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The age of an Upper Carboniferous / Lower Permian
sedimentary basin and its hinterland as constrained by U-Pb
dating of volcanic and detrital zircons (Northern Switzerland)

by Urs Schaltegger1

Abstract

The Permocarboniferous Trough of Northern Switzerland (PCT) represents an example of a Late Variscan
sedimentary basin formed by post-convergence extension in the Stephaman and Lower Permian. U-Pb zircon age
determinations of volcanic zircons from ash fall tuffs and from clastic sediments drilled at the site of Weiach help to
constrain the evolutionary path for this graben structure

Two tuff samples from the Stephaman/Autuman boundary sequence (inferred by palynomorph stratigraphy)
yield ages of 303 and 298 ± 1 Ma, comparable to magmatism in the Aar massif (Central Alps), now exposed 100
kilometers to the south. This "Aar magmatic event" is proposed as a stratigraphie marker for the Carboniferous-Permian

transition in the continental sediments of Central Europe In addition, detrital zircons from four core samples
were dated; the youngest detrital zircons from the lowest sedimentary unit yield an age of 331 ± 2 Ma (topmost
Visean), regarded as a maximum age for sedimentation in the PCT. The detrital zircons are derived from a 331 to 326
Ma-old granitic source, similar to the Southern Black Forest with respect to hthological content and age. Zircons of
the two lowermost samples from the Weiach well (at 1840 and 1959 meters) indicate an older, 383 Ma basement
source. The presence of probably granite-derived Upper Visean detrital zircons in Stephaman sediments implies that
granitoids must have been exhumed in the time span between their intrusion at ca. 330 Ma and the formation of the
PCT.

The new U-Pb zircon ages help to further constrain the controversial ideas about formation of the PCT, which
were hitherto based only on sedimentological/stratigraphical and geophysical constraints. It is suggested that the
deformation of the lower part of the PCT took place in response to episodic transpression during strike-slip in the
Stephanian and therefore was unrelated to the so-called "Saalian" tectonic phase in the 30 million years younger
Saxoman. The new data favour a model of rapid and continuous sedimentation of only a few million years in a
continental graben structure.

Keywords' Upper Carboniferous, sedimentary basin, U-Pb zircon ages, Late Variscan extension, Northern
Switzerland.

Introduction

The existence of an Upper Carboniferous
sedimentary graben beneath the Mesozoic and
Tertiary Molasse basin in Northern Switzerland was
already postulated by Lemke (1961). A detailed
record of this intracontinental volcano-sedimentary

graben, now called Permocarboniferous
Trough of Northern Switzerland (PCT), has only
recently been obtained from deep drilling and
seismic profiling performed by the National
Cooperative for Disposal of Radioactive Waste

(NAGRA). The PCT is part of a network of Upper

Carboniferous / Lower Permian intracontinental

graben that were formed by post-convergence

extension during the last stages of the
Variscan orogeny (Menard and Molnar, 1988;
Burg et al., 1994). The sedimentation into these
depressions was of continental character in a
humid climate in the Stephanian and under semi-
arid conditions during Lower Permian. Geophysical

investigations revealed that the lower part of
the graben was transpressively deformed, whereas

the sedimentary sequences of the upper part re-

1 Institut für Isotopengeologie und Mineralische Rohstoffe, ETH Zentrum, Sonneggstrasse 5, CH-8092 Zurich,
Switzerland. E-mail: schaltegger@erdw.ethz.ch.
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mained undisturbed. This distinction of two units
could, however, not be recognized in the drill-
cores.

This study presents U-Pb age determinations
of zircons of both volcanic and sedimentary core
samples from the Weiach drillhole, which can be
used to constrain the stratigraphie age, the nature
and characteristics of the local tectonic environment,

as well as defining the age and geodynamic
characteristics of possible source regions for the
detritus. The new age constraints on the PCT will
help to understand the late-orogenic tectonic
processes that lead to the formation of Stephan-
ian/Early Permian sedimentary basins in Central
Europe.

Geology of the Permocarboniferous Trough
of Northern Switzerland (PCT)

The sedimentary record of the PCT is available in
drillcores from the NAGRA wells of Weiach and
Riniken (Matter et al., 1987; Matter et al., 1988;

Fig. 1). Detailed seismic profiling of northern
Switzerland allowed reconstruction of the shape
and extension of this graben, which extends from
the Bodensee in the east to the basement below
the Tabular Jura in the west, further east to
southeastern Germany (Kettel and Herzog, 1988)
and further west to the southern slope of the
Vosges (Stephanian coal deposits of Ronchamps),
see discussion in Diebold (1989) and figure 1.

