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THE AGE OF MALE KARPATY MTS. GRANITOID ROCKS DETERMI-
NED BY Rb-Sr ISOCHRONE METHOD

(Tabs. 4, Figs. 2)

Abstract: In the presented article the authors mention the
results of nuclear — geochronological datings of Malé Karpaty

0 Mts. granitoids by Rb-Sr isochrone method. By this method the age
of Bratislava massif granitoids was established to 347 + 4 mil. y.
at (¥Sr/MSr) = 0.7076 + 0.0013 and the age of Modra massif
granitoids to 324 + 18 m. y. at (¥Sr/Sr), = 0.7075 + 0.00032 (24).
The relative agreement of age of both massifs as well as the agree-
ment of primary ratio (*Sr/*Sr), testifies not only to their conti-
nuity in age but also genetic. These same relations confirm also
genetic continuity of pegmatites and leucocratic granitoids to
fundamental types of granitoids building up the Bratislava and
Modra massifs.

Pe3itoMe: ABTOPB B HPEANOMEHUON CTATLE NPHUBOASIT PE3YIbTATbI Ajep-
HOFeOXPOHOJOTIMECKHX AaTnposannil rpanutonios Manwx Kapnat npu
nosmoitit Rb—Sr usoxponnoro meroaa. [locpeacrsom storo smeroia Obia
VCTAHOBJEH BO3PACT FPAHHTONI08 OpaTHCA4BCKOro Mmaccusa na 347 + 4
Mgt et npn (YSr/%Sr)e = 0,7076 4+ 0,0013 u Bozpact rpaHNTONAOB
moapaickoro macchsa sa 324 4 18 muaa. et npu (YSr/%Sr)e = 0,7075 +
+ 0,00032 (25). Otnocuteabhoe Bo3pacTHOe coraaciie 08OHX MACCHBOB,
Kak W nepsuutoro cootHowenns (YSr/*°Sr) g CBHACTENLCTBYET HE TOJNBKO
00 HX BO3PACTHOl COOTHOCHTENLIIOCTH, HO HSepodTino H 00 HX oGuleM He-
TouHHke. Te caMple OTHOWEHNSE NOJFBEPHARANI0T I FEHeTHUCCKYIO 3aBHCH-
MOCThH NErMaTHTOB W JelKOKPATOBBIX TPANNTONIOBE K OCHOBHBIM THIAM
FPaHHTONAOB CTPOSILIN OPATHCIABCKIIT 1 MOAPAHCKHIT MacCHBBI

Successfully continuing cooperation betwen the Geological Institute of the
Slovak Academy of Sciences in Bratislava and the Institute of Geological
Sciences of the Academy of Sciences — of the Armenian Soviet Socialist
Republic in Jerevan was oriented to new determination of isotope contents
of Rb and Sr and their ratios in the last time. These works make possible
new dating and revaluation of older results, concerning mainly the Malé Kar-
paty Mts. crystalline rocks. New sampling for these determinations was reali-
zed under presence of coworkers from the USSR. In the first part of the stage
of investigation data on Rb and Sr isotope contents and their ratios were
obtained for granitoids of the Bratislava and Modra massifs, making possible
to date these rocks by Rb-Sr isochrone. The data obtained are mentioned in
Tabs. 1.2 and 3. Graphical evaluation and results of calculation of the age are
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HTR bll."r!lisl-

""Rb,.-"“-“‘Sr

Table

isolope values for biolites from granitoids ol the Bratislava massif (Malé Karpaty Mis.)

Rb-5Sr

Number
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mentioned in Figs. 1 and 2. In spite of

™ o) that the results mentioned will still
L= + H be completed, already now we present
= = = their preliminary interpretation of age.
s a2 which will complete the up to present
results published by us (B. Cambel
2 et al., 1979, 1980 and 1981).
i = S Granitoids of the Bratislava massif
=
In the latest works Rb and Sr con-
2 tents as well as their isotope ratios
g & e from 6 samples of total rock of the
g = o l Bratislava massif granitoids (Tab. 1)
%’ = = and from two biotites of these rocks
' (Tab. 2) were established. Besides that
older analyses of samples of total rocks
0 were verified again and for compiling
0 B 2 of isochrone samples G-38 and G-40
= = = were used (Tab. 1). The new obtained
7 . 7 results (Tab. 1) are not essentially
different from older determinations (B.
Cambel et al.,, 1979, 1980 and 1981).
g pointing to reliability of older deter-
2 é % minations of model age by Rb-Sr
E @ 2 method. As Tab. 1 shows the varia-
5 he i tion coefficients (relative errors) for

all geochronometric parameters ment-

HTRbI{'HUSr — 1850 i

two-mica

road Karlova Ves—Devin;

| 2. ¢z ioned in this table are as follows:
$¥ e 20

S G5 W RiSr/SiSr — 0.2

".':é" 6 Rb s 19 0 I||

E SI‘ Fum— 1.5 0 [}]

k=1

g

Mathematic treatment of the obtained
values of studied isotopes provides the
following equation for regression
straight line:

from

Mineral, location of rock
Jarok wvalley:

