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Geologické préace, Zpravy 44 —45. Bratislava 1968

KANTOR JAN—RYBAR MARTIN —DILLNBERGER KAROL

CONTRIBUTION TO THE PROBLEM OF REGENERATION OF
ORE DEPOSITS IN ALPINE OROGENIC BELTS (TUNISIA)

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, characterised 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 brecciation, of fault fissures
a.8.0. are common too.

The mineralogy of these deposits is usually very simple. Galena-poor 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 Miinchen (1956), Klagenfurt
(1955), Bleiberg (1959), Leoben (1955).

Regarding the origin the lead-zine deposits of the Eastern Alps, the follo-
wing wiewpoints have been expressed:

(a) The deposits are of syngenetic-sedimentary origin.

(b) Exhalative-sedimentary processes related to triassic volecanism are
responsible for the formation of these mineralization.

(c) Supergene migration and lateral secretion were the main factors of the
concentration of lead and zine.

(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.

Hegemann (1948, 1960a, 1960b), Schneider (1953), Taupitz (1954),
Maucher (1956), Maucher—Schneider (1957), Schultz (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 primary syngenetic deposits “‘per ascensum or per descensum®.

Petraschek (1926—45), Schneiderhéhn (1941), Colbertaldo (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 (Angel 1939; Clar 1945; 1955; Clar — Friedrich 1933;
Friedrich 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 extreme view regarding the metallogenetic province of the Eastern and
Western Alps was proposed in 1952 by Schneiderhéhn. 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-zine deposits of Bleiberg, Raibl, Auronzo are
according to this theory typical examples of regenerated mineralizations
(Schneiderhohn 1953; Colbertaldo—Schneiderhéhn 1958).

Schneiderhéhn & Bolze (1951) studying the lead-zinc deposits of the
Teboursouk Mts in Tunisia proposed a secondary hydrothermal origin for these
mineralizations. Bolze (1953, 1954) extended the idea about the secondary
hydrothermal origin over Pb—Zn deposits of Tunisia and Schneiderhshn
(1954) over those of North Africa. Two different groups of regenerated deposits
are distinguished by Schneiderh6hn (1952—54):

1. Deposits regenerated by epeirogenetic movements. Deposited in faults




in rocks covering eroded basement (predominantly hercynian) series. The
localization of the tectonic elements (faults, flexures a.so) in the cover is mostly
identical with those of the socle which have been revived (so called “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 stadium. Two subtypes were discerned: (a) Deposits of alpine-
type regenerated in an orogene without synorogenic plutonism and subsequent
volcanism. Hydrothermal deposits similar to those of epirogenetically rege-
nerated occur. 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 volcanism. 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 mineral associations result-
ing from the mixing of components from different sources. In belts of alpine
orogeny the problem 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 series of the cover seem favourable to
the study of regeneration owing also to the fact that numerous lead-zinc
deposits occur there. The north african, and especially tunisian deposits were
regarded by Schneiderhéhn (Le.) and Bolze (l.c.) as typical representants
of secondary hydrothermal or regenerated mineralizations.

Detailed investigations of the lead-zine 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 gangue.




Schneiderhéhn & Bolze (1. ¢.) 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 Eocene 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 place after deposition of a continental series com-
prising pontian and doubtless also pliocene sediments.

The problem 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 must be supposed for both types of deposits.
The isotopic patterns of lead from triassic carbonate rocks do not exclude the

Tab. 1
' 204 | 206 207 | 208 1
; ; : |
| Poniky. Drienok. | 1,360 | 24,98 21,29 52,37
1,000 | 1837 1565 | 3851 |
| 5444 | 100,00 | 8520 209,62 |
. 1,359 24,99 | 21,28 52,37 |
1,000 | 18,39 | 1565 38,54
5406 | 100,00 | 8514 | 209,59 |
1,356 | 24,97 | 21,27 52,40
| Looo | 1842 | 1568 | 38,64
| 5,429 | 100,00 | 8515 | 20981
- ._-—f‘ ‘ ‘ ‘
| Ardovo. S| L3 25,08 | 21,24 52,34
| 1,000 | 18,79 15,81 38,95
| 5359 | 100,00 84,60 | 208,69
| Pila. Jan Nepomucky. l 1,370 24,82 2142 | 52,30 |
| {10 | 1812 15,64 38,24 |
1 | 5,520 | 100,00 | 86,30 211,08 |
| | e | |
| Izdremec. Bulgaria. | 1,361 | 2501 | 2131 52,32 |
; | 1,000 | 18,38 15,66 38,44 |
‘, | 5,442 | 100,00 85,20 209,21 |
‘ ‘




possibility of a regenerated origin from variscian mineralizations though
syngenetic deposits (exhalative sedimentary, for example) would be charac-
terised by similar isotopic constitutions.

It seemed therefore very interesting to carry out isotopie investigations
in areas, where according to Schneiderhéhn’s hyphotesis the proper hydro-
thermal mobilization sensu stricto (secondary hydrothermal deposits) prevails
over processes of metamorphic mobilization. In such belts the isotopic consti-
tutions of lead from secondary hydrothermal deposits should be practically
little affected by the addition of new lead during the transport. The ancient
lead pattern of the primary deposits should be roughly preserved.

Several tunisian lead-zine deposits have teen studied with the aim to con-
tribute at least from this point of view to the very complex and interesting
problem of regeneration.

The metallogeny of Tunisia

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

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

The territory of Tunisia is almost exclusively built by mighty sedimentary
series 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. It is confined predominantly to the NW
part of Tunisia. It is important from the tectonic point of view forming 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 outerops in NE Tunisia
(Djebel Ressas, Zaghouan). They are represented by massive limestones, marls,
marly limestones and at places by slates. Cretaceous marls, limestones, marly
limestones and dolomites belong to the most widely distributed rocks in Tunis.

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

Outcrops of eruptive rocks of small dimensions are known only from the
NW of Tunis (S of cap Négro, NE of Tabarka, sourroundings of the deposits
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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 volcanism was postulat-
ed by Solignac (in Sainfeld 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 published by
Sainfeld (1952), Gottis & Sainfeld (1952). Bolze (1952), Bolze —
Schneiderhohn (l. c.). Those of North Africa were treated by Bouladon
(1949), of Alger by Glangeaud (1935), of Maroc by Bouladon (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, Slata, Bou
Jaber, Djebel Ressas, Djebel Zaghouan, Djebilet el Kohol, Ain Nouba, Djebel
Tebaga. A short characteristic of these deposits after Sainfeld (1952) is given
below.

Ain Allega. One of the most important deposits of the Flysch-zone situated
near the mediterranean coast some 15 kms E of Tabarka. An antielinal 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
principal primary ore minerals, while baryte with lesser amounts of quartz
represent the gangue. .

The deposits Sidi Khalifa in the vicinity of Ain Allega carries some mercury
too. At Ras Rajel a breccia probably of Pontian age overlaying oligocene marls
and sandstones contains dacites, that outerop some 20 km NE in the Nefza
as small bodies.

Oued Maden. As Ain Allega, the deposit of Oued Maden developed in the
vicinity of the largest outcrop of triassic rocks in the SW part of the Flysch
zone 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 stibnite, 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. It carries lead, zine, copper and
antimony in a barite gangue. At Koudiat el Qualahiss cinnabarite and meta-
cinnabarite impregnations are common in the vicinity of this vein.
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Djebel Arja is characterised by a similar mineralization, carrying in places
higher amounts of mercury.

Bechater. Ore-mineralizations of this district are situated some 15 km NWN
of Bizerta in the immediale proximity of the Mediterranean Sea and of the
borders between the Flysch-zone and that of the Atlas of Tunis.

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

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

The deposits Sidi bou Aouane and Djebel Hallouf form an important
district in the North of the Medjerda. Triassic rocks do not outcrop at this
locality but are supposed in shallow depths under the axial parts of the
cretaceous anticline of the Djebel in the western part of the district (Djebel
Hallouf).

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

Sakiet Sidi Youssef. 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.

Djebba. 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.

Fedj el Adoum. 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 mineral assemblage of: galena, sphalerite, marcasite, pyrite and
calcite characterizes the deposit. Barite associated by calcite or celestite
represents at places the gangue.

The deposit has been investigated by Schneiderhéhn—Bolze (l.c.)
and regarded as a typical example of a secondary hydrothermal mineraliza-
tion.

Djebel Slata. The deposit situated in SW Tunisia, near the algerian frontier
is formed mainly by veins and closely associated replacement — bodies.
They occur 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 primary minerals. The galena is argenti-
ferous.

The deposit Djebel Bou Jaber is situated on the algero-tunisian frontier
about 20 kms SW of Djebel Slata. It 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.

Djebel Ressas. 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 pyrite
and a calcite gangue represent the primary minerals. The deposit his in the
immediate vicinity of an important tectonic line.

Djebel Zaghouan. 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 distance
of about 100 kms.

Djebilet el Kohol. Deposit with similar features as Dj. Zaghouan, laying
about 10 kms to SW.

Ain Nouba. 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 primary minerals.

Djebel Tebaga 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 zone in the basement. It 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 deposits is given in table 2.
Two distinet groups of deposits are distinguished according to the isotopic
constitution of their lead.

To the first 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 204 206 207 208
‘ : 1

1. Ain Allega 1,331 25,38 | 21,09 52,19

1,000 | 19,07 15,85 j 39,21

5,244 | 100,00 83,11 205,61

| 2. Oued Maden 1,334 ! 25,31 | 21,05 | 52,30

,' | 1000 | 1897 | 1578 | 3921

! | 5271 | 100,00 | 8316 | 20661

| 3. Djebel Ressas 1,330 2546 | 21,08 | 52,17

l 1,000 1934 |- H1ss 39,23

5224 | 100,00 | 82,56 204,87

4. Djebel Zaghouan 1,332 | 25,35 21,06 52,25

1,000 | 19,03 15,81 39,23

5,254 100,00 83,09 206,14

5. Djebilet el Kohol 1,335 | 25,34 21,07 52,26

‘ 1,000 18,98 | 15,78 39,15

‘ 5,268 100,00 83,15 205,77

6. Djebel Arja 1,341 25,23 21,08 52,35

1,000 18,81 15,72 39,04

5,315 100,00 83,54 207,49

[ 7. Bechater 1,338 25,23 21,10 52,33

' 1,000 | 18,86 | 15,77 39,11

5,303 | 100,00 | 83,62 207,37

| 8. Sidi bou Aouane 1,340 25,25 | 21,09 52,31

“ 1,000 1884 | 1574 | 39,04

[ 5,307 100,00 | 83,51 | 207,14

| 9. Sakiet Sidi Youssef | 1,341 | 25,22 [ 21,11 | 52,33

[ 1,000 | 1881 | 1574 | 39,02

‘ 5,317 | 100,00 83,72 | 207,51

10. Djebba 1,342 | 2527 | 2111 52,28

1,000 [ 18,83 15,73 ‘ 38,96

i 5311 | 100,00 83,53 | 206,86

| 11. Fedj el Adoun 1,340 | 2521 21,13 | 52,32

! 1,000 | 18,81 1577 | 39,04

| | 5315 | 100,00 83,81 | 207,55

12. Slata [ 1,346 2520 | 21,12 | 52,33

' 1,000 18,72 | 1569 | 38,88

| 5,341 100,00 | 83,82 ’ 207,66

| 13. Bou Jaber 1,344 | 25,19 21,12 | 52,34

1,000 - | 18,74 15,71 38,94

‘, 5,335 100,00 83,86 | 207,81

| 14. Ain Nouba 1,340 25,18 21,13 | 52,34

; 1,000 18,79 15,77 39,06

l 5,322 100,00 83,02 | 207,84

| 15. Djebel Tebaga 1,347 25,15 21,13 | 52,37

1,000 18,67 | 15,69 | 38,88

5,356 100,00 83,99 | 208,18

Deposit 204 206 207 208

!

It must be emphasized that Ain Allega and Oued Maden lie in the Flysch
zone 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 zone of the tunisian Atlas and

|

are arranged along the great tectonic line of Zaghouan.
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Thus the eastern and western boundaries of the lead-zinc mineralization
are marked by deposits containing lead with the youngest patterns. They
indicate that tectonic elements governing the localization of these deposits
are very young, too and the movements at least along the fault of Zaghouan
probably still last.

Fluorite does not belong to the common minerals in Tunis. With the except-
ion of Bou Jaber all other occurrences are confined to deposits characterized
by the young lead pattern or to their sourroundings. In the area Djebel Ressas
— Zaghouan fluorite occurs at: Djebel el Mecella, Djebel Makki, Zaghouan,
Dijebilet 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 zine
are accompanied by minerals of qaicksilver, arsenic, antimony and copper.
Fluorite occurs at Oued et Mtak, the NE continuation of the mineralized zone
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; Ph208;264 — 39 90.

The second group is formed by the deposits, Djebel Arja, Bechater, Sidi bou
Aouane, Sakiet Sidi Youssef, Djebba, Fedj el Adoum, Slata, 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.

Termier (1893), D> Launey (1913), and Berthier (1914) supposed a primary
sedimentary 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.

Berthon (1922) noted the sterility of triassic rocks in lead and zinc and considered
that th> Triassic plays an importaat role in th2 tectonic sense only, allowing the circu-
lation of ore-bearing solutions along its contacts with the surrounding rocks.

Glangeaud (1935) admitted 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 voleanic 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 contact of the Triassic with surrounding rocks.

Schneiderhéhn (I.c.) and Bolze (l.c.) suppose a primary hydrothermal (veins)
mineralization of variscian age in the basement series. In the territory of Tunisia no such
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 is ascribed a double role — a tectonic and a chemical one.

Sainfeld (1952) expressed in his monography about lead-zine deposits of Tunisia doubts
regarding the secondary hydrothermal origin of all deposits and admitted also certain
relations to the young tertiary volecanism.

According to Schneiderhéhn’s (L. c.) theory secondary hydro thermal deposits in
orogens without synorogenic plutonism and subsequent voleanism — to which doubtlessly
the territory of 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 such cases preserved and the
secondary hydrothermal deposits characterized by the pattern of the old
primary ones. Schneiderhshn & Bolze (l. c.) suppose a variscian, Termier,
de Launey, Berthier a triassic, and Glangeaud a triassic to liassic age of the
primary mineralization. The average isotopic ratios are:

Ph206 /204 Ph207/204 Ph20s 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
must have taken place during the transport.

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

If the variscian patterns have 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 that of primary 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 (Sainfeld
1. c.). These observations are in harmony with model ages based on lead isotope
ratios 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
bloes is probable. As a result the isotopic constitution of tunisian lead is
similar to that of central europian young tertiary deposits.

No evidence 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. Schneiderhéhn’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 must,
of course be admitted. If it took place in the territory studied, then only in
a limited extend and its recognition by isotopic or other geologic methods
is veiled by other processes.

Dionyz Stiir Institute of Geology,
Bratislava
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THERMO-VACUOMETRIC METHOD OF STUDY OF PRIMARY AND
SECONDARY DISPERSION AUREOLES AS A GUIDE TO ORE

Abstract: Fluid inclusions in minerals from hydrothermal ore deposits, prim-
ary, secondary dispersion aureoles and barren country rocks have 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

Primary, 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.0.) of mineralogy. The
resulting geochemical anomalies indicate the probability of discovery of new
hidden or buried deposits.

The principles of geochemical prospecting have been in an ilustrative man-
ner outlined for example in the works of Hawkes H. E. and Webb J.S.
(1962) and Ginzburg I.1. (1957).

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

For paleothermometric studies samples in evacuated reactors (10~ 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 millivoltmeter. 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 total
volume of gas and liquids released at a given temperature is of interest, as

gé 19




=
for example in the study ohﬁépersion halos. The sample is in this case 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 system after each run.

Similar investigations based on the decrepitation method were newly carried
out by Jermakov N.P. (1966).

Primary dispersion aureoles

The very complex nature 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 wall-rock 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 ore-forming stages of the hydrothermal activity elements, cha-
racteristic of the ore are introduced into the altered zone to a distance depend-
ing on the character of the hydrotherms, of the wall-rocks, their fracturing,
and the mobility of the elements.

Different factors govern the deposition of the introduced metals either close
to the ore-body or their distribution far from the ore contact, beyond the
Jimits 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 micro-fissures
and intergranular openings penetrate to a considerable distance beyond the
outer limits of geochemical aureoles. They do no more carry indicatory ele-
ments, and are also too weak for a chemical interaction that might result
in new formed minerals or a visible alteration of the wall-rock. It is impossible
to discover halos of this type neither by mineralogical, nor chemical methods.
They were designated by Jermakov (L. c.) as ,,vapourized™ aureoles, and
the only relic accessible to investigations is represented by liquid, liquid-gas,
or gas inclusions.

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

A schematic distribution of the different aureoles around an epigenetic
hydrothermal ore-deposit 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 at 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 richer in inclusions than the distant ones, This
\
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Fig. 1. 1. Granitoids; 2. “Vapourized” aureole with liquid —gas inclusions; 3. Geo-
chemical aureole; 4. Aureole with visible alteration of country rock; 5. Hydrothermale
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Fig. 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 mineral, 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 distinet 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. It
allows the depression of the granitic inclusions and a volumetric determi-
nation of the hydrothermal ones. The volume of fluids, that ecape at a given
temperature, from a given quantity of sample, depends on the character of
the inclusions, and the grain size. A certain amount of deep-seated inclusions
does not decrepitate even after an intense overheating above the filling (homo-
genization) temperature. The measured contents are therefore allways lower
than the actual ones corresponding to a given temperature.

Minerals evolving upon heating gaseous substances, such as hygroscopic
or chemically bonded water, carbon dioxyde a.s.0., are not suitable for thermo-
vacuumetric investigations.

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

Primary dispersion halos were studied by the thermovacuumetric method
around stibnite veins of the Nizke Tatry Mts.

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

In mines, continuous series of chip samples oriented perpendicalarly 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 series. This increase
is due mainly to the overheating of minute hydrothermal inclusions to such
an extent that their decrepitation is made possible. Primary inclusions of
granitic quartz contribute only to a limited extent to the measured volumes.

In Fig. 4 a mineralized zone crossed in the mines of Liptovskd Dibrava
is shown. The stibnite veins are located in granitoids as in the former case.
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 immediate foot- and
hanging walls.

The frequency of decrepitations in the vicinity of veins was also measured
on quartz by a method proposed by Jermakov (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
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Fig. 3., 4. 1. Quartz—stibnite veins; 2. Quartz veins; 3. Mylonites.




the decrepitations started already bellow 500 °C, what may be due to a super-
imposed, regional, hydrothermal activity in our case 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 thermo-vacuumetric 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 flood-plain 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 primary 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 such as gold,
platinum, cassiterite, chromite, columbite-tantalite, wolframite, scheelite
a.s.0. in stream sediments form the base of the oldest, still successfully applied
prospecting method. The disadvantage of the heavy mineral survey is, that
only resistant minerals are preserved, and for mineralogical identification the
grain size must attain certain minimal dimensions.

Many important constituents of ore-deposits, for example sulphides, and
carbonates, are readily soluble under weathering conditions. Most of the metal.
content of primary hydrothermal ore-deposits 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 part of the metal content
and the so called hydromorphic pattern may be revealed. Their evaluation
considerably rises the probability 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 primary aureoles may be quite low and their distri-
bution in stream sediments very restricted.

Quartz, one of the most common constituents of ore-deposits and primary
dispersion halos, may prove to be in all these cases an additional object worth
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to be investigated. It 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 practically limited by its dilution ratio with granitic quartz. It 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 same condi-
tions - on the grain size.

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

The sampled area is built mainly by ecrystalline schists and variscian gra-
nitoids (Fig. 5; after B. Cambel 1959). The part of a larger granitic intrusion
(left side of Fig. 5) is sterile in hydrothermal mineralizations. A gold-quartz
vein outcrops in the apical parts of a granitic cupola surrounded by mica-
schists. The mines are abandoned and data 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 stibnite 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
tributary. The important mineralized zone of the Koldrsky vrch (pyrite-
pyrrhotite and stibnite) outerops 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 analysis follows, that at least a part of this ore-bearing zone
or its aureole is drained by the small tributary stream.

Nizke Tatry Mts. Stibnite veins S of Liptovskd Dibrava

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

In the northern part the ”Pragiva‘‘ type prevails. It is an autometamorphic
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biotite- to two mica granite with porphyritic orthose and microcline. The
. central part of the mountains is built by the ,, Dumbier”” granite — a more basic
biotite-quartz diorite. In places a biotite granite to granodiorite with por-

é” I"l&f{%‘%

A
4L LD >

i aosdininisss
\‘!\; ‘\24// ; ".\' ’\”'

q

%3

0 xl"‘
N

N

7
3

< .3 x % 4
A’A"" %

" "1”

5o

< ’ ) | * x ‘E
S ) s
Lo 7207 % | X, R B
x % x A H x . =
x * X H x bed x N \§
ot x X A
| Tt o s s
x
L e

t " -— - —— 22
L C“h%b:enef,v/ii C)—’g—-}]
! 1954 i }
| = | % i T : *
| i ! i
. 1% W E x|
[ o S T | -
1km

V= < o)« [T LT RS
7] @@ 8k" 9 |

Fig. 6. 1. Fluvioglacial deposits; 2. Mesozoic (sediments); 3. Autometamorphic granites
(Pragivé-type); 4. Biotite granites and granodiorites with porphyroblastic K-felspars; |
5. Biotite quartz diorite to granodiorite (Dumbier-type); 6. Syntectic granodiorites to |
granites; 7. Amphibol— and amphibole — biotite diorites; 8. Migmatites; 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 Dumbier type. The mesozoic cover appears in the northernmost
parts of the territory represented in Fig. 6.

Stibnite veins represent the most important nowadays mined deposit of the
Nizke Tatry Mts. The veins are confined to an about 4 km long and 700 m
broad nearly N-S striking zone mainly in the leucocratic “Prasiva’” 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 stibnite
stringers and seams of only few centimeters thikness. In rare cases stibnite
lenses attain a thikness of 0.5 m. The distribution of quartz and stibnite is
very irregular, lens-shaped. 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 zone is well marked by elevated release of fluids from inclusions
in quartz.

Vysoké Tatry Mts. Gold and gold-stibnite veins

The SW part of the Vysoké Tatry is almost exclusively built by granitoids
(Fig. 7). A type similar to the “Dumbier type‘‘ of The Nizke Tatry prevails.
This biotite-quartz diorite is with transitions connected with biotite- to biotite-
muscovite granodiorites. Neither pegmatites nor aplites are frequent in the
territory. Outside (N and NW) a leucocratic zone of autometamorphosed
aplitic and pegmatitic granites forms the uppermost parts of the intrusive
body.
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From metallogenetical viewpoint 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 Krivai. Quartz veins with native gold and little
sulphides (stibnite, pyrite, galena a.s.0.) are usually thin. In places transitions
to pegmatitic veins exist. Veins of this ore-formation were explored under the
ridge of Uplaz and the locality Priehyba.

Near Tri Studni¢ky a quartz, stibnite, 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 copper-gold mineralization in the Mengusovska dolina valley and quick-
silver-copper indications from the western slopes of peak Gerlach.

Thermovacuumetric analyses of quartz from some stream sediments are
given in Fig. 8. In the barren zones of the granitoid body is quartz charac-
terized by low contents of liquid-gas inclusions. Higher amounts were mea-
sured in quartz from streams draining the most important mineralizations
W and S of peak Krivarn.
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Fig. 8. Frequency distribution (ordinate) of decrepitations in the vicinity of a hydro-
thermal vein in granite.

Conclusion

The thermo-vacuumetric 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
there-fore easily detectable by the thermo-vacuumetric survey of rock splits
from the surface, underground workings, bore-holes and of residual products
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of weathering. Quartz is the most suitable mineral. 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 mineral survey can therefore secure most reliable results in the
prospecting for buried, and blind ore-bodies as suggested by Jermakov (l.c.)
for the decrepitometric method.

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

Diongjz Stir Institute of Geology
Bratislava
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I'. M. 3APUJBE

O BPEMEHU PETUOHAJIBHOI'O METAMOP®13MA B PA3BUTHUU
TEOJIOTMYECKOI'O ITUKIIA

PaccmatpuBaemblit Bonmpoc He HOB. Yske B NepBOil TOJOBMHE TPOLLIOTO BeKa
Jaitanns (Lyeel, 1833) aBrop trepmuna ,,Meramopduueckas mopoma“ cuura,
4TO MeTaMOpduU3OBaHHble (mpeBpalleHHble) TOPONbI 06pPa3oBaHbl 3a CYET APEB-
HEUIIUX OCaIOYHBIX TIOPOI II0[ BO3AEHCTBUEM BHYTPEHHEH TEIJIOTH 3eMJH BCIef-
CTBME UX IOTpyKeHusa. Bompocst o mMeramMopdusMe IOJYyUNJIU HAZEKHYIO OCHOBY
[oc/ie BBEAEHHUs B TEOJIOTHMIO yYeHUs O reocuHKJuHaxax. Ho mepenom B paspa-
6oTke Teopuu MeramopduaMa NpOM3OLIE] B Hadale TEKYIEro CTOJNETUs 6Jaro-
napa paboram Cenepxonsma, Bappoy, Benke, loapmmumunra, I'py6enmanna,
Ackona, Hurrau, Tumnu, Xapkepa u gp.

B reosornu ykopeHMJIOCH MHEHUE O CBA3M IIPOLECCOB PErMOHAJBHOIO MeTa-
MopdusMa u rpaHuTU3anUU (yIbTpaMeTaMopduaMa) ¢ MOrpy’KeHHeM TeOCHHKJIU-
Haze#t. OHO pa3IMUHBIMU ABTOPAMU MONEPHU3UPYETCA U TPENOHOCHUTCA B pas-
JUYHOM BHIE, ONHAKO CyTh OcTaercA npexueirt (3apunsze — TaTpuwmsu iau,
1964).

Uccnenosanus npeBHUX MeTaMOpduyeckux 06pa3oBaHUEL Ha TePPUTOPUH
I'pysun manu HaM OCHOBaHME 3aKJIOYUTh, YTO ,,CKOAbKO-HUOYDb CYUWECTBEHHOT:
posu meTamopPusma 6 nepuod nozpyKeHUs 2e0CUHKAUHAABHOZO baccelina U ce-
JuMeRTAYUU MATEPUHCKUX NOPod . . . He Habawdaercs”. , TIpeobpasosanue mopon
3aBHCUT He OT CTENEHU WX NOTPY/KeHWdA, TIyOUHBI 3ajleTaHus, a4 OT TeMIepaTyphl
BHEIPUBIIETOCA TPAHUTOMIAHOrO MaTepuana.” DTo npeobpazoBaHHe OCYLIECTBJIA-
eTcs ,,8 CTaduio 06pPA308aHus U 6030biMaHUA CKaaduaTol cuctemv” (3 apwu n-
se—Tarpumsunu, 1953, crp. 130). Mul nmosnaranu, uto Meramopduayio-
YA ¥ TPAHUTUBUDPYIOIIUI MaTepUaJl conepKal B cebe KpeMHUM, HATPUH U KaJui
(B3apumse, 1952).

CaenoBatensHo, HAMH COBEPLIEHHO ONPENEJNEHHO YKA3HIBAJIOCH, YTO PETMOHAIE-
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HbI# MeTaMOpduaM COBeplIAeTCss B OCHOBHOM B CTANMIO CKJIAN4aTOCTU U 4YTO B IIe-
pUOJ, TIOTPYKEHUsSI TeOCHHKJIMHAJIM POJb IPOLIECCOB MeTaMopduaMa He3HAUM-
TeJbHA.

O npoucxokmeHuU MeTaMOpPPUIYIOIIHX M TPAHUTUIUDPYIOUIUX PacTBOPOB Mbl
[I0JIaTaJy, YTO OHU 3aPOKAAOTCA B 6a3a/bTOBOM WM NEPUAOTUTOBOM 0600YKe
3emau He B peayabraTe AudepeHIMAllUM MAarMBl, IIpUBJIeKaeMO# OOBIYHO IJIA
06BACHEHUsA, a KAKUX-TO APYTUX GoJiee CIOKHBIX nponeccos (3apumse, 1955,
crp. 395), KoTophle mJsA HAc B TO BpeMA He GBLIM ACHBL

Hocnenosanua A. II. Buumorpanosa (1959, 1961, 1967), mo-sumumomy, mpubausunu
TCOJIOTOB K DEIEHHI0 2TOi BeckMa CaoxkHO# mpobiembl. OH oTMeuaer, 4YTO ,,BEIECTBO TOPHBIX
nopoxn 3eMHOI KOpBI, BOJA X HEKOTOpBI€ Tras3bl Ha 3eMHOU NOBEPXHOCTH MNOABUJIMCE OIXHOBpE-

MEHHO, B pe3yJbTaTe€ eIHWHOrO Ipouecca BBIUIABJCHHA M JErasauuy BeulecTBa MaHTHH 3emau
10 ME€XaHM3MY 30HHOTO ILIABJEHHA. HPK 9TOM MPOU3OLLIO PacUleIIEHHEe CHJIUKATHOrO BEellecTBa

Ha nBe $asbl — TYrOIIABKMX (INYHWTH, NEPUNOTHTB!, OCTATOK MEPBUYHON MAHTHM) M JETKO-
naaskux nopox (6asaneTel — IOPOABI 3€MHOM KOPHI M JIETKOJETy4He BEUlecTBa, BOJA U KHUCJbIE
oeMED) ... B xoze aroro mponecca MONHMMAOTCA BBepX He Goaee serkue, a Gosee Jerkomas-

Kue u Jerxkoseryume xommomentst (Bumorpamos, 1967, crp. 8). K mocaemaum asrop
OTHOCHUT WIENOYM, MHOTHe JUTOPMIbHEe siaements, Hanpumep U, Ca, Th m muorue npyrue
(tam xe, cTp. 4).

Muenue o TpOABJIEHUY ABYX THIOB PErMOHANBPHOTO MeTaMopduaMa B ByJIKaHOTEHHO-OCANO0Y-
HEIX TeOCHHKAWHAAAX 6b1o Beickasawo I. I'. Pumom (Read, 1957). Ilepswiit Tun (oporenu-
4eCKMii), NpOABJIAWIUUNACA B PAaHHIOK CTalUl0 CKIAA4aTOCTH TEOCHHIJIMHANBHON TONMIM, MO
creneHd MeTamopduaMa He TIpeBHIIAET 3eJeHOCIaHNeBO# ¢auuu, BTOPOA THUN PErMOHAIBHOTO
meramopduaMa (IIYTOHUYECKHH) OCYIIEeCTBIAETCA MO3NHEe NEPBOTO; OH CBA3AH C MPOLEeccaMu
rpaHuTH3aguu 4 OOYCHAOBJIEH MOXBEMOM BHICOKOTEMIEPATYPHBIX pacTBOPOB, 3apOKAAMOIIUXCA
B cuMaTu4deckoit oboyouxe 3emuu,

W3 ckaszamuoro caenyer, uwro I'. I'. Puxn xora m KOHCTaTupyeT HaJU4YUE€ NBYX TUNOB pPEruo-
HaJIbHOTO MeTaMoppuaMa, HO OTpPHIAaeT CBA3L MeTaMOPPUUECKMX DNpPOLECCOB C MOrPYKEHUEeM
rEOCHHKAXHAJIBHBIX TOML. DTO MHEHHME COTJAaCyerca C HamldM, HEeCMOTpPA Ha TO, YTO Ml BCe
AKe NOMyCKajad He3HAYUTeNbHBIE Npeo6pa3oBaHUA B CTaAMI0 NOTPYKEHUA BYJIKAHOTEHHO-0CAL04-
HBIX TEOCHHKJIMHAJBHBIX TOJII.

IlpencraBnenue O CBA3K PErHOHAJBHOTO MeTaMOpdHaMa C ABYMA OCHOBHBIME 3TamaMu pas-
BUTHA TEOCUHKIMHANEH, T. €. C ee TOTPyKeHHeM U Bo3gbiManmeM 6suto Beickasaumo B. fA. Xo-
pesoir (1966).

U3 oreuccrsennsix nerposoroe H. A. Exuncees (1959, crp. 80; 1963, crp. 79) ormewaxn,
4TO ,,HEPEIKO PETHOHANBHEIA MeTaMOpdusM CBA3aH C TOPOOBPA30BATENBHHIME HPOLECCAMHE . ..
4 UTO ,HEPeNKO C PEeruOHAJPHBIM MeTaMOPPU3MOM B TECHON CBA3H HAXONUTCA HHTPY3UBHAA
ICATeNBHOCTS .

Baraan o peruoHanibHOM MeTamMopduaMme, COBEpPIUAMILEMCA B CBA3H CO CKJIAA494TOCTHIO
u mombemoM Mmarmatuueckux macc szamumaer H. Il Cememenxo (1963), ormeuas, yro
, TEOTEPMUYECKUl TPANHEHT HEXOCTaTo4deH Aas obbacHeHuA Meramopdmama” (crp. 13).

ITocaenyomue Hamu ucclenoBaHus MeraMopduueckux obpasosaHuir Kapkasa
NOATBEPAMJM B 1IeJIOM HAlUM PaHHUE B3TJALBIL.

