
GEOLOGICKY ZBORXIK - GĽOLOGICA CA II l'ATI 1 IC.\ XXIV, 2 - BRATISLAVA. XOYEMBEH 107.'! 2 / 5 

EVA KAROLUSOVÁ* 

CHEMICAL COMPOSITION OF AMPHIBOLES FROM ROCKS OF 
INTERMEDIATE COMPOSITION FROM NEOVOLCANICS IN CENTRAL 

SLOVAKIA 

(Fig. 1-6) 

A b s t r a c t : The paper is dealing with evaluation of chemical analyses of 
amphiholc phenocrysts from intermedinle andesites and ignimbrilc. The chemical 
parameters show that the amphiholes belong to the group of lime and sublime 
amphiboles into the field of magnesium and ferrous amphiholes. In graphic 
figures is presented relation of amphiboles to coexisting minerals and to the 
parent: rock. 

P e 3 io M e: B paôoTe nojuiercji pacmucjipoBKa xiiMimecKH.x anajiH30B aM(J)n6ojio-
Bbix ((iCHOKpi-iCTajijiOB H3 cpenneocHOBHbix aHnesHTOB H H3 iirmiMÔpuTa. XHMH-
lecKHe napaMerpbi nOKa3MBaiOT, qro aM<j>n6ojibi OTHOCÄTCÍI K rpynne KajibuneBbix 
H cyÔKajibuneBbix aM(j)H6ojioB. Ha rpa<j>nqec.KHX H3o6pa>KeHHHX noK33aHO B3aHMO-
OTHOineuHe aMcJmSojioB n coBMecTHO cymecTByiomHx MHHepajiOB c MaTepnHCKoft no-
poaoii. 

In the last decade the interest of professional public is gelling on chemical composi­
tion and relations between coexisting minerals in eruptive rocks and on conditions of 
their crystallization. One of lbe most important rock-forming- malic minerals is amphi-
bole. Chemical composition in neovolcanic rocks depends on composition id magma and 
conditions of crystallization. For instance, the content of Ti in amphibole can lie 
a measure of lbe temperature of crystallization for fulfilment of certain preconditions. 
A higher content of a luminium testifies to entering a luminium into octahedron groups 
under high temperatures, where il substitutes silicon. Very interesting can he the rela­
tions of mg-parameters with coexistence of pyroxenes and amphiboles because higher 
mg-vahies prefer higher temperatures (ď crystallization. From these aspects I studied 
chemical composition id amphibole phenocrysts in some andesites id central Slovakia 
and in ignimbrite of various mineral associations. They are : garnet-amphibolo: locality 
Breziny (I), Siatoros (5); garnet-hypersthone-amphibole-biotite: locality Bukovinka ('i): 
hypcrsthene-amphibole-augito: locality Babina (2. 2a). Podzámčok (.')): hypersthenc-
amphibole-biot.ilc: locality id ignimbrite Obyce Ti. 6a). and andesites — Kozelnik (7). 
Dekýš S), Veľká Lehota (9). The content iď amphiboles in these rocks varies within 
lbe limits of 5,6—.12%. The chemical parameters I have studied on the basis of classi­
cal silicate analyses of separated amphibole grains and from microprobc analyses. 

In table I are summarized lbe analyses of amphiboles also with values recalculated 
Io e lementary lattice. Willi each analysis I also quote the mg-value recalculated 
according to Niggli's parameters . 

The values recalculated to 'l'\ (OH) show thai the analysed amphiboles are uol 
equal according to their chemical composition. Their composition depends on the che­
mical composition of crystallizing solution and on various physical-chemical influences 
during the crystallization process of amphibole. 

In the scheme presented by li. K. L e a k e (1968) for composition and names of 
lime and sublime amphiboles witli contents of Si. La + Nn + K. mg and Ti values for 
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Explanations ti) table I : 

