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PETROCHEMISTRY AND GEOCHEMISTRY OF SELECTED GRANITOID

SAMPLES FROM THE WEST CARPATHIAN REGION

{Figs. 20, Tab. 1}

Abstract: The authors have evaluated 120 petrochemical and geoche-
mical analyses of granitoid samples from a set denoted by the symbol
LLZR" (according to the Slovak name of the mountain range). The inte-
grated genetic, peirochemical and geochemical characteristics of the
selected samples of Variscan granitoids should serve as a basis for
correlation with analogous rock samples from different parts of Czecho-
slovakia and from abroad. The integrated study of the LZK" set of
samples is conducted oy about ten members of a research team at the
Geological Institute of the Slovak Academy of Sciences and at the Fa-
culty of Sciences, Comenius University, using a uniform working pro-
cedure. Since the West Carpathian granitoids do not show a grea! scatter
of the values of element contents, they can bhe regarded as belonging
to one formation, except for the granites of the Gemerides. The rocks
were formed by anatexis of mixed sedimentary [clayey-siliceous] and
magmatic [tholeiitic) rocks, which places them in types 1" and .S"
of Chappel—White classification scheme [1977). Investigations
have shown that the palingenic granitoid magma was subject to fractio-
nal crystallization. The primary material of anatexites might have been
Palaeozoic shales formed of detritus and residual material of the Pre-
cambrian platforms. Endogenic activity manifested by Variscan granite
plutonism was caused by orogenic processes towards the end of the
Devonian and in the Early Carboniferous. This orogeny led to the con-
traction of the sea [mobile geosynclinal zone), which extended between
the North and South European continents.

The results presented in this paper form a part of the studies that
should enable a correlation of analogous granitoid complexes at an in-
ternational scale.
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The interest in granitoids, metamorphites and crystalline rocks in general
is recently steadily increasing. Our attempt to throw light on the problems
related to the granitoids in the West Carpathian region is based on integrat-
ed investigation of selected granitoid samples which we labelled as ,,ZK"
samples [according to the Slovak name of the mountain range). The rock
samples Lo be analysed were selected by Academician B. Cambel, DrSc.
and RNDr. L. Kamenicky., It can be assumed that our investigations have
already broughl responses to some questions. It appears, however, that every
more detailed research reveals further gaps in our knowledge and many
universally accepled opinions have often to be re-evaluated. Consequently,
the interpretation of the results needs still to issue from frequently con-
tradictory opinions and hypotheses.

Integrated evaluation of the selected (,,ZK"] samples of the West Car-
pathian granitoids has the advantage that the scatter of analytical results,
i« reduced to minimum, which may be considerable when analyses are made
by different people in different laboratories and at different time. Planimetric
evaluations were also performed by a uniform method introduced by RNDr.
Macek, C5c.; planimetric analyses were made by RNDr. J. Macek, CSc,
RNDr. I. Petrik and |J. Bezdkova (Macek et al, 1979). Silicate ana-
lyses were made by Ing. E. Walzel, spectrometric analyses by RNDr.
]. Medved, CSc, (Medved in Cambel — Medved, 1981), and
alomic absorption analyses by Ing. E. Martiny, CSc. Uranium and thorium
contents were delermined by RNDr. V. Katlovsky, CSe. [Kdatlovsky,
1981) and rare earths [TR) were determined in the Geol. Institute in Kutnéa
Hora. The feldspars were studied by RNDr. J. Macek and RNDr. L. Vili-
novitova (Macek in Macek — Kamenicky, 1979) and RNDr. Vi-
linovitova ([Macek — Vilinovic¢ova, in print); accessory mine-
rals by Doc. RNDr. J. Veselsky, CSc. and RNDr. J. Gbelsky, CSc. (Ve-
selsky — Ghelsky, 1978) and RNDr. J. Kral, CSc. (Kral, 1977, 1981);
and the micas by RNDr. Petrik (Petrik, 1980). RNDr. M. Dyda (1980)
and RNDr. I. Petrik (1980) studied the thermodynamic conditions of the
generation of minerals. Classification of the West Carpathian granitoids on
the hasis of international TUGS system was developed by Macek — Pe-
lrik (Macek et al, 1979), and on the basis of mesonorm by Vilino-
vie et al. (in prep.]. Geochronological problems were dealt with by B.
cambel, DrSc, |. Veselsky, CSc,, G. P. Bagdasarjan and R. Ch.
Gukasjan [1980). This uniform treatment and evaluation of 120 ZK®
samples thus provides a set of standard data which will make possible a cor-
relation with existing knowledge and with information to be obtained in the
future as well. This integrated approach guarantees a documentation, stan-
dardization and correlation significance of our studies.

