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B. CAMBEL — ]. MEDVED*

CONTENTS OF TRACE ELEMENTS IN GRANITOID ROCKS OF THE WEST
CARPATHIANS

{Tabs. 1—7, Figs. 1—7)

Abstract: In the presented work are evaluated the contents of trace
elements in 234 spectrochemical analysed samples of granitoid rocks of
the West Carpathians. The spectrochemical analysis of samples, the proce-
dure of which is decribed later, was performed by J]. Medved in the
spectrochemical laboratory of the Geological Institute of the Slovak Acade-
my of Sciences in Bratislava. In the work is given the characterization of
essential types of granitoid rocks from individual West Carpathian moun-
tain ranges on the basis of trace elements B, Ba, Be, Co, Cr, Cu, Ni, Ph,
Sc, Sn, Sr, V, Y, Zr. The content values of these élements are quoted in
tables and graphs, which make possible parallelization of various rock
types from various mountain ranges of the West Carpathians. So the pos-
sibility is provided to utilize common or also different geochemical marks
to considerations about genetic competence of petrogenetically and geo-
chemically different or approached types of rocks. The results confirm
the competence of Variscan granitoids into one formationn of Variscan
or Caledonin-Variscan granite plutonism. This plutonism is characteriz-
ed by a high content of Ba, Sr and prevalence of Na over K mainly in
comparison with Gemeride granites, which form an independent forma-
tion of Neoid granitoids. From the whole comparison of trace element
contents is evident that with relatively considerable geochemical homo-
geneity of granitoid magma of Variscan granitoids the greatest content
differences are caused by various basicity of rocks, their degree of diffe-
rentiation or degree of completeness of anatectic remelting or homoge-
nization of palingenic magma,

Peswme: B pafore oueHeHnt comep:xaHus cienoBeix aneMmeHtos B 234 cnexrpo-
XMMHYECKH aHaJM3MpOBAaHHEIX Tpo6 TpaHUTOMZHLIX mopox J3anagHex Kapmar.
CrexTpoxuMudeckuii aHanus npof, MeTon KOTOPOrO OMMCAH HIDKE, MCHOJHAI
. Meagens B cnexTpoxummueckoit snabopatopun Ieosoruueckoro umcrutyta CAH
B Bparucnase. B pafore onmcana XapakTepHCTHKA OCHOBHBIX THIIOB TPAHMTOMIHBIN
nopox oTnensHuix rop 3amanHeix Kapmat Ha OCHOBAaHHMM CAEIOBHIX 9JeMeHTOB B,
Ba, Be, Co, Cr, Cu, Ni, Pb, Sc, Sn, Sr, V, Y, Zr. ConepikaHua 5THX 3JeMEHTOB
nprBefenbie B Tabauuax u rpadukax, crnocofCTBYIONIMX WIMPOKYIO 11aPAaJAenH3aio
PasHLIX THNOB TOPon M3 pasHeix rop 3anamuerx Kapnar., DtuM npemoctasaser
BO3MOMKHOCTE HCIONB3IOBATH OBIHX W PasAM4HBIX TEOXMMMYECKHX 3HAKOB A
pacCyKIeHHI KacaloNMXCAd TEHETHUECKOH NPHHAMJIEKHOCTH MEeTPOTEHeTHUEeCKH M Teo-
XHMHYECKH PASAMUHHEX WaH cOIMKEeHHHIX THIOB Topox, PeayasTaTst noaTBep:kiaior
NPAHALIEKHOCT BAPHIICKNX TPAHMTOMAOB B OXHY (OPMAIlHI0 BapHiICKOTO, HIM-Ke
KaJIeIOHCKO-BAPHIICKOTO MAyTOHH3MA. ODTOT IUIYTOHHIM XapaKTepH3OBaH BHICOKHM
conepsxanuem Ba, Sr m mpeumymecrsom Ni man K, ocofemno B cpasHeHun c reme-
PMIHBEIME TPAHHTAMM, KOTOPEE O6pasyioT caMOCTOATEAbHYIO (GOPMAILINI0 HEOMIHBIX
rpanurounos. Ma ofujero cpasmenus copepiaHiuit CcleNOBLIX 3JEMEHTOB BEITEKAET,
49TO B OTHOCHTENRHO SHAYHTENLHOH TEOXMMMYECKOH TOMOTEHHOCTBIO TIPAHMTOMIHON
MarMpl BapMHECKMX TPAHHTOMIOB caMble GONBIIME PasSHUIB! BHIBHIBAET pasHAA OCHOB-
HOCTh TOPOH, MX CTeneHs nHQQepeHIUalME, WAH CTelleHh COBEPUIEHCTBA AHATEKTH-
YECKOTO TEePengaBieHis, HAH-}Ke TOMOTeHM3alisa NaJlHHTeHeTHUYeCKONl MarMbl,

