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A b s t r a c t : T h e c h e m i c a l c o m p o s i t i o n of t h e m a i n m o r p h o l o g i c a l 
t y p e s of g a r n e t s f r o m t h e p e g m a t i t e s of t h e M a l é K a r p a t y m t s . a n a -

J ^ ^ V ~ - ^ ľ ^ } l y s e d by e l e c t r o n m i c r o p r o b e i n d i c a t e s t h e r a n g e of p e r c e n t u a l 
^\_t^ c o n t e n t s of e n d m e m b e r s . T h e c o n t e n t of t h e a l m a n d i n e m e m b e r 

v a r i e s , i n t h e r a n g e f r o m 50,59 % t o 7 3 , 1 0 % , t h e s p e s s a r t i t e m e m b e r 
22,90 % — 46,55 % t h e p y r o p e m e m b e r 1,39 % — 5,62 % a n d o i 
t h e g r o s s u l a r i t e m e m b e r f r o m 1,04 t o 2,20 % . It is p o s s i b l e t o p r e ­
s u m e f r o m t h e c h a r a c t e r of i s o m o r p h o u s e x c h a n g e F e ^ + a n d M n 2 + , 
r e s p . f r o m t h e b l e n d i n g of t h e a l m a n d i n e a n d s p e s s a r t i t e m e m b e r s 
t h e u n i f o r m t h a t m e a n s t h e p r i m a r y w a y of o r i g i n a n d d u r a t i o n of 
t h e i n t e r v a l of p r o b a b l y c o n t i n u o u s c r y s t a l l i z a t i o n of t h e d i f f e r e n t 
m o r p h o l o g i c a l g a r n e t t y p e s . T h e g a r n e t m o r p h o l o g y h a d b e e n 
c h a n g e d i n a r e l a t i v e t e m p o r a l s e q u e n c e of g a r n e t c r y s t a l l i z a t i o n 
f r o m t e t r a g o n a l t r i s o c t a h e d r o n w i t h l e s s d e v e l o p e d r h o m b o d o d e c a -
h e d r a l f o r m t o a l m o s t p e r f e c t r h o m b o d o d e c a h e d r a l f o r m . 

P e 3 K» M e : SjieKTpOHOBbIM MHKpOaHajlH3aTOpOM aHajIH3HpOBaHHbIM XHMH-
^ecKHii cocTaB rjiaBHBix Mopc^ojiorHqecKHx ranoB rpaHaTOB H3 nerMaTHTOB 
MajiLix KapnaT noKa3tiBaeT npeaejit i npoiieHTHtix cojiep>KaHHH KOHeqHtix 
iijieHos. CoÄep>KaHHe ajiBMajumoBoro KOMnoHema KOjieôaeTca B npejiejiax 
50.59 % — 73,10 % , cneccapTHHOBoro 22,90 % — 46,55 % imponoBoro 
1,39 %—5,62 % a rpoccyjmpoBoro 1,04—2,20 % . flo xapaKTepy HUO-
MopijiHoä 3aMeHbi F e 2 + n M n 2 + , HjnoKe no CMenmBaeMocTH ajiBManaHHOBO.-t 
n cneccapTHHOBoii cocTaBHbix TíacTeň BO3MO>KHO npeÄiiojiaraTB eAHHbiii, 
a IIMeHHO nepBHHHblii CnOC06 B03HKKHOBeHHÍI H ÄJIHHy HHTepBajia BepOHTHO 
HenpepbiBHoii KpHCTajinH3auHH pa3Hbix Mop|>ojioriraecKHx ranoB rpaHaTOB. 
B OTHOCHTejibHOH nocjieÄOBaTeJibHOCTH BpeMeHH KpHCTanjiH3ai;nH rpanaxa 
ero Mop^ojiorHa H3MeHHjiacb OT TerparoHTpHOKTasjipHHecKOH c Menee pa3-
BHToii poMOiraecKofi nofleKasapHqccKoii <J>opMoií B HanpaBjieHHH K I I O I T H 
COBepiIieHHO pOMÔH êCKOM J10ÄeKa3ÄpHHeCKOH cJiopMe. 

Introduction 

The presence of accessory garnets in granitoids, pegmatites and aplites 
continuously is the cause of an interest and effort to solve the question of 
their origin in these rocks, in the first place where they are not typical 
components of their mineral associations in contrast to metamorphic rocks. 
However, not only typomorphic associations but also typomorphic properties 
of minerals can approach us to solve the complex genetic problems. 

