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KAMIL VRANA* 

TO THE QUESTION OF ORIGINE AND STABILITY OF SECONDARY MI­
NERALS IN THE WEATHERING ZONE OF MALÉ KARPATY MTS. 

GRANITOIDES 

(Tab. 1 — 5, Figs. 1 — 4) 

A 1) s t r a c t : T h e s u b m i t t e d c o n t r i b u t i o n c o n c e r n s g e o c h e m i c a l s t u ­
dy of s p r i n g w a t e r s , d r a i n i n g t h e g r a n i t o i d r o c k s of L i t t l e Car­
p a t h i a n s , w h e r e e m p h a s i s is l a i d o n t h e r m o d y n a m i c a n a l y s i s of 
t h e s y s t e m r o c k — w a t e r . T h e o b t a i n e d r e s u l t s , e n a b l i n g to c h a -

' r a c t e r i z e t h e p r o c e s s e s a n d p r o d u c t s of c h e m i c a l w e a t h e r i n g a r e 
e v a l u a t e d i n t h e c o n t e x t of c o m p l e x e v a l u a t i o n of t h e m a i n c h e ­
m i c a l w e a t h e r i n g f a c t o r s of g r a n i t o i d e s . 

T h e g e o c h e m i c a l s t u d y of g r a n i t o i d e w a t e r s s h o w e d t h a t u n s t a b l e 
m i n e r a l s in t h e w e a t h e r i n g z o n e a r e a n o r t h i t e , a l b i t e , m i c r o c l i n e , 
i l l i t e a n d g i b b s i t e . P r a c t i c a l l y s t a b l e a r e C a - m o n t m o r i l l o n i t e , k a o l i ­
n i t e a n d q u a r t z . C o m p a r i s o n of m i n e r a l o g i c a l s t u d y a n d t h e r m o d y ­
n a m i c a n a l y s i s of w a t e r s l e a d s t o t h e c o n c l u s i o n t h a t t h e c o n t e m ­
p o r a r y h y d r o m i c a l w e a t h e r i n g z o n e is t h e r m o d y n a m i c a l l y u n s t a b l e 
a n d t h e o r e t i c a l l y t h e r e e x i s t s a t e n d e n c y of t r a n s f o r m a t i o n of 
i l l i t e t o m o n t m o r i l l o n i t e or k a o l i n i t e . 

P e 3 io M e : r ipeajiaraeinaa CTaTbH Kacae-rca reoxi-iMHnecKoro H3yieHHH BOH 
Kjuoieii, apeHHayioinHx rpaHHTOHaHbie nopoabi Majiwx KapnaT, npHieM 
noaiepKHBaeTCH TepMoanHaMHHecKHň aHaJiH3 CHCTetibi nopoaa — Boaa. 
riojiyieHHbie pe3yabTaTbi, cnocoScTByioinne 6ojiee noapoSHO xapaKTepiMOBaTb 
npoueccbi K npoayKTbi xi-iMHqecKoro BbiBeTpHBaHiia, OLieHHBaiOT B KOHTCKCTC 
KOMIIJieKCHOH OIíeHKH TJiaBHblX (J>aKTOpOB XHMimeCKOľO BblBeTpHBaHPia Ma-
jibix KapnaT. 

reoxHMHqecKoe ii3yyeHHe BOÄ rpaHHTOHAOB noKa3aao, HTO HecTaÔHjibHbi-
MH MHHepaJiaMII B KOpe BblBeTpiíBaHHÍI HBJíaiOTCH aHOpTHT, MHKpOKJIHH, 
PIJ1JIHT H TH66CHT. CpaBHeHHe pe3yjibTaT0B MHHepajiorimecKoro ii3yyeHHH 
M TepMoaiiHaMtmecKoro aHajiH3a Boa BeaeT K 3aKjiicmeHHio HTO cOBpeMeHHaa 
rnapocjnoaOBaa Kopa BbiBeTpuBaHHa TepMOaiiHaMHqecKH HecraômitHan 
n TeopeTHiecKH cynrecTByeT TenaeHUHa nepexoaa HjuiHia K MOHTMOPHJIJIOHH-
Ty, njiH-)Ke K KaoaHHHTy. 

