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Po desiatich rokoch pripravy by sa v auguste 1995 mala objavif na
kniznom trhu monografia LozZiskd nerastnych surovin Slovenského
rudohoria, zv. 1. Prvy zvdzok monografie je venovany Spissko-
-gemerskému rudohoriu, druhy zvizok pripravovany inym autor-
skym kolektivom bude o loZiskdch nerastnych surovin zdpadnej
casti Slovenského rudohoria.

Obsahové zameranie knihy naznacduje jej ¢lenenie:

GEOLOGIA A METALOGENEZA
* Geologicka stavba gemerika

* Metalogeneticky vyvoj gemerika
* Hlavné typy mineralizdcie

LOZISKA RUDNYCH SUROVIN

* Magmatogénna mineralizdcia
Sn-W a vzdcnoprvkovy typ mineralizdcie
Molybdénovo-wolfrdmovy typ mineralizdcie

* Metamorfno-hydrotermadlna Zilnd mineralizdcia Loziskd metasomatického sideritu a ankeritu
* Sideritovo-sulfidicky typ mineralizdcie Loziskd magnezitu a mastenca

Oblast Novoveskd Huta - Haniskovd * Rezidudlne typy lozisk

Oblast Dobsind Bauxit a cerveny il

Oblast Mlynky - Biele Vody Kéry zvetrdvania na ultrabdzikéch

Oblast Gretla - Réztoky - Bindt Rozsypy

Oblast Rudfiany - Pord¢ - Matejovee * Ostatné typy mineralizdcie

Oblast Krompachy - Zakarovce - Jaklovce

Oblast Rejdova - Vysnd Sland - Vlachovo LOZISKA NERUDNYCH SUROQVIN

Oblast Hnilec - Cierna Hora - Nélepkovo * Magmatické loZiskd

Oblast Henclova - Stard Voda - Svedldr - Mnisek nad Hnilcom Ziveové suroviny

Oblast Slovinky - Gelnica Stavebné suroviny

Oblast Mnisek nad Hnilcom - Prakovce - Perlovd dolina - KojSov ~ * Hydrotermdlne loZiskd nerudnych surovin

Oblast Margecany - Opdtka - Kosickd Beld - Kosice area Loziskd Zilného kremena

Oblast Tureckd - RoZfiava - Rdko§ Loziskd barytu

Oblast Krisnohorské Podhradie - Drnava - Uhornd Loziskd spekularitu

Oblast Smolnicka Huta - Jedlovec - Humel - Trochanka Loziskd azbestu

Oblast Stds - Medzev - Poproé * Sedimentame loziskd

Oblast Brddrka - Kobeliarovo - Ochting - Cierna Lehota Loziskd sadrovca a anhydritu

Oblast Zeleznik - Stitnik Loziskd vysokopercentnych karbondtov

Antimonitovy typ Zilnej mineralizdcie Sialitické suroviny pre cementdrske ucely
* Submarinné exhalaéno-sedimentdrne loZiskd Karbondty, pieskovce a zlepence pre stavebné ucely

Loziskd polymetalickej sulfidickej mineralizdcie Karbondtové dekoracné suroviny

Stratiformné oxidické Fe rudy Tlovité tehliarske suroviny

Stratiformné mangdnové rudy I a piesok pre keramicki vyrobu

Stratiformnd urdnovd mineralizdcia Aluvidlny $trkopiesok a piesok

Mednaté pieskovce v perme severného okraja gemerika * Nové a netradi¢né druhy nerudnych surovin
* Hydrotermdlnometasomatické lozZiskd ¢ Drahé a ozdobné kamene

Pri opise rudnych oblastf je v uvode struénd geologicko-loziskova charakteristika oblasti a historicke idaje o tazbe a prieskume. Potom je opis zil,
loZisk, vyskytov s udanim mnozstva zdsoby nerastnej suroviny.

Monografia vzhladom na ttlm prieskumu a fazby rid v Spi$sko-gemerskom rudohori zavi$uje 50 rocné obdobie intenzivneho geologického prie-
skumu a fazby nerastnych surovin, hoci povodne autorsky kolektiv tento ciel nemal. Kniha poskytuje komplexny pohlad na nerastné suroviny
Spissko-gemerského rudohoria, a to od teoretickych modelov vzniku loZisk az po podrobni charakte-ristiku loZiskovych parametrov. Je bohato
ilustrovand geologickymi mapami, profilmi, schémami a tabulkami.

Monografia LoZiskd nerastnych surovin Slovenského rudohoria bude vyznamnym prispevkom k poznaniu metalogenetickej a geologicko-loZisko-
vej problematiky Zapadnych Karpat.

Publikdcia md 800 strdn, formdt A4, vizba tvrdd, 510 obrdzkov v texte, 35 tabuliek, obsaZny zoznam literatiry, lokalitny a geograficky register.
Cena zatial nestanovend (pravdepodobne medzi 120 aZ 150 Sk).
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The age of red radiolarites from the Meliaticum of Bohunovo (Slovakia)

and remarks to the Anisian - Ladinian boundary

HEINZ KOZUR!, RUDOLF MOCK? and LADISLAVA OZVOLDOVA3

IRézsii u. 83, H-1029 Budapest, Hungary
2Karloveskd 57, 841 04 Bratislava, Slovakia

3Department of Geology and Paleontology, Faculty of Natural Sciences, J. A. Comenius University, Mlynska dolina, 842 12 Bratislava, Slovakia

(Dorucené 6.3.1995)

Abstract

Red radiolarites were found for the first time in the Meliaticum near Bohdfiovo (Slovakian Karst) and da-
ted by radiolarians. Although the radiolarian fauna contains only 10 determinable species, it allows a detailed
age determination as Oertlispongus inaequispinosus Subzone of Spongosilicarmiger italicus Zone (early
Fassanian). One new subspecies, Pseudostylosphaera postjaponica slovakensis n. subsp., is described.

The priority Anisian - Ladinian boundary at the base of the Reitziites reitzi Zone s. str. is well recogniza-
ble by distinct changes in the stratigraphically most important fossil groups of that time (ammonoids, bival-
ves, conodonts, foraminifers, radiolarians, dasycladaceans) and lies near to a distinct change in the sporo-
morph associations that occur somewhat earlier. By the aid of these fossil groups this boundary can be well
correlated in all important facies from continental facies to oceanic radiolarite-ophiolite sequences. The other
proposed Anisian-Ladinian boundaries at the base of the Nevadites secedensis Zone and at the base of the
Eoprotrachyceras curionii Zone can be only recognized by ammonoids. A direct, precise correlation of the-
se levels (defined practically only by ammonoids) with continental and oceanic-suboceanic deep-sea depo-
sits is therefore not possible, because in these deposits ammonoids are missing and sporomorphs and radio-
larians show no distinct changes at the or near the base of these two ammonoid zones. Therefore, the priori-
ty Anisian-Ladinian boundary at the base of the Reitziites reitzi Zone s. str. should be maintained, indepen-
dently from the priority questions.

In an appendix, Neogondolella ladinica Kozur, Krainer and Mostler n. sp., is described, and some taxo-
nomic problems of gondolellid conodonts of the reitzi, secedensis and curionii zones are discussed.

Zusammenfassung

Rote Radiolarite wurden erstmalig im Meliaticum bei Bohuiovo (Slowakischer Karst) gefunden und mit Ra-
diolarien biostratigraphisch eingestuft. Obwohl die Radiolarienfauna nur 10 bestimmbare Arten enthilt, erlaubt
sic eine exakte Datierung als Oertlispongus inaequispinosus Subzone der Spongosilicarmiger italicus Zone
(Unteifassan). Eine neue Unterart, Pseudostylosphaera postjaponica slovakensis n. subsp., wird beschrieben.

Die Anis/Ladin-Grenze, nach der Prioritit an der Basis der Reirziites reitzi-Zone s. str. gelegen, ist durch
deutliche Anderungen in den stratigraphisch wichtigsten Fossilgruppen dieses Zeitabschnitts (Ammoniten,
Muscheln, Conodonten, Foraminiferen, Radiolarien, Dasycladaceen) charakterisiert, wihrend deutliche An-
derungen in den Sporomorphen-Assoziationen etwas frither auftreten. Mit Hilfe dieser Fossil-Gruppen
kann diese Grenze gut in allen wichtigen Fazies von kontinentalen Ablagerungen bis zu ozeanischen Ophio-
lith-Radiolarit-Abfolgen korreliert werden. Die anderen vorgeschlagenen Grenzziehungen an der Basis der
Nevadites secedensis Zone und an der Basis der Eoprotrachyceras curionii-Zone kénnen nur durch Am-
moniten erkannt werden. Eine direkte genaue Korrelation dieser im wesentlichen nur auf Ammoniten basie-
renden Grenzen mit kontinentalen und ozeanischen/subozeanischen Tiefwasserablagerungen ist nicht mog-
lich, weil in diesen Ablagerungen Ammoniten fehlen, Sporomorphen und Radiolarien in diesen stratigrap-
hischen Bereichen aber keine (Sporomorphen) oder keine deutlichen Anderungen (Radiolarien) zeigen. Da-
her sollte die Basis Reitziites reirzi Zone unabhingig von der Prioritit wegen der besseren Korrelierbarkeit
beibehalten werden.

In einem Appendix werden Neogondolella ladinica Kozur, Krainer and Mostler n. sp. beschrieben und
einige taxonomische Probleme gondolellider Conodonten der Reitziites reirzi-, Nevadites secedensis- und
Eoprotrachyceras curionii-Zone diskutiert.

Introduction

Near Bohunovo, the Silica Nappe (Kozur and Mock,
1973a, b) is well exposed. Norian Hallstatt Limestones,
Rhaetian Zlambach Marls, dark Liassic shales and limesto-
nes, Upper Liassic crinoidal limestones, Upper Liassic and
Middle Jurassic nodular limestones and Early Oxfordian
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radiolarites are known from this nappe. Uppermost Norian
conodont and holothurian sclerites index species and Early
Oxfordian radiolarians have been described from the Silica
Nappe of Bohidriovo (Kozur and Mock, 1972b, 1974a, b;
Dumitrica and Mello, 1982).

South of the exposures of the Silica Nappe, the Jurassic
accretionary complexes of the Meliaticum are exposed in a
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Fig. 1. Location of the sampling point for the Ladinian red and white ra-
diolarites of the Meliaticum south of Bohunove (Slovakia). A - Sam-
pling point of the Ladinian radiolarites forming olistoliths and blocks
within Middle Jurassic turbidites, B - Old limestone quarry within a lar-
ge block of recrystallized white Anisian limestones of the Meliaticum.
C - Outcrops of Norian Hallstatt limestones of the Silica Nappe.

tectonic window below the Silica Nappe. As typical for
this accretionary complex, blocks of Triassic rocks are
found in Middle Jurassic turbidites. Mello and Gaal
(1984) recognized for the first time Triassic of the Meliati-
cum in this area, but did not recognize that these Triassic
rocks are blocks in a Jurassic turbiditic sequence. Like in
the vicinity of the Meliata type locality, these blocks con-
sists of the following Triassic rocks:

1. Early Anisian, light-coloured, crystalline limestones
of the pre-rift sequence. These rocks have been known
since longer time and were assigned to the Meliaticum
(Bystricky, 1964).

2. Red and whitish ribbon radiolarites.

3. Pillow lavas and serpentinites of the dismembered
oceanic crust.

The exact age of the latter rocks (2, 3) was formerly
unknown in the vicinity of Bohunovo. In the present pa-
per, radiolarians from red ribbon radiolarites are described,
which allow a very precise age determination. The locality
data are shown in Fig. 1.

The problem of the Anisian - Ladinian boundary

The exact correlation with the Triassic time scale of the
Meliaticum radiolarites of Bohuiovo is directly related to
the position of the Anisian - Ladinian boundary. The posi-
tion of that boundary was discussed in detail by Brack and
Rieber (1994) and Kozur and Mostler (1994). The authors
came to very different conclusions. Brack and Rieber
(1994) came to the conclusions that (1) “an objective choice

of any priority argument is obviously problematic”; (2)
“such arguments can hardly be a constructive contribution
to the boundary problem”; (3) “the base of the Eoprotra-
chyceras curionii Zone would be the best choice for the
Anisian-Ladinian boundary”; (4) “the Bagolino section
would be the best stratotype for definition of the Anisian-
Ladinian boundary”.

According to Kozur and Mostler (1994) priority plays
an important role for stability in stratigraphic research. It
should be only abandoned, if there is a large scale overlap
or gap of several biozones between two major biostrati-
graphic units, the boundary of which was the priority
boundary between two stages. This is, for instance, the case
at the Induan-Olenekian boundary, where the overlap
according to the original definition of these stages by Ki-
parisova and Popov (1956) comprises almost an entire
substage (see Kozur, 1993). If a priority boundary can be
recognized by major stratigraphic groups and there is no
major overlap or gap at this boundary, the priority should
not be changed. A somewhat “better” boundary will be al-
ways found by using other fossil groups or other scientific
methods. But to disregard the priority would in such cases
replace the search for the best and widest recognizable
boundary by a struggle of different schools for using their
boundary or for using a certain fossil group. After the huge
progress in micropaleontological studies in this century
the subdivision of the fossils in “orthostratigraphic” am-
monoids and “parastratigraphic” other fossils should be
not more used, if the biostratigraphy will remain also in
the future the basis for the chronostratigraphy.

According to Kozur and Mostler (1994) the priority of
the Anisian - Ladinian boundary is clearly at the base of
the Reitziites reitzi Zone, and this zone can be recognized
by ammonoids, microfaunas and dasycladaceans (maybe
also by sporomorphs). Consequently, there is no reason to
abandon this priority boundary in favour of any younger
ammonoid boundary. For this reason, Kozur and Mostler
(1994) proposed to maintain the priority boundary at the
base of the Reitziites reitzi Zone.

As pointed out by Kozur and Mostler (1994), the biostra-
tigraphically defined Anisian-Ladinian boundary was
placed for about 100 years at the base of the reitzi Zone.
This is also true for those papers published in the late last
century, in which the base of the Ladinian (in that time still
named as Norian) was placed at the base of the curionii
Zone because the horizon with “Ceratites” reitzi was as-
signed to the basal part of that curionii Zone s. 1. The only
open question is the lower boundary of the reifzi Zone in
the Balaton Highland, its type area. If the term “horizon
with Ceratites reiizi” was used, the beds with Reirziites
reitzi were directly mentioned. If the term reitzi Zone was
used in the Balaton Highland, the Kellnerites fauna was
mostly included into the reitzi Zone. For this reason,
Vords (1993) redefined the reitzi Zone and included in as-
cending order the Kellnerites felsoeoersensis, Hypapardi-
tes liepoldti, Reitziites reitzi and Halilucites costosus sub-
zones in the Reitziites reitzi Zone. The two latter subzones
were undoubtedly always included in the type reitzi Zone
of the Balaton Highland, Kellnerites felsoeoersensis and
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Tab 1

Middle Triassic radiolarian zonation and its correlation with the stratigraphic scale

Stage Substage Ammonoid Zone/Subzone Conodont Zone Radiolarian Zone Radiolarian Subzone
Trachyceras aon G. tethydis I. Z. unnamed unnamed
Carnian Cordevolian
Frankites sutherlandi Budurovignathus diebeli Tritortis kretaensis unnamed
S. fluegeli
Longobardian  Protrachyceras archelaus Budurovignathus mungoensis ~ Muelleritortis cochleata S. rarauana
P. priscus
Protrachyceras gredleri Budurovignathus hungaricus
unnamed unnamed
Eoprotrachyceras curionii B. truempyi
Ladinian
Nevadites secedensis Ladinocampe vicentinensis
P.? wammeri - Ladinocampe
Neogondolella transita multiperforata Ladinocampe
Fassanian annuloperforata
Halilucites costosus
Reitziites reitzi Paragondolella alpina - O. inaequispinosus
Reitziites reitzi Paragondolella ? trammeri Spongosilicarmiger
italicus Oertlispongus primituvus
Kellnerites
Illyrian Kellnerites felsoeoers. Spongosilicarmiger Yeharaia annulata
felsoeoersensis Lardaroceras Neogondolella mesotriassica transitus
pseudohung. Tiborella florida
Anisian

Paraceratites trinodosus

Neogondolella constricta

Tetraspinocyrtis laevis

Upper Pelsonian Bulogites zoldianus fauna

Neog. bulgarica Nicor. germanica

Parasepsagon robustus

Hypapardites liepoldti subzones are not well separated,
because their index species appear at the same level and H.
liepoldti ranges only a little higher than K. felsoeoersensis.
Consequently, both subzones can be united into one K. fel-
soeoersensis Subzone. The stratigraphic level of the K. fel-
soeoersensis Subzone was not always included into the
reitzi Zone. Kozur (in press) analyzed the faunal content
of this stratigraphic level and came to the conclusion that it
has transitional character between the Anisian and Ladini-
an, but with dominating Late Anisian elements, whereas
the reitzi Zone s. str. (reitzi and costosus subzones) shows
in all stratigraphically important microfossil groups distinct
Ladinian character. This is also the case in the stratigraphic
level of the Lardaroceras ammonoid fauna. For this
reason, Kozur (in press) separated the K. felsoeoersensis
Subzone from the reitzi Zone s. 1. and discriminated for
the stratigraphic level between the top of the Paraceratites
trinodosus Zone (Late Anisian faunas without Ladinian
newcomers) and the Reitziites reitzi Zone (typical Ladinian
faunas) the Kellnerites felsoeoersensis Zone with the Lar-
daroceras pseudohungaricum and Kellnerites felsoeoer-
sensis subzones. By this, the reitzi Zone is restricted to the
reitzi and costosus subzones. Both zones are well separa-
ted in their ammonoid fauna by the appearance of Reitzii-
tes, Aplococeras and Parakellnerites and the disappearance
of Kellnerites. Because the felsoeoersensis Zone was
not yet known, as the Anisian/Ladinian (“Norian™) boun-
dary was biostratigraphically defined between the trinodo-

sus and reitzi zones, its Anisian or Ladinian character
must be evaluated by its fossil content, independent from
priority questions. The palynologic character of this inter-
val is distinctly Ladinian, because the meieri-scheuringi
Phase which characterizes the entire Lower Ladinian, be-
gins at the base of the Lardaroceras faunas. However, some
Anisian guide forms are still present in the level of the
felsooersensis Zone that disappeared either within the fel-
soeoersensis Zone or at the base of the reirzi Zone s. str.
Therefore not only the base of the K. felsoeoersensis Zone
(reitzi Zone s. 1.), but also the base of the reitzi Zone s.str.,
may probably be correlated by sporomorphs with the conti-
nental facies. In the conodont faunas, the first Ladinian
newcomer (forms with slightly foreward-shifted basal ca-
vity, a distinct Ladinian character), Neogondolella mesotri-
assica (Kozur and Mostler), began at the base of the Lar-
daroceras faunas, but Anisian elements remain still domi-
nant until the top of the K. felsoeoersensis Zone. Also the
radiolarian fauna of the felsoeoersensis Zone has transition
character between the very different Anisian and Ladinian
radiolarian faunas. Many important Illyrian guideforms are -
still present and dominant in the pseudohungaricum Sub-
zone, few others, as Tetraspinocyrtis laevis Kozur and
Mostler, are already absent in this stratigraphic level. Ad-
ditionally, the first few Ladinian newcomers, Eptingium
manfredi manfredi Dumitrica, Triassocampe deweveri
(Nakaseko and Nishimura) and first primitive representa-
tives of Spongolophophaenidae are present, but most of
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those species that characterizes the Lower Ladinian, are
still missing. Some forms show transitional character bet-
ween Anisian and Ladinian forms, as Spongosilicarmiger
transita Kozur and Mostler, a transitional form between S.
priscus Kozur and Mostler from the trinodosus Zone and
S. italicus Kozur and Mostler from the reitzi Zone. Rich
faunas of this horizon have been found in the Karawanken
(Kozur, Krainer and Mostler, in press), and an identical
fauna occurs also in Slovenia (Gori¢an and Ramovs, in
press). By the co-occurrence of dominating Illyrian forms
with E. manfredi manfredi, T. deweveri and Triassospon-
gocyrtis n. sp., but absence of Triassocampe scalaris Du-
mitrica, Kozur and Mostler and Yeharaia annulata Naka-
seko and Nishimura, this fauna can be also recognized in
the Circum-Pacific realm (Nakaseko and Nishimura, 1979;
Sugiyama, 1992). Fiborella florida (Nakascko & Nishi-
mura), common both in the Circum-Pacific realm and in
the Tethys, is probably restricted to this level.

In the felsoeoersensis Subzone further Ilyrian forms dis-
appeared or became very rare, as Parentactinia lata Kozur
and Mostler, Pentactinocapsa awaensis (Nakaseko and
Nishimura) and Spongosilicarmiger scabiturritus Sugiya-
ma, but Hlyrian radiolarians are still common. Further La-
dinian newcomers appeared, as 7. scalaris and Yeharaia
annulata. Dosztdly (1993) figured very primitive Oertlis-
pongus 1. sp., transitional to Paroertlispongus, from a ho-
rizon with Kellnerites bosnensis (middle to upper K., felso-
eoersensis Subzone), which are also present in Sicily, but
in general Oertlispongus is very rare and in many samples
absent in the felsoeoersensis Subzone. Despite the succes-
sive appearance of Ladinian newcomers and the successi-
ve disappearance of Anisian forms, the Anisian character
of the radiolarian faunas is still dominant in the stratigrap-
hic level of the felsoeoersensis Subzone. Those Anisian
radiolarian guide forms that are present in the Y. annulata
Subzone of the S. wransitus Zone (in the ammonoid zona-
tion K. felsoeoersensis Subzone, see Tab. 1) disappeared
at the base of the Spongosilicarmiger italicus Zone (= ba-
se of the reitzi Zone s. str.). In the same level some Ladini-
an guide forms become dominant (e. g. Oertlispongus
with several species that appeared at this level) and further
common Ladinian guide forms appeared (Baumgarineria,
Falcispongus, Pentactinocarpus fusiformis Dumitrica,
P. acanthicus Dumitricd, numerous Intermediellidae,
Monicastericidae and advanced Spongolophophaenidae).
The radiolarian fauna of the reitzi Zone is therefore a typi-
cal Lower Ladinian fauna, fundamentally different from
the Anisian radiolarian fauna of the trinodosus Zone. For
the above mentioned reasons, the base of the Ladinian at
the base of the reirzi Zone s. str. is preferred. The correla-
tion of the Ladinian ammonoid, conodont and radiolarian
zonations is shown in Tab. 1.

Independent from the priority, this boundary is the only
boundary that can be well recognized by ammonoids, Da-
onella, radiolarians and conodonts. It is also near to the
appearance of the Diplopora annulata (dasycladacean al-
gae) and only somewhat higher than distinct changes in
the foraminifer and sporomorph associations at the base of
the K. felsoeoersensis Zone. The younger ammonoid

boundaries can be recognized only by ammonoids. After
careful correlations, there may be recognized also minor
changes in some other fossil groups at these stratigraphic
levels, but surely not such large changes as at the base of
the reitzi Zone s. sir. because the next younger major chan-
ges in different fossil groups (e. g. sporomorphs, radiola-
rians, foraminifers, conodonts) are only at the base of the
Budurovignathus mungoensis Zone of the Late Ladinian
or (in the case of conodonts) at the base of the B. truempyi
Zone in the upper curionii Zone. Therefore, the base of the
reitzi Zone s. str. has not only the priority, but is also that
boundary, which can be easily correlated with all different
facies from the oceanic radiolarites (with radiolarians)
through pelagic and shallow marine deposits to continental
areas (with sporomorphs). This is not shown and in this
broad facies range surely not possible for the other two
proposed ammonoid boundaries at the base of the sece-
densis or of the curionii zones.

Some remarks are necessary to the paper of Brack and
Rieber (1994). According to these authors at least four dif-
ferent versions existed for the base of the “Norian Stage”
sensu Mojsisovics (that included originally except the pre-
sent Norian Stage also biozones of other stages, among
them of the Ladinian Stage), but they mentioned only three
different versions with biostratigraphic background. From
these three versions, the base of the Wengen Beds has never
been taken into consideration for the base of the Ladinian
Stage. The Wengen Beds were placed by Mojsisovics
(1869) in the “Norian Stage” together with Partnach
Dolomite, Pétschen Limestone, Reichenhall Limestone,
Hallstatt salt deposits, Pinacoceras metternichi beds of the
Hallstatt Limestone and Zlambach Beds. Thus, the original
Norian comprised according to the present stage subdivi-
sion, beds of Dzhulfian, Changxingian (both Late Permian),
Early Triassic, Early Anisian, Late Ladinian, Norian and
Rhaetian ages. There is therefore no priority for the base
of the Wengen Beds with Daonella lommeli as base of the
Ladinian. In that time, where the term Ladinian was intro-
duced by Bittner (1892), only the Buchenstein and Wen-
gen Beds were regarded as Ladinian and the Wengen Beds
were clearly considered as Late Ladinian (Longobardian).
Permian, Anisian and Norian deposits were never regar-
ded as part of the Ladinian Stage.

The second priority, mentioned by Brack and Rieber
(1994), is the base of the curionii Zone. However, this pri-
ority never existed. Mojsisovics (1882, 1892) used the
terms Ceratites reitzi Zone and Trachyceras curionii Zone
always in such a broad sense that the other zone was inclu-
ded. Mojsisovics (1882) used the term C. reitzi Zone
including the modem curionii Zone, whereas Mojsisovics
(1892) included the horizon withi “Ceratites” reitzi in his
T. curionii Zone. Therefore, whether he used the terms reitzi
Zone or curionii Zone, these terms always included
both the reitzi and the curionii zones in their present scope.
For this reason, always the reitzi Zone was at the base of
the Ladinian (or in that time at the base of the Norian Sta-
ge), even if this zone was named as 7. curionii Zone
with the C. reitzi horizon at its base! Later this fact was re-
cognized by all workers and the base of the Ladinian was
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generally placed at the base of the reirzi Zone. This clear
priority was unchanged therefore more than 100 years.
For this consideration is not important that the reitzi Zone
was used in a broader sense than today and included also
the secedensis and curionii zones, because the type reitzi
Zone of the Balaton Highland was always included into
this zone and into the Ladinian. Moreover, the curionii Zone
was likewise used in a very much broader sense than to-
day including the interval of the present reirzi to curionii
zones.

In papers, were the term T. curionii Zone (with the hori-
zon of “Ceratites” reitzi at its base !) was used, the Aplo-
coceras avisianum Zone was placed into the Ladinian above
that 7. curionii Zone. Kozur (1972 and later papers)
had followed this priority and placed the A. avisianum Zone
into the Ladinian because it has according to his opinion
the same Early Ladinian conodont fauna as the reitzi
Zone. Ammonoid workers have in the beginning attacked
this view and pointed out that according to the ammonoids
the reirzi Zone is clearly Ladinian, but the avisianum Zone
Anisian. This letter view was overtaken by other strati-
graphers. Thus, Tollmann (1976, pp. 65, 96) wrote: “Die
Obergrenze des Anis wird heute ganz allgemein ... im
Gegensatz zur Auffassung von H. Kozur ... iiber und
nicht unter die Avisianus Zone gelegt. Die ladinische Stufe
umfasst das Fassan (Reitzi-Zone und Curionii-Zone)”.
Meanwhile also ammonoid workers (e. g. Brack and Rie-
ber, 1993) have recognized that the avisianum Zone is not
older than the reitzi Zone, but contemporaneous with the
upper reitzi Zone and somewhat younger beds. Indepen-
dently from this question, the statement of Tollmann
(1976) has shown that there was a long agreement among
all stratigraphers for placing the reitzi Zone at the base of
the Ladinian as correctly stated by him.

The proposal of Brack and Ricber (1994) to use the Ba-
golino section as boundary stratotype for the Anisian-La-
dinian boundary cannot be accepted, independently from
the position of this boundary. The conodonts of this section
show a CAI of 3.5 - 4, indicating a considerable thermal
alteration. Most of the conodonts are black. According to
the rules for establishment of a global stratotypes section
and point (GSSP), sections with thermal alteration must be
avoided, if sections without thermal alteration arec present.
Sections with CAI 3.5 - 4 are unsuitable for paleomagnetic
and isotope investigations and not well suitable for sporo-
morph investigations. We should avoid to choice any sec-
tion from which we know that future physical methods for
correlation and boundary definition will be never applica-
ble. This section has therefore, for instance, no potential
for correlation with the continental sequences (palynologi-
cal and paleomagnetic correlations). The argument that the
horizions of Bagolino can be well correlated with ther-
mally unaltered sections, and the Bagolino section can be
consequently used as GSSP for the base of the Ladinian,
cannot be accepted because a boundary and possible
events at or near this boundary must be originally defined
in a GSSP and not after correlation in an other section.

For the above reasons, the priority base of the Ladinian
at the base of the reirzi Zone used for more than 100 years

should be preserved. This boundary is well recognizable
by ammonoids (as the two younger levels), both for the
base of the reitzi Zone s. 1. (including the Lardaroceras
pseudohungaricum and Kellnerites felsoeoersensis sub-
zones) and for the base of the reirzi Zone s. str. Therefore
this boundary is also applied by a part of the ammonoid
workers (see Vords, 1993). Additionally, it is also recog-
nizable by the following other fossil groups:

1. Sporomorphs. A distinct change from a typical Anisi-
an to a typical Ladinian association with Kuglerina meieri
Scheuring, Cannanoropollis scheuringi Brugman, Canna-
noropollis brugmani Goéczan and Oravecz-Scheffer
occurs in the Lardaroceras ammonoid fauna that should
be included into the K. felsoeoersensis Zone (Brack and
Rieber, 1994 proposed an assignment to the lower reitzi
Zone s. 1. that corresponds to the K. felsoeoersensis Zone).
The next younger change in the sporomorph association
occurs at the base of the Longobardian Budurovignathus
mungoensis conodont Zone (Gdczan and Oravecz-Schef-
fer, 1993; Kovdcs et al., 1994). This palynological boun-
dary somewhat predates the Anisian-Ladinian boundary at
the base of the reitzi Zone s. str. and it lies at the base of
the reitzi Zone s. 1., if the Lardaroceras faunas will be
included in the latter one, as proposed by Brack and Rie-
ber (1994). However, Anisian elements are still present in
the felsoeoersensis Zone. They disappeared within the fel-
soeoersensis Zone or at the base of the reitzi Zone s. str.
Consequently, there may be a possibility, to recognize by
sporomorphs also the base of the reitzi Zone s. str.

2. Dasycladacean. This algae group is important for the
stratigraphy of the dasycladacean limestones and dolomites
that have a wide distribution in the Tethyan carbonate
platforms and lacks in general other guide forms. Therefore
the exact correlation with any other zonation is- difficult,
but generally the presence of the Ladinian Diplopora an-
nulata association in the reirzi Zone s. str. is indicated
(Bystricky, 1964 and later papers). However, it is not clear,
whether this association begins exactly at the base of
the reitzi Zone s. str. On the other side, D. annulata is
present long before the base of the curionii Zone.

3. Pelagic bivalves. Change of the Daonella sturi group
to the Daonella elongata group (Brack and Rieber, 1993,
1994). The Daonella sturi group disappeared at the top of
the trinodosus Zone, whereas the D. elongata group ap-
peared at the base of the reitzi Zone s. str. Consequently,
the base of the both the reifzi Zone s. 1. and the base of the
reirzi Zone s. str. is recognizable by daonellids, but the
appearance of the D. elongata group is more important
than the disappearance of the D. sturi group. So far, no
application of the Daonella stratigraphy is possible at the
base of the secedensis and curionii zones.

4. Radiolarians. See discussions above. The changes in
the radiolarian faunas in the short time interval from the
top of the trinodosus Zone up to the base of the reitzi Zone
s. str. is one of the strongest changes within the Mesozoic
radiolarian faunas. The radiolarian fauna of the reirzi Zone
s. str.is totally different from the radiolarian fauna of the
trinodosus Zone, and it is a typical Ladinian fauna. The
changes in the low latitude radiolarian faunas are not facies-
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-controlled, but step by step changes can be observed from
the base of the felsoeoersensis Zone up to the base of the
reitzi Zone s. str. with the strongest turnover at the base of
the reitzi Zone s. str. If the base of the secedensis or of the
curionii Zone would be chosen as base of the Ladinian, ty-
pical Fassanian radiolarian faunas could be only determi-
ned as Late Anisian-Early Ladinian radiolarian faunas.
This would be a strong disadvantage for the correlation
of the oceanic sequences in the Circum-Pacific realm and
in the Tethys.

In the high latitude radiolarian faunas (e. g. Omolon
massif of NE Siberia, New Zealand) many guide forms of
the low latitude Tethyan and Circum-Pacific faunas are
missing (e. g. Oertlispongidae, Triassocampe). However,
the Silicarmiger and the Spongolophophaenidac lineages
are present both in low and high latiutude radiolarian fau-
nas (Kozur, in press) allowing an exact correlation of the
low and high latititudes radiolarian faunas.

In radiolarites the number of radiolarian taxa that can be
solved from the rocks, is by far smaller than in pelagic lime-
stones. Therefore only the wide zonal scope proposed by
Kozur and Mostler (1994) and Kozur (in press) can be
applied and the base of the secedensis and curionii zones
cannot be recognized in such faunas, because they do not
coincide with the boundaries of any radiolarian zone.

5. Foraminifers. Middle Triassic foraminifers are rather
facies fossils than good stratigraphic markers. Distinct
changes in the foraminifer associations can be found at the
base of the felsoeoersensis Zone exactly in the level, in
which the Ladinian sporomorph association begins
(Géczan and Oravecz-Scheffer, 1993; Kovacs et al., 1994).
No changes in the foraminifer associations can be obser-
ved at the base of the secedensis and curionii zones. Slight
changes are present at the base of the reitzi Zone s. str.

6. Ostracods. The ostracod faunas of the trinodosus and
reitzi zones are very different, but it is not clear, where the
changes of the ostracod complexes exactly occur. The
youngest Anisian ostracod faunas has been derived from
the middle part of the trinodosus Zone, whereas the oldest
Ladinian type ostracod fauna is known from the reitzi Zone
s. str. Therefore the ostracods can in the moment not used
for defining the boundary. However, no distinct changes
can be observed in the ostracod faunas from the reitzi
Zone s. str. up to the uppermost Fassanian. Consequently,
surely no changes will be present at the base of the
secedensis and of the curionii zones.

7. Conodonts. At the base of the felsoeoersensis Zone
only a slight change of the conodont fauna can be observed
indicated by the first appearance of Neogondolella me-
sotriassica (Kozur and Mostler), a Ladinian newcomer.

The Anisian character of the conodont fauna is not much
changed by this event. A distinct change of the conodont
faunas can be observed at the base of the reitzi Zone s. str.
In that level the very characteristic Paragondolella alpina
(Kozur and Mostler) appeared, and for the first time P. ?
trammeri (Kozur) can be found. The latter species be-
comes dominant in the costosus Subzone of the reitzi Zone.
No changes in the conodont faunas occur up to the upper
curionii Zone as shown by our investigations of the micro-
faunas from the Bagolino section. Only few further,
mostly rare, Ladinian elements appeared in this interval, as
N. transita (Kozur and Mostler) and N. aequidentata Ko-
zur, Krainer and Lutz, but none of these elements appeared
at the base of the secedensis or the base of the curionii
zones. Only Neogondolella ladinica Kozur, Krainer and
Mostler may appear near to the base of the curionii Zone.
This form was figured under Neogondolella cornuta ladi-
nica n. subsp., but by a printing mistake not described in
Kozur et al. (1994). Therefore it is described in the appen-
dix of the present paper.

Conodont faunas, in which the gondolellid elements dis-
play a foreward-shifted basal cavity, have typical Ladinian
aspect. Such forms begin first at the base of the K. felsonic-
ersensis Zone, but are in this level very rare (Neogondolel-
la mesotriassica; a junior synonym of this species is
“Gondolella” constricta postcornuta Kovacs, 1994, see
appendix). Faunas with Paragondolella ? trammeri (Ko-
zur) and Paragondolella alpina (Kozur and Mostler) have
a typical Early Ladinian character. However, P. ? tramme-
ri is strongly facies dependent. It occurs only in fully pela-
gic sediments, but it is very rare or missing in pelagic
dark, bituminous limestones from semirestricted basins. It
has been never found in North America and in the Boreal
realm and it is therefore not very suitable for the definition
of the Anisian-Ladinian boundary. On the other hand, a
fully pelagic conodont fauna with P. ? trammeri is one of
the best indicator for a Ladinian conodont fauna, because
in the open-sea deposits of the Tethys this species is very
abundant and characteristic. However, if species is not
present, a Ladinian age cannot be excluded, because it is
missing in many faunas (especially dark limestones) of
undisputed Ladinian age.

The conodonts evolved rather slowly in the Late Anisian-
Early Ladinian time interval. Additionally, several taxono-
mic problems concerning the Middle Triassic conodont
faunas hinder the application of this fossil group for defi-
nition of the Anisian-Ladinian boundary. The smooth Ne-
ogondolella and Paragondolella of this time are difficult
to determine and therefore often the determination was in-
fluenced by the assumed age of the deposits. A good

Fig. 2. Lower Fassanian (O. inaequispinosus Subzone of S. italicus Zone) radiolarians from red ribbon radiolarites (sample A 1 of locality A south of
Bohunovo, see Fig. 1). 1, 2 - Eptingium manfredi Dumitrica; 1: x 160, rep.-no. 5758; 2: x 100, rep.-no. 5809. 3 - Spongopallium cf. contortum Dumitri-
ca, Kozur and Mostler, x 210, rep.-no. 5787, 4 - Pseudostylosphaera postjaponica slovakensis n. subsp., holotype, x 200, rep.-no. 5768, 5, 7, 8, 11 -
Baumgartneria retrospina Dumitrica, 1982; 5 - 300 x, rep.-no. 5796; 7 - 150 x, rep.-no. 5739; 8: 200 x, 5740; 11 - x 230, rep.-no. 5745, 6 - Badly pre-
sered indeterminable Radiolaria, x 150, rep.-no. 5783, 9 - Oertlispongus inaequispinosus Dumitrica, Kozur and Mostler, x 230, rep.-no. 5763, 10 -
Baumgartneria lata Kozur and Mostler, x 280, rep.-no. 5802, 12 - Siliceous sponge spicule, x 370, rep.-no. 5797, 13 - Isolated tricarinate main spine,
probably of Pseudostylosphaera Kozur and Mostler, x 300, rep.-no. 5741, 14 - Paroertlispongus multispinosus Kozur and Mostler, isolated main polar
spine, x 180, rep.-no. 5753, 15 - Annulotriassocampe campanilis Kozur and Mostler, x 330, rep.-no. 5792, 16 - Pararuesticyrtium eofassanicum Kozur

and Mostler, x 480, rep.-no. 5772.
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example was discussed by Kozur et al. (1994). P. ? tram-
meri praetrammeri (Kozur and Mostler) from Parakellne-
rites-bearing beds of the reitzi Zone was regarded by
Krystyn (1983) and Kovdcs et al. (1990) as a typical Ladi-
nian P. ? trammeri trammeri and therefore the beds with
P. ? trammeri praetrammeri were placed into the Nevadi-
tes fauna (circular conclusion). The re-investigation of the
ammonoid fauna by Krystyn (pers. comm. see Kozur and
Mostler, 1994) has shown that the ammonoids belong to
the reitzi Zone as shown by Tichy (in Kozur and Mostler,
1982). P. ? trammeri praetrammeri and P. ? trammeri
trammeri are very similar. Consequently, the first appea-
rance of the species P. ? trammeri and not of the subspe-
cies P. ? trammeri trammeri is important for stratigraphic
evaluations. All three authors, who wish to define the base
of the Ladinian with the first appearance of P. ? trammeri
trammeri have misidentified P. 7 trammeri praetrammeri
as P. ? trammeri trammeri. They concluded from this
misidentification that the ammonoid determination must be
wrong to maintain the view that P. ? trammeri begins at
the base of the secedensis Zone and characterizes a typical
Ladinian fauna that begins according to these authors at
the base of the secedensis Zone. By this, they have con-
firmed that the reirzi Zone s. str. contains a typical Ladinian
conodont fauna, because the above mentioned P. ? tram-
meri praetrammeri has been derived from ammonoid-da-
ted reirzi Zone, now also confirmed by the re-investigation
of the ammonoids by Krystyn (pers. comm.). Morcover,
Kovdcs (1994) found P. trammeri trammeri in the reitzi
Zone s. str. and he wishes now (Kovidcs in Kovdcs et al.,
1994) to place this part of the reitzi Zone into the Nevadi-
tes fauna to maintain his view that P. trammeri begins at
the base of the Nevadites fauna. However, P. ? trammeri
praetrammeri begins in suitable facies in the lower part of
the reitzi Zone s. str., and it is surely present in beds with
the index species. These beds cannot be placed into the
Nevadites fauna (secedensis Zone sensu Brack and Rieber,
1994, this term is preferred herein).

