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KAXTOR J Á N - R Y B Á R MARTIN-DILLXBERGER KAROL 

CONTRIBUTION TO THE PROBLÉM OF REGE3ERATI0N OF 
ORE DEPOSITS I \ ALPLNE OROUEMC BELTS (TLMSIA) 

Post-variscan lead-zinc deposits of the Eastern Alps, the Carpathians, 
North Africa and similar mineralizations of Silesia (Mississipi Valey — type) 
form a worldwide distributed group, characterísed by similar features. No 
genetic relations of the ore-forming processes to igneous rocks are usually 
observed — the deposits appear to be independent of any igneous activity. 
The host-rocks are mostly limestones, dolomites and calcareous shales. 
The ore minerals form disseminations, sometimes following certain sediment-
ary beds. Metasomatic bodies, fillings of zones of breceiation, of fault �1� �'�'�)�&���' 
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������ �"� �#���&���!�$���- �$�� �(�����'�� �����%�$�'� �(�' � �' �)�'�)���!�!�- �*�� �&�- �'� �"�%�!���� �����!���#�����%�$�$�& � �# 
�'� �!�*���& ���#�� �'�%�����!���&� �(�� �+� �(���$�)�( ��� �������& � �&�$�# ���$�#�(���#�(�' ���&�� �( � � �� �"�$�'�( �  �" �%�$�&�(� � �#�( 
�"� �#���&���!�'�� ���$�!�!�$���$�&�" �(� � �, �(�)�&���' �$�� �(���� �!���(���& ���&�� �#�$�( �)�#���$�"�"�$�# � �# �����&�(��� �# �����%�$�'� �(�' 
�$�� �(� � � �' � ( �- �%�� �� �����!��� �(���� �����&� �(���� �%�-�&� �(���� �"���&�����'� �(�� ���!�'�$ �$�����)�&�� �+��� �!�� �$�(��� � �& �"� �#���&���!�' 
���&�� �&���(� � � � �& �&���&�� �� ������ ���$�#�(���#�( �$�� �(�&������ ���!���"���#�(�' � �' �)�'�)���!�!�- �!�$�+�� 

� � �# �'�%� �(�� �$�� �(����� �& �'� �"�%�!� ��� �(�- �(���� �����#���'� �' �$�� �(�����'�� �$�&�� �����%�$�'� �(�' �&���%�&���'���#�(�' �'���&� �$�)�' 
�%�&�$���!���"�'�� � � � � � � �- �+���&�� �*� �*� ���!�- ��� �'���)�'�'���� � � �( �(� � �� � � �#�(���&�#���(� �$�#���! �����$�!�$��� �����! ���$�#��
���&���'�' � �# ���!�����& ���#�� ���)�&� �#�� �'�%����� ���!� �.���� �'���'�'� �$�#�' � �# ���)�#�������# �����
���	���� ���!�������#���)�&�( 
�����
�������� �
�!��� �����&�� �����
���
���� �����$�����# �����
�������� 

���� � � � � �&��� �#�� �(� � �� �$�&� ��� �# �(� � �� �!���������.� �#�� �����%�$�'� �(�' �$�� �(� � �� � � � � � ' �(� � �&�# ���!�%�'�� �( � � �� ���$�!�!�$��
�+� �#�� �+� ���+�%�$� �#�(�' � � � / �*�� �������# ���,�%�&���'�'������ 

������ ������ �����%�$�'� �(�' ���&�� �$�� �'�-�#�����#���(� �����'����� �"���#�(���&�- �$�&� ��� �#�� 
������ ���,�����!���(� �*����� ' � ���� �"���#�(���&�- �%�&�$�����'�'���' �&���!���(���� � ( �$ �(�&� ���'�'� �� �*�$�!�����#� �'�" ���&�� 

�&���'�%�$�#�'� ���!�� ���$�& �(� � �� ���$�&�"���(� �$�# �$�� �(�����'�� �"� �#���&���!� �.���(� �$�#�� 
������ ���)�%���&�����#�� �"� ���&���(� �$�# ���#�� �!���(���&���! �'�����&���(� �$�# �+���&�� �(� � �� �"��� �# �������(�$�&�' �$�� �(� � �� 

���$�#�����#�(�&���(� �$�# �$�� �!������ � � �#�� �.� �#���� 
������ ������ �����%�$�'� �(�' ���&�� ���%� �����#���(� ���� �&���!���(���� �( �$ �� �( � � �&�(� � � �&�- �"� � � � �" � � �( �  � ' �" �� 



(e) The deposits were regenerated during the Tertiary from older variscian 
deposits. 

The theory of syngenetic-sedimentary origin of the east alpine Pb—Zn 
deposits is based mainly an the fact that the mineralizations are confined to 
certain stratigraphic horizons (Anisian, Ladinian, Carnian) and are charac-
terized by concordant sedimentary textures. 

An exhalative-sedimentary origin is suggested by the coincidence between 
the distribution of the ore deposits and the occurrence of volcanic rocks (por-
phyries) in the Anisian, Ladinian and Carnian. 

H e g e m a n n (1948, 1960a, 1960b), S c h n e i d e r (1953), T a u p i t z (1954), 
M a u c h e r (1956), M a u c h e r — S c h n e i d e r (1957), S c h u l t z (1959) belong 
to those who advocate an syngenetic origin for the lead-zinc deposits of the 
Eastern Alps. 

The epigenetic theory is based on tectonic analyses and evidently discordant 
mineralizations observed in alpine lead-zinc deposits. These are by syngenetists 
interpreted as: (a) hydrothermal epigenetic ore depositions in channel-ways 
of higher laying syngenetic mineralizations. Simultaneous deposition; (b) later 
mobilizations of primáry syngenetic deposits "per ascensum or per descensum". 

P e t r a s c h e k (1926—45), S c h n e i d e r h ó h n (1941), C o l b e r t a l d o (1948 — 
1956) regarded the whole metallogenesis of the Eastern Alps as an epigenetic, 
unitarian act related to a plutonism of early to middle tertiary age. 

Other followers of an epigenetic origin stress the importance of deep-seated 
metamorphic processes from which the metal contents and the hydrotherms 
were derived ( A n g e l 1939; Clar 1945; 1955; C lar — F r i e d r i c h 1933; 
F r i e d r i c h 1956). These views regarding the role of hydrothermal solutions 
accompanying the alpine metamorphism are accepted by practically all modern 
investigators of alpine ore deposits. 

An extréme view regarding the metallogenetic province of the Eastern and 
Western Alps vvas proposed in 1952 by Schneiderhóhn. The deposits of the 
Eastern Alps are in this hypothesis regarded as secondary hydrothermal mi­
neralizations regenerated from older, variscian. deposits during the alpine 
orogenetic processes. The lead-zinc deposits of Bleiberg, Raibl, Auronzo are 
according to this theory typical examples of regenerated mineralizations 
( S c h n e i d e r h ó h n 1953; C o l b e r t a l d o — S c h n e i d e r h ó h n 1958). 

S c h n e i d e r h ó h n & B o l z e (1951) studying the lead-zinc deposits of the 
Teboursouk Mts in Tunisia proposed a secondary hydrothermal origin for these 
mineralizations. B o l z e (1953, 1954) extended the idea about the secondary 
hydrothermal origin over Pb—Zn deposits of Tunisia and S c h n e i d e r h ó h n 
(1954) over those of North Africa. Two different groups of regenerated deposits 
are distinguished by S c h n e i d e r h ó h n (1952 — 54): 

1. Deposits regenerated by epeirogenetic movementz. Deposited in faults 



in rocks covering eroded basement (predominantly hercynian) serieš. The 
localization of the tectonic elements (faults, flexures a.so) in the cover is mostly 
identical with those of the socle which háve been revived (socalled "failles 
vivantes") during the younger tectonic processes. Deposits transported in this 
way are termed as secondary hydrothermal. The "search for paternity'-' of the 
deposits belonging to this group is characteristic. 

2. Deposits of alpine type regenerated in orogens, recently regenerated. 
Typical for orogens not fully Consolidated that pass again into a younger 
geosynclinal štádium. Two subtypes were discerned: (a) Deposits of alpine-
type regenerated in an orogene without synorogenic plutonism and subsequent 
voleanism. Hydrothermal deposits similar to those of epirogenetically rege­
nerated oceur. By metamorphic mobilization of rocks in the regenerated 
orogene also new deposits may be formed and all transitions between those 
and the secondary ones may exist; 
(b) Deposits of alpine type regenerated in orogens with mighty synorogenic 
plutonism and subsequente voleanism. The intensity of mobilizations and 
granitization is very strong leading to similar arrangement of deposits as 
around juvenile magmatic intrusions. The deposits are paragenetically impo-
verished, monotonous, or characterised by unusual minerál associations result-
ing from the mixing of components from different sources. In belts of alpine 
orogeny the problém of regenerated and secondary hydrothermal deposits is 
a serious one-as results from this short survey. Owing to the very complex 
history in parts where the synorogenic plutonism was intense. difficulties arise 
in the deciphering of their metallogenetical evolution. They gradually diminish 
towards zones where the processes of metamorphism, dissolution and transport-
ation were less intensive. 

In North Africa the moderately folded alpine zones with transitions into 
the outermost subhorizontally laying serieš of the cover seem favourable to 
the study of regeneration owing also to the fact that numerous lead-zinc 
deposits oceur there. The north african, and especially tunisian deposits were 
regarded by S c h n e i d e r h ó h n (l.c.) and Bo lze (l.c.) as typical representants 
of secondary hydrothermal or regenerated mineralizations. 

Detailed investigations of the lead-zinc deposits of the Teboursouk Mts. 
(Nefate, Fedj el Adoum and El Akhouat) formed one important basis for their 
hypothesis. An anticline of cretaceous sedimentary rocks is perforated by 
a triassic diapir. Along the contact the mineralization developed forming true 
veins metasomatic substitutions of the cretaceous limestones or cementing 
the breccia of the anormal contact. 

The succesion is: galena. sphalerite, marcasite-pyrite, calcite. Sometimes 
galena forms after sphalerite. which displays colloidal textures. No quartz is 
present as gangut. 



Schne iderhóhn & Bolze (1. c.) consider that older (variscian) mineraliza­
tions existed in the basement rocks before the deposition of mesozoic sediments. 
The brecciated zones along the contacts of the diapirs that formed at the 
beginning of the Tertiary allowed free passage to supergene waters during 
the Eocéne and Miocene. They reached the deposits of the basement as hot, 
chloride-rich waters, dissolved their metal content and redeposited it in the 
secondary hydrothermal deposits in sediments of mesozoic to pliocene age. 
The age of the mineralization (secondary mobilization) is younger than the 
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possibility of a regenerated origin from variscian mineralizations though 
syngenetic deposits (exhalative sedimentary, for example) would be charac-
terised by similar isotopic constitutions. 

I t seemed therefore very interesting to carry out isotopic investigations 
in areas, where according to Schneiderhóhn's hyphotesis the proper hydro­
thermal mobilization sensu stricto (secondary hydrothermal deposits) prevails 
over processes of metamorphic mobilization. In šuch belts the isotopic consti­
tutions of lead from secondary hydrothermal deposits should be practically 
little affected by the addition of new lead during the transport. The ancient 
lead pattern of the pr imáry deposits should be roughly preferved. 

Several tunisian lead-zinc deposits háve teen studíed with the aim to eon-
tr ibute at least from this point cf view to the very complex and interesting 
problém of regeneration. 

The metallogeny of Tunisia 

The metallogeny of Tunis is characterized essentially by lead-zinc mineraliza­
tions, if we do not také into consideration sedimentary iron-, manganese and 
phosphate deposits. They are distributed mainly in the north-western part 
of the territory in the folded zones of the Atlas of Tunis Mts. The sedimentary 
deposits of phosphates, iron and manganese are confined mostly to the South, 
with a continually decreasing intensity of folding towards the platforme. 

Only one unimportant lead-zinc deposit — that of Dj . Tebaga S\V of Gabes 
— is known from the Sahara. 

The territory of Tunisia is almost exclusively built by mighty sedimentary 
serieš of triassic to quaternary age. 

Permian sediments (schists, limestones, dolomites) appear in the anticline 
of Dj. Tebaga, and are here mineralized. The Triassic consists mainly of gypso-
argillaceous breccias with blocs of dolomites, dolomitic limestones, quartzites 
to sandstones and rarely of ophites. I t is confined predominantly to the NW 
par to fTun is ia . l t is important from the tectonic point ofviewforming diapirs 
that penetrate through young, mainly cretaceous rocks and are considered as 
related in a certain sense to the mineralizing processes. 

Jurassic rocks are known only from very limited outcrops in NE Tunisia 
(Djebel Ressas, Zaghouan). They are represented by massive limestones, marls, 
marly limestones and at places by slates. Cretaceous marls, limestones, marly 
limestones and dolomites belong to the most widely distributed rocks in Tunis. 

The Paleogene is represented by marls, marly limestones, limestones and 
sandstones. Sandstones, conglomerats, marls (gypsous) and lacustrine limesto­
nes belong to Pontian and extend probably to Pliocene. 

Outcrops of eruptive rocks of small dimensions are known only from the 
NW of Tunis (S of cap Négro, N E of Tabarka, sourroundings of the deposits 
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B/ZERTE 

C BON 

Fig. 1. Schematized geological map of Tunisia (after Geological map of Africa 1:5 000 000; 
ASG-UNESCO) 
1 — Triassic, 2 — Cretaceous, 3 — Paleogene, 4 — Neogene-Quaternary, 5 — Xubic 
sandstones. 
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Sidi Driss). They are represented by dacitoide rocks intersecting oligocene 
sediments. Pontian basal conglomerats at Douaria contain already rollstones 
of these rocks, from which a middle miocene age of the voleanism was postulat-
ed by Solignac (in Sa in fe l d 1952). 

Eruptive rocks (granodiorites and microgranites) play a more important 
role in the archipelago of Galite some 50 kms N of the mediterranean coast 
of Tunis. 

A survey of the lead-zinc mineralizations has been recently pubhshed by 
Sa in fe ld (1952), G o t t i s & S a i n f e l d (1952). B o l z e (1952), Bo lze — 
S c h n e i d e r h ó h n (i. c ) . Those of North Africa were treated by B o u l a d o n 
(1949), of Alger by G l a n g e a u d (1935), of Maroc by B o u l a d o n (1952) a. o. 

Isotopic investigations of „ore"-lead were carried out on galenas of the 
following Pb—Zn deposits of Tunisia: Ain Allega, Oued Maden, Djebel Arja, 
Bechater, Sidi bou Aouane. Sakiet Sidi Youssef, Fedj el Adoum, Siata, Bou 
Jaber, Djebel Ressas. Djebel Zaghouan, Djebilet el Kohol, Ain Nouba, Djebel 
Tebaga. A short characteristic of these deposits after S a i n f e l d (1952) is given 
below. 

Ain A l l e g a . One of the most important deposits of the Flysch-zone situated 
near the mediterranean coast some 15 kms E of Tabarka. An anticlinal bloc 
of cretaceous sediments sourrounded by flysch sediments of oligocene age is 
penetrated by triassic sedimentary rocks. 

The main ore-body is localized along the contacts of the breccia of 
triassic and suessonian marls. 

Galenite and sphalerite accompanied by some pyrite and marcasite are the 
principál primáry ore minerals, while baryte with lesser amounts of quartz 
represent the gangue. 

The deposits Sidi Khalifa in the vicinity of Ain Allega carries some mereury 
too. AtRasRaje l a breccia probablyof Pontian age overlaying oligocene marls 
and sandstones contains dacites, that outerop some 20 km NE in the Nefza 
as small bodies. 

Oued M a d e n . As Ain Allega, the deposit of Oued Maden developed in the 
vicinity of the largest outerop of triassic rocks in the S\V part of the Flysch 
zóne near the algerian frontier. The host rocks of the mineralization are mainly 
cretaceous (campanian) lime- and marlstones. 

The largest ore-body is represented by disseminated lead-zinc minerals 
accompanied localy by stihnite, bournonite, cinnabarite and realgar. 

The fault-vein of Koudiat el Oualahiss to Djebel Groura is regarded as the 
channel-way of the ore-bearing solutions. I t carries lead, zinc, copper and 
antimóny in a barite gangue. At Koudiat el Oualahiss cinnabarite and meta-
cinnabarite impregnations are common in the vicinity of this vein. 
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D j e b e l A r j a i s characterised by a similar mineralization, carrying in places 
higher amounts of mercury. 

B e c h a t e r . Ore-mineralizations of this district are situated some 15 km NVVN 
of Bizerta in the immediale proximity of the Mediterranean Sea and of the 
borders between the Flysch-zone and that of the Atlas of Tunis. 

The most important ore-bodies (Djebel el Rhezlane; Djebel el Graya) are 
localized in a triassic breccia. Zinc prevails over lead. The supergene alteration 
is very intensive. 

Small, unimportant veins carrying Zn—Pb minerals in a calcitic gangue 
intersect at Sidi el Aoun campanian and at Djebel Soumeur, eocéne limestones. 

The deposits S id i bou A o u a n e and D j e b e l H a l l o u f form an important 
district in the North of the Medjerda. Triassic rocks do not outerop a t this 
locality but are supposed in shallow depths under the axial parts of the 
cretaceous anticline of the Djebel in the western par t of the district (Djebel 
Hallouf). 

At Sidi bou Aouane the mineralization is developed in paleogene sediments 
and seems to reach even higher into pontian and pliocene rocks in the southern 
part of the deposit. Galena, sphalerite, pyrite and calcite are the most impor­
tant primáry minerals. 

S a k i e t S id i Yousse f . Near the algerian frontier, is essentially a vein 
deposit. The veins intersect marls and marly limestones (Emscher, Campanian) 
in the vicinity of a triassic diapir. The succession: pyrite and quartz, marcasite, 
galena, sphalerite (type "Shalenblende"), calcite. 

D j e b b a . The deposit is situated on the SW border of the Medjerda. Veins 
and stockwerks are the main types of mineralization localized mostly in turo-
nian and cenomanian limestones. The succession: galena, sphalerite, pyrite. 
Barite or calcite represent the gangue. 

F e d j el A d o u m . Vein deposits and stockwerks in cenomaniam limestones, 
bituminous marly limestones and marls. The mineralization is mostly confined 
to the vicinity of triassic rocks. 

The usual minerál assemblage of: galena, sphalerite, marcasite, pyrite and 
calcite characterizes the deposit. Barite associated by calcite or celestite 
represents at places the gangue. 

The deposit has been investigated by S c h n e i d e r h ó h n —Bo lze (l.c.) 
and regarded as a typical example of a secondary hydrothermal mineraliza­
tion. 
D j e b e l S i a t a . The deposit situated in SW Tunisia, near the algerian frontier 
is formed mainly by veins and closely associated replacement — bodies. 
They oceur in aptian limestones, marls and sandstones, exceptionally in albian 
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and turonian limestones and marls. Galena, sphalerite, bournonite, calcite, 
barite, dolomite and quartz are the primáry minerals. The galena is argenti-
ferous. 

The deposit D j e b e l B o u J a b e r is situated on the algero-tunisian frontier 
about 20 kms S W of Djebel Siata. I t is prevailingly a replacement deposit 
in limestones of aptian age. 

The following succession is reported: calcite, galena, sphalerite, barite, 
fluorite, calcite. The galena is rich in silver. 

D j e b e l R e s s a s . About 30 kms SE of Tunis. One of the few localities where 
jurassic rocks autcrop and are mineralized (massiv tithonic limestones). 

The mineralization consists predominantly of disseminations in brecciated 
zones. Galena, sphalerite (typ "Schalenblende"). small amounts of pyr i te 
and a calcite gangue represent the primáry minerals. The deposit his in the 
immediate vicinity of an important tectonic Hne. 

D j e b e l Z a g h o u a n . About 50 kms S of Tunis. The geological situation is 
similar to Djebel Ressas. One of the most important jurassic massivs of Tunis. 

The mineralization is confined to jurassic limestones and is formed mainly 
by replacements. Galena, sphalerite are the usual ore minerals, while the 
gangue is represented by calcite, baritocelestite and fluorite. 

The great NE-SW striking fault of Zaghouan is observable to a dištance 
of about 100 kms. 

D j e b i l e t el K o h o l . Deposit with similar features as Dj . Zaghouan, laying 
about 10 kms to SW. 

A in N o u b a . Deposit localized far in the South-West. According to Sainfeld 
(1. c.) a typical metasomatic mineralization in aptian dolomites. Galena, iron-
bearing sphalerite and barite are the usual primáry minerals. 

D j e b e l T e b a g a is the only lead-zinc deposit of Tunisia that occurs in the 
saharian platform and in pre-Triassic rocks. Mineralized are permian dolomites 
of a weak zóne in the basement. I t is essentially a vein deposit with local 
substitutions and fillings of caves. 

Galena, sphalerite, smithsonite, calamine, calcite, barite and gypsum 
characterize this mineralization. 

The isotopic constitution of lead from these deposit? is given in table 2. 
Two distinct groups of deposits are distinguished according to the isotopic 
constitution of their lead. 

To thefirst belong: Ain Allega, Oued Maden, Djebel Ressas, Djebel Zaghouan 
and Djebilet el Kohol. They are characterized by higher contents of radiogenic 
lead isotops — their model ages are younger. In this group the lead from 
Djebel Ressas displays an anomalous pattern of the Joplin-type. 

13 



Table 2. 

Deposit 

1. Ain Allega 

2. Oued Maden 

3. Djebel Ressas 

4. Djebel Zaghouan 

5. Djebilet el Kohol 

6. Djebel Arja 

7. Beehater 

8. Sidi bou Aouane 

9. Sakiet Sidi Youssef 

10. Djebba 

11. Kedj el Adoun 

12. Siata 

13. Bou Jaber 

14. Ain Nouba 

IS. Djebel Tebaga 

Deposit 

204 

1.331 
1,000 
5.244 
1.334 
1,000 
5.271 
1,330 
1,000 
5,224 
1,332 
1,000 
5,254 
1,335 
1,000 
5,208 
1,341 
1,000 
5,315 
1,338 
1,000 
5,303 
1,340 
1,000 
5,307 
1,341 
1,000 
5,317 
1,342 
1,000 
5.311 
1,340 
1,000 
5,315 
1,346 
1,000 
5,341 
1.344 
1,000 
5,335 
1,340 
1,000 
5,322 
1,347 
1,000 
5,356 

204 

206 

25,38 
19,07 

100,00 
25,31 
18,97 

100,00 
25,46 
19,14 

100,00 
25,35 
19,03 

100,00 
25,34 
18,98 

100,00 
25,23 
18,81 

100,00 
25,23 
18,86 

100,00 
25,25 
18,84 

100,00 
25,22 
18,81 

100,00 
25,27 
18,83 

100,00 
25,21 
18,81 

100,00 
25,20 
18,72 

100,00 
25,19 
18,74 

100,00 
25,18 
18,79 

100,00 
25,15 
18,67 

100,00 

206 

207 

21,09 
15,85 
83,11 
21,05 
15,78 
83,16 
21,03 
15,81 
82,56 
21,06 
15,81 
83,09 
21,07 
15,78 
83,15 
21,08 
15,72 
83,54 
21,10 
15,77 
83,62 
21,09 
15,74 
83,51 
21,11 
15,74 
83,72 
21,11 
15,73 
83,53 
21,13 
15,77 
83,81 
21,12 
15,69 
83,82 
21,12 
15,71 
83,86 
21,13 
15,77 
83,92 
21,13 
15,69 
83,99 

207 

208 

52,19 
39,21 

205,61 
52,30 
39,21 

206,61 
52,17 
39,23 

204,87 
52,25 
39,23 

206,14 
52,26 
39.15 

205,77 
52,35 
39,04 

207,49 
52,33 
39,11 

207.37 
52,31 
39,04 

207,14 
52,33 
39,02 

207,51 
52,28 
38,96 

206,86 
52,32 
39,04 

207,55 
52,33 
38,88 

207,66 
52,34 
38,94 

207,81 
52,34 
39,06 

207,84 
52,37 
38.88 

208,18 

208 

I t mušt be emphasized that Ain Allega and Oued Maden lie in the Flysch 
zóne and represent the outermost lead-zinc deposits of NW Tunisia. 

Djebel Ressas, Djebel Zaghouan and Djebilet el Kohol form on the other 
hand the eastern boundary of the mineralized zóne of the tunisian Atlas and 
are arranged along the great tectonic line of Zaghouan. 
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Thus the eastern and western boundarie3 of the lead-zinc mineralization 
are marked by deposits containing lead with the youngest patterns. They 
indicate that tectonic elements governing the localization of these deposits 
are very young, too and the movements at least along the fault of Zaghouan 
probably still last. 

Fluorite does not belong to the common minerals in Tunis. With the except-
ion of Bou Jaber all other occurrences are confined to deposits characterized 
by the young lead pattern or to their sourroundings. In the area Djebel Ressas 
— Zaghouan fluorite occurs at : Djebel el Mecella, Djebel Makki. Zaghouan, 
Djebilet el Kohol, Kef el Azeiz, Hamam Zriba and Hamam Jedidi. 

At the western boundary the deposits of Oued Maden and Ain Allega are 
not known to carry fluorite. Their mineralogy is very complex. Lead and zinc 
are accompanied by minerals of quicksilver, arsenic, antimóny and copper. 
Fluorite occurs at Oued et Mtak, the NE continuation of the mineralized zóne 
of Oued Maden — Ain Allega. 

The average isotopic composition of the first group (with the exception 
of Dj . Ressas): Pb200;204 = 19,01; Pb207;204 = 15,80; Pb208;204 = 39,20. 

The second group is formed by the deposits, Djebel Arja, Bechater, Sidi bou 
Aouane, Sakiet Sidi Youssef, Djebba. Fedj el Adoum, Siata, Bou Jaber, Ain 
Nouba, while the lead from Djebel Tebaga is characterized by a slightly 
different] isotopic constitution. The rather uniform pattern of this group 
indicates an origin from one source. This would be in good accordance with 
opinions based on geological observations. 

In all considerations regarding the genetic conditions of lead-zinc minerali-
zations in Tunisia the importance of the Triassic is more or less emphasized. 

T e r m i e r (1S95), Dä L a u n e y (1913), a n i B e r t h i e r (1914) supposed a primáry 
sedimontary mineralization in triassic rocks as the source from which lead and zinc 
were dissolved and during younger movements deposited in the vicinity of the Triassic. 

B e r t h o n (1922) noted ths sterility of triassic rocks in lead and zinc and considered 
that th3 Tfias-uc plays a*i importaat role in the tectonic sense only, allowing the circu-
lation of ore-bearing solutions along its contacts with the surrounding rocks. 

G l a n g e a u d (1935) admítted the existence of two types of Pb—Zn deposits in Alger 
that were formed in a more or less close relation to eruptive rocks. Deposits of the first 
group were deposited in the Triassic or its vicinity from hydrothermal solutions accompa-
nying the volcanic activity. The second group of ' 'emigrated" deposits was primarily 
formed in the gypsum an salt bearing Triassic and later dissolved and redeposited near 
the anormal eontact of the Triassic with surrounding rocks. 

S c h n e i d e r h o h n (1. c.) and Bo lze (1. c.) suppose a primáry hydrothermal (veins) 
mineralization of variscian age in the basement serieš. In the territory of Tunisia no šuch 
deposits are exposed at the surface. These deposits were during the young Tertiary to 
Quaternary transported into the mesozoic and tertiary rocks of the cover. They form 
here secondary hydrothermal deposits that are according to the authors typical for the 
northafrican, especially tunisian metallogenic province. The paragenetic inversion in lead 
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zinc deposits, older observations of Schneiderhohn in Germany and the Alps as well as 
results of french investigators in North Africa formed the basis of this theory. 

To the Triassic ÍH ascribed a double role — a tectonic and a chemical one. 
8 a in f el d (19ó2) expressed in his monography about lead-zinc deposits of Tunisia doubts 

regarding the secondary hydrothermal origin of all deposits and admitted also certain 
relations to the young tertiary volcanism. 

According to S c h n e i d e r h ô h n ' s (1. c.) theory secondary hydrothermal deposits in 
orogena without synorogcnic plutonism andsubsequent volcanism — to which doubtlessly 
the territoryof Tunisia belongs —were formed mainly by the upward transport of older 
mineralizations without considerable addition of new portions of metals derived from 
leaching of country rocks and from metamorphic processes. 

The isotopic constitution of lead should be in šuch cases preserved and the 
secondary hydrothermal deposits characterized by the pat tern of the old 
pr imáry ones. S c h n e i d e r h o h n & Bo lze (1. c.) suppose a variscian, Termier, 
de Launey, Berthier a triassic, and Glangeaud a triassic to liassic age of the 
primáry mineralization. The average isotopic ratios are: 

P5206/204 pb207/204 pjj208/204 

Ist. group 19.01 15,80 39,20 
I Ind. group 18,79 15,73 39,00 

In the Alps, Carpathians and Balcanides young tertiary deposits are cha­
racterized by analogous isotope ratios. The difference against typical variscian 
lead is remarkable. 

If the tunisian deposits are regarded as secondary hydrothermal, derived 
from variscian deposits, then considerable addition of new portions of lead 
mušt háve taken �&�"���6�� ���*� ' � � �$�� �)� � �� �)� ' � � �$�(�&�%�'�)�� 
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a homogenized source of lead derived from large, deep seated, regenerated 
blocs is probable. As a result the isotopic constitution of tunisian lead is 
similar to that of centrál europian young tertiary deposits. 

No evidenee of a direct transport of variscian deposits from the basement 
into mesozoic or tert iary rocks of the cover, without supposed addition of 
large quantities of young lead from other sources, was found. Schneiderhohn's 
and Bolze's theory about the secondary hydrothermal origin and the deriva-
tion of the metals almost exclusively from variscian deposits seems there-
fore for the tunisian deposits unprobable and highly simplified. Similar views 
were in discussions at the Geological congress in Alger (1952) expressed by 
Bolfa, Agard, Rechenberg, Petraschek and Heseman. 

The possibility of a secondary hydrothermal transport of old deposits mušt, 
of course be admitted. If it took �������V�3 �7�; �A�6�3 �A�3�?�?�7�A�<�?�F �@�A�B�2�7�3�2�� �A�6�3�; �<�;�9�F �7�; 
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Geologické práce: Zprávy 44 — 45. Bratislava 1968 

KAXTOR J Á X - E L I Á Š KAROL 

THEBMO-VACUOMETBIC METHOD OF STUDY OF PRIMÁRY AND 
SECONDARY DISPERSION* AUREOLES AS A (ÍUIDE TO ORE 

A b s t r a c t : Fluid inclusions in minerals from hydrothermal ore deposits, prim­
áry, secondary dispersion aureoles and barren country rocks háve been studied 
by the thermo-vacuometric method. Examples are given illustrating the pos-
sibilities of the method in exploration and prospecting for hydrothermal de­
posits. 

Introduetion 

Primáry, and secondary aureoles of dispersion form the basis of classical 
methods of geochemical prospecting for ores. Their trace amounts of certain, 
with the ore-forming processes directly connected indicatory elements are 
usually determined by sensitive methods of analytical chemistry or in special 
cases (mechanical dispersion of heavy, resistent minerals in stream sediments, 
eluvial-, deluvial deposits, in altered wall-rocks a.s.o.) of mineralogy. The 
resulting geochemical anomalies indicate the probability of discovery of new 
hidden or buried deposits. 

The principles of geochemical prospecting háve been in an ilustrative man­
i e r outlined for example in the works of H a w k e s H. E. and W e b b J . S. 
(1962) and G i n z b u r g 1.1. (1957). 

In this paper the possibility of utilizing hydrothermal and fluid inclusions 
as a guide to ore is discussed. A special thermo-vacuumetric apparatus con-
structed at the Geological Survey D. Štúr in Bratislava was used in our 
investigations. 

For paleothermometric studies samples in evacuated reactors (10~5 mm Hg) 
can be at a constant rate heated by an electronically controled device. The 
vacuum and its dropping caused by decrepitation of liquid and gas inclusions 
is continually recorded by a recording mi 11ivoltmeter. Ten samples can be 
measured in each of the 3 reactors without interruption of the vacuum. 
The temperature can be also maintained at any value up to 900 °C if the tota l 
volume of gas and liquids released at a given temperature is of interest, as 
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for example in the study ofVispersion halos. The sample is in this �7���(�� ���#�(���'�)���� 
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rature differencies in degasification of their minerals (decrepitation of inclu­
sions) in comparision to those of the unaffected country rocks. 

The temperature dependent disclosing of liquid-gas inclusions from quartz 
of an epithermal — (curve 1) and mesothermal vein deposit (curve 2) is shown 
in Fig. 2. Quartz separated from fresh, unaltered granite does not release any 
gas or vapour up to 500 °C. Insignificant amounts escape between 500 and 
700 °C, while the main degasing starts a t about 700 °C (Fig. 2, curve 3). 

Quartz from hydrothermal dispersion aureoles occuppies a position between 
the quartz of the ore-body and the fresh wall-rock. As a rule parts near the 
contact with the deposit are rieher in inclusions than the distant ones. This 

/ x x 
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F ig . 1. 1. Granitoids; 2. "Vapourized" aureole with liquid —gas inclusions; 3. Geo­
chemical aureole; 4. Aureole with visible alteration of country rock; 5. Hydrothermale 
deposit; 
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F i g . 2. Thermo-vacuumetric curve for hydrothermale (1,2) and granitic (3) quartz. 
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regular pattern being sometimes disturbed by zones of intense fracturing 
leading from the channel-ways of the hydrothermal solutions to greater distan-

ces. 
The thermo-vacuumetric curve of a minerál, for example quartz from 

a hydrothermal vein deposit is mainly a function of the formation temperature 
(filling ratio of the inclusions), the dimensions of the inclusions, their number 
and the grain size used in the experiment. Similar principles underlay the 
disclosing of granitic quartz. In dispersion aureoles the factors mentioned above. 
the temperature of the solutions as well as the ratio between the two main 
genetic types of inclusions determine the shape of the thermo-vacuumetric 

curve. 
If there is a distinct lag between the formation of the epigenetic deposit, 

and the lowest temperature under which the country-rock, for example 
a granite, Consolidated, an optimal heating temperature can be chosen. I t 
allows the depression of the granitic inclusions and a volumetric determi-
nation of the hydrothermal ones. The volume of fluids, tha t ecape at a given 
temperature, from a given quantity of sample, depends on the character of 
the inclusions, and the grain size. A certain amount of deep-seated inclusions 
does not decrepitate even after an intense overheating above the filling (homo-
genization) temperature. The measured contents are therefore allways lower 
than the actual ones corresponding to a given temperature. 

Minerals evolving úpon heating gaseous substances, šuch as hygroscopic 
or chemically bonded water, carbon dioxyde a.s.o., are not suitable for thermo-
vacuumetric investigations. 

Quartz, the most important minerál of both the hydrothermal ore deposits 
and rocks, if free from admixtures, yields excellent results owing to its stability 
úpon heating even to the highest temperatures of 1000 and more °C. 

Primáry dispersion halos were studied by the thermovacuumetric method 
around stihnite veins of the Nízke Tatry Mts. 

Lens-shaped stibnite-quartz ore-bodies are located in shear zones inter-
secting granitoids. The vein filling consistsof mylonitized, bleached granitoids, 
quartz and stihnite. Pyrite is usually present in small amounts, while carbo-
nates, barite, other sulphides and Sb-sulphominerals occur only sporadically. 
Quartz and stihnite were not deposited uninterruptedly in the shear zones, 
their lenses being separated by barren parts. 

In mines, continuous serieš of chip samples oriented perpendicularly to the 
veins were taken for laboratory investigations. The results are shown in Fig. 3, 
and 4. The ordinate indicates the volumes of gaseous substances released 
during heating at a given temperature. 

Samples of the section illustrated in Fig. 3 were run twice: once at a tem­
perature of 500 °C and the second time at 800 °C. The scale at the left side 
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belonging to the 800 "C, the right side to the 500 °C runs. A similar distribution 
pattern of liquid-gas contents near the veins is evident for both temperatures, 
though the volumes are considerably higher in the 800 °C serieš. This increase 
is due mainly to the overheating of minuté hydrothermal inclusions to šuch 
an extent that their decrepitation is made j>ossible. Primáry inclusions of 
granitic quartz contribute only to a limited extent to the measured volumes. 

In Fig. 4 a mineralized zóne crossed in the mines of Liptovská Dúbrava 
is showTi. The stihnite veins are located in granitoids as in the former �7���)���� 
������ �)���#�&�"���) �-���(�� �������*���� � � �* �
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the decrepitations started already bellow 500 °C, what may be due to a super-
imposed, regional, hydrothermal activity in our �0���"�� ���" �&������ ���" �#�� �� � � �! � � � � �#���! 
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to be investigated. I t is not destroyed during the transport and its inclusions 
are well preserved. 

By the method used in our investigations is the detection of hydrothermal 
quartz praetically limited by its dilution ratio with granitic quartz. I t is 
favourable in mineralized areas and in the vicinity of epigenetic hydrothermal 
deposits as demonstrated by examples. 

Equal weights (0.1 gr) of samples were used in each run. They were sieve-
sized, as the number of decrepitated inclusions depends-under samé condi­
tions - on the grain size. 

Malé Karpaty Mts. Gold-quartz vein near Pezinok (Hliník). 

The sampled area is built mainly by crystalHne schists and variscian gra­
nitoids (Fig. 5; after B. C a m b e l 1959). The part of a larger granitic intrusion 
(left side of Fig. 5) is sterile in hydrothermal mineralizations. A gold-quartz 
vein outcrops in the apical parts of a granitic cupola surrounded by mica-
schists. The mines are abandoned and dáta regarding extension, thikness, 
gold contents of the vein very scarce. A mean width of 0,3 to 0.6 m is very 
probable. 

Another complex is represented by metamorphosed basic rocks: epigab-
brodiorites, epidiabases and their pyroclastics of Lower Paleozoic age. Exhala-
tive-sedimentary pyrite-pyrrhotite deposits are genetically related to this 
ophiolitic, submarine volcanism. They were metamorphosed by the granitic 
intrusion, and in places mobilized. A later, postgranitic'hydrothermal activity 
is manifested by the superimposed stihnite mineralization (right side of Fig. 8). 

Results of thermo-vacuumetric investigations of quartz from stream deposits 
are given in Fig. 8. Frames indicate location of samples, and the numbers in 
frames the amounts of fluids released at 500 °C. They are gradually increasing 
stream upwards and reach near the gold-quartz vein their maxima. 

By a relative high volume (23) is distinguished the sample from a short 
tr ibutary. The important mineralized zóne of the Kolársky vrch (pyrite-
pyrrhotite and stihnite) outcrops near the ridge over it, but almost entirely 
on the eastern slopes. The quartz-stibnite mineralization attaining some 400 m 
in striking and about 10—40 m in width is defined to a layer of graphitic 
schists. From the anaiysis follows, that a t least a part of this ore-bearing zóne 
or its aureole is drained by the small tr ibutary stream. 

Nízke Tatry Mts. Stihnite veins S of Liptovská Dúbrava 

The area where samples were taken for thermo-vacuumetric examinations 
is located on the northern slopes of the Nízke Tatry Mts. I t is built almost 
exclusively by granitoids (Fig. 6). 

In the northern part the "Prašivá" type prevails. I t is an autometamorphic 

25 



1km 

f + 2 \ = *VM *r^i >r^i >£M 
F i g . 5. 1. Granitoids; 2. Phyllites; 3. Graphitic schists; 4. Basic rock and their pyro-
clastics; 5. Biotite paragneisses, migrnatites and mieaschists. (Pegmatite dykes); 6. Ex­
halát ive —sedimentary pyr i te-pyrrhot i te mineralization; 7. Au —vein; 8. Samples with 
results of analvses. 
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biotite- to two mica granite with porphyritic orthose and microcline. The 
centrál part of the mountains is built by the �6�: � , �$� � �" � � �) �� � �)���%�"�+�� �5 �� �$�&�)�� �����*�"�� 
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phyroblastic K-felspars developed at the contact of both types by metaso-
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From metallogenetical viewpoínt the Vysoké Tatry are to be regarded as 
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of weathering. Quartz is the most suitable minerál. The method yields best 
results especially in terrains built by granitoids, though it is also applicable 
in quartzites, sandstones and some other rocks. 

Secondary dispersion aureoles are easily detected by the thermo-vacuu­
metric survey of drainage sediments. Obviously only zones of hydrothermal 
to pneumatolytic activity-regardless of whether barren or ore-bearing- can 
be recognized. 

A combination of the method wit the geochemical prospecting (trace elements) 
and heavy minerál survey can therefore secure most reliable results in the 
prospecting for buried, and blind ore-bodies as suggestedby J e r m a k o v (l.c.) 
for the decrepitometric method. 

Examples from the West-Carpathians illustrate the applicability of the 
thermo-vacuumetric method. 

Dionýz Štúr Inštitúte of Geology 
Bratislava 

REFEREXCES 

[1] C a m b e l B . , 1959: Hydrotermálne ložiská v Malých Karpatoch. Acta geol. et 
geograph. Universitatis Comenianae, Geologica Xr. 3. Bratislava. — [2] Explanations to 
the Geological map of �������� �����	���� ������ ���	�������
�������� � � � � � 
 � 	 � � � � � � � 
 � � �� �; ���
�� � � � ' � , � 8 �  � 3 � 0 �% � � �� � � � � �� 
�����
���� ���0�'�,�!�'�.�*�#�1 �-�$ �%�#�-�!�&�#�+�'�!���* �.�0�-�1�.�#�!�2�'�,�%�� ���#�5 ���-�0�)�;���-�,�"�-�,�� �; ������ � � � � � 5 � ) � # �1 � � �� 
� � �� �; � � � # �  �  � � �� � � � � �� �����
�	�� ���#�-�!�&�#�+�'�1�2�0�7 �'�, �+�'�,�#�0�9�* �#�6�.�*�-�0���2�'�-�,�� ���#�5 ���-�0�)�� �; ������ � � � # � 0 ��
� + � � � ) � - �4 � � �� � � � � �� �����
�
�� ���#�2�&�-�"�1 ���3�2�'�*�'�8�'�,�% �(�*�'�/�3�'�" �;�%���1 �'�,�!�*�3�1�'�-�,�1 �'�, �.�0�-�1�.�#�!�2�'�,�% ���,�" �#�6��
�.�*�-�0���2�'�-�, �-�$ �.�-�1�2�+���%�+���2�'�! �-�0�#���"�#�.�-�1�'�2�1 ���,�" � �*�'�,�" �-�0�#��� �-�"�'�#�1�� �����, ���,�1�1�'���,���� ���-�4�#�2�1�)���7�� 
���#�-�*�� ���- ���� ���-�1�)�-�5�� 

���� 



Geologické práce, Zprávy 44 — 45. Bratislava 1988 

���� ���� �������������� 

�
 �������������� ���������
�����
�	�����
���
 �����������
���
�������� �� ���������������� 
� � � � � 
 � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � 
 � 	 �� 

�������������������������������C �1�. � - � / � . �& ���' �������� �5�����' �� �-�'�/���.�C �-�.�*�)���������' �- � / � . �2�2�)�. �0�. ���'���$ 
�������������������� � � � � � 5 � ' � ' � + �� � 
 � � � � � � �� �$���!�.�/ �!�'�/�������$ �>���'�!�$���.�/�&�/�����'�&���$�$ �-�.�/�.�(�+�$�� �&�8���!�$�*�)�� 
� � � ! �� ���'�!�$���.�/�)�*�������	���$�������' ���-�/�'���/�$�)�2�'�����%�)�'�� �-�.�/���6�%�) �.���/�$���	���$���� ���$ �&�)�'�! �$�/�'����
���'�9�2�)���4 �.�&�$�$�.�����%�)�4 �-�.�/�.�(�+ �-�.���- ���	���$�'�����!���3�'�� �����5�!�/�'�����'�C �!�'�)�����!�%�) ���'�����)�- ���&�$�'���-��
���!�����' ���" �-�.�0�/�5�<���'�������� ���.�-�/�.�&�3 �. ���'�4�$���.�/���/�������' �-�.�*�)�5�������)�� ���$�$�'���8���5�)�. �.�&���&�,�5 
�-�.�&�*�)�' �����'�6�'������ �� �0�'�.�*�)�.�0���)�. �5�-�'������ �. �0�'�.�&���������)�����$�*�)�-�4�� � � �. �-�'�/�'���)���� �� � / �$�� � / �$��
���.�!���' �!�'�.�/���� ���'�!�$���.�/���������$ �-�/�.�-���.�,�'�*�) �� ���$�-�$�*�)�' �!�'���5�,�'�0�. ���!���������!���� �9�*�)�$�0�.��
� 1 � $ � / �$ �/�$���.�!�$�� ���'�$�'�/�4�.���)�%���$�� � � �$�/ � / � . �5�� ���'�����'�� �0�.�*�)�%�$�2�8�����6�!�$�� �!�/�5�9�'�����$�����$�� 
� �&�������)�$�� � � � � � � � ! � � � � � � �� � ! � � � � � � � � � � � � �� � " �$� / � - � ' � / �$ �� �$ � / �� 

�� �0�'�&�3�)�.�0�-�- �5���.�/�'�����*�)�.�&�% �����'���3�' �. ���������� �-�/�.�2�'�&�&�.�� �/�'�0�������$�*�)�%���.�0�. ���'�!�$��
���.�/�
���������$ �� �0�/�$�����!�����$�)�8���- ���5�*�)�%�!�/�$���'�!�$���.�/���������$�� �& �-�.�0�/�5�����'�����'�� �0�'�.�&�������*�)����
���$�*�)�'�7�� � � � � �� �/�$�����)������������ �$���!�.�/�$���� �����(�+�'�/���������/�5�'�!���� �� �-�/�'�-�.�6���������!���� �� � / �$� � ��
� � � � � � � � � � � � �� ���#���� ���(�+���$���� �&�5�!�% �.�&�!�$�'�!���� �-�/�'�$�&���'�C � � � $ � / � - � # � 1 �' � � � ! � $ � ) � / � � � ) � ) � � � � � � � ) � � �� 
�
�����
���� 

���&�&�*�)�'�-�.���$������ �$�/�'�������" ���'�!�$���.�/���(���-���'�&�����4 �.���/�$���	���$�����?�8 ���$ �!�'�/�/���!�.�/���� 
�!�/�5�����- �$�$�*�) �- ���$�� �.�&�������$�����' �1�$�������������!�%�� ���?�!�� �����	���������������
�#���%���� ���%�������!�����
�
���* 
� ������ �
�������
��� ���#�"�
�� �� ����� �#���� �����&� �%�$���
�#�� �&�������#�
�����#���������
������ �(���������*���� �# ������
���#�
�����!�������#�# �
������� �#�
�	�������$ ����� ���� �� �� �� ���� �
���,���������������	�#���� �������+�/�'�.���/�$���	���$�����' �-�.�/�.�*�) 
���$���������! ���' ���! ���!�'�-�'���� ���" �-�.�0�/�5���&�'�������� �0�*�)�5�������%�) ���$�*�)�'�0�$�������� �$ ���! �!�'���-�'�/�$�!�5�/�3 
�����'�$�/�����,�'�0�.�&�� �0�/�$�����!�������)�,�.�0�. ���$�!�'�/�-�$���)�$���� � � � ! �� �-�/�'�.�9�/�$�1�.���$�����' �.�&�5�)�2�'�&�!�����8����
�'�!���� ������ ���!�����#���� ���)� �����������
���'�� �# �����"�)�#�
�����#�� �	�����������������* ���#���!���
�#�� � � �� �$ �/ �� � * ��
� � �' �= � ! � $ � ) � / � � � ( � ( � + � � � � � * � � �� � 
 � � � � � � �� ���!�/�� � 
 � � � 	 � � �� � � �� �-�.�*�)�$�0�$�*�8�-�� ���!�� ���'�!�$���.�/�
�������5�)�.��
�������?�? �� �0�/�$�����!�����-�/�5�3�,���C ���$�!�'�/���$�*�) �&�.�$�'�/�6�$�*�) �� �&�'���' ���/�'���������� ���$�!�/�-�C �- ���$�*�)�-�)�8 
���� �$ �/ �� �� �� �'�� �
���������� 

���*�)�'�6�����$�!�'���)�%������ ���$���� �&�.���'�/�)�-�'������ �.�-�/�&�$�'�*�)�'�����. �5���$���%�)���$�*�)�.�&�%�� ���!�� �/�'�0�������$�*�)�%��

���
 



Hbi�U �!�1�'�-�!�9�:�������! �/�9���1�:�>�4�-�1�'���� �� �#�����#�����#�! �� �/�'�-�-���4�9 �/�����4�-�2�6���-�'�#���'�� �� �!�'�# �� �8�1��
�:�?�9�- �8�9�;�:�A�8�/�1������ �;�1�9�/���������4�����-���4�� �:�9�5�4�. �8�:�9�>�1�/�/�9�� �!�1�'�-�!�9�:���:�����!�- ���1�����-�!����
� ' �1�5�4�.���-�	 

�# �8�:�9���/�@�9�����D�1������ �!�1�'�-�!�9�:�������A�4�9�7���+ �� �;�:�-�����'�������:�A�4�9�7���@ �:�-���'���#�:�#�� �!�.�6 
�8�9�5�4�-�;�-�5�4�>�� ���� �#���� ���-�:�9�������8�-�4�9�'���� �� ���-���-�,�4�.�'�
���
�� �������� �8�1�:���D�#�'���'�#���9�U �9�G�9���4�#�!���1 
���1�!���4�� ���1 �� �:�1���A�5�4�.�'�-�'�1 �-�>�F�:�1�:�1���4�4���-�>���� �!�-�;�!�!�� �8�:�������F�1���-�1�!�9�U �#�N�!�����# ���
���� 
�9�G���.�������1�������� �- ���-�����@���'�9 �8�:�A�;�� �@ �G�9�5�4�1�1 �/�8�9�������.�4�@ �8�:�9�>�1�/�/�9�� � � �� �- �: �� �- �� �1�� ���������� 
���'�:�	 � � � � � � � � �� ���#�'�9�:�?�1 �
������ ���-�/ �� �'�# ���:�1�!�� ���1 �N�!������ �������!�	 

���/�/�5�4�1�-�9���-������ � � �	 � 8 �	 � � � � � � � 9 � ; � : � - � J � # � � �- � � � � � � � � � � �� � � � � � � � � �� � � � � � � � � � � �� �8�9�����������!�#�!�A�� � � � � � $ � � � � � � � � � � � � � � � � � � �� 

�;�/�9�5�4�9�;�#�� �� �:�1�7�1�����4�9 �& � ' �# �� ���1�/���!�- �������#�������#�M�M �8�:�9���8�1�!�.�4�	 � # �� �9�'�!�1�4�-�1�'�� � � � � �# �L���1�4�8�1�/�'���# �;�9�:���.�4�@ 

�8�9�: �9�D ���1�!���9�U ���9�:�.�4�� � � �9�-�- �� � � �1� � �9�; �9�: �=�4�1 �;�-� � � . �4 ���- ���1�!���9�U �8�9���1�:�@���9�/�'�� �8�9�-�<���,�����. �9�-���#���:�1��

�!�1�����9�� �� �:�1���A�5�4�.�'�-�'�1 �1�D���8�9�;�9 �8 � : �9 �> �1 � / � / �- ���.�8�>�4�-�����4�1�����- �� �D�1�; �- � � � - �>� � �8 ���1�7�1�/�'���- �!�-���'���� ���1�!���4�� 

���4�9 �!�1�@�-�������!�A ���
�����#�;�9 �;�>�4�-�����F�1�����-�	 � 6 � 4 � : �> �-�;�9�! �8�:�9�����
 �4�>�5�4�9 �:�-�/�4�8�1�8�5�4�1�����1 �/�7�F�����-�'���9�;�9 ���1�7�1�/�'���- 

���- �-���1 ���5���-���? �K �'�A�;�9�4�>�4�-�������+ ���-�A�����'�!�� �8�1�:�8�-�#�'���'�.�4�� �9�/�;�-�'�#�� �8�1�:�����4���#�U �!�-���'������ �� �5�4�1�8�/�9��

�8�5�4�-�������+ � 8 �9 � : � 9 �- �����-���-���4�.�'�.�4 �K �8 �9 � : �9 � - � . �4 ���1�!���9�R ���9�:�! �� �5�4�1�;���#���4�1�;�A�F�7�1 ���1�7�1�/�'���-�� ���9�-�- �� ���������4�.�4�1 

�D�.�;�!�.�4�� � 	 � 	 �	 �� �@�9 � - �1 ���'�#�;�9 �8 � : �9 �4�4�1� / � / �- �8�9�-�7�4�!�-�4�#�'���� �����1�:�@ ���1 ���9�5�4�1�1 �5�4�1�8� / �8�1�� �- ���������� �5�4�1�;���9�;�>�4�-����

���8�1 �� �5�4�1�;�� �#�5�4�1�' �A�;�-�1 ���#�!�8�9���1���'�! � � � � � - � � � 9 � ; � : � - � 4 � 9 � < �� � � � � � � � � �� � / � ; � : �	 � � � � �	 �� �8�9�/�5�4�1�-�����! �-���'�9�: 

�# � � � � �# � � � � �' �7 �1� � �4�9�4� � �� � ! � � �9�; �- �1 �-���'�#�,�����4�.���.�4�1 ���
���������������� ���-�8�:���!�1�: �(�� � � � - �� � ' �3 �� �!� � �9�;�-�1 � - � : � A � ; � 8 �1 

���'�-�! �-�=�1�� ���'�:�	 � 
 � � �	 

�"�M���1�����1 �9 �8�:�9���<�-�1��� � �� �D���)�+ �'���8�9�� �:�1�;���#���-�-�.�� �9�;�9 �!�1�'�-�!�9�:�������!�- �� ���A�5�4���-���9�;�1�����#���9�/�-�-�9�4��

���?�@ �;�1�9�/�������-�����-�5�4�-�@ ���.�>�4�9 ���������-���-���# ���� �T �	 � $ � � � D � # �! � � �% �1 �- �0�� � � � � � � � � � � �	 ���6�1�:���.�4�4�F �;�-�8 � � �9�: �9�; �1�� � � ��

�6�1� / � � � � �4�4� � �� �����������
���������	�������� �� �:�-�����4�9�4�9 � / � ; � - � - � - �4 �9 �/�4�9�4�-�5�?�-�'�9�/�'�� �;�1�9�/���������4�����-�5�4�.���#�� �'�#���4�7�-�� �8 �9 

���'�1�8�1���� �!�1�'�-�!�#�:�4�C�������!�- � 8 �1 �8�:�1���.�4�7�-�1�' ���1�	�4�1���9�/�5�4�-���>�	�1���#�� �4�5�4�-�>������ ���'�9�:�9�G �'���8 �:�1�;���#���-�5�4�.���9�;�9 

�!�1�'�-�!�9�:�������!�- ���8�5�4�A�'�#�����4�1�/�������� �9�/�A�4�>�1�/�'���5�F�-�1�'�/�- �8�9���D���1�1 �8�1�:���#�;�9�� �#�� �����-���-�� �/ �8�: �9�>�1�/ � / �- � ! �� 

�;�:�-�����'���-�-�4�5���� �� �9�G�A�/�8�9���5�F�1�� �8�9�-�4�1�!�#�! ���!�/�9���#�'�1�!�8�1�:�-�;�A�:���.�4�@ � : � - � / � ; �< �9 � : �9 � � �� ���-�:�9�������-�4�9�7���@�/�- 

�� �/���!�-�'���4�1�/���9�U ���S�9�-�9�����1 ���1�!���4���	 

� � �� �/���-���-�����9�;�9 �/�5�4�1�-�A�1�'�� ���'�# � T �	 � T �	 � $ � � �D �+�#�'�� �� ���#�����'�-�'���:�A�1�' ���-�5�4���J�;�8�1 �D���A�@ � ' � � � � � � �# �� � : � 1 � ; � 8 � 9 ��

���-�5�4�.���9�;�9 �!�1�'�-�!�9�:�4�5�������!�-�� ���# �#�'�:���>�-�1�' �������&�  �!�1�'�-�!�9�:�����4�1�/�����@ �8� : �9 �>�1� / � / �9 �� �/ �8�9�;�:�A�-�/�1�����1�! 

�;�1�9�/�������	�'�����-�-�.���.�4�@ �' �#� � � � �( �	 � � � ' �# �!���1�����1 �/�9�;�5�4�-�/�A�1�'�/�- �/ ���-�7���!�� ���1�/�!�#�'�:�- ���- � ' �#�� �J�;�;�9 � ! �! ���/�1 

���� �-�9�8�A�/���-�5�4�� ���1�����-���4���'�1�5�4�.���.�4�1 �8�:�1�9���: �- � � � 
 � � �- � � � � �- �� � / � ; �- �- � � �4�9 �8�9�;�:�A�5���1�����- ���A�5�4���-���9�;�1�����#���9�/�-�-�9�4��

���.�6�+ �'�1�#���������-�����-�5���.���.�6�+ �'�#���������	 

�����:�1�-�/�'�-�����F�1�����1 �9 � � � � � � � � �� �:�1�;���#���-�5�4�.���9�;�9 �!�1�4�-�!�9�:�
�������!�- �/ �D���A�!�- �#���� �#���� �!�!�� � - � ; � - �8 � - � ! �� � : � - � � ��

� � � � � ' � � �� �;�1�9�/���������4�����-�5�4�1�U�� � ' �	 �1�	 �/ �1�1 �8�9�;�:�A�-�/�1�����1�! �� ���
���-�.�4�!�-�����1�! ���.�4�-�9 ���!�����-���-���# � � �	 ���	 �+ �9��

� : � 1 � � � 9 �E �������������	 
���� �9�'�1�8�1�/�'���1�����.�4�@ �8�1� ' � : �9�5�4�9�;�9�� � � �	 � � �	 �� ���� �� �/ �1 �1 �� � � � � � � � � � � �� � / � ; � : �	 � � � 
 �� � � � � � � � � �� � / � ; � : �	 � � � � �� �#�'�!�1�4�-�5�4�� 

� � � ' �# �L���1�:�1�-���# �:�1�;���#���-���4�.���!�4�4 �!�1�'�-�!�9�:�������! �����J���-�� �/ �;�9�:�9�9���:�-���
���-�4�1�-�.���*�!�� �8�:�9�4���1�/�/�-�!�� �	 �	 � 	 �� 

�� �J�;�;�9 �L���1�:�1�-���# �/ �:�1�;���#���-�-�.���!�! �!�1�'�-�!�9�:�
�������!�#�! �� �'�1�/���#�� � � � � � J � � �� ���-�@�9�-���'���� �����'�:�A���������-�- 

�-�1�-�'�1�5�4�.���#���'�.���	 

�����;�5�4�-�-�	 �9 �:�1�;���#���-�-�.���#�� �!�1�'�-�!�9�:�
�������!�1�� �/�9���1�:�7�-�4�9�7�1�!�/�- �� � � � � �& � � �� �/�9 �����-�-�-�4�-�'�9�/�'�.�4�9 

�� �4���>�;�.�1�!�#�! �!�-�;�!�-�'���4�1�/�����@ �!�-�/�/ ���-�>�4���4�4���-�1�' � � �	 � F �6 � � � 1 � � � 1 � � � � � + � � �# � � � � � � � � � � � � �� �#�'�!�1�4�-�-�� �����'�# 

�L�;�1�9�'�1�:�!���4�1�/������ � ; � : � - � - �8 �1 � � �' ���1�D�#���'�-�'�#���1�� �- �5�4�- �9���4�-�/���1������ �!�1�'�-�!�9�:�������!�-�� � � � / � ; � : �	 � � � � � � �	 

�;�4�9�/�,�1�2�6�A�;�9�4�4�'���1 ���-�>�4�� ���/�-�8�1�-�9���-������ �!�1�'�-�!�9�:�
�������1�/�����+ �9���:�-���
���-������ ���-�����-���- 
�8�9�-�'���1�:�-���5�4�� �� �(�����#�! ���-�;�4�4�� �:�-�����!�1 ���-�;�5�4���D�.�4�	 

���-�!�� ���.�4���4�� �9�8�8�/�-���.�4 �!���9�;�9���������4�1�����.�4�1 �����4�A�8�-�� ���'�-���#���-�1������ ���:�>�/�'�-�5�>�4�����1�/��
�����+ �/�5�4�-���4�4�1�� �� �-�-�5�4�1�1 �;�:�-�����'�#���-�9�� �� �:�1���A�5�4�.�'�-�'�1 �8�:�9���������#���1�����- �� ���/�@�9�-���.�4�1 
�8�9�:�9�-�.�4 �5�4�1�U���#���:�-�'�#���9�;�9 �!�-�'�1�:�-�-�5�=�-�� �8�:�������1�/�1�����9�;�9 ���9�1�@�9�-�-�7���!�� �:�-�/�'���9�:�-�!�� 

���� 
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HcxoaH H3 Toií yne no3HUHH o npoHBJíeHHH MeiaMopcpHHecKHx npoueccoB B ne-
pnoa (popMHpOBaHHH HHTpareoaHTHKJiHHajibHOH CTpyKTypw, MM oTMeiajm, HTO 
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pe3, <pHKCHpyioiij.HHca HepeaKO B oÔJiacrHX pa3BHTHH MeTacoMaTH^ecKoro r p a -

HHT006pa30BaHHH. 

