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CoCylmecTByiOMe rpaHaThl ¥ porosbie 00OMaHku MeTabasuToB paitona Pyj-
Haabl  (maneo3oi, COMINCKO-TeMEPCKHMe pY/JHbIE TOpPbI, 3amnanHbie Kapnarsi)

B meraba3urax maieo30s paioHa PyJAHSIHBI aBTOPBL M3YHaIM XMMMUYECKUM
COCTaB TIPaHATOB M POroBbIX OOMAHOK IPYM IOMOIIM 3JEKTPOHHOTO MMKPO-
conjga. PoroBas oOMaHKa OTBEYAET M3BECTKOBOMY THMIY (MOArpyNma MarHui-
porosast o6manka, B. E. Jleake 1978). I'panaThl HE30HaJbHbIE C Ipeobiaja-
HUEM aJIMAHAMHOBON MOJIEKYJbl. XMMHUYECKMIT COCTaB OCOOGEHHO pOroBOM
OOMaHKM M TIOJCUMTAHbIE KOI(MPUIMEHTH pacnpejereHus (MarHmit, >Kejes3o,
KQJIBI[MII, MaHraH) CBMJETCJIBCTBYIOT O TOM, YTO BO3HMKHOBEHME YKa3aHHBIX
MMHEPAJIOB IIPOMCXOAMIO B yCiaoBusax amduboimToBoit daumm, M ,,MeIuym
rpaje” meramopdusma 6apoBMAHCKOTO THIIA.

Coexisting garnets and amphiboles of metabasites from Rudnany area
(the Paleozoic, the SpiSsko-gemerské Mis.,, the Western Carpathians)

Chemical composition of coexisting garnets and amphiboles in meta-
basites of Paleozoic age from Rudnany area has been investigated using
EMA technique. The composition of amphiboles is that of calcic
amphibole group (subgroup of magnesio-hornbiende) and garnets are
not zonal containing maingly almandine but aiso considerable amounts of
grossularite and pyrope molecule. Chemical composition of amphibole
and calculated distribution coefficients (Mg, Ca, Fe, Mn and Ti) point
to the generation of the assemklage under amphibolite facies conditions
or under “medium grade” and low to moderate baric conditions of meta-
morphism.

Chemical composition of coexisting in the Paleozoic metabasites from Rud-
garnets and amphiboles was examined nany area with the aid of electron


file:///icTa6a3MTax
http://coH.ua

510

microprobe. Amphibole corresponds to
calcic amphibole (sub-group Mg-horn-
blende, Leake 1978), garnets are not
zonal, the almandine molecule is pre-
vailing, the grossulare and pyrope mo-
lecules are of substantial occurrence.
Chemical composition, mainly that of
amphibole, and calculated distribution
coefficients (Mg, Ca. Fe. Mn. Ti) of
coexisting amphiboles. garnets and pla-
gioclases suggest the mentioned mine-
rals to have originated in conditions of
amphibolite facies, and or ,medium

grade” metamorphism of low medium
baric type.
Introduction

Complexes of metasediments and

metaeruptives of the Gemerides, the
southernmost tectonic unit of the
Western Carpathians (or the Paleozoic
of the Spissko-gemerské rudohorie Mts.),
are generally classified as metamorphi-
tes, which originated in green-schist
facies conditions (Kamenicky — Krist
1969, Kamenicky 1969 in Mahel et al.
1969, Varga 1973). In contrast to the
majority of authors (I. ¢.) who conside-
red the mineral assemblages of metase-
diments and metaeruptives to be the
product of the Variscan metamorphic
recrystallization, 1. Varga (1973) ascribed
only the folding effect to these pro-
cesses. He assumed the origin of mine-
ral assemblages of metamorphosed rocks
(this author made also a map of the
areal distribution of the individual
aséemblages) to be the consequence of
the Alpine processes.

From the universally accepted scheme
of intensity and type of the Gemeride
Paleozoic metamorphism. the results
obtained by L. Rozloznik (1865) from
the area of Dobsina substantially differ.
This author (l. c.) gave the description
of the rock complexes of the amphibo-
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lite facies in the mentioned area and he
considered them to be the local con-
sequence of the penetrating “granitiz-
ing” components through the rocks of the
Early Paleozoic Rakovec group. Among
metamorphites of higher grade he intro-
duced mainly various gneiss types and
amphibolites.

In the course of recent years, the
rocks of higher grade metamorphic
recrystallization from the area of Rud-
nany were introduced by J. Poprenak
et al. (1973). Their essential characte-
ristics (composition and position) as well
as arguments in favour of their meta-
morphic (not magmatic) origin can be
found in D. Hovorka et al. (1979).
Gneisses and amphibolites were des-
criced also from the area of Vysny
Klatov (Dianiska — Grecula 1979). In
this way, the amphibolite facies meta-
morphites and or the facies of epidote
amphibolites) form the zone located
along the northern margin of the
Gemeride Paleozoic (the Volovec anti-
clinorium).

So far the whole number of studies
concerned with metamorphites of higher
metamorphic grade was based on field
investigations as well as on discovered
mineral assemblages examined by means
of microscopic methods. Chemical com-
position of coexisting metabasite amphi-
boles and garnets was the objective of
our study during the recent years. Che-
mical composition, mainly that of
amphiboles, reflects the pressure-tempe-
rature conditions of their origin. If co-
existing with other minerals of the rock
under consideration, amphibole may
provide helpful data to solve the condi-
tions of its origin.

The analyses of garnets and amphi-
boles were carried out using the elec-
tron microprobe ARL — SEMQ at
Central Geological Institute, Prague (we
wish to express our gratitude to
RNDr. P. Jakes, CSc. for his suggestions
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and countless help) by RNDr. J. Kris-
tin, CSe.

