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Geologické prace, Zpriavy 28. Bratislava 1963

ZDENEK ROTH

STRUKTURBEZIEHUNGEN DES SEDIMENTATIONSGEBIETES
DER FLYSCHZONE DER WESTKARPATEN
ZUM KARPATENVORLAND UND DEN ZENTRALKARPATEN

(Mit einer Abbildung im Text)

Bei der Verarbeitung der neuen Gesamterforschung der Flyschzone in der
Tschechoslowakei versuchten wir, ihre Beziehung zum Béhmischen Massiv und
den Zentralkarpaten neu zu definieren. Am ausfiihrlichsten wurden die Ergebnisse
der wichtigsten gedruckten Teilstudien (A. Matéjka —Z. Roth 1956;
Z. Roth 1957, 1959, 1960, 1961a, 1962b; Z. Roth & cons. 1962a) fiir
den vergangenen Kongrefl der Karpato-balkanischen Assoziation zusammen-
gefait (Z. Roth 1961a). Vom Gesichtspunkt der strukturellen Stellung der
Flyschzone und ihres Sedimentationsgebietes kamen wir zu zwei wichtigen
Schluf3folgerungen:

a) Das Sedimentationsgebiet der Flyschzone der Westkarpaten entwickelte sich
zunichst innerhalb des Randbereiches der nordeuropdischen Tafel, u. zw. als
Graben in der Richtung NW —S0, der im SO in das Gebiet des geosynklinalen
Meeres (Tethys) miindete, und wurde erst spiter (zusammen mit dem SW vom
Graben liegenden Teil der Tafel) von der alpidischen Faltenzone annektiert.

b) Die Flyschzone der Westkarpaten ist eine bilaterale Faltenzone von betracht-
licher Selbstindigkeit sowohl gegeniiber dem Karpatenvorland, als auch gegeniiber
dem Block der Zentralkarpaten.

Auf Grundlage der von N. S. Schatski (1945—1955, 1961) entwickelten
Klassifikation werden wir in dieser Studie versuchen, die Flyschzone der West-
karpaten in einen weiteren Strukturrahmen einzugliedern. N. S. Schatski’s
Strukturklassifikation (1945—1955), wird hier darum als Richtlinie genommen,
weil sie auf einer umfangreichen Vergleichsanalyse begriindet ist und auch

frithere Klassifikationen (H. Stille, S. v. Bubnoff) kritisch verarbeitet, sowie
auch deshalb, weil sie sich direkt in weitem Mafle mit der Analyse der Struktur
des S-Randes der nordeuropdischen alpidischen Tafel befafit.
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Die Entwicklung des Sedimentationsgebietes der Flyschzone verlief in zwei
Etappen, die sich durch die strukturelle Stellung des Gebietes voneinander unter-
scheiden.

In der ersten Etappe, die hauptsichlich Tithon und Kreide umfafit, lag der
Schwerpunkt des Sedimentationsraumes der Flyschzone der Westkarpaten in der
innerkontinentalen grabenférmigen Geosynklinale, welche von dem zentralkarpa-
tischen geosynklinalen Faltengiirtel durch einen halbinselférmigen Ausliufer der
Tafel abgetrennt war. Am Siidrand dieses Tafelausldufers, d. h. im pienidischen
Sedimentationsgebiet, kann man vor der Oberkreide den noérdlichen Rand der
neuentwickelten Faltenzone und vor allem die mittelkretazischen Falten der jetzi-
gen inneren Klippenzone der Karpaten verfolgen. Wir bezeichneten die erwihnte
grabenférmige innerkontinentale Geosynklinale mit dem Namen Beskidengraben
(Z. Roth 1962b, S. 460, 472).

In der zweiten Etappe, welche vornehmlich dem Paleozin und Eozin zugehort,
wurde auch der frithere halbinselformige Ausldufer der Tafel ein Bestandteil des
Sedimentationsraumes der Flyschzone, und sein Innenrand (namentlich im 6st-
lichen Teil des westkarpatischen Abschnittes) wurde von einer Zone von lara-
mischen Deformationen (Falten) gebildet.

Wir werden uns jetzt der Reihe nach mit der Stellung des Sedimentations-
raumes der Flyschzone in beiden angefiihrten Etappen und schlieflich auch mit
der strukturellen Frage seines Untergrundes befassen.

Strukturelle und genetische Stellung des Beskidengrabens
(Tithon — Paleozén)

Nach N. S. Schatski (1946a, S. 6) entstand auf der nordlichen Halb-
kugel nach der Einverleibung der Varisciden des Urals und Westeuropas eine
sehr ausgedehnte alpidische Tafel, welche die prikambrisch, kaledonisch und

A<]b b. 1. Schema der paliogeographischen Entwicklung des Karpatenbogens sowie des Siidrandes
<er nordeuropiischen Tafel in Laufe der Kreide und des Tertidrs (nach theoretischen Prinzipien
N. S. Schatski’s (1945—1948), unter Beniitzung der Arbeiten von I. Bincila (1955),
M. Ksigzkiewicz (1957—1960), M. Filipescu (1955), Z. Roth (1960—1962)
u. V. Scheffer (1960) zusammengestellt von Z. Roth 1963.

A. Die paldogeographische Situation des Karpatenbogens in der Schlufiphase der austri-
schen Faltung (Ende Cenoman), B. Die Situation in der Schlufietappe der laramischen
Bewegungen (Ende Paleozin). C. Die Situation wihrend der Schlufletappe der pyrenidischen
Faltung (Oligozin). D. Die Situation zur Zeit der jungsteirischen und jingeren
Faltungen (Obertorton bis Pliozin).

Zeichenerkldrung: 1 — Siidrand der nordeuropiischen Tafel, 2 — Nordrand der alpinen Falten-
zone, 3 — Wichtigste Storungszonen in den Randstrukturen der nordeuropiischen Tafel, 4 — Si-
tuation des heutigen Nordrandes der alpinen Faltenzone, 5 — Ungefihre Meerverbreitung auf
dem Randgebiet der nordeuropiischen Tafel, 6 — alpine Faltenzone. b — Beskidengraben,
m — der Magura-Sedimentationsraum, W — die Lage von Wien, K — die Lage von Krakéw,
L — die Lage von Lvov. (Nr 5, 6 nur in den Kartenskizzen.)



variscisch gefalteten Gebiete umfafite. Der Sedimentationsraum der Flyschzone
der Westkarpaten bildete sich im epivariscischen Teil dieser alpiden Tafel aus.

Dies wird auch durch den Charakter des Gerdlls und der Blécke des Kristallins
und Paldozoikums belegt (Devon, Karbon, siehe z. B. Z. Roth & cons.
1962a), welche als ,,Exotika” Bestandteile der Schichten der Flyschzone sind
und aus den noérdlichen und westlichen Randgebieten der ,.exotischen” Scholle
stammen (die heute nirgends an der Oberfliche hervortritt). Der nordliche, zeit-
weise zum grofiten Teil als Riicken emporragende Teil dieser Scholle sonderte
den Sedimentationsraum der dufleren (Krosno-) Gruppe der Flyschzone vom
Sedimentationsraum der Maguragruppe ab. Die Scholle trat namentlich in der
mittleren Kreide und im mittleren Eozdn als Quellgebiet des klastischen Mate-
rials auf.

Bruchstiicke und Ger6ll des auflerkarpatischen Kristallins und der Oberkarbonkohle (D. An-
drusov 1931; V. Zoubek 1931, 1958; J. Silar 1956; V. Havlena 1956; M.
Ksigzkiewicz 1957; M. Elias 1961; K. Birkenmajer—E. Turnau 1962)
kénnen neben zentralkarpatischen Gesteinen auch im Gebiet der inneren Klippenzone als

Triimmer der urspriinglichen Unterlage der pienidischen Serien (D. Andrusov —
E. Scheibner 1960) im S-Teil der exotischen Scholle vorgefunden werden.

Die exotische Scholle bildete noch in der Zlteren Kreide ein gemeinsames
Ganzes mit der sog. Malenikscholle* des heutigen westlichen Vorlandes der
Flyschzone der tschechoslowakischen Karpaten. Es war die sog. Malenik-exotische
Scholle (Z. Roth 1961la; Z. Roth & cons. 1962a). Sie begrenzte in der
Kreide als erhohte in der NW — SO Richtung ausgedehnte Schwelle eine ebenso
ausgedehnte weiter nordlich liegende Depression, die gegen SO in das Meer
der Tethyschen Geosynklinale miindete und nach NW weit in die alpidische
Tafel Nordeuropas reichte (sieche z. B. auch D. Andrusov 1959). Diese
paldogeographisch bemerkenswerte Depression, auf die im obersten Jura und in
der dlteren Kreide der Sedimentationsraum der dufleren Gruppe der Flyschzone
im groflen und ganzen beschrinkt war, benannten wir Beskidengraben (Z. Roth
1962b).

Es ist vorldufig noch nicht moglich, die Lage ihrer Einmiindung in das geosynklinale Gebiet
der Tethys genau zu bestimmen. Der michtige Paliogen der Maguragruppe war auf der Malenik-
exotischen Scholle zu jener Zeit abgelagert, wihrend der sie tief herabgedriickt war; da jedoch

diese Gruppe auf die Westkarpaten beschrinkt blieb, ist es klar, dafi der Beskidengraben nicht
in das geosynklinale Gebiet der Tethys W der Grenze zwischen dem westkarpatischen und ost-

* Die Bezeichnung ,,Malenikscholle” gebrauchte ich bereits friiber (Z. Roth 196la; Z. Roth
& cons. 1962a u. A.) einerseits fiir die NW—SO gestreckte Grenzscholle, welche die Gebirgs-
gruppe des Malenik umfafit und den kretazisch gehobenen Teil der Bshmischen Masse in Ost-
mihren gegen den gesenkten Abschnitt begrenzt (siehe z. B. lc. 196la, Abb. 1), anderseits
wurde darunter in den paliogeographischen Erwigungen der grofie gehobene SO-Teil der Bohmi-
schen Masse verstanden (lc. 1961a, Abb. 2). In dieser Arbeit wird unter der Bezeichnung ,,Ma-
lenikscholle” der ganze gehobene SO-Teil der Bohmischen Masse verstanden.
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karpatischen Sedimentationsraum der Flyschzone miinden konnte. Da anderseits im Marma-
roscher kristallinischen Massiv der Ostkarpaten, das durch seine tektonische Lage in mancher
Hinsicht an die Maguragruppe erinnert, in bedeutendem Mafle Trias, Jura und Unterkreide
vorgefunden wird (0. S. Wjalow 1960; D. Patrulius—1. Motas — M. Bleahu
1960), kénnen wir annehmen, dafl der Beskidengraben in das alpidische geosynklinale Gebiet
weiter westlich miindete.

Der Beskidengraben duflert sich paliogeographisch erst im Tithon (Z. Roth
& cons. 1962b) und entstand nicht frither als im Aalen (siehe M. Ksigz-
kiewicz 1954). Er ist daher bedeutend jiinger als das benachbarte alpidische
geosynklinale Hauptgebiet, das sich im grofien und ganzen ohne Unterbrechung
wenigstens vom Perm an entwickelt. Im Vergleich-mit der alpidischen Geosynkli-
nale war der Beskidengraben eine Neubildung.

Da die Malenik-exotische Schwelle als herausragender Ausliufer der benach-
barten nordeuropiischen Tafel den Beskidengraben von dem geosynklinalen
Raum der Tethys im S absonderte, wihrend im SO der Beskidengraben in weitem
Mafle mit diesem Raum zusammenhing, muf3 man den Graben als eine kreta-
zische Querstruktur des Siidrandes der nordeuropdischen Tafel im Sinne
N. S. Schatski’s (1945, 1946b) betrachten. Solche Querstrukturen bildeten
sich an dem Siidrand der nordeuropdischen Tafel bei Faltenbewegungen in der
geosynklinalen Zone der Tethys als Neubildungen schon frither aus (Grofles
Donezbecken — N. S. Schatski 1946b).

Eine der grundlegenden Eigenschaften aller Querstrukturen in Randgebieten der Tafel ist ihr
genetischer Zusammenhang mit dem Innenwinkel der Tafel. Besteht auf der Tafel eine randliche
Querstruktur (Struktursystem vom Typus einer ,innerkontinentalen (Para-) Geosynklinale” im
Sinne von H. Stille), so setzt sie immer an dem Innenwinkel der Tafel an (N. S. Sc hatski
1946b, S. 72, 83). Der Beskidengraben stellte in der Kreide eine solche Para-Geosynklinale dar
(Z. Roth, 191b). _

Gehen wir von dieser Feststellung aus und stiitzen uns auf die Ergebnisse der vergleichenden
tektonischen Analyse N. S. Schatski’s, die in seinen Studien (1945, 1946a, b, 1947, 1948,
1955, 1961) enthalten ist, so kommen wir durch Extrapolation zu einer Reihe von Schluffolgerun-
gen, die vom Gesichtspunkt der geologischen Entwicklung der Karpaten von grofler Bedeu-
tung sind.

Mit Riicksicht auf die gesetzmifigen Beziehungen zwischen den randlichen
Querstrukturen und den Innenwinkeln der Tafel miissen wir den Innenwinkel
der damaligen nordeuropdischen Tafel dort suchen, wo der Beskidengraben in
den tethydischen geosynklinalen Raum miindete. -

Nach N. S. Schatski (1945, 1946b, 1947) werden die randlichen Quer-
strukturen der Tafeln durch disjunktive Krifte hervorgerufen die in den Innen-
winkeln als Spannungsresultate der epeirogenetischen und Faltenbewegungen
wirken. Die Spannungen wirken senkrecht auf beide Schenkel des Innenwinkels
der Tafel in Richtung von Geosynklinale zur Tafel. Wenn dies den zeitlichen
Zusammenhang zwischen der Entstehung der randlichen Querstrukturen und den
Bewegungen in der Geosynklinale bestimmt, so ist die Entstehung des Beskiden-
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grabens zeitlich hauptsichlich mit den austrischen* Faltungen im Zentralkar-
patengebiet verbunden. Daraus konnten wir schliefen, dafi die Mittelkreide —
Faltenzone in den Karpaten einen dem heutigen Bogen der westkarpatischen
Flyschzone dhnlichen Bogen bildete.

Der Scheitel des Bogens wiirde an der Innenseite das Sedimentationsgebiet
der ostkarpatischen Flyschzone (in ihrer damaligen Lage) beriihren. Dies wird
bestitigt z. B. durch michtige Konglomerate, namentlich Apt-Albkonglomerate,
im grofien Teil der Ostkarpaten (siehe z. B. G. Murgeanu, M. G. Fili-
pescu & cons. 1961). Soweit iilber den zeitlichen Zusammenhang
zwischen der Entstehung des Beskidengrabens und der alpidischen Hauptgeo-
synklinale.

Der strukturelle Zusammenhang zwischen den randlichen Querstruk-
turen der Tafel mit der Geosynklinale der Tethys wird durch die Feststellung
angedeutet (N. S. Schatski 1946b, S. 83), daf alle randlichen Querstruk-
turen genetisch mit groflen Bruchzonen verbunden sind, die sich zwar nicht immer
direkt als Oberflichenrisse dufiern, jedoch immer als Fortsetzung der (iuferen)
Grenze der Faltenzone (oder eines bedeutsamen Teils hievon) verlaufen, an die
sie direkt ankniipfen. Vielfach bilden randliche Querdepressionen eine Fort-
setzung der Randsenken in ihrem Streichen (Schatski 1947). Daraus
kann geschlossen werden, dal der Beskidengraben durch die Richtung der ihn
formenden und nach SW begrenzenden Bruchzone die Gesamtrichtung der Mittel-
kreidefalten am &stlichen Schenkel des Innenwinkels der Tafel andeutet. Das
Sedimentationsgebiet des heutigen Siidteils der Ostkarpaten, der ehemals gegen
SO an den Beskidengraben ankniipfte, hatte tatsichlich den Charakter einer
Randsenke der austrischen Faltenzone. Das wird durch die michtige Entwicklung
der Mittelkreide-Konglomerate in einem grofien Teil der Ostkarpaten, ihren Cha-
rakter und durch Beziehung zu den Ost- und Siidkarpaten (siche G. Mur-
geanu, M. G. Filipescu & cons. 1961) angedeutet. Der Nordrand der
Kreidefalten ging von dem angefiihrten Winkel der Tafel nach W lings des
Siidrandes der exotischen Scholle (kretazische Konglomerate der Klippenzone).

Soweit es sich um den lithologischen Zusammenhang der randlichen
Querstrukturen der Tafel mit der geosynklinalen Faltungszone handelt, wie sie
N. S. Schatski (1946b, S. 84) angibt, so sind ihre lithologischen Formatio-
nen grofitenteils den Tafelformationen verwandt. Wir machten schon friiher (z. B.
Z. Roth 1961b, 1962b) auf die engen faziellen Beziehungen zwischen der
dlteren Kreidefiillung des Beskidengrabens und den ebenso alten Fiillungen
anderer parallelen Graben innerhalb der Tafel in Norddeutschland aufmerksam.

Da jedoch die randlichen Querstrukturen an das Geosynklinalgebiet miinden,

* Unter Bezeichnung austrische Bewegungen ist hier auch die subhercynische Unruhe inbe-
griffen.
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sind in der Regel ihre der Geosynklinale nahen Teile durch lithologische Forma-
tionen jener Randsenken gekennzeichnet, die oft an die Querstrukturen direkt
ankniipfen. Die Fazien der Randsenkenfiil lungen reichen jedoch in den randlichen
Querstrukturen der Tafel viel weiter ins Innere der Tafel als in den eigentlichen
Randsenken (N. S. Schatski L c.). Dies gilt durchaus fiir den Beskiden-
graben. Flysch- und Molasseformationen (Z. Roth 1961b), die nach Schat-
ski (1946a, S. 53) fiir Randsenken sehr kennzeichnend sind, bildeten einen
grofien Teil der Fiillung des Beskidengrabens.

Nach der palidogeographischen Analyse ging die randliche Querstruktur des
Beskidengrabens im Malm und Alb (?) durch das Stadium (Strukturtyp) einer
randlichen Querflexur. Sie kam wahrscheinlich im Alb in das Stadium eines
einfachen randlichen Quergrabens (N. S. Schatski 1946b), denn zu jener
Zeit war die Strukturdepression nach SW durch einen Bruchabhang der Ma-
lenik-exotischen Schwelle begrenzt (Z. Roth 1961b; Z. Roth & cons.
1962a). Gleichzeitig kam es zum Abbruch und einer fortschreitenden Senkung
des SE-Teils der Malenik-exotischen Schwelle (der sog. exotischen Scholle —
Z. Roth 1961). Diese Senkung &hnelt einer alpidischen Absonderung und
Senkung der SO-Forsetzung des Ukrainischen Blocks, der nach S eine hnliche,
jedoch iltere Querstruktur des Siidrandes der Tafel, das Donezbecken, begrenzt
(N. S. Schatski 1946b).

Grundlage des Abbruchs war wahrscheinlich die Bruchstruktur, die quer iiber
die Malenik-exotische Scholle bis zum Beskidengraben reichte (Z. Roth 1960,
1961b; Z. Roth & cons. 1962a). Nach N. S. Schatski (1946b) kann
man diese Tektonik, die die randlichen Querstrukturen der Tafeln kreuzt, oft in
engem genetischen Verband mit diesen Strukturen beobachten. Der genetische
Zusammenhang der erwidhnten Narbe des Querabbruches der exotischen Scholle
mit dem Beskidengraben wird auch durch das Kreidealter (Hauterive-Barrem)
ihrer iltesten rudimentiren Fiillung angedeutet (siche E. Hanzlikova —
Z. Roth 1963a).

Beobachtungen zeigen, daf} es wihrend der Existenz des Beskidengrabens nicht
zu alpinotypen Deformationen seiner sedimentiren Fiillung kam (Z. Roth
1961b). Es kam jedoch zu weniger intensiven Deformationen der Fiillung. Im
Baschkagebiet des Beskidengrabens wird die Bewegung durch Sedimentations-
licken im Untervalangin und zwischen Cenoman und Untersenon angedeutet.
Die jiingere von den zwei Liicken wird von einer geringen Winkeldiskordanz
begleitet (A. Matéjka —Z. Roth 1949). Auf eine ausgeprigtere Win-
keldiskordanz zwischen Cenoman und Senon im Godulagebiet des Beskiden-
grabens in der Umgebung von Jablunkov hat auch E. Men¢ik (1960) auf-
merksam gemacht. Daraus kann man schliefen, dafl die Sedimentfiillung des
Beskidengrabens im hochsten Tithon bis zum unteren Valangin und noch aus-
geprigter im (unteren) Turon (germanotyp) deformiert war. Wie die Umgebung
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von Jablunkov zeigt, bildeten sich hochstwahrscheinlich im Gebiet, wo damals
die Fiillung ihre Maximalmichtigkeit (4000—5000 m) erreichte, Falten von
groflem Radius, die ungefihr parallel mit der Achse des Beskidengrabens lagen.
Der NW-Abschnitt des Grabens wurde hiebei wahrscheinlich fiir einige Zeit ein
Denudationsgebiet. Nach der austrischen Unruhe kann man also die Struktur
der Sedimente des Beskidengrabens z.' B. mit dem System Wichita in USA ver-
gleichen (sieche N. S. Schatski 1946b) und sie danach zu den hochsten
Strukturtypen der randlichen Querstrukturen, d. h. zu den randlichen Quer-
systemen zahlen. Ahnliche Bewegungen duflerten sich nicht in der oberkretazischen
Sedimentfiillung- des Beskidengrabens. Der Beskidengraben kehrt also in der
oberen Kreide strukturell zum Typus eines einfachen randlichen Quergrabens
zuriick.

Die weitere strukturelle Entwicklung, die die Sedimentfiillung des Beskiden-
grabens durchlief, erfolgte erst nach dem Untergang des Beskidengrabens und
unter geidnderten Bedingungen zwischen dem oberen Eozin und Torton (Z. Roth
1961b) in der pyreniischen bis steirischen Phase. Die alpinotype Verfaltung der
Sedimente entstand hauptsichlich wihrend der savischen und steirischen Phase.

Strukturelle und genetische Stellung des Sedimentationsgebiets der Flyschzone
der Westkarpaten nach dem Untergang des Beskidengrabens

Der Beskidengraben war zwar mit Tethys in der Oberkreide nicht nur im SO,
sondern auch schon im westlichen Teil (durch eine querliegende Meerenge iiber
die Malenik-exotische Schwelle) verbunden; er blieb als ausgeprigte, herab-
sinkende Senke bis ins Paleozin bestehen. Im Paleozin begann jedoch der durch
die Meerenge abgeteilte Ostliche Teil der Malenik-exotischen Schwelle (die sog.
exotische Scholle) rasch zu sinken und wurde zum Sedimentationsgebiet der
Maguragruppe. Offenbar nicht allzu intensive laramische Falten konnten hiebei
nur im Bereich der Kreidefalten, u. zw. ausgeprigter nur im &stlichen tschecho-
slowakischen Abschnitt der inneren Klippenzone, festgestellt werden (D. An-
drusov 1938; A. Matéjka—Z. Roth 1956;Z. Strdnik —Z. Roth
1960; D. Andrusov—E. Scheibner 1960).

Das rasche Sinken des ostlichen (,,exotischen’) Teils der urspriinglichen Malenik-exotischen
Schwelle kann mit dem Sinken des Stawropol-Plateaus verglichen werden, welches in der varisci-
schen Epoche (durch seinen nérdlichen Teil) eine weit nach SO reichende Fortsetzung des Ukraini-
schen Massivs darstellte, das von dem eigentlichen Massiv durch alpidische Bewegungen abgetrennt
wurde und sank. Dieses Plateau begrenzte im Siiden den SO-Teil des Grofien Donezbeckens
und trennte es von dem siidlichen geosynklinalen Gebiet (N. S. Schatski 1946a, 1948;
N. S. Schatski—A. A. Bogdanoff 1957).

Wie die Eigenschaften der Unterlage und die Entstehung der beskidischen
Furche (Tithon — Kreide), sowie des magurischen Sedimentationsraumes (im
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Paliogen) zeigen, befand sich der Sedimentationsraum der Flyschzone der West-
karpaten, der beide Teile im Paldogen vereinigte, zur Ginze auf dem Tafelrand.
Als Randstruktur der Tafel entstand er im Zusammenhang mit den laramischen
Bewegungen in der benachbarten Geosynklinale. Dies wird auch durch den zeit-
lichen Zusammenhang seiner Entstehung und den lithologischen Charakter der
Sedimentfiillung (Flysch und molassoide Sedimente) bewiesen. Da die neu-
gebildete Tafelstruktur als Depression in ihrer ganzen Linge den dufleren Rand
der laramischen Falten unmittelbar begrenzt und von ihm durch keinen Wall
getrennt ist, gehort sie zu den typischen Randsenken (N.S.Schatski 1946a).

Eine ihnliche Randsenke, die bei den mittelkretazischen Falten entstand, war wahrscheinlich
schon seit der Kreide das Sedimentationsgebiet der Flyschzone der Ostkarpaten (siehe oben).

Der Charakter des paldogenen Sedimentationsraumes der Flyschzone der Westkarpaten besti-
tigt N. S. Sch atski's Ansicht (Ic. 1947), daf} die Randsenken eher grabenformige Gebiete
in den Randbereichen der Tafeln als ,Restgeosynklinalen” sind, wie (H. Stille (1940} einige
von ihnen bezeichnet.

Nach Schitzungen von D. Andrusov und E. Scheibner (1960),
sowie M. Mahel (1961, S. 18) kann die Strukturgrenze zwischen der alpi-
dischen Vorlandtafel und dem alpinischen Faltensystem in der Kreide mit der
Grenze zwischen dem pienidischen Sedimentationsraum und dem Sedimenta-
tionsraum der Maniner Serie zusammenfallen. Dort gab es wahrscheinlich eine
sehr tiefe Stérungszone, welche bis zum oberen Torton den Tafelrand bildete
(N S. Schatski 1947).

Diese Narbe wiirde funktionell (keineswegs aber durch ihre Lage) dem ,peri-pieninischen
Lineament” M. M4§ka's (in T. Buday & cons. 1960, 5. 14) entsprechen.

Zu den Grenzstrukturen der oberflichenniheren Teile dieser Stérungszone an
der Grenze der Tafel und der Zone der Kreidefalten mufy man vielleicht auch die
austrischen und laramischen Strukturen der inneren Klippenzone rechnen, die
sich sowohl von den gleich alten Strukturen der Zentralkarpaten, als auch von
den iibrigen Strukturen im Randgebiet der nordeuropiischen Tafel unterscheiden.
Dies gilt besonders von den pienidischen Serien, welche sich urspriinglich schon
auf einer auflerkarpatischen Unterlage absetzten (D. Andrusov—E.
Scheibner 1960), jedoch den subherzyn-austrischen alpinotypen Bauplan
folgten (siehe z. B. D. Andrusov 1961; Z. Roth & cons. 1962a), wobei
sie sich von ihrer urspriinglichen Unterlage vollkommen trennten.

Untergang des Sedimentationsgebiets der Flyschzone der Westkarpaten

Wir haben keine Ursache anzunehmen, daf} der Nordrand der laramischen
Faltenzone im Gebiet der Westkarpaten die Nordgrenze der geosynklinalen mittel-
kretazischen Falten nach Norden betrichtlich iiberschritten hitte. Man kann auch
annehmen, daf} die laramische Faltung an dem dufleren Umfang des geosynkli-
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nalen Gebiets weniger intensiv verblieb als die austrische Faltung. Zum Unter-
schied von den austrischen Falten bildete sich jedoch im Vorfeld der laramischen
Falten eine ausgeprigte Randsenke.

Der exotische Block stellte wihrend der ganzen Kreide einen Ausliufer der
Tafel in das geosynklinale Gebiet vor (,,Aulenwinkel” der Tafel) und bildete
in Ubereinstimmung damit (N. S. Schatskij 1947) zur Zeit der subherzy-
nischen und austrischen Bewegungen an dem Rand der Tafel eine erhohte
Struktur, wie z. B. auch der damalige rasche Aufstieg seines NO-Randes iiber
den benachbarten Beskidengraben zeigt (Z. Roth 1961a).

In Ubereinstimmung mit dieser erhéhten Struktur wurden damals in diesem
Abschnitt des Tafelrandes keine lithologischen Randsenkenformationen des Albs
und Turons entwickelt. Die Beriihrung der mittelkretazischen Faltenzone mit
dem Vorland hatte nicht den Charakter einer Randsenke, sondern einer Naht,
dhnlich wie z. B. die.Aufschiebung der Kaledoniden auf den baltischen Schild
in Norwegen oder des S-Teils der Werchojanskzone auf den Aldanschild
(N. S. Schatski 1947).

Zum Unterschied von einer Naht im Vorfeld der austrischen Kreidenfalten
bildete sich in diesem Abschnitt wihrend der laramischen Bewegungen zu
Beginn des Paliogens eine breite Randsenke durch das Absinken der exotischen
Scholle. Ahnlich wie bei der randlichen Querstruktur der Tafel des friiheren
Beskidengrabens war auch diese Randsenke die westliche F ortsetzung der Rand-
senke in den Ostkarpaten, die auf Kreide zuriickging. Der westkarpatische Teil
der Randsenke umfafite im Paldogen neben dem Gebiet des kretazisch-paleozinen
Beskidengrabens auch das magurische Sedimentationsgebiet, das auf den gesun-
kenen ehemaligen ,,Auflenwinkel” der Tafel zuriickging. Das Vorhandensein des
magurischen Sedimentationsgebietes unterscheidete als spezifische Neubildung
im Paldogen das Sedimentationsgebiet der Flyschzone der Westkarpaten von
dem Sedimentationsgebiet der Flyschzone der Ostkarpaten. In struktureller Hin-
sicht waren jedoch im Paliogen beide Gebiete eine einheitliche Randsenke des
Faltensystems.

Wiahrend der pyrendischen Bewegungen im oberen Eozin ging jedoch das
Sedimentationsgebiet der magurischen und silesisch-Té$novicer Einheit grofiten-
teils unter und bildete sich in ein Denudationsgebiet um (siehe z. B. Z. Roth
& cons. 1962b; E. Hanzlikova—Z Roth 1963a). Da wir in der
Schluphase der Flyschsedimentation des oberen Eozins beider Einheiten kein
Seichterwerden beobachten, miissen wir voraussetzen, daf} die Unterbrechung
der Sedimentation eher durch eine F altung der Hiille verursacht wurde als durch
epirogenetische Hebung der tief gesunkenen vorpermischen Unterlage. Daraus
kénnen wir schlieBen, daff zufolge der pyrendischen Faltung der duBere Nord-
rand der geosynklinalen Faltenzone sich iiber den ganzen magurischen Sedimen-
tationsraum bis zum mittleren Teil des ehemaligen Beskidengrabens vorschob.
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Zum Unterschied von den laramischen Bewegungen bildete sich bei den pyre-
ndischen Bewegungen (dhnlich wie frither bei den austrischen Bewegungen)
ein neuer Bogen der karpatischen Falten an dem Siidrand der nordeuropiischen
Tafel. Gegeniiber dem Zhnlichen mittelkretazischen Bogen war der neue Bogen
in der Richtung des ehemaligen Beskidengrabens nach NW verschoben. Daraus
kénnten wir vielleicht schlieflen, daf3 der alte Tafelrand mit dem austrisch-lara-
mischen Innenwinkel an der Grenzscheide des Sedimentationsraumes der West-
und Ostkarpaten unterging und daf} sich weiter gegen NW ein neuer Tafelrand
mit einem pyrenidischen Innenwinkel bildete.

Wir werden nun versuchen, diese Anderung des siidlichen Tafelrandes auch nach der gesetz-
mifligen Entwicklung der Tafelrandstrukturen zu verfolgen, wie sie von Schatski (1945—
1948) festgestellt wurde. Bei der Analyse der geologischen Verhiltnisse zur Zeit der Neubildung
des Bogens der pyreniischen Falten gelang es uns nicht, eine querlaufende jungeozine Rand-
struktur vom Typ des Anadarkobeckens, des Beskidengrabens u. i. festzustellen. Nach der ver-
gleichenden Studien N. S. Schatski’s (1946b) existieren jedoch auch Innenwinkel der Tafeln
ohne randliche Querstrukturen (keineswegs umgekehrt). Nichtsdestoweniger werden wir zu erfor-
schen versuchen, ob an den Bogen der pyreniischen Falten der Karpaten genetisch nicht eine
weniger deutliche Querstruktur gebunden ist, die sich etwa durch Elevationen vom Typ Wichita,
Red River u. 4. duflert, pder ob und wann sich eine zhnliche Querstruktur im Laufe der weiteren
Entwicklung nachweisen lift. Dadurch werden wir unsere Schlusifolgerungen iiber die Entwicklung
des Tafelrandes kontrolieren kénnen.

Wir konnten schon in den friiheren Studien feststellen, daf3 die subsilesisch-
Zdanicer Serie in ihrem beskidischen Abschnitt durch Menilitschichten abge-
schlossen ist, wihrend dieselben in dem Zdanicer Abschnitt in ihrem Hangenden
noch michtige Zdanice—Hustopeéer Schichten aufweisen (Z. Roth 1960,
1962a; Z. Roth & cons. 1962a). Da sich im untersten Teil der Zdanice—
Hustopecer Schichten bei Kyjov auch Konglomerate mit Gesteinen der silesisch-
Tésnovicer Einheit vorfinden (E. Hanzlikova — Z. Roth 1963a), kénnen
wir annehmen, daf3 der Zd4nicer Abschnitt der subsilesisch-Zd4nicer Einheit eine
mit Zdénice—Hustopeéer Molasse (Z. Roth 1961) gefiillte Randsenke dar-
stellte, wahrend der benachbarte beskidische Abschnitt eine erhshte Scholle im
Vorland der pyreniischen Faltenzone war.

Nach Schatski’'s Analysen (1947) bilden die Randsenken eine Struktur-
form des Tafelrandes. Auch nach unseren friiheren Analysen setzten sich die
Sedimente der subsilesisch-Zd4nicer Einheit, deren jiingster Teil uns nunmehr
als Sedimentfiillung der obereozinen (und jiingeren) Randsenke erscheinen, auf
einer Unterlage ab, die einen Bestandteil der Tafel bildete und auch weiterhin
bildet (siehe z. B. Z. Roth 1957, 1960; T. Bu day 1961). Darum
bezeichnet der Beskider Abschnitt der subsilesisch-Zd4nicer Serie den damals
erhohten Block auf dem Tafelrand und der Zdanicer Abschnitt zugleich einen
gesenkten Block. Man kénnte daher vielleicht schlieflen, daf3 der erhshte Block,
auf dem sich eine wirkliche Randsenke weder im jiingsten Paldogen noch spiter
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bildete, ein Bestandteil einer pyreniischen randlichen Querstruktur der Tafel ist,
die an einen neu entstandenen pyreniischen Innenwinkel der Tafel gebunden ist.

Verfolgen wir jedoch die Bewegungen der beiden Abschnitte der subsilesisch-
Zdénicer Einheit in die Vergangenheit, so sehen wir, dafy der Beskider Abschnitt
schon vom Paleoziin an stieg, wihrend der Zd4nicer Abschnitt gleichzeitig sank.
Es handelt sich also um eine viel iltere Bewegung, die eher mit den laramischen
als mit den pyreniischen Bewegungen begann. Nach N. S. Schatski's
Forschungen (lc. 1947) entstehen Randsenken in Abschnitten, in denen die
gefaltete Unterlage der Tafel schon vorher relativ tiefer lag als in der Nachbar-
schaft. Es handelte sich also sowohl im Zdanicer als auch im Beskider Abschnitt
um eine vormalige epirogenetische radiale Bewegung der Blocke, welche noch
linger vorher eine entgegengesetzte Héhenlage eingenommen hatten (Z. R oth
1960, 1962b). Wir kénnen daher die hohe Lage des Beskider Abschnittes nicht
als Ergebnis der pyreniischen Bewegungen und darum als strukturelle Analogie
der Aufwolbungen von Wichita, Arbuckle u. A. in dem randlichen Quersystem
Wichita auf der nordamerikanischen Tafel betrachten (N. S. Schatski
1946b). Es ist daher nicht méglich, in der hohen Lage des Tafelblocks des Vor-
landes der pyreniischen Faltenzone den Beweis einer Querstruktur zu sehen, die
genetisch mit dem neuen bogenférmigen Verlauf des #ufleren Randes der kar-
patischen Falten verbunden wire. Wir haben keinen Beleg dafiir, daB sich dem
neu entstandenen bogenformigen Verlauf des Auflenrandes der Falten gleichzeitig
auch der Umrif} der Tafel durch Bildung eines neuen Innenwinkels angepafit
hitte.

Obwohl N. S. Schatski nicht untersuchte, unter welchen Bedingungen es in den
Innenwinkeln der Tafel nicht zur Bildung randlicher Querstrukturen kommt,
kénnen wir in unserem Falle nach ilteren Analysen (Z. Roth 1960, 1961a;
Z. Roth & cons. 1962a) voraussetzen, daf} die Kontur der Tafel hier wihrend
der pyreniischen Bewegungen unverindert blieb. Durch die Faltung wurden nur
die Sedimente der paldogenen Randsenke erfafit. Die sedimentire Hiille begann
sich wahrscheinlich schon damals, auf der inneren karpatischen Seite der Rand-
senke von der Unterlage abzulosen. Es begann wahrscheinlich auch die Unter-
schiebung des exotischen Blocks unter den Block der Zentralkarpaten (siehe
H. Stille 1953; Z. Roth & cons. 1962a; E. Hanzlikovéd —Z. Roth
1963b). Wir werden jedoch die Entwicklung in diesem Abschnitt der West-
karpaten weiter verfolgen.

Die savische Phase #uflert sich hier im interval zwischen Aquitan und Burdigal
(siche T. Buday 1961) als weitere Intensititssteigerung der pyrendischen
Falten. Die Abscherung der Sedimenthiille von der alten Unterlage drang nach
aufen bis zum Rand der pyrenidischen Falten. Im #ufleren Randteil der pyre-
niischen Falten entstand eine Deckeniiberschiebung. Mit der Magura-Einheit
iiberschob sich auch die silesisch-Té&novicer Decke auf die Sedimente der sub-
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silesisch-Zd4nicer Einheit. Die subsilesisch-Zd4nicer Sedimente wurden bei den
savischen Bewegungen nur in Falten von grofiem Radius gewellt, blieben jedoch
eine autochthone Hiille der Unterlage (siehe z. B. T. Buday 1961; Z. Roth
—E. Hanzlikova —1. Cicha 1963).

Savischen Alters sind vielleicht im wesentlichen die Faltenstrukturen im inneren Teil des beski-
dischen Abschnitts der silesisch-Tésnovicer Einheit (die Strukturen Zubii — Pindula, Kobylska,
Staré Hamry, Predmier in den Mihrisch-Schlesischen Beskiden). Diese Strukturen werden
zuweilen fiir jiinger als unterer Torton gehalten (E. Menéik 1960 in Z. Roth & cons.
1962 b). Nach einer tektonischen Detailanalyse durch j. Foldyna (1962 mnscr.) handelt
es sich jedoch um Zltere Strukturen.

Der #ufilere Rand der karpatischen Falten verschob sich in der savischen
Phase bis zur dufleren Grenze des Sedimentationsraumes der subsilesisch-Zd4nicer
Einheit.

Wihrend der steirischen Phase 16ste sich auch die subsilesisch-Zd4nicer Ein-
heit von der alten Unterlage ab und bildete sich zu einer Decke aus. Die duflere
Grenze der Falten von grofiem Radius iiberschiebt sich breit in das Vorland der
Karpaten (siehe Z. Roth 1961b; J. Strnad 1962). Es kommt zu einer
Riickverschiebung der Flyschzone auf den zentralkarpatischen Block (Z. Stré -
nik—2Z. Roth 1960; Z. Roth 1959, 1961). Strukturstudien fiihrten mich
zur SchluBfolgerung, dafl sich die subsilesisch-Zd4nicer Einheit wihrend der
steirischen Faltung wie Schuppen in dem sinkenden Teil des Vorlandes auf-
hiufte. Dies wird durch die hdufigen umgekippten Fliigel der liegenden Falten
bewiesen (Z. Roth —E. Hanzlikovda — 1. Cicha 1963).

Die hohe und niedrige Lage der konsolidierten Unterlage des Tafelblocks
4uflerte sich durch die Entstehung der nachpyreniischen Randsenke im Zdanicer
Abschnitt des westlichen Teils der tschechoslowakischen Flyschzone der Karpaten
und die Entstehung einer Struktur von eher Randnahtcharakter wihrend der
dlteren steirischen Bewegungen im beskidischen Abschnitt desselben Gebiets
(siehe schon V. Uhlig 1903). Dieser Charakter blieb bis zum Ende des
Karpatiens (Oberhelvet s. 1.) erhalten. Wahrend dieses ganzen Intervalls bildete
die Stérungszone' in der Umgebung von Hranice die Grenze zwischen den Ab-
schnitten der Vorsenke und der Naht.

Im oberen Torton beobachten wir, daf} sich im Vorfeld des Bogens der kar-
patischen Falten zwischen Olomouc und Krakéw eine Querdepression am Tafel-
rand von neuem zu bilden beginnt. Es handelt sich um einen einfachen
Quergraben, der parallel mit dem Beskidengraben nach NO verschoben ist. Diese
Depression wurde durch eine Bucht gefiillt, die in der NW-Fortsetzung der
karpatischen Randsenke in Polen lag und in die Umgebung von Opava reichte
(I. Cicha—]. Paulik 1960 in Z. Roth & cons. 1962b).

Aus der Bildung dieser nicht sehr grofien, jedoch typischen Querstruktur am
Rand der Tafel kénnen wir nach den Analysen von N. S. Schatski (1945—
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1948) darauf schlieffen, dafl der vorpermische Teil der exotischen Scholle, der
sich wihrend der pyrendischen, savischen und ilteren steirischen Bewegungen,
wie wir sahen, als Bestandteil der Tafel geltend machte, wiahrend der jiingeren
steirischen Bewegungen zwischen dem Unter- und Obertorton sichtlich von der
Tafel abgesondert wurde. An dem Siidrand der nordeuropidischen Tafel entstand
dadurch ein neuer Innenwinkel.

Darin sehen wir den Beweis der wesentlichen geologischen Bedeutung der
jiingeren steirischen Bewegungen fiir den Bau dieses Siidrandabschnittes der
nordeuropdischen Tafel und fiir den Bau des die Ostalpen und Karpaten um-
fassenden Faltensystems. Gleichzeitig individualisierte sich die Flyschzone in den
Westkarpaten (zum Unterschied von den Ostalpen — siehe M. Mahel,
1960 — und einem Grof3teil der Ostkarpaten) als bilaterale tektogenetische Zone
sowohl gegeniiber dem Vorland, als auch dem zentralkarpatischen Hinterland
(Z. Roth 1961b). Strukturell schlofl sich hier nach Osten an die Flyschzone
der Westkarpaten auch das Marmaroschmassiv der Ostkarpaten, das wenigstens
teilweise auch nach S iibergeschoben wurde (V. Ianovici & cons. 1961).

Bei diesen Bewegungen kam es zu einer betrichtlichen Anniherung zwischen
der Vorlandtafel und dem zentralkarpatischen Block. Ziehen wir die Verschie-
bungen an dem #ufleren und inneren Rande und die inneren strukturellen Kom-
plikationen der Flyschzone in Betracht, so muf} die Anniherung der der Flysch-
zone benachbarten Punkte in der eigentlichen steirischen Phase etwa 50 km
betragen haben.

