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Abstract. The Pericarpathian and Peripieniny lineaments divide the litho-
sphere in the Northern Carpathians region into three blocks i.e. the Metacarpathian,
Carpathian and Transcarpathian ones. These blocks are characterized by different
thickness of the Earth’s crust. The Carpathian block is the place where the cor-
dilleras were downsucked and where are rooted the nappes of the external Car-
pathians. The formation of discussed lineaments started in Oligocene, and the main
phase took place in Sarmatian-Pliocene.

International profiles of deep seismic soundings, were made a few
years ago, across the Ukrainian, Polish and Czechoslovakian Carpathians;
for the first time they threw some light on the structure of the litho-
sphere ! in the region of the Carpathian Foredeep, the Outer Carpathians
and the Central ones. Geophysical and geological interpretation of those
profiles (fig. 1) was presented in two comprehensive works: the first one
edited by V. B. Sollogub, D. Prosen and G. Militzer, published
in Kiev in 1971, the other edited by Szémas Gyorgy, published in
Budapest in 1972,

Profile 'V, whose northern part crosses the territory of Poland, was
interpreted by J. Uchman in 1973.

Structure lithosphere under the Ukrainfan Carpathians and their
foreland was recently extensively interpreted by A. V. Cekunov
(1972).

In connection with the results of deep seismic soundings accross the
Carpathians, .critical analyses of some aspects of deep tectonics of the
Polish Carpathians basement appeared recently in Poland (A. Kislow,
1973; R. Ney, 1973; W. Sikora, 1973).
mhere = sedimentary layer -+ granite layer -+ basaltic layer -+ upper
mantle (V. E. Chain 1973).

1%



—_ 4 —

The main achievement of deep seismic soundings was the estimation
of thickness of the Earth’s crust in South-East Europe. V. E. Sollogub
et al. (1971), as well as Szémas Gyorgy et al. (1972), assumed that the
position of the Moho discontinuity changes stepwise along abyssal frac-
tures (lineaments) 2 which' divide the lithosphere finto individual blocks.

During the last few years the science of lineaments became an in-
dependent section of geotectonics; up to mow, however, a generally ac-
cepted definition of the notion ,,Lineament” (abyssal fracture) has been
absent, meither has existed a generally accepted classification of linea-
ments. In the present paper I call a ,lineament” a narrow (maximally
up to a dozen or so kilometres) zone of distocations in the lithosphere,
separating blocks of various thickmess of the Earth’s crust.

In Soviet theoretical geology {(where the science of lineaments has
been widely developed), since A. Pejve (1945) wrote his first paper
on this subject, a mumber of criteria derived from indirect data
(V. E. Chain, 1973) have been taken into consideration to distinguish
abyssal fractures, apart from direct criteria on the basis of deep seismic
soundings. It should be made quite clear, however, that the main data
which allow to detect an abyssal fracture result from the amnalysis of
geophysical data.

The present paper fis a continuation of research work on tectogenesis
of the Polish Outer Carpathians. Earlier results of works on this subject
were presented in two papers, published recently (W. Sikora, 1971a;
1971Db).

THE RELATION OF THE CARPATHIAN OROGEN TO THE PLATFORM,
ON THE EXAMPLE OF THE POLISH CARPATHIANS

It has been accepted since the time of M. Lugeon, V. Uhlig and
M. Limanowski that nappe tectonics is a characteristic feature of
the Carpathians. Along the transversal rcross-section, the Polish Car-
‘pathians can be divided into the Central Carpathians and the Outer
ones.

The Central Carpathians are built of sedimentary wrocks of the Per-
mian-Cenomanian age (T. Buday, M. Mahel et al, 1968; S. Soko-
towski, 1959; E. Passendorfer, 1963), as well as of cristalline
massifs of the Silurian-Carboniferous age (J. Burchard, 1971). Their
folding and wuplifting occurred probably in Turonian, since in Slovakia
transgressive Emsherian sediments are resting on partly eroded folds and
nappes of the Central Carpathians, as a postorogenic cover (T. Buday,
M. Mahel et al, 1968). The postorogenic cover is younger in the Tatra

2 In this paper the terms abyssal fractures and lineaments are considered
synonyms.
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Mountains, as it begins with the Middle Eocene deposits (W. Kuzmniar,
1910; S. Sokolowski, 1959).

The Outer Carpathians are built, in the main, of flysch rocks of the
late Jurassic-Aquitanian age (Bieda et al., 1963). The disappearance of
the geosyncline conditions occurred there during the post-Paleogene oro-
genic revolutions. Flysch rocks were then detached from their substratum,
nappes were formed and overthrust the Miocene molasses of the foredeep,
whose basement constitutes a platformm type sediments 3.

Between the Central and the Outer Carpathians there is a very diver-
sified geological structure called, according to geological bibliography, the
Pieniny Klippen Belt. Strata oocurring there represent the time interval
from Triassic to Oligocene. Up to now, the number of tectonic phases ¢
in the Pieniny Klippen Belt has not been decisively established. Con-
sidering the fact, however that in the Pieniny Klippen Belt there are
zones with continuous sedimentation from Cretaceous to Paleogene
(W. Sikora, 197la; O. Samuel, K. Borza, E. Kohler, 1972), it
should be accepted that the complete inversion of partial geosyncline of
the Pieniny Klippen Belt, followed by disappearance of the geosyncline
occurred only in the post-Paleogene phases.

The relation of the Carpathian orogen to the platform basement,
which is at same time the basement of the Carpathian Foredeep, was
presented for the first time by V. Uhling in 1907. According to his
interpretation, the Carpathian orogen is so overthrust on its foreland
(according to W. Teisseyre, 1921, the foredeep on the platform
basement is thrust under the Carpathian orogen) that the foredeep mo-
lasses occur even under the Central Carpathians. According to him, the
distance of ,,en bloc” overthrust of the Carpathians on their foreland is
about 80 kilometres, and the geosynclinal basement should occur only
somewhere south of the High Tatra Mts. North of the High Tatra Mts.
the orogen rocks are located on an extraneous basement (sunken plat-
form).

The ultra-nappic conception was not supported in the following years,
although none of the Polish geologists denied the nappe structure of the
3 Soviet geologists (V. V. Glu$ko, S. S. Kruglov et al, 1971) distinguish
two zones in the foredeep of the Ukrainian Carpathians: the outer zone, located
on the platform and the inner one, located on the geosynclinal basement. The inner
zone was further divided into two parts: the northern — Sambor and the southern —
Pokucie—Borystaw, where a sedimentary continuity between the Paleogene flysch
and the Lower Miocene molasses has been proved (K. Toilwinski, 1927).

It has still been an open question whether folds and nappes of the outermost
parts of the geosyncline, in which molasse deposits were laid down, should be
regarded as belonging to the foredeep. Some scientists as, eg. J. Aubouin (1965
are of the opinion that the notion of foredeep is closely connected with that of
a platform basement.

¢ The notion of tectonic phase is used in the present paper according to the
definition by V. E. Chain (1964).
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Carpathians and far horizontal displacements {(see the review of tectonics
conceptions concerning the structure of the Polish Carpathians —
M. Ksigzkiewicz, 1972).

For many years nobody tried to establish the southern extent of the
platform basement under the Carpathians. An insight into this question
was provided by deep bore-holes performed in last time. The extent of
the platform basement is located far under the overthrust flysch not
farther, however, than the axis of regional gravimetric minimum that
runs parallel to the Pericarpathian Lineament, somewhat south of it
(fig. 1) (K. Zytko, 1965; Z. Olewicz 1963; S. Wdowiarz S. Ju-
chi, 1968; Z. Roth, 1968; A. Slgczka, 1970; W. Sikora, 1971b;
A. Ki‘élow, 1973, L. Koszarski, W, Sikora, S. Wdowiarz et
al.; L. Koszarski, W. Sikora in press). Only R. Ney (1973) in
his interpretation of structure of the Polish Carpathians establishes the
delineation of the platform basement in the northern part of the Pieniny
Klippen Belt, regarding the belt zone as a subduction one {(also compare
I.F.Dewey, J. M. Bird, 1970).

THE COURSE OF THE PERICARPATHIAN LINEAMENT

In 1970 a conception was brought forward (L. Koszarski, W. Si-
kora, K. Zytko in R. Osika, 19715 that the boundary between the
basement, non-regenerated by iwalpine orogeny on which the foredeep

Fig. 1. .Tectonic sketch map of the Polish, Ukrainian and Czechoslovakian Car-
pathians. 1 — platform; 2 — foredeep founded on the platform; 3 — erosional re-
licts of the Miocene molasses resting on the Outer Carpathian flysch; 4 — inter-
montane depressions: T — Trenéin, I — Ilava, O — Orawa—Nowy Targ, N —
Nowy Sacz. Outer Carpathians: 5 — Stebnik unite (inner zone of the foredeep
founded on the geosynclinal basement); 6 — Skole unite; 7 — Subsilesian, Silesian,
Dukla, Grybéw, Fore-Magura units; 8 — Magura unit; 9 — Pieniny Klippen Belt;
10 — Central Carpathians; 11 — significant Neogene volcanic rocks; 12 — lineaments:
o — Pericarpathian, § — Peripieniny; 13 — lines of deep seismic soundings; A —
Metacarpathian block; B — Carpathian block; C — Transcarpathian block. Pre-
sumed transversal lineaments: w — Banska Bistrica, x — PreSov—Gorlice, y —
Vihorlai—Sanok, z — Przemy$l—Mukaevo (after Mahel et al. 1973, changed)

Fig. 1. Szkic tektoniczny polskich, ukrainskich i czechostowackich Karpat. 1 — plat-
forma; 2 — row przedgérski zalozony na podiozu platformowym; 3 — erozyjne
resztki molas miocefiskich na fliszu Karpat zewnetrznych; 4 — zapadliska $rod-
goérskie; T — Trencina, I — Ilavy, O — Orawy — Nowego Targu, N — Nowego
Sacza. Karpaty zewnetrzne: 5 — jednostka stebnicka (wewnetrzna strefa rowu
przedgérskiego zalozonego na podiozu geosynklinalnym); 6 — jednostka skolska;
7 — jednostki podslgska, §laska, dukielska, grybowska, przedmagurska; 8 — jed-
nostka magurska; 9 — pieninski pas skatkowy; 10 — Karpaty wewnetrzne; 11 —
wazniejsze wystapienia neogenskich wulkanitéw; 12 — wgtebne rozlamy: a — roz-
lam perykarpacki, § — rozilam perypieninski; 13 — linie profilow gitebokich son-
dowan sejsmicznych; A — blok metakarpacki, B — blok karpacki, C — blok trans-
karpacki. Przypuszczalne rozlamy poprzeczne: w — Banska Bystrzyca, x — Pre-
szow—Gorlice, y — Vihorlat—Sanok, z — Przemy$§l—Mukaczewo (wg Mahel et
al. 1973, zmienione)

5 The programme of drilling works in the Carpathians presented in conference
in the Geoclogical Institute in Krakéw in July 1970.
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was formed, and the basement partly under alpine regeneration is re-
presented by a zone of lineaments in the Polish Carpathians. This zone
is marked out by concentration of gravity izolines on the northern margin
of gravimetric minimum and Tuns along the Stary Sambor—Domaradz—
Nowy Sgcz—Nowy Targ—Kysucke—Nove Mesto line.

