
- A 55 -

The late and post-Variscan tectonic evolution of the KTB-drilling

site area - a short workshop report

A. PETEREK (Institute of Geology, SchloBgarten 5, 0-91054 Erlangen)

and

R. BISCHOFF, O. COYLE, U. HAACK, G. HIRSCHMANN, S. LICH, H. RAUCHE, S. RUST,

B. SCHRODER, A. SEMMEL, G. STETTNER, B. STOCKHERT, T. UMSONST, G.A. WAGNER,

K. WEMMER, G. ZULAUF (participants of the workshop)

Introduction

This paper discusses aspects of the late and post-Variscan tectonic evolution of the KTB

drilling site area. This report has been compiled during a workshop held from 1-2 November

1993 in GieBen. In the course of the workshop results of various working groups have been

discussed in order to decipher the tectonic evolution of the KTB-drilling site area from the

Late Variscan onwards. The following topics were addressed:

I) Reconstruction of the cooling history of the rocks recovered at the KTB-drilling site

and the adjoining area (WAGNER, BISCHOFF, COYLE, WEMMER)

2) The evolution of the Mesozoic to Cenozoic sedimentation, including the uplift and

denudation of the KTB-drilling site area (SCHRODER, BISCHOFF, WAGNER, STETTNER,

PETEREK, SEMMEL)

3) Reconstruction of the brittle deformation path, especially with respect to the determi

nation of the kinematics and paleostresses of faulting (mainly ZULAUF, PETEREK,

RAUCHE, HIRSCHMANN)

4) poT conditions and mineralisation during brittle deformation (LICH, RUST, ZULAUF).

Most of the results of the different working groups have already been published. Since the

results of the workshop will be profoundly documented in one of the next KTB-Reports only

a brief summary will be presented here. This paper is mainly based on the unpublished

workshop report (RAUCHE 1994) revised by PETEREK, HIRSCHMANN, SCHRODER, RAUCHE

and WAGNER.

Results

The initial point of the late and post-Variscan tectonic evolution considered here is marked

by the intrusion of the Carboniferous granites (310 my). The intrusion of the granites may

be linked to NNW/SSE and NE/SW striking fault zones. Kinematic data are not available
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Abb. I. Generalized geological map of the surroundings of the KTB drilling site.

yet. The main stages of the late to post-Variscan deformation history will be discussed

briefly.

1st Period: 325 ... 295 my, including an interval from the cooling of the granites to the

subsidence of the Permo-Carboniferous molasse basins

During this first period the dilatation of subvertical tension gashes reflects the oldest brittle

deformation within the Carboniferous granites (ZULAUF 1993). It corresponds to a sub

horizontal NE/SW position of the minimum compressive stress Cl"3. Reverse fault zones that

were enriched with graphite postdates the older subvertical veins and indicate a following NE

to E compressional stage of deformation (ZULAUF 1993). The reverse faults are cross-cut by

lamprophyric dykes which were emplaced at the Permian-Carboniferous boundary (295 my,

KREUZER et al. 1993).
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2nd Period: 295 ... 250 my, including the subsidence of the Permo-Carboniferous

Molasse Basins

Variation of lateral thickness and facies changes of the sediments of the Permo-Carboniferous

troughs indicate that their development has been controlled by synsedimentary fault activity

(SCHRODER 1988, LOTZNER 1988). Distribution and structural features of the individual

basins suggest that their structural development has been connected to wrench faulting

(SCHRODER 1987, MATTERN 1993). Some basins can be interpreted as pull-apart basins

(LUTZNER 1988). The few kinematic data available indicate a subhorizontal orientation of the

maximum compressive stress (1, in N/S to NNW/SSE position (SCHRODER et al. 1994,

ZULAUF per. com.). An extremely rapid uplift and a high erosional rate in the late Carboni

ferous/early Permian has been postulated by WELZEL (1991) and WELZEL et al. (1992). This

assumption is based on white mica from the post-Variscan granites (see above) that were

deposited as detritical components in the Permo-Carboniferous troughs only 5- 10 my later.