Data on the lateral extension, internal structure,

nature of the marginal faults and the degree
of deformation of the basin sediments have been
obtained from refraction and reflexion seismic
and gravimetric investigations. The different
geophysical methods gave, however, quite contradictory

results, and the present-day interpretations
are only of preliminary character so far (Laub-
scher, 1987; Diebold et al., 1992).

The most complete stratigraphie section of the
PCT was drilled at the site of Weiach, which is
situated on the northern shoulder of the basin (Matter,

1987; see Fig. 1). The Permo-Carboniferous
sediments reach a thickness of about 1000 m and

Fig 1 Simplified tectonic map of the Permocarboniferous Trough of Northern Switzerland and of Southeastern
Black Forest; from Thury et al. (1988). The four NAGRA wells of Bottstem, Riniken, Schafisheim and Weiach are
indicated. Detntal zircons in Upper Carboniferous clastic sediments may be traced to the granites of Barhalde (Ba),
St. Blasien (SB), Albtal (A), Schafisheim or Bottstein, see text.
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are of Stephanian and Lower Permian age. The
stratigraphie profile starts with clastic sediments
overlying an erosional paleosurface on gneissic
basement rocks. The sediments range from
conglomerates and coarse-grained sandstones to
black shales and black siltstones.The latter are
associated with coal measures, tuff layers and kaoli-
nite tonsteins. The tuffs are considered to be
primary ash fall deposits, because they are interlay-
ered with varve-like shales containing fish scales

(Matter, 1987). The major part of the sequence is
regarded as an anastomosing river deposit,
formed during Stephanian times within a relatively

narrow intracontinental graben. The deepest
sediments in the center of the graben could possibly

be of Westphalian age, in accordance with
findings from the Entlebuch 1 well (Vollmayr
and Wendt, 1987). The top of this unit evolved
into an Autunian lacustrine sequence, containing
a fauna of fish debris, ostracodes and algae. The
lacustrine sediments are overlain by thick alluvial
fan deposits changing in colour from grey at the
bottom to red (sandstones of the " Oberrotliegen-
des") towards the top; the latter are 250 m thick
at Weiach and 1000 m at Riniken, where Stephanian

deposits are lacking. The coarse-grained alluvial

fan deposits reflect fast erosion of the basin
shoulders, which may have formed a pronounced
topographic relief due to fast uplift and/or
enhanced basin subsidence. The Stephanian/Autunian

boundary within these continental sediments
has been defined by palynomorphs (NBM/VCI
boundary; Matter et al., 1988; Hochuli, 1985) in
the uppermost part of the anastomosing river
deposits (see Fig. 7).

The recorded bore log of Weiach has been
considered as a continuous sedimentary record
(Matter et al., 1988); this is, however, not in
accordance with the interpretations from seismic
profiling, of which the latter argue for a clear division

into a Lower and Upper Unit, separated by
an unconformity reflecting a period of transpres-
sional deformation of the Lower Unit (Laub-
scher, 1987; Diebold et al., 1992; Fig. 2). The
basin shoulders are thought to have been thrust-
ed onto the sediments of the Lower Unit in the
north-western and south-eastern parts of the
basin, causing the formation of steep marginal
thrust faults and subhorizontal thrust planes within

the Lower Unit. This tectonic phase has been
termed " Saalian phase " with an implied Saxonian
age (ca. 270-260 Ma). Normal faulting continued
along with subsidence and deposition of the non-
deformed Upper Unit sediments. The basin shoulders

were possibly uplifted during a transpres-
sional event, which initiated high erosion rates
now reflected by the Lower Permian sediments.
The boundary between Lower and Upper Unit
could not be located in the Weiach drillcores. The
same is true for Riniken, where only sediments
from the Upper Unit were found. The reconstruction

of the structure of the Lower Unit by Laub-
scher (1987) or Diebold et al. (1992), which is
based on the interpretation of the seismic profiles,
is complicated by seismic multiples, diffractions
and lateral reflexions. Further, the nature of many
of the seismic reflectors is not known, and even
the distinction between basement and Permo-
Carboniferous sediments remains difficult.