Hamu 6bl1M onmucaHsl MHOTOYHMCJIEHHBIE CJy4ad CTAHOBJEHUA KpUCTaJLiudec-
KMX CJaHLIeB M [ajlee TPAaHUTOUIOB B pe3yJbTaTe INPOHUKHOBEHUA B HCXONHBIE
IIOPOMbI JIEHKOKPATOBOTO MaTepuasa, NPUBHECEHHOrO BOCXONAIMMU pPacTBOpaMU
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B craguio ckaaadatocTu. B uactHoctm, Ha Ceseprom Kaskaze 6vu10 omucano
TNpeBpaljeHye NPeBHEHUINX, NO-BUAUMOMY, CUHMHCcKuX amubonutos (3 a p u n-
se—Tarpumsunu, 1959, crp. 116). DTu NOPONS! MHBELUMPOBAHBI JEHKO-
KpATOBBIM MaTepuasiOM C Pa3JUYHOU MHTEHCHBHOCTHIO; B Pe3yJbTAaTe BO3HUKAIOT
nojocyaTsie 06pa3oBaHUA C IIOCJOMHBIM YepelNoBAHMEM YEepHOTO ampuboauta
¥ CBETJIOTO IpPUBHECEHHOro BemecTsa. [laspHeiiulee npeBpalleHUe ITPUBOLUT
¥ 06pasoBaHMI0 MHBEUMPOBAHHBIX KPUCTALIMYECKUX CJIAHLEB, GIMBKHUX pPACIPO-
crpaneHHbiM Ha bBoasmom Kapkase. C yBeandeHumeM KOMMYeCTBEHHOU poau
TIPUBHECEHHOTO MaTepHasa, O00yCJOBJAUBAIONIETO MeTACOMATUYECKUe IIPOLeCCH,
KpUCTaIuYecKue caannsl (61oTUT-pOroBoo6MaHKOBble, GHOTUTOBEIE, NBYCIIONA-
HBIE, CTABPOJNUT-aHAAJNY3UTOBBIE Y I1P.) TIOCTENIEHHO NpeobpasyTca U MUATMa-
TUTHI, THEHCHI, THEHCOBUAHBIE TPAHUTOUIE ¥ TPAaHUTOUIBI, He OBHAPYKUBalOLUe
THEJCOBUAHOCTH WUAM ObHapyXuBalOUlMe ee B BecbMa cJaboil cremeHu, aubo
yuactkamu. Cpenu TpaHUTOMIOB, OCOBEHHO THEHCOB, BCTPEYATCA B Pa3JIMYHOU
Mepe Npeo6pa3oBaHHble yleJeBUIME OCTAHUBI KPUCTANINYeCKUX ClaHIeB. B mau-
HOM cJiy4ae CTAHOBJEHMIO MeTAacOMaTHYeCKUX TPAaHUTOUIOB IIpeAllecTByeT obpa-
30BaHME KpuCTaannyeckux caaHueB. Ilocnennve gopmupyiores npu nporpeccus-
HOM MeTaMopdusme, a o6pasoBaHue IPAaHUTOMIOB MPOUCXOLAT B OTHOCHTEIHHO
6osiee HU3KOI TeMIepaType.

Bpsn 11 MOXHO COMHEBATBCA B TOM, 4TO MeTaMOPPHUECKHe TIPOLECCH OCOBEHHO
APKO BBIDAKEHBI B BYJKAHOTECHHBIX TEOCHHKJIUHANAX (UHTPATEOCUHKIMHAIAX)
1 COBEPIIAIOTCA B CTAAHIO HX CKIANYATOCTH, T. €. BO BpeMa GOPMUPOBAHUA BYJI-
KaHOT€HHO-OCaZlOYHbIX WHTPATEOAHTUKJIMHANed. TaKux MHTpareoaHTUKJIMHAJeH,
06pa3oBaHHBIX 3a CYET CYLIECTBYIOIIMX YACTHBIX BYJKAHOTEHHBIX T€OCHHKIMHAIEH
Ha Masom Kaskaze B anbnumiiCKOM LUKJIe TOCTeNOBATENPHO BO3HUKAIO He-
CKOJIBKO, C KaKIO¥ M3 KOTOPBIX CBA3aHBl TPAHUTOMIHBIE WHTPY3UBbL: BepxHeba-
#occkne (Arabex —CnapsHckuit 1 I'mnaH6upckuil), KUMepHIK-HUKHeMeIOBbIe,
npuypouyenHsie k Illamxopckomy u mpyrum anTukaunopusm (Comxurto-Kapa-
Gaxckas 30Ha), soueHosble (CeBaHO-AKepUHCKAsA U Ap. 30HBI) M CaMblil KDYITHBIN
Ha Manom Kapkasze mnocieBepxHEONMHIONEHOBO-IOMUOLEHOBEI — (MerpH-opay-
Ganckuit 6aTONUT), TIPUYPOYEHHBI K 3aHreaypckoMy arTukauHOpuw. Ilo Ha-
meMy MHEHHUIO, B aJbIUUCKOM IMKJe pasputua boasmoro Kaskaza, Masoro
Kaskaza u I'oproro KpeiMa oporesHsle TpaHUTOMZBI He ofpasoBanuce. Peruo-
HaJbHBlE MeTaMOppUuUecKue IMpOLIeCChl MPOTEKAJU B CBA3U C CTAHOBJIEHWUEM 4acT-
HBPIX TeOAHTUKJIMHAJeHd ¢ obpas3oBaHMeM IIOPOL B TIpelesax 3eJeHOCJaHLEBOK
U 3nun0T-aMPub0INTOBOM MUHEpAJIBHBIX (aluii.

Mp1 HeONHOKpaTHO OTMeuasu, YTO €M TEOCHHKIWHAN HEeNpOHMLAeMbl A
MarMaTU4ecKuX MacC, TO OHM OKa’KyTCA HENpOHMIAaeMBIMHU, Jubo cr1abo mpoHwU-
LaeMBIMU 1JIA BOCXONAUJMX PACTBOPOB, MPOSBJISIOLINX 0cobyl0 aKTHBHOCTB IIOCJIE
[IpeKpaleHns MarMaTU4eCKOd NeATeNbHOCTH U BbI3BIBAIONIMX MOBHILEHHE TeMIle-
paTypsl B TOJIIE MOPOL.
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Ucxons U3 TOH e MO3ULUU O IMPOABIEHUM MeTaMopduuecKux mpoueccos B Ie-
puon GopMHUpPOBAHUS WHTPAT€OAHTUKIMHANBHON CTPYKTYPBI, MBI OTMeYaju, YTO
RO3HUKIIKE TIPM OTOM HATSUKEHHsA He MOTYT pacCMaTPUBATBCA KAK IaBJCHHE
Harpysku. VHTpareoaHTUKIMHANE TIPEICTAaBJAsAET CO6OX CIOKHYIO CBOLOBYIO KOH-
CTPYKUMI0O — CKJajgyaTyio CTPYKTYPy C cepueil aHTUKJIMHANeH U CUHKJIMHAJEH
C pa3BUTHEM B OTHAEJbHBIX MeCTaX Pas3phIBHBIX HapyIIEHUH B36POCOHANBUTOBOTO
xapakrepa. B aToit cTpyKType paciupeneleHue cui He 6ymer uMeTh Hu4ero obuiero
¢ napJieHueM Harpysku. [laBiieHue B Dasiu4HBIX YaCTAX CKJIANYATOH CTPYKTYpEI
6ymer pasJMuYHBIM, BCJELCTBHE YerOo HA ONHOW U TOU e raybuHe B M30TEpMU-
YecKMX YCIOBUAX MOTYT 006pasoBaThcA pasiuuHble Meramopduret (3apuase,
1963, 1967; 3apunse —Tarpumsunu, 1964).

JlaHHBIE O TEOTEPMUYECKOH TeMIepaType M NaBJIeHUM HATrPY3KH, IPUBENEHHBIC
H II. CemMmenenxo (1963) nmokaspBaloT, YTO OHM HEJOCTATOYHSBI IJa ob6pa-
soBaHus Tay6oKoMeramMopdusoBaHHbx nopon. Tak, mom cuanudeckoi kopoi 3eM-
au MomHocTso B 25—30 kM (rpasuua ,,M") B mpemenax maatdopmsl, rue reo-
TepMuueckuit TpanueHt onpenenserca 10 rpam/kM TeMmepaTypa HOCTHIHET
npumepro 250 °C. [laxke B mpefelax CKJIafdyaThiX ByJKaHWYecKux obiacreid Ha
npumepe Kaprnar, B obnacti ByJKanudeckoro xpebra 3akapnaTCKod BIIaIVHBEL,
rIe TeOTepMUYECKWH rpa;nueHT nocruraer 35,7 rpam/kM, TeMmeparypa Ha TJy-
6une 18—27 kM moixksa mnoBeicuthes no 640—960 °C, a nHa raybume 30 xM
ona mocrurter 1070 °C. Dru ray6uHB HaxOmATCA HUKe pasfeta Moxoposuduya,
OTpaHUYMBAOLIEr0 06JacTh MeTaMopduaMa.

OTHOCUTENBHO NABJEHUA HATPY3KHM aBTOP NPABUJIBHO OTMeYaer, YTO TOJIIHY,
noaBepruieca Meramopduamy obpdHO uMelor MomHocts 5— 10, pexe 15 kM,
KOTOpbIE, TIO pacyeTaM, NOJKHEI HAXONUTBCA MOMN CTATUYECKOX HATPY3KOH COOT-
sercrerro 1300, 2700, 4000 atm. Ha raybune 25—40 kM Ha rpanuue cuaiu-
ueckoit kopsl (paszen ,,M“) nasaenue Harpysku mosbicurca 6500—11 000 arm,
B TO BpeMs KaK IO SKCIIEDUMMEHTAJbHBIM NAHHBLIM JAJg 06pasoBaHWA NAMCTEHA He-
o6xonumo masaenue B 20 000 atM u Temmepatypa B 600—900 °C. Idas xpuc-
Tasausauuu nupona B Kumbepnutax tpebyercs masierue 20 000—30 000 arm.
Anpbur nepexonut B xameut npu pasierun 20 000 atm u temnepatype 900 °c;
a nas obpaszoBaHMsa aaMasza B KUMOepJIUTax JapjeHHe IOJKHO BO3pacTu nO
50 000 arm.

[puBenesHsle BhILle INpUMepbl MeTaMopduaMa IJA AJNBNUUCKUX YaCTHBIX BYJ-
KAHOTEHHBIX TEeOCHHKJVHaJed MWILIIOCTPUPYIOT mpeobpas3oBaTesbHbIE IIPOLECCH,
[poTeKamlie B OLHOM ONpeNesieHHOM IIUKJE TeoJOTUYECKOTO PA3BUTHUA, ONHAKO
MeTaMOpdU3M BBICOKOM CTyNEHH OOBIYHO MMeeT HAJOKEeHHBIA xapakrep, T. €.
COBepmIaeTCA B peayJabTaTe NOBTOpHBIX mpeobpasoBanuii (momumeramopdusm),
CBA3AHHBIX C 60Jiee NO3THUMU TEeOJOTHUYECKUMU LUKJIaMHU.

B uens noauMeraMopduuecKux MpoeccoB CJAemyeT HOCTABUTH TaKke U AUadTo-




pe3, ¢uKcHUpyoIIUiicA HepeaKo B OOJacTAX PpasBUTHUA METACOMATHYECKOTO rIpa-

HUTOO06pa30BaHUA.

OueBunHO, 4TO IJA TOJIM TOPOA Ka’kIO# U3 YNOMAHYTHIX Bbillle YaCTHBIX
BYJIKAHOTE€HHBIX TEOCHHKJMHAJeH, MeTaMOppuaM, KOTOPOMY OHHU IONBEPTIUCE,
OCTAHETCA B OCHOBHOM HEM3MEHHBIM IO KOHILA CyIeCTBOBAHMWA TOPHO-CKJanya-
ThIX cTpyKTyp Boasmworo Kaskasa, Masoro Kaskaza u I'oproro Kpeima. To xe
MCYKHO CKa3aTh OTHOCUTEJBHO CpeNHeNasie030MCKUX 3eJeHokameHHbIX Toumy Ce-
epHoro KaBkaza, ¥Ypana (a3mece MeramMopduaM mpoTeKas B KaJIeIOHCKOM U Tep-
IIMHCKOM LUKJaX — OPIOBHUK-KOHEI] I1aJe0301) U Ip. MONOGHBIX 3areOCUHKJIU-
HaJIbHBIX 00pasOBaHUH.

[pyroe mososkeHue B APEBHUX TEOCMHKJIMHAJBHBIX TOJIAX, CAOKEHHBIX HBIHE
MHTEHCUBHO MeTaMOPOU30BAHHBIMU O6PA30BAHUAMU — KPUCTAJIUYECKUMH CJIAH-
LlaMY, MUTMATUTAMH, THEHCAMU ¥ TPaHUTOMZAMH, obpasyomuMu cybcTpar nas
60siee MO3OHUX TOJILI.

Hamu nabmonerua Ha Kaskasze u aHaaus pakTUUecKOTO MaTepuasa IO IpPY-
T¥M peruoHaM IIOKa3ajy, 4YTO MeTaMOpdu3M BYJKAaHOTEHHOTO M OCAJOYHOTO Ma-
Tepuaja APEBHUX TEOCUKJMHAJIed IPOU30uIeJ] B TedeHUe, IMO-BUAUMOMY, TpeX
LUKJIOB Teojorudeckoro passutua (3apumsze, 1966). Hanpumep, B ¢eHo-
ckaHnuu QUKCUPYeTCs Tpu LUKJA. Ecau B KadecTBe NpuUMepa BO3bMEM KpHC-
TaJaudecKue ciaaHubl KaBKasa, TO MOKHO yTBEPKIATh, YTO MCXONHBIE UX TOPOIBI
npeacTaBasau cobOi ByJIKAHOTEHHblEe T€OCHHKJIMHAJBHBIE 00pasoBaHUA BEPXHETO
IOKeM6pUsI, KOTOpBle IepBOe MeTaMoppuuecKoe KpellleHWe TOJYYMJIU B CTAiUU
BO3HUKHOBEHHsA HHTPATeOAHTUKJIMHAIU B BepxHeM nokeM6puu. IloBTopoHO BEICO-
KOTeMIIepaTypHOMY MeTaMopduaMy sSTU CIaHLB TIONBEPTIUCE B KaJleIOHCKOM
nukie. OKoHuaTesbHOEe X GOPMUPOBaHUE IPOUBOULIO YK€ B TePLUMHCKOM IIHKJE.
B s10 BpeMsa MeraMopduaM uMes perpecCUBHBIA xapakrep. OnHOBpeMeHHO $op-
MUPOBAJIUCh MUKDOKJMHOBBIE, 4acto nopdupobracrnyeckue (mopdpupoBunHsie)

TPaHUTHL.
CkasaHHOe [0OKa3bIBaeTCs COIOCTaBJIeHUeM NOoKeMOpuiickux MeTramMopduueckux
06pa30BaHUUL C KaJEeNOHCKUMU U Oojiee TMO3DHUMM — CpeINHeNnaje030MCKUMU

3eJIeHOKAMEHHBIMU TEeOCUHKJIWHAJBHBIMU 00pa3oBaHUAMH, HAJUYUEM DPEJIUKTO-
BBIX Y4YaCTKOB M MUHEpAJOB, a TaKe OIpeleJeHMAMH aproHOBOTO BO3pacCTa,
uudpsl KOTOPOTO B OTHENBHBIX CIydaax naor 6oipmoir pasbpoc (Bapumnse,
1966).

OTu mpeBHUE KPHUCTAJJIMUYECKUE IIOPOABI B AajbHeHIleM yiKe He IONBeprajuch
3aMeTHBIM PEervOHAJBHBIM IIPeobpa3oBaTeJbHBIM MpOLeccaM, KOTOpble MOTJIN 6BITh
YyCTaHOBJIEHBI NeTporpaduyuecKuMy MeTOJaMH, eCIU He CUUTATh JIOKaJBHBIX U3Me-
HEHUI B KOHTAaKTe C CEeKYUIMMM MX WHTPY3UBaMU M 4PrOHOBOTO OMOJIOKEHHA
HEKOTOPBIX UX Y4YaCTKOB.

Brie paccmaTpuBasuce MeraMopduuecKkye IpOLeECCH], COBeplIaoliuecs B BYJI-

3% 35




KaHOTeHHbIX TeOCUHKJIMHANAX (9BreOCHMHKJIMHAJNAX) WJIM HMHaYe B TEOCUHKJIU-
Hanax ¢emuueckoro npoduisa. BeizpiBaloT GONBIIOH MHTEpPEC IMPOLECCH PEruo-
HaasHOTO MetamMopbusmMa M MarmaTusma, Habmopalomueca B TepPPUTEHHBIX
TEOCUHKJIMHAJAX WUJIA B IeOCHUHKIMHAJIAX CUAIAYECKOTO IMpoduis.

B macrosmee BpeMs HaKOIUIEHBI, TIJATEJbHO NPOOHAJIU3UPOBaHHBIE daKTHYeC-
Kue MaTepuasbl 1O CHAJINYECKUM TeOCHHKJIHHANbHBIM obnactamM. B Hux He Ha-
6mionaerca, saubo caabo NposBIEeH B COOGCTBEHHO TEOCUHKIMHAIBHOA CTALUM
Pa3BUTHA IOABOAHBIA BYJKAHM3M OCHOBHOTO COCTAaBa, ONHAKO B CTafUH CKJaM-
YACTOCTU BTUX TEPPUTeHHbIX TeOCUHKIMHANIEeH GOpMUPYIOTCA BBITAHYTHE LENOYKO-
06pasHo BIOJb TJIy6UHHBIX Pa3jiOMOB Ha COTHU KUJOMETPOB KpYIHBbIe TeJla Ipa-
HUTOWUJOB, KOTOPHIM TIPEAIIECTBYIOT MAaCCHBBI OCHOBHBIX, MHOTA YJbTPAOCHOBHBIX
MOPON Pas3jU4HOrO pasMepa. B CBA3M C CTaHOBJEHUEM TPAHUTOULOB NMPOTEKAKT
MpoLecchl PeruoHaJLHOT0 MeTaMopduama.

C. C. CMmupuos (1946) B cocraBe Tux0OKeaHCKOTrO MOACA BBHIZEJNAN IBE 30HB C pPas3nud-
HBIM THIOOM MATMaTU3Ma ¥ METAJUIOTEHUH — BHYTPEHHIOW, DAaClOJIOKEHHYIO HENOCPeICTBEHHO
B6IM3K OKeaHAa, W BHEUIHIOD OKAUMIAOIIY NEPBYI0 CO CTOPOHEL KOHTHHEHTa. BHYTpeHHAA
30HA XapaKTepPHU3yeTCsi BYJKAHU3MOM OCHOBHOTO COCTaBa ¥ TUNepGas3uTOBEIMM WHTPY3UAMH,
a BHEWIHAA — TIPEUMYN]ECTBEHHO KUCJBIM BYJKAaHHZMOM ¥ PEIKOCTHIO TUNEPGasUTOBBIX HMHTPY-
auir. ,Ilepexon or Gosee OCHOBHEIX K 6oJee KHUCILIM KOMIUIEKCAM COBEPIIAETCA B HATIPABJICHHU
or okeana B rayb6s koHTmmenra  (ctp. 27). AsTOop OTMewaer, 4r0 B COCTaBeé MOmHOH (10
10—11 M) Bepxoanucroi TeOCHHANMHAMLHONK TOMMY (nmepMs-cpeaHsas 0pa) OCHOBHbe 3ddy3ushl
OueHp CKy@HBI HAH OTCYTcTBYWT. TO Ke HAbMIONAeTCs B COOTBETCTBEHHHX TOXmax 3afaikanss.
Penxu Takxe 31ech MHTPY3uH 6a3uroB u rumepbasuroB. CuHOpOTeHHBIE MHTPY3uH 06bI4HO mpex-
CTaBJeHH JeAKOKPATOBHIMHE TPAHUTOHNAMH, peke BCTPEYAnTCA OCHOBHBIE HX DPasHOBUIHOCTH
(crp. 19). CessanHOe ¢ TpaHUTOMIAMH OPYAEHEHHE OJIOBO-BOJBPpaMoOBOE.

Paspusas meicne C. C. Cmupuosa, E. A. Panxesuu (1959) pasimuaer nBa pyaHsIX paifoHa
B COOTBETCTBHY C TEOCHHKAWHANAMHU ABYX THNOB — deMuueckumu u cuanugeckumu. Ilocrennue
passuret 8 Bocrounoit wactu CCCP (Ilpumopse, 3abaiixanse, Bepxoause).

Tlporu6st cuanzuueckoro MPOPUIA XaPAKTEPHUBYIOTCA MOIGHEIME, TIaBHEM 06pa3oM TeppHUIeH-
HeIMH, TOpoit ¢aummounneMu toamjamu. OcHoBHele 3¢dysum paHHuX CTaaui, ecad u TpoO-
ABJEHHI, TO MMEKT OHU PEe3KO NONYWHEHHOEe 3HadeHwe. B Tex 30Hax, rae OCHOBHHE 3()Py3uBsl
NONY4YMIN 3HAYUTENbHOE PAadBUTHE, COCKIAAYaThie TPAHUTOMIBI NPOABIAIT MOBHIUEHHYH OCHOB-
HCCTB, C HUMY CBA33aHA HE OJOBAHHAA, a MEeIHO-MOJUOIEHOBaA MUHEpAJNU3aUUA U 30JI0TO, Ka¥
310 uMeer MecTo, Hanpumep, B I'pomekosckom nporube Ilpumopes (crp. 49).

Mesosolickuit (IpeBHEKUMMEPHUACKHUA, KUMMEPHIACKAN U HOBOKMMMEDHIACKAN) MarMaruaM
3abaiixanes ¥ CBA3ZHHAA C HAM MuUHepaausauusa noxpobuo paccmorpenst Hs. ®. T'pu-
ropressum u E. HU. Jonomanmoso# (1955). Cpenu npeBHEKMMMEDPUHCKAX M KHMMe-
puiickux uHTPYauBOB OHE BeumeamoT: (1) 6moruroBEe TpaHHTH; (2) PHIOKOHTAaKTOBHE THOPHI-
usie 06pasoBaHuA, pasBuThle B KOHTAKTE C TJIMHUCTHIMM CHaHUAMH C BBICOKMM COJAEp/KaHUeM
Menu, MAaTHUA W JKejesa, 3TO pOrosoobMaHKOBO-6MOTUTOBBIE TPAHUTHI, TPAHOAMOPUTHI, KBapue-
Eble u GecKBapUeBble IMWOPUTH, TPAHOCHEHUTH, KBapIeBble CMEHUTHl UM JIeHKOKPAaTOBble TPAHMUTEL
murmatursl; (3) MeracoMaTu4ecKHMe HM3MEHEHHBIE IpaHUTH (GHOTUTOBEHIE X 61OTUT-POTOBOOGMAH-
KOBEIE) C TMraHTCKUMH KPHUCTaJJaMM MUKPORJIMHA, PO30BEle GMOTUTOBEIE TPAHUTHl C JABIMYATHIM
KBapueM, NBYCJHIONAHBE TPAHATHI, MYCKOBATOBBIE TPAHUTHL M TPE3eHBI.

B 9HZOKOHTaKTOBHIX THOPUAHBIX 00pPa30BAHUAX MOABIAETCA POroBag OOMaHKa M, pee, MOHO-
KJAMHHBIA TUPOKCEH; 06pasyerca TaK/Ke OTHOCHTEJIbHO OCHOBHOM MIIAarmokna3 (OJNMroOKJIas-aHie-
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suH, annesux). Ilpu Gosee MHTEHCMBHOM MeracoMaTo3e GHOTHUTOBHE TPAHUTHI NMEPEXONAT CHAYATA
B IBYXCJHIONAHBIE, 2 3aTeM B MYCKOBHUTOBEIE TPaHUTH ¥, HAKOHel, B rpeiseHsl. Munepain
6uOTUTOBBIX M POTrOBOOGMAHKOBO-GHOTHMTOBHIX TPAaHHTOB 3aMEMJAalOTCA MYCKOBATOM, KBapleM,
TONa3oM, TYypMaJlHMHOM, TPaHAaTOM M 1p. B cBAsm ¢ rpeitsenamu 06pazyoTca BHICOKOTEMIIEpPa-
TYpHBIE KacCUTEPUOTOBO-BONBPPAMOBBIE MECTOPOKACHUA.

HoBokuMMepuiickue MHTPY3UM BCTPEYalOTCA B Pa3HBIX PafiOHAX peNKOMETAJb-
Horo nosca 3abauikanbs. OHu NpencTaBieHbl TPAHUT-MIOPPUPAMU, 3ajerariiuMu
B BUME WITOKOB M JaeK, ¥ aMa3OHUTOBBIMM TPaHUTaAMU, OOpPasywOIIUMU ILIACTO-
Bole 3asexn. OHu 6Gosee kucaele u GoJiee IeJIOYHblE, YeM PaHHHWE TPAHUTOUIEI
11 GenHee jKele30M, MarHUeM M KajabuueM. BospacT aTux MHTPY3UW#l yCTaHaBIU-
Baerca: B COXOHIMHCKOM paiiOHe II0 TepecedyeHUI0 TIPAHUT-NOPPUpaMyu BepxHe-
IOPCKMX BYJKAHOTEHHBIX 1Opoa u B paiioHe p. Cenpkuuoit — UuKOKOHCKOH, rie
JIpeBHEKMMepPUICKYUe TPAaHUTOUIBI CEKYyTCA TPaHUT-nopdupamu.

C HOBOKMMMEDUUCKUMU UHTPY3WAMM CBA3aHbl KACCUTEPUTOBBIE KBAPLEBOTONA-
30Bble ¥ KBaplleBO-aMa3OHMTOBble, a TaKiKe BOJbPPAMUTO-KBaplieBble U KAaCCHUTE-
PUTO-BOIBPPaMUTO-KBaPLIEBbIE JKUJIBL.

Kak BumHO M3 onucaHusa, OKOHYaTeJbHOe GOPMUPOBAHUE APEBHEKIMMEPHUCKUX
¥ KMMMepPMUCKUX TPAHUTOMIOB IIPOMCXONUJO MeTacoMaTudeckuMm myreM. O6pa-
30BaHHe TPaHUTOMIOB 60Jjilee OCHOBHOrO cocTaBa O0OBACHsAeTCss THUOpUAN3MOM
C TJAMHMUCTBIMM CJAHILIAMHU C BBICOKUM CONEpP/KAaHUEM MenH, MAaTHUA U JKeJesa.
W3 craTteu He coBceM ACHO, IOYEMY STH CJAHUBI TaK 6GOTaThl HA3BAHHBIMU 3Jie-
Mentamu. He Tydorenssie 11 ouu. He siICHO BO3HUKHOBEHME OCHOBHOTO ILIATHO-
Kna3a (aHImeaWHa) B 9HIOKOHTAKTOBBIX rpaHuTouzax. Eciau momycturs, 4TO IJIU-
HUCTBIE CJaHLBI 6OraThl TaKKe M3BECTHIO, TO TOTNA KaKUE YK€ 3TO TJIMHUCTHIE
caaHusl. He caenyer am mosarars, Yyto NpenmecTByone TPAHUTOUAAM UHTPY3UU
6BLIM OTHOCHMTEJBHO OCHOBHBIMY, KOTOPBIE IOTJIOLIEHB! (aCCUMMUJIMPOBAHBL U Me-
ramopduuecku npeobpasoBaHbl) rpaHuToumamMu. Ha 3To yKasbiBaer TakkKe Ha-
Juuuve DuOpUTOB. HemoHATHO U BHICOKOe comep/kaHWe Meou B TJIMHHUCTBIX CJIaH-
nax. He BHeceHa /M OHa rUApOTEpPMAaJbHBIMU PACTBOPAMH.

ITo Me3030MCKUM TePPUTEHHBIM OTJOKEHUAM BBLIONCKOM BnaguHbl 1 3anai-
Horo Bepxosanbs umeercsa obcrostensHas pabora A. I. Koccosckxoi (1962).
31eck BBIIENAETCA 4YeThIpe 30HBI NpeobpasoBaHUA TOPOXL IOCJe JUTOTeHe3a, T. e.
OC2IKOHAKOIUIEHUA M YIUIOTHEHUdA, IIpPUYeM XapaKTep U3MeHeHus st raathop-
MEHHOW M TeOCUHKJIMHAJIbHOM 06JIacTed OTJUYHEIE.

B nepeot 3ome (HayasipHBIA SIATEHE3 TI0 aBTOPY) NpeobpasoBaHHBIE MOPOILI TO COCTABY
M CTPyKType OIM3KH K INEPBUYHO-CENMMEHTALMOHHBIM mnoponaM. MaMeneHus 371€Ch BHIPA/KEHBL
B IOCTENEHHOM MCYE3HOBEHUM B paspese psana Haubojee HECTOMKMX OOJOMOUHBIX MUHEDPAJOB —
nupokceHos, ampubonos, 6uoruToR (HabaONaeTCA KaOAMHUBAUMA IOCIETHEro) X OpP. X B Obl-
CTPOM yBEJMYEHUM B HaATIpaBJeHUM CBEPXYy BHH3 TPAaBUTAUMOHHOIO YIUIOTHEHMA TOPOL —
BO3pacTaHUue UX O6BEMHEIX BECOB M yMeHbUIeHHe mopucrocTH. Ilepepaborka yrieit He BHIXOIUT
3a 6ypoyroJbHyl0 CTaauio.

Bo eropoii 3ome (ray6uHHBIA BmUTEHe3) NPOUCXOAUT CHABHAA TepepaboTKa TJIMHUCTOTO
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LeMeHTUpYIOWEero MaTepuana (THIPOCHIOIN3AUUA C ofpasoBanueM MyckoBuTa u OBuorura)
A HMCcYesHOBEHME HECTOMKAX OGNIOMOYHBIX MUHEPaJOB: KaJbljUeBO-HATPUEBHIX TUIATHOKIA30B
¢ BOSHMKHOBEHHEM KaNblIMeBOT0 LEONUTA-JIOMOHTHTA, NUPOKCEHOB, ampuboros u ap. TMoasna-
0TCH 3HAYATENbHBE Macchl MOMOHTHTA. ONHAKO CyIECTBEHHOTO HAPYWIEHUA CTPYKTYP MCXOLHBIX
MOpON He NPOWCXOJWUT, XOTA ¥ BOSHMKAOT MO3AUTHO-PETEHEPALMOHHEIE CTPYKTYPEL B necyaHu-
Kax W SBACHAS MUKPOCTMJIOJAMTHBALUMM. B STO 30HEe IPaBUTALUOHHOE YIUIOTHEHHE IMOPOL Kax

651 3aKaHUMBAETCH.

B Tpevell 30HMe, KOTODaA XapakTepHa IJIA reocuuxauHanpHoi obxacru (crp. 180), moposst
NOYTH YTPAYMBAKT CEAUMEHTOTEHHBIE CTPYKTYPHI, npuobperas 4epTEHl MeTaMOPYHUUECKUX IOPOZ.
OHM WHTEHCHBHO IMCJIONUPOBAHLI, CTENEHb HX HU3MEHEHHOCTH 06ycnoBANBAETCA HE TOJBKO
ray6uHOil NOTPy/KeHMA, HO M CTPECCOM. 3a cueT MeCYAHUKOB MNOABIAKNTCA CTPYKTYpPHI, CBOM-
CTBeHHBle KBaPUUTOBAIHBIM IOPOZaM C 3y64aThiMH MIH CHOKHBIMU NamYaToO-U3BUIUCTHIME
HOBepXHOCTAMYU CouneHenus seped. OBIOMOUHBIA GHOTUT WHTEHCHBHO HIMEHEH: TLTACTHHKU ero
COCTOAT W3 CJIOKHO-TIEPEMEKAIOMUXCA BOJOKOH CBETJNO-3€JEHOTO M3OTPOMHOTO XJIOpHUTa, Gec-
LBETHOTO CHJIBHO ABYIDPEJIOMIAIOUIET0 MYCKOBUTOMOXOGHOTO MHHEpaNa M PEIKAX pETHKTOR
ofecmeuenso ci1ab0 TJIEOXPOHPYIONLIETO H ABYNPEJOMIAOLUIET0 MHUHEpana; B HUKHEU IIOJOBUHE
30HE! THAPOGHOTHT TOJXHOCTHI McdedaeT. [lOCTeneHHOE CTAHOBJIEHME MYCKOBUTA CBA3AHO C BEL
cBOBOKIeHmeM KamiuA U3 O06IOMOYHOTO KaJHMEBOTO IOJEBOrO IINaTa IpPH €ro paspymIeHui.

Yergepraa 30na PACOPOCTPAHEHA TOJNBKO JHIIL B INpeaesax Haubosee NUCIOLMHUPOBAHHBIX
yuactko Bepxosmckoro mporuba ¥ OXBaTHBACT CaMbleé HIKHUE TOPH30HTEL paspesa, OTHOCA-
mueca k HuKHe# nepmu. [aA B30HE XapaKTepHO HANHYUE ACHMIHBIX U duanuTononobHbX
CHAHUEB ¥ KBAPUUTONONOGHBIX IMECYAHUKOB CO CIOKHBIMH  JIMTOBUNHEMU = CTPYKTypaMH, BBI-
pasUBIIMMHCA B NEPNEHIUKYJIADPHBIX OPAEHTHPOBKAX IJIACTUHOK XJIOPHTA M MYCKOBHTA, IPOHH-
KAOWHUX B CAOKHO OPHEHTUPOBAHHBIE 3€pHA KBapua X MOJE€BOTO IIMaTa.

B 5T0ii 30HE MOPOABL IMOJHOCTHIO YTPaYHBAIOT HCXOIHEIE 060MO4HbIE CTPYKTYPhI; HAYWHAETCA
$opMupoBaHme CTAHIEBATHIX TEKCTYP, CBAGAHHBIX C ABICHUAMH CErpEramui XIOPUTOBO-CIIOAAHBIX
MEHEpPanoB, 060COGAAOMUXCA B OTACIBHBIE MPOKUJIKE M KPYyIHHE nenuno6NaCcTE BeAUIMHOR
o HECKOJBKHX MUATAMETPOB, BHUACIAWINUXCA HAa (OHE OCHOBHOE TKaHX HOPOXEL, CJI0KEeHHON
arperaTaMy XJODHT4, MYCKOBATA M KBapua.

TakuM 06pa3oM, NMPOUCXOLUT IOCHENOBaTEeJbHOE H3MEHEHHE TJIHHUCTOTO Be-
mecTBa ¢ TeHJEHNUMeHd K YNpPOIEHHI0 MUHEPaJbHOIO COCTAaBa M CBEACHUIO €ro,
B OCHOBHOM, K 4eTbipeMm paszam: myckoeury, xaopury (adpocunepur UId PUMHAO-
JUT), aAbbuTy U Keapuyy.