Occurrence and description of meta-
basiies

Various types of amphibolites (the
garnet and the augen ones, melaamphi-
bolite and others), together with
gneiss-type rocks, occur in the complex
considered to be the Upper Carboni-
ferous (on the basis of lithology and
correlation considerations). Its position,
the rock column and the essential cha-
racteristics of the mineral assemblages
of the main rock types are dealt with
in D. Hovorka (1877) and D. Hovorka
et al. (1979). It seems necessary to put
the emphasis on the fact that the gene-
ralized profile of the Upper Carboni-
ferous Rudnany area follows like this:
polymict conglomerates designated as
conglomerates of “Bindt-Rudnany” type
form the lowermost horizon. They are
overlaid by the complex of dark-co-
loured schists and psammites with
layers of green-coloured, locally also
laminated metapyroclastics of basic vol-
canics. The “gneiss-amphibolite com-
plex” of thickness 50—250 m is oc-
curring above the mentioned beds. Its
direct overlying rocks are graphitic
schists which are replaced by the com-
plex of schists and psammites in the
lateral direction. The “intraformational
conglomerates” are also included in the
direct overlying rocks. These are
distinguished from the conglomerates
of “Bindt-Rudnanv” type mainly by
smaller size of pebbles, their lithological
filling and or higher metamorphic grade-
The “intraformational conglomerates”
are overlaid by the laver of brownish
fine-grained psammites with rich rem-
nants of flora. In the uppermost part
of the Carboniferous the bed of dark-co-
loured schists, psammites and fine-

grained green to grey-green metatuffs
of basic volcanics is included. Mutual
quantitative proportion of the mentio-
ned rock types is strongly variable.
Amphibolites form concordant bodies
of thickness most frequently to 1 m
(bodies of thickness to 10 m were only
seldom observed) in gneisses. The
contact of amphibolites with gneisses
appears to be mostly a sharp one
(Fig. 1). In some cases, gradual transi-
tion of amphibolites into biotitic pla-
gioclase (garnet-plagioclase) gneisses
was observed. The transitional rock
types are different types of gneisses
with amphibole (amphibole-biotite, bio-
tite-amphibole, amphibole). Amphiboli-
tes s. s. appear to be the essential and
at the same time, the dominating type
of amphibolites. They are mostly fine-
grained, with areally parallel (Fig. 2)
to massive structure. Higher content of
pure-green amphiboles results in local
presence of melaamphibolites. Garnet
amphibolites (Fig. 3) form only layers

Fig. 1. Selective albitization of the original

psammite layer. Concordant layver of pri-
marily ash-like volcanic material has only been
recrystallized during the development of fine-
grained amphibolite. Ry-Z-60 55.60 m. Magn.
1,2 %

Obr. 1. Selektivna albilizacia polohy pdvod-
ného psamitu. Konformna poloha pévodného
popolovitého vulkanického materialu je len
rekrystalizovana za vzniku jemnozrnného
amfibolitu. Ry-Z-60,55,60 m. Zviés. 1.2 ¢
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in amphibolites s. s. The garnet
size is 1—7 mm. The centric texture of

Fig. 2. Grano-nematoblastic texture of fine-
grained melaaphibolite. ZI-II-36 38.10 m.
Magn. 20 X, X pol.

Obr. 2. Granonematoblasticka Struktura jem-

nozrnného melaamfibolitu. ZI1-1I-36 38.10 m.

Zvacs. 20X, X pol.

Fig. 3. Garnet amphibolite with poikiloblastic
garnets. Ry-Z-1X 69,70 m. Magn. 20x, X pol.
Sample I-26. Magn. 300 x

Obr. 3. Granaticky amfibolit s poikiloblastic-
kymi granatmi. Ry-Z-1X 69,70 m. Zvacs. 20 <,
< pol.

garnet amphibolites (Fig. 4) seems to be
a characteristic one. i. e. already macro-
scopically observable concentration of
light minerals in the surroundings of
garnet porphyroblasts.

Fig. 4. Garnet amphibolite with pronounced
centric structure. Ry-Z-61 54.70. Magn. 1.3 <
Obr. 4. Granaticky amfibelit s vyrazne cen-
trickou stavbou. Ry-Z-61 54.70. Zvacs. 1.3~

Garnets

Garnets of metabasites from Rudna-
ny area exhibit red and pink colouring
and pronounced idioblastic tendency of
development. Their quantitative pro-
portion in metabasites is of variable
nature — it from accessory
amounts up to 35 “, Garnets of
2—3 mm size in types in which they
form substantial rockforming mineral,
were examined.

The examination of the garnet com-
position provided evidences confirming
their non-zonal composition (structure)
— Figs. 5, 6. Numerous published
works on the composition of garnets
in various types of metamorphites offer
sufficient data suggesting prevalency of
zonal composition of metabasite and
metapelite garnets which have origi-

varies
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nated in conditions of green-schist fa-
cies to low temperature areas of amphi-
bolite facies.i.e. to temperatures of 600 °C
(Woodsworth 1977, Avtchenko et al
1980). Discovered non-zonal character
of the metabasite garnet composition
from Rudnany area confirms that they
might have originated in conditions of
medium to high temperature areas of

Fig. 5. Composition -
Sample 1126. Magn. 300 x
Obr. 5. Kompozicia -+ liniovy profil MnK®.
Vzorka 1-26. Zvacs. 300<

line profile MnK,.

Fig.
Sample L-26. Magn. 300X

6. Composition - line profile FeK..

Obr. 6. Kompozicia -+ liniovy profil FeK..
Vzorka L-26. Zvacs, 300X

w
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amphibolite facies. This discovery cor-
responds to chemical composition of
coexisting amphiboles and/or also to
calculated temperatures of the origin
of coexisting garnet—amphibole and
amphibole—plagioclase pairs.
Projection points of analyzed meta-
basite garnets (Tab. 1) from Rudnany
area are located in limited area, the
biggest part of this area is overlapped
by the area of projection points of

metabasite garnet analyses of Mol-
danubicum (analyses in Suk 1979).

Garnets under consideration are noted
for only slight shift of projection points
in the direction of lower pyrope mole-
cule content.

