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Abstract: Results are presented of geophysical, namely CDP seismic measurements carried out in
the period 1972-84 in the Intracarpathian Paleogene and in the East Slovak Flysch Belt. For
interpretation were also used refraction seismic, gravity and magnetic data, resulis of well-shooting,
acoustic and electrologging in deep boreholes, and data on physical properties of rocks obtained by
measurements on drill core samples. The well-shooting data were used for velocity studies in the
area. Based on reflection seismic data are the time map and the depth structural scheme of the buried
Mesozoic relief of the Central Carpathians in the broader environs of Lipany. Seismic measurements
ndicated numerous tectonic faulis, NE-SW striking reverse fanlts, and normal faults.

iGeofyzika, a.s., Brno, Jednd 29a, 612 46 Brno

Introduction

In the present article we attempt to summarize the results of geophysical, namely
seismic, survey accomplished in 1984 for hydrocarbon prospecting in the Intracarpathian
Paleogene, the Klippen Belt, the East Slovak Flysch Belt and their basement. Most
valuable data were obtained by CDP measurements on seismic profiles.

The Iniracarpathian Paleogene is composed of several lithofacial sequences, from
pre-flysch, wild flysch to typical flysch development (Chmelik 1957), often with giant
bodies of badly sorted conglomerates of alluvial fan (Marschalko 1965, 1981). Afier
geological mapping, geophysical survey and deep drilling the Intracarpathian Paleogene
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is at the present prospecting stage relatively most investigated. Results from boreholes
(Lipany-1,2,3,4 and 5, PU-Sambron, Plavnica-1) at the southern border of the Klippen
Belt confirmed larger tectonic deformation (Nem&ok et al. 1977) and presence of
irregular breccia series built of Lower Cretaceous and Jurassic rocks in the deeper part
of the Iniracarpathian Paleogene which Rudinec (1981) regards as olistoliths. Besides
the scale-fold structure, the Paleogene strata are affected by the youngest Neogene
normal faults.

According to drilling, the basement of the Paleogene in the peri-Klippen zone is
Mesozoic. Its entire relief (Cretaceous to Lower Triassic) was verified by borehole
Sari¥-1 in the interval 1,340-3,836 m. It is the Mesozoic of the KriZna nappes (Kordb
et al. 1986) with strongly tectonized crystalline rockc in its basement (3,836-5,000 m).

The Klippen Belt forms a narrow strip between the Flysch Carpathians and the
Intracarpathian Paleogene. Mainly in consequence of Neogene folding it takes on the
tectonic style of the Carpathian flysch area (Le$ko-Salaj-Samuel 1963). Within the
Klippen Belt in the HanuSovce horst, the borehole HanuSovce-1 penetrated Upper
Cretaceous sediments and the Klippen Belt Paleogene to the depth of 4,000 m. Paleogene
sediments are represented by the Prog series. To the final depth of 6,000 m were drilled
the Eocene sediments (Strihovce, Beloveza and Zlin series) of the Krynica and Raca
units of the Magura nappes (LeSko et al. 1984).

The flysch belt of the Czechoslovak Carpathians in the eastern part consists of two
units, the Magura nappes and the Dukla unit. From S to N the Magura nappes contain
the partial Krynica, Bystrica and Rata unit between Smilno and NiZny MiroSov, the
tectonic basement crops out o the surface in the form of a window — the Dukla unit.
Deep boreholes Smilno-1 and Zboj-1 yielded geological data on the Flysch belt. The
borehole Smilno-1 (Lesko 1986) struck to the depth of 4,600 m the Rafa unit of the
Magura nappes formed by the Upper Paleocene to Lower Eocene BeloveZza series and
the inoceramus series and Upper Senonian to Paleocene breccia. In the depth interval
4,600-5,700 m the Outer Flysch Beli was struck represented by the black flysch series
and Eocene breccia, and by Upper Miocene menilite series. The borehole Zboj-1
(Durkovig et al. 1982) confirmed down io the depth of 3,800 m the structure of the Dukla
unit formed by submenilite Paleocene to Middle Eocene series, by the Cisna Paleocene
series and by the Lupkov Upper Cretaceous to Paleocene series. The tectonic basement
of the Dukla unit is mainly built of the psammitic Zboj series struck by drilling in the
interval 3,800-5,002 m. It is now assumed that the Zboj series is of Upper Eocene to
Lower Oligocene age.

Compared to the East Slovak Basin, for example, oscillographic and analog reflection
seismic measurements were conducted on a smaller scale in the area of interest because
of hard seismological conditions and complicated interpretation. A change came with
the arrival of digital recording and processing. In the period 1972-84, 50 seismic CDP
profiles at the total length of 477 km were shot for oil and gas prospection in the
Intracarpathian Paleogene and in the East Slovak Flysch Belt. Seismic measuremets
concentrated in the peri-Klippen area in the broader environs of Lipany (Sambron-Li-
pany-Kapusany). Large-scale reflection seismic surveys were carried out in the area of
Smilno and Zboj. In the area of Adidovce and Zubné three short reconnaissance profiles
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were sitvated. Seismic profiles were also siretched near Starina, Tokajik and S of
Jakubany.

A relatively dense neiwork of CDP profiles was set in the peri-Klippen area and eight
deep boreholes were drilled there (Lipany-1,2,3,4 and 5, Plavaica-1, PU-1 Sambron and
Sari§-1). Well- shooting was conducted in six boreholes. A structural scheme of the relief
of Triassic dolomites in the basement of the Intracarpathian Paleogene was constructed.

Besides CDP and drilling information, results of refraction seisinic, gravity and
magnetic measurements, logging in deep boreholes (seismic, sonic, electric) and of
measurements of physical properties of rocks on core samples were interpreied.

Application of individual geophysical methods and results

Gravity survey

Leaving aside the gravity measurements of Meinhold-Scheele (1943}, B&hounek
(1950), Béhounek-Vilek (1951) which covered the southern and wesiern margins of the
study area only, the first systematic survey in the area was the regional gravity survey
conducted by the Research Gil Instituie, Brno in the period 1954-57, with one point of
measurement per 2-3 km?. Since 1970 a detailed gravity survey has been carried out in
the study arca with 3—6 points of measurement per km?.

The regional gravity measurements were processed and interpreted by Mencik (1957),
Cekan-Sutor (1960), Sutor-Cekan (1965) and Tomek in Kadle¢ik et al. (1977). In the
framework of regional gravity survey and of surveys over the eatire Czechoslovak
territory the Intracarpathian Paleogene and the East Slovakian flysch were investigated
by Ibrmajer-Dolezal-Mottlovd (1959), Ibrmajer-Dolezal (1962) and Ibrmajer (1963,
1978).

Fusén et al. (1971) used the maps of Bouguer anomalies and maps of regional and
residoal anomalies, drilling data and data obtained by other geophysical methods to
compile a map of the basement relief of the covered areas in the southern part of the
Inner West Carpathians. The map includes only the southernmost margin of our study
area.

Results of a deatiled gravity survey in the area between Sambron and Lipany (Véca et
al. 1971) were used by Cekan-Motkovsky (1982) to compile maps of residual anomalies.
The map of residual anomalies of the gravity field with the radius of averaging ring r=2
km reflects (at the thickness of Paleogene sediments around 2.3 km) the lithological
changes in rocks of the Iniracarpathian Paleogen. Residual anomalies plotied in the map
often correlate with outcrops of rocks exhibiting different densities. On the contrary, the
map of residual anomalies of the gravity field with the radius of the averaging ring
r = 2- 16 ki mainly characterizes (as documented by reflection seismic measurements)
the relief of the basement dolomites (the KriZna unit). It is noteworthy that the positive
residual anomaly corresponding to an elevation of dolomites south of Sambron-Krdsna
Lika extends without major deformations io the area north of the Klippen Bel.

The gravity field in the broader area of the Humenné Mesozoic subunit was interpreted
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by PospiSil-Filo (1982). They concluded that NW of PreSov the Klippen Belt dips to the
NE and together with the Magura flysch group is thrust over the Intracarpathian
Paleogene, deforming it in the contact zone. The authors assumed that between PreSov
and Vranov the Klippen Belt had been strongly deformed by displacement of Mesozoic
rocks and that its position is vertical. In the area of Humenné the authors again assumed
a dipping of the Klippen Belt to the NE. In their opinion its deformations due to the
displacement of Mesozoic blocks were so extensive that they might have caused
"disruption” of the Klippen Belt.

Regarding the intricate structure and tectonics of the East Slovakian flysch and its
basement, the interpretation is very difficult though numerous problems have been
solved. However, the shallow character of the Klippen Belt and of most gravity anoma-
lies in the Flysch Carpathians was confirmed (Tomek in KadleCik et al. 1977). Only the
most important anomalies, e.g. the Snina-Stak<in anomaly and the positive anomaly near
Kurimka — perhaps the core zonee of the Smilno window — are probably associated with
the flysch relief.

Magnetic survey

The first magnetic measurements in the study area were conducted by Scheele (1944).
However, only small parts of the study area were covered (the area between Slovenska
Kajiia and Lieskovec and a small area N of Vranov). A systemalic maguetic survey was
carried out in the period 1955-1957 over the greater part of the study area. It was a
regional survey with points of measurement at intervals of 2—3 km. The obtained results
were interppreted by Ibrmajer-Dolezal-Mottlova (1959), Cekan-Sutor (1960), Sutor-
Cekan (1965) and Sutor in Kadletik et al. (1977).

The geomagnetic field is rather monotonous (£ 20 nT). It is most probably due to the
low susceptibility of the flysch complexes and their basement, or to their low differential
susceptibility. Considering that the mean error of measurement was +4 o'T, it is obvious
that the interpretation of the geomagnetic field is not easy.

Geoelectric survey
A large-scale survey was carried out in the study area for enginering-geoelectric
purposes. For investigations of the deep structure which is the subject of the present
paper they are not of special importance.
Physical properties of rocks
The studies of rock densities carried out in the period 1953-1964 by the Institute of

Applied Geophysics, Brno and by Geological Survey, Prague resulted in compilation of
Map of rock densities in Czechoslovakia on the scale of 1:500,000 (ElidS-Uhmann 1968).

12 Utitd geofyzika 25




The densities were mainly determined by measurements on samples collected on the
surface, bui drill cores were also used. According to the map, bulk densities of rocks in
the study area range from 2,350 io 2,750 kg/m3.

Measurements of physical properties of surface rock samples yield data loaded with
errors (depending on the degree of weathering, leaching of the calcitic component, etc.).
Therefore, measurements on drill cores are more reliable and the changes of physical
properties of rocks with depth can be observed.

The measurements of physical properties of rocks currently carried out in Geofyzika
Brno include: measurements of density parameters (bulk, mineralogical, natural density,
porosity), velocity of propagation of longitudinal elastic waves (vertical and parallel to
lamination), magnetic susceptibility, natural gamma activity and U, Th and K contents.

In the study area, physical properties of rocks were determined on drill cores from
boreholes PU-1 Sambron, MLS- 1 Humenné, Zboj-1, Lipany-1, 2, 3, 4 and 5, Hanu3ovce-
1, Smilno-1, Sari¥-1, PreSov-1 (P1.1). Pichov4 (1985) summarized the resulis in tables
of physical parameters of individual geologic-iecionic units. Pichovd (ibid.) also sum-
marized resuits of measurements (density and porosity) on surface samples (Mikuska-
Chrumov4 1983, 1984, Uhmann et al. 1977). The density and magnetic susceptibility of
rocks from the western part of the East Slovak Magura flysch were higher than in the
eastern part. The porosity of surface samples is considerably higher (due to weathering}
and therefore bulk density is lower. Measurements on surface samples were carried out
in 1984 and 1985 (MikuSka-Chrumovd 1985, 1986). Physical properties of rocks in the
area of interest have recently been studied by Ondra-Handk (1989). They found that
samples collected on the surface generally exhibit higher densities in the Klippen Belt
including Cretaceous complexes and Paleogene cover — the ProC series — as compared
with the Krynica unit and with the adjacent Intracarpathian Paleogene. Thus they
contributed to the studies of Mencik (1963).

Strdnskd et al. (1986) compiled a 1:200,000 map of rock demsities for the West
Carpathians on the Czechoslovak territory. Besides graphical representation, it contains
comprehensive tables of bulk, mineralogical and natural densities and porosities. In the
opinion of the authors bulk densities decrease from the Levolské pohorie hills io the E.

The density and radioactivity of the main lithological types and stratigraphic units of
the West Carpathians (measurements on 213 drill cores) were described by Husdk
(1986). He contended that the densities of rocks of the Intracarpathian Paleogene do not
depend on the thickness of overlying beds.

Odstréil (1985) investigated the possibilities of determining densities of near-surface
rocks (or the average natural density of the Bouguer slab) from gravity measurements.

Aerial and satellite measurements

An aerial magnetometric and radiometric survey on the scale of 1:200,000 is described
in the report of Masin et al. (1960). The magnetic field in the study area is generally
monotonous. A detailed aerial survey on the scale of 1:25,000 covered the southern
margin of the area of interest where the magnetic field is monotonous, with the prevailing
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value of —10 nT., Striking anomalies can be observed in the broader environs of Radatice
over an area of approx. 6 km?. According to Gnojek (1987) these anomalies are due to
a basic body at the depth of approx. 1,900 m (under the surface). Radiometric measure-
ments did not reveal any anomalies.

New information about the geologic structure of the East Slovakian flysch was yielded
by remote seensing. A ring structure in the area Svidnik-Stropkov, i.e. in the margin of
the Zborov anticlinal belt, was detected. Pospi$il-Néméok-Feranec (1982) and PospfSil
(1983, 1985) explained the origin of this structure by the presence of deep tectonic lines,
or by a collision zone of different basement blocks.