Ilepssie nse 30mb1 A. I'. KoccoBckas OTHOCHT K CTafiuy SMUTEHE3A (nuarenesa),
NP KOTOPO# 3aBeplIAeTCA TPaBUTALMOHHOE YILUIOTHEHHE NOPOA ¥ MUHEpaJbHaA
nepepaboTka HecTOMKHUX $as ¢ cOXpaHeHUEM CTPYKTPhI OCaLOYHBIX MOPOL, BTOPBIE
IBe 30HBI — K CTAaAMM HA4aJpHOTO Meramopdusma (meraremesa), mpu KOTOpO#
CTHPAIOTCA TPU3HAKY CTPYKTYP OCafOYHBIX TMOPOX U OPOpMIAETCA MUHEPAJILHAA
accouuanys, COOTBETCTBYIOLIAA MYyCKOBUTOBO# cybdaumu 3eseHOCaaHIeBOM a-
nuu. Craguio MeTareHesa aBTOpP CUMTAeT JIEPEXONHOM K pPETHOHAJBHOMY MeETa-
MopduaMy, KOrZa HAYMHAETCA MAccoBoe TNOABJEHHe GUOTHTA (6uoTUTOBAA 30HA).

B cBs3M C OXapaKTePU3OBAHHEIMYU 30HAMU CIeNyeT 3aMeTUTh, YTO HaM KaKercia
HeOKa3aHHBIM 06pasoBaHMe MeTaMOPPUTOB TpeThbedl U YeTBEPTOd 30H B NEPUOL
MOTPY’KeHUsA OCANOYHBIX TOJMI] ¥ MHeHHe 06 MX PasBUTUU KaK B Ie€OCHHKJIHHAJIB-
HBIX, TAK ¥ B HETEOCUHKJMHAJBHBIX 06JacTAX. DTO BEITEKAET U3 XapPAKTEPUCTUKHU
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HA3BaHHBIX 30H, KOTOpble CBA3aHBI C TEOCUHKJIHHAJBHBIMU OTJIOKEHHUAMHU, CEKy-
IMMU CTpaTUTpaduueckue TPaHULBl U C KPYINHBIMHU 3JeMEHTAMU BepxosHCKOTro
MerauTukJanHopusa. Kpome Toro, 311 30HBI, 0cOGeHHO 4erBepTas, O6HAPYKUBAIOT
narauctoe (ydacTkoBoe) passutue. CienoBaTesbHO, MOKHO TIOJATATh, 4YTO Me-
TaMOppu3M IBYX TOCJENHUX 30H IIPOTEKaJ B CTAAMIO CKJIAA4aToOCTH. Ilosromy
U peruoHaJpHbI# MeraMopduam B BepxosHbe Jydule HauuHATE C TpeTbeil 30HBI,
T. €. KOTAa IMPOMUCXOAUT IIEPeJIOM B T€0JIOrO-CTPYKTYPHOH 06CTAHOBKe pPasBUTHUA
obsacTu, rae B Ka4yecTBe HOBOTO BakKHOTO (akTopa MeTaMOpdu3Ma BhICTyNaer
cTpecc.

B cBasu ¢ paccMaTpuBaeMBIM HaMH BONPOCOM BHI3BIBAET UHTEPEC MCCIEL0BA-
Hue b. 1. Xopesoi# (1963, 1966) mo marmatuamy u meramopdusmy Yproim-
CKO# 30HBI CMATUA U N0 obmum BompocaMm Meramopdusma. Kiaccuueckum mpu-
MepoM MeTaMOpdUUECKOro 1MosAca CUaJUYecKoro Npoduia OHa CIUTACT U3YUEHHBIH
el naseo3oiickuit Mpreimcko-Mapkakyabckuii MeTaMOpduueckuil 1mosc, Tpuypo-
ueHHsI K Mpreimckoir some cmarusa Aaran (Xopesa, 1966, crp. 80).

Teocunxaunanpueie 06pasoBaHUA 3TOTO TOACA CJHOKEHEHL B OCHOBHOM TEPPUTEHHBIMH TIOPO-
IaM¥u, ONHAKO BO BPEMA OCAIKOHAKOTUIEHMA NOPOM MNPOMCXOAMUJIA ByJKaHHUECKAA AKTUBHOCTH
(cpenHeneBoHCKME KBapuesbie MOPGUPH ¥ NaUUTH, NOPPUPOUAE U TMopdupHUTOUIEL, TLIACTOOGpPas-
Hble TeJa CIHUAUTONONOGHEIX By TKaHOTeHHbIX mopoxn). ['opasno Gosee MHTeHCHBHBIE MATMATHYECKUE
NPOABIEHUA B KOHLE CPEIHEr0 NEBOHA MMEeNu WHTPY3UBHBIA XapakTep; oHu B Mprhimuckoir
30HE CMATUA HaA4daluch QopmupoBanueMm rab6po-MIarHOrpaHUTOB, NPUYPOUEHHBIX K Vpremu-
cko-MapkakyasckoMy rayGuHHOMY pa3ioMy, NONBEPIIMECA BIOCHEACTBUM MpeobpasoBaTebHBIM
npoueccam. Hazo monarars, urto ynmomaHyThle Bhlme Teja CHUAUTONONOGHBIX TOPOK ABAAIOTCH
6auskuMu mo BO3pacTy rab6po-miarucrpaHuTaM.

B Bepxsem neBome mpoucxomur 06pasoBaHHe NPUUPTHILCKOTO OPUOMUTO-NONOGHOTO mosca,
npuypodennoro x Kans6a-Hapemckomy raybumsomy pasiaomy. CiexyeT OTMeTHTH, YTO NIMPOKO
TIPOABJEHHBIA B CONPENENBHOM TEPPUTOPUM WOTO-3amafgHoro Ajras 6a3aibTOBBIA ByJIKaAHHIM,
Li0-BUAUMOMY, MMeeT O6mUM C NPUUPTHILICKAM [IOACOM MarMaTHYeCKMi oOdar.

B nanpueitrem B 3ome Mpremicko-MapkaKynsCcKOTo IJyGMHHOTO pasioMa B CBASK C HMHTEH-
CUBHBIMU  CKJIaA4aTO-TABGOBBIMU TONHATUAMY, CO3LABIIMMY INOBHYIO TOPCT-AaHTUKIMHODPHYIO
CTpyKTypy MpTHIUICKO# 30HEI CMATHA B BEPXHEM NEBOHE — HAayajle HUKHEIO TYpHE MPOHCXOLUT
gopmuposanue rpanuTounoB. IlocienHue XapaKTepUsyOTCA JMHEAHO BHTAHYTHIME B CeBEpPO-
3amamHOM HalpaBJIeHUU IIOJYyCOTJNACHBIMU MHTPYS3HAMHM TPEUIMHHOTO THUMNA, H3MEHYMBOCTHIO
nerporpaguueckoro cocraBa, 67aCTE€30M, METacOMaro30M, THEHCOBHUIHOCTBI, MUIMATHU3al[Hei
4 1y6oKuM MeTaMOpPU3IMOM BMEWAOIIUX IOPOL ¢ 06pazoBaHUEM MHKPOKPHUCTAIIMYECKUX CJaH-
LIEB, KOHTAKTOBBIX METAMOPPUUECKUX CHAHIEB, TEPeXOMAIINX B KPHCTANIMYECKHE CJHAHIHL,
KOHTaKTOBble KPUCTANIUYECKHUE CAAHUBI U THEHCHL

Ha s1om ocHOoBamum asrop mosaraer, 4rTo TPaHUTOUIBI MPEACTABIATA COGOM BHICOKOHATPETHIE
MITMATUT-IUTYTOHEL, BbUKAThIE IO TIJNYOMHHOMYy pasmoMy ua ofbaacreil yasTpameramopdusma
B TOT IIEPHOJN, KOTAa euje OKOHYaTeNbHO He GbuI 0POpMHUpOBaH OYar TPaHUTHON Marmel. Ero
$opMuEpOBaHUE COBNAZaeT C BEPXHENANeO30MCKUM STATIOM TEKTOTEHe3a; B 3TO BPeMA NPOMBOLLIO
BHEIPEHUE IOCTOPOreHHbX (oporeHmmix, — I'. 3.) yMepeHHO-KMCIBIX Kan6CKHX TI'PaHUTOUIOB
BepxHero kapboua, npuypouewnsix k Kanba-HapeimMcxomy ray6unmoMmy pasizomy (crp. 109).

Bpﬂll JU MOXHO CHUTATh yﬁelIPITeJIbHBIM CTOJIb BBICOKYIO HArpeToCcTb MHUTMa-
TUT-ILJIYTOHA, BBDKATOIO M3 €le He C(bOpMHpOBaBHJCI‘OCH TpPaHUTOBOIO Marmatu-
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YeCKOrO o4ara X BBI3BaBLIETrO BBICOKOTEMIEpPATYPHBIX MeTaMopduaM BMellaioliei
toamu. Bosee nmpaBromono6HBIM KaXkeTcs HaM, ofpasoBaHue MeTaMOPPUTOB U 110
KpaliHeil Mepe 4YaCT¥ TIOpPOJ, BXONAIIMX B COCTAB TPAaHUTOMIOHOTO KOMILIEKCa,
HanpuMep, MUTMATHUTOB, THEHCOB, HEKOTOPHIX TPAHUTOB U HOp., B pesyJbTaTe
BO3[eHCTBUA HA rab6po-IIarMorpaHUTEl ¥ BMeIlaloljue TePPUTeHHbIE OTJIOKEeHHUA
BBICOKOHATPEThIX BOCXOAALIMX PACTBOPOB B II03[HEKaJeLOHCKOM, DPaHHEeTepIIMH-
CKOM M MO3NHETePLUUHCKOM 3Tamax pasBuTtua obaactu. CregoBaTesapHO, €CTh
OCHOBaHWUA II0JIATATh, YTO MeTaMOppUuecKue ¥ MeTacoMaTHYecKHe IPOLecCHl Ipo-
NOKAJNUCh OO0 KOHNA KapboHa, a MOXeT GHITH emle 1m03aHee; OCOGEHHO MHTEHCHUB-
HOe MX TpOABJIeHUe mpoucxoxuso B 3oHe Kanba-Hapeimckoro ray6uHHOrO pas-
JoMa, B KOTOpou cdopMupoBaiuce Kaabckue rpaHurounst. O6 3TOM TOBOPAT
HabonaeMble aBTOPOM MHTEHCUBHBIA MeTaMOpduaM cpenHeZeBOHCKUX Tab6po-
ILIAaTUOTPAaHMTOB, HaJW4YMe B IIpelellaXx Ppa3BUTHUA MaCCUBOB IUIAarMOKJIA30BBIX
THeCO-TPaHUTOB II0JIOC, JUH3 U KCEHOJUTOTOHOOHBIX TeJ MeTaMOpPU30BAHHBIX
NOPOI CPeINHero ¥ OCHOBHOTO COCTAaBa, IpencTaBileHHbIXx rab6po-amdubonauramu,
IHe#CO-IUOPUTAMU, THEeHCO-TOHAJUTAMU U THEHCOBMAHBIMM POrOBOOGMAaHKOBBIMU
NJIaTMOrPaHUTAMH, KOTOpble PacCMaTpUBAIOTCA KaK IOpombl Gojee paHHBIX a3
cpenHeneBOHCKOTO Komiutekca (cTp. 63). MeraMopduTsl TAroTeoT K IIyGUHHBIM
pasjioMaM ¥ PACIIOJIOKEeHHBIM B HUX TPAaHUTOMAAM; Ha 3HAYUTEJBHOM YIAJEHUU
0T HUX MeTaMOPQUTHI NepexOnAT B HOpMajbHble OCAZO4YHBIe TOJIM COZeprKalue
¢ayny. 3amerum, uTo MeTaMOp$U3M BYJIKAHOTEHHBIX TEOCHHKJIMHAJBHBIX TOJII
npoucxonut 6Gojiee UM MeHee PABHOMEPHO. AHAJOTUYHOe B 1ieJIoM ABJeHUE Pop-
MUpPOBaHUSA TPAaHUTOMIOB M MeTaMOPPUTOB, BO3HMKIIMX 3a CYeT YACTHUYHO
BYJIKAHOTEHHBIX, IIPEUMYIIeCTBEHHO TEPPUTeHHBIX OTJOXKeHu# omucano M. .
Hexpacosmm (1962) B BepxHo-UyKoTCKO# CKJIan4aToi 06JaCTH.

XopomwuM npuMepoM cBA3KM MeTaMOpPU3Ma C NMOCTMATMATUYECKMMHU THUAPOTEp-
MaJIbHBIMM IIpOLlecCaMy B TEPHOI CKJIAAYaTOCTH, ABJAETCA acnuuHas auabas-
noppuputoas dopmMauusa, B KOTOpOH BeAylIyio POJb uUrpaer $anus acnuAHBIX
ClaHUeB, BBHIAEJEHHAss HaMU B KauyeCTBe IEPEXONHOH MeTamoppuueckoir dauuu
MeKIy HOpPMaJbHO-OCaNOYHBIMU NUaTeHe3UPOBAaHHBIMU U caabomeramMopdusupo-
BAHHBIMU IIOpPOZAMM, OTBedawIuMyu 3sejieHocnaHuesoir Gauuu II. Dckosa
(B3apunse, 1962, 1966).

MusepaspHas accouuanus AJsA aCOUIHBIX CJAAHLEB NpeNCTaBJeHa: KBapll-cepu-
UUT-XJIOPUT-YTAUCTO-TIAUHUCTOE BEIECTBO, a MJA M3MEHEHHBIX OCHOBHBIX Marma-
TUYECKUX IOPOL U UX TyPOB — KBapL-XJOPUT KaJpUUT (-3MUOOT)-PyRHBEIA MU-
Hepas (-peJMKTBl MCXONHBIX MUHEDAJIOB: OCHOBHOU ILIArMOKJa3, MOHOKJIHUHHBIA
nvpokced, ampubosn). HeobxonumocTs BHIZEJEHUA TaKOH IlePeXONHOM MeTaMop-
duueckoir dauum BuaHa u3 toro, uyro nozmHee B. . Xopesa (crp. 70) BBI-
nenuna GuUAIUTOBYI0O MeTaMopduueckyio danuio mjsa NEIUTOBBIX IIOPOA, He 3Hai,
1I0-BUANMOMY, 4YTO nopobHas auusa pasee yke 6blia IpemyoeHa Hamu c Goiee
yOa4HBIM, KaK HAaM KajyKeTCd, HauMeHOBaHMeM, TaK KaK QMIIUTBEl CKOpee OTHO-
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CATCA K 3eJIeHOCJaHLIeBO# $aluy; B UX COCTAB, HAPALY C CeEpUIUTOM ¥ XJOpH-
TOM, BXONAAT CJIOOBI U aJnbur.

B. M. Kexaxep (1949), neransHo usyyuBmuii TeppureHHbie popmaniuu
(acnumnyio, ¢aumesyo, MonaccoByio) B 3alaupckoM CHUHKIMHOpun (obmas
momHocTs cBbite 8000 M) u comocTaBMBIIMIA OTJIOKEHMA MOCAENHEN C APYyrUMU
TEPPUTEeHHBIMU TeOCUHKJAUHAaNbHbiMU ordokeHuamu (Ilamup, Cpenuas Asus,
Peiickue cnaHueBsle TOpsl M XOpOWIO M3y4eHHBIH BHEMIHBIA TNpPOru6 YauuTsl
p CIIA), mpuwes K 3akJ04eHUIO, YTO ,,BO3HUKHOBEHHE ACIIHMAHOU $opmanuu
OTHOCUTCA K TeM PaHHHUM CTaAMAM pPa3BUTHUA, KOTAA TEOCUHKJIVHAJIb WHTEHCUBHO
nporubaercs, a pacu/ieHeHUe ee HAa YaCTHBIE aHTUKJIUHAJbHbIC TIONHATUA U CUH-
KJIMHaJIbHblE NPOrnbsl BTOPOro nmopAnka (MHTPareOCHMHKIWHAJM X MHTPAreOaHTH-
XKJAMHAJIM) elje He PesKo BblpakeHO. [€OCHHKJMHAIM, B KOTOPOH HPOUCXONUT
HaKOIJIEHUe IIeCYaHO-TJIMHUCTBIX IIOPON acmuAHO# ¢opManuu, COOTBETCTBYET
LIMPOKasa YIUIOUeHHAsA BHaiuHa peJdbeda; OrpaHUYMBAOIINE ee IONHATUA He
UMEIOT pe3Koro reomopdosorudeckoro Beipaxenus“ (crp. 128).

Corzacuo nasBaHHOMY aBTOpY, HJA 3MJIaupCKOi acnunHoit dopmauuu (Bepx-
HUUA NEeBOH-HU3bl KapboHa) xapakTepHa 60JblIas MOIIHOCTH OCAaIKOB, CJIOKEHHBIX
U3 YepelyioNINXCA MeKNy cob0i nmecdaHWKOB (IOpOi rpayBaKKOBBIX) U APTHUJLIN-
TOB C NpU3HaKaMyu PUTMUYHOCTH Guaumesoro tumna. CNyTHUKaAMU TepPUTEHHBIX
OCaNKOB ABJAETCA IPOCJAOM BYJKAHUYECKUX TY(POB, NMAUKU CUJUIIUTOB; HabII0-
IAIOTCA TaKkKe ILJIAaCTOBble 3ajleXu Auabas-opUPUTOBBIX TIOPON U, KaK CJel-
CTBHME MO3IHEr0 IMHAMUYECKOTO U TUAPOTEPMAJBHOTO MeTaMopduama, obpaszosa-
HUe 3a CYeT ApruJIIMTOB ACIMIHBIX CJAHIeB, OPOTOBUKOBAHHBIX B BULY TNpPOIU-
THIBaHUA ux KBapueM. Ilociemuuii 06pasyeT MHOTOYMCIIEHHBIE JKUJBI, CEKyIIUe
CKJIagdaThlie CTPYKTYPBHL.

Hsn necuaHuKoB acnuaHO# dopManuyu 3UIaMPCKOTO CUHKJIMHOPUA XAPAKTEPHO
IPUCYTCTBHE LieMEHTa, COCTOAIIEr0 M3 HOBOOOPAa3OBaHHOTO KBAPLA U pereHepu-
POBAaHHBIX IOJIEBBIX WINATOB C YEIIyHKaMU XJOPUTA U CEPULUTA; B HUX COmep-
KUTCA TaKKe PaCKPUCTANIU3OBAHHBIM IIEIUIOBEIA MaTepual, H3peiKa BCTpeda-
01cA AuH3B Ty§oB. O6JIOMKM COCTOAT M3 PA3IMUYHBIX MMOPOX ¥ MUHEPAJIOB.

I'avaucTble claHubl CXOZHBI € IEMEHTUDPYOUIEH MacCOd IeCYaHUKOB;, OHU
TpenCcTaBIAIT CO60M MeJKOKPUCTANLIMYECKHH arperar, COCTOAIUI U3 HOBOO6Paso0-
BAHHOTO KBaplia, PETeHepPUPOBAHHOTO TIOJEBOTO WLINATA, CEPUIIUTA, XJOPUTA,
COCCIOpHTa, JeKoKceHa. HTepecHO OTMeTHTH, YTO HHTEHCMBHOCTH MeTaMOppuma-
Ma 1 KOJMYECTBO KBapLEBBIX JKWJ PE3KO BO3PACTAlOT B BOCTOYHOM TIOJOCE PACIIpo-
CTPaHEHUA aCNUIHOK ¢opManuu, NpUMbIKaoUlell K aHTUKJAuUHOpuio ¥ pai-Tay.

C ¢opmupoBaHuMEM MHTDaTeOAHTHKIMHANH, CIOKEHHON M3 acIuaHOH popma-
LuH, B PAIOM PaCHOJOXKEHHOM nporube BTOPOro nopsanka (MHTPaTeOCUHKIMHAJIY)
NPONOJIKaeTCA HAKOIJIEHHEe TepPUTeHHOTO MaTepualja ¢ ob6pasoBaHueM QJuiIe-
BOit popMauuu. B 310 Bpems By/sKaHMYECKas NeATENBHOCTH, KAaK NPABUJIO, Ipe-
Kpaljaercs MJIM MMEET CIHOpajuyvecKuMil xapakTtep. TaKuUM MCKIIOYEHHSM, B 4acT-
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Hoctu, aBiderca 3anamueiit KaBkas, rie B ceHOMaHe Ha KODOTKHMM ITPOMEKYTOK
BpeMEHU Cpeny OTJAOKeHuH ¢auuia NOABJIAETCA TYyQOreHHas TOJIIA ABIHMTOBBIX
lecuaHUKOB. B 3TO BpeMs B TOJle ucdesaeT quuuieBad PUTMUYHOCTD U BHOBB
HOABAAETCA B TYpOHE B CBASU C NPEKpallleHHeM B Mporube ByJKaHMYECKOH nes-
TeJBHOCTH.

Tlo ceuperenscrsy . M. Kennepa (1949), momusie Tommu 3uaupekon
paumesoit popmauum (BO3PACT: CPENHHUH-BEPXHUM KapboH) OOBIYHO CJIOJKEHBI
YILIOTHeHHBIMU (arpu/UIMTHI, IIECYAHMKM), HO He MeTaMOPOUIOBaAHHBIMU IOPO-
HaMu.

B orHOmeHuu MeraMOpdHU3Ma OCAAKOB HECKOJIBKO OTIMYHOE TOJIOKeHUe Habmo-
IaeTcA B BEPXHEIOPCKO-HUsKHeMesoBoM $uumesoM cuHkauHOopuu HOxHOrO cKiIoHA
Boapmoro Kaskasa B mpepenax Pauum u CpaHeTruwu, ocanku KOTOPOTO HeTPOrpa-
duueckn usyuensr U. JI. Yeuenamsuau, A. JI. Konaneimsumu u 3. B. Bapcu-
CAIIBUJIN.

OTnoXKeHEus pacCMaTpPUBAEMOr0 CHUHKJIMHODUA WHTEHCUBHO [MCJIOLUDPOBAHBL.
Onu mpencTaBjieHsl CeQUTONUTAMY, TICAMMUTOIUTAMHU, AJEBPOIUTAMU U TIEIH-
tonuramMu (KJACTOTeHHBle IIOPOXbI); M3BECTHAKAMH, MEpPrejisiMu ¥ TeppUIeHHO-
xap6oHaTHBIMU 06paszoBaHuAMy (KapGoHaTHBIe TOpoasl). B Hux Hepenko Habmo-
DAJOTCA KUJIKM KaJbLiUT4, peke KBaplia, CeKyljue CKIan4aToCh, MHOTLA UX IAPYy3bl
u eomgsl. Mecramu Qukcupyercs OKBapijoBaHHOCTH ocaakoB. B Jlyxymckom pas-
peae, rme Habionaercd 4epeiOBaHUE W3BECTHAKOB C MAYKAMU TEMHBIX CHJIBHO
OKBAPIIOBAHHBIX CJAHIEBATBIX APrUJIMTOB, PAa3BUTHIX B CBOJOBOM 4YacTH AHTH-
KJIVMHAJBHBIX CKJANOK, UMEEeTCs peajbrap-aypUIIUTMEHTOBOE MECTOPOKIEHHUE.

B Tonme 3adurcupopansl caeayomue $aumessie durypst: ueporandsi npobie-
MATHUYeCKOTO TPOUCXOKIEHHsA, MexaHOraudsl, 06pa3oBaHHbIE B IpOLECe TIepenBH-
YKEHUA OcafKa WY TIOTOKOB BOABL M GHOTAMBI, BOSHUKIIKME B Pe3yJbTaTe KU3HE-
neATenpHOCTH opraHuaMoB, Kocas cioucrocTs HabuogaeTcs IpeMMyNIeCTBEHHO
B TEpPPUTE€HHOM, MeHblIe B KapGoHATHOM ¢uuie.

Ocanku ¢auuiesoit gopManuyu MaKpPOCKONMYECKM B 1leJoM HeMeTaMopduso-
BaHBL U B 3TOM OTHOUIEHUU Pe3KO OTJMYAITCA OT HUJKHEe-CTPeJHEIOPCKOW aCmum-
Ho¥ dopManuy, ONHAKO MUKDOCKOIMUYIECKOe M3y4YeHNe IOPOI MOKA3aJl0, YTO B HIX
MPOUCXONUIY HEKOTOpHIE IpeobpasoBaTespHble IPOLIECCHl MCXOMHBIX OCANOYHBIX
mMuHepanoB. Apropst paszeiasior npencrareruve H. M. Crpaxoea OTHOCHTENBHO
TOr0, 4TO HOBOOOGpAa30BaHHBIE MUHEpAJHl, B TOM 4YUCJe albOUT, BOZHUKAIOT B CTa-
70 TIO3NHEro AuareHesa OCANKa, KOTAA BCJAEACTBHE OOMEHHBIX peakuuid U ABH-
/KeHUs PacTBOPOB TIPOMCXOIMT IepepacrpenesieHre OCaloYHOTO Marepuala.

Jlanee oTMeuaercs, 4TO aJbGUTHI, COEeprKallUecs B PA3JUYHBIX paspe3ax Kap-
6ouatHoro ¢auma Bepxneit Paum ¢uxcupyrorcs npuMepHO HA OLHOM CTpPaTH-
rpaduyeckoM ypoBHe — B HUJKHEH 4YaCTu BepXHeil I0pbl U II03TOMY, Pa3NeAd
Baraan M. A. Ilpeo6paxenckoro (1940), cormacyiomeroca ¢ B3TAALOM
Tecrepa u I'opmona (Tester — Gordon, 1934), aBropsl cY4UTAIOT, YTO AJb-
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6uTHl MMEIT KOppelATHBHOEe 3HaveHue. [OpmoHY, Kak u3BecTHO, ymajioch paa-
TPaHUYUTH TI0 BTOPUYHBIM IIOJEBBLIM IUNATAM KHMBAaTUHCKYI (GopManuio cesepo-
BocTO9HO# MuHHecoTHl or npec6axckoi $opmanuu.

U A Tlpeobpaxencrkuit (1940), onucasmumii pereHepUpOBAHHEIE NOJEBHE LITATH
BEPXHENEBOHCKMX IIecyaHuKoB TuMmana oTMmeyaer, 4ro ,,06pa3oBaHUe ABTUTEHHBIX TOJEBBHIX LM~
TOB B Mex0a3aJbTOBBIX MECYAHMKaX MOTJNO GBITH CBA3aHO C THAPOTEPMAJNBHBLIMM PACTBOPAMMU
u3 6a3anbToBBIX 3)Py3UBOB; ...HO ABTUTEHHBIE IOJEBble IIMATH HAXONATCA U B BEPXHEH CBUTE
BEPXHEACBOHCKUX TMECYAHUKOB, JEKaUX Bblle 6Ga3albTOBEIX IOTOKOB, NpuUYex ¥ MOpPOIOTH-
9eCKd, U ONTHUYECKU BTU IIOJIEBblE IIMATHl HE OTJAMYAIOTCA OT HAXOMAIIUXCA B MeK6a3aNbTOBBIX
necuanukax. [losToMy MOKHO MpemamosOKuTs, YTO ¥ Te W Apyrue o6Gpa30BANIUCH B YCIOBUAX
OOBIYHBIX IJIA HOPMaJbHBIX OCANOYHBIX NMOPOX. B HuKHeir cBuTe, nexameint nox 6a3anbTOBBIMH
NOKPOBAMHM, MMEIOTCA TOPUIOHTHI KOHIJIOMEPATOB C GapUTOBHIM 1IEMEHTOM, OTHOCUTENBHO KOTO-
POTO ABIAETCA BOTPOC, B KaKMX yCAOBUAX OH ofpasoBaica. Ho aBTurenssle noJjessle WINAaThl
HaXONATCA KaK pas B TEX MOPOAaX, B KOTOPHIX HeT GapuTa, M KOTOpHIE Je€KaT, MOo-BUIUMOMY,
Boune GapuroBeix kouriomepatoB” (crp. 33). Ilo mpuBemeHHOM OBBLEKTHBHOK XapaKTepUCTHKE
BpAL JX MOKHO COMHEBATHCA O TIOCTMATMATMYECKOM THIPOTEPMAJbHOM TMPOUCXOKIEHUU KAK
6apura, Tak M NONEBEIX WMNATOB. 3J€Ch HEBOJBHO BOZHUKAET y HAC AHAJOTUA CO CIMIUTAMH,
KoTopeie OOBIYHO TPUYPOUEHHI K OMPENEJEHHOMY CTPAaTUrpaduuecKoMy YPOBHIO BBIEOCHHKJIM-
HaapHBIX Tou. MMy 4acro HaUMHAOTCA BYJKAHOTEHHBIE TOMIK ¥ 0O6Da30BaHLI B Pe3yJNsTATe
PaHHEr0 HAaTPUEBOTO METAaCOMAaTo3a II0J IeHCTBMEeM HATPUUCOAEPKALMUX BOCXONAUIUX PACTBOPOB
B NEPUOL CKIAan4aToCTX M BO3HUKHOBEHUA WHTPAT€OAHTHUKJIMHAIBHOA CTPYKTYPHL

Jpyrue HOBOOGpa3soBAHHBIE MUHEpPAJHI, KOTOPHE BCTPEYAlTCA YK€ B BBIUEJEKAUIMX OCAIKAX
¢auma, NpencTaBIEHBl KBapueM, KaJbUHTOM, CHOI0# (XJIOPUT, CEPUUMUT, MYCKOBUT); pEIKO
BCTPEYalTCA JOMOHTUT, CHIEPUT, MUPUT U TUTAHOBbIE MUHepansl (OPYyKHT, PyTHJ, aHaTas).
B Bepxnei&‘CsaHernn u B ymease p. Jlyxymuc-ckanm 3aduUKCUPOBAaHBI APrUNJUTHI C CBOe-
06pasHbIMM HOBOOGPAa30BAaHUAMHU ,,30HAJIBHOTO KBAPUA ¥ TIOJUCUHTETHYECKM CIBOMHUKOBAH-
HOTO anpbura, MMEOIUX MECTaMHM MINOMOpPHEIE O4YepTaHUA, NPUIAIIKUX IOpoie NOPPUPOBO-
nonobHYI0 CTPYKTypy. Mexny »TuMU MuHepanaMu pacrioJOKEeHbl NapajieNpHO HHUTeBUIHBIE
o6pazoeaHuA KBapl-CEPULHUTA.

IockonpKy mpeobpasoBaTenbHble (MeTaMOpduuecKue) TPOLECCH, BBI3BAHHbIE
AKTUBHOCTBIO BOCXOmAMUX (TUIPOTEPMAaJbHBEIX) pACTBOPOB B TepUON CKJajpda-
TOCTH paccMaTpUBaeMOu (JIHUIIEBOH TOJINU HE BHI3BIBAIOT COMHEHUH, TO BO3HU-
K4eT IPeAnoJIoKeH:e O 3aKOHOMEPHOM xapakTepe 31oro mpouecca. Ocobyio uHTeH-
CUBHOCTb BOCXOMAIIWE DACTBOPHI IIPOABJIAIOT B TOM CJydae, KOTAA UM Ipel-
mecTBOBaJ 3$Py3uUBHBIN MarMaTUYeCKUU IIpoLlecC, T. €. eCJIU OHH ABJAITCA
nocrMarMarudeckuMy. YeM MHTEHCHBHee IIpellIecTBYOMMi, OCO6eHHO 6a3ajb-
TOBBIY BYJKAHU3M, TUIIMYHO IIPEACTABJIEHHBIH B 3BIeOCUHKJIMHAJNAX, TeM HHTEH-
CHBHee MNPOABJAITICA B NEPUOM CKJIaNYATOCTH BOCXONALIME MeTaMOpduaymouiue,
rpanuToobpasyioniie U pyIHOMUHEPAJIU3ALMOHHBIE PACTBOPEL. JTO B TOH HJIM
UHOU Mepe OTHOCUTCA M K BHYTPUKOHTUHEHTAJILHBIM BYJKAHOT€HHO-0CAMTOYHBIM
ToamaM. B ciaydae TeppuUreHHBIX TE€OCHHKJIMHAJEH, TAe OCHOBHOHM M YacThio
YJABTPAOCHOBHOM MarmMaTU3M IIPOABJIAETCA TIJaBHBIM 06pa3oM B MHTPY3UBHOU
dopme, mpeobpasoBaTespHBIe IIPOLECCH], TATOTEOIIUE K TJAYGUHHBIM pasjioMaM,
TaK)Ke 3aBMCAT OT MacwTaba IpenuecTByIOIIero 6a3suTOBOr0O MarMaTH3Ma.




[lns MOJHOTHI KapTHUHBL O PEerMOHAJBHOM MeTaMopduaMe CledyeT PacCMOTDPETh
3TOT IPOLIeCC Ha IpUMepe YrOJBHBIX GacceiHOB.

HexoropeiMu uccienoBaTeaMu BBIIENAIOTCS TPH BUIa MeTaMoppuaMa yTiei:
KOHTaKTOBO-TEPMAJbHEIH, TUHAMUYECKUH ¥ pernoHansHbiii. B. U. A Bopckuit
(1967) orMeuaer, 4YTO mpolLlecC KOHTAKTOBO-TEPMAJIBHOTO MeTaMopdusma cBO-
JVTCA K BHENPEHMIO B yrJeHOCHyH dopMaumio MarMel, 3pPeKT BIAUAHUA KOTOPOH
3aBUCHUT OT ee cocTaBa (Kucjaas WM OCHOBHAs), MAacChl, TEMIEPATYPHl U IIOJO-
JKEHUs OTHOCUTeNbHO acta yrias (crp. 119). IlpuBonsatcs mpumepst na Cydan-
CKOro MecropoxuaeHua u TyHrycckoir yraeHocHoir miuomanu mo B. C. Il exy-
HoBy (1938).

