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Zbigniew CYMERMAN 

Rotational ductile deformations in the ~nieznik 
metamorphic complex (Sudetes) 

The Snieinik metamorphic coniplex was deformed during the Variscan orogeny by noncoaxial (rotational) 
deformations (simple shears). These deformations seems to be both longlived and widespread. Different 
asymmetrical structures was developed by the progressive rotational deformation. These kinematic indica- 
tors include e. g: aand 6 type of porphyroclasts and planar structures S-C and SB (C'). The asymmetrical 
ones are the most important to determine the se?se of shear in the XZ plane of finite ellipsoid deformation. 
The kinematic analyses of Polish part of the Snieinik metamorphic complex indicate general tectonic 
transport northwardsduring dextral transpression. The tectonic transport in thewestern part of this con~plex 
(Bystrzyckie and Orjickie Mts.) was top-to-northwest. This ductile displacement was top-to-northeast in the 
eastern part of the Snieinik metamorphic complex. Moreover, in the northernmost one the sense of shear 
wasopposite (sinistral wrenchingand top-to-southwest). These complexstructuralpatternsexplai~~ a fan-like 
virgation of 4 d e k .  The change of tectonic processes in this part of complex may be connected with the 
presence of a dismembered ophiolite sequence and arc volcanites in the northeastern periphery of the 
Bohemian Massif (so called the Sudetian terrane). 

INTRODUCTION 

During last ten years the shear zones have been recognized and detaily charac- 
terized (see: D. Berth6 et al., 1979; G. S. Lister, P. J. Wi!liams, 1979; S. H. White et 
al., 1980; G. S. Lister, A. W. Snoke, 1984; S. H. White et al., 1986; S. Hanmer, 1988; 
G. Guerin et al., 1990). Such shear zones were found in most of orogenic belts on 
whole Earth, among them -in the Alps (e.g. S. M. Schmid el a]., 1987), Appalachian 
Mts. (e.g. M. A. Piasecki, 1988; M. G. Steltenpohl, 1988) and in the Variscan belt of 
Europe (e.g. H. J. Behr, 1980; P. Rajlich, 1987; G. H. Eisbacher et al., 1989; P. Matte 
et a]., 1990; Z. Cymerman, 1991a, b, c; K. Schulmann et al., 1991). 
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Fig. 1. The simplified geological map of the Snieinik metamorphic complex and neighbouring geological 
units 
JNM - NovC MEsto Unit; JK - Klodzko Unit; cities: C - qervena Voda, J - Jawornik, K - Klodzko, L 
- b d e k  Zdr6j, M - Miqdzygbrze, St - Stronie Slqskie, Su - Sumperlr; 1 - Upper Cretaceous and 
younger sedimentary rocks, 2 - Permian conglomerates and sandstones; 3 - Variscan granitoids; 4 - 
Lower Permian sedimentary rocks; 5 - epimetamorphic series, mainly phyllites and metavolcanites; 6 - 
undivided metavolcanic rocks and amphibolites; 7 - undivided supracrustal rocks of the Stronie Group 
(Series), mainly micaceous schists and plagioclase paragneisses with interbeds of quartzites and marbles and 
also micaceous schists of the Zabieh Unit (southwarp from Cervena Voda); 8 -granulites with eclogite 
intercalations; 9 - undivided gneisses (Gierait6w, Snieinik, Bystnyca, Haniak, transitional); 10 - the 
Keprnik Gneisses; 11 - 12ajor faults; 12 -geological boundaries 
Uproszczona mapa geologiczna metamorfiku Snieinika i sqsiednich jednostek geologicznych 
JNM - jednostka NovCho Mbta;  JK- jednostka Klodzka; miasta: C Cevena Voda, J - Jawornik, K 
- Klodzko, L - b d e k  Zdr6j, M - Miqdzygbrze, St - Stronie Slqskie, Su - Sumperk; 1 - g6rnokredowe 
i mbdsze skaiy osadowe; 2 - zlepierice i piaskowce permskie; 3 - granitoidy waryscyjskie; 4 - dolnokar- 
boriskie skaly osadowe; 5 - epimetamorficzne sene, gl6wnie fyllity i skaly metawulkaniczne; 6 - nie 
rozdzielone skaiy metawulkaniczne i amfibolity; 7 - nie rozdzielone utwory suprakrustalne grupy (serii) 
stroriskiej, gl6wnie iupki iyszczykowe i paragnejsy plagioklazowe z wkiadkami hwarcytdw i marmur6w oraz 
iupki lyszczykowe jednostki Zabieha (na pdudnie od Cewenej Vody); 8 - granulity z wkiadkami eklogit6w; 
9 - gnejsy nie rozdzielone (gieraltowskie, Snieinickie, bystnyckie, haniackie, przejsciowe); 10 - gnejsy 
Keprnika; 11 - wainiejsze uskoki; 12 - granice geologiczne 
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The shear zones occur between the geological units or terranes as well as inside 
individual geological units and terranes. In many cases such zones were up till now 
unrecognized. It was due to their generation in deeper parts of Earth crust, mainly in 
the conditions of amphibolitic facies of a regional metamorphism. There have de- 
veloped numerous ductile shear zones, generally very broad - up to several hundred 
meters or  several kilometers wide - and of transitional, hardly discernible boundaries 
(e.g. M. A. Piasecki, 1988; M. G. Steltenpohl, 1988; W. J. Collins, C. Teyssier, 1989; 
A. G. Goldstein, 1989; R. D. Nance, J. B. Murphy, 1990). Distinguishing of these zones 
is particulary difficult on areas of the ductile thrusting, where the penetrative foliation 
within overthrusted rock domains is parallel in general to the ductile shear zones. 
Such situation is noticed on area of the whole ~nieznik  metamorphic complex in the 
Middle Sudetes (SW Poland). 

New, detailed structural studies of the author, done for all Polish part of the 
~ n i e i n i k  metamorphic complex, indicate that the dominated mechanism of deforma- 
tions for this part of the Middle Sudetes were the rotational (noncoaxial) ' deforma- 
tions. Most typical example of such deformation is the simple shear 2, which 
corresponds with the plane strain in case of a homogenous deformations '. The 
ductile shear zones of the ~ n i e i n i k  metamorphic complex have origined due to 
noncoaxial (rotational) processes of laminar flow during two main progressive phe- 

5 nomena (Dl and D2), including dextral and locally sinistral transpresion (Dl) and 

The  rotational deformation or  noncoaxial deformation -such deformation characterizes with rotation 
(position change) of X and Z axes of the incremental strain ellipsoid (X > Y > Z) in relation to X and Z 
axes of the finite strain ellipsoid during the deformation history of studied geological medium. Position of 
Y axis of both ellipsoids unchanged. In other way: deformation type with non-zero value of component o l  
rotation. 