In North America Neogondolella aldae Kozur, Krainer
and Mostler is a-characteristic Early Ladinian form that
occurs in the meeki-, occidentalis and lower subasperum
zones, but the first appearance of this species is not yet
well known. It is rarely present also in the Tethys.

The use of conodonts is additionally complicated by the
use of junior synonyms and unjustified revisions of species
(see appendix).

In contrast to the ammonoid distribution data, Kovdcs
(1993) placed the curionii Zone directly above the reitzi
Zone. That ammonoid succession is very difficult to inter-
pret because Chieseiceras is present that occurs at least 2
m above the top of the reirzi Zone (Kovdcs, appendix in
Kovdcs et al., 1994) and this genus appeared slihtly before
the curionii zone. The conodont range charts by Kovdcs
(1993), in which that not existing succession of the ammo-
noid zones is used, are therefore additionally difficult to in-
terpret. Gaetani (1993b) postulated a gap or condensation
in the Balaton Highland above the reitzi Zone and be-
low the curionii Zone, seemingly in reaction of the view
by Kovdcs (1993) that the curionii Zone follows in Fel-

s66rs immediately above the reitzi Zone. However, in the
Fels60rs section, all Fassanian and Early Longobardian ra-
diolarian and conodont zones are present. If ammonoids
are missing, this do not mean that no sediments of the age
of a missing ammonoid zone were deposited. As mentioned
above, Chiesieceras was found in the FelsG0rs section and
further ammonoid collections will yield perhaps also am-
monoids from the so far undocumented lower part of the
secedensis Zone. In any case, the radiolarians and cono-
donts of the Fels§ors section indicate that neither a gap nor
condensation are present between the top of the reitzi Zone
and the base of the Longobardian Budurovignathus
mungoensis Zone (conodonts) and the contemporaneous
base of the Muelleritortis cochleata Zone (radiolarians).

After evaluation of all available fossil data across the three
discussed levels of the Anisian-Ladinian boundary (base
of reirzi Zone s. str., base of secedensis Zone and base
of curionii Zone), the priority boundary at the base of the
reitzi Zone s. str. is the best suitable boundary that can be
correlated with all different facies from the continental facies
to oceanic deep-sea deposits. The well accessible classi-
cal Fels6ors section in Hungary is the most suitable GSSP
for the base of the Ladinian defined in agreement with the
priority with the base of the reitzi Zone s. s. The section is
well exposed (partly by deep artificial trenches) and unin-
terrupted and stratigraphically uncondensed pelagic beds
are present from the upper Pelsonian (Middle Anisian) up
to the lower part of the Late Ladinian. The lithostratigraphic
succession is well described (Loczy, 1916; Haas et al.,
1985). Ammonoids are common in the trinodosus, felsoeoer-
sensis and reitzi zones and very rare in the upper sece-
densis Zone. The ammonoid distribution of the interval
from the trinodosus to the top of the reitzi zones was revised
by Vorés (1993). According to Kozur (in. press), it is
better to discriminate a Kellnerites felsoeoersensis Zone
between the top of the trinodosus Zone and the base of the
horizon with R. reitzi than to unit this interval with the reit-
zi Zone s. str.in a broad reitzi Zoue s. 1. The upper part of
the Parakellnerites sp. aff. meriani B Subzone (equivalent
of the Lardaroceras fauna) should be included into the
Kellnerites felsoeoersenis Zone. Ostracods (Kozur, 1970;
Monostori, 1991) conodonts (Kozur and Mostler, 1971;
Kozur and Mock, 1972, Kovdcs et al., 1990; Kovdcs,
1994), foraminifers (Haas et al., 1985; Oravecz-Scheffer,
1987; Gd6czdn and Oravecz-Scheffer, 1993), radiolarians
(Kozur and Mostler, 1981, 1994; Kozur, 1984; Dosztdly,
1993) are common in the entire section and numerous zonal
index species of these fossil groups were described from
this section (Kozur, 1970; Kozur and Mostler, 1971; Ko-
zur and Mock, 1972; Kozur and Mostler, 1981, 1994; Ko-
zur, 1984). The CAI is 1, consequently, paleomagnetic,
isotope and palynologic investigations arc possible. Isotope
investigations are under investigation by Dr. Korte, Bo-
chum. The sporomorph distribution is well known from
borehole in adjacent areas with the same succession
(Gdczdn and Oravecz-Scheffer, 1993). Abundant tuffs and
tuffites in the trinodosus, felsooersensis and in the reitzi
zones, but also tuffitic layers in the middle-upper Fassanian
allow radiometric age determinations.
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Radiolarian fauna of sample Al from the Meliaticum
of Bohuiiovo

Suborder Entactinaria Kozur and Mostler, 1982

Superfamily Hexastylacea Haeckel, 1882 emend.
Petrushevskaja, 1979

Family Eptingiidae Dumitrica, 1978
Genus Eptingium Dumitrica, 1978
Type species: Eptingium manfredi Dumitrica, 1978

Eptingium manfredi Dumitricd, 1978
(Figs. 2/1, 2/2)

Distribution: Very common in the felsoeoersensis Zone
and in large parts of the Fassanian of the Tethys and of the
Circum-Pacific realm. The subspecies E. manjredi robus-
tum Kozur and Mostler (Fig. 2/2) is restricted to the upper
Subzone (Oertlispeagus inaequispinosus Subzone) of the
early Fassanian Spongosilicarmiger italicus Zone and to
the middle Fassanian Ladinocampe multiperforata Zone.

Superfamily Palaeoscenidiacea Riedel, 1967 emend.
Kozur and Mostler, 1982

Family Hindeosphaeridae Kozur and Mostler, 1981
Genus Pseudostylosphaera Kozur and Mostler, 1981

Type species: Pseudostylosphaera gracilis
Kozur and Mostler, 1981

Pseudostylosphaera postjaponica slovakensis n. subsp.
(Fig. 2/4)

Derivatio nominis: According to its occurrence in
Slovakia.

Holotypus: The specimen on Fig. 2/4, rep.-no. 5768.

Locus typicus: Locality A south about 50 m south of a
former limestone quarry south of Bohifiovo (see Fig. 1).

Stratum typicum: Sample A 1, red Ladinian radiolarites,
blocks in Middle Jurassic flysch.

Diagnosis: Cortical shell slightly ellipsoidal, two-layered.
The inner layer displays small, irregularly spaced roundish
pores. Pore frames of the outer layer with nodes on the joint,
from which narrow bars radiate. One of the polar spines
is as long as the long axis of the cortical shell or a little
shorter. The other polar spine is distinctly longer. The po-
lar spines are broadest about in the midlenth, tricarinate,
with deep, wide furrows.

Measurements of the holotype:

Diameter of cortical shell (long axis): 120 wn
Diameter of cortical shell (short axis): 110 um
Length of the short polar spine: 100 um
Length of the long polar spine: 160 wum

Distribution: So far only known from Early Ladinian of
the type locality.

Remarks: Pseudostylosphaera postjaponica postjaponica
Kozur and Mostler, 1994 from the Spongosilicarmiger
italicus Zone and lower Ladinocampe multiperforata Zone
displays two polar spines of equal length that are longer
than the long polar spine of Pseudostylosphaera postjapo-
nica slovakensis n. subsp.

Pseudostylosphaera japonica (Nakaseko and Nishimu-
ra, 1979) from the florida Subzone of the transita Zone
displays polar spines of equal length that are shorter than
or as long as the Jong axis of the cortical shell. Pseudosty-
losphaera japonica sensu Lahm (1984, pl. 4, Fig. 9) does
not belong to that spccies, ansd it is probably identical
with P. postjaponicus slovakensis.

The Late Ladinian Pseudostylosphaera inaequata (Bra-
gin, 1986) has similar unequal polar spines, but is consi-
derably larger (large polar spine 310 wm, small polar spine
220 um) and the polar spines are parallel-sided and slight-
ly twisted.

Suborder Spumellaria Ehrenberg, 1875

Superfamily Sponguracea Haeckel, 1862 emend.
Kozur and Mostler, 1981

Family Oertlispongidae Kozur and Mostler
in Dumitrica et al., 1980

Genus Oertlispongus Dumitrica,
Kozur and Mostler, 1980

Type species: Oertlispongus inaequispinosus
Dumitrica, Kozur and Mostler, 1980

Oertlispongus inaequispinosus
Dumitricd, Kozur and Mostler, 1980
(Fig. 2/9)

Distribution: One of the most characteristic Early Ladi-
nian radiolarian species. Common in the Tethys, rare in the
Circum-Pacific area (Japan, Philippines). Base of reitzi
Zone s. str. to middle Longobardian (Oertlispongus primi-
tivus Subzone of Spongosilicarmiger italicus Zone to
Spongoserrula rarauana Subzone of Muelleritortis coch-
leata Zone).

Remarks: Like most of the Oertlispongids, the species
can be well determined, if only isolated main polar spi-
nes are present. Dumitrica (1982) established most of
the Qertlispongid species on the base of the highly diffe-
rentiated main polar spine, because only from few spe-
cies complete radiolarians were present in his material.
Later investiga-tions by Kozur and Mostler (1994 and
in press) on the base of fully preserved radiolarians ha-
ve shown that all species established by Dumitrica
{1982) on the base of isolated main polar spines can be
maintained.

In the felsoeoersensis Subzone the oldest Oertlispon-
gus with slightly curved main spine appeared, but it is ve-
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ry rare in this level. More advanced forms display a
stronger backward curved main polar spine. They appe-
ared at the base of the reirzi Zone s. str. and are a com-
mon element in the entire Lower Ladinian. A reduction
of the length of the straight proximal part of the main
polar spine can be observed within the Oertlispongus li-
neage. By this development detailed stratigraphic subdi-
visions of the Early Ladinian can be made on the base of
isolated polar spines, the most characteristic preserva-
tion of Oertlispongus in cherts. In limestones often the
entire radiolarians can be found. As shown by Kozur
and Mostler (1994 and in press) the spongy shell is
unspecific, but subspecies can be discriminated on the
base of presence, number and arrangement of by-spines
or of an antapical polar spine.

Genus Baumgartneria Dumitrica, 1982
Type species: Baumgartneria retrospina Dumitrica, 1982

Baumgartneria retrospina Dumitrica, 1982
(Figs. 2/5,2/7, 2/8,2/11)

Distribution: Very characteristic Fassanian guide-form
(base of reitzi Zone s. str. to middle Fassanian, O. primiti-
vus Subzone of S. italicus Zone and Ladinocampe annulo-
perforata Subzone of Ladinocampe multiperforata Zone).
Tethys and Circum-Pacific area.

Baumgartneria lata Kozur and Mostler, 1994
(Fig. 2/10)

Distribution: Uppermost part of the early Fassanian S.
italicus Zone to middle Fassanian Ladinocampe multiper-
Sforata Zone of the Tethys.

Genus Paroertlispongus Kozur and Mostler, 1981

Type species: Paroertlispongus multispinosus Kozur
and Mostler, 1981

Paroertlispongus multispinosus Kozur and Mostler,
1981
(Fig 2/14)

Distribution: Oertlispongus inaequispinosus Subzone
of the Early Fassanian Spongosilicarmiger italicus Zone.
Tethys.

Remarks: The distally strongly recurved straight main
polar spine is very characteristic for this species that can
easily be determined, if only the main polar spine is pre-
served.

Superfamily Actinommacea Haeckel, 1862
Family Spongopalliidae Kozur n. fam.
Diagnosis: Medullary shell (microsphere) and second

shell elongated, latticed. The distance between the two
shells corresponds about to the long diameter of the me-

dullary shell or it is somewhat shorter. The connecting
rays between these latticed shells are situated around the
equatorial plane. The outer latticed shell is surrounded by a
thick spongy mantle connected by many rays with the ou-
ter latticed shell. ,

Distribution: Early Ladinian to Jurassic of the Tethys.
? Tertiary to Recent.

Assigned genera:
Spongopallium Dumitrica, Kozur and Mostler, 1980
? Spongosphaera Ehrenberg, 1847
Synonyma: Spongatractus Haeckel, 1887
Spongoxiphus Haeckel, 1887

Remarks: The Spongodruppidae Haeckel, 1887 emend.
are restricted herein to forms without polar spines. Spon-
gosphaera Ehrenberg and Spongoxiphus Haeckel may be
unrelated to the Spongopalliidae and may have evolved ite-
ratively from bipolar Actinommacea with latticed cortical
shell through species with thin spongy mantle as Spon-
gosphaera balbis (Sanfilippo and Riedel, 1973). Howe-
ver, the inner structure, as far described for Tertiary and
Recent forms, is very similar.

Genus Spongopallium Dumitrica, Kozur and Mostler,
1980
Type species: Spongopallium contortum Dumitrica, Ko-
zur and Mostler, 1980

Spongopallium cf., contortum Dumitrica, Kozur and
Mostler, 1980
(Fig. 2/3)

Distribution: Fassanian of the Tethys, rare.

Remarks: The polar spines in Spongopallium contortum
Dumitricd, Kozur and Mostler, 1980 are mostly in their di-
stal parts distinctly twisted, but in the holotype the distal
parts of the polar spines are only slightly twisted. Our spe-
cimens display untwisted polar spines. The intraspecific
variability of S. contortum is not yet well known, because
so far only about 50 specimens are known. For this reason
the presence and degree of the torsion of the polar spines
cannot be evaluated taxonomically in the present stage of
our knowledge.

Suborder Nassellaria Ehrenberg, 1875
Family Ruesticyrtiidae Kozur and Mostler, 1979
Genus Pararuesticyrtium Kozur and Mostler, 1981

Type species: Pararuesticyrtium densiporatum
Kozur and Mostler, 1981

Pararuesticyrtium eofassanicum Kozur and Mostler, 1994
(Fig. 2/16)

Distribution: O. inaequispinosus Subzone of S. italicus
Zone and basal part of L. multiperforata Zone (Fassanian)
of the Tethys.
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Family Triassocampidae Kozur and Mostler, 1981
Annulotriassocampe Kozur, 1994

Type species: Annulotriassocampe baldii Kozur, 1994

Annulotriassocampe campanilis
Kozur and Mostler, 1994
(Fig. 2/15)

Distribution: Illyrian to middle Fassanian of Tethys and
Circum-Pacific realm.

Stratigraphic evaluation of the radiolarian fauna
and remarks to the biostratigraphic value of Middle
Triassic radiolarians

The radiolarians have the strongest biostratigraphic re-
solving power of all Middle and Upper Triassic fossil
groups. Like in other fossil groups, there are long-living
forms and short-living forms with very wide distribution
(e. g. Oertlispongidae from the entire Tethys, SE Siberia,
Japan, Philippines, western America) or even world-wide
distributed short-living species (e.g. the Silicarmiger and
Spongolophophaenidae lineages, present in the Boreal Tri-
assic of northern Siberia, in the Notal realm of New Zea-
land, in the entire Tethys, Circum-Pacific region and wes-
tern North America that means in all areas with pelagic
Triassic).

Despite the fact that in some radiolarian groups the evo-
lutionary rate is very high, it is mostly not higher than that
of ammonoids or conodonts. However, there are very
much species in rich radiolarian faunas. In such rich fau-
nas, there are practically in every bed one or several species
that are within a phylomorphogenetic lineage just in a
transitional stage between to species. By this it is possible
to made extremely detailed correlations of distant radiolari-
an-rich sections (Kozur and Mostler, 1994), For instance,
10 stratigraphically important platform conodonts are pre-
sent in the well defined and world-wide distributed Budu-
rovignathus mungoensis Zone (conodonts) in different
faunal provinces. Only two of them are restricted to this
zone or part of it, the mostly rare Budurovignathus japoni-
cus (Hayashi) and Celsigondolella watznaueri (Kozur)
that is restricted to the Germanic Basin. The other species
cither begin earlier, as Budurovignathus ciernensis (Kozur
and Mock), B. hungaricus (Kozur and Végh) and Para-
gondolella ? trammeri (Kozur), or reaches in the next
younger zone, as B. mungoensis (Diebel), B. mostleri
(Kozur), Pseudofurnishius murcianus van den Boogaard,
Paragondolella foliata Budurov and P. inclinata (Ko-
vécs). In the same interval (level of Tethyan Protrachyce-
ras archelaus Zone, Meginoceras meginae and Maclear-
noceras maclearni zones of North America) about 50
stratigraphically important, short-living ammonoid species
are present in different faunal provinces.

Alone among one radiolarian family (Oertlispongidac
Kozur and Mostler) in one area (Tethys) 84 mostly short-
living radiolarian species are present (Kozur and Mostler,
in press, Kozur, in press). 80 of them are restricted to the

interval of the Budurovignathus mungoensis Zone. 67 of
them are restricted of one of three radiolarian subzones (of
the Muelleritortis cochleata Zone that is contemporaneous
with the B. mungoensis Zone) or to a part of these three
subzones that were discriminated by Kozur and Mostler
(in press) for this interval. As a whole, several 100 radio-
larian species are restricted to the time-interval of the B.
mungoensis Zone.

However, there are also poor or badly preserved radiola-
rian faunas. In limestones, the radiolarians are often calci-
fied and cannot be solved from that limestones by acid. In
radiolarites, generally by far fewer species are present (or
preserved) as in pelagic limestones with well preserved ra-
diolarian faunas. This is seemingly caused by selective
solving. In general, radiolarian faunas of one Middle Tri-
assic radiolarite sample contain 10 - 30 species, whereas
rich radiolarian faunas from limestones contain in the
Middle Triassic more than 100 radiolarian species.

To apply the radiolarian zonation also for poor or badly
preserved faunas (from which only few species can be
solved or determined), Kozur and Mostler (1994) introdu-
ced radiolarian zones with a very wide scope, subdivided
into 2 - 3 subzones with rather wide scope. If 100 or more
species are restricted to such a zone or part of them, then it
is very easy to recognize such broad zones also in very
poor radiolarian faunas, in which surely some of that 100
species will be present. In this zonation, one radiolarian
zone corresponds about to one ammonoid and one cono-
dont zone (Tab. 1). In rich and well preserved faunas such
radiolarian zones can be subdivided in several subzones
and often these subzones can be subdivided in two or more
parts.

The radiolarians have a very wide regional distribution.
They are the only good guide fossils in oceanic ophiolite-
radiolarite successions that are widely distributed in the
entire Circum-Pacific realm, but also in oceanic sequences
in the Tethys (e. g. in the Meliaticum). In such radiolarites
the radiolarians are often the only guide fossils. If cono-
donts are present, they are often exclusively represented
by juvenile specimens, not very suitable for detailed biostra-
tigraphic works. Ammonoids have been never found in ra-
diolarites.

The stratigraphic value of the radiolarians is doubted by
Gaetani (1993b, p. 8). He wrote: “Radiolarians also show
a significant change [at the base of the reifzi Zone]. Howe-
ver, their distribution is at present so patchy known that
this seems to me a minor argument.” This view is surpri-
sing, because in the last 10 years there appeared by far
more papers about the Triassic radiolarians from all over
the world (and their stratigraphic value and distribution),
than about Triassic conodonts or ammonoids. As pointed
out by Kozur and Mostler (1994), there were already pub-
lished before the appearance of that paper 17 Triassic
radiolarian zonations. If any stratigraphic important fossil
group of the Triassic has a “patchy distribution”, then these
are the ammonoids, but nobody doubted so far their
stratigraphic importance. Ammonoids are, of course, mis-
sing in all continental beds (about 70 % of the known
Triassic sediments of the world). They are missing in in-
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tratidal shallow-water carbonates (widely distributed in the
Triassic Tethys), but they are also missing in all cherts and
cherty limestones of oceanic-suboceanic sequences. The
absence of ammonoids in the most deep-water cherty
limestones is probably caused by rapid aragonite solving
in these deposits. Fewer than 5 % of the Triassic sedi-
ments contain ammonoids, but even in these ammonoid-
bearing deposits, their distribution is often patchy. In the
uncondensed thick Hallstatt Limestones of Silickd Brezovd
(Slovakia) only 3 horizons with ammonoids are known in
the time interval from the base of the Late Carnian until the
top of the Norian. With these ammonoids the presence of
two ammonoid zones can be proven in this interval that
means, even most of these Hallstatt Limestones, one of the
ammonoid-rich facies, are free of ammonoids. The under-
lying Dasycladacean platform carbonates in this section
are, of course, free of ammonoids. Even in extraordinary
ammonoid-rich occurrences of ammonoids in Hallstatt
Limestones, ammonoids are missing in certain intervals
(e. g. in part of the sections at the Olenekian-Anisian boun-
dary in Chios, Muttoni et al., 1994). The first occurrence
of ammonoids indicates therefore often not the first appea-
rance of the index species. Phylogenetic lineages of ammo-
noids in one uncondensed section with transitions in bed
by bed occurrences are known only in very few sections.
If the Marathovouno sections of Chios will be chosen as
boundary stratotype for the Olenckian-Anisian boundary
and the ammonoids are chosen for definition of that boun-
dary, then below the first occurrence of the Anisian am-
monoids is a horizon without ammonoids. It is therefore
not clear, whether the first occurrence of Anisian ammo-
noids in the Marathovouno sections is a local first occur-
rence or represents the first appearance of these forms.
These sections are therefore even combined with each other
unsuitable as boundary stratotype, if ammonoids are cho-
sen for the definition of the Olenekian-Anisian boundary.

Moreover, ammonoid-rich Hallstatt Limestones are of-
ten condensed. This condensation is by ammonoids only
recognizable, if two or more ammonoid horizons are con-
densed. However, if one ammonoid horizon is condensed
with ammonoid-free Hallstatt Limestones, then an uncon-
densed ammonoid fauna may contain two or more cono-
dont zones.

Radiolarians are likewise missing in continental beds
and in shallow-water platform carbonates. However, unlike
ammonoids they are common in cherts and cherty or sili-
ceous limestones of oceanic-suboceanic sequences and are
there often the only stratigraphic important fossils (if
conodonts are absent or represented by juvenile platform
conodonts). They are present in all pelagic Middle and Late
Triassic deposits, but the solving methods has to be im-
proved, because in limestones the radiolarians are often
calcificd. However, some especially characteristic forms or
a part of them (like the curved main polar spine of Oertli-
spongus) are recognizable even in thin scctions.

Kozur and Mostler (1994) and Kozur (in press) fully
agreed with the view of Dosztdly (1993) that between the
top of the trinodosus Zone and the base of the reitzi Zone
s. str. a first order radiolarian turnover occured that can be

defined by several phylomorphogenetic lineages. The zo-
nation proposed by Kozur and Mostler (1994) is based on
radiolarian faunas from Sicily to the Alps and Hungary
and additionally on studies in the radiolarites in the Cir-
cum-Pacific realm (Primorje, Japan). The distinct change
in the radiolarian fauna at the base of the reitzi Zone s. str.
can be found also in oceanic sequences of Primorje and
Japan and on the Philippines, but also in other radiolarite
sections across the Anisian-Ladinian boundary. Moreover,
it can be easily correlated with the radiolarian successions
of the Boreal and Notal realms. Aita (1994 and lecture on
the Osaka Radiolarian Symposium, 1994), Bragin (1994
and poster in the radiolarian Symposium in Osaka, 1994)
and Simes (poster on the radiolarian symposium in Osaka,
1994) presented well preserved Triassic radiolarian su-
ccessions from the Boreal realm (NE Siberia) and from the
Notal realm (New Zealand). In these faunas some impor-
tant Tethyan radiolarians (like Oertlispongus) are missing,
but with the Silicarmiger and Spongolophophaenidae line-
ages (Kozur and Mostler, 1994; Kozur, in press), the
Middle Triassic Tethyan zonation (Kozur and Mostler,
1994) can be easily correlated with the cold-water assem-
blages in high latitudes.

The radiolarian fauna of sample A 1 from the Meliati-
cum of Bohinovo belongs to the above mentioned radiola-
rite-derived radiolarian faunas with few species. 10 species
are determinable. A large part of them is represented only
by polar spines. In the case of Oertlispongidae, the isola-
ted differentiated main polar spines can be determined in
species level. As mentioned above, such faunas can be as-
signed without difficulties to the radiolarian zonation by
Kozur and Mostler (1994), which is well correlated with
the conodont zonation and in the level from the trinodosus
to reitzi zones also directly correlated with the ammonoid
zonation.

Most of the species occur in the upper subzone (O. inae-
quispinosus Subzone) of the early Fassanian S. italicus
Zone and in the lower subzone (L. annuloporata Subzone)
of the middle Fassanian L. multiperforata Zone. Some
species have a longer range, but with exception of Annu-
lotriassocampe campanilis that begins in the Illyrian tri-
nodosus Zone, and Eptingium manfredi manfredi that be-
gins at the base of the felsoeoersensis Zone, all species are
restricted to the Ladinian. From these species, O. inaequi-
spinosus ranges up to the middle Longobardian, the others
are restricted to the Fassanian. The fauna is therefore a ty-
pical Fassanian radiolarian fauna of the Tethys and Cir-
cum-Pacific realm, if the priority base of the Ladinian at
the base of the reirzi Zone s. str. is maintained. If the base
of the Ladinian will be placed against the priority at the base
of the secedensis Zone or of the curionii Zone, such typi-
cal Ladinian radiolarian faunas must be regarded as Ani-
sian-Ladinian faunas.

Paroertlispongus multispinosus and Pararuesticyrtium
eofassanicum are restricted to the upper subzone of the S.
italicus Zone. Baumgartneria lata is very rare in the upper
Halilucites costosus Subzone and in overlying beds of the
Felsodrs section. It occurs there from the O. inaequispino-
sus Subzone of the S. italicus Zone to the L. multiperfora-
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ta Zone. This species was established by Kozur and Most-
ler, 1994) on material figured by Dumitrica (1982) that has
derived from the middle Fassanian L. multiperforata Zo-
ne. Therefore the range of this rare species was indicated
with L. multiperforata Zone. In this level, Kozur and
Mostler (1994) found 3 broken specimens. The range of
this species was, however, not clear, because it was inclu-
ded by Dumitrica (1982) into B. retrospina, which ranges
from the lower subzone (O. primitivus Subzone) of the S.
italicus Zone to the L. multiperforata Zone. Therefore the
longest possible range of B. lata would be the same as for
B. retrospina. However, in the rich material from the O.
primitivus Subzone of Southern Alps, Hungary, Lagoneg-
ro Basin and Western Sicily this species was never found,
whereas B. retrospina is present. Therefore the occurrence
in the upper subzone of the S. italicus Zone and in the lo-
wer subzone of the L. multiperforata Zone in the Fels§ors
section indicates seemingly the entire range of this species.

If we consider the range of all species of sample A 1, an
assignment to the upper Subzone (O. inaequispinosus
Subzone) of the early Fassanian S. italicus is possible. The
radiolarians of this sample allow therefore a very precise
age determination. This age falls within the range of the
ophiolite-radiolarite sequences of the Meliaticum. No other
fossils allow such very precise age determinations of the
Meliaticum radiolarites. Ammonoids are entirely missing,
like in all oceanic sequences. Conodonts are in the most
samples missing. If they are present, they are mostly re-
presented by juvenile forms, not well suitable for detailed
age determinations.

Appendix: Description of Neogondolella ladinica Kozur
and Mostler n. sp. and some remarks to Ladinian co-
nodonts described by Kovacs (1994)

Genus Neogondolella Bender and Stoppel, 1965 emend.
Kozur, 1989

Type species: Gondolella mombergensis Tatge, 1956
Neogondolella ladinica Kozur, Krainer and Mostlern. sp.

1994 Neogondolella cornuta ladinica Kozur, Krainer and
Mostler n. subsp., pl. 3, Figs. 2, 5, 8, 11, 14, 17

Derivatio nominis: According to the occurrence in the
Ladinian.

Holotypus: The specimen figured by Kozur et al. (1994,
pl. 3, Figs. 2, 5, 8) as holotype of N. cornuta ladinica n.
subsp., rep.-no. KKM 1993 I1I-17.

Locus typicus: Outcrops along the Zelenitza forest road,
W of Loiblpass, Southern Karawanken (Southern Alps),
Carinthia (Austria), see Kozur et al. (1994).

Stratum typicum: Sample ZE 6a, red pelagic limestone
of the Loibl Formation, late Fassanian. Horizon with
Budurovignathus gabriellae Kozur, Krainer and Mostler.

Diagnosis: Small platform conodont with narrow, parallel-
sided, posteriorly constricted platform, both anterior and
posterior ends slightly pointed, posterior end sometimes

narrowly rounded. The posterior platform part behind the
basal cavity is somewhat upward bent. Platform low, the
adcarinal smooth part is rather broad, the pitted marginal
part very narrow. Terminal cusp prominent, fused with the
platform end, somewhat posteriorly inclined. The low cari-
na displays 12 - 14 denticles that are fused in the middle
part of the carina of adult specimens. Keel relatively broad,
with distinctly foreward-shifted pit. Keel elevated around
the basal cavity with two distinctly separated pits. Keel
portion behind the basal cavity rather long and slightly
constricted, with rounded or obliquely blunt posterior end.

Distribution: Because of the joint occurrence with typi-
cal, but primitive Budurovignathus, a late Fassanian age is
assumed.

Remarks: This species should be originally described by
Kozur, Krainer and Mostler (1994) as Neogondolella cor-
nuta ladinica n. subsp. By a mistake, the diagnosis was not
printed, but the form was figured, the holotype was se-
lected, figured and in the explanation of the figures the da-
ta to the type locality and type stratum have been published.
A differential diagnosis against Neogondolella cornuta
Budurov and Stefanov was published under remarks to
that species. Therefore the species is available, but the ori-
ginal description is presented in the present paper. After
discovery of further material, the authors of the species
agree that it can be separated in species level from N. cornuta.

The similar Neogondolella mesotriassica (Kozur and
Mostler, 1982) displays a somewhat broader, not so di-
stinctly parallel-sided platform, the pitted part of the plat-
form is broader and the platform is stronger upturned.
N. mesotriassica is the forerunner of N. ladinica.

In Neogondolella bakalovi Budurov and Stefanov, 1973
the last 3 - 4 denticles are more separated and nearly of the
same length. Moreover, the platform is broadest in its
middle part.

“Gondolella” sp. aff bakalovi sensu Kovidcs (1994) dis-
plays the same platform outline as N. ladinica, but the den-
ticulation is clearly of N. bakalovi type. According to Ko-
vdcs (1994), the species of the N. bakalovi group does not
occur in the Tethys. Budurovignathus truempyi also does
not occur in the Tethys according to his view and he po-
stulated for Tethyan and Balkanide or Westmediterran fau-
nas other phylogenetic lineages. By this, identical forms
are assumed to be biphyletic (e.g. B. mungoensis). Howe-
ver, the Balkanide forms occur also in the Tethys (e. g. in
the Ariesani Nappe ‘of the Northern Apuseni Mountains,
see Kozur and Mirauta, 1980). In the same facies also ty-
pical Budurovignathus truempyi truempyi (Hirsch) occur
(see Kozur and Mirauta, 1980, pl. 2, Fig. 2), whereas in
open pelagic deposits mainly B. truempyi denticulata
(Hirsch) occur.

In connection with the discussion of the conodont fauna
near the Anisian-Ladinian boundary (see chapter 2.), some
discussions of the conodont taxonomy proposed by Ko-
vécs (1994) are necessary.

Nicora and Kovdcs (1984) used Neogondolella con-
stricta in a very broad sense, including distinctly different
species established by Budurov and Stefanov (1973), see
revision of that taxonomy by Kozur et al. (1994). This
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long-ranging “super species” N. constricta was later sub-
divided into morphotypes (Kovdcs et al., 1990) and Ko-
vécs (1994) introduced for these morphoptypes again sub-
species. By this, he did not always regard the priority of
formerly described species. The highly variable Mesogon-
dolella mesotriassica (Kozur and Mostler) he regarded as
three independent species, one of them he described as
Gondolella constricta postcornuta Kovdcs, a junior syno-
nym of M. mesotriassica (Kozur and Mostler). All these
“three species” within M. mesotriassica ate connected by
transition forms throughout their entire stratigraphic range
and cannot be separated. Kovdcs (1983) introduced “Gon-
dolella” szaboi Kovacs for Paragondolella ? alpina (Ko-
zur and Mostler, 1982), but meanwhile he recognized the
synonymy. He separated both forms as subspecies. Forms
that Kovdcs (1994) figured as typical “G.” alpina szaboi
are rather different from the holotype in having an almost
unreduced anterior platform. P. alpina szaboi may be re-
stricted to such forms, but it is unclear, whether they are
identical with the holotype that looks rather than a juvenile
P. alpina alpina. “Gondolella” liebermanni Kovdcs and
Krystyn in Kovdcs, 1994 is a junior synonym of Para-
gondolella postexcelsa Budurov and Sudar, 1989 (see be-
low). “Gondolella” ? praechungarica Kovdcs, 1994 is a
junior synonym of Budurovignathus truempyi denticulata
(Hirsch, 1971). On the base of this latter species Kovdcs
(1994) “proved ” that the lineage Neogondolella transita-
Budurovignathus truempyi-B. hungaricus, postulated by
Kozur and Mostler (1971), Kozur (1972, 1980, 1989) and
Kozur and Mock (1972), is not existing. Morcover, he po-
stulated that B. truempyi is not present in the FelsGdrs sec-
tion and he ask polemically: “How could this section be
declared as type-section of the “M. ” truempyi Zone? ” The
answer is seemingly even rather clear for Kovdcs (1994),
because two sentences before he stated that “Gondolella ?
praehungarica sp. n. might also be that [junior synonym]
of Gondolella truempyi denticulata Hirsch, 1971” (Ko-
vdcs, 1994, p. 498). It is not a good style, if a paleontolo-
gist describes a new species that according to his own
opinion may be a junior synonym of a well described
formerly established species with available type material.
In this case it is better to write cf. truempyi denticulatus to
avoid the creation of junior synonyms. We have worked
both on material from the Westmediterran-Arabian faunal
province (= Sephardic province) and from the Tethys and
we cannot see a difference between “G.” ? praehungarica
and B. truempyi denticulatus and we cannot recognize any
evidences for a biphyletic origin of B. mungoensis in the
Tethys and in the Westmediterran-Arabian province.
B. truempyi, with the subspecies B. truempyi denticulatus
(= “Gondolella” praehungarica Kovacs), is common both
in the FelsG0rs section and in Koveskal. Because of the
above mentioned synonymy Kovdcs did not prove that the
derivation of B. hungaricus from B. truempyi is a wrong
assumption, but in turn, he proved this derivation. Because
he themselves think that “G.” ? praehungarica may be a ju-
nior synonym of B. truempyi denticulatus, this derivation
is even not really doubted by him by scientific arguments.
As shown by Kozur (1989), Budurovignathus definitely

derived from Neogondolella. Even in advanced Buduro-
vignathus the two distinct pits of the neogondollelid cono-
donts are clearly visible. All early Budurovignathus dis-
play a posterior sigmoidal bent, not present in P. ? tram-
meri, but present in Neogondolella transita (Kozur and
Mostler). The protruded pit in N. transita does not exclude
a derivation of Budurovignathus from N. transita. Celsi-
gondolella of the Germanic Basin that evolved in a well
known phylomorphogenetic lineage from Neogondolella
mombergensis (type species of Neogondolella) through N.
haslachensis, has no protruded pit (see Kozur, 1989).
Even in N. haslachensis this protrusion is already strongly
reduced and missing in advanced forms. On the other
hand, neither in our material from bed by bed sampling in
Fels6ors nor in Koveskal nor in any section of the Tethys
a derivation of Budurovignathus from P. ? trammeri can
be observed. In the level of first appearance of very primi-
tive Budurovignathus (B. gabriellae, B. truempyi), P. ?
trammeri is already a very small, short conodont with an
unusual large, undivided, terminal (not foreward-shifted)
basal cavity, totally different from the contemporaneous
carliest Budurovignathus. The derivation of Budurovignat-
hus from P. ? trammeri, assumed by Kovdcs (1994) is an
unproven hypothesis and can be excluded by careful studies
of the basal cavity and other morphological features of
these taxa. Even the ecologically controlled distribution of
both species is different. P. ? trammeri is common in
open sea pelagic deposits, where primitive Budurovignat-
hus (and the genus Budurovignathus in general) are rather
rare. On the other hand, Budurovignathus is common in a
wide range of facies, where P. 7 trammeri is absent (shal-
low pelagic) or very rare (restricted to semirestricted ba-
sins). Therefore P. ? trammeri is missing in the southern
and western marginal seas of the Tethys, where Buduro-
vignathus is common.

The pits in N. transita and in B. truempyi are about in
the same degree foreward-shifted, mostly a little more
foreward-shifted in B, truempyi (no back-stepping evolu-
tion as assumed by Kovidcs, 1994). Adult N. transita have
about the same size as adult early Budurovignathus. The
posterior end of N. transita has a slight sigmoidal bent as
in all early Budurovignathus. In the summary of the morp-
hological features, N. transita (name !) is a transitional
form between Neogondolella and Budurovignathus as al-
ready recognized by Kozur and Mostler (1971).

Kovdcs (1994, p. 492) published under relations of
“G.” liebermanni a short differential diagnosis of P. ex-
celsa Mosher that corresponds to a form that he figured
under “G.” excelsa, but which does not belong to this
species. He described P. excelsa as a form with very wide,
nearly semicircular platform, which is widest at the begin-
ning of the posterior third. Its carina shows a semicircular
outline in lateral view, being highest in the middle. The ho-
lotype of P. excelsa, however, is a moderatley wide form
with wedge-like outline, widest near the posterior end. Its
carina is high anteriorly, decreasing uniformly to posterior
nodelike denticle. Exactly this is described by Mosher
(1968, p. 938). “G.” excelsa sensu Kovacs (1994) is very
different from the holotype and do not fit into the descrip-
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tion of this species. The specimens described and figured
by Kovdcs (1994) as “G.” liebermanni Kovdcs and
Krystyn are in their outline by far more similar to the holo-
type of P. excelsa than to “G.” excelsa sensu Kovadcs.
Only the holotype is nearly parallel-sided.

Budurov and Sudar (1989) described and figured typi-
cal, slender to moderately wide P. excelsa, similar to the
holotype. They separated P. postexcelsa Budurov and Su-
dar for forms, in which the denticles have nearly the same
length in the anterior and middle psrt of the carina, decrea-
sing in size only in the posterior third of the carina. Large
forms of this species belongs partly to P. fueloepi (Ko-
vécs, 1994), e. g. Budurov and Sudar (pl. 1, Figs. 18, 19,
pl. 2, Figs. 11, 12). The holotype and many other speci-
mens fits well in the description of “G.” liebermanni that
is consequently a junior synonym of P. postexcelsa.

P. postexcelsa Budurov and Sudar even was not com-
pared with “G.” liebermanni by Kovdcs (1994). By this,
and by comparison with a very different “G. excelsa” that
does neither correspond to the holotype nor to the descrip-
tion of that species by Mosher (1968), “G.” liebermanni
was demonstrated to be a well founded species, very diffe-
rent from other species. In reality it fits in the description
of P. postexcelsa, is identical with those representatives of
this species that are related to its holotype, and it is very
similar, partly perhaps identical to real P. excelsa (Kovacs,
1994, pl. 6, Fig. 3).
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Lithospheric structure in the Western Carpathians: geophysical and geological interpretation

Lithosphere of the Western Carpathians is result of repeating compressional and extensional processes in
the space between two continental megablocks (Laurasia, Gondwana, and Africa, Europe respectively) du-
ring Paleozoic, Mesozoic and Tertiary. All generations of Hercynian and Alpine structures are conserved in
present lithospheric structure. This structure is interpreted on the basis of complex geological and geophysi-
cal data along the profiles in the middle and western part of the Western Carpathians.