B Cyuane orMeuaioTcA MHOTOYMCIICHHBIE NAaMKOBBIE TeJa KBapueBbix Nopdupos
1 TIOpPUPUTOB, IepeceKawIIUX KaK YroJbHbIE ILJIACTHl, TAK M BMeELIAONIHe WX
OCagK¥, KOTOPHIEe BBIZBIBAIOT MX CKOKCOBAHHOCTh B HE3HAYMUTEJLHOU IO LIMPHUHE
30He, He IIpeBhIIAIOIEH HeCKOJbKUX MeTpoB. Hapsany c apdysusamu u cy6sya-
KaHU4YeCKUMHU TeJaMM OTMEeYaeTCA HaJudue TPAaHUTOMLOB, B CBA3U C YeM HU3Me-
HeHUe yriei pocruraer rpadurusanuu. Mcxona us stux nauusix, B. C. lllexyHos
BEICKa3blBaeT MHeHUe o Meramopduame Bcex yrieit [lonbacca B CBA3u C BO3nei-
CTBUEM Ha HUX MarMaTU4YecKUX TeJ. JTO MHeHue He pasgeiser B. 1. fiBop-
cxuu (1967), xors u npusopur npumep ua KysHeukoro 6acceitna, rue B 6a-
JAXOHCKOH cBuTe TOMB-YCHHCKOTO paiiOHa IUMPOKO Ppa3BUTHL ILJIACTOBblE TeJa
M gaiiku nuabasoB, BOJM3U KOTOPBIX YTJU IIOABEPraloTCA aHTPALUTU3ALUMU.

HasBauHble aBTOpEI He NPUHMMalOT BO BHUMaHHUE TO O6CTOATENLCTBO, YTO Ha
YyIau ¥ BMeIjalollve UX OCaIKU OKasbIBAIOT BO3JEHCTBHE HE TOJBKO MarMaTuyec-
Kue Maccel, 3QPEeKT KOTOPHIX IIPOABJIAETCA HAa BECbMa OrPaHHYEHHOM PACCTOAHWH,
a TJIaBHBIM 06pasoM mocTMarMaTUdYecKue PacTBOpHI, MMepliue IJy6uHHOe IIpouc-
XOKIeHUe, JUIIb apareHeTUYeCK! CBsizaHHbIE ¢ AaHHBIM MarmaTtuamoMm. OHu ne-
peMeljaloTca Mo TeM CHUCTeMaM TpelUIUH, 4acTh M3 KOTOPHIX 3allOJHEeHa Marma-
TUYeCKUMU TeJaMu. B rmocilenHeM ciyyae OHM IPOHMKAWT BHOJH KOHTAKTOB
MarMaTU4ecKOTO TeJa C BMelljaioljed IOpono#d u Jinbo BHI3BIBAIT MeTaMOpduaa-
LMIO TIOCJIefHero, IU60 3aBepLIaloT MPOLIECC, HAYaThli B MarMaTU4ecKylo CTanuio.
ITocnennee sBJeHMe co3naeT BredaTjeHWe O BO3NEHCTBUM HAa YIJAY W BMellaollue
X OCafKW TOJBKO JHIIL 3aJeErapllero B MX KOHTAKTe MarMaTHUYecKOro TeJa.
B mesoM aToT mpouecc oxBaThiBaeT GoJblUNeE ILIOMIAAM, BCIO TOJILY, T. €. ABJAETCA
MMEHHO TeM IIpPOILIeCCOM, KOTODBIM OMpeleNAeTcAs TOJ Ha3BaHMEM PerMOHAJBLHOTO
Metamopdusma.

NunaMmoMeraMOpd3M He3aBUCHMO OT APYyrux PakTopoB Meramopduama, BPAX
J1 MOJKeT BBI3BATH M3MeHeHue cocraBa (KadecTBa) KameHHbIx yraed. OH, Kak
U3BECTHO, OOYCJIOBJEH CKJIanKoo6pasoBaTeJbHEIMUA NBUKEHUAMY, BO BpEMA KO-
TODBIX, KAK OTMEYaJOCh IPOUCXOAUT aKTUBU3AlUsA BOCXOAAIIUX pacTBOpoB. Mmen-
HO Tak Hajno noHuMmats Mbicap 0. A. Kemuyxkuauxkosa (1948), ormerus-
11€ro, uTo ,,AMHaAMUYECKMH MeTaMopdu3M yrjed B CKIamdaThix o6jacTAX MoxeT
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COYETATBCsA C PErMOHAJIbHBIM, HO HeMbicauM Ge3 Hero“. Pam aBTopoB morpyskeHue
YIJIEHOCHBIX TOJI] M PETMOHAJBHBIA MeTaMOpduaM CBA3BIBAET CO CKJIaAKoobpa-
soBanueM. B uwacrHoctn, M. 1. AmMmmocos (1941) usmeHenue cremeHu Me-
Tamopduama yriaeir IlpoxonbeBcko-Kucenesckoro paitona Kysseukoro 6acceitna
06BCHAET TEM, YTO B MOMEHT MeTaMopdusMa, T. e. HA MaKCUMaJbHOU raybume
NOTPYKEHUA YIJIEHOCHOM TOJINH, IJIACTHL YIJsA YsKe OBLIM CJIOXEHBI B IIOJIOTO-
BOJIHUCTBIE CKJANKU M, HAXONACh BCJENCTBUE BTOTO Ha pasJMYHOU TiybHHe.
NOABEPTJAUCh BO3NEUCTBUIO Pa3HBIX TeMiepaTyp. B atoM ke paitone . U. M o x-
vanoBe M (1948) 6BLIO yCTaHOBJEHO, YTO HA COBPEMEHHOM IEHYIALMOHHOM
cpese K 3aMbIKaHUIO GpaxMCUHKIMHAJBHBIX CKJANOK Bcerna HabJiomaeTcs IOBBI-
LeHue CTerneHu MeTamMopdusMa yrieid, MAaKCUMyM KOTOPOrO COBMNAjaeT ¢ aHTH-
KJIVHAJbHBIM IIepernboM NIMHHBIX OCed 3TUX CTPYKTYp. JTOT MUCCIIELOBATENb
TaK)K€ yKasblBaeT, YTO MeTaMOpdu3M yTIJA OZHUX U TeX Ke ILJIACTOB YBeJIUdHU-
BA€TCA OT 3aMKOB AHTUKJIWHAJBHBIX CKJIANOK K 3aMKaM CHHKJIWHAJEH, Iorpy-
mawomuxca Ha 6oapwyio raybuny. B. M. Cxox (1963) numer, uro ,,mpu
6osee KpyTOM 3aJleraHuy TILIACTOB YIJIA MeTaMOpPU3aLMA HUX Ha TAyOUHY
NPOUCXONUT WHTeHCHBHee, yeM npu noiorom” (crp. 26). anee oH oTMedaer:
»B KysHenkoM 6acceiiHe OCHOBHas MeTaMOpdHU3aLuA YIJA NPOUCXOLUJIA B TIe-
PUOI HaxOKIAEHUA €ro Ha MaKCUMAaJbHOH TJIyOUHe IOrpyKeHHs, a TOUHee —
B MOMEHT BTODOY MHBEPCUM, UMeBLIe# MeCTO B KOHIle Mesa (mepsas 6blia B cpen-
He- MJIM BepxHeTpuacoBoe Bpemsa)“ (crp. 32—33).

Bpam nu MOXHO cumTaTe 3Ty TUNOTe3y npuemiueMoil. Ecau y CBA3HIBATH
MeraMOpPU3M yryed M yrJeHOCHOH TOJIU C IIOTPY’KEHUeM IOCJeNHe#, TO ecTe-
CTBEHEe CBA3aThb €ro C MNPeACKIaT4YaThiM IIEPUONOM OCAAKOHAKOIJIEHUA, KOTHa
rry6uHa TOTPyKeHUA OCaIKOB MHOrO 6OJblie, YeM B CUHKJIMHAJBHBIX CKJaJKaXx,
BOBHUMKUIMX BO BPEMA CKJAM4aTOCTH.

3aMeTuM, UYTO yraeo6pa3oBaHHe HAa TeppuTOpMM Lpyauu B 6aTCKOM Beke
CBA3aHO C CaMOM CHJBHOM IJA I0KHOro ckjoHa boasmoro Kaskaza 6artckoit
$asz0if CKIADYATOCTH, BHI3BABIIEH 3aMbIKaHMe 0aHfOCCKOU SBTeOCUHKJIVMHAIU
¥ o6pasoBaHue IPAHUTOUNOB. baTCKaA perpeccMBHAas YTJEHOCHAS TOJIA ABJIAETCA
KOHCEI1WMMEHTAllUOHHOM.

Uro KacaeTca MHeHVMA O IPOABJEHUM OTHOCHUTENBHO BBICOKOM CTENEeHU MeTa-
Mopduama yrieil ¥ BMENAOIIUMX MX TOJI Ha 60jiee HU3KUX TOPU3OHTAX, COBIA-
HAIUX C 3aMKaMU CHHKJMHAJEHd, TO 3TO MOKHO OOBACHUTHL BO3AEUCTBUEM
Ha HHUX BOCXONAIUUX PACTBOPOB, KOTOPBIE IIPHU IPOXOXKAEHUU HUKHUX YPOBHEH
TONMmMU 6BLIN OTHOCUTEJHHO 60Jiee BBICOKOTEMIIEDATYPHBIMM, 4YeM HA4 BEPXHUX.

* k%

Hamu nmpencraBieHus 0 perMoHaJIbHOM MeTaMOpdU3Me PA3JUYHOTO TUMA TOJIL]
IOpOJ, NMpHUBENEHH B TeKCTe HacToAumed cratbd. OHU B LeJOM He OTJIHUYAKTCA
OT BBICKa3aHHbIX HaMu paHee rpemcraBieHuit (3apunpsze — Tartpumsu-
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au, 1953). B Hacrosamiee BpeMsA MBI TAK/Ke CYMTA€M, YTO PErMOHAJILHBIA MeTa-
MopdusM coBeplIaeTcsas B INEPUOM CKJIANYATOCTH IIOJ BO3AEHMCTBUEM BOCXOMALIUX
BBEICOKOTEMIIEPATYPHBIX PACTBOPOB, OOYCIOBJIMBAOIIUX IOABEM TeOTEPMUYECKOTO
rpagveHTa ¥ Te4eHMe MUHepasonpeobpasoBaTeNbHEIX INpoueccos. [lasiaenue, npu
KOTOPOM COBEpILIAETCA MeTaMOPPUUEeCKUH IIpOLleCcC, BO3HUKAET I[PU CKJIAaLYaThiX
HaTAXeHUAX; obpasoBaHHAasA IIpU STOM CTPYKTypa (MHTPAareOaHTUKJIUHAIE)
B OTHOUIEHUU NABJEHUA ABJACTCH aHU30TPOIIHOM.

Pernonanpuerit MeTaMOp$HU3M IPOABIAETCA, KAK U3BECTHO, B T€OCUHKJIMHAIAX,
cpeny KOTOPBIX TUNWYHOW NJA 3TOTO BUZa MeTaMOppuaMa MABIAETCA OSBIEOCHH-
wiauHane. IlepBelil sTam peruoHaJBHOrO MeTaMopduU3Ma, COBEPUIAIOIIUNCA B CTa-
nui0 06pa3OBaHMA WHTPAreOAHTUKJWHAIM, OOBIYHO HE IIPeBBINAET 3eJeHOCHIaH-
UeBy0 ¥ 3NUANOT-aMPubonuToBylo dauuy AJsA IeIUTOBBIX MOpox. B aTo Bpems
popmupylorca 6enHsle kanaveM rpaHuTounbl (ra66po — maaruorpaHuTOoBas $op-
Mauusa).

O6pasoBanue MeTaMopduUTOB ¢ GoJiee BBHICOKOTEMIIEPATYPHEIMU MUHEPAJbHBIMH
accouuauusAaMy, IIPOUCXOAUT TIPU IOBTOPHEIX MeTaMOpPUYeCKUX Mpoileccax B Te-
4YeHUe HECKOJBKHX LMKJIOB TeOJIOTMYECKOTO Da3BUTHA. B KOHILle BTOPOrOo WU
Jazke TPeTbETO TEOJIOTMYeCKOro UuKIa GopMupyiorcsa 6oraTele KajueM U KpeM-
HHMEM IPaHUTOUIBI IIyTeM MeTacoMAaTo3a, 3a C4eT IO0POA rab6po-mIaruorpaHuToOBOM
dopMmanuy u UX BMemAWIIUX MeTaMOPPUTOB.

B TeppureHHBIX TEOCHHKJIMHAJAX, CONPOBOKOAWOLNIMXCA WHOTAA KPYIHBIMU
MHTPY3UAMM OCHOBHBIX M YacCThl0 YJBTPAOCHOBHBIX IIOPOX, 3aJIeraioljux B TJY-
6uHHBIX pa3ioMax, MHTPY3UX TPAaHUTOMIOB HAKJIANBIBAIOTCA HA IPEIIIeCTBYONIUe
uM 6as3utel, IM60 pacCnoOJaraloTCA B TeX jKe pasJioMax, HO JUIIeHHBIX 6a3UTOB
¢ 06pa3oBaHUeM LETNOYKOO6Pa3HO PACIIOJIOKEHHBIX KPYIHBIX MaccuBoB. CraHOBJe-
HU€ TPAaHUTOMNOB B pPacMaTPUBAEMBIX HaMU TEOCUHKJIWHAJIAX IPOUCKOAUT B Te-
YeHye He MEHee ABYX ILIMKJOB TeOJIOTUYEeCKOTO PasBUTHUA, KAK 3TO UMEEeT MecTo,
Hanpumep, B MpTeimicko-MapKkakyIbCKOd U Op. 30HAX.

B TeppureHHBIX TEOCHMHKIUHANAX QIULIEBOTO0 THUNA, COBEPIIEHHO JMUIIEHHBIX
MY MOYTH JIMIIEHHBIX BCAKOTO pPONa MarMaTH4ecKux o6pa3oBaHU#l Kak B 3dPy-
3UBHOW, TaK U B MHTPY3UBHOH QopMax, MeTaMOpPUUeCKHe IIpPOLecChl UTPAIoT
BECbMA HE3HAUYUTEJbHYI0 POJb. IIpuMepoM MOryT CIYKWUTh IaJe030MCKUe OTJIO-
HeHus ¢aumenodt ¢opmanum 3uaanpckoro cuHkKIMHOpuUA Ha IOxkHOM Ypase.
B BepxHeopcKo-HMKHEMEJIOBOM (IMIIEBOM CUHKJIMHOPUHU 10KHOTO CKJIOHA BoJb-
woro Kaskasa B cBA3H €O CKIan4yaToCThio $JAMLIEBON MHTPATEOCUHKIUHAIY UMeNa
MECTO aKTMBHOCTB BOCXONAIIMX T'MAPOTEPMAJIBHBIX PAaCTBOPOB, KOTOPHIM He TIpeh-
LIeCTBOBAJIO ITIPOABJEHUE MATrMaTH3Ma; OHU IIPOM3BEJNY 3aMeTHble IpeobpasoBa-
HUA B CaMOM HMKHeH dacTu ¢uumeBoin Tonmu, rae Habmonaercs OKBapleBaH-
HOCT, ¥ HOBOO6pa3oBaHWA ajpbuTa ¥ Ap. BTOPUYHBIX MUHepaaoB. B cBazu
C aKTHUBHOCTBIO TMAPOTEPMaJIbHBIX PACTBOPOB B paioHe p. Jlyxymuc-ukaau o6pa-
30BaJIOCh, KaK OTMEYEHO, peajbrap-aypUIIUTMeHTOBOE MECTOPOXKIEHUE.
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CkazaHHOe naeT HaM OCHOBAaHMUE rnoJiaraTte, 4TO B II€PHUOO CKJIAOYATOCTH, IIO-

BUAMMOMY, BCETAA NPOMCXOIUT C TOH UJU MHOX MHTEHCHBHOCTELIO, IIPOCAYMBAHUE
4yepes OCamO4Hble TOJIIM BOCXONANLIMX PAaCTBOPOB Pa3JUYHOTO COCTABA, TEMIIEpa-
typel u PHz0. OT0 Habmonaercs M B HEOT€OCHHKJIMHAJBHBIX BHYTPUKOHTUHEH-
TanbHbpIX (SMMKOHTMHEHTAJbHBIX) GacceiiHax, B 4aCTHOCTH, B YTOJBHBIX Baccei-
Hax, B KOTOPBIX MeTaMOpdU3M yrias M YrOJBHOMA TOJIH, €CJIU OH B KAKOK-TO
Mepe OOyCJIOBJIEH HENOCPeNCTBEHHBIM BO3AEHWCTBMEM MAarMaTW4ecKoro TeJa
B cJydae ero HaJUuuA, TO TJAaBHYI0 pOJb B IIpollecce MeTaMopduamMa uUrpaior
BOCXOIAIME PacTBOPhl — IIOCTMAarMaTrudeckue, jubo He IOcTMarMaTudecKue,
T. €. He UMeoINe CBA3h € IPefINeCTBYIOIIMM MarMaTU3MOM BCJIEACTBUE €ro
orcyrcrBua. O Tmpomeccax perMoHaJBHOrO MeTamMopdusma, COBEpLIAONIErOCH
B CTANUI0O CKJIAA4aTOCTM YTIJEHOCHBIX TOJI y OOJBIIMHCTBA MCCJIenOBaTesIei
COMHEHHU# He BBI3bIBA€T, OJHAKO O ero NpUUYMHAX, KaK OTMEe4ajoCh MHEHUA pac-
XONATCA.

OnuuM u3 Haubojee CAOKHBIX ABJIAETCA BONPOC O TOM, KaKue Ipeobpa3oBaHUA
TIPOMCXONAT B CTANUIO OCaIKOHAKOIJIEHUA U IMOTPy’KeHMA Touau mopon. ETo Bce
elle HeJIb3A CUUTATH DPEIleHHBIM IIOJHOCTBIO. ECTh OCHOBaHMe NJA yTBep/KIeHMUs,
4TO 3TU M3MEHeHMUs HeadHauuTeJbHbl. Hampumep, MBI yBepeHBI B TOM, YTO MeTa-
MopduaM acnuuHBIX ciaaHueB (acnumHocaaHueBass gauua) IOxHOro CckJIOHa
Boasworo KaBkaza npouzomesn B mepuon CKJIagyaTOCTH, T. €. BO BpeMs QOpMuM-
DOBAaHUA aCMUIHOCJIAHIIEBOM MHTDAaT€OAHTUKJIMHAAU (KOHel CpemHed 10pbl) U 3a-
POKIEHUA PANOM C Hel (JuIeBOH MHTPAaTEOCHHKJMUHAJM, KOTOpas B CBOIO Ode-
penk TIIONBEPTJach HEKOTOPBIM HAaJIOKEHHBIM T'HMIPOTEPMaJbHBIM IIpoLieccaM,
ONATBE-TaKU B Hepuon ckiandatoctv. OJHAKO HEKOTOpPHIE HCCJIELOBATENH, U3y4aB-
UlMe TEpPPUTEHHbIE TeOCHHKJIMHAJM CYUTAT, 4YTO MeTaMopduaM, BbI3BAHHBIU
MOTPy;KeHWeM TOJIIM IIOPOJ B TIEPUOL OCaJKOHAKOILIEHUA, ABJAeTCA OoJsee MH-
TeHCUBHBIM, NOCTUTAaA HUBKOTeMIIepaTypHOH cybdauuu seseHocjaHUeBOu danuu,
a peruoHajbHbIE MeTaMopduaM 6oJiee BHICOKOH CTEIleHU COBEpIIAeTCA yiKe B Iie-
PUOI CKJIaAYaTOCTH.
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G. M. ZARIDZE

DATING OF THE REGIONAL METAMORPHISM DURING THE DEVELOPMENT OF
THE GEOLOGICAL CYCLE

The present article 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 (Zaridze —Tatrishvili 1953).

Now there is still a supposition about the regional metamorphism ending
in the period of folding under the influence of then arising high-temperatured
solutions conditioning the increase of geothermic gradient in the course of the
processes of alteration of minerals. The pressure accompanying the final phase
of metamorphism, arose due to the folding stress. Thus the structure (intra-
geoanticline) was 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 green-schistose and
epidote-amphibolitic facies, as far as pellitic rocks are concerned. In this
time, granitoides (gabbro-plagiogranitic formation) poor in K, arose.

The forming of metamorphites with high-temperatured mineral associations
takes place in repeated metamorphic processes, in the course of several cycles
of geological development.

At the end of the second and even third geologic cycles, due to metasoma-
tism, there arose granitoides rich in K and quartz to the d./p. of the rocks
of gabbro-plagiogranite formation, metamorphites included.

In terrigene geosynclines, accompanied sometimes by extensive intrusions
of basic and partly ultra-basic rocks deposited in deep faults, intrusions of
granitoides are deposited on the underlying basites or in the same faults
without basites, with the forming of extensive chain-like 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 Irtys-Marka-
kul, and other zones.

Metamorphic processes have 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 Upper-Jurassic — Lower-Cretaceous
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 part of the Flysch beds, where quartzification and new formations
of albite and other secondary minerals, took place.
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In relation to the activity of hydrothermal solutions in the territory of the
Luchumns-ckali river, there arose an realgar-auripigment deposit.

From this it follows that in the time of folding, solutions of different compo-
sition, temeperature and Pm,0 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 influence of magmatic body — in case it occurs
there — then postmagmatic or non-postmagmatic solutions have greatest
importance in the process of metamorphism.

There are no doubts about the processes of regional metamorphism comple-
ted in the period 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 place in the stage of deposition and sub-
merging of rock beds. This problem has not been completely solved yet. It may
be supposed that these alterations were only slight. For instance, we may believe
that metamorphism of the aspid shales (aspid-shale facies) of the southern
slope of the Great Caucassus Mts. took place in the time of folding, i. e. in the
period of forming of the aspid-shale intrageoanticline (the end of the Middle
Jurassic) and of the rise of the Flysch intrageosyncline that was affected by
some hydrothermal processes, again in the period 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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JAN TLAVSKY

ZUR METALLOGENETISCHEN KARTE DER WESTKARPATEN
1:1,000 000

Auf Grund der Generalkarten der Mineralrohrstoffe 1:200 000, die fiir den
Teil der Westkarpaten in den letzten zehn Jahren in der Geologischen Anstalt
Dionyz Stir’s, Bratislava verfertigt wurden, haben wir eine Skizze der metallo-
genetischen Karte im Mafstab 1:1,000 000 zusammengestellt, die den Bestand-
teil der metallogenetischen Karte der Tschechoslovakei bildet, welche anlif3-
lich des XXIII. geologischen Weltkongresses erscheinen wird. Bei dieser
Gelegenheit mochte ich die wichtigsten metallogenetischen Probleme der
Westkarpaten erdrtern, 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 gehoren:
rawmliche 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 iiber die studierten Lagerstitten ein-
begreifen.

Dadurch, daf3 die metallogenetischen Karten in vereinfachter Form solche
Mengen von Daten zum Ausdruck bringen, erfiillen sie einerseits im gewissen
Sinne die statistische Methode der bildlichen Darstellung der Ergebnisse in
der metallogenetischen Erforschung und anderseits bieten sie die Unterlage
fiir die wissenschaftliche Analyse iiber genetische) Bedingungen der Akkumu-
lation der Mineralrohstoffe und der Gesetzlichkeiten ihrer riumlichen und
zeitlichen Verteilung (im Sinne P. Routhier’s (1963) bieten sie die Unter-
lagen fiir die Strategie des Aufsuchens der Mineralrohstofflagerstitten).
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Riumliche Metallotekte der Westkarpaten
(metallogenetische Rayonierung)

Die Basis der metallogenetischen Rayonierung im Sinne J. A. Bilibin’s
(1953, 1955), W.E. Petrascheck’s (1955, 1963), P.M. Tatarinow —
V.G. Grudevoj—G. 8. Labazin’s (1957) und P. Routhier’s (1963) ist
die Teilung des bestimmten Raumes auf die Einheiten niedrigerer Ringe,
die einen bestimmten typischen Bau, dabei jedoch einheitlichen stratigraphi-
schen Gehalt, einheitliche Strukturen, gleichen Typus des Magmatismus,
Vulkanismus und bestimmte genetische Typen der Erzlagerstitten mit ihren
typischen Formen und mit der Intensitit der Vererzung besitzen. Das ist im
wesentlichen das Prinzip der Vergleichungslehre @ber die Erzlagerstitten oder
die Typologie der metallogenetischen Einheiten.

Die Gliederung der geologischen und dadurch auch der metallogenetischen
Systeme hingt also von zahlreichen spezifischen geologisch-tektonischen und
metallogenetischen Merkmalen ab, die in einzelnen kontinentalen Blocken
nach dem Gehalt, Alter usw. unterschiedlich sind (Kordilleren-, Appalachien-,
Alpino-Himalaja-, Ural-Systeme usw.). Im Sinne W.E. Petraschek’s sind
derartige Einheiten am zweckmiBigsten als metallogenetische Megaprovinzen
zu bezeichnen, wobei durch die obenangefiihrte Beifiigung ihre Konkreti-
sierung ausgedriickt wird.

Die Megaprovinzen in den geosynklinalen, polyorogenen Systemen zerfallen
im Sinne der bekannten Definitionen J. A. Bilibin’s (1. ¢.) und W. E. Petra-
scheck’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 Intensitit der Vererzung,
typische Formen und genetische Typen der Lagerstitten. Im Sinne Tval-
¢relidze’s (1957) besitzt sie auch ihre eigenen typomorphen Metalle, in
bestimmten Entwicklungsstadien einzelner Epochen typomorphe genetische
Typen der Lagerstitten und im Sinne P. Routhier’s (1963) ist sie im be-
stimmten spezifischen Erosionsniveau abgedeckt. In solchen Provinzen sind
oft auch mehrere metallogene Epochen vertreten und so sind sie im Sinne
Turneaur’s (1955), Tvalérelidze’s (1957) und Smirnow’s (1960) poly-
zyklisch.

Dieser Definition nach sind also die Westkarpaten eine selbstindige west-
karpatische metallogenetische Provinz und man kann sie nicht mit den Ostalpen
in eine Einheit zusammenfassen (was wir im Weiteren noch erdrtern werden).

Mit Bezug auf die Gliederung der Westkarpaten nach D. Andrusov—
A. Matéjka (1931) und V. Zoubek (1937) oder H. Stille (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 duferen Flysch-Karpaten;

(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 zugehérigen Magma-
tismus. Vulkanismus und den Erzformationen vertreten. Die Subprovinzen
besitzen ihre Eigentiimlichkeiten 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 Charaktar
einer strukturell-faziellen Zone, die durch Neogen (mit Erdsl und Gaslager-
stitten) gebaut ist und die Grenze mit der Bohmischen Masse bildet.

2. Metallogenetische Subprovinz der duferen Karpaten. Ihr Bau ist aus-
geprigt linear und die Richtungen einzelner strukturell-faziellen Zonen gleich,
d. h. bogenformig: im Westen SW-NO, in der Mittz O-W und im Osten NW-SO.
Abgesehen von der Detailgliederung der duBleren Flysch-Karpaten in zahl-
reiche lingliche faziell-lithologische und tektonische Einheiten (Matéjka —
Roth, 1962, 1964) kann man diese Subprovinz in drei strukturell-metallo-
genetische Zonen zergliedern:

(a) Strukturell-metallogenetische Zone des duferen Flysches, in welcher die
Kreide von kleinerer Bedeutung ist und das Paleogen vorherrscht. Typische
Vererzung bilden da pelosideritische Floze in der Unterkreide (Valangien),
im Urgon, Alb, Cenoman und Eozin der nordwestlichen Karpaten, d.h.
in den Mihrisch-schlesischen Beskiden. Vereinzelt kommen die Blei-Zink-
Vererzungen in kleinen Korpern der Neovulkanite vor.

(b) Strulkturell-metallogenetische Zone der Klippen, die hauptsichlich durch
Jura und Kreide, weniger durch Paleogen gebaut ist. In dieser Zone sind
kleine Floze der oxydisch-karbonatischen Manganerze im Lias und Dogger
bekannt (Lednické Rovné, Zazriva, Sarisské Jastrabie). Auf dem polnischen
Territorium gibt es in dieser Zone kleine Korper der mit dem Teschinit
dquivalenten Eruptivgesteine mit unbedeutender Konzentration der Blei-
Zink-Erze und des gediegenen Goldes.

(c) Strukturell-metallogenctische Zone des Inneren Flysches, die haupt-
sichlich paleogenen Alters ist, enthilt nur sehr kleine Vererzungen der
sedimentéren, oxydisch-karbonatischen Manganerze und Pelosiderite, die
in den Schiefern liegen (Orava).

Diese Subprovinz, mit drei strukturell-metallogenetischen 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-eozine mit
Eisenerzen. Diese Etappen fallen in das mittlere Entwicklungsstadium der
alpidischen metallogenen Epoche der Westkarpaten. Beide Etappen sind
riumlich differenziert und sind in verschiedenen strukturell-metallogenetischen
Zonen eingelagert: Manganerzetappe jurassischen Alters in der inneren und
Eisenerzetappe kretazisch-eozinen Alters in der dulleren Zone.

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

3. Polyzyklische, heterogene Subprovinz der Zentral- W estkarpaten unterscheidet
sich diametral von der vorherigen Subprovinz nicht nur durch abweichende
Bauelemente, sondern auch durch ihren inneren Bau. Die Sedimentation,
der Magmatismus, Vulkanismus, die Tektonik, Metamorphose und Metalloge-
nese besitzen anderen Charakter, anderen zeitlichen Verlauf und ganz undere
riumliche 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 Lagerstitten und ihre rdumlichen und zeitlichen
Beziehungen zum betreffenden Magmatismus oder Vulkanismus betrifft) als
einheitlich.

Gegenwiirtiges Niveau der metallogenetischen Terminologie, sowie das
Niveau des Durchforschens des westkarpatischen Gebietes in letzten 15 Jahren,
namentlich die neuesten isotopischen Pb-Untersuchungen der Galenite zahl-
reicher westkarpatischen Lagerstitten (J. Kantor 1960—1965) erlauben
uns die metallogenetische Rayonierung dieses kompliezirten Gebietes auf
moderne Art zu interpretieren, die nicht im Einklang mit bisherigen Ansichten
von Maska (1957), Koutek (1958, 1964), Cambel (1958) usw. sind.

Im Einklang mit obenzitierten Definitionen von Bilibin, Petrascheck, Smir-
nov, Tval¢relidze usw., ist es notwendig diese Subprovinz in zwei grofie struk-
turell-metallogenetische Zonen zu teilen: Tatroveporiden und Gemeriden.

Strukturell-metallogenetische Zone 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
(Untertrias-Unterkreide) u. zw. in der autochthonen oder tektonischen Position
(subtatrische Decke). Nachorogene Formation ist Eozidn. Die Metamorphose
in allen Kerngebirgen ist mezo- und katazonal, wobei ihr Alter hauptsichlich
variskisch, teilweise auch ilter ist. In der alpidischen Ara wurden die kristal-
linen Kerne diaphtorisiert.

Die Erzlagerstitten der strukturell-metallogenetischen Zone der Tatrove-
poriden sind in allen Gebirgen, was das Material, Form, Genese und Alter
betrifft, iibereinstimmend und auch ihre 6konomische Bedeutung ist im ganzen
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einheitlich. Die Intensitidt und GréBe der Lagerstitten 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 Paldogens isoliert sind.

Deshalb muf3 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 iltere 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 Osten): Kleine Kar-
paten, Inovec, Kleine Fatra, Hohe Tatra, Branisko mit (ierna Hora und
Zemplin-Insel und einen anderen Streifen von Tribe¢, Malda Magura, GroB-
Fatra und der Niederen Tatra.

Detaile Beschreibung der einzelnen Erzdistrikte ist auf dieser Stelle nicht
zweckmiBig, da sie in der Vergangenheit von mehreren Verfassern gegeben
wurde (zum Beispiel L. Maderspach 1879; J. Ahlburg 1913; M. M4aska
1957; J. Koutek 1958, 1964 usw.).

In der Subzone der Veporiden kann man im wesentlichen nur einen: Vepor-
Erzdistrikt ausgliedern, der mit vorhergehenden durch die Lagerstittenformen,
Inhalt und Alter identisch ist.

Mit Bezug auf den Umstand, dal die metallogenetischen Prozesse in ein-
zelnen Erzbereichen polyzyklisch waren, d. h. es gibt da mehrere metallo-
genetischen Epochen mit zugehorigen Entwicklungsstadien und metallogenen
Phasen, werden wir jeden Erzdistrikt im Sinne Nekrazov —Satalov’s
(1960) in strukturellmetallogenetische Etagen gliedern, die zeitlich mehrere me-
tallogene Epochen enthalten (kaledonische, variskische und alpidische z. b.).
In den Etagen kann man strukturell-metallogenetische Subetagen (riumlich)
mit zugehorigen Phasen (zeitlich), als kleinere rdumliche 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 zugehérigen Erzformationen ausglie-
dern. (Diese Gliederung wird noch weiter niher beleuchtet, und zwar so,
dall daraus weitere Erscheinungen wie Konzentrationsfaktor und Intensitit
der Vererzung hervorkommen).

In dieser Subzone sind hauptsichlich zahlreiche hydrothermale Ginge der siderit-
sulphidischen Erzvormation vertreten, die das postvariskische Alter haben und in ihrer
Zusammensetzung namentlich Fe, Cu, Sb, Au, Pb, Zn vorkommen. Eine kleinere Bedeu-
tung gehért den sedimentir-vulkanogenen Pyrit-Pyrhotinerzen in metamorphierten
Griinsteinen (Amphiboliten) des vorvariskischen Alters. In oberpermischen Schichten
sind in manchen Gebirgen stratiforme Kupfererze mit Siderit vertreten.




Strukturell-metallogenetische Zone 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 Erzlagerstitten sind
in der Gemeriden-Zone, was die Arten, Typen und Formen betrifft, reicher
und ihre Dichte und Ausmal sind viel gréBer als in den Tatroveporiden.