* Akad. Prof. RNDr. B. Cambel, DrSc., RNDr. ]. Medved, CSc., Geological In-
stitute of Slovak Academy of Sciences, Dabravska cesta 9, 88625 Bratislava.
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Introduction

The granitoid rocks are very wide spreaded in the West Carpathians, they
occur in the core mountains of Malé Karpaty, PovaZsky Inovec, Suchy and
Mala Magura, Ziar, Tribed, Mald and Velkd Fatra, High and Low Tatra,
Branisko, further on in the Vepor crystalline and in the Cierna Hora, less in
the Paleozoic of the SpiSsko-gemerské rudohorie Mts.

The most extended West Carpathian granitoid rocks are Variscan granitoids
or granitoid rocks of the Caledonian — Variscan cycle, which as older
ones originated in the synkinematic phase of formation of migmatites and
hybrid crystalline rocks. This process resulted in formation of palingenic
granitoid magma, which remained in the zone of migmatites or in some
mountain ranges, intruded in the Variscan orogene into less metamorphosed
parts of supercrustal mantle. Some authors consider granites of Kralicka
type or some further granitoid bodies of the Veporide crystalline as synkine-
matic, relatively older granitoids. It is also proved the existence of volcano-
intrusive, mainly hypabyssal types of acid magma as evidence of porphyric
magmatism in the Early Paleozoic in the region of the SpiSsko-gemerské
rudohorie Mts. It is questionable whether to that period the origin of ortho-
gneisses [Murdn gneissose granites) can be assigned, which can be consi-
dered as metamorphosed hypabyssal equivalents of this acid Early Paleo-
zoic magmatism (B. Cambel et al. 1979). The problem of granite pluto-
nites in the Tatra-Veporides of pre-Variscan age can be solved only with
difficulties and the opinions of individual geologists about their existence
and genesis are different and usually missing appropriate evidence. The
pre-Cambrian granitoid rocks have not been so far proved in the region of
the West Carpathians.

It may be said, that in the presented article the published analysis of gra-
nitoid samples concern to a maximum extent the Variscan granitoid rocks
of the Tatraveporides and only a part referts to Neoide granitoids or Late
Variscan—Permian granitoids (according to the last works of A. Kovach
et al., 1979 and J. Kantor et al., 1979), wich occur in the SpiSsko-gemerské
rudohorie Mits.

Our work includes and evaluates the results of study of trace element con-
tents, which were analysed by spectrochemical method by ]. Medved in
spectrochemical laboratory of the Slovak Academy of Science. The mention-
ed samples belong to the group of selected representative granitoid rocks
of the West Carpathians (ZK samples), which were collected by B. Cambel
and L. Kamenicky and from the complex of samples of Malé Karpaty
collected by B. Cambel, J. Veselsky and V. Katlovsky. It was
also analysed a smaller number of samples for futher geologists (D. Hovor-
Ik a), which is also included in the number of valuated analyses, of which
are 234 on the whole. A part of analyses is taken over from the catalogue
of D. Hovorka (1972). The mentioned analytic results were statistically
evaluated (arithmetic and geometric means and relative standard deviation
of the geometric mean) (J. Medve d, 1978).