Key words: Western Carpathians, lithosphere, deep structures, geophysical and geological interpretation.

Uvod

Analyza hlbinnej stavby a litosféry Zdpadnych Karpat
akcelerovala hlavne po realizdcii hlbinnych seizmickych
profilov Zdpadnych Karpadt (medzi najvyznamnejsie patr{
profil 2T, 3T a G-1). V prvom stddiu sa urobila vseobecnd
tektonickd interpretdcia nameranych reflexov (Tomek
et al., 1989), vpriéom sa objavili aj alternativne moznosti in-
terpretdcie (Sefara a Kubes, 1993; Buday et al., 1994), ale
aj interpretdcie s konkrétne definovanymi litotektonickymi
jednotkami asponi v Casti kdry a s odseparovanim moz-
nych alpinskych a predalpinskych tektonickych rozhran{
(Bezdk et al., 1993).

Spomenuty moment je velmi délezity, pretoze vyvoj li-
tosféry Zapadnych Karpat bol dlhodoby a zlozity. Jej stav-
ba je vysledkom opakovanych koliznych a extenznych fe-
noménov pocas viacerych etdp alpinskej a hercynskej tek-
togenézy. KedZe sa vsak kontinentdlna kdra fundamentu
Zdpadnych Karpdt ako celok prvy raz sformovala po
mezohercynskych koliznych udalostiach, kl'd¢om na de-
Sifrovanie jej sucasnej stavby je prave rekonstrukcia hercyn-
skej stavby Zdpadnych Karpat (Bezdk, 1994). Predalpin-
ske Struktury boli totiZ aj v neskorSom obdobi rejuvenizo-
vané a navyse hibsia stavba aj v alpinskom orogéne odrdza
hlavne ndpli predalpinskych jednotiek.

Pri analyze hlbinnej stavby na bdze seizmickych profilov
sme postupovali takto: 1) Pri konstrukcii profilov sa vzali
do uvahy redlne Struktury a pozicie jednotiek na povrchu.
2) Pri hibsej interpretdcii sa vyuzili poznatky a hypotézy
o tektonickom vyvoji. 3) Pri interpretacii v najhlbsich cas-
tiach litosféry sa aplikovalo komplexné geofyzikélne
modelovanie zloZenia a stavby litosféry a interakcie s aste-
nosférou. Prvé pokusy o takéto geologicko-geofyzikdlne
modelovanie sa uz urobili (Bezdk a Sefara, 1994; Bezdk
etal., 1994).

V tomto prispevku sumarizujeme nase doterajsie vysled-
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ky a na dvoch profiloch ukazujeme, aky je nas sucasny na-
hlad na stavbu litosféry v priestore Zapadnych Karpat.
Zvolili sme profil strednej ¢asti Zapadnych Karpdt (zhruba
v oblasti profilu 2T, obr. 1), pretoze tdto oblast sa doteraz
tak geologicky, ako aj geofyzikdlne najéastejSie interpreto-
vala a je o nej najviac geologickych, a najméd geofyzikadl-
nych udajov. Druhy profil vedieme cez zdpadny segment
Zapadnych Karpat (zhruba v oblasti profilu 3T; obr. 1),
aby sme poukdzali na istd odlisnost od stredného segmen-
tu. Rozdielnost v stavbe litosféry ocakdvame aj v hlbin-
nom profile vychodného segmentu Zdpadnych Karpat.

Hercynske a alpinske tektonické jednotky v kore
Zapadnych Karpat

Analyza geologického vyvoja litosféry Zadpadnych Kar-
pdt od najstarsich identifikovateInych etdp po stcasnost je
zakladom interpretacie jej stavby.

Stcasny obraz litosféry Zdpadnych Karpdt je vysledkom
tychto hlavnych tektonickych udalosti:

1. sformovania kontinentdlnej kéry v paleozoiku pocas
hercynskej tektogenézy,

2. vytvorenia karpatsko-pandnskeho bloku po paleoal-
pinskych a mezoalpinskych tektonickych procesoch,

3. kolizie karpatsko-pandnskeho bloku s eurdpskou
platformou,

4. interakcie litosféry a astenosféry v zdvereénych ex-
tenznych Stddiach vyvoja.

Zdkladom kory Zdpadnych Karpat su hercynske tekto-
nické jednotky, ktoré sa sformovali hlavne poc¢as mezoher-
cynskych a neohercynskych tektonicko-metamorfnych
udalosti. Na zjednodusenie vydelujeme pét zdkladnych
hercynskych tektonickych jednotiek, ktoré maji hlavny
podiel v stavbe kory Zdpadnych Karpat. Je to 1. vrchnd,
2. strednd a 3. spodnd jednotka, ktoré su zastupené najma
v krystalinickom fundamente tatrika a veporika, 4. gemer-
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Obr. 1. Situdcia interpretovanych rezov litosféry v Zdpadnych Karpatoch. 1 -

platforma, 2 - bradlové pdsmo, 3 - neovulkanity, 4 - neogén, 5 - centrdlno-

karpatsky paleogén, 6 - flySové pdsmo Vonkajsich Karpat, 7 - Centrdlne Zdpadné Karpaty.
Fig. 1. Situation of the interpreted cross-sections of lithosphere in the Western Carpathians. 1 - platform, 2 - Klippen belt, 3 - Neovolcanic rocks,

4 - neogene, 5 - Central Carpathian paleogen, 6 - Outer Carpathian flysch belt

skd doména, zastipena v sucasnej Struktire najmi spod-
nym paleozoikom gemerika, a 5. juzny fundament, v po-
vodnej pozicii pravdepodobne medzi nimi, teraz hlavne
v podloZi v juznej ¢asti Zapadnych Karpat.

V mezohercynskom Stadiu vyvoja sa pocas kontinentdl-
nej kolizie individualizovali tri hlavné tektonické jednotky,
nasivané generalne smerom na J, smerom na predpokla-
dany juzny, pravdepodobne kadomsky fundament (Bezdk,
1994). Vo vrchnej jednotke sa pritom transportovali aj
spodnokorové elementy a pravdepodobne aj zvysky ocedn-
skej kry (suttra 1, obr. 2) z predchddzajuceho paleohercyn-
skeho stddia vyvoja. Tuto najstarSiu etapu subdukcic
a rovnako aj podiel kadémskych fragmentov v stavbe faz-
ko rekonstruovat, lebo geochronologické ddta a idaje me-
tamorfnej petroldgie su zafaZzené neskorsimi hercynskymi,
ako aj alpinskymi tektonicko-metamorfnymi udalostami.

, 7 - Central Western Carpathians.

Gemerskd doména sa sformovala v neohercynskom §td-
diu po uzavreti predpokladaného zaoblikového bazéna
(sutira 2, obr. 2). Vo vyvoji hercynsky sformovanej kon-
tinentdlnej kory hrali vyznamnu rolu zdverecné procesy
extenzie a tvorby vrchnopaleozoickych bazénov.

V podiatoénych §tadidch alpinskej tektogenézy sa her-
cynska kontinentdlna kéra roztrhla na niekolko kontinen-
talnych mikroplatni, oddelenych ocednskymi bazénmi
medzi Afrikou a Eurdpou. Postupnym zatvdranim tychto
bazénov v Casovej polarite generdlne od J na S a koliziami
mikroplatni nastala interakcia postupne pandnskeho a slo-
venského bloku na meliatskej sutire (oznaé. 3, obr. 2),
sformovali sa hlavné paleoalpinske tektonické jednotky
v slovenskom bloku, t. j. gemerikum, veporikum a tatri-
kum, a doslo k interakcii slovenského bloku s predpokla-
danym fundamentom oravika na sutire vahika (oznac. 4,
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Fig. 2. Schematic cross-section of the crust in the Wes-
tern Carpathians after Hercynian collision (upper part)
and after Paleo-Alpine collision (lower part). Numbers
in circles are explained in Fig. 7. North on the left.
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obr. 2). Tym sa dotvoril karpatsko-panénsky kontinentdl-
ny blok, kiory sa po uzavreti sedimenta¢ného priestoru
flysa dostal do kolizie s eurdpskou platformou (predpokla-
dand sutira 5) a vytvorila sa akre¢na flySova prizma. Tdto
poslednd kolizia mala transpresny charakter a v sti¢asnosti
nemozno s istotou stanovit rozsah prekrytia sutdiry S pod
karpatsko-pandnskym blokom.

Ziveretnd vyznamnd etapa extenzie, rozpadu orogénu
a tvorby neogénnych panvi uzko sivisela aj s interakciou
astenosféry a litosféry. Tieto posledné otdzky (vzdialenost
podsunutia a sklonu eurdpskej platne a vzfah litosféry
a astenosféry) sa riedili geofyzikdlnym modelovanim.

Komplexna geofyzikdlna interpretdcia litosféry

Na komplexni geofyzikdlnu interpretdciu sa vyuZili dva
zdkladné seizmické profily, a to:

A) 2T (Tomek et al., 1989), na ktorom si merania MTS
(Varga a Lada, 1988), resp. dalsie podrobné uréenia mag-
netometrie, gravimetrie a VES a

B) profil s¢asti totozny s profilom 3T (Tomek et al.,
1987), ktorého interpretdcia je predlZend podla seizmic-
kych rezov 556, profilov z rakiiskej strany (Cekan et al.,
1990, Hrusecky et al., 1993), MTS profilov urobenych
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v rdmci programu DANREG (DZuppa et al., 1993), resp.
star§ich merani s hlbokym dosahom (napr. Cerv et al.,
1987; Praus et al., 1990).

Vyuzili sa aj myslienky o rozloZeni rychlosti seizmic-
kych vin v celej kdre na profile K III (Mayerova, et al.,
1994), resp. do cca 15 - 18 km na profile 7R (Novotny
et al., 1992) a novospracovany juzny usek profilu 2T
(Dvoiakovd et al., 1993).

Ostatné poznatky o litosfére sa &erpali zo seizmoldgie
(Babuska et al., 1984), resp. geotermdlne ddaje z Krdla
(1989) a Majcina (1993). Na modelovanie magnetickych
a hustotnych pomerov na profiloch sa vyuzili priame me-
rania na profile 2T, najma magnetometrické, kym ostatné
sa prevzali z rozliénych zdrojov (napr. Gnojek et al.,
1990). Hustotné modelovanie vyuzivalo odkrytd gravime-
tricki mapu (Sefara et al., 1987), resp. jej reambulaciu (Se-
fara in DZuppa et al., 1993), pri¢om sa reliéf predterciémeho
podlozia prevzal z tychto interpreticii (Sefara et al., 1987,
Kilényi, é)efara et al., 1989; HruSecky et al., 1993).

Litosférické hustotné modely a izostdzia

Hustotné modelovanie v oblasti Zdpadnych Karpdt
(Lillie et al., 1994) ukdzalo, Ze pri analyze tiaZovych ano-

m(b)Basthfect
80 =

g o

€ 0 | W
420

Sediment (-0.20)

[

160 -
S Mante (G)
200 -
300 -4:0 fil &;0 500
Km
T (dy Gravity Anomaly
60 4 Fres Alr
¥ 4 ~, ’
€ o —r" P N

-120

i Z / / /
200 Asthonosp}em (+0.27/
800 400 ° 0 800
Km

Qbr. 3. Model lokalnej izostatickej rovnovahy v pandnskom bazéne.
Fig. 3. Local isostatic equilibrium model in the Pannonian region. .
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Obr. 4. Hustotny model litosféry v centralnej ¢asti Zapadnych Karpdt.
Fig. 4. Density model of the lithosphere in central part of the Western Carpathians.

malif s velkou vinovou dizkou je nevyhnutné braf do Gva-
hy aj hranicu litosféra - astenosféra. Prvy raz tito myslien-
ku spomenul Sefara (1986). Bez nej nemozno vypoéitat li-
tosférické modely, ktoré by boli v lokdlnej izostatickej
rovnovahe. Splytéenie astenosféry v pandnskej panve totiZ
predstavuje vyraznu elevdciu charakteristicki znaénym
vertikdlnym (70 km) a horizontdlnym rozmerom (600 km).
Deficit hmot astenosféry (obr. 3 a 4) je vyraznym kompen-
za¢nym prvkom splytéenia hranice Moho v pandnskej
panve. Gravitaény ucinok astenosféry pri hustotnom kon-
traste -0,03 Mgm? (g/cm?) voéi hustote spodne;j litosféry je
asi -50 x 10> ms?(mgal). Ked7e ide o anomdlne teleso
v znacnej hibke a v elevaénej pozicii siahajicej daleko za
uzemie panonskej panvy, jeho gravitaény ucéinok vyrazne
ovplyviyje tiaZové pole aj v celej karpatsko-pandnskej oblasti.

NajvyraznejSou hustotnou hranicou v skimanej oblasti
je Moho. KedZe splytéenie Moho v pandnskej panve je
oproti okolitym orogénnym pdsmam asi 9 km a hustot-
ny kontrast +0,30 Mgm?, jeho u¢inok predstavuje az
+100 x 10 ms? (obr. 2a). To je prakticky maximdlna am-
plitdda anomalii odkrytej tiaZovej mapy panodnskej panvy
(Bielik, 1988a, b). Podla kvantitativnej interpretdcie od-
krytej tiaZovej mapy sa ukazuje, Ze by lokdlne tiaZové ano-
madlie mohli byf vyvolané ,diapirovymi“ Struktirami hus-
totne fazkych hmét pochddzajicich z vrchného pldsta
(Bielik, 1989). Na rozdiel od litosférického stencenia po-
¢as terciéru splytéenie hranice Moho v tom istom obdobi{
mozno sledovat iba v zéne pandnskej panvy.

Vysledky lokdlneho izostatického modelovania v karpat-
sko-pandnskej oblasti boli zakladom konStrukcie tiaZo-
vych modelov litosféry v Zdpadnych Karpatoch. Pri mo-
delovani tiazovych anomadlii s velkou vinovou dizkou je
vhodné a celné hustotné modely zjednodusit na oblasti
reprezentujice hlavné anomalne zdény. V Zdpadnych Kar-
patoch ide najmid o sedimenty vonkajsich flySovych pri-
krovov a ¢elnej predhlbne, pandnskej panvy, spodni lito-
sféru, resp. vrchny pldst a astenosféru. Hustotné kontrasty
tychto anomalnych zdn sa vzfahuji na priemernt hmstotu
hornin budujicich ,typicku“ kontinentdlnu kéru. Stidium
a perspektiva sicasnej regiondlnej stavby zdpadokarpat-
skej litosféry sa vykonali pozdlZ viacerych profilov a jeden
z nich je na obr. 4, TiaZové pole Zdpadnych Karpat je cha-
rakteristické znaénym poklesom z oblasti vychodoeurdp-
skej platformy k vonkaj$im a centralnym Karpatom (tzv.
zapadokarpatské minimum) a nasledujicim stdpanim sme-
rom do pandnskej panvy. Pokles tiaZového pola suvisi
s podsuvanim sa eurdpskej platne pod karpatsko-panon-
sku platiu a jej ohybom v désledku zafazenia jej pasfvne-
ho okraja v podmienkach kontinentdlnej konvergencie
(subdukcie) v zmysle Roydenovej (1993). Vysledkom to-
ho su hlboké predhlbiiové bazény Zdpadnych Karpdt. Na
druhej strane tiazovd elevacia vo vnutornych Zapadnych
Karpatoch a v pandnskej panve je spétd so splytéenim hra-
nice Moho pocas terciémej extenzie.

Analyza hustotnych modelov dalej predpokladd, Ze
ocednska kéra medzi obidvoma kolidujicimi plathami este
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Obr. 5. Komplexnd geofyzikdlna interpretdcia litosféry na profile A. 1 - vysledky podla seizmiky (reflektivita, rozhrania), 2 - vrstvy s velmi nizkym od-
porom podla MTS, 3 - hustotny model [absolitna (2,90), resp. relativia (+0,05) hustota v g.cm™], 4 - magnetické modely (hodnoty v 1073 jednotkdch
SI), 5 - rozhrania: a - litosféra - astenosféra; b - vrchny plast - spodnd kéra (Moho); ¢ - spodna kora - vrchnd kéra; d - pravdepodobny styk plaini.

Fig. 5. Complex geophysical interpretation of the lithosphere almy profile A. 1 - seisimic resulis (reflection, boundaries), 2 - very low resistivity layers after
MTS, 3 - density model [absolute (2,90), resp. relative (+0,05) densities in g.cmn™], 4 - magnetic model (units in 10 SI), 5 - boundaries: a - lithosphere - aste-
nosphere; b - upper mantle - lower crust (Moho); ¢ - lower crust - upper crust; d - probable contact of plates.

pred uzatvorenim ocednu bola z velkej ¢asti alebo uplue
pohltend vo vrchnom pldsti, pripadne by sa mohla nacha-
dzaf v utrzkoch (sutirach) vo vicsej hlbke pod jednotkami
centralnych Zdpadnych Karpdt. Ukazuje sa, ze koérové
skrdtenie v neoalpinskom vyvoji Zdpadnych Karpat je
okolo 50 km (Lillie et al., 1994).

Komplexné modelovanie na profiloch
Pri komplexnej interpretacii vychddzame zo seizmickeho

»skeletu® tak, ako ho urcil Tomek et al. (1989), resp. Dvo-
tdkova et al. (1992), doplneného o udaje z dalsich geofyzi-

kdlnych metdd. Okrem preukdzatelnych mylonitizovanych
zon sa posudzuje reflektivny obraz podla mnoZstva vnu-
tornych reflexov a ich sklonu v tom zmysle, Ze sa v tomto
smere najvyraznejSie prejavuji sedimenty, resp. metasedi-
menty a metavulkanity a najmenej granitoidové prostredia.
Tomuto predpokladu sa podriaduju dalsie vysledky
a tvorba modelov z gravimetrie a magnetometrie.

Pri hustotnom modelovani sme sa zamerali najmé na
priebeh Moho, hranice litosféra - astenosféra a vrchnd kéra
- spodnd kéra, ktoré si ovplyviiované najmd sicasnymi
geotermalnymi a tlakovymi podmienkami vo velkej hlbke.
Okrem toho, ako sme uZ uviedli, systém kora, litosféra
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Obr. 6. Komplexnd geofyzikdlna interpretdcia litosféry na profile B. 1 - vrstvy s velmi nizkym odporom podfa MTS, 2 - hustoiny model (hodnoty
v gem), 3 - magnetické modely (hodnoty v 1073 jednotkdch SI), 4 - rozhrania: a - litosféra - astenosféra; b - vichny plasf - kéra (Moho); ¢ - vrchnd

kéra - spodnd kéra; d - pravdepodobny styk platai, 5 - Curricho izograda v °C.

Fig. 6. Complex geophysical interpretation of the litosphere almy profile B. 1 - very low resistivity layers after MTS, 2 - density model (values in g.cm®),
3 - magnetic model (values in 107 SI), 4 - boundaries: a - lithosphere - astenosphere; b - upper mantle - crust (Moho); ¢ - upper - lower crust; d - pro-

bable contact of plates, 5 - Currie isograde in °C.

a astenosféra md tendenciu usporiadat sa do rovnovazneho
stavu, pricom za hlavné pri¢iny vychylovania tohto systému
z rovnovdhy mozno pokladat systém litosféra - astenosféra
v kontexte so zdedenymi Struktirami rozli¢ného veku.

Podstatnu ¢ast magnetickych poléh mozZno interpretoval
ako vulkanity, resp. v metamorfitoch ako paleovulkanity.
Tieto polohy dokresluju charakter a ¢lenenie kory na seg-
menty. Smerom do hlbky po prechode cez Currieho izo-
gradu sa stracaju magnetické vlastnosti, charakterizuju teda
najmad vrchné Casti kory.

Nizke odporové vlastnosti horinovych komplexov podla
MTS, ako sa zistili na obidvoch profiloch, mozno stotoZnit
s viacerymi horninovymi komplexmi. Z nich najhlbsie su
astenosférické a vrchnoplastové polohy, ktoré najpravde-
podobnejsie obsahuju parcidlne nataveny material, resp. je-
ho relikty. Vyssie kérové nehomogenity maji pévod
v ultramylonitoch, resp. v polohdch tektonickych jednotick
s vysokym obsahom ilovitych primesi, resp. grafitickych
poldh. Rozli¢ne tvarované iné nizkoodporové horizonty sa
priraduju zénam s hlbinnymi fluidami (Bailey et al.,
1989), resp. s tvorbou grafitového povlaku na hornino-
vych zrndch ako vysledok rozpadu titanomagnetitu pri

chladnuti za pomoci Gcinkov kysli¢nika uhli¢itého (Frost
et al., 1989). Z hladiska reoldgie vsetky interpretacie niz-
keho odporu vedi k definovaniu zon s oslabenymi viiitor-
nymi vizbami, t. j. k zénam, na ktorych je geologicky dife-
rencovany pohyb najpravdepodobnejsi. .

Prostredie so zniZenou rychlosfou seizmickych vin
(Babuska et al., 1984) vyjadrené z oneskoreni prichodu
P-vin prevaine antipédnych zemetraseni, sa vysvetluje
ako parcidlne natavend astenosféra. Vzhladom na hustotu
bodov zdznamu P-vin a dal$ie zistenia z MTS pokladdme
priebeh tohto rozhrania, ktory uvadzaji autori, za volnejsie
interpretovatelny.

Ukazané rezy (obr. S a 6) celou litosférou sa definuji
vsetkymi skor interpretovanymi geofyzikdlnymi ddajmi.
Ich geologickad interpretdcia dovoluje urobif o jednotlivych
profiloch nasledujice zavery.

Hriibka a skladba kéry

Jediné zvicSenie hribky kéry moZno pozorovat v priestore
Vysokych Tatier (obr. 5), kde je priemerne 34 km.
Na ostatnom tzemi, najmd v zdpadnej Casti centrdlnych
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Zipadnych Karpdt (Sefara, 1993), je hribka mensia
(obr. 6) a minimalna je pod podunajskou panvou.

744 sa, Ze hribka kéry je definovand dvoma fenoménmi.
Prvym je celkové ziZenie litosféry a nasledujice ,preteple-
nie“ litosféry, a teda aj spodného okraja kéry v okoli ,,vybez-
kov* astenosféry. Druhym je otvaranie sa pedunajskej panvy
a jej severnych vybezkov (rifting), pravdepodobne ako vysle-
dok laterdlneho uniku Struktir v smere cca SV (Ratschbacher
et al,, 1991) a vzniku extenzie (transtenzie) v jeho pévodne
transpresnom priestore v blizkosti styku Karpét s eurdpskou
platformou. Vykienutie a Ciastocny tektonicky unik Straktir
je pozorovatelny v podunajskej panve (obr. 6), kde poloha
nizkouhlovych zlomov (Tomek et al., 1987) a poloha velmi
nizkeho odporu v hibke 5 - 15 km uvedeny rozpad dokreslu-
je. Navyse mozZno v tomto priestore sledovaf laterdlny rozpad
terénu (Horvdth, 1993) aZ po spodny pandn, resp. v posled-
nom obdobi vrdtane kvartéru vznik panvy termdlnelio typu,
ktori sprevadza vyrazny tepelny tok.

Vlastnd ndplii kéry je charakteristickd d'alSimi nehomo-
genitami, pricom aj na profile A (obr. §) moZno z mecha-
nizmu astenosférickych vrchnopldsfovych pomerov defi-
novaf procesy stucasného vyklefiovania a extenzie, ktoré
su na profile B (obr. 6) v podstatne pokrocilejsom stadiu.
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Hiboke struktiry litosfery

Hrubka litosféry sa urcila podla seizmoldgie (Babuska
et al., 1984) na zdklade rezidui P-vin. Toto nizkorychlost-
né prostredie, ktoré na naSom uzemi prebieha v smere cca
Komadrno - Brezno, sa pokladd za parcidlne nataveny
spodny plast v hibke cca 80 - 100 km. Hustotné modelo-
vanie dovoluje toto prostredie interpretovat ako zénu zni-
Zenej hustoty, ¢o je v silade s parcidlnym tavenim.

Na profile A (obr. 5) je usek vysokej astenosféry, a tym
aj zniZenej hribky litosféry oddeleny od dalsieho ,,vybez-
ku* veImi nizkeho odporu a zniZenej hustoty v priestore
pod Lucenskou kotlinou (Varga a Lada, 1988) v hlbke 35
a viac km. Vzhladom na hibku vzniku spinelovych lherzo-
litov ako xenolitov v alkalickych bazaltoch Luéenskej kot-
liny (Huraiovd a Konecny, 1993) a jej dobrt zhodu s uve-
denym ,,vybezkom“ mozno prdve v niom predpokladat
stav parcidlneho natavenia.

Profil B (obr. 6) md odli$né usporiadanie obidvoch
pravdepodobne parcidlne natavenych prostredi. St praktic-
ky nad sebou, pri¢om oddelenie spodnych, nizkoodporo-
vych, nizkorychlostnych a s niZ§ou hustotou dokdzali nov-
Sie merania MTS (Varga et al. in DZuppa et al., 1993)
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Obr. 7. Geofyzikilno-geologickd interpretdcia sicasnej litosférickej stavby na profile A. Srafy oznacujiice kérové tektonické jednotky st rovnaké ako na
obr. 2. Cisla v kniZkoch = relikty suttiry: 1 - paleohercynskej, 2 - neohercynskej, 3 - jurskej, 4 - kriedovej, 5 - terciérne;.

Fig. 7. Geophysical - geological interpretations of the present lithosphere structure along Profile A. Patterns of the crustal tectonic units are the same as
in Fig. 2. Numbers in circles = remnants of suture: 1 - Paleo-Hercynian, 2 - Neo-Hercynian, 3 - Jurassic, 4 - Cretaceous, 5 - Tertiary.
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Obr. 8. Geofyzikdlno-geologickd interpretdcia sicasnej litosférickej stavby na profile B. Vysvetlivky ako pri obr. 7.

Fig. 8. Geophysical-geological interpretation of the present lithosphere structure along Profile B. Explanations are the same as in Fig. 7.

v priestore podunajskej panvy. Merania potvrdili pritom-
nost ,,vybezku* nizkeho odporu (cca 35 km) a jeho odde-
lenost od velmi hlbokych (80 - 100 km) nehomogentit.

Velmi hlboku stavbu potom mozno interpretovat’ ako
zniZenie hribky litosféry generdlne smerom na JV, pricom
.Vybeiky“ natavenej astenosféry priemerne dosahuji hib-
ku 35 - 50 km. Ich reldcia k najmladsiemu vulkanizmu
urcuje ich pravdepodobny velmi mlady vznik. Tieto vy-
bezky sleduji struktury, ktoré boli pravdepodobne pdvod-
ne star$imi suturami, t. j. medziplathovymi rozhraniami
v rozsahu celej litosféry. Spétost tychto Struktir s vyno-
som geotermadlnej energie z hlbky je naznacend na obr. 6,
kde Curieho izogrdda dobre odrdZa pritomnost ,,vybezku“
v hibke ako potencidlneho nositela tepla.

Nedoriesenymi zostdvajui ndznaky nizkeho odporu pod
bradlovym pdsmom (profil A), resp. vyrazné nehomogeni-
ty odporu v podlom Brunie na profile B. Najma posledny
fenomén je urdeny len z niekolkych merani (Cerv et al.,
1987). Ndznak jeho ¢lenenia v podloZi viedenskej panvy
by mohol signalizovat ich sivislost s vystupovymi cesta-
mi alkalickych vulkanitov v magurskom flysi, resp. aj na
okraji Ceského masivu. Tito otizku pokladdime za
nedoriesenu.

Zaver a diskusia

Na zdklade analyzy geologického vyvoja kory pocas
hercynskej a alpinskej tektogenézy a komplexného geofy-
zikdlneho modelovania predkladdme interpretdciu Struktd-
ry litosféry v priestore Zapadnych Karpat na dvoch profi-

loch cez stredny (profil A) a zdpadny segment (profil B;
obr. 7, 8).

Z porovnania obidvoch profilov vidno rozdiely v stavbe
litosféry tych segmentov, ktoré su odrazom najmi rozlic¢-
nej miery uplatnenia sa extenznych procesov v najmlad-
§ich fazach vyvoja zapadokarpatského orogénu, avsak
majui svoj zdklad uz v star§ich geotektonickych Stadidch.

Z hladiska sucasnych Struktir Zdpadnych Karpdt je
dolezité nielen alpinske usporiadanie tektonickych jedno-
tick kory a celej litosféry vobec, ale aj pévodnd hercynska
stavba, ktord moézZe byft, resp. je od alpinskeho usporiada-
nia zdsadne odlisnd. Za dolezité pri interpretacii geofyzi-
kédlnych udajov povaZujeme spoloéné objasnenie tychto
struktur, pretoZe je nesporné, Ze starSie Struktdiry svojou
preddispoziciou ovplyviovali tvorbu mladsich Struktir.

Ovplyvnenie by malo mat dve polohy. Za prvi poklada-
me hercynske usporiadanie horninovych celkov a tektonic-
kych Struktur, ktoré svojou kompetenciou, resp. oslabeny-
mi zénami predikovali vznik a priestorové usporiadanie
mladsich Struktir najmé v pripadoch, ked mladsie napéfo-
vé pomery boli s nimi konformné. Druhou polohou je 14t-
kové a hustotné usporiadanie horninového masivu, ktoré
je vysledkom predchddzajucich tektonickych etdp. Tieto
usporiadania mali najmi v extenznych reZimoch vplyv na
izostatické vyrovndvanie a tvorbu z neho vyplyvajicich
struktdr, spoluvytvdrali geotermicky rezim, v hlbokych
Castiach rozdielne reagovali na PT podmienky a pod..

Pri interpretdcii hibokych Struktur zostdva najdiskutova-
nejSou vzdialenost a sklon podsunutia eurdpskej platfor-
my, ktoré st pravdepodobne v rozlicnych segmentoch roz-
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liéné, pretoZe kolizia najmi v zdpadnom segmente mala
transpresny charakter, kombinovala sa s extenziou v tyle
a s vysivanim jednotlivych blokov Zdapadnych Karpat na
SV. Velky vplyv tu zrejme mala aj pédvodnd konfiguracia
platformy. Vela v tomto smere mébZze prezradif pripravova-
nd interpretdcia profilu litosféry vychodného segmentu Zd-
padnych Karpt.

DalSou otvorenou otdzkou zostdva vznik diskontinuity
neo-Moho, ktorad je diskordantnd s tektonickymi jednotka-
mi a interpretdcia niektorych geofyzikalnych anomalii. Pri-
kladom mézZe byt koldrovskd anomalia, ktord sme pred-
bezne interpretovali ako sutiru meliatika vyuzita pri rozpa-
de orogénu (extenzii) na vystup hmot astenosféry. Posled-
ny problém uzko suvisi so zdvihom astenosféry (stence-
nim litosféry).

Z vysledkov modelovania geofyzikdlnych udajov sa
ukazuje, Ze vyklenutie diskontinuity Moho spété s neogén-
nou extenziou mozno pozorovat len na Gzemi{ pandnskeho
bazéna, pripadne vnutornych Zdpadnych Karpat. Z toho
nepriamo usudzujeme, Ze celkovy priebeh diskontinuity
Moho je vysledkom kombindcie dvoch vekovo odli§nych
procesov tvorby Moho.

Na rozdiel od diskontinuity Moho vyklenutie hranice me-
dzi litosférou a astenosférou mozno pozorovaf daleko na S
od Zapadnych Karpdt aZ do priestoru eurdpskej platformy.
To signalizuje, Ze priebeh a tvar hranice litosféra - astenosfe-
ra s odrazom hlavne najmladsich hlbinnych procesov.
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Lithospheric structure in the Western Carpathians: geophysical and geological interpretation

Complex geological and geophysical interpretation of the cur-
rent lithospheric structures (Fig. 7, 8) is given in two cross-sec-
tions accross the middle and west segments of the Western Car-
pathians (Fig. 1). Data of the Hercynian and Alpine tectonic evo-
lution of the crust segments were utilized and supported by diffe-
rent geophysical methods (seismics, magnetics, magnetotellurics
and gravimetry).

Comparing two cross-sections the certain differences can be
discerned, which reflect mainly the influence of extensional
events during the youngest stages of the evolution of the Westemn
Carpathian orogen, keeping in mind, that its fundamental form
was built already during the older geotectonic stages.

Current character of the Western Carpathian lithosphere was
influenced mainly by following tectonic events:

1. continental crust formation in the Paleozoic during the Her-
cynian tectonogenesis,

2. origin of the Carpathian - Pannonian block after the Paleo-
and Mezo-Alpine tectonic events,

3. collision of the Carpathian - Pannonian block with the Euro-
pean platform,

4. lithosphere and asthenosphere interaction during the final
stages of extension.

The base of the Western Carpathian crust is built by the Her-
cynian tectonic units which were formed mainly during the Me-
so- and Neo-Hercynian tectonic - metamorphic events. Five main
Hercynian tectonic units, which are dominant in the structure of
the Western Carpathians, can be discerned (Fig. 2): the upper,
middle and the lower units, which are present mainly in the cry-
stalline basement of Tatricum and Veporicum, the Gemer doma-
in, being represented in the current structure by sequences of the
Lower Paleozoic of Gemericum and the Southern basement, ori-
ginally probably present between them and currently forming un-
derlaying rocks in southemn part of the Western Carpathians.

During initial stages of the Alpine tectogenesis the Hercynian
continental crust was desintegrated for several continental micro-
plates separated by the ocean basins in the space between Europe
and Africa. By continental closure of the basins, considerable ge-
neral time polarity from the south to the north with microplate
collision and step by step interaction of the Pannonian and Slova-
kian blocks took place on the Meliata suture (labelled 3 on Fig.
2). The formation of the main Paleo-Alpine tectonic units in the

Slovakian block, e.i. the Gemericum, the Veporicum and the Ta-
tricum and interaction of the Slovak block with supposed base-
ment of the Oravicum on the Vahicum suture took place as well
(labelled 4 on Fig. 2). In this way the Carpathian - Pannonian
continental block was formed. After the closure of the flysch se-
dimentary area this block staried the collision with the European
platform (supposed suture 5) and an flysch accretion wedge ori-
ginated. The latest collision had transpresional character and cur-
rently it is not possible to determine the extent of overlapping of
the suture 5 beneath the Carpathian - Pannonian block.

Two basic seismic profiles (2T and 3T), which were extended
according further seismic sections and MTS profiles, were utili-
zed for a complex geophysical interpretation. In frame of the
complex interpretation a seismic “skeleton” was taken as a base
for further input of geophysical data from different geophysical
methods.

Results obtained in the framework of the local isostatic model-
ling were the base for the construction of gravity models of the
Western Carpathian lithosphere. Density modelling shows that
for the analyses of long-wavelength anomalies it is necessary to
take into consideration the lithosphere-astenosphere boundary.
The next significant boundary is the Moho discontinuity. The
Western Carpathian gravity field is characterized by decreasing
values from the area of the Europen platform to Central parts of
the Western Carpathians and again with increased values towards
to the Pannonian basin. The gravity field decrease is connected
with underthrusting of the European plate beneath the Carpathian
- Pannonian plate. On the other side the gravity high in the Inner
Western Carpathians and in the Pannonian basin is connected
with shallowing of the Moho boundary during the Tertiary ex-
tention,

Complex geophysical cross-sections across the lithosphere
(Fig. 5, 6) are defined by interpreted data gained from several
geophysical methods. Their geological interpretation allows to
explain the crust thickness and composition and deep structures
of lithosphere as well. Deep-seated structures can be characteri-
zed by thinning of the lithosphere generally towards the Panno-
nian basin, where the “flames” of melted astenosphere riched
approximately 35 - 50 km. Their relation to the youngest volca-
nism indicate their very young origin. The “flames” utilize the zo-
nes of weakening (e.g. older sutures).
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Povod a struktirna pozicia vrchnokriedovych sedimentov v severnej casti PovaZského Inovca.
Druha ¢ast: Struktirna geologia a paleotektonicka rekonstrukcia
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Origin and structural position of Upper Cretaceous sediments in the northern part of the Povazsky
Inovec Mts. Part 2: Structural geology and paleotectonic reconstruction

The structural association in rocks of the Penninic-Vahic derived Belice unit overthrust by the Tatric Ino-
vec basement/cover nappe is ranged into two principal deformation stages. The AD, stage is interpreted as a
result of detachment of the Belice sedimentary cover from its subducted oceanic substratum, piling and tec-
tonic thickening in an accretionary-subcretionary complex and finally underthrusting below basement nap-
pes. The second stage AD, is registered by superimposed structures inferring a collisional event between
the Tatric (Centrocarpathian-Austroalpine) orogenic wedge and the Oravic (Klippen Belt) ribbon continent
during the latest Cretaceous - eatliest Tertiary. Both lithostratigraphical and structural signatures indicate Lo-
wer Jurassic rifting, Middle - Late Jurassic opening of the Penninic-Vahic oceanic realm and creation of its
passive margin along the northern Tatric edge, cupelagic sedimentation up to mid-Cretaceous times, onset of
shortening and subduction at the Turonian/Senonian boundary, closing of the Vahic ocean in the Late Seno-
nian and its complete suturing in the earliest Paleogene. The Inovec Mts. provide a unique, though incom-

plete record of these processes in the Carpathians.

Key words: Central Western Carpathians, Povazsky Inovec Mts., Penninic - Vahic, Tatric, structural analysis

Uvod

V prvej Casti tejto prace (Plasienka et al., 1994) sme
v severnej Casti Povazského Inovca opisali a litostratigra-
ficky a sedimentologicky definovali sivrstvia vrchnej jury
azZ vrchnej kriedy, ktoré vystupujd v uzkych Supindch
uprostred tatrického krystalinického fundamentu. Charak-
terizovali sme pelagicky, prevazne silicitovi vichnojursko-
-spodnokriedovu sekvenciu (lazianske sdvrstvie), samo-
statnd Supinu svinickych slieiovcov turdnskeho veku
a senonske flySové hornobelické sdvrstvie pozostdvajiice
z jemnorytmického flySu rdzovskych vrstiev, zlepencov
Cierneho vrchu a hrantskych vrstiev - vrchnosenonskych
pestrych flySovych sedimentov s telesami chaotickych
polymiktnych brekeif s olistolitmi.

Pre cely opisovany subor sme navrhli termin belickd
sukeesia v litotektonickom, resp. belickd jednotka v struk-
tirnotektonickom zmysle. Ide najpravdepodobnejsie
o jednotku vystupujicu z tektonického podlozia inoveckého
prikrovu tatrického fundamentu, ktory nesie svoj vlastny
mladopaleozoicky (héréanskd a kdlnickd skupina) a rudi-
mentdrne zachovany mezozoicky (humieneckd sukcesia)
sedimentdrny pokryv. Belickd jednotka sa teda zrejme de-
rivovala zo zony medzi severnym okrajom tatrika a juz-
nym okrajom oravika (kysucko-pieninskd jednotka), pri-
¢om velmi hlbokovodny charakter lazianskeho sdvrstvia
a pritomnost olistolitov a $upin bdzickych vulkanitov indi-
kuju mozny ocednsky charakter kéry v tejto zdne, ktord by
mala byt pokra¢ovanim ligdirsko-piemontsko-taurského
(juhopenninického) oceana do zdpadokarpatského priesto-
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ru a ktord v sulade s Mahelom (1981) oznacujeme ako va-
hikum. O pritomnosti jednotiek pokladanych za karpatské
penninikum v severnej ¢asti Povazského Inovca uvaZovali
aj Lesko et al. (1988), ale za penninické pokladali nielen
vrchnokriedové flySe a mezozoické komplexy, lez aj krys-
talinicky fundament (inoveckd jednotka). Ako austroalpin-
sky (tatricky) definovali len fundament a jeho mezozoicky
pokryv na J od hrddocko-zlatnickej Iinie (jednotka Panskej
Javoriny). Neskor Puti§ (1992, obr. 2) oznadéil inovecky
prikrov ako infratatrikum a vrchnokriedové sedimenty ako
perivahikum, ale obsah a vyznam tychto terminov sa
blizsie nedefinoval.

