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A b s t r a c t : K-feldspars of g ranodior i tes f rom t h e Malé K a r p a t y 
Mts. m a y be character ized on t h e basis of microscopic observat ions, 
X - r a y diffraction s tudy and chemical composit ion as follows: in t h e 
Brat i s lava massif they a r e r e p r e s e n t e d by poiki l i t ic as well as 
inters t i t ia l gra ins h a v i n g a s t r u c t u r a l s tate of m a x i m u m microcl ine 
or they are created by a m i x t u r e of monocl in ic and tr ic l inic modifi­
cat ions. They m a y be character ized by t h e following average con­
tents of major e l e m e n t s (wt. % ) : K = 11.5, Na = 1.00. Ca = 0.102 and 
t race e lements ( p p m ) : Rb = 260, Sr = 292, Ba = 3698. T h e i r K-
-phase w i t h average mol. % Or = 96.34 + 3.02 is very p u r e . In con­
tras t to it, s t r u c t u r a l s ta te of oikocrysts of K-feldspars f rom t h e 
M o d r a massif corresponds to i n t e r m e d i a t e — low orthoclase till high 
microcl ine. F u r t h e r on, t h e y differ from K-feldspars of the Bra t i ­
slava massif by lat t ice s t ra in (Aa up to 0.016 n m ) , by h igher content 
of n o n - u n m i x e d (Ab -4- A n ) - c o m p o n e n t in K-phase hav ing 88.94 + 
4.86 mol. % Or and by h igher average contents of Na = 1.40, 
Ca = 0.194 wt. % and Sr = 501, Ba = 4559 p p m a n d by lower 
contents of K = 10.8 wt. % and Rb = 140 p p m . Establ i shed cha­
racter i s t ics of K-feldspars indicate dif ferent condit ions of format ion 

of g ranodior i te s f rom the Brat i s lava and M o d r a massifs. 

Pe3K)Me: Ha ociiOBe MMKpoCKonHLiecKHx HccneaoBaHHrt, peHTreH-,zin(|)<j)paK-
UHOHHoro H3yHenn>i H XHMH'iecKoro cocTaBa MOJKHO xapaKTepvnoBaTb Kaxine-
Bbie noJieBbie mnaTbi rpanoaMopHTOB Majiux KapnaT cJienyroiniiM o6pa30M: 
B 6pa~rncjiaBCKOM TviaccMBe OHH npeucTaBJienbi noííKMJWTOBbiMM H HHTep-
CTHUHaJibHbiMH3epnaivin, KOTopbie HMeioT.CTypKTypnoe cocTOsiUHeMaKcwviaxib-
HOrO MHKpOKJIHHa HJ1H OHM o6pa30BaHbI CMeCbfO MOHOKJIHHHOR H TpHKJIHHHOH 
MOan(t>HKaunn. OHH xapaKTepubi cJiezryiouiHMH cpeaHHMH coflepwaHHflMM rjiaB-
Hbix 3.rieMeHTOB (Bec. % ) : K = 11,5; Na = 1,00; Ca = 0,102 n cneaoB (ppm): 
Rb = 260, Sr = 292, Ba = 3698. Hx K-d)a3a c cpeflHKM MOJI. % Or = 96,34 i 
± 3,02 OMeHb MMCTaa. HaoôopoT, CTpyKTypiioe coCTOJinne OÍÍKOKPHCTOB 
K'anHeBbix noneBbix ninaxoB MO/jpaHCKoro MaccHBa OTBenaeT nepexoanoMy — 
HH3KOMy OpTOKJia3y Bn/IOTb RO BblCOKOrO MHKpOKJTHHa. KpoMe Toro OHH 
oTjiHHaioTCíi OT KaxiHCBbix ľiOJieBbix LonaTOB 6paTHCJiaBCKoro MaccHBa na-
npflweuHeM B pemeTKe (Aa no 0,016 HM), BUCUJHM coAep^aHHeM HeoTMe-
ujaHHoro (Ab + An)-KOMrionenTa B K-ct>a3e, y KOTopoii 88,94 ± 4,86 MOJI. 
% Or, H BbicuiHMH cpeuHHMH coflep>KaHHíiMH Na = 1,40; Ca = 0,194 Bec % 

H Sr = 501, Ba — 4559 ppm M HH3UJHMH conepwaHHAMH K = 10,8 Bec. % 
H Rb = 140 ppm. ycTanoBJíeuHbie xapaKTepncTHKM KajineBbix nojieBbix 
irinaTOB naivieMaioT pa3HbieycJiOBHa o6pa30BanH!i rpaHOUMopHTOB 6paTHCJiaB-
CKOrO K MOJjpaHCKOrO MaCCMBOB. 
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Introduction 

Structura l state and composition of K-feldspars are often used as petro-
genetic indicators a n d it should be stressed t h a t not only in the study of gra­
nitoids in which K-feldspar has a key position. Discussion on formation of 
K-feldspars in granitoids continues also today, it is aimed especially at me-
gacrysts of K-feldspars ( S e n d e r o v e t a l . , 1978; H i b b a r d, 1979; E g g 1 e-
t o n , 1979; M e h n e r t — B u s c h, 1981; W i n k 1 e r—S c h u 11 e s. 1982). 
Though various methods are used in the study of K-feldspars ( S m i t h , 1974), 
interpretat ion of various degrees of their ordering is not simple even nowadays 
(S e n d e r o v—B y č k o v , 1979; F e r g u s o n , 1979). Since X-ray diffraction 
analysis represents a widely used method of K-feldspars study, some authors 
have lately proposed new ways of presentat ion of its results in order to de­
termine Al-contents in t e t r a h e d r a l positions and s t ructura l s tate of K-feldspars 
( B l a s i , 1977,1982; A f o n i n a et al., 1978, 1979; K u m e j e v, 1982). 

