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Abstract--Variscan nappe stacking at the southeastern margin of the Bohemian Massif is a polyphase process 
implying a progressive modification of the deformation regime from thrusting to wrenching, associated change of 
finite strain axes orientations and progressive downwards migration of thrust, or wrench, planes. A first high- 
temperature deformation phase (D1) is related to nappe stacking of Moidanubian units in a NW-SE direction; it 
is recorded only in these units. D 2 corresponds to the piling of the Moldanubian units over the Moravian ones 
producing internal nappe stacking of the latter and a first medium-temperature mylonitization of Thaya 
basement rocks. The main feature of this stage is a switch in finite strain axes orientation and northeastward 
transpressional sheafing. Strain partitioning is important within the Moravian nappes and implies alternation of 
plane strain, oblate, and constrictional, fabrics. D3 is also a phase connected with strong non-coaxial NE-directed 
sheafing. It is concentrated in zones of weakness and causes reactivation of older structures. The structural 
pattern strongly depends on the position in the nappe pile: strike-slip tectonics dominate near the resistant 
eastern Cadomian basement border, foliation-parallel extensional reactivation producing large-scale folds is 
typical in Moravian nappes, while extensional tectonics prevail in the uppermost Gf6hl nappe. Large-scale st1 ain 
partitioning during D2 stacking of Moravian nappes and the extension of the upper part of the nappe pile during 
D 3 reactivation are mechanically controlled by a lateral ramp basement geometry along the Bruno-Vistulian 
Cadomian foreland. 

INTRODUCTION 

THE eastern margin of the Bohemian Massif corre- 
sponds to the front of the Variscan collisional belt where 
it is in contact with the Cadomian continental block 
(Bruno-Vistulian basement) (Fig. la). Here, the thrust 
units are stretched in a NE-SW direction, parallel to the 
ancient continental margin (Rajlich 1987, Schulmann et 
al. 1991). Structural data support a polyphase stacking 
of nappes, evolving from thrusting to wrenching. A 
dominant role in shaping of the resulting structures is 
played by the lateral-ramp geometry of (para) autoch- 
thonous units. The aims of this contribution are: (1) to 
describe the lithotectonic zonation of the Variscan 
nappe pile at the southeastern margin of the Bohemian 

Massif; (2) to define the polyphase syn-metamorphic 
stacking of thrust sheets connected with the Variscan 
convergence; and (3) to characterize the contrasting 
styles of reactivation of the autochthonous and lower-- 
and upper--allochthonous units during late tectonic 
movements. 

MAIN LITHOTECTONIC ZONATION OF THE 
NORTHERN TERMINATION OF THE THAYA 

DOME 

The crystalline complexes at the eastern margin of the 
Bohemian Massif have been subdivided by SueRs (1912, 
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Fig. i. (a) Position of the studied area in the European Variscides. (b) Geological map of the studied area (after Frasl et al. 
1977). (c) NW-SE cross-section with indicated DI, D2 and 0 3 thrust-wrench planes. 1, Thaya granite; 2, Bfte~ and 
Weitersfeld orthogneisses; 3, phyllites (Outer Phyllites, Pleissing nappe and roof of Thaya granite); 4. calc-silicate rocks of 
Pleissing nappe; 5, Monotonous nappe; 6, Gf6hl granulites; 7, anatectic granite; 8, migmatities; 9, metapelites; 10, 
ampbibolites; 11. marbles; 12, mica-schist zone; 13, Neogene; 14, D1 thrusts; 15, D2-3 thrust-wrench planes; 16, normal 

fault. 

1926) into two principal units, Moldanubicum and Mor- 
avicum, which differ in metamorphic grade and style of 
deformation (Fig. lb).  According to this concept the 
Moldanubicum, consisting of high-grade metamorphic 
rocks, has been overthrust on medium-grade Moravian 
crystalline rocks which appear now as a large-scale 
tectonic window called the Thaya Dome.  Three main 
zones are defined in the Thaya Dome area (Preclik 1925, 
1926). From top to bot tom (or from west to east) these 
are the Moldanubian zone, the Moravian zone and the 
Bruno-Vistulian basement (Figs. lb & c and 2). 

The Moldanubian zone, composed of high-grade 
rocks with relics of high-pressure metamorphism, is 
divided into four units: the Gf6hl, Monotonous and 
Drosendorf  nappes, and the Micaschist zone. 

The Gf6hl nappe consists of sillimanite- and garnet- 
bearing banded paragneisses associated with numerous 
intercalations of calc-silicate rock, marble, amphibolite, 
eclogite and felsic granulite (Mat6jovsk~ 1975). The 
significance of partial melting increases towards the east 
where anatexites and leucocratic migmatites dominate. 

