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Abstract: The paper deals with the geochemistry, of potassium
and sodium metasomatism of altered rocks, their petrography and
petrochemistry. and presents chemical analyses of the principal
: granitoid types (biotite granodiorite of the Modra type) and their

dyke differentiates. On the basis of petrographical, petrochemical
and geochemical data the K-metasomatism is considered to be
a high-temperature process and the Na-metasomatism a lower-
temperature alteration. The two metasomatic processes occur in-
dependently of each other and at different sites.

Peswye: ABTOPH 3aNMAIOTCS B CTATHE  FEOXHMHUECKOIT  OILeHKOI
KaJAHEBOTO H HATPHEROTO MCTACOMATHIMOB HIMCHEHUBIX NOPOA, NETPOrpi-
(hueit 1 nerpoxuMueil, OHN AT XHUMHUECKHE AHAJH3bL OCHOBHBIN THIOB
FPAHUTOIA0B  (OHOTHTHUECKHIT TPANOJAHOPHT MOAPANCKOTO THOA) W HX
AnasnuX andepenunarton. la ocnose netporpadiueckns, neTpoxumi-
HECKHX  H o FeONHMUMECKUN  Aaiiny  K-MeTacoMaTuaM  cuntaioT BLICOKO
TeMuepaTypubiy # Na-MeTacoMaTHaM ke texpepatypuus. Oda mera-
COMATHUECKHE NPOIECCH NPOXNAHT He3aBHCUMO JIPYE 0T JApYra Ha pai-
HBIX MCCTax.

Geological setting

A special problem concerning the granitoid rocks and crystalline schists of
the Malé Karpaty (Little Carpathian Mts.) is encountered in studying the rocks
altered by metasomatism. They occur in the area of Dolinkovsky vrch Hill NE
of the town of Modra (Fig. 1) near the village Harmoénia and near the village
Pila-Casta, some 4 km NW of Pila, S of the ruin Kobylé (Fig. 2). The Harmoénia
area is built up of biotite granodiorite of the Modra type and of the Devonian-
Lower Carboniferous Harmonia Formation which is contact-metamorphosed
by the granitoids.

The find of albitites and K-metasomatites is first mentioned in the paper of
B. Cambel —J. Valach of 1956. In this publication a petrographic cha-
racterization of these rock was presented and the metasomatic phenomena
in the crystalline schists of the Harmoénia Formation were described. At that
time the geological and genetic position of these products of metasomatism was
impossible to establish without man-made exposures. Only sporadic boulders
and minor fragments of the altered rocks were found in the field. Only the
trench that was excavated in 1979 in the area of Dolinkovsky vrch (el. point
392.1) had thrown some light on this problem. It was revealed that only parts
of the granitoid apophyses had been affected by K-metasomatism and that these
metasomatites are a product of the last phases of the consolidation of granitoid
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Fig. 1. Geological setting of the occurrence of K-metasomaltites in the area ol Do-
linkovsky vrch Hill, NE ol the town of Modra near the village Harmonia (the situa-
tion ol the exploration trench indicated).

1 a4 — schists of the Harmonia Formation, 1 b — spotted schists showing signs of con-
tact metamorphism, 2 — schists of the transitional type, 3 — amphibolites, 4 — Devonian
limestones, 5 — granodiorites, 6 — Middle Triassic to Permian quartzites, 7 — arkosic
quartzites, 8 — loam, debris, Quaternary, 9 — alluvial cones, 10 — Quaternary al-
luvium, 11 — area metasomatites, 12 — trench

magma, Their generation was genetically linked with the formation of peg-
matites and aplitoids. Hydrothermal alteration of the mantle rocks have also
been recognized. The rocks affected by the highest-grade metasomatism are
actually albitites (area of Pila—Casta) or orthoclasites (area of Harmonia, on the
summit of Dolinkovsky vrch. el. point 392.1).

The area of Dolinkovsky vreh Hill is characterized by different types of
granitoids, which penetrate the medium-grained biotite granodiorite or its
fine-grained derivatives. The origin of this fine-grained rock type is tentatively
explained in terms of contamination of the granodiorite magma in marginal
or mobile parts of the plutonic granitoid body, due to fairly intensive assi-
milation and resorption of the schistose mantle.

North of the village Harmonia, in the area of Dolinkovsky vrch, there are
also different types of aplite, aplitoid granitoids and more or less coarse-
—grained pegmaltite or pegmatitoid granitoids rich in microcline. zircon. apatite,
orthite, garnel, amphibole and other minerals. It is to be noted that increased
radioactivity and the occurrence of K-metasomatites of granodiorites are asso-
ciated with the presence of K-pegmatites. The aplitoid granitoids in the meta-
morphosed limestones of the Harmoénia Formation contain unusual minerals
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Fig. 2. Geological setting of the occurren-
ce of Na-metasomatites (albitites) in the
area of Pila.

1 — granites, 2 — migmatites, 3 — Triassic
quartzites, 4 — limestones

such as large amphiboles at the mar-
gins of dykes. garnets, ete. With regard
to the occurrence of both K-pegma-
titoid dyke rocks and Na-pegmatitoids
it can be assumed that these two types
of dyke differentiates originated in
different phases of evolution and con-
solidation of granodiorite magma. The
differentiates form in the schist com-
plex transverse intrusions dykes) or.
more frequently, subparallel intrastra-
tal tabular bodies (sills). The metasoma-
tic derivatives of biotite granodiorite
at the outerops form small circular accumulations of fragments in
detritus (10—15 m in diameter). This implies that only small parts
of granitoid apophyses are affected by metasomatism. The metasomatically al-
tered rocks are characterized by a relatively light colouring with dark spots.
which have remained after biotite in the form of cavities rimmed with Fe-oxides.
These rocks occur at several places on the ridge of Dolinkovsky vrch, north
of el. point 392.1 over a length of about 300—500 m. The nat. corporation Ura-
nium Exploration excavated a ca. 400 m long trench in order to recognize, the
occurrence of metasomatites in the granitoid rocks and or in their schistose
mantle and their relationship to the parent granodiorites, and to elucidate the
causes of the increased total radioactivity of the rocks. Scheme of the trench
profile is in Fig. 3.