Introduction 

Granitoide rocks of Malé Karpaty Mts. (Slovakia, West Carpathians, Fig. 1) 
are formed mainly by granites and granodiorites (B. C a m b e 1 — ]. V a l a c h , 
1956; B. C a m b e l — J. V e s e l s k ý — V. V i l i n o v i č , 1980). In the process 
of their chemical weathering it comes to hydrolytic dissociation of alumosili-
cate minerals, where one part of the substance gest to the solution and the 
other remains on the place in the form of the so called mineral residue. The 
higher-to papers concerning chemical weathering of granitoides of Malé Kar­
paty Mts. were devoted mainly to mineralogical or mineralogic-geochemical 
study of solid products of weathering, before all of the clay fraction of weather­
ing products and soils. By means of rtg analysis, DTA and electron microscopy 
there was stated a prevalence of hydromical weathering crusts on rocks of 

RNDr. K. V r a n a , Departement of Geochemistry of the Faculty of Natural Sciences 
Comenius University, Paulinyho 1, 831 00 Bratislava. 



354 VRANA 

Little Carpathians 'crystall inicum. On granodiorites there was found the follo­
wing association of clay minerals (J. C u r l í k et al., 1980]: 

illite (hydromicas) — mixed structures — montmorillonite. As admixture 
there .appears chlorite. Kaolinite was found with certainty as admixture in 
the most upper horizons of soils, especially on phylites. 

M.H a r m a n — J. D e r e o (1976), who studied mineralogically the loose 
filling of the mylonite zones in granitoides, found in the Bratislava massif 
(massifs are understood in the sense of the work of B. C a m b e l — J. V a ­
l a c h , 1956] the following mineral association: 

montmoril lonite — illite (hydromicas) — chlorite — hydrogoethite, and 
in the Modra massif: 

illite — chlorite — montmoril lonite — hydrogoethite. 
In the region of the Dolinkovský Hill ( Modra massif) it came to the 

formation of an anomalous association of secondary minerals in mylonites 
(aragoni te — calcite — hydromicas — IM structures — quartz) in consequen­
ce of penetrat ion of carbonate solutions from upperstra ta rocks of the Har­
monia series to mylonite zones (M. H a r m a n — J. D e r c o , 1974). 

Recently M. H a r m a n (1980) stated, that the process of formation of se­
condary minerals in plagioclases of Malé Karpaty Mts. granitoides consists 
essentially in their illitization. There does not come to kaolinite formation 
under the given conditions. Special circumstances of weathering were found 
in the region of Horvátka (Bratislava massif), where there occurs the so 
called hydro — (auto) metamorphosed type of granite. The arousal of clay 
minerals in isolated „nests", perhaps from the residual solutions (?) without 
a distinct influence of the surrounding environment on the plagioclases has 
also an illitic character. 

SCALE: 1:500 000 

Fig. 1. Schematical geological map of 
Malé Karpaty Mts. Comments: B — Bra­
tislava massif, M — Modra massif, 1 — 
granitoide rocks, 2 — crystalline schists, 
3 — amphibolites, 4 — mesozoicum undi­
vided, 5 — panone, 6 — baden and sar­
mat undivided, 7 — loesses, 8 — alluvial 

sediments of the quaternary. 
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Research methods 

In the period of 1975—1980 there were taken 58 samples of spring waters from the 
region of Malé Karpaty Mts. granitoides. The author has taken 46 samples, 12 samples 
were taken — with permission — from the work of D. C a m b e l o v á (1975). In the 
field were measured these parametres: water and air temperature, acidity and alca-
llnity, pH. Conservation of samples was performed according to the demand of the 
laboratory. pH-values were measured by a portable apparatus, pX-meter RADELKIS, 
type OP-107, using a combined glass electrode with the precision + 0,05 pH. In quo­
ted samples the pH was measured by the same apparatus immediately after transport 
of samples to the laboratory (i.e. after 2 — 3 hours). All samples were taken into 
polyethylene flasks. Complex chemical analyses were performed in hydrochemical 
laboratories IGHP n. p. Žilina (31 samples) and GÚDŠ Bratislava (27 samples). 

