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Abstract: The Blatnid granodiorite is the second most abundant
rock type of Central Bohemian pluton. It belongs to the tonalite
group. Rb-Sr isochrone was constructed from granodiorite and
mixed aplopegmatite-granodiorite whole rock samples.

The age of final Sr isotopic homogenisation results in 331 4 9 Ma
and initial ratio is 0.7072 4 0.0015.

Solidification temperature of the granodiorite (Whitney — Stor-
mer, 1977 is 550 + 50 °C and that of the applopegmatite is 460 +
+ 50 °C respectively.

Average Sr concentration in granodiorite is 331 ppm, that of Rb
is 186, The ratios are 170 for K/Rb and 14 for Sr. 103/Ca. REE
patterns reveal crustal component overprint.

Mass balance calculations based on Sr isotopes, its concentration
and on the overall geochemistry of the pluton and of the country
rock show that magma might have been generated as a mixture
of about 30—50 %, of mantle and of 50—700) upper crust mate-
rials respectively.

Certain part of mantle component had been brought to the region
at the form of volcanics.

The precursors of crustal component might have been represen-
ted by recycled former volcanosedimentary material with complex
crustal history.

Pe3tome: BraTeHCKMIt TPAHOAMOPUT SABISETCA BTOPBIM HaubGonee
PacIpoCTPaHEHHBIM TUIIOM IMOPOJ CPEAHEUENICKOro ILIyTOoHAa, MeTofoM
Rb-Sr u30XpoHBI BaJOBON IPOOGBI ITOPOABI GHIIO YCTAHOBJIIEHO, UTO 3a-
BEPIIEHME U3OTOINMUECKON TOMOreHu3anmu Sr B Ipo6Gax IpaHOAMODPUTA
¥ TPAHOAMOPUT-AIIIONErMATUTA IIPOM30ULIO 331 4+ 9 MWUIMOHOB JIET
Tomy Hazax (A= 1,42.10" . rox1). IIepsnunoe orHomenne (8’Sr/%Sr),
ObUI0 OIIPENENIeHO PAaBHHIM 0,7072 + 0,0015. TemmepaTypa KpUCTaLuImM3a-
MY TPAHOOMODHUTA IO JaHHBIM YuTHU U Ctopmepa (Whit-
ney—Stormer, 1977) Haxomunacs B Ipejaerax 550 + 50°C
(0,2 GPa) wim 600+ 50°C (0,66 GPa), TemmepaTrypa aILIOlIErMaTUTA
460 + 50°C. BrmaTeHCKM) TIDaHOAMOPUT He o0O0pa3oBalci HEMIOCPEN-
CTBEHHO M3 MArMbl, BO3HMKIIEH M3 3€MHOM MAHTHY, MIM, B DE3YIb-
Tare ee auddepenumnanumu. Ero obpasoBanue HE CBI3aHO HU C IIPOC-
TRIM TepennaBienueM u muddepeHnnanmer BEPXHEKODOBOrO Mare-
puana. Ha OCHOBE MaccoBOro OayiaHca M30TONOB Sr, FEOXMMUM IIYTO-
Ha ¥ BMELJAOU[MX METaMODPMUUECKUX TIopon MonganyGukyma caenaH
BBIBOZ, YTO MarmMa OJATEHCKOTO TPAHOAMOPUTA COCTOSNAa U3 CMECK
0KO0JIO 30—50 9/, marepuana, MPOUCXOAANIEr0o U3 3eMHOM MAHTUU U 50—
—709, marepuana BePXHEKODOBOI'®0' IPOMUCXOKAEHUA. YacTs maTepua-
1a M3 3€MHOM MAaHTUM HAXOAMIACH B AAHHOM 00IaCTM €I1e A0 MHTPY-
3UM B BUJE BYJIKAHUTOB. Meramopduueckue mopoasl Monnanyoukyma,
KOTODBIE BOIIUIM B COCTAB OJATEHCKOTO I'DAHOAMOrXUTA, IPEACTABIAIOT
BYJIKAHOOCAJIOUHBIE MOPOJILI KOPOBOTO IIPOMCXOKAEHMUS IIOCIE DEIMK-
TOBaAHUS.

