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1. Introduction

Palacomagnetic data published during approximately the last 30 years and derived from rocks from the Triassic to the
Devonian periods have been statistically evaluated. The data cover the territories to the north of the Alpine tectonic belt,
west of the Ural Mts. and reach up to Great Britain. The aim was to define the palacotectonic deformations and the pa-
lacogeography of rock complexes of the Hercynian orogene. The data document the consolidation of the European
lithospheric plate in the Early Permian as a part of the formation of the Pangea supercontinent, They confirm that, due
to continental drift, the European plate moved from the palaco-equatorial Early Permian position to its present one.
Rocks from the Middle to Late Carboniferous age from the western part of the Bohemian Massif, from the Middle to
the Late Devonian from the Moravian Zone and rocks from the West-European Hercynides show clear clockwise pa-
lacotectonic rotation deformations. For the West-European Hercynides, these rotation deformations reach very high va-
lues (Edel 1987). For the Middle Carboniferous rocks, they represent about 50° and, for the Early Carboniferous, they
go up to 1209 in a clockwise direction. Such large deformations are related to palacomeridians of the Early Permian pa-
lacogeographic net of the consolidated European plate. Deformations of comparable magnitude have been found in the
Moravian Zone and on the Polish side, in the Holy Cross Mts. Palacotectonic rotations of similar magnitude were de-
monstrated in a number of cases in the Alpine tectonic belt. In this paper, we discuss the similarities and differences
between the palacotectonic deformations recognized on rocks affected by the Variscan orogeny to the north of the Al-
pine belt and with those derived from rocks affected by the Alpine orogeny. Experimental palacomagnetic data are tested
on a model simulating palacotectonic rotations. Such rotations are regarded as the characteristic sign of tectonic colli-
sion zones. A major part of the paper is devoted to the problem of overprint of several Early Variscan and pre-Variscan
rock formations in the Bohemian Massif during the Variscan orogeny, which occurred during the Late Carboniferous
epoch with possible extension to the Early Permian. The overprint effects were found by magnetomineralogical analy-
ses and by means of the multi-component analysis of remanence applied to Devonian limestones from the Moravian Zo-
ne and the Barrandian, to Late Cambrian volcanics and Early Cambrian shales with micro-organic matter of the
Barrandian.
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from the Appendix attached at the end of this pa-
per. Results of statistical evaluation of pole posi-

The goal of the present study consists of evalua-
ting the Variscan palaecomagnetic data derived
from the region of the Bohemian Massif and in
comparing these findings with the coeval data
from other European regions to the north of the
Alpine tectonic belt in order to carry out palaeo-
geographic reconstructions and to determine some
development features of the Hercynian fold belt
from Early Devonian to Triassic times. To meet
such a goal, it was necessary to survey all the
major palaeotectonic deformations and palaeo-
geographic reconstructions regarding the deve-
lopment of corresponding formations during the
Variscan orogeny. The analysis is based on pre-
viously published results and data compilations,
the basic reference to these data may be obtained

tions for respective regions in Europe, such as
Russian Platform, Fennoscandia, England, Scot-
land, West European Hercynides and Bohemian
Massif, from the Triassic to the Early Devonian
are summarized in Tables 1 to 4. For the Bohe-
mian Massif, three tables were set up summari-
zing primary palacomagnetic data either pre-
viously published or recently derived, for the
Early Permian, Carboniferous and Devonian
(Tables 5-7).

The Variscan overprint of many rock forma-
tions might have a serious impact on palaco-
geographic reconstructions so that this problem
requires a critical discussion. Consequently, spe-
cial attention is paid to this problem not only
from the point of view of results of multi-compo-
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nent analysis of remanence, but also with respect
to results of magnetomineralogical analysis of
rocks with various unblocking temperatures and
various origins of palaeomagnetization. A major
part of this paper is devoted to discussion of ty-
pical case histories of Variscan overprint. Table 8
summarizes pole positions derived on statistically
evaluated Variscan components overprinted on
various rocks in the territory of the Bohemian
Massif.

The palaeogeographic latitudes and orienta-
tions of palaeomeridians have been derived and
comparison of these data according to their
geographic origin and age, starting from the
Middle Triassic to the Early Devonian, provide
constraints for the palacogeographic re-
constructions. They also can be used for quanti-
tative evaluation of palaecotectonic movements of
respective rock formations or blocks during the
Variscan orogeny. The palaeomagnetic data make
it possible to reconstruct the gradual welding of
blocks (microblocks, nappe systems) during the
formation of the Pangea supercontinent. This stu-
dy also highlights the regions in which further
palacomagnetic studies are required.

2. Palacomagnetism and palacogeography
of the European Variscides

European geological formations affected by the
Variscan orogeny have been studied by means of
the palacomagnetic method during approximately
the last thirty years. Permo-Carboniferous forma-
tions are often represented by palaeovolcanics or
»red beds”, which were easily measured by labo-
ratory equipment already available two to three
decades ago. As more advanced laboratory
techniques and interpretation procedures were
introduced, an increasing number of rock types
were covered by research, e.g. limestones, rocks
with micro-organic matter on different levels of
carbonification (oil-shales, coal-bearing shales,
black shales, etc.). Progress in laboratory techni-
ques was enhanced by the development of
magnetometers, and with the progressive thermal
demagnetization which led to further deve-
lopment of the equipment creating a high magne-
tic vacuum (MAVACS, Magnetic Vacuum
Control System, cf. Pithoda et al. 1989). Conse-
quently, multi-component analysis methods were
developed (e.g. Kirschvink 1980, Kent — Briden
— Mardia 1983).

This report contains an analysis of palaeo-
magnetic data covering the Triassic, Permian,

Carboniferous and Devonian periods. The main
reason for such a survey has been to elaborate sy-
noptical maps depicting the orientation of palaeo-
meridians and palaeogeographic latitudes calcula-
ted from statistically determined mean pole posi-
tions for the respective blocks (regions). Tables of
mean pole positions including the scatter of pa-
lacomagnetic data have been set up as well. The
methodology implemented is described by Krs
(1982). Such a method of analysis makes it
possible to derive palaeogeographic reference
coordinates, to assess the palaeogeographic affini-
ty of partial blocks (regions) and to quantitatively
evaluate palaeotectonic deformations due to the
Variscan orogeny. The reference coordinate net
derived will be used in the next chapter to discuss
similar palaeomagnetic and palaeogeographic data
derived from the Bohemian Massif.

The analysis is based on previously
published results and data compilation (Krs
1968; Edel 1987; Irving et al. 1976a,b; Krs et
al. 1992a, 1993a; Pesonen et al. 1991; Khra-
mov 1984; Torsvik et al. 1990, 1992; Van der
Voo 1990; Westphal 1990). These catalogues
and publications ensure that only a minor part
of the data published on palacomagnetism of
the Variscides was not incorporated into our
evaluation. In contrast to the paper by Krs
(1982), this analysis does not include palaeo-
magnetic data from regions of the Alpine tecto-
nic belt.

The Triassic, Permian, Carboniferous and De-
vonian palaeomagnetic pole positions used for
statistical evaluation and construction of Figs 1
to 15 were obtained from cataloques and publi-
cations whose references are mentioned in
Appendix. Geographical coordinates (latitude
and longitude) are provided for each of the
geological formations, and the name of the re-
gion is mentioned as well. This is followed by
brief notes on the type of rocks examined, and
notes on the experimental techniques used for
demagnetization (thermal demagnetization — TC,
alternating field demagnetization — AC, combi-
ned demagnetization — TC + AC). The palaeo-
magnetization is mentioned as being of either
normal (N), reverse (R) or combined (N+R) po-
larization, and the reference number of the cata-
logue or publication in question comes last. Pa-
lacomagnetic data that do not meet one of the
following criteria, i.e. whose 095 > 159 (Fisher
1953), whose reliability criterion is B (Irving et
al. 1976a,b) or quality Q < 3 (Van der Voo 1990)
were not taken into account.
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Table 1. Triassic mean pole positions

Russian Platform,
Ural Mts.
Pp(OIN| AL(O)E| Lg5(°)| k| Np
T3
Ty T 51.8 142.7 6.7 132.6| 5
Tl F 45.9 160.8 5.2 71.8| 12
England, Ireland, France, Fennoscandia
Germany
Pp(PIN| AR(P)E[ dg5()| k| Np| pp(CIN| A(NDE|Kg5(°)| Xk | Ny
48.8 143.3 5.7 82.9| 9° 58.5 138.1 10.9 50.6| 5
Np - number of pole positions
Table 2. Permian mean pole positions
Russian Platform, Bohemian Massif
Ural Mts. 1
PpOIN| Ap(PIE[ dgs(®)| k| Nyl pu(®IN| AQ(P)E[kos(®)| Xk | Np
PJ
Pa
:} 46.2 166.3 2.3 117.0| 33
Py 3g.2 162.2 4.1 114.1( 12
England, Scotland Fennoscandia
Pp(OIN| AR(P)E| Rgs(®)| k| Nyl @o(CIN| AL(P)E| dgs5(®)| Xk | Ny
43.5 164.3 7.0 93.7| 6 45.4 157.6 3.7 71.2| 22

West-European Hercynides

Yp(PIN| A5(°)

E

%g5(°)

k

40.9 165.6

9.3 25.1( 11

Np ~ number of pole positions

In Figs. 1 to 7, full short lines represent the
orientations of palacomeridians correlated to re-
cent meridians for corresponding collecting sites
(localities, areas). In Figs 8 to 15 Fisher’s (1953)
statistics were used to calculate the mean pole
positions; g5 — the semi-vertical angle of the
confidence cone at the 95% probability level,
k - the precision parameter, Np — the corres-

ponding number of poles. The mean pole posi-
tions were calculated for each region (lithosphe-
ric plate or its parts): the Russian Platform,
Fennoscandia, Bohemian Massif, West-European
Hercynides, the area covering England and
Scotland or the area comprising England, France
and western part of Germany. The data derived
by means of statistical analysis (making use of
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Table 3. Carboniferous mean pole positions

Russian Platform, Russian Platform,
Ural Mts.
PoOIN| Ap(°IE| Kos(®)| k| Ny| wp(°IN| Ap(®)E] &gs(®)| k | Ny
Cy - 40.4 | 169.1 | 5.0 95.0| 10
€, r31.9 | 163.3 | 6.0 | 85.5| 8
c, F33.5 | 151.2 | 12.0 9.9| 17
West-European Hercynides Bohemia, Poland
PpOIN] Ap(OIE| aos(®)| k| Nyl wp(®IN| Ap(®)E| aos(®)| k | W,
C; 41.0 | 158.1 | 8.9 | 39.7| 8 | 39.1 164.5 | 6.3 78.6| 8
€, [12.6 | 118.2 | 5.9 45.8] 14
c,  -21.6 56.5 | 16.2 8.9] 11
England, Scotland Fennoscandia
p°IN| Ap(®IE| x95(°)| k| My ¢p(OIN] Ap(®)E| ags(®)| k[
38.5 | 151.1 | 6.5 | 24.6| 21| 36.9 166.0 4.1 | 70.9| 18

Np - number of pole positions

»irial and error procedure) are displayed in the
Tables 1, 2, 3 and 4. From the mean pole posi-
tions calculated for each region (with scatters sta-
ted in the above tables), palacogeographic latitu-
des were calculated. They are shown in Figs 1 to
7, cf. also Soffel (1991), Butler (1992) and Van
der Voo (1993).

Triassic

For the Middle Triassic and Triassic periods, the
orientation of palaeomeridians (the Russian
Platform, Fennoscandia, Western Europe) is in
mutual agreement within the geocentric dipole
field. Within the limits of scatter of the palaco-
magnetic data, the palaeolatitudes are also in
agreement for all territories to the north of the
Alpine tectonic belt, (see Fig. 1). Furthermore,
for the region west of the Ural Mts. and north of
the Alpine tectonic belt up to Scandinavia, the

lithospheric plate can be considered as being
tectonically nearly stable and without any pro-
nounced horizontal palaeotectonic deformations,
incl. fault-bound traslations. There is a gap, ho-
wever, between the palaeolatitudes for Western
Europe and Fennoscandia.

Early Triassic rocks have been studied only in
the area of the Russian Platform. Absolute pa-
laeogeographic latitudes are about 100 lower
when compared to the Middle Triassic ones, see
Fig. 2. If ags = 6.79 for the Middle Triassic and
0g5 = 5.29 for the Early Triassic, the resulting
difference of 100 is statistically provable, (see
Table 1). Comparing the Middle Triassic with the
Early Triassic, the orientation of palaeolatitudes
and palacomeridians shows a small clockwise ro-
tation. These movements affect the whole territo-
ry of the Russian Platform and reflect continental
drift of the whole lithospheric plate. It is worth
mentioning that the palacomagnetic results from
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Table 4. Devonian mean pole positions

Russian Platform - NW of Moscow Ural Mts.
pp(CIN| Ap(®IE| Xg5(®)| k | Nyl yo(°IN| A(IE| &o5(®)| k | N
D3 r32.2 161.3 4.9 245.0| 5 '
]'35.2 166.4 8.9 27.1011
D,
Dy
Russian Platform, Russian Platform - Dniester area
northern region
Pp(OIN| AR(®IE| Xg5(®)| k| Nyl ¢u(°IN| AL(P)E| dos5(®)| Xk | Ny
Dg
} 6.2 165.1 17.8 27.2| 4
Dy
Dy 38.8 163.0 3.8 246.9| 7
Fennoscandia Britain,
north of the Great Glen Fault
pp(CIN| Ap(°)E| xo5(®)| k | Nyl ¢u(°IN| A (°)E| dg5(®)| k | Np
16.3 156.5 7.5 '| 42.5| 10| 10.0- 146.5 8.1 29.9| 12
Britain, south of the Great Glen Britain,
Fault, north of the Iapetus Sut. south of the Iapetus Suture
Pp(®IN| Ap(®)E| dgs(®)| k | Ny| ¢ (OIN| AL(PIE| Xg5(®)| Xk | N
6.4 140.5 9.0 19.1] 15 15.6 140.4 38.6 6.6
West-European Hercynides,
incl. Armorican Massif,
Poland, Moravian Zone
pp(IN| A(PIE| dgg(®)| X - | Ny
D3
]-30.1 159.0 11.2 19.4] 10
Dy

Np - number of mean pole positions

the Russian Platform (red beds) and from the
Ural Mts. (sandstones, basalts and tuffs) are mu-
tally consistent.

