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Abstract: The granitoids of the Thtra Mts. in the Western Carpathians, form a pluton, composed of several types ranging 
from leucocratic granite and granodiorite to tonalite and diorite. The sheet-like intrusion is accomodated in the upper tec­
tonic unit of an inverted metamorphic sequence. REE-pattems show low fractionation of magma, as well as low differen­
tiation among several types forming the pluton. Chemical composition and physical properties indicate a heterogeneous 
supracrustal mantle source. Afinity to high-potassium, calc-alkaline, I-type, together with oxidation of magnetite suggest 
generation through partial melting of older metaigneous material. Fluid-absent melting of muscovite and biotite are sug­
gested as major melting reactions during decompressional uplift, consistent with clockwise P-T-t path in metamorphic 
rocks. Intrusion into a dextral shear zone, generated during Variscan collision-transpression is proposed as a preliminary 
model of magma emplacement.
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Introduction

Granitoid rocks form the major part of the pre-Alpine basement 
in the Western Carpathians, and are generally considered as 
products of the Variscan orogeny (Cambel et al. 1985; Hovorka 
& Petřík 1992; Petřík et al. 1993,1994 this volume). Abundant 
granitoid plutons are exposed mainly in the core mountains of 
the Central Western Carpathians, the Thtra Mts. are one of the 
best examples.

On the basis of previous investigations (e.g. Michalik 1951; 
Gorek 1959; Gorek & Veizer 1966; Burchart 1970; Skupiňski 
1975; Broska et al. 1993), the granitoids of Thtra Mts. form 
a pluton, composed of leucocratic granites to biotite and horn­
blende-bearing tonalites and diorites. Their Variscan age was 
documented by geochronology (Burchart 1968; Maluśki et al.
1993). On the basis of field observations, a sheet-like character 
for the granitoid intrusion was proposed (Gorek 1959). The tec­
tonic position of the granitoids together with their migmatitic 
mantle above mica schists was documented in the Western Thtra 
(Kahan 1969). In recent years inverted metamorphic zonation 
in the Western Thtra has been observed (Janák 1992a,b, 1993; 
Janák et al. 1993), supporting the structural position of grani­
toids within a higher-grade metamorphosed slab of migmatites, 
thrust above lower-grade mica schists. Structural study in the 
Western Thtra (Fritz et al. 1992) distinguished the kinematics 
and conditions of Alpine vs. pre-Alpine tectonics, suggesting 
generally S and S - E vergent Variscan thrusting involving grani­
toids in the hanging wall.

The aim of this paper is to present new geochemical and pe- 
trophysical data. We discuss possible constrains on the melt 
source and propose a preliminary model for the emplacement 
and petrogenesis of the Thtra granitoids.

Geological setting and field relations

The Thtra Mts. are typical core-mountains belonging to the 
Thtric Unit of the Central Western Carpathians (e.g. Andrusov 
1968 ; Mahef 1986). The crystalline basement of the Thtra is 
composed of pre-Mesozoic metamorphic rocks and granitoids, 
overlain by sedimentary Mesozoic and Cenozoic cover se­
quences and nappes (Fig. 1). Geological investigations concern­
ing granitoids and the crystalline basement have been 
presented mainly by Sokołowski (1956), Gorek (1959), Jaros­
zewski (1967), Kahan (1969), Burchart (1970), Skupiňski 
(1975) and Nemčok et al. (1993).

On the basis of field relations and study of metamorphic zo­
nation, two superimposed tectonic units have been distinguished 
(Janák 1992a,b; Janák et al. 1993; 1994 this volume): 

a - the lower unit, composed of staurolite, kyanite and sillima- 
nite-bearing mica schists;

b - the upper unit of migmatitic ortho- and paragneisses, amphi- 
bolites and rare calc- silicates penetrated by granitoid intrusion.

Both structural units form a nappe pile, exhibiting an inverted 
metamorphic zonation (Janák 1993; Janák et al. 1993,1994 this 
volume), as shown in a schematic profile (Fig. 2) observable in 
the Western Thtra.

The lower unit shows neither penetration by granitoids, nor 
migmatization. Mineral assemblages and metamorphic zones 
(staurolite-kyanite to kyanite-sillimanite) indicate increasing 
metamorphism towards the thrust contact (Janák et al. 1988, 
1993; Janák 1994 this volume).

The upper structural unit shows widespread migmatization 
(Fig. 3) and accommodation of granitoid melt. The pluton oc­
cupies higher structural levels, closely associated with medium 
- to low-pressure migmatites (Figs. 2,3), calc-silicates and meta-



302 KOHUT and JANAK

ZAKOPANE

- M-ł' ' '  ̂ *1 . + • +
♦+; + A r s J  ♦

*■: +Western Tatra гг:: ж
. + . + , + . + . + . + .  f/+ 4 i • + • / .  
+ . + • VeLBrdórovó Егора + ■»*• + . **< *./ + Г • У  *  ’ + lomnický ÍL + 4  * я У  о о

• + •  + •+ ««+ • + '+)• Vu-ŕ • JKl t" 4 * 4  + • +\ л. * » * ' * 2И2’ + ' V е • •

Tot re n sk o

s*Vv iwsr-'“ ---
Štrbské Pteso

«л • Bratislava
LIPT. MIKULÁŠ

^  Pribytíno

POPRAD

[ • . v l  гРТЯ з[ГГЛ «l;t;:l sľ . v l  *1-—' 1 »I I  9 í-—  ̂ “»EZÜ " E 3  ,гЕЕЭ

Fig. 1. Simplified geological map of the Tatra Mts., according to Janák et al. (1993). Explanations: I - Paleogene; 2 - Mesozoic; 3 - 5 granitoids: 
3 - Goryczkowa type, 4 - common Tatra type, 5 - High Tatra type; 6 - migmatites; 7 - amphibolites; 8 - mica schists; 9 - lithological boundaries; 
10 -faults; 11 - Variscan thrust fault; 12 - Alpine thrust fault.
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Fig. 2. Schematic profile of inverted metamorphic zonation in the 
Western Tatra. Structural position of granitoids is shown with respect 
to major Variscan tectonic units, lithology and metamorphic zones.

basites of the sillimanite zone. The base of the overthrust unit is 
composed of mylonitic ortho- and paragneisses and amphibol­
ites with relics of high-pressure metamorphism (kyanite, clino- 
pyroxene and garnet), partly overprinted by lower- pressure re­
crystallization and retrogression. More details about mineral 
assemblages and metamorphic conditions have been presented 
in Janák et al. (1988,1993) and Janák (1994 this volume).

Marginal parts of the pluton exhibit transitional contacts with 
surrounding migmatites and common preferred orientation of 
the fabric (Fritz et al. 1992). According to kinematic indicators, 
mainly feldspars, micas and quartz (Berthé et al. 1979; Simpson

& Schmid 1983), the granitoids show a generally dextral E-W 
shear in ductile conditions of non-coaxial deformation. Accord­
ing to Fritz et al. (1992), oriented fabric in granitoids can be 
attributed to deformation (D2), related to late-Variscan exten­
sion, or extensional segment of strike-slip. An earlier congress­
ional deformation (Dl) is preserved only sporadically in the 
metamorphites, indicating the top to the SE direction of dis­
placement, as a consequence of Variscan thrusting and uplift of 
the upper unit (Fritz et al. 1992; Janák 1992,1994 this volume). 
Where not in contact with a metamorphic mantle, the granitoids 
exhibit a more homogeneous fabric, suggesting that the magma 
was less affected by shear strain. Alpine deformation, in contrast 
to Variscan, is mostly in brittle or brittle-ductile conditions, 
generally of top to the NW orientation (Fritz et al. 1992), inter­
preted as a consequence of Alpine thrusting. The most intense 
Alpine deformation is localised along the major normal faults 
transsecting the granitoid pluton and in the contact with the 
Mesozoic and Paleogene (Fig. 1). For further details about tec­
tonics see also Jaroszewski (1967), Kahan (1969), Nemčok et al.
(1993), Želazniewicz (1993a, b).