* RNDr. J. Bendl CSc, RNDr. K. Vokurka, Central Geological Survey, Ma-
lostranské nam. 19, 118 21 Praha.
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Introduction

Age and genesis of magmatic bodies can be studied by Rb-Sr method. This
aproach can reveal new knowledge as deduced from Sr isotope data. Due to
this method some geological hypotheses can be confirmed while the other ones
ruled out.

Physical chemical principle of Rb-Sr method is time defined spontaneous
decay of parent 8Rb to daughter 3’Sr. The method utilizes different geoche-
mical behaviors of Rb and Sr during geological and geochemical processes.

Practical application of the method in a Czechoslowvak laboratory has been
restrained by extreme experimental difficulties and required expansive instru-
mentation as solid ion source mass spectrometer is.

Crucial and the most difficult parts of Rb-Sr geochronological method is avo-
iding contamination of the system during the period of the time since sam-
pling to final mass spectrometer runs.

Blatna graniodiorite was chosen as an example for Rb-Sr study of magmatic
bodies. It forms an important part of Central Bohemian pluton. Blatna gra-
nodiorite was studied from geochronological point of view by Van Breemen
et al. (1982) recently.

Geological and petrologicai description

Blatna granodiorite is the second most abundant rock type of Central Bo-
hemian pluton (Kodym — Suk, 1960). The Fig. 1 shows schematically the
pluton that intruded in the region of Cenltral Bohemian deep fault. Blatna gra-
nodiorite is marked in Fig. 1.

On its NW margin the pluton brought up thermal contact metamorphism
that resulted in the appearance of spotted shales and hornfels,

On its SE margin banded migmatites and flaser-gneisses originated in the
country rocks of Moldanubicum.

The pluton with its area of 3200 square km is petrologically very diverse
body. Textural, structural and material inhomogeneities, foliation structures
as well as abundant schliers and inclusions are its typical features. The main
rock types are represented by hornblende biotite granodiorites and tonalites.
Among other rock types pyroxene gabbros, diorites, quartz diorites, granites,
syenites and monzodiorites can be found, Gabbros and diorites are confined
to small bodies. Those small bodies are metasomatically changed and recrystal-
lized volcanic rocks (Hanu§—Palivcova, 1968, 1969) or older differen-
tiation products of the pluton according to other authors. In the frame of the
pluton Blatnd granodiorite is relatively homogeneous.

Blatn4 granodiorite is equigranular biotite granodiorite with subsidiary horn-
blende. Plagioclase is zoned with andesine cores and oligoclase rims. Zircon,
titanite, magnetite, pyrite, pyrrhotite, epidote and orthite occure as accessories.

Inclusions are formed by biotite hornblende quartz diorites and granodiorites
with basic andesine in the cores and acid andesine at the rims. Furthermore
fragments of biotite paragneisses to migmatites are present as inclusions.

Aplite to pegmaltite veins are frequently encountered. Their thickness varies
from 1 to 50 cm. They comstitute 2 %y of granodiorite profile in the Blatna dis-
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Fig. 1. Occurrence of the Blatnd granodiorite in frame of the Central Bohemian
pluton.

trict. Porphyry, porphyrite and lamprophyre veins exhibit greater thickmess
constituing 2 % of the profile too. Regular fracturing bears witness to solidifi-
cation under calm circumstances (Dudek—Fediuk, 1960).

Sampling and crushing techniques

Samples were taken from Retice quarry 2 km W of Blatnd. Weights of six
compact isometric rock samples ranges between 25 to 30 kg. Small rock frag-
ments for thin sections were cut off from marginal parts of the big blocks.
Samples were cleaned and closed tightly. For breaking the samples specially
cleaned devices were employed. During this procedure great care was taken to
keep the system closed in respect to Rb and Sr. Crushing and homogenisation
were also performed under the conditions of closed system. Final aliquotes of
rock debris weighted about 2.5 kg. Grinding of this amount was done gradually
per parits in steel-tungsten vibrating mortar. Powders were weighted repeatedly
and weights evaluated with wetness taken into account. Powders were stored in
hermetically sealed envelopes.
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Analytical procedures

Samples were studied by optical microscope and electron microprobe.

