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Variszische Schertektonik im Moldanubikum der Böhmischen Masse:
Deformations-, Schwere-, K-Ar- und Rb-Sr-Daten
des variszischen Choustnrk Orthogneises
Zusammenfassung
Die Struktur der 90 m mächtigen Klippe von prävariszischem Choustnfk Granit ist während einer nach S bis SSW gerichteten
variszischen Überschiebung, gefolgt von Abschiebungen nach NW, entstanden. Die Überlagerung der beiden Schersysteme
spiegelt sich in der Entwicklung der manchmal stark linearen Gefüge in den Tektoniten der ersten Phase und in der amphibolitfaziellen Mylonitisierung in der späteren Phase wider. Ein steiler Scherungsgradient und diskrete Scherzonenentwicklung ist für
die späteren Scherzonen typisch.
Der höchste f-Wert ist 3.6, die Strainellipsoide variieren von constrictional bis oblate. Die jüngsten (K/Ar-) Kühlungsalter
zeigen 280 Mio Jahre. Die Orthogneise mit einer ähnlichen Textur können als Indikatoren für variszische kinematische Geschichte benützt werden. Der Choustnfk-Orthogneiss
ist ein Beispiel der variszischen, polyphasen Kinematik im moldanubischen Terrane.
*) Authors' adresses: Dr. PETRRAJlICH, Institute of Geology, Czechoslovak Academy of Sciences, Rozvojova 135, 165 00 Pra-

gue 6-Lysolaje; JEANJ. PEUCAT,Centre Armoricain des Etudes du Socle, Campus Beaulieu, Avenue General Leclerc, 350 42
Rennes, France; JAN KANTOR,Geologicky ustav Dionyza ~tura, Mlynska dolina 1, Bratislava, Czechoslovakia; JOSEFRVCHTAR,
Geofyzika n.p., Podebradova 102, 602 00 Brno, Czechoslovakia.

579

Abstract
The structure of the 90 m thick thrust klippe of the Prevariscan porphyry Choustnik granite in the Moldanubian of the Bohemian Massif originated during Variscan shearing events with an early S to SSW oriented, thrusting and later normal top to the
NW faulting. Superposition of both types of shearing is reflected in the development of the often strongly linear mylonitic fabric
during the earlier, and by the mylonitization in the amphibolite facies metamorphism in the later shearing stage. A steep shear
strain gradient and discrete shear zone development are characteristic for the younger event. Deformation produced quartz c
axes orientations with relict asymmetrical crossed and oblique girdle fabrics. Shear strains up to r = 3.6 are found in the older
tectonites and the strain ellipsoids range from constrictional to oblate types. The (KlAr) cooling ages range up to 280 Ma.
Orthogneisses with similar textures in the Bohemian Massif can be used as markers of the Variscan kinematic history. The
Choustnfk orthogneiss provides an example of the Variscan polyphase kinematics in the Moldanubian terrane.

1. Introduction
The principal
structural
and kinematic
units of the
Bohemian
Massif
have
been
characterized
using
stretching
lineations,
foliations
and bulk kinematics,
combined
with other geological
data (RAJLlCH, 1987;
RAJLlCH & SYNEK, 1987; FRANKE, 1989; MAnE et aI.,
1990 etc.). The most striking conclusion following from
this study is the importance
of ductile strike-slip
zones
that divide the massif into a mosaic of smaller blocks
with contrasting
sedimentary
sequences and differring
structural assemblages
(Fig. 1, Table 1). The inner segments separated
by the NE-SW strike-slip
zones underwent
both transpression
and crustal
thickening
through thrust stacking,
and transtension
and normal
faulting.
Differring
deformation
and mobility can also
be observed in these segments as first noted by STILLE

