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ALKALIES IN THE GRANITOID ROCKS OF THE MALÉ KARPATY MTS. 

(Tabs. 9, Figs. 12] 

A b s t r a c t : The authors have evaluated the contents of alkalies 
in the Variscan granitoids and metamorphites (phyllites, gneisses) 
of the Malé Karpaty Mts. Analytical data were obtained by method 
of flame photometry at the Institute of Geochemistry and Physics 
of Minerals in Kiev, U.S.S.'R. (A. I. Samchuk, T. K, Bondar) and 
checked by means of AAS method in the Geological Institute of 
the Slovak Academy of Sciences in Bratislava. The paper reports 
on the correlations of alkali c elements, their contents in depen­
dence on the rock type, and on the conclusions deduced from 
geochemical studies. The granitoid and metamorphic rocks of the 
Malé Karpaty region (periplutonic granite metamorphism) show 
low Li, Rb and Cs contents, which are considerably lower in 
granodiorite than in granite. The biotite granodiorite of Modra 
is most impoverished in alkalies. In schistose metamorphites the 
contents of Li, Rb, Cs are only slightly increased as a result of 
metamorphism. Low contents of alkalies range most of the gra­
nitoid rocks of the region studied, particularly those of the Modra 
massif, to the " I " type of C h a p p e l l — W h i t e ' s classification 
[1974). The granitoids of the Bratislava massif, the major part 
of which were formed by anatexis of sedimentary rocks, devoid 
of or poor in basaltoids, belong to the mixed ("I" and "S") types. 
They have higher alkali contents. There is a minimum potentiality 
of mineralization of granitoids, especially as concerns Sn, W 
and Li. 

P e 3 io M e : ÄBTopLi oueHHBaioT co;iep>KaHHH mejiof-ieií B BapHHCKHx rpa-
HHTOi-ijiax ii MeTaMop(J)HTax (ómiJíHTbi, rHeíicbi) 113 Majibix KapnaT. ÄHa-
jíHTHiecKMe jiaHHbie, nojiyneHHLi MeTOnoM njiaMeHHOH c))OTOMeTpi-in na HHCTI-I-
TbiTe reoxHMHH H ([>H3HKH MHHepajiOB B r. KI-ICB, C C C P (A. H. Cai-myK, 
K. x. H., T. K. EoHaapt, HHJK.) H npoBepeHHbi n p n noMomn AAC Meraná 
Ha reojiori-iHeCKOM HHCTHTyTe CjiOBaijKOH aKajieMi-in HayK B BpaTHCJiaBe. 
CTaTbH pa3ÔHpaeT B3aHM03aBi-icHMocTH mejioíHbix swieMeHTOB, HX cojiep>Ka-
Hiia B 3aBiicHM0CTi-i 0T THna nopojibi ii TaK>Ke pe3yjibTaTbi, npoHCxoíiHiiíWe 
H3 reoxHMHiecKHx HccjieaoBaHHři. ľpaHHTOHflHbie H MeTaMop<J)i-uiecKne no-
pojibi M3 oÔJiaCTPi Majibix KapnaT (nepHnJiyTOHHqeCKHH rpaHiiTOBbiii MeTa-
M0p<J>H3M) noKa3HBaioT riOHH>Kene l.i, Rb n Cs coaep>KaHHÍi, KOTopwe 3Ha-
HHTejibHO HH3uuie B rpaHOjuiopiiTax qeM B rpaHHTe. EiioTHTiľ-iecKHií rpaHO-
aHopHT. Moapa Han6ojiee o6HHineH mejionaMii. B cjiaHiieBbix MeraMopc{>n-
Tax co^ep>KaHHíE Li, Rb, Cs TOJibKO HeMH0>KK0 nOBbinieHHLie HacjieucTBHeM 

MeTaM0p<))H3Ma. LlH3KHe COÄep>KaHHH UieJIO^eH TipHCOeilI-IHÍIIOT ÔOJIblIlHHCTBO 
rpaHMTOHAHbix nopo.ii HccjieiiyeMOií oÔJiacTH n B qacTHOCTH H3 oSjiacTH Mo-
apaucKoro MaccHBa K „ I " THny XUIH KJiacci-icLnKaunn l I a n e JI a — B a Ž T a 
( 1 9 7 4 ) . rpaHHToHxibi EpaTHCJiaBCKoro MaccHBa, KOToptix npeBocxoflHiniH 
HaCTb B03HHKJia aHaTeKCHCOM OCaAO ÎHblX ITOpOU OÔHMlueHHLIX 6a3aJIbTOHJia-
MH, npHHa^jie>i<aT K CMeuiaHHbiM ( „ I " H „ S " ) TiinaM, HMeiomiiM noBbirneH-
Hbie conep>KaiiHfi mejioLiCK. CymecTByeT MHHHMajibiiaa nOTeniiHajibHOCTb 
MHHepajiu3auiiH rnanHTonuoB, rjiaBHbiM o6pa30M KacaioiiiaHCíi Sn, W n Li. 
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In connection with the integrated geochemical investigation of the granitoids 
of the West Carpathians the authors have studied in great detail the alkalies 
of the granitoids and meiamorphites in the region of the Malé Karpaty Mts. 
Within the scope of cooperation with B. F. M i c k i e v i č, the analyses of 
alkalies were performed in the IGFM laboratories in Kiev, U.S.S.R. The sta­
tistical evaluation of analyt ical data and correlative analysis was done by V. 
E. T e p i k i n. Using the AAS method, the results were simultaneously veri­
fied in the Geological Inst, of the Slovak Academy of Sciences (by Ing. E. 
M a r t i n y , CSc.) in Bratislava. Several samples were analysed by INAA 
method in the laboratories of the Czechoslovak Uranium Industry at Stráž pod 
Ralskem (anal. Ing. P. K o t a s, C S c ) . In this way appropriate conditions were 
created for the correlation of analytical results obtained in different labo­
ratories and using different methods. 

The alkalies Li, Rb and Cs are of great geochemical importance as indica­
tors of the genesis of rocks, since they make it possible to characterize the 
rocks under study and help to recognize the geological history of the area. 
The contents of Li, Rb, Cs provide relevant discrimination and correlation 
signals which enable the granitoids of different genetic types and different 
degrees of fractional crystallization to be correlated. The alkalies together 
with Ba, Sr, Ca, Pb, Mg and Fe elements may indicate the affinity of later 
dyke derivates to the parental magmatic rock in which they occur. 

The contents of Li, Rb and Cs in granitoids 

The contents of all these microelements in granitoid rocks and their mi­
nerals are highly variable (Tables 1,2). 

