Geological Quarterly, Vol, 39, No. 1, 1995, p. 1-16

Wojciech RYLKO, Adam TOMAS

Morphology of the consolidated basement of the
Polish Carpathians in the light of magnetotelluric data

The morphology of the surface of the consolidated basement of the Carpathians has been analyzed using
magnetotelluric sounding. This surface has an exlensive regional slope trending northwest-southeast, In the
Krynica - Wysowa region it is broken and the western part has been moved around 45 km to the south. South of
the recognized slope, the consolidated basement of the Carpathians reachcs a depth of 17 km, This may be the
southern boundary of unmetamorphosed platform deposits under the Carpathians,

INTRODUCTION

In the area of the Polish Flysch Carpathians, telluric and magnetotelturic research has
been conducted since 1975 under the initiative and commission of the Polish Geological
Institute.

Magnetotelluric and telluric coverage of the entire area of the Carpathians was carried
out from 1986 to 1990. This research had two aims: recognition of the top of the consolidated
Carpathian basement and recognition of the structure associated with lithologic variability
in the overlying flysch. It was also expected that this research would allow definition of the
morphology, depth, and genesis of the “horizon of low specific resistivity” underneath the
Carpathians.

From 1975 to 1990, in the area of the Polish Flysch Carpathians, 518 magnetotelluric
soundings were made along 61 profiles. These profiles were located perpendicular to the
axis of the Carpathian arch. All magnetotelluric research in the area of the Carpathians was
conducted by the Agency for Geophysical Research (Przedsigbiorstwo Badan Geofizycz-
nych) in Warsaw.
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Fig. 1. Map of the depth of the consolidated Carpathian basement

1 —northern boundary of the Carpathians, 2 — depth contours of the consolidated Carpathian basement
Mapa glebokosei skonsolidowanego podloza Karpat

1 — pélnocna granica Karpat, 2 —izolinie glebokosei podloza skonsolidowanego

FBWO], Wepy ‘0Y[KY Yoarofom



Morphology of the consolidated basement ... 3

The first results were published in previous work (W. Bachan, 1981; M. Molek, A.
Oraczewski, 1988; M. Molek, W. Klimkowski, 1991; J. Swiecicka-Pawliszyn, M. Molek,
1975; J. Swiecicka-Pawliszyn, 1980, 1984).

The products of this research are maps of the depth of the magnetotelluric horizon
associated with the consolidated Carpathian basement. Comparison of the resulting picture
with facts known from deep boreholes and from interpretation by other geophysical
methods, particularly seismic methods, indicates that the traced “horizon of high specific
resistivity associated with the consolidated basement” reflects the morphology of the
consolidated Carpathian basement with a high degree of certainty.

To analyze the morphology of the consolidated basement, a wide variety of statistical
and computer methods were used. The results of magnetotelfuric soundings were analyzed
using the program SURFER and approximation by kriging was used to produce the most
accurate image possible. “Inverse distance ” methods with the highest power index were
used for discontinuity analysis of the surface. Also analyzed was the spatial image of the
surface of the consolidated basement. Perspective views from different directions and
different angles turned out to be particularly important because they allowed recognition of
a series of discontinuity zones obscure or invisible on depth maps of this horizon,

MORPHOLOGY OF THE CONSOLIDATED BASEMENT SURFACE

The morphology of the consolidated basement surface of the Carpathians is very
variable. Depth to the top of the basement varies from several hundred metres in the western
part of the Carpathians (in the vicinity of the so-called “Cieszyn Island”) to around 20 km
in the southeastern part (Fig. 1). Generally, the surface drops from the northwest toward the
southeast. The drop is not uniform, but it does have a largely continuous character.

As can be seen on the map of residuals (Fig. 2), the smallest deviations from the kriged
surface are observed in the western, northern, and northeastern parts of the Carpathians.
This is undoubtedly the result of shallow depth of the consolidated basement in these areas.
The greatest deviations from the kriged surface are observed in the regions of Krogcienko
(near the Dunajec river), Sanok, and Baligréd.

The irregularity of the surface of the consolidated basement is best seen on the positive -
and negative residuals maps (Figs. 3, 4). On the positive residuals map {Fig. 3), the zones
of largest deviation from the kriged surface are found southeast of Gorlice and the region
of Rymanéw. On the negative residuals map (Fig. 4), the zones of greatest deviation are
observed in the region of Gorlice and in the large triangular area bounded by Wysowa —
Sanok — Baligréd. Local irregularities are also observed in the region of Cisna.