Biotite from fine-grained biotitic
Biotite

granodiorite;
Devin, 50 m of the ramp in the

Mokry
quarry behind the shooting-ran-

ge: Bratislava

y = 0.7076 + 0.004928 x

- a = (¥Sr/%sr), = 0.7076 + 0.0013
E y = 0.004928 -+ 0.000055

2l s 4

G = L5 where the errors are established with

& o 95", probable certainty. The mean



BAGDASARJAN — GUKASJAN — CAMBEL — VESELSKY

134

- GTEL0
LEELO

= T60L°0
860L°0

= €60L°0
960L°0

- 860L°0
80L0

= 060L°0
860L°0

980L"0 —
«+xEEELT0 T

- 680L°0
6L0OL°0

OTIBI "WOolR OTRI "WOR
#%1S0g 1S #1805/ 1S e

("SI A18daey] S[BN) JISSBW BIPON 2yl JO SPIOjIUBIS Jo sardwes

101EdIpUT JO UONIPPR

90168°¢

BILFF0

69LBE0

689260

8EELT0

eF18c0

989T°C1

E6ILED

onel ‘woje

IS0/ A5

‘£ ‘w91 S1 9M101q SIY) Jo 98R J0 AN[BA 90L°0 = "(1Sg:/1S ) 1B exs

9¥a 08

Geonte

c0reoe

08L 08¢

Leprgce

CLF00L

TFL'FL

TE8°9€0

8 8yw tag

&

Co0°t6

0668

0LG'8F

{R4Y)

-
(]

LygrLe

FF1'89

leeons

9868

/8w iqy

arqel

1apun §1591 WOA] PIJRNDIIED AR 1§, 1S, SOIJRL 9d0)os]
1S/ SOTIEL 2dO]0ST JO UOTRUTULIIDP 12941P

Bl :(l0AI9SAI-18]EM 3]
woaj Aeme Jae] ojou) vl BUIOH
a8enon s aadaadawes ay) Jo jsam
-IN0S W (0F SITUBIF BIIW-0M],
BIPOIN

‘jooyos  Jummoas-adeas ayl Jaesu
proa ayj 1t doidino 1aLIoIpousID
B[ eeys elatg jo doi

o1 JO Yinos w (JCE ‘WSIjBUIOSE]
oW Aq paiaje ApEam lanupan
Blld

te'cet 'd Adla amau (yaeag Apoold)
ng £ARAIM L, JO UINOS 191TURID
BIUOULIEE] JO uisaew ayl iwv
Auenb ‘yorod Auuswes] jo fafea
CAMSIIJ—RIUOULIRH prol ‘3liuelD
RIUOUWLIEH—RIPOIN "HOQEIZ
Larpea ayy ut Auienb ‘ajlao01pouri
BIUQULIBH—EBIPOIN - L'L9F 'd

"A2[2 MoO0laq MyoqullZ Ad([ea 2l ul
Luenb {9jurotpouras woay ainolg
BIUOWIBEH—BIPOIA

SLLoF d Cadl@ molag NoqeHZ 491

-fea 2yl ul Al1enb  131LI0TPOUEBID

A111RO0] ‘Moo Y

%
o ISMADWAY

AL—6BT L
28l 'L
AL—E1 9
AL—81 ¢
E—Z
9e—D 't
26T
261
ardwes 1o
I2quInp

3o0d4 [BJO1 3y} oy saniea adolost IS-qY



THE AGE OF MALE KARPATY MTS. GRANITOID ROCKS 135

2 . i .
quadratic deviation of regression line S = 1.9.10% is not distinctly different
v

a2
from the experimentally established deviation (S"}": 2.106). Therefore the
studied group of samples distinctly corresponds to the model of isochrone. The
colculated isochrone Rb-Sr age t = 347 4+ 4 m.y. (with application of alteration
constant ®'Rb equal to A Rb = 1.42 . 10°Lir1),

875r
865,
0.740
0720
2-11 e
15-08/y7 2 8‘03,’77 0.900 41 * 7-08/77
38 0,800
45 /5 )= 0 07 o e -
(¥5/ %51 )5 = 0,7076 + no0 13 0.700 s p
0.700 v v T v - - -
1 3 5 7 97 Rp

%gp

Fig. 1. Rb-Sr isochrone for total rocks samples of granitoids of the Bratislava massif
(Male Karpaty Mts.).

