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ŠTEFÁNIA DÁVIDOVA* 

POTASSIUM FELDSPARS OF GRANITOID ROCKS OF THE 
VEPORIDE CRYSTALLINE 

(Tab. 1, Figs. 6) 

A b s t r a c t : In t h e w o r k a r e p r e s e n t e d t h e r e s u l t s of i n v e s t i g a t i o n 
of t h e p r o p e r t i e s of p o t a s s i u m f e l d s p a r m e g a c r y s t s . of t h e p o r -
p h y r i c v a r i e t i e s of g r a n i t e s t o g r a n o d i o r i t e s of t h e V e p o r i d e c r y s ­
t a l l i n e of t h e W e s t C a r p a t h i a n s . On t h e b a s i s of t h e s t u d y of 
t r i c l i n i t y of a n g l e 2 V a n d t h e t o t a l m i c r o s c o p i c c h a r a c t e r of p o ­
t a s s i u m f e l d s p a r s it h a s b e e n e s t a b l i s h e d t h a t t h e m e g a c r y s t s of 
p o t a s s i u m f e l d s p a r s c r y s t a l l i z e d a s m o n o c l i n i c o r t h o c l a s e s , w h i c h 
in f u r t h e r d e v e l o p m e n t a l t e r e d m o r e or l e s s i n t o i n t e r m e d i a t e or­
t h o c l a s e s , m i c r o c l i n e s t o m a x i m u m m i c r o c l i n e s . 

P e 3 io M e : B cTaThe npHBcaeHLi pe3yjiLTaTLi HCCjie^OBaHHH CBOÍÍCTB Kajn-iií-
H H X nojieBOiimaTOBLix MeraKpucTOB nop<|>HpoBbix pa3H0BHaH0CTeň rpaHHTOB 
B rpaHO^HopHTBi BenopcKoro KpHCTajiJiHHUKyMa 3anaanbix KapnaT. H a 
OCHOBe HCCJieÄOBaHHií TpHKJIHHHTLI yľjia 2 B H TaK>Ke 06mer0 MHKpOCKO-
niíyecKoro xapaKTepa KaJiHi'-iHHX noJieBbix umaTOB 6LIJIO ycTaHOBjíeno, qTO 
KajiHHHbie noJieBOUinaTOBBie MeraKpHCTbi KpHCTajiJiH30BajiH KaK MOHOKJIHHPI-
qecKHe opTOKjia3bi, KOTopLie B HX cjienyioujeM pa3BHTHn H3MeHHjincL 6ojiee 
HJIH MeHbiue B nepexOÄtiBie opTOKjia3bi, MHKPOKJIHHW, JIO MaKCHMajibHbix 
MI-IKpOKJIHHOB. 

Introduction 

The potassium feldspars have an important role in clearing up of some 
problems of pedogenes i s of magmatic rocks. The structural-optical proper­
ties are a result of complicated processes and are influenced by many factors, 
in various geological environments t h e main role falls to other factor. The 
choice of the correct factor requires a wide study of feldspars also in the 
frame of relations to other minerals . The most important factors, which 
influence the origin of one or another modification of potassium feldspar a r e 
the temperature of crystallization, rate of cooling of rock and rate of crystal­
lization connected with it, the chemical composition of environment and 
melt, tectonic conditions during and after crystall ization of potassium felds­
pars. However, the structural-optical properties, which reflect the conditions 
of origin, are not stable. Whe the potassium feldspar is getting into un­
balanced conditions, its properties a re changing. It means, that the properties 
of K-feldspars, which we observe in the rock, a re a result not only of the 
conditions of crystallization, but also the result of postmagmatic and lare 
magmatic and post-tectonic effects. 

