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U - P b AND K - A r ISOTOPIC DATING OF SINEC (RIMAVICA) 
GRANITES (KOHÚT ZONE OF VEPORIDES) 

(Figs. 3, Tabs. 2) 

A b s t r a c t : N e w resul t s of r a d i o m e t r i c d a t i n g of Sinec (Rima­
vica) grani tes by U - P b a n d K-Ar m e t h o d a r e p r e s e n t e d in t h e p a ­
per. T h e K-Ar m e t h o d (muscovite and biotite) gives t h e age of 
94 m. y., w h i c h can be i n t e r p r e t e d by tectonics . T h e U-Pb d a t i n g 
of z ircons gave a c o n c o r d a n t age of 350 + 5 m. y., w h i c h is a m o r e 
re l iable age t h a t t h e one obta ined from t h e s a m e samples by Rb-Sr 
i sochrone (C a m b e 1 et al., 1988). T h e increased age of Sinec (Ri­
mavica) grani tes d e t e r m i n e d by Sb-Sr m e t h o d could be caused by 
a supply of radiogenic Sr f rom t h e s u r r o u n d i n g older m e t a m o r p h i c 
rocks to t h e grani tes d u r i n g r e t r o g r a d e m e t a m o r p h i s m s y n c h r o n o u s 
w i t h g r a n i t e a u t o m e t a s o m a t i s m . 

P e 3 io M e : B CTaTbe ripiiBO/jíiTCsi pe3yjibTaTM pa^iiOMeTpíľ-iecKoro /ia-
TiipoBamifl CHHCUKHX (PuMaBnuKHx) rpamiTOB U-Pb n K-Ar MCTOAOM. 
K-Ar MeTOfl (iviycKOBHT n ĎWOTMT) flaeT B03paer 94 MMJI. Jier, KOTopwň 
MO>KHO MHTcpnpeTiipoBaTij TeKTOHimecKii. U-Pb flariipoBaniie unpKO-
HOB /laeT KOHKOp/iaHTHMH B03paCT 350 + 5 MHJI. J1CT, KOTOpblIÍ 51BJISI-
eTCsi ôojiee iia,ne>KHbiM HCM B03paer nojiy-ieuHbiM M3 TCX >KC npoB iwe-
TOflOM Rb-Sr M30xpoHbi ( C a m b e l et al., 1988). noBwnieHHbiH 
B03pacT CHHCUKHX (PiiMaBimKiix) rpawiTOH onpe;(CJieHHbiň MCTOAOIM 
Rb-Sr MO>KeT SbiTb pe3yjibTaTOM npi-inoca pafluoreHnoro Sr 113 B*ie-
maioiUHX Sojiee flpeBunx rvieTaMopcpiwecKHX nopo/i B rpamiTbi B TC-
MeHHe peTporpa^iioro MeTaMopcpii3ivia ciiHxpoHnoro c aBTOMeTacoivia-
T030M rpamiTOB. 

Object of the investigations and geological problems 

T h e a i m of t h e p a p e r is a c o m p l e x g e o c h r o n o l o g i c a l d a t i n g of R i m a v i c a G r a ­
n i t e s p e n e t r a t i n g t h e c r y s t a l l i n e s t r a t a i n t h e s o u t h e a s t e r n p a r t of V e p o r i d e s 
( K o h ú t Z o n e ) . E x i s t i n g o p i n i o n s on t h e a g e of g r a n i t e s a n d t h e s u r r o u n d i n g 
m e t a m o r p h i c r o c k s a r e i n t h e p r e s e n t t i m e c o n t r a d i c t o r y . T h u s , t h e a g e e s t i ­
m a t i o n of t h e s e d i m e n t a r y - m e t a m o r p h i c b a s e m e n t p e n e t r a t e d b y t h e g r a n i t e s 
v a r i e s a c c o r d i n g t o p a l y n o l o g i c a l d a t a f r o m L o w e r P a l e o z o i c t o U p p e r C a r b o ­
n i f e r o u s ( R i m a v a F o r m a t i o n ) . T h e t i m e of g r a n i t e i n t r u s i o n is d e t e r m i n e d b y 
v a r i o u s a u t h o r s as V a r i s c a n to A l p i n e cycle. A s s u m p t i o n s a b o u t y o u n g . A l p i n e 
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age of Sinec (Rimavica) granitoids are founded on the existing K-Ar dating on 
micas, giving an interval of 118—88 m. y. ( K a n t o r . 1960. 1979 ex V o z á-
r o v á - V o z á r et al.. 1979; C a m b e l et al.. 1979; C a m b e l et al.. 1980). 