The schists sequence of the Harmoénia Formation (Devonian, Lower Carbo-
niferous) in the area of Dolinkovsky vrch shows an unusually variable lithology.
The schists are contact-metamorphosed by the granodiorite intrusion of Modra
type and by the later leucocratic dyke differentiates. Metabasites, particularly
metapyroclastics contain accessory, finely dispersed pyrite or pyrrhotite. part
of which may be even of impregnation-epigenetic character in the zones hydro-
thermally affected. The primary clay-siliceous sediments display fine flyschoid
sedimentation: thin, more detrital layers with clastogenic feldspars, often obser-
vable with the naked eye, alternate with pelitic seams enriched in organic
carbonaceous component. These sediments were metamorphosed into spotted
schists containing biotite and andalusite. muscovitized in a considerable degree.
The sequence also comprises limestones which at the contact with or near the
granitoids are altered into calc-silicate hornfels with diopside, andradite, ve-
suvian, wollastonite and other minerals. The manifestations of hydrothermal
activity in the wider area around the metasomatites on Dolinkovsky vrch in-
dicate that hydrothermal process was part of the closing phase of granitoid
plutonism.
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Fig. 3 b.
Fig. 3 a, b. Skelch showing the geological situation of the trench on Dolinkovsky vrch.
1 — graphitic schists, 2 — amphibolites, 3 — spotted ore-bearing amphibolites. 4 —
granite. 5 — metamorphosed limestones, 6 — sampling locality: (b) Natural radio-
activity in the irench
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The whole area of Dolinkovsky vrch shows increased total radioactivity:
the measurements conducted in the trench have revealed that the radioactivity
is associated not only with metasomatism but also with the presence of peg-
malites containing zircon, apatite, orthite and other minerals.

The study of K-metasomatites from the Dolinkovsky vreh area has confirmed
that owing to the small distribution of their high-potassium types no major
accumulation of potassium-bearing rocks can be expected. The origin of a mono-
mineral orthoclase accumulation is likewise only local, being a product of
progressive metasomatism of granitoids. The rock types of initial and medium-
intensive metasomatism are common.

Thirty-three granitoid samples studied have been divided into groups, which
are characterized petrographically, petrochemically and geochemically in the
tex below:

1. Primary unaltered types and their dyke differentiates
a) primary type — Modra biotite granodiorite, medium- and fine-grained.
in the areas of Dolinkovsky vrch and NW of the village Pila (Table 1),
b) granitoid dyke rocks, aplite. pegmatite, leucocratic granitoid rocks with
Na-prevalence over K (Table 2),
¢) granite-pegmatoid dyke rocks to pegmatite with K-predominance over
Na (Table 3).
2. Rocks affected by metasomatism
a) granitoids  altered by K-metasomatism in three alteration degrees
(Table 4),
b) granitoids altered by Na-metasomatism in three degrees (Table 5).

In conclusion to the introduction it should be noted that our correlation work
was enabled by the studies of albitites from the Bohemian Massif. This concerns
the works of E. Pivec (1973, 19753). who studied albitite occurrences in the
area of Pribram, the papers of J. Vachtl (1932). A, Dudek —F. Fediuk
(1965 a. b) and M. Palivcova (1967). These Czech classical works on Na-
metasomatism (albititization) of granitoid rocks show many analogies with the
Na-metasomatites in Slovakia. Although the albitites in the Pribram area are
accessible to field observation, and the Slovakian albitites in detritus, more
or less analogous processes can be presumed. We wish here to thank the authors
mentioned above for lending us the offprints and publications.

The relatively complicated process of metasomatism has been studied by
many authors. We have correlated our results with the findings of the follow-
ing authors, whose papers were available to us: M. Cajkova. —E Sama-
jova (1960): D. S, Korzinskij (1969, 1976, 1978): L. S. Borodin — A.
S, Pavlienko (1974): P. V. Koval (1975): E. I. Popolitov (1975): J.
Babéan (1976): J. H. Weare et al. (1976): M. Foteilles (1978): V. G.
Krjukov (1978); O. A. Bogatikov (1979): M. Simova — E. Sama-
Jova (1979) and others.

Brie[ petrographical characterization of the rocks studied
The description is oriented to the evaluation of the submitted petrography

and planimetric analyses, as is in the intentions of the work. The mode of
deseription follows the scheme given in the Chapter on geological setting.
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l.a) The Modra medium- to fine-grained biotite granodiorite in the areas of
Dolinkovsky vrch and NW of the village Pila (Table 1).

The following samples have been classed with this group: M — 3: 7: 18; 19:
20: R — 18 and rock samples from the paper of B. Cambel —J. Valach
(1956): I1.1/1; I1.1/2; I1.1 3 and I1.1 4.

Macroscopically the rocks are of light to grey colour and formed of quartz,
feldspar and micas, chiefly biotite; they have hypidiomorphic-granular texture.
According to angles of extinction in the symmetric zone, plagioclases belong to
oligoclases of higher basicily to acid andesine with an average content of
anorthite component An = 28",. In sample M-18 (Pila) plagioclases show a
zonal structure, the cores of grains being more intensely sericitized than the
marginal parts. Potassium feldspars are represented almost exclusively by or-
thoclase. Quartz is relatively strongly cataclastic, which is manifested by undu-
losity and granoblastic disintegration of grains. Biotite is markedly pleochroic
with brownish tints and often encloses zircon and apatite: it underwent secon-
dary alterations: chloritization, baueritization and epidotitization. Accessory mi-
nerals are short-prismatic zircon, columnar apatite, sphene, orthite, epidote —
zoisite, magnetite and hematite.

Planimetric analyses of the above rocks:

u = 5]
Q K-f Plg Bi g« z Acc Q A P

< =
M-3 29 21 38 6 - 5 1 33 24 43
M-7 28 13 41 11 — 5] 2 34 16 50
M'-18 28 9 48 11 4 33 11 a6
M'-19 31 3 o4 10 2 35 4 61
M™-20 31 0 a7 9 3 35 0 65
R-18 26 19 41 5 - 3 6 30 22 48

11.1'1 24.33 24 .41 38.13 9.62 22
I1.1 2 19.65 14.45 43.09 16.93 4.63 1.29 25 19 o6
I1.1 3 20.89 18.05 46.55 14.83  acc. unmeas. 24 21 55
11.1 4 26.59 25.28 39.31 8.42 ace. — 0.20 29 28 43
Note: 'Planimetric analyses taken from J. Macek et al. (1979).