Petrography

The following granitoid types have been distinguished in the 
Western and High Tátra: 

a - biotite-amphibole-quartz diorite; 
b - biotite granodiorite to tonalite transitional to muscovite- 

biotite granodiorite (’’High Tätra type” s.s.);
с - biotite and muscovite-biotite granodiorite to granite, 

slightly porphyric ( ’’common Thtra type”);
d - porphyric granites to granodiorites with phenocrysts of 

pinkish K-feldspar (’’Goryczkowa type”).
Biotite-amphibole-quartz diońte appears mainly on the eas­

tern ridge of Krížna in the Western Thtra, as well as in the other
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Fig. 3. Phototables a-f. a - General view showing the position of granitoids in the Western Tatra with respect to tectonic structure (dashed line) 
separating the lower and upper tectonic units. The main ridge of Roháče - Tri Kopy above Žiarska Valley, b - Deformation of granitoids (common 
Tatra type) in the marginal zone of the pluton in the Western Tatra, с - Metamorphicxenoliths at the contact with granodiorite intrusion (High 
Tatra type) exhibiting common deformation in ductile conditions. Biotite, sillimanite and garnet-rich mafic ’’schlieren” and leucocratic granite 
melt are produced. High Tatra, Velická Valley, d - migmatization and partial melting in gneisses at the base of the upper structural unit. Western 
Tatra, Tmovecká Valley, e - Veins of granite composition in partially melted tonalitic gneiss. The melt segregations and pods can be observed in 
the tensional fractures. Upper structural unit, the Western Tatra, Bystrá Valley, f - Granitoid melt, penetrating gneiss, indicating melt-enhanced 
deformation and shearing.

places not shown on the map, because of forming only small sphene, zircon, magnetite, pyrite, ilmenite ± allanite. Hom-
bodies and lenses of several meters to tens of meters within the blenede is often altered to biotite, plaginriasp is strongly seridtized.
biotite-muscovite granodiorite of the common Tatra type. The average modal composition is presented in Tab. 1.
The rock is melanocratic, medium-grained with hypidiomor- Biotite granodiorite to tonalite, transitional to muscovite-biotite
phic to porphyric texture. Mineral composition is: plagioclase, granodiorite (’’Higfi Tatra type s.s. This type appears only in the
hornblende, quartz, biotite ± K-feldspar, with accessoiy apatite, High Tätra (Fig. 1), mostly between Hrebienok and Mengušovská
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Table 1: Average modal composition of granitoid types of the ~btra Mts.

Quartz diorite (n=4) High Tätra type(n=15) Tätra (common) type (n=18) Goryczkowa type (n=13)

Y R X s R V X s R V X s R V

Quartz 10.3 3.2-15.1 29.8 4.1 21.5-34.5 13.6 33.1 3.7 27.6-36.6 11.2 32.2 4.8 28.3-38.3 14.9

Plagiodase 37.2 28.5-40.3 50.5 5.9 41.8-63.2 11.7 36.8 4.4 29.8-47.6 12.0 33.4 4.2 25.2-41.2 12.6

Alkali-Feldspar 0.3 0.0-1.2 6.6 2.3 0.4-13.8 34.8 19.5 4.9 9.9-28.6 25.1 25.7 5.0 18.2-34.8 19.5

Biotite 12.1 10.4-15.6 9.7 3.0 3.7-13.5 30.9 5.4 1.1 2.3-7.4 20.4 4.0 1.0 2.5-6.9 25.0

Muscovite - - 1.7 0.7 0.0-3.3 41.2 4.0 1.2 2.2-7.0 30.0 3.4 1.1 2.3-5.3 32.3

Amphibole 
Access.______

38.4 35.3-55.0 - - - - - - - - - - " -

1.9 1.4-3.4 1.6 0.4 1.0-2.2 25.0 1.2 0.3 0.7-1.6 25.0 1.3 0.3 0.9-1.9 23.1

Explanations: n  - number o f samples; x  - arithmetic mean; s  - standard deviation; R - range; V - variation coefficient. (Values of x, s, R - are given
in volume % and V in %).

Valley. The texture is medium-grained, mostly homogeneous, in 
contact with xenoliths and screens of metamorphic mantle, the 
texture shows a preferred orientation of feldspars and biotite, 
parallel to the foliation in embedded metamorphites. Asymmetric 
tails of feldspar phenocrysts, mainly plagiodase, indicate ductile 
deformation with a dextral sense of shearing. Mineral composi­
tion of granodiorite* and tonalites isr. plagiodase, quartz ± K- 
feldspar, biotite ± muscovite, accessory apatite, zircon, mona- 
zite, ilmenite ± magnetite. Plagiodase I with АП35-45 is enclosed 
in twinned phenocrystic plagioclases II of Апм-э* composition. 
Plagiodase III is albite, commonly interstitial between older pla- 
gioclase grains. The modal composition is shown in Täbs. 1 and 3.

In some places (e.g. Velická Valley, Fig. 3), at the contad be­
tween biotite granodiorite (tonalite) and garnet and sillimanite- 
bearing metapelites, leucocratic veins and segregations of nearly 
eutectic granitic composition can be observed, indicating melt­
ing reactions in the metapelite driven by ascending hot grano­
diorite magma.

In the upper part of the Velická Valley, mafic enclaves in rather 
homogenous granodiorite to tonalite can be observed (Janák et al. 
1993). The endaves are oval-shaped, with microgranular texture of 
tonalitic to dioritic composition, indicating their magmatic origin. In

Q
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Fig. 4. Classification diagram QAP according to IUGS for investi­
gated granitoids. Symbols: 1 - Goryczkowa type, 2 - common Tatra 
type, 3 - High Tatra type, 4 - quartz diorite.

contrast to metamorphic xenoliths, mafic enclaves may repre­
sent batches of more basic magma, mixing with the surrounding 
more add magmas, similar to the situation in the THbeč Mts. 
and some other Western Carpathian I-type granitoid plutons 
(Petřík & Broska 1994; Broska et al. 1993).

Biotite and muscovite-biotite granodiorite to granite, slightly 
porphyric (the common Tatra type) is very similar to the previous 
type, except for its more felsic varieties of granite composition. 
This type is most abundant in the Western Tätra (Fig. 1). Mac- 
roscopically, the rock is medium- to coarse-grained, in some 
parts phenocrysts of white plagiodase or pinkish K-feldspar 
reach 1 -1.5 cm size. Muscovite is more abundant, the mineral 
composition is similar to the previous (”High Tätra type”), as 
shown in Täbs. 1 and 3, differing only in the modal abundance. 
In the Western Tätra, in the marginal zone of the pluton, the 
fabric is mostly oriented, defined by deformation of biotite, feld­
spars and quartz (Fig. 3).