The Monotonous nappe consists of biotite-sillimanite 
paragneisses with intercalations of quartzite and amphi- 
bolite. Granulite bodies are rare. 

The Drosendorf  nappe contains a sequence of parag- 
neiss, amphibolite, marble, calc-silicate rock, quartzite 

and graphite-bearing schists (Jen~ek & Dudek 1971). In 
its lower part there is a typical leptynoamphibolite 
complex of several hundred metres in thickness. Relics 
of high-pressure metamorphism are so far unknown. 
The base of this nappe is marked by a NW-trending 
syntectonic intrusion of leucocratic anatectic peralumi- 
nous granite. Structurally below the Drosendorf  nappe 
lies a tectonic slice of Gf6hl granulite and metagabbro. 

The Micaschist zone represents the most important 
interface between the Moldanubian and Moravian zone 
(Suess 1912, 1926, Johan et al. 1990, Schulmann et al. 
1991). It consists mainly of garnet-kyanite-stauroli te 
micaschist that includes some garnet-amphibolite 
bodies. In the northern part of the Moravian zone, the 
existence of an early high-pressure metamorphic stage is 
shown by the presence of talc-kyanite assemblages and 
relics of staurolite--chloritoid in almandine (Lardeaux et 
al. 1991). 

The Moravian zone lies structurally below the alloch- 
thonous Moldanubian terrane. Two large-scale nappe 
structures have been distinguished within the Moravian 
zone (Preclik 1925, Waldmann 1930); the Bfte~ ortho- 
gneiss nappe and the Pleissing nappe. 

The Bfteg orthogneiss nappe (Figs. 1 and 2) consists of 
leucocratic Bites orthogneiss and its country rock, the 
Outer  PhyUite unit. The protolith of the orthogneiss was 
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probably of Cadomian age as is indicated by divergent 
Rb-Sr dates of 790 Ma (Scharbert 1977) and 560 Ma 
(Morauf & J~iger 1982). In its upper part, numerous 
intrusions of sheeted sills of the Bfteg orthogneiss pene- 
trate a varied metasedimentary succession of the Outer 
Phyllite unit, proving its intrusive character. The Outer 
Phyllite unit contains numerous intercalations of calc- 
silicate rock, tremolitic (commonly graphitic) marble, 
quartzite, garnet amphibolite and rarely garnet- 
kyanite-staurolite micaschist. 

The Pleissing nappe (Figs. I and 2) consists of metape- 
lite and numerous intercalations of impure marble, calc- 
silicate rock (Fugnitzer Kalksilikatschiefer) and amphi- 
bolite. The strongly deformed body of Weitersfeld 
orthogneiss lies at the base of the nappe. Sheets of 
Weitersfeld orthogneiss cut the metapelitic roof, the 
structures of the orthogneiss and host rock being pre- 
sently concordant (Preclik 1926). 

The Bruno-Vistulian basement (Dudek 1980) is rep- 
resented by mostly granitic to granodioritic Thaya pluto- 
nic complex (Figs. 1 and 2) of Cadomian age (550 Ma, 
Rb-Sr, Scharbert & Batfk 1985). Metasedimentary 

rocks at the roof of the Thaya granite are interpreted to 
be the original host rock of the Thaya granite (Preclik 
1925, 1926, Frasl et al. 1977, 1990, Frasl 1983). It is 
composed of biotite-garnet micaschist, metagraywacke, 
hornfels and hornfels-quartzite; rare migmatites were 
described by Preclik (1926) and Hfijek (1990). Similar 
rocks form N-S-trending xenoliths in the central part of 
the Thaya granite. Thus, the metasedimentary rock in 
the roof of the Thaya granite exhibits remnants of late 
Proterozoic amphibolite facies metamorphism (Preclik 
1926, Frasl 1983). Along the easternmost part of the 
Thaya granite, the transgressive Devonian sedimentary 
cover is preserved (Dudek 1960). 