(1949). Except for the Barrandian
which is composed
mostly of weakly metamorphosed
Upper Proterozoic
rocks, fine-grained
granulites and eclogites are present'
in all the above-mentioned
units.
The Variscan granites are the important unifying element of the Late Palaeozoic development.
The oldest
are the durbachites-melanocratic
biotite and amphibole granites
and syenodiorites
which give 336 Ma.
cooling ages using 39Ar/4oAr (MAnE et aI., 1990). These
are followed
by 330 Ma. granodiorites.
The cooling
ages for the whole Massif based on K-Ar dating (SMEJKAL & MELKovA, 1969) range from 390 to 260 Ma. They
are partly contemporaneous
to shearing. No zonal pattern for the chemistry in the whole area has been discerned (KLOMiNSKY & DUDEK, 1978). The tectonics does
not, at present, permit a clear definition of a single suture zone in this area, as suggested
by the work of
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Text-Fig.1.
Geological scheme of the Bohemian Massif (A) with principal kinematic units (B).
1 = The undeformed cover (Upper Carboniferous and later rocks); 2 = Mafic and ultramafic intrusive complexes; 3 = Granulites; 4 = Orthogneisses; 5 = Undeformed Variscan granites; 6 = Cadomian (600-550 Ma.), mostly undeformed granites; 7 = Metamorphosed units ('" 2000 Ma.); Ba = Faults, b = Thrusts; 9 = Upper
Proterozoic, mostly weakly metamorphosed rocks; 10a = Stretching lineations related to older shearing event, b = Normal fault stretching lineations; 11 = Principal ductile strike-slip zones; 12 = Principal thrusts; 13 = Strike and dip of normal faults in extended areas; 14 = Strike of fold axes in transpressed regions; 15 =
Zones of the Cadomian calc-alkaline granites and older migmatites.
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Table 1.
Phanerozoic
rocks in the principal
tectonic
units of the Bohemian
Massif.
E = eclogites,
G = granulites,
GS = garnet serpentinites,
GA = Garnet amphibolites,
MG = migmatites,
MS = micaschists,
MA = marbles.
Moldanubicum
Lower
Upper

Proterozoic

Bohemicum

0

=

orthogneisses,

Moravicum

P

Thuringicum

=

Paragneisses,

- Lugicum

Siltstones, shales,
conglomerates,
bimodal volcanics

Cambrian

Conglomerates,
Acid volcanics

Conglomerates,

shales,

Quartzites,

marbles

shales

Ordovician

Quartzites, shales,
mafic volcanics

Silurian

Shales, limestones,
mafic volcanics

Shales, limestones

Limestones,

Conglomerates,
shales,
quartzites, bimodal volcanics,
marbles and limestones

Marbles,
shales

Conglomerates,
graywackes,
shales
Arcoses, coal seams

Conglomerates,

shales

Conglomerates,

acid volcanics

Devonian

shales

Marbles?
Lower

Carboniferous
Upper
Metamorphics

Arcoses,
E, G, GS, GA, 0
P, MG, MS, MA

coal seams

MS, A

BARD et al. (1980). BEHR (1978, 1980), MAnE (1983) and
others. It is probable that a significant amount of preVariscan crust and relatively minor amounts of oceanic
crust were involved in the Hercynian structures,
as
suggested by BADHAM (1982) and CHALOUPSKY(1986).
Chronological
correlation
of kinematical
phases over
various units-terranes
is needed. From this point of
view, the position of the Bohemian Massif in the European Variscides is crucial and demonstrates
that the
development of European Variscides is not yet fully understood.
Nevertheless,
the
geological
evidence,
(KREBS, 1977; ZOUBEK et aI., 1988) and existing geochronological
data (VAN BREEMENet al. 1982) yield features comparable to other parts of Hercynian Europe,
e.g. 2 B.Y. old paragneisses, calc-alkaline and alkaline
magmatism
of Cadomian age and Variscan shearing
events followed by formation of large granitic batholiths.
The aim of this paper is to demonstrate that the determination of the Variscan kinematic history in the various segments of the Bohemian Massif can be carried
out using markers (MARQUER, 1990) such as coarsegrained, alcali-feldspar
granites that are mostly transformed into orthogneisses and which are present in several parts of the Bohemian Massif: ego Erzgebirge,
Moldanubian
(SVOBODA et aI., 1966), Moravian zone
(LELAZNIEWICZ, 1988), Rumburk granite (OBERC-DzIEDZIC, 1988) and others. A typical example with the bestpreserved
original features is the Choustnfk
orthogneiss that characterizes
the tectonics of the Moldanubian region.

2. The Moldanubian
of the Bohemian Massif
and Geological Setting
of the Choustnrk Orthogneiss
High grade regional metamorphism
at garnet amphibolite conditions, the frequent occurrence of granitic intrusions, cordierite migmatites and the sillimanite
rich paragneisses as well as the lack of unmetamorphosed older Palaeozoic sedimentary cover, are typical