Properties of potassium feldspars 

Potassium feldspars from granitoid rocks of the Veporide crystall ine were 
observed from the Kráľova hoľa and Kohút zones. From the massifs of Hron-
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čok, Sihla, Sinec and their varieties with development of potassium feldspar 
megacrysts designated as porphyric and porphyry facies of Vepor and Ipeľ 
type. In granitoid rocks of the Veporide crystall ine 2 types of potassium felds­
pars were established, which mainly differ in their development, their struc­
tural-optical properties often appear to be equal. About the existence of 2 
generat ions of K-feldspars not only their different development testifies, the 
first group forms megacrysts of macroscopically automorphous delimitation 
and the second interstit ial grains, but also enclosing of orthoclase in micro-
cline was observed (fig. 1). 

Fig. 1. Grain of orthoclase (dark) enclosed in microcline with typical polysynthetic 
c r c s s _ hatched twinning. Porphyric granite — Prašivá type. Quarry oposite to the 
dump pile of antimonite mines in Dúbrava, in the Križanka valley, south of the 

village Dúbrava. Magnif. 30 x, nic. xx; photo by Osvald. 

From structural properties was traced the degree of order expressed by 
X-ray triclinity ( ' - , ) , which was calculated according to J. R. G o l d s m i t h 
— F. L a v e s [1954 a,b) from differences of diffraction lines of 131 and 131 
planes. From optical propertiesthe angle 2V was traced, which can be used 
best as criterion of the degree of order of potassium feldspars. Submicroscopic 
twinning has only insignificant influence on the value. 2V. The influence of 
cryptoperthite content is also insignificant, because according to A. S. M a r -
ľ u n i n (1962) 2V changes 5 to 7° when the content of cryptoperthite in­
creases by 40 'ill. For comparison with X-ray triclinity from the values of 
angle 2V the optical triclinity [A 0 ] was calculated according to A. S. M a r-
I u n i n (19(i2|, the calculation constant w>as used 0.0228 regarding to deter­
mination of 2V angle up to 88 «. The obtained values of the structuraloptical 
characterist ic are mentioned in Tab. 1. In the Hroncok, Sihla and Sinec 
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granitoids the X-ray triclinity values represent the average, which includes 
potassium feldspars of the whole rock. In these rocks the potassium feldspar 
was separated from the whole amount of crushed rock. From granites of 
Vepor and Ipeľ types megacrysts of pink potassium feldspars were selective 
separated and further treated. The results in Tah. 1, when also not represen­
tative (they represent only the results of maximum 8 measurements for one 
type), I consider as preliminary, which provide data for orientation. 

T a b l e 1 
Structural — optical characteristics of potassium feldspars 

Type of granitoid 

Hrončok 
Sihla 

Sinec 
Vepor 

Prašivá 
Prašivá 
Lukáčik 1978 

2Va 

84 — 86 
60 — 74 

82 — 84 
50 — 86 

50 — 88 

Ar 

0.90 — 0.96 
0.00 — 0.30 

0.88 — 0.95 
0.00 — 0.88 

0.00 — 0.88 
0.00 — 0.93 

An 

0.91 — 0.93 
0.49 — 0.68 

1.00 — 0.91 
0.17 — 0.96 

0.17 — 0.96 

Mocliiication of KZ 

maximum microcline 
orthoclase, intermediate 
orthoclase 

maximum microcline 
orthoclase to maximum 
microcline with inter-
med. types 

The representat ion of morphologically two different types of potassium 
feldspar in individual granitoid rocks is different and often changing from 
place to place. Roughly we can say that the interst i t ial type prevails in the 
Sihla granodiorite to trondhjemite, when also its amount is small here and 
some — times occurs as accessoryc mineral-E. K r i s t [1979]. In other gra­
nitoid types of the Vepor crystall ine rocks are prevailingly macroscopically 
.automorphous crystals of K-feldspar. 

