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KoHTakTHbiit MeTamopgusm B aBpeosie PUMaBUUKOTO rpaHuTa
(3anapubie Kapnatoi)

B orosoctouroit uacti Benopuisoro nosica Koryra uentpaibHuix 3anaiHbix
Kapnat 6bi1n o6napysens! /1Ba HeGOJBIINX MAaccHBAa M HECKOTbKO MAajibiX Tel
JICBKOKPATHbIX TDAHHTOB, KOTOPBIE CrNOCOGCTBOBAIN KOHTAKTHBIH MeTaMophuaM
paHblie veTaMopgupoBannoh cBHTH. KOHTakTHOe H3MeHeHHME HMeJ0 371ech H30-
XUMHUECKHil XapakTep M ero HafiBLICIUNM TeMIepaTypHBIM MHHEPAJIoM ABIAETCA
Kopaneput. Onpeieienye KOpAHepATa B KOHTAKTHOH aBpeoJe Tpanuta MO3BOJIAET
np2inoJaratb rayGHHY MHTPY3MH W YCJIOBUSL KOHTAKTHOH mMepeMeHbl, KOTopas
JIDOHCXOANAA TIpd TeMmepatype npubausureabHo 500—525° C u aasaennn 500—
800 6Gapos.

Contact metamorphism in the aureole of the Rimavica granite
(West Carpathian Mis.)

In the se. part of the Veporide Kohut zone in the central West Carpathians,
two smaller massifs and several minute leucograniate occurrences appear,
which bring about contact metamorphosis of the formerly already regionally
metamorphosed complex. Contact alteration was here of isothermic charac-
ter and cordierite is its highest temperated mineral. From the presence of
cordierite in the contact aureole of the granite, depth of its intrusion and
the conditions of contact alteration may be suggested, 500—525°C and
pressures of 500—800 bars.

In the se. part of the Kohut zone in the central West Carpathians a ton-
gues-shaped leucogranite intrusion appears, which the present author will
denominate Rimavica granite. In its mantle a regionally metamorphosed com-

* Prof. RNDr. Jakub Kamenicky, Katedra petrografie PF UK, Gottwaldovo
nam. 19, 886 02 Bratislava

161


http://npH6.iH3HTe.ibHo

plex occurs, being at the contact with the granite affected also by contact
alternation. The width of the contact aureole, as well as the contact meta-
morphic effect of the tongue-shaped intrusion are different in its basement
and in the roof. In the basal part of the tongue-shaped intrusion, contact
alteration is allied only to the narrow contact-near zone, where besides contact
thermic effects also injection-metasomatic processes had applied. In turn in the
overlying part of the tongue-shaped intrusion contact metamorphism was of
isochemical nature and acted in up to 3 km width.

Nevertheless contact alteration in the Kohut crystalline complex was known
long ago, it was cited by H. Béckh 1907, S. Vitalis 1908, J. Suf 1937,
M. Misik 1953, A. Nem¢é¢ok 1953, M. KuzZvart 1955, S. Vrana 1964
and others, an all-over image of the petrographical development of contact
metamorphic rocks is lacking, neither the conditions of their genesis are
known. In this paper the present author make the attempt to fill up this gap.

Geology of the Kohut zone

The Kohtit zone represents the southernmost tectonic unit of the Veporides.
It is bordered tectonically from both sides, northwestward towards the Kralova
hola zone of the Veporides by the Muran fault and from southeast the Geme-
rides, the southernmost tectonic unit of the central West Carpathians, are
thrust on it. This thrust plane is denominated Lubenik line. Several strati-
graphical units participate on the structure of the Kohut zone; the crystalline
complex, sediments of the Upper Carboniferous, the Permian and the Envelope
Mesozoic (Feoderata series).

The crystalline complex is built up by schists and granites. It formed an
anticlinorium structure as a result of Cretaceous folding (Mediterranean
phase).

Schists of flysch series were originally built by a complex of shales and
sandy shales with sandstone and graywacke beds and sporadic intercalations
of bituminous shales and carbonates. Submarine diabase effusions and minute
peridotite intrusions also occur as syngenetic members of the sedimentary
complex. This complex was transformed by regional metamorphism to different
types of phylites, micaschists and paragneisses, or to amphibolites and serpen-
tinites. Age estimates are not conforming. Accordingto M. M4dska — V. Zou-
bek 1961 it is a uniform stratigraphical complex (Kohut Group) of Late Pro-
terozoic age. J. Kamenicky favours this opinion (in M. Mahel —T. Buday

>

1. Geological sketch of the se, part of the Veporide Kohit zone

1 — Neogene sediments as a whole; 2. — Neogene volcanics as a whole; 3 — Me-
sozoic of the Foederata series (Low Triassic — Jurassic ?); 4 — Permian of the
Kohut zone; 5 — Upper Carboniferous of he Kohut zone; 6 — Phyllite and mica-
schist complex (Hladomorna Group); 7 — Contact metamorphic rocks of the phyllite
and micaschist complex; 8 — Micaschist and paragneiss complex; 9 — Contact
metamorphic rocks of the micaschist and paragneiss complex; 10 — Postkinematic
migmatites; 11 — Serpentinites; 12 — Amphibolites (6—12 = Late Proterozoic of the
Kohut zone); 13 — Rimavica granite; 14 — Sihla granodiorite (13—14 = Low Car-
boniferous); 15 — Gemeride Carboniferous; 16 — Gelnica Group of the Gemerides
(Upper Cambrium — Silurian); 17 — Faults, established and assumed); 18 — Shift
plane (Lubenik line)

162




B2

kmS 4 3 2 1 9




et al. 1968) and denominted it Kokava Group. L Lehotsky 1961 in turn
regards the low-metamorphic phyllite and micaschist complex (Hladomorna
Group) on the southeastern margin of the Kohut crystalline complex as a youn-
ger member of the Kohut crystalline and assumed, that it is of Devonian up
to Low Carboniferous age.

The granites of the Kohut zone show complicated development and belong
to several petrographical types: to the Sihla granodiorite, the granite and
granodiorite of the Vepor type, the injection-metasomatic granodiorite, the Ri-
mavica granite etc.

The Rimavica granite is exposed in the southeastern part of the Kohut zone
between Ceské Brezovo and Cierna Lehota (Fig. 1). It consists of two smaller
massifs and several minute occurrences pointing to the deep-seated connection
of these massifs. Granite is marked with leucocratic character, fine- and
even-grained appearance and massive structure. It contains locally porphyro-
blasts of K-feldspar attainig thus porphyritic character. Granites is of magmatic
origin and represents likely a separate phase of Variscan plutonism. This
intrusion was tongue-shaped and took place from southeast. S. Vrana 1964
conciders the possibility of Alpine age for the Rimavica intrusion. The Rima-
vica granite, however, brought about contact metamorphism of the pre-Alpine
already metamorphosed complex. Contact metamorphism, however, did not
affect the Permian and Upper Carboniferous sediments. Moreover, the granite
is locally affected by Alpine mylonitization, thus its Low Carboniferous age
is doubtless.

The contact of granite with the mantle was originally intrusive, at present
it is locally, particularly on northwest, even tectonic. The strike of the intrusion
is concordant on southeast, but on northwest often discordant to the schistosity
of the mantle. It conditioned different contact-metamorphic effect of the
intrusion. At southeast the effect was only thermal (concordant meta-
morphism), but on northwest this intrusion caused thermal effect also injec-
tion-metasomatic penetration of aplite-pegmatites resulting in formation of mig-
matites (discordant metamorphism). The tongue-shaped intrusion dipping
gently southeastward conditionned also different width of the contact aureole
ranging from several tens metres at northwest up to 3 km southeast.

Petrography of the crystalline complex of the Kohut zone

We deal in this chapter briefly with petrography of regional metamorphic
rocks occuring in the vicinity of the contact aureole and more particularly
with petrography of contact metamorphic rocks.