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

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

Der geologische Bau der Gemeriden ist zum Unterschied von den Tatrove-
poriden zusgeprigt linear-zonal und dabei symmetrisch. In seiner Achse und
Mitte ist die altpaliozoische Zone des Volovec, d. h. die kambrosilurische
Gelnica-Serie. Diese Einheit entspricht der kaledonischen strukturell-metallo-
genetischen Etage. In ihr lagern die exhalativ-sedimentéiren Kies- und Magne-
titerze in einigen linearen Streifen, die den drei zeitlichen strukturell-metallo-
genetischen Stufen (Kambrium, Ordovizium, Silur) entsprechen. Die
selbstindige Erzformation sind hier die sogennanten , metasomatischen
Sideritlagerstitten von NiZnd Slana und Zeleznik, die nach den geochronolo-
gischen Studien von J. Kantor (1965) kaledonisches Alter haben und wahr-
scheinlich sedimentér-vulkanogenen Ursprungs sind. Es handelt sich hier also
um eine andere Fazies als bei Kies- und Magnetitlagerstitten.

In der kambrosilurischen Serie liegen weiter in zahlreichen parallelen Erz-
ziigen hydrothermale Ganglagerstitten der sideritischen und sideritisch-sulfi-
dischen Formation, die zeitlich aber jiinger sind (variskisch). Von dem rium-
lichen Standpunkte zerfallen sich diese Erzziige in zehlreiche Erzfelder mit
eigenen Gingen.

Die variskische strukturell-metallogenetische Etage reprisentieren: 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-)
Stadium reprisentieren Phyllite und Diabase (Rakovec-Serie) mit stratifor-
men exhalativ-sedimentiren Himatit-Magnetit-Erzen. Sie stellen die vorfal-
tungsphasige variskische strukturell-metallogenetische Subetage dar, die zonal und
fast symmetrisch beiderseits der Gelnica-Serie in Form von zwei strukturell-
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metallogenetischen Streifen lokalisiert ist. Als jiingere Lagerung gibt es in
ihnen wieder spitvariskische Erzziige mit sideritischen und sideritisch-sulfi-
dischen Ganglagerstétten.

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

Das spitvariskische Entwicklungsstadium vertritt das Oberkarbon, das die
spitvariskische strukturell-metallogenetische Stufe mit den Magnesit-Lagerstit-
ten am westlichen und dstlichen Ende der Gemeriden reprisentieren, wihrend
in dem Zentralteil der Gemeriden (im lidnglichen Sinne) die Oberkarbon-
Schichten von den sideritischen und sideritisch-sulphidischen Géngen durch-
brochen sind, die in den karbonatischen Schichten metasomatische Verer-
zungen bilden. Das Alter der Sideritvererzung ist hauptséichlich jungvariskisch,
die wihrend der alpidischen Ara rekristallisiert wurde.

Das Oberkarbon bildet beiderseits der Volovec-Zone zwei Stieifen. Vom
metallogenetischen Standpunkt ist der nordliche Streifen von groBer Bedeu-
tung. Er bildet am siidwestlichen Ende den metallogenetisch-faziellen Streifen
des Magnesit-Karbons im Bereiche von Lu¢enec und Ochtina, und im Ab-
schnitte Stitnik-Dobsina-Mlynky den metallo-faziellen Streifen mit ,meta-
somatischen® Sideritlagerstitten, wihrend er weiter ostwiirts bis nach Kogice
(von metallogenetischer Sicht aus) nicht fiir metasomatische Lagerstitten,
sondern eher fiir hydrothermale Ginge vom Belange ist. Der Kogicer Abschnitt
ist wiederum Magnesit-fithrend.

Der siidgemeride Streifen des Oberkarbons (ehemalige Roznavsko Zeleznic-
ka-Serie) besitzt keine Karbonate, die fiir die Entstehung der metasomatischen
Siderite geeignet wiren; dagegen gibt es da zahlreiche sideritische und siderit-
sulphidische Ginge permischen, oder auch alpidischen Alters.

Das finale Entwicklungsstadium der Varisziden reprisentieren 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 Uran—Molybdidn—Kupfer—Erzen, sowie mit Flozen der
Himatiterze, begleitet ist. Sie sind im Perm in mehreren metallogenetischen
Horizonten vertreten.

Des permischen Alters ist auch sehr ausgedehnte sideritische und sideritisch-
sulfidische Gangformation hydrothermaler Herkunft, die auch in é#lteren
Schichtenfolgen sehr verbreitet ist, u.zw. in Form von schon erwihnten
Gang-, oder Erzziigen. Infolge der primiren Diskontinuitit 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 — Lagerstitte oder Gang, die ihre
Gangabschnitte haben.

Alpidische Etage ist in den Gemeriden durch zwei Streifen vertreten: Galmus-
Gebirge in Norden und Slovensky Kras in Siiden, die zum paldozoischen
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, gréfitenteils exhalativ-sedimen-
tiren Erzformationen besitzen, wie Himatit, Himatit-Baryt, Himatit-Siderit,
oder Hamatit-Kupfererz-Fazies. /

Wiihrend des Faltungs-Stadiums der alpidischen Ara (Mittelkreide-Eozin)
entstanden in den Gemeriden einige hydrothermalmetasomatische und teilweise
auch pseudohydrothermale, regenerativ-mobilisierte Erzformationen (Hamatite
in der Trias, Antimonit-Gold-Quarz-Ginge im Paleozoikum, Kupfererz-Ginge
manchmal mit Siderit-Ankerit).

Die Gosauer Konglomerate, Eozin und Oligozén an den Seiten der Gemeri-
den-Zone, gehoren schon den spiteren Entwicklungsstadien der Alpiniden an.
Einige metallogenetischen Stufen enthalten verschiedene Erzformationen
(Manganerze im Eozin, Bauxit-Sedimente des kretazischen Alters usw.).

Zusammenfassend kann man also sagen, dall die metallogenetische Sub-
provinz der Zentralwestkarpaten polyzyklisch ist, da sich die Erzlagerstitten
in ihr in drei metallogenetischen Epochen gebildet haben. Die Entwicklung
der Erzlagerstitten war, was den Ursrpung der Erzstoffe 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 riumliche und zeitliche Auffassung und den stofflichen Gehalt dieser
Subprovinz haben schon friiher mehrere Forscher vermittelt (Wendl 1939;
Helke 1942; Kuthan 1960; Poldk 1963; Kodéra 1957, 1964; Bohmer
1958 — 64 usw.). Sie bildet einen gegen Siiden gewdélbten Bogen an der inneren
Seite der Westkarpaten, mit dem Verlauf von dem Gebirge Kremnické pohorie
iiber Stiavnické pohorie nach Nordungarn und kehrt wiederum zuriick in das
slovakische Gebiet ins Gebirge Tokajsko-Prefovské pohorie. Diese Gebirge
sind iiberwiegend durch verschiedene Andesite. Rhyolite, Trachyte, Dazite
bis Basalte tortonisch-pliozdnen Alters ausgebildet. Die rdumlichen metallo-
genetischen Einheiten in dieser Subprovinz sind bisher nicht zufriedenstellend
gelost, hauptsichlich deshalb, weil ihr Bau nicht ausgeprigt linear ist.

Vulkanite und Sedimente des Mioziins representieren finale metallogenetische
Phase der Alpiniden. Sie enthalten in mehreren Stufen und Etappen, bis Hori-
zonten verschiedene Erzformationen. Da diese nicht geniigend geklirt sind
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(Polak 1961), ist in den Arealen der neovulkanischen Gebieten deshalb die
Gliederung mehr in Erzrayone iiblich. Die Lokalisation der Erzrayone hat ihre
Griinde in der Tektonik des tiefen Untergrundes der Neovulkanite.

Erzrayon Kremnica ist namentlich durch die Gold-Quarz-Génge bekannt. An den Riin-
dern sind die Limnoquarzite und Antimon, Quecksilbervererzungen entwickelt.

Erzrayon Banskd Stiavnica ist durch die Gold-Silber-Blei-Zink-Erze bekannt. In die
Tiefe kann man Ubergiinge in die Kupfer- und Wolfram-Erze bemerken. In der weiteren
Umgebung von B. Stiavnica sind dann die Quecksilbererze, Manganerze, oder exhalative
Korper vom Schwefel und kontakt-metasomatische Magnetitlagerstitten (Vyhne, Ti-
sovee) in der Nihe der miozénen Diorite, bekannt.

Erzrayon Zlata Baiia im Presovsko-Tokajské pohorie besitzt auch solche subvulka-
nische hydrothermale Erzformation, die aus Blei-Zink-Silber-Erzen in der Mitte aus-
gebildet sind: an ihren Réndern kommen Antimonit und Quecksilber-Erze vor. In den
synsedimentdren miozidnen Komplexen sind verschiedene Horizonte der Pelosiderite
entstanden.

Auf dem Territorium Ungarns ist der Erzrayon Mdtra mit Blei-, Zink-, Silber-Erzen
und Cu-Erzen vom Belange.

Ubergeordnete riumliche Einheit der Rayone ist der Kranz der neovulkamni-
schen Gebirge, die im wesentlichen die Funktion der strukturell-metallogene-

tischen Zone besitzen.
%

Die Flysch-Karpaten, ostlich des Flusses Laborec, sowie neovulkanisches Gebirge
Vihorlat-Gutin unterscheiden sich durch ihren Bau, Entwicklung und Metallogenese von
den Westkarpaten. Mit Bezug auf ihren schwachen Erosionsgrad, bzw. AufschlieBung und
Anwesenheit von zwei Subprovinzen der Westkarpaten (Flysch-Zone und neovulkanisch-
pannonische Subprovinz), kann man dieses Territorium, das in UdSSR liegt, als eine
selbstindige, kleinere metallogenetische Provinz der Karpatoukraine bezeichnen. Nach
B.V. Merlié¢ (1957) bildet diese Subprovinz drei lineare strukturell-metallogenetische
Zonen, u. zw. von Norden gegen Siiden: Petros-Zone, Perefin-Svaljava-Zone und Cop —
Vyskov-Zone.

" Auf unseres Territorium reicht blo8 die Perefin-Svaljava-Zone, u. zw. lings des nord-
lichen Randes des Gebirges Vihorlat, wo sich der Vihorlat-Erzdistrikt befindet. Er enthélt
kleine epithermale Ginge der Eisen-Opal, der Pyrite und Quecksilber-Mineralisation.
Lings des siidlichen Randes des Vihorlat, in den anliegenden sedimentéidren Becken kom-
men hiufige Floze der sedimentédr-hydrothermalen Pelosiderit-Erze vor.

#*

Zulezt kann man einige allgemeine Probleme des rdumlichen Charakters
einwenig behandeln. u.zw.den Erosionsfaktor. Nach P. Routhier (1963)
ist Erosionsfaktor eines der Grundkriterien der Vergleichungslehre iiber die
Erzlagerstitten, Typologie der metallogenetischen Provinzen im Rahmen
der Megaprovinzen und der geosynklinalen, polyorogenen Systeme. Seine
Wichtigkeit wird hervortreten, wenn man die Westkarpaten mit Ostalpen
im Westen und mit sowjetischen Karpaten im Osten vergleicht. Den intensiv-
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sten. Erosionsgrad besitzen die Ostalpen, den mittleren die Westkarpaten,
wihrend die sowjetischen Karpaten den schwichsten Erosionsgrad haben.
Ostwiirts von den Ostalpen wird die Intensitdt der Erosion des alpin-karpa-
tischen Bogens immer schwicher 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 Lagerstitten,
Formen und genetische Type, Abdeckung der verschiedenen Etagen usw.).

Unterschiedlichkeit der Geosynklinalen von geotektonischen und metallo-
genetischen Standpunkten aus im Sinne Tvalérelidze’s, Smirnow’s, Routhier’s
usw., ist nicht nur die Folge ihrer priméren Fiillung, sondern auch der ver-
schiedenen Intensitéit der Erosion. Infolge des ungleichen Erosionsgrades sind
die strukturell-metallogenetischen Zonen der Ostalpen im bestimmten Sinne
symmetrisch, in den Westkarpaten asymmetrisch; im Bezug auf die Lokalisierung
der intensivsten sideritfiihrenden Streifen, oder Magnesitlagerstitten, sind
die Verhiiltnisse in beiden Provinzen umgekehrt (Ostalpen: nérdlich 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 grofe Aufmerksamkeit gewidmet. Zu den geotektonisch-
geologischen, mineralogisch-paragenetischen und geochemischen Studien iiber
das Alter verschiedener Vererzungen (Ilavsky, 1957, 1960; Cambel 1958;
Varcéek 1963; Maska 1957; Zoubek 1953; Pouba 1957, 1958 usw.), hatte
namentlich Kantor mit seinen geochronologischen Studien beigetragen
(1957—1965). Mit diesen Arbeiten wurde in den Westkarpaten die Anwesen-
heit von drei metallogenetischen Epochen bestitigt. Die wvariskische und alpi-
dische Epoche ist vollstindig und man kann s‘e gut in Entwicklungsstadien,
Phasen, Etappen, Stufen und Horizonte zergliedern, wie wir es schon friiher
(Ilavsky 1957, 1960) und auch im Absatz iiber die Rayonierung angefiihrt
haben. Unvollstindig ist blo8 die Kaledonische Epoche.

Kaledonische metallogenetische Epoche, die durch die Gelnica-
Serie representiert ist, hat drei Vererzungsphasen entwickelt, u. zw.: kambrische
mit Pb—Zn—Cu—FeS, Erzen; ordovizische mit Pb—Zn—FeS ,—Erzformation
und mit den ,,metasomatischen‘* Sideriten; silurische metallogenetische Phase
mit FeS,—Cu Erzen.

Damit wir die ordovizische Phase besser charakterisieren kénnen, zerteilen
wir sie in zwei Etappen: eine mit Pb—Zn—Cu—FeS, Erzen und eine andere
mit Siderit-Erzen. Jede von ihnen enthilt einige Erzhorizonte.

Variskische metallogenetische Epoche ist durch drei Entwicklungs-
stadien vertreten, u.zw. das priorogene, orogene und postorogene, die sich
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vielleicht auch in fiinf zerteilen lassen, d. h. geosynklinales, frithorogenes,
orogenes, spiatorogenes und finales.

Wihrend des geosynklinalen Stadiums sind die sedimentidrvulkanogenen
Eisenjasspilite entstanden, die in Diabasserie devonischen Alters eingeschaltet
sind (Zone der Gemeriden). Friithorogenes Stadium enthélt keine Vererzungen.

Das orogene Stadium mit den Granitoidgesteinen ist hauptsichlich in den
Kerngebirgen (Tatroveporiden) stark vertreten. An ihre Kontakthofe sind
manchmal kontaktmetamorphe Magnetit-Skarnlagerstitten gebunden. Die
Pegmatitformationen in Granitoidarealen sind nur in sehr schwachem Ma@-
stabe entwickelt, ebenso wie kleine Molybdéanitvererzungen (Niedere Tatra,
Cierna Hora).

Spitorogenes Stadium der variskischen Epoche ist vom metallogenetischen
Standpunkt aus sehr wichtig. Es hat sich wihrend des Oberkarbons abgespielt,
der detritische Entwicklung mit basischem Vulkanismus aufweist. An dieses
Stadium sind stratiforme Linsen der kristallinen Magnesite gebunden. Eine
andere Erzformation sind ,,metasomatische‘ Sideriterze im Oberkarbon von
Dobsina.

Das finale Stadium ist durch die Permschichten in Verrucano-Fazies repre-
sentiert. Diese metallogenetische Phase enthélt mehrere Mineralisationsetappen,
die in einigen Stufen und Horizonten liegen. Erzformation der Siderit und
Siderit-sulphidischen Génge in der zentralen Subprovinz kann man nicht genau
datieren; sie ist aber sicher postvariskisch (siehe geochronologische Forschun-
gen von Kantor 1960—65).

In den Permschichten sind in einigen Horizonten die Hematitlagerstitten
entwickelt, die den Lahn-Dill-Typus representieren (zusammengebunden mit
Vulkaniten), teils aber auch einer anderen Genese sein kénnen (Ilavsky 1958).
Eine andere Erzformation ist durch Uran-Kupfer-, oder nur Kupfererze ver-
treten, die wiederum im Permkomplex liegen und mit dem sauren Vulkanismus
zusammenhéngen (Zone der Gemeriden). Dieser Etappe sind die stratiformen
Siderit-Kupfererze im Perm der Tatroveporiden aequivalent (Spania Dolina,
Lubietova), was durch geochronologische Studien von Kantor (1965) besti-
tigt wurde (Pb-Isotope). Fast alle diese Erzformationen sind in miéchtigen
Evaporitserien (Anhydrite, Gypskorpern) eingeschaltet.

Die Evaporitserien des Oberperms, die Uberginge in die Untertrias auf-
weisen, decken sich teilweise mit dem geosynklinalen Stadium der alpi-
dischen metallogenen Epoche.

Marine Sedimentation wihrend der T'rias bis Kreide in den Westkarpaten
fithrte nicht zur Konzentration der Erze. Kleinere sedimentire Manganhori-
zonte im Lias oder oolitische Eisenerze im Rhit kann man in Zusammenhang
mit frithorogenen Bewegungen der alpidischen Ara geben.

Das orogene Stadium ist aber von metallogenetischer Sicht aus von groBer
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Bedeutung, weil es durch Rejuvenation der magmatischen und metamorphen
Prozesse fast alle dlteren Lagerstitten beeinflullit hatte (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 umbhiillenden Mosozoikum, teils aber auch in den subtatrischen Decken.

Dem spitorogenen Stadiwm der alpidischen Epoche gehért Eozin-Oligozin.
Wihrend der Etappe, die von Oberkreide bis ins Paleoziin eingreift, entstan-
den kleine Bauxit-Floze, die aber keine praktische Bedeutung haben. Die
Etappe des oberen Eozin ist namentlich durch die Sedimentation der karbona-
tisch-oxydischen Manganerze bekannt, die in mehreren Horizonten liegen.

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

Zum Burdigal gehoren Rhyolitgesteine, die teilweise Quecksilber fiihrend
sind (Mernik). Wihrend der Phase Helvet-Torton-Sarmat, die sehr reich an
verschiedene Typen der Andesite, Trachyte, Dazite sind, entstanden bekannte
Erzformationen der subvulkanischen hydrothermalen Gédnge mit Ag, Au, Pb,
Zn und Hg, die den Inhalt der pannonischen jungvulkanischen Subprovinz
bilden. Man kann in dieser Phase mehrere Etappe unterscheiden, u. zw. die mit
subvulkanischen Gdingen, andere mit der stratiformen Schwefelmineralisation,
mit Kontaktlagerstitten 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
Salzlagerstitten ausgezeichnet (Torton, Helvet).

Im Pliozin ist noch eine metallogene Phase entwickelt, die hauptsichlich
Quecksilber auf dem Territorium der Slowakei trigt.

*

Im Zusammenhang mit zeitlichen Metallotekten in der westkarpa-
tischen metallogenetischen Provinz mufl man noch einige allgemeinen Probleme
temporaren Charakters behandeln.

Die metallogenetische Kulmination im Sinne P. Routhier’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 Ara kann man als metallogenetische Kulmination die silu-
rische Stufe (Etappe) betrachten, hauptsichlich in der Gemeriden-Zone.
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In der variskischen Ara kann man von der orogenetischen Kulmination in
der Zone der Tatroveporiden sprechen. Sie fillt in die bretonische Phase.
Die metallogenetische Kulmination mit hydrothermalen Gingen wurde im
Oberperm erreicht. Der zeitliche Unterschied zwischen der orogenetischen und
metallogenetischen Phase war etwa 80— 100 Milionen Jahre.

In der alpidischen Ara fillt die orogenetische Kulmination in den Zeit-
abschnitt der Mittel- und Oberkreide, die metallogenetische erst in das End-
stadium (Miozidn; 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 aufgefafite metallogenetische Kulmination, in jeder Epoche behandelt,
ist monoorogenen Charakters; dabei erfallt sie nicht den richtigen Sinn der Kul-
mination in den polyzyklischen und polyorogenen strukturell-metallogene-
tischen Einheiten. Vom Standpunkte solcher Einheiten mufB3 man nimlich
von der metallogenen Kulmination des polyorogenen, oder polyzyklischen Typus
sprechen.

Ubereinstimmend mit SchluBfolgerungen iiber die Entwicklung der geolo-
gisch-tektonischen und metallogenetischen Prozesse aus breiten Gebieten
einzelner Kontinente, die von Schneiderhéhn, Smirnov, Borchert, Turneaur,
Raguin, Routhier etc., ausgesprochen wurden, kann man iiber die westkarpa-
tische metallogenetische Provinz sagen, dal sie polyorogenen Types ist; ihre
metallogenetische Hauptkulmination fillt in die variskische Ara. Diesen Zeit-
abschnitt kann man auch als orogenetischen und metallogenetischen Kataklis-
mus bezeichnen, weil in den ilteren Epochen haben sich die orogenen Zyklen
nicht vollstindig entwickelt; sie erreichten bloB geosynklinale Anfangsstadien
und in ihnen sind nur stratiforme Lagerstitten der Kiesformation entstanden.
Nach dem variskischen Kataklismus sind jedoch die orogenen Entwicklungen
vollstindig, mit allen Stadien, mit bunten genetischen Typen und Erzarten,
die der Form und Mineralassoziation nach unterschiedlich sind.

%

Nun mdéchte ich die Problematik der bezeichnendsten (Magnesit- und
Siderit-) Erzformationen, besonders vom Standpunkt ihres Alters, erortern.

Die sogennanten , metasomatischen® Sideritlagerstiiten, die in der kambro-
silurischen Gelnica-Serie liegen (hauptsichlich Nizna Sland und Zeleznik),
gehiren nicht der wvariskischen metallogenen Epoche. Neuesten Forschungen
J. Kantor’s zufolge, die im geochronologischen Laboratorium unseres Institutes
verfertigt wurden (miindliche Mitteilung), weisen die Pb-Isotopen in Geokro-
nitten von Niznd Sland, die bisdaher der nachsideritischen sulphidischen Erz-
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formation eingereiht wurden, das altpaldozoische Alter auf. Diesen Resultaten
nach mufl man dann die Genese dieser Lagerstitte syngenetisch auffassen,
d. h. im Zusammenhang mit sedimentéren oder vulkanogenen Prozessen, wie
darauf schon Kudenko— Stecenko (1963) hindeuteten.

Wenn man auch andere Erscheinungen an dieser Lagerstitte betrachtet
(z. B. stratiforme Linsen, Feinstratifikation, Facieserscheinungen und Uber-
ginge in die Ankerite und Kalksteine, stratigraphische und paldogeographische
Kriterien bei den Aufsuchungsarbeiten), mufl man auch die synsedimentire
Genese fiir moglich halten. Grobkristallinen Charakter und Endform haben
diese Lagerstitten im Verlaufe der alpidischen Rekristallisationsprozesse
angenommen.

Die westkarpatischen Magnesitlagerstitten liegen in dem Karbon, dessen
Profil in fast allen Lokalititen stindig ist, d. h. an der Basis Quartzsande oder
Quartzite, die in die Sandschiefer iibergehen; letztere weisen auch nach oben
Ubergiinge in dunkle, organogene, graphitische Schiefer auf. In diesem
Horizont pflegen stratiforme basische Eruptivgesteine der gabbroidischen
Zusammeznsetzung (Gabbroamfibolite) und Lagen der Diabastuffe und — tuf-
fite anwesend zu sein. Dariiber kommen karbonatische Gesteine: Dolomite,
Kalksteine mit Magnesitkorpern, in welchen hie und da auch noch Diabastuffe
und -tuffite und fast immer dunkle graphitische, organogene Schiefer zu sein
pflegen. Magnesitkérper sind groBtenteils unregelmiBig, massiv (Magnesite),
an den Rindern, wo feine Lagen von Magnesit, Dolomit, Schiefern, oder
Diabasen vorkommen, sind sie aber klar geschichtet. Der Kristallinitédtsgrad
hingt von der Detritusbeimegung oder Bituminen ab. Zahlreiche sulfidische
Mineralien in d=n Magnesiten (Trdli¢ka 1956, 1960) kommen in Form von
sehr feinen Kornchen bis Aderchen in den Magnesitkérnchen und in ihren
Intergranularen vor. Nur Galenit, Sphalerit, Chalkopyrit und Tetraedrit bilden
auch griéBere Ginge in Magnesiten, oder in hangenden Dolomiten und Kalken.

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

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

In dieser Zone liegen zahlreiche Magnesit-Talk-Lagerstitten. 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
Lagerstéitten in zwei Formen vertreten: massig in scharf differenzierten Lagen
an den Rindern der Magnesitkérper, oder selbstindige Lagen in Magnesit-
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kérpern bildend und schuppig. sehr intim mit Magnesitkornchen durch-
, gewachsen.

Die Gesteinskomplexe der Magnesit-Talk-Lagerstitten der Veporiden-Zone
erinnern also sehr an die Verhéltnisse in der nahen Gemeriden-Zone. Unter-
schiede bestehen bloB im Grad der Metamorphose: in den Veporiden die meso-
zonale Metamorphose, wo ihr Alter mit Hilfe der A-K-Methode Kantor (1960)
als alpidisch neuer bestimmte; in den Gemeriden die Metamorphose epizonalen
Charakters.

Nach den angefiihrten geologischen und isotopischen Angaben kann man
sagen, daf die Magnesitlagerstitten des gemeriden Karbons, ebenso wie
Magnesit-Talk-Lagerstitten der Veporiden-Zone syngenetisch, vulkano-sedi-
mentir sein kénnen, u. zw. abhéngig vom basichen Vulkanismus im Oberkar-
bon. Ahnliche Ansicht haben schon lingst fiir die ostalpinen Magnesitlager-
stitten W. Siegl und Leitmeier, fiir die mantschourischen Nishihara, fiir die
spanischen Llarena, fiir die uralischen Starostina. Ivanov u. a., ausgesprochen
(bei uns Zorkovsky 1955; Kudenko—Stecenko 1963).

In der alpidischen Ara, unter dem EinfluB der Metamorphose und Rekristal-
lisation, erworben sie den grobkristallinen Charakter und die Folgen der
,.Metasomatose” sind ausgeprigt geworden. Stirkere 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-
dderchen und metasomatische Vererzung mit Pb—Zn—Cu—Erzen. Nirgends
auf den westkarpatischen Magnesit-Lagerstitten treten Sideritvererzungen
auf.

Bei der Beurteilung der postvariskischen metallogenetischen Phasen mulf}
man noch eine Tatsache beriicksichtigen, u. zw. die Existenz der grof3en Siderit-
Kupfer-Lagerstitten im Perm der Tatroveporiden bei Lubietovi und Spania
Dolina (Libethen, Herrengrund). Diese Lagerstitten sind alpidisch sehr stark
disloziert und metamorphiert, in Permsandsteinen und Schiefern eingeschaltet,
an manchen Stellen stratiform, anderswo gangformig, zum Teil auch im liegen-
den Kristallin, oder im iibergelagerten Mesozoikum.

Sehr zerstreute Galenitkristalle in der Gangausfiillung wurden einer isoto-
pischen Pb-Analyse unterzogen und haben das permische Alter aufgewiesen
(Kantor 1965). Es ist also moglich, daB diese Lagerstitten auch syngenetisch
und stratiform sind und wihrend des alpinen Orogens sehr umgearbeitet wur-
den. Analoge syngenetische und stratiforme Vererzung mit feinkdrnigem,
schichtigen Hematit und Siderit, wurde in den letzten Jahren in der Gemeri-
den-Zone studiert (siehe Ilavsky 1957).

=
5 Geologické prace 44 —45 65




Stoffliche Metallotekte der westkarpatischen metallogenetischen Provinz

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

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

Erzkomplex 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. «

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

Ein anderer Erzkomplex ist durch hydrothermale spitvariskische Siderit-Sulphid-Ginge
vertreten, die hauptséchlich in den Tatroveporiden und Gemeriden entwickelt sind.
Die Hauptminerale sind durch Fe, Cu, Pb, Zn, Ni, Co, Hg, Sh, Au, Ag und Ba vertreten.

In der jungvulkanischen, pannonischen Subprovinz gibt es einen anderen Erzkomplex,
der durch subvulkanische Sulfidginge reprasentiert ist. An ihrer Zusammensetzung nehmen
namentlich Blei, Zink, Silber und Gold, teilweise auch Kupfer, Antimon und Queck-
silber teil.

Da die Erzkomplexe sehr breite raumliche 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 kénnen.

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
und stofflich ganz verschieden ist.

Im postvariskischen Erzkomplex der stratiformen Lagerstdtten muB3 man vom strati-
graphischen und metallogenetischen Standpunkt aus mehrere Erzformationen unter-
scheiden.

Magnesit-Erzformation im Oberkarbon der Gemeriden-Zone ist in einer Linge von
120 km bekannt, ohne daf sie ihre mineralogisch-geochemische Zusammensetzung,
lagerstiattenkundliche und geologische Verhiltnisse dndert. Eine andere Erzformation
bilden , ,metasomatische‘ Sideritlagerstéitten im Oberkarbon, die sich geologisch von
Magnesiten sehr unterscheiden, aber den altpaldozoischen stratiformen Sideritlagerstit-
ten sehr nahe stehen.

Die Erzformation der hydrothermalen postvariskischen Siderit-sulphidischen Génge ist
in allen Kerngebirgen (insgesamt der Gemeriden-Zone) geologisch, stofflich und geo-
chemisch einheitlich und selbstdndig.

Die Erzformation der stratiformen oberpermisch-untertriassischen Kupfer-Eisen-Uran-
Vererzungen ist geologisch und stofflich wieder abweichend.
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Eine andere, sehr ausgepriigt entwickelte Erzformation ist durch subvulkanische hydro-
thermale Ginge vom Banskd Stiavnica und Kremnica-Typus vertreten, an denen haupt-
sdchlich Silber, Gold, Blei und Zink vorkommen.

Man kann ganz gut sehen, dafl eine Erzformation zeitlich mit einer metallo-
genetischen Phase zusammenhéngend ist.

Es gibt aber auch Erzformationen, die oft verschiedene Mineralparagenesen,
oder mineral-paragenetische Assoziationen enthalten, die etwa abweichend durch
ihre Geologie, Zusammensetzung und Herkunft sind. Auf den stratiformen
Kieslagerstitten im Altpaldozoikum handelt es sich z. B. um verschiedene
metamorphe Fazies, auf sedimentéiren Lagerstidtten um verschiedene Sedimen-
tationsbedigungen, auf den Erzgingen um verschiedene Tiefenbereiche, oder
Einfliisse der Nebengesteine, die die Zusammensetzung vom stofflichen Stand-
punkt aus beeinflullt hatten.

Der Ausdruck Mineralisationsperiode (Kutina 1956) soll die Folge
der Ausscheidung einzelner mineral-paragenetischen Gruppen prizisieren,
und zwar mit Riicksicht auf den ganzen Ausscheidungsprozefl der Lagerstitte.
Auf den hydrothermalen Gingen postvariskischen Alters spricht man z. B.
von der sideritischen Periode, oder Zufuhrperiode, von den sulphidischen
Perioden usw. Die Namen sind dann nach den iiberwiegenden Mineralen be-
niitzt. Es gibt Félle, wo sich die Zusammensetzung der Ausfiillung mehrmals
repetiert; fiir solche Fille hatte man den Ausdruck Repetitionsperiode benutzt
(J. H. Bernard 1956).

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

Andere Begriffe, die sich sehr gut von der stofflichen Seite ableiten lassen,
sind Intensitidt der Vererzung, oder Akkumulationsfaktor (Petrascheck
1955; Routhier 1963). Dadurch wird die Dichte der Lagerstitte auf gewissem
Gebiet ausgedriickt. Auf der metallogenetischen Karte 1:1,000 000 haben wir
insgesamt 260 Erzlagerstitten eingetragen, was ungefihr 10 9% von der Ge-
samtzahl in Wirklichkeit ist. Daraus kommt heraus, dafl man die Dichte
der Vererzung in den Westkarpaten durch eine Lagerstitte pro 20 Quadrat-
kilometer einfithren kann.

Einzelne Subprovinzen der Westkarpaten haben werschiedene Koeffiziente, was fiir
die Auswertung der Prognosen sehr wichtig ist. Von der angefiithrten Lagerstéttenzahl
befinden sich in der Subprovinz der dufleren Karpaten etwa 5 %, in der neovulkanischen,
inneren Subprovinz etwa 15 9, un der Hauptanteil mit 80 9; befindet sich in der zentral-
westkarpatischen Subprovinz.

Innerhalb der letzten Subprovinz sieht man sehr auffallende Unterschiede auch zwischen
einzelnen strukturell-metallogenetischen Zonen, oder Etagen der Erzdistrikte. Zum Bei-
spiel die Zone der Tatroveporiden ist fiinfmal so groB3 wie die Gemeriden, die Intensitét
der Vererzung ist aber in der Gemeriden-Zone fiinfmal grofer.

Beachtenswert ist der Vergleich einzelner metallogenctischer Etagen (Epochen). Der ka-
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ledonischen Epoche gehort von der Gesamtzahl der Erzlokalititen etwa 5 9%, der varis-
kischen Epoche, deren Lagerstitten auch auf der kaledonischen Etage aufgelagert sind,
75 9, der Lokalitdten und der alpidischen etwa 20 9.
Mit Bezung auf die polyzyklische Entwicklung dieser Subprovinz, muf3 man dann
manche iltere metallogenetische Etage vom Standpunkte der Dichte der Lagerstitten
~als |, blutiiberfiillt, d. h. nachtriglich bereichert'* u. zw. auf monophasische bis polyphasische
Art, betrachten.

Der Akkumulations-, resp. Konzentrationsfaktor im Sinne Routhier’s (1963)
und Brock’s (1964) driickt die Beziehungen zwischen der Tonnage der Lager-
stitten und ihrer Menge in bestimmten rdumlichen metallogenetischen
Einheiten, oder zwischen der Zahl der gréfiten und kleinen Lagerstéitten, aus.