Sr chemistry was made in ultraclean laboratory. Acids were purified by sub-
boiling destilation. Sr was separated in quartz columns filled with cation ex-
change resin.

Strontium was run on MI 1201 mass spectrometer in Geological Survey Pra-
gue using Re double filament technique as described in Bendl—Vokurk a
(1987). Measured 87Sr/%Sr ratios were corrected for fractionation by norma-
lisation assuming Sr/%Sr ratio to be 0.1194.

“'Rb/YSr ratios were determined by XRF technique following the method of
Panckhurst—ONions (1973). Rb and Sr concentrations were determi-
ned by XRF. Measuring and data evaluating approach applied is similar to
that of Verdurmen et al. (1979).

Results and discussion

Determined concentrations of Rb and Sr together with isotope ratios ®Rb/
/%Sr and #Sr/%Sr are summarised in Tab. 1.

Tablel
Blatna granodiorite and granodiorite — aplopegmatite from Retice quarry

Rb Sr ' 87Sr #Sr

J : | $TRb #6Sr
Sample ! ppm ppm ," mol/mol | mol/mol
[ ! . S L
: | [
1 ' 247 79 ! 0.7504 + 0.0009 [ 9.059 4 0.061
2 | 236 146 , 0.7288 =+ 0.0019 i 4.679 + 0.041
13 i 190 352 ; 0.7168 + 0.0006 5 1.567 4 0.023
. B4 i 218 164 | 0.7235 =+ 0.0010 * 3.828 4 0.014
| 5 | 185 185 } 0.7199 + 0.0008 2.894 + 0.032
. BT | 257 : 71.5 |

0.7565 + 0.0010 10.410 + 0.100

The isochrone was constructed from the data given in Tab. 1 and is plotted
in Fig. 2. Resulting last homogenisation of Sr isotopes in whole rock samples
and closure of Rb-Sr systems were found to amount to 331 + 9 Ma ago. Initial
isotope ratio (*7Sr/%Sr), equals to 0.7072 + 0.0015. The decay contact A 8Rb =
= 1.4210"y1 (Steiger — Jager, 1977) was used in the course of age cal-
culation. The (¥Sr/%Sr) initial ratio of Blatnd granodiorite is similar to that
of large volume Phanerozoic North American batholithes with their typical Sr
isotope initial ratio of 0.707 =+ 0.001.

Solidification temperature was estimated based on distribution of albite com-
ponent between coexisting K-feldspar -and plagioclase iaccording to the method
of Whitney — Stormer (1977). The temperature was found to be 550 +
+ 50 °C for assumed pressure of 0.2 GPa or 600 + 50 °C for 0.65 GPa respecti-
vely in the case of Blatna granodiorite. Solidification temperatures of aplopeg-
matite were estimated to equal to 460 + 50 °C.
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Fig. 2. Rb-Sr whole rock isochrone of Blatna granodiorite.

Sr and Rb concentrations in Blatn4 granodiorite from Redice quarry (352 ppm
and 190 ppm respectively) similars average concentrations of Blatnd granodio-
rite as well as the average of Central Bohemian pluton as a whole. Average
Sr contents in Blatna granodiorite is close to the typical value for continental
crust. Rb concentrations approach average value of acid rocks. Rb/Sr ratio is
0.56, K/Rb is 170 and Sr.103/Ca is 14 in Blatna granodionite.

Sr isotope model of magma genesis

REE patterns in various locations including that one where the isochrone
was construdted show inevitable presence of crustal component in the grano-
diorite. Never the less presence of Earth’s mantle derived component can mot
be excluded based purely on REE patterns.

An attempt was made to construct the evolution scheme of 8Sr/®Sr ratio
for Moldanubian crystalline rocks.