Tab. 1 shows that in potassium feldspars from granitoids with prevalence 
of megacrysts or from such ones in which only the properties of mega­
crysts were traced t h e X-ray triclinity varies from 0 to 0.95, pointing to the 
presence of orthoclase to maximum microcline. This dispersion of feldspar 
modification forced to closer study of macroscopically automorphous crys­
tals of potassium feldspars. This investigation was extented to feldspars from 
the Prašivá granites, which appear to be most representat ive in the so- called 
autometamorphosed granites of the West Carpathians. The feldspars from the 
Vepor .and Prašivá types of granites are not sporadical in the West Car­
pathians. Macroscopically and as it was further established in structure and 
optical properties they are very similar. 

The potassium feldspar froms macroscopically automorphously delimited 
tabular crystals. Microscopically the boundaries of potassium feldspar with 
surrounding minerals are irregular and af amoebe-like to lobe-like course. 
The size of tabular crystals is variable on an average around 1 to 2 cm, so-
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metimes at tains the size of 3 cm along the longer edge. Its content in the 
rock varies from place to place. The prevailing colour is light-pink, buff, spo­
radically pink. 

The degree of perthitization is varying and not connected with the size 
of crystals. Mostly spread are the film perthites — designation according 
to 0. A n d e r s e n (1928), H. L. A i l i n g (1938], A. S p r y (1966] and short, 
also longer str ing-perthites. In places are developed band and patch perthi­
tes. The film perthites take their course most often along the plane of tnur-
chisonite cleavage (15.0.2), which only very little deviates from plane [001]. 
The thickness of filaments sometimes of 0.05 mm length does not exceed 
0.008 mm. They always are found in the uncross-hatched twinned part of 
the potassium phase and form blocks in grains. They are typical perthites 
of unmixing. The string perthi tes are following several directions in the 
potassium feldspar, (15.0.2) ,(110) and (110). They occur in greater blocks 
and their orientation is not always strict, so braided distribution originates. 
The thickness of strings varies from 0.01 to 0.1 mm. From the genetic view­
point in formation of string perthites part ly the processes of exsolution and 
partly the processes of segregation take part, so that in the sense of the 
classification of S. A. R u d e n k o (1954) we may designate them as exsolu­
tion — segregation perthites. The band perthites are sporadical and can take 
up even 30 % of the feldspar volume. The width of the bands varies from 
0.1 mm to 0.3 mm. Their direction often changes, but essentially they follow 
the planes (110) -and less [110], connecting into braiding. Their origin is in 
close connection with the autometasomatic effect and probably connected 
witli younger albitization, which affects granitoids in some areas often in 
form of development of chessboard albite. Rare are patch perthites. Perthite 
intergrowths of the plagiocl-ase phase form irregularly bordered spots of 
average size up to 0.4 mm. The boundaries of intergrowth phases are unsharp. 
Their morphology and mutual relations point out that they originated by 
recrystall ization of enclosed plagioclase grains. The first 2 types of perthites 
we can designate according to the classification of L. L a v e s — K. S o l -
el a t o s (1963) as micro-and the last as macro-perthites. A part of grains of 
potassium feldspar does not show micropertit ization, not excluding the possi­
bility that they are cryptoperthi tes. 

Sporadically feldspars have a zonal structure (Fig. 2). Maximally 4 zones 
were found, t tie zoning is sometimes indicated by distribution of inclusions. 

