.

= issuossa-zoss”“* =

m 3 Cangress oithe Carpaﬂuan Balkan GeologmalAssocmtmn

_ ~ POST-CONGRESS  PROCEEDINGS

- — S —

T — = Statny geologwkyustav Dmnyza Stura, Brat;slava _

g ] qYTH:

T
’

il
1
1

.

?"
1
|

!

:
’



Mineralia
Sliovaca

Casopis pre regiondlnu a environmentdlnu geoldgiu
a aktivity Slovenskej geologickej spoloCnosti a geologickych asocidcif

Vedtci redaktor — Chief editor
PAVOL GRECULA

Statny geologicky tdstav Dionyza Stira

Regiondlne centrum KoSice
Jesenského &, 040 01 Kosice, Slovakia

REDAKCNA RADA - EDITORIAL BOARD

Predseda — Chairman
5 MICHAL KALICIAK
Statny geologicky udstav Dionyza Stira, Bratislava

Viadimir Bezék. Statny geologicky tstav D. Stdra. Bratislava
Miroslav Bielik, Geofyzikdlny tstav SAV. Bratislava

Jozef Franzen. Ministerstvo Zivotného prostredia SR, Bratislava
Jozef Daniel. Uranpres, s. r. 0., Spi¥skd Nova Ves

Peter Hanas, Ministerstvo Zivotného prostredia SR. Bratislava
Dusan Hovorka, Prirodovedecka fakulta UK, Bratislava

Pavel Hvozdara, Prirodovedecka fakulta UK, Bratislava

Juraj Janocke, Fakulta BERG. TU KoSice

Vlastimil Koneény. Statny geologicky ustav D. Stira, Bratislava

Karol Marsina. Stétny geologicky tstav D. Stira. Bratislava
Jozef Michalik, Geologicky Gstav SAV, Bratislava

Lubomir Petro, Statny geologicky ustav D. Stira. Kogice
Miroslav Pereszlényi. SPP-OZ VVNP, §. p.. Bratislava

Martin Radvanec. Statny geologicky tstav D. Stira, Sp. N. Ves
Peter Reichwalder, Slovenska geologicka spolo¢nost. Bratislava
Igor Rojkovié, Prirodovedeckad fakulta UK, Bratislava

Jan Sotak, Geologicky ustav SAV. Banskd Bystrica

Dionyz Vass, Lesnicka fakulta. Technickd univerzita. Zvolen

Ivan Kraus, Prirodovedecka fakulta UK, Bratislava
Jozef Lanc, Geocomplex. a. s.. Bratislava
Franti§ek Marko, Prirodovedeckad fakulta UK. Bratislava

Ivan Vrubel. Geospektrum, s. r. o., Bratislava
Jan Zuberec. Statny geologicky ustav D. Stiira, Bratislava

REDAKCIA — EDITORIAL STAFF

Vediica redakcie — Managing editor
Gabriela Siposova
Jazykovi redaktori — Lingual editors
Pavol Kusnir — Zoltdn Németh
Technicka redaktorka — Production editor
Alena Wolfovd
Redaktorka — Editorial assistent

Mdria Dryjovd

Mineralia Slovaca (ISSN 0369-2086) vychddza Styrikrat ro¢ne. Vydavatel: Statny geologicky tstav Dionyza Stura. Bratislava. Spracované systémom
DTP Apple Macintosh. Tlaé: Copycenter. spol. s r. 0., Kogice.

Predplatné v roku 2003 pre jednotlivcov 200,- Sk, pre ¢lenov Slovenskej geologickej spolocnosti 160.- Sk. pre organizacie 250.- Sk. Cena jednotlivého
¢isla je 50.- Sk. cena dvojéisla je 100,- Sk. Casopis mozno objednat v redakcil.

Adresa redakcie: Stitny geologicky ustav D. Stira — RC Kogice (Mineralia Slovaca). Jesenského 8. 040 01 Kosice. Telefén: 055/625 00 46. fax: 055/625 00 44,
E-mail: mineralia@gssr-ke.sk.

Mineralia Slovaca (ISSN 0369-2086) is published quarterly by the Geological Survey of Slovak Republic, Bratislava. Text was written, edited and
composed on a DTP system using Apple Macintosh computers.

Subscription for 2003 calendar year: 92 USD including postage. Claims for nonreceipt of any issue will be filled gratis. Subscription can be sent
Statny geologicky dstav D. Stira — RC Kosice (Mineralia Slovaca), Jesenského 8. 040 0] Kosice. Slovakia and SLOVART - G.T.G., Krupinska 4,
P O. Box 152, 852 99 Bratislava. Phone:-++ 421/55/625 00 46, fax: ++421/55/625 00 44, E-mail: mineralia@gssr-ke.sk.

© Statny geologicky dstav Dionyza Stiira, Bratislava




@b@ @h = @@Dﬂii@ D@i@ M/”e,.g/g?/aca 352003) ¢ 1

Hovorka, D.
Geosciences in society — their position and goals for the 21st century .......... ... . ... ... . ... . ... . . 1

Golonka, J., Krobicki, M., Oszczypko, N. & Stomka, T.

Early stages of the Carpathian basins development . ... ... ... .. ... .. ... . . . . . . 4
Golonka, J.
The Outer Carpathian basins geodynamic reconstructions: problems and pitfalls ................................... 7

Golonka, J., Matyszkiewicz, J. & Wilczyrska, A.
Girvanella limestones and the occurrence of Girvanella minuta Wethered
in the Upper Jurassic-Early Cretaceous of the Carpathian foreland ...... ... ... ... . ... ... .................... 9

Golonka, J. & Slqczka, A.
Geodynamic evolution stages and climate changes in the Outer Carpathians ....... ... .. ....... ... .. ........... 11

Golonka, J., Frank, J. & Picha, J.
The Carpathians: geology and hydrocarbon resources . ............ .. ... . . . ... . . . i 14

Oszczypko, N., Golonka, J., Malata, T., Poprawa, P., Stomka, T. & Uchman, A.

Tectono-stratigraphic evolution of the Outer Carpathian basins (Western Carpathians, Poland) ...................... 17
Kovdcik, M.

Pre-Alpine tectonics and metamorphism of basement rocks in the central part of Kohiit Zone

(Southern Veporicum, Inner Western Carpathians) ........... ... ... . ... ... . . ... ... .. 21
Bezdk, V.

Hercynian and Alpine strike-slip tectonics — a dominant element of tectonic development

of the Inner Western Carpathians . ... ... ... .. 24

Harkovska, A., Pecskay, Z., Eleftheriadis, G. & Christofides, G.
Timing of the Tertiary magmatic activity in the Central and Western Rhodopes
and “Serbo-Macedonian massif”’ (SW Bulgaria and N Greece) — radiometric data evidence ........................ .. 27

Szeliga, W. & Michalik, M.
Contact metamorphism and hydrothermal alterations around andesite intrusion

of the Jarmuta hill, Pieniny (Poland) . ....... ... . . .. 31
Derkowski, A.

Experimental transformation of volcanic glass from Streda nad Bodrogom (SE Slovakia) ............................ 35
Bielawska, J.

Paleoecological remarks about the Late Cretaceous foraminiferids from the Frydek—type marls

(Subsilesian Unit, Polish Outer Carpathians) .. ......... ... . . e 401

COVER: Part of tectonic map of the Carpathian-Balkan region (ed. M. Mahel, 1973; published by D. Stir’s Geological Institute Bratislava and
UNESCO)

OBALKA: Cast tektonickej mapy Karpatsko-balkdnskej geologickej oblasti (red. M. Mahel, 1973; vydal Geologicky tstav D. Stira
Bratislava a UNESCO)

iii



Starzec, K.
Glaucony in flysch deposits at the front of the Magura nappe near Folusz
(Polish Outer Carpathians) ... ... ... . e 42

Bohn-Havas, M., Lantos, M. & Selmeczi, I.
Dating of the Tertiary “Pteropoda events” in Hungary by magnetostratigraphy .................................... 45

Andreyeva-Grigorovich, Aida, S., Oszczypko, N., Slaczka, A., Savitskaya, N. A.

& Trofimovich, N. A.

The age of the Badenian salt deposits of the Wieliczka, Bochnia and Kalush areas

(Polish and Ukrainian Carpathian Foredeep) ......... ... ... . . . 49

Bukowski, K., Czapowski, G., Karoli, S. & Kotuldk, P.
Adenian evaporitic — clastic succession in the East Slovakian basin (Zbudza FM, the Well P-7) ........................ 53

Krobicki, M., Kruglov, S. S., Matyja, B. A., Wierzbowski, A., Bubniak, A. & Bubniak, I.
Relation between Jurassic klippen successions in the Polish and Ukrainian parts
of the Pieniny Klippen Belt .. ... ... . 56

Skupien, P., Elids, M. & VaSicek, Z.

New knowledge of Cretaceous lithostratigraphy and biostratigraphy in the Silesian Unit

in the Moravskoslezské Beskydy Mountains and the Podbeskydska pahorkatina Upland

(Outer Western Carpathians, Czech Republic) .. .. ... ... . . e 58

Skupien, P., Vasicek, Z., Rehdkovd, D. & Halasovd, E.
Integrated biostratigraphy of Lower Cretaceous of the Manin Unit
(Strazovské vrchy, Western Carpathians) ... ... ... .. 61

Sidorczuk, M.
Microfacies, stratigraphy and sedimentary environment of Jurassic ammonitico rosso facies

of the Czorsztyn and Niedzica Successions in the Pieniny Klippen Belt in Poland, Carpathians ........................ 65

Ladenberger, A., Kiebata, A. & Michalik, M.

Heavy mineral assemblages from recent stream alluviainthe TatraMts. ........ ... . ... ... ..................... 68
Siblik, M.
Review of the Pliensbachian brachiopods of the Northern Calcareous Alps ........................................ 70
Poldk, M.
Regional geological cartography of Slovak Republic . ........ ... . .. . . . . 72

@C%yestmik




xvirth Congress of the Carpathian-Balkan

Geological Association
Bratislava, September 1-4, 2002

Foreword

On 14 September 2002 the XVII Congress of the Carpathian-Balkan Geological Association took
place in Bratislava.

This international event of European importance was organized by the Geological Survey of Slovak
Republic in co-operation with Geological Institute of Slovak Academy of Sciences, Comenius University,
Faculty of Natural Sciences, Geophysical Institute of Slovak Academy of Sciences, National Geological
Committee, and Slovak Geological Sociery under auspices of the Ministry of the Environment of Slovak
Republic.

The Carpathian-Balkan Geological Association (CBGA) belongs among the oldest international pro-
fessional associations in Europe. Its constituent members were Czechoslovakia, Poland, Romania and
Yugoslavia.

CBGA is non-governmental, international, scientific, non-political and non-profit association of scien-
ces working in the field of geology in the Carpathian—Balkan region. It is a member of International
Union of Geological Sciences. The congress of the Association is organized regularly every four years in
one or more of the member countries.

498 participants from 24 countries from Europe, Asia and Australia took part at the XVII Congress of
the CBGA. During the congress 212 lectures were presented and 132 posters were displayed. The contri-
butions included the whole spectrum of geology; many of them concerned problems of geophysics.

The Congress included nine working groups dealing with the following themes:

1. Paleogeography and Development of Basins. the Mesozoic and Tertiary Basins

2. Paleontology and Stratigraphy

3. Metamorphic Processes

4. Volcanic and Plutonic Processes

5. Structural Geology and Tectonics

6. Lithosphere Structure, Seismology and Earthquake Hazards

7. Mineralogy, Economic Geology and Mineral Sources

8. Hydrogeology and Geothermal Energy

9. Environmental Geology

Several working sessions, important for development of bilateral and multilateral relationships among
the individual member countries and scientific organizations, were held also:

1. Alpine—Carpathian—Pannonian map of Terrains

2. Tertiary Alpine—Carpathian—Pannonian Volcanoes

3. IGCP Project No. 442: Rock Material of the Neolithic Stony Artifacts

4. IGCP Project No. 443: Magnesite and Talc '

5. Geological Heritages and Geotourism

6. Changes of the Climate



7. Radiogene and Stable Isotopes
8. Petroleum Geology — Fossilized Fuels
9. Quaternary Geology
10. Technolithology — Pathological Changes in Construction Materials
The presentations of regional geological projects were equally important:
1. DANREG 1990-1998
2. TIBREG 1995-2001
3. Regional Geological Maps
4. International Co-operations Among Poland, Slovak Republic, Czech Republic and Ukraine.
At the end of the Congress a geological excursion was organized where all fundamental units of the Western
Carpathians were introduced.
During the final ceremonial the Republic of Yugoslavia took over the chairmanship of the CBGA — Yugoslavia is
organizing the next congress that will be held in 2006 in Beograd.

Edirors

Note: The extended abstracts, being accepted by the Scientific Committee of the XVII Congress of Carpathian-Balkan Geological Association, were
published in the special issue of the journal Geologica Carpathica 53/2002. This Post-Congress issue of Mineralia Slovaca presents only the extended
abstracts of authors using this publication possibility given by the Organizing Committee of the Congress during the closing ceremony.

vi
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Geosciences in society — their position and goals for the 21° century

DUSAN HOVORKA

Faculty of Natural Sciences, Comenius University, Mlynskd dolina, 84215 Bratislava.
Slovak Republic

(Received 17 February 2003)

Geosciences and society

The XVII Congress of the CBGA belongs to those ones
in the field of geosciences, which are organized not long
after the change of centuries and millenia. So it is a sui-
table moment to do evaluation of the position and role of
geosciences in human communities on one, and the posi-
tion of geosciences among sciences in gencral, on the ot-
her side. Such summary is needed for the following appli-
cation of geosciences’results into society and for the bet-
ter understanding of the planet Earth processes and their
consequences on the quality of our daily life.

Last decades of the 20® century brought countless evi-
dences on non-substitutional role of geosciences in hu-
man community namely keeping in mind idea of “sustai-
nable development” proclaimed in the past.

Grandious projects of superpowers from sixties and se-
venties of the last century dealing with the recognition of
the terrestric planets did not proved non proclaimed but
hopefully expected idea on huge exploitable raw material
deposits occurring there. This mankind dream has not
been proved. The reality valid nowadays is, that the Earth
crust was the place of the mankind origin and that the raw
materials needed occur exclusivelly on, or better in the
lithosphere of the planet Earth. The number of Earths’ in-
habitants permanently increases. Not speedy in Europe
and North America, but drastically rapidly in the East
Asia and Africa and Latin America. The increase of the
human population on one side, but also an introduction
of the new and new transport, communication and databa-
ses forming and for re-creation decized systems they all in
the second half of the 20" century consumed more inor-
ganic raw materials as was amount of them exploited in
the whole previous history of mankind. This is valid name-
ly for energetic materials: oil and gas. During the last 30
years mankind consumed more of them that before 1970.
We geologists know the reality, but do take it into strate-
gic decision also politicians of decision making people?

Following such introduction it is time to formulate the
following crucial question: are geologists prepared to sol-
ve problems of mankind in the 215" century? Among
principal tasks belong namely discoveries of new, from
some aspects of view nontraditional raw materials, to dis-

cover sufficient amount of drinkable water, but simulta-
neously to fix up suitable location of communal, indus-
trial, toxic as well as radioactive wastes, in monitoring
and minimalizing natural disasters (earthquakes, over-
flows, landslides, volcanic hazards, radon risks and many
others). How are geologists prepared in colaboration with
other natural and human scientists to face danger of deser-
tification of huge areas, danger of acidification of farmed
land and the many other tasks? No less important are geo-
logical problems connected with location of huge under-
ground noisy technologies etc.

This short review allows us to sum up ways how to
solve mentioned questions. So the main tasks are as
follows: how geologists shall realize all expected prob-
lems in inorganic nature having direct impact on human
society in the 21°% century? Only little attention have
been paid to the mentioned problematic in our countries
until now.

Geological sciences (or geosciences it the broader mea-
ning) in both applications, e. g. as one of natural scien-
ces and simultaneously as the integral part of states eco-
nomies, culminated in sixties and seventies of the 20"
century. Since that time geosciences in a hierarchy of the
society priorities gradually loss their former positions.
Such unfavourable development is based on the following:

i) Namely in the 3rd world large deposits of basic me-
tals (but not only those) are exploited using modern tech-
nologies in excavation, dressing and what is the most im-
portant — using relativelly cheap man power.

1) In prosperous democraties the long-term activities of
officials of all levels to educate human communities in
respect to recyclise basic metals and the other raw mate-
rial commodities reached their harvest: substantial part of
the raw materials is repeatedly used.

i) It acts to a general trend to use raw material in lower
amount for machines, tools, and many other products of
industries construction. This aspect is concentrated in the
use of highly effective electronic hardware, chips, electro-
nic communication network etc.

As a direct consequence of lower demand of young geo-
logists/geoscientist the numerous departments of geologi-
cal sciences in various universities round the world have
been closed, or their staffs have been reduced. The most
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sensitive aspect of the discussed problematic is that the
geological research (survey) of state territories (geological
mapping included) in the majority of countries by the sta-
te quaranteed budged has been drastically reduced. While
in economically prosperous countries industry supplies
a part of geoscience research, in transforming Middle- and
Eastern European countries industry is not prosperous
enough to supply financially geosciences in their color-
full activities.

Not belonging to pesimists, it seems to the speaker,
that there exist — at least partial, solutions. I will try to
pointed on some of them.

Education in the earth sciences

One of the main tasks to stop above mentioned non de-
sirable trends have geoscientists themselves. They ought
to prepare the global plan- and decision makers of the uni-
que role of geosciences (modern material sciences, i. €.
geology in the whole, but namely geophysics, geo-
chemistry, mineralogy, petrology, crystallography) in the
process of discovery, identification and proposals of the
practical use of new, mostly non-traditional raw materials.

For modern educated societies appropriate knowledge of
inorganic nature is one of basic demands. Only educated
people in the whole complexity of the current-day human
knowledge will be abble to manage small or large human
communities. They have to keep in mind that economic
and from environmentalistic point of view non harmful
exploitation of abiotic sources is a fundamental aspect for
progressively developing communities in the 215" century.

Universities education in geosciences underwent chan-
ges during the very last decades. The majority of minis-
ters of education of the European countries in 1997 sig-
ned so called “Bologna proclamation”, according to which
also university studies of geosciences have three conse-
quently following levels: bachalor, magister (master) and
doctor’s level. The other unifying aspects of mentioned
proclamation are the mobility of students and teachers
within the country and on international level. This is
applicable among universities which undervent internatio-
nal (OECD) accreditation.

Among topical aspects in education, on both, middle
school as well as on the university level belong the adap-
tation of system of lectures and practises to the top level
tasks of geology. So students of geology need more basic
sciences (matematics and physics, chemistry including),
they ought to be directed to learn international languages,
to be abble to work on PC, internet etc.

Education in geosciences on the university level rapidly
changed in the whole world dimension during the last, let
say, 30 years. Meanwhile in sixties and seventies of the
last century the education in geosciences on magister and
namely doctor levels for students from developing coun-
tries has been performed mostly by the European and the
North American universities, nowadays in the majority of
the third world countries national universities have been
established, where also the basic courses in geology are
offered. In spite of that role of well established European

and American research universities there is permanent the
organization of the field courses and pre- and postdoc
courses in various specialization.

In this context I would like to underline that in geo-
logy there is still valid the classical H. H. Read’s well-
-known sentence: “the best geologist is he who has seen
the most rocks”. So extensive field experiences, which
ought to be an integral part of the university studies, al-
ways reflect respect among geoscientists. So education in
geosciences is long in comparison, for example with ma-
tematicians, who often score their brilliant successes
when they are young. The geoscientists somewhat resem-
ple the diagnosticians in medicine, where field work sho-
uld be called as “clinical experience” of medicine doctors.

Namely in our country, as the relic from the past, du-
ring the secondary school study our young generation is
supplied in very restricted amount by the top level scien-
tific knowledge dealing with inorganic nature. Short cour-
se of inorganic nature and basic aspects of the Universe
(restricted mostly to non atractive crystallography reduced
to the crystal symmetries) is tought by teachers without
appropriate education at the university level, etc. To
change situation in this respect is fundamental for rea-
ching highter level of inorganic nature understanding by
the prevailing part of the society.

Author of these remarks reached conclusion that only
well complexly educated members of human societies in
all aspects of modern life will understand inorganic nature
basic laws and will react adequatelly in respect to them.
Such selected (or elected) individuals (the parliament
members included) will understand basic processes in na-
ture and will have positive standpoint to financial neces-
sities in this respect, €. g. to geological survey of the sta-
te territory, geoscientific education at the secondary
school levels, financial budget of universities depart-
ments, needed money for laboratory equipment, libraries,
field courses of pre- and postdoctoral students, etc. Clo-
sing this aspect: education of all members of human so-
ciety is the base request for prosperous managament of
inorganic nature, its resources and namely their environ-
mentally non-destructive exploitation.

Publication policy

In contrast to the other sciences the geosciences or bet-
ter, geoscientists, represent, which is not meant absolute-
ly, selfconsuming society in relation to spred over com-
munities of individual states results of professional work.
Only few university teachers or top level scientist from
the academies and surveys have fixed among their perso-
nal priorities to publish from time to time the scientific-
-popular themes, or to prepare scenarios for film, TV, ra-
dio etc. Selfconsuming aspects of geoscientific communi-
ties in individual CBGA countries reflects in low amount
of international scientific journals listed in the Current
Contents or other accepted databases. It should be illustra-
ted by number 2 of geoscientific journals in the space
between Berlin and the Urals, which are listed in the Cur-
rent Contents.
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Already in the last two CBGA congresses the idea of
one topical international geoscientific journal has appea-
red. In the past a general agreement has been reached, that
for the moment such journal should be Geologica Carpat-
hica. This journal is already inciuded in the Current Con-
tents and has appropriate impact factor. The only prob-
lem, which should be solved soon, is sufficient amount
of manuscripts covering various fields of geosciences of
international standard written by the authors from the
CBGA countries. So, we call for manuscripts!

Well educated people univocally accept that the science
as a whole represents one of the major parts of contem-
porary culture. In the context of this the geosciences play
crucial role in both: the popular as well as in scientific
culture. It is general opinion: majority of human beings
look at the world over the last several centuries. Nowa-
days it is clear that a knowledge of the Earth history basi-
caly enriches our understanding of mankind history.

Understanding of history of our enrironment started to
be a distinct field of geologists’ interest only in the last
decades. But human history without history of the Earth,
or more precise, without history of human environment,
is incomplete, it is partial. But all this ought to be re-
membered, or what is more effective, to be presented to
the whole societies and our colleague scientists of the ot-
her specializations.

“Penetration” of geology into various
fields of human activities

A wide spectrum of non-traditional applications of well
trained specialists in geosciences in human societies is
the other possible and desirable solution of discussed
problematic. Various fields as well as laboratory methods
used by geoscientists in a very broad spectrum of human
activities up till now have been seldomly realized. But
this aspect varies from country to country and depends on
the trends of the university level education.

In the field of scientific research let us use archaecomet-
ry/petroarcheology as an exemple. Modern archeology uni-
vocally needs collaboration with material scientists (mine-
ralogists, petrologists, geochemists, geophysicists), but al-
so with biologists, analytical chemists, climatologists and
the others. Using working research methods of mentioned
sciences archeological artefacts should be defined in details:
the raw materials of chipped and polished implements and
settlements construction materials, types and provenances
of clays for ceramic production etc. Getting basic informa-
tion on raw materials used in discrete area in given time-
period, migration paths of the raw materials or ready-made
implements in continental dimensions should be traced.
Accepted IGCP/UNESCO project No. 442 (Raw materials
of Neolithic/Aeneolithic implements: their migration path
in Europe) for the year 1999 and the following years should
be used as an exemple of interdisciplinary approach to sol-
ve the above problematics.

Based on the fact that archeological objects differ in
physical properties (electrical conductivity, density,
susceptibility, radioactivity and the others) from the sur-

rounding media, measurirg of mentioned properties by
sensitive instruments is highly effective. Using geophy-
sical methods enable us to decrease the volume of techni-
cal work (excavations) and reduce financial cost and time
needed. Geophysical methods have been used during last
sixty years for prospecting and location of archeological
sites of interest mainly in the Northem Europe. Later on
these methods have been applied all over the world.

But geosciences have tremendous application also in
practical technologies and human activities. Permanent
problems in inorganic environment should be monitored
and problems solved using geoscience methods, for exam-
ple problems of soil erosion, overflows, landslides and
rockfalls, prediction of earthquakes and volcanic erup-
tions, location of the radon risk areas, in solving prob-
lems of ancient mine wastes, underground located techno-
logies, surveys for suitable quantity as well as quality of
drinking water. Geologists in broader sense should look
for jobs in rapidly developing new technologies, i. e. pet-
rurgy (artifical melting of natural rocks and consequent
production of rock-wool and bricks) surveys for places of
radioactive waste deposits, places for exploitation of the
“dry rock” heat and many others.

At last but not of the least meaning I would like to
mention necessity of educated crossdisciplinary specialists
trained both in museology as well as in geosciences.
Such museum custodies are completely missing in the
majority of museums in the country though several of
them are concentrators of artefacts of inorgenic character.
Translators into international languages educated in
geosciences should get jobs in leading publishing houses,
press, TV and radio, but our young colleagues ought to
try to get such positions!

Concluding remarks

1. Geosciences in society will play non-replaceable role
also in the 21% century. But they do have partly change
their priorities. The leading slogan “geosciences in servi-
ce to society” will be preferably used and will help to get
money for geological activities in future.

2. For basic research there will be not enough money
in individual countries with transforming economies. So
the only way how not to be outsiders is to joint interna-
tional teams financed by non-profitable international
agences such as the UNESCO, IUGS, EU, NATO and
the others. The other way is to submit international
scientific or practical problems solving projects.

3. First step in reaching the high level of university
education is to have high level of middle school education
in basic sciences. So it should be very effective from ti-
me to time to organize short courses (lectures and practi-
cal demonstrations of geological phenomena, rocks, mi-
nerals, new geological maps and all kinds of printed mat-
ters) for the middle school teachers. In Bratislava we have
already opportunities from the organization of several
such courses. The middle school teachers are fully satis-
fied and ask for the next ones.

4. The education of the society is one of the nowadays
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actual problems of geosciences. Educated individuals,
when selected or elected into position in the state admi-
nistration, have primary personal knowledge and there is
hope that their decisions will be in accordance to the ef-
forts of scientists. So dear colleagues: start with populari-
zation of geosciences as soon as possible. Ways to do so
are very different. In this respect, your will to do popula-
rization of science, is in the first place.

5. Alpine Europe in its eastern sector has several unique
geological phenomena. Many type localities for rocks, mi-
nerals, but also geological processes etc. are cited in the
world scientific literature. But modern description (with re-
levant isotopic, microprobe and the other laboratory results)
and evaluation of them is mostly missing.

6. In the CBGA countries several tens of geological pe-
riodicals are published. Part of them is published in inter-

national languages. It is normal that individual editors
and publishers try to get papers on the possible highest
level. But from the point of view of consumers to follow
mentioned tens of journals is tirefull, and time consu-
ming work. Already mentioned concentration of our best
results in restricted amount of journals covering the eas-
tern segment of the Alpine Europe should be progressive.

7. Let us offer opportunity to our university students and
doctorands to finish university study in the crossdisciplina-
ry/transsectorial specializations, e. g. geosciences — archeo-
logy, geosciences — journalism, geosciences — museology,
geosciences — administration/management etc. In other
words: university studies need more diversified specializa-
tions for the 21% century as they have nowadays.

This invited lecture has been presented during the opening plenary
session of the XVII CBGA Congress in Bratislava (01/09/2002).
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Abstract

The basement of most plates, which play an important role in the Mesozoic-Cenozoic evolution of
the circum-Carpathian area, was formed during the Late Paleozoic collisional events. The Mesozoic
rifting events resulted in the origin of the oceanic type basins like Meliata, Vardar-Transilvanian and
Ligurian-Penninic-Pieniny Oceans. During the Late Jurassic-Early Cretaceous time the Outer Carpathian

rift had developed.
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The basement of most plates, which play an important
role in the Mesozoic-Cenozoic evolution of the circum-
-Carpathian area, was formed during the Late Paleozoic
collisional events. The older, Cadomian and Caledonian
basement elements experienced the Hercynian tectono-
thermal overprint (Rakis et al., 1998). Moesia, Rhodo-
pes and the Alcapa superterrane which includes Eastern
Alps, Inner Carpathians, Tisza and adjacent terranes, were
sutured to the Laurasian arm of the Pangea, while Adria
and adjacent terranes were situated near the Gondwanian
(African) arm. The Paleotethys Ocean was situated bet-
ween northern, Laurussian (N. America, Baltica and Sibe-
ria) and southern, Gondwanian branch (Africa, Arabia and
Iranian terranes) of Pangea (Golonka, 2000). Mountains
formed on the northern margin of Paleotethys, as a result
of these events, were connected with the Hercynian oro-
gen in Europe. North-dipping subduction developed along
the Paleotethys margin. This subduction was a major for-
ce driving the Late Paleozoic and Early Mesozoic move-
ment of plates in this area. It caused Triassic back-arc rif-

ting in the proto-Black Sea area forming the Tauric basin
between the Pontides and the Dobrogea-Crimea. Accor-
ding to Muttoni et al. (2000) Moesia was probably mar-
ginally separated, but not detached or rotated away from
Europe by the North Dobrogea transtensional trough,
which is also interpreted as a back-arc basin resulting
from the northward subduction of the Tethys Ocean. This
trough was perhaps connected with the rift situated in Po-
land. The Polish rift, also known as the Polish-Danish
Aulacogen has SE-NW direction parallel to the Trans-
european Suture Zone.

The oceanic system was established in Southern and
Central Europe during the Permian-Triassic time. The
narrow branch of Neotethys separated the Apulia-Taurus
platform from the African continent. The Apulia platform
was connected with European marginal platforms. Its
northernmost part was possibly separated from the Um-
bria-Marche region by a rift. The incipient Pindos Ocean
separated the Pelagonian, Sakariya and Kirsehir block
from the Ionian-Taurus platform (Golonka et al., 2000).
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The Vardar-Transilvanian Ocean separated the Tisza (Bi-
hor-Apuseni) block from the Moesian-Eastern European
Platform (Sandulescu, 1988). There is a possibility of
existence of the embayment of Vardar-Transilvanian ocea-
nic zone between the Inner Carpathians and European
Platform (Golonka et al., 2000). The pelagic Triassic li-
mestones in the exotic pebbles in the Pieniny Klippen
Belt (Birkenmajer et al., 1990) and Magura Unit (Soték,
1986) could have originated in this embayment. The em-
bayment position and its relation to the other parts of
Tethys, Vardar Ocean, Meliata-Hallstatt Ocean, Dobrogea
rift and Polish-Danish Aulacogen remain quite speculative.

According to Rakis et al. (1998) two oceanic units
were located south of the Inner Carpathian plate. One was
open during the Triassic time, closed during the Late
Triassic as a result of the Early Cimmerian collision.
Another, represented by sequences at the classic profile,of
Meliata in Southern Slovakia, opened during Early-
-Middle Jurassic as a back-arc basin and closed during

Late Jurassic time. The position of the Meliata Ocean, time
of closing and a role of the Tisza unit in the Mesozoic
collisional events is still the subject of lively discussion
(see e. g. Kozur, 1991; Stampfli, 2001; PlaSienka, 1999;
Golonka et al., 2000; Wortman et al., 2001).

Continual sea-floor spreading occurred during the Juras-
sic time within the Neotethys. The Pelagonian plate, Kir-
sehir and Sakariya (and perhaps the Lesser-Caucasus-Sa-
nandaj-Sirjan plate) were drifting from the Apulia-Taurus-
Arabia margin. The Ligurian Ocean, as well as the central
Atlantic and Penninic Ocean were opening during Early —
Middle Jurassic. The oldest oceanic crust in the Ligurian-
Piedmont Ocean is dated as late Middle Jurassic in Sout-
hern Apennines and in the Western Alps. Pieniny data fit
with the supposed opening of the Ligurian and Penninic
Ocean basins (Golonka et al., 2000). Stampfli (2001) re-
cently postulates single Penninic Ocean separating Apu-
lia and Eastern Alps blocks from Eurasia. We proposed
similar model for the Pieniny Klippen Belt Ocean in the
Carpathians. The orientation of this ocean was SW-NE
(see discussion in Golonka and Krobicki, 2001). The Pie-
niny Ocean was divided into the northwestern and south-
eastern basins by the Czorsztyn Ridge. The deepest parts
of both basins are documented by deep water, extremely
condensed, Jurassic-Early Cretaceous pelagic limestones
and radiolarites. The shallowest ridge sequences are known
as the Czorsztyn Succession. In this succession the Early
Jurassic Bositra ( “Posidonia”) marls are followed by
Middle Jurassic-earliest Cretaceous crinoidal and nodular
limestones and the Late Cretaceous pelagic marl facies.
The transitional slope sequences between deepest basinal
units and ridge units consist of mixed cherty, limestone
and marly facies. This Jurassic Ocean was connected with
older, Triassic embayment of Vardar-Transilvanian Ocean.

Major plate reorganization happened at the end of Juras-
sic. The Central Atlantic began to propagate to the area
between [beria and the New Foundland shelf. The Melia-
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ta-Hallstatt space was closed and subduction jumped to
the northern margin of the Inner Carpathian terranes and
began to consume the Pieniny Klippen Belt Ocean (Bir-
kenmajer, 1986). The Outer Carpathian rift had developed
with the beginning of calcareous flysch sedimentation.
The Western Carpathian Silesian Basin probably extended
in the Eastern Carpathian (Sinaia or “black flysch”) as
well as to the Southern Carpathian Severin zone (Sandu-
lescu, 1988). The remnants of carbonate platforms with
reefs (Stramberk) along the margin of Silesian Basin were
results of the fragmentation of the European platform in
this area. The Silesian Ridge separated the Silesian and
Magura basins. The subsidence and spreading in the Sile-
sian Basin was accompanied by the extrusion of basic la-
vas (teschenites) in the Western Carpathians during Hau-
terivian-Barremian and diabase-melaphyre within the
“black flysch™ of the Eastern Carpathians (Golonka et al.,
2000; Lucinska-Anczkiewicz et al., 2000). The extension
of the Silesian-Sinaia basin is mark by the beginning of
the sedimentation in the Skole-Tarcau area.

The Jurassic separation of Bucovino-Getic microplate
from European plate is perhaps related to the origin of the
Silesian Ridge. The direct connection is obscured ho-
wever by the remnants of the Transilvanian Ocean in the
area of the eastern end of Pieniny Klippen Belt Basin.
These remnants are known from the Ifaovce-Krichevo
unit in Eastern Slovakia and Ukraine (Soték et al., 2000).
In this area existed a junction of the different basinal
units — PKB-Magura-Ocean, Transilvanian Ocean and Ou-
ter Carpathian Basin. The eastward-northeastward sub-
duction along the Silesian Ridge and Bucovinian-Getic
Terrane was perpendicular or oblique to the southward
subduction at the northern margin of the Inner-Carpat-
hian-Eastern Alps terrane. The Silesian — Sinaia basin de-
veloped as a back-arc basin. The eastward subduction of
Getic-terranes is connected with the northward subduction
under Rhodopes-Moesia plate mentioned above. The dis-
placement within Transilvanian Ocean which began in
Barremian is perhaps also related to this subduction.

The Outer Carpathian basin reached its greatest width
during the Hauterivian-Aptian time. With the widening of
the basin, several subbasins (troughs) began to show their
distinctive features. These subbasins, like Silesian, Sub-Si-
lesian, Skole, Dukla, Tarcau, were locally separated by uplif-
ted areas, e. g. Inwald-Andrychéw zone. The general down-
warping of the Silesian Basin was probably due to the coo-
ling effect of the underlying lithosphere. The sedimentation
of calcareous sediments pass upwards gradually into black
shales with turbiditic sequences in the Silesian trough.

This research has been partially financially supported by the Polish
Commirtee for Scientific Research (KBN) — grant 6 PO4D 040 19. It is
also a contribution 10 IGCP 453.
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The Outer Carpathian basins geodynamic reconstructions:
problems and pitfalls
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Abstract

The paper discusses major unsolved problems related mainly to the paleoreconstruction of the Outer
Carpathian Basins during their opening stage in Triassic-Late Cretaceous. Age and location of Outer
Carpathian basins, their basement. paleostructural elements separating basins and their relations to the

surrounding crustal elements are major issues.
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Introduction

Traditionally the Northern Carpathians are subdivided
into an older range known as the Inner Carpathians and
the younger ones, known as the Outer or Flysch Carpat-
hians. At the boundary of these two ranges the Pieniny
Klippen Belt is situated. The Outer Carpathians are built
up of a stack of nappes and thrust-sheets changing along
the Carpathians and built mainly of flysch representing
the time span from the Jurassic up to the Lower Miocene.
All the Outer Carpathians nappes are overthrusting onto
the European platform covered by Miocene deposits of
the Carpathian Foredeep. These nappes have mainly alloch-
tonous character, and originated in basins situated outside
their present location. The palinspastic reconstructions of
the Outer Carpathian realm attempt to restore the age and
past location of basins, their age, their floor or basement,
relations to the surrounding crustal elements as well as
character of the paleostructural elements separating them.
All this goals are still not easy to achieve, many prob-
lems have to be solved and many pitfalls have to be avoi-
ded. This paper discusses some problems related mainly
to the basins opening; the basin closure is another issue
with an additional set of problems.

Age and location of Quter Carpathian basins

Traditionally (e. g. Slaczka and Kaminski, 1998) the
following sedimentary basins have been distinguished in
the Northern Outer Carpathians from south to north: The
Magura Basin, the Dukla and Fore-Magura set of basins,
the Silesian Basin, the Sub-Silesian Ridge and the Skole
Basin). The Late Jurassic to Albian age (e. g. Pescatore
and Slaczka, 1984; Slaczka and Kaminski, 1998) has
been assigned for the early stage of the basin develop-
ment, characterized by the basin subsidence (see alsc Po-
prawa et al., this issue). This age is certainly true for Si-
lesian Basin. The problem starts with the Magura Basin.
The main part of the Magura flysch sequences is of Late
Cretaceous-Paleogene age. However, there is also widely
accepted possibility of the much earlier, Early-Middle Ju-
rassic origin of the Magura Basin (see e. g. Birkenmajer,

1986; Dercourt et al., 1993; Golonka et al., 2000). On
the Stampfli (2001) reconstruction the Magura basin has
been posted on the Triassic reconstruction. Indeed, there
is a possibility of existence of the embayment of Vardar-
Transilvanian oceanic zone between Inner Carpathian, and
European Platform (Golonka et al., 2000). The exotic
material of the Triassic pelagic spotty limestones which
occur as pebbles within Cretaceous-Paleogene gravelsto-
nes in the Pieniny Klippen Belt (from the enigmatic so-
called Exotic Andrusov Ridge — Birkenmajer 1988; Bir-
kenmajer et al., 1990) and Magura Unit (Sotdk, 1986) could
have originated in this embayment. The Pieniny Ocean
was fully opened by the Middle-Late Jurassic time
(Birkenmajer, 1986; Golonka et al., 2000). Stampfli
(2001) recently postulates single Penninic Ocean separa-
ting Apulia and Eastern Alps blocks from Eurasia. The
Pieniny Ocean in the Carpathians constitutes perhaps the
extension of Penninic Ocean. The Czorsztyn Ridge divi-
ded the Pieniny Ocean into the northwestern and south-
eastern basins. The deepest parts of both basins are docu-
mented by deep water, extremely condensed, Jurassic-Ear-
ly Cretaceous pelagic limestones and radiolarites. The
northwestern part of this oceanic basin developed into the
Magura Basin during the Late Cretaceous time. The ques-
tion of the relationship between Jurassic basinal realm to
the Magura Flysch remains open, there is necessity ho-
wever to envision some basinal sediments preceding the
deposition of Cretaceous deep water red shales of Magura
Unit (Birkenmajer and Oszczypko, 1998). The original
orientation of the Pieniny/Magura Ocean is also a subject
of debate (see discussion in Golonka and Krobicki, 2001)
with most logical SW-NE direction. During the Late Ju-
rassic the southern part of the North European Platform,
north from the Pieniny/Magura realm started to be rifted
and Sifesian Basin in the Western Carpathians and Sinaia
basin in the Eastern Carpathians, with black, mainly ve-
deposited marls (?Kimmeridgian-Tithonian) have been
created (Pescatore and Slqczka, 1984). The other Sub-Ba-
sins were distinguished during the latest (Hauteri-
vian—Barremian) phase of basinal development. The con-
nection of Silesian Basin with Sinaia and Southern Car-
pathian Severin areas (Sandulescu, 1988) suggesis the
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NW-SE direc-tion of the basinal axis; so, two Outer Car-
pathian perpendicular directions are possible within the
basins.