Permian

The original Permian palacomagnetic pole posi-
tions for each region are in good mutual agree-
ment (Table 2). They demonstrate that in the

Early Permian the palacoequator was situated just
to the South of Paris (Fig. 3).

Carboniferous

The Late Carboniferous formations (Fig. 4) pro-
vide data that document a position close to the
eguator, (pronounced drift for the Russian
Platform and Fennoscandia). This displacement
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Fig. 1. Triassic and Middle Triassic palaeolatitudes derived from statistically evaluated palacomagnetic data. Russian Platform, Ural
Mts. — Middle Triassic, prevailingly red sediments; Fennoscandia — Triassic, lavas; Western Europe — Triassic, prevailingly red beds
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Fig. 2. Barly Triassic palacolatitudes derived from statistically evaluated palacomagnetic data. Russian Platform, Ural Mts. — pre-

vailingly red beds, sandstones, basalts, tuffs
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Fig. 3. Permian, Early and Middle Permian palaeolatitudes derived from statistically evaluated palacomagnetic data. Russian
Platform, Ural Mts. — Early to Middle Permian, prevailingly red beds; Fennoscandia ~ Permian, igneous rocks of different genesis;
England, Scotland — Permian, Excter traps, lavas, some red sandstones; West-European Hercynides — Permian, volcanics and red
beds; Bohemian Massif — Early Permian, prevailingly red beds, some ignimbrite, oil-shale, (microgranodiorite and haematite mine-

ralization of presumably Early Permian age)

falls, once again, in the movements generated by
the continental drift. In the south-western part of
the Bohemian Massif, the declination of palaeo-
meridians is close to values observable in the
West-European Hercynides. This deviation has
been pointed out already during the early stages
of palacomagnetic investigations of the Bohemian
Massif (Birkenmajer — Krs — Nairn 1968).

Middle Carboniferous rocks show further
displacement towards the south; data from the
Russian Platform document a slight clockwise ro-
tation in comparison with data from the Late
Carboniferous. However, the Middle Carbonife-
rous rocks from the West-European Hercynides
show a strong palaeotectonic clockwise rotation
as pointed out by Edel (1987), see Fig. 5. This
can be demonstrated by the marked dislocation of
palacomagnetic pole positions, see Tab. 3. Rocks
of the West-European Hercynides are found in
equatorial palacogeographic latitudes, mostly in
the southern hemisphere.

The Early Carboniferous palaeopoles obtaind
from the Russian Platform and the West-Euro-

pean Hercynides indicate palacogeographic latitu-
des in the northern hemisphere. However, relati-
vely scarce and rather unhomogeneous data are
statistically less significant, see Table 3. In spite
of this, there is a clear deviation of the palaeo-
magnetic declinations from those for Early to La-
te Carboniferous rocks which a priori indicates
a clockwise palaeotectonic rotation of formations
in the West-European Hercynides, see Fig. 6.

Devonian

The Devonian rocks palacomagnetically investi-
gated are from the Russian Platform (its northern
territories, NW of Moscow and Dniester area),
from the West-European Hercynides incl. Armo-
rican Massif, from Poland (Holy Cross Mts.) and
the Moravian Zone of the Bohemian Massif. The
palacomagnetic directions from the Dniester area
and region NW of Moscow evidently do not
represent the Devonian directions but the re-
magnetization directions during the (Barly)
Permian period, e.g. the mean pole positions for
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Fig. 4. Carboniferous and Late Carboniferous palaeolatitudes derived from statistically evaluated palacomagnetic data. Russian
Platform, Ural Mts. — Late Carboniferous, red beds, igneous rocks; Fennoscandia — Carboniferous, igneous rocks of different ori-
gin; England, Scotland — Carboniferous, limestones, red beds, volcanics; West-European Hercynides — Late Carboniferous, prevai-
lingly volcanics, some sediments; Bohemia, Poland — Late Carboniferous, prevailingly red beds, some tuffs
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Fig. 5. Middle Carboniferous palacolatitudes derived from statistically evaluated palacomagnetic data. Russian Platform — red beds;
West-European Hercynides — rocks of different genesis: volcanics, granitoids, ignimbrites, tuffs, sediments
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the Devonian rocks from the Dniester area are
practically identical with the mean pole positions
for the (Early) Permian rocks of the Bohemian
Massif, cf. Tables 2 and 4. Palacomagnetic di-
rections for the Devonian rocks from Great Bri-
tain, West-European Hercynides, Poland (Holy
Cross Mts.), the Moravian Zone and the Ural
Mits. show predominantly clockwise rotations, see
Fig. 7 and Table 4.

Thus it becomes evident that the Trans-Euro-
pean Suture Zone forms a boundary SW of which
the Carboniferous rocks show, as a consequence
of palaeotectonic rotations, deviations in palaeo-
magnetic declinations. To the NE of the bounda-
ry, i.e. on the East-European Platform, palaeo-
magnetic data are homogeneous.

From the Early Permian to younger formations,
palacomagnetic data are homogeneous for the
whole plate — from the Ural Mts. up to Great Bri-
tain and north of the Alpine tectonic belt up to
Scandinavia.

Figs. 8 to 15 depict pole positions and mean
pole positions calculated by means of Fisher’s
(1953) statistics for each of the regions (parts of
the lithospheric plate) from the Triassic to the
Early Devonian periods, see Tables 1 to 4.

3. Palacomagnetism and palaeogeography
of Variscan Formations
of the Bohemian Massif

Since the Early Permian, the Bohemian Massif
represents a tectonically stable block. Palaeo-
magnetic investigations on Early Permian and
Carboniferous rocks have pointed to the conti-
nuous drift from the equatorial zone, to partial
horizontal rotation of blocks from the Westpha-
lian B to Stephanian (Krs 1968, 1978; Krs et al.
1992a), and, finally, to the palaeogeographic affi-
nity of the Bohemian Massif to the North-Euro-
pean Platform since the Early Permian.
Palacomagnetic findings on the Early Permian
and Carboniferous rocks compiled by Krs (1968)
were predominantly derived from ,red beds®, to
a lesser extent from tuffs, usually on rocks filling
shallow basins or furrows. The data presented in
the paper mentioned above were obtained through
a statistical evaluation of palacomagnetic di-
rections of strata (strata means) using Fisher’s
(1953) statistics; see palacomagnetic data for the
Early Permian 1-6 and the Carboniferous 8-14 on
Fig. 16. The development of a new type of
thermal demagnetizer MAVACS — Magnetic Va-
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Fig. 7. Devonian palaeolatitudes derived from statistically evaluated palacomagnetic data. Russian Platform, NW of Moscow — La-
te Devonian, sediments; larger region of the Ural Mts. — Middle to Late Devonian, variable sediments (limestone, tuffite, sandsto-
ne, bauxite) and igneous rocks (tuff and tuff-breccia, granite, diabase); Russian Platform, northern region — Middle to Late Devo-
nian, sediments; Russian Platform, Dnicster area — Early Devonian, sediments; Fennoscandia — Devonian, sediments, igncous rocks;
West-European Hercynides, incl. Armorican Massif, Poland — Middle to Late Devonian, sediments, igneous rocks; Great Britain,
north of the Great Glen Fault — Devonian, sediments, igneous rocks; Great Britain, south of the Great Glen Fault — Devonian,
sandstones and lavas prevail; Great Britain — south of the Tapetus Suture — Devonian, sandstones, intrusives; Bohemian Massif, Mo-
ravian Zone - limestones of the Late Eifelian to the Late Famennian

cuum Control System (Pfihoda et al. 1989), and
the improvement of interpretation methods, e.g.
introduction of multi-component analysis of re-
manence, have helped both to verify some of the
earlier findings with more sophisticated
equipment (Krs — Chvojka — Valin 1988) and to
study other rock types of very different origins.
There have been studies for instance, on oil-sha-
les (Krs et al. 1992a), coal-bearing and roof sha-
les (Krs et al. 1993a), and microgranodiorite (Krs
— Vrdna 1993). Tables 5 to 7 summarize the
fundamental palacomagnetic data derived so far
from rocks located on the Czech part of the Bo-
hemian Massif and dating from the Early Permian
to the Devonian period. In the early years of pa-
lacomagnetic investigations, mean palaeomagne-
tic directions were calculated from palaecomagne-
tic directions of strata (so-called strata means).
Later on, other statistical procedures were intro-
duced respecting newly employed laboratory
techniques for the derivation of primary palaeo-
magnetic data. Mean palacomagnetic directions

of any geological formation are calculated either
from the palacomagnetic directions of sites (site
means) or of localities (locality means). In other
words, the first step is to calculate the virtual po-
le position of a particular site or locality; then,
from virtual pole positions, mean palacomagnetic
pole positions for respective formation are calcu-
lated utilizing the statistical method (Fisher
1953). There are, in fact, three different statistical
ways of deriving the mean palacomagnetic pole
positions. All three approaches have been tested
and the results show that the mean pole positions
are, within the limits of statistical errors, mutually
identical. For that reason, even earlier palaco-
magnetic data can be well utilized for the inter-
pretation; for experimental data on this topic see,
for instance, (Krs et al. 1987; Pruner 1987, 1992;
Krs et al. 1993a,b).

The impact of palaeotectonics on the scatter of
the Late Carboniferous palacomagnetic data was
already seen in the early years of palacomagnetic
investigations (Birkenmajer — Krs — Nairn 1968).
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The largest difference between palacomeridians
was found between the Inner-Sudetic and Krko-
no$e-Piedmont Basins on one hand, and the Plzefi
and Kladno-Rakovnik Basins on the other. The
azimuthal difference amounts to 170 + 40 (Krs
1978).

The Moravian-Silesian region incl. the Upper-
Silesian Black-coal Basin are located near the
lithospheric boundary that divides the North-
European Platform from the Alpine-Carpathian
collision zone. The vicinity of such a boundary
originated by Alpine tectonics did not signifi-
cantly affect palacomagnetic data from the
Upper-Silesian Basin; e.g. palaeodeclinations do
not show any anomalous deviations.

Heterogeneity of the Late Carboniferous pa-

KT

lacomeridians from the Bohemian Massif region
contrasts with the uniformity of the Early
Permian palaeomeridians. This documents block
consolidation of the Bohemian Massif during the
Early Permian. That result is corroborated by the
scatter of pole positions calculated by Fisher’s
(1953) statistics: for seven pole positions derived
for the Early Permian biostratigraphically dated
rocks oig5 = 2.99, and for the seven pole posi-
tions for the Carboniferous biostratigraphically
dated rocks og5 = 6.89, where 095 stands for the
semi-vertical angle of the confidence cone calcu-
lated at the 95 % probability level.
Palacomagnetic data make it possible to calcu-
late palaeolatitudes of a particular block. Fig. 17
shows the Autunian palaeogeographic latitudes
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derived from the palacomagnetism of rocks from
the Blanice and Boskovice Furrows and palaeola-
titudes derived from the Autunian and ,Rotlie-
gendes* rocks from the KrkonoSe-Piedmont and
Inner-Sudetic Basins (Table 5). Fig. 18 shows pa-
laeolatitudes for the Westphalian C to Stephanian
rocks from the Plzeii and Kladno-Rakovnik Ba-
sins, for Stephanian rocks from the Blanice and
Boskovice Furrows, and, finally, for the Westpha-
lian B to Stephanian rocks from the Krkono$e-
Piedmont and Inner-Sudetic Basins (Table 6).
Inaccuracy of calculated palaeolatitudes varies
within £30. The equatorial position of the Carbo-
niferous formations and close sub-equatorial posi-
tion of the Early Permian formations from the
corresponding blocks in the Bohemian Massif
correlate with palacomagnetic findings obtained
from the North-European Platform (Krs 1982),
see also Figs. 3 and 4 of this paper. Partial blocks
from the Bohemian Massif consolidated, evi-
dently as a consequence of the consolidation of
lithospheric plates during the formation of the
Pangea supercontinent.