In spite of considerable at tent ion paid up to now in our l i te ra ture to post-
kinematic granitoids of the Bratis lava and Modra massifs of the Malé Karpaty 
Mts. (the West Carpathians), a detailed information on K-feldspars from these 
rocks is still missing. K-feldspars of pegmatites from the Bratis lava massif 
form an exception. They were characterized by D á v i d o v a (1970 a. b : 1978 a) 
as micro- to macroperthi t ic m a x i m u m microclines, whose tricl inity (Ar = 0.85— 
1.00) is the highest from all core m o u n t a i n ranges of Tatr ides. Though Sr and 
Ba contents in these K-feldspars are not t h e lowest, anyhow they contain the 
most Rb in comparison with the other core mounta ins ( D á v i d o v a , 1978 b). 
According to D á v i d o v a — D á v i d (1981) the following average contents 
are typical of K-feldspars of pegmatites from t h e Malé K a r p a t y Mts. : Sr = 463 
ppm, Ba = 1372 p p m and Rb = 270 'ppm. 

Practical ly an only information on K-feldspars of fundamental rock types 
of the Bratis lava and Modra massifs was given by C a m b e 1—V a 1 a c h 
(1956): in t h e Bratis lava two-mica granites to granodiorites, perthit ic K-feld­
spars (18—33 vol. %) are present in form of microcline and orthoclase in va­
riable proportions, they often enclose plagioclase, biotite and quartz, and in 
contrast to plagioclases they are not intensively sericitized. The quoted authors 
established t h a t K-feldspar (13—26 vol. %) is represented in t h e Modra biotite 
granodiorites almost exclusively by orthoclase. 

Difference of massifs and a certain independence of their formation re­
sulted from the present studies of granitoids from the Bratis lava and Modra 
massifs concerning major elements (C a m b e 1 et al., 1982), relation of gra­
nitoids to m e t a m o r p h i s m of sur rounding crystall ine rocks (K o r i k o v s k i j 
et al., 1984) and distr ibution of trace elements dur ing the processes of crystal­
lization (V i 1 i n o v i č — P e t r í k, 1984). As far as various magmat ic series 
usually converge in the region of the most acid derivates, s tudy of the i r more 
basic members from the beginning of differentiation t r e n d is more informative. 
Therefore the main task of the present work was to examine differences in 
evolution of the Bratis lava and Modra massifs by means of the study of K-
-feldspars from the granodiorites and granodiorites — tonalites, respectively. 
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Methodology of study and analytical methods 

15 samples of granitoids from the Bratislava massif and 20 samples of gra­
nitoids from the Modra massif were chosen for a detailed study after micro­
scopic observations of thin sections. K-feldspars were separated from quartz-
-feldspar fraction of grinded rock by gravimetr ic method of separation in 
bromoform ( M a c e k et al., 1980). X-ray-diffraction analysis of K-feldspars 
was performed in the Geological Inst i tute of the Slovak Academy of Sciences 
by means of Philips PW 1150 appliance under the following conditions: Cu 
radiation, Ni-filter, 40 kV, 25 inA, diaphragms 1° — 0.2° — 1°, 10:1 impulses/sec, 
T = 2, shift of paper 600 mm/hour , ra te of goniometer 0.5° 20/min , measure­
ments were carried out in the direction of 52° — 20° 20 . Observance of the 
conditions of measurement was controlled by KBrO :1 measurement , which was 
not. however, used as an in ternal s tandard, since it overlaps with 131 reflex 
of K-feldspar by one of its reflexes, by this way it impedes identification of 
s t ructural state of K-feldspars. After evaluation of diffraction pat terns by means 
of the tables (B o r g—S m i t h, 1969) the values of triclinity Ar, monoclinic 
order Az and Al contents in te t rahedra l sites T , 0 . T,m, T\>0, T2m were 
calculated using 131, 131, 204 and 060 reflexes (A f o n i n a et al., 1978. 1979): 

A r = 1.264.á20131_1 3 i , 

A z = 1.47.(9.38 — S 20204-ouo), 

1 + Az + 2Ar 
A 1 T j O ~ 4 

1 — 
A 1 T , 0 ' A 1 T , m =

 4 

In the case of presence of only one wider and lowered 131 reflex, 
S 2(9 131 131 value equals to the half of angle width of this reflex in the 

half of its height (A f o n i n a et al., 1978; J i r á n e k, 1982). Since hetero­
geneous alkali feldspars — perthites are concerned, wha t indicates the pre ­
sence of 201 reflexes of the K-phase and the Na-phase, their total composition 
was calculated using the relation proposed by K u e l l m e r (1960): 

log (I0 IA) = - 0.0026 + 1.0628 . log I — ~* 
\ Ab + An 

where I 0 and IA are intensities of 201 reflex of the K-phase and the Na-phase. 
The area of 201 reflex equaling to the product of height and width in the 
half of height was considered for intensi ty of 201 reflex. However, these esti­
mations of total composition of K-feldspars are considered only for approxi­
mate owing to overlapping of 100 reflex of quartz with 201 reflex of K-phase 
(it is the case of some hardly separable K-feldspars from the Modra massif) 

Al 
1 + Az — 2 Ar 

T,m 
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or overlapping of 111 reflex with 201 reflex of Na-phase (in the case of ma­
x i m u m microclines from the Bratis lava massif). 