One of the properties which reflects the character of the chemical com­
position of the environment what a certain mineral had crystallized from, is 
its morphology. A different crystal morphology of certain mineral is deter­
mined by differences of geochemical processes during the mineral origina­
tion. This results in the importance of knowing these bilateral dependences. 

* R N D r . J. G b e 1 s k ý, C S c , G e o l o g i c a l I n s t i t u t e of t h e S l o v a k A c a d e m y of S c i e n c e s , 
D ú b r a v s k á c e s t a , 886 25 B r a t i s l a v a . 
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But the processes of the origin and the growth of crystalls are so compli­
cated as regards mineral crystall ization laws that it is not possible to explain 
them completely only from one point of view [J. B a b č a n, 1974). 

Relationship between morphology of garnets and rock types 

Many authors refer to characterist ic morphological garnet forms from 
different rock types, however, there exists a remarkable difference in gene­
tic interpretat ions of garnets with different morphology and its dependence 
on their chemical composition. A. E. F e r s m a n (1940), a pioneer of the 
theory of mineral typomorphism, mentions the typical morphological forms of 
garnets originated in different geophases of pegmatitic process. B. H e j t m a n 
(1956) considers a character is t ic form of garnets (211) in ingneous rocks, 
especially in pegmatites, or connections of forms (211) and (110), on the 
contrary the garnets of the same composition (with prevalent a lmandine 
member) are the most frequently in metamorphic rocks in the form (110) 
and sometimes also in connection form (110) and (211). F. S 1 a v í k et al. 
(1974) describes the garnet morphology in pegmatites in accordance with 
the previous author. I. K o s t o v (1971) considers the change of relat ionship 
between bivalent and trivalent cations as a cause of prevalence of rhombo-
dodecahedral form for calcareous order and of tetragonal tr isoctahedral form 
for aluminium order of garnets . Š. S. G e n d e l e v (1963) observes direct 
dependence between melt enr ichment in trivalent iron and prevalence of 
te t ragonal t r i soctahedral form. A. A. J a r o š e v s k i j (1956, 1959 in V. V. 
L j a c h o v i č, 1973) considers tetragonal tr isoctahedral form of garnets as 
character is t ic one for rocks enriched in Al and rhombododecahedral form for 
rocks enriched in Ca, Fe and Mg and so the presence of garnets with the 
form (110) in pegmatites interprets as relics of absorbed gneissic rocks. 
V. V. L] a c h o v i č (1968), on the basis of statistical study of garnet forms, 
concluded that the prevalent form for biotite-amphibolic and biotite granites 
is rhomobododecahedron, sometimes in combination with tetragonal trisocta-
hedron — this form is typical for pegmatites and aplites; in those cases when 
rhombododecahedral garnet crystals are found in pegmatites, they are consi­
dered to be xenocrysts or it is possible to put them in connection with hyb­
ridism. V. A r n a u d o v — S. P e t r u s e n k o (1973) examined during research 
of primary accessory mineral ization in pegmatite of Viščerica (Western Rho-
dops. mts.) an inscreasingly distinct spessarit ite character of garnets and si­
multaneously acquiting rhombododecahedral form in direction to inner parts 
of pegmatite veins. 

The author (R. N o v á č e k , 1931) of a quite detailed work about garnets 
of Czechoslovak pegmatites pays attention also to morphological forms where 
there is rather clear the tendency of morphology change in the order from 
spessart i te through almandine - - spessart i te and spessartite — almandine 
to a lmandine garnets. The morphology of garnets is changed in the mentioned 
order from tetragonal tr isoctahedron (211) to rhomododecahedron (110), na­
mely over combination of both forms. Only rare ones were stated forms 
(100) and (111). The mentioned author (R. N o v á č e k , 1. c.) is a supporter 
of primary origin of a lmandine — spessarite garnets in pegmatites and aplites. 
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Garnets of pegmatites of the Malé Karpaty mts. 