A. Regional metamorphic rocks in the close vicinity of the contact aureole
are represented by a phyllite, and a micaschist and paragneiss group.

a) The phyllite group with sericite metaquartzites and metagraywacke beds
is developed only on the southeastern border of the Rimavica granite, by name
near the external margin of the contact aureole, as well as in the midst of the
contact aureole. These are fine grained and fine schistose rocks of light grey,
greyish green, and dark grey colour. Their original stratification is often still
surviving. The schistosity is transversal or pararell to the stratification. They
are mostly made up of quartz, sericite, chlorite and biotite, accompanied often
by garnet. With respect to the original chemical composition and intensity of
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2. Geological sections of the se. part of the Veporide Kohit zone

1 — Sihla granodiorite; 2 — Rimavica granite (1—2 = Low Carboniferous): 3 — Micaschist and paragneiss complex; 4 —
Postkinematic migmatites; 5 — Phyllite and micaschist complex (Hladomorna Group): 6 — Contact metamorphic rocks of
phyllite and micaschist complex (3—6 = Late Proterezoic of the Kohut zone): 7 — Permian of the Kohtt zone; 8 — Upper
Carboniferous of the Kohut zone; 9 — Gemeride Carboniferous; 10 — Gelnica Group of the Gemerides (Upper Cambrium —
Silurian)
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regional metamorphism the rocks can be divided in several types as follows:

1. Sericite and sericite-chlorite phyllites. They were formed in early stages
of regional metamorphism from shales (Tab. 1, Anal. No. 1).

Structure: fine-schistose

Texture: banded-lepidogranoblastic ;

Mineral composition: quartz > chlorite = sericite. Accessories: biotite,
garnet, albite, epidote and magnetite.

With rising quartz content these rocks grade into sericite-chlorite-quartzite
phyllites and with increase of garnet content into garnet-chlorite phyllites,
in which biotite often occurs.

2. Muscovite-biotite and biotite phyllites generated also by transformation
of shales, though at relatively higher temperature.

Structure: fine-schistose

Texture: banded-lepidogranoblastic

Mineral composition: quartz > biotite = muscovite. Accessories: garnet, albi-
te, epidote, tourmaline and magnetite. g

3. Sericite metaquartzites are metamorphic products of quartz sandstones.

Structure: schistose

Texture: oriented-lepidogranoblastic
' Mineral composition: quartz >> sericite. Accessories: chlorite, tourmaline and
magnetite.

4. Metagraywackes show anchimetamorphic rocks character with predomi-
nating sediment features.

Structure: banded-stratified

Texture: psamitic-lepidogranoblastic

Mineral composition: quartz > albite, with subordinate representation of
sericite and/or chlorite. Accessories: tourmaline and magnetite.

Except for pneumatolytic tourmaline-schorl, all minerals are of regional
metamorphic origin, thus particularly sericite and chlorite have preferred
orientation.

b) Both the micaschist and paragneiss group occur only on the northwestern
border of the Rimavica granite, often together with migmatites. The essential
minerals are quartz, biotite and acid plagioclase, as well as garnet. According
to the mineral composition we distinguish:

5. a) Biotite and garnet-biotite micaschists with accessory to subordinate
representation of acid plagioclase, and )

5. b) biotite- and garnet-biotite paragneisses with essential occurence of acid
plagioclase. The other characteristics of these rocks are in common.

Structure: schistose

Texture: oriented-lepidogranoblastic

Mineral composition: quartz > biotite Z acid plagioclase = garnet. Acceso-
ries: zircon, apatite, tourmaline, rutile and magnetite. In garnet the almandine
molecul is prevailing (S. OndrusSova 1968) and forms the largest por-
phyroblasts in the finegrained quartz-plagioclase matrix (Pl. I, Fig.1). In some
rocks garnet is lacking and muscovite appears instead. Except for tourmali-
ne-schorl all minerals are of regional metamorphic origin. From the mineral
composition it follows, that the paragneisses and micaschists were generated
from pelitic and pelitic-psamitic sediments (Tab. 1, Anal. No. 10).

B. Contact metamorphic rocks were generated from regional metamorphic
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rocks of different chemical and mineral composition. Contact metamorphism
took place in conditions of greenschist facies and amphibolite facies. According
to the intensity of contact metamorphism and with respect to their original
composition we may distinguish in this group 3 rock types: spotted phylhtes,
contact hornfelses and contact micaschists and paragneisses.

a) Spotted phyllites still dispay surviving dominant features of regxonal
metamorpic rocks. They have still preserved schistose structure and are com-
posed at least of two mineral generations: the regional metamorphic and the
contact metamorphic generation. In turn the contact minerals, particularly
biotite and muscovite, form porphyroblasts or glomeroblasts and display mac-
roscopically dark or light spots. Contact metamorphic quartz often shows
porphyroblastic development too. Biotite and muscovite porphyroblasts are
often oriented transversally to the schistosity by their cleavage planes (001).
They are poikiloblastic and contain inclusions of regional metamorphic quartz
and/or albite. According to the composition they belong to the following types:

6. Spotted biotite-chlorite and chlorite-biotite phyllites. As regards to their
chemical composition they are derived from shales (Tab. 1, Anal. No. 3).

Structure: spotted-schistose

Texture: spotted-lepidogranoblastic

Mineral composition: quartz > biotite = chlorite. Accessories: zircon,
garnet, albite, muscovite, epidote and magnetite.

7. Spotted biotite-chlorite-albite phyllites. They are marked with high con-
tent of regional metamorphic albite, which points to their origin by transfor-
mation of graywackes (Tab. 1, Anal. Nos. 2 and 5).

Structure: spotted-schistose

Texture: porphyroblastic-lepidogranoblastic

1 2.

Plate I

1. Snowball garnet with quartz inclusions in garnet-biotite micaschist. Northein
slope of the streamlet of Hnusfa, 350 m n. of the elevation point 390. // nicols,
magn. 22 %

2. Poikiloblast of contact metamorphic muscovite (mu) with regional metamorphic
quartz (q) in a biotite-albite hornfels. Road-cut near the village Polom. X nicols,
magn. 47 X
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Mineral composition: albite = quartz > chlorite. Accessories: zircon, apatite,
muscovite and magnetite.

8. Spotted biotite-quartzose phyllites have high quartz content and gene-
rated by metamorphism of pelitic and pelitic-psamitic sediments.

Structure: spotted-schistose

Texture: porphyroblastic-lepidogranoblastic

Mineral composition: quartz >> biotite > chlorite. Accessories: garnet, mus-
covite, zircon, tourmaline, epidote and magnetite.

These types of contact metamorphic phyllites contain at least two and often
up to four mineral generations: regional metamorphic — quartz I, chlorite I,
garnet and albite I, contact metamorphic — quartz II, chlorite II, biotite, mus-
covite (Pl II, Fig. 1); pneumatolytic — tourmaline-schorl, and hydrothermal —
quartz III, chlorite III, epidote and albite II. The genesis of zircon and apatite
is problematical. Garnet probably belongs to almandine, it forms porphyroblasts
and is often replaced by biotite and/or chlorite.

Both regional and contact metamorphic chlorite have refractive indices
ng = 1.601—1.629, ny = 1.607—1.631, ny — ng = +0.002—0.006. Hydrothermal
chlorite IIl hasrefractiveindices ne = 1.613—1.628, ny = 1.615—1.629, ny — na =
= from +0.002 to —0.003. According to the Hey’s 1954 diagram demonstrating
the depence of the optical constants of chlorites on their Fe total/ (Fe total + Mg)
ratio, chlorites I and II are ripidolites and chlorite III is brunsvigite or pycno-
chlorite.

Contact metamorphic biotite was formed likely by transformation of sericite

‘and chlorite in the sense of the following equation:

3 muscovite + 5 ripidolite = 3 biotite 4 4 Al-rich chlorite + 7 quartz + 4 H,O
Unlike the greenish brown regional metamorphic biotite, contact biotite

Plate II

1. Porphyroblasts of contact metamorphic biotite (bi), muscovite (mu) and quartz (q)
in a contact biotite phyllite. Forest road from ChyZné to the cottage Danielka.
X nicols, magn. 20 x

2. Contact of the Rimavica granite with biotite-albite hornfels. Bed of the streamlet
Blh, nw. of Ratkovskd Zdychava. X nicols, magn. 11X
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Chemical and mineral composition of metamorphic rocks of the Kohiit zone