For the biotites investigated from two samples of Bratislava massif granito-
ids (Tab. 2) somewhat lower (approximately by 10 "/}) Rb-Sr values of age were
established, when compared with the value obtained by isochrone for samples
for total rocks. In concrete case for sample l4c the age 308 + 12 and for
sample 15c¢ the age 312 + 12 mil. y. was determined. These values are in very
good agreement with model Rb-Sr values of age for biotites from granitoids
of this massif, established already earlier (G-47 291 m.y.; G-32 285 m.y.: G-39
309 m.y.) — see Tab. 4. The relatively little dispersion of Rb-Sr values of age
obtained for biotites of the Bratislava massil gives stimulation for their inter-
pretation in this sense that after formation of these granitoids still during the
Variscan orogeny they came under the influence of processes connected with
general tectonie development of the mountains under study.

[t is necessary also to point to the very good agreement in earlier determined
model values of age for muscovites and isochrone age ol Bratislava massif
granitoids. (Tab. 4: G-40 = 325 m.y.; G-47 = 350 m.v.; G-45 = 336 m.y.; G-48
= 330 m.y.). This fact could testify that there are essentially primary musco-
vites lalling to the period of formation of granitoids (347 + 4 m.y.).

Our preceding considerations on the age of granitoids and their minerals
were based upon various determinations of model ages and it was taken into
account that dispersion of age values was caused by the influence of various
processes of the Alpine orogeny, because e.g. by Rb-Sr method biotites with
the value of model age already falling to the Alpine orogeny were established
(G-40 = 184 m.y.). This assumption was confirmed by values of age obtained
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by K/Ar method in biotites from granitoids of the studied area, as similar
lowered values of age provided also several determinations of age of samples
ol total rock by K/Ar method (G. P. Bagdasarjan et al, 1977: B. Cam-
bel et al., 1979, 1980, 1981). Variation of model values of age in the same
samples was also found on the basis of Rb-Sr method and we aseribed this
fact to migration of individual elements with superimposed processes, what
may be valid in the first place for individual minerals and to a restricted
extent for rocks. which in larger units should represent closed systems. The-
refore so far it is not possible to express unambiguously whether the determined
lowered values of age determination correspond to Variscan or Alpine proces-
ses as also the grade of alteration of minerals can influence re-distribution
of elements traced with determination of ages not only by K/Ar but also by Rb
Sr method. Therefore it is difficult to decide whether these superimposed
alteralions were Alpine or Variscan.

Leucocratic varieties also belong to this isochrone as is seen from Fig. 1.

Granitoids of the Modra massif

The results of determination of rubidium-strontium isotope ratios of six
samples ol total rock of granitoids of the Modra massif together with isotope
values ol already earlier analysed sample G-36 are mentioned in Tab. 3. These
values were applied for calculation of Rb-Sr of isochrone age. It is necessary
to point to the fact that the group of analysed samples is nol most suitable
because the values of four samples are practically cumulating around one
point. Besides thal, except 19-JV characteristic of all samples there is a low
isotope Rb/Sr ratio and therefore the calculated age for Modra massif granitoids
has somewhat greater error of determination when compared with determi-
nation of age for Bratislava massil granitoids. In order to reduce the value
of relative error of determination of age of Modra massil granitoids by this
method, [urther samples ol leucocratic varieties of granitoids with higher
potassium content will be taken. when also such types are not characteristic
ol the Modra massil.

Mathematic-statistic treatment of Rb-Sr isotope values carried out by the
method of smallest squares in Tab. 3 gives us the [ollowing equation of regres-
sion <traight line:

v o= 0.7075 + 0.00460 x

which corresponds to age t = 324 + 18 m.y. (2) and to primary ratio of stron-
tium isolopes (F/Sr ®Sr), = 0.7075 + 0.00013. The dispersion of points around
regression straight line (Fig. 2) is in no case exceeding the extent of experi-
mental errors, pointing to their agreement with requirements of the isochrone
model and absence of geochemical dispersion. The established value of iso-
chrone Rb-Sr age as well as ol primary Sr isotope ratio (87Sr ®iSr), is not
cssentinlly dilferent from the values established for Bratislava massil granitoids,
indicating their equal age and probably also their common source. The diver-
sily ol granitoid varieties (Modra — more basie, Bratislava — more acid) most
probably rellects litholacial dilTerences of the volcanic-sedimentary sequence.
which became the source ol anatectic processes in formation of granitoid
magma.

e
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The newest ages determined by us by Rb-Sr isochrone method for Male
Karpaty Mts. granitoids are in good agreement with values of age established
by J. Burchart (1968) by Rb-Sr isochrone method for minerals of the
Polish part of the High Tatras granitoid body, providing 300 + 15 m.y. with
initial isotope Sr ratio (**Sr %Sr), = 0.706 + 0.003 and isochrone for samples
of total rock. providing the age 290 + 10 m.y. and (F7Sr/%6Sr), = 0.705 4+ 0.001.