Garnet is a characterist ic often quantitatively predominant accessory mi­
neral in vein's derivatives — in pegmatites and aplites of granitoid intrusion 
of the Malé Karpaty mts. [J. V a l a c h , 1954, B. C a m b e l — J. V a l a c h , 
1956; Š. D á v i d o v a , 1968, J. V e s e l s k ý — J. G b e l s k ý , 1978). In 
the scope of detailed mineralogical — petrographical study of pegmati tes 
of the Malé Karpaty mts., Š. D á v i d o v a (1968) investigated also physical 
properties and chemical composition of garnets from two regions of pegmatite 
occurrences (Briežky and Železná Studnička, quarry I.). Because the results 
of the quoted work were the impulse to this detailed study of chemical com­
position of main morphological types of garnets it is necessary to cite the 
main results of that work: 

Š. D á v i d o v a divided In pegmatites two- basiic morphological types of garnets 
with very close physical properties and chemical composition. Garnet I with prevalent 
form (110) in combination with less developed foiran ("211) reach ng the magnitude 
maximally 1 mm occurs mainly in aplitoid zone of pegmatites where it is often 
corroded toy quartz and it had been probably crystallized from the melt owing to 
cleaning from dark components or it can be resorbtion product that means, the 
product of crystallization of resorbed — contaminating material. Garnet II with 
dimension from 1 mm to 3 cm has its prevalent form (211) in combination with 
less. developed from (110), occurs often together with muscovite which corrodes it 
and that is in block microline zone forming a component of albite veinlets. It had 
been originated in later stages of pegmatite origination as garnet I and it can be 
considered as metasomatic. The examined garnets belong to the group of pyralspites 
to almandine — spessartite order with prevalent almandine component. On the basis 
of results of classical silicate analysis and the study of physical properties, the 
author established the irange of almandine component from 54.12 % to 59.89 °/o 
and spessartite component from 27.60 % to 34.23 %, where there were found very 
close physical properties and the chemical composition of both garnet types. The 
refractive indices, according to the author, should have higher values regarding the 
Fe3+ content. 

Thanks to the possibility of using the electron microprobe the chemical com­
position of individual crystals of above mentioned distinguished basic morpho­
logical and in the given case also genetic types of garnets were investigated 
now. There were analysed garnets separated from granite pegmati tes of the 
locality Železná Studnička, quarry I (in agreement with locality of Š. Dá­
vidova, 1. c.) and the locality Jur near Bratislava where there are pegmatites 
found in hybrid granites and migmatites. 

The methods of study 

During separat ion of accessory heavy minerals „the method of heavy frac­
tions from crushed rock" was used according to J. V e s e l s k ý — M. Ž a b k a 
(1976). Garnets were separated from the obtained concentrate by electro­
magnetic separator fy. Cook and Sons Ltd. in the range from 0.25 to 0.6A, 
mainly, however, at 0.4. A of electric current intensity using 20° of anterior-
posterior and 11° of lateral slope. At 0, 4 A there were selected from magnet ic 
fraction 3 idiomorphic crystals each of the most frequent morphological types 
of garnets in pegmatites of studied localities : nearly ideal rhombic dodeca­
hedron (110) — Fig. 1. and tetragonal t r i soctahedron in combination with 
less developed form of rhombododecahedron [211] > [110] — Fig. 2. from the 
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Fig. 1. Rhombododeicahedral garnet form Fig. 2. Tetragonal trisoctahedral form of 
(110). SEM, magi*. 300 x. garnet in combination with relatively less 

developed rhombic dodecahedron form 
[211] > (110) with striationi mainly on 

surfaces (211). SEM, magn. 200 x. 

locality Železná Studnička; rhombic dodecahedron in combination with less 
developed tetragonal t r i soctahedron (110) > (211] and tetragonal t r i soctahedron 
in combination with less developed form of rhombic dodecahedron [211] > 
(110) from the locality Jur near Bratislava. The scanning microscope JSM— 
— U3, fy. Jeol. was used for the research of morphological types and pecu­
liarities of morphological development and crystal surfaces. The homogeneity 
of chemical composition was controlled by the electron microanalyzer JXA— 
—50A, fy. Jeol. by recording of composition and p lanar distribution of the 
main garnet elements. There were also followed relative changes of their 
concentrat ions in line profiles from the edge to the edge of crystals. Garnet 
macroelements were in three points (at the edges and in the centre] of line 
recordings quantitatively analysed by the use of following s tandards : synthe­
tical hematite, Mn 3 0 4 , MgO, Ti0 2 , A1203, Si0 2 and natural diopside. The accele­
rat ing voltage was 15 kV, abs. current 3.4—3.6 . 10"8 A. For calculation of 
corrections the method ZAF was used. 