The  simple shear relates to type (class) of deformation as well as to mode of accumulation of 
deformation within geological medium. In last case it is the kinematic term. The kinematic dcfitzition: simple 
shear - noncoaxial, rotational, with constant volume of medium, planar movement (flow) with dominant 
rotational component and with suitable component of stretching (pure shear), enough to sustain one 
assemblageof material linesat the angleof 45" tostretching direction (style of the overturned pack of cards). 
Thedeformation dej7nition: simple shear- planar deformation, of constant volunie, rotational deforniation 
withsuitablevalue of rotational component around Y axis,which enables to locateone of the circles of strain 
ellipsoid in the same position in deformed and non-deformed stages. 

The plane strain o r  biaxal strain - deformation type, in which the intermediate Y axis of the 
deformation ellipsoid has still the same length as the sphere diameter, determining the strain ellipsoid, it 
means-X > Y=l  > Z. 

The homogenous deformation - initial straight and parallel lines became after deformation still 
straight and parallel. In otherway: the displacement gradient is constant in deformed geological nledium. 

The  transpression is definited as the deformation origined due to the oblique convergency of the plates, 
it means-as the triaxial and rotational deformation, consisted of the strike-slip and contraction shortening 
(tectonic thickenning) components. 
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later dextral transtension (Dq. The results of kinematic analysis, based on various 
estimation methods of the sense of shear (e.g. C. Simpson, S. Schmidt, 1983; C. W. 
Passchier C. Simpson, 1986; 2. Cymerman, 1989b) and related to the direction of 
tectonic transport, marked with the orientation of extensional (mylonitic) lineation 
(Z. Cymerman, 1989a), have thrown new light on the tecto-metamorphic evolution 
of the whole Snieinik metamorphic complex. Hitherto existing tectonic models have 
established the eastward tectonic transport of overlaying rock packages (see: F. Pauk, 
1953; H. Teisseyre, 1975, 1980; A. hlainiewicz, 1988, 1991; J. Don et al., 1990) and 
they should be omitted in the light of new data, refering to kinematics of the Snieinik 
metamorphic complex (Z. Cymerman, 1990,1991a, b, d; R. Grygar et al., 1991). 

The aim of this paper is the new model of the Variscan evolution of the Snieinik 
metamorphic complex, based on the results of kinematic analysis of distinguished 
there ductile shear zones. 

AN OUTLINE OF GEOLOGICAL PATTERN OF THE SNIEZNIK 
METAMORPHIC COMPLEX 

The ~ n i e i n i k  metamorphic complex (sensu Into), described in literature as the 
Orlickie - Snieinik Mts. (see: J. Don et al., 1990) or the Orlickie Mts. - Klodzko 
dome (see: M. Opletal et al., 1980), consists of two lithostratigraphic units (groups): 
- Stronie Group (Series), composed of the motley supracrustal complex (mica- 

ceous schists, plagioclase paragneisses with intercalations and interbeds of quartzities, 
quartzitic schists, amphibolites, amphibolitic schists, limestones and crystalline do- 
lomites); 

-Gneissic Group, composed ofvarious kinds of gneisses (locally described as: the 
~nie in ik ,  Bystrzyca, Gieraltbw, transitional, mixed and Haniak types of gneisses), 
which are included within the infracrustal complex (see: J. Don, 1964; M. Dumicz, 
1964; L. Kasza, 1964; H. Teisseyre, 1975, 1980; K. Smulikowski, 1979; J. Don et al., 
1990). 

The ~ n i e i n i k  metamorphic complex is surrounded from all sides with basic rocks 
(amphibolites and metavolcanic rocks) or with the strongly elongated intrusions of 
the Variscan granitoids (Fig. 1). The basic rock complexes and syn-kinematic or late- 
-kinematic granitoids separate the Snieinik metamorphic complex from less meta- 
morphosed geological units as the epimetamorphic units of Nove MCsto complex or 
Klodzko metamorphic tarrain. 

The opinions about the age of the metamorphic rocks of Snieinik complex are 
controversial and refer both to the Stronie and Gneissic groups. Most of scientists 
have accepted the Precambrian age of the Stronie Group (see among others: J. Oberc, 
1957, 1972; L. Kasza, 1964; J. Gienvielaniec, 1971; H. Teisseyre, 1957, 1968, 1975, 

The transtension - the triaxial and rotational deformation, composed of the strike-slip and stretching 
(extension, tectonic thinning) components. 
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1980; K Smulikowski, 1979). The German geologists have assumed the Algonkian age 
for lower part of the Stronie Group but for upper one - the Cambrian dating (G. 
Fischer, 1936; E. F. Vangerov, 1943). The micropaleontological studies of T. Gunia 
(see: 1974, 1984a, b) indicate that at least the part of deposits of the Stronie Group 
could accumulated during the Middle Cambrian. 

The age of both Gieralt6w (grey fine-crystalline, migmatic) and ~nieznik (redish- 
-grey augen, mylonitic) gneisses is still discussed. From the time of division of gneisses 
from the ~nieznik metamorphic complex (G. Fischer, 1936) for the Gieraltbw and 
~nieznik  ones they had various and controversial age and structural interpretations: 

a - the Gieralt6w Gneisses are older than ~nieznik ones (see: G. Fischer, 1936; 
the Gieralt6w Gneisses are of Archean age but the ~nieznik ones - of Older 
Palaeozoic); 

b - the Gieraltbw and ~nieznik gneisses are coeval (see: K. Smulikowski, 1957, 
1979; J. Oberc, 1957,1977; J. Ansilewski, 1966); 

c - the Gieraltbw Gneisses are younger than the Snieznik ones (J. Don, 1964, 
1982); 

d - the Gieraltbw Gneisses could be older, coeval or younger than the ~nieznik 
ones because exist there two generations of various age within them (Z. Cymerman, 
1984,1988b); 

e - the younger Gieraltbw Gneisses are synchronous in their development with 
generation of the ~nieznik ones (M. Dumicz, 1988,1989). 

The occurrence of non-synchronous in age afid different in origin gneisses within 
the ~nieznik metamorphic complex is now unquestionable (J. Don et al., 1990). It 
seems now mostly reasonable an application of the structural andlor genetic terms 
instead of hitherto existing, classic, regional terminology of gneisses of the ~nie tn ik  
metamorphic complex (G. Fischer, 1936). 

Up till now the most of geologists have connected the origin of both mentione,d 
gneiss types with the Cadomian (Assyntian; Pan-African) orogenesis (com. J. Oberc, 
1957, 1972, 1977; K Smulikowski, 1957, 1979; L. Kasza, 1964; H. Teisseyre, 1957, 
1968). J. Don (1982) dated the ~nie in ik  Gneisses origin for the transition between the 
Middle and Upper Cambrian or for Lower Ordovician but for the Gieraltbw Gneisses 
he  assumed the age - between Lower and Middle Devonian (J. Don et al., 1990). M. 
Dumicz (1976,1979,1988,1989) connected generation of both gneiss types with the 
Variscan orogenesis. 