1.48 28 28 44

|

r

1. b) Granitoid dyke rocks. aplites, leucocratic granitoids with a prevalence
of sodium over potassium (Table 2). This group comprises samples M-1: 2: 6:
8: 12; 17; R-7. The rocks are lightto milky-grey, in places with brownish tint.
The essential rock-forming minerals are quartz, feldspars, biotite and spora-
dically hornblende; their texture is hypidiomorphic-granular. Plagioclases be-
long to oligoclases with an average content of anorthite component An = 13 ":
they are often of pericline habit and form perthites. Orthoclase is the repre-
sentative of potassium feldspars. Quartz is usually well preserved. Biotite is
chloritized and baueritized. Hornblende constitutes clusters, occurs in certain
zones of dykes and encloses orthite with pleochroic haloes, It is usually cor-
roded and resorbed by K-feldspar. The mineral is common amphibole. Sphene,
orthite, epidote and zoisite are accessories.
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M-1 Q Kf Plg Bi  Amph Muse Ace Q A P
M-1 39 26 32 1 - — 2 40 27 33
M-2 30 29 32 3 2 1 3 33 32 35
M-6 36 27 26 3 - 6 2 41 30 29
M-8 18 24 39 3 8 4 4 22 30 48
M-12 26 21 37 2 3 3 8 31 25 4
M-17 34 25 37 2 - = 2 35 26 39
R-7 35 23 33 4 - 2 3 38 26 36

1. ¢) Pegmatitoid granitoid dyke rocks to pegmatites with a prevalence of
potassium over sodium (Table 3).

Rock samples labelled M-4; 5; 9: R-6: 21: 24; 27 and 39 are placed in this
group. The rocks are grey, milky-white and brownish in colour. Plagioclases are
oligoclases with anorthite component An = 17 ",. Potassium feldspars are
represented by microcline and orthoclase. Quartz is often undulatory, cataclas-
tic, graphically intergrown with orthoclase. Biotite encloses apatite and zircon
and is often baueritized and chloritized. Garnets are euhedral to anhedral,
cumulated into clusterrs and optically anomalous. Sphene. orthite, muscovite,
epidote, zoisite and zircon are accessory minerals.

Q Kf Plg Bi  Ampf Musc Ace Q A B
M-4 33 32 27 4 — 1 3 36 35 29
M-5 27 32 26 b — 3 7 32 38 30
M-9 26 24 23 - — - 27 35 33 32
R-6 35 27 28 7 — 2 1 39 30 31
R-21 29 44 18 3 — - 6 32 48 20
R-24 27 47 21 2 — — 3 28 49 23
R-27 37 34 23 2 — - 4 39 36 25
R-39 27 33 24 6 — 4 6 32 39 29

* The figure relates to garnets, in which the rock cutling across carbonates is en-
riched at the margins.

2. a) Granitoids altered by K-metasomatism of three degrees (Table 4).

The following rock samples have been ranked with this group: M-11; 16;
R-13 (1st degree): R-23: 29 (2nd degree); M-13: 14: 15; R-32 (3rd degree). The
boundaries between the degrees have been determined conventionally on the
basis of K»O content:

1st degree: K»O content in the rock < 6",
2nd degree: K»O content in the rock 6—8 ",
3rd degree: K,O content in the rock 8—10 ",

Macroscopic observation shows that K-metasomatism causes a change in the
colouration of rock. In the zones of a granitoid rock K-metamorphism is mani-
fested by the changing colour of the rock from light through grey to brown
and reddish-brown. Rocks affected by K-metasomatism of degree 3 are dark-
grey. In the rock there are cavities after leached biotite. coloured by limonite
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Table 2
Hypabyssal aplitoid derivatives with sodium predominating over potassium

M-1 M-2 M-6 M-8 M-12 M-17 R-7 Average
510, T4.15 69,44 71.81 T0.00 69.56 £9.59 72.02 70,94
TiO, 0.19 .36 0.23 0.2% 0.53 0.17 0.19 0.27
AlO, 12.34 15.19 15.96 16.12 14.56 14.74 14.60 14.80
Fe,O, 0.27 1.10 .45 0.37 .43 .45 1.06 .58
FeO (.64 1.26 0.61 1.31 1.76 0.93 0.42 .99
MnO 0.02 0.07 .04 007 0.10 0.07 0.02 .06
CaO 1.40 3.92 1.06 3.14 3.90 2.24 0.79 2.35
MgO 0.12 0.61 .44 .44 0.74 0.32 0.537 0.47
Na.,O 5.40 6.00 4.74 6.04 2.37 6.00 h.24 5.54
K.O 4.848 .80 3.68 1.46 2.04 3.86 4.17 2.98
PO 0.03 0.13 0.20 0n.08 0.20 0.09 .36 0.16
H.O' 0.04 0n.06 0.03 0.05 0.00 0.10 .28 0.08
H.O" 0.36 1.02 .88 .68 .64 1.38 0.70 .81

99.88 99.949 100.13 100.00 99.93 99.94 100.42 100.03

M-1 M-2 M-6 M-8 M-12 M-17 R-T Average

Be <3 <3 15.1 <3 <3 6.7 <3 5.20
B <3 25.7 14.1 12 15.1 2l =10 18.70
Sn 10 12.5 10 10 10.1 12.3 =3 9.71
Cu 135 2249 Bl 141 162 129 4.1 122.30
Mo 26.3 20 7.4 17.4 20.4 17.4 <3 16.04
\" 5.4 31 11.2 3 87 9.5 3 26.30
Ni -3 4.4 52 <3 129 110 3.5 43.84
Co <3 ] <3 <3 3.1 =3 =3 3.01
b § 34 29.5 12.6 20.4 155 9.1 153.2 39:11
YA 45 a6 il 42 63 6O 39 58.86
Ba 2510 620 i 4610 830 9355 710 977.86
Sr 209 adn 191 550 - 500 234 123 335.29
Cr 44 275 93 36 229 234 4.3 130.76
Sc 3.1 3.1 <3 12.3 34 <l 4.8 9.04
Ag i = = = xs = <3
Ga - B - — - — 20
La - - — — - — <30
Pb - B - - - - 20