The results of international deep seismics soundings, published in the
following year, showed that the abyssal fracture, for which the term
,,Pericarpathian” ¢ was suggested (W. Sikora, 1973), occurs on the
northern ,;steep margin” of the regional gravimetric minimum and is
rooted beneath the Moho discontinuity. The above data show that at
least lin the case of the Ukrainian, Polish and Czechoslovakian parts of
the Carpathians, the northern ,,steep margin” of the gravimetric minimum
marks out a very important boundary, distinct in the whole lithosphere.

In profile V, which crosses the Polish Carpathians more or less at
the meridian of Nowy Sacz, the disparity in hypsometric situation of the
Moho discontinuity on both sides of the Pericappathian lineament is about
8 kilometres (fig. 2). The lineament was drawn as a vertical one (Sol-
logub et al, 1971; J. Uhman, 1973), and its surface projection occurs
at the boundary between the Magura and the Silesian nappes. This is
only accidental, however, since the Pericarpathian lineament cuts across
individual nappes in the Polish Carpathians and its surface projection
occurs according to place at various points of the Carpathian flysch
nappes (fig. 1).

8 The term ,Pericarpathian lineament” was used to stress its peripheral situ-
ation in relation to the Carpathian geosyncline basement (see below). The present
situation of the lineament inside the Carpathians (fig. 1) is a result of the fact
that erosion of flysch nappes on the Metacarpathian block has not proceeded too
far yetf. In case of erosional truncation of the farther 6—8 kilometers of the flysch,
the Pericarpathian lineament will mark out, more or less precisely, the boun-

dary between the Carpathians and their foreland; It will then be peripheral in
relation to the Carpathian orogen.

Fig. 2. Moho discontinuity in the Carpathians. A — recent situation along the geo-
physical profile V (acc. to Uchman, 1973): 1 — Moho discontinuity; 2 — upper
mantle; I — Metacarpathian block; II — Carpathian block; III — Transcarpathian
block; o — Pericarpathian lineament;  — Peripieniny lineament. B — hipothetical
situation after the subherzynian phase (Upper Creatceous): 1 — sea level, 2 —
Moho discontinuity; 3 — upper mantle; I, — Metacarpathian block (Early Meta-
carpathian); II, — Early Carpathian block (partial geosyncline of the Outer
Carpathians); III, — Early Transcarpathian block (Central Carpathian land); o, —
Early Pericarpathians lineament; g, — Early Peripieniny lineament; SK — Silesian
cordilliera
Fig. 2. Zmiana polozenia granicy Moho w Karpatach. A — Polozenie wspéiczesne
na profilu nr V (wg Uchmana, 1973): 1 — granica Moho; 2 — gérny plaszcz;
I — blok metakarpacki; II — blok karpacki; IIT — blok zakarpacki; a — rozlam
perykarpacki; 8 — rozlam perypieninski; B — hipotetyczne polozenie po fazie sub-
hercynskiej (géorna kreda): 1 — poziom morza; 2 —granica Moho; 3 — gérny ptaszcz;
I, — blok metakarpacki (starometakarpacki); II, — blok starokarpacki (czastkowa
geosynklina Karpat zewnetrznych); III, — blok starozakarpacki (lad Karpat we-
wnetrznych); o, — rozlam staroperykarpacki; B, — rozlam staroperypieninski;
SK — kordyliera $lgska



In profile III, which crosses the Ukrainian Carpathiamns, the extent of
,vertical displacement” of the Pericarpathian lineament is about 12 kilo-
metres {fig. 2). The situation shown by the authors of comprehensive
works (V. B. Sollogub et al,, 1970) is not so simple as in profile V.
Two lineaments that join together in their lower mpart at the Moho
discontinuity are shown there. The lineaments are bent northward and
the surface projection of the southern branch occurs, more or less, at the
boundary between the Sambor and the Pokucie-Borystaw zones. The
southern branch of the lineament corresponds probably to the Borystaw -
lineament (abyssal fracture), distinguished by M. S. Jary§, N. J. Tur-
¢amenko and C. B. Zajac (1973).

The surface projection of the northern branch occurs at the boundary
between the East-European wplatform and the outer part of the Car-
pathian Foredeep, founded on the platform basement.

In profile III another deep lineament occurs south of the southern
branch of the Pericarpathian lineament. South of the lineament the Moho
discontinuity rises from 65 kilometres in depth to about 55 kilometres.
It is possible that this lineament encloses the zone of the Borystaw—Po-
kucie folds from the south (the inner zone of the Foredeep founded on
the geosynclinal basement). Those folds probably end in the Polish East
Carpathians and, in consequence, the lineament mentioned above also
disappears; therefore it cannot be observed either in profile V or in
profile VI.

In profile VI, which cuts the NW end of the Vienna Basin, the diffe-
rence in situation of the Moho discontinuity is very small. In this profile
the surface projection of the Pericarpathian lineament woccurs in the
southern part of the Magura nappe, with molasse deposits of the Vienna
Basin superimposed on it.

It is easy to see that the Pericarpathian lineament forms an arc
of smaller radius than the arc that constitutes the erosional margin of
the Carpathian flysch. It is one of the reasons why flysch nappes, founded
on the platform basement, are torn up into isolated blocks that are com-
pensated both in the longitudinal and the cross-sections (L. Koszar-
ski, W. Sikora in press). Finally, the line of the Pericarpathian linea-
ment establishes the boundary, north of which flysch nappes are cer-
tainly mot rooted.

THE COURSE OF THE PERIPIENINY LINEAMENT

Another regional deep lineament has been found thanks to inter-
national seismic soundings. In surface projection in profiles III and V
it appears in the Pieniny Klippen Belt, while in profile VI in the northern
slope of the Male Karpaty (V. B. Sollogub et al., 1970). This regional
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lineament is mot genetically connected with the Pieniny Klippen Belt
exclusively, since fin profile VI its situation is projected on a surface of
about 20 kilometres south of the Pieniny Klippen Belt. Therefore, at
a certain distance this lineament also cuts across alpine structures of the
Central Carpathians. It is possible that the unusual widening up to over
20 kilometres of the Pieniny Klippen Belt in the Vah Valley in Czecho-
slovakia is connected with recession southward of the Peripieniny linea-
ment, in relation to the Pieniny Klippen Belt.

The greatest extent of ,,vertical displacement” of the Moho discontin-
uity can be observed in profile III. It reaches here more than 20 kilo-
metres while, at the same time, the , hanging wall” represents the region
south of the lineament, called the Transcarpathian one by Soviet geo-
logists (V. V. Glusko, S. S. Kruglov et al, 1971). In profile VI,
similarly as in the Pericarpathian lineament, the extent of ,displacement”
is small and difficult to read. In any case, it does not exceed 5 kilometres.

THE METACARPATHIAN, CARPATHIAN AND TRANSCARPATHIAN BLOCKS

In cross-section, the lithosphere of the Ukrainian, Polish and Czecho-
slovakian Carpathians, as well as of their close foreland, is divided by
two deep lineaments; the Pericarpathian and the Peripieniny ones into
there main blocks.

a) I suggest the name ,,Metacarpathian block” to the region north of the
Pericarpathian lineament, corresponding to the area of the foredeep
situated on the platform basement (cf. W. Sikora, 1973). Thickness of
the Earth’s crust in this block in profile III is about 52 kilometres; in
profile V. — about 40 kilometres; in profile VI — 33—35 kilometres.

b) I suggest the name ,,Carpathian block” to the region between the Peri-
carpathian lineament and the Peripieniny one. Thickness of the Earth’s
crust in profile IIT is from 55 to 65 kilometres; in profile V — about
50 kilometres; in profile VI — about 35 kilometres.

c) I suggest the name ,, Transcarpathian? block” to the region south of
the Peripieniny lineament. A very small thickness of the Earth’s crust is
a characteristic feature of this block. In profile III it is about 25 kilo-
metres; in profile V — from 25 to 35 kilometres; in profile VI — from
28 to 30 kilometres.

The Carpathian block that represents the root of the Carpathian
orrogeh is shaped like a wedge, narrowing westward. At the same time

7 This name is connected with the region of the Ukrainian Carpathians, where
the ,,displacement” of the Peripieniny Lineament is over 20 kilometres and where
the ,,upthrown side” (Transcarpathian block) does not belong, in the geographical
sense, to the Carpathians; compare: ,Transcarpathian Russia”, , Transcarpathian
depression”, , Transcarpathian lineament” (in the region of the Ukrainian Car-
pathians — the Peripieniny lineament).
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the thickness of the Earth’s crust diminishes constantly from east to west,
from 65 kilometres in profile III to about 35 kilometres in profile VI.