Porphyric granites to granodiorites (’’Goryczkowa type”) show 
abundant phenocrysts of pinkish K-feldspar up to 2 - 3 cm in 
size. This type is relatively well distinguishable and appears 
mainly in the northernmost part of the pluton, or as detached 
tectonic slices of the crystalline basement involved within Meso­
zoic nappes in the northern part of the High Tätra (Goryczkowa, 
Giewont, Javorinská, Široká), Fig. 1. Its mineral composition is: 
K-feldspar, plagiodase, quartz, biotite, muscovite, accessory 
apatite, zircon, magnetite, allanite, monazite ± ilmenite (Täb. 1).

The modal composition of the above distinguished granitoid 
types is plotted in the QAP diagram in Fig. 4, exhibiting the 
classification according to IUGS.

The presence of accessory minerals - monazite, allanite, mag­
netite and ilmenite (Broska et al. 1993) in some rocks of the 
same type is in contradiction with the antagonism between mon- 
azite-bearing and allanite-bearing granites, observed in some 
Western Carpathian granitoids (Broska & Gregor 1992).

Geochemistry

The chemical composition of selected representative samples is 
presented in Täb. 3, the average composition of above distinguished 
types, including already published analyses, is given in Täb. 2.

The investigated granitoids belong to the calc-alkaline mag­
matic series, which is documented by diagrams in Fig. 4 and 5. 
As shown in Fig. 5, most of the analysed samples plot within the 
medium-potassic field, part of them, mostly porphyric K-feld- 
spar-bearing granites belong to high-potassic, calc-alkaline 
rocks. However, extrapolated Peacock’s index ALI = 62-63 
corresponds rather to the Ca-series, which is also supported by 
the high content of CaO, reaching 3.5 wt. % in some samples
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Table 2: Average chemical composition of the Thtra Mis, granitoid types. Major elements in wt. %, minor elements and REE in ppm.

Quartz diorite (n = 6 ) * High Iktra type fn=13) Iktra f common') type (n=19) Goryczkowa type (n=lO')
X s R V X s R V X s R V X s R V

S i0 2 52.58 3.12 48.79-60.77 5.9 68.16 2.33 63.97-71.57 3.4 70.55 1.89 67.12-73.38 2.7 71.8 1.23 69.54-73.93 1.7
Tio2 0.98 0.28 0.40-1.30 28.6 0.82 0 .2 0 0.30-1.40 24.4 0.77 0.14 0.21-1.45 18.1 0.46 0 . 1 2 0.18-1.12 26.1
A I2O 3 15.05 0.93 13.07-17.30 6 .2 15.32 0.98 13.34-19.70 6.4 14.62 0.79 11.69-16.22 5.4 13.94 0 .8 8 12.6 -15.89 6.3
F e 2 ° 3 3.32 1.23 1.33-6.45 37.0 1.36 0.64 0.55-3.12 47.1 1.43 0.53 0.47-3.02 37.1 1.42 0.46 0.27-4.04 32.4
FeO 5.86 0.47 5.48-6.91 5.0 1.56 0.58 0.14-3.50 37.2 1 .2 1 0.48 0.18-2.06 39.7 1.13 0.42 0.18-1.95 37.2
MnO 0 .2 1 0 .0 2 0.18-0.24 9.5 0.05 0 .0 1 0.04-0.06 2 0 .0 0.04 0 .0 1 0.03-0.05 25.0 0.03 0 .0 1 0.02-0.04 33.3
MgO 8.19 2.08 5.43-10.91 25.4 1.03 0.33 0.69-1.60 32.0 0.84 0.26 0.56-1.16 30.9 0 .6 8 0.16 0.31-1.09 23.6
CaO 7.13 1.85 4.31-10.22 25.9 2.72 0.30 2.34-3.50 1 1 .1 2.52 0.62 1.33-3.27 24.6 1.53 0.38 0.64-2.21 24.8
Na20 2.65 0.72 1.56-4.19 27.2 4.03 0.41 3.28-4.85 1 0 .2 4.41 0.31 3.96-4.77 7.0 4.06 0.29 3.66-4.61 7.1
k 2o 1.52 0.38 1.05-2.43 25.0 1.81 0.30 1.51-2.74 16.6 2.18 0.40 1.47-3.15 18.3 3.23 0.47 2.23-4.13 14.6
P2O5 0.26 0.08 0.09-0.35 30.8 0.26 0 .1 2 0.13-0.46 46.2 0 .2 0 0.07 0.06-0.41 35.0 0.23 0.08 0.13-0.44 34.8
h 2o + 1.96 0.39 0.42-2.49 19.9 0 .8 8 0.38 0.43-1.54 43.2 1.03 0.33 0.46-2.14 32.0 0.82 0.31 0.28-1.45 34.1
H?cr 0.27 0.16 0.06-1.00 59.6 0.58 0 .2 1 0.23-1.39 36.2 0 .1 2 0 .1 0 0.05-0.61 83.3 0.39 0 . 1 2 0.08-1.03 30.8

Sr - 554 8 6 306-654 15.5 573 92 251-714 16.1 434 35 398-614 8 .1
Rb - 62 1 0 41-87 16.1 53 14 32-100 26.4 70 8 46-94 11.4
Ba - 933 285 460-1620 30.5 1042 291 480-1300 27.9 1389 364 810-2280 26.2
Zr - 182 43 103-255 23.6 167 32 131-231 19.2 123 18 56-179 14.6
Y - 15.64 4.82 7-26 30.7 11.89 4.53 4-17 38.1 12.70 3.62 6-29 28.3
Nb - 9.91 1.90 5-15 19.2 8.84 1.25 7-11 14.1 8 .0 0 1.51 5-13 18.9
Tk - 0.40 0.16 0.26-0.65 40.0 0.33 0.06 0.26-0.48 18.2 0.32 0.09 0.17-0.49 28.1
Hf - 5.00 0.35 4.00-6.10 7.0 4.45 0.42 3.70-5.40 9.4 3.54 0.35 1.75-4.90 9.9
Th - 9.39 2.92 5.20-14.8 31.1 7.84 1.51 6.30-12.4 19.3 7.96 0.82 6.10-13.1 10.3
U - 2.82 1 .2 0 0.50-8.6 42.5 2 .2 0 1 .1 0 0.48-7.80 50.0 2.60 0 .6 6 1.35-4.60 25.4
La - 31.25 9.58 17.9-43.0 30.7 28.38 6.52 19.8-38.0 23.0 25.44 4.53 19.1-39.0 17.8
Ce - 74.14 18.61 46.5-102 25.1 66.08 13.50 44.5-91.5 20.4 58.40 6.78 47.5-91.0 1 1 .6
Nd - 32.07 8.64 22.7-45.5 26.9 27.76 5.95 20.9-38.5 21.4 2 2 .0 2 2.89 16.9-35.5 13.1
Sm - 5.34 1.33 3.50-7.70 24.9 4.39 1 .0 2 3.30-6.50 23.2 3.81 0.38 3.10-6.30 1 0 .0
Eu - 1 .2 0 0.14 0.91-1.45 11.7 1.06 0.19 0.76-1.35 17.9 0.95 0.09 0.61-1.31 9.5
Gd - 4.53 0.92 2.45-6.70 20.3 3.87 0.77 2.80-6.10 19.9 3.29 0.56 2.50-4.80 17.0
Tb - 0.53 0.17 0.33-0.72 32.1 0.43 0 .1 0 0.32-0.60 23.3 0.38 0.09 0.27-0.51 23.6
Tm - 0 .2 2 0.06 0.13-0.31 27.3 0 .2 0 0.05 0.14-0.30 25.0 0.18 0.04 0.12-0.35 22.2
Yb - 0.96 0.28 0.60-1.80 29.2 0.81 0 .1 2 0.60-1.15 14.8 0.73 0 .1 0 0.43-1.50 13.7
Lu - 0.17 0.06 0.11-0.29 35.3 0.14 0.04 0.11-0.19 28.6 0.15 0.05 0.08-0.26 33.3

Explanations: n, s, R, V - similaiy as in Ihb. 1. * - published analysis from catalogue Hovorka (1972) were used by calculation. Major elements 
were analysed by classical (wet) methods in the laboratories of the Dionýz Štúr Institute of Geology, minor element and REE were determined 
by X-ray fluorescence method in the laboratories UNIGEO Brno and INAA method at ČSUP Stráž pod Ralskem.