In regions with polymetamorphic history, to which belong also West Car­
pathians, there is always a d i lemma: do K-Ar datings reflect the t r u e age of 
crystallization of the m i n e r a l and the rock containing it, or is this an apparent 
age, reflecting a part ia l or complete loss of radiogenic argon. In this case the 
problem lies in the following: are the granitoids and the synchronous meta-
morphism Alpine and the surrounding strata, even though only partial ly. Upper 
Paleozoic, or are all the rocks products of Variscan orogeny but they underwent 
intensive radiologic re juvenat ion (loss of Ar) dur ing the following Alpine tecto-
nogenesis? ( K r á I, 1977). 

For the purpose of solving this problem. 4 samples have been collected from 
the Sinec (Rimavica) Granites for a s imultaneous study by three methods : U-Pb 
isotopic on zircons, Rb-Sr isochronic on whole rock and K-Ar method on micas. 
All samples have been collected on the area between Mútnik and Krokava. 
from per iphera l par ts of the Rimavica Grani te Massif, in the zone of injection 
or intrusive contact of the granites with garnet-mica schists and paragneisses 
of Hladomorná Valley Format ion. All typical granite varieties have been samp­
led — from biotite granodiori te to muscovite-rich leucogranites. Characterist ic 
features of the collected samples as well as of the Rimavica Granitoids gene­
rally a r e : 
1. Predominance of plagioclase over potassium feldspar; 
2. P e r m a n e n t presence of small garnet grains; 
3. Varying, but often high muscovite contents; 
4. Strong metasomatic effects, with the substitution of biotite and plagioclase 
by large-flaked muscovite. of plagioclase by albite with clinozoisite and sericite 
inclusions, of biotite by chlorite and sericite; this is usually accompanied by 
a n u m b e r of h y d r o t h e r m a l veinlets of quartz, quartz-muscovite. quartz-albite 
composition. 

The results of Rb-Sr isochronic age determinat ion of the granites are pre­
sented in the paper C a m b e l et al. (1988). In this paper only data from the 
U-Pb and K-Ar method and a general interpretat ion of the results obtained 
by all the three methods from same samples are presented. 

Sample localisation, their geological position and petrographical description 

S a m p l e K V - 1 — on the right side of a creek, on a footpath. 1.3 k m SE 
of Mútnik. The sample was collected 10 m from the contact with garnet-mica 
schists of Hladomorná Valley Formation. 

The rock is medium-grained, biotite ±garnet-muscovite-plagioclase + q u a r t z 
granodiorite. Secondary processes: substi tution Bi -> Mu. PI — Ab + Mu + Clz. 
Bi -* Chi*. The intensity of muscovitization is medium. 

S a m p l e s K V - 2. 3. 4 — all are collected from a small outcrop at the road 
Krokava-Hnúšťa. 300 m downwards by the road from the Pioneer camp "Kro­
kava". In the outcrop there are biotite-muscovite granites and granodiorites 
(samples KV-3 and 4). with a small vein of muscovite leucogranite (sample 

* Symbols of minerals: Ab — albite, Bi — biotite, Cal — calcite, Chi — chlorite, 
Clz — clinozoisite. Mu — muscovite, PI — plagioclase. 
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KV-2). Next to t h e m are garnet-biotite gneisses of Hladomorná Valley Forma­
tion with injections of the same granites. 

KV-2 — is medium-grained muscovite-garnet-plagioclase-K-feldspar-quartz 
leucogranite. It practically does not contain biotite (substituted by muscovite?). 
Extremely intensive autometasomatism with complete loss of Ca from plagio-
clase: PI -> Mu + Ab; interveined by muscovite veinlets. 

KV-3 — medium-grained biotite + garnet-muscovite-plagioclase ± K-feld-
spar-quartz granite. The rock is inhomogeneous. with mafic sections of diorite-
-like composition. Autometasomatism of m e d i u m intens i ty : PI-> Ab + Mu + 
+ Clz. 