Data of chemical analyses were processed on programmable calculator WANG 2 
200B according to the programme used at present by the Hydrochemical Department 
of the GÚDŠ in Bratislava for waters with a temperature to 25CC and with a ionic 
power smaller than 0.1. 

Study of thermodynamic dependences in the system rock — water 

D i s e q u i l i b r i u m i n d e x . T. P a č e s (1972 defined the disequilibrium 
indexes I„-g for the single systems silicate mineral — water (where « is the 
primary and (1 t h e secondary mineral) as I = log/Q/Kt/; Q is the activity pro­
duct of the reaction and Kt t h e equilibrium constant at the temperature of 
water measured in : the field. The relations of the index calculation are quoted 
in Table 1. 

T a b l e 1 
Relations for the; calculation of disequilibrium indexes according to T . i P a č e s (1972) 

Index/system 

Ian-k 
anorthite-kaolinite 

Iab-k 
albite-kaolinite 

Im k 
microcline-kaolinite 

I i l -k 
illite-kaolinite 

Icm-k 
Ca-montmorillonite-
-kaolinite 

Ik-g 
kaolinite-gibbsite 

Is 
amorphous Si02-water 

I«-3 = log (Q/K) at temperature t in °C 

Ian-k = log a c a 2 + + pH — (18,81 — 0,07114 t] 

Iab-k = log a N ! ,+ + 2 log aH4Si04 + pH — (0,043 + 
+ 0,00323 t) 

Im-k — log ai<+ + 2 log a n4si04 + pH —(0,01629 t — 2,931) 

Iil-k = 0,6 log ai<+ + 0,25 log a,vig2+ + l , l p H + 1,2 log 
an 4 sio 4 — (1,692—0,005086 t) 

Icm-k = [10gaca2+ + 8 1ogiiH4Si04 + 2pH — (0,01143 t — 
16,6)] /6 

Ik-g = 2 log aii4siO., — (0,02 t — 8,79) 

Is = leg an4Sio4 — [ —0,09 — 779 (273,15 + t) ] 
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Although t h e index I H g for a certain system is thermodynamical ly precisely 
defined in the relation to the Gibbs free energy (G) (I = 4G/2.303RT, further 
T. P a č e s , 1972; S. G a z d a — T. P a č e s , 1975), in practice at judging 
the degree of deviation of the actual state of the system from the equilibrium 
state, its quantitative evaluation mostly does not matter and it is not ne­
cessary to calculate AG. Therefore the disequilibrium indexes are used with 
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Fig. 2. Stability phase diagram for microclíne, kaolinite, gibbsite at 25=C and O.lMPa 
as function of [K+], pH and [H4SÍO4]. B — Bratislava massif, M — Modra massif. 

advantage, as they were defined by T. P a č e s (1972), because they express 
the deviation from the thermodynamic equilibrium for the calculated systems. 
If I = 0, then the reaction is in thermodynamic equilibrium and all partaking 
substances are thermodynamical ly stable. If I<0, the reaction tends to pass 
to the right, and if I > 0 , on the contrary to the left. The values of indexes 
then character ize the unsaturat ion or the saturat ion of the spring waters 
towards individual minerals and by this .also the stability of these minerals 
under the given conditions. 