Megacrysts contain a great amount of inclusions sporadically the inclu­
sions form up to 30 % volume of potassium feldspar. The prevailing enclo­
sure are pkigioclases, less is biotite and sporadically as inclusions apatite 
and iron oxides are found. Enclosed grains of plagioclases preserve the shape 
of lahles or form irregular grains. In the majority of cases they are serici-
tized, sporadically saussuritized with development of acid albite fringes. Two-
•gracle fringes of different orientation were also observed. The grown on 
fringes are moslly without Intergrowths, sometimes of orientation uniform 
Willi the core. The cores of the plagioclase inclusions are sometimes inter-
grown according In polysynthetic albite of Carlsbad albite low. The cores of 
enclosed plagioclases are even 5 times smaller than the surrounding plagio­
clases of granite. 
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It is known, that in experimental conditions it was nat succeeded to per­
form inversion of the monocline phase into triclinic, when also many authors, 
on the basis of crystal lographic observations, suppose this transit ion (F. La­
v e s , 1950, 1952; F. L a v e s — J. R. G o l d s m i t h , 1954 a,b; A. S. M a r f Li­
li i n, 1962; A. S. M a r f u n i n — S. V. R y k o v , 1961] and petrochemical 
(R. I. M a r k e r , 1954, 1962; H. R a m b e r g, 1961; J. V. S m i t h — R. |C. 
S t e n s t r o m, 1965; B. N i i s s e n — S. B. S m i t h s o n, 1965; E. VV. H e i n-
r i c h — D. G. M o o r e, 1970; V. M a r m o, 1955, 1971]. 

Fig. 2. Zonar orthoclase partly microclinized. The zonal structure is running through 
the growth plane of Carlsbad twinning. Porphyric granodiorite. Quarry 2 km north 

of Český Brezov. Magnif. 12,5 x, nic. xx; photo by Osvald. 

The megacrysts of potassium feldspar in autometamorphosed rocks of the 
Vepor crystalline are characterized by two types twins. Perhaps 20 % 
crystals are twin according to simple Carlsbad Law and the great ma­
jority are twin according to complicated albite — pericline law of 
polysynthetic character forming typical microcline cross-hatched twinning. 
At the Carlsbad twinning always only 2 individuals gro.w together. The 
twin plane (010) is prevailingly direct, in places with steps in (its direc­
tion. In zonal crystals the zones are of symmetrical distribution to the plane 
of Carlsbad twinning. The polysynthetic albite — pericl ine twinning are 
only in certain parts of K-felclspar. On the series of pictures I want to point 
to the secondary character of this twinning, which originated after crystalli­
zation of the originally monocline phase. In Fig. 3 we observe orthoclase 
(2V = 50°) twin from two individuals according to the Carlsbad law. 
The arrangement of inclusions follows partly the concentric s tructure in 
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symmetric distribution on the contrary to the twin. In Fig. 4 we observed 
again a twin of orthoclase [2V = 56'] intergrown according to Carlsbad 
twinning law. In the lower part of the light coloured individaul of the twin 
we observe domains with intergrowths according to the albite- pericline law. 
The intergrown domains similarly as the enclosures follow the concentric 
structure of K-feldspars. The higher amount of domains intergrown according 
to the albite — pericline law is shown in orthoclase (2V = 76°) in Fig. 5. 
The often microclinized (2V = 78—84) parts are distributed around enclosures, 
which are as nuclei of microclinization, and at the margin of grain [Fig. 6). 

Fig. 3. Orthoclase twinning according to simple Carlsbad law. The enclosures of 
plagioclases are partly ordered concentrically to the growth. Porphyric biotite granite 
— Vepor type. Road cut in the Rimavica valley, about 250 m SE of the gamekeeper's 

cottage Ďui'kovka. Magnif. 12.5 x, nic. xx; photo by Osvald. 

The twinning only of two individuals, the elongation of crystals 'accor­
ding to the twin plane, the straight direction of the twin plane in places 
with steps, the course of zoning through the twin plane and symmetry 
around the twin plane according to ]. A. V a n c e , 1969; K. E. S e i f e r t , 
1964 and others are a characterist ic feature for feldspars, which crystallized 
from the magma. Therefore I consider the Carlsbad twinning -as primary. A. 
K ô h l e r (1948) points to the fact that when the orthoclase forms penetra­
tion I win according to the Carlsbad law, so it crystallized from not fluidal 
solutions, when contact (wins, to it originated from the residual melt. 