(Thbs. 2 and 3). The prevalence of Na2Ü above K2O is also do­
cumented by chemical composition.

According to Shand’s discrimination index given by the ratio 
A/CNK (Fig. 6), the investigated rocks belong to transitional 
(subalkalic), peraluminous to metaluminous types. Alumina - 
rich minerals (e.g. AI2SÍO5 polymorphs, garnet and cordierite) 
are lacking, therefore, the peraluminous character of some leu- 
cogranites and porphyric types is rather due to secondary alter­
ations than to primary peraluminous character of the protolith.

The chondrite-normalized pattern of the REE (Nakamura 
1974), Fig. 7 exhibits uniform trend lacking Eu anomaly, which is 
suggestive of low magma fractionation, as well as low differen­
tiation among the above distinguished granitoid types (LaN/YbN 
= 25-14 for "High lätra type" and "Goryczkowa type").

Petrophysical properties

Several physical properties such as magnetic susceptibility, 
normal remanent magnetic polarization (NRMP) and radioac­
tivity have been investigated (Thb. 4). High magnetic suscepti­
bility of granodiorites to tonalites of the "High Thtra type" re­
flects their affinity to the magnetite series (Ishihara 1979), while calc-alkaline affinity of Tatra granitoids. Symbols as in the Fig. 4.

the "common Thtra type” granodiorites to granites are transi­
tional between the magnetite and ilmenite series. Only porphyric 
"Goryczkova type" shows affinity to the ilmenite series. Study of

5
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Fig. 5. Plot of K2O VS.SÍO2 documenting medium to high-potassic
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Table 3: Mineral and chemical composition of selected samples granitoid rocks of the Tktra Mts.

No. 1 2 3 4 5 6 7 8

Quartz 3.2 25.6 34.5 28.4 28.2 27.8 28.9 33.0

Plagioclase 28.5 59.1 46.4 55.9 53.6 49.6 38.3 41.1

Aik. Feldspar - 0.4 9.5 1.8 4.5 9.7 22.3 15.2

Biotite 11.3 13.3 5.3 10.5 9.8 8.6 5.2 5.5

Muscovite - - 3.0 1.5 1.8 2.3 4.2 3.8

Amphibole 55.0 - - - - - - -

Access. 2.0 1.6 1.3 1.9 2.1 2.0 1.1 1.4

SiO? 48.79 65.60 69.61 67.73 68.17 67.77 68.45 69.22

T i0 2 1.20 0.76 0.38 1.10 0.40 1.30 1.45 0.84

a i2o 3 17.30 19.70 15.30 15.43 15.87 14.78 14.16 16.00

Fe20 3 1.33 0.95 0.77 2.82 0.55 3.12 2.72 1.18

FeO 6.91 2.10 1.73 0.14 2.57 0.20 0.20 1.59

MnO 0.22 0.04 0.05 0.06 0.05 0.04 0.03 0.04

MgO 9.96 0.69 0.80 0.95 1.45 0.98 1.16 0.84

CaO 10.22 2.73 2.71 3.19 3.09 3.50 1.33 3.27

Na20 1.57 4.36 4.85 4.84 4.75 4.78 4.68 4.60

k 2o 1.67 2.12 1.51 1.64 1.62 2.74 3.02 1.70

P2°5 0.35 0.17 0.46 0.39 0.30 0.42 0.41 0.23

h 2o + 0.42 0.39 0.11 1.54 0.96 0.40 2.14 0.54

h 2o - 0.20 0.02 1.37 0.11 0.03 0.05 0.09 0.17

Ibtal 100.14 99.63 99.65 99.94 99.81 100.08 99.84 100.22

Sr _ 579 654 513 654 499 294 652

Rb . 41 45 57 87 71 100 53

Ba _ 980 1060 610 460 1070 1300 1170

Zr . 149 163 233 143 222 186 183

Y _ 20 8 26 23 9 11 14

Nb _ 9 6 15 9 11 9 9

Tk _ 0.38 0.29 0.65 0.28 0.46 0.38 0.32

Hf . 4.20 4.60 6.10 4.50 5.30 4.90 5.00

Th _ 6.80 7.40 10.90 5.00 9.80 12.40 8.80

U _ 8.10 4.80 5.90 1.65 1.51 0.53 1.20

La _ 25.10 27.70 35.00 17.90 35.00 38.00 33.00

Ce _ 60.00 66.00 87.00 46.50 83.00 91.5 76.50

Nd _ 24.40 26.00 41.00 22.80 37.50 38.00 34.50

Sm _ 4.00 4.20 7.00 4.20 6.00 6.50 4.90

Eu . 0.99 1.05 1.45 1.20 1.35 1.35 1.20

Gd . 3.40 3.00 6.30 4.10 6.20 4.80 4.00

Tb . 0.42 0.36 0.58 0.70 0.55 0.59 0.49

Tm _ 0.13 0.14 0.26 0.30 0.26 0.28 0.30

Yb _ 0.79 0.97 1.05 1.80 0.75 0.79 0.74

Lu - 0.16 0.14 0.15 0.29 0.14 0.12 0.17

Explanations: 1 - homblende-biotite diorite, Krížna Valley, (Reichwalder 1964 in Hovorka 1972); (2 - 6 =  High Tatra type) 2 - TL-40-biotite 
tonalite, Prostredný Hrebeň; 3 - TL-104-biotite granodiorite, Mengušovský štít; 4 - TL-lO-biotite tonalite, Kostolík, 5 - TL-87-biotite tonalite, 
Košiar, 6 - TL-ll-biotite granodiorite, Batizovská Valley - SE slope Končistá; (7 -11 = Thtra common type) 7 - TL-14-two-micas granodiorite, 
Bradavica; 8 - TL-35-biotite granodiorite, Malá Studená Valley; 9 - TL-117-muscovite-biotite granodiorite, Prostredný Vrch; 10 - TL-38-biotite gra­
nodiorite, Medená Valley - waterfall; 11 - TL-119-muscovite/biotite granite, Stežky, (12 -16 =  Goryczkowa type) 12 - TL - 24-two-micas granite, Malý 
Kriváň; 13 - TL-50-two-micas granite Končistá; 14 - TL-97-muscovite-biotite granodiorite, 15 - TL-124-two-micas granite, Nefcerská Veža; 16 - TL 
127-biotite-muscovite granite, Zelené Javorové lake.

remanent magnetization brought noteworthy results. Extremely 
high values document partial loss of primary ferromagnetic 
properties, possibly due to partial oxidation of magnetite to he­
matite (Drinkwater et al. 1992). This may have been controlled 
by the uplift of magma into shallower crustal levels, or due to 
partial anatexis of the former magmatic protolith, remelted dur­
ing subduction-collision (Drinkwater et al. 1992). Octahedral 
marthites, indicating redox changes have been found, often 
together with original magnetite. Since the investigated rocks 
show no significant hydrothermal subsolidus alteration, partial 
melting as the cause of oxidation is suggested. The radioactivity, 
expressed by the ratio of Th/U varies from 3 - 4:1 in more basic

types to 2 : 1 and 1: 1 in more acid granites. Sporadically, the 
U content prevails above Th, which is typical of anatectic, colli- 
sional granites (e.g. France-Lanord & Le Fort 1988).