S t a b i l i t y p h a s e d i a g r a m s . In nature there never are occurring pure 
mineral phases and e.g. products of weathering often cannot be precisely de­
fined crystalochemically. Therefore in the study of processes of rock weather­
ing we often approach to the study of simplified systems. As the weathering 
of granitoide rocks consists essentially in hydrolytic dissociation of alumosti-
licate minerals, in the study of this weathering we can use with advantage 
the so called stability phase diagrams (Figs. 2, 3 and 4) to interpreting pur­
poses. The diagrams are constructed on the base of experimental data on 
free energy of the originating of individual mineral phases. In their con­
struction it is supposed that the aluminium in the process of weathering is 
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immobile and entirely fixed within the arising solid phase. Details of con­
struction of stability phase diagrams, together with factors delimitating their 
use are quoted e.g. in the works R. M. C a r r e l s (I960]; R. M. C a r r e l s 
— C L C h r i s t (19651; J- R. K r-a m e r (1968); C. H. H e l g e s o n et al. 

•--M 

GIBBSITE 

log [H^SiO. 

Na-montmoriHoníte, kaolinite, gibbsite at Fíg. 3. Stability phase diagram for albite, 
25CC and 0.1 MPa as function of [Na+], pH and [H4S1O4J. 

Fig 4 Stability phase diagram for anorthite, Ca-montmorillonite, kaolinite, gibbsite 
at 25°C and (1.1 MPa as function of [Ca2+], pH and [H4S1O.,]. 
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(1969); N. v a n B r e e m e n — R. B r i n k m a n (1976). They were intro­
duced into hydrogeochemical l i terature by J. H. F e t h et al. (1964). Sta­
bility phase diagrams (Figs. 2, 3, 4) were constructed on the base of the 
relations quoted in Table 2. 

Results 

C h e m i c a l c o m p o s i t i o n of w a t e r s . 
Results of the chemical analysis of spring waters, quoted in Table 3 indi­

cate, that from the point of view of mineralizating processes of waters the 
differences in chemical and mineralogical composition of rocks of both 
massifs (Table 4) have no important role. Certain differences in chemical 
composition of both sample groups a re caused by these factors: 
a) the samples were not taken in the same period 
b) the topographical position of the springs is different and the time of t h e 

contact of waters with the rock environment is unequal 
c) the Alpin tectonic disrupting of granitoide rocks (intensive cataclase of 

minerals, arousal of tectonic dislocations, B. C a m b e 1 — J. V a l a c h , 
1956) presented itself in a greater extent in the Bratislava massif; a 

greater dispersity of minerals facilitating the hydrolysis of silicates and a 
deeper circulation of waters a re the cause of the somewhat higher minerali­
zation of the waters of the Bratislava massif on the average. 

From indications in Tab. 5 where there are quoted the results of the index 
calculations it follows that the chemical composition of spring waters on the 

T a b l e 2 
Equilibrium dependences for the calculation of stability phase diagrams for 25 °C 
and 0.1 MPa (according to Y. T a r d y , 1971, who used thermodynamic constants 
published in the papers of R. A. Robie — D. R, W a 1 d b r a u m, 1958 and }. R. Kra­

m e r , 1968) 

System 

Microcline-kaolinite 
Microcline-gibbsite 
Microcline-muscovite 
Mascovite-kaolinite 
Muscovite-gibtsite 
Albite-montmorillonite 
Albite-kaolinite 
Albite-glbbsite 
Anorthite-montmorillonite 
Anorthite-kaoliľhte 
Anorthlte-gibbsite 
Montmorillonite-Na-kaolinite 
Montmorillcnite-Na-gibbsite 
Mon t mori lion i tE-Ca-kaolinite 
Montmorillcnite-Ca-gibbsite 
Kaolinite-gibbsite 

Ec 

2 log [H.SiOJ 
3 log [H^SiOí] 
3 log [H 4 SiOJ 

3 log [ H 4 S i 0 4 ] 
5 log [H4SIO4] 
2 log [H,SiO d] 
3 log [H 4 S10J 
4 log [H4SÍO4] 

2 log [HjSiOJ 
4 log [ H ^ S Í O J ] 