Predmetom tejto dasti prdce je opis mezoskopického
a makroskopického Struktiimneho zdznamu najmé v horni-
ndch belickej jednotky, definicia jej tektonickej pozicie
a rekonstrukcia Struktirneho vyvoja. Paleotektonické
implikdcie maju diskusny charakter.

Struktiirna analyza

Sevema cast Povazského Inovca nemd dost vhodnych
odkryvov ani horninovych objektov, ktoré by umoziovali
jednoznaénu a jasnu interpretdciu alpinskeho Struktirneho
zdznamu. Isto to spdsobil aj zlozity Strukturny vyvoj
v duktilno-krehkom azZ krehkom poli deformdcie, ale aj
krehkych Struktir vhodnych na kinematicki a paleo-
napétovi rekonstrukeiu je velmi malo.

V poslednych rokoch predsa len vzniklo niekolko prac
o Struktirnych aspektoch stavby severného Inovca. Tekto-
nikou krystalinického fundamentu a jeho mladopaleozoic-
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kého obalu sa intenzivne zaoberal hlavne Puti§ (1980,
1983, 1986), funkciu tzv. hradockej linie studoval Puti$
(1991) a neskor Plasienka a Marko (1993). Mnoho tekto-
nickych poznatkov je aj v nepublikovanych pracach Stim-
mela et al. (1984), Putisa (1981) a Plasienku (1976). Tieto
préace indikuju polystadidlny alpinsky deformacény vyvoj
a na centrdlnokarpatské pomery nezvycajne zlozitd imbriko-
vanu stavbu oblasti.

Mezoskopické struktiry

Mezostruktdrne prvky zahfiiajice plosné, linedrne,
priestorové a zloZené (napr. vrasy a strizné zény) elementy
sme zaradili do niekolkych Strukturnych paragenéz, ktory-
mi su definované jednotlivé deformacné stadid. Pod struk-
turnou paragenézou chapeme skupinu Struktdrnych prv-
kov deformac¢ného pévodu, ktord vznikla v priblizne rov-
nakych reologickych a napatovych podmienkach, hoci nie
nevyhnutne sucasne. Aj v ramci paragenézy teda moze
jestvovaf sukcesivna postupnost formovania Struktur
a modifikdcia uZ vytvorenych. Striedanie deformaénych $ta-
dif a formovanie $truktimych paragenéz vo vseobecnosti
spbsobuje bud’ takd zmena orientdcie napédfového pola,
ktoru uz predtym existujuce prvky nie su schopné nadalej
akomodovat (resp. sa reaktivovat, ak zmena nastdva sko-
kovite po dlhsom ¢asovom odstupe), alebo viac-menej
ndhla zmena reoldgie deformovanych komplexov alebo ich
Casti spdsobujica zmenu operujucich deformaénych me-
chanizmov, a tym aj vyvoj odlisnych Struktir v celkove sa
nemeniacom napédfovom poli. Prikladom méze byt rast
alebo pokles duktility horninového média ¢i vytvorenie
systému nekohéznych ploch tlakovym rozpusfanim
v pévodne izotropnom prostredi. Obidva tieto aspekty pri-
tom casto posobia sticasne, moZu sa, ale nemusia navza-
jom ovplyviniovat, ¢o sa odrdZza vo velkej variabilnosti
Struktirnych paragenéz a ciest deformaéného vyvoja.

Deformaéné stddid daného uzemia vyélenil uz Putis
(1981, 1983, 1986), a to hlavne na zdklade Struktir krysta-
linického fundamentu a jeho mladopaleozoického obalu.
Vy¢lenené stddium D, (Putis, 1983), resp. AD, (Putis,
1986) zhruba zodpovedd Stddiu AD, definovanému v tejto
prdci a Stadium D,, resp. AD, mozno korelovat s nasim
Stadiom AD,. Z mezostruktirnych prvkov, ktoré definoval
Putis (1983), zodpovedaji jeho plochy mylonitickej brid-
licnatosti S, vo fundamente plochdm oznaCovanym v tejto
praci ako AS,, vrasy F, zodpovedaji nasim vrdasam F,
a plochy S, klivdzi S,. Struktiry mladopaleozoickych kom-
plexov oznadil Puti§ (1986) ¢iasto¢ne inymi symbolmi:
plochy S, zodpovedaju nasej folidcii S|, vrasy V, nasim

E,, ich klivdZ osovej roviny je v obidvoch pripadoch ozna-
Cend ako S,. Puti§ (1986) okrem toho vyclefiuje aj vrdsy
V, s klivdZou S, a striznt klivdz S,, priom by vrdsy V,
¢iastocne mohli zodpovedaf nasim vrdsam F,.

Deformacné Stddium AD,

Zdkladnymi prvkami paragenézy AD, su folidcia, lined-
cia, strizné zény, budinaz a vrdsy deformacéného pdvodu.
Formovali sa v podmienkach metamorfézy velmi nizkych
stupfiov, ¢o umoznilo semiduktilné spravanie sa hornin
bohatych na kalcit, ktoré lokdlne vykazuju vyss{ stupen
deformaéného pretvorenia oproti polyminerdlnym silici-
klastickym hornindm bohatym na kremen. Tie sa vi¢Sinou
spravali krehko, len vo velmi jemnozmnych radiolaritoch
mozno pozorovat splo$tovanie schranok rddioldri{ pod
vplyvom nizkoteplotnej dynamickej rekrystalizdcie.

Folidcia 8, (jej ekvivalent v hornindch predalpinskeho
krystalinika oznacujeme ako AS)) je planparalelnd, casto
mezopenetraénd anizotropia deformaéného pévodu, ktorej
morfologické a genetické znaky varfruju v zdvislosti od
horninového média. Vo svoroch tatrického krystalinika je
iba zriedka identifikovatelnd ako kataklastickd a myloni-
tickd bridli¢natost oznacovand ako AS, viaZuca sa na kine-
maticky exponované domény, hlavne ndsunové zlomy,
kde deformuje predalpinsku metamorfnu bridli¢natost VS,
(Puti$, 1983).V hornindch bohatych na fylosilikdty je fo-
lidcia S, vd¢Sinou rovnd, hladkd a paralelnd, v CistejSich
vapencoch variruje od penetracnej lamindcie po nevyrazné
anastomozické plochy.V pieskovcoch a dolomitoch ju
zvy&ajne nepozorovat.

V mladopaleozoicko-mezozoickych nekarbondtovych
sedimentdrnych hornindch je vo vidcsine pozorovanych
pripadov folidcia S, paralelnd s primdrnou vrstvovitostou
S, a tak tvor{ siborné plochy S,. Vynimkou si najmlad-
Sie Casti lazianskeho sdvrstvia na profile Lazy (Plasienka
et al., 1994, obr. 4), kde je folidcia S, Sikmd voci nestvis-
lym pieskovcovym laminkam. Tu vSak pévodnid vrstvovi-
tost pravdepodobne disturbovala uz predlitifika¢na sklzo-
vd deformdcia. Folidcia S;, sa nukleovala penekontempo-
rannou kompakciou pri vertikdlnom zafaZeni horizontdlne
uloZenych vrstvovitych komplexov a dotvorilo ju tlakové
rozpuistanie a slabd dynamicka rekrystalizdcia pocas nizko-
stupniovej metamorfozy sprevddzajucej AD,. Tlakové roz-
pustanie je osobitne vyrazné v jemnozrmnych sedimentoch
bohatych na flové minerély (zdroj vody pri rekrystalizacii)
a kalcit alebo kremen (lahko rozpustné komponenty), teda
v flovych a slienitych bridliciach (tab. 1.5). V tmavych kre-
mitych flovych bridliciach lazianskeho sdvrstvia je folidcia

Tab. L. Priklady drobnych Struktir deformaénych stddif AD, (1 - 5) a AD, (6 - 8). 1 - Sikmo splostené stylolity, gutensteinské vdpence kryhy Hradiska,
Selec - Kopanica, 2 - pozdlzne stla¢ené preddeformacéné kremenné Zilky dokumentujiice splostenie kolmé na vrstvovitost v silicitoch lazianskeho suvrstvia,
Lazy, 3 - tokovd vrdsa F, v triasovom vépenci kryhy Hradiska, Selec-Paluch, 4 - duktilno-krehkd medzivrstvovd striznd zona SZ, v doske homogénnejsie-
ho silicitu lazianskeho sivrstvia, Lazy, 5 a 6 mikrofotografie, mierka je dlhd 1 mm: 5 - tvorba folidcie S, splo§fovanim a tlakovym rozpistanim, svinické
slieflovce turénu, Humienec - Svinica, 6 - zénovd krenulacna klivdz S, v slienitych polohdch triasovych vdpencov kryhy Hradiska, Belice, 7 a 8 - mezo-
skopicka krenula¢na klivdz S, v prachovcovych bridliciach kdlnickej skupiny, Klenkoy vrch (7) a silicitovych bridliciach lazianskeho sdvrstvia, Lazy (8).
Pl 1. Small-scale structures of stages AD, (1-5) and AD, (6-8). 1 - oblique flattening of early stylolites in Triassic limestone, 2 - buckling of quartz veinlets
oriented at high angles to S foliation, 3 - F, passive fold in Triassic limestone, 4 - bedding-parallel shear zone with en-echelon tension gashes, 5 and 6 - photo-
micrographs, scale bar is 1 mm long: 5 - S, cleavage formed by flattening and pressure solution, Turonian marlstones, 6 - S, zonal crenulation cleavage due to
pressure solution, Triassic marly limestone, 7 and 8 mesoscopic crenulation cleavage S, in Permian aleuritic slates (7) and siliceous slates of the Lazy fm. (8).
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Obr. 1. Schematickd tektonickd mapa skimanej oblasti v sv. &asti Povazského Inovea. Struktirne diagramy (plochojavud sief, spodnd pologula). a - li-
nedrne prvky stadia AD,, b - pdly folidcie S, belickej jednotky (okrem kryhy Hradiska) a kdlnickej skupiny inoveckého prikrovu, ¢ - pdly predalpinske;
metamorfnej folidcie VS, vo fundamente inoveckého prikrovu, d - pély ploch S, a S, v triasovych karbondtoch kryhy Hradiska, e - ostatné Struktiry.
Fig. 1. Tectonic sketch-map of the investigated area. Structural diagrams (equal-area plot, lower hemisphere). a - AD, linear elements, b - poles to S, fo-
liation in the Belice unit and sedimentary cover of the Inovec nappe, ¢ - poles to pre-Alpine metamorphic schistosity in the basement of the Inovec nappe,
d - poles to bedding and S, foliation in the Triassic carbonates of the Hradisko olistoplaka, e - other structures.

S, mikropenetraénd a mozno ju oznacif ako bridli¢nu kli- jednoosovom stladeni kolmom na plandrnu anizotropiu
vaz (slaty cleavage). Vo vacsine makrodomeén pritom pre- (layer-normal shortening) ako rovina XY (X=Y>Z) ob-
vlddal odnos rozpustného materidlu a folidcia ma styloli- ldtneho elipsoidu kone¢nej deformdcie AD,. Ale tento
ticky pévod, kym syndeformacné Zilky si vzdcne. Vynim- predpoklad deformacnd analyza pre nedostatok vhod-
kou je teleso svinickych sliecnovcov na severnych svahoch nych objektov nepotvrdila. Len v kremitych bridliciach
Humienca, v ktorych kalcitové zilky tvoria 50 % a viac ob- lazianskeho suvrstvia je splostenie (flattening strain) do-
jemu horniny (cf. Plasienka et al. 1994, tab. IV.4). Indiku- kumentované vzperovym vraskovanim ojedinelych ex-
je to odlisnu (zrejme vys$iu) struktirmu poziciu svinickych tenznych kremennych ziliek sformovanych v skorych fé-
slieflovcov pocas AD | oproti hornindm lazianskeho a hor- zach deformdcie AD,. Zilky su arbitrarne orientované

nobelického suvrstvia, ktoré ich dnes obklopuju. Dnesnd pod vysokym uhlom na folidciu S, a na rezoch kolmych
pozicia telesa svinickych slienovcov je teda vysledkom na fiu vytvaraju ptygmatiticku kresbu (tab. 1.2).

mladsich deformaénych procesov. Hustotu (spacing) fo- Dominancia tlakového rozpusfania ako hlavného de-

liaénych pléch kontroluje horninové médium. Uplne pene- formaéného mechanizmu a nedostatok Struktir indikuju-

tra¢nd je iba v flovitych hornindch, kde je dand orientaciou cich rozfahovanie v rovine folidcie (layer-parallel exten-

fylosilikdtov. sion) naznacuju, Ze sa koneéné pretvorenie dosiahlo naj-
Folidcia S| v beznych pripadoch nenesie sucasnu line- mé objemovou redukciou homnin.

dciu, a teda mozno predpokladat, Ze sa generalne formo- Ciasto¢ne odlisné znaky m4 folidcia S, vyvinutd v tria-

vala v reZime koaxidlnej deformdcie ako kombindcia sovych vdpencoch kryhy Hradiska. Makroskopicky je to
éistého strihu (pure shear) a objemovej redukcie pri Casto zretelna duktilnd tokova lamindcia, na ktorej tvorbe
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Obr. 2. Priklady mezoskopickych $truktir podla terénnych ndkresov. a - netipind budindZ kompetentnej dolomitovej polohy v triasovych vapencoch kry-
hy Hradiska, Klenkov vrch, b - nevyraznd vejérovitd osova klivdz S, v doskovitych kalciturbiditoch hrantskych vrstiev, Hranty, ¢ - otvorené symetrické
koncentrické vrasy F, v triasovych vdpencoch kryhy Hradiska, Klenkov vrch, d - koncentrickd vrdsa F, v triasovych vdpencoch, Prostrednd dolina,
e - anguldrne vrdsy F, v distdlnych turbiditoch rdzovskych vrstiev, Mnichova Lehota, f - krokvicovité vrasy F, v pestrych flovych bridliciach kdlnickej
skupiny, Krdsna dolina.

Fig. 2. Field drawings of some mesoscopic structures. a - pinch-and-swell stretching of a dolomite layer in Triassic limestones, b - divergent S, cleavage
fan in Senonian turbidites (Hranty beds), ¢ and d - concentric F, folds in Triassic limestones of the Hradisko olistoplaka, e - angular folds F, in Senonian
distal turbidites (Rdzovd beds), f - chevron folds F, in Permian shales (Kadlnica group, Inovec nappe).

Obr. 3. Struktime diagramy 1b (A) a 1d (B) rotované do rezov kolmych na konstrukéné osi it a podla nich idealizované makroskopické schémy zobra-
zujlice generalnu poziciu primdrnych folidcii S a S, v monoklindlnej imbrikovanej stavbe (A) a makrovrdsovej stavbe kryhy Hradiska (B). V - vertikala.

Fig. 3. Rotated diagrams 1b (A) and 1d (B) and idealized macroscopic sections of imbricated structure (A) and mackrofolds in the Hradisko olistoplaka (B).

sa podla mikroskopického studia zucastnovalo tlakové
rozpustanie aj dynamickad rckrystalizacia. Plochy S, v tom-
to pripade sporadicky nesu linedciu roztiahnutia, ¢o indi-
kuje trojosovy elipsoid konecnej deformdcie (X>Y>Z).
Navyse tu folidcia S, aspon v niektorych pripadoch asi nie
je rovnobeznd s vrstvovitostou S Je to indikované uhlo-

vym vzfahom medzi lamindciou S, a deformovanymi, §ik-
mo splostenymi zubovitymi stylolitmi, ktoré pravdepodob-
ne prezradzaji pdvodni orientdciu vrstvovitosti (tab. 1.1).
Stidium ploch kataklastickej a mylonitickej bridli¢natos-
ti AS| je v sledovanom teréne velmi fazké, ale predpokla-
dame, Ze ide o strizné, kinematicky aktivne plochy operu-
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juce v ndsunovych striznych zénach, ¢im sa geneticky od-
liSujui od opisanej folidcie S;. MozZno ich oznacif aj ako
ASCI, kde index C (cisaillement) indikuje strizny charakter
tychto ploch. V makroskopickej mierke si vsak rozdiely
v orientdcii S, a S¢, zanedbatelné, pretoZe v striznych z6-
nach s vysokym stupiom pretvorenia obidva systémy
konverguju.

Linedcia L, je vel'mi vzdcna, rovnako ako budindZ a vra-
sy F, obmedzend prakticky len na duktilne deformované
triasové vdpence v strope kryhy Hradiska. Md znaky li-
nedcie roztiahnutia a oznacujeme ju L%, kde index st zna-
menad stretching. Linedcia roztiahnutia je v striznych z9-
nach indikdtorom smeru tektonického transportu. Ale po-
¢et merani na Studovanom uzemi (obr. 1a) nie je dosf
reprezentativny.

Budind? typu ,,pinch-and-swell“ je v mezomierke vzdcna,
ale zretelnd pri rozfahovani kompetentnych dolomitovych
poldh a inkluzif v duktilne deformovanych vapencoch kry-
hy Hradiska (obr. 2a). Pasivne ohybové vtldcanie (ben-
ding) folidcie S, okolitého duktilného média do medzibudi-
novych priestorov produkuje tzv.,scar folds“, ktorych osi
st rovnobezné s dlhymi osami budin a celkove indikuju
poziciu osi Y elipsoidu kone¢nej deformédcie (obr. 1a).

Vrdsy F, deformujuce folidciu S, su rovnako vzdcne
a priestorovo determinované ako linedcia a budindz. Roz-
mery vras variruji medzi cm a dm hodnotami, morfologic-
ky ich moZno oznadit ako zatvorené az subizoklindlne,
mierne asymetrické, subovdlne, modifikované, pravdepo-
dobne mierne noncylindrické vrdsy (tab. 1.3). V klasifika-
cii Ramsayho (1967) tvarovo zodpovedaju triede 1C
a v paletke vizudlnej harmonickej analyzy Hudlestona
(1973) zhrubaD 3-5azE4 - 5.

Geneticky su to pasivne vrasy duktilného tecenia v non-
koaxidlnom striznom reZime. Folidcia S, bola pri vrasnen{
kohézna a kinematicky neaktivna. V duktilnych striznych
zénach takéto vrdsy vznikaju pasivnou amplifikdciou
vzperovych (buckling) nestabilit, ako su napr. nehomoge-
nity v rychlosti strizného toku susediacich domén (Platt,
1983), alebo externou rotdciou folidcie do sektoru skraco-
vania strizného pola, napr. okolo rigidnych inklizi{
(uz spomenuté scar folds). Ale vrds F, je na odkryvoch
prili§ mdlo, aby sa z nich mohli vyvodzovat relevantné
kinematické zdvery.

Strizné zény SZ,. Ide tu o mezoskopické strizné zony
pozorovatelné na odkryve. Spolu s vrdsami F, uZ postda-
tujd hlavni fdzu tvorby folidcie S,. Prikladom mézZe byt
drobnd duktilno-krehkd striznd zéna vyvinutd v rovine fo-
lidcie S, doskovitych rddiolaritov lazianskeho stvrstvia
(tab. 1.4). Z orientacie vldskovitych, kulisovite usporiada-
nych extenznych ziliek v striznej zone vyplyva zhruba
»vrch na SZ* zmysel pohybu v striznej zéne.

Deformacne stadium AD,

Struktirna paragenéza AD, je naloZend na paragenézu
AD,. Skladd sa hlavne z klivdze S, a vrds F,. Obidva prv-
ky reflektujui pokles duktility hornin oproti AD, vplyvom
poklesu PT podmienok deformdcie a vyssiu Struktirnu
poziciu v kore,

Folidcia S, je dominantnym, lokdlne mezopenetratnym
prvkom, ale je tzko spitd s tvorbou vrds F, ako klivdz ich
osovej roviny. Klivdz S, deformuje a transformuje folidciu
S, (S¢» Sgp» VS)) a zviera s fiou uhol 50 - 90°. Hustota
ploch S, zavisi od povahy hostitelskej horniny. V jemnom
ilovei s mikropenetra¢nou plandrnou anizotropiou S, su aj
plochy S, velmi husté, v kompetentnejsich médidch s red-
$imi, predtym jestvujicimi plochami aj hustota S, klesd
a v masivnej$ich karbonatoch je ¢asto vyvinutd ako nespo-
jitd (disjunctive alebo fracture) klivaz.

Vo vicsine pripadov md folidcia S, charakter krenulac-
nej klivaze. Pritomné su obidva zdkladné morfologické ty-
py - zonova i diskrétna krenula¢nd klivdZ s réznym stup-
fiom stesnania v liténoch. Pri vytvdrani ploch S,, podobne
ako pri tvorbe S,, hralo hlavnd ulohu tlakové rozpustanie
(tab. 1.6). Prejavuje sa odnosom rozpustného (kalcit, kre-
mei) a nahromadenim rezidudlneho (fylosilikdty, opaknd
zlozka) materidlu v klivdiZovych doménach a mechanickou
rotdciou vac¢sich Supiniek klastickej sludy bez znakov ich
deformdcie strihom pozdlz S,. Preto folidcia S, reprezentu-
je rovinu XY elipsoidu konecnej deformdcie AD

Linedcia L, je intersek¢énd linedcia prieseém’c pléch S,
(Sg» Sy1) a S,. Je paralelnd s osami drobnych vrds (krenu-
ldcie, resp. korugdcie) na plochdch S, a subparalelnd s osa-
mi mezovrds F, (obr. 1e).

Vrdsy F, maji v zdvislosti od deformovaného média,
hlavne od hustoty zakrivovanej predtym jestvujicej folid-
cie VS,, S, S,, resp. S, zna¢nu velkostni a morfologic-
ku variabilitu. Pre ilové bridlice (hor¢anska a kdlnickd sku-
pina) su charakteristické anguldrne aZ krokvicovité zatvo-
rené mieme asymetrické vrasy cm rozmerov (obr. 2f), pre
kremité bridlice (lazianske suvrstvie) otvorené symetrické
mezovrdsy s nizkou amplitidou, ale s penetraénou kliva-
Zou osovej roviny (tab. I1.2), pre doskovité az bridli¢naté
radiolarity anguldrne zalomené, nickedy polygondlne
(dvojvrcholové) vrasy ako vysledok interferencie konju-
govanych striznych pasov (kink bands, cf. Plasienka et al.,
1994, tab. IIL.5). V tenkorytmickych flySovych sedimen-
toch hornobelického suvrstvia sa zistili typické krokvico-
vité vraisy (chevron folds, obr. 2e) a ovélne zovreté vraisy
cm az dm rozmerov zostavené do polyharmomckych su-
borov (tab. I1.5). Dal§im koncovym typom su otvorené aZ
zatvorené koncentrické, resp. paralelné vrdasy v doskovi-
tom triasovom vapenci kryhy Hradiska (obr. 2¢, d). Otvo-
rené koncentrické vrasy vo vrstvovych siboroch kalcisilti-
tov hrantskych vrstiev maju niekedy vyvinutu slabu diver-
gentne vejdrovite vyvinutu klivdz (obr. 2b), poukazujicu
na synchronny vznik vrds a klivdze. Vrdsové tvary v kom-
petentnejsich hornindch vicsinou zodpovedaju triede 1B
(Ramsay, 1967), resp. B2-3 (Hudleston, 1973), nekompe-
tentné zasa 1C az 3 alebo E-F 3-4.Orientdcia ich osf sa
koncentruje v sv. a jz. sektore (obr. 1d, e).

Morfologické znaky vras F, poukazuji na ich vznik
vzperom (buckling) pri skracovant pozdlz folidcie (layer-
-parallel shortening). Konecny tvar vrds je modlﬁkovany
slabym duktilnym pretvorenim hlavne v zdmkoch vrds
(kompetentné vrstvy) a tlakovym rozpustanim pozdiz kre-
nulacnej klivdze osovej roviny S, v ich ramendch a zdm-
koch (nekompetentné vrstvy). Cclkové skrdtenie merané
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pozdiz vrstvovitosti je velmi nerovnomerné, v detailne
zvrasnenych doménach dosahuje az 60 - 70 %.

V kremitych a flovitych bridliciach lazianskeho suvrstvia
(tab. 1.8, II.1 - 4) alebo horcanskej skupiny (tab. 1.7) je
tvorba mezovras F, intifmne spétd s vyvolom klivdze S,
a vrasy maju charakter tzv. striznych vras. Strih pozdiz kli-
vdze S, vsak v ich vyvoji nehral nijaki dlohu. Klivaz je
pritom planparalelnd, bez vejdrovitej distribicie vo vrasach
a jej vzhlad je odlisSny v ramendch vrds, kde uhol S, x S,
dosahuje 20 - 50 % (zdanliva extenznd krenulacnd klivaz,
tab. II.1), a v ich zamkovych ¢astiach, kde je tento uhol
vicsi ako 50° a folidcia S, md charakter normdlnej kon-
trakénej krenulaénej klivdzZe (tab. I1.2, 3, 4). To indikuje,
Ze sa klivdZ S, aspofi v tychto pripadoch z podstatnej casti
vytvorila az po zakriveni folidcie S, do nizkoamplitido-
vych vrds F,.

Do paragenézy AD, pravdepodobne patria aj drobné
duktilno-krehké strizné zony SZ,. Su to 10 - 15 cm Siroké
nediskrétne zény paralelné s klivdZou S, s krehkymi ex-
tenznymi zilkami v kremitych bridliciach lazianskeho su-
vrstvia (tab. I1.6) usporiadanymi en-echelon. Ich orientdcia
poukazuje na preSmykovy charakter SZ, s vergenciou na
SZ. Extenzné Zilky s fibréznou kremennou vyplitou prese-
kdvaju plochy S, i S, a formovali sa zrejme aZ v zdvere
Stddia AD,.

Pukliny J, symetrologicky zapadaju do paragenézy AD,
a vznikli v samom zdvere §tddia AD, uz vo vyrazne kreh-
kych podmienkach. Zodpovedaji tzv. puklindm ac, teda
puklindm sformovanym v rovine XZ elipsoidu deformdcie
AD,. Plochy puklin si vécSinou rovné a hladké, v typic-
kych pripadoch bez minerdlnej vyplne. Na viacerych od-
kryvoch tvoria reguldrne systémy s hustotou 5 - 15 puklin
na 1 m, na inych odkryvoch im vsak zodpovedaju len oje-
dinelé ruptury, resp. chybaju uplne. Ich sukcesivne posta-
venie je dané vzfahom k prvkom paragenézy AD, (st naj-
mladsie) a vztahom k AD,. Pukliny J, sa m1estaml reakti-
vovali ako strizné mezodlslokame systemu striznych pdsov
F,, ateda su starsie.

Deformacné Stddium AD,

Vy¢lenenie tohto Stddia je pre maly pocet pozorovanych
Struktur a spornost ich kinematického vyznamu dosf
problematické. Do paragenézy AD, patria najmd ojedinelé
zalomené strizné pasy (kink bands), vzperové vrdsy a me-
zodislokdcie, ktoré poukazujui na ,priene vrdsnenie®, teda
na stlacenie pozdlz regiondlneho trendu Struktir AD,
(obr. le).

Vrdsy F, si este o stupen ,krehkejsie“ ako F,. Defor-
muja folidciu S, (S, S;,). V bridli¢natych médidch ich re-
prezentuju solitdme zalomené pdsy zvierajuce s folidciou
S, uhol 50 - 80° (tab. IL.8). V doskovitom vdpenci a v rd-
diolaritoch su to dm vzperové oviélne vrasy s velmi nizkou
amplitidou (tab. I1.7).

Osov¢ roviny vrds F, su niekedy zvyraznené plochami
diskontinuity, ktoré mozZno oznadif ako S hoci nejde
o pravidelmi folidciu. Je to negenetickd skupina pléch za-
hajica diskrétne mezodislokdcie ohranicujice strizné pa-
sy, ¢asto zaloZené na predtym existujicich systémoch puk-

lin J,, ale aj nevyraznu krenula¢nu klivdz (v tomto pripade
striznu). Spolo¢nd pre ne je najmd ich orientdcia s koncen-
traciou polov v sv. a jz. sektore (obr. le).

Makrostrukturna zostava

Komplexny charakter mezoskopickych paragenéz AD,
a AD, napovedd, Ze aj ich makroStruktirna zostava vytva-
ra regiondlne definovatelné formy. KedZe vSak vrdsovo-
-Supinovitd stavba oblasti je vysledkom predovsetkym
AD,, su useky so zachovanou stavbou AD, pomerne
zriedkavé. Su to subhorizontdlne (resp. pévodne subhori-
zontalne) ndsunové tektonické kontakty na baze inovecké-
ho alochténu a prevrdatené sedimentdrne kontakty v jeho
spodnych ¢astiach, indikujiice poziciu v spodnom ramene
velkorozmerovych lezatych vras.

Hlavnou makrostruktirou AD, je ndsunovy tektonicky
styk subautochtonnej belickej jednotky a alochtonnej ino-
veckej jednotky. V menej modifikovanej, viac-menej
pbvodnej subhorizontalnej pozicii, indikovanej prikrovovy-
mi polotroskami, je tento kontakt iba na V a J od Selca
(obr. 1, ticZ Plasienka et al., 1994, obr. 1, 2), kde krystali-
nicky fundament a permoskytske klastikd inoveckého
prikrovu prekryvajui hlavne triasové karbondty kryhy Hra-
diska. Diskrétnu ndsunovu plochu vo vdpenci stropu kry-
hy Hradiska sprevadzaju struktiry indikativne pre duktilné
strizné zony - mezopenetracnd tokovd folidcia S, s lined-
ciou roztiahnutia L™, pasivne tokové vrasy F, a znaky bu-
dindZe rigidnych inklizii. Podla niektorych drobnych
struktir mozno smer prikrovového transportu len velmi
zhruba odhadnuf od J azZ V na S a7z Z.

Prejavy nekoaxidlnej deformdcie si v subautochtdénne;j
belickej jednotke mimo kryhy Hradiska iba velmi slabé, ¢o
suvisi s nizkou teplotou deformdcie (okolo 250 °C), nepo-
stacujicou na duktilné spravanie sa silikdtovych hornin.
Prikrovovy presun sa zrejme skoncentroval do diskrétne-
ho ndsunového zlomu. Ten na bdze alochtdnneho telesa
v krystalickych bridliciach a permoskytskych klastikdch ino-
veckej jednotky sprevadzaju slabo féliované kataklazity in-
dikujice krehky az frikény hydraulicky kontrolovany na-

N 20 n=200

N n=30 N ne4S

14

0%- . . 500

AS,;,So, So,

smer strike

smer
S2.L2 Sirike

F2 osi axes

AD; smer presmykov
strike of reverse faults

Obr. 4. Ruzicové diagramy trendov hlavnych plandrnych a linedrnych prv-
kov. a - smery primdmych folidcif, b - smer klivaze S, a linedrnych prvkov
AD,, ¢ - smery preSmykov normalizované podla geologickej mapy.

Fig. 4. Rose diagrams of trends of principal planar and linear structures.
a - strikes of primary foliations, b - strikes of S, cleavage and trends of
AD, linear clements, c - strikes of reverse faults normalized according to
the geological map. Coincidence of maxima indicates generally orthogo-
nal compression, slight dextral transpression may be inferred from a sub-
maximum of reverse faults.



186 Mineralia Slovaca, 27 (1995)




D. Plasienka: Pévod a Strukuirna pozicia vrchnokriedovych sedimentov v severnej casti Povazského Inovea 187

sunovy mechanizmus. Strednozrmné kataklazity tvoria nie-
kolko dm aZ m hrubé telesa sprevadzajiice ndsunovy zlom,
resp. su anastomozicky usporiadané v zone hrubej niekol-
ko 10 m (zdpadny svah Krdsnej doliny pod Humiencom).
Nizkoteplotny, prevazne frikény ndsun inoveckého prikro-
vu pritom indikuje jeho vysokd Struktdrnu poziciu v koére
(vrchnych 10 km, najpravdepodobnejsie 5 - 7 km).
Makroskopicku zostavu penetracnych folidcii studova-
ného dzemia zjavne determinuje symetria Struktir defor-
macného Stddia AD,. Folidcia S, vo vrchnojursko-kriedo-
vych sedimentoch belickej jednotky a permoskytskych
klastikdch inoveckého prikrovu (obr. 1b), vrstvovitost S
a folidcia S, v triasovych karbondtoch kryhy Hrad1ska
(obr. 1d) vykazu)u usporiadanic maxim pozdiz velkych
oblikov v smere SZ - JV so subhorizontdlnymi s-pdlmi
v sv. a jz. sektore, ¢o symetrologicky koresponduje s name-
ranymi osami mezoskopickych vrds a pdlmi klivdze S,
(obr. 1e). Maximum pdlov S,, i VS, v sz. sektore (obr.
1b, ¢) pritom indikuje generalne monoklindlnu Supinovitu
stavbu ako v belickej, tak aj v inoveckej jednotke (obr. 3a).
Subhorizontdlne maximum a submaximum v jv. sektore
polov pléch kryhy Hradiska (obr. 1d) odrdza existenciu
otvorenych makrovrds v tomto relatfvne kompetentnom,
ale dobre zvrstvenom karbondtovom komplexe. Makro-
vrdsy su dobre identifikovatelné aj v teréne najmé v jz. Casti
tizemia ckolo Babej hory (cf. Plasienka et al., 1994, obr, 2;
Plasienka a Marko, 1993, obr. 7). Idealizovany makrovra-
sovy profil (obr. 3b) naznacuje paralelné vrasnenie.
Maximum v diagrame predalpinskych pléch VS, (obr.
1c) je v podstate totoZné s maximom alpinskych pléch
v belickej a humieneckej sukcesii (obr. 1b), ¢o dokumentuje
zna¢nu modifikdciu predalpinskej plandrnej zostavy, jej ro-
tdciu a splo§fovanie v alpinskej Supinovitej stavbe. V dia-
grame mozno vyznadil dva velké obliky, z ktorych prvy,
s polom m ,, symetrologicky zodpovedd struktiimnej zosta-
ve AD,, kym druhy, s pélom ., je pravdepodobne zvys-
kom povodnej predalpinskej makrovrdsovej stavby. T4 je
svojou orientaciou blizka makrovrdsovej stavbe smeru
S - J, identifikovanej hlavne v ,juznom® (bojnianskom)
bloku Povazského Inovca, ale tam sa pokladd za druhu,
naloZzenu alpinsku makrovrdsovi generdciu (PlaSienka
a Marko, 1993, obr. 3). Na predmetnom uzemi vSak
makrovrdsy s osami smeru SZ - JV postihuju len komple-
xy fundamentu, a preto ich pokladdme za predalpinske.
Mapovy obraz (obr. 1) a regiondlny trend smerov pla-
namych a linedrnych $truktirnych prvkov na danom uze-
mi (obr. 4) dokumentuje ich temer idedlunu rovnobeznost.
Koaxialita folidcii S, a S,, ktoré si rovinami XY elipsoi-
dov kone¢nych deformacu AD,a AD, pozdlz osi Y zod-
povedajicej linedcii L, a osiam vras an naznacuje celkovd
deformaciu v prevaiuj{lcom rezime ¢istého strihu (pure

shear) so skrdtenfm v smere SZ - JV a so subvertikdlnym
predlzenim deformovaného makroskopického telesa (hra-
nolu), pricom v smere osi Y podstatnejsie deformadcie,
okrem Struktir AD,, nenastali. Napriek tomu ndsunové
zlomy AD, leziace v rovine folidcie AS, a preSmyky AD,
leZiace v rovine S, naznacuju, Ze v obidvoch Stddidch pre-
biehala externd rotdcia plandrnej stavby voéi vektoru hlav-
ného kompresivneho napétia o, a nastali rozsiahle strizné
deformdcie v makromierke a megamierke. V makroskopic-
kom rdmci teda celkova deformdcia méze byf kombindciou
¢istého a jednoduchého strihu.

Pribliznd paralelita trendov drobnych struktir a normali-
zovanych smerov preSmykov na obr. 4 uréuji smer pdso-
benia hlavného horizontdlneho kompresivneho napétia
Opynay PTi flOm sa submaximum smerov preSmykov medzi
60 a3 70° (obr. 4) dostalo do pozicie dextrdlnych strihov
v deformovanej zéne. Miermnu dextralnu transpresiu nazna-
¢uju aj osi rmakroskopickych synforiem v permoskytskych
suvrstviach zhruba smeru S - I na S od Selca.

Naznadeny smer hlavného horizontdlneho napdtia
a skritenia plati len v sicasnych geografickych koordina-
tach. Paleomagnetické merania na zdpadnom Slovensku
naznaduju, Ze tento udaj treba korigovat zhruba o 40 - 60°
poecocénnej a predmiocénnej CCW rotdcie celého centrdl-
nokarpatsk¢ho bloku (Kovac a Tunyi, in press) a pravde-
podobne aj o dalsiu spodnomiocénnu blokovi CCW rotd-
ciu preukdzand napr. v Malych Karpatoch (napr. Marko
et al., 1991, 1995). Ale rotdcia segmentov zdpadosloven-
skych jadrovych pohori nie je rovnakd a rozsah tykajtci
sa Povazského Inovca sa este nestanovil. Odhadujeme, Ze
smer pdsobenia Oy, v ¢ase vzniku preSmykovej stavby
severného Inovca, teda v najmladsej kriede a starSom pa-
leogéne, bol S - J azZ SV - JZ.

Struktiirny a paleotektonicky vyvoj l

Obsahom tejto kapitoly je predbeznd koncepcia Struktir-
neho a paleotektonického evoluéného modelu studovanych
horninovych komplexov. Zlozitost problematiky a prirod-
né obmedzenia determinuju diskusny charakter rekon-
strukcie, avsak zdvaznosf zistenych faktov pre poznanie
vyvoja a stavby celych Zdpadnych Karpdt ndm - podla
nasho ndzoru - umoziuju vyslovil aj niektoré zdvery
odporujuce tradiénym predstavam, ale stojace na presved-
¢ivejsich argumentoch.

Paleotektonicka interpretdcia predkompresnej etapy vy-
voja sa opiera predovietkym o ldtkovy horninovy zdznam.
Na jeho zdklade sme vyclenili viaceré litostratigrafické jed-
notky s osobitnym paleogeografickym a paleotektonickym
postavenim. Belickd sukcesiu mozZno charakterizovaf ako
dvojdielnu, zloZzenu z hlbokovodného eupelagického la-

Tab. I1. Mezoskopické Struktiry deformaénych Stadif AD, (1 - 6) a AD; (7 - 8). 1 az 4 a 6 su tmavé silicitické bridlice lazianskeho stivrstvia na profile
Lazy: 1 - zdanlivo extenznd krenula¢nd klivdZ S, 2 - osovd klivdz S, polyklindlnej vrdsy F, preddeformaénej kremennej Zilky paralelnej s folidciou S,
3 a4 - kontrakénd krenulaénd klivdZ S,, 5 - polyharmonické vrasy F, v drobnorytmickom flysi razovskych vrstiev, Belice, 6 - strma nediskrétna striznd
z6na SZ, indikovand kulisovite usporiadanymi extenznymi kremennymi Zilkami, 7 - presmyk a vrdsy F; v rddiolaritoch lazianskeho suvrstvia, Lazy,
8 - duktilno-krehké zalomené pdsy v bridli¢natych triasovych vdpencoch, Hradisko.

Pl IL. Mesoscopic structures of stages AD, (1-6) and AD, (7-8). 1 to 4 - crenulation cleavages S, in siliceous slates of the Lazy fm., 5 - polyharmonic
F, folds in Senonian distal turbidites, 6 - en- echelon array of quartz-filled tension gashes the Lazy fm., 7 - reverse fault and F; folds, Upper Jurassic ra-

dlolantes 8 - ductile/brittle kink bands in Triassic limestone.
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zianskeho sdvrstvia (vrchnd jura - spodnd krieda) a silici-
klastického flySového hornobelického suvrstvia (vrchnd
krieda). Lazianske suvrstvie sa ukladalo pod CCD nielen
vo vrchnej jure, ale aj v spodnej kriede, ¢im nemd v zdpa-
dokarpatskych jednotkdch ekvivalenty. Podobné vyvoje
viak mozno ndjst v penninickych jednotkach Alp a Apenin.