Table 1
A. Chemical composition
No of
At 1 2 3 4 5 6 ¥ 8 9 10
Si0z 68.44 66.03 65.68 65.10 66.96 67.17 62.20 52.97 48.66 70.36
TiO2 0.76 0.82 0.79 0.76 0.77 0.95 0.83 1.17 0.81 0.84
Al203 14.09 11.92 15.55 . 13.72 14.03 10.02 17.34 12.94 12.68 12.15
FeO 3.72 5.30 1.90 4.55 2.76 6.89 154 869 453 3.75
Fez03 2.40 4.29 211 ~'3.09 3.01 3.86 454 5.05 465 2.01
MnO 0.06 0.06 0.07 0.07 0.08 0.03 0.09 014 018 0.04
MgO 1.52 2.40 2,65 2.35 2.31 225 1.89 391 4.80 1.69
CaO 1.59 1.23 0,88 2.82 3.06 1.45 1.94 6.88 8.29 1.34
Naz20 3.31 4.71 151 392 2.82 177 3100234 0,33 2256
K20 213 1.48 5.26 1.92 3.08 31686  2.09 -2.69 6.33:7 313
H20 — 0.13 0.14 0.13 0.18 0.16 012 0.14 0.27 - 0.20 0.15
H20 + 1.49 1.60 231 1.29 1.19 .20 280" L7802 1.55
P20s5 0.17 0.16 0.18 0.16 0.12 0.12 0.64 0.64 0.64 0.27
99,81 100.14 99.82 99.93 100.35 99.99 98.62 99.47 99.82 99.84
B. Mineral composition
Quartz 50 40 40 50 43 52 30 29 40 45
Muscovite 30 10 35 -+ 5 - + — 10 8
Biotite -+ 5 20 20 10 43 33 35 35 18
Albite + 23 — + 25 — = + — 25
Epidote + -+ - —+ 4 + 10 26 + —
Chlorite 14 10 —_ 10 13 -+ - -+ — +
Hornblende - - — 1D — — 20 5 — —
Garnet -+ 5 + - + — - — — -
Calcite — — + — — — “+ - 10 —
Accessories 6 7 5 5 4 5 7 5 5 4

Rock designations and localities of analysed rocks from table 1.

1 — Chlorite-sericite phylite. Exposure
above the railway station Likier

2 — Spotted chlorite-sericite-albite phyl-
lite. Valley Repno, 500 m ne. of the
elev. point 603.3

3 — Spotted Dbiotite-sericite phyllite.
Quarry 600 m nw. of the elev.
point 731 — Skalka

4 — Spotted chlorite-hornblende-biotite
phyllite. Quarry s. of the water
reservoir Lubenik

5 — Spotted biotite-chlorite-albite phyl-
lite. Valley of Mutnik, 50 m e. of
the elev. point 411.0

6 — Biotite-quartzite hornfels. Road cut
Hnus$fa—Ratkova, 50 m w. of the

10

elev. point 376.2 (Tab. 2/9).
Epidote-hornblende-biotite hornfels.
Cut of the railway Hnusfa—Likier,
250 m wnw. of the elev. point 319.0
Epidote-biotite hornfels. Quarry s.
of the water reservoir Lubenik
Sericite-biotite hornfels with cal-
cite. Cut of the railway Hnusta—
Likier, 250 m wnw. of the elev.
point 319.0

Muscovite-biotite paragneiss. Cut
of the railway Hnusta—Mutnik,
300 m w. of the elev. point 390.0
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is of typical reddish brown colour and strong pleochroism: ¢« = light
brown, y = reddish brown. Refractive indices ng = 1.569—1.585, ny = 1.615—
1.640, ny—ng = 0.048—0.056. According to A. N. Winchell's 1951 diagram
it belongs to the isomorphic series phlogopite — annit and corresponds to
meroxene with Fe?* (Fe?*t 4+ Mg) = 0.2—0.5.

b) Contact hornfelses were found on the southeastern border of the Rima-
vica intrusion only, most often directly on the contact to granite or in the
centre of the contact aureole, but again on the contact with the pegmatite
of shoots. The common feature of al the hornfelses is uniformly granular
structure and perfect or almost perfect recrystallization of regional meta-
morphic mineral assemblages. They consist thus only of contact minerals. They
are of relatively coarser grained development and larger amount of por-
phyroblast of quartz, biotite, muscovite, rarely even cordierite. They are de-
rived from regional metamorphic rocks of different chemical composition cor-
responding to different mineral composition. Thus we can classify the hornfel-
ses into the following rock types:

9. Muscovite-biotite and biotite hornfelses. They have the chemical com-
position of pelitic rocks (Tab. 1, Anal. Nos. 6 and 9).

Structure: uniformly granular

Texture: hornfels-lepidograbolastic

Mineral composition: quartz > biotite > muscovite. Accessories: garnet,
zircon, apatite, albite, chlorite, epidote and magnetite.

From regional metamorphic minerals only almandine is surviving reliably.
It is, however, strongly replaced by biotite and/or chlorite. The other minerals
are of contact metamorphic (quartz I, biotite, muscovite, albite, etc.) and
hydrothermal (quartz II, chlorite, albite II, and epidote) origin.

10. Muscovite-biotite-albite and biotite-albite hornfelses. These rocks are
marked with high albite content of contact metamorphic origin (Pl. II, Fig. 2).
They might have originated by transformation of graywackes, but plagioclase
could be partly of contact metasomatic origin too, as these hornfelses occur
commonly close to the contact with granite.

Structure: uniformly granular

Texture: hornfels-lepidogranoblastic

Mineral composition: quartz = albite > biotite = muscovite. Accessories:
garnet, zircon, apatite, chlorite, calcite and magnetite.

Besides muscovite, all minerals are of contact metamorphic origin. Muscovite
seems to be probably of contact metasomatic origin (Pl I, Fig. 2) and was
formed in the course of final phase of contact metamorphism, in the phase of
cooling of the contac aureole. Similar origin of muscovite was described by
M. H Naggar and M. P. Atherton 1970. However muscovite was partly
formed also by baueritization of biotite. Baueritization of biotite, sericitization
of feldspars, chloritization of biotite and calcite formation are related with
the hydrothermal phase of Rimavica intrusion.

11. Garnet-biotite-albite hornfelses are derived from regional metamorphic
rocks with chemical composition of pelites.

Structure: uniformly granular

Texture: hornfels-lepidogranoblastic

Mineral composition: quartz > albite =z biotite > garnet. Accessories:
muscovite, zircon, apatite, chlorite, epidote and magnetite.
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Garnet in hornfelses seems to be of contact metamorphic origin. It forms
poikiloblasts, which show no marks of replacement by biotite, despite of strong
recrystallization of rocks ewing to contact metamorphism. According to
G. A.Chinner 1962, however, garnet in contact aureoles occurs very rarely
and only in metamorphic rocks of very restricted chemical composition. The
chemical analyses of corresponding rocks, as well as determination of garnets
were not carried out, thus the origin of garnet in contact aureole of the Ri-
mavica granite is not still quite resolved.

12. Epidote-biotite hornfelses. As regards to their chemical composition
(Tab. I, Anal. Nos. 7 and 8) they are derived from regional metamorphic rocks
with chemical composition of pelites contaminated by diabase tuffs. The pre-
sence of regional metamorphic hornblende replaced by contact biotite supports
this interpretation ( Pl. III, Fig. 1).

Structure: uniformly granular

Texture: glomeroblastic-hornfels

Mineral composition: quartz > biotite > epidote = hornblonde. Accessories:
zircon, apatite, albite, chlorite, calcite and magnetite.

At higher content of hornblende the rocks grade into the hornblende-epido-
te-biotite hornfelses. Except for regional metamorphic hornblende, most of
other minerals including epidote are of contact metamorphic origin, only chlo-
rite, calcite and quartz II are hydrothermal minerals.

13. Sillimanite-cordierite hornfelses represent the highest temperature stage
of contact metamorphism of the studied area. They are known only from the
exposure on the east side of an unnamed streamlet, or in its bed south of
Mitnik, 200 m se. from the elev. point 411.0.

1
Plate III
1. Porphyoblasts of hornblende (ho) replaced by contact metamorphic bistite (bi)
in a contact chlorite-biotie phyllite. Quarry near the s. of the Ilubenik water
reservoir. X nicols, magn. 43X

2. Porphyroblasts of a contact metamorpic cordierite (cord) with inclusions of
lenticular granular quartz (gq) regional metamorphic origin (helicitic texture)
in a sillimanite-cordierite hornfels. Valley south of Mutnik, 200 m se. of the ele-
vation point 411.0. X nicols, magn. 48 X
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Structure: undistincly schistose

Texture: oriented-lepidogranoblastic

Mineral composition: quartz = sericite > cordierite > sillimanite. Accessories:
zircon, apatite, tourmaline, chlorite and limonite.

Quartz I and sericite are regional metamorphic minerals of dimensional orien-
tation. After regional metamorphism contact one took place, displaying by the
formation of quartz II, cordierite and biotite. Cordierite was generated likely
by the reaction:

chlorite + muscovite + quartz = cordierite + biotite + H»O.