Refraction seismic survey

Refraction seismic survey was commenced in 1970 with measurements on profile
1(R)/70 between Nov4 Sedlice and Podhorod (HrdliCka et al. 1971). In the period
1970-1981 a large-scale survey was carried out in the Intracarpathian Paleogene, in the
Klippen Belt and in the Flysch Belt on seven profiles stretched in the direction of the
Carpathians and on seven profiles vertical to it, at the total length of 826 km (PL. 1). The
results were — besides evaluation in annual reports — further interpreted by LeSko-
Moftkovsky (1975), Pliva et al. (1976, 1977), Wojas (1977) and Kadletik et al. (1977).

Owing to the seismogeological features of the intricate fold-nappe structure of the
Flysch Carpathians the interpretation was not easy. The processing and interpretation
were also complicated by small differences in densities and velocities of elastic waves
between deep flysch complexes and their basement. The velocity boundaries traced by
refraction seismic in the flysch can be interpreted as gradient changes of elastic waves
velocities, or as different flysch complexes (KadleCik et al. 1977). The general interpre-
tation of refraction seismic data in regard to drilling and geophysical results obtained on
the territories of Poland, the USSR and Czechoslovakia led to the conclusion that the
basement of flysch complexes might be a refraction boundary with a velocity of over
6,000 m/s (Kadle&ik et al. 1977). However, this opinion was not supported by the results
from borehole Smilno-1 which at the depth of the measured boundary (5,000 m) struck
basal beds of black flysch. Because of these contradictory results refraction seismic
measurements were stopped in the Flysch Carpathians on the territories of Poland, the
USSR and Czechoslovakia.

More reliable results were obtained by refraction seismic measurements in the Intra-
carpathian Paleogene where the data yielded by the borehole Lipany-4 correlated with
the depth of the refraction boundary and were in agreement with reflection seismic data.

Refraction measurements in boreholes
The refraction seismic method was employed in boreholes MLS-1 Humenné and

Lipany-1 (Pl. 1).
Refraction seismic measurements in the borehole MLS-1 Humenné were carried out
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to trace the contact of Albian-Cenomanian marl schists and the Lias-Aptian Limestone
complex struck by drilling at the depth of 470 m (Filkovd-Morkovsky-Pernica 1973).
The interpreted relief of Aptian limestones of the Humenné Mts. forms a ridge whose
axis parallels the line Pti¢ie-Kamienka.

In the borehole Lipany-1 refracted waves propagated along the velocity boundary
between Keuper and Upper Triassic dolomites (Filkovd-Pernica 1978). The resulis
showed striking anomalies in propagation of refracied waves. Therefore, the refraction
method was not applied in other boreholes in the area. The results indicated the presence
of a larger number of boundaries that could not be identified until Mofkovsky et al.
(1987) showed that the boundaries correspond with the relief of dolomites in the
Iniracarpathian Paleogene basement, and with the tectonic planes (overthrusts) in the
Intracarpathian Paleogene or in the Klippen Belt. But their separation from refraciion
measurements in boreholes is not possible.

Well-shooting and vertical seismic profiling

Well-shooting measuremenis are of great importance for processing of reflection
seisinic results and especially for transforming the time data of seismic sections into
deep scale. Unlike well-shooting measurements, where only direct waves are registered,
in the vertical seismic profiling reflected, or multiple reflecied, and transform waves are
registered as well. Thus the lithophysical boundaries, from which the waves are re-
flected, the multiple reflections and the ratio of longitudinal and transverse waves can
be considered. These facts are very important for interpretation of profile seismic
measorements.

Well-shooting results are presented as a dependence of time on depth (vertical time
curves) and as a dependence of velocities (average, layer, interval) on depth or time. The
data are computer-processed, as well as vertical seismic data which are presented in the
form of time sections.

In the siudy area, well-shooting was conducted in eleven deep boreholes (Lipany-1, 2
and 3, Sari§-1, PU-1 Sambron, Plavnica-1, HanuSovce-1, Smilno-1, Zboj-1, MLS-1
Humenné, PreSov-1, see Pl. 1) and VSP was carried out in all of them except MLS-1
Humenné,

Reflection seismic survey

The first reflection seismic survey in the East Slovak Flysch (in the environs of
Adidovce and S of Stropkov — P1. 1) was conducted in the period 1959-1960 (Jurga -
Cidlinsky 1961, Jurga 1962). An oscillographic seismic unit was used and the RNP
method ("regulirujemyj napravlennyj prijom”, Rjabinkin) was applied. However, the
measurements, even with grouping of geophones and shotholes, did not yield satisfac-
tory results.

In 1970, a reflection seismic survey was conducted along a 3 ki long parametric
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profile within the Dukla unit in the area of Rusky Potok (Adamovsky et al. 1970). The
measurements were carried out in the modification of continuous profiling using the
24-channel analog seismic unit RX 24 S I1. The grouping of shotholes (1-3), of different
depths of shotholes (10-35 m), masses of explosives (50-100 kg) and geophone
intervals in a group (0-5 m) was tested. The obtained material was difficult to interpret
and contained only indications of continuous reflections in the range 1.6-2.1s.

Profile 3/71 was situated between Nov4 Sedlica and Podhorod. Measurements were
carried out in 1971 (Adamovsky et al. 1972a) using the analog seismic unit RX 24 S 11,
Time sections were constructed using the amnalog processing system SWZ-1. Field
methodology was chosen on the basis of results of parametric measurements near Rusky
Potok in 1970. Later on, the original analog records from profiles 1/70 and 3/71 were
digitized and digitized time sections were constructed (Luk4Sov4 et al. 1974). Thus the
seismic material was completed up to times around 3 s.

Since 1972, reflection seismic measurements in the study area were done in the CDP
modification. This method of multiple coverage, digital registration and processing
yielded much more information.

Besides the profiles measured until 1984, P1. 1 contains CDP profiles from the period
1985-1986. Until the end of 1986 measurements had been conducted on 64 profiles at
the total length of 669 km.

Reflection seismic data obtained in the East Slovak Flysch until 1973 were studied by
Kadletik et al. {1977) and by Lesko et al. (1979). They concluded that most events aree
of interference character. Some boundaries with strong reflections most probably corre-
spond to tectonic planes. In seismic sections the authors distinguished an upper part with
abundant reflections and a lower, relatively monotonous part with less reflection ele-
ments. In accordance with interpretation profiles they identified the boundary between
the two parts of time section with the flysch basement relief.

Reflection seismic measurements in CDP modification
Parametric measurements

Already the first CDP measurements in the East Slovak Flysch in 1972 (profiles 4/72
and 6B/72) showed the absence of continuous reflections and often relatively high noise
level. The CDP measurements were therefore followed by parametric measurements
carried out on a large scale in 1973, predominantly in the environs of the villages
Adidovce and Zubné on short profiles SB/73, 8B/73 and 9/73 (P1. 1). Diiferent configu-
rations, explosives, groups of geophones, linear groups of three to seven shallow
boreholes, and the effect of filtering on the instrument operation were tested. To
determine the signal/noise ratio, wave patterns within the distance of 2,650 m from the
shotpoint were measured.

To enhance the suppression of interference waves, weighted groups of geophones at
approx. 100 m intervals were tested. This relatively long group did not bring a notable
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improvement. Nevertheless, the suppression of interference waves was betier as com-
pared with the common 50 m intervals. Analogous was the objective of testing linear
groups of shallow shotholes. It was found out that the effectivity of such a group equals
the effeciivity of one deep shothole. Because of unfavourable drilling conditions the
testing did not include the expensive grouping of deep boreholes. Experiments with
grouping of shallow shotholes showed that this technique might yield favourable resulis.

Applications of different systems of measurements on profiles — split spread, end-on
and reversed end-on spreads — did not stress special advaniages of one sysiem over
another. Similarly, recording at greater distances from the shotpoint (in the interval
1,325-2,475 m) tested on profile 8B/73 did not yield better resulis.

Experiments in the environs of Adidovce and Zubné showed that location of 20-30 kg
explosives in shotholes on average 25 m deep was most effective.

In 1981 recording to 10 s was tested on profiles situated near the deep borenoles
Smilno-1 and Zboj-1 (37/81, 38/81). However, on both profiles a drop in seismic energy
to noise level was observed at times over 5 s. Therefore the recording length of 5-6 s
was chosen as optimal.

The comparison of resulis obtained in the environs of Smilno on profiles 34/81 (50 m
intervals of points of arrival) and 34A/84 (25 m intervals of poinis of arrival) favoured
the 25 m interval (96-channel recording), namely for measurements to the depih of
3,000-4,000 m. At greater depths the 50 m interval will be predominantly applied.
Application of a large coverage which means a greater filtration effect of CDP summa-
tion and an improved signal/noise ratio is expected to provide better resulis.

Parametric measurements were also carried out in the surrounding of Bardejov and
Starina (1972), Smilno (1972 and 1981), MatiaSka (1975) and Zboj (1973 and 1981) -
cf. Pl. 1.

The seismological conditions on the surface are analogous in the Intracarpathian
Paleogene and in the Flysch Belt. Therefore, analogous experimenis were carried out in
the two areas. Despite the seismogeological similarity of the surface struciure of both
areas, recordings from the Intracarpathian Paleogene contained abundant reflections and
parametric measurements in the area yielded much better results. The methodology of
seismic measurements in the Flysch Belt was modified using resulis from the Intracar-
pathian Paleogene. Parametric measurements in the Intracarpathian Paleogene were
carried out in the environs of Bajerovce (1974), HanuSovce and Sambron (1975),
Sari¥ské Sokolovce (1976) — cf. PL. 1.

In the Klippen Belt parametric measurements were conducied N of Bysiré nad Toplou

(1975) - cf. P1. 1.

Methodology of field works and used instrumentation

Field parameters for CDP seismic measurements were chosen on the basis of resulis
of parametric measurements.
Waves were generated by dynamite technology. In the period 1972-1975 mainly the
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six-fold coverage was used, later 12-fold coverage. A split spread with 50 m intervals
between groups of geophones was used, in 1984 also 25 m intervals.

Arrivals of reflected waves were recorded by digital seismic units SN 338, SN 328
and DFS IV with input filter 16—125 Hz, 12.5-125 Hz or 18-124 Hz respectively,
sampling interval 2 ms and record length 5 or 6 s.

Elastic waves were generated by blasting 20-30 kg explosives located in 25-30 m
deep holes. Geophones GSC-11D with frequency of 10 Hz were grouped by 24.

Seismic data processing

Until 1978 digitally recorded data had been processed on the EMR 6070 Advance
computer with plotter TNR 91. Standard seismic software was used for demultiplexion,
amplitude recovery, static corrections, time variable filtration and deconvolution. Seis-
mic waves were migrated through weighted diffraction summation. Kinematic correc-
tion were calculated on the basis of velocity tests using 18 chosen velocities.
Deconvolution was performed according to the character of the seismic material —
before, after or before and after stacking.

Since 1979 seismic data have been processed on the RDS 500 computer with APOLLO
processor, controlled by the program system GEOMAX (registered trade mark CGG).
Graphic representation of results is done by plotters VERSATEC and TNR 95. Compared
with the EMR system GEOMAX is more versatile. It can be used for automatic
calculation of residual static corrections, for processing of SLALOM line seismic data
(registered trade mark CGG), for enhancement of the wavefield coherency, for migration
of seismic information (program WEMIG). For a correct function of the program
WEMIG the inclinations of reflecting horizons must not be larger than 45°. Migration
by means of wave equations much better preserves the dynamics and frequency content
of the time section. As a rule, deconvolution is performed after summation.

Digital processing of seismic data including its final stage, i.e. graphic representation
in the form of migrated time sections is performed in the department of seismic data
digital processing, Geofyzika Brno.

Velocities
Well-shooting

For reflection seismic data processing the knowledge of velocities is essential for
time/depth conversion. Most reliable information is provided by well-shooting. Fig. 1
shows the dependences of average velocities on depth for individual deep boreholes
sitnated in the study area and chosen for the conversion. It follows from Fig. 1 that
average velocities attain the highest values in boreholes PU-1 Sambron, MLS-Humenné,
Plavnica-1 and Hanu$ovce-1. The curve for the borehole Smilno-1 shows the lowest
average velocities. Velocities measured in the borehole Sari§-1 and Zboj-1 range between
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1. Depth-dependences of average velocities according to well-shooting.
1 - HanuSovee-1, 2 — MLS-1 Humenné, 3 — Lipany-1, 4 — Lipany-2, 5 — Lipany-3, 6 — Plavnica-1, 7
— Smilno-1, 8 — PU-1 Sambron, 9 — Saris-1, 10 ~ Zboj-1.

them. The curve of average velocities Lipany-1 demonstrates higher velocities than
curves Lipany-3, Lipany-2 and Saris-1 for the same depths. The curves from boreholes
Saris-1, Lipany-1 and 2 reflect at the depth of 1,350 m, 2,750 m and 2,870 m respectively
a striking change of velocity gradients characterizing the influence of the Intracarpathian
Mesozoic basement. Similarly the curve of average velocities from boreholes Plavnica- 1
demonstrates a larger velocity gradient due to the presence of a block of fractured
dolomities at the depth of 2,300 m.