Sukcesia ofiolity - radiolarity (Rotenbergschichten, Mt.
Alpe cherts - vrchna jura) - +kalpionelové a aptychové va-
pence (Fasselgrabenschichten, Calpionella limestone - vrch-
ny titon aZ berias) - tmavé kremité bridlice s kalciturbidito-
vymi a pelagickymi vdpencovymi polohami (Glosbachs-
chichten, Argile a Palombini, Replatte formation - spodnd
krieda; Haselgrabenschichten, Val Lavagna shales - apt,
alb) je zndma z ybbsitzského bradlového pdsma Vychod-
nych Alp (Decker, 1990; Schnabel, 1992; Homayoun a
Faupl, 1992), zo zony Arosa a z prikrovu Platta na rozhrani
penninickych a austroalpinskych jednotiek Centralnych Alp
(Dietrich, 1970; Weissert a Bernoulli, 1985; Winkler,
1988), v najvyssich penninickych prikrovoch Zapadnych
Alp (Tricart a Lemoine, 1983; Tricart, 1984; Lemoine a Tri-
cart, 1986; Lemoine et al., 1986; Stampfli a Marthaler, 1990;
Deville et al., 1992) a v liguridnych jednotkach Apenin (De-
candia a Elter, 1972; Folk a McBride, 1978; Abbate et al.,
1980; Reinhardt, 1989; Marroni a Perilli, 1990; Hooger-
duijn Strating, 1991; Marroni a Meccheri, 1993). Vseobecne
sa prijima, Ze tieto sukcesie su typickymi reprezentantmi se-
dimentov ocednskeho dna, kym jednotky s prevahou vépni-
tych sedimentov (Schistes lustrés, Biindnerschiefer) boli
derivované z kontinentdlnych okrajov.

PodTla tychto analdgif predpokladdme, Ze lazianske suvr-
stvie reprezentuje sedimenty abysdlnych plosin uloZené na
ocednskej kore (juho)penninickej (ligirsko-piemontskej)
panvy (obr. 5 hore), ktord sa v Zdpadnych Karpatoch ozna-
¢uje terminom vahikum (Mahel, 1981). Dnesné povrchové
vystupy lazianskeho sivrstvia v Povazskom Inovci su Supi-
nami odlepenymi od fundamentu, ale to je typické aj pre alp-
ské analdgy, hoci tam ofiolitové elementy zvycajne vystu-
puju v bezprostrednej blizkosti v melanZovych zénach.
V Povazskom Inovci sa mézu horniny pévodnej ocednskej
kéry védhika vyskytovaf v hlbSej podpovrchovej stavbe. Me-
tabazalty a metasilicity v sz. Casti pohoria sa pokladaji za
permské (napr. Putis, 1986) a ich mozny jursky vek (Sotdk
et al., 1993, Plasienka a Marko, 1993) sa doteraz nedokazal.

Suveké vrchnojursko-spodnokriedové sedimenty v ta-
trickom obale Povazského Inovca vystupuji az v juZznom
(bojnianskom) bloku na J od hradocko-zlatnickej linie. Aj
ony su pelagické, ale prevazne karbonatové a lezia v nor-
malnej sukcesii nad krystalinickym fundamentom a jeho
triasovo-strednojurskym obalom, vo vyvoji typickom pre
Siprunske (resp. fatranské) sledy tatrika (Mahel, 1986).
Inovecky prikrov tatrika severného bloku nemad mladsie
mezozoické ¢leny v (para)autochtonnej pozicii, avSak ako
jeho derivaty interpretujeme niektoré olistolity v hornobe-
lickom flysi belickej sukcesie (Plasienka et al., 1994). Sig-
nifikantny je najmi olistolit beriaskych kalpionelovych va-
pencov s klastmi svorov inoveckého typu, ktory indikuje,
Ze inoveckd jednotka tatrika vznikla z elevaénej paleogeo-
grafickej zony, ¢iastoéne mozno subaerickej, so strmymi
zlomovymi svahmi rychlo klesajicimi do prilahlych pela-

gickych paniev. Zlomové zrazy poskytovali hrubozrnny,
netriedeny, nestabilny materidl krystalickych bridlic tran-
sportovany rychlo a na krdtku vzdialenost. Hypotetické
paleogeografické rozloZenie vrchnojursko-spodnokriedo-
vych sedimentac¢nych priestorov je na obr. 5 hore.

Flysové sibory hornobelického suvrstvia belickej sukce-
sie sa od lazianskeho stiboru oddeluju vicsinou tektonicky,
ale predpokladdme pomeme nahly vpdd siliciklastickych re-
sedimentov do panvy s rychlo progradujicimi flySovymi la-
lokmi. Materidl flySovych pieskovcov je velmi pestry, poly-
miktny, ¢o spolu s azimutmi paleotransportu indikuje vii-
trokarpatsku az centrdlnokarpatskui znosovi oblast s uz vy-
tvorenou prikrovovou stavbou, ale aj s tatrickym fundamen-
tom inoveckého typu (obr. 5 v strede), odkrytym v bez-
prostrednej blizkosti, poskytujicim velké, neopracované
klasty a olistolity vd¢sinou mélo odolnych hornin. Naproti
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Obr. 5. Paleotektonickd rekonstrukcia hlavnych etdp mezozoického vy-
voja belickej a inoveckej jednotky. Hore - vrchnojurskd - spodnokriedovd
situdcia s maximdlnym roz§irenim pelagickych paniev vdhika a tatrika
oddelenych severotatrickym prahom.V strede - sendnske Stadium sub-
dukcie vahickej kory, odliepania sedimentov belickej jednotky a ich akre-
tovania a subkretovania pod frontdlny tatricky klin (inovecky prikrov),
kde sa tvorili Struktiry AD,. Dole - vrchnosendnsko-spodnopaleogénna
kolizna etapa medzi tatrickym frontom a kérou czorsztynského prahu, ra-
zenie nalozenych Struktir stidia AD, a vyzdvih koliznej zony.

Fig. 5. Paleotectonic reconstruction of principal evolutionary stages of
the Belice and Inovec units. The upper blockdiagram - the Late Jurassic -
Early Cretaceous pelagic stage. In the middle - Senonian subduction, se-
diment offscraping, subcretion and AD, deformation. The lower scheme
- collisional stage, AD, deformation and uplift.
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tomu dobre ovalané obliaky prevaZne karbondtov a kvarci-
tov, ktoré tvoria hlavnu zlozku zlepencov Cierneho vrchu,
predpokladaju dlhsi (rie¢ny?) transport a intermitentné
prostredie, ¢o evokuje uréity rozpor. Preto nemozno vylucit
ani ich recykldciu zo starsich (albskych?) konglomerdtov fa-
trickych prikrovov. Tento predpoklad mozno podoprief
tym, Ze v jemnejsich flySovych sedimentoch hornobelické-
ho sdvrstvia st okrem autochténnych konackych globo-
trunkdn pritomné aj rekrystalizované a rozlamané, zjavne re-
sedimentované schranky hedbergel a talmaninel (Kullmano-
vd a Gasparikovd, 1982). Z toho vyplyva, Ze aspon Casf
vrchnokriedového belického flysu vznikla na ukor stred-
nokriedovych sedimentov. Na pravdepodobnu recykldciu
poukazuje aj dobre vyzretd, stabilnd asocidcia fazkych mine-
rdlov v pieskovcoch (Uher in Plasienka et.al., 1994).

Osobitnt pozornost si zasluhuju velké olistolity bdzic-
kych vulkanitov a karbondtov vystupujuce vo vyssich Cas-
tiach sledu hornobelického flysu, osobitne v polymiktnych
brekcidch hrantskych vrstiev. Ich zloZenie sme opisali
a o ich pdvode uvazovali v prdci Sotaka et al. (1993) a Pla-
Sienku et al. (1994). Zdéraziiujeme iba to, Ze ich pestré
zloZenie a vek poukazuji na pdvod z paleotektonicky dia-
metrdlne odlisnych jednotiek, zbliZzovanych zrejme prave
v Case transportu olistolitov do panvy. Pokladdme to za
priznak aktivnej konvergencie na rozhrani dvoch prvora-
dych paleotektonickych domén - oceanskeho priestoru va-
hika a jednotiek tatrika spolu s pripovrchovymi prikrovmi
fatrika a hronika, umiestiovanymi a dalej deformovanymi
v ele progradujuceho orogénneho klina centrdlnych Za-
padnych Karpdt (Plasienka, 1995).

Sedimentdcia belickej sukcesie sa kon¢i v najvyssej krie-
de masami chaotickych mixtitovych brekcii hrantskych
vrstiev, zloZenych uz takmer vyhradne iba z klastov a olisto-
litov hornin predalpinskeho fundamentu a permomezozoic-
kého obalu inoveckého prikrovu, ktory belickd jednotku
tektonicky prekryva. Preto je najprirodzenejsie hrantské
brekcie interpretoval ako redeponovani sutinu a skalné
zritenia ¢i laviny derivované z nestabilného svahu na cele
postupujiceho inoveckého prikrovu fundamentu, ktory tak
postupne prekryl flysové sedimenty zaznamendvajuice kon-
vergenciu ocednskej belickej jednotky vahika a okrajovych
jednotiek centralnych Zapadnych Karpat a nakoniec aj pro-
dukty vlastnej rapidnej erozie a tektonického drobenia.

PretoZe zlozenie predkoliznych flySovych sedimentov
a stavba ich depozi¢nych systémov uloZenych v trencovych
panvidch do znac¢nej miery kontroluje konfigurdcia konver-
gentnej zony a zlozenie bezprostrednych zdrojovych oblasti,
napr. pritomnost alebo nepritomnost obdukovanych ofioli-
tovych komplexov, je laterdlna koreldcia i suvekych diastro-
fickych fdcii v jednej tzkej, ale dlhej panve velmi fazkd.
V znaéne metamorfovanych komplexoch ,, Tauernflysch
Group* zony Matrei taurského okna penninika Vychod-
nych Alp (Frisch et al., 1987) je fazko urdit stratigraficky
rozsah flysovych a olistostromovych telies, predpokladd sa
vSak uz spodnokriedovy vek zadiatku konvergencie. Taur-
ské flySe sa vyznacuju rozsiahlou pritomnostou nielen ofio-
litovych melanZi, ale aj chaotickych brekciovych telies
s olistolitmi austroalpinskeho pévodu, ¢im sa podobaji
na hornobelicky flys.

V ybbsitzskom bradlovom pdsme sd prvé siliciklastické
flyse reprezentované cenomansko-konackymi ,,Ybbsitzer
Schichten” (Homayoun a Faupl, 1992), v zone Arosa -
Platta albsko-turdnskym rozélenenym trencovym flySom
a ofiolitovymi melanzami (Dietrich, 1970; Winkler, 1988;
Wildi, 1988), v Zapadnych Alpdch su juhopenninické fly-
Se odrdzajlice konvergenciu vécsinou aZ vrchnokriedového
veku (Homewood, 1983; Tricart, 1984; Lemoine a Tricart,
1986; Caron et al., 1989; Deville et al., 1992). Ligurske
flySe Apenin si este mladsie, vrchnosendnske (kalciklas-
ticky helmintoidny flys, napr. Rowan, 1990) az paleocén-
ne. Vzfah hornobelického flySu k bradlovym kriedovym
flySom na Povazi, najmé ku klapskej jednotke, opisujeme
na inom mieste (Plasienka, 1995).

Rychly tektonicky transport inoveckého prikrovu tatrika
spdsobil, Ze pod hrubé masy krystalinického funddamentu
boli pochované sibory zvodnenych a slabo spevnenych,
prevazne flySovych sedimentov belickej jednotky. Pocho-
vanie do hlbsich kérovych drovni, zvySend teplota a tlak,
ako aj stdle pohybovo aktivne prostredie determinovali
vznik a vyvoj tektonickych deformadcif tak, ako ich mozno
rekonstruovat zo Struktirmeho zdznamu v hornindch.

Najstarsim deformaénym prvkom je nizkoteplotnd me-
tamorfnd folidcia S, sedimentdrnych komplexov, ktord je
zvicsa paralelnd s vrstvovitostou S,. Md charakter kliva-
Ze tlakového rozpustania a formovala sa v rovine XY de-
formacného elipsoidu AD, teda zhruba kolmo na smer
pésobenia hlavného kompresivneho napitia o,. Charak-
ter vnutornej deformdcie predpoklada teplotu okolo 200 -
300 °C a pomerne vysoky efektivny tlak nadloZia (nedo-
statok Zilnych systémov). Z toho odhadujeme hlbku tek-
tonického pochovania na 5 aZ 8 km. Pri anchizondlnom
pretepleni sa zo sedimentov uvoltiovalo velké mnozZstvo
fluid, najmi vody pri dehydrataénej rekrystalizdcii ilo-
vych minerdlov, ktord indukovala tlakové rozpustanie
v homindch, odnos rozpustnych minerdlnych faz (kalcit,
kremen) a hromadenie nerozpustného rezidua, najmi fy-
losilikdtov, na plochdch rozpuistacej klivdZe S,. Pritom sa
vécsina produktov rozpustania zaroven neukladala blizko
v Zilnych systémoch, ale zrejme migrovala na vicsiu
vzdialenost. Predpokladdme, Ze transportnymi cestami
pre migrujuce fluidd boli strizné zlomové Struktury, ktoré
sa v aktivne deformovanej a podsivanej jednotke museli
vytvéraf, Fluidd zdroveil zniZovali trenie na zlomoch,
a tym redukovali strizné napétie v medzizlomovych domé-
nach. Hlavny ndsunovy zlom na bdze inoveckého prikro-
vu bol aj hlavnou migra¢nou cestou. Mozno to dokumen-
tovat pritomnostou kataklastickych brekcif, mylonitovych
a fylonitovych zén v predalpinskom krystaliniku vyza-
dujucich obmedzeny vstup fluid (Korikovsky a Putis,
1986).

Osobitné postavenie Supiny hornin nazvanych svinické
slienovce vyplyva nielen z ich litofacialnej odliSnosti od
podloznych a nadloZnych sedimentov belickej sukcesie,
ale aj z ich rozdielneho deformaéného rezimu pocas AD,,
najmd hojnej pritomnosti kalcitovych Zilnych systémov.
To mozno najlepsie vysvetlif pévodne vysSou Struktirnou
poziciou, umoziujicou fluidny pretlak (tlak fluidnej fazy
bol rovnaky aZ vySsi ako litostaticky). Teleso svinickych
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sliefioveov je pravdepodobne tektonickou supinou derivo-
vanou z odli§ného paleotektonického prostredia (pichov-
ské sliene oravika?) inkorporovanou do sledu belickej
sukcesie pri akrécii a subkrécii v zdvere Stadia AD,.

Zvysenie teploty v zdvere AD, sa odrazilo vo zvyseni
duktility najmi vdpencovych hornin a vo vyvoji mezosko-
pickych krehko-duktilnych striznych zdén. MoZno predpo-
kladat aj redistribuciu orientdcie uz vytvorenych deformag-
nych prvkov, hlavne folidcie, vo¢i orientdcii hlavného
kompresivneho napitia o,. Folidcia S, externe rotovala do
roviny maximadlneho strizného napétia a postupne azZ do
sektoru skracovania deformaéného pola, &m sa vytvorili
podmienky pre razenie §truktir druhého deformaéného
Stddia AD,. ~

Paragenéza AD, indikuje rast vyznamu strizného napétia
pre tvorbu deformacénych prvkov. To predpoklada aj isté
zmeny vonkaj$ich podmienok v orientdcii deformovanej
z6ny voci kompresivnemu napitiu. Tieto zmeny nastali
priblizne na rozhrani{ kriedy a paleogénu, v obdobi tzv. la-
ramskej tektogenézy, ktord sa odddvna pokladd za hlavnd
fdzu vrdsnenia v bradlovom pasme (napr. Andrusov,
1938, 1968; Birkenmajer, 1986). Charakter deformacie ty-
pu ,.fold-and-thrust belt* bradlovych, predovsetkym ky-
sucko-pieninskych sukeesii, vyZaduje kompletné odlepe-
nie od podsuvaného substratu. Na to je potrebny rigidny
pilier v zdzemi (rigid buttress), ktory v tomto obdobi mo-
hol poskytnif prave front tatrickych prikrovov fundamen-
tu. Predpokladdme, Ze podstatnu ¢ast vdahického ocedna uz
eliminovala subdukcia jeho kéry pod elo tatrika, ktoré po-
stupne zacalo kolidovaf so substrdtom oravickych jedno-
tiek bradlového pdsma. Podla vsetkého tento substrdt tvo-
rila stenéend kontinentdlna kéra odoldvajica subdukcii.
Tak sa v predpoli progradujiceho inoveckého prikrovu
a podloznej belickej jednotky vytvorila Struktirna rampa,
na ktorej sa spomenuta zmena Struktirneho reZzimu odo-
hrala (obr. 5 dole).

Zmenena geometria deformovanej zény viedia k vzniku
mezoskopickej paragenézy Stddia AD,. Kym v jeho
prvych fdzach este dominovalo tlakové rozpistanie pozdlz
krenulac¢nej klivaZe S,, v zdvere pri poklese teploty a tlaku,
dalsie skracovanie prebiehalo hlavne makroskopickym
vrasnenim a strihanim s vertikdlnym preskupovanim hor-
ninovych mas smerom nahor, ¢o predpokladd siiatie znac-
nej Casti nadlozia vplyvom vyzdvihu, extenzie a erdzie
vrchnokérovych elementov v koliznej zone. Vznik systé-
mu preSmykov AD, deformujicich aj ndsunovu plochu
AD, inoveckého prikrovu je prejavom ,,out-of-sequence
thrusting®, javu zndmeho z tylovych casti vrdsovo-
-preSmykovych pdsiem a akre¢nych klinov.

Dals{ Struktirne zaznamenany deformacny vyvoj, zrej-
me stdle pocas starSicho paleogénu, pokracoval transpor-
tom belickej jednotky do plyt§ich kérovych trovni, reflek-
tovanym uz len krehkymi deformdciami, nevyraznou dex-
trdlnou transpresiou v koliznej zéne a napokon vznikom
prie¢nych Struktir AD,. Tie pravdepodobne suviseli s re-
orientdciou napdfového tenzora v pripovrchovych drov-
niach transpresnej zony, resp. s fluktudciou hlavného a po-
druzného kompresivneho napitia o, a o,, pésobiacich
v subhorizontilnej rovine.

Zaver

Hoci je ldtkovy a Struktimy zdznam v hornindch belic-
kej jednotky severnej Casti PovazZského Inovea fragmentdr-
ny a nie vzdy jednoznaéne interpretovatelny, nmoziuje
v hypotetickej rovine rekonstruovaf paleotektonickd
a Struktirnu evoliciu horninovych komplexov a celého
tseku zény na rozhrani vahika (penninika) a tatrika
(austroalpinika) v priestore dnesného Povazského Inovca.
Znaky tohto vyvoja moznuo charakterizovaf takto:

1. spodnojursky az strednojursky rifting zaznamenany
v tatrickych jednotkéch (erdzia aZ na trovei fundamentu,
plytkovodné, neskoér hlbokovodné sedimenty ovplyvnené
prinosom hruboklastického materidlu - humieneckd sukcesia).

2. Vytvorenie samostatnej vahickej ocednskej domény
v strednej aZ vrchnej jure s eupelagickou sedimentdciou
pretrvavajicou do spodnej az strednej kriedy (lazianske
suvrstvie belickej jednotky), stdla existencia severotatric-
kého prahu s odokrytym predalpinskym fundamentom,
ktory oddeloval vdhicky ocedn od ensialickej Siprunskej
pelagickej panvy tatrika.

3. Néstup a prograddcia kompresnych udalost{ z vntitor-
nych zoén centrdlnych Zdpadnych Karpat (albsko-ceno-
mansky porubsky fly§ inoveckej sukcesie tatrika), ktoré
zachvatili zonu na rozhrani tatrika a vahika pravdepodobne
na hranici turénu a senénu (Plasienka, 1995), spdsobili in-
verziu jurskych extenznych Struktir a zrejme aj zaloZenic
subdukénej zony, v ktorej bola ocednska koéra véhika po-
stupne pohlc@vand pod severni hranu tatrika.

4. Latkové zloZenie nahor hrubnicich uloZenin sendn-
skeho hornobelického stvrstvia belickej sukcesie indikuje
postupné pribliZovanie terigénnych zdrojov a dezorganizd-
ciu depoziénych systémov v trencovej panve a napokon
tektonické prekrytie chaotickych sedimentov ich vlastnym
zdrojom - ¢elo inoveckého prikrovu fundamentu tatrika.

5. Pri subdukcii ocednskej kéry vdhika sa &asf jej sedi-
mentov odliepala od pohlcovaného substratu a hromadila sa
v imbrikovanych sustavdch pred ¢elom vrchnej dosky tatrika
na vnutornej strane trenéa (akrécia), resp. (neskor) v hlbsich
castiach subdukénej zony pod ¢elom tatrika (subkrécia) a zo-
stala zachovand vo vrchnejsich kérovych urovniach.

6. Akréciu, tektonické hrubnutie a napokon pochovanie
pod hrubé komplexy krystalinickych prikrovov tatrika za-
znamenala Struktirna paragenéza prveho alpinskeho de-
formaéného $tadia AD,, najmi prestupujiica anchimeta-
morfnd bridli¢natost S .

7. Druhé deformacné $tddium AD, predstavuju strukti-
1y reflektujice zmenu orientdcie hlavného kompresivneho
napitia g, vo¢i predtym jestvujicim plandrnym prvkom
a celkovy pokles PT podmienok deformdcie. Interpretuje-
me to ako koliznu udalost medzi kontinentdlnym ribonom
oravika a ¢elom centrdlnokarpatského orogénneho klina po
kompletnej subdukeii (pravdepodobne najmladsia krieda
aZ najstarsi paleogén) kory vdhického ocedna.

Celd imbrikovand zéna, odkrytd v najexternejéej tatrickej
zdne v severnej Casti Povazského Inovca, svojou stavbou
zaznamendva hlavne opisané mezoalpinske kolizne udalosti,
ktoré boli rozhodujice aj pre Struktirovanie celého bradlo-
vého a pribradlového pdsma. Preto nepochybujeme o tom,



D. Plasienka: Pévod a Struknirna pozicia vrchnokriedovych sedimentov v severnej casti PovaZského Inovca 191

Ze opisany litostratigraficky a Struktiurny vyvoj je zdvaznym
prispevkom aj do diskusie o vyvoji a postaveni najmd pri-
bradlovej zony a o geodynamickych procesoch na rozhrani
centralnych a vonkajsich Karpdt v tomto obdobi vGbec.
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agentiry pre vedu (projekt 125/93 a 1081/94). Je naSou milou povinnostou po-
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Origin and structural position of Upper Cretaceous sediments in the northern part
of the Povazsky Inovec Mts. Part 2: Structural geology and paleotectonic reconstruction

Two principal tectonic units are present in the northern Povazsky
Inovec Mts. in the western part of Slovakian Carpathians. The lo-
wer one, named the Belice unit, consists of Upper Jurassic- Lower
Cretaceous pelagic, mostly silicitic Lazy formation and the Upper
Cretaceous Horné Belice flysch formation. Sediments of the Belice
unit are detached from an unknown substratum, for which subduc-
ted oceanic crust of the (South) Penninic (Ligurian-Piemont) realm,
called Vahicum in the Westem Carpathians, is inferred. The Belice
unit is overriden by the Inovec basement/cover nappe, a frontal
sheet of the Tatric crustal-scale superunit. The lithostratigraphy and
sedimentology of the Belice unit has been described in detail in the
first part of this paper {Plasienka et al., 1994). The second part con-
centrates to the structural analysis and reconstruction of paleotecto-
nic evolution. )

The tectonic structural record within the Belice and Inovec units is
ranged into several deformation stages. The structural paragenesis of
the first stage AD, involves foliation, lineation, folds, boudinage and
mesoscopic shear zones (Fig. 2, Pl. I). Foliation S, is a very low-
grade, locally penetrative solution to slaty cleavage generally parallel
to bedding. It had been nucleated by penecontemporaneous compac-
tion and later modified by pressure solution, flattening and volume
reduction, without signs of layer-parallel extension. Stretching linea-
tion L, is confined only to macroscopic ductile shear zones accompa-
nying the overthrust plane of the overlying Inovec nappe. Mesosco-
pic passive flow folds F, and pinch-and-swell structures are also re-
stricted to zones of ductile shearing in carbonates. Scarce mesosco-
pic, bedding-parallel ductile/brittle shear zones developed late during
the AD, stage, after rotation of foliation into extensional sector of the
ambient flow field.

Structures of the second stage AD, (Fig. 2, Pl. I and II) formed
due to further rotation of pre-existing planar fabric S, with respect to
the operating stress field into its compressional sector. Layer-parallel
shortening generated both zonal and discrete, mesopenetrative crenu-
lation cleavage S, formed by pressure solution. Cleavage is parallel
to axial planes of buckle folds F,. These are concentric to angular,
often chevron or polyharmonic folds. Their morphology strongly de-
pends on the rheology of the deformed rock medium, preferably on
spacing of the deformed foliation. Lineation L, is defined by inter-
sections of S, and S, foliations and by hinges of small-scale crenula-
tions and corrugations on the S, planes, subparallel to the F, fold
axes.The AD, paragenesis is completed by rare ductile/brittle shear
zones formed at high angles to S, foliation and by subvertical sets of
brittle joints.

The deformation stage AD; is represented by solitary “cross* kink
bands, open asymmetrical folds and dislocations (P1. II).

Orientation of the pervasive S, foliation within the studied area
points to a macroscopically roughly homogeneous, moderately to the
SE dipping monoclinal fabric (Figs. 1, 3a). The original overthrust
plane of the Inovec nappe, formed during the AD, stage, lies confor-
mably with the S, fabric. However, it was later reoriented and disin-
tegrated in response of the development of AD, macroscopic folding
and reverse faulting.

The present macroscopic structure of the investigated area is large-
ly influenced by the AD, deformation. Closely-spaced, north vergent
reverse faults produced numerous imbrications composed of both the
principal tectonic units. The subhorizontally lying, well-bedded tabu-
lar body of the Hradisko olistoplaka is, however, folded into open to
closed macroscopic folds (Fig. 3b).

In the map view, the trend of strikes of S, foliation, trends of the
AD, linear structures and trends of principal reverse faults mapped
in the deformed area, show all consistent maxima in the NE sector

(Fig. 4). This would point to an orthogonal shortening. Nevertheless,
the presence of some ENE trending faults and N-S axed macrosyn-
forms might indicate a slight dextral transpression in the late phases
of the AD, stage. The cross AD, structures may also reflect reorga-
nization of the stress field.

The NW-SE direction of the principal horizontal stress oy, ., re-
constructed from the orientation of the AD, structures, should be
corrected for the 40 - 60° CCW rotation during the Oligocene, sug-
gested for the whole Central West Carpathian domain, and probably
also for some additional, currently not defined Lower Miocene CCW
block rotation ascertained nearby in the Malé Karpaty Mts. by paleo-
magnetic measurements. Block rotation occurred within a sinistral
wrench corridor connecting the easternmost Alps and westernmost
Carpathians during the eastward escape of the Carpathian domain
from the Alpine collision.

Based on the lithostratigraphical and structural rock record, the
complex paleotectonic history and structural evolution which the
units of the northern part of the Povazsky Inovec Mts. have experi-
enced is tentatively reconstructed and partitioned into following prin-
cipal periods and events (Fig. 5):

1. Lower to Middle Jurassic rifting and subsequent extensional
tectonic regime is recorded by the syn-rift sediments of the Tatric In-
ovec nappe (marine, even pelagic sediments deposited in the proxi-
mity of fault scarps denudating the crystalline basement).

2. Middle to Upper Jurassic opening of the Vahic-Penninic doma-
in floored by oceanic crust with eupelagic sedimentation lasting pro-
bably up to mid-Cretaceous times. From the inner (southern) side,
the Vahic ocean was rimmed by the passive margin formed by the
North Tatric elevated, partly subaerial ridge (ribbon continent). The
ridge passed southwards into the Tatric Siprin ensialic pelagic basin,
generated by Jurassic rifting on the ruins of the Triassic carbonate
shelf platform (outcropped in the southern part of the Inovec Mts.).

3. The Mid-Cretaceous (Albo-Cenomanian) onset of compre-
ssional movements is heralded by the siliciclastic flysch sedimentati-
on in the Sipriii basin. The positive inversion of the Vahic/Tatric
passive margin and creation of the active margin there with subducti-
on zone consuming the Vahic oceanic crust is, however, indicated by
the first imput of terrigenous clastics into the Belice pelagic trough
remarkably later, during the Coniacian.

4. The composition of the Senonian flysch of the Belice unit ref-
lects convergent processes and tectonic approaching of trench sedi-
ments and their terrigenous sources. The final overlapping of chaotic
mélange-type sediments by their Tatric sources (Inovec nappe) termi-
nates the sedimentation in the Belice unit.

5. During the Upper Cretaceous subduction of the Vahic oceanic
crust part of its sediment underwent offscraping and piling in an acc-
retionary and/or sucretionary complex - the present-day Belice unit.

6. The late Upper Cretaceous processes of accretion, tectonic thic-
kening and final burial below thick masses of Tatric crystalline nap-
pes are recorded by structures of the deformation stage AD,.

7. The latest Cretaceous - eatliest Paleogene stage AD, reflects a
reorientation of pre-existing structures with respect to the operating
stress field (or vice-versa), out-of-sequence thrusting and gradual ex-
humation of the Belice rocks previously buried to some 5 - 8 km.
This is attributed to a collision event, after the elimination of the Va-
hic ocean, between the frontal Tatric nappes and the Oravic (Klippen
Belt - Czorsztyn) ribbon continent,

The reconstructed paleotectonic development imposes also impor-
tant constraints to all evolutionary models of the Carpathian Klippen
Belt. The currently dominating views are generally not consistent
with the scenario proposed above.
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Odraz globalnych zmien morskej hladiny na severnom okraji mad’arského
paleogénu vo filakovskej a v novohradskej panve

DIONYZ VASS
Geologicky tistav D. Stira, Mlynskd dolina 1, 817 04 Bratislava

(Dorudené 21.11.1994, revidovana verzia dorucend 14.12.1994)

Global sea level changes reflected on Northern margin of the Hungarian Paleogene
the FiPakovo and Novohrad (Nograd) Lower Miocene Basins (South Slovakia)

By paleogeographic, paleobioecologic, tectonic and tectogenetic analyses as well as by the interpretation

of the geophysical data we have reached the conclusion that the paleogeographic evolution in present-day
South Slovakian depressions (Ipel, Lucenec, Rimava Depressions, and Cerova vrchovina Upland) during
Oligocene and Early Miocene was driven by global relative sea level change andfor relative change of
coastal onlap. Only during the Late Eggenburgian and partly during the Ottnangian (from 20 to 17,5 Ma
approx.) the influence of global sea level change was overprinted by regional tectonics. The last marine
transgression touched the area in the Early Badenian. Later on the regional uplift and volcanic activity
dominated in the area. The Pontian lacustrine transgression in Lu¢enec and Rimava depressions more or
less accidentally coincided with the culmination of the global coastal onlap cycle TB 3.2., cca 7 Ma B.P.

Key words: sea level changes, global coastal onlap cycles, Oligocene, Lower Miocene

Madarské paleogénne panvy, filakovsko-pétervasdrska
egenburskd panva a novohradskd panva, viac ¢i menej na
seba navzdjom naloZené v priestore dne$ného severného
Madarska a juzného Slovenska, su zaoblikové panvy. Patria
do dnesnej zlozitej Pandnskej panvy obmedzenej kar-
patskymi, dindrskymi, scasti balkdnskymi pdsmovymi
horstvami, ktoré vdacia za svoj vznik konvergencii litosfé-
rickych dosiek. ,Roll-backovy* efekt subdukcie na cele
Karpdt spolu s tlakom vyvolanym konvergenciou afro-
arabskej a eurazijskej litosférickej dosky pocas paleogénu
a spodného miocénu vypudili z priestoru juznych Alp
a Dinarid zdpadokarpatskopandnské terany a spésobili ich
unik do dnesného intrakarpatského priestoru (porovnaj
Kdzmer a Kovdcs, 1985; Neubauer a Genser, 1990; Ratsch-
bacher et al., 1991a, b, a i.). Do dnesnej pozicie sa tieto
jednotky dostali na konci raného miocénu, a to rotdciou proti
smeru hodinovych rudi¢iek o cca 80° na ¢o poukazuju
paleomagnetické merania (Médrton a Marton in Nint a Mdrton
et al., in print). Tektonicky unik vo vonkajsich flySovych
Karpatoch kompenzovalo zatvdranie flySovych trogov
a skracovanie priestoru, zatial' ¢o sa na J od bradlového péds-
ma aktivizovali zlomy, viaceré s horizontdlnym pohybom.
Vrencové zlomy roztvdrali nové sedimentaéné priestory
a prave takymto zlomom pripisuji Béldi a Bdldi-Béke (1985),
Royden a Baldi (1988) generujicu rolu pri vzniku ma-
darskych paleogénnych panvi. Neskor sa madiarské paleo-
génne panvy interpretovali ako retroarkové flexurové panvy
(Tari et al., 1993; Tari a Sztand, 1993), ale paleogénny spétny
ndsun (t. j. ndsun na JIV) Zapadnych Karpat, hlavny feno-
mén opodstatiiujuci tento model, sa doteraz nedokazal. Fila-
kovsko-pétervdsdrska panva mala podobnui genézu ako ma-
darské paleogénne panvy, ale v zmenenych paleogeografic-
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kych podmienkach (uzatvorenie juzného prepojenia s otvore-
nym morom). Vznik novohradskej panvy je objasneny slabsie.

Severny okraj spomenutych panvi zasahuje na juZné
Slovensko a ich sedimenty tvoria vyplii juhoslovenskej
Ipelskej, Lucenskej a Rimavskej kotliny a buduji svahy
Cerovej vrchoviny (obr. 2).

Sekvencnd stratigrafia je geovedny odbor alebo strati-
grafickd metdda Studujica stratigraficky sled sedimentar-
nych sekvencif s ciefom odhalif alebo spresnif histdriu
zaplnania sedimentdmych panvi. Sekvencia, zdkladny ¢ld-
nok sekvenénej stratigrafie, je relativne konformny sled
alebo sekvencia vrstiev s totoZnou genézou, ktorej bazu
i strop vymedzuje diskordacia alebo jej zodpovedajica kon-
kordancia (Sloss, 1963; pdvodnu definiciu modifikoval
Mitchum, 1977). Hlavné mechanizmy vzniku sekvencie
kontroluje pozicia, resp. relativne kolisanie hladiny mora.

Geologovia zhromazduju informdcie o kolisani hladiny
mora v priebehu fanerozoika od konca 19. stor. Seuss uz ro-
ku 1906 zhrnul vysledky pozorovani z téznych ¢asti sveta
a dospel k zdveru, Ze stipanie a klesanie hladiny mora méZe
maf eustaticky, t. j. globdlny povod. Kolisanie hladiny v mor-
skych sedimentdrnych panvdch spdsobilo, Ze vznikajice
sekvencie sedimentov mali uréitd univerzdlnu zdkonitost,
sled litotypov a fdcif, ktoré mozno zaradif do jednotnej
schémy.

Kolisanie hladiny mora md cyklicky charakter. Globdlny
cyklus relativnej zmeny hladiny mora je intervalom
geologického Casu, v ktorom relativne stipanie vystrieda
pokles strednej hladiny mora v globdlnom rozsahu (Vail et al.,
1977). Globdlne cykly boli zoradené v ¢asovom slede. Tak
vznikla ¢asovd schéma, ktorej najnovsiu verziu publikoval
Haq, Hardenbol a Vail (1987). Jednym z prinosov schém



194 Mineralia Slovaca, 27 (1995)

$.p. LOG R.LOG

$.P.LOG  R.LOG $.5.LOG  R.LOG fd—s50
5 MI0-QUTER NERITIC
MID-QUTER NERITIC ooy MiD-0UTER KERITIC  {[E]{ | e
KK ER NI INNER KERTTIC ANELHaiTIc

NON MARINE

s {000
1180
TIDAL TO Req
INNER NERITIC /?sss/ 1100
Y& toamo HON MARINE ros0
1200 NON MERINE
wmnee | § § Q
1100
1250 Py
INNER-MID INNER NERITIC 4se
NERITIC TO TIDAL ‘200
IKNER NERITIC 1150
1300 INNER NERITIC TO TIDAL
1250
WID-0UTER 1256 MI0-0UTER WID-QUTER 200
NERITIC NERITIC NERITIC
INKER NERITIC 1300 {/
INNER NERITIC AANSGRESSIVE W pHASE  INNER NERITIC raoe
\ g 1400 i e
HON MARINE
NON MARINE NON MARINE 3

Obr. 1. Sedimentdrna sekvencia definovand na zdklade vrtov a karotdZznych diagramov (prevzaté z priru¢ky seizmostratigrafic Keitha a Ressetara, 1987).
Sekvencia sa zadina transgresivnym pieskom (1. §tddium sedimentaéného cyklu), pokra¢uje monoténnymi pelitmi §tddia kulmindcie transgresie
(2. stadium sedimenta¢ného cyklu). Nasleduju regresivne Stddia (3. a 4. Stadium sedimentac¢ného cyklu) reprezentované piescito-pelitickymi, v porovnani
so sedimentmi kulminacie transgresie plytkovodnejSimi, resp. kontinentdlnymi rienymi sedimentmi. S. P. log - krivka spontdnnej polarizdcie, R. log -
odporova krivka, feet - stop, non marin - kontinentdlne prostredie, inner neritic - vnitorné neritikum, mid neritic - stredné neritikum, tidal - subtidal az
infratidal, regressive phase - regresivna faza, transgressive phase - transgresivna faza.

Fig. 1. Sedimentary sequence defined on the base of the wells and S. P., R logs (taken from Handbook of seismostratigraphy by Keith and Ressetar,
1987). The sequence begins by transgressive sands (1 st. stage of the sedimentary cycle) follows by monotoneous shales (2 nd stage of sedimentary
cycle - culmination of the transgression). The regressive stages (3 rd and 4 th) of sedimentary cycle are represented by the sandy - shaly shallow matine
deposits and/or continental fluviatile ones.
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Obr. 3. Chronostratigrafia a litostratigrafia juhoslovenského terciéru, vzfah lokdlnych a globdlnych prejavov kolisania hladiny mori a klimaticka krivka zdpadokarpatského terciéru. 1 - ilfilovec, 2 - vapnity
sily/siltovec, 3 - piesok/pieskovec, 4 - pieskovec s velkym Sikmym zvrstvenim, 5 - §trk/zlepenec, 6 - uholné sloje, 7 - vdpenec, 8 - ryodacitovy tuf, 9 - andezit (vulkanoklastikd), 10 - andezit (intruzivne
teleso), 11 - bazalt (ldvové priidy a vulkanoklastik4).

Fig. 3. Chrono and lithostratigraphy of the South Slovakian Tertiary, the relation between the local and global manifestation of the sea level fluctuation and the climatic curve for Western Carpathians young
Tertiary periode. 1 - clay/claystone, 2 - calcareous sily/silt stone, 3 - sand/sandstone, 4 - sandstone with large crossbedding, 5 - cravel/conglomerate, 6 - coal seams, 7 - limestone, 8 - rhyodacite tuff,
9 - andesite (volcanoclastics), 10 - andesite intrusive body, 11 - basalt (Lava flows and volcanoclastics).
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Obr. 4. A - schematicky geologicky profil vriu RKZ-1 (Bitka), Rimavskd kotlina. B - detail bdt¢anskych vdpencov vo vrte RKZ-1 (podla Jurkovicovej

et al., 1990).

Fig. 4. A - Schematic geological profile of the well RKZ-1 (Bdtka). B - Detail of the Batka Lms. in the well RKZ-1.

a kriviek globalnych cyklov fluktudcie morskej hladiny je ich
aplikdcia na $tddium histdrie zapliiania sedimentdarnych
panvi, ktord berie do uvahy Stddia cyklov a pocas nich
vzniknuté vrstvové &leny. Uplny cyklus kolisania hladiny
mora sa dd roz¢lenif na $tyri §tadia (Mitchum et al., 1977).