Basement of basins

The Outer Carpathian flysch nappes have been
uprooted, therefore the relationship between the basement
of basins and their sedimentary sequences is not quite
clear. There is an assumption of the oceanic type of floor
in the Pieniny/Magura Ocean (Birkenmajer, 1986; Golon-
ka et al., 2000). However, the true ophiolitic sequences,
which could constitute the remnants of the original ocea-
nic floor of Outer Carpathian Basins, have not been pre-
served in the Western Outer Carpathian. There are perhaps
known from the Eastern Carpathians (e. g. Laschkevitsch
et al., 1995). The relationship between Ukrainian ophio-
lites and Western Carpathian Unit requires further investi-
gations. The oceanic type of floor in the Silesian and ot-
her unit is even more problematical. The geodynamic
models based on an assumption of Silesian oceanic floor
(e. g. Birkenmajer, 1986; Birkenmajer et al., 1990) do
exist however. The thinned continental crust appears to
be present during the Late Jurassic-earliest Cretaceous
phase of rifting. The teschenites intrusions appeared du-
ring the latest phase of the rifting stage (Hauterivian-Bar-
remian; Lucifiska-Anczkiewicz et al., 2000), marking per-
haps the initial stage of spreading. The Silesian basin rea-
ched the maximal width at that time (Golonka et al.,
2000), the Late Cretaceous inversion followed (Oszczyp-
ko et al., 2002) and oceanic crust did not have enough ti-
me to develop fully.

Relation to the surrounding crustal elements

In general, the basement of most of the plates, which
play an important role in the Mesozoic-Cenozoic evolu-
tion of the circum-Carpathian area, was formed during the
Late Paleozoic collisional events (Golonka et al., 2000).
The Outer Carpathian basins developed during the rifting
and/or drifting processes of the various parts of the Euro-
pean plate. The most logical assumption would be to pro-
duce a reconstruction of basins (regardless of their orienta-
tion) with European margin on one side and Inner Carpat-
hian plate on the other. The transitional elements of the
Inner Carpathian plate would constitute the Andrusov exo-
tic ridge (Birkenmajer, 1988) with back-arc and fore-arc
successions (Plasienka, 1999). The very problematic is
the position of Tisza plate in this picture. Tisza is now in
Hungary-Romania, south of the Inner Carpathian realm.
Some reconstruction (e. g. Neugebauer et al., 2001) place
Tisza originally during Mesozoic at the Eurasian margin
north of Inner Carpathian plate. The role, which Tisza pla-
te played during origin the Pieniny/Magura Ocean and Si-
lesian basin, is very unclear and speculative. Maybe Tisza
was after all originally located south of Inner Carpathians
and Meliata-Halstatt Ocean. The position of the Meliata
Ocean, and a role of the Tisza unit in the Mesozoic colli-
sional events is still the subject of lively discussion (see

e. g Kozur, 1991; Stampfli, 2001; PlaSienka, 1999; Go-
lonka at al., 2000; Wortmann et al., 2001).

Character of the paleostructural elements
separating basins

With the existence of several basins with different stra-
tigraphic succession it is necessary to postulate elevated
elements separating them (e. g. Ksigzkiewicz, 1960). As
many as seven such elements (cordilleras) howe been po-
stulated (e. g. Burtan et al., 1984). With the speculative
character of several of these cordilleras at least three eleva-
tions are necessary during the early stage of Outer Carpat-
hian basins development.

The Czorsztyn Ridge (e. g. Birkenmajer, 1986) separa-
ted Pieniny Basin from Magura Basin. The existence of
this ridge is widely accepted. Its structural character is
somewhat less certain. There is no single piece of eviden-
ce however, supporting also well established hypothesis
of the continental character of ridge basement (e. g. Bir-
kenmajer, 1977, 1986; Krobicki and Golonka, 2001).
With the assumption of single Penninic-Pieniny-Magura
Ocean the existence of the mid-oceanic ridge immediately
is coming to ones mind. The existence of volcanics in
the eastern end of the Czorsztyn Ridge (Lashkevitsch,
1995) seems to support such an outrageous idea.

The elevation between Magura and Silesian Basin is
known as Silesian Ridge (Cordillera) (e. g. Ksigzkiewicz,
1960). This ridge is known only from exotic pebbles in
flysch (e. g. Burtan et al., 1984), its existence is however
widely accepted. In the western part of Polish Carpathians
the Silesian ridge appears originally as a rifted fragment
of the European platform (Golonka et al., 2000). Later it
was perhaps reorganized and incorporated part of Magura
and Silesian Basin (Oszczypko et al., 2002). The relation-
ships between the original ridge of a passive margin cha-
racter and inverted structural uplift of active margin cha-
racter remain somewhat speculative. Uncertain is also
eastern extension of the Silesian Ridge, its relationship
with the Dukla Basin and connection with Bucovinian-
Getic Terrane (see Golonka et al., 2002).

The Subsilesian High separated Silesian and Skole basins
as an elevated high during the Santonian-Paleocene time
(Oszczypko et al., this issue). It was formed during that ti-
me as a foreland peripheral bulge. Question remains whet-
her Silesian High existed before Santonian, as is suggested
for example in reconstruction by Birkenmajer et al. (1990).
The relationship between Fore-Silesian High between Sko-
le and Silesian Basins and Fore-Silesian Unit in western-
most Poland and Czech Republic also remains speculative.

This research has been partially financially supported by the Polish
Committee for Scientific Research (KBN) — grant 6P04D 04019. Ir is
also a contribution to IGCP 453.
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Girvanella limestones and the occurrence of Girvanella minuta Wethered
in the Upper Jurassic-Early Cretaceous of the Carpathian foreland
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Abstract

Girvanella limestones and the occurrence of Girvanella minuta have been noted in the Oxfordian to
Early Cretaceous limestones of the carbonate platform in the Carpathian foreland. Girvanella is asso-
ciated with reefs or forming nodular horizon. The alga indicates shallow-water environment, barrier
reefs or lagoon within a photic zone with depth up to 20-30 m.

Key words: Upper Jurassic, algae, paleoenvironment. Carpathian foreland, limestones

Limestones with Girvanella minuta have been found
for a first time in the southern margin of the Holy Cross
Mountains in Central Poland (Golonka, 1970b). In older
literature the Girvanella limestones used to be described
as pisolitic limestones or as onkolites. The thallus of
this alga forms nodules concentrically grown around a co-
re which most frequently is the fragment of bivalve shell,
echinoderm or other organical detritus. The size of nodule

varies, from a few millimeters to 2-3 centimeters. On
small specimens the outer surface is smooth, on larger
ones it is wavy. Girvanella could have formed the nodu-
les alone or by the combination with other alga Rothple-
zella jurassica Golonka. The interior structure of this al-
ga consists of an aggregate of tiny twisted calcareous tu-
bes of 6-8 um diameter with walls 2—-3 um thick. Rami-
fications are seldom observed from one tube start out two
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F1g 1. Paleogeography of the Northern Carpathian and their foreland
area during Oxfordian-Kimmeridgian with the Girvanella minuta
Wethered occurrence; plates position at 155 Ma. 1 — Piekary, 2 — Holy
Cross Mts. margin, 3 — Skalbmierz (Nida Trough), 4 — Ropczyce — Niwki
area (Carpathian Foredeep).

new branches bifurcating at an angle of about 30 degrees.
The interior structure is often blurred due to recrystalliza-
tion, especially within inner zone of larger nodules.

The Girvanella limestones belong to the algal-oolitic se-
ries (Golonka, 1970) of the Late Oxfordian-Early
Kimmeridgian age. The scattered Girvanella specimens ha-
ve been found in the reef and reef associated limestones.
The reef limestones contain red algae Solenopora magna
Golonka, Pycnoporiduim lobatum Yabe et Toyama, Ma-
rinella lugeoni Pfender and green algae Cayeuxia moldavi-
ca Frollo and Cayeuxia piae Frollo together with corals,
Bryozoa, echinoderms and other fossils. The red algae con-
stitute the frame of the reef, while Girvanella and Rothplet-
zella are the binding organisms. Besides the reefs the Girva-
nella limestones occur in the upper part of the algal-oolitic
series with the so-called “main oolitic” horizon. Kutek
(1968, 1969) noted the occurrence of these limestones on
the large area and called them “onkolitic horizon”. The Gir-
vanella limestones within the main oolite belong entirely
to the ammonite horizon Araxioceras hypselocyclum
(Kimmeridgian). The algal-oolitic series with Girvanella
have been also found in wells Skalbmierz 4, Niwki 3 and
Ropczyce 3 in the Carpathian foreland. The Jurassic algae
in the Carpathian foreland and SW margin of the Holy Cross
Mts. lived in warm sea with normal salinity. They were
growing in shallow coastal waters up to 20-30 m deep,
well stirred and aerated with a rather scanty inflow of terri-
genic material. Several paleoenvironments may be distingu-
ished here (Golonka, 1970a): the reef limestones, fore reef
cone talus, the lagoonal back reef and near-shore shallow
water with a hard ground on numerous Girvanella nodules.

The Girvanella limestones are also known from the Debi-
ca series of the Early Cretaceous age (see Olszewska, 2001;
Maksym et al., 2001), being encountered in the wells in the
vicinity of Rzeszéw in front of Carpathian and below Car-
pathian thrust (Golonka, 1978). These limestones consist of
abundant Girvanella nodules with Dasycladacea, brachio-
pods, ostracods, snails. The paleoenvironment is near-shore
lagoonal, dozen deep approximately meters.

Recently the Girvanella specimens has been found in
the vicinity of Krakow in Piekary village in the buildups
of Oxfordian age. The exposure of Upper Oxfordian li-
mestones (Bimammatum zone) in Piekary shows the late-
ral transition from massive limestone to bedded limesto-
ne. The massive limestone is carbonate buildup of micro-
biolitic-sponge mud mound type with rigid framework
(Matyszkiewicz, 1989). The bedded limestone represents
biostromes and fine-detritical flank-facies of the buildup.

Similar type of microfacies occurs in the massive and
bedded limestone. They are mainly boundstones and wac-
kestones-packstones. Mudstones are sporadic. The main
constituent of boundstones are microbiolites. They con-
stitute more than half of the rock volumen in the massive
facies. The second rock-forming components of the both
macrofacies are siliceous sponges. The Givanella minuta
Wethered in the Piekary forms small-from a few millime-
ters nodules, growing around organodetritical fragments
found together with Dasycladacea in the wackestones.

The sedimentation of the limestones from Piekary took
place in a low energy but relatively shallow environment.
The environment of sedimentation is documented by: (i)
evolution of microbolites, (ii) assemblage of the fauna
and (iii) some diagenetic features.

(i) Initial stages of cyanobacterial microbolites are re-
presented by the leyolites (early called ‘crusts’, cf. Ma-
tyszkiewicz, 1989). They are subordinate upward to the
peloidal stromatolites. According to Schmid (1996) this
evolution points to shallowing trend and the existence of
euphotic zone. According to KaZmierczak et al. (1996) in-
tense growth of cyanobacteria might have been connected
with high alkalinity sea on the Late Jurassic shelf of the
northern Tethys margin and might have eliminated nearly
completely the macrofauna.

(i) The shaliowing trend of sedimentation is indicated
by succesive replacement of siliceous sponges by calcare-
ous sponges and occurrences of calcareous algae Girva-
nella minuta Wethered and Dasycladaceae.

(iii) In the massive limestone the dolomitization and de-
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Fig. 2. Paleogeography of the Northern Carpathian and their foreland
area during Tithonian-Berriasian with the Girvanella minuta Wethe-
red occurrence: plates position at 140 Ma. | — Rzeszow area (Carpat-
hian Foredeep).
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dolomitization processes are observed, syntaxial and equant
calcite cements, and internal sediments of vodose crystal
silt-type (Matyszkiewicz, 1989). These features might have
been interpreted as the manifestations of an early diagenetic
emergence, although other explanations are also possible
(cf. Selg and Wagenplast, 1990; Matyszkiewicz, 1997).

The occurrence of Girvanelle minuta Wethered supports
the shallow-water, within the euphotic zone, bathymetric
position of Oxfordian-Kimmeridgian sponge reefs from
the Cracow-Wielun Upland (Matyszkiewicz, 1997) and
general bathymetry of European microbolitic-sponge reefs
(Schweigert, 1992; Leinfelder, 1993). The platform-reef
shallow-water environment prevailed in the Krakow area
during latest Oxfordian — earliest Kimmeridgian, in the
eastern part of the Carpathian foreland during Kimmerid-
gian-Early Cretaceous.

This research has been partially financially supported by the Polish
Commirtee for Scientific Research (KBN) — grants 3P04D 02022 (Go-
lonka and Wilczyriska) and 6P04D 03212 (Matyszkiewicz).
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Geodynamic evolution stages and climate changes in the Outer Carpathians
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Abstract

The following geodynamic evolution stages could be distinguish in the Outer Carpathians: I — synrift
(Late Jurassic—Albian), II — postrift-collisional (Cenomanian — Late Eocene), III — orogenic (latest Eo-
cene-Burdigalian) and IV — postorogenic (Burdigalian — future). These stages are also closely related
to the major changes in the climate setting of the region. they correspond quite well with the global
sequence stratigraphy. The three supersequences encompass one stage.

Key words: Outer Carpathians, plate tectonics, paleoclimate, sequence stratigraphy

Introduction

The Magura Basin, the Dukla and Fore-Magura set of
basins, the Silesian Basin, the Sub-Silesian Ridge and the
Skole Basin have been distinguished in the Polish Outer
Carpathians (e. g. Slaczka and Kaminski, 1998). The last
three units form true Outer Carpathian realm. The basin
development of this realm encompasses time from Late

Jurassic to Neogene (e. g. Pescatore and §1aczka, 1984).
Magura Basin has a different history (see Golonka, 2002),
part of this basin was incorporated into the Pieniny Klip-
pen Belt, part shared the geodynamic history with the ot-
her Outer Carpathians unit since Late Cretaceous.

The following geodynamic evolution stages could be
distinguish in such defined Outer Carpathians (Slaczka and
Kaminski, 1998; Golonka and Slaczka, 2000): I — synrift
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and formation of passive margin and basin with the attenu-
ated crust, II — postrift — collisional, development of sub-
duction zones partial closing of oceanic basin, develop-
ment of flysch basin, III — orogenic, perhaps terrane — con-
tinent collision with the accompanying convergence of
two large continents, [V — postcollisional. These stages
correspond quite well with the global sequence stratigraphy
(Golonka and Kiessling, 2002), the three supersequences
encompassing one stage, they are also closely related to
the major changes in the climate setting of the region.

Stage I — synrift — Late Jurassic—Albian

During the Late Jurassic the southern part of the North
European Platform, started to be rifted and small basins,
proto-Silesian Basin in the Western Carpathians and Si-
naia basin in the eastern Carpathians), with black, mainly
redeposited marls (?Kimmeridgian-Tithonian) have been
created (Pescatore and Slaczka, 1984). These basins indi-
cate the beginning of the Outer Carpathians realm deve-
lopment. The black sediments mark the beginning of an
euxinic cycle of the Outer Carpathian basin that lasted to
the beginning of Cenomanian. The Outer Carpathian syn-
rift period corresponds generally to three global superse-
quences — Lower Zuni III, Upper Zuni [ and Upper Zuni
IT (Golonka and Kiessling, 2002). Two major global Oce-
anic Anoxic Events (OAE) happened during this time.
The rapid supply of shallow water clastic material to the
basin could be an effect of the strong tectonoeustatic sea-
level fluctuations known from that time. The marls pass
gradually upwards into calcareous turbidites, which crea-
ted several submarine fans. Occurrence of deep-water mic-
rofauna indicates that subsidence of the basin must have
been quite rapid. During the early part of the Cretaceous
the calcareous turbidites gave way to black calcareous
shales and thin sandstones passing upwards into black of-
ten siliceous shales. During the Hauterivian, Barremian
and Aptian several coarse-grained submarine fans develo-
ped. That was connected probably with the Early Creta-
ceous uplift known from the Bohemian Massif. The rif-
ting of the North European Platform lasted during the
Early Cretaceous and with this period the extrusion of ba-
sic, teschenites type of magma was connected, although
it can not be excluded that magmatic eruptions could star-
ted earlier, as in the case of the Eastern Carpathians. In
the early Albian within the black shales, widespread tur-
biditic sedimentation started to develop. In the Eastern
Carpathians the compressional movement started during
the Aptian and Albian and the inner part of the Carpat-
hians was folded, napped and in front of moving nappes
coarse-grained sediments and olistostromes developed.

Stage II — postrift-collisional — Cenomanian — Late Eocene

This stage is characterized by formation of subduction
zones along the active margin, partial closing of oceanic
basin and development of main flysch basins associated
with the rifting on the platform (passive margin) with the
attenuated crust. Generally, the oxic conditions prevailed,

and the appearance of the red and green shales is characte-
ristic (Slaczka and Kaminski, 1998). This period corres-
ponds generally to three global supersequences — Upper
Zuni III, Upper Zuni IV and Lower Tejas I (Golonka and
Kiessling, 2002). The global OAE, which occurred du-
ring the first supersequences, is reflected by mixed green
and black sediments (Wéjcik and Gasinski, 2000). During
the Cenomanian a period of slow and uniform sedimenta-
tion embraced a greater part of the Outer Carpathians ba-
sin and green and red shales began to develop.

In the foreland of the Inner Carpathian folded area, within
the Outer Carpathian realm several basins became distinct-
ly separated, namely Magura, Porkulec-Convolute, Dukla,
Silesian Charnahora-Audia Skole-Tarcau basins divided by
Silesian and Kumana Ridges and Subsilesian underwater
swell. The Magura Basin was at that time incorporated in-
to the Outer Carpathian realm. The orogenic processes in
the Western Carpathians produced an enormous amount of
the clastic material that started to fill the Outer Carpathian
basins. The material was derived from the northern and so-
uthern margins as well as from the inner ridges (cordilleras)
(Ksigzkiewicz, 1968; Dzutynski and glaczka, 1958). Each
basin had the specific type of clastic deposits, and sedimen-
tation commenced in different time.

In the Magura and Dukla basins sedimentation com-
menced during the Campanian and lasted till Paleocene,
and medium and thin-bedded, medium-grained turbidites
prevailed there. The sedimentation of thick bedded, coarse-
grained turbidites in form of several submarine fans com-
menced during the Eocene. In more distal parts medium —
and thin-bedded sandstones and shales developed passing
further towards the north into variegated shales. These lit-
hofacies migrated northward. The lateral differences of the
lithofacies across the basin (Oszczypko, 1998) allowed di-
viding the Magura basin on several sub-basins.

In the Silesian basin sedimentation started during the
Late Turonian - Early Coniacian and lasted up to the Ear-
ly Eocene and were mainly represented by thick bedded,
coarse-grained turbidites and fluxoturbidites. In the Skole
basin sedimentation also started during the Turonian but
expired in the Paleocene and deposits were represented by
calcareous turbidites and thin to thick bedded turbidites.
Small turbiditic fans developed locally in the small sub-
basins. During the Early Eocene green and grey shales
with thin and medium-bedded sandstones with intercala-
tions of red shales prevailed. Small turbiditic fans develo-
ped only locally except the eastern part where huge clastic
fan developed. This type of sedimentation gave way du-
ring the Late Eocene to green shales and yellowish Globi-
gerina marls. The Subsilesian sedimentary area, which
divided the Silesian and Skole basins, became uplifted and
on this swell a sequence of red, green marls and grey Se-
nonian to Eocene marls were deposited.

Stage III — latest Eocene — Burdigalian — orogenic
This stage is characterized by collision, perhaps terrane

— continent, with the accompanying convergence of two
large continents. The anoxic condition prevailed, the va-
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riegated shales disappeared, and bituminous brown shales
and grey marly siltstones and sandstones were deposited
(S]aczka and Kaminski, 1998). This period corresponds
generally to three global supersequences — Lower Tejas 11
Lower Tejas IIT and Upper Tejas [ (Golonka and Kies-
sling, 2002). At the beginning of this period the global
cooling took place. This event was connected with the
glaciation in Antarctica (Golonka, 2000).

In the circum-Carpathian region the Adria-Alcapa (Inner
Carpathians) terranes continued their northward movement
during Eocene-Early Miocene time (Golonka et al., 2000).
Their oblique collision with the North European plate led
to the development of the accretionary wedge of Outer Car-
pathians. During the compressional stage flysch still con-
tinued to be deposited. Numerous olistostromes were for-
med during this time (Slaczka and Oszczypko, 1987). A ma-
nifestation of compression is visible in the more inner part
of the Carpathians (Magura Unit) during the Eocene when
migration of accretionary prism is noted (Oszczypko,
1998). In the more outer parts of the Carpathian realm the
compressional movement appeared at the Eocene/Oligoce-
ne boundary (Slaczka, 1969). The Oligocene sequences
commenced in these basins with dark brown bituminous
shales and cherts with locally developed sandstone subma-
rine fans or system of fans of length up to several kilome-
ters. The bituminous shales pass gradually upwards into
Krosno beds sequence of micaceous, calcareous sandstones
and grey marls which lasted to the Early Miocene and ter-
minated the flysch sequence of the Outer Carpathians. The
lower part of the Krosno is generally represented by a com-
plex of thick bedded sandstones that pass upwards into se-
ries of medium to thin-bedded sandstones and grey marls.
One or two olistostromes developed in the southern part of
the Silesian basin. Grey marls, diachronous across the ba-
sins represent the upper part of the Krosno beds.

Trough the Miocene Africa converged with Eurasia. The
direct collision of the supercontinents never happened, but
their convergence did not leave much space, leading to the
permanent setting of the Alpine-Carpathian system. Tecto-
nic movements caused final folding of the basins infillings
and created several imbricated nappes which generally ref-
lect the original basin configurations. During the overt-
hrusting movements the marginal part of the advanced na-
ppes has been uplifted whereas in inner part sedimentation
lasted in the remnant basin. Big olistolites often glided down
from uplifted part of the nappes into the adjacent, more ou-
ter basins. The nappes became uprooted from the basement
and the Outer Carpathians allochtonous rocks overthrust
northward in the west and eastward in the East onto the
North European platform for the distance of 50 to more
than 100 km. The peripheral foreland basin formed along
the moving orogenic front (Oszczypko and Slaczka, 1989;
Oszczypko, 1998). Overthrusting movements migrated
along the Carpathians from the West towards the East.

Stage IV - postorogenic — Burdigalian — Future

During and after the main orogenic phase and the suture
of the continents an initial rifting system was initiated in

Early Miocene time behind the Carpathian arc in the Pan-
nonian Basin. Extension in the Alpine-Carpathian system
continued during the Miocene-Pliocene, forming horst
and grabens within the orogen as well as in its foreland.
This period corresponds generally to two full global su-
persequences — Upper Tejas 1I. Upper Tejas III (Golonka
and Kiessling, 2002), the third supersequence will last in-
to the future. This was a cool period, climate finally ente-
red the icehouse phase. In front of the advancing Carpat-
hians nappes the inner part of the platform, in the eastern
part also with the marginal part of the flysch basin (Bori-
slav-Sub-Carpathian nappe), started to downwarp and tec-
tonic depression formed during the Early Miocene. Thick
molasse deposits filled up this depression. Generally it
started with shallow water basal conglomerates passing
upwards to brackish and marine sandstones, shales and
marls, locally with olistostromes containing the material
derived from the advancing Carpathians. In the Eastern
Carpathians there were periodically favourable conditions
for precipitation of salt. At the end of Burdigalian that ba-
sin became overthrust by the Carpathians and a new, mo-
re external one, developed. This basin and its depocenter
migrated outwardly and eastward, contemporary with the
advancing Carpathians nappes. As a result the Neogene
deposits show clear diachrony in the foreland area. In the
west sedimentation terminated already in Langhian and in
the east lasted till Pliocene. Clastic and fine-grained sedi-
mentation of the Carpathian and foreland provenance pre-
vailed with a break during the Late Langhian to Early Serra-
vallian, when younger evaporate basin developed. Locally
olistostromes were deposited (Slaczka and Oszczypko,
1987) with material derived as well from the Carpathians
as from the inner margin of the molasse deposits. During
Langhian and in Serravallian part of the northern Carpat-
hians collapsed and sea invaded the already eroded Carpat-
hians. Further development of these processes could be
predicted in the future.

This research has been partially financially supported by the Polish
Committee for Scientific Research (KBN) — grant 6P04D 04019. It is
also a conrribution to International Visegrad Fund IVF Project
“Warning against abrupt climatic (greenhouse) changes following
from the knowledge on the Earth climate evolution” and to IGCP
project 453.
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The Carpathians: geology and hydrocarbon resources
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Abstract

The authors intention is to publish a AAPG Special Publication to provide readers with a comprehen-
sive account on the complex geology and hydrocarbon potential of the whole Carpathian system. Prima-
ry attention is paid to petroleum systems and case studies of major oil and gas fields in the region in or-
der to provide an insight into the past and future hydrocarbon potential of the region and to guarantee

the right mixture of academia and industry viewpoints.

Key words: Carpathians, Carpathian Foredeep, Pannonian Basin, Transylvanian Basin, Vienna Basin,

Eastern Alps

AAPG Special Publication

The Carpathian Mountains (Fig. 1) extend over the ter-
ritories of seven countries of Central and Eastern Europe
with a complex political and economic history and equal-
ly complex history of scientific and technical endeavors
in the field of earth sciences and petroleum industry.
Enormous amounts of geological work have been conduc-
ted and thousands of papers have been published on the
geology of the Carpathian Mountains during the past two
hundred years (see references in: Bieda et al., 1963; Cip-
rys et al., 1995; Dicea, 1996; Golonka et al., 2000;
Karnkowski, 1993; Krejc¢i et al., 1994; Lafargue et al.,
1/994; Oszczypko, 1998; Paraschiv, 1979; Pescatore and
Slaczka, 1984; Picha, 1996; Rakus, 1998; Royden and
Horvdth, 1988; Stranik et al., 1993; Wessely and Liebl,
1996; Ziegler and Horvath, 1996). However, because of
language barriers and varying concepts and interpreta-
tions, it is not easy for students of Carpathian geology
and explorationists to cut through all these often-frag-
mented information and get a clear picture about the geo-
logy and the hydrocarbon potential of the region. Fourteen
years has past since the great success of the Pannonian
Basin publication by Royden and Horvath (1988). The

authors intention is to publish a AAPG Special Publica-
tion to overcome some of these problems and in a simple
and understandable way to provide readers with a compre-
hensive account on the complex geology and hydrocarbon
potential of the whole Carpathian system, including the
thrust belt, its foreland, and the late orogenic intra-Car-
pathian basins. Primary attention is paid to petroleum
systems and case studies of major oil and gas fields in the
region in order to provide an insight into the past and fu-
ture hydrocarbon potential of the region and to guarantee
the right mixture of academia and industry viewpoints.

Carpathians as the classical territory

The Carpathians region is one of the classical territories of
the world in which some concepts of geology and petroleum
geology were formulated and the petroleum industry was
born. It was the Carpathian region, where the first oil well
was drilled in Poland in 1853, crude oil distillation discove-
red by bukasiewicz in 1853 (Karnkowski, 1993), the first
industrial production of hydrocarbons established in Roma-
nia in 1875 (Dicea, 1996), and organic origin of oil propo-
sed (Zuber, 1918). In the 1950s, the Carpathian flysch beca-
me one of the principal territories in which the original con-
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Fig. 1. Tectonic sketch map of the Al-
pine-Carpathian-Pannonian-Dinaride
basin system (after Picha 1996, modi-
fied). A-A’ — Localization of cross-se-
ction (Fig. 2).

cept of deep-water turbidites was formulated. The Carpathian
flysch represents one of the best and thoroughly studied tur-
biditic facies exposed on land anywhere (e. g. Ksigzkiewicz,
1954; Dzutynski and Slaczka, 1958; Dzulyriski et al., 1939;
Dzutynski and Walton, 1965, 1995; Picha, 1996). It has
been often compared with the deep-water sequences of the
Ouachita Mountains belt of Arkansas and Oklahoma. In ma-
ny aspects, the Carpathian flysch, famous for its complexity
and diversity, may serve as a model in exploration of hydro-
carbons in deep-water deposits both along the modern conti-
nental margins and in the orogenic belts.

Exploration in subthrust plays

Significant amounts of oil and gas have been produced
and a sizable production still continues in the area. By ap-
plying new technologies and new scientific concepts, the-
re is still a good chance to find additional hydrocarbons in
existing fields as well as to discover new fields, especial-
ly, at deeper structural levels. The subthrust plays below
the frontal zones of the thin-skinned Carpathian thrust
belt seem to be most promising (Fig. 2). There is a varie-
ty of subthrust plays in the Carpathians, some of which
have been successfully tested, new fields discovered, and
commercial production established from these new disco-

NW
Outer Carpathian

—

Foredeep

_ ,I‘ Inner Carpathian

Flysch Belt Klippen
Be

veries. The Carpathians thus represent one of the best
examples of successful subthrust exploration. In 1996,
Picha described the fundamentals of the hydrocarbon ex-
ploration under the thrust belts using the Carpathians as a
case study. Good opportunities for subthrust exploration
exist under some other thin-skinned thrust belts, e. g., the
Kopet Dagh (Turkmenistan/Iran), North Caucasus, Nort-
hern Ural (Russia), Andes (South America), Apennines
(Europe), Ouachita (North America) (see e. g. Pescatore
and Slaczka, 1984; Picha, 1996; Golonka and Slaczka,
2000). However, as in the thrust belts proper, favorable
conditions for generation, accumulation, and preservation
of hydrocarbons in subthrust plays exist only in limited
areas with good source rocks, reservoirs, seals, and the
right timing of generation and migration of hydrocarbons.
Subthrust exploration thus requires good understanding of
depositional and structural history of both the foreland pla-
te and the thrust belt. The Carpathian case studies will
provide information on the complexity and diversity of
subthrust plays and thus be helpful in finding significant
oil and gas reserves in these plays. New exploration and
producing opportunities attract foreign capital and compa-
nies, who need modern, comprehensive information about
the geology and petroleum potential. The proposed publi-
cation may well serve to this purpose.

A
SE

Magmatic Pannonian

APULIAN PLATE

Fig. 2. Generalized cross-section across
Carpathian-Pannonian region (after
Picha, 1996, modified).
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Traditional knowledge and new concepts
and technologies

The nations within the Carpathian realm are undergo-
ing political and economic transformation. Geological in-
stitutions, universities and extraction industries are deeply
and often negatively affected by these changes. The strong
postwar generation of geologists is quickly retiring and is
not being fully replaced by younger colleagues. Tremen-
dous amount of knowledge, especially, in the area of re-
gional geology and past hydrocarbon exploration, is get-
ting lost. It is high time to combine the traditional
knowledge with new concepts and technologies and to
produce a publication, which will reflect both on the past
and present accomplishments in the Carpathian region.
The list of authors of the proposed AAPG Special Publi-
cation, which includes both senior traditional geologists
and their younger, technologically oriented colleagues. in-
dicates that this challenge will be addressed as best as po-
ssible. All authors have already published significant pa-
pers on geology and hydrocarbon potential of the Carpa-
thians, and presented their contributions at various con-
ventions and conferences.

Main topics covered by the proposed publication

* Geology and hydrocarbon resources of the Carpathian
Mountains and their foreland in the Czech Republic, Po-
land, Slovakia, Ukraine, and Romania.

* Geology and hydrocarbons of the intra-Carpathian ba-
sin: Vienna Basin, Pannonian Basin and Transylvanian
Basin in Austria, Hungary, and Romania

¢ Geochemistry and petroleum systems

¢ Geodynamic evolution and paleogeography of the Cir-
cum-Carpathian area

* Major oil and gas fields case studies

e Comparing the evolution of the thrust belts: Carpat-
hians and Ouachitas case study

¢ Carpathian-Alpine connections

* History of the research
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Abstract

In the pre-orogenic and syn-orogenic evolution of the Carpathian basins the following prominent pe-
riods can be established: the Late Jurassic/Early Cretaceous subsidence, Late Cretaceous-Paleocene
uplift, Paleocene-Middle Eocene subsidence, Late Eocene-Early Oligocene uplift, and Late Oligocene-
Early Miocene subsidence. Syn- and post-rift thermal subsidence and accretionary prism migration

controlled the depositional processes.

Key words: Outer Carpathians, rifting, inversion, subsidence, tectono-sedimentary evolution

The Outer Carpathians are composed of Upper Jurassic
to Lower Miocene flysch deposits, which are completely
uprooted from their basement and separated from the Inner
Carpathians by the Pieniny Klippen Belt suture zone. The
Western Outer Carpathians form an accretionary wedge. Its
formation was completed by the Late Oligocene/Middle
Miocene. The flysch deposits built up several nappes, sub-
horizontally overthrust onto the Miocene deposits of the
Carpathian Foredeep or directly onto Precambrian, Paleo-
zoic or Mesozoic rocks of the Carpathian foreland. The
presented paleotectonic reconstructions are based on the pa-
leotectonic mapping and subsidence modelling of the Po-
lish Outer Carpathians (Fig. 1). The paleotectonic maps
have been prepared for several time spans, whereas the bu-
rial history has been reconstructed on the basis of 50 selec-
ted sections from the Magura, Dukla, Silesian, Subsilesian
and Skole units.

Middle Jurassic-Early Cretaceous opening of basins

The Outer Carpathian Basin can be regarded as the rem-
nant ocean basin, which developed between the colliding
European continent and the intra-oceanic arcs (Oszczypko,
1999). The Early/Middle Jurassic opening of the Magura
Basin probably was coeval with opening of the Ligurian —
Penninic Ocean and its supposed prolongation to the Pie-
niny Ocean (Golonka et al., 2000). The Pieniny Ocean
was divided by the submerged Czorsztyn Ridge into the
NE and SE arms. The Czorsztyn Ridge and the Inner Car-
pathian domain were separated by the SE arm of the Pieni-
ny Ocean known also as the Vahicum Oceanic Rift, whereas
NE arm was occupied by the Magura deep—sea basin situa-
ted south of the European shelf (Fig. 2). During the thrust

movements, the main part of the Magura nappe was
uprooted roughly at the base of the Upper Cretaceous sequ-
ence. The more or less complete sections of the Jurassic-
Lower Cretaceous deposits of the Magura nappe are known
only from that part of the basin which was incorporated in-
to the Pieniny Klippen Belt, i. e. from the Grajcarek unit
(Birkenmajer, 1986). This part of the basin reveals the pro-
minent Late Jurassic, post-rift subsidence which was follo-
wed by the Barremian-Aptian uplift and Albian-Cenoma-
nian subsidence (Fig. 3). The Late Jurassic-Early Cretaceo-
us deposits are represented by deep water, condensed, pela-
gic limestones and radiolarites with very low rate of depo-
sition (Fig. 4). At the end of Jurassic in the southern part
of the European shelf, the paleorifts were floored by a thin-
ned continental crust (Birkenmajer, 1988; Sandulescu,
1988). This rifted European margin was incorporated into
the Outer Carpathian basin (the Skole, Subsilesian and Si-
lesian basins). The rifting process was accompanied by a
volcanic activity (teschenite sills, dykes and local pillow
lavas), which persisted up to the end of Hauterivian (Lu-
ciinska-Anczkiewicz et al., 2000). This part of the rifted
continental margin probably extended in the Eastern Car-
pathians (basic effusives, Tithonian—-Neocomian “Black
Flysch” of the Kamyany Potic scale and Rachiv (Sinaia)
beds) as well as to the Southern Carpathians (Severin zone,
see Sandulescu, 1988). During the initial stage of develop-
ment, the Silesian Basin was filled with calcareous flysch
followed by siliciclastic flysch and pelagic shales. The Late
Jurassic—Hauterivian deposition of the Silesian Basin was
controlled by normal fault and syn-rift subsidence, and lat-
ter (Barremian-Cenomanian) by post-rift thermal subsidence,
which culminated with the Albian-Cenomanian expansion
of deep-water facies (Figs. 3 and 4).
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Fig. 1. A — Position of the Polish Car-
pathians. B — Map of the Polish Carpa-
thians and their foredeep (after Oszc-
zypko, 1998, supplemented). | — crys-
talline core of Tatra Mts., 2 — High-
Tatric and Sub-Tatric units, 3 — Podha-
le Flysch, 4 — Pieniny Klippen Belt,
5 — Outer Carpathians, 6 — Stebnik
Unit, 7 — Miocene deposits resting on
the Carpathians, 8 — Zglobice Unit,
9 — Miocene deposits of the Carpathian
foredeep, 10 — Mesozoic and Paleo-
zoic foreland deposits, 11 — andesites,
12 — northern range of the Lower Mio-
cene, 13 — isobath of the Miocene

Late Cretaceous-Paleocene inversion
and Early/Middle Eocene subsidence

At the end of Turonian, in the central part of the Outer
Carpathian domain, the Silesian Ridge (Cordillera) was re-
structurized and uplifted. The inversion affected most of
Silesian, Subsilesian and Skole basins as well as part of
the northern periphery of the Magura Basin. The amplitu-
de of the uplift reached several hundreds meters (Fig. 3).
The uplift of the Silesian Ridge was accompanied by in-
crease of the deposition rates in the Silesian (up to
400-500 m/Ma; Godula and Istebna formations) Basin
(Fig. 4). The uplift of the Silesian Ridge was coeval with
regional uplifting in the southern margin of continental
Europe from the Carpathian and Alpine foreland to the
Spain. This inversion could be correlated with the deve-
lopment of the rift of Biscay Bay (Golonka and Bocharova,
2000). The uplift of the Silesian Ridge could be connected
with the shortening of the Silesian Basin (Oszczypko,
1999) and development of the Subsilesian High (Fig. 3).
The latter separated Silesian and Skole basins as an eleva-
ted high (like peripheral bulge) during the Santonian-Pa-

N Late Jurassic

North European Plate Magura Basin

basement.

o w an ™s 2 i

leocene time. The sedimentation of the pelagic marls with
low rate of deposition: dominated in the Subsilesian High
area (Fig. 4). The shortening of the Silesian Basin was
probably a continuation of the pre-Late Albian subduction
of the Outer Dacides (Sandulescu, 1988). At the end of the
Paleocene the Carpathian basin was affected by general
subsidence and rise of sea level (Fig. 3). During the Eoce-
ne, a wide connection of the Outer Carpathian basins and
the World Ocean was established. This resulted in unifica-
tion of facies, including the position of the CCD level
and sedimentation rates. This general trend dominated du-
ring the Early to Middle Eocene time in the northern ba-
sins (Skole, Sub-Silesian, Silesian and Dukla ones) as
well as in the northern part of the Magura Basin.

In the Magura Basin the Paleocene—Middle Eocene
subsidence was related to the uplift of the Pieniny Klip-
pen Belt (PKB). The migrating load of the Magura and
PKB accretionary prism, caused a subsidence and a shift
of depocenters to the north (Figs. 2, 3 and 4). As a result,
narrow and long submarine fans developed. They were
supplied from the southeast, probably from the Median/In-
ner Dacide terranes. The northern deepest part of the ba-
sin, often located below the CCD was dominated by basi-
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Fig. 2. The Late Jurassic—Late Burdi-
galian palinspastic evolution model
of the Western Outer Carpathians after
Oszczypko (1999, supplemented).
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| — continental crust, 2 — oceanic crust,
3 — Inner Carpathian units, 4 — Pieniny
Klippen Belt (PKB), 5 — Outer Carpa-
thian accretionary wedge, 6 — Podhale

Flysch, 7 — molasse deposits.
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nal turbidites and hemipelagites. The rate of sedimenta-
tion varied from 6-18 m/Ma on the abyssal plain to
103-160 m/Ma in the outer fan and between 180 and
350m/Ma in the area affected by the middle fan-lobe sys-
tems (Oszczypko, 1999). During the Focene, the axes of
subsidence of the Magura Basin migrated towards the
north and finally during the Late Eocene and Oligocene
reached the Raca and Siary facies zones.

The Late Eocene-Oligocene uplift and Oligocene-Early
Miocene subsidence

During the Priabonian and Rupelian, a prominent uplift
in the Outer Carpathian basin was recorded (Fig. 3). This
was contemporaneous with the final stage of the forma-
tion of accretionary wedge in the southern part the Magu-
ra Basin (Krynica Zone) and with the main collision pha-
ses in the Alpine belt (Fig. 2). This was accompanied by
transformation of the Outer Carpathian remnant oceanic
basins into foreland basins (Oszczypko, 1999). As the
consequence, the Early Oligocene Outer Carpathian basin
was partly isolated from the World Ocean, forming the Pro-
totethys, which was dominated by deposition of the black
(Menilite) shales. The Oligocene subsidence was accom-
panied by a progressive migration of axes of depocenters
towards the north (Fig. 4), and increase of deposition
rates from 350 m/Ma in the Rupelian (northern part of
Magura Basin) to 950 m/Ma at the end of Oligocene (SE
part of Silesian Basin). After the Late Oligocene folding,
the Magura nappe was thrust northwards onto the termi-
nal Krosno flysch basin. This was followed by the last,
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minor subsidence event (Oligocene-Early Miocene) which
can be partially related to the load of accretionary wedge.
The centers of subsidence were located in the Krosno
basin and Magura piggy-back basin. The restored width
of the Early Burdigalian basin probably reached at least
150 km. During the Early Burdigalian high stand of sea
level, the connection between Magura piggy-back basin
and the Vienna Basin via Orava was established (Oszczyp-
ko et al., 1999; Oszczypko-Clowes, 2001). During Ott-
nangian, the Krosno flysch basin shifted towards NE
(Zdanice Unit, Boryslav-Pokuttya and Marginal Fold
units) and underwent desiccation (evaporates of the Voro-
tysche Formation in the Ukraine and Salt Formation in
Romania).