Explanations: M-1 — aplitoid granite veins cutting the limestones of Harmoénia Form.
(Harmonia, Dolinkovsky vrch, SE of el. point 392); M-2 — hypabyssal granitoid at
the contact with limestones ol Harmonia Form. (Dolinkovsky vrch, SE of el. point):
M-6 — aplitoid granitoid vein in microgranite (S slope of Dolinkovsky vreh, road):
M-8 — transverse vein ol medium-grained granitoid in limestones of Harmoénia Form..
quarry (Dolinkovsky vrch, margin ol the vineyvard, SE of el. point 392); M-12 hypa-
byssal leucocratic granitoid with amphiboles (SE of el. point 392, Dolinkovsky vrch):

M-17 — aplitoid granodiorite, transverse vein in limestone (limestone quarry S of
Dolinkovsky vreh):; R-T — aplitoid mica-free granodiorite (NE arm of the trench.
#H1 mj

along the margins. Their number increases with the intensity of K-metaso-
malism.

The rocks are composed of quartz, leldspars and relicet biotite. Original mi-
nerils are also plagioclases ol immeasurable basicity, which in the final phase
are mosl strongly altered. decomposed and replaced by orthoclase. The metaso-



707

ALTERED ROCKS OF THE MALE KARPATY MTS.

(FFPLL BUL "Y2da AN5A0NULO) M0 PlOIURIE projnjewdad — Ge-Y ¢ (Yauaa) ay) 1’ Yoaa AMNSAONUI|
-0q) ¥ooa projueas projnewsed — Lz-Y (YDUuDdl 9y} IR Y2IA ANSAONUIO) ¥ood projurad projnewsed — pg-y ¢ (youaay ayjl e
Yara Lsaoduijog) oo projiueas proynuwsad — [g-y (W g9 Yyauaal oyl Jo wae FgN) ojLompourds projude pauteag-aun)
— 9-" :(g6¢ (ulod (2 JO HS ‘paBABUIA pUR 1S10] AY) JO UTEIRW ‘YDIA ANSAOMUIOC) UBLID Yjlm 19BIUOD U] 18 UISA ILIoIpouras
ANBIZ0OND] — G-IN H(E6E jutod (2 ydaa Aysaoyuifod Jo adols @S ‘pardauia ay) Jo ularw) Ijuoipouedd juadelgns ug pasoa
-U2 ILIOIEOURIS 3}1101g-911A02SNW J1JRID0IND] ¢-JA :(g6E 1utod  [2 ‘ydaa A¥saoqulog jo adols gS ‘paedaura ay) jo uidawuwi)
UOTRWLIO BIUQULIEH JO 9U0}saWI] ay] ysnoayj Suning uiea sulieag-sroqiydwe ajnewsdad jo jaed projijde — §-14 :suoyvunjdry

ad

£8°LT 9l T1l e CET
0€ 06> 0> 0% = 08> g
BE'H1 6Tl te 0z Ll 3]
98 PE Al 4z Fe A
98'% &= t Y Fe 8'F L'y &= 98
6008 89 6 69 re &6 94 FL 10
06962 8L1 z91 01F ge1 01¢ ¢ LTT 1S
CE'LITE 0FLL 00LT 088% 08¥ 06£T DSLE 0021 eg
£0°0L 66 18 29 33 101 991 £k 17
0S6T 01= z01 6% Zer CFe e S'El A
ce'r &> ¢ 6 Lg &> > £> 0D
6891 &> 9'91 zt: A 0¢ eF &> IN
GU6I &= 0% 81 > gt 44 & A
9 €> €= £ > L'g = L oW
F €= 6'E1 TE > el FL 98 no
g> &= &> > I'Fl S LI us
01> 01 01> = $El L'ge 66 g
&> £> &= > &= &> &> od
50001 £E001 £ET00T 92001 06'66
L0 280 00°1 LG ce'l -O'H
FT'0 €10 120 gl £0°0 ;O"H
620 810 LF0 0F0 £1T°0 “O'd
L0'g 88°¢ 16°9 €29 eLy O"M
oL ¢ 10°F ELE 96'F 9F'F O"BN
€e0 100 £e0 €10 0r'n 03I
BE°T FEL 8L0 60°T ord
Z60 80°0 200 o' F0°0 QU
EE0 za0 0€°0 8670 09°0 094
481 811 £8°0 260 FO"ad
BLEL 9z'S1 LT'FT ECFT oy
sl PO LTO Cr'o "OLL
8LEL 8E'CL 0169 89°EL EL'EL oIS
afnmeay GE-Y Le-¥" 1c-d G-IN G-I -

9-d

WINIPOS 19A0
Qauruiwopatd ur wnissejod ypam saynuwdad 01 sprojuead projnuwsad qussiqudAy
galqer



[. — VESELSKY — MIKLOS

Y

CAMBE

T08

(98pL1 'yaaa
ANsaoNuio) & eoadap ‘wisprwosgiaul Aq o paaaie ajnotpouad — gE-Y L (Ydaa Aysaoyuloq TE6E yuiod ‘(@ Jo FIN) & 82a3ap
WSHEWOosEaW £q padale ajuopouras — GI-A (YA Asaoqulod CTE6E juiod ‘[@ J0 gN) § 9aa8ap ‘wspuwoseiaw Aq padaie
ajuopourad — FI-IA G (U2aA sysaoyuiod CTE6E wuted Clo Jo gN) & saadap ‘wisnrwoseaw Aq padale ajLoipourtd — £1-W HEE]
SPLL UDIA ANSAONUL[OQ) § 99dFap wsjruoseiaw Aq paaale alolpourad — Ga-d G (Youadl ayj 3 yaia ANsAONULO() ¢ @248
-9p WISHEWosEISaW £Q paaal[e ajuoipourad — gg-Yy (W gL otyouady ayy jo wLie N) g 9908ap ‘wsruoseiaw £q padajr alLoip
-y (yaaa aysaonurod Cgeg jutod P Jo SN 1 aardap wspurwostaw Ag pataye ajuoipourdd — 91-IN :(26E jutod