TECTONIC EVOLUTION OF THE EASTERN 
MARGIN OF THE BOHEMIAN MASSIF 

Main features of the tectonic evolution of the area 
were described by Suess (1912) in his concept of east- 
ward overthrusting of a high-grade Moldanubian slab 
over the Moravian foreland producing classical inverted 
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Fig. 2. Lithostratigraphic zonation in the southeastern margin of the Bohemian Massif. g, biotite-sillimanite paragneiss; 
migm, migmatites; amf, amphibolite; q, quartzite; c, marble; gr, granulite; grin, migmatized granulite; ecl, eclogite; m, 
micaschist; G, orthogneiss; Gb, Bfteg orthogneiss; Gp, Weitersfeld orthogneiss; cf, calc-silicate rocks; ym, mylonitized 
granite; VP, heterogenously deformed granite; 7b, undeformed biotite granite; mi, Cadomian migmatite; Da, Devonian 
clastics; 91, D~ thrust zones in the Moldanubian nappe pile; q~2, D2 thrust zones in the Moravian nappe pile including the 
Moidanubian thrust; q03, D3 shear zone separating the para-autochthonous metasedimentary roof of the Thaya batholith 

from the basement rocks. 
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medium-grade metamorphism in Moravian rocks. How- 
ever, Suess's (1912) kinematic model is based on the 
interpretation of stretching lineations to be perpendicu- 
lar to the main tectonic transport direction ('B- tecto- 
nite'; Sander 1911, 1930); he also considered the 
tectonic reworking of the Moravian zone as monophase. 
Our data indicate a more complicated tectonic and 
kinematic evolution of the Moldanubian-Moravian col- 
lisional zone. 

Three major deformation phases have been recog- 
nized. The first tangential deformational phase (D1) 
corresponds to internal shearing within the Moldanu- 
bian zone (stacking of the GfOhl, Monotonous and 
Drosendoff nappes). It was followed by D2 movements 
parallel to the plate boundary in the Moravicum and the 
basement (transpressional deformation) and by late 
reactivation (D3) that affected the whole nappe pile. D1 
and De phases are syn-metamorphic and D3 is essentially 
a phase of deformation during retrograde metamor- 
phism. 

F I R S T  D E F O R M A T I O N  P H A S E  ( D 0  

The oldest recognizable deformation Dl in the Molda- 
nubicum (Gf6hl, Monotonous and Drosendorf nappes) 
was synchronous with HT-MP metamorphism. In the 
Gf6hl nappe, relics of HP metamorphism (high- 
temperature eclogite and garnet peridotite) document a 

pre-D1 metamorphic history (Medaris et al. 1990). A 
fiat-lying Sl foliation (Fig. 3) is outlined in paragneiss by 
alternating mica-rich layers and pockets of anatectic 
melt, whereas in granulite and orthogneiss it is marked 
by quartz ribbons and mica alignment. A NW-trending 
mineral lineation L1 (Figs. 3 and 4) is mostly marked by 
elongate quartz-feldspar, micaceous and sillimanite 
aggregates in all rock types. 

The orientation of rootless recumbent F~ fold axes is 
irregular in trend, but a dominant NW trend is present 
(Fig. 5). These folds are isoclinal and purely similar in 
geometry with very acute shape. Symmetrical 
'chocolate-tablet' lenticular boudins of amphibolite, 
eclogite and calc-silicate rock suggest a predominantly 
coaxial deformation. The significant separation of indi- 
vidual boudins in both X Y  and Y Z  sections indicates 
100-600% shortening. 

Despite the predominantly coaxial component of de- 
formation, rare kinematic shear criteria such as melt- 
filled NW- or SE-dipping shear-bands (Platt & Vissers 
1980) and asymmetrical boudins in calc-silicate rocks are 
present. In most cases they indicate a southeasterly 
displacement direction. 

D 2 STRUCTURES 

The definition of a D 2 tectonic phase, affecting the 
whole nappe pile, is based on the coherence of the 
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orientation of principal axes of finite strain; style of 
folding and kinematics consistently indicate top-to-the- 
northeast displacement. D2 is the first deformation 
phase which affects the Moravian nappe, but the second 
one in the Moldanubicum, where DE structure geom- 
etry, kinematics, deformation and PT regime differ 
from that of D1 deformation. 

First reactivation of the Moldanubian pile 

In many places within the upper allochtonous Molda- 
nubian nappes, early D1 NW-SE structures were over- 
printed by D 2 deformation. A change in bulk kinematics 
during 0 2 is shown by the NE-SW trend of L2 linea- 
tions, perpendicular to the trend of D1 structures. L2 is 
marked by the growth of sillimanite fibres and aligned 
biotite. 

$2 is either flat-lying and subparallel to S1 planes in the 
eastern and western parts of the studied area, or almost 
subvertical with a NNE-SSW trend in the central strike- 
slip zone (Fig. 3). High- to medium-temperature mylo- 
nitization and foliation reactivation is characteristic of 
DE deformation. 