Mit Bezug auf die Intensitit der Vererzung im Verlaufe einzelner metallo-
genetischen Epochen, Stadien und Etappen, sowie auf die mono- bis poly-
phasische Bereicherung, oder ,,Blutiiberfiillung® einiger ilterer metallogene-
tischen Etagen, mull man den primdren Konzentrationsfaktor, d.h. im Sinne
der Entwicklung, und den resultierenden Konzentrationsfaktor unterscheiden.

Der primidre Konzentrationsfaktor der kaledonischen Epoche in der zentralkarpatischen
Subprovinz betrigt ungefihr 20 %, in der variskischen 10 9, und in der alpidischen 5 %,
Wenn wir einzelne Subprovinzen zwischeneinander vergleichen, wird im ganzen fiir die
zentralkarpatische Subprovinz der Konzentrationsfaktor 10 9, fiir die neovulkanische
5 9, und bei den duBeren Karpaten (Flyschzone) fast kein (es handelt sich hier um re-
sultierenden Konzentrationsfaktor).

Weitere Beispiele konnen wir aus der Gemeriden-Zone nehmen. Im Magnesit-Karbon
der westlichen Gemeriden ist der primire Konzentrationsfaktor ungefihr 50 9;, wenn
es von Gesamtzahl ca 30 Magnesitlagerstiitten 15 groBe mit Vorriten von iiber 10 Milionen
Tonnen gibt. In der Gelnica-Serie ist der primire Konzentrationsfaktor cca 10 %; wenn
wir jedoch die jiingeren, aufgelagerten Lagerstitten der variskischen Ara in Betracht
nehmen, ist ihr resultierender Akkumulationsfaktor ungefihr 50 9.

Man sieht also, daB der Begriff des priméren, oder resultierenden Akkumu-
lationsfaktors von betrichtlicher theoretischen und praktischen Bedeutung ist.

#

Im weiteren wollen wir uns mit Begriffen typomorphe Metalle und typomorphe
Erzformationen, sowie typomorphe genetische Typen befassen (Tvalérelidze
1957; Petrascheck 1955, 1963; Smirnov 1960; Routhier 1963).

Mehrere Autoren erkliren 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 Wisser) in die Typologie ein neues Element; die Konsan-
guinitdt in der Zusammensetzung laft sich auch aus identischen Prozessen
der Geotektonik und Metallogenese abfiihren (Konvergenzerscheinungen;
Schneiderhohn, Smirnov). Zur Klarstellung dieser Typologie trigt auch die
Konzeption des Transformismus (Eskola, Sederholm, Marmd) u. a. bei.
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Von den typomorphen Metallen hat das Eisen die grofite Bedeutung in der
westkarpatischen metallogenetischen Provinz. Es ist hdufig 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 hauptsichlich
bei den syngenetischen Vererzungstypen zusammen vor, wihrend sie sich bei
den hydrothermalen voneinander raumlich differenzieren.

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

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

Eisen ist namentlich fiir die kaledonische Ara typisch, jedoch von der Gesamtmenge
der Fe-Erze gibt es da nur gegen 10 9,. Quantitative Kulmination erreichen Fe-Erze im
Endstadium der variskischen Ara, wo sie bis zu 80 9, konzentrieren. Der Rest, etwa
10 9, ist unregelmiBig in der alpidischen Ara verteilt mit Maximum in der Untertrias;
in den jiingeren Etappen (Rhit, Lias, Kreide, Mioziin) sind sie verhiltnisméBig selten.
Umgefihr 90 9%, Eisen ist in der zentralkarpatischen Subprovinz konzentriert, u.zw.
80 9, in der Gemeriden-Zone und Rest in den Tatroveporiden. Aber auch in der Geme-
riden-Zone sind sie unregelmiBig verteilt, wenn ihre Anhdufung lings der Kontaktlinie
der Gemeriden-Zone mit Veporiden liegt.

Die Entwicklungskurve der Blei-Zink-FErze unterscheidet sich diametral vom Eisen;
sie ist umgekehrt. Ungefdhr 10 9, des Pb—Zn gehéren den Kieserzen der kaledonischen
Ara; analoge Mengen sind auch in der variskischen Ara auf den metasomatischen Lager-
stittentypen. Maximale Konzentration erreichen sie in der alpidischen Ara, u. zw. in der
finalen Etappe (Miozéin) lokalisiert in der pannonischen Subprovinz. In dem Querprofil
der Westkarpaten wichst die Zahl der Pb—Zn-Lagerstitten und ihre Grofle von der
duBeren NW Seite gegen die inneren Zonen im SO (Petrascheck 1955).

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

Die Kulminationskurve des Goldes und Silbers koinzidiert mit jener der Pb—Zn-Erze;
auch ihre rdumliche Distribution ist mit ihnen gleich. Dagegen zeigt Antimon (was die
quantitative Kulmination, als auch die rdumliche Konzentration betrifft) ndhere Affinitit
zum Kupfer.

Als SchluBfolgerung der erwidhnten geochemischen Faktoren man kann
sagen, dafl das wichtigste und vorherrschende Metall in der westkarpatischen
Metallogenen Provinz Fisen ist. Was die Tonnage betrifft, wird es blo3 durch
Magnesium tibertroffen. Das weitere wichtige Metall ist Kupfer; die iibrigen,
wenn sie auch ubiquitdren Charakter haben (Blei, Zink, Antimon, Gold, Silber,
Quecksilber ), sind mengenméfig unbedeutend.
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Was die Typologie der genetischen Typen betrifft, man kann als
ein instruktives Beispiel die stratiforme Eisenerzmineralisation anfithren, die
in allen Epochen, hauptséichlich mit dem basischen Vulkanismus verbunden
sind, w.zw. in den initialen Entwicklungsstadien (Gelnica-Serie; Magnetit-
Hamatite, Phylit-Diabas-Serie: Hématit-Magnetite, Untertrias: Hamatite,
Rhiit-Lias: oolitische Hédmatit-Vererzungen). Stratiforme Lagerstitten sind
aber auch mit Spit- und Final-Entwicklungsstadien verbunden, u. zw. wieder
mit dem basischen Vulkanismus (variskische Ara: Magnesite, schichtige Cu-
Erze; alpidische Ara: Schwefelfloze, Pelosiderite usw.).

Die Gruppe der hydrothermalen Ginge ist umgekehrt nur fiir finale Entwick-
lungsstadien der Orogene typisch (Siderit und Siderit-sulphidische Formation
des Varistikums, subvulkanische hydrothermale Géinge mit Sulphiden der alpi-
dischen Ara).

*

Zusammenfassend kann man zur Metallogenese der Westkarpaten sagen:

(a) der mittlere Erosionsgrad hat fast alle metallogenen Etagen, mit kale-
donischer angefangen bis zur alpidischen, ideal abgedeckt, so da man fast
alle raumlichen Einheiten, wie Subprovinzen, Etagen, strukturell-metallo-
genetischen Zonen, Streifen, Distrikte, Erzfelder und Lagerstitten instruktiv
sehen kann;

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

(c) Die polyzyklische Wiederholung der metallogenen Prozesse hatte sich
oft auf dasselbe Gebiet im Rahmen der Zone, des Streifens, Erzzuges, Erz-
feldes, bis der Lagerstitte einigemal aufgelagert. Bei mehrfacher Wiederholung
der metamorphen Prozesse hat sich der heterogene Charakter des Ursprungs
der Erzstoffe soweit kompliziert, daBl man oft nur sehr schwer ihren magma-
tischen, resp. apomagmatischen, oder vulkanischen, sowie regenerativ-mobili-
sierenden, bzw. lithogenen Ursprung unterscheiden kann.

Demzufolge stellt das westkarpatische Gebiet einen Prototyp der polyzy-
klischen, heterogenen Provinz im Rahmen der alpin-karpatischen mediterranen
Megaprovinz dar, die den Bestandteil des Alpen-Himalaya-Systems Eurasiens
bildet.

Zum Schlul méchte ich betonen, daB der Polyzyklismus der sedimentiren,
palidogeographischen, tektonischen, plutonischen, vulkanogenen, metallogenen
und hauptséiichlich metamorphen Prozesse in den gefalteten Systemen, Provin-
zen bis Lagerstitten als die wichtigste Frage das Problem der Metamorphose,
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resp. Polymetamorphose der Erzlagerstitten und ihrer Wirkung auf sie (was
die Textur, Struktur, Paragenese und Geochemie anbelangt) in Vordergrund
stellt, worauf man sich in der nahen Zukunft konzentrieren mulf.

Geologische Anstalt Dionyz Stir’s
Bratislava
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RELATION OF DEEP-SEATED STRUCTURE TO THE DEVELOPMENT OF
SUBSEQUENT VOLCANISM IN CENTRAL SLOVAKIA

Abstract. The substratum of Central Slovakian neovolcanics has been studied
for many years. The research was based on the results of general geological
maps and also on geophysical (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 scheme of the relief of the
substratum and the principal features of the tectonic plan of the substratum
underlying the neovoleanics were published. Our further researches determined
more accurately the areal distribution of the principal 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 have started detailed geological-volcanological 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 pre-Neogene relief,

The considerable, in the peripheral parts of the neovoleanic complex absolute
prevalence of pyroclasts over lava 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 of Bouguer anomalies, constructed with a uniform density S—=2.2 kg/dm3
used for the reduction procedure, have been analysed both on the regional
and residual components (Griffin 1949), and also maps of second vertical
derivatives of gravity according to Elkins’ (1951) and Rosenbach’s (1953)
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formulas have been deduced. In areas, where detailed gravity measurements
have 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) have 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 radius includes
to a considerable degree the density inhomogeneities of the complex of voleanic
and volcanic-sedimentary rocks (fig. 1).

For the construction of the relief of pre-Neogene formations the residual gravity
field map is relatively advantageous because the regional effect of the deeper
zones of the upper part of the earth’s crust is strongly suppressed in it (apart
from the marked density boundaries at the contact of the granite-gabbroic
and peridotite strata, i. e. Conrad’s and possibly also Moho’s plane of discon-
tinuity, also the gravity effect determined by the boundary between the higher
zone of metamorphic rocks and the deeper granite zone is obliterated).

In 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 analogic and digital computers. The effects of disturbing bodies pro-
ducing areal anomalies of the gravity field (Both—Smith 1958; Nettleton 1954;
Saxov 1954, and others) have been also interpreted. The so-called fault zones
(steep Bouguer gradients) of the gravity field have often been evaluated as
effect of the vertical step of the in density heavier substratum (Malovicko
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 scheme 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 have 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 north-western 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 have 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 geomorphological 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 region also seismic methods have been employed.

The construction of a tectonic map of the pre-Neogene substratum requires
a greater amount of data than the scheme of its relief. 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 relief in various geological periods, and not by tectonic processes which
determine the origin of faults.

Under favourable conditions, the first case, that 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 relief of the substratum) can be detected by some geoelectrical methods,
exceptionally also magnetometrically. The second case, that is the determinat-
ion whether the morphological step of the substratum was modelled by tectonic
effects can be deduced only from the correlation of the linear course of the
horizontal A g gradient with known or assumed directions of the fault lines.
It must be stated that 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 own
tectonically conditioned step or the boundary of two mediums differing in
density.

For the detection of hidden morphological structures aswell as for the construct-
ion of a tectonic map of the pre-Neogene 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 outerops. It must 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 line to some horizontal gravity gradients.

For the evaluation of the possibility of following the hidden morphological
structure — the relief of the pre-Neogene formations — with respect to its
emplacement at depth it is also necessary to study the question of the vertical
change of densities of otherwise both in petrography and lithologically analog-
ous rock complexes. It is known that sediments at greater depth generally
acquire an equivalent density or such approaching the densities of the 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.




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 relief underlying the
Neogene cover. An inversion in the values takes place in case that the deep
lying 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 versa, the depressions
in the relief of the substratum appear as gravitational elevations. These
questions have been already studied by many authors (Uhmann 1959;
Vyskoéil 1959; Ibrmajer —Motlova 1961; Sutor 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
volcanic-sedimentary complex and the pre-Neogene (pre-Tertiary) formations.
In the central 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, lava, 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; medium
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 part 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 Podunajskd panva (basin)
are much more variable (Orlicky 1967). With respect to the nature of sedi-
mentation and to the lithofacial and tectonical development of the various
sedimentary areas, the complex of Paleogene rocks in the region 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 Slovakian-north
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
voleanic complex and its substratum, but also in the proper stratigraphically
equivalent rock formations. It is, however, generally known that rocks in
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which the densities attain the outer limit are relatively scarcely distribu-
ted both in volcanic formations and in the substratum.

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

With respect to the construction of the scheme of the relief it must be
stated that the course and the aproximate depth of the morphological forms
of the pre-Neogene relief 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 have 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 horizontal 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 neovolcanic 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 system in the final result,

Relief of the substratum

Until the beginning of the main voleanic activity, the relief of the substratum
developed in agreement with the development in the other parts of the Inner
Carpathians. Its modelling began after the main Cretaceous orogenic phase
prior to the Upper Cretaceous (i. e. Gosau). It can be assumed that in the
Upper Cretaceous deposition took place locally in some parts of the depres-
sion. Between the Upper Cretaceous and the Eocene, the relief was further
shaped by erosion and already during this period a considerable part of the
substratum was denuded down to the crystalline basement, especially in the
southern parts of our territory. In the Eocene 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 period between the
Paleogene and the main volcanic activity. The products of volcanism buried
the old morphological forms fixing thus the final geological situation formed
by erosion of that time. In the initial stages of the Miocene, marine deposition
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extended into the southern and south-western regions of the neovolcanics.
The pre-volcanic relief was considerably even, rising gradually from the south
towards the north. During the volcanic activity and after its termination,
the substratum was affected by tectonic uplift and subsidence which gave the
relief its final form (fig. 3).

In general, the present-day relief of the substratum is therefore characterized
by a great morphological dissection (in the order of amplitude above 1500
metres). According to the morphological character, the substratum can be
divided into two parts, the south-western and the north-eastern, ones, which
are separated from each other by a conspicuous NW-SE striking ridge between
('aradice and Sahy (the so-called Santovce-Tirovee ridge and Caradice ele-
vation), which between Sahy and Levice locally occurs at the surface.

The south-western part represents essentially the margin of the Podunajska
‘panva (basin) and it is morphologically relatively little dissected. Nevertheless,
also in this part occur more pronounced basins attaining the depth of 2000
to 4000 metres, which are separated from each other by higher plateaus.

The north-eastern part comprises the substratum proper of the Central
Slovakian neovolcanics. Today it is characterized by a great morphological
dissection. In the north-east it is limited by the conspicuous morphological
NW-SE striking Malachovo-Lieskovec ridge.

In the north-eastern part we have determined greater morphological eleva-
tion and depression forms. Of the elevation bodies it is especially the NE-SW
striking Rudno ridge outcropping in the Hodrusa-Stiavnica inlier, further the
Handlova ridge of the same strike, which represents a narrow connection
between Mt. Tribe¢ and the Mald Fatra Mts. Concerning to the depression-
forms it is in particular the Zarnovica depression with the conspicuous Ziarska
kotlina (basin) exceeding in depth 2000 metres, the Krupina depression and
Bzovik basin approximately 2000 metres deep, and the Bacurov basin attaining
the depth of 1500 to 2000 meters. Moreover, there is the Modry Kamen depres-
sion with the conspicuous Trenéska kotlina (basin) roughly 2000 metres deep.
The plains and plateaus between the elevations and depressions constitute the
connecting links. One of the largest is the Lucenec plateau and in the south-
eastern part of the Central Slovakian neovolcanics, the Sebechleby plain.

5 : : >
Fig. 1. (p. 79) The,map of residual anomalies of gravity force ace. to Griffin, S = 4 km,

1 8 =
Agres = Ago — g 21: Ag; R=s 15, 1 — positive isolines; A g’ 2 — negative isolines Ag.
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Fig. 2. (p. 80) The scheme of relief of pre-tertiary neovolcanic basement. 1 — outcrop
of basement, 2 — isolines of basement.
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The structure of the substratum*

All principal 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 Trenéské kotlina (basin). In addition to this
continuous occurrence of the Gemerides in the south-western margin of the
neovoleanics, 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 Koht belt, extending from the Slovakian—Hungarian frontier as far
as the Muraii line, which continues from the Tuhér region under the voleanies
in the south-western direction towards Sahy. Its course interpreted according
with intensive horizontal 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 Podretany anticline
can be distinguished in the Kohiit belt proper. It consists of crystalline schists
(borings: Vu-1, MV-1, VV-1, H-5, W-5). In the northern part of the Kohit
belt, the Tuhdr syncline composed predominantly of Lower Triassic quartzites
(established by borings M-87, S-135, SH-1b and in natural outerops near Brus-
nik) continues in the substratum. The carbonate members of this syncline
oceur only at the eastern margin of the neovoleanics (Encl. 2).

The Kréalova hola belt extends north of the Muran line continuing under
the volcanics in the same width known from the outcrops at the margin of
the voleanics. In the north this belt is limited by the Pohorel4 line which has
been ascertained in the PlieSovce inlier. It continues south-west into the
northern environs of Krupina. Here it turns directly towards the west and
after this slight deviation takes up again the south-western course continuing
into the environs of Levice. The eastern part of the Kraklova belt as far as
the PlieSovce region consists prevalently of crystalline rocks (granitoids and
crystalline schists), the western part towards Levice consists of crystalline
schists and the Late Palaeozoic-Mesozoic envelope (borings: PI-1, Pu-1, Pu-2
— crystalline schists, GK-1 — metamorphosed Mesozoic, inliers north of Sahy
— Late Palaeozoic envelope). From the spatial extent of these formations it
ensues that the anticlinal structure composing the eastern part of the belt
wedges out in the environs of Sahy. whereas the synclinal structure consti-
tuting the western part, wedges out in the region of the PlieSovce inlier.

* Under the term ,,substratum‘ we understand the pre-Neogene formations with
respect to the close succession between deposition and voleanic activity and/or the depo-
sition of its products.
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The Kraklova 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 Pliegovce inlier. They have been ascertained by boring
(P-10) east of Zvolen. The sedimentary cover occurs at the surface in the Plie-
govce inlier and has been established in the P-5 boring.

Likewise the Lubietova 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 Pk-1 boring are the estab-
lished constituents of this belt. The erystalline complex and its metamorphosed
Mesozoic envelope of the Hodrufa-Vyhne inlier are assigned to this belt.
Further data 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 part of the substratum, because the Krizna and Cho¢ nappes
rest on them. The complexes of the tatrides occur at the periphery of the
volcanics in the Tribeé and Ziar mountain ranges.

The Cho¢ nappe crops out in the inliers south-east of Levice and has been
established in borings (OK-1, 0C-1, GK-5, and more northerly of Zvolen in
qorings B-2, P-19, and IL., III.). The occurrence of this nappe in the sub-
stratum is, naturally, not continuous. According to our present-day know-
ledge, its southern limitation can be determined by the Zvolen-Semerovce con-
necting line.

On the basis of its relation to the Veporides (A. Biely —O. Fusdn 1965),
the occurrence of the Krizna nappe under the neovolcanics may be assumed
north of the Lubietova belt.

Apart from the principal tectonic units of the Inner Carpathians, in the
structure of the substratum participated on a smaller scale also post-tectonic
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 voleanics Eocene is represented on the south-western slopes
of Ziar as well as on the eastern slopes of the Kremnica Mts. near Kordiky.
Moreover, this formation is also known from the northern margin of the Hod-
ruda-Stiavnica inlier. On the basis of the morphological character of the sub-
stratum and of the established occurrences of the Eocene it can be assumed
that it also extends under the neovolcanics between Ziarskd kotlina (basin)
over the Handlové ridge into the Hornonitrianska kotlina (basin). Moreover,
it is assumed that this formation occurs in the depression part north of the
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Malachovo-Lieskovec ridge, that is, it continues from the Kordiky reéion
under the volcanics of the Kremnica Mts. into the Turé¢ianska kotlina (basin).

The so far not closer stratigraphically determined sequence of varied poly-
mictic conglomerate, breccia, aleurite, and breccia limestone and limestone,
which has been ascertained by the GK-4 boring (Gosau? -Eocene) is assigned
to the post-tectonic formations. This sequence infilling the Bzovik basin and,
according to morphology it is assumed also the Baciirov basin, has been
established in a thickness of 2 000 metres.

The determined tectonic units are disturbed by a system of conspicuous
faults. The principal ones are those which separate the following tectonic units:
Lubenik-Margecany, Murafi, Pohoreld, and Certovica units. Their general
strike is NE-SW.

Another system of an obviously older origin, and whose function was several
times repeated, is a set of NW-SE 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 system of faults is N-S; it determined the origin of basins in the sub-
stratum of the neovolcanics and the subsidence of some of its parts. The fault
system striking W-E played a lesser part in the subsequent forming of the
relief of the substratum. The function of these faults was in the regularity
of spatial distribution of the central and linear eruption types and areas of
voleanic activity of volecanic clusters.

The deep-seated structure of the substratum

We have 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 = 2km 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 lextent of the Inner Carpa-
thians. According to the map of the regional gravity field for S = 2 km and
S = 4 km in the Inner Carpathians and according to the intensity of the
gravity field, two principal geophysically different belts can be defined which
are separated from each other by a narrow transitional zone. The first belt
occupying the southern part, is characterized by relatively positive values
of A g isanomalies, the value of which gradually increases towards the south.
The second belt occurring in the northern part of the Inner Carpathians is
characterized by relatively negative values, the gradient of which falls rapidly
towards the north. In the southern belt, in the substratum proper of the
neovoleanics, the Levice-Modry Kameri structure can be delimited, which is
from the north confined by the Zemberovce-Horné Strhare line and in the
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south continues on Hungarian territory. Its northern boundary on the map
S = 2 km lies between Horné Strhire 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 apparent. On the basis of the
gravity intensity in the region of this structure, and of the character of the
gravity field it is generally assumed that Conrad’s and/or Moho’s plane of
discontinuity rises gradually, and has farther to the south a more or less
horizontal course. On ground of the above-outlined picture as well as from
the character of the substratum and bore-hole data we assume that 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 S = 2 km,
and S = 4 km maps between the southern and northern belts under the neo-
volecanics. Spatially it is limited by the Handlovd — Banska Stiavnica—Zvolen-
skd Slatina—Nemeckd —Handlova connecting line. As compared with the
wider environment on the two maps, the gravitational field in this region is
relatively in equilibrium. On the S = 2 km map a conspicuous plateaa belong-
ing to the Ziar depression is apparent. It no more occurs on the S — 4 km
map. At the south-western and south-eastern limitation of this space a great
gradient of isanomalies can be observed. According to the character of the
gradient and from the interpretation of the geological structure, this limitation
is explained by both NE-SW and NW-SE striking tectonic lines initiated at
depth. Apart from these principal tectonic lines, on the S = 2km and S —
= 4km maps faults striking N-E are reflected in a conspicuous bend of
isanomalies, which lie in the axis of the north-southern fault zone of the West
Carpathians.

If we project the tectonic plan of the region of Central Slovakia and the plan
of spatial distribution of the channels of supply of linear eruptions, of the areas
of volcanic activity of voleanic clusters and of the central eruption types into
transformed gravimetric maps, we can see that the maximum density of vol-
canic clusters and of central volecanism occurs at the south-eastern limitation
of this field and in particular in its southern corner; moreover, at the south-
western limitation these principal types are joined to a lesser extent by the
linear type, whose dominant is however confined to the meridian fault system,
which transgresses this anomalous field in the north-southern direction. The

<
Fig. 3. The schematic map of regional component of gravity field ace. to Griffin.
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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 horizontal 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 material 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, must be sought already in the syn-
tectonic phase of the orogenic stage, that is in the period of the main Alpine
folding when the maximum concentration and directioning of kinetic energy
took place. Its 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 material within
a single tectonic unit as well as within the entire orogenic system.

The Gemeride granites are the representatives of these young granites.
In other belts of the West Carpathians equivalents of these granites have not
been ascertained. On the other hand, phenomena of granitization observed
in the Kohut belt are explained by Klinec (1961) in terms of a far-reaching
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 is given by genetic conditions
which fulfil the conditions of the hinterland of the orogen. In this space the
effects of tangential forces ceased first and the palingenetic granitic magmas
developed quietly by differentiation under conditions of simple hydrostatic
pressure. In some cases the acid differentiates 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
principal succession scheme of the effusives of the subsequent volcanism,
namely: rhyolite — andesite — basalt.

The close petrochemical relationship of the deep-seated rocks to the effusives
is also displayed in the same relationship of the acid rocks to the basic ones.
The differentiation of palingenetic granitic magmas is characterized in that
every following member in the differentiation is, as far as quantity 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 quantity of the
parental magma. The same relationship holds good also for the effusives.
It frequently happens that 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
succession of effusives was the reason why the effusives have been considered
as their direct surficial equivalent (e. g. Judd 1876, Szabé 1879). The recent
detailed research in the region of Hodru%a—Vyhne (L. RozloZnik 1961)
indicates however that 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 fore
are not sufficiently known. Actually, it has been determined that the textu-
rally-structural development and the bond of mineral components characte-
ristic of the effusive rocks were safely established also in subvolcanic forms
(L. Atanasiu, R. Dimitrescu, A. Semeka 1953; A. Mihalikova 1958).
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The spatial distribution of the superficial volcanism reflects the geotectonic
position of deep-seated differentiates of palingenetic granitic magmas. While
their development has optimum conditions in the hinterland of the orogen,
the hinterland of the Carpathians was the scene 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 distinetly
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 voleanic 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
voleanism. Its product is the association of plateau basalts. They produced
extensive plateaus expanding from the southern slopes of the Carpathians over
the Lucenec—Filakovo region as far as northern Hungary.

The character of eruptions of the final volcanism differs entirely from that
of the subsequent volcanism. The share of pyroclasts constitutes only a small
percentage of the total quantity of the eruptive material. The eruptions were
of the quiet effusion type and only sporadically a small cinder cone originated
around the crater (relics on Raga¢). 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. Bemmelen (1950) by the low content of resurgent gases. Bemmelen
maintains that the plateau basalts derived from juvenile alkaline-basalt 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 tectonic style, from the alpine-type into the germano-
type was accompanied by transition from the synorogenic plutonism through
the subsequent voleanism, 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 succession and nature of the eruptives.
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MICHAL MAHEL

NAPPES - SYNCLINORES - FAULTS

In the last years a new setting in of nappe conceptions is observed in the
tectonics of ridge mountains. It is evident that their importance in the struc-
ture of Alpides is really extraordinary. It would not be surprising if their
presence were unequivocally proved in such regions as the South Carpathians
of Yugoslavia and the Krajstides, where also synclinores, and anticlinoria have
a very important share in the structure (Krajstides, southern part of the Meri-
dional Carpathians). In this connection the question arises if previous period
— characterized by a critical attitude of some geologists to a series 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
literature can easily ascertain that some active geologists with abundant new
substantial information that closer elucidates structural relations, frequently
forces a new subdivision of tectonic units, and shows their new relations oppo-
sed the nappes (such 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 that ,because of
trees they did not see the forest*“. The reason of the critical attitude is to seek
elsewhere. New information enabled to judge from opposite attitude, in nappe
conception so far not employed, not evaluated.

It is not an isolated case 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 have 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 such structure elements
however was unknown.
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The fundamental position, from which the followers of the anti-nappe con-
ception started after much 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 réle in the development of geo-
synclinal complexes and their transformation into tectonic units.

The synclines or synclinores are supposed by some geologists (Grubié,
Boncéev) as the basic structural forms in the Yugoslav Carpathians, the Kraj-
stides, in my opinion also in the West Carpathians (Mahel 1961). I start
however from the last named region. 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 (Rabowski 1927) or depressions with
higher nappes accumulated (Matéjka — Andrusov 1931), but structures of
regional importance that were manifesting in the time of formation of the
structural plan, not only as passive forms-depressions but in long periods also
as active structural zones. As such forms in the West Carpathians are parti-
cularly distinct the North Gemeride synclinore (Mahel 1954, 1957) and the
Hron synclinore (Miska —Zoubek 1961; Mahel 1962). Their vergency
and truncation by post-Paleogene structures but also a different character,
not mediotype as in post-Paleogene structures, tectonically very complicated,
point as I think quite unequivocally to the fact that they are Cretaceous
structures. The presence of such 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 that they
represented longitudinal depressions — synclines which entrapped the shifting
nappe masses. The distribution of voleanic 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 réle in the folding period
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 period. 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 series only. And just these characters, revelation
(knowing) of which is an important step to forward, generally considered as
characters of allochthonous series as well as hiding of the nappe character of
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masses by later manifestations of folding frequently are the starting attitude
of the anti-nappe conception. It 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 (Biely —Fusan 1965).

Emphasizing of the function of nappes in the structure of the Alpides
resulted in neglecting the réle of faults in the course of development of the
geosyncline, and also in the folding period. The opinion prevailed that faults
were the consequence of a late period (Neogene) of development, substantially
younger than nappes. Detailed investigation showed however the important
role of faults in formation of Mesozoic series 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 attitude. It was also the
case in the West Carpathians which represent a strongly tectonically disrupted
segment with many faults, fault-bordered basins, horsts, many mineral 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 complexes as well as to the course of
axes of Cretaceous structures shows that all four basic strikes of faults essen-
tially manifested already in the Mesozoic (Mahel 1959) (NW, NE, N-S,
W-E = planetary systems). Many important young faults are actually reju-
venized only. Among the faults four systems play the main réle.

The faults striking SE in the western part and NE in the eastern part,
E-W in the central part 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 N-S or to E-W. The fact that these upthrusts
separate 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 too-volcanism, bioherms.

More distinet however is the function in the time of development of the
geosyncline of the faults transverse to the Cretaceous structures, NW in the
western part, NE in the eastern part and N-S in the central part of the Car-
pathians.

In natvre transversal faults of earlier origin are recognizable by the alter-
nation of facies (particularly in the Jurassic) or of thickness of autochthonous
series, by the change of the structure plan of autochthonous units, and also
very clearly by other structure plan in nappe units. The faults are accompanied
in their course by slice structure, sigmoids, and narrow transveral folded struc-
tures running parallelly.

The faults have separated the Carpathian geosyncline into several blocks.
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These blocks played a réle in the time of sedimentation and also of formation
of the Cretaceous structures. Several faults played a réle already before the
Mesozoic, e.g. the lineament between the Alps and the Carpathians, the
Hridok—Skycov dislocation, the Stitnik— Hornad 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 réle 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
attitude of the author nor a criticism of himself. I am too much aware of the
fact that every movement is evaluated by history according to the results
brought with it on the basis of a quantity and importance of new facts and
new approaches, however not according to the solidity of the belief in ,,old
truths®. It is nothing peculiar in science that important new information leads
its authors to other conceptional, frequently also extreme positions and causes
a short-time desorientation.

The evidence of older faults and synclinores which originated in the same
folding period 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. It 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 period as a process consisting of several
phases with change of intesity and quality in time and space.

Diongjz Stir Institute of Geology
Bratislava, Mlynska dolina 1
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ROBERT MARSCHALKO — PAVOL GROSS

IDENTIFIZIERUNG DER BRUCHTEKTONIK IM OSTLICHEN
ZENTRALKARPATISCHEN PALEOGEN

(das Gebirge Levo#ské pohorie u. Sariské hory)

Das Studium der Bruchtektonik im zentralkarpatischen Flysch hat neben der teore-
tischen auch grofle praktische Bedeutung. In den meisten Fillen representieren nimlich
die Briiche Aufstiegswege der Mineralwisser, 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
Wichtigkeit. Die Bestimmung, bzw. Begrenzung einzelner tektonischer Strukturen wird
auch bei der Situierung der fiir die Erdolprospektion erforderlichen Bohrungsarbeiten
eine entscheidende Rolle spielen.

Das zentralkarpatische Paleogen im studierten Raume zwischen den Stéddten
Poprad und Presov in der Ostslowakei ist iiberwiegend durch Flyschabla-
gerungen verschiedener granulometrischer und fazieller Zusammensetzung
des Mitteleozin-Unteroligozidn-Alters gebaut (Marschalko 1966; Chmelik
1967, Marchalko —Gross—XKala§ 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 niheren Untersuchung des tektonischen Bildes des studierten Raumes
ist die Tatsache, daB sich die Flyschfazies an einer bedeutenden Biegung der
karpatischen Strukturen — sozusagen auf einem gebrochenen Bogen — gebildet
haben, von entscheidender Bedeutung. Infolge dessen wird die Klirung der
Genese der Briiche und vor allem die gegenseitigen zeitlichen (altersméfigen)
Beziehungen der Briiche der sog. karpatischen Richtung sehr erschwert. Des-
halb zeigte es sich bei der Untersuchung dieser Fragen zweckmissig, zuerst
die Lage der bathymetrischen und Strukturachse des Flyschbassins zu kldren
und die Beziehungen der Flyschfazies zu alten tektonischen Strukturen des
Fundaments zu priifen. Bei diesem Studium ist es unserer Meinung nach —
besonders in den Ablagerungsbecken mit klastischer Fiillung — notwendig,
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die Transportrichtung zu analysieren, die uns eine Grundlage fiir die Rekon-
struierung des Beckenbaues geben kann.

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

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

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

(3) micht befriediegende Kenntnisse iiber den Untergrund des zentralkarpa-
tischen Flysches;

(4) nicht immer bekannte Gesamtmdichtigkeit der Flyschablagerungen und

(5) ziemlich schlechter Erhaltungszustand der tektonischen Bruchflichen im
Terrain und oft verwischte Beziehung zu den morphologischen und topogra-
phischen Formen.

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

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

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

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

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

(5) die Moglichkeit die synsedimentire Teltonik auf grund der gravitativen
Bewegungen der Ablagerungen zu studieren.