I — Amphibolic andesile with garnet. Separated amphiboles. Analvscd bv E. S u r o v á , 
CUDS. 1967. Published: .1. K n r g á č . - I-:. K a r o l u s u vú 1972. 2 ' - llypersthcnc-amphi-
bole-augitic andosilo. Separated amphiboles. Analysed l>y K. S u r o v á , (i CDS, I9(i7. Un-
puhlished. 2a — [Iypcľslhcnc-amphibole-augil.ic andesile. Separated ampliiholes + marked 
are the values ohlained hy microprohe analysis. Anal, by l\ . l a k e s . Canberra, 1970. ,'! — 
I [yperslheue-amphibolic-augilic andesile. Separated amphiboles, analysed b\' E. S u r o v á , 
CUDS. 1967. Published: E. K a r o I u s o v á 1971. \ — llyperstheue-amphihole-biotile-andc-
site. Separated amphiboles. Anal, hy lí. S u r o v á . Gl'DS. 1967. Published: H. K a v o 1 li­
s o v á 19/2. — ."> Ampliibole-garnel andesile. Analysis hy niieroprobe. Anal. /.d. K o t r b a — 
K K a r o l u s o v a , Research Institute of Iron Metallurgy — GCDS, 1969. Unpublished. 
6 — llvpersthene-aniphibole-biotilic igninihrile. Analysed by microprohe. Anal. Zd. K o L I'­
ll a — k'.. K a r o I u s o v á, Research Institute of Iron Metallurgy — CUDS. 1969. Unpub­
lished. 6a — I lypersthcne-ampliibolc-biolilii:, ignimbrite. Anal, hy P. J a k e s . Canberra. 
197(1. 7 — llypersthone-amplubolo-biotilic andesite, analysed hy microprobc. Analysed hv 
P. . l a k e s . Canberra. 1970. 8 — 11 yperstliene-amphihole-hiotitie andesile. Separated amphi­
boles. Analysed hy P. J a k e š . Canberra. 1970. 9 — llypersthene-ampliibole andesile + bid-
lite + garnet. Separated ampliiholes. Analysed hy I-'.. S u r o v á . ('.IDS. 1967. Unpublished. 

I In' oloniriilary lattice, llie analysed ampliiholes occupy a wide area within the field 
of magnesium ampliiholes and in the field of ferrous ampliiholes (fig. 1). As typical 
magnesium amphiboles appear those from llie locality Šinloroš (;">). from igninihrile 
of Obyec ((J), andesile of Ko/.elnik (7i and Dekýš (8). The ampliiholes from the andesile 
ol Breziny (U as well as the second analysis IVoni ignimbrile of Obyce ((in; appear 
as tschormakile ampliiholes. Wholly into the field of Ischermakile came analysis (2a) 
fi'oin Bahiná. carried out hy P. J a k e š (1970). It is characterized hy an enormously 
low value of Si. 

'llie second group form analyses, which in their values fell under the group of 
ferrous ampliiholes (lerroaniphiboles). Typical ferro-amphiholes are phenocrvsls of am­
phiboles from llie localities ľodzámčok anil l iukovinkn. They show high values of h'e 
with comtempornneously low Al value and almost the lowermost values of Ua + .\a + K. 
h x t r e m c values represents the analysis oľ ampliiholes from liabiná (2) (I'erroaclinolite 
hornblende) and the analysis of ampliiholes from Veľká Lehota (!)) (ľoľľolscherinakilc-
hornhlende). which shows the highest sail f I'V"1-''. The majority of studied ampliiholes 
are in association with oilier rock-forming minerals, mainly with oi ' lhopyroxenes. 
Mutual relation of amphibole-pyroxene is expressed in the following diagrams. In fig. 2 
is expressed relation between Al v l and llie weight % of AM).-, in hyporsthenes. h'or 
comprehensible reasons analyses I and ó as well as !) are not plotted in the diagram 
because in this rock hyporsthenes are wholly chlorili/.ed and therefore have not been 
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analysed. In diagram — fig. 2 amphibole from I lie locality ľod/.ámčok (3) appears 
willi Iitlle a luminium content. An approximate ly equal enrichment in Al indicate the 
analyses of amphiholes ľrom Babina (2, 2a). .Most a luminium contain amphiboles from 
the localities Obyce ((>. 6a), Kozelnik (7), Dekýš (8) and Bukovinka (4). Al the latter 
the highest contents of a luminium are present also in or lhopyroxenes . ľ r o m the recal­
culations ol values and their mutual position in the diagram is evident that the crystal­
lizing rock from Bukovinka contained very high a luminium contents and consequently 
formation of garnets was not sufficient for their swallowing; in the course of crystal­
lization ol other phenocrysls a luminium substitutes Si-ions in tetrahedrons and so 
a lumohvpers thenes enriched in Al and Al-ncli amphiboles originate (E. K a r o I n-
s o v á 1972). 

