ROMAN NEY

THE CARPATHIANS AND PLATE TECTONICS

It is generally assumed that the Carpathians as
a folded orogen were formed in result of a complex
geosyncline evolution, However, the mechanism of
the folding of geosyncline fmmatlons, and particu-
larly the development of the Carpathian nappa of
a high amplituide of thrusts, and as well as the rela-
" tion of the Carpathians to the-i:r foreland have been
the subject of various interpretations (D. Andrusow
1960, 1964—65; 'S. Diulyfiski 19053; M., Ksigzkiewicz
1956, 1972; J. Nowek 1927, W. Teissyere 1921; K. Tot-
Cwiniski 1956; H. Swidzifiski 1971, and others).
The Carpathians being a part of the European Al-
‘" pine system stretch for 1500 km from the Neogene
*Vienna Basin — where they make a prolongation of
the Eastern Alps — to the Danube rift in Iron Gate
in Romania. Further east they pass into the Be.lkan
belt. (Fig. 1).

The Carpathians are a typical mountain belt in
the shape of an arc. Together with the Balkans they
make two arcs, a bigger, typical Carpathian arc bent
NE, and a smaller one, Carpathian-Balkan, bent we-
stward. The Carpathians thrust onto their forefield,
which makes a typical foredeep filled with- the Neo-
gene molasse sediments. The Carpathian foredeep
developed on a Paleo-Mesosoic Euroasiatic plate sur-
rounding them from the outside of the arc.

Three basic zopes are distinguished in the Carpat-
hian arc: ‘an outer zone, the so called Outer Car-
pathians (externides); a transition zone, made by the
Pieniny Klippen Belt; and an inner Zone, or Inner

Carpathians (internides). The Outer Carpathians are.

built up from Cretaceous and Paleogene Flysch nap-
pes of strongly developed inner fold tectonmics. The
Pieniny Klippen Belt presents a kind of megabreccia
of rocks — mainly Jurassic and Creftaceous — inten-
sly faulted -and fractured. On the surface, it makes

a zone a few hundred metres to several kilometres .

. wide (occasionally over 10 km.) strepching for 550

kim. from Marmorosze in the Eastern Carpathians up .

to Vienns. Further west, already in the Eastern Al-
ps, the Pieniny Klippen Belt passes into Gresten klip-

pens.- In the East, the Rachéw—Marmorosze forma-.

tions — further passing into Getic Nappe —.take o-
ver the role of the Pieniny Klippen Belt. -

"The Inner Carpathians (Flysch.sediments mcluded)‘
are also characterized by..a .folded structure. With
this zone are. connectéd Neogene volcanic formations

- concentrated mainly along .the northern edge of the

Pannonian microplatform and the eastern frame of

the Tramsylvaridn-block, Both elements were plun-

ged at the end of evolution of the Carpathians; Neéo-"
gene internsl (in relation to the Carcpa'bhian -orogen)

depressions developed on their area.

The folding of. the Carpathian orogen occurred -

first in the Inner and then in the Outer Carpathians.
The Inner Carpathian formations were folded from
the Jurassic till Late Cretaceous period, whereas Ou-
ter Canpathian flysch formations folded during the
Neogene; there are also indications of Quaternary
folding in this area. Thus, it ‘can be seen that the
. Carpathians are an orogen of a complex structure.
Al it had been assumed that Flysch sediments of
the Carpathian nappes are of a thrust nature (which
was confirmed by borehole data) and it had been
stated that Flysch formations widely cover the nort-
hern Carpathian foreland, it has been difficult so
far — taking into account the known hypotheses of

folded mountain formations — to elucidate -clearly

and thoroughly the relationship between the folding
movements and the structure and evolution of the
_crust on which the Carpathian geosyncline develo-

ped. .
The traditional explanation of the Carpathian tec-
togenesis considered mainly wvertical crust move-
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‘ments. This, however, did not meet the need for a '

complex explanation of both the cause of the Car-
pathian formations folding and the origin of the re-
gional thrusts of amplitudes of a fevw dozens kilo-

" metres.

A possibility- of a new explanation - ot the folded
mountain- tectogenesis and of the development of
their geosynclines occurred after a new theory of the
globe tectonics, the so called plate tectonics, had been
put forward (W. J. Morgan 1968, Le X. Pichon 1968).
Acconding to this theory. the globe l#togphere consists
of six plates beirig in a permanent movement in re-
latlon to each other..J. F., Dewey afid .J. M.- Bird
(19701)) recognize within the area of the plates a se-
ries of blocks distinet, to some extent, in their struc-
ture and in their limited independent movement. The
phenomenon of plate tectonics is based both on sub-
sidence in moovement, i.e. a subduction of a part of
the crust of some of the plates under the others, and -
on the process of plate accretion by spreading the .
ocean crust in the rift zone (J. Coulomb 1972). This
phénomenon has been recognized due to the exhau-
stive investigations of the ocean floor (R. S. Dietz

. 1961; H, H. Hess 1962). The plate tectonics accepting

the movement of particular crust plates refers to
the theory of continent driff, sensu A. Wagener (1924),
assuming convection curren'bs to be the force effec-
ting moveiment of the plates (A. Holmes 1945),