The same tendencies can be observed in the Metacarpathian block.
The thickness of the Earth’s crust diminishes here from 52 kilometres in
profile III, through 40 kilometres in profile V, to 33 kilometres in profile
VI. On the other hand, a contrary tendency can be observed in the
Transcarpathian block, where the thickness of the Earth’s crust in profiles
V and VI is from 28 to 35 kilometres, while in profile III — about 25
kilometres. It implies that, in gemeral, the Earth’s crust thickness dimi-
nishes in a west-east direction, which is contrary to the direction found
in the Metacarpathian and the Carpathian blocks. If purely mechanical
criteria concerning the origin of the Peripieniny lineament were used,
we would then have to do with a ,,sui generis”, pivotal lineament.

In the case of the Carpathian and the Metacarpathian blocks the
thicker the Earth’s crust is, the deeper the top of the granito-metamorphic
layer (consolidated basement) occurs. In the Ukrainian Carpathians and
in the eastern part of the Polish Carpathians the basement is located
much deeper than in the western part of the Polish Carpathians and in
the Czechoslovakian Carpathians; it had already been recognized by
J. Smolenski in 1919.

It seems necessary to regard also abyssal transversal fractures as
alpine structures to give even the most general characteristics of in-
dividual blocks. Unfortunately, a valid longitudinal profile of deep seismic
soundings has been lacking, so far; it does mot allow an immediate re-
cognition of such transversal lineaments. There are, however, intermediate
data allowing a conclusion that in the Carpathians there occur trans-
versal lineaments whose roots reach the Earth’s upper mantle.

Thanks to deep seismic soundings in the Carpathians, there is mot
doubt now ‘that the regional gravimetric minimum results partly from
great thickness of the Earth’s crust under the Carpathian block and also,
possibly, from a specific structure of the Earth’s upper mantle under it
(also cf. A. V. Cekunov, 1972). It can be assumed then that great
disturbances in the course of axis of the gravimetric minimum in the
Carpathians are reflected in imregularities of structure in the Earth’s
crust and its upper mantle. Thus the disjunction of axis of the minimum
(shown in fig. 1 as a deflexion of the Pericarpathian lineament) lying,
more or less, at the meridians of a) Przemysl, b) Sanok, ¢) Gorlice, d) Zy-
wiec priobably correspond to abyssal transversal fractures whose roots
reach below the Moho discontinuity.

It is not unlikely that the deep transversal lineaments also took
a great part in formation of the Vienna Basin, superimposed on the Car-
pathians. They may also be the cause of the fact in profile VI such
sharp hypsometric contrasts of the Moho discontinuity on both sides of
the Pericarpathian and the Peripieniny lineaments cannot be observed.
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REFLECTION OF ABYSSAL FRACTURES
IN THE GEOLOGICAL SURFACE STRUCTURE
AND THEIR CONNECTION WITH LATE OROGENIC VULCANISM
AND EARTHQUAKES

The connection of deep lineaments with post-orogenic depressions
seems unquestionable today (V. E. Chain, 1973). Relatively large de-
pressions, i.e. the Nowy Sgcz depression and the Orawa—Nowy Targ one
(fig. 1) were formed along the Pericarpathian lineament. Their formation
was probably also conditioned by the fact that in the zone where they
occur the Pericarpathian lineament and the Peripieniny one approach
each other very closely. It resulted in weakening of the Earth’s crust in
this area and in formation of intermontane depressions. It is interesting
to observe that the two lineaments approach each other most closely at
the same meridian as the biggest marrowing of the foredeep in front of
the flysch Carpathians takes place. This fact may suggest that the two
phenomena are genetically related.

South of the Pericampathian lineament thrust planes of individual
tectonic units are steeper than in the region morth of the lineament.
Along the Pericarpathian lineament an abrupt upheaval of thrust planes
of higher units onto lower ones can be observed; today it is marked by
the presence of tectonic promontories and outliers (K. Zytko, 1965).
Since the Pericarpathian lineament cuts transversaly individual Car-
pathian mappes, the structure of flysch masses in the Polish East Car-
pathians differs from the tectonics in the West Carpathians. The majority
of flysch masses in the East Carpathians belong to the Carpathian block
and they are founded on a deeply sunken basement, while nappes in the
West Carpathians belong mostly to the Metaocarpathian block and are
overthrust upon relatively shallowy situated formations of the foredeep.
A short characteristic of the structure of flysch rocks located north and
south of the Pericarpathian lineament is quoted after L. Koszarski
and W. Sikora (in press): ,,Flysch wrocks over the Carpathian block,
especially in the tectonic depression of the eastern part of the Silesian
unit, called the Central Carpathian Depression, appear in the form of
folds running at a distance of tens of kilometres. This relatively mono-
tonous structure is apparent, however, since detailed surface examina-
tions and drillings showed that the majority of antyclines that display
recumbent limbs on the surface are undercut by thrust planes. The latter
form deeply rooted scales (overthrust folds). Such an arrangement of
folds can be also found in that part of the Skole unit that lies south of
the Pericarpathian lineament (the Ukrainian Carpathians). Flysch nappes
located over the Metacarpathian block, which can be easily seen in the
Czechoslovakian Carpathians and in the Polish West Carpathians, are
disrupted and torn up to plates by transversal and longitudinal faults
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(overthrusts). In this way individual parts of nappes appear in the form
of detached blocks, separated from one another by formations belonging
to over- or underlying flysch umits”.

It is not unlikely that formation of the very narrow Pieniny Klippen
Belt at a long distance (the Polish, East Slovakian and Ukrainian Car-
pathians) should be connected with the fact that at the very distance the
course of ‘the Kilippen Belt is in line with that of the Peripieniny linea-
ment. The width of the Klippen Belt inoreases and may exceed 20 kilo-
metres in the Vah Valley, where the Peripieniny lineament ,escapes”
southward into the region of the Central Carpathians. The Peripieniny
lineament is also marked by the postorogenic depressions of Ilava, Tren-
¢in and Orawa—Nowy Targ (fig. 1).

Undoubtedly, there must be a relation between vulcanism and abyssal
fractures whoso roots reach to the Earth’s mantle. According to recent
theories (A. E. Ringwood, 1972), focuses of the andesite vulcanism,
so characteristic of the late orogenic vulcanism in the Carpathians, were
situated below the Earth’s crust, in the mamntle. Effusions of lava are
concentrated in some places only along the Pericarpathian lineament.
It allows an assumption that those effusions reached the Earth’s surface
in certain prnivileged zones, especially there where subcrustal abyssal
fructures cross one another. We can assume then that there exist deep
subcrustial transversal lineaments along the lines: Banska Bystrica—Za-
zriva—Zywiec; PreSov—Gorlice; Vihorlat—Sanok, and Mukaéevo—DPrze-
mys$l (fig. 1), despite the fact that, so far, they have not been proved by
means of deep seismic soundings. The already mentioned disruptions and
disturbances of axis of the Carpathian gravimetric minimum are located
along those lines. All the evidence points to the fact that those pheno-
mena are genetically related. It also allows a supposition that the ,dis-
ruptions” of axis of the gravimetric minimum are accompanied by in-
trusions connected with late orogenic vulcanism. The latter are, however,
hidden deeply under the flysch cover.

It is mot unlikely that the zone of intrusions in the sedimentary layer
of the crust runs along the Peripieniny lineament and manifest at those
places where vulcanites occur on the surface.

It seems that the relation between earthquakes and lineaments, as well
as zones of tectonosphaere disturbances of the Benioff type has been
altogether proved (L. R. Sy kes, 1972). J. K. S¢ukin and J. B. Do-
brev (1973) presented an analysis of relationships between deep linea-
ments and hypocentres of earthquakes in the East and South Carpathians.
In the East Carpathians the epicentres of earthquakes are visibly .con-
centrated along Peripieniny lineament. According to S¢ukin and Dobrev’s
analysis, these hypocentres are located in the Eanth’s crust. The wre-
maining hypocentres in the East and South Carpathians and in the
Balkans do not leave the Earth’s crust either, except for the Vrancea
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region where subcrustal hypocentres were found at a depth of 100—200
kilometres.

Unlike in the Peripieniny lineament, in the Pericarpathian one of the
East Carpathians the linear arrangement of epicentres of earthquakes is
only slightly marked there (J. K. Séukimn, T. B. Dobrev, 1973). They
are also of a much smaller intensity than those along the Peripieniny
lineament, which is a discriminating feature in the two lineaments.

The Peripieniny lineament was also discovered and confirmed by
means of geoelectromagnetic methode (A. J. Bondarenko et al,
1972). There appears an anomaly in variations of the geomagnetic field
in the area of this lineament. According to the authors of the paper
mentioned above, the area of the Peripieniny lineament represents a zone
of higher conductivity. In such an area inductive currents should con-
centrate and anomalies in variations of the geomagnetic field should
occur. The Pericarpathian lineament lacks this characteristic, and it is
also one of the main discriminating features in the two lineaments, i.e.
the Peripieniny lineament and the Pericarpathian one.

THE PERIPIENINY LINEAMENT AND THE PROBLEM OF EARLY ALPINE
DEEP LINEAMENTS

The term ,,Peripieniny Lineament” was introduced to the geological
bibliography by M. Maska and V. Zoubek (1960). They assumed
that the lineament was founded in Precambrian; it was to separate two
different geotectonic and petrographic provinces. The opinion that there
must have existed a deep lineament along the Pieniny Klippen Belt was
shared, supported, and developed by Soviet geologists (K. M. Lazko,
D. P. Rezvoij, 1962; S. S. Kruglov, S. J. Smirmnov, 1967; V. V.
Glusko, S. S. Kruglov et al., 1971). All the same, specific data
justifying the Precambrian age (M. Maska and V. Zoub ek, 1960), or
a not precisely defined pre-Jurassic period (V. V. Glusko, S. S. Kru-
glov et al., 1970) of formation of the lineament are absent in all these
analyses. A short, critical evaluation of these opinions was given by
M. Ksigzkiewicz 1972); he wrote at the conclusion of his paper
(p. 110): ,,The course of the Klippen Belt is parallel to the course of the
Carpathian arc. There is no evidence to claim that this course is a re-
flection of some old structural lines, and not a product of alpine orogeny.
It is groundless to claim, either, that along the Klippen Belt there existed
a dislocation in the basement before alpine orogeny’’.