On all the maps, the most visible, eye-catching feature of the consolidated basement is
the sharp drop in the southeastern and central parts of the Polish Carpathians. This zone
runs from the region of Ustrzyki Gérne through the vicinity of Lesko to the region of Jasto.
Along the Jasto — Wysowa line, it is displaced about 45 km to the south. From the region
of Wysowa, the drop zone can be traced as far as Mszana Dolna. It is the most important
discontinuity element in the area of the consolidated Carpathian basement. From now on it
will be called the “regional basement slope”.
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Fig. 2. Residuals distribution of the kinged surface

1 — northern boundary of the Carpathians, 2 -— deviation in kilometres
Rozklad residunm powierzehni krigingu

1 — péinocna granica Karpat, 2 — odchytka w kilometsach
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Fig. 3. Map of positive residuals
Explanations as in Fig. 2

Mapa residuum dodamiego
Objaspienia jak na fig. 2
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Fig. 4. Map of negative residuals
Explanations as in Fig. 2

Mapa residuum ujemnego
Objasnienia jak na fig, 2
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The next sharp drop zone of the consolidated basement surface appears in the western
part of the Carpathians along a line from Babia Géra to Makéw Podhalaniski. In the region
of Makdw Podhalariski, this zane is partly obscured. It is possible to trace it further along
a line from Babja Géra to Krakéw, but only in a very general way. West of this line, in a
southwest-northeast direction, a more gentle zone where the surface drops is visible. Its
trend may indicate the eastern boundary of the so-called ““Cieszyn Island™.

The surface of the consolidated basement is also characterized by a series of local drops
and rises. The greatest drop extends along the southem Pelish border from Wetlina through
Baligréd to the vicinity of Wysowa. It is as much as 20 km deep and is about 12 km lower
than the more northern area. {An interesting point is that the magnitude of the basement
drop corresponds to the magnitude of a drop in the Moho surface from profile IIT GSS
focated not far to the east in the Ukrainian Carpathians.) The described drop is two-part,
divided into the Rymanéw Elevation, with four distinct basins. The first two (in the
southeastern part) are located in the region of Wetlina and Bukowsko, and the remaining
two (in the western part) are located northeast of Wysowa in the region of Swiatkowa and
Dukla. To the south, it is bounded by an elevation of 6 to 8 km below the surface. Further
to the west, a series of local depressions along the “line” from Krynica to Jabtonka can be
seen. In the northern, elevated part of the basement, only one significant depression can be
seen at the meridian of Tarndw in the region of Gorlice. Its relative depression is 4 km, and
at its center the consolidated basement surface drops to a depth of 10 km below the Earth’s
surface.

The heterogeneity and disorder of the consolidated basement surface are much more
visible on the three dimensional models of this surface. Views from different directions and
different angles can be changed to highlight fragments of interest.

The first example is the surface seen from the southeast at a rather low angle (Fig. 5).
Particularly visible is the previously described “slope™ of this surface toward the south. It
As usually reasonably steep. Its refative drop between Lesko and Jaslo is 9 km; on the Lesko
— Sanok segment it drops at an angle of 40°, whereas between Sanok and Jaslo the slope
does not exceed 20°. West of Wysowa, the angle of the “slope” again increases to 35 to 40,
In this interval it 1s more heterogeneous, probably with transverse displacement.

On the Jasto - Wysowa line, the “regional basement slope” is shifted to the south about
45 km. The surface along which displacement occurred is also steeply tilted to the southeast
at an angle of 50°. The amount of the relative “slope” on this interval is 12 km.

The northern margin of the “slope” is very visible when the basement surface is
examined from the north at an angle of 75° (Fig. 6). Equally visible are the Babia Gdra —
Krakéw line and the northern margin of the Gorlice Depression.

Certain morphological elements are particularly visible when seen from the southwest
at an angle of 30° (Fig. 7). The eastern margin of the “Island”, the “Cieszyn — Andrychéw
Swell”, can be seen. Farther to the east, both the edge of the Rzeszotary Elevation and the
southern edge of the “regional basement slope” are present as well as the transverse
discontinuity on the Jasto — Wysowa line.

