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Early to Middle Variscan development of the
West Sudetes

ABSTRACT: The Variscides overlying in the West Sudetes the Early Cadomide
structure make up @ continuation of the Caledonian series. They vary in structure
and composition among the Kaczawa Mts, Swiebodzice, Ktodzko, and :Bardo
structures as well as the Intra-Sudetic synclinorium and the Lower Carboniferous
of the Owl Mis block. The Klodzko shructure is the only one folded during the
Caledonian orogeny. The Swiebodzice structure and the lower structural siage of
the Bardo structure were folded duriing the Nassau phase. The Klodzko structure
was uplifted at that time. The Kaczawa nappes developed during the Sudetic
phase. At the same time, the Bamdo structure was ultimately formed, with
molasse and Lower Carboniferous Ilysch series overlying the folds of Nassau age.
Pebbles of epimetamorphic rocks found in the Devonian to Lower Carboniferous
strata south of the Kaczawa Mis derived from the Proterozoic basement of the
Kaczawa Mis structure. As shown by the palinspastic reconstructions, the
coefficient of tectonic shortening ranges from 0.36 up to 0.80. Two  distinct
developmental stages are recognized in the history of the Siruga and Domanoéw
dislocations; the tectonic displacements were opposite at the two stages.

INTRODUCTION

Early Variscan development of the West Sudetes was discussed by
the present author in & recent paper (Oberc 1977a). However, new and
important data were discovered since the time that paper had been
sent in its final version to the editor. The discoveries include recognition
of the upper Lower Carboniferous and deep-water Upper Devonian
deposits in the Kaczawa Mts (Urbanek 1975; Chorowska 1977, 1978),
and finding of deep-water, non-flysch lower Lower Carboniferous
deposits in the Bardo structure (J. Haydukiewicz 1977). Because of the
appearance of these new data, one has to reconsider the age of the
Early Variscan movements in the West Sudetes. There are also some
. implications for the position of the Swiebodzice structure relatjve to
the folds of the Kaczawa Mits.
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The West Sudetes are here meant in the structural-geological sense,
that is as the area west of the Ramzova overthrust. The neighboring
area of the Fore-Sudetic block is also discussed in the present paper,.
ag it bears a prolongation of some Variscan units of the West Sudetes.
The tectonic structure of the Variscan units of the area under discussion
is out of the scope of the present paper because it was presented
separately (Oberc 1977a).

Acknowledgements The author is greatly indebied to Dr. M. Chorowska' for
discussion and help in preparation of the stmatigraphic part of the text, and to
Docent H. Tomezyk for valuable comments on the Silumian strat1gmphy of the
Bardo Mis. '

PRE-VARISCAN BASEMENT

In general, the Variscan cycle comprises post-Silurian Paleozoic
sequences. The Paleozoic sequences start with Cambrian, Ordovician,
Silurian, Devonian, -or even Carboniferous strata in various structural
units of the Sudetes. Aside of the South Karkonosze Mts, which are
out of the scope of the present paper, and possibly-also the Klodzko
structure, Caledonian tectonics did not affect the Sudetes (Oberc 1977b).
Hence, the Caledonian sequences (Cambnan to Silurian) aré here con-
sidered within the framework of the Variscan cycle because they under-
went deformations along with the Variscan ones.

The term pre-Variscan basement is meant in the present paper as
the basement of the Variscan sequences instead of the Variscan
structural units, The point is that the basement of Proterozoic age has
become involved in some Variscan structures (Kaczawa Mts, Klodzko
structure, Bardo structure).

The pre-Variscan basement of the Sudeles crops out in the Kaczawa Mts,
Kilodzko structure, Bardo structure, Owl Mis by Nowa Ruda, Karkonosze-Izera
block, and Fore-Sudetic block (Fig. 1). Iis structure was already discussed by the
present author (Oberc 1965, '1966a, 1977a). The.nucleus of the basement consists
in the Moldanubian block of the Owl Mts built up by gneisses of . probably  Late
Proterozoic age. The block is friangular in shape and its western angle separates
two branches of the Barly Cadomide tectogen. The southwest, that is Orlica-Izera
branch of the Early Cadomides includes the Karkonosze-Izera block, old meta-
morphic rocks of Klodzko and Nowa Ruda areas, metamorphics of Bystrzyca Mis
and Orlica Mits, and a part of Snieznik metamorphics; the branch shows
a southwesterly vergency. The north branch of the Early Cadomides includes the
Radzimowice slates of the Bolkéw wunit of the Kaczawa Mts and the metamorphic
rocks of Wadroze and Imbramowice; this branch shows more or less southerly
vergencies. The east branch shows easterly vergencies and borders the Owl Mits
block from the east. Its prolongation to the south is represented by the rest of
Sniezmik metamorphics and the metamorphic rocks of Biala Mts and Gold Mis.
The Early Cadomide tectogen is built up of gneisses, mezozonal schist series,
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serpentinites, and gabbros. The schists are but weakly metamorphosed 'heie  and:
there, as e.g. in Przybkowice and Radzimowice areas or in the Pre-Sudétic’ block,

In turn, the Late Cadomide tectogen is very poorly wepresented in the Polish
Sudetes. Actually, it occurs in Poland in form of the KamieA beds (Kamenzer
Schichten in Brause & Hirschimann 1964) -pressed inbetween the structure of Ka-
czawd Mts and the Izera block. '

VARISCAN STRUCTURES

Variscan structures of the West Sudetes and the neighboring part
of the Fore-Sudetic occur south, west, and north of the Owl Mts block
covered in places with minute patches of Lower Carboniferous deposits.
The West-Sudetic Variscides (Fig. 2) are briefly described below.