Schlufifolgerungen

1. Der Sedimentationsraum der Flyschzone der Westkarpaten entstand und
entwickelte sich als alpidische Randstrukturen der nordeuropdischen Tafel.

2. Die strukturelle Entwicklung des Sedimentationsraumes der Flyschzone der
Westkarpaten verlief in zwei grundlegengen Etappen, wovon die erste dem héhe-
ren Jura und der Kreide entspricht, wiahrend die zweite zum Palidogen und dem
dlteren Neogen gehort.

3. Die erste Etappe ist durch die Existenz des Beskidengrabens gekennzeichnet,
der eine fast 400 km lange und etwa 100 km breite Querstruktur (im Sinne
N. S. Schatski’s 1945—1948) am Rand der Tafel darstellte.

4. Die zweite Etappe der strukturellen Entwicklung umfafite die Bildung und
den Untergang einer typischen Randsenke, die kontinuierlich den Nordrand der
alpidischen Faltenzone begrenzte.

5. Der wichtigste Vorgang wihrend der alpidischen Entwicklung des Sedi-
mentationsraumes der Flyschzone der Westkarpaten war der Regenerations-
prozef}, bei dem von dem Siidrand der Tafel die sog. exotischen Scholle abgelést
wurde.

6. Dieser Prozefd war in allen seinen Phasen die Ursache eines abweichenden
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Charakters der Flyschzone der Westkarpaten von der Fortsetzung dieser Zone
sowohl in den Ostalpen, wie in den Ostkarpaten (siche z. B. M. Mahel
1961). Der westkarpatische Abschnitt der Zone unterscheidet sich von dem ost-
alpinen und ostkarpatischen durch seine Ausdehnung, seinen lithologischen Cha-
rakter und seine strukturelle Stellung. Ein spezifisches Glied der Flyschzone der
Westkarpaten ist die Maguragruppe und ihren spezifischen strukturellen Charak-
ter (der sich teilweise auch in den Ostkarpaten geltend macht) kennzeichnet die
Riickaufschiebung der Zone auf den Block der Zentralkarpaten. Fiir diesen spezi-
fischen Charakter der Zone in den Westkarpaten wird hier eine genetische Erkla-
rung vorgelegt. i

7. Die einzelnen Phasen dieses Prozesses konnen durch die Gesetzmafiigkeit
der strukturellen Entwicklung der Tafelrinder begriindet werden, wie sie von
Schatski (1945—1948) untersucht wurden.

8. Zu einer Individualisierung der exotischen Scholle im Rahmen der Tafel
kam es auf Grund der Bildung des jungkimmerisch-austrischen Beskidengrabens,
der als einfacher randlicher Quergraben innerhalb der Tafel die exotische Scholle
nach NO begrenzte. Eine mit dem Graben genetisch eng verbundene und zum
Graben querliegende wenig ausgeprdagte Struktur (Z. Roth 1960) sonderte
die exotische Scholle von der Tafel ab.

9. Wihrend der laramischen Bewegungen entstand durch Untertauchen der
exotischen Scholle eine paldogene Randsenke als neue Form des Sedimentations-
gebietes der Flyschzone der Westkarpaten.

10. Der vorpermische Teil der exotischen Scholle verblieb weiterhin ein
Bestandteil der Tafel bis zum Ende des Karpatiens, wiahrend ihre Sedimenthiille
wiahrend der austrischen und pyreniischen Bewegungen schrittweise durch Ab-
scherung zu einem Bestandteil der Karpaten wurde (siehe Z. Roth 1961a, b).

11. Erst wahrend der jiingeren steirischen Bewegungen zu Beginn des Ober-
tortons begann die Bildung einer neuen randlichen Querstruktur der Tafel in
Oberschlesien, die auch gleichzeitig zeigte, daf3 der versunkene exotische Block
aufhorte ein Bestandteil der Tafel zu sein.

12. Wenn wir von den Gesetzmifigkeiten ausgehen, welche N. S. Schatski
(1945—1948) durch seine Strukturanalyse an Tafelrindern festgestellt hatte,
konnen wir schlieflen, dafl die entscheidende Rolle in der strukturellen Ent-
wicklung des Sedimentationsraumes der Westkarpaten der jungkimmerische bis
savische Innenwinkel der nordeuropdischen Tafel spielte, der an der Grenzscheide
zwischen den Sedimentationsrdumen der West- und Ostkarpaten lag. Erst zu
Ende des Karpatiens begann weiter westlich die strukturelle Bildung eines neuen,
westlichen Innenwinkels des Tafelrandes.

13. Nach den von N. S. Schatski (1945—1948) gefundenen Gesetz-
méfigkeiten und den Ergebnissen unserer friiheren Analysen (siehe Z. Roth
1961a, b) konnen wir die im Jura und Neogen stattgefundenen Anderungen der
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Tafelkontur im Abschnitt der Westkarpaten und die von ihnen abhingigen
Anderungen des Verlaufs der Nordgrenze der alpinen Falten schrittweise rekon-
struieren.

14. Die lithologischen Formationen der karpatischen Flyschzone sind grofiten-
teils Formationen, die in der Randsenke oder im parageosynklinalen randlichen
Quergraben der Tafel entstanden.

Geologische Zentralanstalt,
Prag
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Geologické price, Zpravy 28. Bratislava 1963

MICHAL MAHEL

FOLDING PHASES AND FORMATIONS OF THE WEST
CARPATHIAN MESOZOIC

West Carpathians represent a bigenetic mountain chain folded during two
orogenic periods — Cretaceous and Neogene (Stille 1953). They form a twin
geosyncline — Central Carpathian and the geosyncline of Flysch. The Central
Carpathian geosyncline has been folded during the Middle and Upper Cretaceous
while the other one — adjacent to the former both in time and space — has been
the geosyncline of Cretaceous and Paleogene with a flysch filling and folded
in the Lower and Middle Miocene.

The submitted article deals with the pronouncement of the orogenic process
of the Mesozoic geosyncline during the rather calm Triassic — Jurassic — Lower
Cretaceous period and also with Middle and Upper Cretaceous folding activity.
In the analysis included are the fundamental units of Central Carpathians with
Gemeridy units and Biikk Mts, further units of Cho¢, Krizna and Tatridy.
Mentioned will be also the Klippen belt and Flysch belt.

Due to the described articulation all the particular expressions of the orogenic
phases may be traced both in time and space.

The Carpathian Mesozoic geosyncline in most cases began with the Lower
Triassic transgression after the Pfalcian orogenic phase. Its effects
are proved in Central Carpathians including the Krizna unit (Zoubek 1930)
with an apparent transgressive unconformable bed of lower detritic formation
of Lower Triassic resting upon Verrucano or often upon older complexes. The
independent distribution of the Lower Triassic quartzites and Verrucano (Biely
1962) as well as the apparent facial change further proves the existence of this
orogenic phase in the more northern belts.

The relationship between the Lower Triassic and Permian in the more southern
zones became far more complicated the boundaries less pronounced and in the
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northern part of Gemeridy the existence of the Pfalcian orogenic phase is already
far from certain. Farther southward as for example in the synclinorium of the
South Slovakia Carst region a more intense effect of this phase is unlikely because
in the Hungarian Biikk Mts the Permian — Lower Triassic boundry is a tran-
sitional, gradual one. In this region the transgression passed already in the Upper
Permian (Balogh 1961). From this point of view very important is also the
tectonic relationship of Permian with Mesozoic structures of the southern belts
of Carpathians.

Relatively weak pronouncement of another orogenic phase may be observed
in the more northern belts between Campillian and Anissian proved by the break
of sedimentation, erosion and formation of basal breccias at the bottom of the
Vysoké Tatry mantle series Anisian limestone-dolomite complexes (Kotafnski
(1961). This new phase resulted in a sudden change of the lower detritic forma-
tion in majority of the mantle series as well as in the Krizna unit. The change
were expressed in the replacement of detritic by a carbonatic sedimentation same
as the agitated Lower Anissian sedimentation with frequent occurence of endo-
stratic breccias and vermicular limestones.

The southern zones have not been apparently effected by this younger phase
and also the transition from the Lower Triassic detritic formation into the limes-
tone-dolomitic has been fairly gradual. Both the phases mentioned appear
somewhat earlier in the southern zones then in the northern zones of Central
Carpathians.

An apparent change in sedimentation came at the beginning of Upper Triassic
as aresult of Labinian orogenic phase effecting the mantle series
by the break of sedimentation. Above the Ladinian dolomites appear usually
the Carpathian Keuper facies of continental — lagoonal origin with the sedi-
mentation of variegated deposits — sandstones and conglomerates expressing the
emerging of areas deeply eroded down to the crystalline basement. The great
differences in thickness and composition of frequently neighbouring parts of
certain series indicate an articulated relief and acting of faults during the
sedimentation. Signs of agitation are observable throughout the Carpathian Keu-
per of the Mantle Series ranging stratigraphically from Karnian including Norian.
The Labinian phase in the Choé¢ belt resulted in the flysch-like sedimentation
of the Lower Karnian Lunz beds interrupting the generally quiet character of the
limestone-dolomitic formation of the Middle and Upper Triassic.

In the Krizna unit distributed partly at the southern margin of the mantle
series and perhaps partly also in central depressions the Lunz beds form only
a few metres thick layer within dolomites thus demonstrating the weak pronoun-
ciation of the Labinian orogenic phase at the Ladinian—Karnian boundary.
A far more apparen: change in sedimentation may be observed in the Upper
Karnian or lowermost Norian, where the limestone-dolomitic sedimentation is
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terminated by Carnian dolomites overlain by Carpathian Keuper. Rhytmic alter-
nation of sandstones, ‘shales and dolomites as well as the structures and textures
of these sediments show a non-stable environment and the oscillation of the
basement. Marine fossil remnants in the dolomites document their marine origin.
All the mentioned features show repeated marine transgressions resp. ingressions.
Upper Triassic of the mantle and KriZna unit is generally characterized by very
agitated environment with a rapid sedimentation change effected by several marine
ingressions due to which the dolomite beds appear in between sandy shale se-
quences of the lagoonal — continental origin.

In the units extending south of the Choé belt the Upper Triassic orogenic
phase resulted only in the formation of thin intercalations of dark shales with
subordinated sandstones appearing in the northernmost parts of Gemeridy unit —
i. e. northern Gemeridy syncline. In the zones extending more to the south this
orogenic phase is only poorly pronounced.

Extensive changes in the paleogeography of Carpathian geosyncline are related
to the Rhaethian orogenic phase (Paleokimmerian). To the Paleo-
kimmerian phase related were the termination of carbonatic-dolomitic sedimenta-
tion throughout the West Carpathian geosyncline and the beginning of new
formations with different facial types, another more dynamic relief, as well as
a different paleogeographic environment. Paleokimmerian phase represents a basic
change in the gesynclinal evolution— the boundary of two development stadii. Its
effect upon all the belts however has not been synchronous; some series bear
evidence of several following phases. In the Vysoké Tatry series (Passen-
dorfer 1961) for example the transgression appears at the beginning of
Rhaetian, at some places in later Rhaetian and at the other even at the beginning
of Sinemurian (Radwanski 1959).

In the Krizna unit the change of sedimentation and the beginning of new
formation are related to the early Rhaetian transgression. The variability of facies
in Rhaetian as well as the sudden horizontal and vertical changes of lithofacies
within short distances are due to the rapid changes of sedimentation conditions
(mainly bathymetric). No expressive disconformity between both formations are
observed in the Choé unit. The boundary in some of the structures occur at the
beginning of the Liassic basis.

Also in the northern and southern Gemeridy zones the Rheatian limestones
represent the uppermost member of similar calcareous sedimentation; the new
formation beginning most probably only by Lotharingian. The sedimentation
break and angular disconformity of Stratenska hornatina mts. (Gerdv Hill
ridge; Mahe! 1957) indicates an intense effect of the Paleo-kimmerian phase
in the Interior Carpathians, accompanied perhaps by folding.

Obviously the effect of particular folding phases in particular Carpathian belts
during Triassic as to the intensity and timing appears very different. All these

25



orogenic phases resulted in the change of sedimentation, some of the phases
were expressed in an agitated sedimentation for a longer period (mainly during
the Upper Triassic). The Paleokimmerian phase represented a very complicated
both in time and intensity iregular action within every particular belt. This phase
most probably led to folding in the interior Carpathians or Gemeridy units and
to the change of sedimentation throughout the entire West Carpathians.

Basing upon the analysis of the tectonic pulse effect during the Triasic two
fundamental geotectonic belts may be distinguished. The regions have different
sequences of facies in particular development stages i. e. with differing forma-
tions and different chronological range as well. They are the Choé¢-Gemeridy
belt in the south and Tatridy-Krizna belt in the north. The boundary is repre-
sented by the Veporidy zone the northern portion of which belongs to the northern
and the substantial, remaining part to the southern belt.

Initial stage of the Alpine Geosyncline-period of detritic sedi-
mentation in the southern belt ranged from Upper Permian to Middle Campillian
characterized by the shale — sandstone formation with products of volcanic
activity. Lower Permian facies are usually of lagoonal type. In the northern belt
as an equivalent is regarded the Lower Triassic quartzite formation of a very
apparent transgressive and disconformable character. Great differences between
the two belts arose during the period of carbonatic sedimentation. This period in
the southern belt ist represented by the limestone-dolomitic formation ranging
from Upper Campillian to Rheatian, while in the northern belt by the dolomitic
Keuperian formation within the stratigraphic range of Anissian-Norian. Besides
frequent dolomitic facies especially characteristic is the facies of Carpathian
Keuperian.

The new post-Paleokimerian development possess a different facial arrangement
and far more variability as to the number and bathymetric character of facies
than the former one. During the Triassic period the shallow-water facies predo-
minated with only a slight difference. The younger stage including Jurassic and
Lower Cretaceous besides shallow-water facies (spongolites, crinoid, limestone,
oolitic and coquina limestone, reef limestone) contain also many bathyal facies
(spotted marlstone, Aptyches limestone, mud limestone of Biancone type, marly
concretionary limestone, radiolarian limestone and radiolarites). Scattered occurs
also the facies of dark marlstones and silicites characterizing an oxygen poor
non — ventilated environment. The lateral changes among facies are very sudden.
Apparently the sedimentation area has been differentiated into swells with shalow-
water or cordillera type of sedimentation and troughs with predominating bathyal
facies.

Paleogeographic change after the Paleokimmerian phase is related also to the
change of the geosynclinal axis position from the interior Carpathians to the
north into the Krizna and mantle series region with the geosynclinal environment
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extending even to the Klippen belt. The interior Carpathian region together with
the Cho¢ unit (i. e. the areas with most intense sedimentation and articulation
during the Triassic) show a less variegated development. The change of position
of geosynclinal axis accompanied by paleogeographic changes due to the Paleo-
kimmerian phase were a logic result of movements of orogenic masses in the
subcrustal basement (Kraus 1960).

The differentiation in two geotectonic belts were thus valid also in the new
development stage. In the southern-less articulated belt the majority of series
is supposed to belong to spongolite — mar]l — limestone facies. In the northern
belt marlstones, radiolarian hornsteins, spongolites and crinoidal limestones pre-
vail. This formation is characterized by the presence of two principally different
types of facies — one is the trough-type facies (marlstones and radiolarian
hornsteins) the other the facies of swells or cordilleras (spongolites and crinoidal
limestones) . The last type reflected sensitively the tectonic effect expressed in the
break of sedimentation, formation of conglomerate beds and strong erosion (Vyso-
ki series — Mahel 1959). Sudden changes in the shallow water facies within
short distances are observed mainly in Doggerian. Obviously also many faults
originated during that time or former faults were activized dissecting the sedi-
mentation areas into blocks of different tectonic activity. Similar phenomena in
the Vysoké Tatry series as well as the erosion effect and at some places also the
transgressive character of Bajocian and Bathonian are connected with the Agazsian
orogenic phase (Kotafski 1962). Malmian seems to be principally the cal-
mest period when the balancing of facies took place together with the bathyal
maximum.

Revival of tectonic processes occured in Tithonian when shallowing was
observed and in western parts of Vysoké Tatry slight volcanic activity took place
characterized by extrusions of limburgites and their tuffs.

The disturbance of sedimentation increased in Neocomian; extensive strati-
graphic hiatuses were observed in the cordillera series (the majority of mantle
series, Belanskd and Czorstyn series) or occasionally pronounced shallowing
of environment (Malé Karpaty series — Mahel 1959; Vysoké Tatry series
and Havran series — Passendorfer 1931). In the depressions the shallo-
wing came usually at the end of Neocomian eventually in Aptian, but occasio-
nally also in Upper Hauterivian. The volcanic activity during the Neocomian
is expressed in the form of tuff intercalations.

Sediments younger than Intravalangian throughout the southern belt repre-
sented by the spongolite—marl—limesione formation are not known. The geo-
synclinal sedimentation obviously terminated here earlier than in the northern
zones. Suggestions of that sort are based not only upon the lack of higher Neoco-
mian and Albian membres but also several other observations as for example
Valangian of the Cho¢ unit of StrdZovski hornatina Mts. bears evidence of
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regression. It is remarkable however, that the northern spur ot the Hungarian
Central Hills (Gerecse Mts) shows flysch development already in Valangian
(Fiilop 1959). Sedimentation break and the start of the development stage
of new formation may be related to the Neokimmerian phase.

An essential change occured also in the development of northern Carpathian
belt between Aptian and Albian during the Austrian orogenic pha-
se, terminating the previous stage, represented by the radiolarian sandstone
formation with minor share of detritus in the particular lithofacies (with the
exception of Liassic lithofacies). In the new formation the flyschoidal facies
predominated with a substantially greater share of clastic components. The
Flysch facies are accompanied by gray and variegated marls and marly shales
characteristic mainly for the Middle Cretaceous of the Klippen belt as well as for
the Lower Albian beds of certain Mantle series (Manin, Vysoké Tatry, Mald
Fatra, Tribeé, Malda Magura). Tremendous amounts of Albian sediments are
found in the Central Carpathian Klippen-near marginal zone (e. g. Manin
series). Similar thicknesses of Albian are observed also in the northern marginal
sediments of the KriZzna unit regarded however as a tectonic accumulation at the
nappe front. This fact is in an apparent contrast with the poor development
of Albian in the southern zones of this unit as for example in Nizke Tatry Mts.
eventualy in the adjacent Velky Bok series representing the southern marginal
rim of the KriZna unit.

Basing upon the facts mentioned drifting of the geosynclinal axis northward
may be suggested. Moreover it is necessary to remark that beginning with the
Austrian orogenic phase' in the so far from the Alpine-inferior Europe
(Roth 1962) undifferentiated Flysch belt started the formation of a separate
miogeosynclinal sedimentation area.

Similarly in the northern Central Carpathian region the Austrian orogenic
phase lacks an angular uncorformity the existence of which would confirm an
effective folding. This orogenic phase resulted only in the break of sedimentation
accompanied by erosion and formation of carst phenomena on the Aptian limes-
tone surface as well as in the transgressive character of the Middle Albian
glauconitic limestones with exotic boulders (Vysoké Tatry series — Passen-
dorfer 1938).

The hiatus in Mantle series were generally longer in some of them ranging
from the Lower Neocomian to Upper Albian (Mal4d Magura series — Mahel
1961) an in others from Upper Barremian or Lower Aptian to Middle Albian
(Malé Karpaty series — Mahel 1960). In the Manin series the Aptian
limestones with eroded surface are overlain in different areas by various members
ranging from Lower Albian to Cenomanian. The lack of Neocomian below Albian
of Mantle series or its minute thickness are probably due to a weak folding.

The break of sedimentation or even hiatus have been observed in certain cross-
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sections of the KriZna unit, sometimes also within the range of Upper Hauteri-
vian— Albian (Cross-section near Zliechov inm Strazovska hornatina Hills; M a -
hel 1961) at some other places the break comprised the Upper Barremian — Lower
Albian (Velki Fatra Mts near Ruzomberok; Kantorovad — Mahel 1960).
The effect of Austrian orogenic phase is further proved by A/K absolute age
determinations (Kantor 1957). Mylonites and diaphtorites of the Rackova
dolina Valley in Liptovské Tatry Mts show 109 mil years, tectonic deformation
of Tribeé series — keuperian 95 mil years. Paleontologically determined glauco-
nitic limestone of Vysoké Tatry series (equall to the Hoplites dentatus horizon
(of Middle Albian age showed 88 mil years; Kantor 1960). Not less important
were also the determination of thick conglomerate beds containing pebbles of older
Mesozoic membres and crystalline masses as well. Poor grading and the com-
position of these conglomerates in the Mald Magura series, Ziar series (Mahel
1961) and Krizna unit of Tribe¢ Mt. (Biely 1962) indicate a cordillera origin.
Their formation is related to pressure phenomena. Conglomerates do not belong
to the basal transgressive sediments yet they appear in various stratigraphic
horizons predominantly in the lower part of Albian flysch sequences. All these
facts indicate that the course of Austrian orogenic phase has not been a uni-
form one.

All the abovementioned facts prove sufficiently the great extent of Austrian
phase over the northern belts of Central Carpathians. Its low intensity in the
northern belt of Central Carpathians however is indicated by the distribution
of Albian and Cenomanian in normal stratigraphic position of the KriZna unit
series, in Mantle series and in the Klippen belt (Regardless to the existence of
cross — sections showing its position over the Jurassic membres).

For the Neocomian-Albian orogenic phase the term Austrian were introduced
instead of the previous Pieniny phase (Matéjka —Andrusov 1931) or Manin phase
(Andrusov 1960) due to the fact, that the previous terms expressed only its local relations.
This phase however is important for the whole Carpathian region representing even one of the
most important orogenic phases of the whole Alpine system.

In the conception of the early thirties (Matéjka —Andrusov 1931) and after the later
phase at the Aptian — Albian boundary in the Klippen belt. This the s. c¢. Pieniny orogenic
phase at the Aptian — Albion boundary in the Klippen belt. This the s. c. Pieniny orogenic
phase was regarded as the cause of formation of the Pieniny and Vysoké Tatry nappes. The
Albian—Cenomanian sequences were regarded as a uniform series i. e. the lower klippen mantle
covering tectonically accumulated sediments of several Klippen belt series. Upper Cretaceous
were regarded as s. c. upper Klippen mantle of transgressive and sometimes disconformable
character, originated after a Turonian—Coniacian hiatus. All the above facts and the occurence
of variegated pebbles in the s. c. Upohlav conglomerates led to the suggestion on the existence
of a separate orogenic phase between Cenomanian and Senonian — the Subhercynian
phase. The major effect of this phase upon the Central Carpathian structure were seen in
the overthrusting of Subtatric nappes in Malé Karpaty Mts., where the Cretaceous in Gosau
facies were of clearly transgressive nature overlying the s. c. higher — Nedzov and Jablonica
nappes.
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As the main folding phase in Central Carpathians has been regarded the Laramian
orogenic phase, supposed to be responsible for thrusting of Subtatric nappes. As a proof
of this theory served the transgressive character of Middle Lutetian and the front part of Subtatric
nappes thrusted over the Klippen belt mantle formed by Middle and Upper Cretaceous
sequences.

All these augestions have been substantially changed in the recent years due to the extensive
studies carried out in the Klippen mantle mainly in the lower mantle (Birkenmajer 1957;
Andrusov 1960; Andrusov—Scheibner 1960).

Inclusion of the Albian—Cenomanian and sometimes Turonian as the youngest membres
of the Jurassic-Lower Cretaceous series led to the abolition of existence of the Lower Klippen
mantle uniform for the whole Klippen belt and Manin series. It has been suggested further
that the Pieniny nappes (including Manin) have originated during the Subhercynian orogenic
phase (Andrusov 1960; Andrusov—Scheibner 1960). This way not only the
chronology of thrusting but also the stratigraphic-lithologic range of nappes were substantially
changed. The Albian—Cenomanian flysch sequence is now all included in the nappe of Manin
i. e. complexes suggested before as lower Klippen mantle. This change of opinions is based upon
the change of tectonic inclusion of Albian—Cenomanian flysch — like sequence suggested before
as a transgressive member over the thrusted nappes i. e. as a post-tectonic member — i. e. as
stratigraphic mantle.

Recently the flysch-like Albian-Cenomanian sequence is regarded as tectonic mantle; being
understood as a part of extensive — Manin nappe covering the Klippen belt with a deep-water
development of Middle Cretaceous members. The relation of the Albian-Cenomanian flysch-like
sequence to the Pienidy nappes however remained further the criterion for the distribution of
orogenic phases. Changed is only the interpretation of this relation being now substantially
more dynamic because of the inclusion of Middle Cretaceous in the nappes. Due to the facial
variability of Middle and Upper Cretaceous this theory is sometimes obscure. Due to this also
the effect of Austrian phase were reduced only to local activity in the Manin zone or in the
inferior cores (Vysoké Tatry) together with introduction of a new term — Manin phase (Andru-
sov 1960) Simultaneously the effect of subhercynian phase upon the whole Central Carpathians
and Klippen belts well were emphasized. The discovery of Upper Cretaceous sequence in the
Sumiac vicinity, resting unconformably cver the Triassic and Liassic membres of the Muraiiska
plosina plateau Mesozoic, which were regarded as an extensive nappe originated before the sedi-
mentation of this Upper Cretaceous sequence (Bystricky 1959) supported this suggestion.
In the previous parts we have emphasized the importance of Austrian phase in Central Carp.
Concerning the effect in the Klippen belt suggested before as the main domain of this phase —
this problem will be delt with later.

The Subhercynian orogenic phase is recently regarded for the formation of
nappes as the most important not only in the Klippen belt but throughout the
Central Carpathians (Andrusov — Bystricky 1959; Andrusov 1961)
in accordance with Stille (1953) analogically to Eastaern Alps and Eastern
Carpathians. This suggestion is supported mainly by the transgressive character
of Upper Cretaceous and geochronological measurements (Kantor 1960).

The main role of the Subhercynian phase however is valid only if tectonic phase
is regarded as a single action of uniform intensity throughout the mountain chain
and if to such an action both the formation of nappes and folded structurs are
included. So far however such an idea our observations of tectonics, stratigraphy
and sedimentology.
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The effects of Subhercynian orogenic phase may be well studied in the
southern zones of West Carpathians. The position of Senonian in the northern
margin of Murdnska plodina plateau (Bystricky 1959) as well as in the
Hungarian Biikk Mts is clearly transgressive and unconformable. The geochrono-
logical studies of Vepor crystalline diaphtorites (74—84 mil. years) determined
the age of the last folding in the area corresponding to Cenomanian — Turonian
boundary including the period of Subhercynian phase. Younger orogenic phases
in the southern zones were already only of german-type character. This however
does not prove that the formation of all tectonic structures is due to the Sub-
hercynian phase in the interior Carpathian belts and the less in the whole Central
Carpathians.

The analysis of the tectonics in Murdnska plo§ina plateau Mesozoic series and
in the crystalline basement shows evidence of at least two folding phases. To the
one of them is related the formation of crystalline basement structures, folding
and metamorphosis of the mantle series and to the other one the overthrust
of Murdnska ploina Pl. Mesozoic and the whole NW portion Gemeridy well.
Similarly in the western portion of Stratensk4 hornatina Hills at least two phases
existed. The substantial part of Mesozoic of this region shows tectonic style having
the synclines wide open and separated by broken, narrow anticlines, accompanied
by upthrowing and thrusting. In the western portion of the region the structures
are compressed into a narrow space, deeply folded, wedged and metamorphosed
together with the Dobsinid (Foederata) series. After the discovery of mantle
Mesozoic wedges of Dobsina series in the front part of the Vernar zone (Biely
1961) the overthrusting character of Stratenska hornatina Hills is proved suffi-
ciently. The thrusting took part evidently during one phase while folding by
compression and inwedging with consequent metamorphosis in the other. The
microtectonic elements within both the Mesozoic and its older basement indicate,
that after the main phase with consequent compression, thrusting and upthrowing
other new movements followed forming oblique and transverse slipping in Meso-
zoic thus disturbing the overthrust and upthrow planes. As indicated by their
B-axes symmetry they are related to fading of the main compressive phase. The
effect of on orogenic phase younger than thrusting process were detected also by
means of microtectonic study of Gemeridy Carboniferous at the contact with
Veporidy unit (Snopko 1963).

The Subhercynian orogenic phase has been the last and the most important
one creating the Alpine tectonic style in southern zones of Carpathians. It repre-
sented a complicated process, having perhaps a predecessor in an orogenic phase
of folding character most probably the Austrian phase. Such a suggestion would
be in agreement with the recent results of K/A geochronological studies. Some
diaphtorites of Vepor crystalline masses show an absolute age of 106 —107 mil.
years (Kantor 1960) corresponding approximately to uppermost Neocomian.
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Approximately the same (pre-Albian) age 110—115 mil. years were indicated
(Kantor 1959) also in Hronéok granite and minor granite intrusions in the
northern zone of Vepor crystalline masses. Pre-Middle Cretaceous age is indicated
by Gemeridy granites e. g. Betliar type 98 mil. (Kantor 1957).

The existence of orogenic phase in the northern zones of Central Carpathians
is based upon the transgressive and disconformable position of Upper Cretaceous
over the s. c. higher Subtatric nappes in Myjavskd pahorkatina Hills, upon
disconformities and hiatuses in the Cretaceous sequences and in the Klippen belt
and finally upon the tectonic relation between the frontal segments of Subtatric
nappes and Middle to Uper Cretaceous sequences as well as the Central Car-
pathian Paleogene.

The Upper Cretaceous transgression in Myjavsk4 hornatina Hills over tectoni-
cally fabricated Mesozoic structures prove an expressive effect of Sub hercy-
nian phase. Upper Cretaceous beginning by Coniacian (Salaj 1960)
developed in the Gosau facies show certain relations to the Eastern Alps where
the main thrusting phases came before Senonian. This anomaly were further
emphasized by its tectonic style regarded as such in times when the Laramian
phase were suggested to be the main orogenic agent.

The disconformities of the middle of Cretaceous of the Klippen belt are regarded
to be of great importance. Discussing the evolution of opinions on the role of tec-
tonic phases the fundamental importance of changes by the stratigraphic distribu-
tion and inclusion of this sequence were emphasized. According to recent investi-
gations (the newest investigations of Salaj 1962) the facial relations are
complicated both in distribution and vertical changes. Important for example
is the lack of pronounced unconformities between Cenomanian and Santonian
and between Maestrichtian and Middle Lutetian quite recently regarded as an
effect of Subhercynian and Laramian orogenic phases. Although our present state
of knowledge is far from complete the presence of some stratigraphic hiatuses
allows to dispute the cyclicity of sedimentation. This consequently makes the
tectonic analysis or rather the timing of orogenic phases very difficult, and
deserves special approach at the study of tectonic effects upon sedimentation
in the geosynclinal evolution and special one in the orokinetic type of formation
(Kraus 1960).

A whole series of sedimentary features as fucoids, hieroglyphes and other crawl — prints,
occurence of unoxidized organic matter, flow structures convolute bedding indicate an agitated

environment during the formation of flysch facies and a considerable differentiation of the sea
bottom into swells and troughs.

A remarkable orokinetic facies is represented mainly by variegated conglomera-
tes of Wildflysch character with irregular grading. So far this series were divided
into a lower regressive member — Cenomanian Orlov conglomerate and upper
transgressive member — Senonian Upohlav conglomerate due to the Subhercy-
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nian phase effect. Recent investigations proved the unity of these conglomerates
from Middle Albian to Coniacian. The appearance of these conglomerates is thus
the result of a cordillera emerged at the interior Klippen belt margin and strongly
eroded partly during the Middle and partly at the beginning of the Upper
Cretaceous. The distribution of facies and their changes during the Middle Creta-
ceous indicate the great articulation and mobility of the sedimentation area.

Although the tectonic pulse of Middle and Upper Cretaceous from that of
Neogene were certainly different; the tectonic effect of Neogene phases
were analogically applied to the tectonic processes in general.

The apparent cyclic sedimentation of the interior Neogene basins are controlled
and directed by the effect of orogenic phases. The lack of such a cyclicity in the
Middle and Upper Cretaceous sediments however cannot be regarded as a proof
of absence of more pronounced folding. The relation of folding phases to the
general tectonic pulse during the Cretaceous in Central Carpathians were from
that of Neogene substantially different. Therefore any direct application of crite-
ria from the paleogeographic picture of Neogene basins to the far more active
tectonic stages is not possible.

Basing upon the recent investigations the Cretaceous-Paleogene relations may
be reconstructed as follows. The sedimentation in the Klippen belt during Danian
and Paleocene were uniterrupted characterized only by shallowing environment.
The angular disconformity generally supposed to exist in connection with Lara-
mian orogenic phase (Andrusov 1959; Andrusov— Scheibner
1961) is pronounced only in the eastern part of the Manin zone, where above
the s. c. subtatric nappes fronts the lowermost Ypresian is disconformably deve-
loped. Further to the east distant from the Subtatridy and Manin zone contact
the transgressive Paleogene conglomerates start in Middle Lutetian. This indicates
however that the Laramian phase in the Klippen belt and the western part
of Manin zone is not pronounced by a sort of apparent disconformity. The
Paleogene transgression from inferior to Central Carpathians passed in several
phases and not at once during the Middle Lutetian.

The Middle and Upper Cretaceous sequences of the Klippen belt and Manin
zone thus represent an orokinetic formation reflecting an intense tectonic pulse.
So far the Upper Cretaceous orokinetic formation does not permitt more exact
chronological determination of partial tectonic phases; indicating however the
existence of more phases and complexity of tectonic movements.

The relations between the Paleogene sequences and Mesozoic basement indi-
cate that in the Middle and Upper Cretaceous period tectonic structures were
formed and overthrusting took part as well. It would be interesting however to
know, wheather this process had a long duration or passed in several intervals.
The question should be well studied in the Klippen belt where all the Cretaceous
and Paleogene membres are present. Unfortunately the tectonics of Klippen belt
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is complicated. The whole Klippen belt is practically a tremendous tectonic breccia
where after the tectonic selection the effects of younger Savian folding from that
of Cretaceous is hard to be distinguished. Still less possible however appears the
distinguishing of effects of individual Cretaceous phases.

Till recently the Laramian phase were proved by the position of the
s. c. frontal portions of Subtatric nappes over the Middle and Upper Cretaceous
members of the Klippen mantle series. They were the Neocomian — Cenomanian
sequences at the interior margin of Manin zone suggested as a part of Krizna
nappe and Jurassic complexes of Klapa and Kostelec development regarded as
sheets of a higher Subtatric nappe dredged by later folding into Klippen mantle
sequences (Andrusov 1938). The recent investigations indicate however
that all these s. c. “Frontal sequences” of the Krizna unit are stratigraphically
related and folded together with younger Manin zone members into several
structures (Mahel —Kullmanovi 1960; Mahel 1961; Salaj
1961). The Jurassic sequences of Kostelec represent the interior marginal deve-
lopment of the Manin zone (Mahel 1961) while that of the Klape type indicate
also a locally more expressed cordillera at the internal Klippen belt margin
(Mahel 1961; Began 1962).

All the three basic criteria characterizing the importance and function of
particular orogenic phases were now interpreted from a new point of view.
Although they indicate the tectonic individuality of Middle and Upper Cretaceous
they cannot prove the importance of particular phases; such investigations are
supported more by tectonic analysis.

Analyses of tectonic regime in the units of mantle, Krizna and Choé¢ indicate,
that the folding and thrusting could not have resulted from a single tectonic
process. Such an interpretation is opposed by the fact, that Jurassic membres
of the Choé unit are frequently folded together with Krizna Neocomian, Similarly
one may observe the interfolding of Jurassic and Neocomian membres of Krizna
unit into the Cho¢ melaphyre series in Malé Karpaty Mts. Overthrusted limes-
tone-dolomite masses of the Cho¢ nappe are often found resting not upon the
youngest member — KriZna unit Albian but upon the Neocomian or occasionally
upon folded structures composed-of Albian and Neocomian. This fact may
be regarded as indication of two subsequent phases — thrusting of the Cho¢ nappe
the first and folding the next phase. Such a more-phases process is indicated also
by cleavages of Krizna and mantle metamorphic units in Tribe¢ Mts. (Biely
1962) where the existence of two phases is proved by cleavage folding dissected
by diagonal cleavage.

To the effect of Laramian phase belong also the repeating Middle Eocene
transgression from the Klippen belt to Central Carpathians. This phase started
a new formation apparently of flysch type with a substantially regular rhythm
resulting from the epirogenic oscillations and facial stability. The Laramian
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orogenic phase initiated the formation of Paleogene megastructures with extensive
interior basins.

General evolution of the Carpathian geosyncline with a northward drift of its
axis lead to the conclusion that the main orogenic phases of interior Carpathians
have to be connected with the pre- and post-Middle Cretaceous period, while
in the northern Central Carpathian belts they are perhaps connected with the
pre- and post-Upper Cretaceous period.

SUMMARY

Basing upon the expression of tectonic phases in the West Carpathian Mesozoic
several conclusions were drawn concerning the chronological and areal distribu-
tion of phases, intensity of their expression in the particular stages and regions
of the mountain belt.

1. The main tectonic phases are connected with the formation boundaries
separating the individual geosynclinal development stages which are expressed
in the changes or leaps in the geosynclinal evolution.

Pfalcian phase (in the Southern geotectonic belt infra-permian) indicates the
beginning of Carpathian geosyncline formation followed by the lower detritic
formation. The pre-Anissian phase marks the beginning of carbonatic sedimenta-
tion with only a slight articulation and variegation of facies. After the Paleo-
kimmerian phase formations of various facies followed characterized by bathyal
to shallow water environment. The Austrian phase started the orokinetic forma-
tion of flysch-like marlstone character. After the Laramian phase the flysch for-
mations with regular rhytms were deposited and after the Savian phase followed
the ,,Molassa” — like formation of interior basins. v

Each such a formation represents a different stage of evolution with a specific
dynamics of environment, differing paleogeography but also another distribution
of main sedimentation areas.

2. The effect of individual phases appears different in every particular belt
of the geosyncline. Some tectonic phases in certain zones have been expressively -
pronouced (e. g. Labinian phase) while in other often neighbouring zones only
slightly pronounced. Time differences between the most intense pronounciations
of certain phases in adjacent zones were also observed (Paleokimmerian). Diffe-
rent intensity and different effect of individual tectonic phases upon sedimentation
and different chronological position positively effected the general tectonic pulse
leading to the formation of four geotectonic belts:

a) Biikk belt (in Hungary); b) Cho¢-Gemeridy belt, Slovensky kras syncline,
Northern Gemeridy syncline, Cho¢ unit, substantial part of Veporidy Mesozoic;
¢) Tatridy and Krizna belt; d) Region of the Klippen belt and Magura zone
of the Flysch Carpathians; e) Inferior Flysch zone.

Each of the geotectonic belts mentioned above is characterized by its individual
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tectonic pulse and specific formations with different group of facies as well as
a different chronological range.

The southern geotectonic belt or interior Carpathians or also the Choé¢ —
Gemeridy region possess the following sequence of formations: a) shale — sand-
stone with volcanic products of Permian — Lower Campillian age (in the lower
of Molassa — resembling character); b) limestone-dolomitic formation — Upper
Campillian to Rhaetian; c) Spongolite—marl—limestone formation — Liassic
to Valangian. -

The more northern Tatridy—Krizna belt or the region of Central Carpathians
s. s. are characterized by the following sequence of formations: a) quartzite
formation — Lower Triassic; b) Dolomitic-Keuperian formation — Anissian to
Norian; ¢) radiolarian-sandstone formation — Rhaetian to Lower Cretaceous;
d) Flysch-like formation — Albian to Cenomanian with flysch-like and flysch
facies and marlstone facies es well.

3. In the period of geosynclinal development the northward drift of axis of the
main sedimentation area may be observed. In the stage of lower detritic and
carbonatic formation i. e. during Triassic. the most intense sedimentation took
place simultaneously with the most extensive articulation of the sedimentation

- area in the southern — interior geotectonic belt. The same process took place
in the Tatridy — Krizna belt during Jurassic and Lower Cretaceous while in the
Klippen belt and neighbouring areas it passed during the orogenic stage of Middle
and Upper Cretaceous characterized by the expressive flysch-marlstone formation.

Due to the northward drifting of the main sedimentation area the abovementio-
ned geotectonic belts represent a uniform genetic unit — articulated geosyncline
with its jounger Flysch part (twin) extending along the inferior margin.

4. Different paleogeography during particular geosynclinal development stages
and their specific dynamics as well led to a differentiated relation of phases and
character of sedimentation. Formations of the orokinetic stages indicate that
Austrian, Subhercynian and Laramian orogenic phases mark the beginning of sev-

- eral one after the other following phases expressed in the whole formation. This
was also perhaps the case of Keuperian Upper Triassic facies of northern geo-
tectonic belt of Central Carpathians (Tatridy — Krizna belt). This indicates
however that every particular phase does not express the start or termination
of a longer quiet period interrupted in certain regular cyclicity by tectonic pro-
cesses. Expression of tectonic phases depends upon the stage of evolution of
geosyncline in the particular belt.

5. Widely discussed were the question of areal distribution of particular phases.
Certain phases mainly those separating the individual formations had greater
areal distribution in the whole geosyncline while several tectonic phases (e. g.
Labinian, Agassian, Neokimmerian) were pronounced expressively only in certain
geosynclinal belts.
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Formations and facies characteristic for particular stratigraphic periods resemble
each other over extensive areas (e. g. over the substantial part of Central, Western
and Southeastern Europe) indicating an affect reaching far beyond the geosyn-
cline). Middle Triassic for example is characterized by a quiet carbonatic sedimen-
tation, for the Jurassic and Lower Cretaceous the marlstone sedimentation is char-
acteristic, for Liassic and Doggerian the crinoidal limestones, sandy limestones
and spongolites. The areal distribution of orokinetic formations with flysch facies
indicates that the orogenic phases genetically related to these formations are char-
acteristic for geosynclines. In our Alpine geosynclinal system the SE sector with
intense volcanism and the other one with scattered volcanic activity are clearly
distinguished.

The geosynclinal system is divided into several segments with an individual
chronological and areal distribution of facies in the formations depending upon
the articulation of geosyncline and intensity of chronological and areal distribution
of orogenic phases. The creation of specific structural features — tectonic units
is the consequence of differing paleogeography and the process of tectonic move-
ments in the whole segment. The specific features of the West Carpathian segment
compared with the easternmost segment of Eastern Alps are the consequence
of different intensity, chronological and areal distribution of orogenic phases and
greater articulation of the West Carpathian segment. Mostly expressive is here
the specific effect of post — Paleogene phases upon the Mesozoic structures origi-
nated during the Cretaceous folding.

The Mesozoic units of West Carpathians — did not accomplish any more
pronounced northward thrusting during the Paleogene folding. The neighbouring
East Alpine tectonic units during the same period accomplished an extensive
northward overthrusting upon the Flysch belt. The reasons for this were the dif-
ferent paleogeography and the different tectonic processes practically during the
whole Mesozoic (Mahel 1959) and difference in the relation of the inferior
portions of geosyncline with Klippen and Flysch belts to the Central belt.

In the West Carpathian segment as the whole the chronologic distribution
of tectonic phases coincides with zonality. The drift of tectonic phases in geo-
logical time from the West to the East along individual belts of the segment so far
were not observed. Certain segmentation with an individual tectonic regime of
partial segments may be observed only in the final stages of geosynclinal evolution
(— Neogene; Buday 1961).