=Oumls —
19 JO HS CpauAdulA puR 1sA10] 9yl JO uldavw Cyaaa AYSAONUL[OC]) [ 9addap ‘pazirwoseail ajotpourdd — [[-W suonpunjdry
£% = - — 61 0z 0z — = ad
@01 - — - GL 64 6E> — - vl
(4 - - = ¢z 0% LT = - i59]
| — — - g £ £ - — By
P o : i3 38
L1 o)
01L 18
0FL1 ug
CE1 17
£ L1 A
£ eF 0D
493 ce IN
ce L8 A
ug 6L Ol
8 1L £ no
el CH1 £ ug
gl gl | 01- g
£> £= > £ ad
Z1001 co00l  LBT66 L1001 666
6670 L60 L60 -O'H
t070 6T0 O'H
%0 ZE0 ‘O'd
68 €08 O
9T 961 C BN
00’1 0 OFIN
0ee orZ
FO0°0 QUIA
LG0 cad
€0 0'3d
8161 O'1¥
L0 “OlL
0119 FE 00 Le19 018

afrIBAY  ThH eI-IN FI-IN S LA C RN A ok £T-H 98RAY  E1-Y EI-IW 1=

asels 111 ases 11 agrIs ]

sPaI80p 924Y] Ul WSHPWOSRAW-Y £q palaje splojuein
FoalqulL



ALTERED ROCKS OF THE MALE KARPATY MTS. 709

matic rock contains very little quartz; it is of uncertain position being for the
most part relict quartz. The original biotite is difficult to discern, and it occurs
in the form of relicts. The metasomatites contain amphiboles of two types:
strongly altered, epidotized anhedral individuals and unaltered, pure and sub-
hedral amphibole. The latter together with a small amount of muscovite occur
in paragenesis with orthoclase. Orthoclase does not show any pressure effects
and is anhedral: it replaced virtually all older mineral components.

Potassium feldspar separated from sample M-14 appeared to be orthoclase
with was triclinized (see diffraction pattern, Fig. 4). The content of microcline
is 20—25 ", with triclinity T = 0.65—0.70, the content of orthoclase is 75—80 "
with triclinity T < 0.15. The mineral is partly perthitized and contains 10—

‘UD-] 3,23

Fig. 4. X-ray dillraction record of potassium feldspar separated [rom sample M-14,
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15" albite (5. Davidova et al, 1979). The symbol of the mineral is RDM.
Chemical analysis of the orthoclase:

Na", NaO", K", K.0", Rbppm Ca"j, CaO"y Srppm
1.27 1.71 10.8 13.01 238 0.15 0.21 685

The elfects of Na-metasomatism manifested themselves after K-metasoma-
tism had been completed and temperature had dropped, as is in ferrable from
the albite veinlets of metasomatic origin.

Accessory and secondary minerals are represented by apatite. sphene. zircon.
orthite, epidote, zoisite, sericite and limonite (the last two are secondary).

The radiometric daling of the orthoclase by K-Ar method gave a model age
of 177.6 Ma, which indicates that metasomatism occurred in Variscan times.
taking into consideraticn an easy liberation of argon in feldspars during tecto-
nic processes,

The structure and texture of metasomatic rocks are depicted in Fig. 5 a. b.

Q Kf Plg Bi  Amph Musc Acc Q A P
M-11 24 30 31 2 4 2 T 29 33 36
M-16 19 42 26 2 7 1 3 22 48 30
R-13 22 47 21 3 4 — 3 24 53 23
R-23 10 54 26 3 2 1 4 11 60 29
R-29 12 51 29 3 1 1 3 13 55 32
M-13 th 60 21 2 3 2 4 8 67 25
M-14 7 5| 23 3 3 3 4 8 66 26
M-15 7 H8 20 1 9 2 3 6 68 24
R-32 8 56 20 3 4 2 7 9 67 24

2. b) Granitoids altered by Na-metasomatism in three degrees (Table 3)

This group comprises samples M-21: 22: 23 and samples V. 21 and V. 22,
which are taken from the paper of B. Cambel — J. Valach (1956): the
rocks analysed were albitites and hematitealbitites. The rocks of M samples
are light-yellow or brownish-red in colour. porous with cavities after biotite.
(which are rimmed with limonite or hematite) and of hypidiomorphic-granular
texture, The principal mineral is albite An = 6—8 ", other minerals occur in

— >

Fig. 5 a. Granitoid rock altered by K-metasomatism with relict of still euhedral se-
ricitizerdl plagioclase (1), partly decomposed horn-blende (2) and anhedral orthoclase
1), Fine-grained quartz (4) is anhedral, interstitial, Other minerals: sphene (3), zircon,
apalite and muscovite, Pholo by Oswald, crossed nicols, > 35.
IMig. 5 b Albitized pranitoid rock (albite 1) with primary anhedral to subhedral pla-
pgioclases (2) and K-feldspars (3). Slightly undulatory quartz (4) is anhedral. Apatite,
zireon, muscovile and hemaltile (3) are common minerals. Photograph by Oswald,
crossed nicols, > 35,



ALTERED ROCKS OF THE MALE KARPATY MTS. 711




712 CAMBEL — VESELSKY — MIKLOS

Table 5
Granitoids altered by Na-metasomatism in three degrees

i M-22 M-21 M-23 V 2/1 V 2/2 Average

| Si0, 64.17 65.70 66.21 65.23 66.25 65.51

| TiO, 0.55 .68 .50 0.35 0.32 0.48
AlO, 19.16 19.00 17.89 18.91 18.80 18.75
Fe. O, 1.44 0.30 0.91 1.69 (.50 (.96
FeO .59 .55 .84 .81 071 0.70
MnO 0.05 0.02 .04 0.073 0.03 0.03
CaO .92 .84 0.95 .55 0.60 077
MgO .38 0.24 0.44 .15 0.15 0.27
Na,O 9.24 9.04 8.44 .50 9.31 9.11
K.O 2.18 2.50 2.30 2.50 2.15 2.33
PO, 0.19 0.19 0.18 0.09 0.07 0.14
H.O' 0.14 0.13 0.14 .64 0.77 0.37
H.,O" 1.00 0.83 1.18 0.18 0.09 0.65