Figure 8 presents a view of the basement sucface from the southwest at an angle of 45°.
Visible in the eastern part is the northern margin of the “regional basement slope”. Farther
to the west, the two-level “slope” is particularly easy to observe on the Wysowa — Jasto
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Fig. 5. View of the consolidated Carpathian basement from the southeast

Widok powierzehni skonsolidowanego podioza Karpat z kierunku poludniowo-wschodniego
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Fig. 6. View of the consolidated Carpathian basement from the north at a 75° angle
Widok powierzchni skonsolidowanego podioza Karpat z kierunku péShnocnego pod katem 75°
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Widek powierzchni skonsclidowanego podloza Karpat z kierunku poluduiowo-zachodniego pod katem 30°
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/ Fig. 7. View of the consolidated Carpathian basement from the southwest al a 30” angle
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fine. Even farther to the west, the “‘slope” along the Babia Géra — Makéw Podhalariski line
can be seen and beyond that the southwestern slope of “Cieszyn Island”.

Viewed from the northeast (Fig. 9), the southeastern slope of the “Cieszyn — An-
drychéw Swell” can be discerned clearly, marked within its northeast-southwest fracture.
It may be within the yet unseen Zywiec — Rzeszotary fracture zone.

CONCLUSIONS

A high level of confidence can be placed in the data concerning the depth of the
consolidated Carpathian basement as interpreted from magnetotelluric soundings. This is
confirmed by comparison of its morphology with known facts from deep boreholes and
interpretation by other geophysical methods (particularly seismic). Magnetotelluric sound-
ings show the depth to the top of the censelidated Carpathian basement in a realistic way.

The most important subdivided element of the “regional basement slope” runs along a
largely northwest-southeast line (Fig. 10). It is broken in the region of Krynica — Wysowa;
from the Ustrzyki Gérne — Jaslo line to the east it is shifted toward the south along the
Krynica — Mszana Delna line. The amount of displacement is as much as 45 km.

The “regional basementslope” is probably the southern boundary of platform carbonates
under the Carpathian Flysch. The slope of the basement is tilted toward the south at an
average angle of 35 to 50°. Considering the dip, it is possible ta believe that its intersection
with the Moho surface in the region east of Krynica (fracture zone W-W according to G.
Bojdys, M. Lemberger, 1986) occurs along a line coinciding with the trend of the Perypie-
niny Dislocation. West of the W—W zone, regularity of this sort can no longer be observed,
and the intersection with the Moho is presumably along the Krompachy (Slovakia) — Nowy
Targ “line”. It is also possible that displacement perpendicular to the dip direction results
from dissection by transverse fracture. From this perspective, the noticeable Babia Géra —
Makdéw Podhaladski tectonic line (zone) may be associated with the deep Bariska Bystrzy-
ca — Zywiec fracture suggested by W. Sikora (1976).

Farther to the east, the Wysowa —Jasto line can be tied to the Preszéw — Gorlice fracture
of W. Sikora (1976) or the Jasto — Potaniec fracture of K. Zytko (1982). This zone may also
coincide with the W—W fracture of G. Bojdys and M. Lemberger (1986).

The disorder of the upper surface of the basement northeast of Sanok can be tied to the
Lesko — Zolynia line defined by K. Zytko (1982).

Based on the morphology of the consolidated Carpathian basement surface, this region
can be divided into three separate regions each having their own influence on the sedimen-
tary platform and geosynclinal deposits. The western region isbounded on
the east by the Wadowice — Jordandw — Kroécienko (near the Dunajec river) line (zone). It
includes the “Cieszyn — Andrychéw Swell”, and its eastern slope is filled with Palaeozoic
sediments. The shape and character of the consolidated basement surface in this region
suggest continuation of the Palaeozoic trough farther to the south and southeast, even farther
south of the “regional platform slope”. These ideas, proposed by K. Zytko {1991), suggest
that south of the “regional platform slope” there may even be coal-bearing Carboniferous.
Its reflections in this area would be the magnetotelluric horizon of low specific resistivity.
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Fig. 8. View of the consolidated Carpathian basement from the southwest at a 45° angle
Widok powierzehni skonsolidowanego podloza Karpat 2 kierunku poludniowo-zachodniego pod kgtem 45°
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Widok powijerzchni skonsolidowanego podtoza Karpat z kierunku péinocno-wschodniego

