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SUMMARY

The article provides results of geological and geophysical studies for Solotvyno depression, a
south-eastern part of Transcarpathian basin, which were aimed at investigating its thermal
and hydrocarbon generation history. These aspects are necessary for the further analysis of
local gas fields and making new discoveries. The modelling process relies on large amounts
of archive geological, geophysical and geochemical data collected during past investigations,
petrophysical measurements, well drilling and logging data. Numerous uncertainties of the
past studies around source rocks, rift events and limited depth of the available wells, in
comparison to the summarized Transcarpathian cross-section, became the primary points for
the present research. As a result, four petroleum systems were defined in Jurassic,
Cretaceous, Paleogene and Neogene units, together with a general concept of a burial and
thermal history for Solotvyno area.
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Introduction

Solotvyno depression (also named as foredeep, basin, trough) is a south-eastern part of a bigger
tectonic structure — Transcarpathian basin, situated in the western Ukraine. Its complicated geology
includes two structural stages: Neogene molasses and pre-Neogene basement, divided into
metamorphic (Paleozoic), lime-dolomite (Triassic-Jurassic) and flysch (Cretaceous-Paleogene) sub-
stages. This area is characterized with comparably high modern heat flow and tectonic activity, salt
diapir structures and signs of the ancient volcanism.

Solotvyno depression was successfully explored for gas, but its hydrocarbon generation and migration
mechanisms remain unknown. Different hypothesis suggest biogenic (Tereblyanska, Solotvynska
Formations), classical thermogenic (Novoselytska Formation, Paleogene, Mezozoic rocks) and
magmatic hydrocarbon generation. All these mechanisms have certain proofs of their contribution to
the observed gas composition. Gas of Solotvyno and neighbor gas fields is mostly methane (68-94%)
with variable amounts of nitrogen (10-12%) and carbon dioxide (up to 20%).

In this paper, we tried to investigate some aspects of heat flow history and hydrocarbon generation
potential of different stratigraphic units, including those which weren’t penetrated on the most of the
searched area.

Note: in a further paper, stratigraphical units of Solotvyno depression are named as ‘Formation’.
Many of past publications use such terms like ‘unit’ and ‘svita’, which have equal meaning and the
second one represents a transliteration of native name for units.
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Figure 1 Tectonical units of Transcarpathian trough and neighbour territories (Murovskay, 2023,
left), gas and searching fields of Transcarpathian (Naumko, 2022; right)

Method and Theory

Solotvyno depression has been explored with continuous parametric and exploration drilling, various
geophysical and geological methods. However, all available data still didn’t suggest a completed
model of local gas fields — including their 3-dimensional visualization, heat flow history, burial and
event charts. Paleogeography of this region has been reviewed several times but only for Cenozoic
time (Miocene, partially Oligicene). Foreign publications usually include an investigated territory into
palaecogeographical maps but they cannot describe local specific features and may be discussable
because of amounts of available data.

The current paper relies on large amounts of archive geological, geophysical and geochemical data
collected during past investigations, well drilling and logging data and petrophysical measurements.
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Studied reports contained various information about exploration history, tectonics and stratigraphy
studies, paleogeographic reconstructions, facial analysis, oil and gas perspectives, magmatic history of
the region. Totally 96 reports studied. Large amounts of data for the further modelling were taken
from web-available resources (53 foreign and 13 Ukrainian studies), mainly about properties of
source rocks, magmatism and volcanism development in Romania and Hungary, heat flow maps and
measurements.

According to them, we define some nowadays parameters for the model quality control:
» Nowadays heat flow — 85-110 mW/m? (Transcarpathian in general), 75-80 mW/m?
(Solotvyno depression) (Kutas, 2017):
e Mantle contribution to the heat flow — 70-80 mW/m? (Transcarpatian), 70 mW/m?
(Solotvyno depression);
e Volcanism and hydrothermal contribution to the heat flow — 10-30 mW/m?
(Transcarpatian), 10 mW/m? (Solotvyno depression);
» Nowadays crust thickness — 25-30 km;
» Nowadays lithosphere thickness — around 100-110 km.