11 log [H4SÍO4] 
8 log [HjSiCM] 

22 log [H,Si04] 
log [HjSiO.1] 

uilibrium dependences 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

log [K+] / [ H + ] = 
log [K+ J / [ H + ] = 
l o g [ K + ] / [ H + l = 
log [K+] / [ H + ] = 
log [K+] / [ H + ] = 

31og ( -;a+] / [ H + ] = 
log [ N a + ] / [ H + ] = 
log [ N a + ] / [ H + ] = 

31og [Ca2+] / [ H + ] 2 = 
log [Ca2+] / [ H + p = 
log [Ca2+] /-[H+]2 = 
log [Na+1 / [ H + l = 
log í N a + ] / [H+ | = 
leg fCa 2 +] / [ H + ] 2 = 
log [Ca2+] / [ H + ] 2 = 

= 

— 2,45 
— 7,28 
— 5,39 

4.52 
— 9,98 

7,90 
0,93 

— 3,90 
65,37 
16,41 

6,78 
— 9.31 
— 43,11 
— 15,70 
— 83,28 
— 4,82 
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T a b l e 3 

Results of chemical analyses of granitoide waters of Malé Karpaty Mts. 

Total 
minerali­
zation 

pH 
N a 
K 
Mg 
Ca 

CI 
NO, 
SO, 
HC03 
Si02 

Bratislava massif (n = 37) 

value 
dispersion 

114,23 — 222,28 
5,00 — 8,00 

3,6 — 12,1 
0,9 — 3,0 

2,43 — 9,48 
10,42 — 29,46 

2,41 — 12,26 
0,00 — 28,67 

22,22 — 90,55 
12,20 — 109,80 
10,05 — 25,79 

average 

163,89 
6,67 
8,26 
1,89 
5,64 

20,96 

4,03 
9,34 

50,50 
39,85 
15,44 

Modra massif (n = 21) 

value 
dispersion 

104,72 — 208,02 
5,65 — 7,90 
3,9 — 9.7 
1,1 —3,2 
2,43 — 7,17 

11,02 — 29,46 

1,77 — 5,67 
0,00 — 30,80 

21,39 — 64,20 
12,23 — 97,60 
11,09 — 21,56 

average 

144,87 
6,65 
7,22 
1,93 
4,83 

16,89 

3,57 
9,18 

34,05 
42,01 
16,79 

Granitoides 
undivided 

[ n = 5 8 ] 
average 

157,01 
6,66 
7,88 
1,90 
5„34 

19,48 

3,84 
9,28 

44,55 
40,63 
15,93 

Note: Except pH the data are presented in mg/1. 

whole is nut in equilibrium with the rock environment, but the waters -are 
dissolving the surrounding minerals . The stability of minerals in the wea­
thering zone of granitoide may be characterized as follows: 

Unstable mineral phases: anorthite, albite, microcline, illite, gibbsite. 
Stable mineral phases: kaolinite, Ca-montmoriilonite, practically also quartz. 

Note: The average content of Si02 is 15,93 mg/1, whereas the quartz solubility in 
natural water (pH = 4 — 9) is about 6—8 mg/1 (O. P. B r i c k e r — R. M. G a r r e 1 s, 
1967). In relation to quartz the spring waters are thus supersaturated by the Si02 
compound. The unsaturation of waters in comparison to amorphous Si02 results from 
the fact, that its solubility in natural waters is about 115 mg/1. 

All points on Figs. 2, 3 and 4, plotted on the base of [Ha/H] or [K/H] 
values and the Si02 concentration from chemical analyses of spring waters 
of Little Carpathians 'granitoides occur in the stability field of kaolinite. This 
indicates that under the given conditions the kaolinite is as a weathering 
product the most stable one. It does not mean however that the waters are 
in equilibrium with kaolinite. At the same time the values of the index In.k 

(—2,10; Tab. 5) indicate that illite is under the given conditions less stable 
than kaolinite, whereas the values of the index Icm_k (—0,15) suggest that 
montmoril lonite is under the given conditions as stable as kaolinite. 