At present the material of selected represetative samples of granitoid rocks
of the West Carpathians (so called ZK samples) is being treated very inten-
sely geochemically-mineralogically and petrographically as well as nume-
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rous samples from the Malé Karpaty region are evaluated. The contem-
poraneous knowledge, which provides characterization of the mentioned,
mainly Variscan granitoids makes possible to work out the classification of
these rocks from geochemical, petrochemical and petrographic-mineralogical
view-points. In the time when the individual statistic data mentioned in
tables of the presented work were calculated, neither these data were availab-
le nor an international system of classification was accepted and got used
and therefore the names of rocks are introduced in the tables of the work,
which corresponded to ways of classification, used in that time and not
uniform. Therefore in the tables are taken over names of the rocks used
by mapping geologists previously. In order to make possible parallelization
of rocks mentioned under various names in the tables with names, which
are in agreement with the international classification, we present the follow-
ing parallelization, which is based on the classification of granitoid rocks
of the West Carpathians from the group of ,ZK” samples, carried out on
the basis of appropriate planimetric analyses.

According to these results the granitoid rocks of the West Carpathians are
divided into:

1. leucogranitoids: a) leocogranites, b) leucogranodiorites

2. two-mica granitoids: a) two-mica granites, b) two-mica granodiorites

3. biotite granitoids: a) biotite granites, b) biotite granodiorites

4. tonalites: a) leucotonalites, b) biotite tonalites, ¢] amphibole-biotite to-

nalites.

In order to compare granitoid rocks of the Bohemian massif and West Car-
pathians B. Cambel L. Kamenicky, ]. Klominsky, M. Palivcova
(1980) used the following subdivision, partly in agreement with the division
used in this work, as rocks studied in the latest 20—30 years were compared
there. The following division was used:

1. leucogranites (aplite granites)

2. two-mica granites and biotite granites (adamelites and leucocratic gra-
nodiorites)

3. biotite granodiorites (-~ amphibole)

4. tonalites and amphibole granodiorites [Z amphibole)

5. durbachites (in the Bohemian massif only)

6. diorites and gabbros associated (in granitoids)

According to the international classification of sorted selected samples of
the West Carpathians the first group includes approximately rocks with the
following names mentioned in the tables of this article: aplites, pegmatites,
aplite-pegmatitoid granites, leucocratic granitoids, granites of type Kralitka
and further a part of autometamorphic (autometasomatic) granitoids from
various mountain ranges.

The second group includes the following analogous groups: muscovite-bio-
tite granites to granodiorites, a part of granitoids and granodiorites from
various mountain ranges, a part of granites and granodiorites of Hroncok
and Veporide types, a part of autometamorphic granitoids.

To the third group belong analogous rocks mentioned in this work under
the following names: biotite granites — granodiorites, biotite granodiorites,
granodiorite of Sihla type, granodiorites of Dumbier type, granodiorites of
Modra type.
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To a particular group belong: amphibole-biotite quartz diorites and diorites,
which are analogous with the group 6 mentioned in the work by B. Cambel
et al. (1980), in which diorites and gabbros are associated with granitoid
rocks.

In the presented work are mentioned also such types as autometamorphos-
ed or autometasomatic granitoids of PraSivd type etc. affected by potassium
or sodium autometasomatism. These names were taken over from older works
and are requoted, although we know that at present there are discussions
whether to consider the genesis of various so called autometamorphosed ty-
pes as products of normal development of rock differentiation (D. Hovor-
k a, 1979).