Fig. 9. View of the consolidated Carpathian basement trom the northeast
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Fig. 10. Trend of the consolidated Carpathian basement stope

1 — Neogene Orawa — Nowy Targ Trough, 2 — Miocene (including folded Miocene) overlying external Carpathian Flysch deposits, 3 — Magura unit, 4 ~ pre-Magura
units (PM — pre-Magura, D — Dukla, G — Grybow), 5 — Silesian unit, § — Subsilesian unit, 7 — Skole unit. 8 — Pieniny Klippen Belt, 9 — northern boundary of the
Carpathians, 10 — northern boundary of the folded Miocene, 11 — boundaries of the main external Carpathian tectonic units, 12 — intersection of the slope of the
consolidated basement with the surface of the earth, 13 — zone of maximum dip of the consolidated basement surface {arrow — dip direction, circled number — average
dip}, 14 — intersection of the slope of the consolidated basement with the Moho surface, 15 — minimum gravimetric axis

Przebieg skionu skonsolidowanego podioza Karpat

| — neogen niecki orawsko-nowotarskie], 2— miocen sfaldoweny i miocen lezacy na utworach fliszowych Karpat zewnetrznych, 3 — jednostka magurska, 4 — jednostki
przedmagurskie (PM — przedmagurska, I — dukielska, G — grybowska), 5 — jednostka §laska, 6 — jednostka podslaska, 7 — jednostka skolska, 8 — pieniniski pas
skatkowy, 9 — p6inocna granica Karpat, 10 — pélnocna granica miocenu sfaldowanego, i1 — granice gldwnych jednostek tektonicznych Karpat zewngirznych, 12 —
kiad skionu podioZa skonsolidowanego na powierzchnig terenu, 13 — strefa maksymalnego gradientu nachylenia powierzchni skonsolidowanego podloza (strzalka —
kierunek nachylenia, liczba w kétku — $redni kat nachylenia), 14 — klad sktonu podloza skonsolidowanego na powierzchnie Moho, 15— 0§ minimum grawimetrycznego
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The Carboniferous sea could have “filled”” it from the south through a passage located
between Zywiec and Jordanéw.

Intheeastern region, eastof the Wadowice — Jordandw — Kroscienko (near
the Dunajec river) line (zone), bothsouthern andnorthern zones ofthe
“regional basement slope” can be distinguished.

With respect to the northern part, the southern part is thrown on average around 10 km.
The movement zone is discontinuous, along the Jasto — Wysowa line it is broken and its
eastern part is shifted around 45 km northward. North of it was the Tethys Ocean, where
the oldest flysch sediments were deposited. They were deposited, for example, over the
coal-bearing deposits of the Upper Carboniferous.

Translated by Thomas Olszewski

QOddziat Karpacki

Parstwowego Instytulu Geologicznego
Krmkéw, ul, Skrzatdw 1

Received: 5.07.1994
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MORFOLOGIA SKONSOLIDOWANEGO PODEOZA POLSKIEJ CZESCI KARPAT
W $WIETLE BADAN MAGNETOTELLURY CZNYCH

Streszczenie

Na obszarze polskich Karpat fliszowych badania magnetotelturyczne i telluryczne prowadzono od 1975 1. z
inicjatywy i na zlecenie Padstwowego Instytutu Geologicznego. W latach 1975-1990 wykonano 518 sondowari
magnelotellurycznych na 61 profilach, zlokalizowanych prostopadle do osi tuku karpackiego.

Poréwnanie uzyskanego obmzu morfologii powierzchni podioZa skonsolidowanego z faktami znanymi z
glebokich otworéw wiertniczych oraz interpretacja innych metod geofizyeznych, a szezegélnie badard
sejsmicznych, wskazuje na duza wiarygodnodé uzyskanych danych, W zwiazku z tym mozna uznaé, ze wyniki
sondowari magnetotellurycznych w rzeczywisty sposdb odzwierciedlaja gigbokosé stropu skonsolidowanego
podtoza Karpat,

Najwazniejszy wydzielony element — ,regionalny skion podioza” przebiega w przyblizeniv wzdtuz linii
NW-SE. W rejonie Krynicy — Wysowej jest on rozerwany i z linit Ustrzyki Gérne — Jasto, na wschodzie,
przesunigly o ok. 45 km ku potudniowi na linig Krynica - Mszana Dolna.