KACZAWA MTS

The structure of Kaczawa Mis (Figs 2-3) was for long assigned to Caledonides
{Bederke 1924, Block 1038, Schwarzbach 1939, H, Teisseyre in Smulikowski &
Teisseyzfe 1953). However, Oberc - (1867) recognized Lower t{o Middle Devonian
rocks in the Kaczgwa. Mis and concluded that the epimetamorphic Paleozoic
rocks of that avea had underwent Early Variscan folding prior to the Late
Devonian sedimentation evidenced in the Swiebodzice structure. A similar con-
clusion was also reached by H. Téisseyre (1975) who cited the Bretonian phase
in this context. Later on, Lower Carboniferous strata were documented in the
Kacmwa Mis (Chorowska & Ozonkowa 1975; Chorowska & Sawicki 1975; Cho-
rowska 1077, 1978), which made the basis to a claim that the main folding phase.
had been the Sudetic phase (Chorowska 1877, 1978). The latter opinion was also
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followed by Oberc (1978). By the way, deep-water Upper Devonian sedimentary
rocks were recognized in the Kaczawa Mis by Urbanek (1975). .
Modern work on the tectonic siructure of the Kaczawa Mis started with
Schwarzbach (19398) who recognized the so-called Bolkéw-Wojcieszéw anticline for
a ,Decksattel”. The latter idea was followed and developed by H. Teisseyre (in
Smulikowskl & Teisseyre 1953) who demonstrated the nappe structure of the south
Kaczawa Mis. Accordingly 4o that author, the Bolkéw-Wojcieszébw anticline
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Fig. 2. West-Sudetic Variscides .

1 Barly Cadomide structures, 2 Moldenublan structures, 3 Paleozoic strata of the Kaczawa

Min, 4 Asturian granitold dmirusions, § post-Lower Carboniferous geries, 6 anticline axes,

7 syncline axes, 8 overthrusts, 9 Variscan faults, 10 Lower/Upper Carbomiferous boundary in

the Inira-Sudetic syneclinorium, 11 magor tectomic boundaries, 12 displacememis along the
Birzegom fault

Tectonde units: Ke Kaczawa Mts siructure (S Swierzawa unit, D Dobromierz uni, B Bolkéw

unit, BW Bolkébw-Wojciesz6w anticlne), KcS North-Sudetic symclinorium, Ss Swiebodzice

structure, Su Struga dlaplric fold, iS Intra-Sudetic synclinorium, Ks Klodzko structure, Bs

mmgo;mumﬂmmmomuubmoxamma-smwc
synelinorium.

Faults: umm.-s:mm Main fault, Df Domanéw fsult, Sf Struga fault, s:r Szezawlenko

. fault, Smf sudetic Marginal fault, Stf Strzegom fault



VARISCAN DEVELOPMENT OF WEST SUDETES 3

consists of the Swierzawn, Bolkéw, and Dobromierz umits lying successively one
over another. The highest tectonic unit of that structure (that is the Cieszdéw
unit) bas persisted up to date exclusively in the Swiebodzice structure. The
Bolkéw and Dobromierz units are actually nappes thrown south-southwestwards.
It is to be noted that both the latter units may also eon'l:mue north of the Swie--
rzawa graben (Oberc 1967, A. Haydukiewicz 1977).
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SWIEBODZICE STRUCTURE

The Swiebodzice structure (Figs 2 and 4) was for long interpreted as.a part
of the Intra-Sudetic synclinorium. H. Teisseyre (1056) was the first who- recognized
it for a distinct structural unit because of a difference from the synclinprium in
the tectonic style as well as the age of sedimentation and main folding. The
Swicbodzice strucbure comprises mostly molasse deposits mssigned to the Upper
Devonian (Pavlik 1939; Gunia 1966, 1968) to lowermost Carboniferous. The folding
of Swiebodzice structure is to be assigned to the Nassau phase (Oberc 1967)
followed in that area by erosion (Oberc 1972). The overthrust of sequences {ypical
of the Kaczawa Mits (H. Teisseyre in Smulikowski & Teisseyre 1953) is' to be
related to a later tectonic phase. Relotively old rocks similar to the Paleozoic
of the Kaczawa Mis appear also in the diapiric fold of Struga, squeezed out from
beneath that unit (J. Teisseyre 1962). _

The diastrophic deposits found in the Swiebodzice structure were commonly
assigned to erosion of the presumed Kaczawa elevation. This argument followed
from the close geographic relationship between the iwo structures, and the
assumption of Early Paleozoic to Middle Devonian age of the rocks found in the
Kaczawa Mtis. The Carboniferous age of the Kaczawa sitructure requires therefore
a reconsideration of the Swiebedzice structure. The present author is of the
opinion that the pebbles of epimetamorphic Precambrian rocks and Devonian to
Lower Carboniferous sedimentary rodks that occur in the Swiebodzice structure
derived from a cordillera risen from a part of the Kaczawa basin, whereas
sedimentation persisted in the .rest of the basin.

