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The geometric evolution of structures in granite during continous deformation from
magmatic to solid-state conditions: An example from the central European Variscan Belt
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INTRODUCTION

This paper describes the structural evolution of syntectonic
granites during intrusion and in-situ melting, solidification, and
mylonitization at high temperature under bulk horizontal crustal
shortening. It illustrates the effects of changes in rheological
behavior of a syntectonically crystallizing granite on structures
at different scales, and how these structures can be identified.
Furthermore, geological conditions that may favor the preser-
vation of these structures are outlined. Deformation of magma
is common in syntectonic plutons and has been described in
numerous papers (e.g., Hutton 1988a, 1988b; Benn and Allard
1989; Hutton and Reavy 1992; Nicolas 1992; Paterson and
Fowler 1993; Pitcher 1993; Davidson et al. 1996; Paterson and
Miller 1998). Most of these studies describe the influence of
regional tectonics on the ascent and emplacement of magma,
and on structures generated at the magmatic or submagmatic
stage. However, the geometric evolution of structures during
the transition from magmatic flow to submagmatic and solid-
state deformation is poorly understood and has been described
only in a few studies (e.g., Gapais and Barbarin 1986;
Blumenfeld and Bouchez 1988; Miller and Paterson 1994).
Following a brief description of the regional geology, this pa-

 ABSTRACT

Intrusive and in-situ granites of the late-Variscan South Bohemian batholith (Austria) were de-
formed continuously during crystallization and after solidification by horizontal crustal shortening.
When the proportion of melt was relatively high, the granitic magmas accomodated deformation in
(low-angle) thrust zones. With decreasing melt content shearing became more localized and the dip
angle of shear planes increased during the formation of submagmatic reverse shear zones. During
this submagmatic stage the orientation of shear planes was variable. They probably rotated from flat
in the magmatic stage to a steeper orientation perpendicular to the shortening direction and/or paral-
lel to post-magmatic conjugated strike-slip zones, that became active at high-T, solid state condi-
tions. Thermobarometry and the compositions of plagioclase phenocrysts, subgrains, and recrystallized
grains indicate that the magmatic, submagmatic, and high-T, solid state strike-slip deformation oc-
curred at similar P-T conditions. Conjugate strike-slip zones are well known structures of solid-state
crustal shortening. In syn-tectonic plutons, they may have magmatic or submagmatic precursors, and
because they preferably crosscut the plutons rather than the country rock, this could be the result of
earlier magmatic or submagmatic deformation, that evolves to solid state shear zones. Hot (migmatitic)
crust during magma emplacement, coupled with low cooling rates and a constant direction of crustal
shortening probably aids the generation and preservation of related magmatic, submagmatic, and
postmagmatic structures.

per contains: (1) the description of structures and microfabrics
in granites considered to form under magmatic, submagmatic,
and solid-state conditions; (2) the geometric relationships
among these structures; (3) thermobarometry in support of the
temperature estimation from microstructural evidence; and (4)
a discussion of the progressive geometric evolution of struc-
tures from magmatic flow to solid-state mylonitization in gra-
nitic batholiths.

GEOLOGICAL  SETTING

Part of the central European Variscan belt was affected by
late-Variscan (~335–320 Ma) high-T/low-P regional metamor-
phism that caused major anatexis in the middle crust. This meta-
morphic episode occurred as a consequence of gravitational
collapse and isostatic readjustment of crust, which was thick-
ened by the continent collision of Gondwana with Laurasia dur-
ing Visean time (Büttner and Kruhl 1997). In the southern
Bohemian Massif (Fig. 1), granitoid plutonism continued from
the Upper Visean (~330 Ma) till Permo-Carboniferous time (~300
Ma; Friedl et al. 1992, 1993, 1996), and formed the South Bohe-
mian Batholith. In deeper levels of the batholith (~15 km), such
as exposed in the Mühlzone of Austria (Fig. 1), the crust was still
under high-T/low-P conditions when the first plutons intruded.
These late-orogenic granites supplied additional heat and fluids,
which led to large scale in-situ melting of the country rock dur-
ing granite emplacement (Finger and Clemens 1995).*E-mail: Steffen.Buettner@TU-Berlin.de