875
8gr

0720

|SAHE,

[ *75r /%)= 07075 2 0.00032 (267

0700 - - v
0 2 & 87 Bb
S5y

Fig. 2. Rb-Sr isochrone for the total rock samples of granitoids of the Modra massif
(Male Karpaty Mts.).

J. Burchart supposes that these values represent the real range of time.
which passed from the intrusion and the clear agreement of these isochrones
at relatively low initial Sr ratio indicates that the mentioned granitoid rocks
did not undergo relevant development after their intrusion, which would in-
[luence total isotope ratios. J. Burchart in his work (l. ¢.) also states, that
pegmatites and aplitoid granites have similar initial ratios of isotopes as
granitoids, proving their common magmatic origin according to him. We state
the srame on the basis of our investigations for granitoids of the Malé Karpaty
Mts. The essential difference in our results on the contrary to the results
of J. Burchart is that calculation of Rb-Sr isochrone age of Malé Karpaty
Mts. granitoids according to samples of total rock is higher (347 + 4 m.y. for
the Bratislava and 324 4+ 18 m.y. for the Modra massif) and relatively lower
are the values of model ages of individual minerals (Tab. 4). So far it is not
possible, an unambiguous interpretation of this fact, mainly because it would
be necessary to have determined Rb-Sr isochrone age on the basis of individual
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Continuation of Tab. 4

Muscovite from two-mica grani-

10. G—47

Borinka,

western side of

Malé Karpaty Mts.,

valley Prepadlé,

the elev.

te,

(27/63)

0.7873(1) 3

16.3592

66.357(1)

375.250(2)

511.4

p.
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Zahor-

Muscovite from two-mica grano-

diorite Malé Karpaty Mts.,,
ska Bystrica, hill Cymbal

G—45
(56/63)

11.

336

0.7842(1)

16.3642

45.334(1)

279.072(1)

Muscovite from leucocratic fine-

G—48

) .2

facies of granite, Maleé

-grained
Karpaty Mts.,

(26/63)

4.3350(2) 931.402 5.0672(2) 330

1385.722(2)

Marianka

Muscovite from veiny granite hy-

droautometamorphic,

13. G—46

Malé Kar-

(28/63)

Borinka. gamekeeper's

paty DMts.,
cottage Horvatka

16.772(2) 68.8862 0.9843(2) 284

399.400(1)

In

#values of model age are calculated with using of desintegration constant *Rb and value A= 1.42. 101

Remarks:

the parentheses is given the number of determinations

minerals. When we use for interpret-

ation the isochrone age established
for total rocks and model ages of
minerals, then it would be possible

deduce that the lower ages of minerals
could indicate superimposed meta-
morphic processes on consolidated
rock in the Variscan orogeny (aro-
und 300 m.y.), which caused the
changes of Rb and Sr isotope ratios.
This statement would be more unam-
biguous, when there were no apparent
tectonometamorphic influences of the
Alpine orogeny, which also could have
caused the change of isotope ratios
in a considerably younger period.

It is evident from the above mentio-
ned that for solving ol this question
such investigations must be carried
out, which make comparison of the
isochrone age of minerals with the iso-
chrone age of total rocks of the massif
possible.

Conclusion

By Rb-Sr isochrone method the age
of Bratislava massif granitoids was
determined to 347 + 4 m.y. at (87Sr/86
Sr), = 0.7076 + 0.0013 and the age of
Modra massif granitoids to 324 + 18
m.y. at (%7Sr/86Sr), = 0.7075 + 0.00032
(20). The relative agreement of ages
of both massifs as well as of primary
isotope ratio (%7Sr/S08r), testifies not
only to their continuity in age but
also genetic. These same relations also
confirm genetic relation of pegmatites
and leucocratic granitoids to fudna-
mental types of granitoids building up
the Bratislava and Modra massifs (two-
mica and biotite granites and grano-
diorites). Ratio of isotopes %7Sr/86Sr
clearly proves the crust origin of the
Malé Karpaty Mts. granitoids.

Translated by J. Pevny
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