OneBHaHO, HTO BJIH TOJI IUH n o p o a KajKaož H3 ynoMHHyTwx Bbiuie nacTHbix 

ByjiKanoreHHbix reocHHKJiHHaJieft, MeTaMop<pn3M, KOTopoMy OHH noaBeprj iHCb, 

ocTaHeTCH B OCHOBHOM HeH3MeHHbiM a o KOHua cyuiecTBOBaHHíi ropHO-cKJiaana-

T H X CTpyKTyp EoJ ibu ioro KaBKa3a, Ma j i o ro KaBKa3a H TopHoro KpbiMa. T o >Ke 

MOHCHO CKa3aTb OTHOCHTejibHO cpeaHenaaeo30HCKHx 3ejieHOKaMeHHbix TOJIIU Ce -

BepHoro KaBKa3a, Ypa j i a (3aec.b MeTaMop$H3M npoTeKaji B KajieaoHCKOM H r e p -

UHHCKOM uHKJiax — opaoBHK-KOHeir na j ieo3oa) H a p . noaoÔHbix sareocHHKjiH-

HajibHbix o6pa30BaHHÔ. 

Z lpyroe nojio>KeHHe B apeBHHX reocHHKJiHHaabHbix TOJiuiax, cjio)KeHHbix H i m e 

HHTeHCHBHO MeTaM0pc|>H30BaHHbIMH 06pa30BaHHHMK — KpHCTajIJIHqeCKHMH CJlaH-
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3HH, aHa.e3HH). ripn 6oaee HHTeHCHBHOM MeTacoMaT03e ÔHOTHTOBHC rpaHHTH nepexoaaT CHaiajia 
B aByxcaioaBHbie, a 3aTeM B MycKOBHTOBbie rpaHHTH H, HaKOHeu, B rpeiÍ3eHH. MHHepajiH 
6HOTHTOBHX H pOTOBOOÔMaHKOBO-ÔHOTHTOBblX TpaHHTOB 3aMeiIiaiOrCH MyCKOBHTOM, KBapueM, 
Tona30M, TypMajiHHOM, rpaHaTOM H ap. B CBH3H C rpeôaeHaMH o6pa3yioTca BbicoKOTeMnepa-
TypHHe KaccHTepHOTOBO-BOab<{>paMOBHe MecTopoa<aeHHa. 
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ueMeHTHpyíomero MaTepwajia (rHapocjHOÄHSíuHH c oSpasoBaHHeM MycKOBHTa H 6HOTHT3) 
H Hcne3H0BeHHe HecTOHKHX OÔJIOMOIHHX MHHepajiOB: KajibiiHeBO-HaTpHeBHX ruiarHOKJia30B 
e BO3HHKH0BeHHeM KajibiiHeBoro ueoJíHTa-JioMOHTHTa, napoKceHOB, aM$H6oaoB a ap. IIoaBaa-
IOTCS 3HaiHTe.iibHHe Maccw aoMOHTHTa. OaHaKO cymecTBeHHoro HapynieHHa crpyKTyp ncxoaHHx 
nopoa ne npoHCxoaHT, XOM H BO3HHKai0T MO3aH<iH0-pereHepaiiH0HHHe crpyKrypn B neciaHH-
Kax H BBJíeHHa MHKpociHjiojíHTHsaiiHH. B 3T0Íi 3cme rpaBHTauHOHHoe ynaoTHemie nopoa KaK 
6H 3aKaH<JHBaeTCH. 
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Ha3BaHHbix 30H, KOTopbie CBH3aHbi c reocHHKJiHHajibHWMH OTJiO/KeHHHMH, ceKy-

UIHMH CTpaTHrpaipHHecKHe rpaHHUbi H c KpynHbiMH sjieMeHTaMH BepxoHHCKoro 

MeraHTHKJiHHopHH. KpoMe TOTO, STH 30HH, ocoôeHHO qeTBepTan, oÔHapyjKHBaioT 

nHTHHCToe (ynacTKOBoe) pa3BHTHe. CjieaoBaTejibHO, MO»HO nojiaraTb, HTO Me-
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HecKoro onara H Bbi3BaBmero BwcoKOTeMnepaTypHbiH MeTaMop<pH3M BMeiuaiomeH 
TOJIUIH. Eoaee npaBaonoaoÔHHM KaaceTCH HaM, o6pa30BaHHe MeTaMop<í>HTOB H no 
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6HTH HMeioT KoppeJíHTHBHoe 3HaneHHe. ropaoHy, KaK H3BCCTHO, yaajiocb pa3-
rpaHHHHTb no BTOPHHHWM nojieBMM uinaTaM KHBaTHHCKyio (popMauHio ceBepo-
BOCTOHHOH MHHHeCOTbl OT apec6axCKOH (pOpMaiIHH. 

H. A. I l p e o Ô p a J K e H C K H H (1940) , onHcaBuinií pereiiepHpoBaHHbie noaeBbie innaTbi 

BepxHeaeBOHCKHx necnaHHKOB TnMaHa OTMeiaer, i r o „o6pa30BaHHe aBTHreHHbix noaeBbix u ina-

TOB B Me*6a3ajibroBbix necnaHHKax Morao 6biTb cBa3aHO c rnapoTepMaabHbiMH pacTBopaMH 

H3 6a3ajibT0Bbix 3<j>$y3HBOB; . . . HO aBTHreHHbie noaeBbie innaTH HaxoaaTca H B �	�����������$ �
�	������ 
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In relation to the activity of hydrothermal solutions in the territory of the 
Luchumns-ckali river, there arose an realgar-auripigment deposit. 

From this it follows that in the time of folding, solutions of different compo-
sition, temeperature and PH2O penetrated the sedimentary beds. This may 
be also observed in neogeosynclinal innercontinental (epicontinental) basins, 
especially in coal basins. In these metamorphism of coal and coal beds — if 
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Geologické práce, Zprávy 44 — 45. Bratislava 1968 

JAX ILAVSKÝ 

ZUR METALLOGENETISCHEN KARTE DER WESTKARPATEN 
1:1,000000 

Auf Grand der Generalkarten der Mineralrohrstoffe 1:200 000, die fur den 
Teil der Westkarpaten in den letzten zehn Jahren in der Geologischen Anstalt 
Dionýz Štúr'8, Bratislava verfertigt wurden, haben wir eine Skizze der metallo-
genetischen Karte im MaBstab 1:1,000 000 zusammengestellt, die den Bestand-
teil der metallogenetischen Karte der Tschechoslovakei bildet, welche anlafi-
lich des XX I I I . geologischen Weltkongresses erscheinen wird. Bei dieser 
Gelegenheit môehte ich die wichtigsten metallogenetischen Probléme der 
Westkarpaten erôrtern, u. zw. von den Standpunkten, die sich in den letzten 
Jahren in aller Welt geltend machen. Aus ihnen folgt, daB die Begriffe, mit 
welchen man in diesem Fach arbeitet, in folgende Kategorien gehôren: 
räumliche Metallotekte, die den Gehalt der metallogenetischen Rayonierung 
bilden; 

zeitliche Metallotekte, die den Gehalt der Gliederung der metallogenetischen 
Entwicklung auf Epochen, Stadien, Phasen usw. bilden; 
stoffliche Metallotekte, die geologische und metallochemische, sowie geoche-
mische Erscheinungen und Daten uber die studierten Lagerstätten ein-
begreifen. 

Dadurch, daB die metallogenetischen Karten in vereinfachter Form solche 
Mengen von Daten zum Ausdruck bringen, erfullen sie einerseits im gewissen 
Sinne die statistische Methode der bildlichen Darstellung der Ergebnisse in 
der metallogenetischen Erforschung und anderseits b<'eten sie die Unterlage 
fíir die wissenschaftliche Analyse uber genetische] Bedingungen der Akkumu-
lation der Mineralrohstoffe und der Gesetzlichkeiten ihrer räumlichen und 
zeitlichen Verteilung (im Sinne P . R o u t h i e r ' s (1963) bieten sie die Unter-
lagen fiir die Stratégie des Aufsuchens der Mineralrohstofflagerstätten). 
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Räumliche Metallotekte der Westkarpaten 
(metallogenetische Rayonierung) 

Die Basis der metallogenetischen Rayonierung im Sinne J. A. B i l i b i n ' s 
(1953, 1955), W. E. P e t r a s c h e c k ' s (1955, 1963), P. M. T a t a r i n o w — 
V. G. G r u š e v o j - G . S. L a b a z i n ' s (1957) und P. R o u t h i e r ' s (1963) ist 
die Teilung des bestimmten Raumes auf die Einheiten niedrigerer Ränge, 
die einen bestimmten typischen Bau, dabei jedoch einheitlichen stratigraphi-
schen Gehalt, einheitliche Strukturen, gleichen Typus des Magmatismus, 
Vulkanismus und bestimmts genetische Typen der Erzlagerstätten mit ihren 
typischen Formen und mit der Intensität der Vererzung besitzen. Das ist im 
wesentlichen das Prinzip der Vergleichungslehre uber die Erzlagerstätten oder 
die Typológie der metallogenetischen Einheiten. 

Die Gliederung der geologischen und dadurchauch der metallogenetischen 
Systéme hängt also von zahlreichen spezifíschen geologisch-tektonischen und 
metallogenetischen Merkmalen ab, die in einzelnen kontinentalen Blôcken 
nach dem Gehalt, Alter usw. unterschiedlich sind (Kordilleren-, Appalachien-, 
Alpino-Himalaja-, Ural-Systeme usw.). Im Sinne W. E. Petraschek's sind 
derartige Einheiten am zweckmäBigsten als metallogenetische Megaprovinzen 
zu bezeichnen, wobei durch die obenangefuhrte Beifugung ihre Konkreti-
sierung ausgedruckt wird. 

Die Megaprovinzen in den geosynklinalen, polyorogenen Systemen zerfallen 
im Sinne der bekannten Definitionen J. A. B i l i b i n ' s (1. c.) und W. E. P e t r a ­
s c h e c k ' s (1955) in metallogenetische Provinzen. Im wesentlichen handelt es 
sich um Abschnitte oder Zweige der Megaprovinzen, die sich durch bestimm­
ten, typischen, dabei einheitlichen geologischen Bau, einheitliche Strukturen, 
einheitlichen Typ des Magmatismus, Vulkanismus und der Metamorphose 
auszeichnen. Die Provinz besitzt ihre typische Intensität der Vererzung, 
typische Formen und genetische Typen der Lagerstätten. Im Sinne T v a l -
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man die westkarpatische metallogenetische Provinz (nach W. E. Petrascheck's 
Kriterien) in 3 —4 Subprovinzen zergliedern: 
(a) metallogenetische Subprovinz der Vortiefe der Westkarpaten; 
(b) metallogenetische Subprovinz der äufteren Flysch-Karpalen; 
(c) metallogenetische Subprovinz der Zentral-Westkarpaten; 
(d) neovulkanische, oder pannonische metallogenetische Subprovinz. 

In jeder von ihnen ist bloB ein bestimmter Teil der stratigraphischen Kolonne 
der westkarpatischen Serien und Formationen mit dem zugehôrigen Magma­
tismus. Vulkanismus und den Erzformationen vertreten. Die Subprovinzen 
besitzen ihre Eigentumlichkeiten des Baues; eine jede besitzt eigenen struk-
turellen Stil, andere genetische Typen und andere Erzarten. Auch die innere 
Gliederung einzelner Subprovinzen ist verschiedenartig. 

1. Metallogenetische Subprovinz der karpatischen Vortiefe hat den Charakter 
einer strukturell-faziellen Zóne, die durch Neogen (mit Erdol und Gaslager-
stätten) gebaut ist und die Grenze mit der Bôhmischen Masse bildet. 

2. Metallogenetische Subprovinz der äujieren Karpaten. Ihr Bau ist aus-
geprägt linear und die Richtungen einzelner strukturell-faziellen Zonen gleich, 
d. h. bogenformig: im YVesten SW-NO, in der Mitt3 O-W und im ���������K ���#�������� 
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Etappen wiederholt abwechseln: jurasische mit Mn und kretazisch-eozäne mit 
Eisenerzen. Diese Etappen fallen in das mittlere Entwicklungsstadium der 
alpidischen metallogenen Epoche der Westkarpaten. Beide Etappen sind 
räumlich differenziert und sind in verschiedenen strukturell-metallogenetischen 
Zonen eingelagert: Manganerzetappe jurassischen Alters in der inneren und 
Eisenerzetappe kretazisch-eozänen Alters in der äuBeren Zóne. 

Solche räumliehe und zeitliche Verteilung entspricht dem zeitlichen Verlauf 
der tektonischen Prozesse im tiefen Liegenden der Flyschzone. 

3. Polyzyklische, heterogene Subprovinz der Zentral- Westkarpaten unterscheidet 
sich diametral von der vorherigen Subprovinz nicht nur durch abweichende 
Bauelemente, sondern auch durch ihren inneren Bau. Die Sedimentation, 
der Magmatismus, Vulkanismus, die Tektoník, Metamorphose und Metalloge-
nese besitzen anderen Charakter, anderen zeitlichen Verlauf und ganz undere 
räumliehe Verteilung (uzw. wiederum in einigen strukturellfaziellen Zonen). 
Vom metallogenetischen Standpunkte zeigt sich diese Subprovinz (was die 
Vertretung einzelner Erzformationen, die genetischen Typen, ihre zeitliche Ein-
reihung, die Formen der Lagerstätten und ihre räumlichen und zeitlichen 
Beziehungen zum betreffenden Magmatismus oder Vulkanismus betrifft) als 
einheitlich. 

Gegenwärtiges Niveau der metallogenetischen Terminológie, sowie das 
Niveau des Durchforschens des westkarpatischen Gebietes in letzten 15 Jahren, 
namentlich die neuesten isotopischen Pb-Untersuchungen der Galenite zahl-
reieher westkarpatischen Lagerstätten (J. K a n t o r 1960—1965) erlauben 
uns die metallogenetische Rayonierung dieses kompliezirten Gebietes auf 
moderne Art zu interpretieren, die nicht im Einklang mit bisherigen Ansichten 
von M á š k a (1957), K o u t e k (1958, 1964), C a m b e l (1958) usw. sind. 

Im Einklang mit obenzitierten Definitionen von Bilibin, Petrascheck, Smir-
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einheitlich. Die Intensität und GrôBe der Lagerstätten in einzelnen Entwick-
lungsetappen sind im ganzen in den Kerngebirgen gleich. 

Eingehendere Gliederung der strukturell-metallogenetischen Zonen der 
Tatroveporiden in lineare Teileinheiten ist auch bei ihrem Zonenbau unmog-
lich, da die Kerngebirge voneinander bedeutend entfernt und durch Areale 
des Mesozoikums und Paläogens isoliert sind. 

Deshalb muB man als Einheit niedrigeren Grades den Erzdistrikt annehmen. 
Unter Erzdistrikt verstehen wir die Kerngebirge mit dem sie umgebenden 
Mesozoikum in der heutigen Deckenform. 

Mit Bezug auf die ältere geologisch-strukturelle Gliederung dieses Gebietes 
(im Sinne Andrusov —Matéjka -Zoubek's) kann man in der Subzone der Tatri-
den diese Erzdistrikte unterscheiden (von Westen nach �
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Strukturell-metallogenetische Zóne der Gemeriden hat einen von 
der Tatroveporiden-Zone vollkommen unterschiedlichen Bau, anderen tekto­
nischen Stil, andere Magma- und Vulkanismus-Typen, die in dem stratigraphi-
schen Profil auch quantitativ anders verteilt sind. Die Erzlagerstätten sind 
in der Gemeriden-Zone, was die Arten, Typen und Formen betrifft, reicher 
und ihre Dichte und AusmaB sind viel grôBer als in den Tatroveporiden. 

Die strukturell-metallogenetische Zóne der Gemeriden ist die vollständigste, 
was den stratigraphischen Gehalt betrifft, da in ihr das Kambrium, Ordovi-
zium, Silur, Devon, Oberkarbon, Perm, das Mesozoikum von der Untertr ias 
bis Jura, wie auch die Gosaukreide, Paläogen und Miozän an den Rändern 
des Gebirges vertreten sind. Die Metamorphose in der ganzen Zóne hat den 
epizonalen Charakter und hat sich vielleicht zweimal abgespielt (variskisch 
und alpidisch). 

Uber die metallogenetischen Probléme gibt es aus den letzten Jahren zahl­
reiche Literatúr, die aber vom metallogenetischen Standpunkt nicht eingehend 
beurteilt werden. 

Der geologische Bau der Gemeriden ist zum Unterschied von den Tatrove­
poriden ausgeprägt linear-zonal und dabei symmetrisch. In seiner Achse und 
Mitte ist die altpaläozoische Zóne des Volovec, d. h. die kambrosilurische 
Gelnica-Serie. Diese Einheit entspricht der kaledonischen strukturell-metallo­
genetischen Etage. In ihr lagern die exhalativ-sedimentären Kies- und Magne-
titerze in einigen linearen Streifen, die den drei zeitlichen strukturell-metallo­
genetischen Stufen (Kambrium, Ordovizium, Silur) entsprechen. Die 
selbständige Erzformation sind hier die sogennanten „metasomatischen" 
Sideritlagerstätten von Nižná Slaná und Železník, die nach den geochronolo-
gischen Studien von J. K a n t o r (1965) kaledonisches Alter haben und wahr-
scheinlich sedimentär-vulkanogenen Ursprungs sind. Es handelt sich hier also 
um eine andere Fazies als bei Kies- und Magnetitlagerstätten. 

In der kambrosilurischen Serie liegen weiter in zahlreichen parallelen Erz-
zugen hydrothermale Ganglagerstätten der sideritischen und sideritisch-sulh-
dischen Formation, die zeitlich aber jiinger sind (variskisch). Von dem räum-
lichen Standpunkte zerfallen sich diese Erzziige in zehlreiche Erzfelder mit 
eigenen Gängen. 

Die variskische strukturell-metallogenetische Etage repräsentieren: die Phyllit-
Diabas-Serie devonischen Alters und einige kleine Massivchen der variskischen 
Granite (mittelkarbonischen Alters), weiter Sedimente und Vulkanite des Ober-
karbons und klastische Perm-Schichten. Das geosynklinale (Vorfaltungs-) 
Štádium repräsentieren Phyllite und Diabase (Rakovec-Serie) mit stratifor-
men exhalativ-sedimentären Hämatit-Magnetit-Erzen. Sie stellen die vorjal-
tungsphasige variskische strukturell-metallogenetische Subetage dar, die zonal und 
fast symmetrisch beiderseits der Gelnica-Serie in Form von zwei strukturell-
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metallogenetischen Streifen lokalisiert ist. Als jiingere Lagerung gibt es in 
ihnen wieder spätvariskische Erzziige mit sideritischen und sideritisch-sulfi-
dischen Ganglagerstätten. 

Dem Faltungsstadium entsprechen kleine Massivchen der Granitoide, die längs 
des Kontaktes der Gemeriden und Veporiden-Zone vetreilt sind (in den Geme­
riden ist keine metallogenische Phase vertreten). 

Das spätvariskische ���������'������� ����������������� �� �0� � , � . � , �$�. �. �����- ����� �,�&���,���*�)�� �����- ������ 
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bestehen aus kleinsten Grundeinheiten — Lagerstätte oder Gang, die ihre 
Gangabschnitte haben. 

Alpidische Etage ist in den Gemeriden durch zwei Streifen vertreten: Galmus-
Gebirge in Norden und Slovenský Kras in Siiden, die zum paläozoischen 
Untergrund autochthone bzw. paraautochthone Beziehung haben. 

Untertrias in beiden Streifen representiert das geosynklinale Entwicklungs-
stadium der Alpiniden. Sie stellt die initiale strukturell-metallogenetische Stufe 
dar, die einige Erzhorizonte mit stratiformen, gróBtenteils exhalativ-sedimen­
tären Erzformationen besitzen, wie Hämatit , Hämati t -Baryt , Hämatit-Siderit, 
oder Hämatit-Kupfererz-Fazies. 

Während des Faltungs-Stadiums der alpidischen Ära (Mittelkreide-Eozän) 
entstanden in den Gemeriden einige hydrothermalmetasomatische und teilweise 
auch pseudohydrothermale, regenerativ-mobilisierte Erzformationen (Hämatite 
in der Trias, Antimonit-Gold-Quarz-Gänge im Paleozoikum. Kupfererz-Gänge 
manchmal mit Siderit-Ankerit). 

Die Gosauer Konglomeráte, Eozän und Oligozän an den Seiten der Gemeri-
den-Zone, gehôren schon den späteren Entwicklungsstadien der Alpiniden an. 
Einige metallogenetischen Stufen enthalten verschiedene Erzformationen 
(Manganerze im Eozän, Bauxit-Sedimente des kretazischen Alters usw.). 

Zusammenfassend kann man also sagen, daB die metallogenetische Sub­
provinz der Zentralwestkarpaten polyzyklisch ist, da sich die Erzlagerstätten 
in ihr in drei metallogenetischen Epochen gebildet haben. Die Entwicklung 
der Erzlagerstätten war, was denUrsrpung derErzstoffe und die Entstehungs-
arten betrifft, hetsrogen; deshalb ist fiir diese Subprovinz die Benennung 
polyzyklisch heterogene Subprovinz vollkommen begriindet. 

Neovulkanische-jungalpidische-pannonische Subprovinz der Westkarpaten. 

Die räumliehe und zeitliche Auffassung und den stofflichen Gehalt dieser 
Subprovinz haben schon friiher mehrere Forscher vermittelt ( W e n d l 1939; 
H e l k e 1942; K u t h a n 1960; P o l á k 1963; K o d é r a 1957, 1964; B ô h m e r 
1958—64 usw.). Sie bildet einen gegen Siiden gewôlbten Bogen an der inneren 
Seite der Westkarpaten, mit dem Verlauf von dem Gebirge Kremnické pohorie 
uber Štiavnické pohorie nach Nordungarn und kehrt wiederum zuriick in das 
slovakische Gebiet ins Gebirge Tokajsko-Prešovské pohorie. Diese Gebirge 
sind úberwiegend durch verschiedene Andesite. Rhyolite, Trachyte, Dazite 
bis Basalte tortonisch-pliozänen Alters ausgebildet. Die räumlichen metallo­
genetischen Einheiten in dieser Subprovinz sind bisher nicht zufriedenstellend 
gelôst, hauptsächlieh deshalb, weil ihr Bau nicht ausgeprägt linear ist. 

Vulkanite und Sedimente des Miozäns representieren finále metallogenetische 
Phase der Alpiniden. Sie enthalten in mehreren Stufen und Etappen, bis Hori-
zonten verschiedene Erzformationen. Da diese nicht geniigend geklärt sind 
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( P o l á k 1961), ist in den Arealen der neovulkanischen Gebieten deshalb die 
Gliederung mehr in Erzrayone úblich. Die Lokalisation der Erzrayone hat ihre 
Griinde in der Tektoník des tiefen Untergrundes der Neovulkanite. 

Erzrayon Kremnica ist namentlich durch die Gold-Quarz-Gänge bekannt. An den Rän-
dern sind die Limnoquarzite und Antimón, Quecksilbervererzungen entwickelt. 

Erzrayon Banská Štiavnica ist durch die Gold-Silber-Blei-Zink-Erze bekannt. In die 
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sten Erosionsgrad besitzen die Ostalpen, den mittleren die Westkarpaten, 
während die sowjetischen Karpaten den schwächsten Erosionsgrad haben. 
Ostwärts von den Ostalpen wird die Intensität der Erosion des alpin-karpa-
tischen Bogens immer schwächer und so ist ihre Folge nicht nur die unter-
schiedliche Abdeckung dieser Provinzen in verschiedenen Tiefenniveaus, son-
dern auch die iibrigen metallogenetischen Merkmale (Dichte der Lagerstätten, 
Formen und genetische Type, Abdeckung der verschiedenen Etagen usw.). 
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vielJeicht auch in fíinf zerteilen lassen, d. h. geosynklinales. friihorogenes, 
orogenes, spätorogenes und finales. 

VV'ährend des geosynklinalen Stadiums sind die sedimentärvulkanogenen 
Eisenjasspilite entstanden. die in Diabasserie devonischen Alters eingeschaltet 
sind (Zóne der Gemeriden). Friihorogenes Štádium enthält keine Vererzungen. 

Das orogene Štádium mit den Granitoidgesteinen ist hauptsächlich in den 
Kerngebirgen (Tatroveporiden) stark vertreten. An ihre Kontakthôfe sind 
manchmal kontaktmetamorphe Magnetit-Skarnlagerstätten gebunden. Die 
Pegmatitformationen in Granitoidarealen sind nur in sehr schwachem MaB-
stabe entwickelt, ebenso wie kleine Molybdänitvererzungen (Niedere Tatra, 
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Bedeutung, weil es durch Rejuvenation der magmatischen und metamorphen 
Prozesse fast alle älteren Lagerstätten beeinfluBt hat te (Rekristallisation, 
Regeneration, Mobiliesierung). Infolge dessen, sowie dank den erneuerten 
subkrustalen magmatischen Prozessen sind im Mesozoikum der Westkarpaten 
zahlreiche, aber sehr kleine Pb, Zn, Cu und Fe-Mineralisationen entstanden, 
teils im umhiillenden Mosozoikum, teils aber auch in den subtatrischen Decken. 

Dem spätorogenen Štádium der alpidischen Epoche gehôrt Eozän-Oligozän. 
Während der Etappe, die von Oberkreide bis ins Paleozän eingreift, entstan­
den kleine Bauxit-Flôze, die aber keine praktische Bedeutung haben. Die 
Etappe des oberen Eozän ist namentlich durch die Sedimentation der karbona-
tisch-oxydischen Manganerze bekannt, die in mehreren Horizonten liegen. 

Das finále Štádium der alpidischen Epoche ist auf die metallogenen Prozesse 
sehr reich; es dauerte das ganze Miozän-Pliozän durch mit bunt entwickeltem 
Vulkanismus und Magmatismus. Man kann es in mehrere Phasen und Etappen 
zerteilen. 

Zum Burdigal gehoren Rhyolitgesteine, die teilweise Quecksilber fuhrend 
sind (Merník). Während der Phase Helvet-Torton-Sarmat, die sehr reich an 
verschiedene Typen der Andesite, Trachyte, Dazite sind, entstanden bekannte 
Erzformationen der subvulkanischen hydrothermalen Gange mit Ag, Au, Pb, 
Zn und Hg, die den Tnhalt der pannonischen jungvulkanischen Subprovinz 
bilden. Man kann in dieser Phase mehrere Etappe unterscheiden, u. zw. die mit 
subvulkanischen Gängen, andere mit der stratiformen Schwefelmineralisation, 
mit Kontaktlagerstätten der Magnetitformation usw. In den Sedimenten, die sich 
zusammen mit Vulkaniten im Meeresbecken abgelagert haben, sind mehrere 
Pelosiderit-Horizonte entstanden. Diese Sedimentation ist auch durch einige 
Salzlagerstätten ausgezeichnet (Torton, Helvet). 

Im Pliozän ist noch eine metallogene Phase entwickelt, die hauptsächlich 
Quecksilber auf dem Territorium der Slowakei trägt. 

Im Zusammenhang mit z e i t l i c h e n M e t a l l o t e k t e n in der westkarpa-
tischen metallogenetischen Provinz muB man noch einige allgemeinen Probléme 
temporaren Charaktere behandeln. 

Die metallogenetische Kulmination im Sinne P . R o u t h i e r ' s (1963), die die 
Beziehungen zwischen der Kulmination der Orogene und Metallogenese im 
Rahmen einer Provinz abspiegelt, ist in den komplizierten, polyorogenen, 
polyzyklischen und polymetallogenen Einheiten sehr schwer zu unter­
scheiden. 

Man kann im Prizip von verschiedenen Kulminationen sprechen. Im Laufe 
der kaledonischen Ära kann man als metallogenetische Kulmination die silu-
rische Stufe (Etappe) betrachten, hauptsächlich in der Gemeriden-Zone. 
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In der variskischen Ara kann man von der orogenetischen Kulmination in 
der Zóne der Tatroveporiden sprechen. Sie fällt in die bretonische Phase. 
Die metallogenetische Kulmination mit hydrothermalen Gängen wurde im 
Oberperm erreicht. Der zeitliche Unterschied zwischen der orogenetischen und 
metallogenetischen Phase war etwa 80—100 Milionen Jahre. 

In der alpidischen Ara fällt die orogenetische Kulmination in den Zeit-
abschnitt der Mittel- und Oberkreide, die metallogenetische erst in das End-
stadium (Miozän; Torton-Sarmat). Der Altersunterschied zwischen beiden 
Kulminationen ist wiederum etwa 100 Milionen Jahre. 

Vom theoretischen Standpunkt aus ist also die zeitliche Ubereinstimmung 
der Unterschiede zwischen der orogenen und metallogenen Kulmination bei 
der variskischen und alpidischen Ara der Westkarpaten beachtenswert. 

So aufgefaBte metallogenetische Kulmination, in jeder Epoche behandelt, 
ist monoorogenen Charaktere; dabei erfaBt sie nicht den richtigen Sinn der Kul­
mination in den polyzyklischen und polyorogenen strukturell-metallogene-
tischen Einheiten. Vom Standpunkte solcher Einheiten muB man nämlich 
von der metallogenen Kulmination des polyorogenen, oder polyzyklischen Typus 
sprechen. 
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formation eingereiht wurden, das altpaläozoische Alter auf. Diesen Resultaten 
nach muB man dann die Genese dieser Lagerstätte syngenetisch auffassen, 
d. h. im Zusammenhang mit sedimentären oder vulkanogenen Prozessen, wie 
darauf schon K u d e n k o — S t e c e n k o (1963) hindeuteten. 

Wenn man auch andere Erscheinungen an dieser Lagerstätte betrachtet 
(z. B. stratiforme Linsen, Feinstratifikation. Facieserscheinungen und L'ber-
gänge in die Ankerite und Kalksteine, stratigraphische und paläogeographische 
Kriterien bei den Aufsuchungsarbeiten), muB man auch die synsedimentäre 
Genese fiir môglich halten. Grobkristallinen Charakter und Endform haben 
diese Lagerstätten im Verlaufe der alpidischen Rekristallisationsprozesse 
angenommen. 

Die westkarpatischen Magnesitlagerstätten liegen in dem Karbon, dessen 
Profil in fast allen Lokalitäten ständig ist, d. h. an der Basis Quartzsande oder 
Quartzite, die in die Sandschiefer ubergehen; letztere weisen auch nach oben 
tJbergänge in dunkle, organogene, graphitische Schiefer auf. In diesem 
Horizont pflegen stratiforme basische Eruptivgesteine der gabbroidischen 
Zusamm3nsetzung (Gabbroamfibolite) und Lagen der Diabastuffe und — tuf-
fite anwesend zu sein. Dariiber kommen karbonatische Gesteine: Dolomite, 
Kalksteine mit Magnesitkôrpern, in welchen hie und da auch noch Diabastuffe 
und -tuffite und fast immer dunkle graphitische, organogene Schiefer zu sein 
pflegen. Magnesitkôrper sind grôBtenteils unregelmäBig, massiv (Magnesite), 
an den Rändern, wo feine Lagen von Magnesit, Dolomit. Schiefern, oder 
Diabasen vorkommen, sind sie aber klar geschichtet. Der Kristallinitätsgrad 
hängt von der Detritusbeimegung oder Bitumänen ab. Zahlreiche sulfidísche 
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korpern bildend und schuppig. sehr intim mit Magnesitkornchen durch-
gewachsen. 

Die Gesteinskomplexe der Magnesit-Talk-Lagerstätten der Veporiden-Zone 
erinnern also sehr an die Verhältnisse in der nahen Gemeriden-Zone. Unter-
schiede bestehen bloB im Grád der Metamorphose: in den Veporiden die meso-
zonale Metamorphose, wo ihr Alter mit Hilfe der A-K-Methode K a n t o r (1960) 
als alpidisch neuer bestimmte; in den Gemeriden die Metamorphose epizonalen 
Charakters. 

Nach den angefiihrten geologischen und isotopischen Angaben kann man 
sagen, daB die Magnesitlagerstätten des gemeriden Karbons. ebenso wie 
Magnesit-Talk-Lagerstätten der Veporiden-Zone syngenetisch, vulkano-sedi-
mentär sein kônnen, u. zw. abhängig vom basichen Vulkanismus im Oberkar-
bon. Ähnliche Ansicht haben schon längst fiir die ostalpinen Magnesitlager­
stätten W. Siegl und Leitmeier, fiir die mantschourischen Nishihara, fiir die 
spanischen Llarena, fiir die uralischen Starostina, Ivanov u. a., ausgesprochen 
(bei uns Z o r k o v s k ý 1955; K u d e n k o — S t e c e n k o 1963). 

In der alpidischen Ära, unter dem EinfluB der Metamorphose und Rekristal-
lisation, erworben sie den grobkristallinen Charakter und die Folgen der 
„Metasomatose" sind ausgeprägt geworden. Stärkere Metamorphose in den 
Veporiden hat die Entstehung bedeutender Talkmengen zu Lasten des Magne-
sites verursacht. Infolge der alpidischen Mobilisation und Metamorphose 
entstanden auch in Magnesiten und in ihrer nahen Umgebung Regenerations-
äderchen und metasomatische Vererzung mit Pb—Zn—Cu—Erzen. Nirgends 
auf den westkarpatischen Magnesit-Lagerstätten treten Sideritvererzungen 
auf. 

Bei der Beurteilung der postvariskischen metallogenetischen Phasen muB 
man noch eine Tatsache beriicksichtigen, u. zw. die Existenz der gro/ien Siderit-
Kupfer-Lagerstätten im Perm der Tatroveporiden bei �����������
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Stoffliehe Jletallotekte der wesfkarpatisehen metallogenetischen Provinz 

Wie es aus vorhergehenden Zeilen hervorgeht, gibt es in den Westkarpaten 
viele Metalle und Erze, die fiir einige räumliche und zeitliche Einheiten typisch 
sind. Mit Berúcksichtigung der vorhererwähnten Metallotekte lassen sich diese 
Metalle und Erze in Gruppen einreihen. 

Als metallische, oder Erzkomplexe bezeichnen wir die grôBten stofflichen 
Einheiten, die in einer metallogenetischen Epoche entstanden sind; sie gehôren 
einem genetischen Typus und sind stofflich und geochemiseh sehr nah oder 
identisch. 

Erzkornplex der Kieserze, die der kaledonischen Epoche entsprechen, sind im allgemei-
nen durch stratiforme Erzlinsen in verschiedenen Eruptivgesteinen vertreten, an deren 
Zusammensetzung sich Pyrit-Kupfererzkies-Galenit-Sphalerit-Erze beteiligen. u 

Erzkornplex der stratiformen Lagerstätten des Postvaristikums ist durch Magnesiterze, 
Siderite und Kupfer-Uranium-Erze gebildet. 

Ein anderer Erzkornplex ist durch hydrothermale spätvariskische Siderit-Sulphid-Gänge 
vertreten, die hauptsächlich in den Tatroveporiden und Gemeriden entwickelt sind. 
Die Hauptminerale sind durch Fe, Cu, Pb, Zn, Tsi, Co, Hg, .Sb, Au, Ag und Ba vertreten. 

In der jungvulkanischen, pannonischen Subprovinz gibt es einen anderen Erzkornplex, 
der durch subvulkanische Suljidgänge repräsentiert ist. An ihrer Zusammensetzung nehmen 
namentlich Blei, Zink, Silber und Gold, teilweise auch Kupfer, Antimón und Queck­
silber teil. 

Da die Erzkomplexe sehr breite räumliche oder zeitliche Einheiten vorstellen, 
miissen wir einen engeren Begriff, u. zw. Erzformation beniitzen, damit wir 
einen streng umrahmten Zeitabschnitt (metallogenetische Phase oder Etappe) 
mit gleichen genetischen Typen und gleichem Inhalt bezeichnen kônnen. 

Im kaledonischen Komplex der Gemeriden-Zone gibt es z. B. eine Formation der Pyrit-
erze, eine andere mit Pyrit-Kupfererzen, Pyrit-Kupfer-Blei-Zinkerzen usw. Jede von 
ihnen befindet sich in einem anderen stratigraphischen Rahmen (Kambrium, Ordovizium, 
Silur) und ist durch abweichende Mineralassoziation vertreten. Das kaledonische Alter 
hat auch die Siderit-Erzformation (ehemalige metasomatische Siderite), die geologisch 
imd stofflich ganz versehieden ist. 

Im postvariskischen Erzkornplex der stratiformen Lagerstätten mufi man vom strati­
graphischen und metallogenetischen Standpunkt aus mehrere Erzformationen unter-
scheiden. 

Magne8Ít-Erzformation im Oberkarbon der Gemeriden-Zone ist in einer Länge von 
120 km bekannt, ohne dafl sie ihre mineralogisch-geochemische Zusammensetzung, 
lagerstättenkundliche und geologische VerhältnLsse ändert. Eine andere Erzformation 
bilden „metasomatische" Sideritlagerstätten im Oberkarbon, die sich geologisch von 
Magnesiten sehr unterseheiden, aber den altpaläozoischen stratiformen Sideritlagerstät­
ten sehr nahé stehen. 

Die Erzformation der ���������������������
������ �����������
�������������������� �����
�����������������������
������������ ���
������ ������ 
���� �
�������� ������������������������ ���������������
���� �
���� �������������
�������	�������� ���������������������� ������������������ �����
 ��������
���������������� ���������������������� �����
 �����������������
������ 

������ ���������������
�������� �
���� �������
���������������� �������������������������������������������
���������������� �������������������������������
����
�	�������������������� ������ �������������������� �����
 ������������������ �������
���� �
�����������������
�� 

���� 



Eine andere, sehr ausgeprägt entwickelte Erzformation ist durch subvulkanische hydro-
tfiermale Gange vom Banská Štiavnica und Kremnica-Typus vertreten, an denen haupt­
sächlich Silber, Gold, Blei und Zink vorkornmen. 

Man kann ganz gut sehen, daB eine Erzformation zeitlich mit einer metallo­
genetischen Phase zusammenhängend ist. 

Es gibt aber auch Erzformationen, die oft verschiedene Mineralparagenesen, 
oder mineral-paragenetische Assoziationen enthalten, die etwa abweichend durch 
ihre Geológie, Zusammensetzung und Herkunft sind. Auf den stratiformen 
Kieslagerstätten im Altpaläozoikum handelt es sich z. B. um verschiedene 
metamorphe Fazies, auf sedimentären Lagerstätten um verschiedene Sedimen-
tationsbedigungen, auf den Erzgängen um verschiedene Tiefenbereiche, oder 
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Von den typomorphen Metallen hat das Eisen die groBte Bedeutung in der 
westkarpatischen metallogenetischen Provinz. Es ist häufig in allen Entwick-
lungszyklen, u. zw. immer in derselben Etappe. Blei und Zink sind weitere 
typomorphe, in allen Epochen durchlaufende Metalle. Kupfer weist analogen 
Charakter der Typomorphie wie Pb—Zn. Es kommt mit ihnen hauptsächlich 
bei den syngenetischen Vererzungstypen zusammen vor, während sie sich bei 
den hydrothermalen voneinander räumlich differenzieren. 

Weitere typomorphe Metalle sind Gold, Silber und Quecksilber. Ihre Mengen 
sind nicht groB, jedoch koinzidieren sie zeitlich und räumlich mit Pb—Zn und 
Cu—Erzen. 

Quantitative Kulmination der einzelnen typomorphen Metalle, die wir angefiihrt hatten, 
ist fiir die ganze westkarpatische Provinz sehr typisch. 

Eisen ist namentlich fiir die kaledonische Ära typisch, jedoch von der Gesamtmenge 
der Fe-Erze gibt es da nur gegen 10 %. Quantitative Kulmination erreichen Fe-Erze im 
Endstadium der variskischen Ära, wo sie bis zu 80 % konzentrieren. Der Rest, etwa 
10 % ist unregelmäfiig in der alpidischen Ära verteilt mit Maximum in der Untertrias; 
in den jiingeren P^tappen (Rhät, Lias, Kreide, Miozän) sind sie verhältnismäfiig selten. 
TJmgefähr 90 % Eisen ist in der zentralkarpatischen Subprovinz konzentriert, u. zw. 
80 % in der Gemeriden-Zone und Rest in den Tatroveporiden. Aber auch in der Geme­
riden-Zone sind sie unregelmäfiig verteilt, wenn ihre Anhäufung längs der Kontaktlinie 
der Gemeriden-Zone mit Veporiden liegt. 

Die Entwieklungskurve der Blei-Zink-Erze unterscheidet sich diametral vorn Eisen; 
sie ist umgekehrt. Ungefähr 10 % des Pb—Zn gehoren den Kieserzen der kaledonischen 
Ära; analogo Mengen sind auch in der variskischen Ära auf den metasomatischen Lager-
stättentypen. Maximale Konzentration erreichen sie in der alpidischen Ära, u. zw. in der 
finalen Etappe (Miozän) lokalisiert in der pannonischen Subprovinz. In dem Querprofil 
der Westkarpaten wächst die Zahl der Pb—Zn-Lagerstätten und ihre Grofie von der 
äufieren XW Seite gegen die inneren Zonen im SO ( P e t r a s c h e c k 1955). 

Einen unabhängigen Verlauf von den vorerwähnten weist die Kurve des Kupfers aus, 
dessen Bildung schon in der kaledonischen Ära hoch war. In der variskischen Ära ist 
sie auch hoch u. zw. mit maximaler Konzentration im Perm, während in der alpidischen 
Ara ihre Mengen niedrig sind. Räumliche Verbreitung des Kupfers kopiert im grofien 
und ganzen das Eisen, in dem seine maximale Konzentration in der Gemeriden-Zone 
liegt. 

Die Kulminationskurve rles Qoideé und Silbers koinzidiert mit jener der Pb—Zn-Erze; 
auch ihre räumliche Distribution ist mit ihnen gleich. Dagegen zeigt Antimón (was die 
quantitative Kulmination, als auch die räumliche Konzentration betrifft) nähere Affinität 
zum Kupfer. 

Als SchluBfolgerung der erwähnten geochemischen Faktoren man kann 
sagen, daB das wichtigste und vorherrschende Metali in der westkarpatischen 
Metallogenen Provinz Eisen ist. Was die Tonnage betrifft, wird es bloB durch 
Magnesium ubertroffen. Das weitere wichtige Metali ist Kupfer; die iibrigen, 
wenn sie auch ubiquitären Charakter haben (Blei, Zink, Antimón, Gold, Silber, 
Quecksilber), sind mengenmäBig unbedeutend. 
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Was die T y p o l ó g i e d e r g e n e t i s c h e n T y p e n betrifft, man kann als 
ein instruktives Beispiel die stratiforme Eisenerzmineralisation anfiihren, die 
in allen �?�+�*���$�!�)�� �$���/�+�.�-�6���$�'�%���$ �(�%�. � �!�( �����-�%�-���$�!�) ���/�'�&���)�%�-�(�/�- �0�!�,���/�)� �!�) 
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resp. Polymetamorphose der Erzlagerstätten und ihrer Wirkung auf sie (was 
die Textúr, Štruktúr, Paragenese und Geochémie anbelangt) in Vordergrund 
stellt, worauf man sich in der nahen Zukunft konzentrieren muB. 
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formulas háve been deduced. In areas. where detailed gravity measurements 
háve hitherto not been carried out, maps of residual gravity anomalies and 
maps of higher derivatives inferred from maps of regional gravity mapping 
(scale 1:200,000) háve been used. For this purpose the interval of centering 
S = 4 km is the most favourable one as it best reflects the morphological 
structure of the hidden pre-Neogene substratum. A smaller rádius includes 
to a considerable degree the density inhomogeneities of the complex of volcanic 
and volcanic-sedimentary rocks (fig. 1). 

For the construction ofthe reliéf of pre-Neogene formations the residual gravity 
field map is relatively advantageous because the regional effect of the deeper 
zones of the upper part of the earth's crust is strongly suppressed in it (apart 
from the marked density boundaries at the contact of the granite-gabbroic 
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in the volcanic-sedimentary complex respectively, geoelectrical, and in the 
peripheral parts of the región also seismic methods háve been employed. 

The construction of a tectonic map of the pre-Neogene substratum requires 
a greater amount of dáta than the schéme of its reliéf. This is due, above all, 
to the necessity of determining the boundary of the individual geological units 
which can differ considerably in their stratigraphical position or lithology, but 
not in physical parameters. A conspicuous morphology of an otherwise in den­
sity homogeneous substratum can also be determined by the destruction of 
the reliéf in various geological periods, and not by tectonic processes which 
determine the origin of faults. 
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This occurs especially when the substratum is composed of acid magmatites 
relatively light in density. Consequently, the gravimetric research of consider-
ably deep sedimentary areas is thus faced with the unfavourable fact of 
a limited or even totally impossible mapping of the reliéf underlying the 
Neogene cover. An inversion in the values takes �������B�" �&�+ �B���0�" �1 �%� � �1 �1�%�" �!�"�"�- 
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which the densities attain the outer limit are relatively scarcely distribu-
ted both in volcanic formations and in the substratum. 

Magnetic, resistivity, and elastic parameters also vary widely. Because the 
methods utilizing these parameters played in the research of the región of 
the Central Slovakian neovolcanics only a subsidiary part. their analysis is 
not given in this paper. 

With respect to the construction of the schéme of the reliéf it mušt be 
stated that the course and the aproximate depth of the morphological forms 
of the pre-Neogene reliéf are determined with a greater degree of probability 
in those regions, from which detailed gravity measurements and also informa-
tion obtained by other geophysical methods háve been available and, in parti-
cular, where the physical, especially density boundaries between the Neogene 
complex and pre-Neogene substratum are more pronounced. 

The interpretation of the course of tectonic lines is based on the correlation 
of the geological situation at the margin of the volcanics with the linear course 
of intensive horizontál gravity gradients, further on the results of structural 
borings, and on the geological structure of the inliers representing the exposed 
substratum of the volcanics. 

The localization of tectonic lines on the surface in the neovoleanic complex 
is based on the mutual geological positions in the heterogenic formations; 
on the analyses of jointing and its effects on the extent and development of 
morphological steps in the monogenetic formations, and on the development 
and/or prevailing orientation of the river systém in the flnal result. 

Reliéf of the substratum 

Until the beginning of the main volcanic activity, the reliéf of the substratum 
developed in agreement with the development in the other parts of the Inner 
Carpathians. I ts modelling began after the main Oetaceous orogenic phase 
prior to the Upper Cretaceous (i. e. Gosau). I t can be assumed that in the 
Upper Oetaceous deposition took �������)�� �������������$ ���� �������� ���������� ���� ������ ��������������
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The structure of the substratum* 

AU principál both geological and tectonic units of the Inner Carpathians 
participate to a various extent in the structure of the substratum. In the 
south-east the Gemerides represented mainly by the Carboniferous extend 
under the neovolcanics. They are insignificantly distributed reaching only as 
far as the eastern margin of the ���.�"�*�?�/�'�7 �'�+�0�(�&�*�� �������/�&�*���� � � �* ���!�!�&�0�&�+�* �0�+ �0�%�&�/ 
� �+�*�0�&�*�1�+�1�/ �+� � �1�.�.�"�*� �" �+�# �0�%�" ���"�)�"�.�&�!�"�/ �&�* �0�%�" �/�+�1�0�%���3�"�/�0�"�.�* �)���.�$�&�* �+�# �0�%�" 
�*�"�+�2�+�(� ���*�&� �/�� �0�%�" ���"�)�"�.�&�!�"�/ � ) � � �5 ���(�/�+ �+� � �1�. �&�* �0�%�" �)�+�.�" �*�+�.�0�%�"�.�(�5 � , � � � . �0�/ �&�* �#�+�.�) 
�+�# �/�)���(�( �*�� �, �, �" �.�"�(�&� �/�� ���%�" �$�.�"���0�"�. � , � � � . �0 �+�# �0�%�" �/�1���/ �0�.� � �0�1�) �&�/ � �+�)�,�+�/�"�! �+�# �0�%�" 
���"�,�+�.�&�!�"�/�� �&�* �3�%�&� �% ���(�( �#�+�1�. �0�"� �0�+�*�&�  ���"�(�0�/ � ���* ���" �!�&�/�0�&�*�$�1�&�/�%�"�!�� � � �* �0�%�" �/�+�1�0�% 
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� � �5 ���+�.�&�*�$�/ ������������ �< �$�.���*�&�0�+�&�!�/ � � �*�! �����
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���� �������
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�+� � �1�. �+�*�(�5 � � �0 �0�%�" �"���/�0�"�.�* �)���.�$�&�* �+�# �0�%�" �*�"�+�2�+�(� ���*�&� �/ �����*� �(�� �	���� 

���%�" ���.�7�>�*�0�� �$�*�'�5 ���!�'�. �!�2�.�!�)� �- �)�*�,�.�$ �*�" �.�$�! ���/�,�5�? �'�%�)�! ���*�)�.�%�)�/�%�)�# �/�)� �! �, 
�.�$�! �0�*�'�����)�%���- �%�) �. �$�! �-���(�6 �1�%� �.�$ �&�)�*�1�) �"�,�*�( �. �$�! �*�/�.�!�,�*�+�- � � �. � . �$�! �(���,�#�%�) �*�" 
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Malachovo-Lieskovec ridge, that is, it continues from the Kordíky región 
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south continues on Hungarian territory. I ts northern boundary on the map 
S = 2 km lies between Horné Strháre and Hontianske Nemce. In the environs 
of Krupina it conspicuously bends southward. This deformation is called forth 
by the depression underneath the neovolcanics — the Bzovik basin. Its filling 
(sediments and volcanic rocks) attains a thickness of 1000 metres. On the 
map S = 4 km this deformation is no more apj>arent. On the basis of the 
gravity intensity in the región of this structure, and of the character of the 
gravity field it is generally assumed that �� � � � � � � � � � I �6 �$�1�'� � �2�5 ���2�+�2���6 �3�/�$�1�? �2�) 
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fact that the channels of supply of the subsequent volcanism are confined 
both to the narrow margin and to the area proper of this anomalous field, 
as well as its relatively very even density and its position (it lies between the 
northern and southern belts of intensive horizontál gradients) led us to inter­
pret this geophysically conspicuous phenomenon as a concealed source area 
of the subsequent volcanism in this part of the Carpathians. The homogeneity 
of this field allows to assume the presence of materiál uniform in chemism, 
most probably of granitic composition. 

The base of the relation of plutonism, from which the orogenic volcanism 
of the rhyolite — andesite row is inferred, mušt be sought already in the syn-
tectonic phase of the orogenic stage, that is in the periód of the main Alpine 
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The fundamental position, from which the followers of the anti-nappe con­
ception started after múch new information, can be in essentials summarized 
in two groups: 

[1] The presence of anticlinoria and synclinores, genetically connected with 
the distribution and formation of tectonic units; several backward vergencies, 
refolding of nappes with the autochthon. 

[2] A block structure, conditioned by the dissection of the geosyncline by 
many old faults, which played an important role in the development of geo-
synclinal complexes and their transformation into tectonic units. 
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masses by later manifestations of folding frequently are the starting at t i tude 
of the anti-nappe conception. I t is necessary to stress that their margins are 
accompanied by old faults of upthrust character. In last time some geologists 
relate the root zones of nappes with these margins (B ie l y — F u s á n 1965). 

Emphasizing of the function of n a p p e s in the structure of the A l p i d e s 
resulted in neglecting the role of faults in the course of development of the 
geosyncline, and also in the folding periód. The opinion prevailed that faults 
were the consequence of a late periód (Neogene) of development, substantially 
younger than nappes. Detailed investigation showed however the important 
role of faults in formation of Mesozoic serieš and developments, and also of 
tectonic units. The accustomed idea of incompatibility of genetic relation 
between faults and nappes. prevailing in thought of geologists, led the defen-
ders of the existence of old faults to an anti-nappe att i tude. I t was also the 
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These blocks played a role in the time of sedimentation and also of formation 
of the Cretaceous structures. Several faults played a role already before the 
Mesozoic, e. g. the lineament between the Alps and the Carpathians, the 
Hrádok—Skýcov dislocation, the Štítnik—Hornád dislocation, etc. 

The enclosed tectonic outline of the West Carpathians shows the abundance 
not only of young Neogene faults but also of old faults, and their relation to 
Cretaceous and post-Paleogene folded structures. 

Many young faults are rejuvenized Mesozoic and older faults, the substan-
tially greater role of faults striking N-S, and the formation of new fault systems 
approaching this strike (NNE, NNW) in later periods is however conspi-
cuous. 

Conclusion 

The presented article is neither meant to be an excuse for the anti-nappe 
att i tude of the author nor a criticism of himself. I am too múch aware of the 
fact tha t every movement is evaluated by history according to the results 
brought with it on the basis of a quant i ty and importance of new facts and 
new approaches, however not according to the solidity of the belief in „old 
t ruths" . I t is nothing peculiar in science that important new information leads 
its authors to other conceptional, frequently also extréme positions and causes 
a short-time desorientation. 

The evidence of older faults and synclinores which originated in the samé 
folding periód with the units, and thus also with nappe units, is, as I think 
a contribution, and not only a contribution but also a starting-point for the 
next stage of research. I t will be necessary, however, to bring together the 
dynamics of two categories apparently excluding in hitherto existing ideas-
nappes on the one hand, synclinores and folds of old origin on the other hand. 
I think this is the way to the clarification of processes reaching greater depth. 
Of course we consider the folding periód as a process consisting of several 
phases with change of intesity and quality in time and space. 

Dionýz Štúr Inštitúte of Geology 
Bratislava, Mlynská dolina 1 
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die Transportrichtung zu analysieren, die uns eine Grundlage fiir die Rekon-
struierung des Beckenbaues geben kann. 

Die nähere Bestimmung der Bruche in den Flyschgebilden der zentralen 
Westkarpaten ist vor allem durch folgende Tatsachen erschwert: 

(1) Mangel an faunistisch belegten Korrelationshorizonten und infolge dessen 
nicht immer präzise stratigraphische Beurteilung der Lage; 

(2) eintôniges Aussehen der Flyschfazies, besonders in grôBerer Entfernung 
von Dispersionszentren und Quellengebieten des klastischen Materials; 

(3) nicht befriediegende Kenntnisse uber den Untergrund des zentralkarpa-
tischen Flysches; 

(4) nicht immer bekannte Gesamtmächtigkeit der Flyschablagerungen und 
(5) ziemlich schlechter Erhaltungszustand der tektonischen Bruchflächen im 

Terrain und oft verwischte Beziehung zu den morphologischen und topogra-
phischen Formen. 

Als positive Elemente beim Štúdium der Bruchtektonik kann man folgende 
Tatsachen angeben: 

(1) Scharfe lithofazielle Grenzen als Folge der verschieden situierten, aber 
zeitlich beständigen dispersen Zentren des klastischen Materials; 

(2) ziemlich leichte Messung und Auswertung der Strukturelemente in den 
Flyschablagerungen; 

(3) linearer Aufstieg der Mineralwässer als Indikatoren der tektonischen 
Linien; 

(4) lineare Verteilung der Flyschablagerungen in Beziehung zum System der 
Paläostrome und zu alten tektonischen Strukturen. 

(5) die Môglichkeit die synsedimentäre Tektoník auf grund der gravitativen 
Bewegungen der Ablagerungen zu studieren. 

Einige Grundkriterien fiir die präzise Feststellung der Bruche 
in den Flyschgebilden der zentralen Westkarpaten 

(1) Verschiebung der Korrelationsflächen (z. B. die scharfen Faziesgrenzen 
der stratigraphischen Leithorizonte) dient als einer der Ausgangspunkte bei 
der Identifizierung der Bruchflächen. Deshalb kann man die bei der Kart ie-
rung festgestellten faziellen Grenzen, Vertikaländerungen der Lithofazies, 
Rhytmonogramme und Histogramme der Mächtigkeit der Schichten, Berech-
nung und Bestimmung des klastischen Verhältnisses Sandstein-Tonstein, 
Sandstein-Konglomerat als Grundlage bei der Suché, Indizierung und Kon-
struierung der Bruchlinien in den Flyschgebilden betrachten. Die Diagonál-
bruchstorungen der SE-NW und SEE-NWVV Richtung im Gebirge Šarišská 
hornat ina wurden eben mit Hilfe solcher Korrelation festgestellt und in einer 
Länge von 18 Km verfolgt. Mit Hilfe der stratigraphischen Leithorizonte 
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konnte man die Vertikalsinkung auf 20—150 m, vereinzelt bis auf 150— 
220 m schätzen. Von den festgestellten und lokalisierten Bruchen haben wir 
auf Grund der Verschiebung der Korrelationsflächen und stratigraphischen 
Leithorizonte bis 60 %, und den Rest mit Hilfe der anderen erwähnten Metho-
den festgestellt. 

(2) Ziemlich präzis konnte man die Bruchlinien, bzw. Bruchzonen am Kon­
takt der Flyschablagerungen mit älteren, event. jilngeren Gebilden (als Paleogen) 
feststellen. Es handelt sich um die S-N und �	�	���������! ���������������������� �������������� 
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Abb . 1. 
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(5) Die Bruchflächen werden oft auch durch plôtzliche Änderungen im Fallen 
der Schichten, oder durch plôtzliche Unterbrechung der subhorizontalen ���������������� 
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Bruchflächen, Ausfullung und Charakter der Bruche 

Direkt im Terrain finden wir nur selten Beweise uber das Fallen der Bruch­
flächen. Eine vor längerer Zeit durchgefiihrte Untersuchung in den Bergwerken 
von Švábovce hat gezeigt, daB da das Fallen der Bruchflächen zwischen 48 
und 78° variiert, wobei die steiler fallenden Querbruche nôrdlich der Vikar-
tovce-Elevation beobachtet wurden. Die Bruchflächen waren nicht gekrummt. 
Die Ausfullung der Bruchstôrungen bilden meistens Blôcke und Bruchstiicke 
der zwischenschichtigen Flyschgesteine. Die nicht ausgeheilten Bruche hat 
man im Konglomerát- und Mikrokonglomeratflysch im Gebirge Šarišská horna­
tina beobachtet. Offene, bis zu 40 cm breite Risse sind in den Bergstollen von 
Švábovce zu beobachten; sie dienten als freie Aufstiegswege der Mineralwässer. 
Es wird angenommen, daB die „Linienwasserquellen" eben durch solche, nicht 
vollkommen ausgeheilte Bruche zirkulierten. Wie die abgestorbenen Travertín -
kôrper und die Migrierung der Wasserquellen zeigen, wurden solche Wasser-
kanäle infolge der wiederholten Bewegungen auf solchen Flächen geschlossen 
und das Wasser suchte sich neue Wege durch die Flyschablagerungen. 