G, E, MS, GA, P, MG, MA, GA,

°

bimodal

volcanics,

E, G, GS, 0, P, MG, MS, MA, GA

of the whole Moldanubian area (ZOUBEK et al., 1988).
The area is divided by the Central Moldanubian pluton
into two parts; the eastern part contains mostly N-S
trending lineations and is not affected by NW-SE lineations that are related to normal ductile faulting and
which are characteristic
of the western part, occurring
just prior to and partly contemporaneously
with the
granite intrusions.
Two principal groups of paragneisses, the Varied and
Monotonous
groups with and without "varied" inclusions
such
as
marbles,
amphibolites,
graphitic
quartzites
etc., can be distinguished
in the western
part. In addition to paragneisses,
extensive areas of
micaschists occur here (Fig. 2), but they do not occupy
a unique structural
geometrical
position.
They are
found in an inverted metamorphic position beneath the
granulites in the southern Moldanubicum
which have
been thrust in the earlier Variscan from N to S , similar
to the major suture in the French Massif Central where
thrusting
of the amphibolite-leptynite
rocks
over
micaschists
has been described in the Marvejols area
(MAnE & BURG, 1981). Another micaschist
area is
found in the region of E-W ductile faults fanning to the
West in the Centre of the Moldanubian
(Fig. 2). This
micaschist
unit formed of muscovite-biotite
and two
mica paragneisses contains numerous "varied" inclusions such as marble, calc-silicate
rocks, amphibolite
:t garnet, granite, eclogite,
and orthogneiss
(STUR,
1858; ANDRIAN, 1863; KLECKA et aI., 1986). It is here
that the Choustnik orthogneiss
crops out.

2.1. Geology and Petrology
of the Choustnfk Orthogneiss
and of the Host Rocks
A number of muscovite-biotite
orthogneiss
bodies,
several kilometres in size, within the foliation of the
surrounding
paragneisses and mica-schists
are found
in the vicinity of the villages of Choustnfk and Mlyny
(Fig. 3). The general direction of the long axis of these
bodies is NE-SW to E-W, following the general stnke,
orientation of the outcrop of micaschists
which show
northerly dips up to 45°. The whole belt is accom581
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Text-Fig. 3.
Geological map of the Choustnik orthogneiss, after ZIKMUND (1983), modified.
1 c Alluvial plains; 2 = Deluvial aprons; 3 = Rock taluses; 4 = Neogene sediments; 5 = Quartz lodes; 6 = Aplites, leucogranites; 7 = Orthogneisses; 8 = Isotropic
alkali - feldspar granites; 9 = Muscovite-biotite paragneisses - micaschists; 10 = Muscovite-biotite micaschists with varied inclusions; 11 = Biotitic quartzites;
12 c Marbles and erlans; 13 = Eclogites; 14 = Amphibolites; 15 = Faults verified and presumed; 16 = Petrographical boundaries; 17 = Strike and dip of foliations;
18 c Structural borehole.

panied by ultramafic and mafic rocks such as eclogites, serpentinites
and garnetiferous
amphibolites,
which also define one of the important tectonic contacts between the micaschists on the NW and paragneisses to the SE within the Moldanubian. In spite of
their textural and structural
diversity (KREJCi, 1877;
$AFRANEK,1878; BERNARD,1909; CECH et aI., 1962), the
orthogneisses show a rather homogeneous mineralogical composition
and can be classified (considering
their position in the AQP diagram, lUGS subcomission
1973) as alkali-feldspar granites, with some points failing in the syenogranite field. In their mafic mineral
contents, they lie on the boundary between leucocratic
and normal granites. The textural diversity of the rocks

is a result of the degree and age of shearing and of the
degree of later recrystallization.
The groups of relict
granites and porphyries :can be distinguished in principle from the group of orthogneisses.
The porphyric
muscovite-biotite
granites contain quartz, microcline,
albite, biotite and muscovite with accessories such as
plagioclase, tourmaline,: apatite, zircon and ore minerals. The automorphic
K feldspar/orthoclase
phenocrysts with 1.5x3 cm grain size are composed mostly of
a fine-grained mixture of albite and microcline with relics of K-feldspars (ZIKMUND, 1983). Recrystallized nuclei of perthites are occasionally
preserved. The feldspars in the matrix were affected in the same manner.
Quartz forms the xenomorphs, with clear smoky grains,

Text-Fig. 2. Schematical geological map of the western part of the Moldanubian.
....
1 c Lower Cambrian conglomerates; 2 = Cretaceous basins; 3 = Permian sandstones; 4 = Hercynian granites; 5 = Melanocratic biotite and amphibole granites
and syenodiorites; 6 c Limestones; 7 = Quartzites in metamorphic units, Or = Ordovician quartzites in Barrandian and roof pendant of Central Bohemian pluton;
8 c Mafic rocks and volcanites, a = Unmetamorphosed volcanites in older Paleozoic, S = Eclogites and garnet peridotites, b = Amphibolites; 9 = Upper Proterozoic felsic and bimodal volcanites; 10 = Unmetamorphosed or weakly metamorphosed Upper proterozoic sediments; 11 = Micaschists; 12 = Orthogneisses; 13 c
Paragneisses and migmatites with strike and dip of fOliations; 14 = Granulites; 15: a = Thrust and normal faults, b = Faults, c = Low angle normal faults; 16 =
Area studied.
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K-graph of the measured strain ellipsoids.