Such rocks are known in the region of the High Tatra, Low Tatra (Pra-
giva type), Velkd and Mald Fatra and Vepor crystalline. A particular group
are metasomatites from the Malé Karpaty region, where an alkalic high-
er-thermal potassium metasomatosis, or lower-thermal to hydrothermal so-
dium metasomatosis is concerned. As under the concept metasomatites we
do not understand a uniform alteration of granitoid rocks, belonging to one
process, these groups are characterized by considerable geochemical varia-
bility, mainly in the contents of trace elements, of which especially some
metals have higher contents.

The most wide-spread types of West Carpathian Variscan granitoid rocks
are those belonging to two-mica granitoids (group 2] and to biotite granito-
ids (group 3). Leucogranitoids (group 1) and tonalites (group 4] as well
as also quartz-diorites or diorites and gabbros (group 6), according to the
work by B. Cambel et al, (1980), are much less wide-spread and rather
form border zones, nests or streaky macro-bodies and light-coloured rocks-
vein bodies taking up a relatively small part of massifs.

Granitoids of the Neoid and Late Variscan cycle of development occur in
the Gemerides (areas of Hnilec, Betliar, Poproc¢, Zlatd Idka and elsewhere].
From the Tatraveporide granitoids they differ mostly in mineral and che-
mical composition.

Gemeride granitoids, according to latest evaluations, are also not forming
a group homogeneous in age and petrology. According to J. Kantor et al
(1979) the northern Sulova strip of occurrences of so called Gemeride gra-
nites belongs to Late Variscan intrusions, whereas the southern strip is of
Cretaceous or Jurassic age. As it was already said, in the SpiSsko-gemerské
rudohorie Mts. also hypabyssal acid rocks altered by dynamic metamorphism
exist, which possibly may be assigned to porphyroid sub-surface Early Pa-
lezoic magmatism.

The main objective of the presented work is to summarize the fundamental
' data of the contents and distribution of trace elements B, Ba, Be, Co, Cr, Cu,
Ni, Pb, Se, Sn, Sr, V, Y and Zr in individual types of West Carpathian grani-
toid rocks. The results have to serve as information about clark contents of
the above mentioned elements in rocks grouped according to regional and
petrographic-petrogenetic viewpoints. Forming of greater complexes from
Variscan granitoid groups gives a very clear survey of geochemistry of these
rocks and contents of microelements in them. These data form an important
geochemical characterization, which makes possible to differentiate or pa-
rallelize individual groups of granitoids mutually, from regional and petro-
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graphic viewpoints. The work enables us to make a picture of the variability
of granitoid rocks in he West Carpathian region and so to solve important
petrologic problems and to clear up analogies and relations of correlation
between various types of rocks.

Analytic method

The samples of rocks were homogenized with graphite powder SU 602 in
ratio 1 : 1. As electrodes served the carrier electrodes SU 308 and coun-
ter-electrodes SG 359 produced by Elektrokarbon n. p. Topol¢any. The spectra
of samples were taken down 90 seconds, using spectrograph PGS—2. As exci-
ting source was applied the D. c. arc of anodic polarization of the analytical
electrode of intensity 6 A. Analytic lines of determined trace elements were
chosen in a way to guarantee the best reproducibility and provability. The
selection of comparing elements was made on the basis of the course of rela-
tion curves so that these should approach as much as possible the observed
elements in their spectrochemical properties. The selected wave lengths of
lines of the established elements as well as of comparing elements are men-
tioned in Tab. 1. The blackening of appropriate spectral lines was measured
microphotometrically and converted to values Y [log. I) by aid of calibra-

Table 1. Wave lengths ol used spectral lines, preciseness of determination and
concentration ranges of trace elements in granitoid rocks. Explanations: 1 — Ge, Pd,
Eu — comparing elements; srp — relative standard deviation of analytic determina-
tion, where index p means that there are, values calculated with utilization of cou-
ples of results obtained from parallel measurement; A C' concentration range, in which
the element centents were found in selected 50 samples; AC — concentration range,
in which is is possible with the decribed spectrochemical method to determine indi-
vidual elements.

