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P E T E R A N D R Á 5 * — IVAN HORVÄTH** 

THERMOANALYTICAL STUDY OF THE METAMORPHISM GRADE 
IN MALÉ KARPATY MTS. REGION 

(Figs. 6) 

A b s t r a c t : T h e p a p e r deals w i t h t h e p r o b l e m of t e m p e r a t u r e 
and p r e s s u r e condit ions of t h e m e t a m o r p h i s m in t h e p r o d u c t i v e 
zones of P e z i n o k - P e r n e k crysta l l ine complex and in t h e black 
slates of H a r m ó n i a G r o u p in M a l é K a r p a t y Mts. us ing t h e results 
of t h e r m a l analysis of t h e rocks a n d t h e e x t r a c t e d organic m a t t e r 
(DTA in t h e control led a t m o s p h e r e of oxygen, n i t rogen and stat ic 
air). I n conclusion the possibil ity in di f ferentiat ion of these 
series is suggested. 

P c 3 io M e: B crarbe pemena npoC.'ieMa ycnonnii TCMnepaTypu H na-
B.qeHHH MCTaMopipHqecKoro npouecca B npo/iyKTHBHbix 30Hax Ile3HnoK-
riepHeKíCKoro KpncTa/iJiHHHKyMa n B qepHbix cjiaHuax rapMOHCKoi'i ce­
pmi B Majibix KapnaTax na OCIIOBC pesyjn/raroB rcpMimeiCKCiro a'na-
;in3a nopo j n XHMfmecKH OTAejieHnoro opranimecKoro BcmecTBa (H3MC-
pemiH ÓBI.TII npoBc/ieHbi B KOHrpojiupoBaHHoň aTMOccbcpe 0-j, WHepT-
noi aTMoecpepe N 2 n B aTMOccpepe CTaTHiecKoro B03,nyxa). BiiiiMaimc 
oópameHO na B03M0>KH0CTb Äiitp(|)epennnau,iin OÓOHX TOJIUJ. 

The geological structure of Pezinok-Pernek crystalline complex 

P e z i n o k - P e r n e k c r y s t a l l i n e c o m p l e x r e p r e s e n t s b u l k y ( 4 — 8 k m b r o a d ) z o n e 
of c r y s t a l l i n e s c h i s t s e x t e n d i n g i n N W - S E d i r e c t i o n o r i e n t e d a p p r o x i m a t e l y 
p e r p e n d i c u l a r t o t h e r a n g e of m o u n t a i n s (C a m b e 1, 1958). T h e speci f ic c o n ­
d i t i o n s of t h e geo log ica l e v o l u t i o n i n g e o s y n c l i n a l r e g i o n of L o w e r P a l e o z o i c 
f o r m a t i o n i n t h i s s e r i e s w e r e d e s c r i b e d b y C a m b e 1 (1958). T h i s m a g m a t o g e n i c -
- s e d i m e t a r y c o m p l e x is b o r d e r e d o n i t s N E a n d S W s i d e w i t h g r a n i t o i d 
r o c k s of B r a t i s l a v a a n d M o d r a m a s s i f s (Fig. 1). 

T h e p a r t of P e z i n o k - P e r n e k c r y s t a l l i n e c o m p l e x c o n s i s t s of so ca l led p r o ­
d u c t i v e z o n e s d e f i n e d b y C a m b e 1 (1959), (Fig. 1). 

To t h e o p i n i o n of C a m b e 1 (1959) i n t h e s e s e r i e s a r e s i t u a t e d al l a n t i m o n i t e 
d e p o s i t s w h i c h a r e i n e s s e n c e a n a l o g o u s t o t h e p o s i t i o n s of s y n s e d i m e n t a r y 
s u b m a r i n e - v o l c a n i i c - p y r r h o t i t e l e n s e s of t h e p a l e o z o i c a g e (C a m b e 1, 1956; 
P o l á k , 1956). 