It should be also added here that, for example, in the Polish West
Carpathians all regional structural lines in the Carpathian basement of
the platform type reach the Pericarpathian lineament at a considerable
‘angle, while their extension reaches, at a similar angle, the Peripieniny
lineament. It happens even in the case of such an old line as the structur-
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al suture that separates from the east the Precambrian Cieszyn Plate
from the Krakéw zone of Hercynian foldings, superimposed on the Cale-
donian ones (L. Koszarski, W. Sikora in press). Therefore, the
prealpine structures in the West Carpathian Foreland as well, as in their
platform basement, Tun in an entirely different direction (generally
speaking, NW—SE) than the Peripieniny and the Pericarpathian linea-
ments; the latter extend in the NE—SW direction in this part of the
Carpathians.

There is no foundation for accepting the opinion that in the region
where the Carpathian flysch geosyncline was later founded, the Cale-
donian or the Hercynian directions should have been different from those
that can be observed today in the Carpathian Foreland (W. Sikora,
1971b).

The Peripieniny lineament runs in the alpine direction and its extent
agrees with the extent of folds occurring on the surface; therefore it
should be accepted that the Peripieniny lineament dates back to a period
not older than the alpine one.

The Central Carpathians underwent folding and orogenic movements
for the first time in the Subhercynian phase (M. Ksigzkiewicz,
1972; T. Buday, M. Mahel et al, 1968). At that time the geosyncline
disappeared completely. The process of transformation of the geosyncline
into orogen is connected with thickening of the Earth’s crust — formation
of the orogen roots (J. H. F. Umbgrove, 1947, see also A. Heim:
Geologie der Schweiz, Leipzig 1919/1922). Such roots should have been
formed under the central Carpathians as result of their folding and
uplifting. At that time, i.e. in Upper Cretaceous, the thickness of the
Earth’s crust under uplifted Central Carpathians should have exceeded
the average, characteristic of the continents, which is 40 kilometres
(V. E. Chain, 1973). On the other hand, the geosyncline of the flysch
Carpathians was existed and developed north of the Central Carpathian
land. Under it, the Earth’s carust should have been thinner at that time
than its average ‘thickness. If we assumed, after L. Koszarski and
K. Zy tko (1965), that in Upper Cretaceous troughs of the flysch geo-
syncline reached a depth of 5000 metres, we should accept the view that
the Earth’s crust under the flysch sea had a wvery small thickness. It
should then be of a suboceanic or subcontinental character.

It is mot unlikely that the two different types of the Earth’s crust
were in contact with each other along a deep lineament or along a zone
of deep lineaments. Such a zone of deep lineaments at the boundary of
the Outer and Central Carpathians in Upper Cretaceous is assumed by
M. Ksigzkiewicz (1963, 1972).

It should be accepted, on the analogy of the above reasoning, that the
thinned crust under the flysch sea adjoined the Earth’s crust of a much
greater thickness from the north. The latter was finally formed during
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the Caledonian and Hercynian orogeny, or even earlier — in the case
of pre-Cambrian blocks. We can thus conclude that the partial geo-
syncline of the flysch Carpathians was limited from the north by a deep
lineament which acted as a border lineament? in this case.

Another problem should be now considered — whether the two linea-

ments, occurning in Upper Cretaceous (the initial stage of formation of
these lineaments should be connected with the beginning of the Car-
pathian geosyncline and thus with Triassic), could be identified with the
Pericarpathian lineament and the Peripieniny one, recently recorded by
geophysical methods. I suggest to call the former lineaments the Early
Pericarpathian and the Early Peripieniny ones. Two basic groups of facts
and data seem to speak against such an identification.
1) The Early Peripieniny lineament in Upper Cretaceous had the Earth’s
crust thicker (root) than the average in the southern limb, and thinner
in the mnorthern one (fig. 2b). It is contrary to the recent Peripieniny
lineament, where the Earth’s crust is thinner that the average in the
southern limb and thicker (the recent root of the orogen) in the northern
one (fig. 2A). If we accepted orogenic theories of fixism, these data would
allow us to identify the Early Peripieniny lineament with the Peri-
pieniny one. It should only be accepted then that the direction of phased
and chemical changes at the boundary: the Earth’s Upper mantle — the
Earth’s crust had a reverse symbol in the Transcarpathian and Carpathian
blocks in Upper Cretaceous. In Upper Cretaceous physico-chemical pro-
cesses caused thickening of the Earth’s crust in the Transcarpathian block
and its thinning in the Carpathian one. Today these processes take an
opposite direction.

The whole thing becomes much more complicated when we consider
the great shortening of basement of the Carpathian geosyncline.

2) At the meridian of Krakéw the distance between the Pericarpathian
and the Peripieniny lineaments is about 15 kilometres. On the other hand,
it can be accepted that the width of partial flysch geosyncline in Upper
Cretaceous was about 400 kilometres. H. Swidzihski (1971) specified
the minimum width after straightening of folds and nappes in the West
Carpathians: it is about 120 kilometres. If we add to it a 40 kilometres
overthrust ,,en bloc” of the Carpathians on their foreland that can be
observed in the Krakow—Zakopane cross-section, we get a value of
about 160 kilometres. Still twice as much should be added to it to cover
the straightening of nappes of the Pieniny Klippen Belt, as well as the
cordilleras. The latter, together with a part of surrounding flysch deeps,
were downsucked far into the Earth’s mantle (see below). Summing up,
we get a value of about 300 kilometres. Recently some Soviet geologists

8 Some geotectonic conceptions assume that geosynclines were in contact with
surrounding platform areas by means of abyssal fractures (V. E. Chain, 1973).

2 — Rocznik Pol. Tow. Geolog. z. 1—2
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considered the width of the flysch sea to be 500 kilometres (V. N. Utro-
bin, 1973). I have accepted the mean value of about 400 kilometres for
the estimates presented below. The same value should be also accepted
in the case of the distance occurring in Upper Cretaceous between the
Early Pericarpathian lineament and the Early Peripieniny one in that
part of geosyncline that corresponded to the Polish West Outer Car-
pathians. The two pairs of lineaments, i.e. the Early Peripieniny — the
Early Pericarpathian and the Peripieniny the Pericarpathian, cannot be
identified with each other. They take a different position in space and
as far as time is concermmed, they differ from each other in the period
of shortening of the geosyncline and its transformation into orogen. The
mechanism of this process has not been fully investigated, so far; there-
fore it has been left out in the present paper. It comes out of the very
fact of great shortening of the partial geosymcline of the Outer Car-
pathian that identification of the two pairs of lineaments, described above,
is impossible. Moreover, comparing the two values, i.e. 400 and 15 kilo-
metres, we get the value of basement shortening of the partial geo-
syncline of the Outer Carpathians. This shortening can be expressed by
the fraction 400/15, which gives a value of a 26-time shortening (W. Si-
kora, 1973; L. Koszarski, W. Sikora in press). The value of the
shortening diminishes eastward, as the Carpathian block widens; still it
is an enormous shortening if the whole course of the Carpathian blook is
considered (fig. 2).

The above reasoning points out to the fact that the Early Pericar-
pathian and Early Peripieniny lineaments cannot be identified with the
Pericarpathian and Peripieniny ones. They take a different position in
space and in time.

THE PROBLEM OF ALPINE METAMORPHISM

The great shortening of sedimentary layer basement in the Carpathian
block (at least 10 times in profile V) must have resulted in the physical-
chemical rebuilding of this basement. The highest part of the upper
mantle was transformed into a basaltic layer; it is reflected in a very
low position of the Moho discontinuity in the Carpathian block, when
compared with its higher situation during the existence of the geo-
syncline, as well as before its foundation (fig. 2B).

It is difficult to evaluate the relationship between the granito-meta-
morphic layer and fthe basaltic one, since the Conrad discontinuity in
the Carpathians, except the Ukrainian Carpathians, is very poorly outlin-
ed (Sollogub et al, 1970). Considering the bitumen exploration in
the Carpathians, it is very important to find out by what is represented
the upper part of the granito-metamorphic layer in the Carpathian block.
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It can be seen from theoretical data that heat flow that reaches the
surface is two or three times higher than the mormal in the orogenic
period (the period when the geosyncline disappeared and was trans-
formed into orogen) (A. Ritman, 1966). Theoretical curves of the in-
crease of heat flow in the Ukrainian Carpathians during the orogeny are
presented in figure 3. The increased heat production in the period when
the Carpathian orogen was formed must have caused the thermo-regional
metamorphism of sedimentary rocks of the Canpathian geosyncline. Those
rocks were downsucked inside the orogen (Figs. 4 and 5).
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Fig. 3. Heat fiow and age of folding (acc. to Kutas and Gordienko, 1972).

Observed values of heat flow: a — mondial mean; b — in the Ukrainian SSR.

Theoretical curves are constructed accepting the following parameters of additional

heat source (numbers on the sketch): 1—2: time span of activity of source = 30-10¢

yrs, intensity Q = 1,3-10-1? cal/ccm.s, depth h = respectively 25 and 45 kms; 3—4:
time span = 50.10¢ yrs, Q = 0,9 -10—!2 cal/ccm.s, h = 40 and 60 kms

Fig. 3. Zzaleino§¢ potoku cieplnego od wieku faldowania (wg Kutas i Gordien-

ko, 1972). Obserwowane wartcéci potoku cieplnego: a — $Srednia §wiatowa; b — na

obszarze Ukrainskiej SSR. Teoretyczne krzywe otrzymano przy nastepujgcych para-

metrach dodatkowego generatora ciepia (liczby na schemacie): 1—2: czas dziatal-

nosci generatora = 30 milionéw lat, jego intensywnos$é¢ Q = 1,3 - 10—12 kal/cm3. s, gle-

bokosé wystepowania h = odpowiednio 25 i 40 km; 3—4: < = 50 milionéw lat,
@ =0,9°10—12 kal/cm3-s, h =40 i 60 km

It is not unlikely that the Carpathian block is a place where, on the
one hand, cordillenas together with the adjoining flysch deeps were down-
sucked (also see E. Kraus, 1942; M. Ksigzkiewicz 1972; V. N.
Utrobin, 1973); on the other hand, it is a place where the majority
of nappes of the flysch North Carpathians were rooted. After down-
sucking, the sedimentary cover of cordilleras, as well as their crystalline
cores, must have been metamorphosed and became components of the
new alpine granitic and basaltic layer. Also root of the flysch nappes
should have equally metamorphosed (Figs. 4 and 5).