4. Overprint of rocks during the Variscan orogeny

The first study into the problem of remagnetiza-
tion of the Barrandian rocks during the Variscan

orogeny was focused on the remagnetization of
the Devonian rocks (Chlupaé — Krs 1967). The
results obtained were similar to those found in
other regions by Chamalaun — Creer (1963,
1964). Rocks of the ,,red beds* type are, in cases
where they are represented by porous sandstones,
especially susceptible to remagnetization. Exoge-
nous factors like various types of atmospheric
influence or water circulation with dissociated
oxygen lead to the generation of chemoremanent
magnetization, usually with hard magnetic pro-
perties and with high unblocking temperatures (as
in the case of haematite, Krs 1967).

However, all the earlier palacomagnetic data
(-6 in Table 5, and 8-13 in Table 6) were deri-
ved from rocks which had been subjected to tho-
rough tests of palacomagnetic stability using
alternating and above all, thermal fields. Some of
the earlier findings have recently been verified by
new methods which make use of the recently de-
veloped MAVACS demagnetizer (Piihoda et al.
1989). Multi-component analysis methods were
introduced utilizing PCA (principal componennt
analysis) and LINEFIND algorithms by Kirsch-
vink (1980); Kent — Briden — Mardia (1983),
respectively. For the test, rocks were chosen with
exceptionally high portions of secondary magne-
tization components; the MAVACS apparatus ma-
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ry of presumably Early Permian age. Early Permian: 1, 2 — Blanice furrow, northern and southern parts, Autunian, red sediments;
3, 4 — Boskovice furrow, southern and central parts, Autunian, red sediments; 5 — KrkonoSe Piedmont Basin, Late and Middle
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Table 5. Bohemian Massif: Early Permian basic palacomagnetic data
g Geographic Mean I:F‘“JE“' Palaeomagnetic | Ovals of
o~ - co-ordinates 33?32;?0'% pole positions confidence
Region éug_u lithology dgsle} k | n Reference
Su g(°IN | Al°E Dio} I{o} p (CIN | Ap [PIE {dml®) | dp (°]
o w
Blanice furrow, Autunian, - M.Krs,
northern part 1 red beds 50.07 14.87 |207.M 11.56 |3.56 [38.49] 43 40,04 | 157.70 3.61 1.84 1968
Blanice furrow, Autunian . _ M.Krs,
southern part 2 red beds 49.38 14.78 | 204.06 9.4 | 1.99 15407 34 40,80 | 162.31 2.00 1.01 1968
Boskovice i M.Krs
fur raw, 3 qAutunian. | eas | 1635 [20147 | -5.77 |33 [sa.28| 40 | 4036 [16811 | 314 | 158 | yoss’
southern part
Boskovice i M.Krs,
Frtawy 4 | Autunian. | 4o | 16.62 [207.26 | -12.91 |35 [37.10| 45 | 4133 |159.32 | 361 184 | 1968
central part
. Late and
Krk n “ M.Krs,
Pledmant 5 |Middle 'Rot~ | 50.53 | 1565 |199.91 | -10.62 [3.70 [13.52| 116 | 41.85 [168.58 | 3.75 | 1.90| 1yg6a
Basin red beds "
Krkonode Early “Rot- M.Krs
Piedmant 6 | liegendes” | 50.57 | 15.53 20048 | -2.41 |2.77 |30.20| 89 | 3778 | 18970 | 277 | 139 | ‘1988
Basin red beds
KrkonosSe Autunian, Calculation was carried out M.Krs et al
I;iecjmcmt 7 | oil sholes 50.624 | 15.599 | ysing virtual pole positions [N=5) | 4012 | 167.22 [ dg5=5.3° 1992a
asin
Nezdice near Most probabl Calculation was carried out M.Krs,
Kasperske 18 Eglﬁypggrrgiuz 48106 | 13.769 | \ging virtual pole positions (N=3)| 42.2 | 157.9 dgs =15.1° | S.Vrdna,
Hory 1993
n-number of strata; N-number of sites
Table 6. Bohemian Massif: Carboniferous basic palacomagnetic data
s Geographic Mean paloeo- Palaeomagnetic | Ovals of
: magnetic %
o _ co-ordinates directions pole positions confidence
Region g o Age, Aot k |n.N Reference
o lithology 95 Y
%ﬁ pI®IN | A°IE Dl®} 1[°) Yp (°IN| Ap (°1E [dm(®] | dp [°)
[+
' Westphalian C- ; M.Krs,
Plzeh Basin 8 |-Stephanian, 49,82 13.33 | 214.65 2,05 |5.09 [1295|n=65] 3113 | 151.72 5.00]| 255 1968
red beds
Kladno - Westphalian C- M.Krs,
-Rakovnik 9 |-stephanian, | 50.17 14.00 | 211.72 -5.41 |2.59 |42.02|n=73| 35.49 | 15383 260] 130 1968
Basin - red beds :
Blanice furrow, Stephanian, : M.Krs,
northern part | 10 s gl 5003 | 14.82 |210.25 | -14.05 |2.06 |90.73|n=25| 4022 | 15392 | 313 | 160 | qo68
Boskovice Stephanian, M.Krs,
furrow, n redp beds 49.15 | 16.35 |200.92 | -4.73 |3.94 P3.97|n=40| 39.92 | 16863 | 3.95| 198 | 1958
southern part
Krkonose Stephanian, M.Krs,
Piedmont 12 | Jiephone™ | s0.s0 | 1538 | w540 | -13.66 [3.42 [3122|n=57| 4k65 | 17607 | 3.49| 178 198
Basin
Inner - Sudetic Westphalian B M. Krs,
Basin 13 | -Stephonian, | 50.58 | 16.08 |196.19 2.20 |4.54 [12.01|n=88| 36.50 | 175.79 | 4.54| 2.27 | 1968
red beds,tutfs
Moravian- Late Visean, M.Krs et al.
-Silesian 14 | prevailingly 49.84 17.898 | 205.4 -1.3 6.5 T |N=17| 36.24 165.85 650 | 3.25 1993
region roof shales

n-number of strata;

N~ number of sites
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Table 7. Bohemian Massif (Barrandian, Moravian Zone): Devonian palacomagnetic data

g Geographic Mean palaeo- Palaeomagnetic Ovals of
Ko co-ordinates magnetic directions pole positions confidence
Region g lithalogy &L k {n.N Reterence
& | AeE] oo | e -
3 ¢l (*1E | Dle) (o) gp (°)] Mg 1°) [dm(°} dp (0)
A F ian, i
N e aone:| 16 |fomenman. 149143 | 16.737 | 133.9 | -19.1 | 5.8 [259 |n=25| 3575 | 7703 | 6os | 3us Ebyehed
Moravian Zone, Givetian, % "
el 17 [limestone | 49142 [ 16691 | M1.4 | 244 |60 N7 |n:52 | 23,585 | 9689 | 6.43 | 3.44 [Unpublished
oravian Zone, Eitelian, i
clechovice | ' |limestone | 49532 | 17.087 | 1068 | -311 | 4.0 [302 [n=34 | 22245 1077 € | 447 | 2.50 |Unpublished.
- arly Devonlan, : 203.6 | -321 | 4.73|195 |n=49] 52305 | 2436W| 533 | 3.00 | 1Chupae ef oL
Progue Basin| 19 Imainiy Progion. | 50005 | 4.299 591315 |14 (374 N6 [ 52505 | 2wl s T 558 1950

n-number of strata; N-number of sites

de it possible to clean the tested rocks efficiently.
For instance, in the case of the Hyn&ice locality
(the north-eastern part of the Inner-Sudetic Ba-
sin), the following coordinates for the Autunian
sediments were derived: ¢, = 40.920N, lp =
165.960 E, dm = 16.54°, dp = 8.37° and the re-
sult is in good accord with the findings presented
in Table 5; see Krs — Chvojka — Valin (1988).
The laboratory thermal-cleaning methods imple-
mented were reaching temperatures up to the
unblocking temperature for haematite (less than
680 ©C).

Another important criterion for verification of
reliability of palacomagnetic data is investigation
of rocks of different origin. For example, in Fig.
19, results of Thellier — Thellier’s (1959) method
applied to calculation of palacogeomagnetic field
intensity are presented for a sample of ingimbrite
of the Autunian age from the Hyncice locality. As
it can clearly be seen in the figure, the single-
component magnetization is of primary (thermo-
remanent) origin and it was not remagnetized by
any thermal fields (below the unblocking tempe-
rature of haematite) in its geological history (Krs
1969). Any kind of remagnetization by thermal
fields with temperatures over 680 OC can be ru-
led out on the basis of other criteria (geological
and petrological).

Rocks with micro-organic matter frequently
contain ferrimagnetic minerals greigite and
smythite of bacterial origin (Krs et al. 1990,
1992b). In accordance with their thermal history,
such rocks may contain other minerals — thermal
alteration products (pyrrhotite, o-FepOs3; -
Fep03; 1-FepO3 and magnetite depending on re-
dox conditions). These rocks are represented by
a whole range of petrographic types (oil-, bitumi-
nous, black, coal-bearing, roof shales, etc.). For
our palacomagnetic investigations, it was decided

to collect oil-shales of the Autunian age from the
KrkonoSe-Piedmont Basin (Krs et al. 1992a).
Samples were taken from the Rudnice horizon lo-
cated in the lower section of the Vrchlabi Forma-
tion. Remanence directions of natural samples
and of thermally treated samples (200, 330 °C)
and mean site directions are presented in Fig. 20.
Each sample was subjected to remanence analysis
and laboratory thermal demagnetization, an
example of the analysis is presented for the
sample No 5784 Al in Fig. 21. A characteristic
magnetization component is detectable within the
temperatures ranging from 200 to 420 OC, its XY
and X7 components are oriented towards the ori-
gin of coordinates even in temperatures higher
than 420 ©C. Palacomagnetic data derived on the
Autunian oil-shales are in good agreement with
analogous data derived on surrounding ,red
beds®, see Table 5.

In the area of Nezdice, in the vicinity of
Ka3perské Hory, southern Bohemia, an investiga-
tion was carried out on samples of a massive
unweathered augite microgranodiorite (Krs — Vrd-
na 1993). The samples were collected at three si-
tes, site means of remanence directions of
thermally . treated samples are presented in Fig.
22. Magnetization and palacomagnetization
components are, principally, carried by pyrrhotite.
In temperatures exceeding the unblocking tempe-
rature for pyrrhotite, a small component parallel
to the direction of remanent magnetic polarization
of pyrrhotite was found. This component
corresponds to the magnetization of an Fe-oxide
rich in Ti. The palaecomagnetic pole position de-
rived is in good correlation with pole positions
derived on the Variscan Formations from the Bo-
hemian Massif; most closely it corresponds to the
Early Permian pole positions. All the samples
were tested with progressive thermal demagneti-
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Ignimbrite , Hyncice near Broumov

M No. 5609A 0

10 —0—0—0&1—)0/-0% f. i S o g
Fig. 19. Double-heating \ @7 500°620°C
method applied to Autu- o w P o
nian ignimbrite sample, 957 ) 3 200 wmfggac
Hynéice near Broumov. 5 ]
M;¢ _ remanent magnetic (%.)- el
moment of the sample L] 5 v

thermaly demagnetized
at temperature t; My _
natural remanent magne-
tic moment; 1-1: the
first cycle of laboratory
demagnetization and mag-
netization; 2-2’: the se-
cond cycle of laboratory
thermal treatment of the
same sample (Krs 1969)
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zation analysis. The sample No 6227 A2 is used
as an example for the analysis, see Fig. 23. The
low unblocking temperature of pyrrhotite and
identical orientation of remanence components
within the interval between 100 (150)-390 OC
indicates the tectonic and thermal stability of the
region investigated since the Early Permian.
Palacomagnetic investigations have also been
carried out in the Moravian-Silesian Zone inclu-
ding the Upper-Silesian Black-coal Basin. The

100 Fig. 22. Augite microgranodiorite (of presu-
mably Early Permian age), Nezdice near
KaZperské Hory. Palaeomagnetic directions
of samples and mean palacomagnetic di-
rections (after magnetic cleaning at 280, 200,
240 ©C) for three sites A, B, C; Krs — Vrina
1993.

investigation was focused on greywackes,
sandstones and, chiefly, on roof shales of the La-
te Visean and sandstones of the Namurian A (Krs
et al. 1993a). Unblocking temperature of roof
shales identifies pyrrhotite admixtures as the
principal palaeomagnetization carrier. All the
samples were subjected to thorough petromagne-
tic and palacomagnetic analyses. A typical
example, the analysis of the sample of a roof sha-
le from Lhotka — Nové T&hanovice locality is
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presented in Fig. 24. The sample was collected
from the underground workings of a gallery 50 m
under the surface, from the Moravice Formation.
Even though the unblocking temperature identi-
fies pyrrhotite as the main magnetization and pa-
laecomagnetization carrier, remanence direction is
identical to characteristic remanence direction
starting from 200 OC up to 400 ©C. The results
of thermal demagnetization of the greywacke
sample from Vondru$ka’s Quarry near the Budi-
Sovice settlement (the Late Visean, the lower
section of the Kyjovice Formation) are presented
in Fig. 25. In this as well as in other cases, the
samples of sandstones and greywackes show re-

“YZ

manence directions identical to the characteristic
remanence direction up to temperatures of 430
OC. Fig. 26 shows a stereographic projection of
directions of natural remanent magnetic polariza-
tion (Jy) on the left-hand side and the directions
of remanence of thermally cleaned samples on
the right-hand side. Fig. 27 shows the remanence
direction means for respective sites; the localities
are denoted by numbers and the sites by letters
(Krs et al. 1993a). In spite of the fact that the
Moravian-Silesian Zone, including the Upper-Si-
lesian Black-coal Basin, is located in the vicinity
of an important lithospheric boundary (the
boundary between the North-European Platform
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Fig. 25. Greywacke of Latc Visean age (lower part of the Kyjovice strata), Vondrugka’s quarry near BudiSovice. Results of
progressive thermal demagnetization by means of the MAVACS apparatus, Krs et al. 1993a
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Fig. 26. Roof shales (prevailingly) of Late Visean age, Moravian-Silesian region. Left-hand side: directions of natural remanent
magnetic polarization. Right-hand side: directions of remanent magnetic polarization after thermal cleaning at temperature of 200-
250 (320) OC, Krs et al. 1993a
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Upper Visean
Upper-Silesian Black-Coal Basin
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Fig. 27. Roof shales (prevailingly) of Late Visean age, Moravian — Silesian region. Mean palaeomagnetic directions for respective

sites (sites means); Krs et al. 1993a

and the Alpine-Carpathian collision zone), the
proximity of this boundary does not appear in pa-
lacomagnetic directions, no effects of Alpine
tectonics were recognized. Major divergence in
palacomagnetic declinations appears between
different sites of the same outcrop (see, for in-
stance, 6A and 6B mean directions in Fig. 27).
However, the dominant part of palacomagnetic
directions was derived from rocks with relatively
low unblocking temperatures. The fold test could
not be applied. For this reason, it will be
indispensable to carry out palacomagnetic investi-
gations on Early and Middle Carboniferous rocks
to search for possible remagnetization during the
Late Carboniferous or Early Permian.