Petrogenetic and geotectonic classification

Thking into consideration major element composition, as well 
as initial ratio of Sr isotopes ISr = 0.703 - 0.708 (Burchart 1968), 
granitoids of the Thtra belong to mixed I/S types according to 
Chappell & White (1974) and White & Chappell (1983). Dis­
crimination diagrams based on trace and REE elements (Pearce
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Table 3 continued
No. 9 10 11 12 13 14 15 16

Quartz 36.6 29.8 31.2 28.3 29.0 34.4 38.3 32.4
Plagioclase 31.2 47.6 33.4 31.2 34.9 38.0 28.2 34.2
Aik. Feldspar 23.7 10.8 26.2 32.5 27.3 18.2 25.9 25.0
Biotite 3.1 7.4 4.2 3.3 3.8 5.9 3.3 2.8
Muscovite 4.2 2.8 3.6 3.8 3.1 2.3 2.9 4.6
Access. 1.2 1.6 1.4 0.9 1.9 1.2 1.4 1.0
S i0 2 71.24 67.12 72.75 72.37 69.54 71.55 73.93 72.06
T i0 2 0.25 1.16 0.21 1.10 1.12 0.46 0.25 0.38
a i2o 3 14.56 16.22 14.55 12.83 12.84 14.42 12.91 13.70
Fe20 3 1.24 1.36 1.07 2.08 4.04 1.28 0.64 1.00
FeO 1.41 1.75 0.98 0.18 1.33 1.22 1.39 1.45
MnO 0.04 0.05 0.03 0.04 0.03 0.03 0.03 0.04
MgO 0.77 1.14 0.56 0.92 0.80 0.67 0.50 0.82
CaO 2.26 2.96 1.88 0.73 0.64 1.84 2.21 1.81
Na20 4.48 4.12 4.49 4.08 3.86 3.79 4.31 4.61
k 2o 1.87 2.25 2.52 4.13 4.01 3.20 2.73 2.23
p 2o 5 0.21 0.32 0.15 0.13 0.14 0.28 0.36 0.16
h 2o + 1.10 1.40 0.67 1.18 1.40 0.98 0.51 1.45
H20 - 0.18 0.04 0.04 0.10 0.02 0.10 0.06 0.06
Tbtal 99.61 99.89 99.90 99.87 99.77 100.10 99.83 99.83
Sr 649 556 533 410 398 415 564 614
Rb 34 45 51 79 88 94 60 55
Ba 880 1000 1250 990 810 1400 1780 1050
Zr 159 174 131 110 113 179 128 132
Y 7 12 7 12 10 11 10 10
Nb 10 9 9 13 9 7 6 9
Th 0.29 0.38 0.33 0.43 0.49 0.45 0.25 0.38
Hf 4.10 5.00 3.80 3.70 2.95 4.90 3.50 3.70
Th 6.30 8.40 6.40 12.70 7.30 13.00 6.40 6.30
U 2.60 1.10 1.65 1.35 3.70 2.40 1.40 2.55
La 25.40 31.50 23.70 19.10 20.00 39.00 24.00 23.30
Ce 59.00 74.50 54.50 48.50 48.50 91.00 54.50 53.50
Nd 24.40 30.50 21.70 21.10 20.40 35.50 19.00 19.00
Sm 3.80 4.70 3.40 3.20 3.30 6.30 3.60 3.40
Eu 1.00 1.15 0.86 0.61 0.83 1.30 0.93 0.89
Gd 3.50 4.20 3.50 3.00 3.10 4.80 2.90 3.40
Tb 0.37 0.45 0.37 0.35 0.38 0.47 0.37 0.36
Tm 0.21 0.20 0.18 0.12 0.14 0.14 0.18 0.22
Yb 0.76 0.60 1.00 0.43 0.59 0.60 0.63 0.70
Lu 0.19 0.12 0.18 0.13 0.14 0.14 0.08 0.18

et al. 1984; Harris et al. 1986) provide rather ambiguous infor­
mation about geotectonic setting, as shown by Figs. 8 and 9. 
A volcanic arc setting is suggested by plot in Fig. 8, but on the 
other hand, the spidergram in Fig. 9 indicates affinity to late- and 
post-collisional granitoids. According to the discrimination diag­
ram of de la Roche et al. (1980) and Batchelor & Bowden 
(1985) in Fig. 10, the investigated granitoids plot within con­
tinental arc and collisional granites.

The above presented discrepancies point to the problem of 
geotectonic classification based on discrimination diagrams. As 
stressed by Roberts & Clemens (1993 I.e.), ’Their interpretation 
must take into consideration that rather than the tectonic set­
tings existing when the granitoid magmas were actually pro­
duced, these plots seem to diagnose the settings in which the 
protoliths were formed”. Therefore, a potentially much older 
protolith may have formed in a setting very different from that 
in which the granitoid magma was generated by partial melting. 
The investigated granitoids with affinity to medium-K and high- 
K, rather metaluminous, I to I/S type, may reflect the generation 
of melt from a recycled supracrustal source, involving mainly
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Fíg. 6. Diagram showing peraluminous and metaluminous character 
of granitoids, based on the ratio A/CNK according to Shand (1927), 
I and S typology is according to Chappel & White (1974).
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Table 4: Average values of physical properties of granitoid rocks of the Tktra Mts.

High Thtra type (n=14) Thtra (common) type (n =24) Goryczkowa type (n= 7)
X s R V X s R V X s R V

Specific density (g/cm3) 2.627 0.013 2.61-2.66 0.5 2.619 0.011 2.58-2.64 0.4 2.604 0.009 2.59-2.63 0.3
Magnetic susceptibility 
(к =SI u. xlO’6)

2357.9 465.4 1178-4883 19.7 1051.7 396.4 100-3404 37.7 867.1 213.7 76.5-2996 24.6

NRMP (nT) 613.9 301.5 49.6-3879 49.1 854.1 418.7 8.5-4661 49.0 543.1 238.2 0.92-2717 43.9
Summary gamma activity 
(ppm U eqv.)

11.4 2.12 7.8-16.4 18.6 10.7 2.26 8.0-17.9 21.1 13.0 1.79 10.3-16.6 13.8

Thorium (ppm) 8.97 1.87 6.6-16.3 20.8 7.87 1.69 6.2-13.5 21.5 7.45 1.23 5.1-8.9 16.5
Uranium (ppm) 3.91 1.64 1.2-10.7 41.9 3.23 1.25 1.8-10.2 38.7 5.06 2.31 2.6-9.6 45.6
Th/U ratio 3.21 0.78 1.3-6.0 24.3 2.92 0.67 0.7-4.9 22.9 1.70 0.53 0.6-2.9 31.2

Explanations: symbols n, x, s, R and V are similar as in Tkb. 1. Determined in the laboratories GEOFYZIKA Bratislava and GEOFYZIKA Brno.

former plutonie and volcanic (metaigneous) rocks (e.g. Roberts 
& Clemens 1993).