The Outer Carpathian residual Krosno flysch basin was
finally closed by intra-Burdigalian folding and uplifting of
the Outer Carpathians, connected with the collision bet-
ween the European Plate and overriding Alcapa and Tisza-
Dacia microplates. This was accompanied by the north
and north-east overthrust and the formation of the flexural
depression of the Carpathian Foredeep - related to the mo-
ving orogenic front (Oszczypko, 1998).

Conclusions

1. In the pre-orogenic and syn-orogenic evolution of
the Outer Carpathian domain the following main tectonic
events took place: the Late Jurassic—Early Cretaceous
subsidence, Late Cretaceous—Paleocene uplift, Paleocene-
-Middle Eocene subsidence, Late Eocene-Early Oligocene
uplift, and Late Oligocene-Early Miocene subsidence. The
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Fig. 3. Tectonic subsidence curves for selected synthetic

The grey colour indicates the Late Eocene-Early Oligocene tectonic uplift event profiles from the Polish Outer Carpathians.
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total subsidence in the Silesian Basin was two times
higher than in the Magura Basin and more than three
times higher than in Subsilesian and Skole basins.

2. The important driving forces of the tectonic subsi-
dence were syn-and post-rift thermal processes as well as
the emplacement of the nappe loads related to the subdu-
ction processes.

3. Similarly to the other orogenic belts, the Outer Car-
pathians were progressively folded towards the continental
margin. This process was initiated at the end of the Pa-
leocene at the PKB/Magura Basin boundary and comple-
ted during the Early Burdigalian in the northern part the
Krosno flysch basin.
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of Kohut Zone (Southern Veporicum, Inner Western Carpathians)
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Abstract

Original relations of the Lower Paleozoic volcano-sedimentary environs document the gradual tran-
sitions between the individual lithologic units and/or the preserved sedimentary lithologic variations inside
certain metamorphic layers in mesoscale. Intensive Alpine tectonometamorphic reworking preceeded
three pre-Alpine metamorphic episodes, which are briefly outlined. The E-W directed Alpine trans-
pressional deformation largely copies the dominant Hercynian ductile structures ("D,”). Occasionally
there occur the steep foliation planes established also in amphibolite facies, being associated with N-S
directed folding ("ID,”) and represent the relatively oldest deformation record.

Key words: Veporicum, Hercynian, basement, tectonics, deformation, polystage metamorphism, grani-

tization

Introduction and geological setting

The investigated area is spread between the so-called
Muréi line and the Gemeric units in the south (a polygon
confined by local towns Muran — Revica - Tisovec). Me-
tamorphic rocks of volcano-sedimentary origin, with lar-
gely accepted Lower Paleozoic age, underwent the poly-
phase metamorphic reworking. Generally, the Southern
Veporicum basement, namely its southermost part — the
Kohtt Zone (Fig. 1) suffered the most intensive Alpine
imprint within the Western Carpathian realm (Zoubek,
1936; Vrdna, 1966 a. 0.).

In broader regional scale the polystadial basement tecto-
nics was interpreted in terms of vertically arranged base-
ment nappe rock-complexes — either Alpine — (Klinec,
1966) or Hercynian (Bezdk, 1994) in age. For practical
geological purposes, concerning mainly separation of the
pre-Alpine metamorphic rock-units, it appears as appro-
priate to divide of the Kohiit Zone into four zones (accor-
ding to Zoubek, 1932 and Suf, 1938): the so-called nort-
hern migmatite zone, the garnet-micaschist zone (incl.
paragneisses), the southern migmatite zone and the phyl-
lite zone. Age of the considered granitoid rocks was basi-
cally to geologic relations mostly seen as Carboniferous
(Zoubek, 1932; Nemcok, 1953; Kamenicky, 1977),
which was later proved by geochronological dating (Bibi-
kova et al., 1988 a. 0.).

Pre-metamorphic relations

Geological cross-section (Fig. 2) illustrates not only
the Hercynian tectonics, related to metamorphism and
granitization, but the Pre-Hercynian lithological arrange-
ment can be due to variegated lithology discerned, too
(Kovacik, 1998). The so-called Muran orthogneisses pre-
sumably occupied the lowermost parts of the investiga-
ted rock pile. Geological mapping revealed preservation

of some pre-metamorphic lithologic features showing
gradual transition zone between the “Murdfi” orthogneiss
body and the gneiss-micaschistose material in the han-
ging-wall. The almost whole uppermost contact zone of
the “Murdn orthogneisses” is rimmed by these rock-as-
semblages. The transitional contact zone is enriched in
amphibolitic rocks and the light fine-grained varietes of
the “Murdn orthogneiss” occur more frequently in this
zone, too. Conformable fragments of garnetiferous meta-
pelites are also located along basal parts of “Murdn ort-
hogneiss” body, so, the acid magmatic body is enclosed
within the above metapelites. This metapelitic rock-as-
semblage, which is spatially related to “Muran orthogne-
isses”, we preliminary labelled as the “lower gneiss—mica-
schistose horizon”. The “upper gneiss—micaschistose ho-
rizon”, spread in the wider area of the elevation point
(e. p.) Krizna Polana (1018 m). As to the rock invento-
ry, the second, southernmost, horizon comprise amphi-
bolite rocks only very scarcely. In the whole, the both
horizons might originally have formed a continuous
rock-complex, which was only discontinued by intrusion
of coarse granite with its high-graded metamorphic man-
tle in the area of *“Tri chotdre” (e. p. 963 m; see Fig. 2,
column 7). It may be assumed, that in the Carboniferous
time this granite, as well as the southernmost granitoids
(Fig. 2, columns &, 9), significaly disturbed the primary
volcano-sedimentary and pre-granitization metamorphic
records.

Metamorphic geology

These basic rock-types were distinguished as the Hercy-
nian metamorphic products: “Murdn” orthogneisses, bio-
titic gneisses (widely absorbed by granitoids), migmatites
(Fig. 3), biotite gneisses with coarse garnets, graphitic
metaquartzites, garnet-biotite gneisses (dominating litho-

logy), (staurolite)-garnet micaschists, (garnet) amphiboli-
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5 — complex of biotitic metasandstones,
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Vepor pluton (porphyric, non-porphy-
ric. hybrid), 7 — "Rimavica™ type grani-
tes, 8 — Permian and Triassic cover se-
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tes a. 0. Appart from the intense Alpine overprint, ensued
by newly-formed mineral assemblages reaching up the
boundary between greenschist and amphibolite facies, there
can be discerned three basic metamorphic phases having
developed during the Hercynian time:
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Fig. 2. Geological profile indicates pre-Hercynian lithologic relations and contiguity between granitoid intrusions and metamorphic degree in me-
tamorphites. 1 — “Murdn” orthogneiss rock complex. 2 — amphibolites, 3 — garnet micaschists, 4 — garnet-biotite gneisses, 5 — biotite gneisses, mig-
matites, 6 — graphitic metaquartzites, 7 — porphyric granites, 8 — “hybrid™ granitoids, 9 — fine-grained ieucogranites, 10 — geological boundaries:
observed, approximated; sense of reverse fault movement.
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Fig. 3. Syndeformation leucosome material penetrates into stromatitic
migmatite during regronal anatexis processes Hebiciuc migmatite.
2 km north from Revuca.

The periplutonic metamorphism (2™ phase) mostly
veiled the metamorphic constrains of the initial regional
metamorphism (| phase). We assume that the prevailing
conditions of the pre-granitization regional metamorphism
did not overcome the higher parts of the greenschist
facies. The local younger aplitic-pegmatitic veins develo-
ped variegated contact selvages (the 3© phase). according
to field observations. frequently filled with biotite.

Fig. 4. Dominant Hercynian fabrics (D-) controlled by E-W directed
folding was frequently reacuvated during the Alpine collision. Rarely
observed N-S structures (D,) express the relatively oldest deforma-
tion record: gneiss-migmatite zone north from Reviica
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In the whole. the intensity of the most decisive meta-
morphic reworking (2™ phase) rise towards the south.
where volume of granitization increase. until almost pure
granitoids occur (so-called granites of Rimavica or Kohut
type). The peak metamorphic reworking. constrained bet-
ween the middle and upper part of the amphibolite facies.
is clearly demonstrated by migmatitization zones (Fig. 3).
Inspite the intrusive nature of granitoids. the forming
conditions of migmatites are suggested conformable with
partial anatexis of the metasemipelites. Gneisses with lar-
ge (2-3 cm in across) garnet porphyroblasts or biotite
gncisses with hornfelsic texture enclosed as xenoliths in
porphyric granite appear locally. Generally shown. the
higher temperature the lesser amount of muscovite. or
increase in K-feldspar and/or biotite content are noticed.
The metamorphic relics enclosed in the hybridic granito-
ids usually do not preserve any pre-Alpine metamorphic
muscovite. Close relation between the overall metamor-
phic degree and periplutonic reworking indicate a certain
relationship between the regional tectonometamorphism
(1*' phase) and abyssal thermal effects of granitic intrusi-
ons (2™ phase). As the 1** metamorphic phase was pro-
bably related 1o crustal thickening. so the 2™ phase mani-
fested also by dynamometamorphic crystallization could
still have responsed on overall collisional regime. We
suggest. thal the “southern migmaltite zone™ (Suf. 1938)
is not confined only on conlacts between the Kohtt zone
granitoids (s. ) and the southernmost phyllite zone. but
should be also expanded on contact/periplutonic effects
upon the northerly positioned metapelites (Fig. 2).

Structural observations

The dominant Hercynian deformation structures show
approximatelly the W-E strike. which presumably reflects
the more-less perpendicular sense of collisional shorte-
ning. This is expressed by the chiefly W-E directed fold
axes - frequently of cylindrical shape — with predominantly
south dipping foliation planes. (In adjacent northernmost
area the fold limbs of high graded basement usually dip to
north.) Inside this deformation pattern — the relic structures.
controlled by folding with N-S direction of b-axis. were
occasionally found (Fig. ). Both the observed Pre-Alpine
deformational fabrics passed in the amphibolite facies me-
tamorphic conditions with formation of mesosome and
leucosome banding. corresponding to the above estab-
lished 2™ metamorphic phase. The W-E directed predomi-
nant deformation ("D,") could anticipate (or be early-syn-
kinematic) with the peak thermal reworking related to
granitoid intrusions. The steeper. relatively older N-S
strike (*D,”) may reflect either a metamorphosed sedi-
mentary relic [abric or an earlier metamorphic structure. If
the case of older tectono-metamorphic record would be as-
sumed. it might have resulted in an earlier Hercynian
tpre-Hercynian?) event with a different polarity. However.
we take as more probable. that both the deformation re-
cords can formed during one-stadial orogenetic evolution.
"D, may represent deeply seated initial migmatitization
with presence of granitic melt, whereas “D," can express
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more flat shearing processes connected with final empla-
cement of granitoid bodies.

The Alpine semi-ductile deformation of transpressional
style is largely accommodated along the pre-Alpine W-E
(SW-NE) direction and/or other structural and lithological
inhomogeneities. The prevalent regional overprint is re-
presented by the process of “regional phyllonitization”
and the usually reactivated foliation planes were often co-
vered with new muscovite and other phyllosilicates. Clear
lithological, metamorphic or structural evidence about a
large-scaled basement nappe tectonics were in the studied
area not justified. Potential Alpine overfault plane bet-
ween the “upper gneiss-micaschistose horizon” and the
porphyric granite (Fig. 2) is suggested.
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Hercynian and Alpine strike-slip tectonics — a dominant element
of tectonic development of the Inner Western Carpathians
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Abstract

Tectonic units, from which the Inner Western Carpathians are composed, originated within the com-
pressional tectonics of the Hercynian and Alpine orogen. However, the present structure of the Wes-
tern Carpathians was influenced mainly by strike-slip tectonics. We present the most significant Hercy-
nian and Alpine strike-slips in the middle part of the Western Carpathians. In most cases Hercynian and

Alpine shear zones are identical.

Key words: Western Carpathians, Hercynian, Alpine. strike-slips

Introduction

The tectonic units, of which the Inner Western Carpat-
hians (south of the Klippen Belt zone) are composed at
present, originated during long-dated development of the
Hercynian and Alpine orogen. From the point of view of
all-European context of correlations they originated in va-
rious areas. Despite, the development of these orogens
had common features. It was mainly a transition from
collisional compressional tectonics to transpressional tec-
tonics and to the end to extensional disintegration. Dis-
tinct manifestation of strike-slips at shear zones in certain
periods (mainly the Late Paleozoic, Late Cretaceous,
Neogene) is a feature of great importance in the develop-

ment of both orogens. Tectonics of strike slips was of
greatest influence on present-day distribution of tectonic
elements in the Western Carpathians.

Strike-slips zones in the central part
of the Western Carpathians

Structure of the Inner Western Carpathians consists of
several thrusted crustal units (Tatricum, Veporicum,
Gemericum and supracrustal nappes) originated in Paleo-
Alpine stage of the tectonic development (mostly Creta-
ceous). First three units are composed of crystalline
basement and Upper Paleozoic and Mesozoic cover.
Similarly, in the structure of basement the traces of overt-
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Fig. 1. Tectonic scheme of the central
part of the Western Carpathians.
1 — Tertiary sediments and volcanics,
2 — Upper Paleozoic and Mesozoic
units, 3 — Gemericum; Hercynian litho-
tectonic units: 4 — Upper unit, 5 — Middle
unit, 6 — Lower unit, 7 — Permian mag-
matites, 8 — Hercynian granitoids undi-
ferentiated, 9 — a) thrusts, b) faults and
shear zones with combined sense of mo-
vements (mostly strike slips), C — boun-
dary between Tatricum and Veporicum
(Certovica line), L — boundary between
Veporicum and Gemericum (Lubenfk
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hrust and superposition of large Hercynian crustal litho-
tectonic units 4—6 km thick have been preserved (Bezdk et
al., 1997). This results from field observation as well as
analysis of deep seismic profiles. This is valid for the ba-
sement of the Tatricum and Veporicum as well as Geme-
ricum. However, the Gemeric segment in the Early Pa-
leozoic was emplaced in other area and had a different
composition and development of units (Vozdrova, 1998).

Most conspicuous, however, in the basement of the In-
ner Carpathians are distinct shear zones tens—hundreds
meters thick with extensive manifestations of diaphthore-
sis and mylonitization mostly in greenchist facies. Struc-
tural marks (subvertical foliations, subhorizontal linea-
tions, asymmetric structures) prove for these zones mostly
strike-slip type of movements. Also thrust boundaries of
the large nappe units are often superimposed by strike-
-slips (Fig. 2).

In the Inner Western Carpathians there is a series of
such subvertical shear zones. From the point of view of
latest knowledge we shall characterize as an example the
most significant of them (Fig. 2), occurring in the central
part of the Western Carpathians in the area between the
Nizke Tatry Mts. and the Lubenik line (Fig. 1).

Nizke Tatry Mts. (Tatric part)

Spiglové shear zone is mostly Alpine shear zone orien-
ted NE-SW. The zones of low temperature blastomylo-
nites are ore-mineralized (Adamija et al., 1992). Older
W-Au-mineralization is of stockwork-impregnation cha-
racter, biotite at the margins of ore veins is dated back to

= S atatatal ECE +* + + ¢ K ’ .
: Zmﬂ]]]]]mma '_:_a NN ,,-,,,j7x"xx"x s[.‘.’.'.g pd line).

300 Ma by K/Ar method. Hercynian shear zones of E-W
direction in the environment of banded and eyed ortho-
gneisses are connected with mylonitization and ore mine-
ralization (Bystrd zone). The age of newly formed musco-
vites in this shear zones is 332 Ma (Ar/Ar method, Dall-
meyer et al., 1993). TrangoSka zone is young (possibly
Neogene) strike-slip (Nemcok and Nemcok, 1998) based
on inherited structures from Paleoalpine stage.

Northern Veporicum

Kolba shear zone is NE-SW oriented zone of blasto-
mylonites with Cu-mineralization and intrusions of Per-
mian granite-porphyries. The ore-mineralization does not
pass into the Mesozoic envelope. It is obvious, that this is
a Upper Paleozoic shear zone, however, movements along
it were also repeated in the Cretaceous. In the parallel
Osrblie zone in strike-slips superimposed in Alpine slices
also Mesozoic rocks are present. Pohoreld and Vydrovo zo-
nes are parallel NE-SW striking zones of blastomylonites
being used by the intrusions of Permian to Triassic A-type
granites (Petrik et al., 1995; Putis§ et al., 2000). Muscovi-
tes from these shear zones are dated back to 256 Ma (Dall-
meyer et al., 1996). Movements and mylonitization on
these zones repeated also in the Cretaceous (testified by
wedged Triassic rocks, Hok and Hrasko, 1990).

Southern Veporicum

Shear zones in the Southern Veporicum are mostly
oriented to NE. They are superimposed to older E-W zones
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NiZKE TATRY

(Razto¢no zone) connected with intrusions of porphyric
granites (Lexa and Bezdk, 1996), younger than collisional
granites of 350 Ma and older then I-type Sihla granites of
300 Ma. Wide zones of blastomylonites of NE-SW direc-
tion on the Divin fault are characterized by postkinematic
formation of orthoclase (Ondrasik et al., 1987) and on the
Zdychava fault by intrusions of Hercynian granites, diori-
tes and special type of Permian granites (HraSko et al.,
1997). Movements along these shear zones were also repe-
ated in the Alpine orogen, because in the area of Divin also
Mesozoic complexes of the envelope of crystalline rocks
are caught by the strike-slip in the Divin fault (Bezdk,
1988). The last manifestations of the Muran fault are the
normal faulting superimposed on the Paleoalpine strike-
-slip (Marko, 1993).

Conclusions

The middle part of Western Carpathians is characterized
by several subvertical shear zones with prevailingly stri-
ke-slip character of movement. The movements along
them took place either within Hercynian orogen (proved
by radiometric datings, Hercynian granitoid intrusions in
shear zones, Hercynian ore-mineralization linked to shear
zones), as well as within Alpine orogen (radiometric da-
tings, occurrences of Mesozoic rocks within shear zones).
In most of cases the Hercynian and Alpine shear zones are
identical. There is evidence of long-living faults, some
are even active up to present time. The strike-slips alwa-
ys followed after the compressional phase of both orogens.
The extent of movements along them cannot be estab-
lished because of lacking of geological markers.

The older Hercynian shear zones of E-W direction were

11 P P WPZA P e

Fig. 2. Hercynian and Alpine strike-
slips in the central part of the Western
Carpathians. 1 - Mesozoic rocks,
2 — Permian granites, 3 — faults mostly of
strike-slip characterr S — Spiglova,
B — Bystra, T — Trangoska, K — Kolba,
O — Osrblie, P — Pohoreld. V — Vydrovo,
D - Divin, M — Muraifi, R — R4ztoc¢no,
Z — Zdychava, 4 — thrusts: a) Paleoher-
cynian, b) Mesohercynian, c¢) Paleo-
alpine (C - Certovica line, L — Lubenik
line).

identified and dated by newly formed muscovites about
330 Ma by Ar/Ar method and by intrusions of Upper Pa-
leozoic porphyric granites. They are often linked with the
ore-mineralization. Younger shear zones are mostly of
NE-SW directions, being dated by Ar/Ar method around
250-260 Ma. In these zones the ore-mineralization is de-
veloped, but they are also an environment of emplace-
ment of Permian magmatites.

In the Alpine orogen the movements along inherited
shear zones repeated — mainly shear zones of NE-SW
orientation were used, but, naturaly, also new ones were
formed. The movements took place under conditions of
lower grade greenschists facies, they were also connected
with extensive circulation of fluids, ore mineralization
and mylonitization.
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Abstract

The available and new radiometric ages of the Tertiary (Paleogene and Neogene) orogenic volcanics
and plutons in SW Bulgaria and N Greece are summarized and briefly discussed. The largest Paleogene
plutons are intruded obviously in Bartonian—Priabonian time. The volcanic activity was the most
widespread and most powerful in Rupelian time (34-29 Ma). Rare Sarmatian (12-11 Ma) volcanic

manifestations are distinguished as well.

Key words: Tertiary, Bulgaria, Greece, radiometric ages, volcanics, plutons

Introduction

Tertiary (both Paleogene and Neogene) orogenic igneo-
us rocks crop out over large territories of the central and
southern parts of the Balkan Peninsula between the main
Tethyan suture (Vardar — Izmir — Ankara) to the South
and the Late Cretaceous Banat — Srednogorie island-arc
system {Srednogorie unit) — to the North (Fig. 1).

The aim of the authors of this overview is to outline
the time-span of the Tertiary magmatic activity in both
the central and western parts of Bulgarian and Greece
Rhodopes and “Serbo-Macedonian massif” using the avai-
lable and the new radiometric ages.

Geological data about the Tertiary igneous rocks

Paleogene volcanic bodies of different facies and plu-
tons are strongly dominating among Tertiary magmatics

in the described territory, while the Neogene magmatics
crop out as rare bodies in its south-western part only
(Fig. 2).

I. The Paleogene volcanism took place in conditions
of a NE-SW to N-S directed extension and in a subaeral
environment. It was roughly contemporaneous with the
accumulation of continental and marine molasses upon a
basement of high grade metamorphics and granitoids. The
volcanics are mainly acid (dacites, rhyodacites, rarely —
rhyolites) and belong to the high-K calc-alkaline to sho-
shonitic series. Large and thick, high aspect ratio lava-like
ignimbrites are typical for the Central Rhodopes: Persenk
(Pk), Perelik = Zakardenia — (P-Z). Dipotama = Kotily-
Chaitou -Vitinya (D-KV) and Bracigovo-Dospat (BD;
Figs. 2, 3 and 4). Smaller ignimbrite-like bodies (North
Rhodopes ignimbrites — NRI) crop out in a E-W strip
along to their north slopes. The acid volcanics built also
complex volcanic structures (Mesta calderas — M, Levocevo
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Neogene magmatics
- Paleogene magmatics

¥ Late Cretaceous Banat -
m Srednogorie Island-arc system
mm] Main Tethyan suture
E Pre-Paleogene rocks

0 90 180 km

Fig. 1. Regional position of the Tertiary igneous rocks in the central
and southern parts of the Balkan Peninsula and in the North Aegean
region. The studied area is framed.

caldera — L, etc.) and outline pronounced linear NW-SE
(135-140°) trending polystadial and polyfacial magmato-

tectonic zones (Rouen — R, Gorna Ribnitsa — GR, etc.)
which continue on the territories of Macedonia and Serbia.
Dykes of acid or acid (rhyolitic) and intermediate (latitic)
composition built some of the Central Rhodopes linear
dyke swarms. In some of the swarms rare basaltic dykes
are also presented (Zagrazden dyke swarm — Zg, etc.).

The Paleogene plutons are hypabyssal, the Central Pi-
rin pluton being suggested to be a member of a volcano-
plutonic association. With one exception (Xanti pluton — X)
they are hosted into the crystalline basement only. These
are: Central Pirin (CP), Rila-Western Rhodopes (RWR —
second and third phases), Teshevo (T), Vrondu (V), Osso-
govo (Os), Elatia = Baroutin-Bouynovo (E-BB), etc.
(Figs. 2, 3 and 4). Rocks of acid composition (biotite-
hornblende granites and granodiorites) strongly predomi-
nate. Subordinate intermediate (monzonitic, monzodiori-
tic) and basic rocks (gabbro, monzogabbro — including
two-pyroxene-olivine gabbro) are described in some of the
plutons (Xanti, Vrondu, etc.).

2. The Neogene volcanic bodies crop out in small dy-
kes, as irregular subvolcanic bodies (Neo Petritsi — NP),
or as a cryptodome (Kozhouh — Kz — Figs. 3 and 4). All
of them are hosted by the high grade metamorphics on
the both sides of the Bulgarian-Greek state border along
the Strouma (Strymon) river valley (Fig. 2). They are of
acid (dacitic, rhyodacitic) to intermediate (trachytic) com-
position and belong to the high-K calc-alkaline to sho-
shonitic series. The plutonic bodies, referred recently to
the Neogene, are also of acid composition. The unusual
gneiss-like structure of the largest (Kavala — Kv) grano-
dioritic pluton is interpreted as a record of special tectonic
conditions of emplacement.
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Fig. 2. Tertiary igneous rocks in the
Bulgarian and Greek parts of the Cen-
tral and Western Rhodopes and “Ser-
bo-Macedonian massif”. 1 — Quaterna-
ry and Neogene deposits, 2 — Neogene
igneous rocks: a) subvolcanic bodies
and dykes, b) plutons, 3 — Paleogene
sedimentary and volcano-sedimentary
deposits, 4-5 — Paleogene igneous
rocks: 4a — extrusive volcanics, 4b — plu-
tons, Sa — subvolcanic (to hypabyssal)
bodies, 5b — dykes, 6 — high-grade me-
tamorphics. The full names of the igne-
ous bodies and magmato-tectonic struc-
tures are given in the text and/or in
Figs. 3 and 4.
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Radiometric data — comments and discussion

The available and new radiometric ages, determined in
different laboratories during the last two decades are sum-
marized and compared in Figs. 3 and 4.

The volcanics are dated as a rule by K-Ar method on
whole rock and/or mineral (biotite, sanidine, plagioclase)
fractions. The Rb-Sr, U-Pb, single fission-track and the
single “*Ar/°Ar ages of the plutons are commented only.
Their K-Ar ages are not taken into consideration, having
in mind the strong rejuvenation of the hosting high grade
metamorphics all over the territory of Rhodopes and “Ser-
bo-Macedonian massif™ as a result of the Tertiary tectono-
magmatic events. The following comments on the ages
presented could be made:

1. The Paleogene magmatic activity in the region star-
ted probably in Bartonian(?) by emplacement of hypabys-
sal plutons. It continued in Priabonian time mainly as
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Fig. 3. Time-chart of the Tertiary igneous activity in the Bulgarian
parts of the Central-Western Rhodopes and “Serbo-Macedonian mas-
sif . 1 — K-Ar ages: a — single dating, b — interval of data (the limits of
the instrumental error are H0.7 — £1.4 Ma), 2 — Rb-Sr ages (both iso-,
and errochron): a - single dating, b — interval of data, 3 — fission track
ages, 4 — U-Pb ages. The number of measurements - in brackets. Re-
ferences: R — Harkovska and Pecskay (1997), Os — Kounov et al.
(2001), GR — Pecskay et al. (2001), T — Machev et al. (2000), CP - Za-
gorcev et al. (1987), M — Pecskay et al. (2000), RWR - Kamenov
et al. (1999) and the references therein, L — Harkovska et al. (1998),
P — Harkovska et al. (1998) and the references therein, NRI — this
paper, BD - Lilov and Bacheva (1989) and new data, Zg — Harkovska
et al. (1998), Kz — this paper.
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Fig. 4. Time-chart of the Tertiary igneous activity in the Greek parts
of the Central-Western Rhodopes and “Serbo-Macedonian massif™.
| — K-Ar ages — interval of data, 2 — Rb-Sr ages (both iso-, and erro-
chron): a — single dating, b — interval of data, 3 — U-Pb ages,
4 — OAr/*Ar ages. The number of measurements - in brackets. Refe-
rences: NP — Eleftheriadis and Staikopoulos (1997), Vr — Kolokotroni
(1992), E - Soldatos et al. (2001), Z - Eleftheriadis and Lippolt
(1984), D — Innocent et al. (1984), Eleftheriadis and Lippolt (1984),
X — Kyriakopoulos (1987), Kv — Dinter et al. (1995).

a volcanic activity and became most widespread and most
powerful during Rupelian time span (34-29 Ma);

2. The Rupelian ages of the dyke swarms (s. s.) and
of the polyfacial linear magmato-tectonic zones, located
outside of the Paleogene basins and hosted in the crys-
talline rocks only (GR), fall also within the Early-
Middle Rupelian time-span above mentioned, under-
lying the regional character of the Rupelian magmato-
tectonic processes;
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3. Most of the ages of the Paleogene volcanics and the
Xanti pluton age are in agreement with the geological in-
terrelationships of the respective magmatic bodies with
their hosting and/or underlying paleontologically dated
sedimentary rocks. Therefore their age is confirmed by
two different independent methods.

4. A special attention has to be paid to the Paleogene
ages obtained for the plutons, because before the
respective datings (Figs. 3 and 4) most of them were
suggested to be older (Late Cretaceous, Paleozoic, or
even — Pre-Cambrian): a) The Rupelian fission-track
ages on zircon and apatite of the Ossogovo pluton agree
with its first preliminary U-Pb ages on zircon (Fig. 3),
but taking into account some geological interrelations,
these ages have obviously to be confirmed by more precise
methods; b) The same considerations have to be addressed
to the Priabonian (37-35 Ma) age of the Central Pirin
pluton and to the ages of the second and third phase of the
complex Rila-Western Rhodopes pluton; ¢) The Eocene
ages of the complex Elatia=Baroutin-Bouynovo pluton,
determined using new Pb-Sr isochrones on different mine-
ral fractions, outline a very wide time-span (47-34 Ma).
It has to be mentioned that the older of these ages are not
in contradiction with the field interrelations between the
granitoids and the Late Rupellian—-Early Chattian (30-27 Ma)
BD-ignimbrites (Fig. 2), suggesting possible intensive
processes of Late Eocene uplifting and exhumation. On
the other hand such inconsistencies in the ages could be
due to the evolution of the respective magmas through
AFG —~ or MFC - processes. The same explanation could
be proposed for the errochrone ages of the Vrondu pluton
(Fig. 4).

5. The preliminary Sarmatian K-Ar ages (about 11 Ma)
of the Kozhouh-body (Fig. 3) are in full agreement with
the *°Ar/2°Ar ages (12 Ma) of the Neo-Petritsi dykes and
subvolcanic bodies (Fig. 4), indicating a northward mig-
ration of the Neogene magmatic activity along the Strou-
ma fault zone. Such a migration would be even more im-
pressive, if the new Neogene ages of the Kavala pluton
(Figs. 2 and 4) are taken into consideration.
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Abstract

Contact metamorphic zones, developed around andesite intrusions of the Jarmuta hill (Pieniny Mts.),
were studied. Sedimentary rocks were subjected to contact metamorphism under pyroxene-hornfelse
facies conditions. It is possible that sanidinite facies conditions were developed temporarily within sedi-
mentary rocks in the immediate vicinity of the intrusion. Contact zone (andesite and metamorphosed se-
dimentary rocks) were subsequently altered by hydrothermal solutions. Hydrothermal activity took pla-
ce within broad range of temperature conditions. Chemical composition of solutions was changing du-
ring the decline of temperature.

Key words: contact metamorphism, hydrothermal activity, andesites, Pieniny Mts.

Introduction

Tertiary andesites in the Pieniny Mts. in Poland occur
in the form of small intrusions, sills and dykes. Contact
metamorphism and hydrothermal activity, related the alte-
rations of andesites and country rocks, were investigated
by numerous authors (e. g. Wojciechowski, 1950, 1955;
Birkenmajer, 1956, 1986, 1996; Maloszewski, 1956;
Gajda, 1958; Matkowski, 1958; Banas et al., 1993; So-
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kotowska and Wojciechowski, 1996; Pyrgies and Micha- 7% | Pieniny Untt {
lik, 1998). Andesites and hydrothermal veins connected [ Branisko Unit | ] flsenconer of e ~ N
with them were the object of ore prospection since 15th _cz_|Czertezik Unit Jarmuta Formation 1500 m,
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century (vide Wojciechowski, 1955; Matkowski, 1958).

Contact metamorphism, hydrothermal alterations and
ore deposits formation related to Tertiary volcanics were
broadly investigated in Slovakia (e. g. Stohl et al., 1994,
Kraus et al., 1999; Lexa et al., 1999).

Geologic settings

Several vein-like intrusions of andesite are present in
the Jarmuta area (the Grajcarek stream valley near Szczaw-
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Fig. 1. Sketch map of studied area (after Kulka et al., 1991; simplified).

nica). Localization of intrusions based on geophysical
methods was determined by Mafoszewski (1956). Two
lithological varieties of andesite can be distinguished here:

s2j20 Vv

52126

Fig. 2. Plan of the old adit on the eastern
slope of the Jarmuta hill and sampling sites.
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Fig. 7. Marcasite (Mrc) replaces pyrrhotite (Po) Oplical microscope.
reflected light

Fig. 5. Pyroxene and biotite partly replaced by sulphates SEM Fig. 8. Chalcopynte (Cep) changed by covellite (Cv). SEM.
so—called amphibole andesite (the older variety) and pyro- Andesites of the Jarmuta area intruded various sedimen-
xene-amphibole andesite (the younger one: Matkowski. tary rocks of the Grajcarek group (shales, marls, sandsto-

1958). nes. tuffaceous intercalations: Fig. |). The intrusion age
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determined using K-Ar method corresponds to Sarmatian
(Birkenmajer and Pécskay, 2000).

Sampling

Samples were collected in two localities — in the Mali-
nowa quarry (fresh and aitered andesite) and in the old adit
on the eastern slope of the Jarmuta hill. Samples from
the adit (Fig. 2) represent altered andesites and sedimenta-
ry rocks (various mudstones and sandstones) cut by hyd-
rothermal veins.

Methods

Optical microscopy both in transmitting and reflected
light was applied. X-ray diffractometry (Philips X'Pert
APD apparatus) was used for identification of rock com-
ponents. Powdered preparations were investigated in Cu
radiation monochromatized using graphite monochroma-
tor. Pelitic material was separated from several samples
after carbonate dissolution in acetic buffer and Fe-oxides
removal after reduction using Na-dithionite in Na-bicarbo-
nate and Na-citrate solution. Infrared spectrometry (Bio-
Rad FTS-135 type spectrometer) was used also. Samples
were prepared as pressed disc with KBr. Scanning electron
microscopy (JEOL JSM 5410 microscope) with energy
dispersive spectrometry (NORAN, Voyager 3100) was
applied. Samples were coated with carbon film.

Results
Altered sedimentary rocks

Two mineral zones were observed in sedimentary rocks
in the vicinity of intrusion. Sanidine, diopside, wollasto-
nite, pigeonite and cristobalite zone (Fig. 3) is present
close to the contact. Determination of sanidine and cristo-
balite is XRD based. XRD patterns indicate that sanidine
is usually accompanied by other, more ordered, potassium
feldspar phase. Wollastonite, diopside and garnet zone is
more distant from the contact. Sulphides are dispersed lo-
cally in altered rocks (pyrrhotite, chalcopyrite, pyrite) of
both zones. In rocks situated more distant from the con-
tact than previous ones, only recrystalization (increase of
average grain-size in the rock) and Fe, Ti or Fe-Ti-oxides
can be seen. Fine-dispersed graphite is present in several
samples. Secondary carbonates (calcite and siderite) and
clay minerals (chlorite and kaolinite) can be observed in
samples collected in a bigger distance from the contact.

Most newly formed minerals mentioned above can be
present both in altered mudstones and sandstones. Graphite
is a secondary mineral present only in mudstones. Primary
texture of sedimentary rocks are visible, however, these
textures are modified by alterations to various degree.

Contact alterations are observed macroscopically by the
change of the colour of rocks and in modification of their
mechanical properties (rocks are harder and splits into
sharp-edged fragments) as it was pointed out by Birken-
majer (1956).

Alterations in andesite

Assemblage of newly formed minerals in altered andesi-
te is relatively rich. Sanidine is present as anhedral gra-
ins. Potassium feldspar of adularia-like optical characte-
ristics can also be observed. Diopside forms relatively big
crystals enclosing older decomposed minerals, probably
pyroxene phenocrysts. Wollastonite can be observed both
as discrete grains and as complex intergrowths with feld-
spar and quartz (secondary quartz?).

Poikilitic biotite (Fig. 4) contains inclusions of quartz,
apatite and rarely feldspar. Poikilitic biotite is characteri-
zed by relatively high content of chlorine. Apatite occurs
commonly in rocks representing highest degree of altera-
tion. Numerous apatite crystals are chlorine-rich. Fine-
crystalline epidote is scarce in altered andesite. Secondary
carbonate minerals (calcite and subordinately siderite) are
present in andesite groundmass. Low amount of chlorite
was determined in some samples using XRD.

Sulphide minerals were observed also (Figs. 5 and 6).
Pyrrhotite is the most common among sulphides. It is
often accompanied by chalcopyrite. Sphalerite and rarely
electrum occurrence is related spatially to chalcopyrite.
Marcasite replaces pyrrhotite (Fig. 7) and covellite repla-
ces chalcopyrite (Fig. 8). Pyrite and galena are present
but in a very small amount. In strongly altered rocks
Fe-hydrooxides (for example goethite) are present.

Veins

Veins cut both andesites and sedimentary rocks. High deg-
ree alteration of wall rocks around veins cause determination
of the thickness of vein difficult. Type of alteration in wall
rock near veins is similar to those described in the andesites.

Siderite is present in vein and dispersed within altered
rocks. Sulphide minerals, secondary pyroxene and biotite
similar to those described in altered andesite are present in
vein and highly altered wall rocks around it. Growth of
secondary clay minerals is wide-spread. Kaolinite often re-
places biotite (Fig. 9). Coarse crystalline vermiculite (up
to 7 mm in size) (Fig. 10) occurs in clusters in fine-crys-

Fig. 9. Fine grain of crystalline vermiculite. SEM.
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Fig. 10. Bioute (Bt) replaced by kaolinite (Kln). SEM.

talline clayey matrix composed of kaolinite. chlorite.
swelling mixed-layer minerals. and siderite.

Discussion
Neomorphic minerals and their assemblages

Two main secondary mineral assemblages were distin-
guished in altered rocks based on their inter-relationships
and textures. The first one is related Lo contact metamor-
phism and conditions of relatively low activity of fluids.
The second assemblage contains minerals formed under
hydrothermal conditions.

Assemblage containing sanidine, wollastonite, diopside, pi-
geonite, garnets, cristobalite and Fe-Ti-oxides crystallized in
contact metamorphism and relatively low fluid activity condi-
tions. Graphite is present in mudstones and was probably for-
med at the expense of primary organic matter. The assembla-
ge represents minerals crystallized in various temperatures.

The second assemblage is related to hydrothermal alte-
ration and comprises biotite and apatite with high content
of chlorine, quartz, K-feldspars (adularia-type), carbonates,
epidote, kaolinite, vermiculite, chlorite and swelling mi-
xed-layer sheet silicates. Sulphides and hydrooxides (pyrr-
hotite, pyrite, sphalerite, chalcopyrite, covellite, elec-
trum, galena, marcasite and goethite) can also be included
into hydrothermal conditions related assemblage.

Conditions of metamorphism and hydrothermal alterations

Determination of contact metamorphism and hydrother-
mal alteration conditions is difficult because mineral as-
semblages have not attained equilibrium. what is eviden-
ced by their texture.

Presence of sanidine and wollastonite {*+diopside) can
suggest that sanidinite facies conditions were developed
temporarily within sedimentary rocks in the immediate vi-
cinity of the intrusion. Moreover sanidine can be found al-
so in marginal zones of the andesite intrusion The presen-
ce of sanidine can indicate rapid cooling from high tempe-
rature, but not necessarily from sanidinite facies conditions

temperature. Bigger volume of rock was subjected Lo pyro-
xene-hornfelse facies metamorphic conditions.

Hydrothermal alterations also took place in several sta-
ges. Biotitization was probably connected with high tem-
perature alteration in narrow zone near intrusion. Deve-
lopment of secondary biotite was earlier discussed by Gaj-
da (1958). Secondary (poikilitic) biotite is usually rich in
chlorine. It is possible that chlorine-rich apatite was for-
med in this stage. Formation of sulphides (pyrrhotite.
chalcopyrite. electrum). quartz and scarce epidote and
chlorite took place at lower temperature range. This stage
can correspond to propylitization. although mineral as-
semblage typical of propylitization is not fully developed
here (scarcity of epidote and chlorite). Formation of car-
bonates (calcite and siderite) is related to the period of de-
creasing lemperature. Wide-spread carbonatization was de-
scribed earlier by Birkenmajer (1958).

[n the hydrothermal vein and strongly altered wall rocks
the vermiculite. chlorite. swelling mixed-iayer silicates, and
kaolinite were formed probably under wide-span of tempe-
rature conditions. Kaolinite (which replaces biotite) was
formed at relatively low temperatures and at lowered pH.

Lowering of temperature and pH value influenced sul-
phides assemblage also. Pyrrhotite is partly replaced by
marcasite and chalcopyrite by covellite. Formation of Fe
hydroxides replacing sulphides and mafic silicates was re-
lated to low temperature oxidation conditions.

Conclusions

Sedimentary rocks around andesite intrusions of the Jar-
muta hill area were subject to contact metamorphism un-
der pyroxene-hornfelse facies conditions. It is possible
that sanidinite facies conditions were developed temporari-
ly within sedimentary rocks in the immediate vicinity of
the intrusion. Contact zone (both in andesite and meta-
morphosed sedimentary rocks) was altered during hydro-
thermal solutions activity. Hydrothermal activity took
place within broad range of temperature conditions. Che-
mical composition of solutions was changing during the
decline of temperature.
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Experimental volcanic glass from Streda nad Bodrogom (SE Slovakia)
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Abstract

The volcanic glass from Streda nad Bodrogom was used for experimental transformation into zeoli-
tes. Samples of obsidian were treated with the NaOH solutions of various concentrations and kept in au-
toclave in 75-175 °C for 72 hours. Four zeolite phases were obtained: analcime-O (ANA), NaP1 (GIS),
sodalite-OH (SOD) and hydroxycancrinite-type phase (CAN). Analcime has shown the highest crystal-
linity and has been found in the highest amount among products of syntheses.

