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Zbigniew CYMERMAN, Marek A. J. PIASECKI 

The terrane concept in the Sudetes, Bohemian Massif 

We preseI\t a new division of the pre-Pennian rocks of the Sudetes into five diminct terranes, differing from those 
previously described from the Bohemian Ma.~~ifand the Sudetes. Thesearc: a newly redefined, oompositeCcntrnl 
Sudctian Terrane, surrounded, from northwest to southeast, by the Saxothuringian, Barmndian, Moldanubian and 
Moravi~n Terranes. The terrane boundaries are dominantly large-scale ductile shear zones. From northwest to 
southeast, these are the K~c:mwa line, the Inlra·Sudetic Fault, the Lcsz.czyniec shear zone, the Soulh Karkonosze 
fault system, the North Bohemian fault zone, and the ductil e shear zones ofZJOIy Stok - Trzebicsrowice, Niemcza, 
Brzeg - Nysa and Moravian. 1lie present disposition of the terranes and their boundaries reflect earlier C~ledonian 
pl~te boundaries strongly reworked and modified by later Variscan (or Silurian?) pJ~te interaction. 

INTRODUCTION 

Many orogenic belts preserve a record of various and complex combinations of 
compressionaJ, extensional, and wrenching tectonics affecting one or another part of the 
orogen at different times during its evolution. In the last decade, there has been a growing 
acceptance that some orogenic belts are composed of suspect terranes that have originated 
far from their present location (P. J. Coney et aI., 1980; Z. Ben-Avraham etal., 1981; D. 
L. Jones el al., 1982; A. Nur, 1983; J. D. Keppie, 1989; D. O. Howell, 1989). Two major 
implications follow from the displaced terrane concept. Through much of geological time, 
terrane accretion may have been the common cause of orogeny (A. Nur, 1983; J. D. Keppie, 
1989). All orogenic belts are therefore likely to contain cryptic strike-slip faults with very 
large displacements, which means that where displaced terrane boundaries ellist it is not 
possible to infer original spatial relationships from present day crass-strike sections. The 
terrane concept has greatly modified our ideas of continental accretion and may be 
considered one of the major modifications of plate tectonics models. The more recent 
definition of a terrane is as " ... an area characterized by an internal continuity of geology 
that is bounded by faults, melanges representing a trench complex, or cryptic suture zones 
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Fig. 2. Tcrmoes in the NE part of the Bohemian Massifby P. H. Malle e/ al. (1990; modified) 
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I _ Miinchberg _ Tepla Terrane; 2 - Saxochuringian Tcrrnne; 3 - Barrandian Terrane; 4 - Gffihl Terrane; 5 
- Moravian Terrane; 6 - termoe bounlbry; 7 - main faulls ; 8 - state boundary; CBSZ - Central Bohemian 
shear rone; MIF - Main Intra-$udetic Fault; MSF - Marginal Sudetic Fault 
Termoy w NE cz~i masywu czcskiego wedlug P. H. Malle'a i in. (1990; zmodyfikowane) 
I - tcrmo Miinchbcrgu - Tcpli; 2 - terran saksoturyngski; 3 - terran Barrandianu; 4 - tcrran GfOhl; 5 - terran 
morawski; 6 - granica termou; 7 - gt6wne uskold; 8 - granica patistwowa; CBSZ - $rodkowoczeska mcfa 
kina"; MIF - gt6wny uskok sr6dsudccki; MSF - bnetny uskok sudecki 

across which neighbouring terranes may have a distinct geologic record not explicable by 
facies changes (i.e. exotic terranes), or may have a similar geological record (i.e. proximal 
terranes) that may only be distinguished by the presence of a terrane boundary representing 
telescoped oceanic lithosphere ... " (1. D. Keppie, 1989). Terranes are fault-bounded entities 
and have all scale from small seamounts and oceanic arcs to oceanic plateaus or microcon­
tinents (1. F. Dewey et aJ., 1986). In short, adjacent displaced terranes must either have 
incompatible geology, or show evidence of having once been separated by an ocean. 

In applying the terrane concept to the Variscan belt, a number of difficulties are 
encountered (W. Franke, 1989; P. H. Matte et aI., 1990; P. H. Matte, 1991). One of these 
is deciphering boundaries of suspect terranes. A major problem associated with the infusion 
of the terrane concept into current thinking on the European Variscan Belt continues to be 
the simple definition of exactly what and where are the terrane boundaries. Reactivation of 
primary terrane boundaries during laterdefonnational events has obscured original accre-

Fig. I. Map ortectonootfatigrapliic terranes from the Sudetes, and their tectonic boundaries 
BNSZ- Br.teg - Nysa shear zone; ZSTSZ - Zloty Stok - Tr~,ebiesrowice shear zonc; KZSG - KlodCGko - Zloty 
Siok granitoids 
Mapa tcrran6w tcklonootratygraficlnych zobszaro Sudet6w i ich granicc 
BNSZ- Sfrcfa §cinafi Brzegu _ Nysy; ZSTST _strefascinarl Z!olcgo Stoku - Trzebiesrowic; KZSG- granitoidy 
kJodzko·zlotostoclde; 1 - gl'llnily waryscyjskie; 2 - osady g6mcgo dcwonu·dolnegokarbonu; 3- ofiolily; 4 -
Slrefy §cinafi, melanie (granice temmu); 5 - uskoki; 6 - trnnsport tcktoniczny 
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Fig. 3. A terrane Itlilp of the Sudetes according to G. 1. H. Oliver d al. (1 993; modified) 
I - Carboniferous and younger sediments; 2 - Variscan granitoids; 3 - Kacwwa Terrane; 4 - Iura complex 
(western part of the Sudeten batholithic terrnne); 5 - Rudow), Janowickie Terrane; 6 - Gory Sowie Temme; 7 
- SII;Za and Nowa RUM ophiolites; 8 - Klod:d::o Terrane; 9 - Snietnik complex (eastern pm of Ihn Sudeten 
batholithic terrane): 10 - Niemcza Zone; 11 - Moravian Temme; othe! explanations as in Fig. 2 
Mapa terran6w sudeckich wedtug G. J. H. Olivera i in. (1993; zmicniona) 
1 - skaly osadowe karbonu i mlodsu; 2 - granitoidy waryscyjskie; 3 - temlll kaczawski; 4 - kompleks izerski 
(;:achodnia cJ:~U batolitowego terranu sudeckiego); 5 - tcTTUn Rudaw Janowickich; 6 - terrall sowiog6rsk i; 7 
- ofioli!y Slety i Nowej Rudy; 8 - terran klodzkj; 9 - kompleks snietnid:i (wschodnia c~c batolitowego 
termnu sudeckiego); 10 - strefa Niemczy; 11 - tcmm mornwski; powstaJc objaSnicniajak na fig. 2 