RAJLlCH (1989) (see Table 2, Fig. 8). The linear data
array corresponding
to identical initial ellipticity was
chosen from the measured set and the regression line
was fitted. The tightness of the fit is controlled by the
correlation coefficient (Table 2). The strain ellipsoids
plot into the constrictional,
plane strain and flattening
fields (Fig. 9). The initial ellipticity (Ri = mean long and
short axis ratio) of feldspar phenocrysts is around 2.
The largest strain found corresponds to a f-value of
3.6. Although the younger shear zones were avoided
the contribution of this stage to finite strain state may
be also important. Therefore use of this value for the
thrust transport estimation must be taken with caution.
Applying the method of stress analysis of ARTHAUD
(1969) and GAPAIS et al. (1987) for the younger shear

Table 2.
Strain data for the Choustnfk
N

orthogneiss.

Rs

Ri

r

a

N

Rs

Ri

r

1

Xl

17/17

4.57

1.78

0.99

- 0.16

Yl

43/35

3.43

2.10

0.98

2

XY

30/16

2.78

1.96

0.98

17.95

YZ

78/62

5.47

2.25

0.99

a
13

- 1.62

K

D

Y

0.39

1.26

1.67

0.51

1.98

3.64

3

XZ

70/45

6.20

2.27

0.98

8.90

XY

28/23

3.51

2.01

0.99

2.73

1.98

1.38

2.08

4

Xl

69/66

7.95

2.12

0.99

- 0.79

Yl

39/26

2.50

2.29

0.93

10.24

1.27

1.48

2.46

5

XZ

55/45

10.04

2.16

0.99

7.07

6

XZ

79/70

8.96

1.99

0.99

1.27

XY

37/32

3.98

1.76

0.99

- 2.55

4.32

1.86

2.66

1.95

YZ

49/28

3.32

2.23

0.98

- 5.75

0.62

1.40

2.24

YZ

48/43

5.17

1.74

0.99

5.05

0.20

1.64

1.92

7

Xl

52/41

6.87

2.00

0.99

8*)

XZ

28/20

5.50

2.04

0.99

8.20

4**)

Yl

19/16

3.34

1.90

0.98

15.42

9**)

XZ

18/15

3.81

2.12

0.98

17.19

') Tourmaline
") quartz.
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nodules.

2.86

1.44

N
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Text-Fig. 10.
Stress axes orientation for the normal faulting shearing in the diagram of
poles (8 axes) to M-planes of ARTHAUD (1969).
2 through 1a % density isolines of 46 points.

zones, the concentration of M-planes in the NW-SE direction indicates 01 vertical and 02 subhorizontal
as
well as plane strain symmetry for the shear zones spatial distribution (Fig. 10). This later stage can be interpreted as bulk simple shear normal faulting.
A characteristic
feature of the younger shear zones
is also a steep shear strain gradient (Figs. 11,12), indicating a rapid increase in. ductility (softening) in the
narrow movement zone, comparable to the necking of
metals (DIETER, 1976). Temperatures above 550°C can
be supposed for this deformation (GAPAIS, 1989). This
could probably be accounted for by upward fluid migration and a consequent temperature increase with incipient melting facilitated by the fracturing of rocks
during shear zone initiation '(WHITE, 1984). The poikilitic
tourmaline
found inside the shear zones (Fig. 6A,B)
originated at the same time.

2.4. Quartz c-axes

Preferred

Orientation

The quartz c-axes preferred
orientation
patterns
(Fig. 13) from ductile normal faults in the orthogneiss,
are similar to the patterns found in natural (KNIPE &
LAW, 1987; VAUCHEZ,1987; LEE et aI., 1987) and experimental (DELL'ANGELO & TULLIS, 1989) shear zones. The
cross-girdle
pattern (Fig. ~3-403) is symmetrical
with
respect to the main foliation. The density distribution of
the c-axes on the girdles is not uniform, as is typical
for non-coaxially deformed rocks. Distinctive high and/
or low density zones accentuate the asymmetry in the
direction of the shear similar to the asymmetrical single
girdle
pattern
(Fig. 13-221).
The
single
density
maximum pattern (Fig. 13-417) is similar to the fragmented single girdle pattern found by LEE et al. (1987)
in sheared quartzites of the Northern Snake Range,
Nevada
and,
compared
to the
experiments
of

5
,
~.
i

o

b:&l:$

Text-Fig. 11.
A r -curves of the measured shear zones with their width normalized to 1.