Lithium forms separate Li minerals in alkalic pegmatites and, besides, con­
centrates particularly in tourmaline, phlogopite, biotite and muscovite. Accord­
ing to S o l o d o v et al. (1980), it covers 0.61 to 0.67 % in these minerals. 
It forms an isomorphous admixture in mineral lattices with coordination num­
bers 8—12, more rarely 6. It chiefly substitutes for Mg, Fe and Al; formerly 
isomorphous substitution of Li for Na was also presumed. According to T a y ­
l o r (1965) ii high lithium is distinctive of the sedimentary origin of gra­
nitoids. S t a v r o v (1978) ascribed high Li contents to intrusive differen­
tiation complexes of the granodiorite-granite-permatite series. In some cases 
high lithium contents indicate a high differentiation of magma and appear 
in some pegmatites. 

Rubidium is characterized by a complete isomorphism with potassium. Their 
ionic radii, electronegative values and ionization potentials are very similar 
(T a y 1 o r, 1965). Ií a r n e č k a j a, 1075, (in S o l o d o v et al., 1980) prepared 
rubidium microcline which had no more than 0.2 % Cs. From this it follows 
lhal cesium nev.ú not be isomorphically closely related to rubidium. The 
K/Rb ratio is highly variable; the variability does not depend only on iso­
morphism (diadochy) but also on the different conditions of the origin of 
the rocks analysed which, when correctly interpreted, can be deciphered. 

Tin! rubidium contents in granitoids range from a few tens of ppm to more 
than I %, depending on the Kb, Li and Cs contents in rock minerals. Po­
tassium feldspars, fur example, can have as much as 3.1 % Rb20. More nu­
merical dala are given in the work of L j a c h o v i c (1972). Micas usually 
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have the highest Rb contents. On the entry of rubidium into micas the feldspar-
quartz residual melt may be relatively impoverished in Rb, Li -and/or Ba, all 
of which concentrate in biotite. This may be the cause of relatively low 
rubidium contents in K-feldspars of the pegmatites in the Malé Karpaty Mts. 

T a b l e 1 

Contents of alkalic trace metals in granitoid formations 
(So loci ov et. at., 1980 — Table 10, modified) 

Formation and genetic 
group of granites 

In s t ructures with predominant 

Magma movement 
primary 

autochthonous 
type 

derived intru­
sive type 

Average values 

L i t h i u m 

1. Ganbro-granite 
Basaltoid granites 

2. Granodiorite 
3. Granite 
4. Leucogranite-alaskite 
5. Lithium-granite 
6. Sialic granites 
7. All granites 

Gabbro-granite 
Basaltoid granites 
Granodiorite 
Granite 

Leucogranite-alaskite 
Li-granite 
Sialic granites 
All granites 

4.3 (14:63) 

19 (24;137) 
18 (51;500) 
24 (24 ;179) 
— 
18.5 (99:816) 
17 (113;879) 

R u b i d i u 

85 (16;140) 
103 (24;139) 
183 (54;834) 

221 (27:272) 
— 
164 (105;1245) 
156 (121;1385) 

— 

122 (3;37) 
7J (33;490) 
81 (29;138) 
261 (17;110) 
76 (82;775) 
76 (82;775) 

m 

— 
260 (3;37) 
251 (35;601) 

292 (32;217) 
686 (18;190) 
254 (70;855) 
254 (70;855) 

4.3 (14;63) 

30 (27;174) 
27 (84;990) 
55 (53;317) 
261 (17;110) 
38 (181:1591) 
36 (195;1654) 

85 (16:140) 
123 (27;186) 
209 (89;1435) 

260 (59;489) 
683 (18;190) 
193 (175:2100) 
186 (191;2240) 

C e s i u m 

Gabbro-granite 
Basaltoid granites 
Granodiorite 
Granite 
Leucogranite-alaskite 
Lithium-granite 
Sialic granites 
All granites 

1.1 [15;97] 

3 [24:115] 
3 (53;7C8) 
2.8 (27;313) 
— 
3 (104;1136) 
2.8 (119:1233) 

— 

45 (3;37) 
11 (36:535) 
25 (34;140) 
66 (17;170) 
15 (93;882) 
15 (90;882) 

1.1 (15;97) 

8 (27;152) 
6 (89;1243) 
15 (61;453) 
66 (17;170] 
8 (194;2018) 
7.4 (209;2115) 

Explanation: In the sense of Tichomirova (in S o l o d o v ei al., 1980) five grani­
toid formations divided into two genetic groups are listed in the Table,. The first 
group is represented by the gabbro — granitoid formation associated with basaltoid 
magma; the other four formations are associated with crustal sialic magmatism. The 
first vertical column of number relates to the primary rocks, the second to the rocks 
altered by differentiation or contamination, and the third gives average values. The 
first number in bracket is the number of sampled massifs and the second the number 
of samples analysed. 
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T a b l e 2 
Contents of Li, Rb and Cs in rock-forming minerals of the granitoids 

( S o l o d o v et al., 1980, selected parts from Table 3) 

Mineral and 
its genetic 

type 

Quartz of 
intrusive 
granite 

Quartz of 
granodiori te 

Microcline 
of intrusive 
granitoids 

Microcline 
of pegmatite 

Microcline 
of micaceous 
pegmatite 

Plagioclase 
of intrusive 
granitoids 

Plagioclase 
of autochthon, 
grani tes 

Oligoclase of 
micaceous 
pegmatite 

Albite of peg­
matite with 
rare metals 

Tourmaline 
of granite 

Common amphi-
bole of grani te 

Alk. amphibole 
of alkaline 
granitoids 

Biotite of 
granite 

Biotite or 
micaceous 
pegmatite 

Biotite of 
granite wilh 
rare metals 

Phlogoplte of 
ollgoclaso-
phlog. veins 

Li ppm 

3.2—20 
13.2(40) 

11.(4) 

4—60 
18(20) 

11.7(12] 

ND—5 
2(11) 

24.7(36) 

24.8(9) 

5—22 
12(27) 

3—280 

50—200 
100(10) 

7—68 
32(9) 

1000 — 1900 
1340 

S00—6100 
2500(24) 

280—600 
480(16) 

2200—4900 
4300(8) 

760—4060 
2430(5) 

Rb ppm 

7.5—40 
33(19] 

16(4) 

340 — 1090 
550(28) 

568(12) 

200—480 
270(11] 

107(68] 

,152(4) 

— 50 
24(27] 

10—130 

10—70 
40(10) 

3 — 28 
9(9) 

20—73 
52 

590—8300 
2530(24) 

340—700 
520(16) 

2800—4000 
3000(8) 

1070 — 4180 
2270(5) 

Cs ppm 

25—40 
3(17) 

25(3) 

5.1 — 12 
6.9(141) 

46(12] 

20 — 60 
,34(11] 

15(2) 

7(1) 

10—40 
30(27) 

— 80 

—30 
10(10] 

4—17 
10(9) 