tionary relationships. Terrane boundaries, especially in the ductile lower crust, are usually 
overprinted by magmatic and deformational processes that take place in the post-orogenic, 
post-docking phase of orogenic collapse (J. B. Platt, 1986; 1. F. Dewey, 1988). As a result, 
signs of docking and fault zones are found in the rigid upper crust only, while the ductile 
lower crust shows " lamellae" (R. Meissner, 1989), interpreted as a consequence of strong 
deformational patterns. 

In the northeastern part of the Bohemian Massif (inset in Fig. I), the Sudetian orogenic 
belt abounds in small but fundamentally different tectonostratigraphic domains (suspect 
terranes). Some boundaries between these domains have been reworked during later 
orogenic events to such an extent, that for many years there has been no consensus on 
whether they were tectonic or stratigraphic. Until a few years ago, few ductile shear zones 
have been recognized and fabrics indicating the sense of shear (other than fo ld vergence) 
have been seldom recorded from any boundary. In recent years, the terrane concept has 
been applied to the Sudetes (p. H. Matte et ai., 1990; Z. Cymerman, 1991a; G. 1. H. Oliver 
etal., 1993), where itnow poses the problem of what terrane boundaries are and where they 
are (Figs. 1,2,3). Most recent workers interpret the Palaeozoic orogenic evolution of the 
Bohemian Massif and the Sudetes using the concept ofterrane accretion during the Variscan 
orogeny (A. Grocholski, 1987; P. H. Matte et aI., 1990; P. H. Matte. 1991 ; W. Franke. O. 
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Fig. 4. Slfuctural -kinematic ~ketch-map oral! Sudetian terrones. and their boundaries 
I - Iatc- and post-tectonic VariSCiUl gI'l\Ilitoids: 2 - main tcctnnic zones (ductilc shcurzoncs, me lnngcs, and brittle 
fault <tones); stretching lineation with plunge angle up: 3 -to 3s<', 4 - to 65", S - to 90"; pcnetro.live foliation 
with dip angle: 6 - to 35". 7 - to 6s<', 8 - 10 9(f ; 9-10 - sense of shear. penetrative. older on gently (9) to 
steeply ( IO) dipping shear zones; 11- 12 -)'{lunger, extensional and moderately (1 1) tOSleeply (12) dipping shear 
wnes; LSZ - Lcsz.czyniec shear<tooc; RL - Ranuova tectonic line; OIhecexplanadons as in Figs. I and 2 
Upros7.cwna mapa strokturallllrlcincmat)'C'l.Ila wnystk ich terran6w sudeckich i ich granic 
I - grnnitoidy waryscyjskie p61.lIo- i posl -tektoniczne; 2 - gl6wne srn:fy tektonicxne (podalne strefy kinom, 
melante, strefy uskokowc); lineacje ekstcnsyjne 0 kQCic nachylenia: 3 - do 35", 4 - do 65", S - do 9(/'; 
pellClrlIl)'Wna foliacja 0 lGtcie upadu: 6 - do 35". 7 - do 65", 8 - do 90"; 9-10 - zwroty ki~ pcnetralywnc, 
SllltSZC - na lagodnie (9) i stromo (10) zapadaj:tCYch strefach kinaii; 11-12 - mJodsze, ekstensyjnc: lagoo.nie 
(11) i stroma ( 12) zapadajqce srn:fy kinw\; LSZ - SOda ~cimm: Lcsz.czylka; RL - tinia mrnrowska; pozostalc 
objMnicniajak na fig. I j 2 

Onken , 1990; W. Franke, 1989; Z. Cymennan, 199Ia), but G. J . H. Oliver et ai. (1993) has . 
proposed accretion during the Caledonian orogenesis followed by Variscan reworking. 

Ongoing investigations by the authors focus on the identification of terrane boundaries 
and their correlation. Todelineate terranes in the Sudetes we have to search for main tectonic 
boundaries. These show that the studied domain boundaries are often ductile shear zones. 
The mylonitic rocks along these boundaries abound in stretching lineations (e.g. Z. 
Cymerman, 1989a, 1991a, 1992) defined by the alignment of elongate minerals, rodded 
quartz veins, and trials ofmonomineralic aggregates derived from granulated and dynami­
cally recrystallized porphyroclasts. Characteristic of all these ductile shear zones are 
abundant asymmetric fabrics that can be used to derive the apparent sense of tectonic 
transport in the shear zones (c. Simpson, S. M. Schmid, 1983; Z. Cymerman, 1989b, 1992). 
These include S-C foliations (0. Berlhe et ai., 1979) an extensional shear bands (S. H. 



1% Zbignicw Cymcnnan, Marek A. I. Piasecki 

White et al., 1980; O. Gapais, S. H. White, 1982). rotated porphyrociasls with and without 
"tails" (C. Simpson, S. M. Schmid, 1983; C. W. Passchier, C. Simpson, 1986) and 
asymmetric, curvilinear, and sheath-type syn-shearing folds (p. R. Cobbold, H. Quinquis, 
1980). 