One of the questions that have not yet been answered satisfactorily con-
cerns, Tor example, the time iotervals and spaces in which the Variscan

Faplunation of Table 12 Contents ol trace elements in the granitoids of different geo-

chicmical types, Tabie taoken Drom Tauson, 1977, modificd., Types 1 to 4 are to be

considered as extreme acid types ol basaltoid series; the other lypes were products

ol palingenic remelting of crustal matervial, On the Lasis of element contents the
West Carpathion Viriscan granitoids approach types 3, 5 6 and 9,
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intrusive activity occurred in the West Carpathian region. We do not know
when the anatectic and palingenic processes had begun and how long pe-
riods  elapsed between the intrugive phases depending on the overall de-
velopment and local conditions of the Variscan orogeny. The recognition of
the interrelationships between the granitoids is complicated by the Alpine oro-
geny, which might have separated genetically allied complexes and, on the
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Fig. 1, Graph showing the changes in microelement contents in the granitoids, arran-

ped according Lo the decreasing basicity ol the rocks. D — diorvite, KD — quartz

divrite; Grh — pranodiorite; G — granite; LG — leucocratic granite; ApG — aplitic
granitoids; Gemeride granitoids.
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contrary, to unite the complexes differing in genesis or phasal development.
The adverse topographical conditions (a thick mantle of debris and over-
burden] do not allow us to divide the granitoid complex with a satisfactory
reliability on the basis of the shapes of intrusions, of their separate position
in the present-day relief, or of their relations at the contacts. A hierarchy
of regional geological granitoid units, such as was established for the Bohe-
mian Massif by RNDr. Klominsky, CSc. (repcrt submitted at the Confe-
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Fig. 2. Relationship between Niggli's values al, fm, ¢, alk and si. MK, PI, 8, MM

— Malé Karpaty, Povazsky Inovec, Suchy, Mala Magura; NT,T.ZVF — Nizke Tatry,

TribeE, Ziar, Velka Fatra; VT,BMF — Vysoké Tatry, Branisko, Malda Fatra; V 4+ CH —

Veporides -+ Cierna Hora. The graph shows the parallelism of the principal lines of

Niggli's values in the individual mountain groups, which implies a close similarity
of differentiation trends.
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rence), has not yet been set up. It is often impossible to determine the time
sequence of the individual intrusive types and their genetic interrelations.
Distinct sharp contacts arve particularly difficult to find between the fun-
damental granitoid types, i.e. the muscovite—biotite and biotite granitoids;
it appears, in contrast, that there are gradual transitions between them. The
graphical representation of petrochemical and geochemical data shows the
overlapping of the fields of biotite and muscovite-biotite granitoids [granite
and granodiorite). Opinions also differ on the origin of porphyritic grani-
toids and/or different fine-grained rock types.
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Fig, 4. Dingram of Niggli's values c+fm—alk—al. 1 — leucocratic granitoids; 2 —
muscovite-hiotite granitoids; 4 — biotite granitoids; 4 — tlonalites. For other expla-

nation see Fig. 2.