The plate tectonics formulated above was then

“used to explain tectogenesis K of folded mountains

(J. M. Bird; J. F. Dewey, 1970; P. J. Coney 1970; J.
F. Dewey, J. M. Bird 1970a, b; J. F. Dewey, B. Hors-
field 1970; J. F. Dewey at all. 1973, and others). Ac-
conding-to J. F. Dewey and J. M. Bird (1970a, b) it is

-assumed that there are basically twio types of oro-

gens. Anh orogen of Cordillieran type originated thro-
ugh breaking. and subduiction of the crust of -the oce-
ahic type in the zone of deep ocean trench in the
proximity of continental edge. Thermal agents played
a remarkiable part in the fonmation of such orogen.
The Andean mountains may serve as an example
here. The second type includes orogens formed in re-.
sult of the so called collizion of continents, An exam-

ple here 1s the belt of the European Alpides which
comprise the Carpathians. The orogen of the colli-
sional type is characterized. by a complex fold sy-
stem resulting from extensive compression, large-di-
stance .. tectonical transportation, etc. The origin of
such “orogens is primarily connected with the action

- 'of mechanieal ‘stresses resulting f‘rom the collision

‘of continental plates.

In recent years there appeared some papers pre-
senfing attempts to interpret tectogenesis of the Eu-
ropean Alpides in-the light of thie plate tetbtonics. The

""Alps were discussed from that point of view by J.

Dercourt (1971), K. J. Hsli (1971) and H. Laubscher
(1989) and others, and the Carpathians — by G. Szé=
nds (1972a) and D. P. Radulescu and M. Sandulescu
(1973). Interesting data concerning the plate tectonics

. of the western Mediterranean Sea were given by

K. Hinz (1972).

Recently the present author made an attemp,t to'
reconstruct the tectogenesis of the Carpathians from
the point of view of the plate tectonics, taking into
account the borehole and geophysical data and -re-
gional comparative analyses (R. Ney. 1973, 1975). This
paper presents a wider discussion of that problem.

THE CARPATHIANS IN TH% ngEM OF THE EUROPEAN
1D

The Carpathians represent the most northeﬂy

_belt of a complex system of the European Alpides

connected with the Mediterranean zone on the west
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Fzg. 1.” Struetural outline’ of Med;termnean Alpides
(after J. F. Dewey and 'J. M Bird,. 9" == simplzfzed)

1 - Alp!ne folding zanes, _2 — M:I.crocontinents (Massives
ard inner M:lcroplat!orms), 3 — Neogene vylcanites, 4 —
Pleniny Kl.'lppen Belt, 5§ — Altbld Depression limiting
fnull‘s ‘s — othér" main fau]t: 7 =" ‘crust subduction’ zones
and dlrecﬂons of the plates, 8 —- " directions of thé structa-
ral polarization in folded Alplne formations, 9 — -line "of
-aleogeosraﬁc secﬂons (Fig. z 3. I -— Slovakian block;
o - Transylvanian block m - " AlEBlA Depression

‘arid passing into’ the Alpide -system of the southern
Asia on the east (see R. Stoneley, 1974, and B, K.
Rastogi, 1974, for an analyses: of the latter in terms
of the plate tectonics). According to the idea assu-
ming modification of the Barth surface by conti-
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Rye. 1. Szkic strukturalny Alpzdéw Srédziemnomor-
skich- {wg J F. Dewe'ua i J. Birda; 9 '_-_-—'_uprosz-
czony). -

1 = strety faldowafi alpejskich, 2 — mikrokontynenty (ma-
sywy-i mikroplatformy wewnetrzne), 3 — wulkanity neogeri-
skie, 4 — pieniniski pas skaltkowy, 5 — uskoki ogranicza-
jace depresje AlfSldu, 6§ — inne uskoki gléwne, 7 — strefy
subduke}l skorupy i kilerunki pograzania sie piyt, 8 — kie-
runki polaryzacjli strukturaine] w sfaldowanych utworach
alpejak.lch, 9 — linia przekroj6w paleogeograficznych (ryec. 2,
8. I — blok slowacki, II — blok transylwanski, OI —
depresja Alfsldu

nental drift, the Mediternanean zone played an im-
portant part in the break-up of Pangea and the for-
mation of the Tethyan Ocean from:the very begin-
ning (J. F. Dewey and J. M. Bird, 1970b, J. F. Dewey
et all, 1973, R. S, Dietz and J. C. Holden 1970), The



- Mediterranean zone is situated between African and
Eurasian plates; that is why it uhderwent a com-
plex evolution during the continental drift. Thereflo-
‘re, in'the fraxmemk of the Alpine geosynclmal sy~
stem a number bf geonsynclines were formed in the
Mediterranean Europe. The geosynclines were sepa-
rated by continental blocks acting as microcontinenis,

acconding to the classis scheme of J.-F. Dewey and.