1. stddium - obdobie rychleho stipania hladiny mora pri
malej rychlosti sedimentdcie. Sedimenty vzniknuté v tomto
obdobi si transgresivne klastikd s ,,onlapom* jednotlivych
vrstiev na podlozZie.

2. Stddium - obdobie maximdlneho stavu morskej hla-
diny. Stipanie morskej hladiny je pomalé, ale rychlost
sedimentdcie narastd. Sedimenty tohto obdobia predsta-
vuju hruby stbor flovcov, resp. siltovcov.

3. Stddium - obdobie poklesu stiipania morskej hladiny
vyustujuce do vyrovnanej hladiny (stillstand). Depozi¢na
bdza klesd az po hranu kontinentdlneho selfu. Sedimenty
vznikajice v tomto obdobi zahffiaji regresivny subor,
v hibsej panve turbiditné sibory.

4. Stddium - obdobie poklesu morskej hladiny pod dro-
ven $elfu, ktory je vystaveny erdzii. Hlavnd masa sedi-
mentov prindsand z pevniny a transportovand cez obna-
Zeny Self (,,bypass®) sedimentuje na kontinentdlnom svahu
a prahu vo forme podmorskych kuzelov a turbiditov spolu
s hlbokomorskym ilom.

Cykly kolisania hladiny mora v panvovych morskych
sedimentoch, ako aj-im zodpovedajice sedimentdrne sek-
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Obr. 5. Sedimenty Stddia kulmindcie stipania morskej hladiny (globdlny
cyklus techas B 1.2): monotdnne hlbokovodné ilovee a siltovee
lenartovskych vrstiev (Cizske stvrstvie), kiscel, oligocén. Vrt FV-1
(Blhovce, Cerovd vrchovina), hibka 865,4 - 867,7 m.

Fig. 5. Deposits of the stage of sea rise culmination (Techas B 1.2.
global cycle): monotonous deep sea claystone and siltstone of the
Lendrtovee Mb. (Ciz Fm.), Kiscellian in age. The well FV-1 (Blhovce),
depth 865,4 - 867, 7 m.

vencie sa daju najlepsie identifikoval na kvalitnych seiz-
mickych rezoch, najméd ked ide o sedimenty mdlo tektonicky
porusené. Sedimentdme sekvencie mozno zistif aj na velkych
prirodzenych odkryvoch a vo vhodnych, dostatoéne hlbo-
kych vrtoch. Velmi uZitoénym prostriedkom na identifikdciu
sedimentdmych sekvenci{ su karotdzne diagramy merani
spontdnej polarizdcie (SP) a odporu (R). Priebeh kriviek
umoziuje rozoznat transgresivne sedimenty, resp. trans-
gresivnu fazu cyklu reprezentovani hruboklastickymi
pies€itymi a zlepencovymi horninami. Kulmindciu transgresie
- druhé sStadium cyklu kolisania morskej hladiny -
reprezentuji monotdnne pelitické sedimenty vonkajSieho
neritika. Splytéenie morského prostredia, prvy znak regresie
alebo Stadium vyrovnanej hladiny, naznacuji sedimenty
vnutorného neritika aZ prilivovej zony (striedanie pieskov
a pelitov), ktoré v zavere sekvencie striedaji sedimenty
deltového kuZela, prip. i riecne sedimenty (obr. 1).

Pri¢iny globdlnych cyklov kolisania morskej hladiny,
resp. jej eustatickych zmien v globdlnej miere treba vidief
v zmene objemu morskej vody alebo v zmene tvaru ocedn-

skych panvi, alebo v kombindcii obidvoch (Fairbridge,
1961). Zmenu objemu morskej vody mohlo vyvolat zalad-
nenie a ustup ladovcov (glacidl - interglacidl) alebo dodd-
vanie novej vody juvenilného pdvodu z magmatickych
zdrojov, vulkanov a teplych pramenov (Rubey, 1951;
Egyed, 1960). Zmena tvaru ocednskych, resp. morskych
panvi moze byf vysledkom geotektonického mechanizmu
alebo zaplhania panvy sedimentmi. Globdlne cykly kolisa-
nia morskej hladiny sa podla trvania delia do troch skupin.
Vo fanerozoiku prebehli dva cykly prvého radu dlhé 300,
resp. 225 Ma. Cykly druhého radu trvali 20 az 80 Ma
a tretieho radu | az 10 Ma. Geotektonicky mechanizmus je
azda jediny s dostato¢ne dlhym trvanim a velkosfou, aby
mohol generovaf cykly prvého a véc¢siny cyklov druhého
radu, Zaladnenie a ustup ladovcov pravdepodaobne
zodpovedaju za cykly tretiecho a niektoré cykly druhého
radu (Vail et al., 1977). Ndzvy cyklov druhého radu
(Techas, Zuni a i.) si z terminoldgie sekvencii navrhnutej
Slossom (1963).

Oligocénno-miocénnu geologicku histdriu juzného Slo-
venska (obr. 2) mozno interpretovat v zmysle depoziéného
modelu sekvenénej stratigrafie, v ktorom sa rozlisuje pat
uplne vyvinutych cyklov pobrezného ,onlapu® a $tyri ne-
uplné cykly.

Najstarsi cyklus reprezentuje ¢izske stuvrstvie kiscel-
ského veku (obr. 3) a koresponduje s globalnym cyklom
techas 1.2 (28,4 - 26,5 Ma, porovnaj Haq et al., 1987).
Cyklus md velmi dobre vyvinuté transgresivne §tadium

6360

RAPOVCE Mb.

¢z em.
KISCELIAK

7518

LENARTOV,
Mb

1975
813,11

BLH
Mb.

831,0

NORIAN £T2)}
{SILICA NAPPE)

BACHST. LMST.
HALLST. LMST,

Obr. 6. Schematicky detail vrtu LR-3 (Rapovce) v Lugenskej kotline.
Nad blhovskymi vrstvami, ktoré lezia na mezozoickom podklade, je
ekvivalent lenartovskych vrstiev. Vyssie st rapovské vrstvy - prevazne
pies¢ité sedimenty Cela delty, ktord progrddovala do Lucenskej kotliny
pocas regresivneho Stddia globdlneho cyklu pobrezného ,,onlapu® techas
B 1.2. 1 - piesok/pieskovec, 2 - silt/siltovec, 3 - vdpenec.

Fig. 6. Detail of the well LR-3 (Rapovce) showing the equivalent of the
Lendrtovee Mb. above the Blh Mb. and beneath the Rapovce Mb. in
frame of CiZ Fm. The Rapovce Mb, are deposits of a delta prograding
into the Lucenskd kotlina Depression during the regressive stage of the
global coastal onlap cycle Techas B 1.2. 1 - sand/sandstone,
2 - silt/siltstone, 3 - limestone.
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(blhovské vrstvy, bdtcanskeé vapence a hostiSovské vrstvy,
obr. 4), ktorému predchddzali predtransgresivne sedimenty
(skdlnické vrstvy: kontinentdlne rie¢ne sedimenty) a po
ktorom nasledovalo stddium kulmindcie transgresie repre-
zentované lenartovskymi vrstvami (monotdnne a relativne
hlbokovodné sedimenty hrubé niekol’ko 100 m, obr. 5).
Stadium poklesu morskej hladiny reprezentuji deltové
sedimenty - rapovské vrstvy (obr. 6).

Nasledujuci cyklus ranoegerského veku, zodpovedajici
globalnemu cyklu techas B 1.3 (26,5 - 25,5 Ma), je ne-
uplne vyvinuty. Stadium stipania morskej hladiny repre-
zentuju hrubodetritické panické vrstvy a budikovianske
vdpence, ktoré sa vsak vyvinuli iba v litordlnej, resp.
v plytkoselfovej zone, ale vo vlastnej panve ich niet. Std-
dium kulmindcie stdpania mora md svoj sedimentdrny
zaznam v spodnej Casti szécsenského sliru (relativne hlbo-
kovodné siltovee). Sedimenty regresivneho Stadia cyklu sa
nezachovali.

Mladsi egersky cyklus, ekvivalent globdlneho cyklu te-
chas B 1.4 (25,5 - 22,0 Ma), md nevyrazne vyjadrené
Stadium stupania morskej hladiny, a to horizontom jemno-
zrmného glaukonitického pieskovcea, ale transgresia v sedi-
mentoch kulminaéného sStddia transgresie, t. j. vo vrchnej
Casti szécsenského §liru sa prejavuje tieZ ndstupom novej
spodnomiocénnej fauny (Moluskd a Ondrejickovd, 1988,
a nepublikovand praca, Kantorovd, 1981 - 1985, nepubli-
kované ddta, Sutovskd, 1990, a vapnitd nanofldra, Leho-
tayovd, 1981 - 1985, nepublikované ddta). Regresivne
Stadium cyklu predstavuji deltové sedimenty opatovskych
vrstiev opisané z Ipelskej kotliny (Sutovskd-Holzova
et al., 1993, obr. 7), erozivny relikt deltovych sedimentov
je znamy aj z Lucenskej kotliny (vrt ED-1 Dlhé Hony,
Vass a Ele¢ko et al., 1992).

Pocas egenburgu prebehli dva globdlne cykly. Stars{
zodpovedd cyklu techas B 1.5 (22,0 - 21,0 Ma). Tachtské
(tachtianske) pieskovce - rozpadavé jemnozmné pieskovce

Obr. 7. Sedimenty $tadia poklesu hladiny mora, globdlny cyklus techas
B 1.4: opatovské vrstvy - deltové sedimenty (Lucenské suvrstvie, eger -
rany miocén. Schéma predstavuje interpretovany profil vrchnej ¢asti vrtu
CO-1 doplneny o vidaje z povrchovych odkryvov nad tistim vrtu pri obci
Opatovskd Nova Ves - Ipelskd kotlina (Sutovskd-Holzov4 et al., 1993).
1 - zmiesané euryoxibiotné a hyposalinné spolocenstva foraminifer,
2 - tlomky dreva, rastlinna secka, 3 - odtlacky listov, 4 - nespecifikovand
fauna, 5 - morskd fauna, 6 - brakicka fauna, 7 - Ostrea sp., 8 - lamindcia,
9 - nepravidelnd lamindcia, 10 - negativne grada¢né zvrstvenie, 11 - il,
12 - silt, 13 - piesok, 14 - Strk, 15 - boliviny, 16 - amdnie, 17 - miesto
odberu mikropaleontologickej vzorky, 18 - planktonické foraminifery,
19 - pestré spolodenstvd, 20 - Zziadna mikrofauna, 21 - epyfytické druhy,
22 - ostrakddy, 23 - zniZeny obsah kysltka, 24 - il/illovec, 25 - vapnity
silt/siltovec, 26 - piesok/pieskovec, 27 - §trk/zlepenec, 28 - uhlie.

Fig. 7. Deposits of the sea fall, techas B 1.4: the deltaic Opatovd Mb.
(Lu¢enec Fm.), Egerian in age. Schematic profile taken from the well CO-1
and from the outcrops NE of the village of Opatovd Nova Ves
(Sutovskd-Holzovi et al., 1993). 1 - mixed euryoxibiotic and hyposaline
foram. asemblages, 2 - wood fragments, thrash, 3 - leaf prints,
4 - unspecified fauna, 5 - marine fauna, 6 - brackish fauna, 7 - Ostrea sp.,
8 - lamination, 9 - irregular lamination, 10 - inverse grading, 11 - clay,
12 - silt, 13 - sand, 14 - gravel, 15 - Bolivina div. sp., 16 - Amonia div. sp.,
17 - micropaleontological sample, 18 - planktonic forams, 19 - diversified
assemblages, 20 - sample without microfauna, 21 - epiphytic taxa,
22 - Ostracodes, 23 - low oxygene, 24 - clay/claystone, 25 - calcarcous
silt/siltstone, 26 - sand/sandstone, 27 - gravel/conglomerate, 28 - coal.
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s lavicami a SoSovkami pevného pieskovca so zriedkavymi
priudovymi texturami a takmer bez zvyskov morskych
molusk - mozZno povazovat za transgresivne sedimenty tohto
cyklu (obr. 8). Jalovskeé vrstvy - strednozmné az hrubozrmné
pieskovce s velkymi Sikmymi zvrstveniami - predstavuju
pribrezné sedimenty pieséitych vin a zodpovedaju trans-
gresivnemu aj regresivnemu Stddiu (obr. 9). Je vhodné
poznamenat, zZe jalovské vrstvy vznikli na pobrezi morského

Obr. 8. Tachtské (tachtian-
ské) pieskovce: rozpadavy
pieskovec s lavicami a $o-
Sovkami vdpnitého pevné-
ho pieskovca. Zdrez cesty
na Z od Radzoviec (na ]
od Filakova). Cerovd vr-
chovina.

Fig. 8. The Tachty sandsto-
ne: friable sandstone with
banks and lenses of calca-
reous sandstone. Road cut
W of the village of Radzov-
ce (S from Filakovo), Ce-
rovd vrchovina Upland.

Obr. 9. Sedimenty §tddia
poklesu hladiny mora, glo-
balny cyklus techas B 1.5:
hrubozmné pieskovce s vel-
kym Sikmym zvrstvenim,
jalovské vrstvy (Filakovské
suvrstvie), egenburg. Od-
kryv na JJZ od obce Chré-
mec, vychodnd ¢ast Cerovej
vrchoviny.

Fig. 9. Sca fall stage of
Techas B 1.5 global cycle:
coarse sandstone with large
cross-bedding: Jalovda Mb
(Filakovo Fm.), Eggen-
burgian in age. Outcrop
SSW of the village of
Chramec, Cerova vrcho-
vina Upland.

b

zalivu, kde dominovala dynamika dmutia mora (priliv -
odliv). Vo zvdzkoch §ikmého zvrstvenia sa cyklicky
striedaju ¢&iastkové zvédzky vrstiev ¢i lamin s narastajiicou
a po dosiahnuti istého maxima zmensujicou sa hribkou
(,boundle“ Boersma, 1969, fide Sztand, 1994). Cyklicitu
v pieskovci podmienil cyklicky priebeh morského dmutia
v ramci poldenného, denného, lundarneho polmesa¢ného
a celomesaéného cyklu (Sztand, 1994).
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Obr. 10. Hrubostennd fauna z lipovianskych pieskovecov (filakovské sivrstvie, egenburg), Chlamys (Gigantopecten) palmata (Lamarck), 2 - Chlamys:
(Aequipecten) cf. northamptoni (Michelotti), 3 - 4 - Flabellipecten burdigalensis (Lamarck). Lokality na J od Lipovian a JZ od Cakanoviec - Cerovd
vrchovina (Ondrejickovd, 1972).

Fig. 10. Thick-shelled fauna from the Lipovany sandstone (Filakovo Fm.); Eggenburgian in age 1 - Chlamys (Gigantopecten) palmata (Lamarck),
2 - Chlamys (Aequipecten) cf. northamptoni (Michelotti), 3 - 4 Flabellipecten burdigalensis (Lamarck), Localities: S of the village Lipovany and SW
of the village of Cakanovce, Cerovd vrchovina Upland (Ondreji¢kova, 1972).
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Obr. 11. Tenkostennd fauna z ¢akanovskych vrstiev (filakovské sivrstvie, egenburg). 1 - Lutraria (Lutraria) sanna cf. sanna Basterot, 2 - Lutraria
(Lutraria) sanna major Schaffer, 3 - Lutraria (Lutraria) lutraria jeffersi Gregorio, 4 - Lutraria sanna maxima Schaffer, 5 - Macoma (Psammacoma)
elliptica cf. parvobrevis (Sacco), 6 - Macoma (Psammacoma) elliptica cf. elliptica (Brocchi), 7 - Macoma (Psammacoma) elliptica cf. antisa (Gregorio).
Fauna je z odkryvov v okoli Cakanoviec, Cerové vrchovina (Ondrejickovd, 1972).

Fig. 11. Thin-shelled fauna from the Cakanovce Mb. (Filakovo Fm.), Eggenburgian in age. 1 - Lutraria (Lutraria) sanna cf, sanna Basterot, Lutraria
(Lutraria) sanna major Schaffer, 3 - Lutraria (Lutraria) lutraria jeffersi Gregorio, 4 - Lutraria sanna maxima Schaffer, 5 - Macoma (Psammacoma)
elliptica cf. parvobrevis (Sacco), 6 - Macoma (Psammacoma) elliptica cf. elliptica (Brocchi), 7 - Macoma (Psammacoma) elliptica cf. antisa (Gregorio).
Fauna coms from the outcrops near the village Cakanovce, Cerovd vrchovina Upland (Ondrejickovd, 1972).
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Obr. 12. Odkryv na JZ od
Cakanoviec, Cerovd vrcho-
vina. a - ryodacitovy tuf
v strope bukovinského si-
vistvia (egenburg), b - uhol-
ny sloj, ¢ - piesok b a ¢: po-
torské vrstvy (salgotarjdn-
ske stivrstvie), otnang.

Fig. 12. Protected outcrop
SW of the village of Caka-
novce, Cerova vrchovina
Upland. a - Rhyodacite
tuff of Bukovinka Fm.,
Eggenburgian in age,
b - coal seam, ¢ - sand:
b and ¢ belong to the Potor
Mb. of the Salgdtarjan
Fm., Ottnangian in age.

Obr. 13. Sedimenty kulmi-
na¢ného Stddia stupania
hladiny mora (globdlny
cyklus techas B 2.3):
monoténne, hlbokovodné
siltovee - seciansky Slir
(modrokamenské  suvr-
stvie), karpat. Odkryv pri
obci  Celovee, Ipelskd
kotlina.

Fig. 13. Deposits of the sea
rise culmination (Techas B
2.2 global cycle): mono-
toneous deep sea siltstone
Secianky Schlier (Modry
Kamen Fm.), Karpathian in
age. Outcrop near the
village of Celovce, Ipelskd
kotlina Basin.
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Miadsi egenbursky cyklus zodpovedd globdlnemu cyklu
techas B 2.1. V transgresivnom $tddiu sa formovali lipo-
vianske pieskovce, prevazne strednozrnny pieskovec
s malymi a strednymi zvizkami Sikmého zvrstvenia a s hoj-
nymi plytkomorskymi hrubostennymi mékkyS$mi (obr.
10). Stddiu kulmindcie transgresie v sedimentdrnom
zazname zodpovedaji cakanovské vrstvy - jemnozrnné
pieskovce, a hlavne siltovece s tenkostennou, relativne
hlbokovodnejsou faunou (obr. 11). V severnom Ma-
darsku ekvivalentom cakanovskych vrstiev je najvyssia
¢ast tamoj$icho szécsenského $liru. Stddiu poklesu
morskej hladiny zodpovedai jelSovsky deltovy kuzel.

Mladsi egenbursky cyklus kolfsania hladiny mora sa na
juZznom Slovensku a v severnom Madarsku skongil pred-
Casne - pred cca 20 Ma a trval okolo 1 Ma (na porovnanie
uvddzame, Ze sa globdlny cyklus techas B 2.1 skonéil pred
17,5 Ma a trval okolo 3,5 Ma, pozri obr. 3). Pocas
neskorého egenburgu bol vplyv globdlneho kolisania
hladiny mora vo filakovsko-pétervdsdrskej panve ndhle
preruseny; a tak panva zanikla. Pri¢inou bolo dvihanie
kéry v celej pandnskej oblasti ako reakcia na tektonicky
unik litosferickych blokov zdpadokarpatsko-pandnskeho
teranu z Alp, ktory narudil rovnovdzny stav astenosféry.
Aktivizovand astenosféra zacala stipat. Zvyseny tepelny
tok vyvolal prehriatie a roztiahnutie litosféry, ¢oho prvym
priznakom bol vyzdvih (aktivny rifting; Keen, 1985).
Vyzdvih sprevddzal sialicky magmatizmus, ¢o viedlo
k vzniku rozsiahleho aredlového vulkanizmu (ryodacity
bukovinského suvrstvia, resp. tzv. spodné tufy alebo
gyulakészske tufy v Madarsku). V tomto obdobi vznikali
kontinentdlne, prevazne rie¢ne sedimenty (bukovinské
stvrstvie, resp. jeho madarsky ekvivalent zagyava-
palfalvské stvrstvie). Rie¢nu sedimentdciu v aridnej teplej
klfime (tropicko-subtropické podnebie, najhortcejsie
doposial dokdzané v Studovanej oblasti v neogéne)
vystriedala rie¢no-moc¢iarna sedimentdcia za humidne;j
klimy. Vtedy vznikalo uhlonosné salgdtarjdnske suvrstvie
(otnang). Blizkost otvorencho mora dokazuju kratkodobé
inkurzie mora, ¢oho dokazom su tenké vrstvicky
s morskou a brakicko-morskou faunou v uhlonosnych
potorskych vrstvdch (obr. 12) a tenké vrstvi¢ky s fora-
miniferami a nanofidrou otvoreného mora vo vrchnej asti
monotoénnych floveov plachtinskych vrstiev.

Na zadiatku karpatu sa obnovila vedica rola globélnych
zmien morskej hladiny. Modrokamenské sivrstvie kar-
patského veku zodpovedd globdlnemu cyklu techas B 2.2
(17,5 - 16,5 Ma). Suvrstvie sa za¢ina stadiom stipania
morskej hladiny, ked vznikali sedimenty pobreznych la-

Obr. 14. Schematicky profil vrtu N-86/90 pri obci Dolnd Strehova na JZ
od Luc¢enca s grafom expandibility smektitu v iloch salgétarjanskeho
a bukovinského sivrstvia, otnang, resp. egenburg. Expandibilita
smektitu poukazuje na to, Ze plachtinské vrstvy salgdtarjanskeho
sivrstvia pochovalo priblizne 1000 m hrubé modrokamenské savrstvie
(Vass a Sucha, 1994).

Fig. 14. Schematic profile of the well N-86/90 near the village of Dolnd
Strehovd (SW of Ludenec) showing smectite expandibility in the
Salgdtarjan and Bukovinka Fms., Ottnangian and Eggenburgian in age
respectively. The smectite expandibility points out that the Plachtince Mb
of the Salgdtarjan Fm. had been buried by the approx. 1000 m thick
Modry Kamen Fm.
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gun: jemnozrnny piesok a silt medokysovych vrstiev so
$pecifickou bioasocidciou Rzehakia - Cardium. Dal$imi
transgresivnymi ¢élenmi su litordlne morské piesky
krtisskych vrstiev. Kulmindcia transgresie privodila vznik
monoténnych relativne hlbokovodnych siltovcov - floveov
secianskych vrstiev (obr. 13). Sedimenty $tddia poklesu
morskej hladiny sa v sedimentdrnom zdzname nezachovali.
Pred ranym bddenom boli sedimenty modrokamenského

. Obr. 15. Sedimenty trans-
gresivneho §tddia global-
neho cyklu techas B 2.3:
vulkanicky piesok uloZeny
v prostredi plytkého mora
s dominujucim vplyvom
morského dmutia. Pribel-
ské vrstvy, rany baden.
Pieskoviia v obci Horné
Pribelce, Ipel'ska kotlina.

Fig. 15. Deposits of the
transgressive stage of the
Techas B 2.3 global cycle:
volcanic sand deposited in
tidal dominated coastal
environment. Pribelce Mb.,
Early Badenian in age,
sand pit in the village of
Horné Pribelce, Ipelskd
kotlina Basin.

Obr. 16. Struktira vznik-
nutd pri uniku vody v pies-
ku pribelskych vrstiev, ra-
ny bdden. Pieskoviia v ob-
ci Stredné Plachtince, Ipel-
skd kotlina.

Fig. 16. Water escape struc-
ture in sand of the Pribelce
Mb., Early Badenian in age.
Sand pit in the village of
Stredné Straciny, Ipelskd
kotlina Basin.

suvrstvia silne denudované. Expandibilita smektitu po-
ukazuje na to, Ze flovce plachtinskych vrstiev boli pévodne
pochované pod cca 1000 m hrubym modrokamenskym
suvrstvim. Sudasnd hribka sivrstvia je max. 400 m, Cize
aspofi 600 m modrokamenského sivrstvia odstrdnila
predbddenska erdzia (Vass a Sucha, 1995; obr. 14). V ra-
nom bddene zostdvala paleogeografia Studovaného uzemia
pod rozhodujicim tic¢inkom globdlneho kolisania hladin
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mori. Av$ak znos materidlu do panvy takmer uplne kon-
trolovala regiondlna vulkanickd andezitovd aktivita.
Pribelské vrstvy - vulkanické piesky - vznikli v plytko-
morskom pobreznom prostredi, kde sedimentaciu silne
ovplyviiovalo morské dmutie (obr. 15, 16). Su transgre-
stvnym ¢lenom spodnobéddenského cyklu korelovatelnym
s globdlnym cyklom techas B 2.3 (16,5 - 15,5 Ma).
Neskér vulkanickd aktivita v Sahansko-lyseckej vulka-
notektonickej zone narastala. Vulkanicky material lahdrov
a inych druhov zrnitych prudov zostupoval zo svahov
stratovulkdnov do panvy. V jej litordlnej zone sa formovali
telesd andezitovych epiklastickych zlepencov, brekeii,
pieskovcov vinickej formdcie. Obcasné stichnutie vulka-
nizmu dovolilo kulmindciu morskej transgresie. Doku-
mentuju to §liru podobné sedimenty bohaté na vulkanicky
detrit, vystupujice uprostred vulkanoklastik s relativne
hlbokovodnejsou faunou, reprezentovanou najma malymi
hladkymi schrankami druhu Pseudoamussium denu-
datum. Neskor vulkanicka aktivita znovu zosilnela a spolu
s dvihanim uzemia vyvolala Ustup mora. Potom uz do
Studovaného izemia more nikdy nepreniklo.

Pontska sedimentdcia v Lucenskej a Rimavskej kotline
zrejme nahodne koincidovala s kulmindciou stipania hladiny
mori a s jej vysokym stavom pocas globdlneho cyklu techas
B 3.2. Dynamiku sedimentacie poltdrskeho suvrstvia, kioré
tvoria prevazne rieéne sedimenty pontského veku, mohla
kontrolovat iba nepriamo suvekd globdlna pozicia hladiny
mora. Treba uviest, Ze siéasne s usddzanim sa poltdrskeho
suvrstvia bol aktivny bazaltovy vulkanizmus, ktorého
produkty tvoria podre¢iansku bazaltovu formaciu.

Mladsi bazaltovy vulkanizmus bol aktivny v pliocéne
a pleistocéne (cerova bazaltovd formadcia).

Tento ¢ldnok bol vypracovany v ramei projektu ¢. 17-517-01 Geodyna-
micky vyvoj Zdpadnych Karpat.
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Global sea level changes reflected on Northern margin of the Hungarian Paleogene
the Filakovo and Nograd (Novohrad) Lower Miocene Basins (South Slovakia)

The Hungarian Paleogen basins and Filakovo/Pétervdsdra
Ndgrad/Novohrad basin Lower Miocene in age are considered to
be back-arc extensional basins. They belong to the nowadays
complex Pannonian or Intra-Carpathian Basin confined by

Carpathian, Balkan and Dinaric mountain belts. Especially the
Paleogene and Filakovo/Pétervdsdra basins have been generated
under the condition of a tectonic escape (Kdzmer and Kovdcs,
1985; Neubauer and Genser, 1990; Ratschbacher et al., 1991a, b).
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For the Paleogene basins complex the transtensional origin
related to strike-slip tectonics has been proposed (Royden and
Baldi, 1988; Bdldi and Baldi-Béke, 1985). Recently the basins
origin is interpreted in terms of retroarc flexural basin (Tari et al.,
1993; Tari and Sztand, 1993), but the main fenomenon of this
kind of origin: the Paleogene back thrust of the West Carpathian
fold beld (thrusting to the S, SE) is not proved yet. Filakovo
{Pétervdsara) and Ndgrad (Novchrad) basin are mostly
superimposed on Hungarian Paleogene basins. Northern margin
of these basins extend to the South Slovakia. Their sediments fill
the Ipel, Lucenec, Rimava partial depressions and build up the
slopes of the Cerova vrchovina Upland (Fig. 2).

Global sea level changes reflected on northern margin of the
Hungarian Paleogene, Filakovo (Pétervdsdra) and Ndgrad
(Novohrad) early Miocene basins (south Slovakia)

The Oligocene - Miocene geologic history of the South
Slovakia region (Fig. 2) can be interpreted in sequence -
stratigraphy depositional model. In this model 5 fully developed
coastal onlap cycles and 4 incomplete cycles can be recognised.

The oldest cycle (Fig. 3) is represented by the CiZ formation,
Kiscelian in age. There is well developed transgressive stage
(Blh Mb., Batka limestone, HostiSovce Mb.) (Fig. 4) preceded
by a pre-transgressive member (Skdlnik Mb. continental river
deposits) and followed by the Lenartovee Mb. a relatively thick,
monotoneous and relatively deep water sedimentary sequence
(Fig. 5). The stage of the sea fall (regression) is represented by
the deltaic Rapovce Mb. (Fig. 6).

The following cycle Early Egerian in age, is incompletely
developed, having coarse detritic Panica Mb. and Budikovany
limestones as representatives of sea rise stage, followed by deep
sea siltstones (lower part of Szécsény Schlier) and the regressive
stage of the cycle is missing.

The younger Egerian cycle has a slightly expressed sea rise
stage (a horizon of glauconitic fine sandstone). But the
transgression is manifested also by new Lower Miocene fauna
found in upper portion of Szécsény Schlier (molluscs,
Ondrejickova, 1988, and unpublished data; forams, Kantorovd,
1981 - 1985 unpublished data, Sutovskd, 1990 and calcareous
nannoflora Lehotayovad, 1981 - 1985 unpublished data). The
regressive stage is preserved in the deltaic Opatovda Mb.
(Sutovskd-Holzovi et al., 1993; Fig. 7).

The Eggenburgian is represented by two cycles. The Tachty
sandstone (friable sandstone with hard banks) (Fig. 6) envisages
a transgressive stage of the older cycle. The sea fall stage is
formed by the Jalovd sandstone (coarse sandstone with large

cross-bedding; Fig. 9) coming into existence in tidal dominated
coastal environment.

The transgressive members of the younger Eggenburgian
cycle are the Lipovany sandstone rich in littoral thick-shelled
fauna (Fig. 10) and Cakanovce Mb. fine schlier like
sandstone/siltstone with thin-shelled fauna (Fig. 11). The sea fall
stage represent coarse delta fan deposits (JelSovec conglomerate).

During the Late Eggenburgian the influence of global sea level
change, was overprinted by regional tectonic events. In this time
a hinterland sequence -predominantly river deposits - was
originated (Bukovinka Fm. as an equivalent of the
Zagyvapalfalva Fm. in Hungary). It was followed by a river-
swamp sedimentation (Pétor Mb., Fig. 12) progressively
changed in to lacustrine one (Plachtince Mb., both members
belong to Salgdtarjdn Fm., Ottnangian in age). The proximity of
the transgressive sea is proved by short marine incursion
menifested by the marine and brackisch fauna in PStor Mb. and
by open marine forams and nannoflora inside the upper partion
of the Plachtince Mb.

At the begining of the Karpathian the driving role of global sea
level change was restored again. The Modry Kamen Fm.,
Karpathian in age, started with coastal lagoonal fine sand and silt
of the Medoky§ Mb. with Rzehakia sp. and Cardium sp.
assemblage followed by littoral marine sand of the Krti§ Mb. The
culmination of the sea rise gave rise to the monotoneous,
relatively deep marine and rather thick siltstone-claystone
sequence of the Se¢ianky Schlier (Fig. 13). The sea fall stage is
not preserved. As the smectite expandibility points out at least
600 m of the Modry Kamen Fm. is missing because of the pre-
Badenian erosion (Vass and Sucha, 1994; Fig. 14).

The Pribelce Mb. a volcanic sand deposited in tidal dominated
coastal environment (Fig. 15, 16), represents the transgressive
stage of the Badenian cycle. Later on volcanic activity of the Sahy-
Lysec volcanotectonic zone began. The volcanic material of lahars
and other types of grain flows entered the sea coast. Volcanic
activity together with the rising of the region caused the sea
regression. After that time the sea never entered the region studied.

The Pontian continental sedimentation in the Ludenec and
Rimava depressions accidentaly coincided with the culmination
of the sea level rising and its high stand during the Techas B 3.2,
global coastal onlap cycle.

Contemporaneously with deposition of the Poltdr Fm. the basalt
volcanism became active giving origin to the Podredany Fm.
Younger basalt volcanism producingthe Cerovd Fm. was active
during the Pliocene and Pleistocene.
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Amonity albu z jaskyne Mokra diera v Javorovej doline
(vysokotatranska sukcesia, Vysoké Tatry)

MILOS RAKUS!, ZDENEK VASICEK? a STANISLAY PAVLARCIK?
! Geologicky istav D. Stira, Mlynskd dolina 1, 817 04 Bratislava
2Vysok4 gkola béiskd, P. O. Box 17, 700 32 Ostrava-Poruba, Czech Republik
3Vyskumn4 stanica TANAP, 059 60 Tatranskd Lomnica, Slovakia

(Dorudené 25.11.1994)

Albian ammeonites from the cave Mokra diera in the Javorova valley
(Vysoké Tatry Succession, High Tatras)
Stratigraphically significant, although not plentiful Lower Albian ammonites were found in the cave
Mokrd diera. They are present in phosphatized-glauconitic limestones and in phosphorized glauconites, fil-
ling the neptunic dykes enlarged by karstification. Besides ammonites also lamellibranchiates, gastropods

and echinides occur.

In its composition and geologic position the locality Mokrd diera is analogous to similar localities in the
Polish part of the Vysoké Tatry Mts. (Wielka Rowieii, Mala Laka).

Besides the zonal species Douvilleiceras mammilatum (Schlotheim) the following species occur as well:
Tegoceras gladiator (Bayle), Sonneratia cf. dutempleana (D’Orb.) ? Rossalites sp., Tetragonites rectangu-
laris Wiedmann, Puzosia ex gr. mayoriana (D’Orb.), Beudanticeras ex gr. beudanti (Brogniart), Desmoce-

ras (D.) latidorsatum (Michelin) and Hamites sp.

The fauna is indicative of the upper Lower Albian - the mammilatum Zone. Surprisingly no representati-
ves of the lowermost Lower Albian were found, which evidences the existence of a stratigraphic hiatus in

the lowermost Albian in our territory.

Key words: Phosphatized condensed horizon, Lower Albian Ammonites (mammillatum Zone). Vysoké

Tatry Succession, High Tatras, Slovakia

Uvod

Opisovand fauna amonitov pochddza z kolekcie amonitov,
ktoré nazbieral S. Pavlar¢ik v ramei pripravy diplomovej pra-
ce, a zo zberu M. Rakiisa z 80. rokov. UZ prvé spracovanie
ukdzalo, Ze ide o velmi zaujimavé spolocenstvo, ktoré pred-
tym nebolo zo slovenskej Casti Vysokych Tatier zndme. Amo-
nity spomenutych kolekcii sa stali predmetom systematického
Stidia na wniverzite v Tiibingene, umoZneného udelenim
Humboltovho stipendia jednému z autorov (Z. V.).

Geologia

Jaskyfia Mokrd diera leZ{ v nadmorskej vyske priblizne
1180 m na l'avej strane Javorovej doliny v koryte potoka Javo-
rinka asi 150 mna V od znackovaného turistického chodnika.

Lokalita je na vychodnych svahoch horskej skupiny Ja-
vorinskd Sirokd. Fauna pochddza z jaskyne v masivnych
urgonskych vdpencoch vysokotatranskej obalovej sukce-
sie, ktoré neddvno Lefeld et al. (1985) nazvali Wysokd
Turnia limestone formation.

Vlastnd fauna sa nasla vo fosfaticko-glaukonitickych va-
pencoch az fosforitickych glaukonitovcoch, ktoré tvoria
vyplii neptunickych dajok, ¢asto rozsirenych skrasovate-
nim. Lefeld et al. (ibid., s. 36) pokladd fosfority za bazdine
Cleny formdcie Zabijak.

Fauna okrem amonitov obsahuje aj pomerne hojné lame-
libranchidta, gastropdda a vzacne aj jeZovky.
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Stibor amonitov z lokality Mokrd diera zloZenim, zachova-
nim, ako aj geologickou poziciou nadvézuje na obdobné lo-
kality zndme z polskej ¢asti Vysokych Tatier. Najvyznamnej-
Sia z nich je Wielka Rowied, ktord leZi na severnom svahu
Giewontu. Tuto lokalitu (resp. pribuznu lokalitu Mala Laka)
v minulosti spracoval Passendorfer (1921, 1930) a neddvno
Marcinowski a Wiedmann (1985, 1988, 1990).

Spodnoalbsky fosfaticky horizont zo sedimentologickej stran-
ky v polskej Casti Vysokych Tatier Studoval Krajewski (1984).

Systematicka éast

rad Lytoceratida Hyatt, 1889
podrad Ancyloceratina Wiedmann, 1966
nadéelad Ancylocerataceae Gill, 1871
Selad’ Hamitidae Hyatt, 1900

Systematické chdpanie ¢elade Hamitidae vychddza zo
zdverov $tudie Marcinowského a Wiedmanna (1990). Za-
hffiaji do nej aj éelad’ Anisoceratidae Hyatt, 1900.

Rossalites Casey, 1961
? Rossalites sp.
Pl 1, Fig. 3, 4, 5, text Fig. 2

Materidl: Jediny ilomok priameho ramena zachovaného
ako fosfdtové jadro so zachovanymi sutirami (ex. SNMZ
21519). Rameno sa zachovalo v dlzke 35 mm. Priblizne
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Obr. 1. Geologickd mapa okolia jaskyne Mokrd diera v Javorovej doline
vo Vysokych Tatrdch (s pouzitim podkladov Andrusova zostavil Pavlar-
¢ik a Rakus). 1 - alivium, 2 - sedimenty kvartéru neclenené; kriZriansky
prikrov: 3 - karpatsky keuper - norik; 4. dolomity a brekcie - ladin, 5 - va-
pence a dolomitické vdpence - anis, 6 - bridlice, pieskovce a dolomity -
skyt; vysokotatranskd obalovd sukcesia: 7 - bridlice a sliefiovee - stredny
az vrchny alb; 8 - glaukonitické a urgénske vapence - spodny alb - barém,
drobnodetritické vapence - hoteriv, mikroonkolitové a onkolitové vdpence
- valangin, mikroonkolitové a sakokdmové vapence - berias az kimeridz,
celistvé vdpence - oxford, 9 - pelitomorfné vapence - kelovej a krinoidové
vépence - bajok-bat; 10 - zlepence, kremence, pieskovce a ilovité bridlice -
spodny trias (skyt); krystalinikum: 11 - autometamorfné granitoidy,
12 - metamorfity: ruly, migmatity a amfibolity, 13 - zlomy, 14 - prikrovo-
vé linie, 15 - poloha jaskyne Mokrd diera.
Fig. 1. Geological map of surroundings of the cave Mokrd diera in the Ja-
vorova valley in Vysoké Tatry Mts. (compiled by S. Pavlar¢ik and
M. Rakds using data from Andrusov’s sketch map). 1 - ailuvial deposits,
2 - Quaternary sediments undivided; Krizna nappe: 3 - Carpathian Keuper -
Norian, 4 - dolomites and breccias - Ladinian, 5 - limestones and dolomi-
tic limestones - Anisian, 6 - shales, sandstones and dolomites - Scythian;
Vysoké Tatry Mts. succession: 7 - shales and marlstones - Middle to
Upper Albian, 8 - glauconitic and Urgonian limestones - Lower Albian to
Barremian, microdetritical limestones - Hauterivian, microoncolitic and
oncolitic limestones - Valanginian, microoncolitic and Saccocoma limesto-
nes - Berriasian to Kimmeridgian, micritic limestones - Oxfordian, 9 - pe-
litomorphic limestones - Callovian and crinoidal limestones - Bathonian to
Bajocian, 10 - conglomerates, quartzites, sandstones and shaly mudstones
- Lower Triassic (Scythian); crystalline complex: 11 - autometamorphic
granitoids, 12 - metamorphites (gneiss, migmatites and amphibolites,
13 - faults, 14 - overthrust lines, 15 - position of the cave Mokrd diera.

v prostriedku je vyska ramena H = 8,4 mm, Sirka
B =7,7mm (B/H = 0,92).