DELL'ANGELO & TULLIS (1989), it is typical for a transpressional deformation in which shear strain (r) = 2.9
and pure shear compression (t) = 60 %.
The c-axes orientation diagrams from the quartzites
from the zone of ductile strike-slip show mostly strong
obliquity and left hand shear sense and the compoundmultistage fabric. The pattern found with exception of
the diagram Fig. 14G,H, can be related to c-axes orientation obtained by RALSER et al. (1991, Fig. 9) from
coaxially strained quarz mylonite. The diagram 13 G resembles to crossed-girdle
pattern and the diagram 14
H to pure shear models (LISTER & HOBBS, 1980).

2.5. The Shape of the Orthogneiss
from Gravity Interpretation

Body

The interpretation
was based on the density data
(Table 3) of BEDNM & FRYAKOvA(1971), ZIKMUND (1980)
and on the best quality
density
data from the
Choustnik-1
and Choustnik-2
300 and 400 m deep
587
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Text-Fig.12.
Plot of the displacement vs. shear lone thickness in the younger shear lone.

boreholes. The differential density of the orthogneiss
slightly decreases with depth. Considering the density
distribution
and
geological
structure,
the
value
-0.090 gcm-3 was chosen for interpretation.
Filtration
by hand-smoothing
was performed
on
Bouguer maps where ored = 2.69 gcm-3. Great accuracy
is essential as the total course of isanomals in the
study area and the wide range of wavelengths do not
allow explicit definition of the shape of the regional
gravity field. In addition, the actual gravity effect of the
orthogneiss body (first unit of ~ms-2) is hard to distingish from the noise. Of the possible solutions, three
types of regional field with slightly different curvature
were chosen for quantitative interpretation.
The axis of the gravity low in the area changes from
SW-NE to S-N. Judging from the character of the residual fields, the dimension of the tectonic klippes of
the orthogneiss body grows with depth and the body
Table 3.
Density data

from

Depth interval
Im]

the Choustnfk

orthogneiss.
Number
of cores

Rock type
Borehole

0-34.5

(137.8)

137.8-247.2
257.7-292.5

Garnet amphibolite
Migmatized

paragneiss

Orthogneiss
Borehole

0

-

94.5

109.9-403.7
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extends beneath the surface in the S-N direction, across the boundaries defined by the geological mapping.
Three lines were drawn so as to pass through the
above-mentioned
boreholes. Quantitative interpretation
was subsequently performed on a HP-9845 desk-computer using the Talwani method for a two and a half dimensional body, i.e. a body given in the plane by the
X-coordinates,
h for intersections of edges and limited
in the direction of its prolongation by vertical planes at
respective distances. The inverse problem was solved
for the real course of terrain. The results illustrated in
Figs. 15A-F depict the models with the best agreement
between the measured and the calculated curves.
The Choustnfk orthogneiss
body has an approximately plate flat "undulated" shape and dips gently to
NW-N with an approximate
angle of 15° in concert
with its interpretation
as a klippe of the, tectonically

Orthogneiss
Migmatized

paragneiss

Average density
[g/cm3]

Porosity
[%]

Choustnik-1
4

3.18

3.19

0.425

14

2.72

2.73

0.48

5

2.64

2.66

0.78

9

2.61

2.64

1.38

16

2.73

2.75

0.55

Choustnik-2

z

z

x

x

z

z

x

x
Text-Fig.13.
C.axes preferred orientation patterns in the tectonites of younger shear
zones.
Number of measurements
in the lower right-hand corner, 1 % contours interval.

dismembered original batholith emplaced during thrust
tectonics.
The original thickness
should be at least
several kilometers (VIGNERESSE,1988).

coarse grained portions of the granite. Rb and Sr contents were determined by the isotope dilution method
and decay constants of 87Rb = 1.42 x 10-11an-1 was
used. Analytical details can be found in PEUCAT et al.