J. M. Bird (1970a).

The Alpine-Carpavthlan ge'osynclme arched along
the ‘sosthern edge of the Burasian pﬂalte is the most
northerly element of fhe system. The Malopolska
and the Bohemian massifs from the ‘edge of that
plate acted as resistance massifs in respect to the

geosyncline, The Bohemian massif acted as some -

kind of a bar, which"is most probably reszponsmble for
regional southward bend of the northern margin of
the geosyncline (Fig. 1). Continental blocks also occur
south of the Alpine-Carpathian geosyncline; this is
the case of the Pannonian microplatform formed of
the Slovakian and Transylvanian blocks separated by
Alfold depression of a rift origin. The Rhodope mas-
sif is situated  south of the Balcan geosyncline, and
Setbian-Macedonian massif — nerth-east of the Di-

naride geosyncline. The Dinaride and Apennine geo- .

synclines are separated by Carnic-Apulian massif,

in" the Neogene,

- . "Some of the above mentmne\d m1crocont1nents

that is continental blocks, drifted in their own way
in times of formation of the Mediterranean Alpine
system. Geosynclines were .developing in zones of
crust weakness, possibly related to melting of the
crust from below by convection currenis. In these
zones continental crust drifted :away” and the ecrust
of the oceanic or transitional type was formed. It
follows that continental blocks drifted away from
the axes of the geosynclines .during .the pre-orogenic
stage. Afterwards, in consequence of a reverse move-

ment (i.e. movement towards the geosynclinal axes)

of=eontinental blocdks deposits entrapped in:the geo~

synclines were folded, and finally regional over- -
thrusts developed. In the Mediterranean zone the
convergent movement of the Afro-Arabian and Eura- -
sian plates was of primary ifm,ponta'nce for the de-

. velopment of these processes.

At the edges of the - converging plates a number
of small continental blocks originated. These blocks
acted ' as separate microcontinents (Pannonian miero-
platform) or they plunged into the astensphere ini-
tially creating deep trenches. The African. plate dis-
plays some losses which now. infill a system of.tren-
ches stretching south of the Aegean Arc. On of such

trenches is the Yonian trench surrounded by the zone .

of formation of the crust of the .transitional type.
These movements of plates and blocks, leading to the
narrowing of the Mediterranean Alpine zone, were
-accompanied by subduction of a part of the crust.
The- amplitude to regional  overthrusts apnears to -be
directly proporiional- to the rate of subduction. An
analyses. of -the structure of the .crust of -the -Medi-
terranean Alpine zone has shown that.the subduce
‘tion of the North-European. continental plate surroun-
ding the Alpides from the north was the most in-
tense. Structural polanty in o-rogenic ‘sedimentary
geries. of geosynclines .is oriented in aecordance .with
the direction of crust subduchon . :

In the’ Carpathians ‘the overthrusts are .directed
to the north; from here the subduction of the crust
of the northern forefield of the Canpathians proceed-
ed under the Pannonian microplatform crust. Ou-
ter and inner massifs played a remarkable part in
the development of the Mediterranean Alpine zone,
as they  created a framework for the tectonics of

particular orogens. In the case of the Carpathians

esnecmlly important iz the influence of tlie Panno- .

_nian microplatform and, to some extent, of the Ser-
bian-Macedonian massif which acted as inner mas-
sifs, as well' as 'the Bohemian ‘and Mal.opolska massxf

. Which acted as resistance outer massifs. -

Ignepus rocks: played a remarkable part in the de-
velopment of the Mediterranean Alpine system. Ba-

.sic and ultrabasic Late Mesozoic rocks known from
-the- Metaliferi Mis evidence growth -6f the- Panno-

nian microplatform, similarly .as the basic and ultra-
basic rocks found in Transsylvanian nappeés. These
rocks may be also treated as relics of an oceanic
crust, presumably located within an oceanic . rift.
Ultrabasic rocks alterated into. serpentinites,, known
from the Gemerid units, might have - also "been, re-

" lated to the oceanic rift.

Basic rocks, mainly remesenrted by diabase tuﬂs
also occur in the Transcarpathian Ukrdine. The Neo-
gene volcanism is also connected with the -margins
of the Pannonian microplatform. Early Cretaceous
teschenites occur in” the Flysch Carpathians, and an-
desite volcanites along the Pieniny Klippen Belt; the
latter may represent products.of crust melting in the
zone of subduction. Tatric granites may also be con-
nected with a deep reconstruction of the Carpathian
geosyncline, and they evidence a movement of mag-
ma in its basement. Igneous rocks present in the Me-
diterranean Alpine system evidence the existence of
deep crustal ‘fractures delineating microplatforms and
massifs; .they also reflect a movement of crustal
blocks in subduction zones which were favourable

in_place of which the Adriatic depression-originated - - - routes for the migration of magma,

There still remains the problem of a sou-th-eastem

" exfension of a great regional zone of deep crustal

fracture, so called Odra fault. Accordmg to A.. Gu-
terch et all. (1973) the Odra fault is connected with
a 3-km translocation of Moho -surface, and bears a
decisive influence on the structure of SW ‘Poland.
J. Oberc (1972) interpreted this as a Laramie tensio~
nal fault which surely underwent partial rejuvena-
tion during the Tertiary. Bagalt intrusions are rela-
ted to that faulf. Andesite intrusions from the Pie-
niny, Vrancea seismic zone from the Eagtern Carpat-
hians, and its presumable extension from the area of
the Transytlvaman block are presumedly situated al-.
ong. the south-eastern extension of the Odra .fault.
This gréat regional zone of deep’ crustal fracture
seems- to end at the Dobrogea dislocation zone on

| the south-east. The last SE section of this deep cru-
stal fracture seems to represent, at the same time,

a zone of contact and subduction of the Moesian mi-
croplatform and Euroasiatic plate. The reconstruc-

-tion of the north-western extension of the Odra fault
.appears to be highly important for the knowledge

of the teebonms of Europe; however, further studies
are necessary for elucidating this problem