Element Waye lengtn Sep ACH AC

Ba 233,52 0,105 100—2550 100—3000
Be 234,86 0,097 <315 3—300
B 249,77 0,112 <10—100 10—1000
Pb 283,30 0,093 12—150 3—300
Sn 317,50 0,091 <318 3300
Cu 324,75 0,100 8—74 3—300
Ge! 265.11

v 318,39 0,116 3—135 31000
Sc 335,37 0113 323 3300
Ni 34147 0,059 <3—18 31000
Ze 34382 0,166 87—540 10—1000
Co 345,35 0,071 <3—14 3—1000
Y 371,02 0,134 4—82 31000
pd! 342,12

Cr 425,43 0,084 <3—56 31000
Ba 455,40 0.105 23—1500 31500
St 460.73 0,089 9—620 3—1500
Eu! 459,40
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tion curves of emulsion, which were constructed with application of results
obtained from preliminary curves (E. P18k o, 1969] for the interval of wave
lengths 300, 350 to 450 nm. The analytical calibration curves were constructed
in coordinates A Y against log. C. The samples of granitoids were taken off
twice, calibration standards three times and from the obtained parallel results
the geometric centre was taken. The preciseness of determination of indivi-
dual elements expressed by relative standard deviation (s.,) was calculated
from the results of parallel measurements at 50 granitoid samples with chang-
ing content of one or other element and is given in Tab. 1. The used method
of calculation of determination precisencess is described in the work by E.
P18ko (1973). In Tab. 1, besides other data, is mentioned also the concen-
tration interval AC;, in which were found the contents of individual elements
in analysed granitoids and finally the concentration range AC, in which it is
possible to determine the individual elements by the described spectrochemi-
cal method.

The lower limit of interval AC represents practically the attainable detec-
tion limit. The correctness of analytic results was confrolled by analyses
of standard reference materials USGS! G—2 (granite), GSP—1 (granodiorite);
CRPG? — GA (granite), GH (granite); ZGI* — GM (granite); IGEM? —  Ry-
#ik” (granodiorite); ANRT5S — Dr—N (diorite). Establishing of trace elements
in standard reference materials was carried out in various times (from 1970
to June 1980), almost after each set of 40 samples. From the obtained va-
lues of microelement contents in individual standard reference materials
were calculated the average X values, which were compared with the re-
commended C, values, mentioned by F. J]. Flanagan (1969, 1973) and
IGE, Moscow [1973). The average X values as well as the recommended C,
values are quoted in Tabh. 2.

Treatment of results

For the individual distinguished types of granitoid rocks (from more basic
to acid and taking into regard rocks affected by autometamorphic and me-
tasomatic processes] the average contents of trace elements, expressed by
arithmetic and geometric means were calculated. Further on, the relative
standard deviation of the geometric mean (of dispersion of logarithm values
of element contents]) was calculated. All these statistical data are mentioned
in Tabs. 3—7. The mean contents expressed by geometric means can be cal-
culated from distribution histograms provided that lognormal distribution of
microelements is also at these analyses, in which a part of the results is
below the detection limit. In groups with a small number of samples histo-
grams could not be constructed and therefore the geometric means were in
a part of these samples, when the number of contents below detection limit

U.5. Geological Survey

Centre de Recherches Pétrographiques et Géochimigues [France)
Zentrales Geologisches Institut [GDR)

Institut geol. rud. mestorozhdenii, petrografii i geoch. AN USSR
Association Nationale de la Recherche Technique (France)
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permitted, calculated from Ilogarithms of concentration values. The above
mentioned statistical data were also calculated in groups with smaller num-
ber of samples and therefore these are of informative character only. When
in some group of samples the content of the established element was below
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Fig. 1. Representation of B, Ba and Be in studied types of the West Carpathian gra-
nitoids. Explanations: 1 — diorites; 2 — quartz diorites; 3 — granodiorites; 4 — gra-

nites; 5 — Gemeride granites; 6 — granites of Kralitka type; 7 — leucocratic grani-
tolds; 8 — pegmatites to aplite-pegmatite granites; 9 — autometamorphosed grani-
toids; 10 — metasomatic granitoids; BM — Bratislava massif; MM — Modra massif;

