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SUMMARY

This paper provides analysis of the anomaly gravity and magnetic fields in Solotvyno
depression and how they are comparable with potential gas-bearing structures. Gravity and
magnetic surveys of the different scale cover the whole studying area, which made them the
basics for further geophysical studies and drilling. In this research, gravity data was
processed by the moving average method and by transformation into lower subspace. As a
result, anomalies of different origin were defined, including regional effects from the
neighbor structures (Vyhorlat-Gutin Ridge), salt tectonics — and linear trends of anomalies
along the Solotvyno depression which were compared with the well-testing data. Provided
examples display the intensive effect of salt and volcanic formations on the recorded values
which overlaps effects from gas reservoirs and puts uncertainties in their definition.
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Introduction

Solotvyno depression belongs to the Western oil-gas-bearing region in Ukraine and covers the south-
eastern part of the Transcarpathian basin. Abroad, it extends to the northern Romania and forms the
Mara-Solotvyno depression.

The cross-section consists of two structural stages: Neogene molasses, represented by thin-bedding
clastic (Teresvynska, Solotvynska Fm, Lower-Tereblianska sub-formation), saliferous (Upper-
Tereblianska sub-formation), volcanic sediments (Novoselytska Fm), conglomerates (Tereshulska
Fm), and pre-Neogene basement made of Paleogene (clastic flysch) and Mesozoic rocks (Cretaceous
calcareous flysch, Jurassic carbonates, Triassic dolomites and magmatic rocks). Such various
lithotypes have different properties, thickness and lateral distribution which causes challenges for
their studying and property modelling.

Geophysical methods were widely used throughout the exploration history of the Transcarpathian
basin; their list includes gravity, magnetic, numerous types of electric and seismic surveys and well-
logging complex. The oldest gravity surveys were done in 1939-1943 to define general patterns of the
geological structure. Further studies in 1949, 1951, 1957, 1968, 1970 were done in different scale —
from 1:200 000 to 1:50 000 — to contour negative anomalies which were expected to be related to
anticline structures and hydrocarbon reservoirs, to define faults and salt tectonics features.

The aim of this paper is to analyze structure of the anomaly gravity and magnetic fields, how
comparable it is with potential gas-bearing structures by using primary survey data and well testing
results, collected from geological reports of “Geoinform Ukraine”.

Method and Theory

In the scale of Transcarpathian basin and surrounding areas, gravity and magnetic data have been
overviewed in different publications (Maksymchuk et al., 2024; Orlyuk et al., 2023, Shtohryn L. et al.,
2021 etc.). Through the history of the studying of the Solotvyno depression, surveys of different
methodology, scale and accuracy were taking place, which causes several differences in qualitative
and quantitative interpretation.

In the current paper, we combined data of the gravity survey (Filshtinski et al., 1968), provided in
scale 1:50 000, with the results of well testing. Magnetic data was considered uninformative for the
Solotvyno depression: here, local anomalies are not intensive and — unlike with Chop-Mukachiv
depression — the cross-section is mostly made with para- and diamagnetic rocks.

Gravity data was processed by two methods, which are commonly used for potential geophysical
fields’ interpretation (Bezrodny & Bezrodna, 2022):

e Moving average — filtering by its nature, this method uses a moving fixed-size cell to define
an average value of the gravity field and record it in the output grid. The result is equal to the
regional anomalies generated by deeper and spatial structures. Local anomalies are calculated
as a difference between observed values and regional field;

e Transformation into lower subspace — provides recalculation of the observed field on the
fixed depth, increasing influence from the deeper structures and decreasing local anomalies
from the smaller sub-surface objects. This operation is based on Poisson integral and realized
by a moving matrix with different weights in its cells.

The survey data was interpolated in Surfer software with the Natural Neighbour method, as it covers
the irregular-shape area with occasionally absent or moved record points.
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Results

More than 60 reference, parametric, exploration and appraisal wells were drilled in the Solotvyno
depression. Numerous gas (rarely — oil) shows and flows occurred during both the drilling process and
testing cased wells. Gas from the upsalt formations has an unknown origin, most likely biogenic; its
flows are uncommercial. The main target horizon are tuffic rocks of Novoselytska Fm, which are also
the reservoir rock of the Solotvyno gas field — the only one discovered on the studied area. Paleogene
sediments have local distribution; their commercial value — despite confirmed intensive gas flows —
remains unknown. Other intensive gas flows were observed from Cretaceous rocks.

Drilling was done on 10 main areas (from west to east): Sokyrnytsa, Danylovo, Bushtyno, Tereblia,
Tiachiv, Teresva, Kolodno, Hrushiv, Solotvyno, Apshytsa. Distribution of the wells is very irregular,
as shown on the Figure 1.
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Figure 1 Anomaly gravity field (Bougue anomaly) of the Solotvyno depression with reference,
exploration and appraisal wells and results of their testing. Gravity data digitized from the Khust-
Tiachiv-Solotvyno survey area (Filshtinski et al., 1968). Contour interval 1 mGal.

The gravity field in Solotvyno depression is generally stepped, changing from positive values closer
to the Vyhorlat-Gutin Ridge to negative values in the south-eastern direction. Positive anomalies are
created by presence of volcanic rocks, intrusions and related ore mineralization which was found out
in Vyshkovo-Veliatyno aera (Zaitseva, 1951). Their regional gravity effect extends to almost center of
the depression, as shown on Figures 2-3.

Negative anomalies indicate chains of salt domes, very contrast on the map of residual anomalies on
the Figure 4. Maps of the local anomalies, on the other hand, show four parallel linear structures
(Figure 3). The upper-most positive anomaly covers the territory which mostly wasn’t studied with
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deep drilling but has confirmed gas and oil shows during the mapping drilling on Nankovo area.
Negative linear anomalies cover the chain of Danylovo-Oleksandrivka-Tereblia-Okruhla salt domes —
and another one, including Solotvyno and extending to Romanian part of the structure. The lower
positive anomaly covers another area, poorly studied with deep drilling, with no gas discoveries.
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Figure 2 Regional (left) and local (right) anomalies of the gravity field. Averaging radius 5 000 m.
Contour interval 0.5 mGal.
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Figure 3 Regional (left) and local (right) anomalies of the gravity field. Averaging radius 10 000 m.
Contour interval 0.5 mGal.
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Figure 4 Gravity field transformation into lower sub-space (depth 1000 m, left) and residual
anomalies (right). Contour interval 0.5 mGal.

|
e e 5 go > RO
2 Q0
| DI A :

6 5 4 -3 2 -1 0 1 2 3 4 5 6 -
[\

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

14-17 April 2025, Kyiv, Ukraine




Monitoring’2025 EAGE

Conclusions

Because of massive salt and tuffic formations, gravity method itself is not sensitive to the presence of
hydrocarbons and can be barely used for studying basement structure and lateral changes of its
lithology. For a few studying areas like Sokyrnytsa and Bushyno, interpretation results can be quite
complicated because of the intensive overlapping gravity effect from the neighbour Vyhorlat-Gutin
Ridge.

Local anomalies, defined by the moving average method, can be analysed further with involving data
of structural and mapping drilling (Teresva, Nankovo areas). Their possible interpretation may be
related to the regional thickness changes of the salt and tuffs.
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