Recognition of mylonite zones is further aided by new criteria for identifyi ng the 
products of shear-induced metamorphism, such as muscovitised matrices in mylonites, the 
presence of syn·shearing porphyroblasts and of vein systems . Amongst the most useful fie ld 
criteria is the presence of swanns of concordant and subconcordant quartz veinlets de­
veloped on all scales in the mylonitic rocks. Many of these products can be used as kinematic 
indicators. They have been outlined and depicted from Newfoundland and Scandi navia (M. 
A. J. Piasecki, 1988; M. A. J . Piasecki, R. A. Cliff, 1988), and from Scotland, where they 
were shown by structural work (S . Temperley, 1991) and geochemical study (E. K. Hyslop, 
1992) to have fonned continuously during ductile shearing. 

This paper reviews the geological framework of the Sudetes, and, using the preliminary 
results of our own structural and kinematic studies (Fig. 4), proposes a new demarcation of 
Sudetian suspect terranes and a new working model for Palaeozoic terrane accretion. 

SUDETIAN TERRANES 

The well known classical systems of zones in the Bohemian Massif (F. Kossmat, 1927) 
have been redefined by P. M. Matte et at. (1990), who separated the Sudetes into five 
terranes: the Saxothuringian, Miinchberg, Barrandian, Gfahl and Moravian (Fig. 2). On the 
other hand, G. J. H. Oliver et al. (1993) recognized seven terranes in the Sudetes: the 
Sudetian batholith terrane, Rudawy Janowickie, Kaczawa, G6ry Sowie, Klodzko, Sk i:a ­
Nowa Ruda ophiolite and the Moravian (Fig. 3). The present authors modify Z. Cymennan's 
(1991a) subdivision of the Sudetes into five terranes, within which a newly redefined 
Central Sudetian Terrane occupies a central and key position, surrounded by the Saxothur­
ingian, Barrandian, Moldanubian and Moravian terranes (Fig. I). 

8ARRANOIAN TERRANE(CENTRAL BOHEMIAN REGION OR BOHEMICUM) 

The Barrandian Terrane is largely confined to the central and northern part of the 
Bohemian Massif (the Tepla - Barrandian and Zelezne Hory regions), and to the south­
western fragment of the Sudetes in Czech Republic. It consists of weakly metamorphosed. 
very thick Upper Proterozoic(?) volcano-sedimentary sequences deposited on a thinned 
(continental or oceanic?) crust (Z. Misai' et at., 1983; J . Chaloupsky, 1989). Geochemical 
data suggest that some volcanics have affinity with an oceanic setting, others with island 
arc-continental margin (F. Fiala, 1978). These rocks are unconformably overlain by clastics 
and other shallow-water deposits ranging in age from the Cambrian to Devonian. the 
''Barrandian Series" (sensu stricto). It is separated from the easternmost part of Saxothur­
ingian, Central Sudetian and Moldanubian terranes, by the complex South Karkonosze 
Fault (1. Chaloupsky, 1989), the Central Sudetic Fault and the North Bohemian Fault, 
respectively (Fig. 1). The North Bohemian fault zone (identical with the Orl ice structural 
discordance ofM. Fajst(1990) is only exposed in the OrlickieMts., but the other boundaries 
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Fig. 5. Compiled map of new and the most important isotopic, and geochemical dal n from the Sudetes (afte r various 
authOr8; cited references and per80nal infonnation from: M. G. Steltenpolll in 1993 Bnd H. Maluski in 1993) 
Radiomeuie data: 1 - U·Pb (zircon), 2 - U·Pb (monazite), 3 - $m·Nd, 4 - Rb-5r (whole rock). 5 - Rb-5r 
(muscovite and biotite), 6 - Ar-Ar (hornblende), 7 - Ar-Ar (muscovite), 8 - Ar-Ar (biotite); 9 - di smembered 
ophiolitic sequence; I O-I~- and post-tectonic Variscan granitoids; 11 - metnbasiles and bimodal rock series; 
12 - II1:Iln brittle faullS; HP - indicators of high.pressure-low-Icmperature regional metamorphism; WPB ­
witllin plate basalIS; MORB - mid-ocean ridge b:lsal1S; N-MORB - normal mid-ocean ridge basalIS; T-MORB 
- transitional mid-ocean ridge basalts; lAT - island arc tbolleites; otherexplanations as in fig. 2 
Mapa zcstawienia najwa2niejsz)'ch, now)'ch danych izotopowych i geochcmiCUlych dla terran6w sudeckich na 
podstnwicdanych rotn)'ch autorow; litcratllracylowana i lnformacje ustne: M. G. Ste[tenpohl. 1993 r. i H. Maluski, 
1993 r. 
Dane mdiomelfyczne : 1 - U-Pb (cyrkon). 2- U·Pb (monocyt), 3-Sm·Nd, 4 - Rb·Sr (cala skala), 5 - Rb-5r 
(muskowit i biot)'t), 6 - Ar- Ar (hornblenda), 7 - Ar-Ar (muskowit), 8 - Ar-Ar (biot)'!); 9 - rozc7Jonkowana 
tektOniC7.nie sekwencja ofiolitowa; 10 - pd1.no· i post-lcktonieZlle granitoid)' warysc)'j skie; II - melabazyl), i 
serie skal bimodaln)'ch; 12 - gl6wne IIskold krueho; HP - wskainiki rnetamorfizmu w)'$Okocimieniowego-ni!r 
kOlempcmlUrowego; WPB - bazalc)' ~r6dpl)'lowe; MORB - baz.alt)' grzbiet6w tr6c:loceanicw)'ch: N-MORB -
Im:z.alty nonnalne grzbict6w sr6doceaniclllych; T·MORB - bazalty przej~iowe grzbiet6w ~r6doceanieznych; 
IAT - toleity IIIk6w wyspowych; pozostnle objajnienia jak na fig. 2 

are largely obscured by Permo-Carboniferous and Mesozoic cover, and are known only 
from steep gravity gradients and numerous boreholes (M. Suk at 01., 1984). 