KV-4 — coarse-grained biotite + garnet-muscovite-plagioclase-quartz grano-
diorite. Very weak autometasomat i sm: PI -> Ab + Mu + Clz; PI -> Cal + Mu + 
+ Ab. 

Results of K-Ar method 

Biotites and muscovites were separated from the samples; the results of age 
determinat ion are presented in Tab. 1. 

The coincidence of t h e determinat ions is good, so that it is possible to assume 
the existence of a real geological event in the studied region, with a minimal 
age of 93—94 m.y.. This event corresponds to the Alpine cycle of tectonoge-
nesis, and according to the age scale to Lower Cretaceous. Our data agree very 
well with the data of K a n t o r . 1979 ex V o z á r o v á—V o z á r et al. (1979). 
C a m b e l et al. (1980) and B a g d a s a r y a n et al. (1977) obtained for the 
same region by K-Ar dating (118—88 m.y.), as well as with the data of J. 
B u r c h a r t , B. C a m b e l and J. K r á ľ (B u r c h a r t et al., 1987), who, on 
the basis of an evaluation of all available K-Ar datings of West Carpathians, 
presented a K-Ar isochrone reflecting a tectonic or t h e r m a l event in Veporides 
with an age of 94 + 18 m.y.. 

Results of U—Pb dating of zircons 

C h a r a c t e r i z a t i o n of z i r c o n s 

Zircons from the studied samples of Rimavica Granites mostly form idiomor-
phic pencil-shaped crystals and only rarely isometric grains. Up to 2 0 % of the 
zircons are t ransparent , pink, with diamond lustre. By a similar quant i ty are 
represented the relatively youngest metamict zircon forms, which are dark-
-brown and have lower lustre. A majority of zircons is slightly metamict, slight­
ly clouded and of l ight-brown colour (coffee-colour). 

Relatively more zircons contain biotite — inclusions in the Rimavica Grani­
tes from Kokava region. No inclusions of U-minerals. not even in metamict 
zircons, have been discovered on sections of selected zircon representat ives 
by reflected electrons of SEM. Zircon sections on SEM m a d e possible — besides 
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the study of inclusions — also the investigation of the grade of zircon zonning 
caused by variat ions in Hf contents in the s t ructure of zircon. Older zircon 
forms determined in the sense of P u p i n (1980) as mostly S,2 zircon types 
have a more intensive oscilation s t ructure suggesting a longer-termed zircon 
growth at relatively higher temperatures . Lower-temperature zircon forms —. 
according to P u p i n (I.e.) L3 and G, types — are slightly zonal, frequently 
long-prismatic, suggesting their more rapid growth in a n a r r o w e r internaval 
of low t e m p e r a t u r e s . 
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Fig. 1. Distribution of zircon types in Sinec (Rimavica) Granitoids (according to the 
classification of P u p i n — T u r c o, 1972: P u p i n, 1980). 

A m a x i m u m a m o u n t of zircons in the samples of Rimavica Granites is ac­
cording to the typological classification of P u p i n (I.e.) represented by the 
types L-, and G,. Only in the sample KV-3 it is possible to establish another 
m a x i m u m in zircon n u m b e r s in the area of the type S,o (Fig. 1). The Trend 
of Evolution Typology (T.E.T.) in all samples begins with relatively higher-
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Fig. 2. In the sample KV-3, maximum of zircons is developed as types G| or G, and 
L-,. A second less marked maximums is represented by the type SI2. Increased content 
of S|j types in the sample KV-3 is probably caused by the presence of more basic 

inhomogeneities in the granitoid. 
Explanations: a - type G,, magnif. 400x; b — type L-„ magnif. 280x; c — type S,., 
magnil. 270x; d - type S r . magnif. 240x (Photo I. H o 1 i c k v). 
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Fig. 3. Principal zircon types in the sample KV-4 represented mostly by the types GK 

or G| and L:; 

Explanations: a — type L:1, magnif. 200x: b — type G b magnif. 550x (Photo I. H o-
1 i c ký). 

- tempera ture zircons (750 ° + 50 °C) and culminates wi th forming of zircons of 
the types L-, and G| at t empera tures lower by approx. 150 °C. The higher con­
tent of S| j- type zircons in the sample KV-3 can most probably be connected 
with macroscopical inhomogeneities of a more basic character in this sample. 