The isotopic studies of the ~nieznik metamorphic complex are scarce and difficult 
for univocal interpretations. The radiometric data for biotite (382516 Ma) and for 
fengite (384516 Ma), resulted from K-Ar studies (N. Bakun-Czubarow, 1968), were 
interpreted as an uplifting of the ~nieznik metamorphic complex through the isograde 
of 250-300°C. The biotite came from the Gieraltbw gneiss but fengite - from an 
eclogite. The similar studies of biotite from gneisses from Czecho-Slovakia (Orlick6 
Hory Mts.) gave the age values of: 331+-17 Ma, 315+15 Ma and 310215 Ma (M. 
Opletal et al., 1980). Similar results, using the same dating method, were obtained for 
biotite from the mica schists of the Stronie Group and for muscovite from the 
Bystrzyca Gneisses - 315-+15 Ma (M. Opletal et al., 1980). 



The results of hitherto done isotopic studies, using the Rb-Sr method, are as 
follows: 
- 487+_11 Ma for whole rock from gneiss of the ~ n i e i n i k  type (?) from vicinity of 

gulova in Czecho-Slovakia (0.  van Breemen et al., 1982); 
- 4642 18 Ma for whole rock from gneisses of the Gieralt6w type (M. Borkowska 

et al., 1990); 
- 395235 Ma for whole rock from gneiss of the ~nieznik type (M. Borkowska et 

al., 1990); 
- 395235 Ma for whole rock from gneiss of the ~nieznik type (M. Borkowska et 

al., 1990); 
- 33525 Ma for biotite and muscovite from gneiss of the Snieznik type (M. 

Borkowska et a!., 1930). 
However, the radiometric dating, obtained with the Sm-Nd method for gneisses of 

the Snieinik type is about 490 Ma (D. C. Eiew, A. W. Hofmann, 1988). Data from the 
~nieznik eclogites, obtained with the same method, are as follows: 35224 Ma, 341 2 7  
Ma, 33724 Ma and 329-1-6 Ma but from granulite - 341 Ma (N. Bakun-Czubarow, 
H. K. Brueclcner, 1991). 

The new isotopic studies, using the 40~r/39& method (M. 6. Steltenpohl et al., 
1991) gave such results: 
- 328.821.7 Ma - plateau age for muscovites from gneissic mylonites nearby 

Duszniki Zdr6j; 
- 328.82 1.7 Ma for muscovites from migmatitic gneiss from Q d e k  Zdr6j; 
- 32722 Ma - nearly "plateau" age for hornblende from amphibolites nearby 

Lewin Uodzki (with slightly marked discordance and correlation graph of 36~r/39Ar, 
indica'ting the isochrone age of 338 Ma); 
- 342.2 Ma with about 210-12 Ma for hornblende from amphibolites nearby 

Bielice (with distinct saddle-shaped graph and 36Ar1~~Ar correlation suggesting iso- 
chrone age of 332 Ma); 
- 328 Ma for biotite from migmatitic gneiss from b d e k  Zdr6j. 
The radiometric data, obtained with the 4 0 ~ / 3 9 ~  method, reflect the time of 

cooling of metamorphic rocks during their uplifting throughout the isotherms: 500°C 
for hornblende, about 350°C for muscovite and 300°C for biotite. These results 
indicate the rapid cooling, connected with quick uplift of the Snieznik metamorphic 
complex during the Lower Carboniferous time. 

DUCTILE SHEAR SYSTEMS IN TF& SNIEZNIK 
METAMORPHIC COMPLEX 

The field studies, confirmedwith microstructural analysis on oriented thin sections 
in XZ plane indicate an occurrence ofvery numerous (penetrative) ductile hear zones 
on the area of whole Snieinik metamorphic complex, both within rocks of the Stronie 
Group and the Gneissic Group. The ductile shear zones are marked in general by the 
development of typical mylonitic fabric. This fabric has origined due to processes of 
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Fig. 2. The blockdiagram of extensive lineation morphology from orthogneisses nearby Duszniki Zdr6j 
(rodding type of lineation L1+2) and of orientation of main axes of finite strain ellipsoid (X > Y > 2); XZ 
plane used to determine the shear sense (here: sinistral, top toward the north) 
Blokdiagram przedstawiajqcy morfologiq lineacji ekstensyjnej w ortognejsach okolic Dusznik Zdroju (typ 
prqcikowy - roddingowy - lineacji L1+2) i orientacjq gl6wnych osi elipsoidy odksztalcenia kodcowego 
(X > Y > 2);  plaszczyzna XZwykonystywana jest d o  okreSlania mrotu  Scinania (tutaj: lewoskrqtne, tzn. 
,,g6ra na p&nocU 

plastic-crystalline reduction of size of mineral grain and synchronous dynamic recry- 
stallization of grain due to mechanism of dislocation creep. 

The microstructural studies indicate that noncoaxial laminar flow was charac- 
teristic feature of ductile shear deformation zones within rocks of the Stronie Group 
and within various gneiss types. The observations of the XZ sections of finite strain 
ellipsoid (Fig. 2) in mylonitic gneisses (of the ~nie in ik  and Bystrzyca types) document 
all assemblages of asymmetric porphyroclasts of feldspars, mainly of o type, as well as, 
more rare, porphyroclasts of 6 and q5 types (C. W. Passchier, C. Simpson, 1986). 
Primary phenocrystalls of K-feldspar have been transformed due the plastic-crystal- 
line processes into porphyroclasts of u type with characteristic, recrystallized pressure 
shadows (tails) - Figs. 3, 4. More microscopic data, related to mylonitic texture of 
gneisses, are presented in the paper of A. ielainiewicz (1984,1988). 