Also, relying on collected data, we found it important to add Triassic-Jurassic rifting event to the
model. It hasn’t been properly explored inside boundaries of Solotvyno depression because of less
number of deep wells which could reach these rocks under a thick molasses and flysch units. Possible
Triassic rocks, penetrated with drilling on Sokyrnytsa field, are represented with dolomitic limestones
and Jurassic rocks — with limestones, carbonate shales and diabase. The last ones indicate a past
rifting event not in Solotvyno depression but in Transcarpathian in general. Because of lack of data, it
can’t be modelled almost reliably, so we used average parameters of crustal and lithosphere pre-rift
thickness, confirmed petrography of rocks and average age for the event showed in different
publications (200-170 Ma). Lithosphere thickness recovery takes ~300 Ma, so we guess it wasn’t
fully completed before the next rift and some extra heat flow was accumulated.

Oligocene-Neogene volcanism and rift are studied better. We tested different variations of heat flow
history, because Solotvyno depression has no volcanic centres itself but is surrounded with them from
the west and south. Volcanic stages, different in distance, duration and chemical composition of the
erupted material are the following (Pécskay, 2006, Lexa, 2010):

» Felsic calc-alkaine volcanism — was developing in early-middle Badenian (15.5-14.5 Ma) stage
and is represented with a thick rhyodacite tuffs, rhyolite ingimbrites and reworked tuffs of
Novoselytska Formation, Hrabove and Dej tuff massifs;

» Alternating andesite, dacite and rhyolite volcanism — stage at 14.5-9 Ma, which resulted creation
of composite volcanoes of Vyhorlat-Gutin and Gutai massifs. It ;

» Intermediate andesite volcanic activity — same time as previous. It resulted formation of Apuseni
Mts., being terminated with eruption of intermediate adakite-like calc-alkaine products and
sporadic basic magmas

» Basalt to rhyolite (diorite to granodiorite) intrusions stage — continued during 11.9-8.3 Ma;

» Sporadic eruptions and basaltic activity — took place 2.5-1.5 Ma at the southern edge of the
Apuseni Mts. and Banat area.

Modelling was done with Petromod 1D software, with input stratigraphy and units’ thickness data,
PSE and source rocks properties (TOC, HI, Kinetic) definition, surface temperatures, paleo water
depths and heat flow history plots. Modelling was started from Solotvyno wells.

The stratigraphic model was extended according to drilling data from neighbor fields: Tereblia,
Hrushivska, Teresva, Tiachiv and Sokyrnytsa. Included additional units include Mezozoic sediments,
not penetrated on the Solotvyno area, and two erosion stages.
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We guess that a build-in McKenzie algorithm can’t be fully used for Miocene because its heat flow
was highly affected not by rifting stages but volcanism. So we tested different combinations of
calculations with this algorithm, dividing volcanic history into a few stages (depending on thinning
and restoring of lithosphere’s thickness), and some custom interpretations.
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Figure 2 Lithospheric cross-section of the central Carpathian-Pannonian Region before the Miocene
ectension, immediately after the extension in the Late Miocene and the post-extensional (thermal
relaxation) stage in the Pliocene (Kovacs, 2011)

Results
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Figure 3 Temperature, transformation ratio and event chart for one of Solotvyno gas field wells

Till moment of submitting this paper, three wells were modelled. The main issues are related to
uncertainties about past (Triassic-Jurassic) lithosphere parameters — but according to available data,
there’re no possible petroleum system (PS) in Triassic. Dolomites and dolomitic limestones of this
time weren’t tested for porosity and permeability values, so they are marked as reservoirs only
theoretically — if there was any Paleozoic source rock. Paleozoic rocks weren’t penetrated with
drilling in Solotvyno depression, and in other areas, they are represented with metamorphic
formations.