Key words: obsidian, zeolitization, hydrothermal synthesis, Streda nad Bodrogom

Introduction

Zeolites are materials of unique framework structure.
As they include channels from angstroms to nanometers
of size inside, they have useful properties: high cation ex-
change capacity and molecular sieving. Zeolites are wide-
ly used, e. g. in the building and chemical industries. The

400

huge deposits of zeolites form as a result of zeolitization
of the volcanic glass. This process is studied by geoche-
mical modelling and hydrothermal experiments (Alberti
and Brigatti, 1985; Petrova and Kirov, 1995). Laboratory
simulations are needed to better understanding of zeoliti-
zation processes of natural glass and formation of great
zeolite deposits. These studies have been already carried

Fig. 1. SEM image and EDS spectrum of
NaPl (GIS) phase synthesised in [25 °C
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out in order to explain the possibilities of transforma-
tions in natural geological environment (Wirsching.
1981: Gottardi, 1989; Hall, 1998).

This paper concentrates on experiments on hydrother-
mal zeolitization of the Sarmatian volcanic glass from
Streda nad Bodrogom (SE Slovakia).

Materials and methods

The sample of volcanic glass was collected in the quar-
ry near Streda nad Bodrogom. Chemical composition of
the obsidian was determined as an average composition
from many point analyses with energy dispersive spectro-
metry (EDS), during scanning electron microscope
(SEM) observations.

Chemical composition (wt. %): SiO, — 74.30: Al,O5 —
16.29: Fe,05 — 1.12: MgO - 0.08: CaO - 1.35: Na,O -
3.27: K,0 - 3.59:

This composition corresponds with the data rom che-
mical analysis of bulk sample (BroSka and Baco: personal
information).

Hydrothermal treatment. Samples of obsidian (500 mg)

125 °C. with IM NaOH solution

were grounded in the agate mortar and treated with 15 ml
of NaOH solution of the following concentrations: 0.1 M,
0.2M. 0.5M. IM, 2M and 5 M. Reactions were carried
out in Teflon (PTFE) autoclave for 72 hours. in tempe-
ratures: 75 °C. 100 °C. 125 °C. 150 °C and 175 °C. The sam-
ples after reactions were separated from supernatant li-
quid. then they were washed in distilled water and dried.

The products were identified by X-ray diffractometry
(XRD) and the palterns were compared with PDF-2
JCPDS database (names and classification of zeolite pha-
ses after Baerloche et al.. 2001 as well as Treacy and Hig-
gins. 20010). Some of the samples were studied using
SEM. with EDS system.

Results and discussion

Four zeolite phases were identified as the products of
the reactions: analcime-O (ANA). NaP[ (GIS). hydroxy-
cancrinite-like structure (CAN), sodalite-OH (SOD). Tra-
ce amounts of unidentified PHI phases were detected in
some samples. The changes of the amount (from XRD
intensities of characteristic peaks) of zeolite phases during

Fig. 3. Crystals of hydroxycancrinite-
type phase (CAN) obtained during rea-
ction with 5M NaOH solution in 175 °C
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reactions in relation to temperature or NaOH concentra-
tion have been studied in details (Figs. 1, 2, 3,4 and 5).

In lower temperatures (75-100 °C) the NaPl phase oc-
curs as the main product and is replaced by sodalite in reac-
tions at highly concentrated NaOH solutions. NaP1 is pre-
sent in the products of high temperature syntheses only at
fow concentrations of NaOH solutions (0.1-0.5 M), while
analcime is the predominant phase. Hydroxycancrinite was
found among products of syntheses in the highest tempera-
ture and at the highest concentration of NaOH.

The amount of each zeolite phase was determined semi-
quantitatively in relation to the reactions parameters (tem-
perature and concentration of NaOH solution), in order to
define fields of their crystallization conditions (Fig. 6).
The highest crystallinity (among zeolites obtained during
syntheses) has been reached for XRD monomineral sam-
ples of analcime. Other zeolite phases show minor crys-
tallinity.

Conclusions

Analcime can be formed within the broad range of synt-
hesis conditions and reaches the higher crystallinity. This

very low or none
# medium-high ® high

medium % high
# very high ® >> very high
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= low % medium-low

Fig. 6. Interpolated fields of crystalli-
zation conditions of zeolite phases ob-
tained during reactions.

suggests that the transformation of volcanic glass (of
composition similar to one from Streda nad Bodrogom)
to analcime is very probable, however, the natural hydrot-
hermal conditions are usually more complex than applied
in experiments.
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Abstract

Foraminiferal assemblages from the Campanian to Maastrichtian deposits of the Frydek—type marls
have been studied within the Lanckorona—Zegocina Zone in the Wisniowa and Rajbrot tectonic windows
(the Subsilesian Unit, Polish Outer Carpathian). The microfauna from the both places partly consists of
the same species, but there are a few taxa which occur only in materials from the Wisniowa tectonic
window In majority samples planktonic and benthic calcareus foraminiferids are predominant.

Key words: Lanckorona — Zegocina Zone, Frydek—type marls, foraminiferids, paleoecology

Geological setting

The Lanckorona-Zegocina Zone belonging to the Sub-
silesian Unit (Polish Outer Carpathians) extends from the
Skawa river in the West to the Rajbrot village in the East
(Skoczylas and Ciszewska, 1960). That structure consists
of small tectonic windows that occur at the front of the
Magura nappe overthrust. One of them is the Wisniowa
tectonic window occurring in the middle part of this zone,
and the most eastern part of this structure is formed by
the Rajbrot tectonic window.

The Frydek—type marls which appear within above
mentioned tectonic windows have been studied. Deposits
of these marls from both localities are mainly pelitic beds
built up of grey, marly claystones, rather hard with inter-

19

calations of thin- and medium bedded sandstones and exo-
tic blocks. However, marls from Rajbrot are softer than
ones from Wisniowa and they contact with the adjacent
Zegocina marls and variegated sediments (Gasifski et al.,
1999). Studied foraminiferids come from the Frydek—type
marls, that have been collected from the Podlesie and
Kluzéwka creeks (the Wisniowa tectonic window) and
from the Uszwica and Boczny creeks (the Rajbrot tectonic
window).

Micropaleontological comments
Examinated foraminiferal associations consist of plank-

tonic (even up to 65 %) and benthic calcareous as well as
agglutinated species. Besides foraminiferids there have
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Fig. 1. Geological sketch-map of the Polish Outer Carpathians (after Malata et al., 1996). 1 — crystalline core of the Tatra Mts., 2 — High Tatra
and sub-Tatra units, 3 — Podhale flysch, 4 — Pieniny Klippen Belt, 5 — Magura nappe, 6 — Grybéw unit, 7 — Dukla unit. 8 — Fore-Magura unit, 9 — Silesian
unit, 10 — Sub-Silesian unit, 11 — Skole unit, 12 — Sambor-Sozniatov unit, 13 — Miocene deposits upon the Carpathian, 14 — Zgtobice unit, 15 — Miocene

deposit of the Carpathian Foredeep, 16 — andesite, 17 — investigated area.
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been found ostracods, fragments of echinoids, sponge spi-
cules. The age of the Frydek—type marls has been estab-
lished mostly on the base of the planktonic foraminife-
rids. Marls appear in the Wisniowa tectonic window are
considered as the Late Campanian and the Early Maas-
trichtian (Robaszynki and Caron, 1995; Brandys, 2000b).
Whereas, marls from the Rajbrot tectonic window have
been defined as the Campanian—Late Maastrichtian (Ga-
sifiski et al., 1999; Brandys, 2000a).

There have been recognized a lot of the same taxa in se-
diments from both places. The planktonic species belong
to Heterohelix, Globotruncana, Rugoglobigerina, Hed-
bergella, Globigerinelloides, Globotruncanella genera.
However, only within the microfauna from Rajbrot there
has been found characteristic planktonic taxa Abarhom-
phalus mayaroensis (Bolli) that indicate the latest Maas-
trichtian age of the examinated marls (Brandys, 2000a).
There is a similarity in the compositions of the benthic
foraminiferids, but within studied materials from the Raj-
brot tectonic window there have been recognized a num-
ber of tubular forms (mainly Rhabdammina) and quite
a lot of representatives of Nothia. The deposits from the
Wisniowa tectonic window include only a few specimens.
Moreover, when taxa belonging to the agglutinated bent-
hic foraminiferids genera like: Ammodiscus, Dorothia,
Gerochammina, Glomospira, Rzehakina being rather
scarce in marls from Wisniowa, occur in a relatively large
number within marls from Rajbrot. Nodosariids and cal-
careous benthic foraminiferids (for example: Lenriculina,
Gyroidina, Gyroidnoides, Osangularia) have been found
in the Frydek—type marls from both places and their num-
ber is comparable and relatively abundant. Moreover,
among studied microfauna only characteristical taxa from
the Wisniowa tectonic window have been recognized:
Reussella szajnochae (Grzybowski) and Daviesina
minuscula (Hofker).

Paleoecological remarks

The quantitative analysis of the studied microfauna
from the Frydek—type marls from the Wisniowa and Raj-
brot tectonic windows has been done. It shows that
planktonic foraminiferids taxa are predominant in many
samples from both localities.

The relation between keeled and non—keeled planktonic
foraminiferids has been also studied. The presence of
non-keeled epipelagic taxa is predominant among studied
materials from both places. That indicates that examina-
ted Frydek—type marls were deposited in the shallow wa-
ter environment — the lower part of the shelf or/and the

upper continental slope (Sliter, 1972). The existence of
Reussella szajnochae (Grzybowski) and Daviesina mi-
nuscula (Hofker), which is characteristic taxa for rather
cold water environments, within deposits from Wisniowa
area has not been taken into consideration due to their
scarcity.

Conclusions

The microfauna from the Frydek—type marls occurring
in the Wisniowa tectonic window corresponds to the stu-
died foraminiferal assemblages from deposits recognized
in the Rajbrot tectonic window. Foraminiferids indicating
on the Late Campanian and the Early Maastrichtian age
of marls from Wisniowa area consist of many equal spe-
cies of foraminiferids as those found within marls from
Rajbrot area.

Thus, Frydek-type marls from both localities disclose
not only lithological but also microfaunal resemblance.
It implies that these sediments were deposited in the si-
milar shallow marine environments during the same
time period.
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Abstract

The most significant textural, mineralogical and chemical data are presented for green grains from
deposits of lower part of the Magura Beds and the Menilite Beds near Folusz. The analyses indicate that
the most frequent glauconitic facies is granular and the grains are K-rich glauconitic mica with high
Fe,O, content — they represent evolved and highly evolved stages of glauconitization. These data can
be the basis for discussion on depositional environment and the origin of parent material of the studied

beds.

Key words: glaucony, mineralogy, Magura Beds, Menilite Beds

Introduction

In the Carpathian flysch there is quite large number of
formations containing green grains which resemble glau-
conite. This mineral is useful, on account of its special
properties, in different fields of geological science. It can,
for example, be a possible tool for sedimentologic inter-
pretation of marine deposits, stratigrafic correlation or ra-
diometric dating (Amorosi, 1996).

Unfortunately, the investigations of green grains occur-
ring in the Polish Carpathians are very poorly developed.
In general. geologists regarded them as glauconites in
most cases without examination their mineralogical and
chemical character. The preliminary result of the minera-
logical and chemical investigations of glaucony from the
sandstone and mudsone of the Magura Beds were presen-
ted by Koszowska and Leszczynski (2001 ).

This paper presents the results of mineralogical and
chemical analyses of several samples of green grains from
{lysch deposits of the marginal zone of the Magura nappe
and its foreland (the Jaslo nappe). They can be the basis
for discussion on geological conditions of origin of the
deposits containing them.

KM OBOR02

Fig. L. Initial stage of formation of honeycomb-like structure

Geological setting

The study area is situated in the Polish Outer Carpat-
hians near Folusz. Four representative samples were col-
lected from two cross-sections exposed along Kiopotnica
stream. One of them is situated in the marginal, northern
part of the Magura nappe (Siary subunit) and the other in
the area at its front regarded as the Jasto nappe (Koszarski
and Koszarski, 1985; Koszarski, 1999). Although, becau-
se of its very complicated tectonic setting there are many
different in opinions on geology of this area (see: Szyma-
kowska. 1966: Jankowski. [997).

Two samples were collected from sandstones of the Magu-
ra Beds and the other two rom the Menilite Beds (sandstone
and limestone). Both formations are Lower Oligocene in age.

Methods of investigation

The collected samples were separated using the following
methods: glaucony-bearing rocks were disaggregated. sub-
mitted 10 magnetic separation. heavy-liquid fractionation,
purification by ultrasonic cleaning. and [inally handpicking.

The main properiics (morphology. mineralogy and che-

Fig. 2. Honeycomb-like structure of the surface ol glauconitic grain
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Fig. 3. Surface of glauconitic grain (Fig 4) with random aggregates

of flakes.

Fig. 4. Grain with porous coarse surtace
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mistry) of green grains were studies by applying: optical
microscopy, scanning electron microscopy (SEM-EDS)
and XRD of oriented powder samples.

Results of investigation
Physical properties

The colour, density, morphology and internal structure
of green grains were examined in detail. The green grains
occur mainly in size range of 0.1-0.5 mm. They are mainly
dark-green in colour (light coloured grains represent only
small percentage of each sample). They exhibit conside-
rable variety in morphology. Most frequent glauconitic
facies type is granular, but the diffuse type was also iden-
tified. Among the morphological types the most repre-
sentative are (according to Triplehorn, 1966): the sphero-
idal —ovoidal (30—40 % in each sample) with smooth sur-
face, mammillated, tabular-discoidal and irregular shape
were also observed. Rarely composite pellets and pellets
resembling internal cast of foraminifers are present, too.

The electron microscopy observations allow to distin-
guish two types of microstructure (according to Wiewidra
and F.acka, 1979):

— “honey-comb” microstructure (Figs. 1 and 2), obser-
ved in grains with smooth surface,

— random aggregates of flakes (Fig. 3), which are cha-
racteristic for grains showing porous, coarse surface
(Fig. 4) interpreted as an effect of abrasion and transport.

Mineralogy

The mineralogical characteristic was mainly based on
powder mounts. X-ray diffraction investigations on un-
treated and glycolated oriented samples were made for defi-
ning the mineralogical type of green grains and the
amount of expandable layers.

Investigations reveal that the grains of each sample re-
present glauconitic mica (Fig. 5). The content of expan-
dable layers, which is the main criterion for defining
glauconitic species, is relatively small (less than 10 %).
The procedure for defining illite/smectite interstratifica-
tions proposed by Srodon (1984) was used in the case of
studied glauconites (Fig. 6).

Short distance d between the (001) and (020) peaks on
diffractograms (see: Odin and Matter, 1981; Odin an Ful-
lagar, 1988) indicates high potassium content in the
structure of studied glauconitic material. It also indicates
that the grains consist of well-ordered glauconites.

Chemistry

Chemical analyses of the grains confirm their glauconi-
tic nature. The calculated chemical formula does not differ
significantly from the others presented in previous refe-
rences (Fig. 7). The Fe,Osp,, content of the studied glau-
cony is high (up to 29 %). The K,O content, which is
directly related to the content of expandable layers and
provides information about the maturity of glaucony (as
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Fig. 6. Plot for determining illite/smectite ratio from 002 and 003
reflections (see: Srodon, 1984) used in the case of studied gluconites.

documented by Burst, 1958; Hower, 1961; Odin and Mat-
ter, 1981 and others), is also very high — more than 7 %.

The composition (high K,O content) and structure (d
spacing, shape and intensity of peaks on XRD diagrams)
indicate that the studied material represents the last stages
of glaucony evolution. Glauconite from sandstones of the
Magura Beds and sandstones and limestones of the Meni-
lite Beds are evolved and highly-evolved. The same stage
of evolution is characteristic for materials from embed-
ding mudstones of the Magura Beds (Koszowska and
Leszczynski, 2001).

Author Number
of Formula

analyses
Presented 14 (Ko7:Caggs)o77
work (Al 31 Fe3+a 7T 100:M20 1) (S 51ALy 56)0,0(OH:)
Smulikowski 60 (Ko 67Cap 05N g 08)0.83
(1954) Aly soFe3+ osFe2+4 17Mgg 1) (Siy 66Aly 33)0,0(OH,)
Turnau-Morawska 1 (Ko 70Cag00Nag01)0.50
etal. (1975) (Al 76F€3+0 76F€2+4 [sMgo31) (Sis 61Aly 56)0,(OH)
Odom (1984) 6 (Koz6Cag3dom

(Aly 30Fe3+, joFe2+ 15M2o 35) (Si3 62Alg 33)0,o(OH2)

Fig. 7. Chemical formula of studied glaucony compared with data
from previous references.
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Conclusions

The deposits hosting glaucony were formed by gravity-
flow processes in an environment that was poorly suited
to glauconitization. This suggests that the glauconitic
grains were redeposited.

According to the model proposed by Amorosi (1996)
the glaucony of each sample is considered to be alloch-
thonous. Nevertheless, more investigations are required to
state if the glaucony is detrical (extrasequential) or parau-
tochthonous (intrasequential).

The features of glaucony in individual sample indicate
that the composition of grains is similar. They represent
similar maturity and morphological types. Therefore, the
genetic relationship between green grains is really possib-
le (the maturity of glaucony may be used as an index for
correlation with putative sources — Amorosi, 1996).

The presented results provide a new information on the
origin of glauconite-bearing deposits in the studied area.
Further detailed mineralogical and sedimentological inves-
tigations are needed to better understanding of the origin
of glauconite-bearing sediments in the units of the Polish
Outer Carpathians and to provide more adequate interpre-
tation of origin of these units.
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Dating of the Tertiary ‘“Pteropoda events’ in Hungary by magnetostratigraphy
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Abstract

The Hungarian Tertiary marine sediments contain relatively rich pteropoda fauna. Nearly 30 spe-
cies, assigned to 8 genera have been recognized from 33 Eocene, 21 Oligocene and 43 Miocene locali-
ties. In Hungary. the first planktonic gastropods appeared in Middle Eocene, 43 Ma ago in the C20n
magnetic chron and disappeared in the Miocene (Badenian), in the chron C5ADn with an age of 14.2 Ma,

according to time scale of Berggren et al. (1995).

Key words: Holoplanktonic Mollusca. Euthecosomata, biostratigraphy, magnetostratigraphy, Tertiary,

Hungary

The aim of this report is to present the latest results of
the research of Tertiary pteropods in Hungary, particularly
the correlation with biostratigraphic and magnetostratigra-
phic data.

Tertiary marine sediments containing a rich fauna of
holoplanktonic gastropods cover large areas of Hungary.

Recent studies of marine fossil holoplanktonic gastro-
pods suggest that this group of molluscs is an effective
biostratigraphic tool for correlation of Tertiary marine se-
diments all over the world.

The heteropods and pteropods are two groups of plank-
tonic gastropods that have been preserved in fossil re-
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cords. Pteropods are represented by eight genera of Euthe-
cosomata (Limacina, Creseis, Praehyalocylis, Clio, Sty-
liola, Vaginella, Diacrolinia, [reneia) distributed from
the Middle Eocene to Middle Miocene.

In Hungary it is particularly important that nannop-
lankton, plankton foraminiferal and magnetostratigraphic
zonation are available from most parts of the boreholes
yielding pteropods. It offers an excellent opportunity for
multidisciplinary approach in correlation.

Eocene pteropods occur in 33 localities in Hungary,
being mostly-in continuously cored drillings. Nanno-
plankton and planktonic foraminiferal zones are available
in large part of these boreholes, supported by several
magnetostratigraphic correlations.

Eocene deposits contain a rich fauna of pteropods, 10
species have been identified, assigned to 4 genera. Most
characteristic are Limacina bartonense, Limacina sp. A.,
Creseis hastata, and Praehyalocylis annulata.

The first planktonic gastropods in Hungary — Limaci-
na, Creseis, Praehyalocylis — appeared some 43 Ma ago,
in the NN 16 nannozone, the Morozovella lehneri plank-
ton foraminiferal zone and the magnetic chron C20n
(Lantos et al., 2000).

The first appearance of Clio genus at the top of the
nannozone NP16, around 40 Ma is the oldest occurrences
worldwide (Bohn-Havas and Lantos, 2000).

Pteropods disappeared at 36 Ma in Hungary, in the nan-
nozone NP 18, Globigerinoides semiinvoluta planktonic
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foraminiferal zone and magnetic chron C16n (Lantos
et al., 2000).

Oligocene marine sediments (NP21-25) in 21 localities
(5 outcrops, 16 drillings) also contain a rich pteropod fau-
na, (7 species 5 genera). Most part of localities were stu-
died and dated by nannoplankton (Baldi-Beke, 1983; Na-
gymarosy, 1984).

The mass occurrence of Limacina (lower part of NP
21/22); the presence of Ireneia tenuistriata (NP 24)
which is an index fossil for pteropod zone 16 in NW Eu-
rope (Janssen and King, 1988) and Vaginella tricuspidata
(NP 24/25) which is an important species of a correlation
of Late Oligocene deposits in Europe, are noteworthy
(Janssen and Zorn, 1993).
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Of 6 genera (Vaginella, Limacina, Clio, Diacrolinia,
Creseis, Styliola) assigned 11 species are known from 43
localities of the Hungarian Miocene marine deposits.
Most of pteropods occur in continuous cores which can
be well-dated by nannoplankton and magnetostratigraphy
(Nagymarosy, 1985; Bohn-Havas and Lantos, 1997).

Vaginella austriaca, Clio fallauxi, Clio pedemontana,
Diacrolinia aurita are important for further classification
of the Middle Miocene.

Among the above mentioned important species Vagi-
nella austriaca is the most widespread in space and ti-
me. It is remarkable that this species appeared first (Kar-
patian, NN4 nannozone) and only small number can be

found in the Early Badenian chron C5SADr, about 14.9 Ma.

14.5 MA ago (chron C5ADn) Clio fallauxi, Clio pe-
demontana, Diacrolinia aurita and Limacina valvatina
appeared. A rapid increasing in the diversity number of
specimens and geographic distribution of pteropods are
characteristic at the same time.

After this “acme” planktonic molluscs show an abrupt
rapid decrease and disappear at the end of chron C5ADn
about 14.2 Ma.

The mass occurrences of Limacina (= Spiratella hori-
zon) that is very characteristic in the Late Badenian depo-
sits in the Paratethys but this horizon has not been iden-
tified in Hungary yet.
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Abstract

Within Carpathian Foredeep basin the open marine condition evolved into restricted evaporitic basin
during the Late Badenian (Serravalian). In the West it embraced outer part of the foredeep only, whe-
reas in the East also its inner part. Along the Carpathians front the chloride sub-basins developed. Bio-
stratigraphic researches proved that chloride, and in Ukrainian part also potassium salts were deposited,
generally during the same period corresponding to zone NN6.

Key words: nannoplankton, foraminifera, salt deposits. Badenian

Geological setting

The Carpathian Foredeep Basin (CFB) (Fig. 1) belon-
ged to the Central Paratethys biostratigraphic province of
the Central and Eastern Europe (Kovac et al., 1998). The
Carpathian Foredeep Basin (CFB) developed in front of
the advancing Carpathian orogene on the southern edge of
the Northern-European Platform (Oszczypko and Slaczka,
1985; Oszczypko, 1998). CFB can be subdivided into

two sub-basins: inner and outer ones. The inner sub-basin
is generally composed of the Early and Middle Miocene
continental, brackish and marine deposits. The outer one
is filled with Middle Miocene (Badenian and Sarmatian)
mainly marine deposits. During Badenian the evaporitic
deposits developed in the foredeep basin. In the western
part these deposits developed only in the outer sub-basin
when in the eastern part they embraced also the inner sub-
basin (Chlebowski, 1947; Djinoridze, 1980). The broad,

Fig. 1. Sketch-map of the Carpathian Fo-
redeep and localization of investigated
places (based on Garlicki, 1979). 1 —boun-
dary of Carpathian Foredeep deposits,
2 — autochthonous Miocene deposits in
Poland, 3 — Carpathian orogen, 4 — Car-
pathian overthrust, 5 — outer boundary of
the folded Miocene (Wieliczka-Zglobi-
ce Unit in the West and Sambor-Roznia-
tiv Unit in the East). Z — Zabawa,
S — Sutkéw, G — Gierczyce.
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Fig. 2. Distribution of the calcareous nannoplankton and foraminifera in the Wieliczka mine.
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Fig. 3. Distribution of the calcareous nannoplankton
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shallow-water area, both on the platform and northern
margin of thrust belt were dominated by sulphate facies,
whereas the narrow and deeper part, located along the acti-
ve Carpathian front were occupied by chloride-sulphate fa-
cies and locally (Ukrainian part) also by sulphate facies
(Fig. 1). Generally the salts were deposited as an effect of
precipitation. However in some areas redeposition proces-
ses took also place, and salt conglomerates and sedimen-
tary breccia have been deposited (Slaczka and Kolasa,
1997).

As an effect of the Miocene tectonic movements a nar-
row zone of the folded Middle Miocene deposits that con-
tain evaporitic deposits (Zglobice unit in the West and
Sambir-Rozniativ unit in the East) was developed along
the Carpathian thrust. These units were overthrusted on
the autochthonous Miocene deposits of the more external
part of the foredeep.

The age of salt deposits was controversial for a long ti-
me. In Wieliczka-Bochnia area the salt deposits were con-
sidered to be of the Middle Badenian age (Garlicki, 1979)
while in Sambor—Rozniatov unit they were considered to
be of the Burdigalian in age. However, new data implied
the Badenian age also for the salt from the Borislav-Roz-
niatov unit (Andreyeva-Grigorovich and Kulczytsky,
1984; Andreyeva-Grigorovich et al., 1997, Andreyeva-
Grigorovich et al., 1999) and from its prolongation to-
wards the south (Crichon, 1999; Marunteanu, 1999).

Location of samples

Several sections in the Polish and Ukrainian part of the
foredeep have been investigated to obtain lithostratigra-
phy of the salt deposits and a new biostratigraphic data
which could confirm their development and age. In the
Polish Foredeep five sections were detaily sampled: Wie-
liczka (Fig. 2) and Bochnia salt mines, Sutkéw, Gierczy-
ce brickyards, Zabawa exposure, whereas in the Ukrainian
Foredeep two sections from the Sambor—Rozniatov Unit
(Dombrovian salt quarry, and borehole Kalush 340, Fig. 3)
were investigated.

Biostratigraphic results

Nannoplankton data: In the Kalush mine from rosy
marls (Stebnik Beds), in the sub-evaporite deposits the cal-
careous nannoplankton representing NN 5 zone has been
found with species Coccolithus pelagicus (Wall.), Cycli-
cargolithus floridanus (Roth and Hay) Bukry, Discoaster
variabilis Mart. & Braml., D. exilis Mart. & Braml.,
Calcidiscus leptoporus (Murray et Black.), Helicosphaera
carteri (Wall.), Pontosphaera multipora (Kampt.), Rhab-
dosphaera sicca (Str.), Sphenolithus heteromorphus Defl.
In the sub-evaporite deposits and the lower part of the salt
deposits in Wieliczka, in the sub-evaporite deposits in
Bochnia Salt (Skawina Fm.) as well as in the grey marly
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clays below the evaporites in the borehole Kalush 340
the nannoplankton assemblage belonging to boundary bet-
ween NN 5 and NN 6 zones — and lower part of NN 6 zone
has been established. Nannoplankton association contains
the most abundant species: Coccolithus pelagicus (Wall.),
C. miopelagicus Bukry, Calcidiscus leptoporus (Murray
& Black.), Cyclicargolithus floridanus (Roth. & Hay)
Bukry, Reticulofenestra pseudoumbilicus (Gartner). Less
common, but particulary notable are: Calcidiscus prema-
cintyrei Theodoridis, Coronocyclus nitescens forma ellip-
tica (Kampt.), Discoaster exilis Mart. & Braml., D. brou-
weri Tan, Helicosphaera carteri (Wall.), H. walbersdorfen-
sis Muller, Sphenolithus abies Defl., Umbilicosphaera
rotula (Kampt.) Varol. Sphenolithus heteromorphus Defl.
and Discoaster cf. kugleri Mart. & Braml. which are very
rare. In the Wieliczka and in the Bochnia Salt Mines nanno-
plankton assemblage belonging to undivided zones NN
6-NN 7 with most common species: Calcidiscus lepto-
porus (Murray & Black.), Coccolithus pelagicus (Wall.),
C. miopelagicus Bukry, Reticulofenestra pseudoumbilicus
(Gartner), less common: Calcidiscus macintyrei (Bukry &
Braml.), Discoaster exilis Mart. & Braml., D. variabilis
Martini & Braml., D. kugleri Mart. & Braml., Helicos-
phaera carteri (Wall.), Sphenolithus abies Defl., Thoraco-
sphaera heimii (Lohm.) Kampt., Umbilicosphaera rotula
(Kampt.) Varol has been found in a mudstone intercala-
tion within green salts complex, above or near tuffite ho-
rizon WT 3 (Layered Member). The similar nannoplank-
ton (NN 6-NN 7 zones) has been identified in the lower
part of the Chaotic Member. The nannoplankton assem-
blage from clays (Chodenice Beds) above the evaporite
horizon in the Sulkow quarry east from Wieliczka con-
tains Calcidiscus leptoporus (Murray & Black.), Calci-
discus macintyrei (Bukry & Bramb.), Helicosphaera car-
teri (Wall.), Reticulofenestra pseudoumbilicus (Gartner),
Sphenolithus abies Defl.; less common or rare are Disco-
aster kugleri Mart. & Braml., Pontosphaera multipora
(Kampt.), Holodiscolithus macroporus (Defl.), Scyphos-
phaera amphora Defl., Braarudosphaera bigelowi (Gran &
Braar.), that suggests zones NN 6-NN 7. The nanno-
plankton complex, analogous by the contents and corres-
ponding the NN 6-NN 7 zones, has been found within
Bogucica sandstones near Zabawa. Very poor nannoplank-
ton assemblages with Coccolithus pelagicus (Wall.), C. mio-
pelagicus Bukry, Calcidiscus leptoporus (Murray & Black.),
Reticulofenestra pseudoumbilicus (Gartner), R. spp.
small, Helicosphaera carteri (Wall.), Umbilicosphaera ro-
tula (Kampt.) Varol have been found in the Gierczyce
brickyard (Chodenice Beds), also within grey clays above
the evaporitic sequence in the borehole Kalush 340 and in
Dombrowsky quarry. The species-markers are absent.
These data suppose the correlation of above mentioned
sediments with zone NN 6-NN 7.

Foraminiferal data: Generally similar results have
been obtained from the foraminiferal researches carried out
in the Wieliczka Salt Mine. In the sub-evaporite deposits
(Skawina Beds) the Badenian assemblage with Globigeri-
na foliata Bolli, G. cf. falconensis Blow, Turborotalita
quinqueloba Natland, Globigerinella obesa (Bolli), Valvu-

lineria arcuata (Reuss.), V. complanata (Orb.), Cassiduli-
na carinata Cushm. et Park., C. oblonga Reuss., Cibici-
des pseudoungerianus Cushm., Ammonia beccarii (Lin-
ne), Bulimina elegans Orb., Bolivina dilatata brevis Ci-
cha et Zapl., Elphidium crispum (Linne) have been
found. Within the lower part of the boulder salt deposits
there exists the assemblage with Globigerina praebulloi-
des Blow., G. bulloides bulloides Orb., G. apertura
Cushm., Globorotalia pseudopachyderma Cita, Prem.-
Silv. et Rossi, Valvulineria complanata (Orb.), Bolivina
dilatata dilatata Reuss, Uvigerina macrocarinata Papp et
Turnovcky typical to the Late Badenian. Only in several
samples an assemblage with Siphonodosaria sp., Anoma-
linoides badenensis (Orb.), Bulimina elongata Orb., and
Halicoryne morelleti (Pokorny), that show an affinity to
the lower part of the Early Sarmatian, has been present.
The assemblages from the Skawina Beds and from evapo-
ritic sequence from the Bochnia Salt Mine correspond to
the Late Badenian only: Globigerina praebulloides Blow.,
G. bulloides bulloides Orb., G. diplostoma Reuss, G. fo-
liata Bolli, Turborotalita quinqueloba Natl., Globorotalia
mayeri (Cushm. et Ellis.), G. scitula Brady, Globigerino-
ides trilobus Reuss., Cassidulina oblonga Reuss., Cibici-
des ungerianus (Orb.).

The foraminiferal assemblages from the Sulkéw area
are typical for the Late Badenian and contain Martinotiella
communis (Orb.), Turborotalita quinqueloba Natl., Glo-
borotalia mayeri (Cushm. et Ellis.), Bulimina elongata
Orb., B. striata striata Orb., Bolivina dilatata dilatata
Reuss., B. aff. simplex (Phleg. et Park.).

In the Gierczyce brickyard the Badenian foraminifera
Globigerina bulloides Orb., G. praebulloides Blow, G.
juvenilis Bolli, Globorotalia aff. bykovae (Aisen.), Buli-
mina striata mexicana Cushm., Bitubulogenerina reticula-
ta Cushm., Elphidium macellum (Ficht. et Moll) have
been established. Because of the poor foraminiferal con-
tent in washed samples it was not possible to determine
more precise the age of sediments.

The foraminiferal assemblages from the clays situated
above the evaporite horizon in Dombrowsky quarry are
similar to the Late Badenian ones. They contain Atriculi-
na problema (Orb.), Quinqueloculina consobrina Orb.,
Globigerina juvenilis Bolli, Turborotalia quinqueloba Natl.,
Globigerinella regularis (Orb.), Bulimina gutsulica
(Liv.), Angulogerina angulosa (Will.), Bolivina dilatata
dilatata Reuss., Hanzawaia boueana Orb., Ammonia becarii
(Linne), Elphidium crispum (Linne).

Conclusions

1. The results of the biostratigraphic researches show
that the age of salt deposits is generally of the Late Bade-
nian age. Calcareous nannoplankton assemblages corres-
pond to NN6 zones and undivided zones NN6-NN 7 and
microfauna assemblage to the Late Badenian in the Wie-
liczka, Bochnia and Kalush salt deposits.The sub-evapori-
tic beds in Wieliczka, in Bochnia (Skawina Beds), in
borehole Kalush 340 sections belong to boundary between
NN 5 and NN 6 zones as well as to lower part of NN 6
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zone. Generally there is consistence between foraminifers
and nannoplankton assemblages, apart of the occurrence of
the Sarmatian-like foraminifers in the chaotic (boulder)
part of the Wieliczka Salt Mine. It can be explained by lo-
cal development of brackish environments caused by the
influx of river water from the nearly Carpathian Range.

2. The hitherto obtained biostratigraphic data show
clearly that the Zglobice and Sambir—Rozniatov units
were folded during the similar, post-Badenian time, and
they can represent one continuous tectonic unit (SALIDY)
that stretch out in front of the Carpathians.

3. Our biostratigraphic data prove that the Wielician
stage of the Central Parathetys does not belong to the
Middle Badenian, as it has been traditionally accepted, but
to the Late Badenian.

4. During the Middle Miocene (Badenian and Sarmatian)
evolution, the Carpathian Foreland Basin in Poland and
Ukraine underwent through four principal, environmental
stages: terrestrial, open marine, hypersaline, open marine,
and brackish.
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Abstract

The study presents new results of sedimentological and geochemical investigations of Badenian salt
series (Zbudza Fm.) from the well P-7 situated within the Zbudza salt deposit.

Key words: Miocene, evaporitic petrology, geochemistry. East Slovakian basin

Introduction

The Zbudza Formation is developed in local depressions
of the central part of the East Slovakian Basin. This
Middle Badenian (Karoli, 1998; Vass et al., 2000) evapo-
ritic horizon was discovered in several localities during oil

and gas prospection led in the 1950s. It turned out that
only in the area of Zbudza (8 km N from Michalovce),
where the deposit was well documented, it is economical-
ly significant. First note about the deposit was published
by Janacek (1958), who determined stratigraphical position
of Badenian sedimentary formation and presented litho-



54 Mineralia Slovaca, 35 (2003)

A

SLOVAK!A

Neogene volcanites
Miocene sediments
Quter Flysch Zone
Inner-Carpathian Paleogene
Klippen Belt

m Undivided pre-Tertiary units

Zbudza

P-7 sm, Brppm
AQOM 0 10 20 30 40
rrrrr
500 + rrerr
rrrrriesg e
rrrrr
— rerrr
'V [
rrrrr
rrrrr
| rerrr
rrrrr
rrrrr
rerre*32 .
— | il il
rrrrrix3l .
I rrrege29 .
| ol ol
27 .
Trrrr
rerrri=25
560 —
N Il
rerrr|*é i
rerer
n rerrrizg )
| rerer
rerrer
I
600 rrerrf
rrrrr 12
rerrrig;g
] rerer
rererf*0
crrrrfx9 -
620 RANAR
Anhydrites l:] Claystones
Salts Sandstones
Conglomerates

Fig. 1A, B. Location of borehole P-7 in the East Slovakian Basin. C — Sedimentary succession and the bromine content

in 19 samples of halite.

facial characteristics of the discussed Zbudza Formation.
In the following years 20 wells were drilled, described by
Dzubera and Grech (1963). Results of these works were
synthetically presented by Slavik (1971). Since the 1980s
new boreholes have been drilled in this area (Karoli,
1993). Maximum thickness of evaporitic formation near
Zbudza is 120-150 m (Karoli et al., 2001). Preliminary
lithofacial investigations were rather surprising, eviden-
cing that most of halite is redeposited which could signifi-
cantly influence on the extent and quality of the deposit.
The study presents new preliminary results of sedimento-
logical and geochemical analyses of samples from the bo-
rehole P-7 located in the vicinity of Zbudza (Fig. 1A, B).

Characteristics and depositional history of chlorides
from the borehole P-7

The Middie Badenian evaporitic succession from the
P-7 well consists of pure and clayey halites, with inter-

beds of siliciclastics (conglomerates, fine sandstones and
laminated silt/claystones) and nodular clayey anhydrites.
Halites are developed as:

(a) coarse halite-rudites to salt breccias (deposited by
mass flows),

(b) finer halite-arenites (current/wave mobilization of
halite crystals) and

(c) salt/clay rhythmites (chemical precipitates from

fluctuating brines).
They all contain frequent clasts of cloudy and zonal (hop-
per, chevron) halite, dispersed sulphate nodules, clay mat-
ter (crystal included, intercrystal infill, matrix and lami-
nae) and carbonized plant remains, particularly common
in the lower part of section. In siru chevron crystals pre-
vail in the chemically deposited units.

Four salt units (Fig. 1C) with comparable thickness
(29-32 m) were distinguished within studied section, sepa-
rated by siliciclastics and sulphates. All they begin and fi-
nish with coarse halites (halite-rudites to salt breccias) alt-
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Ch - chevron crystals
Cl - clasts of halite
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Fig. 2. Fabric of the rock salt, sample no 34, major and trace com-
ponent contents in various parts of the sample are presented in tables.

hough the total thickness of two main components — rudi-
tes and arenites with salt rhythmites — is similar except of
the thin unit III (8.5 m) wholly constituted of rudites.

The lowermost unit, with numerous thicker (cm) clays-
tone intercalations and fine plant remains, manifests effect
of slumps and adherent mass flows, produced by tectonic
activity of basin frames and reworked material from mar-
ginal mud-salt flats. Periodic stabilization has registered as
salt rhythmites and arenites, accumulated in brines with
fluctuating concentration and affected by currents/waves.
Top halite-rudites of this unit precede the 11 m thick unit
of conglomerates and successive fine sandstones, represen-
ting submarine fan deposits, invaded the evaporitic pan
due to intensive clastics supply from uplifted margins and
correspond to a phase of maximum tectonic activity.

Next salt unit (II) continued depositional style of the
former one (slumps and chemical precipitation) and it is
toped by 2 m thick bed of claystones with displacive hali-
te crystals, reflected maximum brine refreshment/dilution
and pelites accumulation in basinal conditions. Overlain
(8.5 m thick) halite-rudites with decimetre marl interbeds
and sporadic plant remains became a product of successive
mass flows. Following brine refreshment has resulted in

W
W

2.5 m nodular anhydrite bed, with fine chevron halite in-
tercalations al the bottom.

The uppermost. thickest (32 m) salt units evidence re-
turn of successive episodes of slope slumps with adherent
mass flows and periods of chemical precipitation in relati-
vely calm brines. Whole succession is overlain by silt-
stones of open marine environment. corresponding to the
Late Badenian transgression (the Lastomir Fm. — Vass
et al.. 2000).

Geochemical investigations

A total number of 19 samples were selected rom the
borehole Zbudza P-7.

