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The development of the Carboniferous accretionary wedge
in the Moravian-Silesian Paleozoic Basin

Vyvoj karbonského akrecniho klinu v moravskoslezské paleozoické

panvi (Czech summary)
(15 text-figs.)
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A complicated development of the erosion remnant of the sedimentary part of the Carboniferous accretionary wedge in
the Moravian-Si]esian region of the Bohemian Massif is comprehensively analyzed on the basis of a great number of
datal Results rest upon a lithologic analysis of the flysch and molasse formations, analysis of thicknesses, analysis of
the chemical and lithologic composition of sediments of individual lithostratigraphic units, analysis of cannibalism phe-
nomena and extensive resedimentation of Carboniferous siliclastics, and upon the structural-tectonic analysis. A review
of remnant and foreland basins is given, and the influence of an oblique collision and prograding thrust fold belt upon
the changing geometry of the basin and upon the composition and structure of the sedimentary part of the wedge is

interpreted.

Key words: Foreland basins, oblique collision, thrust-fold belt, megafacies, flysch, molasse, turbidites, fans, cannibalism,
redeposition, chemical composition, heavy minerals, tectonic reworking, retro wedge, stack wedge

Introduction

The sedimentary part of the Carboniferous accre-
tionary wedge forms a post-erosional remnant of
the filling of the Czech part of Moravian-Silesian
Paleozoic Basin (Fig.1). This large basinal
structure developed from the Devonian up to the
Westphalian at the eastern border of the Bohe-
mian Massif under the control of a collision of
two plates of continental crust. In the west, the
internal orogenic zones of the Bohemian Massif
are interpreted as a hanging wall unit (Fritz et al.
1993). The eastern Cadomian block of the Bruno-
vistulicum played the role of the footwall unit
which gradually disintegrated and subsided
(Kumpera 1988) during an oblique collision
(Grygar 1992). The deeply eroded roots of the
collision suture are located in the Silesicum and
Lugicum crystalline units in the north and in the
Moravicum and Moldanubicum units in the south
(Kumpera — Foldyna 1992). The collision of two
units of contrasting crustal character conditioned
a rapid uplift in the central parts of the Bohemian
Massif and the origin and development of subsi-
ding and migrating foreland basins in the Bruno-
vistulicum. This consequently led to the origin of
a thick sedimentary accretionary wedge of
a complex composition and structure. The pre-
served filling of the basin is a rather small denu-
dation remnant of a far larger basinal structure.

The Moravian-Silesian Paleozoic Basin be-
longs to polyhistory basins (Klein 1987). It
underwent the following stages:

— rift basin (Hladil 1988) of the Devonian -
Tournaisian age,

— carbonate platform (Devonian — Viséan),

— remnant basin with flysch (mostly Viséan),

— foreland basin with flysch,

— foreland basins with marine (Viséan) paralic
coal-bearing sediments and continental mo-
lasse sediments (Namurian-Westphalian).
Sediments of the Carboniferous accretionary

wedge crop out only in the Drahany Upland

(Drahany block) and in the Nizky Jesenik Hills

(Jesenik block) (Fig. 1). The major parts of the

Carboniferous wedge are covered by younger se-

diments in the Polish lowlands and the autochtho-

ne and nappes of the Quter Carpathians, and are
here partly known only from deep mines and bo-
reholes. The easternmost and southernmost parts
of the basin are deeply immersed and unknown.

Materials and methods

In the paper, a great number of data, stored
mostly in a computer data base, are summarized.
The material comprises thicknesses, lithologic da-
ta, pebble analyses and chemical analyses of
Carboniferous sediments, structural-tectonic obser-
vations and biostratigraphic  determinations,
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Fig. 1. Generalized geological map of the eastern part of the Bohemian Massif: constructed on the surface of the Epi-Variscan
Platform (compiled after: M. Dopita — J. Dvofdk — I. Foldyna — O. Kumpera)

1 — plutonic complex of Brunovistulicum basement (Upper Proterozoic); 2 — crystalline complex of Brunovistulicum basement
(Upper Proterozoic); 3 — Devonian-Tournaisian (partly up to the Viséan) pre-flysch deposits; 4 ~ Viséan (partly uppermost Devo-
nian — ?Tournaisian ?) flysch deposits; 5 — Namurian A — coal-bearing paralic molasse deposits; 6 — Namurian B — Westphalian,
coal-bearing continental molasse deposits; 7 — Uppermost the Stephanian — Permian in the Boskovice Furrow; 8 — Quter Carpathian
front; 9 — State boundary. 1-1’ = line of the cross-section shown in Fig. 2

which were carried out especially via detailed
geological mapping of the Carboniferous of the
Moravian-Silesian area of the Bohemian Massif,
for more than 30 years. The main working
method is a brief synthesis of data and their rela-
tionships, on the basis of new knowledge from
a basin analysis of dynamically developing
remnant and foreland basins (Allen — Allen
1990).

