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Abstract

Brief petrographical characteristic of rocks he-
longing to the Stronie formation and the Nove Mesto
formation as well as gneisses of the Snieznik type is
given. Three major stages and within them six
deformational phases (F1—Fi) were recorded in these
rocks. The two oldest phases (F1 and F2) stimulated

and were followed by metamorphic events (M1and Jf2)
taking place at the time of kinematic calm. and F2
folds are tight and roughly co-axial. They have NW —SE
or NE —SW trending (because of subsequent rotations),
generally northwesterly or westerly dipping axial pla-
nes. and plunge at different angles to NW or at very
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small angles to NE. Folds of these both sets were
accomplished at first by flexure mechanism and later
on by superimposed shearing. The shear gliding in
F2 + M2 phase was parallel to the planes of axial
foliation referred to as S2 and perpendicular to F2
axial directions. This shearing exerted considerable
influence on the mode of transformations of rock fabric
involved as well as arrangement of rock-forming mi-
nerals. + Mx and F2+ M2 phase gave rise to
independent mineral indexes and sets of fabric characte-
ristic of each of the phases. Features of these two sets
of fabric were recognized well and studied in the hinge
regions of F2folds occuring in every lithological variety.
Original sedimentary rocks (perhaps of Proterozoic
age) were regionally metamorphosed and metamorphi-

cally differentiated under conditions of greenschist
facies (M1 phase) and next under those of amphibolite
facies (M2 phase). The main folds of the investigated
region were developed during F2 + M2phase, probably
at the Caledonian-Variscan turn. They display tight or
isoclinal geometry. The fourth deformational move-
ments referred to as Ft resulted in diagonal (transversal
refolding of the earlier structures on the southwesterly
dipping axial planes (&%) and about westerly plunging
axes. Fi folds were accomplished by flexure mechanism
and are characterized by persistently northern asym-
metry. Brittle structures started to develop in the F4
phase. Fand Fefolds are responsible for the reorienta-
tions of structural elements of the main folds (F2).

INTRODUCTION

Polish part of the Orlickie Mts. is con-
sidered as small northwestern fragment of
a large geological structure known as the Ktodz-
ko —Orlica dome (Pauk 1953), or determined
as the Kiodzko dome or the Snieznik dome
(H. Teisseyre 1973). Geographically this struc-
ture includes the mountain massifs bordering
the Kilodzko Valley. There are the Orlickie
Mts. and the Bystrzyckie Mts. on the western
side of the Valley and the Snieznik Mountain
Group, the Bialskie Mts., the Ziote Mts. and
the Krowiarki Range on the eastern side (fig. 1).

To the principal rock formation of the
Ktodzko—Orlica dome belong: the Stronie
formation, the Snieznik —Gierattéw formation
(H. Teisseyre 1973), the Nove Mesto formation
as well as the so-called Star6 Mosto schist
belt and the Zabreh series (fig. 1).

Brief review of the history of geological
investigations in the region will be given below.

The Stronie formation is built of meta-
-sedimentary rocks and partly of metamor-
phosed volcanic rocks. The most common
rock varieties of the discussed formation are
as follows: mica schists, two-mica paragneisses,
quartzites, marbles and erlans, amphibolites
and amphibole schists (Smulikowski 1973).

The Gieraltéw gneisses are fine even-grai-
ned rocks, usually laminated. They consist
of quartz, plagioclases occuring in two gene-
rations (older —oligoclase, younger —albite), mi-
crocline, two micas, and garnets. These rocks
often display features of migmatic gneisses
and granites (Smulikowski 1973).

The Snieznik gneisses do not differ from
the Gierattéw ones in their mineral composi-
tion. They are characterizded by coarse-grai-

ned structure and very uneven grain dimensions.
Microcline augen and lensoid structure are
typical for the Snieznik gneisses. Both types
of the gneisses are intricately joined with each
other, and are together determined as the
Snieznik—Gierattéw formation (H. Teisseyre
1973).

Both of the above mentioned formations
make the core of the Ktodzko—Orlica dome.
This core is mantled by: the Stare Mesto schist
belt, the Zabreh series, and the Nove Mesto
formation (fig. 1).

The so-called schist belt of Stare Mesto
occurs between the core rocks and the Branne
series. The following rocks can be distingui-
shed in this belt: gneisses and paragneisses,
garnet schists, so-called motley series (meta-
morphosed basic rocks, metamorphosed cherts,
limestones, quartz phyllites, graphitic phyl-
lites), amphibolites, and tonalite intrusions
(Svoboda, Chaloupsky 1961). Those rocks pass
continuously southwards and westwards into
rocks of the Zabreh series which is composed
of mica schists, paragneisses, and amphibolites.

The Zabreh series passes continuously into
the Nove M7 sto formation (Svoboda, Chaloups-
ky- 1961). This formation is built of sericite
phyllites, greenschists, and quartzites. The
rocks in question are cut by igneous rocks
of the Variscan cycle — mainly tonalites.

The Kilodzko —Orlica dome is bordered
in the east by the Branne series, in the south
and west by Cretaceous rocks of the North
Bohemian basin, and in the north by the Upper
Cretaceous rocks of the Stotowe Mts. and the
Ktodzko metamorphic unit (fig. 1). The discussed
dome was formed probably during Laramide



rig. i
Tectonic sketch-map of the Kiodzko-Orlica dome (according to F. Pauk 1953, Geological Map of CSSK an scale
1: 500 000, and Geological Map of CSSK on scale 1 : 200 000 — sheet Nachod)

1—Stronie formation; 2—Snieznik —Gierattéw formation; 3—Nov6 Moésto formation; 4—zZabfeh series (formation); 5—Stare MSsto schists
belt; 6 —Brann¢ series and Velke Vbmo series:7—plutonie rocks of the Yariscan cycle; 8—Ktodzko metamorphic unit; 9—Bardo struc-
ture; 10 —Permo-Mesozoic rocks; 11 —state frontier; 12 —boundaries of the investigated area

Szkic tektoniczny koputy kiodzko —orfickiej (wg Pauka 1953 — mapy geologicznej OSSB w skali 1:500 000
oraz geologicznej mapy CSSE w skali 1:200 000 — arkusz Nachod)

1—formacja stronska; 2—formacja $nieznicko-gierattowaka; 3 —formacja Novoho MSsta;4 —seria (formacja) zabrzeska; 5—pasmo tupko-
we Starého MSsta; 6 —seria Brannd i seria Yelkého Yrbna; 7—skaty plutoniczne cyklu waryscyjskiego; 8 —metamorfik ktodzki; 9 —struk-
tura bardzka; 10—skaty pietra permo-mezozoicznego; 1l—granica panstwa; 12—granice badanego obszaru

According to German geologists (e.g. Finckh
1931) the Gierattéw gneisses were older than
the Stronie series (formation) which was depo-
sited over the former. During Caledonian epoch

movements (during Caledonian orogeny accor-
ding to Pauk 1953).

The geologists cannot agree as to the age
of rook formations making the Kilodzko —

Orlica dome as well as to their mutual tectonic
positions.

Vagnerow (1943) ascribed the Stronie series
(formation) partly to the Algonkian and partly
to the Cambrain.

granitic magma was intruded between the “Stro-
nie schists” and their gneissic basement. The
magma was later transformed into the Sniez-
nik gneisses.

Fischer (1936) distinguished two series wit-



hin the complex of the “Stronie schists”. The
older series (Archean) called the Mlynowiec
series was transformed into the Gierattow
gneisses owing to the intrusion of granitic
magma. Both the Mlynowiec series and the
G-ierattéw gneisses were subsequently covered
with the younger series called later on the Stro-
nie series.

Smulikowski (1957, 1958, 1960) and H. Teis-
seyre (1957) found no reasons to distinguish
separately the Mlynowiec series and the Stronie
series. Moreover, both these investigators arri-
ved at the conclusion that the Stronie formation
and the Snieznik —Gierattéw formation are
closely joined. Those formations were derived
from the same parent assemblage transformed
in different manner and degree by metamor-
phism and metasomatic felspathization. Thus,
both types of the gneisses were regarded by
them to be of the same age.

Don (1964) stated that the Gierattéw gneisses
are the youngest element of the Snieznik meta-
morphic unit. The supracrustal Stronie forma-
tion was invaded by the young-Precambrian
granitic magma which in turn was transformed
subsequently into the Snieznik gneisses. During
Caledonian movements “the Gierattdw gneisses
were attached to them from beneath causing
the transformations of the overlying rocks”.
Front of migmatization moved from beneath,
from younger to older rocks which according
to Don’s interpretation occured at the top
of the vertical sequence. This concept was
later supported by certain structural obser-
vations (Don 1972a).

Ansilewski (1966) investigated metamor-
phic rocks of the Bialskie Mts. He ascertained
that during the progressive metamorphism
mainly owing to an increase of temperature,
acid plagioclases were growing prior to more
basic ones. This statement collides with Smuli-
kowski’s observations which were carried out
in other parts of the Ladek—Snieznik meta-
morphic unit. Ansilewski claimed that “the
development of the metamorphic rocks of
the Bialskie Mts. took place without any signi-
ficant influence of deep, alkali-bearing emana-
tions”. Various types of the gneisses occuring
in this region resulted from “the diversified
parent sediments and the metamorphic dif-
ferentiation processes”. Ansilewski assumed
that the Gierattéw and Snieznik gneisses were
derived from arkoses and two-felspar gray-

wackes. Plagioclase paragneisses were trans-
formed from plagioclase graywackes.

It is noteworthy that Juroszek (1974) found
three generations of plagioclases in crystalline
rocks of- the Bystrzyca Mts. The oldest gene-
ration is represented in mica schists by albite
developed during the regional metamorphism
of parent sedimentary rocks. Two remaining
generations are distinctly connected with the
metasomatic processes. Microcline blastesis
is widespread only in gneisses. Microcline is
practically absent from mica schists. Two
generations of biotite were distinguished by
Juroszek. Flakes of the older generation are
characterized by dark-green pleochroism, they
are arranged parallel to foliation planes, and
were developed during the regional metamor-
phism contemporaneously with the oldest al-
bite. The second generation of biotite charac-
terized by brown pleochroism is considered
as the post-deformational one and connected
with metasomatic processes.

The Zabreh series was assigned by Kretsch-
mer (1903) to the Devonian. However, Petras-
check (1910) claimed its correspondence to the
Hove Mesto formation included by him to the
Cambrian.

Kettner (1922) stated that the Zabreh
series belongs to the Algonkian alike the Stronie
series (formation).

Kodym, Svoboda (1948) supposed that
the Hove Mesto phyllitic formation is a strati-
graphic counterpart of the Karkonosze phyllitic
formation. According to them the Hove Mesto
phyllites correspond also to phyllites of the
Ktodzko metamorphic unit.

Phyllites and greenschists occuring in the
last region were recognized by Bederke (1923)
to have formed its younger, northern part.
The older, southern zone was built, according
to him, mainly of amphibolites. Wojciechow-
ska (1966), however, distinguished in the Ktodz-
ko metamorphic region three members of
different age, namely: 1) the oldest one com-
posed of gneisses, 2) the middle one built of
phyllites and 3) the youngest member repre-
sented by the Scinawka metamorphic grani-
toids as well as by granitized rocks of the two
lower members.

Becently, however, there have been no
sufficient reasons to parallelize the phyllites
of the Kilodzko metamorphic unit with the
phyllites of the Hove Mesto formation.



Bock formation making the Kilodzko —
Orlica dome are divided into two areas by
the Kysa graben filled up with Upper Creta-
ceous deposits. Thus, two limbs of the dome
can be distinctly seen. These limbs converge
gradually southwards to join each other
to the south of Kraliky in Czechoslovakia.

It was Pauk (1953) who assumed that
the rock series occuring on the both sides
of the Kysa graben are of the same age and
tectonic structure. This enabled him to distin-
guish the Ktodzko—Orlica dome. Striking si-
milarities between rocks of the Orlickie Mts.
and Bystrzyckie Mts. on the one hand and
the rocks of the Ladek—Snieznik metamor-
phic unit on the other hand have been pointed
many times (H. Teisseyre 1973). Czech geo-
logists for a long time extended the usage
of names attributed to metamorphic rocks
of the eastern limb of the discussed dome
to the respective series in the western limb.
Therefore, in both these areas the terms: the
Stronie formation (series), the Gierattéw gneis-
ses or the Snieznik gneisses are commonly
employed.

Sawicki (1958) stated that the metamor-
phic rocks of the Bystrzyckie Mts. and those
of the Ladek—Snieznik region are joined by
the Boboszéw —Potoczek tectonic unit con-
sidered as the common one for these two re-
gions.

Similar opinion was expressed by Oberc
(1960, 1972) who found that metamorphic
rocks occuring on the both sides of the
graben represent the same “old-crystalline
(Precambrian) series of the Sudetes”.

All the data given in this paper concern
those rock formations of the Ktodzko—Orlica
dome, which are outcropped in the Polish
part of the Orlickie Mts. It seems to me that
they may be a certain contribution to the
controversial opinions quoted above.

The detailed tectonic investigations, based
on mesostructural studies, have been carried
out for more than ten years in the Polish part
of the Kitodzko—Orlica dome. The investiga-
tions, initiated in the quek—énieznik meta-
morphic unit by H. Teisseyre, provided a num-
ber of interesting results. They allowed, among
others, to establish a segence of fold deformations
recognized in this region.

rocks of the Snieznik Mountain Group. Iso-
clinal folds (FX) displaying eastern asymmetry
form the oldest set preserved, however, only
in relics. Axial planes to these folds are paral-
lel to the main foliation referred to as 8 X Usual-
ly open folds displaying also eastern asymmetry
constitute the second set (F2). Axial planes
(82 to F2 folds are parallel either to strain-
slip cleavage or to fracture cleavage. The S2
planes are only exceptionally distinct. FXx
and F 2folds are coaxial, trending K —S, M W —
—SSE, or KKE —SSW. Therefore, it is difficult
to distinguish Lx lineations from L2 ones.
The L 2lineation is virtually marked as rodding.
The third set (F3 includes small folds tren-
ding KE —SW and displaying SE asymmetry.
Their axial planes are parallel to weakly de-
veloped both strain-slip and fracture cleavages.
The fourth set (Ft) is generally well developed
in rocks of the Stronie formation. It is repre-
sented mostly by kink folds displaying KE
asymmetry and trending FW —SE. S4 axial
cleavage is weakly developed. F3 and F4 fold
sets are accompanied by lineation {L3 and
L4) marked as: crenulation of the main fol-
iaton surfaces, quartz rods as well as 8X83
and 82X 8X intersection lineation. The fifth
set (U9 is represented by kink bands, angular
folds or joint drags trending E —W, or in ap-
proximate directions. According to H. Teisseyre
(1973) the F xfolds were due to shearing. Grani-
tization of the supracrustal series (the Stronie
formation) started after their development.
F x folds were involved in Fz ones. The latter
are usually open with vertical or steeply
dipping axial planes. Folds of megascopic
dimensions observed in the discussed region
were formed during Fz deformation. H. Teis-
seyre (1973) claimed that the five fold sets
are Caledono-Variscan in age. .

Four successive deformational phases were
distinguished in rocks of the Stronie formation
occuring in the Oldrzychowice region (Wojcie-
chowska 1972). The oldest folds (FX were
developed in the result of shearing. F x axes
plunge steeply to SE. Distinct metamorphic
crystallization took place along their axial
planes referred to as S2 The Fx folds were
coaxially deformed by F2 folds which were
also developed due to shearing under conditions
of considerable plasticization of the rock series

H. Teisseyre (1973) distinguished five geinvolved. F2 folds plunge also to SE. Fx and

nerations of mesostructures in metamorphic

F 2 folds were also involved in F3 concentric



Geological sketch-map of the Lewin —Gotaczéw region (western part of the investigated region)

1—Creataceous; 2—Rotliegends; 3—gabbro; 4—microgranite; 5—granitoids of the Kudowa —Olesnice massif; 6 —amphibole phyllites;

7—twomica phyllites with graphitic admixture; 8 —serieite (-quartz) phyllites; 9—amphibolites, amphibole schists; 10 —porphyroids; 11 —

quartz-phengite schists; 12 —crystalline limestones; 13 —mica schists with graphite; 14—mica sohists; 15 —microcline gneisses; 16—tec-
tonic breccias, mylonites; 17—ithological boundaries; IS—faults: solid lines-recognized, dashed lines—inferred

Szkic geologiczny strefy Lewin —Gotaczéw (zachodnia czes$¢ polskiego fragmentu Gor Orlickich)

1—kreda; 2—czerwony spagowiec; 3—gabro; 4-mmikrogranit; 5—granitoidy masywu Kudowy —OleSnic; 6—fyllity anfibolowe; 7—fyl-

lity dwulyszozykowe z przymieszka grafitu; 8—fyllity kwarcowo-serycytowe; 9—amfibolity, tupki amfibolowe; 10 —porfiroidy; 11—tupki

fengitowe, lupki kwareowo-fengitowe; 12—wapienie krystaliczne; 13—upki tyszczykowe z przymieszka grafitu; 14 —upki tyszczkowe;

15—gnejsy mikroklinowe; 16 —brokeje tektoniczne; 17—granice wydzielen litologicznych; 18—uskoki: linie ciggte—pewne; linie prze-
rywane —przypuszczalne



Fig. 3
Geological sketch-map of the Duszniki —Zieleniec region (eastern part of the investigated area). Legend as in
figure 2

Szkic geologiczny strefy Duszniki —Zieleniec (wschodnia cze$¢ badanego obszaru). Objasnienia jak na figurze 2



folds while the deformed material got slightly
more rigid. Fs axes plunge 60/20. The fact
resulted from changes of the stress field orien-
tation. F4 folds are represented by kink band
structures. After their development the discussed
rock series were subject only to the boudinage
processes.

An interesting fold structure was described
in the R6zane Mts. by Don (1972b). Fsisoclinal
megafold was coaxially refolded by similar
F 2 fold. Thus, axial planes to both these folds
were brought into parallelism and the planes
are in agreement with the main foliation of
the region. F2 fold axis is paralleled by L2
lineation expressed as rodding. Moreover, a num-
ber of F: drag folds has been recognized. The
F. axes plunge steeply to 17 or RE. The FL
and F2 axes are considered to be steepened
during transversal refolding referred to as
F3 The F3 axes are horizontal or plunge at
the angles of 0—20 degrees either to N ff or
to SE. According to Don (1972b) the deformed
rock material in the Krowiarki Range attained
high plasticity during Fs folding. He supposed
that the very phase was accompanied by de-
velopment of migmatic gneisses of the Gieraftow
type. The view is supported by the presence
of relics of country rocks within the Gierattéw
gneisses.

So far few data have been published on
mesostructural studies in the western limb
of the Ktodzko—Orlica dome. Two sets of
linear structures were observed by Dumicz
(1964). The elder is striking approximately
meridionally with plunges either to the south
or to the north. It is represented by linear
arrangement or elongation of mineral grains,
drag folds, and small flexures. The second
set recognized by Dumicz as the younger
one, is scarce in evidence. It has been determined
as the “northwestern set”. Structures of the
second set are recorded only in schists rocks
occuring in the northern part of the Bystrzy-
ckie Mts. The structures are developed as
goufrage and more rarely as elongation of
mineral grains. Linear structures of the second
set plunge to KW at the angles of 5—20 de-
grees. Beside these two Dumicz recognized
also the third set. It is rather rare and appears
only as “small flexures trending W —E”.
The flexures are consistently characterized
by southern asymmetry. According to Dumicz
the meridional set (the oldest one) agrees ge-
nerally with a trend of the higher order geolo-

gical units of othe Bystrzyckie Mts. The main
fold structures occuring in the discussed region
are believed to have been Precambrian in
age.

Granitegneisses of the Bystrzyckie Mts.
have been parallelized by Dumicz (1964) with
the Snieznik gneisses. According to him, the
granitegneisses always display gradual transi-
tions to the mica schists. However, Juroszek
(1974) observed frequently tectonic nature of
such contacts.

Evolutional development of the metamor-
phic rocks of the Bystrzyckie Mts. can be di-
vided into ten stages, starting from the Precams
brian and ending after the Upper Cretaceou-
(Dumicz 1964). It is noteworthy that according
to Pauk (1953) the Klodzko—Orlica domd
is built of two Caledonian nappe units movee
eastwards. These are: the Kiapacz nappe struc-
ture recognized as the lower one and the Or-
lica nappe structure considered as the higher.
Unfortunately this interesting concept has
not been satisfactorily proved.

My investigations have been limited only
to the Polish part of the Orlickie Mts., dealing
with very small fragment of the Kilodzko —
Orlica dome' (fig. 1). The fragment is bordered
in the south by the state frontier and on other
sides by Upper Cretaceous rocks forming the
Kudowa depression and the Stolowe Mts.
(figs. 2; 3). There are Bobrowniki, Duszniki,
Zieleniec, Taszéw, Lewin, Gotaczéw, and Dan-
cz6éw in the investigated area. So far only few
papers were devoted to metamorphic rocks of
this region. Most of the investigators were
concerned with rocks of the sedimentary cover
overlying the metamorphic rocks. The cover
consists of Rotliegendes rocks and most of
all of Upper Cretaceous rocks which covered
the older formations with numerous fragments
strongly diversified as to their dimensions.

The Polish part of the Orlickie Mts. still
lacks geological map on the scale greater than
1:200 000. Presently, there is only the sheet
of Jeleniéw done by Gierwieleniec (1958) on
the scale 1 :25 000. However, this sheet has
covered only a small fragment of the metamor-
phic rocks area.

The first remarks on metamorphic rocks
occuring in the discussed region can be found
in Petrascheck (1910, 1944). They were rat-
her general. The papers by Gierwielaniec (1957,
1965) have provided more information, though
an extensive study of metamorphic rocks



was not the aim of the author who investigated
mostly granitoids of the Kudowa —Oles$nice
massifl and rocks of the Upper Cretaceous
formation. The granitoid rocks were examined
in details by Borkowska (1959,1969).

Other papers published after War 11 dealt
only very generally with the problems of the
metamorphic rocks occuring in the Polish
part of the Orlickie Mts., no matter whether
they were petrographic works (Smulikowski
1952), tectonic works (Pauk 1953), or regional
synthesis (H. Teisseyre et al. 1957; Oberc
1957).

In this situation my study may be regarded
as the first attempt to discuss — at least ap-
proximately — the majority of problems con-
nected with the metamorphic rocks of the Poli-
sh part of the Orlickie Mts.

The study which follows is, for the most
part, a detailed description of the lithological
units in micro- and mesoscopic dimensions
in respect to the fold structures as well as
to metamorphic transformations of the rock
fabric. At first various lithological varieties
will be discussed. Six deformational episodes
have been revealed in the course of structural

studies. In this paper, however, an influence
of only first four phases will be featured. Small
structural elements and evolution of metamor-
phic rock fabric dependent upon lithology,
geometrical properties of folds of every sets
as well as their mutual relations will be also
characterized. The main point of this paper is
to discuss the features of the tectonic structures
and metamorphic fabric developed in the
successive phases of the evolution of the region
in question.

The field data on which this paper was
based were collected in the years 1970—1972
under the scientific guidance of Prof. Dr Hen-
ryk Teisseyre. The studies were financially
supported by the Geological Institute of the
Polish Academy of Sciences. | would like to
express my deep gratitude to Professor Teisseyre
for his tutelage as well as for introducing me
to the problems and research methods of the
metamorphic regions of the Sudetes. | also
wish to thank Doc. Dr Jerzy Don, Mgr Tadeusz
Morawski, Doc. Dr Jan Burchart and Dr Michat
Mierzejewski for reading the typescript and
critical discussion allowing me to improve
the text.

LITHOLOGY

The rock assemblages forming the metamor-
phic complex of the Polish part of the Orlickie
Mts. are lithologically not too much diversified
(figs. 2; 3). The most common rock domain
is represented by mica schists occuring east
of the Lewin graben filled up with Botliegendes
deposits. The schists are accompanied by len-
ses of crystalline limestones especially abun-
dant in the Zieleniec—Duszniki. region as
well as by small bodies of porphyroids.

Amphibolites and amphibole schists occur
in a narrow zone starting nearby the villages
of Danczow and Gotaczéw and extending to
the Czech side where most of these rocks are
outcropped.

All the above mentioned rocks belong to
the Stronie formation. The Kudowa—Olesnice
granitoid massif separates this formation from
the Nove M&to formation. The last formation
in Polish territory, is represented by sericite

1 The name used by Czech geologists. In the Polish
literature the term “the Kudowa massif’ has been
employed.

and amphibole phyllites accompanied south
of Lewin by small gabbroic bodies.

Microcline gneisses of the Snieznik type
occur only in the area situated immediately
to the east and south of Duszniki, namely in
the Strgzyska Valley and the Bobrowniki region.
They are considered as subordinate lithological
element of the Polish part of the Orlickie Mts.

The principal petrographic features of the
above listed rock varieties will be presented
below.

THE STRONIE FORMATION
MICA SCHISTS

Mica schists of the Stronie formation,
in the Orlickie Mts., are composed of minerals
of a wide paragenesis including quartz, acid
plagioclase, phengite, biotite, calcite, epidote,
chlorite, tourmaline, apatite and garnet. Ne-
vertheless, these rocks are lithologically fairly
monotonous and there are only several not
too distinct varieties. Most likely the varie-



ties resulted from lithological differences exis-
ting in the parent sediment. This can be
expresed as variable content of the main mi-
nerals. Hence, there are layers richer either
in quartz or chlorite and biotite, or in plagio-
clase. Sometimes, fairly thin layers are met,
which consist only of for instance: albite +
biotite, or albite + biotite + phengite, or al-
bite + biotite + epidote, or albite + two mi-
cas + quartz + epidote, etc.

Because of strong fold defromations ac-
complished during the activity of metamorphic
factors one can define the essential features
of rock fabrics which were attained and sub-
sequently alternated in the course of successive
phases of development of rocks of the discussed
region. It is also possible to establish a sense
and degree of mineral transformations during
the consecutive phases of the regional meta-
morphism. Thus, certain typical interrelations
between main minerals can be ascertained,
characteristic of each of the phases.

Plagioclase appears to be an especially
characteristic and interesting mineral of the
schists. Some plagioclase blasts include dark
internal trails, hard to be recognized mineralo-
gically under the microscope. These are most
probably graphitic dust, opaque oxides and
tiny mica flakes. The inclusions resulted partly
from internal impurities of the primary felspar
grains not involved into a crystal lattice of
the albite blasts and developed at the expense
of the former during the first phase of meta-
morphism. Undoubtedly, however, such in-
clusions originated mostly in other fashions.
The second kind of inclusions encountered
within the discussed plagioclases is formed
by tiny quartz grains. Generally they are
of a drop-like appearance, often rounded,
and only occasionally irregular. Sometimes
the quartz inclusions are wedge-shaped, and
in such a case the direction of their alingment
is parallel with the orientation of the dusty
trails. Moreover, the internal trails follow the
same direction which is expressed by the phen-
gite of the surrounding schists and by relics
of sedimentary banding. So, it can be inferred
that the albite grains in the mica schists were
growing under the static conditions.

Albite coming from the quartz-poor varie-
ties never contains quartz inclusions or they
are very rare. It is noteworthy that the discus-
sed plagioclases irrespectively of their surroun-
dings contain no mica inclusions. | was success-

ful with findings of such inclusions only in 3
from over 1200 investigated blasts.

External edges of those albite grains are
always very sharp and therefore they stron-
gly contrast with a rock groundmass.

The above described plagioclases, so distin-
ctly different from other felspars have been
recognized to form an independent group within
the felspars of mica schists. In order to avoid
the term generation, bearing certain temporal
implications | have determined the albites
as the plagioclases of the first kind (group).

The features displayed by the second group
of plagiocalses are fairly different from those
of the first group. These plagioclases over-
grew other, most likely older minerals. In-
ternal inclusions within the plagioclases are
represented mainly by phengite scales ar-
ranged parallel to foliation planes. In numerous
instances blasts of the second group plagio-
clases include also fragments of directional
fabric of the mica schists. Then streaks con-
sisted of phengite and quartz are overgrown
by plagioclases, and the streaks are usually
parallel to foliation. Such inclusions can be
abundant being, as a rule, concentrated at
marginal parts of plagioclase blasts. Therefore,
outlines of the blasts become obliterated and
often hard to be precisely detected. The discussed
plagioclase grains give an impression that
they possess a great deal of intergrowths with
the surrounding minerals. It is interesting
that a content of the An particle is variable
within the plagioclases of the discussed group.
Some part of these plagioclases possess only
several per cent of An. Bemaining part of
the plagioclase blasts are characterized by
the An content ranging about 20 %. Plagio-
clases corresponding with their composition
to acid oligoclase are, as a rule, lacking. The
fact may suggest the presence of the so-called
peristheritic plagioclases characteristic of the
low metamorphic mineral assemblages (Barth
1969). It is interesting that blasts of the second
group of plagioclases are usually smaller than
those of the first group (albite). The above
described plagioclases are considered as
the second kind of plagioclases occuring in
the mica schists of the Stronie formation in
the Orlickie Mts.

There are only blasts of the third kind
plagioclases that contain as internal inclusions
scales of biotite arranged parallel to foliation
planes. Fragments of microfolded fabric have



been overgrown by these blasts. Hence, an
orientation of the inclusions, excepting bio-
tite ones, are rarely in agreement with folia-
tion. The blasts are irregularly and undistinctly
outlined. Plagioclases of the discussed group
are characterized by the An content lower
than 10 % (albite). The third kind of plagio-
clases has been distinguished on the basis
of the presence of biotite inclusions as well
as on the basis of their characteristic structu-
ral position —they occur commonly in the hinge
zones of microfolds referred to as Ha-

It is noteworthy that the An content in-
creases usually in those plagioclases of the
first kind, which are coming from calcare-
ous phyllites or mica schists neighbouring
to crystalline limestones. The same is true
about epidote-rich varieties of the mica schists.
It seems to be obvious that primary content
of Ca in the parent sediment had to control
the composition of plagioclases during the
metamorphic convertions.

Epidote appears to be the progressive
mineral of the first metamorphic phase. Its
presence in the schists depended only on the
concentration in the sediment of Ca, Mn, Fe
and Al ions. Epidote minerals are associated
only with the rocks containing biotite, chlo-
rite or carbonate. They are lacking in the
quartz-phengite varieties.

Also tourmaline appears to be the progres-
sive metamorphic mineral. Boron concentration
in the marine clay deposits is sufficient for
its inception (Polanski 1969). Hence, it is
quite understandable that the greatest amount
of tourmaline is encountered within the mi-
caceous laminae. This is Very common and
stable accessorie mineral.

It should be stressed that both epidote
and tourmaline can be met occasionally as
internal inclusions within the albite grains
of the first kind. Therefore, it is suggested
that they slightly preceded the growth of
the plagioclase itself and they did not originate
from any secondary processes.

White mica has always very small
axis angle, and according to Winchell's clas-

optic

sification (Winchell, Winchell 1951) it can
be defined as ferromuscovite. In this paper
it is called more briefly — phengite. Flakes

of the mineral are arranged along two dire-
ctions representing two independent foliation
surfaces. This suggests two generations of phen-
gite.

Sometimes scarce phengite scales occur
in the neighbourhood of the third kind plagio-
clases. They are intergrown with these plagio-
clases, but no relation to the directional fa-
bric has been detected. May be such a phen-
gite is of secondary origin developed as a by-
product of the plagioclase convertions. In
the mica schists in the immediate vicinity
of granitoids of the Kudowa —OleSnice mas-
sif occasional scales of similar phengite also
occur, but no connection with any kind of
plagioclases has been found there.

Chlorite, mainly clinochlorite, crystallized
most frequently together with white mica.
This is suggested by parallel arrangement
of chlorite and phengite flakes. Some part
of chlorite flakes may be, however, developed
contemporaneously with biotite because these
two minerals also form parallel intergrowths.
Scarce pennine was probably associated with
growth of the third kind plagioclase, and only
exceptionally appears as the vein mineral
displaying a spherulitic habit and filling up
minute fissures in mica schists.