Discussion

Emplacement model

On the basis of the field relations to the metamorphic man le, 
the granitoids of the Thtra are accommodated in the hanging 
wall of the Variscan nappe (Fig. 2), preserving inverted meta­
morphic zonation (Janák et al. 1993; Janák 1994 this volume). 
Therefore, the granitoid pluton may be considered as a sheet­
like intrusion, in accordance with previous observations of 
Gorek (1959) and Kahan (1969). The common ductile defor­
mation of marginal parts of the pluton suggest emplacement of 
the magma into an extensional shear zone with dextral sense of 
displacement D2. Strike-slip faulting and extension of an over­
thickened crust due to the overthrusting D1 is inferred as a mech­
anism creating the space for ascending magma, similarly to the
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Fig. 7. Plot o f REE pattern for the whole series of Tatra granitoids, 
normalized according to Nakamura (1974).

models of Hutton (1988), Hutton & Reavy (1992) and Brown
(1994). Fracture-controlled, rather then diapiric ascent of the 
melt, collected in the shear zone (e.g. Clemens & Mawer 1992; 
Petford et al. 1993) is suggested. Despite Alpine overprint, it is 
inferred that Variscan oblique collision and concomitant 
orogen-parallel strike-slip faulting and extension may still be 
manifested by deformational events D1 and D2 recognized by 
Fritz et al. (1992).

Metamorphic conditions in the vicinity of the granitoid pluton 
(about 700 - 750 °C, 4 - 6 kbars, Janák et al. 1988; Janák 1994 this 
volume), indicate the depth of emplacement and crystallization of 
the granitoid melt in mid-crustal levels. Emplacement of granitoids 
was probably syn-kinematic with respect to Variscan uplift of the 
upper tectonic unit, as shown by the presence of granitoids solely 
within the overthrust unit. Post-tectonic intrusion relative to Vari­
scan thrusting can be omitted because of a lack of granitoids pene­
trating the lower structural unit. The available 40Ar/39Ar mineral 
ages of biotite and muscovite (330 - 300 Ma), using the conven­
tional step-heating method (Maluśki et al. 1993) and laser probe 
(Janák & Onstott 1993; Janák 1994 this volume) record the 
blocking temperature for diffusion of about 300 - 350 °C during 
the late-Variscan uplift. The mechanism of granitoid emplace­
ment seems to have been controlled by both - thrusting and con­
temporary extension, necessary for exhumation, similarly to the

R b / 3 0
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Fig. 8. Discrimination diagram after Harris et al. (1986) for all grani­
toid types (not distinguished), indicating their volcanic arc (VAC) 
setting (see the text for discussion).
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Fig. 9. Spidergram indicating late-collisional setting of granitoids,
normalized to ORG according to Pearce et al. (1984).

model proposed by Hollister (1993) and Platt (1993). However, 
more detailed study is necessary to test this model in the Tätra Mts.

Petrogenetic implications

The heterogeneity of the above distinguished granitoid types 
seems to be more controlled by melting, than by differentiation 
of the magma itself. This is supported mainly by the REE pat­
tern, showing a low degree of magma fractionation, as well as 
low differentiation among several granitoid types. Partial melt­
ing of heterogeneous, mostly supracrustal material may explain 
the variable isotopic ratios of Rb/Sr = 0.05 - 0.3 as well as IRSr 
= 0.703 - 0.708 (Burchart 1968). Partial melting of a muscovite 
and biotite-bearing protolith is indicated by the presence of 
micas and lack of hornblende, except in minor dioritic rocks. 
A possible source of the melt might have been biotite and mus­
covite-bearing metapelites and gneisses (e.g. Skjerlie et al. 
1993), which can be observed in the upper unit, showing wide­
spread migmatization (Figs. 2 and 3). A plutonie (metaigneous) 
protolith is also inferred from chemical composition (Chappell 
& Stephens 1988); I-type affinity, medium to high-potassic and 
metaluminous) and ferromagnetic properties (oxidation due to 
partial remelting; Drinkwater et al. 1992). Hence, orthogneiss 
and tonalitic gneiss of metaigneous origin is a possible source 
material.

P-T conditions and generally clockwise P-T-t paths inferred 
from metamorphic rocks (Janák 1994 this volume) record the 
uplift from the lower crustal levels (about 10 kbars) and nearly 
isothermal decompression at temperatures exceeding water- 
saturated granite solidus. Assuming the necessity of melt segre­
gation to generate the pluton, dehydration (fluid absent) melt­
ing must be considered, in order to explain the generation of 
magma capable of ascent (e.g. Wickham 1987; Clemens & Viel- 
zeuf 1987; Thompson 1990; Stevens & Clemens 1993). Thking
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Fig.1 0 . RlR2diagram ofdela Roche etal. (1980), with discriminating 
fields (1 - 7) according to Batchelor & Bowden (1985), indicating the 
collisional setting of granitoids.

into consideration the absence of amphibole, dehydration-melt­
ing of muscovite and biotite (e.g. Le Breton & Thompson 1988; 
Vielzeuf & Holloway 1988) seem to be the most important re­
actions in generation of the investigated granitoids, although 
partial melting of amphibolites has been also inferred by prelimi­
nary study (Janák et al. 1993b). Therefore, granitoids of lätra 
probably represent several batches of magma derived by partial 
melting, which ascended and collected forming the pluton.

The heat necessary for melting reactions might have been 
supplied by internal radiogenic heat production due to crustal 
thickening (England & Thompson 1984), or by input from the 
mantle (e.g. Huppert & Sparks 1988 ). Mafic magmatic enclaves 
together with low initial Sr isotope ratio (0.703) in some grano- 
diorites and tonalites (High Thtra type) migt indicate a possible 
mantle influence. However, there is strong evidence for a generally 
clockwise metamorphic P-T-t path (Janák 1994 this volume), 
characteristic for overthickened, collisional orogens (Brown 1993).

Summarizing the field observations and data presented, in 
general, the granitoids of the Tätra may be considered as pro­
ducts of a Variscan collisional orogen, in agreement with the 
models of granite petrogenesis in the European Variscides (e.g. 
Matte 1991), as well as in other collisional belts as reviewed by 
Brown (1994).

Acknowledgements: We are grateful to Igor Petřík, Igor Broska 
and an anonymous reviewer for discussion and constructive 
comments on this paper. M. K. especially thanks to Dr. Ivan 
Lehotsky for field assistance.

References

Andrusov D., 1968: Grundriss der tektonik der Nördlichen Karpathen. 
VEDA, Bratislava, 1 -188.

Batchelor R.A  & Bowden P., 1985: Petrogenetic interpretation of 
granitoid rock series using multication parameters. Chem. GeoL, 
48,43 - 55.

Berthé D., Choukroune P. & Jégouzo P., 1979: Orthogneiss, mylonites 
and non-coaxial deformation of granites: the example of the South 
Armorican shear zone. JStructG eol, 1 ,31 - 42.