Results
Thickness, rate of deposition, partial troughs

Not only the basin types, but also the basin
geometry passed through great changes due to
the gradual shifting of depocentre from the
collision zone to the foreland (Kumpera 1971,
Dvordk 1973). This is documented chiefly by
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the different thicknesses of the stratigraphic
units.

The main portion of the sedimentary wedge
falls upon siliciclastic flysch and molasse sedi-
ments, a smaller part belongs to platform carbo-
nates and rift deposits (Table 1). The total
thickness of the Carboniferous sedimentary
wedge (after compaction) is more than 12 km.
The average rate of sedimentation is therefore
about 27 cm per 1000 years. The sediments of
the accretionary wedge reach the greatest
thicknesses in the west, in the vicinity of the
collision zone, and above all in the north-west.
The preserved thickness (including Devonian
rock thicknesses) can be estimated at 8 km, as
a maximum, whereas the total thickness decreases
gradually to 200 m, in the extreme eastern parts
of the basin. The decrease is not continuous, but

the thickness distribution varies within the narrow
partial troughs and forebulges which arose and
ceased during the Carboniferous (Kumpera 1983).

Some of these troughs and elevations are pro-
ved conclusively by isopach studies. Two partial
basins and forebulges, of different age, are well
documented in the eastern part of the Paleozoic
basin (Fig. 2). In the western trough, the
thickness of the Upper Viséan flysch deposits is
reduced from 2500 m, in the western part, to 100
m or less, in the eastern part. The easternmost,
and latest trough of the foreland basin — the Va-
riscan foredeep — is of the latest Viséan and Na-
murian A age. It is filled with marine and paralic
molasse sediments where the thickness reaches
up to 4500 m (evaluating the compaction, the
thickness had to reach more than 6000 m) in the
depocentre, whereas it decreases to 200 m or less

Table 1. Stratigraphy of Lower Carboniferous in Jesenik block of Moravian-Silesian Basin
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{white — flysch deposits and partly marine molasse deposits,
oblique lines — rift deposits, I- platform carbonates,
vertical lines — stratigraphic breaks)
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in the easternmost platform forebulge. The
thickness of sediments accumulated during one ti-
me span strongly varies, changing up to 25 times
between troughs and elevations. Therefore,
a marked fluctuation of the sedimentation rate
must have occurred. Considering one trough, the
deposition rate could be 25 cm to 35 ¢cm per 1000
years in the Late Viséan flysch depression and
surprisingly up to 90 cm per 1000 years in the
Namurian A foredeep, while it decreased rapidly
to zero in the platform forebulge. The schematic
section (Fig. 2) shows the intensity of the Late
Viséan-Namurian A subsidence of the foredeep.
In this time span, also this part of the basement
subsided to 6 km or more.

Evaluating the thickness of the molasse sedi-
ments, which are preserved in the external parts
of the accretionary wedge, a similar picture can
be obtained to that in the flysch sediments (Fig.
2). Continuous lateral and vertical transition
between flysch and molasse deposits, as well as
between marine and paralic coal-bearing molasse,
can be observed. The main portion of the molasse
sedimentary column falls into the coal-bearing
paralic molasse deposits (Namurian A — Ostrava
Formation) with a total thickness of 3200 m,
whereas the marine molasse sediments (upper-
most Viséan-lowest Namurian A) and coal-bea-
ring continental molasse deposits (Namurian B-
Westphalian — Karvind Formation) are up to 1300
m and over 1000 m (Havlena 1982) thick,
accordingly. The marine molasse, formed mainly
by laminated shales and siltstones, has a maxi-
mum thickness in the Variscan foredeep, whereas
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its thickness diminishes rapidly to less than 200
m in the platform.

The main feature of the coal-bearing paralic
molasse deposition was a compensation of subsi-
dence by the clastic supply. Nevertheless, the se-
dimentation was influenced by the contrasting
subsidence activity of the foredeep and platform,
(Fig. 2). Comparing both tectonic environments,
the foredeep is characterized by a full subsidence
compensation and the platform by a retarded
subsidence. The foredeep and the platform differ
not only in the thickness of the paralic molasse,
but also in the number of coal seams and their
thicknesses. In the foredeep, the thickness of the
paralic molasse (Ostrava Formation, Namurian A)
reaches up to 3200 m and decreases to about 100
m and less in the platform. Some platform blocks
emerged as forebulges. The coal capacity decrea-
ses rapidly towards the platform (Dopita -
Kumpera 1993). The Ostrava Formation consists
of more than 170 coal seams with an average
thickness of 73 cm in the foredeep, whereas
a number of the same coal seams decreases to 40,
or even 20 in the platform, and some parts are
even nonproductive. Simultaneously, changes in
the number, thickness and character of the
important stratigraphic horizons can be observed
in comparison with the foredeep and platform.
Up to 80 marine and brackish horizons, verified
in the northern part of the foredeep, became
freshened or faded out in the platform so that
only the four most important, thick horizons are
present in the eastern part of the platform. Also,
the volcanoclastic rocks (altered tuffites in terri-
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Fig. 2. Palinspathic cross section showing the thickness of stratigraphic units at the transition from foreland basin with flysch to
foreland basin with molasse in the Moravian-Silesian Paleozoic Basin during Late Viséan (Gog,_g) and Namurian A
| — carbonates; 2 — predominantly shaly deposits; 3 — predominantly graywackes; 4 — conglomerates; 5 — coal-bearing paralic mo-