2*
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Fig. 4. Geological interpretation of geophysical profile V (vertical scale exagerated).
1 — flysch of Outer Carpathians; 2 — Central Carpathians; 3 — Carpathian fore-
land; 4 — supposed position of the top of green schist facies; 5 — supposed
position of the anchimetamorphosed flysch; 6 — Pieniny Klippen Belt; 7 —
Outer Carpathian overthrust; 8 — Central Carpathian overthrust; 9 — overthrusts
of the Outer Carpathian units; 10 — magma channels; 11 — lineaments; 1 — Meta-
carpathian block; II — Carpathian block; III — Transcarpathian block; o — Peri-
carpathian lineament; 3 — Peripieniny lineament; s — Skole, Subsilesian, Silesian
and Fore-Magura units; m — Magura unit

Fig. 4. Geologiczna interpretacja profilu nr V (skala pionowa przewyiszona). 1 —
flisz Karpat zewnetrznych; 2 — Karpaty wewnetrzne; 3 — przedpole Karpat; 4 —
przypuszczalne potozenie stropu facji zielencowej; 5 — przypuszczalna pozycja an-
chimetamorficznie zmienionego fliszu; 6 — pieninski pas skatkowy; 7 — plaszczyzna
nasuniecia Karpat fliszowych na przedpole; 8 — ptaszczyzna nasuniecia Karpat
wewnetrznych; 9 — plaszezyzny nasunieé¢ jednostek Karpat zewnetrznych; 10 —
kanalty doprowadzajace magme andezytowa i bazaltowa; 11 — wglebne rozlamy;
I — blok metakarpacki; II — blok karpacki; III — blok zakarpacki; a — rozlam
perykarpacki; § — rozlam perypieninski; s — jednostka skolska, podslaska, $laska
i jednostki przedmagurskie; m — jednostka magurska

The following data confirm the possibility of existence of meta-
morphosed rocks of the alpine cycle in the Carpathians:
1) Examples of alpine metamorphism, of which the youngest is 35—40
million years (E. Niggly, 1972). They were found in the Alps (in surface
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Fig. 5. Geological interpretation of the geophysical profile V (horizontal scale
equals the vertical one). 1 — Metacarpathian block; 2 — Outer Carpathian nappes
(flysch, Cretaceous — Oligocene); 3 — sedimentary rocks of the Carpathian fore-
land (Cambrian to Cretaceous and Miocene molasses); 4 — consolidated basement
(Rhyphean); 5 — Carpathian block; 6 — Outer Carpathian nappes; 7 — zone of
alpine anchimetamorphism (,very low stage”); 8 — consolidate basement (zone of
»low stage” metamorphism, chiefly metamorphosed flysch of the Outer Carpathians;
9 — Transcarpathian block; 10 — Central Carpathian nappes with allochthonous
cristalline cores; 11 — Central Carpathian nappes with cristalline cores (zone of
alpine anchimetamorphism); 12 — consolidated basement (zone of ,low stage”
metamorphism, chiefly metamorphosed rocks of Central Carpathian nappes); 13 —
top of the granitometamorphic layer (position in Metacarpathian block acc. to
Uchman, 1973); 14 — lineaments, « — Pericarpathian lineament, § — Peripieniny
lineament; 15 — Moho discontinuity

Fig. 5. Geologiczna interpretacja profilu V (skala pionowa nieprzewyzszona). 1 —
blok metakarpacki; 2 — plaszczowiny Karpat zewnetrznych (flisz, kreda — oli-
gocen); 3 — utwory osadowe przedpola Karpat (kambr — kreda i miocenskie mo-
lasy); 4 — skonsolidowane podloze (ryfej); 5 — blok karpacki; 6 — plaszczowiny
Karpat zewnetrznych; 7 — strefa anchimetamorfizmu alpejskiego (,very low
stage”); 8 — skonsolidowane podloze (,low stage”, gléwnie zmetamorfizowany flisz
Karpat zewnetrznych); 9 — blok zakarpacki; 10 — plaszczowiny Karpat wewnetrz-
nych z allochtonicznymi jgdrami krystalicznymi; 11 — plaszczowiny Karpat we-
wnetrznych z allochtonicznymi jgdrami krystalicznymi (strefa anchimetamorfizmu
alpejskiego); 12 — skonsolidowane podloze (strefa niskiego metamorfizmu — ,low
stage”, gléwnie zmetamorfizowane utwory plaszezowin Karpat wewnetrznych);
13 — gbérna granica warstwy granitowo-metamorficznej (polozenie w bloku meta-
karpackim wig Uchmamna, 1973); 14 — wglebne rozlamy, o« — rozlam pery-
karpacki, § — rozlam perypieninski; 15 — granica Mocho

conditions), therefore in the orogen whose development resembles that of
the Carpathians.

2) On the basis of paleotemperature amalysis an additional sounce og
heat was found in the Carpathians. It became active 40—45 million
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years ago, in a period on the turn of Eocene and Oligocene (R. J. K u-
tas, V. V. Gordienko, 1972).

The additional source of heat caused rising of geotherms in the Car-
pathian block, as well as in the Transcarpathian one. That process result-
ed in thermo-regional metamorphism of root parts of nappes in the
Outer Carpathians. The theoretical evaluations (R. J. Kutas, V. V.
Gordienko, op. cit.) point to the fact that on the turn of Miocene
and Pliocene a temperature of about 250—300°C was found at a depth
of 10—12 kilometres in the Carpathian block. According to H. G. ¥. Win-
kler (1970), it is the temperature at which anchimetamorphic process
(,,very low stage”) take place. At a depth of 14—16 kilometres, however,
at that period, i.e. on the turn of Miocene and Pliocene, there was
a temperature of about 400°C, i.e. the temperature at which green schist
metamorphic facies (,,low stage”) is formed. It can then be assumed that
at a depth of 14—16 kilometres in the Carpathian block there runs an
upper boundary of the ,,consolidated basement” of the Carpathian flysch
(Figs. 4 and 5). Unlike in the Metacarpathian block where the ,,con-
solidated basement” has been proved to be of Precambrian, Rhyphean,
Caledonian or Hercynian age (J. Znosko, 1966; W. Pozaryski,
1973) by means of deep drillings, in the Carpathian block the meta-
morphosis of rocks appear to occur in the alpine cycle. The formation of
granitic plutons is closely connected with the alpine metamorphism in
the Carpathians. A. Gansser (1973), in his deep cross-section of the
Alps, places Pliocene granitic plutons already at a depth of about 15 kilo-
metres. It is not unlikely that alpine granitic plutons can be also found
not so far from the surface both in the Carpathian and Transcarpathian
‘blocks. In plutonic contadt zones the downsucked flysch could undergo
a higher stage of metamorphism than the ,low stage”. If the supposed
plutons were big enough, the boundary of green schist facies, as well
as the corresponding boundaries of other facies, could have a higher
hypsometric location than 14—16 kilometres in some sections of the
Carpathian block.

The above reasoning points to the fact that the ,,consolidated base-
ment”’ in the Carpathian block, observed by means of geophysical re-
fractive methods (A. Slgczka, 1970; G. Bojdys et al, 1973), may
represent the zone of anchimetamorphic flysch, as well as that of green
schists that originated from flysch, at boundary velocities of about 6 ki-
lometres per second, since the boundary velocities for the both types of
rocks are practically equal at a depth of below 8000 metres (J. Sko-
rupa, 1973).

Rising of the surface of the ,,consolidated basement” south of the axis
©of gravimetric minimum can be related with local thermal metamorphism
that undoubtedly took place on the margin of the Peripieniny lineament.
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The latter made way, among others, for magmas of the subsequent
vulcanism (Fig. 4 and 5).

THE AGE OF LINEAMENTS

Since the nature of deep lineaments, as well as their relationship
with other surfacial phenomena are not very clear yet, the estimation
of age of the Pericarpathian and the Peripieniny lineaments must be
highly hypothetical.

That type of deep lineaments that were discovered in ‘the Carpathians,
had been formed as a result of a slightly different character and intensity
of physico-chemical processes on both sides of the lineament. These pro-
cesses resulted in an increased or decreased thickmess of the crust; in
consequence the Moho discontinuity took a higher or lower position in
relation to the surface.

It has been proved by means of experiments that gabbro (basalt) can
be transformed, into garnet — granulite and finally into eclogite
(D. H. Greem, A. E. Ringwood, 1972), of which the Earth’s upper
mantle may be built (G. C. Kennedy, K. Ito, 1972), at least under
the continents (W. E. Chain, 1973). Still, a reverse process is possible,
as well. The former one makes the lithosphere volume decrease by
10—12%, and the Earth’s surface lower (formation of depressions). The
other process makes the Earth’s crust thicken and, in consequence, it
makes the Earth’s surface upheave (W. E. Chain, 1973). In both cases
there must be a change of hypsometric location of the Moho discontinuity
to a new position, higher or lower in relation to the original one. The
diversified volume changes of lower parts of the Earth’s crust should
result in mechanical strains in upper parts of the crust. They should also
be released by means of mechanical dislocations which, as in the case of
the Peripieniny lineament, made way for raising basaltic magma from
reservoirs in the Earth’s upper mantle to the surface (V. V. Glusko,
S.S. Kruglov, 1971; R. J. Kutas, V. V. Gordienko, 1972).

In the case of the Carpathians the difference in hypsometric location
of the Moho discontinuity in the Metacarpathian, Carpathian and Trans-
carpathian blocks should be related with the formation of a Neogene
,root” of the Earth’s crust in the Carpathian block, also with the dis-
appearance of hypothetical Subhercynian ,,root”, and then with additional
thinning of the Earth’s crust in the Transcarpathian block.