KZODZKO STRUCTURE

The Kiodzko structure (Figs 2 and 5-6) appears at the surface in form of
pre-Carboniferous patches scattered over the outcrops of younger deposits, mainly
in the Intra-Sudetic synclinorium. The metamorphic rocks of the Klodzko
structure (Fischer in Finckkh & al. 1942, Wojciechowska 1968) were atiributed to
the Ordovician to Devonian (Bederke 1924, Fischer in Finckh & al. 1942, Oberc
1957) but finally, some Ludlovian comls have been found $o occur in limesione
intercalations in the phyllites (Gunia & Wojciechowska 1964, 1971). The phyllites
‘are overlain by epizonally metamorphosed geosynclinal volcanics lacking in their
turn any cover of younger geosynclinal deposits. The age of folding cannot
therefore be precisely determined but accordingly to the present author, it is to
_be assigned to the Early Devonmian (Oberc 1972). The deformations consigst in an
intense folding of southern vergency which embraced the Silurian mocks and the
volcandcs as well as the Proterozoic basement metamorphosed mezozonally during
the Early Cadomide mowvements. The Siluriun rocks have underweni merely an
epizonal metamorphism, - Prior to the Late Devonian, the entire structure was
eroded -down 4o the pre-Silurian basement (amphibolites and gneispes). There-
afber, shallow-water limestones accumulated, amtimibuted to the Upper Devonian
and up to the Gattendorfia Stage (Tietze 1867, Giirich 1903, Schindewolf 1987,
Chorowslka 1974); this is so-called Klodzko Devonian (Fig. 6). The shallow-water
nature of the Klodzlio Devonian contrasts with the adjacent deecp-water Upper
Devonian of the Bardo structure (Oberc 1977a). Furthermore, dgep_—water Lower
Carboniferous rocks {upper Mikolajéw shales) occur at Gologlowy, thrust over
the Devonian limestones. Agcordingly to Chorowska (1974), the Gattendorfia Stage
is absent ‘from the Gologlowy section.
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BARDO STRUCTURE

The Bardo structure (Figs 2 and T—8) " comprises non-metamorphosed sedi-
mentary rocks of Ordovician to Early Carboniferous age (Beyrich 1844, Krug von
Nidda 1853, Dathe 1904), including a thick shale series (Herzogswalder Schichten
in Dathe 1904) Interpreted initially as Ordovician or Silurian (Bederke 1924, Dahl-
griin & Finckh 1924) but attributed finally to the Lower Devonian to Lower
Carboniferous’ (Oberc 1953, 1957; Kuchcifski 1064; J. Haydukiewicz  1977). The
controversy on age attribution of the shale series resulted also in a hot dispute
focused at the age of folding preceding sedimentation of the Carboniferous molasse
.and flysch. In fact, the Early Caledonian (Bederke 1924, Teller 1959), Orcadian
(Oberc 1957), end Early Bretonian movements (Oberc 1966b) were referred to
in this context. Finally, Oberc (1978) assigned this folding to the Nassau phase
basing upon an analogy to the Klodzko Devonian (cf. Schindewolf 1937, Oberc 1957).
The Lower Carboniferous molasse and flysch deposits had in their turn been
folded during the Sudetic phase (Bederke 1929), the age of which was determined
by Oberc (1957) as prior to the Goniatites grenosus Zone because of the
oceurrence of lowermost Upper Carboniferous sirata directly at the eroded Bardo
structure. : L .

The tectonic structure of Bardo structure (Beyrich 1844, Dathe 1904, Bederke
1929) is now regarded as a fairly complex one. In fact, Oberc (1957) recognized
in that avea some 50 folds, thrust slices and overthrusts Including, related to
the. Sudetic (northerly and southwesterly vergencies) and Asturnian phases
(westerly vergency). The Asturiah folds make up a prolongation of the Niemcza
. lineament - southwards and split the structure developed during the Sudetic phase
into its eastern and western pants.

AV Vo W Wa Ve
eroded series?

keratophyres , kerotophyre metatuffs

clayey phyllites/Schistes lustr s/ greywacke phylittes

greenschists with intercalations and lenses of

crystalline limestones and porphyrolds

—-——— ] L hibole-epidote rocks, diabases and mefadiab

p

Favosites tibrilla,Alveclites .
squamula,Syringopora $p., . .

s Pilophyllum progressum < - crystailine limestones -

Cystiphyllum siluriense

m _ clayey phyllites/ichistes tustrés”/ greywocke

0 phyliites with. intercalations of mefalydites
100
200

300
i ) Basement: amphibolites with

I-DD-] crystalline limestones gneisses
and mica schists -
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1942, Wojciechowska 1966, Gunia & Wojciechowska 1971, Oberc 1972)
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INTRA-SUDETIC. SYNCLINORTUM AND OWL MTS BLOCK

Sedimentery series building up the Intra-Sudetic synclinorium @Figs 2 and 9)
cover the boundaries between various tectonic unite comprising older racks.
Their equivalents, and those of the Carboniferous structural stage of the Bardo
structure as well, covered also the Owl Mts block (Figs 2 and 10) but they have
persisted merely in a part of the Fore-Sudekic portionr of the eroded Owl
Mts block. - ] e

The section of the Intra-Sudetle synclinorium staris with Lower Carboniferous
diastrophic deposits. Accordingly bo H. Teisseyre (1975), the material derived
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from the folded and weakly . metamorphosed  sequences ~of the Kaczawa Mis.
‘The Tournaisian is represented by- molasse deposats (Oberc 1966b) attaining their
maxitium thickness in the west, The Visean séa permsted up to the EBarly/Late
Carboniferous boundary. Bederke (1929) claimed that the sednmentamy geries had
underwent some detomnatnons during the Sudetic ‘phase. ‘However, a se(hmentary
con;nnuaty was reoognﬁzed between the marine Viseann and continental Namurian
strata in the mxial part of the synclmonum (H. Tensseyre 1959, Dziedzic 1960,
Grocholski 1960). Thus, the tectonic structure was formed mostly during some
later . tectonic phases, in. particular the Asturian and Laramian ones, discussion
of wlnch is out of the scope of the present paper.
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VARISCAN SEQUENCES