The southeastern boundary of the Barrandian Terrane is marked by the Central Bohe­
mian shear zone in the Central Bohemian region. This large-scale shear zone trends 
north- northeast, has a dextral transcurrent sense of shearing (P. Rajlich, 1987). and may 
represent a continuation of the dextral transcurrent Leszczyniec shear zone from the 
Rudawy l anowickie Mts. 
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SAXQTHURINGIAN TERRANE (WESTERN LUGICUM) 

The Saxothuringian Terrane forms the Western Sudetes (Western Lugicum). and may 
continue towards the British Isles as the Channel-Saxothuringian Terrane (p. H. Matte et 
aI., 1990). It is bounded in the south by the South Karkonosze fault zone and in the east by 
the Leszczyniec shear zone and its northern continuation in the G6ry Kaczawskie region, 
the Kaczawa line. The latter is marked by occurrences of melange belts (2. Baranowski et 
al., 1990), and also by a jump in metamorphic grade from very low to the northwest of the 
line, to high-grade greenschist facies to the southeast (S. Maciejewski, T. Morawski, 1979), 
still preserving a high-pressure paragenesis represented by relicts of jadeite and glauco­
phane (R. Kryza el at., 1990), as in the Rudawy Janowickie region (T. Wieser, 1978). This 
eastern boundary of the Saxothuringian Terrane is displaced by some 25 Jan by sinistral 
Intra-Sudetic Fault, a complex ductile-brittle shear zone. 

In the Sudetes, the Saxothuringian Terrane comprises, fro m south to north, the South 
Karkonosze metamorphic complex, the Karkonosze granite batholith, the Izera metamor­
phic complex, and the western part of the Kaczawa epimetamorphic complex, west of the 
Kaczawa line (Fig. 1). 

The Izera metamorphic complex consists largely of mylonitic augen and layered 
gneisses with granites (Rumburk granites), granodiorites (Zawid6w granodiorites), and 
leucogranites. It contains three belts of mica schists, of which the central one, richly 
mineralized in tin, marks a wide zone of ductile mylonite. Kinematic fabrics in mylonitic 
Izera gneisses indicate penetrative ductile oblique thrusti ng (Iop-to-southwest) predominat­
ing in the southern part of the complex, and transcurrent sinistral to oblique shearing 
movements (in general, top-to-northwest) in the eastern and northeastern part of the Izera 
mylonitic gneisses (Fig. 4). Whether this tectonic pattern represent" the products of one 
continuous deformation or of distinct events, it was accompanied by amphiboli te facies 
metamorphism. A later, more localized deformational event of dextral transcurrent shearing 
associated with greenschist metamorphism overprints the pervasive sinistral mylonitic 
fabric. Recent U-Pb dating in IheIzeracomplex yielded (Fig. 5). Cambro-Lower Ordovician 
ages of ca. 540 Ma from granodiorites within the gneiss, and ca. 515 Ma for weakly folialed 
Izera granite-gneiss (A. Korytkowski et ai., 1993), compatible with G. I . H. Oliver's et at. 
(1993) U-Pb zircon age of 493 Ma from unfoliated Rumburk granite which intrudes the 
gneisses, and with a Rb-Sr whole rock isochron age for the same granite of 501±32 Ma (M . 
Borkowska et at., 1980). Analyses of zircon populations from the Izera gneisses (G. J. H. 
Oliver et al., 1993) show abundant evidence of zircon inheritance and later Pb loss, 
indicating ages of crystallization between ca. 505 and 480 Ma. Clearly the Cambro-Ordo­
vician plutonic rocks of the Izera complex represent an Early Palaeozoic basement of the 
Central European Caledonides (E. Bederke, 1924; I . Znosko, 198 1; J. Chaloupsky, 1989; 
D. R. Bowes, M. Aftalion, 1991; G. 1. H. Oliver et at., 1993). 

The Izera metamorphic complex and the South Karkonosze metamorphic complexes 
are intruded by a post-tectonic, S-type Karkonosze granites of batholithic proportion (W. 
Narl;bski erat., 1986; C. Pin et at., 1987), which has yielded a Variscan Rb-Sr whole rock 
isochron age of ca. 328±12 Ma (C. Pin et of., 1987). Concordant biotite and muscovite 
mineral ages from the Izera gneisses (310-320 Ma, M. Borkowska et at., 1980) represent 
either a thermal eventre!ated to the emplacement of the batholith, or cooling ages following 
Variscan metamorphism, ductile shearing and reworking of the old gneiss complex. 
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To the west of the Saxothuringian Terrane, in Saxony (Germany), lies the Lusatian 
pluton comprising granodiorites intruding a thick Late Proterozoic greywacke-pelite suc­
cession of low metamorphic grade. Its tectonic relationship to the Saxothuringian Terrane 
remains to be established. E. Hegener et al. (1993) obtained Cadomian U-Pb zircon ages 
of 587-542 Ma from its granitoid rocks, and speculated that this complex may have been 
part of a Proterozoic of the East European Platfonn, or may represent a displaced terrane. 

The Intra-Sudetic Fault (J. Oberc, 1972; J. Don, 1984, 1990) fonns a very complex zone 
of shearing, locally 10 to 15 km wide, in which movements extended from ductile to brittle 
stages of defonnation. Late Variscan sinistral transtensional shearing along the fault zone 
is evidenced by belts of ductile-brittle fault rocks along the northern margin of the 
Karkonosze granite (328±12 Ma, C. Pin et at., 1987). These displace the dextral Leszczy­
niec shear zone - Kaczawa line terrane boundary sinistrally by 25 to 30 km (Fig. I). Yet 
to the west of this terrane boundary, the Intra-Sudetic Fault may itself represent an 
Ordovician suture (G. J. H. Oliver et at., 1993), separating the Izera complex from the 
epimetamorphic rocks of the western part of the G6ry Kaczawskie region. The implications 
are that the Intra-Sudetic Fault may have a very complex polyorogenic history. 