Entlang der meisten identifizierten Bruchflächen kam es zur Schollensin-
kung, was auch durch stratigraphische Korrelation bestätigt werden konnte. 
Aus der Untersuchung der Neigung der Schollen, die durch Diagonalbruche 
abgeschnitten sind, geht es hervor, dass es sich um stufen- und kaskadenartige 
Sinkungen handelte, welche den asymmetrischen Bau zur Folge hatten. Eine 
Serie solcher stufenartiger Sinkungen ist im Raume des Hornád-Kessels 
zwischen Spišská Nová Ves und ���������<���� �.�"�� ���,���! �&�3�)���$�"���! �
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der langen Zeitabschnitte geregelt wurde. Aus unserem Štúdium der Palä­
ostrôme folgt, daB die heutige Form des FJyschbeckens eigentlich nur einen 
Teil des abgestorbenen Kôrpers des Bassins vorstellt, der durch das klastische 
Materiál aus zwei verschiedenen Quellengebieten ausgefullt wurde (Mar -
s c h a l k o — R a d o m s k i 1960). Diese Quellengebiete waren auf beiden Seiten 
des Bassins voneinander unabhängig tätig. Ein solches Quellengebiet befand 
sich in der Zeit des Mittel- und Obereozäns im Raume des Kontaktes der Klip-
penzone mit dem zentralkarpatischen Flysch. Das klastische Materiál bewegte 
sich von NO in SVV Richtung in den Raum des Gebirges ���������J�6�/�@ �4�3�,�3�5�-�) 
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A b b . 2 . 
Das Paläostromsystem und Verteilung der Fazies im hoheren Obereozan verfolgt die 
praepaleogenen Strukturelemente der Gemeriden. In diese Richtungen verläuft die bathy-
metrische und Strukturachse des FlysehbassinB. Den Verlauf dieser sog. karpatischen 
Linien verfolgen aueh grôssere Stórungen, die manchen Anzeichen zufolge während der 
Formierung des Flysehbassins aktiv waren und auch synsedimentären Ursprungs sein 
konnen. 

1 — Bruchlinien der sog. Karpatischen Richtung; 2 — Strukturbiegung der Gemeriden 
unterhalb des paleogenen Flysches; 3 — Paläotransport und Richtung der Faziesvertei-
lung im hoheren Obereozan. 

Gravitationskräfte bedingt und durch die Entstehung der synsedimentären 
Brekzien begleitet waren, belegt. Diese Erhschaft (Aneignung) der Merkmale 
der alten vorpaleogenen Strukturen durch neue Strukturen des Flysehbassins 
ist ein wichtiges Element fúr die Beurteilung der Genese der Brúche und ihrer 
zeitlichen (altersmäBigen) Beziehungen. Aus diesen Erwägungen folgt weiter, 
daJ3 die N-S, NNO-SSW und NNW-SSO (also senkrecht auf die kaqiatische 
Richtung) orientierten Briiche (d. h. unsere Paläostromrichtung) jiinger sind 
und entstanden erst nach der AusfUllung des Flyschbeckens; sie verwischten 
daher das ursprungliche Bild und Form dieses Beckens. 

Obwohl das Paläostromsystem und Verteilung der Flyschfazies bis in den 
Raum des Gebirges Stratenská hornatina vorgegriffen haben, wurden die post-
paleogenen Bewegungen längs dieses Systems (SO—WXW) so stark, daB in 
dieser Richtung keine Flyschablagerungen erhalten blieben. Eine ganz andere 
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Situation war ôstlich des Hornád-Bruches. Die Zufuhr des terrigenen Materials 
entlang der Beckenachse verlief von SO in XW Richtung von einem entfernten 
Quellengebiet. Falls der Bruch mittelmiozänen Áltera ist, dann sollte man die 
Fortsetzung des Flysches in sudôstlicher Richtung in unveränderter Mächtig-
keit unter der vulkanischen terrigenen neogenen Formation erwarten. 

Geologische Anstalt der Slowakischen 
Akadémie der Wissenschaften, 
Geologisches Inštitút D. Štúr's, 
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0,5 — 5 m thick. Sandstones are gray-green, gray, fine to coarse-grained, 
mostly calcareous with muscovite. Usually on the lower part of beds small 
pebbles (2 —5 mm) of quartz, cherts, fragments of phyllites are dispersed. 
Massive beds of coarse-grained sandstones frequently contain fragments of red, 
gray, green-gray to blue-gray claystones. In some of these Upper Cretaceous 
microfauna was found in the area of Kochanovce village. The claystone frag­
ments are mostly of the Paleogene age. Sandstones of this type in upper parts 
of beds show platy parting. Plánt debris and mica are found on the lower and 
upper surfaces of the beds. The thick sandstone beds are separated by soft 
sandy claystone. 

In the overlier of the thick sandstone-conglomeratic complex (Fig. 1) there 
are Middle Eocéne to Upper Eocéne variegated beds characterized by alter-
nation of red and green claystones. Less frequent are blue-gray, green-gray 
and gray calcareous and noncalcareous claystones. In this complex there are 
frequently concretions of Mn oxides, sometimes even 5—15 cm in size. Some-
times immediately in the overlier of Middle Eocéne claystones with Cyclamina 
amplectens there is sequence of grass-green to gray-green strongly calcareous 
claystones with abundant Upper Eocéne globigerina microfauna. Green clays 
only rarely exceed 50 cm in thickness. They are most thick near the X U' 
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lenticles of brown to black cherts. The maximum thickness of cherts is appro-
ximately 10 m. 

The Upper Menilite beds are laterally passing into an extensive flyseh 
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�4�"�/�" � �%�,�0�"�+ �0�, �1�%�� �1 ���)�) �$�/���+�2�)�,�*�"�1�/�&�  �3���/�&�"�1�&�"�0 ���"�$�&�+�+�&�+�$ �4�&�1�% �� � �*�� �4�"�/�" 
�&�+� �)�2�!�"�!�� � � � / � , �* �1�%�" �/�"�0�2�)�1�0 �,���1���&�+�"�!�� ���/�&�1�%�*�"�1�&�  �*�"���+ � � �+�! �*�"�!�&�8�+ �,�# �1�%�" � � � � �� 
���5�&�0 �,�# �-�"�����)�"�0 ���1������ ���� �4�"�/�" � ���)� �2�)���1�"�! �#�,�/ �1�%�" �0�"�-���/�8�1�" �)�,� ���)�&�1�&�"�0�� ���&�0�1�,�$�/���*�0 
�,�# �#�/�"�.�2�"�+� �6 ���/�" �-�/�"�0�"�+�1�"�! �&�+ ���+� �)�� ���� �����)� �2�)���1�&�,�+�0 �&�+ �1 � � � � �� �� �4�"�/�" � ���/�/�&�"�! �,�+ 
�4�&�1�%�,�2�1 �/�"�0�-�"� �1 �1�, �-�"�1�/�,�$�/���-�%�&�  �1�6�-�"�0 �,�# �/�,�"�(�0�� ���"� ���)� �2�)���1�&�,�+ �#�,�/ �1�%�" �0�"�-���/�8�1�" 
�1�6�-�"�0 �,�# �/�,� �(�0 �,� �"�2�/�&�+�$ �*�,�0�1 �#�/�"�.�2�"�+�1�)�6 �&�+ � �,�+�$�)�,�*�"�/���1�"�0 �2�+�!�"�/ �0�1�2�! �6 �0�2�*��
�*���/�&�7�"�! �#�,�/ ���)�) �1�%�" �)�,� ���)�&�1�&�"�0 �&�0 �-�/�"�0�"�+�1�"�! �&�+ �1� � � � �� ���� 
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�������� ���� ���������������� ���%�" �0�%���-�" �,�# �-�"�����)�"�0 �4���0 �0�1�2�!�&�"�! �,�+ �1�%�" 
�$�/�,�2�+�! �,�# � � � & � + � $ � $ � � �0 �������
���� � �)���0�0�&�#�&� ���1�&�,�+ �����0�"�! �:�-�,�+ �1�%�" �/�"�)���1�&�,�+ �,�# �1�%�" ���5�"�0 
�,�# �-�"�����)�"�0�� ���%�" ���2�1�%�,�/ �!�&�3�&�!�"�! �-�"�����)�"�0 �&�+�1�, �#�,�2�/ �$�/�,�2�-�0 ��� � �,�/�!�&�+�$ �1�, �1�%�" 
�/�"�)���1�&�,�+�0 ���*�,�+�$ �1�%�" �-���/�� �*�"�1�/�"�0 �,�# �1�%�" ���5�"�0 �,�# �-�"�����)�"�0 ���	���� � �	�� �������1�%�" �0�%�,�/�1�"�0�1 
���5�&�0�� � ���1�%�" �)�,�+�$�"�0�1 ���5�&�0���� � � �+ �1�%�" ���&�+�$�$���0 �0�"�+�0�" ���� �0�-�%�"�/�,�&�!�� ���� �!�&�0� �� �
�� ���)���!�"�� 
���� �/�,�)�)�"�/ �-�"�����)�"�0 �4�"�/�" �!�&�0�1�&�+�$�2�&�0�%�"�!�� � � �"�/� �"�+�1�2���) �/�"�-�/�"�0�"�+�1���1�&�,�+ �,�# �1�%�"�0�" �*�,�/�-�%�,��
�)�,�$�&� ���) �1�6�-�"�0 �,�+ �)�,� ���)�&�1�&�"�0 �2�+�!�"�/ �0�1�2�!�6 �&�0 �-�/�"�0�"�+�1�"�! �&�+ �1 � � � � �� �
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���)�0�, �1�%�" �*���&�+ �-�"�1�/�,�$�/���-�%�&�  �1�6�-�"�0 �,�# �-�"�����)�"�0 �,� �"�2�/�&�+�$ �&�+ � �,�+�$�)�,�*�"�/���1�"�0 �2�+�!�"�/ 
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Md (b) - medián of the b axis, 
medián of roundness. 

T a b . 1. Textural dáta from conglomerates 

locality 

10 

1 
5 - 6 

82 
38 

m 
P 
71 
74 
21 
88 

Md (b) í (b) 
m m m m 

i 

29 
37 
33 
25 
28 
31 
19 
26 
31 
44 
37 

33 
36 
34 
25 
27 
28 
20 
26 
32 
45 
62 

M d s 

0,65 
0,61 
0,63 
0,63 
0,62 
0.60 
0,60 
0,61 
0,65 
0,59 
0,62 

1 
M d r 

0,32 
0,18 
0,17 
0,31 
0,37 
0,37 

0,33 
0,53 
0,38 
0,58 

; (b) — arithmetie mean of the b axis, Md s — sphericitj- medián, Md r 

T a b . 2 Stat ist ical dá ta o fpebb le axes in s tud ied conglomerates 

pcbble axis 

rock 

límesUme 
sandstone 
dolomite 
(jllartzite 
vein quartz 

n 

340 
106 
110 
210 
336 

a 

(mm) 

32,64 
9,80 
5,14 

17,63 
12,85 

8 

21,14 
1.03 
5.82 

13,33 
8,62 

b 

x 
(nim) 

29,84 
8,14 
3,77 

13,04 
9.88 

s 

18,52 
9,60 
4,18 

10,71 
7,29 

(mm) 

21,87 
5,48 
3,77 
9,58 
6,97 

s 

16,10 
6,17 
4,18 
7,75 
9,78 

n - number of pebbles, x arithmetie mean, s štandard derlatlon 

study (sandstones, quartzites, limestones -f dolomites, vein quartz) were 
estimated. The results are in tab. 4, showing that the majority of sandstone 
pebbles is of the disc shape (50 % ) . Less abundant are spheroid shapes (23%). 
Roller and blade pebbles are only sporadically present. In quartzites the sphe­
roid shape (43 %) predominates over disc and roller shapes. The pebbles of 
limestones and dolomites show approximately equal representation of spheroid 
and disc shapes predominating over the roller and blade forms. In the vein quartz 
there is roughly the samé occurrence of morphologic shape as in quartzites. 

Sphericity of pebbles was studied on the ground of K r u m b e i n —S loss ' 
(1953) classification. I t is actually the Zingg's schéme modified by isolines of 
sphericity according to Krumbein. From the results obtained, the medián of 
sphericity (tab. 1) was calculated. Medián of sphericity was also calculated 
for the separáte petrographic types of pebbles. with the following results: 
quartzites 0,64, limestones -+- dolomites 0,65, sandstones 0,58, vein quartz 
0,65. Only the medián of sphericity in sandstone pebbles is distinetly different. 
In the rest of pebbles medián of sphericity is roughly the samé. 

Roundness of pebbles was visually studied on the ground of 5 degree scale 
by P e t t i j o h n (1957). Results recalculated to the medián of roundness for 
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1. Dukla uni t ; 2. � � � � �A �! �5� . � ) �4 �/�& �4 � ( �% � � � ! � ' �5�2�! ���,�7�3�%�(�� � � �� � � �7�3�4�2�)�#�! �5 � . � ) �4 �/�& �4�,�)�% � � � ! � ' � - �! 
� � � , �7�3�%�(�� ���� � � �  �2�( � / �6 �5 � . � ) �4 �� �
�� ���!�,�#�/�6 � ! � . �$ ���%�.�)�,�)�4�% �"�%�$�3�� ���� � � � , � ) �0�0�%�. ���%�,�4�� ���� ���%�3�/�8�/�)�/ �/�& �4�,�)�% 
� � �5�- �%�. �3�+�: �0�/�(�/�2�)�% ���4�3���� ���� � � �%�. �4�2� ! �, � � � ! �2�0�5�4�( � ) � ! �. ���!�,�%�/� ' �%�.�%�� ���� ���%�/�6�/�,�/�!�.�)�,�%�3�� �	���� ���/�#�!��
�,�)�4�)�%�3 �/�& �#�/ � . � ' � , � / � - �%�2�! �4�% �/�#�%�5�2�2�%�.�%�%�3 ���� � � � ! �*�$�! � . �� �	�� �� �,�)���&�2�.�!�6�!�� �
 �� �4 �/ �4 � ( �% ���� �/�& ���!�*�$�5�.�� 
� � �) �� �=�$� ! �6�3�+�%�� ���� ���)�#�!�+�/�7�#�%�� ���� �� ���!�4�)�!���+�!�� �� �� � � � / �$�( � / �2�/ �$�� ���	 �� � � �) �9�2�/ �6�2�%�� ���� ��

�@�%�2�6�%�.�%�� �
�	 �< � � �2�/ �A�� ���� �� ���)�8�.�� � � �! �$�)�A�+�/�6�%�%���� � 	 � 	 �� ���'���.�%�/�5�3 �!�.�$ �- �%�4�! �- � / �2�0�( �) �# �2�/�#�+�3�� �	�
�� � � � ! � . �$��
�3�4�/�. �%�3 � ! � . �$ �� � , �5�!�2�4�8�)�4�%�3�� �	���� � � �) �- �%�3�4�/�. �%�3 � ! � . �$ �$�/�, � / �- �)�4�%�3�� �	���� � �%�)�. �1 �5� ! �2 �4�8 ���	�	 �<�	�� ������������
�	�������
���� �����
�������������� ���� �������
������ ���� ���
�� �������������������������� ���� �	���� � � � � �� �	�
�� � � �2�! � . �5�, � / �- �%�4�2�) �# �#�/ �- ��
�/�/�3�)�)�)�/�. �/�& �#�/ � . � ' � , � / � - �%�2�! �4�%�3�� 





the separáte localities are given in tab. 1. Visual judgement may show that 
the best rounded pebbles are on the locality 74 (Encl. 1.) the least rounded — 
on the locality 3 and 5 — 6 (tab. 1.). 

Orientation of pebbles. On four localities orientation of pebbles was studied. 
On fig. 5 there is graphical presentation of the relation between orientation 
of the longest axis (a) of pebbles and the predominating current systém de-
termined according to the orientation of flute casts on the lower part of sand­
stone beds in the separáte proíiles. Generally certain differences between the 

F i g . 5 . re lat ion be tween p lanar project ion of or ientat ion of " a " pebble axes and orien­
ta t ion of sed imen ta ry s t ruc tu res on the undersurfaces of sandstones; a — flute casts , 
b — d rag marks , c — or ien ta t ion of pebbles, d — number of measurements . 1 — Mat iaš-
ka , 2. Micakovce, 3. Gírovce, 4. Vdavské . 
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orientation of long axes of pebbles and the current systems may be observed. 
Fig. 6 shows spatial orientation of long axes of pebbles on the above localities. 
On petrographic diagrams no preferred orientation of long axes may be observed 
by which the opinion about slump origin of the conglomerates under study -
is supported. 

Petrographic composition of conglomerates. Interformational conglomerates 
of the �C�%�2�(�/�6 �5�. �) �4 �!�2�% �#�/�-�0�/�3�%�$ �/�& �4�7�/ �"�!�3�)�# �#�/�-�0�/�.�%�.�4�3�� �0�%�"�"�,�%�3 �! � . �$ 
�- � ! �4�2�) �8�	 ���!�4�2�)�8 �)�3 �&�/�2�-�%�$ �" �9 �3�!�.�$�9 �/�2 �#�,�!�9�%�9 �-�!�4�%�2�)�;�,�	 ���(�% �2�!�4�)�/ �/�& 
�- � ! �4�2�) �8 �4�/ �0�%�"�"�,�%�3 �)�3 ������ �/�2 ������ �/�. �"�%�(�!�,�& �/�& �-�! �4�2�)�8�	 ���(�)�3 �2�!�4�)�/ �)�3 
�#�(�!�.�'�)�.�' �/�. �3�%�0�!�2�;�4�% �,�/�#�!�,�)�4�)�%�3�	 ���%�4�2�/� '�2�!�0�(�)�# �#�/�-�0�/�3�)�4�)�/�. �/�& �-�!�4�2�)�8�* �)�3 �2�%��
�0�2�%�3�%�.�4�%�$ �" �9 �&�)�.�%���� �-�<�$�)�5�-�� �4�/ �#�/�!�2�3�%���'�2�!�)�.�%�$ �3�5�"�'�2�!�9�7�!�#�+�%�3�� �4�(�%�)�2 �0�%�4�2�/��
� '�2�!�0�(�)�# �#�/�-�0�/�3�)�4�)�/�. �"�%�)�.�' �'�%�.�%�2�!�,�,�9 �)�$�%�.�4�)�# �7�)�4�( �-�)�.�%�2�!�,�>�'�)�% �#�/�-�0�/�3�)�4�)�/�. �/�& �4�( �% 
�0�2�%�$�/�-�)�. �! �4�)�. �' � ! � - � / �5� . �4 �/�& �3�!�.�$�3�4�/�.�%�3 �)�. �4�(�% ���!�'�5�2�! ���,�9�3�%�( � � � � � � � � � � � � � 	 � � �D �����������	 

� � �%�4�2�/� ' �2�!�0�(�)�# �#�/�-�0�/�3�)�4�)�/�. �/�& �0�%�"�"�,�%�3 �&�/�2 �4�(�% �3�%�0�!�2�;�4�% �,�/�#�!�,�)�4�)�%�3 �)�3 �0�2�%�3�%�.�4�%�$ 
�)�. �4 � ! � " �	 �� � ! � . �$ �'�2�!�0�(�)�#�!�,�,�9 �)�,�,�5�3�4�2�!�4�%�$ �/�. � � � . � $ �	 ���	 � � � ! �" �	 �� �3�(�/�7�3 �4 � ( � ! �4 �4�(�% �#�(�!�2�!�#��
�4�%�2�)�3�4�)�# �&�%�!�4�5�2�% �/�& �4�(�% �#�/�.�'�,�/�-�%�2�!�4�%�3 �5�.�$�%�2 �3�4�5�$�9 �)�3 �0�2�%�$�/�-�)�.�!�.�#�% �/�& �0�%�"�"�,�%�3 
�/�2�)�'�)�.�!�4�)�.�' �)�. �3�%�$�)�-�%�.�4�!�2�9 �3�%�2�)�%�B ���,�)�-�%�3�4�/�.�%�3�� �$�/�,�/�-�)�4�%�3�� �3�!�.�$�3�4�/�.�%�3�	 �1�5�! �2�4�: ��
�)�4�%�3�� �/�6�%�2 �4�(�% �)�'�.�%�/�5�3 �! � . �$ �-�%�4�!�-�/�2�0�(�)�# �2�/�#�+�3�	 ���(�% �4�2�)�!�.� '�5�,�!�2 �$�)�!� ' �2�!�- �/�. 
���)�'�	 �� �3�(�/�7�3 �'�2�!�0�(�)�#�!�, �)�,�,�5�3�4�2�!�4�)�/�. �/�& �4�(�% �2�%�,�!�4�)�/�. �"�%�4�7�%�%�. �0�2�%�$�/�-�)�.�! �4�)�.�' 
�0�%�"�"�,�%�3�	 ���(�% �#�/�-�0�/�3�)�4�)�/�. �/�& �3�%�$�)�-�%�.�4�!�2�9 �#�/�.�3�4�)�4�5�%�.�4�3 �)�. �4�(�% �3�,�5�-�0 �"�/�$�)�%�3 
�����.�#�,�	 ���� �)�3 �,�!�4�%�2�!�,�,�9 �#�(�!�.�'�)�.�'�� �%�3�0�%�#�)�!�,�,�9 �!�3 �&�!�2 �!�3 �4�(�% �2�%�0�2�%�3�%�.�4�!�4�)�/�. �/�& �,�)�-�%��
�3�4�/�.�%�3 ���� �$�/�,�/�-�)�4�%�3�� �1�5�!�2�4�:�)�4�%�3 �!�.�$ �3�!�.�$�3�4�/�.�%�3 �)�3 �#�/�.�#�%�2�.�%�$�	 ���. �$�=�2�%�#�4�)�/�. �&�2�/�- 
�4�( �% �  �4�/ �4�( �% �� �$�)�3�4�)�.�%�4 �)�.�%�2�%�!�3�% �/�& �4�(�% �! �- � / �5�. �4 �/�& �#�!�2�"�/�.�!�4�% �0�%�"�"�,�%�3 � - � ! �9 �"�% 
�/�"�3�%�2�6�%�$�	 ���(�)�3 � - � ! �9 �"�% �%�8�0�,�!�)�.�%�$ �0�%�2�(�!�0�3 �"�9 �$�)�&�&�%�2�%�.�4 �#�/�-�0�/�3�)�4�)�/�. �/�& �4�(�% �2�/�#�+�3 
�/�& �4�( �% �3�/�5�2�#�% �!�2�%�! �����,�)�0�0�%�. ���%�,�4�� �)�. �)�4�3 � ���� �#�/�5�2�3�%�	 
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� � � ! � " �	 ���	 � � � % � " � " � , �% � 3 � ( � ! � 0 � % �3 � ! � # � # � / � 2 � $ � ) � . �' � 4 �/ � 0 � % � 4 � 2 � / � ' � 2 � ! � 0 � ( � ) �# � # � / � - � 0 � / � 3 � ) � 4 � ) � / �. 
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F i g . 6. Spatial orientation of the long axes 
of pebblew in conglomerates. M*E*VO 

F i g . 7. Petrographic compositíon of pebbles 
in conglomerates. <S' — sandstones, Q — 
quartzites, L — limestones, D — dolomites, 
M— metamorphíc rocks, E- eruptive rocks, 
VQ — vein quartz. 5+Q L* D 
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Manner and Conditions of Genesis of Conglomerates 

Zonal distribution of different facies is a characteristic feature of the Paleo-
gene sedimente in Magura Unit (Encl. 1.). The distribution of facies is parallel 
with the course of Klippen Belt in East Slovakia. Beloveža beds in all the 
three part ial units keep their stratigraphic-lithologic homogeneity, while their 
overlier is facially changing. Different lithofacial development of sediments 
in the overlier of the Beloveža beds offered the possibility to distinguish three 
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Flysch geosyncline. The distribution of coarse clastic sediments (conglomerates, 
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areál and vertical distribution. Variable intensity of jointing in sedimentary 
rocks depends as múch on the lithological development of formations as on 
the number and intensity of tectonic processes the rocks were subjected to. 
The distribution of bedding joints is controlled by local geological pattern. 
They are genetically related to the formation of individual folds. The distri­
bution of bedding joints is confined to individual beds and/or to their over-
lying or underlying rocks. Joint zones pass through more beds or through 
whole complexes of sedimentary rocks and occur also in the crystalline rocks. 
They accomplish the pattern of great tectonic complexes, representing a cha-
racteristic structural unit within them. 

Bedding joints are for the most part perpendicular to the bedding plané. 
Two systems of joints nearby perpendicular one to another predominate here. 
The density of bedding joints depends on the thickness of beds, their petro-
graphic náture and the resistance of rocks. All evidence points to a tectonic 
origin of bedding joints. They are older than joint zones. In generál, bedding 
joints are better developed in the Carpathian Flysch (except for the Ždánice-
Subsilesian unit) than in the sedimentary rocks of the SE border of the Czech 
Massif, where they occur in the Culm graywackes and in thin beds of the 
Devonian and Carboniferous limestones. The relations established for bedding 
joints, (e. g. the ascertainment that the strikes and dips of strata affect the 
strikes and dips of bedding joints) cannot be applied to the second type of 
joints — to joint zones. 

•Joint zones are represented by more or less parallel running nearby vertical 
joints; these joints grouped in zones extend across the sedimentary rocks 
disregarding their strikes or dips and intersect even the bedding joints. They 
are developed in the Paleozoic and crystalline rocks of the SE border of the 
Czech Massif. In the Flysch of the western Carpathians joint zones show 
a variable distribution. The width of individual joint zones usually ranges from 
0.5 to 6 m. Joint zones of the samé strike and dip represent a set of joint zones. 
The spacings between individual joint zones belonging to one set exceed 3 m. 

Joint zones (sets of joint zones) constitute systems of different age, strike 
and dip, and are closely related to tectonic processes that took � �����2�� ���� �$�����# 
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Schcmatic trend ol joint zones in the Czechoslovak Carpathian Flysch and 
in the SE border of the Czech Massif 

(geology according to generál geological mapa of Czechoslovakia 1:200 ( 0 >) 
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zones indicate the faults even there, where they can be hardly ascertained by 
geological mapping. 

Joints grouped in joint zones are almost vertical. Joint zones distributed 
near the thrust planes of the nappes in the Carpathians and parallelling the 
thrusts show dips ranging from 40° to 70°. Joint zones are nearby perpendi­
cular to the thrust plané of the nappe. 

The d e n s i t y of j o i n t s in a joint zóne is variable. I t can be defined by 
a fraction, where the numerator represents the number of joints per the zóne 
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2. persistence of a specific systém of joint zones over different localities in 
the area; 

3. fault directions conforming to that of joint zones within an extensive area; 
4. conformity between the water flow direction and the direction of joint 

zones in an extensive area (e. g. in the Godula nappe; M. � � � � � � � 8 � $ �� ���
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In generál, a difference has been found between the development of joint 
zones belonging to the C a r p a t h i a n s y s t é m and that of the SE border of 
the Czech Mass i f (see the map). Contrary to the Czech Massif, in the Car­
pathian Flysch joint zones are not so well developed and locally they are mis-
sing (the Ždánice-Subsilesian unit; the Hluk development of the Upper division 
of Paleogene of the Bílé Karpaty unit; the Zborov—Smilno anticlinorium 
in the eastern Slovakia). In the Carpathian Flysch, joint zones are almost 
perpendicular to the direction of the Carpathians and show a fan-Jike arran-
gement conforming with the Carpathian are. In the Carpathians, a greater 
concentration of systems of joint zones has been recorded in the Magura Flysch 
east of Velké Karlovice, and in the Godula nappe. 

A greater number of joint zones in the rocks of the Czech Massif (when com-
pared with their density in the Carpathian systém, e. g. in the Ždánice-
Subsilesian unit) can be explained by different lithological and tectonic deve­
lopment of these two systems. In the Czech Massif an important factor is 
represented by the crystalline basement, the rocks of which were subjected 
to tectonic stresses; from there joint zones pass into the overlying Paleozoic 
rocks. Consequently, fault zones in the deeper basement rocks are indicated 
by joint zones (see the systém of joint zones running from Vítkov towards 
the SE into the Carpathian systém as far as the inner Klippen belt), and joint 
zones point to tectonic relations between the Czech Massif and the Carpathian 
systém. Analogous tectonic relations between the Carpathain systém and the 
Czech Massif can be observed where these two systems are in closer contact, 
i. e. in the area between Brno and Vyškov, and where joint zones run conti-
nuously from the Czech Massif into the Carpathian nappes. 

Western part of the Carpathian Flysch 

The M a g u r a F l y s c h : joint zones (sets of joint zones) can be traced from 
the inner Klippen belt throughout the Magura nappe. They penetrate part ial 
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SYV follovv the fault Hne Raková—Semeteš, the other joint zones that run in 
a north-western direction towards Rožnov p. Radhoštém and Valašské Mezi-
ŕíčí are bounded in the west by a fault Hne directed from the western part of 
the Bystrička dam towards the SE. This disjoining of joint zones has been 
observed in the western part of the Magura nappe, in the space of its maximum 
bend, where the inner Klippen belt is strikingly displaced towards the north, 
and where, in the front of the Magura nappe, the outer Flysch zóne is built 
by the Godula and Istebné beds containing thick sandstone strata. I t is sug­

gested, tha t two­directional tectonic stresses tha t operated in that portion of 
the Magura nappe, where the Godula nappe resisted to the front of the Magura 
nappe moving towards the north, are responsible for this divergence of joint 
zones. The movements of the Magura nappe also diverged towards the NW 
and NE, which has been proved not only by joint zones, but also by small 
faults and groove casts, shown on the joint surfaces. The eastern blocks were 
thrust towards the NE along smaller transversal faults showing negligible 
horizontál to oblique displacements. A fanlike divergence of joint zones directed 
from SSVV to NNE and from SSE to NN'.V can be traced from the Makov— 
Mariková transversal elevation in the Bytča región. This arrangement, ob­

viously influenced by this prominent transversal elevation, points to a con­

temporaneous genesis of the two tectonic phenomena. 
Longitudinal joint zones predominate especially in fronts of the nappes and 

result from tectonic stresses the nappes were subjected to. Joint in zones are 
nearby perpendicular to thrust planes. 

The o u t e r F l y s c h z ó n e : distribution of joint zones belonging to the 
outer Flysch zóne is variable. In individual formations of the Ždánice­Subsi­

lesian unit (see Ždánice—Hustopeče beds consisting from less compact rocks) 
and in the Silesian unit (see the lower Téšín shales) joint zones are only 
weakly developed; locally joint zones are missing. On the other hand, in ma­

ssive sandstone strata of the Silesian nappe (the Godula and Istebna beds), 
joint zones are very common, especially in the sedimentary rocks which were 
exposed to intensive tectonic stresses. In the Godula nappe, (dominantly in 
tectonic scales of Javornik and Lysá Hora Mt.), joint zones are grouped in 
sets extending over several kilometres. 

From observations on the relationship between joint zones in the Magura 
nappe and in the outer Flysch zóne it is obvious that joint zones pass through 
both tectonic complexes. I t is well apparent in an about 10 km wide belt in 
the Jablunkov depression and further in another belt trending to Staré Hamry 
and Frýdlant n. Ostr., the width of which is about 7 km; in the northern trend 
of this belt a 7 km wide zóne of transversal faults deforming the front of the 
outer Flysch nappe has been observed. 
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Less pronounced are transversal joints passing from the Magura Flysch 
through the Ždánice unit; this is due to different lithological development of 
the two units. 

In consideration of generál distribution of joint zones in the western part 
of the Carpathian Flysch, prominent are longitudinal joint zones in the Godula 
nappe, most probably due to its slab-like character and to the presence of 
thick layers of massive sandstones! Two dominánt directions of the sets of 
joint zones in the Godula nappe are SE—NVV, and V\S\V—ENE (SW—NE). 
The first group of sets of joint zones (showing a SE—NW-direction) is prominent 
in the Jablunkov depression and east of Jablunkov. I t is genetically related 
to the tectonics of the Jablunkov depression. The second group conforms with 
the longitudinal and diagonál tectonics of the Zubfí — Pindula, Staré Hamry, 
and Predmier zóne. In the tectonic scale of Lysá Hora Mt. sets of joint zones 
run roughly parallel to the bed strike and parallel the longitudinal normál 
fault at Nýdek. These parallel directions suggest a relationship between longi­
tudinal sets of zones in the northern portion of the scale of the Lysá Hora Mt. 
and longitudinal tectonic element represented by the Nýdek fault. 

Eastern part of the Carpathian Flysch 

The eastern part of the Carpathian Flysch consists from the M a g u r a 
n a p p e , the D u k l a —Užok fo lds and a portion of the C e n t r a l Ca r ­
p a t h i a n F l y s c h E and SE of Vysoké Tatry Mts. In this area joint zones 
striking from NNE to SSW predominate; subordinately joint zones oriented 
from NNW to SSE háve been encountered. Sets of joint zones, similar to those 
in the western part of the mapped area, pass through all tectonic units without 
changing their directions and extend even across the area south of the Klippen 
belt as far as the southern margin of the Central Carpathian Flysch at Spišské 
Vlachy. In this area we can also find close relations between smaller faults, 
faults of regional characteristic and joint zones, as stated for the western part 
of the territory. I t are dominantly NNE—SSW and ENE—WSW-trending 
faults that háve been found by geological mapping both in the Central Car­
pathian Flysch and in the Flysch nappes NE of the Klippen belt. 

Joint zones are closely related to the macrotectonics and their continuous 
trend through individual tectonic units indicates their relationship to the re­
gional tectonics of the basement, observed in the western part of the studied 
area too. 
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South-eastern border of the Czech Massif 

Contrary to the Ždánice-Subsilesian unit of the outer Flysch zóne, joint zones 
in the Paleozoic, Mesozoic and crystalline rocks of the Czech Mass i f exhibit 
a specific development. They constitute sets belonging to different systems. 
Certain analogy to joints observed by R . A. H o d g s o n (1961, 1965) in the 
Paleozoic and Mesozoic rocks of Utah and Arizona in the U. S. A. may be 
stated in this area. The origin of many systems of joint zones was influenced 
by the presence of crystalline basement that forms one tectonic unit with the 
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The set oriented from NE to SW originates in the crystalline rocks of the 
Brno Massif and continues across the Devonian sediments of the Moravian 
Karst towards the NE — into the Culm sediments near Opava. 

Joint zones composing the E —W-directed set are confined only to the area 
extending between Hranice, �����������Z�7�<�B �.�;�1 ���>�;�<�� 

���������������� ���������� �����
���
���	���
���� 
�=�<�/�<�Z�8�. �� �>�;�< 

�$ � � � � � � �$ � � � ! � � � � �% 

�,�	�- � � � > � < � : � < �B � ( �� � � � � �� �	���
���� �" �8�.�>�/�<�;�.�@�;�E�0�5 �8�<�9�9�2�8�@�<�>�.�0�5 �;�2�3�@�6 �; �. �:�2�?�@�<�>�<�W�1�2�;�6�7�.�2�5 
�8�6�;�F�2�/�A�9�.�@�<�B�?�8�<�4�< �@�6�=�.�� �&�>�A�1�E �( � ! � � � � �$� � �� �B�E�=�� �	�
�	�� ���2�;�6�;�4�>�.�1�� �?�@�>�� �	���� �	������ �� �,�
�- 
� � � > � < � : � < �B �(�� � � �� � Q � # � 2 � @ � > � < � B �. �$ �� � � � � �� �	�����	�� �$�2�F�A�9�@�H�@�E �6�F�A�Z�2�;�6�7�. �@�>�2�V�Z�6�;�<�B�.�@�<�?�@�6 �6 �8�<�9��
�9�2�8�@�<�>�?�8�6�7�2 �?�B�<�7�?�@�B�. �=�.�9�2�<�F�<�7�?�8�K�0�5 �=�M�>�<�1 �(�<�?�@�<�Z�;�<�7 ���.�V�8�6�>�6�6�� �&�>�A�1�E �(� ! � � � � �$�� �� �B�E�=�� �	���
�� 
���<�?�@�<�=�@�2�0�5�6�F�1�.�@�� �?�@�>�� �
�� �Q������ �Q �,���- � � � < � 1 � 4 � ? � < �; �$ �� � � � � �� �	�����	�� �$�2�4�6�<�;�.�9 �?�@�A�1�E �<�3 �7�<�6�;�@�6�;�4 
�6�; ���<�:�/ �$�6�1�4�2���!�.�B�.�7�< � �<�A�;�@�.�6�; ���>�2�.�� ���A�9�9�� ���:�2�>�� ���?�?�� �#�2�@�>�<�9�� ���2�<�9���� ���
�� �!�<�� �	�� �= �� �	 �Q 
������ �Q �,���- � � � < � 1 � 4 � ? � < �; � $ �� � � � � �� �	�����
�� ���2�;�2�@�6�0 �.�;�1 �4�2�<�:�2�@�>�6�2 �>�2�9�.�@�6�<�;�? �/�2�@�C�2�2�; �?�@�>�A�0�@�A�>�2�? 
�6�; �/�.�?�2�:�2�;�@ �.�;�1 �<�B�2�>�9�E�6�;�4 �?�2�1�6�:�2�;�@�.�>�E �>�<�0�8�?�� �C�6�@ �2�D�.�:�=�9�2�? �3�>�<�: ���<�9�<�>�.�1�< �#�9�.�@�2�.�A �.�;�1 
�)�E�<�:�6�;�4�� ���:�2�>�� ���?�?�� �#�2�@�>�<�9�� ���2�<�9���� ������ �!�<�� ���� �=�� � � � � � 
 � � � � � � � � �� �Q �,�
�- �  � . � @ � M � 7 � 8 �. � � � � �Q 
� $ � < � @ �5 �+ � � �� �	�������� ���2�<�9�L�4�6�2 �:�.�4�A�>�?�8�J �?�8�A�=�6�;�E �3�9�E�V�<�B�J �B �=�<�B�<�1�K ���E�?�A�0�2�� �%�/�<�>�;�K�8 �%�@�� ���R�� 
�#�>�.�5�.�� �?�B�� �	���� �1�K�9�� �
�� �?�@�>�� � 
 � 
 � 	 � � � � � 	 � � �� �� �,���- � # � 9 � 6 � Z � 8 �. �  � � �� �	�������� �%�<�A�Z�.�?�;�X �?�@�.�B �8�9�.�?�6�3�6�8�.�0�2 
�:�6�8�>�<�@�2�8�@�<�;�6�0�8�X�0�5 �7�2�B�N �? �<�5�9�2�1�2�: �;�. �7�2�7�6�0�5 �4�2�;�2�@�6�0�8�J �F�H�B�6�?�9�<�?�@�6 �. �=�>�<�?�@�<�>�<�B�J �>�<�F�V�K�>�2�;�K�� 
���K�9�Z�K �F�H�B�2�>�� �F�=�>�H�B�.�� ���2�<�3�<�;�1 �#�>�.�5�.�� �?�@�>�� �	 �Q ������ �Q �,���- � # � 9 � 6 � Z � 8 �. �  � � �� �	�����
�� ���>�<�/�;�H �=�A�8��
�9�K�;�<�B�H �@�2�8�@�<�;�6�8�. �. �=�>�B�8�E �1�2�@�.�6�9�;�K�5�< �B�>�H�?�;�J�;�K �B �F�H�=�.�1�;�K �<�/�9�.�?�@�6 �:�.�4�A�>�?�8�J�5�< �3�9�E�V�2�� ���K�9�Z�K 
�F�H�B�2�>�� �F�=�>�H�B�.�� ���2�<�3�0�;�1 �#�>�.�5�.�� �?�@�>�� �	 �Q �	�
���� �Q �,���- � # � 9 � 6 � Z � 8 �. �  � � �� �	�������� ���>�<�/�;�H �=�A�8�9�6�;�<�B�H 
�@�2�8�@�<�;�6�8�. �. �=�>�B�8�E �1�2�@�.�6�9�;�K�5�< �B�>�H�?�;�J�;�K �B �F�H�=�.�1�;�K �<�/�9�.�?�@�6 �B�;�J�7�V�K�5�< �3�9�E�V�2�� ���K�9�Z�K �F�H�B�2�>�� �F�=�>�H�B�.�� 
���2�<�3�<�;�1 �#�>�.�5�.�� �?�@�>�� �	 �Q �	�
���� �Q �,���- � # � 9 � 6 � Z � 8 �. �  � � �� �	�������.�� ���>�<�/�;�H �=�A�8�9�6�;�<�B�H �@�2�8�@�<�;�6�8�. 
�. �=�>�B�8�E �1�2�@�.�6�9�;�K�5�< �B�>�H�?�;�J�;�K �B �=�.�9�2�<�F�<�6�8�A �B�X�0�5�<�1�;�K�5�< �<�8�>�.�7�2 �Y�2�?�8�J�5�< �:�.�?�K�B�A�� ���K�9�Z�K �F�H�B�2�>�� 
�F�=�>�H�B�.�� ���2�<�3�<�;�1 �#�>�.�5�.�� �?�@�>�� �	 �Q ���
�� �,�	���- � # � 9 � 6 � Z � 8 �. �  � � �� �	�������/�� ���>�<�/�;�H �=�A�8�9�6�;�<�B�H �@�2�8��
�@�<�;�6�8�. �. �=�>�B�8�E �1�2�@�.�6�9�;�K�5�< �B�>�H�?�;�J�;�K �B �8�.�>�=�.�@�?�8�J�: �3�9�E�V�6 �;�. �N�F�2�:�K �Y�%�%�$ �. ���[�6�9�2�5�9�J �Z�.�?�@�6 
�#�<�9�?�8�. �. �B �7 �B�� �<�8�>�.�7�6 �Y�2�?�8�J�5�< �:�.�?�K�B�A�� �+�H�B�2�>�� �F�=�>�H�B�.�� ���2�<�3�<�;�1 �#�>�.�5�.�� �?�@�>�� �	 �Q �
�	�� �Q 
�,�	�	�- � # � 9 � 6 � Z � 8 �. �  � � �� �	�������0�� �#�>�2�1�/�2�W�;�H �F�=�>�H�B�. �< �B�X�?�9�2�1�8�A �?�@�A�1�6�. �1�>�<�/�;�J �=�A�8�9�6�;�<�B�J �@�2�8�@�<��
�;�6�8�E �B �F�H�=�.�1�;�K �<�/�9�.�?�@�6 �8�.�>�=�.�@�?�8�J�5�< �[�9�E�V�2 �;�. �N�F�2�:�K �Y�%�%�$�� �+�=�>�H�B�E �< �4�2�<�9�<�4�6�0�8�X�0�5 �B�X�F�8�A��
�:�2�0�5 �B �>�� �	�������� �R�R�� �#�>�.�5�.�� �?�B�� �	�� �?�@�>�� � 
 � � � 
 � � � 
 � � � � �� �� �,�	�
�- � # � 9 � 6 � Z � 8 �. � � � �� �	�������.�� �#�>�2�1�/�2�W�;�H 
�F�=�>�H�B�. �< �B�X�F�8�A�:�A �=�A�8�9�6�;�<�B�J �@�2�8�@�<�;�6�8�E �;�. �7�6�5�<�B�X�0�5�<�1�;�K�: �<�8�>�.�7�6 �Y�2�?�8�J�5�< �:�.�?�K�B�A�� �+�=�>�H�B�E 
�< �4�2�<�9�<�4�6�0�8�X�0�5 �B�X�F�8�A�:�2�2�5 �B �>�<�0�2 �	�������� �R�R�� �#�>�.�5�.�� �?�B�� �	�� �?�@�>�� � 	 � � � 
 � � � 	 � � � � �� �Q �,�	���- � # � 9 � 6 � Z ��
� 8 �. �  � � �� �	�������/�� �+�=�>�H�B�. �< �B�X�?�9�2�1�8�A �1�>�<�/�;�J �=�A�8�9�6�;�<�B�J �@�2�8�@�<�;�6�8�E �B�2 �B�X�0�5�<�1�;�K �<�/�9�.�?�@�6 
�8�.�>�=�.�@�?�8�J�5�< �3�9�E�V�2 �;�. �N�F�2�:�K �Y�%�%�$�� �+�=�>�H�B�E �< �4�2�<�9�<�4�6�0�8�X�0�5 �B�X�F�8�A�:�2�2�5 �B �>�<�0�2 �	�������� �R�R�� 
�#�>�.�5�.�� �?�B�� �	�� �?�@�>�� � � � � � 
 � � � � � � � � �� �� �,�	���- � # � 9 � 6 � Z � 8 �. �  � � �� �	�������0�� �#�A�8�9�6�;�<�B�J �F�L�;�E �. �7�2�7�6�0�5 �B�F�@�.�5 
�8 � �<�>�.�B�?�8�J�:�A �8�>�.�?�A�� �����6�2 ���9�N�3�@�A�;�4�?�F�<�;�2�; �A�;�1 �6�5�>�2 ���2�F�6�2�5�A�;�4 �F�A �1�2�: � �I�5�>�6�?�0�5�2�; 
���.�>�?�@���� � � �>�.�? �B �Y�2�?�8�<�?�9�<�B�2�;�?�8�A�� �	���	�������� ���>�;�<�� �?�@�>�� � 	 � � � � � 	 � 
 �� �� �,�	�
�- � $ � < � @ �5 �+ � � �� �	�����
�� 
�(�E�?�B�2�@�9�6�B�8�E �8 �=�[�2�5�9�2�1�;�J �4�2�<�9�<�4�6�0�8�J �:�.�=�2 �Y�%�%�$ �	���
���� �������� � ���������*�*���(�� �"�9�<�:�<�A�0�� 
���2�<�3�<�;�1 �#�>�.�5�.�� �?�@�>�� �	�Q�
�
���� �Q �,�	���- � $ � < � @ �5 �+ � � �� �	�����
�� ���6�2 �&�2�8�@�<�;�K�8 �1�2�? �)�2�?�@�.�/�?�0�5�;�6�@�@�2�? 
�1�2�> �G�A�?�?�2�>�2�; � � � . �>�=�.�@�2�; �6�; �1�2�> �Y�%�%�$�� �(�2�>�5�� ���2�<�9�� ������������ �%�<�;�1�2�>�5�2�3�@ ���� �%�� �
�� �Q ���
�� �)�6�2�;�� 
�+�� �1�2�A�@�?�2�5�� ���2�?�� � � � . �5�>�4�. � ; �4 �	�������� � � �H�;�1 �	�	���� �
�� �&�2�6�9�� �%�� � � � 	 � 
 � � � � � � � 	 �� ���.�;�;�<�B�2�>�� �Q �,�	���- 
�% �= �2 � ; � 0 � 2 �> �Q � � � < � ; � 2 �? � � � � �� �	�������� ���<�6�;�@ �=�.�@�@�2�>�;�? �.�;�1 �@�5�2�6�> �>�2�9�.�@�6�<�;�?�5�6�= �@�< �>�2�4�6�<�;�.�9 �@�>�2�;�1�?�� 
� � �<�A�>�;�. �9 �<�3 �@�5�2 ���2�<�9�<�4�6�0�.�9 �%�<�0�6�2�@�E �<�3 ���A�?�@�>�H�9�6�.�� �(�<�9�� �	���� �=�=�� �
���� �Q �
������ ���1�2�9�.�6�1�2�� 

�	�
�� 





Geologické práce, Zprávy 44 — 45. Bratislava 1968 

LADISLAV KOZLOŽXÍK 

FAULT TECTOXICS OF THE ŠTIAVNICA HORST 

A b s t r a c t . YVithin the area of the so-called Štiavnica Horst, between Banská Štiav­
nica Banská Hodruša —Vyhne —Sklené Teplice the pre-Neogene basement of young 
volcanic rocks crop out. The structure development of the Štiavnica Horst was controlled 
particularly by fault tectonies. I ts importance is enhanced by the fact that part of these 
faults became ore-bearing elernents of the well-known Banská Štiavnica and Hodruša 
ore districts. Up to the present, the fault systems were interpreted simply as the systems 
of normál faults within the framework of the horst-graben structure. Our investigation 
has shown that the fault systems are of a far more complicated genesis. 

Outline of the structure of the Štiavnica Horst 

The structure of the Štiavnica Horst consists of two conspicuous structural 
units which differ in age, tectonic style and lithology. One of them is the pre-
Neogene substratum made up of Palaeozoic. Mesozoic and also Eocéne com-
plexes. The other, Neogene unit occurs in the form of a cover formation built 
up mostly of the supercrustal accumulations of the products of the West 
Carpathian volcanism. 

The substratum of young volcanics is both stratigraphically and petro-
graphically unusually varied. Among its components, the granite (called 
Vyhne granite) prohably of Palaeozoic age. constitutes the crystalline core. 
Additionally. Carboniferous conglomerates, sandstones and micaceous shales, 
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also Permian, the Krížna nappe. The Eocéne nummulites-bearing conglome-
rates rest with a pronounced unconformity on the above-mentioned struc-
tures. 

With regard to its character, the large Neoidic intrusion of diorite — quartz-
diorite, granodiorite and some of its porphyry and aplite dýke forms — should 
also be ranged to the substratum. In the móde of occurrence, extent, composit-
ion and intensive contact effects, these rocks are reminiscent of the banatites 
of Rumania ( R o z l o ž n í k — Š a l á t 1963). Broadly speaking, they penetrated 
between the crystalline core and its sedimentary mantle formed of the above-
mentioned nappes. The basic tectonic style of the substratum of young volca-
nics developed during the Cretaceous folding processes, which stage is called 
the Early Carpathian or Early Alpine. Distinctive of the Early Alpine stage 
is the nappe tectonics. The study of small and major tectonic structures has 
revealed two main trends of the Early Alpine structure: the main, approx. 
NE-SW and the subsidiary SE-NW strikes. They are reflected in the intricate 
brachyanticlinal structure, emphasized by the diorite-granodiorite intrusion 
(forming the huge core ofthe Štiavnica Horst) which gave rise to the Hodruša 
upfold with a number of partial elevations (e. g. Štiavnica elevation, elevation 
of Rosalia vein) and depressions (see the section). 

The Neogene volcanic complex of the Štiavnica Horst is made up of an 
abundance of volcanic products corresponding in time with the 2nd and Srd 
andesite phases and the 3rd rhyolite phase in the sense of K u t h a n ' s classi-
fication (1963). Their position within the framework of the volcanics of the 
Slovenské stredohorie Highland is explained in another paper ( R o z l o ž n í k — 
S l a v k o v s k ý , 1967). The rocks build up mostly surface forms; the only exOept-
ion is the hornblende-biotite dacite which develops subvolcanic forms, mainly 
in the substratum, tending to die out towards the overlying young volcanic 
complexes. The rudimentary supercrustal accumulation of volcanics in the 
centre of the Štiavnica Horst. showing an incomplete development compared 
with the peripheral parts of the Horst, suggests that during the Neogene the 
Hodruša upfold experienced positive vertical movements. The terraces of 
streams at altitudes higher than 600 m are a good evidence that the uplifts 
háve persisted up to present time. 

The tectonicity of the Neogene periód widely differed from that of the Early 
Alpine stage, being distinguished by fraeture-fault style. During this Late 
Carpathian or Late Alpine stage, the Early Alpine and Late Alpine tectonic 
plans influenced each other. In the pre-Neogene substratum, the elements of 
the Late Alpine stage represent the „superimposed" elements (dykes, veins, 
faults, a. o.). On the other hand, the anisotropy of the Early Alpine structural 
elements controlled toacer ta in extent the development o f the Late Carpath­
ian structural pian of the overlying volcanic cover. 
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Dating of fault systems 

From this very brief outline of the evolution of the structure it follows tha t 
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origin was accompanied by block-fault movements, i. e. that they are due to 
normál faults of a determinable amount of displacement. In some cases, howe-
ver, the movement has not been proved. 
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called Považanská fault. This does not show direct signs of mineralization but its 
course is documented by rhyolite eruptions. The enclosed sketch map indicates 
that the Považanská fault bounds the Štiavnica Horst in the W and NW. 

In the south-western part it truncates the Early Alpine structural strikes 
and in the northern tract it swings into the Early Alpine — NE strike. 

(3) Not very numerous faults which probably originated only after mineralization. 
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On the Všesvätých stockwork (at the eastern outskirts of Banská Hodruša) 
two outstanding systems of mineralized faults are developed: one systém, 
undoubtediy inherited, strikes approximately north-east and is transected by 
faults of the N-S strike. An analogous situation exists on] the Anton Paduan-
ský stockwork (between Vyhne and Banky), where the two strikes háve an 
arrangement reminiscent of horse-tail structure. 

The meridian trend is characteristic for the prevalent part of the Váh fault 
and is also outstanding with the postmineralization faults. The latter subordi-
nately display the north-western and quite scarcely the E-W directions. 

The differences between the structural plans of the dacite and the post-
dacite stages cannot be ascribed to another anisotropy. The reason mušt be 
sought for in diverse dynamic conditions, which probably arose in consequence 
of tectonic regional events manifested in the Slovenské stredohorie Highland 
during the Neogene. According to K u t h a n (1962, 1963, 1965), the margins 
of the Štiavnica Horst are followed by two major tectonic lines approaching 
in strike the meridian direction and extending as far as the Kremnické hory 
area. These played an important role in the course of the 2nd and 3rd andesite 
phases and the third rhyolite phase, including the mineralization processes. 
In our opinion, they also induced the above-mentioned changes in the develop­
ment of faults of the post-dacite stage. In some aspects, the final phases of 
the fault formation in the Štiavnica Horst require still a more detailed rese-
arch. 

Conclusion 

The existing knowledge of the development of faults in the Štiavnica Horst 
may be summed up as follows: 
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Geologické práce, Zprávy 44 — 45. Bratislava 1968 

D. VASS-M. MARKOVA-O. FUSAX 

DEPEXDENCE OF THE DEVELOPMENT OF TERTIARY BASIXS IX THE 
IXNER SIDE OF THE WEST-CARPATHIAX ARCH ÚPON THE STRUCTURE 

OF THE SUBSTRATUM 

At the end of the Paleogene, and especially in the Neogene, in the inner 
side of the West-Carpathian Arch there were superimposed basins of " the 
intermontane superimposed depression" type (T. B u d a y in B u d a y — 
C icha — Seneš 1965), extending over the tectonic units of the inner West 
Carpathians and part ly over the intermontane part. Šuch are the Ipel-Rimava 
basin (Map I) and the Danubian basin (Map II) . In their basic regional features 
the structure of the substratum is not reflected, since they are generally 
oriented diagonally to the course ofthe Alpine tectonic units ofthe substratum. 
In the separáte parts of the basin, however, the influence of the structure of 
substratum úpon the filling is evident, observable mainly : 1. in the migration 
of subsidence, 2. in different facial development of sequences of the samé age 
on different tectonic units of the substratum, as well as in different facial 
development of the separáte stratigraphic stages. Stratigraphic division and 
the environment of sedimentation háve been proved by rich fauna lastly dealt 
with by the following authors: E. Brestenská, I. Cicha, V. Kantorová, R. Le-
hotayová, V. �������7�/�!�%�+�.�� �
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the Rupelian developed from the Lower-Oligocene Cyrena beds. The "lower 
sandstone horizon" — a 100—150 m thick basalpart ofthe Rupelian — consists 
according to Dobra (1960) of quartzose materiál of 0.5 — 1 mm granularity, 
with intercalations of pelites, gravels, conglomerates and allochthonous coal. 
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Map I . Schéme of Extension of the Oligocene and the Neoge­
ne transgressions in the �������? �!�-�$ ���)�,�!�5�! ���!�2�)�-�2�� ���4�"�2�3�1�!�3�4�, 
�.�& �$�%�/�.�2�)�3�2 �.�& ���/�#�� �!�-�$ ���)�,�!�5�! ���!�2�)�-�2�� 
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Similarly differentiated is the composition of the sedimentary �)������������ ���� �  � � �� 
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Map I I . Schéme of Extension of the Neogene Transgressions in Danube Baflin 
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��� �H�� �4�)�5�:�3�- �6�. �$�-�7�6�8�1�,�-�) �)�5�, �: �0�6 ���0�6�, �5�)�7�7�-�� ���1�� �!�6�6�2�) �6�. ���5�5�/�)�8�1�)�5 ���$�5�
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shore character, being represented by the sandstone and microconglomeratic 
volcanogene-sedimentary facies. 

At the end of the Burdigalian, on the inner side of the West Carpathians 
a regional upheaval took �������K�, � � � # � , � 5 � , �J �������
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presence of tremolite (in diagram included with amphiboles), andalusite and 
sillimanite. The products of denudation of young volcanogene rocks represent 
the stable component. 

In the L o w e r T o r t o n i a n — the Lanzendorf serieš — the maximum subsi­
dence was in the E par t of the Danube lowlands — the thickness of sediments 
reach up to 500 m here or even 1000 m, while in the Ipel depression only 
100 m. Substratum of the subsiding part of the basin is �(���������� ������������ � � �� � � � � �� 
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háve been developed predominantly in the form of sands with close relation 
to the sedimentary rocks of their substratum. In some places, below the 
sands there are gravels composed of silicites, quartz, granites, quartzites, 
garnet mica-schists, arkoses, and sandstones transported from the West. 

Between the basal beds and the proper sedimentary filling on the NE margin 
of the Danube lowlands, and in the Ipel depression there are large accumul-
ations of andesitic pyroclastics and laminae of wirid transported volcanic 
glass. After the fading-out of volcanism, pelitic sediments of the Lanzendorfer 
serieš covered the Danube lowlands; they are, however, gradually wedging-in 
in the NE direction, and in the Ipel depression only littoral deposits of the 
resedimented, and eolian transported volcanic products may be found. 

The médium granularity of pelitic facies is 0.004 mm in the basin area, 
increasing to 0,03 mm in the Ipel depression. Association of heavy minerals 
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Encl. 1. (iranulonietric and haevj minerals* (HM) diagram of the Xeogene deposits 
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consists of sandstone and clayey-silty strata, their mutual ratio increasing 
in behalf of sands, in eastern direction. There are numerous conglomerate 
strata with the washout contact with substratum. The materiál is almost 
exclusively volcanogene (Fig. 15), mineralogical composition is vertically and 
horizontally comparatively stable, graded-bedding being present there, too. 

In the overlying sequence there are present elayey silts, stratigraphically 
belonging to the Bolivina-Bulimina zóne ( L e h o t a y o v á in S e n e š 1962). 
In basal part, on the eastern margin of the basin, there are conglomerate strata 
containing as múch as 20 % of the pebbles of quartz, quartzites, mica-schists 
phyllites and granitoides in the predominating mass of andesite pebbles. 
Lithological parameters of the Upper-Tortonian silts facies are conformable 
with those of the recent sediments of the inland seas. The facies is charac-
terized byan abundant terriginous component (variegated association of heavy 
minerals Fig. 15), by the equilibrated ratio of the clastic and volcanogene 
components in the light fraetions, abundant plánt detritus). The reg*ession of 
the Upper-Tortonian sea indicates definite retreat of marine sedimentation 
from the �������< �����)�+���,�,�#�(�' ��� �+�(�& �-�"�� ���+���� � - � " � � �- �0���, �(�+�#�!�#�'���%�%�2 �� � ) � � �+�- �(�  �- �"�� 
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In comparison to the Sarmatian, in the Pliocene brackish-marine and lacu-
strine facies indicates that the subsidence of the Danube basin was intensified; 
the maxima of subsidence were, however, replaced farther southwards. In the 
eastern part of the basin the margin of subsidence retreated westwards, 
owing to — similar to the end of the Upper Tortonian and Sarmatian — the 
movements along the Žiar—Levice fault zóne completed with the movements 
along the faults of NW direction. 