Based on literary data (Zoubek et al, 1979; Gorokhov et al, 1979,
1983; Van Breemen et al,, 1982; Gebauer — Griinenfelder, 1973;
Grauert et al, 1974; K6hler — Miuller-Sohnius, 1985) &Sr/%6Sr
ratio of selected Moldanubian metamorphic rocks was estimated to equal to
0.7167 at the time of 331 Ma ago. 8’Rb/®Sr ratio was found to be 3.43, Average
Rb and Sr concentrations were determined to equal to 146 and 155 ppm res-
pectively.

Sr isotope evolution of Moldanubian metamorphic rocks is not contradic-
tion to Sr isotope initial ratios of most of European metamorphic Variscan
rocks as reported by Dormsiepen (1979).
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Simple mass balance calculations taking into account Sr concentrations and
its isotopic composition were performed. Parental magma of Blatnd granodio-
rite was supposed to have originated as a two component mixture. Crystalline
rocks of Moldanubicum were chosen as the first component. Using the evolution
scheme (Fig. 3) Sr isotope composition for Moldanubian rocks could have been
estimated at the time of 331 Ma ago. Weighted average concentrations of Sr
in Moldanubian metamorphic rocks were taken as representative values, Mant-
le derived basaltic melts were selected as representatives of the second compo-
nent. Silurian basalt (Lodénice—Bubovice) from Barrandian basin studied for
St isotopic composition (samplen. 1 in Vokurka—Kober, 1988) was used

87 [ss
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Fig. 3. Sr isotope evaluation of selected Moldanubian crystalline rocks based on lite-
rary data. List of literature used is given in the text.
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in the course of calculation as the source of Sr isotope composition and Sr con-
centration data, Sr data for Blatna granodiorite were taken from Tab. 1 and
Fig. 1 in this paper.

Proposed system of equations is given in Tab. 2.

Table2
System of equations describing mass balance of strontium isotopes

8Sr } a /st = [_FSr | la./Sr/mXm +
8Sr %Sr |m
_ [ Y8r ) laxp. /ST 1
+ ( B ) . p. /Sr/ 1)
Xm+Xp=1 (2)
/Sl'./'b = .'Sl'/m . Xm + /Sl‘/p . Xr 3)
Where X is a mass fraction of a component, b — indicates Blatnd granodiorite,

m — indicates Moldanubian metamorphic rocks, p — indicates mantle derived ma-
terial, a — is relative abundance of #Sr isotope in bulk Sr, /Sr/ is strontium conk
centration,

¥Sr } is strontium isotopic ratio.
%S

Conclusion

The emplacement of Blatnd gramodiorite was accomplished 331 + 9 Ma ago
(A = 1.42.10".year™!). At this time the temperature decreased below the value
when whole rock samples became closed systems in respect to Rb and Sr. The
initial ratio (#’Sr/#Sr), was set to 0.7072 £ 0.0015.

Solidification temperatures calculated according to the method of Whitney
and Stormer (1977) were found to be 550 & 50 °C (0.2 GPa) or 600 + 50 °C
(0.65 GPa) respectively. These estimates are based on areal distribution of al-
bite component. According ito the discrete points analyses the temperature was
shown to range between 400 to 450 °C in the case of granodiorite and 460 *
4+ 50 °C in the case of aplopegmatite respectively.

Blatna granodiorite could have originated neither directly nor by the means
of differentiation from uncontaminated mantle derived magma. Furthermore
its origin can niot be explained purely by remelting or differentiation of upper
crust material.

The parental magma might have originated as a mixture of 30 to 50 0y of
Earth’s mantle derived material and 50 to 70 % of upper crust material.

At least a part of Earth’s mantle component presumably had existed in the
form of volcanics in the region prior to the intrusion (Fig. 4).
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Metamorphic rocks of Moldanubicum having been incorporated into parental

magma of Blatnd granodiorite are likely to represent recycled rocks with crus-
tal prehistory.

BLATNA
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MANTLE DERIVED
MATERIAL

e ~
4 _ “ASCENDING HEAT

Ve
s

/

UPPER MANTLE

CENTRAL BOHEMIAN FAULT

Fig. 4. Model of the origin of Blatna granodiorite.
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