Translated by J. Kovdéik
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MICHAL MAHEL

SEVERAL TECTONIC STYLES, THE INFLUENCE OF ROCK
PROPERTIES AND ORIENTATION OF OVERTURNS
IN CENTRAL CARPATHIAN MESOZOIC

Characterizing the tectonic style of Carpathians the majority of geologists —
experts in Carpathian structure including — usually have in mind extensive
‘nappes with minor structures to them properly adapted. The opinion on the nappe
tectonic style is closely related also to uniform orientation of tectonic forms or
overturn of structures.

Neither the succesive exchange of fold overthrusts by shear thrusting did mean
really substantial change in this classical theory. Structural complications of Me-
sozoic concentrated in the frontal portions of nappes, were explained by the north-
ward plunging folds or digitations. At the surface these forms should have appeared
as structures of false character: plunging anticlines as pseudosynclines and vice
versa. Partial nappes are frequent mainly in the frontal portions. The outward —
mostly northward — overturn is suggested for all the structures including minor
forms. Apparently southward overturned structures known already at the time
of M. Lugeon and described as back folds are related of tectonic phases
of different style. Their origin is believed to be related to post-Paleogene tectonic
activity leading in Central Carpathians to southward upthrowing, formation of
meganticlines and megasynlines and minor structural forms as well (Andru-
sov 1959). Autochtonous series (the majority of mantle series) are explained
as units with tectonic orientation due to overthrusting more or less tectonically
reduced often with wedges at some places cut off and dragged to other by the
thrusting nappe masses.

So understood the tectonic style appeared rather monotonous despite several
structural cross-sections of geologically complicated regions where the intricacy
and complexity of structures were only impressed by drawing of arches and digi--
tatios.
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The discovery of a different style of the s. c. Veporidy root Mesozoic involuted
as wedges into the crystalline basement ment some revival to this monotony. The
structural axes here are dipping steeply to the south and Mesozoic masses are
metamorphosed to various extent (Zoubek 1930, 1936). Deformations of me-
sozoic apparently took place in conditions of raised pressure and temperature.
This particular tectonic style is being called the in duced tectonic style.

The recent investigations mainly in mantle series Mesozoic indicate consider-
able distribution of induced tectonic style throughout Central Carpathians. In
mantle Mesozoic involuted and jammed in crystalline masses this style appears
obviously important.

Besides the metamorphic effects observed such as the formation of new minerals
mainly sericite, chlorite, quartz, albite, tourmaline, rutile and biotite further char-
acteristic is the occurence of minor folds with amplitudes ranging to several metres
mainly in lower Triassic bedded quartzites (Pl. 1, Fig. 1.) Minor folds of such
dimensions are extensively distributed in thin bedded silicite limestones of Neo-
comian in certain mantle series.

In the Vysoké Tatry series for example in Tomanowa development of Ticha
dolina valley the flat folds of Middle Triassic bedded limestones and dolomites
of only a few metres amplitude (Gorek 1956) belong perhaps to this group
of structures related with induced process. Clay and clay-marly sequences of
mantle series usually bear evidence of well pronounced schistosity even phyllite
appearance (Toarcian Marianky beds, Malda Magura Albian series). If locally
intercalations of thin limestone beds were present the sequences were intensely
folded into minor structures.

Overturn of structures of induced tectonic style shows an apparent northward-
outward orientation.

Induced tectonic style is specially characteristic for the stripe of Mesozoic rocks
trimming the northern margin of Veporidy belt crystalline masses such as Velky
Bok series and the adjacent series continuing farther to the west at the southern
Pohronie synclinorium margin, in the Sklené Teplice Mesozoic, in southern part
of Tribeé mountains, as also in the series eastwards within the metamorphosed
Mesozoic of Branisko mt. (Hrabkov series) and Cierna hora mt (Kaveany se-
ries). The Mesozoic sequence mentioned represent the southern marginal rim
of the Krizna unit, by several facial similarities they are related also to the Velky
Bok series. Induced tectonic pronouncement indicate perhaps the autochtonous
origin as a consequence of the tectonic position. Relations between the induced
tectonic style and autochtonous origin is specially interesting (questionable) in
Mesozoic structures of Hron synclinorium southern flank. Deeper structures indi-
cate a higher degree of metamorphosis (mantle structures according to Zoubek
1959). The particular members of the upper structure (suggested as KriZzna unit)
bear evidence of less pronounced metamorphosis in the internal rock structure
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while the form of folds in bedded Tithonian-Valangian limestones is rather
striking (Pl. I, Fig. 2). Concerning the autochtonous origin very interesting
appears the well pronounced metamorphosis of the southernmost imbricated struc-
ture of the KriZzna unit extending in the Horehronie synclinorium northern sector
near Bukovec (Mahel 1955).

Detailed investigations of Mesozoic — initiated by the criticism of nappe con-
ceptions of the early thirties — led recently to the detection of a specific i m bri-
cated tectonic style related to Mesozoic complexes in majority com-
posed of Jurassic and Lower Cretaceous shallow-water sequences of cordillera type
in mantle series and Krizna and Cho¢ units as well. Extensive areas having the
character of imbricated structure are found in Krizna unit of Malé Karpaty mts.
composed mainly of Vysokd series (Mahel 1959). Existence of two parallel
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Fig. 1. Geological map of the area east of Soloinica showing the imbricated tectonic style —
Vysok4 series (M. Mahel). 1 — Albian: marly shales, calcareous sandstones; 2 — Aptian:
dark organogene limestones; 3 — Neocomian: marly cherty limestones; 4 — Malmian: pink
limestones; 5 — Upper Doggerian: cherty limestones; 6 — Liassic — Lower Doggerian: crinoidal
limestones; 7 — Rhaetian: dark, marly limestones and shales; 8 — Norian: Carpathian Keuper;
9—10 Middle Triassic: 9 — dolomites; 10 — cellular limestones.

41



1,subzones” — structurally different units — is visible directly on the geological
map. Interior — lower subzone the one with mantle series in direct contact —
is formed by Lower Triassic limestone- dolomite complexes arranged into mono-
clines of medium (45°—55°) and at some places steep (70°—80°) outward,
northwestern dip. The inferior margin represents a stripe of Keuperian and Rhae-
tian in ,Kossen” development i. e. relatively plastic members at some places
involuted. Transition of this ,,subzone” into the more northern one is not pro-
nounced the later consisting in majority of Jurassic, Lower and Middle Cretaceous
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Fig. 2. Cho¢ and KriZna unit contact in the vicinity of Jahodnik (Smolenice). Geological map
(by M. Mahel). 1—7 Cho¢ unit, 1 — Anissian — Ladinian: gray massive limestones;

2 — Anissian: dark massive limestones; 3 — Campillian: gray shales, marly limestones;
4 — Zeissian quartzites; 5 — Permian: sandstones, subgreywackes, greywackes, conglomerates;
6 — Permian: black shales, conglomerates; 7 — Permian: melaphyres. 8—10 Zliechov series,

8 — Tithonian — Neocomian: light gray Calpionella limestones, gray marls and marly limestones;
9 — Doggerian — Malmian: radiolarites and radiolarite limestones; 10 — Liassic: spotty marls
and marly limestones. 11—16 Vysoka series, 11— Albian: marly shales and intercalations of
calcareous sandstones; 12 — Neocomian: gray, marly, cherty limestones; 13 — Malmian: pink
limestone; 14 — Upper Doggerian: cherty limestones; 15 — Liassic — Lower Doggerian: crinoidal
limestones; 16 — Norian: Carpathian Keuper.
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sequences. Limestones and dolomites of the Middle Triassic or more frequently
Keuperian and Rhaetian occur in these sequences in subordinated amounts. Oppo-
site to the lower ,,subzone” the particular stratigraphic — lithologic members
do not form continuous stripes several km. long. An inclination to such forms
were observed only in the northern portion where the several times repeated se-
quence in a more or less regular stratigraphic development shows a folded struc-
ture composed of four anticlines and synclines with axes steeply dipping to the
northwest (Dlhy vrch mt. above the western slopes of Bohatd dolina valley).
Northwestwards and southeastwards these structures however pass laterally into
wedges. Substantial partion of the ,subzone” shows variegated structure of
a whole series of larger and smaller wedges represented by rigid members of Ju-
rassic or Lower Cretaceous morphologically Klippen-like emerging in between more
plastic Albian, Keuperian and Rhaetian sequences, whereas the first one is sub-
stantially extended in the inferior and the remaining two members more in the
interior portion of the imbricated subzone. Dimensions of wedges are different —
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Fig. 3. Sketch of geological situation showing the structural selection in younger members
of Krizna unit south of Solosmica in Malé Karpaty Mts. (M. Mahel). 1 — Albian: marly
shales and sandstones; 2 — Aptian: dark organogene limestones; 3 — Neocomian; marly cherty
limestones and marls; 4 — Malmian: pink limestones; 5 — Upper Doggerian: cherty limestones;
6 — Liassic — Lower Doggerian: crinoidal limestones; 7 — Rhaetian: dark marly limestones and
shales; 8 — Norian: Carpathian Keuper — varicolored shales with sandstone intercalations.
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from small Klippens to extensive structures several km. long. Larger wedges rep-
resent often a set of two or more smaller wedges tectonically brought together
by squeezing out of the plastic members, separated during the initial stadii of
imbrication. The stratigraphic contents of wedges is rather iregular. Wedges with
complete sequence from Lower Liassic to Aptian preserved appear very seldom.
More southwards extended wedges frequently contain only members of Liassic,
while northwards the wedges are composed rather of Lower Cretaceous accom-
panyied by Malmian i. e. more competent members. Scattered appear also smaller
wedges of Middle Triassic limestones and dolomites. The plastic i. e. mantle
members frequently show an interesting side — by side occurence of Keuperian
and Rhaetian with Albian.

Huge number of smaller wedges appear at the inferior margin of the unit. They
are in majority of Lower Cretaceous members involuted in Albian representing
the marginal rim of Krizna unit at the contact with Cho¢ unit melaphyre series.
The detection of Lower Cretaceous wedges in the marginal part of the adjacent
Cho¢ unit melaphyre series appears both important and interesting. This fact
as well as the presence of Permian — Lower Triassic melaphyre series shale
sequence in the margin of mantle enveloping the wedges indicate that the final
formation of imbricated structures took place after the overthrust of Cho¢ nappe
i. e. during the later phases of Cretaceous folding.

The distribution of both rigid and incompetent members reflects the tectonic
selection according to plasticity. The structural character of particular lenses is
very remarkable. Lenses composed mostly of Jurassic members in majority are
steeply dipping 70°—90° with axes plunging towards NW. Marly layers in lenses
of Neocomian sequences are often folded in detail into minor folds of various
overturn. Larger lenses with Liassic sequences prevailing possess usually rather
a low angle position. Gentle folds ranging in metres are observable in Lower
Liassic bedded limestones.

Areas with frequent occurence of small lenses (between Rohoznik and Soloi-
nica valley) resemble by structure and morphology some portions of the Klippen
belt (hence the previous term ,,Klippen style” derived — Mahel 1959). Klip-
pens hawever appear only as an accompanying morphological form of smaller
wedges.

Generally similar imbricated tectonic style with majority of large wedges may
be observed in Krizna unit lower structures of Strazovski hornatina mts. com-
posed of sequences resembling Bel4 series. Enclosed cross-section exposed at the
valley side of a small canyon near Valask4 Bel4 shows the interior complication
of the structure depending upon the plasticity of particular members.

Imbricated tectonic style is developed also in cordillera type mantle series
possessing the lithological character similar to that of abovementioned Krizna
unit series. Due to the similar lithological and structural character many series
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belonging to different tectonic units were previously included into one s. c. West
Carpathian unit or group (Mahel 1959) Remarkable imbricated structure
is that of the younger members of Humenné series. Particular wedges are com-
posed of competent Lower Liassic — Aptian sequence in majority vertically
straightened with local northward overturn. Tectonic selection with frequent
squeezing — out of incompetent members (Keuperian, Rhaetian, Albian) at one
and accumulation at other places but mainly with frequent tectonic substitution
of competent members in particular wedges.

Imbricated structure is typical also for Beckov series where in between lime-
stone — dolomitic complexes of mantle series and the Choé¢ unit appear Albian
sequences accompanyied by wedges composed of various Jurassic to Lower Neoco-
mian members at some places forming small, morphologically remarkable klip-
pens. Several wedges appear accumulated in the area of the old castle hill.

As wedges may be regarded also the Klippens of Manin series occuring in the
Manin and Butkov areas mainly those smaller ones representing the part of the
more northern belt. The wedges resulted from the reduction of lower limbs of the
westwards overturned anticlines. Morphologically remarkable Klippens are repre-
sented by wedges originated due to tectonic selection such as the minor structures
of Kostelec and Klapa development of the Manin series. Forms resembling the
wedges with an imperfect tectonic selection i. e. uninterrupted stratigraphic se-
quence were observed also in the Trenéianske Teplice portion of the Manin series.

Also the remaining series of cordillera type Jurassic and Lower Cretaceous
possess a more or less pronounced imbricated structure, for example Raztoén4
series on the southern slopes of Ziar, Tribe¢ series in Zobor area, mainly in por-
tion between Mechenice and Drdzkovce (Biely 1962). Detailed investigations
of the Cervend Magura mts. complex indicate that it is composed of several larger
and straightened wedges. The lack of plastic members were reflected in their
limited mobility. The tectonic relations between thick — bedded Aptian limestones
and shale — sandstone Albian sequence apparently unconformable are remark-
able. (Mahel 1961) Errected Aptian sequences with minor folds of several
metres show here an overturning tendency over the gently northwards dipping
10°—15° Albian sequence.

Overturning of the Lower Cretaceous limestone complexes on Albian and invo-
lution of Albian into the masses of older more rigid complexes may be well
observed in Cervené vrchy and Giewont development of the Vysoké Tatry series.
The character of folds in Cervend Magura (Nizke Tatry) Aptian and specially
in the Triassic — Jurassic — Lower Cretaceous limestone complexes of Cervené
Vrchy mts. is very similar to types related to the induced tectonic style frequently
appearing in mantle series. This howerer leads to the suggestion that Cervené
vrchy and Giewont structures represent a combination of both induced and imbri-
cated tectonic style. Specific role in this process belongs to Albian due to the
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plasticity and mobility from those of older member entirely different. Contact
planes between Albian and older competent and better movable Lower Cretaceous
or Jurassic limestones served as planes of motion and also as lubricants.
Imbricated tectonic style were characteristic for the younger members or rather
for the substantial part of those Krizna and mantle unit series which due to cor-
dillera type of the majority of Jurassic and Lower Cretaceous facies were included
in the West Carpathian group of series (Mahel 1961). At the beginning of
criticism of the former overthrust interpretation of the early thirties this group
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Fig. 4. Geological map of StraZov Mt. slopes showing the complications of structure (imbri-
cated style) (M. Mahel). 1—2: Krizna unit: 1 — Albian: shales and sandstones; 2 — Neo-
comian: marly limestones and marls; 3 — Malmian: red limestones with radiolorite intercalations;
4 — Doggerian — Malmian: red limestones; 5 — Liassic — Doggerian: crinoldal limestones;
6 — Rhaetian: gray, organogene limestones; 7 — Upper Triassic: platy siliceous limestones;
8 — Middle and Upper Triassic; dolomites; 9 — Middle Triassic: limestones (3—9 Cho¢ unit).
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of series were regarded as a separate — West Carpathian unit (Mahel 1959).
This conception however led to a new interpretation of paleogeographic and
structural relations among the units of Central Carpathians.

Imbricated structures occur also in the Choé unit in areas composed of Jurassic
members facially very similar to the mantle series of Krizna unit with a cordillera
Jurassic. Such structures may be observed in Nedzovské pohorie mts., Vysoké
Tatry and Nizke Tatry mts. Remarkably appears this structure in Strizovski
hornatina where the particular members occur over more extensive areas. Several
wedges with transitions to folds may be observed in the Rohati skala vicinity
Imbricated structure is well visible also in the stripe of Mojtinska dolina —
Zliechov — Biely potok valley — Velka Kacka along the contact of two main
structures of the Cho¢ unit composed of Triassic limestone — dolomite complexes.
As a tectonic “lubricant” may be regarded the shale — marlstone sequence of the
Cho¢ unit Valangian and also the Rhaetian sequence if that one is developed
in Késsen facies. Best pronounced imbricated structure however is that of Strdsov
Mt at places where due to the shear overthrust the Jurassic masses of the Choé
unit with more foldable Albian or Neocomian of Krizna unit are in direct
contact. Mutual folding of two tectonically different units i. e. Jurassic complexes
(Valangian including) of Cho¢ nappe and Neocomian — Albian sequences of the
underlying Krizna unit prove the existence of folding phase younger than the
overthrust. Remarkable straightened wedges may be found in the northern part
of StriZov in the vicinity of Neocomian tectonic window. Between the gently
folded Neocomian marlstone sequence and flat — lying Triassic limestone —
dolomite masses appear wedges consisting of Jurassic. A little more plastic mem-
bers such as bedded limestone — radiolarian Malmian sequence as well as marly
Malmian limestones and Tithonian — Valangian form mantles envelopping large
wedges of crinoidal Liassic — Doggerian limestones, Particular members of
wedges possess frequently an individual structure. Such phenomenon is exposed
at the eastern slope of Strazov. Jurassic members of two straightened adjacent
wedges are separated by a thin stripe of platy Tithonian — Valangian marlstones
folded in detail. Simultaneously the minor folds were adapted to the straightened
position of wedges only in their direct vicinity. The substantial portion of Neo-
comian however indicate the structure typical for marly sequences minute folds
undulating the more or less flatly lying complex. Even the Lower Liassic sequence
of bedded silicite — bearing crinoidal limestones possess a specific structure of
complicated folds perfectly exposed on a rock precipice of Biely potok valley near
the contact with Neocomian tectonic window.

Imbricated tectonic style is evidently related to facies of cordillera type in
tectonic units of completely different position: in the autochtonous mantle unit
(Beckov, Réaztoénd, Tribeé, Cerveni Magura series, Humenné) in the mantle
unit regarded as overthrusted (Vysoké Tatry series of Cervené vrchy and Giewont
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development), in the KriZna unit (regarded by some as overthrusted by others
as autochtonous in particular areas) as well as in the Cho¢ unit which doubtlessly
represent a true nappe. Similar style may be observed in the series of Klippen
belt with facies of similar type the Czorstyn series. Compared with the units
of Central Carpathians this series of course differs by the presence of frequent
small to minute wedges and remarkable morphological forms of Klippes often
with competent masses “floating” or dredged within the plastic mantle. This phe-
nomenon is due to the more advanced tectonic selection caused by greater dif-
ference in the plasticity of competent and incompetent sequences (mostly Middle
Cretaceous) as also by the more intense compression resulting from different
types of movements, which took place during other tectonic phases (post Pa-
leogene). All the abovementioned series of imbricated tectonic style show a clear
evidence of relation to younger members of series i. e. to a specific type of facies
characterized by certain physical — mechanical properties. Degree of imbrication
depends to a great extent upon the relation of rigid and plastic complexes. We are
thus dealing with structures controlled by the character of rock material. Older
complexes represented mainly by limestone — dolomitic sequence possess a dif-
ferent tectonic style being involed in the formation of wedges only to a small
extent. Coincidence of the imbricated tectonic style with cordillera facies is caused
partly also by their specific tectonic evolution mainly by the great number of
synsedimentary faults. During certain periods (mainly in Doggerian) these faults
caused laterally rapid facial changes and great differences in thickness of particu-
lar members in short distances. The function of synsedimentary tectonics were
reflected in the inhomogenity of rock-material controlling later the formation
of wedges. This process is proved by great oscillations in facies and thickness of
members of the neighbouring wedges of Kriina unit series (Malé Karpaty Mts.).
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Fig. 5. The tectonic disharmony of the Cerveni Magura serie. 1 — schist-sandstone sequence
of the Albian; 2 — bed-like limestones of the Aptian; 3 — massive limestones of the Jurassic.
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The role of incompetent beds of particular series is reflected in the character
of imbricated structural style. At places where they were frequent the structures
and imbrication were more complicated. Their relation to competent members,
mutual grouping of both types, chiefly in the incompetent members, in spite
of the wide stratigraphic range — from Keuperian to Albian — all this indicate
an important role of the structural selection of rocks (in sense of Galwitz
1959) according to the physical — mechanical properties controlling the formation
of imbricated structure. Concerning the size and shape of structural forms besides
the competent — easily fluctuable and incompetent — easily foldable rocks
it depends also upon thickness of particular types and their grouping. Naturally
upon the magnitude of stresses as well. Incompetent masses forming the “enve-
lope” of wedges usually fluctuate into the spaces of lower tectonic strain. In the
areas of accumulation of wedges composed of competent members the plastic
sequences were tectonically reduced or squeezed out. The examples listed from
Central Carpathians indicate that imbricated structures appear in the geotectonic
units — nappes included in certain “subzones” reaching the overthrust plane
(Chot nappe) . This fact however proves the validity of structural selection within
the frame of the whole tectonic unit resulting in the separation of this unit into
“subzones” with differing tectonic style. The imbricated structure thus develops
upon the same tectonic style.

Different, not imbricated structure occur in the younger mem-
bers of substantial part of Krizna unit represented by deep sea Jurassic and Lower
Cretaceous (Zliechov series) or sometimes in the mantle series included in the
West Slovakian group (Malé Karpaty, Inovec, Mald Magura, Ziar, Mal4 Fatra,
Velka Fatra series) characterized by prevailing marlstones. In case these sequences
occur in minor thicknesses overlying thick Triassic complexes their tectonic style
is adapted too; they form more or less steeper monoclines or flat structures of great
curving radius. The character of structurally simple thin “covers” of overthrust
character appear in the Krizna unit of Velkd Fatra mts. overlying the tectonic
windows of the Mantle series. In such cases the mantle series and partially some
of their members demonstrate the effect of the induced tectonic style previously
described.

The structures of mountain chains where younger members of Krizna unit
occur as thick complexes covering extensive areas is complicated. Cross — section
carried across Krizna unit of Inovec, Mal4 Fatra, Vysoké Tatry and mainly Stra-
Sovska hornatina demonstrate a more time repetition of particular stratigraphic
members. In the inferior or s. c. frontal part the youngest members — usually
Albian and Neocomian appear at the surface forming higher digitations. In the
interior parts nearer to crystalline cores are distributed the older members. Repe-
titions are regarded as lower digitations, previously suggested as false structures
however in the sense of opinion about the nappe plunging northwards and folded
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already in the period of overthrusting. In that sense the stripes of older strati-
graphic members occuring in between the younger ones are not regarded here
as anticlinal cores with overturn depending upon the dip of the axial plane
i. e. interior — (southward) overturn but on the contrary they are explained
as anticlinal fronts plunging outward from the crystalline core. In the cross —
section of course the structures appear as false synclines. Such a conception
however is of very hypothetical character based upon scattered observations in
Vysoké Tatry mts (Passendorfer 1953) and Mal4 Fatra mts (Matéjka
1931, 1961) which would deserve recently a verification by detailed geological
mapping. The examples appear still more doubtfull due to the fact that the rela-
tion of two stratigraphically each other substituting elements as dolomites and
Keuperian of KriZna unit contain frequently thick beds of dolomites. The deter-
mination of the tectonic character is further complicated by the fact that the
dolomite masses and beds of shales represent units of entirely different compe-
tence. Tectonic forms originated by the involution of plastic shale sequences with
rigid dolomite masses, may hardly be generalized as forms characteristic for the
whole KriZna unit or even for the younger thick marlstone sequences.

Detailed studies in the heavily digitated region of StriZovski hornatina mits.
proved doubtlessly the normal and not the false character of structures. This fact
were proved first by detailed geological mapping showing clearly the emerging
of older members in cores of anticlines. Similar results were received from obser-
vations of character of great folds. Here however by the study of forms and
overturns the differences of plasticity of particular members must be taken into
consideration. Most reliable results are thus obtained from megastructures con-
sisting of thick competent sequences. The example of Zliechov cross — section
prove that the folds of several m thick Tithonian limestones coincide both in shape
and overturn with megastructure. The same may be said about the bedded marly
limestones occuring frequently everywhere in Tithonian and Upper Liassic for-
ming folds of several m in size (Pl III, Fig. 6). Thin bedded Doggerian — Mal-
mian radiolarian limestones form minute folds (1 m size) differing from the mega-
structure — of elongated to nearly isoclinal type with a coinciding overturn (core
of the abovementioned megastructure at Zliechov). Marlstones — represented
in majority by the Neocomian sequence occuring in greater thickness usually
in KriZna unit — are finely folded into minute folds (ranging dm in size)
of iregular shape and variable overturn. In majority of cases we may speak about
a gentle undulation of flat structures (Pl IV, f. 7). At the contact the folds show
variable orientation (Pl. IV, f. 8). Neocomian sequence similar to that of Rhea-
tian may serve as an example of diversity of structural micro — and mega —
forms, all due to the iregular distribution of several rock types differing by physi-
cal — mechanical properties and thickness as well (shales, marlstone, limestones) .
The diversity of relations between competent and incompetent beds is here war-
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ranted. The sequence may be divided into a series of larger and smaller units
of different competence. The shape of larger folds formed in bedded limestones
is controlled to a great deal by the position of incompetent beds within the com-
petent complex. The overturn of these structures coincides with that of the mega-
structures.

Remarkable partial structures — digitations — thus represent structural-
ly independent partial units separated by thrust planes often with apparent
differences in the development of certain members. Differences in thickness and
facial character of contemporaneous members of neighbouring structures separated
by thrust planes led to the opinion that thrust planes initiated at the boundary
of abrupt changes of physical — mechanical properties of primarily adjacent
complexes and that time relations between the thrust planes and synsedimentary
faults which may have caused the differences in thickness and development
of facies.

Partial structures (digitations) never extend beyond the limit of a mountain
chain in majority they are only of local character. Their distribution incited the
consideration of their genetic relation to the basement morphology (Inovec —
Mahel 1951). Occurence of these structures exclusively in the areas of major
distribution of Krizna unit in Zliechov series development, their local character,
overturn of lower structures inwards and upper — frontal structures outwards
prove beyond every doubt that this fan originated in region of their recent exten-
sion. If we hawe admitted the overthrust character of Krizna unit (more apparent
in Velk4 Fatra) than such structures must have originated after the thrusting
during a younger phase of folding. Change of opinion on the overturn and origin
of described structures deserve as to my concern to abandon the term digitation -
and for this particular tectonic style characteristic for thick Krizna unit complexes
with development of Zliechov series type Jurassic to Lower Cretaceous members
(Marlstone-radiolarian type) — introduce the term tectonic style of
thrust folds.

Fig. 6. Folding of KriZna unit Rhaetian ncar Valasska Bela (M. Mahel). 1 — Debris;
2 — Rhaetian: bedded limestones with shale intercalations: 3 — Red Keuper shales.
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Characterizing the described tectonic styles mainly the imbricated one we have
mentioned the difference between the tectonic style of Triassic limestone — dolo-
mitic masses which form a more or less structurally continuous rim of the Krizna
unit and majority of mantle units. They appear at the crystalline core margin
forming at some places steep monoclines with a medium outward overturn. In the
areas from the crystalline core margin more distant the structures possess usually
a low angle dip and the beds of limestones eventually dolomites show affinity
to great radius fold curving. A more complicated structural character of mantle
series Triassic masses were usually related to the induced tectonic style with
an expressive outward overturn of structures as it were already mentioned above.

Interesting appears also the intense folding of platy dolomites of Malé Karpaty
series at the northeastern flank with minor isoclinal folds of dimensions ranging
in metres and turned over toward southeast. Platy competent members as we
have already seen on radiolarian limestones in areas intensely compressed show
an apparent tendency to the formation of isoclinal folds (fig. 9).
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Fig. 7. Lenticular tectonic style at the northern slopes of Strazov Mt. (M. Mahel) a) Sketch
of geological situation; b) Geological cross — section. 1 — Neocomian: marly limestones and
marls (Krizna unit); 2 — Tithonian: platy, marly limestones; 3 — Malmian: red limestones
with radiolarite intercalations; 4 — Doggerian — Malmian: red limestones; 5 — Liassic —
Doggerian: crinoidal limestones; 6 — Lower Liassic: cherty crinoidal limestones; 7 — Rheatian:
gray, organogene limestones; 8 — Upper Triassic: platy siliceous limestones; 9 — Middle and
Upper Triassic: dolomites; 10 — Middle Triassic: limestones (2—10 Choé unit).

52




Limestone — dolomitic masses represent a substantial structural element of
internal Carpathian — Choé, Northern Gemeridy and Southern Gemeridy units.
Except small portions composed of younger members in imbricated tectonic style
the limestone — dolomitic complexes impose upon these units a specific tectonic
style. We may investigate this style first in the Cho¢ unit representing a nappe
in its full extension with several partial units. In many of the core — mountains
division into several partial structures side by side arranged may be carried out.
These partial units of lower order (Malé Karpaty, Strizovskd Hornatina Hills,
Velka Fatra, Nizke Tatry, Proseénianske pohorie) are in majority of cases sepa-
rated by well pronounced structural lines. Frequently they differ also by another
type of Triassic facies i. e. each one is composed of another series. It occupies
the lower structure i. e. extends mostly upon the youngest members of KriZzna
unit. There are however areas where the more southern structure is superposed.
This however could be hardly interpreted as individual nappes of more regional
importance. Older members represented by the melaphyre series are in majority
distributed in the more southern portions of the nappe (Nizke Tatry, Tribec,
southern parts of StrdZovska hornatina). Malé Karpaty mts. are an exception
having due to the development of all units a special position. In the given case
the primary sedimentation area of the Choé¢ unit perhaps were not too distant
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Fig. 8. Lenticular tectonic style north of Strazov (M. Mahel)
a) Sketch of geological situation; b) Geological cross — section.
1 — Neocomian: marly limestones and marls (KriZna unit);
2 — Malmian: red limestones with radiolarite intercalations;
3 — Doggerian — Malmian: red limestones; 4 — Liassic Dog-
gerian: crinoidal limestones; 5 — Lower Liassic: cherty crinoidal
limestones; 6 — Rhaetian: gray organogene limestones; 7 — Mid-
dle and Upper Triassic: dolomites; 8 — Middle Triassic: limestones,
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in southeastern direction. The abovementioned facts as well as the distribution
of younger mebers in imbricated style occuring in the direct contact with under-
lying Krizna unit prove beyond any doubt the shear overthrust character of an
extensive nappe subsequently divided. '

As stress agents in thrusting may be regarded at first the rigid masses of
Triassic limestone — dolomitic sequences. In the course of thrusting however
distinct areal assortment or fectonic selection took place, together with the forma-
tion of partial units. Differing physical-mechanical properties and sharp facial
boundaries as well as boundaries of different thicknesses caused by the action
of synsedimentary agents (faults?) took also a serious part in the thrusting.

The low- angle position of strata is related mostly to limestone — dolomitic
formation. Morphotectonically two types of structures may be distinguished —
flatly lying tectonic blocks and trough -like bent wide synclines with a deep
folded bottom. The former appear frequently in the lifted areas situated nearer
to the crystaline cores — in the flank portion of post- Paleogene meganticlines.
Tectonic blocks of Sip or Vipec or Velkj Sturec mountains too are all indica-
tions of large overthrust of the Cho¢ unit masses. The overthrust character
is less apparent in sheets plunging below a younger mostly Paleogene filling
of megasynclines (Velky Cho¢ mt. Katky complex) and naturally still less at
places where the Choé masses take part in the formation of wide megasynclines.

The existence of nappe is further proved by tectonic windows appearing
at the bottoms of deeply cut valleys frequently due to younger faults (Zihlavnik).
Besides the undulation of beds with an affinity to flat lying a more distinct
folding — digitation of limestone dolomitic complexes were already since long
observed and interpreted as digitation with plunging members i. e. as false struc-
ture (Poludnica in Nizke Tatry ——- Kettner 1933). Recent studies of Biely
(1963) confirm the existence of extensive fold megastructures with southern over-
turn orientation. '

Important results on the character of the tectonic style of limestone — dolomitic
formation, overturn and chronology of tectonic structures were obtained from the
investigations of Stratenskd hornatina Hills — a portion of the Northern Gemeridy
unit. In the broad northern part of these hills the Middle and Upper Triassic
limestone — dolomitic complexes represent the filling of relatively flat, wide

Fig. 9. Isoclinal folds in platy dolomites of M. Karpaty series near Horné Orefany (M. Mahel).
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opened synclines. They stand in sharp contrast with narrower tectonically heavily
reduced anticlines composed of underlying, more plastic Werfenian sequence
(shale — sandstone — marlstone) dissected by upthrows.

Going westwards simultaneously with the narrowing of the mountain chain

and also the individual structures we observe that limestone — dolomitic masses
are straigtened up passing into narrow, elongated wedges partially opened and
thrusted southward over the older sequences. Distinct appears the southward over-
turn orientation of interior structures while the northermost inferior structures
show an apparent outward overturn orientation (Mahel 1957).

All the abovementioned notions may hardly be exhaustive concerning the rich
variability of tectonic styles of such a complicated mountain chain as Central
Carpathians. However they certainly did contribute much to the interpretation
of previous years. Detection of a great number of southward oriented overturns
in Mesozoic structures is regarded here as an essential contribution. If such
structures were previously mentioned as exceptional cases they were attached
to the post — Paleogene movements i. e. to the folding phase with which the
formation of megastructures and opening fissures in Central Carpathians were
believed to be related.

The southern overturn of tectonic structures is possessed by all the Mesozoic
units of Central West Carpathians. We may even say that with the exception
of mantle units it is more frequent than the northward overturn. The northward
overturn is less apparent also due the Paleogenie sequences covering the northern
inferior margins of individual structural — geographical units where it is far
more frequent. Results obtained from investigation of regions not covered by
younger sequences such as Stratenskd Hornatina (Vernar stripe including) Juho-
slovensky kras, Strizovska hornatina (mainly in its central part) all these prove
the existence of a fan arrangement with inward — southern (southeastern) over-
turn orientation at the broader interior side and outward — northern (north-
western) overturn orientation. The presence of overthrusted masses of the Cho¢
nappe in the fan structure evidently proves that the fan structure and a whole
group of partial structures originated after the thrusting during a younger phase
but before the Paleogene transgression. To such a younger phase is apparently
related also the simultaneous folding involution of Cho¢ and Krizna unit members
mentioned previously in the discussion on the characteristics of the imbricated
tectonic style Malé Karpaty and mainly StrdZovskd hornatina Hills. In the
same phase of folding resulted also the differential movements of the mobile and
rigid Triassic masses of the Cho¢ unit overlying the youngest competent Albian
and Neocomian marlstones. Due to these movements the masses of Cho¢ unit
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frequently occur over Neocomian representing synchronous anticlinal structures
and not above the youngest member i. e. Albian.

Efforts of the last years period characterized by a critical approach toward the
nappe conception of West Carpathians of the early thirties contributed to the
structural picture by a whole series of essential tectonic conclusions. During
the first years of this period several misconceptions were abandoned as for exam-
ple the interpretation of the huge nappe of Sipraii series or the nappes of Pajitin
and Vysoké Tatry. In the first two cases the correct interpretation were based
upon new stratigraphic evaluation of the key sequences previously effected by the
nappe conception and related overestimation of the facial stratigraphy.

As a substantial contribution from the tectonic point of view must be regarded
the detection of rich variability of Mesozoic tectonic styles and southward over-
turned structures originated during the Cretaceous folding as well as the detection
of the fan structure in North Gemeridy, Cho¢ and KriZzna units. Intepretation
of the new facts however remained within the frame of the old positions firmly
established. This concerned first of all the interpretation of the origin of tectonic
style and origin of tectonic structures as such believed to be connected and
synchronous with the formation of nappes — thrusting of the particular period.
Origin of both types of such structures was regarded as an effect of some of the
Cretaceous phases. At the beginning it were connected with the Laramian phase
(Matéjka— Andrusov 1931; Andrusov 1930) and later with Sub-
hercynian phase (Andrusov 1959). This were the influence of the classical
tectonics with directly adjusted evolution oriented from paleogeographic units
to tectonic ones. It comes only natural that all the new results structural and facial
to the old criteria were unadjustable and those mentioned above even in direct
contraversy with the former nappe conception. One of the basic obstacles causing
contradictions between the new results and former interpretation of nappe origin
was the opinion about the uniformity of the overturn orientation of structures
formed in a particular period.

Southward overturned structures already previously recognized were regarded
by nappists as forms of post-Paleogene age (Schénenberg 1947; Andru-
sov 1959). For those critically approaching the problem on the contrary these
structures represented autochtonous forms similar as were the case of German
Alpine geologists. Fan structure with prevailing southward overturn and the
presence of imbricated induced tectonic style in Northern Gemeridy Mesozoic of
Stratenskd hornatina Hills were the major proofs against the nappe interpretation
of Northern Gemeridy (M ahel 1959). Synchronous folding involution of both
Cho¢ and Krizna unit members as well as the detection of imbricated tectonic style
in Cho¢ unit led to the suggestion that the Cho¢ unit may perhaps have its roots
fixed in the northern belts of Central Carpathians although the existence of an
extensive Cho¢ nappe overthrusted from the interior parts of Carpathians re-
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mained highly probable despite the new synthetic approach (Mahel 1961).
Contradictions which arose in the interpretation of structural complications of the
Choé unit took an important part in the search for a new general approach.

Detailed analysis of the tectonic pulse of Central Carpathian Mesozoic (see
the simultaneously published article: Folding phases and Formations of Central
Carpathian Mesozoic) based upon the studies of Formations as well as upon
the relations between particular structural elements (both mega — and micro
structures) led to the conclusion that Carpathian Mesozoic structures resulted
from several phases of Cretaceous folding. The nappes of Northern Gemeridy and
Choé originated apparently due to an older Cretaceous phase as it is the case
of a whole series of fold structures, wedges and thrust folds complicating the
general structure causing the diversity of tectonic styles and formation of fan,
structures.

The proved fact that southward overturned structures originated during younger
phases of Cretaceous orogenic period means a substantial step forward also in the
interpretation of certain structural phenomena of the autochtonous units pre-
viously connected with the formation of nappes. Such is for example the inter-
pretation of tectonic relations between Krizna and mantle units mainly in areas
where Krizna unit occupies a clearly superposed position. Even in the complicated
structures of Cervené vrchy and Giewont of the Vysoké Tatry series the effect
of southward oriented stress might be suggested due to the Krizna unit thrust.
Mainly the origin of Lower Triassic wedges and blocks of crystalline should
perhaps be logical to connect with such a movement. The northward overturned
folds however resulted from some other probably preceding movements related
to the induced tectonic style (?).

Translated by ]. Kovdcik
D. Stur Institute of Geology,
Bratislava
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Geologické prace, Zpravy 28. Bratislava 1963

ERVIN SCHEIBNER

RELATIONSHIP BETWEEN MATERIAL AND TECTONIC STYLE,
AND SELECTIVE TECTONICS IN THE KLIPPEN BELT
OF WEST CARPATHIANS

Abstract. This paper represents an attempt to generalize dependence of the origin. of the
tectonic forms on a position in tectonic movements and on material features.

Already M. Neumayr (1871), V. Uhlig (1890), D. Andrusov
(1938, 1959), K. Birkenmajer (1958) and others payed an attention to
the tectonic forms which occur in the klippen belt. D. Andrusov (1938)
and K. Birkenmajer (1958) detaily described the tectonic forms of klip-
pens, klippen mantle and their relationship. They attempted to explain reasons
and circumstances of the origin of these forms. In this paper I follow mainly
two last authors and I supply their knowledge by new observations and ideas.

Already in the year 1938 D. Andrusov characterized very accurately the
klippen belt of West Carpathians (the Pieniny klippen belt) as unusually long,
Jaterally compressed belt with almost vertical position, with chaotic tectonics
caused by strong, repeated tectonic movements. It extends in the length of
550 km from western Slovakia (Podbrané—Majericky) to Zakarpatskd Ukrajina
(Neresnica) reaching the breadth of some hundreds m/to a few km. The
klippen belt separates the Central West Carpathians from the exterior flysch
zone in the north. Differences between these zones are due to the fact that the
Central West Carpathians were formed during the pre-Paleogene tectonic move-
ments, while the flysch zone during post-Paleogene ones. The klippen belt was
affected by strong tectonic movements forming not only interior, but also exterior
zones of the Carpathians and this fact explains the origin of complicated tectonic
structure of the klippen belt. In all these zones was described a nappe construc-
tion. The tectonic style in details in individual regions is very different. The whole
klippen belt is characterized by phenomenon that considerable part of the Triassic,
Jurassic and Lower Cretaceous beds defiances to denudation and morphologically
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raise above the surrounding, less resistant beds, mainly of Cretaceous and
Tertiary age. Morphologically resistant beds produce elevated forms, rocks, reefs
or klippens, from which raised the name of the whole klippen belt (klippen belt,
Klippen Zone, zone de klippes, bradlové pasmo). The majority of klippens is
tectonically separated from surrounding softer suites. These suites may be imme-
diately connected stratigraphically with klippens. Most frequently the plastic
suites which mantle klippens are of Middle and Upper Cretaceous age. The
plastic suites of the Aalenian frequently have a function of the klippen mantle.
G. Stache (1871) pointed out that some klippens are only morphologically
raised forms of non-tectonic character and has named them as pseudo-klippens.
Such are for instance the Upper Cretaceous exotic conglomerates.

Studying klippens, we see that in details they differ from each other. On
a whole, we may distinguish in accordance with other authors (D. Andrusov,
1938; K. Birkenmajer, 1958) some categories. The most frequent forms
of klippens are lenses, fragments, vertically or steeply inclined.

In general, here is a rule, that the greater is klippen, the more complete is its
stratigraphy. Small fragments are usually composed of rocks of one lithological
type, belonging to one stage.

Lenses and fragments composed of plastic suites are usually narrower and
more elongated, frequently with detailed folding without evident dependence on
the form of lens. Such are the klippens formed by suites of the Lias (marly
limestones, marls), Lower Dogger (marls, clays, limestones), Dogger-Malm (ra-
diolarites, Radiolarian limestones and slates), Kimmeridgian (mainly limestones),
Neocomian (marly limestones and marls) of the Pieniny series and transitional
developments of series (see illustration).

Fragments — klippens formed by rigid, massive rocks of the Dogger and Malm
(crinoidal limestones, nodular limestones, massive organodetrital limestones) of
the Czorsztyn series are usually shorter and smaller and they resemble blocks,
,floes” and ,,loafs”. Such types of klippens are either in horizontal, normal or
inverted position, or slightly inclined. These inclined klippens have typical mono-
clinal structure. Usually we do not see folds, but rather faults. Instances are
quoted and illustrated by D. Andrusov (1938): klippen near Lity Potok
in Orava, Kruchj vrch near Vieska in the vicinity of Pdchov; klippens with
inverted sequence: MikuSovce, klippens near Mestecko in Povazie, klippen near
Kamionka and others (see illustrations). Some klippens are represented by folds
or fragments of folds.