The thickest P a n n o n i a n s. s. was found in the SVV part of the Danube 
lowlands. The oldest Pannonian sediments in the area under study háve been 
developed only in the maximally subsiding part of the basin, in the facies 
of marly clays, sands and gravels, in the north — only gravels. Above these 
there rest sands and sandstones covered by the sequence of silty-sandy marly 
clays in the whole basin, and lignites — mainly on the margins of the basin. 

In the P o n t i a n of the Danube lowlands the subsident area was not diffe­
rent from that of the Pannonian, only its intensity increased. The thickest 
Pontian in the SW part of the Danube lowlands is about 1500 m (T. Buday 
1962). I t is a sequence of fine-grained sands alternating with clays andlocally 
with gravels, espeeially on the NW margin passing to gravels and freshwater 
limestones. In the upper part of the Pontian there are coal seams and mar-
laceous clays. 

In the U p p e r m o s t P l i o c e n e (perhaps in the earlier Quaternary, too) 
subsidence was fading-out. I t is indicated by the lessening of the surface 
extension of the subsiding area and by considerable decrease of thickness of 
sediments (max. 100—130 m). I t is a prevalently gravel and sandy sequence 
with clay strata. The thickness of clays increas eastwards. 
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cation zones of the N W-SE direction, or by revived or newly arisen dislocation 
zones of the N-S to NE-SW directions, in some places stressed by marginal 
faults of some core mountains; 
[3] owing to the migration of subsidence, of various depths of sedimentary 
environment and changes of source area (degree of denudation, volcanism, 
lithological character of the �%������������ ���� ������������ �
������������ ������������ ������ � � � � � � � � � � � � � � � � � � � � �� 
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JOZEF VOZAR 

DER PERM MESOZOISCHE VULKANISMUS L\ DEX WESTKARPATEN 
UND OSTALPEN 

A b s t r a c t . In diesem Artikel werden die neuesten Forschungsergebnisse der permi-
schen und mesozoischen Eruptivgesteine der Westkarpaten und deren Beziehung zu 
ähnlichen vulkanischen Produkten in <len Ostalpen behandelt. In den westkarpatischen 
Raum sind die permom3sozoischen Vulkanite der äusseren und inneren (zentralen) West­
karpaten, incl. des anliegenden ungarischen Mesozoikums (die sog. Rudabánya-Entwick-
lung und Bukk-Gebirge) einbezogen. Dar Beitrag stútzt sich auf eigene Ergebnisse des 
Autors aus den zentralen Westkarpaten, wie auch auf Arbeiten anderer Forscher uber 
die Westkarpaten und Ostalpen, vor allem: G. C. A m s t u t z (1954), F . Ange l (1929), 
K . B a l o g h & G. P a n t ó (1953) E. B e d e r k e (1959), F . B e c k e (1912), A. B ie l y 
(1960-66), C. B u r r i & P . N igg l i (1945), H . P . C o r n e l i u s (1929-1949), V. � � � � ��
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den ist. Im nôrdlichen Teil des Zips-Gômôrer Erzgebirges ist er älter als die 
Evaporitfazies, die etwa dem (?) Oberperm- Werfen ( S c h u k o w 1961; R o j -
� � � � � � � � �� ���������� ���������� � 	 � 
 � 
 � � �K �� � # � 4 � ? � @ �7 �
���
�
�� �&�3�,�*�-�B�7�9�� � � �3 �)�*�3 �#�*�5�4�7�.�)�*�3 �.�8�9 
�)�*�7 �8�:� ' �8�*�6�:�*�3�9�* �#�:�1�0�&�3�.�8�2�:�8 �&�3 �)�.�* �%�*�.�9 �)�*�7 � �*�)�.�2�*�3�9�&�9�.�4�3 �)�*�7 �'�&�8�&�1�*�3 
�&�7�0�4�8�*�3�&�7�9�.�,�*�3 � �(�-�.�*�-�9�+�4�1�,�* �,�*�'�:�3�)�*�3 ���.�3 �.�-�7�*�2 �"�3�9�*�7�,�7�:�3�) �1�&�,�*�7�9 �)�&�8 �#�*�5�4��
�7�.�)�*�3�����7�.�8�9�&�1�1�.�3�� �.�2 �� �&�3�,�*�3�)�*�3 �)�.�* �-�B�-�*�7�*�3 ���*�7�2�8�(�-�.�(�-�9�*�3 �)�*�7 � ' � : �3�9�*�3 �#�*�7��
�7�:�(�&�3�4�+�&�?�.�*�8�� �&�:�+ �<�*�1�(�-�* �)�.�* �:�3�9�*�7�9�7�.�&�8�8�.�8�(�-�*�3 ���:�&�7�?�.�9�* �9�7�&�3�8�,�7�*�)�.�*�7�9�*�3���� 
� � �2 �8�.�.�)�1�.�(�-�*�3 �!�*�.�1 �)�*�8 �%�.�5�8�����B�2�B�7�*�7 ���7�?�,�*�'�.�7�,�*�8 �'�1�*�.�'�9 �)�.�* ���&�,�* �)�*�7 ���.�&�'�&�8��
�,�*�8�9�*�.�3�* �)�*�7 ���*�1�.�&�9�&��� �*�7�.�*�� �)�.�* �?�: �/�:�3�,�*�7�*�2 ���&�1�A�4�?�4�.�0�:�2 � � � � � : � 9 � - � & �3 �
�������� 
� I � * � 0 � & � 1 � 4 � ; �@ �
�������� �,�*�8�9�*�1�1�9 �<�.�7�)�� �:�3�,�*�0�1�A�7�9�� ���.�*�8�* �;�:�1�0�&�3�.�8�(�-�*�3 ���*�8�9�*�.�3�* �'�*�8�.�9�?�*�3 
�3�. �( �- �9 �:�'�*�7�&�1�. �E �.�2 �#�*�7�-�A�1�9�3�.�8 �?�: �)�*�3 �&�3�1�.�*�,�*�3�)�*�3 ���'�1�&�,�*�7�:�3�,�*�3 �E �)�*�3 �8�>�3��
�,�*�3�*�9�.�8�(�-�*�3 ���-�&�7�&�0�9�*�7�� �&�'�*�7 �<�*�3�.�,�8�9�*�3�8 �*�.�3�*�3 �!�*�.�1 �)�&�;�4�3 �0�&�3�3 �2�&�3 �2�.�9 �)�*�2 
�9�7�.�&�8�8�.�8�(�-�*�3 �� � � �� � � � & � 2 � * � 3 � . � ( � 0 �H �
���������� �*�;�*�3�9�� �/�.�.�3�,�*�7�*�3 �#�:�1�0�&�3�.�8�2�:�8 ���'�*�8�*�-�7�.�*�'�*�3 
�.�2 �<�*�.�9�*�7�*�3 �!�*�=�9�� �)�.�*�8�*�8 ���*�'�.�7�,�*�8 �.�3 �%�:�8�&�2�2�*�3�-�&�3�, �'�7�.�3�,�*�3�� 

� � �&�8 ���*�7�2�����1�9�*�7 �0�&�3�3 �2�.�9 � �.�(�-�*�7�-�*�.�9 �.�2 �'�&�8�&�1�*�3 �� � ' �8�(�-�3�.�9�9 �)�*�7 ���-�4�J�����*�(�0�* 
�)�*�3 � � �7�4�) � : �0�9�*�3 �)�*�8 �'�&�8�.�8�(�-�*�3 �'�.�8 �2�.�9�9�*�1�'�&�8�.�8�(�-�*�3 �#�:�1�0�&�3�.�8�2�:�8 � . �2 �/�:�3�,��
�5�&�1�A�4�?�4�.�8�(�-�*�3 �8�*�)�.�2�*�3�9�A�7���;�:�1�0�&�3�.�8�(�-�*�3 ���4�2�5�1�*�= �E �)�*�7 �4�+�9 �&�:�(�- �&�1�8 ���*�1�&��
�5�-�>�7�*�3�8�*�7�.�*�� �4�)�*�7 �;�4�7�-�*�7 �$�*�7�+�*�3 �2�.�9 ���*�1�&�5�-�>�7�*�3 ���;�*�7�,�1�*�.�(�-�* �&�:�(�- � � � 3 � ) � 7 � : ��
� 8 � 4 �; �
�������� �'�*�?�*�.�*�-�3�*�9 �<�.�7�) �E �?�:�,�*�8�5�7�4�(�-�*�3 �<�*�7�)�*�3�� ���.�*�8�*�7 �#�:�1�0�&�3�.�8�2�:�8 �.�8�9 
�2� . �9 �)�*�7 ���*�7�2�8�(�-�.�(�-�9�+�4�1�,�* �)�.�*�8�*�8 ���4�2�5�1�*�=�*�8 �8�>�3�8�*�)�.�2�*�3�9�A�7 � : �3�) �.�2 � �.�3�3�* �)�*�7 
�3�*�:�*�8�9�*�3 �8�9�7�&�9�.�,�7�&�5�-�.�8�(�-�*�3 ���1�.�*�)�*�7�:�3�, �)�*�7 ���-�4�J�����*�(�0�* � � � � � . � * � 1 �> �
���
�
 �E�
���
�
�� 
�.�8�9 �*�7 �*�.�3�)�*�:�9�.�, �/�.�.�3�,�*�7 �&�1�8 �� �&�7� ' �4�3 � : �3�) �A�1�9�*�7 �&�1�8 �)�.�* �" �3�9�*�7�9�7�. �&�8�� ���A�:�2�1�.�(�- �.�8�9 
�*�7 �.�3 �2�*�-�7�*�7�*�3 ���*�'�.�7�,�*�3 �)�*�7 �?�*�3�9�7�&�1�*�3 �$�*�8�9�0�&�7�5�&�9�*�3 �&�1�8 �*�.�3 ���*�8�9�&�3�)�9�*�.�1 
�) �* �7 �:�'�*�7�8�*�-�4�'�*�3�*�3 ���&�8�8�*�3 �)�*�7 ���-�4�J�����*�(�0�* ���)�*�7�*�3 �:�7�8�5�7�:�3�,�1�.�(�-�*�7 � �*�)�.�2�*�3��
�9�&�9�. �4�3�8�7�&�:�2�� �)�*�8�8�*�3 ���4�8�.�9�.�4�3 �: �3�) ���:�8�2�&�8�8 �9�7�4�9�? �3�*�:�*�3 �2�:�-�8�&�2�*�3 ���*�9�&�.�1��
�+�4�7�8�*�-�:�3�,�*�3 �3�4�(�- �.�2�2�*�7 �)�.�8�0�:�9�&�'�*�1 �.�8�9�� �&�:�8�,�*�)�*�-�3�9�� ���*�7 �#�:�1�0�&�3�.�8�2�:�8 �;�*�7�1�.�*�+ 
�.�3 �)�.�*�8�*�2 � �*�)�.�2�*�3�9�&�9�.�4�3�8�7�&�:�2 �.�2 �8�:� ' �&�6�:�&�1�*�3 ���.�1�.�*�: � : �3�) � - �&�9�9�* �*�.�3�*�3 �1�.�3�.�*�3��
�&�7�9�.�,�*�3 ���-�&�7�&�0�9�*�7�� ���*�7 ���:�+�8�9�.�*�, �)�*�7 ���&�,�2�*�3 �;�*�7�1�.�*�+ �*�3�9�1�&�3�, �*�.�3�.�,�*�7 �1�&�3�,�*�3 
���8�9�*�1�1�*�3�<�*�.�8�* �:�3�9�*�7�'�7�4�(�-�*�3�*�3���� �9�.�*�+ �*�.�3�,�*�1�*�,�9�*�3 ���7�:�(�-�1�.�3�.�*�3�� �)�*�7�*�3 ���.�1�)�:�3�, 
�*�9�<�& �.�3 �)�.�* ���*�7�2���%�*�.�9 �+�A�1�1�9�� ���.�* � � �3�9�8�9�*�-� : �3�, �)�.�*�8�*�7 ���.�3�.�*�3 �- �A�3�, �9 �4�+�+�*�3�8�.�(�-�9�1�.�(�- 
�2�. �9 �)�*�7 ���:�8�'�.�1�)�:�3�, �)�*�8 � �*�)�.�2�*�3�9�&�9�.�4�3�8�7�&�:�2�*�8�� �)�*�7 �.�2 � �.�3�3�* �)�* � � � 4 � * � ; � * � 7 � * � � �8 
���
�������� �)�&�8 �����������
�	�������
���������� �)�*�7 �&�1�5�.�3�*�3 ���*�4�8�>�3�0�1�.�3�&�1�*�3�9�<�.�(�0�1�:�3�, �*�7�7�*�.�(�-�9 
� - �&�9�9�* �� � � �3 �)�.�*�8�*�2 � �.�3�3�* �0�&�3�3 �2�&�3 �&�:�(�- �)�*�3 �;�4�7�&�:�8�,�*�8�*�9�?�9�*�3 ���7�:�(�-�1�.�3�.�*�3 �:�3�) 
�) �*�2 �2�.�9 �.�-�3�*�3 �;�*�7�'�:�3�)�*�3�*�3 ���&�,�2�&�9�.�?�2�:�8 �)�*�3 �*�2�'�7�>�4�3�&�1�*�3 ���-�&�7�&�0�9�*�7 �?�:�*�7��
�0�*�3�3�*�3�� 

���.�* �;�:�1�0�&�3�.�8�(�-�* �!�A�9�.�,�0�*�.�9 �.�2 ���-�4�J��� �*�)�.�2�*�3�9�&�9�.�4�3�8�7�&�:�2 �<�*�.�8�9 �*�.�3�*�3 �5�:�1��
�8�&�9�.�;�*�3 ���-�&�7�&�0�9�*�7 �&�:�+ �: �3�) �0�4�3�?�*�3�9�7�.�*�7�9�* �8�.�(�- �.�3 �)�.�* �'�.�8�-�*�7 � ' �*�0�&�3�3�9�*�3�� �'�?�<�� 
�*�7�<�.�*�8�*�3�*�3 �?�<�*�. ���7�:�5�9�.�4�3�8�5�-�&�8�*�3�� �/�*�)�* �;�4�3 �.�-�3�*�3 �.�8�9 �)�:�7�(�- �*�.�,�*�3�&�7�9�.�,�* �-�>�)�7�4��
�9�-�*�7�2�&�1�* ���-�&�8�* �: �3�) �8�.�* �'�*�,�1�*�.�9�*�3�)�* �5�>�7�4�0�1�&�8�9�.�8�(�-�* ���'�1�&�,�*�7�:�3�,�*�3 �(�-�&�7�&�0�9�*�7�.��
�8�.�*�7�9 � : �3�) �&�:�8 �<�*�3�.�,�8�9�*�3�8 �?�<�*�. ���:�8�,�:�8�8�*�3 �'�*�8�9�*�-�*�3�)�� ���.�* � � �7�4�) � : �0�9�* �)�*�8 �5�*�7��
�2�.�8�(�-�*�3 �#�:�1�0�&�3�.�8�2�:�8 �,�*�-�B�7�*�3 �)�*�7 ���7�:�5�5�* �)�*�7 �3�4�7�2�@�1 �,�&�'�'�7�4�.�)�*�3�� ���&�'� ' �7�4��

�
���	 



diorit-, weniger den Dioritmagmen (im Sinne der P . � � � � � 
 � 
 � � �L �7�'�,�)�2 ���0�%�7�7�-�*�-��
�/�%�8�-�3�2 �����
������ �1�-�8 �6�)�0�%�8�-�: �,�B�,�)�6�)�1 ���0�/�%�0�-�)�2�+�)�,�%�0�8 �&�)�- �(�)�2 � � �6�3�(�9�/ �8�)�2 �(�)�6 �)�6��
�7�8�)�6�)�2 � � �6�9�4�8�-�3�2�� ���-�) ���6�+�9�7�7�%�)�5�9�-�:�%�0�)�2�8�) �7�-�2�( �(�9�6�' �, �:�)�6�7�'�,�-�)�(�)�2�) ���&�%�6�8�)�2 
�(�)�6 ���)�-�%�4�,�=�6�)�� ���)�0�%�4�,�=�6�4�3�6�4�,�=�6�-�8�) �9�2�( �� �3�6�4�,�=�6�-�8�) �:�)�6�8�6�)�8�)�2�� ���)�6 ���,�%�6�%�/�8�)�6 
�(�)�6 �4�=�6�3�/�0�%�7�8�-�7�'�,�)�2 ���&�0�%�+�)�6�9�2�+�)�2 ���)�-�2�) �&�9�2�8�) ���/�%�0�% �(�)�6 � �9�*�*�)�� � �9�*�*�-�8�)�� �8�9�*�*�-��
�8�-�7�'�,�)�6 ���&�0�%�+�)�6�9�2�+�)�2 �9�2�( ���)�(�-�1�)�2�8�) �1�-�8 �4�=�6�3�/�0�%�7�8�-�7�'�,�)�6 ���)�-�1�-�7�'�,�9�2�+�� �;�)�-�7�8 
�%�9�* �)�-�2�) �:�)�6�,�A�0�8�2�-�7�1�A�7�7�-�+ �7�'�,�;�%�)�,�) �� �<�4�0�3�7�-�:�-�8�A�8 �(�)�6 ���6�9�4�8�-�3�2�)�2 �,�-�2�� � � �2 �(�)�2 
�8�-�)�*�)�6�)�2 ���%�7�%�0�%�&�7�'�,�2�-�8�8�)�2 �(�)�6 ���)�6�1�7�'�,�-�'�,�8�*�3�0�+�) �9�2�( �-�1 �0�-�)�+�)�2�(�)�2 � � �%�6�&�3�2��
�/�3�1�4�0�)�< � , �%�8 �1�%�2 �+�%�2�+�%�6�8�-�+�) ���	�����N�0�A�'�,�)�2�2�%�,�) ���)�5�9�-�:�%�0�)�2�8�) �(�-�)�7�)�6 ���*�*�9�7�-�:��
�+�)�7�8�)�-�2�) �*�)�7�8�+�)�7�8�)�0�0�8 � � � G � O � % � 7 � 8 � 2 �H �����	�
���� �(�-�) �(�9�6�' �, ���-�3�6�-�8�� �9�2�( ���%�&�&�6�3�(�-�3�6�-�8��
�4�3�6�4�,�=�6�-�8�) �:�)�6�8�6�)�8�)�2 �7�-�2�(�� ���-�) �!�&�)�6�6�)�7�8�) �(�)�6 ���%�6�&�3�2�7�'�,�-�'�,�8�*�3�0�+�) �>�9�7�%�1�1�)�2 
�1�-�8 ���A�2�+�)�2 �(�)�6 �)�6�;�A�,�2�8�)�2 �:�9�0�/�%�2�-�7�'�,�)�2 ���)�7�8�)�-�2�) �;�9�6�(�)�2 �%�9�'�, �-�7�3�0�-�)�6�8 �:�3�2 
�(�)�2 �,�%�2�+�)�2�(�)�2 �4�)�6�1���1�)�7�3�>�3�-�7�'�,�)�2 ���%�7�7�)�2 �(�)�6 ���������������
������ ������ ���������� � � � � � � � � � � ��
�������	 ������ ���������M�����)�7�3�>�3�-�/�9�1�7 �-�1 ���0�3�;�%�/�-�7�'�,�)�2 ���6�>�+�)�&�-�6�+�)�� �9�2�8�)�6�,�%�0�& �(�)�7 
�/�%�6�&�3�2�%�8�-�7�'�,�)�2 ���3�1�4�0�)�<�)�7 �(�)�7 �"�)�6�2�@�6�����8�6�)�-�*�)�2�7 �-�1 �B�7�8�0�-�'�,�)�2 � �)�-�0 �(�)�6 ���-�)�(�)�6�)�2 
�  �%�8�6�% �9�2�( �-�1 ���)�&�-�6�+�) �I�-�)�6�2�% �� �3�6�% �-�1 �8�)�/�8�3�2�-�7�'�,�)�2 ���%�2�+�)�2�(�)�2 �(�)�6 �A�0�8�)�6�)�2 
���)�&�-�0�(�) �*�)�7�8�+�)�7�8�)�0�0�8 ���%�9�* �(�-�)�7�) � � �9 �2�( �) � , �%�8 �1�-�'�, ���� ���-�)�0�= �9�2�( ���� ���9�7�@�2 �%�9�*��
�1�)�6�/�7�%�1 �+�)�1�%�'�,�8���� ���-�) ���)�>�-�)�,�9�2�+ �(�-�)�7�)�6 �"�3�6�/�3�1�1�)�2 �>�9�6 ���,�3�J�����)�'�/�) �;�9�6�(�) 
�-�2 �(�)�6 �"�)�6�+�%�2�+�)�2�,�)�-�8 �2�-�'�,�8 �9�2�8�)�6�7�9� ' � , �8�� ���-�) �4�)�8�6�3�+�6�%�4�,�-�7�'�,�) �"�)�6�;�%�2�(�7�'�,�%�*�8 
�(�)�6 �:�9�0�/�%�2�-�7�'�,�)�2 ���)�7�8�)�-�2�) �9�2�( � � �6�8 �9�2�( �#�)�-�7�) �-�,�6�)�7 ���9�*�8�6�)�8�)�2�7 �6�)�'�,�8�*�)�6�8�-�+�)�2 
�-�,�6�) ���-�2�+�0�-�)�(�)�6�9�2�+ �>�9�6 ���,�3�J�����)�'�/�)�� �;�3�(�9�6�'�, �%�9�'�, �(�-�) ���2�+�%�&�)�2 �9�&�)�6 �(�-�) 
���9�7�(�)�,�2�9�2�+ �(�-�)�7�)�6 ���)�J�/�) �;�)�-�8�)�6 �4�6�A�>�-�7�-�)�6�8 �;�)�6�(�)�2�� 

�#�-�) �&�)�6�)�-�8�7 �)�6�;�A�,�2�8�� �:�)�6�0�-�)�* �(�-�)�7�) �:�9�0�/�%�2�-�7�'�,�) � �A�8�-�+�/�)�-�8 �;�A�,�6�)�2�( �(�)�6 ���&�0�%��
�+�)�6�9�2�+ �(�)�6 �+�%�2�>�)�2 ���)�6�1�7�'�,�-�'�,�8�*�3�0�+�) �(�)�6 ���,�3�J�����)�'�/�)�� ���-�) �A�0�8�)�7�8�)�2 ���*�*�9�7�-�:��
�/�B�6�4�)�6 �;�9�6�(�)�2 �9�2�1�-�8�8�)�0�&�%�6 �3�&�)�6�,�%�0�& �(�)�6 ���6�)�2�>�) �1�-�8 �� �%�6�&�3�2�� �(�-�) �.�-�-�2�+�7�8�)�2 
�9�2�8�)�6�,�%�0�& �(�)�6 �9�2�8�)�6�8�6�-�%�7�7�-�7�'�,�)�2 ���9�%�6�>�-�8�) �*�)�7�8�+�)�7�8�)�0�0�8�� �(�-�)�7�)�6 �"�9�0�/�%�2�-�7�1�9�7 
�)�2�(�)�8�) �:�3�6 ���&�0�%�+�)�6�9�2�+ �(�)�6 �9�2�8�)�6�8�6�-�%�7�7�-�7�'�,�)�2 ���9�%�6�>�-�8�) � � � � � - � ) � 0 �= ������������ 

���-�) �!�2�8�)�6�7�9�'�,�9�2�+ �(�)�6 ���)�>�-�)�,�9�2�+ �(�)�7 �4�)�6�1�-�7�'�,�)�2 �"�9�0�/�%�2�-�7�1�9�7 �-�1 ���,�3�J��
���)�(�-�1�)�2�8�%�8�-�3�2�7�6�%�9�1 �9�2�( �(�)�6 �"�9�0�/�%�2�-�8�) �(�)�7 �2�3�6�(�+�)�1�)�6�-�(�)�2 �9�2�( �:�)�4�3�6�-�(�)�2 
���)�6�1�7 �>�)�-�+�8 �+�)�;�-�7�7�) �!�2�8�)�6�7�'�,�-�)�(�) �-�2 �(�)�6 �7�8�6�%�8�-�+�6�%�4�,�-�7�'�,�)�2 ���4�%�2�2�;�)�-�8�)�� �-�1 
���,�%�6�%�/�8�)�6 �(�)�7 ���)�(�-�1�)�2�8�%�8�-�3�2�7�&�)�'�/�)�2�7 �9�2�( �-�2 �(�)�6 �4�)�8�6�3�+�6�%�4�,�-�7�'�,�)�2 �9�2�( �'�,�)�1�-��
�7�'�,�)�2 �$�9�7�%�1�1�)�2�7�)�8�>�9�2�+ �(�)�6 �:�9�0�/�%�2�-�7�'�,�)�2 ���)�7�8�)�-�2�) �(�-�)�7�)�6 ���)�&�-�)�8�)�� ���-�) �7�%�9�)�6�)�2 
���)�7�8�)�-�2�) �(�)�7 �7�9�&�7�)�5�9�)�2�8�)�2 �4�)�6�1�-�7�'�,�)�2 �"�9�0�/�%�2�-�7�1�9�7 �%�9�7 �(�) �1 �$�-�4�7�����B�1�B�6�)�6 
���6�>�+�)�&�-�6�+�) �A�,�2�)�0�2 �(�9�6� ' �, �-�,�6�)�2 �'�,�)�1�-�7�'�,�)�2 �9�2�( �4�)�8�6�3�+�6�%�4�,�-�7�'�,�)�2 ���, �%�6�%�/�8�)�6 
�(�)�2 �%�)�5�9�-�:�%�0�)�2�8�)�2 �:�9�0�/�%�2�-�7�'�,�)�2 � � �6�3�(�9�/ �8�) �2 �-�1 �;�)�7�8�0�-�'�,�)�2 � �)�-�0 �(�)�6 �"�)�4�3�6�-�(�)�2 
���(�-�) �4�)�6�1�-�7�'�,�) ���9�0�0�) �(�)�6 �K�9�&�-�)�8�3�:�@���$�3�2�) �9�2�( ���%�2�+�/�B�6�4�)�6 �(�)�6 ���9�%�6�>�4�3�6�4�,�=�6�) 
�-�1 ���6�-�7�8�%�0�0�-�2 �(�)�6 �K�9�&�-�)�8�3�:�@���$�3�2�)���� �9�2�8�)�6�7�'�,�)�-�(�)�2 �7�-�'�, �%�&�)�6 �:�3�2 �4�)�6�1�-�7�'�,�)�2 
�"�9�0�/�%�2�-�8�)�2 �(�)�6 ���,�3�J�����)�'�/�)�� ���-�) ���9�%�6�>�4�3�6�4�,�=�6�) �(�)�7 �2�3�6�(�+�)�1�)�6�-�(�)�2 � � �) �6�1 
�+�)�,�B�6�)�2 �-�2 �(�-�) ���6�9�4�4�) �(�)�6 ���6�%�2�-�8���� �;�)�2�-�+�)�6 �(�)�6 ���6�%�2�3�(�-�3�6�-�8�1�%�+�1�)�2 ���-�1 ���-�2�2�) 
� � � - � + � + � 0 � - � � �7 �����
������ �?�,�2�0�-�'�,�) �:�9�0�/�%�2�-�7�'�,�)�2 ���)�7�8�)�-�2�) �-�1 �;�)�7�8�0�-�'�,�)�2 � �)�-�0 �(�)�6 �"�)�4�3��
�6�-�(�)�2 �+�)�,�B�6�)�2 �9�&�)�6�;�-�)�+�)�2�( �>�9�6 ���6�%�2�3�(�-�3�6�-�8�1�%�+�1�%�� ���-�2�) �7�)�0�&�7�8�A�2�(�-�+�) ���6�9�4�4�) 

������ 



vertreten die wahrscheinlich basischeren Abarten der Quarzporphyre im nord­
gemeriden Perm — die Porphyrite und Quarzporphyrite ( I v a n o v 1953; 
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Gosteinsvorkommen des ophiolitischen Vulkanismus in den Ostalpen (nach C. Bum A P. Niggli 1945) 
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Eruptivgesteine wenigstens teilweise (stratigraphisch und petrographisch) 
einige Vorkommen ähnlicher Gesteine in den sudlichen Kalkalpen und der 
mesozoischen Decken der Centralalpen (in beiden Gebieten dersog. Bozener 
Porphyrkomplex — Perm-Untertrias) gehalten werden kônnen. In den cen-
tralen Westkarpaten erinnem sie (von chemischer Sicht aus) an permische 
Quarzporphyre des Zips-Gômôrer Erzgebirges, die wir bereits erwähnt haben 

Unklar bleibt die Beziehung dieser permischen Quarzporphyre und der perm-
untertriassischen aciden Eruptivgesteine im ���������S�����,�:�6�A�6�0�2�<�4 �)�A�>�� �0�5 �+�,�9 
���9�0�,�5�6�2�����0�5�/�,�0�;�� �!�0�, �.�,�>�0�5�5�,�5 �(�5 ���,�+�,�<�;�<�5�.�� �-�(�3�3�: �>�0�9 �0�/�9�, �.�,�5�,�;�0�:�*�/�, �$�,�9 
�>�(�5�+�:�*�/�(�-�; �4�0�; �+�,�4 �A�0�7�:���.�H�4�H�9�,�9 ���,�:�6�A�6�0�2�<�4 �,�9�>�D�.�,�5�� �(�<�- � � �9�( �5�+ �+�,�:�:�,�5 
�+�9�D�5�.�; �:�0�*�/ �+�0�, �4�H�.�3�0�*�/�, �4�(�.�4�(�;�0�:�*�/�, �$�,�9�>�(�5�+�:�*�/�(�-�; �+�,�9 �7�,�9�4�0�:�*�/�,�5 �<�5�+ �7�,�9�4��
�<�5�;�,�9�;�9�0�(�:�:�0�:�*�/�,�5 ���9�<�7�;�0�=�.�,�:�;�,�0�5�, �0�5 �+�,�5 �� �6�9�+�,�9�.�9�<�5�+�� ���,�0�+�,�9�� �)�,�0�4 �/�,�<�;�0�.�,�5 
�! �; �(�5�+ �<�5�:�,�9�,�9 ���,�5�5�;�5�0�:�:�, �2�( �5�5 �4�(�5 �0�5 �+�0�,�:�,�9 ���9�(�.�, �2�,�0�5�, �,�0�5�+�,�<�;�0�.�, �!�;�,�3�3�<�5�. 
�5�,�/�4�,�5�� � � �: �>�0�9�+ �(�)�,�9 �+�0�, ���H�.�3�0�*�/�2�,�0�; �5�0�*�/�; �(�<�:�.�,�:�*�/�3�6�:�:�,�5�� �+�(�:�: �+�0�, �7�,�9�4��
�<�5�;�,�9�;�9�0�(�:�:�0�:�*�/�,�5 ���9�<�7�;�0�=�.�,�:�;�,�0�5�, �+�,�9 ���9�0�,�5�6�2�����0�5�/�,�0�; �<�5�+ �+�,�: �4�,�:�6�A�6�0�:�*�/�,�5 
���<�9�C�S�����3�(�;�,�(�< �0�5 �+�0�, �3�,�;�A�;�,�� �=�0�,�3�3�,�0�*�/�; �=�,�9�:�7�D�;�,�;�, ���.�,�>�0�:�:�,�9�4�(�:�:�,�5 �(�<�*�/ �=�,�9��
�3�D�5�.�,�9�;�,�� � � � / �( � : �, �+�,�: �7�,�9�4�0�:�*�/�,�5 �$�<�3�2�(�5�0�:�4�<�: �0�4 �'�0�7�:�����H�4�H�9�,�9 ���9�A�.�,�)�0�9�.�, 
�-�(�3�3�,�5�� ���,�0 �:�6�3�*�/�,�9 �� �5�5�(�/�4�, �+�<�9�F�; �, �+�0�, �:�;�9�(�;�0�.�9�(�7�/�0�:�*�/�, �!�7�(�5�5�>�,�0�;�, �+�0�,�:�,�: 
�$�<�3�2�(�5�0�:�4�<�: �,�;�>�( �1�,�5�,�9 �+�,�: ���6�A�,�5�,�9 ���6�9�7�/�@�9�2�6�4�7�3�,�?�,�: �,�5�;�:�7�9�,�*�/�,�5�� 

���,�5 �)�(�:�0�:�*�/�,�5 �$�<�3�2�(�5�0�:�4�<�: �0�4 �A�0�7�:���.�G�4�G�9�,�9 ���,�:�6�A�6�0�2�<�4 �/�D�3�; �4�(�5 �+�,�9�A�,�0�; � � � � �� � � � ( ��
� 4 � , � 5 � 0 � * � 2 �Q ���������L���������� � � �� � � � ( � 5 � ; � 6 �9 �������� �L�������
�� �-�0�0�9 �#�5� ; � , �9 � � � ) �0�: ���0�;�;�,�3�;�9�0�(�:�� �4�0�; �0�5�0�;�0�(�3�,�4 
���/�(�9�(�2�;�,�9 �<�5�+ �0�5 ���,�A�0�,�/�<�5�. �A�< �+�,�5 ���3�7�,�5 �,�5�;�:�7�9�0�*�/�; �,�9 �+�,�4 �6�-�0�6�3�0�;�0�:�*�/�,�5 �$�<�3�2�(�5�0�:�4�<�:�� 
�%�,�.�,�5 �9�5�(�5�.�,�3�5�+�, �$�,�9�;�9�,�;�<�5�. �+�,�9 �1�0�0�5�.�,�9�,�5 �4�,�:�6�A�6�0�:�*�/�,�5 ���3�0�,�+�,�9 �0�5 �+�,�5 ���,�4�,�9�0�+�,�5 �2�(�5�5 
�:�,�0�5�, �6�)�,�9�, �'�,�0�;�.�9�,�5�A�, �5�0�*�/�; �-�,�:�;�.�,�:�,�;�A�; �>�,�9�+�,�5�� � � �: �0�:�; �/�H�*�/�:�;�>�(�/�9�:�*�/�,�0�5�3�0�*�/�� �+�(�:�: �,�9 �4�0�; 
�+�,�5 �=�<�3�2�(�5�0�:�*�/�,�5 �B�<�:�:�,�9�0�4�.�,�5 �0�4 �(�5�3�0�,�.�,�5�+�,�5 �<�5�.�(�9�0�:�*�/�,�5 ���,�:�6�A�6�0�2�<�4 �D�8�<�0�=�(�3�,�5�; �0�:�; 
��� �<�+�(�)�C�5�@�(�����5�;�>�0�*�2�3�<�5�.�� ���0�0�2�2�����,�)�0�9�.�,�� �'�:�� � ! � A � , � 5 � ; � 7 � E � ; � , � 9 �@ �����	�
 �L �������
�� � � �� � � � ( � 3 � 6 � . �/ �L 
���� � � � ( � 5 � ; �G �������
���� �>�6 �+�,�9 �$�<�3�2�(�5�0�:�4�<�: �5�(�*�/�>�,�0�:�)�(�9 �A�<�9 �#�5�;�,�9�;�9�0�(�: �)�0�: �#�5�;�,�9�2�9�,�0�+�, �L 
�D�/�5�3�0�*�/ �>�0�, �+�0�, �)�,�9�,�0�;�: �,�9�>�D�/�5�;�,�5 ���7�/�0�6�3�F�;�, �+�,�9 ���3�7�,�5�� �,�=�,�5�;�� �(�<�*�/ �+�,�9 ���0�5�(�9�0�+�,�5 � � � � �� 
� � � < � 9 � 9 �0 �L � � �� �& � 0 � . � . � 3 �0 ���������� �<�5�+ �+�0�, ���,�A�A�6�,�9�<�7�;�0�=�( �0�5 �!�0�,�)�,�5�)�<�9�.�,�5 � � � ' � : �� � ! � A � , � 5 � ; � 7 � E � ; � , � 9 �@ 
���������� �L �.�,�:�;�,�3�3�; �>�0�9�+�� ���3�0�,�5 �,�9�>�D�/�5�;�,�5 �=�<�3�2�(�5�0�:�*�/�,�5 �B�<�:�:�,�9�<�5�.�,�5 �>�0�9�+ �+�,�9 �0�5�0�;�0�(�3�, 
���/�(�9�(�2�;�,�9 �A�<�.�,�:�7�9�6�*�/�,�5�� �!�0�, �:�0�5�+ �4�,�0�:�;�,�5�: �)�(�:�0�:�*�/ �)�0�: �<�3�;�9�(�)�(�:�0�:�*�/�� �(�)�,�9 �(�<�*�/ �:�(�<�9�,�9�, 
���)�(�9�;�,�5 �>�,�9�+�,�5 �5�0�*�/�; �(�<�:�.�,�:�*�/�3�6�:�:�,�5�� � � �: �/�(�5�+�,�3�; �:�0�*�/ �<�4 ���	�R�<�:�0�=�.�,�:�;�,�0�5�, �4�0�; �)�,�.�3�,�0�;�,�5��
�+�,�4 �7�@�9�6�2�3�(�:�;�0�:�,�/�,�5 ���(�;�,�9�0�C�3 �<�5�+ �<�4 ���5�;�9�<�:�0�=�(�� �,�*�/�;�, ���(�5�.�,�� �!�;�,�0�3�.�D�5�.�,�� ���(�0�2�,�5 �<�5�+ 
�&�,�*�2�,�5�� 

���,�0 �+�,�5 ���5�;�9�<�:�0�=�-�6�9�4�,�5 �0�:�; �+�(�: ���3�;�,�9 �:�,�/�9 �:�*�/�>�,�9 �-�,�:�;�:�;�,�3�3�)�(�9�� �.�,�5�(�< �:�6 �>�0�, �0�4 �'�0�7�:��
�.�+�4�H�9�,�9 ���,�:�6�A�6�0�2�<�4�� �%�D�/�9�,�5�+ �+�(�: �7�@�9�6�2�3�(�:�;�0�:�*�/�, ���(�;�,�9�0�C�3�� �+�(�: �+�0�, �=�<�3�2�(�5�0�:�*�/�, �"�D�;�0�.��
�2�,�0�; �0�5 �+�,�9 �#�5�;�,�9�� �<�5�+ ���0�;�;�,�3�;�9�0�(�: �)�,�A�,�<�.�;�� �5�<�9 �(�5 �>�,�5�0�.�,�5 ���<�5�+�6�9�;�,�5 �)�,�2�(�5�5�; �0�:�;�� �-�0�5�+�,�5 
�>�0�9 �6�-�; ���,�>�,�0�:�, �+�,�9 ���6�5�;�(�2�;�4�,�;�(�4�6�9�7�/�6�:�, �+�,�9 �,�9�/�(�3�;�,�5�,�5 �"�9�0�(�:�(�)�3�(�.�,�9�<�5�.�,�5 �+�<�9�*�/ �+�0�, 
���5�;�9�<�:�0�=�-�6�9�4�,�5�� ���<�: �+�,�4 �P�;�I�+�0�<�4 �+�,�9 ���,�A�0�,�/�<�5�.�,�5 �A�>�0�:�*�/�,�5 �+�,�4 ���,�4�,�9�0�+�,�5�����,�:�6�A�6�0��
�2�<�4 �<�5�+ �1�,�5�,�4 �+�,�: �(�5�3�0�,�.�,�5�+�,�5 �<�5�.�(�9�0�:�*�/�,�5 � �(�<�4�,�: �3�D�:�:�; �:�0�*�/ �:�*�/�3�0�,�:�:�,�5�� �+�(�:�: �>�,�5�0�.��
�:�;�,�5�: �,�0�5 �"�,�0�3 �+�,�9 ���5�;�9�<�:�0�=�( �+�(�: ���)�,�9�;�9�0�(�:�� �)�0�: �#�5�;�,�9�2�9�,�0�+�,�����3�;�,�9 �/�(�)�,�5 �2�(�5�5�� ���0�, �:�;�9�(�;�0��
�.�9�(�7�/�0�:�*�/�, �!�7�(�5�5�>�,�0�;�, �+�0�,�:�,�9 �=�<�3�2�(�5�0�:�*�/�,�5 ���,�:�;�,�0�5�, �0�:�; �=�6�9�3�D�<�-�0�. �5�6�*�/ �5�0�*�/�; �,�0�5�+�,�<�;�0�. 
�.�,�2�3�D�9�;�� �(�3�: �,�0�5�A�0�.�,�: �)�9�(�<�*�/�)�(�9�,�: ���9�0�;�E�9�0�<�4 �+�(�)�,�0 �0�:�; �+�0�, ���(�9�(�3�3�,�3�0�:�0�,�9�<�5�. �4�0�; �+�,�5 �:�;�9�(�;�0��
�.�9�(�7�/�0�:�*�/ �0�+�,�5�;�0�-�0�A�0�,�9�;�,�5 ���,�)�0�,�;�,�5�� 
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� � �� � � � + � 8 � > � 9 �< ���
�������� �
�������� �8�/�,�/�8 �@�/�<�/�3�8�D�/�6�>�/�8 �(�9�<�5�9�7�7�/�8 �.�/�< �:�C�<�9�5�6�+�=�>�3�=�-�2�/�8 ���/�=�>�/�3�8�/ 
�+�?�-�2 �@�/�<�=�-�2�3�/�.�/�8�/ ���,�+�<�>�/�8 �@�9�8 ���3�+�,�+�=�/�8�� ���6�+�?�5�9�:�2�+�8�3�>�/�8 �?�8�. �%�/�<�:�/�8�>�3�8�3�>�/�8 �0�/�=�>�1�/�=�>�/�6�6�>�� 
�%�3�/ �@�/�<�7�?�>�/�8�� �.�+�=�= �/�= �=�3�-�2 �?�7 �G�;�?�3�@�+�6�/�8�>�/ �"�<�9�.�?�5�>�/ �.�/�= �9�:�2�3�9�6�3�>�3�=�-�2�/�8 �(�?�6�5�+�8�3�=�7�?�= 
�3�8 ���6�:�/�8 �2�+�8�.�/�6�>�� ���3�/ ���8�>�=�>�/�2�?�8�1 �.�/�< ���6�+�?�5�9�:�2�+�8�3�>�/ �@�/�<�,�3�8�.�/�8 �=�3�/ �7�3�> �.�/�< �'�7�A�+�8�.�6�?�8�1 
�.�/�< ���3�+�,�+�=�/�8 �?�8�. �%�/�<�:�/�8�>�3�8�3�>�/ �7�3�> �.�/�8 �"�/�<�3�.�9�>�����?�=�1�+�8�1�=�<�8�+�1�<�8�/�8�� ���3�/�=�/ �@�?�6�5�+�8�3�=�-�2�/�8 
���/�=�>�/�3�8�/ �3�7 �1�/�7�/�<�3�.�/�8 ���/�=�9�D�9�3�5�?�7 �?�8�. �3�7 �+�8�6�3�/�1�/�8�.�/�8 �?�8�1�+�<�3�=�-�2�/�8 �7�/�=�9�D�9�3�=�-�2�/�8 �$�+�?�7�/ 
�=�3�8�. �L �7�3�> ���?�=�8�+�2�7�/ �.�/�< �>�3�>�2�9�8���8�/�9�5�9�7�3�=�-�2�/�8 ���+�1�7�+�1�/�=�>�/�3�8�/ �3�8 �.�/�8 �=�?�,�>�+�>�<�3�=�-�2�/�8 
�?�8�. ���?�6�6�/�8�=�/�<�3�/�8�� �,�D�A�� �3�8 �.�/�< ���6�3�:�:�/�8�D�9�8�/ �L �/�3�8�D�3�1�/ �+�?�=�1�/�:�<�G�1�>�/�<�- �E�?�=�=�/�<�?�8�1�/�8 �.�/�= 
�3�8�3�>�3�+�6�/�8 �(�?�6�5�+�8�3�=�7�?�= �3�8 �.�/�< �8�/�9�3�.�/�8 �A�/�=�>�5�+�<�:�+�>�3�=�-�2�/�8 ���/�9�=�C�8�5�6�3�8�+�6�/�� 

� � �7 �(�/�<�1�6�/�3�-�2 �7�3�> �,�+�=�3�=�-�2�/�8 �?�8�. �?�6�>�<�+�,�+�=�3�=�-�2�/�8 �7�/�=�9�D�9�3�=�-�2�/�8 ���<�?�:�>�3�@�1�/�=�>�/�3�8�/�8 �.�/�< 
���/�7�/�<�3�.�/�8 �=�3�8�. �G�2�8�6�3�-�2�/ ���/�=�>�/�3�8�/ �3�8 �.�/�< �$�?�.�+�,�F�8�C�+�����8�>�A�3�-�5�6�?�8�1 �?�8�. �3�7 ���3�3�5�5�����/�,�3�<�1�/ 
�:�/�>�<�9�1�<�+�:�2�3�=�/�2 �@�3�/�6 �,�3�?�3�>�/�<�� � �/�,�/�8 �.�/�8 �,�+�=�3�-�2�/�8 ���,�+�<�>�/�8 �1�+�,�,�<�9�3�.�/�8 �,�3�= ���+�,�,�<�9�.�3�9�<�3�>��
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Von der ziemlieh intensiven, wenn auch weit entfernten vulkanischen Tätigkeit im 
Raume des Biikk-Gebirges zeugen auch einige Funde der pyroklastischen Ablagerungen 
im Ladin der Siidgemeriden ( K u t h a n 1959) und in den anis-ladinischen Karbonaten 
im Nordgemeriden Raume, im Galmus-Gebirge ( B ie l y 1966). 

Nun môchte ich noch einmal zur Frage der Eruptivgesteine in d e r M e l i a t a -

Ser ie im súdlichen Zips-Gômôrer Erzgebirge zuriickkommen. Diese Eruptiva 

bilden oft Gangkôrper und kontaktmetamorphieren die anliegenden Abla­

gerungen. Mit Riicksicht auf ihre auffallende Verwandschaft mit mesozoischen 

Diabasen des Biikk- und Zips-Gômôrer Gebirges (Súdslowakischer Karst) kann 

bei ihnen das Trias-, event. auch jiingeres Alter nicht ausgeschlossen werden. 

Wie erwähnt, auf die Verwandschaft des mesozoischen Vulkanismus der Ge­

meriden mit dem ophiolitischen Vulkanismus anderer Gebirge im mediterranen 

Raume haben bereits die älteren Ar bei ten hingewiesen ( J . K a m e n i c k ý 

1950—1957; J . K a n t o r 1954, 1955). 
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Die vulkanische Tätigkeit im Mesozoikum de r O s t a l p e n * kam in den sudlichen 
Kalkalpen am reichsten zur Geltung. Wenn wir aus der mesozoischen Etappe den Bozener 
Porphyrkomplex ausschliessen, dann bleibt die stratigraphische Spannweite des Initial­
vulkanismus Obercampil, event. Anis bis Lias. Der bei einigen Vorkommen der Eruptiv­
gesteine angenommene spätere Ursprung konnte paläontologisch eindeutig nicht bestätigt 
werden. Die vulkanische Tätigkeit der sudlichen Kalkalpen kulminiert in der Ladinzeit 
und kniipft an jene Tätigkeit aus dem Anis, event. auch Campil an, bzw. setzt sich bis 
in die Obertrias (Karn-Xor) fort. In dieser Phase des mesozoischen Vulkanismus domi-
nieren basisehe Eruptivgesteine — Aequivalente der Gabbro-, Gabbroriiorit-, bzw. auch 
(in geringerem Masse) Dioritmagmen. Oftmals konnte man auch Korper der ultraba-
sischen Gesteine finden. Xeben den eindeutigen Effusivgesteinen treten auch Intrusiv-
kórper mit der Kontaktmetamorphose der anliegenden Ablagerungen auf. 

Aus diesem Raum werden von verschiedenen Forsehern: Gabbro, Pyroxenit, Peridotit, 
Gabbroporphyrit, Diabas, Melaphyr, Diabasporphyrit, Dioritporphyrit, Porphyrit, 
Quarzporphyrit, Kersantit, Monehiquit, Essexit, nephelinischer Syenit, Syenit, Bostonit, 
Camptonit u. ä. erwähnt. Aus dieser Aufzählung ist der rnannigfaltige petrographische 
Charakter hiesiger Vulkanite ganz klar. Manche, vor allem Intrusivgesteine sind einigen 
Autoren zufolge jiinger (Jura- Kreide). Von petrographischer Sicht aus sind diese vulka­
nischen Gesteine den entsprechenden mesozoischen Eruptivgesteinen der Westalpen 
ähnlich; C. B u r r i & P . N igg l i (1945) betrachten sie als Produkte des ophiolitischen 
Initialvulkanismus. 

Die júngere vulkanische Phase im Mesozoikum der sudlichen Kalkalpen ist durch die 
porphyritähnlichen rhaet-liassischen Eruptiva vertreten, die nur vereinzelt zu finden 
sind und den Dioritmagmen angehoren. Die ihnen entsprechenden Gesteine wurden auch 
in den Dinariden festgestellt. 

Im Vergleich mit den sudlichen Kalkalpen sind die mesozoischen Decken der Zentral-
alpen an vulkanische Gesteine viel ärmer. Die paläontologisch belegte Vertikalverbrei-
tung der vulkanischen Gesteine ist Untertrias bis Oberkreide, mit Optimum in der Unter-
und Mitteltrias. Zahlreichc Vorkommen der Werfener Diabas- und Gabbrogesteine sind 
in jenem Teil der mesozoischen Decken in den Zentralalpen erhalten geblicben, der sich 
an den Nbrdrand der sudlichen Kalkalpen arilehnt (Scha f fe r 1951). Die Anis- und 
Ladinschichten dieser Decken sind reich an pyroklastisches Materiál, das von Co rne l i us 
(1941) mit der intensiven vulkanischen Tätigkeit in den sudlichen Kalkalpen in Zusam-
menhang gebracht wird. In den Kreideschichten der mesozoischen Decken der Zentral­
alpen wurden Ehrwaldit- (austrische Phase) und Porphyrit f unde (laramische Phase) 
gemacht. 

Zeitmässig konzentrierte sich die vulkanische Tätigkeit der Nordalpen in 
die Unter- und Mitteltrias-Zeit; spätere Aktivität konnte nicht erwiesen 
werden. Xeben den Effusivkôrpern, die durch pyroklastisches Materiál be-
gleitet sind, hat man auch Gangintrusiva gefunden. Petrographisch wurden 
identifiziert: Melaphyr, Diabas, spilitisierter Diabas, Spilit, Gabbroporphyrit 
und Gabbro, alles den Gabbromagmen gehôrend. Stellenweise fand man auch 
alkalische Eruptivgesteine. Im Vergleich mit den Westalpen ist in den Ostal-
pen der jura-kretazische Vulkanismus viel seltener vertreten, bzw. bei einigen 

* Bearbeitct nach Cornelius (1929- 1949), Burri-Níggli (1945) und Schaffer (1951). 

159 



Vorkommen (vor allem bei Intrusivkôrpern) konnte das nachtriassische Alter 
nicht bewiesen werden. 

Der Vulkanismus im Tithon-Neokom der Westkarpaten ist als Ergebnis der 
Labilität (Unbeständigkeit) der alpinen Geosynklinale noch vor ihrer Aus-
faltung zu betrachten. Diese Tätigkeit kam in den tektonisch am stärksten 
exponierten Gebieten des Sedimentationsraumes zur Geltung; als Aufstiegs-
wege der Eruptivgeistene dienten aktive Bruchlinien. An das Unterkreide-, 
bzw. auch Tithonalter aller dieser Eruptiva in den centralen Westkarpaten 
(Hullenserien und subtatrische Serien) und in der Klix>penzone kann man 
aus deren alpinen Richtung und syngenetischer Beziehung gegeniiber den 
anliegenden Sedimenten (Effusivkôrper, begleitet durch das pyroklastische 
und paläontologisch belegte Materiál) schliessen. Diese tithon-neokomische 
Phase trägt einen initialen Charakter und ist zusammen mit den älteren meso­
zoischen Eruptivgesteinen des ophiolitischen Vulkanismus den anderen Ge-
birgsmassiven des mediterranen Raumes ebenburtig. 

Aus den bisher bekannten Vorkommen der unterkretazischen vulkanischen 
Produkte in den Westkarpaten lässt sich ihre beschränkte territoriale Ver-
breitung vermuten. Dabei muss man beriicksichtigen. dass in vielen Gebieten 
die Kreide-Ablagerungen nur arm erhalten sind; andererseits ist es môglich, 
dass auch ein Teil der Gangkôrper inmitten der älteren Gebilde dem tithon-
neokomischen vulkanischen Zyklus gehôren kann. Petrographisch handelt es 
sich um pyroxenische Gesteine vom Gang- und Effusivcharakter (Augitit, 
augitischer Porphyrit, augitische mandelfôrmige Kôrper; K. U r b a n 1934; 
V. Z o r k o v s k y 1949; J . Sá la j 1962). Pyroklastisches Materiál findet sich 
nahé der Ergiisse, aber auch isoliert, nicht zusammenhängende Lagen in den 
meistens unterkretazischen Sedimenten bildend. 