Unit cell parameter s of the studied K-feldspars. but only those with uni-
vocally identifiable 130, 130, 131 and 131 reflexes, were calculated and refi­
ned by POWDER program using Siemens 4004/151 computer in the Inst i tute 
of Computing Technique of the Colleges at the Comenius University. Compo­
sition of the K-phase was then established from the volume of unit cell accor­
ding to the relation given by S t e w a r t — W r i g h t (1974): 

, „ 0.2962 — 1/0.953131 — 0.0013 . V 
mol. " n Or = - — —. 

0.0018062 

K, Na, Ca, Rb and Sr contents in K-feldspars were determined from the 
chloride medium after decomposition of the samples with fluorhydric and 
chlorine acids by atomic absorption spectrometry method. Ionization inter­
ferences in K, Na, and Rb determinat ion were removed by addit ive solution 
of caesium chloride (in K and Na) or potassium chloride (Rb). In Ca and Sr 
determinat ion, disturbing moments caused by production of little volatile com­
pounds were removed by addition of l anthanum-oxine solution. The ment ioned 
elements were determined in acetylene-air flame by means of atomic ab­
sorption spectrometer Perking-Elmer 2380. Measurements were carried out 
in the most intensive resonant curves using discharge lamps wi th hollow 
cathode. E x t r a p u r e chemicals from the firm J o h n s o n — M a t h e y were used 
for preparat ion of calibration and additive solutions. 

Ba was established spectrochemically in K-feldspars using unidirectional 
current with intensity of 6 A in visible area (455.4 nm). Eu was used as an 
internal reference element. Spectra were t a k e n on spectrograph PGS-2 of the 
firm Karl-Zeiss Jena. 

Correctness of determinat ions was verified by means of reference s tandard 
materials G-2 (USGS), GSP-1 (USGS) and GM (ZGI). 

Petrographic characteristics of the studied rocks 

T w o - m i c a g r a n o d i o r i t e s — m o n z o g r a n i t e s of t h e B r a t i ­
s l a v a m a s s i f 

In the sense of S t r e c k e i s e n ' s (1976) terminology, 11 of 15 studied 
samples belong to granodiorites and 4 of them to monzogranites (VK-25. VK-
-105, VK-112, VK-182). The studied granitoids are predominant ly medium-
-grained and equigranular, sometimes they contain small feldspar phenocrysts. 
K-feldspar occurs in them in two forms: 

1. It forms perthit ic (spindle-shaped or spotted type of perthite) poikilitic 
grains with inclusions of plagioclases. biotite, quartz, myrmeki te . accessories 
and also another K-feldspar. Inclusions are dislocated mostly accidentally, 
but they may be oriented along the growth zones of host K-feldspar (Fig. 
1 a, b. c). Margins of these poikilitic grains are usually irregular. Grid-twinning 
is observable either locally n e a r the margins and inclusions or on the whole 
area (Fig. 2 a). Twinning according to the Carlsbad law is f requent; 



K-FELDSPARS FROM GRANITOID ROCKS 207 

•% 

Í ,S' % -•: 

*• \ 

# | 

'1 

Fig. 1 a. Perthitic character of poikilitic 
K-feldspar from the biotite granodiorite 
(JV-37/63), Bratislava massif. XN, magn. 

X21; photo: L. O s v a 1 d. 

Fig. I b. Poikilitic K-feldspar enclosing 
another K-feldspar with different orien­
tation of inclusions. Muscovite-biotite 
monzogranite (VK-205), Bratislava mas­
sif. XN, magn. X 21; photo: L . O s v a l d . 

Fig. 1 c. Oriented inclusions in K-feldspar 
phenocryst. Muscovite-biotite monzogra­
nite (VK-205), Bratislava massif. XN, 

magn. X 21; photo : O s v a 1 d. 

2. K-feldspar forms minute interstit ial grains with well-developed gridd-
ing. 

Replacement of K-feldspars by albite may be observed, whereby chess-board 
albite is formed, and replacement of plagioclase by K-feldspar is sporadically 
observed too (VK-185). Quartz has sometimes idiomorphic forms against K-
-feldspar (Fig. 2 b). Presence of the so-called ovoids, oval formations of 2 cm 
size, whose core formed by plagioclase and quar tz is covered by rim from 
several K-feldspar grains, is quite exceptional (VK-112). in general, amount 
of K-feldspar in the studied samples established by planimetric analysis by 
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Fig. 2 a. Development of twinning in poi- Fig. 2 b. Quartz enclosing biotite with 
kilitic K-feldspar. Biotite leucomonzogra- euhedral limitation against K-feldspar. 
nite (VK-147), Bratislava massif. XN, Biotite granodiorite (VK-127), Bratislava 
magn. X 21; photo: L. O s v a 1 d. K- massif. XN, magn. X 22; photo: L. O s-
-feldspars from the samples JV-37/63, v a 1 d. 
VK-205 (Fig. 1) and VK-147 were not 

studied in more detail. 

means of appara tus Eltinor 4 varies from 9.5 to 29.4 vol. " n (average content is 
18 vol. °o). 