Its refractive indices are ng = 1.530 and ny = 1.537 corresponding to the
Fe?*/Mg ratio about 0.1 in its composition. It forms usually porphyroblasts
up to 3 mm in size and locally contains inclusions of regional metamorphic
quartz I showing helecitic texture (Pl. III, Fig. 2). Sillimanite occurs in the
form of fibrolite, forming abundant sheap-formations. It is arranged in the
strike of schistosity (PL. IV, Fig. 1) and thus reminds a regional metamorphic
mineral. In the conditions of regional metamorphism this mineral can generate
only in amphibolite facies and in the Kohut crystalline complex these con-
ditions were not attained. Neither could it be created by contact meta-
morphism, as sillimanite appears only in the pyroxene-hornfels facies (E. A1t-
haus 1966), which do not generate by the effect of granite intrusions. Thus
it ought to have originated under special conditions at comparatively lower
temperatures. According to N. S. Pitcher 1965 sillimanite may generate
also by the action of pneumatolytic solutions holding F and (OH). At the same
time muscovite and often also tourmaline generate. The assemblage sillimanite,
muscovite and tourmaline occurs also in the studied hornfelses. It is likely that

Plate IV
1. Fibrous fibrolite aggregate (sill) in a sillimanite-cordierite hornfels. Valley south
of Mutnik, 2000 m se. of the elevation point 411.0. nicols, magn. 55X
2. Pinitization of cordierite (cord) in a sillimanite-cordierite hornfels. Valley south
of Mutnik, 200 m se. of the elevation point 411.0. // nicols, magn. 43 <
Photo L. Osvald
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sillimanite is a product of pneumatolytic metasomatism and generated by disso-
ciation of alkaline alumosilicates, particularly of sericite. New-formed sillima-
nite reprints the fabric of regional metamorphic sericite and has thus preferred
orientation. A similar sequence of cordierite and sillimanite was described by
M. H Naggar and M. P. Atherton 1970 in the contact aureoles of gra-
nites from Donegal. The hydrothermal phase of the Rimavica intrusion caused
pinitization of cordierite (Pl. IV, Fig. 2).

14. Contact biotite and garnet-biotite micaschists and paragneisses occur
on the northwestern margin of the Rimavica granite only. Macroscopically
the almost do not differ from regional metamorphic micasschists and para-
gneisses and also their mineral composition in the same. They are, however,
more massive and contain porphyroblasts of transversal biotite and/or musco-
vite at contact metamorphic origin.

Structure: undistinctly schistose

Texture: oriented-lepidogranoblastic

Mineral composition: quartz > biotite Z acid plagioclase = garnet. Accessories:
zircon, apatite, tourmaline, rutile and magnetite.

Geochemical relations in the crystalline complex of the Kohit zone

The chemical composition of regional and contact metamorphic rocks was
studied on the basis of 10 main oxides analyses and 51 spectral analyses of
some elements in trace concentration. Various regional and contact metamorphic
rock types were analyzed, in order to reveal the geochemical development of
both metamorphic processes.

According to major element representation the analyzed rocks (Tab. 1)
belong to three sedimentary rock groups: to shales and sandy shale (Anal.
Nos. 1, 3, 6 and 10), graywackes (Anal. Nos. 2 and 5) and shales contaminated
by diabase tuffs (Anal. Nos. 7 and 8). Neither with regional nor with contact
metamorphism their representation change remarkably. Analogous major ele-
ment variations as they were found at different regional (Anal. Nos 1 and 10),
but also at contact (Anal. 3 and 6) metamorphic rocks may be established also
in the scope of the individual sedimentary rock groups. Certain changes in
major element representation were found at contact metamorphic rocks only,
which had been affected also by the pneumatolytic and hydrothermal phase.
Sericite-biotite hornfels with calcite (Anal. No. 9) displaying at low SiO, rela-
tively high KyO content may serve as example. This due to potassium import
during hydrothermal alteration of feldspars. Also the high CaO content is allied
to the hydrothermal phase under the formation of calcite.

The relevant planimetric analyses are given along with the particular silicate
analyses in table I. Comparing them some variances appear between the che-
mical and mineral composition. They are conditioned by considerable rock
variations on the area investigated. To a certain degree they are due even to
difficulties in the determination of their mineral composition. The studied
rocks are fine-grained, mineral alterations are frequent (feldspar sericitization
and biotite chloritization particularly).

Trace element behaviour during regional and contact metamorphism was
studied on the example of 51 spectral analyses. From the analyzed samples
individual rock groups based on their premetamorphic development, charac-
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teristics and intensity of metamorphism were classed. For thee rock groups
mean values of trace element content were calculated.

It follows from table 2, that Ga, Y, Sc, Cr and Sn contents of the studied
metamorphic rocks, which originated from shales (Anal. Nos. 1, 2, 5 6,9, 13
and 14) regardless of the character and intensity of metamorphism are almost
consistent with the mean values stated by K. K. Turekian — K. H We-

Trace element content (in ppm) of metamorphic rocks of the Kohit zone

Table 2
—
No of Sa
rock B Ga Y Sc. . Zr> OF % Ba-;. 8r " 2§58
group z 5 >

sericite and sericite- 34 21 2814 320 98 206 1280 173 n=6
chlorite phyllites

muscovite-biotite and 12 27 13- 13 - 284 78 162 1520 302 n=5
biotite phyllites

sericite metaquartzi- 20 23 11 17 298 132 297 2400 78 n=2
tes

metagraywackes 5 17 — 12 27 88 102 880 229 n=2
biotite and garnet- 34 28 126 10 319 104 126 1265 185 n=5

biotite micaschists
and gneisses

spotted biotite-chlo- 6 20 9 12 235 82 134 1250 218 n=7
rite and chlorite-bio-
tite phyllites

spotted biotite-chlo- —— 19 22 20 575 162 209 810 690 n=1
rite-albite phyllites
spotted biotite- 54 - A7 8 19 330 82 128 449 248 n=4

quartzose phyllites

muscovite-biotite and 5 21 16 10 316 78 107 1587 207 n=6
biotite hornfelses

muscovite-biotite-albi- 5 20 19 16 198 108 183 1235 270 n=4
te and biotite-albite

hornfelses

garnet-biotite-albite 6 22 11" 124 300 81 1451160 311 n=2
hornfelses

epidote-biotite horn- - 24 37 26 309 117 293 1720 532 n=2
felses

sillimanite-cordierite 10 20 — 13 380 107 140 978 346 n=2
hornfelses

contact Liotite and 20 2 21 10 3u7 86 97 1968 182 n=3

garnet-biotite mi-
caschists and
paragneisses

mean content after 100 19 26 13 160 90 138 580 300
K. K. Turekian and

K. H. Wedepohl 1961

for comparison
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Fig. 3. B, Ga and Y variations in ppm in regional and contact metamorphic rocks
from the Kohut zone of the rock groups in Tab. 2, Nos. 1—14
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Fig. 5. V, Ba and Sr variations in ppm in metamorphic rocks from the Kohut zone
of the rock gorups in Tab. 2, Nos. 1—14

depohl 1961 for pelites. With Zn and Ba this work show one or twofold
increase being of general nature and applying at different regional and con-
tact metamorphic rock types. According to our observations both regional and
contact metamorphism in the Kohut crystalline complex were isochemical
processes. Only pneumatolytic and hydrothermal alteration had allochemical
character.

Conditions of contact metamorphism in the aureole of the
Rimavica granite

It is known that the character of contact metamorphism depends on several
factors, particularly on the chemical nature of the magma, its temperature,
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its total thermal capacity, the depth and mode of the intrusion as well as on
the chemical composition and petrographical nature of the adjacent rocks.
This dependence is reflected also in the development of the contact meta-
morphic rocks of the Rimavica granite.

The Rimavica granite is of acid nature (SiOs = 70.35—73.96 %), with com-
paratively high alkali content (Na;O = 3.08—5.34 %, and K50 = 3.34—4.41 Y).
H. G. F. Winkler 1967 assumes for these types of magmas intrusive tem-
perature of about 700 °C.

The development of contact metamophic rocks was influenced by the fact
that regionally already metamorphosed complex was affected by contact meta-
morphism. Regional metamorphism took place under conditions of greenschist
facies, but did not reach the conditions of kyanite zone, which according to
E. Althaus 1969 may originate from pyrophyllite in sense of the equation:

1 pyrophyllite = 1 kyanite + 2 quartz + 1 H,O
at 515 + 10 °C and 7000 bar, or at 530 + 10 °C and 11000 bar PH,O.