(1988).
2.6. Rb-Sr Dating
To date, only the Bechyne orthogneiss (FEDIUK, 1976)
has been dated in this area of the Central European
Hercynian belt (VAN BREEMENet aI., 1982). The orthogneiss belongs to a distinct thrust zone some 25 km
distant from the zone containing the Choustnfk orthogneiss. Moreover, the significance of the Rb-Sr age of
489:t 19 Ma. for this unit is not clear because of the
possible opening of isotopic system during shearing.
The relatively undeformed
granites from the central
part of the Choustnfk orthogneiss, however, can constitute material suitable for the dating of the intrusion
age. Other determinations
can be carried out simultaneously such as: the lower age limit of the shearing
of the orthogneiss and the surrounding rocks, checking
the previously
reported
Ordovician
data from the
Bechyne orthogneiss
and dating of later Hercynian
metamorphism.
Seven samples of isotropic granites and two sheared
granites were analyzed. Powders were obtained from
crushing large fresh samples (30 to 50 kg) from the

Nine samples gave an isochrone age of 459:t10 Ma.,
with an initial ratio of 0.712:t2 and MSWD of 5 (Fig. 16,
Table 4.
Rb-Sr analyses of the whole rock samples of the Choustnfk
orthogneiss.
8414 to 8431 = undeformed
samples;
8435 and 8438 =
sheared granites.
87Sr/88Sr
[:t2 am]

Rb
[ppm]

Sr
[ppm]

87Rb/86Sr

8414

425

21.1

60.9

1.11254 :t

8

8420

471

21.5

65.9

1.13700 :t

7

8424

531

11.6

8425

466

21.7

8426

460

11.8

8427

246

51.2

8431

508

14.2

8435

260

70.45

8438

185

70.6

Samples

145
64.7
122
14.0
111
10.8
7.63

1.6475

:t 12

1.13448 :t
1.5085

7

:t

4

0.80809 :t

4

1.4509

:t

3

0.78075 :t

5

0.76242 :t

6
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z

z
-x

Text-Fig.14.
Coaxes preferred orientation in the NE-SW
stretching lineation bearing quartzites.
E + 20 contours interval; number of measurements in the lower left-hand corner.

-x

x

x

z

Table 4). The high 87Sr/86Sr initial ratio indicates a large
degree of ancient crustal reworking at the source of
the granite. Sheared samples do not show any evidence of opening of the Rb-Sr system. Although
strongly supported by the dated Lower Ordovician extensional magmatism in surrounding areas the age obtained is interpreted here as the minimal intrusive age
because of the high Rb/Sr ratio in the orthogneiss
which can lead to the age underestimation
(PIN, in
print).
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z
2.7. K-Ar Cooling Ages
of Muscovite and Biotite
Three rock types, i.e., relict coarse-grained
graniteporphyry (CH-03), fine grained central part of the subvertical shear zone in the relict granites (CH-05), and a
fineto
medium-grained
xenolith
in metagranite
(CH-07), Table 6, were chosen for the analyses. The
fresh rock samples
(30-50
kg) were crushed
to
0.4-0.215
and 0.25-0.125 mm grain size fractions;
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micas were separated on a Rapid and Cook electromagnetic
separator
and
further
purified.
The
analyses were carried out using the volumetric and the
isotope dilution methods. The model ages (Table 5)
Text-Fig.16.
Rb-Sr isochrone diagram of the Choustnik
orthogneiss.
The sample numbers are identical with the
sampling points in Text-Fig. 3.

SOO

2~d113l~14~5

~

Te!(t-Fig. 15.
Quantitative interpretation of gravity data.
A:
Complete Bouguer anomalies in the study area.
The values of isolines are in
llms-2,
circles
designate
points of gravity measurements. Isolines are plotted at
intervals of 2.5 ~lms-2.
B)
Residual gravity field after
hand separation.
Positions of boreholes Ch-1
and Ch-2 and positions of
lines for quantitative interpretation are plotted. Values
of isolines (negative: dashed
line; positive: solid line) at
intervals of 2.5 ~ms-2.
C,D,E) Results of quantitative interpretation on lines A, B, C.
In the upper part there are
gravity curves, situation of
boreholes and points of intersection of lines. Geological patterns are illustrated in
the lower parts of the figures
as calculated from gravity effects on lines A, B, C by inverse gravity problem. The
orthogneiss body is designated by oblique shading, an
amphibolite body by dense
vertical shading. Vertical exaggeration by 2.5.
F)
Cross-section of the Choustnik orthogneiss, C-C line in
Text-Fig. 3.
1 = Relict granites; 2 = Orthogneisses; 3 = Muscovite-biotite
paragneisses; 4 = Eclogites; 5 = Thrusts
and normal faults.

were calculated using the decay constants suggested
by STEIGER & JÄGER (1973). Chemical analyses of the
rock samples are given in Table 6.