An uplift in Permo-Carboniferous time of about 4 to 5 km has been also suggested by

HELMKAMPF et al. (1982).

3rd Period: 250 ... 145 my, including sedimentation, uplift and denudation from the

Upper Permian to the latest Jurassic

Sediments of late Permian age (Saxonian and Zechstein, SCHRODER 1987) rest unconformably

Permo-Carboniferous strata (LEITZ & SCHRODER unpubl.). This unconformity indicates the

beginning of the regional subsidence of the South German Block and the adjacent Bohemian

Massif. The accumulation of coarse alluvial fan deposits west of the Franconian Fault zone

(KLARE 1989, KLARE et al. 1990) corresponds to synsedimentary tectonic activity during the

early Triassic (Lower Buntsandstein). Well-defined features of sphene fission-track ages

support a rapid uplift and denudation of the Bohemian Massif during the early Triassic

(COYLE & WAGNER, this volume). Mesozoic subsidence of the South German Block and

progressive extension of the sedimentary cover over the basement now exposed is accompa

nied by a NE/SW to NNE/SSW directed crustal thinning (PETEREK et al. 1994, SCHRODER

et al. 1994). The existence of cogenetic NE/SW trending normal faults suggests only little

differences between the two horizontal stresses (1" and (1h'

4th Period: 145 ... 95 my, including denudation in the Lower Cretaceous

In the Lower Cretaceous tectonic activity along the Bohemian borderzone accelerated again

involving fault-bounded block uplift and denudation (KLARE & SCHRODER 1990, KLARE et

al. 1990). In the Permo-Carboniferous graben zone (between the Franconian Fault and the

Franconian Platform) the Mesozoic strata were tilted and uplifted by some 1000 m (SCHRO-
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DER 1987). To the west the Franconian Platform was uplifted only about 100 m before the

Cenomanian. East of the Franconian Fault zone, however, rapid uplift induced the total

erosion of the Triassic-Jurassic sedimentary cover (uplift> 1500 m, SCHRODER 1987).

During the early Cretaceous the Triassic-Jurassic sediments underwent three stages of

tectonic deformation (see PETEREK et al. 1994, SCHRODER et al. 1994):

1) NW trending normal faults and an orthogonal NW resp. NE trending joint system

2) Reverse faults, indicating a NNE position of the maximum compressive stress u" and

probably associated horizontal stylolites (see also SCHRODER et al. 1992)

3) Normal faults originated under N to NNE crustal extension.

In the region of the crystalline basement evidence for early Cretaceous compression IS

provided by a K/Ar-radiometric age of synkinematically grown illite within a reverse fault

of the KTB pilot well.

5th Period: 95 ... 60 my, including Upper Cretaceous sedimentation and latest Cretace

ous to early Paleogene inversion

During the Upper Cretaceous the uplift and denudation of the Bohemian borderzone continu

ed, although locally late Cretaceous sediments rest on the basement (see MEYER 1989). The

development of most of the Cretaceous basins seems to be controlled by synsedimentary fault

activity. In the region of the Hessenreuther Forst the coarse alluvial fan deposits at the foot

of the Franconian Fault zone give clear evidence for uplift and upthrusting of the basement

block. Fission-track data from the KTB pilot and the KTB main borehole indicate simultane

ous uplift and reverse faulting with vertical displacement along the Franconian Fault of at

least 3 kilometers (WAGNER et al. 1991, JACOBS et al. 1993, COYLE & WAGNER 1994). An

extremely rapid uplift of individual fault bounded basement blocks is also indicated by late

Cretaceous fission-track ages in granite pebbles deposited in the Upper Cretaceous sediments

(WAGNER et al. 1991).

Latest Cretaceous to early Paleogene compression and inversion is documented by reverse

and strike-slip faults (SCHRODER et al. 1994, ZULAUF 1993). Kinematic data clearly hint to

a NNE to N position of the maximum compressive stress u, (ZULAUF 1993, PETEREK et al.