The formation of the ,root” under the Carpathian block was pre-
sumably a sustained process; all the same, the essential acceleration of
the process could not have occurred before cordilleras of the Carpathian
sea had been downsucked inside the manitle, or before an additional source
of heat had become active. Since the process of waning of cordillera
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activity took place during Upper Oligocene (S. Dzulynski, A. Slacz-
k a, 1958), and the beginning of activity of the additional source of heat
in the Carpathians happened at the turm of Eocene and Oligocene *
(R. J. Kutas, V. V. Gordienko, 1972), it can be concluded that
intensive formation of the lineament started in Oligocene. R. J. Kutas,
V. V. Gordienko are of the opinion that the Peripieniny lineament
was formed only in the phase, when first volcanic eruptions connected
with the lineament took place. It may be assumed however, that the
appearence of rhyolite vulcanism in Burdigalian (T. Buday, M. Mahel
et al., 1968) evidences not exactly the beginning of lineament formation
but ,reaching” the granito-metamorphic layer by the lineament during
its ,,journey upwards’.

The second, younger phase of acceleration of the Peripieniny abyssal
fracture formation in the Carpathians took place in Sarmatian-Pliocene.
The following data give evidence to that fact: the main phase of for-
mation of intermontane depressions connected with the Peripieniny
lineament, i.e. the depressions of Trendin, Ilava and Orawa—Nowy Targ,
took place in Sarmatian-Pliocene. The main phase of subsequent wvul-
canism in the Carpathians 10 also occurred in the same period (T. Buday,
M. Mahel et al, 1968; V. V. Glusko, S. S. Kruglov, 1971).

Apart from that, the studies done by Kutas and Gordiemko
(1972) point to the fact that since, more or less, the Middle Miocene the
heat flow had been more intensive in the Transcarpathian block than
in the Carpathian one. It may give evidence to the fact that the process
of formation of the Earth’s crust on both sides of the Peripieniny linea-
ment was a diversified one; it also indirectly helps estimation of the
age of its further formation.

CONCLUSIONS

The Pericarpathian and Peripieniny lineaments, discovered by means
of deep seismic soundings, divide the Earth’s crust into three blocks, in
a transversal cross-section of the Carpathians. These blocks are, going
from 'the morth:

— the Metacarpathian block: thickness of the crust from 52 kilometres
in the east to 33 kilometres in the west;

— The Carpathian block (the recent root of orogen): thickmness of the
crust from 65 kilometres in the east to 35 kilometres in the west;

— the Transcarpathian block: thickness of the crust from 25 kilometres
in the east to 30 kilometres in the west.

9 A change of structural plan of the Carpathian geosyncline (L. Koszarski,
W. Sikora, 1968), may be connected with this phenomenon.

10 Recently M. Ksigzkiewicz (1972) related the formation of intermontane
depression in the Carpathians to vulcanism.



.Breakings and disruptions of axis of the gravimetric minimum, whose
northern ,,steep margin” is in line with the course of the Pericarpathian
lineament give evidence to the fact that there exist transversal lineaments
in the Carpathians that reach as far as the Moho discontinuity.

After the Subhercynian phase the partial geosyncline of the Outer
Carpathian was delimited by longitudinal -deep lineaments;

a) the Early Pericarpathian one, which constituted a boundary between
the geosyncline and the platform;

b) the Early Peripieniny one, which represented the boundary between
the geosyncline of the Outer Carpathians (the Early Carpathian block)
and the Central Carpathian land — the Early Transcarpathian block.
The two pairs of lineaments, i.e. the Pericarpathian and the Peri-
pieniny lineaments and the Early Pericarpathian and the Early Peri-
pleniny ones, cannot be identified with each other because of their
different situation in time and in space.

During the Postpaleogene foldings the consolidated basement under
partial geosyncline of the Outer Carpathians underwent a more-than-ten-
-time shortening. The Carpathian block is a place where cordilleras of
the flysch sea (ocean), ‘together with the adjoining flysch deeps were
dowmnsucked.

The Earth’s crust in the Carpathian and the Transcarpathian blocks.
is an alpine new growth; the upper part of the granito-metamorphic
layer in the Carpathian block is probably represented mainly by meta-
morphosed flysch.

Deep lineaments in the Carpathians are young ones. The process of
their formation began in Oligocene and has been going on until today.
The main phase of acceleration of formation of those lineaments took
place in Sarmathian-Pliocene.

The young age of the lineaments does not deny the possibility that
hypothetical deep lineaments, no longer found today, might have been
present in Triassic or Jurassic. They might have constituted a boundary
for the partial geosyncline of the Outer Carpathians from the south and
from the morth.

The analysis, presented above, only slightly touches the problem of
relationship between the processes taking place in farther parts of the
Earth’s tectonosphaere and the final stage of formation of the flysch Car-
pathian orogen. Undoubtedly, such a relationship must exist. This thought
is expressed by the representatives of the committee ,,Upper Mantle
Project”, in their foreward to the work ,,The Upper Mantle” (1972): ,,We
now have the general idea that what happens on the surface of the earth
is controlled (to a much larger degree than was previously supposed) by
processes in the mantle”.
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The process of evolution of the Carpathian geosyncline and its
relationships with the upper mantle needs a more comprehensive analysis,
and not only from the point of view of the ,plate tectonics” theory since,
as it is stressed by the authors mentioned above: , It should be empha-
sized that data collected at the present testify in favour of plate tectonics,
but that the final decision will come when direct data about the structure
of the oceanic crust — at least the second layer — have been obtained
by drilling”.

The evolution of the Carpathian geosyncline should be also discussed
from the point of view of other theories, e.g. from the point of view of
Van Bemm elen’s relativistic theory (1972), which seems to be able to
explain certain facts connected with the structure of the Carpathians
better than the ,,plate tectonics’” theory in the unmodified shape.
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STRESZCZENIE

T res$ ¢ Glebokie sondowania sejsmiczne wykryly istnienie w Karpatach dwéch
wglebnych rozlaméw, ktére dziela Karpaty pélnocne na trzy bloki: metakarpacki,
karpacki i zakarpacki. Bloki te majg rézng migzszo§¢ skorupy ziemskiej. Blok kar-
packi jest miejscem, gdzie zostaly wchloniete kordyliery czastkowej geosynkliny
Karpat zewnetrznych oraz gdzie zakorzeniaja sie w gléwnej mierze plaszczowiny
fliszowe. Wglebne rozlamy zaczely formowaé sie w oligocenie, a gléwna faza przy-
spieszenia formowania sie rozlaméw przypada na sarmat-pliocen.

Przeprowadzone przed paroma laty miedzynarodowe profile giebo-
kich sondowan sejsmicznych, ktére poprzecznie przeciely Karpaty ukra-
inskie, polskie i czechoslowackie, rzucily po raz pierwszy $swiatlo na bu-
dowe calej litosfery ! na obszarze przedkarpackiego rowu przedgorskiego,
Karpat zewnetrznych i Karpat wewnetrznych. Geofizyczna i geologiczna
interpretacja tych profiléow (rys. 1) zostata przedstawiona w dwoéch zbior-
czych pracach: pierwszej pod redakcjg V. B. Sollogub, D. Prosen
i G. Militzer wydanej w Kijowie w 1971 r. oraz drugiej pod redak-
cja Sz én as Gyorgy wydanej w Budapeszcie w 1972 r.

Profil nr V, ktérego poinocna cze$¢ przebiega przez terytorium Pol-
ski, zostal zinterpretowany przez J. Uchmam a, 1973 r.

Budowa litosfery pod wkrainskimi Karpatami i ich przedpela byla
ostatnio szercko zintepretowana przez A. V. Cekunova (1972).

W nawigzaniu do wynikéw glebokich sondowan sejsmicznych przez
Karpaty rowniez w ‘Polsce ukazaly sie ostatnio opracowania omawiajgce
niektére aspekty budowy podloza polskich Karpat (A. Kistow, 1973;
R.Ney, 1973; W. Sikora, 1973).

Podstawowym osiagnieciem glebokich sondowan sejsmicznych bylo
okres$lenie grubosci skorupy ziemskiej w poludniowo-wschodniej Europie.
V.B. Sollogub et al, 1971, Szénas Gyorgy et al.,, 1972, przyjeli, ze
polozenie granicy Moho zmienia sie skokowo ma wglebnych rozlamach,
ktore dzielg litosfere na poszczegdlne bloki.

W ciagu ostatnich kilku lat nauka o wglebnych roztamach rozrosta sie
w samodzielny dzial geotektomiki, jednakze brak jest miestety do chwili
obecnej ogolnej przyjetej definicji pojecia ,,wglebny (glebinowy) rozitam”
oraz brak jest ogélnie przyjetej klasyfikacji wglebnych roztaméw. W ni-
niejszym opracowaniu wglebnym (glebinowym) roztamem mnazywam wa-
ska (maksymalnie do kilkunastu km) strefe zaburzen w litosferze oddzie-
lajaca bloki o réznej migzszosci skorupy ziemskiej.

STOSUNEK OROGENU KARPACKIEGO DO PLATFORMY NA PRZYKLADZIE
KARPAT POLSKICH

Po raz pierwszy stosunek orogenu karpackiego do podtoza typu plat-
formowego bedacego rownoczesnie podiozem rowu przedkarpackiego
przedstawil Uhlig w 1907 r. W jego interpretacji orogen karpacki jest

! Litosfera = warstwa osadowa + warstwa granitowa -+ warstwa bazalto-
wa -+ goérny plaszcz (V. E. Chain, 1973).
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tak daleko nasunigty na swoje przedpole (w interpretacji W. Teissey-
ra, 1921, ré6w przedgorski na podiozu platformowym jest podsuniety pod
orogen karpacki), ze molasy zapadliska wystepujg nawet pod Karpatami
wewnetrznymi. W jego interpretacji amplituda nasuniecia ,,en bloc” Kar-
pat ma swoje przedpole wynosi okolo 80 km, a podioze typu geosynkli-
nalnego ma sie znajdowa¢ dopiero gdzies na poludnie od Wysokich Tatr.
Na poéinoc od nich utwory orogenu spoczywaja na obcym dla siebie
podiozu (pograzonej platformie).

Tej ultranappistycznej koncepcji nie podtrzymano w latach pdzniej-
szych, chociaz mikt z tektonikéw polskich nie negowal plaszczowinowej
budowy Karpat i dalekich horyzomtalnych przesunieé¢ (patrz przeglad kon-
cepcji tektonicznych dotyczacych budowy polskich Karpat — M. Ksig z-
kiewicz 1972).