50—329 
96 

40—520 
230(24] 

5—70 
30(14) 

250—420 
350(8] 

190—820 
360(5] 

K/Rb 

— 

— 

— 

— 

400.0 

~"" 

" 

58.0 

— 

33.0 

— 

330.0 

152.8 

" 

32.0 

K/Cs 

— 

— 

-

'•— 

3180.0 

90.0 

' 

300.0 

30.0 

2650.0 

195.0 

Rb/Cs 

11.0 

0.6 

8.00 

12.3 

8.0 

7.1 

21.7 

0.8 

1.6 

4.0 

9.0 

0.5 

11.0 

17.3 

6.3 
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Table 2, continued 

Mineral and 
its genetic 

type 

Muscovite of 
micaceous 
pegmatite 

Muscovite of 
microcline-
albite pegmatite 

Hydromuscovite 
from low-temp, 
deposits 

Li ppm 

40—400 
210(100) 

100—210 
140(80) 

6—50 
10(25) 

Rb ppm 

310—1100 
820(100] 

200—4100 
2800(80) 

290—380 
'330(25) 

Cs ppm 

,10—30 
22(200) 

210—300 
250(80) 

32—50 
40(25] 

K/Rb 

100.9 

30.3 

169.1 

K/Cs 

,3622.7 

346.4 

1607.5 

Rb/Cs 

27.2 

11.2 

9.5 

Explanation: Limit values in numerator, average contents in denominator, and the 
number of samples analysed in brackets. 

T a b l e 3 
Contents of alkalic metals in minerals of micaceous pegmatites 

( S o l o d o v et al„ 1980, selected data from Table 6) 

Mineral 

microcline 
muscovite 
biotite 

Contents (%) 

Rb 

0.027 
0.057 
0.066 

Cs 

0.0034 
0.0058 
0.0058 

Rb/Cs 

8 
16 
11.4 

K/Rb 

400 
132 
118 

K/Cs 

3180 
2080 
1330 

In view of genetic interpretat ions and correlations the K/Rb ratio is of 
much importance. It varies between 1.5 and 24.100. These concentrat ions of 
rubidium in potassium minerals are a result of the fact that the other elements 
having similar ionic radii, i.e. TI, Ba and Pb, are not able to bind rubidium, 
and disperse it for crystallo-chemical reasons. 

T a y l o r [1965] estimates the rubidium content in the earth 's crust at 
90 ppm and the K/Rb ratio as varying between 150 and 300. The K/Rb chan­
ges even within one granitoid massif and in dependence on individual gene­
rations (populations) of minerals. A ratio below 150 may indicate a supply 
of differentiated rest magma or, alternatively, a mere mobilization of pegma-
titic feldspar-quartz mass from the country rocks. Using the K/Rb ratio, the 
crystallization stages or, better to say, stages of fractional crystallization can 
be determined. 

The K/Cs and Rb/Cs ratios are also of diagnostic significance. There is 
mostly a direct interrelat ionship between these elements. Similarly as rubi­
dium-, cesium concentrates in micas (< 0.2 to 1 % ) , in K-feldspars of pegma­
tites, and in beryl (up to 2.68 % ) . Late microclines ( S o l o d o v et al., 1980) 
may contain up to 0.233 — 0.269 % Cs (Table 3). S o To d o v et al. [1980] 
give the Rb and Cs contents in the minerals of micaceous pegmatites (Table3) . 
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T a b l e 4 
Contents of microelements in granitoids according to geochemical classification of 
T a u s o n (1977 1)) and their correlation with the values for the rock of the Malé 

Karpaty Mts. 

Element 

% K 
Na 
F 

g/t Li 
Rl) 
Cs 
S r 
Ba 

K/RI) 
Ba/Rb 

1 

3.5 
3.4 
0.06 

21 
125 
— 

700 
1700 

280 
14 

2 

3.3 
2.8 
0.08 

50 
175 
— 

330 
83J 

200 
5 

•J 

4.6 
2.3 
0.018 

11 
140 
— 

280 
2800 

143 
1.9 

4 

3.9 
2.8 
0.27 

183 
440 
17.5 
70 
175 

90 
0.4 

5 CM) 

2.99 
2.45 
0.03 

27 
94 
1.4 

181 
920 

322 
10 

Onu 

2.09 
2.86 
0.03 

17.6 
58.2 
1.4 

681.4 
1126.4 

363 
19.7 

Explanation: 1 — granite of latite type (basaltoid), 2 — palingenic calc-alkaline 
granitoids, 3 — ultrametamo'i'phosed granitoids, 4 — plumasite-leucogranite with TR 
content, 5 — two-mica monzogranite of the Bratislava massif (Malé Karpaty], 6 — 

biotite granodiorite of the Modra massif (Malé Karpaty). 

For comparison we give here the average contents of Rb (270 ppm) and Li 
[2.8 ppm) from 15 specimens of microcline and micaceous pegmatites from the 
Malé Karpaty Mts. (according to D á v i d o v a and D á v i d , 1981). T a u s o n 
(1977a) assigns great importance to the K/Rb and Ba/Rb ratios. It Tauson's 
geochemical classification scheme based on the contents of some microele­
ments the granitoids possess values that are given in Table 4. From this Table 
it is apparent that according to the content of alkal ies the granitoids of the 
Malé Karpaty region approach only broadly th& groups as given by Tauson. 
They are nearest to them in the values of K/Rb and Ba/Rb ratios. This fact 
suggests that the Malé Karpaty granitoids are rocks of mixed chemical pro­
perties produced by anatexis of crustal clayey-siliceous complexes containing 
rocks of tholeiitic (mstabasite) nature. They are neither a sort of differen­
tiates of basic rocks of a „pure l ine" nor anatexiies of „pure sediments" 
devoid of magmati tes and their tuffs. 

Evaluation of alkali contents in granitoids oj the Malé Karpaty region 

Our conclusions are based on the analyses of samples of the granitoids 
and crystall ine schists, listed in Tables 5, 6, 7, 8. These samples representing 
the principal typos of rocks of the mountain range have been for several 
years the subject of integrated geochemical study. The granitoids were divided 
into groups using the mesonormative classification because there is not a 
sufficient number of reliable planimetric analyses available from the region 
under study. The division was performed by V i l i n o v i c (1981) accord­
ing to the mesonormative classification diagram Q'-ANOR (A. S t r e c k e i s e n 

- h e M a i t r e, 1979), which is appropriate for the classification proposed 
by the 1UGS Subcommission 1973. For the classification of granitoids nor-
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mative minerals were calculated according to the procedure recommended 
by M i e 1 k e — W i n k i e r [ 1979). 