100.05 100.02 100.06 100.54 99.90 100.03

Be =3 <3 3 - - 3
B ah i 25.1 - - 40.03
Sn 11 =10 <3 — — 7.67
Cu 01 83 6.5 — — 56.87
Mo 3.9 4.3 4.4 — - 4.20
v 47 65 42 - - 51.33
Ni 3.4 34 3.5 - — 3.43
Co =3 =3 3.6 — —_ 3.20
¥ 9.3 16.2 10.1 — -_ 11.87
Zr 151 145 135 —_ —_ 143.67
Ba G40 FEN] G40 - —_ 454.57
Sr 440 390 330 - — 403.33
Cr 16 20 16 — —_ 17.33
Sc :

3.7 3.5 5 - - 4.07

Explanations: M-21 — granodiorite altered by metasomatism, degree 2 (village Pila.
Pailanskia dolina, 250 m S of Biela skala); M-22 — granodiorite altered by metasoma-
tism, degree 3 (village Pila, Pailanska dolina. 250 m S of Biela skala): M-23 — grano-
diorite altered by metasomatism, degree 1 (village Pila, Pailanska dolina, 250 m S
of Biela skala); V 2/1 fine-grained albitite, degree 3 (W of Pila, valley side S of the
ruin Kobylé); V 2/2 coarse-grained albitite, degree 3 (W of Pila, valley side S of the
ruin Kobylé)

very small amounts — quartz, K-feldspar and hematite. Accessories are repre-
sented by apatite and zircon, and hematite, muscovite, which are of metasomatic
origin and fill the joints.

g —

Q Kf Plg Bi Amph Musc Acc Q A P
M-21 15 16 51 — - 8 10 18 20 62
M-22 8 20 56 = = 7 9 10 24 66
M-23 10 15 53 = = 12 10 13 19 68
v.2/1 8.0 o 87.0 1.0 = - not 8 0 92

meas. .

V.22 7.0 - 89.0 1.0 - — not 7T 0 93

meas.
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Geochemical-petrographic characteristics of metasomatites and the primary
rocks

The discussion is based on the data in Tables 1—5 and on the data plotted on
graphs. The histograms and correlation graphs of two- and three-componental
interdependences are compiled from the simple relations between element con-
tents, or with the use of petrochemical Niggli's, Zavarickij's or CIPW values,
and on the basis of modal and mineral analyses or normative data computed
from the CIPW values.

In the Tables of chemical analyses there are also arithmetical means of
individual sets of samples. The chemistry of the fundamental type of biotite
granodiorites and of Na- and K- differentiates is clearly seen from the Tables.
Of interest are Tables 4 and 5, in which the analyses of metasomatites are
classified according to the degree of metasomatic alteration.

The comparison of the values shows that the contents of the oxides SiO.,
Fe.O,, FeO, CaO, MgO and P,0O; gradually decrease, relative to the primary
rock, with the increase in K- or Na-metasomatism. NasO derceases with increas-
ing intensity of K-metasomatism and K,O with Na-metasomatism. Boron
slightly decreases but TiO., AlO; increase in content as well as the microele-
ments Sn, Cu, V, Zr, Ba, Sr and Cr. The contents of essential and trace elements
in analysed samples are apparent from the histograms.

The following comments relate to Fig. 6:

The largest SiO. contents have been found in light-coloured differentiates
of granitoids and the smallest in intensely altered granitoids. This relation is
reverse in Al,O,.

The contents of titanium are higher in metasomatites than in granitoid dyke
differentiates and roughly equal to those in the principal granodiorite types.

The FeO content is smallest in metasomatites but the values are relatively
similar to the values established in the granitoid dyke types. Bivalent iron
amount, however, is considerably smaller in metasomatites than in the primary
unaltered granodiorites.

This finding also holds for trivalent iron (Fe.O;) even if not so explicitly.
The scatter of the values is wider because of, among others, a higher Fe,O,
content in some albitites (hematite albitite).

The MgO, MnO and CaO contents in metasomatites also occupy a particular
place in the histograms. The K-metasomatites stand approximately in the
centres of histograms, being distributed within the same intervals as in the
primary types. The Na-metasomatites show lower Ca and Mg values due to the
loss of Ca and Mg at the replacement of plagioclases and biotite for alkaline
feldspars. The loss of Mg is particularly marked in albitites, because the K-me-
tasomatites are richer in Mg probably as a result of higher P-T conditions atl
metasomatic processes.

During the rock alterations the alkalies (Fig. 7) substitute each other, i. e.
the higher Na amount in metasomatites is compensated by lower K content.
This regularity also follows from the average values of chemical analyses in
both primary rock types and leucocratic derivatives. The primary granodiorite
types contain approximately the same amount of potassium as the albitites.
Phosphorus remains at the level of the primary rocks also in metasomatites,
H.O" increases only slightly. and H,O™ holds the same level.
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Figure 8 indicates that yttrium and scandium amounts do not change in me-
tasomatites and show in general only a small scatter. In K-metasomatites ba-
rium is present in metasomatites in unusually increased amounts, in accord with
the increase of potassium in rocks. The same is true for pegmatitoid dyke rocks
rich in K. In contrast, Na-metasomatites (albitites) have the same (or slightly
higher) Ba as the primary rocks. The higher or analogous Ba and Sr contents
in granitoids, metasomatites and primary rocks indicate that the metasomatites
were produced by the processes associated with the plutonism that gave rise to
primary granodiorites and their leucocratic derivatives. The contents of zirco-
nium are increased relative to their contents in leucocratic dyke rocks but ap-
proximately the same as in the unaltered granodiorites: this implies that the
metasomatic process did not disturb the total content of accessory zircon. Tin
is most abundant in primary acid Na- and K-differentiates. but on the whole
the greater part ol metasomatites does show increased tin amounts.