The hitherto recognized thicknesses and spatial relationships in the
West-Sudetic Variscan sequences (Figs 3—10) permit some general
conclusions relevant to the topic under discussion. _

The Variscan geosyncline expanded gradually with time. It embraced
the Kaczawa Mts at the Early Cambrian, the South Karkonosze Mts
(outside Poland) and Bardo structure at the Ordovician, the Klodzko
structure probably at the Silurjan. At the moment, one can hardly
determine precisely the time of:the onsét of pre-Late Devonian sedi-
mentation in the Swiebodzice structure. The deep-water nature of the
pre-Late Devonian sediments in' all the Variscan wunits, and the lack of

SE

. . NW .
FM(\M Sudelic phase

Banlatites grunosu?

|
Gonlalites striafus T
X
I
X
|
X L.
I ; Conglamerates ot Wilcza; pebbles of greywackes/Cn/}
X g rocheof Kibdzko metomorphics, Proterozaic gatibros
i - E and diabazgs.
x H
I . - .
. Goniatites striatus falealus © X .
-Goniatites striatus strigtus . | Szerwieficzyoe Deds: flysoh,ot the top of fhls
Goniatites crenistria ,Gigantetla x BEries nodules of upper limestone horlzon
C 1 gigantea |
X
1
.X
Ci thus uniformls, Gnathad u .
bitinegtus bilineatus . . D .
s Gugirtyl girtyi /Cu ].]3/ . - Tower lim horizon -
! * enli " Osirdg bads: gheiss-bresclas, grisiss-conglomerates
s gs |1 . " 0 ’
. cul“? oné%\ﬂ?}r}:m/s J winj gnelss~sgndstones.
‘Dolymae vagesi, Gnathodus i
B gentilineaiis, P,triangalus i 1t
triangulus /Cullect HE S
Jvr s
Se81 1t
FEIN
g ——— ‘ 1 '. ?
. L
. Pe N
———— ) .
) ! I e o e Wilonk et:ng(gineralei s pebbles of qunry and
Basemenlighelsses of Onl Mis; mazazonal ‘metamerphic socks fachists, )
various mmbeu?l.f;cl Sertes | oinfarboniferous of WidaZek-Chelmike sedimantory
1 b Jracclassboulders of eplzanal metamorphic rocks
H in limeslone background, tenses of Carboniferaus-

]
H s :
b oo oL Umnde Sediments wlth woerotlors / Podtynle/

m
[
5 Nassqu phase e rbvv\/v\, -m&gﬁ:}ﬁﬁgggqmﬁ,ﬂ,ﬁﬁ? Coliajy
o .
450,
—X— {lysch

— e molosse

Fig. 8. Rock sequence in the upper structural stage of the Bardo struciure (after
Oberc 1957, Oberc & Gorecka 1959, Zakowa 1963, Goérecka & Gunia 1864, Cho-

rowska 1973)
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any time equivalent shallow-water facies support a claim that one deais
with a single Variscan geosyncline in the investigated area.

The geosy.ndinajl volcanism did not accompany the expansion of the
geosynchne ‘Prior to the Devonian, the Bardo basin was actually
a mmgeosynclme with poorly developed volcanism (cf. Malinowska 1955).
. At the Early Devonian, volcanic activity became more infense, as in-
dicated by diabases present in the lower Zdanéw shales (Dathe 1904,
Chorowska & Oberc 1980). In' the Klodzko structure, geosynclinal
volcanics overlie the Ludlovian and represent now the youngest member
of the sequence (Oberc 1972). ‘Volcanic activity started also during the
Late Silurian in the South Karkonosze Mts (Chaloupsky & al. 1968).
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SYNSEDIMENTARY MOVEMENTS AND THEIR EFFECTS

Effects of the oldest synsedimentary movements in the West Sudetes
are represented -by the Ordovician (Baranowski & Urbanek 1972) flysch
of the north Kaczawa Mts (Baranowski 1975). The flysch was probably
related {p erosion of the cordillera of the Izera Mts (Oberc 1966b) which
supplied actually material to the Ordovician conglomerates of the South
Karkonosze Mts (Chaloupsky 1963). ' '

Synsednnentary movements are also evidenced by the Middle Devonian (Kuch-
cifiski 1964) flysch Wﬂcza beds, Bardo structure, but one can hardly point to any
source area in this case.

Prior o the Late Devonian, folding and subsequent epimetamorphism ended
the geosynclinal development of the South Karkonosze Mts and Klodzko structure. -

The Middle/Late Devonian boundary appears as a critical moment in the
Variscan development of the West Sudetes. At that time, rapid subsidence staried
in Swiebodzice area. The sedimentary basin developed at rocks typical of the
Kaczawa structure, as evidenced by the rocks squeezed out from beneath the
Swiebodzice structure in the Struga unit (J. Teisseyre 1962)." The basin received
mudstones and limestones mssociated with molasse-type deposits. The molasse
material derived mostly from the south (Pavlik 1939, H. Teisseyre in Smulikowski
& Teisseyre 1853, Gunia 1988) but also from the north (H. Teisseyre 1968b, Gunia
1968). The mnature of the Late Devonian sedimentation in the Swiebodzice
structire ¢an be explained exchisively by abpéaidticé of a vordillerd ih that pant
of the Kaczawa basin that corresponds more or less to the later developed
(namely, during the Sudetic phase) anticlinal elevation of Bolkéw-Wojcieszéw. The
cordillera should have comprised Paleozaic rocks overlying weakly metamorphosed
Proterozoic schists. In fact, having demonstrated the occurrence of geosynclinal
Lower Carboniferous sequence in the Kaczawa Mts (Chorowska 1978), one can
handly claim that the epimetamorphic defrital material found in the Devonian
of the Swiebodzice structure derived from the Kaczawa structure. The material
must have derived from the above proposed cordillera overridden by the nappe
units of the south Kaczawa Mts during the Sudetic phase. -