Very instructive example of anticline or of smaller anticlinorium represent the
Kysuca series klippens near Turd Lika (near Myjava) (see Fig. 4). Radio-
larites and Radiolarian limestones with siliceous shales are folded into small,
erected folds almost isoclinal, locally fan-shaped. Kimmeridgian nodular marly
limestones are with cliveage and form smaller lenses. Marly cherty limestones and

60




19

SERES

Fig. 1. Geological Section of the Klippen Belt near Podbrané (Western Slowakia). E. Scheibner 1961
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Fig. 2. Geological Section of the Klippen Belt between Varin and Terchovi. E. Scheibner 1961.




pink limestones of the Tithonian-Neocomian are slightly folded, rather destructed.
This klippen is a good example of different behaviour of individual types of rock-
complexes under similar tectonic pressures. The mostly affected are nodular
Kimmeridgian limestones. The stratification was also affected, they are com-
pressed into the form of lenses and have cliveage. Radiolarian limestones and
radiolarites of the Dogger-Malm are strongly folded. Bedded marly limestones
of the Tithonian-Neocomian are less folded and we rather see zones destructed
parallely with stratification. Marly shales of the Middle Cretaceous as plastic
masses fill up tectonic discontinuities in underlying beds.

We may find in many klippens small folds in the plastic suites, as it was
already quoted. :

D. Andrusov (1938) described and figured from the Pieniny klippens
in Orava detailly folded Neocomian. Here are mostly isoclinal folds. Axial planes
of folds are inclined to the north-west. Locally we see disharmonic folding of
bedded marly limestones, marly shales, forming the interbeds in limestones.

Regular folded structure have the klippens of the Manin series, known from the
Central Povazie which occur out of the main klippen belt.

D. Andrusov (1938) described a large Zazriva klippen which represents
a syncline, inverted to the north with immersed frontal part. This klippen belongs
to the Kysuca series. In the core of the syncline occurs a mass of detailly folded
Neocomian. More recently was found also the ilysch Turonian in the core

of this fold.

Individual fold structures were described in the Polish part of the klippen belt from the Pie-
niny series and from transitional developments. From the Czorsztyn series they are not known.
(K. Birkenmajer, 1958).

Faults frequently breach klippen suites. Usually they represent less important phenomenon
originating due to strong compression, resp. dilatation in invert direction. More important task
they have in the Czorsztyn series. Frequently these faults border tke ,floes” — klippens of the
Czorsztyn series accompanied by breccias. Good examples illustrates K. Birkenmajer
(1958).

Faults of the regional extent form the southern and locally also northern margin of the klippen
belt. These faults in many places have the character of uplifts.

K. Birkenmajer (1958) describes pseudo-tectonic faults originated in the Quaternary
by way of breaching of stability of limestone-complexes by erosion. Characteristic are opened
fissures without breccias.

The klippen mantle which in tectonic and morphological sense represents more
or less plastic suites of the Upper Cretaceous and Paleogene and in the strati-
graphical sense the suites of the Upper Cretaceous and Tertiary produce similar
forms as are those of the klippens.

Plastic suites of marls, marly shales and marlstones were intensively compres-
sed, frequently originated secondary cliveage. Flysch-like suites and conglomerate
complexes, being slightly affected, usually are in monoclinal position or they
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form folds. An amplitude of these fold structures is always greater than that
of the klippen suites.

In distribution of individual tectonic forms we may locally find some regulari-
ties, however, mostly chaotic distribution predominates in details.

Already V. Uhlig (1890) distinguishes two modes of distribution of the Czor-
sztyn klippens: series and group types.

In series type of the klippens are isolated in series by each other. In the group
type small isolated klippens are dispersed in groups, and distances between
klippens are lesser than those between the groups. Both the types we know first

of all in the Pieniny section of the klippen belt, but they occur also in other

sections of the klippen belt for instance near Podbrané in the western part of the
klippen belt.

Klippens are made up of the Pieniny series and transitional developments and
series and they are arranged in coullises which we may explain partly by lense-
like structure.

On a whole, in the distribution of klippens made up of various series we may
find certain regularities which are in accordance with results of facial analysis
of klippen series. Klippens of the northern geanticlinal Czorsztyn series occur
first of all in the northern margin of the klippen belt and klippens of the northern
geanticlinal series are restricted in the southern margin in general. Between these
klippens there occur klippens of the Pieniny series, transitional developments
and series. But in many sections of the klippen belt we see larger belts of klippens
occurring north of series, south of which they deposited. North of belts of klippens
of the Czorsztyn series occur belts of klippens of the Kysuca, Pieniny series,

Fig:d. Czomity’m Klippen — Quarry Dolny Mlyn. a) crinoidal limestones — Bajocian-Batho-
nian; b) nodular Czorsztyn limestones — Upper Bathonian-Oxfordian; c¢) organodetrital lime-
stones — Kimeridgian-Tithonian; d) marly slates — Cenomanian-Turonian.
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or transitional developments. The Middle Cretaceous of the Klape series (up to
present regarded as belonging to the Manin series) in PovaZie occurs in whole
the breadth of the present klippen belt. These phenomena accordingly to present
knowledge we may explain by overthrust of the mentioned rock-complexes in the
direction to north in the form of nappes (D. Andrusov, 1938). Locally in
the klippen belt occur tectonic windows. From below the Middle Cretaceous of
the Klape series in flysch development near Upohlav in PovaZie the Kysuca series
raises with its Middle Cretaceous in deeper development. Similar case is figured
on the geological profile between Terchova and Varin.

Already at the beginning we have mentioned that the klippen belt has originated by repeated
folding. On the basis of modern stratigraphical investigations was proved that first important
tectonic movements in the klippen belt were between the Turonian and Santonian, resp. Lower
Coniacian and Upper Santonian (K. Birkenmajer, 1960). The majority of authors
(D. Andrusov, 1959; K. Birkenmajer, 1958) mark these movements as subhercynian
or pre-Gosau. Due to these movements originated some tectonic units in the region of the klippen
belt which were overthrust in the form of nappes. Tectonic reasons which may serve as evidence
of this were quoted above. Stratigraphical reasons were described recently (D. ‘Andrusov,
E. Scheibner, 1960).

K. Birkenmajer (1958) in accordance with opinions of the Polish authors quotes that
the Branisko—Kysuca nappe was thrust over the Czorsztyn one only partially.

K. Birkenmajer (1958) made these conclusion mainly on the basis of the fact that
in the region of the Czorsztyn series occur predominantly marly facies of the Upper Cretaceous
and in accordance with new investigations of V. Scheibnerova (1962, 1963 in press)
also all the Turonian is in marly facies, i. e. the flysch-like development is lacking. Relevance
of the flysch-like beds of the Turonian — Lower Coniacian quoted by K. Birkenmajer
(1957) needs revision.

Fig. 4. Intensively folded anticline of the Kysuca Klippen. Quarry near Turd Lika (Western

Slovakia). a) radiolarites, radiolarian limestones, siliceous slates — Dogger-Malm; b) nodular
limestones — Kimmeridgian; c¢) bedded marly and cherty limestones — Tithonian-Neocomian;
d) green and reed marly slates — Albian-Cenomanian.
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The Czorsztyn series forms klippens normally in the form of prismatic blocks
and ,,floes” of smaller size in comparison with klippens of the Kysuca and locally
also Pieniny series. These facts we may explain by gliding of the Kysuca and
Pieniny nappe over the Middle Cretaceous of transitional developments. Due to
further action of pressure from the south, all the klippen belt was lifted to the
north and dilated longitudinally. The rigid substratum of the Pieniny series, also
of the Mesozoic mantle representing the pienidy series, was broken up into ,,floes”
and blocks. Upper tectonic units which were lying on the plastic suites of the
Cretaceous of lower suites in this time were less affected by dilatation.

The dilatation manifested in these units only in the weakest parts. This might
represent the main reason of the origin of such different forms of klippens in
particular series.

In the Upper Cretaceous gradually originated new sedimentary district within
the area of the folded klippen belt. After the Cretaceous and after deposition
of the Lowermost Paleocene took place intensive movements with tendency to
the north.

Accordingly to K. Birkenmajer (1958) took place further overthrust of nappes supposed
already by older authors. The Upper Cretaceous was folded together with underlying suites.
The folding had not such intensity as during the first phases of folding. Again manifested
dilatation, because of the pressure of the Central Carpathians, which moved from the south
,en block”. Accordingly to K. Birkenmaijer (1960) in the region of the Czorsztyn series
originated diapiric structures. These structures are not identical with true diapires originated
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Fig. 5. Slightly folded radiolarites and radiolarian limestones of the Kysuca series near SneZnica.
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during the folding of extremely plastic suites. Already D. Andrusov (1938) quoted the
diapiric structures, but has not applicated further his opinions. The diapiric structures in our
case are of the inverse character. In plastic suites of the Middle and Upper Cretaceous (Globo-
truncana marls) float rigid complexes which K. Birkenmaijer (L c.) compares with raisins
in cake. K. Birkenmajer suggests that due to tectonic pressure the rigid blocks are torn off the
substratum and move in plastic masses.

In the year 1947 M. V. Muratov pronounced the opinion that the klippen belt originated
by lateral compression and by sliding of suites from elevated regions south of the klippen belt,
now probably in the substratum of the Central Carpathian Paleogene. The klippen of Oravsky
Podzimok, figured by D. Andrusov (1938), quoted as an example of such slide. Essentially,
however, this klippen is strongly folded, where suites are variably folded and rolled by their
competence. One cannot suppose any slide.

The Czorsztyn klippens may be under certain circumstances interpreted as
olistoliths according to M. P. Marchetti (1957). By dilatation of the klip-
pen belt torn off suites of the Czorsztyn series might slide from the elevated
northern cordillery in the Turonian marls southwards into the Pieniny sedimen-
tary district of other series which were during this time folded. Olistoliths might
be slided to various places which might serve as evidence and explanation of
various distribution of klippens of the Czorsztyn series. This interpretation is in
contradiction with important fact that up to present have not yet been observed
fluidal textures of plastic suites surrounding the Czorsztyn klippens which accom-
pany the origin of olistoliths. Fluidal textures in small size and also olistostro-
mes were observed and described in the Upper Cretaceous Zaskal breccias
(E. Scheibner, V. Scheibnerovi4, 1961).

F. Limanowski (1922) described affects of the post-Paleogene folding and in accordance
with the last author D. Andrusov (L c.) and recently K. Birkenmajer (. c.). These
movements correspond with the Sivian movements. During these movements originated the nappe
structure of the exterior flysch Carpathians. The block of the Central Carpathians acted ,en
block” and in the klippen belt manifested in retrospective folding in the region of the klippen
belt and in origin of tectonic structures with direction to the south. The klippen belt was further
compressed and across dilated. In longitudinal direction the results of former tectonic movements
were wiped out and originated complicated and apparent chaotic tectonics. Almost vertical posi-
tion of the klippen belt originated (recently proved by deep drilling in Zakarpatska Ukrajina).
During this time-period formed the tectonic contact of the klippen belt and Central Carpathian
Paleogene along the steep plane. Locally the tectonic contact originated with the Magura Paleo-
gene or the Magura Paleogene occurs in synclinal structures in the klippen belt and in anticlinal
structures in Paleogene near the klippen belt occur the klippen elements (D. Andrusov,
1938).

Younger movements manifested in fault tectonics. Cross faults are very fre-
quent in the western séction of the klippen belt.

We may conclude that the klippen belt represents unusually laterally com-
pressed belt with almost vertical position with apparent chaotic tectonics origi-
nated during intensive and repeated tectonic movements which produced
complicated original nappe construction. Of a great importance was a lift of
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whole the klippen belt to the north in consequence of which the last was dilated.
Due to various position in the folded region of the Pienidy geosyncline originated
the main tectonic forms (due to the first tectonic folding movements — Turonian-
Lower Santonian). In the southern and central part originated folds (and fold-like
formations), in northern part rather faults, breaking up the rigid rock complexes
into blocks and floes. The tectonic construction might be complicated by olisto-
liths, however, their existence up to present was not proved in greater dimensions
(see D. Andrusov, V. Scheibnerov4, 1963). Folded higher com-
plexes (southern) (Kysuca, Pieniny series) were glided over lower complexes.
By further dilatation, in cosequence of stress from the south, higher complexes
were less affected. It is interesting that frequently complete suites are more folded
than uncomplete ones.

During further movements (Laramic) due to compression of older complexes
are folded and impressed into younger ones (Upper Cretaceous) and in con-
sequence of dilatation older complexes were isolated into tectonic individuals, the
form of which was produced by former folding.

During the last important folding (Savian phase) due to strong lateral com-
pression are buried the effects of former movements, the rigid complexes are
passive; the plastic masses are competent, originate diapiric structures. By further
dilatation the tectonic individuality of klippens was made distinct. By retrospec-
tive folding originated structures with southern vergency (lenses, uplifts). Also
the southern tectonic margin of the klippen belt was produced in this time.

Department of Geology of the Faculty of Natural Sciences
of J. A. Comenius university, Bratislava
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Geologické préce, Zprivy 28. Bratislava 1963

ANTON BIELY

BEITRAG ZUR KENNTNIS DES INNEREN BAUES
DER CHOC-EINHEIT

Die Chot-Einheit tritt in mehreren Gebirgen der Westkarpaten in Form von
grosseren oder kleineren tektonischen Schollen auf, welche gewdhnlich aus mittle-
rer Trias gebaut sind. In diesem Falle ist der innere Bau ein einfacher und ist
auch richtig interpretiert. Als Beispiel derartiger tektonischer Form sind Schollen
im Strazov-Gebirge oder in der Grossen und Kleinen Fatra zu erwihnen. I
anderen Gebirgen ist diese Einheit durch michtige Massen in weitem Raume
vertreten und bildet den wesentlichen Anteil des Gebirges, z. B. die nordlichen
Abhiinge der Niederen Tatra. In diesem Falle ist die tektonische Position der
Chot-Einheit zwar auch merkbar, aber ihr innerer Bau ist wesentlich kompli-
zierter. In diesem Beitrage ist die Charakteristik des inneren Baues der Cho¢-
Einheit in der Niederen Tatra kurzgefasst erldutert.

Die nérdlichen Abhinge der Niederen Tatra

An den nérdlichen Abhingen der Niederen Tatra ist die Choé&-Einheit durch
drei tektonische Teilelemente zweiten Ranges* vertreten. Diese tektonischen Ele-
mente sind durch ihren inneren Bau und lithologisch-stratigraphischen Inhalt
gekennzeichnet. Die zwei unteren Elemente sind durch die Melaphyr-Serie**
und die als Ciernovazska-Serie bezeichnete Trias vertreten.

* Derartige tektonische Teilelemente werden oft als Teildecken bezeichnet. Diesen Termin
werde ich nicht verwenden, da mit ihm auch eine bestimmte genetische Auffassung dieser tekto-
nischen Formen verbunden ist, welche mit unseren Kenntnissen des inneren Baues der Cho¢ —
Einheit nicht iibereinstimmt.

+* Die Sedimente der Melaphyr-Serie wurden in Schichtfolgen gegliedert, deren zwei obere
zur unteren Trias, die unter ihnen liegenden zum Perm und zum Karbon angehoren. Die Mela-
phyre sind permischen Alters (B i ely 1962).
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Tektonische Skizze des ostlichen Teiles der Niederen Tatra

Zusammengestellt A. Biely
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An dem Baue des oberen Teilelementes ist Trias beteiligt, welche als Bielo-
vazska Serie bezeichnet wurde. Im Grunde handelt es sich also um drei iiberein-
ander liegende Schichtkomplexe, welche durch sekundire nérdlich abfallende
tektonische Flichen zweiten Ranges voneinander abgetrennt sind. Dabei ist
merkbar, dass die Vertretung einzelner stratigraphischen Glieder sich vom unteren
Schichtkomplexe zum oberen éndert.

Das untere tektonische Teilelement tritt an der Oberfliche in Form eines
Dreieckes auf, welcher im Svitojanska-Tale beginnt und sich in 6stlicher Richtung
erweitert. Dieses Teilelement ist durch einen monoklinalen Bau gekennzeichnet,
welcher durch Karbon und besonders durch Perm gebildet ist. Im Gebiete
zwischen dem Svidovsky- und Svarinka Bache ist die Trias aussergewchnlich
intensiv reduziert und tritt stellenweise nur in Form von Linsen auf, welche die
Aufschiebungsfliche des mittleren Teilelementes begleiten. Die Trias erreicht
eine grossere Michtigkeit dstlich vom Bache Svarinka und im Tale des Vy3ny
Chmelienec treten auch Jura-und Unterkreide-Schuppen auf. Faltungsdeforma-
tionen wurden im diesen Komplexe nicht beobachtet.

Das mittlere tektonische Element erstreckt sich vom Gebiete des Svidovsky-
Baches aus nur als einige 10 m michtiger Streifen, bei MaluZina erweitert es sich
und setzt sich nach Osten bis Svit fort. An seinem Baue sind an der Oberfliche
nur in kleinerer Vertretung vortriassische Glieder beteiligt. Die Hauptmasse ist
durch Trias gebildet und im noérdlichen Teile tritt auch noch Jura hinzu. Die
flache Aufschiebung dieses Teilelementes ist besonders zwischen MaluZianka und
Svarinka merkbar. In éstlicher Richtung fallt diese Aufschiebungsfliche wesen-
tlich steiler nach Norden ab. Was den inneren Bau dieses Elementes anbelangt,
beobachten wir im nérdlichen Teile nahe der Berithrung mit dem oberen Teil-
elemente eine deutliche Faltung und westlich der Svarinka eine intensive Re-
duktion der nachuntertriassischen Glieder. Was den Faltencharakter anbetrifft,
ist an den SW-Hingen der Sokoly im Reliefe der Sattel einer siidvergenten Falte
angeschnitten, deren Kern durch Kampil gebildet ist. Die Faltungsdeformation
des Dolomitenkomplexes N des Cierny Vah ist auch aus dem Brachysynklinal-
verschlusse des Lias NO der Sokoly und im Hlboka-Tale ersichtlich.

In nordlicher Richtung taucht das untere und mittlere tektonische Element
unter das obere. Obwohl es sich um einen etwa 2000 m michtigen Komplex
handelt, ist doch sicher, das er in nordlicher Richtung auskeilt. In den meso-
zoischen Inseln unter der Hohen Tatra (Liptov-Becken) tritt iiber dem Neokom
der Krizna-Einheit unmittelbar die BielovaZska-Serie auf.

Das obere tektonische Teilelement ist im Abschnitte von Deminovi-Tale bis
Svit durch mittlere bis obere Trias der Bielovdzska-Serie gebildet. Westlich des
Svitojanska-Tales liegt es iiber der Ilanovska-Serie, O. dieses Tales iiber dem
mittleren Teilelemente der Choé-Einheit. Die steil nach Norden abfallende Auf-
schiebungsfliche zwischen dem mittleren und oberen tektonischen Teilelemente
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ist S von Vyjychodna durch einen Streifen von Linsen mit mittel- und ober-
triassischen Gesteinen begleitet. Ein einfacherer Bau vom Charakter einer schwach
gewellten nach Norden abfallenden Monoklinale ist nur zwischen dem Bocianka-
und Cierna-Tale (S von Vychodni) anwesend. Anderswo befindet sich eine fiir

Geologische Karte des rechten Abhanges des Svitojanski-Tales zwischen Smrekovica und Slemedi

Zusammengestellt von M. Pulec 1959

Erliuterungen: 1. Hauptdolomit, 2. Lunzer Schichten, 3. Reinflingkalke, 4. Choédolomit,
5. Guttensteinkalk
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Profile durch die Choé-Einheit zwiscl;en Piesok und Bystra

A. Biely, 1962
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12. bunte Schiefer, Sandsteine, Arkosen, Grauwacken, Konglomerate-Perm, 13.
dunkle Schiefer, Sandsteine, Arkosen-Karbon, 14. metamorphe Serie vom Typus
Velky Bok, 15. Uubietova Krystallin
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den inneren Bau charakteristiche intensive Faltungsdeformation. Ein sehr kompli-
zierter Faltenbau befindet sich zwischen dem Cierna-Tale und VaZzec. Der nor-
male Charakter dieser Falten ist durch brachysynklinale und brachyantiklinale
Verschliisse der Falten im Cierna-Tale bestitigt (Biela A. 1960). Der Siidteil
dieses Elementes enthilt hier einen siidvergenten Charakter, der Nordteil dagegen
einen nordvergenten. Die Fortsetzung der nordvergenten Falten in westlicher wie
auch in 6stlicher Richtung ist durch Paleogen bedeckt. Es zeigt sich also ein facher-
fémiger Bau, welcher in westlicher Richtung in die schon erwihnte wenig
deformierte, bis zum Bocianka-Tale reichende Monoklinale iibergeht.

Westlich des Bocianka-Tales geht die Monoklinale wieder in einen kompli-
zierten Faltenbau iiber. Die Vorstellung des inneren Baues der Cho¢-Einheit ist
doch in diesem Gebiete eine wesentlich verschiedene als wie ich es nun dstlich
des Cierna-Tales beobachtete. Es werden hier komplizierte Teildecken mit nach
Norden getauchten Stirnen, also ein typisch nordvergenter Bau beschrieben
(R. Kettner 1931, 1958). Es ist doch zu bemerken, dass die Verschliessung
der Synklinalen oder der Antiklinalen in den Profilen stets entweder unter dem
Relief oder durch Luftsittel dargestellt ist. Nach vielen Orientierungstouren
und nach dem Durchstudieren der Karten von M. Pulec (1959) stellen wir
fest, dass der innere Bau dieses Gebietes vom Baue des Gebietes von Vychodna
und Vazec nicht verschieden ist. Als Beweis dessen dienen die Sattel und Mulden
der siidvergenten Falten, welche durch den Stiavnica-Bach angeschnitten und am
rechten Abhange des Svitojanska Tales aufgeschlossen sind.

Aus dem beschriebenen erfolgt, dass der wesentliche Teil der Falten eine
siidliche Vergenz aufweist. Daraus geht dann die logische Schlussfolge hervor,
dass die Aufschiebungen der einzelnen tektonischen Teilelemente der Choé¢-Ein-
heit von N nach S folgten. Es sind Erscheinungen, welche zum ersten Blick der
Auffassung der Choé-Einheit als weitliufiger von S nach N verschobener Decke
grundsitzlich widersprechen. Zur Erklirung dieses Phinomens ist doch nétig
aus einer weitgehenderen Analyse der Deformation und der tektonischen Ent-
wicklung der mesozoischen Einheiten auszugehen. Fiir die nérdlichen Abhidnge
der Niederen Tatra sollte man aus der Analyse der Velky Bok-Serie ausgehen,
welche das unmittelbare Liegende der Choé-Einheit bildet. An dieser Serie

ist ersichtlich, dass sie vor dem Eozin zweimal deformiert wurde. Die iltere
Deformation ist durch eine iltere schichtparallele Kristallisations-Schieferung, die
jiingere dagegen durch eine quer zur Schichtung laufende ‘Schieferung doku-
mentiert. Das heisst, dass das Liegende der Cho¢-Einheit, d. h. die Velky Bok-
Serie durch zwei voneinender in der Zeit getrennte tektonische Vorginge be-
troffen wurde. Wenn wir den inneren Bau der Choé-Einheit an den nérdlichen
Abhingen der Niederen Tatra von dem Aspekte betrachten, dass im Laufe ihrer
Entwicklung sich zwei tektonische Vorginge &usserten (dhnlich wie auch in
ihrem Liegenden), dann steht der siidvergente Bau nicht mit der Decken-Position
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der Cho¢-Einheit, sondern mit der bisherigen Erklirungsweise der Genese des
inneren Baues im Wiederspruche. Der innere Bau, wie er oben dargelegt ist,
scheint uns ein sekundires Phinomen zu sein, welches jiinger als die eigentliche
Decken-Aufschiebung ist.

Die siidlichen Abhdnge der Niederen Tatra

An den siidlichen Abhidngen der Niederen Tatra haben wir das Gebiet ungefdhr
zwischen den Bichen Bystrianka und Vajskova durgeforscht. Die Charakteristik
des inneren Baues der Choé-Einheit in diesem Gebiete beschrieb R. Kettner
(1958). Diese Einheit liegt im SO iiber der epimetamorphen Serie von Typus
Velky Bok. Nordwestlicher, im Gebiete von Jasenie liegt sie iiber dem Neokom
der Krizna-Einheit. Im Lopej-Kessel ist sie durch eine grobklastiche Formation
paldogenen Alters (R. Kettner 1931, 1958) bedeckt.

Die Choé-Einheit erster Ordnung tritt in drei Schichtfolgen-tektonischen Teil-
elementen zweiter Ordnung auf, welche voneinander durch tektonische Flachen
zweiten Ranges abgetrennt sind. Ahnlich wie an den nérdlichen Abhingen ist hier
in jeder Schichtfolge eine andere stratigraphische Vertretung der Glieder.

Das untere Element hat eine stratigraphische Verbreitung Unter- bis Obertrias.
Zu seiner litologisch-stratigraphischen Entwicklung ist zu bemerken, dass gegen-
iilber dem hoheren Element in mittlerer und oberer Trias auch weisse Kalke von
Wetterstein-Typus anwesend sind. An der Oberfldche hat das untere Teilelement
die Form einer in Richtung NO—SW verzerrten Linse. Sie beginnt bei Myto
pod Dumbierom; in SW-Richtung zwischen Valaski und Bystrid verbreitet sie
sich und bei Piesok keilt sie aus. In NW-Richtung neigt sich dieser Linsenkdrper
unter den Komplex des mittleren Teilelements. Im Gebiete von Jasenie tritt iiber
dem Neokom der Krizna-Einheit untere und mittlere Trias der héheren Teilele-
mente auf und darum ist es sicher, dass das untere Teilelement in NW-Richtung
auskeilt. Morphologisch tritt sie also in der Form einer Linse auf. Was den inneren
Bau dieser Linse anbelangt, ist sie im Gebiete von Valaska in Falten mit innerer
Vergenz eingefaltet. Die Achsenrichtung ist NO mit einer Neigung zum NO. Der
brachyantiklinale Verschluss der Falte ist im Tale N von Valaska aufgeschlossen.

Eine wesentlich gréssere laterale und stratigraphische Verbreitung besitzt das
mittlere Teilelement, welches durch die Melaphyr-Serie und Trias der Bielo-
vézska-Serie vertreten ist. Karbon tritt an der Oberfliche in einer etwa 2 km
langen Linse N von Piesok auf. Die Dicke dieser Linse iiberragt nicht 60—70 m.
Wahrscheinlich ist auch die Breite eine kleine und in NW-Richtung keilt sie aus.

In Form eines sehr michtigen Komplexes ist Perm anwesend, seine magma-
tische wie auch sedimentire Komponente. Im Norden ist er durch einen Bruch
N von Myto abgegrenzt. In der Form eines michtigen Streifens zieht er sich von
Stupka in Richtung nach SW, bei Bruchac¢ka keilt er aus und in Richtung SW
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Tektonische Skizze der Umgebung von Podbrezova

Zusammengestellt A. Biely
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tritt er schon nicht mehr an der Oberfliche auf. Der ganze Komplex fillt in der
Richtung NW ab. Im Gebiete von Jasenie tritt schon Perm wie auch Karbon
nicht mehr auf der Oberfliche auf, aber iiber dem Neokom der KriZna-Einheit
liegt unmittelbar untere Trias. Ahnlich treten in der Umgebung von Tily im
Liegenden der unteren Trias dieses Elementes Rauwacken auf, welche hochst-
wahrscheinlich der liegenden metamorphen Serie angehdren. Aus diesem Grunde
ist es notig zu vermuten, dass der permische Komplex dhnlich wie auch das
ganze untere tektonische Teilelement in Richtung NW auskeilt. Der permo-
karbonische Komplex ist monoklinal gelagert und von linsenférmiger Form.

Die Trias fallt dhnlich wie auch der Perm in NW-Richtung ab. Zwischen den
Bichen Hnusny und Suchy ist sie in Falten mit SO-Vergenz aufgefaltet. Die
inneren Vergenzen sind von geschlossenen Falten am linken Abhinge des Suchy-
Baches abgeleitet.

Das obere tektonische Element tritt an der Oberfliche O des Vajskovsky-Baches
auf. An der Oberfliache ist es von kleiner Ausdehnung, da es durch Paleogen
des Lopej-Kessels bedeckt ist. Die untere und mittlere Trias ist auf obere Trias
aufgeschoben und fillt in westlicher Richtung ab. Wahrscheinlich gehért auch
diesem Elemente die Trias der Choé-Einheit W vom Lopej Kessel an und es setzt
sich im Hron-Tale fort.

Der auf den beigelegten Profilen dargestellte tektonische Bau widerspricht
der bisherigen Auffassung des inneren Baues der Cho¢-Einheit (Kettner
1958). Ahnlich wie an den nérdlichen Abhingen der Niederen Tatra aussert
sich da dieser Widerspruch dadurch, dass die von S nach N iiberschobene
Einheit eine innere Vergenz besitzt. Auch hier befindet sich im Liegenden der
Choé-Einheit eine schwach metamorphierte mesozoische Serie vom Velky Bok-
Typus, in welcher zwei Schieferungsrichtungen entwickelt sind. Die 4ltere Schie-
ferung lduft parallel mit der Schichtung, die jiingere diagonal zur Schichtung.
Es handelt sich hier um die Ausserung zweier zeitlich abgetrennter tektonischer
Vorginge, woraus wir vermuten konnen, dass auch die Cho¢-Einheit zweimal
gefaltet wurde.

Die zwei erwidhnten Systeme der Schieferung sind nicht nur fiir die Velky
Bok-Serie charakteristisch, aber sie sind auch in der Hiillen- und Krizna-Einheit
des Tribe¢-Gebirges (Biely 1962) und in untertriassischen Schichten der
Gemeriden entwickelt (Snopko 1962). Wir sehen also, dass die zwei Systeme
der Schieferung sich in regionalem Ausmasse in den mesozoischen Serien prak-
tisch in der ganzen Zentralzone von den Tatriden bis zu den Gemeriden dusserten.
Daraus kénnen wir auf das Auftreten von zweier tektonischen Faltungsphasen
schliessen, deren Folge der alpinotype Bau der mesozoischen Einheiten, die Cho¢-
Einheit mitinbegriffen, ist.




Zusammenfassung

Die Choé-Einheit besitzt als eine der alpinen tektonischen Haupteinheiten, im
stlichen Teile der Niederen Tatra einen komplizierten inneren Bau. Der innere
Bau ist dadurch gekennzeichnet, dass die tektonische Einheit erster Ordnung
in einige tektonische Teilelemente zweiter Ordnung geteilt ist, welche durch tek-
tonische Flichen zweiter Ordnung und sekundire tektonische Flichen abgetrennt
sind. Die sekundiren tektonischen Flichen besitzen den Charakter von Auf-
schiebungen, welche stellenweise durch linsenférmige Streifen begleitet sind. Die
Streifen stellen zerrissene Schichtfolgen von Verbindungsschenkeln zweier Teil-
elemente dar. Fiir den inneren Bau der Teilelemente ist zumeist eine Falten-
deformation charakteristisch. An den siidlichen und nérdlichen Abhingen der
Niederen Tatra sind die Falten von siidvergentem Charakter, nur im Gebiete
von Vychodni besitzt der nordliche Teil des oberen Teilelementes eine Nord-
vergenz. Die Vorginge, welche zur Bildung dieses Baues fiihrten, stellen wir
uns folgenderweise vor:

Die Choé-Einheit wurde in ihre heutige Lage in der Form einer Scher-Decke
in etwa subhorizontaler Lagerung iiberschoben, wobei der Karbon und Perm
eine mindere Ausdehnung als die Trias besitzen. Die jiingeren tektonischen Be-
wegungen, welche eine Raumverkiirzung verursachten, dusserten sich im Baue
des Liegenden ausser anderen Erscheinungsformen auch durch Schieferung und
in der Cho¢-Einheit durch Faltung, Enstehung von tektonischen Teilelementen
und durch kleinere Aufschiebungen. Im erwihnten Gebiete sind die inneren
Flanken der so deformierten Cho¢-Einheit erhalten geblieben.

Es wurde nicht festgestellt, in welcher Zeitfolge die einzelnen tektonischen
Bewegungen-Phasen sich abspielten. Es scheint doch geniigend bewiesen zu sein,
dass die grossen Deckeniiberschiebungen sich wihrend der subherzynischen Phase
abspielten (Andrusov —Bystricky 1959). Die Bewegungen, welche die
innere Deformation der Choé-Einheit und die Schieferung ihres Liegenden verur-
sachten, waren jiinger als die Uberschiebungen, aber alter als die Sedimente des
Lopej-Kessels (diese lagern diskordant auf ihrem Liegenden und iiberdeckt
die Aufschiebungsflichen der Teilelemente). Wenn das Alter der Sedimente des
Kessels Senon ist, (M. Mahel 1959), so spielten sich beide Bewegungen
in der vorgosauischen Phase ab ist et Paleogen (R. Kettner 1950, 1958),
dann wiren die laramischen Bewegungen in Form von Faltungsbewegungen nicht
auszuschliessen. Es ist nicht anzunehmen, dass der siidvergente innere Bau der
Chot-Einheit Riickfalten von Typus Holica, welche infolge der nachpaleogenen
Bewegungen entstanden sind (D. Andrusov 1959) besitzt.

Dionys Stur’s Geologisches Institut,
Bratislava
Aus dem Slowakischen iibersetzt von J. Pevniy.
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JULIAN ZELMAN

RELATION BETWEEN THE COMPETENCY AND INCOMPETENCY
OF THE ROCK OF THE EPIMETAMORPHOSED MESOZOIC SERIES
OF THE LIPTOVSKA TEPLICKA DISTRICT AND FOLD STRUCTURES*

(1 text figure, Plate V)

General geology

South of Liptovska Teplicka has developed the mantle series of Kraklova
crystalline called the series of Velky Bok. It is epimetamorphsed and was
regarded as belonging to the Krizna series (Kettner 1937; Zoubek 1952;
Biely 1956). After Mahel " (1959) it belongs to the ,,Westcarpathian
series” group and there are some signs of the transition to the KriZna series.
Biely (1961) also dismissed the opinion that it belong to the KriZna series,
especially as it is lacking in the spotted marls facies in the Lias, which is a very
characteristic mark of the Krizna series. On the other hand the Lias is developed
here in a very shallow facies, which is typical of either the Tatric, or West-
carpathian series.

The stratigraphical succession is the following:

1. Light quarzites, probably the Lower Triassic.

2. A complex consisting of the light and dark-grey massive dolomites, probabbly
the Middle and Upper Triassic. In the upper part of this complex are interbedded
black-grey shales with a small quantity of mica and sandstones with a mica only
some metres in thickness — Lunz Beds.

3. Shales of various colors interbedded with dolomites and quartzites — Keuper.
4. Basal transgressive beds of the Lias consist of the breccias and compact
limestones.

5. Above this there are beds, the exact stratigraphical succession of which is not
known as far as we know. It may be the Upper Lias up to the Dogger. They consist
of light-grey, fine-grained thin-bedded even schistous limestones interbedded with

# From the point of view of small tectonics, which includes macroscopic structural orms from
the smallet up to those several tens of metres in size.
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thin layers of shales, crinoidal limestones interbedded with cherts, light-grey,
relatively fine-grained limestones with relatively few the fragments of crinoids
and interbedded with light cherts, schistous, locally rather epimetamorphosed
limestones.
6. Cryptocrystallic, locally rather marbled white, pink, violet nodular limestones
and the pink, locally rather schistous limestones — the Malm.
7. Light-grey, greenish, bedded up to schistous limestones and marly limestones,
which are often rather intensively epimetamorphosed — the Neocomian.

All those rocks, except the dolomite complex, are rather expressively epimeta-
morphosed. We can observe a transition up to the phyllitic slates.

Influence of the competency and incompetency of the rocks
upon the development of the fold structures

If we study the rocks mentioned above from this point-of view, we observe
that they react in various ways on tectonic pressure. This is dependent upon their
mechanical properties. Some of them are disposed very well to the folding and
we observe the origin of the folds up to the order of a millimetres. On the other
hand there are also other rocks where we do not observe the creation of the fold
structures, but only the schistosity. At some places we can observe the creation
of a second system of schistosity instead of the fold structures.

The dolomitic complex of the Triassic consist of massive dolomites only from
time to time with slight indication of the stratification. We do not observe the
creation of fold structures of the order of a meter here. We can observe expression
of tectonic forces here either in the form of rather intensive shattering of the rock,
or in the origin the irregular systems of the joints. Preponderant among them are
WNW — ESE, NNE — SSW approximately perpendicular to each other and
ENE — WSW system.

Lunz Beds are not well uncovered and therefore we cannot exactly know their
behaviour under tectonic pressures. They build an interbed in the dolomitic
complex only a few metres thick. They consist of black shales and sandstones.
We can observe only a rather intensive slaty cleavage of the shales and recrystal-
lization of the sandstones. We do not observe the creation of the fold structures
here. These beds as a whole, with respect to the dolomitic complex, are rather
incompetent and build lenses of various lengths.

Keuper beds behave against the tectonic forces in this same way. We do not
observe the creation of the fold structures here, similarly to Lunz Beds, only rather
intensive slaty cleavage of incompetent shales and recrystallization of more com-
petent dolomites, which are alternating with them. It is complex of the beds only
some metres in thickness, which is enlarged by tectonics. Keuper beds do not
present a continuous interbed on the limit between the dolomitic complex and

80




the basal breccias of the Lias. These rock suites in relation to the Keuper are
much more competent and they had not allowed relatively thin bed complex of the
Keuper to create independent structural forms. They create together approximately
homocline.

In the basal breccias of the Lias we do not observe any tendency to create the
fold structures, analogically as in the preceding cases. Sometimes they are either
massive, or bedded in the case the cement is preponderant over the fragments.

Above the basal breccias of the Lias are layers of limestones either thinly and
more thickly, or rather expressionlessly bedded, not seldom thinly-laminated. They
show close slaty cleavage. They usually create monoclines and we sometimes
observe in them either a break of bedding (Pl. V, fig. 1), respectively of slaty
cleavage, because they are identical, or the creation of flexures.

The beds of the upper part of the Lias, Dogger, Malm and Neocomian stage
behave in an entirely other way against the action of deformative forces. They are
very often deformed in fold structures of most various types. They are very often
built of bed complexes, which consist of either thinner, or thicker layers of more
competent limestones alternating with more incompetent shales. They react to an
action of deformative forces in various ways. It is very often expressed in an
intensive folding of these bed complexes into folds of the order of centimetres and
millimetres (Plate V, fig. 2).

In the lower part of this complex we usually find the suites of rocks belonging
perhaps to the upper part of the Lias, which consist of limestones with a close
slaty cleavage alternating with small thin layers of shales. The thickness of the
limestone layers is about 1—2 millimetres, very often even less. The layers
of shales are much thinner. The alternation of the more competent limestone layers
and the more incompetent shale ones at such a small thickness was very favour-
able for the creation of folds of the highest orders. We very often find folds
of the order of centimetres, also millimetres here (Plate V, fig. 2). The crinoidal
bedded limestones with abundant interbeds of cherts, lying above, behaved as
a rather competent rock suite and we do not observe a disposition to the creation
of folds there. They create approximately homocline.

We can observe the creation of folds of the most various types in cleaved lime-
stones either of the upper part of the Lias, or of the Dogger, They are light,
yellowish, greenish, pinkish limestones, 1—3 millimetres in thickness, alternating
with small thin layers of sericit — chlorit. We often observe the creation of folds
of the highest orders here. Locally instead of the folds is created the second
system of schistosity. The first schistosity is parallel to bedding. The second
schistosity creates with the first one a sharp angle and represents a system of
approximately paralle]l planes 2—6 centimetres from each other. We observe
a distinct bending of planes of the first schistosity into the S-shape along planes
of the second schistosity (Fig. 1).
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In the nodular limestones of the Malm the deformative forces are expressed
in the rolling out of the nodules. When the Malm is presented by compact thin-
bedded limestones, some folds of the order of a metre folded in detail into some
folds of a higher order are created there.
At some places we observe also the crea-
tion of drag folds.

In the marly limestones of the Neoco-
mian stage we often observe a separation
of clay ingredient, so that they repre-
sent relatively pure schistous limestones
alternating with small thin layers of sep-
arated clay ingredient, which are rather
metamorphosed. They are often rather
intensively folded into the folds of the
order of centimetres and millimetres in
Fig. 1. S-shape bending of the first schisto- consequence of alternating thin layers
sity along planes of the second one. Schistous of more competent limestones with more
limestones of the Lias, respectively of the |

Higses. incompetent clay ones. Locally they are

very similar to the rock suites of the

upper part of the Lias, or of the Dogger described above. Locally we observe the

creation of second schistosity causing S-shape bending of the first schistosity,
analogically as in rock suites of the upper part of the Lias, or of the Dogger.

Sem

Conclusions

When we draw conclusions of the behaviour of each of the above mentioned
rock suites against deformative forces, we find out it is dependent namely on the
mechanical properties of the rocks and on the form of their appearance (massive,
or bedded, thin, or thick-bedded, alternating of competent and incompetent rocks).

The fold structures of a higher order are created in the case of suites of rocks
consisting of thin layers of competent rocks alternating with the incompetent
ones. If there are competent rocks not alternating with incompetent ones, the fold
structures of higher order are not created. Analogically the fold structures of
higher order are not created in the case of alternating of thicker-bedded competent
an incompetent rocks. The question is not clear about the creation of the fold
structures of a higher order in one case and the creation of the second schistosity
in rocks of this same type in another one. We can draw some conclusions about
the double-action of the deformative processes from relation among the first and
the second schistosity and folds. It seems that deformation of the rock suites,
described above, took place in twoo periods. During the first one was created the
first schistosity, which is parallel to the bedding. During the next one were
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created the fold structures and the second schistosity, which is locally created
instead of them. We can find that the creation of the first schistosity and the
second one were not simultaneous from distinct disturbance of the first schistosity
by the second one. It is presented by an S-shape bending the first schistosity along
the planes of the second one.
\ Department of Geology of Komensky's
University, Bratislava
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ALBIN KLINEC

SEVERAL TECTONIC STRUCTURES FROM THE
WEST CARPATHIAN CRYSTALLINE MASSES AND THEIR
INTERPRETATION

Although the Carpathian geological literature is today a very diverse and rich
one only few works so far are dealing with particular structural forms mainly
in the crystalline regions. This article aims to discuss several structural forms
from the crystalline regions which may also seem important for the studies of ore-
bearing formations.

From the previous authors Zoubek suggested the rule about the imposed
crystalline tectonics effecting for example the Vepor crystalline mass but without
further discussion about the resulting forms. Kubiny studied mostly the great
tectonic structures. More detailed work was carried out by Gorek in the
crystalline of Liptovské Tatry and Vysoké Tatry Mountains, where the author
determined for example the tongue-like form of the granite intrusion.

During the years of 1955—1956 a group of geologists from GUDS in Bratisla-
va carried out some detailed studies in the crystalline of certain core-mountains.
In the Mald Magura Mts. minute tectonic forms as for example sigmoidal twisting
of layers, fan-structures of bedding cleavage, arching etc. were observed.

Also in the Ziar Mts. several older pre-Triassic anticlines, synclines or trans-
verse depressions and elevations were described. Its crystalline core is represented
only by a few types of granitoids while the mantle fragments-biotitic paragneisses
and migmatites appear solely at the SE segment of the mountains. The pegmatitic
varietes form the upper part of the body sometimes related also to the crystalline
schists. One part of these coarse-grained varieties occur as sills. Deeper granitoid
horizons are represented by porphyritic bimicaceous granite to granodiorite. Due
to the tectonics the whole crystalline mass is slightly folded with axis striking
approximately in E—W direction, thus determining the iregular erosion after
the upheaval of the region. The Mesozoic resting already upon the various hori-
zons of the lower structure indicate the presence of older tectonics and pre-Triassic
erosion as well.
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At the SW crystalline-Neogene boundary (Neogene of Prievidza basin) a pro-
nounced relief change is observed the result of a young fault supporting also the
above interpretation.

