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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 ŕissures 
a.s.o. are common too. 

The mineralogy of these deposits is usually very simple. Galena­poor in 
silver and sphalerite without higher iron contents are the most important 
minerals. Colloform textures of the later are not uncommon in certain deposits 
of this type. Calcite, barite, pyrite, marcasite also occur, while other minerals 
are rather rare. The content of trace elements is usually low. 

In spite of their simplicity the genesis of these ore deposits represents serious 
problems. They were vividly discussed at the International Geological Con­

gress in Alger and during specialized sessions in Munchen (1956), Klagenfurt 
(1955), Bleiberg (1959), Leoben (1955). 

Regarding the origin the lead­zinc deposits of the Eastern Alps, the follo­

wing wiewpoints háve been expressed: 
(a) The deposits are of syngenetie­sedimentary origin. 
(b) Exhalative­sedimentary processes related to triassic voleanism are 

responsible for the formation of these mineralization. 
(c) Supergene migration and lateral secretion were the main factors of the 

concentration of lead and zinc. 
(d) The deposits are epigenetic, related to a tertiary magmatism. 



(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; Cla r — 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 ide rhóhn & 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 
orogenic phase which took plače after deposition of a continental serieš com-

prising pontian and doubtless also pliocene sediments. 
The problém of secondary hydrothermal and regenerated mineralizations 

has been treated from many viewpoints. From isotopic investigations of ore 
lead follows that the unitarian theory of metallogenesis is for the Alps and 
Carpathians untenable. The lead of the triassic lead-zinc deposits (Tab. 1) 
displays a quite different isotopic contitution (older model ages) than the lead 
from mineralizations showing closer relations to the young tertiary igneous 
activity. 

Two different sources of lead mušt be supposed for both types of deposits. 
The isotopic patterns of lead from triassic carbonate rocks do not exclude the 

T a b . 1 

204 206 207 

Poniky. Drienok. 

Ardovo. 

1,360 
1,000 
5,444 
1,359 
1,000 
5,406 
1,356 
1,000 
5,429 

1,344 
1,000 
5,359 

24,98 
18,37 

100,00 
24,99 
18,39 
100,00 
24,97 
18,42 
100,00 

25,08 
18,79 
100,00 

Píla . J á n N e p o m u c k ý . 1,370 
1,000 
5,520 

I zd remec . Bulgar ia . 1,361 
1,000 
5,442 

24,82 
18,12 

100,00 

25,01 
18,38 

100,00 

21,29 
15,65 
85,20 
21,28 
15,65 
85,14 
21,27 
15,68 
85,15 

21,24 
15,81 
84,69 

21,42 
15,64 
86,30 

21,31 
15,66 
85,20 

208 

52,37 
38,51 

209,62 
52,37 
38,54 

209,59 
52,40 
38,64 

209,81 

52,34 
38,95 

208,69 

52,39 
38,24 

211,08 

52,32 
38,44 

209,21 



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 pat tern of the primáry deposits should be roughly preferved. 

Several tunisian lead-zinc deposits háve t e e n studíed with the aim to eon-
tribute 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 par t 
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 i s i a . 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 a t 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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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 S a i n f e 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 
S a i n f e l d (1952), G o t t i s & S a i n f e l d (1952). B o l z e (1952), B o l z e — 
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, tha t outerop some 20 km NE in the Nefza 
as small bodies. 

O u e d 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 a t Sidi el Aoun campanian and at Djebel Soumeur, eocéne limestones. 
The deposits S id i b o u 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 
par t of the deposit. Galena, sphalerite, pyrite and calcite are the most impor­
tan t primáry minerals. 
S a k i e t S id i Y o u s s e 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 a t places the gangue. 

The deposit has been investigated by S c h n e i d e r h ó h n — B o l z e (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 pyri 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 i n 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. 
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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 Jabe r 

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 tha t 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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Fig. 2. Lead — zinc mineralizations in Tunisia. 1. — veins; 2 — replacement deposits, 
3. — impregnation dep., 4. — complex dep., 5. — smaller occurrences and indications. 
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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 a t : 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 i n 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 
primáry ones. S c h n e i d e r h o h n & B o l z e (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 
IInd. 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 plače during the transport. 

I t seems highly improbable tha t in each čase just the amount of young lead 
has been added, which is necessary to form lead of a young tertiary pat tern. 
The supposition tha t the northafrican metallogenetic province is characterized 
by different isotope ratios for the variscan and alpine orogens from those 
of Central and Western Európe is also untenable. There was no difference 
observed between variscian deposits of Európe and Marocco. 

If the variscian pat terns háve been preserved in an orogen with intense 
metamorphism and synorogenic plutonism — as in Marocco. then there are 
no geological reasons to suppose greater admixtures of young lead in tunisian 
secondary hydrothermal deposits. On the contrary, their isotopic constitution 
should be nearly identical to tha t of primáry variscian deposits as they were 
formed in an orogen representing the initial stages of regeneration. 

The lead-zinc mineralizations were emplaced after the last intensive folding 
in the time span between young Tertiary and early Quaternary ( S a i n f e l d 
1. c ) . These observations are in harmony with model ages based on lead isotope 
rati os indicating a young tertiary age of the deposits. 

As the time of emplacement corresponds with the isotopic constitution 
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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 tha t of centrál europian young tertiary deposits. 

No evidenee of a direct transport of variscian deposits from the basement 
into mesozoic or tertiary 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 plače in the territory studied, then only in 
a limited extend and its recognition by isotopic or other geológie methods 
is veiled by other processes. 

Dionýz Štúr Inštitúte of Geólogy, 
Bratislava 
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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 a t 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 to ta 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 čase inserted 
into the heated furnace, and the gases evolved are before the introduction 
of a new one pumped out. The rate of analyses depends mainly on the time 
necessary for a good evacuation of the systém after each run. 
Similar investigations based on the decrepitation method were newly carried 
out by J e r m a k o v N. P. (1966). 

Primáry dispersion aureoles 

The very complex náture of the ore forming processes is manifested at one 
side by the often multistadial development of the hydrothermal ore deposit 
itself, and by the variegated wall­rock alteration on the other side. 

From the viewpoint of geochemical prospecting, the interaction of hydro­

thermal solutions with the adjacent rocks is of prime importance: broad zones 
of newly formed or altered minerals or the so called mineralogical aureole 
forms. 

During the ore­forming stages of the hydrothermal activity elements, cha­

racteristic of the ore are introduced into the altered zóne to a dištance depend­

ing on the character of the hydrotherms, of the wall­rocks, their fracturing, 
and the mobility of the elements. 

Different factors govern the deposition of the introduced metals either close 
to the ore­body or their distribution far from the ore contact, beyond the 
limits of the visibles mineralogical aureoles. Distribution patterns of this type 
are the so called geochemical aureoles, usually utilized in geochemical pro­

specting. 
After having precipitated in geochemical dispersion halos their load of 

metals, the nearly spent hydrothermal solutions may through micro­fissures 
and intergranular openings penetrate to a considerable dištance beyond the 
outer limits of geochemical aureoles. They do no more carry indicatory ele­

ments, and are also too weak for a chemical interaction tha t might result 
in new formed minerals or a visible alteration of the wall­rock. I t is impossible 
to discover halos of this type neither by mineralogical, nor chemical methods. 
They were designated by J e r m a k o v (1.0.) as „vapourized" aureoles, and 
the only relic accessible to investigations is represented by liquid, liquid­gas, 
or gas inclusions. 

The outward movement of the mineralizing solutions reaches in this čase 
its maximum. They are therefore of prime interest as a possible useful tool 
in at tempts of a search for hidden, and buried postmagmatic deposits. 

A schematic distribution of the different aureoles around an epigenetic 
hydrothermal ore­deposit according to Jermakov is reproduced in Fig. 1. 

The termovacuumetric evaluation of dispersion aureoles is based on tempe­
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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 

2\W?\ 
3 ;•: 

« i 
F i g . 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; 

_L 
100 200 300 400 500 S00 700 800 900 °C 

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 a t 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 čase. 
The samples were heated at 500 °C. The section approaches near its right end 
a new vein-system, visible in the diagram by an increase of the measured 
volumes. 

The vicinity of veins is in this section allways marked by anomalous con-

centrations of hydrothermal inclusions. Their maxima, governed by local 
fracturing systems do not necessarily coincide with the ímmediate foot- and 
hanging walls. 

The frequency of decrepitations in the vicinity of veins was also measured 
on quartz by a method proposed by J e r m a k o v (l .c). The results are re-

produced in Fig. 8. A marked increase in frequency is observed with the 
approaching to the veins. Contrary to the investigations of Jermakov we 
could not find ,.non-sounding" quartz in granitoids. Even in barren rocks 

F i g . 3 . , 4. 1. Quartz—stihnite veins; 2. Quartz veins; 3. Mylonites. 
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the decrepitations started already bellow 500 °C, what may be due to a super-
imposed, regional, hydrothermal activity in our čase as well as to a greater 
sensitivity of the apparatus used. 

Secondary dispersion aureoles 

Owing to the necessity of preservation of the liquidgas inclusions during 
the secondary dispersion, the application of the thermo­vacuumetric method 
is restricted to mechanical or clastic patterns only. There is no possibility to 
apply it to the rich variety of patterns formed by chemical processes. 

Active stream sediments, including flood­plain sediments and terraces 
represent them main domain where the survey of the distribution of fluid 
inclusions may yield positive results in the detection of anomalous patterns 
related to primáry hydrothermal and pneumatolytic deposits. 

Residual soils, glacial till and colluvial deposits may also be objects of 
interest in special cases. 

Chemically, and mechanically resistant metals and minerals šuch as gold, 
platinum, cassiterite, chromite, columbite­tantalite, wolframite, scheelite 
a.s.o. in stream sediments form the base of the oldest, still successfully applied 
prospecting method. The disadvantage of the heavy minerál survey is, tha t 
only resistant minerals are preserved, and for mineralogical identification the 
grain size mušt attain certain minimal dimensions. 

Many important constituents of ore­deposits, for example sulphides, and 
carbonates, are readily soluble under weathering conditions. Most of the metal, 
content of primáry hydrothermal ore­deposits is therefore during the secondary 
dispersions transported in natural aqueous solutions. 

This load is precipitated and adsorbed by clay minerals of the stream sedi­

ments. 
Combined investigations, both of the heavy minerals and of the chemism 

(trace element contents) of the finest fractions in stream sediments are very 
advantageous. By the first, the pattern of mechanical dispersion, by the second 
the distribution of the readily (cold­) extractable par t of the metal content 
and the so called hydromorphic pattern may be revealed. Their evaluation 
considerably rises the probabilíty of detection of new hidden deposits. 

But the adsorption of metals in sediments may be very irregular, depending 
on local conditions. Precipitation barriers may also hinder their downstream 
movement. The content of heavy, resistant minerals in the eroded parts of 
the deposits, and their primáry aureoles may be quite low and their distri­

bution in stream sediments very restricted. 
Quartz, one of the most common constituents of ore­deposits and primáry 

dispersion halos, may prove to be in all these cases an additional object worth 
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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 par t 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 
t r 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, tha t 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 
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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 „Ďumbier" granite — a more basic 
biotite-quartz diorite. In places a biotite granite to granodiorite with por-

Ikm 
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F i g . 6. 1. Fluvioglaeial deposits; 2. Mesozoic (sediments); 3. Autometamorphic granites 
(Prašivá-type); 4. Biotite granites and granodiorites with porphyroblastic K-felspars; 
5. Biotite quartz diorite to granodiorite (Ďumbier-type); 6. Syntectic granodiorites to 
granit63; 7. Amphibol— and amphibole — biotite diorites; 8. Mígmatites; 9. Samples with 
results of analyses. 
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phyroblastic K-felspars developed at the contact of both types by metaso-
matism of the Ďumbier type. The mesozoic cover appears in the northernmost 
par ts of the territory represented in Fig. 6. 

Stihnite veins represent the most important nowadays mined deposit of the 
Nízke Tatry Mts. The veins are confined to an about 4 km long and 700 m 
broad nearly N­S striking zóne mainly in the leucocratic "Prašivá" granites. 

The width of the individual veins varies usually between 0.3—0.5 m. 
The filling consists mainly of mylonitized granitoids with quartz and stihnite 
stringers and seams of only few centimeters thikness. In rare cases stihnite 
lenses attain a thikness of 0.5 m. The distribution of quartz and stihnite is 
very irregular, lens­shaped. Other minerals, with the exception of small 
amounts of pyrite, are insignificant, and occur sporadically. 

Stream sediments were sampled. The results are given in Fig. 6. The pro­

ductive zóne is well marked by elevated release of fluids from inclusions 
in quartz. 

Vysoké Tatry Mts. Gold and gold-stibnite veins 

The SVV par t of the Vysoké Tatry is almost exclusively built by granitoids 
(Fig. 7). A type similar to the "Ďumbier type" of The Nízke Tatry prevails. 
This biotite­quartz diorite is with transitions connected with biotite­ to biotite­

muscovite granodiorites. Neither pegmatites nor aplites are frequent in the 
territory. Outside (N and NvV) a leucocratic zóne of autometamorphosed 
aplitic and pegmatitic granites forms the uppermost parts of the intrusive 
body. 
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F i g . 7. 1. Granitoids; 2. Crystalline schists; 3. Mesozoic sediments; 4. Fluvioglacial de­

posits; 5. Sites of samples with results of analyses. 
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From metallogenetical viewpoínt the Vysoké Tatry are to be regarded as 
almost sterile. The most important mines, since 1773 exhausted, are located 
on the western slopes of peak Kriváň. Quartz veins with native gold and little 
sulphides (stihnite, pyrite, galena a.s.o.) are usually thin. In places transitions 
to pegmatitic veins exist. Veins of this ore-formation were explored under the 
ridge of úplaz and the locality Priehyba. 

Near Tri Studničky a quartz, stihnite, chalcopyrite, gold mineralization 
was followed by now abandoned underground works of small extension. 
Nothing is known about the dimensions, and the metal contents of the vein. 

Ore indications of pure scientific interest are known from some other places 
too: a copper­gold mineralization in the Mengusovská dolina valley and quick­

silver­copper indications from the western slopes of peak Gerlach. 
Thermovacuumetric analyses of quartz from some stream sediments are 

given in Fig. 8. Ln the barren zones of the granitoid body is quartz charac­

terized by low contents of liquid­gas inclusions. Higher amounts were mea­

sured in quartz from streams draining the most important mineralizations 
W and S of peak Kriváň. 
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F i g . 8. Frequency distribution (ordinate) of decrepitations in the vicinity of a hydro­

thermal vein in granite. 

Conclusion 

The thermo­vacuumetric is a simple, rapid method for the study of liquid­

gas inclusions in minerals. 
Hydrothermal solutions usually penetrate beyond the limits of visibles 

mineralogical alterations of the country rock as well as beyond the deposition 
sites (geochemical aureole) of trace elements genetically related to the ore­

forming processes, thus forming the largest aureoles of dispersion. They are 
there­fore easily detectable by the thermo­vacuumetric survey of rock splits 
from the surface, underground workings, bore­holes and of residual products 



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 
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ľ. M. 3APH^3E 

O BPEMEHH PErHOHAJIbHOrO METAMOPOH3MA B PA3BHTHH 
rEOjiorHHECKoro U H K J I A 

PaccMaTpHBaeMbiň sonpoc He HOB. y>Ke B nepBoň nojiOBHHe npouuioro BeKa 
JlakajiJib ( L y e e l , 1833) aBTop TepMHHa „MeTaMopcpHHecKaa nopofla" cíHTaji, 
I T O MeTaMopij)H30BaHHMe (npeBpaiueHHbie) nopOÄbi o6pa30BaHM 3a cieT apeB-

HeôuiHx ocaaoHHbix nopofl no,n B03aeHCTBweM BHyTpeHHeň TeiMOTbi 3eMJin Bcae,n-

CTBHe HX norpy»;eHHH. Bonpocw o MexaMop<pH3Me nojiyHHJiH HaaeHíHyio ocHcmy 
nocjie BBeÄeHHH B reojiorHio yneHHH o reocHHKJiHHajinx. Ho nepeJiOM B pa3pa-

6oTKe TeopHH MeTaMop$H3Ma npon3omeji B Hanajie TeKymero CTOJICTHH ôjiaro-

s a p a pa6oTaM CeaepxoJibMa, Eappoy, EeHKe, rojibauíMHÄTa, TpyôeHMaHHa, 
ScKOJia, H H I T J I H , THJIJIH, Xapnepa H ap . 

B recwiornn yKopeHHjiocb MHeHwe o CBH3H npoueccoB perHOHajibHoro MeTa-

Mop4>H3Ma H rpaHHTH3aiíHn (yjibTpaMeTaMop$H3Ma) c norpyMKeHHeM reocHHKjiH-

Hajieä. OHO pa3JiHHHMMH aBTopaMH MOflepHH3HpyeTCH H npenoÄHOCHTCH B pa3-

JIHIHOM Bum, OflHaKO cyTb ocTaeTCH npeacHeň O a p n ^ s e - T a i p H i i B H J i H , 
1964). 

HccjienoBaHHH apeBHHX MeTaMop<f>nHecKHx o6pa30BaHHÍí Ha TeppHTopHH 
Tpy3Hn aajin HaM ocHOBaHHe saKJHOHHTb, <ÍTO ,,CKOAbKo-Hu6ydb cymecreeHHoú 
poAU MeTdMopQusMa e nepuod nozpyxeHun zeocuHKAunaAbHOZo óacceúna u ce-

duMenrai^uu MaiepuHCKiix nopod . . . ne HaÓATodaeTCu". ,,Ilpeo6pa30BaHHe nopoji 
3aBHCHT He OT CTeneHH HX norpyHceHHH, rjiy6HHbi 3ajieraHHH, a OT TeMnepaTypw 
BHeapHBmerocH rpaHHTOH,imoro MaTepnaJia." 3 T O npeoôpasoBaHHe ocyiuecTBJíH-

eTCH ,,e craduio oôpaaoeaHUíi u eosôuManun CKAodnaTOú cucreMu" ( 3 a p H j -

3 e — T a i p H f f l B H j H , 1953, CTp. 130) . M M nojiarajín, HTO MeTaMop4>H3yio-

IHHÍÍ H rpaHMTH3npywmHň MaTepHaji coaepÄaji B ce6e KpeMHHH, HaTpnň n Kajinií 
(3 a p H A 3 e, 1952). 

CjieÄOBaTeJibHO, HaMH coBepineHHO onpcaejieHHo yKa3biBajiocb, HTO perHOHajib-
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Hbiň MeTaMop$H3M coBepuiaeTCH B OCHOBHOM B cTaaHio cKJiaflHaTOCTH H MTO B ne-

pwoa norpynceHHH reocHHKJiHHaJiH pojib npoueccoB MeTaMop<pH3Ma He3HaMH-

TejibHa. 
O npoHcxo>KÄeHHH MeTaMop$H3yiomHX H rpaHHTH3HpyiomHx paCTBOpOB Mbl 

nojiarajiu, mo OHH 3apo>K,naioTCH B 6a3a^ibT0B0H HJIH nepHÄOTHTOBoň oôoJiOMKe 
3eMJiH He B pe3yjibTaTe auípepeHiiHauHH MarMM, npHBJíeKaeMoň OÔMHHO njix 
oô-bHCHeHHH, a KaKHx-To npyrHx ôojiee cno>KHbix npoueccoB ( 3 a p H a 3 e, 1955, 
CTp. 395) , KOTopwe aJin Hac B TO BpeMH He ÔMJIH HCHM. 

HccjieaoBaHHH A. n . B H H o r p a « O B a (1959, 1961, 1967) , no-BHHHMOMy, I I P H 6 J I H 3 H J I H 
rcojiorOB K pemeHHio STOH BecBMa CJIOJKHOÍÍ npo&neMbi. O H oTMeiaeT, H I O „BeinecTBO ropHbix 
nopoÄ 3eMHoň Kopbi, Boaa H HeKoroptie ra3bi Ha 3eMHoň noBepxHocTH noasH^HCb oaHOBpe-

MeHHo, B pe3yjibTaTe eÄHnoro npouecca BbnuiaB;ieHHa H Äera3auHn BemecTBa MaHTHH 3eMJiH 
;io MexaHH3My 30HHOro ruiaBJíeHHa. l i p u aroM npoH30iujio pacinenjieHHe cmíHKaTHoro BemecTBa 
Ha aBe (j>a3w — TyroiuiaBKHX (ayHHTM, nepnaOTHTbi, ocraTOK nepBHiHOň MaHTHH) H jienco-

njiaBKHX n o p o a (6a3aJibTbi — nopoabi 3eMHož KopM H jierKOJieryíme BemecTBa, Boaa H KHCJibie 
ÄbrMbi) . . . B xoae 3TOro npoi iecca noamiMaiOTCK BBepx He 6ojiee j iencne, a ôonee jierKoruiaB-

Kne H jierKOjieTyrae KOMnoHeHTM ( B a H o r p a i o s , 1967, c r p . 8 ) . K nocjieaHHM aBTop 
OIHOCHT meJioiH, MHorae aHTO^HJibHbie 3jienemii, HanpHMep U, Ca, T h H MHorae a p y r n e 
(TaM ate, CTp. 4 ) . 

NÍHeHHe o npoHsaeHHH ÄBVX THnoB perHOHaabHoro MeTaMop$H3Ma B ByjiKaHoreHHO-ocaaoi-

Hwx reocHHKaHHajiax 6buio BHCKa3aHO ľ. ľ . P H Ä O M (R e a d, 1957) . IlepBbiií ran (oporeHH-

lecKHii) , npoHBjímomKHCií B paHHioio c raaa io cioiajwaTocTH reocHH3JiHHajibHOH TOJima, no 
CTeneHH MeTaMOpi|>H3Ma n e npeBbimaeT 3e.ieHocjiaHu.eBOH ijiauHH, BTopoô THn perHOHajibHoro 
MeTaMop$H3Ma (njiyTOHHiecKHH) ocyiuecTBjíaeTca no3ÄHee nepBOro; OH CBa3aH c npoueccaMH 
rpaHHTHaaijHH H oôycnoBjíeH noaieMOM BMcoKOTeMneparypHbix pacrsopoB, 3apo>KAaiomHxca 
B cHMaTHiecKoň oĎoaoHKe 3eMJiH. 

H 3 cKa3aHHoro cjieayeT, HTO ľ . ľ . P H Ä XOTH H KOHCTaTHpyeT HajiH«rne ÄByx THIIOB p e r n o -

HajibHoro MeTaMopij>H3Ma, HO OTpHuaeT CBHSL MeTaMop$HiecKHx npoueccoB c norpyaceHHeM 
reocHHK.THHaabHbix TOJHU. 3 T O MHeHHe corjiacyeTca c HamHM, HecMOTpa Ha TO, «rro MM Bce 
xe aonycKajiH He3Ha-iHTejibHbie npeo6pa30BaHHa B craaHio norpyjKeHHa ByjiKaHoreHHO-ocaaoi-

HblX TeOCHHKaHHajIbHblX TOJIIH. 
IIpeacTaBJíeHHe o CBH3H perHOHajibHoro MeiaMop4>H3Ma c ÄByMa OCHOBHMMH aranaMH pa3-

BHTHH reocHHKJiHHajieň, T. e. c ee norpyaceHKeM H B03abiMaHHeM 6biao BMCKa3aHO B. H. X o-

p e B o ä (1966). 
Hi oTenecTBeHHbix neTpojioroB H. A. E JI H c e e B (1959, crp . 80; 1963, c rp . 79) OTMeiaji, 

I T O „HepeaKO perHOHaJibHMii MeTaMop$H3M CB«3aH c ropoo6pa30BaieabHWMH npoi?eccaMH . . ." 
H «rro „HepeaKO c perHOHaabHMM MeTaMop4>H3MOM B TecHOH CB«3H HaxoaHTCH HHTpy3HBHaa 
aeaTejibHOCTb". 

B3rjiaa. o perHOHaabHOH MeTaMop4>H3Me, coBepmaiomeMca B CBS3H co CKaaaiaTocTbio 
H iKurbeMOM MarMaTHiecKHx Macc 3auiHii(aeT H. í l C e H e H E X K O (1963) , OTMeiaa, <ITO 
„reoTepMHiecKHH rpaaneHT HeÄOCTaTOHeH ajia o6iacHeHHK MeTaMop$H3Ma" (c rp . 13) . 

rioc^eflyroiiTHe HauiH HcaneaoBaHHH MeTaMop4>HHecKHX o6pa30BaHHH KaBKa3a 
noaTBepaHjiH B UCHOM HariiH paHHMe BarjiHÄbi. 

HaMH 6biJiH onncaHbi MHoroHHCJieHHbie CJiynaH CTaHOBaeHHH KpucTajuiHHec-

KHX cjiaHiieB H aajiee rpaHHTOHaoB B pe3yjibTaTe npoHHKHOBeHHa B HcxoaHbie 
nopoabi jieňKOKpaTOBoro MaTepaajta, npHBHeceHHoro BoexoaamHMH pacTBopaMH 
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B craÄHfo cKJiaaHaTOCTM. B nacTHOCTH, Ha CeBepHOM KaBKa3e 6HJIO onucaHo 
npeBpauieHHe apeBHeHiuHx, no-BHaHMOMy, CHHHÍÍCKHX aM(pH6oanTOB ( 3 a p w a -
3 e — T a T p H i i i B H J i H , 1959, CTp. 116) . 3 T H nopoaH HHbeuHpoBaHbi aeňKO-

KpaTOBHM MaTepHajIOM C pa3JIHHHOH HHTeHCHBHOCTbK); B pe3yJIbTaTe B03HHKaiOT 
nojiocnaTbie o6pa30BaHH» c nocjioňHbiM mepeaoBaHHeM qepHoro aM(pH6ojiHTa 
H CBeTJioro npHBHeceHHoro BeniecTBa. flajibHeňmee npeBpauieHHe npHBoaHT 
K o6pa30BaHHio HH-beuHpoBaHHbix KpncTajiJiHHecKHx oiaHueB, 6JIH3KHX pacnpo-

CTpaHeHHbiM Ha EojibiuoM KaBKa3e. C yBeJiHieHHeM KOJiHiecTBeHHOií pojiH 
npHBHeceHHoro MaTepwaaa, o6ycjioB.HHBaioinero MeiacoMaTHqecKHe npoueccbi, 
KpHCTaaJiHqecKHe cjiaHuw (6HOTHT-poroBoo6MaHKOBbie, ÔHOTHTOBbie, aByauoan-

Hbie, cTaBpo^HT-aHaayiy3HTOBbie M ap.) nocTeneHHO npeo6pa3yioTCH H MHTMa-

THTW, rHeňcbi, rHeňcoBHaHbie rpaHHTOHabi H rpaHHTOHaM, He o6Hapy5KHBaiouiHe 
rHeňcoBHaHOCTH HJIH oÔHapy>KHBaioiiiHe ee B BecbMa cjiaôoň CTeneHH, JIH6O 
yiacTKaMH. Cpean rpaHHTOHaOB, oco6eHHO rHeňcOB, BCTpeqaioTCH B pa3JiHiHOH 
Mepe npeo6pa30BaHHbie yueaeBuiHe ocraHUbi KpncTa^jiHHecKHx cjiaHueB. B aaH-

HOM cjiynae eraHOBjíeHHio MeTacoMaTHnecKHx rpaHHTOHaOB npeauiecTByeT oôpa-

30BaHHe KpHCTajiJinqecKHx cjiaHueB. ľlocjieaHHe (popMHpyíoTCH npH nporpeccHB-

HOM MeTaMop$H3Me, a o6pa30BaHHe rpaHHTOHaOB npoHcxoawT B OTHOCHTejibHO 
6oJiee HH3KOH TeMnepaType. 

Bpna JiH MO>KHO coMHeBaTbCH B TOM, HTO MeTaMopcpHiecKHe npoueccbi ocoôeHHO 
npKo Bbipa5KeHbi B ByjiKaHoreHHbix reocHHKJiHHajiHx (HHTpareocHHKJiHHajinx) 
n coBepmaioTCH B CTaaHio HX cKjiaawaTOCTH, T. e. BO BpeMH cpopMHpoBaHHH Byji-

KaHoreHHo-ocaaoiHbix HHTpareoaHTHKJiHHajieň. TaKHX HHTpareoaHTHKJiHHajieň, 
o6pa30BaHHbix 3a cneT cyiiiecTByioiiT.Hx nacTHbix ByaKaHoreHHbix reocHHKJiHHaaeň 
Ha MajiOM KaBKa3e B aJibnHHCKOM UHKae nocjreaoBaTejibHO B03HHKajio He-

CKOJibKO, c Ka/Kaoň H3 KOTopbix CBH3aHbi rpaHHTOHaHbie HHTpy3HBbi: BepxHeôa-

ňoccKHe (AiaôeK — CaaBHHCKHň H rHJiaHÔHpcKHň), KHMepHa>K-HH>KHeMejioBbie, 
npuypoieHHbie K IIIaMxopcKOMy H apyrHM aHTHKaHHopHHM (CoMXHTO-Kapa-

6axcKaa 30Ha), aoueHOBbie (CeBaHo-AKepHHCKaH H ap . 3 0 H H ) H caMbiň KpynHbiíí 
Ha Ma^OM KaBKa3e nocjieBepxHeojiHroueHOBO-aoMHOueHOBbiH (MerpH-opay-

6aacKHň ÔaTOJiHT), npnypoHeHHbiH K 3aHre3ypcKOMy aHTHKJiHHopHio. ľIo Ha-

uieMy MHeHHio, B a^ibnuňcKOM mauie pa3BHTHa Eojibuioro KaBKa3a, Majioro 
KaBKa3a H TopHoro KpbiMa oporeHHbie rpaHHTOHflbí He o6pa30Ba;iHCb. Perno-

HaJibHbie MeTaMopcjiHHecKHe npoueccbi npoTeKajín B CBH3H C CTaHOBJíeHHeM nacT-

HWX reoaHTHKJHHajieň c o6pa30BaHHeM nopoa B npeaejiax 3ejreHoc.JiaHueBOH 
H 3nnaoT-aM(|>H6ojiHTOBoň MHHepaabHbix 4>auHH. 

M H HeoaHOKpaTHO OTMenajiH, HTO ecan reocHHKaHHa;iH HenpoHHiiaeMbi RRK 
MarMaTHqecKHX Macc, TO OHH OKa>KyTCH HenpoHHuaeMbiMH, JIHÔO caaôo npoHH-

uaeMMMH a a n BocxoaHiUHx pacTBopoB, npoaBJíHiomHx ocoôyio aKTHBHOCTb nocae 
npeKpameHHH MarMaTunecKoň aeaTeJibHOCTH H BW3biBaiouiHx noBbiuieHHe TeMne-

paTypbi B TOJiuie nopoa. 
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HcxoaH H3 Toií yne no3HUHH o npoHBJíeHHH MeiaMopcpHHecKHx npoueccoB B ne-
pnoa (popMHpOBaHHH HHTpareoaHTHKJiHHajibHOH CTpyKTypw, MM oTMeiajm, HTO 
R03HHKuiHe npu 3-TOM HaTH»eHHH He MoryT paccMaTpHBaTbCH KaK aaBJíeHue 
Harpy3KH. HHTpareoaHTHKJiHHajib npeacTaBJíaeT co6oň cjiojKHyio CBoaoByio KOH-

CTpyKUHio — CKJiaaHaTyio cTpyKTypy c cepneň aHTHKJiHHaneň H CMHKJiHHajieň 
c pa3BHTHeM B oTaeabHbix MeCTax pa3pbiBHbix HapyuieHHH B36pocoHaÄBHroBoro 
xapaKTepa. B 3TOH CTpyKType pacnpeaejieHHe CHJI He 6yaeT HMeTb HH^ero oôiuero 
c aaBaeHHeM Harpy3KH. flaBJíeHHe B pa3JiHHHbix nacTíix cKjiaanaTOH erpyKTypbi 
6yaeT pa3JiH«HMM, BCJieacTBHe nero Ha oaHoň H TO H me rjiyÔHHe B H30TepMH-

necKHx ycjiOBMHx MoryT o6pa30BaTbca pa3JiHHHbie MeTaMop<|)HTbi ( 3 a p H a 3 e, 
1 9 6 3 , 1 9 6 7 ; 3 a p « 3 e - T a T p H m B H J i H , 1964) . 

JlaHHbie o reoTepMHHecKOH TeMnepaType M aaBJíeHHH Harpy3KH, npHBeaeHHbie 
H. TI. C e M e H e H K O (1963) nOKa3biBaK>T, HTO OHH HeaocTaTOiHM aJi« oôpa-

30BaHHH rJiy6oKOMeTaMopi|>H30BaHHbix nopoa. TaK, noa CHajranecKOH Kopoň 3eM-

JIH MouiHocTbio B 25 — 30 KM (rpaHnua „ M " ) B npeaejiax njiaTcpopMbi, r a e reo-

TepMHHecKHň rpaaweHT onpeaejmeTCH 10 rpaa/KM TeMnepaTypa aocrHrHeT 
npHMepHO 250 °C . fla»e B npeaeJiax CKJiaa^aTbix ByjiKaHHqecKHx o6jiacTeň Ha 
npHMepe KapnaT, B oÔJiacTH ByjiKaHHHecKoro xpeĎTa 3aKapnaTCKoň BnaaHHbi, 
r a e reoTepMHiecKHň rpaaneHT aocTHraeT 35,7 rpaa/KM, TeMnepaTypa Ha rjiy-

6HHe 18 — 27 KM aoji>KHa noBbicHTbca ao 640 —960 °C, a Ha rjiyÔHHe 30 KM 
oHa aocTHTHeT 1070 °C. 3 T H rayÔHHbi Haxoa^TCH HHSKC pa3aejia MoxopoBHiHHa, 
orpaHHHHBaiomero oôjiaerb MeTaMop<{>H3Ma. 

OTHOCHTejibHO aaBJíeHHH Harpy3KH aBTop npaBHJibHo OTMenaeT, HTO TOJIIUH, 
noaBepruiHecíi MeTaMOp<|»H3My OÔMHHO HM«OT MOuiHOCTb 5 — 10, pejKe 15 KM, 
KOTopbie, no pacueTaM, BOJDRHM HaxoaHTbCH noa CTaTHiecKoií Harpy3Koň COOT-

BeTCTBeHHo 1300, 2700, 4000 aTM. Ha rayÔHHe 25 — 40 KM Ha rpaHHue cuajm-

HecKoň Kopw (pa3aea „ M " ) aaBJíeHHe Harpy3KH noBbicHTca 6 5 0 0 — 1 1 0 0 0 aTM, 
B TO BpeMH KaK no 3KcnepHMeHTajibHbiM aaHHMM aan o6pa.30BaHHH aucTena He-

oôxoaHMo aaBJíeHHe B 20 000 aTM H TeMnepaTypa B 600 — 900 °C . Rnn Kpnc-

TaJiJiH3auHH nHpona B KHMÔepjíHTax Tpe6yeTCH aaBJíeHHe 20 000 — 30 000 aTM. 
AJIBÔHT nepexoanT B >KaaenT npn aaBJíeHHH 20 000 aTM H TeMnepaType 900 C, 
a aJiH o6pa30BaHHH ajiMa3a B KHMÔepjíHTax aaBaeHHe aoji?KHo B03pacTH ao 
50 000 aTM. 

FIpHBeaeHHbie Bbiuie npHMepw MeTaMop<f>H3Ma min aabnHHCKHx HacTHbix syji-

KaHoreHHbix reocHHKJiHHaJieft HjijnocTpHpywT npeo6pa30BaTejibHbie npoueccbi, 
npoTeKaiouiHe B OBHOM onpeaeJieHHOM UHKJie reojiorHHecKoro pa3BHTHH, oaHaKO 
MeTaMop<pH3M BbicoKoň cTyneHH O6M<ÍHO HMeeT Haji05KeHHbiň xapaKTep, T. e. 
coBepuiaeTCH B pe3yjibTaTe noBTopHbix npeo6pa30BaHHň (noJiHMeTaMop4>H3M), 
cBH3aHHbix c 6oJiee no3BHHMH reojiorHiecKHMH UHKjiaMH. 

B uenb nojiHMeTaMop4>HHecKHx npoueccoB crceayeT nocTaBHTb TaKHce H awaipTO-
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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 noaBeprjiHCb, 
ocTaHeTCH B OCHOBHOM HeH3MeHHbiM a o KOHua cyuiecTBOBaHHíi ropHO-cKJiaana-
T H X CTpyKTyp EoJ ibu ioro KaBKa3a, M a j i o r o KaBKa3a H TopHoro KpbiMa. T o >Ke 
MOHCHO CKa3aTb OTHOCHTejibHO cpeaHenaaeo30HCKHx 3ejieHOKaMeHHbix TOJIIU C e -
BepHoro KaBKa3a, Y p a j i a (3aec.b MeTaMop$H3M npoTeKaji B KajieaoHCKOM H r e p -
UHHCKOM uHKJiax — opaoBHK-KOHeir na j i eo3oa ) H a p . noaoÔHbix sareocHHKjiH-
HajibHbix o6pa30BaHHÔ. 

Zlpyroe nojio>KeHHe B apeBHHX reocHHKJiHHaabHbix TOJiuiax, cjio)KeHHbix H i m e 
HHTeHCHBHO MeTaM0pc|>H30BaHHbIMH 06pa30BaHHHMK — KpHCTajIJIHqeCKHMH CJlaH-
uaMH, MHrMaTHTaMH, rHeňcaMH H rpaHHTOHaaMH, o6pa3yKjnrHMH cyôcTpaT aJiH 
ôojiee no3aHHx Toaiu . 

H a u i H Ha6jnoaeHHa Ha KaBKa3e H aHajiH3 4>aKTH<iecKoro MaTepnaj ia n o a p y -

T H M peruoHaM noKa3ajiH, HTO MeTaMop<pH3M ByjiKaHoreHHoro H o c a a o i H o r o Ma-

Tepna j i a apeBHHx reocHKJiHHaJieň npoH30inea B TeneHHe, no-BHaHMOMy, Tpex 
UHKJIOB reoj iorHHecKoro pa3BHTH?i ( 3 a p H a 3 e, 1 9 6 6 ) . H a n p n M e p , B <J>«HO-

CKaHÄHH ^HKcnpyeTCH Tpn uHKJia. E C J I H B KaqecTBe npHMepa B03bMeM Kpnc-

TajuiHqecKHe caaHUM KaBKa3a, TO MO>KHO yTBep>KaaTb, HTO HcxoaHbie HX n o p o a M 
npeacTaBJíHJiH COÔOH ByjiKaHoreHHbie reocHHKJiHHaJibHbie o6pa30BaHHH BepxHero 
ÄOKeMBpHa, KOTopwe nepBoe MeTaMop^nnecKoe KperueHHe noj iyiHJiH B CTaann 
B03HHKHOBCHHH HHTpareOaHTHKJIHHajIH B BepXHeM aOKeMÔpilH. ľloBTOpOHO BMCO-

KOTeMnepaTypHOMy MeTaMOp4>H3My S T U cjiaHUbi noaBeprjiHCb B KajieaoHCKOM 
UHKJie. OKOHHaTeJibHoe HX ipopMHpoBaHHe npoH3oniJio y>Ke B repuHHCKOM uHKJie. 
B 3TO BpeMH MeTaMop$H3M HMeJi perpeccHBHbiň xapaKTep. OaHOBpeMeHHO <J>op-

MHpoBajiHCb MHKpoKJiHHOBbie, HacTO nop4>Hpo6jiacTH<iecKne (nop^HpoBMaHbie) 
rpaHHTM. 

CKa3aHHoe aoKa3biBaeTCH conocTaBJíeHHeM aoKeMÔpHiicKnx MeTaMop<pniecKHx 
o6pa.30BaHHH c KajieaoHCKHMH H 6ojiee nosaHHMH — cpeaHenaJieo30HCKHMH 
3ejieH0KaMeHHbIMH ľeOCHHKJIHHaJIbHblMH 0Ôpa30BaHHHMH, HajIHIHCM peJIHKTO-

BWX yHacTKOB H MHHepaJioB, a xaKJKe onpeaejieHUHMH aproHOBoro B03pacTa, 
uwppb i KOToporo B OTaejibHbix c j i y n a a x aaioT 6ojibuioH pa3Ôpoc ( 3 a p H a 3 e, 
1966). 

3 T H apeBHHe KpHCTajuiHHecKHe n o p o a b i B aaj ibHeňuieM y>Ke HC noaBeprajiHCb 
aaMeTHbiM perHOHajibHWM npeo6pa30BaTeJibHHM nponeccaM, KOTopbie MOI-JIH 6biTb 
ycTaHOBJíeHbi neTporpa<|>HHecKHMH MeToaaMH, ecjiH He c^HTaTb jioKajibHbix H3Me-

HeHHH B KOHTaKTe C CeKyiUHMH HX HHTpy3HBaMH H aprOHOBOrO OMOJI05KCHHH 
HeKOTopbix H X ynacTKOB. 

Bwuie paccMaTpHBaJiHCb MeTaMop4>HiecKHe npoueccbi , coBepniaioiiTnecH B Bya-
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KaHoreHHbix reocHHKJiHHajiHx (sBreocHHKJiHHaaax) HJIH HHane B reocHHKJiH-
Hajiax (peMH^ecKoro npocpHjm. Bbi3biBaioT ôojibuioň HHTepec npoueccbi perno­

HajibHoro MeTaMop«j)H3Ma H MarMaTH3Ma, Ha6aioaaK)iij;HecH B TeppnreHHbix 
reocHHKJiHHaaHx HJIH B reocHHKJiHHaaHX CHajiHiecKoro npotpHaíi. 

B HacTOHuiee BpeMH HaKonJieHH, TinaTeJibHO npooHaaH3HpoBaHHbie $aKTHHec­

KHe MaTepnajibi no cnajiHHecKHM reocHHKJiHHajibHbiM o6jiacT«M. B HHX He Ha­

6jiK>aaeTCH, JIH6O cjia6o nponBaeH B coôcTBeHHO reocHHKJiHHajibHOH CTaaHH 
pa3BHTH« noaBoaHbiň ByaKaHH3M ocHOBHoro cocTaBa, oaHaKO B craaHH cKJiaa­

MacTOCTH 3THX TeppnreHHbix reocHHKJiHHaJieH 4>opMHpyiOTCH BbiTHHyTbie uenoiKO­

o6pa3HO Baoab rayÔHHHbix pa3aoMOB Ha COTHH KHJioMeTpoB KpynHwe Tejia rpa­

HHTOHaOB, KOTopMM npeauiecTByioT MaccHBbi OCHOBHHX, HHoraa yjibTpaocHOBHbix 
nopoa pa3aHHHoro pa3Mepa. B CBÄ3H C cTaHOBaeHHeM rpaHHTOHÄOB npoTeKaioT 
npoueccbi perHOHaJibHoro MeTaMop<j>n3Ma. 

C. C. C M H P H O B (1946) B cocTaBe THXooKeaHCKoro noaca Bbiaejiaji aBe 30HH C pa3JiH«i­

HMM THnoM MarMaTH3Ma H MeT­ajuioreHHH — BHyTpeHHKuo, pacnojiojKeHHyio HenocpeacrBeHHO 
BSJIHSH OKeaHa, H BHeuiHioK) OKaňMJiaroiuyio nepByio co cTopoHbi KOHTHHeHTa. BHyrpeHHaa 
30Ha xapaKiepH3yeTca ByjiKaHH3MOM ocHOBHoro cocTaBa H rHnep6a3HT0BMMH HHrpy3HaMH, 
a BHeuiHaa — npeHMyiuecrBeHHO KHCJIHM ByjiKaHH3MOM H peajcocTbio rnnep6a3HTOBbix HHTpy­

3 H H . „ I l e p e x o a OT 6oaee OCHOBHHX K ôojiee KHCJINM KOMnjieKcaM coBepmaeTca B HanpaBjíeKHH 
or OKeaHa B rjry6b KOHTHHeHTa" (CTp. 2 7 ) . A B T O P OTMe^aer, i r o B cocraBe MOIUHOH (ÄO 
10 — 11 KM) BepxoaHCKOH reocHH3JiHHajibHOH TOJIIUH (nepMb­cpeaHaa mpa) ocHOBHbie 3(jx{>y3HBbi 
oqeHb cKyaHM HJIH oTcyTCTByioT. T o » e Ha6ji»aaeTca B cooTBeTCTBeHHbix TOJimax 3a6aiÍKaaba. 
PeaKH TaKace 3aecb HHTpy3HH 6a3HTOB H THnep6a3HTOB. CHHoporeHHbie HHTpy3HH o6bi<uto n p e a ­

CTaBjíeHM jieHKOKpaTOBMMH rpaHHTOHaaMH, p e » e BcrpeqaioTca ocHOBHbie HX pa3HOBHÄHOCTH 
( c rp . 19) . CBH3aHHoe c rpaHHTOHaaMH opyaeHeHHe oaOBO­Boab<j>paMOBoe. 

Pa3BHBaa MHCJO, C. C. CMHpHOBa, E. A. PaaKeBH<i (1959) p a a a a q a e T aBa pyaHHx paňoHa 
B COOTBeTCTBHH C reOCHHKJIHHajiaMH AByX THnOB ­" ^eMHMeCKHMH H CHajIHieCKHMH. IIocjieÄHHe 
pa3BHTW B BOCTOIHOÍÍ HacTH C C C P (IlpHMopbe, 3a6aHKajibe, BepxoaHbe) . 

riporHÔM cHaan i ecKoro npofyunx xapaKTepH3yfc>Tca MOiHHbtMH, rjiaBHWM o6pa30M TeppHreH­

HbiMH, nopofl (JaHuioHaHbTMH TOjnuaMH OcHOBHMe 3<}>ij>y3HH paHHHx CTaaHH, ecjiH H npo­

aBaeHH, TO HMeiOT OHH pe3KO noaiHHeHHoe 3Ha«HHe B Tex aoHax, r a e OCHOBHHC 3<|i$y3HBH 
nojiy«jHjiH 3HanHTejibHoe paa­BHTHe, cocKJiaanaTbie rpaHHTOHaw npoaBJíaioT noBbmieHHyio OCHOB­

HccTb, c H H M H CBa3aHa He ojioBaHHaa, a MeaHO­MOJiH6aeHOBaa MHHepajiH3auHa H 30JIOTO, KaK 
a i o HMeeT MecTO, HanpHMep, B ľpoaeKOBCKOM n p o r n 6 e ľlpHMopba (c rp . 4 9 ) . 

Me3030HCKHÍÍ (apeBHeKHMMepHŽCKHH, KHMMepHHCKHH H HOBOKHMMepHHCKHH ) MarMaTH3M 
3a6aÔKajiba H CBa3aHHaa c HHM MHHepajiH3arjjna noapoÔHO paccMOTpeHH H B . <3>. T p H­

r o p b e B b i M H E. H . flojiOMaHOBoň ( 1 9 5 5 ) . CpeaH apeBHeKHMMepHHCKHx H K H M M Í ­

pnňcKHx HHTpyaHBOB OHH BMaeaaioT: (1) ÔHOTHTOBbie rpaHHTbi; (2) 3HaoKOHTaKTOBbie rHÔpna­

Hbie 06pa3OBaHHa, pa3BHTbie B KOHTaKTe c rjiHHHCTbiMH caaHitaMH c BUCOKHM coaepaeaHHeM 
MeaK, MarHHa H aceaesa, STO porosooÔMaHKOBO­ĎHOTHTOBbie rpaHHTW, rpaHoaHopHTM, KBapue­

Ebre H ôecKBapueBbie aHopHTH, rpaHocHeHHTM, KBapueBbie cHeHHTbi HJIH jieäKOKpaTOBwe rpaHHTbi, 
MHrMaTHTbi; (3) MeracoMaTHqecKHe H3MeHeHHbie rpaHHTbl (ÔHOTHTOBbie H 6HOTHT­porOBOo6MaH­

KOBUe) C rHraHTCKHMH KpHCTaaaaMH MHKpOKJIHHa, p030Bbie ĎHOTHTOBbie rpaHHTbl C AblMiaTMM 
KBapueM, aBycjiioaaHbie rpaHHTbl, MycKOBMTOBwe rpaHHTbl H rpeň3eHbi. 

B anaoKOHTaKTOBbix THÔpHaHbix o6pa30BaHHax noaBaaeTca poroBaa ofiMaHKa H, pejKe, MOHO­

KJIHHHMH nnpoKceH; o6pa3yeTca TaKHce OTHOCHTejibHO OCHOBHOH njiarHOKjia3 (0JiHr0KJia3­aHae­
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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. 

HoBOKHMMepHHCKne HHTpy3HH BCTpenaioTCH B pa3Hbix paňoHax peaKOMeTaJib-

Horo nojíca 3a6aÔKajibH. O H H npeaCTaBJíeHbi rpaHHT-nopcpHpaMH, 3aaeraiomHMH 
B BHfle IUTOKOB H aaeK, H aMa30HHTOBHMH rpaHHTaMH, oôpaayioiiiHMH njiacTO-

Bbie 3aJie5*;H. O H H 6ojiee KHCJibie H 6ojiee iuejiOHHbie, neM paHHHe rpaHHTOHaw 
n 6enHee /KeJie30M, MarnneM H KajibUHeM. Bo3pacT STHX HHTpy3HH ycraHaBJíH-

BaeTCH: B CoxoHaHHCKOM paňoHe no nepeceneHHio rpaHHT-nop<|>HpaMH BepxHe-

wpcKHx ByjiKaHoreHHbix nopoa H B paňoHe p. CeHbKHHoň — HHKOKOHCKOÍÍ, r ae 
apeBHeKHMepHHCKHe rpaHHTonabi ceKyTCH rpaHHT-nop<j>HpaMH. 

C HOBOKHMMepHHCKHMH HHTpy3HHMH CBH3aHbI KaCCHTepHTOBbie KBapueBOTona-

30Bbie H KBapueBO-aMa30HHTOBwe, a TaK>Ke BOJib<j>paMHTO-KBapueBbie H KaccHTe-

pHTO-BOJib$paMHTO-KBapueBbie SKHJIM. 
KaK BHaHO H3 OnHCaHHH, OKOHMaTeJIbHOe $OpMHpOBaHHe apeBHeKHMMepHHCKHX 

H KHMMepHÔCKHx rpaHHTOHaOB npoHcxoaHjio MeTacoMaTHiecKHM nyTeM. 0 6 p a -

30BaHHe rpaHHTOHaOB 6oaee ocHOBHoro cocTaBa oôiacHneTcn rHÔpHaH3MOM 
c rjiHHHCTbiMH cjiaHnaMH c BWCOKHM coaep>KaHHeM Mean, Marnna H 5Keae3a. 
H3 CTaTbH He coBceM HCHO, noneMy STH cjiaHUbi TaK GoraTbi Ha3BaHHHMH 3Jie-

MCHTaMH. He Ty4>oreHHbie JIH OHH. He HCHO B03HHKHOBeHHe OCHOBHOTO njiarno-

KJia3a (aHae3HHa) B 3HaoKOHTaKTOBbix rpaHHTonaax. ECJIH aonycTHTb, HTO TJIM-

HHCTbie CJiaHUbi 6oraTH TaK>Ke H3BecTbio, TO Toraa KaKHe >Ke STO rjiHHHCTbie 
cjiaHUbi. He CJieayeT JIH noaaraTb, HTO npeauiecTByioTiiHe rpaHHTOHÄaM HHTpy3HH 
6bIJIH OTHOCHTejIbHO OCHOBHHMH, KOTOpbie nOrjIOIIieHbl (aCCHMHJIHpOBaHbl H Me-

TaM0p4>HiecKH npeo6pa30BaHbi) rpaHHTOHaaMH. H a STO yKa3biBaeT TaK>*e Ha-

jiHHHe anopHTOB. HenoHHTHO H BbicoKoe coaep5KaHHe Mean B TJIHHHCTHX cJiaH-

uax. He BHeceHa JIH OHa rnapoTepMajibHbiMH pacTBopaMH. 
Ho MC3030HCKHM TeppHreHHbIM OTJIOHCeHHHM BblJUOHCKOH BnaaHHbi H 3anaa -

Horo BepxoflHba HMeeTCH o6cTOHTejibHaH paôoTa A. T. K O C C O B C K O H (1962) . 
3aecb BbiaejiHeTca neTbipe 3 0 H H npeo6pa30BaHHH nopoa nocae jiHToreHe3a, T. e. 
ocaaKOHaKonjieHHa H ynjioTHeHHH, npHneM xapaKTep H3MeHeHHH aJín njiaTipop-

MeHHOH H reocHHKJiHHaabHOH oôaacTeň oTJiHHHbie. 

B nepeoú 30m (HawajibHHH 3nHrene3 no aBTopy) npeoópa30Baniiue nopoabi no cocTaBy 
H crpyKType 6JIH3KH K nepBH<iHO-ceaHMeHTaiJ,H0HHHM nopoaaM. H3MeHeHHa aaecb BbipaaceHbt 
B nocTeneHHOM Hcqe3HOBeHHH B pa3pe3e paaa HaH6oaee HecroiiKHx O6JIOMOIHMX MHHepajiOB — 
nHpoKceHOB, aMi|iH6oaoB, SHOTHTOB (HaSaioaaeTca KaojiHHH3auHa nocaeaHero) H ap. H B 6H-

CTPOM yBeaH^eHHH B HanpaBjíeHHH CBepxy BHH3 rpaBHTauHOHHoro ynaoTHeHHa nopoa — 
B03pacTaHHe HX oôteMHHX BecoB H yMeHbiueHHe nopncTOCTH. llepepaôoTKa yrjieit He BHXOÄHT 
3a ôypoyrojibHyio craaHK). 

Bo eropoú 3one (rjiy6HHHHfi 3nHreHe3) nponcxoaHT CHJibHaa nepepaôoTKa rjiHHHCToro 
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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 
6 H 3aKaH<JHBaeTCH. 

B Tpebeú 30ue, KOTopaa xapaKTepHa aaa reocHHKjiHHajibHoň o6aaciH (cTp. 180), nopoaH 
noiTH yrpanHBaiOT ceaHMeHToreHHbie CTpyKTypbi, npHOÔpeTaa nepra MeTaMop<i>HiecKHX nopoa. 
OHH HHTeHCHBHO ÄHcjioiiHpoBaHbi, CTeneHb HX HSMeHeHHOCTH oSycjioBjíHBaeTca He TOJibKO 
rayÔHHOH norpyaíeHHH, HO H cTpeccoM. 3a Cíer nedamiKOB noaBJíaioTca crpyRTypu, CBOH-

crseHHHe KBapunTOBHaHHM nopoaaM c 3y6iaTHMH HJIH CJIOJKHHMH jiairqaTO-HSBHjiHCTHMH 
noBepxHOCTBMH coiJieHeHHa sepeH. OSJIOMOIHMH 6HOTHT HHTeHCHBHO H3MeHeH: naacTHHKH ero 
COCTOBT H3 caO/KHO-nepeMeacaiomHxca BOJIOKOH CBerjio-3ejieHoro H30Tpormoro xJiopHTa, 6ec-

uaeTHoro CHabHO aBynpeaoMJiaiomero MycKOBHTonoaoOHOro MHHepajia H peaKHx pejíHKTOB 
o6ecneieHHO caa6o njieoxponpyíoiiiero H aBynpeaoMaaiowero MHHepajia; B HHHtHeií nojiOBHHe 
30HH rHapoÔHOTHT nojmocrbio Hcieaaer. nocreneHHOe craHoroieHKe MycKOBHTa CBasano c BH-

cBOÔoataeHHeM Kaana H3 oôjioMOiHoro KajineBOro noaeBoro innaTa npn ero paapyíneHHH. 
HeTeepran soita pacnpocTpaHeHa TOJibKo aniub B npeaeaax HaHÔojiee aHcaonnpoBaHHbix 

ynacTKOB BepxoaHCKOro nporaôa H oxBaTHBaeT caMue HHHCHHe ropaaoHTH paspesa, oiHoca-

mneca K HHjKHeň nepMH. fljia SOHH xapaKTepHO Haanine acnnaHbix H $HjijiHT0noao6HUX 
cjiamieB H KBapKHTonoaoÔHbix neciaHHKOB co CJIOJKHHMH „uranoBHÄHHMH" crpyKTypaMH, BH-

pasHBuiHMHca B nepneHaHKyjiapHHx opneHTHpoBKax njiacTHHOK xaopHTa H MycKOBHTa, npOHH-

KaiomHx B CJIOJKHO opHeHTHpOBaHHbie 3epHa KBapiia H noaeBoro iiraaTa. 
B STOH 30He nopoan noaHOCTbK) yrTpa-JHBiUCW ncxoajíHe ofijioMOUHbie CTpyícrypu; HaiHHaeTca 

$oPMHpoBaHHe caaimeBaTHX reKcryp, CBasaHHbix c HBJíeHHaMH cerperamm xjiopHTOBO-cjiioaaHbix 
MHHepajioB, o6oco6aaiomHxca B CTaejibHbie npoaíHJiKH H KpynHHe jienHaoôaacTH BeaHHHHoä 
ao HecKoabKHX MHajiHMerpOB. BbiaeaaiomHxca Ha $oHe OCHOBHOH TKaHH nopojiH, caoateHHOH 
arperaTaMH xaopHTa, MycKOBHTa H KBapua. 

TaKHM o6pa30M, nponcxoaHT nocjieaoBaTejibHoe H3MeHeHHe rjiHHHCToro Be-

ixiecTBa c TeHaeHuneň K ynponieHHio MHHepajibHoro cocTaBa H CBeaeHHio ero, 

B OCHOBHOM, K nempeM $ci3aM: MycKoemy, xAopury (a$pocHaepHT HJIH punnao -

JIKT) , aAbóury H Keapv,y. 
IlepBbie ase 30Hbi A. F. KoccoBCKan OTHOCHT K craaHH 3nHrene3a (anareHesa) , 

npn KOTopoň 3aBepuiaeTCH rpaBHTauHOHHoe ynJioTHeHHe nopoa H MHHepajibHaa 
nepepaôoTKa HCCTOHKHX $a3 c coxpaHeHHeM crpyKTpbi ocaaoHHbix nopoa, BTopwe 
aBe 30HM — K CTaaHH Ha-iaabHoro MeTaMop<pH3Ma (MeTareHe3a), npn KOTopoň 
cxnpaiOTCH npH3HaKH CTpyKTyp ocaaoHHbix nopoa H o<J>opMJiHeTCH MHHepajibHan 
accouHauHH, cooTBeTCTByioiiiaH MycKOBHTOBOŽ cy6<pau,HH 3ejieH0CJiaHueB0H $a-

UHH. CTaflHío MeTareHe3a aBTop c^HTaei nepexoaHoň K perHOHaJibHOMy MeTa-

Mop(5>H3My, Koraa HaiHHaeTca MaccoBoe noHBJíeHHe ÔHOTHTa (ÔHOTHTOBaa 30Ha). 
B CBH3H c oxapaKTepH30BaHHHMH 3oaaMH cjieayeT 3aMeTHTb, HTO HaM KaaceTCH 

HeflOKa3aHHbiM o6pa30BaHHe MeTaMopipHTOB TpeTbeô H HeTBepTOÔ 30H B nepnoa 
norpyH<eHHH ocaaoiHbix TOJIIU H MHeHHe 06 HX pa3BHTHH KaK B reocHHKaHHaab-

HWX, TaK H B HereocHHKJiHHajibHbix oôaacTHX. 3 T O BWTeKaeT H3 xapaKTepncTHKH 
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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 3 0 H H , ocoôeHHO qeTBepTan, oÔHapyjKHBaioT 
nHTHHCToe (ynacTKOBoe) pa3BHTHe. CjieaoBaTejibHO, MO»HO nojiaraTb, HTO Me-
TaMopčpH3M aByx nocjieaHHx 30H npoTeKaa B CTaaHio CKJiaanaTOCTH. noaTOMy 
n perHOHajibHbiH MeTaMop$H3M B BepxoHHbe j iyuue Ha^HHaTb c TpeTbeň 30HH, 
T. e. Koraa nponcxoaHT nepejiOM B reojioro-CTpyKTypHOH oôcTaHOBKe pa3BHTHH 
ofíjiacTH, rae B KaiecTBe HOBoro BajKHoro (paKTopa MeTaMop4>H3Ma BbicTynaeT 
CTpecc. 