At recalculation of chemical analyses to the individual garnet end members 
the summary Fe was considered as Fe2"1" according to following reasons : the 
calculation of andradite member from physical garnet propert ies was not 
possible because of not successful separat ion of insufficient amount of gar­
nets with undoubtful basic morphological types for determination of density 
and lattice parameters . The possibility of using a theoretical way for deter­
mination of F e , + cations' number as it was used e.g. by H. S z i m a z a k i 
(1977) when Al + Fe' 1 + = 2 (on the basis of the total number of 12 oxygens) 
was excluded because the number of Al 3 + atoms practically reached over the 
introduced value referlng to theoretical total of both cations in all cases. 
Therefore the total number of Ca atoms was used for recalculat ion of grossu-
larite component. 
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Results 

By the study of composition and planar distribution of the macroelements 
the homogeneity of chemical composition was found in the searched garnets . 
But control line recordings of relative changes of macroelement manganese 
concentrat ions in garnets owing to conditions' change of the apparatus sen­
sitiveness, marked zonal decomposition of manganese (Fig. 3] during its 
examination. The quantitative differencies in the individual macroelement 
concentrat ion at all searched garnets are mentioned in Table 1, in the order 
according to sinking average content of the spessartite component in the 
individual morphological types of crystals. 

Garnets from examined pegmati tes of the Malé Karpaty mts. belong to py-
ralspite group to the a lmandine — spessartite order with prevalent a lmandine 
component. But the found out range of the individual :end members of garnets 
is quite wide. The average content of a lmandine member in the individual 
crystals varies from 50.59 % to 73.10 %. spessartite component in the range 
22.90 % — 46.55 %, pyrope component 1.39 % — 5.62 % and the grossularite 
component in the range 1.04 °/o — 2.20 %. 

There are besides the evident intensive blending of a lmandine and spes­
sartite components from the positions of searched garnets in the cut of the 
tr iangle pyrope + grossularite — spessarite — almandine (Fig. 4) evident 
some different t rends of chemical 
composition changes of morphologi­
cal types of garnets from pegmatites 
of the individual localities. Intensive 
blending of a lmandine and spessarti­
te components is i l lustrated also at 
Fig. 5 as follows nearly l inear de-
pendance in compensation, or iso­
morphic exchange of bivalent ca­
tions of Fe and Mn. Regressive 
straight lines i l lustrate the different 
position of garnets from pegmatites 
of two searched localities. For cor­
relative coeficients' calculation were 
used percentual values of FeO and 
MnO contents from the centre of ana­
lysed crystals. From the graph fol­
lows an important knowledge about 
different position of individual sear­
ched basic morphological types al-

WwWwM^W^ 
Mg 

Fig. 3. Line recordings of garnet macros 
elements (110), grain 2 from the locality 
Železná Studnička, quarry I. Magnifying 
of apparatus sensitiveness at Mn record­
ing indicates zonality in garnet com­

pos it iom. 

v* *f 
A A M V ^ ^ V ^ 
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A! 
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T a b l e 1 
Electron Microprobe Analyses of Garnets 

Locality 

Tyipe 

Grain 

Point 
of anal . 

S10 2 
T i 0 2 

AI2O3 
FeO* 
MnO 
MgO 
CaO 
Total 

Numbers of cations an 

Si 
Al 
F e 2 + 
Mn 
Mg 
Ca 

Mol. % of end memb 

Pyrope 
aver. 
Almandine 
aver. 
Spessart i te 
aver. 
Grossularite 
aver. 

ŽELEZNÁ STUDNIČKA, guarry I 

(110) 

1 

edge 

36.33 
0.00 

20.69 
21.37 
19.42 
0.35 
0.45 

98.60 

the ba 

3.02 
2.02 
1.48 
1.36 
0.04 
0.04 

srs 

1.37 

50.68 

46.58 

1.37 

centre 

35.00 
0.00 

20.22 
20.63 
19.88 

0.35 
0.49 

96.57 

sis of 

2.98 
2.03 
1.47 
1.43 
0.04 
0.04 

zr — 
1.34 
1.49. 