Examples of Late Variscan overprint may be
demonstrated on Devonian limestone samples
collected from four of five localities so far stu-
died in the Moravian Zone, the eastern part of the
Bohemian Massif: locality Celechovice na Hané,
Late Eifelian to Barly Givetian; locality Josefov —
Habriivka, Givetian; locality Kitiny Marble
Quarry, Late Famennian; locality Mokr4, Late
Frasnian to Early Famennian and locality La-
Zdanky, Givetian. Fine grained magnetite, most
probably biogenic magnetite, was found as the

principal carrier of palacomagnetization in li-
mestone samples on four of five localities investi-
gated. The rocks belong to moderately magnetic
or even extremely low magnetic materials. Three
components of remanence, A-component of
viscous origin, B-component of Late Variscan ori-
gin and C-component of pre-Variscan or Early
Variscan origin were found in moderately magne-
tic samples of limestones from the localities Ce-
lechovice, Josefov — Habriivka and Kitiny Marble
Quarry. The B-components are very pronounced,
they were proved at four localities, and their mo-
duli represent up to 95% of the moduli of total
remanent magnetization. The B-components were
derived by the process of progressive thermal de-
magnetization using the MAVACS apparatus at
temperature intervals from 150 or 200 O°C up to
350 or 400 OC and the C-components were deri-
ved at temperature intervals from 400 or 425 OC
up to 500 or 530 OC. Typical examples are shown
in Fig. 28 for Celechovice, in Fig. 29 for Josefov
— Habrlivka and in Fig. 30 for Kitiny Marble
Quarry. The samples from Mokrd showed B-
components only, the C-components were not se-
parable due to extremely low values of rema-
nence. The limestone samples from LaZdnky are
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not suitable for palacomagnetic investigations, the
carriers of magnetization are metastable hydro-
oxides of Fe with low unblocking temperatures.
Figs 31 and 32 demonstrate the stereographic
projection of directions of B- and C-components
separated by means of multi-component analysis
(Kirschvink 1980) for Josefov — Habriivka, Give-
tian. Analogous results were obtained for the
other localities so far studied from the Moravian
Zone, cf. Krs et al. 1994, C-components show
anomalous palacomagnetic declinations a priori
indicating palaeotectonic rotation. The separated
B-components suggest Late Variscan origin, most
probably the Late Carboniferous, with possible
extension to the Early Permian. Attention was
paid to palacomagnetic studies of Late Cambrian
volcanics, Middle Cambrian sediments, mainly
greywackes, and Early Cambrian shales bearing
micro-organic matter. The Cambrian rocks of the
Barrandian area represent a great variety of rock
types. Consequently, these rocks were systemati-
cally studied and the results obtained were either
published (Krs et al. 1987, 1988) or summarized
in reports (Krs et al. 1991; Krs — Krsovd — Pru-
ner 1993; Krs — Pruner — Krsovd 1993, 1994. Re-

ports deposited in GEOFOND, Prague). On the
Cambrian rocks investigated, the effects of Late
Variscan overprint were proved and pre-Variscan
components separated. Typical examples will be
given for the Late Cambrian volcanics and Early
Cambrian shales with micro-organic matter:

Late Cambrian volcanics (andesite, dacite,
rhyolite, with andesite prevailing) from the Kii-
vokldt-Rokycany complex were analyzed.
A weak volcanic activity (rhyolite tuffs) appeared
for the first time in the upper part of the Early
Cambrian rocks, it vanished in the Middle
Cambrian. The volcanic activity re-appeared in
the Late Cambrian. According to Waldhausrovd
(1966, 1972) it should be assigned to the post-Ca-
domian subsequent volcanism, predominantly of
the Late Cambrian age; locally, the latest rhyolite
and andesite tuffs persisted into the Early Ordo-
vician. Altogether ten outcrops yielded samples
applicable to palacomagnetic research repre-
senting 137 oriented samples. The samples could
be partly cleaned by alternating field, however,
thermal cleaning was more effective, cf. Krs et al.
1988; Kirs et al. 1991, 1994. In the majority of
samples, the magnetite is the palaeomagnetization
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Fig. 28. Limestone of the Late Eifelian age, Celechovice na Hané, Bohemian Massif, Moravian Zone. Results of progressive thermal
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Fig. 29. Limestone of the Givetian age, Josefov — Habriivka, Bohemian Massif, Moravian Zone. Results of progressive thermal de-
magnetization by means of the MAVACS apparatus
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Josetov-Habrivka, Givetian
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Fig. 31. Limestone of the Givetian age, Josefov — Habriivka, Moravian Zone. Site means and confidence circles (at the 95% pro-
bability level) of directions of B- and C-components of remanence separated by the multi-component analysis. Left-hand side of
the Fig.: directions not corrected for dip of rocks (in situ): right-hand side of the Fig.: directions corrected for dip of rocks
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Fig. 32. Limestone of the Givetian age, Josefov — Habriivka, Moravian Zone. Directions of B- and C-components of remanence of
samples collected from strata, mean directions (strata means) and confidence circles, see caption to Fig. 31
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carrier, in three outcrops a small portion of
haematite appeared, and one outcrop of andesite
with haematite was found. A high unblocking
temperature of ferrimagnetic minerals was one of
basic prerequisites for derivation of palacomagne-
tic directions. However, in many samples, clear
Late Variscan components of remanence were se-
parated by multi-component analysis (Kirschvink
1980). Typical examples are shown in Figs 33
and 34. On the contrary, few samples showed re-
sults indicating high magnetic hardness. Due to
the narrow spectrum of high unblocking tempera-
tures, such samples did not record Late Variscan
overprint, for a typical example see Fig. 35. Di-
rections of separated Late Variscan components
are shown in Fig. 36 for andesite at Roztoky (lo-
cality 4) and rhyolite at Skryje (locality 5). This
demonstrates that samples used for derivation of
Late Cambrian palacomagnetic directions also
contain overprint components of the Late Va-
riscan origin.

Sedimentary rocks containing fossil micro-
organic matter are usually suitable for palaeo-
magnetic research. However, their palacomagneti-

‘Sample No. 6540 A1

N
0...XZ (p71
e... XY -’-150
480 BOmT_ 20,25mT
OmT .
i BN S S S - ¥ | i
Up ~ Down
/ 6OmT » x,‘sm
4 30mT
® 10mT
® °5m
l/ .

0.5

zation carriers being products of alteration (of
original metastable sulphides) may be represented
by o-FepO3, y-FepO3, m-FepO3, or magnetite
depending on redox conditions (cf. Krs et al.
1990; Krs et al. 1992b). Shales bearing micro-
organic matter were found (by Dr. V. Havligek) at
the locality ,Ko&ka“, Brdy Mts. They are part of
the Paseky Shale corresponding to the ,,Hofice —
HolSiny* formation, in the middle part of the
Early Cambrian rocks of the Barrandian (Krs —
Krsovd — Pruner 1993). The samples were de-
magnetized either by means of the alternating
field using the Schonstedt GSD-1 apparatus, or
by means of thermal demagnetization using the
MAVACS system, or by combined procedures.
Typical examples are shown in Figs. 37 and 38.
Three components (A, B, C) were separated by
application of multi-component analysis of rema-
nence. The samples showed only small A-compo-
nents of viscous origin. All samples, without
exception, contain a well pronounced B-compo-
nent. This component (if considered not corrected
for dip of rocks, related to rocks in situ position)
shows very shallow inclination values a priori
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Fig. 37. Shale with micro-organic matter of the Early Cambrian age, Barrandian, Pascky Shale, locality Kotka, Brdy Mts. Results
of alternating field (AF) demagnetization by means of the Schonstedt GSD-1 apparatus
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Fig. 39. Shale with micro-organic matter of the Early Cambrian age, Barrandian, Paseky Shale, locality Kotka, Brdy Mts. Directions
of B-component of remanence corrected for dip of rocks
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Table 8. Bohemian Massif: Late Variscan overprint components, corresponding pole positions
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indicating its Variscan origin, see Figs. 39 and 40.
Table 8 summarizes the pole positions calculated
from the B-component directions (n = 61). The
data show that the B-component was imprinted
during the Variscan orogeny.

To discuss in more detail the origin of the B-
components separated by multi-component analy-
sis on Late Eifelian to Late Famennian limestones
from the Moravian Zone, on Early Devonian
(mainly Pragian stage) limestones of the Barran-
dian (Chlupa¢ et al. 1987), on Late Cambrian
volcanics and Early Cambrian shales with micro-
organic matter from the Barrandian, a summary
Table 8 was set up reviewing pole positions calcu-
lated from the B-components. The mean pole po-
sition calculated by means of Fisher’s (1953) sta-
tistics is close to the mean pole positions derived
from the palacomagnetism of biostratigraphically
dated Late Carboniferous or Early Permian rocks,
cf. Tables 5, 6 and 8. However, the scatter of po-
le positions is closer to the scatter of Late Carbo-
niferous pole positions, see Fig. 41. Consequently,
the B-components represent overprint during the
Late Variscan orogeny, most probably during the
Late Carboniferous, extending with certain proba-
bility to the Early Permian.

High homogeneity of palacomagnetic di-
rections of the Early Permian rocks and certain
scatter of palaeomagnetic data derived from
Carboniferous rocks from the Bohemian Massif
may indicate that the rocks were remagnetized
during the late stage of the Hercynian orogeny.

Palacomagnetic directions and subsequently
derived palacomagnetic pole positions, presented
in the Tables 5 and 6, are supported by thorough
tests of palaeomagnetic stability. In the following
stage of laboratory experiments, the highly effi-
cient MAVACS thermal demagnetizer (Pfihoda et
al. 1989) was employed for subjecting large sets
of samples to detailed analyses, including multi-
component analysis of remanence. To document
the quality of the original palacomagnetic data,
petromagnetic  analyses were carried out,
Zijderveld diagrams were studied, and unblocking
temperatures of palacomagnetism-carrying mine-
rals were determined. Much of the data presented
in Tabs 5 and 6 is based on component analysis
of remanence of minerals with unblocking tempe-
ratures between 390 and 680 °C. In a number of
cases, the samples were collected from under-
ground workings to minimize the influence of
weathering. Another significant criterion for data

Fig. 41. Czech part of the Bo-
hemian Massif: a comparison of
Early Permian and Carbonife-
rous pole positions derived on
biostratigraphically dated rocks
with pole positions calculated
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component analysis on pre-Va-
riscan rock formations. a) / to 7
— Early Permian pole positions,
see Table 5. b) 8 to 14 — Carbo-
niferous pole positions, see
Table 6. c) Pole positions
calculated from mean directions
of Late Variscan overprint

; “-r‘ ¥ : components of remanence of
.' ..a;.}@i"m““.‘r‘ Z the following rock formations:
g 'ﬁﬂ =.:$:. ! ";’%E -'ad 32 — Late Famennian limestone,

Moravian Zone; 33 — Givetian
carbonates, Moravian Zone; 34
— Late Eifelian to Early Give-
tian limestone, Moravian Zone;
35 — Early Devonian (Pragian
stage) limestone, Barrandian;
36 — Late Cambrian andesite,
rhyolite, Barrandian; 37 — Early
Cambrian shale with micro-
organic matter, Piibram syncli-
ne, Barrandian, see Table 8
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reliability is the petrographic diversity of the pa-
lacomagnetically studied rocks, such as ,red
beds®, tuffs and tuffites, ignimbrite, claystones
and sandstones, oil-shales, micro-granodiorite,
roof shales and greywackes.

5. Model interpretations of palaeotectonic
rotations

Middle and Early Carboniferous rocks from the
West-European Hercynides show signs of major
palaeotectonic horizontal rotations (Edel 1987).
Similar findings on palacomeridian azimuths indi-
cating clockwise palaeotectonic rotations were
found recently for Middle to Late Devonian rocks
from the Moravian Zone (Krs et al. 1994). To
clarify this question we will discuss a model that
explains the specific distribution of pole positions
in the collision zone.