lasse. Location of the section 1-1” is shown in Fig. 1
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genous siliclastic sediments, kaoline tonsteins in
coal seams and kaolinized tuffites redeposed as
~whetstone™ rocks) disappear in the same di-
rection, while changes in the cyclical structures
of the Namurian A deposits are demonstrated.
The thickness of cyclothemes, the grain size and
number of sandstone and conglomerate layers
increase to the southeastern part of the platform
indicating a source area (Jansa 1967). Comparing
the paralic molasse stage of evolution with older
ones, we can see that contrasts between the fore-
deep and the platform reached their maximum
during the Namurian A deposition.

After the deposition of the coal-bearing paralic
molasse sediments, tectonic movments were
under way at the end of Namurian A, and the
significant seam Prokop, up to 14 m thick, was

%%‘_i

deposited in an extensive area. The following
coal-bearing continental molasse sediments were
deposited in a land-locked basin (Havlena 1982)
surrounded by an elevated land, already under the
platform conditions. The depositional area was
displayed eastward. This part of the molasse se-
quence (Karvind Formation) is known in the limi-
ted erosion remnants, which do not enable
a thickness analysis. The thickness of the
remnants reaches 1000 m.

Paleocurrent systems and turbidite fans
in the flysch stage

The flysch stage of the accretionary wedge evo-
lution is typical of sedimentation and resedi-
mentation by turbidity currents, mudflows and
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Fig. 3. Sole marks directions in Carboniferous flysch deposits and flow marks directions in coal-bearing molasse deposits

in the Czech part of the Moravian-Silesian Paleozoic Basin

1 — crystalline rocks; 2 — pre-flysch deposits; 3 — outlines of the outcropping Carboniferous deposits; 4 — state boundary;
5 — sole marks directions (single measurements); 6 — sole marks directions (great numer of measurements); 7 — directions
of the marine transgressions in paralic molasse deposits; 8 — flow marks directions in molasse deposits
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sandflows (Kumpera 1971). The remnant and fo-
reland basins with flysch, has been filled mainly
with turbidites. Current directions, derived from
numerous sole marks (flute casts, groove casts
etc.), testify a longitudinal filling and the prove-
nience of the paleocurrent systems from the
southern parts of the basin (Fig. 3). The Upper
Viséan flysch sediments, which are paleontologi-
cally well dated, show a clear lateral distribution
of the turbidite megafacies, starting with marginal
coarse conglomeratic beds in the southern part of
the Drahany Upland, and continuing, step by step
to the north with fluxoturbidites, proximal turbi-
dites and distal turbidites. The last megafacies to-
gether with hemipelagic sediments, prevail in the
northern parts of the preserved accretionary
wedge.

A western supply, partly from the crystalline
complex of the inner parts of the Bohemian
Massif, has been proved by pebble analysis of the
inner fan conglomerates (Stelcl 1960). Some
lithologies also indicate an additional lateral
supply in different places along the western basi-
nal border.
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A series of turbidite fans (Ricci-Lucci 1980)
of different ages can be recognized in the Viséan
flysch stage of evolution (Fig. 4). Only the
Upper Viséan fans are entirely preserved.They
include the whole megafacies succession starting
with marginal coarse conglomerate beds in the
southern part of the Drahany Uplan, which repre-
sent the sediments of the deep sea inner fan and
midfan, and terminating with the fine-grained
and fine rhythmical deposits of the outer fan in
the northern parts in the Nizky Jesenik Hills
(Fig. 4B). The older Viséan flysch sediments are
not so well paleontologically dated as the Upper
Viséan deposits. Nevertheless, a presumable re-
construction of the older Viséan turbidite fans
can be submitted (Fig. 4A). The absence of the
marginal coarse conglomerate beds, of both the
inner fan and midfan of older Viséan fans, is
conspicuous. Evaluating the basinal evolution
and chiefly the domiinant role of the western
thrust — fold belt (Stockmal — Beaumont 1987) in
the tectonic shortening and destruction of the
western parts of the Moravian-Silesian Basin
(Misaf — Jaro§ 1974, Chdb et al. 1984), we