Pl — PovaZsky Inovec; SM — Suchy and Mala Magura; ZI — Ziar; TR — Tribet; MF

— Mala Fatra; VF — Velka Fatra; VT — High Tatra; NT — Low Tatra; BR — Bra-

nisko; CH — Cierna hora; VK — Vepor crystalline; SG — Spissko-gemerské rudo-
horie.
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detection limit, the mentioned value of the range of contents is ,less than
the detection limit and the maximum content value of element”. The micro-
element contents are also evaluated graphically (Figs. 1—5). In statistical
calculations [of geometric mean, relative standard deviation of geometric
mean) it was set out from the works by L. H. Ahrens (1954), S. Duro-
vie (1959), E. P18ko (1973), B. Cambel — L. Kamenicky — J. Med-
ved (1979) and others.

Tab. 7. is compiled so as to make possible to compare, whether some ele-
ments are increasing or decreasing with basicity or rock (with its degree
of differentiation) and how they behave in processes of autometomorphism
or metasomatism. On the basis of data in Tab. 7 it may be stated that trace
elements Ba, Co, Cr, (Cu], Ni, Sc, (Sr), V, (Y) and Zr are bound to more
basic types [(diorites, quartz diorites to biotite granodiorites). Their con-
tents usually decrease [(except Cu, Sr and Y) toward acid types [granites,
leucocratic granites, autometamorphosed granites, aplites + pegmatites +
aplite pegmatite granites and Gemeride granites), in some cases [e.g. at
V, Sc, Ni and Co) very distinctly. To the contrary, B, Be, Sn and Pb increase
in reverse order, i.e. in acid granite types. A certain exception is formed
by autometamorphosed granitoids or metasomatic types of the Malé Karpaty,
which are closer to more basic types of granitoids in contents of trace
elements and enriched in some metals, the bearers of which are supercri-
tical or hydrothermal solutions (Cu, Sn, Ni, Ba, Cr). This geochemical feature
can be a diagnostic mark confirming autometamorphic and/or metasomatic
processes affecting the terminal development of rocks.

To the contrary of other West Carpathian granitoid rocks, the highest con-
centrations of elements typical of acid magmas (B, Be, Sn) are characteristic
of Alpine Gemeride granites, which, however, have also the lowest Ba and
Sr contents. The statement that Variscan or Caledonian—Variscan grantoids
have no typical metal-bearing features, as shown in the low content of B,
Be, Sn, F and in the high contents of Ba and Sr, was achieved already earlier
(L. V. Tauson — B. Cambel — V. D. Kozlov — L. Kamenicky,
1974, 1977; V. Katlovsky — L. Kamenicky — R. Marschalko —
J. Medved, 1974).

In general, the lowest microelement contents were established in aplites,
pegmatites and aplite-pegmatite granites, with the exception of Pb, concen-
trations of which are highest in part of these rocks. An exception is Ba in
pegmatites of the Mald Fatra, with a very high content (1842 g.t'!) in con-
trast to aplites, pegmatites and aplite-pegmatite granites of the Bratislava
massif, High Tatra and Branisko, [contents of which are varying from 41
to 420 g.t''). It is necessary to remark, however, that pegmatites of the Mald
Fatra are rich in potassium feldspars, and in these pegmatitoid granitoids
hydrothermal deposits of barite of vein character occur.