For these samples exhaustive geochemical analyses of
major and trace elements were carried oul with the 1CP
methods. In geochemical analyses of chlorides the particular
attention was paid to Br content. Its determination in rock
salts is most (requently carried out in order to define the
degree of maturity of the evaporitic cycle (Br content is
proportional to the original concentration of evaporating
brine). Depending on the lithologic type of salts the bro-
mine content was generally between 17 and 35 ppm. On-
ly in one sample from the bottom salt series this value
was significantly lower (6 ppm). Particularly low values
of the bromine content may be explained by dissolving of
primary salls in waters undersaturated with NaCl, and
subsequent precipitation of secondary halite (Holser
1979). In such case the bromine concentration in brine
comes mostly from dissolved salts, and not from the eva-
porating seawater, as for primary salts. This salt complex
also contains considerable amounts of carbonized flora
and lydites registering inflows of fresh water dissolving
earlier deposited salts.

Values of bromine content in analysed salts are presen-
ted in the Fig. 1C.

Among other studied/analysed elements some variations
in percentage content were observed for K, Mg and Sr.

Concentrations of potassium and magnesium in salts
from Zbudza mostly depend on admixtures of terrigenous
material, i. e. clay content in the analysed salts. Potas-
sium content varies from 0.01 % to 0.49 %, and Mg con-
tent is between 0.01 % and 0.69 %. Sr content, varied
from 5 to 5338 ppm, is closely related to the amount of
dispersed anhydrite. These relationships are illustrated
with results of analysis of the sample No. 34 (Fig. 2).
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Abstract

The Jurassic successions of the Pieniny Klippen Belt in Poland and Ukraine differ in several featu-
res, although some their intervals are similar each other The Svalyava Succession from the western
part of the Pieniny Klippen Belt in Ukraine may be possibly correlated with Polish successions of the
Klippen Basin. The Kamenets Succession represents possibly the transitional succession deposited on

the southeastern slope of the Czorsztyn Ridge.

Key words: Pieniny Klippen Belt, Jurassic, paleogeography, Poland, Ukraine

Deciphering of the relations between the particular paleo-
geographic-facies successions representing the different zo-
nes of the original basins of the Pieniny Klippen Belt, in
southern Poland and Transcarpathian Ukraine, needs detai-
led analysis of the lithological sequences supported by
microfacies study, and a good paleontological documenta-
tion of the deposits. The preliminary results of currently
carried studies (Project No. 6 PO4D 022 21 granted by Po-
lish Committee for Scientific Research) indicate similarity
of some fragments of the particular successions from the
two parts of the Pieniny Klippen Belt.

The oldest Jurassic rocks known only from the Ukrai-
nian part of the Pieniny Klippen Belt consist of different
type of clastic sediments (Gresten-like facies with Cardi-
nia bivalves) with minor intercalations of black limesto-
nes in its upper part containing spiriferinid brachiopods
and grypheoid bivalves (?Hettangian-?Sinemurian). Still
younger are spotty limestones and marls of Flecken-
kalk/Fleckenmergel-type facies, which deposited till
Pliensbachian. These Lower Jurassic deposits from wes-
tern part of the Ukrainian Pieniny Klippen Belt (Novose-
lica near Perechin, and Priborzhavskoye sections) are cor-
related with Svalyava Succession (see also Kalinichenko
and Kruglov, 1969; Slavin, 1971). The discussed Flec-
kenkalk/Fleckenmergel deposits have their time and facies

equivalents in spotty limestones from the Polish part of
the Pieniny Klippen Belt (Birkenmajer and Myczynski,
1994). On the other hand, Toarcian-L.ower Bajocian oxy-
gen-depleted Bositra (“Posidonia”) black shales with
spherosiderites (Skrzypny Shale Fm.), as well as dark
marls and spotty limestones (Krempachy Marl Fm., Har-
cygrund Shale Fm. and Podzamcze Limestone Fm. — see
Birkenmajer, 1977) typical of Polish part of the Pieniny
Klippen Belt are almost completely absent in Ukraine.
The age equivalent of these facies in Ukrainian sections
(Priborzhavskoye section) of the Pieniny Klippen Belt are
fairly thin calcareous deposits rich in ammonites (Kali-
nichenko and Kruglov, 1971) and showing features indi-
cating the reduced sedimentation rate, such as stromatoli-
tes, ferro-manganeous crusts and microconcretion as well
as abundance of glauconite.

The discussed facies differentiation in Toarcian-Lower
Bajocian could reflect an episode of initial extensional re-
gime, and desintegration and/or transformation of the ori-
ginal basins. The most important role in such geodyna-
mic reorganization have had the Czorsztyn Ridge showing
NE-SW orientation (see discussion in Golonka and Kro-
bicki, 2001; Aubrecht and Tunyi, 2001), according to pa-
leogeographic and paleoclimatologic evidences. The exis-
tence of the Czorsztyn Ridge dividing the southeastern —
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Klippen Basin, from the northwestern — Magura Basin, is
postulated already during late Early Jurassic times by Bir-
kenmajer (1986, and earlier papers cited therein). On the
other hand, according to Aubrecht et al. (1997), the initial
movements during Toarcian-Aalenian had to precede the
appearance of the Czorsztyn Ridge which did not exist as
the main paleogeographic unit before Bajocian.

Beginning from late Early Bajocian both the character of
deposits in Polish and Ukrainian parts of the Pieniny Klip-
pen Belt appear similar. Thick massive crinoidal limesto-
nes (Smolegowa Limestone Fm.) developed in more eleva-
ted parts of the Pieniny Klippen Basin (Czorsztyn, Niedzi-
ca and Czertezik successions), but continuing towards de-
eper-water Branisko Succession as the crinoidal cherty li-
mestones of the Flaki Limestone Fm. in Poland, have the-
ir exact facies and possibly age equivalents in the crinoidal
limestones of the western part of the Ukrainian part of the
Pieniny Klippen Belt in the Svalyava Succession (Kali-
nichenko et al., 1965). More eastwards in Ukraine, in the
Kamenets Succession (especially in its type section at Ve-
liky Kamenets), the crinoidal limestones, although similar
in age (currently found specimens of Nannolytoceras poly-
helictum (Boeckh.) typical of the Bajocian), differ both in
smaller thickness and more autochtonous character of sedi-
ments from other parts of the Pieniny Klippen Belt. The
bulk of the crinoidal limestones of the Pieniny Klippen
Belt sedimented some distance from the place of growth of
crinoid communities (Gluchowski, 1987).

The onset of deposition of the ammonitico-rosso nodular
limestones, lying directly on the crinoidal limestones, eve-
rywhere seems isochronous. In Poland in the Czorsztyn
and the Niedzica successions, ammonites collected at the
base of these deposits indicate their latest Bajocian age
(Wierzbowski et al., 1999); in Ukraine ammonites descri-
bed from a lower part of the nodular limestones (Rakis,
1990) both in Priborzhavskoye section (western part of
Ukrainian Pieniny Klippen Belt), and in Veliky Kamenets
section (eastern part of the Pieniny Klippen Belt) have in-
dicated the Bathonian to Callovian age of the deposits, but
new findings, such as Dimorphinites sp. in Priborzhav-
skoye, and Parkinsonia sp. in Novoselica near Perechin at
the base of nodular limestones, suggest onset of their sedi-
mentation already during latest Bajocian. The analysis of
thin-sections from lower (Bajocian to Callovian) part of
the ammonitico-rosso deposits in Poland (lower part of the
Czorsztyn Limestone Fm. in the Czorsztyn Succession,
and Niedzica Limestone Fm. in the Niedzica Succession),
and in Ukraine — in the Svalyava Succession, and in the
Kamenets Succession, indicates, moreover, that these de-
posits are everywhere developed as the filament—dominated
microfacies (according to mass occurrence of strongly
crushed Bositra shells). The stromatactis-bearing mud mo-
unds occur within this part of nodular limestones (Kame-
nets section), but these structures firstly appear in under-
lying crinoidal limestones both in western (Priborzhav-
skoye) and eastern (Veliky Kamenets) parts of Ukrainian
Pieniny Klippen Belt (Aubrecht et al., in preparation).

Beginning from latest Callovian/Early Oxfordian the
ammonitico-rosso type deposits in Poland show the pre-

sence of the planktonic foraminifer Globuligerina (“Pro-
roglobigerina”) dominated microfacies in the Czorsztyn
Succession, or they are laterally replaced by radiolarites (e. g.
in the Niedzica Succession), whereas the overlying ammo-
nitico-rosso deposits of the Czorsztyn Limestone Forma-
tion both in the Czorsztyn and Niedzica successions are of
the Saccocoma microfacies mostly of Kimmeridgian to
Early Tithonian age (Wierzbowski, 1994; Wierzbowski et
al., 1999); these are followed by micritic limestones of the
Dursztyn Limestone Formation developed in their younger
part in the calpionellid microfacies. Similar microfacies
succession is recognized in the Veliky Kamenets section in
Ukraine (Kamenets Succession), where the Globuligerina
microfacies deposits of the ammonitico-rosso type sho-
wing presence of early Middle Oxfordian ammonites, such
as Perisphinctes cf. plicatilis (Sow.), occur directly above
the hard-ground surface developed on Middle Jurassic depo-
sits of the filament-dominated microfacies. Still higher in
the Veliky Kamenets section there occur red-coloured radio-
larian cherts alternating with micritic limestones and marly
shales, which are followed by another nodular limestones
of the ammonitico-rosso type of the Saccocoma microfa-
cies; the latter yielded fairly numerous ammonites found
about 0.5-0.75 m above the top of the last radiolarian bed,
such as Progeronia progeron (v. Ammon), Nebrodites
agrigentinus (Gemmelaro), Aspidoceras spp., and Tara-
melliceras pugile (Neumayr), indicating early Late Kim-
meridgian age (Acanthicum Zone).

The youngest Jurassic to earliest Cretaceous deposits in
the Veliky Kamenets section are pink-coloured micritic li-
mestones showing presence of abundant calpionellids. On
the other hand, the Upper Jurassic deposits in western part
of the Ukrainian section — in the Svalyava Succession, alt-
hough less well known than these of the Veliky Kamenets
(Kamenets Succession), show possibly different facies de-
velopment. The dominant here are the white limestones
sometimes with cherts attributed to the Svalyavska Svita.
These deposits show presence of the Globuligerina micro-
facies (recognized so far in the Novoselica near Perechin),
and the widely distributed Saccocoma microfacies, as well
as the calpionellid microfacies, what suggest that these de-
posits may span stratigraphical interval from (?)Oxfordian
through Kimmeridgian and Tithonian to Lower Cretaceous.

The formation of limestones of the ammonitico-rosso
type was mostly related with the existence of elevated part
of sea bottom (Czorsztyn Ridge and its slopes), whereas
deposition of radiolarites, and white cherty limestones of
the raiolica type took place in deeper parts of the borde-
ring basins. According to that cherty limestones of the
Svalyavska Svita of western part of the Ukrainian Pieni-
ny Klippen Belt possibly originated in the Klippen Ba-
sin, southeast of the Czorsztyn Ridge. The existence of
thin, red radiolarite beds within nodular limestones ir the
Velky Kamenets section makes difficult detailed compari-
son of the Kamenets Succession with the Polish succes-
sions. In standard lithostratigraphical scheme (Birkenma-
jer, 1977) ammonitico rosso deposits of the Czorsztyn
Succession are completely devoid of siliceous intercala-
tions. On the other hand, the deeper Niedzica Succession
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shows well developed radiolarites of the Czajakowa Ra-
diolarite Fm. Hence, the studied Middle to Late Jurassic
deposits of the Kamenets Succession show similarity to
the Czorsztyn Succession (especially crinoidal limesto-
nes) and to the Niedzica Succession (radiolarites within
ammonitico-rosso limestones).
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Abstract

In the framework of solving the grant project of the Grant Agency of the Czech Republic, we paid
attention to several issues not sufficiently clarified yet concerning the field of the lithostratigraphy and
biostratigraphy of Lower Cretaceous deposits in the Silesian Unit. In addition to the precise field docu-
mentation of suitable sections, we had taken samples for thin sections and non-calcareous dinoflagella-
tes, and tried to collect macrofaunas. It is the confirmation of T&in Limestone occurrence in the Godula
nappe and especially the detailed biostratigraphic characteristics and paleoecological evaluation of Lo-
wer Cretaceous and also the lower part of Upper Cretaceous deposits of the Silesian Unit based on

dinoflagellates that belong to the new knowledge.

Key words: Cretaceous, biostratigraphy, Silesian Unit, Western Carpathians

The uppermost Jurassic and the Cretaceous of the Sile-
sian Unit in north-eastern Moravia and in Silesia are cha-
racterized by complicated facial relations. Whereas for the
Té&3in area, a classical lithostratigraphic scheme formula-
ted by Hohenegger (1860) is valid, in the western part of

the Silesian Unit in the Godula partial nappe, i. e. west
of the Ostravice River valley, the development of the up-
permost Jurassic and the Cretaceous of the Silesian Unit

differs in many features (e. g. absence of the lower T¢€Sin

2

Formation, limited occurrence of the T&Sin Limestone,



XVII™ Congress of the Carpathian—-Balkan Geological Association — Post-congress proceedings

Tab. 1

Proved ammonite zones in the Silesian Unit and the bioevents of stratigraphically significant dinocysts. Grey fields
represent those parts of the formation studied. that are deducible well from positions in the sequence of strata,
or that are evidenced with ammonites; white fields represent parts without ammonites
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specifics in the development of the T&Sin-Hradist€ Forma-
tion, pelitic development of the Verovice Formation, and
others), especially however in relation to the lithological-
ly different Baska development of the Silesian Unit.

The biostratigraphy of the studied sequence of strata is
complicated. In the lower part of the sequence, in the
course of stratigraphic analysis of the lower Té&Sin Forma-
tion and the T&in Limestone, tintinnids are helpful (No-
wak, 1968). However, of Upper Jurassic and primarily
Lower Cretaceous deposits, often monotonous grey to
dark grey claystones are typical that are often non-calcare-
ous, poor in macrofauna and microfauna as well. In pla-
ces, they can contain ammonites and foraminifers. Lately,
those dark grey rocks have shown to be promising as for
the occurrence of non-calcareous dinoflagellates that rank
among persistent microfossils usable both stratigraphical-
ly and ecologically.

By our study, the Té&Sin Limestone on the base of the
Godula nappe by Mérkovice (west of Frydlant n. O.) has
been confirmed on the strength of the occurrence of
calpionellids (e. g. Calpionella elliptica, Tintinnopsella
longa — determined by D. Boorova, Bratislava), which re-
presents the westernmost occurrence of it, known so far.
On the evidence of the calpionellids, the limestones of
that place pertain to the middle Berriasian. By increasing
the number of dark grey claystone layers, the limestones
pass little by little into the Té&Sin-Hradi§té¢ Formation.
According to the non-calcareous dinoflagellates in clays-
tones in the immediate overlying beds of the limestones
(Kleithriasphaeridium fasciatum, Gonyaulacysta creta-
cea, Oligoshpaeridium complex), basal deposits of the
Tésin-Hradisté Formation in this place belong to the Late
Berriasian to the Early Valanginian (Leereveld, 1995). In
the locality of Skalice, the limestone layers in the upper
part of the TéSin Limestone are less thick (60 cm maxi-
mally). The limestones pass gradually into the overlying
Té&Sin-HradiSt€ Formation. In accordance with the content
of dinocysts, e. g. Gonyaulacysta cretacea, Kleithrias-
phaeridium eoinodes, this gradual transition falls stratig-
raphically into the Early Valanginian (ammonite Pertran-
siens and Campylotoxus Zones). In the uppermost part,
dinocysts were determined (e. g. Cymososphaeridium va-
lidum) indicating the beginning of the Late Valanginian
(ammonite Verrucosum Zone). The lower part of the
T&Sin-Hradist€ Formation at Skalice belongs prevailingly
to the Late Valanginian.

According to Matéjka and Chmelik (1956), sedimenta-
tion of the TéSin-Hradist¢ Formation began oftenest by
the Berriasian/Valanginian boundary. In the Hauterivian,
primarily at the north limitation of the original Silesian
Basin, deep-sea fans of Hradisté sandstones occurred, whe-
reas in the Barremian and the Early Aptian, sandy layers
(flysch development) were rare. Claystones of Barremian
to Early Aptian age contain also ammonites together
with dinoflagellates, which enables the correlation bet-
ween them (Skupien and Vasicek, in print). The lithofa-
cial character of the deposits in this part of the Baska de-
velopment and that in the Godula development are quite
similar to one another.

The overlying Vefovice Formation, according to Mat¢j-
ka and Roth (1949), lacks fossils. It consists of dark grey
to black non-calcareous claystones formed during the ma-
ximum of the Lower Cretaceous anoxic event (OAE 1).
On the basis of superposition, we consider it to be perti-
nent to the Late Aptian. In the Baska development, partly
the Chlebovice Member (conglomerates and flysch with
claystones of the Vefovice type) is an equivalent of the
Verovice Formation. Towards the south, i. e. towards the
Magura overthrust, the Vefovice Formation wedges out
into the common development of the Té&Sin-Hradisté
Formation.

In the whole area under study, the Lhoty Formation is
characterized by a claystone development, merely with a low
portion of apparent turbidites. It is composed of grey to
green-grey chondrite-spotted claystones representing the
Albian. In the Bystry potok stream by Frenstat p. R.,
about a 10 m thick zone of light grey claystones with ra-
re thin intercalations of dark grey claystones and silicified
siltstones to cherts, which are an equivalent of the Mi-
kuszowice cherts in Poland, is locally inserted between
the Lhoty and the Mazdk Formation. In its higher part,
several centimetres thick intercalations of grey fine-grai-
ned siliceous sandstones with glauconite appear. In
compliance with dinoflagellates, these deposits belong to
the Early Cenomanian.

The Mazak Formation is characterized by the prevalen-
ce of variegated (red, red-brown and green) claystones in-
terbedded with thin slabs of greenish grey quartzose sand-
stones. They contain up to several meters thick deep-sea
fans of the Ostravice Sandstone. Higher in the overlying
beds in the Bystry potok stream, dark grey pelites are the-
re that pertain, in virtue of the association of dinoflagella-
tes (Chatangiella williamsii, Senoniasphaera rotunda-
ta), to the Early Turonian (Robaszynski et al., 1980). On
them, a complex of pelitic deposits with thin layers of
brown-grey and brown-red claystones interbedded with
more than 13 m thick sandy turbidites continues. In vir-
tue of non-calcareous dinoflagellates in pelites (Chatan-
giella madura, Isabelidium bakeri), it belongs to the up-
permost Turonian to the Coniacian. The mentioned com-
plex represents most likely an anomalous development of
the lower part of the Godula Formation. Only in its over-
lying beds, the thick sandy flysch of the Godula Forma-
tion sensu stricto follows.

The palynological study has also brought interesting
results following from the quantitative composition of
palynomorphs. In the uppermost part of the lower Té&Sin
Formation and in pelitic intercalations of the TéSin Li-
mestones, cysts of dinoflagellates are dominant; merely
in the Early Valanginian part of the TéSin Limestone,
sporomorphs occur more. As far as the composition of
palynomorph assemblages is concerned, sporomorphs
play a more important role in the Té&Sin-Hradist¢ Forma-
tion in the Late Valanginian—Early Aptian period. This
is proved by an increased supply of terrestrial material.
The composition of Early Barremian palynomorphs of
the Silesian Unit is characterized by a presence of prasi-
nophytes (those indicate decreased surface water salinity).
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In the other parts, sporomorphs represent only a negligible
part of palynomorph assemblages.

In the lower part of the sequence of strata in the Sile-
sian Unit from the Té&Sin Limestone (Berriasian to Early
Hauterivian), dinocysts corresponding to the shallow-sea
environment of variable salinity prevail (e. g. Circulodi-
nium, Muderongia, Pseudoceratium). Towards the
overlying beds, neritic species increase in number (Acho-
mosphaera, Oligosphaeridium, Spiniferites) and espe-
cially deep-sea (oceanic) dinocysts (Pterodinium). The
quantitative composition of dinocysts of the Té&Sin-Hra-
dist€¢ Formation of the uppermost Barremian and the
Early Aptian is characteristic of the deeper shelf environ-
ment. In the Albian, it is already the case of sedimenta-
tion in a basinal sedimentary environment (oceanic dino-
cysts are present here as an autochthonous element) with
the redeposition of material supplied from littoral to
deeper shelf areas.

The quantitative composition of dinocyst assemblages
reflects a gradual deepening of the sedimentary space from
the Berriasian till the Cenomanian that is, however, also
a reflection of the rising sea level in the upper part of the
Lower Cretaceous (according to the 2™ order eustatic cur-
ve — see Haq et al., 1988). In the uppermost Albian,
a sudden increase in the portion of peridinioid dinocysts
occurred reflecting the eutrofization of surface waters, and
probably their cooling as well.

The paper was compiled with the financial support of the GACR
Project No. 205/00/0985.
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Abstract

New studies of Lower Cretaceous deposits of the Manin Unit made it possible to correlate ammoni-
tes, calpionellids, calcareous nannofossils, non-calcareous and calcareous dinocysts of the following
ammonite zones: the Early Valanginian (Campylotoxus Zone), the Late Valanginian (higher part of the
Trinodosum Zone), the Late Hauterivian (the base of the Angulicostata Zone) and the Early Barremian
(along the boundary between the Nicklesi Zone and the Compresissima Zone).

Key words: biostratigraphy, Lower Cretaceous, Central Western Carpathians

Lower Cretaceous deposits uncovered in the Butkov
quarry, which pertain to the Manin Unit of the Central
Western Carpathians, represent one of the most complete
sections of the Lower Cretaceous deposits in the Western
Carpathian System that are significant especially for the

richness of ammonites. In the 1980s, the section was
processed in detail in VaSicek and Michalik (1986), or in
Borza et al. (1987), where a new lithostratigraphic divi-
sion of the Lower Cretaceous deposits of that place was
proposed. Here, results in a summary form following
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Tab. 1

The occurrence of chosen calpionellids, calcareous and non-calcareous dinoflagellates in the Butkov quarry,

The ammonite zones are defined according to ammonites found in outcrops: merely in the Late Albian
the ammonite zones presented were deduced in virtue of non-calcareous dinoflagellates

Early

Y Late Albian STRATIGRAPHY
Valanginian

Late Valanginian

‘ALBINeH
e
‘walleq

B

TETHYAN AMMONITE ZONES

1S3POIN
wneyu|
Jedsiq

WNSopoU ]
ewssissaidwo) | Apeg

| ejejsonnbuy

8 snxojojAdwed

m

Butkov Formation LITHOSTRATIGRAPHY

-
=

&

)
<

x

F28

jul

Mréznica F.

r—
o
=9

O TR TR

Spiniferites sp.
Oligosphaeridium complex
Amphorula metaelliptica
Canningia reticulata
Bourkidinum sp.
Circulodinium vermiculatum
Cymososphaeridium validum
Gonyaulacysta cretacea
Spiniferites ramosus
Bourkidinium granulatum
Circulodiinum brevispinosum
Dissiliodinium globulus
Valensiela reticulata

Cerbia labulata

Lithodinia stoveri

Coronifera oceanica
Achomosphaera triangulata
— Dinopterygium cladoides
Pervosphaeridium truncatum
Litosphaeridium siphoniphorum
Pervosphaeridium pseudhystr.
— Adnatosphaeridium tutulosa
— Prolixosphaeridium conulum
memmmm Cndoceratium deftmanniae
w0 v0idinium verrucosum

il —

I

S
R ——

I

oA

|

B T ) B T

sisAooulp snoases|ea-uoN

Calpionellopsis oblonga
Calpioneliites uncinata
Calpionellites darderi
Tintinopselfa subacuta
Tintinopsella longa
Tintinopsella carpathica
Calpioneliites major
Remaniella colomi
Remanielia cadischiana
Lorenziella hungarica

I

I

spljjouordien

Colomisphaera heliosphaera
Colomisphaera vogleri
Cadosina semiradiata cieszynica

'
'
'
.
T
'
'
'
'
‘
'
'
'
.
'
'
'
‘
'
'
‘
'
¢
'
'
'
'
'

Cadosina semiradiata fusca
Stomiosphaera echinata
Didemnum carpathicum
Cyclagelosphaera deflandrei
Rucinolithus wiseri
Calcicalathina oblongata
Conusphaera mexicana
Cyclagelosphaera margerelii
Nannoconus kamptneri
Watznaueria barnesae
Nannoconus bermudezii
Nannoconus globulus
Diadorhombus rectus
Nannoconus quadratus
Nannoconus bonetti
Nannoconusa cornuta

Assipetra terebradentarius
Litraphidites bollii
Micrantholithus hoschulzii
Nannoconus circularis
Nannoconus elongatus

I

]

[

Nannoconus wassall

O 1 O

sysAsouip

snoaiesjes

S[ISS0j0ULRY SN0died R




63

XVII'" Congress of the Carpathian—Balkan Geological Association — Post—congress proceedings

from new macrofaunistic and micropaleontological stu-
dies of parts enabling the definition of ammonite zones
are presented. Those are arranged according to the strati-
graphic sequence of strata from bottom to top, i.e. the
Ladce Formation, the Mraznica Formation, part of the
Lackov Formation and the Butkov Formation.

The finding of the zone ammonite species Busnardoi-
tes campyloroxus (Uhlig) in the lower part of the Ladce
Formation shows that the beginning of sedimentation of
the Ladce Formation falls to the upper part of the Early
Valanginian, by the boundary of the ammonite Pertran-
siens and Campylotoxus Zones.

The calpionellid association evidencing the Calpionelli-
tes Zone (Darderi and Major Subzones) confirms this re-
sult. Marly micrite limestones of the Ladce Formation
contain calpionellids, Calpionellites darderi, C. major,
Tintinopsella carpathica, and others, and calcareous dino-
flagellates, Colomisphaera heliosphaera, C. vogleri, and
others. In addition, globochaets, ostracods and sponge
spicules supplement this association of microfossils.

Of palynomorphs, spores and bisacate pollen grains occur
sporadically in the samples. They evidence a low supply of
terrestrial material. Dinoflagellate cysts are present sporadi-
cally. To stratigraphically significant ones, Oligosphaeridiu m
complex and Spiniferites sp. belong, according to which the
part under study is not older than the middle part of the Early
Valanginian (i. e. ammonite Pertransiens Zone).

As far as calcareous nannoplankton is concerned, it is
Calcicalathina oblongata, whose first occurrence in the
Early Valanginian is dated at 136.66 Ma (Hardenbol et
al., 1998), Nannoconus bermudezi and N. kamprneri
with the first occurrence on the base of the Valanginian,
and Rucinolithus wisei — with the last occurrence in the
Late Valanginian that are of stratigraphic importance.

The studied part of the overlying Mraznica Formation
is much more richer in the occurrence of ammonites, of
which the following were determined: Neolissoceras gra-
sianum (d’Orbigny), Teschenites subflucticulus Re-
boulet, T. subpachydicranus Reboulet, Olcostephanus
nicklesi Wiedmann & Dieni, O. balestrai (Rodighiero),
Criosarasinella mandovi Thieuloy, Himantoceras tri-
nodosum Thieuloy, and others. From the stratigraphical
point of view, H. rrinodosum and C. mandovi are the
most significant; the former being a zone species of the
middle part of the Late Valanginian (Trinodosum Zone)
and the latter being an equivalent of the subzone species
C. furcillata that is the index for the upper part of the zo-
ne mentioned. The occurrence of O. nicklesi is also of
importance. That is a subzone species of the lower part of
the Trinodosum Zone. With regard to the fact that O. nic-
klesi occurs together with C. furcillata, it is necessary to
suppose that merely the higher part of the Trinodosum
Zone is represented here.

In the uppermost part of the Mrdznica Formation, as-
semblages being rich in ammonites, e. g. N. grasianum
(d’Orbigny), T. subpachydicranus Reboulet, O. nicklesi
Wiedmann & Dieni, Qosterella cultrataeformis (Uhlig),
Criosarasinella subheterocostata Reboulet, Himantoce-
ras trinodosum Thieuloy were found. According to the

occurrence of C. subheterocostata, the representation of
the ammonite Subheterocostata horizon, which is defined
in the uppermost part of the Trinodosum Zone by Atrops
and Reboulet (1995), can be confirmed.

It is again the case of prevailingly marly limestones, in
which Cadosina semiradiata cieszynica, C. s. fusca, Re-
maniella cadischiana, Stomiosphaera echinata, Tintinop-
sella carpathica appear most frequently. Benthic foramini-
fers, globochaets, ostracods and crinoids are present as well.

As for palynomorphs, dinoflagellate cysts are prevai-
ling. The composition of assemblages of dinoflagellates
reflects their original sea environment of the depth of se-
veral hundred meters (littoral to brackish types predomi-
nate, e. g. Circulodinium, Muderongia). For instance,
Cymososphaeridium validum, Gonyaulacysta cretacea
belong to the most stratigraphically significant dinofla-
gellates; representatives of the genus Bourkidinium ap-
pear very often. The assemblage corresponds to the Cy-
mososphaeridium validum dinocyst zone defined by
Leereveld (1995) for the Late Valanginian — the lower-
most Hauterivian.

The association of nannofossils is similar to that of the
Ladce Formation. Newly, species appear the first occurren-
ces of which are confined to the Early Valanginian (e. g.
Nannoconus bonetii, N. cornuta) and the last occurrence
is related to the Late Valanginian (N. quadrarus). In the
uppermost part, an increased number of Calcicalathina ob-
longata, Nannoconus globulus, Warznaueria barnesae
could be observed. Specimens of this interval can be assig-
ned to the zone of calcareous nannoplankton of Calcicalat-
hina oblongata (NK3), Bralower (1989) with the stratigra-
phic range from the Early to the Late Valanginian.

In the deposits of the Lic¢kovskd Formation, we found
ammonites preserved imperfectly and remains of belemni-
tes. Of them the most complete finding belongs to Du-
valia dilatata majoriana Stoyanova-Vergilova. As for the
ammonites, it is the case of Lyroceras subfimbriatum
(d’Orbigny), Partschiceras infundibulum (d’Orbigny),
and ?Pseudothurmannia “binelli” Thomel (non Astier).
According to Hoedemaeker (1995), the latter mentioned
species occur in the lower part of the ammonite Anguli-
costata Zone (uppermost Hauterivian).

It is a case of biodetritic and marly limestones, in
which Cadosina semiradiata cieszynica, C. s. fusca, Co-
lomisphaera heliosphaera, Tintinopsella carpathica,
Stomiosphaera echinata are present. Foraminifers, spon-
ge spicules, globochaets, radiolarians, fragments of bival-
ves, crinoids and bryozoa are abundant.

As for nannoplankton, the species Litraphidites bolii
(appeared at the level of 131.14 Ma in the Loryi Zone,
Hardenbol et al., 1998 for the first time) not perfectly
preserved was found very rarely. The abundance of mic-
rantholiths (e. g. Micrantholithus hoschulzii) and nan-
noconids (e. g. Nannoconus bermudezii) is characteris-
tic; Assipetra terebrodentarius appears here. The speci-
men can be assigned to the zone of Litraphidites bollii,
Thierstein (1971, 73), subzone NC5b (Bralower 1987) in
the Late Hauterivian and the lowermost Barremian.

In the higher part of the Lickovskd Formation, an am-
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monite-bearing layer was found containing abundant bar-
remites and some interesting, or stratigraphically very
significant species, such as Nicklesia pulchella (d'Orbig-
ny), Moutoniceras nodosum (d’Orbigny), Dissimilites
dissimilis (d’Orbigny), Spitidiscus gastaldianus (d’Orbig-
ny), Holcodiscus tzankovi Avram, H. alpha Tzankov,
H. cf. ziczac Karakasch, H. ex gr. nicklesi Karakasch,
Paraspiticeras sp., and others. In the framework of the
discussed zone division of the Barremian (Rawson and
Hoedemaeker, 1999), N. pulchella forms a horizon in the
upper part of the ammonite Nicklesi Zone. D. dissimilis
in Spain begins on the base of the following ammonite
Compressissima Zone. According to them and also accor-
ding to holcodiscids found one can judge that the ammo-
nite-bearing horizon belongs to the Early Barremian, to
deposits on the boundary between the ammonite Nicklesi
and Compressissima Zones, in the underlying beds of the
ammonite Caillaudianus Zone.

In the higher part of the Luc¢kovskd Formation — in the
ammonite-bearing horizon, the assemblage of dinoflagel-
lates consists especially of littoral (Cerbia) and neritic
(Oligosphaeridium, Spiniferites) representatives. It is the
presence of the species Cerbia tabulata that is interesting.
The species is generally known only from the higher part
of the Early Barremian ammonite Caillaudianus Zone.

In the sample taken from the ammonite-bearing layer,
an increased number and higher diversity of nannoconids
(e. g. Nannoconus bermudezii, N. globules) were obser-
ved. Representatives of nannoconids, the first occurrences
of which are connected with the base of the Barremian
(e. g. N. elongatus, N. circularis), appeared here. The ab-
sence of Calcicalathina oblongata (whose last occurrence
is indicated in the ammonite Nicklesi Zone) makes it
possible to determine the Early Barremian subzone NC5c¢
(Bralower 1987).

In the assemblages of palynomorphs of samples taken
from the Butkov Formation, dinoflagellate cysts domina-
te; acritarchs (e. g. Wallodinium, Veryhachium), bisaca-
te pollen grains and microforaminifers occur sporadically.

The dinoflagellates are represented primarily by deep-sea
species typical of both the open neritic sea (genera Acho-
mosphaera, Litosphaeridium) and the ocean (genus Pre-
rodinium). From the above mentioned, a basinal sedi-
mentary environment can be deduced.

The samples contain stratigraphically significant spe-
cies of dinoflagellates, such as Endoceratium dettman-
niae, Litosphaeridium siphoniphorum, Ovoidinium
verrucosum, Prolixosphaeridium conulu that make it
possible to define two Late-Albian ammonite zones. The
first occurrence of L. siphoniphorum determines the am-
monite Inflatum Zone and the first occurrence of P. co-
nulum delimits the ammonite Dispar Zone, which is
supported by the presence of species E. dertmaniae and
0. verrucosum.
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Abstract

The microfacies and their stratigraphical position in the Jurassic ammonitico rosso type deposits in
the Czorsztyn and Niedzica Successions of the Pieniny Klippen Belt have been recognized. Three zones
differing in their sedimentary development are distinguished.

Key words: Pieniny Klippen Belt, Jurassic, ammonitico rosso. microfacies. ammonites

Introduction

The study is based on selected sections from various
parts of the Pieniny Klippen Belt in Poland that are repre-
sentative for the northern part of the Pieniny Klippen Ba-
sin of the northern Tethys. The deposits of the ammonitico
rosso type are well developed in the Czorsztyn and Nie-
dzica Successions, representing the submarine Czorsztyn
Ridge together with its southern slope, and a located
south deeper area between the ridge and the Central Fur-
row (Birkenmajer. 1986). In both successions the ammo-
nitico rosso type deposits are underlain by crinoidal Ii-
mestones. This turnover from shallow-water carbonate
platform type deposition to deeper-waler pelagic sedimen-
tation was one of the most distinct changes during the
whole Jurassic in the area of study (Wierzbowski et al..
1999).

POLAND

\
.Bratislava

° Budapest

The ammonitico rosso type deposits described in the
present paper are developed mostly as red or pink nodular
and non-nodular limestones and occur in western, central,
and eastern parts of the Pieniny Klippen Belt in Poland
(Fig. 1): these are representative of the Czorsztyn Limes-
tone Formation of the Czorsztyn Succession studied in fi-
ve sections (Stankowa Klippe, “Wapiennik™ quarry in
Szaflary, Oblazowa Klippe, Czorsztyn Castle Klippe and
Krupianka Creek) as well as of the Niedzica Limestone
Formation of the Niedzica Succession studied in two sec-
tions (Niedzica—Podmajerz Klippe. and Czajakowa Skala).
The directly underlying crinoidal limestones of the Kru-
pianka Limestones Formation and the Smolegowa Li-
mestone Formation were also studied in the same sec-
tions. All the discussed lithostratigraphic units are used
according to the formal lithoslratigraphic scheme propo-
sed by Birkenmajer (1977).

Fig. 1. A. Location of the Preniny Klip-
pen Belt (in blacky within the Carpal-
hians. B. Location of the studied sec-

tions of the Pieniny Klippen Belt in Po-
land (base map simplified from Birken-
majer. 1963, 1977). | — Magura Paleo-
gene flysch (Magura nappe), 2 — Pod-
hale Paleogene flysch (autochthonous),
3 — Czorsztyn Succession: | — Stanko-
wa Klippe, 2 — “Wapiennik™ quarry in
Szaflary, 3 — Obtazowa Klippe, 4 — Czor-
sztyn Castle Klippe, 5 — Krupianka
Creek, 4 — Niedzica Succession: 6 — Nie-
dzica Podmajerz Klippe, 7 — Czajako-
wa Skata.
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Fig. 2, Microfacies of distinguished groups. Bar scale 1s | mm A - crinoidal microfacies. B ~ “muixed” microfacies. C - filament
microfacies. D - Globuligerina microfacies. E - radiolarian microtacies. F - Saccocoma microfacies
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Microfacies

Six microfacies groups have been distinguished: (1) the
crinoidal microfacies, (2) the “mixed” microfacies, (3) the
filament microfacies, (4) the Globuligerina microfacies,
(5) the radiolarian microfacies, and (6) the Saccocoma
microfacies. The microfacies groups have been subdivided
into 30 microfacies types.

Crinoidal microfacies (Fig. 2A): these are mostly
packstones and grainstones, containing abundant crinoid
ossicles (10-60 %), ranging from 0.2 mm to I mm in
diameter, and fairly common detrital quartz grains (1-12 %);
thin-shelled bivalves of the genus Bosirra (filaments) are
rarely found.

“Mixed” microfacies (Fig. 2B); these occur mainly in
sets of laminated deposits and in fillings of neptunian dy-
kes; they are developed as grainstones, packstones,
wackstones and less frequently mudstones; main compo-
nents are: peloids, filaments, echinoderm fragments — mostly
crinoids, and detrital quartz grains.

Filament microfacies (Fig. 2C): these are mostly
packstones or wackstones, less commonly grainstones
containing filaments and accompanying components in
various abundance; they show variable filament content
(5-60 %), but in smaller quantities occur also juvenile
gastropod shells, echinoderm fragments, sponge spicules,
Globochaete spores, foraminifers, aptychi, juvenile am-
monite shells and quartz grains.

Globuligerina microfacies (Fig. 2D): these are repre-
sented by wackstones or packstones with abundant
(10=70 %) tests of planktonic foraminifer Globuligerina
(“Protoglobigerina”) and less commonly occurring bra-
chiopods and ammonite shells, filaments, rare crinoid
ossicles and Saccocoma fragments.

Radiolarian microfacies (Fig. 2E): these are represen-
ted by wackstones, packstones and less commonly grain-
stones with abundant calcified radiolarian tests (10-50 %)
and with rare planktonic foraminifers Globuligerina,
peloids and fragments of Saccocoma.

Saccocoma microfacies (Fig. 2F): these are mostly
packstones, less commonly grainstones and wackstones,
consisting of fragments of pelagic crinoids Saccocoma
(1070 %); are also found other echinoderm fragments,
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planktonic foraminifers Globuligerina, radiolarian tests and
diversified skeletal remains - juvenile ammonite shells,
aptychi, brachiopods, bivalves. Limestone clasts contai-
ning abundant Saccocoma are stated in the grainstones.

Stratigraphy and sedimentary environment

The stratigraphic position of the deposits is based mainly
on ammonite fauna (Wierzbowski et al., 1999; Jaworska,
2000 and earlier cited therein).

The deposits of the crinoidal microfacies group are of Ba-
jocian age. In the Bajocian the Czorsztyn Ridge was inha-
bited by a population of benthic crinoids and supplied ma-
terial for the deposition of crinoidal limestones of Smole-
gowa Limestone Formation and Krupianka Limestone For-
mation represented by crinoidal microfacies group.

At the turn of the Bajocian and the Bathonian, in effect
of Meso-Cimmerian movements, a part of the Czorsztyn
Ridge subsided, what resulted in sedimentation of the am-
monitico rosso type deposits — limestones packed with fi-
laments representing the filament microfacies group. An
elevated area existed only in the north-western part of the
Pieniny Klippen Basin, and supplied material for the sedi-
mentation of specific “mixed” microfacies group deposits.
The fracturing of.the Czorsztyn Ridge is recorded by the
occurrence of neptunian dykes filled with similar type de-
posits as in the north-western part of basin, as well as and
the scarp breccias developed on the contact of the uplifted
— north-western part (“A” in Fig. 3) of the ridge with its
lowered central (“B” in Fig. 3) and southern (“D” in Fig. 3)
parts. The discussed two zones the Czorsztyn Succession
(“A”+“B”) differ in presence either of the “pure” filament
microfacies or the mixed crinoidal-filament microfacies in
the lower part of the ammonitico rosso type deposits
(Fig. 3). The third zone (“C” in Fig. 3) of sedimentation
is that of the Niedzica Succession which is represented by
the filament microfacies group. The filament microfacies
and “mixed” microfacies groups span a stratigraphical
interval from uppermost Bajocian to Callovian.