We have recently hegun to use the 1/S classification of rocks as a suitable
discrimination method. This classification scheme permits to divide the rocks
according to the primary material of the palingenic granitoids: whether they
were formed [at least in part) by anatexis of eruptive [mainly basic] rocks,
or of sedimentary clayey—siliceous shales, and which was the proportion of
these two components in the autochthonous region of anatexis. For the for-
mation of the I types of crustal granitoids a direct influence of magma
of basic or other composition may be taken into consideration. The discrimi-
nation of I and ,S" granitoid types was elaborated by Chappell and
White (1974) on the basis of microelement contents in the granitoids.
Tauson (1977) who used a similar classification assumes a direct formation
of acid rocks differentiation of basic magma (Tauson, 1977, Table 1].
The first four types of granitoid rocks originated as final acid members of
the basaltoid magma and further types are products of palingenic remelting
ol crustal matter.

The IS classification method was already used for the granitoids of the
Bohemion Massil, the West Carpathians and the Caucasus hy Klominsky.
Paliveova, Cambel, Gurbanov (1981). The method brought in-
leresting resulls, even if they are nol quite consistent, depending on the
clements whose ratiog are applied (o classification. According to the paper
just mentioned (Klominsky et al.), the application of ACF diagrams has
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shown that in every mountain range of the West Carpathians there are
both ,,I* and ,,5" granitoid types; the ,I* types predominate in the West
Carpathian region, whereas ,,S* types are dominant among the Variscan gra-
nitoids of the Bohemian Massif and the central Caucasus. The 1/S classifi-
cation has revealed that the difference between the basic and leucocratic
granitoids may be primary, resulting from the original nature of the rocks
assimilated, although the petrochemistry of rocks and the succession of in-
trusions were greatly affected by differentiatiocn processes of the palingenic
magma,

Tatridy

Fig. 4.

The differences in geochronological dating and complexity of intepreta-
tion of radiometric K/Ar data make is necessary to check the results obtained
by K/Ar method against other [Rb/Sr and U-Th-Pb) methods. The data avai-
lable suggest that the West Carpathian granitoids are of late Variscan age,
and since the accumulation of energy and thermal flow began already before
the Variscan orogeny, towards the end of the Silurian and in the Early
Devonian, the process may be denoted as Caledonian—Variscan. The intru-
sive activity itsell occurred in the late orogenic phase [until the Middle
Carboniferous] and even in the postorogenic period in the Permian. The
estimated duration of the Variscan orogeny of nearly 100 milion years
[between 350—260 Ma) is a long but acceptable period of magmatic activity,
particularly if the youngest leucocratic granitoids are thought to be late
Variscan (Permian]. This idea has been substantiated by the meast recent
study of the Gemeride granites.

The question remains how such a low petrochemical and chemical varia-
bility of the West Carpathian granitoids can be reconciled with so long-last-
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ing plutonism. This fact, after all, points to the late vrogenic characier of
the granitoids. It thus appears that the dispersion of age values, particularly
those provided by the K/Ar method, are due to other than time factors and,
consequently, that all data giving high ages of the rocks cannot be regarded
as authoritative. A plausible explanation is that the manifestations of granite
plutonism were associated with the thickening of the earth’s crust produced
by overthrusts of sedimentary complexes during the Variscan orogeny [to-
wards the end of the Devonian). An analogous process is assumed by D. F.
Strong [1980) for the New Foundland region (eastern Canada) and

Veporidy
S
c 10 5 0 5 10 15 20 A
L 1 L 1 1 S

Fig. 4D,

for West Europe. If we accept the palynological data indicating the Palaeozoic
age of the West Carpathian rocks as conclusive, we have to correct th=2 pre-
sent geotectonic opinions that only the Precambrian rocks may have been the
preexisting rocks af the granitoid magma. The most recent studies have
confirmed that granitoid intrusions penetrated into Palaeozoic shale com-
plexes which they altered to different degrees and assimilated them.