49.33 
50.59 
47.99 
46.55 

1.34 
1.37 

edge 

37.48 
0,00 

21.61 
21.78 
18.67 

0.39 
0.49 

100.40 

12 oxy 

3.04 
2.06 
1.47 
1,28 
0.O5 
0.04 

1.76 

51.76 

45.07 

1.41 

2 

edge 

36.55 
0.00 

20.85 
21.73 
18.88 

0.35 
0.43 

98.78 

gens 

3.03 
2.03 
1.50 
1.32 
0.04 
0.04 

1,38 

51.72 

45.51 

1.38 

centre 

36.80 
0.00 

21.33 
20.28 
20.09 

0.31 
0.44 

99.26 

3.02 
2.06 
1.39 
1.39 
0.04 
0.04 

1.40 
1.39 

48.60 
50.186 
48.60 
46.35 

1.40 
1.39 

edge 

36.59 
0.00 

21.31 
21.80 
18.47 

0.36 
0.44 

98.98 

3.02 
2.07 
1.50 
1.29 
0.04 
0.04 

1.39 

52.26 

44.95 

1.39 

3 

edge 

36.03 
0.00 

19.50 
22.72 
17.05 

0.33 
0.38 

96.01 

3.07 
1.96 
1.62 
1.23 
0.04 
0.03 

1.37 

55.48 

42.12 

1.03 

centre 

36.28 
0.00 

20.79 
22.89 
17.21 

0.36 
0.38 

97.92 

3.02 
2.04 
1.60 
1.21 
0.04 
0.03 

1.39 1 
1.50 

55.56 
55.76 
42.01 
41.70 

1.04 
1.04 

edge 

36.23 
0.00 

20.87 
23.23 
16.64 

0.38 
0.39 

97.73 

3.02 
2.05 
1.62 
1.18 
0.05 
0.03 

1.74 

56.25 

40.97 

1.04 

Type (211) > (110) 

S i 0 2 

T i 0 2 

AI2O3 
FeO* 
MnO 
MgO 
CaO 
Total 

Numbers oľ cations on 

Si 
Al 
Fe 2 + 
Mn 
Mg 
Ca 

Pyrope 
avoir. 
Almandine 
aver. 
Spessartite 
aver. 
Grossularite 
a'ver. 

37.25 
0.00 

21.22 
25.42 
14.72 

0.84 
0.51 

99.96 

the ba 

3.03 
2.03 
1.72 
1.01 
0.10 
0.04 

3.48 

59.93 

35.19 

1.39 

37.72 
0.00 

21.38 
25.30 
14.67 

0.82 
0.54 

100.43 

sis of 

3.05 
2.03 
1.70 
1.00 
0.10 
0.05 

3.51 
3.50 

59.65 
60.02 
35.09 
34.85 

1.75 
1.63 

37.47 
0.00 

21.56 
25.68 
14.39 

0.81 
0.52 

100.44 

12 oxy; 

3.03 
2.05 
1.73 
0.98 
0.10 
0.05 

3.50 

60.49 

34.27 

1.75 

37.69 
0.00 

20.91 
30.18 
10.39 

0.60 
0.61 

100.38 

gens 

3.06 
2.00 
2.04 
0.71 
0.07 
0.05 

2.44 

71.08 

24.74 

1.74 

36.88 
0.00 

21.82 
28.65 
11.70 

0.59 
0.48 

99.54 

3.02 
2.05 
1.96 
0.81 
0.07 
0.04 

2.43 
2.55 

68,06 
69.88 
28.13 
25.84 

1.39 
1.74 

36.70 
0.00 

21.58 
29.72 
10.43 

0.63 
0.63 

99.70 

3.00 
2.08 
2.03 
0.71 
0.08 
0.06 

2.78 

70.49 

24.65 

2.08 

38.13 
0.00 

21.27 
31.08 

9.00 
0.57 
0.56 

100.61 

3.08 
2.02 
2.09 
0.61 
0.07 
0.05 

2.48 

74.11 

21.63 

1.77 

37.24 
0.00 

21.38 
29.88 
10.47 

0.56 
0.52 

100.05 

3.03 
2.05 
2.03 
0.72 
0.07 
0.05 

2.44 
2.35 

70.73 
73.10 
25.09 
22.90 

1.74 
1.64 

37.70 
0,00 

21.46 
31.08 

9.12 
0.53 
0.49 

100.37 

3.05 
2.04 
2.10 
0.62 
0.06 
0.04 

2.13 

74.47 

21.99 

1.42 



COMPOSITION OF MORPHOLOGICAL TYPES OF GARNETS 191 

Locality 

Type 

Grain 

Point of 
ana l . 