Einige Grundkriterien fiir die prizise Feststellung der Briiche
in den Flyschgebilden der zentralen Westkarpaten

(1) Verschiebung der Korrelationsflichen (z. B. die scharfen Faziesgrenzen
der stratigraphischen Leithorizonte) dient als einer der Ausgangspunkte bei
der Identifizierung der Bruchflichen. Deshalb kann man die bei der Kartie-
rung festgestellten faziellen Grenzen, Vertikalinderungen der Lithofazies,
Rhytmonogramme und Histogramme der Michtigkeit der Schichten, Berech-
nung und Bestimmung des klastischen Verhiltnisses Sandstein-Tonstein,
Sandstein-Konglomerat als Grundlage bei der Suche, Indizierung und Kon-
struierung der Bruchlinien in den Flyschgebilden betrachten. Die Diagonal-
bruchstorungen der SE-NW und SEE-NWW Richtung im Gebirge Sarigska
hornatina wurden eben mit Hilfe solcher Korrelation festgestellt und in einer
Linge 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 schitzen. Von den festgestellten und lokalisierten Briichen haben wir
auf Grund der Verschiebung der Korrelationsflichen und stratigraphischen
Leithorizonte bis 60 9,, und den Rest mit Hilfe der anderen erwihnten Metho-
den festgestellt.

(2) Ziemlich prizis konnte man die Bruchlinien, bzw. Bruchzonen am Kon-
takt der Flyschablagerungen mit dlteren, event. jingeren Gebilden (als Paleogen )
feststellen. Es handelt sich um die S-N und SSW-NNE gerichteten Briiche,
die den Kristallinkern von Branisko vom Westen und vom Osten her begren-
zen. Entlang dieser Briiche beriihrt sich das Kristallin (ohne mesozoische
Hiille) mit héheren Flyschgliedern. Falls die Gesamtmichtigkeit des Paleogen
nahe Branisko mehr als 700 m betrigt — wie man vermutet — diirfte die
Sinkung etwa 1500 m hoch sein, was etwa jener der subtatrischen Briiche
tenspricht. Ahnlichen Charakter hat auch der N-S verlaufende Hornad-Bruch,
der die Flyschfazies in ostlicher Richtung durchschneidet. Morphologisch
besonders ausdrucksvoll ist dieser Bruch im Abschnitte Drienovskd Nova
Ves—Kendice, wo er seinen Verlauf nach Nordwesten dndert und dichotomiert.
Zu den ausgeprigtesten Briichen diesen Charakters zihlt der O-W gerichtete
Vikartovce-Bruch, bei welchem die Sinkung der Paleogenschichten gegeniiber
dem Perm-Werfen in ostlicher Richtung von 100—220 m (in Westen) bis auf
450—600 m (in Osten) steigt.

(3) Ein anderes, indirektes Kriterium bei der Identifizierung der Briiche
ist die Verfolgung des Verlaufes und des Einflusses der vorpaleogenen Struktur-
linien des Fundaments (in unserem Falle der groBen Aufschiebungsflichen und
tektonischen Tiefenstrukturen) auf die Entwicklung der Briiche in hangenden
paleogenen Schichtfolgen. Prignante, SW-NO gerichtete Briiche solcher Art
wurden bei der Talmiindung von Velkd Biela Voda in Richtung Spissky Stvr-
tok festgestellt, welche die Fortsetzung der Murari-Linie vorstellen. Das Bruch-
system im Bachtal von Zdiar und Tepli¢nd entwickelte sich parallel mit dem
Verlauf der alten Linien am Kontakt des mesozoischen Vernar-Streifens mit
der Melaphyrenserie der Choé¢-Decke. Ahnliche Beispiele finden wir am Kontakt
der Gemeriden mit Tatroveporiden der Cierna hora. Den sog. Hri%ovee-Bruch
kann man in SO-NW 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 ,, Linienwasser-
qu-llen**, besonders des Calcium-Bikarbonat-Types, indizieren oft Briiche und
umfangreiche Stérungszonen, welche tief in den liegenden mesozoischen und
paldozoischen Untergrund reichen. Zu solchen Stérungen zihlt vor allem das
SO-NW gerichtete Bruchsystem von Cemjata und Zipov im Gebirge Sarisska
hornatina, weiter die Briiche von Baldovee und die erwihnten. N-S verlau-
fenden Briiche von Branisko.
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Abb. 1.

Tektonische Karte des zentralkarpatischen Flysches (das Gebirge Levocské pohorie, Sarisské hory, Horndd-Kessel).
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1 — praepaleogene Gebilde im Ganzen; 2 — festgestellte, aber nicht priizis lokalisierte, bzw. bedeckte Bruchflichen (von gerin-
gerer Bedeutung); 3 — festgestellte (bedeckte) Briiche mit bekanntem Fallen; 4 — Briiche mit bekanntem Fallen, meistens von
grosserer Bedeutung.




(5) Die Bruchflichen werden oft auch durch plétzliche Anderungen im Fallen
der Schichten, oder durch plétzliche Unterbrechung der subhorizontalen Lagerung
(verursacht durch die plotzliche steile Aufstellung der Gesteinsblicke) ange-
deutet. Solchen Fall stellt z. B. eine cca 20 km lange O-W gerichtete Disloka-
tion, entlang welcher der mittlere Teil des Gebirges Levoéské pohorie in SSO
Richtung abgesunken war. Die Dislokation bildet eine 50—300 m miichtige
Zone, in welcher die Schichten unter einem Winkel von 80—90° steil aufgestellt
sind. Sie begrenzt die sog. Kl¢ov-Elevation entlang ihres Nordrandes. Der Rand
der Elevation wurde in der Bohrung Kl¢ov 1 nur etwa 137 m tief unter dem
Flysch erreicht (Gross 1967). Diese Elevation, die auch durch gravimetrische
Messungen bestitigt wurde, setzt sich in 6stlicher Richtung fort und ist durch
die erwihnte Dislokation bis zu Spisské Podhradie begrenzt.

Die Indizierung der Briiche und Bruchstrukturen durch Studium der Ver-
dnderungen in der subhorizontalen Lagerung der Schichten wire nicht ganz
prizis, wenn man dabei noch die erginzende Korrelationsmethode nicht beniitzen
wiirde. 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 kénnte, daB der Kristal-
linkern von Branisko eigentlich eine Megaantiklinale sei. Durch eingehende
geologisch-stratigraphische Untersuchungen wurde keine solche Sigmoidal-
biegung der Schichten festgestellt; die NNE-S gerichteten Bruchstérungen
hatten da ndmlich den Zerfall des Flysches in eine Reihe von nicht gleichmiBig
gesunkenen Schollen zur Folge. Die Emporhebung des Kernes fand zur Zeit
der nachpaleogenen Bewegungen stat. Aus diesem Grunde wiire es falsch anzu-
nehmen, da da wihrend 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, daf3 die Kerngebirge des karpatischen Verlaufs
(die sog. Megaantiklinalen) — obwohl sie am Rande durch Uberreste der
iltesten Basalschichten gesdumt sind und so eine Vorstellung der urspriing-
lichen, bereits vor oder wihrend der Sedimentation existierenden Strukturen
erwecken — eigentlich junge tektonische Gebilde sind, die sich erst nach der
Ausfiillung der wurspriinglich einheitlichen Sedimentationsbecken gebildet
haben. Die Identifizierung der Tiefenbriiche, welche den abgesunkenen Flysch
(in den Becken) von den Kernen der sog. Megaantiklinalen begrenzen, bleibt
somit die Aufgabe der kiinftigen eingehenden Kartierungsarbeiten.




Bruchflichen, Ausfiillung und Charakter der Briiche

Direkt im Terrain finden wir nur selten Beweise iiber das Fallen der Bruch-
flichen. Eine vor lingerer Zeit durchgefiihrte Untersuchung in den Bergwerken
von Svébovce hat gezeigt, daB da das Fallen der Bruchflichen zwischen 48
und 78° variiert, wobei die steiler fallenden Querbriiche nérdlich der Vikar-
tovee-Elevation beobachtet wurden. Die Bruchflichen waren nicht gekriimmt.
Die Ausfiillung der Bruchstérungen bilden meistens Blécke und Bruchstiicke
der zwischenschichtigen Flyschgesteine. Die nicht ausgeheilten Briiche hat
man im Konglomerat- und Mikrokonglomeratflysch im Gebirge Sari§skd horna-
tina beobachtet. Offene, bis zu 40 ecm breite Risse sind in den Bergstollen von
Svabovce zu beobachten; sie dienten als freie Aufstiegswege der Mineralwisser.
Es wird angenommen, daf3 die ,,Linienwasserquellen‘ eben durch solche, nicht
vollkommen ausgeheilte Briiche zirkulierten. Wie die abgestorbenen Travertin-
korper und die Migrierung der Wasserquellen zeigen, wurden solche Wasser-
kaniile infolge der wiederholten Bewegungen auf solchen Flichen geschlossen
und das Wasser suchte sich neue Wege durch die Flyschablagerungen.

Entlang der meisten identifizierten Bruchflichen kam es zur Schollensin-
kung, was auch durch stratigraphische Korrelation bestiitigt werden konnte.
Aus der Untersuchung der Neigung der Schollen, die durch Diagonalbriiche
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 Hornad-Kessels
zwischen Spigska Nova Ves und Levocda, wie auch nordlich Branisko bekannt.
Die Dislokation, welche in Norden die Kléov-Elevation begrenzt, weist ein
sehr steiles Fallen (80—90°) auf; méglicherweise handelt es sich da um eine
Scholleniiberkippung. Die Bildung einer typischen horstférmigen Struktur
konnte da nicht bestitigt werden.

Die zeitlichen Beziehungen zwischen den Briichen der sog.
karpatischen Richtung

Sowohl die Genese, wie auch die zeitlichen Beziehungen zwischen einzelnen
Briichen kann man ohne Kenntnis der urspriinglichen Begrenzung und Form
des Sedimentationsbeckens, seiner Struktur und der bathymetrischen Achse,
bzw. der synsedimentiren Bewegungen nicht zufriedend kliren. Das Studium
der Paliostrome in den Flyschfazien hat bereits groBe Fortschritte gemacht
und erméglicht uns die Richtung der Beckenfiillung zu erkennen. Die Systeme
der Paliostréme weisen oft eine so groBe Stabilitit in Zeit und Raum auf,
daB sie eigentlich (zusammen mit dem entsprechendem Fallen des Becken-
randes) auch als bestindige Faktoren der tektonischen Elemente betrachtet
werden konnen, durch welche die Erosion, Transport und Ablagerung im Laufe
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der langen Zeitabschnitte geregelt wurde. Aus unserem Studium der Pali-
ostrome folgt, dall die heutige Form des Flyschbeckens eigentlich nur einen
Teil des abgestorbenen Korpers des Bassins vorstellt, der durch das klastische
Material aus zwei verschiedenen Quellengebieten ausgefiillt wurde (Mar-
schalko—Radomski 1960). Diese Quellengebiete waren auf beiden Seiten
des Bassins voneinander unabhingig titig. Ein solches Quellengebiet befand
sich in der Zeit des Mittel- und Obereozins im Raume des Kontaktes der Klip-
penzone mit dem zentralkarpatischen Flysch. Das klastische Material bewegte
sich von NO in SW Richtung in den Raum des Gebirges Levodské pohorie
und weiter bis ins Gebirge Stratenska hornatina. Falls die Paliostréme, durch
welche sich an der Basis der gradiert geschichteten Fazies die Paliostromspu-
ren, in héheren Lagen horizontale Lamination und Schrigschichtung gebildet
haben, eine schlammige Masse bildeten, wurden sie auch durch die Gravitations-
krifte kontrolliert und flossen als schwere dichte Suspension entlang der sub-
marinen Abhinge in tiefer gelegene Rdume hinab. Dieser Proze3 einverleibt
in sich auch die Existenz einer bathymetrischen Beckenachse, die sich in dieser
Richtung der Massenbewegung ausgebildet hatte.

Im mittleren Obereozin bis Unteroligozin entstand eine neue Quellenzone
des Materials und zwar im SO Teil des Flyschbassins, welche das Material
von SO her (in NW Richtung) fiir das Gebirge Sarigsk4 hornatina und Levoé-
ské pohorie geliefert hatte. Aus dem Studium der Paldostréme (Marchalko
1961) folgt, dal3 auch in diesem Falle die Strome durch Gravitationskrifte
kontrolliert wurden und flossen entlang des submarinen Troges (der sich in NW
Richtung immer mehr vertiefte) in den Raum des heutigen Gebirges Levoéské
pohorie. Infolge dessen entwickelte sich der hiesige Flysch an der gekreuzten
bathymetrischen Bassinsachse und auch der Strukturachse (d. h. Achse der
Strukturdepression mit maximaler Méchtigkeit des akkumulierten Materials).

Die gegenseitige Abhingigkeit zwischen der Distribution der Flyschfazies,
der linearen Verlingerung der Schichtkorper und dem regionalen Paliostrom-
system wurde durch die Untersuchung der orientierten Sedimenttexturelemente
bestiitigt. Die Verteilung einzelner Fazies im Bassin verlief in zwei Haupt-
richtungen, und zwar von NO in SW und SWW 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 zwangsliufig unter der aktiven Mitwirkung dieser ilteren
Strukturen verlief. Deshalb kann man annehmen, daB sich die sog. karpatisch
(NO—SW) und SO—NW gerichteten Briiche wenigstens teilweise wihrend
der Subsidenz der Flyschfazies gebildet haben. Diese synsedimentiren Bewe-
gungen sind durch strahlenférmig geregelte klastische Génge (die in Richtung
alter tektonischer Strukturen im Untergrund des Paleogens orientiert waren;
Marschalko 1966), oder auch durch Bewegungen der Ablagerungen, die durch
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Abb. 2.
Das Palidostromsystem und Verteilung der Fazies im héheren Obereozin verfolgt die
praepaleogenen Strukturelemente der Gemeriden. In diese Richtungen verlduft die bathy-
metrische und Strukturachse des Flyschbassins. Den Verlauf dieser sog. karpatischen
Linien verfolgen auch grossere Stérungen, die manchen Anzeichen zufolge wihrend der
Formierung des Flyschbassins aktiv waren und auch synsedimentiren Ursprungs sein
konnen.

N

1 ——

2 [y

1 — Bruchlinien der sog. Karpatischen Richtung; 2 — Strukturbiegung der Gemeriden
unterhalb des paleogenen Flysches; 3 — Palidotransport und Richtung der Faziesvertei-
lung im héheren Obereozin.

Gravitationskrifte bedingt und durch die Entstehung der synsedimentiren
Brekzien begleitet waren, belegt. Diese Erbschaft (Aneignung) der Merkmale
der alten vorpaleogenen Strukturen durch neue Strukturen des Flyschbassins
ist ein wichtiges Element fiir die Beurteilung der Genese der Briiche und ihrer
zeitlichen (altersméBigen) Beziehungen. Aus diesen Erwigungen folgt weiter,
daB die N-S, NNO-SSW und NNW-SSO (also senkrecht auf die karpatische
Richtung) orientierten Briiche (d. h. unsere Paldostromrichtung) jiinger sind
und entstanden erst nach der Ausfillung des Flyschbeckens; sie verwischten
daher das urspriingliche Bild und Form dieses Beckens.

Obwohl das Palidostromsystem und Verteilung der Flyschfazies bis in den
Raum des Gebirges Stratenskéd hornatina vorgegriffen haben, wurden die post-
paleogenen Bewegungen lings dieses Systems (SO—WNW) so stark, daf} in
dieser Richtung keine Flyschablagerungen erhalten blieben. Eine ganz andere
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Situation war 6stlich des Hornad-Bruches. Die Zufuhr des terrigenen Materials
entlang der Beckenachse verlief von SO in NW Richtung von einem entfernten
Quellengebiet. Falls der Bruch mittelmiozinen Alters ist, dann sollte man die
Fortsetzung des Flysches in siidostlicher Richtung in unverinderter Michtig-
keit unter der vulkanischen terrigenen neogenen Formation erwarten.
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JAN NEMCOK — TOMAS KORAB — TIBOR DURKOVIC

LITHOLOGICAL INVESTIGATION OF CONGLOMERATES
OF MAGURA FLYSCH IN EAST SLOVAKIA

Abstract. In the present work the results of the lithologic and sedimentologic
investigation of conglomerates in the southernmost (Cerhov) unit of the Magura Flysch
in East Slovakia are given, as well as geological and lithological position of conglomerates
within 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
within turbidite formations.

Stratigraphic and Lithologic Charaeteristics of Partial Units of Magura Flysch

The Magura Flysch consists of the Paleogene and Upper-Cretaceous beds.
Basing upon the lithofacial and facial-tectonic differences several partial units
might have been distinguished in Magura Flysch. Matéjka —Roth (1949),
Roth (1960) divided the Magura Flysch in West Slovakia and in Moravia
into the Raca, Bystrica and southernmost Belokarpatskd partial units.
Andrusov (1926) determined the southernmost partial Magura Unit in the
Paleogene of the Oravska Magura Mts., called it the Oravsko-Magurska Unit.
This partial unit is supposed to continue in the NE direction to Poland (Gorce
Mts.).

In East Slovakia, division of the Magura Flysch Zone is complicated by
the presence of Menilite and Malcov beds, most frequently occuring 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 Flysch Zone from
the Western Flysch 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 Rata—Bystrica Units. In East
Slovakia Kochanovee Unit (Leiko 1960) or the Cerhov Zone (Matéjka
1961) corresponds to the Belokarpatskd Unit. With respect to the fact that
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the southernmost partial unit is most frequent in morphologically impor-
tant Cerhov Mts., in agreement with the Andrusov’s (1965) suggestion, it
will be further indicated as the Cerhov Unit.

The Rata and Bystrica units in East Slovakia are lithologically and
stratigraphic-tectonically so well differenciated, that there are only few
unsolved problems. The substratum of both units is formed of the BeloveZa
beds passing up to the Upper Cretaceous in some places (the southern margin
of the Smilno tectonic window; Neméok — Korab 1963), south to the Cigla
village in the Vyrava r. valley, to SW of the Niind Jablonka village. The Belo-
veZa 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 structures 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 fine-grained sandstones
(64 9,) prevail over siltstones (36 %). Concerning petrography, subgraywackes
and quartzose sandstones occur in Beloveza beds in 1:1 ratio (Durkovi¢
1966). Claystones of the Beloveza beds are often varicoloured, alternating
in stripes and streakes, while of the clastic sediments of the BeloveZa beds
horizontal 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 (Samuel 1960) the BeloveZa beds in East Slovakia belong to the
Paleocene-Lower Eocene.

Above the Beloveza beds about 1500 m thick series of the Zlin beds is resting.
In differentiation of the Zlin beds of the Bystrica and Raca 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 Zlin beds of the Raca Unit,
in the Bystrica Unit they are less frequent, indicated as the Lacko beds by
Ledko—Samuel (1968). Predominating clastic sediments are represented
here by micaceous sandstones. An important differentiating characteristics
of the overlying Beloveza beds is the presence of claystones and marls of Lacko
type (Lacko mergel, Uhlig 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 Raca partial unit the intercalations between sandstones
are formed also by soft claystones predominating in some East Slovakian
areas.

The Zlin beds of the Bystrica unit are very poor in micro and macrofauna.
According to Samuel (1960), the lower part of the Zlin beds of the Bystrica
unit passes into the Lower Eocene. This opinion is also supported by the fauna

106



of larger foraminifers (Vaiiova in Neméok 1961) Nummulites burdigalensis
De la Harpe, N. partschi tauricus (De la Harpe), Assilina aff. douville:
Abrard & Favre. Hanzlikova (1960) quotes the Middle Eocene and
Upper Eocene microfauna from the Zlin beds. The Lower Eocene age is also
testified to by the presence of the Upper Eocene to Oligocene development
of Menilite and Malcov beds to the SE of Bardejov. This Paleogene series
beginning with variegated claystones and ending with the Malcov beds repre-
sents the normal overlier of the lover constituents of the southern partial
Magura Units and of the Paleogene of the Klippen mantle. Lesko (1959)
gave the stratigraphic-lithological characteristics of the Cerhov Unit in the
area of Kochanovce village, where over the Beloveza beds there is predomi-
nantly sandstone sequence equivalent to the Zlin beds of the Bystrica Unit.
Over this extensive sandstone — conglomeratic complex near Kruzlov, Malcov
and Raslavice villages there is a thick flysch sequence of Menilite and Malcov
beds with underlying variegated claystones with Cyclammina amplectens and
fine-grained nummulitic conglomerates.

Cerhov Unit is formed of Paleocene to Upper Eocene beds. The lower
part of the Paleogene of the Cerhov unit is represented by the Beloveza beds
(Paleocene-Lower Eocene; Samuel 1959). It is actually fine-rhythmical
flysch (Fig. 1) with green and red claystones alternating with thinbedded |
sandstones. In the Cerhov Mts. there is predominantly psammitic-pelitic Paleo-
cene to Lower Eocene flysch development of the Beloveza beds with numerous
bioglyphes. Claystone strata are represented by green to green-gray claystones,
red claystones are only sporadically present. In the Beloveza beds red claysto-
nes are more abundant especially near Strihovce village in East Slovakia.
The flysch development of the Beloveza beds in the Cerhov unit gradually
passes into a flysch sequence with predominance of sandstones, in the overlier.
In the Cerhov Mts. and to the east of the river Topla up to the Czechoslovak-
Soviet frontier this complex of calcareous graywackes and arkosic sandstone
microconglomeratic strata shows the thickness of even 2500 m (Strénik
1965). Lesko (1961) distinguished sandstone conglomeratic strata in the over-
lier of the BeloveZa beds and called them Strihovce beds. In many places
the sandstone-conglomeratic complex of the Cerhov unit remind of the wild
flysch of the Central Carpathian Paleogene with monolitic sandstone beds
and numerous slump bodies. These are most frequent in the area of Majdan,
Pro¢, Matiaska, Domagsa and Udavské villages (Encl. 1). They do not occur
in a certain stable horizon in the overlier of the Beloveza beds of the Cerhov
unit, position of their outcropping 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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Fig. 1. Lithological scheme of Cerhov unit: 1. Clay-

MALCOV- MENILITE —==

SANDSTONE CONGLOMERATIC

stones.

stones, 2. Sandstones, 3. Conglomerates, 4. Cherts,
5. Pelocarbonates, 6. Sandy claystones, 7. Varie-
gated beds, 8. Slump bodies, 9. Nummulitic lime-

SERIES

COMPLEX

v

BELOVEZA BEDS

10m

Fig. 2. Detail of the conglomerate-
sandstone complex, locality Matiaska,
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. Plant 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 Eocene to Upper Eocene 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 Eocene claystones with Cyclamina
amplectens there is sequence of grass-green to gray-green strongly calcareous
claystones with abundant Upper Eocene globigerina microfauna. Green clays
only rarely exceed 50 ¢cm in thickness. They are most thick near the NW
ending of the Cerhov Mts. in the overlier of the Paleogene Klippen mantle
in the Udol (Ujak) village, — reaching about 5 m thickness. The Upper Eocene
soft clays contain rich microfauna of quadrilobate globigerine (Samuel 1961):
Globigerina conglomerata Schwager, (. venezuelana Hedberg, Catapsydrax
cf. dissimilis (Cushman & Bermudez). This forms predominate over other
species in green claystones.

The overlier of variegated claystones and clays is formed by an immense
complex of the Malcov-Menilite Series (Fig. 1) with thin intercalations of fine-
grained nummulitic conglomerates and the Jaslo shales (Neméok — Korab —
Durkovié 1961). These youngest flysch beds of the Cerhov unit outcrop in
the synclinal zones in wider vicinity of Malcov, Stebnik, Rychvald, Raslavice,
Krac¢inovee and Velka Domasa villages, in the Ondava river valley, and near
Slovenské Volové village. In the Menilite-Malcov beds in the Cerhov unit
there are frequent strata of conglomeratic breccia with minor nummulites
(Fig. 1). Carbonatic material of fine-grained conglomerates is represented by
3—10 mm limestone and dolomitic fragments. Basing upon the determination
of nummulites by Bieda (1957, 1960), Varnova & Koéhler (in Nemdc¢ok
1961), the conglomeratic beds in the Menilite-Malcov series in the Cerhov
unit may be ordered to the lower part of the Upper Eocene.

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 flysch
sequence of the Malcov 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 Malcov beds claystones prevail over sandstones
(3:1). Lithologically the Malcov beds represent a flysch sequence with the
thickness of 400—800 m. Their strike and dip indicate the synclinal character
in the whole Magura Zone.

In the Malcov beds of the partial Cerhov unit the Jaslo shales were found
in three horizons above each other. The separate lithological horizons are
max. 10 em thick, resting above the claystones of Menilite type.

The Malcov beds with the intercalations of claystones of Menilite type,
cherts and Jaslo shales stratigraphically correspond to the Upper Eocene.
Samuel (1960), Hanzlikova (1960) determined there microfauna with
predominance of small globigerina: Globigerina apertura Cush., Globorotalia
centralis Cush., Globigerina rotundimarginate Subb., Gl. parva Bolli ete.
0. Samuel described small globigerina from the upper part of the Malcov beds:
Globigerina postcretacea Mjatliuk, Cibicides cf. lopjanicus Mjatliuk, and
others occuring rather in the Lower Oligocene in the Lopjanice beds of outer
Carpathians.

Form of Oceurrence of Conglomeratic Bodies

According to the form of occurrence the studied conglomerates of the Cerhov
unit belong to interformational conglomerates. They form 2—10 m thick inter-
calations in the surrounding flysch sequences. Usually they have 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 increasing amount of coarser clastic components.

From the stand point of morphology the conglomerate bodies are irregularly
shaped. Vertical and lateral fading-out of the separate granulometric classes
may be observed.

The most frequent type of bedding of conglomerates is graded bedding,
frequently repeated. This is especially characteristic of fine-grained fractions
(10—20 mm). Coarse-grained varieties are irregularly bedded, characterized by
the presence of fragments of claystones, sandstones, chaotically arranged in
the matrix. There are sporadical occurrences 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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Fig. 3. Detail structure of the slump Fig. 4. Fragment of the flysch sequence
body, locality Udavské, 1. Conglomerate, in conglomerate, locality Udavské, 1.
2. Sandstone, 3. Claystone. 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, ¢) of pebbles according to Krumbein — Pet-
tijohn (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 median of the “b’’
axis of pebbles (tab. 1) were calculated for the separate localities. Histograms
of frequency are presented in Encl. 1. Calculations in tab. 1 were carried on
without respect to petrographic types of rocks. Recalculation for the separate
types of rocks occuring 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 Zingg’s (1935) classification based upon 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, ¢/b (a-the shortest
axis, c-the 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 occuring in conglomerates under
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Tab. 1. Textural data from conglomerates

locality | e | iy | Mas i Mar |
| |
| 10 2 33 | o6 | o032
l 3 ‘ 37 3 | 061 | 018
5-6 33 34 [ o063 | 017
82 i 25 ‘ 25 [ 0,63 0,31 |
‘ 38 ‘ 28 ‘ 27 |- 062 | 037
| 49 31 28 | 0,60 0,37 |
[ P 19 20 ‘ 0,60 |
| 71 [ 5985 1obeinee & 00 0 6T NE 0188
74 | 31 | 32 0,65 0,53
21 | 44 | 45 | o359 0,38

B8 , 87 ; 62 0,62 | 0,58
| ‘ ‘

Md (b) — median of the b axis, X (b) — arithmetic mean of the b axis, Md 8 — sphericity median, Md r —
median of roundness,

Tab. 2 Statistical data of pebble axes in studied conglomerates
[ pebble axis a | b e
|
& = = f i X
rock x x [ . x
‘ = (mm) | ﬁ (mm) | £ l (mm) | . l
|
i limestone 310 | 32,64 , 21,14 [ 29,84 ! 18,52 | 21,87 16,10 ‘
| sandstone 106 | 9,80 1,03 81+ | 9,60 548 | 6,17
| dolomite 110 ] 5,14 ‘ 5,82 377 | 4,18 ‘ S0 4,18
\ quartzite 210 17,63 13,33 13,04 10,70 | 9,58 | 515
[ vein quartz 336 ‘ 12,85 8,62 9,88 7,29 6,97 ‘ 9,78
L

n — number of pebbles, X — arithmetic mean, s — standard deviation

study (sandstones, quartzites, limestones 4 dolomites, vein quartz) were
estimated. The results are in tab. 4; showing that the majority of sandstone
pebbles is of the disc shape (50 9%,). Less abundant are spheroid shapes (23 %,).
Roller and blade pebbles are only sporadically present. In quartzites the sphe-
roid shape (43 9%,) 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 same occurrence of morphologic shape as in quartzites.

Sphericity of pebbles was studied on the ground of Krumbein —Sloss’
(1953) classification. It is actually the Zingg’s scheme modified by isolines of
sphericity according to Krumbein. From the results obtained, the median of
sphericity (tab. 1) was calculated. Median of sphericity was also calculated
for the separate petrographic types of pebbles, with the following results:
quartzites 0,64, limestones -+ dolomites 0,65, sandstones 0,58, vein quartz
0,65. Only the median of sphericity in sandstone pebbles is distinctly different.
In the rest of pebbles median of sphericity is roughly the same.

Roundness of pebbles was visually studied on the ground of 5 degree scale
by Pettijohn (1957). Results recalculated to the median of roundness for
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glomerates in the Cerhov unit,
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_T/“) Geological structure and granulometric and petrographic composition of con-
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the separate localities are given in tab. 1. Visual judgement may show that
the best rounded pebbles are on the locality 74 (Encl. 1.) the least rounded —
on the locality 3 and 5—6 (tab. 1.).

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

4 N

Fig. 5. relation between planar projection of orientation of ““a’* pebble axes and orien-
tation of sedimentary structures on the undersurfaces of sandstones; a — flute casts,
b — drag marks, ¢ — orientation of pebbles, d — number of measurements. 1 — Matia%-
ka, 2. Mi¢akovce, 3. Girovee, 4. Udavské.
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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 Cerhov unit are composed of two basic components: pebbles and
matrix. Matrix is formed by sandy or clayey material. The ratio of
matrix to pebbles is 1:1 or 1:2 on behalf of matrix. This ratio is
changing on separate localities. Petrographic composition of matrix] is re-
presented by fine-, medium- to coarse-grained subgraywackes, their petro-
graphic composition being generally identic with mineralogic composition of the
predominating amount of sandstones in the Magura Flysch (Durkovi¢ 1966).

Petrographic composition of pebbles for the separate localities is presented
in tab. 5 and graphically illustrated on Encl. 1. Tab. 5 shows that the charac-
teristic feature of the conglomerates under study is predominance of pebbles
originating in sedimentary series (limestones, dolomites, sahdst’bnes, 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 -+ dolomites, quartzites and sandstones is concerned. In direction from
the W to the E distinct increase 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 W-E course.

Tab. 3. Pebble shapes in studied localities
> Il r . ‘
\ locality ‘ ‘ ‘ |

Iy R 10 | 88 | 17 P 38 | 493 41 | 82 |s5-6| 3
| | g o | |

| | od™¥ | [
spheroid st o | 31 % | 45 % | 36 9 ' 41 % [AE%E20 % | 32 % | 54 % | 29 %

‘ disk 25 41 25 |30 |33 31 47° |40 |37 | 44
‘ blade | 6 2 | 3 | 6 5 6 |10 | 3 | 5 | 7

roller 118 |20 |27 | 28 21 |22 14 25 4 20

Tab. 4. Pebble shapes according to petrographic composition

‘ l

pebble limestone +

shape ] sandstone quartzite | " golomite vein quartz |
| | |
| spheroid 23 % 43 % 38 % 42 %
| disk | 50 30 33 26
blade | 10 5 5 1

roller 17 22 | 24 28




Fig. 6. Spatial orientation of the long axes
of pebbles in conglomerates.

Fig. 7. Petrographic composition of pebbles
in conglomerates. S — sandstones, @ —
quartzites, L — limestones, D — dolomites,
M — metamorphic rocks, E— eruptive rocks,
VQ — vein quartz.
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Fig. 8. Map of paleocurrent systems in relation
to the direction of transport of slump bodies.

1. Klippen Belt, 2. Cerhov unit, 3. Neovolcanites, 4. Bystrica 2l
unit, 5. Raca unit, 6. Malcov-Menilite series, 7. Dukla unit,

8. Slump bodies, 9. Paleocurrent systems in Cerhov unit, 10.

Paleocurrent systems of Bystrica and Rada units.



Tab. 5. Petrographical composition of conglomerates

locality 10 3 82 74 T s eF 5-6 | 49 21 88 | 38
{ =
limestone | 19 % | 19 % | 17 % [ 48 % | 12 % 29 % 12 % ’ 24 % ‘ 70 % | 67 % | 13 %
marl 7 | |
dolomite 4 4 25 3 32 | et AR e 20 4
chert 1 1 | | [ 3 | 1
sandstone 24 25 11 1 13 4 32tk 8 L 23 1 6
quartzite 42 31 20 2 19 17 27 | 24 3 3 40
vein quartz /g 18 16 3 48 7 21 34 304 31
granite [ [
granodiorite 7 1 3 1 2 5 2 3
gneiss | {
mica schist 1 2 2 2 6
| melaphyre 1 2 4

Manner and Conditions of Genesis of Conglomerates

Zonal distribution of different facies is a characteristic feature of the Paleo-
gene sediments in Magura Unit (Encl. 1.). The distribution of facies is parallel
with the course of Klippen Belt in East Slovakia. Beloveza 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 Beloveza beds offered the possibility to distinguish three
partial lithostratigraphic complexes: the Rada, Bystrica and Cerhov units,
in the Magura Flysch Zone. The common lithologic development of the Belo-
veza beds in all the three partial units is followed by the change of facial
conditions within the Lower Eocene — upper part of Middle Eocene. These
changes may be observed mainly in the supply of the clastic material. 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 material (coarse-grained sandstones, conglomerates). This
coarse-grained sequence has its stratigraphic equivalent in the Zlin beds of
the northern partial Magura Units.