In plagioclases with basicity A n i ^ m ( C a m b e l — V a l a c h . 1956) normal 
zoning may be observed, though they are considerably sericitized or even epi-
dotized. They have also developed albite rims. They are often overfilled with 
lamellae of secondary muscovite. Biotite and oval quartz are t h e most frequent 
inclusions in plagioclase. Quartz forming mosaic aggregates under a stronger 
pressure influence is a b u n d a n t in these rocks. The only substantial dark mi­
neral of the Bratislava granitoids is brown biotite. enclosing apati te and zircon, 
which can be fresh, but mostly it is altered, whereby muscovite or chlorite 
and epidote are formed. Sagenite is present in some samples. Sometimes it 
looks as if biotite is overgrown with muscovite or as if it encloses muscovite. 
whereby there are no Fe-Ti oxides present, which would indicate a secondary 
character of muscovite. F r o m the above-mentioned it comes out that muscovite 
in these rocks may be considered for the pr imary, as well as for the secondary 
mineral. F r o m the accessories, apatite, zircon and small amounts of ore mine­
rals should be mentioned. Myrmeki te is very typical of the Bratislava grani­
toids. 

B i o t i t e g r a n o d i o r i t e s — t o n a l i t e s o f t h e M o d r a m a s s i f 

20 granitoid samples from the Modra massif, out of t h e m 17 granodiorites and 
3 tonalites (VK-45, VK-50, VK-212) in the sense of S t r e c k e i s e n (1976) 
were chosen for the study of K-feldspars: they may be characterized as me­
dium-grained and equigranular rocks. In t h e case that they are porphyric, phe-
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Fig. 3 a. K-feldspar filling the spaces Fig. 3 b. Albite rims of plagioclases on 
between sericitized plagioclases. Biotite contact with K-feldspar. Biotite grano-
granodiorite (VK-47), Modra massif. XN, diorite (VK-193), Modra massif. XN, 

magn. X 21; photo: L. O s v a 1 d. magn. X 32; photo: L. O s v a 1 d. 

nocrysts are formed by plagioclases. K-feldspar is intersti t ial in these rocks, in 
the case of greater contents it forms usually perthit ic oikocrysts, which appear 
in thin section as optically continuous areas between the laths of plagioclases 
and biofites without any regular l imitation (Fig. 3 a). From the point of view 
of succession, such K-feldspar appears as the latest. Grid- twinning in K-feldspar 
is usually not manifested, or just in a small degree (VK-208, VK-209, VK-211. 
VK-212). In some samples chess-board albite (VK-136, VK-190) is frequent. Con­
tents of K-feldspar vary from 0.5 to 17.0 vol. % (average content is 9 vol. % ) . 
Sericitized plagioclases are predominant ly idiomorphic, sometimes with com­
plicated lamellae and they show a normal zoning from the core with basicity 
An2n_-»i to the margin wi th An l ;_2(i ( M a c e k , 1971). Albite r ims on the con­
tact with K-feldspar are not always developed (Fig. 3 b). In contrast to K-feld­
spar, plagioclases represent the earliest phase, because they are enclosed in 
biotite, or biotite is intersti t ial among plagioclases. Relatively frequent brown 
biotite is often chloritized and epidotized, whereby ore minerals and ti­
tanite are formed. Quartz is present in form of coarse, often undula tory grains, 
especially in tonalites it takes over the role of K-feldspar and it fills interstices. 
In Modra granodiorites — tonalites, hornblende or muscovite occur sporadi­
cally; from accessories, apatite, ore minerals, zircon, zonal allanite usually 
surrounded with epidote and t i tanite should be mentioned. Though myrmeki te 
occurs less frequently in the Modra granitoids than in the Bratislava ones, nice 
typical examples may be observed in several samples on the contact of K-feld­
spar and plagioclase (VK-46, VK-196, VK-208). It should be mentioned tha t 
some samples of the studied Modra granitoids show signs of strong cataclasis 
(VK-136, VK-162, VK-188). Jus t one sample (VK-210) differs considerably from 
the others by complicated relations of feldspars and quartz (simultaneous cry-
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stallization ?), by expressive h y d r o t h e r m a l al terat ion and chemical composition 
of acid granite. 

Localities of all studied samples are given in the Appendix. 

Results and discussion 

In introduct ion it should be ment ioned t h a t owing to the way of separat ion 
of K-feldspars from the rock samples, the obtained results are considered for 
average ones, represent ing all K-feldspars from the rock. This s ta tement is 
especially valid for the Bratis lava granitoids from which it is practically im-

Ar 
Fig. 4. Classification Az — Ar diagram of structural types of K-feldspar (A f o n i n a 

et al., 1978). 
Explanations: I — high orthoclase (sanidine); II — intermediate orthoclase; III — low 
orthoclase; IV — high microcline; V — intermediate microcline: VI — maximum 
microcline. Full square — Modra massif, open square — Bratislava massif. In some 
samples (their numbers are underlined) monoclinic, as well as triclinic modification 
of K-feldspar is present. 
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possible to separate intersti t ial K-i'eldspars from the K-feldspars forming small 
poikilitic phenocrysts. It is clear that these two forms of K-feldspar differ from 
each other by their history. 