Preliminary investigations of the schists
in question suggest that they do not display
any easy detectable sign of metasomatic af-
flux of alkali ions. Plagioclases occuring in the
mica schists may reach in some bands even
45 per cent of rock volume.

Finally, it seems to be noteworthy that
mica schists occuring south of Duszniki, in
the vicinity of Zieleniec, display in their mi-
neralogical composition the greatest amount
of the first kind albite whereas the schists
abundant in the second and the third kinds
of plagioclases outcrop in the region of Lewin,
Kulin, and Gotaczéw. Therefore, it is suggessted
that the former area was subject to somewhat
weaker metamorphic conditions during the
main metamorphic phase than the latter.
Such a view seems to be supported, among others
by the occurence of the chlorite-bearing varie-
ties of mica schists solely near Duszniki and
Zieleniec.

AMPHIBOLITE, AMPHIBOLE SCHISTS

Amphibole-bearing rocks make an interesting
but not extensively investigated group of
metamorphic rocks of the Orlickie Mts. They
are remarkably diversifield as to their atti-
tude and to some extent as to their mineral
composition. They outcrop, in Poland, only



in the environment of Lewin and Gotaczow.
The most common variety of the amphibole-
bearing rocks is composed of actinolite, quartz,
acid plagioclase, epidote, and common hornblen-
de, but the mutual quantitive relations be-
tween these minerals can be significantly varia-
ble. Hence, the amphibole-bearing rocks occur
in several varieties.

Weakly foliated massive amphibolite, met
only in few sites (e. g. rocks from the summit
of the Panski Kopiec Hill), display slightly
different mineral composition, probably owing
to its different origin. This rock consists of
pretty randomly oriented actionolite, common

hornblende, andesine, acid plagioclase, anti-
gorite, zoisite, common epidote, sphene, gar-
net, and badly preserved pyroxene relics.

The relics have been defined as augite and
presumably occasional hypersetne. These pri-
mary pyroxene underwent strong uralitiza-
tion accompanied with production of anti-
gorite. Andesine of the parent rock was al-
tered to acid plagioclase with intensive pro-
duction of epidote minerals. Such retrogressive
alternations were accomplished under the pjt
conditions, most likely determining the main
metamorphic phase, because the antigorite
fibres have been arranged along planes paral-
lel to the main foliation. Hence, it is suggested
that the primary minerals of the parent rock
were in disequilibrium under the conditions
of regional metamorphism (Zelazniewicz 1973b).
Severe transformation of the parent rock
fabric does not facilitate the determination
of the origin of those amphibolites. Insigni-
ficant field dimensions and their scarcity seem
to suggest rather sills and dikes —probably
doleritic ones— than typical volcanic flows
of the basic magma.

Igneous origin could be also assigned to
the amphibolites oceuring on the rocky slope
above the road from Lewin to Jawornica,
some 500 meters from Lasek Miejski. Kock
fabric is completely orderless. Chief constituents
are: fine-grained hornblende with deep green
pleochroism and oligoclase which are accompa-
nied by a great deal of garnets and limpid,
tiny crystals of sphene. The latter are scat-
tered and associated with leucoxene. Micro-
scopical observations have revealed that cer-
tain amount of hornblende blasts was recry-
stallized vyielding coarse-crystallic, poikiloblas-
tic amphibole [zjy =15 —16°) overprinted on
the pre-existing fabric. Therefore,- the new

amphibole blasts attained their characteristic
appearance owing to numerous inclusions of
plagioclase and quartz. Oligoclase often yielded
to alternations providing albite which occurs
always in larger and more lucid grains than
initial ologoclase. Such an albite inception
was accompanied by epidote production. Garne-
ts of this rock are strongly resorbed and pla-
gioclase blasts are rimmed with opaque mi-
nerals.

There are no direct and undoubtful data
to determine the age of those possible intru-
sions, if the above described rocks were really
derived from the igneous ones. Metamorphic
and to some extent structural phenomena
recorded by fabric of the discussed rocks allow
only to state that inception of those rocks
possibly preceded the main metamorphic phase.
The rocks cannot be clearly related to the
porphyroid rocks.

Petrascheck (1910) and Gierwielaniec (1965)
assigned the igneous origin only to certain
part of amphibolites of the Orlickie Mts. Bor-
kowska (1959) assumed, however, that all
the amphibolites were derived from magmatic
rocks but her view contradicts the opinions of
other geologists.

All the above mentioned authors’ claim
one of the variety of the amphibolites, namely
the coarse-grained amphibolite rocks oceuring
near Witow and Jawornica to have been of
an igneous origin. Petrascheck called them
“meta-gabbro”, but this statement was sup-
ported only by his single discovery of a relic
of the ophitic structure within similar rocks
but outcropping on the Czechoslovakian side.
Such rocks, however, are scarce there, accor-
dingly to the opinions by Czech geologists.

There is no doubt about the differences
existing between amphibolites from the Witéw
and Jawornica region and the amphibolites
discribed above. The coarse-grained amphiboli-
tes contain much more quartz, their preferred
orientation is far better developed, and display
constant tendency to metamorphic segregation.
This relies upon gathering of amphiboles
in their own laminae and the same is true
about plagioclase accompanied by epidote.
Kelatively extensive petrographical description
of the rocks in question can be found in Bor-
kowska (1959).

Variations in the quantitative relations
of the main minerals make it possible to obser-
ve all transitions from the actinolite-quartz



phyllites through the schists with an increa-
sing content of acid plagioclase and epidote
to the amphibolites composed of common
hornblende, oligoclase, epidote, and quartz.
In the last named amphibolites epidote, often
subautomorphic is considered, at least in
part, as the progessive metamorphic mineral
beacuse of lack of any distinct proofs of secon-
dary alternations. It is of equal rank with
plagioclase in metamorphic processes and the-
refore very rarely appears in the form of internal
inclusions within oligoclase occuring in those
amphibolites.

There are two striking features of the am-
phibole-bearing rocks. Consistently large con-
tent of quartz is the first feature. The second
one relies upon considerable tendency of plagio-
clase to be concentrated in the hinge zones
or axial plane zones of folds referred to as
F2 Within the amphibolites numerous re-
lics of folds of F1land F 2 sets occur as well
as those of fabric developed during the Fx +
+ Ifa and F2+ M2 consecutive phases. The
discussed rocks possess an excellent directio-
nal fabric and they often contain laminae
made of light minerals. The laminae are in-
volved in F1 and F2 folds. Thus, they must
have undoubtedly belonged to the pre-diastro-
phic cycle and probably represented basic
tuff derivatives.

Interesting amphibolitic rocks can be enco-
untered some 500 metres from the eastern end
of Lewin on the left stream-side. This rock is
very abundant in plagioclase grains (up to
1,5 mm) excellently visible with a naked eye.
The rock, seen both with a naked eye and
under the microscope, immediately reminds
albite-rich mica schists occuring near Duszniki
(possibly metamorphosed felspathic wacke). It
consists of common hornblende, oligoclase,
epidote, and scarce quartz. All the minerals
are only roughly directionally oriented. Pla-
giocalse grains display slightly rounded outli-
nes, and are intergrown at their margins with
amphibole-epidote matrix. Moreover, these
oligoclases contain inclusions of drop-shaped
quartz, epidote, and idiomorphic fibrous am-
phibole.

Certain peculiarity of the mineral compo-
sition of the amphibole-bearing rocks is due
to an increased content of An particles in their
plagioclases in regard to those occuring in the
surrounding mica schists. Alternations of pa-
rent rocks (presumably dolerite or related
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tuffs) which must have been rich in calcium
may be one of the reasons of that. Partly,
however, it could be due to a convertion of
marl sediment rich in calcium. Anyway, it
seems to be undoubtful that the presence of
Ca ions could control an amount of the An
particles in the metamorphic felspars. There
is no evidence that this phenomenon can be
related to and connected with granitoid rocks
of the Kudowa-Olesnice massif, though am-
phibolites occur always in the neighbourhood
of the plutonie rocks.

CRYSTALLINE LIMESTONES

Carbonate rocks of the Stronie formation
appear, in the Orlickie Mts. in two varieties.
One of them is encountered as lenticular bodies
of coarse-layered limestones, the second as
calcareous phyllites. The first variety is com-
posed mainly of calcite or dolomite rocks,
pinkish due to hematite admixture. These
rocks display fairly orderless internal struc-
ture. The microfloristic discoveries of Gunia
(1974) were done in these very rocks, in the
quarry situated in Duszniki. According to him,
they would be limestones of the reef origin,
developed in the Upper Proterozoic.

The aforesaid limestones are commonly
associated with calcite-bearing schists or sim-
ply with calcareous phyllites in which calcite
laminae alternate with those made of mica
schist material (mica + quartz + felspar). In
the extreme cases an incremental content
of calcite which steadily pushes aside mica,
quartz and plagioclases, finally yields thinly
laminated limestones light in colour, and only
occasionally of greyish hue. The fine lamina-
tion of the discussed rocks is due to the presen-
ce of either quartz-phengite or quartz-phengite-
-calcite laminae consisting of much coarser
grains than those of the surrounding carbonate
background. There is no trace of mobilization
of calcium carbonate within the phyllites.
Thus, it is inferred that the paragenesis embra-
cing calcite, quartz, felspar, and mica was
stable under the conditions of regional meta-
morphism affecting rocks of the Stronie for-
mation. Signs of slight corrosion of plagioclase
by calcite met sometimes along its margins
are very insignificant. Occasional calcite fil-
ling up of tiny fissures transecting plagioclase
grains seems to have developed during rather



brittle deformation which affected subsequen-
tly metamorphic rocks of the Orlickie Mts.

Calcareous phyllites have never occurred
independently but have been gradually tur-
ning into the above mentioned coarse-layered
limestones what suggests their common origin
probably in the same facies and stage of de-
velopment of the parent deposit. It is also
quite possible that we have to do here with
a washing-out effect of the reefs having been
primarily built up by the algae discovered
by Gunia (1974).

QUARTZ-PHENGITE SCHISTS, PORPHYROIDS

Small lenses of quartz-phengite schists occur
amidst the mica schists of the Stronie formation.
Besides quartz and phengite insignificant amo-
unts of plagioclases occur in their mineral
composition. The plagioclases contain phen-
gite inclusions and frequently overgrow the
hinge zones of microfolds. They seem to be
comparable with plagioclases of the second
and third kinds distinguished in the mica
schists. Bocks from each individual outcrop
differ from one another solely in a coarseness
of their mineral grains. Central parts of these
outcrops are usually occupied by porphyroid
bodies. Mineral compositions of both rocks
are similar. Microcline phenocrysts reaching
2—4 mm are common in the porphyroids.
Quartz phenocrysts are scarce. Those large
crystals emerge from the fine-grained quartzo-
-felspathic background strewn with tiny
scales of not too frequent phengite. The scales
are arranged parallel to the distinct foliation
of the porphyroid rocks. Both phenocrysts
and minerals of the groundmass are slightly
flattened in the plane parallel to the main
foliation. Outlines of the phenocrysts are
variably ragged. Sometimes large grains of
potash felspar have thin outgrowths of secon-
dary microcline. It seems that microcline in
the rock groundmass is overdominated by
acid plagioclase.

GNEISSES OF THE SNIEZNIE TYPE

Microcline gneisses characterized by tex-
tural properties proper to those of the Snieznik
gnheisses occur in the Strazyska Valley south
of Duszniki, and in the valley of the village
of Stare Bobrowniki. Foliation of the gneisses
is expressed by parallel arrangement of flaky

minerals. Other minerals are grouped to var-
ious degree into directionally elongated aggrega-
tes and blasts. The main minerals of the discus-
sed gneisses are as follows: microcline, quartz,
acid plagioclase, and phengite. Microcline occurs
in two generations. Biotite, chlorite, common
garnet, and apatite appear far less frequently.
Variable arrangement and distribution of these
minerals throughout the gneisses allow to
discern among them several varieties poorly
differing, however, from each other. The pre-
dominant variety contains microcline as the
main mineral which forms large blasts or even
augen. Xenoblastic grains of potash-felspar
are usually more or less sericitized, slightly
flattened in the foliation planse and elongated
parallel to the main lineation. The large blasts
of microcline are poor in inclusions which do
not display any distinct signs of reactions
with their host. Those blasts are enveloped
with streaks of phengite. So it may be thought
that the mica was developed slightly later
than the discussed microcline. The mentioned
above characters of the microcline allow to
distinguish it from the second kind (genera-
tion) of potash-felspar, looking completely
differently.

The microcline described above has been
determined as the first generation microcline.

Blasts of medium plagioclase (max. An3p)
are also flattened in the foliation plane and
wrapped with phengite scales. Microcline of
the first generation may contains sometimes
such plagioclases as the internal inclusions.
Hence, it can be inferred that andesine or
oligoclase slightly preceded the growth of the
large microcline blasts. It seems, however,
that the recrystallization of both felspars was
roughly contemporaneous.

Acid plagioclase (albite—min. An4) is much
more frequently met component of the gneis-
ses. Its grains are often more automorphic
than those of the medium plagioclase. Their
outlines and fashion of arrangement point to
their inception under conditions closer to the
hydrostatic pressure. Albite is fairly rich in
quartz and mica inclusions. Hot seldom it
encloses both microcline of the first genera-
tion and more basic plagioclases. Therefore,
it may be assumed that the discussed gneisses
have presently character of the monometa-
morphic diaftorite (in the sense of Hsu 1955)
resulting from the decrease of temperature
during the regional metamorphism. Lowering



of temperature and decrease of intensity of
stresses were probably contemporaneuos with
an afflux of alkali solutions bringing Ha and
K-ions. Presumably, the very metasomatic
process greatly influenced the development of
the above discussed albite.

It seems that the albitization was in a close
connection with the secondary microcliniza-
tion which renderred quite limpid, interstitial,
microcline refered to as microcline of the se-
cond generation. Sometimes it formed rims
around grains of the older felspars or reacted
with them. However, it enclosed, as a rub,
grains or fragment of the pre-existing fabric.
These two generations of microcline differ from
each other in a degree of sericitization. Micro-
cline of the first generation yielded conside-
rably to this process, but microcline of the
second generation did only to a very limited
extent. Such striking differences in a degree
of the sericitization might result either from
different resistance of both potash-felspars to
weathering depending on slight variations in
their chemical composition, or from an influ-
ence of metasomatic solutions bringing alkali
ions on microcline of the first generation.

The processes of albitization and micro-
clinization were accompanied by the growth
of new phengite at the expense of both the
first generation microcline and the medium
plagioclase. Moreover, the mobilization of E
and Ha-ions was most likely contemporaneous
with a significant mobilization of silica. Si-
lica-bearing solutions penetrated the rock, pro-
viding, as the result of crystallization and
recrystallization of the gneiss-forming minerals,
the aggregate which consists of microcline of
the second generation, albite, quartz, and phen-
gite. Irregular streaks of this aggregate ap-
pear among fragments of the pre-existing fabric
of the discussed gneisses. Considerable acti-
vity of SiO2 resulted in a strong corrosion of
the first microcline and medium plagioclase
by quartz.

Light veins, reaching 5—10 centimetres
in thickness, occur sometimes among the gneis-
They are always parallel to the main
foliation of the surroundings. The veins are
composed solely of albite and intergranular
microcline displaying a microperthitic appe-
arance. Gneisses adjacent immediately to walls
of these thin sills were permeated by the vein
material. Thus, in such places, the albite-mi-
crocline aggregate was projected into both the

Ses.

gneiss fabric and individual mineral grains
forming the gneisses. The presence of such
veins provides not only one more proof of the
activity of hydrothermal solutions but also
seems to indicate the manner of migration of
these solutions as well as the fashion of ions
wandering (mostly parallel to foliation planes).

Biotitization and chloritization of scarce
garnets as well as chloritization of biotite are
also expected to have taken place during the
period of activity of hydrothermal solutions.

It is difficult to define precisely the nature
of a source providing the alkali-rich solutions.
In my opinion the mobilization of local ma-
terial in only slightly deeper levels seems to
be far more probable than assuming the true
metasomatism caused by any undefined emana-
tions coming from beneath. Of course, this
assumption needs more extensive studies.

The microcline gneisses occuring in the
vicinity of Duszniki are fairly poor in white
mica. It could be due to involving of potash-
ions into microcline. In such a case, however,
small amount of quartz and mica may be
expected to occur where potash felspar is abun-
dant, but such a relation has not been observed.

The discussed gneisses are rather rich in
quartz. Hot seldom laminae composed only
of quartz and phengite can be encountered.
Moreover, the gneisses are accompanied with
schists consisting of quartz, phengite and mi-
crocline, in which quartz appears to be the
prevailing mineral, mica is abundant and mi-
crocline very scarce.

Microcline gneisses of the Orlickie Mts. are
passing pretty rapidly into mica schists of the
Stronie formation. Bounding horizon is usually
made of quartzitic schists rather poor in phen-
gite and almost completely short of acid pla-
gioclase and microcline (only the first genera-
tion, if any). Thickness of this horizon is varia-
ble but never exceeds 80 metres. Obviously,
directional fabric of the discussed schists is
much better developed than that of the gneis-
ses. Scarce flakes of phengite most frequently
lie parallel to the main foliation planes. Quartz
grains, despite their quite random distribu-
tion within the gneisses, are here directionally
oriented, and considerably flattened in the
planes of poorly developed foliation which is
marked mostly by parallel arrangement of
phengite scales. This foliation is oriented at
the angle of about 30 degrees to the surfaces
of the most distinct foliation.



It is noteworthy that microcline of the
first generation (microcline of the second ge-
neration is lacking here) disappears very quic-
kly from the mineral composition of the quart-
zitic schists with an increasing distance from
the gneisses. Those transitional schists do not
display any sign of a secondary mobilization
of potash-felspar, or of an afflux of K-ions.
They were touched only with postkinematic
albitization (in respect to the main phase of
deformation referred to as F2. Hew albite
invaded, enclosed, and partly replaced both
microcline of the first generation and pre-exis-
ting plagioclase. That is why, myfmekite may
be sporadically found. Hew albite formed so-
metiems a fine-grained aggregate, associated
usually with quartz.

hio recognizable traces of a secondary micro-
clinization have been discovered in mica schists
of the Stronie formation occuring in the Orlic-
kie Mts. Sedimentary rocks from which the
mica schists were derived, were presumably
poor in detrital grains of potash-felspar. Post-
kinematic albitization of rocks of the Stronie
formation was much weaker than that suffered
by the discussed gneisses. The fact seems to
confirm the above expressed hypothesis sug-
gesting only local mobilization of alkali, res-
tricted, in the Orlickie Mts., solely to the gneis-
ses of the Snieznik type. Obviously, exten-
sive investigations are needed on this subject,
but it seems that presently the following work
hypothesis may be stated: alkali-bearing silies
solutions were due to metamorphic differen-
tiation processes which took place in only
slightly deeper levels of the same rock domain
—i.d. within the mass of gneisses of $nieznik
type. The horizon of the quartzitic schists
could act, to some extent, as a sort of screen
which practically stopped the wandering of
alkali ions from the microcline gneisses to the
overlying mica schists of the Stronie formation
(in the investigated region).

The discussed microcline gneisses are expo-
sed over a very small area, and they are lac-
king of meticulous petrological studies. That
is why, there are not sufficient data to draw
any well established conclusions on their ori-
gin and tectonic position. Therefore the fol-
lowing idea should be also treated hypotheti-
cally. Some facts seem to suggest that the mi-
crocline gneisses resulted from the regional
metamorphism of arkosic sediment, and the
process was considerably accompanied by me-

tamorphic differentiation. Of course, other
views on their origin can be by no means ex-
cluded. nevertheless it is noteworthy that
mineral composition of the gneisses points to
similar metamorphic conditions like those in-
fluencing the development of rocks of the
Stronie formation.

THE NOVE MfiSTO FORMATION

The Hove Mesto phyllites are the second
principal rock formation occuring in the Polish
part of the Orlickie Mts. (Stronie formation
is the first one). It belongs to the mantle of
the Ktodzko —Orlica dome. The formation
crops out on the Polish side over rather small
area.

The Hove Mesto formation is built up of
two principal rock domains, namely the se-
ricite phyllites and the amphibole phyllites.
The phyllites differ but very little mineralogi-
cally and petrographically from their presu-
mable counterparts in the Stronie formation —
mica schists and amphibolites which were only
stronger metamorphosed. Practically the only
distinctive feature which allows to distinguish
between the rocks of the Hove Mesto forma-
tion and rocks of the Stronie formation appe-
ars to be the dimensions of mineral grains.
The Hove Mesto rocks are always much fine-
-grained than those of the Stronie formation.
The Hove Mesto rocks can be determined as
phyllites, according to the nomenclature pro-
posed by Williams et al. (1958).

Since the Petrascheck time Czech geolo-
gists have considered all the phyllitic rocks
as the epizonal age counterparts of the rocks
belonging to the Stronie formation, and belie-

ved them to be the Algonkian sediment
(Svoboda, Chaloupsky 1961). Presently K.
Domecka and M. Opletal (personal commu-

nication) cautiously suggest, in their inferred
stratigraphical sequence, the higher position
of rocks of the Hove Mesto formation than
that assigned to rocks of the Stronie formation.
According to them, amphibole rocks of the
Hove Mesto formation were derived from both
basic lavas and related tuff deposits. More-
over, K. Domecka and M. Opletal distingui-
shed two lithological varieties within the group
of the sericite phyllites. One of them was de-
veloped from greywacke and the other from
pelitic sediment. The phyllites coming from
greywacke are relatively coarse-grained and



characterized by mineral assemblage compri-
sing quartz, sericite, biotite, albite, and addi-
tionally tourmaline, oligoclase, garnet, apatite,
opaque iron oxide as well as graphite. The pe-
litic rocks were metamorphosed to strongly
micaceous (biotite and/or sericite) phyllites
enriched commonly in opaque minerals.

On the Polish part of the Orlickie Mts.
the meta-greywacke variety derived from psam-
mitic deposits is quantitatively overwhelming.
Biotite, if encountered in the microfolded por-
tions, appears always to be an axial mineral
(of F2 folds). Sporadically observed growth of
oligoclase followed the biotite blastesis.

Frequently some bands within the sericite
phyllites are enormously abundant in albite
grains (so-called Gneissphyllit of Petrascheck).
This is obviously the lithological character
inherited from the primary sediment and ref-
lecting its features. It must be emphasized
that structural features of the albite-bearing
phyllites are identical with those presented by
the mica schists cropping out in the Zieleniec
area.

The second rock domain of the Hove Mesto
formation can be generally defined as amphi-
bole-bearing rocks. Amphibole phyllites (green-
schists) and so-called amphibolites of the Hove
Mesto formation should be mentioned here.
Massive amphibolites of the Hove Mesto for-
mation occur only on the Czech territory.
Actinolite or chlorite-bearing phyllites are the
main varieties which outcrop on the Polish
territory. They are characterized by two prin-
cipal mineral assemblages: 1) actinolite-epi-
dote-quartz-chlorite-albite and 2) actinolite-
epidote-guartz-albite. Other possible, but rarely
occuring mineral associations are as follows:
calcite-chlorite-quartz-sericite-acid plagioclase
or chlorite-calcite-quartz-acid plagioclase.

Actinolite phyllites can be layered and
particular bands appear to be composed of:
1) actinolite and epidote; 2) chlorite, epidote,
actinolite, quartz, and acid plagioclase; 3) ac-
tinolite, plagioclase (albite) and insignificant
amount of quartz. When such rocks are exa-
mined with a naked eye they are seen as darker
and lighter laminae.

So far, excepting Petrascheck, nobody su-
cceeded in finding any relics of igneous rock
fabric within the amphibole-bearing rocks.
Therefore, the long ago established view about
lava and tuff origin of the rocks in question
has been based only upon the traditional

opinion supported by some lithological obser-
vations, and on the analysis of their field re-
lationships in regard to the outcrop pattern
visible in the geological map.

Calcite-bearing varieties of the phyllites
could be possibly derived from the calcareous
intercalations accompanying tuff deposits. Such
rocks, however, are constantly arranged only
along the definite zones of remarkably strong
shearing, mainly along the fault thrust separa-
ting the Stronie formation from the Hove
Mesto formation. It is well known that in stron-
gly sheared zones fibrous amphibole is less
prominent or may disappear entirely conver-
ting into chlorite (Moorhouse 1959). The same
is true of epidote and clinozoisite. An incep-
tion of calcite might have been facilitated
due to providing of CO02 through the sheared
zone. The latter mechanism was presumably
responsible for the development of the phy-
Ilites rich in calcite and chlorite. Besides there
is no valid reason to assume that under the
same conditions of regional metamorphism
parent calcareous deposits could be converted
to rocks composed of chlorite, calcite, and
plagiocalse in one place and to calcareous
chlorite-free phylites in the other (Zieleniec
region).

It is noteworthy that amphibole-bearing
rocks of both the Stronie and Hove Mesto for-
mations display all gradations from massive
to well foliated varieties. The common origin
of all those rocks seems to be probable. It may
be assumed presently that the rocks in ques-
tion are derived from basic lavas and their
related tuffs, but extensive studies are needed
to solve the problem satisfactorily. Igneous
rocks were presumably in minority—other-
wise any texture relics of the primary mag-
matic rocks should have been observed. Such
findings ought to be expected if the low grade
regional metamorphism is taken into account,
even considering the action of severe shearing
stresses. But so far the only discovery of relic
of an ophitic texture was reported by Petras-
check. Massive, less altered rocks could suggest
the presence of basic dikes preceding at least
the main phase of deformation and metamor-
phism.

It is obvious that only petrographical or
even chemical investigations cannot reveal the
primary nature of amphibole-bearing rocks
occuring in the Orlickie Mts. Other methods
must be employed in this case. So far the rocks



lack any serious, extensive and adequate stu-
dies, though such studies were initiated in the
Ladek —Snieznik metamorphic unit by Smuli-
kowski (1964). 1 managed to collect some new
facts in the course of my structural research
which can throw a litlle more light on the pro-
blem. These observations will be discussed below.

The Stronie and Move Mesto formations,
on the Polish territory, are separated from each
other by the Kudowa —Ole$nice massif and
the Lewin Graben filled up with Kotliegendes
deposits. Therefore it is a very hard task to
study the very contact of these two formations.
There are only two quite small exposures where
the possibility of such studies is accessible.
Careful examinations of thin section coming
from the exposures have revealed that the
possible transition, if any, must be very quick
and rapid as well as accomplished in a distance
of several to some tenths metres. This can be
explained by rapid enlargement of the grain
dimensions due to recrystallization of tiny
actinolite needles to bigger crystals of common
hornblende. Simultaneously with the recrys-
tallization epidote disappears from a rock
composition and more calcic plagioclase comes
to grow. Actinolite phyllites have been invol-
ved in microfolds. The fact allows to notice
that new growing crystals of common horn-
blende have been randomly distributed and
overprinted on the pre-existing directional
fabric of the phyllite. The enlargement of horn-
blende crystals was going on together with
increasingly changing pleochroism. The dis-
cussed phenomena can be accounted for by
assuming that recrystallization took place under
lowered stress conditions approximating those
of confining pressure (so after main intensity
of kinematic events of main deformational
phase referred to as F %and during the highest
activity of metamorphic agents of M2 phase).

K. Domecka and M. Opletal investigated
the problem of the contact in question on the
Czech side. They ascertained (personal com-
munication) that the Stronie and Nove M&sto
formations are constantly separated by a fairly
narrow zone of thrust fault accompanied fre-
quently by mylonitie rocks. Obviously, this
zone prolonges to the Polish territory and runs
in parallel to the strike of the main foliation
planes referred to as $2. If is this zone that is
occuppied by the Kudowa —Oles$nice granitoids.
There are some facts (leaving apart their dis-
cussion now) which indicate that these grani-

toids were emplaced just after development
of S: foliation, and they took advantage of
the existence of those penetrative surfaces to
be intruded into higher portions of the earth’s
crust (Zelazniewicz 1973b). Shearing movements
occuring along planes of the main foliation
played a great role in this process. Hence, it
can be stated that the inception of the discussed
thrust fault dates back to the main deforma-
tional phase (Fg and because the development
of this discontinuity took place under still
metamorphic conditions no cataclasis, breccia-
tion, or mylonitization of rocks were attained.
Nevertheless, the shearing movements along
this zone were active considerably long, at
least to the Upper Cretaceous period. Hence,
metamorphic rocks which became much more
brittle were also affected by these movements,
in further stages of their so prolonged activity.
This provided the mylonites mentioned by
K. Domecka and M. Opletal. Microscopical
examination of those mylonites have shown that
at least last mylonitization operated in rocks
after completely ended metamorphism. Thus,
it is suggested that the observed mylonites
are younger than the main metamorphic and
deformational phase. Nowadays, as the result
of the prolonged displacements, the zone of
this thrust fault separates two different inter-
section levels of metamorphic rocks—the Stro-
nie formation and the Nove Mesto formation.
Therefore, no simple continuous transition be-
twen the discussed formations can be presen-
tly observed.

The above described phenomena of rec-
rystallization of the actinolite phyllites re-
corded in the rocks adjacent to the border
between these two formations (the rocks belong
to the Stronie formation) most likely preceded
or were contemporaneous, with the earliest
stages of the development of the bordering
thrust fault when the absolute vertical dis-
placement was still low, or yet not actual.

It is probable that the fine-grained struc-
ture of the phyllites resulted from less intense
(and, may be, shorter) activity of metamorphic
factors {Mg) in the rocks of the Nove Mesto
formation.

PLUTONIC ROCKS OP THE VARISCAN CYCLE
GRANITOIDS OF THE KUDOWA-OLESNICE MASSIF

The subject of this paper is limited only
to the metamorphic rocks. Therefore, it does



not cover the problem of granitoid rocks. Thus
the rocks will be treated very briefly.

The granitoid rocks occur in a form of
meridionally elongated body having about 17
kilometres in length, and its width ranging
from 500 metres to 5 kilometres in the north-
ern part of the massif, which outcrops in the
vicinities of Kudowa, Czermna, Darnkoéw, Go-
taczéw, and Dadéczéw. The body extends to
the village of Olesnice on the Czech territory.
There is a great deal of mica schists and am-
phibolite lenses which occur amidst the grani-
toid rocks, especially in the south, and are ar-
ranged chiefly parallel to the borders of the
massif. The elongation of the massif is in an
agreement with foliation of those xenolithie
lenses.

Granitoids of the Kudowa-Olesnice massif
were described in details by Borkowska (1959,
1969), and also by Gierwielaniec (1957, 1965).
Borkowska stated that rocks of the massif
comprise monzonite, granodiorite, tonalite and
occasionally alkali granite. Moreover, Gierwiela-
niec additionally mentioned granogabbro and
syenogabbro.

Borkowska (1959) ascertaining the promi-
nent role of metasomatic processes in the
development of the discussed granitoids states,
however, that “it is little probable that the
whole massif of the Kudowa granitoids could
be developed due to simple’ in situ’ metasoma-
tism of the older crystalline schists under the
conditions of relatively low temperatures”.
Therefore, she assumes the hypothesis about
profound granitization of earlier metamor-
phosed supracrustal rocks (of the Stronie for-
mation) which owing to undefined tectonic
movements were to be partly pushed to the
deeper levels of the Earth’s crust. The process
of metasomatism caused those rocks to be
granitized, plasticized and increased in their
volume. Beomorphic intrusion took place as
the result of this process. The granitoid masses
intruding into mica schists contained a little
of the fluid phase enriched in sodium and po-
tash. According to Borkowska (1959) they
were “the reason of contact felspathization

and granitization observed in the mica schists
occuring at marginal parts of the Kudowa
granitoid massif”.

Gierwielaniec (1965) supposes that the gra-
nitoids were due to “reomorphic and anatectic
processes, and next during tectonic movements
they were intruded into strongly folded series
of mica schists”. According to this author the
discussed granitoids are of late-orogenic nature.
This has been proved by internal directional
textures as well as by concordant emplace-
ment into the cover rocks. Gierwielaniec clai-
med that the granitoids in question are early
Variscan or even may be Caledonian in their
age.