Mozna sadzié, ze ,tegionalny sklon podloza™ odpowiada potudniowej granicy zasiggu utworéw platlor-
mowych pod Karpatami fliszowymi. Jest on nachylony ku poludniowi przecigtnie pod katem od 35 do 50°.
Uwzgledniajge te katy nachylenin, mozna stwierdzié, ze jego rzut na powierzchni¢ Moho w rejonie polozonym
na E od potudnika Krynicy (strefy rozlamowej W-W wedlug G. BojdysaiM, Lembergera, 1986) uklada sig wzdluZ
linii pokrywajgccj sie z przebiegiem roztamu perypienifiskiego. Na zachéd od strefy W-W prawidtowosci takiej
juz nie obserwujemy, rzut sklonu podtoZa na powierzchnig Moho ukiada sig przypuszczalnie wzdtuz | linii”
Krompachy (Slowacja} — Nowy Targ.

Mozna przyjgé réwniez hipoteze, Ze przemieszczenia prostopadle do biegu sklonu wynikaja z jego przecigcia
roztamami transwersalnymi. W tym ujeciu zauwazalna w zachodniej czeéci Karpat linia (strefa) lektoniczna Babigj
Gory —Makowa Podhalariskiego moze by¢ powigzana z sugerowanym przez W. Sikorg {1976) gtebokim rozlamem
Bariskiej Bystrzycy — Zywca.

Posuwajge sie ku wschodowi, linig W ysowa — Jasto mozna by wigzaé z roztamem Preszowa — Gorlic {(wedtug
W. Sikory, 1976) lub roztament Jasta — Pofarica stwierdzonym przez K. Zytke (1982). Strefa ta moze sig pokrywac
réwniet z roztamem W — W w ujeciu G. Bojdysa i M, Lembergera (1986), Widoczne zaburzenie powierzchni
stropu podioZa na NE od Sanoka mozna wigzaé ze zdefiniowang przez K. Zytkc (1982) linig Lesko — Zolynia.

Na podstawie analizy morfologii powierzchni skonsolidowanego podioza Karpat region ten mozna podzieli¢
na trzy odrgbne obszary, majace odzwiereiedlenic w sedymentacji zarGwno utworéw platformowych, jak i
geosynklinalnyeh. Obszar zachodni ograniczony jest od wschodu linia (strefg) Wadowice — Jordanéw —
Krogcienko n. Dunajcem. Obejmuje on ,,wat cieszyisko-andrychowski” oraz jego wschodni skion wypetniony
osadami paleozoicznymi. Kszialt i charakter powierzchni podloza skonsolidowanego w tym rejonie sngeruje
mozliwo$¢ kontynuowania sig niecki paleozoicznej ku potudniowi i potudniowcmu wschodowi, nawet na potudnie
od ,zegionalnego sktonu platformy”. Koneepeie taka wysungt K. Zytko (1991), sugerujac Ze na potudnie od
regionalnego sktonu platformy” mogg wystgpowac nawet utwory karbonu weglonoénego. Jego odzwierciedle-
niem na tym obszarze bytby magnetotelluryezny horyzont niskooporowy. Morze karboriskie mogloby sie ,,wla¢”
na potudnie poprzez kanion zlokatizowany migdzy rejonem Zywea i Jordanowa.

W obszarze wschodnim, na wschid od linii (soefy) Wadowice — Jordanéw — Kroécienko n.
Dunajceni, mozna wyré#nié czgéé péinocna i poiudniow g, rozdzielone ,regionalnym sklonem
podioza” skonsolidowanego. W stosunku do czesei polnocnej czg§€ potudniowa jest zrzucona $rednio o ok. 10
km. Strefa zrzutu jest nieciagta, wzdhuz linii Wysowa— Jasto jest rozcigta 1 przesunigta w czgéel wschodniej o ok.
45 km na pélnoc. W péinocnej ezgsci strefy wschodniej osadzaly sie utwory platformowe. Na peotudnie od nigj
istnial juz Ocean Tetydy i1 osadzaly si¢ w nim najstarsze utwory fliszu (np. na weglonognych utworach karbonu
gérnego).