Broska I. & Gregor T, 1992: Allanite-monazite antagonism and mona- 
zite-ilmenite granite series in the Tribeč Mts. In: Vozár J. (Ed.): Pale­
ozoic geodynamic domains. GÚDŠ, Bratislava, IGCP 276,25 - 36.

Broska I., Kohút M. & Uher P., 1993: Variscan granitoid rocks of the



310 KOHÚT and JANÁK

Játry Mts. and their relation to other granitoids of the Western 
Carpathians. GeoL Carpathica, 44, 4,252 - 253.

Brown M., 1993: P-T-t evolution of orogenic belts and the causes of 
regional metamorphism./ GeoL Soc. London, 150,227 - 241.

Brown M., 1994: The generation, segregation, ascent and emplacement 
of granite magma: the migmatite-to-crustally-derived granite con­
nection in thickened orogens. Earth ScL Rev., 36,83 -130.

Burchart J., 1970: Crystalline rocks from the Goiyczkova in the Játra 
Mts. Stud GeoL Pol., 32, 7 -183.

Burchart J., 1968: Rubidium-Strontium isochron ages of the crystalline 
core of the Játra Mountains, Poland. Amer. J. ScL, 266,895 - 907.

Cambel B., Petřík I. & Vilinovič V., 1985: Variscan granitoids of the 
West Carpathians in the light of geochemical-petrochemical 
study. GeoL Zbor. GeoL Carpath., 36,209 - 217.

Chappell B.W. & Stephens WE., 1988: Origin of infracrustal (I-type) gra­
nite magmas. Trans. R. Soc. Edinburgh: Earth ScL, 79,71 - 86.

Chappell B.W. & White AJ.R., 1974: JWo contrasting granite types. 
Pacif. GeoL, 8 ,173 -174.

Clemens J.D. & Mawer C.K., 1992. Granite magma transport by frac­
ture propagation. Tectonophysics, 204,339 - 360.

Clemens J.D. & Vielzeuf D., 1987: Constraints on melting and magma 
production in the crust. Earth Planet ScL Lett., 86,287 - 306.

Drinkwater J.L., Ford A B . & Brew D .A , 1992: Magnetic suscepti­
bilities and iron content of plutonie rocks across the Coast Plu- 
tonic-Metamorphic Complex near Juneau, Alaska. U. S. GeoL 
Surv. BulL, 2041,125 -139.

England PC. & Thompson A B ., 1984: Pressure-temperature-time 
paths of regional metamorphism I: Heat transfer during the evol­
ution of regions of thickened crust. J. Petrology, 25,894 - 928.

France-Lanord Ch. & Le Fort P., 1988: Crustal melting and granite 
genesis during the Himalayan collision orogenesis. Trans. R. Soc. 
Edinburgh: Earth. ScL, 79,183 -195.

Fritz H., Neubauer F., Janák M. & Putiš M., 1992: Variscan mid-crustal 
thrusting in the Carpathians. Part II: Kinematics and fabric evol­
ution of the Western Játra basement. Terra Abstr., Suppl. 2 ,4 ,24 .

Gorek A., 1959: An outline of geological and petrographical relations 
in the crystalline basement of the Játry Mts. GeoL Sbor. Slov. 
A kad Vied 10,13 - 88 (in Slovak, German resumé).

Gorek A. & Veizer J., 1966: Metasomatose der granitoiden der Hohen 
Játra und ihre gliederung. GeoL Zbor. GeoL Carpath., 17,1,63 - 74.

Harris N.B.W., Pearce J .A  & Tindle A G ., 1986: Geochemical char­
acteristics of collision-zone magmatism. In: Coward M.P. &Ries 
A. C. (Eds.): Collision Tectonics. GeoL Soc. London, Spec. PubL, 
19, 6 7 -8 1 .

Hollister L.S., 1993: The role of melt in the uplift and exhumation of 
orogenic belts. Chem. GeoL, 108,31 - 48.

Hovorka D., 1972: Katalog chemisher Analysen eruptiver und metamor- 
pher Gesteine des Kristallins, Paleozoiku ms und Mezozoikums der 
Westkarpaten der Slowakei und derem Minerale. Náuka o zemi, 6, 
SAV Bratislava, 217 (in Slovak, with German introduction).

Hovorka D. & Petřík I., 1992: Variscan granitic bodies of the Western 
Carpathians: the backbone of the mountain chain. In: Vozár J. 
(Ed.): Paleozoic geodynamic domains. GÚDŠ, Bratislava, IGCP 
276,57 - 66.

Huppert H.E. & Sparks R.SJ., 1988: The generation of granitic 
magmas by intrusion of basalt into continental crust. J.Petrology, 
29, 599 - 624.

Hutton D.H. W., 1988: Granite emplacement mechanisms and tectonic 
controls: inferences from deformation studies. Trans. К  Soc. 
Edinburgh: Earth. ScL, 79,245 - 255.

Hutton D.H.W. & Reavy R.J., 1992: Strike-slip tectonics and granite 
petrogenesis. Tectonics, 11,960 - 967.

Ishihara S., 1977: The magnetite-series and ilmenite-series granitic 
rocks. Mining Geology, 27,293 - 305.

Janák M., 1992a: Petrology of metamorphic rocks of the Western and 
High Játra Mts. crystalline complexes. Unpublished doctoral 
thesis, Comenius University, Bratislava, 1 - 244 (in Slovak).

Janák M., 1992: Variscan mid-crustal thrusting in the Carpathians I: 
Metamorphic conditions and P-T paths of the Játry Mts. Terra 
Abstr., Suppl. 2 ,4 ,35 .

Janák M., 1993: Thermal and baric structure of the Játry Mts.: record

of a multi-stage evolution of the Western Carpathians basement. 
GeoL Carpathica, 44, 262 - 263.

Janák M., 1994: Variscan uplift of the crystalline basement, Játra Mts., 
Central West Carpathians: evidence from 40Ar/39Ar laser probe dat­
ing of biotite and P-T-t paths. GeoL Carpathica, 45,293 - 300.

Janák M., Bezák V, Broska I., Fritz H., Kahan Š., Kohút M., Neubauer 
F., O’Brien P.J., Onstott T.C., Reichwalder P. & Uher P., 1993a: 
Deformation, metamorphism and granitoid magmatism in the 
Játry Mts., (Central Western Carpathians, Játric Unit): records 
of Variscan and Alpine orogeny. In: Pre-Alpine events in the West­
ern Carpathians realm. Excursion guide, 5 1 -6 5 .

Janák M., Kahan Š. & Jančula D., 1988: Metamorphism of pelitic rocks 
and metamorphism in SW part of Western Játra Mts. crystalline 
complexes. GeoL Zbor. GeoL Carpath., 39,455 - 488.

Janák M., Pitoňák P. & Spišiak J., 1993b: Banded amphibolic rocks 
from the Low and Western Játra Mts.: Evidence of the lower-crus- 
tal components in the pre-Alpine basement of the Western Car­
pathians. GeoL Carpathica, 44, 260.

Jaroszewski W., 1965: Geological structure of the upper part of the 
Kościeliska valley in the Játra Mts. Acta GeoLPoL, 15, 426 - 496 
(in Polish, English summary).

Kahan Š., 1969: Eine neue Ansicht uber den geologischen Aufbau des 
Kristallinikums der West Thtra. Acta geol. geogr. Univ. Comen, 12, 
115 -122.