Mald Magura crystalline emerges from below the younger formations
Tertiary in the East, Mesozoic in the West as an anticline with a N—S axis.
(NE—SW in the northern part). The later raising of the region is related to the
post-Paleogene faults although the interior crystalline structure is an old one.
Older tectonics is expressed first of all in the formation of crystalline schists.

The structures of the NE part of the territory are interpreted on the enclosures
(the cross-sections). In the southern part of the map sheet two fan-like discree-
ping structures may be observed. The more western one represents the synclinal
structure of the schists partly destructed (in the North) due to the lifting of axis
farther northward resulting in a granitoid arch. This suggestion is supported also
by the direction change of schists forming here a subsided block among grani-
toids. The block is the floor of a valley while granitoids appear high on the
surrounding ridges.

The other fan-like structure extending farther to the East possesses a form very
different from a normal syncline. This fact is evident upon the one-direction
orientation of dips (in majority to the East). At places where analogically core
parts should occur, we find the diorite. (On the enclosure included in granitoids.)
This of course is a product younger than the formation of the discussed structure.
The orientation of both limbs reflected the eastern strain orientation. Both the
fan-like forms are syngenetic, representing primarily two neighbouring parallel
synclines with a little anticline inbetween. Practically it is a fold striking N—S
with the axis raising toward the north. The eastern segment of this anticline was
more intensely compressed so that the primary syncline limbs are now in isoclinal
position. The anticlinal fold segment were for the granitoid invasion into the
mantle competent.

In the Chvojnica vicinity we find another fan-form structure. The strike is iden-
tical however the dips in this part are variable. Three elements took part in the
formation of this structure. First is the structural arch SW from Chvojnica. The
second a small elevation in the central part between TuZina and Chvojnica the
third factor is represented by the later arching of the structure farther to the north.
In the Chvojnica vicinity the fold axis shows raising tendency up to the mentioned
arching, wherefrom it is sinking in the northern or northeastern direction, inter-
rupted only at the eastern crystalline margin by a small but typical anticline.

Structural elements of the crystalline mass are here of smaller dimensions and
change in short intervals. Compared with the Mesozoic complexes the difference
in tectonic style is obvious, indicating two separate tectonic processes.

Comparing together both Mald Magura and Ziar crystalline masses substantial
differences are apparent, mainly in the composition and structure as well. The
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particular crystalline cores bear of course evidence also of many common features,
among which the most remarkable is perhaps the existence of mylonites and
diaphtorites, distributed over the whole Central Carpathian region except Geme-
ridy unit. They form narrow zones in the isolated cores but represent an important
element in the Vepor crystalline. Character of these elements reflects an intense
tectonic process indicating the activity of the region in a particular time interval.

At first the forms of character similar to that of Mald Magura Mts. will be
discussed. The Vepor crystalline in the region SW of Cerveni Skala shows
sigmoidal schistosity twisting in gneisses. (Javorina—Muraiiska Huta). Unfor-
tunately much less elements occur in these gneisses compared with Murasi granite
gneisses. Little folds may be observed throughout the unit building larger struc-
tures. Besides the folds fair lineation appear, fissuring and also crossing cleavage
systems. In 1961 this somplex of rocks was determined as the deepest element
known (Klinec—Vrana). The complex is represented by a narrow belt 2—3 km
wide, 12 km long composed of remarkable rocks exposed along a great fault
line-the Murafi— Divin fault. This rock complex is in contact with Maraiiska plo-
§ina plateau Mesozoic at northwestern side and with various crystalline series
at the north and east. The whole belt is an arched anticline deformed by faulting.
The anticline axis shows opposite dipping in the northern segment to the north,
in the southern to southwest. The structure is an old one. Its age is documented
by the position of Triassic(?) mantle over the Muréii granitegneiss and migmatite
complex representing already a higher crystalline horizon as well.

The combination of old structure with younger ones-anticlinal elevation with
young fault is indicated by the fact that the Muraii granite-gneiss series does not
appear along the whole segment of the Muraii fault line. The fold axes and line-
ations of the SW part are farther evidently curved to the west. Unfortunately
in this direction the continuation of the structure behind the Muraii fault is cov-
ered by higher members of Mesozoic with migmatite complex. (The least repre-
sentig the higher crystalline horizons.) In the Pohronski Polhora vicinity the
Muréii granite-gneiss series again appear in a small, well developed anticline.
Summarizing the abeve facts we came to the conclusion that the granitoids and
migmatites of Fabova hola Mt. represent not only a higher crystalline element
but also indicate the unity of the Kohit and Kralova hola Mts. crystalline masses.

The Vepor crystalline as a whole and Koht subzone particular provide
excellent possibility of structural interpretation. Diaphtorite zones possess an inde-
pendent imposed tectonics with zones among them suitable for the study of older
forms. In the southernmost part of Vepor crystalline in the Kohdt subzone young
intense epi-to meso-zonal metamorphosis may be observed, characterized by the
mass textures and structures frequent by posttectonic granitoids.

Metasomatic processes played here an important role. The effects of younger
imposed tectonics prepared the forms for the metasomatosis. Some mantle members
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for example due to position and mechanical properties are connected with the
lower structure into one unit which in certain parts is changed into a complex
nearly similar with the basement by metamorphosis.

Good examples may be found in the synclinal zone of Kyprov vrch (Klinec
1962) extending from Dobsina creek through Kyprov vrch up to Muréiiska Huta,
which is an isoclinal syncline appearing in the crystalline mass center complicated
by fault tectonics. Intense metasomatic processes were observed also at other
places but everywhere there was a suitable substratum combined with a convenient
position. The region described is located near the Veporidy-Gemeridy contact line.
From the same region the Markusky vrch digitation were described by Zou-
bek —Snopko (1954—55). The Markusovsky vrch digitation is composed
principally of Kohit crystalline granitoids, phyllites and schists of Hladomorn4
dolina (Lehotsky 1962), sericite-albite schists and quartzites of Foederata
series, dark phyllites with conglomerates of Gemeridy Upper Carboniferous.
(According to some authors Veporidy.)

Complicated relations between particular members of this unit resulted from the
movements of several phases with denudation interruptions. The evolution of this
form may be reconstructed as follows: the structure of an anticlinal form with
granitoid core and Hladomorna dolina phyllites with Foederata series envelope
were compressed into an isoclinal fold. After this tectonic phase raise and con-
sequent denudation of the region followed. Subsequent sinking of the region,
folding and thrusting of Gemeridy resulted in wrapping of the teared basal mem-
bers (Gemeridy Carboniferous) into the syncline which was formed between
the old raising and deforming anticline and the crystalline masses. Due to the
continued folding the wrapped and imprisoned strange element became an organic
member of this complicated structure.

Character of the structure is shown on the geological cross sections carried
through the Gemeridy-Veporidy contact. Regardless to the crystalline basement
the series developed first during an intense folding which resulted in the formation
of folds typical for the Foederata series. Later thrusting superposed the Gemeridy
unit over the folded Foederata series.

Excluding the crystalline basement the first folding phase (Foederata series)
led to epizonal metamorphosis-schistosity of this series and later metamorphosis
till the post-thrusting period resulted in the formation of transverse porphyro-
blastosis of microcline, albite, biotite, cordierite, disthene and other minerals often
automorphly developed in the folded rocks.

*

The study of minor structural forms may lead to certain new results both
usefull and interesting. Many great structures as various tectonic zones, lines
and faults were known to exist unfortunately their detailed character were studied
only to a small extent.
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Geologické price, Zprivy 28. Bratislava 1963

OTO FUSAN—LAURENC SNOPKO

BAUELEMENTE DER GEMERIDEN

Die Gemeriden als ein Komplex weisen einen sehr komplizierten Bau aus,
in dem man schon heute die Ergebnisse einzelner Orogene unterscheiden kann.
Dabei gibt es jedoch an einzelnen Stellen bestinmte Unterschiede im Charakter
des Baues, die einerseits von der ungleichmissigen Vertretung der paldozoischen
und mesozoischen Gebilde, anderseits von der tektonischen Beanspruchung ein-
zelner Teile des Gebietes abhingig sind. Einige Teile, wie z. B. der Zentralteil
der Gemeriden, besitzen einen gewissermassen einfachen Bau, was allerdings
scheinbar dadurch verursacht sein kann, dass der Zentralteil durch eine Serie —
die Gelnica-Serie gebaut ist, die iiberwiegend eine Flysch-Entwicklung besitzt.
In ihr ist es viel schwieriger die jiingeren tektonischen Elemente zeitlich zu be-
stimmen und zu analysieren. Anderseits weisen die Randabschnitte der Geme-
riden, wo sowohl die paldozoischen, als auch die mesozoischen Gebilde vertreten
sind, einen viel komplizierteren Bau aus. Jedoch sind dann diese fiir den Komplex
nicht charakteristisch, da in ihnen die Hauptbaueinheit der Gemeriden, die Gel-
nica-Serie, gewohnlich nur im begrenzten Masse vertreten ist.

Das einzige Gebiet, wo in bedeutendem Masse die Gelnica-Serie und dazu
proportional auch alle Gebilde des Paldozoikums auftreten, und wo auch die Reste
des Mesozoikums erhalten sind, ist das Depressionsgebiet zwischen dem Volovec-
und Kohat-Massiv, in dessen Fortsetzung nach Norden das Gebirge Stratenska
hornatina, gegen Siiden die Karstplateaus Ple§ivecka planina und Koniart liegen.
Dieses Gebiet war schon seit langem ein Objekt der geologischen Forschung,
da hier grosse Menge der fiir die Industrie wichtigen Lagerstdtten konzentriert
ist, wie hauptsichlich Rozifiava, Nizn4 Slan4, Dobsinid. Mlynky, Vlachovo u. a.,
und auch deshalb, weil sich da klassische Lokalititen des Jungpaldozoikums be-
finden (Dobgind, Ochtini). In der letzten Zeit kann man dieses Gebiet als klas-
sisch auch tiir die Gelnica-Serie betrachten.
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Der Bau dieses Gebietes, sowie der ganzen Gemeriden, ist das Ergebnis mehre-
rer orogenetischen Etappen, u. zw. von der jungkaledonischen Etappe bis zum
alpidischen Orogen. Die Gebilde des Paliozoikums und der Trias der Gemeriden
bieten den Grundbau des Gebietes dar, wihrend die jingeren Gebilde, die schon
durch die tektonischen Prozesse unberiihrt blieben, wie Pliozin und Quartir,
schon eine untergeordnete Rolle spielen und kommen nur in kleineren oder gros-
seren Terraindepressionen vor, oder am Modellieren der geomorphologischen For-
men teilnehmen. Bei dem tektonischen Studium des Gebietes verfolgten wir einer-
seits die makrostrukturellen Elemente, die nach dem Verlauf der Gebilde auf der
geologischen Karte sichtbar sind, anderseits die besonders auf einzelnen Auf-
schliissen, oder Profilen studierten feintektonischen Strukturformen, die den inne-
ren Bau einzelner Gebilde charakterisieren.

Das Grundbauelement des Gebietes ist die Gelnica-Serie und die Hni-
lec-Antiklinale, die durch die Deformation ihrer Sedimente im jungkaledonischen
Orogen entstand und ihre ausgeprigteste mittlere Struktur ist. Den Kern der Anti-
klinale fiillen die Vlachovoer Schichten aus (von den bisher bekannten Schichten
die untersten, die in der Umgebung von Vlachovo auftreten), welche von der
vulkanisch-detritischen Schichtenfolge der Pacaer Schichten umgeben sind. Die
stratigraphische Position, sowie die antiklinale Lagerung der Schichten ist durch
die Superposition der feinen lithologischen Flysch-Texturelemente erwiesen.

Die Paéaer Schichten verlaufen in der Hnilec-Antiklinale als nérdlicher Fliigel aus
der siidlichen Umgebung der Gemeinde Hnilec bis zur Gemeinde Rejdova. Die Schichten
im Abschnitte Hnilec — Dobsinsky potok besitzen einen steilen Fallwinkel (70—90°) und ver-
laufen in der O—NO — W—SW Richtung; westlich von dem Gebiet, zwischen Vysny Hamor
und der Julius-Grube, biegen sich die Schichten gegen Siiden und besitzen das NO—SW Streichen.
Dieser Verlauf ist nérdlich von Vysnid Slani ausgeprigt, wo sich die Schichten gegen Siiden
biegen. Westlich von Vysna Slani besitzen die Schichten das N—S Streichen. Im ganzen nord-
lichen Fliigel beobachtet man in den Paéaer Schichten an manchen Stellen feine Flysch-Rhythmen,
die auf die Superposition der Schichten und auf das Streichen des Liegenden gegen Siiden
hinweisen.

Siidlicher von den Vlachovoer Schichten sieht man den Verlauf des siidlichen Fliigels der
Hnilec-Antiklinale, der wiederum durch die von dem Berg Certova hola (K. 1248)
iiber Volovec (K. 1286) gegen Westen in das Tal von Sulovsky potok und gegen Gocovo, Ko-
beliarovo und Brdarka streichenden Pagaer Schichten gebildet ist. Ahnlich, wie im nordlichen
Fliigel der Hnilec-Antiklinale, besitzen auch im siidlichen Fliigel die Schichten sehr steiles Fallen
und in dem Abschnitt zwischen Volovec und Gampel streichen sie von O nach W. Siidlich und
westlich von Brdirka biegen sich die Padaer Schichten im Kobeliarovo gegen NW; in der
Umgebung von Siroké Pole (westlich von dem Berg Radzim, K. 960) streichen sie von N nach S
und vereinigen sich mit dem nérdlichen Fliigel der Hnilec-Antiklinale.

Diese brachyantiklinale Sperre der Hnilec-Antiklinale versenkt sich allmzhlich gegen Westen
und ist durch die tektonische Aufschiebungslinie der Gemeriden auf die Veporiden in unteren
Teilen abgeschert (Scherdecke). In diesen Teilen ist sie auch durch jiingere Prozesse betrichtlich
deformiert. Diese Frage werden wir spiter erdrtern.

Die Paéaer Schichten kann man auch in oberen Teilen iiber dem Kern der Hnilec-Antiklinale
verfolgen, wo die ganze Schichtenfolge horizontal liegt. In dieser Lage treten die Pafaer Schichten
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iiber dem Berg Biela Skala und éstlich von dem Hiagerhaus Salovi, siidwestlich von Svedlar auf.
Der siidliche Fliigel der Hnilec-Antiklinale ist im Abschnitte Gotovo—DBrdarka mit den jiingeren
Gebilden des Karbons, Perms und Mesozoikums oft bedeckt.

Das jiingste Glied der Gelnica-Serie — die Betliarer Schichten treten bloss am
linken Fliigel der Hnilec-Antiklinale auf. Sie bilden eine schmale Synklinale, die von dem Berg
Volovec (K. 1286) iiber das Siilovda—Tal auf Gampel streicht. Weiter westlich setzt der synklinale
Streifen von Kobeliarovo iiber Brdirka bis zu der Gemeinde Rejdovi fort. Der synklinale
Streifen begrenzt die Hnilec-Antiklinale von der siidlichen und westlichen Seite. Auf der nord-
lichen Seite der Antiklinale tauchen die Betliarer Schichten unter die Sedimente der Rakovec:
Serie. Im Abschnitte Rejdovda — siidliche Umgebung der Gemeinde Hnilec sind nach und nach
die ganzen Pataer Schichten mit den Sedimenten der Rakovec-Serie bedeckt, so dass bei der
Gemeinde Hnilec sich die Vlachovoer Schichten mit ihren Sedimenten unmittelbar beriihren.
Aus der geolcgischen Position und aus dem Verlauf einzelner Schichtenfolgen ergibt sich die
klare Winkeldiskordanz zwischen der Gelnica- und Rakovec-Serie.

Gleichzeitig mit der kaledonischen Faltung wurden die Sedimente der
Gelnica-Serie epizonal metamorphiert. Die metamorphen Produkte dieser ge-
birgsbildenden Phase sind besonders in den kompetenten Schichtenfolgen sicht-
bar, wo sich die Schieferung noch erhalten hat und besonders ausgeprigt war.
Die kaledonische Schieferung ist in den Quarzitlagen der Vlachovoer Schichten
und in den Quarzitlagen der Pacaer Schichten nérdlich von Vysna Slana sichtbar.
In beiden Fillen stimmt die Schieferung mit der Schichtung iiberein.

Die siidliche Begrenzung der Antiklinale stellt eine Schichtenfolge dar, die
in der Gelnica-Serie als jiingste (Silur?) betrachtet und als stark in die synklinale
Form mit den senkrecht aufgerichteten Schenkeln im Kern eingefaltet, aufgefasst
wird. Da wir diese Tatsache in einem ziemlich ausgedehnten Gebiet beobachten,
berechtigt uns dieser Bau zur Vermutung, dass sich die antiklinalen Teile vollig
erhielten, wihrend die synklinalen Teile in schmale Streifen ausgezogen wurden.

In der Volovec-Zone beobachtet man mehrere michtige eingefaltete Synklinalen mit
dem im grossen und ganzen O—W Streichen. Es sind die synklinalen Streifen: Niznd Slana
(Mané) —Betliar—Cuéma, nérdlicher von ihm NiZni Slani (Gampel) —Volovec. In der west-
lichen Richtung setzen diese Streifen gegen Kobeliarovo, Hankovd und Rejdova fort. Die von
Osten nach Westen streichenden synklinalen Streifen besitzen die Tendenz in einem Zentrum
zwischen Nizni Slani und Kobeliarovo zusammenzulaufen, Dieses Zusammenlaufen wurde
wahrscheinlich durch die gebirgsbildenden Prozesse, die sich vor der herzynischen Regional-
metamorphose abgespielt haben, verursacht. Woher der Druck wirkte, kann man aus dem bis-
herigen Studium nicht entscheiden, jedenfalls war er senkrecht auf die entstandenen Antiklinalen
und Synklinalen. Von diesem Zentrum an kann man wiederum beobachten, dass die synklinalen
Streifen gegen Westen auseinanderlaufen. :

Zwischen den angefiihrten synklinalen Streifen treten michtige Massen der Pafaer Schichten
auf, die bei der erwihnten stratigraphischen Auffassung weitere antiklinale Zonen darstellen,
u. zw. die LuZica- und Tureckd-Antiklinale.

Die Synklinale NiZnia Slani (Gampel) — Volovec ist im iiberwiegenden Teil
steil aufgerichtet, stellenweise hat sie auch sehr steiles Fallen gegen Norden (éstlich von Gocovo).
Der synklinale Streifen Nizni Slani (Man6)—Betliar—Cuéma ist gegen Siiden sehr flach
aufgelagert. Thre Lagerungsverhiltnisse in der Fortsetzung nach Westen unter das Jungpaldo-
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zoikum, sind vorldufig nicht aufgeklirt, jedoch bei Kobeliarovo, wo schon bloss ein Streifen
auftritt, ist die Schichtenfolge wiederum nach Siiden geneigt, u. zw. mit einem sehr steilen Fallen.
Im Abschnitte Hankovd—Rejdova kommt es zur Schwenkung des Fallens. Das Fallen ist am
Anfang gegen NO bis O und ist schon betrichtlich gemissigt (ca 40°).

Dieser skizzierte Bau der Gelnica-Serie ist hauptsichlich das Ergebnis des ka -

ledonischen Orogens und wurde durch spitere Prozesse noch umge-
bildet. Fiir den Bau der Gelnica-Serie im beschriebenen Gebiet ist ein bestimmter
tektonischer Stil ausgepridgt, den die michtigen antiklinalen Zonen, zwischen
denen die schmalen synklinalen Streifen eingeklemmt sind, charakterisieren. Zwei-
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Schematischer Verlauf der kaledonischen Strukturen in der Gelnica-Serie

N

+

ik
+
+
.’_

Sttt

+
++
+

+
+

ERE
+:+*
X+

+
+

+

-+
+ + +
+ 4+

ok

+ +

+ 4+ + +
+

+ o+t
7
+ 4+

+

b+ +
- +

ot b

R et P P e e e G
+++
&+
s Rpar
+ .+ +
+

o A

+
-+
N

R A AN IR I e

+

.*
28 &

+4, bt 4+

+

N Y

i

X%
Fi

Lk I I e e
+ +

Rk h ke e I e e

+
4+
R
X5,

+ +I+
EY

i

e
o+
+ +*
+

¢

+

A\

777 7T

i
#

+

»

v o o g Za

A =] =) 3 =2

7 . :

72 ofEEE o 73 I )
fingere Strukturen: 1 — Uberschiebungslinie; 2 — Dislokationen; kaledoni-
sche Strukturen: 3 — Schichtung; 4 — Antiklinalen; 5 — Synklinalen; 6 — Mono-
klinale; Gemeriden: 7 — jiingere Bauelemente; kaledonisches Bauelement
(86~11): 8 Vlachover Schichten; Paéaer Schichten (9—10) 9 Sedimente;

10 — sauere Effusivgesteine; 11 — Betliarer Schichten; 12 — Veporiden.

92




tes Merkmal ist das Zusammenlaufen dieser Strukturen in einen Knoten in der
Umgebung von Kobeliarovo. Weiter die Schwenkung der synklinalen Streifen,
die ostlich von diesem Knoten hauptsichlich gegen Siiden, westlich von dem
Knoten gegen NO fallen. In dem Knoten sind die Synklinalen steil aufgerichtet.

Das weitere Bauelement der Gemeriden ist die Rakovec-Serie, die
hauptsichlich im nérdlichen Teil ausgebreitet ist. Schon nach den Lagerungs-
verhiltnissen des Jungpaldozoikums, das sich sowohl auf der Gelnica-, als auch
auf der Rakovec-Serie ausbreitet, kann man voraussetzen, dass vor ihrer Abla-
gerung die Rakovec-Serie als eine michtige monoklinale, missig wellenférmige
Struktur gegen Norden fiel. Auf diese Tatsache deuten sehr ausgeprigt die neues-
ten stratigraphischen Ergebnisse hin, die die Rakovec-Serie auf drei Grundschich-
tenfolgen zergliedern.

Die unterste, basale, psammitisch-pelitische Schichtenfolge siumt die michtige Struktur an
ihrem Siidrand ein, u. zw. hauptsichlich in dem Abschnitt Rejdov4 —Hamor bei Dobsing,
sowie im Abschnitte Tesnirka—Hnilec, wo die ganze Struktur auf den ilteren liegenden Struk-
turen der Gelnica-Serie ausgeprigt diskordant liegt.

Die hohere, vulkanogene, hauptsichlich auf das basische, pyroklastische, monotone
Material reiche Schichtenfolge bildet den iiberwiegenden Teil der Ausfiillung der monoklinalen
Struktur, die im nérdlichen Teil des Gebietes mit dem Jungpaliozoikum und Mesozoikum bedeckt
ist. In dieser Schichtenfolge ist es sehr schwer eine detailliertere Stratigraphie und so auch den
Verlauf der eingehenderen tektonischen Strukturen festzustellen. Die jiingste Schichtenfolge
enthilt schon karbonatische Einlagen mit der Abwechslung mit den Diabastuffen und Peliten,
die in der weiteren Umgebung von Dobsini zutage treten; gleichfalls der Kérper des Quarz-
diorits — Amphibols, der sich bisher als das jiingste Glied in der Rakovec-Serie erwies, liegt
auf diesem karbonatischen Horizont. Die Erhaltung dieser uns bekannten, jiingsten Schichten-
folge der Rakovec-Serie bedingte hauptsichlich ihre Position. Nimlich in dem Abschnitte
Dobsini—Hamor und Teinirka ist die Rakovec-Serie lings des michtigen Bruches gegen die
Gelnica-Serie gesunken. Dadurch hat sich in diesem Abschnitt die héchste Schichtenfolge der
Rakovec-Serie vor der Erosion in dem voroberkarbonischen Zeitraum erhalten.

Beim detaillierten Studium der monotonen, vulkanogenen Schichtenfolge
ist est auf Grund der feinen Texturelemente (Schichtung — Schieferung) gelungen, die syn-
klinalen und antiklinalen Zonen festzustellen (Bajanik, 1962). Der Vecauf der innmeren
Faltenstrukturen in der Rakovec-Serie, in Beziehung auf ihre monoklinale Lagerung, ist im
grossen und ganzen iibereinstimmend, woraus man urteilen kann, dass die Rakovec-Serie einen
gewissen Fliigel des michtigen Synklinoriums bildet, das schon wihrend der herzynischen
gebirgsbildenden Hauptprozesse entstanden ist.

Wihrend dieser herzynischen gebirgsbildenden Hauptprozesse wurde
nicht nur die Rakovec-Serie als ein herzynisches Bauelement, sondern auch die
schon friiher gefaltete und metamorphierte, liegende Gelnica-Serie formiert.
Die Art ihrer Deformation war jedoch unterschiedlich. Der Unterschied in der De-
formation der beiden Serien wihrend der herzynischen gebirgsbildenden Prozesse
wurde hauptsdchlich durch diese Faktoren beeinflusst.

Die Gelnica-Serie stellte einen schon gefalteten und verfestigten, schwach epi-
zonal metamorphierten Komplex dar, der ohne Riicksicht auf den Verlauf ihrer
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inneren Strukturen sich schon als ein Komplex benahm und das Liegende der
Rakovec-Serie bildete.

Die Rakovec-Serie lag auf dem verfestigten Liegenden, wobei sie selbst noch
nicht gefaltet und metamorphiert wurde und dazu war sie diagenetisch ver-
festigt. Ihre Schichtenfolgen hatten im grossen und ganzen eine konstante Méch-
tigkeit, die proportional zu dem verfestigten Liegenden nur gering war. Deshalb
wurde die Rakovec-Serie wihrend der herzynischen Prozesse in ein System der
Faltenstrukturen deformiert. Bei der Bewegung wurden die Flichen der urspriing-
lichen Schichtung ausgeniitzt, so dass die Schieferung mit der Schichtung auch
iibereinstimmend ist. Infolge der ziemlich schwachen Metamorphose wandelten
sich Sedimente der Rakovec-Serie in verschiedene Typen der Phyllite um.

Ausser den Schieferungsflichen beobachtet man in der Rakovec-Serie auch
lineare Elemente, u. zw. die Gefiigeregelung des Serizits, Chlorits und manchmal
auch feine Filtelung. Weniger metamorphiert ist nur die basale Schichtenfolge
der Quarzite und Schiefer, bei welchen man vereinzelt die Zwischenschichten-
schieferung beobachten kann.

Ganz anders usserten sich die Wirkungen dieser gebirgsbildenden Phase auf den schon
gefalteten Sedimenten der Gelnica-Serie, die gefaltet und schwach epimetamorphiert war. Beim
Formieren dieser Serie spielten eine bedeutungsvolle Rolle nicht nur die tangentialen Bewegungen,
sondern wahrscheinlich auch der grosse hydrostatische Druck der hangenden Schichten. Unter
dem Einfluss dieser Faktoren ergriffen in der Tiefe die ganze Gelnica-Serie die differen-
tialen Teilbewegungen. Die Bewegungen machten sich ohne Riicksicht auf die alten
Sedimentkomplexe, resp. auf die Verschiedenartigkeit des Gesteinsmaterials und die alten kaledo-
nischen Faltenstrukturen geltend. Die Schieferung bildete sich regional mit dem O—W Streichen
und mit dem ziemlich starken Fallen gegen Siiden (35—45°), wihrend in den Sedimentgesteinen,
wo man die urspriingliche Schichtung auf der Rutschfliche beobachten kann, ist die urspiingliche
“Schichtung durchgeschnitten. Auf Grund dessen kann man die Grésse, Richtung und Art der
differentialen Bewegungen feststellen. In meisten Fillen verliefen alle diese Bewegungen lings
der fast gleichlaufenden Flichen. Nur in vereinzelten Fillen, wo die Rutschflichen zusammen-
laufen, bilden sich Linsen. Bei den monotonen Schichtenfolgen, wie die Tuff- und Tuffitporphy-
roide sind, kam es zur intensiveren Rekristallisation und Gefiigeregelung des gesamten Gesteins.

Im ganzen studierten Gebiete verlduft die Schieferung von O nach W, mit dem Fallen
gegen S, ohne Riicksicht auf die alten Faltenstrukturen. Interessant ist jedoch besonders der Bau
des Turecki-Massivs, wo sich die ficherformige Schieferung bildete, deren Fallen so verlduft,
dass im ganzen Raum die Schieferungsrichtungen der Tiefe zu zusammenlaufen. Auf den
Siidhingen des Turecki-Massivs fallt die Schieferung schon gegen Norden (20—30°), wobei
die Richtung fast unverindert bleibt. Die Bildung dieser ficherformigen Struktur ist sichtbar
an die regionale Tektonik der bretonischen gebirgsbildenden Phase gebunden, jedoch ihre
Beziehung zu den bretonischen Faltenstrukturen ist bisher unaufgeklirt. Die durch diese Phase
gebildeten epimetamorphen Produkte sind in diesem Gebiet die intensivsten und ihr Einfluss
hat alle iltere tektonische Strukturen verhiillt. Die Gelnica-Serie wurde also gleichzeitig mit der
Rakovec-Serie gefaltet und epimetamorphiert.

Daraus sieht man, dass bei den herzynischen gebirgsbildenden Hauptprozessen
sich im Paldozoikum der Gemeriden zwei gleichzeitig entstandene Stile ausgepragt
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geltend machten. Die Rakovec-Serie wurde auf ihrer Unterlage in ein Synklino-
rium mit missigen Falten gefaltet, die Kristallisationsschieferung ist mit der
Schichtung iibereinstimmend. Die Gelnica-Serie hatte bei ihrer Faltung zwei For-
men: a) die sich immerfort bildende Schieferung gegen Siiden zu, die mit Bezug

Schematischer Verlauf der herzynischen Strukturen in der Rakovec- und Gelnica-Serie
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auf die Oberfliche ein Fallen von 30—45° besitzt; b) der ficherférmige Bau
der Schieferung auf dem Turecka-Massiv mit dem Zusammenlaufen der Schiefe-
rung nach unten hin.

Eine sehr passende Bezeichnung fiir die erwihnten tektonischen Stile ist der
oberflichennahe tektonische Stil, der sich bei der Rakovec-Serie geltend machte
und der tiefe tektonische Stil mit unterschiedlichen Faltungsformen bei der Gel-
nica-Serie. Diese Termini beniitzte zum ersten Male bei uns M. Mahel (1957)
fiir die Unterscheidung der alpidischen tektonischen Stile.

Ein weiteres Bauelement der Gemeriden stellt der Komplex der
jungpaliozoischen und mesozoischen Schichtenfolgen dar. An dem Nord- und
Siidrand der Volovec-Zone herrschen die Vorkommen der mesozoischen Sedimente
iiber den jungpaldozoischen Sedimenten, die mit ihnen bedeckt sind, vor. Im Zen-
tralteil herrschen die jungpaldozoischen Sedimente vor, die hauptsichlich in der
Querdepression zwischen dem Kohat- und Volovec-Massiv verbreitet sind. Das
Mesozoikum kommt da bloss in vereinzelten Relikten vor. Die ungleichmissige
Verbreitung der jungpalidozoischen und mesozoischen Gebilde ist von der Ent-
stehung der alpidischen Strukturen der Gemeriden direkt abhingig. Am Nord-
und Siidrand der Gemeriden sind synklinoriale Zonen entstanden, in welchen
sich diese Gebilde vor der Erosion erhalten haben, wihrend der Zentralteil zu
einem Antiklinorium geworden ist und aus ihm wurden die erwdhnten Gebilde
erodiert.

Die Grundformen in einzelnen Strukturen sind unterschiedlich. In dem Synklinorium
des Gebirges Slovenskj kras entstand ein Faltensystem mit dem W—O Streichen. Die Falten
sind gewshnlich mild, jedoch an den Stellen, wo es zu stirkeren tangentialen Driicken kam, sind
die Antiklinalen steil aufgerichtet und grésstenteils an den Fliigeln durch das System der Uber-
schiebungen gestort (z. B. das Miglic-Tal bis Drnava, auch von Silica iiber das Plesivec-Plateau
bis Novaéany). Die Entstehung dieser steilen und schmalen Antiklinalen wurde im wesentlichen
auch durch gréssere Anwesenheit der sehr plastischen Ton- und Mergelschiefer, mit Riicksicht
auf die hangenden karbonatischen Komplexe, bedingt.

Das Faltensystem besitzt eine ausgeprigte Vergenz bloss in diesen steilen Antiklinalen. Die
Achsenflichen der Antiklinalen sind gegen Norden geneigt. In den missig wellenférmigen
Antiklinalen und Synklinalen des Gebirges Slovensky kras deuten die Achsenebenen auf die
symmetrische Deformation ohne eine ausgeprigte Vergenz hin. Die iiberwiegend gegen Siiden
geneigten Uberschiebungslinien heben die antiklinalen Teile hervor, wobei sie die Antiklinalen
oft aufs Minimum reduzieren. Es kommen jedoch auch Uberschiebungen mit verkehrter Neigung
gegen Norden vor, die auf ausgeprigte jiingere Bewegungen gegen Siiden zu hindeuten (die
Gombasek-Uberschiebung). Von dem Pledivec-Plateau gegen Westen treten iiberwiegend unter-
triadische Schichtenfolgen, im &stlichen Teil hauptsichlich die karbonatischen Komplexe der
Mittel- und Obertrias, auf. Diese Tatsache weist darauf hin, dass die Faltenachsen im Raume
des Plesivec- und Koniart-Plateaus und im westlichen Teil des Silica-Plateaus sowohl von der
westlichen, als auch von der &stlichen Seite einsinken, wodurch sie eine ausgeprigte Quer-
depression bilden (ihre Fortsetzung kann man nach Norden in das paldozoische Gebiet verfolgen).

Indem Antiklinorium der Volovec-Zone kann man am besten die alpidischen
Strukturen auf Grund der Ausbreitung der jungpaliozoischen Sedimente und der Relikte des
Mesozoikums beobachten.
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In dieser Zone war es moglich drei von Westen nach Osten streichende synklinale Zonen
zu begrenzen. Die nordlichste Synklinale verliuft von Dob3ini gegen Fabianka und Nordhinge
des Suchy vrch. Den nérdlichen Fliigel der Synklinale stellt das Karbon nérdlich von Dobgind
dar (Masérter, Altenberg, Biengarten u. 4.) und er ist durch die Senkugstektonik, die den Fliigel
der Synklinale hervorhebt, stark gestért. Den siidlichen Fliigel stellen die Sedimente des Karbons,
Perms und Mesozoikums auf den Nordhingen des Spitzenhiigels dar. Die antiklinale Zone verliuft
auf dem Gugel-Kamm und trennt die Synklinale von dem Synklinorium des Gebirges Stratenska
hornatina. Sowohl die Gugel-Antiklinale, als auch die Dob#ina-Synklinale sind durch das System
der von NO nach SW (von Palcmanski Masa gegen Linyiho Huta) quer streichenden Uber-
schiebungen gestért; die jiingeren karbonischen Gebilde sind da erhalten.

Die siidliche Synklinale verlduft von Vyini Slani gegen Vlachovskd Masa. Den
noérdlichen Fliigel bilden die Siidhinge des Spitzenhiigels mit den Vorkommen des Karbons,
Perms und der Trias. Den siidlichen Fliigel bilden die mesozoischen Triimmer des Berges Radzim,
Stozok und die permischen Gebilde auf der rechten Seite des Slani-Flusses.

Zwischen der von Bufina auf Spaifadlo streichenden Antiklinale und der siidlichsten Anti-
klinale, die sich von Tureck4 iiber Repisko auf Ivanka zieht, ist eine michtige Synklinale, in der
die jungpaliozoischen Sedimente vorherrschen. Die erwihnten Synklinalen in dem Volovec-
Antiklinorium sind flachwellig. Es handelt sich im wesentlichen um Brachysynklinalen, die sich
von Norden gegen Siiden stets vergrossern. Die Achse der Dobsina-Synklinale hebt sich sowohl
in der westlichen, als auch in der &stlichen Richtung. Bei den iibrigen zwei Synklinalen heben
sich die Achsen in der Ostrichtung, wihrend die Synklinalen im Westen durch die Scherdecken-
linie der Gemeriden abgeschnitten sind.

Alle angefithrten Synklinalen haben sich in der Querdepression als Relikte erhalten. Sie
zeugen von der Hebung der Achsen dieser Lingssynklinalen, sowie von der Existenz der
Quersynklinalen, die infolge der Entstehung der Depression gebildet wurden. Die Quersynklinalen
streichen von NW nach SO. Die westlichere Quersynklinale verliuft von Taflyova iiber Radzim
nach Kobeliarovo und Repisko, die siidlichere parallel von Dobgini iiber Spitzenhiigel gegen
Stozok, Gampel und Repisko.

Das charakteristische Formieren des Antiklinoriums der Volovec-Zone bestand in der Bildung
von missigen Lingsbrachysynklinalen, die sich von Norden gegen Siiden zu,
was die Breite und Linge betrifft, bei gleicher Amplitude vergréssern; weiter auch in der Tatsache,
dass die Antiklinalen gleich gross sind. Die Querdepression, die ihre Fortsetzung nach Siiden
auch in das Mesozoikum hat, verengert sich in der Richtung nach Norden. Es: widerspiegelt sich
auf der Verkiirzung der Lingssynklinalen. Es ist bemerkenswert, dass die Quersynklinalen, die
die Depression ausfiillen, eine verkehrte Tendenz besitzen. Sie laufen im Siiden (Repisko)
zusammen und gegen Norden laufen sie auseinander. An den Stellen, wo die Quersynklinalen
die Langssynklinalen kreuzen, haben sich gréssere Relikte des Mesozoikums erhalten (Dobsin4,
Kobeliarovo). Die Ausprigung der Querdepression verursacht auch das System der unregel-
missig konzentrisch angeordneten Briiche in ihrem mittleren Teil.

Im anliegenden Teil der Kohtit-Zone beobachtet man unterschiedliche Formen. Es sind
michtige, durch das Kohat-Kristallinikum gebildete antiklinale Zonen, zwischen denen die haupt-
sichlich durch die Untertrias, bzw. durch das Jungpaliozoikum gebildeten schmalen synklinalen
Zonen eingeklemmt und tief eingekeilt sind. (Analoge Formen sieht man auch im nordéstlichen
Teil der Gemeriden, im Abschnitt Margecany—Kogice, wo das jiingere alpidische tektonische
Bauelement — Karbon, Perm, Untertrias — ahnlich eingefaltet ist). Diese Strukturen (Markuska,
Stolica, Tresnik) ahnlich wie auch die Strukturen in den Gemeriden, sind vor der Aufschiebung
der Gemeriden-Decke entstanden. Durch diese Aufschiebung wurde das Antiklinorium der Volovec-
Zone in der N—S Rithtung abgeschert und hat sich auf das vor ihm liegende Antiklinorium
der Kohit-Zone aufgeschoben.
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Ganz anders hat es sich nérdlich von diesen Antiklinorien abgespielt. Auf das
zwischen dem Treinik- und Kréilova hola-Massiv liegende Synklinorium, in dem
sich die Reste der metamorphierten mesozoischen Hiille befinden, hat sich der
obere Teil der Gemeriden-Decke (Karbon -- Mesozoikum) aufgeschoben und
wurde gefaltet. Ein charakteristisches Merkmal dieses Gebietes ist auch das facher-
formige System der Faltenachsen mit der Tendenz in einen Knoten im Abschnitt
Vernir — Besnik zusammenzulaufen.

In den Berithrungszonen der antiklinorialen Volovec-Zone mit den synklinoria-
len Zonen in den Gebirgen Slovensky kras und Stratenskd hornatina besteht ein
charakteristischer Uberschiebungsbau. Sowohl im Siiden, als auch im nérdlichen
Teil verlaufen da einige mehr oder weniger parallele Uberschiebungen, deren Ver-
lauf mit Riicksicht auf die Faltenstrukturen diagonal ist. Typisch sind sie zwi-
schen Dob$in4d und Mlynky, im Siiden zwischen Zeleznik und Stitnik entwickelt.

Ausser der Entstehung der beschriebenen mittleren Faltenstrukturen in dem
alpidischen Bauelement entstanden auch feine Texturelemente. Ver-
héltnisméssig einfachste Texturelemente kann man besonders im mittleren Teil
des beschriebenen Gebietes verfolgen. Im mittleren Teil kam es in den karboni-
schen und permischen Sedimenten zur starken, epizonalen Metamorphose, gleich-
zeitig bildete sich in den Sedimenten sekundire Kristallisationsschieferung, die
eine Schichtschieferung darstellt. Am besten entwickelte sie sich bei den petro-
graphisch ungleichartigen Typen der Pelite, Sandschiefer und pyroklastischer
Gesteine, wo die Absonderungsflichen sehr gut entwickelt waren. Bei den Gestei-
nen, wie verschiedene Typen der Konglomerate und Sandsteine sind, entwickelte
sich die Schieferung unregelmissig, die Schieferungsflichen sind verhdltnismassig
uneben, grossere Korner wurden in der Richtung der Schieferung ausgezogen.
Die Kalksteine wurden umkristallisiert und an den Stellen, wo man die ange-
deutete Schichtung beobachten kann, bildeten sich intensive liegende Falten.
Ausser den Faltenstrukturen ist es uns gelungen in den karbonaschen und per-
mischen Schichtenfolgen auch andere lineare Elemente festzustellen. Siidlich von
Kobeliarovo sieht man in den fein geschichteten Kalken und Schiefern die Boudi-
nage, an den Schieferungsflichen bildet sich feine Filtelung, bzw. ist der Serizit
und Chlorit linear geregelt. Im allgemeinen herrschen jedoch die Flichenelemente
iiber den linearen vor. Alle Lineationen sind auf der Schieferungsfliche, die mit
der Schichtung iibereinstimmend ist, entwickelt. Aus dem Studium der Beziehung
der Foliationsflichen zu der Lineation folgern wir, dass beide Elemente gleich-
zeitig, bei demselben Deformationsprozesse entstanden und deshalb je besser die
Schieferung entwickelt ist, desto weniger ausgeprigt ist die Lineation. Bei der
entwickelten Lineation ist die Foliation undeutlich, bis sie vollig verschwindet.
Beim Studium der Kliifte kann man Querkliifte (ac), Lingskliifte (bc) und ver-
schiedene Schrigkliifte unterscheiden. Gegen Norden zu, also siidlich von Dobsi-
nd, in den karbonischen und permischen Schichtenfolgen, klingt die Metamor-
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phose nach und nach aus. In den Schichtenfolgen der Sandsteine und Schiefer
beobachtet man auch Schieferung, die mit der Schichtung iibereinstimmend zu sein
pilegt, jedoch kommt da ausser der Kristallisations- auch ausgeprigte Kluftschie-
ferung vor. Ahnliche Elemente findet man auch in den Sedimenten der Werfener
Schichten siidlich von Dob3ini und westlich von Roziiava. An den Stellen, wo im
Karbon und im Perm die Faltung und die Metamorphose bloss gering, oder keine
war, besonders bei den Schichtenfolgen, wo sich die Schichten mit verschiedener
petrographischer Zusammensetzung abwechselten, entwickelte sich die Schieferung
an den Schichtgrenzen (clivage).

Der Grad der Epimetamorphose und die Art der oberflichennahen Faltung war
bei den karbonischen, permischen und Werfener Schichten anders, als bei den
Schichtenfolgen des karbonatischen Mesozoikums. Es hat hauptsichlich die petro-
graphische Zusammensetzung der Gesteine und ihre Position verursacht. Bei der
Faltung der Kalke und Dolomite kam es nicht zur Epimetamorphose, sondern
bloss zur freien Rutschung auf der Schichtung.