T h e c r y s t a l l i n e s c h i s t s i n t h e p r o d u c t i v e z o n e s of P e z i n o k - P e r n e k c r y s t a l l i n e 
c o m p l e x c o n s i s t of m e t a m o r p h o s e d d e r i v a t i v e s f o r m e d b y c o m b i n e d m e t a ­
m o r p h i s m : a t f i r s t b y p r o g r e s s i v e p e r i p l u t o n i c - r e g i o n a l m e t a m o r p h i s m i n V a -
r i s c a n o r o g e n y , o r b y m e a n s of t h e c o n t a c t m e t a m o r p h i s m c o n n e c t e d w i t h 
t h e i n t r u s i o n of g r a n i t o i d m a g m a f o l l o w e d b y r e t r o g r a d e t e c t o n o m e t a m o r p h i c 
y o u n g e r A l p i n e - C a r p a t h i a n o r o g e n y a f f e c t i n g n o t u n i f o r m l y t h e s c h i s t s of 
M a l é K a r p a t y c r y s t a l l i n e c o m p l e x ( B e c k — V e t t e r s , 1904; K o u t e k — 
Z o u b e k , 1936; C a m b e 1, 1962). 
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The slaty strata group in Pezinok-Pernek crystalline complex occurs in 
its NE edge in the subgrade of the independent lithological-facial, s t rat i -
graphic younger series of Harmónia Group (Low Devonian — Carboniferous) 
( C a m b e l — C o r n á, 1974), defined between Modra and Casta by C a m b e 1 
(1954). 

The exploration by boring has revealed that series of Pezinok-Pernek crystal­
line un i t overlies the younger rocks of the Harmónia Group. It cannot be 

Fig. 1. Schematic geological map of the Pezinok-Pernek crystalline complex in 
Malé Karpaty region ( P o l á k — R a k , 1980), inclusive the localization of the 

samples. 
Explanations: 1 — metamorphosed rocks on the whole; 2 — productive zones 
(I—V); 3 — the occurence of the Sb mineralization in productive zones; 4 — the 
regions with the insufficient defined course of the productive zones; 5 — bigger 
bodies of granitoid rocks; 6 — Mesozoic rocks of the covering and higher tectonic 
units; 7 — Neogene rocks — Quaternary; 8 — localization and indicating of the 
sample; KV — Sb-deposit Pezinoik-Kolársky vrch; P — Sb-deposit Pernek-Ja-
hodnisko; B — Bratislava granitoid massif; M — Modra granitoid massif; SM — 
granitoid massif Staré mesto; H — Harmónia Group; Au, Pb, Zn, FeS — the 
occurence of the corresponding mineralization. 
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decided whether a thrust fault is involved or whether the crystall ine complejx is 
allochtonous as is presumed by M a h eľ (1980, 1983). 

The i m p o r t a n t par t in Pezinok-Pernek and Harmónia Groups lare the black 
slates. According to C a m b e l et al. (1980, 1981), C a m b e l — K h u n 
(1979), K h u n (1980) the black slates in productive zones of Pezinok-Pernek 
crystalline complex contain syngenetic (synsedimentary) acummulations of the 
sulphide ores (pyrite^pyrrhotite). Antimonite ores represent acummulat ion 
which were mobilized during metamorphic and hydrothermal processes and 
then epigenetically deposited. The black slates were in Alpine-Carpathian 
orogeny part ly affected by remobilization again and they were locally tec­
hnica l ly overworked. The black slates of Harmonia Group are not ore bearing. 

The pressure and temperature conditions in the origin of the metamorphic 
rocks in Malé Karpaty region (concise review) 

The first data on the pressure and t e m p e r a t u r e conditions (p, T conditions) 
in the origin of the metamorphic rocks in Malé Karpaty region were given 
by D y d a (1980 a, b ; 1981, 1982) and C a m b e l et al. (1981, 1983). These 
authors have presumed for regional-periplutonic metamorphic process the 
tempera ture interval 450—610 °C and pressure 3.0—3.5 kbar. 