Major palaeotectonic rotations are documented
by numerous examples from the Alpine tectonic
belt. From the Neogene to the Permian periods,
statistical mean values of palacomagnetic data
from the following regions have been set up: the
Northern Apennines, Southern Alps, North-
Eastern Alps, Eastern Alps, Istria, the Transdanu-

Fig. 42. Alpine-Carpathian-Pannonian Zone:
distribution of pole positions derived on
Permian rocks from different regions (nappes,
nappe systems), VIL — region of Villany; SAL
- Southern Alps; NAP — Northern Appennines;
EAL - Eastern Alps; NWS — North-Western
region of Slovenia; IWC — Inner Western

Theoretically derived paths for pole positions
due to palaeotectonic rotations are demonstra-
ted by solid full lines (on upper hemisphere)
and dashed lines (on lower hemisphere) for
rocks with different palaeoinclination values of
-150, 09, 150
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{4 A
(63727103970 7:3,
E2) ' il
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bian region, the Outer Western Carpathians
(flysch), the Outer Eastern Carpathians, Western
Alps, the Inner Western Carpathians including
the Little Carpathians (Krs — Krsovd — Pruner
1992, in press). A region with identical or simi-
lar palaeotectonic evolution may be defined by
a respective set of palacomagnetic pole positions,
but only within the limits of statistically defined
inaccuracies of derivation. Due to the amount of
data available, a specific distribution of pole po-
sitions could be recognized. Within the scatter
and distribution of palacomagnetic pole posi-
tions, from the Neogene to the Permian periods,
the palaeotectonic rotation notably prevails in
certain regions (zones, nappes). In Fig. 42,
examples of Permian pole distributions are pre-
sented for the following regions: Eastern Alps
(EAL), Northern Apennines (NAP), Southern
Alps (SAL), North-Western Slovenia (NWS), the
Villiny region (VIL), the Inner Western
Carpathians (IWC). The positions of respective
poles reflect both translation of the lithospheric
plate, to which the region (zone, nappe) in
question shows palaeogeographic affinity (mo-
tion due to continental drift or rotation of plate
with a distant pole of rotation) and palaeotecto-
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nic rotations (motion due to local to regional ro-
tations or rotations with a close pole of rotation).
In other words, palacogeographic affinity is ba-
sed on palaeogeographic latitudes. A theoretical
model was proposed to simulate the above-men-
tioned movements (Krs — Pruner — Potfaj 1992).
For the region with the geographic coordinates ¢
= 509N and A = 139E, palacomagnetic pole po-
sitions were calculated for rocks with the
corresponding values of palacomagnetic inclina-
tion I, and with the respective values of palaeo-
magnetic declinations Dy,. The individual paths
were calculated for Dy from 00 to 3600 at the
steps of de = 200. In this way, theoretical paths
were constructed that match with certain appro-
ximation the paths of experimentally derived po-
le positions. Path 1: Iy = 0° ¢y = 09; path 2:
Ip = -159 @y = -7.69; path 3: Ip = -30°, oy =
-16.19; path 4: Ip = -459, ¢y = -26.69; path 5:
Ip = -600, @y, = -40.99; path 6: Ip =-759, o =
-61.49, see Fig. 43. The model presented is
supported by a number of case histories from the
Alpine tectonic belt and explains the specific po-
le distribution in the collision zone. In the terri-
tories of the West-European Hercynides, anoma-
lous palacomagnetic declinations were found for
Middle Carboniferous rocks and notably anoma-
lous declinations were detected in the case of

Early Carboniferous rocks (Edel 1987). Those
declinations imply clockwise palacotectonic ro-
tations, see Figs. 5 and 6, and the data in Table
3. The mean palacomagnetic pole positions pre-
sented in Fig. 44 cover rocks of the following
periods: the Permian (P), the Late Carbonife-
rous (C3), the Middle Carboniferous (Cp), and
the Early Carboniferous (C1). Since changes in
palaeogeographic latitudes are relatively small
in comparison with changes in pole positions
caused by palaeotectonic rotations, a theoretical
path of poles for the Permian pole position (P)
was calculated with de = 209. Pole positions
C3, Cy, and C; represent experimentally deri-
ved mean pole positions localized within that
path. Pole position Co shows a clockwise rota-
tion about 40° higher than pole position Cs,
and Cjp is higher than C3 by about 110°. The
mentioned changes in palaeomagnetic declina-
tions correlate to changes in palaeotectonic ro-
tations.

The comparison of the presented model with
experimentally derived data and with their sta-
tistically calculated mean values prove that
rocks in the West-European Hercynides under-
went palaeotectonic rotations comparable to ro-
tations so far documented for the Alpine tecto-
nic belt,

Fig. 43. A theoretical model showing distribu-
tion of pole positions due to pronounced palaco-

- tectonic rotations for rocks with palaeoinclina-
tion values of 09, -159, -309, -450, -600, -750.
Theoretical paths are demonstrated by solid full
lines on upper hemisphere and dashed lines on
lower hemisphere. The individual paths were
calculated for palacomagnetic declinations D
at the steps of dDp = 209 from 00 to 3600
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6. Principal results

Palacomagnetic data were accumulated over
approximately the last 30 years and, then, statisti-
cally evaluated to allow formulation of a number
of results concerning palacogeography and pa-
lacotectonic deformations of rocks from the
Hercynian orogenic belt. The territories under
consideration are located north of the Alpine
tectonic belt and west of the Ural Mts. up to
Great Britain:

i) The Permian period is characterized by a ho-
mogeneous grouping of palacomagnetic pole po-
sitions in the territories to the north of the Alpi-
ne tectonic belt covering the East-European
Platform, Fennoscandia, Central and West-Euro-
pean Hercynian belt. Accordingly, palaco-
geographic latitudes and palacomeridians are of
similarly homogeneous orientation. In the Early
Permian, the European lithospheric plate consoli-
dated without major palaeotectonic rotations of
its segments during later geological history. From
the Early Permian to recent times, a major move-
ment of the whole lithospheric plate has been
occurring as a consequence of the continental
drift from its palacogeographic subequatorial po-
sition to its present location.

ii) In the western part of the Bohemian Massif
and in the West-European Hercynides, rocks of
the Late Carboniferous show palaeotectonic rota-

Fig. 44. Mean pole positions derived statistically
for the West-European Hercynides. P — Permian;
Cs3 _ Late Carboniferous; Co _ Middle Carbonife-
rous; Cy _ Early Carboniferous. Solid full (dashed)
line indicates a theoretical path for the pole posi-’
tion P if subjected to pronounced palacotectonic
rotations. This theoretical path is close to pole po-
sitions derived experimentally on rocks of diffe-
rent genesis for the Late, Middle and Early Carbo-
niferous

tion deformations. In the West-European Hercyni-
des, the palaeotectonic rotations are notably high,
they are considerably higher for the Early Carbo-
niferous and predominantly of clockwise sense. If
the Early Permian palaeogeographic coordinate
net of the European plate is taken as a reference
net, then the rotations reach about 500 for the
Middle Carboniferous and 120° for the Early
Carboniferous rocks. Similar clockwise palaeo-
tectonic rotations have recently been derived for
the Middle to Late Devonian limestone forma-
tions from the Moravian Zone, the eastern part of
the Bohemian Massif. Palacomagnetic declina-
tions reach 1059 for the Late Eifelian-Early Give-
tian (locality Celechovice), 111° for the Givetian
(locality Josefov — Habriivka) and 13490 for the
Late Famennian (locality Kitiny Marble Quarry),
see Fig. 45.

iii) Palaeotectonic rotations of the above mentio-
ned magnitudes are quite common in the Alpine
tectonic belt and they, undoubtedly, represent
a characteristic feature of tectonic collision zones,
as was shown on a model simulating translation
and rotation movements.

iv) Palacomagnetic data derived so far, however,
indicate certain differences between the Alpine
and Hercynian orogeny belts as well. In the Alpi-
ne tectonic belt, variable deformations were
found in rocks of the same age in particular
nappes or systems of nappes, while, in the Hercy-
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Devonian limestones,
Barrandian,Moravian pre
palaeomagnetic pole positions

L.Eifelian-
[7-E.Givetian
[ (Celechovice)

nian orogeny belt, the magnitude of palaeotecto-
nic deformations grows with rock age from the
Late to Early Carboniferous or Middle Devonian.
To solve the suggested problem, further palaeo-
magnetic investigations need to be carried out on
precisely stratigraphically classified rocks and
affected by deformations during the Hercynian
orogeny.

v) The Trans-European Suture Zone represents
a plate boundary, SW of which the pre-Variscan
formations show different degrees of palacotecto-
nic deformations, predominantly rotations of
clockwise sense.

vi) It has been shown by numerous findings, that
many of the pre-Variscan rock formations of the
Bohemian Massif were partly or totally remagne-
tized during the Variscan orogeny, most probably
during the Late Carboniferous,. with possible
extension to the Early Permian. The overprint
effects were proved by magnetomineralogical
analyses and mainly by means of the multi-
component analyses on Late Eifelian to Late Fa-
mennian limestone samples from the Moravian
zone, on Early Devonian limestones (Pragian sta-
ge) from the Barrandian, and on Early Cambrian
shales with micro-organic matter and Late
Cambrian volcanics from the Barrandian. Pole
positions calculated from statistically evaluated

Fig. 45. Palaeomagnetic pole positions derived on the
Devonian rocks (prevailingly limestones) from the lo-
calities Celechovice na Hané (Late Eifelian-Early Gi-
vetian), Josefov — Habrlivka (Givetian) and Kitiny
Marble Quarry (Late Famennian). Theoretical distri-
bution of pole positions duc to palacotectonic rota-
tions was calculated for rocks with palacomagnetic
inclination values of Ip = -159, Ip = -30°. Projection
of pole positions (paths) onto the upper hemisphere is
demonstrated by full circles (full solid lines) and onto
the lower hemisphere by empty circles (dashed solid
lines). Ovals of confidence circumscribed around the
mean pole positions derived experimentally on the
Devonian rocks were calculated at the 95% probabili-
ty level

overprint components fall well into the Late
Carboniferous pole positions derived on biostra-
tigraphically dated rocks from the Bohemian
Massif.

vii) Palaeogeographic and palaeotectonic re-
constructions of Pre-Variscan formations (e.g. of
the Barrandian regarded as peri-Gondwanic terra-
ne) have to respect palaeotectonic deformations
caused by the Variscan orogeny.

Acknowledgements. We would like to thank Dr.
S. Vréna and the anonymous referee for their
suggestions for improving the original version of
the paper. We also are indebted to Professor I.
Chlupd€¢ and Dr. J. Hladil for their advice and
collaboration during collecting samples of Devo-
nian rocks from the Barrandian and the Moravian
Zone. The authors wish to thank several other
geologists for their collaboration, their names are
mentioned as co-authors in respective publica-
tions and reports. — A simplified and 1:2 reduced
tectonic map of Europe was utilized as a basic
map for demonstration of palacomagnetic data.
Its original scale was 1 : 2,500,000; the map is
called ,,Carte tectonique internationale de 1I’Euro-
pe*, Comm. Cartes Tect. Intern. et Sec. Sci. Géol.
Géogr., Acad. Sci., Moscow 1962. Dr. Z. Roth
was very helpful in its revision.



Journal of the Czech Geological Society, 40/1-2 (1995)

41

Appendix

References to pole positions statistically evalvated in Tabs 1
to 4.

Russian Platform, Ural Mts. - Middle Triassic

52.2; 55.0; Southern Ural, Yushaty + Bukobai suites, N,
06002; 52.5; 55.0; Southern Ural, Donguz suite, N, 06003;
57.0; 62.0; Central Ural, basalt, tuff, tuffite, N+R, 06005;
58.0; 62.0; Central Ural, basalt, tuff, tuffite, N+R, 06006;
48.0; 38.0; Donbass area, Serebryansk suite, N+R, 06008;
(Khramov 1984).

Russian Platform, Ural Mts. — Early Triassic

60.6; 49.0; Duza River, loose sediment (loam), AC+TC, R,
06073; 60.0; 50.0; Viatka River, red beds, TC, N, 06044;
48.0; 47.0; Bogdin + Tananyk suites, sediments, TC, N,
06009; 53.0; 52.0; Obshtchi Syrt, red beds, TC, N+R, 06046;
52.3; 54.8; Southern Ural, red beds, N+R, 06016; 57.0; 45.0;
Vetluga River, red beds, AC+TC, N+R, 06076; 58.0; 46.0;
Vetluga River, red beds, AC+TC, N+R, 06075; 61.5; 46.5;
North Dvina River, sediments, R, 06011; 60.3; 48.3; Duza Ri-
ver, red beds, AC+TC, N+R, 06074; 59.0; 51.0; Viatka River,
red beds, AC, N+R, 06045; 52.5; 51.0; Zavolhye, Ro-
mashkin+Buzuluk+Tananyk suite, N+R, 06013; 48.5; 52.0;
Prikaspik area, red beds, N, 06014; (Khramov 1984).