With autometamorphic processes (potassium metasomatism) Ba contents
usually increase in affected granitoid rocks. As an example the higher Ba
content (820 g.t'!') in granites analogous to the Prafiva type in contrast to
Ba content (484 g.t'!') in Dumbier type granodiorite may be mentioned. In
autometamorphic or metasomatic processes, in the Modra massif or PovaZsky
Inovec Mts,, the affected rocks are distinctly enriched in Ba, what is probably
connected with observed increase in potassium near the contact of granitoids
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with surrounding rocks of the schistose crystalline. Between metasomatic
granitoid rocks of the Modra massif and PovaZsky Inovec Mts. are, however,
differences in contents of some trace elements, due to the different cha-
racter of metasomatic processes.

Some elements as e.g. Sn, B, Be, Zr, Cr, V, although showing the observed
trend to decrease or increase their contents in dependence on basicity or
acidity of magma, display considerable variation of contents in the indi-
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vidual mountain ranges, also within the same type of rock. Greatest varia-
tions, as natural, are in acid differentiates in autometamorphic types of peg-
matite-aplitoid granitoids, pegmatites and aplites. So e.g. in the type of
leucogranite, according to mountain ranges the variations in contents are
as follows: Sn in VK (Vepor crystalline) = <3 in NT (Low Tatra) = 7; Cr
in VK = 20 in NT = =<3% Zr in VK = 140 in NT = 25; V in VK = 20, NT
= 4; B in VK = <3 in NT = 20 (mentioned in g.t'). Attention should be
called to the fact, as particularity, that e.g. Be, which is little represented
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Fig. 5. Representation of Zr in‘ studied types of West Carpathian granitoids. Explana-
tions as in Fig. 1.

in Variscan granitoid rocks of the West Carpathians (mostly <3), being
also unexpected for their acid differentiates, aplites and pegmatites, which
have little Be. Only aplitoid rocks and pegmatites of the Bratislava massif
have more of it. On the other hand, beryllium is an element indicative for
autmoetamorphic alterations or for the last crystallizing stages of magma
differentiation, also for two-mica granitoids of the West Carpathians, includ-
ing the Kréalitka type of rock.

In the frame of the studied group of samples of quartz diorites, grano-
diorites and granites of the West Carpathians, on the basis of microelement
contents (Co, Ni, Sc, V but also B, Be and Sn) it is possible fo distinguish
the following groups with types of gradually sinking basicity:

a) Group of quartz diorites (4th group according to international classifi-
cation), the representative of which are biotite quartz diorites [tonalites)
of Tribet type with content of amphibole. From the observed granitoid rocks
Co, Cr, Cu, Ni, S¢, Sr, V, ¥ and Zr display highest concentrations (see
Tab. 7).

b) In the group of basic (biotite granodiorites] (3-rd group of internation-
al classification), to which the Sihla, Dumbier and Modra types may be
ranged, the contents of microelements Co, Ni, Sc and V are distinctly lower
in contrast to the preceding group.
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c) The group of two-mica granodiorites to granites (2nd group of inter-
national classification) is characterized by most lowered contents of trace
elements Co, Ni, Sc, V and higher contents of B, Be, Sn. This group may
include rocks belonging to the PraSivd, Vepor and Hronfok types as well
as a large part of granitoids of the Bratislava massif and of Kralitka type.

1000

5004

100

Figs. 6, 7. Comparing graph of geometric means of trace element contents in West

Carpathian granitoids. Various types of granitoid rocks are ranged according to their

increasing acidity. Values taken over from Tab. 7 (in g.t-1). Explanations: 1 — diorites:

2 — quartz diorites; 3 — grancdiorites; 4 — granites; 5 — autometamorphic grani-

toids; 6 — metasomatic granitoids; 7 — leucocratic granitoids; 8 — aplites-pegmati-
tes; 9 — Gemeride granites.
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d) The group of leucocratic granitoids [group 1 of international classifi-
cation) and aplites and pegmatites is characterized by relatively greater
differences in microelement contents in these rocks in the individual moun-
tain ranges. The group has low contents of B, Be, Sn, Y and rare earths,
very low contents of Co, Ni, Sc, V and relatively low contents of Ba and Sr.