Fig. 4. Schematic maps showing the reconstruction of the Viséan turbidite fans in the southern part of the Moravian-Silesian Pa-
leozoic Basin. Drawn in recent outcrops and position (after folding, thrusting and faulting)
A — Early Viséan (and Tournaisian ?) turbidite fans. Recent position; location of the inner fan and of a part of the midfan is hy-

pothetical

B - Late Viséan turbidite fans with the entire megafacies succession well preserved. Explanation of symbols within the maps: Cy
— Viséan non divided, V3 — Upper Viséan o, B, ¥* — position of Upper Viséan goniatite zones Gog, GOB, Go,, NA — Namurian A
1 ~ crystalline rocks; 2 — pre-flysch deposits; 3 — outlines of the outcropping Carboniferous deposits; 4 — stateq{;oundary; 5 — coarse
and boulder conglomerates (inner fan megafacies); 6 — predominantly graywackes; 7 — predominantly shales and siltstones (black

flysch of the outer fan)
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suppose an erosion of the inner fan deposits and
redeposition, or an absorption into the crust by
the prograding thrust‘fold belt occurred during
Viséan. It is,for example, a metamorphism of de-
nudation remnants of Devonian rocks (Chlupdd
1975), preserved whithin the thrust fold belt,
reaching the staurolite zone and metamorphism
of the Viséan sediment complex at the western
border of the basin reaching the biotite isograde
(Krilik — Policky 1976) that prove the absorption
of a part of flysch complexes in the crust during
the shifting of this thrust-fold belt. The post-Va-
riscan erosion of the remaining parts of the older
Viséan inner fan deposits, together with the
overthrusted rocks, can also be assumed. In ge-
neral, the shaping of the turbidite fans led to the
S-N lithologic polarity of the Carboniferous
accretionary wedge. Transversal changes in litho-
logies are also evident. They were connected
with the rapid W-E shifting of the depocentre in
the Viséan owing to the prograding western
thrust-fold belt and gradual destruction of the ba-
sement (Kumpera 1971, 1983, Dvoirdk 1973).
These lithologic changes were influenced by the
redeposition of formerly deposited flysch sili-
ciclastics and by the gradual decreasing in relief
energy in the source area during the closing sta-
ges of evolution.

Sedimentary expression of tectonic processes

The described longitudinal and transversal trends
in the accretionary wedge evolution are in
accordance with the trends of lithologic and che-
mical composition of the Carboniferous sedi-
ments.

Changing chemical composition of siliclastics

The changes in the chemical composition of the
Carboniferous sediments are expressed partly by
the oxide ratios, and partly by the recalculation of
chemical analysis by Niggli’s or the C.LP.W. sys-
tem. Only noncarbonate rocks (i.e. the rocks with
less than 5% carbonates) has been taken into
consideration. Aluminium content demostrated by
the AlpO3/NapO ratio in claystones of different
age, gradually increases from Devonian up to
Upper Viséan and Namurian A strata and later
decreases again (Fig. 5). Changes in the
Si02/Al»03 ratio indicate the increasing content
of SiO9 (as quartz) in the molasse deposits, with
a clear peak in the youngest continental molasse
deposits (Fig. 6). Changes in the K9pO/NasO ra-
tio are conclusive in all siliclastics types (Fig. 6).
In addition, the ratio manifest a marked enhance-
ment in continental molasse sediments, which

Age
Np-C,\W .
N4~PO
Nai-JA
Fig. 5. AlpO3/NayO ratio values in N,-HR
the claystones from the eastern part
of the Carboniferous accretionary
wedge in the Moravian-Silesian re- N,~PE
gion of the Bohemian Massif. Dots A5
— values from the Ostrava region,
circles — values from deep boreho-
les near Néméi¢ky SE from Brno. Va-Na
Arrows shows the trend in ratio
evolution. Stratigraphic  position:
V1-V2 — lower and middle part of V;-V?
Viséan; V3 — Upper Viséan; Nao —
Namurian A (Members of the

Ostrava Formation: PE — Pettkovi- 0:
ce Member, HR — Hrufov Member,

JA — Jaklovec Member, PO — Poru-

ba Member), NB.c — Namurian

B and C, W — Westphalian
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OST - Ostrava Formation, KA — Karvi-
nd Formation. Age of the formations is

corresponds with increasing detritic muscovite
and K-feldspar contents in these young deposits.

Recalculations of the chemical analysis, by
Niggli’s system or the C.LP.W. system, serve only
for the simple presentation of data. They make it
possible to determine normative parameter va-
lues. Qpyp-Niggli’s parameter (Fig. 7) illustrates
an increasing SiOp (as quartz) content towards
the younger deposits. The difference in Niggli’s
parameter AL-ALK (Fig. 7) demonstrates an
increase in the AlpO3 relative content, in compa-
rison with (K70 + NayO) towards the younger
parts of the accretionary wedge. The increase in
this parameter is extremely high in paralic and
continental molasse sandstones. On the contrary,
~ the amount of normative feldspar component

F and CaO content decrease towards the younger
deposits.

Changing lithologic composition of siliciclastics

A great number of pebble analyses have been
carried out by different authors in various parts of
the Carboniferous sequence. They are summari-
zed in triangular diagrams given in Figs. 8, 9.
The diagrams are plotted separately for the
Carboniferous sequence in the southern Drahany

given in Table 1

block and in the northern Jeseniky block, with
respect to the different sizes of conglomerate
pebbles in these two units. Conglomerates analy-
zed in the Drahany block are coarse grained, or
even boulder conglomerates, and belong mostly
to the inner fan deposits, whereas the conglome-
rates of the Jesenik block represent mostly the fi-
ne grained conglomerates of the outer fans se-
quence.