MONOTONOUS NAPPE 
N 

(G) 

02 reworking is most intense in the lowermost Molda- 
nubian Drosendoff nappe where several NW-dipping 
mylonite zones affect anatectic granite at the base of the 
unit and adjacent micaschists and amphibolites. Subhor- 
izontal F2 sheath folds with NE-trending noses (Cobbold 
& Quinquis 1980) deform S1 (Fig. 6a) and are connected 
with an intense heterogeneous dextral shearing. Close to 
tight NW-vergent asymmetric folds with axes parallel to 
the L 2 lineation (Fig. 5), are intimately connected with 
sheath folds. NW-SE-trending neck-zones between 
barrel-shaped boudins of rigid amphibolite layers em- 
bedded in banded gneiss confirm the change in orien- 
tation of bulk finite strain ellipsoid during DE (Fig. 7a). 

D 2 kinematic criteria throughout the Moldanubian 
nappe such as shear bands (Platt & Vissers 1980) and 
S-C fabrics (Berth6 et al. 1979) indicate top-to-the- 
northeast movement (dextral in the central strike-slip 
zone) (Figs. 8a-c). 

D2 deformation in the Moravian zone 

The first deformation phase recognized in the Mora- 
vian nappes was contemporaneous with amphibolite 
facies metamorphism and corresponds to DE defor- 
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Fig. 4. Orientation diagrams of L1 and L 2 stretching lineations. Lower-hemisphere equal-area projections. NW-trending 
L1 lineations (dark-shaded areas in the stereograms) predominate in the Gf6hl nappe (I), the Monotonous nappe (G) and 
the Drosendoff nappe (F). NE-trending lineation L2 (light-shaded areas) prevails in basement (A), the Moravian nappes 

(B) and (C) and the micaschist zone (D), and is also found in the Gf6hl (E), (H) and Drosendoff (F) nappes. 
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mation in the Moldanubicum. Older structures, which 
would correspond to early NW-SE-trending L1 in the 
Moldanubicum, were not observed. 

Classical inverted metamorphism is developed in the 
Moravian zone. In the upper Moravian Biteg nappe, the 
$2 foliation is marked by syn-kinematic garnet, biotite, 
staurolite and kyanite in metapelites; later, sillimanite 
grew at the expense of biotite and kyanite. In the lower 
Moravian Pleissing nappe, $2 contains syn-kinematic 
garnet-1 and staurolite-1 (H6ck 1975, Hfck et al. 1990). 
New inclusion-free garnet-2 (either idiomorphic or 
forming rims around garnet-1) and staurolite-2 statically 
overgrew the foliation (Frasl 1983). 

In the Bfte~ and Weitersfeld orthegneisses, $2 is 
marked by strongly recrystallized quartz ribbons, recrys- 
tallized feldspar aggregates and flattened biotite flakes. 
$2 is concordant with boundaries of individual units (Fig. 
3). 

An L2 stretching lineation is marked by pressure 
shadows around garnet and staurolite in micaschists, 
and by rodding of quartz-feldspar and biotite aggregates 
in orthogneisses. It is generally subhorizontal and trends 
NE-SW, subparallel to the western margin of the Thaya 
Dome, but oblique to the ENE-trending lithological 

boundaries at the northern termination of the dome 
(Fig. 3). 

Strain analysis (Fig. 9b) of feldspar aggregates of Bite~ 
orthogneiss in the Thaya window (Schulmann 1990) 
show oblate fabrics in the core of the orthogneiss and in 
the northernmost part of the Thaya dome, associated 
with well-annealed high-temperature granoblastic 
microstructures, Plane-strain to constrictional fabrics 
are typical for the NW-dipping strike-slip domain; tex- 
tures associated with plane-strain fabrics show later 
reworking (Schulmann 1990). The intensity of defor- 
mation increases in conjunction with the degree of 
prolateness of strain from the core of the orthogneiss 
body towards its boundaries; the eastern boundary 
shows lower strain intensity (Preclik 1926). Defor- 
mation of the Weitersfeld orthogneiss at the base of the 
Pleissing nappe is very homogeneous and is associated 
with an intense constrictional flow. 

Asymmetrical sigmoidal K-feldspar porphyroclasts 
(Passchier & Simpson 1986) in orthogneisses (Fig. 7c) 
together with spiral inclusions (Schoneveid 1977) ob- 
served in X Z  sections of rotated garnets in metapelites 
(Fig. 8d) indicate a non-coaxial deformation strain his- 
tory during the Barrovian metamorphic stage. All these 
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sense-of-shear criteria are consistent with top-to-the- 
northeast displacement. 

Two types of folds have been recognized in the Bfte~ 
and Weitersfeld orthogneisses and their roofs (Kratoch- 
vii & Schulmann 1984, Schulmann 1990): (1) tight to 
isoclinal recumbent intrafolial FEa folds, with NW-SE-  
trending axes (Fig. 5) that progressively evolve into (2) 
medium to strongly non-cylindrical F2B sheath folds with 
noses oriented parallel to the regional NE-SW- 
stretching lineation (Figs. 5 and 6b). Both types of folds 
are close to isoclinal and the fold profile is similar 
(Ramsay 1967). 