Approximately the same temperatures but lower pressures were active also
during contact metamorphism. This is the reason why some regional meta-
morphic minerals were stable during contact metamorphism and were sur-
viving in contact metamorphic rocks.

The highest temperature contact mineral of the investigated area is cor-
dierite. It appears directly on the contact with granite and generated likely
by the reaction:

chlorite + muscovite + quartz = cordierite + biotite + H0

The equilibrium conditions of this reaction were studied by A. Hirsch-

berg — H. G. F. Winkler 1968, who stated the equilibrium data:
505 + 5°C at 500 bar PH.O:
515 + 5 °C at 1000 bar PH»O;
525 + 5 °C at 2000 bar PH,O.

Considering the depth in which these conditions were reached in our case,
we must start from the notion of J. C. Jaeger 1957. In his sense the
intruding magma heats the adjacent rocks directly on the contact only on
a temperature corresponding approximately to 2’3 of its own temperature. On
the contact overheating of the rock took place, which may be expressed as
follows:

overheating = crystalization temperature + TN.

TN is the temperature of the rock prior the intrusion, and depends on depth
and the geothermal gradient. According to H. Schneiderhdéhn 1961 the
usual depth of intrusions is 3—8 km, however, shallawer and deeper intrusions
are also known. A depth of 3—8 km corresponds to pressures of 800—2000 bar.
Applying these data to our conditions and calculating with an intrusive tem-
perature of 700 °C and geothermal gradient of 30 °C/1 km, than directly on the
contact the adjacent rock was overheated to 460 + TN, i. e. at a depth of 2 km
to 520 °C at a pressure of 500 bar, and at 3 km to 550 °C at 800 bar PH,O. It
may be deduced that the Rimavica intrusion was not deeper than 2—3 km at
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pressures of 500—800 bar. The crystallization temperature was decreasing with
the distance from the contact. hence several regional metamorphic minerals
like garnet, biotite, chlorite, and even quartz were at lower temperatures of
contact metamorphism preserved as stable phases. One of typical features of
contact metamorphism of the Kohut zone is the fact that it took place mostly
in several phases; besides the thermal and injection-metasomatic effect it
displayed also by the penetration of pneumatolytic solutions and metasomatic
formation of fibrolite, muscovite and pneumatolytic tourmaline and finally
it was terminated by the hydrothermal phase. Its product is the sericitization
of feldspar, chloritization of biotite or garnet, pinitization of cordierite, for-
mation of quartz, albite etec.

Dorucené 28. 1. 1977
Odporucil M. Palivcova
Translation L. Minarikovd
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Kontaktny metamorfizmus v aureole rimavického granitu

V juhovychodnej ¢asti pasma Kohuta centrialnych Zipadnych Karpat vystupuje
jazykovita intruzia leukokratného granitu, ktory budeme volat rimavickym granitom.
V jeho plasti vystupuje regiondlne metamorfované suvrstvie, ktoré na styku s gra-
nitom postihla kontaktnd premena. Sirka kontaktnej aureoly, ale aj kontaktny
metamorfny Uéinok jazykovitej intruzie st v jej podlozi a nadlozi rozdielne. V pod-
lozi sa kontaktnid premena viaZe len na uzku prikontaktnt zénu, v ktorej sa okrem
kontaktnych termickych ué¢inkov uplatnili aj injekénometasomatické procesy. Na-
proti tomu v nadloZnej ¢éasti jazykovitej intrtzie mala kontaktna premena izoche-
micky charakter a uplatnila sa az v Sirke 3 km.

Aj ked je kontaktna premena v kohutskom krystaliniku znama uZ davnejsie
(spomina ju napr. H. Béckh 1907, S. Vitalis 1908, J. Suf 1937, M. Mi§ik 1953,
A. Nemc¢ok 1953, M. Kuzvart 1955, S. Vrana 1964 a i.), chyba uceleny obraz
o petrografickom vyvoji kontaktnych metamorfitov a podmienkach ich vzniku. Vy-
plnif tuto medzeru sa pokusame v tejto préci.

Geologicka stavba pasma Kohiita

Pasmo Kohuta je najjuZnejsou tektonickou jednotkou veporid. Z oboch stran,
severozapadnej a juhovychodnej, je ohrani¢ené tektonicky, na severozapade ho
oproti kralovoholskému pasmu veporid obmedzuje muréansky zlom a z juhovychodu
je nan pozdlz lubenickej linie nasunutd najjuznejsia tektonicka jednotka central-
nych Zapadnych Karpat, gemeridy. Na stavbe kohtitskeho pasma sa zucastfiuje viac
stratigrafickych celkov, najmid krys$talinikum, sedimenty vrchného karbénu, permu
a obalového mezozoika (séria foederata).

Krystalinikum tvoria krystalické bridlice a granitoidy. M4 stavbu antiklindria,
sformovaného hlavne za kriedového vrasnenia (mediteranna faza).

Krystalické bridlice mali fly$oidny vyvoj a tvorilo ich suvrstvie ilovitych a ilovito-
pieséitych bridlic s polohami pieskovcov, drob a s ojedinelymi vlozkami bitiminé6z-
nych bridlic a karbonatov. Syngenetickym élenom sedimentarneho suvrstvia su aj
submarinné vylevy diabazov a drobné intruzie peridotitov. Regionalna premena toto
suvrstvie zmenila na rozliéné typy fylitov, svorov a pararul, resp. na amfibolity
a serpentinity. Nahlady na jeho vek nie sui jednotné; M. Maska — V. Zoubek
(1961) ho pokladaju za jednotny stratigraficky celok (kohutska séria) mladopro-
terozoického veku. K tomuto nahladu sa priklana aj J. Kamenicky (in M. Mahel —
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T. Buday et al. 1968), ktory ho premenoval na kokavskd sériu. Naproti tomu
I Lehotsky (1961) poklada slabo metamorfované suvrstvie fylitov a svorov (hlado-
amornd séria) juhovychodného okraja kohutskeho pidsma za mladéi élen kohutskeho
krystalinika a uvaZuje o jeho prislusnosti do devénu aZ spodného karbénu.

Granitoidy maja v tomto pasme zloZity. vyvoj a patria k viacerym petrografic-
kym typom; sihlianskemu granodioritu, granitu a granodiotitu veporského typu,
injekénometasomatickému granodioritu, rimavickému granitu a pod. Rimavicky
granit sa vyznacuje leukokratnym charakterom, drobnym a rovnomerne zrnitym vy-
vojom a masivnou textlirou. Miestami obsahuje porfyroblasty metasomatického mi-
kroklinu, éim nadobtuda porfyricky charakter, Je magmatického pévodu a predsta-
vuje pravdepodobne samostatni fazu intruzie variskeho plutonizmu. T4 mala jazy-
kovity -charakter a nastala od juhovychodu. S. Vrana (1964) uvaZuje o moZnosti
alpinskeho veku rimavickej intrdzie. Rimavicky granit kontaktne metamorfuje uZ
regiondlne premenené suvrstvie; kontaktnd premena nepostihuje sedimenty permu
a vrchného karbénu, okrem toho je granit miestami alpinsky mylonitizovany, z &oho
vychodi, Ze ma velmi pravdepodobne spodnokarbénsky vek.

Rimavicky granit vystupuje v juhovychodnej éasti kohutskeho pisma a v priestore
medzi Ceskym Brezovom a Ciernou Lehotou vytvara dva mensie masivy a nie-
kolko drobnych vyskytov, ktoré naznaéuji spojenie tychto masivov v hibke,

Styk granitu s pla§fom bol pévodne intruzivny, ale dnes, hlavne v severozapadnej
Casti, je prevazne tektonicky. Smer tejto intruzie bol na juhovychode konkordantny
a na severozdpade Casto diskordantny na bridliénatost plasfa. To sa prejavilo v od-
lisnom kontaktnometamorfnom uéinku tejto intrtzie. Na juhovychode telesa je len
termicky u€inok (konkordantnd metamorf6za), ale na severozdpade sa okrem tepel-
ného uinku této intruzia prejavila aj injekénometasomatickym prenikanim aplitov
a pegmatitov za vzniku migmatitov (diskordantnid metamorféza). Jazykovity sposob
intruzie s miernym ftklonom na JV  sa prejavil aj v rozliénej $irke kontaktnej
aureoly, ktord sa na severozdpade obmedzuje len na niekolko desiatok metrov a na
juhovychode dosahuje $irku az 3 km.