Le Breton N. & Thompson A. B., 1988: Fluid-absent (dehydration) 
melting of biotite in metapelites in the early stages of crustal an- 
atexis. Contr. MineraL Petrology, 9 9 ,226 - 237.

Maher M., 1986: Geology of the Czechoslovak Carpathians, Paleoal- 
pine units. VEDA, Bratislava, 1 - 503 (in Slovak).

Maluśki H., Raj lich P. & Matte P., 1993: ‘"’А гЛ а г dating of the Inner 
Carpathians Variscan basement and Alpine mylonitic overprint- 
ing. Tectonophysics, 223,313 - 337.

Matte P., 1991: Accretionary history and crustal evolution of the Vari­
scan belt in Western Europe. Tectonophysics, 196,309 - 337.

Michalik A., 1951: Peripheral part of the crystalline basement of the 
Játra Mts. in the area of Kosista. BiuL Pan. Inst geoL, 61 (in Polish).

Nakamur N., 1974: Determination of REE, Ba, Fe, Mg, Na and К in 
carbonaceous and ordinary chondrites. Geochim. Cosmochim. 
Acta, 38, 757 - 775.

Nemčok J., Bezák V., Halouzka R., Janák M., Kahan Š., Kohút M., 
Lehotský I., Mello J., Reichwalder P., Ronczkowki W., Ryka W., 
Wieczorek J. & Zelman J., 1991: Explanation to geological map of 
Játra 1:50,000. Manuscript GÚDŠ, Bratislava, 1 -172 (in Slovak).

Pearce J.A , Harris N.B.W. & Tindle A G ., 1984: Л асе element dis­
crimination diagrams for the tectonic interpretation of granitic 
rocks. J. Petrology, 25, 4, 956 - 983.

Petford N., Kerr R.C. & Lister J.R., 1993: Dike transport of granitoid 
magmas. Geology, 421,845 - 848.

Petřík I. & Broska I., 1994: Petrology of two granite types from the 
JHbeč Mountains, Western Carpathians: an example of alla- 
nite(+magnetite) versus monazite dichotomy. GeoL J., 29 ,59 - 78.

Petřík I., Broska I., Uher P. & Kráľ J., 1993: Evolution of the Variscan 
granitoid magmatism in the Western Carpathian realm. GeoL Car­
pathica, 44,4, 265 - 266.

Platt J.P., 1993: Exhumation of high-pressure rocks: a review of con­
cepts and processes. Terra Nova, 5 ,119 -133.

Roberts M.P., Clemens J.D., 1993: Origin of high-potassium, calc-al­
kaline, I-type granitoids. Geology, 21, 825 - 828.

Simpson C. & Schmid S.M., 1983: An evaluation of criteria to deduce 
the sense of movement in sheared rocks. GeoL Soc. Amer. Bull., 
94,1281 -1288.

Skjerlie K.P., Patiiio Douce A E . & Johnston A D ., 1993: Fluid absent 
melting of a layered crustal protolith: Implications for the gener­
ation of anatectic granites. Contr. MineraL Petrology, 114,365 - 378.

Skupinski A , 1975: Petrogenesis of the ciystalline basement of the 
Western Játra between Ornak and Rohacz. StudGeol .PoL, 49, 
7 -105 (in Polish, English summary).

Sokołowski S., 1959: An outline of the geology of the Játra Mts. 
Inst GeoL Biul., 149,19 - 98 (in Polish).

Stevens G. & Clemens J.D., 1993: Fluid-absent melting and the role of fluids 
in the lithosphere: a slanted summary ? ChemGeoL, 108,1 -17.



GRANITOIDS OF THE TATRA MTS. 311

Thompson A.B., 1990: Heat, fluids, and melting in the granulite facies. 
In: Vielzeuf D. & Vidal Ph. (Eds.): Granulites and Crustal Evol­
ution. NATO A S  I  Series, Vol. 311, Kluwer, Dordrecht, 37 - 57.

Vielzeuf D. & Holloway J.R., 1988: Experimental determination of 
the fluid-absent melting relations in the pelitic system. Conse­
quences for crustal differentiation. Contr. Mineral. Petrology, 98, 
257 - 276.

White AJ.R. & Chappell B.W., 1983: Granitoid types and their dis­
tribution in the Lachlan Fold belt, southeastern Australia. In:

Roddick J.A. (Ed.): Circumpacific plutonie terranes. G eol Soc. 
Amer. Mem., 159, 21 - 34.

Wickham S.M., 1987: The segregation and emplacement o f granitic 
magmas. J. Geol Soc. London, 144,281 - 297.

Zelazniewicz A , 1993a: Tectonometamorphic development of the mig- 
matitic complex on northern slopes of the High Thtra Mts., Po­
land. Geol Carpathica, 44, 270 - 271.

Zelazniewicz A , 1993b: Late mylonitic overprint in the crystalline base­
ment rocks of the High Thtra Mts., Poland. Geol Carpathica, 44,271.

SLOVNAFT AND THE ENVIRONMENT

MONITORING AND PROTECTION OF THE ATMOSPHERE - A FURTHER STEP 
TOWARDS THE ECOLOGIZATION OF PRODUCTION

№М У1АП
ÍDLOVnOFT

Slovnaft Inc. of Bratislava is taking important strategic steps 
to place itself among world refinery and petro- chemical com­
panies as an equal partner, and not only from the point of view 
of economic prosperity, but also from the point of view of ap­
proach to protection of the environment. In its environment 
protection programme, the company has started a demanding 
investment programme amounting to several billion crowns. 
However specific results and therapeutic steps undertaken to 
diagnose and treat components of the environment interest the 
ordinary citizen more than investment expenditure. We have 
already given you comprehensive information about the protec­
tion of underground and surface water by Slovnaft, in the pages 
of our periodical. In this article we will briefly introduce you to 
the approach of Slovnaft Inc. to protection of the atmosphere.

In a country with normally functioning market relations and 
an intellectually and spiritually mature population - the sort of 
country we want to become - only companies which solve the 
identification and catching of harmful substances escaping from 
structures used for technological and energy purposes, in an up 
to date technological way, have good prospects for survival. This 
is because a culturally mature society adopts the sort of environ­
mental laws that do not allow a firm to profit at the expense of the 
health of the present and future generations of the population.

For readers, for whom the processing of oil is a rather dis­
tant theme, it is appropriate to say what the source of pollu­
tion in Slovnaft is. Refining of oil and oil half finished prod­
ucts mostly consists of distillation processes. Separation by 
distillation of liquid and gaseous hydro- carbons from crude 
oil requires heat. This heat is obtained by burning gas or 
liquid fuel in boilers and furnaces. In boilers the heat is ob­
tained in the form of heated water vapour, in technological 
furnaces the hydro-carbons are heated directly by direct heat 
from the products of combustion. It is from such burning 
facilities, of which there are about 50 at Slovnaft, that 
emissions arise. They are emissions characteristic of the burn­
ing process, that is solid materials, oxides of carbon, sulphur 
and nitrogen. Hydro-carbons from the burning processes do 
not escape. The places for putting products into preparatory 
cisterns, leakage from armatures, reservoirs of oil and oil 
products, and flowing waste water before it reaches the clean­
ing facility are the sources of emissions of hydro-carbons. Pol­
lution of the atmosphere, through chimneys with flames - 
flare stacks - occurs mainly at the beginning or end of 
production, since otherwise the waste gases are removed and 
transported by a compressor to the works network of heating 
gases, that is they serve as fuel for technological furnaces.