Coarse clastic material is mostly distributed in the southernmost Cerhov
unit. The supply of coarse clastic material into northern partial units was
sporadical, indicated by rare occurrences of the slump bodies composed of
coarse-grained material with max. thickness 0,5 m. Direction of the transport
of clastic material to the Magura sedimentation area was studied on the ground
of oriented sedimentary structures (Korab 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. It may
be supposed that it is a lateral filling gradually turned in the axis of the basin
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 material into the Magura
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Flysch geosyncline. The distribution of coarse clastic sediments (conglomerates,
coarse-grained sandstones) in the southernmost Cerhov partial unit, and their
gradual fading-out in northern direction, indicate another way of transport
conditioned by nearness of the source area. Chaotic arrangement of pebbles

in conglomerate bodies, the general 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 Cerhov unit have the nature 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 Eocene — upper part of Middle Eocene.
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MIROSLAV PLICKA

JOINT ZONES IN THE FLYSCH OF THE CZECHOSLOVAK
CARPATHIANS AND IN THE PALEOZOIC OF THE SE BORDER
OF THE CZECH MASSIF

Abstract. This paper presents a summary of the work done over a period 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 Czech
Massif. Two types of macro-joints, i. e. (1) bedding joints and (2) joint zones have 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 regions can be solved. Joint
zones indicate tectonic stresses the rocks were subjected to. The study has revealed close
tectonic relations between the Carpathian system and the Czech 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 work carried out during last few years
(Plicka 1960, 1962, 1963, 1964a, 1964b, 1964c, 1966a, 1966b, 1966¢) 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. Hodgson). This new
term “‘joint zomes” has been established for joints forming many systems
persisting over long distances in the investigated area. Similar conclusions
have been simultaneously inferred by R. A. Hodgson (1961, 1965) in the
U.S.A.and by D. Spencer —Jones (1963) in Australia. 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




areal and vertical distribution. Variable intensity of jointing in sedimentary
rocks depends as much on the lithological development of formations as on
the number and intensity of tectonic processes the rocks were subjected to.
The distribution of bedding joints is controlled by local geological pattern.
They are genetically related to the formation of individual folds. The distri-
bution of bedding joints is confined to individual beds and/or to their over-
lying or underlying rocks. Joint zones pass through more beds or through
whole complexes of sedimentary rocks and occur also in the erystalline 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 plane.
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 nature and the resistance of rocks. All evidence points to a tectonic
origin of bedding joints. They are older than joint zones. In general, bedding
Jjoints are better developed in the Carpathian Flysch (except for the Zdanice-
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 zomes show
a variable distribution. The width of individual joint zones usually ranges from
0.5 to 6 m. Joint zones of the same 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 zomes) constitute systems of different age, strike
and dip, and are closely related to tectonic processes that took place in this
area. The number of joint zones forming a set increases towards the faults of
regional characteristic exhibiting the same direction as the joint zones.

Consequently, it is evident that joint zones are closely related to faults.
Field observations permit to make statements that faults 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 Nizky Jesenik Mts.).
It may be suggested that joint zones — as the result of tectonic stresses —
may have 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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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 plane of the nappe.

The density of joints in a joint zone is variable. It can be defined by
a fraction, where the numerator represents the number of joints per the zone
width, and the denominator defines the zone width in metres. In the studied
area, we have observed the following relations between joint density and the
width of joint zone 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,
(1 B

6. sandstone (Upper Cretaceous of the Silesian nappe, Istebné beds) — 10/2, 10/’1,3,
5/1,10/4 ...

~1

. sandstone (Paleocene, Eocene of the Magura nappe) — 6/1, 4/1,5, 10/4, 15/2 ...
. marlstone (Eocene of the Magura nappe) — 6/1,5, 4/1, 5/0,5, 5/1 ...
. 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
zone width, nor the minimum or maximum width of a certain zone can be
controlled by rock type, stratigraphy and/or tectonics in the investigated
territory. Individual joints within a joint zome can usually reach a width of
some mm to several em. Joints are commonly filled by calcite or quartz.

Joint zones (sets 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—TUZok folds). An average width of a sett of joint zones exceeds locally
20 km (see the NW system in the SE border of the Czech Massif between Brno
and Vyskov, the ESE system in the Culm between Opava and Olomouc, and
the ENE system of the Godula nappe).

A great areal extent of joint zones and their persistance over long distances
may be proved by the following data:

1. analogy to extensive joint zones in other areas over the world, examined
at surface outcrops and by means of the aerial photographs (R. A. Hodgson
1961, 1965; D. Spencer—Jones 1963);




2. persistence of a specific system 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. Pli¢cka 1963).

Joints arranged in joint zones show discontinuities both in their vertical and
areal trend, where by their ends overlap. In the mapped area joint zones are
grouped in sets belonging to different systems. Locally one system can be
dominant, (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, etc.).

®

Fig. 1. Block diagrams showing schematically joit zones and bedding joints

1 — joint zones in the sandstones 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 system. — 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 nature the joint density is inversely proportional to
the thickness of strata. — 6 — Joint zone intersecting the bedding joints in sandstones.
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In general, a difference has been found between the development of joint
zomes belonging to the Carpathian system and that of the SE border of
the Czech Massif (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 Zd4nice-Subsilesian unit; the Hlik development of the Upper division
of Paleogene of the Bilé Karpaty unit; the Zborov—Smilno anticlinorium
in the eastern Slovakia). In the Carpathian Flysch, joint zomes are almost
perpendicular to the direction of the Carpathians and show a fan-like arran-
gement conforming with the Carpathian arc. 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 system, e.g. in the Zdanice-
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 system of joint zomes running from Vitkov towards
the SE into the Carpathian system as far as the inner Klippen belt), and joint
zomes point to tectonic relations between the Czech Massif and the Carpathian
system. Analogous tectonic relations between the Carpathain system and the
Czech Massif can be observed where these two systems are in closer contact,
i.e. in the area between Brno and Vyg&kov, and where joint zones run conti-
nuously from the Czech Massif into the Carpathian nappes.

Western part of the Carpathian Flysch

The Magura Flysch: 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 case of a favourable lithological
development of formations they also pass across the Zdanice-Subsilesian unit.
Apart from the aforesaid transversal joint zones, joint zones of a NNE to NE
direction appear in the eastern part 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 Rakovad—Semetes trending towards the NE.
This multiplication of joint zones has been recorded in the space of the maximum
bend of the Carpathian arc.
we may observe that joint zones disjoin, some of them verging their directions
towards the NW, the other towards the NE. Joint zones trending from NE to
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SW follow the fault line Rakovid—Semetes, the other joint zones that run in
a north-western direction towards RoZnov p. Radhostém and Valagské Mezi-
i¢i are bounded in the west by a fault line directed from the western part of
the Bystficka 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 zone is built
by the Godula and Istebné beds containing thick sandstone strata. It is sug-
gested, that two-directional tectonic stresses that 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
horizontal to oblique displacements. A fanlike divergence of joint zones directed
from SSW to NNE and from SSE to NNV can be traced from the Makov—
Marikové transversal elevation in the Byt¢a region. 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 outer Flysch zone: distribution of joint zones belonging to the
outer Flysch zone is variable. In individual formations of the Zdanice-Subsi-
lesian unit (see Zdénice— Hustopeée beds consisting from less compact rocks)
and in the Silesian unit (see the lower TéSin 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 Lysa 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 zone it is obvious that joint zones pass through
both tectonic complexes. It is well apparent in an about 10 km wide belt in
the Jablunkov depression and further in another belt trending to Staré Hamry
and Frydlant n. Ostr., the width of which is about 7 km; in the northern trend
of this belt a 7 km wide zone of transversal faults deforming the front of the
outer Flysch nappe has been observed.
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Less pronounced are transversal joints passing from the Magura Flysch
through the Zdénice unit; this is due to different lithological development of
the two units.

In consideration of general 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 dominant directions of the sets of
Jjoint zones in the Godula nappe are SE—NW, and WSW —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. It is genetically related
to the tectonics of the Jablunkov depression. The second group conforms with
the longitudinal and diagonal tectonics of the Zubii—Pindula, Staré Hamry,
and Predmier zone. In the tectonic scale of Lysd Hora Mt. sets of joint zomes
run roughly parallel to the bed strike and parallel the longitudinal normal
fault at Nydek. These parallel directions suggest a relationship between longi-
tudinal sets of zones in the northern portion of the scale of the Lysd Hora Mt.
and longitudinal tectonic element represented by the Nydek fault. 5

Eastern part of the Carpathian Flysch

The eastern part of the Carpathian Flysch consists from the Magura
nappe, the Dukla—UzZok folds and a portion of the Central Car-
pathian Flysch E and SE of Vysoké Tatry Mts. In this area joint zones
striking from NNE to SSW predominate; subordinately joint zones oriented
from NN'W to SSE have been encountered. Sefs of joint zomes, 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 Spisské
Vlachy. In this area we can also find close relations between smaller faults,
Jaults of regional characteristic and joint zomes, as stated for the western part
of the territory. It are dominantly NNE—SSW and ENE—WSW-trending
Jfaults that have 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 horder of the Czech Massif

Contrary to the Zd4anice-Subsilesian unit of the outer Flysch zone, joint zones
in the Paleozoic, Mesozoic and crystalline rocks of the Czech Massif exhibit
a specific development. They constitute sets belonging to different systems.
Certain analogy to joints observed by R. A. Hodgson (1961, 1965) in the
Paleozoic and Mesozoic rocks of Utah and Arizona in the U.S. A. may be
stated in this area. The origin of many systems of joint zones was influenced
by the presence of crystalline basement that forms one tectonic unit with the
observed sediments, which is not the case in the Carpathians. It has been
found that some sets of joint zones persist over a distance of 60 km and their
length reaches 100 km (see some sets of zones trending from the Czech Massif
to the Carpathian arc, e.g. in the area of Horni Bene$ov—Novy Ji¢in—
Roznov 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 sefs of joint
zones show a width of some kilometres only, other sets, such as a WNW—
ESE-trending set, extend throughout the area in a 100 km wide belt without
changing directions. In the NW set of joint zones, for instance, we may observe
that joint zones are locally missing in belts up to several kilometres wide.

Close 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
zomes are suggested to change often their directions and follow other different
systems of joint zones oblique to each other (e. g. NW-directed faults at VySkov
and Luleé.)

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. It may
probably belong to older systems of joint zones reactivated during younger
tectonic movements.

The set of joint zones directed from NW to SE is weakly developed in the
area between Opava and Brno. Locally it fails to continue, but here and there
it is very distinct (e. g. in the area of the Malenik block — see Z. Roth,
1962). In general, this set of joint zomes may have 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 Vy8kov
may owe its genesis to tectonic processes active in the Carpathians.

The N—S-trending set of joint zones is distributed in the crystalline and
Paleozoic rocks near Brno. It 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 erystalline rocks of the
Brno Massif and continues across the Devonian sediments of the Moravian
Karst towards the NE — into the Culm sediments near Opava.

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

Ustfedni vistav geologicky,
pobocka Brno
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LADISLAV ROZLOZNIK

FAULT TECTONICS OF THE STIAVNICA HORST

Abstract. Within the area of the so-called Stiavnica Horst, between Banskd Stiav-
nica—Banskd Hodrusa —Vyhne —Sklené Teplice the pre-Neogene basement of young
voleanic rocks erop out. The structure development of the Stiavnica Horst was controlled
particularly by fault tectonics. Its importance is enhanced by the fact that part of these
faults became ore-bearing elements of the well-known Banské Stiavnica and Hodrusa
ore districts. Up to the present, the fault systems were interpreted simply as the systems
of normal 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 Stiavnica Horst

The structure of the Stiavnica 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 Eocene 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) probably of Palaeozoic age. constitutes the crystalline core.
Additionally, Carboniferous conglomerates, sandstones and micaceous shales,
belonging to the Cho¢ nappe (in part probably to its envelope) are present.
Permian arkoses, sandstones and variegated beds developed in patches also
make up slices of the Cho¢ nappe. Mesozoic rocks occur in two incomplete
units — the Krizna unit and the Cho¢ unit. The former represents the Krizna
nappe forming the rolled-out .,polsters in the substratum of the Choé¢ nappe.
It is composed of the Anis-Ladinian carbonates, the Keuper variegated
sequence, Jurassic (Lias?) fragments and the Cretaceous (Neocomian-Albian)
complex. The Cho¢ unit built up of the typical Werfenian and Middle Triassic
carbonates tectonically overlies, together with the Carboniferous and partly
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also Permian, the Krizna nappe. The Eocene 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 dyke forms — should
also be ranged to the substratum. In the mode of occurrence, extent, composit-
ion and intensive contact effects, these rocks are reminiscent of the banatites
of Rumania (Rozloznik —Saldt 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 voleca-
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 of the Stiavnica Horst) which gave rise to the Hodruga
upfold with a number of partial elevations (e. g. Stiavnica elevation, elevation
of Rosalia vein) and depressions (see the section).

The Neogene volcanic complex of the Stiavnica Horst is made up of an
abundance of volcanic products corresponding in time with the 2nd and 3rd
andesite phases and the 3rd rhyolite phase in the sense of Kuthan’s classi-
fication (1963). Their position within the framework of the volcanics of the
Slovenské stredohorie Highland is explained in another paper (RozloZnik —
Slavkovsky, 1967). The rocks build up mostly surface forms; the only except-
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 Stiavnica Horst, showing an incomplete development compared
with the peripheral parts of the Horst, suggests that during the Neogene the
Hodru$a upfold experienced positive vertical movements. The terraces of
streams at altitudes higher than 600 m are a good evidence that the uplifts
have persisted up to present time.

The tectonicity of the Neogene period widely differed from that of the Early
Alpine stage, being distinguished by fracture-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. 0.). On the other hand, the anisotropy of the Early Alpine structural
elements controlled to a certain extent the development of the Late Carpath-
ian structural plan of the overlying voleanic cover.
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Dating of fault systems

From this very brief outline of the evolution of the structure it follows that
the faults are confined broadly to the Late Alpine stage. As it was clear already
at first sight that the faults did not originate simultaneously, the restoration
of the fault-tectonic history required first to date the individual fault systems.
The dating of some fault systems could be based on several points of support.

The first demonstrable fault system 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 hornblende-biotite andesite and
the pyroxene andesite of the “peak’ phase).

The second, well demonstrable, so-called post-dacite growp is far more varied
and its generation was obviously attended by several partial stages. The date
of its formation is defined by the metallization of the Banska Stiavnica—
Hodru$a ore district and by the rhyolite eruptions.

Understandably, the mineralized faults are of greatest economic interest.
Their position within the framework of the structural plan 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 plan of the
faults associated with the dacite stage.

The dacite stage of fault formation is manifested mainly by the dykes of
hornblende-biotite dacite which are mostly well traceable in the field. They
occur in the granodiorite-diorite complex, in the sedimentary sequence, as well
as in the volcanic andesite (incl. hornblende-biotite andesite) complex. Their
thickness ranges from the order of decimetres to several tens of metres. About
160 dykes of this type have 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 N W-trends. The dykes of the first group most frequently dip
to the SE and those of the second group are steeply inclined to the NE and SW.

Apart from dykes, there are also dacite sills and bodies resembling laccoliths.
The importance of sills lies in their indicating the dynamic-kinetic conditions
under which the dykes were formed. The sills are concentrated in the sedimen-
tary zone 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 that their
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origin was accompanied by block-fault movements, i. e. that they are due to
normal faults of a determinable amount of displacement. In some cases, howe-
ver, the movement has not been proved.

The first question to be solved in analysing the structural plan of faults of the
dacite stage relates to their possible connection with the structural plan of
the Early Alpine stage. The feasibility of the influence of the earlier structural
plan is strengthened by the fact that 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 part of
dykes also follows its main (NE) and subordinately even its transverse (NW)
strike.

From this it is inferable that the structural anisotropy of the Early Alpine
stage exerted influence on the origin of the dacite-stage faults. However, some
deviations have 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 system. In this regard the following three factors should
be taken into consideration: (1) The fault system 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 filling of the faults generated
attests that the systems of different strikes (NE and NW) 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 of the rising core resulted
in the formation of concentric and radial faults filled with dacite and of sills
located in the most mobile zone (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 principal represent-
atives of fault systems:

(1) The mineralized faults representing the Au—Ag-polymetallic formation
of the Bansk4 Stiavnica ore district. Their plan 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 Povazanska fault. This does not show direct signs of mineralization but its
course is documented by rhyolite eruptions. The enclosed sketch map indicates
that the Povazanska fault bounds the Stiavnica Horst in the W and NW.
In the south-western part it truncates the Early Alpine structural strikes
and in the northern tract it swings into the Early Alpine — NE strike.
(3) Not very numerous foults which probably originated only after mineralization.
As is seen from the rose diagram, the first 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 Povazanska
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- N
cate, etc.For completness’sake it
should be noted that ore veins
mostly represent dislocations of
normal 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
tobedueto monoascendentzoning.
From what has been said about
the mineralized faults it could be
concluded that they formed under
nearly the same dynamic condi-
tions as the faults of the dacite
stage. Even the uplift movement
of the Hodrusa elevation persis-
ted during the post-dacite stage
and, as mentioned above, it has

been virtually active up to date.

However, several facts do not FYig- 1. Rose diagram of strikes of the faults
-

: : of the Stiavnica Horst. checkered — 165 dykes
accord with the existence of an of hornblendebiotite dacite; plain — 57 ore

identical dynamic regimen of the  yeing: solid — 44 faults (mostly without mine-
dacite and post-dacite stages. ralization)
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On the Vesviitych stockwork (at the eastern outskirts of Banskd Hodrusa)
two outstanding systems of mineralized faults are developed: one system,
undoubtedly inherited, strikes approximately north-east and is transected by
faults of the N-S strike. An analogous situation exists on'!the Anton Paduan-
sky stockwork (between Vyhne and Banky), where the two strikes have an
arrangement reminiscent of horse-tail structure.

The meridian trend is characteristic for the prevalent part of the Vah 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 must 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 Kuthan (1962, 1963, 1965), the margins
of the Stiavnica 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 miueralization 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 Stiavnica Horst require still a more detailed rese-
arch.

Conelusion

The existing knowledge of the development of faults in the Stiavnica Horst
may be summed up as follows:

The formation of faults during the Late Tertiary took place 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 that was
inherited from the Early Alpine stage. The initiation of faults was associated
with the upheaval of the Hodrusa 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 that 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 Stiavnica horst-graben structure appears
to have 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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D. VASS—M. MARKOVA —0O. FUSAN

DEPENDENCE OF THE DEVELOPMENT OF TERTIARY BASINS IN THE
INNER SIDE OF THE WEST-CARPATHIAN ARCH UPON 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. Buday in Buday—
Cicha—Senes§ 1965), extending over the tectonic units of the inner West
Carpathians and partly over the intermontane part. Such are the Ipel-Rimava
basin (Map I) and the Danubian basin (Map IT). In their basic regional features
the structure of the substratum is not reflected, since they are generally
oriented diagonally to the course of the Alpine tectonic units of the substratum.
In the separate parts of the basin, however, the influence of the structure of
substratum upon the filling is evident, observable mainly : 1. in the migration
of subsidence, 2. in different facial development of sequences of the same age
on different tectonic units of the substratum, as well as in different facial
development of the separate stratigraphic stages. Stratigraphic division and
the environment of sedimentation have been proved by rich fauna lastly dealt
with by the following authors: E. Brestenska, I. Cicha, V. Kantorovéi, R. Le-
hotayova, V. Molé¢ikova, A. Ondreji¢kova, K. Slavikova, J. Senes, M. Variova,
printed in Explanation to the general geological map 1:200 000 (Rimavskd So-
bota, Zvolen, Nitra, Nové Zdamky, Bratislava).

At the end of Paleogene, in the Rupelian, the marine transgression passed
from the intermontane area in the S frontally into the Ipel—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 Stiirovo (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 basal part of the Rupelian — consists
according to Dobra (1960) of quartzose material of 0.5—1 mm granularity,
with intercalations of pelites, gravels, conglomerates and allochthonous coal.
In the Ipel depression, the Rupelian rests on the Veporide crystalline shales
and on the metamorphosed mantle.

According to Krystek (1958) and Markové (1966), in the basal part
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 material (Homola 1954) of the Gemeride Mesozoic predominates.

In the SE part of the Danube lowlands, in the Ipel and Rimava depressions,
the substratum of the sandstone horizon consists of marly (predominantly
18 9%, CaCO0,) 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 Aquitanian —Chattian — in Cechovié’s (1952) sense — the
superimposed character of the basin was stressed by extension of transgression
farther to the North. In that period the general uniform character of the sub-
sidence was preserved in the basin, the influence of substratum being reflected
mainly in various lithofacial development in the separate 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 organodetritic types, with local occurrences of biotites.

The marginal development of the Aquitanian on the northern margin of the
basin — in the Luéenec 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 Ipel depression
— basal beds are present in the form of conglomerates with graywacke matrix
— paraconglomerates — characterized by a very low degree of maturity 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. Scheme of Extension of the Oligocene and the Neoge-
ne transgressions in the Ipel and Rimava Basins. Substratum
of deposits of Ipel and Rimava Basins.
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Similarly differentiated is the composition of the sedimentary filling of the
basin in the Aquitanian. In the Rimava depression, it is represented by the
clayey silts (Fig. 1), in the Ludenec depression — by sandy silts and silty
sands (Fig. 2) genetically corresponding to graywackes; — in the Ipel depres-
sion — by mixed clayey-sandy sequence (Fig.3) with local occurrences of
gravels, many-coloured 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 upon the granulometry (Figs. 4a—e).

The above lithofacial changes in the eastern, central and western parts may
indicate commencement of differentiation of the basin, conditioned by the
revival of movements on the Luéenec and Rimava zone of dislocations of the
NW-SE directions. In consequence to the movements, the central part of the
basin — its substratum being predominantly the Gemeride Paleozoic — has
a shallower-water development in comparison with the eastern and western
parts.

In the Burdigalian, the subsidence in the Ipel —Rimava basin was con-
siderably lower — as to its extent and intensity — than in the Aquitanian. The
subsidence affected only the central part of the basin between Filakovo and
Slovenské Darmoty, and was evoked by the movements in the Luéenec dislo-
cation zone. Larger subsidence took place 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 Luéenec depression and in the southern
part of the Ipel depression are covered by an accumulation of the marine
Burdigalian, not too important as to its extent and thickness. In the Lucenec
depression there are sandstone facies, facies of clayey-silty and silty-clayey
sediments (Fig. 5). The green, coarse- to medium-grained sandstones with
glauconite predominating, and with local occurrences of microconglomerate
strata with the intercalations of tuffs, tuffites and silty-clayey sediments, are
most frequent here. In all of these there is the volcanogene component in the
form of feldspars, volcanic glass, pseudomorphoses « after -quartz, biotites
and zircons. Glauconite is richly represented; changes in accessory heavy
minerals took place (Figs. 6a—c), andalusite, sillimanite and tremolite occur,
and the granulometric coefficients of the sandstone facies were changed:
Burdigalian: medium Md 0,18; medium So 1,9. — Aquitanian: Md 0,11; So 2,6.

The place of the facies in the genetic classification corresponds to the arkosic
sandstones — opposite to the Aquitanian graywackes. This is for the first
time that the beds of the wind-born vitric tuffs appear among the Burdigalian
sediments in stagnant water zones.

The development of the Burdigalian in the Ipel depression has an in-
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Map II. Scheme of Extension of the Neogene Transgressions in Danube Basin.
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shore character, being represented by the sandstone and microconglomeratic
volecanogene-sedimentary facies.

At the end of the Burdigalian, on the inner side of the West Carpathians
a regional upheaval took place (Senes 1960, 1961) thus evoking temporary
disappearance of the Ipel —Rimava basin. In Helvetian, the subsidence in the
Ipel—Rimava basin was intense only in its western part, i. e. in the present-
day Ipel depression, partly in the western part of the Lucenec depression.
The eastern part of the Ipel — 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, distinet
shifting of the subsidence to the West may be observed in the Helvetian and
Karpatian. The Ludenec dislocation zone was important. for the new configu-
ration of the basin.

At the beginning of the Helvetian, 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 part.

The freshwater sediments pass from the area with the substratum formed
by Veporide ecrystalline massif to the south-western margin of the Gemeride
Paleozoic. The marine sediments are concentrate on the Veporide substratum.
They have been developed in three basic facies: a) fine-grained marly silts;
b) non-marly ,,manganese* sands and marly sandstones; ¢) clayey marly silts.
The fine-sandy silts (called Oncophora beds) were deposited in the quiet marine
environment below the zone of wave action. They are characterized by a high
content of mica (Fig. 7) originating in the epi- and mesozonally metamorphosed
rocks of Veporides.

The overlying sandy sediments with a loose and non-marly lower part, and
with solidified marly upper part, have the nature of well-sorted littoral sedi-
ments. Generally, their thickness is smaller than 100 m. Rare occurrences of con-
glomerate strata contain resistent Veporide material, with quartz, quartzite,
chert and crystalline shales. Genetically, the sandstones belong to the arkosic
sandstones. Marly sandstones contain 10—16 9, of glauconite. Associations
of heavy minerals are analogous in both facies (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 that might indicate the
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presence of tremolite (in diagram included with amphiboles), andalusite and
sillimanite. The products of denudation of young volecanogene rocks represent
the stable component.

In the Lower Tortonian — the Lanzendorf series — the maximum subsi-
dence was in the E part 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 formed mainly by the
northern zones of Veporides, partly perhaps of Tatrides. In the area between
Stiirovo and Komarno, the substratum is formed by Mesozoic of the inter-
montane region, and in some places of the central part of the lowlands — also
by the Mesozoic of the Cho¢ and Krizna nappes.

The basal beds of Lanzendorf series 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
series of Veporides. The data 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 Ipel depression. They are pre-
dominantly horizontally bedded. There are local intercalations of organogene,
algal limestones with the admixture of the volecanogene 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 light fraction because of the presence of volcanogene
component up to 30 %, the volcanogene B-quartz content being 5 9%,.

The conglomeratic facies of the basal Tortonian may be observed on
the eastern margin of the Ipel depresssion and on the north-eastern margin
of the Danube lowlands. Slavik (in Slavikova 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-
terial of Veporides mantle series. These pass over into the marine sediments
through a variegated intermediary continental-marine sequence. Farther south-
wards on the borderline between the Ipel depresssion and the lowlands,
oligomict conglomerates of the littoral zone have been developed, including
material of the Central-Hungarian Mts. i. e. limestones and cherts; pebbles
of neovolcanites, andesites and their tuffs, in addition to the Veporide consti-
tuents (quartz. quartzite, quartzous sandstone and [phyllite). The basal consti-
tuents of Lanzendorf series on the eastern margin of the Danube lowlands
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have 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
series 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 medium 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 Ipel 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 period of the Lanzendorfer series in south
Slovakia is represented by neovolcanite massifs.

In Upper Tortonian, the transgression passed into the western and
north-western 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 NE-SW or N-S directions, arising on the margins of the core mountains
Tribe¢, Inovec and Small Carpathians. The maximum subsidence passed
farther west- and north-westwards 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 Krizna and Cho¢ nappes.
In the time of overthrust of subsidence to the West, the sea retreated from
the Ipel depression to its westernmost part including the Upper Tortonian
of about 1000 m thickness.

The lower part of the Upper Tortonian, the zone of agglutinations (Leho-
tajova in Sene§ 1962) is not lithologically different from the pelites of the
Lower Tortonian. At the end of the zone of agglutinations, due to the move-
ments on the Ziar— Levice fault zone woking the uplift of the Ipel depress-
ion, extensive denudation of the southern margin of the central-Slovakian neo-
volcanites and deposition of sandy sediments on a large surface took place in
the subsiding Danubian basin. The sequence is of the Flyschoid character and
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Fig. 1. The field (striped) of granularity of Aquitanian sediments in the Rimava depres-  Fig. 8. HM of Carpathian sands. Accessories: Apatite, cyanite, zircon, chlorites, sphene,
sion. phosphate, sillimanite. The amount of HM 1,9 9. The ratio of OM 50,6 9,; Md 0,32 mm;
Fig. 2. In the Luc¢enec depression. So 1,6.

Fig. 3. In the Ipel depression.

Fig. 4a. Heavy minerals (HM) of Aquitanian sediments in the Rimava depression.
Accessories: Apatite, zircon, amphibole, biotite, staurolite, sphene, epidote-zoisite. The
amount of HM (0,06—0,1 mm) 3,2 9,. The ratio of opaque minerals (OM) 27 9, Md
0,1 mm, CaCO, 18 9%,.

Fig. 4b. HM of Aquitanian silts in the Luéenec depression. Accessories: Apatite,
kyanite, tourmaline, rutile, sphene staurolite, carbonates. The amount of HM (0,1 —
0,25 mm) 1,9 9,. The ratio of OM 34,3 9;; Md 0,04 mm; So 2,6; CaCO, 0—20 9.

Fig. 4c. HM of Aquitanian sands in the Luéenec depression. Accessories: Apatite,
cyanite, rutile, sphene epidote-zoisite. The amount of HM (0,1—0,25 mm) 4,2 9. The
ratio of OM 15,5 9%; Md 0,11; So 2,6; CaCO, 0—25 9.

Fig. 4d. HM of Aquitanian silts in the Ipel depression. The amount of HM 4,12; Md
0,01—0,04 mm; So 3; CaCO, 21,8.

Fig. 4e. HM of Aquitanian sands in the Ipel depression. Accessories: Rutile. The
amount of HM 5,33; Md 0,07—0,2 mm; So 1,5—4; CaCO, 21,2 9.

Fig. 5. The fields
Fig. 6a. HM of Burdigalian sands. Accessories: Apatite, cyanite, zircon, tourmali,
rutile, chlorites, phosphate, andalusite, carbonates. The amount of HM 2,1 9. The ratio
of OM 23 9%,; Md 0,18 mm; So 1,9; CaCO, 0—15 9.

Fig. 6b. HM of Burdigalian clayey silts. Accessories: Apatite, cyanite, tourmaline, biotite,
epidote-zoisite, phosphate. The amount of HM 19,2 9/. The ratio of OM 19,2 9,; Md
0,02 mm; So 2,1; CaCO, 20,7 9.

Fig. 6¢. HM of Burdigalian sandy silts. Accessories; Zircon, amphibole, biotite, stauro-
lite, epidote-zoizite. The amount of HM 1,1 9. The ratio of OM 13.5 9,; Md 0,05 mm;
So 3,9; CaCO, 13,4 9.

Fig. 7. HM of Helvetian s. 5. sandy silts. Accessories: cyanite, zircon, amphihole,
staurolite, anatase. The amount of HM 0.4 9. The ratio of OM 13,0 9; Md 0,06 mm;
So 1,3; CaCO, 14 %,.

(striped) of granularity of Burdigalian sediments.

Fig. 9. HM of Carpathian marly sands. Accessories: Sphene, sillimanite. The amount
of HM 1,4 9. The ratio of OM 24 9,; Md 0,25 mm; So 1,99; CaCO, 7—24 9.

Fig. 10. HM of Carpathian clayey silts. Accessories: Apatite, cyanite, rutile, sphene,
phosphate, sillimanite, carbonates. The amount of HM 1,5 9. The ratio of OM 24,8 9,;
Md 0,01 mm.

Fig. 11. HM of sands of Lanzendorf series in the Ipel depression. Accessories: cyanite,
zircon, rutile, biotite, chlorite. The amount of HM 2,5 9. The ratio of OM 22 9,; Md
0,28 mm; So 1,5; CaCO, 0,14 9.

Fig. 12. HM of clay of Lanzendorfer series in the Danube lowlands. Accessories: Apatite,
zircon, tourmaline, amphibole, biotite, pyroxene. The amount of HM 6,75 9,; Md 0,004
mm; So 2,8 —4; CaCO, 5—35 9.

Fig. 13. HM of sands of Lanzendorf series in the Ipel depression. Accessories: Apatite,
eyanite, zircon, tourmaline, chlorites, epidote-zoisite, phosphate, augite, andalusite, garnets,
carbonates. The amount of HM 11,56 9;,. The ratio of OM 14,5 9,; Md 0,24 mm; So 0,23.
Fig. 14. HM of silts of Lanzenforfer series in Ipel depression. Accessories: Apatite,
cyanite, zircon, tourmaline, staurolite, chlorites, phosphate, andalusite, garnet. The
amount of HM 7.8 9. The ratio of OM 12,6 9%,; Md 0,024 mm; CaCO, 17,5 9,.

Fig. 15. HM of sands of the Upper Tortonian zone of agglutinations. Accessories:
Amphibole, biotite, ilmenite, magnetite. The amount of HM 13, Md 0,3 mm;
So 1.4.

Fig. 16. HM of silts of Upper Tortonian the Bulimina-Bolivina zone. Accessories:
tourmalin, amphibole, rutile, chlorites, staurolite, epidote-zoisite, pyroxene, carbonates.
The amount of HM 1,2 9. The ratio of OM 48,6 9,; Md 0,02 mm; So 3.1; CaCO, 5 %

5 %:

78 0/ .

19 o3

1. garnet; 2. micas; 3. chlorite; 4. biotite; 5. tourmaline; 6. amphibole; 7. staurolite; 8. car-
bonates; 9. rutile; 10. zircon; 11. epidote-zoisite; 12. andalusite; 13. cyanite; 14. sphene;
15. apatite; 16. phosphate; 17. pyrite; 18. ilmenite; 19. hypersthene; 20. augite; 21. pyro-
xene; 22. accessories.




Enecl. 1. Granulometric and haevy minerals (HM) diagram of the Neogene deposits
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consists of sandstone and clayey-silty strata, their mutual ratio increasing
in behalf of sands, in eastern direction, There are numerous conglomerate
strata with the washout contact with substratum. The material 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 clayey silts, stratigraphically
belonging to the Bolivina-Bulimina zone (Lehotayova in Senes 1962).
In basal part, on the eastern margin of the basin, there are conglomerate strata
containing as much as 20 9, 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 by an abundant terriginous component (variegated association of heavy
minerals Fig. 15), by the equilibrated ratio of the clastic and voleanogene
components in the light fractions, abundant plant detritus). The regression of
the Upper-Tortonian sea indicates definite retreat of marine sedimentation
from the Ipel