Middle-Jurassic source rocks are represented with shaly limestones with interbeds of grey to almost
black shales. Total organic amounts there are lower than 1%, according to quite rare measurements,
so this aspect needs some further studies. PS also includes organogenic limestones as reservoir rocks
and shaly limestones, shales of Dulivska Formation as a possible seal. PS was confirmed with a
drilling on Hrushivska gas field.
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To the north from Solotvyno field, gas reservoirs of Krychevska Formation were penetrated on the
Tereblia field, but there’s no certainty about PS it may belong to. Paleogene PS is made with flysch,
so for modelling, it was artificially divided into reservoir and source rocks parts; the seal is possibly
represented with interbedded shales. Neogene PS includes Oligocene black shales and coals and
source rocks, tuffs of Novoselytska Formation as reservoirs and salt of upper-Tereblianska sub-unit as
a seal.

Conclusions

Modelled wells show basic features of PS in Solotvyno depression — and the main points which have
to be explored. The remaining unanswered questions include detailed pageogeography reconstruction
for Mezozoic time, heat flow model developing according to available data of the thermal well
logging; investigating hydrocarbon generation properties (TOC, HI) for Triassic-Jurassic carbonates
and Cretaceous marls. Also, source rocks have to be studied for their kerogen type — because in
additional to gas, Solotvyno depression was reported to have several oil and bitumen shows
(Oligocene sandstones, Neogene tuffs).

References

Kovacs, 1., Falus, G., Stuart, G., Hidas, K., Szabo, C., Flower, M., Hegediis, E., Posgay, K., Zilahi-
Sebess, L. (2011). Seismic anisotropy and deformation patterns in upper mantle xenoliths from the
central Carpathian—Pannonian region: Asthenospheric flow as a driving force for Cenozoic extension
and extrusion. Tectonophysics, 514, 168-179.

Kutas, R.. (2017). Geothermal Conditions and Mesozoic-Cainozoic Evolution of the Carpatho-
Pannonian Region. Geofizicheskiy Zhurnal, 38, 75-107.

Lexa, J., Seghedi, 1., Németh, K., Szakacs, A., Konecny, V., Pécskay, Z., Fiilop, A. & Kovacs, M.
(2010). Neogene-Quaternary Volcanic forms in the Carpathian-Pannonian Region: a review. Open
Geosciences, 2(3), 207-270.

Marinel, K., Fulop, A., Pécskay, Z. (2006). Neogene calc-alkaline magmatism in Oas-Gutai Mts.,
Eastern Carpathians, Romania. Time and space evolution. Conference CBGA 2006, Belgrade.

Murovskay, A., Verpakhovska, O., Hnylko, O., Chorna, O., Yegorova, T. (2023). Transcarpathian
Depression: Study of Low-Velocity Zones in the Earth’s Crust Based on the Seismic Regional
Profiles Data. Geofizicheskiy Zhurnal. 45.

Naumko, .M., Pavlyuk, M.I., Loktiev, A.A., Khokha, Yu.V., Sakhno, B.E., Belets’ka, Yu.A., Sava,
N.H. (2022). Features of the fluid regime of postsedimentogenic process during the formation of gas
capacity of the Transcarpathian basin (within the limits of Ukraine). Mineralogical Journal, 44, 99-
110. [in Ukrainian]

Pécskay, Z., Lexa, J., Szakacs, A., Seghedi, 1., Balogh, K., Kone¢ny, V., Zelenka, T., Marinel, K.,
Poka, T., Fulop, A., Marton, E., Panaiotu, C., Cvetkovi¢, V. (2006). Geochronology of Neogene
magmatism in the Carpathian arc and intra-Carpathian area. Geologica Carpathica, 57, 511-530.

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

7—10 November 2023, Kyiv, Ukraine