On the plot with peaks MgO : MnO :
FeO (Fig. 8), projection points of ana-
lyzed garnets show large scattering. In
case of low, and on the whole, a little

almsspess

w S W -
xOp e e

/

gross+andr +uvar

pyrope

Fig. 7. 1 — garnets of Moldanubicum gneisses
and migmatites, 2 — garnets of Moldanubicum
amphibolites (1, 2 — data in Suk 1979), 3, 4,
5 — garnets of amphibolites from Rudnany
area (3 — sample no. 1, 4 — sample no. II,
5 — sample no. V)

Obr. 7. 1 — granaty pararul a migmatitov
moldanubika: 2 — granaty amfibolitov mol-
danubika (1, 2 — udaje in Suk, 1979); 3, 4,
5 — granaty amfibolitov oblasti Rudnian
(3 — vzorka ¢. I, 4 — vzorka ¢&. II, 5 — vzor-
ka ¢. V)
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Chemical composition of garnets
Chemické zloZenie grandtov

Tab. 1
1-26 1 1-26 2 I-16/1 I 26/3 I1-16 3 II-16 1 1I-361 V-161 V-162

0,12 0,10 0,12 0.13 0,00 0,14 0,08 0,15 0,19

2,15 2,21 1,47 3,21 0.45 0,40 0,10 0,20 0,27

38,44 37,02 38,14 37.08 39.30 39,21 37,37 37.67 37,29

23,88 26.69 22,61 22,68 26.56 21,57 26,85 26,24 25,7

2,50 3,17 2,26 2,03 4,88 5,84 4,13 3,62 7.85

10,06 6,72 11.97 10,25 7,11 9,54 7.45 8,53 8.05

21,27 21,10 21,16 20,58 22,02 21,68 21,61 21,62 21,38

98,43 97.01 97.74 95,97 100,32 98,40 97,59 98,04 100.80

Coefficients calculated according to Burri et al (1936)
Koeficienty — prepocet podla C. Burri et al. (1936)

0,01 0.01 0,01 0,01 0.00 0,01 0.005 0,01 0.01

0,14 0.15 0,10 0,22 0.03 0,03 0.01 0,01 0,02

3,06 3.01 3.05 3.04 3,04 3,05 3,00 3,01 2,89

1,59 1.81 1,51 1,55 1,72 1,40 1.80 1,75 1,67

0,30 0,38 0,27 0,25 0,56 0,68 0,49 0,43 0,91

0,86 0,59 1,02 0,90 0,59 0,79 0,64 0,73 0,67

1,99 2,02 1,99 1,99 2,01 1,99 2,04 2,03 1,95

End members ()
Zastupenie molekul ("))

alm. 55,02 61.890 52,03 53,15 59,26 48,36 61,23 59.88 51,19
pyrope. 10,26 13,08 9,27 8,45 19,40 23,32 16,78 14,72 27,79
spes. 5.02 5,19 3,42 7,61 1,01 0,90 0,23 0.45 0,54
gros, 29,70 19,93 35,28 30,77 20.33 27.40 21,76 24,94 20,48

total 100.00 100,00 100,00 99,98 100,00 100,00 99.99 100,00

99,98

Sample localization
I — bore-hole Ry-Z-61 54,20 — garnet amphibolite
IT — the coupling cross-cut between the veins Drozdiak and Hruba — Xth horizon.
between the shafts 5 RP II and 5 RP I — breccia of garnet amphibolite
III — the shaft, XVIt" horizon, gallery to Zlatnik, sample XVI X — amphibolite

IV — the shaft Zlatnik, Xth horizon, 5 m northwards from the measuring point 11 —
amphibolite

V — Zlatnik 11, bore-hole 39 22, 15: from

XVIth horizon — garnet amphibolite
(localization of samples is valid also for

Tables 2 and 3)
Lokalizacia vzoriek
I — vrt Ry-Z-61 54,20 — granaticky amfibolit
II — spojovaci prekop medzi zilami Drozdiak a Hruba — X. horizont — medzi $achtami
5 RP II—5 RP I — brekcia granatického amfibolitu
IIT — Sachta Mier, XVI. horizont, smerna na Zlatnik, vzorka XVI X — amfibolit
IV — Sachta Zlatnik, X. horizont, 5 m na s.od m. b. 11 — amfibolit
V — Zlatnik II. vrt 39/22,15 — zo XVI. obzoru — granaticky amfibolit
(lokalizacia vzoriek plati aj pre tabulky 2 a 3)

variable MnO content. garnets form
elongated field in the direction of MgO
and FeO peaks. This field overlaps the
fields stated (Miyashiro — Kuculu, in

Antipin 1977) for metamorphite garnets
of various facies relevance. Projection
points of analyses II and V fall within
the metamorphite field of amphibolite,
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Fig. 8. I — garnels of green-schist facies and
epidote amphibolite facies, II — garnets of
epidote amphibolite facies and low-tempe-
rature subfacies of garnet amphibolite facies,
III — garnets of amphibolite facies, IV —
garnets of granulite facies (fields I—IV ac-
cording to Miyashiro — Kuculu, in Antipin
1977). 1—3 garnets of amphibolites from
Rudnany area (for sample numbering see
Fig. 7)

Obr. 8. I — granaty facie zelenych bridlic
a facie epidotickych amfibolitov: II — gra-
naty facie epidotickych amfibolitov a nizko-
teplotnej subfacie facie granatickych amfibo-
litov; III — granaty amfibolitovej facie: IV —
granaty granulitovej facie (polia I—IV podla
Miyashiro — Kuculu, in Antipin, 1977); 1—3
granaty amfibolitov oblasti Rudnian — (€islo-
vanie vzoriek pozri obr. 7)

and or epidote-amphibolite facies. Ana-
lyses of sample II resulted in projection
points shifted towards lower MgO con-
tents and they are located in the meta-
morphite field of epidote—amphibolite
facies, and or green-schist facies. This
corresponds to other findings regarding
their origin at lower temperatures.

Amphiboles

Not only do amphiboles represent one
of the essential mineral phases of meta-

basites of different metamorphic grade
recrystallization, but they appear to be
of importance as an indicator of pressu-
re-temperature conditions of their
origin. Contemporary knowledge makes
it possible to formulate general prin-
ciples of their chemical composition.
For example, the more the temperature
of metamorphic recrystallization in
amphiboles increases, the more the
content of alkaline metals and titanium
increases. At the same time, tetra-
hedraly coordinated Al increases, to the
detriment of Al in octahedral coordina-
tion. Another principle may be gradual
decrease of K content and others. Pro-
nounced differences in Al distribution
and content changes of other cations
(particularly Ti) are manifested also by
the change of pleochroic colours of
amphiboles originated in various tem-
perature (and or pressure) conditions.
The following change of pleochroic
colours in metabasite amphiboles
with increasing temperature is uni-
versally accepted (Miyashiro 1973):
lightgreen, green and blue, blue—gre-
en—brown amphibole (according to
Ng).