CENTRAL SUDETIAN TERRANE (CENTRAL LUGICUM) 

The Central Sudetian Terrane, certainly a composite terrane, is bounded from the west 
by the Leszczyniec shear zone and the Kaczawa line (Fig. O. Its southern boundary, the 
Central Sudetic Fault (new term) is documented by a geophysical anomaly under the 
Intra-Sudetic Depression. This is continuous southeastwards with a wide belt ofztoty Stok 
- Trzebieszowice (Skrzynka) mylonites with older(?) dextral and younger dominantly 
sinistral sense of transtensional shearing between the Sniei:nik complex (sensu stricto) and 
Zloty Stok granitoids (Fig. 4). At the latter locality, this large-scale shear zone swings to 
the north where it is well known as the Niemcza shear zone, the eastern boundary of the 
composite Central Sudetian Terrane. Other boundaries are hidden under thick Carbonife­
rous and Permian sediments of the North Sudetic Depression and the Permian, Triassic, 
Cretaceous and Cenozoic deposits of the eastern part of the Fore-Sudetic Block (Fig. 1). 

The Central Sudetian Terrane includes the Sudetic parts of the Barrandian and Munch­
berg terranes (Fig. 2) of P. H. Matte's subdivision (p. H. Matte et at., 1990), and almost 
five terranes (Fig. 3) invoked by G. J. H. Oliver et al. (1993).11 comprises the G6ry Sowie 
migmatites, gneisses, amphibolites and rare lenses of granulites and eclogites, polyde­
formed and retrogressed (A. Zelainiewicz, 1987; Z. Cymerman, 1989c, 1990). The age of 
the G6ry Sowie migmatites and gneisses is still controversial: O. van Breemen et aL (1988) 
interpreted a U-Pb zircon (unabraided) age of369±15 Ma as the age of metamorphism, but 
G. J . H. Oliver etal. (l993)obtained an age of 460+501-2 Ma for a syntectonic granite (Fig. 
5), indicating that the G6ry Sowie complex may have undergone both Ordovician and 
Devonian teclonometamorphic events. The G6ry Sowie complex are underlain by a major 
dismembered ophiolite (Sl~ia, Braszowice, Nowa Ruda and Leszczyniec(?) ophiolites in 
Fig. 1). However, the present sequenceoftheSI~ia ophiolite is inverted, the ophiolite pieces 
having been emplaced (underthrusted) below the G6ry Sowie complex (Z. Cymerman, 
1987, 1989c, 1990). The uppermost part of the Sl~ia ophiolite (sheeted dykes) rest 
structurally above the epimetamorpf).ic G6ry Kaczawskie complex, itself structurally above 
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the higher metamorphic grade Middle Odra complex, southwest of Wrocfaw (Fig. t). The 
~1 c:;ia and Braszowice ophiolites have a trace element geochemistry of MORB affinity (C. 
Pin et ai., 1988) interpreted as products of nonnal oceanic spreading, but without excluding 
a possible subduction-related marginal basin setting. Their age is controversiaL II was 
thought to be Early Carboniferous, with a Sm-Nd whole rock ageof353±21 Ma (c. Pin el 

al .• 1988), in apparent agreement with the sedimentary history of the Bardo Unit, claimed 
to display a pelagic facies from the Frasnian to Toumasian times (J. Haydukiewicz. 1981), 
a view challenged by B. Wajsprych (1978) who suggested that the pelagic rocks were 
o listoliths. A new U-Pb zircon age between 416 and 422 Ma for the Sh:.ta gabbroic ophiolite 
(G. J . H. Oliver el aI., 1993) suggest a Silurian age for crystallization of the gabbro (Fig. 
5). This is supported by the presence of ophiolite(?) detritus in Upper Devonian, fossilife.­
rous conglomerates overlying the Nowa Ruda ophiolite. Thus, the 353±21 Ma age may 
perhaps be related to the accretion of the Central Sudetian Terrane to the Moldanubian one. 

The north-northeast crending Leszczyniec shear zone is ca. 4 km wide, southeast to east 
moderately dipping belt of anastomosing belts of ductile shearing developed under upper 
greenschist facies conditions. It is probably the northern continuity of the dextral Central 
Bohemian shear zone (P. Rajlich, 1987). It separates mylonitic Kowary orthogneisses and 
Czam6w schists (similar to the Izera complex) thai mantle the Saxothuringian Terrane, 
from the Leszczyniec Unit (ophiolite?) - J. Szalamacha, M. Szalamacha (1968, 1991 ). 
The Rudawy Janowickie metamorphic complex comprises several north-northeast trending 
belts of metasediments separating belts of volcanics (Leszczyniec Unit) some of the 
volcanic belts comprising island-arc tholeites (W. Nar~bsk i et al., 1986), others MORBS­
type basalts (1. Szatamacha, M. Szalamacha, 199 1; G. J. H. Oliver et al., 1993). The 
Leszczyniec shear zone appears to represent relicts of a convergent platc-margin , a 
conclusion substantiated by local occurrences of rocks bearing a glaucophane-crossite-Mn­
rich garnet-phengite assemblage overprinted by a greenschist paragenesis (T. Wieser, 
1978). Apparently similar lithologies with relict jadeite and glaucophane overprinted by 
amphibolite facies mineralogies occur in the eastern part of the G6ry Kaczawskie complex 
(R. Kryza et al., 1990). In the Rudawy Janowickie metamorphic complex , a hornblende 
gabbro member of a disrupted ophioli te suite, and a fels ic volcanic boudin within sheared 
island arc basalt, yielded U-Pb ages of respectively 505±5 and 494±2 Ma (G. J . H. Oliver 
et al., 1993). This age is taken to indicate either Ordovician inleraction between oceanic 
crust and continent or island arc (Saxothuringian), or Ordovician rifting with the develop­
ment of a plutonic arc on the Saxothuringian margin, facing IAT and MORB volcanicity 
of the Leszczyniec Unit. 