Im sidlichen Teil der Gemeriden iusserte sich die durch die tektonischen
Bewegungen verursachte Schieferung besonders auf den untertriadischen Schichten, u. zw. an den
Stellen, wo sie hochbeansprucht wurden, d. h. in den zusammengepressten antiklinalen Zonen.
In den héheren Komplexen der Trias dusserte sich die Schieferung vereinzelt und minimal.

Im nérdlichen Teil der Gemeriden kam es zu komplizierteren metamorphen Prozessen. Die me-
sozoischen und ilteren Serien, die die Hiille des Kristallinikums der Kohat- und Krilova hola-
Zone bilden, wurden intensiv epizonal metamorphiert (Foederata-Serie, die Serie unter dem
Muréii-Plateau, Velky Bok-Serie, die Serie bei Helpa). Es bildete sich da mit der Schichtung
iibereinstimmende, intensive Kristallisationsschieferung. Bei den iiberschobenen mesozoischen
Serien dusserte sich schon bloss die Rutschung auf den Schichtflichen, ohne die metamorphen
Wirkungen.

Das alpidische Bauelement (aus den karbonischen, permischen und me-
sozoischen Gebilden zusammengesetzt) wurde zusammen mit seinem Liegenden,
das als ein Komplex auftrat (aus alteren herzynischen, kaledonischen, assyn-
tischen Bauelementen zusammengesetzt) in die Form der mittleren Strukturen
verformt. In der Volovec-Zone, wo die Rakovec- und Gelnica-Serie das Liegende
des flachwelligen alpidischen Bauelementes bildeten, entwickelte sich gleichzeitig
mit den Deformationen die Querschieferung, die ein generelles O—W Streichen
mit dem Fallen gegen Siiden besitzt. In der Rakovec-Serie ist diese Querschiefe-
rung sehr ausgeprigt, wihrend es bei der Gelnica-Serie zur Auflagerung der alpi-
dischen Strukturen auf die élteren herzynischen Strukturen kam und infolgedessen
diese grosstenteils unausgeprigt sind.

In dem alpidischen Bauelemente beobachteten wir die Entstehung von feinen
Deformationen im Einklange mit den Faltenstrukturen, d. h. sie wurden fiir die
Rutschung der Schichtungsfliche ausgeniitzt. Deshalb bildete sich auch die Schie-
ferung mit anderen Texturelementen, iibereinstimmend mit der Schichtung und
abhingig von ihr. Diese Art der Deformation bezeichnen wir als oberflichennaher
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tektonischer Stil der Faltung. In den liegenden Bauelementen bildete sich die
Schieferung unabhingig von den dlteren Bauelementen und ihren Faltenstruktu-
ren, u. zw. generell gegen Siiden fallend, mit dem W—QO Streichen. Diese Art
der Entstehung der Deformationen bezeichnen wir als tieftektonischer Stil.

Sehr oft beobachtet man die Ubertragung des oberflichennahen tektonischen
Stils in das alpidische Bauelement. So einen Fall treffen wir in der ndrdlichen
Begrenzung der Volovec-Zone, wo in die Komplexe der michtigen, massiven,
permischen Konglomerate die Querschieferung aus dem unteren, liegenden Bau-
elemente verlduft.

An manchen Stellen kann man auch eine verkehrte Erscheinung beobachten,
dass in den eng eingefalteten Synklinalen (in den Veporiden und im norddstlichen
Teil der Gemeriden) sich die Schichtschieferung auch auf das liegende Bauele-
ment iibertragt.

An den Stellen, wo der oberflichennahe und tiefe tektonische Stil mit dem
alpidischen Bauelement einschliesslich seines Liegenden iibereinstimmen, bildeten
sich an der Berithrung der Komplexe, vorherrschend iiber den Flachenelementen,
die linearen Elemente (in der Form der Halmtextur), die auf intensive Drehbe-
wegungen hindeuten (R-Tektonite). In den Veporiden gibt es schéne Beispiele
in den Quarziten der Foederata-Serie, in den Gemeriden in den karbonischen
Phylliten der Gelnica-Serie, bei Slavoska und anderswo.

Im nordwestlichen Teil der Gemeriden kam es zu einem anderen, etwas jiinge-
ren Typus der Deformation. Im Liegenden des alpidischen Bauelementes und in
ihm selbst bildete sich eine Scherdecke. Die Schieferung bildete sich parallel mit
der Uberschiebungsfliche, u. zw. intensiver im Liegenden, als im Hangenden.
Diese neue, spitere Art der Deformation unterscheidet sich wesentlich von dem
vorerwihnten Formieren. Nordlich von der Scherfliche entsteht die Veporiden-
Zone, die vordem aus dem Kohtit-Antiklinorium gebaut wurde, dessen alpidisches,
durch die Hiillengebilde des Karbons, Perms und Mesozoikums gebautes Bau-
element — die Foederata-Serie, die Serie unter dem Muréii-Plateau, Helpa-Meso-
zoikum — zusammen mit seinem Liegenden (kristalline Gesteine der alteren
Bauelemente) durch die aufgeschobenen Massen ginzlich umgebildet wurde. Sie
besitzt den Faltenstil mit der inneren Tektonik (Zoubek 1935, 1937, 1955),
die man auch als liegende Ampferer’s Walzzone bezeichnet. Sie ist dadurch cha-
rakteristisch, dass durch die geschobenen Massen der Gemeriden die Markuska-
Antiklinale in die Form der Digitation des Berges Markussky vrch verformt wurde
und ausserdem in ihrem Bauelement, im ganzen Beriihrungsabschnitt, der Schup-
penbau entsteht. Die Zone der Verformung der ilteren feinen und mittleren Struk-
turelemente reicht in bedeutende Tiefe von dem Kontakt der Gemeriden, wobei
die Schieferung in den liegenden Serien die Beriihrungsfldche umrisst.

Dagegen siidlich von der Scherflidche hat sich die, gleichfalls aus Antiklinorien
und Synklinorien zusammengesetzte Gemeriden-Zone auf die Veporiden-Zone
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aufgeschoben. In solchem Fall sprechen wir von einem Faltenstil der ,,geschobe-
nen Masse”’. Besonders markant erwies sich dieser Stil nahe dem Abschnitt,
wo die Scherfliche iiber das Liegende des alpidischen tektonischen Elementes,
oder direkt in dasselbe iiberging, bzw. an seiner Grenze vorbeiging. Im Abschnitt
Jelsava—Rejdova —Taflyova hat die Scherfliche sowohl die iltere Gelnica- und
Rakovec-Serie, als auch das alpidische, aus jungpaldozoischen Sedimenten zu-
sammengesetzte Bauelement durchgeschnitten. Der antiklinale Bau der Volovec-
Zone besitzt deshalb im Westen durch die Scherfliche abgeschnittene Achsen der
Synklinalen und Antiklinalen, so dass sie gegen Westen nicht mehr fortsetzen.
Nérdlich von Rejdovi schneidet die Scherfliche die Zlteren Bauelemente durch
und l4uft direkt in das alpidische Bauelement hinein. Sie verlduft an der Grenze
der mechanisch unterschiedlichen Komplexe. So ist besonders die Grenze des
Werfens und die hoheren kalk-dolomitischen Komplexe (Muraii-Plateau). Oft
verlduft sie jedoch auch tiefer, in der Nihe der Grenze mit den unteren Bauele-
menten, von welchen sich auch die karbonischen Sedimente, d. h. fast das ganze
alpidische tektonische Bauelement, abschilen (siidliche Seite des Kralova hola-
Massivs). Solche geschobene, bloss aus dem alpidischen tektonischen Element
zusammengesetzte Massen deformieren sich bei der Schiebung selbstindig in ver-
schiedene Faltentypen. Die Schieferung iibertrigt sich von der Scherfliche auch
auf bedeutende Entfernung in die gemeriden Schichtenkomplexe, wobei sie die
Uberschiebungsfliche umrisst. So kommt es zur Storung, oder volliger Ver-
16schung der ilteren, sowohl sedimentiren, als auch tektonischen Texturelemente.
In der Nzhe der Scherfliche bilden sich oft auch ausgeprigte lineare Halm-
strukturen, die von O nach W streichen, unter die Gemeriden tauchen (20--30°)
und auf die Bewegungen von S nach N hindeuten.

Ausser den erwihnten alpidischen Deformationen beobachten wir noch eine
jiingere Deformation, u. zw. die Querschieferung. Am intensivsten dusserte
sie sich an den Rindern des Volovec-Antiklinoriums. Sie verlduft von O nach W.
Im Abschnitte Jelsava—Ochtind —Markuska geht sie iiber die Beriihrung der
Gemeriden und Veporiden iiber und féllt gegen Siiden. Daraus folgt, dass sie
jiinger ist, als die Aufschiebung der Gemeriden auf die Veporiden. Davon zeugen
auch feine Strukturelemente an der Beriihrung der Gemeriden mit den Veporiden.
In der nordlichen Begrenzung des Veporiden-Antiklinoriums ist sie auch ausge-
prigt (auch bei Krilova hola und Helpa), gleichfalls mit den Fallrichtungen
gegen Siiden. Da sie schon in den permischen und Werfener Gesteinen, in den
Gerbllen der eozinen Konglomerate vorkommt, entstand sie noch wihrend der
vorpalidogenen alpidischen Faltungsprozesse. Sie stellt den tiefen tektonischen
Stil dar.

Als das jiingste alpidische Bauelement in den Gemeriden betrachten wir die
tertidre Ausfiillung der kleinen Mulden.
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Zum Schluss kénnten wir zusammenfassen, dass die Faltendeformationen aller
Bauelemente (der alpidischen, herzynischen, kaledonischen) im begrenzten Gebiet
von Siiden gegen Norden aufeinandergelegt wurden und dass sich zwischen den
wihrend der Faltung entstandenen Strukturen und den Strukturen, die sich wih-
rend der Sedimentation einzelner Formationen bildeten, in betriachtlichem Masse

die ererbte Tektonik geltend machte.

Aus dem Slowakischen iibersetzt von F. Ndvara.
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LADISLAV ROZLOZNIK

THE RELATION BETWEEN FAULTS AND FOLIATION
IN THE ,,SHEAR ZONE” OF THE DOBSINA VICINITY

Solution of the chronological and space relations between microtectonic and
megatectonic elements may significantly aid to the reconstruction of structural
development of many regions. The same may be applied to the Spissko-gemerské
rudohorie region where the question concerns the metalogenic problems as well.
The author of this article demonstrated by the analysis of the structural — meta-
logenic elements exposed between Dobsind and Mlynky (Rozloznik 1962a,
1962b) that the study of microstructural elements helped the more accurate dating
of the mineralization of the Spi§sko-gemerské rudohorie Siderite formation and
thus contributed to the understanding of rules of the ore bodies localisation. The
article is discussing several peculiarities of the relations between s-planes and
faults of the “Shear zone” in the vicinity of Dob3ina in the northwestern part of
Spissko-gemerské rudohorie.

Position of the Shear zone within the framework of the territory

Several structural zones may be distinguished along the cross-section of the
studied area differring from each other by the features of the micro and mega-
tectonic elements as well as the degree of metamorphosis.

1. Upper zone (Zoubek 1936 — “Overlying building elements”; Mahel
1957 — “The Surface tectonic style”) is formed by rock complexes practically
non metamorphosed and relatively poor as for the microtectonic elements. There
is only one s-plane developed corresponding genetically to the bedding plane
(ss-plane). The ss-planes in general form folds of great amplitude. The small
amplitude folds appear only locally. For this reason the B-axes are only slightly
pronounced. The fracturing is quite frequent but is rarely typical. The faults
of this zone in majority belong to flat overthrusts, shifts and throws.
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To the Upper zone a great majority of the Gemeridy Mesozoic and locally also Permian and
Middle Carboniferous sequences are included. The zone is separated from its basement — the
Shear zone — by disharmonic tectonics. During the tectonic strain action the Upper zone has
been separated from the basement and overthrusted to a certain distance.

2. Shear zone (Zoubek 1936 — “Lower building elements”; Mahel
1957 — “The induced tectonic style”) in contrast to the Upper zone is far more
rich as to the microstructural elements. Several S-planes appear throughout this
zone (S1, S1, S2) the s-planes possess usually the metamorphic minerals of the
chlorite, sericite and albite facies. Steeply dipping thrust faults are for this zone
the most typical. Fracturing is commonly present and characteristic to a great
extent.

In the Shear included are the rocks of the Gelnica and Rakovec series further Middle Car-
boniferous, Permian and in some places also the rocks of Triassic — those having deeper
structural roots.

3. Phyllite zone is also characterized by the shallow — zone alteration without
regional granitization but in contrast to the overlying Shear zone provides only
one single s-plane of the metamorphic cleavage (schistosity) lacking the elements
of shearing (s;-planes, thrusts etc.) and is also poor in fractures.

Phyllite zone is formed exclusively by the rocks of the Lower Paleozoic (Gelnica series, event.
Rakovec series).

4. Granitized zone represents a zone of regional granitization with the planes
of crystallization schistosity (— folded) eventually with an isotropic structure
(granitoids) .

The described structural zoning was developed in three periods, Kaledonian,
Hercynian and Alpine. The process of Kaledonian tectogenesis however in the
studied area cannot be proved with certainty. (Fusdan — Mé4d§ka —Zoubek
1955; Maska 1960; Snopko 1960; Fusan 1961). From the structural
zones mentioned to a great extent exposed over the recent erosive relief only two
of them appear: the Upper zone and the Shear zone. The existence of the Phyllite
and Granitized zones may only be supposed from the reconstruction of the Her-
cynian tectogenesis.* The Upper zone resulted exclusively due to Alpine tecto-
genesis. The Shear zone demonstrates a combined structure — originated by the
rearrangement of the upper parts of the Hercynian Phyllite zone in the Alpine
period as to the deep horizons of the Hercynian Phyllite zone they seem to be
little effected by the Alpine tectonics. The zone however was invaded by the Upper
Cretaceous granite intrusions (Gemeridy granite). Concerning the upper parts

* The reconstruction is based partly upon the structural analysis of pre — Midle Carboniferous
units partly upon the pebble analysis of Carboniferous and Permian conglomerates. The existence
of Hercynian granitization is supported by the occurence of Rakovec series granitized rocks
in the vicinity of Dobsind (Rozloznik 1962c).
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of the Hercynian granitized zone it has been most probably changed into phyllite
zone by the process of diaphtoresis.

The developement of the shear zone has been controlled by the movement
regime during the Alpine stress between the folding competent Upper zone and
the rigid, during the Hercynian partly consolidated basement zones. The shear
zone development is shown on fig. 1 and 2

Shear zone s-planes

Three basic regionally widespread kinds of plane elements in the Shear zone
were determined: 1. Hercynian S-planes — planes of true bedding schistosity;
2. Alpine Si-planes — planes of bedding schistosity and bedding (ss-planes) ;
3. Alpine Sz-planes — planes of oblique schistosity.

1. Hercynian planes of bedding schistosity (if eruptive rocks were involved
then metamorfic schistosity) originated by the folding metamorphosis of the
Hercynian period. In case of the preferred orientation for the new tension arrange
ment they were rejuvenated and — refabricated during the Alpine period. The
planes possess the preferably oriented metamorphic minerals (sericite, chlorite,
quartz) and are folded into folds conformably with the Alpine B-axes. The
schistosity in majority of cases is identical with the primary bedding. (S1), (SS).
This type of foliation occurs in the Gelnica and Rakovec series.

2. Alpine planes of bedding schistosity eventually exclusively bedding planes
(S1), (S’S and SS’) originated during the Alpine process. The planes carry meta-
morphic minerals only at places of intense refabrication. Elsewhere they only had
the character of bedding planes where the reduction of movements took place
without any preferred rock minerals orientation. They were folded accordingly .
with the strike of Alpine structures. The representatives of this foliation type are
Middle Carboniferous, Permian and Triassic (the latter only ss’-planes in general).

3. Planes of oblique schistosity — fracturing cleavage (s;-planes) represent
a typical microstructural element of the Shear zone. Their strike is nearly constant
E—W (eventually NE—SW) dipping to the south. They cros both s1 and s'1
planes resulting in shearing and in general not a uniform one — direction shifting.
Expression of this process is the fine microfolding. Such a peculiar type of line-
ation originated as an intersection of s1 with sz planes and may be regarded
as b — axes symmetrical to the Alpine structural E—W strike of Middle Car-
boniferous, Permian and Triassic elements. The relation to the Hercynian strike
in the complexes of Gelnica and Rakovec series is only locally symmetrical. The
formation of ss-planes in the rocks of Gelnica and Rakovec series is later than
crystallization, but the deviation of metamorphic minerals from the s1-planes into
s;-planes may be observed. For this reason also the sz-planes are frequently cov-
ered by metamorphic minerals. In the younger complexes the s2-pldnes often
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Fig. 2. Assumed structural zonality after the
main Alpine tectogenesis (Scheme). 1. Upper
structural zone, 2. Shear zone, 3. Phyllite zone,
4. Granitized zone, a) Hercynian granitoids,
b) Hercynian granitized zone, ¢) Upper Cre-
taceous Gemeridy granite, d) Gelnica and Ra-
kovec series, e) Middle Carboniferous, f) Per-
mian, g) Triassic, s1 — Hercynian crystalli-
zation cleavage (with Alpine diaphtoresis ?),
s1//ss — Hercynian bedding cleavage of Gel-
nica and Rakovec series sometimes with Alpine
refabrication, si//ss’ — Alpine bedding clea-
vage of Middle Carboniferous and Permian,
ss' — bedding in majority of Triassic, sz —
Alpine oblique cleavage, vi — Hercynian,
embryonal axial cleavage, v — Hercynian
fault revived in the Alpine period, vs — Alpine
upthrow, v4 — Alpine low angle thrust.




appearing in the role of axis cleavage indicate a close relation to the Si-planes
folding. In this case however they are post — crystalline again.

The distribution of s;-planes is not regular everywhere. Sz-planes with narrow
interspacing occur in soft rocks or in places of intense deformation. Elsewhere they
possess the character of wide interspacing corresponding rather to fracturing.

Except the plane elements mentioned there are several other types also extended
During the Hercynian folding of the Si-planes an embryonal axes cleavage origi-
nated. All such rather exceptional cases are for the solution of given problems only
of a limited value.

Faults of the Shear Zone

Little is known about the formation of Kaledonian faults and Hercynian as
well. Only two great post — Middle Carboniferous and pre — Permian fault
lines* were proved certain in the studied area. Most probably they are faults
originated during the late Hercynian dictyogene movements described by M4dska
1960 and refabricated to a great extent during the Alpine period.

There genetically different fault groups originated in the Alpine period repre-
senting most probably also chronologically different phases of tectonic develop-
ment: 1. The group of strike — slip** steep upthrows and strike — slip low angle
overthrusts; 2. The group of oblique and transverse horizontal movements (event.
oblique upthrows); 3. The group of strike — slip (often step — like) and oblique
downthrows.

The faults concerned are of various amplitude. Among the minute appear some
of greater order e. g. Mlynec upthrow line 600 m, horizontal fault Tesnar 300 m
and the downthrow Coburg fault 120—150 m.

The more accurate chronological dating of the particular fault groups appears
quite difficult due to the lack of preserved Tertiary deposits. The troubles arise
also due to the revival of some of the faults in the course of younger phases often
leading to the introduction of reverse directions.

The Relation Between S-planes and Faults

The first group of faults (strike — slip upthrows) performs geometric relations
to some of the abovementioned kinds of foliation (si, s1, ss) — in majority
to the sz-planes. In this case not only the strike coincides but also the dip as well.

The conformity of the upthrows with Hercynian si-planes occured at places

* Concerned are the Hnilec fault line (M43ka 1960) following the contact of Gelnica and
Rakovec series (see Sz on Fig. 3) and Georgia line (RozloZnik 1962b).

** The terms strike — slip, oblique, transverse etc. concern the relation to the Alpine E—W
structural strike.
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Fig. 3. Geological cross-section of the territory northeast of Dobsing. 1. Phyllites, quartzites and porphyroids of Gelnica series (Cam-
brian — Sillurian ?), 2. Phyllites, metadiabases, diabase tuffs and tuffites of Rakovec series (Devonian ?), 3. Amphibolites, hybrid tonalite
gneisses, tonalites, granite aplites and pegmatites — granitized rocks of Rakovec series (Upper Devonian — Lower Carboniferous), 4. Con-
glomerates, bioherm limestones, dark slates and sandstones (Middle Carboniferous of Dobsini development), 5. Varigated conglomerates,
sandstones and slates (Permian), 6. Variegated slates, “rauhwacke” (cellular dolomite), marly shales and limestones (Triassic of northern
Gemeridy development), 7. Alpine oblique cleavage, 8. Faults with indicated orientation of movement.




where the strike and dip of the si-planes were preferably oriented to the Alpine
N —§S stress. Such were the situation at the limbs of E—W oriented Hercynian
folds in Gelnica and Rakovec series where the si-planes represented the preferable
orientation and were thus rejuvenated by the slip — movements. By the gradual
increase of the folding tension upthrows were initiated in the direction in majority
concordant with the strike of si-planes. Such upthrows may be observed on the
enclosed cross — section (see Fig. 3 — 84, 8s, 89 partly &7). The upthrows were
formed often at the contact of different competency media.

The area studied demonstrated also fair examples of the conformity between
the direction of upthrows and that of the Alpine s1 or ss-planes. The example
mentioned earlier demonstrated only the termination of the Hercynian folding by
the Alpine action of shearing while in the second case a direct one — after —
the other continuation of both the actions is concerned i. e. true overthrust folding.
Such a development is to be found exclusively in the complexes of Middle Car-
boniferous and Permian. A fine example may be observed in the Mlynec line
(fig. 3, 87 fault). Mlynec line is seated in the Hercynian Rakovec series syncline.
Into this syncline both Middle Carboniferous and Permian were clammend during
the Alpine N—S stress. Later on a strong reduction of the limbs proceeded to-
gether with wedge formation to such an extent that in the recent forms in majority
of cases only wedges of Carboniferous and Permian clammed in the Rakovec
series are observed.

At many places the upthrows shear both s1 and s1-planes as well being however
concordant with the planes of oblique schistosity. In so far a concordant direction
of upthrows with the former kinds of foliations is rather local than with the
Sa-planes the concordance is of far more regional character and as for the sym-
metry more accurate. (The dips of both the upthrows as well as sz-planes are to
the south) this is the result of close genetic relations between the origin of oblique
schistosity and upthrowing. They were always initiated there where other planes
of discontinuity (s1 and si-planes as well as Hercynian faults) were incompetent
to reduce sufficiently the tectonic movements. As an example may be taken fault
82, 86, 69 planes (Fig. 3).

The abovementioned relations between s-planes and upthrows concern the
upthrows with steep fault planes. Upwards these elements die out together with
sz-planes due to the compensation of folding strain by free slip-movements.
At the contact of the Shear and Upper zones low-angle thrust planes occur often
of shear character (e. g. faults 61, 83, 810 — Fig. 3) accompanied by mylonite
zones or fault breccia. Such faults appear at the Triassic basis, in Permian, less
in Carboniferous. Low — angle overthrusts were accompanied by the reduction
of some of the sequences (e. g. in close vicinity of Dob§ind Permian is reduced to
a great extent together with lower horizons of Triassic).

It is apparent in consequence of the mentioned above that the first group
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of faults (upthrows and overthrusts) demonstrates close relations to elements
originated during the intense N — S compression (southern overturn)
and so they have to be regarded as elements depending on the main phase
of the Alpine movements throughout the West Carpathian territory
(by Mahel 1959; Andrusov—Bystricky 1959 and Kantor 1960
regarded as Subhercynian orogenic phase).

Although in the deeper parts of the Shear zone — due to the partial Hercynian
consolidation — the vertical values by the formation of upthrows were more
effective (steeply dipping fault planes at the contact of the Shear zone with Upper
zone, horizontal one — way slipping originated in connection with the low —
angle thrust — planes.

The second group (oblique and transverse movements) represents a younger
tectogene phase demonstrating the faulting of the upthrows. Concerning the sym-
metry of the Alpine B-axes they are supposed to be related to the fading of the
main compressive phase thus chronologically being subsequent to the faulting

N

I"ig. 4. Detailed skatch of one the hanging-wall veins of Filip vein-zone in Mlynky (stope
No F3). The vein is controlled by the planes of oblique cleavage (s;) with apophyses following
the foliation spaces of bedding cleavage (s'7 — ss’). 1. Dark hydrothermally altered Middle
Carboniferous slates, 2. Siderite, 3. Ankerite, 4. Specularite, 5. Quartz.
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of the first group. Besides the dragging and several branching faults all the hori-
zontal movements possess the strike unconformable with all the S-planes.

The third group includes the downthrows. Elements concerned are faults origi-
nated after the release of the acting stress. As to the age most probably they are
alredy Tertiary. The majority of them represent antithetic downthrows along the
strike. The coincidence of the dips with s-planes were not observed. It must be
mentioned however that during the formation of third group faults some of the
upthrows were repeated as downthrows. That circumstance of course complicates
very much the tectonic reconstruction.

The relations between faults and metalogenesis

The analysis demonstrates that the most complicated relations exist between the
s-planes and the first group of faults — upthrows. Steeply dipping upthrows and
s2-planes are the characteristic elements of the Shear zone which played an impor-
tant role also in the mineralization process of the Spiisko-gemerské rudohorie Mts.
Siderite formation. In many cases these elements served as channels for the
ascent of hydrothermal solutions, and some of them were also filled with pre-
cipitated ore minerals. The multilateral relations between the upthrows and sur-
rounding foliation led in the past to the diversity of opinions concerning the
position of the ore — veins in the Spissko-gemerské rudohorie (Ahlburg 1913;
Ilavsky 1951; Andrusov 1951). The second and third group of faults
took part only in the post — mineralization tectonics.

During the Upper Cretaceous ore — mineralization processes from all the
abovementioned faults only the Shear zone became ore — bearing. This zone
compared with the other ones included a greater number and more competently
oriented zones of weakness conditionning great permeability for the hydrothermal
solutions to such and extent that the Shear zone acted as a collecting agent for
the orebearing solutions. The great mobility of the Shear zone in the course of
ore — mineralization (the fading of stress) made easy the circulation of ascending
hydrothermal solutions. One must take into consideration the fact that the shear
zone also from the thermodynamic viewpoint was fairly competent for deposition
of the ore minerals.

Translated by J. Kovdcik
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TIBOR BUDAY

SOME PROBLEMS OF THE ORIGIN AND DEVELOPMENT
OF THE FAULT-STRUCTURES IN THE NEOGENE
CARPATHIAN BASINS

The Neogen basins of the West Carpathians were formed during the late-
geosynclinal to post-geosynclinal phase of the development of the mountain range.
Their tectogenic development is characterized directly by orogenic movements
influenced the alpinotype structural forms only in external basins located in
front of the youngest units of the alpinotype structure. But even there the ger-
mano-type structures frequently prevail. The basins occurring in the interior and
on the inner side of the range were not affected directly by orogenic movements,
so that alpino-type structural elements are absent. Their structure results from
diktyogenic and epeirogenic movements called forth by the orogenic processes
occurring in the marginal units. The structure shows a medio- and germanotype
character. The most conspicuous structural elements of these basins are blocks
bounded by fault systems which are prevalently to exclusively of normal-fault
type. Another widely distributed structural form is represented by the brachy-
structures which, for the most part, do not owe their origin to folding (tangential
stress), but to the subsidence movements connected or not connected with faults.
As is seen, the primary factor in controlling the development of the basins struc-
ture are the faults.

An overwhelming majority of faults disturbing the infilling of the Neogene
basins are normal faults. The throws vary even at one and the same fault. The
vertical displacement on main faults attains several hundreds, occasionally even
more than one thousand metres. The main faults are traceable to distances of
several tens of kilometres, in places of over hundred kilometres. The analyses
of throws have clearly demonstrated that the faults did not break the infilling
of the basins postgenetically, but acted syngenetically for a long space of time,
frequently during the whole development stage. The abovementioned circumstan-
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ces suggest that the origin and location of the main faults are not accidental.
The trends of the main faults coincide with the principal tectonic directions
of the basement. It has been ascertained that in the Vienna Basin the strikes
of the main faults were in different development stages analogous to the di-
rections of tectonic units of the basement which were formed at the pertinent
periods. Thus, for instance, the majority of Lower Miocene major faults are
parallel with the tectonic units of the Magura Flysch, where as the later Torton-
Pliocene faults run parallel with the plane along which the Magura unit was
thrust over on the Zdanice unit, and with the structural directions of the latter
unit. The spacing, directions and throws of the faults vary accordingly to the
nature of the earlier tectonic units building up the basement of the basin. From
these few observations it may be concluded that the origin and development of
faults depend on the basement of basins. The analysis of the structure of indi-
vidual basins or of their parts with basements of different characters allows several
laws for the origin and development of fault-structures of the basins to be deduced.

It may be stated generally that the location, direction and mobility of the major
basin fault-structures are conditioned and controlled by the course of earlier pre-
Neogene structural lines of the immediate basement of the basins. The younger
and less consolidated the basement, the greater its influence on the Neogene struc-
ture, i. e. the more is the structure of the basement reflected in the structure of the
Neogene. Most powerful influence is exerted by structural elements which origina-
ted or were completed in the Neogene. Thus, for instance the part of the Vienna
basin with the Flysch basement has a far more complicated structure than the
portion with the Central Carpathian basement. The latter part shows in turn a more
complex structure where Central Carpathian basement is built up of younger
structural elements formed during the pre-Gosau, Laramide and Savian move-
ments than in portions built up of the pre-Gosau nuclear units. The portions of
the Danube basin with a most complicated structure and most persistent mobility
are also situated on the basement formed of younger pre-Neogene units as, e. g.
NW projections (continuations of Palacogene or Upper Cretaceous intermontane
basins) and the SE part of the basin underlain by the Central Hungarian Palaeo-
gene basin. The attitude of the principal central depression and the course of its
boundary faults in the East-Slovakian basin also coincide with the course of the
Inner Carpathian Palaeogene depression. The least complex structure is shown
by the Danube basin where, except for the above-mentioned parts, there are no
structural elements distinguished by extremely marked features and, especially,
large throws. This is due to a highly consolidated ancient (mostly crystalline)
basement.

The structure and development of the basins are also controlled, event though
to a less extent, by the deeper, often pre-Neoidic basement. But while the influence
of the immediate basement is direct, as will be shown in the following paragraphs,
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the deeper basement does not exert a direct control on the location of the structural
units. As was deduced by T. Buday (1961), the influence of deep structural
units is manifested first by the control of the location of the basin units in the
Carpathians and not by the control of their structures. Nevertheless, even an
influence of deep structures is suggested by some examples. Thus, for instance,
in the East-Slovakian basin the course of the ancient Hornad line appears to have
conditioned the west boundary of the basin and of the N—S structures which are
typical for this portion of the basin. The eastern margin of the Danube basin
is also affected by ancient N—S lines which can be traced northwards into the
Carpathians and to Hungary in the south. The fault-lines (e. g. Kravany fault
and others — J. Sene§, 1962) also swing to these directions.

The basement structures affect the faults of the Neogene infillings both directly
and indirectly. The direct control is scarcer; it occurs when on the ancient pre-
Neogene fault renewed in the Neogene times the movement continues and breaks
the Neogene formations. We do not know yet many examples illustrating this
case, owing to relatively few available data. A mere continuation of the Neogene
fault into the basement does not yet provide evidence of the pre-Neogene age of
the fault. As a basement fault continuing directly into the Neogene may be in-
stanced the Schrattenberg fault in the western part of the Vienna basin, faults
limiting the Brezova depression in SE against the Jablonice horst, faults in the
Upper-Moravian valley (Z. Roth, 1962) and numerous faults in the area of
Ostrava (J. Petrdanek, 1956; A. Jurkova —]. Zeman, 1962). The
movements may be of a concordant or reverse sense relative to the basement fault.
Thus, for instance, the original ‘‘Schrattenberg fault” had been of a reverse-fault
type, whereas the rejuvenated Neogene dislocation was of a normal-fault type.
In certain cases the sense of movements varies. This was observed particularly
at the ancient radial dislocations with a steep to vertical dip. The renewed move-
ments on these faults may lead to “rolling” movements of blocks whose sense
in the individual stages of the Neogene development may be varied. Z. Roth
records such cases from the area of the upper Morava valley. The sense of the dip
of the young rejuvenated fault is usually conformable with the inclination of the
original fault (this does not hold for the angle of dip). The faults of a reverse
dip may originate only when the basement fault is steeply, almost vertically
inclined.

The indirect influence of the basement faults has been ascertained far more
frequently. A transitional form between a direct continuation of the basement
faults into the Neogene basin fillings and the faults conditioned by the basement
faults conditioned by the basement structures is represented by the fault systems.
The fault-systems, i. e. systems of most closely spaced, parallel and interconnected
faults of a conformable dip chiefly originate at the boundary of two tectonic units
of the basement, which are separated from each other by the pre-Neogene faults.
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The differing mobility of the two basement units is generally manifested in the
first development stages by a fairly strong subsidence of the more mobile part
without the formation of a fault, or by an uplift of the basement block, particularly
when the pressure phenomena are active in the mountain range. Not until later,
when the movements last for a long period or are recurrent, do the faults originate
at the boundary of the two units also in the Neogene infilling. In this way,
complex fault systems develop above these boundaries which, for the most part,
are not a direct continuation of early basement faults, but are conditioned
by them. The mechanism of the development and the function of these faults
is extremely complicated. A good illustration of their development has been pro-
vided by the experiments described by M. Dlabaé (1960). The Steinberg
and Farsky fault systems in the Vienna basin, the Komarno and Hurbanovo fault
systems in the Danube basin a. o. are classed with this group of faults. Typical
examples of the origin and development of the Neogene faults influenced indi-
rectly by the dislocations in the basement are several transverse and diagonal
normal faults and sections of some major longitudinal systems which have an
anomalous course. Thus, for instance, in the Vienna basin a concentration of
transverse and diagonal faults of irregular courses and longitudinal faults swin-
ging to anomalous (NW to NNW) directions has been observed in the area
between Vacenovice and Senica— Jablonica region or between Podivin and Lak-
garskd Nova Ves. In these places, as seen from the analysis of geophysical data
and the structure of the margins of the basin, transverse tectonic lines (of the
Sudetic direction) run in the basement, particularly in the deeper portions of the
basement, whose mobilization in the Neogene induced the formation of these
dislocations. Analogous examples are to be seen in the continuation of this belt
in the Danube basin in the area of Trnava and Cifer (Z. Adam, M. Dlabaé¢
1961) or in the vicinity of the water-gap of the Danube near Bratislava.

In the referred cases it is not possible to identify a definite fault in the base-
ment, the less so its direct continuation into the Neogene, nevertheless, the de-
pendence of the origin and of the course of the Neogene faults on the tectonic
lines of the basement is unambiguous.

To the above-mentioned conclusions it is necessary to add that, especially in large basins
persisting from the beginning of the Neogene to the Late Pliocene, several structural levels may
also be generally distinguished in the Neogene basin infillings. D. Andrusov already
in 1938 demonstrated that, for instance, in the Vienna basin the Lower Miocene structural level
occupies a position of an independent basement unit towards ihe younger Torton-Panonian
infilling. The structural lines of the earlier Neogene basement of the younger basin control
apparently the development of the structure of the later Neogene, Their mutual stratigraphic
relations are governed by the above-mentioned principles.

The structure of the Neogene, being chiefly controlled by the faults of the
basement, is also affected, though to a minor extent, by other structural elements
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of the basement. The influence of non-tectonic basement structures till recently
has been rather underestimated and erroneously taken for the influence of the
basement relief, (e. g. M. Dlabaé —Z. Adam, 1956; ]J. Janoschek
1942, 1943, 1951). We must not forget, however, that even if the influence of mor-
phological elements of the basement (of the relief) is really undeniable if could
be exerted on a higher degree only if they were rejuvenated during the sedi-
mentation of the Neogene infilling. Otherwise, they were soon covered by newly
deposited sediments and their effect was more pronounced only in the basal layers.

As mentioned above, no earlier pre-Upper Cretaceous structural elements of the
basement, neither larger units nor individual folds are generally manifested in the
structure of the Neogene. Their influence is apparent only when they were clearly
marked in the relief (owing to the selective erosion and denudation), but in this
case they belong to the category of buried structures controlled by the relief.
In addition to the post-Middle Cretaceous fault- and block structures, mega-
siructures are conspicuous elements in the development of the Neogene structure.
Even if their formation was terminated (or in some cases began) in the Neogene,
it may be assumed that their foundations had been laid already before the Neogene
period, so that they controlled the distribution and development of the Upper
Cretaceous and Palacogene intermontane depressions. This feature was already
recognized by A. Matéjka and D. Andrusov (1931). If we adopt
Mahel's view on a strongly differentiated character of the Mesozoic Carpa-
thian geosyncline, the origin of these structures must be looked for in the first
stages of development of the Carpathian system in the Neoidic era. Their most
pronounced influence has been ascertained in the Danube basin where, for in-
stance, the Inovec and Tribe¢ megaanticlinoria continue beneath the Neogene far
towards the centre of the basin controlling the most marked block structures of the
area. The effects of the megastructures are more pronounced, however, on the
margins of the basins than inside them. They often separate the partial basins, too.

We have already mentioned in the introductory paragraph that the faults and
blocks bounded by them are the most marked and most widely distributed struc-
tural elements of the basins, which account for their tectonic style. The block
structure of the basins is generally very complex and has been recognized only
thanks to extensive geophysical and boring works. This complexity is due to
several factors, the most significant of them are as follows: The basement structure
mostly complicated, rejuvenated in different development stages of the basins with
different intensity; the strong mobility of the basin areas varying in intensity
(rhythmically changing) throughout the period of their development and, finally,
the structure developing concomitantly with the sedimentation.

A most enduring and marked influence on the structure of the basin and control
over its fundamental structural units is exerted by the basement structure, par-
ticularly by the units running parallel with the longitudinal axis of the basin.
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The function of other structural elements of the basement is rather of an episodic
character, but they do affect not only the formation of transverse or diagonal
faults and, consequently, the block units, but frequently also the course of major
faults. In every basin one principal direction and corresponding principal block
units are well recognizable besides less conspicuous but distinct one or more
subordinate directions. These are sometimes manifested by a mere curving (undu-
lation ?) of the axes of the main units, sometimes give rise to independent block
units of the second order, either in horizontal or in vertical direction.

A long-termed mobility of basins whose intensity cyclically varied is reflected
in the variability of the function of the main structural elements. The activity
of the faults may in some stages have come to a standstill to be renewed in the
subsequent phases. In this way the vertical diversity of the fault systems has
developed. The change in the intensity of movements is also influenced by the
areal factors. The maximum mobility of individual parts of the basin falls in
different periods of time. From this the changes in the significance of the struc-
tural elements in different parts of the basin result. The influence of varying
mobility is most pronounced at the secondary (transverse or diagonal) faults.
They acted more intensely only in stages of an extraordinary tectonic unrest
(e. g. at the strong folding when deeper or more consolidated elements of the
basement were mobilized). Otherwise they remained at rest for a long period.

The third factor is represented by the syngenetic development of the fault-
structures with the sedimentation. The significance of the syngenesis, for the
Vienna basin in particular, has been emphasized chiefly by J. Jandéek
(1955). In the periods of intensive, differentiated subsidence the movements took
place along a great number of faults differing in strike, simultaneously with the
sedimentation. It is apparent that the intensity of subsidence was not the same
in all the faults. As deduced already by ]J. Janaéek (1955), as a result of
the syngenesis, faults of different strikes acting contemporaneously and not
disturbing one another but splitting or coalescing, prevail in the structure of the
Neogene basins. In some periods, especially when the mobility was of a lesser
intensity, only one system may be in function which disturbs the others post-
genetically. The younger faults acting either syngenetically or post-genetically
disturb the faults of the preceding cycle postgenetically.

The above-mentioned factors account for the unusually complex and apparently
chaotic picture of the fault-structure of the basins. The structure is distinguished
first by a certain degree of plasticity, the uneven course of faults and structures
bounded by them and the complexity of faults which are mostly arranged in
systems of interconnected dislocations of a variable strike (in general, not in
detailed direction), dip and amount of throw. This variability can be observed
both along the strike and in the vertical direction. Owing to the syngenesis, the
main structural units differ also in the thickness and facies of sediments which
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change abruptly on the boundary of two units. This rule is valid only as far as
a structural unit of one structural level is concerned. The conditions in the lower
level may be substantially different. Thus, for instance, in the LuZice-Mikulcice
area in the Vienna basin the Tortonian-Pliocene horst of Hodonin—Gbely with
a minimum thickness of sediments is underlain by the Lower Miocene depression
with a maximum thickness of deposits.

In spite of a considerable complexity of the structure great irregularities
in the course, development and significance of the course, development and sig-
nificance of the structural elements, the longitudinal direction is typical and most
pronounced in each of the basins. The longitudinal structural elements are most
constant horizontally and vertically and, as a rule, serve as a basis for the tectonic
differentiation of the basins. Other directions are manifested only occasionally
as independent structural units. Their influence is apparent more frequently in the
inner differentiation of the longitudinal units, in changes of their distinctness,
their course a. s. 0. They can be traced over the basins of larger areal extent only
occasionally. Their primary importance consists in that typical brachystructures
were developed at the crossings with the longitudinal faults. The brachystructures
are extremely significant due to the bitumen deposits which accumulated there.

In conclusion we may state that typical structural elements of the Carpathian
Neogene basins are the block structures bounded by complex and variable (in
strike and vertical direction) syngenetic normal faults. These are conditioned to
a large extent by the structure of the basement and by the revival of movements
along the basement tectonic lines during the Neogene development of the moun-
tain range. This does not mean, of course, that the sediments filling the basins
are not disturbed by faults whose origin is not unambiguously connected with the
basement structure or that no other structural elements occur in the Neogene
filling. The most important and most typical for the Carpathian Neogene basins
are however, the above referred structures which control the style of the basin
structures.

The genesis and classification of the fault-structures of the Neogene basins
provide a field of intricate problems which cannot be exhausted in a short account.
The question of these fault structures has not been recently investigated in detail
by our geologists, except for several studies by M. Dlaba¢ and Z. Adam
(1956), M. Dlabaé¢ (1960) and J. Janaéek (1955). It will be the
task of further studies to elucidate the mutual relations between the earlier and
later structural elements, explain in detail the genesis of individual fault types
and accomplish the classification of different types of fault- and block structures.
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TIBOR BUDAY

COMMENTS ON THE PROBLEMS OF THE FOLDING PHASES
IN THE NEOGENE OF THE WEST CARPATHIANS

The Neogene period is the second principal stage of folding of the West Car-
pathians. The centre of the folding process in the Neogene were the outer
Carpathians whose fold- and nappe-structure originated and developed at that
time. During the Neogene the intensity of the folding movements on our territory
gradually decreased and the phases evidenced as occurring during the Upper
Miocene and Pliocene in the East Carpathians are no more manifested here by
the origin of fold deformations. Every folding phase, however, manifests itself by
tectonic movements not only in the zones directly atfected by folding (in the
centres of folding, i. e. in the Outer Carpathians), but also in other tectonic units
of the mountain range. The nature of these movements varies, but for the most
part does not have the character of folding. In this brief account a detailed analysis
of all problems of the folding phases in the Neogene cannot be presented. Here we
shall present only a few comments bearing firstly on the manifestations of folding
in different parts of the range and, secondly, on the correlation of the established
phases with the orogenic phases defined originally by H. Stille.