According to Fig. 9. beryllium, nickel. boron. chromium and copper amounts
in metasomatites and primary biotite granodiorites are essentially unchanged
(except for a few samples) or slightly increased. The contents of chromium in-
crease in albitites: copper also shows an increase but it is most abundant in
primary leucceratic dilferentiates. Boron, chromium and nickel have displayed

Mo
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S Ll

ﬁ 15 20 25 gt
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Co

Th
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=334 50 BB a2 nae gt

Figs, 6—=10. Histograms ol essential macroelements (in weight ") and microzslements
(in ppm) in primary and dyke rock types and in metasomalic rocks.
I — primary rock type. biotite granodiorite, fine to medium-grained (Modra type):
2 — leucocralic hypabyssal differentiates ol granitoids with sodium predominant
over polassium, including aplites; 3 — hypabyssal pegmaltitoid dilferentiates of gra-
niloids with potassium predominant over sodium, including pegmatites: 4 — transi-
tional granitoids in the initial (1s1) stage ol K-metasomalism: 5 — granitoid rocks
intensely altered by K-metasomatism (degrees 2 and 3):; 6 — rocks, mainly biotite
pgranitoids altered by Na-metasomaltism, albitites. (For explanation see Fig. 6).
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a decrease in some samples and an increase in others. The above-said suggests
that the K-alteraticas occurred under the influence of the same sources and
conditions, not very different from the processes that produced granitoids.

Figure 10 shows that the contents of Mo, V and Co are similar in both meta-
somatized granitoids, K-pegmatitoid granitoids and primary granodiorites. The
Mo-contents., however, are distinctly lower in metasomatites than in Na-apli-
toids. Cobalt is most abundant in primary granitoids, and vanadium contents in
metascmatites are similar to those in the primary rocks.

Fig. 11. Classification graph ol rocks, after international classification system. IUGS.
1973, (For explanation see Fig. 6).

Figure 11 depicts the classification graph of rocks according to the interna-
tional modal classification TUGS. from 1973. From the graph it is evident that
most of the primary rocks belong to the granodiorite group, two samples in
the granite group and two in the tonalite group. Pegmatitoid and aplitoid dif-
ferentiates are ranked with granitoids. K-metasomatites are placed in the group
of quartz syenite and quartz monzodiorite, and albitites in the group of quartz-
-monzodiorite. quartz monzogabbro to quartz diorite or quartz gabbro. Metaso-
matites of degree 1 (circled points) stand at the granite quartz syenite boundary.

The Niggli's variation diagram in Fig. 12 shows the changes of element con-
tents, expressed in Niggli's parameters. In the case of the similar values in all
graphs (a — e) the variation of the values of all rock groups can be correlated.
The K-pegmatitoid dyke rocks and K-metasomatites show the widest range
and albitites the smallest.

Niggli's ternary QLM graph in Fig. 13 divides the samples analysed into me-
tasomatically altered derivatives and primary rocks (granodiorites and dyke
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differentiates). The concentration of points near the tie-line QL suggests rela-
tively low contents of mafic minerals.

In the al-alk-c+fm diagram the primary granitoid types occupy one field in
contrast to more acid differentiates and metasomatites occurring jointly.

Niggli's diagram of k mg ratio (Fig. 14) indicates a direct relationship between
the above-mentioned Niggli's values: K-metasomatites have higher mg values
and Na-metasomalites considerably lower. Petrochemical study has confirmed
that the predominant part of the rocks examined corresponds in Niggli's clas-
sification to the series of cale-alkaline magmas of the granodiorite (5 samples),
yosemitite-granite (7 samples) and engadinite-granite (9 samples) types. Samples
affected by K-metasomatism could be ranged to the series of K-magmas of the
K-normarkite (3 samples) and K-gibelite (6 samples) types. These samples ex-
hibit a negative value -qz, but it should be noted that this classification cannot
be applied to metasomatites, i. e. non-magmatic derivatives. Albitites bzlong
to the series of sodium magmas of the alkali syenite-aplite (albitite) magma
type (3 samples).

Zavarickij's diagrams (ACBS) are in Fig. 15 a. In the upper part all rock
samples are plotted and in the lower only the samples of rocks metasomatically
altered. In the sense of Zavarickij’s classification, the predominant part of
samples (22) of dyke rocks and metasomatites are rocks of normal composition:
10 samples, especially of primary granodiorite, are rocks oversaturated with
AlO, and one sample belongs to rock highly oversaturated with alkalies.

Classification graph of rocks according to Shand (1927) is in Fig. 15 b.
Normaltive corundum has especially in pegmatitoid differentiates K prevalence
over Na within the interval 0—4.61 ", (sample No. R-24) and in Na-aplitoid
differentiates within the interval 0—2.7 ", Natrium metasomatites have lower
normative corundum contents than K-pegmatitoid differentiates, but higher
than K-metasomatites. All West Carpathian granitoids and their basic types
are peraluminous (low contents of alkalies and calcium). The above mentioned
classification cannot be applied to these rocks.

The ternary Q-Or-An-Ab graphs calculated from CIPW values (Fig. 16. for
explanation see Fig. 6) indicate that the individual rock types occupy different
fields, the metasomatites, primary rock types. or primary types and leucocratic
differentiates cumulate separately.

In the CIPW classification system all the rocks studied are grouped with
class 1 (granites, granodiorites, leucogranites, granitoid dyke rocks. aplites, peg-
matites and K- and Na-metasomatites). The synoptical table showing the per-
centage representation of the rocks according to CIPW classification gives the
following results.

i

Fig. 12 a—e. Variation diagrams ol Niggli's values for primary and metasomatic rocks.
(For explanation see Fig. 6).
12 a) primary rock type — Modra biotite granodiorite; 12 b) hypabyssal pegmatitoid
granitoids 1o pegmalites wilth potassium predominant over sodium: 12 ¢) hypabyssal
aplitoid granitoids with sodium predominant over potassium: 12 d) granitoid rocks
altered by K-metasomalism ol three degrees, 12 e) granitoids altered by Na-meta-
somaltlism — albitites.
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alk

[Fig. 13, Niggli's ternary diagrams QLM and al — alk — (¢ + [fm). (For explanation
see Fig. 6).

Symbol Number of " Symbol Number of "
analyses analyses

[.4.1.2, 1 3 1.4.2.5. 1 3
[.4.1.3. G 18 [.4.9.4. 1 3
[.4.1.4. 6 18 1.6.1.2. 1 3
[.4.2.2, 1 3 1.5.1.3. 2 6
[.4.2.3. 1 3 1.5.1.4. 3 9
[.4.2.4. 6 18 1.5.2.2. 1 3

1.5.2.3. 3 9

From the total number (12) of K- and Na-metasomatically altered rocks in
the CIPW classification system 75 ", i. e. 9 analyses occur under the symbols
[.5.1.3 to 1.5.2.3.