The kinematic and structural histories of the Leszczyniec shear zone is complex and 
polygenetic (Fig. 3). The Early Ordovician regime may be represented in some metagab­
broic rocks by rare almost north-south trending sub-horizontal s tretching lineation with 
dextral sense of shearing. A parallel case is documented from the "Central Mobile Belt" of 
the Newfoundland Appalachians (H. Williams, M. A.J. Piasecki, 1990; S. P. Colman-Sadd 
et al., 1992). where the rock fabrics of the earliest (Ordovician) interaction between lerranes 
(marked by ophiolites and melanges) was all but obliterated by ductile shearing during later 
(Silurian) terrane interaction. In the Leszczyniec shear zone, these relict fabrics are 
overprinted by widespread transtensional ductile to brittle fabrics with nonnal faulting (Fig. 
4). It may indicate an earliest transpressive regime, probably related to the main amalga-
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malion of the Central Sudetian Terrane (including the Lcszczyniec Unit) wilh Ihe Saxothu­
ringian Terrane above a subduction zone with associated HP metamorphism. These earliest 
movements were followed by large-scale extensional shearing, indicated by east-dipping 
mylonitic foliation. steeply plunging extensional lineations and down-dip (east-side down. 
or nonnal) sense of shear movements throUghOUlall the units within the Rudawy Janowickie 
metamorphic complex (Z. Cymennan. M. G. Steltenpohl . 1992). This Late Variscan 
extension can be well correlated with the emplacement of the Karkonosze granite (ca. 
328± 12 Ma; C. Pin et al .• 1987). It was probably contemporaneous with. orslighlly preceded 
an extensional collapse of the thickened crust directed to the east and southeast. which 
ini tiated regional nonnal faulti ng (Z. Cymerman. M. G. Steltenpohl. 1992) and the forma­
tion of the Intra-Sudetic Depression (basin). This basin. fill ed with Lower Carboniferous 
molasse deposits up to 6.5 km thick (K. Dziedzic. A. K. Teisseyre. 1990) fonned along the 
hanging-walls o f these normal brittle faults from Visean to Namurian time. lis oldest rocks 
and greatest thicknesses occur in the western and northern part of the basin. Accumulation 
of the molasse was accompanied by intensive uplift of an easternmost part of the Saxothur­
ingian Terrane (the so-called Sudetic phase) which tilted the whole of the Rudawy 
Janowickie metamorphic complex and the Dinantian deposits towards the east and south­
east (K. Dziedzic. A. K. Teisseyre. 1990). 

On the opposite side of the Central Sudetian Terrane is located the Niemcza shear zone 
(Fig. 1) and its southern continuation. the Zloty Stok - Trzebieszowice shear zone (Z. 
Cymerman. 1992). The Niemcza shear zone fonn a belt up to 10 km wide of ductile 
mylonites derived from the G6ry Sowie protolith (S. Cwojdzifiski , M. Walczak-Augusty­
niak, 1986). In the northern part of the shear zone stretching lineations plunge gently to the 
north-northeast, but in the southern part to the south-southeast (Fig. 4). The dominant sense 
of shearing is si nistral, but dextral (younger?) kinematic fabrics are locally present, as in 
some of the Niemcza syn- to late-kinematic granodiorites (Fig. 4). Foliation dips east along 
the western fl ank of the shear zone and west along the eastern fl ank. which has always been 
interpreted as a synfonnal structure (e.g. H. Dziedzic, 1985; J. Oberc, 1972). However, the 
same sense of shear on opposite-dipping foliation planes indicate that shear planes anasto­
mose a round mega-boudins of dismembered ophiolite suite (serpentinised peridotites. 
gabbros and amphibolites). 

A weakly fo liated, late-tectonic granodiorite which intrudes the Niemcza zone mylo­
nites has yielded a U-Pb zircon age of 338±4 Ma (Fig. 5), providing a minimum Upper' 
Visean age for the shearing processes (G. J . H. Oliver et al., 1993). Since a synkinematic 
granodiorite in the shear zone has yielded an Ar-Ar plateau age of 332 Ma (M. G. 
Steltenpohl et ai .• 1993) then the age of the ductile shearing in the Niemcza shear zone 
should not be younger than Upper Visean. 

MOLDANUBIAN TERRANE (EASTERN LUGICUM) 

The Moldanubian Terrane in the Sudetes comprises the Snieinik metamorphic complex 
(J. Don et ai .• 1990; Z. Cymennan. 1992) and its northern continuation. the SbZelin Hills 
complex (sensu (ato), and the original Silesicum ofF. E. Suess (191 2), Z. Misal' etai. (1983), 
J. Chab et al. (1990). The Sudetian part of the Moldanubian Terrane is located between the 
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Fig. 6. Schematic plate tectonic interpretation or the Lower to Middle Pnlacozoic oonvergance in the lemlS of 
arc-continent oblique C(lllision; the final stage of Variscan collision and later (Carboniferous) regional extension 
are not shown 
a - subducted oceanic crust ami passive margin witll bimodal magmatism of Early Palaeozoic age, with 
ooncomitant high-pressure metamorphism (e.g. eclogites and grnnulites oftlle Moldanubian Terrane); b - abducted 
oceanic crust (e.g. S]I<ta, Nowa Ruda ophiolites) with island arc assemblages (G6ry Sowie complex), devoid of 
high-pressure metamorphic overprinting 
SchematycZIIa intcrpretacja wedlng modelu tektoniki ply! konwergcncji podczas skosnej kolizji luk-kontynclII W 
dolnym i ~rodkowym paJeozoiku; koncowy ctap waryscyjskicj kolizji i p6tnicjsl:I:j (karbol\sldcj) rc:giooalncj 
ckstcosj i nie zostnl przcdstawiooy 
a - subdukowana skorupaoce.micll1ai pasywny brz.eg z wczesnopaloowicll1ym magmatyzmem bimodalnym i z 
toWan:YSZllcym metamortizmem wysokoci~nieniowym (op. eklogity i granulity telT1lI1u moldanubskicgo); b -
obdukowana skorupa oceaniczna (op.: ofiolity SII;ty i Nowcj Rudy) z u::spolami luku wyspowego (metamorfik 
sowiog6rski), bel nalotonego metamorlizmu wysokoci~nicniowcgo 

North Bohemian Fault and Moravian shear zone (Moravosilesian tectonic zone ofZ. Misai 
et ai., 1983). 