Badiometric dating (K/Ar and Bb/Sr me-
thods) of the discussed granitoid rocks resulted
in ages 317 —293 m.y. (cf. Burchart 1971).

GABBRO

Gabbroic rocks in the Orlickie Mts.
known to me only from few, very small expo-
sures situated nearby Lewin, Jarkéw and
Taszow. They are always outcropped amidst
the phyllites of the Nove M&sto formation.
The discussed gabbro appears to be a coarse-
-grained rock characterized by orderless fabric.
There are big, green hornblende pseudomorphs
after pyroxene. They interlock with large ta-
bular plagioclase (And. Fibrous amphibole,
streaks of fine-granulated quartz, and spots
of epidote occur as interwoven matrix. Large
crystals of acid plagioclase are occasionally
encountered.

All the accessible samples are not fresh,
still distinct signs of strong uralitization and
sassauritization processes are recognizable.
Much more detailed descriptions of the dis-
cussed rock are included in the papers by
Petrascheck (1910) and Gierwielaniec (1965).

It must be stressed that the gabbro |I have
studied does not display any signs of influ-
ence of regional metamorphism.

Similar gabbroic rocks outcropping at the
Spicak Hill near the village of Destna (CSSB)
are crosscut by granitoid veins.

are

CHABACTEBISTIC OF THE TECTONIC AND METAMOBPHIC EVENTS

The evolutional development of metamor-
phic rocks of the Orlickie Mts. can be divided
into three principal stages. During the first

stage rock series were affected by isoclinal
folding and, in turn, tight coaxial refolding,
These deformations were accompanied by pro-



Fig. 4
Structural elements of F1+ M1 phase

SO—relic surfaces of sedimentary banding (bedding); Sx—axial foliation of Fxfolds, developed during Fx + M x phase and expressed by pa-

rallel arrangement of phengite scales in mica schists and actinolite needles in amphibole schists (phyllites); S2—axial foliation to F 2folds,

developed during the main phase of deformation and metamorphism referred to as Fz + Mz marked remarkably well by parallel arran-
gement of biotite flakes (obliquely lined)

a,b,c —dark dusty trails considered as relics of sedimentary banding involved in F xmicrofolds which are enclosed in the grains of Fx+ M x

albite; d- relic of Fxfold with tiny scales of axial phengite, enclosed in grain of Fx 4- M x albite. Phengite flakes outside the grain are in-

volved in F2microfolds whose axial planes are marked by large flakes of biotite (obliquely lined). Inclusions in albite are not affected by

Elementy strukturalne fazy F1+ M1

SO—relikty powierzchni sedymentacyjnego warstwowania; Sx—foliacja fazy F x+ M X rownolegta do powierzchni osiowych fatdéw Fx, wy-
razona réwnolegtym utozeniem blaszek fengitu w tupkach tyszczykowyeh i aktynolitu w tupkach amfibolowych; S2—foliacja fazy F2A-M2
(gtéwna), réwnolegta do powierzchni osiowych fatdéw F 2, wyrazona réwnolegtym utozeniem blaszek biotytu (skos$nie kreskowane)
a, b, ¢ —smugi ciemnych wyrostkéw ujete w mikrofatdki FX ktére zamkniete zostaty w blastach albitu F x+i¥,. Smugi te stanowig relikty
powierzchni sedymentacyjnego warstwowania; d~relikt fatdu Fi obros$niety przez ziarno albitu Fx+ M X Powierzchnie osiowa fatdu pod-
kreslaja drobniutkie blaszki fengitu. Blaszki fengitu pozostajace na zewnatrz tego ziarna ujete zostaty w mikrofatdki zespotu F2. Réwno-
legle do powierzchni osiowych tych mikrofaldkéw wzrasta biotyt (skosnie kreskowane). Wrostki w ziarnie albitu nie zostaty dotkniete przez
deformacje F2 Albit powstat zatem przed fazg F2+ M2 e- warstewka zbudowana z kwarcu i kwasnego plagioklazu (kropkowane) ujeta



gressive metamorphism which ceased at the
end of the first stage. The second stage was
recognized as the period of diagonal refolding
of earlier developed structures, accomplished
under much more brittle conditions, Ko dis-
tinct metamorphie transformations took place
in the second stage. The third stage is marked
by development of kink folds, joint drags and
various discontinuous structures—cleavages, jo-
ints, and faults.

The above mentioned stages were distin-
guished on the basis of the followings items:
1) the character and style of deformation,
2) the similarities in orientation of the principal
stresses and 3) the relations of deformations to
metamorphie processes. Closely interrelated
phases of deformation (F) and metamorphism
(M), subordinate to the stages, have been
distinguished if tectono-metamorphic pheno-
mena of a given stage display certain diver-
sity. Two phases are well established in the
first stage. They are referred to as Fx -f M xand
F2-f I1f2. F3(+M 3 phase is conditionally in-
cluded into the first stage because F 3structures
were recognized only locally, and there is lack
of any data on its regional meaning. The second
stage comprise only one phase referred to as
The third stage embraces three phases referred
toas F5, , Féand F 7.

All the mentioned phases have been dis-
tinguished most of all on the basis of meti-
culous studies of relations occurring between
folds recognized in the field. It has been as-
sumed that the folds of every older phase
deform the folds belonging to any earlier one.
Fx and F 2 deformational phases were accom-
panied by respective phases of progressive,
metamorphism. The phases are referred to
as M xand M 2.

The Kudowa—Oles$nice granitoids occupy
a peculiar position. They were intruded both
at the end of the first stage and after the second
stage, though presently it is hard to say when
the main part of the granitoid masses was
emplaced.

The metamorphie and tectonic phenomena
discussed below differ but little in their inten-
sity and nature in each lithological variety.
Therefore the succession of the description
of the rocks affected by them will be slightly
different from that employed in previous chap-
ter. The rocks in which all the questioned
events have been recorded and recognized best
will be featured at first.

THE FIRST STAGE

THE PHASE

Structural elements

There are only scarce relics of the structures
developed during the oldest deformation. Wit-
hin albite grains encountered in mica schists
south of Zieleniec relics of microfold hinges
were preserved (fig. | a—=c; pi. Ill) Careful
microscopical examinations have revealed that
inferred axial planes to those folds were invo-
Ilved in other folds accompanied by extremely
characteristic axial biotite foliation. The latter
were recognized as belonging to the main set
in the region and referred to as _F2. Obviously
those microfolds must have been developed
earlier and can be referred to as FX. Hence,
microfolded dusty trails included in the albite
grains and reflecting the geometry of the ear-
liest folds must have been regarded as the relics
of sedimentary banding (*S0). The style of the

F 2folding, thus this albite preceded the Fz 4 M 2phase; e —band composed of quartz and acid plagioclase (stippled) involved in Fx folds
whose axial planes are expressed by perfect parallel arrangement of actinolite neddles (of Fx -f Mxphase); f - F t intrafolial folds seen in
piagioclase-rich layres (stippled) which are involved in F 2folds whose axial planes are marked by parallel arrangement of biotite scales;
g—quartz-acid plagioclase band (stippled) involved in F xfold whose axial foliation is expressed by parallel growth of phengite. This phen-
gitic foliation is folded about F2 axes. Fzfolds have axial biotite foliation (obliquely lined). Note that phengite matrix remains unfol-
ded in the immediate vieinite of the quartz-plagioclase band which resisted F 2 compression in the veryTplace (difference in competence
of the mineral material involved); h—grains of Fx + M xalbite including dusty trails considered as the relics of sedimentary banding. Both
grains and relics are involved in Fzfold; i —scales of F x-f- Miphengite preserved as incompletely reoriented relics which are arranged obli-
quely within the streak of micas of F2 + M2fabric; k—diagram showing an orientation of linear structures of Fx + MXx phase

w fatdki F x, ktérych powierzchnie osiowe podkresla foliacja wyrazona rownolegtym utozeniem igietek aktynolitu (powstatego w fazie Fx+ M X;
| —$rédfotiacyjne fatdki zespotu F x przefatdowane wokét osi F 2 Blaszki biotyturéwnolegte do powierzchni foliacji gtéwnej S2; 0 —warstew-
ka zbudowana z kwarcu i kwasnego plagioklazu (kropkowane) zostata ujeta w fatdek Fx, ktdrego powierzchnie osiowa podkresla réwnole-
gte utozenie blaszek fengitu. Powierzchnie Si zostaty ujete w faldy F 2 Réwnolegte do powierzchni osiowych otwartych fatdkéw F 2rosnie
biotyt (sko$ne kreskowanie). Blaszki fengitu lezace w sasiedztwie tej warstewki nie zostaty zdeformowane. Sama.]'warstewka réwniez nie
ulegta deformacji w fazie F2, co wynikto z jej wiekszej, w stosunku do otoczenia, kompetencji; h—ziarna albitu]Fi + M Xz ciemnymi smu-
gami wrostkéw stanowigcymi relikty powierzchni sedymentacyjnego warstwowania. Ziarna te (oraz zawarte w nich wrostki) ujete zostaty
w fatdek F z; i —blaszki fengitu F x+ M xutozone skosnie w obrebie pasemek tyszczykéw fazy J 2+ M 2) jako wynik niedokoriczonej reorien-
tacji; A—diagram ilustrujacy orientacje drobnych form Unijnych fazy Fi-\-Mx



discussed microfolds is variable. Isoclinal though
asymmetric ones are predominating. Thickness
of the individual dusty layers when measured
along a line parallel to the axial planes of the
microfolds has been analyzed according to
the method proposed by Eamsay (1962). The
carried out analysis has revealed that the Fy
structures were due to flexure mechanism and
later modified in various extent by differential
shearing along Sy axial planes.

Other examples of Fy folds have been col-
lected in the railway cutting nearby Gotaczow.
One of them is shown in fig. 4d. Oval (unfla-
ttened) albite grain overgrew here the closure
of Fy fold which has been marked by arran-
gement of dusty trails. In this case it took
place after the development of By axial phen-
gite foliation because its fine relics were also
embodied inside the grain. The inner traces
of Sy surfaces are roughly parallel with the
preferred orientation of white mica flakes of
the surroundings. These phengite scales were
involved in F:2 folds recognizable due to the
presence of Sz penetrative biotite foliation.
However, straight lines of the internal By mica
inclusions do contrast with folded By phengite
matrix outside the plagioclase grain. This leads
to the conclusion that the growth of Fy + My
albite (plagioclase of the first kind) was ended
before the begining of F2movements. Thus, this
albite2 was developed during the oldest phase
of deformation (Fy) and metemorphism (My)
referred to as Fy + My. Such a conclusion
is supported by the fact that the directional
Fy -[- My fabric3 of mica schists formed jo-
intly with other minerals by the described
albite, and marked most of all by a parallel
arrangement of phengite scales, was involved
in F. folds, the ones developed'during the
main deformational phase.

Fy microfold structures were found also
in amphibole schists occuring in the vicinities of
Lewin and Gotaczéw (fig. 4e, y). In figure 4e thin
quartz band contains a subordinate inner streak
composed of acid oligoclase and rare amphi-
boie needles. This band is isoclinally folded
and the fold closures are intergrown with fi-

2 For the sake of simplification of the further
description it will he referred to as Fy + My albite.

3 Fy + My fabric means structures, textures and
relations between the rock-forming minerals attained
during Fy -f My phase, F2 + M2 fabric — during
F2 + M2 phase, and so forth.

brous amphibole oriented parallel to the axial
planes. Thus, the axial plane foliation arises,
expressed excellently by parallel arrangement
of actinolite needles. Also the blasts of the
light minerals such as quartz and plagioclase
are strongly flattened in the very plane. This
actinolite foliation is referred to as By, because
of extremely good parallelism of the amphibole
needles and its discordant orientation to the
axial planes of the main F:2 folds occuring in
the surroundings being folded during the main
stage of deformation. Thus, By foliation in the
amphibole schists is marked by a perfect pa-
rallel arrangement of actinolite needles. The
analysis of the geometry of the fold presented in
figure 4e indicates that it was undoubtedly
modified by superimposed shearing.

Similar structure is shown in figure 4g
Quartz-albite bands were isoclinally folded.
sy axial plane foliation was also marked by
the parallel growth of actinolite needles and
this foliation was involved later in F 2 folds.

All the above quoted examples have dis-
tinctly indicated that the careful observations,
first of all, of F2 fold closures can—at least
in part—allow to reconstruct the features of
the Fy + My fabric. It has been revealed in
this very way that the albite grains with dusty
inclusions, strongly flattened in sy planes sho-
uld be considered as the relics of Fy + My
fabric, not yielded to subsequent recrystalli-
zation (fig. 4h). Frequently observed diagonal
orientation of phengite flakes or amphibole
needles within the bands made up by those
minerals generally arranged in parallel to S:2
planes (main foliation) appears to be also
the structural relic of the Fy + My fabric.
Rough microscopical observation of such a pat-
tern of disposition of flaky minerals suggests
the idea of their orderless orientation due to
recrystallization in F2 + M2 phase, implying
immediately conditions of the process. Careful
examination, however, seems to indicate that
this apparently random orientation is just the
result of the unfinished process of rotation
and recrystallization of the Fy + My flaky
and needle minerals to the position characte-
ristic of the minerals forming F2 + M2 fabric —
i.d. the position of parallelism with Sz foliation
(e.g. fig. 4i).

Fy fold structures can be also discovered
where the undoubted F: folds refolding the
older but still visible isoclines are met (fig.
4f), and two sets of independent directional



fabric may be distinguished, mostly under
the microscope, in the F %fold closures.

The FXx folds are rather scarce and their
actual forms are generally very small. There-
fore only a few measurements of their axial
directions could be collected. However, an
interpretative value of these measurements
seems to be insignificant owing to intense
rotations accomplished in the course of super-
imposed deformations. Nevertheless, it can
be stated that F X fold axes are either coaxial
or nearly coaxial with F 2 ones, thus their spa-
tial orientation does not differ from the po-
sition of the main structures (fig. 410

Mineral lineations developed during Fx +
+ M1 phase were almost completely recrys-
tallized and/or obliterated. Hence, they could
be recognized only very rarely. In a few cases
Lx lineation happened to be discovered and
traced around the closures of F2 folds. It has
revealed that the angle between these two
linear structures is usually low, ranging from
0 up to 20 degrees. The highest values of this
angle, within the mentioned limit, are met
in the Zieleniec area. LX lineation is usually
due to parallel arrangement of Fx + MXx albite
blasts (plagioclase of the first kind) and due
to fine warpings of micas which wrap up the
felspar grains. The density of the lineation
seen in the rock profile (in mica schists) de-
pends on the content and unequal distribution
of the albite blasts throughout the rock. Thus
L X structures do not occur in every folia.

MetamorpMc phenomena

Metamorphic events accompanying the ol-
dest deformation can be reconstructed only
in those places where there is no doubt about
the existence of Fx + M xfabric. Fold closures
(both Fx and F2) are usually most suitable
places. Therefore one cannot investigate a se-
quence of metamorphic phenomena until the
structural setting and manner of development
of tectonic forms are understood and featured
as fully as possible.

Progressive metamorphism (MX followed
an advancing deformation of the primary
sedimentary pile. Most likely the metamor-
phism was later but little in reference to purely
kinematic phase (FX) because the Fx+ MX
albite overgrew fragments of both hinges
and limbs of the oldest folds. It has been
considered that the minerals of the earliest

fabric crystallized roughly simultaneously,
still the growth of epidote and tourmaline pro-
bably could slightly precede the blastesis of
albite which sometimes contained the two mi-
nerals as internal inclusions. It has already
been mentioned that only few from over 1200
investigated albite grains did contain white
mica flakes in the form of inclusions. Usually
drop-shaped quartz inclusions are practically
the only significant inclusions within the grains
of Fx-f Mxalbite (pi H). This quartz is con-
sidered to have come either from the primary
intergrowths in the pre-existing detrital fels-
pars or simply from the relic quartz grains
belonging to the parent sedimentary rocks.
It has already been mentioned that, in the
mica schist varieties poor in quartz, the Fx +
+ Mx albite grains are free from inner quartz
inclusions. In the common mica schists—usu-
ally rich in quartz —the dark dusty trails occu-
ring inside the Fx + MX plagioclase often .pa-
rallel the tiny guartz accumulations inheri-
ted from the lamination existing in sedimen-
tary rock. The lamination seems to be reflec-
ted, among others, by variable amount of qu-
artz in particular layers. This can be seen
well in F 2fold hinges (cf. pi. 1). Sometimes such
accumulations are prologned into albite gra-
ins which get then rich in quartz inclusions
arranged parallel to orientation of dusty trails.
These fine opaque inclusions behave in much
same way. They also find their outer extension
in a parallelism with the Fx+ MX phengite
fabric. All the above observations lead to the
conclusion that during its development the
Fx + Mxalbite did overgrow and include tiny
fragments of the sedimentary rock fabric and
kept them preserving as the internal relics
(pis. Il; 111). The above information suppor-
ted by the already mentioned attitude of the
plagioclase grains (sharp outlines), charac-
ter of their internal inclusions (especially the
complete lack of mica ones, though quartz
inclusions are abundant), and abundance of
plagioclase (up to 45 per cent) within the
quartz-free varieties of mica schists seem to
indicate that the FXx-f MXxalbite was develo-
ped due to generally isochemical recrystalli-
zation of both detrital grains and quartzo-fels-

pathic aggregates existing in the primary
sedimentary rocks —i.d. in the graywackes
(pis. I; 11; |n). It may be expected that strong

shearing stresses —those typical for epizone
(Huang 1962) —considerably facilitated the de-



trital plagioclase grains to be solved and these
stresses influenced the growth of Fx + M lalbite
blasts tending to be stable in the conditions
of the Fx + Mxphase. Blastesis of those albites
as well as their arrangement in the metamor-
phic rock were undoubtedly controlled by
distribution of grains of detrital felspar thro-
ughout the graywackes. These grains could
act as the seeds of crystallization. It seems, ho-
wever, that usually strongly Ilimited, local
metamorphic differentiation was employed
which made the solutions migrate over certain,
very short distances to any places at least
slightly more convenient for crystallization.
Frequently the F X microfold hinges were such
places. In agreement with a tendency dis-
played by albite crystals for developing large
porphyroblasts, the Fx+ Mx albite tended
to build big blasts. Insignificant dimensions
of Fx+ MXx phengite flakes seem to be indi-
cation, though by no means infallible, of rather
short time of activity of metamorphic agent
of Mx phase.

It must be emphasized that | have found
no symptom of true metasomatic processes
taking part in the development of felspars
occuring in mica schists. Obviously, an exten-
sive petrological investigations should be done
on this subject. The hypothesis about the
detrital ancestors of F1+ MXx albite could be
also supported by some other facts. Calcite
laminae within the calcareous schists often
include more plagioclase grains than laminae
composed of mica, quartz and felspar (cf. pi.
11l 2, 3). In other case some nearly exclusively
quartz-micaceous bands are met within mica
schists. The only difference from their schists
surroundings characterized by common mi-
neral composition is due to the very shortage
in plagioclase. These phenomena may be easily
explained as the effect of primary distribution
of felspar grains within sedimentary rock,
without assuming the selective felspathization
whose existence is hard to prove because of
lack of sufficiently convincing data.

Many of the Fx -~ Mx albite porphyro-
blasts are rimmed with fine opaque film. Most
likely it is these grains that were developed by
enlargement of seed crystals present in the
parent rock. All primary impurities (especially
opaque) did not contribute to the growth of
porphyroblasts and therefore became crowded
aside as the growth proceeded.

It is rather hard to reconstruct precisely

all peculiarities of the fabric developed during
the oldest phase referred to as Fx+ M1 (Fx—
kinematic, —static) because of remarkably
strong recrystallization taking place in the
subsequent phases. Nearly complete lack of
inclusions of white mica inside the Fx+ MXx
albite grains seems to bear evidence on the
plagioclase blastesis prior to the growth of
phengite. In the places where Fx + M x fabric
was occasionally well preserved one can no-
tice, within such relics, that the phengite flakes
parallel to 8 Xplanes thoroughly envelope the
sharply outlined blasts of albite.

The blastesis of Fx+ Mx phengite was
associated with the inception of Fx + MxXxchlo-
rite because these two minerals are commonly
encountered in mutual intergrowths. Certain
part of chlorite flakes belonging to these inter-
growths happened sometimes to be arranged
diagonally to the phengite flakes marking the
8 Xfoliation. This is probably due to very low
position of chlorite in the crystalloblasts series,
even below quartz. It should be stressed that
such chlorite-phengite intergrowths are cha-
racteristic of very weakly metamorphosed
rocks.

Sometimes in the samples of amphibole
schists the relics of Fx+ Mx fabric and Fx
folds are still preserved. They allow to ascer-
tain that, at least in the case of sampled rocks,
the oldest metamorphic events gave rise to
principal mineral assemblage consisting of
actinolite, quartz, albite as well as subordinate
epidote which may be often lacking. Lack of
epidote when plagioclase is present may pro-
vide a certain genetical indication. Low con-
tent of Ca could be a feature of the parent rock.
Thus, the possibility of derivation of the dis-
cussed metamorphic rock from basic igneous
rock or from marls seems to be excluded. Pre-
sumably, the initial rock might be some sort
of tuffs. It is hard to say, because of shortage
of discernible relics of Fx + M xfabric, whether
all the varieties of amphibole-bearing rocks
were characterized during the Fx + M X phase
by mineral assemblage like the one cited above.
It seems that the assemblage was typical for
a large part of those rocks.

The reconstruction of the characters of
Fx+ Mx fabric in other lithological varieties
of the Orlickie Mts. is practically impossible —
at least so far.

All the above cited data permit to draw
some conclusions. They are as follows below.



1. Huge mass of deposits, presumably of
geosynclinal type, intercalated with small bo-
dies of acid and basic igneous rocks was subject
to the oldest deformation. It is very hard to
establish the scale of this folding. Supposedly
it was rather large. All preserved relics of F1
folds suggest tight or isoclinal geometry. Pri-
mary axial directions of those folds are impo-
ssible to be reconstructed because of later
refoldings. The F 1 fold structures were greatly
obliterated by recrystallization of the main
metamorphic phase referred to as if2e«Outcrop
pattern also brings no answer to the question
because no undoubed F X folds can be distin-
guished in the course of analysis of the geolo-
gical map.

The oldest folds were accomplished by
flexure mechanism and subsequently modified
by superimposed shearing along planes of 8X
axial foliation marked by parallel arrangement
of phengite flakes in mica schists and amphi-
bole needles in amphibole schists.

Careful examination of the angle relations
between surfaces of Si and S2 foliations led
me to the conclusion that in the Zieleniec region
the discussed F t folds were upright whereas in
the Lewin —Gotaczéw region they attained
recumbent position.

2. The oldest deformation (FJ preceded
the begining of metamorphic events (MX)
which started after the F1 folds had been
formed, that is after a rotation of the fold
limbs had been ended. This first metamor-
phism affecting the sedimentary series was
of low grade, epizonal type characterized by
very strong stresses and high content of H2.
The mineral paragenesis embracing quartz,
phengite, albite, chlorite, tourmaline, epidote,
calcite, and garnet was developed in mica
schists. Amphibole schists were built by mi-
nerals of the paragenesis including actinolite,
quartz, acid plagioclase and epidote.

3. The oldest plagioclase occuring in mica
schists was developed during M X phase. This
plagioclase referred to as F, + M1 albite was
derived from both detrital plagioclase grains
and quartzo-felspathic aggregates existing in
the parent sedimentary rocks. Their inception
was controlled by the process of metamorphic
differentiation most likely effected by the so-
lutions principle and the principle of enrich-
ment of the stables constituents, envisaged by
P. Eskola (cf. Moorhouse 1959). Large amount
of felspar in the mineral composition of mica

schists was inherited from the graywackes from
which the mica schists were derived. The above
statement should be treated hypothetically
as long as extensive petrological researches
will be done in order to test it in details.

THE F, + M2PHASE

The most effective tectonic events and the
strongest metamorphic recrystallization affec-
ted rocks of the Orlickie Mts. in this very
phase.

Development of F2 mega-folds was accom-
panied by contemporaneous inception of re-
lated F 2 folds of meso and microscopic dimen-
sions, which acquired various geometry, am-
plitude and wave-length. This variability re-
sulted from their different position in regard to
the larger fold structures and depended also on
lithology and competence of rocks to be folded.
In order to differentiate between the small F2
folds and folds of other sets several distingui-
shing features of the F2 folds and F2+ M2
fabric have been established. They are follo-
wing. 1) Minerals of Ft + M1fabric are folded
around F 2 fold axes. This is expressed by a)
phengite flakes or actinolite needles paralleling

foliation and b) F1 -+ M1 albite grains
possessing internal dusty trails arranged most
frequently in parallel to 81 foliation. 2) Com-
mon growth of brown or green biotite flakes
parallel to S2axial planes —the fact recognized
as the most characteristic and very persistent
feature of folds of F 2set. 3) Bemarkably signi-
ficant recrystallization of older minerals ta-
king place under stress control, which tended
to reorientate them and bring into parallelism
with planes of S2 foliation. 4) Distinct symp-
toms of the migration of rock and/or mineral
material to the hinge areas of the discussed
folds. The process was connected and followed
by equally significant though spatially limited
and much more random recrystallization of
the migrating material. Therefore, the recrys-
tallization has been recognized to have taken
place under vanishing stress conditions. 5)
Additionally, the noncritical but classifying
data are: the amount of flattening of folds,
the amount of shearing, and the axial direc-
tions. The latter have been considered with
paying constant attention to all possible re-
orientations resulting from later refoldings.

The F2 folds are commonly accompanied
by L %linear structures which always parallel



linear structures are develo-
ped as: intersection lineation ($1$2> arran-
gement in arrays of mineral grains — mostly
plagioclases, fine warpings of mica flakes due
to enveloping felspar blasts by the mica, elon-
gation of grains of rock-forming minerals, and
exceptionally boudins. The above mentioned
linear structures are the most distinct in the
mica schists. They are much weaker developed
in other lithological varieties, or may be com-
pletely lacking.

In present paper a great attention will be
paid to fold, structures because they are in-
comparably important tectonic structures than
lineation. Folds provide much more observa-
tional and inter])relational data because* not
only axial directions but also axial surfaces
can be subject of the direct investigations.
Because directions of L2 lineation are always
concordant with F2 axes thus all informations
concerning the spatial attitude of F 2 folds are
also valid for L 2 lineation. Therefore, there is
no reason to discuss separately the L2 linear
structures.

their axes. The

Interdependence of structural and inetamorpMc
phenomena in fabric transformations in different
lithological varieties

Mica schists. Sx foliation planes were
folded about F2 fold axes. Thus, the arrays
of N + Mx albite grains were also curved
about those axes. One of the not infrequently
preserved structures of that type has been
pictured in fig. 4h It is known from the pre-
vious chapter that dusty trails included in
the Fx + M1 albite blasts are usually concor-
dant with the orientation of the directional
FL+ M1 fabric. This significant fact allows
to reveal the existence of F2 folds even after
very strong directional recrystallization of F x +
M xfabric, if the Fx + MLalbite blasts survived
the reerystallization. Therefore, a careful ana-
lysis of spatial arrangements of the dusty trails
included in Fy+ ML plagioclase porphyro-
blasts, carried out throughout a rock profile,
can reveal the existence and even the geometry
of F2folds (fig. 10a,b,g), though all other mi-
nerals of the rock were yielded to almost com-
plete recrystallization which made them arrange
parallel with S2 foliation (pi. I11). Obviously,
such a recrystallization must have exerted
some influence on the discussed felspar blasts.
This was marked by slight changes of outli-

nes of the blasts, and occasional rough readju-
stment of their longest dimensions to the ag-
reement with orientation of S2planes (pis. 1Y ;
Y). Character of such changes seems to indicate
that Fi + M1 albite grains were only slightly
dissolved along their outer parts. Subsequen-
tly the solved mineral material crystallized
most frequently close to the parent blasts
according to Biecke’s principle (pi. 111, 2, 6).

It is noteworthy that nearly untransformed
Fx + M1 albite blasts are especially frequent
in the mica schists occuring in the vicinity of
Zieleniec. They are surrounded by directionally
oriented minerals to form the F2 + M 2 fabric,
and thus they can be considered as the speci-
fic relics of Ft + Mx fabric preserved within
F2+ M2 fabric. Moreover, the paragenesis
including albite, epidote and chlorite was main-
tained within many horizons of the mica
schists of the Zieleniec region. The facts suggest
less efective M2 metamorphism to have ope-
rated in this region rather than elsewhere.
This conclusion is valid for rocks of the Stronie
formation.

Careful microscopical examinations of the
felspar blasts of mica schists occuring in the
Lewin—Gotaczéw region have allowed to re-
cognize the successive stages of plagioclase
recrystallization during the main phase of re-
gional metamorphism (M2). These transfor-
mations were progressive with respect to the
prior ones when F, + M: albite and Fx+ MX
phengite were developed. Hence, it is obvious
that Fx + Mx albite was subject to metamor-
phic agents characteristics of M2 phase. The
discussed plagioclase could remain essentially
untransformed maintaining its previous che-
mical composition or could be converted into
oligoclase owing to an increase of content of
the An particle (up to about 20 per cent). It
seems that in mica schists of the Lewin—Gota-
czéw region plagioclase started to recrystallize
before other minerals, perhaps excluding qu-
artz. The beginning of transformations of pla-
gioclase of F1 + Mx fabric during M 2 phase
was not simultaneous all over the investiga-
ted area. In some instances the beginning of
recrystallization of these plagioclase had taken
place still before the rotation of F 2 fold limbs
was completely ended. The observed blasts of
the pre-existing Fx+ M1 albite tended to
enlarge at first their dimensions but without
any change in their An content. This was going
on under the movement control. Therefore



dark s{ trails came to be slightly distorted4,
though the causative F2 deformation could
be seen much better as folded se surfaces in
the surroundings of the transformed albite
grains (e.g. fig. 5& pi. V6). In the extreme
cases porphyroblasts subject to recrystalliza-
tion could acquire guite random pattern of
dusty inclusions. The phenomenon is seen where
the inclusions did not yield to a complete dis-
persion and pushing out aside the grains (fig.
5c). Perhaps the process just featured was much
more common than it could be concluded on
the basis of scarce evidence.

It has been ascertained that most of pla-
gioclase blasts belonging to FL+ M1 fabric
was subject to metamorphic recrystallization
during M 2 phase after the flexure movements
(rotation of F 2fold limbs) had ceased, but stres-
ses were still operating. The process of their
recrystallization happened to be controlled
by the nature of mineral surrounding of the
plagioclase grains to be transformed. If the
felspar was encountered in monomineral ma-
trix of micaceous or more rarely quartz la-
minae, then it hardly yielded to the discussed
process, kept preserving its hitherto prevailing
features (fig. 5d; pi. YIl4). However, plagio-
clase grains were easily transformed when
occuring in layers characterized by normal
mica schists composition. The mode of trans-
formation of plagioclase as well as other indi-
cations—e.g.emergence of biotite—allow to as-
sume that the described recrystallization took
place under conditions of the increased pjt
ratio with respect to that of Mz phase. Thus,
the recrystallizing plagioclases tended to attain
higher An content up to that characteristic
of oligoclase. In some instances the growing
oligoclase seemed to develop from the centre
of the pre-existing felspar grains, and then the
undigested opaque impurities were pushed aside
retaining at first .in albite rims, later—after
the recrystallization ended—in thin films aro-
und newly formed blasts. According to the re-
mark expressed previously, the Fx + MLalbite
could be yielded to definite recrystallization,
though there was no accompanying change in
its An content (no significant change in che-
mical composition). Nevertheless® the F2 + Ma
plagioclase blasts (those recrystallized during
F. + M2phase —plagioclase of the second kind)

4 S — Intergefuege, se — Externgefuege of B. San-
der.

owing to the process of recrystallization lost
sharp outlines which were replaced by ragged
ones (pis. 112; 1V; VS). The blasts are intergro-
wn at their margins with the earlier develo-
ped minerals, or they overgrew numerous
fragments of the pre-existing fabric. That is
why, the discussed blasts of recrystallizing
plagioclase acquired very irregular and ragged
outlines. Common spatial agreement observed
between the direction of those internal inter-
growths and orientation of minerals of F2 + M2
fabric can be accounted for by general para-
llelism of and S2 foliation planes due to
repeated isoclinal folding about similarly tren-
ding axes.