In the separation process of zircons for U—Pb dating, their morphological 
features and visually determined metamictizat ion grade were taken into ac­
count. The samples KV-3 and KV-4 were separated into three fractions, in 
which zircons of the same metamictization grade or of a selected morphological 
feature were merged. 

In the sample KV-1 . insufficient quant i ty of zircons rendered U—Pb dating 
impossible; in the sample KV-2. zircons have been found only as separate 
grains. 

Zircons of the sample KV-3 have been divided into: 
"S types" — pink, t r ansparen t zircons, wi th equal number of (100) and (110) 
surfaces; they are relatively the oldest, forming at higher t empera tures (750 ° + 
± 50 °C). 
"L—G types" — pink zircons, t ransparen t , from the end of the evolution typolo­
gical t r end : with predominant surfaces (100) and (101). 
"M types" — metamict zircons, completely opaque, relatively the youngest 
ones. 

In the sample KV-4. zircons have been divided according to their metamict i­
zation grade : 
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T a b l e 1 

Values of K-Ar age of micas 

Sample 
No. 

KV-1 

KV-2 

KV-3 

KV-4 

Minera l 

muscovi te 

muscovi te 

bioti te 

biot i te 

Potass ium 
11 

8.61 + 0.08 

8.65 + 0.08 

7.28 + 0.07 

7.02 + 0.07 

Contents 

Radiogen. 
argon 
ng g 

57.9 + 1.2 

70.5 + 1.5 

48.7 ± 1.4 

46.7 + 1.0 

Ar''° 

Ar11 

1 
42 

48 

38; 

32; 

•ad. " „ 

total 

55 

48 

39 

46 

Age 
m.y. 

94 + 4 

114 + 4 

94 + 5 

93 + 4 

The calculat ion of age was m a d e wi th the use of unified constants accepted on the 
Geological Congress in Aus t r a l i a : AK = 0.581 . 101<J year"1 Ap = 4 962 10-'" veal - 1 

''"K = 0.01167 at. %. 

" L — G t y p e s " — n o n - m e t a m i c t z i r cons , t r a n s p a r e n t , p i n k , w i t h d i a m o n d l u s t r e . 
"1 /2 M t y p e s " — s e m i - m e t a m i c t z i r c o n s , l i g h t - b r o w n a n d s l i g h t l y c l o u d e d . 
" M t y p e s " — m e t a m i c t z i r c o n s of b r o w n co lour , c o m p l e t e l y o p a q u e . 

T h e z i r cons s e p a r a t e d a c c o r d i n g to t h e i r m o r p h o l o g i c a l c h a r a c t e r i s t i c s a n d 
m e t a m i c t i z a t i o n g r a d e h a v e b e e n t r e a t e d b y U — P b i so top ic a n a l y s i s . 

Method of analysis 

T h e m e t h o d of U — P b i so top ic a n a l y s i s u s e d in t h e l a b o r a t o r i e s of i so top ic 
g e o c h e m i s t r y of G E O C H I . A c a d e m y of S c i e n c e s of t h e U.S .S .R. . is c o m p l e t e l y 
a f t e r K r o g h (1973). T h e w o r k w a s c a r r i e d ou t in a c l ean g e o c h e m i c a l l a b o ­
r a t o r y , w i t h f i l t e r e d a i r a n d o v e r p r e s s u r e , s e c u r i n g a l eve l of p o l l u t i o n of 0.5 n g 
of l e ad for z i r con a n a l y s e s . 

A c h a r g e of 5 - 1 0 m g of u n p u l v e r i s e d z i r con (to e x c l u d e a p o s s i b l e p o l l u t i o n 
by p u l v e r i z a t i o n ) , is d e c o m p o s e d h y d r o t h e r m a l l y in a t e f lon c a p s u l e in con­
c e n t r a t e d H F , a t a t e m p e r a t u r e of 200 °C. A f t e r d e c o m p o s i t i o n t h e c h a r g e is 
t r a n s f e r r e d in to I N H B r a n d d i v i d e d in to t w o a l i q u o t p a r t s . F r o m o n e p a r t , 
a f t e r a d d i t i o n of a c o m b i n e d (- IKPb + -:i:'U) t r a c e r , t h e d e t e r m i n a t i o n of u r a n i u m 
a n d l ead c o n t e n t s is c a r r i e d ou t by t h e m e t h o d of i so top ic d i l u t i o n , w i t h a p r e ­
cision of ± 1 " ii. T h e s e c o n d p a r t is u s e d for t h e d e t e r m i n a t i o n of t h e i so top ic 
c o m p o s i t i o n of l ead . U r a n i u m a n d l ead a r e s e p a r a t e d for t h e i so top ic a n a l y s i s 
by c h r o m a t o g r a p h y on r e s i n — BioR.,d 1 X 8. T h e i so top ic c o m p o s i t i o n of l ead 
w a s m e a s u r e d on t h e m a s s s p e c t r o m e t e r T S N — 2 0 G A , C A M E C A , w i t h t h e u s e 
of s i l icagel as i o n - e m á t t e r . T h e p rec i s ion of t h e m e a s u r e m e n t is + 0 . 1 5 % . T h e 
r e s u l t s of U — P b d a t i n g of z i r c o n s a r e p r e s e n t e d i n T a b . 2. 