B CBH3H c paccMaTpHBaeMbiM HaMH BonpocoM Bbi3HBaeT HHTepec HccjieaoBa-

HHC E. H. X o p e B o i í (1963, 1966) no Mar/MaTH3My H MeTaMopcpH3My HpTbiui-

CKOH 30Hbi CMHTHH H no O6UIHM BonpocaM MeTaMop<pH3Ma. KjiaccHqecKHM npn-

MepoM MeTaMopipHuecKoro nonca cnajiHiecKoro npocpHJia OHa CHHTaeT HsyneHHbiH 
eio naJieo3oňcKHH HpTbiuíCKo-MapKaKyjibCKHH MeTaMopipHiecKHH noHC, npnypo-

HeHHHH K HpTblUJCKOH 30He CMHTHH AjITaH (X o p e B a, 1966, CTp. 80) . 

ľeocHHKaHHajibHbie o6pa30BaHHa 3Toro noaca cjiOHteKH B OCHOBHOM TeppnreHHbiMH nopo-

aaMH, oaHaKO BO BpeMa ocaaKonaKonjieHHH nopoii npoHCxoanjia ByjiKaHHiecKaa aKTHBHOCTb 
(cpeaHeaeBOHCKHe KBapuesbie nop^Hpn H aauHTH, nop^Hponabi H nopcjiHpHTOHaH, njiacroo6pa3-

Hwe Teaa cnHjíHTonoaoÔHHx ByaKaHoreHHbix nopoa). Topa3ao Sojiee HHTeHCHBHbie MarMaTHqeCKHe 
npoaBjíeHHa B KOHue cpeaHero aeBOHa HMejiH HHTpy3HBHbiň xapaKTep; OHH B HPTHUJCKOH 
30He CMaTHa naiajincb (}>opMHpoBaHHeM raôópo-njiarHorpaHHTOB, npnypoqeHHbix K Hpmm-

CKO-MapKaKyabCKOMy rjiyfínHHOMy pa3JiOMy. noaBepuiHeca snocjieacTBHH npeo6pa30BareabHbi.M 
npoueccaM. Haao noaaraTb, ITO ynoMaHyTbie Bbiiue Teaa cnHjíHTonoaoÔHbix nopoa asaflioTca 
6JIH3KHMH no B03pacTy raôÔpo-njiarHorpaHHTaM. 

B BepxHeM aeBOHe npoHcxoaHT o5pa30BaHHe npHHpTLiuíCKoro 0(j>nojiHTO-noao6Horo noaca, 
npHypoieiiiíoro K Kaabôa-HapbiMCKOMy rjiyôHHHOMy pa3JioMy. CaeayeT OTMeTHTb, HTO uinpoKo 
npoaBjíeiiHbiH B conpeaejibHoii TeppHropHH joro-3anaaHoro Ajrraa ôasajibTOBbiň ByjiKaHH3M. 
HO-BHaHMOMy, HMeeT 06lHHH C npHHpTblIUCKHM nOaCOM MarMaTHWeCKHH oiar. 

B aajibHeťíuieM B 30He HpTbmicKo-MapKaKyabCKoro rjiy6HHHoro pa3JiOMa B CBBSH c HHTCH-

CHBHHMH CKaaa^aTO-raHÔOBHMH noaHaTHaMH, co3aaBiHHMH niOBHyio ropcr-aHTHKJiHHopHyio 
dpyKTypy HPTHUICKOH 30HH CMaTHa B BepxHeM aeBOHe — Haiaae HHatHero TypHe nponcxoaHT 
4>apMHpoBaHHe rpaHHTOHaOB. IlocaeaHHe xapaKTepH3yi0TCH jiHHeňHo BbrraHyTHMH B ceBepo-

3anaanoM HanpaBjíeHHH nojrycorjiacHbiMH HHTpy3HHMH TpeinHHHoro THna, H3MeHHHBOCTbio 
neTporpai{iHqecKoro cocraBa, 6jiacre30M, MeTacoMaro30M, rHeiicoBHaHOCTbio, MHrMaTH3auHeň 
a rjiy6oKHM MeTaMOpij>H3MOM BMemaioiríHx nopoa c o6pa30BaHHeM MHKpoKpHCTaajiHiecKHx caaH-

ueB, KOHTaKTOBbix MeTaMopcfiHiecKHx caaHiies. nepexoaauiHx B KpHCTajiJiHqecKHe cjiaHHbt, 
KOHTaKToBbie KpHCTaaaHiecKHe caamjbi H nieôcH. 

Ha 3TOM ocHOBaHHH aBTop nojiaraer, HTO rpaHHTonabi npeacraBaajiH coSoii BbicoKOHarpcTbie 
MiirMaTHT-nayTOHbi, BbiacaTbie no rjiyÔHHHOMy pa3jtoMy H3 oSaacreH yjibrpaMeTaMop$H3Ma 
B TOT nepnoa, Koraa eine oKOHiarejibHO ne 6HJI o^opMHpoBan oqar rpaHHTHOK MarMbi. Ero 
iJopMHpoBaHHe coBnaaaeT c BepxHenajieo3oňcKHM 3ranoM TeKT0reHe3a; B 3TO BpeMa npoH3onuio 
BHeapeHHe nocToporeHHbix (oporeHHbix, — ľ. 3.) yMepeHHo-KHCjibix KajrScKnx rpaHHTOHaOB 
BcpxHero KapôoHa, npnypoqeHHHx K Kajiôa-HapbiMCKOMy rayÔHHHOMy pa3aoMy (crp. 109). 

Bpna JIH M O M O c^HTaTb y6ejiHTejibHbiM cTojib BbicoKyio HarpeTOCTb MHľMa-

THT-njiyTOHa, Bbi>KaToro H3 eiue He ccfopMHpoBaBuierocH rpaHHTOBoro MaraaTH-
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HecKoro onara H Bbi3BaBmero BwcoKOTeMnepaTypHbiH MeTaMop<pH3M BMeiuaiomeH 
TOJIUIH. Eoaee npaBaonoaoÔHHM KaaceTCH HaM, o6pa30BaHHe MeTaMop<í>HTOB H no 
KpaiÍHeH Mepe HacrH nopoa, BxoaninHx B cocTaB rpaHHTOHaHoro KOMnjieKca, 
HanpHMep, MnrMaTHTOB, raeňcoB, HeKOTopbix rpaHHTOB H ap. , B pe3yjibTaTe 
B03aeňcTBHH Ha ra66po-njiarHorpaHHTbi H BMeinaroiUHe TeppnreHHbie OTao»ceHHH 
BbicoKOHarpeTbix BocxoaHinHx pacTBopoB B uo3aHeKajieaoHCKOM, paHHerepuHH-

CKOM H no3aHerepuHHCKOM 3Tanax pa3BHTHH oôaacTH. CaeaoBaTejibHo, ecTb 
ocHOBaHHH noaaraTb, HTO MeTaMopcpHnecKHe H MeTacoMaTHnecKHe npoueccbi npo-

aojiJKaancb ao KOHiia Kap6oHa, a MOKCT 6biTb eiue no3aHee; oco6eHHO HHTeHCHB-

Hoe HX npoHBJíeHHe npoHcxoanao B 30He Kajiôa-HapbiMCKoro rayÔHHHoro pa3-

JIOMa, B KOTOpOH C<pOpMHpOBaJIHCb KaJlÔCKHe rpaHHTOHabl. 0 6 3TOM TOBOpHT 
HaÔJiioaaeMbie aBTopoM HHTeHCHBHbiii MeTaMop$H3M cpeaneaeBOHCKHx ra66po-

njiarHorpaHHTOB, HaJiHHHe B npeaeaax pa3BHTHH MaccHBOB njiarHOKJia30Bbix 
rHeitco-rpaHHTOB nojioc, JIHH3 H KceHOJíHTonoaoÔHbix Tea MeTaMopcpH30BaHHbix 
nopoa cpeaHero H OCHOBHOTO cocTaBa, npeacTaBJíeHHbix ra66po-aM<í>H6oaHTaMH, 
rHeňco-aHopHTaMH, THeňco-TOHaaHTaMH H rHeňcoBHaHbiMH poroBooÔMaHKOBWMH 
njiarHorpaHHTaMH, KOTOpbie paccMaTpHBaioTCH KaK nopoaM 6ojiee paHHbix <pa3 
cpeaHeaeBOHCKoro KOMnjieKca (cTp. 6 3 ) . MeTaMopcpHTbi TnroTeioT K rjiyÔHHHHM 
pa3aoMaM H pacnoaojKeHHMM B HHX rpaHHTOHaaM; Ha 3HaHHTejibHOM yaajieHHH 
OT HHX MeTaMop$HTH nepexoaHT B HopMajibHbie ocaaoHHbie TOJIIUH coaepjKaiuHe 
ipayHy. 3aMeTHM, HTO MeTaMop<pH3M ByjiKaHoreHHbix reocHHKJiHHajibHbix TOJIIU 
npoHcxoaHT ôojiee HJIH Menee paBHOMepHO. AHajiorHHHoe B uejiOM HBJíeHHe <pop-

MHpOBaHHH rpaHHTOHaOB H MeTaMOp<J>HTOB, B03HHKUIHX 3a CHeT HaCTHHHO 
ByjiKaHoreHHbix, npeHMyniecTBeHHO TeppHreHHbix OTJIOJKCHHH onncaHO H . H. 
H e K p a c o B H M (1962) B BepxHO-^yKOTCKoň CKJiaanaTOH o6jiacTH. 

XoponiHM npHMepoM CBH3H MeTaMopipH3Ma c nocTMarMaTHHecKHMH rnapoTep-

MajibHHMH npoueccaMH B nepnoa CKaaanaTOCTH, HBJíneTCH acnnaHan ana6a3 -

nop$HpHTOBan <popMau,HH, B KOTopoň Beaymyio pojib HrpaeT dpaiiHH acnHaHbix 
caaHueB, BbiaeaeHHan HaMH B KanecTBe nepexoaHoň MeTaMop$HHecKoň (pauHH 
Me>Kay HopMajibHO-ocaaoqHbiMH aHareHe3HpoBaHHMMH H cjia6oMeTaMop$H3Hpo-

BaHHbiMH nopoaaMH, OTBenaiomHMH 3eaeHOcaaHueBoií 4> a u H I 1 n . 3cK0Jia 
( 3 a p n a 3 e, 1962, 1966) . 

MHHepajibHan accoiiHauHH a a n acnnaHbix cjiaHueB npeacTaBJíeHa: KBapu-cepH-

UHT-xJiopHT-yraHCTO-raHHHCToe BeiuecTBO, a a a n H3MeHeHHbix OCHOBHMX MarMa-

THiecKHx nopoa H HX Ty$OB — KBapu-xjiopHT KaabiíHT (-anHaoT)-pyaHbiH MH-

Hepaji (-pejíHKTH ncxoaHbix MHHepaJioB: OCHOBHOH njiarHOKaa3, MOHOKJIHHHHH 
nHpoKceH, aM(pH6oji). HeoôxoawMocTb BbiaejieHHH TaKoň nepexoaHoň MeTaMop-

(jmnecKoň $aiiHH BHaHa H3 TOTO, HTO no3aHee B. H. X o p e B a (cTp. 70) BW-

a e a n a a ^mijinTOByio MeTaMop$HHecKyia (pannio a a a nejíHTOBbix nopoa, He 3Han, 
no-BHaHMOMy, HTO noaoÔHan ipanHH paHee y>Ke 6biaa npeaJio>KeHa HaMH c 6ojiee 
yjiaHHHM, KaK HaM KasKeTCH, HaHMeHOBaHHeM, TaK KaK (pnajinTbi cKopee OTHO-
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CHTCH K aeaeHocaaHueBoň <pauHH; B HX cocraB, Hapnay c cepHUHTOM H xaopn­

TOM, BxoanaT cjnoabi H ajibÔHT. 
E. M. K e j i J i e p (1949) , aexajibHO H3yHHBuiHň TeppHreHHbie (popMauHH 

(acnnaHyio, (pjiHuieByio, MOJiaccoByio) B 3ajianpcKOM CHHKJIHHOPHH (oôiuan 
MomHOCTb CBbiuie 8000 M) H conocTaBHBuiHň OTJIO/KCHHH nocjieaHeň c apyrHMH 
TeppnreHHbiMH reocHHKJiHHajibHWMH OTJIOJKCHHHMH (naMHp, CpeaHHH A 3 H H , 
PeňcKue cJiaHueBbie ropw H xopoiuo H3yneHHbiň BHeuiHbiň npornô YaHHTbi 
B CLIIA), npHuieji K 3aKJiK>HeHHio, HTO „B03HHKHOBeHHe acnHanoň (popMauHH 
OTHOCHTCH K TeM paHHHM CTaaHHM pa3BHTHH, KOTaa reOCHHKJIHHajIb HHTeHCHBHO 
nporH6aeTCH, a pacHJieHeHHe ee Ha nacTHbie aHTHKaHHajibHbie noaHHTHH H CHH­

KJiHHajibHbie nporH6bi BToporo nopnaKa (HHTpareocHHKJiHHajiH H HHTpareoaHTH­

KjiHHajín) eiue He pe3Ko Bbipa»eHo. TeocHHKjiHHajiH, B KOTopoň nponcxoaHT 
HaKonjieHne necnaHO­raHHHCTbix nopoa acnnaHoň (popManHH, cooTBeTCTByeT 
iUHpoKan ynjiomeHHan BnaaHHa pejibeipa; orpaHHHHBaioiune ee HOÄHHTHH He 
HMeioT pe3Koro reoMopcpojiorHHecKoro Bbipa>KeHHH" (cTp. 128) . 

CorJiacHO Ha3BaHHOMy aBTopy, aJín 3HjianpcKoň acnnaHoň (popMauHH (Bepx­

HMň aeBOH­HH3bi KapSoHa) xapaKTepHa 6oabiuaH MoniHOCTb ocaaKOB, cjio>KeHHbix 
H3 HepeayroniHxcH Me»ay co6oň necnaHHKOB (nopoň rpayBaKKOBbix) H aprnjuiH­

TOB c npH3HaKaMH PHTMHHHOCTH (pjiHiueBoro THna. CnyTHHKaMH TeppnreHHbix 
ocaaKOB HBJíneTCH npocjiOH ByjiKaHHHecKHx TycpOB, naHKH CHJIHUHTOB; Haôjiio­

aaioTCH TaK>Ke naacTOBbie 3ajie>KH aHa6a3-nopčf>HpHTOBbix nopoa H, KaK caea­

CTBHC no3ÄHero aHHaMHnecKoro H rHapoTepMajibHoro MeTaMop$H3Ma, o6pa30Ba­

HHe 3a cneT aprHJiJíHTOB acnnaHbix cjiaHueB, oporoBHKOBaHHbix B BHay nponn­

TbmaHHH HX KBapueM. nocjieaHHň o6pa3yeT MHoroHHCJieHHbie 5KHabi, ceKyiune 
cKJiaaHaTwe CTpyKTypbi. 

ZIJIÄ necnaHHKOB acnnaHoň (popMauHH 3HjianpcKoro CHHKJIHHOPHH xapaKTepHO 
npHcyTCTBHe ueMeHTa, cocTOHinero H3 HOBOo6pa30BaHHoro KBapua H pereHepn­

poBaHHbix nojieBbix uinaTOB c HeiuyňKaMH xaopHTa H cepHUHTa; B HHX coaep­

/KHTCH TaK5Ke pacKpHCTajiJiH30BaHHbiň nenjioBbiň MaTepnaa, H3peaKa Bcrpena­

K3TCH JIHH3H TyČpOB. O6JI0MKH COCTOHT H3 pa3JIHHHbIX nopoa H MHHepajIOB. 
rjiHHHCTbie cjiamibi cxoaHbi c neMeHTHpyroiueň Maccoň necnaHHKOB; OHH 

npeacTasaHioT co6oň MejiKOKpHCTajiJiHHecKHň arperaT, cocTOHinuň H3 HOBoo6pa30­

BaHHoro KBapua, pereHepHpoBaHHoro nojieBoro uinaTa, cepniíHTa, xjiopHTa, 
cocciopHTa, jieňKOKcena. HHTepecHO OTMCTHIB, HTO HHTeHCHBHOCTb MeTaMop$H3­

Ma H KOJiHHecTBO KBapueBbix WHJi pe3KO B03pacTai0T B BOCTOHHOH nojioce pacnpo­

cTpaHeHHH acnnaHoň (popMauHH, npHMHKaioiiieň K aHTHKJiHHopHio Ypaji­Tay. 
C ipopMHpoBaHHeM HHTpareoaHTHKjiHHajiH, cjio>KeHHoň H3 acnnaHoň (popMa­

uHH, B pnaoM pacnoJio>KeHHOM npornôe BToporo nopnaKa (HHTpareocHHKJiHHaaH) 
npoaoji>KaeTCH HaKonjieHHe TeppnreHHoro MaTepnajia c o6pa30BaHHeM (pjiHine­

Boň cpopMauHH. B STO BpeMH ByjiKaHHHecKan aeaTejibHOCTb, KaK npaBHao, npe­

KpauiaeTCH HJIH HMeeT cnopaaHHecKHň xapaKTep. TaKHM HCKJiioHeHK°M, B nacT­
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HOCTH, HBjmeTCH 3anaaHbiň KaBKa3, r ae B ceHOMaHe Ha KOPOTKHH npoMežKyTOK 
BpeMeHH cpeau OTJIOJKCHHH (pjiHina noHBJíneTCH Ty<poreHHan TOJiiua aBrHTOBbix 
necnaHHKOB. B STO BpeMH B TOJiiue Hcne3aeT (pjiHmeBaH pHTMHHHOCTb H BHOBb 
uoHBJíHeTCH B TypoHe B CBH3H c npeKpaineHHeM B nporH6e ByaKaHHHecKoň aea-

TeJIbHOCTH. 
n o CBHaeTeabCTBy E. M. K e j u i e p a (1949) , MouiHbie ToauiH 3njiaHpcKOH 

(pjiHineBOH (popMauHH (B03pacT: cpeaHHň-BepxHHň Kapôon) O6HHHO cjiO/KeHM 
yiiJioTHeHHMMH (arpHaJíHTH, necnaHHKH), HO He MeTaMop<pH30BaHHbiMH nopo-

aaMH. 
B oTHOineHHH MeTaMop<pH3Ma ocaaKOB HeckoJibKO OTJIHHHOC nojiO/KeHHe Ha6jno-

aaeTCH B BepxHeiopcKO-HHjKHeMeJioBOM (pjiHineBOM CHHKJIHHOPHH lO/KHoro CKJioHa 
EoJibiuoro KaBKa3a B npeaeaax PaHH H CBaHeTHH, ocaaKH KOToporo neTporpa-

4>HnecKH H3yneHbi H. fl. HenejiaiiiBHJiH, A. R. KonajieňuiBHaH H 3 . B. Bapcw-

CalUBHJIH. 
OTao>KeHHH paccMaTpHBaeMoro CHHKJIHHOPHH HHTeHCHBHO aHCJiouHpoBaHbi. 

O H H npeacTaBJíeHH ncecpHTOJíHTaMH, ncaMMHioaHTaMH, aJieBpojíHTaMH H neJiH-

ToaHTaMH (KJiacToreHHbie nopoabi); H3BecTHHKaMH, MeprejiHMH H TeppwreHHO-

Kap6oHaTHbiMH o6pa30BaHHHMH (KapôoHaTHbie nopoabi) . B HHX HepeaKO Ha6jno-

aaioTCH >KHaKH KaabiíHTa, pe>Ke KBapua, ceKyuiue cKJiaanaTocb, HHoraa HX apy3bi 
H >Keoabi. MecTaMH <J>HKCHpyeTCH oKBapuoBaHHOCTb ocaaKOB. B JlyxyMCKOM pa3-

pe3e, rae Ha6aioaaeTCH nepeaoBaHHe H3BCCTHHKOB C naHKaMH TeMHbix CHJibHO 
OKBapuoBaHHbix cJiaHueBaTbix aprHJiJíHTOB, pa3BHTbix B CBOaOBoň nacTH aHTH-

KJiHHaabHbix CKaaaoK, HMeeTCH peaJibrap-aypHnHľMeHTOBoe MecTOpOHíÄeHHe. 
B TOJinie 3a$HKCHpoBaHbi cjieayioiiiHe ipjiHmeBbie (pHrypbi: HeporjiHipbi npogjie-

MaTHnecKoro npoHCXOÄaeHHH, MexaHorJiH^bi, o6pa30BaHHbie B npouece nepeaBH-

KeHHH ocaaKa HJIH noTOKOB Boabi H 6HorjiH<pbi, B03HHKUiHe B pe3yjibTaTe 5KH3He-

aeHTeJibHOCTH opraHH3MOB. Kocan cjioncTOCTb HaôjnoaaeTCH npeHMyiuecTBeHHO 
B TeppnreHHOM, MeHbine B KapôoHaTHOM <pjiHnie. 

OcaaKH <pjiHUieBOH fopMauHH MaKpocKonHHecKH B ueJioM HeMeTaMop<pH30-

BaHbi H B STOM OTHOiueHHH peaKO OTJiHHaioTCH OT HHiKHe-CTpeaHeiopcKoň acnna-

HOH (popMauHH, oaHaKO MHKpocKonHHecKoe H3yneHHe nopoa noKa3aJio, HTO B HHX 
npoHcxoanaH HeKOTopbie npeo6pa30BaTejibHbie npoueccbi ucxoaHbix ocaaoHHbix 
MHHepaJiOB. ABTOPM pa3aejiHK)T npeacraBJíeHHe H. M. CTpaxOBa OTHOCHTejibHO 
TOTO, HTO HOBOo6pa30BaHHbie MHHepajibi, B TOM HHCJie aabÔHT, B03HHKaK>T B cia-

TJHM no3aHero auareHe3a ocaaKa, Koraa BcaeacTBHe ooMeHHbix peaKiinň H aBH-

žKeHHH pacTBopOB nponcxoanT nepepacnpeaejieHHe ocaÄOHHoro MaTepnaJia. 
flajiee OTMenaeTCH, HTO aJibÔHTbi, coaepjKaiunecH B pa3JiHHHbix pa3pe3ax Kap-

ÔOHaTHoro ipjiHiua BepxHeň Pánu tpHKcnpyíoTCH npHMepHO n a OÄHOM erpaTH-

rpa^HnecKOM ypoBHe — B HH»Heň nacTH BepxHeň iopbi H nosTOMy, pa3aejiHH 
B3rana H. A. n p e o 6 p a » e H C K o r o (1940) , corjiacyioiiierocH c B3rjiaaoM 
TecTepa H TopaoHa (T e s t e r — G o r d o n , 1934) , aBTopw cnniaioT, HTO aab-
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6 H T H 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 BepxHeň CBHTe 
BepxHeaeBOHCKHx necnaHHKOB, aeíKamHx Bbiuie 6a3aJibTOBHX noTOKOB, n p n n e x H Mop<J>ojiorH-

qecKH, H onTHiecKH 3 T H noaeBHe nmaTH He orjiHnaioTca OT HaxoaaiHHxca B Me>K6a3aJibTOBbix 
necqaHHKax. ľlosTOMy MOJKHO npeanojiožKHTb, I T O H Te H apyrHe o6pa30BajiHCb B ycjiOBHax 
OĎMHHHX a a a HopMaabHHx ocaaonHbix nopoa . B HHHCHeň CBHTC jiejKameň n o a 6a3ajibTOBbiMH 
nOKpOBaMH, HMeiOTCa rOpH30HTH KOHraOMepaTOB C ÔapHTOBHM JjeMeHTOM, OTHOCHTejIbHO KOTO­

poro aBaae rca BOnpoc, B KaKnx ycaoBHax OH o6pa30Bajica. H o aBTHreHHHe noaeBHe HinaTbi 
HaxoaaTca KaK pa3 B Tex nopoaax , B KOTOPHX Her SapHTa, H KOTopne jieacar, no­BHaHMOMy, 
Bbiuie GapHTOBbix KOHraOMepaTOB" (cTp. 3 3 ) . ľlo npHBeaeHHoä oôbeKTHBHoit xapaKTepncTHKe 
Bpaa JIH MOJKHO coMHeBaTbca o nocTMarMaTHiecKOM THapoTepMaabHOM npoHcxoacaenHH KaK 
6apHTa, TaK H noaeBbix mnaTOB. 3aecb HeBoabHO B03HHKaeT y Hac a H a a o r n a co cnnaHTaMH, 
KOTopne oCbiiHO npHyponeHw K onpeaeaeHHOMy cTpaTHrpa^HiecKOMy ypoBHio 3BreocHHKaH­

HajibHHx Toam. H M H nac ro HaiHHaiOTca ByjiKaHoreHHbie TOJIIHH H o6pa30BaHH B pe3yabTaTe 
paHHero HaTpHeBOro Mexac0MaTO3a n o a aeiícTBueM HaipHňcoaep/KaiHHx BocxoaaujHX pacxBopoB 
B n e p n o a CKaaaiaTOCTH H BO3HHKH0BeHHH HHTpareoaHTHKaHHaabHoá crpyKTypbi. 

jUpyrne HOBOo6pa30BaHHbie MHHepaabi, KOTopne BCTpenaioTca yase B BbimeaeH(ainHx ocaaKax 
4>aHuia, npeacTaBaeHbi KBapueM, KajibnHTOM, cjnoaoň (xaopHT, cepnnHT, MycKOBHT); peaKO 
BCTpeqaiOTca JIOMOHTHT, cnaepHT, nHpnT H THTaHOBbie MHHepaan (SpyKHT, p y r n a , aHaTa3). 
B BepxHeň C'BaHeTHH H B ymeabe P­ JlyxyMHC­CKaaH 3aij>HKCHpoBaHbi aprnaaHTbi c CBoe­

o6pa3HbIMH HOBOo6pa30BaKH3MH , ,30HaabHOro" KBapiia H nOaHCHHTeTHíeCKH CaBOHHHKOBaH­

Horo ajibÔHTa, HMeioiiíHX MecTaMH HanoMop^nbie oiepTaHHa, npnaa iomHx nopoae nop$npoBo­

noao6Hyro crpyKTypy. MejKay STHMH MHHepaaaMH pacnoaoa tenb i napajuieabHo HHTeBHaHbie 
o6pa30BaHHa KBapii­cepHUHTa. 

nocKOJibKy npeo6pa30BaTeJibHbie (MeTaMopcpHnecKHe) npoueccbi, Bbi3BaHHbie 
aKTHBHocTbio BocxoflHniHx (rHapOTepMajibHbix) pacTBopoB B nepnoa CKJiaana­

TOCTH paCCMaTpHBaeMOH 4>JIHIUeBOÍÍ TOJIIHH He BbI3bIBaK)T COMHeHHH, TO B03HH­

KaeT npeanojiOJKeHHe o 3aKOH0MepHOM xapaKTepe 3Toro npouecca. Oco6yio HHTCH­

cHBHOCTb BocxoaHiUHe pacTBopbi npOHBJíHioT B TOM cjiynae, Koraa HM npea­

uiecTBOBaji 3<p(py3HBHbiň MarMaTHnecKHH npouecc, T. e. ecjiH OHH HBJIHKJTCH 
nocTMarMaTHnecKHMH. HeM HHTeHCHBHee npeauiecTByroiuHH, oco6eHHO 6a3ajib­

TOBbiň ByjiKaHH3M, THnHHHo npeflCTaBJíeHHbiň B SBreocHHKjiHHaanx, TeM HHTeH­

CHBHee npoHBjíHioTCH B nepnoa CKJiaanaTOCTH BocxoaHiuHe MeTaMop<pH3yioiJj,He, 
rpaHHToo6pa3yioiiíHe H pyaHOMHHepaaH3auHOHHbie pacTBopbi. 3 T O B TOH HJIH 
HHOH Mepe OTHOCHTCH H K BHyTpnKOHTHHeHTajibHbiM ByjiKaHoreHHO­ocaaoHHWM 
TOJiniaM. B cjrynae TeppnreHHbix reocHHKJiHHajieň, rae OCHOBHOH H nacTbio 
yjibTpaocHOBHoň MarMaTH3M npoHBJíneTCH rjiaBHWM o6pa30M B HHTpy3HBHoň 
<í>opMe, npeo6pa30BaTejibHbie npoueccbi, THroTeroiuHe K rayÔHHHWM pa3JiOMaM, 
TaK»e aaBHCHT OT MacurraÔa npeauiecTByroinero 6a3HTOBoro MarMaTH3Ma. 
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ZIJIH noaHOTbi KapTHHH o pernoHajibHOM MeTaMop<pH3Me caeayeT paccMOTpeTb 
3TOT npouecc Ha npHMepe yrojibHbix 6acceňHOB. 

HeKOTopHMH HCCJieaoBaTeanMH BbiaeanioTCH Tpn BHaa MeTaMop<pH3Ma yrjieň: 
KOHTaKTOBo-TepMaJibHbiň, aHHaMHHecKHň H perHOHaabHbiň. B. H. H B O P C K H H 
(1967) OTMenaeT, HTO npouecc KOHTaKTOBO-TepMajibHoro MeTaMop<pH3Ma CBO-

aHTCH K BHeapeHHio B yrjieHOCHyio (popMauHio MarMbi, 3$<peKT BJIHHHHH KOTopoň 
aaBHCHT OT ee cocTaBa (KHCJiaH HJIH ocHOBHan), Maccw, TeMnepaTypw H noao-

ÍKCHHH OTHOCHTeabHO njiacTa yran (cTp. 119) . npHBoanTCH npHMepbi H3 CynaH-

CKoro MecTopoj«aeHHH H TyHryccKoň yraeHOCHoň naouiaaH no B. C. III e x y-

H O B y (1938) . 
B CynaHe OTMenaioTCH MHOroHHCJieHHbie aaňKOBbie Teaa KBapueBbix nopčpnpoB 

H nop4>HpHTOB, nepeceKaiomHx KaK yrojibHbie njiacTM, TaK H BMeuiaioruHe HX 
ocaaKH, KOTopbie BH3biBaioT HX CKOKCOBaHHOCTb B He3HaHHTejibHoň no UIHpHHe 
30He, He npeBbiinaioiiieň HecKoabKHx MeTpoB. Hapnay c 3<p(py3HBaMH H cyÔByji-

KaHHHecKHMH TejiaMH OTMenaeTCH HaJiHHHe rpaHHTOHaOB, B CBH3H c neM H3Me-

HeHHe yrjieň aocTHraeT rpa(pHTH3auHH. Hcxoan H3 3THX aaHHbix, B. C. LLIexyHOB 
BbicKa3WBaeT MHeHHe o MeTaMop$H3Me Bcex yrjieň floHÔacca B CBH3H c B03aeň-

cTBHeM Ha HHX MarMaTHHecKHx Tea. 3 T O MHeHHe He pa3aejiaeT B. H. H B o p-

C K H ň (1967) , XOTH H npHBoaHT npHMep H3 Ky3HeuKoro 6acceňHa, r ae B 6a-

-TaxoHCKoň CBHTe ToMb-ycHHCKoro paňoHa uiHpoKO pa3BHTbi njiacTOBbie Teaa 
H aaňKH aHa6a30B, BÔaH3H KOTopbix y r a n noaBepraioTCH aHTpauHTH3auHH. 

Ha3BaHHbie aBTopbi He npHHHMaioT BO BHHMaHne TO oôcTOHTejibCTBO, HTO Ha 
yrjiH H BMeniaioiiíHe HX ocaaKH 0Ka3biBai0T B03aeňcTBHe He TOJibKo MamaTHHec-

Kne Maccw, 34>4>eKT KOTopwx npoHBjíHeTCH Ha BecbMa orpaHHneHHOM paccTOHHHH, 
a rjiaBHbiM o6pa30M nocTMarMaTHHecKHe pacTBopbi, HMeroinHe rayÔHHHoe nponc-

xosicaeHHe, jiHiiib napareHeTHHecKH cBHsaHHbie c aaHHbiM MarMaTH3MOM. O H H ne-

peMeinaioTCH no TeM CHCTeMaM TpeinHH, nacTb H3 KOTopwx 3anojiHeHa MarMa-

THHecKHMH TeaaMH. B nocjieaHeM cjiynae OHH npoHHKaioT Baojib KOHTaKTOB 
MarMaTHHecKoro TeJia c BMeuiawnieň nopoaoň H anôo Bbi3biBaroT MeTaMop<pH3a-

UHIO nocjieaHero, JIHÔO 3aBepuiaioT npouecc, HanaTbiň B MarMaTHnecKyio CTaanio. 
nocJieaHee HBJíeHHe co3aaeT BnenaTJieHHe o B03aeňcTBHH Ha yrjiH H BMeiuaioiuHe 
HX ocaaKH ToabKO aHiiib 3ajieraioiuero B HX KOHTaKTe MarMaTHHecKoro Tejia. 
B uejioM STOT npouecc oxBaTHBaeT 6oJibuiHe njioiuaan, BCK> TOJiiuy, T. e. HBJIHCTCH 
HMeHHO TeM npoueccoM, KOTopbiň onpeaeaneTCH noa Ha3BaHHeM perHOHajibHoro 
MeTaMOp4>H3Ma. 

JjHHaM0MeTaM0p4>H3M He3aBHCHMO OT a p y r n x <J>aKTOpOB MeTaMOp$H3Ma, BpHÄ 
JIH MO>KeT Bbi3BaTb H3MeHeHHe cocTaBa (KanecTBa) KaMeHHbix yrjieň. O H , KaK 
H3BecrHO, oôycaoBJíeH cKJiaaK0o6pa3OBaTejibHbiMH aBH>KeHHHMH, BO BpeMH KO-

Topbix, KaK OTMenaaocb nponcxoaHT aKTHBH3auHH BocxoaHniHX pacTBopoB. HMCH-

HO TaK Haao noHHMaTb Mbicjib íO. A. > K e M H y ) K H H K O B a (1948) , OTMeTHB-

uiero, HTO „aHHaMHHecKHň MeTaMop(J>H3M yraeň B cKaaanaTbix oôjiacTnx MOJKCT 
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coneTaTbCH c per/HOHaJibHbiM, HO HeMbicjiHM 6e3 Hero". Pna aBTOpoB norpy>KeHHe 
yrjieHOCHbix TOJIUI H perHOHajibHbiň MeTaMopcpH3M cBH3biBaeT co cKjiaaKooôpa­

30BaHneM. B nacTHOCTH, H. H. A M M O C O B (1941) H3MeHeHHe creneHH Me­

TaMop$H3Ma yrjieň OpoKonbeBCKO­KncejieBCKoro paňoHa KysHeuKoro ĎacceňHa 
o6i>CHHeT TeM, HTO B MOMCHT MeTaMop(pH3Ma, T. e. Ha MaKCHMajibHoň rjiyÔHHe 
norpy>KeHHH yrjieHOCHoň TOJIIUH, nJiacTbi yrjiH yace 6biJiH cJio>KeHbi B nojioro­

BOJiHHCTbie CKJiaaKH H, Haxoancb BCJieacTBHe sroro Ha pasJiHHHoň rayÔHHe. 
noaBeprjiHCb B03aeňcTBHio pa3Hbix TeMnepaTyp. B STOM >Ke paňoHe H. H. M o a-

H a H o B bi M (1948) 6biao ycTaHOBJíeHo, HTO Ha coBpeMeHHOM aeHyaaunoHHOM 
cpe3e K 3aMbiKaHHio 6paxHCHHKJiHHajibHbix cKaaaoK Bceraa Ha6aioaaeTCH noBbi­

ineHue cTeneHH MeTaMop<pH3Ma yrjieň, MaKCHMyM Koroporo coBnaaaeT c amn-

KJiHHaJibHbiM nepernôoM aJiHHHbix oceň STHX CTpyKTyp. 3 T O T HCCJieaoBaTeJib 
TaKJKe yKa3WBaeT, HTO MeTaMop4>H3M yrjiH oaHHx H Tex ace naacTOB yBeJiHHH­

BaeTCH OT 3aMKOB aHTHKJiHHaabHbix cKJiaaoK K 3aMKaM CHHKJiHHajieň, norpy­

jKaioiuHxcH Ha 6oJibuiyio rjiyÔHHy. B. H. C K O K (1963) nnuieT, HTO „npn 
6ojiee KpyTOM 3ajieraHHH njiaeroB yran MeTaM0p<pH3auHH HX Ha rjiyÔHHy 
npoHcxoaHT HHTeHCHBHee, neM npn noJioroM" (cTp. 2 6 ) . Hajiee OH OTMenaeT: 
„B Ky3HeuK0M ôacceňHe ocHOBHan MeTaMop<pH3aunH yrjín npOHCxoanaa B ne­

pnoa HaxoHcaeHHH ero Ha MaKCHMajibHoň rJiyÔHHe norpyjKeHHH, a TOHHee — 
B MOMeHT BTopoň HHBepcHH, HMeBiueň MecTO B KOHue Meaa (nepBan 6biJia B cpea­

He­ HJIH BepxHeTpHacoBoe BpeMn)" (cTp. 32 — 33) . 
BpHfl JIH M05KHO CHHTaTb 3Ty THnOTe3y npHCMJieMOH. ECJIH y>K CBH3HBaTb 

MeTaMopč[)H3M yrjieň H yrjieHOCHoň TOJIIUH C norpysKeHHeM nocjieaHeň, TO eere­

CTBeHee CBH3aTb ero c npeacKJiaanaTHM nepnoaoM ocaaKOHaKonjieHHH, Koraa 
rjiyÔHHa norpy>KeHHH ocaaKOB MHoro 6oabiue, neM B CHHKaHHajibHbix CKaaaKax, 
BOSHHKUIHX^ BO BpeMH CKJiaaHaTOCTH. 

3aMeTHM, HTO yrjieo6pa30BaHHe Ha TeppHTopHH Tpy3HH B ôaTCKOM BeKe 
CBH3aHO c caMoň cnjibHoň aJín K»KHoro CKaoHa EoJibuioro KaBKa3a ôaTCKoň 
ipasoň cKjiaanaTOCTH, Bbi3BaBiueň 3aMbiKaHHe 6aňoccKoň SBreocHHKJiHHaJín 
H o6pa30BaHHe rpaHHTOHaOB. EaTCKan perpeccHBHan yrjieHOCHaH TOJiiua HBJíneTCH 
KOHceaHMeHTauHOHHoň. 

^ T O KacaeTCH MHeHHs o npoHBJíeHHH OTHOCHTejibHo BbicoKoň CTeneHH MeTa­

Mop4>H3Ma yraeň H BMeiuaioruHX HX TOJIUI Ha ôojiee HH3KHX ropH30HTax, coBna­

aaiOUlHX C 3aMKaMH CHHKJiHHajieň, TO 3TO MOÄHO 06bHCHHTb B03aeHCTBHeM 
Ha HHX BoexoaHUlHx pacTBopoB, KOTopbie npn npoxoíKaeHHH HHŽKHHX ypOBHeň 
TOJIIUH 6bijiH OTHOCHTejibHO 6ojiee BbicoKOTeMnepaTypHbiMH, neM Ha BepxHHx. 

HaiUH npeacTaBJíeHHH o pernoHaJibHOM MeTaMop$H3Me pa3JiHHHoro THna TOJIUJ, 
nopoa npHBeaeHbi B TeKcre HacToaňuieň cTaTbH. O H H B uejiOM He OTJiHHaioTCH 
OT BbicKa3aHHbix HaMH paHee npeacTaBaeHHH ( 3 a p n i 3 e — T a T p n u i B H ­
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n. H, 1953) . B HacTOHmee BpeMH M U TaK»e CMHTaeM, I T O perHOHajibHbiň MeTa-

Mop(JiH3M coBepiuaeTca B nepnoÄ CKJiajľiaTOCTH noa B03,ueôcTBneM BOCXOAHIHHX 
BticoKOTeMnepaTypHbix pacTBopoB, o6yc^0BjiHBaiomHx nOÄteM reoTepMiwecKoro 
rpanHeHTa H Te^ieHHe MMHepajionpeo6pa30BaTejibHbix npoiieccoB. HaBJíeHHe, npw 
KOxopoM coBepmaeTca MeTaMop^miecKHH npouecc, B03HHKaeT npn CKJiaflnaTbix 
HaTjmeHtíHx; o6pa30BaHHaH npH STOM CTpyKTypa (HHTpareoaHTMKJiíiHajib) 
B OTHOUieHHH ÄaBJíeHHH HBJIHeTCH aHH30TpOIIHOH. 

PerHOHajibHbiň MeTaMop4>H3M npoHBJíaeTCH, KaK H3BecTHO, B reocHHKJiHHajiHx, 
cpeflH KOTopbix THmumoH RJÍH 3Toro BH^a MeTaMopc[>H3Ma HBJíaeTCH SBreocHH-

KJiHHajib. riepBbiň 3Tan pernoHajibHoro MeTaMop4>H3Ma, coBepuiaioiuHiicH B cra-

2W0 o6pa30BaHHa HHTpareoaHTHKjiHHajra, o6bmHO He npeBbiuiaeT 3ejieHOCJiaH-

ueByio H 3nHaoT-aMij)H6ojHTOByio fyauym JIJIH nejíHTOBbix nopoa. B STO BpeMa 
4>opMHpyioTCH ôe^Hbie KajraeM rpaHHTOHflbí (ra66po — njiarHorpaHMTOBan 4>op-

MauHa). 
Oôpa30B3HHe MeTaMop4>nTOB c ôojiee BbicoKOTeMnepaTypHbiMH MHHepajibHHMH 

accouHauHHMH, npoHcxoaHT lipu noBTopHbix MeTaMopcJwqecKHX npoueccax B Te-

■íeHHe HecKOJibKHx UHKJIOB reojiorHiecKoro pa3BHTHH. B KOHue BToporo vum 
aa>Ke TpeTbero reojiorHHecKoro UHKJia (JiopMHpyíoTCH SoraTbie KaJineM H KpeM-

HHeM rpaHHTOHÄbi nyTeM MeTacoMaT03a, 3a c^eT nopoji ra66po-rmarnorpaHHTOBOÍí 
4>OpMaUHH M HX BMemaKUUHX MeTaMOpijlHTOB. 

B TeppHreHHbix reocHHKJiHHajiax, conpoBO/KflaioiiiHxcH HHorfla KpynHbiMH 
HHTpy3HHMH OCHOBHHX H racTbio yjibTpaocHOBHbix nopOÄ, 3ajieraioiuHx B rjiy-

ÔHHHbix pa3JiOMax, HHTpy3HH rpaHHTOH^OB HaKJiaabiBaioTCH Ha npeauiecTByioiiiHe 
HM 6a3HTbi, JIHÔO pacnoJiararoTCH B Tex >Ke pa3JioMax, HO jiHiueHHbix 6a3HT0B 
c o6pa30BaHHeM iíenoiKoo6pa3HO pacnoJio>KeHHbix KpynHbix MaccHBOB. GraHOBJíe-

HHe rpaHHTOHÄOB B pacMaTpHBaeMbix HaMH reocHHKJiHHajiax npoHcxojiHT B Te-

qeHHe He MeHee asyx UHKJIOB reoJiorHqecKoro pa3BHTHH, KaK STO HMeeT MecTO, 
HanpHMep, B HpTbiincKO-MapKaKyjibCKoň H ap. 30Hax. 

B TeppHreHHbix reocHHKjiHHaJiHx <J>jiHiiieBoro THna, coBepiueHHO jiHiueHHbix 
HJIH no^TH jiHineHHbix BcaKoro pojia MarMaTH^ecKMx o6pa30BaHHH KaK B sfyfyy-

3HBH0Ô, TaK H B HHTpy3HBHoň $opMax, MeTaMop$HiecKHe npoueccbi HrpaioT 
secbMa He3HaiHTejibHyio pojib. IlpHMepoM MoryT cjiy>KHTb najieo3oňcKHe OTJIO-

5KeHHH fyjmuieBOVL 4>opMauHH 3HJianpcKoro CHHKJIHHOPHH Ha K))KHOM Ypajie. 
B BepXHeK)pCKO-HH>KHeMeJ10BOM <j>JIHUieB0M CHHKJIMHOpHH K»KHOrO CKJIOHa Bojib-

inoro KaBKa3a B CBH3H CO CKJia.niaTOCTbio (JuiHineBoň HHTpareocHHKJiHHaJiH HMera 
MecTO aKTHBHOCTb BOcxoflHíuHx rHÄpoTepMajibHbix pacTBopoB, KOTOPWM He npea-

mecTBOBajio npoHBJíeHHe MarMaTH3Ma; OHH npoH3Bean 3aMeTHbie npeo6pa30Ba-

HHH B caMoií HH)KHeii >iacTH <£jiHmeBoň TOJiuiH, rae Ha6jiK>ÄaeTCH OKBapueBaH-

HOCTb H H0B006pa30BaHHH ajIbÔHTa H ap. BTOpiMHMX MHHepaJIOB. B CBH3H 
c aKTHBHOCTbio rHapoTepMajibHbix pacTBopoB B paňoHe p. JlyxyMHC-uKajiH o6pa-

30Ba;iocb, KaK OTMeieHO, peajibrap-aypHnHrMCHTOBoe MecTopo»<ÄeHHe. 
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CKa3aHHoe aaeT HaM ocHOBaHHe nojiaraTb, mo B nepHOÄ CKjiajmaTOCTH, no-
BHÄHMOMy, Bceraa npoHCxoÄHT c TOH HJIH HHOÍÍ HHTeHCHBHOCTbio, npoca^HBaHHe 
nepe3 ocaaoiHbie TOJIIIÍH BOCXO.HHIHHX pacTBopoB pasiin^Horo coeraBa, TeMnepa-
Typbi H PH20. 3 T O Ha6jnoaaeTCH H B HeoreocHHKJiHHajibHbix BHyTpHKOHTHHeH-
TaJibHbix (anHKOHTHHeHTa/ibHbix) 6acceňHax, B nacTHOCTH, B yrojibHbix 6acceň-

Hax, B KOTopwx MeTaMop4>H3M yrJiH H yrojibHoň TOJIIUH, ecjiH OH B KaKOH-TO 
Mepe oôycjiOBJíeH HenocpeacTBeHHbiM B03fleňcTBHeM MarMaTHMecKoro Tejia 
B cjiyiae ero HaJiH^Ha, TO rjiaBHyio po/ib B npouecce MeTaMop$H3Ma nrpaioT 
BocxoÄHJUMe pacTBopw — nocTMarMaTHMecKHe, JIHÔO HC nocTMarMaTHtiecKMe, 
T. e. He HMeioiuHe CBH3b c npeÄiiiecTByjoiuHM MarMaTH3MOM BCJicucTBiie ero 
OTcyTCTBHH. O npoijeccax perHOHajibHoro MeTaMop$H3Ma, coBepuiaiomerocH 
B cTaaHK) CKJiaa^aTOCTH yrjieHOCHbix TOJIIH, y ôojibiiiHHCTBa Hccjie.noBaTe.JieH 
coMHeHHň He Bbi3biBaeT, OflHaKO o ero npHMHHax, KaK OTMe<iajiocb MHCHHH pac-

XOÄHTCH. 

O Ä H H M H3 HaH6ojiee CJIO/KHHX HBJíaeTCH Bonpoc o TOM, KaKne npeo6pa30BaHHH 
npoHcxoflHT B CTaaHK) ocajiKOHaKonjieHHÄ H norpy>KeHHH TOJIIU. nopoÄ. ETO Bce 
eiue Heitb3H cíHTaTb peineHHbiM nojiHOCTbio. EcTb ocHOBaHHe ÄJIH yTBep»;aeHMH, 
HTO 3TH H3MeHeHHH He3Ha^HTeJibHbi. HanpHMep, MM yBepeHbi B TOM, I T O MeTa-

Mop$H3M acnHUHbix cjiaHueB (acnH,nHOcjiaHueBaH ^ a u n a ) KD>KHoro CKJioHa 
BoJibiuoro KaBKa3a np0H30ineji B nepHOÄ cKJiafliaTOCTH, T. e. BO BpeMH $opMH-

poBaHHa acnHÄHOCJiaHueBOH HHTpareoaHTHKJiHHajiH (KOHeu cpcuHeň ropw) H 3a-

po/KfleHHH PHÄOM c Hen 4>JiHiueBOH HHTpareocHHKJiHHajín, KOTopaa B CBOK) one-

peaí noÄBeprjiacb HeKOTopbiM Hajio>KeHHbiM rHÄpoTepMajibHbiM npoueccaM, 
onaTb-TaKH B nepHOÄ CKiiasnaTOCTH. OflHaKO HeKOTopbte HCCJie/j,OBaTejiH, H3ynaB-

mne TeppnreHHwe reocHHKJiHHaJiH cHHTaioT, HTO MeTaMop<J>H3M, BH3BaHHWH 
norpyaíeHHeM TOJIIIIH nopofl B nepnojj. ocaflKOHaKonjieHHH, HBJíaeTCH ôojiee HH-

TeHCHBHbiM, aocTHraa HH3KOTeMnepaTypHoň cy6<j>auHH 3ejieH0CJiaHueB0H ijiauHH, 
a pernoHajibHbiň MeTaMopcj>H3M ÔoJiee BMCOKOH CTeneHH coBepuiaeTca yn<e B ne-

pHOfl CKJiaflqaTOCTH. 
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O. M. ZARIDZE 

DATUCG 0 1 THE KEGIONAL METAMORPHISM DURIXG THE DEVELOPMENT OF 
THE GEOLOGICAL ť l í 'LE 

The present artiele gives the author's conception of the regional metamor­

phism of different types of rock beds. This conception is generally not different 
from earlier conceptions ( Z a r i d z e — T a t r i s h v i l i 1953). 

Now there is still a supposition about the regional metamorphism ending 
in the periód of folding under the influence of then arising high­temperatured 
solutions conditioning the increase of geothermic gradient in the course of the 
processes of alteration of minerals. The pressure accompanying the hnal phase 
of metamorphism, arose due to the folding stress. Thus the structure (intra­

geoanticline) vvas formed, anisotropic in relation to the pressure. 
Regional metamorphism may be observed in geosynclines. eugeosynclines 

being typical of this type of regional metamorphism. 
The first stage of regional metamorphism completed in the stage of the 

forming of intrageoanticline, usually does not exceed the green­schistose and 
epidote­amphibolitic facies, as far as pellitic rocks are concerned. In this 
time, granitoides (gabbro­plagiogranitic formation) poor in K, arose. 

The forming of metamorphites with high­temperatured minerál associations 
takes plače in repeated metamorphic processes, in the course of several cycles 
of geological development. 

At the end of the second and even third geológie cycles, due to metasoma­

tism, there arose granitoides rich in K and quartz to the d./p. of the rocks 
of gabbro­plagiogranite formation, metamorphites included. 

In terrigene geosynclines, accompanied sometimes by extensive intrusions 
of basic and partly ultra­basic rocks deposited in deep faults, intrusions of 
granitoides are deposited on the underlying basites or in the samé faults 
without basites, with the forming of extensive chain­like massifs. 

Granitoides in geosynclines under study were followed in the course of at 
least two cycles of geological development, as it was e. g. in the Irtyš­Marka­

kul, and other zones. 
Metamorphic processes háve generally little importance in terrigene geo­

synclines of the Flysch type, completely or partly lacking any type of the 
magmatic formations as in effusive so in intrusive forms. As an example of 
this may be considered the Paleozoic deposits of the Flysch formation in the 
Zilair synclinore in Southern Ural. In the Upper­Jurassic — Lower­Cretaceous 
Flysch synclinore of the southern slope of the Great Caucassus in relation to 
the folding of the Flysch intrageosyncline, hydrothermal solutions were active. 
They were not preceded by magmatic activities, they evoked alteration in the 
lowermost par t of the Flysch beds, where quartzification and new formations 
of albite and other secondary minerals, took plače. 
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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 tha t in the time of folding, solutions of different compo-
sition, temeperature and PH 2 O 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 
conditioned by immediate inŕluence of magmatic body — in čase it occurs 
there — then postmagmatic or non-postmagmatic solutions háve greatest 
importance in the procese of metamorphism. 

There are no doubts about the processes of regional metamorphism comple-

ted in the periód of the folding of the coal-bearing beds, yet the opinions about 
the cause of these processes are contradictory. One of the most complicated 
questions is: which alterations took plače in the stage of deposition and sub-

merging of rock beds. This problém has not been completely solved yet. I t may 
be supposed t ha t these alterations were only slight. For instance, we may believe 
tha t metamorphism of the aspid shales (aspíd-shale facies) of the southern 
slope of the Great Caucassus Mts. took plače in the time of folding, i. e. in the 
periód of forming of the aspid-shale intrageoanticline (the end of the Middle 
Jurassic) and of the rise of the Flysch intrageosynch'ne tha t was affeeted by 
some hydrothermal processes, again in the periód of folding. Yet some investig-

ators studying terrigene geosynclines supposed that metamorphism evoked 
by submerging of rock beds in the time of their deposition, was more intense, 
reaching the lower-temperatured subfacies of the green-shale facies, while 
regional metamorphism of higher degree ended as early as the time of folding. 
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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 X X 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 -
č r e l i d z e ' s (1957) besitzt sie auch ihre eigenen typomorphen Metalle, in 
bestimmten Entwicklungsstadien einzelner Epochen typomorphe genetische 
Typen der Lagerstätten und im Sinne P. R o u t h i e r ' s (1963) ist sie im be­

stimmten spezifíschen Erosionsniveau abgedeckt. In solchen Provinzen sind 
oft auch mehrere metallogene Epochen vertreten und so sind sie im Sinne 
T u r n e a u r ' s (1955), T v a l č r e l i d z e ' s (1957) und S m i r n o w ' s (1960) poly-

zyklisch. 
Dieser Definition nach sind also die Westkarpaten eine selbständige west-

karpatische metallogenetische Provinz und man kann sie nicht mit den Ostalpen 
in eine Einheit zusammenfassen (was wir im Weiteren noch erôrtern werden). 

Mit Bezug auf die Gliederung der Westkarpaten nach D. A n d r u s o v — 
A. M a t é j k a (1931) und V. Z o u b e k (1937) oder H. S t i l l e (1953), kann 
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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 Osteň NW­SO. 
Abgesehen von der Detailgliederung der äuBeren Flysch­Karpaten in zahl­

reiche längliche faziell­lithologische und tektonische Einheiten ( M a t é j k a — 
R o t h , 1962, 1964) kann man diese Subprovinz in drei strukturell­metallo­

genetische Zonen zergliedern: 
(a) Strukturell-metalloge.netische Zóne des äufieren Flysches, in welcher die 

Kreide von kleinerer Bedeutung ist und das Paleogen vorherrscht. Typische 
Vererzung bilden da pelosideritische Flôze in der Unterkreide (Valangien), 
im Urgon, Alb, Cenoman und Eozän der nordwestlichen Karpaten, d. h. 
in den Mährisch­schlesischen Beskiden. Vereinzelt kommen die Blei­Zink­

Vererzungen in kleinen Kôrpern der Neovulkanite vor. 
(b) Strukturell-metallogenetischa Zóne der Klippen, die hauptsächlich durch 

Jura und Kreide, weniger durch Paleogen gebaut ist. In dieser Zóne sind 
kleine Flôze der oxydisch­karbonatischen Manganerze im Lias und Dogger 
bekannt (Lednické Rovné, Zázrivá, Šarišské Jastrabie). Auf dem polnischen 
Territorium gibt es in dieser Zóne kleine Kôrper der mit dem Teschinit 
äquivalenten Eruptivgesteine mit unbedeutender Konzentration der Blei­

Zink­Erze und des gediegenen Goldes. 
(e) Štruktúrell-metallogenetische Zóne des Inneren Flysches, die haupt­

sächlich paleogenen Alters ist, enthält nur sehr kleine Vererzungen der 
sedimentären, oxydisch­karbonatischen Manganerze und Pelosiderite, die 
in den Schiefern liegen (Orava). 

Diese Subprovinz, mit drei strukturell­metallogenetischen Zonen, besitzt 
also Vererzungen des Eisens und Mangans, die sich in zwei metallogenetischen 
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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-
nov, Tvalčrelidze usw., ist es notwendig diese Subprovinz in zwei groBe struk ­
turell­metallogenetische Zonen zu teilen: Tatroveporiden und Gemeriden. 

Strukturell-metallogenetische Zóne der Tatroveporiden besitzt 
im ganzen Gebiet einheitlichen geologischen Bau und fast gleiche Vertretung 
der geologischen Formationen: kristalline Kerngebirge mit variskischen Grani­

toiden inmitten. Um alle Kerngebirge herum treten die mesozoischen Serien 
(Untertrias­Unterkreide) u. zw. in der autochthonen oder tektonischen Position 
(subtatrische Dečke). Nachorogene Formation ist Eozän. Die Metamorphose 
in allen Kerngebirgen ist mezo­ und katazonal, wobei ihr Alter hauptsächlich 
variskisch, teilweise auch älter ist. In der alpidischen Ara wurden die kristal­

linen Kerne diaphtorisiert. 
Die Erzlagerstätten der strukturell­metallogenetischen Zóne der Tatrove­

poriden sind in allen Gebirgen, was das Materiál, Form, Genese und Alter 
betrifft, ubereinstimmend und auch ihre okonomische Bedeutung ist im ganzen 
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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 Osteň): Kleine Kar­

paten, Inovec, Kleine Fatra, Hohe Tatra, Branisko mit Čierna Hora und 
Zemplin-Insel und einen anderen Streifen von Tríbeč, Malá Magura, GroB­

Fat ra und der Niederen Tatra. 
Detaile Beschreibung der einzelnen Erzdistrikte ist auf dieser Stelle nicht 

zweckmäBíg, da sie in der Vergangenheit von mehreren Verfassern gegeben 
wurde (zum Beispiel L. M a d e r s p a c h 1879; J . A h l b u r g 1913; M. M á š k a 
1957; J . K o u t e k 1958, 1964 usw.). 

In der Subzone der Veporiden kann man im wesentlichen nur einen: Vepor­

Erzdistrikt ausgliedern, der mit vorhergehenden durch die Lagerstättenformen, 
Inhalt und Alter identisch ist. 