An attempt should be made to develop such a geotectonic model that would
lay stress on the existence of the Palaeozoic and also Upper Precambrian
shale complexes, substantiated by palynology, in the present-day relief. These
Palacozoic shales, which contained a large amount of clasts from Precam-
brinn rocks, were an important source of material for Variscan granitoids
and metamorphites. We need o deeper insight into the problem concerning
the sedimentary complexes of the so-called Central European (pre-Variscan)
sea (Palocka in Cambel — Palo¢ka, 1980), and a better knowledge
ol the origin and character of sediments in the mobile zones and sutures
along  the margins of the platforms and in the geosyncline intervening
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between the North European and South European [North African) continents.
The waning of the pre-Variscan sea and the crumpling of geosynclinal se-
diments at the end of the Devonian, and the supply of thermal energy induc-
ed the Variscan plutonism connected with intensive folding movements and
intrusions of Variscan granitoids. The scheme of the evolution history of the
West Carpathian Crystalline postulating only the destruction of emerged
Precambrian complexes and total absence of sedimentation in the period
between the Assyntian (Baikalian) orogeny and the Late Devonian — Carbo-
niferous, needs to be re-appraised.
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Fig. 4 ab.c. Graphical representation of Zavarickijs values. 1 — leucocratic
granitoids; 2 — muscovite-biotite granitoids and biotite granitoids; 3 — tonalites,

Most of the samples belong to rocks oversaturated with Al Graph 4 c also contains
vialues of the Gemeride granitoids, taken from Hovorka's catalogue [Hovorka,
1972).

Let us return to the significance of petrochemical and geochemical analy-
tical results obtained on the set of ,ZK" granitoid samples for a genetic in-
terpretation. This material, graphically elaborated by RNDr. Vilinovwvi¢o-
vd, is particularly interesting by a small variability of element contents
and a consgiderable chemical uniformity of granitoid rocks derived from
single mountain ranges or their groups, or even larger units, such as the
Tatrides or Veporides.

Similar changes in contents and a small scatter of values have also been
assessed for the microelements in the West Carpathian granitoids (Cambel
— Medved, 1981). The gradual decrease in the contents of individual
microelements, which occurs in agreement with the postulates of fractional
crystalization, confirms the existence of this process in the intrusive grani-
toids of the West Carpathians. Fig. 1, for example, shows the changes in the
microelement contents with decreasing basicity. The regular course of the
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decrease indicates that the Variscan granitoids can be included in one for-
mation except for the late Variscan [posttectonic, i.e. Neoidic) granitoids
of the Spissko-gemerské rudohorie Mits., which can be placed in a separate
formation. Variscan plutonism is characterized by high Ba and 5r contents,
a frequent predominance of Na over K, deficiency in Be, Sn, I, Cu and light
rare earths [(TR], particularly when compared with the Neoidic granites of
the Gemerides, which show opposite trends.
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Fig. 5 a, b, Ternary diagrams Or-Ab-An and Q-Or-Ab. For explanation see Fig. 3.

With the overall geochemical uniformity of the magma of Variscan gra-
nitoids, the greatest differences in the contents of elements are caused by
different basicity of rocks, and the degree of differentation or of anatectic
remelting or homogenization of palingenic magma. The Variscan grani-
toids of higher basicity possess increased contents of microelements from
the Fe group [Ni, Co, Sc, V, Cr] and of rare earths [TR) relative to the leu-
cocratic lypes. According to Tauson (op. cit. 1977, Table 1), the elements
K, Na, I, microelements Ba, Sr, Zr, TR and the K/Rb and Ba/Rb ratios are of
discrimination significance [see Table 1 of this paper].

On the basis of the contents of trace elements and chemistry of the rocks
the Variscan granitoids of the West Carpathian Mts, vary [in the sense of
this classification) within the limits of granites of the latite type, which are
belicved 1o be differentiation products of the basaltoid series of the tholeiitic,
calc-allkaline group (type 3 in Table 1), and of palingenic granites of calc-
“alkaline group (lype 5], An extreme member to which sporadic rocks ap-
proach is the type of ultrametamorphic granitoids (type 9). These two last
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types are palingenic rocks of crustal sedimentary origin. After Tauson’s clas-
sification the Gemeride granitoids correspond to plumasite leucogranites
having an increased content of rare metals.