The extent of the corndillera can hardly be . determined. In the west, the
Swiebodzice bagin terminated at the slopes of the East Karkonosze Mts (Oberc
1966b). Eastwards, the basin extended over the Fore-Sudetic block where it has
_ thus far been but poorly recognized close to the Sudelic Marginal fault. The
effects of the cordillera on the Upper Devonian facies are so far known- only
at its southern side. One should however keep in mind that some greenschist
pebbles found dn conglomerates (n the Swicbodzice structure may have derived
from the South Karkonosze Mts that may actually continue towards the Kiodzko
structure. At the northern side of the .cordillera, its effects upon the facies
distribution are to be looked for in the deep structure of the Swierzawa unit.
In fact, the Upper Devonian of the Rzeszéwek unit, contacting with the Swie-
rzawa unit from the north and making actually part of the Bolkéw structure
(Oberc 1967, A. Haydukiewicz 1977), is represented by deep-water 'sediments
(Urbanek 1975). '

The sedimentary basin of Swicbodzice has becoime exfinct during the Nassau
phase when a bundle of mediotype, latitudinally directed folds developed (Oberc
1966b, . H. Teisseyre 1968b), These. movements  affected both the Kaczawa and
Intra-Sudetic portions 01 the: Varlscan geosmcline They are cerbamly responsible
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for development of the Lower Carboniferous flysch' recorded by. Chorowska
(1978) at Reasiny, nomth to Gryféw, in the Bolkéw unit close to the southern
boundary of the Knczawa structure. On the other side, the folds of the Swie-
bodzice structure, cut across by the synsedimentary. Domanéw fault (A. K.
Teisseyre 1966), supplied detrital material to the Intra-Sudetic synclinorium.
Pebbles- of epimebamorphic rocks found commonly in the synclinerium were
thus far regarded as derived from the Lower Paleozoic of the Kaczawa Mts
(Redwanski 1954; H. Teisseyre 1958, 1975; A. K. Teisseyre 1971),. It is however
to be noted that the latter sequemces were mot folded and metamorphosed
prior o the Sudetic phase; one may therefore claim that the source of the pebbles
- of epimetamorphic rocks was the Proterozoic of the South-Kaczawa cordillera.

The East Karkonosze Mts had also undergone uplift' at the Nassau phase
and supplied 'thereaffer enormous ammounts of detrital material to the Inira-
~-Sudetic . synclinorium. One may thus conclude that. development of the. thick
molasse cover consisting mostly of continental conglomerates started with the
Nassau phase in the Intra-Sudetic synclinorium, _

The Devonian wup to Gaftendorfin Stage strata of the Kiodzico structure
represent a shallow-water facies; whereas the Klodzko imetamorphics and Nowa
Ruda gabbros made up a threshold setting the western limit to the deep~water
Devonian facies of the Bando structure. The present-day contact of both ihe
facies along the boundary of the Bardo structure, in particular at Gologlowy,
is indicative of ' considerable overthrusts at a distance equal to at least that
.one usually separating shallow-water facies from typically geosynclinal ones. The
most plausible hypothesis ds that the sedimentation in the Klodzko basin stopped
coevally with the pre-flysch sedimentation in the Bardo basin. This hypothesis
is in fact supported by the occurrence of Tournaisian conodonts in the Mikolajow
shales at Gologlowy (J. Haydukiewtcz 1977). There is no sedimentary continuity
between the Devonian of Gologlowy and the overlying Mikolajéw shales, as
Chorowska (1974) demonsirated the lack of the’ Upper Bispathodus costatus to
Siphonodella triangulus driangulus Zomes at that section. There ame no strata
intermediate in facies between the shallow-water Devonian limestones and ihe
deep-water Mikolajéw shales, which indicates that the section does not reflect
any Tournmisian transgression. One may therefore conclude that contrary to the
opinion of J. Haydukiewicz (1977), there indeed exists the Gologlowy fold of
Asturian ‘age (Oberc 1957). In theory at least, one may also put forth another
hypothesis. The post-Nassau synclines of the south and central Bamdo structure
could actually receive detrital influx from -the eroded anticlines; then, a sedi-
mentary continuity from the Mikolajéw shales to the Lower Carboniferous- flysch
is to be expected. . .

- The sedimentary cover of the Nassau.folds is indicative of a fundamental
paleogeographic reorganization. In the north Barde Mts, the cover starts. with
molasse deposits passing upwards info & flysch sequence; in the south and east
Bardo Mis, the flysch acoumulated directly ot various members of the Silurian
to lowermost Carboniferous sequence. A condillera developed at the Goniatites
crenistria/Goniatites strintus Zone boundary, the effect of. which are. the Wilcza
conglomerates wcomposed mostly of pebbles of the Lower Carbonifereus greywackes
that accumulated in the Bardoe basin (Oberc 1957, 1966b). The flysch sedimentation
persisted up to the Sudetic phase; the latter happened however somewhat earlier
than it is generally assumed.