In the Oxfordian the sedimentation changed due to the
deepening of the basin what resulted in unification of the
sedimentary environment. Deposits rich in planktonic
microorganisms: foraminifers Globuligerina sp. and ra-
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Fig. 3. Beginning of sedimentation of
ammonitico rosso type deposits in nort-
hern part of the Pieniny Klippen Basin
(Late Bajocian — Callovian). A, B and
C - zones of sedimentation (explanation
in text), SLF — Smolegowa Limestone
Formation, KLF — Krupianka Limesto-
ne Formation, Sb — scarp breccias.
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diolarians, spread over the whole studied area of the Czor-
sztyn Ridge being replaced south by the radiolarites in the
Niedzica Succession.

In the Kimmeridgian and the Tithonian very abundant
deposits were rich in rests of pelagic crinoids Sacco-
coma. At the turn of Kimmeridgian and Tithonian in ma-
ny parts of the Pieniny Klippen Basin, particularly in
north-western and central parts, there occur thin grainsto-
ne layers rich in redeposited crinoid fragments and limes-
tone clasts containing Saccocoma. These are found within
limestone of the Saccocoma microfacies group. The
occurrence of redeposited limestone clasts as well as
abundant rests of benthic crinoids may indicate the onset
of the Neo-Cimmerian movements.
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Abstract

Heavy minerals from the recent alluvia in the upper parts of valleys in the Tatra Mts. were studied.
Heavy mineral assemblages generally reflect the mineral composition of source rocks. Heavy fractions
seem to be relatively enriched in some minerals comparing to the source rocks. Morphology of numerous
grains reflects the glacial transport and their subsequent extraction from moraines. Activity of humic
acids in alluvia causes leaching porosity of less stable minerals. Relatively high content of oxidized
sulphide grains in heavy mineral assemblages in the Western Tatra indicates influence of old mining

activities.

Key words: Tatra Mts., alluvia, heavy minerals

Introduction

Heavy minerals assemblages in recent alluvia in the
Tatra Mts. were studied by several authors (e. g. Krysows-
ka, 1961; Kiebata, 2001; Kiebatla et al., 2001; Ladenber-
ger, 2001). Application of new methods of studies allows
to identify higher number of mineral species. Characteris-
tics of heavy minerals in the Tatra Mts. are very important
in interpretation of the provenance of detrital material of
the Quaternary deposits in the Podhale and Orava. Selecti-
ve extraction of accessory minerals can be considered ba-
sing on the study of heavy minerals in sediments deposi-
ted close to their source rocks. The influence of climatic
conditions, typical for high mountains, transport in morai-
nes and weathering in environment rich in organic acids
related to podzolization processes, can be also discussed.

Geological setting
About 10 kg samples were collected from alluvia of

several stream valleys on the northern slopes of the Wes-
tern and High Tatra Mts.: the Chochofowski Potok stream,

the Jarzabczy Potok stream, the Starorobocianski Potok
stream, the Goryczkowy Potok stream, the Roztoka stream,
the Rybi Potok stream (Kiebata, 2001; Ladenberger,
2001). The samples were taken in the upper parts of val-
leys where igneous and metamorphic rocks outcrops do-
minate. The source area in the Western Tatras is built
predominantly of several types of granitoids and meta-
morphic rocks (e. g. gneisses, migmatites, amphibo-
lites) whereas in the High Tatras the most abundant
are granitoids of various types (granodiorites, tonalites,
granites).
Methods of study

Samples were sieved and <0.32 mm fractions was sub-
jected to magnetic and magnetohydrostatic separation.
Three fractions were extracted from each sample according
to magnetic susceptibility (“‘magnetic”, “paramagnetic”,
“nonmagnetic”). Polished thin sections of heavy mineral
fractions were prepared and studied in optical microscope
in transmitting and reflected light and examined in scan-
ning electron microscope fitted with energy dispersive
spectrometer (SEM-EDS).
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Heavy mineral assemblages

Heavy mineral assemblages obtained from recent allu-
via in the Western Tatras are composed of garnet, magne-
tite, hematite, pyrite, ilmenite, amphiboles, zircon, tour-
maline, rutile, xenotime, monazite, Fe-Cu-sulphides.
Staurolite, apatite and sillimanite are present as minor
components. Cu-Zn-alloy grain are scarce. Garnet grains
are characterized by high content of almandine end-mem-
ber (Alm 45-75 %); spessartite is also present in signifi-
cant amount (Sps 5-55 %). Amphiboles are represented
mostly by magnesio-hornblende. Gedrite and tschermakite
end-member rich amphiboles are present in minor amo-
unts. All sulphide grains (pyrite, Fe-Cu sulphides) are
strongly oxidized. Grains are surrounded by Fe-oxide
rims. The Fe-oxide rim thickness is often greater than
diameter of sulphide core.

In the High Tatras apatite (Fig. 1) and epidote are the
most abundant. Monazite is less abundant. Zircon (Fig. 2),
ilmenite, chlorite, titanite, rutile, magnetite (Figs. 3 and 5),
hematite, sillimanite were found in minor amounts.
Amphibole, prehnite, xenotime, allanite, barite and pyrite
are scarce. Apatite grains exhibit variations in chemical
composition (Mn and CI content). Fe-Ti-oxide grains are
present in form of complex intergrowths (rutile and tita-
nite in hemoilmenite-ilmenohematite) typical of the High
Tatra granitoids (Fig. 6). In a few monazite grains exso-
lutions of Th-U-oxides are present. Intergrowths of mona-
zite and xenotime were also noticed.

Micas and intergrowths of heavy minerals with rock-
forming minerals are present in heavy fractions extracted
from all samples.

Heavy minerals assemblages from different streams al-
luvia from the Western Tatras are very similar. Also in
the High Tatras such differences are negligible.

Heavy mineral forms are variable. All heavy fractions are
rich in crushed, irregular, and angular grains. Grain margins
are often porous (e. g. titanite, ilmenite, epidote, monazite).

Discussion and conclusions

Heavy mineral assemblages generally reflect the com-
position of accessory minerals (both primary and formed
during hydrothermal alterations) present in source rocks.
Although more precise study is needed, it seems that the
heavy mineral fraction is relatively enriched in some mi-
nerals (e. g. monazite), comparing to source rocks. It is
well visible taking into account the zircon/monazite ratio
in granitoids and in heavy mineral fraction (e. g. the High
Tatra granites). It indicates that in close vicinity to the
source rock numerous accessory minerals (e. g. zircon)
are present in gravel or coarse-grained sand fraction rock
fragments or as inclusions in mica flakes.

High abundance of crushed and irregular grains can be
related to glacial transport and subsequent extraction of
grains from moraines. The presence of grains with porous
margins indicates intense leaching related probably to the
activity of humic acids in alluvia. Scarcity of sulphide
veins in the Western Tatras suggests that relatively high
content of oxidized sulphide grains in heavy mineral as-
semblages is related to their removal from old mines tai-
lings present in upper parts of valleys. Cu-Zn-alloy gra-
ins also indicate an anthropogenic impact on the environ-
ment in the past.
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Abstract

Pliensbachian brachiopod fauna of the Northern Calcareous Alps contains a series of distinctive taxa,
documenting clearly its Mediterranean character, and enabling well-based paleogeographic compa-

risons.

Key words: Brachiopoda, Liassic, Pliensbachian, Alps

In comparison to the relatively abundant Sinemurian
brachiopod fauna of the Northern Calcareous Alps the
Pliensbachian brachiopods in average less numerous are.

One of the reasons of this disproportion is the fact that
the Sinemurian facies of the biosparitic red or white cri-
noidal limestones (“Hierlatzkalk™) yielding at most locali-
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ties rich brachiopod fauna is not so spread in the Pliens-
bachian. The most common Pliensbachian facies yielding
brachiopods is represented by red biomicrites. Numerous
and varied Pliensbachian brachiopod fauna in the Mediter-
ranean domain is well known from the Italian territory
and was described in detail e. g. by Zittel (1869), Canava-
ri (1880, 1881, 1883), Parona (1880, 1892), Bose and
Schlosser (1900), etc. Interesting and rich brachiopod fau-
na of the same age was studied and described in the last
years from Hungary by Voros (1983, 1986, etc.). Diver-
sified Pliensbachian brachiopod fauna from the Northern
Calcareous Alps (87 species!) was monographed by Bose
in 1897 who had at disposal the material from most of
the important localities known at that time. According to
him, the very rich Austrian localities were those of Hila-
riberg near Kramsach in Tirol and Hinterschafberg near
Bad Ischl in Salzkammergut, the other localities yielded
not so abundant brachiopods (Vorderthiersee near Kufstein,
Fonsjoch in Karwendel, Gschollkopf in Rofan Mts.,
Kammerkohr on Steinplatte near Waidring, etc.). Among
further localities, from where the Pliensbachian brachio-
pods were described by other authors, esp. Kratzalpe near
Golling and Adnet should be mentioned here. Several lo-
calities in the Bavarian part of the Northern Calcareous
Alps are known from the vicinity of Berchtesgaden.

Some of the mentioned localities were visited in the
last years and new data were gained by sampling and later
study at some other places, too. Pliensbachian brachiopod
assemblage was distinguished in the “Hierlatzkalk” at the
Erlakogel near Ebensee. Such species as “Terebratula”
schlosseri, “Terebratula” gracilicostata and Zeilleria
thurwieseri are there common and characterize well the
stratigraphical level. All these species were established by
Bose (1897) and originate from Kramsach, where the
Pliensbachian age was well documented by the accompa-
nying ammonites.

New samplings in red micritic infillings of the neptu-
nian dykes at the classical locality of Hierlatz (Feuerko-
gel) near Hallstatt contain Phymatothyris cerasulum
(Zitt.), a characteristic Pliensbachian species, and may
thus document the Pliensbachian age of respective dykes.
The species was ascertained by Voéros also in the Upper
Sinemurian of the Bakony Mts. in Hungary, however.

New collections from 2001 in the red Pliensbachian
micrites at the Kratzalpe and on the NE slopes of Tann-
hausberg near Golling in the Hagengebirge contain
Apringia paolii (Can.), Orthotoma apenninica (Can.),
Liospiriferina aff. alpina (Opp.), Bakonyithyris cf. pe-
demontana (Par.) and large specimens of the leading
form — terebratulid Securithyris adnethensis (Suess).
A long list of the Sinemurian and Pliensbachian brachio-
pods from there was published already by Krafft (1898).
A small collection from there is in the Geologische
Bundesanstalt in Vienna, and an old, large collection
made by Waagen is deposited in the Institute of Paleonto-
logy (Geozentrum) of the University in Vienna.

Very abundant brachiopod fauna comes from Schafberg
and its vicinity. Bose (1897) reported 48 species from
“Hinterschafberg”, and gave fossil lists from several near-

by localities. Red micritic limestones yielded in 2000 ne-
ar the Mittersee and Suisensee Apringia paolii (Can.),
Apringia atlaeformis (BOse), Liospiriferina sicula
(Gemm.), Liospiriferina semicircularis (Bose), Liospiri-
ferina cf. obrusa (Opp.), Securithyris adnethensis (Su-
ess), Viallithyris gozzanensis (Par.) and Bakonyithyris
apenninica (Zitt.).

Pliensbachian terebratulid Securithyris adnethensis
(Suess) seems to be a good leading fossil. It occurs accor-
ding to Bose (1897, p. 146) in red limestones only. It is
reported from Kramsach, Kammerkohr on Steinplatte,
Kratzalpe, NE slopes of Tannhausberg near Golling, Ad-
net, and Schafberg and its vicinity — Mittersee, Suissen-
see, Feuchteneck, Burgaugraben, Schwarzensee, and ENE
of Meislalm. Its occurrence in Adnet has not been proved
by our recent samplings in Adnet quarries but the speci-
mens from Adnet are deposited e. g. in the collections of
the Bayerische Staatssammlung fiir Paldontologie und
historische Geologie in Munich, and of the “Haus der
Natur” in Salzburg. The species was also ascertained in
Glasenbach near Salzburg and in the Lorlins quarry in
Vorarlberg (material deposited in the “Haus der Natur”
in Salzburg and in the Vorarlberger Narurschau in
Dornbirn, resp.). Among genera, characteristic of the
Pliensbachian of the Northern Calcareous Alps, the follo-
wing should be mentioned: Apringia, Pisirhynchia,
Securithyris, Orthotoma and Koninckodonta. Among
species Apringia paolii (Can.), Apringia (?) atlaeformis
(Bose), Cirpa subcostellata (Gemm.), Prionorhynchia
(7) flabellum (Menegh.), Liospiriferina semicircularis
(Bose), Securithyris adnethensis (Suess), Linguithyris
aspasia (Zitt.), Phymatothyris cerasulum (Zitt.), Rha-
pidothyris (7) ovimontana (Bose), “Terebratula” schlos-
seri Bose, Zeilleria oenana (Bose) and Orthotoma apen-
ninica (Can.) are to be named. On the other hand, the
peculiar Mediterranean genera Lokutella and Kericserella
established by Voros, have not been ascertained in the
Northern Calcareous Alps. Very dubious has seemed an
information about occurrence of Terebratula rotzoana
and Terebratula renierii on Plassen, given by Spengler
(1919). Lychnothyris rorzoana (Schaur.) and Hesperit-
hyris renieri (Catullo) are strictly South European ele-
ments, representing according to Voros (1986, p. 264)
a low-diversity fauna of the basinal areas. The occurrence
on Plassen was neither confirmed by the later authors nor
by our careful samplings in the last years. However,
a part of Spengler’s specimens was traced in 2002 in the
collections of the Geologische Bundesanstalt and of the
Naturhistorisches Museum in Vienna.
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Abstract

An indubitable basis for whatever geomaps of various larger scales is a geological map of good qua-
lity. On the territory of the Slovak Republic regional the geological mapping of a new edition has been
taking place for already 30 years and at present it approaches its final phase.

Key words: Western Carpathians. Slovakia, Regional geological maps

Regional geological cartography of Slovakia

The product of geological cartography in Slovakia are
geological maps of regions at the scale | : 50 000. So far 42
regional geological maps have come out in print, which cover
around 80 % of the territory of the Slovak Republic (Fig. 1).

These map works were the basis for compiling the geo-
logical maps at large scales, the geological map of the
Slovak Republic 1 : 500 000 and 1 : 1 000 000.

At the same time they form the basic material, used for

Fig. 1. Regional-geological maps of Slovakia issued in the scale | : 50 000.
1 — Malé Karpaty Mts., 1972, 2 — Zahorska lowland, 1973, 3 — Tribe¢
Mts., 1975, 4 — Slovenské rudohorie and Nizke Tatry Mts., 1976, 5 — Po-
dunajskd lowlad — SE part, 1976. 6 — Ipelskd depres. and S part of
Krupina pl., 1978, 7 — Kysucké vrchy and Krivanska M. Fatra Mts..
1980, 8 — Liptovskd depression, 1980, 9 — StrdZovské vrchy Mts.,
1982, 10 — Nizke Beskydy Mts. — E part, 1983, 11 — Myjavskd upland,
Brezovské and Cachtické Karpaty Mts., 1984, 12 — Slovenské rudohorie
Mts. - E. part, 1984, 13 — Rimavska depression, 1985, 14 — Podunajska
lowland — NE part, 1988, 15 — Vychodoslovenskd lowland — N part,
1988. 16 - Vychodoslovenskd lowland — S part, 1988, 17 — Pieniny,
Cergov Mts., 1990, 18 ~ Slanské vrchy Mits. and Kosickd depres.,
1991, 19 — Lucenecka depression, 1992, 20 — Nizke Tatry Mts., 1992,
2) — Ludcanskd Mald Fatra Mts., 1993, 22 — Turcianska depression,
1993, 23 — Southern and eastern Orava, 1994, 24 — Vysoké Tatry
Mts.. 1994, 25 — Slanské vrchy Mts. and Kosicka depres., 1996, 26 — Slo-
vak karst, 1996, 27 — Branisko and Cierna hora Mts., 1996, 28 — Chvoj-
nickd upland, 1996, 29 — Mt. Polana, 1997, 30 — Vta¢nik Mts. and Hor-
nonitrianska depres., 1997, 31 — Velkd Fatra Mts., 1997, 32 — Vihorlat-
ské and Humenské vrchy Mts., 1997, 33 — Tribe¢ Mts., 1998, 34 — Po-
dunajskd lowland and Stiavnické vrehy Mts., E part, 1998, 35 — Stiav-
nické vrchy Mts.. 1998, 36 — Kremnické vrchy Mts., 1998, 37 — Mt.
Javorie, 1998, 38 — Levocské vrchy Mts., 1999, 39 — Slovenské rudo-
horie Mts. — W part, 1999, 40 — Slovak paradise, 2000, 41 — Danube
lowland — Nitrianska pahorkatina uplant, 2000, 42 — Spisska Magura
Mits.. 2000.
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compiling of a new edition of geological maps of the
Slovak Republic at a scale 1 : 200 000.

These basic regional-geological maps are the back-
ground for overstructure sets of maps of various speciali-
zations as mainly of maps of environment geofactors.
The set consists usually of the following types of maps
for each region:

— geological map

— map of geochemical rock types

— hydrogeological map

— map of natural water quality

— pedological an paleogeochemical map

— geochemical map of fluvial sediments

— engineering geological maps

— map of natural radioactivity

— geological educational maps of Slovakia

In the last decade author’s originals of regional geologi-
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cal maps are treated by computer technology. In preparing
of digital geological map the following proceeding is
used:

1. Compiling of the author’s original 1 : 50 000, its vin-
dication and approbation

2. Redrawing of the geological map on transparent foil

3. Scanning of the background on large-scale scanner
CANON Al

4. Vectorization (half-automatic) in programme Map
CAD

5. Editation — complex graphical treatment: topology,
point, line and areal atributes in Auto CAD, TNT MIPS,
Micro Station programmes

6. DTP treatment of vector sets in DTP programmes
Adobe, Corel Draw

7. Lightening + Print.
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Nové trendy a vysledky geologického vyskumu
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Slovenska geologicka spolocnost' — suhmna sprava
0 CINNOSti Za FOK 2002 ..o, 13

Nové trendy a vysledky geologického vyskumu

Zapadnych Karpat

Slovenskd geologickd spolo¢nost pri SAV usporiadala 13. decembra
2002 v Bratislave celodriovy vedecky seminar Nové trendy a vysledky
geologického vyskumu Zdapadnych Karpdt. Cielom akcie bolo priblizit
Sirokej odbornej verejnosti sicasné smerovanie geologického vyskumu
na Slovensku a niektoré jeho vyznamnejsie vysledky z posledného obdo-
bia. Na semindri odznelo 19 predndsok (z 13 publikujeme abstrakty).

Semindr mal prierezovy charakter. Boli na nom prispevky synte-
tizujtice stcasné poznatky o vyvoji a stavbe Zdpadnych Karpdt, ako
aj prispevky o najnovsich poznatkoch z rozliénych geologickych
$pecializdcii. Okolo pétdesiat posluchacov ziskalo spolahlivé infor-
mécie aj o modernych ndhladoch na paleotektonicky vyvoj Zdpad-
nych Karpdt rekonstruovany na zaklade $truktirneho a metamorf-
ného horninového zaznamu (vyvo) zdpadokarpatského orogénneho
klina - PlaSienka; tektonochronoldgia inacovsko-kri¢evskej jednot-
ky — Biron et al.; Stddid kontinentdlnej subdukcie a reaktivécie fun-
damentu — Puti§; meliatsky akreény klin — Faryad: postupnost
paieozoickych a mezozoickych tektonometamorfnych udalosti —
Schulmann; kriedovd deformdcia gemerika — O. Lexa: umiestnenie
kriznanského prikrovu — ProkeSovd a Plasienka), na bdze datovania
pseudotachylitov (vyzdvih Tatier — Kohtit) a paleomagnetickych
merani (terciérne jednotky — Ttnyi). Hovorilo sa aj o geologickej
a tektonickej stavbe niektorych oblasti (Tur¢ianska kotlina — Rakuis
a Hok; Licanskd Fatra — Hok et al.), o magnetickej stavbe granitoid-
nych masivov (Malé Karpaty a Velkd Fatra — Gregorové et al.)
a predstavili sa aj doterajsie vysledky refrakénych seizmickych
merani ziskané v ramci projektu CELEBRATION 2000 (Vozdr
a Bielik et al.).

Za najcharakteristickejsi znak prezentovanych paleotektonickych
a geodynamickych rekonstrukcii mozno pokladar dsilie o koreldciu
tektonickych udalosti na velkych tizemiach a o ich ¢o najpresnejsie
zaradenie do Casovej $kdly.

Druhy okruh predndsok sa tykal genetickej interpretdcie sedi-
mentdrneho horninového zdznamu (spodnokriedovy sled maninske-
ho prikrovu — Michalik et al.: vrchnokriedové a paleogénne klima-
tické eventy — Sotdk a Stdrek: evoliicia centrdlnokarpatskej paleo-
génnej panvy — Janocko; viedenskd panva — Bardth et al.; magurska
panva — Tetdk). V predndskach s touto problematikou sa akcentova-
lo velmi presné biostratigrafické datovanie pozorovanych fenomé-
nov a rekonstruovanych procesov a ich koreldcia s globdlnymt kli-
matickymi a eustatickymi udalostami.

Podla mdjho ndhladu prispevky semindra dobre vystihli sticasny
celosvetovy trend zdkladného geologického vyskumu — orientdciu
na genetickd interpretdciu pozorovanych javov a nameranych tda-
jov, ako aj na ¢asovu a priestorovi rekonstrukciu procesov produ-
kujudcich horninovy ldtkovy a Struktirny zdznam.

S potesenim mozno konstatovat, Ze sa slovenskej geoldgii aj
napriek tazkostiam rozli¢ného druhu dari drzat krok so svetovym
geologickym vyskumom aspor v odvetviach, ktoré nevyZzadujui
vysoké finan¢né ndklady.

Velky zdujem o aktivne vystipenie na semindri, bohatd ticast a dis-
kusia, ako aj miestami vybornd uroven predndSok nds opraviuju
navrhnut, aby sa podobné .predviano¢né” semindre Sirokého tema-
tického zamerania konali kazdy rok. Vybor SGS sa podujima pri-
pravit takito vyro¢nd akciu aj zaciatkom decembra 2003, a to i s cielom
pripomenut vyznamné obdobie v geologickom vyskume ndsho tze-
mia semindrom pod ndzvom Sto rokov prikrovovej teorie v Zdpad-
nych Karpatoch. Vyzyvame zaujemcov o vystipenie na tito alebo
pribuzné témy, aby si svoje predndsky uZ zacali pripravovat.

Dusan Plasienka
predseda SGS




Stadia kontinentalnej subdukcie a reaktivéacie fundamentu
z pohladu petrotektoniky (Alpy — Karpaty)

MARIAN PUTIS
Prirodovedeckd fakulta UK Bratislava

Pre konvergentné zény orogénov sa zrekonstruoval resp. aj pri-
pravil nasledujici model etapovité¢ho vyvoja kontinentdlnej (litosfé-
rickej) subdukeie, t. j. subdukcie typu A, zaznamenany aj v austro-
alpinskom fundamente vyskytom kriedovych eklogitov (prehlad in
Putis et al., 2002):

- kontinentdlna konvergencia (x cm/rok) po subdukcii ocednske;
kory (meliatika) v zdzemi md tendenciu vytvorit spodnokdrovy
resp. aj gravitacne nestabilny podkérovy korer,

— reakciou je ,,decoupling™ spodnoplatiiove] litosféry: 1. teplot-
no-mechanické oddelenie vrchnokoérovej od spodnokérovo-vrchno-
plagtovej litosféry na zdklade rozdielncho frikéného indexu a pro-
dukcie tepla v tychto fragmentoch oddelenych duktilnou zénou
v strednej kore; 2. moZnost nasledujiceho oddelenia spodnokdrovej
od vrchnoplastovej litosféry duktilnou zénou blizko MOHO,

— v zbnach, kde ,,oddeleniu™ nenastane, viskéznej$i (chladnejsi
a rigidnejsi) podkorovy litosféricky koren sa pod vplyvom kompre-
sie, gravitacie a konvekcie astenosféry odtrhne (,,delamination™)
a zaklesne do pldsfa; kym lahkd vrchnd kéra brani subdukeii spodnej
kory. ktord zvycajne predstavuje korenl kolizne zhrubnutého konti-
nentdlneho klina,

- v zonach s ,.oddelenim™ nastava subdukcia spodnokdrovo-vreh-
noplastovej litosféry (_ tenké fragmenty vrchnej kdry) pod vrehno-
korovy/strednokorovy orogénny klin do prostredia vrechnoplastove;
litostéry,

- eklogitizdcia prebieha metamorfnymi reakclami s wendom zvy-
Sovat hustotu hornin vrchnej kéry — 2,76 (granodioritickd), resp.
spodne; kory — 2.94 (gabroidnd) na 3,1 (do 20 kbar), alebo az 3.56
(nad 30 kbar); ak md subdukovany fragment vyssiu hustotu (ako
3.3 ~ vrchny pidsf), moZe nastat jeho delamindcia a recykldcia,

- sibku kontinentdlne) subdukcre riadi vztlakovd sila zavisld od
hustotného kentrastu medzi ekiogitizovanym fragmentom a vrchno-
pldstovou filosférou; nizky kontrast spomaluje subdukeiu aj exhu-
mACiLL

- stupen eklogitizdcie — zdvisi aj od konvekcie astenosféry do
vrchného pladta: vzostupnd konvekcia brdni subdukeii a umoziuje
len Glastocny ekiogitizdciu (v hibke 40-70 km); zostupnd konvek-
cia podporuje dplni eklogitizaciu (v hibke zvi¢sa nad 100 km).

- trvanie subdukcie A a exhumdcie — ¢im hlbSia, tym rychlejsia
(z porovnania Lu-Hf vs. Ar-Ar vekov: 515 Ma).

— ¢asové obmedzenie kontinentdlne) subdukcie predstavuje novd
geodynamickd udalost, a to zaciatok subdukcie B oceanskej kory
predpolia (penninika), a tyr: aj zmena reZimu na extenzny uz v ak-
tivnom kontinentalnom okraji,

- mechanizmus exhumdcie: extenzny zlom nad HP komplexom —
Struktirnou denuddciou priblizne od 70 do 20 km; rohovym tokom —
spatnou extruziou aktivnym subdukénym kandlom asi od 40 do 20 km:
findlna exhumdcia — kolaps strednokdrového/vrchnokdrového klina
s morfologickou erdziou.

Nacrtnuté podmienky a etapy sa splnili resp. platia pre HP kom-
plexy stredného austroalpinika Vychodnych Alp. Subdukcia A Casti
pasivneho okraja (~ 130-100 mil. r.) nadvdzuje na subdukciu B
v zdzemi {~ 170150 mil. . v meliatiku), hoct s posunom o niekolko
milidnov resp. aZ niekolko desiatok milionov rokov Otwdve sub-
dukcie (~ 170-100 mil. r.) su Casovo korelovatelné s extenziou
v predpoli {otvdranie penninského bazéna). AZ subdukcia ocednske)
kory penminika zmenila geodynamiku pasivneho okraja na aktivny
a jeho rezim z kompresného na extenzny. Tym sa subdukcia A
zastavita a vystriedala za extenzni exhumdciu eklogitizovanycl
komplexov (100-60 mil. r.; Dallmeyer et al., 1996).

Uloha duktilného zlomu pri exhumacii je Struktirno-petrologicky
dokumentovana na eklogitickom Sieggrabenskom komplexe, kde
vyvoj duktilnych stavieb od vysokoteplotnych aZ po nizkoteplotné
(navyse s rovnakou kinematikou Px, Amp, Pl, Qtz a Cal) suivisi
s takmer izotermalnou dekompresiou dokumentovanou P-T tdajm
reakénej rekryStalizacie. Mladsia nizkoteplotnd etapa exhumdcie
(s odlisnou kinematikou) odrdZa kolaps strednokérového/vrchno-
korového kolizneho klina.

V profile fundamentu veporika centrdlnych Zapadnych Karpat,
najmi v blizkosti kriedovych sinistrdlnych transpresnych zlomov,
akym bol aj pohorelsky, sa nachddza exhumovand variskd spodnd
kéra reprezentovana leptynitovo-amfibolitovym komplexom (LAC)
pripojend k strednej a vrchnej koére s granitoidmy a subvulkanitimt
resp. aj s obalovou jednotkou. Tak bol LAC, s vysokym podielom
malickych Clenov a preddisponovanou hlbokou Struktirnou pozi-
ve]) eklogitizdcie juhoveporického fundamentu. Napriek tomu
vykazuje len metamorfné podmienky spodnej amfibolitovej facie
(T do 530 °C s P,,,. 89 kbar), ktoré mozno interpretovat ako pod-
mienky podsunutia v hrubnicom kontinertdlnom koliznom kline.
Podobne ani komplexy juZného veporika na S od lubenickej finie
nepresiahli podmienky strednej ¢asti amfibolitove; facie pri tlaku
8-10 kbar. Namieste je otdzka pri¢in kriedove;j ,,nesubdukeie”
v paleotektonicky laterdlne nadvazujicom fragmente juzného vepo-
rika na stredné anstroalpinikum:

- znizena rychlost skracovania/podsuvama. napr pri Sikmej kon-
vergencil, ked podsivanie neprejde do kontinentdlnej subdukcie,

— ..neoddelenie” na stredne) kére mohla spdsobit relativne mala
hrubka kolizneho kiina,

—metamorfdza v koliznom kline veporika dosahuje maximdlne vrehol
stredného tlaku (8-9 kbar, facie zelenych bridlic az amfibolitovej).

- ,oddelenie™ v obiasti MOHO? spaté s delamindciou? chladnej-
Sey a rigidnej3ey vrchnopldstovey litosféry a jej nahradenie hordcou.
hustotne lahsou astenosférou, kiord vyvoldva rychle extenzné ohria-
tie kory a7 jey natavenie (rochovsky granit?), ¢o umoziiuje exhumd-
ciu jej hlbokych drovni symetrickou alebo asymetrickou Struktir-
nou denudaciou.



Geodynamické a paleogeografické zavery stratigrafického a sedimentologického Stidia
pelagickych spodnokriedovych sivrstvi maninskej jednotky, Butkov

JOZEF MICHALIK'. ZDENEK VASICEK2 PETR SKUPIEN?, DANIELA REHAKOVA® a EVA HALASOVA®
'Geologicky dstav SAV Bratislava
*Katedra geologického inZinierstva TU Vysokd $kola banska Ostrava
*Katedra geoldgie a paleontoldgie UK Bratislava

Maninska jednotka je v karpatskej geoldgii jablkom svdru viac
ako polstoroc¢ie. Tim z Geologického ustavu SAV (grant VEGA
7215), UK v Bratislave a TU v Ostrave (postdoktorandskd tloha
GACR 205/00/D030) §tudoval rozsiahle odkryvy jej vrchnojursko-
-spodnokriedového sledu vo velkolome Butkov cementdrne v Lad-
coch (Borza et al., 1987: Michalik a Vasic¢ek, 1987; Michalik et al.,
1990; Vasitek a Michalik, 1986, etc.). Ide o najbohatsiu lokalitu
spodnokriedovych amonitov v celych Zdpadnych Karpatoch
s mnoZstvom vyhradne mediterannych druhov od ranovalanzinskych
(amonitovd zéna Campylotoxus) aZz po neskorobarémske (z. Van-
denheckii). Asocidcia sa podobd faune z Vokontske) priekopy vo
Franctzsku. Nebyt ststavnej tazby cementdrskych surovin, ktord
sdvislé profily obnaZila, ale dokumentovany sled rok ¢o rok likvi-
duje, Butkov by mohol byl opornym profilom porovnatelnym s kla-
sickymi francizskymi a $panielskymi lokalitami mediterdnne)
oblasti. Na integrovand stratigraficku koreldciu sme okrem sek-
vencnostratigrafického litologického stidia a zberu makrofauny
sticasne odoberali aj vzorky na §tidium nevapnitych dinocyst, kal-
pionel, mikroproblematik a vapnitého nanoplanktonu.

Ladecké siivrstvie

Na bdze spodnokriedovej sekvencie vystupuje sedimentdrna brek-
cia. Zvysky hladkoschrankovych amonitov zodpovedaju §irokomor-
skému prostrediu a ojedinelé skulptirované schranky Olcosrephanus
svedc¢ia o valanZinskom veku. Chybanie valanzinskej amonitovej
z6ny Pertransiens, vyskyt Neolissoceras a Vergoliceras salinarium
(Uhlig), ktoré by sa mali objavit az koncom zdny Pertransiens a pre-
zivat do zény Verrucosum, ako aj vyskyt Busnardoites campyloto-
xus — indexu zény Campylotoxus, sved¢ia o tom, Ze ladecké stivrs-
tvie zatalo sedimentovat az v ranom valanzine. Neocomites platyco-
status (Borza et al., 1987; Michalik a Vasicek, 1987) z 12. etdze
indikuje vy$siu ast strednovalanzinskej zény Campylotoxus. Slieni-
ty biomikrit obsahuje kalpionelidy Calpionellites darderi, C. major,
Tintinopsella carpathica, vapnité dinoflageldta Colomisphaera
heliosphaera, C. vogleri, globochéta, ostrakdda a spikuly hubiek.
Kalpionelovd asocidcia zodpovedd zéne Calpionellites (subzény
Darderi a Major). Spéry a bisakdtne pelové zrnd dokazuju slaby
terestricky prinos. Sporadické dinoflageldta Oligosphaeridium com-
plex a Spiniferites sp. indikuji mladsi vek ako stredny az rany valan-
Zin (amonitovd zdéna Pertransiens). Zdstupcovia vapnitého nano-
plankténu Calcicalathina oblongata a Eiffelithus windii sa prvy raz
vyskytli v zéne Otopeta (136,66 miliénov rokov — podla Hardenbola
et al., 1998), Rucinolithus wisei v zone Verrucosum (Bergen, 1994)
a nanokoény Nannoconus bermudezi a N. kamptneri na zaciatku
valanZinu. Asocidcia patr{ subzéne NK3A Rucinolithus wissei zény
Calcicalathina oblongata NK3 (Bralower et al., 1989).

Myrdznické suvrstvie

V bohatej asocidcii amonitov (vyse 150 jedincov od Sachty na [1.
etdZi) dominuji skulptirované typy. ako je Himantoceras trinodo-
sum, Criosarasinella furcillata, Criosarasinella heterocostata,
Teschenites subpachydicranus a 1. Zaujimavé s vyskyty najstarsich

kryoceratitov (C. primitivus). Aptychy. belemnity a ramenonoZce su
ojedinelé. Asocidcia patrf amonitovej zéne Furcillata (koniec ran¢ho
valanzinu). Slienity biomikrit obsahuje Cadosina semiradiata cieszy-
nica, C. s. fusca, Remaniella cadischiana, Stomiosphaera echinata,
Tintinopsella, bentické foraminiferd, globochéta. ostrakéda a krinoi-
dy. Asocidcia dinoflageldl odrdza Selfové podmienky (litordlne az
brakické Circulodinium, Muderongia prevladaji). Podla Leerevelda
(1995) vyskyt Cymososphaeridium validum, Gonyaulacysta cretacea
a zastupcov Bourkidinium zodpoveda neskorovalanzinskej — ranoho-
terivskej zéne Cymososphaeridium validum. V asocidcii nanofosilif
oproti ladeckému sivrstviu chyba Rucinolithus wisei, obcas sa obja-
vuje Tubodiscus verenae a vzacne prvé valanzinske nanokény (Nan-
noconus boneti, N. cornuta, ktoré vymreli do konca valanzinu),
postupne pribida N. quadratus, Calcicalathina oblongata a Cruciel-
lipsis cuvillieri, vyssie Calcicalathina oblongata, Nannoconus globu-
lus a Watznaueria bamesae indikujice subzénu NK3B Tubodiscus
verenae zony Calcicalathina oblongata NK3 (Bralower et al., 1989).
Valanzinske asocidcie sa skladaji z kozmopolitnych foriem
(Watznaueria barnesae, Cyclagelosphaera margerelii, Rhagodiscus
asper, Zeugrhabdothus embergeri, Cretarhabdus spp. a Micrantho-
lithus spp.) a tetydnych taxénov (Conusphaera mexicana, Cyclagelo-
sphaera deflandrei, Cruciellipsis cuvillieri a Nannoconus spp.).
Zriedkavé boredlne formy (Micrantholithus speetonensis, Cruci-
biscutum salebrosum, Nannoconus pseudoseptentrionalis), Rhago-
discus asper, Nannoconus spp., Micrantholithus spp., Conusphaera
spp. byvaju interpretované ako teplovodné. Hojnost Warznaueria
barnesae naznacuje jej oportunisticku (,.r-selekénui™) stratégiu.

Kalistianske sivrstvie

Zacina sa kalciturbiditmi Lowstandové ststavy stvrstvia (hriib-
ka 1-3 m) su hrubolavicovité, obsahuji brachiopdda a kalisky kri-
noidov. Bohaté spolo¢enstvd amonitov a nanofosilii charakterizujd
transgresné systémové stistavy. Sustavy vysokého stavu sa skladaji
z tenkodostickovitého vapenca s hrubymi slienovcovymi viozkami.
Teschenites subflucticulus a T. flucticulus indikujui ranohoterivsku
amonitovi zénu Radiatus. V amonitovej asocidcii dalSej zony Loryi
su teschenity nahrddzané kryoceratitmi (najméd C. nolani). Ojedine-
1¢ aptychy a amonity (Subsaynella sayni, Plesiospitidiscus ligatus,
vySsie Balearites balearis) dokladaji neskorohoterivsky vek roz-
hrania kalistianskeho a ldic¢kovského sivrstvia. Indexy najmladsej
hoterivskej (Ohmi) a najstar§ich barémskych zén (Hugii a Nicklesi)
tu v8ak chybajd. Slienity biomikrit obsahuje Cadosina semiradiata
cieszynica, C. s. fusca, Colomisphaera heliosphaera, Stomiosphae-
ra echinata a poslednt Tintinopsella carpathica. Foraminifery, spi-
kuly hubiek, globochéta, radiolarid, dlomky bivalvii, krinoidy
a machovky sd hojné. Vzdcny vyskyt nanoplankténneho Litraphidi-
tes bollii (objavujiceho sa v zéne Loryi v trovni 131,14 mil. rokov;
podla Hardenbola et al., 1998) v asocidcii s hojnymi mikrantolitmi
(Micrantholithus hoschulzii) a s Nannoconus bermudezi; objavenie
sa Assiperra terebrodentarius a zmiznutie Cruciellipsis cuvillieri
zodpovedd subzéne NC5b nanoplankténovej zony Litraphidites
bolli1 (Thierstein, 1973). Nannoconus byva beznejsi vo vrchnohote-
rivskych a spodnobarémskych ako vo valanzinskych asocidcidch.




Spodnokriedové bohaté a malo diverzifikované asocidcie Nannoco-
nus riadené selekciou typu ,,r** Zili v plytkych pdsmach tropickych
mori, odkial obZas migrovali do inych stanovi§t. Nannoconus abun-
dans, N. borealis, mozno aj N. inornatus a N. pseudoseptentriona-
lis, boli endemitmi adaptovanymi na chladnejsie vody severo-

nemeckej panvy.
Liickovské suvrsivie

Nalez cca 150 jedincov amonitov v skiznutom bloku pod bazou
podhorského stvrstvia v Zdpadnych Karpatoch predstavuje doteraz
nezndmu asocidciu. Medzi nimi dominuji holkodiscidy (Holco-
discus, Metahoplites, Parasaynoceras, Avramidiscus) a stratigrafic-
ky nevyznamné baremity. Vyskyty Nicklesia pulchella, Moutonice-
ras nodosum, Dissimilites dissimilis, Pdiruliusiceras lateumbilica-
tum, Paraspiticeras sp. a Karsteniceras sp. zodpovedaju rozhraniu
ranobarémskych zén Pulchella a Compressissima. Ndlez hetero-
morfného amonita Ancyloceras vandenheckei indikuje, Ze sedimen-
tdcia suvrstvia trvala este za¢iatkom mladsieho barému (zéna Van-
denheckei). Hojné st ramenonoZce, hubky (Calcispongia), lastirni-
Ky, nautilidy a belemnity. Asocidcia dinoflagelat sa skladd z litoral-
nych (Cerbia) a neritickych (Oligosphaeridium, Spiniferites)
foriem. Cerbia tabulata je zndma z vy$Sej Casti ranobarémske;j
amonitovej z6ny Caillaudianus. Hojnd Watznaueria barnesae sa
vyskytuje spolu s pestrou asocidciou nanokénov (Nannoconus
steinmanni, N. bermudezi, N. globulus) a ¢astym Micrantholithus
hoschulzii. Nanokény zastupuju formy objavujice sa zadiatkom
barému (N. elongatus, N. wassalli, N. circularis). Chybanie Calci-
calathina oblongata nad amonitovou zénou Nicklesi umoziuje
stanovit subzénu NC5d (Bown et al., 1998).