K o r i k o v s k i j et al. (1984) in the study of mineralogical paragenesis 
of metamorphism in Malé Karpaty region distinguished two stages: 

1. The regional-periplutonic stage defined by temperatures 500—550 °C and 
pressures 300—350 MPa reaching m a x i m u m (the highest P — T values) dur ing 
intrusion of Bratislava granitoid magma. K o r i k o v s k i j et al. (1984) have 
divided the metamorphosed rocks in t h e crystalline complex of Malé Karpaty 
into four zones: biotitic, gametic, staurolite-chloritic and staurolite-sillimanitic. 

2. Metamorphism connected with the crystallization of Modra massif is 
characterized by pressure conditions 100—150 MPa and u n d e r its influence 
andalusite and cordierite cherts and spotted shales are formed. 

Localization of the samples analyzed 

The samples of the black slates represent first of all t h e productive zone in 
which the sole exploited deposit of t h e antimonite ores in Malé Karpaty 
region (Pezinok) is s i tuated (Fig. 1). The prevai l ing p a r t of t h e samples was 
collected from t h e geological bores performed by the group directed by S. 
P o l á k (Geological Survey, Spišská Nová Ves). The samples collected from the 
workings (antimonite gallery, PA—60) and exposures (RB—110, 164 A) were 
studied to compare the results. 

Thermoanalytical measurements 

Powder samples (bellow 0.05 mm) were studied using Duppont 990 Thermo-
analyzer by means of DTA method (the sample weight : 15—20 mg, heating 
rate 20 °C min"1) in dynamic oxygen and inert (N2) atmosphere (the rate 
of gas flow was 1 cm 3 s"1). 

The starting tempera ture " T 0 " (the initiation of the oxidation of the organic 
matter) and peak t e m p e r a t u r e were derived from DTA curves obtained in 
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Sample 
D T A - c u r v e s 

The Pezinok-Pernek crystall ine Zone of 
metamorphism 

V.A.Bljuman et at, 

11972,19%) 
M. Bonijoly et al. (1982) 

P r e s s u r e 
Temperature 

Zone of 
rnetumorphi sm 

PA-60 

RB- 104 

38 0*C 

395'C 

420"C 

A30'C 

435*C 

Zone of 

,as pidic 

shale s 

Zone of 

„aspidic shales*-

zone of 

green shales 

3,5 k bar. 

max. 450"C 

B i o t i t e 

and chlorite 

zone 

Fig. 2. Thermograms for the black states of Pezinok-Pernek crystalline complex. 
T0 — the initiation of the oxidation reaction. 

oxygen atmosphere (Figs. 2, 3). The same data were extracted from endother-
mic and exothermic effects from DTA curves obtained in nitrogen atmosphere 
(Fig. 5, 6). 

Organic mat te r extracted from the black slates by means of the flotation 
in- toluene according to the method by B o n i j o l y et al. (1982) was analyzed 
in the static air using Derivatograph MOM Q—1500 D (the sample weight : 
0.5—1.0 g, heat ing ra te 10 °C m i n - 1 ) . The results a re shown in Fig. 4. The 
initiation of the exothermal peak occurs at temperatures 360—435 °C, peak tem­
pera ture occurs a t 468—485 °C. 

Determination of the metamorphism grade in productive zones of Pezinok-Pernek 
crystalline complex 

B l j u m e n et al. (1972, 1974) have characterized various met amorphic 
rocks containing the admix tu re of organic mat te r by means of the starting 
tempera ture of oxidation reaction using the thermoanalyt ical method. This 
t empera ture increases wi th increasing of metamorphosis and progressive graphi-
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Sample 
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RB - 1 0 9 
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To 
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375'C 

390'C 

390-C 

DTA - c u r v e s 

The Harmónia Group 

A 465 
V N ^ 3 3 C ! / V _ ^ ' ~ \ _ 

*" ' ' A 4 6 5 

3 6 0 / ' — _ _ 

S , ^ 6 5 

v——IIVA. y^~\_ 
3 7 5 j ^ / ^ — — — ~ _ _ _ _ 

^^ A 4 6 5 "^ 

390 J ^--

f A 4 5 5 

3 9 0 j / \ 

200 400 600 800"C 

YA.Bfiuman 
etnl.1197?) 