Tlie analysed samples were divided into groups as is seen from Table 5 and 
Figs, 1, 2. The rocks were studied separately in the Bratislava massif and in 
the Modra massif. 
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Fig. 1. Division of granitoid recks of the Bratislava massif, Malé Karpaty Mts., eased 
on the mesenorm of M i e l k e — W i n k l e r [1979). Division proposed by Vilinovic 

(1981). 
Explanation: see Table 5; T — tonalite, Tg — gabbroid itonalite. 
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The group of metamorphites was divided into phyllitoid rocks on the basis 
of metamorphic grade. It involves biotite phyllites and transit ional rocks to 
gneisses and biotite—granitoid gneisses [ + staurolite, sillimanite, muscovite). 
The rocks of the Harmónia Formation (denoted by H] form a separate group. 

The discussion and interpretat ion of results the same as the genetic con­
clusions are based on the data contained in the Tables and Figures. Expla­
nat ions of Tables 5 and 6 (localization of samples and their brief designa­
tions) are given in a separate appendix. 

Discussion 

1. The comparison of the contents of alkalic elements in the granitoids of 
the Malé Karpaty Mts. has shown that they are low relative to those of grani­
toids of sialic origin (see Fig. 3a, b, c) . This fact confirms the opinion that the 
rocks of so-called „I" type ( C h a p p e l l and W h i t e , 1974] corresponding 
to the criteria given by these authors occur in the Malé Karpaty Mts., but 
the granitoids of the entire West Carpathians show similar features. The 
finding also agrees to a certain degree with the classification of T a u s o n 
(1977 b) based on the microelement contents. (This concerns particularly 
the affinity with the group of latite series derived from tholeiitic basal ts] . 
It is also consistent with the results of S o 1 o d o v et al. (1980), Table 1, 
since the contents of microelements of alkalies in some samples agree with 
the gabbro-granitoid formation and with the group of basaltoid granitic rocks, 
which can be regarded as a primary derivative of basaltoid rocks. However, 
the I/S classification in the sense of C h a p p e l l and W h i t e (1974) is 
most appropriate; according to it the granitoids of the Malé Karpaty Mts. 
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Hxpanation: I — alkali — Eeldspnr granite + syenogranite (muscovite aplite-granite); 
2 - - monzngranite (muscovite-biotite granite); 3 — granodiorite (muscovite-biotite 

or biotite granodiorite]; Hm — Bratislava massif; Mm — Modra massif. 
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can be considered as sedimentary and magmatic rocks altered by anatexis 
process. Geochemically, the rocks are genetically mixed types, because the 
alkali contents vary between the values of „basaltoid granitic rocks" and 
those of the granodiori te-granite group and the leucogranite—alaskite group 
( S o l a d o v et al., 1980). The last group already belongs to the granites of 
the formation of crustal sialic palingenic granitoids [Table 1). In contrast 
to the typical palingenic granitoids, the major part of samples have reduced 
contents of alkalies. 
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Fig. 3 b. Histograms of microelements in metapelites. 
Explanation: 1 — phyllite; 2 — slates of the Harmónia Formation; 3 — gneiss. 
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Fig. 3 c. Histograms of Li, Rb, Cs contents in granitoids, selected from the paper of 
H e i e r — A d a m s (1964, Fig. 7, pp. 288, 289). Graph 3a shows much lower Li and Rb 
and higher Sr contents in the Modra granitoid massif than in the Bratislava massif, 
which indicates different petrology of the two bodies. From Fig. 3 a, c, it is evident 
that in the Malé Karpaty granitoids compared with the granitoids studied by Heier— 

Adams most of the Rb values are low, falling in the interval of 50—100 ppm. 
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As the two genetic types mentioned above combine, the granitoid rocks 
of the Malé Karpaty Mts. show in places the features of „I" types and in 
places those of „S" types (the „ I " types predominate in the Modra massif 
and the „ S " types in the Bratislava massi f] . Under the assumption that in the 
Malé Karpaty region as well as in other mountain ranges of the West Car­
pathians the anatectic remelting of sedimentary and magmatic rocks occurred 
simultaneously, it is obvious that it geve rise to mixed transit ional rock 
types. Compared with the „pure" sialic clayey-siliceous anatecti tes these show 
atypical decreased contents of individual components of the alkalic elements. 

2. Impoverishment of granitoids in micro-alkalies (Table 5) is -associated 
with the overall deficiency in potassium; this would suggest a geochemical 
primitiveness of granitoids, which could be interpreted in terms of a great 
age of the initial mater ia l ( substrate] . However, the interpretat ion given sub 
(1), the radiometric geochronological dating of the schistose crystalline 
complex (jf the West Carpathian Mts., and palaeontological and palynological 
data as well speak against this contention. 

3. On the basis of the determination of alkali contents in metapel i tes of 
the Malé Karpaty crystall ine complex, and also in the amphibolites of the 
Malé Karpaty region, it may be said (Table 6] that the Palaeozoic metapel i tes 
(gneisses a n d phyllites) including those of the Harmonia Formation, provide 
a similar geochemical pat tern impoverished in alkalies, the content or which 
increases only slightly with the intensity of metamorphism (Table 8] . The 
Li contents vary between 10 and 40 ppm (x 26 ppm), the Rb content ranges 
from 44 to 120 ppm (x 73] and Cs from 1.7 to 5.6 ppm [x 2.4 ppm). The 
average contents of these elements in the West Carpathian metabasites are : 
Li — 24.02 ppm, Rb — 22.38 ppm and Os — 0.96 ppm ( C a m b e l et al., 
1979). This fact may be regarded as evidence that a similar type of sedimen­
tary and igneous rocks may have been the initial material for the formation 
of anatectic magma. It is possible that the Palaeozoic sediments developed 
from Precambrian clastic mate-rial and the submarine volcanites were em pla­
ced syngenetically with them. Consequently, the Malé Karpaty rocks display 
a geochemistry with a small content of macro- and microalkalies, and these 
low background values of alkalies were evident even after the anatectic 
reworking of the rocks during these formation of the Variscan granitoid mag­
ma. The impoverishment in alkalies has also been established in the Upper 
Devonian-Lower Carboniferous slates of the Harmonia Formation, which had 
presumably derived from a similar terrigenous material as its basement. Low 
contents of light rare earths (La, Ce, etc.] have also been proved prelimina­
rily in metapel i tes of the Malé Karpaty Mts. and similarly in the granitoids 
of the whole West Carpathian mountain range. 

4. To verily the results of chemical-analytical determinations of these low 
alkali contents, some samples were analysed using three methods (AAS, SPA, 
INAA) at the Geological Institute of the Slovak Academy of Sciences in Bra­
tislava, at the IGFM AN in Kiev, U.S.S.R. and in the laboratories of the Cze­
choslovak Uranium Industry at Stráž pod Ralskem. Since the results fairly 
agree, particularly Rb determinations are very close, we believe that the 
relatively low contents of Li, Rb, Cs can be regarded as well established. 