At this stage the focus of the study
was mainly on amphiboles of green to

-brown pleochroic colours. Apart from

these, the presence of lightgreen (mostly
a younger one) actinolitic type amphi-
bole was locally observed in metaba-
sites, The analyses of amphiboles
obtained by means of electron mic-
roprobe are given in Table 2.

The plot according to A. Miyashiro
(1973 — Fig. 9) shows projection points
of the most analyzed amphiboles located
in the field C — that is, in the field
of high temperature amphiboles. From
the given set, analyses of amphiboles
from sample I are quite different. Their
projection points are very close to
field C, yet their location outside the
field A is obvious. The A field employs
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—=Ca*Na+K low temperature amphiboles of green—
2,0 25 0 blue colour, which are considered as
8]0 T T T T T t -y . B h. t f &
ACTINOLITE RICHTERITE| Pelonging to the green-schist facies (on

the basis of their conditions of origin).

In order to classify amphiboles, to
give the genetic interpretation and to
classify amphiboles of metabasites from

Fig. 9. Plot of dependence of Si :(Ca + Na -}

70Ps & . ——— EDENITE + K) of amphiboles (Miyashiro 1973). Ng
ik \'\.\ pleochroic colours of amphiboles: A — field
NS o e of actinolite, B — green to blue amphibole,
SN 0 N C — green-brown to brown amphibole; 1—5
- \,‘\Q’ i . analyses of amphibolit2 amphiboles from
s g c Rudnany area (1 — I, 2 — II, 3 — III, 4 —
A v /.' IV, 5 — V)
. NN S Obr. 9. Diagram zavislosti Si: (Ca -+ Na -+ K)
3 s B \\—'\’ amfibolo;'b(Miyashiro 1973). Gama pleochroiz-
i ~ mus amfibolov: A — pole aktinolitu, B —
qo TSCHERMAK'TE LS N PA-RGAS-ITE zeleny az modry amfibol, C — zelenohnedy
az hnedy amfibol; 1—5 — analyzy amfibolov
amfibolitov oblasti Rudnian (1 — I, 2 — 11,
3—1III,4 —1V,5 — V)
Chemical composition of amphiboles
Chemické zloZenie amfibolov
Tab. 2
N - N
—- ~ - ™ = S < < < <
< < < < 5 3 - 0 5 B
hi i) 7 N —_ — = = = =
TiO, 1,55 1.53 1,72 0,49 1,55 1.19 2,03 1,85 1,95 2,19
MnO 0,18 0,20 0,12 0,09 0,06 0,07 0,29 0,34 0,32 0,28
SiO, 45,77 45,81 46,45 44,47 4459 44,88 43,99 43,46 4240 4284
FeO 16,05 1546 15,94 9,17 13,77 14,31 1544 15,25 16,26 16,55
K,O 0,13 0,15 0,16 0,29 0,58 0,52 0,23 0,22 0,24 0,22
Na,O 1,23 1,31 1,36 1,93 1,74 1,81 1,77 1,72 1,74 1,71
MgO 11,13 11,61 11.46 15,18 12,21 12,25 11,64 11,82 11,23 11,11
CaO 9,80 10,38 9,98 10,91 10,21 10,01 10,28 10,15 10,40 10,34
Al,O4 8.44 8,54 9.00 11,54 11,52 11,64 10,35 10,20 10,45 10,33
Total 94,27 94,99 96,19 94,08 96,21 96,70 96,01 95,03 94,99 95,57
8 Si 6,985 6937 6,937 6,633 6,633 6,649 6,625 6,615 6,509 6,537
AllV 1,015 1,063 1,063 1,367 1,367 1,351 1,374 1,385 1,491 1,463
AlVI 0,503 0,462 0,522 0,662 0,652 0,682 0,464 0,446 0,402  0.395
Ti 0,177 0,175 0,193 0,055 0,173 0,133 0,230 0,212 0,225 0,251
Fel+ 1,790 1,743 1,737 0,907 1,472 1,480 1.693 1,660 1,804 1,826
5 Mg 2,530 2,620 2548 3,376 27703 2,705 2613 2682 2569 2,528
Mn — — — —_ — — — — — —_
Fel+ 0,257 0,214 0,255 0,238 0,242 0,293 0,253 0,281 0,184 0,285
2 Mn 0,023 0,025 0,014 0,012 0,007 0,009 0,037 0,044 0,041 0,037
Ca 1,603 1,680 1,596 1,743 1,626 1,589 1,658 1,656 1,711 1,678
Na 0,117 0,081 0,135 0,007 0,125 0,109 0,052 0,019 0,064 —
K 0,246 0,303 0,258 0,552 0,376 0,411 0,463 0,489 0,456 0,506
Ca 0,025 0,028 0,030 0,055 0,106 0,099 0,044 0,044 0,048 0,041
Na — — — — —_ _ — — —_ 0,13
Mg

5. 059 0,60 0,59 0,79 0,65 0,65 0,61 0,62 0,59 0,58
Mg -+ Fe2+ ’




D. Hovorka, J. Spisiak: Coexisting Garnets and Amphiboles of Metabasites

517

Tab. 2 (continued)

— B N -
< < < <
< 5 0 T
= & & Z
TiO, 1,72 1,88 1,84 1,72
MnO 025 024 024 026
SiO, 44,00 42,03 43,01 43,76
FeO 1598 16,24 1621 17,26
K,O 028 067 066 058
Na,O 1,56 1,38 1,39 1,28
MgO 11,32 9,88 10,02 9,77
CaO 1057 10,53 10,59 10,34
Al,O, 1061 11,22 1096 1023
8 Total 96,30 94,06 94,92 95,20
Si 6.622 6,518 6596 6.705
AllV 1,328 1482 1404 1,295
5 AlVI 0,503 0570 0,579 0554
Ti 0196 0219 0212 0,198
Fel+ 1,762 1,927 1,920 2,015
Mg 2539 2,284 2,289 2,233
Mn — - — —
Fe'+ 0,251 0,180 0,159 0,195
Mn 0.032 0,032 0,030 0,035
2 Ca 1,704 1,750 1,739 1697
Na 0.013 0,038 0,072 0,073
Na 0442 0,376 0,342 0.307
K 0,055 0,133 0,129 0115
Ca — - — -
Mg
E— 0,59 0,54 0,54 0,53
Mg + Fe?+
Rudnany area, Leake’s -classification