Mit Bezug auf den Umstand, daB die metallogenetischen Prozesse in ein­

zelnen Erzbereichen polyzyklisch waren, d. h. es gibt da mehrere metallo­

genetischen Epochen mit zugehôrigen Entwicklungsstadien und metallogenen 
Phasen, werden wir jeden Erzdistrikt im Sinne Nekra.­»ov ­ Š a t a l o v ' s 
(1960) in štruktúr ellmetallogenetische Etagen gliedern, die zeitlich mehrere me­

tallogene Epochen enthalten (kaledonische, variskische und alpidische z. b.). 
In den Etagen kann man strukturell-metallogenetische Subetagen (räumlich) 
mit zugehôrigen Phasen (zeitlich), als kleinere räumliehe und zeitliche Einhei­

ten, die durch das Entwicklungsstadium dem Orogen (Vorfaltungs­, Faltungs­, 
Nachfaltungsstadium), bzw. noch klieneren Zeitabschnitten — den strukturell-

metallogenen Etappen bis Stufen mit den zugehôrigen Erzformationen ausglie­

dern. (Diese Gliederung wird noch weiter näher beleuchtet. und zwar so, 
daB daraus weitere Erscheinungen wie Konzentrationsfaktor und Intensität 
der Vererzung hervorkommen). 

In dieser Subzone sind hauptsächlich zahlreiche hydrothermale Gange der siderit­

sulphidischen Erzvormation vertreten, die das post variskische Alter haben und in ihrer 
Zusammensetzung namentlieh Fe, Cu, Sb, Au, Pb, Zn vorkommen. Eine kleinere Bedeu­

tung gehôrt den sedimentär­vulkanogenen Pyrit-ťyrhotinerzen in metamorphierten 
Oriinsteinen (Amphiboliton) des vorvariskischen Alters. In oberpermischen Schichten 
sind in manchen Gebirgen stratiforme Kupfererze rnit Siderit vertreten. 
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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 ha t 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-

56 



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 Entvňcklungsstadium vertri t t das Oberkarbon, das die 
spätvariskische strukturell-metallogenetische Stufe mit den Magnesit­Lagerstät­

ten am westlichen und ostlichen Ende der Gemeriden repräsentieren, während 
in dem Zentralteil der Gemeriden (im länglichen Sinne) die Oberkarbon­

Schichten von den sideritischen und sideritisch­sulphidischen Gängen durch­

brochen sind, die in den karbonatischen Schichten metasomatische Verer­

zungen bilden. Das Alter der Sideritvererzung ist hauptsächlich jungvariskisch, 
die während der alpidischen Ära rekristallisiert wurde. 

Das Oberkarbon bildet beiderseits der Volovec­Zone zwei Stieifen. Vom 
metallogenetischen Standpunkt ist der nôrdliche Streifen von groBer Bedeu­

tung. Er bildet am siidwestlichen Ende den metallogenetisch­faziellen Streifen 
des Magnesit-Karbons im Bereiche von Lučenec und Ochtina, und im Ab­

schnitte Stítnik­Dobšiná­Mlynky den metallo­faziellen Streifen mit ,,meta-

somatischen" Sideritlagerstätten, während er weiter ostwärts bis nach Košice 
(von metallogenetischer Sicht aus) nicht fiir metasomatische Lagerstätten, 
sondern eher fiir hydrothermale Gange vom Belange ist. Der Košicer Abschnitt 
ist wiederum Magnesit­fuhrend. 

Der sudgemeride Streifen des Oberkarbons (ehemalige Rožňavsko železníc­

ka­Serie) besitzt keine Karbonáte, die fiir die Entstehung der metasomatischen 
Siderite geeignet wären; dagegen gibt es da zahlreiche sideritische und siderit­

sulphidische Gange permischen, oder auch alpidischen Alters. 
Das finále Entwicklungsstadium der Varisziden repräsentieren oberpermische 

strukturell-metallogenetische Schichten, die analog wie das Karbon in zwei 
Streifen entwickelt sind. Es handelt sich um kontinentale Entwicklung des 
Verrucano (im Siiden der Gemeriden auch mit Meeresfazies), die durch sauren 
porphyrischen Vulkanismus, mit eingelagerten stratiformen, alpidisch meta­

morphiesierten Urán—Molybdän—Kupfer—Erzen, sowie mit Flôzen der 
Hämatiterze, begleitet ist. Sie sind im Perm in mehreren metallogenetischen 
Horizonten vertreten. 

Des permischen Alters ist auch sehr ausgedehnte sideritische und sideritisch­

sulfidische Gangformation hydrothermal er Herkunft, die auch in älteren 
Schichtenfolgen sehr verbreitet ist, u. zw. in Form von schon erwähnten 
Gang-, oder Erzzugen. Infolge der primären Diskontinuität dieser Gangziige, 
die hie und da verschiedene Dichte haben, kann man Erzfeld als eine kleinere 
Einheit betrachten und nach den Ortsnamen bezeichnen. Diese Erzfelder 
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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 
Tiefe kann man tľbergänge in die Kupfer­ und Wolfram­Erze bemerken. In der weiteren 
Umgebung von B . Štiavnica sind dann die Quecksilbererze, Manganerze, oder exhalative 
Kórper vom Schwefel und kontakt­metasomatisehe Magnetitlagerstätten (Vyhne, Ti­

sovec) in der Nähe der rniozänen Diorite, bekannt. 
Erzrayon Zlatú Baňa im Prešovsko­Tokajské pohorie besitzt auch solche subvnlka­

nische hydrothermale Erzformation, die aus Blei­Zink­Silber­Erzen in der Mitte aus­

gebildet sind: an ihren Rändern kommen Antimonít und Quecksilber­Erze vor. In den 
synsedimentären rniozänen Komplexen sind verschiedene Horizonte der Pelosiderite 
entstanden. 

Auf dem Territorium Ungarns ist der Erzrayon Matra mit Blei­, Zink­, Silber­Erzen 
und Cu­Erzen vom Belange. 

Ubergeordnete räumliehe Einheit der Rayone ist der Kranz der neovulkani­

schen Gebirge, die im wesentlichen die Funktion der strukturell­metallogene­

tischen Zóne besitzen. 
* 

Die F l y s c h ­ K a r p a t e n , ôstlich des Flnsses Laborec, sowie neovulkanisehes Gebirge 
Vihorlat­Gutin unterseheiden sich durch ihren Bau, Entwicklung und Metallogenese von 
den Westkarpaten. Mit Bezug auf ihren schwachen Erosionsgrad, bzvv. Auí'schliefiung und 
Anvvesenheit von zwei Subprovinzen der Westkarpaten (Flysch­Zone und neovulkaniseh­

pannonische Subprovinz), kann man dieses Territorium, das in ĽdSSR líegt, als eine 
selbständige, kleinere metallogenetische, Provinz der Karpatoukraine bezeiehnen. Nach 
B. V. Merl ič (1957) bildet diese Subprovinz drei linearo strukturell­metallogenetische 
Zonen, u. z\v. von Norden gegen Siiden: ľetroš­Zone, PereÓin­Svaljava­Zone und Čop — 
Vyskov­Zone. 

Auf unssres Territorium reicht bloB die Perecin­Svuljava­Zone, u. zw. längs des nôrd­

lichen Randes des Gebirges Vihorlat, wo sich der Vihorlat­ErzdisPrikl befindet. Er enthält 
kleine epithermale Gange der Ľisen­Opal, der Pyrite und Quecksilber­Míneralisation. 
Längs des sudlichen Randes des Vihorlat, in den anliegenden sedimentären Becken kom­

men häuŕige Floze der sedirnentär­hydrothermalen Pelosiderit­Erze vor. 

Zulezt kann man einige allgcmeine Probléme des räumlichen Charakters 
einwenig behandeln. u.zw.den E r o s i o n s f a k t o r . Nach P. R o u t h i e r (1963) 
ist Erosionsfaktor eines der Grundkriterien der Vergleichungslehre uber die 
Erzlagerstätten, Typológie der metallogenetischen Provinzen im Rahmen 
der Megaprovinzen und der geosynklinalen, polyorogenen Systéme. Seine 
Wichtigkeit wird hervortreten, wenn man die Westkarpaten mit Ostalpen 
im Westen und mit sowjetischen Karpaten im Osteň vergleicht. Den intensiv­
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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.). 

Unterschiedlichkeit der Geosynklinalen von geotektonischen und metallo­
genetischen Standpunkten aus im Sinne Tvalčrelidze's, Smirnow's, Routhier's 
usw., ist nicht nur die Folge ihrer primären Fullung, sondern auch der ver­

schiedenen Intensität der Erosion. Infolge des ungleichen Erosionsgrades sind 
die strukturell­metallogenetischen Zonen der Ostalpen im bestimmten Sinne 
symmetrisch, in den Westkarpaten asyrnmetrisch; im Bezug auf die Lokalisierung 
der intensivsten sideritfuhrenden Streifen, oder Magnesitlagerstätten, sind 
die Verhältnisse in beiden Provinzen umgekehrt (Ostalpen: nôrdlich von 
Tauern, Westkarpaten: siidlich von den Kerngebirgen). 

Zeitliche Metallotekte der Westkarpatischen metallogenetischen Provinz 

Den Altersfragen der metallogenetischen Prozesse der Westkarpaten hatte 
man in letzten Jahren groBe Aufmerksamkeit gewidmet. Zu den geotektonisch­

geologischen, mineralogisch­paragenetischen und geochemischen Studien uber 
das Alter verschiedener Vererzungen ( I l a v s k ý , 1957, 1960; C a m b e l 1958; 
V a r č e k 1963; M á š k a 1957; Z o u b e k 1953; P o u b a 1957, 1958 usw.), hatte 
namentlich K a n t o r mit seinen geochronologischen Studien beigetragen 
(1957—1965). Mit diesen Arbeiten wurde in den Westkarpaten die Anwesen­

heit von drei metallogenetischen Epochen bestätigt. Die variskische und alpi-

dische Epoche ist vollständig und man kann s;e gut in Entwicklungsstadien, 
Phasen, Etappen, Stufen und Horizonte zergliedern, wie wir es schon friiher 
( I l a v s k ý 1957, 1960) und auch im Absatz uber die Rayonierung angefuhrt 
haben. Unvollständig ist bloB die Kaledonische Epoche. 

K a l e d o n i s c h e m e t a l l o g e n e t i s c h e E p o c h e , die durch die Gelnica­

Serie representiert ist, hat drei Vererzungsphasen entwickelt, u. z\v.: kambrische 
mit Pb—Zn—Cu—FeS2 Ľrzen; ordovizische mit Pb—Zn—FeS2—Erzformation 
und mit den „metasomatischen" Sideriten; silurische metallogenetische Phase 
mit FeS2—Cu Erzen. 

Damit wir die ordovizische Phase besser charakterisieren konnen, zerteilen 
wir sie in zwei Etappen: eine mit Pb—Zn—Cu—FeS2 Erzen und eine andere 
mit Siderit­Erzen. Jede von ihnen enthält einige Erzhorizonte. 

V a r i s k i s c h e m e t a l l o g e n e t i s c h e E p o c h e ist durch drei Entwicklungs-

stadien vertreten, u. zw. das präorogene, orogene und postorogene, die sich 
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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, 
Čierna Hora). 

Spätorogenes Štádium der variskischen Epoche ist vom metallogenetischen 
Standpunkt aus sehr wichtig. Es hat sich während des Oberkarbons abgespielt, 
der detritische Entwicklung mit basischem Vulkanismus aufweist. An dieses 
Štádium sind stratiforme Linsen der kristallinen Magnesite gebunden. Eine 
andere Erzformation sind „metasomatische" Sideriterze im Oberkarbon von 
Dobšiná. 

Das finále Štádium ist durch die Permschichten in Verrucano­Fazies repre­

sentiert. Diese metallogenetische Phase enthält mehrere Mineralisationsetappen, 
die in einigen Stufen und Horizonten liegen. Erzformation der Siderit und 
Siderit­sulphidischen Gange in der zentralen Subprovinz kann man nicht genau 
datieren; sie ist aber sicher postvariskisch (siehe geochronologische Forschun­

gen von K a n t o r 1960—65). 
In den Permschichten sind in einigen Horizonten die Hematitlagerstätten 

entwickelt, die den Lahn­Dill­Typus representieren (zusammengebunden mit 
Vulkaniten), teils aber auch einer anderen Genese sein kônnen ( I l a v s k ý 1958). 
Eine andere Erzformation ist durch Uran­Kupfer­, oder nur Kupfererze ver­

treten, die wiederum im Permkomplex liegen und mit dem sauren Vulkanismus 
zusammenhängen (Zóne der Gemeriden). Dieser Etappe sind die stratiformen 
Siderit­Kupfererze im Perm der Tatroveporiden aequivalent (Spania Dolina, 
Ľubietová), was durch geochronologische Studien von K a n t o r (1965) bestä­

tigt wurde (Pb­Isotope). Fast alle diese Erzformationen sind in mächtigen 
Evaporitserien (Anhydrite, Gypskorpern) eingeschaltet. 

Die Evaporitserien des Oberperms, die tľbergänge in die Untertrias auf­

weisen, decken sich teilweise mit dem geosynklinalen Štádium der a l p i ­

d i s c h e n m e t a l l o g e n e n E p o c h e . 
Marine Sedimentation während der Trias bis Kreide in den Westkarpaten 

fiihrte nicht zur Konzentration der Erze. Kleinere sedimentäre Manganhori­

zonte im Lias oder oolitische Eisenerze im Rhät kann man in Zusammenhang 
mit fruhorogenen Bewegungen der alpidischen Ära geben. 

Das orogene Štádium ist aber von metallogenetischer Sicht aus von groBer 
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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. 

tľbereinstimmend mit SchluBfolgerungen uber die Entwicklung der geolo-

gisch-tektonischen und metallogenetischen Prozesse aus breiten Gebieten 
einzelner Kontinente, die von Schneiderhôhn, Smirnov, Borchert, Turneaur, 
Raguin, Routhier e t c , ausgesprochen wurden, kann man uber die westkarpa-

tische metallogenetische Provinz sagen, daB sie polyorogenen Types ist; ihre 
metallogenetische IIauptkulmination fällt in die variskische Ara. Diesen Zeit-

abschnitt kann man auch als orogenetischen und metallogenetischen Kataklis-

mus bezeichnen, weil in den älteren Epochen haben sich die orogenen Zyklen 
nicht vollständig entwickelt; sie erreichten bloB geosynklinale Anfangsstadien 
und in ihnen sind nur stratiforme Lagerstätten der Kiesformation entstanden. 
Nach dem variskischen Kataklismus sind jedoch die orogenen Entwicklungen 
vollständig, mit allen Stadien, mit bunten genetischen Typen und Erzarten, 
die der Form und Mineralassoziation nach unterschiedlich sind. 

Nun mochte ich die Problematík der b e z e i c h n e n d s t e n (Magnesit- und 
Siderit-) E r z f o r m a t i o n e n , besonders vom Standpunkt ihres Alters, erôrtern. 

Die sogennanten , ,metasomatischen" Sideritlagerstätten, die in der kambro-

silurischen Gelnica-Serie liegen (hauptsächlich Nižná Slaná und Železník), 
gehôren nicht der variskischen metallogenen Epoche. Neuesten Forschungen 
J . Kantor 's zufolge, die im geochronologischen Laboratórium unseres Institutes 
verfertigt wurden (miindliche Mitteilung), weisen die Pb-Isotopen in Geokro-

nitten von Nižná Slaná, die bisdaher der nachsideritischen sulphidischen Erz-
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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 
Mineralien in dsn Magnesiten ( T r d l i č k a 1956, 1960) kommen in Form von 
sehr feinen Kôrnchen bis Äderchen in den Magnesitkôrnchen und in ihren 
Intergranularen vor. Nur Galenit, Sphalerit, Chalkopyrit und Tetraedrit bilden 
auch groBere Gange in Magnesiten, oder in hangenden Dolomiten und Kalken. 

Die Pb-Isotopen aus solchen Gängen und Äderchen des Galenites, weisen 
nach J . Kantor (múndliche Mitteilung) das variskische oder alpidische Alter 
auf. Magnesitkarbon ist sehr stark disloziert und alpidisch metamorphosiert. 

Die Veporidenzone, die in der unmittelbaren Nähe des magnesitischen, auf 
sie aufgeschobenen gemeriden Karbons liegt. ist alpidisch metamorphosiert 
allerdings unter den mesozonalen, gegen Westen almählich bis katazonalen 
Bedigungen. Es handelt sich um die sog. Glimmerschieferzone der Veporiden. 

In dieser Zóne liegen zahlreiche M agnesit-Talk-Lagerstätten. Diese haben 
massiven, oder schichtigen Charakter und sind in den Dolomiten und Kalk-

steinen eingeschaltet, die in den Glimmerschiefern, Paragneisen, Metaquar-

tziten, amphibolitischen Schiefern und Amphiboliten liegen. Talk ist an diesen 
Lagerstätten in zwei Formen vertreten: massig in scharf differenzierten Lagen 
an den Rändern der Magnesitkôrper, oder selbständige Lagen in Magnesit-
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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 Ľubietová und Spania 
Dolina (Libethen. Herrengrund). Diese Lagerstätten sind alpidisch sehr stark 
disloziert und metamorphiert, in Permsandsteinen und Schiefern eingeschaltet, 
an manchen Stellen stratiform, anderswo gangfôrmig. zum Teil auch im liegen­

den Kristallin, oder im ubergelagerten Mesozoikum. 
Sehr zerstreute Galenitkristalle in der Gangausfullung wurden einer isoto­

pischen Pb­Analyse unterzogen und haben das permische Alter aufgewiesen 
( K a n t o r 1965). Es ist also môglich, daB diese Lagerstätten auch syngenetisch 
und stratiform sind und während des alpinen Orogens sehr umgearbeitet wur­

den. Analoge syngenetische und stratiforme Vererzung mit feinkôrnigem, 
schichtigen Hematit und Siderit, wurde in den letzten Jahren in der Gemeri­

den­Zone studiert (siehe I l a v s k ý 1957). 
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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 hydroťhermalen postvariskischen Siderit-sulphidischen Gange ist 
in allen Kerngebirgen (insgesamt der Gemeriden­Zone) geologisch, stofflich und geo­

chemiseh einheitlich und selbständig. 
Die Erzformation der stratiformen oberpermisch-untertriassischen Kupfer-Eisen-Uran-

Vererzungen ist geologisch und stofflich wieder abweichend. 
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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 
Ľinfliisse der Nebengesteine, die die Zusammensetzung vom stofflichen Stand­

punkt aus beeinfluBt hatten. 
Der Ausdruck M i n e r a l i s a t i o n s p e r i o d e ( K u t i n a 1956) soli die Folge 

der Ausscheidung einzelner mineral­paragenetischen Gruppen präzisieren, 
und zwar mit Riicksicht auf den ganzen AusscheidungsprozeB der Lagerstät te. 
Auf den hydrothermalen Gängen postvariskischen Alters spricht man z. B. 
von der sideritischen Perióde, oder Zufuhrperiode, von den sulphidischen 
Perioden usw. Die Namen sind dann nach den iiberwiegenden Mineralen be­

niitzt. Es gibt Fälle, wo sich die Zusammensetzung der Ausfiillung mehrmals 
repetiert; fiir solche Fälle hatte man den Ausdruck Repetitionsperiode benutzt 
(J. H. B e r n a r d 1956). 

Mit dem Begriff Erzgeneration will man denselben Minerál bezeichnen, der 
sich mehrmal in der Sukzessionsreihe auf derselben Lagerstätte repetiert. 

Andere Begriffe, die sich sehr gut von der stofflichen Seite ableiten lassen, 
sind I n t e n s i t ä t d e r V e r e r z u n g , oder Akkumulationsfaktor ( P e t r a s c h e c k 
1955; R o u t h i e r 1963). Dadurch wird die Dichte der Lagerstätte auf gewissem 
Gebiet ausgedriickt. Auf der metallogenetischen Karte 1:1,000 000 haben wir 
insgesamt 260 Erzlagerstätten eingetragen, was ungefähr 10 % von der Ge­

samtzahl in Wirklichkeit ist. Daraus kommt heraus, daB man die Dichte 
der Vererzung in den Westkarpaten durch eine Lagerstätte pro 20 Quadrat­

kilometer einfiihren kann. 

Einzelne Subprovinzen der Westkarpaten haben verschiedene Koeffiziente, was fúr 
die Auswertung der Prognosen sehr wichtig ist. Von der angefúhrten Lagerstättenzahl 
beflnden sich in der Subprovinz der äufieren Karpaten etwa 5 %, in der neovulkanischen, 
inneren Subprovinz etwa 15 % un der Hauptanteil mit 80 % beflndet sich in der zentral­

westkarpatischen Subprovinz. 
Innerhalb der letzten Subprovinz sieht man sehr auffallendeUnterschiede auch zwischen 

einzelnen strukturell­metallogenetischen Zonen, oder Etagen der Erzdistrikte. Zum Bei­

spiel die Zóne der Tatroveporiden ist funfmal so grófi wie die Gemeriden, die Intensität 
der Vererzung ist aber in der Gemeriden­Zone funfmal grôBer. 

Beachtenswert ist der Vergleich einzelner mstalloggnelischer Etagen (Epochen). Der ka­
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ledonischen Epoche gahórt von der Gesamtzahl der Erzlokalitäten etwa 5 %, der varis­

kischen Epoche, deren Lagerstätten auch auf der kaledonischen Etage aufgelagert sind, 
75 % der Lokalitäten und der alpidischen etwa 20 %. 

Mit Bezung auf die polyzyklische Entwicklung dieser Subprovinz, mufl man dann 
manehe ältere metallogenetische Etage vom Standpunkte der Dichte der Lagerstätten 

> als ,,blutuberfúllt, d. h. nachträglich bereichert" u. zw. auf monophasische bis polyphasische 
Art, betrachten. 

Der Akkumulations-, resp. Konzentrationsfaktor im Sinne R o u t h i e r ' s (1963) 
und B r o c k ' s (1964) driickt die Beziehungen zwischen der Tonnage der Lager­

stätten und ihrer Menge in bestimmten räumlichen metallogenetischen 
Einheiten, oder zwischen der Zahl der grôBten und kleinen Lagerstätten, aus. 

Mit Bezug auf die Intensität der Vererzung im Verlaufe einzelner metallo­

genetischen Epochen, Stadien und Etappen, sowie auf die mono­ bis poly­

phasische Bereicherung, oder „Blutiiberfullung" einiger älterer metallogene­

tischen Etagen, muB man den primären Konzentrationsfaktor, d. h. im Sinne 
der Entwicklung, und den resultierenden Konzentrationsfaktor unterscheiden. 

Der primáre Konzentrationsfaktor der kaledonischen Epoche in der zentralkarpatischen 
Subprovinz beträgt ungefähr 20 %, in der variskischen 10 % und in der alpidischen 5 %■ 
Wenn wir einzelne Subprovinzen zwischeneinander vergleichen, wird im ganzen fiir die 
zentralkarpatische Subprovinz der Konzentrationsfaktor 10 %, fiir die neovulkanische 
5 % und bei den äufieren Karpaten (Flyschzone) fast kein (es handelt sich hier um re­

sultierenden Konzentrationsfaktor). 
Weitere Beispiele kônnen wir aus der Gemeriden­Zone nehmen. Im Magnesit­Karbon 

der westlichen Gemeriden ist der primäre Konzentrationsfaktor ungefähr 50 %, wenn 
es von Gesamtzahl ca 30 Magnesitlagerstätten 15 grofle mit Vorräten von uber 10 Milionen 
Tonnen gibt. In der Gelnica­Serie ist der primäre Konzentrationsfaktor cca 10 %; wenn 
wir jedoch die jiingeren, aufgelagerten Lagerstätten der variskischen Ära in Betracht 
nehmen, ist ihr resultierender Akkumulationsfaktor ungefähr 50 %. 

Man sieht also, daB der Begriff des primären, oder resultierenden Akkumu­

lationsfaktors von beträchtlicher theoretischen und praktischen Bedeutung ist. 

Im weiteren wollen wir uns mit Begriffen typomorphe Metalle und typomorphe 
Erzformationen, sowie typomorphe genetische Typen befassen ( T v a l č r e l i d z e 
1957; P e t r a s c h e c k 1955, 1963; S m i r n o v 1960; R o u t h i e r 1963). 

Mehrere Autoren erklären die Entstehung der wiederholenden Metalle und 
Erzarten mit dem Prinzip des „Erbens" (Raguin, Routhier, Smirnov). Andere 
brachten (im Sinne der metamorphen Regeneration und Mobilisation durch 
die iiberhitzenden Wässer) in die Typológie ein neues Element; die Konsan­

guinität in der Zusammensetzung läBt sich auch aus identischen Prozessen 
der Geotektonik und Metallogenese abfuhren (Konvergenzerscheinungen; 
Schneiderhôhn, Smirnov). Zur Klarstellung dieser Typológie trägt auch die 
Konzeption des Transformismus (Eskola, Sederholm, Marmô) u. a. bei. 
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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 Ľpochen, hauptsächlich mit dem basischen Vulkanismus verbunden 
sind, u. zw. in den initialen Entwicklungsstadien (Gelnica­Serie; Magnetit­

Hämatite, Phylit­Diabas­Serie: Hämatit­Magnetite, Untertrias: Hämatite, 
Rhät­Lias: oolitische Hämatit­Vererzungen). Stratiforme Lagerstätten sind 
aber auch mit Spät­ und Final­Entwickmngsstadien verbunden, u. zw. wieder 
mit dem basischen Vulkanismus (variskische Ära: Magnesite, schichtige Cu­

Erze; alpidische Ara: Schwefelflôze, Pelosiderite usw.). 
Die Gruppe der hydrothermalen Gange ist umgekehrt nur fiir finále Entwick­

lungsstadien der Orogene typisch (Siderit und Siderit­sulphidische Formation 
des Varistikums, subvulkanische hydrothermale Gange mit Sulphiden der alpi­

dischen Ära). 

Zusammenfassend kann man zur Metallogenese der Westkarpaten sagen: 
(a) der mittlere Ľrosionsgrad hat fast alle metallogenen Etagen, mit kale­

donischer angefangen bis zur alpidischen, ideál abgedeckt, so daB man fast 
alle räumlichen Einheiten, wie Subprovinzen, Etagen, strukturell­metallo­

genetischen Zonen, Streifen, Dištrikte, Erzfelder und Lagerstätten instruktiv 
sehen kann; 

(b) die metallogenen Prozesse haben sich in diesem Raum in Abhängigkeit 
vom Vulkanismus in Anfangsstadien aller Epochen, weiter von dem sauren 
und intermediären Plutonismus in den mittleren Stadien und zum SchluB 
in den späten und finalen Stadien wiederum in der Abhängigkeit von basischen 
oder sauren Typen des Vulkanismus, abgespielt. 

(c) Die polyzyklische Wiederholung der metallogenen Prozesse hatte sich 
oft auf dasselbe Gebiet im Rahmen der Zóne, des Streifens, Erzzuges, Erz­

feldes, bis der Lagerstätte einigemal aufgelagert. Bei mehrfacher \ \ iederholung 
der metamorphen Prozesse hat sich der heterogene Charakter des Ursprungs 
der Erzstoffe soweit kompliziert, daB man oft nur sehr schwer ihren magma­

tischen, resp. apomagmatischen, oder vulkanischen, sowie regenerativ­mobili­

sierenden, bzw. lithogenen Ursprung unterscheiden kann. 
Demzufolge stellt das westkarpatische Gebiet einen Prototyp der polyzy­

klischen, heterogenen Provinz im Rahmen der alpin­karpatischen mediterranen 
Megaprovinz dar, die den Bestandteil des Alpen­Himalaya­Systems Eurasiens 
bildet. 

Zum SchluB môchte ich betonen, daB der Polyzyklismus der sedimentären, 
paläogeographischen, tektonischen, plutonischen, vulkanogenen, metallogenen 
und hauptsächlich metamorphen Prozesse in den gefalteten Systemen, Provin­

zen bis Lagerstätten als die wichtigste Frage das Problém der Metamorphose, 

70 



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. 

Geologische Anstalt Dionýz Štúr's 
Bratislava 
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S. D U R A T X Ý - O . F U S Á N - M . K U T H A N - J . P L A X Č Á R ­ L . ZBORIL 

RELATION OF DEEP­SEATED STRUCTURE TO THE DEVELOPMENT OF 
SI BSEQIENT VOLCAWISM IN CENTRAL SLOVAKIA 

A b s t r a c t . The substratum of Central Slovakian neovolcanics has been studied 
for many years. The research was based on the results of generál geological 
maps and also on géophysical (in particular gravimetric and of late also seismic) 
researches, on the results of structural borings and on special volcanologic 
studies. In 1965 the first results outlining the rough schéme of the reliéf of the 
substratum and the principál features of the tectonic pian of the substratum 
underlying the neovolcanics were published. Our further researches determined 
more accurately the areál distribution of the principál units, the course of 
tectonic lines, and the main structural elements of the deeper parts of the 
earth's crust. In this paper the results of our investigations are summarized. 

After concluding our synoptic geological and geophysical researches (scale 
1:200,000) we háve started detailed geological­volcanological and geophysical 
studies (scale 1:25,000), which were supplemented by structural borings. The 
geophysical results along with the character of the rocks and the proper struc­

ture of the subsequent volcanism were taken as the base for the construction 
of the map of the pre­Neogene reliéf. 

The considerable, in the peripheral parts of the neovolcanic complex absolute 
prevalence of pyroclasts over láva flows produces in the maximum part of the 
area in question a sufficiently distinct physical boundary between the Neogene 
complex and its substratum, thus enabling the successful application of geo­

physical methods. 
From the geophysical point of view, the results of gravity measurements 

on scale 1:25,000 supplemented by geoelectrical and geomagnetic methods are 
of fundamental importance. 

Maps ofBouguer anomalies, constructed with a uniform density S = 2.2 kg/dm3 

used for the reduction procedúre, háve been analysed both on the regional 
and residual components (Gr i f f in 1949), and also maps of second vertical 
derivatives of gravity according to E l k i n s ' (1951) and R o s e n b a c h ' s (1953) 
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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 par t of the earth's crust is strongly suppressed in it (apart 
from the marked density boundaries at the contact of the granite-gabbroic 
and peridotite strata, i. e. Conraďs and possibly also Moho's plané of discon-

tinuity, also the gravity effect determined by the boundary between the higher 
zóne of metamorphic rocks and the deeper granite zóne is obliterated). 

I n addition to the inferred gravimetric maps, the anomalous gravity field 
has been interpreted along profiles connected with structural borings and out-

crops of the substratum. The interpretation of these profiles has been done by 
means of Gamburcev's transparent sheet. The modelling has been carried out 
both on analógie and digital computers. The effects of disturbing bodies pro-

ducing areál anomalies of the gravity field (Both —Smith 1958; Nettleton 1954; 
Saxov 1954, and others) háve been also interpreted. The so-called fault zones 
(steep Bouguer gradients) of the gravity field háve often been evaluated as 
effect of the vertical step of the in density heavier substratum (Malovičko 
1960), whether of tectonic or erosion origin. 

As the resultant picture of the map of complete Bouguer anomalies and 
also of the inferred gravity maps reflects apart from the morphology of the 
substratum also various other disturbing effects which are for the construction 
of the schéme of the substratum undesirable, it has been necessary to consider 
these effects and to eliminate them to the maximum possible degree. In the 
main we háve been concerned with the manifestations of more significant 
inhomogenities not only in the substratum, but also in the neovolcanic com­

plex and in its cover (pliocene sediments at the north­western periphery of 
the Panon basin). In addition to the most advantageous methods of both quali­

tative and quantitative interpretations of the gravity field anomalies, results 
obtained by other geophysical methods háve also been used. The presence of 
hidden basic bodies, determining relatively positive gravity anomalies. which 
could erroneously be interpreted as a phenomenon of morphological elevations 
of the substratum, has been in some places detected magnetometrically. Under 
favourable physical and geomoq>hological conditions, for the determination 
of the absolute depths of the substratum and of spatially extensive objects 
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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. 

Under favourable conditions, the first čase, tha t is the tectonic contact 
without a conspicuous density boundary (e. g. contact of metamorphosed 
schists with an in density homogeneous layer of limestone, on a hidden platform­

like reliéf of the substratum) can be detected by some geoelectrical methods, 
exceptionally also magnetometrically. The second čase, that is the determinat­

ion whether the morphological step ofthe substratum was modelled by tectonic 
effects can be deduced only from the correlation of the linear course of the 
horizontál A g gradient with known or assumed directions of the fault lines. 
I t mušt be stated tha t the effects of tectonically determined density boundaries 
can be considerably deformed by bodies with a different density. These bodies 
occur both in the Neogene complex and in the substratum. The disturbed 
effects of these bodies obliterate to a certain degree the influence of their ovvn 
tectonically conditioned step or the boundary of two mediums differing in 
density. 

For the detection of hidden morphological structures as well as for the construct­

ion of a tectonic map of the pre­Neogene volcanic basement (using partly 
the results of gravity mapping), the knowledge of the density parameters of 
the rocks of the Neogene complex and of its substratum is unavoidable. Our 
main task has been to extrapolate the depth of the hidden substratum between 
the structural borings and its outcrops. I t mušt be emphasized that manifesta­

tions (gravity effects) of hidden morphological structures might be erroneously 
ascribed to not identified density inhomogeneities, and the tectonic contact 
along the course of the assumed fault Hne to some horizontál gravity gradients. 

For the evaluation of the possibility of fóllowing the hidden morphological 
structure — the reliéf of the pre­Neogene formations — with respect to its 
emplacement at depth it is also necessary to study the question ofthe vertical 
change of densities of otherwise both in petrography and lithologically analog­

ous rock complexes. I t is known tha t sediments at greater depth generally 
acquire an equivalent density or šuch approaching the densities ofthe substrat­

um. In some specific cases the Tertiary sediments infilling the deep sediment­

ary area can thus acquire greater densities at their base than their substratum. 
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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 plače in čase tha t the deep 
Jying Neogene sediments acquire a greater density at their base than the 
crystalline basement. On a gravity map, the morphological elevations of the 
substratum occur as gravimetric depressions and, vice verša, the depressions 
in the reliéf of the substratum appear as gravitational elevations. These 
questions háve been already studied by many authors ( U h m a n n 1959; 
V y s k o č i l 1959; I b r m a j e r — M o t l o v á 1961; Š u t o r 1964). 

As already stated above, in the maximum part of the area studied there is 
a relatively considerable density boundary between the volcanic and/or 
volcanic­sedimentary complex and the pre­Neogene (pre­Tertiary) formations. 
In the centrál part, considerable density differences between the individual 
petrographical types of the volcanic masses can also be observed (fig. 1). 
The densities of neovolcanic rocks are determined both by porosity (tuff, 
agglomerate, láva, extrusive bodies) and by their basicity (rhyolites, andesites, 
basalts). In addition to pyroclastic rocks, an increased density variability can 
also be observed in the most frequent rock — the andesites. They vary from 
acid and porous (vitrophyric andesites) up to basic and massive (compact) 
types (pyroxene and basalt andesites). Of the rocks of the Neogene substratum, 
acid intrusive rocks and the flysch complex indicate lesser densities; médium 
densities are in metamorphosed schists and carbonates (limestone, dolo­

mite); highest densities are in basic and particularly in ultrabasic igneous 
rocks. At the southern peripheral par t of the volcanics and in some intra­

volcanic depressions, also Miocene sediments without or with a subordi­

nate volcanic fraction are present. Generally, these sediments are relati­

vely homogeneous in density with the exception of the less extensive con­

glomerate and breccia layers. The density of the Podunajská panva (basin) 
are múch more variable ( O r l i c k ý 1967). With respect to the náture of sedi­

mentation and to the lithofacial and tectonical development of the various 
sedimentary areas, the complex of Paleogene rocks in the región of the neo­

volcanics are characterized by rather varying density parameters. This diver­

sity is especially apparent in the densities of the Inner Carpathian Paleogene 
in relation to the densities of Paleogene rocks in the south Slovakian­north 
Hungarian sedimentary area. 

As ensues from the discussed analysis of the density parameters of the 
various rock types or complexes, different densities occur not only within the 
volcanic complex and its substratum, but also in the proper stratigraphically 
equivalent rock formations. I t is, however, generally known tha t rocks in 



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 plače locally in some parts of the depres-

sion. Between the Upper Cretaceous and the Eocéne, the reliéf was further 
shaped by erosion and already during this periód a considerable part of the 
substratum was denuded down to the crystalline basement, especially in the 
southern parts of our territory. In the Eocéne or Oligocene respectively the 
greater part of the territory was covered by deposits of the Inner Carpathian 
Flysch. 

Pronounced morphological forming was effected in the periód between the 
Paleogene and the main volcanic activity. The products of volcanism buried 
the old morphological forms fixing thus the hnal geological situation formed 
by erosion of tha t time. In the initial stages of the Miocene, marine deposition 
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E n d . 2 
Tectonic map of the centrál 
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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 Trenčská kotlina (basin). In addition to this 
continuous occurrence of the Gemerides in the south-western margin of the 
neovolcanics. the Gemerides may also occur in the more northerly parts in form 
of small nappe relics. The greater part of the substratum is composed of the 
Veporides, in which all four tectonic belts can be distinguished. In the south 
it is the Kohút belt, extending from the Slovakian—Hungarian frontier as far 
as the Muráň line, which continues from the Tuhár región under the volcanics 
in the south-western direction towards Ŕahy. I ts course interpreted according 
with intensive horizontál gradient of gravity source has been demonstrated 
by borings (M-110 — granitoids and M-87 — Lower Triassic quartzites). 
An anticlinal structure which is the continuation of the Podrečany anticline 
can be distinguished in the Kohút belt proper. I t consists of crystalline schists 
(borings: Vu-1, MV-1, VV-1, H-5, W-5). In the northern part of the Kohút 
belt, the Tuhár syncline composed predominantly of Lower Triassic quartzites 
(established by borings M-87, S-135, SH-lb and in natural outerops near Brus-

ník) continues in the substratum. The carbonate members of this syncline 
occur only at the eastern margin of the neovolcanics (Encl. 2). 

The Kráľova holá belt extends north of the Muráň line continuing under 
the volcanics in the samé width known from the outerops a t the margin of 
the volcanics. In the north this belt is limited by the Pohorela line which has 
been ascertained in the Pliešovce inlier. I t continues south­west into the 
northern environs of Krupina. Here it turns direetly towards the west and 
after this slight deviation takes up again the south­western course continuing 
into the environs of Levice. Thé eastern part of the Kraklová belt as far as 
the Pliešovce región consists prevalently of crystalline rocks (granitoids and 
crystalline schists), the western part towards Levice consists of crystalline 
schists and the Late Palaeozoic­Mesozoic envelope (borings: Pl­1, Pu­1, Pu­2 
— crystalline schists, GK­1 — metamorphosed Mesozoic, inliers north ofŠahy 
— Late Palaeozoic envelope). From the spatial extent of these formations it 
ensues tha t the anticlinal structure composing the eastern part of the belt 
wedges out in the environs of Šahy. whereas the synclinal structure consti­

tuting the western part , wedges out in the región of the Pliešovce inlier. 

* Under the term „substratum" we understand the pre­Xeogene formations with 
respect to the close suecession between deposition and volcanic activity and/or the depo­
sition of" its produets, 
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The Krakľová belt under the neovolcanics forms only a narrow stripe; 
in some sections its northern boundary is not certain and is only assumed. 
This belt is composed of crystalline rocks and the Late Palaeozoic and Meso­

zoic envelope. The crystalline rocks of this belt crop out in the environs 
of Lieskovec and in the Pliešovce inlier. They háve been ascertained by boring 
(P­10) east of Zvolen. The sedimentary cover occurs at the surface in the Plie­

šovce inlier and has been established in the P­5 boring. 
Likewise the Ľubietová belt forms in the substratum only a narrow belt 

which probably wedges out north of Levice. Complexes occurring north 
of Lieskovec and crystalline rocks ascertained by the Pk­1 boring are the estab­

lished constituents of this belt. The crystalline complex and >'ts metamorphosed 
Mesozoic envelope of the Hodruša­Vyhne inlier are assigned to this belt. 
Further dáta on this belt are so far not available. The northern limitation of 
this belt is a tectonic line which borders roughly the Rudno ridge. 

North of this line the substratum is made up of the tatride elements which, 
however, do not rise from underneath the neovolcanics and probably mainly 
form the deeper par t of the substratum, because the Krížna and Choč nappes 
rest on them. The complexes of the tatrides occur at the periphery of the 
volcanics in the Tríbeč and Žiar mountain ranges. 

The Choč nappe crops out in the inliers south­east of Levice and has been 
established in borings (OK­1, OČ­1, GK­5, and more northerly of Zvolen in 
qorings B­2, P­19, and II . , I I I . ) . The occurrence of this nappe in the sub­

stratum is, naturally, not continuous. According to our present­day know­

ledge, its southern limitation can be determined by the Zvolen­Semerovce con­

necting line. 
On the basis of its relation to the Veporides (A. B i e l y — O . F u s á n 1965), 

the occurrence of the Krížna nappe under the neovolcanios may be assumed 
north of the Ľubietová belt. 

Apart from the principál tectonic units of the Inner Carpathians, in the 
structure of the substratum participated on a smaller scale also post­tectonic 
units, namely, the Inner Carpathian Palaeogene, possibly also the Upper 
Cretaceous in the Gosau development. However, the distribution of these 
units is small and they are preserved in larger depressions only. At the peri­

phery of the volcanics Eocéne is represented on the south­western slopes 
of Žiar as well as on the eastern slopes of the Kremnica Mts. near Kordíky. 
Moreover, this formation is also known from the northern margin of the Hod­

ruša­Štiavnica inlier. On the basis of the morphological character of the sub­

stratum and of the established occurrences of the Eocéne it can be assumed 
tha t it also extends under the neovolcanics between Žiarska kotlina (basin) 
over the Handlová ridge into the Hornonitrianska kotlina (basin). Moreover, 
it is assumed tha t this formation occurs in the depression part north of the 
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Malachovo-Lieskovec ridge, tha t is, it continues from the Kordíky región 
under the volcanics of the Kremnica Mts. into the Turčianska kotlina (basin). 

The so far not closer stratigraphieally determined sequence of varied poly-

mictic conglomerate, breccia, aleurite, and breccia limestone and limestone, 
which has been ascertained by the GK-4 boring (Gosau? -Eocéne) is assigned 
to the post-tectonic formations. This sequence infilling the Bzovík basin and, 
aecording to morphology it is assumed also the Bacúrov basin, has been 
established in a thickness of 2 000 metres. 

The determined tectonic units are disturbed by a systém of conspicuous 
faults. The principál ones are those which separáte the following tectonic units: 
Lubeník-Margecany, Muráň, Pohorela, and Čertovica units. Their generál 
strike is NE­SW. 

Another systém of an obviously older origin, and whose function was several 
times repeated, is a set of NVV­SE striking faults. They are especially apparent 
in the marginal parts, where they affected the subsequent shape of the sub­

stratum of the neovolcanics. The course of the morphologically most conspi­

cuous systém of faults is N­S; it determined the origin of basins in the sub­

stratum of the neovolcanics and the subsidence of some of its parts. The fault 
systém striking W­E played a lesser par t in the subsequent forming of the 
reliéf of the substratum. The function of these faults was in the regularity 
of spatial distribution of the centrál and linear eruption types and areas of 
volcanic activity of volcanic clusters. 

The deep­seated structure of the substratum 

We háve described the structure of the substratum as it appears more or 
less directly under the base of the neovolcanic complex. On the basis of the 
regional gravimetric map for S = 2 km and S = 4 km it is possible to give 
a rough outline also of the structure of the deeper parts of the substratum. 

The interpretation is based on a greater spatial [extent of the Inner Carpa­

thians. Aecording to the map of the regional gravity field for S = 2 km and 
S = 4 km in the Inner Carpathians and aecording to the intensity of the 
gravity field, two principál geophysically different belts can be defined which 
are separated from each other by a narrow transitional zóne. The first belt 
oceupying the southern part, is characterized by relatively positive values 
of A g isanomalies, the value of which gradually inereases towards the south. 
The second belt oceurring in the northern par t of the Inner Carpathians is 
characterized by relatively negatíve values, the gradient of which falls rapidly 
towards the north. In the southern belt, in the substratum proper pf the 
neovolcanics, the Levice­Modrý Kameň structure can be delimited, which is 
from the north confined by the Žemberovce­Horné Strháre line and in the 
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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 Conraďs and/or Moho's plané of 
discontinuity rises gradually, and has farther to the south a more or less 
horizontál course. On ground of the above­outlined picture as well as from 
the character of the substratum and bore­hole dáta we assume tha t in its 
upper parts this structure is composed mainly of meso­ up to katazonally 
metamorphosed crystalline rocks. 

The gravity anomaly displays characteristic features on the 8 = 2 km, 
and S = 4 km maps between the southern and northern belts under the neo­

volcanics. Spatially it is limited by the Handlová —Banská Štiavnica—Zvolen­

ská Slatina—Nemecká—Handlová connecting line. As compared with the 
wider environment on the two maps, the gravitational field in this región is 
relatively in equilibrium. On the S = 2 km map a conspicuous plateau belong­

ing to the Žiar depression is apparent. I t no more occurs on the S = 4 km 
map. At the south­western and south­eastern limitation of this space a great 
gradient of isanomalies can be observed. Aecording to the character of the 
gradient and from the interpretation of the geological structure, this limitation 
is explained by both NE­SYV and NW­SE striking tectonic lines initiated at 
depth. Apart from these principál tectonic lines, on the S =_ 2 km and S = 
= 4 km maps faults striking N­E are reíiected in a conspicuous bend of 
isanomalies, which lie in the axis of the north­southern fault zóne of the West 
Carpathians. 

If we project the tectonic pian of the región of Central Slovakia and the pian 
of spatial distribution of the channels of supply of linear eruptions, of the areas 
of volcanic activity of volcanic clusters and of the centrál eruption types into 
transformed gravimetric maps, we can see tha t the maximum density of vol­

canic clusters and of centrál volcanism occurs at the south­eastern limitation 
of this field and in particular in its southern corner; moreover, at the south­

western limitation these principál types are joined to a lesser extent by the 
linear type, whose dominánt is however confined to the meridian fault systém, 
which transgresses this anomalous field in the north­southern direction. The 
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Fig . 3. The schematic map of regional eomponent of gravity field acc. to Griffin. 
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S = 4 km. Agreg = £ Ag; R = S ]/5; 1 — positive isolines Ag; 2 — negatíve isolines Ag­
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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, tha t is in the periód of the main Alpine 
folding when the maximum concentration and directioning of kinetic energy 
took plače. I ts effects called forth the mobilization of the granitic mass. 
Extensive migmatization and migmatitic fronts with a granitic nucleus gene­

rated in situ. The mass thus mobilized and enriched in light volatile materials 
was passively squeezed in form of diapirs, and/or intruded, into the mantle. 
The passivity or activity of the granitic mass were determined by the energy 
gradient. The geotectonic position of the granitic mass and the direction of 
the migmatization front were determined by the direction of kinetic energy. 
This genetic origin explains the homogeneity of the granitic materiál within 
a single tectonic unit as well as within the entire orogenic systém. 

The Gemeride granites are the representatives of these young granites. 
In other belts of the West Carpathians equivalents of these granites háve not 
been ascertained. On the other hand, phenomena of granitization observed 
in the Kohút belt are explained by Klinec (1961) in terms of a far­reaching 
extent of the migmatitic front which was called forth during the main Alpine 
folding. 

From the point of view of further development, the granitic mass which had 
been mobilized during the syntectonic phase, and which Consolidated in situ 
or as an intrusion in the mantle, finished its role. This was the reason why 
the synorogenic plutonism separated very strictly from the volcanism of the 
subsequent, namely the late orogenic phase accompanied by the subsequent 
volcanism. 

The mobilized granitic mass which during the syntectonic phase did not 
consolidate and was not fixed in the mantle, has been subject to further deve­

lopment, though naturally under different conditions. The frontal migration 
of magma which advanced in the direction of the exerted stress slows down 
and the granitization processes are impaired. During the late orogenic stage, 
the stress of directional orientation ceases and is gradually replaced by hydro­

static pressure. Under these conditions the granitization processes are replaced 
by differentiation processes, modified locally by assimilation. Provided that 
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as a Consolidated element they did not participate in the structure of the 
orogen, the palingenetic granitic magmas which originated during the syn-

tectonic phase of the orogenic phase, developed still further in the late orogenic 
stage by differentiation in the granite — granodiorite — quartz diorite — 
grano-gabbro — quartz-gabbro line. 

The geotectonic position of these differentiates u given by genetic conditions 
which fulfil the conditions of the hinterland of the orogen. In this space the 
effects of tangential forces ceased íirst and the palingenetic granitic magmas 
developed quietly by differentiation under conditions of simple hydrostatic 
pressure. In some cases the acid diíferentiates and the pronounced intrusive 
forms still display slight indications of the granitic-metasomatic effects, 
whereas the basic differentiates occupy a distinct and exclusively intrusive 
position. 

The trend of the differentiation of deep-seated rocks determined also the 
principál suecession schéme of the effusives of the subsequent volcanism, 
namely: rhyolite -> andezite -»■ basalt. 

The close petrochemical relationship of the deep-seated rocks to the effusives 
is also displayed in the samé relationship of the acid rocks to the basic ones. 
The differentiation of palingenetic granitic magmas is characterized in t ha t 
every following member in the differentiation is, as far as quant i ty is con-

cerned, half of the preceding one. The basic end-products of differentiation 
represent only a small fraction of a percent from the total quant i ty of the 
parental magma. The samé relationship holds good also for the effusives. 
I t frequently happens tha t the basic effusives are even not developed but are 
represented by rocks, the chemical composition of which corresponds to ande-

sites, whose intratelluric components however, e. g. plagioclases, are even 
extremely basic. 

The close petrochemical relation between the trend of differentiation and 
the percentage proportion of the differentiates of deep-seated rocks to the 
suecession of effusives was the reason why the effusives háve been considered 
as their direct surficial equivalent (e. g. J u d d 1876, S z a b ó 1879). The recent 
detailed research in the región of Hodrusa —Vyhne (L. R o z l o ž n í k 1961) 
indicates however tha t even though the effusives of the subsequent volcanism 
represent the petrochemical equivalent of deep-seated rocks (andesites — 
diorites) they are the product of a younger geotectonic-magmatic development 
phase. The conditions under which the geological-petrochemical or tectonic-

petrochemical relations of the effusives to deep-seated rocks come to the fóre 
are not sufficiently known. Actually, it has been determined tha t the textu-

rally-structural development and the bond of minerál components characte-

ristic of the effusive rocks were safely established also in subvolcanic forms 
(L. A t a n a s i u , R. D i m i t r e s c u , A. S e m e k a 1953; A. M i h a l i k o v á 1958). 
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The spatial distribution of the superficial volcanism reŕlects the geotectonic 
position of deep­seated differentiates of palingenetic granitic magmas. While 
their development has optimum conditions in the hinterland of the orogen, 
the hinterland of the Carpathians was the scéne of a widely developed sub­

sequent volcanism. The asymmetrical structure of the Carpathians, determined 
by the effect of tangential forces which acted in one direction, is distinctly 
reflected also in the asymmetrical development of the subsequent volcanism, 
which at the northern (outer) margin occurred only rudimentarily, while in the 
southern (inner) margin in a great variety and extent. 

The function of deep tectonics was not limited to the arrangement and 
direction of the channels of supply and thus to the forming of the respective 
type of volcanic apparatus, but played a fundamental role in the type of vol­

canism. The termination of the differentiation of the palingenetic granitic 
magmas, which on the surface is apparent by the ascent of basic effusives, 
led to stabilization — consolidation of the mobile zones; the inherited gravity 
disequilibrium was relaxated by the epeirogenic movements and in the inver­

sion section by faults which extend deep into the earth's crust. The subsequent 
volcanism characteristic of the late orogenic stage is succeeded by the final 
volcanism. I ts product is the association of plateau basalts. They produced 
extensive plateaus expanding from the southern slopes of the Carpathians over 
the Lučenec — Fiľakovo región as far as northern Hungary. 

The character of eruptions of the final volcanism differs entirely from tha t 
of the subsequent volcanism. The share of pyroclasts constitutes only a small 
percentage of the total quanti ty of the eruptive materiál. The eruptions were 
of the quiet effusion type and only sporadically a small cinder cone originated 
around the crater (relics on Ragač). Moreover, the acid differentiates are cha­

racterized by a narrow spectrum of differentiation. In regions built up of 
basalts of the final volcanism, the proportion of acid differentiates does not 
even attain one percent of the total mass of these eruptives. The low explosivity 
as well as the petrochemical character of the subsequent volcanism is explained 
by V. B e m m e l e n (1950) by the low content of resurgent gases. Bemmelen 
maintains tha t the plateau basalts derived from juvenile alkaline­basalt magma 
contaminated in the upper parts by the assimilation of dry sialic rock substan­

ces from the base of the earth's crust. 
The change of the tectonie style, from the alpine­type into the germano­

type was accompanied by transition from the synorogenic plutonism through 
the subsequent volcanism, and terminated in the final volcanism. Apart from 
this fundamental change in the style of volcanism, the geological development 
of the neovolcanics of Central Slovakia indicates that also synvo lcanic tectonics 
played a certain role in the suecession and náture of the eruptives. 
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MICHAL MAHEĽ 

NAPPE8 ■ SYNCLINORES ­ FAĽLTS 

In the last years a new setting in of nappe conceptions is observed in the 
tectonics of ridge mountains. I t is evident tha t their importance in the struc­

ture of Alpides is really extraordinary. I t would not be surprising if their 
presence were unequivocally proved in šuch regions as the South Carpathians 
of Yugoslavia and the Krajstides, where also synclinores, and anticlinoria háve 
a very important share in the structure (Krajstides, southern par t of the Meri­

dional Carpathians). In this connection the question arises if previous periód 
— characterized by a critical attitude of some geologists to a serieš of nappes, 
and partly also to the nappe conception — was something other than .,a sad 
episode" hindering the development of opinions. Who more thoroughly follows 
literatúre can easily ascertain that some active geologists with abundant new 
substantial information tha t closer elucidates structural relations, frequently 
forces a new subdivision of tectonic units, and shows their new relations oppo­

sed the nappes (šuch important information is not easy to obtain in present 
advanced state of our information about the Alpides). Not lack of survey, 
even not blindness or overloading by facts were the reason tha t „because of 
trees they did not see the forest". The reason of the critical att i tude is to seek 
elsewhere. New information enabled to judge from opposite att i tude, in nappe 
conception so far not employed, not evaluated. 

I t is not an isolated čase in science that facts are judged from two opposite 
poles. This is particularly valid for tectonics as a synthetic branch. Since the 
thirties already geologists háve considered the structure of ridge mountains 
only through shifting of nappes; the other structure elements (synclinores, 
faults) were after their opinion of subordinate importance or connected with 
another, later development stage: the majority of šuch structure elements 
however was unknown. 
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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. 

The s y n c l i n e s or s y n c l i n o r e s are supposed by some geologists (Grubič, 
Bončev) as the basic structural forms in the Yugoslav Carpathians, the Kraj­

stides, in my opinion also in the West Carpathians (Maheľ 1961). I štart 
however from the last named región. There are not only some local depressions, 
the shifting nappe masses accumulated in, e. g. the Goryczkova Depression 
in the High Tatra, known since long ( R a b o w s k i 1927) or depressions with 
higher nappes accumulated ( M a t é j k a — A n d r u s o v 1931), but structures of 
regional importance tha t were manifesting in the time of formation of the 
structural pian, not only as passive forms­depressions but in long periods also 
as active structural zones. As šuch forms in the West Carpathians are parti­

cularly distinct the North Gemeride synclinore ( M a h e I 1954, 1957) and the 
Hron synclinore ( M á š k a — Z o u b e k 1961; M a h e I 1962). Their vergency 
and truncation by post­Paleogene structures but also a different character, 
not mediotype as in post­Paleogene structures, tectonically very complicated, 
point as I think quite unequivocally to the fact tha t they are Cretaceous 
structures. The presence of šuch structures is also confirmed by sedimento­

logical study of paleocurrents (Marschalko). Each of these synclinores posses­

ses its characteristic filling of Mesozoic units, its tectonic style, structural 
position. An admission of nappe masses in the synclinores means tha t they 
represented longitudinal depressions — synclines which entrapped the shifting 
nappe masses. The distribution of volcanic rocks, the manifestation of meta­

morphosis points to weakened zones of the earth's crust which manifested 
in the time of folding. They played an important role in the folding periód 
not only by „entrapping" of the shifting nappe masses but also as active spaces, 
in which the nappe masses were passing through structural completing in later 
phases of the Cretaceous folding periód. Structures (partial units, slices, folds) 
not only of outward vergency but to a considerable extent also of inward 
vergency formed in them. At many places nappe masses were refolded together 
with the autochthon and suffered from metamorphosis; they got characters 
proper to autochthonous serieš only. And just these characters, revelation 
(knowing) of which is an important step to forward, generally considered as 
characters of allochthonous serieš as well as hiding of the nappe character of 

92 



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 i e 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 tha t 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 
čase in the West Carpathians which represent a strongly tectonically disrupted 
segment with many faults, fault­bordered basins, horsts, many minerál springs. 
That all according to the up to present conceptions is interpreted as a conse­

quence of Neogene fault tectonics. Thorougher study of these faults in relation 
to the type and distribution of Mesozoic compiexes as well as to the course of 
axes of Cretaceous structures shows tha t all four basic strikes of faults essen­

tially manifested already in the Mesozoic (Mahe ľ 1959) (N\V, NE, N­S, 
W­E = planetary systems). Many important young faults are actually reju­

venized only. Among the faults four systems play the main role. 
The faults striking SE in the western part and NE in the eastern part , 

E­W in the centrál par t are upthrusts related to Cretaceous structures. Their 
formation in the time of the Cretaceous folding is indubitable, they frequently 
diverge with the Neogene faults. The last mentioned show more frequently 
the tendency of deviation to N­S or to E­W. The fact tha t these upthrusts 
separáte units of different development points to the presence of the faults 
already in the time of dissection of the geosyncline into longitudinal zones. 
There are many other proofs of their presence too­volcanism, bioherms. 

More distinct however is the function in the time of development of the 
geosyncline of the faults transverse to the Cretaceous structures, N W in the 
western part, NE in the eastern part and N­S in the centrál par t of the Car­

pathians. 
In náture transversal faults of earlier origín are recognizable by the alter­

nation of facies (particularly in the Jurassic) or of thickness of autochthonous 
serieš, by the change of the structure pian of autochthonous units, and also 
very clearly by other structure pian in nappe units. The faults are accompanied 
in their course by slice structure, sigmoids, and narrow transveral folded struc­

tures running imrallelly. 
The faults háve separated the Carpathian geosyncline into several blocks. 
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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 
at t 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 quanti ty and importance of new facts and 
new approaches, however not according to the solidity of the belief in „old 
t ru ths" . 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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RÓBERT MARSCHALKO - PAVOL GROSS 

IDEXTIFIZIERUNG DER BRLCHTEKTOMK Dl OSTLICHEN 
ZENTRALKARPATISCHEN PALEOflEN 

(das Gebirge Levočské pohorie u. Šarišské hory) 

Das Štúdium der Bruchtektonik im zentralkarpatischen Flyseh hat neben der teore-

tischen auch grofie praktisehe Bedeutung. In den meisten Fällen representieren nämlich 
die Brúche Aufstiegswege der Mineralwässer, die aus den mesozoischen durch eine 
Flyschdecke bedeckten Gesteinen stammen. Die Feststellung der Vertikalamplitude 
der gesunkenen Strukturen ist wiederum bei der Aufsuchung der Mn-Erzgesteine von 
Wíchtigkeit. Die Bestímmung, bzw. Begrenzung einzelner tektonischer Strukturen wird 
auch bei der Situierung der fur die Erdólprospektion erfordcrlichen Bohrungsarbeiten 
eine entscheidende Rolle spielen. 