D 2 in the Bruno-Vistulian basement 

The Cadomian basement,  including the Thaya grani- 
tic complex and its country rock, was heterogeneously 
reworked during Variscan nappe tectonics. A highly 
foliated mylonitic belt, some 2-3 km thick, is found at 
the western edge of the Thaya Massif. Garnet-biot i te  
mineral assemblage grew during D2 deformation in 
metapelites of the Thaya granite roof, indicating upper 
greenschist facies conditions of metamorphism. 

A NNE-trending mylonitic $2 foliation dips steeply 
(50-70°W) along the western part of the Thaya Dome,  
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while at the  no r the rn  t e rmina t i on  the d ip  dec reases  to  
20-30 ° (Fig.  3). The  fo l ia t ion  is m a r k e d  by  f l a t t ened  
f r ac tu red  K- fe ldspa r  clasts ,  aggrega tes  f o r m e d  by de-  
s tab i l iza t ion  p roduc t s  of  p lag ioc lase ,  quar tz  r ibbons  and  

s tab le  b io t i t e  clusters .  This  mic ros t ruc tu re  is typical  for  
the  b r i t t l e -duc t i l e  t rans i t ion  du r ing  grani te  myloni t i za -  
t ion (S impson  1985). 

A s t rong  N N E - s t r i k i n g  s t re tch ing  l inea t ion  L2 (Fig.  3) 
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is marked by elongated biotite clusters and dioritic 
inclusions, and by recrystallized tails around larger feld- 
spar porphyroclasts. Kinematic indicators, such as 
asymmetrical pressure shadows around feldspar clasts 
(Passchier & Simpson 1986), mica fish (Lister & Snoke 
1984) and asymmetrical pull-apart boudinage of plagio- 
clase and K-feldspar (Hanmer 1986) indicate top-to-the- 
north-northeast movement. 

Prolate fabrics dominate at the contact with the over- 
lying Pleissing nappe (Fig. 9b). Further east the defor- 
mation becomes inhomogeneous and large volumes of 
isotropic granite are preserved within sheared rock (Fig. 
7d). Zones of homogeneously foliated orthogneiss anas- 
tomose around lense-shaped pods of undeformed gra- 
nite elongated in NE-SW direction. Foliation 
perturbations around low-strain domains are generally 
minor and dip steeply to the northwest (Fig. 9c2). 
According to Choukroune & Gapais (1983), a low angle 
between shear zones is in agreement with relatively 
high-temperature deformation. 

D 3 AND REACTIVATION OF THE NAPPE PILE 

Low-grade reactivation of the Moldanubian- 
Moravian nappe pile is ascribed to a D3 event. It is 
related to a strong non-coaxial northeast extension, 
marked by deformation of brittle--ductile and brittle 
shear zones and of asymmetrical 'A-folds' (Malavieille 
1987). Major shearing is concentrated in a zone of 
lithological weakness within the paragneiss which sur- 
rounded the Thaya granite and corresponds to the 
reactivation of DE mylonitic fabrics. The attribution of 
structures in different units to one D3 tectonic event is 
justified by: (1) the retrogressive character of structures; 
(2) the extensional character of the deformation with; 
(3) a common orientation of the principal extension 
direction. 

D3 in Moldanubian  nappes 

The intensity of D 3 deformation is very hetero- 
geneous. In isotropic diatexites local retrograde shear 
zones grade into completely gneissified $ - C  mylonites 
(Fig. 7b), while in non-migmatized well-foliated schists 
D3 folding prevails (Schulmann et al. 1992). 

In isotropic migmatite, brittle-ductile conjugate NE- 
or SW-dipping normal shear zones with opposite shear 
sense are characteristic (Figs. 8 and 9cl). Intense mylo- 
nitic $3, synchronous with greenschist-facies metamor- 
phism (chlorite-muscovite), is marked by a preferred 
orientation of grains and anastomoses around low-strain 
lenses (Ramsay & Allison 1979, Choukroune & Gapais 
1983, Simpson 1983, Gapais et al. 1987). $3 dips gently 
(30 °) to the northeast. The L3 stretching lineation is very 
intense and plunges 10-25°NNE (Figs. 3 and 9c). Several 
shear-sense criteria, e.g. S - C  fabrics (Berthd et al. 
1979), shear bands (Platt & Vissers 1980) and asymmet- 
ric pull-apart boudinage (Hanmer 1986) demonstrate 
top-to-the-northeast sense of displacement. 