N WEIACH
(projected)

Fig. 2 Schematic cross section through the Permocarboniferous Trough of Northern Switzerland along the seismic
line 82NF60 of NAGRA (Diebold et al., 1992) and the Weiach drilling site projected onto it.
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Samples and analytical techniques

The samples used for this investigation are the
same as those used for a recent K-Ar study of clay
minerals in Schaltegger et al. (1995); for a short
pétrographie description of the samples the reader

is referred to table 1 of that paper.
Two yellow-brown tuffs occurring at 1432.26

and 1586.52 meters depth consist of up to 90%
clay minerals and rare volcanogenic phenocrysts
(quartz, rutile/anatase, zircon). Zircons from four
strongly illite-cemented black siltstones ("Kri-
stalltuffite"; Matter et al., 1988) from 1348.02,
1780.82, 1840.10 and 1959.87 meters depth were
also studied, and extended the investigated
section down to 70 meters above sediment/ basement
contact and up to 350 meters below the base of the
Mesozoic. The siltstones occur at the base of coal
layers and consists of a mixture of organic-rich
material and underlying coarse-grained
sandstones.

Samples consisting of 200 to 1000 g of fresh
material were taken from the drillcores stored in
the NAGRA core depot. The siltstones (WEI
1348.02, 1780.82, 1840.10 and 1959.87) were
crushed with a jaw crusher, milled, sieved and
passed over a Wilfley Table. The tuff samples WEI
1432.26 and 1586.52 were disaggregated in
distilled water by shaking and stirring, the suspension

repeatedly decanted and the residue washed
and dried in acetone. Zircon was separated in
methylene-iodide either from a fraction smaller
than 300 p or from the bulk fraction, depending on
the sample size. The bulk zircon fraction or a
nonmagnetic sub-fraction were examined under a
binocular microscope and zircons without cracks,
turbidities and inclusions and homogeneous in
terms of morphology, length/width ratio, colour
and transparency were carefully selected in the
case of multigrain analyses. Most grains were air-
abraded (Krogh, 1982) to remove zones of
marginal lead loss. Prior to analysis, zircons were
washed in warm 4N nitric acid and rinsed several
times with distilled water and acetone in an ultrasonic

bath. Dissolution and chemical extraction of
U and Pb were performed following Krogh
(1973), using bombs and anion exchange columns
that are scaled down to 1/o of their original size. Total

procedure blanks usually were between 0.8
and 2 pg Pb and around 0.1 pg U. Mass spectro-
metrical analyses were done in the same way as
described in Schaltegger and Corfu (1995).
The results are summarized in table 1.

Results of U-Pb age determinations

BLACK SILTSTONES

Three fractions of euhedral long-prismatic zircons
or fragments (1 to 3) were analyzed from the silt-
stone sample WEI 1348.02, each consisting of 8 to
12 grains. All three analyses plot near the Concordia

(Fig. 3), but reflect some lead loss, possibly
combined with a minor contribution of inherited
lead. The 2{l7Pb/206Pb ages range between 322 and
331 Ma, indicating that the zircons are not oogenetic.

This rock was initially considered as a tuff
" Kristalltuff", following Matter et al., 1988) and

therefore the analysis of multigrain fractions was
chosen as the dating approach. The ages around
330 Ma point to granites of the Southern Black
Forest or other granite bodies drilled by the
NAGRA, e.g. at Böttstein (Peters, 1987) as
possible source rocks for the detrital zircons.

The zircon population of sample WEI 1780.82
could be divided into three sub-populations with
different morphological characteristics: (I) large
acicular zircon needles with P-type morphology
(Pupin, 1980); (II) acicular zircons with the (211)
bipyramidal face, and (III) euhedral prismatic
zircons with (211), but smaller width/length ratios of
about 4. The three multigrain analyses (Fig. 4)
yielded three concordant points at 326, 332 and
329 Ma, respectively. They can be interpreted as

representing sub-populations from three source
rocks of slightly different age, or variable mixtures
of zircons of slightly different age and degree of
lead loss. The source ages span the range reported
for the intrusion of the Southern Black Forest
granites (ca. 334 to 326 Ma; Todt, 1976; Schüler
and Steiger, 1978; Schaltegger, 1995 and
unpublished results).