The Sudetic and. Asturian. movements formed finally the.fold ;structure of the
Bardo. structure. The Sudetic-Asturian structural plan embraced also the. previously
folded Ordovician to lowermost Carbomiferous sequences.. The lajter strata appear
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in the axial parts of anticlines and overthrusts attaining up to 4 km in distance
even at the present-day kntersection niveau (Oberc 1957, 1966b). -

The complex tectonics of the Bardo structure was recently explamed by
Wajsprych (1978) by sliding of the pre-Carboniferous rocks from the Kaczawa
structure down to the Bardo flysch basin. The present author is however of the
opinion -that the sliding model of tectogenesis of the Bardo structure is to be
‘refuted (Oberc 1979).

The Sudetic moverments stopped also the flysch sedimentation in'the Kacmwa
basin (Chonowska 1977, 1978) and the Lower Carboniferous sedimentation at the
Owl Mts block,

'One may thus conclude that the West-Sudetic Paleozoic sequences
underwent folding during several successive phases, Late Caledonian
through Asturian (Table 1). All the fold bun:dles show more or less
southerly vergency.

Table 1
Main foldmg phm in the West-Sudeth Variscan structures
.Tectonic structure Folding phase

South Karkonosze Mis Late Caledonian
Klodzko stracture Early Devonian
Swiebodzice structure Nassau phase*

Klodzko Devonian - Nassau phase*
Lower stage of Bardo structure Nassau phase*
Kaczawa Mits structure Sudetic phase
Bardo structure Sudetic phase
Owl Mts block Sudetic phase

- Intra-Sudétic synclinorium A:;sme'la.n phase (and Laramide

* The Nassau phase may vary in timing among the uaits,

PALINSPAS_TIC RECONSTRUCTIONS

Palinspastic reconstructions of the West—Sudetlc Variscan structures
(Figs 11—12) cannot for the moment be precise because the ‘striictures
"are fairly poorly exposed, often deeply buried under the overlying
strata, sometimes considerably degraded and hence with unrecognizable
original spatial distribution. The present reconstructions are. therefore
to -be regarded as preliminary ones. Much bias is introduced to’ the
reconstructions by longitudinal discontinuous deformations associated
with folds, the vertical separation of which can hardly be determined,
In such a case, the minimum value was assumed. One can also hardly
estimate intensity of stretching of the strata that underwent tension,
‘as e.g. in limbs of overturned folds.

SWIEBODZICE STRUCTURE

The present reconstruction is based upon the geological section ‘given by
‘H. Teisseyre (1968b, Text-fig. 2, section E). It is- concerned only with a -part of
the original basin because the fold bundle of Swicbodzice is cut- down' by: the
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Struga and Szczawienko dislocations in the south, and by the Domianfw fault
in the north. The reference point of the reconstruction is at the western angle
of the Owl Mis block. Of the numerical results (Table 2), one may conclude that
the investigated part of the Swiebodzice basin exrl:ended northwards further than
to the Bolkéw-Wojcieszéw structure.

KACZAWA MTS

When dealing with the Kaczawa portion of the Variscan geosyncline, one has
to take inio account the pahnspas’uc reconstructmn of the Swiebodzice str-ucture
because the. deposits of Kaczawa geosyncline were partiy involved in folding of
the Swiebodzice structure. However, the present paper is aimed te reconstruct
the tectonic umits themselves rather than the omiginal geosynclinal basin and
hence, the reference point chosen for the present reoonsffuctmn of the Kaczawa
Mis is the southernmost range of the. Swierzawa  unit, that is the lowermost
tectonic unit.of that part of the Kaezawa anuctume ‘The bas1c assumption is
here that the Swierzawa unit is autochthonous which may actually be disputable.

The palingpapiic reconsiructions are baged upon the geological sections given by
H. Teisseyre (1983) supplemented here and there with hypothetical data. The -original sections
range only up to the Swierzawa graben, wheress the Investigated tectomic units extend
actually much nonthwards. Accordingly to Oberc (1867) and A. Haydukiewicz (1877), the
‘Rzeszéwek and Jakuszowa unite digtinguished by Jerzmafiski (1965) are to be ascribed to
the BRolk6w and Dobromierz units, respectively) There are- np reliable data on the
RzeszObwek and Jakuszows unite and hence, the average coetﬂd.en:totmmmta:unz
is extrapolated, ‘The recomstructéd imits dnciude decollement and shear nappes, Therefore
admu:hnhhereremhdﬁradsmmoﬂﬁacieaﬂmﬂﬂmﬂomone
tectonie unit o another.

There is a large varnamh."ty in coeﬂhment of tectonic shorltemng among the
units (Table 2), which is due mos'tly ‘to the competency of ‘large amounts of
greenschists of the Dobromierz unit as well as t0 a variation in folding dntensﬂ;y
.in the Bolkéw unit. The wveconstructions are strongly biased by erosion of the
Kaczawa units thrust over the Izera block, East Karkonosze Mts, and Intra-
-Sudetic synclinorium. This erosion was due to the upthrow of all the three
structures along the Intra-Sudetic Main fault end Domanéw dislocation, both of
"them longitudinal relative to the Kaczawa folds.

H. Teisseyre (1963) claims that the overthrusts of the Kaczawa units attain
some 10 km in distance. To estimate the horizontal displacement of .an overthrus!