Si0 2 

T1O2 
AI2O3 
FeO + 
MnO 
MgO 
CaO 
Total 

JUR PRI BRATISLAVE 

(110) > (211) 

1 

edge 

36.24 
0.05 

21.88 
24.93 
13.45 

0.75 
0.65 

97.96 

centre 

36.77 
0.04 

21.65 
24.66 
13.54 
0.75 
0.51 

97.92 

Mol. % of end members 
Si 
Al 
Fe2 + 
Mn 
Mg 
Ca 
Mol. % of end memb 

Pyrope 
aver. 
Almandine 
aver. 
Spessart i te 
aver. 
Grossularite 
aver. 

Type 

Si0 2 

Ti02 

AI2O3 
FeO + 
MnO 
MgO 
CaO 
Total 

Numbers of cations on 

Si 
Al 
F e : + 
Mn 
Mg 
Ca 

Mol. % of end m e nib e 

Pyrope 
aver. 
Almandine 
aver. 
Spessart i te 
Spessarti te 
Grossularite 
aver. 

3.00 
2.13 
1.72 
0.94 
0.09 
0.06 

3.03 
2.10 
1.70 
0.49 
0.09 
0.05 

a n 

3.20 

61.21 

33.45 

2.14 

3.24 
3.20 

61.15 
61.14 
33.81 
33.65 

1.80 
2.02 

37.62 
0.02 

20.89 
26.16 
12.08 

0.76 
0.60 

98.12 

the ba 

3.09 
2.02 
1.79 
0.84 
0.09 
0.05 

i rs 

3.25 

64.62 

30.32 

1.81 

38.07 
0.01 

20.60 
25.65 
11.96 

0.85 
0,52 

97.66 

3ÍS Of 

3.15 
2.00 
1.77 
0.84 
0.11 
0.05 

3.97 
3.48 

63.90 
64.27 
30.32 
30.33 

1.92 

edge 

35.54 
0.05 

20.71 
24.50 
13.41 

0.69 
0.65 

95.56 

3.02 
2.07 
1.74 
0.96 
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3.16 
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2.11 
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0.01 

20.49 
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3.09 
2.01 
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30.36 

2 

edge 

36.62 
0.05 

22.37 
24.82 
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0.84 
0.70 
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36.53 
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0.71 

99.17 

edge 

36.83 
0.06 
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25.23 
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0.82 
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3.00 
2.16 
1.70 
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0.10 
0.06 

2.98 
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0.10 
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2.99 
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3.64 
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32.36 

2.18 

3.60 
3.61 

61.15 
61.49 
33.09 
32.73 

2.16 
2.17 

3.60 

61.61 

32.73 

2.16 

(211) > (110) 

37.94 
0.03 

21.72 
25.97 
11.66 

1.14 
0.59 

99.04 

37.66 
0.04 

22.16 
26.03 
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1.23 
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0.00 

22.41 
25.96 
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1.05 
0.44 

99,81 

;ens 
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1.47 

3 
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0.03 
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3.07 
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0.14 
0.07 

5.02 
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2.51 
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0.07 

22.14 
26.64 
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1.30 
0.69 
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3.10 
2.06 
1.76 
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0.15 
0.06 

5.56 
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27.04 

2.22 

centre 
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98.68 
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2.06 
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4.76 
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3.06 
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0.06 
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2.18 
2.20 

edge 

36.92 
0.04 
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4.58 
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22.06 
26.54 
11.18 

1.23 
0.71 

100.15 
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0.76 
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27.74 

2.19 
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mandine — spessart i te garnets in dependence on MnO and FeO contents or 
the content of spessart i te and a lmandine components. 

Discussion and Conclusions 

Isomorphic crystals with succesive continuous and regular changes of their 
composition cause successive continuous changes of atomic structure and phy­
sical properties, sometimes in consequence of what successive and conti­
nuous changes of external crystal form sometimes occurs (G. B. B o k i j , 1975]. 
From the principles of the theory about origination and growth of crystals 
(J. B a b e a n , 1974) follows that isomorphic admixtures in isomorphic crystals 
have the same effect to the rate of growth of all surfaces, so there occurs no 
change of habit. 