It is well known that a metamorphic mineral
blast vyielding to recrystallization does not
have to necessarily increase its initial size ex-
pected on the theoretical grounds (Turner,
Verhoogen 1960). According to Joplin (1935)
the presence of fine, chemically inert substan-
ces, notably graphite, which collect upon the
surfaces of growing crystals, may so impede
chemical reactions and growth of crystals du-
ring metamorphisrn as to impose a conspicu-
ously fine grain upon the fabric of the resul-
tant rock. It seems that it is this case of the
plagioclase blasts coming from mica schists
of the Orlickie Mts. The presence of typical
and common impurities inside the blasts of
Fi + M1 albite might be one of the reasons
of diminution of the plagioclase blasts develo-
ped during the main metamorphic phase as
the result of recrystallization of prior albite.
Sometimes this may be also true about quartz
that often form numerous inclusions in blasts
of Fj + M1 albite. Probably some part of
the quartz could also be chemically passive,
behaving as opaque substances. Obviously,
the above featured process is not the only reason
which caused that plagioclase blasts developed
during F1 -\ Jflphase were smaller than blasts
of Fx + ill, albite. For example, certain part
of relatively fine-grained plagioclase aggre-
gates resulted from a mechanical granulation
of older blasts subject to subsequently opera-
ted stresses (fig. 5e,f). Owing to those reasons
plagioclase of the second kind occuring in mica
schists appears commonly as fine-grained ag-
gregate with interwoven phengite flakes, and
usually associated with quartz.

It must be emphasized that the blasts and
aggregates of F 2 + ilf2 plagioclase are usually
slightly flattened in planes parallel to S2folia-



Fig. 5
Plagioclases in mica schists (of the Stronie formation) subject to recrystallization during F2+ M2 phase

a —grain of Fx+ M Xalbite not affected by recrystallization. Note straight lines of its internal dusty trails in contrary to the deformed sur-
roundings involved in Fzfolds whose axial planes are marked by parallel growth of biotite flakes (obliquely lined). Development of this
albite grain preceded Fzfolding; b —grain of Fz albite slightly affected by deformation and recrystallization of Fz+ M 2phase. Inter-
nal trails are involved in open F« fold. See also explanation in the text; ¢ —recrystallization of plagioclase during F2+ M Zphase caused
the dispersion of internal dusty trails. See the text for further explanations; d —grain of F x+ M x albite preserved within Fz fabric
of miea schists. Note that the grain is wrapped up with Fx-\-Mx white mica flakes; e —diminution of F x+ M Xalbite during recrystalli-
zation of M% phase. The grain is fractured into smaller pieces. Some of these pieces are converted into more basic plagioclase and then in-

Plagioklazy w tupkach, tyszczykowych. poddanych, rekrystalizacji w fazie F2+ M2

o0 —nie dotkniete przez rekrystalizacje ziarno albitu Fx+ M X Prosty przebieg wrostkéw w atbicie. Mineraty otaczajgce to ziarno ujete zo-
staty w fatdki F 2 ktérych powierzchnie osiowe podkreslajg réwnolegle utozone blaszki biotytu (sko$nie kreskowane). Ziarno powstato przed
deformacja F.z; b—=ziarno albitu Fx+ M x poddane niewielkiej deformacji i rekrystalizacji w fazie F.z+ M 2. Smugi wrostkéw ujete zostaty
w otwarte fatdki zespotu Fz (patrz réwniez objasnienia w teksécie); c—rekrystalizacja plagioklazu w fazie Fzt 1 2 spowodowata dyspersje
ciemnych wrostkéw (poréwnaj objasnienia w teksécie); d —ziarno albitu Fx+ M x zachowane w obrebie struktury F2A-M2 (fabric) tupka
tyszczykowego. Ziarno to otulone jest blaszkami fengitu F 1+ M X e —rekrystalizacja albitu FxF M Xw fazie Mz prowadzi do pomniejszenia
rozmiaréw ziaren plagioklazu. Wyjéciowe ziarno rozpada sie na mniejsze fragmenty, z ktérych cze$¢ przeobraza sie w bardziej zasadowy



tion surfaces. This has brought the evidence
of constant tectonic control which influenced
the process of the described recrystallization.
One has to realize that actual attitude of pla-
gioclase of the second hind as well as the whole
F. + df2fabric were additionally modelled by
strong shearing which acted along surfaces
of 82 foliation.

Succesive stages of convertion of F1+ M1
albite porphyroblasts into fine-grained felspar
aggregate are shown in figure 5e,/. Certain part
of newly growing fine grains reached the con-
tent of An particles as high as that typical
for oligoclase. It seems that the process was
associated with occasional development of new
phengite resulting from transformations of
plagioclases. However, both examples have
been taken from the mica schists adjacent to
granitoid rocks. Therefore, subsequent influ-
ence of the acid plutonie rocks on blastesis of
this phengite can be, by no means, exclu-
ded.

Almost complete lack of biotite inclusions
within plagioclases of the second kind are con-
sidered as their symptomatic feature. Biotite,
however, is the extremely characteristic mineral
of the F2 + M 2fabric, its flakes are always pa-
rallel to axial planes of F 2folds, referred to as S2.
Therefore, it may be assumed that the plagio-
clase of the second kind was developed prior
to the growth of biotite. Mica schists occuring
in the Lewin —Gotaczoéw region are rather poor
in blasts of Fx+ Jfx albite. In spite of that,
the per cent content of felspar in these mica
schists are comparable to that displayed by
mica schists of the Duszniki—Zieleniec region.
Hence it is seen that mica schists in the both
regions differ in the amount of plagioclases
of the individual kinds. This suggests that the
development of plagioclase of the second kind
was esentially due to recrystallization of the

older felspars —the Fx + M1 albite —under the
conditions characterized by higher p/l rate
of the regional metamorphism, and under the
influence of the process of metamorphic dif-
ferentiation.

It is known from the petrographical des-
cription that mica schists contain three kinds
of plagioclases. The third kind differs from the
second, among others, in lower content of the
An particle (below 10 per cent) and the presence
of biotite inclusions. Hence the development
of plagioclases of the second and third kind
was interrupted by the period of biotite growth
and cessation of lateral stresses in favour of
shearing movements which acted parallel to
S2planes. It is well known that shearing stress
can control nucleation of these new crystals
whose nuclei are located on still active glide
planes. Moreover, according to Johnson (1963)
“in metamorphic rocks directed pressure will
be only slowly released and may be present
even after movement has ceased”. Since the
newly growing crystals tend always to develop
in the places which enable them to be stable,
thus they willingly grow in the fold hinge
areas —the areas characterized by lowered pres-
sure and distinct active gliding. Simultaneously
the fold hinge zones are also the places of con-
centration of dissolved mineral material which
has been migrated from fold limbs. G. Yoll
(cf. Johnson 1963) points out that numerous
structural defects in crystals store strain energy
of deformation, and according to Bast (1962)
the storing of strain energy in crystals is an
important factor conditioning the growth of
metamorphic minerals. This roughly featured
mechanism may account for the reasons of the
growth of plagioclase blasts in the zones of F 2
fold closures. Obviously this growth took place
after the rotation of fold limbs had finished
when still active stresses conditioned the pos-

tergrown with phengite of the surroundings (upper right hand side of the grain). New large flakes of phengite also crystallize (shaded). Note
that the most intense changes of the initial blasts are seen at its parts discordant with S2foliation. Note also that internal trails are con-
tinuous despite the fracturing. Stippled is quartz; / —the same process in figure 5e. Initial blasts of F x+ M1lalbite was divided into se-
veral slightly displaced parts still maintaining the albite composition. Internal trails within these parts remain parallel. This is distinctly
seen only within central parts of the resultant grains. Stippled is quartz; g, h, i, k —development of plagioclase blasts within F % fa-
bric, mainly in the hinge areas of F>folds. Their growth was influenced by recrystallization and metamorphic diffrentiation of mineral ma-
terial throughout the rock fabric as well as by shearing along S2planes. Cross-lined is biotite, shaded is new flakes of phengite. Note slight
rotation of inclusions paralleling  micas involved in F 2folds. This rotation is due to movement along S 2planes

plagioklaz przerastany blaszkami fengitu z otoczenia (prawa, gérna cze$¢ ziarna). Jednoczesna krystalizacja nowych blaszek fengitu (je-
dnolicie ciemne). Ziarno ulega najintensywniejszym zmianom tam, gdzie jego brzegi sa niezgodne z foliacja S2. Ciemne smugi wrostkéw w
przeobrazanym ziarnie zachowuja ciagto$¢, mimo jego rozdrobnienia. Mineraty kropkowane oznaczajg kwarc; / —ten sam proces co na fi-
gurze 5e. Blast albitu FxX M 1rozpadt sie na kilka, lekko wobec siebie przesunietych czesci, zachowujacych nadal sktad albitu. Wrostki po-
zostaty wzgledem siebie réwnolegte, co wida¢ wyraznie w centralnych partiach tych nowych, drobnych ziarenek. Ziarna kropkowane oz-
naczaja kwarc; g, h, i, k—rozwo¢j blastéw plagioklazu w strukturze F2+ M2, gtéwnie w przegubach fatdéw F2 dzieki procesom rekrysta-
lizacji, metamorficznej dyferencjacji oraz dziataniu $cinania réwnolegle do powierzchni foliacji S2. Widoczna lekka rotacja wrostkéw w ziar-
nie skalenia na figurze 5i. Rotacja ta jest wynikiem mchu zachodzacego wzdtuz powierzchni S2
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sibility of movement of mineral material to
hinge regions and the occurence of remarka-
ble gliding along planes of $2 foliation (fig.
59, K i; pi. V5). In the case of the discussed
felspar it means that blasts of the third kind
plagioclase contain as the internal inclusions
all the earlier developed minerals and the blasts
display very ragged outlines due to strong
intergrowths with the elements of the pre-exis-
ting fabric. This also explains their being the
only plagioclase blasts which could internally
enclose flakes of biotite lying constantly pa-
rallel to 8 2foliation planes. In fact, the presence
of biotite inclusions appears to be the most
distinctive feature of plagioclase blasts which
are referred to as the third kind of plagioclase
occuring in mica schists of the Stronie forma-
tion of the Orlickie Mts. (fig. 53J; pi. V4, 5).

Blasts of plagioclase of the third kind very
often enclose the closures of F 2 microfolds.
Therefore, it is suggested that the discussed
plagioclase can be regarded as the youngest
of the three kinds of plagioclases distinguished
in mica schists. It seems that the development
of the youngest albite (post-deformational one
with respect to F 2phase) was due to processes
of metamorphic differentiation, and due to
crystallization of the whole locally mobilized
alkali solutions in places of more suitable pre-
ssure—so, in the hinge regions of F2 folds.

Sometimes, in the hinge areas, those stron-
gly mobilized light minerals display a distinct
tendency to metamorphic differentiation by me-
ans of forming their own bands and retaining
the rest of the rock constituents in others.
In light bands large plagioclase and quartz
crystals were frequently developed. The latter
acquired marked deformation lamellae para-
lleling always the planes of gliding. These big
crystals have occurred against the background
of fine-grained aggregates composed of quartz
and plagioclase. Oo-existence of such aggre-
gates and large blasts of the same minerals
could be considerably influenced by the speed
of iocal recrystallization, action of shearing,
or rapid arrest of the recrystallization process.
Hot infrequent displacements of those aggre-
gates, parallel to planes of the main foliation,
suggest that the discussed phenomena, con-
trolled by the aforesaid factors, took place
more or less simultaneously with the period
of highest intensity of gliding along 82 planes.

There is no potash felspar in the mica
schists of the Stronie formation occurring in

the Orlickie Mts. The only exception to the
rule, however, has been met in mica schists
rocks adjacent to the granitoid body. Mica
schists can contain small amount of micro-
cline there. As Borkowska (1959) noted it
was proceded by the development of pre-mi-
crocline myrmekite. The microcline was com-
monly developed within intergranular spaces,
and very rarely as antiperthitic intergrowths,
but almost no other symptom was met of re-
action with earlier plagioclase to be surrounded
by the microcline. Quite new fiakes of phen-
gite can be, however, encountered in the neigh-
bourhood of the microcline. Obviously both
microcline and phengite crystals could origi-
nate only due to an afflux of K-ions. This af-
flux did not result directly from regional me-
tamorphic conditions but was closely connected
only with the granitoid intrusion. Thus it exer-
ted no regional influence, and did not affect
rocks of the whole region. Microcline halo
around the granitoid rocks appears to be very
narrow and spatially limited.

It is quite understood that flakes of F+ + M,
phengite had to be subject to rotation in the
course of rotation of the limbs of F2 foids.
Arrest of the rotation made the phengite flakes
acquire a mechanically stable position. It is
hard to define precisely when F, + M, phen-
gite started to recrystallize during F2+ M2
phase —probably the process took place es-
sentially contemporaneously with the plagio-
clase convertion. This view is supported by
the interrelations of these two minerals. Ob-
viously the recrystallization of phengite was
accomplished more readily where 81 foliation
planes were brought into parallelism with S2
ones —that is everywhere except for the hinge
areas of F 2folds. It was ascertained that F2 +
M 2 phengite flakes in the hinge areas are in-
frequently larger than Ft + M1 ones. So du-
ring the recrystallization phengite flakes could
enlarge their crystals but without any discer-
nible change in their chemical composition
influencing their optic properties. Therefore,
it is often a hard task to distinguish between
Fx+ If, and F2+ ilf2 phengite flakes. The
flakes of phengite developing undoubtedly du-
ring F2+ M, phase are arranged commonly
in their own independent strips oriented in
parallel to planes of 82 foliation (fig. 5i, 7.

Biotite has been recognized to be a new
mineral of F2+ M2 fabric. It is known that,
the lower limit of the emergence of biotite is



usually marked by a temperature of 400° (Tur-
ner)—450° (Zwart), (cf. Johnson 1963). There-
fore, a distinct increase of p/t rate should be
expected during F2+ 1/2 phase. An incre-
ment of temperature facilitated the reaction
between previously low metamorphic ferro-mu-
seovite and chlorite yielding brown or green
biotite whose flakes were constantly oriented
in parallel to 82foliation and closely associated
with F2+ Jf2 phengite ones in micaceous
bands. The presence of biotite appears to be
one of the most characteristic features of the
82 foliation. According to Turner (1960), by-
-products of the mentioned reaction include the

nearly ideal muscovite, chlorite of variable
composition, and notably anhydrous phase
made of hematite and magnetite. This sta-

tement allows to understand why the bands
of F2+ 1f2 micas are so frequently accom-
panied by opaque minerals whose most abun-
dant accumulations are encountered along zo-
nes of the most intense shearing movements
(pis. V7; VI11,2; VIIid).

Casual inspection of a thin section may
sometimes suggest quite random distribution
of phengite and even biotite flakes. Owing to
general parallelism of 8X and 82 planes the
phenomenon hardly occurs in the limbs of F2
folds. Thus, an orderless fabric can be expected
in the fold hinges. It can be easily checked
whether one deals with limb or closure by com-
paring the handspecimen and the thin section
which has been cut from the former. Careful
examination of the thin section in which such
a random fabric has been found, reveals easily
that the disorder is most frequently apparent.
It seems to result from a simple fact that flakes
of white and dark micas are arranged along
two directions. Scales of Fx+ M1 phengite
trace a curvature of F2fold and moreover 8X
mica foliation has been crenulated parallel to $2
planes. Obviously, the scales of F2+ M2phen-
gite are concordant with S2foliation. This in-
troduces two directions of arrangement of phen-
gite flakes and the apparent disorder. The same
is true about biotite. According to the properties
of F2 + Jf2 fabric its flakes lie in $2planes and
thus intergrow the fold closures. Nevertheless,
some part of flakes of the dark mica appears
to be arranged along 8 Xplanes. It is impossible
to find under the microscope any difference
between the biotite flakes paralleling planes
of these two sets. So the simplest explanation
of the described phenomena assumes the par-

tial, mimetic growth of F2 + M2 biotite along
8 Xplanes. It seems to be quite probable that
under certain conditions the mimetic growth
and adjustment to the well develeoped struc-
tural framework of Fx + MXx fabric were more
attractive for certain part of the growing bio-
tite crystals, mainly due to locally lowered and
less determined directional pressure in the fold
hinge areas, than directional blastesis parallel
to planes of the main foliation.

There are three reasons of reorientation of
Fx + Mx phengite flakes to the position pa-
rallel with S2 planes. These are: isoclinal geo-
metry of F 2 folds of microscopic dimensions,
crenulation of closure areas of those folds,
and recrystallization parallel to the main
foliation.

Fx and F2 microfolds may be impossible
to be differentiate from each other where owing
to repeated isoclinal folding SO, 8X and S2
planes have been brought in mutual parallelism
which caused, under conditions of regional
metamorphism, the biotite flakes to grow
concordantly along these three parallel surfa-
ces (Zelazniewicz 1972). Of course, flakes of
Fx+ Mx and F2+ M2 phengite are parallel.
In such instances the evidence of the existence
of Fxand F 2folds can be based only upon the
presence of superimposition of these folds, or
upon the observation of s{ dusty trails in-
cluded in Fx+ If, albite blasts. Where such
observations are impossible the 8 Xand S2folia-
tions cannot be distinguished (pis. 1X; X;
X1).

Garnets are not abundant in mica schists
of the Stronie formation outcropping on the
Polish territory. Thus, it is hard to place the
mineral in a scheme of fabric evolution of
the mica schists. In the Duszniki—Zieleniec re-
gion the crystals of common garnet are nearly
automorphic, and lacking any inner inclusions.
No trace of secondary alternations is observed.
However, the garnet crystals coming from the
mica schists occuring in the Lewin—Gotaczéw
region appear to be remarkably chloritized
and intergrown with quartz.

During the F2 + Jf2 phase mica schists of
the Stronie formation were characterized by
the mineral paragenesis which compared with
that of the Fx+ MX phase appeared to be
enriched in biotite and plagioclase correspon-
ding mainly to oligoclase. Other minerals to
form the discussed mica schists were common
for these two phases.



Fig. 6
Structural elements and mineral transformations within fabric of amphibolites and amphibole schists during
I"a+ 12 phase

a, b,c,d —various attitudes of F2folds of microscopic dimensions in amphibole schists. Actinolite needles (relics of F x+.MXfabric) are fol-
ded about F 2axes. This is seen well if the actinolite needles occur within thin layers composed mainly of plagioclase, quartz and epidote;
e —transformations of plagioclases in the hinge region of F%old. Oligoclase (stg)pled) is rimmed and replaced by albite (cross-lined). Quite
new albite grains come also to grow;/ —drag fold in_the limb of thight F2fold; g, ft —mineral transformations taking place in the struc-
ture of draé; fold of F zset. Note orientation of amphibole needles. Stippled are epidote-acid plagioclase matrix strongly recrystallized and
mobilized during the recrystallization of F2+M 2 phase. See the text for tether explanations; I — appearance of plagioclase-epidote-quar-
tz concentrations (bands) in the Jawornica amphibolite. Note relics of folds belonging to Fz set, which are dismembered into pieces by
shearing movement along S2planes. The pieces attain “ patched” appearance after strong recrystallization; ft —hornblende crystals (cross
lined) imprinted during M 2 phase on the pre-existing fabric of actinolite-quartz phyllite. Stippled are plagioclase-epidote-quartz bands.
See the text for further explanations

Elementy strukturalne i przeobrazenia mineralne w strukturze amfibolitow i tupkéw amfibolowych dokonane
w fazie F2{(-M2

a, b, ¢, d —mikrofaldki F 2w tupkach amfibolowych. Igietki aktynolitu obwijaja si¢ wokét osi Fz co Jest dobrze widoczne w przypadkach,
gdy amfibol znajduje sie w warstewkach plagioklazowo-kwarcowo-epidotowych; e —przeobrazenia plagioklazéw w strefie przegubowej

fatdu Fz Otigoklaz (kropkowane) jest zastepowan?/ lub otaczany przez albit (kratkowane). Albit tworzy tez nowe samodzielne blasty; / —

faldek_ciégnior]y w skrzydle waskopromiennego fatdu F 2; fkft—przeobraienia mineralne zachodzace w obrebie struktury fatdu ciagnionego
zespolit . Widoczna orientacja igietek amfibolu. Zakropkowano tto zbudowane z epidotu i kwasnego plagioklazu, poddanych silnej re-

lgr?/stalizacji i mobilizacji w czasie fazy F 2+ M % Dalsze objasnienia w tekscie; i —koncentracje plagioktazowo-epidotowo-kwarcowe w amfi-
0

itach z okolic Jawornicy. Widoczne relikty fatdéw zespotu F 2. Fatdy te sg rozcztonkowane wskutek ruchéw $cinajgcych zachodzacych
réwnolegle do powierzchni S2. ZLawisko to prowadzito do ,taciatego” wygladu tych skat; ft—blasty hornblendy (kratkowane) narastajgce
w fazie na wczesniejsza strukture (fabric) tupka aktynotitowego. Partie zakropkowane oznaczajag warstewki plagioklazowo-epido-

towo-kwarcowe. Dalsze objasnienia w tekscie



Amphibole-bearing rocks. Reconstruc-
tion of snccesive stages of development of
F2 + ill2 fabric in amphibole-bearing rocks
appears to be much more difficult. This is due
to smaller number of the preserved relics of
F 2 folds. The task is getting more complicated
because the problem of origin of the questio-
ned rocks has not been proved convicingly
enough. It is clear that the initial nature of
these rocks must have remarkably conditioned
the way of their metamorphic transformations.

A scheme of rebuilding of Fx+ M\ fabric
to F. + M2one, recognized in the well foliated
amphibole schists seems to be similar to such
a scheme established for mica schists. Besides
two exceptions all the folds of the second de-
formational phase (F2 recognized in the am-
phibole-bearing rocks have displayed an iso-
clinal geometry. Thus, after the F2 refolding
Fx + Mx actinolite needles came to parallel
planes of $2 foliation. The fact facilitated con-
siderably the recrystallization of the fibrous
amphibole during M 2phase. However, only some
crystals of this mineral were affected by the
process which produced coarser grains of com-
mon hornblende (z/ly —15—17°). The fine-gra-
ined and well foliated amphibolites or amphi-
bole schists have been frequently laminated
due to fairly regular alternations of the amphi-
bole laminae with those composed of plagioelase,
quartz and epidote occuring in various quanti-
tative proportions. Folds of mesoscopic dimen-
sions are visible owing to the presence of this
lamination (pi. X1). The folds are less distinct
in more homogenous amphibolites, neverthe-
less, existence of F 2 microfolds can be revealed
under the microscope by means of examina-
tion of distribution pattern of F, + M, acti-
nolite needles.

The fibrous amphibole crystals are folded
about F 2 axes, or they remain mutually orien-
ted at the angle of some 10—16 degrees (fig.
6a,b,c). Such a zonal lack of parallelism in
the arrangement of Fx+ M1 actinolite need-
les indicates the existence of F2 microfolds
characterized by interlimb angles of the above
mentioned values. These interlimb angle va-
lues were however influenced by later gliding
parallel to S2 foliation (fig. 6d).

Felspar of the light laminae (bands) has
been characterized by the diversified compo-
sition. Obviously, this is always acid plagio-
clase, but the microscopical determinations
point alternatively to albite and oligoclase.

Therefore, it is very hard to differentiate the
plagioelase crystals developed in Fx + M 1phase
from those nucleated during F2 + Jf2 phase.
Blasts of these plagioclases are often at least
slightly flattened which suggests their growth
under stress control. Nevertheless, there are
many proofs of a strong plagioelase recrysta-
Ilization still after the cessation of lateral
stresses.

Hue to perfectly parallel arrangement of ne-
edles fibrous amphibole the actinolite foliation
displayed some sort of remarkable conductivity
and shear gliding readily acted along its planes.
Thus, the dissolved light mineral material easily
moved from limbs to the closure areas of tight
or isoclinal folds. In such places nucleation
of new metamorphic crystals was remarkably
effected owing to lowered pressure and relaxa-
tion of strain energy of deformation (cf. p.
129). Albite blasts were mostly developed there.
These new, clear blasts of acid plagioelase
either overgrew the older felspar grains which
usually were more sericitized or appeared as
the independent crystals (fig. 6b, c). The pla-
gioclase was always more acid than the older
one. So the described process commonly asso-
ciated with a strong production of epidote has
been recognized as the sassauritization. Clino-
zoisite crystals happened to be overgrown by
the acid plagioelase, and therefore they could
be converted to internal inclusions within the
felspar blasts. It seems that the degree of mo-
bilization of the light minerals sometimes could
be even very significant (fig. 6g, h; pi. X111,
2, 3). This undoubtedly depended on a bulk
mineral composition of individual bands. The
bands (laminae) composed of actinolite and
quartz were affected only by fold deformation.
However, the bands (laminae) strongly enri-
ched in plagioelase or those consisting only
of amphibole were subject additionally to re-
markably intense recrystallization. In the hinge
zones of F2folds the layers rich in plagioelase
yielded to utterly random recrystallization.

The fact of existence of thick, independent
layers composed exclusively of epidote mine-
rals denies the secondary nature of the mine-
rals. Hence, epidote can be considered, at least
partly, as the primary metamorphic constitu-
ent of the discussed rock. Actual value of p/t
rate was too low to involve the whole of Ca-
-ions in the crystal lattices of plagioelase and
amphibole. Nevertheless, there is no doubt
that the secondary development of epidote



minerals —especially in fold hinge areas—is
the result of decomposition of more basic pla-
gioclase. Besides epidote, the process of sassau-
ritization provided also small amount of
calcite.

Systematic analysis of arrangement of ac-
tinolite needles occuring as inclusions in pla-
gioclase blasts of amphibolitic rocks described
in p. 113 has revealed that the needles display
their own independent, and fairly constant
spatial orientation. So it is suggested that
the growing plagioclase enclosed some older
directional fabric oriented diagonally to F2 +
+ Jf2 fabric. Thus it had to have been the
relic of Fx+ Mx fabric—the only one struc-
turally possible here. Therefore, the significant
plagioclase recrystallization connected with
F. + M2 phase can be ascertained. The dis-
cussed rock has been surrounded by mica
schists which are believed to be the metamor-
phosed graywacke. Characters of the rock
fabric, type of mineral interrelations as well
as composition of the plagioclase do not bring
any evidence on the activity of metasomatic
solutions but allow to assume that the amphi-
bolite in question is only a lithological variety
of the diversified assemblage inherited from
the metamorphosed parent deposits.

Apart from the closures of F2 folds the
process of significant recrystallization and de-
calcification of plagioclase has been recogni-
zed to have occured in short limbs of the drag
folds produced during the second deformatio-
nal phase (pi. X1 1, 2, 3). Asymmetrical drag
folds occuring in the limb of larger isoclinal
fold have been shown in fig. 6/, h; pi. X13.
Penetrative gliding acted along planes parallel
to axial planes of tight or isoclinal folds of
F 2 set. Obviously the gliding must have af-
fected not only axial foliation planes but also
other planes of similar orientation (that is
fold limbs). Isoclinal geometry of the parent
folds caused short limbs of the drag folds of
second order to be sheared in much the same
way and degree as hinge areas of the first or-
der folds. It is known that during the folding
under metamorphic conditions the flexure
strength of a given lamina (layer) can be over-
come, and thus the fold to be developed must
yield to shearing. This shearing may be exerted
in three ways: the shearing resulting from mu-
tual movement of the two neighbouring layers
to be folded by a mechanism of flexure, the
shearing which results from spreading out of

glide movements along planes of axial folia-
tion and their superimposition on the whole
folded portion of a rock, the local shearing
along axial planes to individual drag folds,
which is limited only to structure of the very
folds. It is obvious that owing to the advanced
development of a parent fold far beyond the
treshold of flattening the axial planes to sub-
sidiary drag folds are made be parallel with
the axial planes of a parent fold.

Occurence of shear gliding acting in the hinge
zones of the first order folds as well as in short
limbs of subsidiary drag folds may be expected
to exert a significant influence on mineral
recrystallization employed in the mentioned
places (cf. p. 129). This assumption allows to ac-
count for the pattern of mineral arrangement
in amphibole-bearing rocks subject to strong
shearing and recrystallization. Almost all need-
les of the fibrous minerals became arranged
parallel to the axial foliation planes of Ft folds
(pi. VI1). Sometimes, only in the zone immedia-
tely adjacent to the boundary between pre-
-existing (that is existing before recrystalliza-
tion) dark and light layers of amphibolite,
some amphibole foliae maintained discor-
dant orientation with respect to S2 planes and
by means of that imitating the parent fold
geometry attained prior to shearing and re-
crystallization (fig. 6/, h). These discordant
foliae can be considered as the structural relic
of a stage of flexing — the one earlier in the
process of fold development. Where such re-
lics have not been preserved all amphibole
needles were reorientated to be parallel to $2
planes. Then the boundary between dark and
light layers was formed by a significant con-
centration of fine-grained epidote aggregates.

F 1 + ill, fibrous amphibole subjected to rec-
rystallization during ilf2 phase were often con-
verted to common hornblende of F2+ M2
phase. It formed usually bigger blasts than
those of the Fx + ill, actinolite. On the basis
of microscopical studies it has been established
that the hornblende crystals at first grew
parallel to the main foliation planes, but later
came to recrystallize in a quite random manner
(as plagioclase) —first of all in the fold hinge
zones. Equal dimensions of some blasts of
common hornblende, plagioclase, and epidote
as well as their partly orderless distribution
have suggested that blastesis of these mine-
rals was ended after stress cessation, under
conditions close to confining pressure.



The above described phenomena seem to
indicate that the process of metamorphic di-
fferentiation was employed to shape the fabric
of amphibole-bearing rocks. Due to this process
light and dark constituents of these rocks
tended to be segregated from each other to
form their own independent accumulations.
According to the above remarks the concentra-
tion of light minerals, mostly plagioclase, can be
expected to have been most readily derived
from the mineral material which was moved
into hinge zones of F 2 folds that subsequently
were strongly sheared out. Probably due to the
very process the coarse-grained and plagio-
clase-rich amphibolites occurring in the vici-
nities of Witéw and Jawornica acquired their
characteristic patched appearance (Zelaznie-
wicz 1973b). The appearance resulted presu-
mably from the unfinished metamorphic dif-
ferentiation of the questioned rocks. One of the
examples of such a gradational development of
fabric of these amphibolites has been shown in
fig. 6i (note the relics of closures of F 2folds).

The patched amphibolites occur, on the
Polish territory, only in the vicinity of the
villages of Zimne Wody, Witéw and Jawornica.
Those very irregulary shaped patches (concen-
trations of light minerals) have been constan-
tly flattened in the plane parallel to main folia-
tion. The elongated patches can be considered
as the initial stages of development of the secon-
dary metamorphic layering.

Presently it is rather hard to say whether
all the coarse-grained amphibolites displaying
structural segregation of light and dark mine-
rals have been due to mechanism like that just
featured above. The convergence phenomena
could completely obscure any possible indica-
tions of the different ways of development of
the resultant amphibolite rocks acquiring the
patched appearance. Transformation of pri-
marily layered rocks by means of the above
featured process as well as metamorphic diffe-
rentiation of the constituents of igneous rocks
characterized by random texture seem to be
equally possible. Therefore, the above expressed
suggestions are valid only for those amphibo-
lites in which the relics of F2 folds no matter
how sheared out they can be, are still recogni-
zable. The relics, however, are not met ubi-
quitously.

Amphibolites may be sometimes interca-
lated with thin (several centimetres thick) bands
whose appearence and composition point to

typical gneisses. The bands are usually orien-
ted concordantly with planes of the main fol-
iation (82) though tiny off-sets are also encoun-
tered. The rock forming these intercala-
tians is composed of quartz, medium plagio-
clase, phengite, and scarce biotite. Boundaries
between the intercalations and the host am-
phibolites appear always to be very sharp.
Origin and significance of such intercalations
so far are not convicingly accounted for.