5. The feldspars of the West Carpathian pegmatites and their contents of 
alkalies have been studied by D a v i d o v á and D á v i d (1981). Their results 



ALKALIES IN THE GRANITOID ROCKS 657 

also confirm relatively lower Li, Rb and Cs contents in relation to li terary re­
cords. The authors give the following microelement contents from the K-
-feldspars of the Malé Karpaty pegmatites (in ppm) : Pb 47.8, Sr 462.51, Fe 321, 
Ba 1372, Li 2.8, Rb 270, and Ba/Rb 5.03. These values are the highest of all ob­
tained for other mountain ranges of the West Carpathians. The lowest Rb 
values, for example, have been determined in the West Tatra Mts. (Rb = 178 

Fig. 4. Graph showing the relationship between K and Rb: a direct dependence ot 
Rb on K is distinct. Most points in the graph occur between the K/Rb ratio values 

of 1:300 aud 1:410. For explanation see Fig. 3. 

ppm] . Dávidova and Dávid therefore consider the Malé Karpaty pegmatites to 
be most differentiated. High Ba, Sr and Fe contents and low Li, Cs, Pb and Rb 
contents are also characterist ic of feldspars in the pegmati tes of other moun­
tain ranges. This shows that not only feldspars of the fundamental granitoid 
types but also K-feldspars of pegmatites have a geochemical composition 
poor in alkalic microelements, which provides evidence that the pegmatites 
are a genetic component of the Variscan granitoids. 

It schould be noted, however, that according to the analyses performed in 
the Geological Institute, Slovak Acad. Sci. (Ing. E. M a r t i n y , CSc] the 
K-feldspars of granitoids have higher Rb relative to potassium content: 250 
ppm Rb [N = 40] in the Tatride granitoids and 245 ppm Rb in the Veporide 
granitoids. This finding is at var iance with the expectation that the feldspars 
of pegmatites, as the products of rest magma, will show a more conspicuous 
increase in rubidium content. We may explain it tentatively so that the rest 
magma, on the entry of rubidium into the already crystallizing biotite and/or 
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plagioclases, was enriched in Rb only very slightly. It has been reliably pro­
ved that the biotites of granitoids have high rubidium contents. 

6. From the comparison of the contents of alkalies in the granitoids and 
metapel i tes of the Malé Karpaty Mts. and from the conclusions derived from 
the works of S t a v r o v (1978) and S o l o d o v et <al. (1980] the following 
s tatements can be made: Stavrov points out that the granitoids of intrusive 
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Fig. 5. Graph showing the relation of K/Rb to Rb provides evidence of separate 
positions of the Modra granodiorite and leucocratic granitoids. On the contrary the 
fields of rock types 2 and 3 of ithe Bratislava massif overlap. For explanation see 

Fig. 3 a. 

differentiates strikingly differ in their alkali content from the anatectic 
granites, even when occurring in one and the same region. Anatectic granites 
•are characterized by a decrease in lithium and cesium contents in the order 
of phyllite-gneiss-granodiorite-granite and the increase in the K/Rb ratio. 
This regularity is not generally valid for the metamorphites and granitoids 
of the Mali': Karpaty region; these show manifestations of trace alkalies, 
which arc partly characterist ic of the intrusive differentiated complexes. In 
Intrusive differentiated complexes an enrichment in lithium and cesium 
should proceed in the order : granodiorite-gnanite-pegmatite, and the K/Rb 
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ratio should diminish. S o 1 o d o v et al. (1980) explain these changes in the 
following way: 

With respect to trace metals the regional metamorphism shows two stages: 
isochemical and allochemical. Isochemical metamorphism is represented by 
the greenschist and epidote-amphibolite facies, part ly also by the amphibolite 
facies, whilst the amphibolite and granulite facies are representat ive of the 

% N a 
4 B m 

1 n 

2 O 

3 A 

Mm 

• 
• 

ýň 

>4=c 

° oo 
^ A 

A O 

CD 

Oo 

O 

A 

10 3C 50 Li ppm 
70 

Fig. 6. Graph showing the relationship between Ba and Rb contents (no correlation 
is indicated). For explanation see Fig. 3 a. 

al lochemical metamorphism. The reduced content of Li, Rb, Cs in the two 
last facies is explained as due to that in al lochemical metamorphism the al­
kalies-bearing minerals (chiefly micas) disappear and the minerals having 
considerable low contents of alkalies (pyroxene, garnet, etc.) are formed. 

The analysis of the data on the contents of trace alkalic metals thus does 
not allow to draw unambiguous conclusions on the genesis of the grani tes 
of the Malé Karpaty region conformable with the above conceptions (the 
reason has already been given under points 1, 2, 3). The difference relates 
to the decrease of the average cesium content, which should proceed in the 
order: phyllite-gneiss-granodiorite-granite. On the other hand, the increase 
in lithium and the K/Rb rat io indicates an intrusive plutonic origin of grani­
toid rocks (Table 1). If we consider them to be the „ I " types of C h a p p e í 1 
and W h i t e , we can assume a n anatectic derivation of granitoids from the 
rocks of a sedimentary complex containing layers of basic volcanites and/or 
their metatuffs. 

7. The differentiation of the granitoid magma in the region of the Malé 
Karpaty Mts. oan also be attested by the change in the potassium and rubl-
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clium contents proceeding in the succession: granodiorite-granite, muscovite-
-biotite granite and leucocratic granite. 

S t a v i - o v (1978) has demonstrated that in the given series of differen­
tiated massifs the increase of rubidium content and the reduction of K/Rb 
ratio do occur. These changes -are particularly conspicuous with metasomatic 
alteration of granites in the apical parts of the massifs (Be u s , O j z e r m a n, 
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1965], In Hie Malé Karpaty Mts. the evidently metasomatic postmagmatic 
alterations are only of local extent and do not show a greisenization cha­
racter. They result in the formation of muscovite in the final crystallization 
phase (autometasomatism) or of a high-temperature alkalic K-meitasomatism 
of granitoids (orthoclasites] and Na-metasomatism (albit i tss). 

The data given in Tables 5 and 7 point to the existence of differentiation 
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Fig. 9. Histograms of K/Rb, K/Cs and Na/Li ratios. The scatter of K/Cs ratios is great, 
and their values from 12.200 to 30,600 (according to S o l o d o v et al., 1980) indi­
cate a low potential mineralization of granitoids, chiefly as concerns Sn, W and Li 

metals. For explanation see Fig. 3 a. 

of the palingenic magma that formed the Malé Karpaty granite massifs; the 
increase in Rb content and reduction of the K/Rb ratio from the granodiorites 
towards the aplitic and leucocratic granites is particularly well expressed. 
The same conclusion can be derived from the graph showing the K/Rb ratio 
and rubidium content (Fig. 5). In the graph, the fields of muscovite-biotite 
granitoids and biotite granodiori te of the Bratislava massif overlap each other. 
The biotite granodiorite of the Modra massif has a quite separate position in 
the graph similarly as the leucocratic granitoids. 