Butkovské sivrstvie
Dinoflageldtne cysty, zastupujtce typy otvoreného neritika

(Achomosphaera, Litosphaeridium) a pelagidlu (Pterodinium),
dominujui nad akritarchami (Wallodinium, Veryhachium), bisakdt-

nymi pelovymi zrnami a mikroforaminiferami. Prvy vyskyt L.
siphoniphorum sa zhoduje s vrchnoalbskou amonitovou zénou
Inflatum a prvy vyskyt P. conulum spolu s pritomnostou E. dettma-
niae a O. verrucosum urcujc amonitovi zénu Dispar.
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Vyskum vnitornej magnetickej stavby granitoidného masivu Velkej Fatry — predbezné vysledky

DAGMAR GREGOROVA', FRANTISEK HROUDA? a MILAN KOHUT?
'Geofyzikalny dstav SAV Bratislava
2Agico, s. 1. 0., Brno a Ustav petrolégie a §truktirnej geolégie KU Praha
3gtétny geologicky ustav Dionyza Stira Bratislava

Stiidium anizotropie magnetickej susceptibility hornin ako efektiv-
neho ndstroja na hladanie odpovedi na otdzky tektonického vyvoja
a stavby geologickych jednotiek sa rozvija ruka v ruke s modernizd-
ciou meracich pristrojov. Magnetickd stavbu centrdlnych Zdpadnych
Karpdt (CZK) najiplnejsie spracoval Hrouda (Hrouda, 1983, 1986;
Hrouda a Handk, 1990; Hrouda a Kahan, 1991; Hrouda et al., 1983,
1988, 2002a). Sumdrne vysledky Studia z takmer v3etkych granitoid-
nych telies CZK su v praci Hroudu et al. (2002b). V rdmci jadrovych
pohorf Zapadnych Karpdt je magnetickd stavba granitoidnych masi-
a Casto aj sedimentdrnych hornin obalovej jednotky, ¢o odrdza jej
spolo¢ny tektonicky (deformacny) povod v alpinskej orogenéze.

Predmetom nd$ho prispevku je anizotropia magnetickej suscepti-
bility (AMS) lubochnianskeho velkofatranského granitoidného plu-
ténu, jedného z troch masivov jadrovych pohori, v ktorom sa dote-
raz takyto vyskum plosne nevykonal.

LCubochniansky granitoidny masiv buduje viac typov granitoid-
nych hornin, ktoré tvoria typicky kompozitny a normélne zondlny
plutén (Koht, 1992; Kohiit et al., 2001). Dominantou vychodne]
¢asti masivu su smrekovické tonality (ST) so zvyskami starSich
deformovanych magmatickych hornin — ortorul, ako aj ich xenoli-
tov. Vo vertikdlnom reze sa na stavbe pluténu zdcastiiuji aj kornie-
tovské granodiority (KGD), lipovské granity (LG) a najmladsie
lubochnianske leukogranity (LLG), ktoré po tektonickych linidch
intrudovali do uZ solidifikovaného pluténu zloZeného z ST + KGD
+ LG. Terénny, detailny petrograficky a geochemicky vyskum
potvrdili relativnu samostatnost granitickych hornin, ktorych gené-
za a skladba odrdzali zmeny vyvoja hercynskeho orogénu. Spodno-
karbénsky vek magmatizmu sa detekoval pri KGD s konkordant-
nym vekom monazitov (340 + 2 Ma) a podobny vek vykazuju aj
LG (356 £ 25 Ma) pri datovani zirkénov metddou single grains
(Kohit et al., 1997). Naproti tomu datovanie ST preukdzalo ich



vnutrokarbénsky vek (304 £ 2 Ma: Poller et al., 2000), ale leuko-
kratné Zilné intrizie LLG permsky vek od 283 £ 15 Ma do 254 +
13 Ma (Poller et al., 2001). Odlisné magnetické vlastnosti jednotli-
vych granitoidnych typov v lubochnianskom masive indikoval
uz primarny vyskum magnetickej susceptibility (Kohtt, 1992)
z neorientovanych kusovych vzoriek s hodnotou ST - k =
1700-3150 x 10 [SI], KGD - x = 200-1000 x 10°%, LG - K =
50-400 x 10, LGG ako nemagnetické horniny mali takmer nulovd
magnetickd susceptibilitu.

Prva fdza stcasného vyskumu vnitornej magmatickej stavby
masivu Velkej Fatry sa opiera o vysledky merania AMS 251 vzo-
riek ziskanych terénnou vrtackou s vyplachom a jadrovnicou z 23
lokalit. Aby boli vysledky Statisticky relevantné, kazdu lokalitu
reprezentuje aspon devit typizovanych orientovanych vzoriek.
Merania AMS sa vykonali na modernom kapamostiku KLY -3S
(Jelinek a Pokorny, 1997) vo firme Agico, s. 1. 0., Brno, ktord tento
pristroj aj vyvinula, takZe boli zabezpecené optimdlne podmienky
na presné a citlivé meranie.

Vysledky objemovej magnetickej susceptibility z 84 vzoriek z dsmich
lokalit ST varfruji od 326 x 10 po 5270 x 10 [SI| s priemerom
2200 x 10" [SI] a indikuju , Ze ide o granitoidy typu I, kym magne-
tickd susceptibilita KGD zo 67 vzoriek Siestich lokalit je od 46 do
3960 x 10 [SI] s priemerom 620 x 10 [SI], &o je v rdmci rozsahu
granitov typu S. Podobne nizku susceptibilitu maju aj LG z 90 vzo-
riek ésmich lokalit, a to od 23 do 1570 x 10 |SI] a priemer 160 x 10
[SI]. Velmi nizku hodnotu mali ortoruly — 10 vzoriek z jednej loka-
lity 4272 90 x 10 [SI] s priemerom 41 x 10 [SI].

Aj ked objemovd susceptibilita v kaZzdom type hornin v zdvislosti
od obsahu antiferomagnetickych a feromagnetickych minerdlov,
najma magnetitu, vyrazne kolise, jej priemernd hodnota stipa od
granitu cez granodiorit po tonalit, kde je o jeden rad vy$sia (priemer
2,2 x 10%|SI]). Aj tento rozdiel potvrdzuje vysledky predchddzaju-
ceho petrologického $tidia, ktoré smrekovicky tonalit zaradili
medzi granitoidné horniny typu I. PresnejSie Udaje o obsahu a pova-
he magnetickych minerdlov v jednotlivych horninovych typoch pri-
nesie pldnované meranie tepelnej zavislosti susceptibility a analyza
vyslednych termokriviek.

Merania anizotropie magnetickej susceptibility odhalili odlignosti
vo vnutornej magnetickej stavbe granitoidnych jednotiek. Stuperi
nych granitoidnych typov kolise od 1,02 aZ do 1,05, iba folidcia
smrekovického tonalitu je mierne vyraznejSia — stupen folidcie

v kornietovskom granodiorite, prevaZuje plandrna magnetickd stavba
nad linedrnou.

V smrekovickom tonalite tvor{ magnetickd linedcia vyrazné,
mierne anizotropické maximum — priemerny smer je ZJZ-VSV
a sklon okolo 10° na VSV. Velmi dobre definovatelné maximum
vytvdraju aj pdly magnetickej folidcie. Magnetickd folidcia je
pomerne plochd a v priemere md smer SZ-JV so sklonom 10 az 20°
na SV. V kornietovskom granodiorite tvori magnetickd linedcia
pomerne dobre definovany nepravidelny pds orientovany na SV-JZ
so sklonom pod strednym uhlom na JV. PSly magnetickej folidcie
vytvdrajd dve vyrazné a jedno menej vyrazné maximum a maxima
dovedna jeden nedokonaly pds orientovany na SZ-JV. V lipov-
skom granite tvori magnetickd linedcia dost dobre definovany
nepravidelny pds v smere SV-JZ, ktory sa pod malym uhlom
skldnia na SZ. Pdly magnetickej folidcie vytvdraju vyrazné anizotro-
pické maximum s tendenciou prechddzat do zalinajiceho sa
pomerne strmého pdsu orientovaného smerom SZ-JV.

V tejto faze vyskumu nie su vysledky AMS z hladiska povodu
magnetickej vnitornej stavby jednoznacne interpretovatelné, ale
pontikaji nasledujuice Ciastkové zavery:

Vzhladom na okolity kornietovsky granodiorit, mladsi vek smre-
kovického tonalitu a zdroven tvar jeho telesa v geologickej mape
vysledky naznauju, Ze by mohlo ist o intruzivny pefl typu I do
star§ich typov S. Podla analégie s vysledkami AMS inych piiov by
bolo moZno o¢akdvat pomerne strmu magnetickd folidciu. V pripa-
de smrekovického tonalitu, pre ktory je charakteristickd velmi
strma folidcia, je takato predstava nepravdepodobnd.

Orientdcia magnetickej stavby lipovského granitu a kornietov-
ského granodioritu je prekvapujico rozdielna, hoci obidva typy
magmatitu majd podobny vek. Z toho vyplyva, Ze magnetickd stav-
ba tychto hornin nie je jednozna¢ne alpinska, deformaéna. Uplné
alpinske pretlacenie pdvodnej stavby by sa prejavilo zhodnou
orientdciou magnetickej stavby v obidvoch typoch. Superpoziciu
takejto deformdcie na povodnd stavbu v obidvoch typoch hornin
v8ak zatial Uplne vylugif nemoZno.

Na zodpovedni analyzu a jednoznacnejsiu interpretdciu prvych
meran{ bude nevyhnutné odobrat dalSie vzorky v inych Castiach
granitoidného masivu a z jeho obalu, aby bolo moZno komplex-
nejsie porovnat ich vnitornd magnetickd stavbu a rekonstruovat
tektonické procesy, ktorych pdsobenie tiito stavbu v jednotlivych
jednotkdch vytvorilo.

Vznik, rast a zanik zapadokarpatského orogénneho klina

DUSAN PLASIENKA
Geologicky tstav SAV Bratislava

Cielom prispevku je celokarpatskd korelacia a geodynamicka
interpretdcia hlavnych deforma¢nych udalostf, ¢o umoznilo zacle-
nenie Struktimeho horninového zdznamu do &asovej skaly. Struktd-
rotvorné procesy sa hierarchicky ¢lenia na deformaéné stddid,
regiondlne tektonické fdzy, tektonické epochy a orogenetické cykly
a analyzuji sa v systéme izotektonickych z6n — rozsiahlych priesto-
rovych domén charakteristickych porovnatelnym Struktirnym
vyvojom. Vyc¢lenilo sa 18 primdrnych izotektonickych zén: magur-
skd, oravickd, védhickd, infratatrickd, tatrickd, fatrickd, severovepo-
rickd, dve juhoveporické (obalové komplexy a fundament), geme-
rickd, meliatickd, turnaickd, szarvaskdicka, biikkickd, hronickd, sili-
cickd, severotransdanubickd a juhotransdanubickd. Zény sa v prie-
behu tektonickej amalgamdcie postupne spdjali do regiondlnych

pasiem, ako je transdunajské pdsmo, pasmo Slovenského krasu,
pdsmo Rudabdnye a Bukovych vrchov (Biikku), veporsko-gemer-
ské pasmo, tatransko-fatranské pasmo, povaZsko-pieninské pdsmo
a pieninské bradlové pasmo. Casovd koreldcia deformagnych udalosti
v sti¢innosti s interpretdciou geodynamického pozadia formovania
ldtkového (sedimentdrneho, magmatického a metamorfného) horni-
nového zdznamu je zdkladom na definovanie nasledujice] sustavy
paleotektonickych udalosti a procesov v alpidnej evolicii zdpado-
karpatského orogénu.

Alpidny orogeneticky cyklus nadviazal na star${ hercynidny cyk-
lus. Ten sa skoncil neskorovariskou (hnileckou) tektonickou epo-
chou (270-240 Ma, spodny perm aZ spodny anis), vyznaéujicou sa
gravitatnym kolapsom variského horstva za sprievodného riftingu




a magmatizmu (betliarska riftogénna fdza). Vlastny alpidny orogénny
cyklus sa zacal pred zhruba 240 Ma v anise roztrhnutim (breakup)
meliatického ocedna ako zaoblikovej panvy — okrajového mora
ocedna Paleotethys subdukovaného pocas predchddzajiceho varis-
kého cyklu pod eurdzijsky kontinent. Otvorenim meliatického oced-
na v zarnovskej riftovej faze sa zacala prva alpidnd — paleokimer-
skad (slanskd) tektonickd epocha (240-205 Ma, stredny - vrchny
trias), pre ktoru bolo charakteristické rozpinanie meliatického oced-
na a celkovy distenzny tektonicky rezim na jeho Sirokych pasiv-
nych okrajoch. Vo vztahu k nasledujicemu vzniku orogénneho
klina mozno hnilecku a slanski epochu oznacit ako predispozi&né
Stadium zdpadokarpatskej orogenézy.

V liase sa geodynamickd situdcia zmenila. Siroky severny Self
meliatika podlahol v mezokimerskej (bodvianskej) epoche (205-170 Ma,
spodny lias az stredny doger) rozsiahlemu aredlovému riftingu
(zliechovska a neskdr podruznd devinska extenzna faza), ale prav-
depodobne sa stcasne uz zacala subdukcia meliatickej ocednskej
litosféry. Podla v3etkého to sdviselo so zmenou kinematiky pohybu
velkych platni — jv. driftom Afriky a Jadranu vo&i Eurdpe pri otva-
ranf stredného Atlantiku. Akréciou materidlu zoskrabnutého zo sub-
dukovanej meliatickej litosféry na celny okraj vrchnej platne sa
zatal nukleoval zdpadokarpatsky orogénny klin, a tak tdto epocha
reprezentuje embryonadlne Stddium rastu subdukéno-akreéného
klina. Orogén zacal fungovat ako autonémny konvergentny systém
hnany a kontrolovany subdukujicou meliatickou doskou, ktorej tah
a ustup vyvolal roztrhnutie kontinentdlnej litosféry ako v predpoli
(krasinska riftova fdza a otvorenie vahického ocedna), tak aj v tyle
akre¢ného komplexu (banyahegyskd fdza zaoblikového riftingu
vedica k vytvoreniu ocednskej panvy Szarvaskd).

Neokimerskd (ipelskd) epocha (170-130 Ma, vrchny doger az
vrchny neokdm) sa zacala koliziou po uzavreti meliatick¢ho ocedna
a nasunutim akreéného komplexu na pasivny okraj spodnej, sloven-
skokarpatskej platne (Sugovskd tektonickd fdza). Vzdpati vznikol
skrdtenim a obdukciou kéry zaoblikovej panvy szarvaskdicky
retroklin a nasunul sa aZ na distdlne — biikkické zdzemie koliznej
z6ny (bétorskd faza). Kolizne skracovanie sa potom opit presunulo
do proklina, tam bolo v tuhdrskej fdze nasunuté gemerikum na
veporikum. V predpoli — v spodnej platni konvergentného systému —
vSak stdle panoval extenzny tektonicky reZim a kulminoval walen-
téwskou riftovou fadzou a otvorenim magurského ocedna. Obidva
procesy — kolizne skracovanie i rifting predpolia — bol1 generované
tahom meliatickej dosky napojenej na spodnt, slovenskokarpatski
platiiu, a tak tdto epocha reprezentuje inicidlne $tadium rastu zdpado-
karpatského kolizneho klina.

V paleoalpinskej hronskej epoche (130-90 Ma, vrchny neokom
az turén) bivergentny zdpadokarpatsky orogénny klin svoju konfi-
gurdciu prili§ nezmenil (je to konzervativne $tadium kolizneho

klina). Aktivizoval sa hlavne retroklin v transdanubickych zénach
(litérska fdza). Proklin aj vyzdvihnutd ,zdtka* (plug) v strede klina
(Andrusovovo pohorie) boli stdle vo vyraznom kontrakénom rezi-
me, ktory sa spociatku propagoval do predpolia (solirovska fdza),
potom po vytvoren{ zény podsivania medzi fatrickou a severo-
veporickou zénou proklin anektoval fatrickd zénu (benkovskd
faza). Epocha sa kon¢i donovalskou fdazou presunu pripovrchovych
prikrovovych systémov fatrika a hronika.

V mezoalpinskej vazskej epoche (90-15, spodny senén az spodny
miocén) progradoval zdpadokarpatsky orogénny klin odlisSnym,
indenta¢no-subdukénym sposobom. Suviselo to so zmenou kinema-
tiky pohybu velkych platni v zdpadnej Tethys, predovietkym so
zatiatkom konvergencie medzi Afrikou a Jadranom na jednej strane
a Eurépou. Jadransky indenter sa v kontakte so zdpadokarpatskym
orogénom reprezentovany pelsénskym blokom najskor v sendne
znacne skratil a modifikoval centrdlne, termdlne zméknuté casti
pévodného kolizneho klina a v transpresnom reZime exhumoval
veporicky metamorfny dém (kohttska fdza). Vo vyssich Struktir-
nych trovniach prebiehala exhumadcia ,.odstresenim™ (unroofing)
pri extenzii paralelnej so smerom orogénu. Kompresivne napitie sa
zéroven z indentera prenieslo do ¢ela rigidnej tatrickej platne a tam
vznikla zéna podsivania véhickej ocednskej zény (seleckd féaza).
Kompresny rezim vSak zachvdtil celé predpolie alpsko-karpatského
orogénu, zasiahol hlboko do vniitra severoeurépskej platformy
a prejavil sa tam ako tzv. saxénske vrasnenie.

Laterdlne extenzné rozpinanie tyla klina viedlo k zniZeniu jeho
gravitaného potencidlu, a preto v lom kolizna udalost &ela klina
s oravickym kontinentdlnym ribénom na hranici senénu a paleocénu
vyvolala silnd kontrakénd udalost (jarmutsko-zdychavsko-migli-
necko-gantskd fdza). Eocénny gravitainy kolaps klina (silovskd
féza) pri vrchnooligocénno aZ spodnomiocénnej beskydskej kolizii
akre¢ného klina so severoeurdpskou platformou podobne vystrieda-
la kompresia spdtne gradujica do klina (kamenicko-Sumiacko-dar-
noéska fdza). Postupujtici orogénny klin sa teda pohyboval ako hiise-
nica striedanim extenznych a kompresnych eventov.

V neoalpinskej dunajskej epoche (15-0 Ma, od stredného miocé-
nu po recent) rychlost ustupu (roll-back) subdukénej zony ocedn-
skych domén externych Zdpadnych Karpdt (najskdr magurske;j,
potom aj moldavskej) prekonala rychlost postupu indentaéného
klina, ¢im sa konvergentny systém zmenil z postupujiceho (advarn-
cing) na ustupujuci (retrearing). Vysledkom toho bolo, Ze sa zapa-
dokarpatsky orogénny systém dostal do vieobecného extenzného
rezimu (alfoldska riftova faza), stratil svoju identitu a postupne aj
integritu. V kompresnom rezime fungovala uz len jeho na V migru-
juca $picka, ktorej rast bol podmieneny ¢elnou akréciou sedimen-
tarnych jednotiek zoskrabnutych zo subdukovanej moldavskej lito-
sféry a pasivneho okraja severoeurdpskej platformy.

Meliatsky akrec¢ny klin ~ jeho litolégia a metamorfny vyvoj

) SHAH WALI FARYAD
Ustav petrolégie a Struktiirnej geoldgie KU, Praha

Subdukéné komplexy ¢asto obsahuji pestrd asocidciu hornin,
ktoré sa navzdjom odlisujui nielen litolégiou a metamorfnym stup-
nom, ale aj geotektonickou poziciou protolitu metamorfitov. Pri
uzatvoreni ocednskeho bazéna sa do subdukénej zony dostdvaju
nielen horniny ocednskeho prostredia, ale aj ¢asti kontinentalnej
koéry. Lahky korovy materidl vyvoldva vztlak a to vedie k vyzdvihu
a exhumadcii relativne tazkej ocednskej dosky. Exhumaciu zvy&ajne

sprevddza retrogrddna premena a deformdcia a tie metamorfne
zblizuju horniny vyzdvihnuté z rozli¢nych drovni subdukénej zény.
Ak je litolégia hornin aspofl trochu podobnd, mozno ich rozlisit iba
na zéklade detailnej mineralogickej a geochronologickej analyzy.
Meliatska jednotka je typickym prikladom akrecnej prizmy obsahu-
jucej Siroku varietu hornin. Podla sicasnej pozicie, stupiia a veku
metamorfézy sa daju rozlisit tri skupiny hornin (obr. 1).
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Obr. 1. Schematicka geologickd mapa a rez zndzorfiujlice poziciu hornin
meliatskeho akre¢ného klina. Trojuholni¢ky oznacuji horniny fundamentu
(A,), Stvoréeky gabrd a bazalty v karbondtovo-evaporitovej melanZi (A;)
a hviezdi¢ky vyskyty serpentinitu (C;). Bazalty tvoria malé polohy v slabo
metamorfovanych sedimentoch a nie st na mape vyznacené.

A. Metamorfity facie modrych bridlic

A,. NajbeZnejSou horninou je mramor rozli¢ného druhu s poloha-
mi metabazaltov, ktoré sa pokladajui za triasovi sekvenciu. Tieto
horniny si sdcastou vrchnej tektonickej Supiny (Upper Thrust Sheet —
UTS). Podla zloZenia tvoria bdzické horniny prechod medzi
bazaltmi MORB a ARC. Sii¢astou tejto podskupiny st glaukofanic-
ké fylity, ktoré sa vyskytuji v spodnej Casti alebo na hranici tekto-
nickych Supin mramoru s bazaltmi. Podla Ar-Ar metddy je meta-
morféza facie modrych bridlic strednojurského veku (151-155 Ma).

Maximélne P-T podmienky metamorfézy zodpovedaju 13 kbar/460 °C,
¢o naznaéuje hibku ponorenia okolo 40 km.

A,. Horniny starej kontinentdlnej kory, hlavne amfibolity, grana-
ticko-biotiticko-amfibolické ruly a svory. Podla Ar-Ar veku
z reliktného muskovitu (374 Ma) predstavujd varisky resp. stars{
fundament a z hladiska pozicie sa zaraduju do vrchnej tektonickey
Supiny (UTS), aj ked miestami tvoria samostatné tektonické Supiny
nasunuté na paleozoikum gemerika.

A;. Gabrd a metabazalty obsahujtce relikty richteritu a Ti paraga-
zitu a zloZenim pripominajui pociatok riftingu. Horniny tohto typu sa
vyskytuji uprostred karbonatovo-evaporitovej melanze a zistili sa
vo vrtoch pod silickym prikrovom na tzem{ Slovenska i Madarska.

B. Metamorfity prechodu facie modrych a zelenych bridlic pred-
stavujice chloritoidové fylity a konglomeraty, ktoré sa povazuju za
permské. Oznalujeme ich ako spodnd tektonickd Supinu (Lower
Thrust Sheet — LUS) a spolu s nadloZnou tektonickou Supinou
(UPS) sud nasunuté na paleozoikum gemerika. Vek metamorfézy sa
uréil na 172 Ma a P-T podmienky tychto hornin sa odhaduji na
350-400 °C/8-9 kbar (hibka ponorenia okolo 26 km).

C. Metamorfity velmi nizkeho stupiia

C,. Sedimenty, prevazne pieskovec, pelity, karbondty, lokdlne
s radiolaritmi a silicitmi. Pelitické a psamitické variety tvoria hlavni
Cast melanZového matrixu obsahujiceho telesd modrej bridlice a ultra-
mafickych hornin. P-T podmienky troch odlisnych lokalit sa odhaduji
na 3—6 kbar (ekvivalent 9-18 km) a teplota 250-350 °C. Najvyssi tlak
sa stanovil pri mylonitizovanych fylitoch facie modrych bridlic.

C,. Bazalty, ktoré z hladiska chemizmu predstavuji typ MORB,
tvoria polohy v pelitoch a psamitoch, ako aj tektonické Supiny
v severnej Casti gemerika, hlavne na lokalite Jaklovce.

C;. Serpentinity tvoria telesé rozli¢nej velkosti s nie vzdy jasnou
geologickou poziciou. Ich zaradenie do skupiny velmi nizko metamor-
fovanych hornin je iba predbezné. Ich P-T podmienky sa nestanovili.

Evolu¢ni model meliatského akrecniho prizmatu v Zapadnich Karpatech na Slovensku

K. SCHULMANN, SHAH WALI FARYAD a O. LEXA
Ustav petrologie a strukturn{ geologie KU Praha

Meliatsky akreéni klin je situovdn podél jiZzntho okraje Zdpadnich
Karpat na Slovensku a v severnim Madarsku. Cely klin je kompozit-
ni téleso ndsunovych Supin, jeZ bylo nasunuto pres nizce metamor-
fované bfidlice basementu gemerika. V tradiénim pojeti vznikly
LT/HP horniny meliatského klinu béhem jizn{ subdukce a ndsledné
severovergentni obdukce triasové meliatsko-hallstattské oceanské
panve a jejiho severniho pasivniho kontinentdlntho okraje. Nova
strukturni a petrologickd data kombinovand s Ar-Ar a K-Ar véky
chladnuti ukazujf, Ze soucasnd pozice meliatského akre¢niho klinu
je vysledkem dvou oddélenych procest: zdpadovergentni stfedné
jurské obdukce a severovergentni kiidové kolizn{ tektoniky.

Meliatsky akre¢nf klin je komplexem ndsunovych korovych
a ocednskych Supin a tvoff ho odzdola nahoru: 1) Spodnf ndsunovd
deska (SND) sloZend z kifemitych fylitdl a konglomeratid permského
stdff se zachovanymi zbytky metamorfdzy stupné nizsich modrych
bridlic (8-10 kbar, 350-400 °C). 2) Svrchni ndsunova deska
(SvND) tvorena mramory, metabasity a fylity derivovanymi z tria-
sového ocednského materidlu a zbytky fundamentu variského stari
metamorfovaného v amfibolitové facii. VSechny tyto horniny byly
postiZeny vyraznou metamorfézou ve facii modrych bridlic (10-13 kbar,
400-450 °C). 3) Velmi slabé metamorfované (4-6 kbar,
300-350 °C) horniny meliatské melanZze (MM) tvorené permskymi
evapority. jurskymi bfidlicemi, vdpenci a piskovci obsahuji bloky

(olistolity) triasovych radiolaritd, vdpenct, serpentiniti, gaber
a modrych bfidlic. 4) Velmt nizce metamorfované aZ nemetamorfo-
vané superficidln{ prikrovy (turfiansky a silicky) odvozené z apul-
ského Selfu a tvorené svrchné permskymi aZ jurskymi vdpenci,
bfidlicemi, piskovei a misty 1 vulkanity. Strukturn{ a metamorfn{
vyvoj] meliatského akre¢niho klinu je charakterizovdan stavbami
a minerdlnimi asociacemi, jeZ indikuji HP subdukéni stadium, retro-
gresi béhem exhumace a vmisténi ndsunovych Supin véetné pozd-
niho zkracenf celého klinu béhem zablokovdni stfiZznych ndsuni.
HP deformacni stadium D,, v SND a SvND je charakterizovdno
penetrativni metamorfni stavbou zapadajici k JV, jeZ nese intenziv-
ni lineaci protazenf, jeZ rovnéz zapadd k JV. Metamorfni stavba S, »
v meliatské melanZi, jeZ je spjata s akre¢ni metamorfozou (svrchni
jura/spodni kffda), je zachovdna pouze v kompetentnich triasovych
vépencovych olistostromdch. D; deformadni stadium — zablokovan{
ndsunt — je vyvinuto ve v3ech jednotkach meliatského klinu. jakoz
i v podloZznim gemerském paleozoickém fundamentu. Toto stadium
je charakterizovdno ohybovymi vrdsami probfhajicimi sméru S—J
a strmou, na VIV zapadajici klivazi. Kfidovy koliznf proces byl poly-
fazovy a spjaty s aktivnim pohybem rigidniho jiZniho indenteru
smérem na S. Kifdové stavby lokdlné prepracovdvajf struktury jur-
ského klinu, nicméné jak charakter struktur tak 1 jejich geometrie
se li8{ natolik, Ze ob¢ uddlosti jsou jasné¢ identifikovatelné.




Kriziiansky prikrov na strednom Slovensku - Struktirny zaznam a mechanizmy umiestnenia
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Od objavenia prikrovovych a nasunovych jednotiek ako typic-
kych stavebnych prvkov kompresnych orogénov sa o pri¢indch ich
vzniku a mechanizmov ich presunu diskutuje aj polemizuje velmi
Casto. Bazou diskusif sa stalo viac fyzikdlnych modelov (Hubbert
a Rubbey, 1959; Kehle, 1970; Elliott, 1976; Ramberg, 1977), ale tie
nevyhnutne problém zjednodusuju, lebo pracuji s homogénnym
a izotropnym materidlom krehkého, viskézneho alebo dokonale
plastického charakteru. Horninové sekvencie — najma vo vrchnej
Casti zemskej kory — vSak predstavuju anizotropné a mechanicky
velmi heterogénne médium (napr. Price a McClay, 1981), a preto je
detailnd deformacnad analyza pri ziskavani informdcii o procesoch
veducich k vzniku a vyvoju prikrovovych a ndsunovych jednotiek
rozli¢nej mierky stidle mimoriadne dolezita.

Kriznansky prikrov je klasickou prikrovovou superficidlnou jed-
notkou tvorenou prevazne nemetamorfovanymi mezozoickymi
sedimentdrnymi horninami. Jej takmer dplne zachované alochténne
¢asti navysSe plynulo prechddzajui do korenovych subautochténnych
z6n, ktoré signalizuji nadvédznost na fundament severného vepori-
ka. ¢o je pri sledovani deforma¢ného postihu v profile celej jednot-
ky vynimoéne vyhodné.

Deformacnd analyza, ktort v prispevku prezentujeme, bola
zamerand na $tddium $truktdrneho zdznamu v nemetamorfovanych
alochténnych sekvencidch. Tie su typickym prikladom mnoho-
vrstvového stboru charakteristického vysokou anizotropiou vyvolanou
¢astymi zmenami litolégie, kompetencie, hribky vrstiev, ako aj
premenlivymi vlastnostami medzivrstvovych pléch. Vsetky tieto
faktory — vyrazne ovplyviiujlice vznik, vyvoj a povahu Struktirnej
asocidcie v deformovanych hornindch — sme sa usilovali zahrnit
do nasej analyzy.

Terénnymi a laboratérnymi vyskumnymi metédami sme sa poku-
sili desifrovat sukcesie Struktirnych asocidcii a pracovne sme ich
zaclenili do piatich deformac¢nych $tadif, z ktorych prvé tri, D,—Djs,
velmi pravdepodobne priamo odrdzaju genézu kriznanského prikro-
vu. Pociato¢nd kompresia, spdtd so skracovanim horninovych sek-
vencii v smere paralelnom s vrstvovitostou, sa zachovala v podobe
Struktdrnej asocidcie patriacej do deforma¢ného $tadia D,, dalSie
deformacéné stadid, D, a Ds, s charakteristické rastom strizne)
deformdcie vyvolanej reorientdciou povodnych ploch anizotropie,
vznikom novych ploch anizotropie (sekunddrna anizotropia), ako aj
reorientdciou hlavnych os{ tektonického napatia.

Pri pokuse charakterizovat mechanizmy vzniku a presunu
kriziianského prikrovu sme sa opierali 0 nd§ vyskum, o dal3ie pub-
likované prace (Jaroszewski, 1982; Milovsky, 2000; Plasienka,
1981. 1983, 1995a, b, 1999), ako aj o zname teoretické modely
(Hubbert a Rubey, 1959; Kehle, 1970; Elliott, 1976; Ramberg,
1977; Chapple, 1978; Davis et al., 1983; Dahlen et al., 1984).

Z nasich aj z citovanych prac inych autorov je zrejmé, Ze mecha-
nizmus vzniku a umiestnenia krizianského prikrovu nemozno
vysvetlit pomocou jednoduchého modelu, lebo deformacia podob-
nych prikrovovych jednotiek ma zvéc¢sa polystadiovy tektonicky

charakter, odrdzajuci zlozity tektonicky vyvoj. V pripade kriznan-
ského prikrovu deformac¢né Stddia odrdZaju:

1. poc¢iatoéné stlacenie sedimentdrnej vyplne zliechovského bazé-
na — kompresiu, subparalelnd so smerom pdvodnej vrstvovitosti,

2. kompresnostrizni (ndsunovi) etapu deformdcie spatd s elimi-
ndciou podlozia sedimentdrnych stvrstvi a s prvou fdzou nasunu na
jednotky juzného tatrika,

3. extenznostriznu, neskor extenznu etapu deformdcie, odrdzaju-
cu gravitaéné (pravdepodobne mechanizmom gravita¢ného rozpina-
nia) dosunutie (kone¢né umiestnenie) kriznanského prikrovu (zrej-
me uz spolu s choéskym prikrovom) do ¢ela tatrika,
geologicko-tektonickych celkov (gravitacny kolaps centrdlno-
karpatského bloku, pohyby pozdiZ &ela centrdlno-karpatského oro-
génneho bloku. aktivita prie¢nych transformnych zlomov a pod.).
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Kedy a ako sa zacal vyzdvih Tatier?

5 MILAN KOHUT _
Stétny geologicky ustav Dionyza Stira Bratislava

V literatire o Zdpadnych Karpatoch sa uZ vy$e troch desatrodi
hladd odpoved na otdzku, kedy boli Tatry vyzdvihnuté do podoby
hrastu uprostred sedimentarnych sekvencii centralnokarpatského
paleogénu. Problém zdanlivo vyriesila interpretdcia vysledkov FT
(fission track) analyz apatitu v prdci Burcharta (1972), Krdla
(1977), ale najmi v sumdrnom diele Kovdca et al. (1994). Podla
dominancie FT vekov apatitu (20-10 Ma) sa hlavnd fdza vyzdvihu
Tatier tradi¢ne zaraduje do miocénu. Podla autorov (1. c.) ddta
z apatitu predstavuju vychladnutie horninového bloku pod 100 °C
v hibke § km. V tejto stvislosti treba pripomentt, %¢ odbornej
verejnosti je vyskyt bazdlnych sedimentov borovského suvrstvia
priamo na granitoidnych hornindch krystalick¢ho masivu Tatier
v obiasti Kosarfsk zndmy uz vyse sto rokov.

Aj ked borovské sdvrstvie takmer vzdy fezi na karbondtovych
stvrstviach subtatranskych prikrovov (Gross et al., 1984, 1993)
a litologicky vyskum autorov (l. c.) tektonicky transport na tejto
lokalite vyldcil, nemusi to znamenat, Ze kryStalinikum Tatier bolo
vyrazne erodované uz vo vrchnom lutéte, ako predpokladal Gorek
a Scheibner (1966), ale je to nédznak, 7e by sa s dalim vyraznym
sedimentaénym zataZenim masivu Tatier vo vrchnom paleogéne
nemalo pocitat.

Vyzdvih Tatier sa vSeobecne spdja s funkciou podtatranského
zlomu. Podla vypuklého tvaru sa mnoho desatrodi pokladal za
severovergentny preSmyk s nasunom na paleogénne sedimenty Lip-
tovskey kotliny a SpiSa (napr. Koutek a Matéjka, 1931; Gorek,
1954 Biely a Fusan, 1967). Vrty a geofyzikdlne prace potvrdili
jeho normadlny, poklesovy charakter so strmym sklonom na J
(Gross, 1973). Je prekvapujlice, Ze sa eSte neddvno na zaklade mik-
roStruktirne] analyzy (Sperner, 1996) opatovne predpokladal jeho
preSmykovy charakter s ndsunom na J na sedimenty paleogénu, ako
aj neredlny vyzdvih Tatier — viac ako 10 km — v miocéne. Na zdklade
nesuladu s regiondlnymi geologickymi $truktirami, problémov
pri balansovanf korovych §truktir pri vyzdvihu Tatier, ako aj
v suvislosti s chybanim stvekého extenzného miocénneho bazéna
Spencerov ndhlad (1. ¢.) spochybnil Plasienka (in Jandk et al.,
2001). Plasienka (l. c.) vyzdvih fundamentu Tatier spdja s kompres-
nymi Struktiirami v zmysle modelu Narra a Suppeho (1994) najmi

v zdruZeni zlomovych a vrasovych Struktir pozdlZ hiboko zaloZe-
ného listrického zlomu, pri¢om podtatransky zlom predstavuje
Celny subvertikdlny poklesovy zlom. Na tvorbu zlomovych Struktir
Casto poukazuje aj vyskyt pseudotachylitov (tmavych jemnozrn-
nych hornin zloZenych z taveniny a tlomkov hornin a minerdlov
z okolia) na zlomoch. Pseudotachylity boli opfsané aj z juznych
svahov Tatier v oblasti Gerlachu — Batizovského plesa a Velickej
doliny (Petrik a Reichwalder, 1996). Pseudotachylity vSak v sutine
moZno ndjst aj na inych miestach, napr. v Bystrej doline, v Zabich
a Hincavych plesach. Tieto zilné horniny, spdté s tvorbou zlomov, sa
datovali Ar/Ar metddou s fokusovanou CW Nd-Yag laserovou son-
dou spojenou s hmotnostnym spektrometrom MAP 215-50 (Open
University Milton Keynes) vedno s okolitymi biotitickymi tonalit-
mi (Kohtt a Sherlock, 2002). NaSe nové datovanie potvrdilo, Ze
biotity tonalitov vychladli pred 325 £ 3 Ma, ¢o je v zhode so starsi-
i vysledkami (Maluski et al., 1993). Styri vzorky pseudotachyli-
tov sa analyzovali bodovou laserovou sondou (vySe 50 analyz).
pricom je relevantny vek ziskany zo Zivcov 36 az 28 Ma. Ojedinely
vy$si vek (nad 65 Ma) ovplyvnila heterogénna distribdcia 37Ar,
velmi variabilny atmosféricky Ar komponent, ako aj velmi nizky
obsah K (*?Ar). Na tomto zdklade predpokladdme, Ze $tudované
tatranské pseudotachylity vznikli ake odraz seizmickych otrasov
vo vrchnom paleogéne pred 36 aZz 28 Ma.

Vek tatranskych pseudotachylitov sa zhoduje s vekom bazdlnych
sedimentov - borovského sdvrstvia — vyskytujicich sa na V od
Tatier v rame: centralnokarpatského paiecogénu (Bucek, 2001).
KedZe borovské suvrstvie sa ako hrubozrnny konglomerdt skladd
hlavne 7 karbonatov choZského prikrovu, nemozno vylucit, Ze éast
materidlu bola deponovand z nadloZia Tatier pri formovani podtat-
ranského zlomu ako reakcia na transpresno-transtenzné pohyby
v strednom aZz vrchnom paleogéne. Na otdzku, kedy sa vyzdvih
Tatier zalal, odpoveddme, Ze to bolo najpravdepodobnejsie vo
vrchnom eocéne aZ v spodnom oligocéne pri seizmickej aktivite
veddcej k tvorbe podtatranského zlomu, ako aj k zaciatku sedimen-
tdcie centrdlnokarpatského paleogénu. Vyzdvih pokracoval v mio-
céne a kulminoval v pliocénno-kvartérnom obdobif, lebo takéto pro-
cesy nebyvaju jednoaktové, ale prebiehaji vo viacerych Stadiach.

Struktirno-magnetické vztahy medzi granitoidnymi masivmi Malych Karpat
a ich obalovymi jednotkami

DAGMAR GREGOROVA!, FRANTISEK HROUDA? a DUSAN PLASIENKA?
'Geofyzikdlny Ustav SAV Bratislava
Agico. s. 1. 0.. Brno a Ustav petrolégie a $truktirnej geoldgie KU Praha
3Geologicky dstav SAV Bratislava

Pred dvadsiatimi rokmi v rdmci tlohy Geofyzikdlny prieskum
Jiv§ového pdsma a vmitrokarpatskych jednotiek v zdpadnej Casti
Slovenska (1986) boli zverejnené prvé vysledky z merania anizotro-
pie magnetickej susceptibility (AMS) hornin Malych Karpit.
F. Hrouda a J. Handk odobrali a zhodnotili vzorky z 33 lokalit, pri¢om
sa usilovali ziskat horniny z obidvoch granitoidnych masivov, oba-
lovych jednotiek a prikrovov. Vysledky prieskumu viedli k zaveru,
Ze magnetickd stavba granitoidov md vyrazne rozdielnu orientdciu:

pri magneticke linedcii aj magnetickej folidcii gramitov bratislav-
ského masivu prevldda smer SV-JZ, ¢o je podobnd orientdcia, ako
maji metamorfované horniny tzv. ostatného krystalinika. Pre mag-
neticku stavbu granodioritov a tonalitov modranského masivu
a hornin pezinsko-perneckého krystalinika vsak bola charakteristickd
kolm4 orientdcia — smer SZ-JV — a to viedlo autorov ku konstald-
ci1, Ze modransky masiv spolu s pezinsko-perneckym krystalinikom
tvor{ jednu samostatni geologickd jednotku, ale bratislavsky masiv




vedno s ostatnym krystalinikom druhu, pricom jedna je voci druhe;j
pootocena priblizne o 90 stupriov.

Pri metamorfovanych hornindch sa dokdzala zhoda magneticke]
folidcie s metamorfnou bridli¢natostou, ¢o poukazuje na synmeta-
morfnost ich vnitornej magnetickej stavby, ktord v priebehu
vyzdvihu Malych Karpat len pasivne rotovala okolo osf vras.

V rokoch 2001-2002 sa v Malych Karpatoch odobrali vzorky na
105 lokalitach prevazne v krystalinickom jadre a v jeho obalovych
jednotkach. Vysledky merani AMS odhaluji ovela komplikovanejsi
obraz vnutornej magnetickej stavby tohto geograficky nevelkého,
ale geologicky rozmanitého pohoria so zloZitou stavbou.