There are several characteristic features
displayed by the patched, weakly banded am-
phibolites. They are summarized below: 1) Con-
stant tendency of light and dark minerals to
be segregated. 2) Common flattening of indivi-
dual, roughly monomineral accumulations in
planes parallel to S2 foliation of the surroun-
dings (despite their very irregular shapes). The
accumulations usually tend to combine late-
rally producing larger bands or lenses. 3) Bough
agreement of the longest dimensions of tabular
plagioclase crystals with S2 foliation of the
surrounding rocks. 4) Similar tendency, though
less marked and variable from place to place,
has been recognized for hornblende crystals.
5) Amphibole is characterized by angle zjy =
15—18°. 6) Common occurence of medium pla-
gioclase (An2 30) accompanied by frequently
occuring oligoclase and albite. Albite is always
less sericitized, and happens to be gathered
in larger accumulations. 7) Large amont of
epidote minerals which are dispersed against
rock groundmass, or make monomineral aggre-
gates associated with light irregular lenses.
8) Co-existence of plagioclase, epidote and cal-
cite. 9) Amphibole and epidote inclusions with-
in plagioclase blasts. 11) Scarce garnet and
sphene. 11) Sporadical occurrence of almost
completely altered diopside.

The data included in points 6 —11 suggest
the way of transformations similar to that fe-
atured above in pp. 133 —135. Hence it may be
assumed that the well foliated and laminated
epidote amphibolites which had been derived
from tuff deposits during Fx -j- ill, phase, in
the course of the strongest metamorphism
{M2), became converted into the amphibolites
abundant in medium plagioclase but poor in
epidote (points 5, 6). Next the rocks were sub-
ject to retrogressive alternations under con-
ditions of vanishing stress and lowered p/t rate.
This interpretation seems to be supported by
sassauritization of plagioclase (points 6 —9)
and orderless texture (points 3 —4). Never-



theless, the reasons of remarkable differences
in a degree of metamorphic transformations
displayed by different though often neighbou-
ring varieties of amphibole-bearing rocks are
not fully understood. Therefore, no ultimite
conclusion concerning the origin of the dis-
cussed rocks can be drawn at present. Cer-
tain indications as to the manner of progres-
sive metamorphic transformations of Fx+ M1
fabric of amphibolite to F2+ M2 one have
been found in the crag situated at the turn of
the road from Lewin to Witéw. There is a relic
band of excellently foliated actinolite-quartz
phyllites which are concordantly included in
the coarse-grained, patched, poorly layered
amphibolite. Foliation planes occuring in these
both rock types are parallel. Microscopical
examination has revealed that large crystals
of common hornblende were randomly over-
printed on the directional F1+ M1 fabric of
the actinolite phyllites (fig. 6/c). Moreover,
occasional albite-epidote layers were locally
enlarged as the result of the growth of big
oligoclase blasts which were presumably deve-
loped at the expense of the former minerals.
Most likely metamorphic differentiation was
also employed here. It seems that this actino-
lite-quartz phyllite survived the M2 metamor-
phism owing to its mineral composition (only
amphibole and quartz) and owing to the pri-
mary diversity of sedimentary (tuff) complex
in which among series rich in felspar sometimes
thin layers occurred almost completely devoided
of plagioclase. Probably the actinolite-quartz
assemblage was not suspectible to easy meta-
morphic transformations. Much more advan-
ced transformations appeared where plagio-
clase had been included in the composition of
the initial (pre-metamorphic) rock. Therefore,
it Is suggested that the discussed actinolite-
-quartz band should be considered as the reflec-
tion of lithological variations to be inherited
from the unmetamorphosed rocks—presuma-
bly of tuff nature. The rocks were usually rich
in plagioclase but occasionally intercalated with
felspar-free layers.

It is easily to note that the above described
phenomenon displays considerable similarity
to that recognized in the actinolite schists of
the Stronie formation, which have been im-
mediately adjacent to the thrust fault separa-
ting the Stronie from the hlove Mesto formation.
In both cases crystals of common hornblende
were overprinted on directional fabric of the

initial actinolite phyllites. The fabric was in-
volved in F 2 microfolds. Hence, the recrystalli-
zation of amphibole took place after the main
kinematic activity—that is during M2 meta-
morphic phase. It may be assumed that a tran-
sition from well foliated fine-grained amphi-
bolites or amphibole phyllites (schists) to am-
phibolites characterized by coarser grains and
more random texture was, at least partly, due
to progressive regional metamorphism.

Phyllites of the Hove Mesto forma-
tion. It is very hard to reconstruct the featu-
res of Fx + Mt fabric in phyllites of the Hove
Mesto formation. Eecognition of tectonic and
metamorphic events of F2+ M2 phase, re-
corded in these rocks appears to be much more
possible.

The set of F2folds can be recognized owing
to some of their characteristic features. Sur-
faces of the earlier developed foliation were
curved about the axes of the questioned folds.
In sericite phyllites axial planes to F 2 folds
are usually underlined, as in mica schists, by
parallel arrangement of biotite flakes. So, this
is a striking similarity to mica schists of the
Stronie formation. Those axial planes are in
a spatial agreement with the most distinct fol-
iation occuring in the unfolded surroundings.
Thus, due to general isoclinal geometry of the
folds in question their structural elements pa-
rallel the main foliation. And finally, the most
distinctive feature—some older isoclinal folds,
preserved in relics, have been coaxially refol-
ded by the discussed folds referred to as F2
The earlier ones must be regarded as F 1 fold
structures.

It seems that the presence of those scarce
but still recognizable relics of Ft folds as well
as the analogy to mica schists of the Stronie
formation allow to consider the actinolite or
white mica foliation which has been involved
in F2folds as the Sx foliation. This foliation
has been recognized to parallel the axial pla-
nes to FXx folds.

The F2 folds in amphibole phyllites re-
sulted from folding of S| actinolite foliation
planes. Their nearly isoclinal geometry caused
the rock-forming minerals to be arranged pa-
rallely. So the preferred orientation of F2 + M2
minerals appears to be the same as that of
Fx -f Mxones. It has been recognized that the
growth of plagioclase crystals took place after
the development of F 2folds. That is why, the



F 2 + Jf2plagioclase blasts were strongly inter-
grown with actinolite needles. These internally
included needles are either discordant to planes
of S2foliation, where the microfold hinges have
been surrounded by growing plagioclase or pa-
rallel to this foliation where the plagioclase was
developed in limbs of isoclinal folds. Someti-
mes, the amount of such intergrowths is so
large that, in the absence of quartz in a given
place of rock, the outlines of the individual
crystals are no longer discernible (fig. 10e,f;
pi. Y 1,3). Chemical composition of those pla-
gioclase crystals varies sometimes from place
to place even in one handspecimen, but albite
always dominates over oligoclase. The content
of the An particle within plagioclases of the
discussed rocks seems evidently to be governed
by an amount of epidote and calcite occurring
in the individual layers of those rocks. Albite
can be commonly encountered inside the bands
enriched in these two above mentioned mine-
rals. Oligoclase usually appears in the bands
short of epidote and calcite. Some Ca-ions are
included in the oligoclase. It can be established,
on the basis of mineral interrelations seen under
the microscope that both calcite and epidote
were the primary minerals produced during
progressive metamorphism and not resulting
from any secondary alternations. The exact
reason of such variations concerning the com-
position of plagioclase blasts has not so far been
revealed. It seems that this phenomenon is
somehow connected with the development of
metamorphic layering paralleling 8 2axial planes
of F 2microfolds. The layering results from per-
sistent repetition of fold limbs and axial plane
zones throughout the profile of isoclinally fol-
ded rock (e.g. pi. VHLS5). Slightly different
conditions of recrystallization, which usually
dominate in the hinge regions (axial plane zo-
nes), produce, in a rock, certain lithological
diversity resulting in the inception of new mi-
neral banding. One must realize, however, that
such a layering is of secondary, dyanamo-meta-
morphic nature conditioned by an unequal
distribution of metamorphic agents throughout
the rocks to be transformed. These agents re-
main, to some extent, under the tectonic control.
It causes the strongest and most remarkable
transformations to occur in the axial plane
zones. This tectonic control depended on-the
isoclinal geometry of F 2folds and strong action
of shearing along S2 axial surfaces. The shea-
ring has been recognized as the final expres-

sion of kinematic activity during F2 + M 2pha-
se. Crenulation of planes of Sxfoliation, attenua-
tion of fold limbs to produce intrafolial folds,
considerable accumulations of opaque mine-
rals along the planes of intense gliding, and
the facility of usually retrogressive alterna-
tions taking place along these planes are con-
sidered as the typical effect's of shear action.

Sometimes, axial gliding could produce
certain discontinuities in the fold structures.
Such discontinuities in actinolite phyllites hap-
pen occasionally to be filled up with veins made
of even coarse-crystalline quartz associated
with calcite and chlorite. These veins may give
an impression of quite independent layers to
build the rocks. Crystals occuring in the dis-
cussed veins lack any preferred orientation.
This implies the non-stress conditions when
the veins were developed. It is suggested that
shearing parallel to S2planes caused the mobi-
lization of local solutions derived most likely
from the same rock and made them move on
for very short distances. The solutions conta-
ined the most mobile components which were
crystallizing just as the above mentioned vein
minerals.

As it has already been mentioned the de-
velopment of mineral assemblage of the phy-
llites composed of chlorite, calcite, quartz, pla-
gioclase, sericite and relic actinolite was greatly
controlled by strong shearing movements (p.
117). Such phyllites are outcropped in two pla-
ces —near the village of Krzyzanéw and in
the railway-cutting above Lewin. These two out-
crops occur in the zone of the thrust fault which
separates the Stronie formation from the Hove
Mesto formation. Intensity of shear movements
which affected the rocks in question was so
severe that all F2folds became completely she-
ared out and damaged.

Especially interesting is the fact that pla-
gioclase coming from the discussed phyllites
appears mainly to be acid oligoclase. Highet
content of calcium displayed by these plagio-
clase might be due to two reasons. Increased
susceptibility of the felspar to recrystalliza-
tion resulting partly from a storage of strain
energy of deformation within blasts of this

mineral could be the first reason. The se-
cond reason is the high intensity of shea-
ring, which released some Ca-ions. Hence,

it can be concluded that the mode of pla-
gioclase recrystallization might be considerably
influenced by a tectonic factor under some



conditions. Thus, the felspar could be pro-
vided with abnormally higher content of the
An particle owing to locally stronger stress
whose value overcame the general value of
“p” parameter of the regional metamorphism.
Experiments by Turner (1960) indicated the
possibility of considerable transformation wit-
hin a crystall lattice of a mineral and even
serious changes in its composition merely due
to shear stress action.

In sericite phyllites of the Hove Mesto for-
mation, where they adjoin to the above men-
tioned zone of thrust fault, the F 2 flexure folds
were also remarkably modified by shearing
(fig. 10fc, /). This allowed to state that occasio-
nal porphyroblasts of well-twinned oligoclase
grew after the shearing had acted. The plagio-
clase porphyroblasts are considerably over-
printed on the sheared out F%+ M2 fabric
of phyllite, and they acquire numerous mica
inclusions oriented in parallel to S2 foliation.
Quite similar phenomena can be observed in
the actinolite phyllites adjacent immediately
to the thrust zone.

Albite appears to be the most common
and typical plagioclase of sericite phyllites.
Some of its grains display the same features
as the Fx + M1lalbite occuring in mica schists
of the Stronie formation. Thus it could be as-
sumed, by an analogy, that the very albite
coming from the discussed phyllites also en-
closed fragments of 1'1 + Mx fabric as early
as in the Mxphase. The fragments have been
preserved as relics presently visible owing to
the presence of fine dark trails included in the
albite blasts. The presence of these trails ena-
bled to reconstruct spatial positions of planes
of $ xaxial foliation. Sometimes the planes were
underlined by quartz veins. $xfoliation became
involved in tight F 2 folds whose axial planes
are paralleled by flakes of brown biotite. The
dark mica often co-exists with chlorite, occu-
rring in mutual intergrowths of these two mi-
nerals. Having studied the F2+ M2 fabric
of phyllites one can state that the recrystalli-
zation of the rock-forming minerals during
F2+ M2 phase took place after rotation of
limbs of F2 folds had been ended, but under
prolonged control of still active directional
pressure—that is in quite the same way as it
was in mica schists of the Stronie formation.
Therefore, the mineral crystals growing du-
ring F2 + M2 phase tended to parallel planes
of S3 foliation.

However, on the basis of external features
and relations to the mineral surroundings, only
some albite grains may be considered as the
plagioclase which were developed during EXx --
M 1 phase. It seems that most of albite crys-
tals occuring in the phyllites grew and recrys-
tallized later, nevertheless it is very hard to
relate those albite crystals to any of the three
kinds of plagioelases recognized in the mica
schists of the Stronie formation. The presence
of internal biotite inclusions appears to be the
most striking feature of the majority of plagio-
clase blasts coming from the phyllitic rocks.
Accordingly, crystallization of biotite preceded
most likely the growth of plagioclase. The phy-
llites of the Hove Mesto formation do not dis-
play any reliable symptoms pointing to retro-
grade transformations. It is a difficult task to
interpret the above described phenomena, and
many doubts arise. Did the biotite in mica
schists and biotite in phyllites grow at the
same time and under the same regional condi-
tions? Perfectly constant structural position
of the dark mica whose flakes almost always
parallel the planes of S2 foliation brings cer-
tain answer to the question, though by no means
satisfactory. Hext, can one assume that the
albite blasts with inner biotite inclusions crys-
tallized during M2 phase, or not? This could
be suggested by the common appearance of
those albite blasts. Unfortunately, there is no
evidence would support fully the answers to
the above questions. However, if the answers
were positive, one could assume that the me-
tamorphic transformations of M2 phase affec-
ting the phyllites were not only weaker but also
slightly later in respect to M2 metamorphic
convertions which affected the rocks of the
Stronie formation.

When the thin sections cut from phyllites
are examined under the microscope a fairly
interesting phenomenon can be observed. Al-
most always albite grains are pretty strongly
flattened when occuring in the limbs of micro-
folds which were developed in thinly lamina-
ted rocks. Also flattening affected those felspar
blasts which have occured in the hinge zones
of F 2 folds, but only in the places where the
plagioclase has been surrounded by thick mica
bands folded about F 2axes. Still, if albite crys-
tals» are encountered in the sites richer in qu-
artz, then the crystals acquired much more
spherical shape not only in the fold limbs but
also in the fold hinge zones. It could be con-



eluded that the mode of plagioclasa blastesis
depended, to some extent, on both the charac-
ter of mineral neighbourhood of the growing
crystals and the tectonic structures of the rock
preceding the blastesis.

Quartz-phengite schists, porphyro-
ids. There are only four small outcrops of these
rocks in the investigated region (figs. 2; 3). It
could be supposed that the quartz phengite
were due to metamorphism of quartz siltsto-
nes or sandstones layers. However, the common
occurence of porphyroid bodies inside the out-
crops of the discussed schists, pointing rather
to close connection of these two rock varie-
ties, seems to contradict the above supposi-
tion. This co-existence suggests rather gene-
tical realtions between the quartz-phengite
schists and presumably acid igneous rocks.
Hence the quartz-phengite schists may be con-
sidered either as the metamorphosed coun-
terpart of acid tuffs interbedding sedimentary
complex or as fine-grained marginal zones of
porphyroid intrusions, strongly altered owing
to metamorphic processes. The data so far
collected seem to support rather the last hy-
pothesis. Fabric of the quartz-phengite schists
recorded structural and metamorphic pheno-
mena indicative of F1+ Mland F2 + M2pha-
ses. Eelics of 8i foliation surfaces and distinct
$ 2 foliation should be mentioned here. Thus it
can be concluded that parent rocks to these
schists were developed prior to the beginning
of metamorphic events.

Mineral compositions of the schists and por-
phyroids are similar. Dynamometamorphic pro-
cesses of both Fx+ M1land F2+ M2 phases
caused the considerable flattening of both mi-
crocline and quartz phenocrysts as well as mi-
nerals of the rock groundmass. Parallel arran-
gement of white mica flakes lying concordan-
tly with ft2foliation as well as damage of outer
parts of the phenocrysts are also assigned to
the mentioned processes. Shearing movements
along planes of the main foliation were some-
times so intense that phenocrysts happened
to be completely sheared out.

The schists which surround porphyroids
are considerably richer in phengite. This seems
to result mostly from the removal of K-ions
from felspars. Complete disappearing of micro-
cline is assigned to the phenomenon. Acid pla-
gioclase are better preserved. The above ob-
servations suggest that the quartz-phengite

schists and porphyroids were initially the same
rock but variously subject to dynamometa-
morphic processes. So, it may be presently
assumed that the fine-grained outer parts of
the porphyroid intrusions were transformed to
quartz-phengite schists, yielding to strong she-
aring and removal of alkali-ions. Central parts
of such intrusions preserved their still reco-
gnizable features of igneous rocks.

An outcrop pattern of quartz-phengite schis-
ts and porphyroids associations is either parallel
or discordant with orientation of the main
foliation. The significance of the observed dis-
cordance, recognized in only one outcrop, has
not been satisfactorily explained. It may be
due to a dike character of the parent porphy-
roid intrusions cutting the consolidated se-
diment, or it may result from the occurrence
of the questioned outcrop in the closure of
F2 fold of megascopic dimensions. The por-
phyroid bodies are much more frequent on the
Czech side of the Orlickie Mts., and they are
always parallel to the main foliation there (M.
Opletal, personal communication). Thus it may
be assumed that the above discussed rocks were
due to metamorphism of small acid intrusions
intruding the sedimentary complex during
its deposition or after its diagenesis and con-
solidation.

Gneisses of the Bnieznik type. Becon-
struction of metamorphic events which affec-
ted the microcline gneisses seems to be the
hardest task. The difficulties arise partly from
the lack of any discernible fold relics as well
as from transience of the area over which the
gneisses are outcropped, nevertheless some
remarks can be given on the basis of microsco-
pical observations presented in pp. 114—116.
They are summarized below: 1) Assuming that
gneisses and mica schists were subject to the
same successively operating agents of regional
metamorphism it must be stressed that it
is impossible to reconstruct the Ft + Jfxfabric
of the gneisses because of the lack of places
where independent fabric sets could be esta-
blished. Thus the F 2+ ilf2 fabric cannot be
recognized either. Therefore, the whole rock
structure must be treated as the entirety with
no possibility of distinguishing the features
appearing during successive phases of defor-
mation and metamorphism. 2) The absence of
any higher metamorphic minerals made me
assume that the development of microcline



Fig, 7
Fold structures developed during F2-\-M2 phase

a, b —various spacing of the most intensely sheared zones within F2F M 2fabric of mica schists; ¢ —strong mineral accumulations and

recrystallization in the hinge regions of F %olds; d—sheared out limbs of F 2fold. Note concentrations of opaque minerals in the zones of in-

tense movements; e —k —various attitudes of F 2folds. Note superimposition of F 2folds on Fxones in figure 79 — plagioclase-quartz la

yer is involved in tight Fxfold subsequently refolded by F2open fold whose axial plane is parallel to biotite foliation (obliquely lined is

biotite); | —relic of F2microfold within calcareous phybite subject to recrystallization during F2+ M 2phase. The fold is due to deforma-
tion of mica-quartz-plagioclase lamina surrounded by calcite matrix (cross—ined)

Drobne struktury faldowe powstate w fazie F2-\-M2

a,b—strefy silniejszego $cinania w obrebie struktury F2+ M 2tupkéw tyszczykowych; ¢ ~rekrystalizacja jasnych mineratéw nagromadzo-

nych w strefach przegubowych fatdéw F 2; d —prawie zupetnie zredukowane wskutek $cinania skrzydta fatdu Fa, Koncentracje mineratéw

nieprzezroczystych w strefach silnych ruchéw $cinajacych; e ~k —zmienno$¢ ksztattéow fatdéw F 2. Na figurze 7g naktadanie sie fatdéow Fa

na faldy zespoin Fx. Warstewka plagioklazowo-kwarcowa ujeta zostata w Scisniety fatd F x, zdeformowany otwartym fatldem Fa. Réwno-

legle do powierzchni osiowej tego ostatniego rosna blaszki biotytu (skosnie kreskowane); | —relikt mikrofatdku F2 w fyllieie wapiennym

poddanym rekrystalizacji w fazie F2+ M2 Warstewka mikowo-kwarcowa, mimo znacznej wewnetrznej rekrystalizacji, oddaje ulozenie
zdeformowanej w fazie Ft laminy tupkowej, otoczonej kalcytowym ttem (sko$nie kreskowane)



porphyroblasts of the first generation, pro- or polymineral ones had taken place under
bably co-crystallizing with medium plagio- stress conditions and went on after stress re-
elase was the result of the strongest metamor- luxation. 4) The above mentioned blasts and
phism to have affected the discussed rocks. augen together with quartzo-felspathic aggre-
3) Inception of the felspar porphyroblasts as gates have been directionally elongated to form
well as the development of microcline augen, rods paralleling L2 lineation and F 2 fold axes

Fig. 8
Various fold structures developed during F2+ M2 phase
a, b, ¢, d —§. quartz veins involved in Fzfolds in mica schists; j —disharmonie Fz folds of quartz-plagioclase .layers in mica schists.

The phenomenon was amplified by subsequent shearing parallel to S2planes; e, m —note dependence of a fold geometry on different com-
petence and thickness of the layers involved. Mica schists

Rodzaje struktur fatdowych zespotu F2

a, byc, d~zyly kwarcu ujete w fatdki F2 w tupkach tyszczykowych; j —sfatdowane dysharmonijnie warstewki plagioklazowo-kwarcowe
w tupku tyszczykowym. Zjawisko to zostato wzmocnione pézniejszym Scinaniem zachodzgcym rdéwnolegle do powierzchni S2; e —m —zwré¢
uwage na zalezno$¢ geometrii fatdu od réznic w kompetencji i migzszosci deformowanych warstewek. tupek tyszczykowy



recognized in the adjacent mica schists of the
Stronie formation. 5) On the basis of the data
included in the last two points one can assume
that the main deformation and main metamor-
phism of the discussed gneisses took place, as el-
sewhere, during F2 + M 2phase. 6) Low order of

the gneiss fabric, differentiation between the
effects of secondary albitization and micro-
clinization, and quite random fabric of albite-
-microcline veins of pegmatitic appearance seem
to indicate the prolonged activity of metamor-
phic factors operating stresses of Fz + M zphase

Fig. 9
Various fold structures developed during F2+ M2 phase
a,c,d - stippled are quartz layers in mica schists; b,f,g - subsidary folds in F2 hinge zones; e, h, %- stippled is quartzo-felspathic la-

yer in mica schists; j, k - folded banded amphibolite; I, m - initial geometry of F 2folds in banded amphibolite is partly obliterated due
to slightly later mobilization and recrystallization of light minerals (plagioclase, epidote, quartz)

Struktury fatdowe powstate w fazie F2+ M2

a, ¢, d —upki tyszczykowe (zakropkowano warstewki kwarcowe); 6,/, g—podrzedne zafatdowania w strefie przygubéw fatdéw Ft; e, h, i —
tupki tyszczykowe (zakropkowano warstewki kwarcowo-skaleniowe); j, h- amfibolity; 1, m —réwnoczesna lub nieco pézniejsza od powsta-
nia fatldow mobilizacja, rekrystalizacja i migracja jasnych mineratdéw, zacierajgca pierwotnag forme fatdéw F,



were relaxed. 7) Perhaps the secondary albiti-
zation might refer to the growth of plagioclase
of the third kind recognized in the mica schists.

Structural elements and their variation

Geometry of F 2 folds, their amplitude and
wavelength are fairly varied. F 2 folds of me-
gascopic dimensions are usually isoclinal, but
F 2 fold of mesoscopic, and especially micros-
copic dimensions are reasonably diversified.
This diversity is a function of numerous, ge-
nerally known factors.

The variation in geometry of F2 folds has
been shown in figs. 5—7 and pis. TV—XI.

The behaviour of rock-forming minerals in
the hinges of F 2folds has already been discussed
many times in the preceding pages. Only some
new facts will now be featured.

Fx + Mx fabric can be observed best at
the places where the dihedral angle between
$! and 82planes attains the highest value —that
is in the hinge zones of F 2 folds, under condi-
tion that Fx + M, minerals were not subject
to a complete recrystallization and reorienta-
tion (cf. pi. 11). The process of mineral trans-
formation and reorientations did not at all
have to be brought to the and to produce the
entirely new fabric, but could be broken at
any moment. Therefore, in the extreme instan-
ces only the layers to be mechanically flexed
are the only effect of F 2 deformational phase.
In such places of the deformed rocks still pre-
sent and well preserved mineral framework
of Ft + MXx fabric could control to some ex-
tent both the growth of F2+ M2 biotite and
the recrystallization of plagioclase during F> +
+ M2 phase. Thus the minerals of F2+ M2
fabric could sometimes adjust their longer di-
mensions to be oriented in parallel to sur-
faces. Probably too low amount of active fluid
phase was partly responsible for this pheno-
menon. Therefore in the discussed places even
quartz veins concordant with Sx foliation do
not display any signs of recrystallization. They
constantly keep sharp boundaries and nearly
the same orthogonal thickness throughout the
fold (of F2set). F2+ M2 phase effected only
in the breaking down the crystal lattice of
quartz which resulted in distinct deformation
lamellae parallel to S2 foliation (pis. YI-5,6,
VI1113). The lamellae were most likely due to
shearing associated with this very phase (cf.
Gangopodhay, Johnson 1962).

Generally, however, all medial stages of
transformations can be observed in the hinge
zones of F2 folds: crenulation of 8, phengite
foliation, recrystallization of plagioclase and
quartz crystals of Fx+ Mxfabric to F2+ M2
blasts of these minerals more or less flattened
in 82planes, and so forth (pi. YI). Sometimes
all minerals to form the rocks were subject to
definite recrystallization, and being more or
less flattened in planes of S2 foliation they
assumed orientation parallel to those planes. In
such cases the existence of F 2folds may be re-
vealed owing to the presence of fine, dark tra-
ils included in blasts of Fx + MX plagioclase.
When traced from one blast to the other thro-
ughout the rock profile the trails may indicate
the existence of F2 fold (fig. 10a, b: pi. II).
The F 2folds may also be recognized in the case
where despite the total directional recrystal-
lization the unobliterated primary lamination
can be distinguished—for instance where mi-
caceous and quartz bands alternate diagonally
to s. foliation planes (pi. I; VIII, 2; V1112,4,6).

Considerable concentrations of quartz which
moved in from the surroundings appear to be
relatively rare feature of F2 fold closures in
mica schists (pis. VD5; V 111 1,3). In these very
places Sx quartz veins happened to be enlarged
in this way. One of such veins involved in afra-
mework of remarkably tight fold has been shown
in figure 10(/. The veins acquired the shape of
thick crescent whose occurence was strictly
limited to the zone of maximum fold curvature.
Structure of this fold was continued to both
directions outside the crescent with no dis-
turbance. Therefore, the quartz crescent must
have been developed after the end of rotation of
the fold limbs. Silica, which had been mobilized
during folding, migrated to the places of lo-
wered pressure owing to still strong lateral
stress (flattened-flexure fold). Undulose exctin-
ction is a characteristic feature of the mosaic
quartz forming the discussed crescent. The
silica solution crystallized most likely after
the cessation of external stress. Accordingly,
the crystallization was controlled by local
compression resulting from the transfer of
mineral material to the hinge zone and from
inert resistance of framework of the existing
fold, considered as the reaction to the tran-
sfer. Strongly chloritized scales of biotite
appear amidst grains of the quartz mosaic.
It is known that biotite was commonly deve-
loped in the ready (flexed) fold, growing para-



Fig. 10
Various phenomena in the hinge regions of F2 folds

a,b —mode of arrangement of dust opaque trails in 2%+ Jfi albite grains included into F, + M, fabric of mica schist. These trails are cur-
ved around Ft axes and they are the only indication of 2% folding. Albites are not affected by recrystallization of F,+ M, phase because
their dusty inclusions are entirely undisturbed and very regularly spaced (thickening in the hinges and thinning in the limbs of Ft folds
are even preserved). The plagioclase grains occur in biotite matrix definitely directionally recrystallized. All flakes of biotite are parallel
to S3axial foliation. Content of plagioelases in these rocks, forming several meters thick layers among mica schists, reaches nearly 50 per
cent of a rock volume; ¢, d —quartz veins considerably thickened in the fold closure. See the text for further explanations; e,f —mode
of recrystallization of light minerals (plagioclase, quartz) within the structure of Fsfolds occuring in amphibole phyllites; f, g~ inception
of new metamorphic layering parallel to planes, in amphibole phyllite (f) and mica schists (g). See also the text for further explanations

Zjawiska w przegubach fatdéow zespotu P2

a, b-sposoéb utozenia w blastach albitu F1+ M z ciemnych koncentracji nieprzezroczystych mineratéw, stanowigcych relikty powierzchni
sedymentacyjnego warstwowania. Skata jest ujeta w fatdy F,, o czym $wiadczy jedynie ulozenie wrostkéw w tych plagioktazach. Ziarna
albitu nie ulegty rekrystalizacji w czasie fazy F t+M._, gdyz ukiad wrostkéw nie zostat zaburzony nawet w najmniejszym stopniu (zacho-
wato sie nawet zgrubienie w przegubach fatdéw 2%). Ziarna ptagioklazu tkwig w catkowicie przekrystalizowanym kierunkowo tle biotyto-
wym. Blaszki biotytu lezg réwnolegle do powierzchni foliacji .Przyktady te pochodza ze skat stanowiacych kilkumetrowej grubosci prze-
tawicenia w tupkach tyszczykowych. Zawarto$¢ plagioklazéw w skatach tych przetawicernn dochodzi do 50%; c, d zyki kwarcu znacznie
pogrubione w przegubie fatdu. Doktadne objasnienie w tekscie; ?, / —sposéb rekrystalizacji jasnych mineratow (plagioklaz, kwarc) w obre-
bie struktury faldéw Fz, wystepujacych w fyllitach amfibolowych; /, g-powstawanie warstwowania metamorficznego réwnolegtego
do powierzchni Ssw fyllicie amfibolowym (/) i tupku tyszczykowym (g). Doktadniejsze objasnienia w tekscie



Del to s . foliation. Here, most of the chloriti-
zed biotite scales is concordant with the folded
surface, and only some of the scales follow
axial plane of the fold. Still, it seems undoub-
tfnl that the flaky mineral was altered from
the same F2 + M2biotite oecuring in the sur-
roundings of the discussed structure. Probably
during the transfer of silica throughout the
fold structure, the biotite scales were reoriented
roughly perpendicular to the direction of the
movement. It may be assumed that the process
of significant concentrations of quartz in the
hinge zone of F 2fold took place after the main
metamorphic activity of M2 phase.

Other example of remarkable enlargement
of the hinge zone of F2fold due to strong accu-
mulation of quartz and plagioclase has been
shown in figure 10c. It seems, however, that
the reasons of the phenomenon were slightly
different from those of the above quoted exam-
ple. Lateral stress gave rise to light mineral
concentrations in both instances. But in the
presently discussed case, the strong influence
of shearing along S2planes and lack of reliable
framework of F1+ M1 micas were of conside-
rable importance.

Significant concentration and
zation of quartz and plagioclase were espec-
ially typical for the axial plane zones of F 2folds
developed in amphibole schists (pis. Y15; YlII
1, 2). According to the previous remarks the
process took place under nearly confining pres-
sure conditions. Therefore, actinolite needles
failed in the fold hinges their preferred orien-
tation which was replaced by their ran-
dom distribution against the background of
simultaneously recrystallizing light minerals
(quartz and plagioclase). blew crystals of pla-
gioclase and quartz became much more equi-
dimensional. Secondary metamorphic layering
came to exist where the fibrous amphibole
acquired quite random arrangement and the
light minerals were concentrated so strongly
as to contrast distinctly with a rest of isocli-
nally folded rock (fig. 10/, pi. YIII-5).

