlice”. Processed data includes coordinates and depth of local emitters.
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The amplitude and shape of anomalies help identify zones of compression, extension, and fault
disruptions, as well as layers with altered properties such as viscosity and porosity (Prokopenko et al.,
2021).

Interpretation using the GPTS is based on the following postulates:

o A geological object can be represented as a sum of point emitters, especially for impulse emission
due to its non-uniformity.

o The width of the anomaly in the recorded data is always related to the depth of the object, regardless
of the electrical properties of rock formations.

o The shape and amplitude of the anomaly depend on the mechanical and physicochemical properties
of rock formations, such as porosity, fracturing, and contacts with different physicochemical
properties, including the presence of hydrocarbons or water. Hydrocarbon traps can be typically
identified with the specific shape of anomalies and their location in cross-sections.

In a structural-tectonic context, the Fergana Basin is an intermontane basin that stretches from east to
west and is filled with approximately 8 kilometers of Cenozoic sediments. It is located in the
southwestern part of the Tien Shan Mountain range (2000 km east-west, peaks up to 7000 m). The
greatest difference in elevation within the region lies between the Fergana Valley floor, which sits at
an altitude of approximately 450 meters, and the surrounding mountain peaks, with a maximum
topographic relief of approximately 4500 meters (Feld et al., 2015; Khusanov, 2019).

Figure 1a presents a map showing the locations of measurement profiles Pr-1-1 — Pr-1-4. The tectonic
map of the Fergana Basin (by Peshkova & Islamov) is presented in Fig. 1b. This map also contains
measurement profiles. The available depth of the cross-section (5 km) is determined by the length of
the profile. With a profile length of 15 km, depths of up to 7 km in the central part of the profile, and
no more than 3 km at a distance of about 7 km from the central part of the profile are accessible for
exploration. The map (Fig. 1b) shows the active fields of Mayli-Su IV - East Izbaskent and the
prospective area "Mezhdurechenskaya". Tectonic faults are also shown. This emphasizes the
extremely complex fault-block structure of the investigated region. In particular, it confirms the
earlier conclusion about the placement of significant accumulations of Paleozoic oil and gas in fault
zones. Oil and gas deposits are multi-layered and associated with Jurassic and Cretaceous sand-
aleurolite rocks, Paleogene carbonate-terrigenous collectors, and Neogene gravel-sand deposits.
Recoverable reserves are as follows: oil — 10-11 million tons, gas — 5-6 billion cubic meters. Since the
beginning of development in the Fergana Basin of Kyrgyzstan, more than 10 million tons of oil and
more than 7.5 billion cubic meters of gas have been extracted (Zhumashov & Zhumasheva, 2016).
However, it should be noted that the deposits developed to date cannot be considered a major
industrial success. This is due to the fact that geological-geophysical exploration work was limited to
the study of mainly the upper uncomform strata of the pre-Mesozoic deposits of the Fergana Basin.

Results

During the work, 4 profiles with a total length of 60 km were developed, including 3 profiles at the
Mayli-Su IV - East Izbaskent field and 1 profile in the “Mezhdurechenskaya” area. As a result of the
interpretation of the obtained materials and experimental data, it was established that the source of
powerful natural impulse electromagnetic radiation is an anomalous area of stress concentration in the
central part of the profile. The area is approximately 6 km in size at depths ranging from 2500m to
3700m. There are several zones of a sharp decrease in geopolaritonic emission (GPE) intensity
("silent zones") within this anomalous area. These zones are characterized by a small number of
emitting objects with low intensity. On profiles PR-1-2 and PR-1-3, used as reference profiles, such
zones indicate the presence of hydrocarbons in reservoirs, therefore these zones can be considered as
signs of oil and gas potential. Such signs and horizons of hydrocarbon presence in the
“Mezhdurechenskaya” area are shown in Figure 1b. This data correlates well with drilling and well

XVII International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

7—10 November 2023, Kyiv, Ukraine




Monitoring’2023 EAGE

logging data. Commercial oil content has been identified in the III, V, and VII horizons of the
Paleogene system. The III horizon is located in the upper part of the Sumsar layers at depths of 1400-
1500 m. The V and VII Turkestan formation horizon is located in the middle part (in the Alai layers)
at depths of 1700-2000 m. The VII horizon is located in the Alai layers at depths of 1980-2000 m. The
last two horizons consist of fractured limestones, while the III horizon consists of irregular coarse
sandstones with clay interlayers. The high correlation between processed measured data and drilling
information serves as a basis for predicting deposits in the “Mezhdurechenskaya” area.

Figure 2 presents a model of the structural-tectonic section of profile PR-1-4 with indications of
tectonic faults and presumed boundaries of geological strata. Horizons with direct indications of oil
and gas are also noted here. In addition, Figure 2 shows a cross-section of the elastic wave
propagation speed model. Due to the straightness of the identified emitting surfaces at depths of 3.3-
3.7 km and the shape of the corresponding anomalies, these depths represent the roof of the Paleozoic
basement.

(a)
Figure 1(a) Map of the locations of measurement profiles, (b) Tectonic map of the Fergana Basin by
Peshkova and Islamov with measurement profiles and signs of oil and gas potential in the
"Mezhdurechenskaya" area
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Figure 2 A model of the structural-tectonic cross-section of profile PR-1-4 indicating tectonic faults
and presumed boundaries of geological layers

Sub-horizontal emitting layers are quite confidently manifested in the depth range from 3.5 to 5 km.
Overall, they have a gentle southward slope, but north of the deep fault, a gentle anticlinal structure is
observed. In the central part of the section in the Paleozoic basement, a sub-vertical deep fault is
confidently traced. It should also be noted that based on GPE data, a horizon of reduced stiffness is
distinguished in the Paleozoic basement at a depth of 5 km. Its nature remains unclear due to the
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uncertainty of our understanding of the physical mechanisms of natural electromagnetic wave
generation.

Conclusions

This research is based on factual material collected by the authors during experimental and
methodological work using the results of previous investigations. The conclusions are consistent with
the main ideas of paleogeography, and drilling data, and do not contradict existing concepts. Based on
the results of the work and the interpretation:

e geological-geophysical sections along the surveyed profiles to a depth of 5 km are presented;

o predictive structures of the oil and gas potential in the developed fields are proposed;

e boundaries of productive reservoirs are determined;

¢ information on discontinuous faults according to GPTS data is presented;

e strata with predictive direct signs of the presence of hydrocarbon fluids are introduced;

e predictive depths of hydrocarbon reservoirs in the "Mezhdurechenskaya" area are determined.
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