The overall geometric pattern of the shear zones is 
shown in L, M and N diagrams of Gapais et al. (1987) in 
Fig. 9(cl). Poles to N planes tend to concentrate in two 
unequally populated maxima in the (;11 --  ;13) plane at a 
low angle to ;13. Shear directions L tend to cluster around 
the ;11 direction and poles to M planes (Arthaud 1969) 
are concentrated around ;12. Such asymmetric patterns 
indicate a non-coaxial deformation history, marked by a 
predominantly top-to-the-northeast shear sense during 
an extensional shear regime (Gapais et al. 1987). 

In anisotropic non-migmatized schists reactivation is 
marked by intense F3 folding, forming a set of small- to 
medium-scale folds which deform the S1 metamorphic 
foliation, L1 and F1 folds. Axes of F3 folds trend NNE-  
SSW parallel to L3 and axial surfaces of F3 folds are 
roughly parallel to shear planes of D3 shear zones in 
migmatite. The folds are flexural, gentle to open with 
rounded shapes. 

F3 folding has a different character in the Drosendorf 
nappe. The axes of F3 folds plunge to the northeast at 
shallow to steep angles (10-60 ° ) and the corresponding 
axial planes dip to the northwest at intermediate to steep 
angles (30-60 °) (Fig. 5). Kratochvfl & Schulmann (1984) 
have shown that axes of close flattened folds tend to be 
subhorizontal while axes of open flexural folds tend to 
be subvertical, axial planes in both cases being the same. 
This steepening of fold axes in the Drosendorf nappe 
may be explained using the model of fold development 
in a wrench zone by Odonne & Vialon (1983). Accord- 
ing to this model the intensity of folding decreases, 
accompanied by steepening of fold axis plunge, with 
increasing distance from the central part of the wrench 
zone. 

In order to compare the deformation pattern of D3 
brittle-ductile normal shear zones with that of sets of 
microfaults concentrated within lenses of undeformed 
migmatite, an attempt was made to determine the 
principal-stress-direction axes from the microfaults. The 
geometry of microfaults is generally consistent with that 
of shear zones and indicates an extensional regime. 
Analysis of slickenside surfaces was carried out by 
computer procedure (modification of the method of 
Carey & Brunier, 1974) in about 20 sites (Fig. 10). In the 
first stage of computer processing an average stress 
tensor was calculated from the entire measured set of 
microfaults and striations. This average stress tensor was 
then applied on the measured set of microfaults and 
orientations of corresponding theoretical striations on 
individual faults were determined. The numerical pro- 
cedure compares the orientations of both theoretical 
and measured striations and selects a best-fitting set of 
measured microfaults, which correspond well to the 
average tensor (Angelier 1989). Figure 10 shows that the 
directions of o3 axes are concentrated along the ;ll - ;13 
plane with maximum at about 20 ° from the ;11 direction. 
Corresponding Ol and 02 axes tend to define a small 
circle centered about the mean 03 axis. 

Results of microfault analysis reveal similar orien- 
tation of principal stress axes Ol, a2 and a3, with corre- 
sponding ;11, ;12 and ;13 axes inferred from brittle-ductile 
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shear zone patterns. This may indicate continuous kine- 
matic evolution passing from brittle-ductile to brittle 
conditions. 

D 3 in the Moravian nappe pile 

In Moravian nappes, D3 deformation is characterized 
by formation of retrograde mylonitic shear zones, either 
along earlier lithotectonic boundaries (e.g. the base of 
Bites and Pleissing nappes), or affecting inner parts of 
individual lithological units, and by intense folding of 
primary intrusive sills at the roof of the Bites and 
Weitersfeld orthogneisses. 

The D3 mylonitic shear zones are recognized by reac- 
tivation of the early medium-temperature foliation and 
by destabilization of earlier mineral assemblages. The 
marble and calc-silicate rock in the upper part of Pleiss- 
ing nappe were imbricated together with the base of the 
Bites orthogneiss body during the D 3 phase. 

The characteristic mineral assemblage of D 3 defor- 
mation is the growth of new muscovite and chlorite, and 
the breakdown of biotite and oligoclase (Bernroider 
1986). Large amounts of sericite grow on $3 foliation 
planes. An L3 is marked by the corrugation of $2_3 
planes, by flattened chloritized biotite and the linear 
arrangement of sericite. Distinct NNE-dipping shear 
bands suggest a general NNE sense of shearing. 