From the results of study there is evident the coherence of systematic 
change of garnet morphology and the change of their chemical composition 
or changes of prevalent contents — isomorphically mutually substituting 
main components of investigated garnets. Probably the assertion about de­
monstrat ion of strict dependence may be exaggerated also for the reason 
that by the study of chemical composition of morphological garnet types 
from different localities the different „borders" of t ransi t ion of one morpho­
logical type to second one in connection with successive isomorphic exchange 
of prevalent garnet component were found. Isomorphic replacement of main 
components of isomorphic mineral need not be a primary cause of the morpho­
logical shape change. Isomorphic minerals with wide content range of their 
mutually substituting main components we can however consider as pro­
ducts of the environment with different chemical composition and different 
thermodynamic conditions and so the total character of crystall ization en­
vironment influences the origination of crystal embryos and their further 
growth to macroscopic crystal with the morphology characterist ic for certain 
mineral in different conditions of its growth from geochemical view. It is 
also necessary, besides geochemical aspect to consider mineral crystallization 
from the s tandpoint of theory of origin of ideal and real crystal for unam­
biguous conclusions. 

The study results of chemical composition of individual garnet crystals of 
certain morphological shapes using the electron microprobe can contribute 
to what an extent is Justified to ascribe them different genesis in one rock 
type and certain locality. 

Nearly mutual l inear dependence of main component contents ' change 
(FeO and MnO, Fig. 5) in investigated garnets from pegmatites of individual 
localities is evidently tire reflection of efficiency of mutual isomorphic repla­
cement or blending of a lmandine and spessart i te components. Interesting 

• Total Fo as FnO 
Localities: Železná studnička, quarry I. — medium-grained two-mica pegmatite. Bra­

tislava — Železná studnička, quarry on the left side of Bystrica brook 
valey; Jur pri Bratislave — medium, nearly coarse- 4rained pegmatite, 
near the road Jur pri Bratislave — Myslenice, SE under the Kominár hill. 
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is, however, the fact that total content of basic components of investigated 
garnets in different morphological types Is constant but different for indi-
vidiual localities. It is not very probable that one morphological type would 
represent the product of primary crystall ization (phenocryst) and the second 
type al logene material (xenocryst) absorbed by magma. If petrographic study 
results indicate a metasomatic origin of one from morphological garnet types 
[Š. D á v i d o v a , 1968) it is more possible that in this case rather autometa-
somatism occurs. R. N o v á č e k (1931) considers the high manganese con­
tent in pegmatites and aplites to be characterist ic primary concentrat ion 

-i , 1 1 1 1— 
15 20 % MnO 

Fig 5. The graph gives a description of mutual dependence FeOtot and MnO contents 
of individual morphological types of garnet crystals. Symbols' explanations at Fig. 4. 
Arrow-heads ilustrate MnO and FeO contents changes from the centre to crystal's 

edges; r = correlative ratio FeOtot / MnO. 

PI. I. Morphological and surface peculiarites of garnet crystals characterized by 
scanning electron microscopy. Fig. 1 — irregularly developed rhombododecahedral 
garnet form, mmgni. 300 x; Fig. 2 — complicated form of irregularly developed gar­
net crystal, magn. 200 x; Figs, 3 — 6 garnets with marks of disturbed surface; mainly 