In the Paleogene complex average velocities of elastic waves sirikingly decrease from
NW to SE, which is due to the lithology of sediments. The Iniracarpathian Paleogene in
the vicinity of the borehole PU-1 Sambron contains numerous sandstone layers with
higher velocities of seismic waves propagation as compared with Paleogene rocks with
a higher content of pelitic sediments in the environs of Lipany (Moikovsky-Filkova
1985) and in the vicinity of the borehole Sari-1. At a depth of approx. 1,000 m the curve
Vaver(H) of the borehole Saris-1 shows an increased velocity gradient due to calcareous
rocks in the basement of the Sambron formation.

Layer velocities in the /ntracarpathian Paleogene complex range from 2,600 to 5,600
m/s. The exceptionally high values 5,600-5,800 m/s recorded in the borehole Lipany-2
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in the depth interval 2,400-2 660 m, and the velocity of 6,300 m/s recorded in the
borehole Lipany-5 in the depth intervals 2,560-2,720 m and 2,810-2,900 m are due to
the presence of displaced blocks of older rocks (olistoliths?). Layer velocities of
individual curves generally increase with increasing depth though the positive character
of the increase is locally affected by lithological changes or by tectonic deformation of
rocks. For instance, a local decrease in velocities in the depth interval 1,360-1,750 m in
the borehole PU-1 Sambron is due to very porous interformational conglomerates in the
basement of the Sambron formation. Lower layer velocities can also be observed in
intervals 1,620-1,770 m in the borehole Lipany-2 and 2,450-2,560 m in the borehole
Lipany-3.

Layer velocities in the Mesozoic and crystailine basement of the Intracarpathian
Paleogene in the boreholes Lipany-1,2, Sari¥-1 and Plavnica-1 range from 5,800 to
7,500 m/s. A striking decrease to 5,000 m/s occurs in Lower Lias-Keuper rocks, in
variegated Werfenian schists and in Lower Triassic quartzites. For the Humenné Meso-
zoic formation well-shooting in thee borehole MLS-1 Humenné recorded velocities
ranging from 4,000 to 4,140 m/s (pelites, psammites) and 6,100 m/s {limestones,
dolomites).

Layer velocities recorded within the Klippen Belt, where the borehole Hanusovce-1
reached the depth of 4,000 m, range from 3,400 to 5,700 m/s.A noticeable decrease of
velocities within the interval 3,450-3,800 m is obviously due to tectonic deformation.

In the Magura nappe reached by the borehole Smilno-1 in the depth interval 0-
4,600 m, layer velocities first gradually increase with depth (from 2,700 to 4,950 m),
then from 1,750 m downwards the recorded range is 4,950-5,000 m/s, except the depth
interval 2,850-3,100 m where the velocities are substantially lower. It may be due to
tectonic dissection. Layer velocities within the Rafa and Krynica unit of the Magura
nappes struck by the borehole HanuSovce-1 in the depth interval 4,000-6,003 m beneath
the Klippen Belt range from 5,500 to 5,700 m/s.

For the Outer Flysch Belt penetrated by the 5,700 m deep borehole Smilno-1 in the
basement of the Magura nappes, layer velocities around 5,000 m/s are characteristic.

Layer velocities recorded in the borehole Zboj-1 in the Dukla nappe unit range from
3,800 to 5,000 m/s (in the interval 100-3,800 m). Layer velocities in the Zboj series
struck by the borehole Zboj-1 range from 5,000 to 5,700 m/s in the depth interval
3,800-5,002 m.

Subsurface velocities

The above presented well-shooting data provided only separate pieces of information
about acoustic waves velocities. To gain more comprehensive knowledge about the
changes of velocities of elastic waves propagation throughout the area of interest,
subsurface velocity values yielded by reflection seismic profiling were considered.

For processing, all the numerous secondary factors affecting the propagation of elastic
waves must be taken into account. It is €.g.the tangential tectonics which may directly
influence the physical properties of rocks, and by displacing stratigraphic formations
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significantly influence the velocities (Mofkovsky-Filkovd 1985). At the same time it
must be assumed that the relative dependences of velocities, despite the differentiated
effect of lithology on the rate and iniensity of weathering, are preserved. A diagram was
constructed of the distribution of subsurface velocities in the Intracarpathian Paleogene,
in the Klippen Belt, and in the adjacent part of the Magura Flysch (P1. 2). Siudies of
subsurface velocities and the assumed vertical and horizontal distribution of lithostrati-
graphic complexes helped to delimit the areas of the industrial model velocity curves.
They were, of course, based on well-shooting data.

The highest subsurface velocities (4,200-4,600 m/s) in the Intracarpathian Paleogene
were measured south of Jakubany and in the sirip of outcrops of the Sambron formation
(calcareous sandstones prevailing over claystones with beds of conglomerates), stretch-
ing from the borehole PU-1 Sambron to the ESE. Towards the north and south the
subsurface velocities sirikingly decrease to 2,800-3,600 m/s which is connected with
the presence of the prevailingly claystone Paleogene facies. The increase in velocities
south of Jakubany is due to the top sandstone Paleogene series. In the broader environs
of Lipany, subsurface velocities range from 3,300 to 3,900 m/s. East of Lipany, in the
broader environs of Sabinov, the velocities range from 3,000 to 3,300 m/s. In the area
east of Sariiské Sokolovce and Gregorovce a decrease to 2,500-3,000 m/s was recorded.
The same values occur in Lower Miocene complexes in the environs of KapuSany.
Farther eastwards, in the area KapuSany-Bystré nad Toplou, the subsurface velocities
again increase. In the southernmost parts of the western section of the Intracarpathian
Paleogene near Sari§ské Michalany a gradual decrease from NW (via Medzany) to SE
can be observed. Also this phenomenon can be related to the lithofacial changes within
the Palacogene, most probably to claystone series which prevail over sandstone beds.

In the Klippen Belt, between Kamenica and Sari§ské Sokolovce, subsurface velocities
range roughly from 3,900 to 4,200 m/s. Near Terfia, HanuSovce and Udol subsurface
velociiies are lower (3,000-3,600 m/s). Generally, subsurface velocities of elastic waves
in the Klippen Belt are higher as compared with the adjacent part of the Iniracarpathian
Paleogene. An exception is the area of Udol and Plavet, covered by Upper Eocene
graywacke and calcareous, often slightly diagenetically lithificated sandsiones and
calcareous claystones of the Ujak development — Malcov series — where the velocities
are practically the same as in the Intracarpathian Paleogene.

In the Magura Flysch the highest subsurface velocities (4,200-4,600 m/s) were
observed in the Cergov massif, south-west of Herinik. For this area, coarse-grained
calcareous Cergov sandstones are typical. Striking drops of velocities (2,700-3,300 m/s)
at the northeastern ends of profiles 46/83 and 74/85, south of Herinik are associated with
the contact of sandstone layers with the prevailingly pelitic Malcov series.

Generally, the diagram of subsurface velocities confirms the relations between veloci-
ties of elastic waves propagation in the Iniracarpathian Paleogene revealed by well-
shooting (Mofkovsky-Filkova 1985), i.e. the gradual decrease in velocities from the
Sambron area towards the southeast due to lithofacial changes. However, this may also
manifest the differences in compaction which have been described for the Intracarpa-
thian Paleogene by Ondra-Handk (1989). The change in velocities was also indicated by
refraction seismic data (Jar¢ et al. 1976).
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The areas of the individual model velocity curves
in the Intracarpathian Palecgene

For application of velocity models (based on well-shooting data) on reflection seismic
profiles, the areas of individual velocity curves, or the transition zones between them
had to be delimited. For this purpose not only subsurface velocities, but also results of
analysis of geophysical information in time sections, and data on stratigraphy and
structure (Pl. 2) were used.

The velocity curve PU-1 Sambron covers the arca where subsurface velocities range
from 4,200 to 4,500 m/s. The velocity Vo obtained by well-shooting in the borehole PU-1
Sambron is 4,200 m/s. Although in the environs of Plavet a drop in subsurface velocities
can be observed, we use, with regard to the assumed small thickness of the here
outcropping Ujak claystones — the Malcov series — the velocity curve PU-1 Sambron for
the whole area east of the borehole PU-1 Sambron towards the Klippen Bel.

The area of the velocity curve Saris-1 was delimited on the basis of prevailing
occurrences of subsurfaces velocities in the range 2,900-3,000 m/s (well-shooting in
the borehole Sari¥-1 yielded velocities Vo ranging from 2,000 to 3,000 m/s).

Velocity curves Lipany-1, 2 and 3 apply for an area of velocities ranging from 3,000
to 3,600 m/s. Regarding the evident drop in velocities of elastic waves in the area east
of the Lipany boreholes, the velocity data yielded by measurements in the boreholes
were corrected. Layer velocities obtained in the borehole PreSov-1 were also taken into
account (in the Intracarpathian Paleogene complex the layer velocity was 3,950 m/s).
The lowest velocities were observed between Teriia and Sari$skd Poruba, i.e. in an area
where the Celovce depression Neogene rocks crop out. Farther to the east an increase in
velocities of elastic waves is assumed.In the broader surroundings of HanuSovce the
velocity distribution will probably be very similar to that in the environs of Lipany.

Velocity analyses would not be suitable for the areas of interest (the Intracarpathian
Paleogene and the Flysch Belt) contrary to less tectonized regions as e.8. the East
Slovakian Neogene Basin. The reasons are thee high order of velocities and lack of larger
reflections corresponding to layer boundaries. Continuous reflection horizons are usu-
ally due to fault tectonics — overthrusts. Because of lack of seismic data such an analysis
can hardly be objective. Therefore, velocity analyses were only used to substitute other
velocity data.

A short review of results of processing the data on velocities
of seismic waves propagation in the Intracarpathian Paleogene,
in the Klippen Belt, and in the East Slovak Flysch

Velocities of elastic waves propagation in the Intracarpathian Paleogene were docu-
mented by well-shooting in boreholes PU-1 Sambron, Sari§-1, Lipany-1, 2 and 3,
Plavnica-1, and PreSov-1 (which in the basement of Neogene sediments verified the
Intracarpathian strata).

The studies of velocities in the basement of the Intracarpathian Paleogene were based
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on seismic data from boreboles Lipany-1, Lipany-2, Sari-1 and Plavnica-1 drilled in
the Mesozoic basement. There the layer velocities were 6,300 m/s in the borehole
Lipany-1, 6,000 m/s and 7,200 m/s in the borehole Lipany-2. In the upper, pelitic layers
{Middle Cretaceous) in the borehole Sari3-1 in the depth interval 1,340-1,450 m (not
present in the Lipany area) layer velocities atiain 4,800 m/s. The deeper Middle
Cretaceous to Jurassic sirata down to the depth of 2,605 m and Keuper claysiones down
to the depth around 2, 800 m exhibit average layer velocity of 5,800 m/s. In the Middle
Triassic dolomite complex layer velocities range from 6,000 to 7,500 m/s, while in the
Werfenian formation they drop to 5,000 m/s. The Mesozoic rocks in the borehole
Plavnica-1 exhibit layer velocities of 5,000 m/s, 6,500 m/s and 7,400 m/s. The crysialline
complex in the borehole Sari3-1 is characterized by relatively low "layer” velocity of
5,850 m/s, which is due to strong tecionic deformation.

Velocity data from the Klippen Belt were produced by well-shooting in the borehole
HanuSovce-1 (points A,C).

Velocities in the Flysch Belt in the area of the Smilno tectonic window were reliably
measured in the borehole Smilno-1. Reliable are also the seismic resulis from the
borehole Zboj- 1. They were used for evaluation of velocities on profiles siretched in thee
area of Zboj and Starina, Adidovee and Zubné.

For extrapolation of traveltime curves (at depths without well-shooting data) for the
pelitic-carbonatic complex of the Upper Mesozoic we utilized layer velocities in the
range from 4,800 to 5,800 m/s, for extrapolation in the carbonatic complex the velocity
of 6,300 nw/s was used. This layer velocity value was obtained by averaging the velocity
values measured in boreholes Lipany-1, 2, Sari§-1 and Plavnica-1. We also considered
the thickness of the drilled interval and its lithological composition. Further, refraction
seismic resulis from the profile 12/R/74,75 where a velocity boundary with boundary
velocity of 6,300 m/s was considered. The boundary can be regarded as the surface of
Central Carpathian carbonate series covered by Paleogene strata. The given layer
velocities were compared with seismic data from boreholes Durkov-1 (Filkov4-Mof-
kovsky-Pernica 1969) and Kecerovské Pekfany-1 (Pernica-Filkovd 1974a) in the
Kosick4d kotlina depression.

Velocity studies in the crystalline complex are not easy because of lack of seismic data.
To determine the characieristic "layer” velocities, we consider data typical of the
crystalline complex built of granodiorites and gneisses in the study area in the borehole
Sari¥-1, in the Kogick4 koilina depression in boreholes Rozhanovee-1 (Filkovd-Moi-
kovsky-Pernica 1971) and Kecerovské Peklany-1 (Pernica-Filkovd 1974a), in the
Danube Basin and on the southeasiern slopes of the Bohemian Massif, e.g. in boreholes
Koldrove-3 (Jakes et al. 1978), Osvétimany-1 (Pernica-Filkovd 1975) and Zd4nice-4
(Pernica-Filkov4 1974b). Taken into account were also the average values from meas-
urements of velociiies of longitudinal elastic waves propacauon on samples of rocks
similar to the rocks in the study area (Uhmann 1974).

it should be noted that because of a limited amount of information and data about
velocities of elastic waves in deep-seated complexes we often had to make conclusions
on the basis of separate or not quiie explicit information.

Using the above given information about velocities of elastic waves and using
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geological models we constructed graphs 2t(H) for seismic CDP profiles. They were
used for time-depth conversion of data from seismic sections. An example of the
simplified dependence 2t,(H) for profile 42/82 is in PL. 3.