England, Ireland, France, Germany - Triassic

53.0; -2.0; England, Keuper, marls, N+R, 6; 50.7; -3.2;
England, Keuper, marls mixed, AC, R, 7; 48.5; 7.0; France,
Vosge, sandsone, red beds, combined, N+R, 3; Germany,
Bunter, sandstone mixed, N, 4; (Irving — Tanczyk — Hastie
1976b). England, Saint Bee Sandstone; Ireland, Kingscourt,
red beds, quality index Q = 4; France, Keuper, red beds, qua-
lity index Q = 3; France, Upper Buntsandstein, quality index
Q = 6; East Germany, Bunter and Musschelkalk, quality index
Q = 6; (Van der Voo 1990).

Fennoscandia — Triassic

59.7; 10.4; Oslo, igneous rocks, TC, R, 008-001; 61.0; 11.0;
Brumunddal Lavas, AC+TC, R, 008-002; 61.0; 11.0; Bru-
munddal Lavas, AC+TC, N, 008-003; 61.0; 11.0; Brumunddal
Lavas, AC+TC, N+R, 008-004; (Pesonen et al. 1991). Bru-
munddal Lavas, quality index Q = 4; (Van der Voo 1990).

Russian Platform, Ural Mts., Early — Middle Permian

45.3; 52.0; Mangyshlak, sandstone, TC, N+R, 06077; 51.7;
59.5; Southern Ural, granite of Adamov Massif, N, 06066;
56.0; 44.0; Volga River, red beds, TC, N, 07062; 57.0; 44.0;
Vetluga River, red beds, N, 07031; 60.6; 44.2; Sukhona River,
red beds, TC, N+R, 07059; 60.8; 45.2; Sukhona River, red
beds, TC, N+R, 07058; 60.8; 46.5; Yug and S. Dvina River,
sediments, TC, N+R, 07057; 58.0; 48.0; Viatka River, red
beds, TC, R, 07023; 55.0; 49.0; Volga River, red beds,
AC+TC, N+R, 07061; 59.0; 50.8; Viatka River, red beds,
AC+TC, N+R, 07060; 53.5; 52.0; Zavolzhye, red beds, N+R,
07035; 52.9; 52.2; Obshtchi Syrt, red beds, AC, N+R, 07036;
52.5; 55.0; Southern Ural, red beds, AC, N+R, 07006; 56.0;
49.0; Volga River, red beds, AC+TC, R, 07063; 55.0; 49.0;
Volga River, red beds, AC+TC, N+R, 07064; 56.0; 51.0;
Viatka River, red beds, TC, R, 07024; 48.5; 52.0; Western
Kazakhstan, red beds, N, 07007; 44.0; 53.0; Mangyshlak,
Eastern Karatay, sediments, N+R, 07047; 41.0; 55.0; Turkme-
nia, Amanbulac suite, N+R, 07009; 54.2; 52.6; Zavolzhye, red
beds, R, 07037, 56.6; 54.0; Kama River, red beds, AC+TC, R,

07079; 52.5; 55.0; Southern Ural, red beds, R, 07013; 55.5;
50.0; Kama River, red beds, R, 07026; 54.9; 53.0; Prikame
area, red beds, AC+TC, R, 07080; 56.0; 51.0; Viatka River,
red beds, TC, R, 07025; 56.0; 51.7; Kama River, red beds,
TC, R, 07067; 57.4; 55.5; Kama River, red beds, R, 07081;
54.6; 52.6; Prikame area, sediments, AC+TC, R, 07069; 55.7;
52.7; Nort-Eastern Tataria, sediments, TC, R, 07071; 58.2;
56.5; Prikame area, sediments, R, 07070; 59.0; 57.0: Prikame
area, sediments, R, 07039; 49.0; 38.0; Donbas, red sediments,
R, 07011; 49.0; 36.3; Donbas, red beds, R, 07019; (Khramov
1984).

Bohemian Massif — Early Permian

49.5; 16.6; sandstone, R, 69; 50.0; 15.3; Turkank, veins, AC,
R, 129; 50.0; 13.5; Westen Bohemia, haematite veins, AC,
N+R, 134; 50.9; 13.4; Freiberg, mineralized veins, R, 158;
50.1; 12.8; Horni Slavkov, greisen, R, 159; (Irving ~ Tanczyk
— Hastie 1976a). 50.1; 14.9; Blanice graben, North, red beds,
R, 3; 49.4; 14.8; Blanice graben, South, red beds, R, 5; 49.2;
16.4; Boskovice graben, South, red beds, TC, R, 12; 49.5;
16.6; Boskovice graben, Centre, red beds, TC, R, 13; 50.5;
15.5; Sub-KrkonoSe Piedmont Basin, Rotliegendes Up+Mid,
red beds, TC, R, 7; 50.6; 15.5; Sub-Krkono§e Piedmont Ba-
sin, Rotliegendes Lower, red beds, TC, R, 7; (Krs 1968). 50.6;
15.5; Sub-Krkonoe Piedmont Basin, oil-shales, TC, R; (Krs
et al. 1992a).

England, Scotland - Permian

51.0; -4.0; England, County Devon, Exeter traps, R, 14; 51.0;
-4.0; England, County Devon, Exeter traps, AC, R, 88; 51.0;
-4.0; England, County Devon, Exeter traps, AC+TC, R, 87;
51.0; -4.0; England, County Devon, Exeter traps, AC+TC, R,
316; 55.4; -4.5; Scotland, Ayrshire, Mauchline lavas, R, 16;
55.4; -4.5; Scotland, Ayrshire, Mauchline red beds, R, 17;
(Irving — Tanczyk — Hastic 1976a).

Fennoscandia — Permian

55.9; 13.5; Sweden, Skane, melaphyre dykes, AC, R, 295;
59.7; 10.4; Norway, Oslo, igneous complex, AC+TC, R, 13;
(Irving-Tanczyk-Hastie 1976 a). 58.5; 8.8; Norway, Arendal,
diabase, AC+TC, R, 007-003; 58.5; 8.8; Norway, Arendal,
diabase, AC+TC, R, 007-004; 58.5; 8.8; Norway, Arendal,
diabase, AC+TC, R, 007-005; 58.5; 8.8; Norway, Arendal,
diabase, AC+TC, R, 007-006; 58.5; 8.8; Norway, Arendal,
diabase, AC+TC, R, 007-007; 58.6; 11.3; Norway, Bohusliin,
dykes, AC, R, 007-011; 58.6; 11.3; Norway, Bohuslin, dykes,
AC, R, 007-012; 58.6; 11.3; Norway, Bohuslin, dykes, AC, R,
007-013; 58.6; 11.3; Norway, Bohuslin, dykes, AC, R, 007-
016; 58.0; 7.8; Norway, Ny-Hellesund, sills, AC+TC, R, 007-
019; 59.7; 10.4; Norway, Oslo, igneous complex, AC+TC, R,
007-008; 55.5; 13.5; Sweden, Scania, melaphyre, AC+TC, R,
007-001; 61.7; 12.9; Sweden, Sirna body, AC+TC, R, 006-
002; 61.7; 12.9; Sweden, Siirna body, AC+TC, R, 006-003;
58.6; 12.5; W-Viistergotland sill, AC+TC, R, 007-017; 60.5;
4.7; Sunhordaland, dykes, AC+TC, R, 007-002; (Pesonen et
al. 1991). Norway, Arendal, diabase, 7-07; Sweden, Ytteroy
dykes, quality index Q=4, 7-19; Norway, Oslo — graben, la-
vas, quality index Q=5, 6-11; Norway, Oslo, igneous rocks,
quality index Q=5, 6-01; (Torsvik et al. 1992).

West-European Hercynides — Permian

47.0; 4.0; Morvan, volcanics, quality index C-B; (Edel 1987).
43.5; 6.8; France, Esterel, rhyolite, R, 2; 43.5; 6.8; France,
Esterel, igneous + sedimentary rocks, AC+TC, R, 5; 48.0; 6.0;
France, Vosge, porphyry, R, 7; 53.9; 5.7; France, Nideck-Do-
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non volcanics, TC, R, 54; 53.9; 5.7; France, Vosge, Nideck
voleanics, AC, R, 274; 50.3; 6.0; Belgium, Malmedy, conglo-
merates, R, 137; 48.5; 7.5; Germany, Rotliegendes sediments
and lavas, R, 9; 50.0; 8.0; Germany, Nahe igneous rocks, AC,
R, 115 48.3; 7.7; Germany, Black Forest rocks, AC+TC, R,
216; 47.7; 7.6; Germany, Schopfheim, red beds, TC, R, 217;
(Irving — Tanczyk — Hastie 1976a).

Russian Platform, Ural Mts. — Late Carboniferous

48.0; 38.0; Donbas, Medistn suite, red beds, R, 07021; 48.7;
38.2; Donbas, Medistn suite, red beds, R, 07020; 48.4; 38.2:
Donbas, Araucarite + Avilov suites, red beds, R, 08002; 48.0;
41.0; Donbas, Isaev suite, slate + limestone, R, 08003; 54.2;
59.4; Southern Ural, granite + diorite, N+R, 08055: 51.5;
59.0; Southern Ural, Ashebutak comlex, granosyenite, N+R,
08056; 53.0; 59.0; Southern Ural, Magnitogorsk complex, gra-
no-diorite, granite, gabbro-diorite, N+R, 08057; 54.0; 59.5;
Southern Ural, Magnitogorsk complex, granite, N+R, 08032;
34.0; 60.0; Southern Ural, Achunov complex, granite, diorite,
N+R, 08033; 55.5; 38.5; Moscow Basin, Gzhelian stage, red
beds, AC, R, 08001 (Khramov 1984),

Russian Platform - Middle Carboniferous

48.0; 37.0; Donbas, claystone, siltstone, R, 08035; 48.0; 38.0;
Donbas, limestone, siltstone, sandstone, R, 08051; 48.0; 38.0;
Donbas, limestone, siltstone, sandstone, N+R, 08052; 56.5;
34.5; Rchev River, red beds, R, 08005; 55.0; 38.5; Ozeri Ri-
ver, red beds, R, 08008; 55.0; 36.0; Vereya River, red beds,
R, 08006; 55.0; 37.5; Serpukhov River, red beds, R, 08007:
55.0; 42.0; Shapk River, red beds, R, 08009 (Khramoy 1984).

Russian Platform, Ural Mts. — Early Carbonifcrous to La-
tc Devonian

51.0; 57.0; Southern Ural, Zilair suite, sediments, N4R,
08019; 51.5; 57.0; Southern Ural, Zilair suite, sediments, AC,
N, 08020; 53.0; 58.5; Southern Ural, Zilair suite, sediments,
AC, N, 08021; 53.0; 59.0; Southern Ural, Kumak complex,
gabbro-diorite, porpfyry, AC+TC, R, 08058; 53.0; 59.0;
Southern Ural, sandstone, claystone, porphyry, tuff, N,
08016; 53.0; 57.0; Southern Ural, limestone, N+R, 08072;
52.0; 59.0; Southern Ural, basalt, diabase, porphyry, R,
08042; 53.8; 59.3; Southern Ural, Verchneural complex, pla-
gio-granite, N, 08063; 54.9; 59.4; Southern Ural, Nuramin
Massif, harzburgite, R, 08064; 53.3; 59.0; Southern Ural, Be-
rozov suite, intrusive complex, TC, N+R, 08074; 50.3; 58.3;
Southern Ural, sediments, TC, R, 08070; 52.5; 59.5; Southern
Ural, sediments, tuff, tuffite, R, 08043; 51.2; 59.1; Southern
Ural, Kurmansaisk complex, gabbro-diorite, diorite, grano-
diorite, N+R, 08065; 59.4; 34.0; Tichvin, Boksitogorsk, red
beds, N+R, 08014; 59.0; 33.5; Liubytino, Nebolotchi, Tulski
horizon, red beds, N+R, 08015; 58.5; 34.0; Moscow Basin,
sediments, R, 08061; 61.0; 37.0; Vytegra, red beds, R, 08013
(Khramov 1984).

West-Europecan Hercynides — Early Permian to Late
Carboniferous

48.0; -0.8; south Laval Basin, acid volecanics, TC, R, 1; 50.0;
4.8, Ardenne, intrusions, sediment, TC, R, 2; 50.0; 4.5; Bra-
bant, dacites - sediments, TC, R, 2; 47.8; 7.0; South Vosges,
volcanics, TC, R, 9+10+11; 48.4; 8.0; Central Black Forest,
quartz porph,, 296 Ma, TC, R, 13+14; 48.4; 8.0; Central Black
Forest, quartz porph., 287 Ma, TC, R, 13+14; (Edel 1987).
48.4; 7.1; North Vosges, dykes, TC, R, 12; 47.1; 5.3; France,
W. Germany, Stephanian combined, R, 4; (Irving — Tanczyk
— Hastie 1976a).