Das zentralkarpatische Paleogen im studierten Raume zwischen den Städten 
Poprad und Prešov in der Ostslowakei ist iiberwiegend durch Flyschabla-

gerungen verschiedener granulometrischer und fazieller Zusammensetzung 
des Mitteleozän-Unteroligozän-Alters gebaut ( M a r s c h a l k o 1966; C h m e l í k 
1967; M a r c h a l k o — G r o s s — K á l a š 1966). Sie haben sich in einem Becken 
abgesetzt, dessen Untergrund durch den Kreide-Orogen formiert wurde und 
sich die Grundmerkmale der alpinen tektonischen Strukturen erhalten hatte . 
Bei der näheren Untersuchung des tektonischen Bildes des studierten Raumes 
ist die Tatsache, dafj sich die Flyschfazies an einer bedeutenden Biegung der 
karpatischen Strukturen — sozusagen auf einem gebrochenen Bogen — gebildet 
haben, von entscheidender Bedeutung. Infolge dessen wird die Klärung der 
Genese der Bruche und vor allem die gegenseitigen zeitlichen (altersmäBigen) 
Beziehungen der Bruche der sog. karpatischen Richtung sehr erschwert. Des-

halb zeigte es sich bei der Untersuchung dieser Fragen zweckmässig, zuerst 
die Lage der bathymetrischen und Strukturachse des Flyschbassins zu klären 
und die Beziehungen der Flyschfazies zu alten tektonischen Strukturen des 
Fundaments zu prufen. Bei diesem Štúdium ist es unserer Meinung nach — 
besonders in den Ablagerungsbecken mit klastischer Fullung — notwendig, 
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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 Kartie-
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 
hornatina 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 SSW-NNĽ gerichteten Bruche, 
die den Kristallinkern von Branisko vom Westen und vom Osteň her begren­

zen. Entlang dieser Bruche beriihrt sich das Kristallin (ohne mesozoische 
Hulle) mit hoheren Flyschgliedern. Falls die Gesamtmächtigkeit des Paleogen 
nahé Branisko mehr als 700 m beträgt — wie man vermutet — durfte die 
Sinkung etwa 1500 m hoch sein, was etwa jener der subtatrischen Bruche 
tenspricht. Ähnlichen Charakter hat auch der N­S verlaufende Hornád­Bruch, 
der die Flyschfazies in ôstlicher Richtung durchschneidet. Morphologisch 
besonders ausdrucksvoll ist dieser Bruch im Abschnitte Drienovská Nová 
Ves—Kendice, woerseinen Verlauf nach Nordwesten ändert und dichotomiert. 
Zu den ausgeprägtesten Bruchen diesen Charakters zählt der O­W gerichtete 
Vikartovce­Bruch, bei welchem die Sinkung der Paleogenschichten gegenuber 
dem Perm­Werfen in ôstlicher Richtung von 100—220 m (in Westen) bis auf 
450—600 m (in Osteň) steigt. 

(3) Ein anderes, indirektes Kritérium bei der Identifizierung der Bruche 
ist die Verfolgung des Verlaufes und des Einflusses der vorpaleogenen Struktur-

linien des Fundaments (in unserem Falle der groBen Aufschiebungsŕlächen und 
tektonischen Tiefenstrukturen) auf die Entvvicklung der Bruche in hangenden 
paleogenen Schichtfolgen. Prägnante, SW­NO gerichtete Bruche solcher Art 
wurden bei der Talmundung von Veľká Biela Voda in Richtung Spišský Štvr­

tok festgestellt, welche die Fortsetzung der Muráň­Linie vorstellen. Das Bruch­

system im Bachtal von Ždiar und Tepličnô entwickelte sich parallel mit dem 
Verlauf der alten Linien am Kontakt des mesozoischen Vernár­Streifens mit 
der Melaphyrensasrie der Choč­Decke. Ähnliche Beispiele finden wir am Kontakt 
der Gemeriden mit Tatroveporiden der Čierna hora. Den sog. Hrišovce­Bruch 
kann man in SO­NVV Richtung bis zu Baldovce verfolgen, wo er verschwindet. 

(4) Im Raume des zentralkarpatischen Flysches ist der Aufstieg der Mineral-

wasserquellen aus dem liegenden Mesozoikum bekannt. Solche „Linienivasser-

qw.llen", besonders des Calcium­Bikarbonat­Types, indizieren oft Briiche und 
umfangreiche Stôrungszonen, welche tief in den liegenden mesozoischen und 
paläozoischen Untergrund reichen. Zu solchen Stôrungen zählt vor allem das 
SO­NW gerichtete Bruchsystem von Cemjata und Žipov im Gebirge Šarišská 
hornatina, weiter die Bruche von Baldovce und die erwähnten. N­S verlau­

fenden Bruche von Branisko. 
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A b b . 1. 

Tektonisohe Karte des zontralkarpatischen Flyschos (das Gebirge Levočské pohorie. Šarišské hory, Hornád-Kessel). 
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(5) Die Bruchflächen werden oft auch durch plôtzliche Änderungen im Fallen 
der Schichten, oder durch plôtzliche Unterbrechung der subhorizontalen Ĺagerung 
(verursacht durch die plôtzliche steile Aufstellung der Gesteinsblôcke) ange­

deutet. Solchen Fall stellt z. B. eine cca 20 km Iange O­W gerichtete Disloka­

tion, entlang welcher der mittlere Teil des Gebirges Levočské pohorie in SSO 
Richtung abgesunken war. Die Dislokation bildet eine 50—300 m mächtige 
Zóne, in welcher die Schichten unter einem Winkel von 80—90° steil aufgestellt 
sind. Sie begrenzt die sog. Klčov­Elevation entlang ihres Nordrandes. Der Rand 
der Elevation wurde in der Bohrung Klčov 1 nur etwa 137 m tief unter dem 
Flysch erreicht ( G r o s s 1967). Diese Elevation, die auch durch gravimetrische 
Messungen bestätigt wurde, setzt sich in ôstlicher Richtung fort und ist durch 
die erwähnte Dislokation bis zu Spišské Podhradie begrenzt. 

Die Indizierung der Bruche und Bruchstrukturen durch Štúdium der Ver­

änderungen in der subhorizontalen Ĺagerung der Schichten wäre nicht ganz 
präzis, wenn man dabei noch die ergänzende Korrelationsmethode nicht beniitzen 
wurde. So z. B. bei den regionalen Kartierungsarbeiten (im MaBstab 1:200 000) 
hat man in der Umgebung von Branisko eine Sigmoidalbiegung der Flysch­

Schichten vermutet, was zur Vorstellung verleiten konnte, dali der Kristal­

linkern von Branisko eigentlich eine Megaantiklinale sei. Durch eingehende 
geologisch­stratigraphische Untersuchungen wurde keine solche Sigmoidal­

biegung der Schichten festgestellt; die NNE­S gerichteten Bruchstôrungen 
hatten da nämlich den Zerfall des Flysches in eine Reihe von nicht gleichmäBig 
gesunkenen Schollen zur Folge. Die Emporhebung des Kemes fand zur Zeit 
der nachpaleogenen Bewegungen stat. Aus diesem Grunde wäre es falsch anzu­

nehmen, daB da während der Ausbildung des Flyschbeckens eine Elevation 
des Untergrundes als Keim der vermuteten Megaantiklinale existierte. Die 
geologischen Kartierungsarbeiten auch in anderen Regionen des zentralkarpa­

tischen Flysches haben gezeigt, daB die Kerngebirge des karpatischen Verlaufs 
(die sog. Megaantiklinalen) — obwohl sie am Rande durch tľberreste der 
ältesten Basalschichten gesäumt sind und so eine Vorstellung der ursprung­

lichen, bereits vor oder während der Sedimentation existierenden Strukturen 
erwecken — eigentlich junge tektonische Gebilde sind, die sich erst nach der 
Ausfiillung der ursprunglich einheitlichen Sedimentationsbecken gebildet 
haben. Die Identifizierung der Tiefenbruche, welche den abgesunkenen Flysch 
(in den Becken) von den Kernen der sog. Megaantiklinalen begrenzen, bleibt 
somit die Aufgabe der kunftigen eingehenden Kartierungsarbeiten. 
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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 Levoča, wie auch nôrdlich Branisko bekannt. 
Die Dislokation, welche in Norden die Klčov-Elevation begrenzt, weist ein 
sehr steiles Fallen (80—90°) auf; môglicherweise handelt es sich da um eine 
Schollenuberkippung. Die Bildung einer typischen horstfôrmigen Štruktúr 
konnte da nicht bestätigt werden. 

Die zeitlichen Beziehungen zwischen den Bruchen der sog. 
karpatischen Richtung 

Sowohl die Genese, wie auch die zeitlichen Beziehungen zwischen einzelnen 
Bruchen kann man ohne Kenntnis der ursprunglichen Begrenzung und Form 
des Sedimentationsbeckens, seiner Štruktúr und der bathymetrischen Achse, 
bzw. der synsedimentären Bewegungen nicht zufriedend klären. Das Štúdium 
der Paläostrôme in den Flyschfazien hat bereits groBe Fortschritte gemacht 
und ermôglicht uns die Richtung der Beckenfullung zu erkennen. Die Systéme 
der Paläostrôme weisen oft eine so groBe Stabilität in Zeit und Raum auf, 
daB sie eigentlich (zusammen mit dem entsprechendem Fallen des Becken-

randes) auch als beständige Faktoren der tektonischen Elemente betrachtet 
werden kônnen, durch welche die Erosion, Transport und Ablagerung im Laufe 

100 



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 ( M a r -
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 Levočské pohorie 
und weiter bis ins Gebirge Stratenská hornatina. Falls die Paläostrôme, durch 
welche sich an der Basis der gradiert geschichteten Fazies die Paläostromspu­

ren, in hôheren Lagen horizontále Lamination und Schrägschichtung gebildet 
haben, eine schlammige Masse bildeten, wurden sie auch durch die Gravitations­

kräfte kontrolliert und flossen als schwere dichte Susj>ension entlang der sub­

marinen Abhänge in tiefer gelegene Räume hinab. Dieser ProzeB einverleibt 
in sich auch die Existenz einer bathymetrischen Beckenachse, die sich in dieser 
Richtung der Massenbewegung ausgebildet hatte. 

Im mittleren Obereozän bis Unteroligozän entstand eine neue Quellenzone 
des Materials und zwar im SO Teil des Flyschbassins, welche das Materiál 
von SO her (in NW Richtung) fiir das Gebirge Šarišská hornatina und Levoč­

ské pohorie geliefert hatte. Aus dem Štúdium der Paläostrôme ( M a r c h a l k o 
1961) folgt, daB auch in diesem F'alle die Strome durch Gravitationskräfte 
kontrolliert wurden und flossen entlang des submarinen Troges (der sich in NvV 
Richtung immer mehr vertiefte) in den Raum des heutigen Gebirges Levočské 
pohorie. Infolge dessen entwickelte sich der hiesige Flysch an der gekreuzten 
bathymetrischen Bassinsachse und auch der Strukturachse (d. h. Achse der 
Strukturdepression mit maximaler Mächtigkeit des akkumulierten Materials). 

Die gegenseitige Abhängigkeit zwischen der Distribution der Flyschfazies, 
der Jinearen Verlängerung der Schichtkôrper und dem regionalen Paläostrom­

system wurde durch die Untersuchung der orientierten Sedimenttexturelemente 
bestätigt. Die Verteilung einzelner Fazies im Bassin verlief in zwei Haupt­

richtungen, und zwar von NO in SW und 8WW Richtung, und von SO nach 
NW (bzw. NWW) und ist im guten Einklang mit dem Verlauf der vorpaleo­

genen Strukturelemente (siehe Abb. 2.). Daraus folgt, daB die Distribution 
der Flyschfazies zwangsläufig unter der aktiven Mitwirkung dieser älteren 
Strukturen verlief. Deshalb kann man annehmen, daB sich die sog. karpatisch 
(NO —SW) und SO—NW gerichteten Bruche wenigstens teilweise während 
der Subsidenz der Flyschfazies gebildet haben. Diese synsedimentären Bewe­

gungen sind durch strahlenfôrmig geregelte klastische Gange (die in Richtung 
alter tektonischer Strukturen im Untergrund des Paleogens orientiert waren; 
M a r s c h a l k o 1966), oder auch durch Bewegungen der Ablagerungen, die durch 
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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, 

Bratislava 
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JÁN NEHČOK - TOMÁŠ KORÁB - TIBOR ĎURKOV1Č 

LITHOLOGICAL IWESTIGATION OF CONGLOMERATES 
OF MAGURA FLYSCH d EAST SLOVAKIA 

A b s t r a c t . In the present work the results of the lithologic and sedimentologic 
investigation of conglomerates in the southernmost (Čerhov) unit of the Magura Flyseh 
in East Slovakia are given, as well as geological and lithological position of conglomerates 
withín the unit under study, sedimentologic evaluation of structural and textural pro-

perties of conglomerates. and the evaluation of the conditions of the genesis of the former 
wíthin turbidite formations. 

Stratigraphic and Lithologic Charaeteristics oí Partial Units o! Magura Flyseh 

The Magura Flyseh consists of the Paleogene and Upper-Cretaceous beds. 
Basing úpon the lithofacial and facial-tectonic differences several partial units 
might háve been distinguished in Magura Flyseh. M a t é j k a — R o t h (1949), 
R o t h (1960) divided the Magura Flyseh in West Slovakia and in Moravia 
into the Rača, Bystrica and southernmost Belokarpatská partial units. 
A n d r u s o v (1926) determined the southernmost partial Magura Unit in the 
Paleogene of the Oravská Magura Mts., called it the Oravsko-Magurská Unit. 
This partial unit is supposed to continue in the XE direction to Poland (Gorce 
Mts.). 

In East Slovakia, division of the Magura Flyseh Zóne is complicated by 
the presence of Menilite and Malcov beds, most frequently oceuring in mor-

phologic depressions. The Malcov beds remind of the claystone strata of the 
Central Carpathian Paleogene or the Krosno beds of the Dukla Unit, by their 
lithologic composition. The basic division of the Magura Flyseh Zóne from 
the Western Flyseh Carpathians from Slovakia and Moravia has been roughly 
applied to East Slovakia too. Two northern partial Magura Units (Encl. 1.) 
in East Slovakia are indicated as the Rača—Bystrica Units. In East 
Slovakia Kochanovce Unit ( L e š k o 1960) or the Čerhov Zóne ( M a t é j k a 
1961) corresponds to the Belokarpatská Unit. With respect to the fact tha t 
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the southernmost partial unit is most frequent in morphologically impor-
t a n t Čerhov Mts., in agreement with the A n d r u s o v ' s (1965) suggestion, it 
will be further indicated as the Čerhov Unit. 

T h e R a č a a n d B y s t r i c a u n i t s in East Slovakia are lithologically and 
stratigraphic-tectonically so well differenciated, tha t there are only few 
unsolved problems. The substratum of both units is formed of the Ľeloveža 
beds passing up to the Upper Cretaceous in some places (the southern margin 
of the Smilno tectonic window; N e m č o k — K o r á b 1963), south to the Cigla 
village in the Výrava r. valley, to SW of the Nižná Jablonka village. The Belo-

veža beds are characterized by rhythmical alternation of clastics with varicolou-

red claystones, the latter predominating over sandstones (2:1 to 8:1). In ex-

ternal struetures on the lower side of bed surfaces bioglyphs predominate over 
mechanoglyphs. On sandstone beds there are frequent traces of worm craw-

ling and traces of the Bullia type. Among clastics ŕine-grained sandstones 
(64 %) prevail over siltstones (36 % ) . Concerning petrography, subgraywackes 
and quartzose sandstones occur in Beloveža beds in 1:1 ratio ( Ď u r k o v i č 
1966). Claystones of the Beloveža beds are often varicoloured, alternating 
in stripes and streakes, while of the clastic sediments of the Beloveža beds 
horizontál lamination with frequent transition into convolute lamination is 
typical. Claystones are mostly gray. calcareous and noncalcareous, blue-gray, 
brown-gray, greenish, blue-green, red and violet-red. According to micro-

fauna ( S a m u e l 1960) the Beloveža beds in East Slovakia belong to the 
Paleocene-Lower Eocéne. 

Above the Beloveža beds about 1500 m thick serieš of the Zlín beds is resting. 
In differentiation of the Zlín beds of the Bystrica and Rača partial units, the 
presence of glauconitic micaceous sandstones, claystones, and marls of the 
Lacko type as well as the mutual ratio of claystones to sandstones are decisive. 
While glauconitic sandstones are abundant in Zlín beds of the Rača Unit, 
in the Bystrica Unit they are less frequent, indicated as the Lacko beds by 
L e š k o — S a m u e l (1968). Predominating clastic sediments are represented 
here by micaceous sandstones. An important differentiating characteristics 
of the overlying Beloveža beds is the presence of claystones and marls of Lacko 
type (Lacko mergel, U h l i g 1888) and gray-green claystones. The latter remind 
of the Krosno beds, or claystones of the Central Carpathian Paleogene. While 
in the Bystrica Unit there are mostly hard claystones and the marls of the 
Lacko type, in the Rača partial unit the intercalations between sandstones 
are formed also by soft claystones predominating in some East Slovakian 
areas. 

The Zlín beds of the Bystrica unit are very poor in micro and macrofauna. 
According to S a m u e l (1960), the lower part of the Zlín beds of the Bystrica 
unit passes into the Lower Eocéne. This opinion is also supported by the fauna 
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of larger foraminifers ( V a ň o v á in N e m č o k 1961) Nummulites burdigalensis 
De la H a r p e , N. partschi tauricus (De la H a r p e ) , Assilina aff. douvillei 
A b r a r d & F a v r e . H a n z l í k o v á (1960) quotes the Middle Eocéne and 
Upper Eocéne microfauna from the Zlín beds. The Lower Eocéne age is also 
testified to by the presence of the Upper Eocéne to Oligocene development 
of Menilite and Malcov beds to the SE of Bardejov. This Paleogene serieš 
beginning with variegated claystones and ending with the Maľcov beds repre­

sents the normál overlier of the lover constituents of the southern partial 
Magura Units and of the Paleogene of the Klippen mantle. L e š k o (1959) 
gave the stratigraphic­lithological characteristics of the Čerhov Unit in the 
area of Kochanovce village, where over the Beloveža beds there is predomi­

nantly sandstone sequence equivalent to the Zlín beds of the Bystrica Unit. 
Over this extensive sandstone — conglomeratic complex near Kružlov, Maľcov 
and Raslavice villages there is a thick flyseh sequence of Menilite and Maľcov 
beds with underlying variegated claystones with Cyclammina amplectens and 
fine­grained nummulitic conglomerates. 

Č e r h o v U n i t is formed of Paleocene to Upper Eocéne beds. The lower 
part of the Paleogene of the Čerhov unit is represented by the Beloveža beds 
(Paleocene­Lower Eocéne; S a m u e l 1959). I t is actually íine­rhythmical 
flyseh (Fig. 1) with green and red claystones alternating with thinbedded 
sandstones. In the Čerhov Mts. there is predominantly psammitic­pelitic Paleo­

cene to Lower Eocéne flyseh development of the Beloveža beds with numerous 
bioglyphes. Claystone strata are represented by green to green­gray claystones, 
red claystones are only sporadically present. In the Beloveža beds red claysto­

nes are more abundant especially near Strihovce village in East Slovakia. 
The flyseh development of the Beloveža beds in the Čerhov unit gradually 
passes into a flyseh sequence with predominance of sandstones, in the overlier. 
In the Čerhov Mts. and to the east of the river Topia up to the Czechoslovak­

Soviet frontier this complex of calcareous graywackes and arkosic sandstone 
microconglomeratic strata shows the thiekness of even 2500 m ( S t r a n í k 
1965). L e š k o (1961) distinguished sandstone conglomeratic strata in the over­

lier of the Beloveža beds and called them Strihovce beds. In many places 
the sandstone­conglomeratic complex of the Čerhov unit remind of the wild 
flyseh of the Central Carpathian Paleogene with monolitic sandstone beds 
and numerous slump bodies. These are most frequent in the area of Majdan, 
Proč, Matiaška, Domaša and Údavské villages (Encl. 1). They do not oceur 
in a certain stable horizon in the overlier of the Beloveža beds of the Čerhov 
unit, position of their outeropping being irregular in the whole sandstone­

conglomeratic complex (Fig. 1). The pebbles of carbonates in sandy matrix 
of the slump bodies are often of dm size, 40—50 cm pieces are less frequent. 
Sandstone beds forming the overlier and substratum of the slump bodies are 
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F i g . 1. Lithological schéme of Čerhov unit: 1. Clay­

stones, 2. Sandstones, 3. Conglomerates, 4. Cherts, 
ó. Pelocarbonates, 6. Sandy claystones, 7. Varie­

gated beds, 8. Slump bodies, 9. Nummulitic lime­

stones. 
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F i g . 2. Detail of the conglomerate­

sandstone complex, loeality Matiaška, 
1. Claystones, 2. Sandstones, 3. Conglo­

merates. 



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' 
ending of the Čerhov Mts. in the overlier of the Paleogene Klippen mantle 
in the Udol (Újak) village, — reaching about 5 m thickness. The Upper Eocéne 
soft clays contain rich microfauna of quadrilobate globigerine ( S a m u e l 1961): 
Globigerina conglomerata S c h w a g e r , G. venezuelana H e d b e r g , Catapsydrax 
cf. dissimilis ( C u s h m a n & B e r m u d e z ) . This forms predominate over other 
species in green claystones. 

The overlier of variegated claystones and clays is formed by an immense 
complex of the Maľcov-Menilite Serieš (Fig. 1) with thin intercalatious of fine-

grained nummulitic conglomerates and the Jaslo shales ( X e m č o k — K o r á b — 
Ď u r k o v i č 1961). These youngest flyseh beds of the Čerhov unit outerop in 
the synclinal zones in wider vicinity of Maľcov, Stebník, Rychvald, Raslavice, 
Kračúnovce and Velká Domaša villages, in the Ondava river valley, and near 
Slovenské Volové village. In the Menilite-Maľcov beds in the Čerhov unit 
there are frequent strata of conglomeratic breccia with minor nummulites 
(Fig. 1). Carbonatic materiál of fine-grained conglomerates is represented by 
3—10 mm limestone and dolomitic fragments. Basing úpon the determination 
of nummulites by B i e d a (1957, 1960), V a ň o v á & K ô h l e r (in X e m č o k 
1961), the conglomeratic beds in the Menilite-Maľcov serieš in the Čerhov 
unit may be ordered to the lower part of the Upper Eocéne. 

In addition to the conglomeratic strata in the lower horizons of the Malcov 
beds or even on the base of the latter there are thin intercalations (max. 30 m 
thick) of Menilite shales. In Menilite beds there are frequent stripes and 
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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 
sequence of the Maľcov beds, gray, blue-gray, green-gray to brown-gray 
micaceous claystones predominating. Usually they are fine sandy with macro-

scopically observable mica, alternating with fine-grained gray and blue-gray 
calcareous sandstones. In the Maľcov beds claystones prevail over sandstones 
(3:1). Lithologically the Maľcov beds represent a flyseh sequence with the 
thickness of 400 — 800 m. Their strike and dip indicate the synclinal character 
in the whole Magura Zóne. 

In the Maľcov beds of the partial Čerhov unit the Jaslo shales were found 
in three horizons above each other. The separáte lithological horizons are 
max. 10 cm thick, resting above the claystones of Menilite type. 

The Maľcov beds with the intercalations of claystones of Menilite type, 
cherts and Jaslo shales stratigraphically correspond to the Upper Eocéne. 
S a m u e l (1960), H a n z l í k o v á (1960) determined there microfauna with 
predominance of small globigerina: Globigerina apertura C u s h . , Globorotalia 
centralis C u s h . , Globigerina rotundimarginata S u b b . , Gl. parva B o 11 i etc. 
O. Samuel deseribed small globigerina from the upper par t of the Maľcov beds: 
Globigerina postcretace.a M j a t l i u k , Cibicides cf. lopjanicus M j a t l i u k , and 
others oceuring rather in the Lower Oligocene in the Lopjanice beds of outer 
Carpathians. 

Form of Occurrence of Conglomeratic Bodies 

According to the form of occurrence the studied conglomerates of the Čerhov 
unit belong to interformational conglomerates. They form 2 — 10 m thick inter­

calations in the surrounding flyseh sequences. Usually they háve sharp contact 
with the underlying and overlying beds. There are, however, also gradual 
transitions between sandstone beds and overlying conglomerate beds. Gradual 
transition is indicated by the inereasing amount of coarser clastic components. 

From the stand point of morphology the conglomerate bodies are irregularly 
shaped. Vertical and lateral fading­out of the separáte granulometric classes 
may be observed. 

The most frequent type of bedding of conglomerates is graded bedding, 
frequently repeated. This is espeeially characteristic of fine­grained fractions 
(10 — 20 mm). Coarse­grained varieties are irregularly bedded, characterized by 
the presence of fragments of claystones, sandstones, chaotically arranged in 
the matrix. There are sporadical oceurrences of whole parts of bed sequences 
(Fig. 2, 3, 4) in the form of fragments in the surrounding conglomerate matter. 
These structural characteristics indicate the origin of the conglomerates under 
study in submarine slumps. 
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F i g . 3. Detail structure of the slump 
body, locality Cdavské, 1. Conglomerate, 
2. Sandstone, 3. Claystone. 

F i g . 4. Fragment of the flyseh sequence 
in conglomerate, locality Údavské, 1. 
Conglomerate, 2. Sandy matrix and sand­

stones, 3. Claystones. 

Granulometric investigation of conglomerates was carried on in the field by 
measuring of three axes (a, b, c) of pebbles according to K r u m b e i n — P e t ­

t i j o h n (1939). 100 pebbles were measured from each exposure. The samples 
were chosen so that all granulometric varieties beginning with 1 cm. were 
included. From the results obtained, arithmetic mean and medián of the " b " 
axis of pebbles (tab. 1) were calculated for the separáte localities. Histograms 
of frequency are presented in Encl. 1. Calculations in tab . 1 were carried on 
without respect to petrographic types of roeks. Recalculation for the separáte 
types of rocks oceuring most frequently in conglomerates under study sum­

marized for all the localities is presented in tab. 2. 
Shape and roundness of pebbles. The shape of pebbles was studied on the 

ground of Z i n g g ' s (1935) classification based úpon the relation of the axes 
of pebbles. The author divided pebbles into four groups according to the 
relations among the parametres of the axes of pebbles b/a, c/b (a­the shortest 
axis, c­the longest axis). In the Zingg's sense 1. spheroid, 2. disc, 3. blade, 
4. roller pebbles were distinguished. Percentual representation of these morpho­

logical types on localities under study is presented in tab . 3. In similar manner 
also the main petrographic types of pebbles oceuring in conglomerates under 
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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 is t ical d á t a o f p e b b l e axes in s tud ied conglomera tes 
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 l o s s ' 
(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. Rača unit of the Magura Flyseh; 3. Bystrica uni t of tlie Magma 
Flyseh; 4. (Vrhov uni t ; 5. Malcov and Menilite beds; 6. Klippen Belt; 7. Mesozoio of tlie 
Humenskó pohorie Mts.; 8. Central Carputhian Paleogene; 9. Neovoloaniles; 10. Loca­

lities of conglomerate oceurrenees (3 Majdan, 10 ­ liCfrnava, 5 6 to the S. of Majdun, 
8 i ­ Údavske. 38 Micakoyce, 49 ­ MatiaSka, P ­ Podhorod, 71 ­ (iírovre, 74 ­

Červene, 21 — Proč, 88 ­ Nizn6 Ladičkovee); 11. Ig­neous and metamorphic rocks; 12. Sand­

stones and (luartzites; 13. Limestones and dolomites; 14. Vein quartz (11 —14 petro­

graphic romposUlon of pebhlrs in ihr reralculalion on 100 %); 15. Granulometric com­

oosiiion of conglomerates. 





the separáte localities are given in tab. 1. Visual judgement may show tha t 
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 la t ion be tween p l a n a r project ion of or ienta t ion of " a " pebble axes a n d orien­
t a t i o n of s e d i m e n t a r y s t r u c t u r e s on t h e undersurfaces of sands tones ; a — flute cas t s , 
b — d r a g m a r k s , c — or i en ta t ion of pebbles , d — n u m b e r of measuremen t s . 1 — Mat iaš-
k a , 2. Micakovce, 3 . Gírovce, 4. V d a v s k é . 
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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 Čerhov unit are composed of two basic components: pebbles and 
matrix. Matrix is formed by sandy or clayey materiál. The ratio of 
matrix to pebbles is 1:1 or 1:2 on behalf of matrix. This ratio is 
changing on separáte localities. Petrographic composition of matrixj is re­

presented by fine­, médium­ to coarse­grained subgraywackes, their petro­

graphic composition being generally identic with mineralógie composition of the 
predominating amount of sandstones in the Magura Flyseh ( Ď u r k o v i č 1966). 

Petrographic composition of pebbles for the separáte localities is presented 
in t ab . 5 and graphically illustrated on E n d . 1. Tab. 5 shows tha t the charac­

teristic feature of the conglomerates under study is predominance of pebbles 
originating in sedimentary serieš (limestones, dolomites, sandstones. quartz­

ites) over the igneous and metamorphic rocks. The triangular diagram on 
Fig. 7 shows graphical illustration of the relation between predominating 
pebbles. The composition of sedimentary constituents in the slump bodies 
(Encl. 1) is laterally changing, especially as far as the representation of lime­

stones 4­ dolomites, quartzites and sandstones is concerned. In dírection from 
the W to the E distinet inerease of the amount of carbonate pebbles may be 
observed. This may be explained perhaps by different composition of the rocks 
of the source area (Klippen Belt) in its W­E course. 

Tab. 3. 

locality 
pebble shape 

spheroid 
disk 
blade 
roller 

I ­
1 

51 % 
25 

J 6 
18 

P e b b l e s h a p e s i n s t u d i e d l oca l i t i e f 

88 

37 % 
41 

2 

77 

45 % 
25 

3 

P 

36 % 
30 

6 

38 49 . 
. .5 

41 % 
33 

S 
20 27 28 21 

41 % 
31 

6 
22 

21 

29 % 
47 
10 
14 

82 

32 % 
40 

3 
25 

5 ­ 6 

54 % 
37 

5 
4 

3 

29 % 
44 

7 
20 

Tab. 4. P e b b l e s h a p e s a c c o r d i n g t o p e t r o g r a p h i c c o m p o s i t i o n 

pebble . . . . . limestone + . , 
shape sandstone quartzi te dolomite v f ' i n ' tuartz 

1 
spheroid 
disk 
blade 
roller 

> 
23 % 43 % 38 % 42 % 
50 30 33 26 
10 5 5 4 
17 22 24 28 
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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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F i g . 8. Map of paleocurront systems in relation 
to the direction of transport of slump bodies. 
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1. Klippen Belt, 2. Čcrhov nnit, 3. Neovoleanitos, 4. Bystrica 
unit. 5. Rača nnit, 6. Maľeoy-Menilite serieš, 7. Dukla unit, 
8. Slump bodies, 9. Paleoeurrent systems in Oerhov unit, 10. 
Paleoeurrent systems of Bystrica and Uača units. 



T a b . S. 

locality 

limestone 
marí 
dolomite 
chert 
sandstone 
quartzite 
vein quartz 
granite 
granodiorite 
rnica schlst 
melaphyre 

10 

19 % 

1 
24 
42 

7 

7 

Pet rographica l composi t ion of conglomerates 

3 82 74 71 

19 % 

4 
1 

25 
31 
18 

1 

1 

17 % 48 % 

4 25 

12 % 

3 

11 1 13 
20 2 19 
46 

2 

8 48 

3 

2 
1 

P 

29 % 
7 

32 

4 
17 

7 

2 

2 

5 - 6 49 21 

12 % 

1 

32 
27 
21 

i> 

2 

24 % 

2 

8 
24 
34 

2 

e 

70 % 

18 
3 
3 
3 

3 

88 

67 % 

20 

1 
3 
3 

4 

38 

13 % 

4 
1 
6 

40 
34 

2 

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 partial 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 
partial lithostratigraphic complexes: the Rača, Bystrica and C'erhov units, 
in the Magura Flysch Zóne. The common lithologic development of the Belo­

veža beds in all the three partial units is followed by the change of facial 
conditions within the Lovver Eocéne — upper part of Middle Eocéne. These 
changes may be observed mainly in the supply of the clastic materiál. In the 
southernmost partial Magura Unit (Cerhov unit) situated nearest to the source 
area (Klippen Belt), lithofacial changes may be observed in the supply of 
coarse clastic materiál (coarse­grained sandstones, conglomerates). This 
coarse­grained sequence has its stratigraphic equivalent in the Zlín beds of 
the northern partial Magura Units. 

Coarse clastic materiál is mostly distributed in the southernmost Čerhov 
unit. The supply of coarse clastic materiál into northern partial units was 
sporadical, indicated by rare occurrences of the slump bodies composed of 
coarse-grained materiál with max. thickness 0,5 m. Direction of the transport 
of clastic materiál to the Magura sedimentation area was studied on the ground 
of oriented sedimentary structures ( K o r á b and cons. 1962). In all the three 
partial units (Fig. 8) the preferred current direction from SE to NW was 
determined, found also in the Polish part of the Flysch Carpathians. I t may 
be supposed tha t it is a lateral filling gradually turned in theaxisof thebasin 
into the direction roughly parallel with the Klippen Belt (Fig. 8), and the 
turbidity current, directions of which were determined according to flute casts, 
transported the greatest amounts of the clastic materiál into the Magura 
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Flysch geosyncline. The distribution of coarse clastic sediments (conglomerates, 
coarse-grained sandstones) in the southernmost Čerhov partial unit, and their 
gradual fading­out in northern direction, indicate another way of transport 
conditioned by nearness of the source area. Chaotic arrangement of pebbles 
in conglomerate bodies, the generál interformational character of conglomera­

tes, predominance of matrix in many conglomerates indicate gravitational 
transport in the form of submarine slumps. 

The Klippen Belt (in wider sense) is considered the source area of conglo­

merates. This opinion is supported by determination of the orientation of flute 
casts on the lower sides of sandstone beds from the S to N (Fig. 8). Generally 
sediments of the Čerhov unit háve the náture of turbidity formations with 
graded bedding and other accompanying structural characteristics, in which 
there was episodical gravitation sedimentation in the form of submarine slumps 
within — the Lover Eocéne — upper part of Middle Eocéne. 
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MIROSLAV PLIČKA 

JOIXT ZOXES IN THE FLYSCH OF THE CZECHOSLOVAK 
CARPATHIAXS AND IX THE PALEOZOIC OF THE SE BORDER 

OF THE CZECH 3IASSIF 

A b s t r a c t . This paper presents a summary of the work done over a periód of more 
than five years. The object of this work was the investigation of rock jointing and other 
microtectonic phenomena in the Carpathian Flysch and in the SE border of the C'zech 
Massif. Two types of macro-joints, i. e. (1) bedding joints and (2) joint zones háve been 
established. Attention has been paid primarily to joint zones that represent an important 
element in the regional structural pattern. Bedding joints and joint zones distributed 
in the studied area exhibit variable density. The identification of joint zones grouped in 
sets can contribute to the knowledge of the tectonics in the entire area studied and on 
the basis of the results achieved there the tectonics in other regíons can be solved. Joint 
zones indicate tectonic stresses the rocks were subjected to. The study has revealed close 
tectonic relations between the Carpathian systém and the Czeeh Massif. 

In 1960—1964 jointing of rocks and other microtectonic phenomena were 
investigated throughout the entire area of the Czechoslovak Carpathian Flysch, 
in adjacent Polish territories as far as Zywiec, and in the area of the SE border 
of the Czech Massif. The research wrork carried out during last few years 
( P l i č k a 1960, 1962, 1963, 1964a, 1964b, 1964c, 1966a, 1966b, 1966c) has 
contributed to the knowledge of individual tectonic complexes in the studied 
area. The classification of joint systems and the evaluation of their regional 
significance has revealed two following joint types — (1) bedding joints (i. e. 
joints of the second order according to the conception of Soviet authors) and 
(2) joint zones (this term corresponds partly with the joints of the first order 
described by Soviet authors, but it refers predominantly to the term "syste-

matic joints" applied by the American geologist R . A. H o d g s o n ) . This new 
term "joint zones" has been established for joints forming many systems 
persisting over long distances in the investigated area. Similar conclusions 
háve been simultaneously inferred by R . A. H o d g s o n (1961, 1965) in the 
U. S. A. and by D . S p e n c e r — J o n e s (1963) in Austrália. The area subjected 
to investigation represents about a fifth of the entire Czechoslovak territory. 

Joints extend throughout the entire studied area, but they show a variable 

119 



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 pat tern. 
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 tha t took plače in this 
area. The number of joint zones forming a set increases towards the faults of 
regional characteristic exhibiting the samé direction as the joint zones. 

Consequently, it is evident tha t joint zones are closely related to f aults. 
Field observations permit to make statements tha t f aults found in the mapped 
area usually run parallel to two systems of joint zones oblique to each other 
(e. g. in the Culm of the Drahany Upland and in the Nízky Jeseník Mts.). 
I t may be suggested that joint zones — as the result of tectonic stresses — 
may háve formed earlier than these faults. The faults formed where the rocks 
were mostly weakened by joint zones. Judging from these observations, joint 
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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 >) 
Coinpiled by Miroslav Plička 1964 Ľxplanations: 1 — crystalline rocks, 2 — I) ivonían — Lower Carboniferoiu, in limestone 

facies, 3 — Culm, 4 — Jurassic of Czech Massif, 5 — Neogene, 0 — Pouzdŕany unit, 
7 — Ždánice­Subsilesian nappe, 8 Silusian nappe, 9 — fore­Magura unit, 10 — Rača 
unit, 11 Bystrica unit; 12 — inner units (9—12 Magura nappe), 13 — Central Carpa­

thian Flysch, 14 ­ the Klippen belt, 15 — andesite of Vihorlat, 16 — thrust of the 
Ždánice­Subsilesian nappe, 17 — thrust of the Silesian nappe, 18 — thrust of the Magura 
nappe, 19 — thrust of the Bystrica unit, 20 — thrust of the Biele Karpaty unit, 21 ­

radial faults, 22 — faults, 23 — joint zones (sets of joint zones). 
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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 
width, and the denominator deŕines the zóne width in metres. In the studied 
area, we háve observed the following relations between joint density and the 
width of joint zóne in different types of rocks of different age: 

1. limestone, conglomerate (Devonian) — 3/1, 5/1, 10/1, 5/1, 10/2 . . . 
2. shale, graywacke, conglomerate (Culm) — 5/3, 3/0,5, 5/2, 4/1, 17/4 . . . 
3. limestone (Jurassic) — 7/3, 5/2, 5/1, 3/1, 6/3 . . . 
4. limestone (Lower Cretaceous of the Silesian nappe) — 5/1,5, 5/2, 30/6, 5/1, 10/2 . . . 
5. sandstone (Middle Cretaceous of the Silesian nappe, Godula beds) — 4/1,5, 6/0,5, 

9 / 1 . . . 
6. sandstone (Upper Cretaceous of the Silesian nappe, Istebné beds) — 10/2, 10/1,5, 

5/1, 10/4 . . . 
7. sandstone (Paleoeene, Eocéne of the Magura nappe) — 6/1, 4/1,5, 10/4, 15/2 . . . 
8. marlstone (Eocéne of the Magura nappe) — 6/1,5, 4/1, 5/0,5, 5/1 . . . 
9. granite of the Brno Massif — 5/1, 4/2, 6/1,5, 5/2, 10/6, 3/1 . . . 

It is apparent that no relations exist between the number of joints and the 
zóne width, nor the minimum or maximum width of a certain zóne can be 
controlled by rock type, stratigraphy and/or tectonics in the investigated 
territory. Individual joints within a joint zóne can usually reach a width of 
some mm to several cm. Joints are commonly filled by calcite or quartz. 

Joint zones fsets of zones) are of tectonic origin and can reach a length of 
several tens of kilometres. In pelitic, plastic or less compact rocks they disap­

pear locally towards the overlying rocks or towards the basement. They are 
best developed in graywackes and conglomerates of the Culm of the SE border 
of the Czech Massif, in the crystalline rocks of the Brno Massif, and in sand­

stone beds of the Carpathian Flysch (see the Magura and Godula nappe, the 
Dukla—Užok folds). An average width of a sett of joint zones exceeds locally 
20 km (see the N Vľ systém in the SE border of the Czech Massif between Brno 
and Vyškov, the ESE systém in the Culm between Opava and Olomouc, and 
the E N E systém of the Godula nappe). 

A great areál extent of joint zones and their persistance over lcng distances 
may be proved by the following dáta: 

1. analogy to extensive joint zones in other areas over the world, examined 
at surface outerops and by means of the aerial photographs ( R . A. H o d g s o n 
1961, 1965; D . S p e n c e r — J o n e s 1963); 

121 



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. P l i č k a 1963). 
Joints arranged in joint zones show discontinuities both in their vertical and 

areál trend, where by their ends overlap. In the mapped area joint zones are 
grouped in sets belonging to different systems. Locally one systém can be 
dominánt, (e. g. in the western portion of the western Magura Flysch) and 
sometimes many intersecting systems may be developed (in the crystalline 
and Paleozoic rocks of the SE border of Czech Massif, in the Godula nappe, e t c ) . 

am !m 
F i g . 1. Block diagrams showing schematically joit zones and bedding joints 
1 — joint zones in the sandstoncs interbedded with shales (joint traces how disconti­

nuities and overlapping of joints). — 2 — Two systems of intersecting joint zones. — 
3 — Set of joint zones belonging to one systém. — 4 — Two systems of interseting sets 
of joint zones. — 5 — Bedding joints in the sandstone strata of variable thickness. In the 
sandstones of uniform petrographic náture the joint density is inversely proportional to 
the thickness of strata. — 6 — Joint zóne intersecting the bedding joints in sandstones. 
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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 tha t of the SE border of 
the C z e c h M a s s 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 partial 
tectonic units of the Magura nappe and in the čase of a favourable lithological 
development of formations they also pass across the Ždánice-Subsilesian unit. 
Apart from the aforesaid transversal joint zones, joint zones of a N N E to N Ľ 
direction appear in the eastern par t of the studied area from Makov towards 
the east. A multiplication of joint zones is evident where the Flysch formations 
are affected by the fault line of Raková — Semeteš trending towards the NE. 
This multiplication of joint zones has been recorded in the space of the maximum 
bend of the Carpathian are. 

In front of the Magura nappe, between Valašské Meziŕíčí and Jablunkov, 
we may observe iha,t joint zones disjoin, some of them verging their directions 
towards the NW, the other towards the XľE. Joint zones trending from XE to 
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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. 

124 



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 — U ž o k fo lds and a portion of the C e n t r a l C a 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 tha t 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 M a s s 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 tha t forms one tectonic unit with the 
observed sediments, which is not the čase in the Carpathians. I t has been 
found tha t some sets of joint zones persist over a dištance of 60 km and their 
length reaches 100 km (see some sets of zones trending from the Czech M a s s i f 
to the C a r p a t h i a n a r e , e. g. in the area of Horní Benešov—Nový Jičín — 
Rožnov p. Radh. and farther to the SE). The sets of joint zones in the south­

eastern border of the Czech Massif are variable in width. Some sets of joint 
zones show a width of some kilometres only, other sets, šuch as a WNW— 
ESE­trending set, extend throughout the area in a 100 km wide belt without 
changing directions. In the NIV set of joint zones, for instance, we may observe 
tha t joint zones are locally missing in belts up to several kilometres wide. 

Glose relations between joint zones and faults are reflected in detail as well 
as in the regional joint pattern of this area. On the basis of a detailed investi­

gation carried out in the Drahany Upland. the faults running parallel to joint 
zones are suggested to change often their directions and follow other different 
systems of joint zones oblique to each other (e. g. NW­directed faults at Vyškov 
and Luleč.) 

The set of joint zones trending from WNW to ESE is well developed in the 
entire area of the SE border of the Czech Massif between Opava and Brno. 
This set has been observed both in the Paleozoic and crystalline rocks. I t may 
probably belong to older systems of joint zones reactivated during younger 
tectonic movements. 

The set of joint zones directed from NVV to SE is weakly developed in the 
area between Opava and Brno. Locally it fails to continue, but here and there 
it is very distinet (e. g. in the area of the Maleník block — see Z. R o t h , 
1962). In generál, this set of joint zones may háve resulted from younger 
reactivated tectonic processes. 

The set of joint zones striking from NNW to SSE and extending through the 
sediments belonging to the Culm and Devonian between Brno and Vyškov 
may owe its genesis to tectonic processes active in the Carpathians. 

The N—S­trending set of joint zones is distributed in the crystalline and 
Paleozoic rocks near Brno. I t is obviously related to faults striking from N 
to S associated with diabase effusions. 
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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 N E — into the Culm sediments near Opava. 

Joint zones composing the E —W-directed set are confined only to the area 
extending between Hranice, Prostčjov and Brno. 

Ústrední ústav geologický, 
pobočka Brno 
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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. Its 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, 
belonging to the Choč nappe (in part probably to its envelope) are present. 
Permian arkoses, sandstones and variegated beds developed in patches also 
make up slices of the Choč nappe. Mesozoic rocks occur in two incomplete 
units — the Krížna unit and the Choč unit. The former represents the Krížna 
nappe forming the rolled-out „polsters" in the substratum of the Choč nappe. 
I t is composed of the Anis-Ladinian carbonates, the Keuper variegated 
sequence, Jurassic (Lias?) fragments and the Cretaceous (Neocomian-Albian) 
complex. The Choč unit built up of the typical Werfenian and Middle Triassie 
carbonates tectonically overlies, together with the Carboniferous and par t ly 

3 Geologické práce 44-45 129 



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 tha t 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 
the faults are confined broadly to the Late Alpine stage. As it was clear already 
a t ŕirst sight t ha t the faults did not originate simultaneously, the restoration 
of the fault­tectonic history required ŕirst to dáte the indivídua! fault systems. 
The dating of some fault systems eould be based on several points of support. 

The first demonatrable fault systém closely preceded the formation of sills and 
dykes of dacite, the age of which is relatively precisely established within the 
succession of young volcanics (between the hornblende­biotite andesite and 
the pyroxene andesite of the "peak" phase). 

The sexami, vjell demonvtrable, so-called post-dacite group is far more varied 
and its generation was obviously attended by several partial stages. The dáte 
of its formation is defined by the metallization of the Banská Štiavnica— 
Hodruša ore district and by the rhyolite eruptions. 

Understandably, the mineralized faults are of greatest economic interest. 
Their position within the framework of the structural pian cannot be studied 
irrespective of the evolution of the Late Alpine structures and, as will be 
shown below, of the Early Alpine structures either. 

Therefore, we shall pay particular attention to the structural pian of the 
faults associated with the dacite stage. 

The dacite stage of fault formation is manifested mainly by the dykes of 
hornblende­biotite dacite which are mostly well traceable in the field. They 
occur in the granodiorite­diorite complex, in the sedimentary sequence, as well 
as in the volcanic andesite (incl. hornblende­biotite andesite) complex. Their 
thickness ranges from the order of decimetres to several tens of metres. About 
160 dykes of this type háve been registered but, owing to a small thickness, 
some of them could not be plotted in the map. Whereas the determination of 
strikes is fairly reliable, the values of dips are less precise. The strike pattern 
is shown by the rose diagram. The maxima are concentrated to the NE­ and 
approximately NW­trends. The dykes of the ŕirst group most frequently dip 
to the SE and those of the second group are steeply inclined to the N E and S W. 

Apart from dykes, there are also dacite sills and bodies resembling laccoliths. 
The importance of sills lies in their indicating the dynamic­kinetic conditions 
under which the dykes were formed. The sills are concentrated in the sedimen­

tary zóne intervening between the granodiorite massif and the volcanic com­

plex. They used the zones of weakness in the sedimentary complex developed 
during the translation of nappes in the Early Alpine stage and, invading them, 
they frequently enclose the whole blocks of sedimentary rocks. 

The dykes show a comparatively complicated course. Branching and bifur­

cation are often observable. In most cases. evidence is available tha t their 
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origin was accompanied by block-fault movements, i. e. tha t they are due to 
normál faults of a determinable amount of displacement. In some cases, howe-
ver, the movement has not been proved. 

The ŕirst question to be solved in analysing the structural pian of faults ofthe 
dacite stage relates to their possible connection with the structural pian of 
the Early Alpine stage. The feasibility of the influence of the earlier structural 
pian is strengthened by the fact tha t the overwhelming part of the dacite 
dykes is demonstrably founded in the lower structural layer, dying out up-

wards into the overlying volcanic complex. The relationship of the dacite sills 
to the Early Alpine structure is very expressive, but a considerable par t of 
dykes also follows its main (NE) and subordinately even its transverse (NVV) 
strike. 

From this it is inferable tha t the structural anisotropy of the Early Alpine 
stage exerted influence on the origin of the dacite-stage faults. However, some 
deviations háve also been observed. 

The second question refers to the dynamic regimen which had caused the 
rejuvenation of the older structural strikes, the zones of weakness and the 
initiation of the fault systém. In this regard the following three faetors should 
be taken into consideration: (1) The fault systém is connected in space and 
symmetric disposition with the domal structure in the core of which the grano-

diorite is emplaced; (2) during the Late Alpine stage this domal structure had 
a tendency to rise; (3) the common uniform ŕilling of the faults generated 
attests tha t the systems of different strikes (NE and Nft') are necessarily of 
contemporaneous origin. 

As a result, the origin of faults of the dacite stage may readily be interpreted 
in the following terms: 

The core of the domal structure — the granodiorite body — functioned as 
a bearer of the vertical uplift movements, as due to its relative homogeneity 
and isotropy in relation to the diverse geological environment, it displayed an 
"en bloc" behaviour. Tension developing in the apex ofthe rising core resulted 
in the formation of concentric and radial faults ŕilled with dacite and of sills 
located in the most mobile zóne (during the uplift) of sediments intervening 
between the granodiorite and young volcanics. 

With respect to the three above-mentioned basic facts all other theoretically 
feasible interpretations are improbable and unprovable. 

The post-dacite stage of fault formation comprises three principál represent-

atives of fault systems: 
(1) The mineralized faults representing the Au—Ag-polymetallic formation 

of the Banská Štiavnica ore district. Their pian is known with a fairly high 
accuracy. 

(2) The type represented by a single major fault within the area studied, 
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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 par t it truncates the Early Alpine structural strikes 
and in the northern tract it swings into the Early Alpine — N E strike. 

(3) Not very numerous faults which probably originated only after mineralization. 
As is seen from the rose diagram, the ŕirst group of postdacite mineralized 

faults show a rough symmetry to the faults of the dacite stage, except for the 
minimal distribution of the NW strike. In the W part, along the Považanská 
fault, there are westerly dips, whereas in the remaining part of the area the 
faults, with a few exceptions dip, to the E at an increasing angle towards the 
east. Similarly as the dacite dykes, 
the ore veins also branch, bifur­

cate, etc.For completness'sake it 
should be noted tha t ore veins 
mostly represent dislocations of 
normál fault character. They are 
often governed by the course of 
dacite dykes or are more or less 
symmetrical to the structural 
pattern of them. The uniform mi­

neralization suggests that the pat­

tern did not change in essentials 
during the development of the 
mineralized faults. As far as some 
differences do exist, we think them 
to be due to monoascendent zoning. 

From what has been said about 
the mineralized faults it could be 
concluded tha t they formed under 
nearly the samé dynamic condi­

tions as the faults of the dacite 
stage. Even the uplift movement 
of the Hodruša elevation persis­

ted during the post­dacite stage 
and, as mentioned above, it has 
been virtually active up to dáte. 
However, several facts do not Fíg­ 1­ Rosw diagram of strikes ofthe faults 

, . , , , , . , „ ofthe Štiavnica Horst. ehockered — 165 dykes 
accord with the existence oí an c , , , , . . ... . .. , . ' 

of hornblendebiotite dacite; plam — 57 ore 
identical dynamic regimen of the v e i n s . s o l i d _ 4 4 f a u l t s ( m o S j t l y w i t h o u t m i n e . 
dacite and post­dacite stages. ralization) 
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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: 

The formation of faults during the Late Tertiary took plače in two partial 
stages — the dacite and post-dacite stage. The known mineralized faults are 
placed in the latter stage. 

The formation of faults of the post-dacite stage was strikingly affected by 
the structural anisotropy of the substratum of the volcanic rocks tha t was 
inherited from the Early Alpine stage. The initiation of faults was associated 
with the upheaval of the Hodruša dome: concentric and radial faults filled 
with hornblende-biotite dacite were generated. 

In the post-dacite stage, the location of faults was influenced by similar 
factors as tha t of the dacite-stage faults and, moreover, by new, different 
elements caused by regional tectonic effects. They gave rise to faults oriented 
in the N-S direction. 

In the light of new information, the Štiavnica horst-graben structure appears 
to háve undergone a far more complicated evolution than was presumed so far, 
i. e. a polyphasal development in which a number of diverse factors played role. 
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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 i c h a — S e n e š 1965), extending over the tectonic units of the inner West 
Carpathians and partly 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. Molčíková, A. Ondrejíčková, K. Slávikova, J . Seneš, M. Vaňová, 
printed in Explanation to the generál geological map 1:200 000 (Rimavská ro­

bota, Zvolen, Nitra, Nové Zámky, Bratislava). 
At the end of Paleogene, in the R u p e l i a n , the marine transgression passed 

from the intermontane area in the S frontally into the Ipeľ—Rimava basin. 
The Rupelian flood penetrated only to the southern parts of Gemerides and 
Veporides, as indicated by the present-day distribution of sediments over 
southern Slovakia (borings in the southern parts of the Rimava and Ipel de-

pressions). In borings near Štúrovo (the south-eastern part of the Danube 
lowlands, where the Tertiary substratum was formed by a mountain-range), 
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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. 
In the Ipeľ depression, the Rupelian rests on the Veporide crystalline shales 
and on the metamorphosed mantle. 

According to K r y s t e k (1958) and M a r k o v a (1966). in the basal par t 
there are arkosic sandstones (Md 0.3 — 0.6 mm. So < 2). including the strata 
of gravels and conglomerates composed of angular quartz and quartzite 
pebbles with sporadical fragments of phyllites and amphibolites. They pass 
into badly sorted subgraywackes (Md 0.06—0.15, So > 2) containing rounded 
pebbles of quartz, quartzites and cherts. Analogous sediments are there on 
the base of the Rupelian in the Rimava depression. In conglomerates carbon-

atic materiál ( H o mol a 1954) o f t h e Gemeride Mesozoic predominates. 
In the SE part of the Danube lowlands, in the Ipeľ and Rimava depressions, 

the substratum of the sandstone horizon consists of marly (predominantly 
18 % CaC03) silty clays with Md = 0.005 mm. They are characterized by 
micro-laminated parallel structure, stressed by parallel arrangement of micas. 
The clay ratio belongs to montmorillonite. Locally increased ratios of pyrite 
appears, indicating stagnant waters in local depressions. 

In the A q u i t a n i a n — C h a t t i a n — in Č e c h o v i č ' s (1952) sense — the 
superimposed character of the basin was stressed by extension of transgression 
farther to the North. In tha t periód the generál uniform character of the sub-

sidence was preserved in the basin, the influence of substratum being reflected 
mainly in various lithofacial development in the separáte parts of the basin. 

On the NE margin of the basin- — in the Rimava depression — on the li-

mestone substratum of Gemerides, there arose clastic limestones with the typical 
characteristics of littoral rocks of predominantly abrasive origin. There are 
present mostly the main types of littoral rocks, commencing with fragmentary 
to organodetritie types, with local oceurrences of biotites. 

The marginal development of the Aquitanian on the northern margin of the 
basin — in the Lučenec depression — is represented by the polymict conglo-

merate consisting of pebbles of metamorphic and granitoid rocks of Veporides, 
and of their metamorphosed Mesozoic mantle as well as of the Paleozoic 
sediments of Gemerides. As to its structure and degree of sorting — it belongs 
to the littoral deposits arising near the mountainous coast on the margin of 
the subsiding basin. In the deeper parts of the basin — in the Ipeľ depression 
— basal beds are present in the form of conglomerates with graywacke matrix 
— paraconglomerates — characterized by a very low degree of maturi ty of 
sediments. and by a high content of the unstable component. Predominantly 
they are composed of the Veporide crystalline. 
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Map I . Schéme of Extension of the Oligocene and the Neoge­
ne transgressions in the Ipeľ and Rimava Basins. Substratum 
of deposits of IpcI and Rimava Basins. 
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Similarly differentiated is the composition of the sedimentary ŕilling of the 
basin in the Aquitanian. In the Rimava depression, it is represented by the 
clayey silts (Fig. 1), in the Lučenec depression — by sandy silts and silty 
sands (Fig. 2) genetically corresponding to graywackes; — in the Ipeľ depres­

sion — by mixed clayey­sandy sequence (Fig. 3) with local occurrences of 
gravels, many­coloured clays, relicts of sedimentation near the river estuary. 

The mineralogical composition of the heavy fraction of sediments is roughly 
equal. Only the ratio of the representation of garnets and micas is changed 
in dependence úpon the granulometry (Figs. 4a—e). 

The above lithofacial changes in the eastern, centrál and western parts may 
indicate commencement of differentiation of the basin, conditioned by the 
revival of movements on the Lučenec and Rimava zóne of dislocations of the 
NW­SE directions. In consequence to the movements, the centrál par t of the 
basin — its substratum being predominantly the Gemeride Paleozoic — has 
a shallower­water development in comparison with the eastern and western 
parts . 

In the B u r d i g a l i a n , the subsidence in the Ipeľ—Rimava basin was con­

siderably lower — as to its extent and intensity— than in the Aquitanian. The 
subsidence affected only the centrál par t of the basin between Fiľakovo and 
Slovenské Darmoty, and was evoked by the movements in the Lučenec dislo­

cation zóne. Larger subsidence took plače in the eastern part of the area with 
the Gemeride Paleozoic predominating in the substratum. (The thickness of 
sediments is about 100 m here, while on the margin of the basin only 30 m). 

Sediments of the Aquitanian in the Lučenec depression and in the southern 
par t of the Ipeľ depression are covered by an accumulation of the marine 
Burdigalian, not too important as to its extent and thickness. In the Lučenec 
depression there are sandstone facies, facies of clayey­silty and silty­clayey 
sediments (Fig. 5). The green, coarse­ to medium­grained sandstones with 
glauconite predominating, and with local occurrences of microconglomerate 
strata with the intercalations of tuffs, tuffites and silty­clayey sediments, are 
most frequent here. In all of these there is the volcanogene component in the 
form of feldspars, volcanic glass, pseudomorphoses y. after [3­quartz, biotites 
and zircons. Glauconite is richly represented; changes in accessory heavy 
minerals took plače (Figs. 6a—c), andalusite, sillimanite and tremolite occur, 
and the granulometric coefficients of the sandstone facies were changed: 
Burdigalian: médium Md 0,18; médium So 1,9. —Aquitanian: Md 0,11; So 2,6. 