We think it necessary to say in advance that we do not use the term “mountain-
building (orogenic) phase”, as this term does not give a true picture of the
processes involved. The mountain-building movements, i. e. the uplift and for-
mation of the mountainous massifs can in the main be of another type, having
a character of vertical movements without the co-operation of folding phenomena
(see for instance ' A. A. Bogdanov, 1961). We designate as a folding phase
an interval of time during which the pressure phenomena show themselves in the
mountain range or in some of its segments by the formation of fold structures
(even if their intensity and form differ) or by other structures produced by the
pressure phenomena. Thus, we do not consider as a manifestation of folding phases
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the interruption of sedimentation, stratigraphic hiatuses or weak unconformities
when their association with the folding or other structures called forth by pressure
phenomena cannot be evidenced.

The manifestations of the folding phases in the mountain range can be very
diverse. A detailed analysis of the development of the Neogene basins, their
structure, lithology and palaeogeography enabled us to define with a comparative
precision the forms of folding manifestations outside the folding centre proper.
These relations have been partly solved in a paper in 1961 (T. Buday, 1961).
Here we shall give only a short characterization of processes and structural forms
originated in connection with the individual phases of folding.

It holds good generally that a phase of folding manifests itself in a segment
of the mountain range by the most varied types of processes occurring throughout
the segment. Analogously, also the effects of folding phases taking place in ad-
joining segments can be recognized.

The phase shows itself by folding movements leading to a complex fold- and,
frequently, nappe structure firstly in the marginal units of the Outer Carpathians,
namely in the marginal unit of the Outer Flysch (i. e. in the marginal unit at the
respective time interval) and, partly, in the foredeep. Towards the inner side
of the mountain range the folding dies out. In the interior units of the Outer
Carpathians (including the basins belonging to them) it is expressed by a weaker
folding and the origin of thrust-structures (mostly with a retrograde vergency).
In the Central Carpathians, the megastructures are formed and emphasized and
fault structures are induced or renewed during the phase of folding. The fold
structures are completely absent above the median mass i. e. above the innermost
units, where only vertical movements take place. In the main, the alpinotype
structures pass into medio- to germanotype structures in the direction towards
the inner side of the range. But every phase shows itself unconditionally by move-
ments called forth by the pressure phenomena, i. e. by the uplift, cessation of the
subsidence of the basins or, in extreme cases, by a maximum retardation of sub-
sidence. It has not been observed anywhere that a strong subsidence would occur
simultaneously with the phases of folding, as presumed for instance, by E. Va-
dasz (1954), E. Szddecky —Kardoss (1938) a. o. The formation or
rejuvenation of earlier faults in the basement falls generally in the period distin-
guished by the folding processes. But the main subsidence-movements along these
faults take place in the periods which are not characterized in the mountain range
by pressure phenomena.

On the basis of the results of investigation of the Carpathian Neogene basins
the following sequence of movements may be inferred as occurring in the cycle
between two phases of folding: In the periods distinguished in the Outer Car-
pathians by folding, the subsidence of the basins comes to an end, the whole basin
or its higher structural units, at least, are uplifted and the sedimentation is com-
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pletely or partially interrupted. In this stage the fault lines mostly develop by the
mobilization of the ancient structural lines of the basement. In the phases of
strong intensity transverse fault lines are also formed. Along these faults vertical
movements (uplifting of blocks) occur chiefly, horizontal displacements take
place subordinately, particularly in the vicinity of the folded marginal units. After
the dying out of the pressure the whole mountain range begins to sink slowly.
The mobile parts are the first to subside and the intensity of the movement
increases with time. A new transgression gradually sets in to deposit sedimentary
formations of a prevalently monotonous facies throughout the basin. The sub-
sidence movements progressively grade into synsedimentary subsidence move-
ments, which become differentiated after the individual blocks and are accom-
panied with the sedimentation differentiated in facies and thickness. The arrival
of a new folding phase begins with the accentuation of the differences in the
intensity of movements of the individual blocks owing to a progressive cessation
of the movements of some of the blocks. The subsidence is gradually confined
to the most mobile blocks whose movements also slow down. The differentiated
sedimentation is substituted by the infilling of the remaining parts of the basins
and by the development of lagunar sediments (variegated and often coal-bearing)
of a uniform facies in the remaining part of the basin.

This sequence of movements may be reconstructed in all the Carpathian basins. The Middle
Miocene of the Vienna Basin may be given as an instance. The so-called Later Styrian folding
movements (after H. Stille) leading in the marginal part of Carpathians in Moravia to the shifting
of the Zd4nice unit on the foredeep are represented in the interior part of Carpathians by the
uplift and regression of the sea. The developed megasynclinoria are gradually invaded by the
Lower Tortonian sea, which deposited at first very shallow and marginal facies and later the
sediments of the monotonous Tegel facies. Towards the end of the Lower Tortonian the monotonous
Tegel facies passes into sediments of the upper Lower Tortonian whose facies and thicknesses
are strongly differentiated according to individual blocks (brackish and variegated, coal-bearing
Lower Tortonian). Towards the end of Lower Tortonian a new folding occurs in the marginal part
of the Carpathians in Moravia leading again (especially in the Ostrava area) to the overthrust
of frontal nappes on the foredeep. Simultaneously, the sedimentation is interrupted in almost
the whole basin, being preserved occasionally in the variegated facies in the remaining depressions.
The higher block units yield to heavy denudation. A strong rejuvenation of faults particularly
of transverse directions occurs; megaanticlines and the megasyncline of the Vienna Basin (in
a stricter sense) are formed. At the onset of the Upper Tortonian (in the zone of the ,Agglu-
tinantia) a progressive transgression begins and several hundred metres thick monotonous
sediments are deposited. In the upper zones of the Upper Tortonian (in the Bolivino-Bulimina
and Rotalia zones) strong spatially differentiated subsidences commence. Towards the end of the
Tortonian the sea withdraws again and the sedimentation of the variegated facies is limited
to the deepest portions of the basin.

From the above it follows that the folding phases can be ascertained on the
basis of the folding movements manifestations in every area of the mountain
range. But it is not enough to establish the change of facies (presence of conglo-
merates a. 0.), cessation of sedimentation, minor unconformities etc., since analo-
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gous phenomena may also occur, though not on a regional scale, in the period
intervening between the folding phases, just when the movements differentiated
according to individual blocks are active. Hence, the folding phases may be safely
identified only when a regional character of the above-mentioned phenomena or
a contemporaneous folding in some mountain unit may be evidenced.

The establishment of folding phases and their correlation are rendered difficult
by the fact that the phases are not contemporaneous in all parts of the mountain
range. Therefore, the connection of ascertained movements with the phases cannot
always be unambiguously established. As shown by the writer (T. Buday,
1961), the migration of the Neogene folding phases and the changes of their
intensity in different parts of the Carpathian range is quite definite. We do not
think it necessary to repeat here the conclusions and examples quoted in the paper
referred to. But it must be emphasized that due to this fact, in determining the
phase, larger sections, at the best, the whole segment is to be taken into consid-
eration. The circumstance that owing to the migration and different intensities the
phases can manifest themselves in different parts of the mountain range differently
frequently leads to the denial of the existence of phases and to the views on a per-
sistent unrest or on a continuous folding process. It is evident that in the migration
of phases, which proceeds from the west to the east, the typical manifestations
of a phase may be in the west recognized already at the time when in the east
it still has a typical subsidence regime. In our opinion the question of primary
importance is not whether the phases are simultaneous in the whole mountain
range or not, but whether the folding phases separated by periods of rest actually
exist. In solving this problem we must not omit the factor of space. Taking into
consideration an area limited for instance to one segment of the mountain range,
the existence of folding phases separated from each other usually by fairly long
time intervals without the manifestations of pressure phenomena is undisputable.
If we bear in mind, however, for example the whole range of the Alps or even
larger units, we can hardly speak justifiably about periods in which the pressure
phenomena, i. e. folding, are not shown in the range defined in this way. There-
fore, we believe that whatever phase of folding is defined, it is necessary to specify
the region considered and correlate the time of folding precisely with the strati-
ghraphic time-table. From this point of view it would be probably more convenient
to abandon the long-used terms introduced by H. Stille, or complete them, with
an exact specification of the time of folding.

In our opinion the time oscillations in the course of the Neogene phases do not
affect the validity of the principle of the existence of folding phases in the devel-
opment history of the Earth. From the point of view of longer intervals of time the
Miocene Period, in which the main Neogene phases occur, is comparatively short.
The far longer Palaeogene Period was far calmer than the Neogene and did not
produce in the range any new structural elements of the first order. As far as the

124



tectonic significance is concerned, the Neogene may be compared with the Middle
Cretaceous when a whole series of folding movements gave rise to new structural
units of the Carpathians. We think, therefore, that in discussing whether it is
justifiable or not to speak about the existence of folding phases, we must take
into account not only larger areal units but also longer periods of time. As a third
criterion for the existence of phases in this broader sense we regard the signifi-
cance of structural changes which they brought about. The action of a series of
folding phases concentrated in one geologically relatively short period results in
the formation of new structural elements of a higher order. Thus, in the Cretaceous
phases the alpinotype folding of the Central Carpathians took place and the
Flysch geosyncline developed. In the Neogene phases this geosyncline was folded
and Flysch nappes and Neogene basins were formed. Every major period distin-
guished by the folding of large units is characterized by a series of partial move-
ments. We regard the individual Neogene phases as the partial phases of this
very kind. It is conceivable that the determination of partial phases is based on
the same criteria as the establishing of the main phases, conformed only to a shor-
ter interval of time, smaller areas and structural changes of a lower order.

From the above-stated it may be concluded that it would be convenient to
introduce a classification of phases or folding processes based on the analysis
of the effects and the course in time and space of the Neogene phases. It would
be possible, for instance, to determine the epochs of folding divided into the groups
of folding phases which in turn would be subdivided into the individual phases
of folding. In this sense all Neogene phases would constitute the epoch of Neo-
gene folding divided into the: Lower Miocene group (Stille’s Savian phase)
Middle Miocene group (Stille’s Styrian and Moldavian phases) and Pliocene
group (Attican and later phases according to Stille). These groups would be sub-
divided into singular phases actually established in the respective segments of the
mountain range and determined on the basis of the abovementioned criteria. An
established phase, of the lowest rank ought to be valid for one whole mountain
segment, where the differences in time of its manifestations should not justify
its affiliation to another phase. This concerns, for example, the relations between
the latest Styrian and Moldavian movements according to Stille. Namely, an
analysis of the conditions suggests that the Moldavian movements represent in
fact a manifestation of the latest Styrian phase, which in W occurs at the Lower
Tortonian-Upper Tortonian boundary, whereas in E not until in the upper part
of the Tortonian. Analogous relations have also been ascertained between the
earliest Styrian and latest Savian movements in the Carpathian foredeep in
Austria, Moravia and Poland.

The existence of all significant Neogene phases or groups of phases determined
by H. Stille has been in the main corroborated by most recent investigations.
Only the time of their occurrence and the effects which they produced in the
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structure of the mountain range have been defined with a greater precision.
The principal result of recent investigations is a more exact recognition of the
complexity of phases and the definiton of structural changes which they brought
about. The result have been given in greater detail in the paper by T. Buday
(1961) and we do not think it necessary to repeat them here.
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JAN SENES

CHRONOLOGICAL POSITION OF SYNSEDIMENTARY TECTONICS
IN THE SEDIMENTARY CYCLE

The synsedimentary fault — movements played an important role in the
paleogeographic evolution of the West Carpathian Tertiary basins effecting both
the thicknesses and facial differences of the sediments of individual tectonic
blocks. These movements caused the difference of thicknesses of some Neogene
deposits of certain tectonic blocks in Eastern Slovakia as well as the facial
variability of Podunajskid nizina Eocene and intermittent subsidence with the
formation of lignite coal deposits of Podvihorlatsk4 territory. Moreover seems
probable that the synsedimentary movements effected also the distribution of the
volcanic activity (Sene§ 1956, 1957, 1960). The investigation of the Podunaj-
ska niZina eastern margin Paleogene contributed also other valuable informations.
They have shown a certain, perhaps also a ruled connection between these mo-
vements and culmination periods of the sedimentary megacycles.

In the Paleogene of the recent Podunajski nizina lowland three sedimentary
cycles were distinguished. They began by the fluviolimnic and brackish sedimen-
tation, culminated by the formation of neritic or bathyal deposits and terminated
by the gradual filling of the sedimentation area, or instead by the sudden break
of the marine environment due to some active alpine-type orogenic movements
reflected also in this marginal area of the epicontinental zone.

Concerning the structure of the disscussed area it is exclusively of fault-type.
The area is dissected by faults into rectangles with the NW orientation. The
amplitude of some faults reaches up to 300 m; amplitude of the regional fault
separating the Eocene from Pliocene and forming probably also the western
boundary of the Gerecse Mts. (Kravany—Hron fault line) reaches 1000 m.
The fault tectonics in some periods had synsedimentary in other postsedimentary
character. The synsedimentary movements effected mainly the facial development
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Cross — sections throuzh the eastern part of th: Podunajski niiina Pa-
leogene — (crossing the “O” and “M" drill-holes) showing the change
of sediments thickness durinz the culmination of transgressions within parti-
cular sedimentatry cycles as well as the facial changes due to the synsedi-
mentary effect of faults. 1. Mesozoic basement (Dachst:in limestone, Haupt-
dolomit, Liassis Ammonites limestone and Cretaceous sandstonz); 2. Creta-
ceous or Paleocene continzntal detritic sequence; 3. Ypressian (Lower Lute-
trian ?) coal — bearing sequencz; 4. Lower Lutetian (Upper Ypressian ?)
marine Turitella clays; 5. Lower Lutetlan (Upper Ypressian ?) marine Turi-

tella clays and coral sandstones partly substituting the Turitella clays,
(Sequences 4 and 5 originated during the synsedimentary fault activity);
6. Upper Lutetian variegated, fluviolimnic, brackish and marine sediments;
7. Upper Lutetian, organogene limestones, sandstones and marls; 8. Upper
Lutetian — Priabonian biotite horizon; 9. Priabonian organozene limestonzs
and marls, (Sequences 7, 8, 9 originated during the synsedimentary fault
activity. Due to the denuded Priabonian the changes in thickness on given
cross-szction are visible only at the N° 7 sequence); 10. Lower Rupelian,
brackish and marine coal — bearing sediments; 11. Rupelian, Foraminifera
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clays (s. c. Kiscell clays) neritic to bathyal; 12. Aquitanian, marine, sandy
clays, and regressive brackish sequences, (Sequences 11 and perhaps also
13 originatzd during the synsedimentary fault activity. Due to the post —
Aquitanian denudation period thickness changes are reconstructable only in
the N° 11 sequence); 13. Pliocene gravels and clays (Pontian); 14. Quater-
nary. D1 Post — Lover Lutetian denudation surface appearing only locally
on the formerly raised blocks; D; Post — Priabonian denudation period.
Faults marked with roman numbers coincide with marking of faults in the
tectonic map.




and the thickness of sediments while the postsedimentary movements caused
the division of the area into distinctly lifted and thrown blocks. Consequently
during the periods of denudation the movements effected the preservation and
retransportation of sediments. In the abovementioned area the following faults
may be further distinguished: the faults of one single synsedimentary or post-
sedimentary movement, faults with heritable repetition of movements and finally
the faults which were active in one part earlier in the other later.

Basing upon the detailed correlation of particular Paleogene horizons of this
district (according to drill-core material; Sene§ 1960) not only the detailed
tectonics but also its age, periods of recess, periods of revival as well as the inverse
movements of the individual fault lines have been determined. The cross-sections
have shown a great variability of the thicknesses and in same places also of the
facial development of contemporaneous sediments located in particular often neigh-
bouring tectonic blocks. Consequently we were able to collect the detailed data
about the geotectonic development of this district in Paleogene and then demon-
strate certain rules existing between the movements of different character on one
and the phases of sedimentary cycles on the other hand. .

Qualitatively different fault-movements demonstrate the periodical repetition
of mobility within the frame of particular sedimentary cycles-the fact stated should
seem rather natural while every transgression and regression especially their
cyclicity is the consequence of the cyclicity of tectonic movements. It was not
natural however or little was known about the fact that the particular types
of movements appear always in connection with particular phases of the sedi-
mentary cycle. It has been learned that during the Neogene three phases of new
fault movements have existed. Their effect has been synsedimentary and post-
sedimentary, the former ones remained acting as herited fault-lines with repeated
movements along identical directions. The main periods of fault formation appear
always at the beginnig of the sedimentary cycle i. e. at the basis of Ypresian —
Lower Lutetian, Upper Lutetian — Priabonian and Oligocene — Aquitanian
cycles.

The movements had the following features:

I cycle: a) Still before the deposition of basal fresh-water Eocene sequence
(Ypresian — Lower Lutetian) probably during Paleocene certain parts of the
basement Mesozoic and continental sequence were lifted, faulted. The beds with
greatest thicknesses of basal continental detritus were preserved or rather accumu-
lated in the deeply thrown blocks.

<

Tectonic map of the Obid-Muzla Sector of the Podunajski niZina eastern part. 1 — Post-
Priabonian faults; 2 — Post-Aquitanian faults; 3 — The dip orientation of particular blocks.
Roman numbers (order of faults) correspond with the numbers in cross-section. At the side
of each faults their amplitude is marced in arabic numbers.
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b) During the formation of coal-bearing and brackish deposits the subsidence
along the marginal faults started — the transgression involved the undivided-
uniform depression. There was a uniform development of sediments.

c) At the period of the transgression culmination (the deposition of Turitella
marls and coral sands) the activity of the internal basin faults was rejuvenated
and led to the formation of sediments with facial differences and variable thick-
nesses in the respective blocks.

II cycle: a) Swift revival of the I** cycle faults and the upheaval of nearly
the whole territory especially of the marginal areas at the Upper and Lower
Lutetian boundary. The creation of new faults.

b) Undifferentiated, uniform epeirogenic subsidence of the whole territory. The
sedimentation of fresh-water, brackish in some places also coal — bearing
deposits. ’

c) Differentiated subsidence and synsedimentary movements along the inter-
nal fault — lines at the end of Upper Lutetian and mainly Priabonian, sedimen-
tation of organogene limestones and sandstones but Bryozoa marls during the
culmination of the transgression.

IIT cycle: a) The revival of the old faults and the formation of new fault-
lines after the upheaval in the period between Priabonian and Oligocene, denuda-
tion and peneplainization of the relief, according to which e. g. the eastern part
of the Obid depression the complete Priabonian was denuded.

b) In general undifferentiated gradual subsidence, the formation of brackish
and coal — bearing sediments at the Oligocene basis.

c) Synsedimentary movements along the existing faults, differentiation of the
speed of subsidence at individual blocks separated by faults, sedimentation of
bathyal Foraminifera clays (s. c. Kiscel clays) of variable thickness at the parti-
cular blocks.

Analyzing the disscussed faulting activity the following may be concluded:
differentiated synsedimentary fault — movements are dependably related to the
culmination of transgressions. This fact is evident at the first Eocene sedimentary
cycle of the Lower Lutetian at the second cycle of Priabonian and at the Oligocene
cycle by the Kiscel clays deposition. The beginning of the transgression happened
in contrast to the former always in close connection with the general epeirogenic
and thus undifferentiated negative movements with no synsedimentary activity
of the faults. (E. g. fresh-water Ypresian-Lower Lutetian sediments, basal Upper
Lutetian deposits, Oligocene coal-bearing and sandstone complex.)

The question is however wheather that fact may be regarded as a law
of tectonic mobility in connection with the sedimentation areas development
and in relation to the particular transgressional phases. The further question
is whether the facts stated are characteristic only for the marginal epicontinental
areas or wheather they involve the geosynclinal areas too; then what is the reason
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Relations of Synsedimentary Fault Movements to the Culmination of Transgressions of the Podunajskd niZina Paleogene
J. Senes 1962
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of differentiated movements of the sedimentary bottom areas just at the period
of transgressional culmination. Whether this fact is the result of the loading
of sediments or that it rather depends exclusively upon the geomechanic agents
in connection with the cyclicity of the movements during the basin development.

It should be the aim of the further investigations to verify or overrule the
general validity of the relations between the synsedimentary fault — movements
and the periods of transgressional culminations.

Translated by |. Kovdcik
D. Stur Institute of Geology,
Bratislava
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Geologické prace, Zpravy 28. Bratislava 1963

MIKULAS DLABAC—~MILAN MORKOVSKY

EINIGE BEMERKUNGEN ZUR TEKTONIK DES NEOGENS
DER DYJE—SVRATKA SENKE UND DER SENKE
VON VYSKOV

Einleitung

Im siidlichen Teil der Karpatenvortiefe wurde in den letzten Jahren
im Rahmen der Aufsuchung von Erdél- und Erdgaslagerstitten ein ausgedehntes
bohr- und geophysikales Messprogramm durchgefiihrt, welches unter anderen
ermoglichte auch einige tektonische Beziehungen und Schliisse weiteren Wirkungs-
bereiches zu ziehen. Im besprochenen Gebiet wurde ein Netz von Flachbohrungen
(Cf) bis zu einer Tiefe von 300 m und 18 Strukturbohrungen 600 m durch-
gefiihrt, welche den Bau des Neogens verfolgten und die Konstruktion einer
Strukturkarte der Basis des Oberhelvetes ermoglichten. Eine Reihe neuer Tief-
bohrungen, wie: Hrugovany, Novosedly, Pouzdfany, und von den &lteren Paso-
hlavky, Vranovice u. a., trugen zur Kldrung des vortertidiren Reliefes und der
Losung der Beziehungen zwischen Relief und neogener Tektonik bei. Von geo-
physikalischen Arbeiten wurden 'im beschriebenen Gebiet Messungen fast aller
bekannten Disciplinen durchgefiihrt, welche durchwegs geologisch gut interpre-
tierte Unterlagen lieferten. Zur Bestimmung des vortertidren Reliefes wurden
reflektions-seismische Fichermessungen, Gravimetrie und geoelektrische Mes-
sungen beniitzt. Schliesslich wurde der neogene Bauplan und der Verlauf der
Neogen— Mesozoikum, resp. Neogen— Kristallin-Grenze durch zahlreiche refle-
xions-seismische Profile ergénzt.

Tektonische Gliederung

Eine detailierte Gliederung der neogenen Vortiefe kann in erster Linie vom
vortertidren Relief (sieh Abb. No. 1) abgeleitet werden, von welchem der
eigentliche Bau des Neogens direkt abhingig ist. In diesem Sinne haben
M. Dlabaé¢ (1946), E. Veit (1953) u. a. ein Oberhelvet- und ein
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Torton-Becken ausgeschieden, welche in der Senke von Vyskov durch einen
begrabenen Riicken (Zidlochovice—Drazovice Riicken, V. Homola, 1961;
Slavkov—Té&sin Riicken, M. Dlabaé, 1962) voneinander getrennt sind. In
der Querrichtung ist der siidliche Teil des Beckens durch die Griben von Vrano-
vice, Nesvacilka und Budovice-Rousinov (V. Homola, 1961) geteilt. Die
quergerichteten Elevationsziige sind weniger markant und machen sich eher
als breite Schollen bemerkbar. Auf die Existenz von Querelevationen hat als
erster T. Buday (1960) aufmerksam gemacht. M. Dlaba¢ (1962) unter-
schied im siidlichen Beckenteil den Hodonicer Riicken, die Miroslav-Mugover
Querelevation, sowohl wie die Zelesice— Ménin Querelevation.

In der Vyskover Senke hat der begrabene Lingsriicken einen parallelen Verlauf
mit dem heutigen Rand der Bohmischen Masse, an welche sich hier das Torton-
becken angliedert. In der Dyje—Svratka Senke, siidlich des Nesvacilka-Grabens
und noch ausgeprigter siidlich des Vranovice-Grabens, weicht der Slavkov—Té&si-
ner Riicken vom Rande der Bohmischen Masse ab und nimmt schliesslich bei der
oesterreichischen Grenze eine N—S Richtung an. Es ist bemerkenswert, dass die
eigentliche tortonische Vortiefe mit der michtigeren Ausfiillung des Tegels dabei
in groben Ziigen die gleiche Breite wie in der Senke von Vyskov bewahrt. Siidlich
des Nesvaéilka-Grabens reicht iiber den Riicken noch Oberhelvet (karpatische
Formation, Laaer Schichten), Helvet s. s., resp. Burdigal bis zum Rande der
Bohmischen Masse hinweg. NO von Znojmo bildet das tiefere Miozdn ein
Teilbecken von Mackovice.

Den Slavkov—Tésiner Riicken kann man bis zur dsterreichischen Grenze ver-
folgen. Von S nach N kann man auf dem beschriebenen Gebiet die Teil-Eleva-
tionen von Novosedly, Musov, Ménin, Kienovice, Slavkov und DrazZovice unter-
scheiden. Diese Teil-Elevationen haben im Neogen meist die Form von
unregelmissigen Kuppeln iiber begrabenen Bergen. Lings des Westrandes des
Lingsriickens ldsst sich in der Dyje— Svratka Senke der Dyje-Bruch mit einem
westlichen Einfallen verfolgen. Die tortonische Vortiefe ist hier an der gegen-
iiberliegenden Seite zum Teil durch den &stlichen Mailberger Bruch begrenzt.
Zusammen mit dem Dyje-Bruch bildet er den tektonischen Graben von Drnholec
(Abb. No. 2.). Der parallelverlaufende und gleichgesinnte westliche Mailberger
Bruch verliert auf unserem Gebiet an Sprunghéhe und klingt bald aus. Von
Teilbecken der Tortonmulde kann man ausser des erwidhnten Grabens von
Drnholec auch in der Senke von Vyskov die Depression von Holubice und Vyskov
erwihnen. Schliesslich verdient noch der antitetische Pravicer Bruch erwahnt
zu werden, welcher gegen Osten das Mackovicer Teiltief begrenzt. Das Anzeichen
eines Horstes zwischen den Mailberger Briichen und dem Pravicer Bruch kann
man mit einem #usseren Wall parallelisieren, der gegen Westen die Tortonvortiefe
in der Senke von Vyskov begrenzt und sich weiter nérdlich auch durch einen von
Torton begrenzten Inselzug von Unterkarbonaufschliissen bemerkbar macht.
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Abb. 1 — Tektonisches Schema der Dyje—Svratka Senke, Erkldrungen: 1. Linie des heutigen
Beckenrandes; 2. Strukturlinien der Tertiir-Basis; 3. Strukturlinien der Basis des Oberhelvets;
4. Bruchlinien; 5. Bohrungen.
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Abb. 2 — Geologische Profile (No. 1 u. 2) im Raume des siidlichen Endes des Drnholec-Grabens. Erkldrungen: 1. Kristallin der Bohumi-
schen Masse; 2. Jura (Malm); 3. Autochtones Oligoziin; 4. Untermioziin (Pelitte, klastische Sedimente); 5. Oberhelvet; 6. Untertorton-Tegel;
7. Untertorton — Schotter u. Sande.




Lingsbriiche

Einen Bruch, der Torton vom Helvet abgrenzt, erwihnt in der Vyskover Senke
zuerst A. Sob (1940). In der darauffolgenden Arbeit zeichnet derselbe Autor
(1941) diesen Bruch in der Karte und verlingert ihn gegen Siiden bis Zidlo-
chovice. Durch Bohrarbeiten wurde spiter ein bruchloser SO Rand der Torton-
vortiefe bei Drazovice (M. Dlabaé¢, 1946) und bei Slavkov (M. Mof-
kovsky, 1962a) bewiesen. Siidlich von Telnice bis Pasohlivky konnte
hingegen ein Bruch durch zahlreiche Strukturbohrungen verfolgt werden (M.
Motkovsky, 1962). Auf Grund neuester Bohrungen und geophysikalischer
Messungen gelang es schliesslich denselben Bruch bis zu der osterreichischen
Grenze zu verfolgen und hier an den von E. Veit (1953) angefiihrten Bruch
anzuschliessen. Den Namen Dyje-Bruch, den zuerst M. Vas§iéek (1951)
anfiihrt, wollen wir auch weiterhin fiir diese bedeutungsvolle Stérung beibehalten.
Der Bruch hat eine karpatische, d. h. NNO—SSW Richtung mit westlichem
Einfallen. Die Sprunghohe ist verinderlich, im siidlichen Teil bei Pasohlavky
100—120 m und verringert sich gegen Norden in der Umgebung von Ménin
auf 40 m, um schliesslich im Gebiet des Nesvacilka-Grabens vollig auszuklingen.
In der Sprunghche ldsst sich ein gewisser Zusammenhang mit der Machtigkeit
der tortonischen, resp. untermiozinen Beckenfiille feststellen. Der Bruch grenzt
durchwegs Pelitte des Untertortons in der Tiefscholle von basalen Tortonschottern,
resp. Sedimenten des Oberhelvets der Hochscholle ab.

Auf Grund der missig zunehmenden Michtigkeit der basalen Schotter in der Tiefscholle,
setzen wir eine synsedimentire Funktion des Bruches zu Beginn des Untertortons voraus. Auf ein
untertortonisches Alter weist auch die erhaltene bedeutende Michtigkeit des Tegels bloss in der
Tiefscholle hin. Schliesslich kann auch der Umstand, dass der Bruch auf eine Entfernung von
35 Km das eigentliche Tortonbecken begrenzt, gewissermassen als Beweis seines tortonischen
Ursprungs angesehen werden, Die Bohrergebnisse, sowohl wie die geophysikalischen Messungen,
zeugen dafiir, dass der Bruch auch das Liegende des Neogens, d. h. das Mesozoikum, und zum
Teil im Bereich des Vranovicer Grabens auch das Oligozin, versetzt.

Der Dyje-Bruch hat meist eine geradlinige Richtung. Bloss im Bereich der
Elevation von Novosedly und MuSov macht sich eine Ausbuchtung nach Westen
bemerkbar. Diese Ausbuchtung, sowohl wie die Abhingigkeit der Sprunghohe
von der Michtigkeit der tortonischen Beckenfiille, zeugt auf eine tektonische
Sukcession des Bruches in Beziehung zu den begrabenen Riicken.

Die fiir den Bau des Gebietes wichtigen Mailberger Briiche setzen aus dem
Raum westlich Hevlin auf tschechoslowakisches Gebiet fort. Dieser Doppelbruch
hat einen syntetischen Charakter, d. h. ein &stliches Einfallen. Seine Sprunghdhe
verringert sich von cca 700 m auf dem Gebiet von Oesterreich auf 250—100 m
in der CSSR.

Den Mailberger Bruch stellt (laut E. Veit, 1951) auf oesterreichischem Gebiet zuerst auf
Grund von Gravimetrie B. Kunz (1943) fest. Er trennt hier die Sitzendorfer Hochscholle
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mit einer Neogenmichtigkeit bis 400 m und Kulm im Liegenden von der eigentlichen Tiefscholle
mit iiber 1000 m michtigem Neogen. Der Bruch verlauft im Siiden fast geradlinig und ist ver-
lasslich durch Reflexionsseismik und an einigen Stellen auch durch Bohrungen festgelegt (Abb.
No. 1).

Sowohl in Oesterreich wie auch auf dem Gebiet der CSSR gliedert sich der
Bruch in einen 6stlichen und einen westlichen Zweig. Der Gstliche Mailberger
Bruch verliert schon auf dem oesterreischischen Gebiet an Sprunghéhe, klingt
an der Staatsgrenze vollig aus und setzt erst siidlich von Hrujovany n/Jev.
wieder an. Hier begrenzt er abgesunkenes Untertorton vom Oberhelvet der Hoch-
scholle. Nérdlich von Hru$ovany nihern sich beide Aste, wobei die gemeinsame
Sprunghdhe cca 200 m ausmacht. Weiter nordlich macht sich eine deutliche
Abzweigung bemerkbar und der &stliche Ast nimmt eine NO Richtung an. In wei-
terem Verlauf wichst die Sprunghohe dieses abgezweigten Bruches auf minimal
230 m an, was die Michtigkeit des Untertortons auf der abgesunkenen Scholle
in der Bohrung Cf Musov No. 4 ausmacht (M. Moifkovsky, 1962), worauf
sich der Bruch dem Dyje-Bruch nihert, um an ihm voraussichtlich zu enden.

Auch bei diesem Bruche setzen wir auf Grund von reflexionsseismischen Mes-
sungen und Gravimetrie eine Fortsetzung in das mesozoische Beckenliegende
voraus.

Bezugs des Alters des 6stlichen Mailberger Bruches konnen wir bloss feststellen,
dass er untertortonischen Tegel versetzt.

Wie wir schon angefithrt haben, bildet der &stliche Mailberger Bruch in siidlichem Teil
der Dyje—Svratka Senke den eigentlichen Randbruch der tortonischen Vortiefe. Dies ist auch
die einzige Strecke, wo durch Bohrungen bewiesen ist, dass Torton gegen Westen durch einen
Bruch begrenzt wird. Im Bezug zu der gleichbleibenden Breite des Untertorton-Tegelbeckens
im Graben von Drnholec und in der Vyskover Senke, kénnte man hypotetisch annehmen, dass
der Bruch bloss in dem Abschnitt zwischen dem Vranovicer und Nesvatilka- Graben verschwin-
det, um nordéstlich von Brno als Randbruch den geradlinigen und morphologisch ausgeprigten
westlichen Beckenrand zu bilden. Eine shnliche Konzeption nimmt T. Buday (1960) in der
tektonischen Karte der CSSR an. Zu dieser Auffassung muss man noch hinzufiigen, dass der
Randbruch in der Vyskover Senke bisher weder durch Geophysik, noch durch Bohrarbeiten
bewiesen wurde. Die Grundlage des Baues ist auf Grund der Refraktionsseismik (Fachermessun-
gen) und der Gravimetrie im Gegenteil eine regelmissige Mulde, wobei fiir einen Randbruch
kaum mehr als einige wenige zehn Meter Sprunghdhe gerechnet werden konnten.

Der westliche Mailberger Bruch behilt von der oesterreichischen Grenze seine
NNO Richtung bei, um sich nérdlich von Litobratfice gegen NO zu wenden.
Nach unserer Meinung hat dieser Bruch bloss fiir den tieferen Bau der Vortiefe
einen grosseren Einfluss.

Das Liegende des Neogens wird auf der Sitzendorfer Scholle im Raum zwischen
Hevlin und Litobratfice vorherrschend von Kristallin der Bshmischen Masse, von
Graniten und Granodioriten der Thaya-Kuppel gebildet. An einer Stelle bei Lito-
bratfice wurden im Liegenden typischen Neogens rote Sandsteine erbohrt, wobei
es sich um umgelagerten Perm handeln konnte.
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Einige Bohrungen erbohrten auch auf der Hochscholle des westlichen Mailberger Bruches
Mesozoikum. Es sind dolomitische Kalksteine und Kalksteine voraussichtlich jurasischen Alters,
die auf dem Krystallin in Form von Denudationsresten einer frither ausgedehnteren Bedeckung
aufliegen. Thre Michtigkeit ist bloss 100—200 m. Ein zusammenhingendes, michtigeres Meso-
zoikum ist heute bloss auf der Tiefscholle erhalten.

Auf das Kristallin transgrediert weiter westlich in der Richtung des heutigen Randes der
Béhmischen Masse direkt Untermiozin. Der heutige Beckenrand ist in der Dyje—Svratka Senke
nirgends bruchférmig, wie man eindeutig aus seiner ausgeprigten Gliederung, mit zahlreichen
Ausliufern und Buchten (Abb. No. 1) schliessen kann. Aus dem Verlauf der Neogen—Kristallin-
Grenze in Ausbissen am Beckenrand, bzw. aus den Strukturlinien die auf Grund dieser Ausbisse
konstruiert wurden, kann man hier ein Einfallen der Neogenbasis von 6° ableiten.

Die Funktion eines Randbruches iibernimmt hier gewissermassen der westliche
Mailberger Bruch. Der Umstand, dass er bis in die oberen Partien des Kristallins
verfolgt werden kann, zeugt von seiner Persistenz. Weiter bedingt er auch eine
syntektonische Zunahme der Michtigkeit des Oberhelvets, welche im siidlichen
Teil des Beckens festgestellt wurde. Hingegen beeintrichtigt er nicht die Machtig-
keit des Untermiozins. In diesem Zusammenhange mochten wir nochmals be-
tonen, dass die zusammenhingende Bedeckung des Mesozoikums an die Tief-
scholle dieses Bruches gebunden ist, wogegen auf der Hochscholle bloss seine
Denudationsreste erbohrt wurden. Da koénnen wir also voraussetzen, dass dieser
Bruch vor der Sedimentation des Neogens zu wirken begann und die intensivere
Erosion der Hochscholle bedingte.

Der antitetische und somit westlich einfallende Pravicer Bruch verlduft in
NNO—SSW Richtung. Bisher wurde er bloss durch reflexionsseismische Mes-
sungen (Abb. 2, Profil 2) mit einer vorausgesetzten Sprunghshe von 130 m fest-
gestellt. Mit der Funktion dieses Bruches scheint die Entstehung der Mackovicer
Mulde zusammenzuhéngen.

Elemente der Quertektonik:

Den Graben von Nesvaéilka interpretiert V. Homola (1961) bloss tekto-
nisch und begrenzt ihn beiderseits durch Briiche. Bei der geologischen Interpreta-
tion einiger reflexionsseismischer Profile gelangten wir zu dem Schluss, dass es
sich hier um einen einseitigen Graben handelt, der bloss an der SW Seite durch
Briiche begrenzt ist (Abb. No. 4). Zwei parallele Briiche kann man im Paldo-
zoikum aus dem verinderten Einfallen der Reflexionsflichen gut ablesen. Ihre
Sprunghéhe schitzen wir auf Grund der Seismik im Paldozoikum auf cca 500 m.
Der NO Hang zeigt ein fast paralleles Einfallen der Neogenbasis mit dem Paldo-
zoikum. Erst in der jiingeren tertidren Grabenfiillung sind die Schichten flach-
gelagert. Schliesslich kénnen wir aus den erwihnten seismischen Messungen auf
eine voroligozine erosive Modelation des Grabens schliessen. In den paldozoischen
und jurasischen Kalken beobachten wir hiufig eine kanionartige Form des Gra-
bens, oder bloss steil einfallende Hinge, was ja dem Charakter der Gesteine auch
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vollig entspricht. Es sei hier bloss erwihnt, dass ein erneutes Aufleben der Karst-
phenomene mit Kanionbildung sich sowohl vor dem Untermiozin, wie auch vor
der Sedimentation des Untertortons wiederholt.

Im Laufe der Sedimentation des Oligozins bildete der Graben eine gleichzeitig
mit dem Becken absinkende Bucht, wie man aus dem lithologischen Charakter
der oligozdnen Schichten schliessen kann.

Der Vranovicer Graben wurde auf Grund von refraktionsseismischen und gra-
vimetrischen Messungen gedeutet (V. Homola, 1961). Neuestens konnte man
die Existenz des Grabens auch durch Bohrergebnisse der Tiefbohrung Pouzdfa-
ny 1 bestitigen, welche von 987 m bis 1200 in Oligozin bohrte, ohne bis zur
Endtiefe das hier vorausgesetzte jurasische Beckenliegende erbohrt zu haben (Abb.
No. 3). Die Genesis des Vranovicer Grabens deuten wir identisch mit der des
Grabens von Nesvacilka, wie oben dargelegt wurde. Auf Grund der Geophysik
kann man auch hier einen asymmetrischen Grabenbau mit einer siidlichen Bruch-
begrenzung voraussetzen.

Die Querriicken sind weniger ausgeprigt als die Griben. Trotz zahlreichen
Bohrungen und geophysikalischen Messungen konnte im beschriebenen Gebiet
keine Begrenzung durch Briiche bewiesen werden. Hingegen kann man bei den
Riicken eine gewisse Persistenz eines asymmetrischen Baues beobachten, der sich
durch ein Emporheben der dem Graben im Siiden anliegenden Schollen in den
jiingeren Formationen bemerkbar macht. So eine Bewegung ist am auffélligsten
im Torton, wo die héchstliegenden Elevationen des Slavkov—Tésiner Riickens
stets der Siidseite der Graben anliegen. In diesem Zusammenhange ist auch auf-
falig, dass einerseits die Langsbriiche bei den Griben ausklingen, wie zum Beispiel
der Dyje-Bruch beim Nesvacilka-Graben, oder der ostliche Ast des 6stlichen Mail-
berger Bruches beim Vranovicer Graben. Auch endet am Vranovicer Graben der
Léngsgraben von Drnholec, welche Erscheinung ebenfalls durch ein Emporheben
der dem Quergraben siidlich anliegenden Schollen, resp. durch eine Schrigstellung
dieser Schollen mit siidlicher Vergenz gedeutet werden kann. Eine solche Lage
der Schollen im tieferen Miozin beweist ebenfalls die grossere Breite des siidlichen
Beckenteiles, sowohl wie eine vorausgesetzte Grenze des Oberhelvets im Bereiche
des Nesvacilka-Grabens.

Einige Bemerkungen zur tektonischen Entwicklung

Wir haben schon erwihnt, dass die westliche Begrenzung des Untertortons
gegeniiber dem Oberhelvet im siidlichen Teil der Dyje—Svratka Senke vorherr-
schend tektonisch ist. Im Laufe der Bohrarbeiten im Raum zwischen Hrusovany
n/Jev. und Hevlin, wo der Mailberger Bruch ausklingt, ist das Torton durch
die Linie seines Ausstreichéns an die Oberfliche begrenzt. Durch eine normale
Ausbiss-Grenze ist der untertortonische Tegel auch gegen Siiden begrenzt. Der in
fritheren Arbeiten (I. Cicha — J. Paulik, 1961) hier vorausgesetzte NW —
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Gownpe: 710 B2 [y ¢ BEOs B
Abb. 3 — Geologisches Profil (No. 3) iiber die Bohrung Pasohlivky 1 und Pouzdfany 1.
Erklirungen sieh Abb. No. 2.
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SO Bruch wurde durch neuere Forschungen nicht bestatigt. In der weiteren Umge-
bung von Pouzdfany (Pausram) wurde in zahlreichen Strukturbohrungen Ober-
helvet unter und vor der Stirn der Decke der dusseren Flyschgruppe (Zdénicer
Einheit) erbohrt. Auf Grund einer ungestorten Lagerung verldsslicher Korelations-
horizonte wurde bewiesen, dass Oberhelvet direkt an der Deckenstirn und unter
der Uberschiebungsfliache flach gelagert ist.

Neue Erkenntnisse konnten auch aus der Umgebung von Slavkov (Austerlitz)
bei Brno und Drazovice in der Vyskover Senke bei Erdolaufsuchungsarbeiten
gewonnen werden. Einen bruchlosen Gstlichen Beckenrand der tortonischen Vor-
tiefe (Abb. No. 5, 6), welcher durch vertikale Bewegungen des Liegenden bedingt
ist, bilden hier vorherrschend tournaisische Kalke.

Oberhelvet transgrediert auf ein meist flaches, nérdlich Slavkov auch missig
aufgewdlbtes paliozoisches, gegen NW ansteigendes Relief. Auf Grund des Ver-
laufes von mikrostratigraphischen Korrelationshorizonten kann man voraussetzen,
dass die Uberhshung der Aufwélbung maximal einige zehn Meter ausmacht.