The most typical microstructural features in metasedimentary rocks of the Stronie 
Group, indicating the deformations of simple shear, are structures of subgrain type, 
quartz ribbons and intensive fabric asymmetry (Fig. 5). Quartz recrystallized due to 
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Fig. 3. The stages (a-d) of progressive strain increment, resulted Srom simple shear (rotational deformation); 
mylonitic gneisses of the Snieinik type from Miqdzyg61ze (the Snieinik Mts.) . 
Etapy ( a d )  progresywnego wzrostu odkszta#cenia ze Scinania prostego (rotacyjnego); mylonityczne gnejsy 
typu Snieznickiego z Miqdzygbna 
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Fig. 4. K-feldspar of a-porphyroclast type with dextral sense of shear. S-C mylonitic structure and n~ylonitic 
bands SB (C') and'extensional fractures inside the feldspar indicatealso dextral rotation (up to NW). Augen 
gneiss nearby Duszniki Zdr6j (Bystrzyckie Mts.). Parallel nicoles 
Skalefi potasowy typu a-porfiroklast o prawoskrqtnyni zwrocie Scinania. Struktura nlylonityczna S-C i 
pasemka mylonityczne SB (C') oraz spckania ekstensyjne wewnqtrz skalenia wyznaczajq rbwniei prawosk- 
rqtnq rotacjq (g6ra ku NW). Gnejs oczkowy z okolic Dusznik Zdroju. Nikole r6wnolegie 

migration of grain boundaries during recrystallization, forming distinct orientation of 
grain shapes. Foliation planes (S), oriented parallel to XY plane of the finite strain 
ellipsoid, are marked by systems of parallel quartz ribbons and oriented shapes of 
mineral grains. S planes are often syntetically curved, transforming successively into 
shear planes C (see: D. Berth6 et al., 1979; G. S. Lister, A. W. Snoke, 1984; Z. 
Cymerman, 1989b). 

The intensive classical structural studies have been carried out on the area of the 
~n ie in ik  metamorphic complex during over thirty years. Various numbers of defor- 
mation phases of this metamorphic complex were described using classical methods 
of structural analysis - from three phases (D3) up to seven (D7), for instance: H. 
Teisseyre (1968,1975), J. Don (1982), Z. Cymerman (l982,1984,198Sb), M. Dumicz 
(1976,1979, 1988), I. Wojciechowska (1972, 1986), S.  Cwojdzinski (1977, 1982), A. 
ielainiewicz (1972, 1976, 1984, 1988). These interpretations, based on traditional 
studies of fold geometry, could be recently questioned because the progressive defor- 
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Fig. 5.The fabric asymmetry with dextral sense of shear indicated by S-C relationships. Crossed nicoles. 
Micaceous schists of the Stronie Group nearby Bielice (Bialskie Mts.), eastward from Stronie Slqskie 
Asymetria wiqtby o prawoskrqtnym zwrocie Scinania (S-C). Nikole sklzyiowane. Eupki iyszczykowe grupy 
strodskiej, okolice Bielic (G6ry Bialskie), na E od Stronia Slqskiego 

mation 7, connected with noncoaxial (rotational) plastic-crystalline processes (ductile 
simple shearing), has occurred on the whole area of the ~nieznik metamorphic 
complex. The rotational deformations contributed to intensive development of non- 
cylindrical folds with strongly curved hinges, which could be interpreted as "poly- 
phase" fold structures (Figs. 6, 7). Origin of such fold structures confirms rather the 
model of continuous, progressive deformations than the schemes of tectonic evol- 
ution, basing on principles of an existence of individual deformation phases, separated 
with periods of tectonic "silence". In new structural analysis of the ~ n i e i n i k  metamor- 
phic complex an influence of deformation partitioning should be taken into consider- 
ation and connected with it a cooperation or coexistence of simple shear (rotational) 
processes together with pure (non-rotational) shearing (see: Z. Cymerman, 1988a). 
In the light of such discussion it is more of less probable to assume that the assemblages 
of tectonic structures on area of the ~nieznik metamorphic complex have formed due 
to following stages of progressive deformation in conditions of unchanged regional 
stress fields. 

The progressive deformation - the series of deformation increments, expressed as the incremental 
strain ellipsoids during all history of the deformation of geological medium up to final stage, presented in 
form of the finite strain ellipsoid. 
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Fig. 6.  The progressive development of non-cylidrical fold structures with axes (F) oblique o r  quite parallel 
to extensive lineation (L). The Snieinik S-C mylonitic gneisses nearby Miqdzyg6rze 
Progresywny rozw6j niecylindrycznych struktur fatdowych o osiach (F) skoSnych lub prawie r6wnolegiych 
d o  lineacji ekstensyjnej (L). Gnejsy Snieinickie z okolic Miqdzyg6tza; typ mylonitu S-C 

The oldest, distinguished stage of deformation Dl caused the origin of so rarely 
preserved mesofolds F1, which have deformed primary lithological contacts So (?). The 
axial planes of these folds are parallel to foliation (type of recrystallized schistosity) 
S1, which was strongly transformed (transposition and reactivation processes) during 
successive stages of progressive deformation, mainly in next stage D2. 

During the continuous deformation stage D2 very numerous group of fold struc- 
tures F2, with significantly differentiated morphology, has developed. The Fz folds 
have formed most frequently in the micaceous schists and paragneisses of the Stronie 
Group. Most of the F2 folds belong to type of tight or isoclinal structure, they have 
mainly non-cylindrical form and locally developed S2 axial foliation (Figs. 7-9). 
Distinguishing of older, folded S1 foliation from axial Sione is not so easy, even within 
hinge parts of F2 folds. It is caused by similar mineral assemblage (quartz, feldspars, 
micas), marking S1 and S2 foliation planes as well as by reactivation of older SI 
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Fig. 7. The disharmonious, "polyphase" fold structures with interference structures, interpereted as: 1 - 
index of successive three phases of deformations (FI, F2, F3); 2 - result of deformational partitioning of 
total deformation for a component of simple shear along with shear zones (C) and of contraction (pure 
shear). Graphitic schists nearby 4 d e k  Zdr6j (Ziote Mts.). The Stronie Group 
Dysharmonijne, ,,polifazoweV struktury faldowe o interferencyjnej budowie, kt6re mozna interpretowae 
jako: 1 - wskainik kolejnych trzech faz deformacji (Fi, F2 i F3); 2 - efekt porozdzielania deformacyjnego 
totalnej deformacji na skiadowqicinania prostego (C) i skracania (Scinania czystego). Lupki grafitowe okolic 
4 d k a  Zdroju (G6ry Zlote). Grupa strohska 

foliation during following stages of progressive deformation (comp. Z. Cymerman, 
1988~) .  Due to that thevariaged Si and S2 foliations are practically undistinguishable, 
except some fragments of the hinge parts of F2 mesofolds but only after detailed 
microscopic studies. Concluding this it seems possible to assume that penetrative, 
regional foliation in the ~ n i e i n i k  metamorphic complex is composite planar structure 
S1+2. The augen-like isoclinal folds, deforming S1 foliation and having limbs parallel 
to mylonitic foliation S2, should be interpreted as fold structures, formed during D2 
deformation or significantly modified in shape and rotated in zones of simple shear 
(Figs. 6,7). The F2 folds are commonly non-cylindrical, with geometry similar to the 
sheath folds but their hinge line points partly banded structure on stereographic 
projection. 