The roofs of the Bites and Weitersfeld orthogneiss 
bodies, rich in orthogneiss sheets cutting overlying 
metasedimentary formations, represent mechanically 
strongly anisotropic regions that were intensely folded 
during D3 (Fig. 6d). Northeast-trending recumbent W- 
vergent F3 folds on a metre scale with subhorizontal 
axial planes (Fig. 6c) were formed. These open to closed 
folds have variable shape and mostly rounded hinges. 

D3 deformation in the Bruno-Vistulian basement 

Metasedimentary country rock of the Thaya massif 
shows strong D3 mylonitization along the phyllonitic 
zone associated with d6collement of most of the mantle 
rocks from the Thaya granite. Such homogeneously 
retrogressed and phyllonitized mica-schist can locally be 
as much as 1 km wide. 

Phyllonitization is characterized by an occurrence of 
fine-grained chlorite-sericite-albite phyllite with a large 
number of quartz lenses that are mostly found in the 
neck zones of foliation boudinage. The alternation of 
chlorite-sericite phyllite with biotite schist has been 
interpreted as a result of the imbrication of the Thaya 
granite country rock below the Pleissing nappe (Preclik 
1926). 

Ubiquitous NNE-dipping C' surfaces are consistent 
with a NNE-directed sense of shearing parallel to L 3 
(Figs. 8h & i). Helicitic inclusions in rotated garnets are 
commonly disrupted by late shear surfaces at the bound- 
aries with the fine-grained matrix, and asymmetric 
pressure shadows around garnets are filled by chlorite 
and quartz. All these criteria indicate that the garnets 
are pre-tectonic with respect to D3. 

D3 deformation in the autochtonous granite is mani- 
fested by subvertical NNE-SSW-trending brittle- 
ductile $3 shear zones, producing fine-grained ultramy- 
lonites and phyllonites (Fig. 9c2). These zones either cut 
the $2 mylonitic foliation of previously deformed granite 
in the marginal mylonitic zone of the batholith or hetero- 
geneously affect isotropic granite in the core. Poles to 
shear planes (N) (Gapais et al. 1987) form an elongated 
maximum in the (23 - ,~1) plane. Shear directions (L) 
cluster in the 21 direction and poles to M planes form an 
elongated maximum in the (22 - 23) plane perpendicular 
to the mean shear direction. There is only one dominant 
set of shear zones associated with NE-directed displace- 
ment. According to Gapais et al. (1987) this shear zone 
pattern may be interpreted as a result of non-coaxial 
deformation during dextral wrenching. 

Sets of striated microfaults associated with D3 shear 
zones have been used for palaeostress determinations at 
10 stations (Fig. 10). Calculated o3 axes of the stress 
ellipsoid trend SW-NE and Ol axes of maximum com- 
pression are subparallel to '~3. These data are fully 
compatible with the orientation of extension and com- 
pression directions linked to brittle-ductile subvertical 
deformation zones (Fig. 9c2). The brittle deformation 
and brittle-ductile shear zones are thus connected to the 
same dextral wrenching regime that prevailed during 03 
deformation of the Thaya granite. 

DISCUSSION AND CONCLUSIONS 

Nappe stacking in the studied area was a polyphase 
process, which implies progressive modification of the 
strain regime through time and progressive downward 
migration of thrust planes (Fig. 11). 

The early stacking Ol (i.e. creation of the Moldanu- 
bian nappe pile) is characterized by a dominantly high- 
temperature deformation history and by uplift of deep 
crustal and mantle rocks. The resulting fiat-lying folia- 
tion bears a NW-SE-stretching lineation that provides 
evidence for the direction of movement. Rootless F1 
folds have widely dispersed fold-axis orientations. The 
thrusting probably took place during Late Devonian to 
Early Carboniferous times (Van Breemen et al. 1982, 
Matte et al. 1990). 

After D1 the Moldanubian nappe pile was probably 
obliquely stacked over the Moravian foreland. This 
stage corresponds to the D2 deformation phase. The 
development of Barrovian metamorphism in the Mora- 
vian and lower Moldanubian (Drosendorf) nappes is 
associated with a change in finite-strain-axes orientation 
and with northeasterly directed thrusting and wrenching 
(transpressional tectonics). The subsequent stacking of 
Moravian nappes led to medium-temperature myloniti- 
zation of the western margin of the autochthonous 
Thaya granite. 

The Moravian nappes have been translated along and 
partially thrust over the lateral ramp of the Cadomian 
basement during D 2. Oblate fabrics occur in overthrust 
parts of the Moravian nappes that lie flat over the 
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basement. In contrast, large-scale strain partitioning 
took place in those parts of the Moravian nappes that 
moved laterally along the ramp. Non-coaxial plane 
strain to constrictional fabrics are located at the bound- 
aries of individual units, whereas oblate fabrics are 
preserved in their cores. An interesting feature that is 
difficult to explain is the systematically constrictional 
character of fabrics in the whole upper mylonitized part 
of the Thaya Massif. Such a variation in strain symmetry 
and intensity is most probably related to the curved 
shape of the Thaya basement, with its westerly strike- 
slip domain and easterly fiat-thrust domain. 