This and other graphs draw attention to the differences between the gra­
nodiorites of the Bratislava massif and those of the Modra massif, which 
was already referred to by B. C a m b e 1 and J. V a 1 a c li 11916 . 
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8. Oí importance is the histogram of tlie K/Rb ratio values (Fig. 9), similarly 
as the histogram of Ba/Rb ratio (Fig. 10], for the classification purposes. It 
was used, for example, by T a u s o n (1977 b) in his division of the geoche-
mical rock types. The K/Rb values ranging from 200 to 300 correspond, e.g., 
to Tauson's types nos. 3.5 and 9 in Table 1, op. cit. 1977 b. In general, some 
ratios of K/Rb established for the rocks of the Malé Karpaty region are 
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Fig. 10. Histograms of Li/Mg, Ba/Rb and Rb/Sr ratios. The Ba/Rb ratio does not sug­
gest a regular grouping of samples according to the types of granitoid rocks; Li/Mg 
and Rb/Sr histograms clearly separate the rocks of the Modra massif from those of 

the Bratislava massif, which has a discrimination significance. 

somewhat higher than those defined by the classification (Fig. 4), which 
follows from their lower rubidium content (Table 4). Analogously, the Ba/Rb 
ratios in Variscan granitoids of this mountain range vary within the limits 
corresponding to Tauson's type 3 = granite of l a t h e type, type 5 — palinge-
nic granitoids of calc-alkallne series, and type 9 = ultrametamorphic grani­
toids. 

!). The differentiation of the Malé Karpaty granites being confirmed, the 
question arises whet her they can be regarded as potentially ore-bearing on 
the basis ni' the contents of trace alkaline elements. A characterist ic feature 
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of potential mineralization, (particularly Sn and W] are decreased values 
of K/Cs, Rb/Cs and Rb/Li ratios. S t a v r o v (1978) gave average values for 
these ratios in ore-bearing complexes as 3000, 17 a n d 2.5. In the Malé Karpaty 
Mts. the granites possess appreciably higher values, i.e. 22,000 — 24,000, 
71—77 and 4.0 — 5.1. The mineralization associated with trace alkalic metals 
thus appears little prospective. In individual samples, however, the ratio 

Fig. 11. Correlation K-Na graph. The ele^ 
ments show a negative relation and great 
scatter which is characteristic of the 
granitoids formed by remelting of inho-

mogeneous substrate. 
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Fig. 12. Graph shewing potential mineralization of the granitoids (especially for Sn, 
W and Li); according to T a u s o n — K o z 1 o v et al. (1977). The granitoids of the 

Malé Karpaty region fall in the field of the least potential mineralization'. 
Explanation: I — barren granitoids; II — granitoids showing limited potentiality for 
mineralization; III — ore-bearing granitoids. 
Granitoids of the Hnilec massif in the Spišsko-gemerské rudohorie Mis: 1 — biotite 
granite; 2 — biotite-muscovite granite; 3 — ore-bearing granite. 
Malé Karpaty, Bratislava massif: 4 — muscovite leucogranitoids (alkali-feldspar gra­
nite, syenogranite); 5 — muscovite-biotite granite (monzogranite]; 6 — muscovite-
-biotite granodiorite. 
Malé Karpaty, Modra massif: 7 — biotite granite (monzogranite); 8 — biotite grano­
diorite. 
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values are near to those of ore-bearing granites, which indicates a need for 
further investigation and verification of feasibilities. A low mineralization 
grade is also inferable from the ternary graph F—Li + Rb—Sr + Ba [ T a u s u n 
et al., 1977). 

10. Rich graphic representat ion of the data is based on the analyses of the 
contents of alkalies in individual groups of the rocks in the Malé Karpaty. 
Mts., which have been differentiated according to petrochemical properties 
of the rocks. Numerous graphs, histograms, tables and correlations (Figs. 3— 
12] indicate isomorphism and other interrelat ionships of the alkalic metals, 
present the contents of the elements in the individual rock groups and make 
possible their correlation. As a result of this graphic evaluation, genetic con­
clusions can be made on the association or, on the other hand, phasal inde­
pendence of the separate types of t lie granitoid complexes. For example, the 
muscovite-biotite monzogranite and granodiorites of the Bratislava massif 
are closely associated, as is seen from the partly coincident position of the 

T a i) 1 e 9 

Correlation matrices of alkalic metals and zinc arranged according to principal 
rock types 

1 

K 
Na 
Li 
HI) 
Us 

Na 

— 0.57 

Li 

— 0.33 
— C . 5 M 

k!) 

0.45 
— 0.98 

0.69 

Cs 

0.32 
—C.62 

0.40 
0.66 

Z n 

—0.75 
— 0.02 

C.75 
0.15 
0.35 

2 

K 
Na 
Li 
R b 
Cs 

Na 

0.01 

Li 

0.03 
— 0.31 

Rb 

0.31 
— 0.15 

0.65 

Us 

— 3.04 
— 0.33 

0.46 
0.27 

Z n 

—0.49 
— 0.11 

0.29 
— 3.10 

0.07 

K 
Na 
Li 
Rl) 
Us 

N a 

0.21 

Li 

0.33 
- 0 . 3 0 

R b 

0.35 
— C.24 

0.11 

Us 

0.25 
—0.03 

C.47 
0.70 

Z n 

— C.17 
— C.C3 

C.25 
C.35 
C.34 

4 

K 
Na 
Li 
R b 
Us 

Na 

0.79 

Li 

— 0.45 
— 0.63 

R b 

0.22 
— 0.09 

0.53 

Us 

—3.43' 
— 0.43 

0.52 
0.52 

Zn 

0.18 
— 0.16 

0.32 
0.11 

—0.48 

5 

K 
Na 
Li 
Rl) 
Us 

N a 

— 0.32 

L i 

0.07 
0.15 

Rb 

0.92 
— 0.03 

0.30 

Cs 

0.53 
— 0.06 

0.22 
0.66 

Z n 

— 0.26 
0.46 
0.51 
0 

— 0.13 

6 

K 
N:i 
Li 
Rl) 
Us 

Na 

— 0.50 

Li 

0.82 
—0.67 

R b 

0.72 
—0.90 

0.88 

Cs 

C.73 
— 0 . 7 3 

0.93 
0.94 

Z n 

0.33 
— 0.68 

0.66 
0.77 
0.72 

lix/jlanalion: I syenogranite (aplite, pegmatite, leucogranite]; 2 — muscovite-
b'olili: nionznrgíiľillu (Bratislava massif); 3 — muscovite-biotite granodiorite (Bratisla­
va 111 i: •:; i ľ J; 4 — biotite granodiorite (Modra massif); 5 — gneiss; 6 — phyllite. 
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projection points in the graphs. The granodiorites of the Modra massif, in 
contrast, show a separate and isolated pattern, which can be accounted for 
by the specific conditions of their origin (Fig. 5] , The K/Rb compiled for the 
leucocratic granitoids also shows a different line of the development of chan­
ges in this relation. The evaluation of the graphs is not dealt with in the 
text as it follows directly from the figures. 