The polysyiuhetic character of albite -- pericline twinning, elliptic boun­
daries of lamellae, occurrence in domains often developed around inclusions 
or ,al the periphery of grain, the presence of twinning domains in the 
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monoclinic phase twinning according to the Carlsbad law, point to the se­
condary character of albite — percline twinning. With the mechanism and 
theory of twinning in feldspars many works were dealing: R. C. E m m o n s 
— R. H. G a t e s (1943), M. ]. B u e r g e r (1945), J. A. V a n c e (1961), K. E. 
S e i f e r t (1964), R. T. C a n n o n (1966 a,b), T. W. D o n n e l l y (1968). 

2 types of secondary twinning are taken into consideration — transforma­
tion -and mechanic (S. C a p e d r i, 1973). The transformation types originate, 
when a change of symmetry occurs usually with sinking temperature. Its 
formation is supported by stress. The mechanic twinning is brought about 

Fig. 4. Twin of potassium feldspar grown according to Carlsbad law, with domains 
twinning according to the albite and pericline law, which indicate the concentric 
structure of the twin regardless of the growth plane. Porphyric biotite granite — 
Ipeľ type. Road cut of Drábsko — Utekáč, 550 m of elev.p. Hŕbak (765.6). Magnif. 

12.5 x, nic. xx; photo by Osvald. 

by stress, which results from the regional deformation of rocks or from 
local interaction caused by thermal contraction of the environment. It de­
pends on the activation energy; when this is low, also only an insignificant 
pressure causes twinning (]. S t a r k e y — W. Z. B r o w n , 1964). The origin 
of cross-hatched twinning is according to W. S. M a c k e n z i e (1954 a] , J. V. 
S m i t h (1974) controlled by chemical composition of the K-phase, which 
changes with exsolution of Na-phase. 

It results from the above mentioned, that the potassium feldspars in auto-
metamorphosed Vepor granites crystallized as monoclinic orthoclases and 
later they were microclinized to a various degree. For determination of the 
degree of microclinization as the method most suitable was shown 2V measure­
ment. In oriented sections of K-feldspar we can observe the change of 2V 
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also in the frame of one grain. The determination of the degree of triclinity 
on the basis of X-ray methods provides the average value. 

The temperature of K-Na feldspar crystallization changes according to N. 
L. B o w e n — 0. F. T u t t l e [1950) and ]. F. S c h a i r e r [1950], H. S. 
Y o d e r — D. B. S t e w a r t - J. R. S m i t h (1957) from 1063 to 695° at 
presence of water in conditions of pressure 100 to 500 MPa, the composition 
is stable 65—70 % Ab components. Under natural conditions, according to 
N. L. B o w e n — O. F. T u t t l e (1951) the lower limit of crystallization 
temperature changes from 660 to 698' at 100 to 500 MPa with composition of 

Fig. 5. Zonar potassium feldspar twinning according to simple Carlsbad law, highly 
microclinized. Porphyric granodiorite. Quarry 2 km N of Český Brezov. Magnif. 48 x, 

nic. xx; photo uy Osvald. 

Abfl6 to Ab,,, it is valid that with purer K-feldspar the temperature of its 
equilibrium crystallization is lower. N. F. Č e l i š č e v (1967) obtained expe­
rimentally a solid solution of orthocfase and albite at 750 "C and pressure 
200 MPa. The orthoclase is stable within the range of 600 to 700 :C (I. S. 
S e d o v a — N. V. K o t o v, 1967), according to L. L a v e s (1952) it can 
originate as the stable phase above 700 °C and below this temperature as 
metastable phase, which tends to pass into stable microcline with slow cooling. 
Microcline is stable in conditions below 525 °C and pressure 50 MPa H 2 0 
(). R. G o l d s m i I li — F. L a v B S, 1954 b). 1. S. S e d o v a — N. V. K o t o v 
(1967) mention the stability field of microcline up to 600 °C. With rising 
temperature il changes into disordered monoclinic phase. 