Also in the mica schists a new metamor-
phic layering was fairly commonly developed
during F2+ M2 phase. One of the examples
has been shown in fig. 10g. The closure of F2
fold is illustrated in the figure. This fold was
due to nearly isoclinal bending of S2lamination.
The lamination resulted from the presence of
layers rich in Fx + plagioclase, alternating
with phengite ones. Perfect spatial agreement of

recrystalli-
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the phengite flakes with S2foliation planes cau-
sed no difference between F1+ Mland F2+ M2
fabric. The existence of F 2fold can be revealed
only through studies on orientation of the dark
trails included in the blasts of Fx+ M1 albite,
and thus the presence of metamorphic layering
may be recognized. So, the tapering micaceous
lamina in figure 10g appears to be of secondary
and not primary nature. Accordingly, the la-
mination developed in parallel to S2 surfaces
appears to have been of secondary metamor-
phic nature—or, strictly speaking, of mecha-
nical-metamorphic one. The discussed lami-
nation, as the result of general isoclinal geo-
metry of F2 folds, repeated the pre-existing
banding across the vertical sequence of the
rock unit folded in the same way. This earlier
banding was in common spatial agreement
with the sedimentary bedding.

It seems that a flexure mechanism is the
only mechanism to form a fold. Obviously the
fold may result not only from the externally
applied compression.

All the layered (laminated) rocks display
the competence differences to exist between
individual layers (laminae). During the fol-
ding of a rock complex diversified with respect
to the competence, tiny displacements occur
in the fold limbs due to migration of rock mass
from the places most strongly affected by com-
pression (fold limbs) to the regions of fold hin-
ges. Obviously the movement must show op-
posite sense in the opposite fold limbs. This
phenomenon is roughly maintained through-
out the whole structure of a fold. The rock
mass movement appears to be the most dis-
tinct in the layers characterized by lower com-
petence (Williams 1961). One must be aware
of the change in the movement direction to
take place along a fold limb at the half distance
between two neighbouring fold closures (anti-
formal and synformal), (fig. 11). This is a site
in which the strongest tension has been emplo-
yed in the structure of fold. Therefore, open
fissures or fractures occur most readily in the
very area (if some additional conditions are
fulfilled). These fractures cut the layers boun-
daries at high angle, or perfectly perpendicu-
larly. Direction of flowage (expansion) of a rock
mass appears to be roughly parallel to the
axial plane of a given fold (Williams 1961).
An amount of such displacement is considered
to be function of both flexing and flattening
of fold. Accordingly, under metamorphic con-
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ditions non-isometric minerals tend to be orien-
tated parallely to the direction of the flowage
(cf. pi. V112, 3). This way a strong anisotropy
comes to exists. If the discussed movement
is prolonged in time, the anisotropy will yield
to convertion to common metamorphic fol-
iation. Inception of the foliation causes the

Fig. 11
Mode of deformation of less competent layer during
folding and direction of mass flowage throughout
a fold (of this layer)

Sposob deformaciji i kierunek ruchu materiatu skalnego
«vobrebie mniej kompetentnej warstwy w czasie fatdo-
wania

shearing movement to be transferred and con-
tinued along the foliation planes. Hence, the
following conclusion arises. If folding of rocks
takes place under the conditions which enable
the rock-forming minerals to be reoriented
and arranged parallel to the axial plane, then
the mechanism of flexure must be replaced
by shearing movements which can act only
along the planes parallel to the axial foliation.
In my opinion the same mechanism brought
about the folding of metamorphic rocks of
the Orlickie Mts.

The most important facts exposing the
essential role of a flexure mechanism during
development of F2 folds are the following.
1) There are several places where L, lineation
(arrays of F++ My albite) slightly oblique to
F 2axes was preserved. In all the cases the linea-
tion has been folded about F2axes. The angle
between L ldirection and F 2one keeps constant
value. Ly lineation and F 2 fold axes have been
plotted against the stereographical projection.
This easily reveals that Ly measurements form
small circle around F 2 axes (fig. 12). Insigni-
ficant variations in the value of L1F2 angle
seen in figure 12 have been most likely due
to later remodelling of the structure of flexure

fold by superimposed shearing. 2) An analysis
of layer thickness measured parallel to the
axial planes of F 2 folds provides well establis-
hed feature —the lowest values are always found
at the fold hinges (cf. Ramsay 1962). 3) De-
velopment of small drag folds in the limbs
of parent fold of isoclinal or tight geometry.

Careful observations of orthogonal thic-
kness of a folded layer reveals that almost
always the thickness is at least slightly greater
in the fold hinge than in the fold limbs (pis.
VTL3—6; X 1,6). This seems to be quite clear in
the light of the aforesaid remarks (pp. 145, 146).
Obviously every fold developed during plastic
deformation must yield more or less to a flat-
tening. An amount of the flattening to affect
the fold is measureable. The amount of flatte-
ning calculated for F 2 folds according to the
method given by Ramsay (1962) ranges from
2 up to 62 per cent. Ramsay’s method is appli-
cable, however, only to a plastic folding, when
rock beds overcome a specifing limiting angle

Fig. 12
Diagram showing orientations of Sx surfaces (solid
great circle) and Lx lineation (dots) involved in F2
fold. Lx plots are arranged along the small circle of
the projection. Accordingly F2 fold was developed
by flexure mechanism. Lower hemisphere of Schmidt
net

Diagram orientacji powierzchni 8X (tuki ciggte) oraz

struktur linijnych Lx (kropki) ujetych w fatd F2.

Lineacja Lx lezy na malym kole, ktérego centrum

stanowi 0§ F2. Fatd F2postat zatem wskutek zginania.
Pétkula dolna siatki Schmidta



Flattened fold of F2set developed in mica schist. Deformed quartz band (white) was developed before F2+ Mt
phase

Sptaszczony fatdek fazy F2 w tupkach tyszczykowych. Zdeformowana warstewka kwarcu (bez szrafury) powstata
przed fazg F2+ M2

of the dip of fold limbs and later they resist
further deformation by the flattening mecha-
nism. In other cases the further development
of a fold may be arrested, or boudinage may
come to exist. One of the F 2 folds produced
by flexure and modified by uniform flatte-
ning (48 %) is shown in figure 13.

Still, the amount of flattening calculated
for a number of F2 folds sometimes appeared
to exceed 100 per cent (pis. VII; VIII24;
1X2; X12,5,6). Thus the development of those
folds by the flexure and flattening mechanisms
must have been complicated due to some ad-
ditional factors. The complications may be
caused by several reasons.

One of the possible complications arises
when the competent layer does not reach a state
of sufficient plasticity during the folding.

Where rupture limit of a given rock bed is
overcome, the further expansion of a rock
mass to the fold closures regions must be exer-
ted by extension. The extension evokes either
boudinage or at least development of fractures.
These fractures are approximately perpendi-
cular to the layers boudaries. The fractures
when displaced and converted into open cracks
may be, or may be not, filled up with some
secondary material. Quartz layer (concordant
with SJ involved in the fold shown in figure
13 recorded fractures probably of this very
kind.

Shearing parallel to the axial plane appears
to be another reason which causes further
complication of a fold development (cf. pp. 146).
The effects of the shear action are seen best

in the cases of these “overflattened” folds
(over 100 per cent). The shearing mechanism
controls also a pattern of graphically recorded
measurements of bed thickness taken across
the bedding parallely to the axial planes of
folds. An example of the F 2 fold considerably
modified by superimposed axial, shearing is
shown in figure 10e and plate X2.

F 2 folding in the Orlickie Mts. has been
considered a fairly complex process. Incipient
folds developing by flexure were greatly mo-
dified due to flattening mechanism which com-
monly started to act still before the complete
ending of rotation of the fold limbs. Further
deformation went on under the prominent con-
trol of shearing, in the presence of still active
lateral stresses.

Shear movements generally took place along
the surfaces concordant or nearly parallel to
the axial planes of F2 folds. Owing to their
tight or isoclinal geometry remarkable gliding
occurred also in the fold limbs. This can be well
recognized when special attention is paid to
the studies of successive stages of development
of drag folds occuring in the limbs of parent
isoclinal fold. Flexure mechanism which gave
rise to these small secondary folds must have
been replaced, according to the general rule,
by shearing mechanism. This shearing, in the
case of the drag folds, was expressed mainly
by gliding along longer limbs of these folds
(fig. 14a). The shear movement was transferred
and imposed on the whole structure of indivi-
dual drag fold, and therefore its short limb
yielded to crenulation along planes parallel



Fig. 14
Influence of shearing on attitude of F2folds and on arrangement of minerals to form F2-f Jf2fabric

a, b —drag folds of F\ set are modified by slightly later shearing and crenulation. In consequences the folds attain a similar geometry. See
also the text for further explanations; c,d —zones of more intense glide movements are often healed with plagioclase in amphibole schist
(c), or quartz in mica schists (<2); e - intensely crenulated core of F3fold; f —F, fold in mica schists subject to shearing parallel to S, pla-
nes. Initial geometry of the fold is slightly obliterated during strong concentration of light minerals (stippled) in the zone of movement;
g —intrafolial fold of F, set. The closure of F, fold preserved in the grain of plagioclase of the third kind (biotite flakes parallel to St ax-
ial planes); ft, f —pre-existing mineral grains slightly rotated in the result of shearing movements along planes of Safoliation; j — quartz-
.felspar veins oblique to St foliation and considered to be younger than this foliation are deformed and involved in shear folds due to shea-
ring movements ocouring along planes of S* foliation

Wptyw mechanizmu $cinania na strukture i geometrie fatdow F2 oraz na sposob utozenia mineratéw rekrystali-
zujacych lub powstajgcych w fazie F2+ M2

a, b-modyfikacja faldkéw ciggnionych zespotu F, wskutek $cinania i krenulaeji az do uzyskania przez te fatdy geometrii typu ,similar”.
Patrz takze objasnienia w teksécie; ¢, d —zabliznianie stref silniejszych $lizgéw plagioklazem w tupku amfibolowym (c) lub kwarcem w tup-
ku tyszczykowym (d); e - jadro fatdu F, poddane silnej krenulaeji; /-fatd zespotu F. w tupku tyszezykowym ulegajacym $cinaniu réwno-
legtemu do powierzchni Sa Pierwotna geometria fatdu zostata nieco zatarta przez znaczne koncentracje jasnych mineratéw (kropkowane)
w strefie ruchu; a —fatd srédfoliaeyjny zespotu Fa. Przegub faldku F,, zachowat sie w blascie plagioklazu trzeciego rodzaju (blaszki bioty-
tu réwnolegle do powierzchni osiowej St); ft,-i—rotacja wcze$niej powstatych ziarn plagioklazu pod wptywem ruchéw $cinajacych, zacho-
dzacych réwnolegle do powierzchni foliacji St; i -zytki kwarcowo-skaleniowe skoéne do foliacji i miodsze od niej zostaty ujete w fatdki
ze $cinania zachodzacego réwnolegle do powierzchni tej foliacji



to the planes of dominating displacements.
This way the zones of short limbs acquaired
a number of very small, subsidiary folds ge-
nerally symmetrical in respect to one another
(cf. pi. X2). The axial planes to these drag
folds were either parallel to the surfaces of S2
foliation (developed slightly later than the incep-
tion of drag folds) or slightly oblique to them.
This depended on the amount of rotation of
the limbs of parent fold. Where all the above
mentioned planes of gliding were brought into
parallelism the final attitudes of primary drag
folds, owing to a total effect of the employed
shearing, could be converted to those which
acquired a perfect similar geometry charac-
teristic of typical shear folds (fig. 146; pis.
X2; XL3).

The shear mechanism could considerably
influence the local mobilization of the most
mobile light minerals (pis. VL5; VII1,2; VIII
1,3- X11 —<3. Probably that is why in the fold
shown in figure 14d the path of gliding (more
distinct in the long limb) was healed with fi-
ne-grained quartz. This mineral formed thin
vein oriented at low angle to S2planes but pa-
rallel to glide planes which occured in the long
limb of the discussed drag fold. The veins cut
across both the hinge and short limb of this
fold where the continuity of arrangement of
J + M1 phengite was broken down.

Significant influence of the shear mecha-
nism on the fabric of amphibole-bearing rocks
has already been featured in pp. 133 —135 (cf.
pis. VII; XI). One more example of the phe-
nomenon is show in figure 14c. Loosenings
existing within the structure of rock were filled
up with plagioclase whose recrystallization was
controlled by the shearing.

Careful observations of geometry and po-
sition of the tiny subsidiary folds developed in
the zones of short limbs of secondary drag
folds indicate three reasons of their inception.
These are: 1) dragging of n-order due to flexure
mechanism, 2) fine squeezing due to resultant
action of the unavoidable local compression,
3) the most important one — crenulation and
shearing along surfaces parallel to the long
limbs of folds of n —1 order.

Development of small folds within the axial
plane zones of F2 folds has been considered
as distinct evidence on the appearance of shear
action (fig. 14e). This, however, may be slightly
ambiguous because the phenomenon can be
easily misidentified as a symptom of simple

squeezing which is able to effect a very similar
structures. Xevertheless, one must be aware of
common co-operation of these two mechanisms
in the advanced stages of fold development.

Obviously, crenulation of 8X foliation pla-
nes at the hinge areas of I\ folds was also due
to the shear action. This mechanism conside-
rably facilitated the development of the main
metamorphic foliation referred to as S2 (e.g.
figs. 7a; 10/; pis. VE; VII; VUI; IX and
others).

While examining the structures like those
pictured in figure 7a, 6, h one can easily state
that the intensity of shearing was irregularly
spaced throughout the rock. Hence the displa-
cements of elements of a rock fabric by the
glide mechanism were unequal and only cer-
tain surfaces appeared to be the planes of the
most intense gliding.

Remodelling of the geometry of F 2 folds
due to superimposed shearing might be some-
times very significant (figs.69,6;7/,i; pis.
VI—VUI). Where the mobilization of light
minerals was empolyed contemporaneously,
even a complete obliteration of the prior shape
of fold could be attained as the result of remar-
kable recrystallization in the zone of the stron-
gest shear movement (fig. 14/, pi. VII112).

Gradual attenuating of limbs of F2 folds
toward an inception of relic intrafolial folds
appears to be another common result of the
shearing. One of the microstructures of this
type is shown in figure 14g. Albite crystal (third
kind of plagioclases occuring in mica schists)
slightly preceded the most intense shearing,
and contained internal inclusions made of relics
of F1-f M1 directional fabric curved about
F 2axis of the fold developed prior to the albite.
The inner inclusions were at first oriented con-
cordantly with external F1+ Mt micas. The
relic of this situation has been preserved in
the surroundings close to one of the albite
blast corners. Beside the very place all the
flaky minerals were recrystallized and reorien-
ted to spatial agreement with S2 axial planes’
just due to shearing which operated along
those planes, generally after the discussed al-
bite inception. Significant concentrations of
opaque minerals commonly occured where gli-
ding along 82 planes was more intense. This
can be seen also in figure 149 in the form of
elongated arrays or accumulations of those
minerals. Such accumulations indicate the zo-
nes of strong shearing, and therefore they may



be easily discerned under the microscope (pis.
V5; VXEI6).

Sometimes significant displacements along
surfaces of the main foliation caused the ro-
tation of some mineral grains (fig. Infre-
quently the shear action could control consi-
derably the growth of plagioclase (the third
kind of plagioclases) in mica schists rocks (fig.
7c; pi. V; VII).

In mica schists adjacent immediately to
the Kudowa—Oles$nice granitoids one may so-
metimes notice that microcline blasts (cf.p. 130)
which came to crystallize owing to the presence
of those igneous rocks were arranged along
zones of the most intense shearing parallel to
Sa planes.

Thin veins cutting S2foliation can be occa-
sionally met in the mica schists neighbouring
the granitoid rocks. The veins are composed
of quartz, plagioclase and microcline. They
have filled up some fissures which have not
been so far identified in respect of their nature
and time of development. The fissures and
veins were undoubtedly younger than S2 fol-
iation. It is especially interesting that the dis-
cussed veins were involved in folds (fig. 14j).
Axial directions of these folds were controlled
by the orientation of intersection between two
surfaces—planes of S2 foliation and these uni-
dentified ones. These directions differ from
those of true F 2folds. Despite these differences,
the axial planes to the questioned folds are
parallel to S2 foliation. An analysis of varia-
tions in the vein thickness measured parallel
to the axial planes of the discussed folds reve-
aled that the folds could not have been formed
by a mechanism of flexure. Thus the observa-
tions presented above indicate that the veins
were deformed due to shear folding. The planes
of S2 foliation are recognized to be the planes
of the causative gliding. Obviously the gliding
took place after the development of the veins in
question. It is very hard to state whether the
described phenomenon took place during F2 +
+ M 2phase or shortly afterwards. So, the pro-
blem remains open—it is not certain whether
the shearing belonged to the last stage of F2
fold development, or whether it marked ano-
ther period of glide movements along S2planes,
most likely not too distant in time from the
former. Mineral grains composing the veins
in question appear to be equidimensional. Ac-
cordingly they may be expected to develop

with no compressive lateral stress influence,
but only under prevailing control of shear
stresses. The statement has been confirmed by
the presence of distinct deformation lamellae
within quartz grains parallel to S2 foliation
planes. Hence it can be suggested that remar-
kable shearing which operated in the rocks of
the Orlickie Mts. along planes of $2 foliation
and the shear action was fairly prolonged in
time, at least beyond the kinematic period of
the F2+ M2 phase.

Probably the shear action leading to defor-
mation of the above described veins by a shear
mechanism caused the development of tiny
free spaces close to the closures of the questio-
ned shear folds in their surroundings in mica
schists. As it has been mentioned the discussed
example has been taken from the mica schists
adjacent to granitoids. Country rocks of the im-
mediate neighbourhood of the granitoids were
subject to insignificant and rather restricted
microclinization (cf. p. 130). Crystallization
of microcline often took place in the above men-
tioned tiny free spaces resulting in the rock
from gliding along S2 planes.

Despite the extensive evidence on the ap-
pearance of shearing which acted along $ 2 sur-
faces, there are no sufficient data to define
precisely the direction of the glide movements.
It has been recognized that the displacements
due to shearing occurred along both the S2sur-
faces and the planes oriented at very low an-
gles to the latter (limbs of tight F 2 folds). It
has already been mentioned that every poten-
tial glide plane did not appear to be an actual
glide plane, and the zones of more intense
shear movements were irregularly spaced thro-
ughout the rock domains. The manner of fur-
ther modification of the flexed-flattened folds
by shear mechanism suggests that “a” direc-
tion of main movement was oriented at high
angle or perpendicularly to F2 axes. The as-
sumption has been supported to some extent
by structural observations. An interesting case
is presented in figure 15 (crag in a wood above
Gotaczéw, some 1000 meters west of the rail-
way station in Kulin, eastern slope of 718,4 m
hill). Lineation represented by elongated arrays
of plagioclase grains runs generally in parallel
to the axis of a fold belonging to F2 set. In
certain point this lineation turns and passes
across the limb from syn- to antiform hinge
where it again acquires and still maintains its



Linear structures oi L2 set are reoriented due to shear gliding in F2+ M2 phase

a —geometry of F2fold; b —the fold and lineatio”, rotated hack to the plane

Reorientacja struktur linijnych L2 wskutek dziatania $cinania w fazie JRA+ M2

o —potro6j fatdku -F2; 6 —fatd 1 ltneacja po rozprostowaniu

directional agreement with the fold axis. The
angle between the lineation and the fold axis
is variable. This suggests the development of
the discussed structure under control of she-
aring. The geometry of rotation of the linea-
tion (fig. 155) indicates the movement opera-
ting in the plane which contains this lineation.
It moves along a great-circle path of the pro-
jection. Accordingly the surface of movement
must be planar and the discussed lineation
must be rectilinear before its deformation (cf.
Weiss 1959; Eamsay 1960). Not only the cha-
rasteristic feature of this lineation but also its
general parallelism to F2 axes allow to deter-
mine it as the L2 lineation developed contem-
poraneously with the main structures referred
to as Jy Thus the above described deforma-
tion of L2 linear structures must have taken
place later on. This deformation was due to
shearing (gliding) which acted along the steep
limb of the fold—the one lying closer to S2
axial plane of this fold (fig. 15a). The plane
of movement contained the *“a” direction of
the movement. The observed modification of
the arrangement of L2 lineation was due to
variable speed of a movement of rock particles
along the planes of movement. However the
geometry of the rotation of L2 lineation does
not allow to define precisely the “a” direction.
Such phenomena are rare and therefore two
geometrical possibilities of equal rank may be

envisaged: 1) “a” direction is roughly parallel
to F2axes, or 2) “a” direction is roughly per-
pendicular to F 2 axes. Studies on modification
of the hinge zones of F 2folds by superimposed
shearing seem to support the second possibi-
lity. It may be assumed that the direction of
shear gliding along S2 surfaces was generally
perpendicular to F 2fold axes, and the shearing
itself was a common factor appearing during
the development of the main fold structures
referred to as F2 (cf. pp. 145, 146).

All the aforesaid remarks lead to the con-
clusion that the shearing along S2 surfaces
was a prolonged phenomenon, though of irre-
gular intensity both in time and place. The
shear action appeared to operate since the end
of uniform flattening of F 2folds until far beyond
the period of pure kinematic activity of the
main deformational phase (perhaps even till
F 3 phase), influencing final moments in the
process of blastesis of F2+ M2 minerals.

It has been recognized that the emplace-
ment of the Kudowa —Oles$nice granitoids took
place at least in two stages (M. Opletal perso-
nal communication; ZelaZniewicz 1973b). The
oldest portions of the granitoids intruded con-
cordantly to 82 planes. Numerous field and
microscopical evidence not discussed in this
paper for the brevity’s sake indicate close re-
lation between the emplacement of granitoids
and the presence of strong shearing along planes



parallel to S2 foliation. Zone of thrusting se-
parating the Hove Mesto formation from the
Stronie formation was the reason of conside-
rable discontinuity in internal coherence of
the rock domains in this very place. Therefore
the granitoids intruded just along this zone
recognized as the zone of strong shearing. Thus
the age of the main deformational stage may
be roughly determined. Determinations of the
radiometric age of biotite coming from the
granitoids have yielded the ages of 293, 301
and 312 m.y. by the Eb/Sr method, and the
ages of 307, 317, 328 m.y. by K/Ar method
(cf. Burchart 1971). Hence the F 2 deformation
must have preceded these ages. Unfortunately
no differentiation has so far been made as to
the spreading out of various parts of the gra-
nitoid massif, which differ from one another
in their time of emplacement. Therefore it is
uncertain to which part of the granitoid rocks
the above quoted deteminations may refer.
Moreover, it has been recognized that sills of
the granitoids (concordant with S2planes) have
been involved in U4 folds. The granitoid body,
however, also cut the F4 structures. Therefore
it can be ascertained that the emplacement
of the granitoids took place before and after
Ft phase. So the formation of the massif was
prolonged in time—it started at the end or
after F2 + M2 phase, and was ended after U4
phase. The radiometric age determinations ena-
ble to define the age of these foldings in a fa-
irly broad limit. If the determinations are
accurate, it may be expected that the main
fold deformation referred to- as F2 took place
in the Devonian.

It is noteworthy that all determinations
of the radiometric age of the Karkonosze gra-
nite have yielded quite the same ages—292 to
322 m.y. (cf. Burchart 1971). According to the
opinion expressed by Mierzejewski (1973) the
Karkonosze granite was subject to an open
folding while consolidating. Axes of these folds
are parallel to b2 fold lineation recognized in
the Kaczawskie Mts. by H. Teisseyre (1967).
Mierzejewski suggests that the foldings recor-
ded in these two neighbouring (though so diffe-
rent) geological units were effected in the same
field of regional stresses.

H. Teisseyre (1964, 1967, 1968) claimed
the main tectogenic and epimetamorphic events
in the Kaczawskie Mts. took place during the
“Caledono-Variscan” mountain-building epoch.
They were younger than the zone of Monograp-

tus hercynicus but older than the upper part
of Middle Devonian (Eeusische Phase).

J. Teisseyre (1971) assumed that the main

deformation in the metamorphic belt of the
Eastern Karkonosze took place either in the
old Yariscan or in the young Caledonian time —
and then distinct Yariscan rebuilding was em-
ployed.

On the basis of quite convincing stratigra-
phic evidence Wojciechowska (1973) concluded
that the essential folding in the Ktodzko meta-
morphic unit took place between the Silurian
and the Upper Devonian.

According to H. Teisseyre (1973) most of
the mega-folds discernible in the Ladek-Sniez-
nik region are regarded as the *“Caledono-va-
riscic”’. Biotite from the G-ieraltbw gneisses
yielded the age of 382 m.y., and phengite co-
ming from eclogites yielded the age of 384 m.y.
(the determinations were made by H. Bakun-
-Czubarow, cf. Burchart 1971). Both deter-
minations indicate the Devonian.

Considering the lithological and structural
similarities in the above mentioned Sudetes
regions, reported by various authors one can
presume that they are not merely casual coin-
cidences. It seems probable that the Middle
and Western Sudetes are fragments of one
large, Young Caledonian or Old Yariscan orogen,
though both deformation and metamorphism
could change in space and time throughout
the orogen. One should realize that large geolo-
gical units may be subject to metamorphism
whose agents are irregularly distributed thro-
ughout the region to be metamorphosed as to
the grade, intensity and time. Generally de-
formation is prior to metamorphism. Hence
the structural and lithologic differences in the
above mentioned regions of the Sudetes seem
to be not too great.

Similar suggestions as to the uniformity
of the tectonic and metamorphic events in this
part of the Sudetes have already been presen-
ted (H. Teisseyre 1972).

It should be mentioned that axial
tions of F 2folds are variable due to subsequent
rotations. They plunge commonly to S ¥ or
M W in the Duszniki—Zieleniec region, and
in the Lewin —Gotaczow region they plunge to
S or run horizontally in HE—SW direction.

direc-

THE F, + (Mg PHASE

Fold and planar structures assigned to this
phase happened to be found only in few out-



crops. Hence, no conclusion may be drawn as
to its regional meaning and significance for the
development of the discussed region. F z folds
are characterized by an open geometry, eas-
tern asymmetry, and plunges to NW. They are
accompanied by weakly expressed axial fol-
iation or axial fractures referred to as Sz and
dipping at moderate angles usually to W or
WWhT.

Distinct Fz folds can be observed in the
crag of mica schists situated in Podgoérze. There
are preserved good examples of the superpo-
sition of F2and F z folds. Eecumbent F 2 folds
plunge to hfwW. They are deformed by open Fz
folds plunging also to IW and displaying an
eastern asymmetry. Ss planes are expressed
by axial cleavege or fractures, and dip steeply
to WWN. In several places numerous S3 frac-

Pig. 16
Folds of Fs set

a-interference of folds of Fa and F, set found in the crag in Podgérze;

b- diagram showing orientation of linear and planar struc-

tures developed during F, +M, and F3(+ M,) phase in the crag in Podgérze. Open circles—F, fold axes, squere-i® fold axis,

blach solid circles-normals to S, planes involved in F, fold, solid great circles - S 3 planes; ¢ —diagram showing orientation of the struc-

tural elements illustrated in figure 15a. Solid great circles - S2surfaces in Ft fold limbs. Dashed great circle —inferred axial plane to
the fold. Crosses —L 2 lineation

Fatdy zespotu I'\
a —interferencja fatdkéw h\i F, w skatce w Podgo6rzu; b—diagramilustrujacy orientacje struktur Unijnych i powierzchniowych faz F2+M,
i F3(+1W,) w skatce w Podgérzu; koétka —fatdki h'2; kwadracik —fatd Fs; kropki—bieguny powierzchni S2ujetych w fatdy F2; luk cia-
gty —powierzchnie S2 ¢ —diagram ilustrujacy utozenie elementéw strukturalnych przedstawionych na figurze 15a; luk ciagty —powierz-
chnia Si; luk przerywany—powierzchnia osiowa fatdku F,; krzyzyki-lineacja Lt



tures became displaced and open fissures were
developed. They were filled up with thin veins
of quartz.

An example of F2and F 3folds to interfere
is seen in figure 16a. Spatial orientation of F2
and Fafolds as well as S2and 8aplanar struc-

Fig. 17
Sketch of Fi fold in which sheet of the Kudowa —
Olelnice granitoid rocks was involved. The fold is
faulted along its axial plane. Granitoid injection was
prior to folding and paralleled S2 foliation

Szkic fatdu deformujgcego zyte granitoidu intru-

dujacego wzdtuz powierzchni foliacji S2 po fazie i\,

ale przed faza . Skrzydta fatdu sg przemieszczone
wzdtuz powierzchni osiowej

tures visible in Podgorze can be read from the
diagram in figure 166.

The described crag is situated nearby out-
crops of the microcline gneisses. There are pla-
nar structures in gneisses oriented in much
the same way as S3 planes discerned in the
crag in Podgoérze. Within the gneiss fabric the
planes are marked as weak foliation due to
poor recrystallization of phengite flakes. The
planes intersect the main foliation surfaces of
gneisses, and the line of intersection is parallel
to the elongation of minerals forming the gneis-
ses and assumed as L 2. Because F 2and F 3folds
are co-axial, it may be supposed that the weak
foliation is a pronouncement of S3planar struc-
tures in the microcline gneisses. The S2/83inter-
section lineation amplifies the pencil structu-
res (most likely L2) in the gneisses.

In the quartzitic schists —those transitional
from gneisses to mica schists—presumable 83
planes are especially well visible due to the
directional recrystallization of quartz and very
poor recrystallization of phengite flakes. There-
fore, the transitional schists display very cha-
racteristic fabric. Hearly all phengite scales lie
in parallel to 8 Zfoliation whereas larger dimen-

sions of quartz grains are frequently arranged
along the envisaged S3 planes.

If the discussed planar structures within
the gneiss fabric are really the 8S planes, it
means that during Fs + (M3) phase a very
weak metamorphism affected the microcline
gneisses. Still, mica schists, even those adhering
to the gneisses, do not display any signs of mi-
neral transformations due to F3 + (W 3) phase.

Unsignificant fold dimensions, distinct ten-
dency for development of fractures only and
not foliation paralleling 83 axial planes, sub-
sequent rotations, and scarcity of these struc-
tures—all these factors make it impossible to
describe closer these structures.

Ho form of F3+ (M3) phase was found
in the mica schists outcropping nearby Zimne
Wody, Lewin and Gotaczéw. So this phase and
the intrusion of the Kudowa—Oles$nice gra-
nitoids cannot be related.

Having assumed that the presence of Z3
and 83 structures in the microcline gneisses
was established in a correct way, a certain
hypothesis can be made. It should be remem-
bered that the microcline gneisses were affected
by metamorphic factors during M1, Jf2and M3
phases, but mica schists of the Stronie forma-
tion only in and M 2phases. Thus the gneis-
ses—in absolute terms—were being metamor-
phosed longer than the mica schists, and the
mica schists perhaps even longer than phylli-
tes (cf. p. 118).

Considering the co-axial development of F2
and F3folds (F2 \\B8 UK!) one can say that F3

Fig. 18
Schematic block-diagram showing structural
of the fold illustrated in figure 17

setting

Schematyczny blok-diagram przedstawiajacy pozycje
strukturalng fatdu z figury 17



structures were generated in the same field of
principal stresses which also gave rise to the
earlier fold structures (Fland F2). It may he
assumed, in the light of theory of permanent
stresses, that the three successive deformations
were effected in the same stress field. Intensity
of the stresses steadily increased till F2phase
and next decreased in F 3 phase. Deformations
which resulted from the stresses were taking
place under the metamorphic conditions. De-

velopment of isoclinal F 1 folds could establish
for certain time a state of dynamic balance.
In the very moment, under static conditions,
the parent rock pile was subject to metamor-
phism of low greenschists facies. Further in-
crease in the intensity of the stresses gave rise
to the generally isoclinal F 2 folds. Their deve-
lopment considerably relaxed the stresses and
remarkably amplified the action of regional
metamorphism agents which caused the strong

Fig. 19
Various attitudes of Ui folds

Drobne struktury fatdowe fazy Fi. Patrz objasnienia w tekscie



directional recrystallization as well as the de-
velopment of the mineral assemblages charac-
teristic of low amphibolite facies. Hext, an
orogenic period of the tectogen formation pro-
bably started. This could be the reason of only
local occurrence of Fz + (Ms) phase which was
marked merely in the core of a great just deve-
loping structure. The core would be represen-
ted by the microcline gneisses if the stratigra-
phical scheme established for the discussed region
by G-ierwielaniec (1965) is reliable. This scheme
implies the core position of those gneisses. If
so, it is clear that the regional metamorphism
should be essentially ended in M2 phase.