The Snieznik complex consists of two informal lithostratigraphic units (group): the 
Gneiss Group, composed of migmatic gneisses with eclogite pods, orthogneisses and the 
Stronie Group, formed of mica schists and plagioclase paragneisses with intercalations of 
marbles, amphibolites, quartzites and graphitic schists. A coarse-grained Snieznik augen 
gneiss and a fine-grained mylonitic derivative gave Rb-Sr whole-rock ages of 395±35 and 
464±18 Ma, respectively (M. Borkowska et at., 1990). O. van Breemen et al. (1988) and 
G. J. H. Oliver et at. (1993) obtained ages of 487±i3 and ca. 488-504 Ma, by respectively 
Rb-Sr and U-Pb zircon methods on foliated granite gneiss (Fig. 5). A whole-rock biotite 
and muscovite Rb-Sr age of335±5 Ma (M. Borkowska et at., 1990) probably dated the last 
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I - Variscan granitoids; 2 - Upper Devonian and Lower Carboniferous sediments; 3 - LoW<:f Palaeozoic 
including Devonian; 4 - ophiolitic units; 5 - gllCisses and migmatites (high-tempc:ralllre·low-pressure meta­
morphism); 6 - gneisses and schists with eclogi te and granulite lenses (middle-tempc:rature-middle_pressure to 
high_pressure metamorphism); 1 - gneisses and migmatites; 8 - ductile thrusting; 9 _ brittle thrusting; 10 -
strike-slip fault with displacement from viewer; 11 - sLrike-sl ip fault with disp laCl:mcnt toward viewer; other 
uplanations as in Figs. I and 2 
PQeJcr6j geologicmy przez Cl:ntrainll c~ SudetOw 
I - granitoidy waryscyjskie; 2 - osady dewonu gOmego i karbonu dolnego; 3 - skat)' dolnopaleowiczne i 
dewmiskie; 4 - ofiolity; 5 - gnejsy i migmary (wysokotemperaturowy·niskoci~n ieniowy melamorfizm regio­
Halny); 6 - gnejsy i lupki z soc?.ewami eklogit6w i granu li t6w (melDmorfiun regionalny ~redniotempcraturowy­
·§rednioci§nieniowy Dido wysokoci~nieniowego); 1 - gnejsy i migmalyly; 8 - nasunii;eiatypu podatnego; 9 -
nasun~cia typu kruchego; 10 - uskok przestlwczy z przcmieszezt:niem od strony palI'Z4Cego; I' _ tls!:o!: 
p~uwczy z przemieszcu:niem w kierunku Palmlcego; pOl:ostale obja~nieniajal: na fi g. I i 2 

(Variscan) metamorphism; and Sm-Nd analysis of an eclogite yielded an age of 352- 357 
Ma (H. K. Brueckner et at., 1991). 

Samples analysed by G. J. H. Oliver et al. (1993) from Kamienna G6ra (not Kamienica!) 
are not from the Moravian Terrane, but from the south-eastern part of the Strzelin Hills 
complex, Fore~Sudetic fragment of the Moldanubian Terrane (Fig. 3). His 339±4 Ma ages 
from late-tectonic granites may be related to the latest stages of accretion of the Moldanu­
bian and Moravian terranes (stitching pluton). At this time the Moldanubian Terrane began 
to uplift rapidly (G. M. Steltenpohl et aI., 1993), and the Moravian one started to collapse, 
with deposition of Visean to Namurian molasses in a Carboniferous basin interpreted as a 
syntectonic foredeep basin controlled by large scale strike-slip faulting (J. Dvorak, 1980; 
P. Rajlich, 1990). 

MORAVIAN TERRANE(BRUNQVISTUUCUM) 

The Moravian Terrane comprises an Upper Proterozoic, Pan-African-type basement 
which yielded U-Pb ages of ca. 570 Ma (0. van Breemen, S. Vrana, 1982), overlain 
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unconformably by a thin cover of epicontinental Middle Devonian sediments and volcanics, 
and Late Devonian to Early Carboniferous carbonates (Z. Misal et al., 1983). Towards the 
northeast, the Devonian carbonates become laterally replaced by a "paired belt" of flysch 
and coal-bearing molasse (M. $uk et al., 1984), that grades upwards into a foredeep filled 
with Namurian limnic deposits. 

It may be accepted that the Moravian (or Brunovistulian) and the eastern part of the 
Moldanubian (Moravosilesicum) terranes are separated by a major. complex, westerly 
dipping zone of shearing, the Moravian shear zone (Fig. J) (P. H. Matte et al., 1990; P. 
Rajlich, 1987, 1990), which is identical to some extent with the Moldanubian Overthrust 
(F. E. Suess, 1912) or the Moravosilesian tectonic zone (Z. Misar et at., 1983; 1. Dvorak, 
1980). This zone is commonly marked by well developed near-horizontal stretching 
lineation (P. Rajlich, 1990) with a dextral sense of shear, displacing top-to-northeast (Fig. 
4). This kinematic pattern probably indicate a Variscan transpressive regime; a view 
supported by the presence in the adjacent Carboniferous foredeep of upright folds trending 
northeast with steep fan-like cleavage and a subhorizontal stretching lineation (P. Rajlich, 
1987). 

The Moravian shear zone continues southwards (the Boskovice - Diendorf Fault), 
probably as far as Krems in Lower Austria. A likely northern continuation of the Moravian 
shear zone has been recently identified in deep boreholes within the Fore-Sudetic Block (Z. 
Cymerman, 1991b). Named the Brzeg - Nysa shear zone, it takes the form of more than 5 
km wide zone of mylonitic gneisses and quartzites under a thick cover of Permo-Triassic 
and younger deposits. It is thought to be of simi lar age as the Niemcza shear zone (Z. 
Cymerman. 1991 b). Its northerly course is followed by a graben filled with up to 2 km of 
Lower Permian red beds. 