The results of the two lowermost black silt-
stone samples WEI 1840.10 and 1959.87 are
presented together in figure 5. The data set of these
two samples consists of three concordant single-
grain analyses at 331 ± 2 Ma (17 to 19) from sample

1959.87 and five discordant multigrain analyses

from both samples. Fractions 12,13,15 and 16
(Tab. 1) straddle a best-fit line intersecting at 383 ±
8 and 174 ± 29 Ma. Fraction 14 consisting of 17

non-abraded, long-prismatic U-rich zircons is

clearly off this line with a 207Pb/206Pb age of339 Ma.
The data point can best be explained by diffusive
lead loss in addition to the episodic loss at 174 Ma.
Alternatively, analyses 12 and 13 could also be
placed on a lead loss line from 331 Ma (17 to 19);
the upper intercept of the two-point line of analyses

15 and 16 would in this case intersect at 386 ±
19 Ma and 196 ± 80 Ma, i. e. indistinguishable within

error limits from the values reported above.
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Fig. 3 U-Pb Concordia diagram of sample WEI
1348.02 m, black siltstone. Three zircon fractions show
some lead loss and 207Pb/206Pb ages ranging between 322
and 331 Ma, thus do not consist of cogenetic zircons.
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Fig. 5 U-Pb concordia diagram of samples 1840.10 m
and 1959.87 m. Four zircon fractions of the two lowermost

samples (12,13,15 and 16) define a discordia line
intersecting at 383 ± 8 Ma and 174 ± 29 Ma. The upper
intercept age is interpreted as the age of metamorphism
in adjacent basement rocks; the Mesozoic age might
reflect hydrothermal alteration of the siltstones, also
determined by K-Ar dating of alteration clays (Schalt-
egger et al., 1995). Three single zircon determinations
(17,18,19) cluster around an age of 331 Ma.
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Fig. 4 U-Pb concordia diagram of sample WEI
1780.82 m. Three zircon fractions with completely
different morphological characteristics define concordant
ages of 326 Ma, 332 Ma and 329 Ma, compatible with the
age range reported for the intrusion of the southern
Black Forest granites.

Fig. 6 U-Pb concordia diagram of samples WEI
1432.26 m and 1586.52 m, both volcanic ash-fall tuffs.
Three zircon fractions of the stratigraphically higher tuff
yield a well defined deposition age of 298 ± 1 Ma; the
lower tuff at 1586.52 meters could only be dated by one
single concordant fraction at 303 Ma (8); data point 7 is
discordant due to secondary lead loss.
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ASH FALL TUFFS

The stratigraphically younger sample at 1432.26
meters was taken from 16 meters above the
inferred Stephanian/Autunian boundary of Matter

et al. (1988) and provided a homogeneous
zircon population consisting of acicular euhedral
grains. The mean age of three concordant
fractions with low uranium contents of 100-200 ppm
(analyses 4 to 6) was calculated at 298 ± 1 Ma (Fig.
6), identical to volcanism in the Northern Vosges
(Boutin et al., 1995), northern Black Forest (Hess
and Lippolt, 1986) and the Saar-Nahe basin (Lip-
polt and Hess, 1983), as well as in the Aar massif
(Schaltegger and Corfu, 1992,1995).

A second, stratigraphically older sample yielded

one concordant analysis (analysis 8) of nine
short-prismatic euhedral grains at 302.5 Ma.
Long-prismatic zircons with a considerably higher

U concentration than the former ones (analysis
7) yielded a strongly discordant point with a
206Pb/238U age of 260 Ma; the 207Pb/206Pb age of
295.7 ± 7.7 Ma overlaps the age of the concordant
fraction within errors.