In der internsten westkarpatischen Einheit — in d e n G e m e r i d e n ist 
der kretazische synorogene Magmatismus durch den Aufstieg der oberkreta-
zischen Granite ( J . K a m e n i c k ý & L . K a m e n i c k ý 1955; J . K a n t o r 
1959) gekennzeichnet. Die Granitintrusionen kônnen mit der Bildung der 
Quarzporphyre und Granitporphyre im Mesozoikum des Búkk-Gebirges 
(Ungarn) in Zusammenhang gebracht werden, die K . B a l o g h & G. P a n t ó 
(1953) fiir Vertreter des kretazischen synorogenen Magmatismus halten. Den 
bisherigen Kenntnissen zufolge kann man die Vorkommen der Gemeriden-
Granite fiir einzige Vertreter des synorogenen Magmatizmus bei uns halten. 
Zwecks môglicher Parallelisierung môchte ich noch erwähnen, dass die syno­
rogenen Granite in den ostalpinen mesozoischen Decken dem Paleogen-
Miozän angehôren (Scha f fe r 1951). 
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Zusammenfassung 

Den perm-mesozoischen Vulkanismus darf man nicht isoliert, sondern im 
Zusammenhang mit dem älteren — subsequenten variszischen und dem jiin-
geren subsequenten — alpinen Vulkanismus beurteilen. Wie wir es in diesem 
Artikel zu zeigen versuchten, kann man den basischen permischen Vulkanis­
mus in der �������[�����3�1�9�3 �/�:�A ���@�5�3�0�<�7�A �2�3�A �3�;�0�@�F�=�<�/�:�3�< � �/�5�;�/�B�7�A�;�C�A �0�3�B�@�/�1�6��
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�/�:�:�3 �B�@�7�/�A���C�<�B�3�@�9�@�3�B�/�G�7�A�1�6�3�< ���@�C�>�B�7�D�5�3�A�B�3�7�<�3 �3�7�<�5�:�7�3�2�3�@�< �9�/ �<�<�� �D�=�@�/�C�A�5�7�<�5�� 
�#�@�=�0�:�3�;�/�B�7�A�1�6 �7�A�B �2�7�3 �&�B�3�:�:�C�<�5 �2�3�@ �C�<�B�3�@�B�@�7�/�A�A�7�A�1�6�3�< �$�C�/�@�G�>�=�@�>�6�F�@�3�� �2�7�3 �2�3�< 
�D�/�@�7�A�G�7�A�1�6�3�< ���3�A�B�3�7�<�3�< �2�3�A �A�C�0�A�3�?�C�3�<�B�3�< �)�C�:�9�/�<�7�A�;�C�A �1�6�3�;�7�A�1�6 �<�/�6�K �D�3�@��
�E�/ �<�2�B �A�7�<�2�� � �7�B ���7�:�4�3 �2�3�@ �#�/�@�/�:�:�3�:�7�A�7�3�@�C�<�5 �;�7�B �2�3�< �=�A�B�/�:�>�7�<�3�< ���@�C�>�B�7�D�5�3�A�B�3�7�<�3�< 
�9�=�<�<�B�3 �2�7�3 �0�7�A�6�3�@�7�5�3 ���<�A�7�1�6�B �C�0�3�@ �2�7�3 �H�6�<�:�7�1�6�9�3�7�B �2�3�@ �B�@�7�/�A�A�7�A�1�6�3�< �C�<�2 �B�3�7�:��
�E�3�7�A�3 �/�C�1�6 �8�C�<�5�3�@�3�< �D�C�:�9�/�<�7�A�1�6�3�< �'�J�B�7�5�9�3�7�B �7�< �0�3�7�2�3�< �%�3�5�7�=�<�3�< �0�3�A�B�J�B�7�5�B 
�E�3�@�2�3�<�� �(�0�3�@ �2�7�3 �;�N�5�:�7�1�6�3 �#�/�@�/�:�:�3�:�7�A�7�3�@�C�<�5 �2�3�A �>�3�@�;�7�A�1�6�3�< �)�C�:�9�/�<�7�A�;�C�A �7�< 
�2�3�< �"�A�B�/�:�>�3�< �C�<�2 �*�3�A�B�9�/�@�>�/�B�3�< �0�3�A�B�3�6�3�< �2�3�@�G�3�7�B �D�3�@�A�1�6�7�3�2�3�<�3 ���<�A�7�1�6�B�3�<�� 

� , �C�; �&�1�6�:�C�A�A �;�N�1�6�B�3 �7�1�6 �/�C�4 �2�7�3�A�3�; �*�3�5�3 �;�3�7�<�3�; ���3�6�@�3�@ �� �3�@�@�< �#�@�=�4�� 
���@�� � �� � � �C�B�6� / �< �4�7�7�@ �2�7�3 �4�/�1�6�;�J�<�<�7�A�1�6�3 �� �7�7�6�@�/�<�5 �C�<�2 ���3�C�@�B�3�7�:�C�<�5 �2�3�@ �� � / �<�2��
�A�1�6�@�7�4�B �2�3�< �/�C�4�@�7�1�6�B�7�5�3�< ���/�<�9 �/�C�A�A�>�@�3�1�6�3�<�� 
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�-�	�. � � � ; � A � B � C � B �G ���� � � �� �	���
���� ���3�=�:�M�5�7�3 �C�<�2 �#�3�B�@�=�5�@�/�>�6�7�3 �2�3�@ ���@�5�C�A�A�5�3�A�B�3�7�<�3 �7�; �)�3�@��
�@�C�1�/�<�= �2�3�A ���:�/�@�<�3�@ ���@�3�7�0�3�@�5�3�A�� �S�)�C�:�9�/�<�7�<�A�B�� � � �; �; �/ �<�C�3�: ���@�7�3�2�:�/�3�<�2�3�@���� �!�= �
�� ���=�;�;�7�A 
�)�3�@�:�/�5 �D�� ���C�5�5�3�<�0�C�6�: �R ���C�0�3�@ �,�7�7�@�7�1�6�� �� �-�
�. � � � / � : � = � 5 �6 � � �� � R � # � / � < � B �M � � � � �� �	���
���� � �3�A�=��
�G�=�7�9�C�; �A�3�D�3�@�<�L�6�= ���������
������ �� �	�]�7�:�3�6�:�Y�1�6 �[�/�A�B�L ���7�6�=�A�:�=�D�3�<�A�9�K�6�= �9�@�/�A�C�� �&�0�=�@�<�L�9 �T�T���� 
�A�D�� �+ �+ �� �=�2�2�� �5�3�=�:�� �#�@�/�6�/�� �� �-���. � � � 7 �3 � : �F � � � � �� �	�������� ���3�7�B�@�/�5 �G�C�@ ���3�<�<�B�<�7�A �2�3�A �7�<�<�3�@�3�< 
���/�C�3�A �2�3�@ ���6�=�[�����7�<�6�3�7�B�� ���#�� �,�>�@�I�D�F �
���� ���@�/�B�7�A�:�/�D�/�� �R �-���. � � � 7 � 3 � : �F � � � � �� �	�����
�� �� �>�/�:�3�=��
�5�3�=�5�@�/�4�7�7 �A�>�=�2�<�K�6�= �B�@�7�/�A�C �3�6�=�[�A�9�K�6�= �>�@�L�9�@�=�D�C�� ���#�� �,�>�@�I�D�F ������ ���@�/�B�7�A�:�/�D�/�� �R �-�
�. � � � C � @ � @ �7 
�� �R� ! �7 �5 �5 � : �8 � # � � �� �	�����
�� ���7�3 �8�C�<�5�3�< ���@�C�>�B�7�D�5�3�A�B�3�7�<�3 �2�3�A �;�3�2�7�B�3�@�@�/�<�3�< �"�@�=�5�3�<�A�� ���� �'�3�7�:�� 
���7�3 �"�>�6�7�=�:�7�B�3�� �,�7�7�@�7�1�6�� �R �-���� � � � = �@�< �3 � : � 7 �C �A � � �� � # � � �� �	�������� ���7�< �/�:�0�7�B�@�3�7�1�6�3�A ���@�C�>�B�7�D�5�3�A�B�3�7�< 
�7�< �2�3�@ �(�<�B�3�@�B�@�7�/�A �0�3�7 �+�3�C�0�3�@�5 �7�; � �7�7�@�G�B�/�:�� �)�3�@�6�� �5�3�=�:�� ���C�<�2�3�A�/�<�A�B�� �*�7�3�<�� �R �-���. � � � = �@�< �3 ��
� : � 7 �C �A � � �� � # � � �� �	�������� ���@�C�>�B�7�D�5�3�A�B�3�7�<�3 �7�< �2�3�< �*�3�@�4�3�<�3�@ �&�1�6�7�1�6�B�3�< �2�3�@ �A�B�3�7�@�7�A�1�6���<�7�3�2�3�@�M�A�B�3�@��
�@�3�7�1�6�7�A�1�6�3�< ���/�:�9�/�:�>�3�<�� �)�3�@�6�/�<�2�:�C�<�5�3�< �2�3�@ ���3�=�:�=�5�7�A�1�6�3�< ���C�<�2�3�A�/�<�A�B�/�:�B�� �*�7�3�<�� �R �-���. 
� � � = � @ � < � 3 � : � 7 � C �A � � �� � # � � �� �	�����	�� �,�C�@ �;�/�5�;�/�B�7�A�1�6�3�< �'�J�B�7�5�9�3�7�B �7�< �2�3�@ �/�:�>�7�2�7�A�1�6�3�< ���3�=�A�F�<�9�:�7�<�/�:�3�� 
���A�@�� �%�3�7�1�6�A�B�� �4�� ���=�2�3�<�4�=�@�A�1�6�5���� �*�7�3�< �� �-���. � Z �3 �1 �6 �= �D �7 �[ � ) � � �� �	�������� �)�Y�A�9�F�B�F �0�/�@�F�B�C �<�/ 
�=�9�=�:�L �&�;�=�:�3�<�L�1 �/ �+�3�X�B�7�1�6�C �D � �/�:�Y�1�6 ���/�@�>�/�B�=�1�6�� �#�@�I�1�3 �&���:���� �,�=�X�7�B �	���� ���@�/�B�7�A�:�/�D�/�� �R 
�'�	���. � � � C � A � I �< � " �� ���7�< ���C�A�I�< �"�� �/ �9�=�:�� �	�����
���� �)�F�A�D�3�B�:�7�D�9�F �9 �>�@�3�6�L�/�2�<�3�8 �5�3�=�:�� �;�/�>�3 �Z�&�&�% 
�:�7�A�B �%�7�;�/�D�A�9�I �&�=�0�=�B�/�� ���0�A���� �#�@�3�2�;�3�G�=�G�=�7�1�9�K �O�B�D�/�@�F�� ���@�/�B�7�A�:�/�D�/�� �R �-�	�	�. � � � C � A � I �< � " �� 
���7�< ���C�A�I�< �"�� �/ �9�=�:�� �	���������� �)�F�A�D�3�B�:�7�D�9�F �9 �	�
�����\�/�2�<�3�8 �5�3�=�:�� �;�/�>�3 �Z�&�&�% �:�7�A�B �)�F�A�=�9�K �'�/�B�@�F�� 
���0�A���� � �:�/�2�X�7�3 �>�/�:�3�=�G�=�7�9�C�;�� ���@�/�B�7�A�:�/�D�/�� �� �-�	�
�. � � � / � C � A � 3 �@ � � � � �� �	�������� ���/�A ���7�/�0�/�A�D�=�@�9�=�;��
�;�3�< �7�< �2�3�< �*�3�@�4�3�<�3�@ �&�1�6�7�1�6�B�3�< �0�3�7 �2�3�@ �%�3�<�<�3�@�6�C�B�B�3 �E�3�A�B�:�7�1�6 �D�=�< ���@�3�7�<�� � �7�<�� �#�3�B�@�� � �7�B�B�� 
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�4�2�:�2�?�@�8�J�5�< �?�B�1�<�5�<�?�6�.�� ���2�<�9�� �=�?�H�0�2�� �+�=�?�H�C�E ���� ���?�.�A�6�@�9�.�C�.�� �Q �,�	���- � � � < � @ � @ � : � . �A � � � � �� �	�������� 
���2�? �<�=�5�6�<�9�6�A�5�6�@�0�5�2 � �.�4�B�?�.�4�N�?�A�2�9 �6�; �1�2�; ���2�A�A�2�;�4�2�/�6�?�4�2�; �1�2�@ �:�2�1�6�A�2�?�?�.�;�2�; �%�E�@�A�2�:�@�� 
�#�?�2�B�@�@�� ���8�.�1�� �)�6�@�@�� �
���� �%�6�A�F�B�;�4�@�/�2�?�� ���2�?�9�6�;�� �Q �,�
���- � � � B � A � 5 � . �; �  � � �� �	���
���� �%�A�<�=�E �C�B�9�8�.��
�;�6�0�8�2�7 �[�6�;�;�<�@�A�6 �C �@�A�?�� �A�?�6�.�@�2 �%�9�<�C�2�;�@�8�J�5�< �8�?�.�@�B�� ���2�<�9�� �=�?�H�0�2�� �+�<�W�6�A �
���� ���?�.�A�6�@�9�.�C�.�� �Q �,�
�	�- 
� # � . � ; � A �L � � � � �� �	���
�	�� ���F �2�?�B�=�A�6�C�B�:�<�8 �3�L�9�1�A�.�;�6 �5�2�9�E�F�2�A�2 ���6�L�@�4�E�L�? �J�@ ���B�8�8�@�F�2�;�A�8�2�?�2�@�F�A 
�8�L�F�M�A�A�� ���L�9�1�A�� ���M�F�9�L�;�E�� � � � * � * � * � � �� ���B�1�.�=�2�@�A�� �Q �,�
�
�- � # � 6 � 9 � 4 � 2 �? � � � � �� �	�������� � �.�4�:�.�A�6�@�:�B�@ �B�;�1 
�&�2�8�A�<�;�K�8 �6�; �1�2�; ���6�;�.�?�6�1�2�; ���B�4�<�@�9�.�D�6�2�;�@�� �+�/�6�� � �6�;�2�?�� ���/�A�� ���� �Q �,�
���- � # � 6 �9 �4 �2 �? �����Q 
� % � 0 � 5 � M � ; � 2 � ; � / � 2 � ? �4 �$ � � �� �	���
���� ���2�? �2�?�@�A�2 � � �B�;�1 �:�6�A�A�2�9�A�?�6�.�1�6�@�0�5�2�? �&�B�3�3�2 �6�; �1�2�; ���.�6�9�A�.�9�2�? ���9�=�2�; 
�����I�?�;�A�2�;���� �+�2�6�A�@�0�5�?�� �1�� �1�2�B�A�@�0�5�2�; �4�2�<�9�� ���2�@�2�9�9�@�0�5�.�3�A�� ���1�� �	�	���� �Q �,�
���- �%�H�9 � . �7 � � � � �� �	�����
�� 
� �6�8�?�<�@�A�?�.�A�6�4�?�.�3�K�. �8�?�6�2�1�E �+�H�=�� � � � . �?�=�H�A ���%�9�<�C�2�;�@�8�<���� � �.�;�B�@�0�?�6�=�A�� ���R���V�� ���?�.�A�6�@�9�.�C�.�� �Q 
�,�
�
�- � % � 9 � . � C � 8 � . �E � � � �� �	�����
�� �(�B�9�8�.�;�<�4�2�;�;�J �5�<�?�;�6�;�E �:�2�F�<�F�<�6�8�. � ; �. �<�8�<�9�K �#�<�;�K�8�� �Z�.�@�� �=�?�< 
�:�6�;�� �. �4�2�<�9�� �	�������� �#�?�. �5�. �� �Q �,�
���- � % � F � 2 � ; � A � = � J � A � 2 � ? �E �%���� �	���	���� �#�.�9�2�<���:�2�@�<�2�?�B�=�A�6�C�4�2�@�A�2�6�;�2 
�.�B�@ �%�6�2�/�2�;�/�N�?�4�2�;�� ���.�5�?�2�@�/�2�?�6�0�5�A �1�2�? �8�� �B�� �4�2�<�9�� ���;�@�A�.�9�A�� �3�6�6�? �	���	�����
���� ���B�1�.�=�2�@�A�� �Q �,�
���- 
� % � F � 2 � ; � A � = � J � A � 2 � ? �E �+ �@� � �� �	�������� �!�2�B�2�?�2 ���2�6�A�?�I�4�2 �F�B�? �#�2�A�?�<�9�<�4�6�2 �1�2�@ ���6�9�9�.�3�6�6�?�2�1�2�? �%�.�C�L�@�A�.�9�2�@�� 
���0�A�. �0�5�2�:�� �:�6�;�� �
�� �3�.�@�0�� �	�� ���B�1�.�=�2�@�A�� �Q �,�
���- � % � F � 2 � ; � A � = � J � A � 2 � ? �E �+ �@� � �� �	�����	�� �� ���.�9�<�4�5�2�4�E 
�>�B�.�?�F�=�<�?�=�5�E�?�7�. ���6�9�9�.�3�B�?�2�1�L�;�� ���0�A�. �0�5�2�:�� �:�6�;�� �
�� �3�.�@�0�� �
�� ���B�1�.�=�2�@�A�� �Q �,�
���- � % � F � 2 � ; � A � = � J � A � 2 � ? �E 
�+ �@� � �� �	�����
�� �� ���B�8�8�5�2�4�E�@�J�4�6 �4�.�/�/�?�<�6�1�A�L�:�2�4 �8�L�F�2�A�2�6�;�2�8 �:�.�4�:�.�A�6�8�B�@ �8�L�=�F�<�1�J�@�2�� �&�B�1�� 
���8�.�1�� � �� �&�2�?�:�� �A�B�1�� �G�?�A�J�@�6�A�M ������ ���B�1�.�=�2�@�A�� �� �,�����- � % � F � 2 � ; � A � = � J � A � 2 � ? �E �+ �@� � �� �	�������� ���F �" �?�A�H�@��
�5�2�4�E �1�6�.�/�H�F�. �. ���N�8�8�5�2�4�E�@�J�4�/�2�;�� ���0�A�. �0�5�2�:�� �:�6�;�� �2�A �=�5�E�@�� � � � � � � �� �%�F�2�4�2�1�� �Q �,���	�- � % � F � 2 � ; � A ��
� = � J � A � 2 � ? �E �+ �@� � �� �	�����
�� ���9�8�.�9�6�=�9�.�4�6�<�=�5�E�?�6�A�2 �.�B�@ �1�2�: ���B�8�8�4�2�/�6�?�4�2�� ���0�A�. �0�5�2�:�� �:�6�;�� ���� �Q 
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In the periods of the retardation of volcanic activity, characterized by 
predominance of destructive processes, extensive denudation of volcanic forms 
and redeposition of materiál into adjacent areas or into the �������E�( �1�) �6�+�( �0�(�$�4 
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The above classification schemes háve not the character of the resultative 
schemes and definitions; they only represent systematic arrangement and 
evaluation of the existing determinations and definitions of volcanic pheno-
mena. This standpoint admits further modification and complementing of these 
aspects. 

VOLCANISM OF SUBSEQUENT STAGE 

1. Volcanism of the intermediary andesite to basalto-andesite type 

In the process of the development of subsequent volcanism, the volcanism 
of the intermediate to basalt-andesite volcanism was active in a wide regional 
area. In relation to other types of volcanism determined, it was a highly 
dominánt phenomenon as far as the amount of erupted mass is concerned. 
Within the development of the subsequent volcanism in centrál Slovakia, 
two stages of this type of volcanism háve been determined: 

The first stage follows the closed acid andesite volcanism (Ist phase — 
Lower Tortonian). The commencement of the intermediate volcanism of 
andesite type (IInd andesite phase, A2) are distinctly determined in the SW, 
and mainly in the eastern parts of the area, where the volcanic products are 
resting úpon the peneplanized reliéf of the volcanic terrains of the Ist andesite 
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T a b . 2 . Volcanism of subsequent staefe 
1. Volcanism of intermediate andesite to basalt-andesite type 

Volcanic tomu Types of eruptions Products of 
volcanism V. P. 

s g 1. Ktratovolcanic forms 
2 S ! (polygene volcanoes) 
ji S 2. mnltiple volcanoes 
s E 

« . 5 6 S § 3. Plamu- aocumulations of 
x 5 | láva ílows and hyalo-

STe cliistíte breccias 

J J 
» S 
d « 

volcanoe type of 
eruptions 
Pelée type (nuées 
ardentes) 
Vesuv type (effusive-
explosire; 

non-explosive 
subaquaeous volca­
nism in K i t t m a n ' s 
sense (1060) 

pumicaous aah 
tuffs, chaotic 
agglomerates 
pumicaous ash 
tuffs. laVHS 

I I , IV 

láva flows of 
small thiekness 
(2 8 m), hya-
loclastite breccias 

I I 

A 2. A, 

d z 
ZS 9 x 

1. Xeck bodies 

.5. Dike, vein bodies 

intrusion along 
tectonic direetioiis 
(crossed and over-
thrust zones) pene-
t ra t ions expíosive 
in the last stage 

intrusion along 
tectonic lines 

andesite 

breccia 

andesite 

II I A . 

I I , IV A ä . A , 

V. P. •» volcanic phase; S — symbol 

J . Š a l á t (1966) quoted several types of pyroxene andesites from the area of Hodruša, 
J . F o r g á č (1966) — pyroxene andesite from the northern part of the Štiavnické po­

horie Mts. A. B r l a y —V. K o n e č n ý (1966 — 67) described hypersthene andesite with 
sporadic augite and with hyaline development of the matrix from the southern part of 
the Štiavnické pohorie Mts., then hypersthene augite, augite­hypersthene ± brown 
amphibole, and hypersthenic amphibole, andesite. 

The above quoted dáta concern the areas of the distinct superposition 
relation with respect to the products of the Tllrd andesite phase, developed 
mainly in the form of tuffs and agglomerates; further the areas offering no 
possibility of determining this relation, cannot be sufficiently characterized 
in this respect, since there are still lacking some dáta about the spatial distri­

bution of volcanism of the A4 stage. However, territorial distribution of relicts 
indicates tha t andesite volcanism A4 has regional character, being represented 
by a richly differentiated spectrum. 

In the Banská Štiavnica región there are especially suitable conditions for 
the determination of the superpositional relations to the products of the I l l r d 
andesite phase. The extensive spatial distribution of the relicts of andesite 
láva flows (volcanism AJs i tua ted on the summits of morphological elevations, 
the thicknesses of these flows (Sitno about more than 100 m), and structural 
features of subhorizontal to horizontál fluidality corresponding to the 
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course of the base of the deposited flows, indicate the manner of distribution 
of flows over considerably fiat and peneplanized reliéf. 

Andesite volcanism A4 is characterized by spatial situation, by matéria 
composition in relation to the volcanism of the I l l rd andesite phase, separated 
from the latter by the stage of volcanic quiescence with a periód of destruction 
of bodies of the I l l r d andesite phase. The age of the andesite volcanism A4 

may be determined indirectly. Stratigraphic position of sediments of the intra-
volcanic basin in the area of Banská Štiavnica in the substratum of products 
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Kozárovce). In the southeastern and eastern parts of the región, volcanism 
has the character of volcanodetritic [materiál deposited in subaquaeous envi-
ronment of brackish, desalinated basins to sublittoral zones of the sea. 

Stratovolcanic forma (polygene volcanoes) 

The most frequent type is represented by apparatuses with stratovolcanic 
type of structure, composed by the explosive stages (with production of pyro-
clastic materiál), and by effusive stages (with effusions of lavas of intermediate 
andesite composition) of constructional type. The character of the construc-
tional type is typical of apparatuses of greater size ( C o t t o n 1959). Owing 
to the considerably advanced denudation and almost complete destruction 
of the primáry forms, it is difficult to identify the separáte apparates. The 
destruction stages are connected with extensive destruction with immense 
explosions accompanied by the collapse of the upper parts of cones, and 
with destruction evoked by the ascent of domes and tholoides, and by the 
activity of exogene factors. 

In the present reconstruction study, it is inevitable to count the fact, that 
the extensive denudation of volcanie terrains has reached the stage of inver-
sion of the reliéf. The top parts representing distinct morphological eleva-
tions, are covered with �.�����!�� � �"�����������'�����!�������& �! �� ���������'�����!�������& � ���!�"���!���� ���(�#�� �.�����$�  
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of the bodies fluctuates between 5—20 m. Characteristic is the spatial distribu-
tion in the forms of fiat bodies orientated in one direction. The fragmentary 
materiál of variable size beginning with 3 cm up to 50—60 cm is cemented 
by the tuff mass with indications of strong solidification to agglutination. 
Sporadically blocks of the size of several m3 are present. Deposition of materiál 
is chaotic, indications of sorting and stratification within the separáte bodies 
are absent. Some blocks with tom and strongh' vesiculated centrál part and 
with splittering of peripheral parts indicate explosion in the hot state in the 
process of the movement of the whole mass. 

These bodies represent the depositions "nuées ardentes'' ( L a e r o i x 1903, 1904), 
"glowing avalanches" ( W i l l i a m s , Meyer A b i c h 1955), lately defined as "pyroclastic 
flows" ( A r a m a k i , Y a m a s a k i 1963), produced by the eruptions of the Pelée type. 

In the fleld study of these bodies considerably extensive planar distribution with 
respect to comparatively smaller thickness, may be observed. P e r r e t (1937, 1935), 
G i l b e r t (1938) and others explain this fact by movements of the hot mass from the 
ash fragments, of fragments and blocks in highly comprimated and quiekly expanding 
suspension exeeptionally mobile due to the reduction of friction among fragments. This 
mobile mass is following the topographical dip of reliéf, in its movement. 

The structure of stratovolcanic forms is shared — in addition to the agglo-
meratic coarse-fragmentary pyroclastic deposits — also by fine-detritic tuff, 
tuff-pumiceous and tuff-sandy materiál produced in the stages of high explosive 
activity of volcanie type, with eruptions of ash-pumiceous clouds (pumice 
clouds, ash clouds). The essential part of the ash materiál is transported into 
the upper parts of the atmosphere in immense explosions. and eolically trans­
ported behind the borderline of the proper región of volcanie activity. In the 
course of the aeolian transportation, the materiál is sorted according to the 
granulometric composition and specific gravity; in areas near the volcano 
the coarser particles are separated, the finer fractions fall out with growing 
dištance from the centre of eruption, as it was demonstrated by H a y (1959) 
on the example of the eruption S o u f r i é r e (1952). 

The granulometric selection in the course of the aeolian transport is shown 
by some segments of the borehole GK 3 to the S of the Štiavnické pohorie 
Mts., near the village H. �����������(���
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by accumulation of pumice, which is a result of their separation from the 
coarser clastic components and from the fraction of minerals in the course of 
the aeolian transport, and probably also by the selective processes in marine 
environment. I t is evident, that the resulting chemistry of the pumiceous 
fraction does not correspond to the average chemical composition of the whole 
erupted fraction. The effect of separation in the aeolian transport in the strata 
of the Burdigalian rhyodacite tuffs was pointedout by M. M a r k o v a (1966). 

The strata of vitrocrystallic and pumiceous tujjs indicating the stages of 
explosive activity, were preserved either in isolated continental basins or in 
deeper parts of the marine sedimentary area. In terrestrial zones they were 
evidently denuded and washed down into the adjacent aquaeous basins. 
In littoral and sublittoral zones, too, due to repeated redeposition and rese-
dimentation of materiál, these tuffs were desintegrated and mixed with other 
volcanodetritic materiál, which was accompanied by the n'se of beach sands 
(Hrušov, �����������E�+�%�'���� 
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zones of the Tortonian sea with the movement and deposition in submarine 
environment, the term "subaquaeous mudflows" in the sense of C a r r o z z i 
(1960) was accepted. 

The polymict náture of the materiál, the absence of indications of the tem-
perature effects, presence of the wood fragments point out that the movement 
of non-consolidated materiál on emerged slopes of volcanie apparatuses covered 
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Multiple volcanoes 

In addition to monogene forms determined by spatial and most probably 
also by chronological localization, there is a number of proofs of the develop-
ment of complex polygene volcanie forms with several feeding systems. 

In the area of Fabova holá and Muránska plošina plateaus, a number of 
circular and elliptical neck bodies of small size (20 x 20 cm to 1 x 2 m) con-
centrated to a small planar extension (4 — 6 on 1 km2), were exposed there. 
The funetion of these centers with migrating activity in time and space evi-
dently gave no rise to the development of a simple stratovolcanic form of the 
centrál type, but to the complicated systém with a number of partial parasitic 
apparatuses, i. e. group polygene volcanoes (the multiple volcanoes in the 
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� �"�"�-�+�.� �,�(�$�# �5�(�2�' �2�'�$ �0�(�1�$ �-�% �'�7� �*�-�"�*� �1�2�(�2�$ �!�0�$�"�"�(� �1 �(�, �2�'�$ �1�$�,�1�$ �-�% � � � ( � 2 � 2 � + �  �, ������������ � �,�# 
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�
�� � �1 �2�'�$ �1�3�!� �/�3� �$�-�3�1 �&�0� �,�3�*� �2�(�-�, �-�% �*�9�4� �� ���'�$ �'�7� �*�-��
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alterations of fragments of volcanie glass and of marginal parts of vesicles, connected 
with hydratation and oxidation, giving rise to palagonite fringe (V. � � � � � � � � � = � ( �< �9 
� � �� � � � # � " � � � & � 7 � % � ) � 0 �5 �	���
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���"�� �����0���&�)�*�'���(�. � ) �  � . � " �� �"�3���&�)���&���-�.�#�.�� ���)�'�*�&���2 �#�( �.�"�� �� �,� � �� � ) �  � . � " �� � � � � �0�)� , �#�� ���.�-�� 
�.�)�)�% �*�&���=�� ���3 �. �"�� �,���*�#�� �-���+�/���(���� �)�  ��� � �/�-�#�)�(�- �)�  �"�#�!�"�&�3 � �&�/�#�����& �&���0���- �)�  �����-���&�.�)��
���(�����-�#�.�#�� ���)�'�*�)�-�#�.�#�)�( � � � � �#�� �
 �9 ���������� ���� �#�( ���+�/�����)�/�- ���(�0�#�,�)�(� ' � � �(�.�� ���"�#���%�(���-�- 
�)�  � �&�)�1�- � �&�/���.�/���.���- �1�#�.�"�#�( �	 �9 �� �'�� 

�������)�,���#�(�! �.�) � � � # � . � . � ' � � �( ���	���
������ �.�"�� �,�#�-�� �)�  �"�3���&�)���&���-�.�#�.�� � �)�,�'���.�#�)�(�- �#�- ���)�(�(�����.���� �1�#�.�" 
�. �"�� ��� � �/�-�#�0�� �����.�#�0�#�.�3 ���&�)�(�! ���2�.���(�-�#�0�� � �,�����.�/�,���- �)�( �.�"�� � �&�)�)�, �)�  �.�"�� ���+�/�����)�/�- ���(�0�#�,�)�(�'���(�.�� 
���"�� �'���$�)�,�#�.�3 �)�  �-�/���'���,�#�(�� ���,�/�*�.�#�)�(�- �)�  �����-���&�. �&���0���- �"�5�0�� �.�"�� ���"���,�����.���, �)�  � �#�-�-�/�,�� ���,�/�*�.��
�#�)�(�- �-�#�'�#�&���, �.�) �-�/�����,�����& �&�#�(�����, ���,�/�*�.�#�)�(�-�� ���"�� � �����.�� � . � " � � �. �.�"���3 �.�� �%�6 �*�&���=�� �)�( � . �"�� �-���� � �&�)�)�,�� 
���)���- �(�)�. ���#� � ���,���(���#���.�� �.�"�� � �/�(�����'���(�.���& ���"���,�����.���,�#�-�.�#���- �)�  ���,�/�*�.�#�)�(�- �����/���/�4�4�) ���#�&�0���-�.�,�# 
�	���
������ �3���. �.�"�� �-�/�,� ������ �*�"���(�)�'���(�� ���,�� ���)�'�*�&���.���&�3 ���#� � ���,���(�.�� ���"�� �1���#�!�"�. �)�  �� �1���.���, ���)�&�/�'�( 
� � �. �,���-�*�����.�#�0�� � � � � �*�.�" �)�  �� �����-�#�( �����/�-���- �,�����/���.�#�)�( �)�, �����-���(���� �)�  ���2�*�&�)�-�#�0�� �*�,�)�����-�-���-�� � . �"�� 
�)�/�.���,�)�*�*�#�(�! �&�5�0�� ���)�'�#�(�! �#�( ���)�(�.�����. �1�#�.�" �1���.���, �#�- �,���*�#���&�3 �����-�#�(�.���!�,���.������ �!�#�0�#�(�! �,�#�-�� � . �) 
�"�3���&�)���&���-�.�#�.�� ���,�������#���-�� 
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�� �*�,�)�����-�- �)�  ���,�������#���.�#�)�( �#�( � . �" �� ���,���� �)�  ���-�����(���#�(�! �)�  �&���,�!���, ���<�%�� ���)���#���-�� 
���( �/�*�*���, �* � � � , � . �- �)�  � . �"�� �-���*���,�5�.�� �- � . � , � � � . �� �)�  �"�3���&�)���&���-�.�#�.�� ���,�������#���-�� �#�( � . �" �� �*�,�)�����-�-���- 
�)�  �,�������*�)�-�#�.�#�)�( ���(�� �,���-�����#�'���(�.���.�#�)�( � � �3 �1���.� � �, ���/�,�,���(�.�-�� �.�"���,�� �1���,�� � �)�,�'���� 
� - � . � , � � � . �� �)�  � �#�(�������.�,�#�.�#�� �������- �)�  �*���&�#�.�����&���/�,�#�.�#�� ���"���,�����.���, �1�#�.�" �. �"�� �/�(�#� �)�,�' �-�/����
�*���,���&�&���& ���)�/�,�-���� ���"�� �*�,�)�����-�-���- �)�  �,���-�����#�'���(�.���.�#�)�( �� �(�� �,�������*�)�-�#�.�#�)�( �*���-�- �#�( 
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�)�  ��� � �/�-�#�)�(�- �(�) �,�������*�)�-�#�.���� �"�3���&�)���&���-�.�#�.�� � - � . � , � � � . �� ���,�#�-���� ���(�� � . �"�� ���)�'�*�&���2 �����+�/�#�,���- 
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� - � . � , � � � . �� �)�  �"�3���&�)���&���-�.�#�.�� ���,�������#���- ���(�� �1�#�.�" �. �"�� �- � . � , � � � . �� �)�  �,���-�����#�'���(�.���� � �#�(�������.�,�#�.�#�� 
�"�3���&�)���&���-�.�#�.���-�� ���0�)�%���� � . �"�� �,�#�-�� �)�  �*�&���(���,�&�3 ���2�.���(�-�#�0�� � �)�,�' �1�#�.�" �-�&�#�!�"�. �-�&�)�*�� �)�( 
�#�.�- �*���,�#�*�"���,�3�� � � � ( �� �1�#�.�" �!�,�����/���& �.�,���(�-�#�.�#�)�( �#�(�.�) � . �"�� �����$�������(�. ���)�'�*�&���2���- �)�  � . �"�� 
� � � , �/ �*�#�(�-�%�5 �0�,���"�)�0�#�(�� �"�#�!�"�&���(���� ���/�#�&�. �*�,� � � � �)� ' �#�(���(�.�&�3 �)�  �,�������*�)�-�#�.���� �0�)�&�����(�)��
�����.�,�#�.�#�� �'���.���,�#�5�&�� �����*�)�-�#�.���� �#�( �-�/�����+�/�����)�/�- ���(�0�#�,�)�(� '���(�.�� ���"�� �.�"�#���%�(���-�- � ) �  � . � " �� 
�"�3���&�)���&���-�.�#�.�� ���)�'�*�&���2 �#�- �*�,���&�#�'�#�(���,�#�&�3 �����.���,�'�#�(���� � � �. �
���� �'�� �1�#�.�" �. �"�� � � �2�.� � �(�. 
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�-�.�"���(���� �����*�)�-�#�.���� �#�( �.�"�� �)�0���,�&�#���, �)�  � . �" �� ���*�#�����& �*� � � , � . �- �)�  � . �"�� � � � � �0�)�,�#�� ���.�-�� 
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�	���� 



zones of the hyaloclastite complex also transport of materiál by hyaloclastite 
flows may be observed. The rise of currents and character of movements of 
hyaloclastite materiál is explained as follows:at retardation or completion cf 
movement, or at total brecciation of the frontal part of láva flow, the more 
mobile hyaloclastite originating by disintegration of the upper part of flow, 
is shifted over the front of the flow, and moves independently in direction of 
the originál movement of the flow behind the termination of the proper láva 
flow. The movement of hyaloclastite mass has the character of mass transport 
in the form of turbidity current of high specific gravity. Besides gravity force 
the mobilizing factor may be represented also by the volume expansion of 
the hot hyaloclastite materiál in an aquaeous environment � � � � � � � � � � � A � + �@ �	���������� 
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components. The intense splitting of the glassy matrix of the upper and basal 
parts ofthe flow is due to the inner strain at the spontaneous cooling by contact 
with aqaeous environment (desintegration into minor angular fragments); 
brecciation of especially the basal part is due to the mechanical fragmentation 
of viscous, rapidly cooling marginal parts unable to balance with the generál 
mobilization moment of the flow. The spontaneous cooling on contact with 
aquaeous environment is accompanied with oxidation of dispersed ore pig­
ment, and evokes the brown colouring of the glassy matrix. 

These facts illustrate the process of the rapid cooling of the láva flow in 
subaqaeous environment (the subaquaeous environment is also pointed out by 
textures of deposited pumaceous ash tuffs in the overlier and substratum of the 
flow). On the ground of these facts, the role of the aquaeous environment may 
be considered as one of the important factors in the rise of vitrofiric andesites 
of the Bohunice type. The presence of láva flows in these areas in pyroxenic 
ande.sites with normál development of matrix (less acid — 58 % Si02) points 
out to the necessity of consideration of the specificity of petrochemical charac­
ter and physical state of láva in the time of its cooling, as further inevitable 
disposition for the rise of the glassy flows of the Bohunice type. 

The conception of the glassy pyroxenic andesite indicated as the "Bohunice type - ' as 
of a uniform horizon or as an equivalent of one eruption stage, spread over an extensive 
territory, meets several obstacles. K . K a r o l u s (1965) quotes some cases from the 
western parts of the distribution of glassy pyroxenic andesite of the Bohunice type 
indicating the pre-Lower Sarmatian age of the latter, and orders the Bohunice andesite 
into the second andesite phase. F. F i a l a (1961) describes glassy andesite (the Bohunice 
type) in the overlier ofthe I l í rd andesite phase from the area ofthe Kremnické hory Mts. 
From the southern area ofthe Banská Štiavnica región come the proofs about the presence 
ofthe glassy andesite (borehole Ku-I) in the overlier ofthe products of the IHrd andesite 
phase (A. B r l a y - V . ���������-���, �����	�
���� 
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E n c l . 1. Schéme of relicts of sulHequent and final volcanism in the Central Slovakia 
(by V. K o n e �D �1 �C �A ���� �� �8 �7 �, �% �1 �	���
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of lavas is indicated. These facts point out rather the activity along the fis­
sures with effusions into subaquaeous environment than the effusions from 
the centrál feeding channels. 

S u b v o l c a n i c F o r m s 

The deep destruction of volcanie terrains in some areas caused denudation 
into subvolcanic levels and offered thus possibilities for determination of the 
feeding volcanie systems. The most frequent forms of subvolcanic bodies are 
neeks and dvkes. 

Neck bodies 

The optimal conditions for the determination of the neck bodies are offered 
by terrains where super ficial volcanie forms were remowed. In the area of 
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(zones thick several cm). The ascending movements are pointed by flow 
textures as well as by the transport of enclosed fragments with relicts of marine 
fauna. This body is connected with a dýke swarm. 

Some intrusive bodies are terminated by ramificatíon into several dykes 
and by gradual transition into the breccia parts, which points out to the 
subsurface mechanism of their origin (Kapolna near �������B� �?�� � � � 3 � 2 � ' �  �, �	���������� 
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ment in sublittoral to littoral zóne; continental condition being typical of the 
forming of the bodies in the IHrd andesite phase. 

Their common characteristics, however, is the analogy of the main features, 
i. e. the predominating náture of extrusions and subsidiary explosive processes. 

S u r f a c e t o S u b s u r f a c e V o l c a n i e F o r m s 

Process of extrusions with the development of dome forms and forms with 
transitions into short thick viscous flows, the rise of protrusions (of tholoid 
type — F. F i a l a 1965), and processes of intrusions of dýke bodies and larger 
isometric bodies, are characteristic of the eruptions of highly viscous acid 
andesite and andesite-dacitic to dacite masses of the IH rd andesite phase. 
Explosive activity, with the forming of nuées ardentes and pumaceous-ash 
masses are only an accompanying phenomenon. Although submarine extru­
sions of the Ist andesite phase show analogy of the basic mechanism, i. e. the 
process of extrusions, the bodies — in difference from the IHrd andesite phase 
— are completely disintegrated and brecciated in the course of their as-
cension, and in the last stage they are extruded in the form of extensive 
mass of brecciated materiál. The latter is aceumulated in the nearest areas 
of the extrusions, the aceumulation forms being irregular. The difference of 
the surface forms is due to the specificity of the submarine environment of 
the rise of these extrusions, to a considerable extent. 

(a) Development in continental environment 

The ascension of the bodies of the IHrd andesite phase took �������2�� ���  
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respect to the most frequent type of stratovolcanic apparatuses. On the ground 
of macrotextural elements, šuch as textures of vertical or near-vertical fluid-
ality, zones of brecciation near the periphery of bodies, formation of some bo­
dies by the extrusive movements, and cumulation of highly viscous magma in 
the areas of the extrusion — as the forms of the dome type, may be supposed. 
In the marginal parts of some bodies, characteristic zones of brecciation were 
developed. Their width is exceeding 50 m. Clastic angular to subangular ma­
teriál produced by mechanic desintegration is cemented by láva vesiculated 
matter with fluidal textúre of the flowing-round of fragments. Orientation of 
fragments is chaotic, accidental, even roughly subparallel with the direction 
of fractures. Transitions of the zones of brecciation into massive andesite 
bodies may be observed. 

The forming of brecciated zones in the peripheral zones of bodies is con­
nected with the process of extrusions in the course of the extrusive processes 
(perhaps by mechanical fragmentation of more quickly solidified peripheral 
zones, and due to the abrupt expansion, accompanied with the extension of 
the space). The study and the proper interpretation of the zones of brecciation 
may serve — in addition to other macrotextural features — as a criterion for 
identification of spatial parameters of bodies, and for the determination of 
some aspects of their genesis. 

In peripheral zones of the extruded masses there is a frequent transition into 
thick and short highly viscous, often brecciated flows. (The borehole Ku-1 — 
�����8�4�.�����$�' �+�!�'�/ � , � ! �� �,�!�"���#�&���+�+ �'�� �
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F i a l a (1961) pointed out to the extrusive process of some bodies of the I l l rd andesite 
phase in tbe Kremnické hory Mts. B r l a y (1965—66), � � � � � � � � � L � 2 �K �������
�� �E�
�
�� �)�*�6�(�5�.�'�*�) 
�7�-�* �*�;�7�5�8�6�.�9�* �&�2�) �.�2�7�5�8�6�.�9�* �*�-�&�5�&�*�7�*�5 �3�+ �7�-�* �'�3�)�.�*�6 �3�+ �7�-�* � � � 0 �0 �5 �) �&�2�)�*�6�.�7�* �4�-�&�6�*�� 

�!�-�*�5�* �.�6 �& �(�0�3�6�* �5�*�0�&�7�.�3�2 �'�*�7�:�*�*�2 �7�-�* �6�4�&�7�.�&�0 �6�.�7�8�&�7�.�3�2 �3�+ �'�3�)�.�*�6 �&�2�) �=�3�2�*�6 
�3�+ �.�2�7�*�2�6�* �7�*�(�7�3�2�.�(�6�� �!�-�.�6 �.�6 �@�.�5�6�7 �3�+ �&�0�0 �4�3�.�2�7�*�) �3�8�7 � ' �< �7�-�* �)�.�6�7�5�.�'�8�7�.�3�2 �3�+ �7�- �* 
�'�3�)�.�*�6 �3�+ �7�-�* � � � 0 �0 �5 �) �&�2�)�*�6�.�7�* �4�-�&�6�* �.�2 �7�-�* �6�3�8�7�-�*�5�2 �4�&�5�7 �3�+ �7�-�*�.�5 �&�5�(�-���0�.�/�* �=�A�2�* 
�&�0�3�2�, �7�-�* �0�.�2�* ���� �# �7�3 ���� � � � �#�� �7 � - �& �7 �.�6 �E �&�(�(�3�5�)�.�2�, �7�3 �,�*�3�4�-�<�6�.�(�&�0 �5�*�6�*�&�5�(�- 
�E �& �7�*�(�7�3�2�.�( �=�A�2�* �3�+ �7�-�* �0�6�7 �3�5�)�*�5�� �5�*�4�5�*�6�*�2�7�.�2�, �7�- �* �6�3�8�7�-�*�5�2 �7�*�(�7�3�2�.�( �'�3�5�)�*�5 
�3�+ �7�-�* ���3�)�5�8�J�&�E�"�<�-�2�* �7�*�(�7�3�2�.�( �,�5�3�8�4 � � � � � 3 � ) � 2 � > � 5 �� � M � 8 � 5 � & � 7 � 2 � K �� � $ � ' � 3 � 5 � . � 0 �� 
� � � 5 � 0 � . � ( � / � K �� � � � . � 0 �3 �����
�
���� ���*�3�0�3�,�.�(�&�0�0�<�� �7�-�* �=�A�2�* �5�*�4�5�*�6�*�2�7�6 �7�-�* �(�3�2�7�&�(�7 �3�+ �7�-�* 
�4�5�3�4�<�0�0�.�7�.�=�*�) �(�3�1�4�0�*�; �3�+ �7�-�* � � � � �2 �) �&�2�)�*�6�.�7�* �4�-�&�6�* �3�+ �1�3�5�* �2�3�5�7�-�*�5�2 �(�*�2�7�5�>�0 �&�5�*�& 
�:�.�7�- �7�-�* �3�8�7�*�5 �&�5�(�-���0�.�/�* �=�A�2�* �3�+ �7�- �* �'�3�)�.�*�6 �3�+ �7�-�* � � � 0 � 0 �5 �) �&�2�)�*�6�.�7�* �4�-�&�6�*�� ���2�&�0�3��
�,�3�8�6���*�*�2�2�*�(�7�.�3�2 �1�&�< �'�* �3�'�6�*�5�9�*�) �.�2 �7�-�* �6�4�&�7�.�&�0 �)�.�6�7�5�.�'�8�7�.�3�2 �3�+ �'�3�)�.�*�6 �3�+ �7�-�* � � � 0 � 0 �5 �) 
�&�2�)�*�6�.�7�* �4�-�&�6�* �2�*�&�5 �7�-�* �*�&�6�7�*�5�2 �'�3�5�)�*�5 �3�+ �7�-�* �(�*�2�7�5�>�0 ���I�7�.�&�9�2�.�(�& �&�5�*�&�� �'�8�.�0�7 �3�+ �7�- �* 
�4�5�3�4�<�0�0�.�7�.�=�*�) �(�3�1�4�0�*�; �3�+ �7�-�* � � � � �2 �) �&�2�)�*�6�.�7�* �4�-�&�6�* � � � � � B � - � 1 � * � 5 �E � I � 7 � 3 � - � 0 �� �.�2 �4�5�*�6�6���� 

� � �2 �7�-�* �+�3�5�1�.�2�, �3�+ �'�3�)�.�*�6 �3�+ �7�- �* � � � 0 � 0 �5 �) �&�2�)�*�6�.�7�* �4�-�&�6�*�� �7�-�*�.�5 �(�3�2�2�*�(�7�.�3�2 �:�.�7�- 
�7�-�* �:�*�&�/�*�2�*�) �=�3�2�*�6�� �.�� �*�� �7�- �* �=�3�2�*�6 �3�+ �7�- �* �)�.�6�7�.�2�(�7 �7�*�(�7�3�2�.�( �1�3�'�.�0�.�7�<�� �1�&�< �'�* 
�3�'�6�*�5�9�*�)�� �!�-�.�6 �1�3�'�.�0�.�7�< �.�2 �7�-�* �(�3�8�5�6�* �3�+ �&�6�(�*�2�)�.�2�, �3�+ �'�3�)�.�*�6 �3�+ �7�-�* � � � 0 � 0 �5 �) 
�&�2�)�*�6�.�7�* �4�-�&�6�* �.�6 �4�5�3�9�*�) � ' �< �7�- �* �+�3�5�1�.�2�, �&�2�) �+�8�5�7�-�*�5 �)�*�9�*�0�3�4�1�*�2�7 �3�+ �7�- �* �6�*�)�.��
�1�*�2�7�&�5�< �'�&�6�.�2�6 �3�2 �7�-�*�.�5 �4�*�5�.�4�-�*�5�< ���'�3�5�*�-�3�0�* �� �8���� �2�*�&�5 �7�-�* �9�.�0�0�&�,�* ���3�L�C�9�&�)�0�3���� 
�N�.�0�0�*�) �.�2 �7�-�* �(�3�8�5�6�* �3�+ �,�5�&�)�8�&�0 �6�8�'�6�.�)�*�2�(�* � ' �< �)�*�7�5�.�7�.�( �9�3�0�(�&�2�.�( �1�&�7�*�5�.�>�0 �&�2�) � ' �< 
�4�<�5�3�(�0�&�6�7�.�( �4�5�3�)�8�(�7�6�� 

�!�-�* �&�6�(�*�2�)�.�2�, �3�+ �'�3�)�.�*�6 �3�+ �7�-�* � � � 0 � 0 �5 �) �&�2�)�*�6�.�7�* �4�-�&�6�* �7�3�3�/ �4�0�&�L�* �.�2 �7�-�* �&�5�*�& 
�3�+ �)�*�2�8�)�*�) �5�*�0�.�?�+ �3�+ �7�-�* � � � � �2 �) �&�2�)�*�6�.�7�* �4�-�&�6�*�� �1�3�5�4�-�3�0�3�,�.�(�&�0�0�< �)�.�6�6�*�(�7�*�)�� �:�.�7�- 
�7�-�* �)�*�9�*�0�3�4�1�*�2�7 �3�+ �6�1�&�0�0 �.�2�7�5�&�9�3�0�(�&�2�.�( �'�&�6�.�2�6 ���.�2�7�5�&�9�3�0�(�&�2�.�( �'�&�6�.�2 �.�2 �7�-�* �&�5�*�& 
���&�2�6�/�> �I�7�.�&�9�2�.�(�&�� �:�.�7�- �0�.�1�2�.�( �6�*�)�.�1�*�2�7�6�� ���8�5�.�&�2�E���3�9�>�L�.�/�E�I�7�3�-�0�� �����
������ 

���������������������� ������ �������������
 ���� �������
 ���������� ���	�	���������������
 ���� ������������������ �������������� �����
������������ 

���6 �&�2 �*�;�&�1�4�0�* �3�+ �7�-�.�6 �+�3�5�1 �1�&�< �'�* �(�3�2�6�.�)�*�5�*�) �7�-�* �4�5�3�7�5�8�6�.�3�2 �3�+ �,�0�&�6�6�< 
�&�1�4�-�.�'�3�.�*���'�.�3�7�.�7�* �&�2�)�*�6�.�7�* �% �-�<�4�*�5�6�7�-�*�2�* ���7�-�* � � � 0 �0 �5 �) �*�5�8�4�7�.�3�2 �,�5�3�8�4�� �&�(�(�3�5�)��
�.�2�, �7�3 � � � . � & � 0 �& �������
�� �����
���� �7�-�* � � � 0 �0 �5 �) �4�-�&�6�*�� �&�(�(�3�5�)�.�2�, �7�3 � � � 8 � 7 � - � & �2 �����
�
���� 
�4�*�2�*�7�5�&�7�.�2�, �7�-�5�3�8�,�- �7�-�* �3�0�)�*�5 �4�5�3�)�8�(�7�6 �3�+ �4�<�5�3�;�*�2�.�( �&�2�)�*�6�.�7�*�6 �:�.�7�- �7�-�* �6�7�5�&�7�3��
�9�3�0�(�&�2�.�( �7�<�4�* �3�+ �6�7�5�8�(�7�8�5�*�� �2�*�&�5 � � �3�5�2�K ���-�3�1 ���7�-�* ���5�*�1�2�.�(�/�? �4�3�-�3�5�.�* ���7�6���� 

� � �2 �7�-�* �+�.�5�6�7 �*�;�4�0�3�6�.�9�* �6�7�&�,�* �(�3�2�)�.�7�.�3�2�.�2�, �7�- �* �5�. �6�* �3�+ �����2�8�?�*�6 �&�5�)�*�2�7�*�6�� �.�2 �0�&�7�*�5�&�0 
�*�;�4�0�3�6�.�3�2 ���&�0�6�3 �,�0�3�:�.�2�, �(�0�3�8�)���� �1�3�9�.�2�, �)�3�:�2 �7�-�* �1�3�)�*�5�&�7�* �6�0�3�4�* �.�2 �)�.�5�*�(�7�.�3�2 
�7�3 �7�-�* �&�5�*�& �3�+ �7�-�* � � �&�6�7�5�&� ' �& �6�*�)�.�1�*�2�7�&�5�< �'�&�6�.�2�� �& �4�5�3�7�5�8�6�.�3�2 �3�+ �-�.�,�-�0�< �9�.�6�(�3�8�6 
�&�2�)�*�6�.�7�* �&�(�(�3�1�4�&�2�.�*�) �:�.�7�- �7�-�* �5�.�6�* �3�+ �6�4�*�(�.�+�.�( �+�3�5�1 �3�+ �7�-�* ���7�-�3�0�3�.�)�� �3�5 �����4�0�8�,�� 
�7�<�4�*�� �:�&�6 �+�3�5�1�*�) �.�2 �7�-�* �7�3�4 �4�&�5�7 �3�+ �7�- �* �9�3�0�(�&�2�3 � � �3�5�2�K ���-�3�1 ���7�-�* ���5�*�1��
�2�.�(�/�? �4�3�-�3�5�.�* ���7�6������ ���(�(�3�5�)�.�2�, �7�3 �7�-�* �2�>�7�8�5�* �3�+ �*�;�4�0�3�6�.�3�2�� � � �7�-�* �2�8�?�*�6 �&�5�)�*�2�7�*�6�� 
�3�+ �7�-�* �+�.�5�6�7 �*�;�4�0�3�6�.�3�2 �6�7�&�,�* �&�5�* �(�3�2�6�.�)�*�5�*�) �&�6 �7�- �* �7�<�4�* �'�*�7�:�*�*�2 �7�-�* ���)�.�5�*�(�7�*�) 
� ' �0�&�6�7�� �&�2�) ���*�;�4�0�3�6�.�9�* �.�2�(�&�2�)�*�6�(�*�2�7 �&�9�&�0�&�2�(�-�*�6�� � � � � � . � & � 0 �& �����
������ 

�����	 



Láva ftows 

They do not form planarly extensive forms, they represent comparatively 
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���( �������#�.�#�)�( � . �) �.�"�� �'���-�- �)�  ���"���)�.�7�� � ' ���.���,�#�5�& �)�  � . �"�� � . �3�*�� �)�  �(�/�6���- ���,�����(�.���-�� 
� . �"�� ���)���#���- �)�  �.�"�� �������,�� ���(�����-�#�.�� �*�"���-�� ���,�� ���-�-�)���#���.���� �1�#�.�" ���!�!�&�)�'���,���.�#�� �*�3�,�)��
���&���-�.�#���- �1�#�.�" �. �"�� � �,�����.�#�)�( �)�  �� �.�) ���� ���'�� �,���,���&�3 �	�� ���'�� � � �, � � �! � ' � � �(�. �- ���,�� �1���&�&��
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�.���!�,���.�#�)�( �)�  ���)���#���- �)�  �.�"�� � � �& �& � , �� ���(�����-�#�.�� �*�"���-���� �*���-�-�#�(�! �#�( �. �"�� ���)�/�,�-�� �)�  �.�"���#�, 
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Hungary amphibol-biotitic andesites, biotitic andesites and hypersthenic 
andesites i amphibole ± garnet are being intruded. 

In the southeastern and eastern parts of the central-Slovakian neovolcanic 
región, extensive bodies of pyroxene, amphibole- andesite ±_ garnet were 
formed (Breziny, Šiatoroš �������������B���� �%�* �0�$�! �/�+�1�0�$�!�.�* � , � � � . �0 �/�1���)���.�%�*�! �! �4�0�.�1��
�/�%�+�*�/ �+�" �/�)���(�(�!�. ���+� �%�!�/ �+�" �$�5�,�!�.�/�0�$�!�*�%�� ���*� �!�/�%�0�! �3�%�0�$ ���)�,�$�%���+�(�!�� �0�+�+�' �,�(���B�!�� 
� � �* �0�$�! ���!�*�0�.�7�( �� �*�  �3�!�/�0�!�.�* � , � � � . �0�/ �+�" �0�$�! �*�!�+�2�+�(�����*�%�� �.�!�#�%�:�*�� �0�$�! � / �0�. � � �0�� �+�" ���#�#�(�+��
�)�!�.���0�%�� �+�. �3�%� �!�(�5 �.�!� �!�,�+�/�%�0�!�  �2�+�(�����*�+���(���/�0�%�� �)���0�!�.�%�7�( �3�!�.�! � �!�0�!�.�)�%�*�!�  � � �5 �0�$�! 
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�������������
�����	�
�� ���
���	���� �
�� �������������	���� �����������	�� ���	�
���� 

���+�)�! ���/�,�!���0�/ �+�" �0�$�! �,�.�+���!�/�/�!�/ �+�" �#�!�*�!�/�%�/ �� �*�  �)�!���$���*�%�/�) �+�" �!�.�1�,�0�%�+�*�/ ���.�! 
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graphy. Basing on this, following process of genesis has been reconstructed: 
in the time of extrusion along tectonically predisposed directions into water-
bearing marine sediments, at the cooling and evaporation of gaseous eompo-
nents, viscosity of the extruded láva is increasing so quickly, that the upper 
and marginal solidified parts cannot be balanced with the generál mobili-
zation moment, and intense fracturing takes ������� ���� ���������
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the predominating orientation of the dýke systems in the centrál Štiavnica 
area. Besides the actual dikes also the bodies with the character of sills were 
determined, following the planes of discontinuity between the Mesozoic sub-
straturn and volcanogene complexes. Combination of the actual dike bodies 
with sills gives rise to complicated forms. The dýke bodies are predominantly 
indicated as subvolcanic forms without sufficient proofs of their primáry 
communication with the surface. The course of ore veins of the Banská Štiav­
nica ore región ( Š t o h l 1962) is also bound to the structural-tectonic systém 
used for the piercing out of the dýke bodies. 

On the ground of microscopical determination of characteristic variations 
of the development of structures of matrix in dependance úpon the depth and 
geological structural characteristics, a suggestion was made to leave the ori­
ginál term "dacite" ("dacite dykes")and to use the indication "quartz-diorite 
porphyry anddykes of quartz-diorite porphyry" instead ( M i h a l í k o v á 1966). 

Intrusive bodies with isometric to orientated direction 

In addition to dike bodies there are also forms of larger size (1,5 km, 
and more) with irregular isometric to those orientated in one direction. Bodies 
of this type occur mainly in the centrál area of the Banská Štiavnica región, 
in propyllitized complex of the I Ind andesite phase. Identification of the 
bodies is conditioned by considerable degree of denudation of the upper vol­
canogene complexes and of lower levels. As an example may serve the dacite 
body to the N of the village Dekýš (in the area of the elevation point Šemetlov). 
I ts intrusive character is documented by penetration of propyllitized complex 
of the I Ind andesite phase ( B r l a y 1965). The rock has holocrystallic to hemi-
crystallic matrix, and amphibole-biotite, plagioclase, quartz phenocrysts. 

Piercing-out of bodies of this type is also known in Štiavnica — Hodruša 
tectonic group, their distribution shows the orientation on tectonic directions. 

3. Volcanism of rhyodacite and rhyolite type 

In the course of the activity of subsequent volcanism, three stages with 
rhyolite and rhyodacite volcanism are known. The first stage passed in the 
Middle Burdigalian, sporadically reaching up to the Helvetian-Carpathian 
(Vass , � � � � � � � 4 �' �����
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(the quarry near Szabova Skala), the ascensicn is pointed out by macroflui-
dal structures, orientated under the angle of 70°—90°. In the marginal parts 
of extruded masses, on contact with subaquaeous environment in quick pro-
cess of cooling, perlitic glassy masses arise (Szabova Skala; � � � � � � � 
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indicates periodical eruptions of explosive type, producing pyroclastic materiál 
eolically transported in the form of pumiceous-ash clouds to considerably 
distant places. 

Ignimbrites 

F i a l a (1961) quoted some relict strata of Consolidated deposits with pyro­
clastic structures from the area of the Kremnické hory Mts. Due to welding 
pyroclastic structure is wiped out in some places, and the rock acquires 
the character of fine-grained glassy rhyolites. In some occurrences there are 
transitions between the tuff materiál into the strata of homogenized to rhyolite 
— like materiál. Basing on this fact, and on the fiat deposition of relicts, 
the mechanism of genesis in the sense of M a r s h a l l (1935), F e n n e r (1923, 
1937) of the products of ignimbrite eruptions, i. e. of eruptions of "ash flows" 
(Ross S m i t h 1961) and of "sand flow" ( F e n n e r 1937) connected with the 
eruptions of the Katmai type was supposed. 

The extent of the known relicts gave no possibílities to suppose the regional 
distribution and other aspects of the genesis till now. 

S u b v o l c a n i c F o r m s 

In rhyolite volcanism, subvolcanic forms are known only sporadically 
(predominantly the I l l r d rhyolite phase). No subvolcanic bodies of the Ist 
rhyolite phase are known in our territory. With the I Ind rhyolite phase, relicts 
of complicated, strongly destructed rhyolite bodies of the centrál part of the 
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inherited unequilibrium of the then mobile zones, deep faults arose mainly 
in the inverse segments; the volcanism of the subsequent stage is replaced by 
the final volcanism. 

Basalt volcanism 

The difference of volcanic forms and náture of eruptions of basalt volcanism 
of the final stage, with respect to subsequent volcanism is conditioned by its 
different tectonomagmatic position. Along deep balancing fault zones, mag-
matic matters of basic composition are mobilized from deep situated sources. 
The low gas content of slightly differentiated and contaminated magma is 
reflected in very low explosiveness of eruptions and almost in total predomi-
nance of the effusive activity. If the ratio of explosive materiál to the effusive 
is about 9:1, in final basalt volcanism it is contrary. 

The effusions of basaltoid andesites is connected with the forming of 
fault systems of inverse zones from tectonically mobile zones, in the area 
between the Štiavnické and Kremnické pohorie Mts. and the NE par t of the 
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láva sheets of the plateau type (eastern part of the región); (2) monogene scoria 
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The existing relicts indicate that the steep conic forms built predominantly 
of the activity of "fire fountains" had monogene character and smaller size. 