DISCUSSION 

Our conclusion is that the Sudetes are a collage of variably displaced terranes, the 
products of more than one Palaeozoic orogeny, and that their present disposition resulting 
mainly from the accretion of a composite Central Sudetian Terrane, differs from previous 
tectonic models for this northeasternmost part of the Central European Variscan Belt. It 
does not fully support Oliver's plate tectonic model with Caledonian accretion of six 
terranes along the Intra-Sudetic Fault (G. 1. H. Oliver et at., 1993). We recognize that the 
Intra-Sudetic Fault zone has a complex history, probably beginning as a Caledonian, 
southwards dipping, zone of subduction of oceanic crnst below an island arcIcontinental 
region which produced batholithic granitoids now recorded in the Saxothuringian and 
Moldanubian terranes. We suggest that the present disposition of terranes reflects a 
modification of earlier formed (Early Caledonian) terranes and their boundaries by Variscan 
(and probably also Silurian) orogenic events. For example, we see the Intra-Sudetic Fault 
as an older terrane boundary strongly modified by later tectonic events. 

Our model relates the present disposition ofSudetian terranes to Palaeozoic tectonother­
mal activity in the hanging-wall of a southward dipping, probably Silurian subduction zone 
oftheRheic Ocean. This is thought to be marked by a major magnetic anomaly in the Central 
Sudetian Terrane(C. Krolikowski, A. Grobelny, 1991). We interpret the rocks of the Central 
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Sudetian Terrane as a volcanic arc (G6ry Sowie complex, possibly rooted in the Middle 
Odra complex) with oceanic crust (ophioli tes) all thrust southwards, in between the volcanic 
arc or continental Moldanubian and Saxothuringian terranes (Fig. 6), modifying an earlier 
configuration of terranes and earlier units represented by the Rudawy l anowickie and G6ry 
Kaczawskie regions. The crustal thickening consequent of this thrusting resulted in the 
formation of migmatiles and post-tectonic granites within the Central Sudetian Terrane 
(Fig. 7). The model implies thaI southward oceanic subduction beneath the northern margin 
of the Bohemian Massif was succeeded by diachronous underthrusting of the northern parts 
of the Moldanubian and Saxothuringian terranes. This transition from B to A-type subduc­
tion is likely to have been diachronous along the suture, now situated along the Middle Odra 
complex (S. Cwojdziriski, 1992) and ils timing at any point cannot be identified from 
geological data. 

The subduction-related nature ofCaJedonian plutonism and the existence in the Sudetes 
of a collage of terranes imply the presence of a major plate boundary in the Sudeles during 
the Caledonian events. There is however, at present, insufficient evidence to demonstrate 
unequivocally the precise nature and the geometry of this boundary. At this stage we present 
only the so far identified tecton ic lines, mainly ductile shearwnes relaled to these terranes 
amalgamation and accretion during Palaeowic time. 
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Zbigniew CYMERMAN, Marek A. 1. PIASECKI 

MODEL TERRANOWY W SUDETACU (MASYW CZESKI) 

Slr e szezen i e 

Prze<istawiono podzial sknl przedpermskieh w Sudetaeh na pi¢ te rranow. ZloZony tctran trodkowosudecki 
(Central Sudetian) jesl OIonony od NW ku SE przC2 Ilasto;pujllce terrany: snk$oluryngski, Barrandianu, molda­
nubski i morawski. Granice tcrranow SQ oa ogol regionalnymi s1refami scinari pod3lnych. Od NW po SE 
rozpoznano prawdopodobne srnnice terranow: liniC Kaczawy, uskok srodsudeeki, streft; §(:in:tn Leszezytlca, 
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system uskokowy poludniowych Karkonoszy, strcf~ dyslokacyjn:J, p6lnocnoczesk!4 oraz slref~ k inaii podatnych: 
Zlotego Stoku - Trzebieszowie, Nielnczy, Nysy - Brzcgu i morawskq. 

Ewolucja zespolu r6tnorodnyeh telTanOw w Sudetach zwi:J,zanajeSI z aktywn~cia tektonOlcnniczna plyty 
gomej, prawdopodohncj sylu r!lkiej strefy subdukcj i oceanu re ickiego. Skaly tcrranu ~rodkowosudcckiego illler­
pretujemy jako luk wulkan iezny (jednOSlka sowiogorska zakorz.cniona w melamorfiku S"rodkowej Odry?) ze 
skornplloccaniC".ulij (fragmenty ofiolitow ~rodkowosudeckieh). Terran ~rodkowosudecki zostal nasun i~ty (obelu­
kowany?) ku poludn iowi na tCITan moldan ubski i saksOlllryngski, modyfikujae wczc~nicjsUl konfiguracjt; ter­
ranOw i jednoslck lektonicznyeh na pOlnocnyeh peryferiaeh masywu czcskicgo. Skicrowuna ku potudniowi 
subdukcja skornpy oeeanicznej pod po/noeny brzeg masywu czcskicgo bylanajprawdopodobnicj ZllSI:J,piona przez 
diachroniczne, p6inicjszc podsuwanie siC termndw moldanubskicgo i saksOluryngskiego. Przej~cie subdukcj i od 
typu B do A moglo by!! diachroniel1le wzdlut slrefy szwu, polowncj obeenie wzdlut granic metamorfiku 
$"rodkowej Cdry (5. Cwojdzillski, 1992). 

Magmalyzm kaledoMki, zwiazany z procesami subdukej i , a taku. wiclee prnwdopodobna moZiiwo§!! iSlnicnia 
w Sudelaeh zcspo/u kilku terranow, wskazuja naiSlnicn ie granicy ply! lil05fery na polnoenych pcryfcriach masywu 
czeskicgo w slarszym paleowiku. Jednak brnk obecnie wyslUJ"C7.ajqeych dowodow (np. geofizycznyeh) do 
wyznaczenia eharnktc ru i gcometrii lej gmnie), ply!. Na obeenym clapic rozpoznan ia przedslawiono jedynie 
regionalne li nie tekloniC"l:ne, w)'7.naezonc glownie przez sirefy ~inall podatnyeh, ktorc mogly by!! zwillzane z 
akreej :a termnow podczas orob>enez palcozoicznyell w Sudetacll. 