The plače of the facies in the genetic classification corresponds to the arkosic 
sandstones — opposite to the Aquitanian graywackes. This is for the ŕirst 
time tha t the beds of the wind­born vitric tuffs appear among the Burdigalian 
sediments in stagnant water zones. 

The development of the Burdigalian in the Ipeľ depression has an in­
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Map I I . Schéme of Extension of the Neogene Transgressions in Danube Baflin 
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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 plače ( S e n e š 1960, 1961) thus evoking temporary 
disajmearance of the Ipeľ—Rimava basin. I n Helvetian, the subsidence in the 
Ipeľ—Rimava basin was intense only in its western part , i. e. in the present­

day Ipel depression, partly in the western part of the Lučenec depression. 
The eastern par t of the Ipeľ — Rimava basin lost the character of a basin 
and became dry land. The substratum of the subsiding area is represented 
exclusively by the Veporide crystalline, in the Helvetian and Karpatian. 
With respect to subsidences of the Aquitanian and Burdigalian, distinct 
shifting of the subsidence to the West may be observed in the Helvetian and 
Karpatian. The Lučenec dislocation zóne was important for the new configu­

ration of the basin. 
At the beginning of the H e l v e t i a n , the subsiding basin was filled with 

freshwater sediments, later on — in the Upper Helvetian s. s. the sea entered 
the basin and remained there until the Carpathian. The freshwater sediments 
commence with a productive sequence composed of the coal seams, of the 
carbonaceous montmorillonite — kaolinitic clays, quartz sands, and end with 
a 100—250 m thick stratum of overlying clays. The latter represents a mono­

tonous facies composed predominantly of montmorillonite and illite, with the 
heavy fraction represented by authigene siderite in the lower part, and by 
pyrite in the upper x'art. 

The freshwater sediments pass from the area with the substratum formed 
by Veporide crystalline massif to the south­western margin of the Gemeride 
Paleozoic. The marine sediments are concentrate on the Veporide substratum. 
They háve been developed in three basic facies: a) fine­grained marly silts; 
b) non­marly „manganese" sands and marly sandstones; c) clayey marly silts. 
The fine­sandy silts (called Oncophora beds) were deposited in the quiet marine 
environment below the zóne of wave action. They are characterized by a high 
contentofmica(Fig. 7) originating in theep í ­and mesozonally metamorphosed 
rocks of Veporides. 

The overlying sandy sediments with a loose and non­marly lower part, and 
with solidified marly upper part , háve the náture of well­sorted littoral sedi­

ments. Generally, their thickness is smaller than 100 m. Rare occurrences of con­

glomerate strata contain resistent Veporide materiál, with quartz, quartzite, 
chert and crystalline shales. Genetically, the sandstones belong to the arkosic 
sandstones. Marly sandstones contain 10—16 % of glauconite. Associations 
of heavy minerals are analogous in both facie3 (Fig. 8,9). In the source area, 
aport from older sedimentary rocks and acid eruptives, metamorphosed rocks 
of the meso­ and katazones were present also, and tha t might indicate the 
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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 ťormed mainly by the 
northern zones of Veporides, partly perhaps of Tatrides. In the area betwoen 
ňtúrovo and Komárno, the substratum is formed by Mesozoic of the intei -
montane región, and in some places of the centrál part of the lowlands — also 
by the Mesozoic of the Choč and Krížna nappes. 

The basal beds of Lanzendorf serieš are exposed only in the Ipel depression, 
where the Veporide crystalline substratum is covered by sediments of earlier 
Miocene, and on the borderline of the Ipel depression and Danube lowlands, 
where the Tortonian is transgressing over the lower constituents of the mantle 
serieš of Veporides. The dáta about the composition of the basal beds in the 
Danube lowland are known from borings. 

The predominating type of basal beds is represented by sands forming 
a continuous horizon,*30 —40 m thick in the Ipeľ depression. They are pre­

dominantly horizontally bedded. There are local intercalations of organogene, 
algal limestones with the admixture of the volcanogene component passing 
into tuffites with calcareous cement, and the strata of light hyaline tuffs 
including amphibole and biotite. The presence of amphibole and rare pyroxene 
of neovolcanites is the main characteristic differentiating the association of 
heavy minerals of basal sands from the older sediments (Fig. 11). Feldspar 
content increases in the Jight fraction because of the presence of volcanogene 
component up to 30 %, the volcanogene |3­quartz content being 5 %. 

The conglomeratic facies of the b a s a l T o r t o n i a n may be observed on 
the eastern margin of the Ipel depresssion and on the north­eastern margin 
of the Danube lowlands. Slávik (in S l á v i k o v a 1958) found quartzites, 
granitoides and crystalline shales in conglomerates of the eastern margin 
of the Ipel depression. On the NE margin of the Danube lowlands there are 
monomict quartzose conglomerates, gravels and sands, composed of the ma­

teriál of Veporides mantle serieš. These pass over into the marine sediments 
through a variegated intermediary continental­marine sequence. Farther south­

wards on the borderline between the Ipeľ depresssion and the lowlands, 
oligomict conglomerates of the littoral zóne háve been developed. including 
materiál of the Central­Hungarian Mts. i. e. limestones and cherts; pebbles 
of neovolcanites, andesites and their tuffs, in addition to the Veporide consti­

tuents (quartz. quartzite, quartzous sandstone andjphyllite). The basal consti­

tuents of Lanzendorf serieš on the eastern margin of the Danube lowlands 
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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 
in the Ipeľ depression is a typical volcanogene one including hypersthene, 
augite and amphibole (Figs. 13,14). In the Danube lowlands the occurrence 
of these minerals is accessory, authigenic pyrite in the form of the cores of 
microorganisms (Fig. 12) showing the highest content. In both associations 
pelitic fractions are represented by montmorillonite with the lower content 
of illite. The source area in the periód of the Lanzendorfer serieš in south 
Slovakia is represented by neovolcanite massifs. 

In U p p e r T o r t o n i a n , the transgression passed into the western and 
north­western parts of the Danube basin becoming there a homogenous unit. 
Two tectogenetically different parts of the Danube basin were connected: the 
western part with its tectogenetic development common with the Vienna 
basin up to the Upper Tortonian, and the eastern part with independent 
development. The subsidence was affected here by movements along the faults 
of NE­SW or N­S directions, arising on the margins of the core mountains 
Tribeč, Inovec and Small Carpathians. The maximum subsidence passed 
farther west­ and north­westwards of the Danube basin. where the thickness of 
sediments reached up to 3000 m. The substratum of this part of basin is formed 
predominantly by the Tatride elements or by the Krížna and Choč nappes. 
In the time of overthrust of subsidence to the West. the sea retreated from 
the Ipeľ depression to its westernmost part including the Upper Tortonian 
of about 1000 m thickness. 

The lower par t of the Upper Tortonian, the zóne of agglutinations ( L e h o ­

t a j o v á in S e n e š 1962) is not lithologically different from the pelites of the 
Lower Tortonian. At the end of the zóne of agglutinations, due to the move­

ments on the Žiar—Levice fault zóne woking the uplift of the Ipeľ depress­

ion, extensive denudation of the southern margin of the central­Slovakian neo­

volcanites and deposition of sandy sediments on a large surface took plače in 
the subsiding Danubian basin. The sequence is of the Flyschoid character and 
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F i g . 1. The íield (striped) of granularity of Aquitanian sediments in the Rimava dcprcs 
sion. 
F i g . 
F i g . 
F i g . 

2. In the Lučenec depression. 
3. In the Ipeľ depression. 
4a . Heavy minerals (HM) of Aquitanian sediments in the Rimava depression. 

Accessoríes: Apatite, zircon, amphibole, biotite, staurolite, sphene, epidote­zoisite. The 
amount of HM (0,06­0,1 mm) 3,2 %. The ratío of opaque minerals (OM) 27 %, Md 
0,1 mm, CaCO, 18 %. 
F i g . 4 b . HM of Aquitanian silts in the Lučenec depression. Accessoríes: Apatite, 
kyaníte, tourmaline, rutile, sphene staurolite, carbonates. The amount of HM (0,1 — 
0,25 mm) 1,9 %. The ratio of OM 34,3 %; Md 0,04 mm; So 2,6; CaCO, 0 ­ 2 0 %. 
F i g . 4c. HM of Aquitanian sands in the Lučenec depression. Accessoríes: Apatite, 
cyanite, rutile, sphene epidote­zoisite. The amount of HM (0,1—0,25 mm) 4,2 %. The 
ratio of OM 15,5 %; Md 0,11 j So 2,6; CaC03 0 ­ 2 5 %, 
F i g . 4d. HM of Aquitanian silts in the Ipeľ depression. The amount of HM 4,12; Md 
0,01­0,04 mm; So 3; CaCO, 21,S. 
F i g . 4e. HM of Aquitanian sands in the Ipel depression. Accessoríes: Rutile. The 
amount of HM 5,33; Md 0,07­0,2 mm; So 1,5—4; CaCO, 21,2 %. 
F i g . 5. The fields (striped) of granularity of Burdigalian sediments. 
F i g . 6a. HM of Burdigalian sands. Accessoríes: Apatite, cyanite, zircon, tourmali, 
rutile, chlorites, phosphate, andahisite, carbonates. The amount of HM 2,1 %. The ratio 
of OM 23 %; Md 0,18 mm; So 1,9; CaC03 0 ­ 15 %. 
F i g . 6b . HM of Burdigalian elayey silts. Accessoríes: Apatite, cyanite, tourmaline, biotite, 
epidote­zoisite, phosphate. The amount of HM 19,2 %. The ratio of OM 19,2 %; Md 
0,02 mm; So 2,1; CaCO, 20,7 %. 
F i g . 6c. HM of Burdigalian sandy silts. Accessoríes; Zircon, amphibole, biotite, stauro­

lite, epidote­zoizite. The amount of HM 1,1 %. The ratio of OM 13.5 %; Md 0,05 mm; 
So 3,9; CaCO, 13,4 %. 
F i g . 7. HM of Helvetian s. s. sandy silts. Accessoríes: cyanite, zircon, amphibole, 
staurolite, anatase. The amount of HM 0,4 %. The ratio of OM 13,0 %; Md 0,06 mm: 
So 1.3; CaCO, 14 %. 
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F i g . 8. HM of Carpathian sands. Accessoríes: Apatite, cyanite, zircon, chlorites, sphene, 
phosphate, sillimanite. The amount of HM 1,9 %. The ratio of OM 50,6 %; Md 0,32 mm; 
So 1,6. 
F i g . 9. HM of Carpathian marly sands. Accessoríes: Sphene, sillimanite. The amount 
of HM 1,4 %. The ratio of OM 24 %; Md 0,25 mm; So 1,99; CaCO, 7 ­ 2 4 %. 
F i g . 10. HM of Carpathian elayey silts. Accessoríes: Apatite, cyanite, rutile, sphene, 
phosphate, sillimanite, carbonates. The amount of HM 1,5 %. The ratio of OM 24,8 %; 
Md 0,01 mm. 
F i g . 11 . HM of sands of Lanzendorf serieš in the Ipel depression. Accessoríes: cyanite, 
zircon, rutile, biotite, chlorite. The amount of HM 2,5 %. The ratio of OM 22 %; Md 
0,28 mm; So 1,5; CaCO, 0,14 %. 
F i g . 12. HM of clay of Lanzendorfer serieš in the Danube lowlands. Accessoríes: Apatite, 
zircon, tourmaline, amphibole, biotite, pyroxene. The amount of HM 6,75 %; Md 0,004 
mm; So 2 , 8 ­ 4 ; CaCO, 5 ­ 3 5 %. 
F i g . 13 . HM of sands of Lanzendorf serieš in the Tpel depression. Accessoríes: Apatite, 
cyanite,zircon,tourmaline,chlorites, epidote­zoisite,phosphate,augite,andahisite, garnets, 
carbonates. The amount of HM 11,56 %. The ratio of OM 14,5 %; Md 0,24 mm; So 0,23. 
F i g . 14. HM of silts of Lanzenfbrfer serieš in Ipel depression. Accessoríes: Apatite, 
cyanite, zircon, tourmaline, staurolite, chlorites, phosphate, andalut­ite, gamet. The 
amount of HM 7,8 %. The ratio of OM 12,6 %; Md 0,024 mm; CaCOa 17,5 %. 
F i g . 15. HM of sands of the Upper Tortonian zóne of agglutinations. Accessoríes: 
Amphibole, biotite, ilmenite, magnetite. The amount of HM 13,75 %; Md 0,3 mm; 
So 1.4. 
F i g . 16. HM of silts of Upper Tortonian the Bulimina­Bolivina zóne. Accessoríes: 
tourmalin, amphibole, rutile, chlorites. staurolite, epidote­zoisite, pyroxene, carbonates. 
The amormi of HM 1,2 %. The ratio of OM 48,6 %; Md 0,02 mm; So 3,1; CaCO, 5 %. 

I. gamet; 2. mícas; 3. chlorite; 4. biotite; 5. tourmalinf; 6. amphibole; 7. staurolite; 8.car­

bonates; 9. rutile; 10. zircon; 11. epidote­zoisite; 12. andahisite; 13. cyanite; 14. sphene; 
15. apatite; 16. phosphate; 17. pyrite; 18. ilmenite; 19. hypersthene; 20. augite; 21. pyro­

xene; 22. accessoríes. 
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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 s trata 
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 b y a n 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 Ipeľ depression (from the area tha t was originally a part of the 
Ipeľ —Rimava basin). 

The reductionof the subsiding area on the NE margin of the Danube basin is 
due to movements on the Žiar—Levice dislocation zóne of the N­S direction. 
To a certain extent the faults of the NVV­SE direction were revived. 

In the S a r m a t i a n no substantial replacement of subsidence in cpmparison 
with the Upper Tortonian took plače, only its intensity lessened. In the eastern 
part of the basin movements continued along the Žiar—Levice fault zóne 
owing to which the Sarmatian sediments were limited practically to the 
Danube lowlands. The Sarmatian sediments are predominantly of the brackish­

marine origin. Their maximum thickness is about 100 m in the Danube low­

lands. The marginal facies outerop on the foothill of the Small Carpathians 
and on the eastern margin of the Danube lowlands. 

In the foothill of the Malé Karpaty Mts. (Small Carpathians) there are 
mainly médium­ to coarse­grained massive calcareous sandstones with 
isolated strata of polymict gravels, quartz predominating. 

On the eastern part , gravels, conglomerates. sands. sandstones and oolitic 
limestones oceur. The pebble materiál consists of quartz, quartzites, lydites, 
cherts, Mesozoic limestones and andesites. In the NE par t of the Danube 
lowlands the Sarmatian consists mainly of the rhyolite and andesite pyroclastics. 
In the basin part slightly silty marly to non­marly clays, in some places 
variegated, háve been developed. They alternate with the strata of fine­grained 
clayey­silty micaceous sands. The regression Sarmatian sediments include 
variegated clays, sands, with isolated oceurrences of carbonaceous clays and 
lignite. 
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In comparison to the Sarmatian, in the Pliocene brackish-marine and lacu-
strine facies indicates tha t the subsidence of the Danube basin was intensified; 
the maxima of subsidence were, however, replaced farther southwards. In the 
eastern par t 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 tha t 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 par t 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. 

In the eastern par t of the Ipeľ—Rimava basin, local depressions with 
moderate subsidence accompanied with limnic-lacustrine sedimentation of 
clays, sands and gravels, arose at the end of the Pliocene. The subsidence was 
essentially limited to the Gemeride substratum. As to the surface. the subsidence 
was quite extensive, but — as indicated by thickness of the Pliocene sediments 
— generál value of subsidence was low and lagged behind subsidence in the 
Danube lowlands. 

On the ground of this it may be stated tha t the dependence of development 
of the Tertiary basins on the inner side of the West-Carpathian are úpon the 
structure of substratum has been reflected: 
[1] in migration of subsidence in the course of development of basins from one 
unit of substratum to the other, regularly from the East to the West; 
[2] in the fact, tha t migration was not caused by old Alpine tectonic lines 
separating tectonic units of the substratum, but by the revival of older dislo-
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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 ŕilling of basins changed during the development 
of the Neogene) 
[4] The superimposed basins were characterized by greatest planar extension 
in the initial stages of their development: the Ipeľ—Rimava basin — in the 
Aquitanian, the Danube basin — in the Upper Tortonian. In further develop­

ment their planar extension decreased. 
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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 i e l y 
(1960-66), C. B u r r i & P . N i g g l i (1945), H . P . C o r n e l i u s (1929-1949), V. Če-

c h o v i č (1948), O. F u s á n (1962, 1963), L. H a u s e r (1940, 1941, 1942) F . H e r i t s c h 
(1932), M. I v a n o v (1956-1962), J . K a m e n i c k ý (1950-1958), 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 (1955, 1956),F. K o s s m a t (1937), A. K ô h l e r & 
A. M a r c h e t (1939), M. K u t h a n (1959), G. P a n t ó (1951,1952, 1953), A. P i l g e r 
(1940), A. P i l g e r - R . S c h ô n e n b e r g (1957, 1958), W . P . de R o e v e r e ( 1 9 4 1 -

1959), J . Sá la j (1962), M. S l a v k a y (1966), G. S t e i m a n n (1926), Sz . S z e n t p é t e r y 
(1918-1953), V. Š ť a s t n ý (1927) K . U r b a n (1934), L. W a l d m a n n (1926), V. Z o r -

k o v s k ý (1949-1959). 

Die permische Etappe 

Die neoide — alpidische Geosynklinale hat sich in den Westkarpaten aus 
der variszischen Molasse entwickelt, die durch den saueren subsequenten Vul-

kanismus im Perm im nôrdlichen Teil des Zips-Gômôrer Erzgebirges ( I v a n o v 
1953) und im westlichen Teil der Veporiden ( Z o u b e k 1956) charakterisiert 
ist. Beim heutigen Stand unserer Kenntnisse ist die präzise stratigraphische 
(zeitliche) Spannweite dieser Permentwicklung sehr schwer festzulegen. Aus 
dem erworbenen Materiál aus beiden Gebieten lässt sich schliessen, dass der 
saure Vulkanismus vor allem an tiefere Lagen der Permschichtfolge gebun-

149 



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 o v i č 1964, 1967; Mahe ľ & V o z á r 1966) angehôrt. In den Veporiden ist 
der subsequente Vulkanismus an die Zeit der Sedimentation der basalen 
arkosenartigen Schiehtfolge gebunden (in ihrem Untergrund lagert das Vepo-

riden-Kristallin, im Hangenden die hôheren Permschichten der bunten Ver-

rucanofazies, auf welche die untertriassischen Quarzite transgredierten). 
I m siidlichen Teil des Zips-Gômôrer Erzgebirges bleibt die Lage der Diabas-

gesteine der Meliata-Serie, die zu jungerem Paläozoikum ( K u t h a n 1947; 
Č e k a l o v á 1954) gestellt wird, ungeklärt. Diese vulkanischen Gesteine besitzen 
nicht uberali — im Verhältnis zu den anliegenden Ablagerungen — den syn-

genetischen Charakter; aber wenigstens einen Teil davon kann man mit dem 
triassischen (J. K a m e n i c k ý 1957), event. jiingeren Vulkanismus (besehrieben 
im weiteren Text) dieses Gebirges in Zusammenhang bringen. 

Das Perm-Alter kann mit Sicherheit im basalen Abschnitt der Choč-Decke 
den Produkten des basischen bis mittelbasischen Vulkanismus im jung-

paläozoischen sedimentär-vulkanischen Komplex — der oft auch als Mela-

phyrenserie, oder vorher Werfen mit Melaphyren (vergleiche auch A n d r u -

s o v 1959) bezeiehnet wird — zugesprochen werden. Dieser Vulkanismus ist 
mit der Permschichtfolge dieses Komplexes synsedimentär und im Sinne der 
neuesten stratigraphischen Gliederung der Choč-Decke ( B i e l y 1961 —1966) 
ist er eindeutig jiinger als Karbon und älter als die Untertrias. Räumlich ist 
er in mehreren Gebirgen der zentralen Westkarpaten als ein Bestandteil 
der ubersehobenen Massen der Choč-Decke (deren ursprunglicher Sedimen-

tationsraum, dessen Position und Ausmass trotz neuen muhsamen Detail-

forsehungen noch immer diskutabel ist) ausgedehnt. Der Vulkanismus verlief 
in diesem Sedimentationsraum im subaqualen Milieu und hatte einen linien-

artigen Charakter. Der Aufstieg der Magmen verlief entlang einiger langen 
(stellenweise unterbrochenen), tief eingelegten Bruchlinien, deren Bildung 
etwa in die Perm-Zeit fällt. Die Entstehung dieser Linien hängt offensichtlich 
mit der Ausbildung des Sedimentationsraumes, der im Sinne de R o e v e r e ' s 
(1959) das Embryonalstadium der alpinen Geosynklinalentwicklung erreicht 
hat te . In diesem Sinne kann man auch den vorausgesetzten Bruchlinien und 
dem mit ihnen verbundenen Magmatizmus den embryonalen Charakter zuer-

kennen. 

Die vulkanische Tätigkeit im Choč-Sedimentationsraum weist einen pul-

sativen Charakter auf und konzentrierte sich in die bisher bekannten, bzw. 
erwiesenen zwei Eruptionsphasen; jede von ihnen ist durch eigenartige hydro-

thermale Phase und sie begleitende pyroklastische Ablagerungen charakteri-

siert und aus wenigstens zwei Ausgussen bestehend. Die Produkte des per-

mischen Vulkanismus gehôren der Gruppe der normál gabbroiden, Gabbro-
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diorit-, weniger den Dioritmagmen (im Sinne der P . N i g g l ľ schen Klassifi­

kation 1936), mit relativ hôherem Alkaliengehalt bei den Produkten der er­

steren Eruption. Die Ergussaequivalente sind durch verschiedene Abarten 
der Meiaphyre, Melaphyrporphyrite und Porphyrite vertreten. Der Charakter 
der pyroklastischen Ablagerungen (eine bunte Skala der Tuffe, Tuffite, tuffi­

tischer Ablagerungen und Sedimente mit pyroklastischer Beimischung) weist 
auf eine verhältnismässig schwaehe Explosivität der Eruptionen hin. In den 
tieferen Basalabschnitten der Permschichtfolge und im liegenden Karbon­

komplex hat man gangartige oberŕlächennahe Aequivalente dieser Effusiv­

gesteine festgestellt ( Š ť a s t n ý 1927). die durch Diorit­ und Gabbrodiorit­

porphyrite vertreten sind. Die Uberreste der Karbonschichtfolge zusammen 
mit Gängen der erwähnten vulkanischen Gesteine wurden auch isoliert von 
den hangenden perm­mesozoischen Massen der Choč-Decke, vor allem unter-

halb des Muráň­Mesozoikums im Slowakischen Erzgebirge, unterhalb des 
karbonatischen Komplexes des Vernár­Streifens im ôstlichen Teil der Niederen 
Tatra und im Gebirge Čierna Hora im tektonischen Hangenden der älteren 
Gebilde festgestellt (auf diese Funde hat mich A. Biely und O. Fusán auf­

merksam gemacht). Die Beziehung dieser Vorkommen zur Choč­Decke wurde 
in der Vergangenheit nicht untersucht. Die petrographische Verwandschaft 
der vulkanischen Gesteine und Art und Weise ihres Auftretens rechtfertigen 
ihre Eingliederung zur Choč­Decke, wodurch auch die Angaben uber die 
Ausdehnung dieser Dečke weiter präzisiert werden. 

Wie bereits erwähnt, verlief diese vulkanische Tätigkeit während der Abla­

gerung der ganzen Permschichtfolge der Choč­Decke. Die ältesten Effusiv­

kôrper wurden unmittelbar oberhalb der Grenze mit Karbon, die jiingsten 
unterhalb der untertriassischen Quarzite festgestellt; dieser Vulkanismus 
endete vor Ablagerung der untertriassischen Quarzite ( B i e l y 1965). 

Die Untersuchung der Beziehung des permischen Vulkanismus im Choč­

Sedimentationsraum und der Vulkanite des nordgemeriden und veporiden 
Perms zeigt gewisse Unterschiede in der stratigraphischen Spannweite, im 
Charakter des Sedimentationsbeckens und in der petrographischen und chemi­

schen Zusammensetzung der vulkanischen Gesteine dieser Gebiete. Die saueren 
Gesteine des subsequenten permischen Vulkanismus aus dem Zips­Gômôrer 
Erzgebirge ähneln durch ihren chemischen und petrographischen Charakter 
den aequivalenten vulkanischen Produkten im westlichen Teil der Veporiden 
(die permische Hulle der Ľubietová­Zone und Gangkôrper der Quarzporphyre 
im Kristallin der Ľubietová­Zone). unterscheiden sich aber von permischen 
Vulkaniten der Choč­Decke. Die Quarzporphyre des nordgemeriden Perm 
gehôren in die Gruppe der Granit­, weniger der Granodioritmagmen (im Sinne 
N i g g l i ' s 1936). Ähnliche vulkanischen Gesteine im westlichen Teil der Vepo­

riden gehôren uberwiegend zur Granodioritmagma. Eine selbständige Gruppe 
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vertreten die wahrscheinlich basischeren Abarten der Quarzporphyre im nord­
gemeriden Perm — die Porphyrite und Quarzporphyrite ( I v a n o v 1953; 
R o j k o v i č 1964, 1967), die ihrem chemischen Charakter gemäss der Gruppe 
der Dioritmagmen gehôren. Als gemeinsames Glied des Gemeriden­ und Choč­

Perm kônnte man eben die erwähnten Porphyrite — vor allem von chemischer 
Sicht aus bezeichnen; aber ihr petrographischer Charakter und Art und Weise 
des Auftretens ist verschieden. 

Auf den Charakter der Ausgangsmagmen der permischen vulkanischen 
Gesteine der Choč­Decke habe ich bereits oben hingewiesen. Auf Grund der 
bisherigen Studien bin ich der Meinung, dass der permisehe Vulkanismus der 
Choč­Decke einen anderen Charakter hat als jener in den Gemeriden; seine 
ebenbúrtigen Aequivalente kann man in den Ostalpen nicht suchen. 

In den sudlichen Kalkalpen, im Raume der Lienzer Dolomite, in den Kar­

nischen Alpen, bei Plos, Brixen, St. Peter sind im Unterperm Quarzporphyre 
und Augitporphyre bekannt. Auch der sog. Trotsburger Melaphyr mit Pyro­

klastiken und wenigstens ein Teil der Vulkanite der Bozener Porphyrmassen 
gehôren dem Perm an. Aber alle diesen vulkanischen Gesteine werden meistens 
zum subsequenten, vereinzelt auch finalen variszischen Vulkanismus gestellt 
( S c h a f f e r 1951). 

In den Helvetiden, namentlich in der permischen Verrucano­Fazies der 
Murtschener Dečke im Raume Glarner­Freiberg hat A m s t u t z (1954) Quarz­

porphyre, Keratophyre und Spilite untersucht. Aus den uns zugänglichen 
Unterlagen lässt sich sagen, dass lediglich die Spilite durch ihren Charakter 
mit einigen feinkôrnigen, stärker spilitisierten Melaphyren bis Spilit­Mela­

phyren des Perm in der Choč­Decke der Westkarpaten verglichen werden 
kônnen. 

Nach B e d e r k e (1959) kônnte man wenigstens einen Teil dieser permischen 
Vulkanite in den Alpen in die Etappe des sog. embryonalen Magmatismus 
(im Sinne de R o e v e r e ' s 1959) eingliedern, ähnlich wie den permischen Vul­

kanismus der Choč­Decke in den Westkarpaten. 
Uber die Stellung des permischen Vulkanismus in den Ostalpen und Westkarpaten 

herrscht derzeit keine eindeutige Ansicht. Dieses Problém wird noch durch die verschie­

dene stratigraphische Beurteilung der Schichtfolgen mit vulkanischen Gesteinen kompli­

ziert. Aber in beiden Gebirgskomplexen hat man Produkte der aciden (Granit­, Grano­

diorit­), intermediaren und basischeren (Diorit­, Gabbrodiorit­, Gabbro­) Magmen 
festgestellt. Es ist daher anzunehmen, dass eben die acideren vulkanischen Gesteine in 
den Westkarpaten zum subsequenten variszischen Vulkanismus gestellt werden kônnen. 
Da hängt es vom Charakter des Sedimentationsmilieu, in dem die vulkanische Tätigkeit 
vor sich ging und von deren Beziehung zum variszischen Orogen und zu den Initialäus­

serungen der neoiden Oeosynklinale ab, zu welchem Orogen dieser oder jener vulka­

nische Komplex gestellt werden kann, bzw. welches seiner Stadien er vertritt. I m Sedi­
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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 Muráň­Mesozoikum bzw. in der 
Drienok­Einheit. Sie gewinnen an Bedeutung, falls wir ihre genetische Ver 
wandschaft mit dem zips­gômôrer Mesozoikum erwägen; auf Grand dessen 
drängt sich die môgliche magmatische Verwandschaft der permischen und perm­

untertriassischen Eruptivgesteine in den Fordergrund. Leider, beim heutigen 
Stand unserer Kenntnisse kann man in dieser Frage keine eindeutige Stellung 
nehmen. Es wird aber die Môglichkeit nicht ausgeschlossen, dass die perm­

untertriassischen Eruptivgesteine der Drienok­Einheit und des mesozoischen 
Muráň­Plateau in die letzte, vielleicht verspätete (gewissermassen auch ver­

längerte) Phase des permischen Vulkanismus im Zips­Gômôrer Erzgebirge 
fallen. Bei solcher Annahme duríte die stratigraphische Spannweite dieses 
Vulkanismus etwa jener des Bozener Porphyrkomplexes entsprechen. 

Den basischen Vulkanismus im zips­gómórer Mesozoikum hält man derzeit ( J . K a ­

m e n i c k ý 1950—1957; J . K a n t o r 1955 —1956) fiir Unter­bis Mitteltrias, mit initialem 
Charakter und in Beziehung zu den Alpen entspricht er dem ofiolitischen Vulkanismus. 
Wegen rnangelnde Vertretung der jiingeren mesozoischen Glieder in den Cemeriden kann 
seine obere Zeitgrenze nicht festgesetzt werden. Es ist hôchstwahrscheinlich, dass er mit 
den vulkanischen Äusserimgen im anliegenden ungarischen Mesozoikum äquivalent ist 
(Rudabánya­Entwicklung, Biikk­Gebirge; Zs. S z e n t p é t e r y 1923 — 1953; K . B a l o g h — 
G. P a n t ó 1953), wo der Vulkanismus nachweisbar zur Untertrias bis Unterkreide — 
ähnlich wie die bereits erwähnten Ophiolíte der Alpen, event. auch der Dinariden (C. 
B u r r i — P . X i g g l i 1945) und die Mezzoeruptiva in Siebenburgen (Zs . S z e n t p é t e r y 
1918) — gestellt wird. Alien erwähnten vulkanischen Äusserungen wird der initiale 
Charakter zugesprochen. Sie sind meistens basisch bis ultrabasisch, aber auch saurere 
Abarten werden nicht ausgeschlossen. Es handelt sich um Eŕľusivgesteine mit begleiten­

dem pyroklastisehen Materiál und um Intrusiva, echte Gange, Steilgänge, Daiken und 
Xecken. 

Bei den Intrusivformen ist das Alter sehr schwer feststellbar, genau so wie im Zips­

gdmôrer Mesozoikum. Während das pyroklastische Materiál, das die vulkanische Tätig­

keit in der Unter­ und Mitteltrias bezeugt, nur an wenigen Fundorten bekannt ist, finden 
wir oft Beweise der Kontaktmetamorphose der erhaltenen Triasablagerungen durch die 
Intrusivformen. Aus dem Štúdium der Beziehungen zwischen dem Gemeriden­Mesozoi­

kum und jenem des anliegenden ungarischen Raumes lässt sich schliessen, dass wenig­

stens ein Teil der Intrusiva das Obertrias­ bis Unterkreide­Alter haben kann. Die strati­

graphische Spannweite dieser vulkanischen Gesteine ist vorläufig noch nicht eindeutig 
geklärt; als einziges brauchbares Kritérium dabei ist die Parallelisierung mit den strati­

graphisch identifizierten Gebieten. 
Von der petrochenúschen Sicht aus haben J . K a m e n i c k ý (1950—1957), und 
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J . K a n t o r (1955, 1956) neben vereinzelten Vorkommen der pyroklastischen Gesteine 
auch verschiedene Abarten von Diabasen, Glaukophaniten und Serpentiniten festgestellt. 
Sie vermuten, dass es sich um äquivalente Produkte des ophiolitischen Vulkanismus 
in Alpen handelt. Die Entstehung der Glaukophanite verbinden sie mit der Umwandlung 
der Diabasen und Serpentinite mit den Peridot­Ausgangsrnagrnen. Diese vulkanischen 
Gesteine im gemeriden Mesozoikum und im anliegenden ungarischen mesozoischen Raume 
sind — mit Ausnahme der tithon­neokomischen Magmagesteine in den subtatrischen 
und Hullenserien, bzw. in der Klippenzone — einzige ausgeprägterc Äusserungen des 
initialen Vulkanismus in der neoiden westkarpatischen Geosynklinale. 

Im Vergleich mit basischen und ultrabasischen mesozoischen Eruptivgesteinen der 
Gemeriden sind ähnliche Gesteine in der Rudabánya­Entwicklung und im Biikk­Gebirge 
petrographiseh viel biuiter. Neben den basichen Abarten gabbroiden bis Gabbrodiorit­

Charakters (Diabase, Diabasporphyrite, Porphyrite, Gabbro, Gabbroporphyrit), oft mit 
erhóhtem Alkaliengehalt (vor allem in den unterkretazischen Eruptivgesteinen — 
Xatriumgabbro, Essexite, Spilite) erscheinen da auch Gange der Eruptivgesteine aciden 
Charakters (Granitmagmen), die man im Sinne der ungarischen Autoren K . B a l o g h — 
G. P a n t ó 1953) mit dem synorogenen kretazischen Magmatisrnus verbinden kann. 
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Der chemische Charakter der jungpaläozoischen Eruptivgesteine 
Der subsequente variszitehe Vulkanisiiws im Perm des Zips-Gômôrer Krzgebirgen: 1 — Quarzporphyre 
( I r á n o v 1953: 11 Analysen; RojkorlC 1909: 11 Analysen); 2 ­ Porphyrite, Quarzporphyritc (Ivanov 
1953: 1 Analyse; Rojkovia 1965: 3 Analysen). Der subseqiientc variszisehe Vulkanismun im Perm der Lubir-
toKá-Zorw (ľeporiden): $ — Quarzporphyr (Vozár 1962; 3 Analysen); Der limbruonalmaijmalismvs im Perm 
der Choč-Decke: 4 — Melaphyre und Porphyrite in den Kleinen JCarpaten ( Z o r k o v s k f 1949: 3 Analysen; 
Vozár 1965: 20 Analysen); 5 — Melaphyre, Porphyrite und Dioritporphyrite an den Nordhangen der 
Niederen Tatra (Zorkovsky­ 1918: 5 Analysen; Vozár 1964—67: 60 Analysen); 6 ­ Melaphyre, Por­
phyrite und Dioritporphyrite der Siidhänge der Xiederen Tatra, des Tribef­Oebirges, des Oberneutra­
Tales und der Insel von Sklené Tepliee (Zorkovský 1949: 10 Analysen; Vozár 1965 ­ 6 7 : 10 Analysen. 
Slavkay 1965: 1 Analyse). Vvlkanmehe llesteine im Perm der MUrttehauer Dečke im Raume Glarner-
freiberg: 7 ­ Quarzporphyre, 8 ­ Keratophyre, 9 ­ Spilite (alles nach G. C. Amstu t z 1954). 
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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 i e l y 1966). 

Nun môchte ich noch einmal zur Frage der Eruptivgesteine in d e r M e l i a t a -
S e r i e 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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Der chemische Charakter der mesozoischen Eruptivgesteine 
Der alpidisehe Inilíalvulkanismus in der Tria* tles Zips-Gontiirer Erzgelňrges: 1 — Serpentinít ( J . Kame­
nický 1957: 6 Analysen; K a n t o r 1955: 15 Analysen); 2 — Diabas ( K a n t o r 1955: 2 Analysen; J . Ka­
m e n i c k í 1957: 8 Analysen; Zorkovsky 1960: 2 Analysen); 3 — Glaukophanit ( J . K a m e n i c k ý : 
1957: 10 Analysen). Die Ernittirgesteine der Perm (?) — Vnierlrifis-ZeU in, der Drien&k-Eiriheit und im 
Mitrdň-Mesozoikum: 4 — Quarzporphyr (Zorkovsky 1959: 2 Analysen; Slavkay 1965: 12 AnalyBen; 
Vozár 1964 —67: 6 Analysen). Der alpidisehe Initialrulkanismus im Mesozoikum drs Biikk-Gebirges (IJn-
gnrn): 5 — (íabbro, Diabias mit erhbhtem Alkaliengehalt (Zs. S z e n t p é t e r y 1951: 6 Analysen); 6 — 
Diabas (Szen tpé te ry 1953: 16 Analysen). Empliva in der Meliala-Serie: 7 — Diabas ( K a n t o r 1955: 
6 Analysen). Der alpidisehe Initialvulkanismus: 8 ­ Ophiolite der Westalpen ( C Hurri & P . N'iggli 
1945: 55 Analysen); 9 — Ophiolite der Ostalpen (C. Bur r i & P. N'iggli 1945: 10 Analysen). 
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Die vulkanische Tätigkeit im Mesozoikum d e 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 i g g 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 ( S c h a f f e r 1951). Die Anis- und 
Ladinschichten dieser Decken sind reich an pyroklastisches Materiál, das von C o r n e l i u s 
(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). 
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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 . S á l a 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 ( S c h a f f e 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 Choč­Decke als Ergebnis des embryonalen Magmatismus betrach­

ten, der der eigentlichen tektonischen Entwicklung der alpinen Geosyklinale — 
also auch den alpinen Initialvulkaniten, den Ophioliten, zu welchen man 
alle trias­unterkretazischen Eruptivgesteine eingliedern kann, vorausging. 
Problematisch ist die Stellung der untertriassischen Quarzporphyre, die den 
variszischen Gesteinen des subsequenten Vulkanismus chemisch nahé ver­

wandt sind. Mit Hilfe der Parallelisierung mit den ostalpinen Eruptivgesteinen 
konnte die bisherige Ansicht uber die Ähnlichkeit der triassischen und teil­

weise auch jungeren vulkanischen Tätigkeit in beiden Regionen bestätigt 
werden. Uber die môgliche Parallelisierung des permischen Vulkanismus in 
den Ostalpen und Westkarpaten bestehen derzeit verschiedene Ansichten. 

Zum Schluss môchte ich auf diesem Wege meinem Lehrer Herrn Prof. 
Dr. M. Kuthan fiir die fachmännische Fiihrang und Beurteilung der Hand­

schrift den aufrichtigen Dank aussprechen. 
Geologisches Inštitút D. Šlúr's, 

Bratislava 
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VLASTIMIL KONEČNÝ MIROSLAV KUTHAN 

VOLCANIC FORMS AND TYPES OF ERIPTIONS OF NEOGENE 
VOLCANISM IN CENTRAL SLOVAKIA 

1NTRODUCTION 

The development of the subsequent and hnal volcanism in the Tertiary and 
Quaternary periods in Slovakia was connected with the later evolutionary 
stages of the Carpathian orogene. Volcanic activity took plače on the outer 
side of the orogene, still the full development of volcanism was concentrated 
first of all in the inner parts of the orogenetic arch. 

The origin of magmatic mass of the subsequent volcanism characterized by 
the rhyolite andesite­basalt association is connected with the palingene cha­

racter of magma, derived from the later differentiation stages of granitoid 
mass mobilized in the syntectonic phases of the orogene process ( K u t h a n 
1967). The most distinct characteristics of the subsequent volcanism is the 
high explosiveness of eraptions. This specific feature of the subsequent volca­

nism is connected with the palingene origin of magma ( B e m m e l e n 1949). 
The character of high explosiveness follows the absolute predominance of 
pyroclastic mass over the effusive. In regional aspect the ratio is about 9 : 1 . 

The development of volcanic forms, and types of eraptions are conditioned 
by widely differentiated spectra of materiál composition, and by its depen­

dance úpon spatial and chronological migration of the eruption centres; this 
being a reflexion of the complicated and variable tectonomagmatic position. 
In the manifold row of volcanic forms the most important are the forms of 
stratovolcanic type, characteristic of the most frequent type of volcanism of 
the andesite intermediary náture, especially its complex forms, i. e. the group 
volcanoes (multiple volcanoes in the ssnse of C o t t o n 1959). 

The development of these forms is considerably modified by the environ­

ment of its origin, changed — in consequence of tectonic mobility of extensive 
regions — in dependance úpon the oscillation of the shore­line of the Tortonian­

Sarmatian sea, from the typically terrestrial to subaquaeous environment with 
the development of brackish to lacustrine basins. 
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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 plače of the near 
Continental intravolcanic basins, took plače. 

Products of the younger stages of activity were deposited on volcanic ter­

rains distinctly modelled by denudation. 
The subsequent volcanism was followed by the volcanism of the final stage in the 

sense of H . S t i l l e (1953), in the time of consolidation of regions, when the gravity 
unequílibrium inherited from the preceding stages of mobility, was balanced by epeiro­

genetic movtments acccmpanied with the rise of extensive deep faults. Along these faults 
slightly difftrentiated and contaminated magma was ascending from the deep­seated 
sources. In the eense of Van B e m m e l e n (1949, 1950), the origin of the magma is derived 
from the alkalinebasaltoid magma, partly contaminated by the assimilation of dry sialic 
mass, in the upper parts of the erust. 

In difference from the subsequent volcanism, the products of the final 
volcanism are characterized by comparatively narrow differentiation spectrum, 
by lower explosiveness of eruptions with dominánt activity of effusive processes. 
The forming of extensive basalt sheets is distinctly analogous to the plateau 
basalts (trappes). The rise of the scoria cones of predominantly monogene type, 
and of the scoria cones with láva effusions formed by the activity of the Strom­

boli type, indicate sporadic explosive activity. 

CLASSIFICATION OF VOLCANIC FORMS AND TYPES OF ERUPTIONS 

The development of the palingene magma and volcanic phenomena connect­

ed with the fcrmer, are evidently conditioned by its spatial tectonic position 
in relation to the orogene. The optimal conditions for the differentiation deve­

lopment of the palingene magma are offered by the environment of the simple 
hydrostatic pressure. This condition is fully provided in the inner part of the 
orogene, i. e. in the area of the substitution of tangential forces by epeiro­

genetic movements with the fault tectonic of the germanotype character. 
Due to this, volcanic activity in the area of the outer arch was less distinct, 
represented mainly by the dike and neck bodies accumulated in relatively 
narrow zones closely connected with tectonic systems (NW and N margins 
of the Carpathian are — the Javorina, Lopeník and Polish Pieniny Mts.) 
These bodies do not show any distinct morphologic shape, neither do they 
form independent geological­orogenetic complexes. 

The inner zóne maximally corresponding to the conditions of the orogenetic 
back­land, is an area of widely developed subsequent and final volcanism with 
morphologic­orogenetic relicts of developed volcanic forms. The generál direct­

ion of the development of magmatic mass is reflected in the basic sucees­

sion schéme of the eruptives of the Neogene volcanism: rhyolite -*■ andesite 
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­»■ basalt. In spite of the distinctness of this tendency, the development of the 
subsequent volcanism is far from being continuous: the interruption of the 
evolutionary cycle, and repeating of some segments are quite frequent. Owing 
to this, in the resulting schéme the repeating of the manifestations of rhyolite, 
intermediary­andesite and acid andesitic volcanism may be observed (Cf. the 
schéme of the succession of eruptives; Tab. 1). 

The generál analysis of forms and types of the separáte stages of eraptions 
(phases) with approximately corresponding basic parameters of materiál com­

position (Ist, Und, I l l r d rhyolite phases, Ist, I l l r d andesite phases, IInd, IVth 
andesite phases) shows the analogy of the main volcanic phenomena. 

Basing úpon this, the following types of volcanic forms and eruptions háve 
been determined: 

(a) V o l c a n i s m of t h e s u b s e q u e n t s t a g e : 
1. Volcanism of the intermediary andesite to basalt-andesite type; 2. Volcanism 

of the more acid andesite, andesite-dacite and dacite type; 3. Volcanism of rhyo-

dacite to rhyolite type; 
(b) V o l c a n i s m of t h e f i n a l s t a g e : basalt volcanism. 

Within the separáte types of volcanism, types of eruptions and volcanic forms 
háve been specified (Cf. Tab. 2 — 5). 

Tab. 1. Succession of Eruptives of the Xeogene Volcanism in Central Slovakia 

Petrographic type ot volcanic products Stratigraphlc 
positíon 

si 
1 > 

1 
s 
1 
1 
"a 
o 
s & 
t 
x 

. , , .. I Quaternary 
flnal basalts U p p c r p i i o c e n e 

basaltoid andesites, andesitoid basalts Pliocene 

rhyolites, rhyodacites 
pyroxene andesites augite, hypersthene 

amphibole 
biotite 

eoarse porphyric andesites, biotite­amphi­
bole andesites, daeitoid andesites, biotite­
amphibole 

pyroxenio andesites ± amphibole, ­ bio­
tite, ± olivine) 

rhyolites, rhyodacites, dacites 

amphibole­pyroxene andesites ± garnet, 
arnphibole­biotite andesites ± garnet 

rhyolites, rhyodacites 

Volcanic phases 

Main phase of final 
volcanism 

Preparatory phase 
of flnal volcanism 

Sarmatian Illrd rhyolite phase 

Sarmatian | IVth andesite phase 

Sarmatian 

Sarmatian 
Upper Tortonian 

Middle TortoDian 

Lo­sver Tortonian 

Illrd andesite phaj«? 

IInd andesite phase 

IInd rhyolite phase 

Ist andesite phase 

Burdigaliun | Ist rhyolite phase 

Index 

B s 

Bx 

H , 

A« 

A , 

A , 

B , 

A, 

R , 

According toM. K u t h a n 1967; J . F o r g á č , K. K a r o l u s , E . K a r o l u s o v á , 
V. K o n e č n ý , M. K u t h a n (in press). 
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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 
phase, after the intra-Tortonian denudation stage ( K o n e č n ý 1962, 1965; 
Vass 1964). The development of the basal complexes of the andesite volcanism 
of the I Ind phase took plače in the marginal sublittoral to littoral zones of 
the Tortonian sea, and in the adjacent Continental areas in brackish to lacu-

strine basins. The commencement of this activity was in the bulimíne-bolivine 
zóne — the Upper Tortonian (J. S e n e š 1962). 

Previously, the succesion of proofs about the existence of the second stage of the 
andesite volcanism (pyroxenic andesites), following the closed andesite to andesite-

dacitic and dacitic volcanism of the I l l r d andesite phase, in the succession scale, were 
eollected. The second stage of the pyroxenic andesite volcanism has got a preliminary 
name, i. e. that of the andesite volcanism A4 (Forgáč — Karolusová — Karolas — Konečný — 
Kuthan, in press). 

Quite a row of authors brought the proofs of the activity of the andesite volcanism 
spatially and chronologically situated into the overlier of the I l l r d andesite phase: 

F . F i a l a (1933) was the first to quote pyroxenic andesite from the area of Kozelník 
and Hronská Breznica. 

J . Š a l á t (1953) described pyroxenic andesite (andesine, diopside) from the western 
part of the central-Slovakian región, from the vicinity of Nová Baňa. 

K. K a r o l u s — E . K a r o l u s o v á (1964) also presented leucocratic andesite. Some 
authors found pyroxenic andesite in the Štiavnické pohorie Mts., in the overlier of the 
I l l r d andesite phase: M. Čaj k o v á (1956) — diopside andesite and hypersthene, 
diopside andesite with olivine; M. H a r m a n (1956) — hyaline pyroxene andesite. 
B u r i a n (1965) described pyroxene andesite i biotite (the Sitno type). L . R o z l o ž n í k , 
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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 r d 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 
of the I l l r d andesite phase ( B u r i a n — Š t o h l — K o v á č i k 1964) indicates 
tha t the commencement of the activity of the I l l r d andesite phase could 
háve been in the Lower Sarmatian to Lower Pannonian (E. P l a n d e r o v á 
1965). If we také in to consideration the following development of volcanism of 
the I l l r d andesite phase closed by the stage of destruction and denudation 
then the determination of the commencement of the activity of the volcanism 
A4 may be as late as in the higher parts of the Sarmatian. 

Predominance of the explosive products over the effusive (their ratio being 
approximately 9:1) is the common characteristics of the I Ind phase volcanism 
and the volcanism A4. The analogy of materiál composition and petrographical 
character considerably impedes the mutual differentiation in the areas with 
the absence of products of the third andesite phase. The analogy of the basic 
stractural elements of the volcanism A2 (IInd andesite phase) and A4 is also 
indicated by the analysis of relicts. This is why the forms and types of volcanic 
eraptions of both stages are compared simultaneously. 

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

Volcanism of the andesite intermediate to basalt­andesitic type is charac­

terized by the maximum regional distribution over almost the whole area 
of the centrál­Slovakian región. The maximum concentration, with greatest 
variability of petrographic composition is in the centrál part (the area of the 
Kremnicko­Stiavnické pohorie Mts., Inovec and Vtáčnik Mts.), while thesouth­

ern, south­eastern and eastern parts of the región represent an area of 
sporadic activity with greater dispersion of active centers. 

(a) Development in terrestrial environment 
Volcanic products of the I Ind andesite phase in the centrál and northern 

parts of the volcanic región in basal strata are characterized by the indications 
of deposition of pyroclastic products in aquaeous sedimentation basins, with 
the transition into typically terrestrial environment in higher zones. Volcanic­

clastic materiál, too, is accumulated in the adjacent intravolcanic basins or 
in isolated brackish bays, in marginal zones of the Tortonian­Sarmatian sea 
(to the S of the line Hontianske Nemce, and in the western parts of the line 
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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, tha t 
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 ŕlat, subhorizontally to horizontally situated láva ŕlows 
(the top parts of Javorie Mts., the summits of the Štiavnické and Kremnické 
pohorie Mts.). I t is evident, tha t šuch thick andesite ŕlows (relict on the peak 
Sitno 1004 m above sea level, thick more than 100 m) could háve been accu-

mulated only in the areas of depressions or near the foothills of volcanie cones. 
The higher cone forms built of heterogene ineoherent pyroclastic materiál, 
andofpericlinal láva flows, representing the primáry morphological elevations, 
were affected by total destruction and denudation. If we consider the sites of 
deposition of extensive regional relicts of the láva flows, then in čase of their 
supposed connection the height values of the primáry forms may be expected 
to háve reached 2000 to 3000 m. 

That means tha t the cone forms cannot be situated in the areas of the pre-

sent-day morphological elevations. They may be present in the areas with the 
absence of horizontally to subhorizontally deposited láva aceumulations, 
Thus it may be supposed tha t the situation of the originál cone forms cor-

responds rather with' the present-day morphological depressions than with 
elevations. 

Mechanism of eruption may be characterized on the ground of the analysis 
of erupted materiál. 

In the profiles with well-preserved elements of the stratovolcanic structure, 
the bodies of chaotic, coarse-fragmentary to coarse-block pyroclastics, separ-

ated by the strata of tuff or tuffitic sediments, were identified. The thiekness 
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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 t om 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 , Meye r 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. Rykynčice represented by the strata of vitroerysta-

lic tuffs deposited in the area of subaquaeous marine basin. In the course of 
aeolian transport mineralógie and chemical composition of materiál varies. 
The heavier components, šuch as pyroxenes. amphiboles and ore minerals 
fall down in the places nearer to the volcano, while the lighter particles, šuch 
as volcanie glass, are transported on greater dištance. The change of mineral-

ogical composition is inevitably accompanied with the change of the chemistry 
of the resulting fraction. In intravolcanic basins and in adjacent parts of the 
Tortonian and Sarmatian sea, the indicated strata are formed almost purely 
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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, Rykynčice). 

Redistribution of volcanodetritic materiál on the slopes of volcanie apparat uses of strato­

volcanic type, built of ineoherent, nonconsolidated fragmentary materiál of predomi­

nantly pyroclastic type, was shared by the flows of the lahar type ("volcanie mud­flows"). 
Saturation of the non­consolidated mass by water in rainfalls (cf. W i l l i a m s 1941; 
S c h m i d t 1934 — flows of the type "rain lahars", also "cold mudflows") or volcanie 
earthquake ( B e n k u l e n 1933) represent the stimuli of the movement of this mass. 

The rise of the lahar flows in the near­shore zones of the Tortonian sea were pointed 
out by M. K u t h a n (1963); some structnral characteristícs from the area of the Krupin­

ská vrchovina highland were presented by V. Č e e h o v i č (1960, 1962). 

In the southern marginal zones of the Štiavnica región, a row of bodies of 
the lahar type was determined. Lahar flows mobilized in the most northern zones 
(to the N of Hontianske Nemce) on the slopes of the apparatuses of stratovolca­

nic type passed over the littoral zóne of the Tortonian sea when moving to the S, 
and continued along the sea floor in the form of immense mud flows with high 
specific gravity. Thickness of the separáte bodies varies within 8 —25 m, the 
maximum length followed was tha t of 6 km. Deposits of the flows are formed 
of polymict fragmentary volcanie materiál with the essential admixture of 
non­volcanic rocks (pebbles of Mesozoic and Palaeozoic rocks). In addition to 
subangular and strongly rounded fragments, also angular fragments and blocks 
are present. Their arrangement in tuffitic to clayey­tuff cementing matter 
being chaotic. Low roundness to angularity of the lahar flows transported to 
greater distances is — according to C u r t i s (1954) — explained by the funetion 
of the muddy­tuff materiál, tha t is supressing the mutual friction among 
fragments, reducing their abrasion in the course of transport, helping the 
mobilization of the whole mass, and the results of the uniform movement of 
the whole mass ( A n d e r s o n 19.33; B l a c k w e l d e r 1928). 

With respect to the specificity of the lahar flows indieated in the near­shore 
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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 
by vegetation, took plače there. Flows of this type, activated without any 
evident effect of volcanie activity in the sense of B e m m e l e n (1949), may be 
parallelized with the type "cold mudflows" ( K o n e č n ý 1966). 

The láva flows represent further important element of the forms of strato­

volcanic type. The planar distribution of relicts shows considerable fluidality 
of the flows. AVith respect to their higher resistance against erosion in relation 
to slightly Consolidated noneoherent heterogene pyroclastic masses, in the 
present day periód they are covering a row of morphological elevations (Sitno, 
the elevation point 1004, slopes of the Vtáčnik Mts., the ridges to the south 
of Banská Štiavnica). According to their subhorizontal to horizontál deposition 
and the conformable course of fluidal textures, and their thiekness (exceeding 
100 m), their character may be determined as tha t of the aceumulations in de­

pressional and fiat areas, or near the foothills of the cone forms. Relicts with 
more steeply arranged láva flows, representing originál slope areas of strato­

volcanic forms (e. g. the cut of the railroadTurčok—Horná Štubňa, F. F i a l a 
1931), may be rarely distinguished. In this čase, the character of the originál 
slope is documented by the folding of the láva flow at the movement of láva 
along the steeper slope ( K u t h a n 1958). The absence of the uniform periclinal 
dip within larger volcanie massifs (Poľana) is probably also due to the activity 
of greater number of eruptive centers, tha t háve conditioned the rise of com­

plicated systems with a row of partial parasitic forms. 
Thicknesses of the láva flows represent a considerably variable element 

dependent úpon the1 primáry physical­chemical factors of láva and úpon the 
topography of reliéf. The maximum thicknesses were observed in flows with 
horizontál to subhorizontal arrangement. There are thicknesses about 100 m 
(the summits of the Javorie Mts., the peaks in the area of the Kremnicko­

Štiavnické pohorie Mts.). The fluidal lavas of more basic andesites to basalto­

andesites are characterized by smaller thicknesses (2—10 m — the slopes of 
the Javorie Mts.). 

In the flows with completely preserved vertical profile, in their upper part, 
the zóne of brecciation (locality Bzenica — K u t h a n 1958) or brecciation 
of the substantial part of the flow accompanied with the rise of the block láva, 
may be observed (cut of the road Beňadik—Tlmače; Karolus — oral commu­

nication). The types "pahoe hoe" were not found within the intermediate 
andesite volcanism. 
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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 
sense of C o t t o n 1952). In this čase, the eruptive center cannot be localized, 
and it is better to determine the field of (of multiple volcanie activity). 

The analysis of larger orogenetic volcanie complexes shows that this poly­

gene type is not exceptional, but quite the usual type of forms. 
Monogene forms represented by tuff cones were not identified becuase of 

their complete destruction, still their primáry development is highly probable. 

(b) Development in subaquaeous environment 

The eastern and southeastern parts of the central­Slovakian neovolcanic 
región are — in relation to the centrál part — representing an area with 
greater spatial dispersion of active centers, offering thus better possibilities 
for detection and analysis of the separáte forms. The rise of specific forms and 
substantial modification of the character of eruptions were conditioned by the 
regional distribution of subaquaeous environment. 

In the area of the Javorie Mts. considered the relict of an extensive strato­

volcano ( K e t t n e r 1939), development of volcanism is characterized by a widely 
differentiated spectrum; in addition to basalt­andesite and andesite rocks 
also the rocks of the dacite­andesite and rhyodacite types háve been deter­

mined ( V a l a c h 1966). In the stage of the development of this apparatus 
specific processes of subaquaeous volcanism were active. 

In effusions of lavas of basaltoid andesite in subaquaeous environment, the explosive 
phenomena being supressed, non­explosive desintegration of the surface of láva flows 
accompanied with the rise of hyaloclastite breccias in the sense of R i t t m a n (Z960) and 
C u c u z z o S i l v e s t r i (1963), took plače. This process of disintegration was indicated 
by G. M e s k a and F . .Fiala (1948) as the subaquaeous granulation of láva. The hyalo­

clastite breccia on the surface of flows represents the preserving erust preventing further 
disintegration of láva flows present in its substratum in the form of a continuity flow. 
The hyaloclastite erust is splitting in the course of movement, and dvie to the strain 
tension there arise fractures penetrated by the láva dykes (the cut of the road Stará 
Huta—Oremov Laz). Hydrothermal solutions (warmed water and volcanie gases) cause 
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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. K o n e č n ý — 
A. M i h a l í k o v á 1966). 

Planar accumulations of láva flows and hyoclastite breccias 

The development ofthe hyaloclastite complex in the area ofthe Javorie Mts. 
took plače by the rapid sequence of effusions of highly fluidal lavas of basalto­

andesitic composition (Si02 — 47,89 %) in aquaeous environment. Thickness 
of flows fluctuates within 1 — 8 m. 

According to R i t t m a n (1960), the rise of hyaloclastite formations is connected with 
the effusive activity along extensive fractures on the floor of the aquaeous environment. 
The majority of submarine eruptions of basalt lavas háve the character of fissure erupt­

ions similar to subareal linear eruptions. The faet, that they také plače on the sea floor, 
does not differenciate the fundamental characteristics of eruptions (Cucuzzo Silvestri 
1963), yet the surface phenomena are completely different. The weight of a water column 
at respective depth of a basin causes reduction or absence of explosive processes; the 
outcropping láva coming in contact with water is rapidly desintegrated, giving rise to 
hyaloclastite breccias. 