(1978) was applied. Analyzed amphibo-
les belong to the group of -calcic
amphiboles. Their projection points
fall within fields VII, VIII and XVII
(Fig. 10). The Mg/Mg -+ Fe*? = 0,5—0,7
ratio is characteristic for all analyzed
amphiboles. On the partial plot A,
which includes analyses with the ratio
(Na + K), < 0,5, analyses of amphiboles
from Rudnany area are projected into
the field “Mg-hornblende”. The “fer-
rohornblende” field contains only one
amphibole sample. The projection point
of this sample is located near the divid-
ing line of the mentioned fields.
Criterion for classification of amphi-
boles into partial plots A or B, appears
to be the sum of alkalies (Na + K), =

».’:I‘ s o~ b i ~
< < < 5 : <
S 301§ § 3
2 2 2 > > >
173 155 193 113 072 047
027 018 022 013 011 0.8
42,98 4263 4202 4689 4572 4479
1731 1624 1636 1490 1434 1362
063 062 068 021 012 018
134 133 138 147 130 159
940 992 955 1253 1178 1246
1029 1078 1078 10,66  9.68 9,80
10.86 1072 1117 1090 950  9.24
9481 9396 9409 98.80 9327 9234
6.626 6613 6525 6783 6978 6918
1374 1387 1475 1217 1,022 1,082
0,599 0.573 0,570 0.641 0,687 0.602
0200 0182 0225 0122 0083 0.035
2041 1952 1995 1534 1550 1475
2160 2203 2210 2703 2,680 2.868
0190 0155 0,130 0,269 0281 0.285
0,037 0,023 0.028 0,016 0,014 0.023
1700 1789 1,794 1,651 158  1.622
0.073 0033 0048 0064 0120 0.070
0327 0365 0368 0348 0264 0,406
0124 0122 0133 0039 0025 0035
051 054 053 064 063 066

0,5. For analyzed amphiboles the sum
{Na < K), similar to 0,5 is characteris-
tic and projection points of amphiboles
fall into both partial plots.

The AlY':Al"!' ratio and its relation
to Si provided the basis for classifica-
tion of essential Ca-amphibole types
according to E. Wenk et al. (1974), Figs.
11a, 11b. Projection points of amphi-
boles under consideration fall mostly
into the field of amphibolite amphibo-
les, characteristic for the Lepontine Alps
amphibolite facies (Wenk et al. 1974).
A part of analyzed amphiboles falls
into the actinolitic (common hornblen-
de) amphibole field. This position,
mainly in the case of sample I is
common in all other presented plots.
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Fig. 10. Classificational diagram of amphiboles (Leake 1978). VII — Mg-hornblende, VIII —
ferrohornblende. XVII — edenitic hornblende: explanations as in Fig. 9

Obr. 10. Klasifikaény diagram amfibolov (Leake 1978): VII — Mg-amfibol, VIII —
zeleznaty amfibol, XVII — edenticky amfibol: vysvetlivky ako pri obr. 9
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Fig. 1la. Classiiicational diagram of calcic
amphiboles (Wenk et al. 1974). I — tscher-
makite, II — tschermakitic hornblende. I1I —
Mg—Fe hornblende, IV — actinolitic horn-
blende. V — tremolite, actinolite; A — tscher-
makitic hornblende. B — Mg—Fe hornblende,
C — arctinolitic hornblende, D — actinolite,
tremolite; 1 — 5: see Fig. 9. Field designated
by dashes corresponds to amphibolite amphi-
boles of the Lepontine Alps (Wenk et al.
1974)

Obr. 1la. Klasifikaény diagram vapenatych
amfibolov (Wenk et al. 1974); I — tscherma-
kit, II tschermakiticky amfibol, III
Mg—Fe amfibol, IV — aktinoliticky amfibol,
V — tremolit, aktinolit; A — tschermakiticky
amfibol, B — Mg—Fe amfibol, C — aktino-
liticky amfibol. D aktinolit, tremolit:
1—5: pozri obr. 9. Ciarkovane ohrani¢ené
pole — odpoveda amfibolom amfibolitov Le-
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Plots of Ti content (Fig. 12) range
analyzed amphiboles to high—tempera-
ture part of amphibolite facies. Ti con-
tents in sample I can be used as a crite-
rion for determining its formation in
conditions of epidote amphibolite facies
and in lower—temperature parts of
amphibolite facies, respectively.

The AlV': Si ratio was used by P. Raase
(1974) to define metabasite amphibole
fields of high and low—pressure meta-
morphism (Fig. 13). The majority of
analyzed amphibole projection points is
placed into the field A, near the divid-
ing line (= 500 MPa). A position like

A‘VI
15
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(Ca+Nalg21,34 * 20
Nag< 0,67 3+
Le
(Na+KJx>05 50
Ti<05
10— .
. J TN
/ \
:’/ ‘)
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Fig. 11b. Classificational diagram of calcic
amphiboles (Wenk et al. 1974). I — pargasite,
II — pargasitic hornblende, III — edenitic
hornblende, IV — edenite, V — silicic edeni-
te; A—D: see Fig. 11a

Obr. 11b. Klasifika¢ny diagram vapenatych
amiibolov (Wenk et al. 1974). I — pargasit,
11 — pargasiticky amfibol, III — edeniticky
amfibol. IV — edenit. V — kremity edenit:
A—D: pozri obr. 11a
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that suggests their low to medium—pre-
ssure metamorphism origin.
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Fig. 12. Histogram of Ti distribution in meta-
basite amphiboles belonging to different
facies (Raase 1974). I — green-schist facies,
II — low-temperature subfacies of amphi-
bolite facies, 111 — high-temperature subfacies
of amphibolite facies, IV — amphibole-granu-
lite facies, V — histogram of Ti distribution
in metabasite amphiboles from Rudnany area
(n — number of analyses)

Obr. 12. Histogram distribiicie Ti v amfiboloch
metabazitov roéznej faciilnej prislusnosti
(Raase 1974). 1 facia zelenych bridlic,
II — nizkoteplotné subfacie amfibolitovej fa-
cie, III — vysokoteplotné subfacie amfibolitovej

facie, IV — amfibolitovo-granulitova facia,
V — histogram distribtcie Ti v amfiboloch
metabazitov oblasti Rudnian (n — pocet
analyz)
1,4 14
20
1,2 3+
L
1,01 Porgosite
S
v
AM 18 \
06 B :
04 be
0,2
Edenite Actinolite
60 65 70 75 80
St

Fig. 13. Plot of AIVI:Si dependence (Raase
1974); A — high-pressure metamorphism, B —
low-pressure metamorphism

Obr. 13. Diagram zavislosti AlV!:Si (Raase.
1974); A — vysokotlakova metamorfoza, B —
nizkotlakova metamorfoza
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Distribution coefficients

To collect the information on the
origin conditions of coexisting garnets
and amphiboles, the distribution of
some elements in these minerals was
also employed. The distribution of Mg,
Fe, Mn, Ti and Ca between garnet and
amphibole, and 'or amphibole and pla-
gioclase (Pertchuk 1970, Matkovskiy
1978) was calculated. For calculation of
distribution coefficients the average
contents of the mentioned cations in
the individual samples were taken into
consideration. Since the results are
almost identical, only some of them are
presented (Table 3).