During increment of the next D3 deformation numerous F3 folds have formed, 
which folded penetrative foliation S1+2. In general they are open folds, asymmetric, 
sometimes disharmonious (Figs.7, 8). Their coaxiality with F2 folds as well as - in 
same range - similarity of their geometric forms indicate that the increments of D2 
and D3 deformations have occurred in unchanged fields of regional stresses and of 
conditions of regional metamorphism. 
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Fig. 8. 'Qpical, disharmonious fold structures within migmatized gneisses of the Gieralt6w type. Charac- 
teristic similarity of their deformation style to schists of the Stronie Group (see - Fig. 7). The example of 
deformational partitioning for ductile zones of simple shears and domains of progressive, synchronous 
contraction (ptygmatitic, disharmonious and intrafoliational folds). Lijdek Zdr6j 
Typowe, dysharmonijne struktuly fatdowe w gnejsach zmigmatytyzowanych (typu gieraktowskiego). Charak- 
terystyczne podobiedstwo stylu deformacji tych gnejs6w do tupk6w grupy strodskiej (por. fig. 7). Przykhd 
porozdzielania deformacyjnego na podatne strefy Scinad prostych i domen progresywnego, synchronicznego 
skracania (fakdy ptygmatytowe, dysharmonijne i Sr6dEoliacyjne). b d e k  Zdr6j 

The later deformation stages have taken place in changed conditions of pressures 
and temperatures (quick retrogression of regional metamorphism, documented with 
new radiometric data (N. Bakun-Czubarow, H. K. Brueckner, 1991; M. G. Steltenpohl 
et al., 1991). The D4 deformation stage characterized with development of folds of 
kink bands and chevron types as well as of open F4 folds within slightly developed S4 
axial plane cleavage. During the Ds deformation stage have formed the Fs folds and 
large deflections as well as kink-bank flexures and rarestructures of "drag joints" type. 
Younger than the Ds stage are numerous rock fractures, belonging to many gener- 
ations but forming in wide time range - from Younger Paleozoic till Quaternary. 

The penetrative lineations of mineral grains and aggregates are marked within the 
Gneissic Group by directionally elongated augens spindles, rods and mineral aggre- 
gates (quartz and feldspars) as well as by directioned mic2 packages. Within micaceous 
schists and plagioclase paragneisses the lineation of mineral grain is definited by 
directionally elongated aggregates of micas and by rods, spindles and ribbons of quartz 
or plagioclases. 

The lineations of mineral grain are developed always on the planes of regional 
foliation (S1+2) and they are now - in general - plunged at angles less than 40-50". 
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Fig. 9. The mylonite of S-C type and asymmetric intrafoliational folds (intramylonitic). Dextral shear. 
Plagioclase paragneisses of the Stronie Group, surroundings of Stronie Slqskie (Krowiarki Hills) 
Mylonit typu S-C oraz asymetryczne faidy Sr6dfoliacyjne (Sr6dnlylonityczne). Prawoskrqtne Scinanie. 
Paragnejsy plagioklazowe grupy stronskiej. Okolice Stronia Slrjskiego (Krowiarki) 

These lineations are oriented almost parallel to axes of F1 and F2 folds isoclinaLbut 
they are more and more oblique to folds of larger interlimb angle. Such observations 
document well the processes of progressive shear deformation, which involve rotation 
and modification of fold shapes -firstly broad and open structures after increase the 
value of shear deformations. The significant obliqueness of orientation, between 
mineral grain lineation and axes of majority of open folds as well as of crenulations, 
have not to indicate variaged development of fold and linear structures. On the 
contrary, the noncoaxiality of such structures could result from their synchronous 
development but only in condition of their origin during the progressive simple 
shearing (noncoaxial deformation) -see: A. J. Dennis, D. T. Secor (1987,1990). 

In sections perpendicular to S1+2 foliation and parallel to mineral grain lineation 
-it means: in section XZ of finite strain ellipsoid - are noticed numerous examples 
(in various scales) of progressive development of lineation of rodding type during 
increase of simple shear deformations (Figs. 2,3). During increase of deformation 
stage in conditions of simple (rotational) shearing primary large megacrystals of 
K-feldspars became more prolate and directionally elongated. The reduction of grain 
size causes the development of distinctly asymmetric eyes and spindles of feldspars, 
mainly of microcline, described as a type of porphyroblasts (C. W. Passchier, C. 
Simpson, 1986; Z. Cymerman, 1989b). 
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Fig. 10. Various forms of "fish" micas alid SB mylonitic bands and S-C planes indicate the dextral sense of 
shear (top to the north). Micaceous schists of the Stronie Group. Surroundigs of Zieleniec, southward from 
Duszniki Zdr6j (Gorlickie Mts.). Parallel nicoles 
R6znorodne formy ryboksztaitnych lyszczyk6w (SB) oraz pasemka mylonityczne S-Cwyznaczajq prawosk- 
rctny zwrot Scinania (,,g6ra ku p6inocy"). Lupki lyszczykowe grupy strodskiej. Okolice Zielenca, na S od 
Dusznik Zdroju (G6ry Orlickie). Nikole r6wnolegie 
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Because almost all lineations of mineral grain have features, classifaing such I 

lineation type as extensional lineations, otherwise described as mylonitic lineations, 1 
they were definited by the author as lineations of X type, e.g. of similar parallelism to 
X axis of the finite strain ellipsoid (Z. Cymerman, 1989a). It relates to plane deforma- I 
tions, within geological medium without larger differences of viscosity and/or com- 1 
petency contrasts between markers of lineations and rock matrix as well as 10 I 

situations, in which direction of tectonic transport was not so changed during defor- I 

mation history. The complicated trajectories of extensional lineation on structural 
I , 

maps best indicate the direction changes of tectonic transport during deformation 
i 

history. In the case of overprinted simple shears with different shear directions 
(orientation of kinematic axis a )  the extensional lineation could have various orien- I 

tations between axes X and Y of finite deformation ellipsoid. Such situation compli- 
cates in the case of non-plane deformations, where the volume of rock material 
changes and in case of possible extension along direction parallel to axes Y or Z of 
finite deformation ellipsoid. It should be pointed out that the direction of tectonic 
transport (vector of displacement of rock domains) has not be directly and univocally 
calculated only on basis of spatial orientation of extensional lineation. But it does not 
relate generally to the area of whole Snieinik metamorphic complex, where: 

a - total deformation is similar to plane deformation (X > Y = l  > Z): 
b - direction of tectonic transport has not changed significantly during the history 

of ductile shear deformation, except of a zone located northward from the line Lutynia 
- Lqdek Zdr6j - Konraddw - Trzebieszowice; 

c - there are no significant differences of viscosity and competency between 
markers of extensional lineation and rock matrix. 