Discussion

The PCT sedimentary pile was previously
interpreted to be Stephanian to Autunian in age;
possible extensions into the Westphalian at the bottom

and to the Saxonian at the top have also been
envisaged (Matter et al., 1988; Fig. 7). The initial
aim of this study, to constrain the duration of
basin sedimentation precisely, could not be
achieved due to the lack of ash-fall tuffs in different

stratigraphie sites within the sediment pile.
The results from this study reveal that the deposition

at the base of the PCT took place after
331 Ma (sample 1959.87), i.e. Late Visean
(Odin, 1994). The tuff sample WEI 1432.26, dated
at 298 Ma, is overlain by ca 250 meters of Autunian

strata in Weiach and 1000 meters at the site of
Riniken; a sedimentary facies suggesting rapid
deposition suggests a short lifetime for the basin of
a few million years only. The apparently concordant

analysis of the tuff sample 1586.52 m might
be biased by small amounts of young (e.g. 330 Ma
old) inherited lead, which would lift the U-Pb age
by few million years and rendering the age difference

insignificant. With an age difference of 4.5
million years between the two tuff samples a
sedimentation rate of 0.04 mm/year would result,
which is far too small for the prevailing sedimentary

facies. The age brackets of Upper Visean
(331 Ma) and Westphalian/Stephanian (before
303 Ma) leave a maximum of 25 million years for

the exhumation of the source rocks of the detrital
zircons.

The ash fall tuffs at 1432.26 m and 1586.52 m
are coeval to voluminous volcanic and plutonic
rocks in the Aar massif (Schaltegger and von
Quadt, 1990; Schaltegger and Corfu, 1992,
1995). Contemporaneous volcanic activity is also
recorded from ignimbrites and tuffs of the Nideck
volcanics in the northern Vosges, dated at 298 ±
9 Ma (Ar-Ar biotite; Boutin et al., 1995) and 299
± 7 Ma (K-Ar biotite, Hess and Lippolt, 1986),
from a tuff of the Baden-Baden zone of the northern

Black Forest, dated at 300 ± 1 Ma (Ar-Ar
biotite, Hess and Lippolt, 1986) and from tuffs,
ignimbrites and subvolcanic rhyolites of the Saar-
Nahe basin, ranging between 296 ± 2 Ma and 299
± 2 Ma (Lippolt and Hess, 1983).

Looking in detail at the sampling site of tuff
WEI 1432.26, there is a ca. 16 meters distance
between this sample and the underlying
Stephanian/Autunian boundary (Fig. 7). The use of paly-
nomorph associations typical for the "Autunian"
has, however, been strongly questioned by
Broutin et al. (1986) and Becq-Giraudon
(1993), who demonstrated that the composition of
palynomorph associations depend on their paleo-
topographical setting: "Stephanian"-type pollen
and spores in humid topographic lows coexist
with "Autunian"-type associations on the dry
basin shoulders. A real stratigraphie boundary
between Stephanian and Autunian can, therefore,
not be established with confidence at all.
Nevertheless, the age of zircons from the tuff sampled in
the proximity to the Stephanian/Autunian boundary

of Matter et al. (1988) from the Weiach borehole

compares well with the age of 298 to 296 Ma
for the Stephanian/Autunian boundary proposed
by Menning (1995). This suggests that the "Aar
volcanic event" may indeed be used as a strati-
graphic marker to define the Stephanian/Autunian

boundary in continental sediments of central
Europe.

The investigated detrital zircons from the clastic

sediments (black siltstones) constrain a maximum

depositional age of some 330 Ma by the
youngest detrital zircon grains. The zircons reflect
a dominant detrital source of ca. 332 to 325 Ma
age, spanning the age range of Southern Black
Forest granite intrusions: 328 ± 6 Ma for the Mals-
burg granite (Todt, 1976), 328 ± 2 Ma for the Alb-
tal granite (Schüler and Steiger, 1978) and 331
+4/-2 and 334 ± 2 Ma for Bärhalde and St. Blasien
granites (Schaltegger, 1995, and unpublished
results). Granitoids of the same age range have
also been found in the Böttstein and Schafisheim
wells (Mazurek and Peters, 1992) and seem to
have constituted the major part of the outcrop-
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ping crystalline basement in the north and south
of the PCT. We can therefore speculate that the
detritus was eroded from an area similar to
todays' Southern Black Forest. The Late Visean
granites were exhumed/unroofed and exposed

along the basin sholders by normal faulting
300 Ma ago. The lowermost samples (1840.10 and
1959.87 m) are the only ones containing 385 Ma-
old zircons. The upper intercept age of 383 ± 8 Ma
of a lead loss line (Fig. 6) may represent a high-
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grade metamorphic or magmatic event in the
adjacent basement, which has, however, not been
reported for this area so far. This age compares very
well with a concordant age of 386 ± 2 Ma from two
detrital zircons in an Upper Devonian tuff of the
Southern Vosges Basin (Schaltegger et al.,
1996) and suggests the existence of 385 Ma-old
basement portions. The lower intercept age of
174 ± 29 Ma is in close agreement with K-Ar ages
of 183 ± 5 Ma of clay minerals from the tuff
(1432.26 m) and the siltstone sample (1959.87 m),
interpreted as the result of strong hydrothermal
alteration (Schaltegger et al., 1995), and is
therefore considered to be geologically relevant.