MAIN STAGES OF THE FORMATION OF THE H
CARPATHIANS

It is posmb:le to distinguish three mam stages
in the complex eviolution of the Carpathians, the most
northerly part of the Mediterranean Alpine system.
The" first two: geosynclinal (Fig. 2), and subsequent
orogenic (Fig. 3) stages may be further subdivided
into a number of evolutionary cycles. These are con-
structional stages, that is, leading to the formation
of the ‘orqgen. The third stage, which may be called
denudational, still cdontinues leading to the destruc-.
tion of the .orogen,  that is, to planation of these
mountains to the level of their surroundings (Fig. 4).
Perticular stages are not sharply delineated but they
rather interfinge. For example, the geosynclinal and
orogenic stages markedly interfinge, as the folding
of the internal Carpathians .started long -before the
end of geosynclinal develobment of the external Car-
pathians (Fig. 3A). The denudational stage was ini-
tiated . slong -with the uplift of some parts of the
Carpathian arc; the material from degradation of
uplifted parts of that are situated further to the
south was supplied to northern sedlmentary basms
of-the Flysch geosyncline.

- The main stages and cycles of c.omplex evolutmn
of the Carpathian orogen are illustrated on the en-
closed sketch paleogeographic sections through the

~ Carpathians and Dinarides (Figs. 2—3).’
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Fig. 2. Outline of formation of the Carpathians and
Dinarides geosynclines basement.

A — stage of origination of deep fault zones, B — stiage

of origination of geosynclines basement as furrows, C —

stage of origination of the sedimentation basing and the
expanlsion of ocean!c crust,

- At the end of .the Hercynian orogeny the area of
the.present Carpathians and Balcan Alpides repre-
sented .a consolidated region in which sialic crust
was . covered by, various, usually. -epicontinental Pa-
leozoic series. However, there is .some .evidence for
the Hercynian .foldmgs, but” their strength.and. ex-
tent are difficult to establish. (G. Szénds, 1972a) .

During the Late Paleozoic or, more precisely, the

Late Carboniferous, -after the complmon of ‘major.

phases of Hercynian foldings, the zoufhern- part of
the -Eyrasian plate was dismembered- by several lar-
ge-scale ‘crustal fractures- genetically related _to _it..
This -breakage resulted-in the division of that part

of the- Eurasign plate into a-number of crustal blocks,

which -was. accompanied -by - terisional movements
connected with the -beginning  of the separation of
the two large continental plates‘ Afrn-Arablan and
Eurasmn

‘The zone in which the fractures originated were
presumably partly melted from below by convec-
tion currents from ithe- stenosphere (Fig. - ZA) Two
of the. major zones of fracturés originated .in the a-
rea covered by the cross-section .(Fig. 2A): the Car-
pathian on the north and the .Dinaride zone on the
south-west. The zZones, although presented in the sa-~
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/-DEPOSITS #

Eye. 2. Schemat formowania si¢ z2aloZen geosynklin

Karpat ¢ Dynarydow.

A — stadium powstania stref wglebnych rozlaméw, B —
stadiurh powstania zaloZzei geosynklin w postaci rynien
(rowéw), C — stadilum' powstania basendéw sedymentacyj-
. hyeh i ekspansji skorupy oceanicznej

me section, differ in age. The zone of fractures and
breaks, connected with -the Dinarides, is presumably
of the Early Carboniferous ‘age, whereas- that con-
nected with the Carpathians.did not originate: before
the end of Carboniferous or even Permian., -

North of the Carpathian zone of fractures' stre--
ched Eurasian plate, monolitic at that time, which
comprised the block of the Carpathian forefield. The
Pannonian block originated between the Carpathian
and Dinaride zones, and the Adriatic block — south-
~west of the Dinaride zone; the latter was delineated
by the zone of fractures connected with the Apenni-
nes. The fractures represented the zones of complex
crustal fractures into which ulfrabasic. magma of ‘the
astenosphere origin was injected.

Granite magma originating from the meltmg of
basal parts of the continental crust became activa-
ted, in some places giving rise to granite intrusions.
This is the case of granite of the Tatra Mts which
is surrounded by crystalline schists metamorphosed
and folded in the course of the Late Variscan oroge-
nic cycle and covered by iransgressive Permo-Meso-
zoic deposits. Similar granite intrusions are known
from the Slovakia (Lower Tatra Mts, Nltra massif,
Small Garpathzans, Small Fatra, etc,), i
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Fig. 3. Outline of tﬁe develomn"ent of Carpathian ore-
gen in the Tertiary.

A — partial folding of the Carpathian inner 2Zone and
finther  development of Flysch sedimentation in the - outer
zone(Oligocene); B — folding and uplifting of the Carpa-
: thian orogen caused by the crust. subduction (Miocene).

1 — upper mantle, 2 — confinental crust, 3 — oceanic crust,
4-~~ veins -of magma injection, 5 — Paléeozoic formations,
6.+ platform' type Mespzole formations, 7.— inner Carpa-
thian. formations, 8 — outer Carpathian formations, 9 —
Mijoeene €arpathian foredeep sediments, 10 — Miocene sedi-
ments of inner Carpathian basins, 11 — direction 'of ‘the
crust subduction, 12 — directions of convection currents.