Due to that it could be assumed that majority of the mineral grain lineations from 
the area of the Snieznik metamorphic complex belongs to extensional type lineation, 
it means - X lineation, not only to B (or Y) type (see: J. Oberc, 1972; H. Teisseyre, 
1968, 1975, 1980; A. ielainiewicz, 1972, 1976, 1984; S. Cwojdzifiski, 1977, 1982; Z. 
Cymerman, 1982). A. hlainiewicz (1984, 1988) sug~ested that the development of 
rodding lineation within the Bystrzyca Gneisses (Snieinik type) resulted due to 
mechanism of non-rotational deformation (pure shear). He also assumed that because 
these elongated (mylonitic) lineation are quite parallel to axes of F2 folds they were 
parallel to Y (B) axis of finite strain ellipsoid, too. But the fold axes could developed 
perpendiculary, obliquely and parallely to X axis of finite strain ellipsoid and due to 
this such axes could not be used to determine the main axes (X, Y, Z) of finite strain 
ellipsoid. 

KINEMATIC ANALYSIS O F  TJ3E SNIEZNIK METAMORPHIC COMPLEX 

Almost within all rocks of the ~nieznik metamorphic complex occur asymmetric 
tectonic structures of various types, from micro- to mesoscopic scale, which enable to 
determine the shear senses (see: C. Simpson, S. Schmid, 1983; Z. Cymerman, 19896). 
These observations disagree with earlier suggestions of A. %Aainiewicz (1984,1988) 
that within the Bystrzyca Gneisses that is the ~ n i e i n i k  type gneisses are only the 
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Fig. 1 2  I 
Fig. 11 

Fig. 1 3  

Fig. 11. Rotated limbs of the sodium feldspar porpllyroclasts (6 porphyroclast type). Dextral sense of shear 
along shear planes C (parallel arrows) and extension (thickarrows) and compresion (thin arrows) directions. 
Augen gneiss, surroundings of h d e k  Zdr6j (Ziote Mts.) 
Zrotowane sknydetka porfiroklast6w skalenia potasowego (typ 6 porfiroklast6w). Prawoskrqtny zwrot 
Scinania wzdiui powierzchni Scinania C (strzaiki r6wnolegie) oraz kierunki ekstensji (strzaiki grube) i 
kon~presji (strzaiki cienkie). Gnejs oczkowy. Okolice h d k a  Zdroju 
Fig. 12. The mylonitic bands SB within micaceous schists of the Stronie Group indicate dextral sense of 
shear-parallel to C-plane. Surroundings of Duszniki Zdr6j (Bystrzyckie Mts.) 
Pasemka mylonityczne SB w iupkach fyszczykowych grupy stroriskiej. Okolice Dusznik Zdroju (G6ry 
Bystrzyckie) 
Fig. 13. The extensional boudinage in the zo,ne of sinistral shear. Quartz rods within n~icaceous schists of 
the Stronie Group, surroundings of Stronie Slqskie (Krowiarki Hills) 
Budinai ekstensyjny w strefie lewoskrqtnego Scinania. Prqty kwarcowe w iupkach lyszczykowych grupy 
strodskiej. Okolice Stronia Slqskiego (Krowiarki) 

symmetric structures, origined during non-rotational deformation (pure shear). How- 
ever, lastly A. &lainiewicz (1991) changed his opinion, finding the asymmetric 
structures also within the Bystrzyca Gneisses, which - according to him - have 
formed due to later, overprinted simple shear (rotational deformation). 

The estimation of sense of ductile shear on whole area of the ~ n i e i n i k  metamor- 
phic complex was based of such indicative asymmetric structures: 
- porphyroblasts of a type (Figs. 3,4); 
-complex, planar fabrics of S-C type, its obliqueness (Figs. 5,6); 
- "fish" micas (Fig. 10); 
-asymmetry of sheath, intrafoliation folds (Figs. 6,7,9); 
- syndeformationa! porphyroblasts of 6 type (Fig. 11); 
- shear bands of C' type (SB) - (Fig. 12); 
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Fig. 14. The simplified structural map of the Snieinik metamorphic complex 
a -directions and angles of inclination of the mineral grain lineation LI+Z (nearly parallel to X axis of finite 
strain ellipsoid); b - strikes and dips of penetrative foliation S1+2; c - shear senses (displacements of 
overlaing rock packages in direction of triangle pike); d - Alpine overthrust of Zieleniec; e - faults; f - 
geological boundaries 
Uproszczona mapa strukturalna metarnorfiku Snieinika 
a - kierunki i kqt j  nachylenia lineacji ziarna mineralnego Ll+z (prawie r6wnolegtej do osi X elipsoidy 
odksztakenia kodcowego); b- biegi i upady penetratywnej foliacji Si+z; c- zwrot Scinafi (przernieszczenia 
wyiejleglych pakiet6w skalnych w kierunku ostrza tr6jkqta); d walpejskie nasuniqcie Zielehca; e - uskoki; 
f - granice geologiczne 

- extensional structures, for instance - extensional boudinage (Fig. 13). 
One of the most chsracteristic structural feature of the ~ n i e i n i k  metamorphic 

complex is low or  moderately angle of plunging of the penetrative lineation of mineral 
grain (extensional lineation - X, Fig. 14). These lineations occur on moderately to 
steep deeping planes of penetrative foliation (Sl+z). 

The analyzied kinematic indicators (asymmetric structures) in XZ plane of finite 
strain ellipsoid (it means - parallel to lineation of mineral grain and perpendicular 
to penetrative foliation) indicate undoubtedly the dextral senses of ductile shear it 
means - the displacements of overlaying rock packages northward or to NE and NW. 
Only in central, northern most part of the ~nieznik  metamorphic complex the shear 
senses are mainly sinistral that documents the transport of hanging-walls domains 
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toward SW and S. In the zone, located northward from Trzebieszowice, Konrad6w and 
Q d e k  Zdr6j are visible two generations of ductile shear zones, hardly dismembered. 
There is dominant sinistral ductile shears and ductile-brittle ones, indicating that 
those zones of shears were younger than obliterated and rotated, older, dextral ductile 
ones. It relates particulary to the area of occurrence of the Haniak type gneisses and 
varied mylonitic rocks from the tectonic zone Zloty Stok - Skrzynka and of amphi- 
bolites nearby Trzebieszowice (I. Wojciechowska, 1986,1988). 

Detailed kinematic analysis of the Snieinik metamorphic complex enables also an 
interpretation of characteristic, fan-shaped pattern of lineation and fold trends known 
well in literature as so called the Q d e k  virgation (J. Don, 1964). In the north-western 
fragment of this virgation (the Bystrzyckie and Orlickie Mts. and western part of 

, Krowiarki Hills) the hanging-walls displacement was toward NW (Fig. 14). In north- 
-eastern and eastern part of the ~ n i e i n i k  metamorphic complex (the Bialskie Mts. and 
southern part of the Z4ote Mts.) the ductile displacements of the hanging-walls 
packages have gone on mainly toward NE and NNE (Fig. 14). Because the central and 
northern parts of this complex virgation are occupied by the rock formations with 
opposite sense of shear, it is most probably that emplacement of some dismembered 
ophiolite sequences have caused fan-shaped, like V-shaped dispertion of the structural 
trends, especially well visible nearby Trzebieszowice village. 