Sample 1: From the whole series,
the lowest origin temperatures (510—
520 °C) were calculated in the couples
garnet—amphibole and amphibole—pla-

gioclase. These ones correspond to
the transitional temperatures between
the green-schist facies and the low—
temperature area of the amphibolite
facies. According to different classifying
schemes of the metamorphic facies
(Eskola 1939, Turner 1968, Winkler 1967
and others) the given mineral pairs
originated in the highest temperature
subfacies conditions of the green-schist
facies, and or in conditions of epidote
amphibolite facies to conditions of the
lowest temperature subfacies of the
amphibolite facies. In concordance with
the present tendency of classifying the
metamorphic complexes into 4 main
groups (very low, low. medium and
high-grade — Winkler 1979), the mi-
nerals originated in “medium grade
metamorphism” conditions. At the same
time, it is characteristic that in com-

Distribution coefficients
Distribu¢né koeficienty

Tab. 3

Sample I

)<hi11‘\Ig = 5;56 Ty =510 °C Xgang = 0,14

Xnni€a =0,80 x == 520 °C Xplag€a = 0,32
Sample II

a) XppMe = 0,68 x = 580 °C XgarM2 = (,38

b) XnnMe = 0,61 Tx = 600 °C XgarM2 = 0,36
Sample V

Xhp1Me = 0,61 Tx = 620 °C XgarMs = 0,28

Explanations:

XhpiMe = =8 :
Mg -+ Fe + Mn
Xgang = £

Ca+4+Na4K '’

Mg
Xnpita = ;
Mg + Fe -+ Mn
X Ca — .
i Ca+Na+K
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parison with the other analyzed amphi-
boles, the same lowest temperature
conditions of origin were exhibited
also by projections of analyzed amphi-
boles in diagrams with different co-
ordinates (Figs. 8, 9, 11, 12).

Sample 2:In two of the coexist-
ing garnet and amphibole couples the
distribution coefficient offered the tem-
peratures of the origin 580 and 600 °C.
Temperatures like that are characteristic
for “medium grade metamorphism”
(Winkler 1979).

Samples 5: Calculated distribu-
tion coefficients between garnet and
amphibole of this sample indicate also
“medium grade metamorphism” condi-
tions (620 °C).

Discussion

Considering the metamorphic history
of the Paleozoic rocks in the area of
Rudnany, designated as the “gneiss —
amphibolite complex” (Hovorka et al.
1979), their genesis may be presented
in the following ways:

a) The classic concept of the “regio-
nal” progressive metamorphism due to
considerable effect of stress and eleva-
ted temperature is not likely because
of limited thickness of the studied
complex of amphibolite facies meta-
morphites occurring in metamorphites
of green-schist facies.

b) Mineral assemblages under con-
sideration may also have originated via
the overheating of the studied rock
complex due to the effect of the Varis-
can plutonite intrusions. This type of
genesis is in contradiction with the
following facts:

i) transitions into the surrounding
rocks. i. e. metamorphites of green—
schist facies can be traced locally
towards the overlying and underlying
rocks (in the case of appropriate litho-
logy of the surrounding rocks);

i) metamorphite mineral assemblages
of amphibolite facies (paragneisses and
amphibolites) are continually appearing
within the whole area (the length of the
gneiss-amphibolite complex is about
3 km!) as well as in the cross profile
of their occurrence. No features of
zonal distribution of critical minerals
conditioned by thermic effect of intru-
sion have been observed;

i) metamorphites under consideration
have mostly areally parallel textures
which would not be so definite in the
case of rocks originated in the exo-
contact of the intrusion.

¢) The presence of gneiss-amphi-
bolite type metamorphites within the
metamorphites of considerably lower
metamorphic grade (green-schist facies)
in so far known occurences (Dob$ind—
Rudnany—Vysny Klatov) enables to
interpret their origin as the consequen-
ce of tectonic — recrystallization pro-
cesses in the zone of crustal subduction
of the Gemeride block under the
northern Tatraveporide block. These
occurrences are parallel with the contact
of the Gemeride block (of the Volovec
zone) with the Veporide — Slubica
crystalline complex along the Marge-
cany—Lubenik lineament. However,
this way of gneiss-——amphibolite type
metamorphite origin is opposed mainly
by the structures of blasthesis of gneiss
and amphibolite mineral assemblage in
quasi—static conditions (i. e. weak
pressure phenomena at the origin of
given mineral assemblages).

d) Mineral assemblages under consi-
deration originated most probably as
the product of recrystallization of ori-
ginal mineral assemblage of meta-
psammites and metapyroclastics of the
green-schist facies (chlorite -} albite
quartz + carbonate 4 actinolitic amphi-
bole) in the zone of elevated heat flow
(a weakened- tectonized belt). In this
type of metamorphic recrystallization
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an important part was played by the
heat effect; the pressure effect was not
of such importance. According to this
interpretation, areally parallel textures
of gneisses and amphibolites represent
the product of overprinting meta-
morphic recrystallization of originally
directed mineral aggregate. This inter-
pretation of the genesis of amphibolite
facies metamorphites is supported by
the following lines of evidence:

1) concordant, generally plate to
lenticular — longitudinal shape of gneiss
and amphibolite complex (Hovorka et al.
1979) in the lower grade metamorphic
metamorphites:

2) in the case that in the overlying
and underlying rocks of the gneiss—
amphibolite complex (originally micro-
scopic-grained psammites of graywacke
tvpe with layers of fine—grained
volcanoclastics of basic volcanics) the
graphitic schists of the Carboniferous
occur, their mutual contact is a sharp
one: in the case that in direct environ-
ment of the discussed metamorphites
other rock types are occurring (conglo-
merates with sand matrix, pebbles), the
effects of thermal recrystallization were
observed in these rocks. Transitions
from the gneiss—amphibolite complex
into the surrounding rocks are in these
cases the gradual ones.