Petrografia krystalinika pasma Kohiita

A. Regionilne metamorfity najbliZSieho okolia kontaktnej aureoly zastupuje skupi-
na fylitov a skupina svorov a pararul.

a) Skupina fylitov s polohami sericitickych kvarcitov a metadréb je len pri
juhovychodnom okraji rimavického granitu, a to nielen pri vonkaj$om okraji kon--
taktnej aureoly, ale aj uprostred kontaktného dvora. Su to jemnozrnné a tenko-
bridli€énaté horniny svetlosivej, sivej, sivozelenkavej aZ .tmavosivej farby. Casto
maju zachovanu pévodnu vrstvovitost. Bridli¢natost je prieéna alebo vrstvova. Naj-
Castejdie ich tvori kremen, sericit, chlorit a biotit, ¢asto aj granat. V zavislosti od
pévodného chemického zloZenia a intenzity regiondlnej premeny mozno v tejto
skupine vyélenit: 2 .

1. Sericitické a sericiticko-chloritické fylity. Vznikli poéiatoénou regionalnou pre-
menou ilovitych bridlic (Tab. 1, Anal. No. 1).

Textura je tenkobridli¢nata, Struktura péasikovo- -lepidogranoblastickda, min. zlo-
‘Zenie je kremen > chlorit =z sericit, akcesérie su biotit, granat, albit, epidot a mag-
netit.

S pribidanim kremena tieto horniny prechadzaju do sericiticko-chloriticko-kremen-
nych fylitov a s pribudanim granatu do granaticko-chloritickych fylitov, v ktorych
sa uz casto objavuje aj biotit.

2. Muskoviticko-biotitické a biotitické fylity. Aj ony vznikli premenou ilovitych
bridlic, ale pri relativne vy33ej teplote. Textira je bridli¢nata, truktira pasikovo-le-
pidogranoblastickd, min. zloZenie je kremen > biotit = .muskovit, akcesériou je gra-
nat, albit, epidot, turmalin a magnetit,
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3. Sericitické' metakvarcity. Si metamorfovanymi produktmi pieskovcov. Textira
je bridliénatd, Struktira usmernena lepidogranoblastickd, mineralne zloZenie je:
kremeri => sericit, akcesériami su chlorit, turmalin a magnetit."

4. Metadroby. Maju povahu anchimetamorfovanych hornin s dominujicimi znakmi
sedimentov. Textura je lavicovitovrstvovitd, Struktira psamiticko-lepidogranoblas-
tickd minerdlne zloZenie je: kremen > albit, s vedlaj§im zastipenim sericitu alebo
chloritu, akcesériami su turmalin a magnetit.

S vynimkou pneumatolytického turmalinu (skorylu) su’ vSetky mineraly regio-
nalnometamorfného pévodu, a preto s, najmi sericit a chlorit, tvarovo usporia-
dané,

b) Skupina svorov a pararul vystupuje len pri severozapadnom okraji rima-
mického granitu, ¢asto spolu s migmatitmi. K jej hlavnym mineralom patri kremer,
biotit, kysly plagioklas a granat. PodIa ich obsahu v tejto skupine rozoznavame:

5a) biotitické a granaticko-biotitické svory s akcesorickym aZ vedlaj§im zasti-
penim kyslého plagioklasu a

5b) biotitické a granaticko-biotitické pararuly s. podstatnym zastipenim kyslého
plagioklasu,.

Ostatné znaky maju tieto horniny spolo¢né. Textura je bridli¢natd, Struktira
usmernena lepidogranoblasticka, mineralne zloZenie je: kremen > biotit = Kkysly
plagioklas = granat, akcesériami su zirkén, apatit, turmalin, rutil a magnetit.

Granat je zastupeny almandinom a najéastejSie tvori. porfyroblasty vystupujice
v drobnozrnnej kremenno-plagioklasovej hmote (Pl. I, Fig. 1). V niektorych horni-
nach aj chyba a na jeho mieste je muskovit. S vynimkou turmalinu (skorylu), sua
vietky mineraly regiondlnometamorfného pévodu. Ako vychodi z minerialneho zlo-
Zenia, pararuly a svory vznikli z ilovitych a ilovito-pieséitych sedimentov (Tab. 1,
Anal. No. 10).

. B. Kontaktné metamorfity vznikli z uZ regionalne metamorfovanych hornin. Kon-

taktne sa premenili v podmienkach facie albitovo-epidotickych a amfibolickych ro-
hovcov. Podla intenzity kontaktnej premeny, ale aj zavislosti od ich poévodného zlo-
Zenia mozno v tejto skupine vyélenif tri horninové skupiny: Skvrnité fylity, kon-
taktné rohovce, kontaktné svory a pararuly.

a) Skvrnité fylity maja eSte reliktne dominujice znaky regionialne meta-
morfovanych hornin. To znamend, Ze si zachovali bridliénata textiru a tvoria ich
miniméalne dve generacie mineralov, a to regiondlnometamorfné a kontaktné. Re-
gionalnometamorfné mineraly su tvarovo usporiadané a podmienuja vyvoj bridlié-
natej textiry. Naproti tomu kontaktné mineraly, hlavne biotit a muskovit, tvoria
¢asto porfyroblasty alebo sa zoskupuju do glomeroblastov a makroskopicky sa pre-
javuju tmavymi alebo svetlymi $kvrnami. Porfyroblasticky vyvoj ma ¢asto aj kon-
taktnometamorfny kremen. Porfyroblasty biotitu a muskovitu st plochami (001) éasto
prie¢ne orientované na bridliénatosf. SG dierkované a obsahuja inklazie regionalne
metamorfovaného kremena alebo albitu. Podla mineralneho zloZenia patria k nasle-
dujicim typom:

6. Skvrnité biotiticko-chloritické a chloriticko-biotitické fylity. Chemickym zlo-
zenim zodpovedaji ilovitym bridliciam (Tab. 1, Anal. No. 3.) Maju Skvrnito-bridli¢-
natu texturu, Skvrnito-lepidogranoblasticku Struktiru, mineralne zlozenie je: kre-
men > biotit = chlorit, akcesériami su zirkén, granat, albit, muskovit, epidot
a magnetit.

7. Skvrnité biotiticko-chloriticko-albitické fylity. Vyznacuju sa vysokym obsahom
regiondalnometamorfného albitu, ktory poukazuje na to, Ze vznikli premenou Zivco-
vych droéb. Textura je Skvrnito-bridliénata, Struktira porfyroblasticko-lepido-
granoblastick4d, minerilne zloZenie je: albit = kremen > chlorit, akcesériami si
zirkoén, apatit, muskovit a magnetit.

8. Skvrnité biotiticko-kremenné fylity majui vysoky obsah kremena a vznikli pre-
menou ilovito-pies¢itych a piesCitych sedimentov. Majui Skvrnito-bridli¢nata tex-
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iiru, porfyroblasticko-lepidogranoblasticki $truktdru, mineralne zloZenie kre-
men>> biotit > chlorit, akcesorie granat, muskovit, zirkén, apatit, turmalin, epidot
a magnetit. .

Kontaktne metamorfované fylity uvedenych typov sa skladaji minimalne z dvoch
a casto aj zo Styroch generacii minerdlov: regionalnometamorfnych (kremen I,
chlorit I, granat a albit II), kontaktnotermickych (kremen II, chlorit 11, biotit a musko-
vit; PL II, Fig. 1), pneumatolytického turmalinu (skorylu) a hydrotermalnych (kre-
men 111, chlorit III, epidot a albit II). Genéza zirkdnu a apatitu je sporna, mohli by
byt regionalnometamorfného aj kontaktného povodu. Granat je zastipeny almandi-.
nom, tvori poikiloblasty s kremeniom I a ¢asto ho zatla¢a kontaktnometamorfny
biotit alebo hydrotermalny chlorit.

Regionalnometamorfny chlorit I ma indexy lomu: na = 1,601—1,629, ny = 1,607—1,631,
dvojlom ny—ne« = +-0,002—0,006, charakter mineralu +. Naproti tomu hydrotermalny
chlorit II ma indexy lomu: ne = 1,613—1,628, ny =1,615—1,629, dvojlom ny—ne« od 0,002
do —0,003. Podla diagramu M. H. Heya (1954), ktory vyjadruje zavislost optickych
konstant chloritov od pomeru Fe’t+ 4 Fe’+ (Fe?+ -4 Fe’t+ + Mg), je chlorit I ripi-
dolitom a chlorit II brunsvigitom aZz pyknochloritom.