Methodoiogy of interpretation

Geological interpretation of reflection seismic profiles included incorporation of
stratigraphic data from deep boreholes in time and depth sections, tying up the horizons
corresponding to stratigraphic data, and identification of indications of faunlt tectonics.
Tectonic lines were located according to discontinuities of continuous boundaries,
anomalous dipping of reflections, and according to all available geological and geo-
physical data.

Correlation of reflection horizons and stratigraphic boundaries and identification of
faults were done in migrated version with deconvolution and with enhancement of wave
field coherency. Also unmigrated maierials were used for interpretation. They were
.utilized namely for verification of geophysical reliability of reflection elements, for
study of diffracted and interference waves, etc. In this way obtained geophysical material
for time sections was by means of graphs 2t.(H) converted to depth.

In the course of interpretation of seismic data from the broader environs of Lipany it
was found that the only boundary for reliable study is the relief of Triassic dolomites in
the Intracarpathian Paleogene basementi. In the intricate tectonic structure, CDP data
alone are not sufficient for a serious evaluation of the fault tectonics and for tracing the
tectonic lines in the area. The siudied boundary, i.e. the Triassic dolomites relief, was in
the broader environs of Lipany interpreted on individual seismic profiles and conse-
quently a structural scheme of the area was compiled.

The used stratigraphic daia were provided by Moravské naftové doly, k.p. Hodonin,
branch Michalovce and by the Geological Institute of Dionyz Stdr, Bratislava. Other
sources are quoted in the text.

Geophysical and geological information

The Intracarpathian Paleogene and peri-Klippen
area in the broader surroundings of Lipany

It should be noted that the opinions on the tectonic structure of the Intracarpathian
Paleogene changed many times. In the 1950s the first information about tectonics was
connected with geological mapping works of J. Ilavsky, B. LeSko and O. Samuel, which
were focused on lithostratigraphy mainly. Then followed the team work on the geological
map of Czechoslovakia on the scale of 1:200,000, sheets Vysoké Tawry Mis. and
Kosice-Zborov, edited by O. Fusdn and A. Matgjka. The works were continued within
the framework of detailed mapping and prospection for hydrocarbons by T. Durkovig,
P. Gross, F. Chmelik, T. Kordb, B. LeSko, R. Marschalko, J. Nem{ok, and others.
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In 1963, E. Mendik summarized the geophysical data from the flysch belt in eastern
Slovakia (incl. the Intracarpathian Paleogene) for the purposes of oil prospection. The
author observed the direct relation between gravity anomalies and the surface structure
of the Klippen Belt, and pointed out the scope of interpretation. Of basic imporiance
were the works by R. Marschalko, explaining the development of the Iniracarpathian
sedimentation area from the viewpoint of dynamic sedimentology.

In summary it can be stated that many authors studying the tectonic structure on Polish
and Czechoslovak territories assumed a comparatively simple brachysynclinal structure
of the Intracarpathian Paleogene. The assumption was mainly supported by small
inclinations of layers known from ouicrops. Numerous normal faults and the reverse
thrust of the Klippen Belt over the Intracarpathian Paleogene were assumed — Fusdn et
al. (1963), Matéjka et al. (1964), Strdnik (1965). A larger tectonic deformation of the
Intracarpathian Paleogene was assumed near the Klippen Belt and confirmed by Nem&ok
et al. (1977).

In his works from the period 1952—1959 Golab (fide Chmelik 1963) described nappe
dislocations in the Polish part of the area. Other authors, however, do not share his
opinion. Chmelik (1963} and Chmelik in Buday et al. (1967) in his study of the
Intracarpathian Paleogene between RuZomberok and PreSov mentioned only overthrusts
and normnal fault sections, not nappes. In agreement with LeSko (1958), Chmelik (1963)
revealed the tectonic contact of basal and higher Paleogene series along the northern
margin of Branisko. But he emphasized overthrusting of younger complexes over older
ones, including the Mesozoic. The author paid attention especially to the Hromos- Sam-
bron anticlinal zone which he considered the most important post-Paleogene siructure
predisposed by WNW-ESE directions disturbing the anticlinal zone. He assumed sieep
dipping to the SSW and overthrusting to the NNE. Chmelik (ibid.) further assumed that
a similar dislocation is followed by the flow of the Torysa river between Krivany and
Sabinov. In the course of Styrian movements the Klippen series and the Magura Flysch
were thrust back over the Intracarpathian Paleogene and thus most megasynclines and
megaanticlines originated. It should be noted that many of the opinions and problems
forwarded by Chmelik (1963) or by Chmelik in Buday et al. (1967) have been further
studied and led to drilling the deep borehole Sari§-1 (Lesko-Chmelik-Rudinec 1982).

An entirely new aspect in these works is the interpretation of significant Old Styrian

' movements in the Iniracarpathian Paleogene, described as the Lipany overthrusts. Most
important for a progressive evaluation of seismic data was the identification of the main
elements of the tectonic style of reverse overthrusts. In many cases this interpretation
completed the interpretation of the above mentioned field mapping finds of Chmelik.

Interpreting the data from the borehole Lipany-1, LeSko-Nemdok (1979) mentioned a
generally lower iniensity of folding in the Intracarpathian Paleogene as compared with
the borehole PU-1 Sambron. The contact proper of the Paleogene base with the Mesozoic
has the character of sediment deposited in situ. The upper part of the basal lithofacies
incorporates sliding bodies, indicating a general change in sedimentation. Later, LeSko
et al. (1982) did not study tectonic problems.

Closely related to the discussed problems is the structure of the peri-Klippen zone. At
the contact with the Iniracarpathian Paleogene and at the contact with the Krynica unit,
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it was explained by Nem&ok by the overthrusting of the Magura Flysch and the Klippen
Belt over the Central Carpathians, or by the thrusting of the Central Carpathians under
the Klippen Belt and outer flysch (1961, 1978). Thus he also explained the double-ver-
gency of the Magura nappe (1983, 1984). Previous regional geophysical works con-
cerned with these problems were evaluated by Kadletik et al. (1977) and Lesko et al.
(1979). Of recent works regarding the peri-Klippen zone, Polish results must be men-
tioned. Using data from deep boreholes Maruszyna IG-1 and Banska 1G-1, and from
geological field work, Birkenmajer (1985) constructed a geological section implying the
author's conception of only south-vergent overthrusts. He does not assume the existence
of north-vergent reverse faults neither at the northern margin of the Klippen Belt, nor in
the Magura nappes. It should be noted that data from the Polish boreholes do not exclude
that the tectonic style is that of the Lipany area, i.e. submersion of sub-Tatra nappes in
the basement of the Intracarpathian Paleogene towards the north. Regarding the lack of
data about the character and course of the Paleogene-Mesozoic boundary, namely south
of the borehole Banska 1G-1, also this interpretation, i.e. rather steep submersion of the
Mesozoic under the floor of the borehole Maruszyna 1G-1 is possible.

Interpretation of tectonics in reflection seismic profiles

As the general conception of the tectonics of the study area was based on qualitative
evaluation of reflection seismic data, we shall outline the reasons that complicated the
identification of extensive seismic boundaries as tectonic planes:

— transgressive lithofacies (incl. numulite limestones) 150 and 100 m thick in bore-
holes Lipany-1, Banska IG-1 and Zakopane IG-1 found on the Paleogene base suggested
regional distribution of a physically distinct boundary

— tectonic zones in Neogene basins represent boundaries, in the time section accom-
panied by a system of diffracted waves.

Diffractions cannot be observed with overthrusts in the Intracarpathian Paleogene. It
is obviously due to several factors:

~ small physical contrast along dislocations in strongly compacted rocks

— due to strong compaction and therefore high velocities of elastic waves diffracted
envelope waves are only slightly curved and cannot be distinguished from other curved
layer boundaries. To a certain extent it relates to the relatively small dip of tectonic
boundaries

— computer velocity analyses did not show striking changes of velocities of the
observed boundaries.

As it has already been said, new views on tectonization of the Intracarpathian Paleo-
gene were forwarded by Nemcok, and namely confirmed the basic conception published
by Lesko-Chmelik-Rudinec (1982).

Now to the reasons which led us to localization of reverse overthrusts in the Intracar-
pathian Paleogene to the SW, approximately parallel to the surface structure of the
Klippen Belt. First of all it was the discrepancy of dippings of layers found on cores
from the surroundings of Lipany, with dips of large seismic reflections, often with large
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amplitudes. Another reason was the zonal arrangement of reflections, especially notice-
able on profiles parallel to the young structure of the Klippen Belt (e.g. profiles 42/82,
19/76) and tested by perpendicular profiles. The overthrusts are well demonsirated by
data from the boreholes Lipany-1, 3, 2 in combination with seismic section of profile
42/82 (P1. 3). There, around the borehole Lipany-3 at 1.0—-1.2 s subhorizontal amrange-
ment of reflections can clearly be observed. In the respective depth interval, i.e. 2,100
—2,500 m, dark-grey to black-grey consolidated calcareous claystones with dips of layers
15-43° prevail. In their base at the depth 2,925-2,929 m, calcite-healed fractures form
horizontally oriented systems (Rudinec-Reficha 1983). Tectonic deformation from the
depth 2,100 m upwards is documented by drill cores and by anomalies on average
velocities curve. Also the complex of subhorizontal reflections on profile 22/78 (0.78—
1.0 s) corresponding to the depth interval 1,550-2,150 m is documented by core from
2,126-2,129 m of the borehole Lipany-2 where very strong tectonization and inclina-
tions up to 62° are described. Then the continuous reflections in the vicinity of the
borehole Lipany-5 at 1.16 s on profile 15/75 (the depth of 2,500 m) confirm the existence
of an extensive reflection area. The surface of the Mesozoic was struck at the depih of
2,957 m (Rudinec 1986).

It should generally be noted that with this structural style the lithostratigraphic
boundaries are mostly conditioned by the tectonics and by differeni competence of
layers.It is possible to determine the character of stratigraphic boundaries either in the
close vicinity of deep boreholes or where significant lithostratigraphic complexes can
be distinguished by other geophysical methods (see the positive gravity anomaly Krdsna
Liika).

The presented seismic sections (Figs. 2-5, Pl 3) show that despiie the doubitful
characier of the material available we interpreted numerous faults, prevailingly over-
thrusts. However, owing to the differences in their seismic manifestations and to the
relatively thin network of profiles we often could not tie the indications with one another.
For the same reason we did not include in the sections the youngest normal faulis,
evidently deforming the Klippen Belt as well as the Intracarpathian Paleogene.

In the Intracarpathian Paleogene and in the Mesozoic the seismic manifestations of
normal faults are, compared with overthrusts, less distinct. It is obviously due to a sirong
rock compaction.

Profile 19/76 (Fig. 2)

The NW-SE siriking profile runs from the southern margin of the village of Sambron
to the area souih of RoZzkovany, roughly parallel to the Kiippen Belt outcrops, at the
distance of 7-8 km. Seismic data from the profile enabled comparatively reliable
interpretation of the Intracarpathian Paleogene base, of the relief of Triassic dolomites,
and of the crystalline basement.

In the area of crossing with profiles 20/78 and 32/80 it can be well observed where the
movements of eastern overthrusis ended on the line of displacement of the upper floor
of the Intracarpathian Paleogene, i.e. on the Lipany overthrust fault. Owing to the
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2. Seismic profile 19/76, time section with geologic interpretation (12-fold coverage, interval between
the points of arrival 50 m, time-variable filtration and deconvolution, wave field coherency, wave migration).
1 — Intracarpathian Paleogene, 2 — Upper Mesozoic, peliticcarbonatic complex (Albian-Keuper); 3 - Middle
Triassic dolomites (or varied schists and Lower Triassic quartzites); 4 — crystalline complex; LP - Lipany
overthrusts.

mentioned structural elements the elevation Bajerovce-Krasna Luka is ranged with a
system of N-S striking overthrust faults and thus related to the Branisko elevation
(Lesko-Chmelik-Fusan 1980). It is confirmed by the course of gravity isoanomalies. The
north-western part of the profile near the crossing with the profile 31/80 was affected
by fault dislocations called by Lesko-Chmelik-Fusan (1980} north-southern western
overthrust faults and regarded younger as compared to the eastern overthrusts. Contrary
to these authors we suppose that the foundation of N-S overthrusts cannot be identified
with the continuation of the Murafi-Divin fault towards the NE. They are rather inde-
pendent tectonic zones, both in terms of genesis and direction.

As regards the longitudinal structural elements, i.e. approximately parallel to the
profile, the Lipany overthrust fault, overlapping the N-S striking castern overthrust
faults, is clearly indicated. The Lipany overthrust fault has been affected by recent
normal faults which apparently offset dislocations of the overthrust zone. The contact
of the Upper (pelitic-carbonatic) Mesozoic with the Paleogene is most probably tectonic.
Directions of reflections and their size within the Upper Mesozoic inner structure are
obviously affected by eastern overthrasis. Using data from crossing profiles and from
boreholes Saris-1 and PU-1 Sambron we investigate the extent of the Upper Mesozoic
conditioned by tectonics and by denudation.

According to data on the thickness of the Middle to Lower Triassic complex from
borehole Sari$-1, the complex is ranged with typical seismofacies. As on profiles 20/78,
20A/178, etc., it is a series of mostly 100—200 m long events with large amplitudes. Along
the profile 19/76 they often subhorizontally dip to the SE, i.¢. dip parallel with the eastern
overthrasts. The Lower Mesozoic boundary is well indicated as in the crystalline
complex reflections of the described character disappear (see profiles 20/78 and 20A/78
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in Fig. 5). The contact proper between the Mesozoic and crystalline complex may be
tectonic. Towards the NW of station 4.0 km, i.e. of the indication of the Mur4i fault and
western overthrust faulis, the indications become less and less evident. In sense of
Cekan-Movkovsk§ (1982) we regard these parts as the culmination of the Krizna
dolomite relief in the zone Bajerovce-Krdsna Liika. Also the increased thickness of
dolomite westivards of the crossing with profile 32/80 interpreted from seismic data are

in accordance with gravity data.