Polygene forms (cones of mixed type) 

As an example may serve the well-preserved relict of the youngest volcanic 
forms — Pútikov ���<�9�)�% �����&���0���.�#�)�( �*�)�#�(�. �
���� �(�����, �����%�)�0�-�%�5 ���,���4�(�#�����
 � � � # � � � & �� 
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���
�
 ���
�������� ���� ���
�
 ���������������� �������
 �#�- �-�#�.�/���.���� �)�( � . �"�� ���,�)�-�-�#�(�! �)�  �.�����.�)�(�#�� �&�#�(���-�� � � �(�� 
�,���*�,���-���(�.�- �� �'�)�,�*�"�)�&�)�!�#�����& ���&���0���.�#�)�( � �)�,�'���� � � �3 �. �"�� �-���)�,�#���� ���-�"�� �&���*�#�&�&�# �'���.���,�#�5�& 
� � �( �� � � �3 �(�/� '���,�)�/�- ���)�'���-�� � � �( �#�.�- �-�/ � ' � ' �#�. �* � � � , �. �.�"���,�� ���,�� �(�) ���#�-�.�#�(���. �.�,�������- �)�  ���,���.���,�� 
���( � . �" �� �(�)�,�.�"���,�( �-�&�)�*�� �.�"���,�� ���,�� �,���&�#���.�- �)�  �.�"�#���% � �&�)�1�-�� ���. �-�)�/�.�"���,�( � �)�)�.�"�#�&�& �.�"���,�� 
���,�� �����(�/������ �*� � � , � . �- �)�  � �������#�(�! ���"���(�(���&�-�� ���( �.�"�� ������ � �)�)�.�"�#�&�& �)�  � . �"�� �-���)�,�#�� ���)�(���� 
�(�����, �.�"�� ���,�)�( �,�#�0���,�� �.�"���,�� ���,�� �.�"�,���� � �&�)�1�-�� � . �"�� �&�)�(�!���-�. �)�  �.�"�� �' �,�������"�#�(�! � � � ( �� 
���)�0���,�#�(�! � . �"�� �!�,���0���& �.���,�,�������- �)�  �.�"�� ���,�)�( �,�#�0���,�� � � �( ���)�(�0���(�#���(�. ���2�*�)�-�/�,���- �.�"���,�� 
���,�� �-�)�'�� � �&�)�1�- � �)�,�'���� � � �3 �)�.�"���, �*���,�.�#���& � �&�)�1�- �-���*���,���.���� � � �3 �.�"�� �- � . � , � � � . �� �)�  �-���)�,�#�� 
� � �(�� ���)�'���-�� �#�(���#�����.�#�(�! �.�"�� ���"���,�����.���,�#�-�.�#�� �-�.�,�/���.�/�,�� �)�  �*�)�&�3�!���(�� � � �"�� �, � � � � �. � � �, �� 

���������������� ���������� �"�5�0�� �#�-�)�'���.�,�#�� �.�) � �&���.�.���(���� � �)�,�'�-�� �/�(�#�*�)�&���,�&�3 � � � ( �� ���#�*�)�&���,�&�3 
�-�"���*���� �#�( �.�"�� ���)�/�,�-�� �)�  �.�"���#�, � �&�#�!�"�. �.�"�,�)�/�!�" �.�"�� ���.� '�)�-�*�"���,���� �����&� ���*�&���-�.�#�� ���)�'���-�� 
����� �)�,�'���� �1�"���( � ���&�&���(�� �����+�/�#�,�� ���"���,�����.���,�#�-�.�#�� � �)�,�'�- �����)�1 ���/�(�!���� � � �( ���,�/�*�.�#�)�(�- 
�)�  �1�"�)�&�� ���"���#�(�- �)�  ���)�'���- ���. ���#� � ���,���(�.�#���.�#�)�( �'�)�0���'���(�.�-�� ���)�'�*�&�#�����.���� �,�)�&�&���� 
� �)�,�'�- ���,�#�-���� 

� � � / � � � 0 � ) � & � � � � � ( � # �� � � � ) � , � ' �- 

���"�� ���;�%�� ���)���#���- ���) �(�)�. �,�������" �!�,�����.���, �-�#�4���� ���"�� ���;�%�� � �)�,�'�- �1�#�.�" �!�,�����. 
���#�,�����.�#�)�(���& �&���(�!�.�"�� �#�(���#�����.�#�(�! �'�����"���(�#�-�' �)�  � �#�-�-�/�,�� ���,�/�*�.�#�)�(�- ���#�� ���� ���&�)�(�! 
�.�"�� � �,�����.�/�,���- �)�  �,���!�#�)�(���& ���2�.���(�.�� �1���,�� �(�)�. �����.���,� ' �#�(������ ���"�� �'�)�-�. � �,���+�/���(�. �����-���- 
���,�� �-�"�)�,�. ���;�%�� �)�  �-���0���,���& �.���( �'�� �)�, �.�"�� ���;�%�� �-�1���,�'�- ���(�� �-�3�-�.���'�- ���"���,�����.���,�#�4���� 
� � �3 ���#�0���,�!�#�(�! �)�  �!�,�����.���, �(�/ � ' � � � � �, �)�  ���3�%���- ���'�/�&�.�#�*�&�� ���3�%���-���� � � �(�� � �)�,�'�- �1�#�.�" 
���&�&�#�*�.�#���� � . �) �,�)�/�!�"�&�3 ���#�,���/�&���, ���#���'���.���,�� �#�(���#�����.�#�(�! � �)�,�'�- �)�  �.�"�� �(�����% �.�3�*� � �� 
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���"�� ���;�%�� ���)���#���- �"�5�0�� ���#�.�"���, � . �"�� � �)�,�' �)�  �#�-�)�&���.���� ���)���#���- �)�  �-�'���&�& �-�#�4�� �)�, 
�!�,�)�/�*�-�� ���)�(�����(�.�,���.���� �)�0���, �-�'���&�& ���,�����-�� ���-�)�&���.���� ���)���#���- �,���*�,���-���(�. �-�#�4���- �)�  �-���0���,���& 
�'�� �1�#�.�" �. �"�� � �)�&�&�)�1�����&�� �&���(�!�.�" �.�) ������ �'�� ���- ���( ���2���'�*�&�� � ' � � �3 �-���,�0�� �����-���&�. � � �; �%�� 
���(���*�"���&�#�(���� �����-���(�#�.���� �(�����, �.�"�� �0�#�&�&���!�� ���3�-�"�;�����&���� �*���(���.�,���.�#�(�! ���(�����-�#�.���- �)�  � . �"�� 
� � �& �& � , �� �*�"���-���� ���)�&�/�'�(���, �$�)�#�(�.�#�(�! �#�- �)�,�#���(�.���� �*���,�*���(���#���/�&���,�&�3 �. �) � . �"�� � � �)�(�.� � � � �. 
�*�&���(���-�� �� �-�#�'�#�&���, ���;�%�� ���)���3 �)�  �����-���&�.�)�#�� ���(�����-�#�.�� �#�( �.�"�� �(�)�,�.�"���,�( �* � � � , �. �)�  � . �" �� 
�:�#���, �����*�,���-�-�#�)�( �#�- �*���(���.�,���.�#�(�! �.�"�,�)�/�!�" �.�"�� �!�,���0���&�����)�(�!�&�)�'���,���.�#�� � �)�,�'���.�#�)�(�� 
���"���-�� ���)���#���- �1���,�� �*�,�)�������&�3 ���)�(�(�����.���� �1�#�.�" �. �"�� �����.�#�0�#�.�3 �)�  �-�*�)�,�����#�� �#�'�*�)�,�.���(������ 
�1�#�.�" �.�"�� � �)�,�'�#�(�! �)�  �-�'���&�& �'�)�(�)�!���(�� � �)�,�'�-�� 
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of the final volcanism, there may be observed the grouping of isolated dike 
bodies or their complicated diverging on smaller areas. The result of this is 
a complicated systém of multiple dykes. Near the village Šurice, there is a prepa-
rated body of basalt tuffites, penetrated by several dýke bodies of limburgite 
basanites ( M i h a l í k o v á 1959, K a r o l u s o v á 1959). 

DESTRUCTION OF VOLCANIC FORMS 

In the development of volcanic regions, processes of construction and de-
struction are active. Processes of construction pass in stages of the aceumu­
lation of volcanic masses in the time of volcanic activity, and represent positive 
process for the building of volcanic forms. 

The stages of destruetions are an accompanying phenomenon of volcano-
tectonic processes (destruetions at enormous eruptions, collapsing of some 
parts of apparatuses, extrusions of cumulodomes, e tc) , and a consequence 
of the surface exogeneous factors active in the course of volcanic activity, 
and especially after the ending of the activity. 

The intensity of destruction of volcanic forms is direetly proportional to the 
duration of the activity of exogeneous destruction factors, i. e. intensity is 
greater the longer the volcanic forms are affected by erosion and denudation. 

When considering the duration of subsequent volcanism (Lower Tortonian — 
Pliocene) and the following final volcanism (Pliocene-Quaternary). we may 
state that destruction could háve affected not only volcanic regions as a whole, 
but that it could háve reached high stages also within the separáte stages of 
the activity (volcanic phases), still before the deposition of products of the 
next volcanic stage. 

Before starting the discussion of the destruction of volcanic forms, it is necessary to 
determine — in the sense of C o t t o n (1959), R e a r (1957) — the main stages of destruc­
tion of volcanic forms of the stratovolcanic type, and to point out the manner of appli-
cation in regions of subsequent and final volcanism. 

The prinuiry stage ("volcano stage") is represented by undestructed volcanic form 
(eomposed cone) immediately after the calming down of the volcanic activity. 

in the next stage the slopes of the cone are grooved by erosion. The grooves are radially 
reaching farther from the centrál area. On volcanoes of the stratovolcanic types these 
grooves serve as the ways of movement of the láva �0���!�(�$�� ������ �"���#�%�$�� �$���"���#���%��� �� �%���� ��� �����'����
���&���� ���,�'�� �����!�(�$ ���!�#������ ���* ��� ���!�����#��� �% �"�*�#�!�������$�%���� �����%���#���,�� �(���%�� �#���$�"�����% �%�! �$�����������# �#����
�$���$�%��� ���� ��������� �$�% ���#�!�$���!� �� ���#�� �#�����!�'���� ���* �%���� ���!� �%��� �&��� �� ���#�!�$���!� �� ��� �� �%���� �����!�(�$ ���#�� �"�#���"����
�#���%������ ��� �� �$���"���#���%���� ���* �������"�����&�% �'���������*�$ ���  �%���� � ���)�% �$�%�������� �������$ �$�%������ �#���"�#���$��� �%�$ �%���� 
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In the final stage — "Skeleton stage", the upper parts of the volcanogene complexes 
are removed, and the more resistent subvolcanic bodies of the feeding systém (necks, 
dykes, multiple veins) are separated. 

When carrying on the reconstruction study of the volcanic forms of the 
subsequent and final volcanism, it is necessary to consider the fact, tha t de­
struction proceeded into higher stages, being accompanied by the inversion 
of reliéf in regional extent. 

Volcanic forms of the Ist andesite phase were most strongly affected by 
destruction. In the eastern part of the región, extensive isolated relicts of 
andesite bodies �������������: �5�8�����)�$�'�$�9�� �,���'�� �%�' � � �%�� � ' � � � ) � � � � �� 

�������*�"�*�!���)���$�#�( �$�� ���'�����������)���� �"���)��� '���0�! ���# �)� � �� ���'���� �$�� � ) � � �� �%�����'�����#�� �$�* �) �$�� � ) � � �� 
���-�)�'�*�(���+�� ���'�����������)���� ���$�������( ���# �(�*���"���'���#�� ���#�+��� ' �$�#�"���#�) �,���'�� ���-�)���#�(���+���!�. �'��������
�%�$�(���)���� ���#�� �'���(�������"���#�)���� �$�# �)� � �� �%���'���%�����'�.�� ���# �) � � �� �(�*���!���)�)�$�'���! �)�$ �!���)�)�$�'���! �/�$�#���( 
�$�� � ) � � �� �(������ ����� '���� �)�*�������)�������(���#���. ���$�"�%�!���-���( �,���)�� � '�$�*�#������ ���!���(�)���� �"���)��� '���0�! �,���'�� 
���$�'�"���� � � �. �) � � �� �'�������%�$�(���)���� �"���)��� '���0�!�� �$�# �)� � �� �����(�� �$�� �)� � �� �+�$�!�����#�$�����#�� ���$�"�%�!���-���( 
�$�� �)� � �� �����#�)�'���!�����!�$�+��� �����# �#���$�+�$�!�����#���� �'�������3�#�� 
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�'�����*������ �) �$ ���
���5�
�� �"���� � � �#�� �)� � �� ���-�)���#�(���+�� �������) �'���!���1�� �,���( ���$�'�"���� �) � � � � � ' � � �� � � � � � � �) 
�"��� � �#�( � ) � � � � �) �)� � �� �(�)������ �$�� � ) � � �� �������� �������'���� �$�� �����(�)�'�*���)���$�# �,���( �'������������ ���!� '�������. 
�������$�'�� �����%�$�(���)���$�# �$�� �)���� �%�'�$���*���)�( �$�� �)���� �#� � � - �) �(�)������ �$�� �+�$�!�����#���� � � � � � ) � � �+� � � ) � . �� 

���� �� �����+���!�$�%�"���#�) ���#�� �����(�)�'�*���)���$�# �$�� �+�$�!�����#���� ���$�'�"�( �$�� �)� � �� ���$�!�!�$�,���#�� �+�$�!������
�#���(�" �$�� �)� � �� � � � � �# �� ���#�����(���)�� �%�����(�� �)�$�$�  �%�!���:�� �%��� ' �) � ! �. ���# �(�*�����&�*�����$�*�( ���(�*���!���)�)�$�'���! 
� ) �$ �!���)�)�$�'���! �/�3�#�� �� �#�� ���# ���# ���#�+��� ' �$�#�"���#�) �$�� ���(�$�!���)���� �������*�(�)�'���#�� � � �"� � � � � . �"� � �#�)�(� � �� 
� � �#�� �%��� ' �) � ! �. ���# �� �)���'�'���(�)�'�����! ���#�+��� '�$�#�"���#�)�� 

���$�!�����#�$���!���(�)���� �"���)��� '���0�! �)� ' � � �#�(�%�$�'�)�� �� ���'�$�" �)� � �� ���'���� �$�� ���"���'������ �/�$�#���( �$�� � ) � � �� 
�+�$�!�����#���� �'�������3�# ���( �������*�"�*�!���)���� ���# �)���� �#�����'���(���$�'�� ��� '�����( �$�� �����(���#�( � � �#�� �$�� � ) � � �� 
���$�#�)���#���#�)���! ���'����� ���(�� �����(���#�(�� � � �# �)� � �� �#�����'���(���$�'�� �%�� � ' � ) �( �$�� � ) � � �� ���'���� �)�������  �)�*�������)������
�( � � �#�� �. ���$�"�%�!���-���( �����-�����������#�� �	�
�� �"�� �$�� �)� � �� ���������� �)�. �%�� ���'�$�(�� �����'�*�9�$�+�� � � � . �  � . �#��
�:���������� � � � � � ' �) � � � � �' ���'�$�" �)� � �� �(���$�'���� ���� ���� ���# �)���� �������%���' �%�� � ' � ) �( �$�� � ) � � �� �����(���#�� �����#���' �"���)���'���0�! 
�,���)�� �) � � �� �( �) � ' � � � ) �� �$�� �%�*�"�������$�*�(�����(�� �)�*�����( �$�� � ) � � �� ���-�%�!�$�(���+�� �(�)�������( �$�� �+�$�!�����#���� �����)����
�+�� �) �. �,���( �����%�$�(���)������ ���#���$����� ' � ��#�) �"���)���'���0�! ���$�'�"���#�� �(�)�'���)�$�+�$�!�����#���� � � �%�%�� � ' � � � ) �* �( 
�$�# �) � � �� �+�$�!�����#���� �(�!�$�%���( ���( �"�$�����!���/������ �������#�� �$�+��� '�(���)�*�'���)���� � � �. �,���)��� '�� �����+���#�� �'���(�� 
�) �$ �)� � �� ���!�$�,�( �$�� �)� � �� �!�������' � ) � . �%�� �� ���*�����. ���!�$�,�( �'���%�!������ �+�$�!�����#�$�����!���(�)���� �"���)��� ' � � �0�! 
���#�)�$ �������%���' �%��� ' �) �( �$�� �)���� �(�������"���#�)��� '�. �����(���#�(�� 

� � �# �(�$�"�� �%�� � ' � ) �( �$�� �)���� �'�������3�#�� �)� � �� �����(�)�'�*���)���$�# �'������������ �) � � �� �����#���! �(�)�������� ���$�������( �$�� 
�(�*���+�$�!�����#���� �!���+���!�( ���'�� �����#�*������ ���#�� �%�'���%��� ' � ��)���� ������� �� � � �#�� �#�����  ���$�������( �5 � � � � � � �$��
�+�� �����;���� ���*�'�0�#�(� �� �%�!���#���#�� �%�!���)�����*�� �(�*���+�$�!�����#���� ���$�������( �#��� � �' ���2���;���9�� ����� �� ���$���. 
�#��� � �' �����!���9�%�����!�� �������� ������ �������� ������������ �������� �$������� ������ � � � � � � � � �� ���������������������� ��������������
� � � � � � � � �� ���� � � � � �� ���������� ���������� �" � � � � �� �
�������������� ������������ 
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Morphologically differentiated reliéf in the centrál part is pointed out by 
the forming of intravolcanic basins with tuffitic to tuffitic-lignite sedimentation. 
Further extensive destruction of the forms of the I Ind andesite phase in the 
centrál area was conditioned by the piercing out of the bodies of the I l l rd 
andesite phase and the I l l r d ryholite phase. F i a l a (1961 — 1965) pointed out 
to the process of destruction of complexes of the second eruptive phase (IInd 
andesite phase) in connection with the piercing out of the tholoid body �������=�$�; 
���!�(�&���� � � �+�� �  �&�� � ' �- � � �+�2 �&���-���+�"�4�% �)�+�(���.������ ���2 �-�!�� �)�+�(�����,�,���, �(�� �)�+�(� �+���,�,�"�/�� ���"�,�"�'��
�-���+� ���-�"�(�'�� �"�' �- �! �� ���(�.�+�,�� �(�� �- �! �� ���,�����'���"�'�  �(�� �- �! �� ���(���"���, �"�, �������.�&�.�%���-���� �"�'�-�( 
�����#�������'�- �����,�"�'�, �!���/�"�'�  �(���-���' �� �,�.���,�"���"�'�  �-��� '����� '���2�� 

���%�-�!�(�.� �! �- �! �� �����,�"�� �������-�.�+�� �(�� �- �! �� �����/���%�(�)�&���'�- �(�� ���(�+�&�, �(�� �- �! �� � � �% �%�+ �� ���'�����,�"�-�� 
�)�!���,�� �����	���� �-�!�� �������.�&�.�%���-�"�(�' �(�� �!�"� �!�%�2 �/�"�,���(�.�, �%�4�/�� ���%�(�0�, �"�' �-�!�� ���+���� �(�� ���������"�'�  
���!���'�'���%�,�� �������(�&�)���'�"���� ���2 �-�! �� �+�"�,�� �(�� ���(�+�&�, �(�� �-�!�� ���.�&�.�%�(���(�&�� �-�2�)���� �-�!�� 
�&�(�+�)�!�(�%�(� �"�����% ���,�)�����- ����� ' � ' �(�- ���� �.�,���� ���(�+ �-�!���"�+ �����-���+�&�"�'���-�"�(�' �0�"�-�! �+���,�)�����- �-�( 
���(�'�,�"�����+�����%�� ����� ' �.�����-�"�(� ' �� ���!�� ����� ' �.�����-�"�(�' �9 �,�-�"�%�% �������(�+�� �-�! �� �����-�"�/�"�-�2 �(�� ���'�����,�"�-�� 
�/�(�%�����'�"�,�& �� �
 ���(�'���"�-�"�(�'���� �-�!�� �+�"�,�� �(�� ���%���- �+���%�"�5�� �"�' �,�(�&�� �,��� �&���'�-�,�� ���"�&�.�%�-���'���(�.�, 
�&�(�+�)�!�(�%�(� �"�����% ���%���/���-�"�(�'�, ���+�� ���(�'���"�-�"�(�'���� ���"�+�,�- �(�� ���%�% ���2 �-�! �� �,���%�����-�"�/�� ���!���+�����-���+ 
�(�� ���+�(�,�"�(�' �(�� �!���-���+�(� ���'�(�.�, ���(���"���, �(�� �- �! �� � � �%�%�+ �� ���'�����,�"�-�� �)�!���,�� �����	���� ���(�+�&���� ���2 
�&���,�,���, �(�� �!�(�&�(� ���'�(�.�, ���'�����,�"�-���, �0�"�-�! � - � ! �� �3�(�'���, �(�� ���+�������"���-�"�(�'�� 

���"�,�-�+�"���.�-�"�(�' �(�� �-�!�� �%�4�/�� ���%�(�0�, �(�� �-�!�� � ' � � �1�- ���'�����,�"�-�� �/�(�%�����'�"�,�& �� �
 �"�' �,�(�&�� 
�) � � �+�-�, �,�!�(�0�, �-�! �� ���!���+�����-���+ �(�� �����)�(�,�"�-�"�(�' �(�' ���(�&�)���+���-�"�/���%�2 ���%���- �+���%�"�5���� �0�!�"���! 
�"�, �"�'���"�����-�"�'�  �-�!�� ����� ' �.�����-�"�(�' �,�-��� �� ���(�%�%�(�0�"�'�  �-�!�� ���(�+�&���-�"�(�' �(�� �-�!�� ���(���"���, �(�� 
�-�! �� � � �%�%�+ �� ���'�����,�"�-�� �)�!���,���� ���!�� �0�!�(�%�� � � �1�- � � � ' �- �(�� ���'�����,�"�-�� �/�(�%�����'�"�,�& �� �
 �"�, � '�(�- 
�2� � �- �$�'�(�0�'�� �������(�+���"�'�  � - �( �+���%�"���-�, ���(�+�&�"�'�  �- �! �� � - � ( �) �) � � �+�-�, �(�� �-�!�� ���1�"�,�-�"�'�  �&�(�+��
�)�!�(�%�(� �"�����% ���%���/���-�"�(�'�, �"�- �"�, ���/�"�����'�-�� � - � ! � � �- �"�- �!���, �� �+��� �"�(�'���% ���!���+�����-���+�� ���!�� �%�4�/�� 
���%�(�0�,�� ���(�+�&�"�'�  �- �! �� �-�(�) �) � � �+�- �, ���-�!�� �!�"� �!���,�- ���%���/���-�"�(�' �)�(�"�'�-�, �"�' �- �! �� �����'�-�+�4�% �) � � �+�- 
�(�� �-�!�� �+��� �"�6�'�� ���� � �� ���
���
 �9 ���"�-�'�(�� � � � ' �� �&���$�"�'�  �-�!���& �%�(�(�$ �%�"�$�� ���%���- �,�.�&�&�"�-�, �(�+ 
�)�+�(�%�(�'� ���� �)�%���-�����.�� �,���)���+���-���� � � �2 �������)�%�2 �� �. �- �/���%�%���2�, �(�� � - � ! �� �� �(�+ �� �)�+�(���"�%�� �(�� �-�!�� 
�����'�2�(�'�� �%�"�$�� �-�2�)�� �� �+���)�+���,���'�- �*�.�"�-�� �� ���%���,�,�"�����% �-�2�)�� �(�� �- �! �� �"�'�/���+�,�"�(�' �(�� �+���%�"�5���� 
���(�+�)�!�(�%�(� �"�����% �+���%�"�5�� ���.�"�%�- �(�� �-�!�� �)�+�(���.� � �-�, �(�� ���'�����,�"�-�� �/�(�%�����'�"�,�& �� �
 �"�'���"�����-���, 
�- �! �� �,�-��� ���, �����%�%���� �����,�"���.���% �&�(�.�'�-���"�' �,�-��� �� ��� '�� �- �! �� ���$���%���-�(�' �,�-��� ���� 

�����,���%�- �/�(�%�����'�"�,�&�� �)�+���,��� '�- �&���"� ' �%�2 �"�' �-�!�� �����,�-���+�' � ) � � �+�- �(�� �- �! �� �+��� �"�6�'�� �-�(�(�$ 
�������<�� �"�' �,�%�"� �!�-�%�2 �&�(�+�)�!�(�%�(� �"�����%�%�2 ���"�,�,�����-���� �'���(�/�(�%�����'�"�� �+��� �"�6�'�� � � � ! � � �- ���/�(�$���� �-�!�� 
�)�%���'���+ ���1�-���'�,�"�(�' �(�� �����,���%�- �&���,�,���, �0�!�"���! ���(�+�&���� �)�%���-�����.�
 �0�!�"�%�� �,�)�(�+�����"�� �����-�"�/�"�-�2 
�"�' �-�!�� �����'�-�+���%�������(�/���$�"���' ���+���� �)���,�,���� �"�' �������)�%�2 �����,�-�+�.���-���� �/�(�%�����'�"�� �+���%�"�5���� 

���2 �-�����-�(�'�"�� �����,�-�+�.���-�"�(�' �(�� �-�!�� �,�!�����-�, �(�� �)�%���-�����. �����,���%�-�, ���"�,�)�(�,�"�-�"�(�' ���(�+ ���.�+�-�!���+ 
���"�/�"�,�"�(�' �0���, �(�������+������ ���!�"�, �0���, ���(�'�� � � �2 ���+�(�,�"�(�' �0�!�"���! ���/�(�$���� �-�!�� �+�"�,�� �(�� �-�����%�� 
�&�(�.� ' �-� � �"� ' �, �'�����+ �-�!�� �&���+� �"�' �+�"�&�&���� ���2 �-�!�� �+�(���$ ���%�(���$�,�� ���!�� �,���(�+�"�� ���(�'�� ���(�+�&�, 
�0���+�� ���"�,�-�"�'���-�%�2 �����,�-�+�.���-������ � � � . �- ���(�+ �,�(�&�� �,�)�(�+�����"�� �+���%�"���-�, ������� �4�<�� �)�+���,���+�/�"�'�  
�- �! �� ���!���+�����-���+ �(�� �)�+�"�&�4�+�2 ���(�+�&�� ����� ' �.�����-�"�(�' �(�� �-�!�� ���(�'�� ���(�+�&�, �(�' �,�(�&�� �)�%�������, 
�"�' �,�.���/�(�"�����'�"�� �%���/���%�, ���1�)�(�,���� �- �! �� � � �; �$�� ��� '�� �&�.�%�-�"�)�%�� ���;�$�� �,�2�,�-���&�,�� ���(�+�&�"�'�  
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— in some cases — an armatúre in the tuff complex, that became thus proof 
against erosion (Šurica; K a r o l u s o v á 1959). 

In the destructed volcanic reliéf, relicts of cones indicate — in addition to 
the destruction stage of the Residual mountain type and the Skeleton type 
— also the younger destruction stage with preserved parts of the primáry 
cones, i. e. the Planese stage. 

Morphologically best preserved relict is represented by the youngest volcanic 
form — the Pútikov ���\�U�=�9�� �D�7�A�6 �2�7�@�A�7�<�1�A�:�F �>�?�3�@�3�?�C�3�2 �?�3�:�7�1�A�@ �=�4 �A�6�3 �=�?�7�5�7�<�H�: �1�=�<�7�1 
�4�=�?�;�� �7�< �A�6�3 �:�=�D�3�? �>�/ �?�A �5�?�=�=�C�3�2 �0�F �3�?�=�@�7�=�<�� 

�$ � � � � � � �$ � � � ! � � � � �% 

�-�
�. � � � < � 2 � 3 � ? � @ � = �< ���� � � � � �� �
�������� �&�6�3 �&�B�@�1�/�< �4�=�?�;�/�A�7�=�< �=�4 �<�=�?�A�6�3�?�< ���/�:�7�4�=�?�<�7�/ �D�7�A�6 �/ �2�7�@��
�1�B�@�@�7�=�< �1�=�<�1�3�?�<�7�<�5 �A�6�3���=�?�7�5�7�< �=�4 �C�=�:�1�/�<�7�1 �0�?�3�1�1�7�/�@�� �'�<�7�C�� ���/�:�7�4�� �#�B�0�:�� ���3�=�:�� �%�1�7�� �O �-���. 
� � � ? � / � ; � / � 9 �7 �%�� �/�<�2 � + � / � ; � / � @ � / � 9 � 7 �� �
�������� �#�F�?�=�1�:�/�@�A�7�1 �4�:�=�D�@ �7�< � � � / �>� / �<�� ���B�:�:�� �C�=�:�3�� �A�=�;�3 
� * � * � ( � � �� �O �-���. � � � 3 � ; � ; � 3 � : � 3 �< � $ �� �������� �C�/�<�� �
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Geologické práce, Zprávy 44 — 45. Bratislava 1968 

JÁN SLÁVIK 

CHROX0L0GY AXD TECTOMC BACKGROUXD OF THE XEOGEXE 
VOLCAXISM IX EASTERX SLOVAKIA 

A b s t r a c t . Systematie geological studies carried out in eastern Slovakia during these 
fifteen years háve enabled us to develop a synthetizing eonception of the trend, location 
and succession of voleanic events. 

The distribution of the voleanic activity along the periphery of the Neogene of East 
Slovakia suggests that the volcanism was connected with those geological processes that 
modelled the Transcarpathian Inner Deep, a part of which is the East Slovakian Neogene. 
From this point of view, the Neogene subsequent volcanism of East Slovakia is only one 
of the forms of the tectogenetic development of the area. It may be regarded as a mani-
festation of the synchronous tectonics of a deeper layer of the Earth's erust, i. e. of the 
tectonics connected with the uplift of the depositional area of the Flysch geosyncline and 
the formation of the Inner Deep. 

Succession of voleanic events 

The B u r d i g a l i a n voleanic rocks are represented by fine to medium-grained 
crystallo-vitroclastic rhyolite tuffs deposited in the subaqueous brackish 
environment of the Celovee Formation sedimentary area. They háve an appa-
rent thiekness of 3 m and oceur in the basal part of the sequence bearing the 
following fossils: Polymesoda hrongniarti ( B a s t ) , P. b. costulata (Coss. & 
P e y r o t ) , P. b. allongée (Coss . & P e y r o t ) , Theodoxus (Th.) gregarius 
( T h o m . ) , Pirenella hoernensis (Scha f f . ) and abundant representatives of 
the genus Chillostomella and Cibicides ungerianus and relatively frequent 
Lagenidae (S láv i k et al. 1960). These íinds are evidence of the Burdigalian 
age. Similar layers of montmorillonitized and seladonitizedfine-grained rhyolite 
pyroclastics háve been found in the Burdigalian beds near Terna by J . B re ­
z i na (1960). According to Z i p s e r (1817), fragments of obsidián háve been 
collected in Prešov. Uniform thiekness and good sorting of materiál point to 
the aeolian transport of the voleanic materiál. The presence of one to two 
millimetres large fragments of non-porous felso-spherulites indicates that the 
source of materiál was not very distant. The samé may be inferred from the 
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obsidián fragments (Z ipse r 1817) found on Táborisko (in the area of the 
town Prešov) which is of Burdigalian age. 

Thin (maximum 5 m) layers of rhyolite pyroclastics nowadays bentonitized 
fine-grained rhyolite tuffs crop out in the vicinity of Fintice village. Their 
subaqueous deposition is evidenced by the macrofauna (Cardium sp., Ostrea 
sp., Macularia sp., Planorbis sp., Pitaria sp., Venus cfr. haidingeri H o e r n . ; 
Š v a g r o v s k ý 1962); microfauna is represented mainly by Nonion commune 
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C u s h . & A p p l . , G. rotundata ( O r b . ) , Orbulina biloba O r b . , O. suturalis B r o n n . , 
O. transitoria B low, and O. universa O r b . has been collected immediately below the 
tuff layer. 

Benthos is represented by Robulus calcar L i n n a e u s , R. cultratus Mon t f . , Bulimina 
cf. elongata O r b . , B. pupoitles O r b . , Uvigerina macrocarinata P a p p & T u r n . , 
U. pygmoides P a p p & T u r n . , Bolivina hebes M a c f a y d e n , etc. ( G a š p a r í k o v á — 
S l á v i k 1967). 

The above-mentioned associations prove that the Hrabovec tuff layer lies 
at the boundary between the To r t on i an s. s. and Lanzendorfer serieš and 
that it may be used as a key horizon. The rock is a light-grey and grenish 
pelitic to psammitic pumice-Jike tuff of vitroclastic textúre with a negligible 
amount of clasts (andesine, quartz, biotite, ilmenite, zircon, apatite). The 
regional distribution of ash deposits and gradual changes of the thiekness 
point to explosions of the Plinian type probably from subaqueous fissure vol-
canoes. The centres of this type of volcanism are unknown on the present-day 
surface. The analysis of granulometric composition leads to the conclusion 
that the centres are located inside the Tortonian sedimentary area and tha t 
they show affinity to the main longitudinal fault systems tha t existed at the 
time when the sedimentary area of the marine Lower Tortonian was deve-
loping. I t is debatable whether these products may be connected with the 
subvolcanic bodies of rhyolite between Merník and Majerovce ( L e š k o 1955; 
B u d a y in M a t é j k a 1964), as the latter show a distinet affinity to the younger 
tectonic lines. The Lower Tortonian rhyolite pyroclastics are also known from 
the southern border of the Miocene sedimentary area, from the north-western 
margin of the Zemplín Palaeozoic; they are traceable along its periphery 
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Bulimina Zóne near Trebišov, as encountered by deep borings. Dark coloured 
pyroxene andesites in the upper. palaeontologically evidenced part of the 
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B a s t . The hypothesis on the beginning of the andesite volcanism in the earliest 
Sarmatian has been confirmed by the find of 60 m thick beds of altered sandy 
pyroxene andesite tuffites in the sediments with the mass occurrence of Cibi-
cides badenensis (Orb . ) � � � � � � � � � 	 � H � ) �/ �	���������� 
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breccias of pyroxeneJiornblende andesites which alternate with láva flows 
in the Sub-Vihorlat basin. 

Superjacent on this volcanogenic complex are the sediments with the follow-
ing fauna: Cardium gracile plicatofitoni S in z, C. politioanei J e k . , Musculus 
sarmaticus G a t . , Irus naviculatus A n d r . , Cardium latisculus jammense 
H i l b . , C. rineiseni J e k . , C. vindobonense jekeliusi P a p p , Beplidacna cf. 
carasi J e k . , Mácha vitaliana vitaliana O r b . , Cardium vindobonense brevi-
formis P a p p , C. gracile bessarabiensis G i l l a t and Donax lucidus E i c h w . 
(Seneš 1957). The microfaunal assemblage consists of Nonion granosum 
O r b . , Elphidium aff. crispsum L. and Ostracea from the Cythereis group. 
This layer may be considered as the lower part of the Bessarabian or, in the 
sense of the present micropaleontological correlation for the East Slovakian 
región, as part of the Porosononion subgranosum Zóne. On the basis of the 
petrographical and spatial affinity of the semi-intrusive and intrusive bodies 
of hornblende-pyroxene diorite-porphyrites, occasionally garnetiferous, with 
the above-mentioned voleanic rocks intervening between the Hauerinum and 
Porosononion Zones, we regard them as equivalent in age. In our opinion, 
the oceurrences at Oblík, Kura Hora, Malá and �����@�'�7 ���0�.�7�>�� �� �*�! �+�0�%�"�.�/ ���.�" 
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The tectonic position of voleanic centres is inferred from their spatial rela-
tions to the major tectonic lines. The location of voleanic centres has been 
established by various observations, but mainly with the help of the analysis 
of the thiekness and grain-size relations of pyroclastic materials. 

The location of the centres of supply stilll remains to be solved for the 
Burdigalian volcanics. With a certain probability, the occurrence of obsidián 
on Táborisko Hill a t the north-eastern outskirts of Prešov (Fig. 1) may be 
connected with them. The existence of a centre there is conditioned by the 
tectonic predisposition at the crossing of fault svstems bounding the sedimen­
tary area of the Hornád fault with some of the longitudinal faults bordering 
theJLower Miocene area of deposition. Indicative of this interpretation is also 
the centre of the Karpatian volcanism to the west of Fintice. the proximity 
of which is suggested by perivolcanic coarse rhyolite pyroclastics (breccias, 
tuffs up to xenotuffs) with sporadic subrounded fragments of pyroxene ande­
site. Whereas the Lower Miocene volcanicity was but rudimentary and of 
small extent. the voleanic activity of the Lower Tortonian shows a diserete 
affinity to the major boundary longitudinal fault structures and is connected 
with the downfaulting on the step-like fault systém bounding the Trans-
carpathian depression in the north and on the peri-Pannonian fault systém 
bordering it in the south. The uniform distribution of ash component. the 
decrease of thiekness towards the centre of the molasse, petrographic homo-
geneity and the persistence of pyroclastics for more than 80 km on the Slo­
vakian territory all point to fissure explosions of the linear type, presumably 
subaqueous for the most part. In the northern belt there are auly fine-grained 
facies but in the south, along the present-day Zemplin-Beregovo elevation, 
the fissures brought to the surface in addition to coarse pyroclastics and 
agglutinates probably also dome-shaped and subvolcanic bodies of fluidal 
rhyolite whose linear arrangement agrees with the conception of linear erup-
tions (Cejkov, � � � , � � �9�� ���!�'�&�3 �� � . �- � � � � �� ������ �!�'�������"� �������� �����!�"� �����#�"������ ���� �"���� � � � � � �"�� � � ��
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���)� �%���!�- ���� ���� �	 ���,�! �/�-�!�  �"�*�, ���*�1�!�,�� ���%� � �'�! ���)�  ���+�+�!�, �,�!�-�+�!���.�%�0�!�'�2�� 
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R u d i n e c op. cit.). Thick layers of pumiceous rhyolite tuffs occurring through-
out this area afford additional evidence (Seneš — Š v a g r o v s k ý 1958). At 
tha t time, tectonic and voleanic activity in the northern part of the depression 
was at rest, which is demonstrated by the regional precipitation of evaporites, 
particularly of salt. In the brackish to freshened Upper Tortonian the tectonic 
rest was disturbed by the formation of a large monovolcano near Zamutov, 
to the east of Vranov in the northern part of the basin. The volcano produced 
mainly pyroclastics but also pumiceous agglutinates and lavas of porous 
biotite rhyolite that hints at a close nearness of the voleanic centre. Minor 
voleanic centres are postulated around Ptrukša near the �2������ �0 ���"�(�����& ���$�"�!�&�����$�� 
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�%�&�$���&�"���(�"�������!�"���% �)���$�� ���$�����&���� ���"�$� ���!�� �&�)�" ���"�!�����&�'�����!���� �������&�%�� ������ � ! �" �$�&�� � � �$�! 
�������& ���!�(�"���(���% �&���� ���'�$������ �(�"�������!�"���% �����%�� �0 ���"�����!�+�� �������3������ � � �! �� �&���� ���"�)���$ �# � � �$ �& 
�"�� �&���� ���"���"�&�� � ���%�%������ ������ �%�"�'�&�����$�! �������& ���% ���"�����&���� �"�! �&�� �� �����'���& �%�+�%�&�-�  �&� � � � �& 
�%���#���$���&���% �&���� ����� �#�����!�������$�����"�(�" �������(���&���"�! ���$�"�  �&���� �����!�&�$�,�� �# � � �$ �& �"�� �&���� �����"�����!�� 
�����#�$���%�%���"�!�� � � �& ���"�!�%���%�&�% �"�� �(�"�������!�"���% �)���"�%�� ���#�������� �#�� �$�&�% �$���%�� �&�" �&���� �%�'�$���������� � � � � � � �+ 
���$�� �&���� ���"�����"�)���!���� ���$�,�A�*�1�.�&�? ���#�'�(� ���� ���7�-�)�$�& �0�
�$���B � � �) �� � / �#�  �.�0�-�!�����  � ���$�!�$���  
�*�! � / �#�  �)�*�-�/�#� �-�) �+ � � � - �/ �*�! � / �#�  ���*�&���% ���/�.�� ���/�#�  �"�-�*�0�+ ��� �A�&�? ���$�'�$�@ ���. �!���- ���. � / �#�  
� � �0�. �&�*�1 �����.�.���� � � �/ �$�. �)�*�/����� '�  � / �# � � �/ � / �#�  �1�*�'�����)�*� �. ���-�  ���'�$�"�)� �� ���'�.�* �$�) � / �#�  � / �- � � �) � . ��
�1� �-�.�  ���$�-� ���/�$�*�)�� ���#�$�. ���$�.�/�-�$���0�/�$�*�) �+� � � / � / �  � - �) � ( � � �4 �-� �����$�'�4 ���  �$�)�/� �-�+�-� �/� �� ���. �#���1�$�)�" 
��� � �) ���*�)�/�-�*�'�'� �� ���4 �/ �#�  ���-�*�.�.�$�)�" �*�! �'�*�)�"�$�/�0���$�)���' ���)�� �/�-���)�.�1� �-�.�  �/� ���/�*�)�$�� �'�$�)� �.�� 

�� ���! �$�)�/� �-� �.�/ �$�. � / �#�  �.�+���/�$���' �.� �+���-���/�$�*�) �*�! � / �#�  ���*�2� �- �����-�(���/�$���) �-�#�4�*�'�$�/�  �1�*�'�����)�$���. 
�!�-�*�( �/ �#�  ���)��� �.�$�/�  �1�*�'�����)�*� �.�� � � �- �*�( �/�#�  �+�-� �.� �)�/ �.�/�� �/�  �*�! �&�)�*�2�'� ���"�  �$�/ �$�. �$�)�!� �-��
�-����� ' �  � / �# � � �/ � / �#�  ���*�2� �- �����-�(���/�$���) �-�#�4�*�'�$�/�  �1�*�'� ���)�$�� ��� �)�/�-� �. �!�*�'�'�*�2 � / �#�  �'�$�)� ���- 
���3�$�. �*�! � / �#�  ��� �(�+�'�$�)����� �-� �"�*�1�* � �'� �1���/�$�*�)�� �-�$�"�#�/ �*�) �/ �#�  ���0�)�"���-�$���) �: ���'�*�1�6�& 
�!�-�*�)�/�$� �-�� ���) �/�#�$�. �'�$�)� ���- �!�$�.�.�0�-� �� �� �.� �-�$� �= �*�! �+�4�-�*���'���.�/�$�� ���*�)� �. ���)�*�2�������4�. ��� �"�-����
��� ���� �2���. �+�$�'� �� �0�+ ���)�� �/�#� �$�- � �(�+�'����� �(� �)�/ �2���. �!�*�'�'�*�2� �� � � �4 �-�#�4�*�'�$�/�  � �!�!�0�.�$�*�)�.�� 
� � �4�&� �. � � �)�� �)� � �&�. �2�#�$���# ���$�.�/�$�)� �/�'�4 �(���-�& �/ �#�  ���*�0�-�.�  �*�! � / �#�  �!�$�.�.�0�-� �� ���*�2� �1� �-�� 
� / �#�  �-�#�4�*�'�$�/�  �1�*�'�����)�$�.�( �*�! �.�$�"�)�$�!�$�����)�/ �  �3�/ �  �) �/ �2���. �) �*�/ �.�$�(�0�'�/���)� �*�0�. �2�$�/�# �/ �#�  
���)��� �.�$�/�  �1�*�'�����)�$�.�(�� � � �/ �2���. �����/�$�1�  �.�0���.� �,�0� �)�/�'�4 �/ �* �/�#�  � ' � � � / � / �  �- ���)�� �+�-�*�� � � � � � ' �4 
�+� �-�.�$�.�/� �� �0�+�� � / �* �/ �#�  �/�$�(�  �*�! ���-�����&�$�.�# �0�+ �/�* �!�-� �.�#���2���/� �- ���+�+� �- � � � � �-�(� � �/ �$���)�� �2�#� �) 
�+�0�(�$��� �*�0�. �/�0�!�!�. � � �) �� �/�0�!�!�$�/� �. �*�! �(�*��� �-���/�  �/�#�$� �&�)� �.�. �2� �-�  ��� �+�*�.�$�/� ���� ���#� �.�  
��� �����(�  � '���/� �- � / �#�  �+�� �- �  �) �/ �-�*���& �*�! ��� �)�/�*�)�$�/� �.�� ���#�  ���*�2� �- � � � � �-�(� � � / �$���) �1�*�'�����)�$�.�( 
�2���. �) �*�/ �����/�$�1�  �$�) �/ �#�  �)�*�-�/�#� �-�) � / � - � � � � �/ �*�! �/�#�  �����.�$�)�� ���#�  �.�0�-�!�����  �1�*�'� ���)�$�� � � � � � / �$�1�$�/�4 
���$�� � ) �* �/ ��� �"�$�) ��� �!�*�-�  �/�#�  ���-�����&�$�.�# �����-�(���/�$���)�� �!�-�*�( �2�#� �-�  �$�/ �$�. �&�)�*�2�) ���. �$�)�/� �-��
�1� �)�$�)�" ��� �/�2� � �) � / �#�  ���������������
�	 �����
�������
�
�	 � � � � � - � � � � �� ���8�)�  � � �)�� � / �#�  ��� �.�.���-�����$���) 
�����-���$�0�( �#�*�-�$�5�*�)�� �
�$�.�/�$�)���/�$�1�  �*�! �/�#�$�. �1�*�'� ���)�$�� ��� � �/�$�1�$�/�4 �$�. �$�/�. ���'�*�.�  ���!�!�$�)�$�/�4 � / �* 
� / �#�  �'�*�)�"�$�/�0���$�)���' �/� ���/�*�)�$�� �.�/�-�0���/�0�-� �. �-�$�(�(�$�)�" �/�#�  ���$�*��� �)�  ���-� �� �$�) � / �#�  �) �* �- � / �# 
���. �2� �'�' ���. �/�#�  � � � � �0�)�� � � �)� � �  �*�! �$�)�/�-�0�.�$�1�  �������'�6 ���/�-�6�>�� �����'�7�&�� � � �0 �- �� ���*�-���� � � �)�� �*�- 
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cupola-like bodies (Lysá Stráž, Maglovee, Hrb, Lancoška) aligned along the 
margin of the basin. In the northern part of the Prešovské pohorie Mts. 
there are typical voleanic structures ���������������
�
���������������F�#�)�� �5�'�2�& �.�7�0�-�!�*���1�2�'�! 
�0�-�!�)�1�� � � � , �" �1�'�+�'�*���0 �  �3�2 � �3�0�'�#�" �4�-�*�!���,�-�%�#�,�'�! �!�-�+�.�*�#�6�#�1 � �#�*�-�,�%�'�,�% �2�- �2�&�# ���%�%�*�-��
�+�#�0���2�#���2�3�$�$�'�2�# �$�-�0�+���2�'�-�, �5�#�0�# �"�0�'�*�*�#�" �'�, �2�&�# ���3� �����'�&�-�0�*���2 � ���1�'�,�� ���,�2�0�3�1�'�4�# ���,�" 
�1�3� �4�-�*�!���,�'�! � �-�"�'�#�1 ���0�# �"�'�1�2�'�,�#�2�*�7 �!�-�,�,�#�!�2�#�" �5�'�2�& �2�&�# �*�-�,�%�'�2�3�"�'�,���* �#�*�#�4���2�'�-�, 
�8�-�,�#�1�� ���&�#�1�# ���0�# �0�#�.�0�#�1�#�,�2�#�" �  �7 �2�&�# � � � � � . �3�C� � � , �7 � � �- �0�1�2 ���,�" �'�2�1 �#���1�2�#�0�, �.�0�-�*�-�,��
�%���2�'�-�, �3�. �2�- ��� �*�;�) �'�, �2�&�# ���0�#�C�-�4�1�)�: �.�-�&�-�0�'�# ���0�#�� � � � , �" � �7 �2�&�# ���3�+�#�,�,�:�? 
���D�%�-�0�-�" ���-�0�1�2 �'�, �2�&�# ���'�&�-�0�*���2 ���0�#���� ���7�.�'�!���* �4�-�*�#���,�'�! �$�-�0�+���2�'�-�,�1 �5�'�2�& �.�7�0�-��
�!�*���1�2�'�!�1 ���0�# �"�#�4�#�*�-�.�#�" �'�, �2�&�# �1�#�!�2�'�-�,�1 �"� ' �1�2�� � , �2 �$�0�-�+ �2�&�# �#�*�#�4���2�'�-�, �1�2�0�3�!�2�3�0�#�1�� 

���&�# �0�#�(�3�4�#�,���2�#�" �'�%�,�#�-�3�1 ���! �2� ' �4� ' �2�7 � � �2 �2�&�# � ���1�# �-�$ �2�&�# ���*�'�-�!�#�,�# �%���4�# �0�'�1�# �2�- 
�� �1�2�0�'�,�% �-�$ �0�&�7�-�*�'�2�# ���0�&�7�-�"���!�'�2�#�� � �-�"�'�#�1 �-�$ �*�'�,�#���0 ���0�0���,�%�#�+�#�,�2�� ���&�# �"�-�+�#�1 �-�$ 
�%���0�,�#�2�'�$�#�0�-�3�1 �0�&�7�-�*�'�2�# ���0�# �'�+�.�#�0�1�'�1�2�#�,�2�*�7 �"� ' �1�2�0�'� �3�2�#�" ���*�-�,�% �2�&�# �,�-�0�2�&�#�0�, �.�#�0�'��
�. �&�#�0�7 �-�$ �2�&�# � ���1�'�, �����*���2�9 ��� � �G���� ���#�0�,�;�)�?���'�F���4���� � � �- �+�� �0� ' � � � , �7�� ���#�1�,�:�� � � �0�9�"�-�)�� 
���'�#�*�� ���-�0���� �����*�3�D�'�!�#�� ���#�G���2�'�,�� � � �� ���&�# �*�'�,�#���0 �!�-�3�0�1�# �1�3�$�$�'�!�'�#�,�2�*�7 � . �0�- �4�#�1�2�&�# �!�-�,��
�,�#�!�2�'�-�, �-�$ �4�-�*�!���,�'�1�+ �5�'�2�& �2�&�# �$���3�*�2 �1�7�1�2�:�+ � �-�3�,�"�'�,�% �2�&�# �"�#�.�0�#�1�1�'�-�,�� ���&�# 
�'�,�2�0�3�1�'�-�, �-�$ �+���%�+�� �2�&�0�-�3�%�& �2�&�# �.�*���1�2�'�! ���'�-�!�#�,�# �0�-�!�)�1 ���$�$�#�!�2�#�" �2�&�# �+�-�0�.�&�-��
�*�-�%�7 �-�$ �2�&�# � �-�"�'�#�1 �5�&�- ���1�1�3�+�#�" �2�&�# �$�-�0�+ �-�$ �,�#�#�)�1 ���,�" �"�-�+�1�� � � �2 � ' �1� ' �, �"�3� � ' �2��� �*�# 
�2�&� � �2 �'�, �2�&�# �0�'�%�'�" �0�-�!�)�1 �-�$ �2�&�# � ���1�#�+�#�,�2 �-�$ �2�&�# ���'�-�!�#�,�# �"�#�.�-�1�'�2�1 �2�&�# �+���%�+���2�'�! 
� �-�"�7 �5�-�3�*�" � �# �-�$ �� �*�'�,�#���0 �"�E�)�# �$�-�0�+�� ���1 �'�,�"�'�!���2�#�" �  �7 �1�2�0�3�!�2�3�0�#�1 �-�$ �2�&�'�1 �2�7�. �# 
�,�#���0 ���0���,�-�4�� ���&�# �2�' �+�# �#�/�3�'�4���*�#�,�2 �-�$ �2�&�'�1 �4�-�*�!���,�'�1�+ �'�, �2�&�# �1�-�3�2�&�#�0�, � . � � �0 �2 
�-�$ �2�&�# ���0�#�� �3�,�"�#�0 �!�-�,�1�'�"�#�0���2�'�-�, �"�-�#�1 � , � - �2 �1�&�-�5 �� �!�*�-�1�# �!�-�,�,�#�!�2�'�-�, �5�'�2�& �2�#�!�2�-�,�'�! 
�*�'�,�#�1�� ���&�# �4�-�*�#���,�'�! �1�2�0�3�!�2�3�0�# �1�#�#�+�1 �2�- � �# �� �%�0�-�3�. �-�0�� �+�-�0�# �.�0�#�!�'�1�#�*�7�� �� �!�#�,�2�0�9�* 
�4�-�*�!���,�- �'�, �2�&�# �4�'�!�'�,�'�2�7 �-�$ ���2�0�#�"�� � , � � �" ���-�"�0�-�%�-�+�� 

� � �2 �'�1 � �#�7�-�,�" �"�=�3� �2 �2 �&� � �2 �2�&�# �7�-�3�,�%�#�1�2 �4�-�*�!���,�'�1�+ �-�$ �#���1�2�#�0�, ���*�-�4���)�'�� �'�1 �'�,�2�'��
�+���2�#�*�7 �0�#�*���2�#�" �5�'�2�& �2�&�# �2�#�!�2�-�,�'�! �!�-�,�"�'�2�'�-�,�1�� �'�2 �'�1 �!�*�#���0�*�7 ���1�1�-�!�'���2�#�" �5�'�2�& �2�&�# 
�+�-�4�#�+�#�,�2�1 �-�$ �2�&�# �,�-�0�2�&�#�0�, �+���0�%�'�, �-�$ �2�&�# ���#�-�%�#�,�# �"�#�.�0�#�1�1�'�-�, �2 �&� � �2 �5�#�0�# ���!�2�'�4�# 
�'�, �2�&�# �!�-�3�0�1�# �-�$ �2�&�# ���.�.�#�0 ���*�'�-�!�#�,�#�� ���, �2�&�'�1 �+���0�%�'�,���* �5�#���)�#�,�#�" �8�<�,�# �2�&�#�0�# 
���.�.�#���0�#�" �&�3�%�# �1�2�0���2�-���4�-�*�!���,�-�#�1 �-�$ �2�&�# �!�#�,�2�0�9�* �2�7�. �#�� ���!�!�-�+�.���,�'�#�" �  �7 �, �- �2 �4�#�0�7 
�,�3�+�#�0�-�3�1 �1�3� �1�'�"�'���0�7 �!�0���2�#�0�1�� �1�- �2 �& � � �2 �2�&�# �!�#�,�2�0�#�1 �.�*�-�2�2�#�" �-�, �2�&�# �+�� �. �4�'�0�2�3���*�*�7 
�0�#�.�0�#�1�#�,�2 �2�&�# �%�0�-�3�. �4�-�*�!���,�-�#�1�� �2�&�# �"�'�$�$�#�0�#�,�2�'���2�'�-�, �-�$ �5�&�'�!�& �0�#�/�3�'�0�#�1 �$�3�0�2�&�#�0 
�"�#�2���'�*�#�" �1�2�3�"�7�� ���&�# �%�0�-�3�. �4�-�*�!���,�- ���*���2�9 � � � � �G�� �?�� � � �+�3�2�-�4 �'�, �2�&�# ���0�#�C�-�4�1�)�: 
�&�-�0�7 ���2�1�� �� �, �" �2�&�# ���'�&�-�0�*���2 ���,�" ���-�.�0�'�F�,�E �4�-�*�!���,�-�#�1 �'�, �2�&�# ���'�&�-�0�*���2 ���0�#�� � �#�*�-�,�% 
�2�- �2�&�#�+�� ���&�# ���'�&�-�0�*���2 �4�-�*�!���,�'�1�+ �'�1 �2�'�#�" �3 �. �5�'�2�& �2�&�# �+�-�4�#�+�#�,�2�1 �-�, �2�&�# �$���3�*�2 
�1�7�1�2�:�+ �� �2 �2�&�# �1�-�3�2�&�#�0�, � �-�0�"�#�0 �-�$ �2�&�# ���*�'�.�.�#�, ���#�*�2�� � '�2 � �0�-�)�# �3 �. �'�, �.�*���!�#�1 �5�&�#�0�# 
�2�&�'�1 �1�7�1�2�:�+ �!�3�2�1 ���!�0�-�1�1 �2�&�# �+���(�-�0 �2�0���,�1�4�#�0�1�# �8�<�,�# �-�$ �"�'�1�!�-�,�2�'�,�3�'�2�7�� �'�� �#�� �2�&�# 
���'�&�-�0�*���2 �$���3�*�2 �8�<�,�# �����#�C�)�-�� ���*�9�4�'�) ���
�������� ���&�# ���*�'�-�!�#�,�# �4�-�*�!���,�-�#�1 �-�$ �2�&�# �� �0�#��
�C�-�4�1�)�: �&�-�0�7 ���2�1�� ���0�# �*�'�,�)�#�" �3�. �5�'�2�& �2�&�# �+�-�4�#�+�#�,�2�1 ���*�-�,�% ���,�!� '�#�,�2 �$���3�*�2 �1�7�1�2�#�+�1 
�5�&�'�!�& �"�3�0�'�,�% �2�&�# ���*�'�-�!�#�,�# �*�#�" �2�- �2�&�# �'�,�2�#�,�1�'�4�# �3�.�*�'�$�2 �-�$ �2�&�# �,�-�0�2�&�#�0�*�7 � �*�-�!�)�1 
�0�#�*���2�'�4�#�*�7 �2�- �2�&�# �%�#�,�#�0���*�*�7 �1�&���*�*�-�5 ���*�'�-�!�#�,�# �0�#�1�'�"�3���* �*���)�# �1�'�2�3���2�#�" �2�- �2�&�# �1�-�3�2�& 
�-�$ �����+�3�2�-�4�� �� �2�0���,�1�4�#�0�1�# �1�2�0�3�!�2�3�0�# ���*�1�- �#�6�'�1�2�1 �'�, �2�&�'�1 ���0�#���� �0�3�,�,� '�,�% �0�-�3�%�&�*�7 
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along the Hne of �=�$�(�*�)�&���;���/���)�7�&�;��� �,�0� �)�$������ ���#�  ���,�*�-�-�$�)�" �*�! �.�#� �-�  �.� ���.�*�)�$�� 
�-�3�-�.� �(�- ���*�)���$�.�$�*�)� �� �.�#�  �,�$�-�  �*�! �� �-�.�,���.�*���0�*�'�����)�*�� �1�#�$���# �� �. �+�,� �-� �)�. �$�- �!�/�'�'�3 
��� �"�,����� ���� � �-�+� ���$���'�'�3 � � �. � . �#�  �)�*�, �. �#� �, �) ���)�� �)�*�,�.�#��� ���-�.� �,�) �-�$��� �-�� 

���#�  �-�/ � � �(�$�.�. � �� ���#�,�*�)�*�'�*�"�$�����' ���)�� �.� ���.�*�)�$�� ���)���'�3�-�$�- �*�! � . �#�  �0�*�'�����)�$�� �����.�$�0�$�.�3 
�$�) � ���-�.� �,�) ���'�*�0���&�$�� � �)�����'� �- �/�- � . �* ���*�)�-�.�,�/���. �� � ( � � �+ �*�! ���$�-�%�/�)���.�$�0�  �.� ���.�*�)�$�� 
�-�.�,�/���.�/�,� �- �.�,���)�-� ���.�$�)�" �.�#�  �- � / � � �- � . � , � � � . � / �( �*�! � . �#�  ��� �*�"� �)�  �����-�$�)�� � � �) ���*�(�+�$�'�$�)�" �.�#�$�- 
� ( � � �+ �1�  �#�5�0�  �$�-�-�/� �� �!�,�*�( �. �#�  �+�,� �-�/�(�+�.�$�*�) � . �# � � �. � . �#�  �0�*�'�����)�$�� ���*���$� �- �,� �!�'� ���. 
�.�#�  ���*�/�,�-�  �*�! �!���/�'�.�- �$�) �. �#�  ��� � �+ �+���,�.�� �*�! � . �#�  � � � � � , � . �# � � �- ���,�/�-�. ���)���� ���- �� �,� �-�/�'�.�� 
� . �#� �3 ���,�  �) �*�. �)� ��� �-�-���,�$�'�3 ���*�)�-�$�-�.� �)�. �1�$�.�# �. �#�  �.� ���.�*�)�$���- �*�! � . �#�  �+�'���-�.�$�� ���*�0� �,�� 
���#�  ���*�(�+���,�$�-�*�) �*�! � . �#�  �.� ���.�*�)�$�� �-�.�,�/� � �. �/ �, �  �*�! �.�#�  �'�*�1� �, �'� �0� �' �1�$�.�# � . �# � � �. �*�! � . �#�  
�/�+�+� �, �'� �0� �' �( � � �3 ���'�-�* �#� �'�+ � . �* ���'� ���, �/ �+ �#�*�1 � . �#�  ���$�-�%�/�)���.�$�0�  �-�/�,�!�����  ���$�-�-�$�+���.� �- 
�!�,�*�( �.�#�  ��� � �+���-� ���.� �� �,�$�"�$�� ���'�*���& �$�)�.�* �.�#�  �+�'���-�.�$�� ���*�0� �,�� 

���#�  �����*�0� ���(� �)�.�$�*�)� �� �-�/����� �-�-�$�*�) �*�! �0�*�'�����)�$�� � �0� �)�. �- � � �) �� �.�#� �$�, ���*�)�)� ���.�$�*�) 
�1�$�.�# �.�#�  �.� ���.�*�)�$�� �#�$�-�.�*�,�3 �-�/�"�"� �-�. �� �!� �1 ���*�)���'�/�-�$�*�)�- �*�) � . �#�  ���3�)���(�$���- �*�! � . �#�  
�0�*�'�����)�*���.� ���.�*�)�$�� �+�,�*��� �-�-�� ���*�'�����)�$�-�( �$�- �. �#�  �!�/�)���.�$�*�) �*�! � . �#�  �.� ���.�*�)�$�� � � � � �. �$�0�$�.�3 
�*�! � . �#�  ���,� �� � � �)�� � ( � � �3 ���  �,� �"���,��� �� ���- � . �#�  �(���)�$�!� �-�.���.�$�*�) �*�! � . �#�  �.� ���.�*�)�$���- �*�! � . �#�  
�+�'���-�.�$�� �+� � � , � . �- �*�! �.�#�  � � � � � , � . �#� � �- ���,�/�-�.�� ���#�  �+� �)� �.�, � � �. �$�*�) �*�! �0�*�'�����)�$�� � �,�/�+�.�$�*�)�- �/ �+ 
�.�* �. �#�  �-�/�,�!�����  ��� �+� �)���- �*�) �. �#�  �!�*�,�(���.�$�*�) �*�! �!���/�'�.�- �1�#�$���# �$�) �.�#�$�- � . �3�+�  �*�! �0�*�'�����)�$��
���$�.�3 ���*�)�-�.�$�.�/�.�  �� �-�3�-�.�6�( �*�! ���-��� �)�.�� �
�- �$�- � �0�$��� �)�.���!�,�*�( � . �#�  �����*�0� ���-���$���� � . �#�  
�(���,�"�$�)���' �!���/�'�.�- �*�! �.�#�  ��� �+�,� �-�-�$�*�) �*�, � �'� �0���.�$�*�)�- �+�'���3 �. �#�  �(�*�-�. �$�(�+�*�, �. � � �) �. �,�*�'� �� 

���#�  �(�$�"�,���.�$�*�) �*�! �0�*�'�����)�$�� ��� �)�.�,� �- �-�#�*�1�- �� �-�.�,�$�&�$�)�" �!� ���.�/�,� �� �����$�.�#�$�) �. �#�  
���,�/�-�.���' ���'�*���& �$�)���'�/���$�)�" �. �#�  � � � � �-�. ���'�*�0�5�& ��� �*�"� �)� �� �0�*�'�����)�$�� ��� � �.�$�0�$�.�3 �1���- �-�3�)��
���#�,�*�)�*�/�- �$�) �.�#�  �'�*�)�"�$�.�/���$�)���' ���$�,� ���.�$�*�) � � �) �� ���$�-�+�'���3� �� �-�*�(�  ���$�!�!� �,� �)��� �- �����,���-�- 

�$ �. �#�  ���,���)�-�����,�+���.�#�$���) �$�)�.� �,�$�*�, ��� �+�,� �-�-�$�*�)�� � � �) ���,�*���� �*�/�.�'�$�)� �� � . �#�  �(�$�"�,���.�$�*�) �*�! 
�� �0�*�'�����)�$�� ��� �)�.�,� �- �!�,�*�( �.�#�  � 
 � � �)�)�*�)�$���) �(���-�-�$�! �.�*�1���,� � �- � . �#�  �
�'�3�-���# �"� �*�-�3�)���'�$�)�  
�9 �$�- �*���-� �,�0�����'� �� ���#�  �-�#�$�!�. �$�- �(�*�-�. �+�,�*�)�*�/�)��� �� �1�#� �) �. �#�  �0�*�'�/�(�  �*�! �+�$�'� �����/�+ 

�0�*�'�����)�$�� �(���-�-� �-�� �(���$�)�'�3 �-�$�)���  �.�#�  ��� �"�$�)�)�$�)�" �*�! � . �#�  � � �+�+� �, ���*�,�.�*�)�$���)�� �$�- �. � � �&� �) 
�$�)�.�* ���*�)�-�$��� �,���.�$�*�)�� 

���#�  ���+�+� ���,���)���  �*�! �0�*�'�����)�$�� �(���-�-� �- � � �. � . �#�  � � � � � , � . �# � � �- �-�/�,�!�����  �$�- �)�*�. �� �!�/�)���.�$�*�) 
�*�! �.�#�  �$�)���,� ���-�  �*�! �(���"�(�� ���#���(��� �,�- � � � / �. �*�! �.� ���.�*�)�$�� � � � � � . �$�0�$�.�3�� � � � � �0�$�)�" ���)���'�3�4� �� 
�.�#�  �,� �'���.�$�*�)�-�#�$�+ �*�! � . �#�  ���3�)���(�$���- �*�! �!���/�'�. �(�*�0� �(� �)�. �- � . �* � . �#�  �0�*�'�����)�*�"� �)�$�� �!�*�,��
�(���.�$�*�)�-�� �� �����(�  �.�* �. �#�  ���*�)���'�/�-�$�*�)�- � . �#� � �. �0�*�'�����)�$�� ���*���$� �- ���,�  �)�*�. � �,� ���.� �� �*�) 
�.�#�  �-�/�,�!�����  ���/�,�$�)�" �. �#�  �+� �,�$�*���- �*�! �*�,�*�"� �)�$�� � � � � �. �$�0�$�.�3�	 � . �#�/ �- �� �!�*�, � �2���(�+�'� �� � . �#�  �+� ��
�,�$�*���- �$�) �1�#�$���# �.�#�  �����"�/�,�� �
�'�3�-���# �-� ���$�(� �)�.���,�3 ���,� �� �/�)�� � �,�1� �)�. ���*�(�+�,� �-�-�$�*�) 
���)�� �1�#�$���# �$�) �.�#�  �$�)�.� �,�$�*�, ��� �+�,� �-�-�$�*�) ���,�  ���#���,�����.� �,�$�4� �� � � �3 �. �#�  �$�)�.� �,�,�/�+�.�$�*�) �*�! 
�-� ���$�(� �)�.���.�$�*�) �� �)�� � � �3 ���)�"�/�'���, �/�)���*�)�!�*�,�(�$�.�$� �-�� ���,�  �!�,� �  �*�! �0�*�'�����)�$�� � �0� �)�.�-�� 
� � �) ���*�)�.�,���-�.�� �.�#�  �+� ���&�- �*�! �0�*�'�����)�$�-�( � � �*�$�)� � �$�� � �1�$�.�# � . �#�  �)� �,�$�*���- ���8 �������� �-�.�,�*�)�"� �-�. 
�-�/���-�$��� �)���  �*�! �����-�$�)�-�� ���*�'�����)�$�� ��� �)�.�,� �- �-�#�*�1 ����� �!�$�)�$�.�  ���!�!�$�)�$�.�3 �.�* �.�#�  �-�3�)� �#�,�*�)����
�*�/�- �(���,�"�$�)���' �(���-�.� �, �!���/�'�.�-�� �
�)�*�.�#� �, �,� � '�6�0���)�. �+�,�*��� '�6�( �.�* ���  �-�*�'�0� �� ��� ���,�- 
�*�) �.�#�  �,� ���-�*�) �!�*�, � . �#�  ���#���)�"� �- �$�) �. �#�  ���#� �(�$�����' ���*�(�+�*�-�$�.�$�*�) �*�! �0�*�'�����)�$�� �,�*���&�-�� 
��� �*�'�*�"�$�����' �!�$�)���$�)�"�- �'� ���� �.�* �.�#�  ���*�)��� �+�.�$�*�) �*�! �*�)� �� �(�*�,�  �*�, �'� �-�- �/�)�$�!�*�,�( �(���"�(�� ��
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tie hearth of a uniform petrochemical development, which had been reached 
by faults at different intervals of its duration. The petrogenetic evolution of 
volcanic rocks in the regional sense is conceived as follows: The magmatic 
hearth was generated concomitantly with the upheaval of Flysch geosyncline 
and with the evolution of the Transcarpathian Inner Deep during the Neogene. 
Owing to the processes of magmatic differentiation, until the end of the Lower 
Tortonian only the acid differentiates of the mantle of the magmatic hearth 
appeared on the Earth's surface. The productíon of andesites in the Lower 
Sarmatian indicates the supply of less differentiated pyroxene-andesite magma. 
As a result of the related tectonic unrest, the procc-eding differentiation and 
assimilation of this magmatic portion gave rise to garnet-hornblende-pyroxene 
andesites at the northern boundary of the molasse towards the close of the 
Sarmatian. I presume that the Pliocene rhyolites with analogous garnet variety 
are the product of a subsequent differentiation of the samé magma. 