" The successive cycle in the evolution of the Car-
pathians is -conpected with the origin of a trench in
the zone of the crustal fnactures in the latest Per-
mian and Triassic (Fig. 2B). Similar trench origina-
ted .in the Dinarides in the Carboniferous. Deposits
originating in the Carpathian trench, which are part-
ly preserved up to now, were injected with ophioli-

tes. In the course of subsequent reconstructions of

“the Canrpathians the oldest deposits were usually so
deeply buried that at present they may be only oc-
casionally found in the internides. The Carpathian
trench’ may be -interpreted as an embryonic geosyn-
cline. - -

There are two major reasons for the formation
of regional crustal fractures in the Carpathian zone
in the Late Carboniferous, and of their subsequent
transformation into a trench in the Permian and
Triassic. The divergent movement of the Eunasian
and Afro-Arabian plates was of primary importance
here, while the orientation of convention currents
outwards of the zones of the Carpathians and Di-
narides had some influence on the location of frac-
ture zones and, therefore, on the location of des-
cendant troughs. = . ' '

During the third, Jurassic cycle of the geosynecli-
nal stage of the formation of the Carpathians a di-
stinct sedimentary basin originated in the place for-
“merly occupied by the trench (Fig. 2C). Transforma-
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Ryc. 3. Schemat rozwoju orogenu Karpat w okresie
. - .- trzeciorzedu. . -
A — czefclowe sfaldowanie wewngtirznej strefy Karpat 1
dalszy . rozw6] sedymentacli fliszowe] w stretle zewnetre-
nej (oligocen), B — sfaldowanle i wydfwigniecie orogenu
karpackiego spowodowane subdukcjg skorupy (miocen).
1 — gérny ptaszez, 2 — skorupa kontynentalna, 3 — sko-
rupa oceaniczna 4 — zyly Iniekcyjne magmy, 5 — utwory
paleozoiku, 8 — utwory mezozoiku typu platformowego,
7 — utwory Karpat wewnetrznych, 8 — utwory Xarpat
zewnetrznych, 9 — osady miocenu zapadliska przedkarpa-
ckiego, 10 — osady miocenu karpackich niecek wewnetrz-
nyeh, 11 — kilerunek subdukeji skorupy,

12 — Kkierunek
pradébw konwekcyjnych. : e

tion of the trench info a basin was connected- with
decay of the- continental crust and sea-floor sprea-
a o Py ian X! i rm S Ry

ragsian plate. The Pannonian microplatform origina-
fed as an independent microcontinent in result of
breaking-off of the Eurasian plate and shifting in
SW direction. Accretion of the oceanic crust in the
Dinaride basin started earlier, in the Late: Triassic.
The classic development of the Carpathian geosyn-
cline proceeded in the Late Jurassic, Cretaceous and
Tertiary. During that period a number at the second~
-order sedimentary basins were formed and then ge~ .
osyncline’ became polygeodyncline. The .axis. of sedi-

mentation gradually shifted outwards, towards-the

Eurasian plate. In thst direction younger sediments
succesively appear; the youngest, Miocene and Plio-
cene sediments which were formed after the compli-
tion of the folding of the Campathian orogen occur
‘in the Carpathian Foredeep. : e g

During the Middle-Tertiary cycle of the geosyn-
clinal stage the Carpathian geosyncline was clearly
divided into two zones: external, partly folded befo-
re the end of the Cretaceous, and outer, in -which
;Kt)ensive sedimentation was -still eontinuing (Fig.

Intensive folding of the whole Carpathian orogen
and especially of its outer zone took place in the
Neogene (Fig. 3B). This resulted in the uplift of the
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Fig. 4. Schemaric geological section through th.g Car-

pathians along profile V GSS.

1 — upper mantle, 3 — -crust, 3 — subduction zone, 4 — Mo~
horovicié surface, 5 — metamorphic and sediment basement

rocks, 8 — Neogene sandy-mudstone formations, 7 — Neo- -

gene molasse, 8 — folded Carpathian formationhs, 9 — vol-

canic rocks, 10 — metamorphosed rocks in deep fault of

Pieniny Klippen Belt, 11 — deep faults in the crust and in

upper mantle, 12 — deep faults in upper crust zone, 13 —
direction of the crust subduction.

_Carpathians and later in the formmtion of Iarge-
- -scale vregional overthrusts. The subduction of the
crust in the southern, direction, that is beneath the
Pannonian microplatform, started during this oroge-
nic' stage of the evolution of the Carpathians. On
that microplatform a Pannonian - depression origina-
ted in the Tertiary (Neogene). Marginal parts of the
Eurasian plate, dismembered by deep fractures, were
plunged beneath this microplatfiorm. Almost the who-
le of the oceanic crust previously formed was con-
sumed. The author’s studies (R. Ney, 1975) have
shown that this zone of subduction was passing be-
neath the sedimentary basin of the Pieniny Klippen
Belt. A part of sediments which originated in that
basin were dredged deeplly into that zone or even

Rye. 4. Schematyczny przekrdj geologiceny przez Kar-
paty wzdiuz V profilu GSS. -
1 — gbrny plagzez, 2 — skorupa, 3 — strefa subdukefl, 4 —
powlerzchnia Mohoroviciéa, b — skaly metamorficzne i osa-
dowe podloza, 6 -~ utwory plaszczysto-mulowcowe neogenu,
7 — molasa neogenu, 8 — sfaldowane uiwory Karpat, 8 —
skaty wulkaniczne, 10 skaty zmetamorfizowane we
wilebnym rozlamie .pleniiiskiego pasa skalkowego, 11 -—
wglebne roziamy w skoruple i gérnym plaszezu, 12 —
wglebne rozlamy w goérne] strefie skorupy, 13 — kierunek
subdukeji skorupy.

hern forefield of the Carpathians was pushed beneath
the Flysch series at a considerable distance. -

" The recent studies have shown that Miocene depo-
sits from the Carpathian Foredeep reach the Pieniny
Klippen Belt beneath the Flysch cover (Fig. 4). This
conclusion, based on selsmic surveying data, needs
to be confirmed by borehole data. Boreholes hither-:
to made have shown the occurrence. of Miocene de-
posits beneath the Flysch 25 km south of the nort-
hern margin of the Carpathians. .