Profile 22/78 (Fig. 3)

The profile is stretched perpendicular to the principal structural elements of the area.
1t runs from the ouicrops of the sandstone series S of Cervenica towards the NE through
the deep borehole Lipany-2 crossing the southern margin of the Klippen Belt. The
number and quality of reflection seismic elements from the Iniracarpathian Paleogene
are in accordance with near profiles of the same trend. The zone of joint reflections at
the time 1.0-1.1 s in the south-western part of the profile indicates the Lipany overthrust
fault. NW of the profile 22/78, the Lipany fault is even better indicated in the seismic
material, while towards the SE the indications fade out. Generally, it can be said that the
indications of the Lipany fault become clearer with distance from the Klippen Beli, i.c.
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3. Seismic profile 22/78, time section with geologic interpretation (12-fold coverage, 50 m interval between
the points of armrival, time-variable filtration and deconvolution, wave field coherency, wave migration).
1 — Intracarpathian Paleogene; 3 — Middle Triassic dolomites; 5 — Klippen Belt ountcrops; LP — Lipany

overthrusts.
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towards the SW (profiles 21/78, 33/80). In the borehole Lipany-2 at the depth of 2,365 m
(i.e. at the time approx. 1.09 s) a great loss of mud occurred. Considering the negligible
primary porosity of rocks, it testifies to the existence of a crushed zone along a significant
tectonic zone. We are of the opinion that related to this significant zone — the Lipany
overthrust faolt — are most occurrences of Mesozoic rocks, so far regarded as elements
transferred by sedimentation — olistoliths. From results obtained on the profile 22/78
and on other seismic profiles in the area it follows that the Lipany fauli represents only
part of a whole system of reverse movements that affected e.g. the northern margin of
the sandstone series at the southern termination of the profile 22/78, predisposed the
Torysa river valley and displayed other effects.

The Mesozoic relief in the Intracarpathian Paleogene basement reached by the bore-
hole Lipany-2 can be comparatively well traced to the Klippen Belt outcrops. The
dipping of the relief towards the N was also confirmed by the boreholes Lipany-4 and
Lipany-5. The stretch of the Klippen Belt at depth cannot be drawn in seismic section.

Profile 26/79 (Fig. 4)

The profile runs from Sari§ské Michalany roughly towards the NNE closely behind
the northern margin of the Klippen Belt outcrops. The dolomite relief in the Intracarpa-
thian Paleogene basement is indicated by the presence of reflections with large ampli-
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4. Seismic profile 26/79, time section with geologic interpretation (12-fold coverage, 50 m interval between
the points of atrival, time-variable filtration and deconvolution, wave field colierency, wave migration).
1 — Intracarpathian Paleogene; 3 — Middle Triassic dolomites; 5 — Klippen Belt outcrops.
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tudes. In the central part of the profile a local arching of the relief can be observed. It is
probably the front part of the high block of the Inner Carpathians, along which over-
thrusting from NE to SW took place.

Some elements observed on the profile 42(82 at the crossing with profile 26/79 (e.g.
the subhorizontal reflection zone at the time interval 0.9-1.0 s which might indicate
overthrust tectonics) do not appear on the described profile. A striking phenomenon on
the profile 26/79 in the time interval 1.2-1.6 s beneath the Klippen Beli outcrops is a
group of subparallel reflections with large amplitudes. They are interpreted as manifes-
ting intensive imbrications of deep sequences of the Intracarpathian Paleogene. The dips
of reflections in the marginal parts of profile 26/79, similarly as with the profile 22/78,
are not reliable. Distortion due to migration played a role there.

Profile 20/78 - 20A/78 - 20B/80 (Fig. b)

When interpreting the reflection seismic profiles we made some changes in the
interpretation of stratigraphy of the borehole SariS-1 done by Kordb et al. (1986).
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5. Seismic profile 20/78-20A/78-20B/80, depth section with geologic interpretation.

1 — events on profiles 20/78 and 20B/30: a — very strong reflections, b — strong reflections, c — weak reflections;
2 — events on profile 20A/78: a — sirong reflections, b — weak reflections; 3 — dippings of beds revealed by
borehole Saris-1; 4 — stratigraphic boundaries; 5 — faults; 6 — sandstone series of the Intracarpathian Paleogene
(its base is indicated by inclined hatching); 7 — Intracarpathian Paleogene (its base is indicated by inclined
hatching: 8 — Albian—Lias; 9 - Lower Lias—Keuper (Upper Mesozoic pelitic-carbonatic complex): a — Lower
Lias, b — Keuper; 10 — Middle Triassic (dolomite with anhydrite layers); 11 ~ Lower Triassic (coloured
Werfenian schisis, quartzites); 12 — crystalline complex: a — granodierites, b — gneisses; LP — Lipany
overthrusis.
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Because of lack of drill cores (first in the depth interval 1,735-1,740 m) and of small
reliability of drill cuttings for stratification of the drilled series we emphasized the
geophysical boundaries traced in the borehole and on reflection seismic profiles 20/78
and 20A/78 as well as in other well log data. Further we considered the tectonic structure
in general. The depth data obtained by seismic interpretation of stratigraphic and tectonic
boundaries must be regarded with tolerance considering especially the anisotropy of
velocities of elastic waves propagation and the complex development of the Intracarpa-
thian Paleogene in general. Anisotropy of velocities in folded areas expresses the ratio
of structural difference of rocks in longitudinal direction and in direction perpendicular
to the youngest tangential tectonics, which is the limiting factor affecting also the
velocities of elastic waves. In the further description of the seismic profile 20/78-
20A/78-20B/80 the depth data are taken from the collar of the borehole Sari§-1.

0- 1,340 m the Intracarpathian Paleogene

On the profile 20/78 in the Intracarpathian Paleogene single fragmented reflections
prevail. The only continuous system is the zone of reflections in the borehole Sari3-1 at
the depth of 995 m, dipping towards the NNE. In our opinion these reflections correspond
to the Lipany overthrusts, i.e. to the fault zone which we regard as one of the most
important overthrust dislocations in the Intracarpathian Paleogene. In the area of the
Lipany boreholes we encounter older rocks (often tectonic shreds), containing Mesozoic
microfauna. In agreement with Durkovi¢ in Korb et al. (1986) we consider the interval
0-950 m or 0-955 m as corresponding to a complex with prevailing claystones. The
ratio of sandstones and claystones is 1:8 to 1:10. In the interval 1,075—1,080 m, Durkovi¢
(ibid.) also identifies nummulites determined by E. Koehler in drill cuttings. Resulis of
resistivity and radioactivity well logging also prove a lithological boundary at the depth
0f 995 m.

Inregard to increasing velocities and to the character of electric logs it may be expected
that sandy calcareous claystones to calcareous sandstones prevail in the interval 995—
1,150 m, i.e. under the overthrust surface. It also correlates with an increased content of
CaCO0s in fragments of rocks in the mud.

The Paleogene-Mesozoic boundary can be identified only with difficulty because of
lack of cores. At the depth of 1,080 m, however, GaSparikov4 (ibid.) identifies 7Middle
Cretaceous foraminifers s which Kullmanov4 (ibid.) ranges to the depth of 1,280 m.
These finds, however, should be explained similarly as the finds of Mesozoic faunas in
the Intracarpathian Paleogene near Lipany, or by redeposition. The Paleogene boundary-
Mesozoic can presumably be traced in the borehole Sari§-1 at the depth of 1,340 m where
electric logs show a horizon with increased apparent resistivity. It cannot be excluded,
however, that it is an indication of fault tectonics. Nevertheless, conirary to overlying
series the complexes at depth are manifested as different seismofacies.

1,340- 3,836 m Mesozoic

Regarding the interpretation of the time section of profile 20/78 and other available
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data, we distinguish three complexes of typical seismofacies in the Mesozoic in the
borehole Saris-1.

In the upper complex, corresponding to the Albian—-Lias (1,340-2,350 m), strong
conspicuous events prevail. Of a similar character are the seismic reflections on profile
19/76. The increased content of CaCO3 in the drill cuttings corresponds to strikingly
increased velocities of elastic waves ant to increased apparent resistivity in the interval
1,340-1,710 m. At the depth of 1,435 m Kullmanovd in Kordb et al. (1986) identifies
calcareous siltstones, at the depths of 1,640 and 1,720 m organodetrital limestones —
calcarenites. In the rock complex from 1,370 to 1,710 m the high layer velocities (over
6,000 m/s) should indicate overwhelming prevalence of limestones. In the interval
1,710-2,300 m oscillations of layer velocities correspond to alternation and predomi-
nance of marly limestones over calcarous claystones.

In conirast to the upper complex, no strong evenis can be observed in the middle
complex representing Lower Lias to Keuper (2,350-2,860 m), namely around the
borebole Saris-1, maybe with the exception of the upper tectonized boundary. Towards
the NE of the borehole Sari$-1 the complex is entirely tectonically reduced at the crossing
of profiles 20A/78 and 19/76. Towards the SW, on the conirary, the thickness of the
complex greatly increases, this being valid mainly for the upper part of the complex.
Lithologicaily, the upper part contains prevailingly a series of calcareous claystones with
inclusions of limestones where layer velocities, obviously in dependence on the content
of carbonates, range from 5,000 to 5,800 m/s. According to sonic logs, velocities of
elastic waves strikingly increase at the depth of 2,605 m as compared with the upper part
of the complex. As the sonic curve from 2,605 m downwards, i.e. in Keuper intervals
confirmed by drill cores, is of a similar character, the boundary Lias-Keuper can be safely
set in the depth. It should also be noted that the curve of layer velocities at the depth of
2,600 m shows an increase to 6,000 m/s. The boundary Keuper-Middle Triassic in the
basement is evident from sonic log and well-shooting.

The lower complex, Middle to Lower Triassic (2,860-3,836 m), is in the upper pari
built of Middle Triassic dolomite strata with anhydrite layers, in the seismic section
indicated as a set of shori, dynamically striking seismic boundaries. They are based at
the depth of 3,739 m, i.e. in a zone of a notable decrease of elastic waves velocities
indicated both by well shooting and by sonic log. An increased content of claystone-an-
hydrite admixture in dolomites is indicated by sonic measurements in the intervals
3,465-3,533 m, 3,600-3,620 m and presumably also in the interval 3,690-3,739 m,
which is in accordance with the lithological content of drill cuitings. According to
Rudinec-Reficha in Kordb et al. (1986), not only gypsum, but also variegated claystones
appear at the depth of 3,735 m. According to seismic data, we regard dolomite sirata in
the borehole Saris-1 as tectonically reduced. It is indicated by high, nevertheless
“oscillating" acoustic values suggesied in the interval 3,675-3,690 m. Towards the NE
and the SW of the interpreied dislocation the thickness of the dolomiie complex
increases.

In the basement of dolomites, down to the depth of 3,836 m, Kordb et al. (1986)
identified a series of coloured Werfenian schists and stratigraphically unclassified
quarizites. According to acoustic log, the top of the Werfenian series occurs ai the depth
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of 3,739 m. The lower boundary is not, similarly as at Branisko, sharp. Obviously, it is
a gradual transition and the quartzites can also be ranged to the Werfenian as it is
indicated by lower velocities from the depth of 3,774 m. This transition to depth is
manifested as an increase in numbers of quarizite layers 0.5—1.0 m thick. The sharp
decrease in elastic waves velocities in the Werfenian was recorded also by well-shooting
and is evident in ultrasonic checking of quartzite samples from the depth of 3,794.5 m.
The sonic log shows a continuous layer of quartzites in the interval 3,800-3,825 m, with
only scarce intercalations of claystones. In dependence on the content of the clayey
admixture layer velocities in dolomites range between 6,000 and 7,500 mvs, in the
Werfenian they drop to 5,000 m/s.

3,836- 5,000 m crystalline complex

According to Korsb et al. (1986) in granodiorites the interval 3,836-4,125 m occurs
in the final section of the borehole, in muscovite-biotite gneisses in the depth interval
4,125-5,000 m. In physical terms these rocks do not differ substantially, with the
exception of a higher anisotropy in gneisses. Gneisses of predominantly migmatite type
exhibit slightly increased densities and substantially increased magnetic susceptibility
values. Granodiorites from the depth interval 4,126-4,129 m exhibit anomalously
increased gamma activity and increased U-content (Pichovd-Plitka-Mitevova 1986).
This fact as well as the lower velocities of elastic waves measured on samples can be
best explained as indications of deep tectonics. In the interval 3,836-3,885 m sonic log
recorded oscillating velocities, which may correspond to a zone of intensive weathering.

Profile 42/82 (P\. 3)

Profile 42/82 stretches from the northern environs of the village of Krivany towards
the SE, north of Lipany and Sabinov to the area south of Terfia. It is situated roughly
3—4 km from the Klippen Belt outcrops. The profile passes near boreholes Lipany-1 and
Lipany-3, and the borehole Lipany-2 was located on it. Reflections in the Intracarpathian
Paleogene are weak, with small amplitudes. Stronger events occur at the base of the
complex. In the Mesozoic relief reflections are in places dynamically intensive and
sometimes, in larger segments, continuous. The seismic contrast between the sporadic
events in the Paleogene and the abundant, strong and continuous reflections from the
Mesozoic relief can be with advantage used to trace the relief. Similarly, the inner
stroctures of the Mesozoic basement or the deeper complexes produce more or less
strong events.