The deformation of the Lower Unit inferred
from the interpretation of seismic cross-sections,
has been assigned to the so-called "Saalian"
tectonic phase, originally defined by H. Stille in 1920
as a deformation phase in the top of the Unter-
rotliegendes (Saxonian, 270-260 Ma). Sedimentation

in the PCT thus precedes this tectonic activity

by 30 million years, which contradicts the
interpretations in Laubscher (1987) and Diebold et
al. (1992). In addition, tectonic unconformities in
extensional basins are not necessarily related to
large-scale tectonic activity: parts of the extensional

domains may become periodically
compressive, probably due to slight variations of stress
vector directions, or unconformities may be
formed by block tilting and rotation during normal

faulting along listric faults, without a break in
sedimentation (Becq-Giraudon and Van Den
Driessche, 1993). The unconformity in the PCT,
which was probably formed during dextral strike-
slip (Edel and Weber, 1995), is therefore
suggested to be the result of local transpression within

the graben and not the response to a change of
the large-scale tectonic environment. An angular
unconformity in Upper Carboniferous sediments
could recently be dated at a Lower Stephanian
age (i.e. 310 to 303 Ma) in the Aar massif by
Schaltegger and Corfu (1995).

The PCT formed during post-convergence
extension and strike-slip faulting in the collapsing
Variscan crust (Edel and Weber, 1995; Ménard
and Molnar, 1988; Burg et al., 1994; Ziegler et
al., 1986). The present U-Pb results provide
evidence that the formation of the PCT is coeval with
the formation of volcano-sedimentary basins in
the area of the Aar massif further to the south
(Schaltegger and Corfu, 1995); the same event
is reflected in a series of Stephanian coal-bearing
basins in the French Massif Central, e.g. the "sillon

houiller" or the basin of St. Etienne (Burg et
al., 1994; Caen-Vachette et al., 1982). This
indicates a large-scale tectonic process being responsible

for the formation of Stephanian basins in

Central Europe. The U-Pb data reveal that
distant magmatism was contemporaneous with the
subsidence of the PCT.

Conclusions

The age of sedimentation in the Permocarbonif-
erous Trough of Northern Switzerland (PCT) was
dated by U-Pb on zircon from tuffs of the Weiach
borehole. Zircons from two ash fall tuffs from a
distant volcanic center are 303 and 298 ± 2 Ma old.
Coeval volcanism and plutonism is known from
the Aar massif in the Central Alpine basement as
well as from the Saxo-Thuringian domain to the
north. The tuffs of this "Aar volcanic event" can
be used as a stratigraphie reference level for the
Stephanian/"Autunian" boundary in the
continental sediments of Central Europe, for which an
age estimate of 298 ± 2 Ma is proposed.

Detrital zircons yield Lower Devonian and
Upper Visean ages. The youngest detrital zircons
in the deepest sample define a maximum age of
331 ± 2 Ma for the beginning of sedimentation at
Weiach on the northern basin shoulder. Lower
Devonian zircons (383 ± 8 Ma) are interpreted to
have been derived from metamorphic basement
rocks, whereas zircons with ages around 332 to
326 Ma could have been derived from granitoids
of areas adjacent to the PCT and similar to today's
Southern Black Forest. The U-Pb zircon data
furthermore imply that the deformation of the lower
part of the PCT is due to late Variscan, Stephanian
extension/transtension and is not related to the
previously assumed "Saalian" tectonic phase.
Angular unconformities in the sedimentary succession

of extensional basins can be explained by
episodic compression in a strike-slip environment
and do not necessarily infer discontinuous
sedimentation. The geodynamic setting and the sedi-
mentological facies of red-bed sandstones in the
upper part of the basin suggest rapid sedimentation

and formation of the PCT within a short time
span of only a few million years.

This study demonstrates the importance of
geochronological information for testing geological

interpretations based on geophysical, sedi-
mentological and biostratigraphic data.
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