It is of interest that the granitoids of the West Carpathians display such
a small scatter of the contents both of macro- and microelements despite
their formation under the intricate folding process of the pre-Variscan geo-
syncline, and marine sediments, accompanied by granite intrusions into the
shales being folded and metamorphosed. Petrographical studies (Macek,
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Fig. 6. Summary ternary diagrams Or-Ab-An and Q-Or-Ab. I — leucocratic granitoids;
2 — muscovite-biotite granitioids; 3 — biotite granitoids; 4 — tonalites. CIPW classifi-
cation,

in print) issuing from various populations (generations) of minerals reveal
a considerable variance and discontinuity of intrusive activity and interrupt-
ed consolidation of magma. The characler of the granitoid rocks corresponds
Obviously with the pulsative and non-uniform folding process in time and
space, and with the unstable supply of substances and thermal energy in
the individual parts of the region. We are still facing the task to shed light
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on the problem of the folding of the Palaeozoic geosyncline and on its as-
sociation with magmatism. A close association of intrusive activity with
tectonics and metamorphism has already been mentioned by Mahel (Ma-
hel, 1979].
Petrochemistry and geochemistry of the granitoids

The petrochemical classification of the West Carpathian granitoid rocks is
based on 112 silicate analyses and was developed on the principles establish-
ed on the basis of Streckeisen’s proposal (UGS, Streckeisen, 1973).
According (o this scheme the granitoid rocks have been divided into the
following groups:

leucngranite

L. Leucogranitoids \ leucogranodiorite

/'muscovite-biotite granite

2 Muscovite-biotite granitoids "-~.\musmvile—hiutile granodiorite

biotite granite

3. Biotite granitolds _biotite granodiorite

Alencotonalite
biotite tonalite

1. Tonalites

The rocks analysed were collected into four regional groups. The first
group involves the rocks from the Malé Karpaly, PovaZsky Inovec, Suchy
and Mala Magura mountain ranges (MK, PI, S, MM); the second group com-
prises the rocks of the Nizke Tatry (Low Tatra), Tribet, Ziar and Velka Fatra
Mts. [NT, T, Z, VF]; the rocks from the Vysoké Tatry (High Tatra), Branisko
and Mala Fatra (VT, B, MF] are classed with the third group, and those
from the Veporides and Cierna hora [V + CH) with the fourth group. Corre-
lations are made between some major units as, e.g. the Tatrides (T) and the
Veporides (V).

To obtain a perfect overview of the distribution and petrochemical rela-
tionships between the individual types we have calculated the CIPW, Niggli
and Zavarickij values. In addition, graphic representations of relations of
some oxides were prepared on the basis of chemical analyses, such as:
NazO 4+ K20 —5i02,  K20/Naz0—Ca0, K20—Naz0, triangular diagrams I-A-M,
KoO —Ca0 —Na20, and Larsen variation diagram [(Si02/3 + K20 — [Ca0 +
M) ).

In the dilferentiation diagram of Niggli's al, fm, ¢ and alk values and
their relation o osi, the tendency o differentiation of the granitoids studied
is ilustrated. From the diagrams (Fig. 2) it follows that the trends of these
virlues are almost parallel in all regional groups. The al and alk values rise
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with increasing si and the fm and c¢ values decrease. The si value generally
ranges from 250 to 500. According to these values the ,,ZK“ rock samples
belong to the calc-alkaline series, either to leucogranite, granite or grano-
diorite and trondhjemite magma. Of 127 ,,ZK" samples, 55 % show derivation
from the trondhjemite magma, 21 % from the leucogranite magma, 13 %
from the granodiorite and 10 % from the granite magmas.