In the seismic section, the Paleogene-Mesozoic boundary is studied on data from the
boreholes Lipany-1, 2 and 3, and also (using data from the transverse profile 15/75) from
the borehole Lipany-5. Towards the SE the boundary rises to the area of the Lipany
boreholes from where it gradually falls.

In the time interval 1.1-1.15 s, i.e. the start of the profile — station — 19.3, subhori-
zontal events indicate the Lipany overthrust fault. It is considered to be one of the
youngest faults. Approximately to the E from the crossing with the profile 53/83
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subhorizonial events, like on the profile 12/75, become weaker. It might indicate a
change in the intensity or in the time plan of the Lipany overthrust faults. Overthrusting
is evidenced by the tectonic deformation of the Intracarpathian Paleogene noticeable on
drill cores (slickensides of cores from the borehole Lipany-1, 2, 550 m, etc.).

In the time interval 0.5-0.7 s and also in other intervals the reflections are subhori-
zontal and traces of correlation of reflection elements can be observed. It indicates
partial, less intensive reverse movements (from NW to SE) within the upper parts of the
Intracarpathian Paleogene. At the station around 25.0 km a fauli is interpreted. It may
be the Friovee fault (Mai€jka et al. 1964).

Time map of the relief of Triassic dolomites (Fig. 6)

The map is based on time sections, more exactly on the course of the relief of Triassic

dolomites in them.

The map illustrates the morphology of Triassic dolomites at an approximation only.
The interval of isolines is large (the interval of isochrones 0.05 s corresponds to nearly
150 m at the depths of interest). It must be taken into account that the map does not
document the variability of velocities in the area.
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6. Time map of the relief of Triassic dolomites. 1 — Kiippen Belt, 2 — CDP seismic profiles; 3 — deep boreholes;
4 — faults; 5 — isochrones of two-way time at 1.0 s intervals; 6 — as above, at 0.1 s intervals; 7 — as above, at
0.05 s intervals.

Relief of Triassic dolomites (PI. 4)

Depth sections were used to consiruct a structural scheme in isonormals. Later it was
transformed inio a map of isohypses, using the sysiem of auxiliary orthogonal profiles
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(Gurvi¢ 1964). The structural scheme in isohypses illustrates the vertical depths of the
studied boundary.

In the southernmost part of the area, between Brezovica and Gregorovce, the isolines
demonstrate a dipping of the relief towards the N and NE into a striking depression zone,
stretching from the borehole Sari%-1 towards the E to Lipany. There, WNW of Lipany,
the interpreted boundary reaches the maximum depth —2,850 m. The depression zone
continues farther to the ESE. It can be further followed from the southern environs of
the borehole Lipany-5 to the surroundings of Sabinov. In the area S of Sabinov the
depression is rather shallow and wide. It is bounded by the isonormal -3,100 m. Farther
to the E the depression deepens and S of Terfia attains the maximum depth of 3,950 m.
Presumably, it continues to the SE, into the area of the sunken block of the PreSov fault
in the northern part of the Pre§ovsk4 kotlina depression.

The course of the described depression coincides quite well with the distinct Sabinov
gravity low in the map of residual anomalies forr=2kmand r= 2-16 km (Cekan-Mof-
kovsky 1682).

In the western part of the area, SE of Sambron, dominates the arching of the complex
of Triassic dolomites. Its top part stretches from WNW to ESE and is well demonstrated
on profiles 31/80 and 20A/78. The elevation character of the relief corresponds to a
striking, W-E trending gravity anomaly in the map of residual gravity anomalies with
the radius of averaging ring r = 2—16 km (Cekan-Motkovsky 1982) and in the map of
residual anomalies for r = 8v5 km (Véca et al. 1971). A continuation of the ridge can be
observed in the area SW and SSE of Kamenica. There the structure has two highs. SW
of Kamenica it is delimited by isoline —2,450 m, in the environs of borehole Lipany-1
its highest value is —2,300 m (borehole Lipany-1 struck Triassic dolomites at the depth
—2,299 m). Farther to the E, in the vicinity of borehole Lipany-2, isonormals form an
enclosed local elevation with a minimum depth of 2,450 m. On the inconspicuous ridge,
extending from the clevation area towards the SE, the borehole Lipany-5 is situated.
Similarly, on an extension stretching from the borehole Lipany-2 towards the ENE, the
borehole Lipany-4 is located. Towards the E, an extensive elevation structure can be
observed. It is elongated, trending from WNW to ESE and delimited by the highest
isoline —2,850 m. The ridge extending to the SE can be followed {0 the area SE of
Sari§ské Sokolovce.

The tectonic structure of the study area has been discussed above. In P1. 4 some tectonic
lines are drawn as interpreted on reflection seismic profiles. They are Neogene normal
faults which can either be observed on several seismic profiles or are illustrated in
schemes.

The tectonic structure of the area W of Lipany is characterized by normal faults, N-S
to NE-SW rending, dipping to the W, with amplitudes up to 500 m. It is likely that the
local N-S isohypses of the relief of Triassic dolomites correspond 1o these tectonic
features or at least were predisposed by them. In the area of Sarisské Sokolovce a dip to
the SE with a step of approx. 300 m has been interpreted. On seismic profiles 42/82 and
12/75 the fault is well indicated, while on the profile 24/79 thee indications are rare. It
cannot be excluded that it is the Fri¢ovce fault, or one of the parallel faulis located more
to the W (Mat&jka et al. 1964). The fault may continue to the NNE. Because of absence
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of seismic profiles this continuation is only indicated. On the profile 12/76 in the
environs of HanuSovee, two faults dipping to the W are assumed. The easternmore of
them was interpreted (Adamovsks et al. 1977) as the Pavlovce fault {cf. Mat&jka et al.
1964). A comparison with the tectonic line is presumably the Lipnice fault. On the profile
28/81 ihe faulis are not indicated. It can therefore be assumed that they fade out to the
S. On the profile 28/81 two faults with a considerable step, dipping to the SE, are
interpreted. They probably fade out N of the Klippen Belt. The indicated continuation
of the faulis towards the S and N coincides with orientations of faulis revealed by
geological mapping (Mai€jka et al. 1964).

The isohypses in the structural scheme indicate a general dipping of the relief of
Intracarpathian dolomites to the N and NE, and its dipping beneath the ouicrops of the
Klippen Belt. This trend is interrupted by a striking ridge with the axis southern
Sambron-Bajerovee—Krdsna Lika—northern Krivany-Lipany-Cervend  Voda-
Sariiské Sokolovee. Boreholes Plavnica-1 and Plavnica-2 (personal communication R.
Rudinec) revealed that in the southwestern part of the area, between Sambron and
Vislanka, the tectonic structure is rather complicated. As compared with the structural
scheme (P1. 4) the dipping of the relief of dolomiies to the N may be even steeper.

The area of Smilno

In the surroundings of the Smilno tecionic window where the Dukla series emerge
from the basementi of the Magura Flysch, reflection seisinic surveys were conducted in
1972, 1981 and 1984 (Adamovsky et al. 1972b, Moikovsky et al. 1982, Novék et al.
1985).

In seismic sections only shori, weak and dipping reflections can be observed. There
are ample interferences and low-frequency disturbances and numerous diffracted waves,

We shall discuss in more detail the section of profile 34A/84 in close vicinity of the
borebole Smilno-1. The profile 34A/84 (interval between the points of arrival 25 m) was
measured on a line very near the profile 34/81 (interval 50 m).

The upper part of the seismic section (the top of BeloveZa series in the Dukla unit) is
characterized by absence of reflections. The reflections appear at approx. 1.0 s.

A comparison with drilling data showed that inclinations of recorded events do not
agree with inclinations of layers. At times 2.0-2.2 s sirong events with large amplitudes
occur. In the segment S of the borehole they dip steeply to the N. In close vicinity of the
borehole they are subhorizontal. North of the borehole they slightly rise to the N and
their amplitudes are less distinct. This range of reflections may coincide with the deeper
part of submarine slide, i.e. with the boundary between the Magura and Outer Flysch
(Lesko 1986). Let us note, however, that in well-shooting and VSP data (Filkov4 1983)
the boundarry is not manifested as a velocity boundary and does not reflect elastic waves.
In this time interval (2.0-2.2 s), corresponding to the depth interval 3,840-4,330 m,
15-80° dipping of beds was documented on drill cores (LeSko 1986).

At the time around 3.4 s a range of strong eventis, subhorizontal or slightly dipping to
the N, can be observed near the borehole. According to extrapolated well-shooting
results from the borehole Smilno-1 (Filkov4 1983) they are ai the depih of approx.
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7,400 m. Lesko (1986) regarded this group of reflections (on profile 34/81) as an
indication of basis for menilite flysch strata separated from the basement sediments by
a tectonic overthrust surface. The crushed zone described by Lesko (1986) at a depth of
around 3,000 m demonstrated in seismic logs (Filkova 1983) by a decrease in layer
velocities from 5,000 m/s to 3,700 m/s in the interval 2,850-3,100 m is in the seismic
logs indicated only sporadically (e.g. in the northern margin of the section, obviously at
the time around 0.9 s, at the stem of the borehole at the time 1.64).

Tt can be said that the results obtained on profiles 34A/84 and 34/81 are not identical.
This can be demonstrated on the above described event at around 3.4 s. On the profile
34A/84 it is subhorizontal and slightly dips to the N, while on the profile 34/81 the event
is subhorizontal and rises towards the N. It is so because the profiles run through different
terrains. This fact, however, makes a reliable interpretation of individual events on
different seismic profiles impossible. It was proved that compared with the profile 34/81
the group of events at 3.4 s on the profile 34A/84 can be correlated in a much longer
segment. On the profile 34/81 more events can be observed in the interval 1.6-3.0's.

Seismic data document a tectonic diversity due o several phases of fold-overthrust
and Neogene normal fault tectonics. It resuits in a very complicated pattern of interfering
waves from sources in seismic profile which is further complicated by intesive side
reflecting. Larger seismic interfaces may be due to tectonic faults which, however,
cannot be observed at greater distances. It must be noted that inclinations of evens larger
than 45° cannot be recorded after migration. Direct correlation of drilling and seismic
data is therefore difficult.

The surroundings of Zboj

In the surroundings of the deep borehole Zboj-1 reconnaissance profiles 6D/73, 3/75
and 38/81 (Adamovska et al. 1974, Adamovska4 et al. 1977, Moikovsky et al. 1982) were
situated.

In the seismic time section of profile 38/81 only short reflections with small amplitudes
can be observed. Numerous diffracted waves often overlap regular events. In close
vicinity of Zboj-1 to the N a tectonic line dipping to the NE can be interpreted. The flat
character of the line together with other phenomena indicates overthrust style of dis-
placement. Further, a dull boundary dipping from 1.8 s at the start of the profile towards
the NE to0 2.16 s is interpreted. The boundary may coincide with the contact of the Dukla
unit and the Zboj series struck by the borehole Zboj-1 at the depth of 3,800 m (Durkovi¢
et al. 1982). Reflections on the profile 38/81 are either subhorizontal, or slightly dipping,
which contrasts with the large inclinations of the series as they were revealed by Zboj-1
(up to 90°). 1t is likely that the seismic elements coincide with partial tectonic clements
whose inclinations differ from the layer structure itself.

Conclusions

The present paper summarizes the results of geophysical, mainly CDP seismic
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measurements conducted in the Intracarpathian Paleogene and in the East Slovak Flysch
in the period 1972—-84. The survey focussed on the environs of Lipany. In the area of
Zboj and Smilno only a small-scale surveys were carried out.

In intensively folded areas the CDP method does not yield satisfactory results as it was
shown by the evaluation of reflection seismic data (Kadlec¢ik et al. 1977) and by
investigations in the area of the Smilno window in 1981 and 1984. More detailed
measurements outlined some younger slightly inclined overthrusi planes, which are
practically the only continuous reflection clements. Besides intensive folding and
younger fault deformation, another facior influencing the origin of useful reflecied
waves is the great thickness of flysch complexes. The origin of interference waves is
accompanied by great loss of energy. Therefore a majority of reflections generated by
the surface of substratum are not recorded. In this rspect a negative role is played by the
very probable intensive imbrication of the flysch basement.

From this point of view more favourable appears the outer part of the peri-Klippen
zone N of Sabinov where the relief of Middle Triassic dolomites can be traced from the
Intracarpathian Paleogene to the NE beyond the Klippen Belt to the Cergov mountain
top parts.

In the broader area of the Intracarpathian Paleogene CDP measurements yield infor-
mation, though not very reliable, about the relief of Mesozoic carbonates and about the
overthrust structure of both the Mesozoic and Paleogene. However, it is hardly possible
to distingunish Paleogene sediments and Keuper pelites. The gravity anomaly Bajerovce-
Kr4sna Lika is regarded as the culminating zone of the relief of dolomites.

CDP seismic data from the broader area of Lipany were used to construct a time scheme
and a depth structural scheme of the buried Mesozoic relief of the Inner Carpathians.
Interpretation of CDP data indicated, namely in the Intracarpathian Paleogene, numerous
faults, in vast majority reaching the recent relief. They are mostly post-Eocene, presum-
ably Old Styrian NE-SW striking overthrust favlis which significantly influenced the
structure of the Intracarpathian Paleogene, of the Klippen Belt and of the Krynica unit.
Le$ko-Chmelik-Fusdn (1980) called these tectonic lines along the inner margin of the
Klippen Belt the Lipany overthrust faults. To verify them and to solve the problems
connected with young overthrust tectonics will require close cooperation with specialists
in mapping the area of interest. Seismic indications of normal faults are in the Intracar-
pathian Paleogene and in the Mesozoic less noticeable as compared with overihrusts.
Obviously, it can be explained by strong compaction of rocks and by shortage of
reflections from fault planes due to their large steep inclination.