The studies of pebble assemblages in boulder
and coarse-grained conglomerates in the Drahany
block show gradual changes, which probably
reflect the transforming of primary individual
sources of clastics. The increasing amounts of
quartz, quartzite and silicate rocks indicate
a progressive maturity and a more distant source
of clastic material during the Viséan and Namu-
rian. The growing amounts of Moldanubic ca-
tagneisses and granulite pebbles in the direction
of the uppermost Viséan coarse — grained conglo-
merates were stressed by Stelcl (1960, 1962),
whereas the source areas of the conglomerates of
earlier Viséan age are represented mainly by me-
sozonal and epizonal metamorphic schists. The
great size of boulders (even boulders more than
1 m3 in volume are present) confirms an
expressive rise in the relief energy in the western
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Fig. 8. Diagrams showing conglo-
merate components in Carbonife-
rous lithostratigraphic units of the

e Drahany Block; mostly coarse and

%10 @11 3 12 boulder conglomerates (compiled

after J. Stelcl, L. Matera, J. Po-
licky and V. Fialovd)

1 — Kofenec Conglomerate (lower part of Viséan); 2 — Racice Conglomerate (Upper Viséan Gog, — lower GOY); 3 — Lule¢ Conglo-
merate (Upper Viséan — upper Gop,and Go.,); 4 — Upper Viséan conglomerates in the Miroslav horst; 5 — the lowest part of Radi-
ce Conglomerate from Nesvafilka-3 borehole; 6 — upper parts of Ragice Conglomerate from Nesvaéilka-3 borehole; 7 ~ Lule¢
conglomerates in Nesvacilka-3 borehole; 8 — lowest Namurian A from Némg¢icky-2 borehole; 9 — middle part of Namurian A from
Nemcicky-2 borehole; 10, 11, 12 — upper part of Namurian A from N&md&icky-2 borehole. Arrows show the stratigraphic sequence

Q - quartz, S, Sed — sedimentary rocks, V — volcanites, EM, — epizonal metamorphosed rocks, Met — all metamorphosed rocks,
P — plutonic rocks, Mag — magmatic rocks



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

S+V+EM : PeM Sed.

S| N2 a3 0O 4 &5 X 6
® 7 (ON] ® 9 S 10 p11 Al2 13

Fig. 9. Diagrams showing conglomerate components in Carboniferous lithostratigraphic units in Jeseniky block (mostly fine-grai-
ned conglomerates). Compiled after I. Zapletal, L. Magtera, Z. Kukal, J. Jirdnek, J. Zeman and J. Kupka, J. Krdlik and J. Policky,
P. Martinec and O. Kumpera)

1 — And@lskd Hora Formation (D3 — ?Viséan not divided), ficld for large number of analysis; 2, 3, 4 — same unit, various para-
conglomerate layers; 5 — same unit, ortoconglomerates, mean value; 6 — Horni Beneov Formation (lower part Viséan), mean va-
lue; 7 — Moravice Formation (Upper Viséan), mean value; 8 — B&li Member (lower Go, Zone of Upper Viséan), mean value; 9 —
Brumovice Member- (upper Goy, and lower Gop Zone), mean value; 10 — Potdtit facies (upper Gog Zone); 11 — Hradec Member
(uppermost GOB and lowest Go., Zones), mean value; 12 - Zdmek Conglomerate (upper part of Namurian A); 13 — Moravsky Be-
roun Formation (carbonate facies of uppermost Devonian — lower part of Viséan), Lines limit the fields of analysis of individual
units, arrows show stratigraphic sequence

Map

SeVeEM : PeM Sed. B S Het +0

Fig. 10. Diagrams showing the main components of fine-grained conglomerates (field C) and sandstones (field S) in lower part of
Karvind Formation (Namurian B) (Q, S, V, EM, P, M, MET see Fig. 8)
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trust-fold belt, which was the main source area of
the Upper Viséan sediments. This is in
accordance with the low Alp03/NajO ratio in the
Upper Visean claystones.

The sediments of the outer fans, exposed in the
northern Jeseniky block, manifest a more
complex relationship (Fig. 9). The fine-grained
graywacke conglomerates analyzed, mostly by
Kiihnel 1967, Kukal 1970 and Zapletal 1989,
show a very diverse material composition and

great amounts of sedimentary pebbles, quartz and
low-grade metamorphites in the lower Viséan
strata. The portion of magmatic rocks increases in
pebble assemblages towards the younger Viséan
deposits. The magmatites are represented by acid
plutonites and effusive rocks and by their amount.
Among the sedimentary pebbles, the predeposited
lower Viséan rocks, which often show meta-
morphism of a low degree, are common in the
middle part of the Viséan sequence, but they are
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less frequent in the conglomerate layers of the
higher stratigraphic positions (MaStera 1975).
Then,the maturity increases strongly towards the
Namurian and Westphalian molasse deposits,
with the distinct maxima in the continental mo-
lasse sediments (Fig. 10).