The denudational stage of the evolution of the
Carpathians continues from the folding and the oro-~
genic uplift of that orogen up to the present (Fig.
4), It is connected with gradual erosion of the rocks
building the orogen. The sub-Silesian unit from the

underwent melting at still greater depths, The sub-
-duction of the crust was accompanied by intensified
voleanic activity and andesite intrusions in that zo-
ne. .

. ‘The geophysical studies (and primarily deep seis-
mic soundings), carried . outin the Carpathians and
Dinarides, have shown a fairly sharp downthrust of
the Mohorovitié surfiace, from about 30 to 50 km,in
the zones of inferred crust subduction (W, B. Sollo-
gub et al.,, 1970, G. Szénés, 1972b). According to the
present author this is connected with some thicken-
ning of the crust, resulting from the pushing of so-
me of the blocks under the others. It is important
to note that the morphology of Mohorovitié- surface
appears -t0 be similar in all the studied profiles of
these zones; all' the profiles display a deep crustal
fracture presumably representing structural suture
connected with the subduction. . .

The subduction of the crust resulted in reduction
of the width of the Carpathian geosyncline of at
least 230 km at the meridian of Cracow. The con-
traction caleulated from stradghtening of folds for the
section from -the Pieniny Klippen Belt to the nort-
‘hern margin of the Carpiathians equals 133 km (R.
Ney 1975). In the course of the subduction the nort-
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Polish western Carpathians .is an excellent example
of an advanced erosion of Flysch series and the re-
sulting peneplanation of the ‘mountains.

An attempt of synthefic approach to the tectoge-
nesis of the Carpathians from the point of view of
the plate tectonics, presented here, should be furt-
her tested through an accurate analyses of all the
data., Results of geophysical surveys of the crust
from the zone of the Carpathian orogen and boreho-
le data revealing internal structure of the mountains
are of primary importance here.

Prof. dr hah. Roman Ney

Akademia Goérniczo-Hutnicza
Miedzyresortowy Instytut Geofizykl
.Stosowane] i1 Geologll Naftowej

al. Mickiewicza 30
30-059 Krakéw

REFERENCES

1. Andrusov D, — Die geologische Entwicklung
der Klippenzone und der zentralen Westkarpaten.
Mitt. Geol. Ges. Vien, 1960, nr 51. .
Andrusov D, — Geologie der tschechoslovaki~
schen Karpaten. 1 (1964), 2 (1965). Berlin (Aka-
demie Verlag) und Bratislava (Slov. Akad. Wiss
Verlag). 1964—19865.



10.

11,

12.

. Bird J. M,, Dewey J. F, — Lithosphere . pla-

te: continental margin tectonics and the evolution
of the Appalachian orogen. Geol. Soc. Amer Bull.
1970, 81.

A COney P. J. — The geotectonic. cycle and the

new - global tectonics. Ibidem, 1970, 87.

. Coulomb J. — Sea fluoor- s'preadmg and con-

tinental drift. Geoph. and Astroph. Monographs.
Publ. Company. Dordrecht, 1972, ut
Dercourt J, — L’expansionocéanique actuel-

_.le et fossile, ses implications géotectomques. Bull,
Soc. Géol. 1971, 12.

. Dewey J. F. — Evolution of the Appalachian
.{Caledonian "oregen). Nature, .1869, no..T.

. Dewey J. F,, Horsfield B.

- Plate tec-
tonics, orogeny and continental growth, Ibndem,
1970, no. 1..

A Dewey J. F, Bird J. M. — Plate tectomcs

and. geosynclmes Tectonophysics, 1970, no. 10.
Devey J. F, Bird J. M. — Mountam belts
and the. new glubal tectonics. Jour. of Geoph\
‘Research. 1970, no. 14.

Dewey J. F and others — Plate tectonics
and the evolutmn of the Alpine System. Geol.
Soc. Amer. Bull. 1973, 84.

Dietz R. S. — Continental and basin evolution

- . by spreading of the sea floor. Nature 1961, no.190.

13.

14.

L oef Wyzyny Krakowﬁkie]. Acta geol pol.,
nr 3
15,

16.
o stu’dies.-Engel A:; E, and others, Petrological Stu-

17.

18.
19,

20.

21.

22,

25.