Opis: Priame rameno je slabo bocne stlacené, takze jeho
prierez je subcylindricky. Na povrchu su zretelné rovnako

Obr. 2. Sutdra ex. SNMZ 21519 ? Rossalites sp. pri vySke ramena
H =8 mm.

Fig. 2. Suture line of SNMZ 21519 ? Rossalites sp. at 8 mm height
of uncoiled part of whorl.

hrubé rebrd, ktoré maji na bokoch vyrazne sikmu orientd-
ciu. Zvyc¢ajne po troch jednoduchych a hladkych rebrach
nasleduje rebro, ktoré ma slabé boéné hrbolceky, situova-
né blizsie k ventralnej strane. V jednom pripade mozno
pozorovat, Ze z bo¢ného hrbol¢eka vybiehaju dve rebrd
a nedaleko sa spdjaju do tupého ventrolaterdlneho hrbolce-
ka. Ten byva vyraznejsi ako bo¢ny hrboléek. Cez dorzédlnu
stranu prebiehaju oblikovite prehnuté rebrd, kym na ven-
trdlnej strane su subradidlne.

Sutiéra: S vynimkou ventrdlnej a dorzdlnej oblasti je
sutura pomerne dobre zachovand (obr. 2). Vyznacuje
sa hlbokym a §irokym subsymetrickym dvojdielnym
lateralnym lalokom a naopak uzkym a plytkym tri-
fidnym umbilikdlnym lalokom.

Pozndmky: Najblizsie k ndSmu rodu sa zdd byt Anisoce-
ras Pictet, Protanisoceras Spath (Casto pokladany za pod-
rod rodu Anisoceras) a Idiohamites Spath. Z hladiska
utvdrania sutury jedinym blizkym rodom sa zdd byt len
Protanisoceras, ktory md plytky umbilikdlny lalok. Zostd-
vajuce dva rody maji naopak uvedeny lalok hlboky.
Z hladiska skulptiry je vSak pre vsetky uvedené rody cha-
rakteristické chybanie vyrazne Sikmého priebehu rebier
a ¢asto aj dva rady hrbolcekov na rebréch.

Priebeh rebier a hrbol¢eky naopak pripominaji morfolo-
gicky druh Rossalites oweni Casey (1961, Pl. 25, Fig. la-c,
text Fig. 38 d, e). Rod Rossalites patri medzi malo zndme
rody a vyznaduje sa velkou schrankou. KedZe nds exem-
pldr reprezentuje juvenilné Stadium (sved¢i o tom vzdiale-
nost sutir) a md s uvedenym rodom najviac spoloénych
znakov, zaradili sme ho do okruhu rodu Rossalites.

Stratigraficke rozpdtie: Rossalites oweni je zndmy zo
spodného albu Anglicka, zony mammilatum.

nadCelad Douvilleicerataceae Parona et Bonarelli, 1897
Celad’ Douvilleiceratidae Parona et Bonarelli, 1897
Dowvilleiceras Grossouvre, 1894
Douvilleiceras mammilatum (Schlotheim, 1813)
Pl 1,Fig. 1,2,9

1985 Douvilleiceras mammilatum (Schlotheim) - Gebhard,
Pl. 2, Fig. 5a,b

1985 Douvilleiceras mammilatum (Schlotheim) - Thieu-
loy in Souquet et al., p. 223, PL. 5, Fig. 4

1988 Douvilleiceras mammilatum (Schlotheim) - Owen,
text Fig. 31a, b = (neotyp)
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1990 Douvilleiceras mammilatum (Schlotheim) - Marci-
nowski and Wiedemann, p. 51, PL. 7, Fig. 5, 6
(cum syn.)

Materidl: Styri netiplné fosfatové jadrd malej az strednej
velkosti.

Opis: Schrénka je evoliitna, ale vyznacuje sa Sirokymi zd-
vitmi a pomerne Sirokym umbilikom. Povrch zavitov po-
kryvajui priame jednoduché rebrd, ktorych pocet je okolo 20
na jeden zdvit. Blizko umbiliku rebrd nesi jednoduché
hrbol¢eky. Smerom von sa hrbol¢eky stdvaju klavdtnymi.
Ich pocet so zvdcsujucim sa priemerom schranky stipa.
Nas najvacsi jedinec (priemer D = 42 mm) mad na rebrdch
dobre rozpoznatelné tri hrboléeky v umbilikdlnej oblasti
a Styri ventrolaterdlne po kaZdej strane zdvitu. Sifondlna zéna,
ktort rebrd prechddzaji bez prerusenia, nemd hrboléeky.

Pozndmky: Obsah druhu D. mammilatum sa tu chdpe
v zmysle Marcinowského a Wiedmanna (1990), ktorf po-
ukazuju na to, Ze oddelované poddruhy nomindlneho
druhu nie su prakticky oddelitelné.

Stratigraficke rozpdtie: Marcinowski and Wiedemann
(1990) ho uvddzaji z kondenzovaného albu na tychto lo-
kalitich: Wielka Rowien, Mala Laka, Biala Woda, Zelez-
niak Koscieliski z Vysokych Tatier. Je to zonovy druh
vyssieho spodného albu (Owen, 1984, 1988) a jeho rozsi-
renie je kozmopolitné.

nad¢elad’ Hoplitaceae H. Douville, 1890
¢elad Hoplitidae H. Douville, 1890
podcéelad’ Hoplitinae H. Douville, 1890
Sonneratia Bayle, 1878
Sonneratia cf. dutempleana (D’Orb., 1841)
PL 1, Fig. 10, text Fig. 3

1965 Sonneratia dutempleana (D’ Orbigny) - Casey, p. 517,
Pl 87, Fig. la, b, PL. 88, Fig. 2 - 4, text Fig. 193, 194

Materidl: Jediny dlomok vicsieho zdvitu fosfatického
jadra, ktory je este cely fragmokon. Vyska zachovaného
zavitu dosahuje 22 mm. Ostatné rozmery su nemeratelné.

Opis: Je to konvolitna schranka s nevysokymi zdvitmi
a Sirokym umbilikom. Ploché boky plynule prechddzaja
do klenutejSej vonkajsej strany. Nizku umbilikalru stienku
od bokov oddeluje uzka zaoblend zona.

%

Esovité rebrd su v blizkosti umbilika zosilnené do nevy-
raznych pretiahnutych umbilikdlnych vyvysenin. Pri dolnej
pitine vysky zdvitu sa rebrd rozdvojuji. Rebrd maju rovnakd
hrubku a obliikovite prechddzajui cez klenuti vonkajsiu stranu.

Sutiru je silne ¢lenia asymetrické bo¢né laloky a sedld
(obr. 3).

Pozndmky: Neupluost schranky nedovoluje jednoznag-
né urcenie. Siroky umbilikus vyluguje priradenie jedinca
do rodu Uhligella Jacob, ktory md podobny charakter
utvdrania sutiry.

Stratigraficke rozpdtie: Druh je zndmy z anglického

a francuzskeho spodneho albu, zo zony mammilatum.

nad¢elad Acanihocerataceae Grossouvre, 1894
éelad Lyelliceratidae Spath, 1921
podéelad Lyelliceratinae Spath, 1921
Tegoceras Hyatt, 1903
Tegoceras gladiator (Bayle, 1878)

PL 1, gig. 6 - 8, text Fig. 4

1878 Hoplites gladiator Bayle, Pl. 45, Fig.1, 2

1978 Tegoceras gladiator (Bayle) - Casey, p. 624,
PL 100, Fig. 1a, b, 2a, b, text Fig. 238a-f (cum syn.)

1979 Tegoceras gladiator (Bayle) - Gebhard, p. 120,
Pl. 9, Fig. 9a, b

1982 Tegoceras gladiator (Bayle) - Renz, p. 39, PL 5§,
Fig. 16a, b text Fig. 26a, b (cum syn.)

Material: Jedno netiplné korodované fosfatické jadro (ex.
SNMZ 21521) a ulomok obyvacej komdrky so zachovanou
poslednou sutirou fragmokénu (ex. SNMZ 21521). Ulo-
mok obyvacej komérky zodpovedd priemeru schranky (asi
40 mm), druhd schrdnka ma priemer okolo 44 mm. Pri tomto
priemere je na schranke priblizne 16 rebier.

Opis: St to konvolitne schranky s nevysokymi zavitmi,
ktoré su o nieco vyssie ako Siroké. Umbilikdlna stienka nie
je odliSena od bokov, kioré sa pozvolne zbiehaju k vonkaj-
Sej strane. Vonkajsia strana je pomerne tzka. Striedaju sa
na nej vy¢nievajice silné rebrd, ktoré su najmohutnejsie na
bokoch. Rebra v blizkosti umbilika maju nevyrazné vyvy-
Seniny, za nimi sa rebrd rozsiruju a na vonkajsej strane sd
ukoncené tupymi, Sirokymi ventrolaterdlnymi hrbol¢ekmi.
Rebra su od seba oddelené Sirokymi plytkymi medzirebro-
vymi brazdami. Na bdze tlomku obyvacej komorky je vi-
dief, Ze linia vinutia je vinitd podobne ako pri Tegoceras
mosense (D’Orbigny, 1841, Pl. 67, Fig. 6).

Sutira: Je pomerne madlo Clenend. Laterdlny lalok (L) je
najhlbsi, vonkajsi lalok (E) nesie nevysoké medidnne sed-

E i L u, U,
?/Jm

Obr. 3. Sutira ex, SNMZ 21523 Sonneratia cf. dutempleana (D’Orb.}
pri vyske zdvitu H = 25 mm.

Fig. 3. Suture line of SNMZ 21523 Sonneratia cf. dutempleana
(D’Orb.) at 25 mm height of whorl.

Obr. 4. Sutiira ex. SNMZ 21520 Tegoceras gladiator (Bayle) pri vyske
zavitu H = 11,8 mm.

Fig. 4. Suture line of SNMZ 21520 Tegoceras gladiator (Bayle)
at 11.8 mm height of whorl.
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lo. Prvé bocné sedlo je dvojdielne, ostatné si jednoduché.
Pozndmky: Druh T. mosense (D’Orb.) sa vyznacuje
tym, Ze kostdtne §tadium je velmi krdtke, takzZe pri priemere
priblizne 40 mm su uz zdvity hladké. T. camatteanum
(D’Orb.) md na rozdiel od nasho druhu zretelne nizsie zdvity.
Stratigrafické rozpdtie: Casey (1978) uvddza T. gla-
diator z anglického spodného albu, zény mammillatum,
presnejSie z podzony floridum aZ puzosianum. Renz
(1982) uvddza tento druh zo stredného albu (zéna dentatus)
Venezuely. Tento druh je eSte zndmy z albu Francizska.
Zo Zépadnych Karpat tento druh doteraz nebol opfsany.

Hodnotenie fauny a zavery

Nevelka kolekcia fosfatizovanych amonitov z konden-
zovanych fosfaticko-glaukonitickych vdpencov Mokrej
diery je rodovo, ale aj druhovo pomerne bohatd. Vedla zo-
nového druhu (podla Owena, 1988, superzénového druhu
vyssieho spodného albu) Douvilleiceras mammillatum
(Schlotheim) obsahuje kolekcia druhy Tegoceras gladia-
tor (Bayle), Sonneratia cf. dutempleana (D’Orb.), ? Ros-
salites sp., ktoré si v systematickej ¢asti podrobnejsie opi-
sané a zobrazené. Stratigraficky malo délezité druhy, ako
je Tetragonites rectangularis Wiedmann, Puzosia ex. gr.
mayoriana (D’Orb.), Beudanticeras ex. gr. beudanti
(Brogniart), Desmoceras (D.) latidorsatum (Michelin),
ulomky rodu Hamites, neboli systematicky spracované
(niektoré vsak boli zobrazené v Tab. 1; obr. 11, 12).

Véés§ina uréenych druhov poukazuje najmé na vyssi
spodny alb (zéna mammillatum). Je prekvapujice, Ze sme
predstavitelov niz§ieho spodného albu nenasli. To, zd4 sa,
poukazuje na existenciu stratigrafického hidtu v najspod-
nejSom albe na nasom dzemi. Stratigraficky vy$siu cast
albu indikuji zdstupcovia rodu Beudanticeras.

V obdobnej geologickej situdcii sa vyskytuje fauna aj
v polskej Casti Vysokych Tatier. Fosiliferny horizont dosa-
huje mocnost len 30 az 50 cm. Napriek malej mocnosti sa
tdto fauna vyznacuje nezvycajne pestrym amonitovym
spolocenstvom, ktoré obsahuje cca 60 druhov. Marci-
nowski a Wiedman (1990) tieto stratigraficky vyznamné
druhy zarad'uju do vyssieho spodného albu. Vyssi spodny
alb zastupuje zonovy druh Douwvilleiceras mammillatum
(Schloth.). Stredny alb dokladaji druhy: Hamites (H.) at-
tenuatus (Sowerby), H. (H.) rotundus (Sowerby), Aniso-
ceras (Prohelicoceras) moutonianum (D’Otb.) Hamitoi-
des rusticus Spath, Pseudohelicoceras convolutum

(Quenstedt), Turrilitoides (Proturrilitoides) emericianus
(D’Orb.), T'(P.) astierianus (D’Orb.), zénovy druh Hoplites
(H.) dentatus (Sowerby), Anahoplites splendens (Sowerby),
Brancoceras (Eubrancoceras) versicostatus (Michelin), Di-
ploceras (Diploceratoides) delaurei (D’Orb.) a iné.

NiZz&{ vrchny alb charakterizuju predovsetkym tieto dru-
hy: podzénovy druh Diploceras (D.) cristatum (Deluc)
a Hysteroceras orbignyi (Spath). Dalej sa tu vyskytuje
Hysteroceras varicosum binodosum (Stieler), Hamites
(H.) rectus Brown, H. (H.) virgulatus (Brogniart), Hemi-
ptychoceras subgaultianum Breistroffer, Turrilitoides (T.)
hugardianus (D’Orb.), T. (T.) intermedius (Pictet et Cam-
piche) a i. Je tam aj bohaté spolo¢enstvo (viac ako 13 dru-
hov) amonitov, ktoré majui dlhé ¢asové trvanie.

Pol'skd kolekcia je mnohondsobne pocetnejsia ako ko-
lekcia z Mokrej diery a dokladd dlhsie trvanie kondenza-
cie. T4 prebiehala v rozpéti amonitovych subzon Cleonice-
ras floridum az Mortoniceras altonense (strednd ¢ast spod-
ného albu az vysSia ¢ast vrchného albu. Amonitové spolo-
censtvo vysokotatranského albu sa este doplnilo o dopo-
sial' nezname druhy, ktoré sa nasli prave na lokalite Mokra
diera. Su to: Tegoceras gladiator (Bayle), Sonneratia cf.
dutempleana (D’Orb.), resp. ? Rossalites sp.

Velké mnozstvo fosilneho materidlu umoznilo Marci-
nowskému a Wiedmannovi (1988 a 1990, text Fig. 7) zre-
konstruovat kondenzaény proces spity s fosfatizdciou.
Kondenzdcia podla nich prebiehala v priestore podmor-
ského chrbta budovaného urgdnskymi vdpencami, ktoré
autori stratigraficky zarad'uju do barému az aptu (? spod-
nému). Fosiliferné glaukonitické vapence spo¢ivaju na
rozmytom povrchu s vacsim alebo mens$im hidtom.

Spomenuti autori podla skladby amonitového spologen-
stva dospeli k ndzoru, Ze oblast Zépadnych Karpdt obsahuje
prevazne mediterdnne druhy a nebola priamo spojend so
stredoeurdpskou panvou, ktord bola si¢asfou hoplitidnej az
boredlnej faunistickej provincie. Pripominame, Ze v stred-
nom albe na kratke obdobie prenikli do tatridnej oblasti hop-
litidy, a to pravdepodobne z priestoru zépadnej Ukrajiny.

Z pohladu regiondlnej stratigrafie treba upozornit na to,
Ze vyskyt amonitov vyssieho spodného albu na bdze zabi-
jackého suvrstvia aspon priblizne ohrani¢uje horny ¢asovy
rozsah sedimentacie urgénskej facie v tatriku. Chybanie
najspodunejsicho albu, pritomnosf neptunickych dajok, ako
aj ich skrasovatenie (rozpustanie) indikuju, Ze urgdnska
karbondtovd platforma musela zaniknuf koncom aptu.

Diferencované pohyby tiltovanych blokov v elevaénych

Tab. L. 1, 2 - Douvilleiceras mammillatnum (Schloth.), 1x. 1 - laterdlny pohlad, 2 - pohlad na ventrdlnu stranu Ex. SNMZ 21518; 3 - 5 - ? Rossalites sp. ind.
3 - Sikmy pohlad na laterdlny a ventrolaterdlny hrboléek na hornom hlavnom rebre - 1x, 4 - bo¢ny pohllad - 2x, § - pohflad na ventrdlnu stranu - 2x. Ex. SNMZ
21519; 6 - 7 - Tegoceras gladiator (Bayle), 1x. 6 - bo¢ny pohllad na poslednt prepdzku fragmokonu a na obyvaciu komérku, 7 - pohl'ad na ventrélnu stranu.
Ex. SNMZ 21520; & - Tegoceras gladiator (Bayle), 1x. Ciastoéne korodovand uplnejsia schranka. Ex. SNMZ 21521; 9 - Douvilleiceras mammilatum (Sclot-
heim), 1x. Pohl'ad na ventrilnu stranu juvenilného exempldra. Ex. SNMZ 21522; 10 - Sonneratia cf. dutempleana (D’ Orbigny), 1x. Kamenné jadro s dobre vi-
ditenymi suttirami. Ex. SNMZ 21523; 11 - Desmoceras (D.) latidorsatum (Michelin), 1x. Ex. SNMZ 21524; 12 - Terragonites rectangularis Wiedmann, 1x.
Ex. SNMZ 21525. Foto: K. Mezihorakova z Ostravskej Univerzity. Vsetky exempldre boli pred fotografovanim pobielend chloridom amdénnym.

P1. L 1,2 - Douvilleiceras mammillatum (Schloth.), 1x. 1 - lateral view, 2 - view on the ventral side, specimen SNMZ 21518; 3 - § - ? Rossalites sp. ind. 3 - ob-
lique view on the lateral and ventrolateral tubercules on the upper principal rib, 1x, 4 - lateral view, 2x, 5 - view on the ventral side - 2x, specimen SNMZ 21519;
6 -7 - Tegoceras gladiator (Bayle), 1x. 6 - lateral view on the last suture line of the phragmocone and body chamber, 7 - view on the ventral side, specimen
SNMZ 21520; 8 - Tegoceras gladiator (Bayle), 1x. Partly corroded more complete shell, specimen SNMZ 21521; 9 - Dowvilleiceras mammilatum (Sclotheim),
1x. View on the ventral side of the juvenile specimen, specimen SNMZ 21522; 10 - Sonneratia cf. dutempleana (D’ Orbigny), 1x. Stone cast with prominent su-
ture lines, specimen SNMZ 21523; 11 - Desmoceras (D.) latidorsarum (Michelin), 1x. specimen SNMZ 21524; 12 - Tetragonites rectangularis Wiedmann,
1x. specimen SNMZ 21525. Foto: K. Mezihordkova from the Ostrava University. The shells were blanched by ammonia chlorid.
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zonach viedli prdve ku kondenzdciam sprevadzanym
Castymi hardgroundami. Ndstup flySovej sedimentdcie tre-
ba spdjat s ¢asovym horizontom najvyssieho stredného,
ale najmé vrchného albu.
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Albian ammonites from the cave Mokra diera in the Javorova valley (Vysoké Tatry Succession, High Tatras)

The small coliection of phosphatized ammonites coming from Mokrd diera, from
condensed phosphatic-glauconite limestones, is rich in genera but also in species. Besi-
des the zonal species (according to Owen, 1988, superzonal species of the Lower Albian
higher part) Douvilleiceras mammillatum (Schlotheim), the collection includes the speci-
es Tegoceras gladiaior (Bayle), Sonneratia cf. duiempleana (D°Otb.), 7 Rossalites sp.,
which are described more in detail and figured in the sysiematic part. Species of little
stratigraphic significance, as Tetragonites rectanguiaris Wiedmann, Puzosia ex gr. may-
oriara (D'Orb.), Beudanticeras ex gr. beudanti (Brogniart), Desmoceras (D.) latidor-
satum (Michelin), fragments of the genus Hamites, have not been treated systematically
(some, however, were figured cf. PL. [, Figs. 11, 12).

Most determined species mainly point to the higher part of the Lower Albian
(mammiillatum Zone). It is surprising that we have not found representatives of the
Lower Albian lower part. This fact seems to indicate the existence of a stratigraphi-
cal hiatus in the lowermost Albian on our territory. The part of the Albian, strati-
graphically higher, is indicated by representatives of the genus Beudanticeras.

In analogous geological situation is also the fauna on the Polish side of the Vy-
soké Tatry Mts. The fossiliferous horizon attains thickness of 30 to 50 em only. In
spite of such a little thickness this fauna is characterized by an uncommonly varied
association of amimonites, which includes about 60 species. Marcinowski and Wi-
edmann (1990) range these stratigraphically significant species to the higher part of
the Lower Albian. The higher part of the Lower Albian is represented by the zonal
species Douvilleiceras mammiillatum (Schloth.). The Middle Albian is proved by
the species: Hamites (H.) attenuatus (Sowerby), H. (H.) rotundus (Sow.), Aisoce-
ras (Prohelicoceras) moutonianum (D’Orb.), Hamitoides rusticus Spath, Pseudo-
helicoceras convolutum Quenst.), Turrilitoides (Proturrilitoides) emericianus
(D’Orb.), T. (P.) astierianus (D’Orb.), zonal species Hoplites (H.) dentatus (Sow.),
Anahoplites splendens (Sow.), Brancoceras (Eubrancoceras) versicostatus (Mi-
chelin), Diploceras (Diploceratoides) delaurei (D’Orb.) and other.

The lower part of the Upper Albian is mainly characterized by the following spe-
cies: the subzonal species Diploceras (D.) cristatum (Deluc) and Hysteroceras or-
bignyi (Spath). Further on, Hysteroceras varicosum binodosum (Stieler), Hamites
(H.) rectus Brown, H. (H.) virgulatus (Brogniart), Hemiptychoceras subgaultia-
num Breistroffer, Turrilitoides (T.) hugardianus (D’Otb.), T. (T.) intermedius (Pic-

tet et Campiche) and other are found there. A rich association of ammonites (iore
than 13 species) of long time ranging is also found there.

The Polish collection is thus much more numerous than the collection from Mok-
14 diera, proving a longer duration of condensation. This was taking place within the
range of the ammonite subzones Cleoniceras floridum to Mortoniceras altonense
(middle part of the Lower Albian to higher part of the Upper Albian). In spite of this
rich asseciation it was possible to complete the ammionite association of the High
Tatric Albian by species unknown so far, which hiave been found just on the locality
Mokra diera. They are: Tegoceras gladiator (Bayle), Sonneratia <f. dutempleana
(D’0Orb.) or ? Rossalites sp.

The large amount of fossil material enabled Marcinowski and Wiedmann (1988
and 1990, Text. Fig. 7) to reconstruct the condensation process connected with
phosphatization. According to the mentioned authors condensation has taking place
in the area of a submarine ridge built up of Urgonian limestones ranged by the aut-
hots to the Barremian to Aptian (? Lower). Fossiliferous glauconite limestones are
resting on washed out surface with larger or smaller hiatus.

On the basis of the ammonite association composition the above mentioned aut-
hors have come to the opinion that the West Carpathian region prevailingly contains
Mediterranean species and was not in direct connection with the Central European
basin, which was a part of the Hoplitid-Boreal faunistic province. We temark that in
the Middle Albian Hoplitidae penetrated the Tatride region for a short time, probably
from the region of western Ukraine.

From the point of view of regional stratigraphy it is necessary to call attention to
the fact that the occurrence of ammonites of the Lower Albian higher part at the base
of the Zabijak Formation at least approximately places the boundary of the upper ti-
me range of Urgonian facies sedimentation in the Tatricum. Missing of the lower-
most Albian, the presence of neptunic dykes as well as their karstification (dissoluti-
on) indicate that the Urgonian carbonate platform must have disappeared till the end
of the Aptian.

Differentiated movements of tilted blocks in elevation zones have just led to for-
mation of condensations, accompanied by frequent hardgrounds. Onset of flysch
sedimentation should be put into connection with the time horizon of the highest
Middle, mainly, however, Upper Albian,
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Interpretdcia paleomagnetickych idajov zo zapadnej ¢asti Centralnych Zapadnych Karpat
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Interpretation of the paleomagnetic data from western part of the Central Western Carpathians

The article presents new interpretation of the paleomagnetic data from the western part of the Central
Western Carpathians. The analysis of paleodirections from the Palaecogene sediments indicates a 40 - 60°
CCW rotation during the Early Tertiary. The analysis of the paleodirections from the Miocene sediments
documents a 30 - 40° CCW rotation of the Central Western Carpathians at the end of the Lower Miocene.
Differences between local paleodirections can be explained by the effect of individual block rotation in shear
zones on western margin of the Central Western Carpathians.

Key words: Tertiary, Central Western Carpathians, paleomagnetism, paleodirection, block rotation

Uvod

Paleomagneticky vyskum skiimanej oblasti bol oriento-
vany na overenie moznej terciérmej CCW rotdcie (CCW -
counter clock wise - proti smeru hodinovych ruci¢iek),
avizovanej doterajsimi vysledkami paleomagnetického stu-
dia a $truktirnej analyzy (Vass et al.,, 1988; Kova¢ et al.,
1989; Marko et al., 1991, 1995; Tuinyi a Kovd¢, 1991a, b;
Csontos et al., 1991; Madrton et al., 1992).

Hlavné vysledky paleomagnetickych meran{ vzoriek
z tejto oblasti st v tab. 1. Na obr. 1 sii lokality odberu vzo-
riek. Paleosmery lokalit st na obr. 2, na ktorom je aj pa-
leomagneticky smer neogénu (Krs, 1979) a sicasny smer
geomagnetického pola. Paleomagnetické vysledky lokality
Lieskové, Vlasacka, Nahd¢ a Hradiste st z prace Tunyiho
a Kovdca (1991a), kde su podrobne opisané testy stability
aj postup odvodenia paleosmerov. Vysledky z lokality So-
lodnica a Roh vyderpavajuco zdévodnuje Mdrton et al.
(1992). Palecsmery z lokality Sobotiste, Podbrané a Kraj-
né sa prezentovali v sibore inych vysledkov na konferen-
cii XX General Assembly IUGG - Vienna 91 vo forme
posteru. PretoZe doteraz neboli zverejnené formou publi-
kdcie (su len v zborniku abstraktov;, Tunyi a Kovac,
1991b), uvadzame ich na obr. 3 - 5 a v tab. 2. Na vzorkach
sa vykonalo iba magnetické Cistenie striedavym polom
(tzv. AF demagnetizdcia; AF - alternating field).

Interpreticia paleosmerov

Vzorky na paleomagngtické Stidium boli odobrané na
zdpadnom okraji Centralnych Zdpadnych Karpat zo sedi-
mentov terciémych sekvencif tektonicky hraniéiacich na S
s bradlovym pdsmom (obr. 1) a mozno ich rozdelif do
dvoch skupin.

I. Prvi skupinu tvoria vzorky zo sv. okraja Viedenskej
panvy a dobrovodskej depresie.

Bazdlne paleogénne sedimenty bukovskej brdzdy (loka-
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Obr. 1. Skimané uzemie a lokality odberu paleomagnetickych vzoriek.
Fig. 1. Investigated area and locality of paleomagnetic sampling.

lita Solosnica) v oblasti Malych Karpdt leZia transgresivne
a diskordantne na prikrovoch Severnych Védpencovych
Alp. Ich zistend CCW rotdcia je priblizne 74° (tab. 1), pri-
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Tab. 1
Paleomagnetické smery
Paleomagnetic directions
No.  Locality Sgn. phi® lam® Rock Age n D° I° k  a’,
1 Lieskové Lie. 48.59  17.39  Claystones Karpathian 18 - 17 m. y. 67 342 62 18 4.2
2 Vlasdcka Vla. 48.58  17.56  Sandstones Karpathian 18 - 17 m. y. 46 343 68 20 4.8
3 Naha¢ Nah. 48.54  17.51  Sandstones Karpathian 18 - 17 m. y. 17 284 71 18 8.7
4 Hradiste Hra. 48.62 17.49  Sandstones Eggenburgian 22 -19 m.y. 8 326 67 576 2.3
5 Sobotiste Sob. 48.74  17.43  Sandstones Eggenburgian 22 - 19 m.y. 27 278 66 10 9.3
6 Podbrané Pod. 4873  17.45  Sandstones Eggenburgian 22 - 19 m.y. 21 305 52 13 9.2
7 Krajné Kra. 48.69  17.68  Sandstones Eggenburgian22 - 19m.y. 15 138 -50 4 206
8 Solosnica Sol. 48.46 1725  Sandy-limestones Lower Eocene 54 - 49 m.y. 11 106  -66 13 13
9 Roh Roh 48.81 17.73  Sandstones and shales Upper Paleocene-Lower 6 250 21 29 13

Eocene 66 - 49 m. y.

phi, lam - geografické siradnice lokality; n - podet vzoriek; D, I - stredné paleomagnetické smery (po tektonickej korekeii - pozri tab. 2); k - parameter

presnosti; ciys - poluhol kuZela spolahlivosti.

phi, lam - geographic coordinates of the locality; n - number of samples; D, I - mean paleodirections (after bedding correction - see Tab. 2); k - precision

parameter; Clos - half-angle of reliability cone.

&om si treba uvedomit, Ze oblast Vychodnych Alp ako je-
dind v alpsko-karpatskom systéme nevykazuje Ziadnu pa-
leomagneticku rotdciu od kriedy (Mauritsch a Becke,
1987, Marton, in press). CCW rotdcia, ktord sme zistili,
musela nastaf pri uniku Centralnych Zdpadnych Karpat
z priestoru alpskej kolizie do karpatskej subdukénej zény
(Tomek et al., 1987, Csontos et al., 1992; Tomek a Hall,
1993) medzi eocénom a strednym miocénom.

Vzorky zo spodnomiocénnych sedimentov vychodného
okraja Viedenskej panvy su rozli¢ného veku. Egenbursky
vek maju odbery z oblasti bradlového pdsma (Sobotiste
a Podbranc) a pieskovce transgresivne uloZené na prikro-
voch Severnych Vdpencovych Alp (Hradiste). Karpatské
sedimenty v oblasti dobrovodskej depresie (Vlasdcka
a Nahd¢) su sicasfou hrastu Malych Karpdt a podobne
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QObr. 2. Paleosmery skiimanych lokalit (pozri tab. 1) zdpadnej Casti Cen-
tralnych Zdpadnych Karpat. N - smer paleomagnetického pdlu v neogéne
(Statisticky odvodeny pre stredni Eurépu, Krs, 1979), P - smer sticasné-
ho geomagnetického polu. PIné knizky - normdlna, prazdne - reverznd
magnetickd polarizacia.

Fig. 2. Paleodirections of investigated localities (see Tab. 1) from western
part of Central Western Carpathians. N - magnetic paleopole for the Neo-
gene (statisticaly derived for central Europe, Krs, 1979), P - present pole
direction. Dots - normal, open circles - reversal magnetic polarization.
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Qbr. 3. AF demagnetizdcia vzoriek z lokalit Sobotiste (477), Podbrané
(487) a Krajné (469 a 472). .

Fig. 3. AF demagnetization of samples from loc. Sobotiste (477), Pod-
bran¢ (487) a Krajné (469 and 472).
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Qbr. 4. Stercograficka projekcia AF demagnetizicie vzoriek z lokalit So-
botiste (477), Podbrané (487) a Krajné (471). Plné krizky - normdlna,
prdzdne - reverznd magnetickd polarizacia.

Fig. 4. Stereographic projection of AF demagnetization of samples from
loc. Sobotiste (477), Podbran¢ (487) and Krajné (471). Dots - normal,
open circles - reversal magnetic polarization.
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Obr. 5. Paleosmery a stredné smery s kruznicami spolahlivosti pred tektonickou korekciou (BBC) a po tektonickej korekeii (ABC) pre lokality Sobotiste,
Podbrané a Krajné (pozii tab. 2). N - paleopd] neogénu, P - sti¢asny pol (pozri obr. 2).Plné krizky - normalna, prazdne - reverznd magnetickd polarizdcia.
Fig. 5. Paleodirections and mean directions with the circle of reliability before bedding cotrection (BBC) and after bedding correction (ABC) for the loc. Sobo-
tiste, Podbranc and Krajné. N - paleopole for the Neogene, P - present pole direction (see Fig. 2). Dots - normal, open circles - reversals magnetic polarization.
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Tab.2
Paleomagnetické smery
Paleomagnetic directions

No.  Locality Sgn. phi® lam® Rock Age n D° Ie k Gy
S Sobotiste Sob. 4874 1743  Sandstones  Eggenburgian BBC 27 349.29  66.13 13.25 7.73
22-19m.y. ABC 27 27766 6630  9.98 9.26

6 Podbran¢ Pod. 4873  17.45  Sandstones  Eggenburgian BBC 21 313.71  72.68 13.27 9.07
22-19m.y. ABC 21 305.04 51.56 12.82 9.24

7 Krajné Kra. 48.69  17.68  Sandstones  Eggenburgian BBC 15 150.43 -4597  4.62 20.03
22-19m.y. ABC 15 138.14 -49.55  4.39 20.58

phi, lam - geografické stradnice lokality; n - pocet vzoriek; D, I - stredné smery pred tektonickou korekciou (BBC) a po tektonickej korekeii (ABC);

k - parameter presnosti; ¢y - poluhol kuZela spolahlivosti.

phi, lam - geographic coordinates of the locality; n - number of samples; D, I - mean directions before bedding correction (BBC) and after bedding cor-

rection (ABC); k - precision parameter; o, - half-angle of reliability cone.

AUSTRIA

Obr. 6. Stredny miocén - blokovd rotdcia v sinistralnej striznej zéne.
Fig. 6. Middle Miocene - block rotation in the sinistral shear zone.

ako na okraji Viedenskej panvy (Lieskové) aj ich predter-
ciére podloZie tvoria prikrovy Severnych Vdpencovych
Alp. Zistend CCW rotdcia sa v neogénnych vzorkdch po-
hybuje v rozpéti 20 - 80° (tab. 1). Interpretujeme ju ako ro-
tdciu ,,en bloc* na rozhran{ spodného a stredného miocénu.
Tento ndzor podporuje aj rovnakd CCW rotdcia zistend
v oblasti Madarského stredohoria (Marton et al., 1992),
ako aj datovanie posledného dosunutia prikrovov na kar-
patsku éelnui predhlben v zdpadnej Casti Karpdt v obdobi
cca 17 - 15 m. r. (Jiti¢ek, 1979, Roth, 1980).

Rozdiely v hodnote CCW rotdcie spodnomiocénnych

s

// oA

Paleogene sedim.
Neogene sedim,
Cant. ‘West. Carp.
Flysch zone
Klippen belt
strike = slip foulds

rotaled blocks

sedimentov v sv. ¢asti viedenskej panvy a v dobrovodskej
depresii, najmé az cca 60 - 70° CCW rotdcia egenburskych
a karpatskych sedimentov z lokality Nahdé, Podbrané
a Sobotiste, sa mozu interpretovat ako vysledok rotaéného
efektu blokov v sinistralnej striznej zone smeru VSV -
ZJZ (obr. 6), aktivnej v transtenznom reZime v strednom
miocéne (Marko et al., 1991, 1995; Kovac et al., 1993;
Marko et al., in press).

II. Druhd skupinu tvoria tektonicky silne porusené sedi-
menty lubinského stvrstvia z oblasti Myjavskej pahorkati-
ny (lokalita Roh) leZiace medzi bradlovym pdsmom a ele-
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Obr. 7. Eocén - pozicia Centrdlnych Zdpadnych Karpdt a Vychodnych Alp s nameranymi paleomagnetickymi a paleonapédfovymi smermi.

Fig. 7. Eocene - position of the Central Western Carpathians and Eastern Alps with measured paleomagnetic and paleostress directions.

vacnou §trukturou éachtickych Karpdt (Samuel et al., 1580).
CCW rotdcia v paleocéne az spodnom eocéne dosahovala
do 110° (tab. 1). Transgresivne uloZeny vrstvovy sled relik-
tu spodnomiocénneho sedimentaného priestoru v oblasti
Vadovskej kotliny (egenburské pieskovce z lokality Kraj-
né) vykazuje CCW rotdciu okolo 42° (tab. 1), teda podobne
ako Cast spodnomiocénnych sedimentov viedenskej panvy.
Podla $trukturnej analyzy oblasti (Kovd¢ et al., 1989;
Nemcok et al., 1989; Marko et al., in press) dnesné zlomo-
vé porusenie uzemia vzniklo pésobenim rozli¢ne oriento-
vanej hlavnej kompresie. Starsia md smer SZ -JV az § -],
mlad$ia SV - JZ. Vzhladom na to, Ze drobnostruktirmy
zdznam v egenburskych sedimentoch Vadovskej kotliny

md e$te znaky starSej kompresie, CCW rotdcia tizemia za
predpokladu rovnakého smeru hlavnej kompresie od
spodného miocénu (SV - JZ) musela nastat po egenburgu.
Jednotné posobenie sv. kompresie od stredného badenu
v zdpadnej Casti Karpdt (Nemcok et al., 1989; Marko et al.,
1991) zasa limituje horni vekovua hranicu tejto udalosti.
Ak sa odpocita cca 42° CCW rotdcia, ktord nastala kon-
com spodného miocénu, od celkovej rotdcie stanovenej pre
eocénne flysové sedimenty z lokality Roh, na eocén az oli-
gocén zostdva cca 60° CCW rotdcia v oblasti Myjavskej
pahorkatiny. Jej pri¢inu mozno vysvetlif iba celkovou ro-
taciou tzemia (pravdepodobne v eocéne), ktoré v tom ob-
dobi bolo v dextrdlnej striznej zone (Kovad et al., 1993),
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Obr, 8. Oligocén a% spodny miocén - pozicia Centralnych Zdpadngch Karpdt a Vychodnych Alp s nameranymi paleomagnetickymi a paleonapifovymi
smermi (pozri obr. 7).

Fig. 8. Oligocene - Lower Miocene - position of the Central Western Carpathians and Eastern Alps with measured paleomagnetic and paleostress direc-
tions (for explanation see Fig. 7).
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Obr. 9. Vrchny miocén a7 sticasnost - pozicia Centralnych Zapadnych Karpdt a Vychodnych Alp s vyznadenim paleonapifovych smerov. Vyzaadené st
aj namerané paleomagneticke smery (rotacie).

Fig. 9. Upper Miocene - present - position of the Central Western Carpathians and Eastern Alps with marked paleostress directions. Measured paleo-
magnetic directions (rotations) are marked also.
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pri ktorej prebiehala opa¢nd rotdcia blokov. Naopak pravo-
stranny posun pozdlZ bradlového pasma (Ratschbacher
et al., 1993) zdroven verifikuje predpokladami CCW rotd-
ciu uzemia ako celku.

Zaver

Na zaklade porovnania ziskanych idajov mozno konsta-
tovaf nasledujice:

- Maximum CCW rotdcie zdpadnej Casti Centralnych Z4-
padnych Karpdt v eocéne a oligocéne mohlo dosahovat 40
az 60°, ¢o znadi, Ze pdvodny smer hlavnej kompresie bol S
az SSV (lokalita Roh; obr. 7).

- Maximum CCW rotécie zdpadnej ¢asti Centralnych Z4-
padnych Karpdt koncom spodného miocénu mohlo dosa-
hovart 30 az 40°, ¢o znadi, Ze pévodny smer hlavnej kom-
presie bol SSV az SV (lokalita Vlasdcka, Lieskové, Hra-
diste a Krajné; obr. 8).