It may be expected, on the basis of the
featured facts, that F* + MIf F2+ M2 and
Fs + (Ms) phases should be linked with one
another and recognized as the subsidiary ele-
ments of one large continuous stage of the
tectonometamorphic development of the region
under discussion. The Fa+ (M3) phase could
be considered as the final, decay episode of
this stage (Zelazniewicz 1972).

The above remarks also suggest that in the
Polish part of the Orlickie Mts. the causative
focus of the regional metamorphism should
have been placed to the east, and the intensity
of the metamorphism decreased westwards.
This suggestion should so far be treated very
hypothetically.

THE SECOND STAGE - THE Fi PHASE

It is hard to say if vertical movements of
the orogen took place at the end of the first
stage or afterwards. Still, intrusion of the old-
est masses of the Kudowa-Olesnice granitoids
was most likely connected with these move-
ments.

It has already been mentioned that all hit-
herto prevailing observations suggest the seve-
ral-stage development of the Kudowa —Oles$nice
massif. One of the stages took undoubtedly
place before the fourth deformational phase
(F4). The most important evidence is based on
the observation that some granitoid veins in-
truding parallel to the planes of S2 foliation
are involved in Fi folds whose axial directions
are diagonal to F2 ones (figs. 17; 18). Owing
to the determinations of the radiometric age
of the granitoids even the absolute age of this
phase can be roughly ascertained—it is about
800 m.y. ago (cf. p, 152). It seems that the

second and fourth phases of kinematic acti-
vity were not too distant in time.

The planes of S2 foliation underlined by
parallel arrangement of biotite flakes were
involved in Fi folds. The folds display variable
geometry, being both tight and open (fig. 19;
pi. X11). Fi folds are characterized by constant,
generally northern asymmetry of the fold limbs,
and usually low dihedral angle between $4
axial planes and planes of S2 foliation (those
in longer limbs of F1folds). The $4 axial planes
dip generally to SW at low or moderate angles
(e.g. 230/20 near Zieleniec, 240/20 near Dan-
czéw, or 215/20 near Male Jerzykowice). jH
axial directions are controlled by lines of the
intersection between S2 and $4 planes. Ft axes
usually plunge to W with small departures to
SW or XW. Thus the angle between F2and Fi
axial directions appears to be variable throug-
hout the discussed region. However, the most
common instance is characterized by transver-
sal (oblique) orientations of X4 folds in respect

Fig. 20
Extremal positions of 2 fold axes and Sz surfaces,
resulting from rotations during folding

Skrajne pozycje przestrzennej orientacji powierzchni
osiowych »& oraz osi fatdow F2, wynikajgce z rotacji
tych elementéw w czasie fatdowania Ft



to F2ones (fig. 25). Different attitudes of Fi
folds are shown in figure 19 and. plate XII.

Generally no metamorphic events have
been recognized to accompany the Ft kinema-
tic phase. Therefore Ft folding was not follo-
wed by any mineral transformations, and F4
folds possess no axial foliation or schistosity,
which depended on reorientation of the pre-exis-
ting minerals during metamorphic recrysta-
llization. Thus the axial planes to F4 folds can
be either inferred only or recognized as axial
fracture cleavage. Xevertheless, the state of
the rock material still considerably mainta-
ined plastic properties. This allowed the folds
to acquire tight geometry, especially in the
eastern area of the investigated region. Fold
wavelength decreases with decreasing dimen-
sions of Fit folds—the smaller the fold is the
tighter is its geometry. Significant compresion,
felt in the cores of J4folds, caused that shearing-
occurred along the axial planes and parallel to
the fold limbs where these folds of meso- and
microscopic dimensions attained remarkably
tight geometry. This shearing was displayed by
a flowage of rock material to the outside of the
closures, but parallel to the axial p’anes. In
such instances biotite flakes tended to be me-
chanically reoriented in the F4fold hinge zones
and brought into parallelism with $4 planes.
This gives an impression that a new schistosity
was developed due to parallel growth and arran-
gement of flaky minerals. But lack of any traces
of simultaneous recrystallization of quartz or
even calcite in the calcareous phyllites clearly
contradicts the assumption.

Certain weak transformations and reorien-
tation of the minerals constitutingthe F2 + M2
rock fabric were displayed only in the mica
schists adjacent immediately to some off-sets
of the granitoid body. Most likely this pheno-
menon was caused by the influence of these in-
trusive rocks. This influence allowed the occu-
rence of such convertions, though in strongly
restricted halo around the granitoid veins. It
is known that the youngest part of the intrusion
was emplaced after Fi deformational phase
because the granitoid body truncates obliquely
F4 fold structures.

Reconstruction of position and significance
of Fi megafolds in regional structural setting
is severaly impeded by poor outcrop pattern
(figs. 2; 3). However, the existence of F4 folds
of megascopic dimensions seems to be undou-
btful. It has been recognized owing to sys-

tematic studies on the spatial orientations of
the structural elements of F 2 small folds, na-
mely plunges of their axes and dips of then-
axial planes. The elements can acquire in the
discussed region the extreme orientations like
those pictured in figure 20. Thus the F 2 fold
axes may be concordant either with strike
(fig. 20a) or with dip lines of the main foliation
planes (fig. 20b). The nature of such deviations
is hard to be explained unless one assumes the
rotation of F 2fold structures during the diago-
nal refolding of metamorphic rock of the Orlic-
kie Mts. Spatial dispersion of S2foliation pla-
nes, seen both in the maps (figs. 2, 3, 24) and
in the stereograms (fig. 23), must result from
subsequent refoldings—particularly during just
F 4 phase, and also during F pphase. Obviously,
the effects of these both phases must be ca-
refully differntiated.

Where the outcrop pattern can be well
established owing to distinct differences in
lithology, the existence of F 2 folds subject to
diagonal refolding referred to as Fi is also
confirmed. Xumerous artificial trenches allowed
to determine exactly the outcrop pattern of
crystalline limestones and mica schists occu-
rring south of the village of Podgorze.

Figure 21 is an enlarged fragment of the
geological map (cf. fig. 3). In figure 22 several
geological cross-sections drawn along subpa-
rallel lines are shown. They illustrate the struc-
tural situation of metamorphic rocks, deter-
mined in the very place of the Orlickie Mts.
Isoclinal folds of the main deformational stage
(F2) have been involved in diagonal F4 folds
displaying distinct northern asymmetry and
curving the planes of S2 foliation.

During the field studies of forms of Fi phase
one more interesting observation has been made.
It appears that the set of Ft folds is not struc-
turally uniform. Beside the “pure” flexure
folds (developed only by flexure mechanism,
fig. 190,f,li) kink-bands have been also included
in this set (fig. 19e,g). However in these two
instances the deformation was due to folding
of S2 foliation on the same axial planes. The
axial planes to kink-hands are marked as clea-
vage —usually fracture cleavage, sometimes poor
slaty cleavage. That is why both these types
of folds could laterally pass into each other
giving rise to a visual effect of disharmonic
folding (fig. 19a,b). Still they cannot be treated
as true disharmonic folds because the folding
has not resulted from diversified competence



Fig. 21
Sketch, map of the outcrop of crystalline limestones (dotted) occuring among mica schists (white) some 1 kilo-
metres south of the village of Graniczna

Szkic wystapienia wapieni krystalicznych (kropki), pojawiajacych sie miedzy tupkami tyszczybowymi (hez szrafury)
okoto 1 km na S od Granicznej



of the layers involved in the folds. The pheno-
menon resulted only from a change in style,
or strictly speaking from a change in the me:
chanism responsible for folding. The change
took place at the final episodes of development
of F4 deformational stage. These ending episo-

Fig. 22
A series of geological cross-sections to the map pre-
sented in figure 21

Thick solid lines in sections A and B represent S2 surfaces invol-

ved in fold plunging to WWN and characterized by northern

(dextral) asymmetry. F4folds can be observed directly in the aban-
doned quarry of limestones

Seria przekrojow geologicznych da mapy przedstawio-
nej na figurze 21

Gruba, ciagta linia na przekrojach A i B oznacza schematycznie

powierzchnie S2 ujete w asymetryczne faldy F4 nachylajace sie

ku WWN. Fatdy te mozna takze obserwowa¢ w nieczynnym ka-
mieniotomie wapieni

des have been recognized as fairly brittle ones.
Ft kink-band structures are considered as the
result of the same prolonged deformation which
at first generated more plastic, pure flexure
folds. Kink folds maintained dextral asymme-
try (as one looks at a fold down the plunge
of its hinge line) — northern in geographical
terms —and very characteristic of Fi folds.
It may he expected that no considerable chan-
ge in the orientation of causative principal
stresses took place during the whole F4 defor-
mation. The development of kink-bands was
conditioned by a simple shear mechanism
which operated along the planes of anisotropy
produced in the very phase, that is, the axial

planes to Fi folds. Obviously, the control exer-
ted by main foliation planes on axial directions
of Fi folds was increased and the axial planes
themselves came to be converted into pene-
trative cleavage. Thus it can be recognized
that the above described phenomena were of
regional character instead of local one limited
to individual folds, due to the structural con-
ditions of deformations which appeared then.
The very conditions allowed also the develop-
ment of brittle discontinuous structures in
metamorphic rocks of the Orlickie Mts.

THE THIRD STAGE

To supplement the history of the deforma-
tion of the metamorphic rocks of the Orlickie
Mts. one must, at least briefly, characterize
the latest fold deformations referred to as FB
and -Fe. These three last deformationa pha-
ses make together the third stage of the struc-
tural development of the region under discus-
sion. Cleavages, fractures, joints as well as
kink-bands and joint-drags were developed
during this stage. It is noteworthy that the
inception of development of kink folds started
already in Fi phase (second stage). Faulting
of the metamorphic rocks belonged also to
the third stage. Only some open upright folds
of megascopic dimensions were generated then.
Kearly all folds belonging to the third stage
are only of mesoscopic and microscopic dimen-
sions. These are kink-bands and joint-drags
unseparably connected with the production
of cleavages, fractures and joints. Small folds
of this type did not exert any considerable
Influence on the pattern of megastructures
in the Orlickie Mts. Obviously no metamor-
phic factors operated at that time. It should
be stated that the conditions and mechanisms
of the deformations as well as then developed
tectonic structures differ greatly from those
produced in the prior stages of the structural
development of the region under discussion.
Accordingly all the structural phenomena of
the third stage are discussed in a separate pa-
per (Zelazniewicz in press).

The kink-band structures of the Orlickie
Mts. were featured previously (Zelazniewicz
1973a). Some words should be mentioned about
linear structures paralleling kink fold axes
before the structural analysis will be discussed.
Beside microscopical crenulation they are al-



ways marked as the intersection lineation resul-
ting from the intersections between the planes
of $2 foliation and the surfaces of cleavages,
fractures and joints. Obviously spatial atti-
tudes of Ls—L 9 lineations are very varied and
depend on mutual position of these surfaces
that cut one another. Therefore those lineations
cannot be important for purposes of structural
analysis. Fs folds plunge most frequently to
SW, whereas F6 folds plunge to HW. The
latter are usually accompanied by longitu-
dinal axial fractures or even sometimes joints.
F 8folds are visible in the map (figs. 2; 3). One
of them was called the Kulin anticline by Gier-
wielaniec (1965). It is open, antiformal folds
of megascopic dimensions curving surfaces of
8 a foliation in amphibolites and mica schists
in the vicinity of Danczéw, Gotaczéw and
Zyznoéw.

ELEMENTS OF THE STRUCTURAL
ANALYSIS

To analyse geometrically the tectonic struc-
tures recorded in the metamorphic rocks of
the Orlickie Mts. the whole investigated region
has been divided into eleven roughly homo-
genus areas, in respect to orientations of S2
foliation planes and F 2 axial directions. For
each of them the synoptic diagram has been
made (fig. 23) to illustrate the orientation of
82 foliation (1185 measurements) and F 2 and
Fi axial directions (875 measurements) in the
investigated area. It has been revealed in the
course of structural analysis that region no.
V1 embracing outcrops of microcline gneisses
appearing from beneath Cretaceous cover south
of Duszniki was not subject to fold deforma-
tions later than the F 2one, at least in the con-
siderable degree reflecting in the diagram.
This result may be misleading because of lack
of any exposures in the vicinity of Bobrowniki.
Thus the statistical data are irregularly col-
lected. The remaining ten regions display signs
of younger fold deformation. This is shown by
spatial relations between structural elements
plotted against the sterograms.

It can be seen distinctly in the diagrams
nos. I —V, VU, VIII that poles to S2 surfaces
are arranged along great circles representing
the planes whose 17 poles fall into the area
occupied by FAfold axes. Similarly, the planes
corresponding to the extreme values of the S2

foliation contours cross-cut themselves in the
area of F,, axes. Plots of F 2folds are arranged
on partial small circles of the projection around
Fi plots. Thus Fi fold deformation should be
regarded as being due to the flexure mechanism
resulting in open asymmetrical folds.

The diagrams for regions nos V and VII
allow to state the presence of open mega-anti-
form referred to as Fe and plunging to "NAY
(the Kulin anticline of Gierwielaniec 1965).
Therefore distinct dispersion of I\ plots can
be seen in diagram no. VU. So far, significant
steepeness of planes of S2 foliation in region
no. VIl has not been understood satisfactorily
in the terms of structural analysis.

The diagrams for regions nos. 1U, IV have
been constructed on the basis of only few mea-
surements because of scarcity of exposures in
the very regions. Moreover, small Ft folds have
been observed only in one outcrop. However
the great circles representing the extreme orien-
tations of planes of S2 foliation intersect each
other in both these diagrams at the point of
245/20. This point may be interpreted as the
plot of Ft axial direction. If so, the intersection
of the two great circles fixes the position of Ft
axis. How, looking at the diagrams nos. | —V1I
one can recognize a slight arch affecting the
trends of Fi axial directions. This is believed
to be due to sinistral displacements along fault
surfaces running HE—SW, and being remar-
kably abundant in the very zone covering re-
gions nos. IH and 1V.

Diagrams nos. | X —X 1 refer to the obser-
vations made in the phyllitic rocks of the
Hove Mesto formation. Considering the par-
ticular lithological properties of the phyllites
the kink-bands, joint-drags and related struc-
tures were developed extremely well, as it could
be expected. This led to almost entire oblite-
ration of the traces of the older deformations.
Mainly the deformations are responsible for
the arrangements of plots of S2 surfaces along
great circles of the projection. Il poles to the
planes representing the circles are plunged to
SW (kink folds of Fp phase). Moreover, the
departures from the structural patterns shown
in other synoptic diagrams are due to the presen-
ce of Feopen folds plunging to HW, and due to
rotations connected with the displacem ments
of rock masses along planes of faults develo-
ped parallel to 8S planes in later episodes
of the structural development of the investi-
gated region.



PINAL STATEMENTS

Metamorpliic rocks of the Orlickie Mts.
were derived from the regionally metamor-
phosed sedimentary pile. So far, the age of the
sediment is hard to be definitely established.
It is suggested that a significant role in the
sediment was played by subfelspathic wackes
which were converted into mica schists (spea-
king more correctly—rocks displaying a schist
habit). The transformations were due to regio-
nal metamorphism of low amphibolite grade,
without any significant and discernible me-
tasomatic afflux of alkali ions.

It seems to be most probable that both
deformation and metamorphism, which led
the pre-Carboniferous rocks of the Orlickie
Mts. to acquire their recent attitude, spreading
and spatial position, can be considered as the
one great, extensive, and essentially unbroken
process. Changes in the intensity of metamor-
phic factors as well as changes in the amount
and direction of action of the principal stresses
allow to distinguish in the process three speci-
ficly autonomous stages, and within them, in
turn, six subsidiary phases. Each of the
phases was characterized by relatively constant
orientation and value of the principal stresses.
Moreover, during these phases which were clo-
sely associated with active metamorphism the
internal rock fabric was subject to multiple
rebuilding due to metamorphic recrystalliza-
tion. Owing to this phenomenon the rocks to
be transformed acquired in the successive
phases not only the characteristic and distinc-
tive fabric, but also certain typical mineral
index. Therefore the structural forms of the
individual phases attained certain characte-
ristic features indicative of each of the phases.

The first stage appeared to be the period
of the strongest kinematic and metamorphic
activity. The first stage comprised three phases,
namely: Ft+ Mx, Fz+ M2 and Fa+ (M3).
The maximum intensity of the tectonometa-
morphic processes has been recognized to have
taken place in F2 + Ifaphase. Owing to the
correlation of the recognized structural phe-
nomena with radiometrically dated intrusion
of the Kudowa—Oles$nice granitoids the age
of the main tectonometamorphic events can be
inferred, though only in a fairly broad limit.
K/Ar and Eb/Sr methods have resulted in
the ages 293 —312 m.y. But the granitoids
were intruded at least in two stages. It is unk-
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nown to which part of the massif these age
determinations may refer. Thus the age of
the main deformation and metamorphism affec-
ting the rocks in the Polish part of the Orlickie
Mts. may be established only in rough approxi-
mation. It has been assumed that both main
deformation and metamorphism took place in
the beginning of the Yariscan mountain-buil-
ding epoch or in its turning-point to the Cale-
donian one.

Accordingly the oldest fold movements re-
ferred to as Fx must have taken place at least
slightly earlier. Then such folds were developed
whose preserved and still recognizable relics
commonly display tight or isoclinal geometry.
On the whole the axial directions of these folds
were running either NW —SE or NE —SW.
However, due to superimposed refoldings it
cannot be established which of these two direc-
tions actually existed in the region. The deve-
lopment of FI folds was accompanied by the
development of foliation paralleling the
axial planes to the discussed folds. This folia-
tion was marked by parallel arrangement of
phengite flakes in mica schists and fibrous
amphibole in actinolite schists (phyllites). Me-
tamorphic phenomena started a bit later in
respect to the period of kinematic activity.
Metamorphism (Hfj) caused the primary se-
dimentary rocks to be transformed under green-
schist facies conditions. In the rocks displaying
a schist habit (mica schists) plagioclases of the
first kind recognized as albite were developed.
Blasts of this felspar preserved internally re-
lics of limbs and closures of the oldest micro-
folds belonging also to F 1 set.

Persistent activity of the responsible stres-
ses as well as constant directions of their action
caused still existing fold structures to be re-
folded about similarly oriented axes (F2). F2
folds characterized by varied geometry usually
plunge to NW or NE, roughly co-axial with
the folds produced during the prior deforma-
tional phase. Thus the same difficulties arise
in establishing which of these directions was
really existing in the region.

F 2 deformation took place under advanced
conditions of the regional metamorphism. So
the p/t ratio was increased and this caused
the transformations of rocks under conditions
of low-amphibolite facies. The mineral index
of the rocks to be transformed was changed.

1



New minera’s were crystallizing: biotite, inore
basic plagioclase, common hornblende. Other
minerals to form the F2+ M2 fabric were
subject to remarkably strong or even entire
recrystallization.

F 2 deformation was accompanied by ex-
tremely good development of S2foliation which
paralleled the axial planes to F 2 folds. This
foliation is considered as the main metamor-
phic foliation of the rocks occnring in the Orlic-
kie Mts. It was underlined by parallel growth
of the axial biotite in mica schists of the

Stronie formation prevailing in the discussed
region.

It seems that intensity of the main defor-
mation was constant throughout the investi-
gated region. But the eastern part of this region
was most probably subject to weaker meta-
morphic factors during M 2 phase. This is the
vicinity of Zieleniec where the rocks preser-
ved best the F1-f Mx fabric. Supposedly the
phenomenon was due to less severe than else-
where mineral transformations connected with
F2 + M2 phase.

Fig. 24
Structural sketch showing strike and dip of surfaces of S2 foliation in metamorphic rocks of the Polish part
of the Orlickie Mts.

Szkic strukturalny ilustrujacy bieg i zapad powierzchni foliacji S2 w skatach metamorficznych polskiej czesci
Gor Orlickich



It has been inferred that F 1folds had a fan-li-
-ke arrangement throughout the investigated re-
gion. These folds in its eastern part kept upright
attitudes and were accompanied by steep axial
foliation (8”. In the western part, however,
the Fx folds steadily assumed a character of
inclined and in turn recumbent structures which
made the SL surfaces relatively flat-lying. Still
active further deformation (F2) going on in
the same field of principal stresses caused
co-axial refolding of this complex fold structure.
Obviously the manner of spatial arrangement

of F1folds must have conditioned the orienta-
tion of structural elements of F 2 folds. Thus
F 2 folds in the western area acquired now the
upright position, being associated with steeply
dipping S2 axial foliation. But in the eastern
area the F xfolds, primarily upright, must have
been involved in F 2 folds with gently inclined
$2 axial planes paralleling the regional folia-
tion referred to as 82. Of course, the above
suggestion should be tested more carefully,
still it has allowed to explain the actual diffe-
rences between the eastern and western areas

Fig. 25
Structural sketch showing trend and plunge of linear structures produced during F2+ Jf2 and Fi phase in meta-
morphic rocks of the Polish part of the Orlickie Mts.

Szkic strukturalny ilustrujacy bieg i nachylenie struktur linijnych faz F2+ M2i Fi w skalach metamorficznych
polskiej czesci Goér Orlickich



of the discussed region. Steep arrangement
of the surfaces of S2 foliation in the Lewin —
—Gotaczéw area might remarkably facilitate
the heat to be conducted from beneath, and
accordingly the rock series of this area were
metamorphosed stronger than those occuring
in the Duszniki—Zieleniec area. More gentle
attitude of penetrative S2 foliation in the last
mentioned area decreased the influence of tem-
perature, and hence the effects of metamor-
phism decreased as well.

Moreover, in the western part of the inves-
tigated region the steeply dipping surfaces of
S2 foliation facilitated greatly the shearing to
operate along S2planes. This shearing has been
considered as being closely connected with oro-
genic (in Wegmann'’s sense) period of the build-
ing of the Orlickie Mts., which started at the
end of the main deformation (F2). Thus the
emplacement of the Kudowa—Olesnice gra-
nitoids just in the western area was by no means
accidental. Obviously the steep, penetrative S2
foliation must have been the easiest way of
their migration from beneath. It seems to be
quite probable that the emplacing granitoid
masses were the source of raised temperature
which augumented the metamorphism (400 —
—450°; cf. Borkowska 1969). There is an evi-
dence on the prolonged, several-stages emplace-
ment of these granitoids. So, the presence of
a metamorphic focus in the western area was
long-lived. Presumably, because of horning and
emplacing granitoids, the rocks of the Le-
win—Gotaczéw region (adjacent to the gra-
nitoid body)—especially amphibolites—suffe-
red so strong transformations of their mineral
fabric. The transformations were accomplis-
hed in static conditions though catalysed by
shearing which followed the main period of
kinematic activity (P2)-

M2 phase has been recognized to be a
period of the strongest metamorphism. After-
wards the metamorphism ceased very quickly.
Hence, folds produced during F 3phase, though
co-axial with the older ones, were accompa-
nied by quite insignificant, local recrystalliza-
tion. F2+ M2 fabric was affected by this re-
crystallization (M3) to very limited extent.

Therefore, the first stage of the structural
development of the investigated region may
be treated as one continuous process of defor-
mation that was spatially and temporally con-
nected with an increase and cessation of meta-
morphie events while the principal stresses were

constantly oriented. The folds generated du-
ring this stage were developed by a flexure
mechanism and subsequently strongly modi-
fied due to superimposed shearing.

The temporal difference between the first
and the second stage seems to have been insi-
gnificant. During the second stage orientation
of the principal stresses must have changed,
and no metamorphism took place. These allo-
wed to distinguish the independent deforma-
tional phase referred to as Fi. Axial directions
of the folds produced during this phase were
oblique or transversal to the pre-existing fold
structures. Fi folds consistently plunge to W
with small departures to WW X or WWS. Fi
folds, in spite of their varied geometry, display
always the same asymmetry—generally nor-
thern. These folds have been found all over
the investigated region.

Structural elements of folds developed du-
ring the preceding deformational phases were
rotated due to Fi folding. Therefore F2 axial
directions and dips of S2 planes are changing
in the investigated region. Unfortunately F.x
folds of megascopic dimensions are unmappa-
ble due to poorly exposed ground and lack of
any sufficiently distinct marker horizons.

Kink-bands and related cleavages started
to develop in the second stage. However, the
most extensive development of Kkink-bands,
joint drags, cleavages, fractures, joints, and
faults was characteristic of the third stage of
structural development of the discussed region.
The third stage has not been discussed in this
paper.

The Stronie formation and the 'Nove Mesto
formation are separated by the zone of shear
discontinuity in the Orlickie Mts. Both for-
mations are considered as different levels of
one great unit of metamorphic rocks. Phyllites
of the Kove Mesto formation represent the
higher one. It is therefore suggested that the
development of this thrust zone took jdace at
the end of the kinematic activity of F2 -f iif2
phase but before the emplacement of grani-
toids of the Kudowa—Olesnice massif. More-
over, significant movements in the very zone
operated simultaneously with a raising of the
granitoid masses from beneath.' Complex dis-
placements in the discussed zone went on at
least to Cretaceous period.

The remarks included in the introduction
to this paper,have reflected the different opi-
nions expressed by geologists on the origin fo



rocks forming the Kiodzko —Orlica dome as
well as on the mode and sequence of deforma-
tions affecting those rocks.

Presently, three different versions about
the development of the Snieznik —Gieraltéw
formation are known among Polish geologists,
not taking into account historical German con-
ceptions. The first version is represented by
opinions of Smulikowski (1957, 1958, 1960,
1973), H. Teisseyre (1957, 1968, 1973), Ja-
roszek (1972), and others. According to these
authors the Snieznik —Gierattéw formation is
of the same age as the Stronie formation and
was developed due to strong though diversi-
fied metasomatic felspathization of the Stro-
nie rocks. The second conception was proposed
by Don (1964). He assumed that the Snieznik
gneisses were due to transformations of the
magma which had been syntectonically in-
truded into earlier metamorphosed and fel-
spathized rocks of the Stronie formation. Next,
the Gieraltbw migmatic gneisses were atta-
ched from beneath to the above complex con-
sisting of the Stronie and Snieznik rocks. Veins
of the Gierattéw gneisses cut obliquely the
overlying rock series. The third version was
given by Ansilewski (1966). He stated that the
different varieties of those gneisses (in the Bial-
skie Mts.) resulted from the diversities occu-
ring in the parent sedimentary complex (ar-
koses, two-felspar graywackes, plagioclase gray-
wackes) subject to uniform processes of the
regional metamorphism and metamorphic dif-
ferentiation.

Gneisses of the Snieznik type in the Polish
part of the Orlickie Mts. are outcropped over
rather small area. Lack of sufficient observa-
tional data does not permit to draw any relia-
ble conclusions. | suppose, however, that the
discussed gneisses are due to transformation
of arkosic rocks under the influence of both
regional metamorphism and metamorphic dif-
ferentiation.

Gneisses of the Snieznik type occuring in
the Polish part of the Orlickie Mts. pass con-
tinuously into mica schists of the Stronie for-
mation. Metasomatic felspathization of these
schists is hard to be proved in the Orlickie Mts.
The schists do not contain microcline which
can be encountered in mica schists of the Stro-
nie formation outcropping in other parts of
the Klodzko—Orlica dome. According to the
majority of investigators the metasomatic agents
operated most distinctly just in the mica schists

of the Stronie formation. Other rocks making
this formation were considerably less affected
by the agents (cf. Smulikowski 1964; Butkie-
wicz 1972).

All geologists agree that the oldest folds
(Hi and F 2 sets) recorded in metamorphic rocks
of the Kilodzko —Orlica dome are generally
co-axial, trending approximately meridionally
with departures to KB or KW. According to
H. Teisseyre (1973), however, F1 folds were
due to shearing but F2 folds resulted from
a flexure mechanism. Wojciechowska (1972)
stated that both I\ and F 2 folds were develo-
ped only due to shearing. H. Teisseyre claimed
that F x phase was followed by the strongest
metamorphism which caused granitization of
the supracrustal series. The metamorphic tran-
sformations following F 2 phase must have been
considerably weaker because the axial planes
to F2 folds are parallel only to poorly deve-
loped fracture cleavage. However, the data
published by Wojciechowska (1972) point una-
mbiguously to very strong recrystallization of
minerals of the Stronie rocks, accompanying
the second deformational phase referred to
as F2. The F2 folds described by her possess
distinct axial foliation. Considerable displa-
cements occuring along planes of this folia-
tion gave rise to intrafolial folds. According
to H. Teisseyre, however, the intrafolial folds
are characteristic only of F xfolds. Don'’s investi-
gations on the Boé6zane Mts. fold indicate that
the axial foliations of F1land F 2isoclinal folds
are parallel and are in a spatial agreement
with the main foliation of the region. The folds
described by Don (1972) could not be deve-
loped by shear mechanism because they are
associated with drag folds. It is known that
drag folds may be produced only during the
deformation of rock beds, evoked by a flexure
mechanism.

During the third deformational phase (F 3)
small folds trending KE —SW were developed in
the rocks of the Ladek—Snieznik metamor-
phic unit (H. Teisseyre 1973). Their axial planes
are parallel to very weakly marked surfaces
of both flow and fracture cleavage. Wojcie-
chowska’s observations provided proofs on
remarkable distinct recrystallization of mica
along the axial planes to F3 folds. Don stated
that in the Krowiarki Eange during the third
deformational phase respective to Fs phase
of H. Teisseyre, the rock series were very stron-
gly plasticized, earlier structures were diago-



nally refolded and this refolding was accom-
panied by the development of the migmatic
gneisses of Gierattow type. According to Don
(1972) I'Bfolds plunge either to AW or SB—so
they are perpendicular to F 3 folds distinguis-
hed by H. Teisseyre and perpendicular to F3
folds described by Wojciechowska.

It has been established on the basis of my
studies in the Polish part of The Orlickie Mts.
that the folds produced during F 1and F 2phases
were generally co-axial, and were developed
by a flexure mechanism and later strongly
modified due to shearing. The axial planes
to F s folds are concordant with the main folia-
tion occuring in metamorphic rocks of the in-
vestigated region. The strongest deformation
took place during F 2 phase being followed by
the most effective metamorphism of the rock
series of the Orlickie Mts.

Plunging to W diagonal folds (P4) recogni-
zed by me in the Orlickie Mts. could be referred
to B3 lineation striking W —E, distinguished
by Dumicz (1964) in the Bystrzyckie Mts.
Small, brittle folds of the Bs set are always
characterized, however, by southern asymmetry
while folds distinguished by me display
persistently northern asymmetry. It is hard
to say whether these structures may be referred
to F3 folds recognized in metamorphic rocks
occuring on the other side of the Aysa graben.
Diagonal refolding of the Ladek —Snieznik me-
tamorphic unit was assigned by H. Teisseyre
(1973) to F5 phase whose folds trend E —W.

This brief review shows clearly that both
observations and results of the investigations
carried out by various geologists in various
parts of the Klodzko—Orlica dome are still
divergent and often far from the satisfactory
agreement. It seems that such a splitting of
opinions and observations recquires the em-
ployment of more exact and more complex
research methods because difficult problems
of the geology of this region are still distant
from an adequate solution.
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ZIAWISKA TEKTONICZNE |1

METAMORFICZNE

W POLSKIEJ CZESCI GOR ORLICKICH

Streszczenie

WSTEP

P.olska czes¢ Gor Orfickich stanowi niewielki pot-
nocno-zachodni fragment duzej struktury geologicznej,
znanej pod nazwa kopuly kilodzko-orlickiej (Pauk
1953), wzglednie tez okre$lanej nazwa koputy Kilodzka
lub koputy Snieznika (H. Teisseyre 1973).