Between these data and the results of the mineralogical investigation of 
weathering products and soils there exists one basic difference resulting from 
the following: 

a) Study of the clay fraction of weathering products and soils on grano-
diorites showed that in the crust of weathering it came, or comes to a massif 
arousal of illite or of hydromicas and that montmoril lonite occurs regularly 
in abundancy. The contents of chlorite, which is always present, are locally 
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much more variable. Kaolinite was stated only in traces, or its presence 
was indicated as questionable (J. Č u r l í k et al., 1980). 

b) The thermodynamic analysis of spring waters, draining these rocks in­
dicate ( I j ľ k = —2,19), that illite is thermodynamical ly unstable in the 
crust of weathering products and there exists the tendency of its transfor­
mation to montmoril lonite, or kaolinite. Although there a re treated to a con­
siderable amount schematized calculations, these prompt us to pronounce 
the conclusion, that the contemporary hydromical crust of weathering on 
Malé Karpaty Mts. granitoides is thermodynamical ly unstable. 

Discussion 

In the interpretat ion of differences between the mineralogical composition 
of the clay fraction of weathering products and soils of granitoides and the 
results of equilibrium and stability dependences in the system silicate minerals 
— water we are obliged to take into consideration two basic facts: 

1. Equilibrium calculations show only, that (he spring waters are not (or 
are) in equilibrium with t h e inner structure of the minerals, that correspond 
to stechiometric formuli, for which formuli the free energies of the arousal 
of minerals are determined. The thermodynamics is useful only to describe 
the deviations of the real system from the partial or entire equilibrium. 
Whether it comes to a real process does not depend on thermodynamics, but 
on the energies of activation and the kinetics of the reactions [T. P a č e s , 
1970). 

2. The spring waters do not represent in a full extent the „weather ing" 
(intersticial, porous) waters. In thin breaches and cracks, where there it 
comes to hydrolytic decomposition of aluminosilicate minerals, there exists 
a different geochemical environment as in the surrounding circulation wa­
ters, incessantly supplied by atmospheric precipitations. 

When we realize this, on the base of the values of disequilibrium indexes 
(Tab. 5) and the interpretat ion of stability phase diagrams (Figs. 2, 3, 4), 
we may characterize the chemical weathering of Little Carpathians 'granitoides 
as follows: 