It should be remarked that groups a, b, ¢, d have high and gradually sin-
king B and Sr contents to the cotrary to Gemeride granitoids.

e] The group of Gemeride granitoids is essentially different from the pre-
ceding groups of West Carpathian Variscan granitoids according to the con-
tent of trace elements. It is characterized by a high content of B, Be and
Sn, low content of Co, Ni, S¢, and V (the contents are below the detection
limit g.t'!) as well as by low Ba and Sr content.

The variability of trace element contents expressed by standard deviations
of concentration logarithm dispersion of elements is greatest from granitoid
rocks in the Gemeride granites, then in leucocratic granites, metasomatic
granitoids of the Modra massif, in diorites and quartz diorites. A less disper-
sion of trace element contents is observed in fundamental types of rocks
building up massifs, in granodiorites, granites as well as in aplitoid and
pegmatitoid granites or autometamorphosed granites, which, however, also
represent an inseparable part of the fundamental types of West Carpathian
granitoid rocks. Variation of microelements in various types of granitoid
rocks is ranged according to their basicity, as follows from Figs. 6, 7.

Conclusions

In the presented work the contents of trace elements in 234 samples of
granitoid rocks of the West Carpathians are statistically evaluated. For
establishing of trace element contents the spectrochemical method was ap-
plied, the fundamental parameters of which are described in the work.

On the basis of the contents of trace elements B, Ba, Be, Co, Cr, Cu, Ni,
Pb, Sc, Sn, Sr, V, Y and Zr characterization of the fundamental types of
granitoid rocks of the individual mountain ranges of the West Carpathians
was carried out. The content values of these elements are mentioned in
Tables 3—7 and represented graphically in Figs. 1—5. These data make pos-
sible a wide parallelization of various rock types from various West Car-
pathian mountain ranges. This way the possibility is provided to utilize
common but also different geochemical features for considerations of genetic
competence of petrographically and geochemically diiferent or approached
types of rocks. The results confirm competence of Variscan granitoids to
one formation of Variscan or Caledonian—Variscan granite plutonism. This
plutonism is characterized by a high content of Ba, Sr and prevalence of
Na over K, mainly when compared with Neoid Gemeride granites. As leuco-
cratic Late Variscan (post-kinematic] rocks are not forming an association
of rocks of various basicity (various range of differentiation) similarly as
also syngenetic rocks of Kralicka type but only leucocratic types, we con-
sider them as rocks types of a homogenous formation of Variscan or Ca-
ledonian—Variscan granitoids. They may be considered as Caledonian—
Variscan only because there is the assumption that granitization processes
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probably commenced already to the end of the Silurian and in the Lower
Devonian but a particular Caledonian orogene with an own intrusive phase
of Caledonian granites has nowhere been proved).

Autometamorphosed and/or metasomatic types of granitoids are character-
ized by higher contents of these elements which are common for hydro-
processes in their supercritical or hydrothermal action. Concerned is mainly
the higher content of metallic elements Ni, Cr, Sn, Pb, Cu etc.

In the work is stated that variation of changes of trace element contents
is taking place in dependence on basicity of rocks, also in the frame of
individual fundamental types of granitoid rocks. It is evident from general
comparison of trace element contents that with considerable geochemical
homogeneity of granitoid magma of Variscan granitoids the greatest diffe-
rences in contents are caused by various basicity of rocks, their degree of
differentiation or degree of completeness of anatectic remelting or homo-
genization of palingene magma.

It is seen from the tables and graphical representation of trace element
contents that their average contents display a relatively little variability of
values. Only a part of aplitoid and pegmatitoid granitoids or diorites form
the extreme limit of differences in contents of trace elements between the
studied types of Variscan granitoids of the West Carpathians.

A distinctly different geochemical picture display only Gemeride grani-
toids forming a particular formation.

The work provides important bases for further geochemical and petroge-
netic investigation of granitoid rocks of the West Carpathians.

Translated by ]. Pevny
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