Already in classification of s t ructural state of K-feldspars (Fig. 4) a n expres­
sive separation of samples from two studied massifs occurred. There are only 
intermediate to max imum microclines in the Bratislava massif. Not even one 

1,294 1,298 1,302 

0,722 

0,720 

C (nm) 

0,718 

0,716 

0,714 
1,292 1,296 1,300 

b (nm) 

Fig. 5. Unit cell parameters of the studied K-feldspars represented in b—c diagram 
of S t e w a r t - W r i g h t (1974). 

Explanations: MM — maximum microcline, HS — high sanidine. Low albite and high 
albite, end members of the series low albite — maximum microcline and high albite 
— high sanidine, are outside the figure. Full square — Modra massif, open square — 
Bratislava massif. Also + one standard deviation for the both parameters is plotted 
there. One sample from the Modra massif is missing, because it is overlapped. 

high microcline or purely monoclinic K-feldspar was established here. Ho-
werer, in 7 samples monoclinic and triclinic modifications are present s imulta­
neously in comparable amounts . Low, spread and diffuse 131 reflex in dif­
fraction pa t te rns of these samples (three peaks are often present in 131 area) 
proves their mix ture character. They may be compared wi th artificial mixtures 
of S t e i g e r — H a r t (1967). Since the interst i t ial K-feldspars of the Bra t i ­
slava granitoids are as a rule gr id- twinned and their quant i ty is low when 
compared with the poikilitic ones, imperfectly triclinized poikilitic phenocrysts 
are the contributors of monoclinic modification into these mixtures . In the 
Modra massif K-feldspar reached a s t ructural state of max imum microcline 
just in one sample (VK-210). Majority of samples are orthoclases to high mi­
croclines, the other ones with lowered and spread 131 reflex should be marked 
as in termediate microclines in the sense of A f o n i n a et al. (1978). Result 
of classification of s t ructural states of K-feldspars from the Malé Karpa ty Mts. 
granitoids is given in Tab. 1 a, b. From the tables it follows that ranges of 
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T a b l e 3a 

Contents of alkalies and alkaline earths in K-feldspars, Bratislava massif 

S a m p l e 

VK-25 
VK-104 
VK-105 
VK-106 
VK-107 
VK-112 
VK-124 
VK-127 
VK-130 
VK-139 
VK-175 
VK-182 
VK-18S 
VK-186 
VK-204 

X 

s 

K (° „) 

11.2 
10.7 
12.0 
11.4 
11.8 
11.6 
11.4 
11.9 
11.8 
11.9 
12.0 
10.4 

11.6 
11.4 
12.0 

11.5 
+ 0.5 

N a (",'„) 

0.84 
1.28 
0.88 
1.10 
0.92 
0.94 
1.22 
0.96 
0.98 
0.82 
0.86 
1.46 
0.92 
1.04 
0.82 

1.00 
+ 0.19 

Ca {"„) 

0.081 
0.076 
0.094 
0.179 
0.070 
0.122 
0.078 
0.095 
0.070 
0.070 
0.085 
0.259 
0.096 
0.080 
0.069 

0.102 
+ 0.052 

Rb (ppm) 

200 
200 
265 
235 
245 
300 
270 
260 
305 
285 
320 
290 
285 
175 
270 

260 
+ 42 

Sr (ppm) 

330 
230 
330 
310 
280 
315 
324 
340 
250 
295 
305 
265 
250 
260 
300 

292 
± 3 4 

Ba (ppm) 

4600 
3600 
3680 
3530 
3170 
3450 
3900 
4000 
2760 
3450 
3680 
3300 
3700 
4400 
4250 

3698 
+ 480 

Explanations: x + s: arithmetical mean + standard deviation. 

triclinity and of monoclinic ordering of K-feldspars from the Bratislava and 
Modra massifs are overlapping just a little. 

Evident absence of " a c t u a l " intermediate microclines wi th clear and well 
distinguishable 131 and 131 relfexes in the studied sets of samples caused t h a t 
it was not possible to obtain unit cell parameter s of some K-feldspars — the 
very ment ioned mixtures in which W r i g h t — S t e w a r t (1968) do not 
recommend refining of parameters . All K-feldspars whose parameters were 
not obtained upon expectation are in termedia te microclines according to Az — 
— Ar diagram. Therefore only 16 samples from the Modra massif and only 
7 samples from the Bratislava massif are plotted in b—c diagram (Fig. 5). 
Majority of K-feldspars (in fact the K-phases of perthites) from the Modra 
granodiorites — tonalites shows a small variabil i ty of Al-contents in te t rahedral 
sites ( T | 0 + T | m = 0.80 — 0.85), but a considerable var iat ion in the content of 
non-unmixed (Ab + An)-component. Mol. % Or in the K-phase (Tab. 2 b) ran­
ges from 79.23 to 95.77 and it has an average value of 88.94 + 4.86. Variable 
portion of free (Ab + An)-component in the Modra K-feldspars results from 
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T a b l e 3 b 