The termination of volcanism in the northern t ract of the basín is distin-
guished by the ascent of low-differentiated pyroxene-andesite magmas, up to 
basalt-andesites in the final phase, which furnish evidence of the cratogen-
ization of the area. 
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T. B u d a y , 1965). The boring and gravimetric dáta, however, document its 
trend and extent as far as north-western Rumania (Zemplín —Cibleš elevation; 
G. Sas i n 1965). In this sense, its origin may be regarded as the result of the 
activity of the Peri-Pannonian fault systém. The horst structures represent 
the deep-founded fault systems on which various differentiated movements 
occurred during the individual intervals of the Tertiary. Thus, for example, 
the sedimentary area of the Magura Flysch sank along the northern margin 
of the Periklippen elevation, locally up to the Oligocene, and from the beginn-
ing of the Miocene the Transcarpathian Inner Deep subsided along its south-
ern border. Along the faults forming the north-eastern boundary of the 
Zemplín-Beregovo elevation, the Transcarpathian inner depression experienced 
a strong subsidence during the Miocene, but the rhythm of this intermittent 
subsidence was different. The Pannonian (centrál �8�� �%���+�+�!�� �+���&�# �%���!�&�$�0 �!�& �, � �� 
���$�!�'�����&�� ���$�'�&�� �,� �� �+�'�-�,� �/���+�,���*�& �%���*���!�& �'�� � , �  �� �  � ' �*�+�, �� ��� �� �(�*�!�&���!�(�2�$ �.�'�$�����&�!�� 
���.���&�,�+ ���*�� ���'�&�&�����,���� �/�!�,�  �,� ���+�� �$�'�&���!�,�-���!�&���$ �1�'�&���+ �'�� � , �  �� ���!�*�+�, �'�*�����* �����!���� ������ 
���*���&�+�.���*�+�� �,�����,�'�&�!�� �$�!�&���+ ���$�+�' �(�$���0���� ���& �!�%�(� ' �*�, � � �&�,�� � � �$�,� � ' �-� � �  �+�-��� ' �*���!�&���,�� �*�'�$�� 
�!�& �,� �� �$�'�����$�!�1���,�!�'�& �'�� � , �  �� �.�'�$�����&�!�� �����&�,�*���+�� ���� � ( �* � ! �%�2�*�0 �!�%�(� ' �*�,�� �&���� ���*�� �,� �� 
���*���&���  �'�� � , �  �� � � � ' �* �&�2�� �����-�$�, �+�0�+�,�3�% ���'�* �,� �� �����$���,� '�& �$�!�&������ �/� �!���  �$���*�����$�0 ���'�&��
�,�*�'�$�$���� � , �  �� ���!�+�,�*�!���-�,�!�'�& �'�� �.�'�$�����&�!���+ �!�& �,� �� �+�'�-�,� ���*�& � ( � � � * �, �'�� � , �  �� ���*���7�'�.�+�#�3 �(�'��
� �'�*�!�� ���,�+���� � � �&�� � , �  �� ���!� �'�*�$���, �����-�$�, �+�0�+�,�3�% � � � � � � � 7 � # �' �5 � � � $ � 2 � . � ! �# ���
���	���� 
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�����'�����&�� �/�!�,�  � , �  �� ���$���%���&�,�+ �'�� �,� �� � 
 � � �+�, ��� � �*�(���,� �!�� �&�+�� �, �  �� �, �! �%�� ���)�-�!�.���$���&���� �'�� 
�,�����,�'�&�!�� ���&�� �.�'�$�����&�!�� ���.���&�,�+�� � , �  �� ��� ' �&�,���%�(�'�*���&���!�,�0 �'�� �(���$�����'�������*���(� �!�����$ ��� ���&�����+ 
���*�'�% �,� �� �����$�����'�����&�� � , �' �,� �� ���&�� �'�� ���$�!�'�����&���� � , �  �� ���'�&�+�!�+�,���&�, �$�!�,� �'�����&���,�!�� �����.���$�'�(��
�%���&�,�� �(���*�,�!���-�$���*�$�0 �!�& �, � �� �!�&�&���* �����(�*���+�+�!�'�& ���+ �/���$�$ ���+ �, �  �� �����'�,�����,�'�&�!�� �������,�-�*���+ 
�'�� � , �  �� � 
 � � �+�, ���$�'�.���#�!���& ���*������ � , �  � � �, ���$�$ �"�-�+�,�!���!���+ �-�+ �!�& �*���&���!�&�� � � � ' � , �  � , �  �� �����'�����&�� 
�+�����!�%���&�,���*�0 ���'�*�%���,�!�'�&�+ ���&�� � , �  �� �0�'�-�&�� �.�'�$�����&�!�� �%�' �- �&�,� � � ! �& �*���&�����+ �, �' � , �  �� � 
 � � �+�, 
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��� �� �'�$�����+�, �����'�����&�� �.�'�$�����&�!�� �*�'���#�+ ���*�� �*���(�*���+���&�,���� � � �0 �*� �0�'�$�!�,�� �(�0�*�'���$���+�,�!���+ 
�'�����-�*�*�!�&�� �!�& �, � �� � � � ( � ( � � �* � � � - � * � � � ! � � � � � $ � ! � � �& �+�����!�%���&�,�+ �'�� � , �  �� �<�"�(�+�1� �" ���+�-�)���/�&�+�* 
�����&�$�� �	�� � � � ( � 4 � 1 � & �' �"�/ ���%�� �����
���� � � �*�! ���2 �#�&�*�"���$�-���&�*�"�! �.�"�(���!�+�*�&�/�&�3�"�! ��� �&�! �/�0�#�#�. �*�"���- 
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� � � & � $ �� ���� �����&�* �/�"� �/�+�*�&�  ���*�! �1�+�(� ���*�&�  �0�*�&�/�. �+�# �/�%�" � � � � � . �/ ���(�+�1���'�&���* ���"�+�$�"�*�" ���-�"�� 
�� �9 ���"�-�&���'�(�&�,�,�"�* �"�(�"�1���/�&�+�*�� �� �9 � � �" �) � , �( �6�*� � � � �" �- �" �$�+�1�+ �"�(�"�1���/�&�+�*�� �  �9 �$�"�+�.�2�*� �(�&�*���( ���-�"�� 
�+�# �/�%�" �����$�0�-�� ���(�2�.� �%�� �! �9 ���-���*�.� ���-�,���/�%�&���* �&�*�*�"�- �!�"�,�-�"�.�.�&�+�*�� �" �9 �)���-�$�&�*���( �3�7�*�" �+�#�/ �%�" 
�����*�*�+�*�&���* �)���.�.�&�#�� �# �9 ���+�-�*�4�! �#���0�(�/ �.�2�.�/�5�)�� �$ �9 ���&�%�+�-�(���/ �#���0�(�/ �.�2�.�/�5�)�� 
�� �9 ���-�"�����"�.�+�3�+�&�  �#�+�-�)���/�&�+�*�. �+ �# � / �%�" � � �" �) � , � ( �6�*� � � � �" �- �" �$�+�1�+ �"�(�"�1���/�&�+�*�� �	 �9 ���"�.�+�3�+�&�  �)�"�)��
���"�-�. �+�# �/�%�" ���"�-�&���'�(�&�,�,�"�* �"�(�"�1���/�&�+�*�� �
 �9 �.�0�-�#��� �" ���+�!�&�"�. �+�# �2�+�0�*�$ �1�+�(� ���*�&� �.�� �� ���0�-�&�"�! 
�2�+�0�*�$ �1�+�(� ���*�&� �.�� �� �9 �,�-�&�*� �&�,�4�( �(�+�*�$�&�/�0�!�&�*���( �#���0�(�/ �.�2�.�/�"�)�.�� �
 �9 �,�-�&�*� �&�,�4�( �/�-���*�.�1�"�-�.�" �#���0�(�/ 
�.�2�.�/�"�)�. 
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Terna (J. B r e z i n a 1960). These well-sorted crystal-vitroclastic pyroclastics, 
transported probably by wind, form a thin layer. They were deposited after 
a sudden explosion into a slightly freshened sedimentary basin (autochthonous 
tuff facies of a distant zóne — in the sense of M a l e j e v , 1963). The ash ma­
teriál covers an area of about 15 km2 and the volume of preserved pyroclastics 
is 0.112 km3. The timing of the bentonitized rhyolite pyroclastics found in 
three thin layers (maximum 5 m thick) in the area of Fintice remains still 
questionable. V. G a š p a r í k o v á (in J . Harcek 1962) thinks them to be the 
product of the Burdigalian volcanic activity. They also are fine-grained ash 
tuffs deposited directly into the water basin, as documented by stratigraphi-
cally little distinctive braekish microfauna (J. Š v a g r o v s k ý in J . S l á v i k 
1967). In �A���/�" �0�%�"�/�" ���"�*�0�+�*�&�0�&�6�"�! ���/�1�����-�1�"�+�1�/�� �0�1�#�#�/ ���.�" ���1�.�!�&�$���(�&���*�� �0�%�" 
�"�/�0�&�)���0�"�! �2�+�(�1�)�" �+�# �0�%�" �,�.�"�/�"�.�2�"�! ���1�.�!�&�$���(�&���* �2�+�(� ���*�&� �/ �/�%�+�1�(�! ���" �.���&�/�"�! �0�+ 
�����	 �'�) � 
�� 

���%�" �2�+�(� ���*�&�  �.�+� �'�/ �+ �# �0 �%�" � � � � � . � , � � � 0 � & � � �* � � � $ �" � �.�+�, �+�1�0 �+�* �0�%�" �/�1�.�#��� �" �0�+ �0�%�" 
�3�"�/�0 �+�# ���&�*�0�&� �"�� ���%�"�/�" ���"�!�!�"�!�� �)�9�!�&�1�) �0�+ � �+���.�/�"���#�.���$�)�"�*�0���.�5 �.�%�5�+�(�&�0�" �,�5�.�+��
� �(���/�0�&� �/ ���.�" �+�# �0�%�" �0�5�,�" �+�# �,�1�)�&� �" �0�1�#�#�/�� �0�1�#�# ���.�"� � �&���/ � � �* �! �4�"�*�+�(�&�0�%�&�  �0�1�#�#�/ �3�&�0�% 
�0�%�" ���(�(�+�0�%�&�$�"�*�+�1�/ �� �! �)�&�4�0�1�.�" �+�# �-�1���.�0�6 ���*�! �+�(�!�"�. �/�"�!�&�)�"�*�0���.�5 �.�+� �'�/�� ���%�" �)���4�&��
� ) �1�) �0�%�&� �'�*�"�/�/ �+�# �0�%�" � �+�)�,�(�"�4 �&�/ �
�� �) ���*�! �0�%�" �!�&�/�0�.�&���1�0�&�+�* �+�# �2�+�(� ���*�&� �/ �&�/ 
�"�4�0�.���,�+�(���0�"�! �0�+ ���* ���.�"�� �+�# ��� � �+�1�0 �	�
 �'�) � 	�� ���%�"�&�. �2�+�(�1�)�" �&�/ �"�/�0�&�)���0�"�! ���0 
�������	�� �'�) � 
�� � � � . �+�) �0�%�" �,�+�&�*�0 �+�# �2�&�"�3 �+�# �#��� �&�"�/�� �0�%�"�/�" �.�+� �'�/ �) � � �5 ���" � �+�*�/�&�!�"�.�"�! 
���/ �0�%�" ���1�0�+� �%�0�%�+�*�+�1�/ �,�5�.�+� �(���/�0�&�  �#��� �&�"�/ �+�# �0�%�" �0�.���*�/�&�0�&�+�*���( �6�:�*�" ���6�:�*�" ���"�0�3�"�"�* 
�0�%�" �*�"���.��� �.���0�"�. ���*�! � ! �&�/�0�� �*�0 �#��� �&�"�/�� �+�# �0�%�" �0�1�#�# �1�, �0�+ �4�"�*�+�(�&�0�%�&� ���0�1�#�# �0�5�,�"�� ���%�" 
�,�.�"�/�"�*� �" �+�# �.�%�5�+�(�&�0�" �&���2���/ �.�"�#�"�.�.�"�! �0�+ ���5 � � � 1 � 0 � % � � �* ���������
�� �"�*�����(�"�/ �1�/ �0�+ � �(���/�/ 
�0�%�"�/�" �#��� �&�"�/ �3�&�0�% �0�%�" �)�&�4�"�! �"�#�#�1�/�&�2�"���"�4�0�.�1�/�&�2�" �$�.�+�1�,�� ���%�" �+���/�&�!�&�7�* �+� � �1�.�.�"�*� �" 
�&�* �0�%�" � � � � � . � , � � �0�&�� �* � �+�)�,�(�"�4 �&�* �0�%�" ���.�"�@�+�2 �/�1���1�.�� �����7���+�.�&�/�'�+�� �.�"� �+�.�!�"�! � � �5 
� � � & � , � / � " �. �����
������ �)���5 ���" �.�"�$���.�!�"�! ���/ �� �/�1���2�+�(� ���*�&�  �+�. �2�"�&�* �"�-�1�&�2���(�"�*�0 �+�# �0�%�" 
�/���)�9 �2�+�(� ���*�&�/�)�� ���+�3�"�2�"�.�� �&�0 �/�%�+�1�(�! ���" �)�"�*�0�&�+�*�"�! �0 �%� � �0 �/�+�)�" �/� �&�"�*�0�&�/�0�/�� �"�� �$�� 
� ? � � � ( � 7 �0 ���+�,�� � �&�0���� ���"�(�&�"�2�" �0�%�&�/ �+� � �1�.�.�"�*� �" �0�+ ���" ���* ���.� �%���"�+�(�+�$�&� ���( �#�1�&�!�&�*�$ �,�(���A�" 
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Hrabovec rhyolite or rhyodacite tuff developed at the boundary between 
the Lanzendorf Formation and the Spiroplectammina Zóne (S láv i k 1967). 
Cumulative isopachs of the products of this volcanic phase show an interesting 
course. Their peaks discretely coincide with the longitudinal peripheral parts 
of the Miocene depression, and with substantially smaller thicknesses in the 
centrál part of the basin (Fig. 2). The composition of rocks representing this 
volcanism ranges from coarse-grained tuff breccias and xenolithic tuffs, 
chieny at the southern periphery, to fine-grained vitroclastic ash tuffs at the 
northern periphery. The coarsest products háve been found around �������J�)�1�2�9�� 
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The U p p e r S a r m a t i a n andesite volcanism shifted to the north of the 
Miocene depression, into the area of the Vihorlat and the Prešovské pohorie 
Mts. I ts products were studied in detail ���	�
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the Xeogene sediments. Apart from occasional kaolinization, viz. chloritization 
of glass (pumice) no significant alterations háve been observed in garnetiferous 
pyroclastics or their equivalents. Their areál extent exceeds 2000 km2 and 
their volume is more than 180 km3. The great number of observations that 
are available enables us to conclude that round the centres located invariably 
within the range of domal structures there are coarse-fragmentary pyroclastics 
of the breccia-type with fragments of garnetiferous rhyolite or rhyodacite. 
Farther away from the centre these pass into purely pumice tuffs with white 
and greyish clods of pumice and in the most remote parts into fine-grained 
sandy tuffs up to tuffites. Frequent traces of re-deposition by water, i. e. 
volcano-terrigenous facies generally occurring at the base of this complex led 
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Table 1 lists the volumes of volcanic products of the individual volcanic 
activites in chronological order. 

T a b l e 1. Volumes of volcanic rocks in the Xeogene of East Slovakia 

Age of volcanism 

Burdigalian 
Karpát ian 
Lanzendorf serieš 
Tortonian, maríne (s. s.) 
Tortonian, fresh-water (s. s.) 
Sarmatian, marine 
Sarmatian, fresh-water 
Pannonian 
Levantinian 

Total 

Volume in km3 : 

andesite rhyolite total 

0.2 
0.42 

- 578 
119 135 

0.2 
0.42 

578 
254 

22.4 213 235.4 
310 53 363 
95 5 100 
- 180 180 

425 - 425 

971.4 1164.60 2136.0 

The above Table clearly shows that from the Lower Miocene to Pliocene 
the volume of rhyolites generally decreases and, on the other hand, the volume 
of rocks of andesite composition increases. The explanation of this phenomenon 
is given in the text below. If the volume of the Neogene depression in East 
Slovakia is roughly estimated at 7000 km3, the considerable share of volcanic 
rocks is well apparent. 

The relationship of volcanic activity to the basic tectonic events 

The upheaval of the Magura part of the Flysch geosyncline to the north 
of the Klippen Belt, which began during the Oligocene, led since the Burdi­
galian to the synchronous formation of the Transcarpathian Inner Deep in the 
backland of the orogen area. In our opinion, it was caused by the origin of 
normál faults isostatically compensating for the mass deficiency in the deeper 
crustal parts, which accompanied the strong uplift of the Magura geosynclinal 
area. jThe inn3r dapre-Bion. developed at an accelerated rate during the Mio­
cene and gradually declined in the course of Pliocene. However, this process 
was intermitt3nt, showing periods of shoaling to transitory dwindling away 
of the area of deposition, as indicated by the breaks in sedimentation and the 

O . 
F i g . 7. Isopach map of the Pliocene rhyolite (rhyodacite) rocks 
1 — Rhyolite tuffs, 2 — points of measurement of the volcanic rocks thickness, 3 — 
boundary of the sedimentary area (the southern part of fig. comprisses the uppermost 
Sarmatian pyroclastics too). 
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onset of transgressive sedimentaiy facies. During the geological history of the 
interior molasse there were fíve main breaks in sedimentation which affected 
almost the entire area of deposition. According to B u d a y (1966) and the 
observation of the authors of this paper, the notable discordances characterized 
by angular unconformities, hiatuses and the onset of transgressive facies 
occurred at the following time-intervals: between Oligocene and Burdigalian; 
between Burdigalian and Karpatian (interruption comprising the whole Hel-
vetian s. s.); at the boundary between the Karpatian and the Lanzendorf 
Formation; at the boundary between the marine and the brackish Tortonian, 
and a t the Sarmatian/Pliocene boundary. Additionally, three transgressive 
movements of minor extent occurred: (1) at the base of the Zóne with large 
Elphidia (Lower Sarmatian), (2) a t the beginning of the Pontian, and (3) at 
the beginning of the Levantinian. From the corrclation of the time sequence 
of these events with those in the folded Magura geosynclinal area it may be 
inferred that the above mentioned tectonic phenomena wer econtemporaneous 
with the folding phases of the Magura Flysch, i. e. that they represent the 
periods of strong tangential compression of the whole area. Each of these 
tectonic episodes was obviously followed by the release of tangential pressures 
which resulted in the abrupt sinking of individual crustal blocks in the Miocene 
molasse. Let us turn our attention the relationship of the volcanic events to 
this chronological pattern of the tectonic history of the area. 

Table 2, which eorrelates the tectonic and volcanic manifestations, reveals 
that the volcanic activity avoids the periods of the main folding phases, i. e. 
that volcanic rocks are absent from the intervals of the interruption of sedi­
mentation. In contrast, volcanic rocks occur discretely in those periods when 
tangential pressures fade away, i. e. in the periods of maximum subsidence 
movements in the sedimentary area. The analysis of volcanic activity, as 
shown in Fig. 2, diseloses an asynchronous pulsation of rhyolite volcanic 
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T a b l e 2. 

rhyolite andesite 

T a b l e 3. Relationship between the thickness of sedimente and the volume 
of synchronous volcanic rocks 

Age 

Burdigalian 
Karpatian 
Tortonian s. 1. 
Sarmatian 
Pliocene 

Maximum thick- V o , u m e rf 
ness of sed.ments v o l c a n i c 8 i n k m 3 . 

m m 

500 
1200 
3300 
1600 
800 

0.2 
0.42 

1167 
463 
605 

The facts mentioned above afford conclusive evidence that there does 
exist a causal connection between the volcanic and the tectogenetic history 
of the area. This relationship may be generally expressed as follows: Volcanic 
rocks ascending to the surface during the periód of folding of the geosynclinal 
area and of the formation of interior molasses appear at the surface in the inter-
vals between the main folding phases. The beginning of the subsequent volca­
nism is characterized by the predominance of acid magmas, whereas the end 
of it is distinguished by the prevalence of intermediate ones. The location of 
volcanic centres of both the acid and intermediate magmas into the marginal 
fault systems and their alternating activity prove that the magmas háve 
common magma chambers. from which the materiál is brought to the surface 
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during different stages of the differentiation process. Hovvever, it seems plau-
sible that in the initial stages of the generation of magmatic foci acid magmas 
of the palingenic type originate and that the emptied magma chambers are 
afterwards invaded by portions of more basic magma rising from the deeper 
parts of the Earth 's crust. In the magmatic focus it may undergo further 
differentiation and other processes. The comparison of volcanic and tectonic 
events during the Neogene development of the East Slovák región facilitate 
a new definiton of volcanic phases in eastern Slovakia. Table 2 clearlj* shows 
that the intervals between the main stages of tectonic activity were the periods 
of volcanicity that exhibits a generál trend from acid to more basic differen-
ciates. This observation is consistent with our geological conceptions, as after 
the termination of a given volcanic activity and a long-term interruption 
caused by the spatial compression, the process of differentiation, probably also 
of palingenesis and anatexis may occur in the magma chamber. When, after­
wards, horizontál pressures are released and the magmatic focus is reached 
by deep faults, the palingenic or acid differentiated magmas are the first that 
come to the surface. The subsequent andesite magmas may represent undif-
ferentiated components of the magmatic hearth or, more probably, new 
portions of magma derived from the deeper parts of the Earth 's crust. This 
conception of the volcanism-tectonics relationship enables us to re-define the 
volcanic phases for the East Slovakian región. According to our definiton, 
a volcanic phase covers a time interval during which a complex of volcanic events 
takes ���
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T a b l e 4. Schéme of Neogene vol 

Compiled by 
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(Lower Tortonian s. 1.) 

Tortonian marine, s. 8. 
(Zóne of aggl. foram. and 
Uulirriina-Bolivina Zóne) 

Bracki«h to 
fresh-water Tortonian 8. 8. 
(Rotal ia Zóne) 

Marine to brackish Lower 
Sarmat ian 
(Cibicides Zóne and Zóne 
with large Elphidia), 

Upper 
Sarmat ian 
(Hauerina Zóne) 
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canism in East Slovakia 

J. Slávik, 1967 

Facies types Locality Geological area 

Pelitic to psammit ic subaqueous 
tuffg and tult i tes, occasionally 
seladonitized and bcntonit ized, 
free of lavas 

Parallel-bedded subaqueous lay-
ere free of lavas, pumiceous, xeno-
lithic and lapilli tuffs with spora-
dic fragment* of pyroxene an­
desite; tuffites: obsidián? 

Terna, �K�'�.�1�8�%�'�� � � �+�0�6�+�%�' ���
�� 
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is also the East Slovakian Neogene. The chief stages of volcanic activity were 
during the maximum subsidence of the interior depression and the volcanicity 
died down during the compression of the sedimentary area, i. e. in the folding 
periods of the Palaeogene geosynclinal basin. On the basis of the major folding 
periods, six phases of volcanism háve been defined in East Slovakia. Each 
of them begins with manifestations of acid volcanism and ends with inter­
mediate volcanism. The first three phases are characterized by a high coefficient 
of explosiveness and a complete absence of lavas, as well as by the exclusively 
rhyolitic composition of volcanic rocks. The successive phases are disting-
uished by both acid and basic (intermediate) lavas and pyroclastics. From 
this it may be inferred that the tectonic lines reached deeper parts of the 
Earth 's crust or that the emptied magma chambers were invaded by new 
portions of magma. Regarding the migration of volcanic manifestations, 
an overall shift of volcanic centres is observable from the southern elevation 
zóne (Zemplín-Beregovo elevation) towards the boundary faults of the north­
ern elevation' zóne (Peri-klippen elevation). The volcanic rocks form a con-
siderable part of the filling of the Neogene Inner Deep, constituting approxi-
mately one third of the total volume of the depression. 
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VLADIMÍR BA5TACKÝ 

GEOLOGICAL HISTORY OF THE NORTHERN PART OF THE EAST 
SLOVAKIAN LOWLAND IN THE QlATERNARY 

Introduction 

The East Slovakian Lowland is the extréme northern part of the vast Great 
Hungarian Lowland (Alfôld). In contrast to the Danubian Lowland (Podunaj­
ská nížina) and the lowland called Záhorská nížina it forms a geomorpholo-
gically uniform whole of the character of a plain. The rivers (Ondava. Laborec, 
Uh, Latorica. Bodrog) developed broad flood plains which coalesce with one 
another. The monotonous ground surface is in the south diversified by aeolian 
formations, particularly by sand dunes. Between the border mountain range 
and the lowland there intervenes a mountain-foot step of hilly reliéf, which 
rises to 150—400 m above sea level. I t is built up mostly of volcanic rocks, 
only at the foot of the Humenské pohorie Mts. the Palaeogene sandstone-
claystone facies occurs and Neogene complexes are found in the western part 
of the Vihorlat mountain group. Yarious erosional forms, mainly dells, gullies 
and valleys of diverse types dissect the mountain-foot step, particularly in its 
western and eastcrn parts. 

Several prominent topographical forms emerge from the lowland, šuch as 
the flat-topped Trhovište—Hrabovec Upland � � � � � � � � � � � � � � � � � � �3 ���������� ���"�� �'���� ���������� 
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approximately to the south of Nižný Hrušov build up a thick complex of 
gravels with clay intercalations. Gravels crop out on the surface in plaees 
and as shown in Fig. 5 they are strongly disturbed by periglacial action. 
Of the Quaternary cover deposits, solifluction and hill-wash colluvial sediments, 
loess loams and loess are relatively most abundant. 

The Biela hora—Zalužice—Fekišovce Upland also shows a moderately 
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The Quaternary development 

The Quaternary sediments of the area studied are fairly widespread and 
show a considerable thickness, different modes of genesis and varied litho-
logical properties. They underwent a complicated development which is re-
rlected in the sediments of individual genetic types. Except for that part of 
the Trhovište—Hrabovec Upland and Biela hora where the Neogene Pozdi­
šovce Gravels crop out on the surface, they lie on Neogene sediments of 
a great extent and thickness, on Neogene volcanics and on the Neogene com-
plexes of the Inner Carpathians. 

The area under consideration is the key area for the study of the Quaternary 
of the East Slovakian Lowland. The geological conditions are comparatively 
complicated. Since the Lower Tortonian the lowland was affected by intensive 
tectonic movements and volcanic activity which persisted up to the Pliocene, 
when the present-day surface reliéf began to form. The subsequent sculpturing 
of the landscape is already the result of Quaternary evolution which occurred 
under the influence of the continuing tectonic movements and climatic 
mictuations. 

The fluviatile sediments are of great importance for the study of the geolo­
gical history of the East Slovakian Lowland during the Quaternary. Their 
distribution, thickness and evolution are mostly controlled by the tectonic 
mobility of the area. Apart from the Zbudza aggradational terrace, they 
usually stand in a normál superposition. 

The greatest thickness of fluviatile sands and gravels has been established in the Mi­
chalovce— Sliepkovce depression, where the water oourses — the most important agents 
in re-modelling the pre-Quaternary reliéf — reacted most sensitively to tectonic and 
climatic changas. The deposition of the Pozdišovcs Gravels was followad by intenss 
erosion which removed a considerable part of the Pozdišovce gravel and clay deposits, 
as evidenced by the relics of gravels on Biela hora. In the south, the Hunwnské pohorie 
Mts. was an obstacle to the fluvial activity of th? Laborec river. In consequsnce of th9 
gradual uplift of the Carpathians in the Pliocene, the Laborec developed an antecedent 
valley through the Humsnské pohorie Mts. The relic of a Pliocene surface at an altitude 
of 230 m a. s. 1. in the Brekov gap is a clear evidenee. Other Pliocene surfaces are preserved 
in the Trhovište — Hrabovec Upland and on the mountain-foot step which extends from 
Staré through Oreské to Vinné. During tho Pleistocene, ths antecedence of tha Laborec 
river eontinued owing to further downmovemsnts in the basin and a moderate uphea val 
of the border mountains. The river was progressively downcutting and carved a 500 — 
600 m broad valley across the Humenskó pohorie — the Brekov gap — through which 
it enters the East Slovakian Lowland proper. 

The periód of intensive erosion was followed, probably in the Middle Levan-
tinian, by floods caused by rivers flowing from the north, as a result of tectonic 
movements accompanied by the last volcanic eruptions. In the area of the 
present Michalovce—Sliepkovce depression, minor lakes with through-drainage 
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F i g . 2. Distribution of geologieo-toetomc units. Compilcd by V. Bá�:�����#�8�� �$�1������ 
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and isolated swamps came into being. In this environment, sands and gravels 
were cemented by Fe- and Mh hydroxides precipitated from subsurface waters 
to form beds, locally up to 2.5 m thick. Occasionally, the gravels are strongly 
loamified or cemented by clayey materiál. The absence of pyroxene-andesite 
materiál suggests that these gravels were deposited before the last eruptions 
and effusions of volcanics, being thus of pre-Quaternary, i. e. Pliocene age. 

In our opinion, the alluvial cone, preserved as a relic between Vinné and 
Biela hora (Fig. 1), and basal sands and gravels in the Michalovce —Sliepkovce 
depression are the oldest Quaternary (Mindel) sediments. The cone is made 
up of fragments, pebbles and sand of brown-rusty colour. The materiál of 
andesites, sandstones, quartzites and limestones is considerably loamified. 

Sands and gravels in the Michalovce —Sliepkovce depression are up to 20 —40 m 
thick. Pebbles are little rounded, somewhat more weathered. Compared with the under-
lying Pliocene gravels, they contain pebbles of pyroxene-andesites, which suggests their 
deposition subsequently to the last effusions of andesite. 

In the Michalovce—Sliepkovce depression these gravels are separated by 
a loamy-clayey layer from sands and gravels tha t are ranged to the Mindel/ 
Riss interglacial. E. Krippel refers the following flóra from this layer: Pinus, 
Abies, Podocarpus, Carya, Picea, Betula, Salix, Alnus, Quercus, Carpinus, 
Ulmus, Tilia, Corylus; NAP: Pouceae, Asteraceae tub., Artemisia, Daucaceae, 
Silenaceae, Helianthemum, Cyperaceae, Sparganium-type, Typha, varia Poly-
podiaceae, Equisetum and spores. 

On the basis of weaker weathering, superposition, differing lithological 
properties, the content of pyroxene andesite and cool flóra, these upper gravels 
are dated as the Riss.They are maximum 15 m thick. From this complex the 
following flóra has been determined by E. Krippel: A P — Picea, Betula, Pinus, 
Alnus, Carpinus; XAP — Daucaceae, Poaceae, Artemisia and abundance of 
spores. At tha t time, the Zbudza terrace originated in the north-western part 
of the lowland. The materiál of this terrace consists of well rounded pebbles 
and sands which are interbedded with seams of médium to coarse-grained 
sands. The complex is rusty and rusty-brown in colour, with layers of gravel 
tinted black by Mn-coating. The analyses made by Minaŕíková has shown 
that petrographically the gravels are formed of 70 — 90 % of glauconitic sand-

stone, the remainder being black and grey chert, greyish-brown quartzites 
and more or less weathered andesites. In addition, pebbles of rhyolite and 
andesite tuffs are present in the northern part . The terrace was supplied with 
materiál from the mountain-foot step and the border mountains by the streams 
and solifluction. 

Whereas in the Michalovce—Sliepkovce depression the subsidence went on 
during the Riss, the area of the Zbudza terrace was uplifted and, at the earliest, 
towards the end of the Riss, sank again. The terrace deposits are 5—12m 
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thick; at present it lies below the Laborec-river level and only at the north-
western margin its surface is flush with it. The terrace was deposited on grey 
marly clays of the brackish Upper Tortonian. I t is covered with 5—15 metres 
of loess loams and colluvial loams. 

In the subsequent periód, the climate became warmer and the area of the 
Sliepkovce—Michalovce depression was covered by warm forest vegetation 
with abundant swampy forests (with alder) which accompanied the streams. 
Ta king into consideration also the absence of the Fagus polien grains we may 
preš ume that the sedimentation took �������G�) �-�1 �6�,�) �*�-�4�5�6 �,�%�/�* �2�* �6�,�) �/�%�5�6 ���-�5�5��
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interglacial. The uppermost soil, better to say, the soil relic, corresponds to 
the W 2/3 interstadial, the middle soil to W 1/2 and the lowest one to the 
Riss/VVurm interglacial (Fig. 3, Photograph pi. V). 

Lože k (1963) refers a relatively great amount of Pupilla aterri (VTH), Pupilla mus-
corum (L), Vallonia tenuilabris (A. Br) from the loesses adjacent to the Humenské po­
horie Mts., but does not mention their stratigraphical assignment. Towards the end of 
the Wiirm stage the deposition of aeolian loess took �������?�"�
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F i g . 3 . Seotion th rough locss-lonms and fluviatile sediments of the Laborec r iver — Zhuil/.a exposuro (drawn by L. Kálaš) 

1 — llark-grey hunUe soil, 2 — loess loam, 3 - convolutions, 4 loess loam, 5 - buried fossil soil of Wiirm S/S, fi - loess-loam. 7 — buried fossil 
soil of Wiirm 1/2, 8 - loess-loam. 9 - buried fossil soil of ltlss, Wiirm, 10 flood muds, gleyed smidy-loamy at the base, 11 - fine grained loiuny 
flood sands, 12 - sands and gravels 



I t should be mentioned that in the concave bank of the Ondava river a complex is 
exposed. the upper part of which consists of 2 m-thick sub-Recent flood loams and sands 
with paludal soils. The latter form three to five layers in the south and one to two in 
the northern part. The swampy horizons cannot be connected with climatic fluctuations 
during the Holocene nor be regarded as stratigraphical key horizons. From the nurnber 
of layers of flood loams and paludal soils, it is only inferable that the valley fiat under-
went a polyphasal development; the flood loams and sands are distinctive of the periód 
when the aggradation of levees was intensified. The muds buried the Holocene humic 
paludal soils ( I m thick) developed on Pleistocene loess loams, 2 —3m in thickness. 
Below the gleyed loamy and loamy-clayey sediments (3 — 6 m) in the valley flat, which 
are locally rusty stained by Fe hydroxides (Plate VI), there is invariably a 2 m-thíck 
layer of fluviatile sands. These in turn overlie a 2 — 3 m thick pedocomplex with clayey 
sedimentation, which is superjacent on sands and gravels omplaced in the sequence of 
beds building up the flood plain (Fig. 4). The gravels, which are an important component 
of the lowland structure do not crop out on the surface, being exposed only in seveal 
erosional valley sides of the Ondava river. 

In the S u b - V i h o r l a t d e p r e s s i o n the Quaternary history was different 
from that of the Michalovce—Sliepkovce depression. In the Upper Pliocene 
(Levantinian) the Sub-Vihorlat area sank and an extensive Jaké came into 
being, in which clays with lignite seams were laid down. In the proximity of 
the Klippen Belt, strong eruptions of pyroxene andesite took �������=�$�� ���%�1�$�/ 
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T a b . 1. 

Stratigraphic table of the late and post-Glacial of the northern 
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T a b . 2. 

Stratiirraphic table of the Pleistocene of northern part 
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glaciation Fluvial sediments 

Solifluction-fluvial 
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Stadial 
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Interstadial 

sands-gravels with 
inundat ion loams 

clayey-loamy sediments 

Wiirm 2 
Stadial 

sands-gravels, sands 
and loamy sediments 

proluvial cones of 
Tarnava and Vinné 
with loamy-frag-
mentary sediments 

loess sediments in the 
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of the East Slovakia lowland compiled by V. Baflacký 1967 

Petrographic characterist ics 

paleogene sandstones predomin-
ate witl i admix ture of pyroxene 
andesite; 80 % of the heavy min. : 
ore-minerals 

paleogene sandstones predomíti-
ate with admixture of pyroxene 
andesite 

paleogene sandstones predomin-
ate with admix tu re of pyroxene 
andesite 

sandstones with enclosures of the 
pyroxene andesite; heavy min. : 
more hypersthene augite, 3 - 4 °„ 
hornblende 

loamy-limonite konkretions predo-
minate; heavy min. : ore-min. 

paleogene sandstones predomin-
ate, sporadically with pyroxene 
andesite; more tuffs, �����;�#�4�/�.�
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F i g . ô . Pozdišovce Gravels a t t he sou thern outsk i r ts of Pozdišovce, convo lu ted and 
d is tu rbed b y c r \ r oturbat ion (drawn b y L . Ká laš) . 
1 — Strongly loamified light-brown grey gravels, 2 — brown loamified gravels with randomly scattcred 
pebbles, 3 — rasty brown clay with cracks fllled with grey and whitish-grey clay, 4 - dark-rusty-brown 
gravels with randomly scattered pebbles, ó — whitish grey clay with rusty smudges, 6 — rusty-brown 
medium-grained sand, 7 - rusty-brown, slightly loamified sands and gravels. 



F i g . 1 . Qua te rnary geological m a p of t h e nor thern pa r t of" the East Slovakian Lowland 
and the adjacent area. Compi led by V. � � � � �H �%� ' � . �F �� �	������ 
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of sandy gravels and sands were deposited in normál superposition. Gravels 
are well sorted, pure (only locally loamified) and well permeable. They settled 
down in the phases of intensified stream activity, vvhereas sand beds forming 
in places continuous sheets sedimented in tranquil phases. 

The beginning of the Wurm was distinguished by the removal of slope 
debris by streams onto the slope of the mountain-foot step and in to the 
western part of the Sub-Vihorlat depression to form there cones and fans. 
Soon afterwards, these were disturbed and their materiál was transported to 
the centre of the western part of the Sub-Vihorlat depression, where a sequence 
composed of clayey-loamy sands and gravels with fragments of volcanic rocks 
was piled up. These conditions persisted throughout the VViirm up to the 
beginning of the Last Glacial (early Dryas). In the whole Sub-Vihorlat area 
intensive sedimentation of loess occurred in Wurm time. 
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Tab. 3. Stratigraphic table of Pleistocene of the Sub-Vihorlat depression 
compiled by V. �����M�'�)�1�K �
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of the Laborec in the Humenské pohorie with preserved relics of the successive 
surfaces. In the course of moderate uplift, the Laborec river deepened its valley 
to about 115 — 120 m. According to � 
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interstadial horizons. The results of investigations suggest that the depression 
started to subside in the younger phase of the Early Pleistocene (Mindel) and 
enlarged its extent with the increase in subsidence. The correlation of the thick-
ness of sediments from the individual Quaternary phases with the length of 
these (Mindel beds — 30 m, Riss beds — 17 m, Wurm beds — 15 m, Holocene 
— 8—10 m) shows that the intensity of subsidence has increased. Whereas 
in the Early and Pleistocene it amounts to about 50 m, it results in the depo-
sition of a sequence up to 30 m thick during the Wiirm and Holocene which 
eover a múch shorter time interval. The intensity and amount of movements 
are evidenced additionally by the conditions of the Zbudza terrace, which I 
establish as an, even tectonically, separáte unit, because its height and space 
relations were considerably altered by the movements. This terrace developed 
in the Early Riss but soon afterwards it sank and was disrupted under the 
influence of movements in the Michalovce—Sliepkovce depression. 

T h e S u b - V i h o r l a t d e p r e s s i o n is differentiated into the western and 
eastern parts separated by a fault line. As mentioned above, the top part of 
the Variegated complex of the western part is of Early Quaternary age. 
I t presumably represents the deposits of the final phase of Upper Pliocene 
subsidence dying out in the earliest Pleistocene. At that time, the Biela hora— 
Zalužice —Fekišovce horst underwent a gentle uplift and prevented part ly the 
removal of the rocks of the Variegated complex farther to the south. In con-
sequence, they are preserved in the W part of the Sub-Vihorlat depression. 

In the following periód of relative tectonic rest a considerable part of the 
Variegated complex from the earliest Pleistocene was denuded. Intensive sub­
sidence did not begin before the Mindel, when t h e Ú b r e ž d e p r e s s i o n 
sank 18 — 22 m. In this time interval the Sobrance horst structure was upheaved 
and many springs issued on its slopes. In the Riss the area sank again; in Riss 1 
the subsidence reached approximately 10 and in Riss 2 it amounted to 18 — 
20 m. The depressions were filled with solifluction-proluvial sediments which 
are intercalated by interglacial and interstadial loamy-clayey horizons. 

In the western part, tectonic and sedimentary rest lasted until the Wiirm. 
This part of the depression (Blatná) began to sink in the Wiirm and the down-
movements háve persited until the present time. Additonal evidence of its 
subsidence is provided by the alternation of the loamy, clayey-loamy and 
loamy-sandy sediments, with an admixture of pebbles and fragments of cone 
materiál, with horizons of sapropels and peat. These beds are also dated phyto-
paleontologically. The occurrence of peat and gley soils and annual flooding 
of the depression likewise indicate the sinking of this area. 

T h e S e n n é d e p r e s s i o n developed in the structural plain during the 
Wiirm and Holocene. The depression is flooded annually, except for the summer 
and early autumn months. I t is one of the lowest lying places in Czechoslovakia. 
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Intensive sinking movements in the latest Pleistocene and Recent are also 
inferable from the buried sand dunes by the youngest fluviatile sediments and 
from the swampy character of the depression. 

The great thickness of Holocene alluvia not only in depressions but also 
farther to the south, virtually throughout the lowland, reveals that this sub-
sided as a whole. This overall subsidence caused the burial of depressions 
which are not apparent topographically; they háve been ascertained by boring. 

In the marginal parts of the lowlands, in a number of places relatively more 
stable tracts exist, forming elevations, šuch as, for example, the Biela hora— 
Zaluzice—Fekišovce horst structure � � � � � � � � � � � � � � � � � � �> ���
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�!�����$� �- �-�.�/���$� �- �)�! ���/���.� �,�(���,�3 ���)�'�*�&� �2� �- �$�( �. �#�  ��� �*�,� �-�-�$�)�(�-�� ���#� �-�  ���)�(���&�/�-�$�)�(�- 
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detailed geomorphological analysis and palynological studies. Complicated 
spatial and superpositional relations of the individual genetic-tectonic-geo-
morphological units, of sediments and forms, or beds and formations call for 
both a detailed analysis and synthesis using the dáta of wide regional and 
thematical bearing. The findings and conclusions on the geological structure 
of the area studied are meant to be a contribution to the study of the Quater­
nary structure and evolution of the whole East Slovakian Lowland. The dáta 
related proved first a substantial influence of volcanic activity on the post-
volcanic geological history of the región, as well as the great importance of 
synsedimentary and postsedimentary (adjusting) block movements differen-
tiated in time and space within the framework of the generál subsidence of 
the area. Of no less importance were antithetic movements, i. e. the uplifts 
of border mountain ranges and the subsidence of the lowland. They exerted 
direct influence on the intensity of erosion and aggradation processes, which 
enablfe us to trace and dáte the intensifying tectonic activity in the later phase 
of the Early Pleistocene, subsequent to a periód of relatively tranquil periód. 
The finding that geological activity has been fairly intensive even in the young­
est Pleistocene phases and in the Holocene may also imply a substantial 
practical significance. 
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ANTON PORUBSKÝ 

HYDROGEOLOGY OF THE CZECHOSLOVAK SECTION OF THE DANTBE 

The Czechoslovak section of the Danube forms together with the territory, 
its river— bed is situated in, one natural hydrogeological unit. I ts borders 
in the Czechoslovak territory we indentify with the border of the partial river-
basin of the Great Danube with regard to the construction of a systém of 
hydroelectric stations. This border cannot be ascertained in detail in relation 
to the adjoining river-basins because on the basisof present state ofknowledge 
of the ground water regimen of the whole Danube Lowland the boundary of 
the divide with adjoining river-basins, mainly of the �;�#���+�(�� �/�)������ � � � . � � � / �4�" 
�-�"�� ���)�0���+ ���4�" �� �(�� � - � " �� ���+���� �����-�0�����( �-�0�) �+�#�/���+�, �����'���&�& �����(�.�����7���4�"�7���#�-�+�� �7 
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[2] hydrogeological unit in a narrower sense bound to the partial Danube 
river-basin as it was delimited above. 

The first as well as the second unit in the broadest sense are divided into 
regions and areas conditioned by the geological, geomorphological and hydro­
geological structure, with regard to the occurrence of ground water and its 
regimen regularities. 

In this work I am going to deal with only the hydrogeological unit of the Czechoslovak 
section of the Danube in a narrower sense, thus in an extent that coincides with its 
partial river-basin in our territory. 

The river Danube, as it appears and as we know it at present, is only a consequence 
of a genesis throughout several thousands of years. During the time of its formation it 
was passing through a turbulent way of development with several stages, each of which 
has left distinct traces and indications of activity in all the territories, it fiowed through 
in the pást and flows through at present. I ts way of development is mueh more complic­
ated as we imagined till now. Because of small number of facts we frequently ���������
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Carpathian rivers that played an important role in the cyclíc filling of the Inner Car-
pathian Neogene basins. I suppose that only analytical information of individual factors 
having a share in the formation of the Inner Carpathian basins can make us understand 
the synthesis of their lawful development and the present variegation of the hydro­
geological structure. 

Hydrogeological subdivision of the Danube región and adjacent territory 

Along the total length of its stream of 2857 km the Danube has not formed šuch 
complicated and interesting hydrogeological relations as just in our territory. The total 
area of its river-basin is 817.000 km2, in our territory 2.791 km2. The Danube connects 
in its course several Late Tertiary basins, the most known of which for us are the Inner 
Alpine Vienna Basin and the both Pannonian basins — the Komárno Basin (our Danube 
Lowland and the Small Hungarian Lowland) and the Alfóld (the Great Hungarian Low­
land). The Danube comes to our territory below the Devín ruin, where the Morava flows 
into it. I t flows through the Devín defilé to Bratislava and to the Danube Lowland and 
still keeps it high mountainous character. I ts maximum voláme of water is mostly in 
Júne (less in Júly) and reaches an amount of up to 14.000 m3/sec. High water with a volume 
of water of 8—10.000 m'/sec. uses to be quite regularly twice a year, at the end of winter, 
so called "ice water" and in Júne with intense melting of snow and glaciers in the Alps, 
so called "green water". 

The average volume of water in Bratislava is 2.020 m3 /sec, the minimum one 570 m3/ 
sec. The river gradient in the river bed near Bratislava is 0,4 '/o». near ���������	�
���B�,�3�, 
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F i g . 1. Hydrogeological rnyonization of the Czechoslovak part of Danube river 

Explanation: faulta rayon bordara. Rayons: 1 Devín; IT sub-Carpathian-Petríalka; ITI - Gabôikovoj IV Ko­
márno; V Štúrovo �������������� 



The Devín Defilé Area 

The Danube river bed in the Devín defilé section is 11 km long, 290—300 m 
wide, the average depth is 2.80 m and the speed of stream 1,5—1,6 m/sec. 
The Devín defilé (gate) is geologically formed by a graben of the core mountains 
of the Malé Karpaty, strongly disrupted tectonically by faults striking north-
west — southeast, the dominánt faults of which are the Devín Fault bordering, 
the Slovák part of the Malé Karpaty Mts., and the Hainburg Fault bordering 
as a fault line the Hundsheimer Hills on Austrian side (Mys l i l 1958). 

From the hydrogeological aspect aquiferous Quaternary sediments of the 
Danube flood-plain are interesting. They predominantly are accumulations 
of the Danube and only to a smaller degree of the Morava. The whole Devín 
gate is besides morphological features mainly characterized by the presence 
of pre-Quaternary formations-granites, Sarmatian and Panonian - in small 
depth under the Quaternary gravel terrace. So far múch attention has been 
paid to hydrogeological investigation of the Quaternary and of earlier forma-
tions, mainly from the aspect of their permeability and ground water regimen, 
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water, twice a year regularly. Once at the end of winter with ice shove and 
once at the beginning of summer, when snow melt sets in in the Alps, connected 
with efficient rainfall. 

The permeability of gravelous sands of the Danube on the ���������( �	���������� ���� 
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is in the depth from 2 to 6 m. The value of the filtration coeficient " k " is 
in the limit 1.6 — 3.7 . ÍO -4 m/sec. The strongly loamified gravels and sands 
pass to the south-east and south intopurer onesand their thickness increases. 

The water table of the ground water is in the depth of 0,0 m to 2,80 m 
under the surface with a gradient in southeastern direction. In the time of 
snow melt and precipitation the water was - and at places also is — in de pres-
sions and formed swamps, already drained now. 

I I . subarea forms the territory north of the Small Danube (north of the Bisku­
pice Fault) in the direction to Vajnory as far as Bernolákovo. The territory 
is formed by surficial loam, at places by sandy loam and clayey sand with 
various facies transitions to the depth of 0,5 — 3,0 m. Under them is a coherent 
layer of gravel and sand, 8—9 m thick. I ts thickness decreases towards the 
base of the Malé Karpaty Mts., increases to the south and south-east. 

The permeability of aquiferous gravel and sand confirmed by pumping 
tests has the value of filtration coefficient of 0,0005—0,005 m/sec. The water 
table of the ground water is in the depth of 1,0—4,0 m, mostly in gravel. 

In this territory the permeability of Neogene sand was also ascertained 
in Upper Panonian beds. Their value of the filtration coefficient moves from 
several dm to several m in a day. 

The first subarea is the territory of weakly permeable Quaternary deposits 
west of Chorvátsky Grob. The Quaternary is formed of loam with rolled gravel 
and sandy loam to the depth of 0,5 —1 m. The Quaternary sequence is without 
any aquiferous horizon and practically contains only soil humidity maintained 
by precipitated water. 

The underlying rock of the Quaternary sediments is formed of Xeogene 
(Upper Panonian ?) beds — calcareous clays and sands as well as transitions 
between them in the depth of 0,5 —2,5 m. The water table of the ground water 
is 0,8 —2,7 m under the surface already in the Xeogene. The Xeogene aqui­
ferous beds of this territory are in relation to other Xeogene beds also in wider 
surroundings of Bratislava the most permeable. Their value of the filtration 
coefficient reaches to 10 m/day. 

Precipitated water fallen down in this area soaks in rocks of the Subcar­
pathian territory and thus supplies the ground water of Xeogene beds. The 
ground water flows off through the Xeogene beds, infiltrates farther southerly 
and south-easterly and shares in the supply of water resource of Quaternary 
sediments lying southerly as well as of Xeogene sands underlying the Qua­
ternary of the described territory. 

The water of Xeogene beds is artesian water with positive negative level; 
according to the depth of aquiferous horizon and in the hydrogeological 
regional subdivision of Slovakia it is ranged in the artesian area of Bratislava 
( P o r u b s k ý 1964). 
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In the territory around Bratislava two main sources share in the supply of 
ground water resource. They are water from the Danube river bed and preci-
pitated water from the Malé Karpaty slopes. The Danube water starts to soak 
in gravelous-sandy deposits already in Bratislava and moves at the alt itude 
131 —133.5 m. The ground water from the base of the Malé Karpaty Mts. 
apparently has a higher water table at the altitude of 131 — 136,0 m, thus 
proving that the Danube water in Bratislava and close surroundings affects 
the ground water in eastern and south-eastern direction, whereby we can give 
the hydroisohyps with the point 131,00 m as orientation boundary of meeting 
of the Danube water with the Carpathian water. 

In the Petržalka hydrogeological unit the hydrogeological relations are 
different from those of the Subcarpathian unit. The right side of the Danube-
Petržalka is a continuation of the valley and plain part of the Danube territory 
of the Devín defilé. The territory is furrowed by old river beds and arms, 
covered by loam, loess-loam, sandy and muddy loam and the filling of old 
river arms. They are underlain by a layer of gravel and sand, which forms the 
so called Petržalka terrace (Mysl i l 1958), 12—18mthick.The underlying rock 
in the surroundings of Petržalka is formed of Upper Neogene clay (Panonian?), 
southerly of Upper Neogene sand (Pontian-Levantinian ?). In the direction along 
the Danube stream the thickness of the aquiferous Quaternary increases. 

The direction of the ground water stream is under the influenee on the water 
level of the Danube. The permeability of aquiferous gravel is 10~3 m/sec, 
of sand 10~4 m/sec. 

The Danube has after flowing out from the Devín defilé to the región of 
the Danube lowland - after passing over the Carpathian fault that borders 
in NE-SW direction the proper Neogene basin from the Malé Karpaty crystal-
line — its river bed high above the water table of ground water in Quaternary 
sediments of its accumulation " tub" ; accumulations of its "dejection eone" 
except older higher Bratislava terraces. This peculiarity of the position of the 
Danube river bed enables the supply of ground water resources by the river 
on either side by soaking in under every water level also the lowest. In this 
way the Danube flows on the "edge" of its roof to nearly as far as the profile 
of Baka and �������-�'�����#���� 
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division of the Danube territory, we mušt štart from the geological structure, 
water-bearing and ground water regimen. All these factors mentioned we 
consider as basic and particularly under the conditions of the Small Danube 
Lowland.?'as a Neogene basin with thick filling of aquiferous gravel and sand 
and abundant státie and dynamic ground water reserves mušt also become 
a criterion for the delimitation of an independent area. 