In the rocks from Kozelnik Í7) and Dekýš (8) garnets are nol found. A higher propor­
tion ol a luminium is evident in or lhopyroxenes . which are present as a lumohyperslho-
nes. as well as in amphiboles . where they substitute Si-inns. 

Different relations between coexisting amphiholes and or lhopyroxenes express 
Niggli's mg-values represented in diagram — fig. .'!. I he plotted values are concentrated 
in two small fields, in which the lower ones (analyses 2. .'!. '\ i are lower than the trend 
of relations published by IS. I'.. L e a k e l !)(iS. According to our present-day know­
ledge they are amphiboles from older andesites in contrast to andesites (i. /. Si repre­
senting larger extrusive bodies. The graph shows thai in these amphiboles Nigg'lis 
values are lower with almost equal values of nig in or lhopyroxenes . This relation of 
Nigglis nig-valiie in amphiholes and or lhopyroxenes cannot be expressed in the ease 
ol the amphibole from [he locality Velká Lehota (91 because in the rock the ortho-
pyroxenes are completely chlorilized. 

In four cases amphiboles are associated with garnets. The relation of .Niggli's ing-
values in amphiboles and garnets is expressed in lig. '\. Distribution ol the points is 
very similar to thai published l>y I!. I'.. L e a k e II96S). Lower values ol nig in 
garnets correspond to lower mg-valnes in amphiboles. I'his is in accordance with up to 
present studies ' K. K a r o 1 u s o v á 1972) of garnets in garnet andesites. showing 
the alniandiiie constituent to be highly predominat ing in our garnets. 1 lie presence ol 

u-
^ 1,0-
o 

Í 0,6 

0,2 -

§ ° 4 

'6 »f'6 a 
.2 
• 2a 

,3 

0 i I i I — r - p I ^ I l~~l 

Q4 1,2 2,0 
Wt % Al203 IN 0RT0PYR0XENE 

0,1 Ct'5 1,0 
Mg IN ORTOPYROXENE 

Lig. 2. Ratio of Wv l in amphibole ami weight 
per cen I of AM';! i" coexisting oi'lhopvroxencs. 

ig. 3. Ratio of Niggli's values of nig in 
imphiholes and coexisting orlhopyroxenes. 



CHEMICAL COMPOSITION 270 

amphiboles and of an approximate ly equal low Niggli's mg-value may testify lo an 
approximate ly equal concentration of Mg-Fe-Mn oxides in crystallizing magmalic solu­
tion. Only in andesiles from Breziny (i) and Sialoros in!, where in Llie course of 
crystallization formalinu of pyroxenes did not lake place. Xiggli's values of mg arc 
higher in amphiboles. These relations provide quite a new view in the petrography of 
the mentioned two garnet andesiles and also explain the causes of formation of such 
an impoverished series of crystallization as garnet-amphihole without pyroxenes. The 
temperature of crystallization of these amphiboles was probably higher than in other 
analysed cases. 

Relation of amphiboles to parent rocks is expressed in two diagrams. In diagram — 
fig. .) are shown relations Xa^O/IvjO in amphiboles and their parení rocks, ľn our case 

all the points arc in llie field lime-alkaline rocks. In diagram 
.) alkaline rocks are below to the line K = I. According to llie 
plotted points the amphiboles from the localities Kozel ní k (7). 
Breziny (|1 and Veľká Lehota are more alkaline than their 
parent rocks. An increase of alkalii against llie parent rock is 
also visible in oilier amphiboles from the andesiles of Dekýš 
(8). Bukovinka V! and Sialoros (5). A slight increase of 
alkalii is also evident in two bodies id andesile. situated near 
to each oilier geographically. Irom the localities Babina and 
ľodzáničok. Kqualizalion of these ratios of alkalii in amphiho-
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los a n d p a r e n í r o c k s is o b s e r v e d o n l y in llic a n a l y s i s of an i | ) l i i l )o lcs s e p a r a t e d f r o m 

i n t e r m e d i a t e i g n i m b r i t e s oľ t h e l o c a l i t y O h y c e . T h e a n a l y s e s b y m i c r o p r o b e d i s p l a y 

h i g h e r c o n t e n t s oľ a l k a l i i . 
In e v a l u a t i o n oľ l l ic r a t i o s Na->< ) / K 2 0 in a i n p l i i l i o l c s a n d t h e i r p a r e n t r o c k s is 