Or Or

Veporidy Tatridy

=
3]
& FEE

A
Veporidy Tatridy

Fig. 7. Summary ternary diagrams Or-An-An and Q-Or-Ab. According to mesonorm
classification. For explanation see Fig. 6.

In the c+Ifm—alk—al diagram (Figs. 3, 11] the differentiation of the rock
types is more clearly defined. The c+fm distinctly rises from leucoratic gra-
nitoids towards tonalites but the overall distribution of the points over the
area of the triangle is nearly identical for all regional groups. Only the rocks
of the first group (MK, Pi, S, M) show a certain difference.

On the basis of Zavarickij’s diagram [Fig. 4 a, b, ¢) the ,,ZK" samples cor-
respond to the rocks of normal composition; they comply with the condition:

Ca0 -+ Naz0 + K20 = Al205 = Na20 + K:20.
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In addition, there is a group of rocks oversaturated with Al; for these it holds:
Al203 = Ca0 + Naz0 + Kz20.

Twenly-six per cent of rock samples analysed are of normal composition

and 74 per cent are oversaturated with Al. This ratio is characteristic of the

Wesl Carpathian granitoids, The Na content in the granitoids of this moun-

tain range is usually slightly higher or almost equal to the K content. These
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Fig. # a,b. Ternary graphs -L-M and Ca0-Na.0-K.0. For explanation see Figs. 2 and 3.

relations are apparent from Figs. 13, 14b and 16b. The similarity of the Tatride
and Veporide granitoids is also demonstrated by the last evaluation proce-
dure.

The diagrams in Figs. 5, 6, 7 show the values recalculated as CIPW nor-
mative Or-Ab-An and (-Or-Ab. The Or-Ab-An diagram (Fig. 5a) indicates that
of all the rocks described the leucocratic granitoids have the largest amount
or normaltive orthoclase, which is least abundant, on the other hand, in tona-
lites. Normative albite content increases in the group of biotite granitoids,
and in tonalites the field recalculated to mesonorm (Fig. 7) is shifted nearer
to the Ab-An connecling line relative to CIPW [Fig. 6). In the (riangular
(-Or-Ab diagram the fields of the rock types overlap, mainly those of mus-
covite-biotite and biolite granitoids [IFigs. 6, 7).

For comparison, analogous summary diagrams have been constructed for
the Talride and Veporide regions. According to the recalculation to meso-
norm (Mg, 7) the position and overlap of the fields are nearly identical; the
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only difference is that the field of tonalites in the Q-Or-Ab triangle (Fig. 7)
comes nearer to the 0Q-Ab line, and to the Ab-An line in the Q-Ab-An triangle.
This shift is due to that in recalculation to mesonorm a part of potassium is
used for normative biotite, whereas in recalculation to CIPW norms all
potassium is used for the calculation of normative orthoclase.

ca0 CaD

Na,0
Veporidy Tatridy

Fig. 9. Summary ternary CaO-Na,O0-K:0 graph [or the granitoids of the Tatrides and
Veporides., For explanation see Fig, 6.

Geochemical and petrochemical trends of the rock type development are
illustrated in triangular F-A-M and K20—CaO—Na20 diagrams, which de-
monstrate the share of fractional crystallization in the formation of the gra-
nitoids under study (Fig. 8 a, b). The diagrams reveal that the rocks belong
to the alkalic and calc-alkalic association and that'the position and scatter

v+CH VT.B.MF NTT.ZNF MICPLS.MM

Fig. 10. Three-component F-A-M graph. For explanation see Figs. 2 and 3.
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of the points is very similar. Tonalites (Fig. 8) are nearest to apex Ca. Graph
8a shows a considerable clustering of the points and their small differen-
tiation according to the groups.

The summary CaO-—-Na20—K20 graph for the Tatride and Veporide grani-
toids [Fig. 9) confirms the overlapping of the fields, particularly of musco-
vile—biotite and biotite granitoids, and analogous distribution of the points
of these rocks.