Dietz R.'S.,, Holden J, C. — The brea'ku,p of
Pangea. Sc1ent Am., 1970, 223,

Dzultyriski S, — Tektomka potudniowej czes-
1953,

Guterch A, Materzok R, Pajchel J. —
Structure of the Upper Mantle in the region of
the fore-Sudetic monocline. [In:] Revue des pro-
blémes géologiques des zonmes profondes de I’-
écorce terrestre en basse Silésie. XV-e session

de L’AZOPRO, ed. K. Smulikowski. In.st Sei. -

Warszawa, 1973

Hess H. — History of the basin in petrographic

dies: A Volume in honor of A. P. Buddmgton

Geol. Soc.. Amer,, 1962.

Hinz K, — Results of seismic refraction mve-

stigations (Proj. Anna) in the western . Mediter-

ranean Sea, south and north of the Island of

Mallorca. Bull. Cent. Rech.,, Pan-SNPA 8. .1972,

no. 2..

Holmes A. — Principles of physical geology.

London-Edinburg, 1945,

Hsu K. J. — Origin of the Alps and western

Mediterranean. 1971, 233.

Ksiggzkiewicz M. — Geology of the nort-

Il}Iern Carpathians, Geol. Rund. Bull.,, 1956, 45,
2

"Ksigzkiewicz M. — Karpaty. Budowa geo-

logiczna -Polski, vol. 4. Tektonika, part 3. Inst
Geol.,, Wyd. Geol. 1972.

Laubscher H. — Mountain building. Tectono-
physics, 1968, no. 7.

. Morgan W J. — Rises, trenches, ’ ‘areal faults

and crustal blocks, Jour. Geoph Red., 1968, no. 6.

. Ney R. — Importance des prospections du man-

tean supérior et de lecorce terrestre pour les
problems géologiques régionaux. Mat i Pr. Inst.

" Geof. PAN, 1973, vol. 60.
‘Ney R, — Tectogenesxs of the Carpathians in’

" the light of new tectonics of the Earth’s Globe.

26,
217.

28.

29,

30.

Mat.-i Pr. Inst. Geof. PAN, 1975, vol. 82
Nowak J. — Zarys tektoniki Polski. II Zjazd
Stow.  Geogr. 1 Etnogr. w Polsce. Krakéw, 1927.
Oberc J. — Sudety i obszary przylegle. Budo-
‘wa geologiczna Polski, vol. 4. Tektomka part 2.
Inst. Geol,, Wyd Geol., 1972.

Pichon Le X. — Sea floor spreading and ‘con=
tinental drift. Jour. Geoph. Res,, 1968, 73.
Radulescu D. P, Sandulescu M. — The
plate tectonics concept and  the gological struc-
ture 6of the Carpathmns Tectonophysms._ 1973
no. 1

Rastogi B. K. — Earthquake mechamsms and
plate tectonics in the Himalayan region. Tectono-

‘Physics, 1974, no. 21.

31. Sollogudb V. B, and others — Osnownyje
riezultaty i problemy izuczenija glubinnogo. stro-
jenija ziemnoj kory Ukrainy siejsmiczeskimi mie-
todamis Gieof. Sbor.ni:k A‘kad Nauk Ukr SSR.

- 1970, 3 e
82. Stille H. — Der- geotelntomsche Werdegang der
. - Karpathen. Beih. geol. 1953, J.b. 8.

33. Stoneley R. — On the origin of ophiblite

©  complexes in the Southern Tethys region. Tec-
tonophysics, 1974, no. 25.

34. Szénas G, — The Carpathian system and. glo-~
bal tectonics. Ibidem, 1872, no. 15.

35. Szénds G, and others — The crustal stmature
of - central an south-eastern Europe based on' the
regults of explosion seismology. Geoph. Trans.
‘(spec. ed.). Geophysical Inst. Hungary. Budapest,
‘1972,

86> Swidzinski “H, — O rozmiarach przesumeé

poziomych w pélnocnych Kanpatach ﬂlszowych
- Roezn. Pol. Tow. Geol, 1971, no. 1.
37. Teisseyre W. — Zarys tektom.kx porbwnaw-
czej Podkarpacia. Kosmos, .1921, 46, = =
38."Tolwifiski K. — Gléwne elementy tektonicz-
- " ne Karpat z uwzglednieniem gérotworu Sahdéw
Acta geol. pol., 1956, no, 1.
39. Wegener A, — The origini- of continents and
" ‘oceams. Methuen London, 19:24 "

STRESZCZENIE

W artykule przedstawiono poglagd na fomnowame
sie- orogenu karpackiego przy uwzglednieniu zasad
tektoniki piyt. Karpaty potrekowano jako skladowa
cze§é Srodziemnomorskiego systemu Alpidow, w kto-
rym poszczegblne pastma orogemiczne sg genetycznie
Scisle zwigzane ze sobg (ryc. 1), Oddzielajgce je ma-
sywy oraz mikroplatformy sg czeécia.ma d.awnej,

Jjednolitej platformy euroazjatyckie] i odgrywaja role

mhkmkontynent(yw
W rozwoju Karpat wyrézmono trzy podstawowe'

-etapy, na ktbére skiadajg sie cykle mzwo;owe, dwa
" pierwsze, to etap geosynklinalny (ryc. 2) i oroge-

niczny (ryc. 3). Sa one etapami konstrulktywnymi, po-
niewaz rozwdj ich prowadzil do zbudowania Karpat
w pos:ta-ci gér. Trzeci etap (przebiegajgcy wspélczes-
nie) mozna nazwaé etapem denudacyjnym, ma on
znaczenie destrulstywne, gdyz prowadzi do zréwna-
nia tych goér z otaczajgcymi je obszarami (ryc. 4).
Poszczegblne etapy nie sg ostro rozgraniczone, a na-
wet “wyrainie zazebmja sie ze sobgy; z etapem geo-
synklinalnym zazgbia sig etap orogeniczny. W czasie
gdy Karpaty wewnetrzne byly juZ czeﬁcloWo faldo-
wane w Karpatach zewnetrznych trwatl - jeszcze roz-

wb6j geosynkliny. Etap denudacji rozpoczat sie: z ..