r e m a r k a h l e l h a l b o d i e s in g e o g r a p h i c a l l y n e a r p o s i t i o n s h o w a l s o s i m i l a r v a l u e s ol 
t h e s e e l e m e n t s in t h e d i a g r a m . S i m i l a r v a l u e s a r e a l so to he s e e n in t h e n e x l d i a g r a m 
(fig. 6 ) , w h e r e r e l a t i o n s oľ 100 M g O / M g O + Kef) + M n O in a m p h i b o l e s a n d t h e i r p a r e n t 
r o c k s a r e i n d i c a t e d . T h i s r e l a t i o n s h o w s l h a l a m p h i b o l e s f r o m B r e z i n y h a v e most 
m a g n e s i u m f r o m t h e e x a m i n e d a m p h i b o l e s : t h e i r Xigg l i ' s v a l u e oľ m g is h i g h e r t h a n 
m g in p a r e n í r o c k . An a l m o s t e q u a l r a t i o of m g v a l u e s s h o w a n a l y s e s ol a m p h i b o l e s 
f r o m ľ o d z á m č o k (,'i). B u k o v i n k a ( á ) . Veľká L e h o t a (íl). K ú z e l n í k (7) . In l b e a n a l y s i s 
f r o m l b e l o c a l i t y D e k ý š (8) a m p h i b o l e s a p p e a r lo h a v e a h i g h e r m a g n e s i u m c o n t e n t 
t h a n t b c p a r e n í n i c k . 

T h e p r e s e n t e d e v a l u a t i o n s h o w s t h a i c h e m i c a l c o m p o s i t i o n of a m p h i b n l e p h e n o -
c r y s t s in r o c k s of i n t e r m e d i a t e c o m p o s i t i o n d e p e n d s on c h e m i c a l c o m p o s i t i o n ol c r y s t a l ­
l i z i n g m a g m a l i c s o l u t i o n a n d on p h y s i c a l - c h e m i c a l c o m d i t i o n s in t h e c o u r s e ol c r y s l a -
l i z a l i o n . O u r i n t e r m e d i a t e r o c k s s h o w a h i g h e r p r o p o r t i o n of a l u m i n i u m K. K a r o-
| u s IDIi'i) a n d t h e r e f o r e il is m o s t s u r p r i s i n g l h a l l b e s t u d i e d p h e n o c r y s l s ol a m p h i ­
b o l e s h a v e a l so a h i g h e r p r o p o r t i o n oľ AI. As i m p o r t a n t a p p e a r s i n f o r m a t i o n on a l u m i ­
n i u m a m p h i b o l e s . w h i c h h a v e f o r m e d in the. g a r n e l a n d e s i l c f r o m B u k o v i n k a M l . 
C r y s t a l l i z a t i o n of g a r n e l s . f o r m a t i o n oľ a l u i n n h y p e r s l b e n e s a n d a l u m o a m p h i b o l e s 1 i-s t i I > 
In a h i g h e x c e s s of a l u m i n i u m in ih i s a n d e s i l c A n o t h e r w\\ I'acl is e s t a b l i s h i n g ol 
a h i g h m g - v a l u e in a m p h i b o l e s a s s o c i a t e d w i l h g a r n e l in t h o s e c a s e s w h e n a f t e r c r y s t a l ­
l i z a t i o n oľ g a r n e l p y r o x e n e s d id nol f o r m Iml i m m e d i a t e l y a m p h i b o l c w i l h h i g h mg-
v a l u e c r y s t a l l i z e d ( B r e z i n y . S i a t o r o š ) . o b v i o u s l y al h i g h e r t e m p e r a t u r e s of c r y s t a l l i z a ­
t i o n . In llic r a t i o oľ Nigg l i ' s n i g - v a l u e s llic g r o u p of t h e so ca l led o l d e r a n d e s i t e s is 
d i s t i n c t l y d i s t i n g u i s h e d f r o m llic- . . y o u n g e r " o n e s . W i l l i o i l i e r r a t i o s ibis d i s t i n g u i s h i n g 
is mil d i s t i n c t . C . c o g r a p h i c a l p r o x i m i t y is m a n i f e s t e d in e v a l u a t i o n of a l k a l i i . 'I he 
g e o l o g i c a l a n d g e o g r a p h i c a l p o s i t i o n is re f lec led in v e r y n e a r p o s i t i o n s oľ p o i n t s in llic 
c o r r e s p o n d i n g g r a p h s . 
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