Evaluation of the results of U—Pb isotopic study of zircons 

T h e m o s t i n t e r e s t i n g one for t h e s t u d y h a s b e e n f o u n d to be t h e z i r con of t h e 
s a m p l e K V - 3 . r e p r e s e n t e d by t h r e e s u c e s s i v e l y c r y s t a l l i z i n g v a r i e t i e s . In T a b . 2, 
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a double increase of u ran ium content, from early to late zircon varieties, can 
be observed. Notwithstanding, the occurence of rock-forming mineral inclusions, 
the content of common lead in zircons is low, so tha t the calculated isotopic 
relations are not very sensitive to the selected isotopic composition of admixing 
lead. 

Since the isotope -lli; Pb. the product of 'J::sU fission, strongly predominated 
in the lead of Phanerozoic zircons, especially the isotopic relation 206Pb/2;isU is 
most reliable for dating of these zircons. The isotopic age according to the re­
lation 20l,Pb/238U in all three zircon types of the sample KV-3 corresponds to 
the limits of exper imental error and is equal to 350 + 5 m.y. 

A little different age of the metamict variety — 347 m.y. — could to a va­
rious extent be the proof of either a small loss of radiogenic lead from the 
metamict zircon structure, or of the t ime of crystallization and the following 
autometasomatism in not more than 5 m.y.. However, to make a definite con­
clusion with such a limited number of analyses is not possible. 

In the sample KV-4, semi-metamiet and metamict zircon with much higher 
uranium content was significantly predominant . Metamictization of zircon 
s t ructure connected with increased uran ium concentration caused a later loss 
of a part of accumulated radiogenic lead is reflected in lower ' ' apparent" age 
values. At the same time, non-metamict zircon represented basically by the 
type L—G, is characteristic by the same age — 349 ± 4 m.y. as the zircon in the 
sample KV-3. which is one more proof of their equal age. 

When comparing the values of the isotopic rat io 2"7Pb/2 '"Pb in the studied 
zircons (Tab. 1) with the theoretical value for the age 350 m.y., i.e. 0.05350, it 
is evident tha t almost in all zircons this relation is noticeably higher than the 
theoretical value. The accepted explanation for this phenomenon mentioned 
by many authors in Phanerozoic zircons, is an insignificant admixture of an 
earlier radiogenic component. It is most marked in late metamiot zircons. Only 
ear ly-magmatic zircons in the sample KV-3 have concordant age values for 
all isotopic relations. 

Thus, according to the results of our investigations, the t ime of crystallization 
of accessory zircons in Sinec (Rimavica) Granites is 350 + 5 m.y.. Taking into 
consideration the typical magmat ic form of these zircons, the obtained age value 
should be also related to the age of crystallization of the granite melt itself. 

General interpretation of the age values of Sinec (Rimavica) Granites according 
to three radiological methods 

The results of Rb—Sr isochrone dating of Rimavica Granites in whole rocks 
(samples KV-1, 2. 3 and 4) are presented in the paper C a m b e l et al. (1988). 
The value of isochrone age is 394 + 6 m.y. and it differs noticeably from the 
age determined on the same samples by U—Pb isotopic system of accessory 
zircons, i.e. 350 + 5 m.y.. Since both investigations have been carried out on 
a precise level of method, the correctness of the analytical data is above sus­
picion. Therefore, the difference of age values requires an explanation. 