Przez wiele lat nie prébowano okresla¢ poludniowego zasiegu podioza
typu platformowego pod Karpatami. Dopiero po odwierceniu pewnej ilo-
Sci glebokich wiercen w Karpatach takie préby podjeto rysujac zasieg
podioza typu platformowego gleboko pod nasunietym fliszem, jednakze
nie dalej jak po o$ regionalnego minimum grawimetrycznego (fig. 1), kto6-
ra biegnie réwnolegle do rozlamu perykarpackiego nieco na poludnie od
niego (K. Zytko 1965; Z. Olewicz 1968; S. Wdowiarz S. Jucha,
1968; Zd. Roth, 1968; A. Slaczka, 1970; W. Sikora, 1971b; A. Ki-
stow, 1973; L. Koszarski, W. Sikora, S. Wdowiarz (1974);
L. Koszarski, W. Sikora w druku). Tylko R. Ney (1973) w swej
interpretacji wglebnej budowy Karpat polskich granice podloza platfor-
mowego kredli ma péinocnym obrzezeniu pieninskiego pasa skalkowego
uznajgc strefe pasa jako strefe subdukcji {(poréwmnaj takze J. F. Dewey,
J. M. Bird, 1870).

PRZEBIEG ROZLAMU PERYKARPACKIEGO

Rozlam ten przebiega mniej wiecej wzdluz linii Stary Sambor—Do-
maradz—Nowy Sgcz—Nowy Targ—Kysucke—Nowe Mesto. Pokrywa sig
on mniej wiecej z przebiegiem pélnocnego ,,stromego brzegu”’ minimum
grawimetrycznego.

Na profilu V réznica polozenia hipsometrycznego ,,Moho” po obu stro-
nach roztamu wymnosi ca 8 km. Rozlam ten zostal narysowany jako piono-
wy (Sollogub et al, 1971; J. Uchman, 1973) i jego powierzchniowa
projekcja wypada na granicy jednostki magurskiej i $laskiej. Jest to jed-
nak tylko przypadek, gdyz rozlam perykarpacki tnie skoénie w polskich
i czechostowackich Karpatach poszczegélne jednostki tektoniczne i jego
projekcja powierzchniowa wypada w zaleznosci od miejsca w réznych
punktach Karpat fliszowych (fig. 1).
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Na profilu III amplituda ,zrzutu” roztamu perykarpackiego wymnosi
ca 12 km.

Na profilu VI, ktory tnie NW zakonczenie basenu wiedenskiego, roz-
nica polozenia gramicy Moho po obu stronach rozlamu jest bandzo mala
(ca 5 km).

PRZEBIEG ROZELAMU PERYPIENINSKIEGO

Miedzynarodowe sondowania sejsmiczne stwierdzily jeszcze jeden re-
gionalny wglebny rozlam, ktéry na profilu IIT i V przypada w projekcji
powierzchniowej na pieninski pas skalkowy, za$§ na profilu VI przypada
na polnocny sklon Malych Karpat (V. B. Sollogub et al.,, 1970). Ten
regionalny rozlam mie jest genetycznie zwigzany wylgcznie z pieninskim
pasem skalkowym, gdyz na profilu VI polozenie jego projektuje sie na
powierzchni ca 20 km na S od pieninskiego pasa skalkowego. Tak wiec
na pewnym odcinku roztam ten tnie skosnie alpejskie strukitury réwmiez
i Karpat wewne¢trznych. Byé moze niezwykle rozszerzenie sie pieninskie-
go pasa skalkiowego do ponad 20 km w dolinie Wagu w Czechoslowacji
wigze sie wladnie z cofnieciem ku S w stosunku do pieninskiego pasa
skalkowego, rozlamu perypieninskiego.

Najwiekszg amplitude ,,zrzutu” powierzchni Moho obserwuje sie na
profilu III. Wynosi ona tutaj ponad 20 km, przy czym ,,skrzydio wiszace”
reprezentuje obszar lezacy ma poludnie od tego rozlamu, ktéry geolodzy
radzieccy (V. V. Glusko, S. S. Kruglov, 1971; i inni) nazwali roz-
lamem zakarpackim. Na profilu VI amplituda ,,zrzutu” podobnie
jak i przy roziamie perykarpackim jest mala i trudna do odczytania.
W kazdym razie nie przewyzsza ona 5 km.

BLOK METAKARPACKI, KARPACKI I ZAKARPACKI

Dwa wglebne rozlamy perykarpacki i perypieninski dziela w prze-
kroju poprzecznym litosfere w Karpatach ukrainskich, polskich i czecho-
stowackich oraz na ich bezposrednim przedpolu na trzy zasadnicze cze-
$ci (bloki).

a) obszar na N od rozlamu perykarpackiego, a odpowiadajacy obszarowi
rowu przedgorskiego zatozonego na podlozu typu platformowego, pro-
ponuje nazwaé blokiem metakarpackim (poréwnaj W. Sikora, 1973).
Migzszosé skorupy ziemskiej w tym bloku na profilu III = ca 52 km;
na profilu V = ca 40 km; na profilu VI = 33—35 km.

b) iobszar pomiedzy roztamem perykarpackim, a perypieninskim propo-
nuje nazwacé blokiem karpackim. Migzszosé skorupy ziemskiej na pro-
filu IIT wynosi od 55—65 km; na profilu V = ca 50 km; na profilu
VI = ca 35 km.



— 33 —

c) obszar na potudnie od roziamu perypienifiskiego proponuje nazwaé
blokiem zakarpackim 2. Cechg tego bloku jest bardzo mala migzszosé
skorupy ziemskiej. Na profilu III wynosi ona ca 25 km; ma profilu
V = 25—35, za$ ma profilu VI = 28—30 km.

Blok karpacki reprezentujgcy korzen orogenu karpackiego ma postaé
zwezajgcego sie ku W Kklina, przy czym grubo$é¢ skorupy ziemskiej kon-
sekwentnie zmniejsza si¢ od E ku W. Od 65 km na profilu III do ce
35 km na profilu VI.

Te same tendencje obserwujemy w bloku metakarpackim. Migzszosé
skorupy ziemskiej zmniejsza sie tutaj od 52 km ma profilu III poprzez
40 km na profilu V, do 33 km na profilu VI. Natomiast odwrotne ten-
dencje obserwujemy w bloku zakarpackim, gdzie migzszosé¢ skorupy ziem-
skiej na profilu VI i V wynosi od 28—35 km za$§ na profilu IIT ca 25 km.
Znaczy to, ze migzszos¢ skorupy ziemskiej ogdlnie rzecz biorgc zmniejsza
si¢ z zachodu na wschod, a wiec odwrotnie, niz to ma miejsce w bloku
metakarpackim i karpackim. Jedliby wzastosowaé¢ mechaniczne Xkryteria
odnos$nie do sposobu powstawania rozlamu perypieninskiego, to mieliby-
Smy do czynienia ze sui generis roztamem nozycowym.

ODZWIERCIEDLENIE WGELEBNYCH ROZEAMOW W POWIERZCHNIOWEJ
BUDOWIE GEOLOGICZNEJ I ICH ZWIAZEK Z SUBSEKWENTNYM
WULKANIZMEM I TRZESIENIAMI ZIEMI

Zwiazek wglebnych rozlamow z zapadliskami postorogenicznymi zda-
je sie dzisiaj nie ulega¢ watpliwosci (V. E. Chain, 1973). Na linii roz-
amu perykarpackiego utworzyly sie stosunkiowo duze zapadliska Nowego
Sacza oraz Orawy—Nowego Targu (fig. 1). Powstanie tych zapadlisk uwa-
runkowane zostalo przypuszczalnie takze okolicznoscia, ze w strefie, gdzie
one wystepuja, rozlam perykarpacki i perypieninski podchodzg bardzo
blisko do siebie, co w konsekwencji spowodowalo ostabienie skorupy
ziemskiej w tym obszarze i powstanie zapadlisk $rédgoérskich. Interesu-
jaca rzeczg jest to, ze maksymalne zblizenie sie do siebie obydwaoch tych
rozlamow lezy mmiej wiecej na tym samym poludniku co najwieksze zwe-
zenie rowu przedgorskiego przed czolem Karpat fliszowych, co sugeruje,
ze te dwa zjawiska pozostajag w genetycznym zwigzku. Na poludnie od
rozlamu perykarpackiego powierzchnie nasunie¢ poszczegélnych jednostek
na siebie sg bardziej strome niz w obszarze potozonym na péinoc od roz-
tamu i wladnie na linii rozlamu perykarpadkiego nastepuje nagle splyce-
nie sie powierzchni nasunie¢ wyzszych jednostek na mizsze, co zaznacza

2 Nazwga tg nawigzuje do obszaru Karpat ukrainskich, gdzie roziam perypie-
ninski ma ponad 20 km ,zrzutu” i gdzie ,skrzydio wiszgce” (blok zakarpacki)
w sensie geograficznym nie nalezy juz do Karpat; poréwnaj — ,,Ru$ zakarpacka”,
»Zapadlisko zakarpackie”, rozlam zakarpacki na odecinku Karpat ukrainskich = roz-
lamowi perypieninskiemu.

3 — Rocznik Pol. Tow. Geolog. z. 1—2



— 34 —

sie dzisiaj obecnoscia polwyspéw i czapek tektonicznych (K. Zytko,
1965). :

Poniewaz rozlam perykarpacki przecina sko$nie poszczegolne plasz-
czowiny karpackie, dlatego tez mp. budowa mas fliszowych w polskich
wschodnich Karpatach, gdzie wieksza ich cze$é nalezy do bloku karpac-
kiego i spoczywa mna gleboko pograzonym fundamencie, rézmi sie od bu-
dowy plaszczowin w polskich zachodnich Karpatach, ktore na przewaza-
jacym obszarze nalezg do bloku metakarmpackiego i sa nasuniete na sto-
sunkowo plytko zalegajace utwory rowu przedgérskiego.