Kontaktnometamorfny biotit pravdepodobne vznikol premenou setricitu a chloritu
podla rovnice

3 muskovit + 5 prochlorit = 3 biotit = 4 Al-bohaty chlorit + 7 kremen + 4 H,0

Na rozdiel od zeleného regionalnometamorfného biotitu ma kontaktny biotit ty-
picku ¢ervenohnedu farbu a silny pleochroizmus: « = bledohneda, y = é&erveno-
hneda. Index lomu ne = 1,569—1,586, n; = 1,615—1,65, dvojlom ny — na = 0,048—0,056.
Podla diagramu A. N. Winchella (1951) patri izomorfnému radu flogopit — annit
a zodpoveda meroxénu s Fe’+ (Fe’t = Mg) = 0,2—0,5.

Kontaktné rohovce boli spozorované len na juhovychodnom okraji rimavickej
intruzie, najéastejSie bezprostredne na kontakte s granitom alebo aj uprostred kon-
taktného dvora, ale opiaf na kontakte s apofyzou pegmatického granitu. Spoloénym
znakom vSetkych rohovcov je vSesmerne zrnita textuira a dokonala alebo takmer-
dokonala rekrystalizacia regionalnometamorfnych mineralov. Tvoria ich preto len
kontaktné alebo takmer len kontaktné mineraly. Maju relativne hrubozrnnej$i vyvoj
‘a Casté porfyroblasty kremena, biotitu, muskovitu. ojedinele aj cordieritu. Vznikli
z regionalnych metamorfitov rozliéného zloZenia, a preto aj pri rovnakych pod-
mienkach vzniku maji rozdielne mineralne zloZenie. Podla neho vyélefiujeme:

9. Muskoviticko-biotitické a biotitické rohovce. Maju chemické zloZenie ilovitych
sedimentov (Tab. 1, Anal. No. 6 a 9). Textira je vSestranne zrnita, Struktira rohov-
covo-lepidogranoblastickd, mineralne zloZenie je: kremen > biotit > muskovit, akce~
soriami st granat, zirkén, apatit, albit, chlorit, epidot a magnetit.

Z regionalnometamorfnych mineralov sa zachoval len almandin, silne ho zatlaca
biotit alebo hydrotermalny chlorit. Ostatné minerily su kontaktnometamorfného
(kremen I, biotit, muskovit, albit a pod.) a hydrotermalneho (kremeni II, chlorit,
albit II a epidot) p6vodu.

10. Muskoviticko-biotiticko-albitické a biotiticko-albitické rohovce. Vyznaluji sa
bohatym obsahom albitu kontaktnometamorfného pévodu (Pl. II, Fig. 2). Mohli
vzniknaf premenou Ziveovych drob, ale ¢ast plagioklasu modze byf aj kontaktnometa-
somatického povodu, lebo tieto rohovce vystupuju najéastejdie na styku s granitom.
Maja viesmerne zrniti textiru, rohovcovo-lepidogranoblastickt $truktiru, mineralne
zlozenie kremenn =z albit z biotit = muskovit, akcesorie si granat, zirkén, apatit,
chlorit, kalcit a magnetit.

Okrem kontaktnometasomatického muskovitu su vietky mineraly kontaktnoter-
mického povodu (Pl. I, Fig. 2). Kontaktnometasomaticky muskovit opisal aj
M. H. Naggara M. P. Atherton (1970). Cast muskovitu vznikla aj baueritiziciou
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biotitu. Baueritizcia biotitu, sericitizicia Zivcov, chloritizacia biotitu a vznik kalcitu
st produktom hydrotermélnej fazy rimavickej intruzie.

11. Granaticko-biotiticko-albitické rohovce. Vznikli z regionalnych metamorfitov
chemického zloZenia ilovitych bridlic. Textira je vSesmerne zrnita, $truktira rohov-
covo-lepidogranoblastickd, mineralne zloZenie je: kremen > albit = biotit > granat,
akcesériami s muskovit, zirkén, apatit, chlorit, epidot a magnetit.

Granat v rohovcoch je blizky almandinu a zda sa, Ze je kontaktnometamorfny.
Tvori poikiloblasty, ktoré nemaji znaky zatlaovania biotitom, a to ani v silne kon-
taktne rekrystalizovanych hornindch. Podla G. A. Chinnera (1962) vystupuje granat
blizky almandinu len veImi zriedkavo v kontaktnej aureole, a to len v horninach
osobitného chemického zlozZenia.

12. Epidoticko-biotitické rohovce. Ako vyplyva z ich chemického zloZenia (Tab. I,
Anal. Nos. 7 a 8), vznikli z metamorfitov chemického zloZenia ilovitych bridlic s kon-
taminovanych diabdzovymi tufmi. Tuato interpreticiu podporuje najmi regionalne
metamorfovany amfibol, ktory je zatlacany kontaktnometamorfnym biotitom (Pl. III,
Fig. 1). Textira je vSesmerne zrnita, Struktira glomeroblasticko-rohoveova, mine-
ralne zloZenie je: kremeri > biotit > epidot = obyéajny amfibol, akcesériami su
zirkon, apatit, albit, chlorit, kalcit a magnetit.

Pri véd¢Som zastupeni amfibolu moZno hovorif aj o amfibolicko-epidoticko-bio-
titickych rohovcoch. S vynimkou regiondlnometamorfného amfibolu ostatné mine-
raly vratane klinozoizitu st kontaktnometamorfného povodu. Chlorit, kalecit a kre-
men II st hydrotermalnymi mineralmi.

13. Sillimaniticko-cordieritické rohovce su produktom najvyssie temperovaného
stadia kontaktnej premeny v §tudovanom tzemi. Pozname ich len z odkryvu na Ia-
vom brehu nepomenovaného potoka a v jeho koryte juZne od Mutnika 200 m juho-
vychodne od kéty 411,0. Textura je nezreteIne bridliénatd, $truktira usmernend
lepidogranoblastickd, minerdlne zloZenie je: kremen = sericit > cordierit > silli-
manit, akcesériami st zirkén, apatit, turmalin, chlorit a limonit.

Kremen I a sericit si regionalnometamorfnymi mineralmi a st tvarovo usporia-
dané. Po regionidlnej premene sa uplatnila kontaktnd metamorféza, ktora sa pre-
javila vznikom kremena II, cordieritu a biotitu. Cordierit vznikol pravdepodobne
podla reakcie

chlorit + muskovit + kremen = cordierit —i— biotit + H,O.

M3 indexy lomu ne = 1,530 a ny = 1,533, zodpovedajice 10—13 9, Fe-podielu
v jeho zloZeni. Tvori najéastejSie porfyroblasty velkosti do mm a obsahuje podetné uza-
vreniny regionalnometamorfného kremeria I predlZeného v smere bridli¢natosti (PL III,
Fig. 2). Sillimanit vystupuje vo forme vlaknitého fibrolitu, tvori najéastejsie snopée-
kovité tutvary a je usporiadany v smere bridliénatosti (Pl. 1V, Fig. 1), a tym pri-
pomina regiondlnometamorfny minerdl. Pri regionalnej metamorféze moéze tento
mineral vzniknif aZz v sillimanitovo-almandinovo-ortoklasovej subfacii, ale takéto
podmienky v kohttskom krystaliniku neboli. Nemohol vzniknuf ani kontaktnou
premenou, lebo pri nej vznika sillimanit az vo facii ortoklasovo-cordieritickych
rohovecov (E. Althaus 1966), ktoré uéinkom granitickych intruzii nevznikaja.
Musel teda vzniknuf za osobitnych podmienok, pri relativne niziej teplote. Podla
W. S. Pitschera (1965) moéze sillimanit vzniknuf aj pdsobenim pneumatolytic-
kych roztokov, ked obsahuju F a (OH). Potom sa stéasne tvori aj muskovit a &éasto
aj turmalin. Asociacia sillimanit, muskovit a turmalin vystupuje aj v rohovcoch,
ktoré sme skamali. Je teda veImi pravdepodobné, Ze sillimanit je tu produktom
pneumatolytickej metasomatézy ‘a vznikol disocidciou alkalickych alumosilikatov,
najmi sericitu. Novovznikajici sillimanit preberal stavbu regiondlnometamorfného
sericitu, a preto je tvarovo usporiadany. Podobnt néaslednost cordieritu a sillimanitu
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konstatoval aj M. H. Naggar a M. P. Atherton (1970) z kontaktnej aureoly
granitu Donegalu. Hydrotermalna faza rimavickej intruzie sa prejavila pinitizdciou
cordieritu. . .