- Zistené udaje su v stlade so si¢asnym modelom koli-
zie Vychodnych Alp s Ceskym masivom v oligocéne
a s nasledujuicim dnikom krustdlneho segmentu Zdpad-
nych Karpdt smerom na S, SV (Csontos et al., 1992). Je
v sulade aj s datovanim konca kolizie v zdpadnej ¢asti Kar-
pdt po spodnom miocéne (Jificek, 1979; Kovd¢ et al.,
1986) a so zotrvavajucim efektom subdukcie/kolizie v ob-
lasti Vychodnych Karpadt (,,roll back® efekt) v strednom
miocéne (Tomek et al., 1987; Tomek a Hall, 1993).

- Z uvedeného vychodi, Ze hlavnd kompresia mala
v skuto¢nosti sv. smer (inymi slovami nerotoval smer
kompresie, ale zdpadnd Gast Centrdlnych Zdpadnych Kar-
pdt), aj ked sa nedd vylicit pdsobenie lokdlnych napéfo-
vych poli v jednotlivych obdobiach (obr. 9) podobne ako
efekt rotdcie blokov v striznych zénach, ktoré si preukdza-
né a ktorych aktivita sprevddzala Struktirnu prestavbu
Centralnych Zdpadnych Karpdt v terciéri (Kovaé et al.,
1989; Marko et al., 1991; Tunyi a Kovag, 1991).
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Interpretation of the paleomagnetic data from western part of the Central Western Carpathians

The purpose of this paper is an interpretation of previous results
of paleomagnetic investigations of the Neogene units of western
part of the Central Western Carpathians. Paleomagnetic investigations
in this region were directed on justification of possible Tertiary
CCW-rotation (CCW - counter clock wise) reported recently in the
results of the paleomagnetic study and structural analysis (Vass et
al., 1988; Kovag et. al., 1989; Marko et al., 1991, 1995; Tunyi and
Kovagé, 1991a, b; Csontos et al., 1991; Mdrton et al., 1992).

Main results of the paleomagnetic measurements, carried out

using the samples from this region, are presented in Tab. 1. The lo-
calities of sampling are marked in Fig. 1. Paleodirections for indivi-
dual localities are displayed in Fig. 2, where a paleodirection for the
Neogene (Krs, 1979) as well as a present geomagnetic field direc-
tions can also be seen. Paleomagnetic results related to the localities
Lieskové, Vlasdcka, Naha¢ and Hradiste are taken from article Tu-
nyi and Kovd¢ (1991a), where both, the stability tests and the app-
roach of derivation of paleodirections have been described. The ex-
planation of results from localities Solosnica and Roh is given in an
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exhaustive way in the Marton et al. (1992) study. Paleodirections as
the further results related to the localities Sobotiste, Podbrané and
Krajné were presented as a poster at the “XX General Assembly
IUGG - Vienna’ 91”. Since these results have not been published
yet, being mentioned only as an abstract contribution (Tunyi and
Kovac, 1991b), those are presented below (Fig. 3 - 5 and Tab. 2).
Here we would like to notice that the samples used for the investi-
gation just mentioned have been cleaned only by alternating field
(AF, so called AF-demagnetization).

Interpretation of paleodirections

Samples for the paleomagnetic study have been gathered at the
western margin of the Central Western Carpathians from sediments of
the Tertiary sequences, bordered on the North by the Pieniny Klippen
Belt (Fig. 1).

Samples can be divided into two subsets:

1. The first set consists of samples gathered at the NE margin of the
Vienna Basin and Dobrd Voda depression.

The basal Paleogene sediments in the Bukova furrow (near vil-
lage Solo$nica) transgressively overlie with a discordance the
nappes of the Northern Calcareous Alps in the region of the Malé
Karpaty Mts. Their CCW - rotationrevealed is about 74° (Tab. 1).
It is important to note, that the East Alpine region is the only one
in the Alpine - Carpathian system which displays no paleomagne-
tic rotation since the Cretaceous (Mauritsch and Becke, 1987;
Marton in press). It means that CCW-rotation revealed by us
seems to be related to the process of the Central Western Carpat-
hians escape from the domain of Alpine collision into the uncon-
strained realm of the Carpathian subduction zone (Tomek et al.,
1987; Csontos et al., 1992; Tomek and Hall, 1993) during the Eo-
cene and Middle Miocene.

Samples from the Early Miocene sediments of the eastern margin
of Vienna Basin are of different age. The samples of the Eggenbur-
gian age are from the zone of the Pieniny Klippen Belt (near villages
Solognica and Podbrang) as well as sandstones transgressively over-
lying the Northern Calcareous Alps nappes near village Hradiste. The
Karpatian sediments in the Dobrd Voda depression (in localities Vla-
sdc¢ka and Nah4c) are situated in the Malé Karpaty horst structure si-
milarly as the locality Lieskové on the eastern margin of the Vienna
Basin. The Pretertiary basement of these localities is also built up from
the complexes of the Northern Calcareous Alps. The CCW-rotation
revealed in the Neogene samples ranges between 20 - 80° (Tab. 1).
We interpret it as a rotation “en bloc” between the Lower and Middle
Miocene. Such an interpretation is confirmed by both, the same
CCW-rotation in the Transdanubian Central Range (Mdrton et al.,
1992) and by last thrust of the Flysch zone nappes over foredeep in
the western part of the Carpathians in period about 17-15 Ma (Jificek,
1979; Roth, 1980).

The differences in the values of the CCW-rotation for the Early Mio-
cene sediments from the NE part of the Vienna Basin and the Dobrd
Voda depression, namely as high as 60 - 70° CCW-rotation for the Eg-
genburgian and Karpatian deposits from the localities Naha¢, Podbrané
and Sobotiste, can be interpreted as an effect of rotation of blocks in the
sinistral wrench zone of the ENE - WSW direction (Fig. 6). This rotatiom
was active in transtensional regime during the Middle Miocene (Marko
etal., 1991, 1995; Kova¢ et al., 1993; Marko et al., in press).

2. The second set consists of tectonically strongly disturbed sedi-
ments of the Lubina formation in the region of the Myjavskd Pahorka-
tina highland (locality Roh) located between the Pieniny Klippen Belt

and elevated structure of the Cachtické Karpaty Mts. (Samuel et al.,
1980). The CCW-rotation value during the Paleocene up to Lower
Eocene was about 110° (Tab. 1). Transgressively laying sequences of
relict of the Lower Miocene basin in the Vadovska Kotlina depression
(the Eggenburgian sandstones near village Krajné) reveals CCW-rota-
tion of about 42° (Tab. 1), similar to the Lower Miocene sediments
of the Vienna Basin.

On the basis of structural analysis of this region (Kovac et al.,
1989; Nemcok et al., 1989; Marton et al., in press) the present faults
of this territory appeared by various orientations of the main compres-
sion. The older compression had a NW - SE up to N - S direction, the
younger one NE - SW orientation, respectively. Since a structural re-
cord in the Eggenburgian deposits of the Vadovskd Kotlina depression
still comprises signatures of the older compression, CCW-rotation
had to take place after the Eggenburgian under assumption of the
same direction of main compression since the Early Miocene
(NE - SW). The uniform activity of the NE oriented compression sin-
ce the Middle Badenian in western part of the Carpathians (Nemcok et
al., 1989; Marko et al., 1991) is, again first of all, a limitation factor
for the upper age boundary of this event.

If CCW-rotation of about 42°, which took place at the end of the
Early Miocene, is subtracted from the whole estimated rotation, evalu-
ated in the Eocene sediments from the locality Roh, then for the period
between the Eocene and Oligocene we obtain the CCW-rotation of
about 60° as the value for region of the Myjavskd Pahorkatina hig-
hland. The origin of this rotation can be explained only by means of
the overall rotation of the territory (perhaps during the Eocene) which
was located in the dextral wrench zone during that time (Kovac et al.,
1993), when the opposite rotation of blocks took place. On the contra-
ry, the dextral displacement along the Pieniny Klippen Belt at the sa-
me time (Ratschbacher et al., 1993) verifies the intended CCW-rota-
tion of the Central Western Carpathians as a whole.

Conclusion

By comparison of the obtained results it can be stated:
- The maximum value of CCW-rotation of the western part of the Cen-
tral Western Carpathians during the Eocene and Oligocene could reach
40° up to 60°, which would mean that the original direction of main
compression was N up to NNE (locality Roh; Fig. 7).
- The maximum of CCW-rotation took place at the end of the Early Mio-
cene and could reach 30 - 40°, which would mean that the original direc-
tion of the main compression was NNE up to NE during this time (locali-
ties Vlasacka, Hradiste and Krajné; Fig.8).
- The obtained results are in accordance with the preseat model of the
collision of the Eastern Alps with the Bohemian Massif in the Oligo-
cene and subsequent escape of the Central Western Carpathians cru-
stal segment north-northeastward (Csontos et al., 1992). Moreover,
the results are consistent both with the timing of the end of collision in
the western part of the Carpathians after the Lower Miocene (Jificek,
1979; Kova¢ et al., 1986) and with persistent effect of subduction/col-
lision in the Eastern Carpathians (“rell back” effect) during the Middle
Miocene (Tomek et al., 1987; Tomek and Hall, 1993).
- The results mentioned lead to conclusion that the direction of main
compression appears to be NE (in other words, no rotation of the
compression, but a rotation of the western part of the Central Western
Carpathians took place), although the effect of local paleostress fields
cannot be eliminated, similarly, there cannot be excluded the effect of
block rotation inside wrench zones, the existence of which is confir-
med during the Tertiary:
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Distribticia stopovych prvkov v bentonite Stara Kremnicka - JelSovy potok
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(Dorucené 23.12.1994, revidovand verzia dorucend 20.2.1995)

Distribution of trace elements in Stara Kremnicka - JelSovy potok bentonite

The content of following elements was estimated in four color varietes and nine selected fractions in the
region from O pm to 80 pm in Stard Kremnicka - JelSovy potok bentonite: As, Ba, B, Cd, Cr, Cu, Ga, Hg,
La, Ni, Mn, Mo, Sb, Sc, Sr, Pb, V, Y and Zr. According to these results the trace elements can be divided
into four groups: 1. elements concentrated in coarse non-clay fractions (Ba, St, As, resp. Zr), 2. elements
with a slightly increased content int he coarse clay fraction, 3. elements accumulated in fine clay fractions
(V, Cu, Ni, Zr, Hg) and 4. elements with unexpressive accumulation in one of the separated fractions

(Sb, La, Sc, B).

The content of many of these elements is higher than the allowed limit for pharmaceutical products for

oral use and for components in feed.

Key words: trace elements, bentonite

Uvod

Informdcie o obsahu stopovych prvkov v iflovych mine-
raloch Zdpadnych Karpdt sa ako indikdtory geologického
prostredia vyuzili viackrat. Podrobne sa tejto problematike
v neogénnych sedimentoch venoval Kraus (1985).V horni-
nach permu stopové prvky v iloch sledoval Curlik
et al.(1984) a Sucha a Medved (1990). Cinéura a Sucha ich
v floch vyuZili na vysvetlenie genézy a pévodu ¢ervenoze-
me v oblasti Vajarskej v Malych Karpatoch.

Zriedkavejsie sa vyuzivaju informdcie o distribucii stopo-
vych prvkov potrebné na priemyselnu aplikdciu ilu. Takyto
aspekt md osobitny vyznam pri aplikdcii v polnohospo-
ddrstve, resp. farmaceutickom priemysle.

Touto pracou sa usilujeme uvedend medzeru vyplnif in-
formdciami o najvyznamnejSom faZzenom loZisku bentonitu
na Slovensku Starda Kremnicka - JelSovy potok (dalej JP).

Principidlne riesenie distribucie stopovych prvkov v bento-
nite predpokladd zistenie ich obsahu v monominerdlnych
zloZkdch bentonitu, prip. aj kvantifikovanie moznosti vizby
v montmorillonite (povrchovd sorpcia, vymenitelné polohy,
resp. substiticia v $trukture). Hlavny problém takéhoto rie-
Senia vSak nardZa na faZkosti pri izoldcii monominerdlnych
frakcif a pri zisfovani ich kvantitativneho zastipenia. Na
druhej strane na praktické Glely sta¢i poznaf distribiciu
chemickych prvkov vo frakcidch bentonitu s rozlicnou se-
dimenta¢nou rychlostou v zriedenych vodnych suspen-
zidch. Tdto metdda sa totiZ na oddelovanie neflovych pri-
mes{ montmorillonitu v priemysle vyuZiva najcastejsie.

Cielom nasej prdce bolo zistif obsah stopovych prvkov
v bentonite lokality JP s ohfadom na praktické mozZnosti se-
pardcie frakcii bentonitu. Vyber okrem mikroprvkov, ktoré
sa v geologickom vyskume ilov pokladaji za Standardné,
zahiha aj prvky dolezité z hladiska vSeobecnej hygienickej
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neskodnosti. Stopové prvky boli stanovené v rdznych frak-
cidch Styroch hlavnych farebnych variet bentonitu.

Analyzovany material

Na stidium distribicie stopovych prvkov sa pouZil ben-
tonit z centrdlnej Casti si¢asného lomu loZiska JP. Vzorky
na analyzu sa odobrali z 50 kg zhomogenizovanej SarZe
kazdej farcbnej variety (v texte a na obr. sa oznaduju 1 az 4;
1 - sivad, 2 - ruZovd, 3 - hneda, 4 - biela). Vicsina prvkov
bola stanovend v nefrakcionovanom bentonite vo frakeii
pod 2 um a vo frakcii 60 aZ 80 wm osobitne v kazdej fareb-
nej variete. V dzkodisperznych frakcidch (frakcia 0 - 1,
1-5,5-10,10 - 20, 20 - 30, 30 - 40, 40 - 50, 50 - 60,
60 - 80 um) sa prvky analyzovali iba vo varicte 2. Tieto
frakcie sa ziskali sedimentacnym delenfm z 2-percentnej
vodnej suspenzie bentonitu a charakterizovali sa Stokeso-
vym rozmerom castic. Pri jeho vypoéte sa vychddzalo zo
zjednoduseného predpokladu jednotnej hustoty frakciono-
vanej ldtky (hustota montmorillonitu).

Metody

Ba, B, Cr, Cu, Ga, La, Ni, Mn, Mo, Sc, Sr, Pb, V,Y a Zr
boli stanovené metddou optickej emisnej spektroskopie.
Spektrd vzoriek spolu so syntetickymi kalibracnymi Stan-
dardmi sa snimali na mrieZkovom spektrografe PGS-2 90 s.
Zdrojom budenia spektier bol oblik jednosmerného prudu
pri anodickej polarizdcii nosnej elektrody s intenzitou 6 A
(generétor UBI-2). Presnos{ stanovenia vyjadrend relativnou
standardnou odchylkou pri paralelnych vzorkach je = 10 %.
Sprévnost analytickych vysledkov sa kontrolovala na refe-
rencnej vzorke Sedleckého kaolinitu. Podrobnejsi opis metd-
dy publikoval Medved’ et al. (1991). As, Cd a Sb sa stanovi-
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Obr. 1. Obsah stopovych prvkov (v ppm) v Styroch farebnych varietich
bentonitu Stard Kremnicka - JelSovy potok. Oznadenie variet: 1 - sivd,
2 - ruzovd, 3 - hnedd, 4 - biela; a - bentonit, b - frakcia 60 - 80 pm,
¢ - frakcia pod 2 um; d - obsah mens{ alebo vadé3{ ako vyznacend hodnota.
Fig. 1. The content of trace elements (in ppm) in four color varietes in Sta-
rd Kremnicka - JelSovy potok bentonite; assignation of varietes:
1 - grey, 2 - pink, 3 - ochre, 4 - white; a - bentonite, b - fraction 60 - 80 pm,
¢ - fraction below 2 um, d - content smaler or larger than marked value.

li metddou AAS, atomiziciou v grafitovej kyvete H6A-700s
s automatickym poddvacom vzoriek AS-70 v spojent s at6-
movym absorpénym spektrometrom (model 1100 B firmy
Perkin - Elmer). Prvky boli stanovené v roztoku po minera-
lizdcii vzoriek v autokldve v prostredi HF a HNO,.

Na zistenic obsahu Hg sa pouzil jednotcelovy absorpény
spektrometer TMA-254 (Trace Mercury Analyzer), zaloZe-
ny na termooxida¢nom rozklade vzorky.

Vysledky vsetkych analyz sa vzahuji na vzorky dehy-
dratované pri 600 °C pocas dvoch hodin.

Vysledky a diskusia

Obsah sledovanych prvkov v bentonite JP, ako aj v jeho
dvoch frakcidch (0 - 2 um a 60 - 80 wm) je na obr. 1.
Tlustruje rozdiel ich obsahu v jemnych a hrubych frakcidch,
ako aj rozdiely medzi farebnymi varietami bentonitu. Zasti-
penie prvkov v neflovej frakeii sa vyvodzuje z porovnania
ich obsahu v bentonite a v tychto frakcidch.

Tab. 1.
Obsah stopovych prvkov (v ppm) vo frakcidch bentonitu
Stard Kremni¢ka - JelSovy potok (ruZovd varieta)
Content of trace elements (in ppm) in Stard Kremnicka - JelSovy potok
bentonite fractions (pink variety)

Cislo frakcie
Prvok
1 2 3 4 5 6 7 8 9
Mn vietky >1000

Ba 61 66 56 71 119 116 133 158 127
Zr 183 247 150 219 143 168 131 170 159
Sr 103 113 122 118 117 96
La 201 40 31 74 117 150 180 144 85
Pb 38 34 28 29 29 32 33 35 36

B 35 54 28 18 31 23 15 2 35

Y 550 240 157 190 16,1 184 21,6 20,8 239
Ga 9,0 8,2 8,9 7.4 7,3 8,8 8,0 8,1 10,6
Ni 26,4 200 11,9 8,9 9.4 99 10,6 9,6 8,1
Sc 54 <3 <3 47 10,1 58 13,1 9,3 6,8
Mo vsetky <3

Cu 68,0 103,0 282 1Ll 129 132 159 183 11,1
Cr 48 <3 <3 <3 <3 <3 <3 36 <3

v 57 4,0 34 33 3,1 3,6 3,0 3,0 3,7
As 13,1 4,7 - 6,5 - 8,0 - 7,1
Sb 144 12,7 - - 11,8 - 11.5 - 13,8
Hg 045 033 - - 021 - 0,20 - 0,17
Cd 0,14 0,15 - - 0,12 - 0,17 - 0,16

Oznacenie frakeii: 1 - 0-1 pm, 2 - 1-5 um, 3 - 5-10 um, 4 - 10-20 um,
5-20-30 pm, 6 - 30-40 um, 7 - 40-50 pm, 8 - 50-60 pm, 9 - 60-80 wn.

Obsah prvkov v uzkodisperznych frakcidch v zdvislosti
od priemermej velkosti ¢astic uvddza tab. 1.

Priemerny obsah stopovych prvkov v bentonitoch sa po-
hybuje od nepresne urcencj hranice pod hodnotou 3 ppm
po viac ako 588 ppm. Ich obsah klesd v takomto poradi:
Mn>Ba>Zr>St>La>Pb>As>B>Y>Sb>Ga>
Ni>Sc>Cu>Cr>V>Hg>Cd.

Obsah prvkov rozli¢nych farebnych variet bentonitu sa po-
hybuje v rozsahu nasledujicich koeficientov varidcie: 12 %
(Pb) az 109 % (La); vo frakcii pod 2 um je od 11 % (Ga) po
59 % (Zr) a vo frakcii 60 - 80 um od 9 % (B) po 64 % (Y).

Pozndmky k prvkom

Mn. V bentonite JP je to prvok s najvyssim obsahom
z vySetrovaného suboru devitndstich prvkov. Jeho naj-
vicsia Casf je zrejme v primesiach limonitu, ktory v neilove;j
frakcii tohto bentonitu identifikoval Oc¢ends (1972). Udaje
na obr. 1 neukazuji vyznamné rozdiely v jeho obsahu
v bentonite a v jeho dvoch frakcidch. Zaujimavy je jeho vy-
soky obsah vo variete 2 a 4.

Ba. V literatire nie je v otdzke distribuicie Ba z hladiska
velkosti Castic zhoda. Méze sa koncentrovat v neilovej
(Dobrovolskij, 1966), ako aj v ilovej frakeii (Galozovskaja,
1967). Nichols (1962) predpokladd sorpciu Ba na externom
povrchu flovych minerdlov. Aj ked pritomnost Ba vo frakcii
pod 1 um tito moZnost nevyluduje, jednoznaéne kon-
Statujeme, Ze sa v bentonite JP kumuluje vo frakcidch
s vys$sou sedimentaénou rychlosfou. Podla Krausa (1975,
s. 115) je priemerny obsah Ba v bentonitoch ryolitového ty-
pu 199 ppm (aj v dalSom citovanom texte ide o flovu frakciu
pod 2 um). Z tohto pohladu je priemernd hodnota 34 ppm
v zodpovedajicej frakcii bentonitu JP znaéne niZSia (obr. 1).
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Zr. Z prehladu problematiky distribicie Zr (Kraus, 1975)
vyplyva, Ze hoci je moZna jeho izomorfna substiticia v struk-
tire montmorillonitu, jeho prevazna &ast je v klastickom stave.

Obsah Zr vo frakeii pod 2 um bentonitu JP (229 ppm)
hodnotu zvy&ajnu pri iloch vzniknutych z ryolytov
(194 ppm; Kraus, 1975, s. 65) prekracuje. Na vysokom
obsahu Zr sa zicastiuje neflovy podiel variety 3; pri ostat-
nych varietdch nie je rozdiel v obsahu Zr v jednotlivych
frakeidch natolko vyrazny. Ale podla tab. 1 nemozno vyli-
¢if koncentrovanie Zr v jemnej ilovej frakeii. Treba upozor-
nif na to, Ze sa nedd zistit, do akej miery je za obsah Zr
v flovej frakeii zodpovedny jemne dispergovany Zr (pozri
mineralogicky rozbor, Oéends, 1972).

Sr. 'V bentonite JP vidief koncentrdciu St v jeho neflo-
vych frakcidch. Vzdjomny pomer obsahu St vo frakcidch
sa podla obr. 1 a tab. 1 nezhoduje. Priemerny obsah Sr
v bentonite JP (37 ppm) je mimo rozsahu velkého rozptylu
hodnét ryolitovych bentonitov, ktoré uvddza Kraus (1975,
s. 127). Ich priemernd hodnota je 106 ppm.

La. O obsahu tohto prvku v slovenskych bentonitoch nie
si publikované tidaje. Podla Suchu (1990) analyza sedi-
mentov permu severného gemerika neukazuje na koncen-
trdciu La v flovej frakeii.

Obsah La vo frakcidch bentonitu JP sa vyznacuje vel-
kym rozptylom a jeho priemernd hodnota v bentonite je
87 ppm. Preferovani koncentrdciu La v hrubej flovej
frakeii (tab. 1) obr. 1 nepotvrdzuje.

Pb. Priemerny obsah v bentonite JP (29 ppm) asi dvakrat
prevysuje jeho obsah v ryolitovych bentonitoch alebo
v 1loch z vnitornych kotlin (15 ppm a 18 ppm; Kraus,
1975, s. 43, 45). Aj ked ¢ast Pb by mohla pochddzat
z vulkanického skla a Ziveov, podla jeho vysokeho obsahu
v ilovej frakeii mozno predpokladal vdazbu Pb v katiéno-
vymennych polohdch montmorillonitu.

B. B je jednym z prvkov, ktoré sa okrem povrchovo sorbo-
vanej formy mozu ireverzibilne viazat v Struktire ilu (De-
gens, 1957). Podla Stubicana (1962) ide o izomorfni substi-
tuciu Si(IV) a AI{ID) v tetraedrickej vrstve. Tourtelot et al.
(1961) zistili jeho zvySemi koncentrdciu vo frakcii pod 1 pm.
Udaje z JP rast obsahu B so zniZovanfm velkosti &astic nepo-
tvrdzuji. Priemerny obsah B 41 ppm je ovela nizsi ako pri
bentonitoch ryolitového typu (129 ppm) v sibore vzoriek
s vysokou $tandardnou odchylkou (Kraus, 1975, s. 19).

Y. Udaje o obsahu Y v slovenskych bentonitoch chy-
baju. Sucha (1990) nezistil v sedimentoch permu zvysemi
koncentrdciu tohto prvku v flovom podiele.

Vysokym obsahom Y v bentonite JP sa vyznacuje hlav-
ne varieta 2, v ktorej podobne ako vo varicte 4 je Y v naj-
jemnejsej flovej frakeii.

Ga. Obsah Ga je vyssi v dvoch separovanych frakcidch
ako v pévodnom bentonite, pricom priemerny obsah (9 ppm)
je nizsi ako hodnota uvddzand pri sladkovodnych floch vo
vautornych kotlindch (20 ppm; Kraus, 1975, s. 33).

Ni. Vieobecne prevldda ndzor, Ze sa Ni preferenéne viaze
na flové minerdly (Hirst, 1962). Obr. 1 a tab. 1 dokumen-
tuji jeho kumuldciu v jemnej ilovej frakeii loZiska JP. Prie-
merny obsah Ni (12 ppm) je v ramci rozsahu Standardnych
odchylok obsahu pri ryolitovych bentonitoch (priemerna
hodnota jel7 ppm; Kraus, 1975, s. 95).

Sc. V literatire didaje o obsahu Sc v slovenskych bento-
nitoch nie si. Sucha (1990) v flovom podiele sedimentov
zistil pokles jeho obsahu. Okrem variety 2 sa vyssi obsah
Sc v bentonite JP viaze na hrubsiu flovi frakeiu.

Cu. Udaje dokazuji jednoznaény pokles obsahu Cu vo
frakcidch s vy$Sou sedimentac¢nou rychlosfou, v ktorych by
sa hlavny podiel azda mohol koncentrovat v pyrite (pozri
mineralogicky rozbor Ocendsa, 1972). Priemerny obsah
Cu v bentonite JP (10 ppm) je vyrazne nizs§i ako v ryolito-
vych bentonitoch (51 ppm; Kraus, 1975, s. 57).

Cr a V. Obidva prvky sa v porovnani s doteraz publiko-
vanymi vysledkami (Cr - 29 ppm, V - 43 ppm; Kraus,
1975, s. 105 a 83) vyznacuji nezvycajne nizkym obsahom
(asi 4 ppm). V sa v bentonite JP viaZe na najjemne;jsi podiel
ilovej frakcie, ¢o kore$ponduje s ndzorom o prednostnej
koneentrdcii tohto prvku v montmorillonite (Hirst, 1962).

As a Hg. Obsah As aj Hg stiipa so zmensovanim sa vel-
kosti ¢astic v flovom podiele (tab. 1). Na vysckom obsahu
As v bentonite sa zicastiiuji najmé neflové frakcie.

Cd a Sb. V ilovom podiele su distribuované relativne ho-
mogénne (tab. 1). Sb je v bentonite zastipeny priblizne
v rovnakom obsabu, ale nizky obsah Cd dokazuje jeho
absenciu v neflovom podiele.

Zaver

Porovnanie priemerného obsahu stopovych prvkov
v bentonite JP s udajmi Krausa (1975) o stredoslovenskych
neovulkanitovych floch vykazuje vyznamnejsie rozdiely
v pripade dsmich prvkov, a to: Ba, Sr, Pb, B, Ga, Cu, Cra V.

7 hladiska distribucie prvkov vo frakcidch s rozlicnou se-
dimentac¢nou rychlosfou vo vodnej suspenzii, mozno prvky
rozdeli? do Styroch skupin: 1. prvky koncentrujice sa
v hrubozmnych neflovych frakcidch (Ba, Sr, As prip. Zr),
2. prvky s nevyrazne vy$$im obsahom v hrubsej ilovej
frakeii (Pb, Mn, Ga a Cd), 3. prvky kumulujuce sa v naj-
jemnejsej flovej frakcii (V, Cu, Ni, Y, Hg) a 4. prvky s nevy-
raznou (Sb) alebo nie jednoznacnou distribuicicu (La, Sc, B).

Suvislost medzi obsahom niektorych prvkov a farebnos-
fou variety bentonitu mozno predpokladat pri Zr a La, prip.
pri Sc. Pri tychto prvkoch sa vysoky obsah viaze na niekto-
i z farebnych variet. Ale podla ziskanych vysledkov tito
stivislost nemozno raciondlne vysvetlif.

Porovnanie priemerného obsahu mikroprvkov v bentoni-
te JP so sucasnym povolenym obsahom prvkov v poZivati-
ndch, krmivdch alebo interne aplikovanych farmaceutickych
pripravkoch podla Vestnika MSZ SSR 1977 alebo podla
Vyhldsky MSZ SR Zbierky zakonov z roku 1994, resp.
Liekopisu z roku 1987 vedie k zdveru, Ze v mnohych pripa-
doch je povoleny obsah vysoko prekroceny. Uvedené
vysledky ukazuju, Ze sedimenta¢né oddelovanie jemnych
alebo hrubych frakeif bentonitu nie je univerzdlne pouZitel-
né na zniZovanie ich obsahu na droven pouzitelnosti bento-
nitu v potravindrskom a farmaceutickom priemysle.
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Distribution of trace elements in Stard Kremnicka - JelSovy potok bentonite

The most significant of the Slovak bentonite depositsis that of the
locality Stard Kremnicka - JelSovy potok. Considering the generally
known use of bentonites in the pharmaceutical industry and agricul-
ture, it is useful to know the distribution of trace elements in the frac-
tions defined by their Stokes-diameter.

In the work present here, the following trace elements in bentonite
and as well as in two fractions (0 um - 2 pm, 60 - 80 wn) of four co-
lor varieties of Stard Kremnicka - JelSovy potok bentonite were de-
termined: As, Ba, B, Cd, Cr, Cu, Ga, Hg, La, Ni, Mn, Mo, Sb, Sc,
Sr, Pb, V, Y and Zr (Fig. 1.). The concentrations of given trace ele-

ments in nine selected fractions in the range 0 pum - 80 un were also
estimated (Tab. 1). According to the results obtained, the trace elements
can be divided into four groups: 1. elements concentrated in coarse
non-clay fractions (Ba, Sr, As, resp. Zr), 2. elements with a slightly
increased content in the coarse clay fraction, 3. elements accumulated
in fine clay fractions (V, Cu, Ni, Zr, Hg) and 4. elements with unex-
pressive accumulation in one of the separated fractions (Sb, La, Sc, B).

The average content of many of these elements in bentonite and
in its fractions is higher than the allowed limit for the drugs for oral
use and for components in feed respectively.
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Analyza rezimu vydatnosti pramena Drienovec
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(Dorucené 10.10.1994, revidovand verzia dorucend 20.1.1995)

Analysis of the régime of Drienovec spring discharges, Eastern Slovakia

The complex analysis of time-cause parameters of the Drienovec karst spring discharges régime was car-
ried out. The whole solution was divided into four steps: the basic statistical assessment of the data, graphi-
cal analysis of the time series, factor analysis of input data and assessment of the main régime factors in in-
dividual months of the hydrological year using the stepwise variable selection method. Gained results sho-
wed the main influence of precipitations and groundwater level fluctuations (the influence of baseflow) on
spring discharges. In certain months the influence of air temperature and discharges of the previous month

are also important.

Key words: groundwater régime, spring yield, factor analysis stepwise variable selection method

Uvod

Jednou z délezitych tloh vo vsetkych etapach hydrogeo-
logického prieskumu je analyza ¢asovych zmien odtoku
podzemnej vody, ktoré st zdkladnym ukazovatelom rezi-
mu podzemnych vod.

Z definicie rezimu podzemnych véd (Jetel in Svoboda
et al.,, 1983) vyplyva, Ze jeho analyza je spéta s analyzou
ulohy rezimotvornych &initelov zucastiujicich sa na for-
movani rezimu. Rezim podzemnych vod istého tizemia je
vyslednicou pdsobenia rezimotvornych Cinitelov.

Osobitne délezitd je analyza rezimu podzemnych vod, ak
sa v prirodnom prostred{ uvazuje s antropogénnym zdsa-
hom, ktory méZe prirodzeny rezim podzemnych vod naru-
$if. Medzi takéto zdsahy patri napr. odber vody (Eerpanie),
zavlaZovanie, meliordcia, reguldcia vodnych tokov, vystav-
ba a prevddzka vodnych nddrzi a pod. Hodnotenie priro-
dzeného rezimu z hladiska procesnosti EIA (Environmental
Impact Assessment), ako aj jeho predpokladanych zmien
je od 1. septembra 1994 povinnou suéasfou ohldsenia in-
vestiéného zameru.

Z takéhoto aspektu sme analyzovali aj prirodzeny rezim
vydatnosti pramena Drienovec, jedného z najvyznamnej-
§ich pramenov vychodnej ¢asti Slovenského krasu, ktory
je napojeny na skupinovy vodovod Turfia - Drienovec -
Kosice.

Struény prehlad prirodnych pomerov

Prameil Drienovec sa nachddza v jv. ¢asti Slovenského
krasu na V od obce Drienovec.

Z klimatologického hladiska lez{ v mieme vlhkom tep-
lom okrsku mierne vlhkej podoblasti teplej oblasti s chlad-
nou zimou. Klimatogeograficky ide o typ kotlinovej teplej
klimy.

Najdélezitejsim tokom oblasti, ktory svojim prietokom
nepriamo ovplyviuje vydatnost prameiia, je Bodva. Podla
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rezimu odtoku patri medzi toky vrchovinno-niZinnej oblas-
ti s dazdovo-snehovym typom rezimu odtoku (akumuldcia
v decembri - februdri, vysokd vodnost v marci - aprili, mi-
nimdlny prietok v septembri, vyrazné podruzné zvysenie
vodnosti koncom jesene az zaciatkom zimy).

Geologicky $irsie okolie pramefia a jeho zberni oblast
buduju strednotriasové karbondty (svetlé a svetlosivé vd-
pence wettersteinského typu). Z hydrogeologického
aspektu patria ticto vdpence do strednej poklesnutej kryhy
hadavsko-jasovskej hydrogeologickej $truktiry (Suba,
1973), ktord sa zaraduje do hydrogeologického rajonu
MQ 129 (mezozoikum centrdlnej a vychodnej Casti Slo-
venského krasu). Prostredie sa vyznacuje krasovou a kra-
sovopuklinovou priepustnosfou. Skrasovatenie spravidla
postihlo tektonicky predisponované a porusené pasma.

Pramen Drienovec zaraduje Orvan (1991) medzi prame-
ne s odtokom vody infiltrovanej do karbondtov Sloven-
ského krasu, do ktorej obehu sa napdja aj voda infiltrovana
v inych typoch prostredia. Voda vyvierajica v tomto pra-
meni je kombindciou krasovej vody hlbsicho obehu ha-
Cavsko-jasovskej hydrogeologickej struktiry s vodou rie¢-
nych ndplavov Bodvy. V hadavsko-jasovskej hydrogeolo-
gickej Struktire teda vytvdraju spolocné zvodnené prostre-
die karbondty Jasovskej planiny, rie¢ne ndplavy Bodvy
a karbondty v ich podlozi.

Podiel vody infiltrovanej z naplavov Bodvy zdokumen-
tovali stopovacie skisky. Predpokladd sa, Ze podiel infil-
trovanej vody z Bodvy predstavuje tretinu aZ polovicu cel-
kovej vydatnosti pramena (Orvan, 1991).

Vstupné data

Na zdklade poznatkov o podiele infiltrovanej vody rie¢-
nych ndplavov Bodvy a krasovej vody hacavsko-jasovskej
hydrogeologickej Struktuiry na vydatnosti pramefia Drieno-
vec (Suba, 1973; Orvan, 1974, 1991) s uvdZenim zrazok
ako primarneho zdroja infiltracie vody a teploty vzduchu
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ako dalgicho reZimotvorného ¢initela sme za vstupné dadta
komplexnej analyzy rezimu vydatnosti pramena Drienovec
zvolili nasledujice premenné:

- mesacny uhm zrdzok Z [mm)] v zraZkomernej stanici
Hacava za hydrologické roky 1981 - 1991,

- priemernd mesacéni teplotu vzduchu T [°C] v meteoro-
logickej stanici Moldava nad Bodvou za hydrologické ro-
ky 1981 - 1991,

- priemerny mesaény prietok Bodvy Q [m?.s7!] v stanici
NiZny Medzev za hydrologické roky 1968 - 1991,

- priemernd mesacénu uroveil hladiny podzemnej vody H
[m n. m] v objekte 1092 Debrad - Hatiny za hydrologické
roky 1968 - 1991,

- priemernd mesaént vydatnos{ pramefia Drienovec VD
[1.s] za hydrologické roky 1977 - 1991,

Charakteristiky sa hodnotili ako priemerné hodnoty me-
siacov (november, . . . april, . . . oktdber), ako priemerné
ro¢né hodnoty a ako asové rady premennych za celé hod-
notené obdobie.

Oznacenie premennej sa skladd z oznacenia druhu pre-
mennej a z ¢isla mesiaca, resp. pismena R (ro¢ny priemer).
Napr. VDO3 = priemerna vydatnost v marci.

Metodika riesenia

KedZe analyza reZimu hydrogeologického prvku (vydat-
nosti Q) sa musi zameraf tak na asovy faktor, ako aj na
pricinné faktory (rezimotvorné ¢initele), rieSenie sme roz-
delili do nasledujucich krokov:

1. Zdkladné Statistické hodnotenie suborov klimatickych
a hydrologickych charakteristik - uréenie aritmetického
priemeru X, charakteristik rozptylu (maximadlna hodnota
X,.xo Minimdlna hodnota x , , smerodajnd odchylka s_,
koeficient varidcie C) a dalsich charakteristik - koeficienta

Tab. 1
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asymetrie C_, excesu E, posudenie nevyhnutnosti transfor-
madcie premennej z hladiska normality rozdelenia pocet-
nosti premennej.

2. Grafické hodnotenie ¢asovych radov.

3. Faktorovd analyza rezimu ¢initelov.

4. Posudenie vzfahov zrazok, kolisania hladiny podzem-
nej vody a vydatnosti prameiia Drienovec metédou kroko-
vého vyberu premennych.

Vysledky a ich analyza

1. Zdkladné statistické hodnotenie premennych sa vyko-
nalo tak pre kompletné neskrdtené sibory premennych -
zrazky Z, teplota vzduchu T, prietok Q, urovett hladiny
podzemnej vody H, vydatnost pramenia VD, ako aj pre jed-
notné ¢asové obdobie hydrologickych rokov 1981 - 1991.

Vybrané charakteristiky ziskané Statistickym spracova-
nim sd v tab. 1.

Podla vysledkov mozZno konstatovat, Ze okrem charak-
teristiky Q (prietok) nie su potrebné nijaké transformdcie
premennych z hladiska normality rozdelenia pocetnosti sd-
borov. Pri charakteristike Q si transformdciu vyzadovala
premenna Q11, Q08 a Q10. Vo vsetkych troch pripadoch
sa pouzili logaritmické transformacie.

Pri premennych Q, H a VD, pri ktorych sa Statisticky
zhodnotili neredukované aj redukované subory, sa ukdza-
lo, Ze hodnoty obdobia 1981 - 1991 vykazuju oproti nere-
dukovanému obdobiu celkovy pokles charakteristickych
hodnét (priemery, minimd, maximd).

2. Grafické hodnotenie Casovych radov premennych
spocivalo v kondtrukeii grafov odchylok priemernych me-
sa¢nych hodnét od dlhodobého priemeru daného mesiaca,
¢lm sa zdroven ziskal aj obraz o reZime prislusnej charak-
teristiky v priebehu roka (tento graf vydatnosti pramena

Vybrané statistické charakteristiky premennych
Selected statistical characteristics of variables

XL XIL I IL. 1L Iv. V. VI VIL  VIL IX. X. R

X 59 42 36 42 45 71 114 110 88 74 56 54 793

2 P 5 7 8 1 13 2 64 52 27 23 4 13 666

X 123 103 87 94 85 132 171 158 192 142 153 120 917
C, 067 077 068 068 051 05 030 033 053 042 076 071 010

X 6,5 1,6 0,1 2,8 99 161 215 238 264 266 L9 153 144

T e 26 25 35 27 37 135 17,7 210 240 249 188 134 133
X 8,2 4,0 33 85 132 188 238 255 289 296 255 167 155
c 026 1,07 226 1,0 028 010 008 006 005 005 008 006 005
% 0315 0327 0174 0223 0613 0766 0720 0509 0332 0224 0171 0216 0,386
QX 0062 0057 0037 0045 0094 0245 0263.