Zone of 
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M. Bonijoly et c 

P r e s s u r e 

Temperature 

3 k bar. 

max. 350 - C 

I. (1982) 

Zone of 

metamorphism 
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Fig. 3. Thermograms for the black states of Harmónia Group, To — as in Fig. 2. 

tization of carbonaceous ma t t e r in the rock. B l j u m e n et al., (1972, 1974) 
stated tha t the s tar t ing t empera tu re of oxidation reaction does not depend 
upon the initial composition of the rock as well as upon amount of organic 
matter . The initial t empera tu re of oxidation is about 100 °C higher for every 
next facia. B l j u m e n et al., have also found tha t the graphi te s t ruc ture 
formed at higher tempera ture does not change in heat ing a t lower tempera ture . 

The initiation of the first exothermal peak for the samples of Pezinok-Pernek 
series occurs in tempera ture interval 380—435 °C corresponding to the phase 
of the low metamorphosed "aspide-slates" (B 1 j u m e n et al., 1972, 1974) beyond 
the boundary of the green slates in the biotite-chlorite metamorphic zone with 
pressure conditions up to 3.5 kbar and max imum tempera ture up to 450 °C 
( B o n i j o l y et al., 1982). It concerns the rocks of low grade metamorphosis 
according to W i n k l e r ' s classification ( W i n k l e r , 1974). Exothermal effect 
proceeds in t h e na r row tempera ture interval and exhibits a sharp max imum. 
The oxidation reaction finishes at the t empera tu re lower than 900 °C which is 
typical for the paleozoic rocks as described by B l j u m e n et al. (1972). 

DTA curves of the black slates of Harmónia Group show the initiation 
of the first exothermic peak at temperatures 330—390 °C wha t indicates likewise 
the black slates of Pezinok-Pernek Group the stage of low metamorphosed 
"aspide-slates". The pressure and tempera ture conditions were, according to 
calculations and comparisons of B o n i j o l y et al. (1982), slightly lower 
(less than 3 kbar) therefore the slates of Harmónia Group may be classified 
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( D i e s s e l - Offler, 1975] 
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Bio t i t e zone 
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Fig. 4. Thermograms for the organic matter separated from the black states of 
Pezinok-Pernek and Harmónia Groups. 

Explanations: T0 — as in Fig. 2; Tmax. — DTA peak temperature. 

as the slates of chlorite zone. According to W i n k l e r (1974) and to the 
thermoanalyt ical data represent the slates of Harmónia Group the rocks of 
very low and low grade metarnorphism. They can be classified one grade lower 
than the slates of Pezinok-Pernek Group which were metamorphosed in the 
conditions of the biotite-chlorite zone. 

The DTA curves of organic mat te r extracted from the black slates by means 
of toluene (Fig. 4) confirmed the results obtained from the samples of the 
rocks. 

The samples of Pezinok-Pernek Group on the basis of the max imum of the 
first exothermal peak represent the rocks of chlorite and biotite metamorphic 
zone ( D i e s e l — O f f l e r , 1975). Characterization of the metarnorphism 
grade according to the methods by B 1 j u m e n et al. (1972, 1974) and B o n i -
j o 1 y et al. (1982) is t h e same as in the case of the samples of the rooks. 

The possibility of differentiation of the slates 
from Pezinok-Pernek and Harmónia Groups on the basis 

of thermoanalytical results 

The importance of the differentiation of the black slates from Pezinok-
-Pernek Group comprising a par t of the productive zones form the Harmónia 
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Group has been suggested by C a m b e l — K h u n (1979), K h u n (1980), 
C a m b e l — K h u n (1983) from the lithological point of view as well as 
from the standpoint of the genesis of the mineralization. 

The samples of Pezinok-Pernek Group, analyzed in oxygen atmosphere, 
exhibit the exothermal peak in the tempera ture region 540—560 °C (Fig. 2). 
Less developed exothermal effect (with the exception of the samples PA-60 
and RB-101) occurs at tempera tures 470—490 °C. Intensive exothermal peak 
at 540—560 °C is typical for Pezinok-Pernek Group. 