Contents of alkalies and alkaline earths in K-feldspars, Modra massif 

Sample 

VK-37 

VK-45 

VK-46 

VK-47 

VK-49 

VK-51 

VK-162 

VK-188 

VK-192 

VK-193 

VK-206 

VK-209 

VK-210 

VK-211 

VK-212 

x 

s 

Explanation 

K (»'„) 

10.1 

10.7 

11.8 

11.6 

12.6 

11.9 

9.5 

11.6 

11.6 

9.9 

11.9 

9.0 

10.6 

9.6 

9.6 

10.8 

+ 1.1 

s: x + s: ar 

Na(%) 

1.29 

1.80 

1.04 

1.45 

0.92 

1.58 

1.54 

1.30 

1.54 

1.86 

0.75 

1.80 

1.18 

1.48 

1.54 

1.40 

+ 0.33 

thmetical me 

Ca ("••„) 

0.134 

0.338 

0.104 

0.185 

0.164 

0.192 

0.198 

0.104 

0.131 

0.207 

0.087 

0.324 

0.164 

0.315 

0.265 

0.194 

+ 0.082 

'an + s t a n d i 

Rb (ppm) 

175 

90 

160 

135 

125 

175 

125 

135 

145 

130 

145 

130 

170 

150 

115 

140 

+ 23 

ird deviation. 

Sr (ppm) 

730 

770 

515 

560 

665 

545 

335 

370 

365 

375 

575 

495 

295 

420 

500 

501 

+ 144 

Ba (ppm) 

5300 

5250 

3600 

4950 

5350 

4400 

3700 

4100 

4000 

5000 

5550 

4750 

3200 

3940 

5300 

4559 

±756 

the intensities of 201 reflex of the K-phase and Na-phase (Tab. 1 b), so that 
X-ray-diffraction data show tha t (Na, Ca)-component of K-feldspars of the 
Modra granitoids cannot be neglected in interpretat ions. On the contrary, one 
of the main reasons of lattice strain in these K-feldspars manifested by "ano­
malous character" expressed by Aa = aestablished — aest imated from b _ c (S t e w a r t 
— W r i g h t , 1974) lies in the quality of unmixing of the Na-phase. Accor­
ding to the quoted authors. K-feldspars whose Aa > 0.005 nm are ano­
malous. From Tab. 2 b it follows for K-feldspars of the Modra granitoids 
that they are all, but 3, anomalous. In contrast to it, m a x i m u m microclines 
from the granitoids of the Bratislava massif have (Ab + An)-component almost 
totally unmixed, because their K-phase with average mol. % Or = 96.34 + 3.02 
is very pure. Their lattices are (perhaps excluding sample VK-139) practi­
cally without any strain (Tab. 2 a). 

K, Na, Ca, Rb and Sr contents (determined by AAS-method) and Ba (de­
termined by OES-method) in K-feldspars of the studied rocks give a further 
information on environment of their formation. It is evident that study of 
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distr ibution of e. g. Ba wi thin K-feldspar grains by means of electron micro-
analyser may give more information on crystallization processes t h a n a total 
Ba content, but it turned out that differences between granodiorites of the 
Bratislava and Modra massifs are apparent already from the total contents of 
trace .(and major) elements in K-feldspars (Tab. 3 a, b). K-feldspars of the 
Modra granitoids are characterized by higher variabil i ty of contents of the 

5000 
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Fig. 6. Dependence of Rb—Sr, Ba in K-feldspars of the Modra (full square) and Bra­
tislava (open square) massifs. 

studied elements (except Rb), higher average contents of Na, Ca. Sr, Ba and 
lower K and Rb contents in comparison with K-feldspars of the Bratislava gra­
nitoids. F r o m Fig. 6 it follows t h a t two studied sets of K-feldspars do not prac­
tically overlap at all by thei r Rb and Sr contents. R b — S r correlation is absent 
and slight negative Rb—Ba correlation wi thin t h e individual massifs is present. 
In the both massifs Ba contents are in one order higher t h a n Sr contents. 
It should be pointed out t h a t differences in Rb, Sr, Ba contents between K-
-feldspars from t h e both massifs are analogous to the differences between gra­
nodiorites themselves (C a m b e 1 et al., 1981). F r o m Fig. 7 it is evident that 
there is a positive B a — S r and C a — S r correlation in K-feldspars, but these 
dependences are less striking within the individual massifs. After all, no more 
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significant correlations can be expected within one petrographic type of rocks 
— granodiorites. 

As far as established s t ructura l states of K-feldspars are concerned, it may 
be stated that their ordering pa th follows a two-stage process. It is documented 
by Al-occupations of te t rahedra l sites (Tab. 1 a, b) represented in t rapezium 
diagram (Fig. 8). But it is not an ideal two-stage process during 

Sr (ppm| 

800 

SOO 

4 0 0 -

2 0 0 -

n 

• 
• 

' 1 
• 

• • • 

— i — i — 
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D 

• 

• 

• 

-f 1 

0,2 0,4 3000 5000 

Ca (wt.Voi Ba (ppm) 

Fig. 7. Dependence of Ca—Sr and Ba—Sr in K-feldspars of the Modra (full square) 
and Bratislava (open square) massifs. 