Although mechanism of fissure eruptions has not been determined for the 
whole hyaloclastite complex of the Javorie Mts., still there may be observed 
a process of brecciation in the area of ascending of larger dýke bodies. 
In upper parts of the separáte strata of hyaloclastite breccias, in the processes 
of redeposition and resedimentation by water currents, there were formed 
strata of finedetritic beds of pelitealeuritic character with the uniform sub­

parallel course. The processes of resedimentation and redeposition pass in 
stages between the separáte effusions of lavas. In čase of more rapid sequence 
of effusions no redeposited hyaloclastite strata arise, and the complex acquires 
the character of alternation of láva flows and chaotic hyaloclastite breccias. 

The repeated aceumulation of not too thick láva flows alternating with the 
strata of hyaloclastite breccias and with the strata of resedimented finedetritic 
hyaloclastites, evoked the rise of planarly extensive form with slight slope on 
its periphery, and with gradual transition into the adjacent complexes of the 
Krupinská vrchovina highland, built predominantly of redeposited volcano­

detritic materiál, deposited in subaquaeous environment. The thickness ofthe 
hyaloclastite complex is preliminarily determined at 230 m, with the extent 
over about 30 km2. 

The fiat reliéf of hyaloclastite formation is distinctly pointed out by the 
distribution of thick relicts of láva flows of acid andesites (amphibole, hyper­

sthene) deposited in the overlier of the apical parts of the Javorie Mts. 
The transport of hyaloclastite materiál into an extensive sedimentary area of 

the Krupinská vrchovina highland took plače mainly owing to the transporting 
activity of water currents. In addition to this kind of transport, in the marginal 
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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 ( K o n e č n ý 1967). 

The láva flows of pyroxene andesite (augite, hypersthene) with glassy to 
microlitic development of matrix, characterized usually as the Bohunice type 
( S z a b ó 1886), represent a specific type. Their fluidal textúre is distinct due 
to the alternation of lighter and darker strips; the surface of flows is often 
strongly vesiculated. Characteristic is the increased content of Si0 2 (up to 
62 % ) . Considerable planar extention of effusive masses is still unsolved. 

The study ofthe borehole profile Ku­1 (near the village Počúvadlo) penetrating through 
the flow of glassy pyroxenic andesite, brought some new aspeets. Vertical cross­section 
from the basis to the overlier determines the following characteristic variations of the 
development of matrix: 
0.00 — 10 cm: In the basal part, andesite is brecciated, strongly vesiculated with typical des­

íntegration into small angular fragments, the fissures being penetrated by opál veinlets. 
The glassy lightbrown matter and phenocrysts (hypersthene, andesine, and sporadic 
augite) show a network of minor fissures. 

1.5 m: In the abova­basal part in the glassy matrix the amoiurt of microlites is increasing, 
splitting is less intense. 

6,5 m: In the lower part ofthe flow, the andesite is distinctly laminated (the length of the 
lamination surfaces is up to 3 cm), grey­black, matrix acquiring hyalopillitic to 
pylotaxitic development. 

54,5 m: Andesite is strongly vesiculated, vesicles being flattened, subparallelly placed in the 
direction of flow, glassy matrix and phenocrysts being split into minor fragments. 

74,4 m: The surface part ofthe flow has the character of highly vesiculated cinder mass of 
grey­black colouríng. Glassy matrix is strongly vesiculated, the vesicles being 
irregularly torn, or even flatly deformed. A dense network of fissures is splitting 
phenocrysts and matrix into fragments. The fissures pass over the phenocrysts from 
the glassy matrix. 

This indicates the development of the glassy matrix to be characteristic 
of the basa], and especially of the upper par t of the flow, i. e. of the zones 
of quicker solidification, while the centrál, comparatively more fluid and 
more crystallized parts of the flow are characterized by the development of 
the lamination textures. The upper par t of the flow acquires highly vesicul­

ated to cinder­like character due to the spontaneous fading of the gaseous 
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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 a t 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 . Konečný 1967). 

Consequently, it is impossible to use the term "Bohunice andesite" in the strati­

graphical sense as an equivalent of one eruption stage or one láva horizon. 
The suitable conditions for the rise of glassy types of pyroxenic andesites could occur 

also in several stages of activity in čase of the external situation being convenient (sub­

aqaeous environment), and of the optimal disposition of the physical­chemical state of 
lavas. 

Great planar extension (to the S of the village Bohunice), limitation over 
the areas with the characteristics of subaquaeous environment, the absence 
of the elements of the structure of stratovolcanic type, close spatial relations 
with the strata of breccias showing the indication of the process of disinte­

gration of lavas in subaquaeous environment (this process being analogous 
to the rise of hyaloclastites in more basic types) are the main characteristics 
of volcanism of pyroxene andesite with the glassy development of matrix 
(the Bohunice type). By the considerable planar extension the high fluidity 
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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 č n ý — M. K u t h a n 1967) 

r̂  

1. Outerops of the Substratum (Mesozoic and Paleo­
zoic Rocks). — 2. The Granodiorite and Diorite bodies 
(pre — Tertiary?). — Products of the rhyolite phase (Rx) 
­ area covered with setlimente<l pumiceous rhyolite tuffs 

and tuffites: 3/a — in Upper Burdigalian; 3/b — in Hel­
vetian (s. s.); 3/c — in Karpatian (Helvetian s. 1.). — 
Volcanism of acid andesite type (I st. andesite phase — 
Aj): 4/a — extrusivc bodies; 4/b — accumulations of 
coarse extrusive breccias; 4/c — area of redeposited 
volcanoclastic rocks in subaqueous marine environment; 

Volcanism of rhyolite type (II nd. rhyolite phase 
pumiceous rhyolite tuffs. Volcanism of 

intermediate andesite type (l lnd IVth andesite phase —A2 
A4): 6/a — relics of the Stratovolcanic forms (explosive 
and effusive products); 6/b — coarse volcanoclastic rocks 
of allochtonous facies (redeposited materiál in subaqueous 
environment); 6/c — coarse volcanoclastic rocks of 
autochtonous facies (pyroclastic rocks); 6/d — volcano­
clastic sediments of allochtonous facies (tuffites); 6/e — 
hyaloclastite formation of basaltoid andesite; 6/f — Láva 
effusions in subaqueous environment of pyroxene andesite 
(Bohunice type) probably fissure eruptions. — Volcanism 
of acid andesite, andesite — dacite type (III rd. andesite 
phase — A«): 7 — extrusive forms (eumulodome, tho­
loids), láva flows and pyroclastic products are less 
frequent. — Volcanism of rhyolite and rhyodacite type 
(III rd. rhyolite phase — R3): 8 — extrusive bodies 
predominate over explosive products. — F i n a l v o l c a ­
n i s m : 9. Basaltoid andesites (Br) — láva flows and 
dikes. — 10. Final basalts (B2) — láva plateau, strato­
volcanoes and scoria cones. ­ 11. The fillings of intra­
volcanic depressions. 





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 
Fabova hoľa and Muránska plošina plateaus there was denuded a row of cir­

cular and elliptic neeks of small size (20 x 20 to 1 x 2 m), irregularly aceu­

mulated in small areas (4 — 6 bodies on 1 km2). Their positional situation shows 
a narrow connection with the areas of large overthrust dislocations. The aceu­

mulation of the neck forms (to diorite bodies) in the area Tisovec — Fabova 
hoľa —Muránska plošina "plateau is in the area of the overthrust zóne of Krá­

ľova hoľa and the Krakľov zóne not far from the transverse younger tectonic 
zóne with the NvV­SE course. I ts form is most frequently circular to elliptic, 
with breccia filling, the edges straight and smooth. The bodies háve the cha­

racter of explosive penetration (explosive pipes) in the last stage of intrusion. 
The enclosed allogene materiál does not show any indications of intense 
thermal activity ( K u t h a n 1967). 

The bodies of greater size are known in the area of the westem part of the 
neovolcanic región near the Vtáčnik Mts. (Ostrovica). These bodies represent 
preparated forms — circular to elliptic in outline, elongated in one direction, 
formed by pyroxenic andesite (augite, hypersthene). The complicated columnar 
jointing is more or less perpendicularly oriented to the contact plané. On the 
periphery of the bodies there are no marginal breccia zones preserved, in 
marginal zones the surrounding lateral rocks are dragged out of the walls 
and transported by the moving láva ( K a r o l u s 1957). 

In the area of the southern periphery of neovolcanites, there is a body of 
roughly eliptic form, exposed by denudation (Čelovce). The centrál zóne form­

de by a láva mass, is surrounded on the periphery by a brecciated zóne (surroun­

ding the centrál core in about two thirds). In the lower part there is a gradual 
transition from coarse fractured andesite into higher, intensely splittered parts, 
in the upper part there is a transition into the zóne of brecciation. The contact 
effects in relation to the surrounding sediments are not distinet, indicated 
only by firmness of the contact sediment or by alteration of its colour 
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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 Vígľaš, K u t h a n 1957). 

Ľyke bodies 
The dike bodies may be divided into several types. The dýke bodies with 

distinct contact on tectonic Hne are of greater size, characterized by great direct­

ional length. As an example of this may serve the dýke from the area of the 
sout­SIovakian región, followed from northern Hungary (Benczurfalva) to our 
territory along 14,5 km, with thickness in some places smaller than 10 m. 
Magmatic masses ascending along šuch regional fractures, conditionned acti­

vity of linear type. 
Another type of the outcropping of dike bodies is roughly radial arrangement 

around intrusive to neck bodies (e. g. around the elevation point 649 and the 
hill Rohy near Vígľaš). Further type is represented by irregular accumulations 
of dýke bodies with narrower spatial closing with the main neck body (Čelovce). 

The centrál parts, i. e. the area with the maximum activity and accumulation 
of products of the eruptive phases, the dýke bodies are orientated frequently 
into distinct tectonic directions (the C'arpathian, Sudetian direction). 

2. Volcanism of Aoid Andesite, Andesite­dacite to Dacite Type 

Volcanism producing materiál of acid andesite types of andesite­dacite to 
dacite types is distinctly different from the volcanism of intermediary to basalt­

andesite type. 
While the intermediate andesite volcanism is a typical manifestation of the 

structure of forms of stratovolcanic type with the distinct predominance of 
explosive phenomena, and with subsidiary effusive activity, the acid andesite 
to dacite volcanism is characterized by predominatly extrusive processes 
with transitions into short, strongly viscous flows, and processes of intrusions 
with the forming of dýke bodies and larger intrusive forms. Although explosi­

vity of eruptions is rather high (production of the pumaceous­ash clouds), the 
explosive phenomena are subsidiary to the amount of the masses produced. 

Two stages of the volcanism of the above type may be distinguished within 
the subsequent volcanism: 

1. Volcanism in the Lower Tortonian, with stibmarine extrusions of brec­

ciated materiál, and intrusive­extrusive ascending of larger masses (the Ist 
andesite phase Aj); 2. Volcanism in the Lower Sarmatian with extrusions of 
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the cumulodome type with transitions into the láva flows, protrusions of 
tholoides, láva flows, intrusions of dike and larger bodies (the IHrd andesite 
phase A3). 

Volcanism of the Ist a n d e s i t e p h a s e is a wide regional phenomenon, 
according to the existing dáta. In addition to volcanie products in the eastern 
and southern parts of the región, they may be found also in the centrál part 
(Banská Štiavnica; B u r i a n 1965, Ľ. K a r o l u s o v á 1966), in the southern 
peripheral Štiavnica area (E. K a r o l u s o v á 1965, V. K o n e č n ý 1965), and in 
the area of the Kováčovské kopce hills. In the last time they were also deter­

mined by the boring works from the area of the Zvolenská kotlina depression 
(M. Pulec 1966). 

On the other hand, volcanism of the I H r d andesite phase is localized in 
comparatively narrower territory in the centrál part , in the area of the rift 
fault, rimming the Kremnické pohorie Mts. in the west, near the S border of, 
the Hodruša—Vyhne island on the S, SE and NVV, and in the area of the 
Hronský Inovec Mts. 

Volcanism of the Is t andesite phase has the character of submarine develop­
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ment in sublittoral to littoral zóne; continental condition being typical of the 
forming of the bodies in the I H r d 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 I H r d 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 I H r d 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 I H r d andesite phase took plače in 
terrains built of the relicts of earlier volcanie stages (mainly products of the 
H n d andesite phase), in a distinetly dissected reliéf. The modelling of reliéf 
was due to the continental denudation stage connected with extensive devasta-

tion of the surface forms. The dissection of reliéf in the stage of the ascending 
of the bodies of the IHrd andesite phase is pointed out by the development 
of intravolcanic basins with finedetritic and tuffito-lignite sedimentation 
(intravolcanic basin in the area of Banská Štiavnica — B ú r i a n — 
K o v á č i k — Š t o h l 1964). The ascension of the bodies of the IHrd andesite 
phase conditioned further deep destruction of the originál relicts of volcanie 
forms. 

Extrusive bodies (cumulo-dome type); extrusive bodies with the transition into 
thick short flows (dome-flows type) 

Aceumulation on smaller terrains with the total predominance of solid 
matter over fragmentary detrital volcanie and pyroclastic materiál, is distinetly 
characteristic of the bodies of the IHrd andesite phase. This is reflection of 
substantially different processes of genesis and development of forms with 
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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 — 
Počúvadlo show the thickness of 58 m brecciated flow, situated on a propyl­

litized complex of the I Ind andesite phase). Due to high viscosity, the planar 
extension of flows is limited and localized more or less only to the nearest 
areas of the extruded masses. 

In peripheral zones of the main accumulations in a narrow spatial associa­

tion, in the area of depressions there are accumulated pyroclastic products 
(pumiceous ash tuffs, [agglomerates with the náture of deposition in sub­

aquaeous basins). These facts show tha t the above bodies are formed predo­

minantly by aceumulation of highly viscous matters in the asceeding process, 
that are communicated with the surface. 

In the sense of W i l l i a m s (1932), the development of the above bodies ispartly endo­

and partly exogeneous. J a g g a r (1920) reecomended the term "cumulo­domes" for 
this type, since the term "dome" was used in too generál sense, and also for the "domes 
of the Hawaian type" (shield volcanoes) formed by the repeated effusions of basalt lavas 
i. e. by quite a different process. 

C o t t o n (1952) suggested to call the transitional forms between domes and short, highly 
viscous flows, formed on the margin of the caldera Crater Lake (Oregon) in the extrusion 
of dacite lavas, passing from the dome form into a short flow on the slope — the "dome 
flows''. I t may be supposed, that the terms "cumulo­dome" and "dome­flows" are fully 
applicable for some forms of the IHrd andesite phase. 
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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), K o n e č n ý (1965 —66) described 
the extrusive and intrusive eharaeter of the bodies of the I l l r d andesite phase. 

There is a close relation between the spatial situation of bodies and zones 
of intense tectonics. This is íirst of all pointed out by the distribution of the 
bodies of the I l l r d andesite phase in the southern part of their arch­like zóne 
along the line E­W to NE­SW, tha t is — according to geophysical research 
— a tectonic zóne of the lst order, representing the southern tectonic border 
of the Hodruša—Vyhne tectonic group ( B o d n á r , Ď u r a t n ý , Z b o r i l , 
O r l i c k ý , F i l o 1966). Geologically, the zóne represents the contact of the 
propyllitized complex of the I Ind andesite phase of more northern centrál area 
with the outer arch­like zóne of the bodies of the I l l r d andesite phase. Analo­

gous­eennection may be observed in the spatial distribution of bodies of the I l l r d 
andesite phase near the eastern border of the centrál (Štiavnica area, built of the 
propyllitized complex of the I Ind andesite phase ( B ô h m e r — Š t o h l , in press). 

In the forming of bodies of the I l l r d andesite phase, their connection with 
the weakened zones, i. e. the zones of the distinct tectonic mobility, may be 
observed. This mobility in the course of ascending of bodies of the I l l r d 
andesite phase is proved by the forming and further development of the sedi­

mentary basins on their periphery (borehole Ku­1 near the village Počúvadlo), 
ŕilled in the course of gradual subsidence by detritic volcanic materiál and by 
pyroclastic products. 

The ascending of bodies of the I l l r d andesite phase took plače in the area 
of denuded reliéf of the I Ind andesite phase, morphologically dissected, with 
the development of small intravolcanic basins (intravolcanic basin in the area 
Banská Štiavnica, with limnic sediments; Burian—Kováčik—Štohl, 1964). 

Protrusion* (of tholoid or plug type) accompanied by emissions ofnuées ardentes" 

As an example of this form may be considered the protrusion of glassy 
amphiboie­biotite andesite ^ hypersthene (the I l l r d eruption group. accord­

ing to F i a l a 1956, 1961; the I l l r d phase, according to K u t h a n 1963), 
penetrating through the older products of pyroxenic andesites with the strato­

volcanic type of structure, near Horný Chom (the Kremnické pohorie Mts.) 
In the first explosive stage conditioning therise of ,,nuées ardentes" in lateral 

explosion (also glowing cloud), moving down the moderate slope in direction 
to the area of the Jas t raba sedimentary basin, a protrusion of highly viscous 
andesite accompanied with the rise of specific form of the "tholoid" or ,,plug" 
type, was formed in the top part of the volcano Horný Chom (the Krem­

nické pohorie Mts.). According to the náture of explosion, "the nuées ardentes" 
of the first explosion stage are considered as the type between the "directed 
blast" and "explosive incandescent avalanches" ( F i a l a 1965). 
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Láva ftows 
They do not form planarly extensive forms, they represent comparatively 

short and thick viscous ŕlows closely associated with the main extrusive masses. 
They are often characterized by brecciation and by vesiculated to pumiceous 
surface. Similarly F i a l a (1961) suggests tha t the viscous masses of amphi-

bole-biotitic andesites (the third eruption stage) form extrusions rather than 
láva ŕlows. 

Andesite of the Obyce type, distributed over large areas, is a speciŕic type. 
The problém of genesis of this type of andesite is still being solved. 

Accumulations of pyroclastic and volcanodetritic materiál (in adjacent sedimentary 
basins) 

Fragmentary volcanic materiál coming from the progressive desintegration 
of extruded bodies or representing deposits of nuées ardentes connected with 
growth of tholoids, and ŕinally the explosive materiál from the stages of rapid 
explosive volcanic activity (pumiceous and ash tuffs), were accumulated in 
the adjacent depression, usually isolated in sedimentary basins. 

The deposits of nuées ardentes are characterized by unsorted. chaotically 
deposited materiál (with the size from minor fragments to large blocks), with 
substantial admixture of fraction of the size of ash. The rise of nuées ardentes 
is connected with the growth of tholoides (Veľký Chom; F i a l a 1961 — 65). 

In addition to the mass of chaotíc materiál of the type of nuées ardentes, 
the bodies of the TTIrd andesite phase are associated with agglomeratic pyro-

clastics with the fraction of 1 to 10 cm, rarely 25 cm. Fragments are well-

rounded and sorted. Volcanoclastic materiál shows the character of depo-

sition in a subaquaeous environment, forming the strata thick several ten 
meters, alternating with the strata of lithocrystallic tuffs. Some textures 
indicate the floating down into intravolcanic depressions ( B u r i a n 1964). 
Volcanoclastic materiál is probably coming out from processes of disin-

tegration of bodies of the I l l r d andesite phase. passing in the course of their 
development, and also as a result of the later destruction processes. 

Thick strata of the pumaceous-ash tuffs alternating with the strata of 
pellitic sediments are a product of the stages of strongly explosive activity 
accompanying the forming of bodies of the I l l r d andesite phase. 

(b) Development in submarine environment 

In the time of Lower-Tortonian a transgression accompanied by subsidence 
of the southern part of neovolcanic región, near the connection of the southern 
neovolcanic area and the eastern part of the Podunajská nížina lowlands. along 
the faults of Carpathian direction. intense volcanic activity (Seneš 1962) 
of the Ist andesite phase ( K u t h a n 1963), took plače. In the región of 
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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 —Karanč), in the southern par t submarine extru­

sions of smaller bodies of hypersthenic andesite with amphibole, took plače. 
In the centrál and western parts of the neovolcanic región, the strata of agglo­

meratic or widely redeposited volcanoclastic materiál were determined by the 
boring work in the base of the volcanogene complex. The genesis of andesite 
bodies in the Neresnícka dolina valley and Karanč — Šiatoroš, cannot be 
determined so far because of the insufficient exposures in the terrains. 

Accumulation bodies of extrusive breccia piles 

Some aspects of the processes of genesis and mechanism of eruptions are 
offered by the study of submarine extrusions in the southern periphery of 
neovolcanites. The area of the piercing out of the extrusive bodies is situated 
in the zóne between comparatively stabilized eastern zóne and the western 
zóne of the intense subsidence, i. e. in the zóne affected by the maximum 
tectonic strain in the segment of sublittoral to littoral zóne of the Lower­

Tortonian sea. In the segment of 15—12 km there were determined extrusive 
bodies, concentrated along the line NE­SW (Carpathian direction), transversely 
dislocated by a NW­SE fault systém. 

Bordering of bodies is irregular, isometric (Širákov) to distinctly oriented 
in one direction. The maximum width followed is about 120 m. 

Within the separáte bodies, in vertical section, begínning with the lowest parts, the 
following zones were determined: 

1. in the lower part: andesite­massive or penetrated by a network of roughly vertically 
oriented fraetures, 

2. in the upper part there is a transition into the zóne of more intense frakturating, 
raainly in those parts that are adjacent to the most important fraetures, characteristic 
by the jointing of angular fragments. Deformation of some fragments indicates fractu­

ring in a highly viscous state, in the course of the piercing movements. Angular frag­

ments in this zóne, are not completely replaced from their originál position, they preserve 
an orientation approximately along the main fraetures, 

3. in the next uppermost zóne there is a spontaneous brecciation and disintegration 
with simultaneous inerease of vesiculation of fragments. Orientation is chaotic, distinet 
rotation of fragments due to the mass movement, may be observed. The cementing 
matrix has the náture of vesiculated and disintegrated láva, altered to a granular 
mass. Chaotic breccia mass acquires the character of a coarse fragmentary agglomerate. 

The boundary between the brecciated extruded materiál and the surround­

ing accumulations of thick­blocky agglomeratic masses is indistinet, in some 
bodies having the character of gradual transition. Fragmentary materiál of 
brecciated bodies and surrounding mass is identical as for textúre and petro­

184 



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, tha t the upper 
and marginal solidified parts cannot be balanced with the generál mobili-
zation moment, and intense fracturing takes plače. Along fraetures, in the 
differentiation movements, intense splitting into angular fragments preserv-

ing — in the initial stage — approximately subparallel orientation with the 
course of main fraetures, takes plače. In the continuous movement connected 
with the extension of the space, and in time of contact with the sea water, 
spontaneous brecciation and extrusion of brecciated mass onto to the sea 
ŕloor, took plače. 

The fact, that desintegration takes plače in highly viscous state, is pointed 
out by distorzion and deformation of some fragments. In the upper part , the 
gaseous component is spontaneously escaping from the extruding masses, 
which is indicated by inereased vesiculation of fragments and desintegration 
of the vesiculated láva matter into a granular cement. The rise of thegranular 
cementing matter is also due to the friction in the course of movement. 

The origin of volcanoclastic materiál from extrusions of brecciated bodies 
is indicated: 1. by aceumulation of coarse­block agglomeratic masses in the 
immediate neighbourhood of extrusions, 2. by monomict character and identity 
of petrographic composition of agglomeratic masses and extrusions of brec­

ciated materiál, 3. by distinet angularity of fragments, 4. by absence of frag­

mentary materiál of explosive origin (bombs, ect.). 
On the periphery of the aceumulation bodies of brecciated materiál, their 

destruction, and transport of volcanodetritic materiál in sublittoral to littoral 
zones of the Tortonian sedimentary area, took plače. 

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

Identification of bodies of this type is conditioned by the degree of denu­

dation of higher volcanogene complexes. Valuable dáta are offered by mining 
work, crossing the dýke systems (Banská Štiavnica—Kremnica). Dýke bodies 
and intrusions of larger masses of the I l l r d andesite phase are spatially 
distinetly associated with the areas of the ascending of extrusions of main 
masses. Dýke bodies show positional connection with pre­disposed tectonic 
systems. In larger intrusions, this connection is indistinet. 

Dýke bodies 

They represent forms of variable thiekness (from several cm to 50 m), fol­

lowing the distinet tectonic directions in volcanogene complexes. The maximum 
direction length is as múch as 5 km. The NE­SW to N­8 directions represent 
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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 
( V a s s , G a b č o 1964). This stage is represented by deposition of pyroclastic 
materiál of rhyolite-dacite type, its centres might háve been in the adjacent 
Hungarian areas ( K u t h a n 1963). 

In the time of the second stage (the IInd rhyolite phase) in the Middle 
Tortonian, pyroclastic products with thickness up to 40 m (Ľuboriečka) were 
deposited. Some of eruptive centres are represented by the rhyolites in the 
area of Poľana ( H ú s e n i c a 1958) and Vtáčnik Mts. ( S l á v i k 1956, 1962). 
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The maximum rhyolite volcanism was that in the last stage (the I l l r d 
rhyolite phase). There was most distinet concentration over smaller area, with 
respect to the preceeding stages of volcanic activity. Highly viscous lavas 
are limited to the rift fault area in the región of the Kremnické hory Mts., 
and of the Tekov—Žiar depression. In other places only sporadic penetrations 
of rhyolite dýke forms oceurred (the area of Banská Štiavnica). 

I t is difficult to reconstruct the area oceupied by the originál extent of 
explosive materiál on the ground of the relict pyroclastic deposits. According 
to indications offered by acid rhyolite materiál in intravolcanic basins (the 
Zvolen —Badín depression, the Turiec depression, e t c ) , and in brackish sedi­

ments of the Podunajská nížina lowlands, extensive aeolian transport of explo­

ded materiál in the form of pumaceous­ash clouds may be supposed. 
In addition to that , also eruptions with the rise of ash flows following topo­

graphic reliéf in their movements, oceurred. After deposition, there pass 
processes of welding, accompanied with the rise of the ignimbrite type. 

S u r f a c e V o l c a n i c F o r m s 
Basing on forms, and characteristic manifestations. the following elements 
may be determined: (1) Extrusions o f extensive rhyolite masses; (2) Depjositions 
of pyroclastic materiál: (a) transport in atmosphere and in aquaeous environ­

ment— pumaceous and ash tuffs. tuffites; (b) transport by ash flows — ignim­

brites. 

Extrusions of extensive rhyolite masses 
Due to the extréme viscosity of the rhyolite mass of the I l l r d rhyolite phase 

there are no normál láva flows; the rhyolite masses are extruded along tecto­

nically predisposed zones. which gave rise to masses, characteristically orienta­

ted in one direction. In relicts, conveniently denuded by erosion or artificially 
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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; F o r g á č — K a r o ­

l u s — K o n e č n ý , in press). In the course of the piercing out, brecciation of 
the marginal, more rapidly solidified parts takes plače. These parts are 
unable to balance with the generál movement, and due to this they are affect­

ed by strain and splitting, the fragmentary materiál being again penetrated 
by fluidal rhyolite mass. 

The problém of inner structures is not completely solved, it may be supposed, 
however, tha t the primáry forms were represented by dome type forms. 

Pumiceous and ash tuffs, tuffites. 

Rhyodacite volcanism (the Ist rhyolite phase) is represented by the strata 
of pumaceous tuffs in the territory of the central­Slovakian neovolcanic región. 
These tuffs are deposited in lacustrine to brackish Burdigalian basins of 
southern Slovakia. Manifold alternation of the minor strata of pumiceous­ash 
materiál and clayey­sandy sediments, indicates periodical activity of explosive 
type (pumiceous­ash clouds) of the volcanic types of eruptions. Volcanic 
centres are not known on our territory. They are, however supposed to be 
in the adjacent Hungarian areas of volcanic activity ( K u t h a n 1963). Volcanic 
materiál shows some characteristics of granulometric separation owing to the 
aeolian transport ( M a r k o v a 1966). The activity of volcanism producing rhyo­

dacite pyroclastic materiál with sporadic manifestations lasted up to the 
Helvetian­Carpathian ( V a s s , C a b č o 1964). 

In the Middle Tortonian there are relict strata of rhyolite pyroclastic materiál 
(the IInd rhyolite phase), in some places represented by the strata of 20— 
40 m thicknesses (Trenč, Ľuboriečka, eastern slopes of Poľana). Eruptive 
centres are supposed relicts of rhyolite bodies from the Poľana massif 
( H ú s e n i c a 1958) and in the eastern part of the Vtáčnik Mts. ( S l á v i k 1956, 
1963). Products of the explosive activity of the I l l r d rhyolite phase are 
deposited in the adjacent intravolcanic basins (the Zvolen—Badín depression, 
Žiar depressions); fine volcanic materiál was transported by aeolian processes 
into the Sarmatian brackish sedimentary area of Podunajská nížina lowlands. 
Deposition of pyroclastic materiál in intravolcanic depressions was inter­

rupted by sedimentation of clayeysandy and pellitic sediments with lignite. 
Separation on the ground of granulometry points out to the aeolian transport, 
and perhaps, also the transport in aquaeous environment. (Borehole P 2 — 
the Žiar depression — P u l e c 1966). 

The character of manifold alternation of pyroclastic materiál with clayey 
sediments (representing stages of rest in the course of explosive activity) 
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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 Is t 
rhyolite phase are known in our territory. With the IInd rhyolite phase, relicts 
of complicated, strongly destructed rhyolite bodies of the centrál par t of the 
Poľana massif ( H ú s e n i c a 1958) and rhyolite bodies from the area of Vtáč­

nik Mts. ( S l á v i k 1963, 1959) are connected. 

Dýke bodies 
The main aceumulation of rhyolite extruded masses of the I l l r d rhyolite 

phase are in regional relation connected with dike bodies of small size (the 
average thiekness is 10 —20 m, sometimes more, the maximum directional 
length followed is 1,5 km). 

In orientation of the dike bodies, mainly in the area of the Štiavnica región, 
the X­S direction is predominating ( B u r i a n 1965). In the last time there 
were determined the dýke bodies of rhyodacites in the area of the Javorie Mts., 
penetrating through the propyllitized pyroxene andesites ( V a l a c h 1966). 

With respect to the large extrusive masses of the I l l r d rhyolite phase, the 
subvolcanic dýke bodies represent only a sporadic phenomenon. 

VOLCANISM OF FINAL STAGE 

Due to the close of the differential development of palingene magmatic 
masses of subsequent volcanism, consolidation and cratogenization of volcanic 
regions took plače. In the course of processes leading to the balance 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 
Vtáčnik Mts. The dike forms are orientated predominantly in the E­W (±20°) 
direction, penetrating through the gravel­conglomeratic formation of the Žiar 
depression. 

The commencement of the main stage of the final volcanism is in the Upper 
Pliocene, with effusions of large effusive masses. The maximum activity in the 
eastern par t of the región caused the rise of an extensive basalt plateau. 

The proper volcanism in the central­Slovakian neovolcanic area is younger, 
there are known sporadic occurrences of the dýke bodies, necks (Kalvária), 
of láva flows (Dubová—Bacúrov; F i a l a 1933; Čaj k o v á 1957) and scoria 
cones with effusions of lavas (Pútikov vŕšok; F i a l a 1952). 

S u r f a c e F o r m s 
The surface forms of the basalt volcanism, formed in the course of explosive 

and effusive activity, may be divided into several main types: (1) extensive 

Tab . 5. Volcanism of final stage 
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láva sheets of the plateau type (eastern part of the región); (2) monogene scoria 
cones (Ragáč); (3) polygene forms (cones of mixed type formed by explosive 
products and effusions of lavas (Pútikov vŕšok). 

Extensive láva sheets of the plateau type 

Effussions of basic lavas evoked the formation of an extensive basalt plateau 
reaching deep to Hungary in the south ( J u g o v i c s 1940, 1944), in the eastern 
part of the neovolcanic región. The distribution of relicts indicate the extent 
of the basalt plateau from the southern foothill of the Carpathian Mts. (Pod-

rečany) over the area of Lučenec — Fiľakovo to the area of Šalgotárján. On the 
basis of the plateau there is more or less continuous strata of tuff to tuffitic 
depositions of the limnic type. The maximum thickness of relicts of the originál 
plateau is 20—30 m. The problém of the forming of the plateau has not yet 
been completely solved. 

According to the generally accepted opinion, the forming of extensive basalt 
plateaus is connected with the effusive activity along the fissures of conside-

rable directional lengths (fissure eruptions). There is, however, only a limited 
number of dáta proving the opinion. 

R e c k (1930) supposed effusions from the group of feeding channels concentrated on 
small areas, ínstead of effusions along fraetures. T y r r e l (1937), too, supposed the origin 
of plateau basalts in greater number of feeding channels (multiple vent) of generally 
smaller size as the supposed fissures. 

The basal complex of products of the final volcanism is penetrated by dýke 
bodies of length not exceeding 100 —200 m or systems of dykes grouped in 
small areas. The dýke systems are considered as feeding channels of the main 
masses of plateau basalts (Karolus in F o r g á č , K a r o l u s , K o n e č n ý 1967). 

The originál continuous plateau was dissected by the later tectonic processes 
into a row of isolated relicts in the form of table mountain. 

Monogene scoria cones 

The scoria cones of small size formed by aceumulation of ineoherent to 
weakly Consolidated materiál of the scoria náture with areas filled with minor 
lapilli materiál, are the product of explosive activity of final volcanism. Relicts 
of the scoria cones are preserved sporadically (Ragáč near Fiľakovo), inpredo-

minant part they were completely destructed. 
Forms of this type are built by the activity of "fire fountains" (the term 

suggested by D a n a 1888; or pyroexplosion — C o t t o n 1959). Explosions of 
hot fluid láva were conditioned by periodic expulsion of gas mounting in the 
láva column, expanding in the surface by explosion, throwing outpiecesofhot 
láva. The scoria materiál is after falling down aceumulated in the nearest area, 
forming irregular heaps (scoria piles) of roughly conic form. 
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The existing relicts indicate tha t 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 vŕšok (elevation point 405 near Tekovská Breznica; F i a l a 
1951). 

The relict of the volcanic cone is situated on the crossing of tectonic lines, and 
represents a morphological elevation formed by the scoria, ash, lapilli materiál 
and by numerous bombs. In its summit part there are no distinet traces of crater. 
On the northern slope there are relicts of thick flows, at southern foothill there 
are denuded parts of feeding channels. On the NVV foothill of the scoria cone, 
near the Hron river, there are three flows, the longest of them reaching and 
covering the gravel terraces of the Hron river. In convenient exposures there 
are some flows formed by other partial flows separated by the strata of scoria 
and bombs, indicating the characteristic structure of polygene character. 

Volcanic bombs háve isometric to flattened forms, unipolarly and bipolarly 
shaped in the course of their flight through the atmosphere. Half-plastic bombs, 
deformed when fallen, acquire characteristic forms (cow dung). In eruptions 
of whole chains of bombs at differentiation movements, complicated rolled 
forms arise. 

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

The dýke bodies do not reach greater size. The dýke forms with great 
directional length, indicating mechanism of fissure eruptions (i. e. along 
the fraetures of regional extent) were not determined. The most frequent cases 
are short dýke of several ten m, or the dýke swarms and systems characterized 
by diverging of greater number of dykes (multiple dykes), and forms with 
elliptic, to roughly circular diameter, indicating forms of the neck type. 

Dykes, groups of dykes, multiple dykes systems and neeks 

The dýke bodies háve either the form of isolated bodies of small size or 
groups, concentrated over small areas. Isolated bodies represent sizes of several 
m, with the followable length to 100 m. As an example may serve basalt dýke 
(nepheline, basanite, near the village Kyshýbel), penetrating andesites of the 
I l l r d phase. Columnar jointing is oriented perpendicularly to the contact 
planes. A similar dýke body of basaltoid andesite in the northern part of the 
Žiar depression is penetrating through the gravel-conglomeratic formation. 
These bodies were probably connected with the activity of sporadic importance, 
with the forming of small monogene forms. 

In the eastern part of the neovolcanic región, with the maximum activity 
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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 a t 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 tha t 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 ŕlows. The parts, separating the indivi-

dual láva flows formed by ineoherent pyroclastic materiál with respect to smaller re-

sistance against erosion, are removed by the continuing erosion, and the flows are prepa-

rated, and separated by deep-cut valleys in the next stage. This stage represents the 
proper commencement of the inversion of reliéf. Sectors of the originál cone separated 
by the deep-cut valleys and grooves, are called "planezes' , and this destruction stage — 
the "Planeze stage''. 

The higher stage of denudation "residual mountain stage" was defined by R e a r 
(1957). Erosion gives rise to relict forms (residual hills) without indications of the originál 
cone forms, except some preserved relicts of their basal parts. 
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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, t ha 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 (Karanč —Šiatoroš) were preparated. 

Accumulations of brecciated materiál in the area of the piercing out of the 
extrusive brecciated bodies in submarine environment were extensively rede­

posited and resedimented on the periphery, in the sublittoral to littoral zones 
of the sea. Large tuffitic­sandy complexes with rounded clastic materiál were 
formed by the redeposited materiál, on the base of the volcanogene complexes 
of the central­Slovakian neovolcanic región. 

After the ending of the stage of volcanism of the l s t andesite phase, in the 
periód of intravolcanic denudation stage, the región was peneplanized in its 
SE part (in the eastern par t the thickness of the originál complexes was 
reduced to 150—50 m), and the extensive fiat reliéf was formed there. That 
means tha t the stage of the high degree of destruction was reached already 
before deposition of the products of the next stage of volcanic activi ty. 

The development and destruction of volcanic forms of the following volca­

nism of the I Ind andesite phase took plače partly in subaquaeous (sublittoral 
to littoral zóne and in an environment of isolated iacustrine embayments), 
and partly in a terrestrial environment. 

Volcanoclastic materiál transported from the area of emerged zones of the 
volcanic región is accumulated in the near­shore areas of basins and of the 
Continental brackish basins. In the near­shore parts of the area thick tuffitic­

sandy complexes (exceeding 250 m) of the beach type arose (Hrušov, Rykyn­

čice). Farther from the shore, i. e. in the deeper parts of the basin, finer materiál 
with the strata of pumaceous­ash tuffs of the explosive stages of volcanic acti­

vity was deposited. Incoherent materiál forming stratovolcanic apparatus 
on the volcanic slopes is mobilized, being oversaturated by water, giving rise 
to the flows of the lahar type. Muddy flows replace volcano­clastic materiál 
into deeper parts of the sedimentary basins. 

In some parts of the región, the destruction reached the final stage, bodies of 
subvolcanic levels are denuded and preparated (dike and neck bodies — Fabo­

va hoľa, Muránska planina plateau, subvolcanic bodies near Vígľaš, dike body 
near Selešťany, neck and dike bodies near Čelovce. e t c ) . Destruction corres-

ponds to the final stage — the Skeleton stage. 
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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 (Veľký 
Chom). Fragmentary materiál produced by the processes of progressive disin­

tergation, in the course of the ascending of the bodies is accumulated into 
adjacent basins having often a subsiding tendency. 

Although the basic feature of the development of forms of the I l l r d andesite 
phase (A3), the aceumulation of highly viscous láva flows in the area of feeding 
channels, accompanied by the rise of forms of the cumulodome type, the 
morphological aspect cannot be used for their determination with respect to 
considerable denudation. The denudation — still before the activity of andesite 
volcanism A4 conditioned the rise of flat reliéf in some segments. Simultaneous 
morphological elevations are conditioned first of all by the selective character 
of erosion of heterogenous bodies of the I l l rd andesite phase (A3), formed by 
masses of homogenous andesites with the zones of brecciation. 

Distribution of the láva flows of the next andesite volcanism A4 in some 
parts shows the character of deposition on comparatively flat reliéf, which 
is indicating the denudation stage following the formation of the bodies of 
the I l l rd andesite phase. The whole extent of andesite volcanism A4 is not 
yet known. According to relicts forming the top parts of the existing mor­

phological elevations it is evident, tha t it has a regional character. The láva 
flows, forming the top parts (the highest elevation points in the centrál part 
of the región, e. g. 1404 — Sitno) and making them look like flat summits or 
prolonged plateau, separated by deeply cut valleys of the U or V profile of the 
canyon­ like type, represent quite a classical type of the inversion of reliéf. 
Morphological reliéf built of the products of andesite volcanism A4 indicates 
the stages called Residual mountain stage and the Skeleton stage. 

Basalt volcanism, present mainly in the eastern part of the región, took 
plače in slightly morphologically dissected neovolcanic región. That evoked the 
planar extension of basalt masses which formed plateau; while sporadic activity 
in the central­SIovakian area passed in deeply destructed volcanic reliéf. 

By tectonic destruction of the sheets of plateau basalts disposition for further 
division was offered. This was done by erosion which evoked the rise of table 
mountains near the margin rimmed by the rock blocks. The scoria cone forms 
were distinetly destructed, but for some sporadic relicts (Ragáč) preserving 
the character of primáry form. Denudation of the cone forms on some places 
in subvoicanic levels exposed the dýke and multiple dýke systems, forming 
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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 vŕšok, with distinctly preserved relicts of the originál conic 
form, in the lower part grooved by erosion. 
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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 ( S c h a f f . ) and abundant representatives of 
the genus Chillostomella and Cibicides ungerianus and relatively frequent 
Lagenidae ( S l á v 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 r e ­
z i n a (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 i p s e 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 
ď O r b . and Rotalia beccarii L., Robulus sp., Spiroplectammina carinata d ' Or b . 
( G a š p a r í k o v á 1962), which are indicative of the Lower Miocene age and 
the alternation of marine and brackish environment. 

The K a r p a t i a n age of voleanic activity has been proved by several layers 
of rhyolite pyroclastics interbedded in the complex near Fintice. The thickest 
of the three layers established is several tens of metres thick. I t consists of 
breccias, lapilli tuffs, xenotuffs and tuffaceous sandstones with seams and 
intercalations of sedimentary rocks. K u t h a n (1948) also records a subordinate 
amount of effusives from this complex. The rock is thought to be the materiál 
of the near voleanic centre deposited beneath water. The voleanic activity 
was presumably of the Vulcanian type. The presence of pyroxene andesite 
fragments in the rock suggests tha t a complicated petrochemical regime already 
existed during the magmatic activity. 

The intensity of volcanism began to inerease abruptly in the L o w e r T o r -

t o n i a n and so did the share of voleanic rocks in the filling of the basin. 
Voleanic deposits make up five to six layers of rhyolite tuffs, related in petro-

graphy and petrochemistry. The thiekness of individual beds ranges from five 
to hundred metres. Of the greatest thiekness is the Hrabovec layer of rhyolite 
tuff, which is traceable continuously from Šarišská Poruba ( S l á v i k 1967) 
through Nižný Hrabovec, Oreské as far as the foot of Boroľa hill near the 
frontier of the USSR. Over its whole length, the thiekness varies from 50 to 
150 metres. This layer of a fairly constant thiekness has been established 
throughout the area of the East Slovakian Neogene. 

G a š p a r í k o v á (in Slávik 1964) records the following micropalaeontological ŕinds 
from the beds close above the tuff: Pullenia miocenica K l e i n p e l , Globorotalia acitula 
B r a d y , G. bulloides O r b . , Bulimina elongata O r b . , Dentalina acuminata R s s . 
Orbulina suturalis B r o n n . , Elphidium cf. ftexuosum O r b . , Globigerinoides iriloba R s s . 
Nonion pompilioides F i c h t . & Molí . , Rotalia beccarii L., Cassididina sp., Bolivina cf. 
dilatata R s s . , Nonion commune O r b . , Cibicides lobatulus W a l k . & J a c , Lagena cf. 
hispida R s s . , Uvigerina cf. acuminata H o s s , Bolivina hebes Mac f., Dentalina cf. 
fenicostata C u s h . & B e n n . , Robulus inornatus O r b . The microfauna including Globo 
rotalia foshi barisanensis L e R o y , Globorotalia scitula B r a d y , Turborotalia mayeri 
C u s h . & E l i . , Globigerina bulloides O r b . , Globigerina concinna R e u s s , G. diplostoma 
R e u s s , G. opinata P i s c h , G. praebulloides B l o w , G. tarchaensis S u b b . & C h u t z , 
G. bisphaericus T o d d , G. immalurus L e R o y , G. oblújuus B o l i . , G. rubrus O r b . , 
Globigerinoides trilobus R e u s s , Globoquadrina altiapira C u s h . & J a c . , G. quadraria 
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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 l o w , 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 M o n 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 tha t the Hrabovec tuff layer lies 
at the boundary between the To r t on i an s. s. and Lanzendorfer serieš and 
tha t 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 
tha t 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 
(Mer l i č et al. 1967) and oceur even in facies indicating the proximity of 
voleanic centres. 

In the m a r i n e U p p e r T o r t o n i a n , the rhyolite volcanism persisted 
dominantly in the southern par t of the area; voleanic products in the centrál 
part of the basin are of substantially smaller thiekness and oceupy a position 
characterized by the rich microfaunal association with Uvigerina hispido-

costata, Bathysiphon filiformis. Bulimina intonsa and B. ovula ( Č o p i a n o v á 
1966). The lowest Upper Tortonian pyroclastics háve been ascertained in the 
area along the frontier with the USSR and (by boring) in the Spirophctammina 
carinata Zóne (zóne with agglutinants) around Stretáva ( C v e r č k o in M e r l i č 
et al. 1967). The rhyolite tuffs of the Upper Tortonian Bolivina-Bulimina 
Zóne háve already been mentioned by S e n e š — Š v a g r o v s k ý (1957). Ce-

c h o v i č (1963) classed with them the rhyolite pyroclastics from the vicinity 
of Dvor Mária, for which J . Brezina claims the direct deposition into aqueous 
environment. Voleanic materiál consists of pumiceous, fine to medium-

grained vitroclastic tuffs with p-quartz and plagioclase. Of interest is the 
presence of pyroclastic rock with fragments of biotite rhyolite in the Bolivina-
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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 
Bolivina-Bulimina Zóne ( C v e r č k o op. cit.) háve been newly found in the 
areas of Žipov and Kráľovský Chlmec. The andesite complex is about 100 met­

res thick. A thin veneer of andesite tuff on the pyroxene andesite proves its 
surface­volcanic (probably also subaqueous) character. This finding is in good 
agreement with the dáta on the andesite boulders in the freshened Upper 
Tortonian deposits ( C e c h o v i č 1963). Surprisingly, no contemporaneous 
volcanieity is known from the northern periphery of the basin. The tectonic 
and voleanic rest is demonstrated there by the deposition of salt bodies. 

In the f r e s h e n e d U p p e r T o r t o n i a n complex (Rotalia Zóne) the volea­

nic products appear in the northern part of the Prešov—Tokajské pohorie Mts. 
and extend far to the south, into the Košice depression. They are dated on 
macrofaunal evidence. The fossils include Kucula nucleus (L.), Area (Anadara) 
diluvii ( L a m . ) , Aloidis gibba ( O l i v i ) . Clithon pictus tuberculatus ( S c h r e ­

t e r ) , Turbonilla spiculum bergeria perpusilla (G r a t . ) , Nassa adac (B o e 11 g.), 
Nassa schôni ( H o e r n . & A u i n g ) , Nassa dujardini ( P e s h ) , Clavus pustu-

latus ( B r o c c ) , Mitrella seripta ( L i n n . ) , Clavatula contorta ( Š v a g r . ) 
( Š v a g r o v s k ý 1964). 

Rhyolite tuffs of this facies are pumiceous lapilli tuffites in the peripheral 
areas which pass into medium­grained facies. They crop out on the surface 
around Zamutov, where their maximum thiekness has also been established. 
In this area they are distinguished by intercalations of sediments bearing the 
redeposited Tortonian fauna with abundant Silicispongiae. The Bolivina­

Bulimina Zóne has been safely found at some dištance beneath the tuffs. The 
presence of rhyolite lavas and coarse pyroclastic rocks reveals that the voleanic 
centre was situated near Zamutov. C v e r č k o & R u d i n e c (op. cit.) found 
fine­grained tuffites at an equivalent position in the area near the USSR 
frontier, to the north of Čierna nad Tisou. 

The boring Svinica 2 at the eastern margin of the Košice depression struck 
a layer of pyroxene andesite in the freshened complex ( C v e r č k o in M e r l i č 
et al. 1967). This oceurrenoe has so far been unknown and may be regarded 
as evidence of the Upper Tortonian age of the andesite volcanism. 

Voleanic activity inereased abruptly in the S a r m a t i a n . The earliest 
Sarmatian volcanism probably gave rise to the sandy andesite tuffites in the 
Olšava Beds (after Š v a g r o v s k ý , 1964). Their rich macrofaunal content 
comprises Abra reflexa E i c h w . , Congeria moesia J e k e l , Ervilia dissita 
E i c h w . , Caliostroma planata sternia angulata E i c h w . , Bittium reticulatum 
C o s t a , Clavatula doderleini M. Hoernes ­ , Clavatula striata F r i e d . Dorsa-

num duplicatum K o l e s . Mohrensternia banatica J e k e l , Cerithium gracile 
S i m . & B a r b u , Pirenellapieta mitralis E i c h w . , and Acteocina lajonkaireana 
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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 ( O r b . ) ( J i ŕ í č e k 1966). 

The Sarmatian andesite volcanism was at its maximum in basal parts of 
the Zóne of large Elphidia, when it produced a longitudinal belt of andesite 
strato-volcanoes which at present form a buried range in the south of the East 
Slovakian Neogene area (Mer l i č et al. 1967). The height of the buried volca-

noes exceeds 1000 m; their age has been reliably determined on the Malčice 
body, where the voleanic complex is underlain by the Cibicides horizon and 
overlain (according to R. Jiŕíček and K. Copianová) by the Zóne of large 
Elphidia. The association is represented by Elphidium reginum O r b . , Elphi-

dium josephinum O r b . , Cythereidea hungarica Z a l a n y i , Nonion bogdanowiczi 
V o l o s h . , Ammonia beccarii (L.), Hydroides pectinata P h i l l . and Cibicides 
badenensis O r b . 

The upper part of the Zóne of large Elphidia is probably represented by 
Š v a g r o v s k ý ' s (1964) Myšia Beds which yielded abundant macrofaunal 
species asfollows: Solensubfragilis E i c h w . , Ervillia dissita E i c h w . , Cardium 
vindobonense jekeliusi P a p p , Cardium pseudoscoreni J e k e l , Modiolus ineras-

satus O r b . , Muscullus sarmatieus G a t t . , Gibbula andrusovi Š v a g r . , Clithon 
pictus F é r . , Rissoa soceni J e k. , Mohrenstemia pseudoinflata H i l b . , M. 
styriaca H i l b . , Hydrobia elongata E i c h w . , Odostomia fuchsi R. H o e r n , 
Valvata sarmatica P a p p , Mohrenstemia hydrobioides H i l b . , M. pseudoangu-

lata H i l b . , Pirenella pieta mitralis E i c h w . , P. nodosoplicata eichv;aldi 
H i l b . , Terebralia bidentata lignitarium E i c h w . . Polynices catena sarmatica 
P a p p , Ocinebrina sublata B a s t . , Betusa truncatula sarmatica B e r b e r , 
B. truncatula pappi Berger, Acteocina lajonkaireana B a s t . , etc. These beds 
also contain numerous layers of pumiceous and lapilli rhyolite tuffs. To this 
zóne may belong also rhyolite pyroclastics and ignimbrites found near Koma-

rovce in the Košice depression by V a s s (op. cit.). 
Analogous rhyolitic rocks háve been encountered in the borings in the vici-

nity of Ptrukša. Anidentical chronological interpretation may be inferred from 
the occurrence of the rhyolite tuff with andesite pebbles at the western peri-

phery of the Prešovské pohorie Mts. Stratigraphical correlation is rather diffi-

cult owing to the progressive freshening of the area of deposition after the 
beds of the Zóne of large Elphidia had been laid down. 

The relatively well-traceble Elphidium hauerinum O r b . Zóne (Upper 
Volhynian; B u d a y in M a t e j k a 1964) itself bears beds of rhyolite tuffs and 
breccias, up to 30 m thick, in the area of Kráľovský Chlmec. The bentonitized 
rhyolite pyroclastics from the neighbourhood of Lastovce may also belong 
to it. The Hauerinum Zóne is overlain by a complex of agg lomerates, tuffo-
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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 . 
( S e n e š 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 a t Oblík, Kura Hora, Malá and Veľká Stráž, and others are 
of the samé dáte. 

To establish a precise stratigraphical correlation of the P l i o c e n e com-

plexes is a complicated problém. Consistently with a number of authors (Ce-

c h o v i č 1964; B u d a y in M a t é j k a 1964; S h e r e m e t a 1966), we plače the 
Sarmatian/Pliocene boundary at the end of the Bessarabian but, contrary to 
the former conception of B r o d ň a n et al. (1964) and B u d a y (1964) we do not 
include the garnet bearing tuffite serieš and the upper coalbearing serieš into 
the Sarmatian. According to the recent boring results from the eastern part 
of the East Slovakian Neogene, the former serieš lies with a distinet uncon-

formity on a number of stratigraphical horizons and begins with conglomerate 
beds, especially in the marginal tracts. Therefore, we range this garnet bearing 
tuffite serieš, represented chiefly by garnetiferous pumiceous tuffs, to the 
Pliocene in the area studied ( S a s i n , S l á v i k 1967). When correlated with 
the sequences of the Transcarpathian región ( S h e r e m e t a 1966), they would 
correspond to the Meotian, at the earliest. This fully agrees with C v e r č k o ' s 
opinion (1966) on the Pannonian age of the garnet bearing tuffite serieš. The 
30—40 m thick tuffogenic complex inereases in thiekness (to 70—80 m) and 
grain-size in the proximity of the rhyolite bodies. Coarse-grained rhyolite 
tuffo-breccias fringe neeks and thinly laminated cupola-shaped and subvol-

canic bodies of rhyolites (plagio-rhyolites) at Beňatina, Michalovce, Lesné, 
in the Prešovské pohorie Mts. (Zlatá Baňa, a. o.) 

The age of young pyroxene andesite bodies of the Vihorlat and Prešovské 
pohorie Mts. still lacks reliable faunal evidence. On the basis of lithological 
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correlation with the West Carpathian Pliocene sections, J . Cverčko arrived 
at the assumption tha t the andesite volcanism is P o n t i a n ­ L e v a n t i n i a n 
in age. The safely proved Levantinian age of andesite tuffs of Albinovská 
hôrka indicates tha t volcanism was active in the Upper Pliocene even in the 
Prešovské pohorie Mts. The inaccuracy of the stratigraphical term "Levanti­

nian" led S h e r e m e t a (1966) to dating the Vihorlat volcanogenic complex 
as Apsheron­Akchagylian. In the coal­bearing serieš with interbeds of andesite 
pyroclasts the Upper Pliocene fauna with Candona albicans B r a d y , C. angu-

lata G. VV. M u l l e r , C. candida O. F. Mii l ler , Iliocypris cf. gibba R a u l , 
Cyprideis sp., a. o. has been collected (L. V. B u r y n d i n a 1966). 

The comparison of the age and succession of voleanic rocks shows tha t the 
voleanic events of centrál and western Slovakia, i. e. the West Carpathians 
themselves, had a decidedly different pulse from those of eastern Slovakia. 
Therefore, K u t h a n ' s attempt (1964) to develop a schéme of voleanic phases 
which would be valid for both areas raised considerable difficulties, as is 
apparent from a detailed study of his voleanic phases in the east of Slovakia 
( K u t h a n in M a t é j k a 1964). The term "First rhyolite phase" meant to de­

signate the volcanicity between Burdigalian and the end of Tortonian calls 
for revision, as it comprises intensive andesite volcanism not only on Slovakian 
territory (Svinica, Žipov) but also in the Tokaj pohorie Mts. right beyond the 
frontier. In this sense, the range of the First rhyolite phase should be restricted 
exeluding the rhyolite volcanics of Michalovce, Lesné and Vranov which are 
Lower Pliocene in age. Still more difficult is the correlation of andesite phases, 
as pointed out by K u t h a n himself (in C e c h o v i č 1964). However, it is 
hardly possible to accept his conclusions on the equivalent evolution of deep­

seated magmatic masses in centrál and eastern Slovakia which imply the con­

eurrence of the hornblende­pyroxene voleanic ( — garnet) phases. Even if this 
correlation is accepted. no equivalent to the buried andesite range stretching 
along the Zemplin­Beregovo elevation can be found in centrál Slovakia. There­

fore, we think i t more plausible to presume that a definite type of voleanic 
rock is the funetion of the tectogenic history of the area and. consequently, 
tha t the hornblende­pyroxene andesites and their subvolcanic intrusive equi­

valents are the products of a long­lasting development of the magmatic hearth 
and of the anatexis and differentiation of magma derived from it. From this 
consideration it follows tha t every large erustal block should be regarded as 
a separáte unit showing a particular rhythm of geological and tlrus also voleanic 
activity. 

Kuthan 's conception of the Lower Sarmatian Second rhyolite phase should 
be completely altered, as the main representatives (Lesné, Michalovce, Zlatá 
Baňa) are decidedly of Pliocene age ( S a s i n , S l á v i k 1967). Consequently, 
this phase was not synchronous with the so-called First andesite phase of 
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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, Hraň, Velká Tŕňa). The symmetrical distribution of the Torton­

ian voleanic activity at the two margins of the Miocene sedimentary area 
was strikingly disturbed in the marine Upper Tortonian time, when a rhyolite 
volcano of centrál type (?) arose in the area of Michaľany, at the Hungarian­

Slovak boundary of the Zemplin­Beregovo Horst. The proximity of a compo­

site volcano is evidenced by almost 300 metres of rhyolite clastics and a láva 
flow of pyroxene andesite. The existence of a minor centre in the Trebišov 
district is suggested by biotite rhyolite encountered in borings ( C v e r č k o — 

< — - . 
F i g . 2. Map of faults in the substratum of the East Slovakian Miocene 
pg2 — Palaeogene — Eocéne, b — Burdigalian, t — Tortonian, s — Sarmatian, pi — 
Pliocene, Q — Quaternary. 
Indices 1, 2, 3 are used for Lower, Middle and Upper respectively. 
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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 ( S e n e š — Š v a g r o v s k ý 1958). At 
t ha t time, tectonic and voleanic activity in the northern par t 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 ČSSR — Soviet frontier. 

During the time of marine Lower Sarmatian, the conditions were analogous 
to those of the marine Tortonian. In the southern part of the East Slovakian 
Miocene región, extensive pyroxene-andesite volcanism was active. High 
strato-volcanoes were erected forming two longitudinal belts. The northern 
belt involves the buried volcanoes Besa — Vojany, Malčice and the lower par t 
of the Bogota massif. The southern belt is located on the fault systém tha t 
separates the Zemplin-Beregovo elevation from the centrál par t of the Miocene 
depression. I t consists of volcanoes whose apical parts rise to the surface. They 
are the following: Kráľovský Chlmec, Sírnik —Hraň and the surface edifice 
of the northern par t of the Tokaj Mts. (the group Veľký Milič as far as the 
Ruskov Pass). I t is notable tha t the volcanoes are aligned also in the trans-

verse direction. This distribution pattern may readily be interpreted as having 
been controlled by the crossing of longitudinal and transverse tectonic lines. 