In both regions, the conglomerate layers have
a common increasing maturity of clasts assembla-
ges towards the younger deposits, but changes in
the Drahany block are not as conspicuous as in
the Jeseniky block area.

The trends of transparent heavy minerals
assemblages, studied especially by Otava (1985,
1988) and Stelcl and Svoboda (1962), indicate
a similar evolution from stable associations in the
Viséan carbonate platform deposits to polymict
associations with the most unstable minerals. The
more stable garnet and zircon assemblages in the
Viséan flysch sediments up to stable and

ultrastable assemblages in Namurian B, C and
Westphalian deposits were found (Fig. 11). The
changes in the Drahany block (Fig. 12) are not as
significant as in the Jeseniky Hills area, but the
trends are similar. The reason can be inferred
from the more intensive reworking and redeposi-
tion of sediments in the more mobile northern
part of the wedge.

Cannibalism

Numerous pebbly mudstone layers (Zapletal
1991, Jirinek 1993), rare olistolites and
olistostromes and redeposed Devonian and Lo-
wer Carboniferous fauna are proof of the re-
working, or cannibalization, of previously de-
posited sediments. Also, small clasts of the
older Carboniferous sediments, which are even
slightly metamorphosed and which were rede-

Fig. 13. Outline of the Carboniferous regions in the Moravian-Silesian Paleozoic Basin with schematic cross sections showing the
different tectonic styles and shortening. Note the contrast between thin-skined tectonics in the north and simple folds in the south.

A-F: sections lines; for 1-4 see Fig. 4
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posed into the upper part of the wedge, are pre-
sent (Zapletal 1989). These phenomena are fre-
quent, especially in the outer fans and in older
flysch sediments cropping out in the northern
part of the wedge in the Nizky Jesenik Hills
(Fig. 14). In addition to the mentioned pheno-
mena, changing paleoslope orientation can be
derived from the numerous slide scars, slump
folds and slip bedding. These features can be
observed only in some parts of the Viséan
flysch sequence, whereas they are absent in so-
me other thick flysch complexes. In general,
the frequency of these phenomena decreases in
the young deposits.

Tectonic reworking, shortening
and a grade of metamorphism

The tectonic reworking of the Carboniferous de-
posits presents a similar picture, differing in in-
tensity and style in different parts of the wedge
(see Kumpera 1971, 1983). The wedge is divided
into three parts (Fig. 13): — a retro-wedge (situa-
ted in the westernmost part of the wedge) near
the roots of the collision zone, a pro-wedge
(Willet — Beaumont 1993) situated far from the
collision zone; the retro- and a the pro-wedge are
divided by a stack-wedge which partly forms
a narrow klippen zone (Kettner 1952) with the

Fig. 14. Distribution of the most important features of the basinal canibalism and the isolines of R max % within the sedimentary
portion of the Carboniferous accretionary wedge in the Moravian-Silesian region of the Bohemian Massif. For 1-4 see Fig. 3; 5 —
R max (%) isolines (in western part compiled after J. Dvofdk and V. Skodek); 6 — pebbly mudstones localities; 7 — olistolites; 8 —

redeposed fauna of Gog4 Zone within the greywacke of Go.l Zone

Y
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Devonian-Tournaisian rocks squeezed through the
thick Lower Carboniferous sequence to the surfa-
ce (Fig. 13, section A, B). A W-E polarity in the
intensity of the tectonic reworking can be
observed. The most intensive back-folding and
back-thrusting (Silver — Reed 1988) connected
with the origin of the metamorphic foliation and
with superposed folds, can be seen in the western
and especially in the northwestern part of the
retro-wedge. The intensity of the tectonic re-
working decreases to the east into the pro-wedge,
the tectonic reworking of which is characterized
by more broad, partly cleawage folds and short
thrusts. The tectonic reworking became simpler to
the eastern wedge periphery, where the paralic
and continetal molasse deposits show only
normal and strike-slip faulting, forming grabens
and horsts.

The changes in the tectonic reworking can be
observed also in the N-S direction. Although the-
se changes are not so expressive as the W-E
structural zonality, the decrease in folding and
thrusting intensity to the south is evident. Large
broad simple folds without thrust structures are
typical of the southernmost areas (see section
E in Fig. 13).

A distribution of the grade of metamorphism
goes hand in hand with the intensity of tectonic
reworking. The molasse deposits in the external
and southern parts of the wedge are not meta-
morphosed. The grade of metamorphism increa-
ses westward and northward. In the central part
of the pro-wedge only anchimetamorphism can
be observed, whereas Viséan rocks are meta-
morphosed up to the biotite isograde and Devo-
nian rocks up to the staurolite isograde in the
north-western part of the retro-wedge.

An analogical picture can be obtained from the
different degree of coalification expressed by the
vitrinite reflectance of organic matter (Fig. 14).
The lowest values may be seen in the easternmost
and southernmost parts of the wedge. On the
contrary, in the north-western part of the accretio-
nary wedge the values of % Rmax reach more
than 9% (Dvoidk — Skocek 1975).