« T n » A l T WJ Tom 

Fig. 8. Diagram of Al-contents in tetrahedral sites (S t e w a r t—W r i g h t , 1974) in 
which the studied K-1'eldspars follow two-stage process of ordering. 

Explanations: Dashed line — one-stage process of ordering of albites; monoclinic 
K-feldspars are projected on vertical straight line. Full square — Modra massif, open 
square — Bratislava massif. 
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which AI T „ = AI rp = 0.50 occurs by monoclinic ordering and only after 

that monoclinic — triclinic t rans format ion and subsequent triclinic ordering 
take place, whereby Al is t ransferred from Tim to T | 0 . Monoclinic — tricli­
nic t ransformat ion in t h e Modra massif occurred sooner, about around 
Al Al, 0.42, since K-feldspars with higher monoclinic ordering were 

TiO T,m 
not established. S t e w a r t — W r i g h t (1974) state that ordering of mono­

clinic and triclinic K-feldspar is a con­
t inuous process, but monoclinic — t r i ­
clinic t ransformation is discontinuous. 
It was proved also by C h e r r y — 
— T r e m b a t h (1979 a, b) who con­
sider lack of in termedia te microclines 
i n n a t u r e (the most rapid event is or­
dering of triclinic K-feldspar) and 
presence of monoclinic and triclinic 
modifications in the same K-feldspar 
for a manifestat ion of discontinuous 
transformation. Besides the sample 
VK-210 (or VK-37) which is a m o r e 
acid differentiate wi th manifestat ions 
of H 2 0-act iv i ty and samples VK-136 
and VK-162 in which the higher tricli-
n i t y is caused by stress effects, in K-
- feldspars of the Modra massif just a 
slight triclinization occurred after mo­
noclinic — triclinic t ransformation, 
w h a t proves the application of some 
impeding factors. But presence of Ba 
is not considered for such factor, be­
cause its contents are < 1° o and A f o-
n i n a et al. (1978) do not ascribe an 
impeding influence in ordering to such 
contents. Preservat ion of orthoclases 
and impeding to further ordering of 
high microclines in the Modra grano-
diorites — tonalites enabled strain in 
their lattice caused by micro-(cryp-
to ?)~iperthitic character in t h e sense of 

S t e w a r t — W r i g h t (1974), as well as s train caused by domain structure, 
as characterized by E g g l e t o n — B u s e c k (1980). There are no doubts that 
relatively quicker cooling of the Modra massif and a weaker manifestat ion of 
HjO fluids co-acted here in comparison with the Bratis lava massif. Slower 
cooling of the Bratislava massif is suggested by its greater depth of emplace­
m e n t ( K o r i k o v s k i j et al.. 1984). Relics of monoclinic symmetry in K-feld­
spars of this massif prove t h a t process of ordering terminated in formation 
of m a x i m u m microclines s tarted also from monoclinic state. Though petro-
graphic observations of rocks and petrogenetic modell ing of fractional crystal­
lization processes of magmas from the both massifs (V i 1 i n o v i č — P e t r í k. 

6-

4-

2 

0,2 0,4 0,6 0,8 

Ar 
Fig. 9. Frequencies of triclinity of K-feld­
spars in granitoids of the Modra massif 
(hatched columns) and the Bratislava 

massif (white columns). 
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1984) evidence the magmatic origin of K-feldspars, after S e n d e r o v—B y č-
k o v (1979) or S e n d e r o v et al. (1981) orthoclases wi th Al ^ n + Al ^ = 

0.80 have no their field of stability at magmatic temperatures , but they are for­
med under metastable conditions at g 500 + 50 °C in the field of microcline 
stability. Sta tements contradictory at first sight do not exclude each other, if we 
admit that life of granite does not end by magma solidification and t h a t esta­
blished s tructural states of K-feldspars reflect the above-mentioned subsolidus 
conditions. 

Interpre ta t ion of triclinity of K-feldspars is not always simple (J i r á n e k, 
1979), but difference between granodiorites of the Bratislava and Modra massifs 
expressed by triclinity (Fig. 9) and other established properties of K-feldspars 
give evidence undoubtedly in favour of different conditions of their formation. 
Our data do not allow, for the t ime being, to quantify a t e m p e r a t u r e history 
and besides it, n u m b e r of the studied samples is too small to establish any 
regularity in areal distr ibution of s t ructural states of K-feldspars in the both 
massifs of the Malé K a r p a t y Mts. 

Conclusion 

The following knowledge resulted from the study of K-feldspars of granitoid 
rocks from the Malé K a r p a t y Mts.: K-feldspars of two-mica granodiorites — 
monzogranites of the Bratislava massif represented by poikilitic and interst i t ial 
grains have s t ructura l state of m a x i m u m microcline or monoclinic as well as 
triclinic modifications occur in t h e m simultaneously. 

K-feldspars of biotite granodiorites — tonalites of the Modra massif forming 
oikocrysts have a s t ructura l state of intermediate — low orthoclase to high 
microcline. They differ from K-feldspars of the Bratislava massif by strained 
lattices, higher content of non-unmixed (Ab + An)-component in the K-phase, 
higher average Na. Ca, Sr, Ba and lower K and Rb contents. Established cha­
racteristics of K-feldspars suggest different conditions of formation of grano­
diorites from the Bratislava and Modra massifs. 
Acknowledgement: We are grateful to Dr. D. S m r č o k for providing POWDER 
program. 