' Of interest is the spatial separation of the Lower Sarmatian rhyolite volcanics 
from the andesite volcanoes. From the present state of knowledge it is infer-

rable tha t the Lower Sarmatian rhyolite voleanic centres follow the linear 
axis of the Zemplin-Beregovo elevation, right on the Hungarian — Slovák 
frontier. On this linear fissure, a serieš of pyroclastic cones (nowadays degra-

ded) was piled up and their emplacement was followed by rhyolite effusions, 
dykes and neeks which distinetly mark the course of the fissure. However, 
the rhyolite volcanism of significant extent was not simultaneous with the 
andesite volcanism. I t was active subsequently to the latter and probably 
persisted up, to the time of brackish up to fresh-water Upper Sarmatian, when 
pumiceous tuffs and tuffites of moderate thiekness were deposited. These 
became later the parent rock of bentonites. The Lower Sarmatian volcanism 
was not active in the northern tract of the basin. The surface voleanic activity 
did not begin before the brackish Sarmatian, from where it is known as inter-

vening between the Elphidium hauerinum ( O r b . ) Zóne and the Bessarabian 
Cardium horizon. Distinctive of this voleanic activity is its close affinity to 
the longitudinal tectonic structures rimming the Miocene area in the north 
as well as the abundance of intrusive (Malá Stráž, Oblík, Kura Hora) and or 
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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 (Varhaňovce—Lesíček) with pyroclastic 
rocks, and similar but buried volcanogenic complexes belonging to the agglo­

merate­tuffite formation were drilled in the Sub­Vihorlat basin. Intrusive and 
subvolcanic bodies are distinetly connected with the longitudinal elevation 
zones. These are represented by the Kapušany Horst and its eastern prolon­

gation up to Oblík in the Prešovské pohorie area and by the Humenné— 
Užgorod Horst in the Vihorlat area. Typical voleanic formations with pyro­

clastics are developed in the sections distant from the elevation structures. 
The rejuvenated igneous activity at the base of the Pliocene gave rise to 

a string of rhyolite (rhyodacite) bodies of linear arrangement. The domes of 
garnetiferous rhyolite are impersistently distributed along the northern peri­

phery of the basin (Zlatá Baňa, Merník—Cičava, Komariany, Lesné, Hrádok, 
Biela Hora, Zalužice, Beňatina). The linear course sufficiently provesthe con­

nection of volcanism with the fault systém bounding the depression. The 
intrusion of magma through the plastic Miocene rocks affected the morpho­

logy of the bodies who assumed the form of neeks and doms. I t isindubitable 
that in the rigid rocks of the basement of the Miocene deposits the magmatic 
body would be of a linear dýke form, as indicated by structures of this type 
near Vranov. The time equivalent of this volcanism in the southern par t 
of the area under consideration does not show a close connection with tectonic 
lines. The voleanic structure seems to be a group or, more precisely, a centrál 
volcano in the vicinity of Streda nad Bodrogom. 

I t is beyond dôubt tha t the youngest volcanism of eastern Slovakia is inti­

mately related with the tectonic conditions; it is clearly associated with the 
movements of the northern margin of the Neogene depression tha t were active 
in the course of the Upper Pliocene. On this marginal weakened zóne there 
appeared huge strato­volcanoes of the centrál type, accompanied by not very 
numerous subsidiary craters, so tha t the centres plotted on the map virtually 
represent the group volcanoes, the differentiation of which requires further 
detailed study. The group volcano Zlatá Baňa—Zamutov in the Prešovské 
hory Mts. and the Vihorlat and Popričný volcanoes in the Vihorlat area belong 
to them. The Vihorlat volcanism is tied up with the movements on the fault 
systém at the southern border of the Klippen Belt; it broke up in places where 
this systém cuts across the major transverse zóne of discontinuity, i. e. the 
Vihorlat fault zóne (Leško, Slávik 1967). The Pliocene volcanoes of the Pre­

šovské hory Mts. are linked up with the movements along ancient fault systems 
which during the Pliocene led to the intensive uplift of the northerly blocks 
relatively to the generally shallow Pliocene residual lake situated to the south 
of Zamutov. A transverse structure also exists in this area, running roughly 
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along the Hne of Ŕimonka—Dubník—Oervenica. The crossing of these tectonic 
systems conditioned the rise of a strato-volcano, which at present is fully 
degraded, especially at the northern and north-eastern sides. 

The submitted chronological and tectonic analysis of the volcanic activity 
in eastern Slovakia enables us to construct a map of disjunctive tectonic 
structures transecting the substratum of the Neogene basin. In compiling this 
map we háve issued from the presumption tha t the volcanic bodies reflect 
the course of faults in the deep parta of the Earth ' s crust and, as a result, 
they are not necessarily consistent with the tectonics of the plastic cover. 
The comparison of the tectonic structure of the lower level with tha t of the 
upper level may also help to clear up how the disjunctive surface dissipates 
from the deep-seated rigid block into the plastic cover. 

The above-mentioned succession of volcanic events and their connection 
with the tectonic history suggest a few conclusions on the dynamics of the 
volcano-tectonic process. Volcanism is the function of the tectonic activity 
of the area and may be regarded as the manifestation of the tectonics of the 
plastic parts of the Earth 's crust. The penetration of volcanic eruptions up 
to the surface depends on the formation of faults which in this type of volcani-

city constitute a systém of ascent. As is evident_from the above-said, the 
marginal faults of the depression or elevations play the most important role. 

The migration of volcanic centres shows a striking feature. W'ithin the 
crustal block including the East Slovák Neogene, volcanic activity was syn-

chronous in the longitudinal direction and displayed some differences acrcss 
i the Transcarpathian interior depression. In broad outline, the migration of 
/ volcanic centres from the Fannonian massif towards the Flysch geosyncline 
• is observable. The shift is most pronounced when the volume of piled-up 

volcanic masses, mainly since the beginning of the Upper Tortonian, is taken 
into consideration. 

The appearance of volcanic masses at the Earth 's surface is not a function 
of the increase of magma chambers but of tectonic activity. Having analyzed 
the relationship of the dynamics of fault movements to the volcanogenic for-

mations, I came to the conclusions that volcanic bodies are not erected on 
the surface during the periods of orogenic activity; thus, for example, the pe-

riods in which the Magura Flysch sedimentary area underwent compression 
and which in the interior depression are characterized by the interruption of 
sedimentation and by angular unconformities, are free of volcanic events. 
In contrast, the peaks of volcanism coincidewith the neriods Q£ t\]e strongest 
subsidence of basins. Volcanic centres show adefinite affinity to the synehron,-

ous marginal master faults. Another relévant problém to be solved bears 
on the reason for the changes in the chemical composition of volcanic rocks. 
Geological findings lead to the conception of one, more or less uniform magma -
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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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Geologické práce, Zprávy 44 — 45. Bratislava 1968 

JÁN SLÁVIK-JOZEF ČVERČKO­RUDOLF RUDINEC 

GEOLOGY OF NEOGENE VOLCANISM IX EAST SLOVAKIA 

Abstraet: Volcanic activity in the Neogene of East Slovakia has attracted special attent­
ion of geologists since the fifties of this eentury. The results of investigations by n umeniu s 
authors are summed up in the papers by M. Kuthan (1948), J . SeneS <fc J. Švagrov­
ský (1957), I . Janáček (1959), J . Slávik (1967) a. o. The most recent synthetizing 
review of the Kást Slovakian volcanism has been prcsented by M. Kuthan (in A. 3la-
t ŕ jka 1964; V. fechovič 1963; B. Leško 1963). The systematic modem research, 
eombined with numerous borings, furnished a number of new dáta which inodify the 
existing opinions. These new findings are the object of our paper (for brevity, Ihe earlier 
views will nol be discussed, as their evolution is described in the papers cited above). 

Geological­tectonic conditions oí volcanic activity 

East Slovakia represents one of the most suitable areas for the study of 
interrelationships between volcanism and tectonics. This is clearly shown by 
the connection of volcanic mountain ranges with significant tectonic zones 
which separáte units of the fírst order of magnitude. The first of these is the 
elevation zóne that separates the geosynclinal sedimentary area of the Magura 
Flysch from the Miocene molasse and the second — the elevation zóne sepa­

rating the Miocene molasse (Transcarpathian Inner Deep) from the Pannon­

_ j a n massif. These elevation zones are called the Peri­klippen elevation* and 
the Zemplín­Beregovo Horst, respectively. The elevation is bounded in the 
north by a steep thrust plané (Aldemirov fault systém; G o f š t e j n et al. 1966) 
intervening between the zóne of Pieniny Klippen and the Palaeogene sedimen­

tary sequences of Magura. In the south, it is limited by the systém of normál 
faults which form part of the mobile zóne called the Peripieninian Lineament. 
The Zemplín­Beregovo elevation is a regional longitudinal horst structure 
constricted between the Myslava and the C'hlmec faults (in the sense of 

* The terrn "Peri­klippen elevation" is meant for the longitudinal elevation block 
situated between the geosynclinal area of the Magura Palaeogene and the Trans carpa­
thian inner depression which also comprises the East Slovakian Neogene región. 
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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. S a s 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 ľ) massif sank mainly in the 
Pliocene along the southwestern margin of the horst. The principál volcanic 
events are connected with these longitudinal zones of the first order (Fig. 1). 
Transverse tectonic lines also played an important, although subordinate role 
in the localization of the volcanic centres. Of primáry importance are the 
branch of the Hornád fault systém (or the Balaton line), which largely con­

trolled the distribution of volcanics in the southern par t of the Prešovské po­

horie Mts., and the Vihorlat fault systém ( L e š k o — S l á v i k 1967). 
The direct connection of these main tectonic elements of the East Slovakian 

Neogene with the elements of the East Carpathians, the time equivalence of 
tectonic and volcanic events, the contemporaneity of palaeogegraphical changes 
from the Palaeogene to the end of Pliocene, the consistent lithogenetic develop­

ment, particularly in the inner depression as well as the geotectonic features 
of the East Slovakian area, tha t all justifies us in ranging both the Neogene 
sedimentary formations and the young volcanic mountain ranges to the East 
Carpathians. 

The spatial and facies analyses of Neogene volcanic rocks 

The oldest Neogene volcanic rocks are represented by rhyolite pyroclastics 
occurring in the U p p e r B u r d i g a l i a n sediments of the Čelovce Formation 
(Fig. 2; S l á v i k et ah, 1960) and by fine-grained seladonitized acid tuffs near 
< ■ 

F i g . 1. Main tectonic and volcanic units of the East Slovakian Neogene area 
a — Peri-klippen elevation, b — Zemplín-Beregovo elevation, c — geosynclinal area 
of the Magura Flysch, d — Transcarpathian inner depression, e — marginal zóne ofthe 
Pannonian massif, f — Hornád fault systém, g — Vihorlat fault systém. 
1 — Pre-Mesozoic formations of the Zemplín-Beregovo elevation, 2 — Mesozoic mem-

bers of the Peri-klippen elevation, 3 — surface bodies of young volcanics, 4 buried 
young volcanics, 5 — principál longitudinal fault systems, 6 — principál transverse fault 
systems 
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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 čase these bentonitized (subaqueous) tuffs are Burdigalian, the 
estimated volume of the preserved Burdigalian volcanics should be raised to 
0.2 km3. 

The volcanic rocks of the K a r p a t i a n a g e crop out on the surface to the 
west of Fintice. These bedded, médium to coarse­fragmentary rhyolite pyro­

clastics are of the type of pumice tuffs, tuff breccias and xenolithic tuffs with 
the allothigenous admixture of quartz and older sedimentary rocks. The maxi­

mum thickness of the complex is 30 m and the distribution of volcanics is 
extrapolated to an area of about 28 km2. Their volume is estimated at 
0.420 km3. From the point of view of facies, these rocks may be considered 
as the autochthonous pyroclastic facies of the transitional zóne (zóne between 
the near­crater and distant facies) of the tuff up to xenolithic­tuff type. The 
presence of rhyolite iavas referred to by K u t h a n (1948) enables us to class 
these facies with the mixed effusive­extrusive group. The obsidián occurrence 
in the Karpatian complex in the Prešov suburb (Táborisko) recorded by 
Z i p s e r (1817) may be regarded as a subvolcanic or vein equivalent of the 
samé volcanism. However, it should be mentioned tha t some scientists, e. g. 
Š a l á t (op. cit.) believe this occurrence to be an archaeological fuiding plače 
to which obsidián was transported. No significant types of alteration háve 
been observed. 

Volcanism synchronous with the deposition o f t h e L a n z e n d o r f F o r m a ­

t i o n (Lower Tortonian) was of extraordinary importance. Products of this 
volcanism form several (four to six) layers; the most notable of them is the 

<3 

F i g . 2. Isopach map of Burdigalian, Karpatian and Lower Tortonian volcanic rocks in 
the Neogene of East Slovakia 
1 — Isopaehs of rhyolite tuffs of the Lanzendorf serieš (Lower Tortonian), 2 — isopachs 
of the Karpatian rhyolite pyroclastics, 3 — isopachs of the Burdigalian rhyolite pyro­

clastics, 4 — points of measurement of the volcanic rocks thickness, ä ­ boundary of 
the sedimentary Miocene 
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Hrabovec rhyolite or rhyodacite tuff developed a t the boundary between 
the Lanzendorf Formation and the Spiroplectammina Zóne ( S l á v 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 Klečenov; 
they are breccia­like xenotuffs with fragments of limestone and dolomite and 
with fissures often healed by post­genetic anhydrite. The conditions in the 
area of Sečovce are analogous. Pelitomorphic to psammitomorphic ash tuff 
facies free from allothigenous admixtures occur along the whole northern 
margin. They háve been found at numerous localities (Šarišská Poruba, Pav­

lovce, Hermanovce, Ruský Hrabovec, Oreské, Boroia). The rocks in surface 
exposures are occasionally unaltered whereas in deep borings they are affected 
by diverse alterations, most frequently by pyritization (Trhovište), carbo­

natization (Stretáva, Albinov, Sečovce, Iňačovce), chloritization (Albínov, 
Dlhé Klčovo) and even by weak kaolinization (Stretáva). These volcanic 
products cover an area of almost 3000 km2 and their volume attains 578 km3. 
The thicknesses of the Lower Tortonian rocks do not suggest an aeolian trans­

port from distant areas, as presumed by some geologists thus far. At present, 
we are inclined to regard them as fissure explosions (probably subaqueous) 
along the marginal faults of the Miocene sedimentary area. I t is noteworthy 
tha t lavas háve not yet been found in this group, which comprises only pyro­

clastic facies of the autochthonous type: lapilli, tuff to xenolithic tuff facies 
in the Zemplín­Beregovo elevations and psammitic to aleuritic­tuff facies of 
the transitional zóne in the vicinity of the Peri­klippen elevation. The complex 
attains maximum thickness to the SE of Vranov (up to 170 m) and in the 
Žipov area (up to 250 m). Surprisingly, there is no distinct relationship between 
the thickness of pyroclastics and their granulometric composition. I t is possible 
that the dependence has been distorted by construeting the cumulative iso­

pachs, but if the isopachs were plotted for individual horizons, the map would 
loose its clarity. The map of secondary alterations could not be compiled for 
the insufficient number of observations. 

During the m a r i n e U p p e r T o r t o n i a n (Tortonian s. s.) volcanic activity 
. — _ r> 

F i g . 3 . Isopach map of the volcanics of the marine Tortonian s. s. (Spiroplectammina 
and Bolivino­Bulimina Zones) 
1 — Isopachs of andesitic rocks, 2 — isopachs of rhyolite pyroclastics, 3 — pointa of 
measurement of the volcanic rr.cks thickness, 4 — boudary of the sedimentary area 
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pyroclastics and láva flows; thus, for example, the Malčice boring established 
more than ten láva flows overlain by pyroclastic beds. The thickness of volca­

nics exceeds 1000 m but drops abruptly sidewards to die out at a dištance 
of 15 —20 km. The area covered by volcanic rocks of this phase surpasses 
1000 km2 and their volume attains 310 km3. The andesite volcanism culmi­

nated by hydrothermal alteration which is regarded as responsible for the 
origin of hydrothermal quartzite in the top par t of the buried Malčice volcano. 
The buried parts of volcanoes are represented by near­crater facies groups 
with intra­crater flows (probably Streda nad Bodrogom), domal structures 
(Sírnik), pyroclastics and, additionally, with facies of the transitional zóne 
— ofthe outer hillsides — distinguished by the alternation of flows and coarse 
pyroclastics. Televolcanic facies are subordinate. The yellowish subaqueous 
andesite tuffs of the Olšava beds and the tuffite­tuff layers of andesite prove­

nance on the SĽ slopes of Bankov Hill in Košice may be grouped with them. 
In the north­eastern and western parts of the East Slovák Neogene, the 

products of andesite volcanism are overlain by numerous layers of rhyolite 
tuffs. They háve been best recognized to the south­east of Košice and described 
as "Myšia Beds" by Š v a g r o v s k ý (1964). They are mainly developed in 
the form of pumice tuffs. In the northern par t of the basin they converge into 
the area of Michalovce, where their thickness, as evidenced by Iňačovce boring, 
is up to 70 m. Their coarse­fragmentary tuff breccia materiál points to the 
proximity of the volcanic centre. In some sectors, chloritized and more fre­

quently carbonatized portions háve been aseertained. Their thickness ex­

ceeds 80 m and their volcanic centre is postulated in the proximity of the 
Zemplín­Beregovo Horst. These rhyolite pyroclastics háve a volume of 53 km3 

and occupy an area of about 820 km2. The móde of deposition and the analysis 
of grain­size distribution indicate the volcanic centres to be located near Mi­

chalovce and Komarovce, but occurrence of coarse pumice near Košice sug­

gests tha t one of the explosion centres may also háve been in tha t area. In the 
Hauerina Zóne, in the stratigraphically higher Sarmatian, the medium­grained 
to pelitomorphic pumice tuffs and tuffites of the tuff­terrigenous facies form 
up to 50 m thick layers, mainly between Kráľovský Chlmec and the Prešov­

Tokajské pohorie Mts., in the southern t ract of the región. The volcanogenic 
materiál was part ly deposited directly and partly redeposited by water in 
shallow lakes on the Zemplín­Beregovo Horst. Their volume is about 5 km3. 
As they were uncovered up to the Upper Pliocene, they underwent weathering 
in the supergene zóne and minerals of montmorillonite type were generated. 
As a result, deposits of bentonite originated at Michaľany, Lastovce, Kuzmice 
and probably also in other places. The weathering process was of a specific 
type. Rain water infiltrated into the ground was the principál factor: during 
its percolation it caused the decomposition of silicate glass ( S l á v i k ) . 
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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 chieŕly in the Vihorlat area, where 
they constitute the so­called agglomerate­tuffite serieš ( B r o d ň a n et al. 1958). 
Rocks of this volcanic episode are dated as intervening between the zóne with 
Elphidium hauerinum and that with Nonion (jranoxum. This type of volcanics 
occurs at the surface mainly in the form of subvolcanic and intrusive cupola­

like bodies and diorite­porphyrite intrusions, which are typically developed 
particularly in the northern part of the Prešovské pohorie Mts (Fintice, Ka­

pušany, Maglovec, Oblík, Vinné). This hornblende­pyroxene­andesite volcanic 
and magmatic activity is intimately linked up with the northern margin of 
the basin. Moreover, the intrusive forms (diorite­porphyrite) are strictly con­

ŕined to the tectonic elevation zóne, whereas extrusive­effusive formations 
represented mainly by the agglomerate­tuffite serieš of the Sub­Vihorlat basin 
and some pyroclastics of the agglomerate type (betwean Zlatá Baňa, Varha­

ňovce and Ruská Nová Ves) developed farther to the south. As these sub­

volcanic and intrusive rocks frequently possess devitrified groundmass, they 
were called the "autometamorphosed hornblende­pyroxene andesites". They 
háve a volume of 95 km3 and extend over an area of 350 km2 . 

T h e P l i o c e n e volcanic activity begins with acid explosions. These out­

bursts produced Hat layers of acid pyroclastic materiál. They are of regional 
distribution and occur at the base of the Pliocene sequence which was depo­

sited after a hiatus tha t began in the latest Sarmatian. A particular facies of 
these pyroclastics has been found at the foot of the Vihorlat mountain group 
and in the vicinity of Lesné; they are distinguished by the presence of perfectly 
automorphic almandine crystals in medium­grained rhyodacite pumice tuffs 
— garnetiferous tuffs ( B r o d ň a n et al. 1958; S a s i n — S l á v i k 1967). Garneti­

ferous and analogous tuffs are traceable along the northern border of the mo­

lasse from the Soviet frontiers as far as the northern environs of Zlatá Baňa. 
In the south they are well developed as coarse­grained breccia ­like rhyolite 
pyroclastics between Kráľovský Chlmec and Streda nad Bodrogom (Fig. 6).* 
Their thickness which at the periphery of the basin is up to 100 m decreases 
inwards so tha t in the centre of the basin it is about 10 metres. This also 
suggests that the volcanic centres are confined to the faults bounding the 
Neogene sedimentary area. The effusive and subvolcanic equivalents of the 
pyroclastics show a linear arrangement along the northern margin of the 
Miocene molasse, extending from Zalužice (buried domes) across Biela Hora, 
Hrádok near Michalovce, Lesné, and Vranov to Zlatá Baňa. They form dome­

like bodies of minor extent and steep sides so tha t they plunge abruptly into 

* But a part of these pyroclastics can be perhaps of the Upper Sarmatian age. 
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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 tha t 
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 
Čech (1959) to an incorrect assumption of the allochthonous origin of this 
pyroclastic complex. 

Subsequently to the periód of volcanic rest including the Pontian and par t 
of the Meotian, the vigorous andesite volcanism broke out whose main stages 
took plače in the Levantinian (Apsheronian, Akchagil; S h e r e m e t a 1967). 
Large volcanoes formed in the Vihorlat area and to the north of the Dargov 
Pass in the Prešov —Tokajské pohorie Mts. (Fig. 7) and produced strato­

volcanic complexes composed of the alternation of coarse agglomerates and 
tuff breccias with láva ŕlows. In addition, dykes and sills (Čeremošná), dome­

like bodies (Vechec, Veža) and sporadic conduits (in the foreland of volcanic 
massifs — Beňatina, Inovec) háve been ascertained. The area covered by 
these youngest volcanic rocks (monotonous pyroxene andesites and scarce 
basaltoid andesites) equals 650 km2 and the volume of ejected materiál attains 
425 km3. I t seems tha t the láva ŕlows of pyroxene andesite overlying the rhyo­

lite pyroclastics at Streda nad Bodrogom may be the product of the samé Upper 
Pliocene volcanism. If this assumption is confirmed, it will prove the closer 
time relations between the events on the two elevation zones. The andesite 
explosions terminate the volcanic activity in East Slovakia. The post­volcanic 
phenomena are documented by the eonspicuous zones of silicification, carbo­

natization, chloritization and alterations of the argillitization type. These are 
developed mainly in the centrál part of the Vihorlat mountain group. Pyriti­

zation is known especially from the southern foot of the Vihorlat, from the 
area between Vinné and Remetské Hámre. In the Prešov—Tokajské pohorie 
Mts., the above­mentioned post­volcanic alterations are accompanied by 
opalization. Several mineralization phases gave rise to cinnabar, antimonite 
and probably also polymetallic veins. 

<3 
F i g . 6. Isopach map of the Sarmatian rhyolitic rocks 
1 — Rhyolitic rocks of the Hauerina Zóne, 2 — points of measurement of the volcanic 
rocks thickness, 3 — boundary of the sedimentary area 
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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 pat tern of the tectonic history of the area. 

Table 2, which eorrelates the tectonic and volcanic manifestations, reveals 
tha t the volcanic activity avoids the periods of the main folding phases, i. e. 
tha t 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 
centres, in čase the volume of ejected materiál was small, but a synchronous 
pulsation of the centres in both tectonic zones when the amount of ejected 
products was large. The andesite volcanism displays progressive migration 
from the southern Zemplín-Beregovo elevation northwards into the area of 
the Peri-klippen elevation between the Tortonian ,and Pliocene. 

A certain analogy in the intensity of the two geological processes is also 
apparent from the relation of the volume of volcanic rocks to the thickness 
of sedimentary complexes. The maximum rates of subsidence coincide with 
the maximum volume of contemporaneous volcanic rocks (see Table 3). 
< 
F i g . 8. Isopach map of the Pliocene andesitic rocks. 
1 — Andesites of Upper Pliocene, dominantly Levantinian age, 2 — points of measure-

ment of the volcanic rocks thickness, 3 — boundary of th e sedimentary area 
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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 tha t 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 tha t 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 tha t 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 plače within one discrete tectonic block, between tvjo major tectonic processes. 
In the area studied, magmatic masses, at first acid and basic towards the close, 
ascend discontinuously to the surface in the course of one volcanic phase. ( Iťs 
not impossible that in other areas magmas of only one type are brought to 
the surface. Our proposal of the division of volcanic events in East Slovakia 
into phases is given in Table 4. 

Conclusion 

The volcanism of East Slovakia represents a geological process which differs 
from the young volcanism of the West C'arpathians in its position, rhythm, 
succession in time and to a certain extent also in composition. Owing to its 
relationship to the sediments of the Miocene molasse, the tectonic position 
and chronology of events, it stands nearer to the volcanism of the western 
part of the East Carpathians, i. e. to tha t of the Transcarpathian Ukraine and 
north-western Rumania and partly also of north-eastern Hungary. 

There is a discrete connection between the tectonic history of the area 
studied and the succession of the volcanic events. The volcanic activity is 
linked up with the fault systems tha t in the XE and SW constitute the longi-

tudinal boundaries of the Transcarpathian Inner Deep, a component of which 
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T a b l e 4. Schéme of Neogene vol 

Compiled by 

Age 

Burdigalian 

Karpa t i an 

Lanzendorf serieš 
(Lower Tortonian s. 1.) 

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

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

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

Upper 
Sarmat ian 
(Hauerina Zóne) 

Fre8h-water ľ p p e r 
Sarmat ian 

Lower Pliocene 
(Pannonian) 

Upper Pliocene 
(esp. Levant inian) 

Orogeny 
phase 

Savian 

Early 
Styrian 

Styrian 

Late Styrian 

Attican 

Itbodanian 

Volcanic 
phase 

I 

I I 

I I I 

IV 

V 

VI 

Volume of 
volcanics 

(km3) 

0.2 

0.429 

832 

346 

153 

60.0 

Rock type 

rhyolite 

rhyolite 
(andesite) 

rhyolite 

rhyolite 

andesite 

rhyolite 

andesite 

andesite 

rhyolite 

rhyolite 

andesite 
(diorite 
porphyrite) 

rhyolite 
(rhyodacite) 

andesite 
basalt 
andesite 

Thickness 
of volcanics 

in metres 

5 

30 

170 

250 

400 

350 

150 

1000 

30 .» 

50 

100 

100 

1000 
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canism in East Slovakia 

J . Slávik, 1967 

Facies types Locality Geological area 

Pelitic t o psammitic subaqueous 
tuffg and tulti tes, occasionally 
seladonitized and bcntonitized, 
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, Čelovce, Fint ice (?) 

Fintíce, Prešov ­ T á b o r i s k o (?) 

Parallel­bedded layers of aleuritic 
vltroclastic túli to pumicenus­
lapilli and xenolithic tuffs, suba­
queous, lava­free. Local traces of 
hillwash and bentonit izat ion. 

Šarišská Poruba, Petrovce, Niž­
ný ífrabovec, Oreské,.. Borofa, 
Klecenov ­ Zipor , Seéôvče"," Al­
bínov, Stre táva , Kléovo Dlhé, 

Khyolite lapilli tuffs to tuff brec­
cias, xenolithic tuffs, locally tuf­
fites. Bedded structures and len­
ses. 

/ 

NiZn.v Zipov, Klecenov. Stretá­
va , Pt rukša 

Láva flows interlayered with sedi­
mentary rocks and th in beds of 
tuffites and Bandy tuff. 

Láva flows, domes and pyroclas­
I tics of biotite ryolite. from brec­

cla tuffs throueh lapilli, and 
pumiceous tuffs to tuffites 

Zatín, Svinica, par t of the Veiký 
Milié massif (?) 

Zamutov, Královce, Pt rukša 

Láva flow Hvinica, Zat in 

Psammitic subaqueous crvstal­
vitro clastic andesite tuffs. Strato­
volcanic complex of coarse pyro­
clastics al ternat ing with láva 
flows of pyroxene andesite 

Ptruksa , OlSovany, Košice, Sít­
ník, Hrán, Brehov, Malčice, 
Kúskov. Besa, Číéarovce, Krá­
ľovský Chlmec, Hradisko 

Pumiceous to lariilli tuffs, tuff 
breccías, i>erlite, ignimbrites and 
tuffo­lavas (domes?) 
Mainly pumiceous and lapilli tuffs 
alternating with redeposited tuffs 
and tuffites with strong bento­
nitization; domes and láva bodies 

Nižná and Vyšná Myšľa, Skároš, 
Inačovce, Košice, Budimír, Ka­
večany (Viniŕky?)^Hyšta 

Subvolcanic bodies, intrusive bo­
dies, domes 

Coarse pyroclastics, agglornerates 
and tuff breccias 

(iarnetiferous pumiceous to lapilli 
tuffs, tuffites to tuffite­conslome­
rates, dominantly in suba<meous 
and par t ly in terrigcnous facies, 
domes, dykes 

Andesite lapilli tuffs, tuff brec­
cias, agglutinates, agglornerates, 
láva flows, láva breccias, domes, 
dykes. Hydrothermally altered 
zóne. 

Prešovská kotlina 
(Prešov depression) 

Prešovská kotlina 
(Prešov depression) 

Lastovce, Michaľany, Kuzmice, 
Egreš 

Veľká a Mula Stráž, SariS­Castle 
Hill, Kapušany­Cast le Hill, 
Maglovec, Hrb, Kura Hurá , 
Vinné 
Lancoška, Medvedova, Zlatá 
Baňa, Varhafiovce, Luŕky , Zá­
vadka, Hnojné, Šejkov­, Vyšné 
Nemecké 

Hnojné, Závadka, .Petrovce, Ke­
metské Hámre , Sobrance, Šej­
kov, Vyšné Nemecké, Banské, 
Ptrukša , Stre táva , Jdjchalovce, 
Lesné Koinarany, Ci?ava, Mer­
ník, ZlatáBaňa 
Petrovce, Kemetské Hámre , 
Boroľa, Jovsa, Befiatina, Her­
ľany, Kankovce, Dargov, Snin­
ský' kameň . Klokotov, Husák, 
Šarišská Poruba, Ladomírov, 
Inovce, Vechec a o., depression 
of Veľké Okno, area of Zlatá 
Bafia 

Neogene area of Kást Slovakia 

Southern margin of the East 
Slovakian Xeogene (area of the 
Zemplín­Beregovo elevation), 
part ly also the centrál t ract 

North­western and eastern par ts 
of the East Slovakian Neogene 

South­western part of the Neo­
gene 
Southern border and centrál 
part of the East Slovakian Neo­
gene 

Mainly the south­western and 
north­western margin of the 
East Slovák Neogene basin 
Southern border of the East Slo­
vák Neogene, the zoue of Zem­
plín­Beregovo elevation 

Northern margin of the East 
Slovakian Neogene 

Neogene area of East Slovakia 
Northern periphery of the East 
Slovakian Neogene 

Northern part of the Prešov ­
Tokajské pohorie, the Vihorlat 
and the Pnpriený Mountains 
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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 a t the foot of the Humenské pohorie Mts. the Palaeogene sandstone-
claystone facies occurs and Neogene complexes are found in the western par t 
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 ( K v i t k o v i č 1961) and the Biela 
Hora—Zaluzice—Fekišovce Upland. The former has a moderately rolling sur­

face and rises to 190 —230 m a. s. 1. I t trends roughly from north to south 
and its relative height dropsfrom 100—120 m to 10—12 m in the samé direct­

ion.Simultaneously. the intensity of reliéf and of the erosional dissection into 
mounds and periglacial hollovvs decreases from the N to the S. The upland 
has a straight limitation both in the west against the Ondava plain and in 
the east from the adjacent flat country. The pre­Quaternary formations making 
up the upland are dominantly represented by Neogene sedimentary rocks and 
subordinately by tuffs, tuffites and rhyolites. The Pozdišovce Gravels occuring 
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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 
undulated smooth reliéf ( K v i t k o v i č 1961) with the maximum altitude of 
159.0 m above sea level (Biela hora). I t is formed of clays and sands of the 
Upper Pliocene and, in the environs of Biela hora, of the Sarmatian and Tor­

tonian sediments and the relics of the Pozdišovce Gravels. Quaternary deposits 
are represented by colluvial­eluvial and loess loams. 

The lowland itself is interspersed by abandoned river meanders and south 
of Michalovce there are well­developed aggradation levees of the river Labo­

rec and its tributaries Duša and Ondava. Between Biela hora and Tibava 
spreads the Sub-Vihorlat Quaternary depression; its eastern par t is inclined 
moderately to the south and bordered by the mountain­foot step on the 
north.* Its western part between Biela hora and the Jovsa—Hnojné tie line 
is topographically more marked. This young tectonic depression is still affected 
by subsidence movements. I t s lowest absolute altitude is 103.6 m. In the 
environs of Senné, in the drainage area of the Čierna voda, it represents the 
lowest lying tract in Czechoslovakia (98.4 m a. s. 1.). 

The reliéf is accentuated by small valley ílats of streamlets flowing down the marginal 
ranges. Near Porostov and Svatuša, the Porostov erosional­tectonic relic rises 2 —3 m 
above the lowland. A sheet of loess loams flanks the Čierna voda river from Vyänó Re­

víäte southwards to Blatná Polianka and from Hažín south­ and south­westwards as far 
as the southem limit of the area studied. In the south and south­west they plunge under 
the young fluviatile sediments. South of Nižná Rybnica, through Blatná Polianka 
towards Senné the monotonous fiat reliéf is diversified by sand dunes and relics of a eon­

tinuous sand cover rising to a height of 1 — 4 metres. Isolated rhyolite domes are conspi­

cuous landscape features; these weathered­out relics of rhyolite bodies reach a relative 
height of up to 110 metres. (e. g. Hrádok near Michalovce). In the area of Petrovce, 
Naciná Ves and on the Zbudza terrace, there are striking elevations of small size, formed 
of loam and finely sandy loam, which in the flood plain of the Laborec river stand on the 
youngest Holocene sediments. They are probably relics of barrows from historical time (?). 
In the Ondava area, the lowland is a fiat river plain traversed by abandoned channels 
of the Ondava. Topographically marked aggradation levees and inter­aggradation de­

pressions occur occasionally. The unevennesses in the lowland itself do not exceed 3 to 
4 metres. 

* I t is completely filled with solifluction­proluvial sediments capped with loess and 
fluviatile loams. 

242 



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 tha t 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. Báňacký. lí>60 
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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 plače in the first half of the last Riss-

Wiirm interglacial. E. Krippel relates the following flóra: AP — Pinus, 
Abies, Picea, Betula, Alnus, Quercus, Tilia, Acer; NAP — Poaceae, C'yperaceae, 
Daucaceae, Menyanthes, Typha, Artemisia, Centaurea and varia. 

After a short break, the fluviatile sedimentation of sands and gravels, loamy-

clayey sediments and locally also of organic sediments and aeolian loams was 
re-assumed. In the eastern part , sands and gravels are about 3 m thick and 
in the western par t up to 14 metres. Pebbles are less weathered, fresher and 
intercalated with loamy-clayey sediments in the eastern par t of the depression. 
During this periód aeolian activity was fairly strong and wreathered materiál 
was moved by hillwash from the slopes of the Biela hora—Zalužie—Fekisovce 
Upland into the depression. This complex is placed into the Wiirm glacial 
stage, when loamy organic layers were deposited during warmer interstadials. 
E. Krippel determined Carpinus, Quercus, Betula, Corylus, Picea and Poaceae 
and Myriophyllum as representatives of the warm-loving flóra of the W urm 
interstadials. 

At the time of the Wiirm glaciation the Tarnava, Vinné, Kaluža, Klokočov 
and Kusín alluvial cones (Fig. 1) were deposited on the mountain-foot step. 
Two of them, the Tarnava and Vinné cones coalesce morphologically. The 
íormer is up to 23 m thick and is composed of fragments, pebbles and boulders 
with sporadic blocks drawn-in by solifluction. The latter is only 4— 15 m 
thick, and strongly loamified. The poor sorting of the materiál is due to 
a short transport. The rock debris was deposited in a separáte, small, almost 
closed depression. The Klokočov, Kusín and Kaluža cones forming another 
group are fanwise spread and submerge into the young Blatná depression. 
The Kusín cone is of the greatest thickness — up to 28 metres. 

In the wide area studied loess loams were deposited from the beginning of 
the Wiirm stage. They are widely distributed. occurring on the mountain-

flood step, flattish upland and in the lowland itself. They are up to 20 m thick. 
In the Krčava brickyard and near Zbudza (in the Laborec valley) they are 
well exposed. On the Zbudza terrace, the loams are interlayered by three 
fossil soils which, according to Vaškovská's studies and by analogy with the 
Trnava and Hron plateaus, probably dáte from two interstadials and one 
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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). 

L o ž e 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 plače; relics of the loess cover are 
preserved in the eastern part of the Michalovce—Sliepkovce depression, yielding remains 
of malacofauna. S c h m i d t (1966) determined Trichia hispida (L.), 7 specimens, and 
SiMcinea s. Oxxjlomxi, 10 specimens. In this periód, gravel aggradation in the western part 
of the depression died out (Table 2). 

Subsequently to the accumulation of sands and gravels, fine wind­blown 
sands were deposited (e. g. near Žbince, in the environs of Blatná Polianka 
and Senné) presumably at the end of Wiirm and at the beginning of the Last 
Glacial. 

The following periód of the Last Glacial is distinguished by extensive floods 
which changed the whole area into swamps and fens silted by fiood muds and 
partly by loess loams washed down the adjacent elevated grounds. Many 
swamps and stagnant waters of abandoned channels grew over by paludal 
vegetation. Various hydrogene processes gave rise to the deposition of a greyish­

blue to blackish­blue loamy­clayey complex with occasional lenticles, seams 
and beds of peat, sapropel and sand. According to the results of polien analyses, 
these deposits dáte from the cold interval of the Last Glacial. 

In the north­western projection of the lowland, sands and gravels of the 
Laborec flood plain were covered by loamy and loamy­clayey sediments at 
tha t time. In fact, they are re­deposited loess loams and colluvial materiál 
which at the end of the Wiirm formed a continuous cover. The drop of the 
base­level of erosion in the Last Glacial resulted in intensive erosion. From the 
sedimentary cover only a relic was preserved below the eastern foot of the 
Trhovište—Hrabovec Upland. 

The subsequent evolution up to the Atlantic occurred under the influence 
of increasing temperature and humidity and a uniform subsidence of the area. 
Not only in the depression but also in the adjacent areas clayey­loamy flood 
sediments were intensely aggraded. Towards the close of the Atlantic and at 
the onset of the Subatlantic, the streams were at spate and, as a result, swamps 
developed in the eastern par t of the depression, where conditions farourable 
for the formation of organic loamy­clayey sediments with layers of peat and 
sapropel had existed. This local sedimentation was followed in the Subatlantic 
by the deposition of flood loams of loessic character which covered the whole 
valley flat of the Laborec river. The sedimentary periód ends with the aggra­

dation of levees along the river (Table 1). 
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F i g . 3 . Seotion th rough locss-lonms and fluviatile sediments of the Laborec river — 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 tha t 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 plače. After 
a partial regression of the lake, the materiál of the weathering marginal parts 
of the volcanic range was transported into the centrál part of the depression 
which still at the beginning of Pleistocene was flooded. Variegated clays 
(brown, dirty-brown, yellow-brown, bluish-brown and grey) of tuffaceous 
character and with pebbles and fragments of andesite and sapropel partings 
were deposited in this environment. 

In the Sub-Vihorlat depression, the geological Quaternary history began 
with the deposition of the variegated complex which, as mentioned above, 
passed without break of sedimentation into the Early Pleistocene, represent-

ing the oldest Quaternary sediments of the East Slovakian Lowland and the 
contiguous area. In the depression, the clays of the variegated complex with 
sapropel and peat beds were encountered in borehole VN-18. 

The polien analysis of beds from a depth of 9.8 — 11.3 m (made by Planderová) revealed 
the following main species of the Upper Pliocene flóra: Alnus, Castanea, Pinus diploxylon, 
Polypodiaceae, Carya, Spluignum,, Stereosporites-lype ; Pinus liaploxylon, Tilia, Cupuli-

ferae, Quercus, Abies, Pterocarya, Carpinus, Salix and Ericaceae are subordinate; NAP: 
Asteraceae. The eomposition of vegetation is similar to the polien spectrum from the 
Pliocene (Variegated complex) of the south-western part of the West Carpathians. Some 
Miocene elements are absent, šuch as Myricaceae and Taxodiaceae, which in Southern 
Slovakia penetrate sporadically into the Variegated complex. Thus, the floral assemblage 
represents presumably the uppermost Pliocene, in our opinion — the Levantinian. The 
Variegated complex persists upwards, bearing thin peat interbeds; at 6.9—7 m it yielded 
an abundance of polien grains. Tertiary vegetation elements were totally absent from 
the sample taken at this depth (except for Caryum which occurred sporadically). On the 
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T a b . 1. 
Stratigraphic table of the late and post-Glacial of the northern 

.S K 

Č I E 

Dlvision ace. 
Ložek (1953) 

Absolute 
Chrono- [ 

logy 
Fluvial and organic 

sediments 
Fluvial and organic 

sediments of the Blatná 
depression 

o 
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o 
S 

sub-recent 
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- 1 200 

I X 

V I I I 

V I I 

VI 

sub-Atlant ic 

sub-Boreal 

late Atlant ic 

early Atlantic 
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IV prae-Boreal 

I I I late Dryas 

I I Allerôdian 

early Dryas 

500 

-2 500 

4 000 

5 500 

6 800 

8 100 

9 000 

10 000 

15 000 

loam, fine sandy loam sandy-loamy, clayey-loamy 
and peat sediments, on the 
surface with r iseous and 
peat soiLs 

loam, with predomiuating 
of inundation mass 

loamy sediments with spora-
díc pebbles 

erosion — interruption of 
the peat sedimentation 

clayey-loamy sediments with I 
sapropel and peat layers 

peat 

loamy sediments 

greyish blue to dark blue 
loamy-clayey beds with 
sandy, sapropel and i>eat 
layers 

peat and mudflows 

loamy-clayey beds near the 
E billfoot of the Trhoris t - foarse Brained c ayey sands, 
sko-brabovecká pahorkatina l o a m a n d vravel layers 
bills 
terminat ion of the gravel-
sandy sedimentation 
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part of the East Slovakia lowland compiled by V. B a ň a c k y 1967 

Solifluction­Huvial sediments 
Delurio­fluvial sediments 

hillwash colluvium Eolitic sediments 

deluvio­fluvial loamy cone on the 
B hill­foot of the Trhovisfsko­
hraboveeká pahorkat ina hills; 
stabilization of the slide activi ty, 
terminat ion of deluvial stony 
sedimentat ion; loamy deluvial 
sedimentat ion (in the Vihorlat 
Mts.) 

loamy cones (on the W hillfoot 
of the TrhoviSfskohraboTecká 
pahorkat ina hills) 

spatial rich representation of de­
luvial stony sediment and fclides 
In the Vihorlat and Popricný Mts. 

finest grained powdery sands 
(Žbinee, Blatná Polianka) 
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T a b . 2. 
Stratiirraphic table of the Pleistocene of northern part 

Alpine 
glaciation Fluvial sediments 

Solifluction-fluvial 
sediments of proluvial 

cones 
Loess sediments 

Wiirm 3 
Stadial 

Wúi-m 2/3 
Interstadial 

sands-gravels with 
inundation loams 

clayey-loamy sediments 

Wiirm 2 
Stadial 

sands-gravels, sands 
and loamy sediments 

proluvial cones of 
Tarnava and Vinné 
with loamy-frag-
menta ry sediments 

loess sediments in the 
Michalovce — Sliepkovce-
depression, i. e. marshy 
loess (Iňačovce); loess 
loams near KrivoSfanka, 
loess loams of t h e hill-
foot etage 

Wiirm 1/2 
Inters tadial 

loamy-clayey sediments 

Wiirm 1 
Stadial 

sands-gravels, sands 
and loamy sediments 

loess loams of the htll-
foot etage (Zbudza — 
Kréava) , loess of Bá-
novce — Lnzín — Malčice 

loess loams of the hili-
foot etage (Zbudza — 
Krí-ava) 

Riss - Wiirm 
Interglacial 

clayey-loamy sediments 

Riss 
Glacial 

sands-gravels in the 
depressions, sands-
gravels and mudflows of 
the Zbudza terrace 

Mindel - Riss 
Interglacial 

clayey-loamy sediments 
sporadically with pebbles 

Mindel 
Glacial 

sands-gravels sandy-loamy-frag-
men ta ry proluvial 
cone between Vinné 
and Biela Hora 

Levantinian 

Pont ian 

gravels to sandy gravels, 
clays 

Panónia n 

gravels and variegated 
clays (Variegated serieš) 
of the Pozdiňovce gravel 
formation 

erosion — denudation 
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of the East Slovakia lowland compiled by V. Baflacký 1967 

Petrographic characteristics 

paleogene sandstones predomin-
a te witli admix ture of pyroxene 
andesite; 80 % of the heavy min . : 
ore-minerals 

paleogene sandstones predomíti-
a te 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, tuťfíts; heavy 
min. : hypersthene and sporadic 
augite 

glaukonite sandstones (50 — 60 °„), 
rest hornblende; pyroxene ande­
site absent , in heavy minerals 
garnet 

Fossile Flóra 

A P : Carpinus, Quercus, Betula, 
Corylus, Picea 
XAP: Poaceae, Myriophyllum 

A P : Pinus, Abies, Picea, Betula, 
Alnus, Quercus, Tilia, Acer 
XAP: Poaceae, Cyperaeeae, Dau­
caceae, Menyanthes, Typha, 
Artemisia 

A P : Picea, Betula, Pinus, Alnus, 
Carpinus 
X A P : Daucaceae, Poaceae, Ar­
temisia 

AP: Pinus, Abies, Podocarpus, 
Carya, Picea, Betula, Salíx, 
Alnus, Quercus, Carpinus, VI-
mus, Tilia, Corylus 
X A P : Poaceae, Asteraeeae, tub . , 
Artemisia Daucacea*, Sílena­
ceae, Helíanthemum, Cypera­
eeae, Sparganíum­typ, Typha, 

Fossile Malakofauna 

near Krivosfanka: Pupilla sterii 
(VTH), P. muscorum (L.), Val­
loni tenuilabris (A. Hr.) in Mi­
chalovce sliepkovce depr. 
Trichia bispida (L.), Huccinea s., 
Oxytoma sp . 
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3m 

F i g . ô . Pozdišovce Gravels a t t h e sou the rn ou t sk i r t s of Pozdišovce, convo lu ted a n d 
d i s tu rbed b y c r \ r o tu rba t ion (d rawn 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 . Q u a t e r n a r y geological m a p of t h e nor thern p a r t of" the Eas t Slovakian Lowland 
and the ad jacent area . Compiled by V. Baňacký , 1966 
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1 — blloloeene sediment*: 1—5 younger fluviatile deposits: 1 — Subrecent sands and gravels , 2 — loam 
3 — finely sandy loam, 4 — nne-grained sand, 5 — clayey-loamy and loamy-sandy sediments in the Blatné 
and Senné depre*aions; 6—7 early fluviatile deposits: 6 — loam, 7 — clayey-loamy mater iá l with sand 
seams; 8 — colluvio-nuvial, dominantly loamy cone; 9 — 12 Holocene up to Ple.istocene sediments: 9 — stony 
and loamy-stony eluvium, 10 — loamy-stony hillwash colluvium, 11 — loamy hillwash colluvium, 12 — 
loamy eliľvio-colluvial sediments; 13—23 Pleistoeene sediments; 13 — 16 fluviatile deposits: 13 — Last 
Glacial, predominant ly loamy eone, 14 — Last Glacial — clayey-loamy and loamy sediment , 15 — 
Wurm sands and gravels, 16 — Riss sands and gravels of t h e Zbudza terrace with a loess-loam cover 
(max. 15 - 1 8 m); 17 —18 solifliKtion-fluvial sediments: 17 — Mindel — loam with weakly w o m rock frag-

ments and sand, relie of a cone, 18 — W u r m cone of loamy-stony mats r ia l ; 19 — Riss solifluction-proluvial 
sediments, weakly rounded fragments, pebbles and boulders with loam admix tn re , 20 — colluvial-soli-

flnction sediments — fragments, boulders and blocks with loam admixtnre ; 21 —23 aeolian deposits: 21 — 
Wiirni loess, 22 — Wiirm loess loams, 23 — fine-grained sands of Wiirm-Late Glacial stage; 24 —28 pre-

Quaternary formations: 24 — volcanios of the. Vihorlat-Popriený mounta in group, 25 — Pozdtóovce Gravels 
of Pontian age, 2« - In t racarpathian Palaeogene, 27 - Klippen Belt , 28 - Mesozoic of the Humenské 
pohorie Mis.. 29 — antecedent valley, 3(1 — prominent edges in the terrain, 31 — buried or denuded edges 
in t he te r ra in . 





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. 

In the late Dryas, the western par t of the Sub-Vihorlat area (Blatná depres­
sion) was the site of peat and sapropel development which took plače on the 
wet grounds and swamps. In this depositional environment flood loams were 
deposited, the sedimentation of which ended by the beginning of the Preboreal. 
Favourable conditions for the formation of peat persisted in small depressions 
during the whole Preboreal to Boreal. The sedimentation of peat and sapropel 
was interrupted in the Atlantic stage by erosion. In the course of this stage 
until the beginning of the Subatlantic, poorly rounded pebbles of andesite with 
loam admixture (abrupt sedimentation) were laid down. They pass upwards 
into clayey and loamy sediments (tranquil sedimentation). This succession 
of strata repeats three times. 

From the early Atlantic until the Subrecent the top part of the depression 
was covered by clayey­loamy and loamy­sandy sediments on which peat soils 
and gley soils developed. 

In the eastern part of the Sub­Vihorlat depression the loess sedimentation 
was replaced by strong erosion which removed a great part of loess loams; 
they suceumbed completely to erosion in the section from Úbrež to Tibava 
and solifluction proluvial deposits were laid bare there. In the Last Glacial 
until the early Holocene, on the major part of the area affected by erosion, 
fluviatile loams (1 —3 m) derived mostly from the loess covers sedimented. 

In the last, Late Holocene phase, the eastern part of the Sub­Vihorlat de­

pression was covered by loamy and partly also gravel sediments which fill 
mostly narrow valley flats of the streams (Table 3). 

The East Slovakian Lowland underwent a simílar t e c t o n i c p r o c e s s 
in the Quaternary as the other lowlands of the West Carpathians: the predomi­

nating differential movements mostly acted on older fault lines. but the tectonic 
development in Neogene and probably also in theearlier phases of the Pleisto­

eene was infiuenced by volcanic activity. 
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Tab. 3. Stratigraphic table of Pleistocene of the Sub-Vihorlat depression 
compiled by V. Baňacký 1967 

Strat í ­
graphic 

© 
o 
z — 

young 

middle 

old 

young 
Pliocene 

Alplne 
glaeiation 

W'iirm glacial 

Riss 2 
Stadial 

Riss 1/2 
Inters tadial 

Hiss 1 
Stadial 

Mlndel­Riss 
Interglacial 

Mlndel 
Glacial 

Levantinian 

Fluvíal 
sediments 

sands and gra­
vels, loamy 
sediments 

clayey­loamy 
sediments 

clayey­loamy 
sediments 

Solifluction­
proluvial dep. 

fragments, peb­
bles and boulders 
with loamy 
udmixture 

fragments, peb­
bles and boulders 
and boulders 
with loamy 
admixture 

fragments, peb­
bles and boulders 
with loamy 
admixture 

variegated beds 
(only in tlie 
W p a r t ) _ _ _ _ ­ — , 

___^^ erosion 
variegated beds 

Solífluction­
prohivial cones 

loamy­stony 
cones of Kaluza, 
Klokočov Kusín 

Loess 
loams 

loess loams 
of Úbrež ­
.Tasenov 

Towards the end of the Pliocene the reliéf of the East Slovakian Lowland 
was considerably levelled ( K v i t k o v i č 1959, 1961). At tha t time, tectonic 
movements slackened and the ground surface was levelled down, as evidenced 
by the relics of the Upper Pliocene surface in the piedmont and the Trho­

vište—Hrabovec Lpland lying 80—100 m above the lowland ( K v i t k o v i č 
1961). The investigation of the structure of Quaternary sediments based on 
extensive boring works, allround geological appraisal and geomorphological 
studies by K v i t k o v i č (1959, 1961) confirm tha t in the individual parts of 
the northern tract of the East Slovakian Lowland uneven movements of both 
subsidenee and uplift character occurred, even if the lowland as a whole sank 
relatively to the adjacent mountain ranges. At present, the following geolo­

gical­tectonic units may be differentiated in this area: Marginal mountain 
ranges, mountain­foot step, Trhovište—Hrabovec elevation, Biela hora— 
Zalužice—Fekišovce horst structure, Michalovce —Slipkovce depression, Qua­

ternary Sub­Vrihorlat depression, buried horst structure of Sobrance, Tjbrež 
partial depression, young Blatná partial depression, plain, young Senné de­

pression, Zbudza terrace. 
The marginal mountain ranges (Vihorlat—Popričný and Humenské po­

horie) were rising during the Quaternary, as evidenced by the antecedent valley 
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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 K v i t k o v i č (1960), the boundaries of the 
Humenské pohorie are rectilinear on either side. Facetted surfaces of lateral 
ridges and the topographical position of the mountains suggest that they are 
a horst ( K v i t k o v i č 1960). 

The mountain­foot step shows a character of a moderate uplift. I ts contact 
with the mountain range is tectonic, initiated in the pre­Quaternary periód. 
The boring works carried out for mapping purposes confirmed this assumption. 

T h e T r h o v i š t e — H r a b o v e c e l e v a t i o n . The W and partly also E limi­

tation of the upland by steep, short and even slopes of fault character indi­

cates tha t the upland represents an elevation not only in geomorphological 
but also in tectonic sense. The elevation character of the upland is especially 
due to the intense downmovements of blocks to the east and west, subsequently 
to the formation of the riverine plain in the Upper Pliocene, which was at­

tended by lateral erosion. From the disposition of slopes in the individual parts 
of the upland and from the relationship of the fiat upland ridge to the long 
profile of the Ondava river, a differential character of the movements is infer­

able. The subsidence of the south­western par t was more intensive than tha t 
of the area to the north­east of the upland; as a result of greater downmove­

ments of the southern part (relatively to the northern part) the riverine plain 
tilted towards the centre of the basin. 

From the dáta on the northern part of the lowland and adjacent areas it 
may be concluded that during the Pleistocene the pre­Quaternary reliéf under­

went considerable changes. 
In the area studied there are two Quaternary depressions with sedimentary 

fillings; they are called the Michalovce—Sliepkovce and the Sub­Vihorlat de­

pressions. 
T h e M i c h a l o v c e — S l i e p k o v c e depression of Quaternary age is bounded 

by rectilinear slopes of fault character in the west. The Biela hora —Zalužice— 
Fekišovce horst structure and its submerged southern part forms its eastern 
boundary. In the north the depression is bordered by the upheaved Upper 
Tortonian block ( J a n á č e k 1961) and in the south the limit is not quite 
clear. I t is possible tha t the depression extends southwards and becomes 
shallower. This conception is to a certain degree supported by the results 
of Pospíšiľs hydrogeological studies. This author records tha t the ground 
waters display a fan-shaped flow pat tern and turn from the southern direction 
to the south-eastern and south-western as if they came across a barrier. The 
depression is filled with a Quaternary sedimentary complex up to 70 m thick. 
The upper part (4—10 m) consists of loamy aluvia with peat and sapropel 
and is underlain by fluviatile sands and gravels with two interglacial and two 
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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 tha t time, the Biela hora— 
Zalužice —Fekišovce horst underwent a gentle uplift and prevented partly 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 tha t 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 ( K v i t k o v i č 1961). As already mentioned, 
the structure started to rise in the Early Quaternary and prevented the removal 
of rocks from the western part of the Sub­Vihorlat depression towards the 
outh. Between Lúčky and Závadka the horst is cut through by the antecedent 
valley ( K v i t k o v i č 1961). I t is built up of Upper Pliocene sediments and its 
uplift took plače over the great part of the Quaternary. Some other horsts 
(e. g. Sobrance horst) are hidden beneath the Quaternary sediments which 
also points to intense young subsidence. AU these facts show tha t in the East 
Slovakian Lowland (compared with the Záhorská Lowland and the Danube 
Lowland) the conditions were specific to a great extent. 

The complicated tectonic evolution of the area continued in the Quaternary; 
the intensity of block movements did not decrease, on the contrary, in some 
periods it increased and attained its maximum in the youngest Pleistocene 
phases and in the Holocene. Stratigraphical results allow to estimate the age 
and duration of the movements, etc. I t is postulated tha t the Quaternary 
tectonic movements do not only represent the dying­out of the Upper Pliocene 
phase but tha t they represent a new, separáte phase in both the character of 
movements and extent, which commenced in the Early Pleistocene (Mindel). 
This is suggested by the Early Quaternary beds in the western part of the Sub­

Vihorlat depression, their abrupt termination and further sedimentation re­

assumed not before the Late Pleistocene. Šuch conditions indicate that the 
Upper Pliocene phase of subsidence could extend up to the earliest Pleis­

tocene, when it receded to a periód of tectonic rest (viz. relative rest with 
regard to syn sedimentary subsidence), as proved by stratigraphical and litho­

facies studies of Quaternary complexes in the depressions. These conclusions 
also indicate a plausible connection of the last andesite effusions in the Vihorlat 
and Popričný mountain groups with the beginning of the Quaternary tectonic 
phase in the lowland. According to this conception, the effusions of presumably 
Quaternary volcanics occurred in the later Pleistocene phases — in the Mindel. 

The Quaternary area of the northern par t of the East Slovakian Lowland is 
geologically quite particular and very complicated. The solution of the basic 
Quaternary­geological problems mušt be based on integrated investigation, 
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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. 