The different synsedimentary compression and
shortening of the various wedge parts during the
Variscan evolution is evident. The north-western
parts of the wedge are more than ten times more
compressed and shortened, in comparison with
the south-eastern parts (Fig. 13). An extreme
shortening can be observed in the Devonian part
of the stack-wedge. Orel (1985, cit. in Hladil

1988) proposed that the original width of the De-
vonian basin was more than 200 km. The present
width of the Devonian-Turnaisian klippen belt,
although its original width had to be several tens
of kilometers in the stack wedge, is several kilo-
meters. A strong shortening can also be observed
in the flysch deposits surrounding the Devonian-
Tournaisian rocks in the stacke-wedge (see
section A, B in the Fig. 13). The intensity of
compression diminishes abruptly into the pro-
wedge trending up to zero on its external borders.
Also, the southern parts of all the wedge types
show a decrease in the shortening of the original
basinal width .

Discussion and conclusion

The results of this analysis enable a more dyna-
mic conception of the development of the thick
Carboniferous sedimentary part of the accretiona-
ry wedge to be presented. What must be stressed
is that the evolution was very complex, dynami-
cally changing in Viséan and Late Carboniferous.
Only a broad analysis of a great amount of data
makes it possible to do justice to the main regu-
larities of the development. The accretionary
wedge developed as a result of a collision of two
blocks of continental crust-the inner parts of the
Bohemian Massif and the Brunovistulicum
(Kumpera 1988). The collision was oblique (Gry-
gar 1992, Fritz et al. 1993). This orientation of
the convergent blocks caused the resulting longi-
tudinal and tranversal zonality in composition,
inner structure and grade of metamorphism of the
sedimentary part of the accretionary wedge. The
main part of the wedge originated during the
culminating collision in the Viséan and Namurian
A, when Variscan tectonic, metamorphic (Fritz et
al. 1993) and plutonic processes (Klominsky —
Dudek 1979) in the Moldanubicum, Moravicum
and Lugicum reached their climax. Owing to
their impact, the Brunovistulicum basement di-
sintegrated into a number of troughs, where thick
flysch and molasse formations were formed (Fig.
15). These formations constitute the main sedi-
mentary part of the accretionary wedge, the total
thickness of which exceeds 12 km. The composi-
tion of siliclastics proove the main supply from
inner parts of the Bohemian Massif (Stelcl 1982).
Under the influence of the collision (Klein 1987,
Kingstone — Williams 1983), the Moravian-Sile-
sian Paleozoic basin was changed from a Devo-
nian-Viséan marginal basin with carbonates and
a Devonian-Tournasian rift basin to the remnant
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and foreland basin with flysch. At the same time,
the flysch portion of the wedge budget covered
and repressed the carbonate platform and rift de-
posits. This occured during the final stages of the
development, forming a foreland basin with mo-
lasse (Einsele 1992).

The development of siliclastics, and the analy-
sis of thicknesses, prove that the remnant and fo-
reland basin gradually crumbled to a system of
narrow longitudinal troughs (Fig. 15) and eleva-
tions, which arose and ceased during the sedi-
mentation and synsedimentary tectonic reworking
(Kumpera 1983). We have distinguished three
principal partial troughs in the flysch basins —
a western, middle and eastern flysch trough, and
also the most external depression — the molasse
foredeep. In the Viséan, a great amount of the
clastics supplied the remnant and foreland basins,
mainly from the prograding western thrust-fold
belt. The high relief energy of this belt, during
the Viséan is indicated by boulder conglomerates
and low Al contents. The clastics entered the
principal flysch troughs mainly near the southern
part of the Drahany Upland in front of the
submarine canyon, and were redeposited along
the trough axis to the north forming large turbidi-
ty fans (Ricci-Lucci and Valmori 1980) — Fig. 4.

The sedimentary development was strongly
influenced by the prograding western thrust-fold
belt, the shifting of which caused a partial
destruction of older turbidity fans and redeposi-
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tion of their clastics into the younger flysch and
molasse deposits.

We consider this process to be one of the main
reasons for growing chemical (Figs. 5, 6, 7) and
mineralogical maturity (Figs. 8-12), which is low
in the older flysch deposits and culminates in the
younger continental molasse deposits. The tecto-
nic processes in the collision zone faded out in
the later part of Namurian A. This is documented
by an increase in the AlpO3 relative content, and
also by the growing kaolinite input into the basin,
which can be explained by the growing penepla-
nation of the source area. Dvofdk and Mastera
(1974) have explained more detailed differences
in the composition of the Upper Viséan sedi-
ments, between the northern Jeseniky Hills area
and the southern Drahany Upland, by means of
the existence of two basins which were supplied
from different source areas. On the contrary,
much of the data indicates the existence of only
one basin. When evaluating the difference in the
siliclastics composition, the disparate grain size
and position in the turbidite fans should be taken
into account. Furthermore, it is evident that the
northern parts of the basin developed as a conse-
quence of the oblique collision, under more dyna-
mic conditions. They were in a synsedimentary
way, compressed and shortened more intensively
so that a greater number of partial troughs origi-
nated and ceased in this part of the basin. In pa-
leontologically well dated Upper Viséan deposits,