Aj ked sa zuly bratislavského typu priradujui k typom S a grano-
diority az tonality modranského masivu k typom I granitoidov, rozdiely
v objemovej susceptibilite nie su také vyrazné, ako by sa dalo ocakd-
vat — priemerné hodnoty pri zuldch sd 1,3x104 [SI] a pri granodiori-
toch 7,9x10* [SI]. Nositelom magnetickej susceptibility je najmi
biotit a v granodioritoch a tonalitoch nestechiometricky magnetit.

Anizotropia magnetickej susceptibility skiimanych hornin nie je
vysokd. Maximdlny stupenl magnetickej linedcie granitov bratislav-
ského masivu v niektorych pripadoch kolise okolo 1,05, ale pri
o nie¢o vyraznejsia, ale nie vyssia ako 1,20, pri vdcsine vzoriek iba
1.10. Pri granodioritoch modranského masivu st hodnoty len o mélo
vysSie, ale aj tam md magnetickd linedcia vyssiu hodnotu ako 1,05
len v niektorych pripadoch, maximdlne do 1,26. Miera folidcie je
velmi podobnd ako v Zuldch bratislavského typu. Vo vetkych —
nielen v granitoidnych typoch skiimanych hornin Malych Karpdt —
prevldda plandrna magnetickd stavba nad linedrnou.

Hoci magnetickd stavba je na vdc¢Sine miest preukdzatelne
vysledkom alpinskych deformaénych procesov, vylici{ nemozno
ani pritomnost predalpinskych reliktov, a to najmi v internych Cas-
tiach bratislavského prikrovu (bratislavsky masiv, pezinsko-pernec-
ké krystalinikum, badurskd ¢ast modranského masivu). Alpinska
Struktdrna stavba je najmd v oblasti modranského prikrovu interfe-
renciou viacerych deformacénych rezimov (nonkoaxidlny strih pozdl?
nasunovych ploch, koaxidlna deformdcia v systémoch makrovras)
a Struktdrotvornych procesov (nastvanie, transpresia) v niekolkych
deformaénych $tddidch a vysledkom toho je aj pomerne zloZity
obraz orientdcie a intenzity magnetickej stavby.

Podrobnejsia analyza orientdcie magnetickej stavby povodny
predpoklad o vzdjomnej rotdcii obidvoch granitoidnych masivov
nepotvrdila ale poukdzala na urcité rozdiely. Magnetickd linedcia
ani magnetickd foliacia v bratislavskom masive nemajui jednoznac-
nid orientdciu. Prevladajd dva smery magnetickej linedcie, a to
SZ-JV a Z-V. Pdly magnetickej folidcie sa spdjaji do neudplného
pdsu smeru S-J s jednym vyraznej$im maximom, charakteristickym
pre subhorizontdlnu folidciu.

Pezinsko-pernecké kryStalinikum a prevaznd Cast granodioritov
modranského masivu majui ovela jednoznacnejsie definovanu orien-
tdciu. Magnetickd linedcia md smer ZSZ-VJV a smery magnetickej
folidcie varirujd naymé v rozmedzi ZSZ-VIV a SZ-JV. Sklon
folia¢nych ploch v jv. ¢asti modranského masivu je mierny az
stredny a smeruje prevazne na JZ. V sz. badurskej &asti masivu,
ktord je sdéastou bratislavského prikrovu, je sklon strmsi.

Vyrazne odli$né smery magnetickej stavby sa zistili v Zulovych
telesdch v jz. Casti Bratislavy. Na lokalite na Devinskej ceste, na
Patrénke a v LLamacdi (teda v Celnych, zvrasnenych castiach brati-
slavského prikrovu) md magnetickd linedcia aj magnetickd folidcia
velmi podobny smer, a to SSV-JJZ az S-J, ¢o v predpokladanom
koaxidlnom reZime poukazuje na pdsobenie maximdlnej kompres-
nej zlozky napdtia v smere priblizne V—Z.

Podobny tektonicky reZim — kompresiu v smere priblizne JV-SZ —
potvrdzuje aj tektonickd a magnetickd stavba triasovych kremenco-
vych telies vystupujiicich v jadrach velkorozmerovych leZatych
vras a tvoriacich v mapovom obraze pdsy tiahnuce sa v smere pri-
blizne JZ-SV v jv. ¢asti modranského masivu (modransky prikrov).
Aj orientdcia magneticke] stavby granodioritov v blizkom okolf
kremencovych telies zodpovedd vplyvu takejto koaxidlnej deforma-
cie. V juZnej Casti modranského prikrovu medzi Hrubou dolinou
a Modrou md v8ak uz magnetickd stavba dominantne smer SZ-JV.
¢o sa dd vysvetlit ako vplyv prevlddajicej nonkoaxidlnej deforma-
cie v strope modranskej jednotky pod ndsunovou plochou bratislav-
ského prikrovu alebo aj ako vplyv naloZenych alpinskych defor-
macnych §tadif s transpresnym charakterom. Vyrazne odli$nu a jed-
notnd magnetickd stavbu maji doteraz zhodnotené vzorky meta-
morfnych hornin subautochténnej oresianskej jednotky, kde lined-
cia aj folidcia naznalujui pdsobenie maximalnej zlozky kompres-
ného napatia v smere JJV-SSZ.

Paleomagnetizmus terciérnych sedimentarnych jednotiek vniitornych Zapadnych Karpat

IGOR TUNYI
Geofyzikdlny tstav SAV Bratislava

Systematicky paleomagneticky vyskum paleogénnych a neogén-
nych sedimentdrnych jednotiek slovenskych Zdpadnych Karpdt
prebieha uz viac ako 20 rokov. Prvé vysledky si zo zaciatku 80.
rokov 20. stor. z Malych Karpdt a z jablonickej depresie. Vyskum
potom pokracoval v Bdnovskej kotline a v slovensko-madarske;j
casti severného okraja pandnskeho bazéna. Neskor sa Studovali
sedimenty Lucenskej a Rimavskej kotliny, ako aj vychodosloven-
ského neogénu. Posledné vysledky su z centrdlnokarpatského
kala v spoluprdci dvoch paleomagnetickych laboratérii, a to paleo-
magnetického laboratéria Geofyzikdlneho dstavu SAV v Bratisla-
ve (I. Tunyi) a paleomagnetického laboratéria ELGI v Budapesti
(E. Mdrtonovd). V geologickej Casti vyskumu bola najintenzivnej-
Sia spoluprdca s M. Kovd¢om, D. Vassom a E. Kohlerom. Skima-
nou horninou bol pieskovec, ilovec, siltovec, sliefi, vdpenec a vul-
kanoklastikd. Vek vzoriek variroval od eocénu po vrchny miocén.

Horniny prejavovali normélnu aj reverzni magnetickd polarizdciu.
Odobrali sa vzorky z viac ako 100 lokalit a odkryvov, ale po tes-
toch stability sa ukézalo, 7¢ paleomagnetické parametre spolahli-
vosti z nich spliia len asi tretina.

Paleomagnetické smery. V zdpadnej Casti centralnych Zdpadnych
Karpdt poskytli relevantné vysledky vzorky desiatich lokalit (Lies-
kové, Vlasdéka, Naha¢, Hradiste, Sobotiste, Podbrané, Krajné,
Solo$nica, Roh a Omastind). VSetky vzorky vykazovali zdpadni
rotdciu (proti smeru hodinovych rucitiek; dalej CCW rotdcia —
counter clock wise.) Ked sa odhliadne od extrémnej CCW rotdcie
vrchnopaleocénnych az spodnoeocénnych pieskovcovych telies
lokality Roh (110°), sposobend zrejme tesnou blizkostou bradlo-
egenburgu lokality Sobotiste (82°) a najmensiu pieskovece karpatu
Vlasdcky (17°) (Kovac et al., 1989; Tinyi a Kovdé, 1991; Mdrton
et al., 1992; Kovac¢ a Tunyi, 1995; Tunyi a Mdrton, 1996).



Zo severného Madarska sa ziskali paleosmery zo vzoriek sedi-
mentov eocénu a oligocénu troch lokalit (Labatlan, Esztergom-Var
siltovcové oligocénne vzorky lokality Esztergom-Var hegy (67°)
a najmens$iu oligocénne sliefiové vzorky lokality Esztergom-Bassa
Ut (45°; Mdrton et al., 1992; Tunyi a Mdrton, 1996).

Na juZnom Slovensku boli pozitivne vysledky zo sedimentov
Siestich lokalit Rimavskej a Lugenskej kotliny (Cakanovce 1, Caka-
novce 2, Lipovany, Velké Straciny, Tachty a Tornala). VSetky mali
a najmensiu vzorky $liru egeru z Tornale (56°; Mdrton et al., 1996;
Vass et al., 1996).

CCW (zdpadnui) rotdciu terciérnych sedimentdrnych panvi juz-
ného Slovenska potvrdili aj vzorky sladkovodného vapenca eocén-
no-oligocénneho veku lokality Drienovec, a to priblizne 90° (Ttnyi
etal., 1999).

Zaujimavy vysledok poskytli vzorky z kontaktného dvora andezi-
tu a tepelne metamorfovaného pieskovea lokality Siator pri Filako-
ve. Horniny nevykdzali nijakd rotdciu. KedZe sa vek intrizie datuje
do bddenu, moZno predpokladat, Ze sa rotdcia blokov juzného Slo-
venska skoncila pred bddenom, najneskdr v spodnom bddene
(Orlicky et al., 1995).

Na vychodnom Slovensku sa ziskali paleorotdcie z deviatich
lokalit (Hradok pri Michalovciach, Lesné |, Lesné 2, Oreské,
Kuéin, Nizny Hrabovec, Lada, Slan¢ik a Svinica). Potvrdila sa
CCW rotécia (najvacsia pri strednobadenskom zeolitickom tufe
z Nizného Hrabovca), ale na rozdiel od stredného Slovenska, kde sa
rotdcie skoncili v badene, vykdzal andezit stredného sarmatu lokali-
ty Slan¢ik CCW rotdciu 22° a a7 vrchnosarmatsky tuf lokality Svi-
nica a postsarmatsky ryolit lokality Hrddok nevykdzali nijakd rotd-
ciu. Z toho vyplyva, Ze vo vychodoslovenskej neogénnej panve pre-
biehali rotdcie este aj v sarmate (Madrton et al., 2000).

ZlozitejSie paleorotdcie poskytli vzorky pieskovca typovych
lokalit centralnokarpatského paleogénu Oravy. Najstarsie, z lokality
Borové (stredny — vrchny eocén), potvrdili miernu CCW rotdciu,
mladsie, zo Zuberca (vrchny eocén), miernu vychodni rotdciu
v smere pohybu hodinovych ruciciek; (CW — clock wise) a najmlad-
Sie, z Bieleho Potoka (spodny oligocén), nevykdzali prakticky
nijakd rotdciu (Tunyi a Kohler, 2000).

Podobné, ale doteraz nepublikované vysledky naznacuje aj paleo-
magneticky vyskum desiatich lokalit centralnokarpatského paleogé-
nu Liptovskej kotliny (ziskané pri rieSeni dlohy Tektogenéza Zdpad-
nych Karpat). Ukazuje sa, akoby bloky z J kotliny mali vychodnu
(CW) rotéciu a bloky zo S kotliny zdpadni (CCW) rotdciu.

K terciérnym CCW rotdcidm centrdlnych Zdpadnych Karpat
mozno pripoéitat paleosmery triasovych vdpencovych telies piatich
lokalit silického prikrovu (Silica, Silickd Brezovd, Coltovo, Hrugo-
vo a Driencany). Pri vSetkych sa zistilo postmezozoické premagne-
tovanie a CCW rotdcia varirovala medzi 30 a 40° (Kruczyk et al.,
1998).

Pre Uplnost treba dodat, Ze sa paleomagnetickému vyskumu ter-
ciérnych hornin slovenskych Zdpadnych Karpat venovali aj inf
autori. Paleosmery z vonkajSieho flysa duklianskej jednotky
a Oravskej Magury publikoval Kordb et al. (1981) a Krs et al. (1991).
Stredoslovenské neovulkanity skimali Pagd¢ (1986) a Orlicky et al.
(1996) a neovulkanity vychodného Slovenska Orlicky et al. (1970,
1974). Ich vysledky poukazujd na nijaké alebo len mierne CCW
rotdcie skimanych jednotiek.

Paleomagneticky vyskum terciérnych sedimentarnych jednotiek
centrdlnych Zdpadnych Karpat zistil ich generdlnu CCW rotéciu.
To naznacuje, Ze mechanizmus sposobujtici rotdciu blokov spociva
v regiondlnej tektonike. Zdpadné rotdcie su v zhode s ideou presunu
horninovych mds pocas tektonického uniku v smere JZ-SV.
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Geologicka a tektonicka stavba severozapadného okraja Lucanskej Fatry
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Na geologickej stavbe skimaného tzemia sa ztcastiiujud tektonic-
ké jednotky tatrika, fatrika a hronika. Stratigraficky rozsah tatrika je
spodny trias az spodnd jura. Vyclenila sa novd litostratigrafickd jed-
notka suvrstvie Sldvikovej doliny, ktora zahfma sedimenty najvys-
Sieho triasu (?) az spodnej jury. Granitovy mas{v Malej Fatry v pro-
file prieskumnej $tdlne Visiiové — Dubnd skala nie je homogénnym
telesom, aj ked'v profile tunela dominuju tonality. Vek granitoidov
sa Rb/Sr rddiometrickym datovanim stanovil na 337 Ma. FI analy-
zy akcesorického apatitu preukdzali vek schladnutia pod teplotu
100—-120 °C okolo 14,5 Ma. Vek schladnutia pod 60 °C je medzi
3,6-8,8 Ma.

Fatrikum sa skladd z dvoch ¢iastkovych Struktir. Spodnejsiu
tvori komplex hornin dur¢inskej sekvencie (mladsie paleozoikum —
spodnad krieda). Do durcinskej sekvencie fatrika zaradujeme mlado-
paleozoické sedimenty tzv. antiklindly Kozla. VysSiu struktiru tvo-
ria horniny zliechovskej sekvencie (stredny trias — strednd krieda).
V rdmci duréinskej sekvencie sa vyélenili nové litostratigrafické
jednotky. Kamennoporubské suvrstvie reprezentuje sedimenty

permu. Jedlovinské vrstvy je novy ndzov pre bazédlnu Cast suvrstvia
karpatského keuperu reprezentovanu karbondtovymi brekciami.
Duréinské vdpence su telesd svetlého masivneho vdpenca stratigra-
ficky sa viaZuce na vrchnd juru az spodnd kriedu.

Hronikum sa vyskytuje iba v denudaénych reliktoch na sz. okraji
skiimaného tizemia.

V hornindch lic¢anského komplexu krystalinika tatrika si zacho-
vané relikty hercynske) tektonicke) stavby modifikované alpinskymi
tektonickymi deformdciami. Paleoalpinske deformdcie prebiehali
v strednej az vrchnej kriede. Hlavnym prejavom je presun prikrovov
v smere od JV na SZ. Neoalpinske deformdcie mali podobu kompresie
a sinistralnej transpresie smeru SZ-IV v spodnom miocéne. Vo vrch-
nom miocéne dominovala extenzia smeru SZ-JV. Neotektonickd
etapa (pliocén? — recent) sa vyznacuje extenziou v smere SV-IZ.
Odraznost vitrinitu reflektuje rozli¢ni premenu horninovych sibo-
rov z hladiska ich tektonickej histérie. Ako vyznamnd sa ukazuje
miera teplotnej premeny neogénnych sedimentov pri zdpadnom
okraji Tur¢ianskej kotliny, ¢o potvrdil aj vyskum FT vekov.

Geoldgia a tektonika Turcianskej kotliny

§ MILOS RAKUS a JOZEF HOK
Statny geologicky tstav Dionyza Stdra Bratislava

Sedimentdrna vypln miocénu Turianskej kotliny sa ¢leni do via-
cerych novodefinovanych sdvrstvi a vrstiev, ktoré sa spoloéne
oznacuju ako turéianska skupina (?sarmat aZ pliocén). V sedimen-
tarnej vyplm Turcianskej kotliny moZno na baze sedimentov spod-
ného miocénu rozlisit diskordanciu D,, ktord reprezentuje raksian-
ske sdvrstvie egenburského veku, diskordanciu D,, znamenajicu
zaciatok sedimentaéného cyklu tur€ianskej skupiny, diskordanciu
D,,, s€asti sledovatelnd v rdmci turlianskej skupiny, a na rozhran{
pliocénnych sedimentov turCianskej skupiny a sedimentov pleisto-
cénu diskordanciu Dj.

V case sedimentdcie hornin turcianskej skupiny bola Turéian-
ska kotlina izolovanym sedimentaénym bazénom s jazerno-
mociarnou sedimentdciou, ¢o potvrdzuju ndlezy endemickej fauny
(Kosovia, Papyrotheca, Pyrgula, Congeria), litologickd povaha

sedimentov a bohaté ndlezy flory. Prepojenie so Sir§im okolim —
opidtovne potvrdené faunisticky — bolo len vo vrchnom pandne az
ponte.

Subsidencia Turcianskej kotliny sa zatala v (?)sarmate, ked bola
kompresnd os paleonapdtia orientovand v smere SV-JZ. Naj-
vyznamnejSie boli poklesové zlomy pri jej zdpadnom okraji, ony
spdsobili vyraznu deniveldciu reliéfu a smerom do kotliny bol zo Z
prindSany hruboklasticky material v podobe velkych vyplavovych
kuzelov. Litologické zloZenie materidlu odrdZa litologicky charak-
ter zdrojovych oblasti klastik. Osova Cast kotliny sa naopak vyzna-
¢ovala pokojnou sedimentdciou len s obcasnymi vpadmi hruboklas-
tického materidlu. Na dlhodobt tektonicku aktivitu zlomov pri
zdpadnom okraji kotliny poukazuje uniformné uloZenie sedimentar-
nej vyplne so sklonom na Z resp. SZ.



Sekven¢na analyza magurského bazéna z pohladu smerov turbiditnych pridov
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Analyzou smerov turbiditnych pridov a sedimentdrnych Struktir
moZno zistit dynamiku lalokov, vejdra aj bazéna. V sekvenénej ana-
1yze lalokov sa pracuje s dohora hrubntcimi a dohora sa zjemnuju-
cimi cyklami.

Terénne pozorovania ma priviedli k zavedeniu klastickych cyk-
lov, pri ktorych sa hrubniici &i zjemnujici trend dé sledovat, dalej
pelitickych cyklov, kde takyto trend nebyva sledovatelny, a nepra-
videlnych cyklov, ktoré su kratSie a vyvinuté nepravidelne. Pri
urCovani cyklov pouZivam parametre, ako je hribka vrstvy, pomer
pieskovec/flovec, vyvinutie sedimentdrnych Struktir (Boumove
intervaly), erdzia bdzy, vyskyt sklzov, sliefiovcov a i., ale pohlad
do priestoru umozZiuju iba smery pridov.

Klastické cykly si produktom plynulej laterdlnej migrdcie laloka.
Masivne Ta — Tab pieskovce sedimentovali z hustejSej Casti blizko osi
pridu (laloka). Stendovanie vrstiev je vysledkom vzdalovania sa osi
laloka, o byva pozorovatelné aj pri plynulej zmene smeru pridov.

Pelitické cykly prevaZzne tvor{ tenkovrstvovy a peliticky flys.

Casté s pelagické polosiderity a sliefiovce. Smer pridov je vyraz-
cyklu, pri ktorych sa aktivny lalok vyrazne vzdialil, ¢o dokonca
mdZe stvisief s eustatikou alebo klimou. flovcové poloha hrubd az
niekolko metrov mdZe pri Uplnom odkloneni laloka prekry( suprafan.

Zo §tudia mi vyplynuli nasledujice vieobecné zavery: vo vejari
je jeden alebo viac lalokov; os laloka (koryto) sa rozvetvuje do
slabsich radidlnych vetiev s odliSnym smerom, ako mala os laloka;
laloky laterdlne migruji, mozu ndhle zanikat ,,ukrtenim* alebo
vznikat pretrhnutim hradze.

Na vac$om dzemi v oblasti Javornikov som analyzou smerov tur-
biditnych pridov a sedimentdrnych Struktir sledoval, ako v magur-
skej jednotke v Case (kampan — mladSi eocén) vnikali do bazéna
laloky a vejdre z rozli¢nych strdn bazéna a s rdznym petrografic-
kym zlozenim, ako aj priestorové a ¢asové rozsirenie. Navzdjom sa
stykali a prestupovali. Pridové smery umoZziujd lepsie chdpat roz-
loZenie a migradciu vejdrov v bazéne.

Slovenska geologicka spolo¢nost pri SAV
Suhrnna sprava o ¢innosti za rok 2002

Pobocky: 3 (Bratislava, Banskd Bystrica, KoSice)

Sekcie: 13 odbornych skupin podla $pecializacie (geofyzikdlna,
geochemicko-mineralogickd, hydrogeologickd, inZinierskogeolo-
gickd, loZiskovd, paleontologickd, sedimentologickd, Struktirno-
-geologickd, vulkanologickd, ropnej geoldgie, uholnej geoldgie,
zberatelov nerastov a skamenelin a gemologickd)

Komisie: | (pre mineralogickd nomenklatiru a terminolégiu)

Organizacné akcie

V roku 2002 zasadal roz$ireny vybor SGS dva razy a uzsi vybor
(podla potreby) viac rdz.

Vybor SGS:

doc. RNDr. Dusan Plasienka, CSc. — predseda

doc. RNDr. Peter Reichwalder, CSc. — podpredseda

RNDr. Ladislav Simon, PhD. — vedecky tajomnik

RNDr. Lubica Iglarovd — hospodarka

Ing. Juraj Janocko, Dr.Sc., CSc. — ¢len

RNDr. Jan Sotdk, CSc. ~ ¢len

Mgr. Rastislav Vojtko — ¢len

RNDr. Peter Kovdc, CSc. — ¢len

RNDr. Pavel Uher, CSc. —¢len

RNDr. Milan Kohiit, CSc. — ¢len

Na zlepSenie komunikdcie s ¢lenskou zdkladiiou (informdcie
o akciach, perspektivne adresar, diskusné féra) ma SGS www stranku
http://dionysos.gssr.sk/sgs.

Odborna ¢innost
Vedecké konferencie

SGS sa v roku 2002 zapojila do organizovania niekolkych
medzindrodnych vedeckych akcif, najmad 17. kongresu Karpatsko-
-balkdnskej geologickej asocidcie, jej ¢lenovia sa zicastnili na pri-
prave a realizdcii radu dalSich vedeckych podujati na Slovensku aj
v zahrani¢i a boli autormi alebo spoluautormi velkej ¢asti na nich
prezentovanych odbornych referdtov alebo posterov.

Semindre a prednaskové popoludnia

Zakladom vedeckej aktivity SGS boli jednodriové tematické
odborné semindre, predndSkové popoludnia a individudlne prednds-
ky. V roku 2002 bolo 26 akcif tohto druhu, prednieslo sa na nich 58
predndSok autorov alebo autorskych timov a v auditéridch sa
vystriedalo vyse 450 déastnikov. Organizatorom boli odborné sku-
piny a pobocky SGS (prehlad akcif je v prilohe).

Ostatné odborné akcie

SGS bola spoluorganizatorom Studentske) exkurzie na talianske
sopky 11.-24. septembra 2002, na ktorej sa zicastnilo 47 univerzit-
nych Studentov a geoldgov.

SGS sa s geologickym oddelenim Prirodovedného muzea Slo-
venského ndrodného muzea zapojila do organizovania 19. medzina-




rodného stretnutia zberatelov nerastov a skamenelin, ktoré sa kona-
lo 7. decembra 2002 v Bratislave. Zicastnil sa na fiom rekordny
pocet vystavovatelov (77, z toho 57 zo Slovenska, 18 z Ceskej
republiky a 2 z Madarska) a okolo 1000 ndvstevnikov. Takéto akcie
vyznamne pomdhajd pri propagdcii geologickych vied medzi Siro-
kou verejnostou.

Zahrani¢ni lektori

V rdmei akeif SGS boli v roku 2002 predndsky 15 zahraniénych
lektorov (z Ceskej republiky, USA, Raktiska a Nemecka).

Edi¢n4 ¢innost

SGS sa rovnako ako v predchddzajucich rokoch zicastiiovala na
vyddvani ¢asopisu Mineralia Slovaca, periodika SGS a slovenskych
geologickych organizdcii. V roku 2002 vyslo Sest &isel jeho 34. ro¢-
nika. Casopis publikuje vedecké stidie a odborné ¢lanky z geoved-
ného vyskumu na Slovensku, ktorych autormi su vacsinou ¢lenovia
SGS. Prilohou periodika je Geovestnik, informa¢ny spravodajca pre
geoldgiu, banictvo a Zivotné prostredie, ktorého velkd ¢ast tvoria aj
informdcie o SGS — polro¢né harmonogramy akcii pobociek
a odbornych skupin, sprdvy o ¢&innosti, informaéné a koncepéné
materidly, zdravice jubilantom, nekrolégy, informdcie o medzind-
rodnych podujatiach, recenzie, abstrakty z odbornych akcii SGS
(konferencie, semindre, predndsky a pod.). nduéno-populdrne pri-
spevky z geoldgie, informdcie o trendoch jej vyvoja doma a vo
svete, ako aj rozli¢né geologické zaujimavosti.

KedZe periodikum Mineralia Slovaca je geologicke] verejnosti na
Slovensku zndme uz vyS$e troch desatro¢i a pristupné — jeho pred-
platitelia ¢lenovia SGS maju vyrazni zlavu, hodnotime formu pub-
likovania materidlov SGS a komunikdcie s ¢lenskou zdkladriou za
stdle najvyhodnejsiu. Ocenujeme aj to, Ze hoci ¢asopis aj v roku
2002 zdpasil s finanénymi tazkostami, md stile vysoku odbornud

Prispevok SGS na jeho vyddvanie vo vyske 8000 Sk bol v roku
2002 uhradeny z dotdcie RSV pri SAV.

SGS bola aj spoluvydavatelom (bez finan¢ného prispevku) konfe-
ren¢nych materidlov (osobitné ¢islo casopisu Geologica Carpathica,
exkurzny sprievodca) 17. kongresu Karpatsko-balkdnskej asocidcie.

Clenska zakladiia

Pocet ¢lenov SGS dlhodobo mierne klesd. Ide zvdcsa o dosledok
tdtlmu aktivity najmd v oblastiach pdsobenia mimobratislavskych
pobociek. To je pricina, pre ktord sa zru$ila zilinskd aj spiSsko-
novoveskd pobotka SGS. Nezdujem o dalie platené &lenstvo sa
prejavuje najma u ¢lenov odchddzajuicich do starobného déchodku
alebo prechddzajuicich do inych profesii. Utvorilo sa aj viac profe-
sijnych geologickych asocidcif, v ktorych je organizovand aj vicsi-
na ¢lenov SGS, a tak ¢ast z nich (najmé posobiacich v sikromnom
sektore) strdca o ¢lenstvo v SGS ako vedeckej spolo¢nosti zdujem.
Preto sa zrusilo ¢lenstvo dalsim &lenom, ktori dlhodobo neplatili
Clenské prispevky. Prijimanie novych ¢lenov hlavne z radov univer-
zitnych $tudentov a absolventov univerzitného $tidia doteraz tby-
tok ¢lenov nekompenzuje. Dobrym konstatovanim je, Ze sa pokles
poctu ¢lenov SGS na jej odbornej aktivite doteraz zadporne nepreja-
vil. Je to signdl, Ze SGS opustaju najmi pasivni ¢lenovia.

SGS v sudcasnosti eviduje 250 riadnych, 19 domdcich a 23 zahra-
ni¢nych cestnych ¢lenov.

Clenstvo v medzindrodnych organiziciach

SGS je od roku 1993 ¢lenom Asocidcie eurépskych geologickych
spolo¢nosti (AEGS), ktorej hlavnym cielom je upeviiovanie kon-
taktov, vymena skisenosti a myslienok medzi eurdpskymi geolo-
gickymi spolo¢nostami, ako aj spoluprdca s mimoeurépskymi orga-
nizdciami. Plendrne zasadnutia AEGS sa konajui kazdé dva roky
a spdjaju sa s vedeckymi konferenciami.

Clensky prispevok SGS v AEGS je 100 EUR a za rok 2002
sa uhradil prostrednictvom RVS pri SAV z prostriedkov MS SR.

Doc. RNDr. Dusan Plasienka, CSc.
predseda SGS

Bratislava 24. janudra 2003

Priloha
Prehlad odbornych akcii SGS v roku 2002

Bratislavska pobocka SGS a odborné skupiny
Spolu 21 odbornych akcif, 52 predndsok, 403 dcastnikov

10. 1. 2002

Bratislavskd pobocka

B. Moldk: Od africkych slonov ku kanadskym medvedom
40 ucastnikov

21.2.2002 )
Bratislavskd pobocka, semindr Nasi geolégovia na cestdch
B. Chalupovd a M. Kubis: V krajine faraénov

J. Prsek a M. Ondrejka: Juznd Brazilia ocami geoldga
27 Gcastnikov

7.3.2002

Bratislavska pobocka

M. Thoni (Univ. Wien): Garnet chronometry in the eastern alps —
problems and progress in deciphering the history of polymetamor-
phic rocks

14 ucastnikov

14. 3. 2002

Geofyzikdlna odbornd skupina

P. Kubes: Atlas geofyzikdlnych mdp a profilov
2] tucastnikov

27.3.2002
Prednéaskové popoludnie hydrogeologicke; skupiny



P. Malik a D. Bodis: Hydrogeologické pomery Licinskej pahorkatiny
(Gemer)
15 dcastnikov

3.4.2002

Bratislavskd pobocka

K. Stoeretvedr (Univ. Bergen): Global wrench tectonics — new
interlinking of geological phenomena

21 ucastnikov

11.4.2002

Vulkanologickd skupina

L. Simon: Erupcie Etny v rokoch 1992-2002
10 dcastnikov

12.4.2002
Geochemicko-mineralogickd skupina
J. Majzlan: Termodynamika oxidov Zeleza

R. J. Bodnar: Search for water and life in the solar system
V. Hurai: Fluida v zemskej kore a plasti

Z. Pertold, J. Perroldoga’, M. Pudilovd a P. Drahota: Soulasny stav
skarnového problému Ceského masivu
20 dcastnikov

18. 4. 2002

Odbornd skupina ropnej geoldgie

I. HruSecky: Dunajskd panva — severozdpadny okrajovy segment
panénskeho bazénového systému

10 tcastnikov

9.5.2002

Gemologickd odbornd skupina

M. Gregdriovd a P. Uher: Zafir z Hajnacky — vlastnosti a genéza
20 ucastnikov

20. 5. 2002

Bratislavskd pobocka

G. Tari (Vanco Energy Comp., Houston): Palinspastic reconstruction
of the Carpathian-Pannonian system

20 dcastnikov

22.5.2002

Bratislavska pobocka

I. Dunk! (Univ. Tiibingen): Fission tracks in geology and geomor-
phology

16 dcastnikov

23.5.2002

Bratislavskd pobocka

Terénny semindr v Malych Karpatoch medzi Pezinkom a Limbachom
vedeny D. PlaSienkom a P. Uherom

8 dcastnikov

30. 5. 2002

Odbornd skupina inZinierskej geoldgie

J. Frankovskd: Nové poZiadavky na laboratérne skusky v inZinier-
skej geoldgii a pripravované eurdpske normy

12 posluchacov

28.11.2002
Mineralogicko-geochemickd skupina
Semindr Minerdly turmalinovej skupiny — chemické zloZenie a evolticia

M. Novdk: Krystalovd struktura turmalint — ddleZity faktor ovliv-
fujici chemické slozeni

J. Kromel, P. Bactk a P. Uher: Klasifikdcia a substitu¢né vztahy
minerdlov turmalinovej skupiny — modelovanie pomocou diagra-
mov 3D

J. Filip a M. Novdk: Turmalin versus axinit — chemismus a odhad
podminek vzniku na piikladé asociacf z Ceského masivu

M. Kubis, [. Broska, P. Uher a I. Dianiska: Turmaliny cinonosnych
granitov gemerika — chemické zloZenie a evolicia

D. Buridnek a M. Novdk: Trendy vyvoje chemického sloZenf
turmalind z leukokratnich granitd

J. Cempirek a M. Novdk: Chemizmus a parageneze Al-bohatych
turmalind z abysdlnich pegmatitd Ceského masivu

R. Skoda, M. Novdka J. B. Selway: Chemické sloZeni turmalint
2z NYF pegmatitt tfebi¢ského masivu

D. Ozdin, F. Bakos a P. Uher: Chemické zloZenie minerdlov turma-
linovej skupiny z hydrotermdlnych loZisk tatrika a veporika Zapad-
nych Karpat

P. Uher, R. Kovdc, J. Kromel a P. Bacik: Minerdly turmalinovej
skupiny z hydrotermdlnych sideritovo-sulfidickych loZisk gemerika
P. Bacik, P. Uher a J. Kromel: Turmalinity v spodnotriasovych
kremencoch tatrika — chemické zloZenie a evolicia

19 dcastnikov

28. 11.2002

Odbornd skupina hydrogeoldgie

S. Scherer: Potulky krajinou vetra, sopiek, gejzirov a haky (Aotea-
roa — Novy Zéland)

27 acastnikov

5.12. 2002

Gemologickd skupina

F. Marko a M. Dyda: Juhoamerické smaragdy
24 posluchacov

12.12.2002

Paleontologickd odbornd skupina, semindr IGCP pro-
Jektu 458 Triassic/Jurassic boundary events

11 dcastnikov

13.12.2002

Bratisiavskd pobocka, semindr Nové trendy a vysledky geologic-
kého vyskumu Zapadnych Karpat

D. PlaSienka: Vznik, rast a zdnik zdpadokarpatského orogénneho
klina

A. Biron, J. Sotdk, R. Prokesovd a J. Vozdr: Tektonochronolégia
vyvoja inacovsko-kricevskej jednotky — integrdcia poznatkov
a regiondinotektonickych interpretdci{

J. Michalik, Z. Vasicek, P. Skupien, L. Kratochvilovd, D. Rehdkovd
a E. Haldsovd: Geodynamické a paleogeografické zdvery vyply-
vajlice z integrovaného stratigrafického vyskumu spodnckriedo-
vého sledu maninskej jednotky na Butkove

J. Sotdk a D. Starek: Identifikdcia zdznamov globédlnych ocednsko-
klimatickych eventov vo vrchnokriedovych a paleogénnych si-
vrstviach Zdpadnych Karpat

J. Janocko: Naért evoldcie centralnokarpatského paleogénneho bazénu
J. Vozdr, M. Bielik, J. Mikuska, R. Pasteka, P. Richter, V. Szalaiovd




a J. Lanc: Prvé konkrétne vysledky projektu CELEBRATION 2000
a sticasny stav interpretdcii vybranych oblasti Karpat na Slovensku
na zaklade modelu 2D, resp. 2/3D a 3D

M. Putis: Stadia kontinentdlnej subdukcie a reaktivacie fundamentu
z pohladu petrotektoniky (Alpy—Karpaty)

W. Faryad: Meliatsky akre¢ny klin — jeho litolégia a metamorfny vyvoj

K. Schulmann: Ptispévek k problému identifikace a posloupnosti
paleozoickych a mesozoickych metamorfnich a deformacnich
uddlosti v Zapadnich Karpatech

O. Lexa: Struktiirna $tidia kriedovej deformacie gemerika

R. ProkeSovd a D. Plasienka: Kriziansky prikrov na strednom Slo-
vensku — Struktdrny zdznam a mechanizmy umiestnenia

M. Kohiit: Kedy a ako sa zacal vyzdvih Tatier?
L. Bardth, 1. Hlavaty, N. Huddckovd a M. Kovdc: Kli¢ové prelomy
v neogénnom vyvoji viedenskej panvy

M. Rakiis a J. Hok: Geoldgia a tektonika Turéianskej kotliny

I. Tunyi: Paleomagnetizmus terciérnych sedimentdrnych jednotiek
vnutornych Zdpadnych Karpat

D. Gregorovd, F. Hrouda a D. Plasienka: Struktirno-magnetické
vztahy medzi granitoidnymi masivmi Malych Karpét a ich obalovy-
mi jednotkami

D. Gregorovd, F. Hrouda a M. Kohiit: Vyskum vniitornej magnetic-
kej stavby granitoidného masivu Velkej Fatry — predbeZné vysledky

J. Hok, M. Rakus, J. Krdl, I. Broska, M. Kubis, I. Dianiska,
A. Marejcek, M. Sykora, J. Kotulovd a M. Hrdlicka: Geologickd
stavba sz. okraja Lucanskej Fatry a prieskumnej $télne Visnové —
Dubna skala

F. Terdk: Sekven¢na analyza magurského bazénu z pohladu smerov
turbiditnych pridov
51 dcastnikov

19. 12. 2002

Odbornd skupina vulkanoldgie

L. Simon, P. Siman, J. Madards, P. Konecny, M. Hudecovd,
M. Hrdlicka, V. Mario a S. Jurcdk: Aktudlne erupcie Etny a lipar-
skych vulkdnov

17 ucastnikov

Banskobystricka pobocka SGS
Spolu 6 akcif, 3 prednasky, 27 dcastnikov

14. 3. 2002

Valné zhromazdenie pobo¢ky s volbou nového vyboru bansko-
bystrickej pobocky SGS

Prednaska:

J. Spisiak: Continental deep drilling (Kontinentdlne hlboké vrty —
stcasny stav poznatkov)

13 ucastnikov

17.12. 2002

Prednasky:

J. Spisiak: Geolégia Skandindvie

J. Luptdkovd, A. Bironi, M. Hudecovd a M. Hrdlicka: Sopky juzného
Talianska

14 ucastnikov

Vybor pobocky usporiadal aj Styri popularizaéné akcie pre Ziakov
zakladnych $kol.

Kosicka pobocka SGS
Spolu 3 prednasky, 31 dcastnikov

11. 4. 2002
J. G. Raith (Univ. Leoben, Austria): Age of W and Mo mineraliza-
tion in the Tauern Window — new results from Re-Os and U-Pb
dating

2 Ucastnikov

9.5.2002

R. Kaindl (Karl-Franzes Univ. Graz, Austria): Fluid inclusions and
metamorphism in two Austroalpine basement areas

8 ucastnikov

10. 10. 2002

J. Sefara a M. Bielik: Gravimetrické modelovanie pozd( vybra-
nych profilov Zapadnych Karpat

11 uicastnikov

Dusan Plasienka a Ladislav Simon



Vysiel prvy zvazok dvojdielnej kniznej monografie
Historia geologie na Slovensku

Publikaciu, ktorej prvy diel
predkladdme odbornej geolo-
gickej aj ostatnej verejnosti,
pripravili popredni odbornici
zo vsetkych odvetvi geoldgie
na Slovensku a redakéne spra-

- ' < r - d o covali najmé geoldgovia, ktorf
1s O la eo o le stali pri zrode a Organizovanf
. geolégie na Slovensku po dru-

hej svetovej vojne.
e Prvy zvédzok obsahuje his-
na Slovensku Zzvizok 1 Eaitmmes
¢ias do roku 1762, obdobie
od zaloZenia Ri$skeho geologic-
kého dstavu vo Viedni roku

1850, histériu mineralogického
Pavol Grecula a geologického vyskumu od za-

- - i loZenia Ridskeh logickéh
J. Bartalsky, B. Cambel, 1. Hercko, M. Kalic¢iak, M. Matula, lfsztjcfjarolis1g58 fg(ﬁzﬁz ggg

L. Melioris, D. Polakovié, M. Slavkay, L. Sombathy, J. Sefara roku 1918, geologické préce, ich
metodiku a rozvoj v tazobnych
zavodoch v rokoch 1919-1945,
geologické institdcie a spolo¢-
nosti v CSR aich podiel na geo-
logickom vyskume Slovenska
v rokoch 1919-1945, geologic-
koprieskumné organizacie aich
nadriadené §tétne organy v ob-
dobi 1945-2000 a hodnotenie
vysledkov vyskumu a prieskumu
lozisk nerastnych surovin a roz-
voja loziskove] geoldgie v ro-
koch 1945-2001.

Druhy zvdzok diela zahrnie
histériu geologickych organiza-
cii, inZinierskej geolégie, hydro-
geoldgie, geofyziky, ako aj geo-
logickych Ustavov a katedier
univerzit, vysokych $kél, SAV
a geologickych spolo¢nosti.

Publikdciu vydal Statny geo-
logickych Ustav Dionyza Stdra.
Ma 748 stran, 673 fotografii, rad
tabuliek a perokresieb. Mozno ju
kipit v predajniach odbornej
literatdiry Statneho geologického
dstavu D. Stiira v Bratislave, Mlyn-
ska dolina 1, 817 04 Bratislava,
a v Kosiciach, Jesenského 8,
040 01 Kosice. Na objedndvku
sa posiela aj postou (k cene
sa Uctuje posStovné aj balné).

E-mail: gabina@gssr.sk,
velgos@gssr-ke.sk. Cena prvého
zvdzku je 350,- Sk.
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