References 
[1J B a ň a e k ý VI. , 1964: Zpráva o geologickom výskume kvartéru Východosloven­

skej nížiny za rok 1963. Zprávy o geologických výskumoch v roku 1963/2, Slovensko. 
ÚÚG redakcia Bratislava. — [2] B a ň a e k ý VI. , 1964: Zpráva o základnom geologic­

kom výskume kvartéru Východoslovenskej nížiny. Zprávy o geologických výskumoch 
v r. 1964/2, Slovensko. GÚDŠ Bratislava. [3] B a ň a e k ý VI. , 1966: Poznámky k vý­

voju kvartéru Východoslovenskej nížiny. Sborník Východoslovenského múzea geologické 
vedy, séria A 7, Košice. — [4] B a ň a e k ý Vl . — H a r č á r J . —Sabol A., 1965: Neue 
Kenntnisse uber den Einfluss der tektonischen Bewegungen auf die Quartär­ Entwick­

lung der Slowakischen Niederungen. Geologické práce, Zprávy 36, Bratislava. — [5] 
J a n á č e k J . , 1959: K otázce stáŕí a vzniku pozdišovské štérkové formace na východ­

ním Slovensku. Geologické práce, Zprávy 15, Bratislava. ­ [6] J a n á č e k J . , 1961: 
Vysvetlivky ke geologické mape 1:50 000, list Michalovce. Manuseript, Archív GÚDŠ, 
Bratislava. — [7] K v i t k o v i č J . , 1959: Geomorfologické vysvetlivky k listu Snina. 
Manuseript, Archív GĽ'Dň Bratislava. — [8] K v i t k o v i č J . , 1960: Geomorfologické 
pomery severnej časti Východoslovenskej nížiny a priľahlých oblastí. Manucsript, Zeme­

pisný ústav SAV, Bratislava. — [9] K v i t k o v i č J . , 1961: Príspevok k poznaniu neo­

tektonických pohybov vo Východoslovenskej nížine a priľahlých oblastiach. Geografický 
časopis, 13/3, SAV Bratislava. — [10] L o ž e k V., 1963: Výzkum ložisek pŕirozených 
hnojiv na výehodním Slovensku. Zprávy o geologických výzkumech v r. 1963. l'l.'G 
Praha. ­ [11] P o s p í š i l P . , 1965: Hydrogeologické pomery okolia Michaloviec. Geolo­

gické práce, Zprávy 35, Bratislava. ­ [12] S e n e š J . , 1959: Záverečná zpráva k neogón­

nej časti listu Snina. Časť úlohy 12/015. Manuseript, Archív GÚDŠ Bratislava. [13] 
Seneš J . , 1963: Vysvetlivky 1:200 000, list Čierna. Geofond Bratislava. ­ [14] Že­

b e r a K. , 1958: Československo ve starší dobé kamenné. Nakladateľstvo ČSAV, Praha. 

262 



Geologické práce, Zprávy 44 — 45. Bratislava 1968 

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. Its 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 Čierna voda, Dudváh 
the Jower Váh and the area between two rivers (Small Danube—Váh—Nitra — 
Žitava) cannot be ascertained accurately. In the delimitation of the territory 
of the partial Danube water-basin we therefore štart for the present from the 
water-basin nomenclature according to the state regional subdivision of water 
economic pian, after which the territory of the partial Danube water-basin 
includes: (a) islands above Karlova Ves, (b) jour communities on the right side 
of the Danube. (c) the territory around Bratislava, (d) the Žitný ostrov Island, 
(e) a narrow stripe of territories bordering the main stream of the Danube between 
the Váh—Hron and the Ipel. 

The mentioned delimitation from the standpoint of hydrogeology and 
ground water regime is roughly for orientation no accurate ascertainment of 
the boundary is available, mainly in the northeast and east for the Small 
Danube as far as the hydrological activity of the Danube reaches. 

If we determined the hydrogeological unit in its full extent we should háve 
to inchide in it the whole Danube Lowland with adjacent plateaus anduplands 
in Czechoslovak as well as Hungarian territory. For the clarification and know-

ledge of the problém under study I propose the division of hydrogeology of 
the Czechoslovak section of the Danube into two hydrogeological mrite as 
follows: 

[1] hydrogeological unit of the Danube Lowland in a broader sense bound 
to the right and left side of the Danube; 
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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 sirnpliŕied 
the reál relations and present state and we were not always based on a clear idea of the 
origin of the whole Danube Lowland and the development of all its stream systém — 
not only of the Danube. This is confirmed by diff iculties in the determination and seeking 
regularities of the individual sedim3ntation cycles in the whole lowland and the varied 
alternation of gravelous and sandy facies one úpon another, one under another and also 
side by side — so called polycyclic sedimentation. We také as a basis of all t h e sub­

division and study of individual facies only sediments of the Danube and so far we did 
not pay attention (in basic investigation) to accumulations of the Carpathian rivers, 
the Váh and of Alpine rivers: the Leitha, Raab and others. 

The Danube did not always flow to our territory through the Devín defilé. In ancient 
pást it flowed round it — it did not reach this defilé with its river­bed but flowed through 
the Leitha (Bruck) gate, fiowed under the southern slopes of the Hundsheimer Hills. 
I t s stream flowed through Petržalka under the southern slopes of the Malé Karpaty Mts. 
and changed its course to southern direction as far as to the environs of Bernolákovo and 
its high water surely inundated far to the NE from Bernolákovo to Pezinok. Similarly 
the Leitha and other rivers also fiowed to the Danube Lowland quite independent ly and 
only the formation of their own aggradation ramparts made them form the present 
stream systém. 

The river Váh flowed in our territory also nearer to the southern slopes of the Malé 
Karpaty Mts. and flowed into lakes, swamps and arms of the Danube somewhere in the 
wider environs of Sládkovičovo. 

With all the consideration of sedimentation cycles we cannot neglect even the fact 
that the Danube did not ehange its bed at once and did not carry over it from the Leitha 
(Bruck) gate to the Devín gate. Several sedimentation cycles mušt háve passed till the 
aggradation ramparts of the Danube dammed up the way of its previous Leitha river 
bed and all the outflow with tributaries came to the present river bed. The importance 
of the knowledge of mentioned regularities we understand with detailed evaluation of the 
hydrogeology of the Žitný ostrov Island. If we speak now about the variegation and 
frequently about unlawful sedimentation in the centre of the Danube­Lowland we may 
affirm that we do not understand it till now until we synthetically join to the formation 
of individual facies developments not only the tectonics but also the syntehtics of accu­

mulations and of the influence of the streams Leitha, Raab, Váh and other Alpine­
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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 Palkovičovo 
f .15 0 /^ , and gradually diminlshes to 0,06 ajlm towards Štúrovo. 

The spring area of the Danube in the Schwarzwald­ the spring streams Borg and 
Brigach­ are in an altitude of 304 m above sea level, the harbour in Passau 171m, 
in Vienna 130 m, in Bratislava 104 m, in Štúrovo 97 m, in Budapest 73 m and in Beograd 
67 m. The basic source of completing the volume of water in the Danube river bed is the 
water from the Alps, its right side tributaries. 

On the basis of present state of investigation and knowledge of geological, 
geomorphological and hydrogeological structure we can divide the Czecho­

slovak section of the Danube into five basic hydrogeological areas as follows: 
(1) the Devín defilé area; (2) the Subcarpathian-Petríalka area; 3) the area of 
the Gabčíkovo depression; (4) the Komárno area and the area between two rivers; 
(5) the Štúrovo—CMaba area. 

The individual areas we divide after various characterizations still into 
partial areas, in which we include various geomorphological or geological units 
with equal ground water regimen. 

The previous subdivision of the Czechoslovak section of the Danube into 
three areas: the Devín defilé, the Veľký Žitný ostrov Island and the territory 
of the Danube from the Váh to Chlaba ( P o r u b s k ý 1961) does not fit to the 
present state of investigation any more. I stress tha t the hydrogeological sub­

division of the región of the Czechoslovak section of the Danube does not 
concern the whole Danube Lowland, in which čase we should háve to distinguish 
also areas of individual river­basins, plateaus and uplands. 
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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 Chľaba. 



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, 
in the first plače with regard to the construction of the planed dam on the 
Sihoť (Käsmacher) Island. The Quaternary gravels and sands of the Danube 
alluvium are well permeable. Water forms in them a coherent subsurface 
stream, the magnitude of which would increase with the construction of the 
dam and endanger by soak adjacent territories of Petržalka and Bratislava. 
The territories will be protected, mainly on the Austrian side by drainage 
systém. Quaternary sediments occur there in a layer 12—15 m thick. The 
ground water is in the depth of water­level in the Danube river bed. Impor­

tant from the standpoint of hydrogeology is the ground water in the vicinity 
of Petržalka tha t can be mainly employed in industry. 

Most important from the standpoint of hydrogeology is the Sihoť Tsland, 
the territory of the waterworks for the aqueduct of Bratislava. Tt is formed 
by a flowing round arm of the Danube between Devín and Karlova Ves in 
1873 —1876 km of the river. I t is about 3 km long and 1 km wide. About 
1000 1 of water per sec. is taken from it into the aqueduct of Bratislava. 
At middle and lower water­level of the Danube the water is good for drinking 
also without preparation. At high water­level of the Danube it mušt be pre­

pared by chlorinating. In the foregoing years the water specialists from Brati­

slava supposed the ground water of the Sihoť Island is derived from the Alps 
and comes to Sihoť by joints and tectonic lines. A proved matter of fact 
however is tha t it h water of the Danube, percolating from the river bed into 
alluvial deposits. 

The Sihoť Island is for the low relative height in relation to the Danube 
river bed and state of discharge of water in the Danube inundated with high 
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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 Sihoť Island is 
considerable, the highest of gravel and sand in our country. The value of the 
filtration coeŕľicient "k" moves in them in the limit 6.10~2 m/sec. to 6.10~3 m/ 
sec. The Sarmatian sands underlying the aquiferous Quaternary show the 
" k " value of 2,72 . 1<H — 2.14 . 10"6 m/sec. 

The stream directions and water table of the ground water are under per­

manent correlation with water level of the Danube and its arms. 
From the aspect of quality the ground water of the Sihoť Island fits to the 

criteria of the Czechoslovak norm for drinking. Preparation by chlorinating 
is only necessary in the time of inundation of the island with flood. According 
to its chemism it belongs to the bicarbonate type of water. 

The Subcarpathian — Petržalka Area 

This area was previously ranged in the Bratislava­Petržalka area but the 
extension of the Subcarpathian­Petržalka area is wider. Geographically and 
geomorphologically it includes the territory of the southern slopes of the Malé 
Karpaty Mts. and of the lowland to as far as Ju r near Bratislava, Bernolákovo, 
the Small Danube and all the right side of the Czechoslovak section of the Da­

nube with Petržalka and adjacent communities. 
Regarding to the occurrence, accumulation and ground water regimen we 

can divide the territory into two hydrogeological areas: the Bratislava and 
the Petržalka area and these again regarding to locally different hydrogeolo­

gical characteristics into several subareas. 
The whole Subcarpathian­Bratislava area belongs to the territory below 

the Devín defilé on either side of the Danube. The territory is covered by a co­

herent aquiferous layer of Quatenary alluvia of gravel and sand, which is 
overlain by loam, sandy or humic loam, sometimes by loess or swampy sedi­

ments and sediments of old arms. The aquiferous Quaternary sediments rest 
úpon Xeogene sediments, little permeable to impermeable, only at the base 
of the Malé Karpaty Mts. on older rocks. 

We can divide the Subcarpathian hydrogeological area regarding to the 
permeability and composition of the aquiferous materiál into three subareas: 

(1) subarea of weakly aquiferous loamy gravels and sands of small thickness 
at the base of the south­eastern slopes of the Malé Karpaty Mts., extending 
from Bratislava in the direction to Rača — Šúr—Vajnory and Čierna Voda. 
The territory is covered by surficial, mostly sandy and muddy loam, underlain 
by loamy gravel and sand, cropping out at places. They reach to 2.60—6.20 m 
under the surface. The impermeable underground of the Quaternary sediments 
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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 altitude 
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 (Mysli 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 tha t 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 Gabčíkovo. 

The Gabčíkovo Depression Area 

In the foregoing works of many hydrogeologists, hydrologists, geomorpho-

logists we ranged the Žitný ostrov-Island as a unit in one hydrogeological unit-

area, mainly on the basis of morphological features. I t was simply because 
the territory was and is bordered by the Small Danube and the Danube from 
Vlčie hrdlo to Komárno, forming an area of 1,620 km2. 

At present however, if we háve to make a more detail hydrogeological sub-

270 



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 tha t also the stream 
systém of its tributaries changed the plače of its mouth, whether into the river 
bed or the arms of the Danube, into lakes and swamps, which covered all the 
territory of the Small Danube Lowland, also the Hungarian part . The rivers 
Leitha and Raab carried to the Small Danube Lowland materiál of sediments 
identical with tha t of the Danube and accumidated it also in the Neogene 
basin as the Danube. 

The geological structure of the Žitný ostrov Island, in the centrál part of 
the Danube Lowland, is not uniform. Whereas the Quaternary sediments 
in the territory of Bratislava and Petržalka are 10—12 m thick, in marginal 
parts the thiekness inereases to 15—18 m. Towards the centre of the Žitný 
ostrov Island the thiekness inereases under the influence of tectonics and for­

mation of the Neogene depression. The underground of the Quaternary in the 
Subcarpathian area is formed of Upper Panonian sediments, in the area of 
the Neogene depression predominantly by Levantinian and Pontian sediments. 
The Levantinian beds represent a facies of loose sediments and form toget­

her with Quaternary loose sediments one thick aquiferous complex with free 
groundwater surface. This aquiferous Quaternary­Levantinian complex ( J a ­

n a č e k 1966) reaches the greatest thiekness in the area of Gabčíkovo and 
Baka, to 400 m on the whole. In its geological structure share gravel and sand 
in various layers, strata and alternation, frequently in unlawful succession 
and layers different in thiekness and granulometry. Jus t this so called poly­

cyclie structure is not only a consequence of the activity of the Danube but 
also of its tributaries and of tectonic processes, which conditioned gradual 
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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. 

The main Gabčíkovo depression is tectonically bordered by fault lines, by 
the Sládkovičovo Line in the north and the Kližská Nemá Line in the south­

east. According to recent investigation two tectonic lines were proved in the 
surroundings of Gabčíkovo: the western and the eastern line ( J a n á č e k 1956). 
The Upper Neogene formed of clay steeply plunges southerly and to the south­

west near Podunajské Biskupice and appears again in 10—12 m under the 
surface in the elevation (horst) in Kližská Nemá. This territory we range for 
the specific geological structure, large amount of gathered water in the form 
of státie reserves and specific ground water regimen in an independent hydro­

geological area, where the territory on the Hungarian side also mušt belong 
because it forms with our territory one hydrogeological unit. 

The territory of the Žitný ostrov Island to the south­east, east and south 
of Kližská Nemá we range on the basis of hydrogeology in the area of Komárno 
and between two rivers. 

The eastern and south­eastern limitation of the Gabčíkovo depression we 
still do not know exactly but on the basis of up to present investigation we 
suppose its centrál part in the direction Gabčíkovo, Baka, Dunajská Streda 
with continuous decrease in thiekness of the aquiferous Quaternary­Levantinian 
complex towards the Small Danube. To the east and north­east it joins to 
the Kolárovo Beds represented by Levantinian sand also in the underground of 
the Quaternary of the Gabčíkovo depression. 

The influence of tectonic processes (as recently has proved J a n á č e k 1966), 
mainly of young tectonics is also visible in the Quaternary­Levantinian com­

plex of gravel and sand, in which the Kolárovo Fault south of Gabčíkovo 
was ascertained. The Gabčíkovo­Fault, which many specialists tried to prove 
regarding to the construction of Gabčíkovo dam, could not be proved as yet. 

In the hydrogeological area of the Gabčíkovo depression the ground water 
regimen depends on the following factors: 1. the Danube and Small Danube 
river bed; 2. precipitation ­snow; 3. other influence. 

D. D u b a in his works distinguished in the Žitný ostrov Island in accor­

dance with reál natural conditions three areas with different ground water 
regimen as follows: (a) area of the riverian zóne, where the permanent influence 
of the rivers manifests; (b) mixed area; (c) area, where the ground water regi­

men forms under the influence of precipitation (in centrál part of the Žitný 
ostrov Island). 

Recent investigation of the territory and the ground water regimen, mainly 
in the Gabčíkovo depression, however refines the ground water dynamics and 
regimen, which is essentially more complicated than we háve assumed till now. 
Changes in pressure induced by large amount of water, the thiekness of water 
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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 Gabčíkovo 
depression it is to the maximum depth of 30 m. Under this depth the influence 
of the deep­seated regimen with all its dynamic features manifests. 

The transmission of hydrodynamic pressure to the depth as reflection on 
the existence of the ground water regimen could be proved already in 3 cases. 
In investigation for the construction of dams and hydroelectric stations of 
the Danube piezometric pipes were put in deeper borings in various depth 
at 3 chosen localities. The results of observations proved tha t in the time of 
flood and with higher water­level of the Danube ground water in deeper part 
or water cireulating in layers of gravel among sand beds reacts first. In the 
surroundings of Samorín in the time of flood in 1965 water flowed from the 
piezometer in the depth of 260 m 20 hours sooner than from the piezometer 
in the depth of about 16 m. 

The whole Žitný ostrov Island represents with its aquiferous alluvial de­

posits a ground water reservoir with an aceumulation of about 8 milliards m3 

of water of relatively good quality. 
As we háve mentioned already, the Danube flows with its river bed and 

many arms in the section of Bratislava—Gabčíkovo high above the ground 
water table and thus its water always supplies in the time of flood and also 
of low water­level the ground water reserves of the territory on either side. 
In the surroundings of Gabčíkovo as far as Palkovičovo both the water ­levels 
are almost equally high so tha t the ground water table is hydroglogically de­

pendent on the discharge of water in the Danube river bed and the inflow of 
ground water from higher part of the Žitný ostrov­Island. This regularity is 
then valid in all the farther territory in the Danube section as farasChlaba. 
The mentioned "ridge" position of the Danube river bed above the surrounding 
ground water table is of extraordinary importance for the Žitný ostrov Island. 
Under its influence the ground water reserves of the island inerease or de­

erease. Although these oscillations of the water table are small compared to 
the total thiekness of aquiferous sediments, they equally signify a change in 
ground water reserves. The amplitúde of these changes reaehes the amount 
of several tens of m3 /sec, what markedly manifested e. g. in the time of the 
flood in 1954, when the maximum average inílow of Danube water into aqui­

ferous beds of the Žitný ostrov Island was according to communication of 
water economists to 201 m3/sec. 

The influence of the Danube, although it is decisive, does not manifest 
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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 par t 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 Gabčíkovo depression, 
about 4 m in the centrál part as far as Dunajská Streda, 0—2—4 m under the 
surface in the lower part and everywhere along the Danube. 

The gradient of the ground water table is in the upper part of the island 
several times greater than in the lower part . If we také into consideration tha t 
the permeability of aquiferous materiál in the axis of the island gradually 
decreases to the east, we see clearly tha t the ground water inflow from the 
upper part is greater than the lower part of the territory is able to accept. This 
causes together with geological obstacles (Neogene block of Kližská Nemá) 
the swelling up of the ground water table and the break of gradient. Šuch an 
area is the territory near Čalovo and Okoč, where before the construction of 
drainage channels were large swamps. 

The aquiferous materiál is regarding to the ground water regimen most 
markedly characterized by the filtration coefficient "h". In conditions of the 
Gabčíkovo depression it was determined many times with regard to the planed 
construction of the dams. 

If we také into cosideration the complex of the aquiferous sequence we ean regarding 
to the filtration coefficient delimit the following areas: 

(a) area of Podunajské Biskupice —Štvrtok na Ostrove —Tonkovce with the filtration 
coefficient 2,32 — 3,47 . ÍO"3 m/sec. 

(b) area of the proper Gabčíkovo depression from the Čilistov trough as far as Topo-

lovec, filtration coefficient 1,15 — 3,47 . 10~3 m/sec. 
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(c) territory in the area Ostrova — L-hnice Dunajská Streda —Veľké Dvorníky — 
Bohelov —Čalovo—Okoč, filtration coefficient 5,8 — 1,15 m/sec, 5,8 . 10­* — 1,15 . 10~3 

m/sec. 
(d) marginal territory of the Small Danube with the filtration coefficient 50 — 80 m/day 

5,8 . 10­* — 9,25 . 10­* m/sec. 
In contrast to the mentioned values locally also more different "Jfc" values can be 

expected. 
In the evaluation of aquiferous sediments in the territory of the Gabčíkovo depression 

regarding to the construction of the planed darns we háve determined the value of "k" 
separately for gravel, separately for gravel with sand and for sand and compiled a graph 
of "Jb" values on the basis of sand admixture with grain fraction to 2 mm according to 
granularity eurves. 

The value of the filtration coefficient for gravel and sand of the Danube we havo 
ascertained on the basis of long standing investigation as follows: 

gravel value k = 3 — 5 . 10 ­ 3 m/sec; gravel with sand k = 6 8 . 10~4 m/sec.; 
sand k = S . 10­s ­ 6 . 10­* m/sec 

Regarding to the complex of the sequence as to the vertical subdivision we háve 
determined for deposits of Danube gravelous sands to the depth of 30 m the average 
value k = 3 . 10­' m/sec, under the depth of 30 m k = 2 — 8 . 10­* m/sec. In the 
ascertainment. ofanisotropy by way of experiment we háve determined its value 2 — 4. 

Komárno Area and the Area between Two Rivers 

The delimitation of this hydrogeological area of the Danube territory in the 
Czechoslovak section is most difficult. I ts geographical borders extend appro­

ximately between the Danube, Kližská Nemá, Oalovec, the Small Danube, 
Dedina Mládeže, Nesvády; the southernmost territory of the Nitra and 
Žitava river­basin the plain territory of the left side of the Danube as far 
as Kravany. The centre of the territory is Kameničná—Komárno with the 
confluence of the Váh and the Danube. 

The territory is geologically and tectonically very complicated. Along the 
Danube between Kližská Nemá, Kravany as far as Patince it is frequently 
tectonically disrupted with larger and smaller Neogene elevations and depres­

sion.? filled up by Quaternary or Levantinian sediments. The northernmore 
territory with the centre near Kolárovo and the confluence of the Váh and 
Small Danube forms the extensive Kolárovo depression filled up by Levantinian 
and Pontian sediments, the so called Kollárovo Beds ( B u d a y 1962). These are 
represented in the upper part by pure and clay sand, at places also with fine 
gravel with abundant calcareous­sandstone coneretions. The Quaternary aqui­

ferous gravels and sands are deposited direetly on the Kolárovo Beds and form 
with them together one hydrogeological horizon with free groundwater surface. 

The underground of the whole complex of the Quaternary and of the Kolá­

rovo­Beds is formed of Upper Panonian sequence. This crops out to 8—10 m 
in the surroundings of Komárno and extends approximately as far as the 
Kravany Fault in the east of the territory. 
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The Danube and its tributaries deposited in the Gabčíkovo depression still 
coarse gravel, frequently with larger rolled pebbles. In the territory of Ko­

márno and between two rivers, thus as far as Kližská Nemá to the north­east 
and east the Danube deposited and also deposits with its tributaries finer 
gravel and sand. At the boundary of the hydrogeological areas of the Gabčí­

kovo­depression and of Komárno­area between two rivers to the east of Gabčí­

kovo the fact of change of the deposited aquiferous sediments is evident as 
to the granulometric size and thiekness of beds. The character and cause of the 
oceurrence of the Kolárovo­Beds (Levantinian sands) as far as the Gabčíkovo­

depression area to the west háve not been studied in detail and solved unequi­

vocally as yet. The essential influence was surely tha t of tectonics, which 
resulted in gradual and long lasting subsidence of the centrál part of the Ko­

márno Neogene basin and to not a small degree also in the paleogeographical 
conditions at the boundary between the Pliocene and Pleistocene. In this area 
of the Danube share in the geological structure mainly Later Tertiary and 
Quaternary rocks. The Neogene beds are exelusively composed of sedimentary 
rocks. The underlying rock of Neogene beds is a complex ofMesozoiccarbonate 
rocks, which crop out only on the right side of the Danube in Hungary. In our 
territory we háve found Triassic limestones with the investigation of the water 
construction Nagymaros in the depth of 130 m near Patince in the area of 
points of issue of thermal water. They build up the underground of the Upper 
Panonian clay­sand sequence. 

The youngest beds are Quaternary formations as alluvial deposits, gravels, 
sands, flood loams, loess­loams, loess and dunes of drift sand, with many 
muddy and swampy depressions. The alluvial deposits belong partly to the 
Later Pleistocene and partly to Recent alluvial deposits of the Danube, Váh, 
Nitra and Žitava. 

Regarding to the ground water regimen and local geological structure we 
can distinguish essentially 2 hydrogeological areas in the deseribed area. 

(a) Area of the riverain zóne of the Danube from Kližská Nemá as far as the 
Kravany Basin. The territory is of plain character sloping to Komárno, Pa­

tince, Kravany, in eastern direction. Geologically it is formed of the Qua­

ternary and Upper Panonian or Pontian. Several smaller tectonic depressions 
alternate there with low elevations. In the underground of the Quaternary 
8 —20 m thick are at places clays, situated near Komárno, Iža and Patince 
in the depth of 8—12 m. The territory in the east is bordered by the Kravany 
Fault, at which Upper Neogene sedimentary rocks end and towards Štúrovo 
štart to appear Earlier Neogene, Paleogene or volcanic sedimentary rocks in 
the underground of the Quaternary. 

The filtration coefficient of the aquiferous Quaternary moves in the limit 
of 10 4 m/sec. group and only seldom reaches also values of 10­3 m/sec. group. 
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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. 

Hydrogeologically important is also the Červená flotila Island in Komárno, 
the waterworks island for Komárno. I ts hydrogeological structure is different 
from the structure of the territory on the left side of the Danube. The thiekness 
of the aquiferous Quaternary is greater, 15—18 m. I t is underlain by aqui­

ferous sand of the uppermost Neogene. The ground water reserves are direetly 
supplied by water percolated from the Danube. In their quality they fit to 
utilization in waterworks­similarly as on the Sihoť Island above Karlova Ves. 

(b) Area of the Kolárovo Beds forming a Pontian-Levantinian depression with 
the centre between Kolárovo and Čalovo. I ts finger- to fanlike projections extend 
to all sides of the right and left side of the Váh—Danube, Nitra, the left side 
of the Danube and the right as well as left side of the Small Danube. Their 
presence was confirmed by investigation also in the surroundings of Topolovec, 
Gabčíkovo even farther to the north­west. 

In the area of the Kolárovo­Beds the aquiferous Quaternary sediments rest 
direetly úpon aquiferous Upper Neogene sands and form together with them 
one hydrological ground water horizon with free water surface. The strati­

graphical boundary between the sequences of strata is very difficult to deter­

mine and near Kolárovo it is given in the depth of about 15 — 18 m. The aqui­

ferous Kolárovo Beds are 100—120 m thick. They are formed of sands, fine 
gravels, sands with clay admixture and calcareous­sandstone coneretions. 
At places also layers of light­grey clay and sandy clay oceur in lenticular 
position. They form a large ground water reservoir, which is direetly connected 
with the ground water reservoir of the Gabčíkovo depression and with the 
aquiferous Quaternary of the Váh and Small Danube. 

The permeability of the aquiferous Quaternary overlying the Kolárovo 
Beds is represented by the value k = 5.10"4 — 2.10­3 m/sec, the aquiferous 
Kolárovo Beds show the value k = 10~5 — 10"4 m/sec. 

The ground water regimen of this area is very varied and seldom stable. 
I t is under permanent influence of ground water inflow from the adjacent 
areas and under regular and irregular influence of discharge of water in the 
river beds of individual rivers and of drainage channels. Once it is influenced 
by high water of the Danube and of the Small Danube with surplus of ground 
water from the Gabčíkovo depression, drainage systém with pumping stations, 
anothor time by high or low water of the Váh, Váh—Danube and Nitra tha t 
can supply or drain the ground water. 
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The Štúrovo— Chľaba Area 

This area represents the territory on the leftside of the Danube from Kra­

vany as far as the mouth of the Ipeľ into the Danube. From the aspect of 
geology it is to stress tha t this area is separated from the foregoing by the 
important Kravany Fault, to the east of which under the Quaternary Pano­

nian sedimentary rocks do not appear any more and mostly Paleogene and 
volcanic Neogene rocks are present. On the basis of hydrogeology it can be 
divided into 3 areas and that : the Kravany­Obid area, the Štúrovo area 
(confluence of the Hron and the Danube) and the Chlab area (confluence of 
the Ipeľ and the Danube). 

(1) The Kravany-Obid area represents the flood­plain territory on the left 
side of the Danube. It is bordered in the east, north and north­west by a mar­

kedly appearing older Danube terraee extending on the line Moča—Buč— 
Mužla—Obid and on the Boží kopec Hill near Štúrovo it touches the Danube. 
Northerly above the Danube terraee is the upland of the Belanské kopce Hills, 
under the slopes of which the Danube flowed in the pást. 

All the territory in the elevation of 105—110 m above sea­level is a part 
of the not large Kravany —Esztergom Basin, in low morphological position, 
moderately undulated, and at places with swamps. 

The surface of the older (probably Riss) Danube terraee lies 15 —20 m 
above the flood­plain and is also of plain character, moderately undulated by 
the action of wind and smaller brooks. 

The deseribed area is characterized by 4 types of ground water: ground 
water of the older Danube terraee; ground water of the Holocene flood­plain; 
Neogene ground water; thermal water. 

The regimen of artesian common water from the underground [of the Qua­

ternary is little known. The artesian water is not of greater importance for 
waterworks. Boring for its exploitation to greater depth is not recommended 
because in the underlying rock of the relatively shallow Tertiary is the Mesozoic 
consisting of carbonate rocks with a horizon of thermal minerál water. I ts 
presence also manifests by the issue not far of the state farm of Obid. There 
are the samé thermal minerál waters as in the surroundings of Štúrovo and 
Patince and also in Hungarian territory. 

The deposits of the older Danube terraee under the southern slopes of the 
Belanské kopce Hills are 10 —15 m thick. On the base the terraee consists of 
a layer of well permeable aquiferous gravel and sand with the water column 
about 4 m high. The underground of the terraee is built up of Tertiary imper­

meable rocks, in which a smaller depression is modelled ­ the old Danube river 
bed. I ts filling is formed of well permeable gravel and sand, their permeability 
is expressed by the filtration coefficient k = 3 . 10­3 m/sec. The ground water 
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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 
Kováčovské kopce Hills. The territory is generally characterized by a mo­

derately undulated plain in low position in the elevation of 106—110 m above 
sea­level, with distinet depressions. The depressions are relics of old arms and 
meanders of the Danube and Hron before their inflow into the Chľaba defilé. 
Ln this area 4 types of ground water are present: water of the Hron—Danube 
alluvium, water of the Danube terraee, water of the underlying Tertiary and 
thermal water derived from the underlying Mesozoic, which crops out on the 
Hungarian side. 

The ground water in the flood­plain of the Hron river circulates in about 
1 — 2 m under the surface and corresponds to the water in the Hron river bed. 
The permeability of the aquiferous bed is of theaverage value k = 5 . 10 ­ 4 m/ 
sec. The thiekness of all the Quaternary is 6—8 m. 

The Danube Holocene in the flood­plain is 9—10 m thick. The aquiferous 
gravelous­sandy sediment is predominately formed of quartz grains, at places 
with chert. The ground water circulates in 3 m under the surface and is in 
direct hydraulic relation with the water in the Danube river bed. The per­

meability of the aquiferous bed is characterized by k = 3 . 10~4 m/sec. 
The ground water related to older rocks underlying the Quarternary, the 

sedimentary and volcanic Tertiary, is of no essential practical hydrogeological 
importance. 

The thermal waters of this area are analogous to those in Patince and Obid. 
The first warm water horizon (22 °C) in Štúrovo was met by boring in the depth 
of 102m, the next in the depth of 116—117m with water temperature of 
37 °C and then in the depth of 120 m with' Avater temperature 41 °C. They 
yield about 7 I/sec. 

(3) The Chľaba area — confluence of the Ipel and Danube r. represents 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 Ipeľ and the Danube, the Danube and Ipeľ river bed and the 
slopes of the Kováčovské kopce Hills. The area is manifold, there is in essen­

tials the Danube—Ipeľ flood­plain, which is only a small projection of the 
Szob Basin in the elevation 107—112 m above sea­level. 

The underground of the Quaternary is built up of the Upper Tortonian, 
predominately represented by volcanic­ terrestrial and volcanic ­ freshwater 
sediments. 

Hydrogeologically important are only the Quaternary sediments ­ alluvial 
deposits of the Danube and Ipeľ. The Quaternary is formed of flood loam, 
underlain by loamy and dusty sand. The base is formed of sandy gravel, 
mostly also representing the aquiferous bed. The Quaternary is 7 —9 m thick, 
the water column 2—6 m high. The ground water circulates in the depth of 
3,5 — 7,5 m. At places it manifests as confined water. 

Aquiferous gravelous sands are predominantly formed of rolled pebbles of 
quartz, quartzites, granite, sometimes limestones and neovolcanics. Their 
permeability value changes within the limit k = 3,7 . 10~5 — 2,6 . 10~4 m/sec. 
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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 Choč units. The Krížna and Choč 
units are of basic importance from the point of view of the solved problém and 
háve the following geológie building: 

The Krížna unit creates the Mesozoic zóne between Kuchyňa and Lošonec 
(20.6 km2), which is limited on the SE by the younger members of the cover 
unit which are not interesting from the hydrogeological point of view and on 
the N VV side by the melaphir serie of the Choč unit. The strata of the actual 
unit are laid monoclinalously with the generál slope to the NW. They háve 
been built by sediments since Lower Trias to Cenoman (Maheľ 1962). 

The Choč unit occurs in the western part of the mountains. The investigated 
part of this unit (68.6 km2) stretching in the SW­NE direction has as a whole 
a very simple building with the slope of strata to the NNVV and to the NW. 
The lower par t of this strata hydrogeologically unfavourable is built by a me­

laphir serie, the upper par t of tha t strata is built by Middle and Upper Triassic 
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limestones and dolomites ( B u d a y — C a m b e l —Maheľ 1962). The Choč 
unit is separated from the attached Záhorská nížina (Záhorská plain) by the 
borderal Small Carpathians' break line. The Mesozoic strata fell deeply along 
the break line in tha t plain. The Mesozoic sediments of the mentioned Choč 
unit along the break line contact the Tertiary and Quaternary strata which 
fill up the Záhorská plain. 

The detailed hydrogeological characterization in both units shows ( K u 11­

m a n 1964, 1965, 1965a) the Middle and Upper Triassic limestones and dolo­

mites which are permeable through clefts and karstic hole as strata which 
produce the highest yields. The above mentioned units create two indepen­

dent hydroglogical wholes (Fig. 1) with independent regimes of ground water. 
This paper analyses the regime of their karst water in relation to rainfall. 

The runoff of karst water from the shown individual hydrological units is 
measured in springs. Their discharge from the Krížňan unit is determined 
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F i g . 1. The schematic map of investigated carbonate complexes in the Small Car­

pathians: (1) of the Choč unit, of the Krížna unit 
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in 18 remarkable springs (measured by the Hydrometeorological Inštitúte 
in Bratislava) and from the Choč unit in 20 springs. The results of these system­

atic measurements of yields as a total of all springs separatlly for every water­

bearing complex and for the periód 1957—1963 are shown in Fig. 2 ' K u l l ­

m a n 1965). 
In Fig. 2 the regularity of occurrence of two main annual extremes of yield 

is evident. The minimum of yield is observed in November —December and 
the maximum in March—April. Between them we can see the regular decrease 
of yield from spring to the end of autumn and the increase of yield from autumn 
to spring. The increase of yield of springs during the winter periód is caused 
by the seepage of rainfall. The sum of rainfall in this periód is higher than 
the sum of total evaporation. The gradual decrease of yield in the summer 
half­year is caused by the discharge of ground water storage ( D u b a 1967). 
The yield in this periód is increased only sporadically by seepage of rainfall, 
because the prevalent part of rainfall is consumed by total evaporation. The 
increase of the yield of the springs would answer the periód of maximum 
rainfall, i. e. Júly and August. If these maximum rainfalls occur, they also 
contemporaneously mean an annual maximum of yield only in the čase of 
extraordinary high sum of rainfall which mušt be essentially higher than the 
total evaporation. Šuch a sum of rainfall has been measured in Júly 1957, 
also in 1959 and mainly in the year 1966. Otherwise the above mentioned 
spring time maximum of yield prevails. These considerations are also proved 
comparison with the karst región of Strážovská hornatina (highlands), where 
the summer time rainfall maximums také part in the ground water storage 
recharge more expressively than in the above decsribed čase, in consequence 
of smaller evaporation ( K u l l m a n 1965b). 

The correctness of the conclusion about the prevailing of ground water re­

charge by seepage if precipitation in the winter half­year, can be seen in Fig. 3. 
I t illustrates the relation between the half­year sum of rainfall from November 
till April (Z) and the sum of discharge of ground water which is measured in 
springs (0V) for the samé periód and which is expressed in mm (Tab. 1). 

Straight line relationships in Fig. 3 comply the best with years 1959, 1960, 
1961, 1962 and 1965. The years 1957, 1958 and 1966 are placed to the right 
of these lines, it means, tha t the sum of rainfall of definite highness causes 
a higher runoff of ground water from springs in these years than would follow 
from the line of relationship. As seen in Fig. 2 and Tab. 2 it is a result of 
occurrence of high sums of rainfall in the summer half­years which preceded 
the above­mentioned years, i. e. in the periód from May till October 1956, 
1957 and 1965 (441 mm, 427 mm, 557 mm in Sološnica) and which had condi­

tioned in comparison with other years, the highest minimum of ground water 
storage in the beginning of November. Afterwards also the relatively small 
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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 

SoloSrika Kuchyňa (Vyvrát i 

281 
241 
256 
326 
233 
309 
357 
187 
306 
270 

317 
252 
290 
337 
226 
308 
396 
207 
319 
282 

Total diacharjye of HpringH 
November—Apríl , in mm 

Krížna unit Choč unít 

103,18 
93,30 
80,44 
85,46 
73,23 
74,15 
72,69 

83.43 
52,33 
49,58 
51,01 
48,36 
46,65 
41,35 

57,55 37,20 
85,85 48,73 
83,50 55,76 

sums of rainfall in the following winter half­years, which were added to the 
higher yield of ground water eoming from the storage of the summer half­

year, gave higher runofF of ground water ( D u b a 1967). 
We observe the opposite appearence in the years 1962, 1963 and 1964 

(Fig. 3). The relatively high precipitation of winter half­years in 1962 and 
1963 causes, in relation to other years, only small yields of ground water 
discharge. I t is caused (Fig. 2, Tab. 2) by small rainfall in the precedení sum­

mer half­years 1961 (395 mm), 1962 (292 mm) and 1963 (393 mm), which 
mostly evaporates and builds the surface runoff, which reííects in the lowest 
minimum value of yield in the beginning of November during the investigated 
periód. Afterwards also the following high precipitation in the winter half­

year ŕirstly has supplied the ground water storage and secondly took par t in 
the building of ground water discharge from the springs. 

Tab. 2. 
The sum of rainfall of the summer half year and the total dischanre of sprinirs from 

carbonate complexes in the Small Carpathians 

Year 

1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 

Rainfall 
May ­ October, in mm 

Solo&nica Kuchyňa (Vývrat ) 

441 
427 
407 
444 
395 
292 
393 
506 
462 
557 

531 
519 
520 
526 
365 
330 
412 
550 
581 
612 

Total discharge of Hpringw 
May—October. in mm 

Krížna unit Choč unít 

91,2 
79,6 
90,8 
71,0 
56,8 

­
89,7 
69,45 

124,55 

58,6 
47,8 
50,4 
46,9 
41,0 
43,0 
47,9 
42,24 
59,77 
57,93 
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F í g . 3 . Dependence of the total diHcharge of springH from carbonate complexes of the 
Choč (1) and Krížnan (2) units in Small Carpathians from November till April (Ov) on 
the sum of rainfall (Z) for the samé periód (1957— 1966) 

More unfavourable conditions háve occurred in comparison with the year 
1962 and 1963 in the winter half-year 1964. In tha t year two unfavourable 
factors háve effected, namely the very small storage of karst water from the 
summer half-year 1963 (in consequence of low rainfall in this half-year — 
393 mm) and the low rainfall sums in the winter half-year 1964 (187 mm). 
The prevalent part of seepage water from this rainfall has recharged the storage 
of ground water. Therefore the lowest discharge of karst water has been ex-

pressed in tha t year during the investigated periód. 
I t is possible to work out a more exact expression of these orientate relations 
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with the help of simple balance equation, which we arrange for the solved 
čase in the following way (Duba 1959, 1961, 1964): 

Z = 0 + Op r + Op + V ± R P , (1) 

where Z is the rainfall; V — the total evaporation; Rv — the changes of ground 
water storage; 

0 — the runoff in the water courses, which will háve two component parts 
namely the total yield of springs (Ov) as sources of indivídua] brooks and the 
surface runoff (Od) which builds an inflow along them (the inflow in surface 
water courses will be zero in conditions of the peak basin); 

0Pr — the underground runoff into brooks, which represents the increase 
of flow rate along the brook, in consequence of inflow or drainage of ground 
water; 

Op — the underground runoff along the perimeter of the partial basin or 
in other words, the hidden outflow of ground water into the neighbouring 
partial basin or other hydrogeological units (we eliminate the underground 
inflow into basin in consequence of its peak position near the watershed line). 

We can determine the O and Op r by direct measurements, where the Ov 

and Opr represent tha t par t of underground runoff, which mostly interests us 
from the point of view of utilizing the ground water. 

We háve used for the numerical composition of average water balance the 
average of rainfall dáta of the two stations for the periód 1957—1965 (Tab. 1 
and 2) and the average monthly dáta of the total evaporation from the surface 
of soil calculated by Tomlain. The difference between tha t dáta is given in 
Tab. 3 in the first group. 

The increase of runoff has been determined by repeated single hydrometrical 
measurements ( K u l l m a n 1965) in surface courses in the investigated com­

plexes of the Choč unit and by calculation using the equation (2) for the 
balance of Krížnan unit. These increases include the members of balance Od 
and Op r commonly and also include the surface runoff in the Eastern direction 
in the Krížnan unit (the discharge of springs occurs in the NW foot of the 
Small Carpathians). The direct measurements of yield of the mentioned dis­

charge of springs in the NVV boundary of both tectonic units include the 
further member of balance Ov. 

We can compose afterwards the special balance equation for each of these 
seasons in accordance with the knowledge of different regime of changes of 
the ground water storage in the winter and summer half­years ( D u b a 1962). 
I t is possible to calculate from two equations the remaining two unknown, 
namely the hidden outflow of ground water (0P) and changes of the ground 
water storage ( ± R P ) , whose tendency of changes we know. I t is suitable to 
write this equation for šuch a solution in the following form: 
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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 tha t the total runoff (is meant specifically) is nearly equal, also for 
the individual seasons. The difference will be in the participation of rainfall 
in the formation of runoff (in the čase of considering single seasons). In the 
winter half­year the runoff is formed by 38 — 39 % of rainfall, 28 — 27 % of 
rainfall raises the storage of water in the basin (in the longterm average we 
can suppose, tha t it mainly raises the storage of the ground water) and 34 % 
of rainfall is consumed by total evaporation. Up till 93 % of rainfall is con­

sumed by total evaporation in the average of summer half­years and so only 
7 % can také par t in thej formation of runoff. This is only due to the discharge 
of ground water from sub­surface accumulations, if the underground runoff 
in the summer half­year is equal to tha t in the winter half­year. We can con­

vince ourselves about the relatively perfect compensation of runoff in bot 
investigated tectonic units also in Fig. 3. 

Tab . 3. 
The average water balance of carbonate complexes in the Small Carpathians 

for the periód 1957­1956 
Krížna unit Choč unit 

Members of 
balance und 
their gnmps 

Average 
of winter 
half­years 

Average 
of summer 
half­years 

Annual 
a verage 

m m l/s m m l/s m m í l/s 

Average 
of summer 
half­years 

m m j l/s | m m l/s 

Average 
of winter 
half­years 

Annual 
average 

m m l/s 

Z 
V 
z ­ v 
O d + Opr 
o r 
o0 
( O a + O p r ) + 0 . ­ O p 
Rp 

274,7 
94,0 

180.7 
23.0 
80,7 
­

103,7 
­r77,0 

236,2 
30,1 

105,3 
­

135,4 
100.8 

450,1 
420,0 

30,1 
23,0 
84,1 
­

107,1 
­77.0 

39,3 
30.1 

110,0 
­

140,1 
100,8 

724,8 
514,0 
210,8 

46,0 
164,8 

­
210,8 

0,0 

137,8 
30,1 

107,7 

137,8 
0,0 

274,7 
94,0 

180,7 
18,1 
51,0 
37,5 

106,6 
T 7 4 , 1 

786,2 
78,6 

222,0 
163,6 
464,2 
322,0 

450,1 
420,0; 

30,1 
18,1 
48,6 
37.5 

104,2 
­74,1 

132,0 
78,6 

211.8 
163,6 
454,0 
322,0 

724.8 
514,0 
210,8 

36,2 
99,6 
75,0 

210,8 
0,0 

459,0 
78,6­

216,8 
163,6 ■ 
459,0 

0,0 

I t is also shown (Fig. 3, Tab. 3), that differences between values of under­

ground runoff Ov which is formed by equal precipitation in the nearly analogical 
hydrogeological, hydrological, climatical conditions in the Krížna and Choč 
units indicate in the last unit the possibility of greater hidden runoff of ground 
water ( K u l l m a n 1964, 1965c) in comparison with the Krížna unit. This 
conclusion is proved by the results of hydrogeological investigation of Záhorská 
nížina (plain) ( K u l l m a n 1966), which show the remarkable outflow of karst 
water from the Choč unit into Quaternary sediments of Záhorská plain in this 
región (about 200 l/s). 

The achieved calculations háve attested the above­mentioned conclusions 
(Tab. 3). We determine the underground runoff (Op) with the value rounded 
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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 par t 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 ( M a h e 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 
( M a h e I 1966). The carbonate complexes occurring on the slopes of the "Core 
mountains" plunge under the adjoining depressions and lowlands frequently 
forming tectonic grabens. 

Pa r 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 
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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 veriŕied 
the basic relationship between precipitation and infiltration. I t has been as­

certained tha t the winter­half of a hydrological year has primáry importance 
for re­charging the cold karst­water reserves (infiltration of snowmelt water), 
which is reflected in the main maximum of spring discharge (Fig. 1­L). This 
relationship holds true although the precipitation maximum within the whole 
of the Mesozoic Carpathian ranges falls into the summer­half of the hydro­

logical year. Analogous relations háve also been found for thermal waters 
appraisedup to dáte ( F r a n k o 1967). The reflection of precipitation conditions 
in the karst­water regime (the attainment of maximum discharge) depends on 
two basic factors: (1) Time factor of infiltration of snowmelt­water accumul­

ations and (2) distribution of total evaporation in time, depending on tempe­

rature conditions. The interaction of these two factors affects quantitatively 
the infiltration and its maxima in time. Depending on the altitude above sea 
level, the maximum infiltration shifts from March in the lowest catchment 
areas (up to 400 — 600 m) to Júly in the highest lying catchment areas (1,000 — 
1,300 m; Z a ť k o 1965). Temperature and, consequently, the rate of evapor­

ation control the influence of summer precipitation on the replenishment of 
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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 time of maximum summer precipitation, one common in­
filtration maximum develops. In acoordance with Z a ť k o ' s view, (1965), these 
changes in the regime of cold karst waters may be correlated with the altitude 
above sea level, which affects the time differences in their manifestations. 

In comparing the regime of shallow karst waters with the regime of deep 
thermal karst waters in their relation to infiltration, the samé method was 
used as in studying the ascending regimes of cold karst waters in the presumed 
catchment areas of thermal waters, or in the neighbouring areas of approxi-

mately the samé altitude (e. g. the Žihľavník karst waters in relation to those 
of Trenčianske Teplice). 

The relationship shown on several exarnples 

The analysis of the relationship studied is shown on the Vajar Spring, 
as its temperature (15 °C) places it at the transition between cold waters (7 — 
8 °C) and thermal waters (more than 20 °C). Of thermal springs those with 
long-term discharge records háve been chosen for analysis. They are as follows: 
The springs in Bojnice (28 °C), in Trenčianske Teplice (40 °C) and in Sklené 
Teplice of a temperature of 53 °C. 

T h e V a j a r S p r i n g issues on the southern margin of the limestone-

dolomite complex of the Choč unit of the Malé Karpaty Mts. This rock com-

plex extends between Rohožník and Smolenice, and to the north of the spring 
it is buried by the Intracarpathian Palaeogene, which in this par t causes 
a deeper circulation of percolated water on its way to the issue on the ground 
surface. The spring has a constant temperature of 15 °C and the discharge 
varying between 36.3 —96.1 lit./sec. (measured during the decade 1957 — 1966). 
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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 a t 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 
air (Kuchyňa village) 
I I . Bojnice spa (1961 — 62): A — Bojnice spa (the strand thermal spring 28 °C); B — 
Dubnica springs (1955 59); C — Mokrá dolina valley; D — rainfall (Prievidza); E — 
temperature of air (Prievidza) 
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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 čase the analysis is based on the dáta for the meanhydro­

logical year during the periód 1955 — 1959). Data on precipitation and tem­

perature were provided by the Observation Station Prievidza —Škôlka (Fig. 
l­II). The región studied is distinguished by a relatively uniform distribution 
of precipitation in the course of the hydrological year. Maximum precipitation 
amount has been measured in the months of May—Júne. 

The shallow spring regime shows one main maximum in April produced by 
snowmelt water. The Dubnica springs display the maximum in the first week 
of April, the Mokrá dolina 3 spring one week later, which delay is due to the 
higher altitude of the area concerned. The precipitation maximum of May— 
Júne does not assert ítself substantially in infiltration or in the replenishment 
of the karst water storage, probably because of strong evaporation. The 
precipitation of December is exprcssed more pronouncedly, which corresponds 
to decreased evaporation. 

The regime of thermal Strand Spring with a deeper circulation shows 
similarly as the springs of shallow circulation, one main maximum towards 
the end of May produced by snowmelt. As is seen from Fig. l­II, the retardation 
of this maximum behind tha t of the springs with shallow circulation and thus 
behind the infiltration of snowmelt water amounts to 1 1/2 to 1 3/4 months. 
The discharge of the Strand Spring lags behind the summer and autumn 
precipitation (May to December) by the samé time interval (1 1/4—13/4 
months). 

T h e r m a l s p r i n g s of T r e n č i a n s k e T e p l i c e occur in the valley of the 
Teplička brook, in the north­western part of the Strážovská hornatina Mts., 
at 270 m above sea level. The springs issued originally from the stream alluvia, 
along a transverse fault of NW—SE strike following the valley. At present 
the thermal water is being captured in the Triassic dolomites underlying the 
alluvial deposits. The thermal water is confined to a partial syncline of the 
polystructural Tatro­Fatrian zóne of Cretaceous age. The catchment area of 
the springs is considered (Maheľ 1962) to occur in the carbonates of the Ma­

nín—Inovec Group in the Strážovská hornatina Mts., at an altitude of about 
400—900 m. The springs are caught in three drilled wells (V­2, V­3 wells in 
one basin and P­l well in the other). The thermal water has a temperature 
of 39—40 °C and a discharge of 15 —23 lit./sec. For the springs four­year records 
are available. The P­ l spring, selected for observations on account of its being 
least affected by the fluctuation of water level in the stream and its alluvia, 
has a discharge of 4.8 to 7.0 lit./sec. 

For the characterization of the shallow karst­water regime (Fig. 2­III) in 
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the zóne at the height of the presumed catchment area, the analysis of the 
karst-water systém of the carbonate Zihľavník block (outside the catchment 
area) has been selected. I ts preponderant part is situated at 600—950 m above 
sea level. Precipitation amount is rather unevenly distributed in this area. 
The winter months are poorer in precipitation than other seasons. The main 
precipitation maximum falls into Júne and a subordinate one into the month 
of November. 

The shallow karst­water regime of Zihľavník displays two maxima: The first 
and principál maximum produced by spring thaw occurs in the fourth week 
of March and the second, lower maximum is observed in the fourth week of 
Júne. The regime of deep thermal waters shows only one maximum expressing 
the infiltration of snowmelt water. This maximum, however, is manifested as 
late as at the end of November or the beginning of December. As is seen from 
Fig. 2­II1, the retardation of the discharge maximum of the thermal spring 
behind the maximum shown by cold waters and, thus, also behind the infil­

tration of melt water is about 8 3/4 months. Other peaks of this thermal spring 
compared with those of cold karst waters exhibit roughly the samé delay. 

T h e r m a l s p r i n g s of S k l e n é T e p l i c e issue in the valley of the Teplá 
brook at 350 m above sea level. They belong to the group of thermal springs 
joined to the Palaeozoic­Mesozoic inliers emerging from beneath the Late 
Tertiary volcanics of centrál Slovakia. The springs issue partly from a tra­

vertíne mound, partly from the stream alluvia or directly from the Triassic 
carbonates. The outlets are located on the a NNE—SSW trending fault tha t 
forms the western boundary of the inlier and runs through the stream valley, 
and on a NE — SW fault bounding the inlier in the north. At present the ther­

mal springs are caught by drilled wells. The ST­1 well captures the spring 
(discharge 25 lit ./sec, temperature — 51 °C) on the NNE —SSW striking fault 
and ST­2 well captures the spring (discharge — 4.5 li ./sec, temperature — 
50 °C) issuing on the NE—SW fault (V. Struňák in Mysl i l — F r a n k o 1967) 
The thermal springs along with those of the Zvolen depression (Kováčova, 
Sliač) are tied up with the Hron synclinorium. Their catchment area is pre­

sumed to occur in the Mesozoic carbonates on the southern slopes of the Veľká 
Fatra and the Nízke Tatry Mts., at an altitude of about 400—1 000 m above 
sea level; a certain proportion of water derived from young volcanic complexes 
is anticipated. 

The temperature of thermal springs ranges from 31 °C to 53 °C. Their dis­

charge varies from 4.3 to about 9.4 lit./sec. Of greatest temperature (53 °C) 
and discharge (4.73 to 6.19 lit./sec.) is the Joseph Spring. A systematic three­

year record of the spring yields is available. For our observations the Ľudovít 
Spring with the maximum temperature of 49 °C and the combined discharge 
of the Ľudový and Viera Springs (max. temperature of 50 CC) háve been taken 
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F i g . 2. Relation of the rainfall to the regime of cold and thermal water 
I - Trenčianske Teplice spa (1963-66): A - Trenč. Teplice (P-l spring 40 °C); B -

Žihlavník hill; C — rainfall (Trenč. Teplice); D — temperature of air (Trenč. Teplice 
spa). 
II — Sklené Teplice spa (1956 — 58): A — Sklené Teplice (Ľudový and Viera springs 
53 'U); B — Sklené Teplice (Ľudovít spring 53 °C); Riečka vili. (Posviacené spring; 
1957 — 63); D — rainfall (Banská Bystrica); E — temperature of air (Banská Bystrica 
town). 
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as a basis. The maximum temperature, however, was taken as 53 °C, i. e. t h a 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 Ľudovít Spring is 0.008 — 0.153 l i t . /sec, 
the aggregate discharge of the Ľudový and the Viera Springs is 0.114—0.746 
lit./sec. The discharge measurements for the Joseph Spring are not accurate 
enough. 

The characterization of the shallow karst­water regime in the zóne corres­

ponding in height to the presumed catchment area is based on the observations 
of the Posviacené Spring issuing to the NNVV of Riečka at 600 m above sea 
level (Fig. 2­IV). In this area, the precipitation amount is relatively evenly 
distributed through the hydrological year. The mean precipitation maximum 
falls into the months of Júne—Júly, the subsidiary (autumn) maximum 
occurs in the periód of October—December. 

The regime of the karst spring with shallow circulation shows the main 
discharge maximum produced by snowmelt water in the mid­April. The 
precipitation maximum from Júne—Júly does not affect essentially the re­

charge of the karst­water storage. This is partly enhanced by the October— 
December maximum. 

The deep thermal spring regime, similarly as the shallow spring regime, 
exhibits the main discharge maximum produced by snowmelt water in about 
mid­May. As is seen from Fig. 2­IV the retardation of this maximum behind 
that of springs with shallow circulation and, consequently, behind the infil­

tration of snowmelt water is, at the first 
sight, one month. Yet, with respect to 
a greater delays of principál maxima 
shown by shallower water regimes (Boj­

nice—28 °C— 1 1/4 month, Trenčianske 
Teplice — 40 °C — 8 3/4 months). the 
retardation is not one month but rou­

ghly 13 months long. The other peaks of 
thermal springs related to the precipi­

tation of summer and autumn seasons 
lag behind those of cold karst waters 
within approximately the samé interval. 
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F i g . 3 . Relation of the yield retardation 
of thermal waters to their temperature. 
1. Vajar, 2. Bojnice, 3. Trenčianske Te­

plice, 4. Baden, 5. Sklené Teplice, 6. Kar­

lovy Vary. 
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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 
plače, depending on the altitude and thus also on the climatic conditions. 

(4) The principál discharge maximum has been established in the cold karst 
springs immediately after infiltration, towards the end of March or in the first 
half of April. 

(5) Compared with the maxima of cold springs, the main discharge maximum 
in the thermal waters examined is delayed. I t is thought to be due to the depth 
of circulation, as is documented by the temperature of waters. 

The values of retardation and temperature of individual thermal springs are listed 
in Table 

Loeality 

Rozhožník 
Bojnice 
Trené. Teplice 
Baden (Switzerland) 
Sklené Teplice 

Karlovy Vary (Bohémia) 

•Spring 

Vajar 
Strand 
P ­ 1 
— 
Ľudovít 
Ľudový — Viera 
— 

Temperature 
of water in CC 

15 
28 
40 
48 

53 
73 

Retardation 

3 — 4 weeks 
1 1/4 month 
8 3/4 months 
12 months 

13 months 
2 years 

From the determined values, the curve of retardation maxima of the discharge and 
temperature of thermal waters háve been eonstructed (Fig. 3). 

We have compared the obtained values for the waters of Slovakia with 
those of thermal waters in Karlovy Vary (Mysl i l —Václ 1966) and from 
Baden in Switzerland ( C a d i s c h 1931). The values are given in the Table 
above. The dáta correlate well with the constructed curve. With respect to 
conformable geological conditions of the .Slovák localities and the Baden 
springs, the coincidence is not surprising. But it is strange in the čase of Kar­

lovy Vary springs where the crystalline rocks form the environment of ground 
water circulation. This would suggest tha t the environment of circulation is 
not a controlling factor of retardation. 
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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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P l i č k a M.: .Joint zones in the Flysch P l a t e I 

F i g . 1 . Beddíng joints in the Eocéne bedsof the Magura Flysch in a quarry at Sv.Štépán. 

F i g . 2. Joint zon3 (see the left part of the Fig.) in Culm graywackes (Lowcr Carboni-

ferous), in a quarry at Hrabňvka. 



P l i č k a M. : Joint zones in the Flysch P l a t e I I 

F i g . 1. Joint zóne in the sandstone of the Doláň beds in the Magura Flysch (Paleocene). 
Dips of beds are about 15^; a quarry 1 km NE of Ježov. 

F i g . 2. Joint zóne in shales of the Zlín beds of the Magura Flysch (Eocéne). Outcrops 
at Vyšné Vladiče in the East Slovakia. 



P l i č k a M.: Joint zones in the Flysch P l a t e I I I 

Joint zóne in Culm graywackes (Lower Carboniferous) a quarry 3 km.S of Opava. 



Plička M.: Joint zones in the Flysch Plate IV 
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B a ň a c k ý V.: Geological history of the N part of the Ľast Slovakian lowland ľ l a t e V 
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B a ň a c k ý V.: Geological history of the N part of the East Slovakian lowland P l a t e VI 
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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 VII 

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