Veporidy Tatridy

1= 00 30 «EEE

c+ fm c+fm

alk al al

Veporidy Tatridy

Fig, 11, Summary three-component graphs F-A-M and of Niggli's values c+im—alk—
al. For explanation see Fig. B.

Figures 10 and 1L show most distinetly the differentiation trends and po-
sitions of the rock types in the graph. The Veporide and Tatride rock types
display similar trends. The tonalite field is closest to I and C+Im apices.

The mode of magma differentiation, irrespective of its origin, is also cha-
riacterized by correlation diagrams showing the relation between the oxide
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Malé Karpaty, PovaZsky Inovec, Suchy, Mald Magura
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contents and the acidity of the rock — Larsen coefficient — Si0O2/3 + K20 —
(MgO+Ca0O) (Fig. 12 a, b, ¢, d). According to these relations, the granitoids
are distinguished by a normal differentiation trend. Proceeding from the
tonalites towards granitoids SiO2 and K20 increase and TiOz Al203, FeO, MgO
and Ca0 decrease in amount.

The relations between Naz0, K20, SiO2 and CaO for every regional group
are plotted in diagrams, Figs. 13, 14. 15 and 16. The alkali content rises mao-
derately from tonalites to leucocratic granitoids, depending on the SiO2 con-
tent; the K20/Naz20 ratio increases slightly with the decrease in Ca0O, chiefly
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Vysoké Tatry, .Branisko, Mala Fatra
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Fig. 12 D,

in lencocratic pranitoids. The NazO conlent has an almost equal range in all
pranitoids and tonalites analysed, but Ke0 rises definitely from tonalites
towards leucocratic pranitoids. The position and overlapping ol the fields of
individual rock types are well seen from summary correlation diagrams [Fig.
4], The overlapping is more pronounced in o muscovite-biotite and  biotite
pranitoids than in levcocratic granitoids and tonalites.
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Nizke Tatry, « Tribet iiar‘ Velka Fatra
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Fig. 12 c.

Histograms of the element contents for the Tatride region and Veporide
region are in Figs. 17 and 18, respectively. Fig. 19 is a summary histogram
of granitoids of the Tatro-Veporides. For regional groups the frequency cur-
ves of the macroelement contents have been constructed [Fig. 20). The [re-
quency curves differ depending on the type of the rocks (leucocratic, mus-
covite-biotite and hiotite granitoids and tonalites).
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Fig. 12 b, Differentintion graphs of elements in dependence on Larsen's coelfi-

cient, Explanation of Fig, 12 a: 1 — leucocratic granitoids; 2 — muscovite-biotite gra-
nitoids: 3 — biotite granitoids [granodiorites); 4 — tonalites.
Conclusion

. The authors present some considerations on the genesis of granitoid
rocks, based on the study of a set of [ZK" granitoid samples of the West
Carpathians, They think these rocks to be products of anatexis and palinge-
nesis of crustal sedimentary complexes interspersed with different portions
of basic tholeiitic volcanites. As a result of this derivation, the West Car-
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Fig. 13. Summary graphs of Tatride and Veporidy , Tatridy
Veporide granitoids and of the ratios: K0
K,0/Na:0, K:0+Na,0/Ca0 and K.0+ -
+ Na20/810:. 3
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pathian granitoids display features of the ,I“types as well as of ,S" types
or mixed ,I+S" types of the Chappell-White s classification [1974).
The assumed origin also agress with Tauson’s classification scheme [1977)
developed on the principle of the contents of microelements.