chwilg wydZwigniecia’ wewnetrznych partii tuku kar-
packiego, z ktérego do péinocnyeh basenéw donoszo-
ny byl materiat poch'odzacy z erozji tych czeSei g6r

Etap geosynklinalny zwigzany jest z rozsuwaniem
sie poszczegélnych plyt i mikroptyt. Ogélnie chodzi
tu o rozsuwanie sie plyty euroazjatyckiej oraz afry-
kansko-arabskiej i powstanie w tym czasie . eocenu
Tetydy. Zlozona geosynklina Tetydy nie miata jedno-
litego charakteru, ale skladala sie z szeregu basenbéw

" sedymentacyjinych- oddzielonych mikroptytami i ma-

sywami. Kazdy z takich basenéw tworzyl oddziel-
ng geosynkline, réwniez o zloZonej budowie. Najbar-~
dzie] pbéinocna z nich byla geosynklina karpacka,
ki6ry od geosynkliny Dynarydéw oddzielata mlkro-
platforma pannoﬁska

. 'Etap orogeniczny w Karpatach nastapit z chwilg
rozpoczecia sie ruchu' plyt kontynentalnych skiero-
wanego -do wewnatrz geosynkliny Tetydy, wowézas
nastgpila subdukcja skorupy plyty kontynentu -euro-~
pejskiego pod plyte pannofiskg. Strefa subdukcji
skorupy -w Karpatach przebiegala wzdluz pienifiskie-
go pasa skatkowego, co odbilo sie w'.ogblnej tekto-
nice - tego _elementu orogemcznego Ruch ten wyra-
2ajacy sie takze w cyklach ‘nie wygast zupelme -do
dzis, stad obserwowane ‘'w. Karpatach przejawy neo-
tektomkx Z chwila wydiwigniecia sie’ Karpat roz~
poczqi si¢ silny proces denudacji, ktéry doprowadzit
juz w niektérych ich partiach do znacznego splasz-' .
czenia tych gér.

315



	Sfosfor15012013030_0001
	Sfosfor15012013030_0002
	Sfosfor15012013030_0003
	Sfosfor15012013030_0004
	Sfosfor15012013030_0005
	Sfosfor15012013030_0006
	Sfosfor15012013030_0007
	Sfosfor15012013030_0008
	Sfosfor15012013030_0009
	Sfosfor15012013030_0010
	Sfosfor15012013030_0011
	Sfosfor15012013030_0012
	Sfosfor15012013030_0013
	Sfosfor15012013030_0014
	Sfosfor15012013030_0015
	Sfosfor15012013030_0016
	Sfosfor15012013030_0017
	Sfosfor15012013030_0018
	Sfosfor15012013030_0019
	Sfosfor15012013030_0020
	Sfosfor15012013030_0021
	Sfosfor15012013030_0022
	Sfosfor15012013030_0023
	Sfosfor15012013030_0024
	Sfosfor15012013030_0025
	Sfosfor15012013030_0026
	Sfosfor15012013030_0027
	Sfosfor15012013030_0028
	Sfosfor15012013030_0029
	Sfosfor15012013030_0030
	Sfosfor15012013030_0031
	Sfosfor15012013030_0032
	Sfosfor15012013030_0033
	Sfosfor15012013030_0034
	Sfosfor15012013030_0035
	Sfosfor15012013030_0036
	Sfosfor15012013030_0037
	Sfosfor15012013030_0038
	Sfosfor15012013030_0039
	Sfosfor15012013030_0040
	Sfosfor15012013030_0041
	Sfosfor15012013030_0042
	Segregator2.pdf
	Sfosfor15012013040_0001
	Sfosfor15012013040_0002
	Sfosfor15012013040_0003
	Sfosfor15012013040_0004
	Sfosfor15012013040_0005
	Sfosfor15012013040_0006
	Sfosfor15012013040_0007
	Sfosfor15012013040_0008
	Sfosfor15012013040_0009
	Sfosfor15012013040_0010
	Sfosfor15012013040_0011
	Sfosfor15012013040_0012
	Sfosfor15012013040_0013
	Sfosfor15012013040_0014
	Sfosfor15012013040_0015
	Sfosfor15012013040_0016
	Sfosfor15012013040_0017
	Sfosfor15012013040_0018
	Sfosfor15012013040_0019
	Sfosfor15012013040_0020
	Sfosfor15012013040_0021
	Sfosfor15012013040_0022
	Sfosfor15012013040_0023
	Sfosfor15012013040_0024
	Sfosfor15012013040_0025
	Sfosfor15012013040_0026
	Sfosfor15012013040_0027
	Sfosfor15012013040_0028
	Sfosfor15012013040_0029
	Sfosfor15012013040_0030
	Sfosfor15012013040_0031
	Sfosfor15012013040_0032
	Sfosfor15012013040_0033
	Sfosfor15012013040_0034