7+

87Sr / 86Sr

1.5
1.4
1.3

1.2

*'
/8426
,.f 8431

459:t 10 Mo
{ 10 = 0.712:t 2
MSWD=5
8425*8420
*8414

1.1

1.0
0.9
0.8
0.7

8427
.v+8435
¥8438
20

40

60

80

100

120

140
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Table 5.
Geochronological analyses of muscovites and biotite from the Choustnik orthogneiss.
8435 and 8438 = sheared granites.

8414 to 8431

=

undeformed samples;

Sample

Analysed

4oAri.d.
[10-12N.m3.g-11

4oArv.
[10-12N.m3.g-11

[%1

CH-03 (relict coarse grained granite porphyry)

Muscovite

97.83

95.61 :t 0.59

7.63:t 0.08

303:t 3 297:t 6

CH-05 (fine grained central part
of the subvertical shear zone)

Muscovite

89.22

90.76:t0.97

7.73:t0.09

275:t 3 279:t 6

Biotite

98.55

101.88:t 0.89

7.44:t 0.08

312:t3

CH-07 (medium grained metagranite; xenolith)
4oAr,.d.• ti.d. = argon and age determined
by the isotope
40Arv., tv. = argon and age determined
by the volumetric
Ma = 106 m. y.

3. Discussion
The Rb-Sr age of the Choustnik orthogneiss
is comparable with the 489:!: 13 Ma. age for the Bechyne orthogneiss
(VAN BREEMEN et aI., 1982) and especially
with the Ordovician
volcanites
of the Kfivoklat
Rokycany area (490 Ma., VIDAL et aI., 1975, Table 7).
We consider this as supporting
evidence for a Sardian,
Bohemian, or Lakslandian (MiSAR et aI., 1983) magmatic event in the crystalline rocks of the Bohemian Massif. Similar orthogneisses
are, in fact, found in several
places
(Sneznik
orthogneiss
487 Ma. :!: 11, VAN
BREEMEN et aI., 1982) and they are generally
very
coarse-grained.
They can be tentatively
explained
as
the deep crustal parts of the Upper-'Cambrian
- Lower
Ordovician
volcanic rocks.
The age of Variscan
shearing
of the orthogneiss
which occurs in the vicinity of eclogite bodies is constrained
by the preliminary
data on the eclogite

Table 6.
Chemical analyses of the investigated rocks.
Analyst: M. HUKA et aI., Geological Survey Prague.

5i02 [%]

75.83

76.39

73.98

0.14

0.17

0.41

AI203

12.52

12.67

13.27

Fe203

0.07

0.41

0.14

FeO

1.29

1.28

1.74

MnO

0.027

0.028

0.034

MgO

0.25

0.37

0.30

CaO

0.44

0.41

0.68

Li20

0.022

0.024

0.026

Na20

2.78

2.32

3.09

K20

4.75

4.90

4.49

P20S

0.19

0.19

0.16

CO2

0.01

0.01

0.02

C

0.05

0.06

0.04

H2O+

0.77

1.00

0.77

F

0.18

0.22

0.21

5

0.03

0.02

0.02

H2OF - ekv.*)

0.12

0.13

0.20

99.47

100.59

99.58

0.09

- 0.09

100.49

99.49

- 0.08

') Correction

for fluor/oxygen

ratio.

Age

M.S.W.D.*)

Initial

490:t 14

11

0.7041

487:t 11

592

-

99.39

Total

489:t 13
338:t 8 - 326:t 9

(VANBREEMEN
et aI., 1982)
Muscovites

deviation.

") The age of this orthogneiss
was recalculated
All ages are calculated
using the same 20 error

CH - 07

Ti02

5neinik orthogneiss (VANBREEMENet a!., 1982)
weighted

CH - 05

CH - 03

459:t 10

standard

322:t 6

metamorphism
in the Bohemian
Massif
(338 Ma.,
Dobesovice;
374 Ma., Nihov; BRÜCKNER et aI., 1989),
Nd-Sm data (by 330 Ma), U/Pb in zircons (PEUCAT, preliminary data), by the 330 Ma. Rb-Sr age of muscovites

Choustnik orthogneiss (this paper)

') Mean

tv.
[Mal

rocks of the Bohemian Massif.

Krivoklat-Rokycany
Upper Cambrian rhyolites and porphyries (VIDALet aI., 1975)
Bechyne orthogneiss")

ti.d.
[Mal

dilution
method.
method.