14. Kontaktné biotitické a granaticko-biotitické pararuly vystupuja len pri severo-
zapadnom okraji rimavického granitu. Makroskopicky sa od regionalne metamorfo-
vanych svorov a pararul takmer neodliSuju a aj ich minerédlne zloZenie je temer
rovnaké. St viak masivnejSie a obsahuju porfyroblasty prie¢neho biotitu alebo
muskovitu, ktoré su kontaktnometamorfného poévodu. Maju nezreteIne bridli¢énata
texturu, usmernenu lepidogranoblastieka Struktaru.

Mineralne zlozenie kremena > biotit =z Kkysly plagioklas = granat, akcesérie si
zirkon, apatit, turmalin, rutil a magnetit.

Geochemické pomery

Chemické zlozenie regionalnych a kontaktnych metamorfitov sme sledovali na
priklade 10 silikdtovych a 51 spektralnych analyz. Analyzovali sme rozliéné typy
regionalnych a kontaktnych metamorfitov, aby sme poznali geochemicky vyvoj oboch
metamorfnych procesov.

PodIa zastipenia makroelementov patria analyzované horniny (Tab. 1) do troch skupin
sedimentarnych hornin — ilovitych a ilovito-pieséitych bridlic (Anal. Nos. 1,3, 6 a 10),
droéb (Anal. Nos. 2 a 5) a ilovitych bridlic kontaminovanych diabazovymi tufmi (Anal.
Nos. 7 a 8). Ich chemické zloZenie sa pri regionalnej ani pri kontaktnej premene
markantnejSie nemeni. Qbdobné variacie makroprvkov, aké pozorujeme pri rozlié-
nych regionalnych (Anal. Nos. 1 a 10), ako aj kontaktnych (Anal. Nos. 3 a 63) meta-
morfitoch, mozno pozorovat aj v ramci jednotlivych skupin sedimentarnych hornin.
Isté zmeny v zastupeni makroprvkov su len pri kontaktnych metamorfitoch, ktoré
postihla aj pneumatolyticka a hydrotermilna premena spata s rimavickou intra-
ziou, Takymto prikladom je sericiticko-biotiticky rohovec s kalcitom (Anal. No 9),
ktory pri nizkom obsahu SiO , ma pomerne vysoky obsah K,0. Sp6sobil ho prinos
kalia pri hydrotermalnej premene zivcov. Aj vysoky obsah CaO je spaty s hydro-
termalnou fazou za vzniku kalcitu.

Spravanie sa stopovych prvkov pri regionalnej a kontaktnej premene sme sledo-
vali na priklade 51 spektralnych analyz. Zo vzoriek sme vytvorili skupiny, a to
podla ich predmetamorfného vyvoja a intenzity premeny. Pre niektoré horninové
skupiny sme vypoéitali priemerné hodnoty zastupenia stopovych prvkov, iné vyja-
drujeme len na priklade jednej alebo dvoch analyz. A

Ako vyplyva z tab. 2, je obsah Ga, Y, Sc. Cr a Sn $tudovanych metamorfitov
vzniknutych z ilovitych bridlic (Anal. Nos. 1, 2, 5, 6, 9, 13 a 13), a to bez ohladu
na charakter a intenzitu ich premeny, takmer zhodny s priemernymi hodnotami
ilovitych sedimentov, ktoré udava K. K. Turekian — K. H . Wedepohl (1961),
Pri Zr a Ba moZno v horninach pozorovat az dvojnasobné zvysenie, ale to ma vse-
obecny charakter a uplatiuje sa v rozliénych typoch regionalnych a kontaktnych
metamorfitov. Podla nasich pozorovani bola regionilna a kontaktnotermicka premena
v kohutskom krystaliniku izochemicka. Alochemicky charakter mala len pneumato-
lyticka a hydrotermalna premena.

Podmienky kontaktnej metamorfozy v aureole rimavického granitu

Ako je zname, charakter kontaktnej premeny zavisi od viacerych ¢initelov, najméa
od chemickej povahy magmy, jej teploty, celkovej tepelnej kapacity, ale aj od hlbky
a sposobu intrtzie, chemického zloZenia a petrografickej povahy vedlaj$ej horniny.’
Tato zavislost sa nazorne odraza aj vo vyvoji kontaktnych metamorfitov rimavického
granitu.
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Rimavicky granit je acidnej povahy (SiO, = 70,35—73,96 9/), s pomerne vysokym
obsahom alkalii (Na,O = 3,08—5,34 Y, a K,0 = 3,34—4,41 %;). Pre magmy takéhoto
typu H. G. F. Winkler (1967) predpoklada intruzivnu teplotu okolo 700°C. Jeho
intruziu, ako sme uZ spomenuli, sprevadzala postmagmaticka kaliova metasomatoza
za vzniku porfyroblastov mikroklinu a hydrotermalna fiza. Mocnost jazykovitej
intruzie odhadujeme na 3—4 km, a preto celkova tepelna kapacita tejto intruzie
nie je prili§ velka.

Vyvoj kontaktnych metamorfitov ovplyvnila skuto¢nosf, Ze kontaktna premena
postihla uz regionalne metamorfované suvrstvie a jeho premena nastala v podmien-
kach facie zelenych bridlic, ale nedosiahla podmienky vzniku disténu, ktory podla
E. Althausa (1969) moéze vzniknaf z pyrofylitu podla rovnice

1 pyrofylit = 1 distén + 2 kremen + 1 H,O

pri 515+ 10°C a 7000 baroch alebo 530 4+ 10°C a 11 000 baroch pH,O.

Priblizne pri rovnakej teplote, ale pri niz§om tlaku sa odohrala aj kontaktna pre-
mena. Preto boli niektoré regionalnometamorfné mineraly poc¢as kontaktnej pre-
meny stabilné a uchovali sa aj v kontaktnych metamorfitoch.

Najvyssie temperovanym kontaktnym mineralom $tudovaného tzemia je cordierit.
Vystupuje priamo na kontakte s granitom a vznikol pravdepodobne reakciou

chlorit 4+ muskovit 4+ kremen = cordierit |+ biotit + H,O.

Rovnovazne podmienky tejto reakcie Studovali A, Hirschberg — H. G. F.

Winkler (1968) a stanovili tieto rovnovazne udaje:
505 + 5°C pri 500 baroch pH,O
515 + 5 °C pri 1000 baroch pH,O
525 4- 5°C pri 2000 baroch pH,O

Ked berieme do tvahy, v akych hlbkach boli takéto podmienky v nasom pripade,
musime vychadzat z udajov J. C. Jaegera (1957), podla ktorych intrudujica
magma neodovzdava vedlajsej hornine celu tepelni kapacitu, ale len jej c¢asf;
priamo na kontakte su to len 2/; jej celkovej kapacity. Na kontakte nastalo pre-
hriatie, ktoré mozno matematicky vyjadrif takto: krystalizaénda teplota -+ Ty, pricom
Tn je teplota vedlajSej horniny pred intraziou, ktora zavisi od hlbky a geometric-
kého gradientu. Podla H. Shneiderh6hna (1961) je najéastejSie hibka intruzie
3—8 km, ale pozname aj intruzie plytSie i hlbsie. HIbka 3—8 km zodpoveda tlaku
800—2000 barov. Ked tieto udaje aplikujeme na na$e pomery a poé¢itame intruzivnu
teplotu 700 °C a geometricky gradient 30°/1 km, potom priamo na kontakte sa ved-
Taj$ia hornina prehriala na 460 + Tn, t. j. pri hlbke 2 km na 520 °C pri tlaku 500 ba-
rov a pri 3 km na 550°C pri 800 baroch pH,O. Z toho moZno usudzovaf, ze hlbka
rimavickej intrizie nebola va¢sia ako 2—3 km pri tlaku 500—800 barov. Prirodzene,
so vzdialenosfou od kontaktu krystalizaéna teplota klesala, a preto pri niZSej teplote
kontaktnej premeny viaceré regiondlnometamorfné mineraly, ako je granat, biotit,
chlorit, ale aj kremen, zostali stabilné a uchovali sa ako relikty starej fazy krystali-
zacie,

K typickym znakom kontaktnych metamorfitov kohtutskeho pasma patri aj to, Ze
sa premienali vo viacerych fazach. Okrem termického a injekénometasomatického
poOsobenia sa intrazia rimavického granitu prejavila aj prenikanim pneumatolytic-
kych roztokov, pricom metasomaticky vznikal fibrolit a pneumatolyticky turmalin.
Zakonéila ju hydrotermalna féza, jej produktom je sericitizicia Zivcov, chloritizacia
biotitu alebo granatu, pinitizicia cordieritu, mlad$i kremer, albit a pod.
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