West-European Hercynides -~ Middle Carboniferous

48.1; -0.5; north Laval Basin, acid volcanics, TC, R, 1; 50.0;
4.8; Ardenne, intrusions, sediment, TC, R, 2-3; 50.0; 4.8;
Ardenne, intrusions, sediment, TC, N, 2-3; 46.4; 1.7; Aigu-
rande plateau, amphibelites, TC, R, 4-5; 45.8; 1.2; Limousin,
tonalites, TC, R, 6; 46.3; 2.0; Combrailles, diorites, TC, R, 4;
46.3; 2.0; Combrailles, diorites, TC, R, 4; 46.0; 2.9; Manzat,
ignimbrite tuffs, TC, N, 4; 45.9; 4.2; Roannais, volcanics, TC,
N, 4; 47.0; 4.0; Morvan, volcanics, TC, N, 15 : 47.0; 4.0;
Morvan, volcanics, TC, R, 15; 48.4; 7.1; North Vosges, rhyo-
lite, TC, N, 12; 48.4; 7.1; North Vosges, idem-+host rocks, TC,
N, 12; (Edel 1987). 47.9; 7.8; South Black Forest, ignimbrite,
TC, N, 13+14; (Irving — Tanczyk — Hastic 1976a).

West-European Hercynides — Early Carbonifcrous

45.8; 1.2; Limousin, metamorphic rocks, tonalites, TC, R, 6;
46.0; 2.9; Manzat, ignimbritc wffs, TC, R, 4; 46.1; 3.5;
Cussey, volcanics, TC, N, 16; 47.8; 7.0; South Vosges, volca-
nics, Cat, C|, TC, R, 9+10; 47.8; 7.0; South Vosges, volca-
nics, Cat. Cp, TC, R, 9+10; 47.8; 7.0; South Vosges, volca-
nics, Cat. C0,|12, TC, R, 9+10; 47.8; 7.0; South Vosges,
volcanics, Cat. Cq, TC, R, 9+10+11; 48.4; 7.1; North Vosges,
diorites, Cat C{, TC, R, 12; 48.4; 7.1; North Vosges, diorites,
Cat Cy, TC, R, 12; 48.4; 7.1; North Vosges, diorites, Cat
Ci,2, TC, R, 12; 48.4; 7.1; North Vosges, diorites, Cat Cs,
TC, N, 12; (Edel 1987).

Bohemia, Poland - Late Carboniferous

50.5; 16.5; Poland, Silesian region, porphyrics, AC, R, 94;
(Irving — Tanczyk — Hastie 1976a). 49.8; 13.3; Plzeii Basin,
red beds, TC, R, 1; 50.2; 14.0; Kladno-Rakovnik Basin, red
beds, TC, R, 2; 50.0; 14.8; Blanice graben, North, red beds,
TG, R, 4; 50.5; 15.4; Sub-Krkonoge Piedmont Basin, red beds,
TC, R, 6; 50.6; 16.1; Inner-Sudetic Basin, red beds, tuff, TC,
R, 8; 49.2; 16.4; Boskovice graben, South, red beds, TC, R,
11; (Krs 1968). 49.8; 18.0; Moravian-Silesian region, roof
shale, TC, N+R; (Krs et al. 1993a).

England, Scotland - Carbonifcrous

53.4; -6.2; Ireland, Dublin, limestone, AC, R, 312; 52.9; -8.0:
Central-Southern Ireland, limestone, AC, R, 313; 52.9; -8.0;
Ireland, limestone, AC, R, 315; 52.9; -8.0; Ircland, limestone,
TC, R, 314; 52.7; -7.6; Ireland, limestone, shale, AC+TC, R,
305; 54.0; -3.0; England, limestone, N+R, 14; 53.0; -2.0;
England, Kcele, red beds, R, 18; 52.5; -2.0; England, Mid-
lands, sills baked seds, R, 32; 54.0; -3.0; England, combined
I, N, 38; 54.0; -3.0; England, combined 2, N, 39; 55.0; -2.0;
Northern England, Great Whin, sill, AC, R, 118; 55.0; -1.7;
Northern England, Great Whin, sill, AC+TC, R, 139; 54.5;
-1.8; Northern England, Wackerfield, dykes, AC, R, 310;
54.8; -2.1; Northern England, Pendleside, limestone, TC, R,
351; 54.8; -2.3; England, Craven, Bolladoceras beds, TC, R,
352; 54.8; -2.4; England, Craven, Sathill Reef-Knolls, TC,
N+R, 353; 54.8; -2.3; England, Lancashire, Chatburn, limesto-
ne, TC, R, 354; 54.8; -2.2; England, Visean of Craven, combi-
ned, TC, N+R, 355; 51.0; -4.0; England, Culm Devonshire,
sediments + dolerites, R, 165; 56.0; -3.0; Scotland, Kinghorn
lavas 1, N, 11; 56.0; -3.0; Scotland, Kinghorn lavas 2, TC,
N+R, 175; (Irving — Tanczyk — Hastie 1976a).

Fennoscandia - Carboniferous

58.0; 7.8; Southern Norway, Ny-Hellesund, diabase, AC+TC,
R, 104; 58.5; 8.6; Southern Norway, Arendal, diabase dykes,
AC+TC, R, 311; 58.2; 14.0; Southern Sweden, Mt-Billinger,
sill, AC, R, 126; 58.5; 12.5; Southern Sweden, Mt-Hunneberg,
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sill, AC, R, 127; 55.5; 13.5; Southern Sweden, Skane, doleri-
te dykes, AC, R, 128; 57.0; 14.0; Southern Sweden, intrusives
combined, AC, R, 131; 55.9; 13.5; Sweden, Skane, quartz-do-
lerite dykes, AC, R, 324; (Irving-Tanczyk-Hastie 1976 a).
59.7; 10.4; Norway, Oslo, igneous rocks, TC, R, 006-001;
63.3; 8.5; Norway, Stabben, volcanics, AC+TC, R, 006-009;
58.0; 7.8; Norway, Ny-Hellesund, dykes, AC+TC, R, 007-
009; 61.7; 12.9; Sweden, Siirna body, 287 Ma, AC+TC, R,
006-002; 61.7; 12.9; Sweden, Siirna body, 287 Ma, AC+TC,
R, 006-003; 61.7; 12.9; Sweden, Sirna body, 287 Ma,
AC4TC, R, 006-004; 58.6; 13.5; Sweden, E-Vastergotland
sill, AC+TC, R, 006-005; 55.5; 13.5; Sweden, Scania, doleri-
te, AC+TC, R, 006-006; 55.5; 13.5; Sweden, Scania, dolerite,
AC+TC, R, 006-007; (Pesonen et al. 1991). Scania, Karelian,
dolerite, 290 Ma, R, quality index Q=5, 6-06; Billefjorden
Group, 350 Ma, R, quality index Q=5, 5-24; (Torsvik et al.
1992).

Russian Platform — NW of Moscow, Late Devonian

59.0; 33.0; sediment, TC, N+R, 09002; 59.0; 34.0; sediment,
R, 09001; 58.0; 32.0; sediment, AC, N+R, 09005; 57.0; 31.0;
sandstone, TC, N+R, 09004; 60.0; 33.0; sediment, TC, R,
09003; (Khramov 1984).

Ural Mts., Middle ~ Late Devonian

53.5; 56.5; southern Urals, Domanikov beds, limestone, AC,
R, 09017; 54.0; 59.0; southern Urals, Zilair suite, sediment,
N+R, 09006; 53.0; 58.5; southern Urals, Koltuban + Zilair
suites, AC+TC, R, 09067; 57.0; 57.0; central Urals, bauxites
+ hydrohematites, TC, R, 09007; 50.0; 58.3; southern Urals,
sandstone, limestone, R, 09058; 51.6; 58.7; southern Urals,
sandstone, R, 09038; 52.1; 58.5; southern Urals, sediment and
tuff rocks, AC+TC, R, 09068; 54.5; 59.5; southern Urals, tuff
and tuff-breccia, AC+TC, R, 09009; 60.0; 60.0; northern
Urals, red bauxities, AC, R, 09021; 55.5; 60.0; southern Urals,
granite, AC+TC, 09030; 54.5; 59.5; southern Urals, diabase,
tuff, AC+TC, R, 09013; (Khramov 1984).

Russian Platform, northern region, Middle — Late Devonian
67.0; 48.0; northern Timan, sediment, AC+TC, R, 09022;
67.0; 48.0; northern Timan, sediment, AC+TC, 09039; 67.0;
48.0; northern Timan, sediment, AC+TC, 09027; (Khramov
1984). 67.0; 48.0; Volonga River, redbeds, AC+TC, R, 132;
(Irving — Tanczyk — Hastie 1976a).

Russian Platform — Dniester arca, Early Devonian

49.0; 25.3; Dniester River, sediment, AC+TC, N+R, 09016;
(Khramov 1984). 49.0; 25.0; Dniester area, sediment, R, 15;
49.0; 25.0; Dniester area, sediment, R, 104; 49.0; 25.0;
Dniester area, Zhedian stage, R, 105; 49.0; 25.5; Dniester
area, Zhedian stage, R, 106; 49.0; 25.5; Dniester area, Zhedian
stage, R, 107; 49.0; 25.5; Dniester area, Zhedian stage, R
108; (Irving -Tanczyk — Hastic 1976a).

Fennoscandia — Devonian

62.0; 12.0; Norway, Réragen, sandstone, AC+TC, R, 005-001;
61.6; 5.4; Norway, Hiisteinen, sandstone, AC+TC, 005-002;
63.1; 11.6; Norway, Fongen-Hyllingen, gabbro, AC+TC, R,
005-004; 61.4; 5.6; Norway, Kramshesten, Old Red Sandst.,
AC+TC, R, 005-005 ; 61.4; 5.6; Norway, Kramshesten, Old
Red Sandst., AC+TC, 005-007; 61.8; 5.3; Norway, Hornelen,
sandstone, AC+TC, 005-009; 60.7; 5.6; Norway, Askéy plu-
ton, AC+TC, 005-011; (Pesonen et al, 1991). Sweden, Saerv
Nappe, dolerities, quality index Q=7?; (Van der Voo 1990).
Hitra, sandstone; Smola, redbeds; (Torsvik et al. 1990).

Britain, north of the Great Glen Fault — Devonian

57.2; -4.5; Scotland, Foyers, plutonic complex, AC, N+R,
148; 58.5; -1.5; Scotland Orkney + Shetland ors lavas,
AC+TC, N+R, 180; (Irving — Tanczyk — Hastie 1976a).
Scotland, Shetland, Esha Ness, quality index Q=6; (Van der
Voo 1990). Hoy lavas; Shetland lavas; Eday Sandstone;
Kishorn — Moine, metasedim.; Sarclet L Old Red Sandstone;
Borrolan Syenite, Loch Ailsh, dykes; Moine, metasediments,
(Ratagen); Moine, metasediments, (IB, Intermediate blocking);
Moine, metasediments, (HB, High blocking); (Torsvik et al.
1990).

Britain, south of the Great Glen Fault, north of the Iape-
tus Suture — Devonian

55.5; -2.4; North England, Cheviot Hi., lavas, AC, N+R, 168;
55.5; -2.5; Scotland, Upper Old Red Sandstone, R, 6; 55.6; -4.0;
Scotland, Lower Devonian, lavas 3, AC, N+R, 62; 55.7; -3.5;
Scotland, Lower Devonian, lavas 4, AC, N+R, 61; 56.5; -3.0;
Scotland, Strathmore, lavas, AC, N+R, 171; 56.5; -3.0;
Hidland valey, Lower Devonian, AC+TC, N+R, 172; (lrving
— Tanczyk — Hastie 1976a). Cheviot; Garabal Hill — Glen Fy-
ne; Lorne Plateau, lavas; Old Red Sandstone, lavas and sedi-
ments; Strathmore, lavas; Lower Old Red Sandstone; Comrie
complex; (Torsvik et al. 1990). Foyes Old Red Sandstone,
quality index Q=3; Lower Caihness Red Beds, quality index
Q=4; (Van der Voo 1990).

Britain, south of the Iapetus Suturc — Devonian

52.0; -3.0; Old Red Sandstone, R, 2; 52.0; -3.0; Old Red
Sandstone, TC, 77; (Irving — Tanczyk — Hastie 1976a). Lavas
Somerset a Gloucester; (Torsvik et al. 1990). Hendre and
Blodwell Intrusives; (Van der Voo 1990).

West-European Hercynides, incl. Armorican Massif, Po-
land, Moravian Zone — Devonian

51.5; -4.5; Southwest England, basic dyke + sill, R, 76; 51.4;
-2.5; South England, Portishead, red beds, TC, R, 173; 51.0;
6.0; West Germany, Eifel, sandstone, R, 1; 48.3; 7.7; West
Germany, Scharfenstein, porphyry, AC, 142; (Irving-Tanczyk-
-Hastie 1976 a). 50.5; 20.3; Poland, Holy Cross Mountains,
sandstone, TC, R; (Levandovski-Jelenska-Halvorsen 1987).
49.1; 16.7; Jersey, dolerite; Jersey, lamprophyr. dykes;
(Torsvik et al. 1990). Moravian Zone, Kitiny, lime-mud-stone,
TC, R, 16; 49.1; 16.7; Moravian Zone, Josefov — Habriivka,
packstone, floatstone, TC, R, 17; 49.5; 17.1; Moravian Zone,
Celechovice, limestone, TC, R; (Krs et al. 1994).
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Paleomagnetismus a paleogeografie variskych formaci Ceského masivu,
srovndni s ostatnimi regiony v Evropé

Hlavnim cilem piedloZené price bylo shrnout zdkladni palcomagnetickd data dosud odvozeni na hornindch variskych formaci v Ces-
kém masivu, provést paleogeografické rekonstrukce a srovnat vysledky s obdobnymi interpretacemi z jinych evropskych regionii
v Gzemich s. od alpinského tektonického pdsma. Toto zpracovini predstavuje zhodnoceni vysledkd paleomagnetického vyzkumu va-
riskych formaci nashromdZdénych za poslednich cca tficet let. V prici jsou shrnuty jen zidkladni vysledky, mnoZstvi paleomagne-
tickych Gdaji doloZenych zkouSkami stability, magnetomineralogickymi rozbory, Zijderveldovymi diagramy a demagnetizanimi
grafy, studiem fizovych zmé&n minerdld — nositeldl magnetizace a paleomagnetizace, vysledky multi-komponentni analyzy remanence
apod. najde Ctendi' v odkazech na katalogy a publikace citované v prici.