THE INTERPRETATION O F  TECTONIC EVOLUTION 
O F  THE SNIEZNIK METAMORPHIC COMPLEX 

All area of the ~nieznik  metamorphic complex (sensu lato) was subjected to 
intensive shear deformations probably during its whole Variscan tecto-metamorphic 
evolution. The earliest displacements of rock domains in ductile conditions have taken 
place probably just during the Lower or Middle Devonian (Acadian Phase?). The 
radiometric data with Rb-Sr method could confirm such opinion (395235 Ma - M. 
Borkowska et al., 1990). 

The mylonitic fabric is characteristic feature of almost all rocks of the ~n ie in ik  
metamorphic complex, including as well as granulites, eclogites and marbles. Primary 
bedding of metasediments of the Stronie Group was quite completely transformed 
into the Sl+z penetrative foliation. This foliation inherited probably large part of 
primary (sedimentary) rock anisotropy. The contacts between basement rock, which 
could be older gneisses of the Gieraltdw type, and deposits of the Stronie Group were 
particulary predestinated to the development of ductile shear zones in conditions of 
progressive regional metamorphism. An increase of intensity of shear processes within 
gneisses as well as within rocks of the Stronie Group, with approaching to the contacts 
of these rockgroups, could confirm best such interpretation. The characteristic feature 
of such contacts are numerous packages of characteristic quartz mylonites, among 
others - from Duszniki Zdr6j, Rudawa, Sienna i Goszdw vicinities. 

The distinct litholsgical discontinuities of various rock packages, also of lime- 
stones and crystalline dolomites as well as of quartzities and amphibolites, make 
questionable all attempts to define the sequence and stratigraphic continuity of the 
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Fig. 15. The,interpretation blockdiagram, presenting the style of ductile strike-slip-overthrusting deforma- 
tion of the Snieznik metamorphic complex. Dotted arrows mark later shears in ductile and ductile-brittle 
conditions 
Blokdiagram interpretacyjny ilustrujqcy sty1 podatnej defonnacji przesuwczo-nasuniqciowej metamorfiku 
Snieznika. Strzalki zakropkowane dotyczq p6tniejszych Scinafi w warunkach podatnych i podatnokruchych 

rocks of the Stronie Group. Such discontinuities were resulted from later, numerous 
and generally intensive deformations with dominant component of the simple shear. 
The differences of rheological properties of various rock packages were probably one 
of the most important factors, ififluencing on distribution of the shear and shortening 
zones during strain partitioning (Z. Cymerman, 1988~) .  Many studies indicate that 
changes of the rock rheological properties in the ductile shear zones are generally 
connected with the processes of strain softening (S. H. White et al., 1986). 

The presented above results of the first kinematic analysis put a new light on the 
tectonic evolution of the ~nieznik metamorphic complex. The dominant displace- 
ments of the strike-slip/overthrust style with top to the north, locally to NE and NW, 
were connected with dextral transpression during D1+2 continuous deformation 
within almost constant field of regional stresses (Figs. 15, 16A, B). The progressive 
shear deformation (D1+2) have taken place during the maximum of regional meta- 
morphism (pressures about 13.5-18 kb, temperatures about 620-750" C for eclogites 
and nearly 880" C for omphacitic granulites - N. Bakun-Czubarow, H. K. Brueckner, 
1991). The fold structures of varied vergency, often eastward, folding the penetrative 
foliation (S1+2), compensated the shortening component (pure shear) along lateral 
ramps of overthrusted northward rock packages, in the strike-slip/overthrust style. 
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Fig. 16. The schematic interpretation sections of evolution of the Snieinik metamorphic coniplex: A-stage 
of D l  deformation with syn- and pre-kinematic granitic intrusions (protolithe of mylonitic gneisses); B - 
stage of ductile deformations of Dz shear in conditions of dextral transpression (tectonic tliickenning); C - 
stage of farther ductile shears D3 in conditions of dextral and locally sinistral transtension during quick 
uplifting of tlie Snieinik metamorphic complex (Upper Visean); SS - tlie Stronie Group; G G  - the 
Gieraltbw Gneisses; GS - the Snieinik Gneisses 
a - basement gneisses(?), older n~igmatitic gneisses of Gierait6w; b - cover deposits (metasediments of 
thestronie Group); c-marbles and calcareous-siliceous rocks; d-granitoid protolitheof buddy, mylonitic 
gneisses; e - mylonitized granites (orthogneisses of the Snieinik and Bystrtyca types); f - mylonitic 
micaceous schists and paragneisses of the Stronie Group; g - metavolcanites (and metaopliiolites?) of 
Trzebieszowice; 11 -senses of ductile shears 
Schematyczne przekroje interpretacyjne ewolucji matamorfiku ~nieinika:  A - etap defornlacji Dl z syn- 
lub prekinematycznymi intruzjami granitu (protolit gnejs6w mylonitycznych); B -- etap podatnych defor- 
macji ze Scinania Dzw warunkach prawoskrqtnej transpresji (tektoniczne pogrubienie); C - etap dalszych 
podatnych Scinari D3 w warunkach prawoskrqtnej i lokalnie lewoskrqtnej transtensji podczas szybkiego 
wynoszenia metamorfiku Snieinika (g6rny wizen); SS - seria stroliska; G G  - gnejsy gieraitowskie; GS - 
gnejsy Snieznickie 
a - gnejsy podloia(?), starsze gnejsy gicraitowskie, migmatyto~e;  b - osady pokrywy (nietasedyn~enty 
grupy strofiskiej); c - marmury i skafy wapienno-knemianowe; d - protolit granitoidowy gnejs6w ocz- 
kowycli, mylonitycznych; e - zmylonityzowane granity (ortogrrejsy typu Snieinickiego i bystrzycciego); f - 
rnylonityczne hlpki fyszczykowe i paragnejsy grupy stroliskiej; g -n~etawulkanity (i n~etaofiolity?) Trzebie- 
szowic; 11 - nvroty Scinafi podatnycli 
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The deformational partitioning (see: Z. Cymerman, 1988n) for the components of 
shear and of shortening has particular value in tectonic context of transpression. The 
transpression movements include two components: strike-slip and thickening (con- 
traction, shortening) of thecrust (see: D. J. Sanderson, D. Marchini, 1984). The models 
of dividing the transpression movements for synchronous compressional overthrusts 
and dextral or sinistral strike-slip displacements, were presented last time in literature 
(see: R. E. Holdsworth, R. A. Strachan, 1991; P. R. Cobbold et al., 1991). 