The graphs of Na,O + K.0O SiO, and Na,O K.,O ratios are depicted in Fig. 17
(for explanation see Fig. 6). From the first graph it follows that the trend of

k
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. (]
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0 e
A L]
=]
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a 00 ?}
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Ba o &
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”1 .‘ f!j
02 05 08 Fig. 14, Niggli's diagram of k/mg ratio

mg (For explanation see Fig. 6).
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Fig. 15 b. Classification graph of
rocks according to Shand (1927).
(Explanations at Fig. 6; dot at mark
denotes rock samples with the con-
tents of normative corundum.)
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normal differentiation is of positive character, and the trends of the ratios of
alkalies and 510, show a negative course at metasomatic alterations. The graph
of NasO K,O ratio indicates a positive trend in metasomatites: the ratio has
higher values in dyke rock differentiates, and the lowest values up to negative
correlation has been established in granodiorites.

In Fig. 18 there are graphs of the ratios TiOy AL,Os, SiO, TiO, and Na,O -+
+ KuO/TiOs. The TiO, AlOy; graph reveals a positive correlation. the highest
TiOs values being in K-metasomatites. A negative correlation has been esta-
blished in Si0) TiOy ratio for unaltered rocks (primary and acid differentiates),
the same but of lower values for metasomatites. The Na,O + K,O TiO, corre-
lation is not obvious in unaltered rock types and is positive in metasomatites.

Graphs of the ratios Na,O + K,O/ALO,, SiO, ALO; and CaO Na,0 + K,O
in Fig. 19 show that metasomatites and unaltered rock types occupy separate
fields. The ratios of oxides are positively correlative. The SiO./ Al,O, graph
distinguishes still more sharply between the K-metasomatites and Na-metaso-

Mg, 160 Ternary graphs @ — Or — Ab — An compuled [rom CIPW values. (For ex-
planation see Fig. 6).

Or 10 30
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Nu20+K20 Na,0+K50
164
144
12 1
10

8-

80 o
Si 02

Fig. 17. Graphs of the Na.O + K.O/SiO. Fig. 19. Graphs of the ratios Na.O -+
and Na.,O/K.O ratios. (For explanation -+ K.O/AlLO,: CaO/Na,0 + K.O; SiO./
see Fig. 6). AlLO..

Nﬂzo * K20

18 20 ! | 08 02 04 06 08
Alp03 Ti0, Tio,

Fig. 18. Graphs of the ratios TiO/ALO: SiO/TiO,: Na,O + K.O/TiO.. (For explanation
see Fig. 6).
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Fig. 20 a. b. Dependence of the content of m croelement axides on Larsen’s coefficient
(Si0./3 + K. — (CaO + MgO). (For explanation see Fig. 6.)

matites and between these rocks and the unaltered types. In general. the cor-
relation is negative for the oxides mentioned above in all rocks.

In graphs in Fig. 20 a, b, expressing the dependence of elements on Larsen's
coefficient, many elements show a more or less positive or even negative cor-
relation. The primary rocks are located on the left side of the graphs and me-
tasomaltites on the right side (higher Larsen’s coefficient), and almost inva-
riably separately: the K-metasomatites. however, often occur together with
granite pegmalitoids.

Positive correlation is also evident from Fig. 21, where K-metasomatites form
almost a separate field due to the Mg content. The ratio of SiO» to mafic coeffi-
cienl is positively correlated. The ratio of felsic index to Si0O. suggests a nega-
live correlation of the development of metasomatites from the primary rocks,
whereas the differentiation process (granodiorites — leucogranites) has a posi-
live correlation.
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The ternary graphs of Al,O,;, CaO, Na,O and K,0O in Fig. 22 indicate that the
individual rock types occupy particular sites in these graphs, which is in accord
with the petrochemistry and geochemistry of the separate types of rocks.

In Fig. 23 the SiO, Zr graph indicates a positive correlation and the Na,O +
KO Zr graph a negative correlation. The negative relation of alkalies to Zr
does nol concern the primary granodiorites.

Si0,
75
.ﬂ
L™ 5 . . i
70{ ® E g " R
-]
65 .
40 70 100
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L]
n
o 4 a2
1y L]
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o o
a
40 70 100 130 160 150
Zr
Fig. 23, Correlation graphs of SiO./Zr and Na.O -+ K.O/Zr. (For explanation see
Fig. 6).

The relations between CaO, K»O, Ba and Sr (Fig. 24 a, b) confirm positive
correlation of CaO Sr and K.O Ba ratios. A minimum correlation exists between
the ratios K.O'Sr and CaO Ba. The location in the graph is specific for every
rock type studied.

Conclusion

The authors studied the geochemical and petrochemical properties of the
groups of parent rocks in the areas of K- and Na-metasomatite occurrences in
the arca ol Dolinkovsky vech near Harmonia-Modra and around the ruin Kobyle
NE of Pila — Casla) in the Malé Karpaty Mts. Near Dolinkovsky vreh Hill the
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Fig. 24 a, b. Correlation graphs of CaO, K,O, Ba and Sr. (For explanation see Fig. 6).

pattern of rocks is unusually varied (aplitoid Na-granitoids and aplites with a
prevalence of Na over K, and pegmatitoid granitoids and pegmatites with K pre-
dominating over Na). In these areas there also occur biotite granodiorites of Mod-
ra type metasomatized to different degrees. The petrochemical — geochemical
properties of metasomatites are being compared with the primary unaltered Mod-
ra granodiorite. In the author’s opinion the K-metasomatism was a high-tempe-
rature process connected with the last phases of granodiorite-magma consoli-
dation. Albitization and genesis of albitites in the area of Kobylé are products
of low-temperature to hydrothermal alterations. Numerous graphs present pet-
rochemical classification of the rock groups. their geochemical characteristics
and correlations of element contents. K-metasomatites and albitites with an
independent genesis occupy a separate position in the graphs. The geochemistry
of metasomatites differing from that of unaltered rocks accounts for their spe-
citic location in the graphs. The K-metasomatiteshave evidently near geochemical
and presumably also genetic relations to pegmatitoid K-granitoids and K-peg-
matites. The Na-metasomatites show the same but not so close relations to apli-
toid dyke rocks. The modal composition of the individual rock types has been
applied to the classification and geochemical evaluations of the rocks.

Translated by H. Zarubova
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