3) within the complex of gneisses
and amphibolites the albitized types
were discovered, i. e. migration of
mainly alkaline metals appeared locally.
In the essential rock tvpes this process
is documented by the origin of pro-
nounced porphyroblasts of albite,
veinlets (locally oriented in oblique and
perpendicular direction toward the fo-
liation of the rock) with monomineral
albite filling. The mentioned processes
are most probably appearing in tec-
tonically prepared zone with presence
of elevated heat flow

4) Disccvered simple

(not  zonal)

structure of metabasite garnets is the
most probable consequence of rapid
overheating of the complex under static
conditions.

In the course of recent years (Cambel
1980, Kantor 1980) the age of amphi-
bolite facies metamorphites of the
northern margin of the gemeride block
(Dobsina, Rudnany, VysSny Klatov) has
been stated. The following data of the
metamorphite age were discovered with
the use of Ar K method.

Paragneisses: Rudnany — 286.5 —
my: Dedinky — 272,5 my: Dob$ina —
258 + 25 my: Amphibolites: (amphi-
beoles of amphibolites were analyzed):
Dobsinda—Langenberg — 357.7 + 15.6
my: Dobsind—Gugl — 338.5 + 15,5 my;
Vysny Klatov — 3625+ 14 my (all
data in B. Cambel 1980); Vysny Kla-
tov 391 + 18 my: Vysny Klatov —
448 + 23 my, Kosicka Bela — 337 + 16
my (data in Kantor 1980).

These data provide the information
that the age of the amphibolite amphi-
bole genesis is considerably higher than
that of mineral assemblages of gneisses.
They correspond to the ages on the
boundary of the Upper Devonian — the
Lower Carboniferous, while the para-
gneisses originated within the Upper
Carboniferous — the Permian., It is
necessary to emphasize the fact that the
positions of gneisses and amphibolites
in all the mentioned localities belong to
one and the same complex of meta-
morphites with multiple interstratify-
ing of gneisses and amphibolites in the
vertical section of the given meta-
morphosed complexes. their origin is
definitely a syngenetic one according
to the geological criteria.

The problem of siratigraphic identi-
fication of the gneiss—amphibolite
complexes of the gemeride Paleozoic
still remains a crucial issue. Whilst in
the area of Dobsina (Rozloznik 1965)
and Vys$ny Klatov (Dianiska — Grecula
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1979) the complexes are considered to
be a part of the Early Paleozoic Rako-
vec group, discontinuous transitions of
gneiss—amphibolite complex in Rudna-
ny into psammites regarded definitely
as the Upper Carboniferous express the
urgent need to solve the problem of the
stratigraphy of the rock complexes
regarded as the Lower Paleozoic (the
Rakovec group), and or the Upper Car-
boniferous.

Conclusions

i) Examination of chemical compo-
sition of coexisting garnets and
amphiboles of metabasites from Rud-

nany area enables to state that
the mentioned rock types defi-
nitely belong to metamorphites of

amphibolite, and or epidote—amphibo-
lite facies. In concordance with con-
temporary trend of classifying meta-
morphite complexes (Winkler 1979),
examined metamorphites belong to the
group “medium grade metamorphites”.

i) Chemical composition of garnets
corresponds to the type with prevailing
almandine and substantial presence of
pyrope and grossulare molecules.
Garnets have a simple (not zonal) struc-
ture, which is conditioned by probable
consequence of their origin under
static conditions. Amphiboles belong to
the group of calcic amphiboles (Leake
1978), while most of analyzed grains
belong to the subgroup of Mg-hornblen-
de. On the basis of Al''Si ratio in
amphiboles, according to the criteria
of P. Raase (1954) they have originated
in low to medium — pressure meta-
morphic conditions,

i) Calculated distribution coefficients,
mainly Mg, and Cay,"'*® prove that
these minerals originated at tempera-
ture within the range 500—600 °C. The

lowest calculated temperatures (500,
510 °C) are those of garnets, amphiboles
and plagioclases from sample I. Amphi-
boles and garnets from this sample
originated at lower temperatures also
according to their chemical composition
in comparison with others.

1) On the basis of occurrence, textural
features and composition of coexisting
garnets and amphiboles, the most likely
seems to be the origin of amphibolites
under consideration (and in this way
also the origin of surrounding gneisses)
in tectonically suitable zone of consi-
derably elevated heat flow, while the
graphitic schists played the role of heat
barrier.

Translated by Hana Budajova
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Koexistujuce granaty a amfiboly metabazitov oblasti Rudnian

DUSAN HOVORKA — JAN SPISIAK

V metabazitoch komplexu hornin zarado-
vanych do vrchného karbdnu, ktoré sa v mi-
nulosti interpretovali ako intruziva (Manda-
kova et al., 1971), resp. ako metamorfity
amfibolitovej facie (Hovorka et al., 1979), sme
pomocou elektrénového mikroanalyzatora ba-
dali chemické zlozenie koexistujucich grana-
tov a amfibolov. Vysledky vyskumu priniesli
jednoznacné dokazy o vzniku tejto mineral-
nej asociacie pri metamorfoze v podmienkach
amfibolitovej facie, resp. metamorfézy .me-
dium grade* (v zmysle Winklera, 1979). Su-
casne prebiehajuce prieskumné banské prace
priniesli dalSie dokazy o vystupovani .rulo-
vo-amfibolitového komplexu* (Hovorka et al.,
1. ¢) v horninach, kioré sa zaraduju do
vrchného Kkarbénu, pri¢com inkriminovany
komplex eruptiv (metamorfitov) ma tvar loz-
nej polohy az pretiahnutej SoSovky s postup-

lin, 403 p.