/'2 sheath folds (Figs. 6a & b) and isoclinal syn- 
schistose folds developed in areas with strong lithologi- 
cal anisotropy, e.g. in the upper intrusive contacts of the 
Biteg and the Weitersfeld orthogneisses, and in layered 
amphibolites at the base of the Drosendorf nappe. The 
finite-strain symmetry in these areas is of the plane- 
strain to constrictional type and the axes of the F2 folds 
are parallel to L2 stretching. We suggest that these folds 
originated as a result of intense non-coaxial shearing in 
anisotropic rocks during ductile northeastward De 
movement. According to recent geochronological inves- 
tigations, the D2 phase occurred between 350 and 340 
Ma (Dallmeyer et al. 1990). 

The oblique collision of the stacked Moldanubian- 
Moravian nappe pile continued with a lateral ramp 
effect along the Bruno-Vistulian Cadomian block and its 
sedimentary cover. This led to the dfcollement and 
strong phyllonitization of the metasedimentary envel- 
ope of the Thaya Massif. The autochtonous block was 

reworked along steeply-inclined dextral brittle-ductile 
shear zones under greenschist facies metamorphism, 
while the whole nappe pile was overthrust towards the 
north-northeast. The Moravian nappes are sheared by 
low-temperature mylonite zones that are parallel to the 
early metamorphic foliation. In contrast, at the top of 
the nappe pile the uppermost part of the Gffhl nappe 
was reactivated in flat, extensional normal brittle- 
ductile shear zones. D3 deformation was in all cases non- 
coaxial and of plane strain symmetry. 

F3 W-vergent folds are post-metamorphic and occur 
throughout the whole nappe pile, including the Gffhl 
nappe. The ~ folds may have resulted from foliation- 
parallel extensional northeastward shearing of layered 
sequences that initially dipped to the northwest (Schul- 
mann 1990, Schulmann et al. 1991). This geometry might 
produce the observed northwestward overturning of the 
folds (Figs. 6c & d). We interpret F3 folds as typical 'A- 
folds' in the sense of Malavieille (1987). Such an in- 
terpretation may solve the problem of the northwest 
vergency of/'3 folds, which is in conflict with supposed 
E-vergent Moldanubian overthrusting (Dudek 1962). 

The intensity of F~ folding progesssively decreases 
from the lower units towards the upper Moldanubian 
nappes. At the same time, orientation of the fold axes 
progressively steepens, with fold axis pitch changing 
from 0--15 ° in Moravicum to 60 ° in the Drosendorf 
nappe. This agrees with the theoretical model of 
Odonne & Vialon (1983), describing the decrease in 
folding intensity accompanied by steepening of fold axes 
plunge, with increasing distance from the core of large- 
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scale t r anscur ren t  zone.  F3 folds with subhor izon ta l  fold 
axes and  subhor izonta l  axial p lanes  are re la ted  to an  
extens ional  shear  regime,  that  p r e d o m i n a t e d  in the 
uppermos t  Gf6hl  nappe  dur ing  D3. 

X Y  planes  of 0 3  strain ellipsoids in b a s e m e n t  and  the 
uppermos t  Gf6hl  nappe  are mutua l ly  pe rpend icu la r ,  bu t  
the X axes and  shear ing vectors r ema in  cons tant ly  N E -  
SW t rending .  We  suggest that  bo th  the Morav ian  zone  
and  the D r o s e n d o r f  nappe  have b e e n  react ivated by 
large-scale t r anscur ren t  m o v e m e n t  a long the Tha ya  lat- 
eral  r amp dur ing  the D 3 regime,  while in the uppe rmos t  
G f f h l  nappe  an extens ional  regime p redomina t ed .  
Accord ing  to geochronologica l  data ,  this event  is con- 
s t ra ined  be tween  330 and  320 Ma (Maluski  personal  
c o m m u n i c a t i o n ,  Da l lmeye r  et al. 1990). Similar  combi-  
na t ion  of t ransverse  and  t r anscur ren t  ex tens ional  tec- 
tonics was repor ted  f rom the M o n t a g n e  Noire  area of 
the Variscan chain (Echt ler  & Malaviei l le  1990). In  the 

Thaya  D o m e ,  the locat ion of the t r anscur ren t  fault  
system was mechanica l ly  cont ro l led  by the b a s e m e n t  
geometry .  
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