2. The authors admit the possibility that granite magma originated from
the Palaeozoic rocks which consisted of the material derived from Precam-
brian platform complexes in mobile geosynclinal regions situated between
the North European and South European (North African) continents. The
waning of this sea followed by the thickening of the crust due to crumpling
of shale complexes and translation of thrust nappes, was connected with the
supply of energy and Variscan granite plutonism at the end of the Devonian
and in the Early Carboniferous. The intrusive granitoid phase ocurred in the
late stage of Variscan orogenic process. Analogous interpretation of the
formation of granitoids was put forward by D, F. Strong [1980) for gra-
nitic rocks in New Foundland [eastern Canada) and in West European re-
gions. The authors suggest that the proved presence of the Palaeozoic shale
complexes in the West Carpathians requires the development of such a tec-
tonic hypothesis which would respect these facts.
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3. The study has shown very small differences in the contents of macro-
and microelements in the Variscan granitoids, except for those of the Ge-
merides. This indicates that the West Carpathian Variscan granitoids are mem-
bers of one granite formation. It has also been demonstrated that palingenic
magma underwent fractional crystallization, which in places led up to the
aplite-pegmatite phase.

4. The intrusive process which synchronous with the folding of the Va-
riscan orogen and was accompanied by intensive metamorphism of shales
(periplutonic metamorphism), effected a close petrogenetic and geochemical
conjunction of the granitoids with their mantle of metamorphosed and mig-
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Fige, 14 a0, o, Graples showing the [0 4 NasO/Cald and K0 NaO ratios, In Iig. 14 a

the raling are plotted separcately tor the Veporide and Tatride granitoids. Fig, 14 b
is o commuon graph for all types of Tatro-Veporide rocks, For explanation see Iig.
(2 a; V. — Veporides, T — Talvides, V41T — Tatro-Veporides [rock types are not

discriminated).
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matized shales. The intricacy of these processes is reflected in the comple-
xity of the granitoid petrology. Macek [(in print) discerned several crystal-
lization phases and several generations of minerals which were formed under
different thermodynamical conditions of the evolution of the orogen.

5. The paper contains a rich graphical documentation. Numerous graphs
demonstrate the geochemical and petrochemical patterns of the rocks studied,
interrelationships between the elements, the trends of magma differentiation
and the history of the genetic processes of granitoids, which throw light on
the thermodynamic and physico-chemical conditions of crystallization. The
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Fig. 15 a.b, Graphs of K.0-+Na,0/Si0, rations in the Veporide granitoids (V). Tatride
granitoids (T), and the summary graph (V+T). The graphs relate to individual rock
lypes. For explanation see Figs. 3 and 12 .
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time was particularly appropriate for preparing the geochemical and petro-
chemical documentation of the selected West Carpathian granitoids because
the rocks are at present the subject of integrated study, and the samples are
colleclted in such amounts and at such localities that sampling and analyses
may be easily repeated. Many of the samples can be used as comparative
and documentary standard material. As it was studied by a team of co-wor-
kers using uniform methodical procedures, the dispersion of results,
which cannot be well eliminated when analyses are made by individual re-
searchers in different laboratories, has thus been reduced,

Translated by H, Zarubovi
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Fig, 16 ab, The K0 No,O/Ca0 and K.0/Na:O ratios in the granitoids of the Tatrides
(1), Veporides [V] and Tatro-Veporides (V-4T]). The graphs relate o individual rock
types. For explanation see Figs. 3 and 12 a.
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S0,

. Tatridy

1 E Leucocrabic gromtoids

2 Muncovite-biotite granitoids
3 [j Buotite gramiods

& Tonsiitey

Fig. 17. Histogram of micrcelement contents in Tatride graniteids. 1 — leucocratic
granitoids; 2 — muscovite-pictite granitoids; 3 — biotite granitcids; 4 — tonalites,
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Fig, 1 Histogram of macroclement contents in Veporide granitoids. For explanation
see Fig. 17.
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Fig. 19. Summary histogram of element contents in the granitoids of the Tatrides and
Veporides [Tatro-Veporides). For explanation see Fig, 17,
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Tatridy

Mno . A

Fig, 200 Frequency curves ol clement contents in the granitoids, arranged according

to thee Tateide mountain groups. Explination: 1 — Malgé Karpaty, PovaZsky [novec,

Suchy, Mala Magura; 2 — Nizkke Tatry, Tribed, Ziar, Velka Fatra; 3 — Vysoke Tatry,
Branisko, Mala Fatra.
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