Woodsworth, G. 1977: Homogenization
of zoned garnets from pelitic schists.
Canad. Mineralogist (Ottawa), 15.

nym vyklitovanim v smere Z—V (Kusak,

ustna informacia), Nateraz zname rozSirenie
komplexu je v dizke viaésej ako 3 km. Jeho
hranice s nadloznymi a podloznymi (karbon-
skymi ?) horninami su ostré (v pripade grafi-
tickveh bridlic) alebo pozvolné (v pripade
psamitov a jemnozrnnych extruziv bazickych
vulkanitov).

Chemické zloZenie granatov metabazitov
zodpoveda typu s prevladajucou almandino-
vou a podstatne zastipenou pyropovou a gros-
sularovou molekulou. Maju jednoduchu (ne-
zonalnu) stavbu, ¢o je pravdepodobne vysle-
dok ich vzniku za vys$Sej teploty. Amfiboly
metabazitov patria do skupiny vapenatych
amfibolov, pri¢om véé¢sina analyzovanych zrn
patri do podskupiny Mg amfibolov (Leake,
1978). Na zaklade pomeru AlIV! a Si v Struk-
ture amfiboly podla kritérii P. Raasa (1974)
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vznikli v nizkotlakovych, resp. az v stredno-
tlakovych metamorfnych podmienkach.

Vznik analyzovanych amfibolov v pod-
mienkach amfibolovej facie dokumentuje aj
vysoky obsah Ti (obr. 13), pomer AlVI: AllV
a ich vzfah k Si — tymto vzfahom mnohi
autori prisudzuju zasadny Kiasifika¢ny aj ge-
neticky vyznam (obr, 1lla, 11b), ale aj zeleno-
hnedy (gama) pleochroizmus amfibolov a i.
Pritom uvedené stanovenia koreluju so zis-
tenym chemickym zlozenim Kkoexistujucich
granatov aj s celkovou mineralnou asociaciou
amfibolitov (chybanie koexistujuceho chloritu
ako typického reprezenianta facie zelenych
bridlic, ale aj iba lokalna pritomnosf pravde-
podobne nalozeného epidotu — bazicita plagio-
klasu, obsah An vyse 26 ", a i.).

Vypocitané distribuéne koeficienty najma
Mgami® a CaamiP!22 dokumentuju teplotu vzni-
ku tychto mineralov od 500 do 600 °C (Percuk,
1970, Matkovskij, 1978). Pritom najnizSia vy-
poéitana teplota (500, 510 °C) patri granatom,
amfibolom a plagioklasom zo vzorky I. Amfi-

I. F. Zubkov : Problém geologickej formy
pohybu hmoty. 1. vyd. Bratislava, Pravda
1981. 272 s.

Recenzovana monografia je prekladom
z rustiny (Problema geologi¢eskoj formy dvi-
zenija materii, Moskva, Nauka 1979. Prelozil
M. Rehédk) a zaobera sa jednym z najzavaz-
nejSich problémov geologie — geologickou
formou pohybu hmoty, ako aj s nim suvisia-
cimi filozoficko-metodologickymi  otazkami
tejto vedy.

Geologicka forma pohybu hmoty sa do-
stala do centra pozornosti filozofov i geolo-
gov v suvislosti s vymedzovanim objektu ba-
dania geolégie, ale najmi jej miesta v sys-
tematike prirodnych vied. Materialistické kla-
sifika¢né systémy, ako je zname, vychadzaju
pri klasifikacii vied z ich vzfahu k formam
pohybu hmoty. Problémy vznikli tym, ze
F. Engels pri vymedzovani zdkladnych foriem
pohybu hmoty geologickiu formu neuvadza,
a pretoze podIa neho a dalSich filozofov kaz-
da veda sa =zaobera istou formou pohybu
hmoty, vznikali spory o tom, do akej miery
je geol6gia samostatnou vedou, ako aj o tom,
¢o treba rozumief pod formou pohybu hmoty
vobec.

Spomenuté a mnohé dalSie otazky z roz-

boly a granaty aj podla chemického zlozenia
v porovnani s ostatnymi vznikli pri nizsej
teplote.

Podla geologickej pozicie komplexu rul a
amfibolitov, texturnych znakov =zakladnych
horninovych typov a ich mnohonasobného
striedania, ale aj zlozenia skumanych koexis-
tujucich granatov a amfibolov metabazitov je
najpravdepodobnejsie, ze Studované horniny
(amfibolity, ale aj okolné ruly) vznikli v tek-
tonicky predisponovane] zone vyrazne zvyse-
neho tepelného toku. Grafitické bridlice
v okoli tejto zony sa miestami uplatnili ako
vyrazna teplotna bariéra, Rozpornost vo vy-
stupovani a zaradovani litologicky celkove
podobnych komplexov v oblasti Dobsinej.
Rudnian a Vys$ného Klatova (starsie paleo-
zoikum: karbon) nastoluju nevyhnutnost
prehodnotif stratigraficku prislusnosf metase-
dimentov a metaeruptiv severného okraja ge-
merika, ktoré sa sucasne zaraduju do rako-
veckej série a vrchného karbonu.

RECENZIA

licnych aspektov analyzuje Zubkovova mono-
grafia. V sovietskej literature sa tymto prob-
lémom venovalo vela autorov a ich publi-
kacie su pristupné aj naSim Ccitatelom, ale
aj tak po rusky pisana filozoficka literatura
kladie najmd na ,nefilozofov* vysoké naro-
ky. Preto treba vrele privitaf po¢in nakla-
datelstva Pravda vydaf recenzovanu publi-
kaciu v slovencine, a tak spristupnif Sirokej
verejnosti, osobitne geologickej, rieSenie filo-
zofickych problémov geologie.

Popri zakladnych otazkach formy pohybu
hmoty a geologickej formy pohybu hmoty
osobitne, ich vzfahu k inym formam pohybu
hmoty atd. najde citatel v praci aj rieSenie
radu filozofickych otazok geoldogie a geolo-
gickych vied, ako aj predmet a objekt geo-
logie a jej vednych disciplin, vzfah dialekti-
ky a geologie ako systému, problémy formo-
vania teoretickej geologie, zakony geologie
z filozofického pohladu, teoretické ¢lenenie
geologickych a pribuznych vied a pod.

Monografia I. F, Zubkova nastoIuje aj nie-
ktoré teoretické otazky geologie a aj z tohto
hfadiska by mala patri{ do zakladného kniz-
neho fondu nielen filozofov, ale najmi geo-
logov.

J. Babcan
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