The local change of shearing sense has occurred in northernmost part of the 
~ n i e i n i k  metamorphic complex, probably during the next Dg deformation increment 
(Figs. 15,16C). In conditions of dominated in other area of the ~nieznik metamorphic 
complex the dextral strike-slip shear and the ductile overthrusting toward the north, 
the sense of shear has changed for sinistral strike-slip one and parts of rock packages 
have been later overthrusted southward or to SW in the most northern part of the 
metamorphic complex. Probably also during this stage the syn-kinematic granitoid 
intrusions have origined, for instance: Jawornik (S. Cwojdzinski, 1977), Bialskie Mts. 
and Kudowa - OleSnica granitoid intrusions. The development of such intrusions 
mainly on borders of the Snieznik metamorphic complex, as well as the extensional 
tectonic structures (ductile, normal faults) could indicate the change of tectonic 
regime for the transtension conditions. It is confirmed - to some extent - by new 
radiometric studies of rocks from ~nieznik metamorphic complex, which documented 
their rapid cooling, connected with its extremely quick uplifting into the subsurface 
zones during the Lower Carboniferous (M. G. Steltenpohl et al., 1991). The ~nieznik 
metamorphiccomplex have thicked tectonically up to the Middle Visean in conditions 
of dextral transpression but later - in the Upper Visean (the Sudetic Phase?) it was 
rapidly uplifted in upper parts of the Earth crust. 

The regional change of structural directions in northern part of the ~nie2nik 
metamorphic complex (the Lqdek virgation) resulted probably due ro the emplace- 
ment -in ductile conditions - of dismembered elements of the oceanic crusts or arc 
islands. These fragments were displaced toward the south and SW in the strike- 
-slip/overthrust style. The incoming from the north the large elements of tectonically 
fragmented ophiolites which belongs of the Sudetian terrane (Z. Cymerman, 1991b) 
have influenced decisively on the regional and local distribution of stress fields in 
northernmost part of the ~n ie in ik  metamorphic complex. 

CONCLUSIONS 

The structural studies and first kinematic analysis of the ~ n i e i n i k  metamorphic 
complex document the dominance of simple (rotational) shear mechanisms in the 
plastic-crystalline conditions, but with changing stage of dynamic recovery and dy- 
namic recrystallization during the Variscan tecto-metamorphic evolution of this 
complex. The mylonitic structures have developed in all its rocks. During the Variscan 
dextral transpression the rock packages, accretioning generally northward, have 
caused significant thickenning of rock series of the ~nieinik metamorphic complex. The 
ductile, dextral displacements of these packages and their northward overthrusting 
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have resulted from the dextral transpression, being characteristic feature of the 
north-eastern part of the Bohemian Massif (see: P. Rajlich, 1990; Z. Cymerman, 
1991~). The dextral transpression, lasting up to the Middle Visean, has led to the 
approaching of the ~ n i e i n i k  metamorphic complex to the large bodies tectonically 
fragmented and dismembered packages of ophiolitic and/or arc island sequences, 
building the fragment of the southern part of the Sudetian terrane (Z. Cymerman, 
1991b). The oblique vergency and collision of these two terranes (Sudetian and 
Moldanubian ones-see: P. Matte, 1991; 2. Cymerman, 1991b) was probably the basic 
reason of the direction change of the ductile shear sense in the northern part of the 
~ n i e i n i k  metamorphic complex. According to such interpretation the Trzebieszowice 
amphibolites together with mylonites of the Zloty Stok - Skrzynka zones and the 
Haniak Gneisses are not included into the ~nieznik  metamorphic complex (sensu 
stuicto) but they belong to  so called the Sudetian terrane. In the Upper Visean time 
the ~nieznik  metamorphic complex was rapidly uplifted in conditions of dextral 
transtension with syn-kinematic emplacement of late-tectonic granitoids on its exter- 
nal zones. 

Translated by Grzegorz Czapowski 
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S t r e s z c z e n i e  

Nowe badania strukturalne i pierwsza analiza kinematyczna calego obszaru metamorfiku Snieznika 
( s m  lato) - na obszane polskiej czec i  tej jednostki - wskazujq na dominujqcy mechanizm Scinania 
prostego (deformacji rotacyjnej). Procesy Scinania odbywaly siq w warunkach plastyczno-krystalicznych 
(tzw. Scinanie podatne), ze zmieniajqcym siq jednak stopniem dynamicznego cdzyskania i dynamicznej 
rekrystalizacji. Procesy podatnego Scinania odbywaly siq podczas caiej waryscyjskiej ewolucji, najinten- 
sywniej jednak w okresie karbonu dolnego. Struktury mylonityczne, zwiqzane z procesami podatnego 
Scinania, rozwin* siq zar6wno wSr6d serii gnejsowych, jak i wSr6d skat serii strofiskiej. 

Podczas waryscyjskiej prawoskrqtnej transpresji, udokumentowanej przez struktury asymetryczne, m. 
in. a typ porfirokIast6w i skoSnoSC wiqiby, przyrastajqce w kierunku P o c n y m ,  pakiety skalne by@ 
pnyczynq znacznego tektonicznego pogrubienia serii skalnych metamorfiku Snieznika. Prawoskrqtne, po- 
datneprzemieszczenia pakiet6wskaInychi nasuwanie ku p6inocyi NWorazNE jest cechq charakterystycznq 
calej p6inocno-wschodniej czec i  Masywu Czeskiego, m. in. metamorfiku strzeliriskiego i metamorfiku 
kamieniecko-niemczahkiego. 

Prawoskrqtna transpresja, trwajqca na obszane metamorfiku ~nie in ika  najprawdopodobniej az d o  
Srodkowego wizenu, doprowadzih do kolizji (prawie prostopadiej) tego metamorfiku z potudniowym 
fragmentem terranu sudeckiego (2.  Cymerman, 1991b). SkoSna konwergencja i kolizja terranu sudeckiego 
(rozcztonkowane tektonicznie fragmenty sekwencji ofiolitowej) z terranem moldanubskim (metamorfik 
Snieznika) by#? najprawdopodobniej zasadniczq przyczynq zmiany zwrotu Scinania w p6inocnej czqSci 
metamorfiku Snieinika. Przy poprawnoSci takiej interpretacji amfibolity,okolic Tnebieszowic razem z 
r6znorodnymi mylonitami strefy Skrzynki nie nalezq jui  d o  metamorfiku Snieinika ( s m  sm'cto), ale d o  
terranu sudeckiego. P o  okresie tektonicznego pogrubienia metamorfiku Snieznika doszio nastqpnie d o  
gwaitownegowynoszenia tej jednostki na pograniczu karbonu d o l n ~ g o  i g6rnego wwarunkach prawoskrqnej 
transtensji. W tym samym czasie na obnezach metamorfiku Snieinika intrudowaly p6lnotektoniczne 
granitoidy. 