Translated by O. Mišániová 

APPENDIX: LOCALITIES OF THE STUDIED SAMPLES 

B r a t i s l a v a m a s s i f 

VK-25 Muscovite-biotite leucomonzogranite, road Jur — Myslenice, exposure in bend 
near railway viaduct. 

VK-104 Muscovite-biotite leucogranodiorite, N end of the village Neštich, exposure at 
the road in direction to Senkárka. 

VK-105 Biotite monzogranite, about 600 m NW of elev. point Veľký Javorník (593.5), 
road Biely Kríž — village Jur. 

VK-106 Biotite granodiorite, 400 m SE of observatory in Malý Javorník, road to Biely 
Kríž. 

VK-107 Muscovite-biotite leucogranodiorite, W of the village Jut- pri Bratislave, 
valley above the farmyard, 500 m from the edge of forest. 

VK-112 Biotite monzogranite, elev. point Malý Javorník (588.6), excavation below 
observatory. 
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VK-124 Biotite granodiorite, Bratislava, quarry near railway station Červený most. 
VK-127 Biotite granodiorite, valley of Bystrica brook, about 400 m NW of sanatory, 

600 m NE of elév. point Hrubý Drinovec (396.6). 
VK-130 Biotite granodiorite, Bratislava—Krasňany, Pekná cesta, about 800 m from 

the forest Krasňany in direction to Čierny vrch hill. 
VK-139 Biotite granodiorite, region of Malý Javorník, Červený potok brook, road 

from gamekeepers cottage Medené Hámre, small quarry NW of elev. point 
553.0. 

VK-175 Muscovite-biotite granodiorite, the village Myslenice, elev. point Krkavec 
(349.8). 

VK-182 Muscovite-biotite leucomonzogranite, Myslenice, region of Ostrý vrch hill. 
250 m W of elev. point Jurské hory (350.6), artificial exposure. 

VK-185 Muscovite-biotite leucogranodiorite, Myslenice, region of Staré hory, 250 m 
SE of elev. point 212.3. 

VK-186 Biotite leucogranodiorite, W of Myslenice, 300 m N of elev. point 214.9; re­
servoir. 

VK-204 Biotite granodiorite, the village Rača, Dvornická dolina valley, 600 m SE 
of elev. point 320.9. 

M o d r a m a s s i f 

VK-35 Biotite granodiorite, region of Peterklín — Skalnatá, about 300 m W of elev. 
point Peterklín (584.2). 

VK-37 Biotite granodiorite, region of Peterklín — Skalnatá, about 300 m N of elev. 
point Peterklín (584.2). 

VK-45 Biotite tonalite, NW of the village Píla, valley of Kamenný potok brook, 
gamekeeper's cottage Pri Rybníčku, road cutting on the right slope of a dam. 

VK-46 Biotite granodiorite, the village Casta, about 600 m E of elev. point Jelenec 
(694.6), road at elev. point 356. 

VK-47 Biotite granodiorite, upper part of the valley of Kamenný potok brook, 500 m 
SE of elev. point Krvavý buk. 

VK-49 Biotite granodiorite, valley of Kamenný potok brook, 500 m W of game­
keeper's cottage Pri Rybníčku, natural exposure at the road. 

VK-50 Biotite tonalite, Casta, below the peak of elev. point Prostredník (414.6), 700 
m S of reservation. 

VK-51 Biotite granodiorite, Casta, Jánova dolina valley, 300 m N of elev. point 
365, about 1 km from gamekeeper's cottage Kobyle. 

VK-136 Biotite granodiorite, exposure in road cutting between Modra and Králová 
(against the house No. 34/220). 

VK-162 Biotite granodiorite, the village Dolany, 50 m NW of gamekeeper's cottage 
in Dol'anská dolina valley, excavation on fork of roads. 

VK-188 Biotite granodiorite, Modra, Popelářova, 100 m S of cross-roads of road and 
brook, 250 m W of elev. point 361. 

VK-190 Biotite granodiorite, Modra — Harmónia, gamekeeper's cottage Hrnčiar, about 
600 m NNE of elev. point Šárka (330.2). 

VK-192 Biotite granodiorite, Modra — Harmonia, cross-roads 300 m E of elev. point 
Peprovec (491.0). 

VK-193 Biotite granodiorite (ditto as VK-192). 
VK-206 Biotite granodiorite, region Piesok, 400 m NW of gamekeeper's cottage Pan­

ský dom, road to Kuchynská Baba. 
VK-208 Biotite granodiorite, region Piesok, about 2 km N of Panský dom. 
VK-209 Biotite granodiorite, 700 m NNE of elev. point Skalnatá (704.1) in the valley 

at the road. 
VK-210 Biotite leucogranodiorite (apophysis in amphibolites), depression between 

Kuchynská Baba and Gajdoš, 250 m SE of elev. point Gajdoš (650.4). 
VK-211 Biotite granodiorite, S of Kuchynská Baba, 500 N of elev. point Tri kopce 

(661.7). 
VK-212 Biotite leucotonalite, region Piesok, road cutting 300 m E of Zochova chata. 
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