The alteration of monoclinic K-feldspar into triclinic points to the thermal 
history id granites, which began to form at temperatures higher than 600 °C. 
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The process of arrangement, e.g. the inversion of the monoclinic phase into 
triclinic is influenced by various petrochemical and petrogenetic factors in 
connection with pT conditions of formation, the development and growing 
old of the granitoid massif. The triclinization of feldspars begins below 
500 °C and is indirectly proportional to the rate of cooling. 

The process of ar rangement is often linked with the process unmixing 
of perthites. 

In the inversion of feldspar phases the chemical composition of the envi­
ronment plays an important role. According to F e r g u s o n (1979) the de-

Fig. 6. Highly raicroclinized orthoclas. Albite and pericline twinning of polysynthetic 
character is developed mainly around inclusions. Porphyric granite — Vepor type. 
Outcrop in the old road to Lom n/Rimavicou, 300 m SW of elev.p. 768.4. Magnif. 30 x, 

nic. xx; photo by Osvald. 

cisive factor is the ratio of F-feldspar to the sum of K and Na in the ori­
ginal environment. According to Ch. V. G u i d o t t e (1978) the high activity 
of A120 hinders the process of the a r r a n g e m e n t and formation of the triclinic 
phase. The high content of fluidal components, mainly the high partial pre­
ssure of ŕhO works as a catalyzer in the change of the monoclinic phase 
into the triclinic. 

A higher temperature of K-feldspar crystallization in the Vepor granite 
is indicated by the presence of exsolution perthites in K-feldspar and myr-
mekites. The perthites are characterized as solid solutions stable at 
700 °C (T. F. B. B a r t h , 1969] to 750 °C (N. F. C e 1 i š č e v, 1967). With 
slow cooling the original homogeneous solid solutions decompose — are 
unmixing. According to the works of R. J. Jahns — C. W. B u r n h a m 
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(1958) the temperature of unmixing is 650—550 °C, according to N. I. Bo-
w e n — 0. F. T u f f l e (1950) for binary feldspars Or2 3 Ab77 610'C. For 
solid solutions with 76—85 % Or components T. L. W r i g h t (1964) deter­
mined the temperature of unmixing with 550—500 CC and complete unmixing 
occurred at 460—430 °C. The size and shape of perthite unmixings are a func­
tion of diffusion and depend mainly on the rate of colling. P. M i c h o t 
(1961) and F. C h a y e s (1952) have established that the perthite type does 
not depend only on the temperature but also on deformation with the raising 
of intrusion. 

Discussion 

The megacrysts of the potassium feldspars in porphyric granitoids of the 
Vepor crystal l ine crystallized as monoclinic orthoclases, which were later 
microclinized to a various extent. The petrogenetic relations permit to sup­
pose that the megacrysts of potassium feldspars originated after cooling of 
the first stage of granite (many enclosures of plagioclase and biotite). The 
crystal l ization was taking place in a quiescent tectonic period (growth of 
large undisturbed crystals) . So we can range the origin of crystals of po­
tassium feldspar into a timely later crystall ization stage, characterized by 
temperatures (above 600 °C), during which the monoclinic orthoclas formed. 
This crystallization phase is closely linked with formation of independent 
pegmatite veins. 

In the further process of the cooling and senility of the granitoid complex 
arrived >a partial of complete triclinization of the monoclinic phase. The 
preservation of the monoclinic phase as orthoclase or only partial triniclini-
zation either point to a faster cooling than the rate of inversion of feldspar 
phases, or to the absence of fluid components, mainly of low partial pressure 
of water steam. To what an extent the triclinization is evoked by the effects 
of later shear-stress, it can be established only with detailed investigation 
of the feldspar character in areas variously disturbed tectonically. 

In the last postmagmatic stages albitization of potassium feldspars takes 
place. It is either shown by the origin of chessboard albite, which to -a va­
rious degree replaces the potassium phase, or by the origin of band or coarse-
-braid perthites. In these areas also formation of younger (Alpine?) potassium 
feldspars as the low-temperature albitization was observed. 

Translated by J. Pevný. 
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