The ground water of all the Žitný ostrov Tsland is under the influence of 
the Danube direetly or indireetly by means of the Small Danube. The res'dts 
of various kinds of investigation show that the main river bed (and in the pást 
they were several) migrated throughout the Žitný ostrov Island a major part 
of the Small Danube Lowland- in Czechoslovak as well as Hungarian territory -
as we háve supposed till now. The importance of the river beds and arms of 
the Danube changed under the influence of the volume of water, formation 
of aggradation ramparts, aceumulation of alluvium, tectonic-seismic processes, 
climatic changes and many other known and unknown natural factors. Thus 
once also the river bed of the present Small Danube was the main Danube 
bed and the Danube also flowed more to the north and north-east than its 
present boundary. On the other hand it is an evidence that also the stream 
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sinking of the Komárno Basin and its filling up by gravel and sand in the 
succession as we see them now. 
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column and uneven surficial and vertical distribution of variously aquiferous 
sediments (granulometric difference). form 2 dynamic regimens — the surficial 
and the deep-seated. The surficial regimen shows all features and regularities 
of common ground water regimen. Quaternary alluvial deposits, as previously 
treated by D . D u b a . This regularity is however bound to zones and confined 
to the thiekness of aquiferous horizons. In the conditions of the �������>�6�$�(�/�( 
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equally in the whole territory. I t is mostly evident of course along the river 
bed, the riverain zóne, and then in almost all the upper part of the island. 
The ground water has there first a gradient towards the Small Danube and 
then gradually turns to the east and south-east. 

The ground water "flows" under the influence of gravitation and hydro-
dynamic regularities in permeable beds and stops on the tectonic line of the 
elevated Neogene block in before Kližská Nemá or in the partial depression 
behind it. There it includes the strongest kinetic energy, its effects catastro-
phically manifested in all floods as yet. 

A large amount of ground water flowing from the upper part of the island 
to the centre and farther to the east comes back to the Danube through the 
Small Danube and drainage channels by means of pumping stations. 

The influence of precipitation on the ground water also cannot be neglected; 
it mainly manifests in the inner part of the island. In the upper part of the 
island the influence of inflow of ground water from the Malé Karpaty Mts., 
is proved. On the other hand high water from the Váh on the eastern side 
can from time to time interrupt the runoff of the ground water from the island 
and also swell up the water of the Danube. The meeting of two large flood 
waters on the Danube and on the Váh can háve a catastrophic consequence, 
as we also saw in the flood in 1965. 

The ground water table is 8 m in the upper part of the �������B�9�&�*�1�* ��� �+�-� �.�.�$�*�)�� 
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(c) territory in the area Ostrova — L-hnice Dunajská Streda ���������
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The Danube and its tributaries deposited in the �������H�>�-�1�8�1 �'�(�2�4�(�5�5�,�1�0 �5�6�,�.�. 
�&�1�$�4�5�( �*�4�$�8�(�.�� �)�4�(�3�7�(�0�6�.�; �9�,�6�+ �.�$�4�*�(�4 �4�1�.�.�(�' �2�(�%�%�.�(�5�� � � �0 �6�+�( �6�(�4�4�,�6�1�4�; �1�) �� �1��
�/�=�4�0�1 �$�0�' �%�(�6�9�(�(�0 �6�9�1 �4�,�8�(�4�5�� �6�+�7�5 �$�5 �)�$�4 �$�5 ���.�,�G�5�-�= ���(�/�= �6�1 �6�+�( �0�1�4�6�+���(�$�5�6 
�$�0�' �(�$�5�6 �6�+�( � � �$�0�7�%�( �'�(�2�1�5�,�6�(�' �$�0�' �$�.�5�1 �'�(�2�1�5�,�6�5 �9�,�6�+ �,�6�5 �6�4�,�%�7�6�$�4�,�(�5 �)�,�0�(�4 
�*�4�$�8�(�. �$�0�' �5�$�0�'�� ���6 �6�+�( �%�1�7�0� ' �$�4�; �1�) �6�+�( �+�;�'�4�1�*�(�1�.�1�*�,�&�$�. �$�4�(�$�5 �1�) �6�+�( ���$�%�H�>��
�-�1�8�1���'�(�2�4�(�5�5�,�1�0 �$�0�' �1�) ���1�/�=�4�0�1���$�4�(�$ �%�(�6�9�(�(�0 �6�9�1 �4�,�8�(�4�5 �6�1 �6�+�( �(�$�5�6 �1�) ���$�%�H�>��
�-�1�8�1 �6�+�( �)�$�&�6 �1�) �&�+�$�0�*�( �1�) �6�+�( �'�(�2�1�5�,�6�(�' �$�3�7�,�)�(�4�1�7�5 �5�(�'�,�/�(�0�6�5 �,�5 �(�8�,�'�(�0�6 �$�5 
�6�1 �6�+�( �*�4�$�0�7�.�1�/�(�6�4�,�& �5�,�<�( �$�0�' �6�+�,�(�-�0�(�5�5 �1�) �%�(�'�5�� � �+�( �&�+�$�4�$�&�6�(�4 �$�0�' �&�$�7�5�( �1�) �6�+�( 
�1�&�(�7�4�4�(�0�&�( �1�) �6�+�( ���1�.�=�4�1�8�1�����(�'�5 �����(�8�$�0�6�,�0�,�$�0 �5�$�0�'�5�� �$�5 �)�$�4 �$�5 �6�+�( ���$�%�H�>�-�1�8�1��
�'�(�2�4�(�5�5�,�1�0 �$�4�(�$ �6�1 �6�+�( �9�(�5�6 �+�=�8�( �0�1�6 �%�(�(�0 �5�6�7�'�,�(�' �,�0 �'�(�6�$�,�. �$�0�' �5�1�.�8�(�' �7�0�(�3�7�,��
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The Neogene sands underlying the Quaternary or in Neogene beds show the 
value k = I.10 -* — 2.10"* m/sec. 

The ground water regimen is in direct hydraulic relation to the water in the 
river bed of the Danube and Váh with the Small Danube. The stream direction 
of the ground water changes under the influence of both rivers in NE to SE 
direction. The ground water table is 0,5 — 3 m under the surface. 
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of the terraee is supplied only by precipitated water. The territory of the 
terraee fits well for artificial infiltration. On the edge of the terraee there is 
a spring line of debris terraee springs of common water with the yield of 0,2 —51 
for one spring. 

The Holocene flood-plain is formed by a plain along the Danube, in low 
position, with many swamps. The thiekness is 5—12 m, the aquiferous bed 
is formed of gravelous sand and sand, 4—10 m thick. The filtration coefficient 
of aquiferous deposits is k = 1 — 8,3 . 10~4 m/sec. The ground water is in the 
depth of 1,5 m and deeper. I t is direetly dependent on the water-level of the 
Danube. The stream directions of the ground water are in the time of low 
and médium water-level of the Danube to the SE, with high water to the NE. 

(2) The Štúrovo area- confluence of the Hron and Danube is bordered by the 
Danube river bed in the south, by the Boží kopec Hill in the elevation 132 m 
above sea-level in the west, the older Danube terraee in the north and north-
east, passes into the flood-plain of the Hron and the western slopes of the 
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smallest geological, morphological and hydrogeological area of the whole 
Czechoslovak Danube section. The territory can be divimited by the con­
fluence of the ��� ���* �� � � �� �#���� � 
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Geologické práce, Zprávy 44 — 45. Bratislava 1968 

DUŠAN DUBA-EUGEN KULLMAN 

WATER BALANCE CALCULATIONS FOR TJIE KARST REGIÓN 
IN THE SMALL CARPATHIANS 

A b s t r a e t . Authors determine dependenc<:s of the regime of the runoff and of the 
regirne of producing ground water storagc by precipitation by simple water balance 
calculations in aquifers of carbonate rocks in the NW hill-side of the Small Carpathians. 

The basic factor is the infiltration of the precipitation and its changes in the time which 
generally influence the regime of ground water that means also the regime of the karstic 
ground water. I t is necessary to know this relation so that we could estimate the regime 
of the karstic water for the solution of theoretical problems but mainly for the solution 
of water development problems in connection with the utilizing of karstic water. 

We are offering the explanation of relations between precipitation a part of which 
shares in the producing of undergroud runoff and in the origin of storage of karstic water 
for the región of carbonate strata of the Krížna and Chod tectonic units in the Small 
Carpathians. 

The Small Carpathians are built of crystalline core and of Mesozoic cover. 
The crystalline core represents the centrál part of the mega-anticlinorium of 
the Small Carpathians. The Mesozoic cover lies on the crystalline core. This 
cover is found in three tectonic units: in the autochthonous cover unit and in 
the two shifted units — the Krížna and ���	�
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�+�%�!�*�) ���(�� �&�� �����)�!�� �!�$�'�&�(�*���%���� ���(�&�$ �*� �� � '�&�!�%�* �&�� �,�!���- �&�� �*� �� �)�&�#�,���� �'�(�&���#�1�$ ���%�� 
� �0�,�� �*� �� ���&�#�#�&�-�!�%�� �����&�#�3���!�� ���+�!�#���!�%���
 

��� �� ���(�2�8�%�� �+�%�!�* ���(�����*���) �*� �� �����)�&�/�&�!�� �/�3�%�� �����*�-�����% �� � � � � � 	 � � � ; �� � � �%�� ���&�7�&�%���� 
���	�����
 �"�$ � 	���� �-� �!���  �!�) �#�!�$�!�*���� �&�% �*� �� �� �� ���. �*� �� �.�&�+�%�����( �$���$�����(�) �&�� �*� �� ���&�,���( 
�+�%�!�* �-� �!���  ���(�� �%�&�* �!�%�*���(���)�*�!�%�� ���(�&�$ �*� �� � �.���(�&�����&�#�&���!�����# �'�&�!�%�* �&�� �,�!���- ���%�� �&�% 
�*� �� �� ���� �)�!���� � � �. �*� �� �$���#���'� �!�( �)���(�!�� �&�� �*� �� ��� �&�9 �+�%�!�*�� ��� �� �) �* �( � � �* �� �&�� �*� �� �����*�+���# 
�+�%�!�* ���(�� �#���!�� �$�&�%�&���#�!�%���#�&�+�)�#�. �-�!�*�  �*� �� �����%���(�0�# �)�#�&�'�� �*�& �*� �� ������ � � �  � � �. � �0�,�� 
�������% ���+�!�#�* ���. �)�����!�$���%�*�) �)�!�%���� ���&�-���( ���(�!���) �*�& �����%�&�$���% � � � � � � � 	 � � �: �����
�	���� 

��� �� ��� �&�9 �+�%�!�* �&�����+�(�) �!�% �*� �� �-���)�*���(�% � ' � � �( �* �&�� �*� �� �$�&�+�%�*���!�%�)�� ��� �� �!�%�,���)�*�!�����*���� 
� ' � � �( �* �&�� �*� �!�) �+�%�!�* ���
�����
 �"�$ � 	�� �)�*�(���*��� �!�%�� �!�% �*� �� ���������� ���!�(�����*�!�&�% � ���) ���) �� �-� �&�#�� 
�� �,���(�. �)�!�$�'�#�� ���+�!�#���!�%�� �-�!�*�  �*� �� �)�#�&�'�� �&�� �) �*�(� � �*�� �*�& �*� �� �������� ���%�� �*�& �*� �� � � � � �� 
��� �� �#�&�-���( � ' � � � ( �* �&�� �*� �!�) �) �*�( � � �* �� � �.���(�&�����&�#�&���!�����#�#�. �+�%�����,�&�+�(�����#�� �!�) ���+�!�#�* ���. �� �$����
�#���'� �!�( �)���(�!���� �*� �� �+�'� '���( � ' � � � ( �* �&�� � * �  � � �* �)�*�(�� �*�� �!�) ���+�!�#�* ���. ���!�����#�� � � �%�� ���'�'���( ���(�!���)�)�!�� 

�	���� 



limestones and dolomites ( B u d a y — C a m b e l � � � 	 � � � � � 
 �� ������������ �
���
 �������7 
�+�%�!�* �!�) �)��� ' � ��(���*���� ���(�&�$ �*� �� � � �*�*�� � � �  � � �� ���1� �&�(�)�"�1 �%�2�6�!�%�� �����1� �&�(�)�"�1 �'�#���!�%�� �� �/ �*� �� 
���&�(�����(���# ���$���#�# ��� � �(� ' � � �*� �!� � �%�)�� ���(�����" �#�!�%���� ��� �� �����)�&�0�&�!�� �) �*�(� � �*�� �����#�# �������'�#�/ ���#�&�%�� 
�* �  �� ���(�����" �#�!�%�� �!�% �* �  � � �* �'�#���!�%�� ��� �� �����)�&�0�&�!�� �)�����!�$���%�*�) �&�� �*� �� �$���%�*�!�&�%���� ��� �&�7 
�+�%�!�* ���#�&�%�� �* �  �� ���(�����" �#�!�%�� ���&�%�*�����* �*� �� �����(�*�!���(�/ � � �%�� �� �+���*�� �(�%���(�/ �) �*�(� � �*�� �-� �!���  
���!�#�# �+�' �*� �� ���1� �&�(�)�"�1 �'�#���!�%�� 

��� �� �����*���!�#���� � �/���(�&�����&�#�&���!�����# ��� ���(�����*���(�!�0���*�!�&�% �!�% ���&�*�  �+�%�!�*�) �)� �&�-�) � � � � �+ ������
� $ � � �% �������
�� ���������� ������������ �*� �� ���!�����#�� ���%�� ��� ' � ' � � �( ���(�!���)�)�!�� �#�!�$���)�*�&�%���) �� �%�� ���&�#�&��
�$�!�*���) �-� �!���  ���(�� �'���(�$�������#�� �*� �(�&�+���  ���#�����*�) �� �%�� �"���(�)�*�!�� � �&�#�� ���) �) �*�( � � �* �� �-� �!���  
� '�(�&���+���� �*� �� � �!��� ���)�* �/�!���#���)�� ��� �� �����&�,�� �$���%�*�!�&�%���� �+�%�!�*�) ���(�����*�� �*�-�& �!�%�����'���%��
� � � � �%�* � �/���(�&���#�&���!�����# �-� �&�#���) �����!���� ���� �-�!�*�  �!�%�����'���%�����%�* �(�����!�$���) �&�� ���(�&�+�%�� �-���*���(�� 
��� �!�) � ' ��� ' ���( ���%���#�/�)���) �*� �� �(�����!�$�� �&�� �*� ���!�( �"���(�)�* �-���*���( �!�% �(���#���*�!�&�% �*�& �(���!�%�����#�#�� 

��� �� �(�+�%�&���� �&�� �"���(�)�* �-���*���( ���(�&�$ �*� �� �)� �&�-�% �!�%���!�,�!���+���# � �/���(�&�#�&���!�����# �+�%�!�*�) �!�) 
�$�����)�+�(���� �!�% �)�'�(�!�%���)�� ��� ���!�( ���!�)��� ���(���� ���(�&�$ �*� �� ���(�2�6������ � � � � � � �� ���� ���
���
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� � � ! � � �� ���� ��� �� �)��� ���$���*�!�� �$���' �&�� �!�%�,���)�*�!�����*���� �����(���&�%���*�� ���&�$�'�#���.���) �!�% �*� �� ���$���#�# �����(��
� ' � � �*� �!� � �%�)�� ������ �&�� �*� �� ��� �&�7 �+�%�!�*�� �&�� �*� �� ���(�2�6�%�� �+�%�!�* 
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in 18 remarkable springs (measured by the Hydrometeorological Inšti túte 
in Bratislava) and from the �������C �3�, �( �2 �(�, �
�� �1�.�0�(�,�&�1�� ���'�$ �0�$�1�3�*�2�1 �-�% �2�'�$�1�$ �1�7�1�2�$�+��
� �2�(�" �+�$� �1�3�0�$�+�$�,�2�1 �-�% �7�(�$�*�#�1 � �1 �  �2�- �2� �* �-�% � �*�* �1�.�0�(�,�&�1 �1�$�.� �0� �2�*�*�7 �%�-�0 �$�4�$�0�7 �5� �2�$�0��
�!�$� �0�(�,�& �"�-�+�.�*�$�6 � �,�# �%�-�0 �2� ' �$ �.�$�0�(�;�# �	���
���>�	������ � �0�$ �1�'�-�5�, �(�, ���(�&�� �
 � � � � � 3 � * � * ��
� + �  �, �	�����
���� 

� � �, ���(�&�� �
 �2� ' �$ �0�$�&�3�*� �0�(�2�7 �-�% �-�"�"�3�0�0�$�,�"�$ �-�% �2�5�- �+� �(�, � �,�,�3� �* �$�6�2�0�$�+�$�1 �-�% �7�(�$�*�# 
�(�1 �$�4�(�#�$�,�2�� ���'�$ �+�(�,�(�+�3�+ �-�% �7�(�$�*�# �(�1 �-�!�1�$�0�4�$�# �(�, ���-�4�$�+�!�$�0 �>���$�"�$�+�!�$�0 � �,�# 
�2�'�$ �+� �6�(�+�3�+ �(�, ��� �0�"�'�>���.�0�(�*�� ���$�2�5�$�$�, �2� ' �$�+ �5�$ �"� �, �1�$�$ �2�'�$ �0�$�&�3�*� �0 �#�$�"�0�$� �1�$ 
�-�% �7�(�$�*�# �%�0�-�+ �1�.�0�(�,�& �2�- �2�'�$ �$�,�# �-�% � �3�2�3�+�, � �,�# �2�'�$ �(�,�"�0�$� �1�$ �-�% �7�(�$�*�# �%�0�-�+ �  �3�2�3�+�, 
�2�- �1�.�0�(�,�&�� ��� '�$ �(�,�"�0�$� �1�$ �-�% �7�(�$�*�# �-�% �1�.�0�(�,�&�1 �#�3�0�(�,�& �2� ' �$ �5�(�,�2�$�0 �.�$�0�(�;�# �(�1 �"� �3�1�$�# 
�!�7 �2� ' �$ �1�$�$�.� �&�$ �-�% �0� �(�,�%� �*�*�� � � � ' �$ �1�3�+ �-�% �0� �(�,�%� �*�* �(�, �2�'�(�1 �.�$�0�(�;�# �(�1 �'�(�&�'�$�0 �2� ' �  �, 
�2�'�$ �1�3�+ �-�% �2�-�2� �* �$�4� �.�-�0� �2�(�-�,�� ��� ' �$ �&�0� �#�3� �* �#�$�"�0�$� �1�$ �-�% �7�(�$�*�# �(�, �2�'�$ �1�3�+�+�$�0 
�'� �*�%���7�$� �0 �(�1 �"� �3�1�$�# �!�7 �2� ' �$ �#�(�1�"�'� �0�&�$ �-�% �&�0�-�3�,�# �5� �2�$�0 �1�2�-�0� �&�$ � � � � � 3 � ! �  �	���������� 
���'�$ �7�(�$�*�# �(�, �2�'�(�1 �.�$�0�(�;�# �(�1 �(�,�"�0�$� �1�$�# �-�,�*�7 �1�.�-�0� �#�(�"� �*�*�7 �!�7 �1�$�$�.� �&�$ �-�% �0� �(�,�%� �*�*�� 
�!�$�"� �3�1�$ �2�'�$ �.�0�$�4� �*�$�,�2 � . �  �0�2 �-�% �0� �(�,�%� �*�* �(�1 �"�-�,�1�3�+�$�# �!�7 �2�-�2� �* �$�4� �.�-�0� �2�(�-�,�� ��� ' �$ 
�(�,�"�0�$� �1�$ �-�% �2� ' �$ �7�(�$�*�# �-�% �2� ' �$ �1�.�0�(�,�&�1 �5�-�3�*�# � �,�1�5�$�0 �2�'�$ �.�$�0�(�;�# �-�% �+� �6�(�+�3�+ 
�0� �(�,�%� �*�*�� �(�� �$�� � � �< �* �7 � � , �# ���3�&�3�1�2�� ���% �2�'�$�1�$ �+� �6�(�+�3�+ �0� �(�,�%� �*�*�1 �-�"�"�3�0�� �2� ' �$�7 � �*�1�- 
�"�-�,�2�$�+�.�-�0� �,�$�-�3�1�*�7 �+�$� �, �  �, � �, �, �3� �* �+� �6�(�+�3�+ �-�% �7�(�$�*�# �-�,�*�7 �(�, �2�'�$ �C� �1�$ �-�% 
�$�6�2�0� �-�0�#�(�,� �0�7 �'�(�&�' �1�3�+ �-�% �0� �(�,�%� �*�* �5�'�(�"�' �+�3�A�2 �!�$ �$�1�1�$�,�2�(� �*�*�7 �'�(�&�'�$�0 �2� ' �  �, �2� ' �$ 
�2�-�2� �* �$�4� �.�-�0� �2�(�-�,�� �@�3�"�' �  �1�3�+ �-�% �0� �(�,�%� �*�* �'� �1 �!�$�$�, �+�$� �1�3�0�$�# �(�, � � �<�* �7 �	���
���� 
� �*�1�- �(�, �	���
�� � �,�# �+� �(�,�*�7 �(�, �2� ' �$ �7�$� �0 �	�������� ���2�'�$�0�5�(�1�$ �2� ' �$ � �!�-�4�$ �+�$�,�2�(�-�,�$�# 
�1�.�0�(�,�& �2�(�+�$ �+� �6�(�+�3�+ �-�% �7�(�$�*�# �.�0�$�4� �(�*�1�� ���'�$�1�$ �"�-�,�1�(�#�$�0� �2�(�-�,�1 � �0�$ � �*�1�- �.�0�-�4�$�# 
�"�-�+�.� �0�(�1�-�, �5�(�2�' �2� ' �$ �)� �0�1�2 �0�$�&�(�;�, �-�% ���2�0�9�B�-�4�1�)�9 � '�-�0�,� �2�(�,�  ���'�(�&�'�*� �,�#�1���� �5�'�$�0�$ 
�2�'�$ �1�3�+�+�$�0 �2�(�+�$ �0� �(�,�%� �*�* �+� �6�( �+�3�+�1 �2� �) �: � . �  �0�2 �(�, �2�'�$ �&�0�-�3�,�# �5� �2�$�0 �1�2�-�0� �&�$ 
�0�$�"�'� �0�&�$ �+�-�0�$ �$�6�.�0�$�1�1�(�4�$�*�7 �2� ' �  �, �(�, �2�'�$ � �!�-�4�$ �#�$�"�1�0�(�!�$�# �C� �1�$�� �(�, �"�-�,�1�$�/�3�$�,�"�$ 
�-�% �1�+� �*�*�$�0 �$�4� �.�-�0� �2�(�-�, � � � � � 3 � * � * � + �  �, �	�����
�!���� 

��� ' �$ �"�-�0�0�$�"�2�,�$�1�1 �-�% �2� ' �$ �"�-�,�"�*�3�1�(�-�, �  � ! �- �3�2 �2�'�$ �.�0�$�4� �(�*�(�,�& �-�% �&�0�-�3�,�# �5� �2�$�0 �0�$��
�"�'� �0�&�$ �!�7 �1�$�$�.� �&�$ �(�% �.�0�$�"�(�.�(�2� �2�(�-�, �(�, �2�'�$ �5�(�,�2�$�0 �'� �*�%���7�$� �0�� �"� �, �!�$ �1�$�$�, �(�, ���(�&�� ���� 
� � �2 �(�*�*�3�1�2�0� �2�$�1 �2�'�$ �0�$�*� �2�(�-�, �!�$�2�5�$�$�, �2� ' �$ �'� �*�%���7�$� �0 �1�3�+ �-�% �0� �(�,�%� �*�* �%�0�-�+ ���-�4�$�+�!�$�0 
�2�(�*�* ���.�0�(�* ������ � �,�# �2� ' �$ �1�3�+ �-�% �#�(�1�"�'� �0�&�$ �-�% �&�0�-�3�,�# �5� �2�$�0 �5�'�(�"�' �(�1 �+�$� �1�3�0�$�# �(�, 
�1�.�0�(�,�&�1 �������� �%�-�0 �2�'�$ �1� �+�: �.�$�0�(�;�# � �,�# �5�'�(�"�' �(�1 �$�6�.�0�$�1�1�$�# �(�, �+�+ ����� �!�� �	���� 

���2�0� �(�&�'�2 �*�(�,�$ �0�$�*� �2�(�-�,�1�'�(�.�1 �(�, � � �(�&�� �� �"�-�+�.�*�7 �2�'�$ �!�$�1�2 �5�(�2�' �7�$� �0�1 �	���
���� �	�������� 
�	�����	�� �	�����
 �  � , �# �	�����
�� ��� '�$ �7�$� �0�1 �	���
���� �	���
�� � �,�# �	������ � �0�$ �.�*� �"�$�# �2�- �2�'�$ �0�(�&�'�2 
�-�% �2�'�$�1�$ �*�(�,�$�1�� �(�2 �+�$� �,�1�� �2 � ' �  �2 �2�'�$ �1�3�+ �-�% �0� �(�,�%� �*�* �-�% �#�$�%�(�,�(�2�$ �'�(�&�'�,�$�1�1 �"� �3�1�$�1 
�  �'�(�&�'�$�0 �0�3�,�-�%�% �-�% �&�0�-�3�,�# �5� �2�$�0 �%�0�-�+ �1�.�0�(�,�&�1 �(�, �2�'�$�1�$ �7�$� �0�1 �2� ' �  �, �5�-�3�*�# �%�-�*�*�-�5 
�%�0�-�+ �2�'�$ �*�(�,�$ �-�% �0�$�*� �2�(�-�,�1�'�(�.�� ���1 �1�$�$�, �(�, ���(�&�� �
 � �,�# � � �  � ! �� �
 �(�2 �(�1 �  �0�$�1�3�*�2 �-�% 
�-�"�"�3�0�0�$�,�"�$ �-�% �'�(�&�' �1�3�+�1 �-�% �0� �(�,�%� �*�* �(�, �2�'�$ �1�3�+�+�$�0 �'� �*�%���7�$� �0�1 �5�'�(�"�' �.�0�$�"�$�#�$�# 
�2�'�$ � �!�-�4�$���+�$�,�2�(�-�,�$�# �7�$� �0�1�� �(�� �$�� �(�, �2� ' �$ �.�$�0�(�;�# �%�0�-�+ ��� �7 �2�(�*�* ���"�2�-�!�$�0 �	���
���� 
�	���
�� � �,�# �	�����
 �������	 �+�+�� ���
�� �+�+�� �
�
�� �+�+ �(�, ���-�*�-�A�,�(�"� �� � �,�# �5�'�(�"�' �'� �# �"�-�,�#�(��
�2�(�-�,�$�# �(�, �"�-�+�.� �0�(�1�-�, �5�(�2�' �-�2�'�$�0 �7�$� �0�1�� �2� ' �$ �'�(�&�'�$�1�2 �+�(�,�(�+�3�+ �-�% �&�0�-�3�,�# �5� �2�$�0 
�1�2�-�0� �&�$ �(�, �2� ' �$ �!�$�&�(�,�,�(�,�& �-�% ���-�4�$�+�!�$�0�� ���%�2�$�0�5� �0�#�1 � �*�1�- �2�'�$ �0�$�*� �2�(�4�$�*�7 �1�+� �*�* 
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Tab. 1. 
The sum of rainfall o! the winter half —year and the lotal discharge of springs Írom 

carbonate complexes in thc Small Carpathians 

Year 

1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 

Kalnfall 
November — Apríl, in mm 
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�3�5�.�3 �0�' �2�"�*�/�'�"�-�- �*�/ �4�)�& �'�0�-�-�0�7�*�/�( �7�*�/�4�&�2 �)�"�-�'���9�&�"�2�3�� �7�)�*�$�) �7�&�2�& �"�%�%�&�% �4�0 �4�)�& 
�)�*�(�)�&�2 �9�*�&�-�% �0�' �(�2�0�5�/�% �7�"�4�&�2 �&�0�.�*�/�( �'�2�0�. �4�)�& �3�4�0�2�"�(�& �0�' �4�) �& �3�5�.�.�&�2 �)�"�-�'��
�9�&�"�2�� �(�"�6�& �)�*�(�)�&�2 �2�5�/�0�'�� �0�' �(�2�0�5�/�% �7�"�4�&�2 � � � � � 5 � # �" �	���������� 

� �& �0�#�3�&�2�6�& �4�)�& �0�1�1�0�3�*�4�& �"�1�1�&�"�2�&�/�$�& �*�/ �4�) �& �9�&�"�2�3 �	�����
�� �	������ �"�/�% �	������ 
�����*�(�� ������ ���)�& �2�&�-�"�4�*�6�&�-�9 �)�*�(�) �1�2�&�$�*�1�*�4�"�4�*�0�/ �0�' �7�*�/�4�&�2 �)�"�-�'���9�&�"�2�3 �*�/ �	�����
 �"�/�% 
�	������ �$�"�5�3�&�3�� �*�/ �2�&�-�"�4�*�0�/ �4�0 �0�4�)�&�2 �9�&�"�2�3�� �0�/�-�9 �3�.�"�-�- �9�*�&�-�%�3 �0�' �(�2�0�5�/�% �7�"�4�&�2 
�%�*�3�$�)�"�2�(�&�� � � �4 �*�3 �$�"�5�3�&�% �����*�(�� �
�� � � � " �#�� �
�� �#�9 �3�.�"�-�- �2�"�*�/�'�"�-�- �*�/ �4�) �& �1�2�&�$�&�%�&�/�< �3�5�.��
�.�&�2 �)�"�-�'���9�&�"�2�3 �	�����	 �������
 �.�.���� �	�����
 ���
���
 �.�.�� � " � / �% �	������ �������� �.�.���� �7�)�*�$�) 
�.�0�3�4�-�9 �&�6�"�1�0�2�"�4�&�3 �"�/�% �#�5�*�-�%�3 �4�)�& �3�5�2�'�"�$�& �2�5�/�0�'�'�� �7�)�*�$�) �2�&�<�<�&�$�4�3 �*�/ �4�)�& �-�0�7�&�3�4 
�.�*�/�*�.�5�. �6�"�-�5�& �0�' �9�*�&�-�% �*�/ �4�)�& �#�&�(�*�/�/�*�/�( �0�' ���0�6�&�.�#�&�2 �%�5�2�*�/�( �4�)�& �*�/�6�&�3�4�*�(�"�4�&�% 
�1�&�2�*�=�%�� ���'�4�&�2�7�"�2�%�3 �"�-�3�0 �4�)�& �'�0�-�-�0�7�*�/�( �)�*�(�) �1�2�&�$�*�1�*�4�"�4�*�0�/ �*�/ �4�)�& �7�*�/�4�&�2 �)�"�-�'��
�9�&�"�2 �F�*�2�3�4�-�9 �)�"�3 �3�5�1�1�-�*�&�% �4�)�& �(�2�0�5�/�% �7�"�4�&�2 �3�4�0�2�"�(�& �"� / �% �3�&�$�0�/�%�-�9 �4�0�0�, �1 �" �2 �4 �*�/ 
�4�)�& �#�5�*�-�%�*�/�( �0�' �(�2�0�5�/�% �7�"�4�&�2 �%�*�3�$�)�"�2�(�& �'�2�0�. �4�)�& �3�1�2�*�/�(�3�� 

� � � " �# �� �
�� 
���)�& �3�5�. �0�' �2�"�*�/�'�"�-�- �0�' �4�)�& �3�5�.�.�&�2 �)�"�-�' �9�&�"�2 �"�/�% �4�)�& �4�0�4�"�- �%�*�3�$�)�"�/�2�& �0�' �3�1�2�*�/�*�2�3 �'�2�0�. 

�$�"�2�#�0�/�"�4�& �$�0�.�1�-�&�8�&�3 �*�/ �4�)�& ���.�"�-�- ���"�2�1�"�4�)�*�"�/�3 
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� � �0�4�" �- �%�*�3�$�)�"�2�(�& �0�' ���1�2�*�/�(�7 
� � �" �9�?� � �$�4�0�#�&�2�� �*�/ �.�. 
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2 mm 

400 
c O 

300 

200-

+63 

x63 

\x6 
4 65 

62Á 
Z65 

+ 60 

x60 
65 

159 

+6Jf 

+66 

x66 

+58 
x 58 

\c6f 
�����C���� 

������ 

�� � � �� 
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���� ������ ���� ���� 
� � � ; � & �� � � �� ���$�.�$�,�#�$�,�"�$ �-�% �2�'�$ �2�-�2� �* �#�(���"�'� �0�&�$ �-�% �1�.�0�(�,�&�� �%�0�-�+ �"� �0�!�-�,� �2�$ �"�-�+�.�*�$�6�$�1 �-�% �2�'�$ 
���'�-�C ���	�� � �,�# ���0�;�B�,� �, ���
�� �3�,�(�2�1 �(�, ���+� �*�* ��� �0�.� �2�'�(� �,�1 �%�0�-�+ ���-�4�$�+�!�$�0 �2�(�*�* ���.�0�(�* �����4�� �-�, 
�2�'�$ �1�3�+ �-�% �0� �(�,�%� �*�* ������ �%�-�0 �2�'�$ �1� �+�: �.�$�0�(�<�# ���	���
���? �	�������� 

���-�0�$ �3�,�%� �4�-�3�0� �!�*�$ �"�-�,�#�(�2�(�-�,�1 � ' �9�4�$ �-�"�"�3�0�0�$�# �(�, �"�-�+�.� �0�(�1�-�, �5�(�2�' �2� ' �$ �7�$� �0 
�	�����
 � �,�# �	������ �(�, �2� ' �$ �5�(�,�2�$�0 �'� �*�%���7�$� �0 �	�������� � � �, �2 � ' �  �2 �7�$� �0 �2�5�- �3�,�%� �4�-�3�0� �!�*�$ 
�%� �"�2�-�0�1 �'�9�4�$ �$�%�%�$�"�2�$�#�� �,� �+�$�*�7 �2� ' �$ �4�$�0�7 �1�+� �*�* �1�2�-�0� �&�$ �-�% �)�  �0�1�2 �5� �2�$�0 �%�0�-�+ �2�'�$ 
�1�3�+�+�$�0 �'� �*�%���7�$� �0 �	������ ���(�, �"�-�,�1�$�/�3�$�,�"�$ �-�% �*�-�5 �0� �(�,�%� �*�* �(�, �2�'�(�1 �'� �*�%���7�$� �0 �? 
������ �+�+�� � �,�# �2� ' �$ �*�-�5 �0� �(�,�%� �*�* �1�3�+�1 �(�, �2� ' �$ �5�(�,�2�$�0 �'� �*�%���7�$� �0 �	������ ���	���� �+�+���� 
���'�$ �.�0�$�4� �*�$�,�2 � . �  �0�2 �-�% �1�$�$�.� �&�$ �5� �2�$�0 �%�0�-�+ �2�'�(�1 �0� �(�,�%� �*�* � '� �1 �0�$�"�'� �0�&�$�# �2�'�$ �1�2�-�0� �&�$ 
�-�% �&�0�-�3�,�# �5� �2�$�0�� ���'�$�0�$�%�-�0�$ �2� ' �$ �*�-�5�$�1�2 �#�(�1�"�'� �0�&�$ �-�% �)�  �0�1�2 �5� �2�$�0 �'� �1 �!�$�$�, �$�6��
�.�0�$�1�1�$�# �(�, �2 � ' �  �2 �7�$� �0 �#�3�0�(�,�& �2�'�$ �(�,�4�$�1�2�(�&� �2�$�# �.�$�0�(�<�#�� 

� � �2 �(�1 �.�-�1�1�(�!�*�$ �2�- �5�-�0�) �-�3�2 �  �+�-�0�$ �$�6� �"�2 �$�6�.�0�$�1�1�(�-�, �-�% �2�'�$�1�$ �-�0�(�$�,�2� �2�$ �0�$�*� �2�(�-�,�1 
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with the help of simple balance equation, which we arrange for the solved 
�G�$�5�( �,�0 �6�+�( �)�1�.�.�1�9�,�0�* �9�$�; �����7�%�$ �	���
���� �	�����	�� �	���������� 

�" �� �� �� � � � 2 �4 �� ���2 �� �  � A � � � � �� ���	�� 

�9�+�(�4�( �� �,�5 �6�+�( �4�$�,�0�)�$�.�.�� �� �� �6�+�( �6�1�6�$�. �(�8�$�2�1�4�$�6�,�1�0�� ���� �� �6�+�( �&�+�$�0�*�(�5 �1�) �*�4�1�7�0�' 
�9�$�6�(�4 �5�6�1�4�$�*�(�� 

�� �B �6�+�( �4�7�0�1�)�) �,�0 �6�+�( �9�$�6�(�4 �&�1�7�4�5�(�5�� �9�+�,�&�+ �9�,�.�. �+�=�8�( �6�9�1 �&�1�/�2�1�0�(�0�6 �2�$�4�6�5 
�0�$�/�(�.�; �6�+�( �6�1�6�$�. �;�,�(�.�' �1�) �5�2�4�,�0�*�5 �����8�� �$�5 �5�1�7�4�&�(�5 �1�) �,�0�'�,�8�>�'�7�$�# �%�4�1�1�-�5 �$�0�' �6�+�( 
�5�7�4�)�$�&�( �4�7�0�1�)�) �����'�� �9�+�,�&�+ �%�7�,�.�'�5 �$�0 �,�0�)�.�1�9 �$�.�1�0�* �6�+�(�/ ���6�+�( �,�0�)�.�1�9 �,�0 �5�7�4�)�$�&�( 
�9�$�6�(�4 �&�1�7�4�5�(�5 �9�,�.�. �%�( �<�(�4�1 �,�0 �&�1�0�'�,�6�,�1�0�5 �1�) �6�+�( �2�(�$�- �%�$�5�,�0���� 

� � � � �4 �B �6�+�( �7�0�'�(�4�*�4�1�7�0�' �4�7�0�1�)�) �,�0�6�1 �%�4�1�1�-�5�� �9�+�,�&�+ �4�(�2�4�(�5�(�0�6�5 �6�+�( �,�0�&�4�(�$�5�( 
�1�) �)�.�1�9 �4�$�6�( �$�.�1�0�* �6�+�( �%�4�1�1�-�� �,�0 �&�1�0�5�(�3�7�(�0�&�( �1�) �,�0�)�.�1�9 �1�4 �'�4�$�,�0�$�*�( �1�) �*�4�1�7�0�' 
�9�$�6�(�4�� 

� � �2 �B �6�+�( �7�0�'�(�4�*�4�1�7�0�' �4�7�0�1�)�) �$�.�1�0�* �6�+�( �2�(�4�,�/�(�6�(�4 �1�) �6�+�( �2�$�4�6�,�$�. �%�$�5�,�0 �1�4 
�,�0 �1�6�+�(�4 �9�1�4�'�5�� �6�+�( �+�,�'�'�(�0 �1�7�6�)�.�1�9 �1�) �*�4�1�7�0�' �9�$�6�(�4 �,�0�6�1 �6�+�( �0�(�,�*�+�%�1�7�4�,�0�* 
�2�$�4�6�,�$�. �%�$�5�,�0 �1�4 �1�6�+�(�4 �+�;�'�4�1�*�(�1�.�1�*�,�&�$�. �7�0�,�6�5 ���9�( �(�.�,�/�,�0�$�6�( �6�+�( �7�0�'�(�4�*�4�1�7�0�' 
�,�0�)�.�1�9 �,�0�6�1 �%�$�5�,�0 �,�0 �&�1�0�5�(�3�7�(�0�&�( �1�) �,�6�5 �2�(�$�- �2�1�5�,�6�,�1�0 �0�(�$�4 �6�+�( �9�$�6�(�4�5�+�(�' �.�,�0�(���� 

�!�( �&�$�0 �'�(�6�(�4�/�,�0�( �6�+�( �� �$�0�' � � � 2 �4 �%�; �'�,�4�(�&�6 �/�(�$�5�7�4�(�/�(�0�6�5�� �9�+�(�4�( �6�+�( �� �8 

�$�0�' ���2�4 �4�(�2�4�(�5�(�0�6 �6 �+ �$ �6 �2 �$�4�6 �1�) �7�0�'�(�4�*�4�1�7�0�' �4�7�0�1�)�)�� �9�+�,�&�+ �/�1�5�6�.�; �,�0�6�(�4�(�5�6�5 �7�5 
�)�4�1�/ �6�+�( �2�1�,�0�6 �1�) �8�,�(�9 �1�) �7�6�,�.�,�<�,�0�* �6�+�( �*�4�1�7�0�' �9�$�6�(�4�� 

�!�( �+�=�8�( �7�5�(�' �)�1�4 �6�+�( �0�7�/�(�4�,�&�$�. �&�1�/�2�1�5�,�6�,�1�0 �1�) �$�8�(�4�$�*�( �9�$�6�(�4 �%�$�.�$�0�&�( �6�+�( 
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(Z - V) - (Od +• Opr) - Ov = Op ± Rp . ( 2 ) 

Results of these calculations are summed up in Tab. 3. From them it is 
obvious that the total runoff (is meant specifically) is nearly equal, also for 
the individual seasons. The difference will be in the participation of rainfall 
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to 164 l/s, which is in agreement with the above given number, because our 
balance calculations do not consider the whole area of carbonate rocks of 
Small Carpathians. which can také part in the forming of the mentioned 
underground runoff (the part of carbonate rocks attaching the Záhorská plain 
between Sološnica and Plavecký Mikuláš). The Záhorská plain forms as if 
a sub-surface compensatory reservoir, what is evident from a nearly vertical 
course of straight line relationship in Fig. 3. 

The submitted balance calculations háve proved the high compensatory 
effect of the investigated carbonate rocks by its sub-surface accumulations, 
which condition the considerable leveled average underground runoff. 
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ONDREJ F R A N K O - E U G E N KULLMAN 

THE RELATIONSHIP BETWEEN THE RAINFALL AND THE REGIME 
OF COLD AND THER.MAL KARST WATERS OF THE WEST CARPATHIANS 

Introduction 

The West Carpathians, in particular their centrál belt extending across the 
territory of Slovakia, are formed to a great extent of Mesozoic carbonate 
(limestone-dolomite) sedimente. On the surface they cover approximately 
3,280 km2 ( K u l l m a n 1964). An additional part of carbonates of considerable 
extent is covered by Late Tertiary and Quaternary deposits and volcanic 
complexes in the lowlands. Considerable quantities of karst water circulate 
in the carbonate complexes occurring at the surface. They are estimated 
roughly at 26 to 33 m3/sec. ( K u l l m a n 1964). The Mesozoic of the West Car­
pathians consists of a row of parallel anticlinoria and synclinoria which 
originated during Cretaceous folding (Mahe I 1965). The anticlinoria and 
synclinoria which follow roughly the direction of the Carpathian are (SW— 
NE, W—E, NW—8E) are composed of several partial synclines and anticlines. 
The post-Palaeogene structural forms (morphotectonic units) — megaanti-
clines (mountains), and magasynclines (depressions and lowlands) are super-
imposed on the Cretaceous structural forms, diverging with them in direction. 
I t is especially the synclinoria which are important from the hydrogeological 
point of view, because particularly in them oceur the carbonate complexes. 
The partial synclines are of great importance for the circulation of karst waters 
(Mahe I 1966). The carbonate complexes occurring on the slopes of the "Core 
mountains" plunge under the adjoining depressions and lowlands frequently 
forming tectonic grabens. 

Par t of the karst waters confined to the carbonates of tectonic blocks which 
do not reach greater depth lacks the possibility of deep circulation. The karst 
waters producing in the rock complexes subsurface water flows mostly issue 
in contact springs on the contact with impermeable substratum. That part of 

19* 291 



karst waters which is confined to carbonate complexes reaching greater depth, 
participates in the deep circulation. Par t of the water appears at the surface 
mainly as barrier springs, mostly in places affected by young tectonics ( K u l l ­
m a n 1964). The remaining portion of water is involved in deep circulation 
and contributes to the replenishment of thermal water storage. On the basis 
of available dáta, about 700 lit./sec. of thermal waters tied up with carbonate 
complexes háve been documented ( F r a n k o 1964, 1965). 

The thermal waters constitute a sort of thermosiphon the descending branch 
of which is formed by plunging folds and the ascending one generally by young 
longitudinal and transversal faults. Chemically the thermal water is of a uniform 
calcium-sulphate-magnesium-hydrocarbonate type with several modifications 
( H y n i e 1963; F r a n k o 1964). 

Approach to the problém 

One of the problems implied in the research of thermal waters of the West 
Carpathian Mountains is the determination of the retardation of changes in 
thermal water discharge behind the changes in precipitation amount in the 
catchment areas ( F r a n k o 1964). This paper informs about the influence of 
infiltration on the cold and thermal karst water regime and analyses the time 
lag between infiltration and its manifestation in cold and thermal springs dis­
charge. The evaluation of this relationship is based on the knowledge of these 
relations in shallow karst waters and of their diversity in indfvidual areas of 
the West Carpathians. The studies made so far ( K u l l m a n 1965) háve ���������8�#���� 
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karst waters. This influence is negligible in the low-lying areas, although the 
summer precipitation represents a prevalent part of the year total. Thus, for 
example, in the carbonate rocks of the Krížna unit in the Malé Karpaty (Little 
Carpathians) Mts. (450—500 m above sea level), the annual mean precipitation 
in the periód of 1957—1966 has been 724.8 mm (hydrological year considered); 
from this amount 274.7 mm falls to the winter half-year and 450.1 mm to the 
summer half-year. In the winter half-year, infiltration and surface run-off 
cover 66 per cent and evaporation 33 per cent; in the summer half-year eva­
poration reaches up to 93 per cent, infiltration and surface run-off being rest-
ricted to 7 per cent ( D u b a — K u l l m a n 1967). With the increase in the 
absolute altitude of the area, evaporation decreases and the share of infiltration 
of summer precipitation substantially rises. This phenomenon is reflected in 
a second, subsidiary maximum of infiltration (e. g. the Strážovská hornatina 
Mts., 600 —950 m above sea level, Fig. 2-IIL). As a result of the delayed 
infiltration of snowmelt water in the regions of highest altitude, which roughly 
coincides with the t ime of maximum summer precipitation, one common in­
filtration maximum develops. In acoordance with � � � � �D � * � . � � �1 �4�(�$�5�� ���
���������� �2� ' �$�1�$ 
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For the characterization of the shallow regime of this area, the regime of 
springs of the adjacent carbonate complex of the Krížna unit (average from 
18 springs) has been selected. The area is distinguished by a non-uniform 
distribution of precipitation whose mean annual amount reaches 724 mm 
(determined from the periód of 1957—1966). The winter half-year average 
is 274 mm and the summer half-year amount averages 450 mm. Maximum 
precipitation falls in the months of Júne to August. 

The shallow karst-water regime shows one infiltration maximum in the 
months of March—Apríl (in the year 1958 falling to the second week of Apríl). 
The Júne—August precipitation maximum is virtually not reflected in the 
discharge curves of most years observed. The regime of the Vajar Spring 
with a deeper circulation also displays one clear-cut maximum reflecting the 
infiltration of snowmelt water. The retardation of this maximum relative to 
the maximum of the shallow karst-water regime, as appraised from the values 
of several year records, averages 3/4 to 1 month (Fig. 1-L). 

T h e r m a l s p r i n g s of B o j n i c e (5,6) appear on the western margin of 
the Upper Nitra valley (Hornonitrianska kotlina), at the southern foot of the 
Malá Magura Mts. a t 297 — 332 m above sea level, i. e. at 50 — 70 m above the 
surface of the depression. The springs issue from the Palaeogene flyschoid 
sequence (underlain by Middle and Upper Triassic dolomites) at the crossing 
of longitudinal (NE —SW) and transversal (NW—SE) faults. They are con-
fined to the Cretaceous synclinorium of the polystructural Fatro-Tatric zóne, 
in which the Upper Nitra depression is also included, and ascend to the surface 
along the marginal (NE—SW) faults at the eastern boundary of the mountain 
range. The main part of their catchment area spreads at the north-western 
margin of the Žiar Mts., in the Mesozoic carbonates at an altitude between 
400—800 m above sea level. The subordinate part of the catchment area 
extends to the W and NW of the issues of thermal waters in the basal Palaeo­
gene dolomitic breccias, at 400—600 m above sea level. The springs constitute 
two spring lines differing in temperature. One of the spring lines has a tempe­
rature of 22 °C to 40 °C and the other of 40 °C to 47.6 °C. The discharge of the 
Bojnice thermal springs ranges from about 33 to 39 lit./sec. The springs of 
the line with a higher temperature are presumed to derive from the Mesozoic 
dolomites submerged deep beneath the Tertiary deposits, whereas the springs 
of a lower temperature are interpreted in terms of mixing of water from depth 
with water from the Palaeogene breccias occurring to the W and NW of the 
issues. For our observations the Strand Spring (of a temperature of 28 °C) 
has been selected because two-year discharge records are available. For the 
springs of higher temperature not even one-year discharge record that would 
be unaffected by human interference was available. 

The characterization of the shallow karst-water regime in the zóne cor-
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F i g . 1. Relation of rainfall to the yield of cold and thermal waters 

I — Vajar spring (1958): A — Rohožník village (Vajar spring 15 °C); B — Malé Karpaty 
Mts. (the Krížna] tectonic unit); C — rainfall (Sološnica village); D — temperature of 
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responding in altitude to the main catchment area has been inferred from 
the analysis of the spring called Mokrá dolina 3, and in the zóne agreeing 
in altitude with the subordinate catchment area from the analysis of the Dub­
nica springs (in this �H�"�2�& �3�)�& �"�.�"�,�8�2�*�2 �*�2 �#�"�2�&�% �/�. �3�)�& �%�:�3�" �'�/�1 �3�)�& � - �&�" � . � ) �8�%�1� / ��
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the zóne at the height of the presumed catchment area, the analysis of the 
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F i g . 2. Relation of the rainfall to the regime of cold and thermal water 
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as a basis. The maximum temperature, however, was taken as 53 °C, i. e. t ha t 
of the Joseph Spring. The other springs considered do not reach this tempe­
rature on account of their small discharge (they are considerably cooled during 
their ascent). The discharge of the �K�9�(�3�:�A�8 � �4�6�-�2�+ �-�7 �	���	�	�� �F �	���
���� �0�- �8� � � � �7�) � ' �� 
�8�,�) �%�+�+�6�)�+�%�8�) �(�-�7�'�,�%�6�+�) �3�* �8�,�) �K�9�(�3�:�I �%�2�( �8�, �) �"�-�)�6�% � �4�6�-�2�+�7 �-�7 �	���
�
�
�F�	�����
�� 
�0�-�8�����7�)�'�� �!�,�) �(�-�7�'�,�%�6�+�) �1�)�%�7�9�6�)�1�)�2�8�7 �*�3�6 �8�,�) � � �3�7�)�4�, � �4�6�-�2�+ �%�6�) �2�3�8 �%�'� ' �9�6�%�8�) 
�)�2�3�9�+�,�� 

�!�,�) �'�,�%�6�%�'�8�)�6�-�>�%�8�-�3�2 �3�* �8�,�) �7�,�%�0�0�3�; �/�%�6�7�8���;�%�8�)�6 �6�)�+�-�1�) �-�2 �8�,�) �>�B�2�) �'�3�6�6�)�7��
�4�3�2�(�-�2�+ �-�2 �,�)�-�+�,�8 �8 �3 �8�,�) �4�6�)�7�9�1�)�( � ' �%�8�'�,�1�)�2�8 �%�6�)�% �-�7 �&�%�7�)�( �3�2 �8�,�) �3�&�7�)�6�:�%�8�-�3�2�7 
�3�* �8�, �) ���3�7�:�-�%�'�)�2�@ � �4�6�-�2�+ �-�7�7�9�-�2�+ �8�3 �8�,�) �����"�" �3�* �������J�/�% �%�8 ���	�	 �1 �%�&�3�:�) �7�)�% 
�0�)�:�)�0 �����-�+�� �������"���� � � �2 �8�,�-�7 �%�6�)�%�� �8�,�) �4�6�)�'�-�4�-�8�%�8�-�3�2 �%�1�3�9�2�8 �-�7 �6�)�0�%�8�-�:�)�0�= �)�:�)�2�0�= 
�(�-�7�8�6�-�&�9�8�)�( �8�,�6�3�9�+�, �8�, �) �,�=�(�6�3�0�3�+�-�'�%�0 �=�)�%�6�� �!�,�) �1�)�%�2 �4�6�)�'�-�4�-�8�%�8�-�3�2 �1�%�<�- �1�9�1 
�*�%�0�0�7 �-�2�8�3 �8�,�) �1�3�2�8�,�7 �3�* � � �C�2�) �F� � �C�0�=�� �8�,�) �7�9�&�7�-�(�-�%�6�= ���%�9�8�9�1�2�� �1�%�<�- �1�9�1 
�3�'�'�9�6�7 �-�2 �8�,�) �4�)�6�-�B�( �3�* ���'�8�3�&�)�6�F���)�'�)�1�&�)�6�� 

�!�,�) �6�)�+�-�1�) �3�* �8�,�) �/�%�6�7�8 �7�4�6�-�2�+ �;�-�8�, �7�,�%�0�0�3�; �'�-�6�'�9�0�%�8�-�3�2 �7�,�3�;�7 �8�,�) �1�%�-�2 
�(�-�7�'�,�%�6�+�) �1�%�<�-�1�9�1 �4�6�3�(�9�'�)�( �&�= �7�2�3�;�1�)�0�8 �;�%�8�)�6 �-�2 �8�,�) �1�-�(�����4�6�-�0�� �!�,�) 
�4�6�)�'�-�4�-�8�%�8�-�3�2 �1�%�<�-�1�9�1 �*�6�3�1 � � �C�2�) �F� � �C�0�= �(�3�)�7 �2�3�8 �%�*�*�)�'�8 �)�7�7�)�2�8�-�%�0�0�= �8�, �) �6�)��
�'�,�%�6�+�) �3�* �8�,�) �/�%�6�7�8���;�%�8�)�6 �7�8�3�6�%�+�)�� �!�,�-�7 �-�7 �4�%�6�8�0�= �)�2�,�%�2�'�)�( �&�= �8�,�) ���'�8�3�&�)�6�F 
���)�'�)�1�&�)�6 �1�%�<�-�1�9�1�� 

� ! � , �) �(�)�)�4 �8�,�)�6�1�%�0 �7�4�6�-�2�+ �6�)�+�-�1�)�� �7�-�1�-�0�%�6�0�= �%�7 �8�,�) �7�,�%�0�0�3�; �7�4�6�-�2�+ �6�)�+�-�1�)�� 
�)�<�,�-�&�-�8�7 �8�,�) �1�%�-�2 �(�-�7�'�,�%�6�+�) �1�%�<�-�1�9�1 �4�6�3�(�9�'�)�( �&�= �7�2�3�;�1�)�0�8 �;�%�8�)�6 �-�2 �%�&�3�9�8 
�1�-�(�����%�=�� ���7 �-�7 �7�)�)�2 �*�6�3�1 ���-�+�� �������" �8�, �) �6�)�8�%�6�(�%�8�-�3�2 �3�* �8�,�-�7 �1�%�<�- �1�9�1 �&�)�,�-�2�( 
�8� , �%�8 �3�* �7�4�6�-�2�+�7 �;�-�8�, �7�,�%�0�0�3�; �'�-�6�'�9�0�%�8�-�3�2 �%�2�(�� �'�3�2�7�)�5�9�)�2�8�0�=�� �&�)�,�-�2�( �8�,�) �-�2�*�-�0��
�8�6�%�8�-�3�2 �3�* �7�2�3�;�1�)�0�8 �;�%�8�)�6 �-�7�� �%�8 �8�,�) �*�-�6�7�8 
�7�-�+�,�8�� �3�2�) �1�3�2�8�,�� �#�)�8�� �;�-�8�, �6�)�7�4�)�'�8 �8�3 
�% �+�6�)�%�8�)�6 �(�)�0�%�=�7 �3�* �4�6�-�2�'�-�4�?�0 �1�%�<�-�1�% 
�7�,�3�;�2 �&�= �7�,�%�0�0�3�;�)�6 �;�%�8�)�6 �6�)�+�-�1�)�7 �����3�.��
�2�-�'�)�F���� �D���F �
 �
���
 �1�3�2�8�,�� �!�6�)�2�J�-�%�2�7�/�) 
�!�)�4�0�-�'�) �F �
�	 �D�� �F �� �����
 �1�3�2�8�,�7���� �8�,�) 
�6�)�8�%�6�(�%�8�-�3�2 �-�7 �2�3�8 �3�2�) �1�3�2�8�, �&�9�8 �6�3�9��
�+�,�0�= �
�� �1�3�2�8�,�7 �0�3�2�+�� �!�,�) �3�8�,�)�6 �4�)�%�/�7 �3�* 
�8�,�)�6�1�%�0 �7�4�6�-�2�+�7 �6�)�0�%�8�)�( �8�3 �8�,�) �4�6�)�'�-�4�-��
�8�%�8�-�3�2 �3�* �7�9�1�1�)�6 �%�2�( �%�9�8�9�1�2 �7�)�%�7�3�2�7 
�0�%�+ �&�)�,�-�2�( �8�,�3�7�) �3�* �'�3�0�( �/�%�6�7�8 �;�%�8�)�6�7 
�;�-�8�,�-�2 �%�4�4�6�3�<�-�1�%�8�)�0�= �8�,�) �7�%�1�@ �-�2�8�)�6�:�%�0�� 

���� 

���� ��

���� ��

���� 

�
�� 

���� 

���� 

���� ��

�	���
 

�� �� 

� � �� 

�� �� 

���� 

�� 
�� �� 

�� 

���3�1���0�9�7�-�3�6�- 

�!�,�) �7�9�&�1�-�8�8�)�( �4�%�4�)�6 �4�6�)�7�)�2�8�7 �2�)�; 
�-�2�*�3�6�1�%�8�-�3�2 �%�&�3�9�8 �8�, �) �)�*�*�)�'�8�7 �3�* �-�2�*�-�0��
�8�6�%�8�-�3�2 �3�2 �'�3�0�( �%�2�( �8�,�)�6�1�%�0 �/�%�6�7�8 �;�%�8�)�6�7 

�� �
 �� �� ���� ���� ���� ���� ���	�$ �	���� 

� � � - � + �� � � �� ���)�0�%�8�-�3�2 �3�* �8�, �) �=�-�)�0�( �6�)�8�%�6�(�%�8�-�3�2 
�3�* �8�,�)�6�1�%�0 �;�%�8�)�6�7 �8�3 �8�,�)�-�6 �8�)�1�4�)�6�%�8�9�6�)�� 
�
�� �"�%�.�%�6�� ���� ���3�.�2�-�'�)�� ���� �!�6�)�2�J�-�%�2�7�/�) �!�)��
�4�0�-�'�)�� �
�� ���%�(�)�2�� ���� � �/�0�)�2�@ �!�)�4�0�-�'�)�� ���� � � �%�6��
�0�3�:�= �"�%�6�=�� 

������ 



of the West Carpathians. We háve assessed the time delays between infiltrat-
ion and its manifestations in the cold and thermal springs. The following dáta 
are inferable from the analysis of these relationships: 

(1) The storage of cold and thermal karst waters is replenished for the most 
part by the infiltration of snowmelt water, when evaporation is small owing 
to low temperature. 

(2) Summer and autumn precipitation, by far exceeding the winter preci-
pitation has a relatively small share in the replenishment of water storage. 

(3) For the above-mentioned reasons, both the cold and thermal karst 
waters display one principál discharge maximum produeed by spring thaw. 
In the cenine of the year, subordinate replenishment of water reserves takes 
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The curve, as given above, does not obviously represent the hnal solution 
of the problém. It mušt be expected that observations and results obtained 
from other localities will contribute to a greater precision of its shape. 

(6) From the dáta recognized at the localities so far examined it may be 
tentatively inferred that the retardation depends mainly on the depth of 
circulation and not on its length. We think it to be the result of the regime. 
This assumption is suggested by the more sensitive reactions of thermal with 
confined level water regime to the changes of infiltration, compared with the 
responses of the cold water regime. 

Dionýz Štúr Inštitúte of Geology, 
Bratislava 
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Plička M.: Joint zones in the Flysch Plate IV 
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B a ú a c k ý V.t Geologicalhistory of the N part of the East Slovakian lowland P l a t e VI I 

Solifluction-proluvial sediments in the Sub-Vihorlat depression (Photograph by V. Ba-
�������������� 
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