An important point of the presented concept is the interpretation of the Intracarpathian
Paleogene basement continuation to the NE beyond the Klippen Belt. It can be more or
less reliably iraced up to the top paris of Cergov. In regard to the basement dipping 0
the N, the southern and top parts of Cergov become an elevation zone divided by young
overthrust faults. The northernmost of them can function as barriers for accumulation of
bydrocarbons.

K tisku doporudit F. Kordb
Preloftla D. Malikovd
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Geofyzikalni prizkum na uhlovodiky v centralnékarpatském
palecgénu a flySovém pasmu vychodniho Slovenska

(Resumé anglického textu)
Milan Motkovsky - Josef Novidk - Regina Lukd3ovd

PtedloZeno 20.f{jna 1988

JiZ prvni vysledky reflexn seizmickych méfeni provedené metodou RNP v oblasti
vychodoslovenského flySe signalizovaly mimofddn€ obtiZné seizmogeologické pod-
minky (Jurga-Cidlinsky 1961). Jak se uk4zalo pozdéji, jsou podminény zejména sloZitou
vrasovo-pfikrovovou stavbou izem{ a znatnou mocnost{ flySovych komplexi. Vznikaji
velmi intenzivni poruchové viny a soucasn€ dochdzi k silnému idtlumu uZiteCnych
odraZzenych vin. Proto nejsou registrovdny reflexy od reliéfu flySového podkladu.
Nasledns reflexng seizmickd méfeni s analogovou registraci a zejména pozdé€jsi
seizmickd méfeni SRB potvrdila vySe uvedené poznatky o nepfiznivych seizmo-
geologickych podminkdch vychodoslovenského flySe.

Seizmick4 méfen{ SRB provedend v centrdln€karpatském paleogénu ukdzala, Ze v téio
oblasti jsou podminky pro seizmicky priizkum — oproti flySovym Karpatim -
piiznivejsi. Na zdklad® interpretace seizmického materidlu je mozZno, i kdyZ misty ne
zcela jednoznatng, sledovat reliéf karbondtdl v podloZi sedimenty paleogénu a také
pfesmykovou stavbu jak mezozoika, tak zejména paleogénu. MoZnost odliSeni sedi-
mentd cenirdlnkarpatského paleogénu od pelitl keuperu na zdklad€ Casovych fezli SRB
je oviem mald. Na zdkladg téchto relativné piiznivych v¥sledki a také v souvislosti s
piiznivym hodnocenim perspektiv nafioplynonosnosti pfibradlové oblasti byla v SirSim
okoli Lipan prom&fena pomé&rné hust4 sif seizmickych profild SRB, kierd v této oblasti
uinoZnila konsirukci strukturniho schématu zakrytého reliéfu dolomitd Centrdlnich
Karpat v podloZi paleogénu.

Ve flySovém pdsmu byly v&si objemy reflexné seizmickych praci v modifikaci SRB
realizovany zejména v oblasti Smilna a v okoli Zboje.

V tomto {lanku pfedkldddme nejzdvazngj§i vysiedky zpracovéni a interpretace
seizmickych materidld SRB, ziskané ve studované oblasti. NejvEisi pozomost byla
vEnovédna §ir§fmu okoli Lipan. Kromé reflexni seizmiky bylo vyuZito i vysledka
tihovych a magnetickych méfeni, mé&feni fyzikdlnich vlasinosti hornin, refrakéni
seizmiky, vrini refrakce, seizmokarotdZnich méfeni a vysledkd akustické i elekirické
karotaZe i vysledki dalSich geofyzikdlnich metod.

Gravimetrie

Za prvni prakticky vyuZitelnd tihovd méfeni lze povaZovat az gravimetrické préce
pocinaje rokem 1954. Jednalo se o regiondlni ifhovd méfeni s hustotou jednoho méficiho
bodu na 2-3 km”. Detailni tithovy prizkum s hustotou 3—6 méficich bodt na km? jev
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zdjmovém tizemi provddén od roku 1970. Jeho dilcich vysledkl v uzemi mezi Sam-
bronem-Lipany vyuZili Cekan-Motkovsky (1982) k sestaveni map rezidudlnich
anom4lii 1ihového pole. Ukdzalo se, Ze mapa rezidudlnich anomdlii tihového pole s
polomérem vystfedéni 2 km zobrazuje litologické zmény hornin centrdlnékarpatského
paleogénu. Mapa rezidudlnich anoma4lii s polomérem vystfedéni 2—16 km naopak ziejme
charakterizuje (jak ukazuji vysledky reflexni seizmiky ) reliéf karbondth Centrélnich
Karpat. Vysledky tihovych m&feni byly souborné zpracovédny zejména Mencikem
(1957), Cekanem-Sutorem (1960), Ibrmajerem-DoleZalem-Mottlovou (1959), Ibrma-
jerem-Dolezalem (1962) a Ibrmajerem (1963, 1978). Vzhledem ke komplikovanym
strukturné tektonickym pomériim vychodoslovenského fly$e a jeho podkladu, i pfes fadu
feSenych problémd, je interpretace tihovych dat stdle velmi sloZitou.

Magnetometrie

wve .

Jak ukdzalo regiondlni magnetické méfeni s hustotou jednoho méficiho bodu na 2 az
3 km® provedené v letech 1955-1957, je charakter geomagnetického pole monot6nni
(+ 20 nT). To nepochybné souvisi s malou susceptibilitou flySovych komplexi i jejich
podloZi, resp. s jejich malou diferencni susceptibilitou. UvaZime-li, Ze m&feni bylo
konano se stiedni chybou * 4 nT, je zfejmé, Ze interpretace geomagnetického pole je
problematickd. Naméfeny materidl souborné zpracovali Ibrmajer-DoleZal-Mottlovd
(1959), Sutor-Cekan (1965), resp. Sutor in Kadlegik et al. (1977).

Fyzikdlni viastnosti hornin

Fyzikélni vlastnosti hornin byly méfeny na hlubinnych vrtech PU-1 Sambron, MLS-1
Humenné, Zboj-1, Lipany-1,2,3,4,5, HanuSovce-1, Smilno-1, Sari-1, resp. Presov-1
(ptil. 1). Komplexné zpracovala fyzikdlni vlastnosti hornin v z4jmové oblasti Pichovd
(1985).

Udaje o fyzikdinich vlastnostech homin json vyznamné ze dvou hledisek. Prvai
hledisko souvisi s vyuZitim téchto dat pi hodnoceni vysledki geofyzikdlnich metod.
Zvl4stni vyznam maji Gdaje o hustotdch hornin pifi interpretaci thovych mefeni v
oblastech postiZzenych tangencidlni tektonikou. Ondra-Handk (1989) zjistili celkove
vy$§i hustoty hornin bradlového pdsma vietng kiidovych komplexii a paleogennich
obalé — protskych vrstev — zejména oproti krynické jednotce a i oproti pfilehlému
centralnékarpatskému paleogénu. Z vysledkd detailnich tihovych méfeni vyplyv, Ze
zejména svrchnokfidové a rovnéZ i paleogenni obaly bradlového pdsma v dseku Plavie—
Lubotina a7 po pFitny pavlovsky zlom vyvoldvaji souvislon kladnou anomdlii.
Zvyraznéni této tihové anomdlie zfetelnd souvisi s vychozy puchovskych slini a
miZeme je sledovat z okoli MoSurova podél jizniho okraje bradlového pdsma aZz po
pavlovsky zlom. V§chodné od tohoto zlomu, spolu s vyznivdnim pichovskych slind a
néstupem flySového vyvoje svrchni k¥idy, tihovy projev bradlového pdsma zanikd. Je
pravdépodobné, Ze se tam i sniZuje hustota proCskych vistev.

Druhé hledisko se tykd obecného posuzovani probléma ropoplynonadé&jnosti dzemi.
Analyza fyzikdlnich viastnosti hornin, zejména hustoty a por6zity, prokdzala vysoky
stupeii kompakce hornin zejména centrdlnékarpatského paleogénu, a to jak podle
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vysledkil méfeni na povrchové odebranych vzorcich, tak i na jadrech hlubinnych vrti.
Husdk et al. (1986) ze stupné kompakce vyvozuji pavodni mocnost Sambronsk§ch vrstev
5-6 km. Oproti autorim se domnivdme, Ze kromé diageneze hrélo vyznamnou roli i
tektonické zhutnéni. Vysledkem komplikovaného vyvoje jsou velmi nizké primdrni
porézity hornin. V centrdlnékarpatském paleogénu, bradlovém pasmu i flySovych Kar-
patech prevaZuji hodnoty por6zity do 1 % (Pichova 1985). Je tedy zfejmé, Ze s vyjimkou
karbondtovych homin je nutno z hlediska kolekiorskych vlastnosti uvaZzovat pouze se
sekunddrni por6zitou.

Letecké a druZicové metody

Letecky magnetometricky a radiometricky prizkum v méfitku 1:200 000 je popsédn ve
zpravé Magina et al. (1960). Naméfené magnetické pole je v zdjmovém tzemi veelku
monoténni, Detailnim leteckym méfenim v méfitku 1:25 000, kierym byl zastiZen
zejména jiZni okraj zgjmového dzemi, byla zjiSi€na vyznamngjsi anomdlie pouze v
§ir§fin okoli Radatic. Gnojek (1987) ji povaZuje za projev bazického télesa. Pfi radiomet-
rickém priizkumu bylo naméfeno pole bez vyraznéjsich anomalii.

Metodami ddlkového prizkumu zemé byla zjiSt€na kruhovéd struktura v prostoru
Svidnik-Stropkov. Jeji vznik vysvEtluji PospiSil-Nemcok-Feranec (1982), resp. PospiSil
(1983, 1985) bud jeji pritomnosti na systému hlubinnych tektonickych linif, nebo jako
oblast kolizni zény odli§nych podloZnich blokid.

Refrakini seizmika

Celkova délka refrakéné seizmickych profild promé€fenych v zdjmové oblasti Cini
826 km (pfil. 1). Vysledky méfeni jsou zvefejnény v piisluSngch zprdvach a jsou také
obsahem komplexnich hodnoceni zejména Plivy et al. (1976, 1977) a KadleCika et al.
(1977).

Viechna zpracov4ni refrak&nich méfeni ve fly3i nardZela na potiZze podminéné seizimo-
geologickymi podminkami sloZité vrasovo-piikrovove stavby flySovych Karpat.

Z celkového hodnoceni podkladi refrakin{ seizmiky vzhledem k dosaZenym vrinym
a geofyzikdlnim vysledkim jak na naSem, tak i polském a sovétském tzemi vyplynul
nézor, 7e za podklad flySovych komplext by bylo mozno povaZovat refrakCni rozhrani
o hraniéni rychlosti vy$§i neZz 6000 m/s (KadleCik et al. 1977). Tenio ndzor viak
nepotvrdil vit Smilno-1, kiery v hloubce uddvaného rozhrani (5000 m) zastibl bazalni
polohy cerného flySe. Uvedend rozpornd zjiSt€ni vedla k zasiaveni refrakCné
seizmickych praci jak na naSem, tak i na polském a sovétském tizemi flySovych Karpat.

VérohodngjSich vysledki se dosdhlo refrakCni seizmikou v cenirdln€karpatském pa-
leogénu, kde ddaje vrtu Lipany-4 nejsou v rozporu s uddvanou hloubkou refrakCniho
rozhrani a kde je i obecny souhlas s v¥siedky reflexni seizmiky.

Vrind refrakéni méfeni

Metoda vrtni refrakce byla aplikovdna na hlubinnych viiech MLS-1 Humenné a
Lipany-1 {pfil. 1).
Vésledky ziskané na vriu Lipany-1 prokdzaly zna¢né anomality v Sifeni lomenych vin,

Applied Geophysics 25 45



ze kterych i pti tehdej$im jen omezeném stavu poznatki o hluboké stavbé vyplyvalo, Ze
se nejednd o projevy téhoZ rychlostiho rozhrani. Z téchto divodd byly dalsi prace
zastaveny. Ziskané idaje nasvédtovaly piitomnosti vétSiho mnoZstvi rozhrani, jeZ
nebylo moZno bliZe identifikovat. AZ z vysledki soucasného zpracovéni vyplynulo, Ze
tato rozhrani odpovidaji jednak reliéfu dolomitd v podloZi centrdlnekarpatského pa-
leogénu, jednak tektonickym plochdm - piesmykim — v centrdlngkarpatském pa-
leogénu, event. v bradlovém pasmu. Jejich vzdjemné oddéleni 2 materidlti vrtni refrakce
neni MozZné.

SeizmokarotdZini méfeni

Seizmokarotd? byla v zdjmovém Gzemi realizovdna na 11 hlubinnych vriech (Lipany-
1, 2 a 3, Saris-1, PU-1 Sambron, Plavnica-1, Hanu$ovce-1, Smilno-1, Zboj-1, MLS-1
Humenné, resp. PreSov-1, viz pfil. 1). Ziskané idaje daly konkrétni pfedstavu o ry-
chlostech elastickych vin v pracovni oblasti a umoZnily, zejména v centrdlnékarpatském

¥y,

paleogénu, vérohodny pfevod Easovych ddajii do hloubkového méefitka.