11. The statistics compiled for individual elements has shown that between 
the average contents of alkalies in the established groups there are no sta­
tistical differences. Inside the groups, however, the contents of alkalies differ 
in individual samples and their relat ionships change, particularly in the gra-
nodiorite group. All this suggests that by means of detailed geochemical in­
vestigation the granitoids of the Malé Karpaty Mts. can be subdivided into 
minor groups which would reflect their genetic and facies differences. 

The results of correlation analysis deserve particular at tention (Table 9]. 
It is well known that the unaltered granites are distinguished by a high po­
sitive correlation between Rb and K, and the late-magmatic micrcclinization 
is characterized by a reversed value (Be u s , O j z e r i a n , 1965). In the 
Malé Karpaty granitoids a significant and unambiguous close relation bet­
ween rubidium and potassium does not exist in all samples, which is indi­
cative of the peculiarity of their origin. 

Conclusion 

1. The authors performed analyses for alkali metals on 53 samples of 
the granitoid rocks of the Malé Karpaty Mts. and 19 samples of clayey-si­
liceous metamorphites (phyllites, gneisses and slates of the Harmonia For­
mat ion] . Analyses were made at the Institute of Geochemistry and Physics of 
Minerals (IGFM) in Kiev (AN U.S.S.R.), using the method of flame photometry. 

2. The analytical results have shown a relatively low content of alkalies 
in the rocks under study and a particularly small amount of microalkalies 
(Li, Rb and Cs). The authors derive these conditions from the mode of ge­
nesis of the granitoids, which they believe to be products of anatexis of the 
clayey-siliceous sediments containing different portions of metabasites (tho-
leiites). The features of the „I" rock type ( C h a p p e l l , W h i t e , 1974) are 
marked in the Modra granodiorite, whereas the Bratislava granitoids are 
predominantly a ,,S" rock type; granitoids showing features both of ,,I" and 
,,S" types also occur in the latter massif. 

3. Similarly low contents of a lkal ies have been established in crystalline 
schists (biotite phyllites and gneisses) . The material from which the Pa­
laeozoic shales had derived should thus have been analogous to that from 
which granitoids were formed by anatexis during the Variscan orogeny. The 
clastic material of the Palaeozoic clayey-siliceous shales may have derived 
from the decomposed Precambrian rocks with admixed, probably Palaeozoic 
or earlier hasic volcanites. The investigation of metamorphic rocks based on 
the study of alkalies has shown a nearly isochemical metamorphism of schists 
in the Malé Karpaty region. 

4. The microelemerls of alkalies and their and other elements ' ratios pro­
vide evidence for the fractional crystallization of the palingenic magma for­
med as a result of anatexis, and for the aplites and pegmatites being deriva-
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tes of the fundamental granitoid types of the Malé Karpaty region. This 
can be inferred from the relatively high Ba and Sr contents in aplites and 
leucogranite dykes, which are also characterist ic of the main granitoid types 
of this region. According to S t a v r o v [1978], the fractional crystallization 
is demonstrated by the systematic reduction of the K/Rb ratio and increase 
in Rb content of more leucocratic differentiates. 

5. On the basis of the higher K/Cs, Rb/Cs and Rb/Li ratios ( S t a v r o v , 
1978) the mineral ization (chiefly in Sn and W) of the Malé Karpaty grani­
toids seems little promising. The same follows from the ternary diagram 
F—RB + Li—Sr + Ba (Fig. 12), which was used by T a u s o n et >al. (1977) to 
determine a potential ore content in the rock. 

From t h e preliminary comparison of the contents of alkalies in the grani­
toids of the Tatro—Veporides the authors conclude that the contents of alka­
lies of the Malé Karpaty granitoids do not differ substantially from those in 
the granitoids of the other West Carpathian mountain ranges. 

6. Correlations, distribution of elements caused by isomorphism and other 
factors, and the overall geochemical characterist ics of the individual rock 
types are apparent from the numerous graphs presented in the paper. From 
these graphs it is possible to draw conclusions on the genetic association of 
the single rock types, or on their separate, at least relatively independent 
genetic position. The graphs reveal that the granodiorites of the Modra massif 
differ geochemically and petrochemically from the granitoids of the Bra­
tislava massif. They have to be considered a s genetically different, even if 
the field investigations did not prove that they represent a separate phase 
oif the Malé Karpaty plutonic granitoids on the basis of their mode of occur­
rence, sharp contacts or other features. 

Translated by H. Zárubová. 

Supplement to Tables 5 and 6; list of localities 

Granitoids: Bratislava massif 

C — 83: alkali-feldspar granite; Marianka village, Malínský vrch Hill, 300 m W of 
El. 400, 

VK — 34: syenO'granite (apophysis in amphibolite); valley of the Bystrica brook, 
2 km from the sanatorium. 

VK — 41: syenogranite (granite dyke in gneiss); Limbách village, Slnečné údolie, 
El. 306. 

C — 84: syenogranite; village Jur pri Bratislave, Kráľova búda, 1 km S of El. Malý 
[avorník (58H). 

VK — 123: syenogranite (aplitic dykes); Bratislava, quarry near the Červený most 
railway station. 

VK — 145: syenogranite; Bratislava — Kamzík, excavation for the television trans­
mitter. 

VK —30 a: monzogranite; Limbách village, brook Rakový potok, branch road to Kr-
kavec (forester's lodge), 300 SW of the valley. 