Table 2
Tectonic shortening in the West-Sudetic Variscan structures
o . Tectonic | Coefficient .of
Tectonic structure ngll((l{tzﬂl.;‘?le . .shortening | tectonic shor-
i Sr tening Sf/Sr
Swiebodzice structure " 8,700 m | 13,860 m.. 0.63
Kaczawa Mts structure:
Swierzawa unit- 2,300 m 4600 m | 050
Bolkéw unit (Plawaa section) ) 12,400 m 32,600 m 0.38
Bolkéw unit (Wojciazbw section) " | 15,000 m 25,000 m* 0.60
Dobromierz unit 15,800 m 19,750 ‘m 0.80
Bardo structure 14,000 m |- 280_00 m .0.50
Klodzko structure (Siluriansequencé) | 8,800 m | 24300 m |  0.36

* The value used for palinspastic map and sections (Figs 11—12).
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umit one has however to add the overthrust distances of all the underlying units.
The present palinspastic reconstructions indicate then borizontal displacement
of 45 km . for the Dobromderz unit, and 25 km for the Bolkéw umit. I is to be
noted that these values refer to the marginal portions of the umits, while the
range of the nappes over ithe Intra-Sudetic synclinorium can hardly. be recognized.

The Bolkéw unit includez two distinct structural stages, the lower of which
comprises the Radzimowice slates of Proterozoic age (Oberc-Dziedzic & Oberc
1972). As indicated by the palinspastic map (Fig. 11), the Bolk6w unit displays
an Early Cadomide basement. The lack of sialic crust can thus be claimed

o
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merely for the source area of the Dobromi¢rz unit, which hypothesis is indeed
supported by the preponderance of voleanics in the latter umit.

One can hardly consider any tectonic. umits higher than the Dobromierz unit
because the relationships between. the south  and north Kaczawa Mts appear
disputable. Were the greenschists thrust over the Swiebodzice unit to be assigned
to @ nappe higher than the Dobromierz ‘unit, as it is claimed by H. Teisseyre
(1956), their minimum horizonial displacement would be some 60 km; Teisseyre's
argument seems however to be questionable because the Swiebodzice structure
is certainly older than ithe Kaczawa nappes.

BARDO STRUCTURE

In the Bardo structure, thére is a tectonic shorténing normally to both the
Sudetic-phase fold axes and the Asturien-phase ones. The problerh of the Asturian
folds is out of the scope of the present paper because of considerable difficulties
making unreliable any attempt to solve it.

The Bardo structure is .so complex that -one can hardly trace any siﬁgle
section through all the tectonic units. The most adequate data derive from a joint
consideration upon the sections 3 and 7 of Oberc (1957), as the former section
ends and the latter starts within the  same tectonic zone (eventhough one far
away from the other). ’ 7

The Sudetic-pbase folds show a south-southwesterly vergency and hence, the
reference point chosen for the palinspastic teconstruction ds at the southern edge
of the outlier of Podzamecka Kopa bulilt up by'.I.owér Carboniferous deposits
embedded within the Klodzko—Zloty"-Stok intrusion. One may then conclude that
the Bardo basin extended st a distance of at least 14 km over the present-day
Owl Mts blodk (cf. Table 2). This would  imply that the Owl Mts block was
considerably displaced southwards during the Sudetic phase. One may however
also suppose that the basement of the Bardo structure was underthrust north-
wards, which hypothesis implies that only the northernmost fold of the Bardo
structure (namely, the thrust slice of Grzepa and Orzech) has actually been
thrust over the gneiss block (Oberc 1953). ) ’

There are no geological data sufficient to permit a palinspastic reconstruction
of the Nassau structural stage of the Bardo structure.

KEODZKO STRUCTURE

The Klodzko structure is older and more séuthwards located than the
Nassau stage of the Bardo structure. The available data allow merely to Tecognize
the coefficient of tectonic shortening for the space covered with the Silurian
sequence. To this end, the sections 1. and 3 of Obenc_ (1972) are analysed; only
a part of the _lat'ber .gection is considered because the units southwest of the
Jaszkowa overthrust may actually lack any Paleozoic strata. When the reference
point ds placed at the moot zone of the Jasdcowa Din. overthrust, the results
ot palinspastic reconstruction (Table 2) indicate that the northern boundary of
the basin was close to the oubcrops of the Szklary serpentinites north of Zabko-.
wice. These results are however insignificant because the pre-Nassau Bando basin’
remains unredonstructed.
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. STRUGA AND DOMANOW DISLOCATIONS

The Domanéw dislocation (Fig.: 2) separates the Kaczawa nappes from the
Intra-Sudefic synclinorium and Swiebodzice structure (H. Teisseyre - 1963). The
Kaczawa nappes are cut down by -this longitudinal fault which implies that-
their absence from the area covered by the: Intra-Sudetlc synclinorium is due
to erosion. At the present-day intersection niveau, the syneclinorium occurs at
the upthrown side of the Domanéw fault. In contrast, that side was downthrown
during the Tournaisian when the fault started o develop (A. K. Teisseyre 1966},
as it ds indicated by the detrital influx to the synclinorium from the Kaczawa
structure.-

Some fragments of the Kaczawa nappes are preserved over the Swiebodzice
stoucture which dmplies that the latter structure is upthrown relative to the
Kaczawa siructure but downthrown relative to the Intra-Sudetic synclinorium,
This is also confirmed by the appearance of tha pre-Devonian basement squeezed
out from beneath the Swiebodzice structure along the Struga dislocation. Again,
the Swiebodzice structure must have been upthrown relative to the Intra-Sudetic
synclinorium during the Tournaisian, as the former supplied considerable amounts
of detrital materiial to the latber (cf. H. Teisseyre 1956).