Analiza danych geofizyczmych i rozmieszczenie wulkanitow daje mo-
zZliwosé wyznaczenia rowniez poprzecznych struktur alpejskich, glebino-
wych rozlamoéw. Linie tych hipotetycznych wglebnych roziamow sg po-
kazane mna fig. 1.

Analiza rozmieszczenia hypocentrow trzesien ziemi w Kanpatach oraz
rozmieszezenia subsekwentnych wulkanitéw wskazuje, ze sa one zwia-
zane z rozlamem perypieninskim, a byé moze réwniez z rozlamem pery-
karpackim.

PROBLEM ALPEJSKIEGO METAMORFIZMU

Na poludniku Krakowa odleglos¢ miedzy rozlamami perykarpackim
1 perypieninskim wynosi ca 15 km. Jesli przyjaé, ze w gornej kredzie sze-
rokos¢ geosynkliny Karpat zewnetrznych wymnosita ca 400 km (por. H.
Swidzinski, 1971; V. N. Utrobimn, 1973), to poré6wnanie tych dwdéch
wielkos$ci, to znaczy 400 i 15 km, daje mam wielkos§¢ skrdocenia podloza
geosynkliny Karpat zewnetrznych, ktére to skrocenie wyraza sie utam-
kiem 400/15, co daje wielkosé 26-krotnego skrécenia. Idac w kierunku
wschodnim wielko§¢ tego skrocenia zmmiejsza sie w miare rozszerzania
sie bloku karpackiego, ale i tak skrécenie to na calej rozcigglosci bloku
karpackiego jest skroceniem olbrzymim (fig. 2).

Olbrzymie skroécenie podioza warstwy osadowej w bloku karpackim
(na profilu V co najmniej 10-krotne) musialo spowodowaé fizykochemicz-
ng przebudowe tego podloza. Najwyzsza czeS¢ gornego plaszcza zostala -
przeksztatcona w warstwe bazaltows, o czym $wiadezy bardzo niskie po-
lozenie granicy Moho w bloku karpackim w stosunku do wyzZszego po-
lozenia tej gramicy tak w okresie zycia geosymkliny, jak i przed jej zalo-
zeniem (rys. 2B).

O stosunku warstwy gramitowo-metamorficznej do bazaltowej trudno
jest cokolwiek powiedzie¢, poniewaz granica Konrada w Karpatach z wy-
jatkiem Karpat ukrainiskich jest bardzo stabo zarysowana (Sollogub
et al., 1970). Natomiast niestychanie waznym zagadnieniem, chociazby ze
wzgledu na poszukiwanie bituminéw w Karpatach, jest danie odpowie-
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dzi na pytanie, co reprezentuje gérna czesé¢ warstwy granitowo-metamor-
ficznej w bloku karpackim.

Z danych teoretycznych wiadomo, ze potok cieplny dochodzgcy do po-
wierzchni jest w okresie orogenicznym (okres likwidacji geosynkliny
i przeksztalcania sie¢ jej w gérotwor) 2—3 razy wyzszy anizeli normalny
(A. Ritmamn, 1966). Teoretyczne krzywe przedstawiajace wzrost potoku
cieplnego w Karpatach ukrainskich w okresie orogenicznym przedstawia
figura 3. Zwiekszona produkcja cieplna w okresie formowania sie géro-
tworu karpackiego musiala spowodowaé metamorfizm termiczno-regio-
nalny tych skal osadowych geosynkliny karpackiej, ktore zostaly weig-
gniete w glab gérotworu (fig. 4 i 5).

Jest bardzo prawdopodobne, z2e blok karpacki jest miejscem, gdzie
z jednej strony wzostaly wriggniete w glgb (wessane) kordyliery wraz
z przylegajaca do mich czeS$cia rowow fliszowych (poréwnaj takze E.
Kraus, 1942; M. Ksigzkiewicz, 1972; V. N. Utrobimn, 1973),
a z drugiej strony miejscem, gdzie zakorzenia sie wiekszo§¢ plaszczowin
poinocnych Karpat fliszowych. Po wessaniu pokrywa osadowa kordylier,
tak zresztg jak i ich trzony krystaliczne musialy zostaé zmetamorfizowa-
ne i weszly w sklad nowej alpejskiej warstwy granitowej i bazaltowej.
W réwnej mierze powinny ulec metamorfizmowi korzeniowe partie plasz-
czowin fliszowych (fig. 4 i 5).

WIEK ROZLAMOW

Poniewaz sama mnatura wglebnych rozlamoéow, jak rowniez ich zwigzek
ze zjawiskami przypowierzchniowymi nie sg jeszcze zbytnio jasne, okre-
Slenie wieku wglebnych rozlaméw perykarpackiego i perypieninskiego
musi byé¢ w duzej mierze hipotetyczne.

Wglebne rozlamy tego typu, jokie zostaly wykryte w Karpatach, za-
wdzieczaja swe powstanie w pierwszym rzedzie nieco odmiennemu cha-
rakterowi i réznej intensywmnosci procesow fizyko-chemicznych prze-
ksztalcajacych skorupe ziemska po obu stronach roztamu, w rezultacie
czego zwiekszala sie lub zmniejszata jej grubos$é, a co za tym idzie, po-
wierzchnia Moho zajmowala wyzsza lub nizszg pozycje w stosunku do
powierzchmni.

Zostalo udowodnione eksperymentalnie, ze gabro {(bazalt) moze prze-
chodzi¢ za pomocg fazy posredniej granatowego granulitu w eklogit (D. H.
Green, A. E. Ringwood, 1972), z ktérego moze by¢ zbudowany gor-
ny plaszcz ziemi (G. C. Kennedy, K. Ito, 1972) przynajmniej pod
kontynentami (W. E. Chaim, 1973). Jest rowniez mozliwy i odwrotny
proces. Pierwszy z nich powoduje zmniejszanie si¢ objetoSai litosfery
o 10—12% i opuszczanie sie powierzchni ziemi (powstanie zapadlisk).
Drugi proces powoduje grubienie skorupy ziemskiej i w konsekwencji

3
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podnoszenie si¢ powierzchni ziemi (V. E. Chain, 1973). W obu przy-
padkach musi nastgpi¢ zmiana hipsometrycznego polozenia powierzchni
Moho z pierwotnego poloZenia na nowe, wyzsze lub nizsze w stosunku
do polozenia pierwotnego. Zréznicowane zmiany objetosci w dolnych
partiach skorupy ziemskiej powinny doprowadzi¢ do naprezen mechani-
cznych w goérnych partiach skorupy i wyladowaé sie w mechanicznych
dyslokacjach, ktére jak w przypadku roztamu perypienitiskiego byly dro-
gami, ktorymi magma bazaltowa z ognisk w gérnym plaszczu ziemi wydo-
stawala sie¢ ma powierzchnie (V. V. Glusko, S. S. Kruglov, 1971;
R.J.Kutas, V. V.Gordienko, 1972).

W prmzypadku Karpat roznice potozenia hipsometrycznego Moho w blo-
ku metakarpackim, karpackim i zakarpackim nalezy wigza¢ z formowa-
niem sie neogenskiego ,korzenia” skorupy ziemskiej w bloku karpackim
oraz z likwidacja hipotetycznego subhercyriskiego ,korzenia”, a pézniej
z dodatkowym $Scienieniem skorupy ziemskiej w bloku zakarpackim.

Formowanie sie ,korzenia” pod blokiem karpackim bylo przypuszczal-
nie procesem diugotrwalym, jednakze zasadnicze przyspieszenie tego pro-
cesu nie moglo sie odby¢é przed wciggnieciem (wessaniem) kordylier mo-
rza karpackiego w glagb skorupy. Poniewaz zanik dziatalnosci kordylier
przypada ma wyzszy oligocen (S. Dzulynski, A. Slgczka, 1958),
a poczatek dzialalnosci dodatkowego zZrodia ciepla w Karpatach przypada
na przelom eocenu i oligocenus3 (R. J. Kutas, V. V. Gordienko,
1972) mozna wyciagng¢ wniosek, ze poczgtek intensywnego formowania
sie rozlamu przypada na oligocen. R. J. Kutas, V. V. Gordienko
uwazajg, ze rozlam perypieninski zostal uformowany dopiero po fazie
sawskiej, kiedy to mastgpily pierwsze wybuchy wulkanéw zwigzanych
z tym rozlamem. Mozna jednak sgdzié, ze pojawienie sie¢ ryolitowego
wulkanizmu w burdygale (T. Buday, M. Mahel et al.,, 1968) swiadczy
nie tyle o poczatku formowania sie rozlamu, ile o ,;dojsciu” tego roztamu
w swej ,,wedrowce w gore” do warstwy granitowo-metamorficznej.

Druga, mlodsza faza przyspieszenia formowania sie rozlamu perypie-
ninskiego w Karpatach przypada na sarmat-pliocen. Swiadczg o tym na-
stepujgoe dane: glowna faza tworzenia sie zapadlisk Srodgorskich zwig-
zanych z rozlamem perypieninskim, tj. zapadlisk Trené¢ina, Ilavy i Ora-
wy—Nowego Targu przypada na sarmat-pliocen. Na ten sam okres przy-
pada tez gtéwna faza wulkanizmu subsekwentnego w Karpatach ¢ (T. B u-
day, M. Mahel et al.,, 1968, V. V. Glus§ko, S. S. Kruglov, 1971).

3 By¢ moze z tym zjawiskiem jest zwigzana zmiana planu strukturalnego geo-
synkliny Karpat (L. Koszarski, W. Sikora, 1968).

4 Ostatnio M. Ksigzkiewticz (1972) wiaze powstanie $rodgérskich zapadlisk
w Karpatach z wulkanizmem.
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Ponadto badania Kutasa i Gordiemnki (1972) wskazuja, ze mniej
wiecej od polowy miocenu potok cieplny byl bardziej intensywny w blo-
ku zakarpackim niz w bloku karpackim, do moze swiadczyé¢ o zrdéznico-
wanym przebiegu tworzenia sie w tym czasie skorupy ziemskiej po obu
stronach rozlamu perypieninskiego, datujac w sposéb posrednio wiek je-
go dalszego formowania sie.

Instytut Geologiczny
Oddziat Karpacki
ul. Skrzatéw 1, 31-560 Krakow