Stiedni polohy paleomagnetickych pdlt a jejich rozptyly byly vypoéteny s pouZitim Fisherovy (1953) statistiky, vysledky shrnu-
ji tabulky 1 aZ 4. Pro eskou &ist Ceského masivu jsou zdkladni paleomagnetickd data doloZena pro Easny perm, karbon a devon
v tabulkdch 5 aZ 7. Tabulka 8 shrnuje sméry remanence pozdné variského pfemagnetovini (overprint), odvozené na dosud zkou-
manych asné variskych a prevariskych formacich Ceského masivu, a jim odpovidajici polohy paleomagnetickych p6lu.

Ze stiednich poloh péld byly vypodteny paleogeografické Sifky a orientace paleomerididn{i pro pfislusné regiony, Cdsti litosfé-
rickych desek a pro evropskou desku v obdobi od devonu do triasu (viz obr. 1 aZ 15). Legenda k paleomagnetickym ddajim vy-
hodnocenym statisticky je uvedena v Appendixu nejstruéngjsi formou: Pro kaZdou zkoumanou geologickou formaci jsou napsdny
geografické soufadnice (geograficki §itka, geografickd délka dne¥ni globdlni sité), pfipadné nizev Gzemi, typ vySetfovanych hornin,
pozndmky k pouZité laboratorni metodé demagnetoviini (tepelné demagnetovini — TC, demagnetovdni stfidavym polem — AC, kom-
binované demagnetovini — TC + AC), zminka o normdlni (N), inverzni (R) anebo kombinované polarit® (R+N) paleomagnetizace,
referenéni &islo k piislu§nému katalogu anebo publikaci. Nebyla uvaZovina paleomagnetickd data nevyhovujici obecn@ piijatym kri-
térifm, kdyZ pro stfedni paleomagnetické sméry og5 > 159 (Fisher 1953), kritérium spolehlivosti je B (Irving ct al. 1976) ancbo
kvalita Q < 3 (Van der Voo 1990).

Na obr. 16 jsou piehledné uvedeny paleomagnetické sméry a jejich rozptyly dosud odvozené na Sasng permskych a karbonskych
formacich z Geské strany Ceského masivu. Ze stfednich poloh paleomagnetickych pdlli byly vypotteny paleogeografické Sitky (obr.
17 a 18), které koreluji s obdobnymi tdaji z jinych regionti Evropy v Gzemi severn& od alpinského tektonického pdsma.

Vliv pozdné variského pfemagnetovdni je moZno dobie demonstrovat pfi odvozovini paleomagnetismu pre-variskych formaci jak
z moravské zony, tak z Barrandienu. Na pfemagnetovini devonskych vdpencl z Barrandienu bylo upozornéno jiz v po&itcich pa-
leomagnetického vyzkumu (Chlupdé — Krs 1967). V pribéhu systematického paleomagnetického vySetfovini v pozdg&jich letech
bylo tomuto problému vénovidno nemdlo sili, které nakonec vedlo k vyvoji vysoce G&inného tepelného demagnetizdtoru zvaného
MAVACS (Magnetic Vacuum Control System, cf. Piihoda et al.1989). Napf. kambrické horniny Barrandienu p¥edstavuji Sirokou
§kdlu horninovych typll. Pro paleomagneticky vyzkum se ukdzaly obzvIdsté vhodné pozdn& kambrické vulkanity, stfedné kambrické
sedimenty (pfevidiné droby) a Casné kambrické bidlice obsahujici mikro-organickou hmotu. Postupng ziskdvané vysledky byly bud
publikovdny (Krs et al. 1987, 1988), ancbo byly predklddiny v samostatnych zprivdch (Krs et al. 1991; Krs — Krsovd — Pruner
1993; Krs — Pruner — Krsovd 1993, 1994). S pouZitim multi-komponentni analyzy remanence byly separoviny sloZky variského
pfemagnetovini (overprint).

Dosud bylo v moravské zén& studovdno pét lokalit stfednd a¥ pozdn& devonskych vipench (ve spoluprici s Dr. J. Hladilem): Ce-
lechovice na Hané, pozdni eifel-Casny givet; Josefov — Habrlivka, givet; Kitinsky mramorovy lom, pozdni famen; Mokrd, pozdni
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frasn-Casny famen; LaZinky, givet. Nositelem magnetismu a paleomagnetismu u vét§iny zkoumanych vipenci je jemnozrnny
magnetit, nejpravdépodobnéji biogenni magnetit, U stfednd magnetickych vipench byly zjistény tii slozky remanence; A-slozka je
previZng viskézniho piivodu; B-slozka, dosahujici aZ 95% hodnoty totdlni remanence, pfedstavuje pozdnd variskou slozku pie-
magnetovini; C-sloZka je asn& variskd a je nositelem primdrnich paleomagnetickych smérii. Z hlediska Gvah o paleoteplotnich a ji-
nych fyzikdln&-chemickych polich potfebnych k pfemagnetovini zkoumanych hornin jsou rozhodujici blokujici teploty minerdld —
nositell pisluinych sloZek remanence. B-slozky byly separoviiny v teplotnich intervalech od 150 ©C piip. 200 °C do 350 °C Ppfip.
400 ©OC, C-sloZky byly odvozeny v teplotnich intervalech od 400 °C pifip. 425 9C do 500 OC ptip. 530 OC a vy3e, viz obr. 28-32.

Znaénd pozornost byla vénovdna té# problému pozdné variského pfemagnetovini kambrickych hornin Barrandienu. Podil B-slo-
Zek remanence v totdlni remanentni magnetizaci je moZno dobie demonstrovat na piikladech studia paleomagnetismu pozdn&
kambrickych vulkanitdi a Gasné kambrickych bFidlic s mikro-organickou hmotou. Pozdng& kambrické vulkanity, andezit, dacit, rhyo-
lit, pfiCemZ andezit pfevlddd, byly studoviny z kiivokldtsko-rokycanského komplexu (ve spolupréci s Dr. VI, Havlitkem), Z celko-
vého odbéru vzorki v nékolika ctapich poskytlo deset vychozli horniny vhodné k paleomagnetickému rozboru, Vzorky byly otisti-
telné s pouZitim stfidavého (elektromagnetického) pole, v&tsi O&innosti se dosihlo tepelnym demagnetovinfm s pouZitim aparatury
MAVACS. Ze viech zkoumanych vzorkd 137 poskytlo dobfe reprodukovatelné vysledky, doloZené magnetomineralogickymi stu-
diemi a Zijderveldovymi diagramy postupnd demagnetované remanence. Magnetit je hlavnim nositelem magnetizace a paleomagne-
tizace, pouze u jednoho vychozu andezitu timto nositelem je hematit. Vy3si blokujici teplota ferrimagnetickych mineralf je jednim
ze ziikladnich pfedpokladfi pro odvozeni paleomagnetickych smérf. Rada vzorki vykizala silny podil pozdn& variskych sloZek re-
manence, dobfe rozpoznatelny s pouZitim multi-komponentni analyzy (Kirschvink 1980). Typické piiklady uvddéji obr. 33 a 34.
Byl zji§t¢n i vychoz andezitu (jjz. od Roztok) mimofddnd vysoké magnetické tvrdosti odoldvajici variskému pfemagnetovdni, viz
obr. 35. Piiklady pozdné variskych slo¥ek remanence odvozenych multi-komponentni analyzou uvidi obr. 36 pro vzorky andezitu
(Roztoky, lokalita 4) a rhyolitu (Skryje, lokalita 5). Vzorky hornin pouZité pro odvozeni pre-variskych a post-kadomskych paleo-
magnetickych smérd vykazuji tedy 6 sméry remanence pozdng variského plivodu.

Bridlice s mikro-organickou hmotou &asnd kambrického stdi (paseckd bridlice, hoficko-holginské souvrstvi) z lokality ,,Kotka®,
Brdy, poskytly rovn&Z tfi sloZky remanence, A-sloiku pfeviiné viskézniho plivodu, B-sloZku pozdné variskou a C-slozku nejprav-
dépodobnéji primdrng paleomagnetickou. Horniny obsahujici mikro-organickou hmotu byvaji vhodné k paleomagnetickému vyzku-
mu, oviem nositelem paleomagnetizace zifdka byvaji piivodni metastabilni ferrimagnetické minerdly greigit a smythit bakteridlnfho
pavodu (Krs et al. 1990, 1992b). U starSich hornin s mikro-organickou hmotou pfi riizném stupni karbonifikace jsou nositeli paleo-
magnetizace produkty alterace piivodnich sulfidd, jako o-Fep03 , ¥-Feg03, m-FepO3 anebo jemnozrnng magnetit v zdvislosti na
redox podminkdch. Viechny zkoumané vzorky z lokality ,,Ko€ka" vykdzaly vyrazny podil B-sloZek pozdné variského plvodu, viz
obr. 37-40.

Tabulka 8 shrnuje sméry B-sloZek pozdné variského piivedu dosud odvozené na devonskych hornindch z moravské zény, de-
vonskych a kambrickych hornindch z Barrandienu. Odpovidajici polohy paleomagnetickych pol byly vypolteny z pFislu§nych stied-
nich smérll B-sloZek. Stiedni poloha péld vypodtend s pouitim Fisherovy (1953) statistiky odpovidd stfednim polohdm pozdnd
karbonskych a asné permskych péll odvozenym z palcomagnetismu biostratigraficky datovanych hornin, viz. tabulky 5, 6 a 8.
Rozptyl poloh pélli odvozenych z B-slofek asnd variskych a pre-variskych formaci odpovidd oviem 1épe rozptylu pozdné
karbonskych poloh pél& ne# rozptylu &asné permskych pdlii, viz obr. 41. Z uvedeného vyplyvd poznatek, e B-sloZky pozdn& va-
riského plivodu s nejvyssi pravd@podobnosti vznikly v pozdnim karbonu s moZnym pfesahem do spodniho permu.

Permské horniny vykazuji ndpadné vysokou homogenitu palcomagnetickych dat. Paleogeografické Sitky stfedni Evropy jsou bliz-
ko ekvitoru, ale vesmés na severni polokouli. Obdobnou homogenitu vykazuji i Casng a stfedn& triasové horniny. Zmény v paleo-
geografickych ¥ifkdch od spodniho permu do stfedniho triasu smérem do vy§Sich paleogeografickych $ifek na severni polokouli jsou
vyvoliny kontinentdlnim driftem celé severoevropské litosférické desky. Horniny postiZené variskym orogénem zaznamenaly réizny
stupeii paleotektonické rotace. Stfedoevropské pozdné karbonské formace vykazuji vzdjemn& porovnatelné paleotektonické rotace
nepfesahujiei 15-200. Stfedn a ¢asné karbonské horniny zdpadoevropskych hercynid jsou vyrazng rotovdny, cca 500 a 1200 ve
smyslu pohybu hodinovych rudidek viigi permskému paleomerididnu. Obdobné rotace byly zjiitdny téz pro horniny devonu z mo-
ravské zony (Krs et al. 1994). Byl navrzen model vysvetlujici specifickou distribuci poloh péli, podmindnou paleotektonickou ro-
taci pro horniny s odli§nymi paleogeografickymi SiFkami. Podnét k navrZeni modelu poskytly experimentilné odvozené polohy pa-
leomagnetickych péld z alpsko-karpatsko-panonské z6ny a z detailnich palcomagnetickych vyzkumd providéngch na dzemf Zdpad-
nich Karpat pro horniny od permu do neogénu (Krs — Krsovi — Pruner v tisku), viz obr. 42, Obdobny model pro variské a pre-va-
riské formace (obr. 43) byl testovdn s experimentdlng odvozenymi polohami paleomagnetickych péli pro zdpadoevropské varisci-
dy (obr. 44) a pro devonské horniny moravské zony Ceského masivu (obr. 45). Vynikd ndpadnd podobnost mezi distribuci poloh
pélli postiZenych paleotektonickou rotaci jak v alpinském, tak v hercynském tektonickém pasmu, a to jak experimentilng, tak i teo-
reticky odvozenych poloh pélii. V alpinském tektonickém (koliznim) pdsmu pievlddajf oviem paleotektonické rotace prevdzng pro-
ti pohybu hodinovych rugidek, zatimco ve variském pdsmu pfevlddajf paleotektonické rotace previzng ve smyslu pohybu hodino-
vych ruicek. Paleotektonické rotace podmindné variskym orogénem se promitaji i do pre-variskych a Sasné variskych formaci, do-
sud byly dobfe doloZeny napf. pro pozdné kambrické vulkanity Barrandienu a pro vipence stdfi pozdni eifel a% pozdni famen z mo-
ravské zony Ceského masivu (cf. Krs — Pruner — Krsovd 1994),