The Swiebodzice structure is also downthrown relative to the Owl Mts block
along the Szczawienko dislocation (E. Teisseyre in Smulikowski & Teisseyre 1953),
whereas the block is upthrown relative to the Intra-Sudetic synclinorium along
the Struga dislocation of Asturian age (Oberc 19872). Despite the contrasting
displacements in the Owl Mts and Swiebodzice portions of the Struga dislocation,
this is not a pivotal fault. One may rather suppose that the Owl Mis portion
of the dislocation maintained its original ‘nature, while the Swiehodzice portion
remained active later on. The Struga dislocation becomes extinct at the Domanéw
fault. The westerly vergency of displacement along the Struga dislocation implies
that the eastern portion of the Domanéw dislocation acted as a horizontal fault
(its’ southern side was moving westwards).

IMPLICATIONS FOR ADJ. ACENT STRUCTURES

The above discussed time attribution of the strata building up the
Kaczawa -structure and their main folding has much significance for
interpretation of the East Karkonosze Mts contacting with the Kaczawa
Mts along the Intra-Sudetic Main fault. Thus far, the northern part of
the East Karkonosze Mts was regarded as either built up of mezozonally
metamorphosed Proterozoic rocks making part of the Cadomide tectogen
(Oberc 1960, 1966a); or composed entirely or partly of Lower Paleozoic
rocks making a prolongation of the sequences found in the South
Karkonosze Mts (Szalamacha & Szalamacha 1967) or Kaczawa Mts
(H. Teisseyre 1968a, J. Teisseyre 1971, A. K. Teisseyre 1971). The strata
under discussion (along with the Przybkowice unit making part of the.
Bolkéw unit; Oberc 1961) decline eastwards and become overlain by
the Tournaisian, which indicates that they underwent folding and
metamorphism prior to the Tournaisian. In turn, the Upper Visean strata
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were folded during the main orogenic phase and underwent epizonal
metamorphism in the Kaczawa structure. This demonstrates clearly that
there is no reason to claim that there exists any structural relatmnshxp_
between the Kaczawa and -East Karkonosze Mts.

The Early Cadomide tectogen was recognized in the West Sudetes
mainly. after the metamorphic facies (Oberc 1965, 1966a) but also after
the orienfation of fold axes. Basing upon the latter. criterion, some
phyllitic complexes were assigned to the Early Cadomide -tectogen
(namely, the Radzimowice slates, Katy Wroclawskie phyllites, and a part
of Imbramowice metamorphies; Oberc 1972); while in general, phyllites
were interpreted as related to the Paleozoic metamorphism. Having now
documented the effects of epizonal metamorphism related to the Sudetic
phase in.the Kaczawa Mts, pebbles of greenschists and phyllites found
in Devonian to Lower. Carboniferous sedimentary rocks are to be
regarded as derived from strata involved in the Early Cadomide tectogen.
The latter category includes the Radzimowice slates, and contributes .
also to the south Kaczawa cordillera, Rudawy Janowickie Mts, and
basement of the Intra-Sudetic synclinorium (cf. Oberc-Dziedzic & Oberc
1972). The epimetamorphic facies appears then restricted to depressions
in the Early Cadomide tectogen. Its occurrence in the basement of large
Paleozoic synclinoria points to a pers1stence of these depressmns since
the Early Cadomide tectogenesis.
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J. OBERC
ROZWO3J WARYSCYDOW SUDETOW ZACHODNICH

(Streszczenie)

W podiozu waryscydéw Sudetéw Zachodnich majduje sie teltogen kddomski
zbudowany ze skal gbérnego proierdzoiku, Kktére w formie irzech wigzek obrzezaja
wkomponowany w nie Iragment podioza moldanubskiego, Ieprezenbowanego przez
" dolnoproterozoiczne gnejsy sowiogérskie (fig. 1).' Waryscydy tworza kilka jednostek
{fig. 2), réinigcych si¢ miedzy soba wiekiem i’ charakiérem serii skalnych oraz
wiekiem faldowania {(fig. 3—10).' Geosynkiina rozwijala sie stopniowo, w zwiazku
z czym wulkemizm geosynklinalny i -giéwne faldowanie maja odmienne pozycje
stratygraficzne w rozmaitych jednostkach teldonicznych (tab. 1). Role kordyliery
gral najpierw blok izerski, potem obszar péiniejszej antykliny Bolkéw-Wajcieszoéw
(dewon gbérmny aZz po pietro Gattendorfia), a Wwreszcie potudniowozachodnia czefc
strulctury bandzkiej (wizen). Deformacje kaledonskie zaznaczyly sie jedynie w struk-
turze klodzkiej i w poludniowych Karkonoszach, W fazie nassauskiej sfaldowany
zostal dewon klodzki, dolne pietro strukturalne struktury bardzkiej i struktura
Swiebodzic. Podezas fazy sudeckiej romwinely sie plaszezowiny kaczawskie, faldy
w dolnym karbonie bloku sowiogbrskiego i mediotypne deformacje struktury
bardzkiej. Otoczaki skal facji zielehcowej, spotykane w dewonie i dolnym karbo-
nie wzdiuz poludniowego birzegu struktury kaczawskiej, nie moga zatem pochodzié
z paleozoiku Gér Kaczawskich; lecz z jego proterozoicznego podioza. .

W pracy przedstawiono rowniez rekonsirukcje pahnspastycme potudniowe]j
cze$cl struktury kaczawskiej oraz struktury Swiebodzic, bardzkiej i klodzkiej
(tab. 2 oraz fig. 11—12).
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