In tempera ture interval 600—800 °C occurs next exotherm. The initial and 
peak temperatures of this effect do change in the broad tempera ture interval. 

D T A - c u r v e s Sample 

PA - 60 

Fig. 5. Thermograms for the Mack slates of Pezinok-Pernek Group (DTA in inert 
atmosphere — N2). 

D T A - c u r v e s Scmp'.e 

RB - 106 

RB - 105 

S3 - 108 

RB - 107 

RB - 109 

121 216 301 381 458 532 604 673 741 807 871 934 S95 1055T 

Fig. 6. Thermograms for the black states 
atmosphere -

of Harmonia 
-N 2 ) . 

Group (DTA in inert 
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The occurence of this exotherm is also typical for all samples of Pezinok-Pernek 
Group. Endothermal effect at 800 °C which can be observed in DTA curves 
of the samples PA-60 and RB-101 represent the heat consumption during 
decarbonization reaction. 

DTA curves obtained from the samples of Harmonia Group distinguish from 
the former significantly (Fig. 3). They are characteristic by lower intensity 
of the exothermal effects and do not exhibit max imum at 540—550 °C. The com­
mon for these curves is exotherm at 465—470 °C and less developed max imum in 
the region of 700 °C. The start ing t empera ture of the first exothermal reaction 
occurs at 330—390 °C (Fig. 3). 

Thermograms of the samples from Pezinok-Pernek Group analyzed in inert 
ni trogen atmosphere show two significant endotherms (in the exception of 
the sample RB-102) at 600—650 °C and 800 °C. The first endotherm indicates 
the process of the evolution of organic mat te r by destination, the second one 
the decarbonization (Fig. 5). 

The samples of Harmonia Group analyzed in ni t rogen a tmosphere dis­
tinguish from the former by morphology and tempera ture characteristics of 
the effects in DTA curves (Fig. 6). 

Conclusion 

On the basis of graphite geothermometer was studied the grade of meta-
morphism for the rocks of product ive zones in Pezinok-Pernek crystalline 
complex and Harmonia Group by means of thermal analysis. 

According to the results of thermal analysis the rooks of Pezinok-Pernek 
Group were metamorphosed in the stage of biotite-chlorite zone corresponding 
to the pressure 3.5 k b a r and the m a x i m u m tempera tu re 450 °C (B o n i j o 1 y et 
al., 1982). According to the classification of W i n k l e r (1974) it concerns 
the rocks wi th low stage of metamorphosis . The da ta of thermal analysis 
show, that the highest t empera tu re of the metamorphosis was 435 °C. 

These results would evidence tha t the rocks of Harmónia Group were 
metamorphosed in t h e contitions of the chlorite zone a t the tempera tures 
330—390 °C. The schists of the Harmónia Group belong to the slates on the 
boundary between very low and low grade metamorphosis according to the 
classification of W i n k l e r (1974) and to the results of the thermal analysis. 

The tempera tures and pressures determined by the method of graphite 
thermometer are lower compared wi th data given by D y d a (1980 a, b, 1981, 
1982), C a m b e l et al. (1981) and K o r i k o v s k i j (1984). 

The highest t empera tures and pressures stated the papers by D y d a (1980 a. 
b ; 1981; 1982) and C a m b e l et al. (1981). These works are based an the 
study of index minerals (they have determined the t empera ture interval 
450—610 °C and pressures 300—350 MPa). K o r i k o v s k i j et al. (1984) 
studying the mineral paragenesis have found lower parameters (500—550 °C, 
100—350 MPa). 

The thermoanalytical study of the black slates showed, tha t the lowest p, 
T conditions are given by the method of graphite geothermometer (330—435 °C. 
300—350 MPa) when comparying with other methods. 
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This fact m u s t be taken into consideration in t h e thermobarometr ic studies. 
Diversity of methods used in determination of p, T conditions of metamorphism 
of slates in the Malé Karpaty Mts. enabled such comparison. 

Translated by V. Figuš 
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