Reflexni seizmicky prizkum do roku 1971

Prvni reflexné seizmickd méfeni ve vychodoslovenském flySi oscilografickou
seizmickou aparaturou byla uskutetn¥na v letech 1959-1960 v okoli Adidovci a
Stropkova. V letech 1970-1971 bylo provedeno ve v. Césti flySe mEfeni analogovou
seizmickou aparaturou RX 24 S II. Seizmické Gdaje ziskané v analogové forme byly
pozdji prevedeny do digitdlni formy pomoci potitate EMR ADVANCE 6070. Reflexni
seizmickd metoda pfinesla v uvedeném obdobi obtiZné interpretovatelny materidl. Si-
tuace profild je zndzornéna v pfil. 1.

Reflexni seizmika v modifikaci SRB

Od roku 1972 byl reflexné seizmicky prizkum zjmové oblasti realizovdn v modifi-
kaci spoleéného reflexniho bodu (SRB). Do roku 1984 veemné bylo touto metodou
proméfeno 50 profili o celkové délce 477 km; kromé profild zahrutych do pred-
lo¥eného zpracovini, tj. do roku 1984 véemg, jsou v pril. 1 a 2 zakresleny i profily SRB
z let 1985-1986, tedy 64 profilll o celkové délce 669 k.,

Terénni seizmické prace byly realizovdny odpalovou technologii, nejast&ji stfedovym
roztazenim, zpo&dtku 6ndsobnym, od roku 1976 12ndsobnym pfekrytim. Vzddlenost
stfedd seskupeni geofonii byla 50 m . Registrace odraZenych elastickych vin byla
zaji$téna digitdlni seizmickou aparaturou SN 328,SN 338A nebo DFS IV. Do roku 1975
se jednalo o 24kanalové, pozdéji o 48kanalové seizmické aparatury. Vzorkovci interval
byl 2 ms.Zdrojem elastickych vln byly ndloZe primyslovych whavin o hmotnosti
20-30 kg, odpalované z vrtanych sond hlubokych pievazné 25-30 m. Metodika terén-
nich praci byla urfena zejména na zakladé parametrickych méfeni.

Do roku 1978 byla naméfend seizmickd data zpracovdvina na digitdlni seizmické
centrdle EMR 6070 fady ADVANCE, vybavené zapisovaci jednotkou TNR 91.
Seizmické programy umoZiiovaly standardni zpracovéni. Migrace seizmickych vin byla
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provddéna pomoci vdZené difrakcnf sumace. Od roku 1972 je v n.p. Geofyzika, Brno, v
provozu potita RDS 500, dopinény procesorem APOLLO a fizeny programovym
systémem GEOMAX (registrovand ochrannd znaCka firmy CGG). Oproti systému EMR
m4 GEOMAX podstatng Sir§i programové moZnosti. M4 napf. automaticky zpisob
vypottu rezidudlnich statickych korekci. V§znamni je i moZnost méfeni a zpracovdni
seizmickych dat na k¥ivocarych profilech technikou Slalom line (registrovand ochrannd
znatka firmy CGQG). Migrace seizmickych vin je realizovdna pomoci vinovych rovnic
(program WEMIG).

Jak ukdzalo zhodnoceni KadleCika et al. (1977) i dals{ prace zejména v okoli Smilna
v letech 1981 a 1984, nepfin4si metoda SRB v intenzivng zvrasnéném flySi vyznamn&jsi
vysledky. Pfi pracich detailngjiiho charakteru je moZno v seizmickych fezech vyClenit
nékieré mladSi piesmykové linie s plosSim dklonem. Ty byvajf prakticky jedinymi
souvislejSimi odraznymi elementy. Nejsou regisirovédny reflexy, jeZz by bylo moZno s
v&18f mirou pravdépodobnosti spojovat s reliéfem flySového podkladu.

V centrdlnékarpaiském paleogénu je moZno reflexni seizmikou sledovat reliéf
dolomitll mezozoika a pfesmykovou siavbu jak mezozoika, tak zejména paleogénu.
Jedn4 se pfevazné o poeocenni, pravdépodobné starodiyrské zp€mé presmyky od SV k
JZ, které vtiskly stavbé centrdlnékarpatského paleogénu, bradlového pdsma i krynické
jednotky vyznamné rysy. LeSko-Chmelik-Fusdn (1980) tyto tekionické linie podgi
vnitintho okraje bradiového pdsma nazyvaji lipanskymi pfesmyky. Jejich ovéfeni v
terénu a fefeni dalSich problému spojenych s mladou pfesmykovou tekionikou vyZaduje
tizkou spolupraci s mapérskymi specialisty siudovaného dzemi.

Pievod seizmickych dat z Casového oboru do hloubkového méfitka byl realizovdn
pomoci graft zdvislosti 2to(H). Byly zkonstruovédny pro kazdy seizmicky profil na
z4kladé geologickych modeld a didaji seizmokarotdZnich méfeni. Piiklad zjednoduiené
zgvislosti 2to(H) pro profil 42/82 je zakreslen v pfil. 3. Rychlosini poméry mohly byt
nejdetailnéji vysledovdny v §irSim okoli Lipan, kde byla provedena seizmokarotdZni
méfeni na vrtech PU-1 Sambron, Plavnica-1, Sari§-1 a Lipany-1, 2 a 3. P¥i uréenf rozsahu
piisobnosti t&chto rychlostnich zdvislost{ bylo vyuZito zejména tdajii podpovrchovych
rychlosti (piil. 2). Z4vislosti sifednich rychlosti na hloubce podle seizmokarotdZnich
tidajh vrid situovanych v zdgjmovém Gzemi jsou uvedeny na obr. 1.

Vysledkem zpracovdni a interpretace seizmickych dat jsou Casové a hloubkové
seizmické fezy s geologickou interpretaci. Jejich ukédzky jsou uvedeny na piil. 3 a obr.
2,3,4a5.

Hlavnim grafickym vystupem interpretace Casovych a hloubkovych seizmickych fezil
SRB je &asov4 mapa a strukturni schéma zakrytého reliéfu dolomitt triasu v podloZi
centrdlndkarpatského paleogénu (obr. 6, piil. 4). V zdjmovém tizemi povrch dolomitl
triasu vesmés generelné klesd k S az SV. Tento trend je pferuen vyraznym hibetem s
osou j. Sambron—Bajerovce-Krésna Liika—s.Krivany-Lipany—Cervena Voda—Sarisské
Sokolovee. Zavaznyin momentem piedloZené koncepce je interpretace plynulého pok-
raov4ni podkladu cenirdlnékarpatského paleogénu k SV za bradlové pdsmo (ve smysiu
ndzora NemCoka 1961, 1978), kieré 1ze s riznou mirou vErohodnosti sledovat aZ pod
vicholové &4sti Cergova. Lze se domnivat, Ze tihov4 anomdlie Bajerovee-Krdsna Lika
je kulminujici zénou reliéfu dolomiti.
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Vysvétlivky k obrazkdm a ptiloham

-

. Zavislost stfednich rychlosti na hloubce podle vysledké seizmokarotiznich méfeni. 1 - HanuSovee-1; 2 -
MLS-1 Humennsé; 3 - Lipany-1; 4 - Lipany-2; 5 - Lipany-3; 6 - Plavaica-1; 7 - Smilno-1; 8 - PU-1 Sambron;
9 - Saris-1; 10 - Zboj-1.

2. Seizmicky profil 19/76, tasovy fez s geologickou interpretaci (12ndsobné piekryti,vzdélenost bodd pfijmu
50 m; Sasové proménna filtrace a dekonvoluce, zvyraznéni koherence vinového pole, vlnové migrace). 1 -
centrilnékarpatsky paleogén; 2 - peliticko-karbondtovy vyvoj vyssiho mezozoika (alb-keuper); 3 - dolomity
stiedniho triasu (event. pestré biidlice a kiemence spodniho triasu); 4 - krystalinikum; LP - lipanské
piesmyky.

3. Seizmicky profil 22/78, Gasovy fez s geologickou interpretaci (12nésobné prekryti, vzdilenost bodd piijmu
50 m; asové proménns filtrace a dekonvoluce, zvyraznéni koherence vinového pole, vinova migrace). 1 -
centrilndkarpatsky paleogén; 3 - dolomity stfedniho triasu; 5 - povrchovy vychoz bradlového pasma; LP -
lipanské ptesmyky.

4. Seizmicky profil 2679, sasovy ez s geologickou interpretaci (12 - nésobné prekryti, vzdalenost bodi piijmu
50 m; dasové proménna filtrace a dekonvoluce, zvyraznéni koherence vinového pole, vinové migrace).1 -
centrilnkarpatsky paleogén; 3 - dolomity stfedniho triasu; S - povrchovy vychoz bradlového pésma.

5. Seizmicky profil 20/78-20A/78-20B/80, hloubkovy ez s geologickou interpretaci. 1 - odrazové elementy na
profilech 20/78 a 20B/78 odpovidajici reflextim : a - velmi vyraznym , b - vyraznym, ¢ - nevyraznym; 2 -
odrazové elementy na profilu 20A/78 odpovidajici reftexiim: a - vyraznym, b - nevyraznym; 3 - iklony vrstev
zjisténé na vt Sari§ - 1;4 - stratigrafické hranice; 5 - zlomy; 6 - piskoveové souvrstvi centratngkarpatského
paleogény; 7 - centrainékarpatsky paleogén ( pribeh jeho bize je zvyraznén Sikmym Srafovinim), 8- alb-lias;
9 - spodni las-keuper (peliticko karbondtovy vyvoj vyisiho mezozoika): a - spodni lias, b - keuper; 10 -
stiedni trias ( dolomity s anhydritovymi polohami), 11 - spodni trias (pestré bfidlice werfenu, kiemence), 12
- krystalinikum: a - granodiority, b - ruly, LP - lipanské pfesmyky.

6. Casova mapa reliéfu dolomiti triasu. | - bradlové pasmo; 2 - reflexné seizmické profily SRB; 3 - hlubinné
vity; 4 - zlomy; 5 - izochrony dvojnasobného Sasu po 1,0s; 6 - dtio, po 0,1 s; 7 - dito, po 0,05 s.

PHl. 1. Geofyzikalni prozkoumanost centralngkarpaiského paleogénu a flySového pasma vychodniho Slovenska (do
roku 1986). 1 - bradlové pasmo; 2 - predterciémi komplexy; 3 - centralngkarpatsky pateogén a fly$; 4 - neogenni se-
dimenty; 5 - neogenni vulkanity; 6 - reflexné seizmické profily SRB (silné jsou zakresleny profily 19/76, 22/78,
26/79, 20/78-20A/78-20B/80 & 42/82, ilustrované na obr. 2, 3, 4, 5 a pfil. 3); 7 - seizmické parametrickd méFeni (od
roku 1972), 8- reflexné seizmické profily (jednoduché prekryti - oscilograficks registrace, regulovany smérovy pri-
jem - RNP, hlubinné seizmické sondovani - HSS}; 9 - refrakéné seizmické profily; 10 - vriné refrakéni profily; 11 -
vity, najejich? jédrech byly m&feny fyzikalni viastnosti; 12 - vrty, na nich bylo provedeno seizmokarotaini méfeni,
resp. vertikélni seizmické profilovani;13 - vrty s provedenym vitn refrakénim méfenim. Vity: Han - HanuSovee,
MLS-1 Hu - Humenné, Lip - Lipany, Pl - Plavaica, Smi - Smilno, PU-1 Sam - Sambron, Sar - Sari, Zj - Zboj.

Pril. 2. Schéma podpovrchovyich rychlosti a oblasti pisobnosti rychlostnich kiivek zjisténych seizmokarotéznim mife-
nim navriech PU-1 §ambron, Saris-1aLipany-1, 22 3. 1 -bradlovépdsmo;, 2 - piedterciérni komplexy; 3 - centrilng-
karpatsky paleogén a flys; 4 - neogenni sedimenty; 5 - neogenni vulkanity; 6 - vity, na nichZ bylo provedeno
seizmokarotani mifeni; 7 - reflexnd seizmické profily SRB. Podpovrchovérychlosti vrozmezi: 8 - 2500-3000 m/s,
9 - 3600-3300 m/s, 10 - 3300-3600 m/s, 11 - 3600-3900 m/s, 12 - 3500-4200 mvs, 13 - 4200-4600 mis. Oblast pouZiti
rychlostni kiivky podle seizmokarotézniho méfeni na vrtu: 14 - PU-1 Sambron, 15 - Saris-1, 16 - Lipany-1,2a3.

PFil. 3. Seizmicky profil 42/82 (S4st). Nahote: &asovy fez s geologickou interpretaci (12ndsobné prekryti, vzddlenost
bodi pHjmu 50 m; Gasové proménna filtrace a dekonvoluce, zvyraznéni koherence vinového pole,vinova migrace).
Dole; hloubkovy fez s geologickon interpretaci a schematickym znézornénim zévislosti dvojnasobkn asu na
hioubce. Tato zdvislost vychdzi zejména z vysledké seizmokarotaznich m&feni na vitech Lipany-1, 22 3. 1 -
centrain¥karpatsky paleogén; 2 - dolomity stiedniho triasy; LP - lipanske presmyky.

Piik. 4. Strukturai schéma reliéfu dotomitii triasu. 1 - reflexné seizmické profily SRB; 2 - bradlové pismo; 3 - hlubinné

vrty, kieré ovéfily reliéf dolomitd triasu; 4 - hlubinné vrty, které skongily v centréinSkarpatském paleogénu; 5 -

zlomy; 6 - izolinie vertikalovych hloubek reliéfu dolomith triasu po 500 m, vztaZené k nulové hlading, 7 - dtto, po
100m.
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