The basic factor, causing the alumosilicate decomposition, are the preci­
pitation waters, which have an expressively acid character in the given re­
gion (pH = 4 — 5, data of GÚDŠ Bratislava). In the soil layer they are sa­
turated by soil CO2 — a further source of H + ions. In climatic conditions 
of Little Carpathians [a temperate warm and temperate humid region of 
Central Europe] the COľ concentrat ions in the soil air keep within 0,5 — 5,0 
volume % (S. G a z d a , 1980), i.e. 5.10"' to 5.10 ! MPa. In t h e a tmosphere 
pC02 equals approx. 3.10':' MPa. The reverse calculation from the chemical 
composition of the granitoid waters (Tab. 5) showed, that pC02 = lCr3 to 
10~2 MPa (in average 1.4.10"3 MPa) and thus is 10- to 100-fold higher than in 
t h e atmosphere. Such aggresive solution quickly becomes mineralized ...by 
hydrolytical decomposition of silicate minerals and is enriched by cations 
and Si0 2 . High positive values I k . g = 4.65 (Tab. 4) indicate, that if even 
in the initial stage of alumosilicate decomposition gibbsite arises, it becomes 
unstable by a quick increase of concentrat ion of cations and SÍO2 and the-
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oretically there may arise kaolinite. Its formation under the given conditions 
is somewhat questionable. Hydrolysis of silicate minerals proceeds relatively 
quickly (W. D. K e l l e r et al., 1963), pH shifts to the alkaline zone and 
the concentrat ion of cations and Si02 in the liquid phase increases to such 
an extent, that montmoril lonite is probably a more stable phase than kaoli­
nite. The question of the priority of arousal of this or that mineral is con­
nected with the speed of the decrease of hydrolytic capacity of the liquid 
phase and the increase of the concentrat ion of the structure cations and 
SÍO2 to the values corresponding to stability conditions of the relevant mi­
neral phase. The cause of the predicted formation on kaolinite under the 
conditions of weathering of Malé Karpaty Mts. granitoides (Fig. 2, 3, 4) is 
due to the fact, that the spring waters are in comparison with real (weathe­
ring) solutions diluted and by concentrat ion of structure cations and SÍO2 
they do not give possibility of neoformation of montmoril lonite or lllite 
(illite is thermodynamically and crystalochemically close to muscovite, Fig. 
2). However the fact, that in the crust of weathering is found illite or mont­
morillonite in priority indicates, that in the cracks and breaches of minerals, 
where there it comes to .a real arousal of clay minerals (M. H a r m a n — 
J. D e r c o, 1974; M. H a r m a n — J. D e r c o, 1976; M. D u r a y, 1977; J. C u r-
11 k et al., 1980; M. H a r m a n, 1980], it comes to the formation of a more 
basic and more concentrated environment, which is not suitable for the 
arousal of kaolinite. Thus in hypergene conditions of Malé Karpaty Mts. it 
practically does not come to kaolinization of feldspars of granitoide rocks. 
At the same time we -are obliged to emphasize, that the circulating under­
ground waters represent by their hydrogeochemical character an aggresive 
agent for the surrounding rock environment and unambiguously point out 
the progressive character of the chemical weathering of the Malé Karpaty 
Mts. granitoides (see the negative values of the indexes Iab.k = —3,78; Im.k 

= —1,74; Ian.k = 8,76; Tab. 5). At the same time the index values I i l k ( i n 

average —2,10] permit to express the conclusion that by their chemical cha­
racter and hydrogeological cycle the underground waters of Malé Karpaty 
Mts. granitoides may be the cause of the thermodynamic unstability of the 
contemporary hydromical crust of weathering. 

Conclusion 

Our results may be summarized as follows: 
1. The mineralogical character of the clay fraction of the weathering pro­

ducts and soils of Malé Karpaty Mts. reflects the tendency of bisiallitization 
(formation of illite, montmorillonite, chlorite] in thei sense of G. P e d r o 
[1971] and Y. T a r d y (1971). 

2. The thermodynamic analysis of granitoide waters indicates rather a the­
oretical tendency of monosiallitization (formation of kaolinite] in the pro­
cess of weathering. 

3. The mentioned contradiction — points 1, 2 — is the reflection of the 
fact, that mineral products of weathering of Malé Karpaty Mts. granitoides 
are not in the geochemical equilibrium with hydrological and hydrogeoche­
mical conditions in the zone of weathering. Geochemical equilibrium primary 
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m i n e r a l — s e c o n d a r y m i n e r a l — l i q u i d p h a s e is f o r m e d o n l y in t h i n c r a c k s 
a n d b r e a c h e s of m i n e r a l s , w h e r e t h e r e it c o m e s to t h e a r o u s a l of s e c o n d a r y 
p r o d u c t s . 

4. By t h e i r c h e m i c a l a n d h y d r o l o g i c a l c h a r a c t e r in t h e c r u s t of w e a t h e r i n g 
t h e u n d e r g r o u n d w a t e r s of M a l é K a r p a t y Mts . g r a n i t o i d e s a r e p r o b a b l y t h e 
c a u s e of t h e t o t a l t h e r m o d y n a m i c u n s t a b i l i t y of t h e c o n t e m p o r a r y h y d r o m i c a l 
c r u s t of t h e w e a t h e r i n g of M a l é K a r p a t y M t s . g r a n i t o i d e s . 
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