Die westliche Strandlinie verlief in der Nihe der Strukturbohrung Cf—SI—5
(Abb. No. 5) und greift infolgedessen missig in den Raum der spiteren unter-
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Abb. 5 — Situationskizze des Gebietes von Slavkov (Austerlitz).




tortonischen Uberschwemmung iiber. Am Ende des Unterhelvets und kurz vor
der Ablagerung des Untertortons kommt es zu der flachen Aufschiebung des
dusseren Flysches auf die miozdnen Vortiefen. Vertikale Bewegungen bedingen,
dass das neogene Gebiet SW von Slavkov absinkt und die Denudation des Ober-
helvets weniger intensiv ist. In diesem Zusammenhange muss man auf den ver-
erbten Charakter der Senkungsbewegungen, besonders des siidlichen Teiles, der
Dyje—Svratka Senke hinweisen. Von solchen Bewegungen spricht schon die Aus-
breitung des Jura, sowohl wie des Burdigals und Unterhelvets.

Direkt vor der Transgression des Untertortons kann man Anzeichen einer Inver-
sion dieser Bewegungen beobachten, wobei sich der nérdlicher gelegene Raum
von DraZovice im Bezug zu Slavkov missig emporhebt. Auf eine solche Bewegung
kann man auf Grund des lithologischen Charakters der basalen tortonischen Sedi-
mente schliessen. Auch transgrediert Untertorton weit iiber die Decke der Zd4nicer
Einheit, worauf Funde von basalen Schottern (F. Chmelik, 1960) hinweisen.
Nach der Ablagerung der basalen klastischen Sedimente kénnen wir bei Slavkov
ein Emporheben des Slavkov—Tésiner Riickens beobachten, welches sich bis in
die Zeit der Ablagerung des Montmorillonit-Horizontes abspielte. Die Intensitit
der Bewegung ist gut an der Michtigkeitszunahme des Untertortons sichtbar (Pro-
fil 5, Abb. No. 6). Die heutige Gestalt der Kordiliere entsteht also zu Beginn des
Untertortons, und ist wihrend der weiteren Sedimentation des Tortons nicht be-
deutsam erneuert. Nach der Sedimentation des Montmorillonit-Horizontes folgt
eine allmihliche Subsidenz des Tortonbeckens, wobei die Machtigkeit und Ent-
wicklung der einzelnen Schichtglieder ganz regelmissig ist.

NW SLAYKOY (AUSTERLITZ) SO
Slavkov-2 Slovkow-1

2210

|

b B 2 B2 5 s s
Abb. 6 — Geologisches Profil (No. 5) iiber die Elevation von Slavkov. Erkldrungen: 1. Palio-

zoikum; 2. iiberschobener dusserer Flysch; 3. Oberhelvet; 4. Hilfskorelations-Horizont im Oberhel-
vet; 5. Untertorton, Schotter, Tegel; 6. Tortonischer Montmorillonithorizont; 7. Lithothamnienkalk.
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In diesem Zusammenhange wollen wir noch auf eine auffillige Ubereinstim-
mung in der Lage des Hiigelzuges zwischen Zidlochovice und Kojetin mit der Lage
des Slavkov—Té&siner Riickens hinweisen. Wenngleich die Hiigel stellenweise
zweifellos durch geringere Denudation der widerstandsfihigeren basalen tortoni-
schen Schotter gebildet sind, kann doch im gesammten Verlauf ein neotektonischer
Einfluss auch beobachtet werden.

Abschluss

Der neogene Bau der Vyskover und der Dyje—Svratka Senke erscheint als
Abbild des vortertidiren Reliefs des SO Hanges der Bohmischen Masse. Das mo-
noklinale Einfallen des Hanges wird hauptsiachlich durch voroligozdne Quergra-
ben und den tortonischen Riicken kompliziert. Beide Elemente werden durch synte-
tische und antitetische Verwerfungen gestért. Die Briiche sind im Beckenliegenden
fundamentiert und versetzen auch vortertidre Einheiten. Auf Grund der Persistenz
ilterer Bewegungen erscheint der neogene Bauplan als Folgeerscheinung vertikaler
Schaukelbewegungen, welche in verschiedenen Phasen der geologischen Ent-
wicklung durch Hebungen der Lings- oder Querschollen bedingt sind.

Ceskoslovenské naftové doly, n. p.,
Institut fiir Erdélforschung, Brno
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DIONYZ VASS

TECTONIC MOBILITY AND ITS EFFECT UPON THE MIOCENE
SEDIMENTATION OF THE IPELSKA KOTLINA BASIN

The Hungarian Central Hills mobile belt (term introduced by Buday 1961
for the regional tectonic unit at the Hungarian — Slovakian border) and its part
Ipelské kotlina basin are dissected in the eastern portion by a system of faults
striking generally in the NW —SE direction. The general strike of these faults
has been noted already by many previous authors in majority however basing
only upon surface geological mapping. The mentioned faults formed faults
structure which was developed during the Lower Tortonian. In the same period
the Hungarian Central Hills belt lost the mobility and was stabilized in such
a way that the alternating vertical movements were substituted by only uplifting
movements. The Upper Tortonian sea had no more possibility of communication
across the lifted Hungarian Central Hills belt despite of the several 100 m. thick
sediments deposited in the adjacent parts of the Pannonian basin as for example
in the NE part of the Podunajska niZina. (Borehole by Lontov — Ivan 1960;
boreholes in the Stirovo environment — Sene§ 1962.) Vaste resources of the
volcanic products in the Upper Tortonian led to the sedimentation in the area
of the uplifted zone. The sedimentation was further controlled by the differen-
tiation of the lifted area by the developing fault system into troughs — the future
fault troughs — and uplifted blocks. The acting faults caused the formation of
a structure with facial differences of continental deposits existing among the
troughs and uplifted blocks.

Resting upon the uplifted blocks of the Ipelski kotlina eastern district (the
s. c. Straciny high uplifts) is the Upper Tortonian with tuffite sandstones devel-
oped at the basis, overlain by tuff agglomerates and block — tuffs in majority
of continental origin. In the eastward neighbouring Horné Strhire —Trené trough
the Upper Tortonian appears more variable. The tuff agglomerates are less fre-

10 Geologické prace 28. 145



quent or they are missing. They are replaced by the lithofacies of agglomerate
tuffites (subaqueous sediments with partially clastic material in the form of roun-
ded pebbles) and conglomerate lithofacies. Iregularly alternating tuffite sand-
stones and tuffite pellites prevail in the sequence. Subageous mainly limnic sedi-
mentation within the trough is demonstrated by the bedding of deposits, grading
of fragments, roundness of clastics and to a large extent also by the frequent
occurence of well preserved leaf — casts in pellitic tuffites as well as the sporadic
occurence of fresh — water fauna.

The depth exploration of the Horné Strhare—Trené trough (carried out with
respect to the coal reserves enlargement in the Modry Kamei Coal basin) yielded
interesting informations. Stratigraphically deeper pre — Tortonian deposits do not
possess any evidence of the graben structure, on the contrary they belong to
another older fault structure which in the central part of the post — Lower Tor-
tonian graben formed high uplifted blocks. The evidence of such a structure appear
already in the lowermost Helvetian sediments — s. c. productive beds the whole
thickness of which diminishes eastward together with the thicknesses of individual
coal beds. The thicknesses of the three main coal beds reaching the maximum
Values of 2,10—3,30—5,10 m apear reduced in the graben SW of Dolnd
Strhova to 0,20—1,20 m, farther eastward to one single coal bed 0,20 m thick.
The decrease in thickness included also the overlying clays, which in the Straciny
lifted blocks reached 200 m of thickness decreasing to a maximum of 100—120 m
in the graben territory. Analogous relations are found also westward of the blocks
of Straciny. They appear again in the eastern part of the Pribel —Plachtince lifted
blocks over a small area around Stredné Plachtince.

The existence of an older structure is supported also by facial differences of the
Carpathian “Schlier beds” — fine marly siltstones (in previous works referred
to as Upper Helvetian — Cechovié& 1952). “Schlier beds” well exposed in the
Potor viscinity and further in several bore holes pass on the western graben margin
into more arenaceous to very sandy sediments. The shallowing of the environment
in relation to the contemporaneous beds of the Straciny lifted blocks is proved
by the fauna ecology (Sene§ 1951). The existence of an elevated area in the
vicinity of Slovenské Klaéany prior to Lower Tortonian is further inevitably
proved by reduction of the “Schlier beds” or the s. c. “manganese — bearing
sandstones”. Sporadically these Carpathian deposits are completely reduced and
the Lower Tortonian rests directely upon the overlying Helvetian clays.

Two tectonic structures may be thus distinguished in the eastern part of the
Ipelska kotlina basin. The general strike of the younger one was well known
while that of the older one remained undetermined so far. It is suggested that
its direction is diagonal or rather slightly diagonal to the strike of the post —
Lower Tortonian structure (several important faults striking NE—SW were de-
termined in beds older than Tortonian).
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The crossing of fault throws of the reversed character and different age were
described by W. Kliipfel (1955) from the Upper Hessen territory (Biidinger
Wald Mts) introducing the term “Kreuzsprungzone”. The eastern part of the
Ipelska kotlina basin represents also such a belt of crossing fault throws.

From the view point of the proof-material so far existing the explanation of the
reasons controlling the tectonic regime of Miocene period which resulted in the
creation of two in both the direction of movements and age differring structures
is very difficult. We suppose that the reasons may be found in the reaction of the
old basement to the tectonic strain to which during the Miocene the West Car-
pathian area hac been exposed. From the very scattered informations about the
basement of the discussed area it may be suggested that westwards from Luéenec
the contact between the Gemeridy and Veporidy tectonic units (the Margecany —
Lubenik line) abruptly changes the direction to the south (Fuséan 1961). The
boreholes at Luéenec and Podrecany penetrated Gemeridy Carboniferous, the bo-
rehole at BuSince and several other westward penetrated the Veporidy crystalline
complex.) It is quite possible that the southward curved contact line extends just
below the Horné Strhire—Trené graben. During the folding of the external parts
of West Carpathians in Lower Miocene the movements may have started also
along important tectonic lines of Central Carpathians resulting in the elevation
and dissection of the Miocene resting horizontaily above the said lines e. g. the
Margecany — Lubenik tectonic line in the area west from Luédenec. This way the
origin of the older structure could be explained.

Concerning the origin of the younger structure the suggestions were already
given earlier. (Vass & Toma§ek 1963). We suppose that the strike of this
structure — in the western part of the West Carpathians for Upper Neogene quite
peculiar — has its origin in the old fault lines of the crystalline basement. This
strike were also parallel with the important lines of the Sudetian direction which
became well pronounced during the formation of the main West Carpathian Neo-
gene basins (Buday 1961). The rejuvenation of the old faults in the post-

Lower Tortonian period may be understood as a result of the tangential strain
" release in the West Carpathians due to the shifting of the maximum orogenic acti-
vity to East Carpatians in this period.
<

Cross-section through the Horné Strhire—Trené graben showing the crossing of two fault struc-
tures differring both in the orientation of movements and age as well.

A. Stratigraphical interpretation of the geologic cross-section.
1. Sands with sandstone intercalations (Aquitanian); 2. Gravels, sands, variegated clays and
rhyodacite tuffites (Upper Burdigalian); 3. Sands with brown — coal beds; 4. Clays; 5. Sands
with Rzehakia (3—5 Helvetian); 6. Sands; 7. Marly sands; 8. Marly clays (Schlier) (6—8 Kar-
patian — Upper Helvetian); 9. Andesite agglomerate tuffites, sands and pellitic tuffites (Lower

Tortonian); 10. Andesite agglomerate tuifs (Upper Tortonian).

B. Structural interpretation of the geologic cross-section.
1. Pre — Lower Tortonian fault structure; 2. Post — Lower Tortonian fault structure.
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Conclusion of the main points:

1. The post — Lower Tortonian fault structure of the Ipelska kotlina basin
which originated during the uplift of the whole Hungarian Central Hills belt
(sedimentation area of Northern Hungary and Southern Slovakia) due to the
plenty of pyroclastic material were developed as a sysedimentary structure, the
fact reflected in the facial differences of the continental deposits on the high
lifted blocks and in the troughs.

2. The eastern part for the Ipelska kotlina basin represents a structurally very
active territory — the zone of crossing fault throws — where two Miocene struc-
tures can be distinguished differring from each other both by the direction of move-
ments and the period of action.

3. The reasons for the character of the Miocene tectonic activity are to be sought
in the basement; in the Lower Miocene mobility of the tectonic contact of Geme-
ridy and Veporidy units west of Lufenec and in the rejuvenation of the older
faults in Upper Miocene.

Translated by |. Kovdéik
D. Stur Institute of Geology,
Bratislava
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. JOSEF JAROS

DIE TEKTONISCHE ENTWICKLUNG DER DEPRESSION
VON BANSKA BYSTRICA WAHREND DES TERTIARS

Die Depression von Banska Bystrica ist ein Bestandteil des Systems der im
Gebirgsbogen der Zentralkarpathen liegenden Tertiir-Becken. Sie ist im Norden
von den morphologisch-tektonischen Elevationen Nizké Tatry und Velk4 Fatra,
im Siiden von der Vepor- (Lubietovd-) Zone eingeschlossen, die gegen Osten
zusammenlaufen; im Westen ist sie von der Kette des vulkanischen Gebirges von
Kremnica begrenzt und nach SW in den grosseren Zvolen- und Slatina-Becken
gedfinet.

Die tertidre Fiillung der Depression bilden die Einlagerungen von fiinf sedi-
mentiren und einem vulkanischen Zyklus in folgender stratigraphischen Ein-
reihung: 1. der marine Sedimentationszyklus Lutet— Priabon; 2. der marine
Sedimentationszyklus Chatt— Aquitan; 3. der limnische Sedimentationszyklus
Untertorton (bezw. Oberhelvet) (die Formation von Kordiky; D. Andrusov,
1954); 4. der vulkanische Zyklus Obertorton— Sarmat — Unterpliozin; 5. der
limnische Sedimentationszyklus Sarmat—Pannon ( synvulkanisch) ; 6. der fluvia-
til-limnische sedimentare Zyklus Oberpliozin (die Formation von Banska Bys-
trica — D. Andrusov, 1954; die Hronformation, A. Nemco k; 1957):

Der tektonische Bau der Tertiirsedimente der Depression von Banskd Bystri-
ca — angesichts des subhercynischen Baues des Mesozoikums und seines Liegen-
den posthum — ist durchwegs ein Schollenbau. Die Radialstérungen sind teils
parallel, teils quer in Richtung des Karpathenbogens orientiert, nur selten setzen
sich die Storungen der OW und NS-Richtung durch. Nachdem die Umgebung
von Banskd Bystrica ein Gebiet der Karpathenbogenbiegung ist, @ndern ihre
Richtung sowohl die Langsstérungen (von 0SO—WSW im Osten gegen NO—
SW im Westen) als auch die Querstérungen (von NNO—SSW im Osten gegen
NW —SO im Westen).
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Der Strukturplan der Depression von Bansk4 Bystrica machte im Tertiir zwei
Entwicklungsperioden durch: in dem Strukturplan der ilteren Etappe herrschten
die gegen den Karpathenbogen parallel orientierten Bruchstrukturen vor, im
Strukturplan der jiingeren Periode dagegen die quer gegen den Karpathenbogen
orientierten Storungsstrukturen.

Der Strukturplan der dlteren Etappe setzte sich im Paliogen und im untersten
Miozin durch. Er beeinflusste die paldogeographische Regelung der Sedimenta-
tionsrdume der beiden ilteren (marinen) Sedimentationszyklen. Die Sedimente
dieser Zyklen blieben in dem komplizierten, die Biegung des Karpathenbogens
parallel durchlaufenden Hrongraben erhalten. Der Graben ist im Norden
von einer breiteren Bruchzone, im Siiden dann von dem fast einheitlichen Hron-
bruche begrenzt und sowohl im Lings- als auch im Querprofil in Teilgraben und
Teilhorste eingeteilt.

Der Strukturplan der jiingeren Etappe setzte sich im Laufe des mittleren und
des oberen Neogens und im Pliozin durch. Er beeinflusste die paldogeographische
Regelung der Sedimentationsriume und zum Teil auch der vulkanischen Felder
der drei jiingeren (Siisswasser-) Sedimentationszyklen und des vulkanischen
Zyklus. Die Sedimente und Produkte der vulkanischen Titigkeit blieben (nérdlich
der Lubietova-Elevation) in den Quergriben erhalten, die ihre Richtung in Ab-
hingigkeit von der Karpathenbogenbiegung (von Osten nach Westen) andern:
in den Grdben von Mostenice — Lubietovd, Medzibrod, Poniky, Miéina und Kor-
diky. Die oberpliozinen Sedimente sind in ihrer Verbreitung an das heutige Hron-
tal und seine nichste Umgebung (sie verlaufen auch in den Becken von Poniky)
gebunden, werden jedoch durch die Briiche der Quergriben gestért, wihrend sie
auf dem Lingsbruche des Hron ohne bedeutendere Stérungen liegen. Besonders
an die markanteren Stérungslinien (Hronbuch, nordéstliche Randbruchzone des
Kordiky-Grabens und die Briiche der Mostenice —Lubietova-Griben) und ihre
gegenseitige Kreuzung sind deutlich an die historischen Erdbeben gebunden.

Wihrend des Tertidrs verliefen in der Depression von Bansks Bystrica tekto-
nische Bewegungen zweierlei Charakters. Erstens epeirogenetische Bewegungen
als nicht differenzierte Bewegungen der ganzen Zentralkarpathenscholle, die im
Tertidr eine generelle Hebungstendenz hatten (das Vertauschen der alttertiiren
marinen Sedimentationszyklen durch die jungtertidren limnischen Sedimentations-
zyklen und zuletzt durch den fluviatil-limnischen Zyklus im jiingsten Tertiir und
den fluviatilen Zyklus im Quartir). Die Bewegungen hatten wahrscheinlich einen
ungleichmissigen Verlauf auch in Abhingigkeit von den begleitenden differen-
zierten Bewegungen der grosseren Schollen (megastrukturellen Elevationen und
Depressionen) , wobei bei der generellen Hebung des Gebietes sich die Elevationen
relativ intensiver hoben und bei der generellen Senkung des Gebietes die Depres-
sionen intensiver sanken.

Die Intensitdt der orogenetischen Bewegungen wurde im Laufe des Tertiirs
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schwicher: wihrend die élteren Bewegungen in der Zeit der Pressungsanlage auch
die Entstehung der grossamplituden Faltungserscheinungen hervorriefen, ent-
wickelten sich in der Zeit der ausklingenden jiingeren Bewegungen — in der sich
die Zerrungskrifte durchsetzten — nur noch die ausgesprochen radialen Stérun-
gen. Die Sprunghchen dieser Dislokationen von den ilteren zu den jiingeren Be-
wegungen werden immer niedriger.

Die orogenetischen Bewegungen an den Dislokationen, iiberwiegend Absen-
kungen bei Lockerung der Erddrucke, verliefen wahrscheinlich periodisch und in
verschiedener Intensitit vor Beginn der einzelnen Zyklen (Abgrenzung der Sedi-
mentationsrdiume), wihrend der Sedimentation (eine synsedimentire Senkung
des Muldenbodens und Hebung der Abtragungsgebiete) und nach Beendigung der
Sedimentation (das Einschlingen in die Griben). Besonders intensiv verstirkte
orogenetische Bewegungen verliefen offensichtlich in der Periode der Hiaten zwi-
schen den einzelnen Sedimentationszyklen und lassen sich mit (fiir die Zentral-
karpathen angefiihrten) den orogenetischen Phasen H. Stille’s (1953) und
T. Buday’s (1961) parallelisieren. Im Gebiete der Depression von Banska Bys-
trica sind dies: die dltere savische Phase zwischen Lutet-Priabon und dem Chatt-
Aquitanzyklus (wahrscheinlich vor Ende des Oligozins), die jiingere savische
Phase in dem unteren Teile des Burdigal — Oberhelvet ?-Hiats (ungefihr an
der Grenze Burdigal-Helvet), die dltere steirische Phase in dem oberen Teile des
Burdigal — ?Oberhelvet-Hiats (entweder an der Wende des unteren und des
oberen Helvets oder zwischen Helvet und Torton in Abhingigkeit von dem bisher
nicht biostratigraphisch fixierten Alter der Kordiky-Serie), die jiingere steirische
Phase nach Beendigung des untertortonischen (bezw. oberhelvetischen) und vor
Beginn des vulkanischen Zyklus (wahrscheinlich an der Wende des unteren und
des oberen Tortons), die rhodanische Phase zwischen dem unteren und dem oberen
Pliozdn und die walachische Phase zwischen dem Pliozin und Pleistozin. Beweise
fiir verstirkte orogenetische Bewegungen in der Zeit der moldavischen und
attischen Phase wurden in der Depression von Banski Bystrica nicht gefunden.

Mit Riicksicht darauf, dass einzelne orogenetische Phasen nicht durch eine
Aenderung des Strukturplanes des Gebietes voneinander abweichen und dass der
tektonische Bau der tertiiren Gesteine ein Ergebnis nicht nur der verstirkten
Bewegungen zwischen den einzelnen sedimentaren und vulkanischen Zyklen, son-
dern auch der synsedimentaren Dislokationsbewegungen ist, kann man im Tertiir
der Depression von Bansk4 Bystrica zwei tektonische Phasen im Sinne N. S. S at-
ski's (1951) feststellen: eine dltere tektonische Phase (Alttertiir), die den
Strukturplan der dlteren Periode mit den vorherrschenden Lingsstrukturen for-
mierte und zu der die 4ltere und jiingere savische Phase gehoren und eine jiingere
tektonische Phase (Jungtertiir), die den Strukturplan der jiingeren Periode, mit
den vorherrschenden Querstrukturen formiert und zu der die dltere und die jiin-
gere steierische Phase, die rhodanische und wallachische Phase gehéren.
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Geologické prace, Zpriavy 28. Bratislava 1963

ZDENEK STRANIK

TECTONIC STRUCTURE OF THE SOUTHERN PART OF THE ZDANICE
UNIT

A detailed survey carried out from 1960 to 1962 in the southern part of the
Zdanice unit (Hustopede and Pavlov Hills*) has confirmed and completed the
results of the general survey for a map of the Brno area on a scale 1: 200 000
(F. Chmelik 1960; A. Matéjka 1960). The investigated part of the
Zdéanice unit is biult up of the Cejé—Zajeéi anticlinorial zone, the Zdanice unit
proper and the Pouzdfany thrust-sheet.

The Cejé— Zajeci anticlinorial zone (F. Chmelik 1960; A. Matéjka
1960) is thrust to the north-west on the Zdanice unit proper. In the south-east
it is limited by the post-Panonian longitudinal faults against the Vienna basin.
Towards the north-east and south-west the minutely folded pelitic Upper Cre-
taceous to Upper Miocene strata merge beneath the Zdinice —Hustopece forma-
tion. The tectonic remnants of the Magura nappe which were preserved on the
anticlinorial zone composed of strata of different age attest to an advanced denu-
dation preceding the Magura overthrust (A. Matéjka—F.Chmelik 1955).

The Zddnice unit proper is overthrust to the north-west on the Bourdigalian-
Carpathian of the foredeep. Only north of the river Dyje (between Pouzdfany
and Rychmanov) the Pouzdfany thrust sheet emerges in front of its head. In the
area of the Hustopece hilly country the unit is characterized by the Hustopece
synclinorium which continues southwards into the region laying east of the Pavlov
Hills.

The anticlinorial zones are continuous only along the outer margin of the unit

* The results of the investigations are summarized in the papers by A. Matéjka —
Z. Stranik (1916a, b), E. Benesova—1I. Cicha—F. Picha—Z. Rehiko-
va—2Z. Stranik (1962), Z. Stranik—E. Hanzlikova—M. Elia§ (1962),
F. Picha—Z. Stranik (in press).
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(the anticlinal zone of Néméice and of the Pavlov Hills). Inside the unit they
intersect the Zd4nice — Hustopeée formation in the form of discontinuous narrow
slices. The pelitic beds of the anticlinal zones are minutely folded (menilite beds)
and locally drawn out (unevidenced Paleocene in the anticlinal zone of the
Pavlov Hills). The Hustopeée synclinorium and the synclinal zones are formed
by the Zd4nice — Hustopete formation of sandstone-claystone beds which is folded
prevalently into broad flat synclines. The different intensity of folding results
from differing plasticity of rocks.

In the anticlinal zone of the Pavlov Hills (A. Matéjka —Z. Stranik
1961a, b) the Jurassic tectonic remnants with the Middle Cretaceous envelope are
forced through the Upper Cretaceous-Aquitanian strata to appear in the form
of klippes (W. Petraschek 1920). In the north the zone plunges into the
Dyie valley and continues southwards into the Waschberg zone. In the area of the
Pavlov Hills the Jurassic klippes occur in two tectonic slices separated by the
discontinuous synclinal Zone of the Zdanice — Hustopeée formation (A. Matéj-
ka—2Z. Stranik 196la, b). The klippes in the western slice are smaller.
South of Bavory only the Eocene strata are exposed. The eastern tectonic slice
is distinguished by conspicuous large klippes, such as, Devin, Palava (= Kotel),
Stolova (= Tabulova) hora, Turold, Sv. Kopeéek atc. The klippes are built up of
rigid carbonate rocks which exert an influence both on their tectonic structure
and their tectonic relation to the Upper Cretaceous — Aquitanian strata (Pala-
va — Fig. 2). The structure of the klippes is prevalently monoclinal and imbricate
(Dévin, Sv. Kopeé¢ek). Only the Palava klippe exhibits strata folded into a minor
syncline in the central slice. The imbricate structure of the Dévin klippe (O. Abel
1899; H. Schén 1925; K. Jiittner 1923, 1933) has been proved by the
boring Palava — 1 which at the depth of 147,2 to 153,0 m traversed the fault
plane dipping 47 to 50° to SW (Fig. 1). The date of the formation of the imbri-
cate structure (cf. K. Jiittner 1933) is suggested by the fragments of Pa-
lacogene and probably also Miocene beds encountered in the fault zone (at the
depth of 147,2—153,0 m) by the boring Palava — 1. They were dragged into
the Upper Cretaceous beds together with fragments of the Ernstbrun limestones
and Klentnice beds. The Miocene elements have also been determined in the
microfauna of the Campanian-Maastrichtian strata established in the vicinity of
<
Fig. 1. Section through the Dévin klippe: 1 — Klentnice Beds, 2 — Ernstbrun limestone,
3 — Klement Beds (Upper Turonian), 4 — Upper Cretaceous, 5 — Eocene, 6 — Menilite

Beds, 7 — Zdanice Hustopete formation, 8 — Bourdigalian—Carpathian, 9 — Upper Cretaceous-
Miocene.

Fig 2. Profile of the south-eastern part of the Dévin klippe and of the klippe Palava: 1 —
Klentnice Beds, 2 — Ernstbrun limestone 3 — Klement Beds (Upper Turoinan), 4 — Upper—
Creataceous. 5 — Eocene, 6 — Menilitic Beds, 7 — Zdanice—Hustopete formation, 8 —
Bourdigalian — Carpathian.
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the overthrust close to the south-western termination of the Dévin klippe (E. Bene
S$ovd). On the evidence of these new data we may infer that the imbricate struc-
ture is later than the Palaeogene (dating obviously from the Miocene), that
means, it occurred simultaneously with the folding and overthrusting of the Zda-
nice unit. So far evidence for the earlier folding is lacking. During the late-Kim-
merian movements, towards the end of the Tithonian, only the geanticlinal zone
of Pavlov had been uplifted (D. Andrusov 1959), which prior to the Upper
Turonian underwent a partial denudation. This is indicated by the transgressive
Klement Beds deposited almost concordantly on the uneven surface of the Ernst-
brun limestones (Turold — K. Jiittner 1933). The presumed hiatus in the
lower Upper Cretaceous (Coniacian-Santonian) cannot be regarded as substantial
evidence for the folding movements (M. Glaessner 1931; A. Matéjka —
Z. Stranik 196la, b). During the post-Paleogene folding of the Zd4nice unit
the Jurassic klippes became detached from the pre-Upper Cretaceous basement
and were incorporated tectonically in the Zd4nice unit. The detachment occurred
in an elevated area which extended most probably at the place of the present
seismically evidenced elevation near Milovice, 4 km east of the Pavlov Hills.

The Pouzdfany thrust sheet represents a fragment of the autochthonous envelope
of the Bohemian Massif which had been torn off and brought to the surface at the
overthrusting of the Zdanice nappe (F. Chmelik 1960). It is probably locally
thrusted with the Miocene beds of the foredeep (Fig. 2).

In the depression located between Velké Pavlovice, Staroviéky and Sakvice the
strata of the upper Lower Miocene Carpathian lie obviously unconformably on the
Zdanice unit proper and Cejé— Zajeéi anticlinorial zone. Along the thrust plane,
of which the Cejé—Zaje¢i zone was moved forward on the Zdénice unit proper
the variegated clays analogous to the Middle Eocene beds of the Cejé— Zajeci
anticlinoril zone were dragged out into the Carpathian strata (cf. E. Benesovd —
I. Cicha—F. Picha—Z. Rehikovda—Z. Stranik 1963). They point to the con-
temporaneity of this overthrust with the thrusting of the Zd4nice nappe over the
Carpathian of the foredeep.

The structure of the Zd4nice unit is disturbed by the system of transverse dis-
locations striking NW —SE to W—E. They bound the upper Lower Miocene and
Carpathian on the Zd4nice unit near Velké Pavlovice and Sakvice (F. Picha —
Z. Stranik, in press). In the Pavlov Hills radial and horizontal movements
occurred on these faults which gave rise to transversal blocks (cf. A. Matéjka
1960). Strong disturbances of the longitudinal structures, the front of the nappe
included, and the limitation of the Carpathian demonstrate that they were formed
after the overthrusting, i. e. later than the Helvetian period. According to some
faults the movements also took place after the Lower Tortonian (south of Mi-
kulov). The fault near Sakvice which controlled evidently the marked bending
of the front of the Zdanice nappe near Strachotin, as well as the dislocation which

158




pr O A S

makes the northern termination of the anticlinal zone of the Pavlov Hill more
pronounced (J. V. Novik 1924; K. Zapletal 1930, 1932; J. Krejéi
1931; J. Stejskal 1935) and the southern termination of the Cejé — Zajeti
anticlinorial zone are apparently associated with the ancient suture in the base-
ment of the Zd4nice unit which was active as late as the Miocene. Its possibles
influence on the distribution of the autochthonous Eocene-Oligocene of the Pouz-
dfany formation cannot be excluded either.

The thrusting of the Zdanice nappe over the Carpathian of the foredeep
occurred on the fault-plane of a very low angle, particularly north of the Dyje
river, as evidenced by a small thickness of the nappe ascertained in the boring
Nesvaéilka — 1 (V. Homola 1961) and by the course of its front line. The
boring has shown that the nappe moved forward to a distance of 3 to 4 km
(F. Chmelik 1960).
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Geological map of the southern part of the Zdamice unit.
Made use of the investizations of I. Cicha, F. Chmelik, A. Matéjka, F. Picha
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Geologické prace, Zpravy 28. Bratislava 1963

ROBERT MARSCHALKO

SEDIMENTARY SLUMP FOLDS AND THE DEPOSITIONAL SLOPE

(Flysch of Central Carpathians)

Central Carpathian Flysch represents one of those rare basins which after
the extinction have not been disturbed by folding tectonics. The sequences lic
mostly in subhorizontal position and the reconstruction of preconsolidation struc-
tures is rather easy. Slump structures of fold type were identified at many places.
The slump movements were studied in relation to the primary depositional slopes.
We found out that on steep primary depositional slopes directly adjacent to the
source areas the longitudinal axes of sedimentary folds were oriented mostly
oblique and perpendicular to the orientation of deposition maximum whereas
in the segments farther from the source areas the orientation was parallel. The
systematic study of slump structures of great extension will help the interpreta-
tion of boundary between the sedimentary slump structures and tectonic gliding.

Some General Remarks and Differentiation of Slump Structures

Slumping of more layers together were observed mainly in rhythmic series
of many geosynclines. To great details these phenomena were studied by
A. Heim (1908),A.D. Archangelskij (1930),0.T. Jones (1937),
R. W. Fairbridge (1946) the latest of whom presented a classification
of submarine slumping based upon the degree of deformation. It was generally
admitted, that the main reason of downslope layer sliding was the gravitation,
with the angle of slope experimentally determined by A. D. Archangelskij
to 1°—3°.

Importance of slumping structures was admitted mainly after P. H. Kue-
nen and C. I. Migliorini (1950) began explaining the formation of
rhythmic sequences (Flysch, Macigno) by the process of turbidity currents in
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deep-water environment. According to this opinion the zone of clastic deposition
in the flysch basin extended from the edge of shore terraces into considerable
depths including different angles of primary depositional slopes and various inten-
sity of slump structures developement.

Slump structures in the Flysch of Carpathians were studied by many sedi-
mentologists. M. Ksigzkiewicz (1958) divided the slump structures in
two groups. First is the slumping of more than two beds which however is very
rare. Slumping of one or at most two beds belongs to the second widely distribu-
ted group. Directly from the Central Carpathian Flysch submarine slumps were
described by J. Golab (1954) on the Polish territory as well as by A. Ra-
domski (1958) who studied them from the view point of sedimentology.

Slump structures described in this article belong to the first group of
M. Ksigzkiewicz due to the fact, that irregularities, curving and deforma-
tions involved at least three turbidite beds. These structures may be placed also
into the group of s. c. flow rollsof J. F. Pepper, W. J. de Witt, Jr. Wal-
lace and D. F. Demarest (1954) or between the inter-formational folds
situated among the parallel, undisturbed beds (R. W. Fairbridge 1946).

Shape and Features of Slump Structures in the Central Carpathian Flysch

Slump structures were studied, in the localities Radisa in Béanovski kotlina
basin appearing in turbidity sequences (Pl. VI, Photo 1) with extensive fluxo-
turbidity conglomerates, locality Poronin (Pl. VII, Ph. 2, 3) in the Polish territory
studied by A. Radomski (1958), further in the typical turbidity and fluxo-
turbidity sequences of Levoéské Hory Mts at Holumnica (Pl. VIII, Photo 4).
Such structures were also studied in Sarigské Hory Mts — locality Ovéie (PL
VIII, Photo 5) north from Cierna Hora — Gemer source area in Wildflysch and
Conglomerate flysch sequences (R. Marschalko 1961, 1963).

The majority of slump structures were characterized by the arrangement of
beds into remarkable more or less symmetrical and flattened folds resting side
by side. (Pl. VI, Ph. 1) Basement sandstone and claystone layers (excluding Radi-
$a slump) by the slump movement were only slightly curved (Pl. VII, Photo 2,
Fig. 1) without being destroyed. The slump body rested usually upon claystone
beds often of minute thickness supposed to have served as a lubricant in the
course of movement. Among the folds front often curved an infolded basement
claystones and sandstones were observed which were dragged into the slumping
movement (Pl. VI, VII, Photo 1, 2). At other places thick layers were pressed
underneath the fold fronts and consequently deformed (Pl. VI, Photo 1). The
extinction of slump structures and lateral transitions into normal stratification
generally could not be determined. The width of the partly exposed Radisa slump
body exceeded 100 m.
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In all the cases studied the slump folds were abruptly cut off by erosion and
covered by a new bed indicating that the slumps were formed before the deposition
of the said layer. In the case the deformations effected also the overlying bed
(Kuenen 1956). Plasticity of beds sliding down the slopes was rather high.
It seems quite probable, that flattened, compressed sedimentary folds were formed
after the gliding folds without a stop passed by. This may be proved by the
position of erosional level corresponding with the surface of the sedimentary
fold. The deformation therefore must have occured before the erosion of the
particular layer thus being younger than the consolidation.

If the curving of beds and formation of sedimentary folds reflected the
reduction of space more extensive movements had to be supposed. In all the cases
mentioned the maximum angle range of the longitudinal fold axes in one slump
body did not exceed 35° ranging around 20°. This fact led to the conclusion
that the sedimentary folds were formed on a plane bottom. The wrapping and
curving of beds into independent folds may have resulted only after the break
of continuity and fragmentation of bed into narrow, oblong rectangles. The sense
of curving may differ and thus must be identified from case to case. The position
of flute-casts preserved at the bottom of layer or lamination at the top of the
layer supports usually the determination of the sense of bed curving. The position
of lamination at the bottom of the slumped beds in the fold (Pl. VI, Photo 1)
for example we suggest that the moving bed were curved downwards. Upward
curving may be observed on the slump folds of Poronin (Pl. VII, Photo 3) and
Holumnica (Pl. VIII, Photo 4).

Except the types of slump folds just described other structures with flexure-like
shape of the whole sequence have been observed north from Cierna Hora Mt.
in the marginal wildflysch lithofacies (Pl. VIII, Photo 5). We observed that the
deformed beds were suddenly broken within a short distance floating in the form
of elongated lenses surrounded by the coarse-grained clastics (microconglomera-
tes). According to the authors’s suggestion these forms may be regarded as pull-
apart structures (M. L. Natland, P. H. Kuenen 1951) which may
include all the stages of pulling, breaking and deformation of beds.

Orientation of Slump Folds and Primary Depositional Slope

Direction of slump folds movement cannot be deduced solely from their shape
although logically the orientation of the longitudinal fold axis is perpendicular
to the movement direction with the fold front dipping downslopes (R. R. Shrock
1948). 5

Turbidity sequences in which the slumps occured were deposited by turbidity
currents provided the presence of convenient slope. Due to this fact the uniform
orientation of currents measured in turbidity sequences deposited during a con-
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siderable period of time indicates also the dip of slope in the turbidity current
direction (E. Teen Haaf 1959). Also the load casts of conformable orienta-
tion with the prevailing direction of flow proved the suggestion that the filling
by clastics was the first and most important agent controlling the primary depo-
sitional slope. The relations between the direction of turbidity deposition and
orientation of slump folds occuring locally and from time to time during the
process of deposition were observed by the author of this article. In turbidity
sequences in which slumping took place the linear features indicating the transport
direction such as flute casts, impact casts, grains lineation were measured and
compared with the orientation of longitudinal slump fold axes (Fig. 3 A, B, C).
The values measured were arranged in radial diagrams.

Diagram Radisa (Fig. 3A) indicates for example that the direction of slumping
was similar to that of the current advancement i. e. downslopes of the primary,
rapidly accumulated and unstable submarine fan of the clastic filling. This rela-
tion determines also the direction of slump folds movement and their mode of
origin as well. They represent a simplified thrusting (Fig 2) with the fold limb
formed by the pulling tension. By increased intensity of downslope movement
started the downward wrapping of the layer resulting in a reversed layer se-
quence. This process in particular fragments of beds passed separately and per-
pendicular to the movement direction.

Similar relation was observed in Wildflysch sequences of the Cierna Hora Mts.
marginal lithofacies (Fig. 3B). Direction of slump folds were oblique to the
maximum transport direction proceeding from SE, Some of the slump folds in
diagram not included show a similar orientation perpendicular to the transport
direction with front striking down the primary depositional slope.

According to our opinion the slumps and pull — apart structures in the Wild-
flysch marginal lithofacies north from Cierna Hora Mt. and in Bénovski kotlina
basin represent cases, where the primary depositional slope raised due to rapid
clastic filling from vigorously lifted source areas to such a degree that it became
unstable causing movement of the youngest layers, formation of pull- apart struc-
tures and slump folds. ~

Slump near Holumnica is regarded as entirely different, with longitudinal
fold axis striking parallel with prevailing transport direction (Fig 3C). In ma-
jority finegrained and thin — bedded turbidites regularly alternating with clay-
stones indicate the origin from distant and fading turbidity currents thus marking

<
Fig. 1. Submarine slump with development of a flat sedimentary fold. The slump body
pressing upon the basement layer by loading. Graded bedded layer leveling the surface of the
slump body.

Fig. 2. Sedimentary fold blockdiagram. In the first stage the layer is torn and curved down-
slopes. B. Wrapping — involute and downslope movement.
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a low-angle primary depositional slope. Remains a question whether under such
circumstances formation of slump folds was ever possible moreover with an orien-
tation parallel to the transport direction. According to observations however best
conditions for slumping resulted mainly in the front of the unstable depositional
slope at places where the submarine filling fan was connected with steep slopes
of the shore terraces (R. Marschalko 1963).

It seems more appropriate however that the slumping were controled by isostatic
tectonics — slight upheaval of beds already deposited by the tectonic revival of the
ancient source zone parallel with the maximum transport direction (ESE—WNW)
emerged south from the Klippen belt (R. Marschalko—A. Radomski
1960). Tectonics of this belt and slight subsidence of the deposition area controlled

—
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Fig. 3. Pattern diagram of currents
£ in turbidites surrounding the slump

/L and of longitudinal fold axes direc-

tions. Signs of: 1 — flute casts, 2 —
groove casts and internal grain linea-
tions 3. — maximum angle range of
longitudinal sedimentary fold axes in
one single slump body. A. Banovski
kotlina basin, B. Sarisské hory Mts.
(Ovéie), C. Levoéské hory Mts. (Ho-
C S lumnica).




the slope angle suitable for slump — down of sedimentary folds from north to
south. This possibility is supported also by current directions advancing from the
north observed in several cases. The same explanation may be preliminarily admit-
ted also for the origin of extensive sedimentary folds exposed near Poronin in
Polish Podhalie. After A. Radomski the transport direction proceeded from the
west to the east and slumping from north to the south while wrapping of folds
had an upward orientation (Photo 3, 4).

Summary

Investigation of slump folds in the marginal Flysch lithofacies indicated a pref-
erable longitudinal axis orientation perpendicular or oblique to the prevailing
deposition of clastics. The folds are of slump synsedimentary origin formed at the
primary depositional slope. The folds fronts were dipping downslopes as well as
curving and wrapping of beds.

In turbidity sequences representing a distant filling of fading turbidity currents
with the transport direction striking parallel to the first order structural line the
fold axes also parallel to this line were observed. The bed sequences were normal
with upward fold wrapping.

Direction of the slumping down the primary slope from the sedimentary fold
fronts and overturns can hardly be determined. Maximum angle-range of the
longitudinal axes belonging to sedimentary folds in one slump body did not exceed
35° having been 20° in average. Longitudinal axes orientation may be used in
slump folds for the determination of downslope slump direction.

Minor slumps did not change into slump avalanches and the transition of such
slumping into turbidity currents also was not observed. The slumping beds moved
downward due to their deposition on slope or under the influence of isostatic
tectonic balancing of the basin bottom. Such slumps originated during the plastic
stage of layers rendering their pliability and variability of forms.

Translated by J. Kovacik
D. Stir Institute of Geology,
Bratislava
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LAURENC SNOPKO

STUDY OF DEFORMATION ELEMENTS DEVELOPED
IN THE HANDLOVA LANDSLIDE

In the last days of December 1960 tremendous masses of land started sliding
down the NW slopes of Kozie chrbty Hills SE from Handlova. After the detailed
mapping of surface sliding deformations in 1 : 5000 scalle studies were carried out
on the chronological development of landslide in its individual segments. In the
area of sliding three current slides were distinguished, two of them independent
and the third one as the result of the strain caused by the main slide (Far north-
ward from Handlova still another small landslide were formed.) At the main
landslide all the particular elements the separation area, landslide track, landslide
front and the landslide forland were developed. All of them developed separately
with the specific features respecting the general chronology.

Formation of various types of surface deformations was the result of two
factors. The first one-gravitation caused the movements in the direction of current
(sometimes also to the marginal parts of the landslide). In this case compression
of the main mass (or sometimes marginal) occured. In the upper parts of the
landslide and the sliding track on the contrary strain release may be observed
with the formation of other types of deformations. The second factor was the
composition of soils where several types were distinguished: the uppermost part
reinforced by vegetation roots and frost.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>