If we survey the R b - S r isochrone diagram (C a m b e 1 et al.. 1988. Fig. 6). 
it is evident that the inclination of the isochrone as well as the low value of 
error ( ± 6 m.y.) are completely determined by the position of the point of the 
sample KV-2 with max imum values of the relations *'Sr/si :Sr and " R b / ^ S r . 
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From the petrographical description it follows that granites, part icularly in this 
sample, underwent a maximal grade of autometasomatic acid leaching — mus-
covitization and albitization (K o r z h i n s k y. 1955). with an especially strong 
migration of Ca and alkalies. The migrat ion of Ca (geochemically related to 
strontium) is directly suggested by the presence of calcite in pseudomorphs after 
plagioclase in the grani te sample KV-4 (see petrographical description of the 
samples). 

The study of various types of granitoids and metamorphic suites of West 
Carpathians ( K o r i k o v s k y—P u t i š . 1986 ; C a m b e 1—K o r i k o v s k y. 
1986) as well as of Rimavica Granites has shown that autometasomatic re t ro­
grade muscovitization of the granites is frequently accompanied by intensive 
re t rograde muscovitization of the surrounding garnet-mica schists, possibly 
pointing out to the synchronism of re t rograde metamorphism and autometasoma-
tism in granites and to a common source of fluids. In such a process, unilateral 
effect of grani te fluids on the surrounding rocks is possible as well as an ex­
change of substance with the surrounding acid schists and gneisses — part an 
exchange of radiogenic Sr. Since the surrounding rocks are older than the 
crosscutting granites and this they should be at least 350 m.y. old. it is not 
possible to exclude that older s t ront ium enriched in the isotope s ' S r gest to 
apical parts of granites. This is most probably the case in the sample KV-2 (and 
part ly in the sample KV-1) which differ by a max imum grade of acid leaching. 

Thus, if this assumption should be true, the obtained Rb—Sr age values ap­
pear to be somewhat higher in comparison with the age determined on mag-
matic zircons by the U—Pb method, i.e. 350 + 5 m.y.. 

At the same t ime, it is evident that the great difference between K—Ar dat-
ings of micas from Sinec (Rimavica) Granites and the determinat ions by U—Pb 
and Rb—Sr method clearly proves that the interval 93—114 m.y. does not cor­
respond to the t rue age of micas and of the granites. The K—Ar determinat ion 
fixed only an intensive argon isotope rejuvenation with a probable age 90—94 
m.y.. The total sum of isotopical-geochronological and petrographical data pro­
ves that this was most probably only a purely thermal effect leading to a comp­
lete loss of radiogenic Ar. but without a new flows of diaphthori t ic fluids and 
consequently without mineral al teration of the grani te mat ter in the Alpine 
cycle. 

This is above all supported by the fact that regardless of a substantial dis­
turbance of the K—Ar system of micas, the U—Pb system of zircons as well 
as the Rb—Sr system of whole rocks (the most dependent ones on a repeated 
fluid effect) were completely unaffected in the Alpine age. In petrographical 
study of the rocks, no signs of coarse cataclasis or mylonitization. characteristic 
for Alpine dislocations in the crystalline suites (C a m b e 1 — K o r i k o " -
s k y. 1986) have been found either. All secondary processes in granites — mus­
covitization of biotite and feldspars, deoxidation of plagioclases — have the 
character of typical autometasomatic leaching in the stage of granite cooling. 
Judging from the stability of the U—Pb age values, the t ime span of granite 
crystallization, including the stage of autometasomatism, hardly exceeded the 
interval of several million years, which coincides with the values of the error 
of measurement . 

The effect of strong isotopic rejuvenat ion of Variscan rocks in the stage of 
Alpine tectonogenesis. par t ly or completely distort ing only the K—Ar age va-
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lues of minerals, is well known in West Carpathians, and proved on many objects 
in Veporicum. with numerous mylonitized zones, scales, overthrust faults etc. 
( K a n t o r , 1960; B u r c h a r t et al.. 1987). The obtained results only corrobo­
rate this fact on the example of Kohút Zone of Veporides. 

Thus, the results of a general geochronological study of Sinec (Rimavica) 
granites show that the most reliable age of their intrusion and crystallization 
is 350 ± 5 m.y. — i.e. the age obtained according to U — P b isotopic system of 
magmat ic accessory zircons in samples unaffected by intensive autometaso-
matic processes. 

Translated by K. Janáková 
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