The new K-Ar ages date the cooling to the blocking
temperatures
of the system (DODSON, 1973) which are
assumed
for biotite
to be 300-345°C
(DALLMAYER,
1978), 300:!:50°C (WAGNER et aI., 1977) or 270°C (HARRISON et aI., 1979); The muscovite
blocking temperature is estimated to be 380°C by JÄGER (1973). The decrease to these temperatures
in the Choustnik
orthogneiss occurred
at 280 Ma.; the other ages obtained
(303 and 312 Ma) are thought to be influenced
by Ar
contamination.
The Rb-Sr dating of the muscovite
in the similar
Bechyne
orthogneiss
by VAN BREEMEN et al. (1982)
yielded an age range of 326 to 338 Ma. The decrease
of 100-200°C
(the blocking temperature
of the Rb-Sr
system in muscovite was estimated at 500°C by FAURE,
1987) in this area probably
corresponds
to a 30 to
50 Ma. time span.

Table 7.
Rb-Sr ages and other data of Ordovician

K

after the data
program.

in Table

3 of VAN BREEMEN et al. (1982).

8.8

0.7068

5

0.712
0.7069

Table 8.
Age relationships of rocks in the Choustnik area.
Age

Eclogites
Micaschists (11 in Fig. 2)
Garnet amphibolites

N-S to NW-SE thrusting
Durbachites (5a,b in Fig. 2)

336
330

Shearing events and structures

Choustnik and Bechyne granites

460-490
370-390

Intrusions

Metamorphism

Cooling

NW normal faulting

Non deformed granites (4 in Fig. 2)
Closing of K/ Ar system

280

in the Bechyne orthogneiss (VAN BREEMENer aI., 1982),
and by the 336 Ma. 39Ar/40Ar age of normal faulted durbachites (MATTE et aI., 1990).
The most reliable shear criteria for the earlier (thrusting) kinematics - left hand shear sense for the NE-SW
oriented subhorizontal lineation in the northwesterly inclined foliation (Fig. 15) - provided the quartzites found
northerly of the orthogneiss. The bulk kinematics in the
earlier stage of shearing is thus top to S-SE thrusting
of micaschists over paragneisses with granites and eclogites at the boundary.
The two N-S to NW-SE and NE-SW trends of the
stretching lineation can be interpreted in terms of the
structural
fan (EMMONS, 1967) and/or transpression
(RAMSAY& HUBER, 1987) leading to thrusting in the earlier stage in the sinistral strike-slip zone. This zone
later underwent
a crustal
extension
followed
immediately by the intrusion of large bodies of Hercynian
undeformed granites.

BADHAM,J.: Strike-slip orogens. An explanation for the Hercynides. - J. Geol. Soc. london, 139, 223, 493-504, london 1982.
BARD,J.P., BURG,J.P., MATTE,PH. & RIBEIRO,A.: la chaine
hercynienne d'Europe Occidentale en termes de tectonique
des plaques. - Mem. B.R.G.M., 108, 26 IGC, C.6, 233-246,
Paris 1980.
BEDNM, J. & FRIAKovA,0.: Gravity measurements on locality
Choustnik. - MS Geofyzika (unpublished report), Brno
1971.
SEHR, H.J.: Subfluenzprozesse im Grundgebirgsstockwerk
Mitteleuropas. - Z. Dtsch. geol. Gesell., 129, 283-318,
Hannover 1978.
BEHR,H.J.: Subduktion oder Subfluenz im Mitteleuropäischen
Varistikum. - Berl. Geowiss. Abh., R. A., 19, A. Wegener
Symposium, 22-23, Berlin 1980.
BERNARD,
A.J.: Geological formations and rocks in surroundings of Tabor. - Vyr. Zpr. C. k. Gym. r. 1908-1909, Tabor
1909 (in Czech).
BRÜCKNER,
HK, MEDARIS,l.G.Jr. & BAKUN-CZUBAROW,
N.: Nd
and Sm age and isotope patterns from Hercynian eclogites
and garnet pyroxenites of the Bohemian Massif and the
east Sudetes. - Terra Cognita Abstracts 1, Abstr. 10, p.4.,
Strassbourg 1989.

4. Conclusions
The 90 m thick thrust klippe of the pre-Variscan
Choustnik (460 Ma.) porphyry granite of crustal origin
in the Moldanubian
of the Bohemian
Massif was
sheared in two principal Variscan events; firstly in
NW-SE to N-S oriented thrusting and by later normal
faulting. The latter event in the amphibolite
facies
metamorphism
was followed by 330 Ma. intrusion of
undeformed granites. This orthogneiss provides an example of the Variscan polyphase kinematics of the
Moldanubian terrane of the Bohemian Massif.
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