prograding thrust-

~e23xd— —fold zone
-, 5"3‘-7';

oldet Llysch
depression

Pre-Viséan

Late Viséan deposits

Fig. 15. Schematic conception of the partial flysch troughs and molasse foredeep and of the surrounding source areas in the Mo-
ravian-Silesian Paleozoic Basin during the Late Viséan stage of development
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only one partial trough can be recognized in the
southernmost part of the basin, whereas the deve-
lopment of three or even four partial troughs can
be supposed in the northern Jeseniky Hills area.
The more rapid eastward shifting of the depo-
centre led to the multiply redeposition, well do-
cumented by frequent features of intrabasinal
cannibalism in this part of the basin. The extraba-
sinal clasts, derived from the western thrust-fold
belt, were mixed here with redeposed clasts from
the intrabasinal elevations. Also, the geometry of
the accretionary wedge and the original contour
of the foreland basins passed through great
changes, mainly in the Viséan. First of all, the
western parts of the basinal filling were amputa-
ted by the prograding thrust-fold belt. Two veri-
fied directions of the lithologic, structural and
metamorphic polarity (transversal (W-E) and
longitudinal (N-S)) made it possible to suppose
an expressive synsedimentary rotation of the ba-
sin around vertical axis, in consequence to the
oblique collision in the SW-NE direction. A simi-
lar rotation was already proved in younger basins
(Kodama — Takeuchi — Ozawa 1993) and simula-
ted by experiments (Schreurs 1994). Hladil
(1988) documented the original orientation of the
‘Devonian part of the carbonate platform basin
and Devonian rift basin in the W-E direction, i.e.
approximately perpendicular to the recent di-
rection of Variscan structures in the Moravian —
Silesian region. Considering our data, the main
process of the amputation, reorientation and rota-
tion of the basin and of the evolved wedge began
in the Viséan, and culminated at the beginning of
Namurian A. The sedimentation of the flysch
formation and that of the lower part of the para-
lic molasse deposits were accompanied by the
amputation of a western part of the platform and
rift basins. Simultaneously, their sediments and
volcanites and the oldest flysch deposits were
tectonically brought into the N-S trending thrust-
fold belt where are now present in the erosion
remnants. As a consequence of the oblique colli-
sion and dextral rotation, the foreland basin and
the arising Carboniferous accretionary wedge we-
re more compressed in northern parts and their
outline changed gradually into the recent V-sha-
pe. This interpretation can explain the difference
in the lithologic, structural and metamorphic evo-
lution of the retro-wedge in comparison with the
pro-wedge complexes. The Viséan flysch comple-
xes of the retro-wedge were deposited in the
remnant basin on the more mobile and thinner
crust of the pre-flysch rift basin, whereas the

flysch complexes of the pro-wedge originated in
the foreland basin located on the more stable
older platform. Also a special and complex litho-
logic and structural evolution of the stack wedge
with its Devonian — Tournaisian klippen belt are
in keeping with this conception. The Devonian
and Carboniferous complexes in the stack wedge
were intensively compressed near the contact area
between the mobile space of the Devonian-
Tournaisian rift basin and the platform. The detai-
led structures of this klippen belt and stack
wedge may be explained by the existence of a la-
teral ramp (Malugeta — Koyi 1987), divided the-
se contrasting basins during the extreme shorte-
ning and rotation.
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Vyvoj karbonského akre¢niho klinu v moravskoslezské paleozoické panvi

Na zdklad€ analyzy karbonskych sedimentdi a jejich strukturnd tektonickgch pomér je v prici poddn nistin vjvoje zbytkové fly-
Sové pdnve, flySové pdnve pfedpoli a molasové pdnve v predpoli variské kolizni zbny. Analyza se opiri o rozbor litologie flySové
a molasové formace, analyzu mocnosti, chemického a litologického sloZenf hornin jednotlivych litostratigrafickych jednotek, o roz-
bor jevii kanibalismu a rozséhlé resedimentace karbonskych klastik. Analyza strukturnd tektonickych pomérli ukazuje na velmi roz-
dilnou intenzitu zkrdceni v riiznych &istech plivodnich pinvi, Béhem vyvoje mocného karbonského sedimentdrniho akreéniho kli-
nu se postupné nejen ménil obrys pédnvi a jejich vnitfni Elenéni, ale soudasné také vrcholila jejich vyraznd pravostrannd rotace ko-
lem svislé osy. Zejména z. &dsti akregnfho klinu byly hluboce denudoviny jiZ bdhem variského vyvoje a patrné téZ zédsti absorbo-
viny do kiiry progradujicimi zdpadnimi vrdsovo-ndsunovymi pismy.



