Magnetic model along the PANCAKE geotransect in relation to hydrocarbon and metallic
mineral deposits and occurrences
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Figure 1 Map of the anomalous
magnetic field in comparison with the
main structural elements and oil and gas
potential of the western region of
Ukraine (using works [Kutas et al.,
1996, 2018; Atlas, 1998]: 1 — boundary
of Ukraine, 2 — tectonic units, 3 —
estimated boundary of the Mesozoic-
Paleozoic and Meso-Neoproterozoic
basement, 4 — estimated boundary of the
Meso-Neoproterozoic and Archean(?)-
Paleoproterozoic basement, 5 — deposits:
a — gas and gas condensate, b — oil and
oil condensate. Tectonic units: | — slope
of the East European Platform (Lviv
Paleozoic depression): la Inner
(Rostoch) zone of the Lviv Paleozoic
depression; 1l Western European
(Paleozoic) Platform  (Rava-Rus ka
zone); Il — Pre-Carpathian Depression;
IV — Zone of the Folded Carpathians: V
— Transcarpathian Depression.
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Introduction

Analysis of the geomagnetic field shows that
within the PANCAKE profile, the East European
Craton (EEC) is characterized by a differentiated
magnetic field with an intensity from -250 to 400 nT
(Fig. 1). The intensity of the regional component is
maximal in the area of the Lviv Paleozoic depression
and the Precarpathian depression, then the field
gradually decreases to practically zero values in the
Inner Carpathian region. The local component has a
significant differentiation within the EEC (£250-400
nT) and the Transcarpathian Trough (£50-150 nT),
and within the Pre-Carpathian Trough and the Folded
Carpathians it has an intensity of tens of nanotesla
[Orlyuk et al., 2021].

Methods and Theory

In the works [Orlyuk, 1984; Kutas et al., 1996]
magnetic models of the Earth's crust were constructed
along geotraverse Il, which is close to the position of
the PANCAKE profile. Several variants of magnetic
models were developed, including those with a
gradient distribution of rocks magnetization, which
satisfied the regional features of the anomalous
magnetic field. The magnetic model was developed
according to standard technology by solving the direct
problem of magnetic exploration to clarify the
geometric parameters of the sources and their
magnetization [Orlyuk et al., 2021]. The proposed
magnetic model along the geotransect does not
fundamentally differ from the previously developed
models, namely: the Earth's crust of the marginal part
of the Central European Region and the transition
zone to the structures of Central Europe has increased
magnetization (Fig. 2).

The results of research

Deep magnetic sources are usually located in the
middle and lower parts of the Earth's crust, and in the
region of the maximum of the regional component,
the upper limit is at a depth of about 10-15 km.
According to the simulation results, the magnetic part
of the Earth's crust at depths of 15-20+40-45 km with
a magnetization of 1.5-2.0 A/m can be traced to the
Pre-Carpathian fault, which has a southwestern dip
and which 1is probably indirectly connected with
deeper zones of displacement of rocks of the Earth's
crust in the northeast direction that are perpendicular
to it. The source with a magnetization of 1-1.5 A/m
(depth interval 20-45 km) is confined to the edge of
the EEC.
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Figure 2 Magnetic model of the Earth's crust along the
PANCAKE profile (seismic model according to [Starostenko et al.,
2013, 2022]: 1 — boundaries of reflection or refraction by P-waves;
2 — speed isolines, km/s (white rectangles); 3 — magnetic sources; 4
— Curie isotherm; 5 — fluid-magmatic channels; 6 — predicted
boundary of Meso-Neoproterozoic and Paleozoic crust; 7 —
predicted boundary of the Archaean(?)-Paleoproterozoic and Meso-
Neoproterozoic crusts; 8 — potential source of hydrocarbons and
ways of its entry into the Earth's crust. Black arrows show the
location of the explosion points. The positions of the tectonic units
are indicated above. Rectangles on the profile: black — projections
on the surface of generalized contours of oil and oil and gas
deposits, blue — gas and gas condensate deposits; zones of the main
faults are shown by hatching. ZK Trans-Carpathian
(Zakarpatskyi), Ch — Chornogolovskyi, Uzh — Uzhotskyi, PrK —
Pre-Carpathian (Predkarpatskyi), Kr — Krakovetskyi

Conclusions

According to the results of modeling along the
PANCAKE geotransect, gas fields are located above the deep
magnetic blocks of the middle and lower parts of the Earth's
crust, and oil fields are located above practically non-
magnetic parts of the Earth's crust (see Fig. 2). It Is quite
clear that the oil fields of the Boryslav-Pokuttia cover are
confined to the band of positive local magnetic anomalies,
and it is less clear for the gas fields located in the subthrust
zone of the Sambir fault, for which a connection was found
mainly with negative anomalies of the geomagnetic field.
Two small gas fields in Transcarpathia are associated with
local positive magnetic anomalies and are located above a
deep magnetic source in places with the maximum thickness
of Neogene deposits (see Fig. 2, 3).

»
.........

@®sb-4 OAg-5 f
@®Prb.Zn- 6 @Hg 7 /
OAu-8 @Ge— 9 |
@Bi—-10[—11 /

22°30' 230

& abb) 5

LTINS
\ 3 \*_‘—))

> )

PANCAKE
6

G ol 1

Figure 3 Map of the local geomagnetic field of
Transcarpathia in comparison with deposits and
manifestations of hydrocarbon and metallic minerals.
Mineral deposits and occurrences: 1- oil, 2 — gas, 3—
uranium, 4 — antimony, 5— silver, 6 — lead, zinc, 7 —
mercury, 8 — gold, 9— germanium, 10— bismuth, 11—
lignite. Other conventional designations: 1 — Border of
Ukraine; 2 — Tectonic structures: 1- Chop-Mukachevo
depression, 2 — Solotvyn depression, 3— Wgorlat-Hutyn
volcanic ridge, 4— Beregove upland zone, 5 — Flysch
Carpathians; 3 — faults; 4 — boundaries of volcanic
structures; 5 — subintrusive, subvolcanic bodies, dykes
of acidic and moderately acidic composition (a),
medium-basic composition (b); 6-seismic profile
PANCAKE

Transcarpathia i1s rich in deposits and
occurrences of metallic minerals. In particular,
within the limits of the Berehove uplift, andesite
porphyrite shafts and andesite domes of Sarmatian
age that are associated with gold, gold-
polymetallic, and silver mineralization are marked
by positive anomalies. A zone of stibium
mineralization is associated with the Pannonian-
Pontic volcanic structures along the southern foot
of the \Wgorlat-Hutyn belt, and deposits and
occurrences of bismuth and mercury are closely
associated with intrusive formations of the
Dacian-Romanian age.
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