1994). Due to an incomplete stratigraphic record it is not clear whether the latest Creta

ceous/early Paleogene inversion occured in one or in several phases.

6th Period: 60 ... 30 my, including denudation during Paleocene to middle Oligocene

Following the complex latest Cretaceous/early Paleogene inversion and deformation, a
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tectonically quiet period allowed the development of widespread planation surfaces. Howe

ver, in the area of the KTB drilling site uplift and denudation of about I to 2 km continued.

This is illustrated by the apatite fission-track ages t", (about 100 °C) between 68 to 45 my

and Ie (about 60 °C) between 20 to 38 my (BISCHOFF et a!. 1993).

7th Period: 30 ... 20 my, including block faulting during late Oligocene to Middle

Miocene

In the surroundings of the KTB location block faulting activity started again in the late

Oligocene and early Miocene. Uplift of the Fichtel Gebirge and contemporary volcanic

activity in the area north of the KTB drill site can be related to the evolution of the ENE/

WSW striking Eger Graben (HECKHOFF-WACHMANN 1993, SCHRODER 1994, MALKOWSKY

1980). Nowaday distribution of late Oligocene/early Miocene continental clastic sediments

within the fault-bounded basins show a close relationship to the Eger Graben fault system.

NNW/SSE extension suggested by the Eger Graben trend seems to be incompatible to the

contemporary compression within the Alpine orogene. On the contrary, in the area of

Southern Thuringia and Northeastern Bavaria the emplacement of the basaltic dykes took

place within an extensive strike-slip system which was characterized by a NNE/SSW orienta

tion of the maximum compressive stress (1, (PETEREK et a!. 1994, SCHRODER et a!. 1994).

8tb Period: 20 ... 0 my, including uplift and morphogenesis since the middle Miocene

From the middle Miocene to early Pliocene a system of widespread planation surfaces

("Rumpfflachen") developed (LOUIS 1984, PETEREK unpubl.). North of the Luhe fault

individually uplifted and downthrown planation surfaces indicate fault block activity during

late Neogene to Quaternary period (SCHRODER 1992, STETTNER 1992). On the contrary,

south of the Luhe fault the Neogene sediments that were preserved in the area of the Naab

Gebirge (20 to 8 my, HECKHOFF-WACHMANN 1993) unconformably overlie the older, not

reactivated fault zones (SCHRODER 1992).

Within the basaltoides kinematic data concerning Neogene and younger fault activity are

available. They show clear evidence for an older WNW/ESE extension that is postdated by

a second normal fault generation. This younger faults indicate a NE/SW orientation of the

minimum compressive stress (13' Reactivation of the older fault planes by strike-slip move

ment shows a subhorizontal orientation of the maximum compressive stress (1, in N to NNE

position. This may indicate the transition to the recent tectonic stress field in the surroun

dings of the KTB drilling site (BAUMGARTNER et a!. 1990, MASTIN et al. 1991).
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Conclusions

In the surroundings of the KTB drilling site the late and post-Variscan tectonic history is

characterized by several periods of fault tectonic activity and rapid uplift of the Bohemian

borderzone. From the Permo-Carboniferous onwards the main fault wnes (especially the

Franconican Fault wne) were repeatedly reactivated, mainly during the early Triassic, the

early Cretaceous, the latest Cretaceous/early Paleogene and during the Neogene. Following

the Permo-Carboniferous period of individual basin development, subsidence - correspon

ding to a NE/SW crustal thinning - of the South German Block and the adjacent Bohemian

borderzone characterizes the Mesozoic (Triassic to latest Jurassic) evolution. During the

early Triassic a belt of coarse alluvial fan deposits west of the Franconian Fault wne indicate

a short interruption of the subsidence of the Bohemian Massif. Early Cretaceous and latest

Cretaceous to early Paleogene inversion tectonics can be related to the Alpine plate coli ision

(see also ZIEGLER 1993). A causal relationship can also be suggested between the accelera

tion of block fault activity during the latest Oligocene to early Miocene and the latest Alpine

orogeny.
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