•ať the edges; and sometimes at crystal surfaces, magn. 400 — 4 000 X. 
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which usually occurs in the most acid parts of rock where there are no condi­
tions for origination of other coloured members so the garnet does not 
represent a product of „endogenic assimilation". W. R. V e n n u m (1979) 
genetically interprets idiomorphic garnet from pegmatites and aplites as 
phenocrysts where the low pyrope content even relatively less at crystal 
margins, „is consistent with ingneous zonation". B. E. L e a k e (1967) consi­
ders garnets of Galway granites and aplites to be products of magmatic 
crystall ization. J. G. F i t t o n (1972) describes garnets of ca lc—alkal ine 
Borrowdale volcanic group as phenocrysts . The development of granite melt 
proceeds to the end members with very low MgO content what is simultane­
ously the necessary condition for garnet crystall ization instead of biotite 
(D. H o v o r k a , 1968). Investigated garnets from pegmatites of the Malé 
Karpaty mts . comply with the opinion of A. M i y a s h i r o (1955) who cha­
racterizes pegmatite garnets joined with calc-alkaline rocks as phenocrysts 
of a lmandine — spessart i te composition with imperceptible presence of pyrope 
component. Such garnets (V. V. L j a c h o v i č, 1973) occur in granites which 
do not have any evident t races of assimilation or metasomatic processes. 
Finding a quite wide range of chemical garnet composition from pegmatites 
of the Malé Karpaty mts. on the basis of analysis of different morphological 
types, finding evidently regular trend in ratio changes of almadine and 
spessart i te components and mainly their constant but — at individual loca­
lities — different total content is probably a reflection of the wide interval 
of their crystall ization. It is needful to notice (Fig. 5) that wider range of 
FeO and MnO ratios or a lmandine and spessarite components is accompanied 
by higher morphologic variability. Concretely, pegmatite garnet at Železná 
Studnička locality has relatively the highest MnO, or spessart i te component 
contents when it forms nearly perfect rhombic dodecahedron form (110). 
The mentioned results s imultaneously indicate the common origin for all 
investigated morphological garnet types which the most probably were ori­
ginated by primary crystall ization during the cooling process of pegmatite 
melt. Pegmatite garnets from the Malé Karpaty mts. often have some marks 
of postmagmatic processes ' influence (PL 1,2). Tectonically disrupted crystals 
are healed in joints with sericite, epidote, or quartz which simultaneously 
indicate some corrosion effects. F. K. D r e s c h e r — K a d e n (1974) asserts 
though that solutions with corrosion ability can affect just originated sil icates 
again, when in most cases silica products only are preserved at corrosion 
border, concretely, in contact with garnet. Pegmatite garnets from the Malé 
Karpaty mts. are also filled with quartz next to corrosion in joints originated 

PI. 2. Microscopic garnet characteristics from pegmatites of the Malé Karpaty mts,, 
locality Železná Studnička: Fig. 1 — idiomoi'phic garnets in contact with muscovite, 
quartz and feldspars, magn. 150 x, nicols X. Fig. 2 — idiomorphic garnets in plagio-
klase or in contact with quartz, magn. 160 x, nicols X. Fig. 3 corrosion' garnet with 
cracks secondary healed with finegrained sericite aggregate which simultaneously 
fills up also tectonically disturbed plagioklas, magn. 150 x, nicols X. Locality Jur near 
Bratislava. Fig. 4 — garnet corroded and healed in cracks with quartz, magn. 150 x, 
nicols //. Figs. 5, 6 — corroded garnet twinning crystal, replaced by epidote where 
[here are evident relics of primary isotropic garnet in not extinct parts of epidote, 

magn. 150 x, nicols X. 
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by influence of later tectonical effects. Replacement of garnet by secondary 
epidote, too, and sporadic pseudomorphoses of biotite after garnet were found. 
Different positions of garnet suites from different localities (Figs. 4,5] are 
a reflection of the different character of medium where they had been ori­
ginated. The relatively wider interval of garnet origination in pegmatites 
from Železná Studnička locality is possible put into connection with the 
character of pegmatite bodies investigated occurrences because here, on the 
contrary to the locality Jur near Bratislava pegmatites form perfectly diffe­
rent ia ted zonal veins. 

It is important to take into consideration geochemical changes in pegmatite 
process at reviewing garnets according to temporal consequence of the indi­
vidual searched morphological types' crystallization. A tendency of decreasing 
Mg and Fe contents with simultaneously increasing Mn content in the time 
of cooling of pegmatite melt is also reflected in composition of investigated 
a lmandine spessart i te garnets . From that follows [Fig. 4, 5) a relatively earlier 
origination of tetragonal t r ioctahedral garnets in comparison to rhombobodo-
decahedral ones, where is evident that nearly an ideal rhombic dodecahedron 
crystal has relatively highest content of spessart i te component and relatively 
lowest a lmandine and pyrope component contents. 

The composition of main morphological garnet types from pegmatites of 
Malé Karpaty mts. indicates content range of end garnet members and si­
multaneously lenght of primary crystall ization interval during consolidation 
process of pegmatite melt. But appearance alone of certain morphological 
garnet type in a certain rock type does not determine the way of its origin. 
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