VK — 36: monzogranite; Limbách, Slnečné údolia, 500 m N of the village. 
V, — 80: monzogranite; Rača village,, 500 m NE of El. Veľká Baňa (443.7). 
C — 8,!): monzogranite; [ur pri Bratislave, El. 480, 750 m SE of El. Veľký Javorník 

(593.6), on the road between Biely Kríž—Modrý Kríž. 
VK— 101: monzogranite; Jur pri Bratislave, Sviní les Hill, El. 250, reclaimed vi­

neyards. 
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monzogranite; Jur pri Bratislave, Sviní les Hill, El. 250, reclaimed vi­
neyards. 
monzogranite; Rača, boulders at the road to Biely Kríž, some 250 m trom 
the crossrcads below Dobrá voda, 350 m SW of El. Piesky (446.5). 

monzogranite; Malý Javorník village excavation below the observatory, 
monzogranite; Jur pri Bratislave road to Šenkárka ca. 450 m SE of El. 
Šenkárka (519.7). 
monzogranite; Bratislava—Železná studnička res taurant at the crossroads, 
parking lot opposite the branch-road to Kačín, 100 SE, in the slope, 
monzogranite; Bratislava—Železná studnička ( = VK —118). 
monzogranite; Bratislava—Železná studnička ( = VK —118). 
monzogranite; Bratislava, valley of the Bystrica brook, 200 m uphill from 
the upper amphibolite quarry, 750 SE of El. Hrabovina (433.8). 
monzogranite; Marianka village, in the valley, ca. 700 m from the quarry, 
monzogranite; Bratis lava—Kramáře, excavation for the State sanatorium, 
transformer. 
monzogranite; Jur pri Bratislave, abandoned quarry between Rača and 
Jur, NW of Šurské jazero. 
monzogranite; Limbách, forester 's longe Šenkýřka, El. 448.3, some 750 m 
NE of El. Tri kamenné kopce (583.5). 
monzogranite; Limbách, about 1 km from El. Bradovice (406), 500 m NE 
of El. 536.5, crossroads. 
monzogranite; Limbách, forester's ledge Slnečné údolie, recreat ion area in 
the valley turning westwards from Slnečné údolie. 
monzogranite; Rača, Dvorniická dolina, 1 km SE of El. 320.5, at the road­
side along the margin of the wood. 
monzogranite; Limbách, Slnečné údolie, road digressing to the SW of Sl­
nečné údolie, road-cutting close below the recreat ion camp, 
monzogranite; Bratislava, rock below the castle, 50 m from the new 
bridge. 
monzogranite; Bratislava, W of the castle, quarry above the bathing pool, 
monzogranite; Bratislava, Mlynská dolina, abandoned quarry 80 m beyond 
the crossroads near the Botanical garden. 
granodioríte; Jur pri Bratislave, road between Jur and Myslenice, expo­
sure in the bend near the railway oiverbridge. 
granodiori te; Jur pri Bratislave, Sviní les Hill, El. 250 m, reclaimed vi­
neyards. 
granodioríte; Jur pri Bratislave, W of the village, valley above the coope­
rative farm, 500 m from the margin of the wood. 
granodiorite; Jm* pri Bratislave, some 500 m NE of El. Velký Javorník 
(593.5), road from Biely Kríž to Jur. 
granodiori te; Jur pri Bratislave, El. Malý Javorník (588.6), excavation be­
low the observatory. 
granodiori te; Bratislava, quarry at the Červený most railway station, 
granodiori te; Bratislava, valley of the Bystrica brook, ca. 400 m NW of 
the sanatorium, 600 m NE of El. Hrubý Drino>vec (396.6). 
granodiori te; Bratis lava—Krasňany, Pekná cesta, some 800 m from the 
Krasňany wood district, towards Čierny vrch. 
granodiorite; Jur pri Bratislave, Malý Javorník area, Červený potok, a 
small quarry NW of El. 553. 
granodiorite; Rača, Dvornická dolina, 200 m SE of El. 218.2. 

Granitoids : Modra massif 

monzogranite; Piesky village, 350 m SE of El. 356, rocky outcrop in the 
brook. 
monzogranite (apophyses in amphibol i te); Modra village, depression bet­
ween Baba Hill and Gajdoš Hill, 250 m SE of El. Gajdoš (650.4). 
granodiorite; Casta village, ca. 600 m E of El. Jelenec (694.6), road near 
El. 356. 
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VK — 47: granodiori te; Pila village, upper part of the Kamenný brook valley, 500 m 
SE of El. Krvavý nuk. 

C — 85: granodiorite (mylonit ized); Modra, quarry in the valley 250 m W of El. 
Barvínek (390.7). 

VK — 136: granodiorite; road cutting between Modra and Kráľova villages, opposite 
the house Mo. 34/220. 

VK — 102: granocliorite; Dolany village, 50 m NW of forester's lodge in Dolanská 
dolina, excavation at the crossroads. 

VK — 100: granodiorite; Modra — Harmónia, forester's lodge Hrnčiar, about 630 m 
NNE of El. Šárka (330.2). 

VK — 194: granodiorite (mylonit ized); Modra, m N of El. Srnčí vrch (375.8). 
VK — 236: granodiorite; Piesky area, 400 m NW of the forester's lodge Panský dom, 

road to Kuchynská Baba Hill. 
VK — 228: granocliorite; Piesky area, N of Panský dom. boulders at the roadside. 
VK — 209: granodiorite; 700 m NNE of Skalnatá Hill (704.1 m), at the roadside in 

the valley. 
VK — 212: granodiori te; Piesky area, road cutting 300 m E of the Zochova chalet. 

Metamorphic rocks of the Malé Karpaty Mís. 

11/63 — JV: biotite phyllite; Horné Orešany village, abandoned quarry on the SW. 
margin of the village, near the chapel. 

14/63 — JV: biotite gneiss; Častá village, a large quarry in the Castianska dolina. 
31/83 — JV: biotite schist; Pezinok — Cajla, road cutting above hospital. 
14/33 — JV: biotite gneiss; Casta village, a large quarry in the Castianska dolina. 

leading to the glass-works. 
49/63 — JV: phyllite; Devín village, rock below the castle, last house on the Danube 

bank, 
12/63— JV: biotite gneiss; Dolany village, abandoned quarry at the margin of the 

village. 
21/63— JV: Harmónia slate; Casta, quarry S of Predný vršek Hill. 
24/63 — JV: gneiss; Harmonia village, a large quarry in the Kamenný brook valley. 
30/63— IV: Harmónia slate; Casta, pit heap of the Sivá MineL 

53/63 — JV: gneiss; Casta, .above the large quarry in the Castianska dolina. 
3/03 — JV: biotite gneiss; Bratislava —Červený Kríž, terminal station of trolleybus 

No. 17. 
5/63 — JV: biotite gneiss; Bratislava—Železná Studnička, pit heap near the restau­

rant. 
8/63 — JV: gneiss; Bratislava—Železná Studnička, 400 m SE of the bridge. 

13/63 — JV: biotite gneiss; Limbách, Lirnbašská dolina, read to old mines. Slnečné 
údolie. 

20/63 — JV: gneiss; Píla village, water reservoirs, 200 m SW of El. 313 in the Ka­
menný brook valley. 

29/63 — |V: biotite gneiss; Lamač village, valley N of the village. 
38/63 — JV: paragneiss; Pezinok — Baba township. 
48/63 — JV: biotite gneiss; Dúbravka, saddle between Dúbravská Hlavica and Brižiiie. 
45/63 — JV: gneiss, Záhorská Bystrica village, gully above the shooting range. 
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