Podstawowe formacje skalne budujgce kopute
ktodzko-orlickg to: formacja stronska, formacja $niez-
nicko-gierattowska, formacja Noveho Mesta oraz tzw.
pasmo tupkowe Starsho Mesta i seria zabrzeska (fig. 1).

Formacje stronska buduja gtéwnie zmetamorfizo-
wane skaly osadowe, w mniejszym stopniu — czes-
ciowo przeobrazone wulkanity. Do formacji tej naleza:
tupki tyszczykowe, dwutyszczykowe paragnejsy, kwar-
cyty, marmury i erlany, amfibolity i tupki amfibolowe
(Smulikowski 1973).

Gnejsy gierattowskie zbudowane z kwarcu, dwoch
generacji plagioklazéw, mikroklinu, dwoch tyszczykéw
i granatu to drobno- i réwnoziarniste skaly, przewaznie
laminowane (Smulikowski 1973).

Sktad mineralny gnejséw $nieznickich jest taki sam
jak gnejséw gierattowskich. Cechuje je: gruboziarnista
oczkowa struktura i bardzo nieréwne wymiary ziaren.

Oba typy gnejsow przechodzg w siebie wzajemnie
w skomplikowany spos6b, tworzac wspdlnie formacje
Snieznicko-gierattowskag (H. Teisseyre 1973). Obie wy-
mienione formacje stanowig jadro koputy klodzko-
-orfickiej. Ptaszcz tej koputly tworzg wzajemnie w siebie
przechodzgce skaly pasma Stareho Mesta, tzw. serii
zabrzeskiej oraz formacji Aoveho Mesta (fig. 1; Svobo-
da, Chaloupsby 1961).

Formacje Noveho Mesta budujg fyllity kwarcowo-
-serycytowe, tupki zielencowe oraz kwarcyty. Przeci-
najg je skaty plutoniczne cyklu waryscyjskiego —
gtéwnie tonality (Svoboda, Chaloupsky 1961).

Wiek i sposéb powstania skat wymienionych for-
macji byty réznie ujmowane przez badaczy niemieckich
i czeskich (Kretschmer 1903; Petrascheck 1910; Kettner
1922; Finckh 1931; Fischer 1936; Kodym, Svoboda
1948; Pauk 1953).*

Wsrod geologéw polskich panujg zresztg réwniez
mocno rozbiezne opinie. Szeroko znane sg poglady
Smulikowskiego (1952, 1957, 1958, 1960, 1964, 1973)
i H. Teisseyre’'a (1957, 1964, 1968, 1973), wedle ktorych
formacja $nieznicko-gierattowska jest réwnowiekowa
z formacjg stronska i powstata wskutek silnej, lecz
zroznicowanej metasomatycznej feldszpatyzacji skat
tej ostatniej formacji. Druga koncepcje zaproponowat
Don (1964), przyjmujac, ze gnejsy $nieznickie powstaty
z przeobrazenia magmy, ktéra intrudowata syntekto-
nicznie w juz zmetamorfizowane i sfeldszpatyzowane
skaty formacji stronskiej. P6zniej za$ do kompleksu
zbudowanego ze skat stroniskich i $nieznickich dobu-
dowane zostaty od dotu migmatyczne gnejsy gierattow-
skie. Zyly tych gnejséw przecinaja niezgodnie serie
skalne lezgce wyzej. Trzecig wersje podat Ansilewski
(1966), ktéry uwaza, ze istnienie w Gérach Bialskich
réznych odmian gnejséw wynika ze zréznicowania
pierwotnego kompleksu osadowego (arkozy, szaro-
gtazy dwuskaleniowe, szarogtazy plagioklazowe), pod-
danego jednolitym procesom regionalnej metamorfozy
i metamorficznej dyferencjacji.

Styl i sekwencja deformacji fatdowych zanotowa-
nych w skatach jgdra koputy roznig sie nieco w posz-
czegolnych jej czesciach. Dokumentujg to prace Du-
micza (1964), Dona (1972a, b), Wojciechowskiej (1972)
i H. Teisseyer'a (1964, 1973). Panuje zgodna opinia,
ze najstarsze fatdy sg izoklinalne lub Scisniete i biegng
w przyblizeniu potudnikowo z odchyleniami ku N W -
—SE i NE —SW. Taki tez kierunek majg gtéwne fatdy
regionu.'Wiek gtéwnego fatdowania skat koputy ktodz-
ko-orlickiej wiazany jest albo z prekambrem (Dumicz
1964; Oberc 1957, 1972), albo z ruchami kaledono-
-waryscyjskimi (H. Teisseyre 1973).

Polska cze$¢ Gor Orfickich to niewielki fragment
koputy, ktodzko-orlickiej (fig. 1). Fragment ten z trzech
stron ograniczony zostat skatami gornej kredy, tworza-
cymi obnizenie Kudowy i Géry Stotowe (fig. 2, 3).
Skaty metamorficzne opisywanego obszaru byty przed-

* Zaktad Nauk Geologicznych PAN ul. Cybulskiego 30, 50—205 Wroctaw



miotem badan Petraschecka (1910, 1944), Gierwielanca

(1957, 1965) oraz Borkowskiej (1959). Stanowity one

jednak raczej margines zainteresowan tych geolo-

gow.

W tej sytuacji ponizsze opracowanie jest pierwszg
proba usitujacg objaé¢, przynajmniej w przyblizeniu,
catos¢ zagadnien zwigzanych z rozwojem skat meta-
morficznych polskiej czesci Gor Orlickich.

LITOLOGIA

Zespot skat tworzacach metamorficzny kompleks
polskich Gér Orlickich obejmuje formacje stroriska
formacje Noveho Mesta oraz gnejsy typu $nieznickiego

FORMACJA STRONSKA
tupki tyszczykowe

tupki tyszczykowe formacji stronskiej zbudowane
sg z kwarcu, kwasnego plagioklazu, fengitu, biotytu,
kalcytu, epidotu, chlorytu, turmalinu, apatytu i gra-
natu.

Plagioklazy sa reprezentowane przez albit i oli-
goklaz. Ziarna albitu zawierajg charakterystyczne wro-
stki, tworzone przez smugi pytu grafitowego, nieprzezro-
czystych tlenkéw, i nadzwyczaj mate blaszeczki tysz-
czykéw. Drobne ziarenka kwarcu stanowia drugi,
rzadszy nieco, rodzaj inkluzji w albitach, ktore zostaty
okreslone jako skalenie pierwszego rodzaju.

Plagioklazy drugiego rodzaju zawierajg blaszki
fengitu, wrostki kwarcu lub zamykajg cate fragmenty
wczesniej ukierunkowanej struktury skaty (fabric).
Powoduje to nieraz bardzo nieregularne ksztatty ziaren
gospodarzy. Czes$¢ plagioklazéw drugiego rodzaju za-
wiera kilka procent czasteczki »An, pozostata czesé,
okoto 20% — plagioklazy perysterytowe.

Plagioklazy trzeciego rodzaju r6zni od poprzednich
obecnos$¢ wrostkéow biotytu oraz fakt obrastania przez
nie zafatdowanych fragmentéw struktury skaty. Maja
one zawsze ponizej 10% An.

Jasng mike cechuje bardzo maty kat osi optycz-
nych. Blaszki jej uktadajg sie w skale na og6t rowno-
legle do dwoch kierunkéw. Brazowy, czasem tylko
zielony, biotyt lezy zgodnie z gtdwna foliacjg skaty.

Poza epidotem i turmalinem pojawia sie takze
chloryt, tworzacy réwnolegte przerosty z fengitem lub
biotytem.

Amfibolity, tupki amfibolowe

Mozna wyro6zni¢ kilka odmian tych skat. Naj-
powszechniejsza odmiana zbudowana jest z aktyno-
litu, kwarcu, kwasnego plagioklazu, epidotu i zwyczajnej
hornblendy, przy czym stosunki iloSciowe tych mine-
ratbw sg bardzo zmienne. Dlatego tez obserwuje sie
przejscia od aktynolitowo-kwarcowych fyllitow przez
tupki amfibolowe z rosngca zawartoscig kwasnego pla-
gioklazu i epidotu do dos$¢ masywnych amfibolitow,
ztozonych ze zwyczajnej hornblendy, otigoklazu, epi-
dotu i kwarcu. Lupki amfibolowe bywaja laminowane
i Wtedy widaé, ze jasne laminy (skalen -f kwarc) sg
nierzadko zafatdowane.

Rézne od opisanych powyzej sg masywne, Zle
lub wcale niefoliowane amfibolity, pojawiajgce sie
w kilku zaledwie wystapieniach (Pariski Kopiec). Zto-
zone sg one z aktynolitu, zwyczajnej hornblendy,

andezynu, kwasnego plagioklazu, antygorytu, zoizytu,
zwyczajnego epidotu, tytanitu, granatu i zle zachowa-
nych reliktdw znacznie zuralityzowanych piroksenéw.
Orientacja tych mineratéw jest beztadna. Skatki ponad
drogg z Lewina do Jawornicy buduje amfibolit o zu-
petnie beztadnej strukturze. Sklada sie on z drobno-
ziarnistego amfibolu o gtebokim zielonym pleochroizmie,
gruboziarnistej poikiloblastycznej hornblendy, oligo-
klazu oraz granatu i tytanitu, ktorym podrzednie
towarzysza wtérny albit i epidot.

W okolicach Witowa i Jawornicy wystepuja dos¢
charakterystyczne gruboziarniste amfibolity, uznane
przez Petraschecka (1910), Gierwielarica (1965) i Bor-
kowska (1959) za zmetamorfizowane skaty magmowe.
Od opisanych powyzej masywnych, zle foliowanych
amfibolitéw réznig sie one znacznie wiekszg zawartoscia
kwarcu, o wiele grubszym ziarnem, daleko lepiej wy-
ksztatcong teksturg kierunkowa i statg tendencjag do
metamorficznej segregacji budujgcych je mineratow.
Ta ostatnia cecha polega na tworzeniu sie odrebnych
warstewek, z ktoérych jedne zbudowane sg gtéwnie
z plagioklazu i epidotu, a drugie — prawie wylacznie
z amfibolu.

Interesujacag ceche sktadu mineralnego wielu od-
mian skat bogatych w amfibol stanowi podwyzszona
zazwyczaj zawarto$¢ czasteczki An w ich plagiokla-
zach, w poréwnaniu z plagioklazami tupkoéow tyszczy-
kowych otaczajgcych amfibolity.

Wapienie krystaliczne

Skaty weglanowe formacji stronskiej pojawiajg sie
w Goérach Orlickich w dwdéch odmianach. Jedng sta-
nowig grubotawicowe wapienie o dos¢ beztadnej tek-
sturze, wystepujace w soezewkowatych nagromadze-
niach, druga — fyllity wapienne, w ktorych warstewki
kalcytowe przektadajg sie z warstewkami zbudowanymi
z materiatu tupkowego (mika, kwarc, skalen). Fyllity
wapienne nigdy nie wystepujg samodzielnie, przecho-
dzac stopniowo w wapienie grubotawicowe. W grubo-
tawicowych wapieniach koto Dusznik, Gunia (1974)
odkryt kilkanascie gatunkéw mikroflory wskazujgcej
na gornoproterozoiczny wiek tych wapieni.

tnpki kwarcowo-fengitowe, porfiroidy

W obrebie tupkéw tyszczykowych formacji stron-
kiej pojawiajg sie czasami niewielkich rozmiaréw,
soczewki tupkéw kwarcowo-fengitowych. W ich skia-
dzie mineralnym poza dominujacym kwarcem i fen-
gitem wystepuje nieznaczna ilos¢ plagioklazow, ktore
zawierajg w sobie wrostki fengitu. W centralnych
partiach wystgpien takich tupkéw spotyka sie zazwy-
czaj ciata porfiroidéw, gdzie w drobnokrystalicznym
tle skaleniowo-kwarcowym tkwig duze fenokrysztaty
mikroklinu (2—4 mm) i kwarcu oraz drobne blaszki
fengitu, utozone zgodnie z wyrazna foliacja tej skaty.



Gnejsy typu S$nieznickiego

Mikroklinowe gnejsy wystepujace w okolicach
Dusznik majg cechy teksturalne gnejsow $nieznickich.
Gtéwne mineraty gnejsow to: mikroklin, kwarc, kwasny
plagioklaz i fengit. Mikroklin wystepuje w dwdéch
generacjach. Zupetnie podrzednie pojawiaja sie: biotyt,
chloryt, zwyczajny granat i apatyt.

Mikroklin pierwszej generacji tworzy duze kseno-
blastyczne ziarna lub nawet oczka, lekko sptaszczone
zgodnie z foliacjg i wydtuzone réwnolegle do gtdwnej
lineacji. Ziarna te, ubogie we wrostki, z regulty sg
mniej lub bardziej zserycytyzowane. Druga generacja
mikroklinu pojawia sie jako wypetnienia miedzyziar-
nowe lub obwddki wokdét blastéw starszych skaleni.
Mikroklin ten, zawsze przezroczysty z wyrazng kratkg
blizniacza, otacza takze ziarna lub cate fragmenty
wczesniej istniejacej struktury skaty.

Dos$¢ powszechnym skladnikiem gnejsow jest albit,
otaczajacy nierzadko zaréwno blasty mikroklinu pierw-
szej generacji jak i sporadyczne ziarna bardziej zasa-
dowego plagioklazu. Albit ten bogaty jest we wrostki
kwarcu i jasnego tyszczyka.

Wydaje sie, ze procesy albityzacji i wtérnej mikro-
klinizacji gnejséw byty dos¢ scisle ze sobg zwigzane.

Niekiedy spotyka sie wsrod gnejséw zyiki o gru-
bosci 5—10 cm, zawsze zgodne z foliacjg gnejsow.
Buduje je jedynie albit i miedzyziarnowy mikroklin
0 wygladzie mikropertytu.

Gnejsy mikroklinowe z okolic Dusznik sg dos¢
ubogie w jasng mike, natomiast stosunkowo bogate
w kwarc.

Kwarcytowy +tupek, niezbyt bogaty w fengit
1 bardzo ubogi w plagioklaz oraz mikroklin (tylko
pierwszej generacji), stanowi strefe przejsciowg miedzy
gnejsami i tupkami tyszczykowymi. W tupku tym
brak dowoddéw na wtoérng mikroklinizacje.

Mozna hipotetycznie przyjaé, iz niosgce alkalia
krzemionkowe roztwory powstawaly w wyniku pro-
cesu metamorficznej dyferencjacji, ktéry dokonywat
sie jedynie w gitebszej intersekcyjnie strefie tej samej
domeny skalnej, tzn. gnejséw $nieznickich. Horyzont
tupkéw kwarcytowych mégt dziata¢ jako rodzaj ekranu,
praktycznie zatrzymujacego wedréwke jonow alkaliow
od mikroklinowych gnejséw do wyzej lezacych tupkéw
tyszczykowych formacji stronskiej (w badanym re-
gionie).

FORMACJA NOVSHO MffISTA

Buduja ja dwie podstawowe domeny skalne:
fyllity serycytowe oraz fyllity amfibolowe. Geolodzy
czescy uwazajg skaty fyllitowe za epizonalne odpo-
wiedniki skat formacji stronskiej (np. Syoboda, Cha-
loupsky 1961). K. Domecka i M. Opletal (inf. ustna)
wyréznili w obrebie grupy fyllitow serycytowych dwie

CHARAKTERYSTYKA ZJAWISK METAMORFICZNYCH

W ewolucyjnym rozwoju skat metamorficznych
polskiej czesci Gor Orlickich mozna wyodrebni¢ trzy
zasadnicze etapy. Wyrdéznione one zostaly na podsta-
wie charakteru i stylu deformacji, podobienistwa
w orientacji zasadniczych stresséw oraz stosunku de-

odmiany litologiczne, z ktérych jedna pochodzi z prze-
obrazenia szarogtazowego osadu, a druga — pelito-
wego sedymentu. Z szarogtazéw rozwinety sie stosun-
kowo gruboziarniste fyllity ztozone gtéwnie z kwarcu,
serycytu, biotytu i albitu. Parageneze te uzupetniaja:
turmalin, oligoklaz, granat, apatyt, nieprzezroczyste
tlenki i pyt grafitowy. Skaty pelitowe ulegty meta-
morfozie, przechodzac w drobnoziarniste, bardzo obfite
w tyszczyk fyllity (biotyt i serycyt), wzbogacone po-
nadto w nieprzezroczyste tlenki i grafit.

Metaszarogtazowa odmiana fyllitbw pojawia sie
w polskiej czesci Gor Orlickich w przyttaczajgcej
wiekszosci.

Druga domena skalna opisywanej formacji to
skaly bogate w amfibol—fyllity amfibolowe oraz
odmiany masywniejsze, tzw. amfibolity Novoho Mesta.
Na obszarze Polski wystepuja jedynie aktynolitowe
(wzglednie chlorytowe) fyllity. Budujg je gtownie:
aktynolit, epidot, kwarc, chloryt i albit. Znacznie
rzadsza jest asocjacja kalcyt—chloryt—kwarc —sery-
cyt—kwasny plagioklaz, spotykana w strefach silnego
scinania, m. in. w strefie nasuniecia dzielgcego for-
macje stronskg od formacji Nového Mesta.

Poza wspomnianym nasunieciem obie formacje na
obszarze Polski dzieli takze granitoidowy masyw
Kudowy —Oles$nic oraz permski réow Lewina. Te roz-
graniczajgca dyslokacje mozna $ledzi¢ takze po stronie
czeskiej, gdzie dos$¢ czesto towarzysza jej mylonity.
Liczne obserwacje wskazuja, ze wzdtuz tej dyslokacji
zachodzity diugotrwate i wielokrotnie odnawiane prze-
mieszczenia. Skutkiem tego S$cinajgca nieciggtos¢ dzieli
dzisiaj dwa rozne poziomy intersekcyjne metamorfi-
ku — formacje stronska i formacje Noveho Mesta.

SKALY PLUTONICZNE CYKLU WARYSCYJSKIEGO

Granitoidy masywu Kudowy—Olesnic

Problematyka skat granitoidowych lezy poza
tematem tego opracowania, totez potraktowana zo-
stala skrotowo. Granitoidy masywu zostaty opisane
szczegotowo przez Borkowskag (1959, 1969) oraz Gier-
wielanca (1957, 1965). Borkowska stwierdzita, ze wsréd
skat granitoidowych mozna wyrdéznié: granit monzo-
nitowy, granodioryt, tonalit i sporadyczny granit alka-
liczny. Gierwielanic wspomina dodatkowo o grano-
gabrze i sjenogabrze.

Gabro

Pojawia sie ono jedynie w kilku, bardzo matych
odstonieciach. Jest to gruboziarnista o beztadnej tek-
sturze skala, ktorag budujg pseudomorfozy zielonej
hornblendy po piroksenie, tabliczkowe plagioklazy
(An46) oraz widknisty amfibol, epidot, kwarc i kwasny
plagioklaz.

| TEKTONICZNYCH

formacji do proceséw metamorficznych. Gdy w obrebie
poszczegdlnych etapow zjawiska tektono-metamor-
ficzne wykazaty pewne zréznicowanie czasowe, wy-
dzielono dodatkowo — podrzedne do etapow — fazy
deformacji (F) i metamorfozy (M).



ETAP PIERWSZY
Faza I'1+ M1

Elementy strukturalne

W plagioktazach pierwszego typu, wchodzacych
w skitad tupkéw tyszczykowych w rejonie Zielenca,
zakonserwowane zostaly przeguby mikrofatdkéw de-
formujgcych relikty powierzchni sedymentacyjnego
warstwowania () (fig. 4a, b, 0). Figura 4d przedstawia
ziarno albitu, ktérego wzrost nastgpit nieco pozniej niz
powstanie foliacji 8 Xwyrazonej rownolegtym wzrostem
blaszek fengitu. Foliacja ta przedtuza sie poza blast,
gdzie jest ujeta w fatdki F2. Wynika z tego, ze Kie-
runkowa struktura oznaczona jako 8X a takze opi-
sany albit, powstaty przed deformacjg F2.

Mikrofatdki li\ znaleziono takze w tupkach amfi-
bolowych w okolicach G-olaczowa (fig. 4e, g). Powstaty
one wskutek sfaldowania kwarcowo-plagioklazowych
warstewek. Powierzchnie osiowe (8X tych fatdkéw
tworzy foliacja wyrazona rownolegtym utozeniem
igietek aktynolitu.

Analiza rozktadu migzszosci warstw tworzacych te
fatdki, dokonana wedtug metody zaproponowanej przez
Ramsaya (1962), wykazata, ze faldy Fx powstaly
dzieki zginaniu, a nastepnie zostaly zmodyfikowane
nieco pdézniej natozonym Scinaniem, dziatajgcym row-
nolegle do powierzchni osiowych 81.

Albity z ciemnymi smugami wrostkow, partie
0 niezgodnej orientacji fengitowych blaszek do utoze-
nia powierzchni pézniejszej foliacji gtownej (fig. 4h, i,f),
izoklinalne fatdy deformowane przez niewatpliwe fatdy
zespotu F2 stanowig rozpoznawalne relikty fazy F1+
+ M1.

Mozliwos¢ obserwacji kierunkéw osi Fx i lineacji
Lx jest wprawdzie ograniczona, mozna jednak stwier-
dzi¢, ze potozenie przestrzenne fatdéw Fx nie odbiega
zbytnio od pozycji gtéwnych struktur fatdowych (F2).
Kierunki te sg jednak bardzo zmienne skutkiem
p6zniejszych rotacji form fatdowych Fx i F2 (fig. 4k).

Zjawiska metamorficzne

W $lad za postepujgca deformacjg pierwotnego
kompleksu osadowego posuwata sie jego progresywna
metamorfoza (Mx). Byta ona nieco spdézniona w sto-
sunku do kinematycznej fazy Fx, skoro albit obrastat
istniejgce juz przeguby fatdkow tej fazy.

Ziarna albitu Fx + Mx sg do$¢ bogate we wrostki
kwarcu, a przede wszystkim we wrostki nieprzezro-
czystych mineratow (pi. Il1). Brak im natomiast wro-
stkow innych mineratéw. Te ciemne pytowe inkluzje
oraz linijne koncentracje wrostkéw kwarcu przedtuzajg
sie poza blasty albitu. Sg one wtedy zgodne z utoze-
niem blaszek fengitu Fx + Mx (pi. II; I1l1). Typowe
dla strefy epi warunki cisnieniowe (por. Huang 1962) —
silne stressy Scinajace — utatwity znacznie rozpusz-
czenie ziarn detrytycznego plagioklazu i wzrost albi-
téw, stabilnych w istniejacych warunkach fazy Fx +
+ Mx. Na blasteze tych albitéw, a takze na sposob
ich rozmieszczenia w skale miat niewatpliwie wptyw
rozktad detrytycznych ziarn w wyjsciowym szaro-
glazie. Ziarna te moglty bowiem stanowi¢ osrodki
zaczynajacej sie krystalizacji. Wydaje sie jednak, ze

zwykle dochodzita do gtosu, co prawda w sposob
ograniczony, lokalna dyferencjacja metamorficzna,
dzieki ktorej ,roztwory” przenosity sie na bardzo
krotkie odlegtosci, do miejsc najbardziej sprzyjajacych
krystalizacji. Nierzadko takimi miejscami byty strefy
przegubowe mikrofatdkéw Fx.

W tupkach #tyszczykowych polskiej czesci Gor
Orlickich nie znaleziono zadnych dowodéw przema-
wiajgcych jednoznacznie za dziataniem prawdziwej
metasomatozy.

Prawie zupeiny brak wrostkéw fengitu w albicie
Fx + Mx do$¢ przekonywajaco $wiadczy o wcze$niej-
szej blastezie plagioklazu, niz jasnej miki.

Blasteza fengitu Fx -f Mx musiala postepowaé
wspoélnie z blastezg chlorytu, bowiem oba te mineraty
pojawiajg sie czesto we wzajemnych przerostach.

Relikty fatdkéw Fx i struktury Fx + Mx, zacho-
wane w niektérych prébkach tupkéw amfibolowych
pozwalajg stwierdzié, ze najstarsza metamorfoza (Mx) —
w wypadku tych skal oczywiscie — doprowadzita do
powstania paragenezy obejmujgcej aktynolit, kwarc
i albit. Prawie zupeiny brak epidotu, przy obecnosci
plagioklazu, zdaje sie stanowi¢ pewng wskazéwke co
do pochodzenia skaty, ktorg pierwotnie byt prawdo-
podobnie blizej nieokreslony rodzaj tufu.

Metamorfoza M\ rozpoczeta sie po zakorczeniu
rotacji skrzydet fatdkéw Fx. Odbyta sie ona w warun-
kach odpowiadajacych bardzo ptytkim poziomom
strefy epi. Generalnie w tupkach tyszczykowych roz-
wineta sie wtedy parageneza: kwarc + fengit + clito-
ryt + turmalin + epidot + kalcyt + granat, zas wtup-
kach amfibolowych — parageneza: aktynolit + kwarc
+ kwasny plagioklaz + epidot.

Doktadne zbadanie relacji katowych miedzy po-
wierzchniami 8Xi 82 pozwolito stwierdzi¢, ze w rejonie
Duszniki —Zieleniec fatdy Fx byty najprawdopodobniej
stojgce, zas w strefie Lewin —Gotaczoéw —obalone.

Faza F2+ M2

Z fazg tg zwigzane sg zaréwno najsilniejsza defor-
macja, jak i najwieksza metamorfoza skat Gor Orlickich.

Rozwojowi megafatdéw towarzyszyto powstawa-
nie zespotdow drobnych fatdkéw F2, o bardzo zmiennej
geometrii, amplitudzie i rozpietosci skrzydet (fig. 5—7;
pi. 1V —=XI).

Najwazniejszymi cechami fatdkéw F2, réznigcymi
ja od faldkéw innych generacji sa: 1) obwijanie sie
kierunkowo utozonych mineratéw struktury Fx + Mx
wokot osi F2oraz 2) powszechny wzrost blaszek biotytu
réwnolegle do powierzchni osiowych 82 — jest to
stata i charakterystyczna cecha fatdéw zespotu F2.

Fatdom F2 towarzysza zwykle struktury linijne
L2, przy czym kierunki lineacji L2 sg zawsze zgodne
z osiami fatdkéw F2. Lineacja ta wyksztatcona jest
jako: lineacja intersekcyjna Sxj82, szeregowe utozenie
ziarn mineralnych skaty i ich wydtuzenie, delikatne
zmarszczenia blaszek tyszczykéw i wyjatkowo budiny.

W niniejszym opracowaniu scharakteryzowano
przede wszystkim fatdy, ktére sg bez poréwnania
wazniejszymi strukturami tektonicznymi niz lineacja.
Dostarczajg one bowiem o wiele wiecej materiatu ob-
serwacyjnego i interpretacyjnego, jako ze bezposrednim
badaniom dostepne sg nie tylko kierunki osi fatdéw,
ale takze ich skrzydta i powierzchnie osiowe.



Wspotzaleznosé zjawisk strukturalnych
i metamorficznych w przeksztatceniach struktury
skat (fabric) w réznych odmianach litologicznych

tupki tyszczykowe

Faldy F2 powstaly wskutek sfatldowania powierz-
chni weczesniejszej foliacji iSN Razem z ta fotiacja
ulegty pofatdowaniu szeregi ziarn albitu Fx + M1
(fig. 43Ji). Analiza przestrzennego uporzadkowania smug
ciemnych wrostkéw w tych albitaeh, dokonana w prze-
kroju skaly, pozwala stwierdzi¢ nie tylko istnienie
faldow F2, ale nawet odczyta¢ ich geometrie, mimo
iz pozostate mineraty tupka tyszczykowego zostaty
prawie zupetnie przekrystatizowane kierunkowo do
pozycji wihasciwej strukturze F2 + Jf2 (fig. .10«, b, g;
pi. 11).

Pod wptywem progresywnych czynnikéw meta-
morfizujgcych fazy F2 + M2 wczesniej istniejace ska-
lenie albo pozostalty w zasadzie niezmienione, utrzy-
mujac w przyblizeniu swoj dotychczasowy sktad che-
miczny, albo ulegty przeobrazeniom w oligoklaz, wsku-
tek podwyzszenia zawartosci czgsteczki An (do ok.
20%). W pierwszym wypadku albity Ft + Mx doznaty
pewnego sptaszczenia oraz postrzepienia zarysow ziarn,
dostosowujgc swe dituzsze wymiary do zgodnosci
z powierzchniami foliacji S2 — zgodnie z regutg Riec-
ke'go (pi. 111, 2, 6). W drugim przypadku doszto do
rekrystalizacji plagioklazu, w zasadzie po zakonczeniu
procesu rotacji skrzydet, ale jeszcze przed catkowitym
zanikiem stressu (pi. 112; 1Y; Y). Prowadzito to do
zaburzenia pierwotnie uporzgdkowanego uktadu smug
ciemnych wrostkéw (fig. 56, e; pi. V6). Rekrystalizujgce
blasty plagioklazu obrastaty lub przerastaly sig, szcze-
golnie przy brzegach, z catymi nieraz fragmentami
wczesniej istniejgcej struktury mineralnej skaty (fab-
ric). Orientacja tych przerostéw, widoczna wyraznie
dzieki blaszkom fengitu, odpowiada najczesciej orienta-
cji powierzchni foliacji S2. Wyptywa to z faktu pow-
szechnej rownolegtosci elementéw strukturalnych fat-
déw F1i F2, ktéra wynikla z dwukrotnego izoklinal-
nego przefatdowania serii skalnych woko6t tak samo
lub bardzo podobnie zorientowanych osi (ZelaZniewicz
1972).

Plagioklaz drugiego typu w tupkach tyszczyko-
wych, ktory tworzyt sie jeszcze przed wzrostem biotytu,
stanowi czesto drobnoziarnisty agregat wspotwyste-
pujacy przewaznie z kwarcem i poprzerastany blasz-
kami jasnej miki. Mate rozmiary ziarn cze$ciowo wynik-
ty z hamujacej ich wzrost obecnosci nieprzezroczy-
stych mineratéw (por. Joplin 1935), czeSciowo za$ z me-
chanicznej granulacji pod wpltywem stressow (fig.
6«, NHm

)Powstanie plagioklazéw drugiego i trzeciego rodza-
ju zostato rozdzielone okresem blastezy biotytu oraz
zaniku bocznego cisnienia kierunkowego na rzecz poja-
wienia sie ruchoéw Scinajgcych réwnolegle do powierz-
chni gtdéwnej foliacji S2. Stress $cinajacy jak i zjawisko
magazynowania energii deformacji w krysztatach (por.
Johnson 1963; Rast 1962) miaty znaczny wplyw na
blasteze trzeciego rodzaju plagioklazéw, ktorych blasty
czesto zamykaja w sobie przeguby mikrofatdkéw F2
(fig. 59, & i, h; pi. V4, 5).

Plagioklaz F2 + M2 (Il i Ill rodzaju) krystali-
zowatl w znacznej mierze pod wptywem procesu meta-
morficznej dyferencjacji. Proces ten prowadzit takze

do powstawania metamorficznej laminacji, polegajacej
na tworzeniu sie naprzemianlegtych lamin, z ktorych
jedne ztozone byty z jasnych mineratéw (kwarc, skalen),
a drugie z pozostatych mineralnych skiadnikéw skaty.

Blaszki fengitu Fx + Mx w czasie gtéwnego fatdo-
wania (F2) poddane byly mechanicznej rotacji. Na-
stepnie ulegaty rekrystalizacji, na og6t réwnoczesnie
z plagioklazami, najtatwiej oczywiscie tam, gdzie skut-
kiem izoklinalnosci fatdéw powierzchnie 8t i S2 byty
rownolegte. Proces rekrystalizacji polegat, jak sie
zdaje, na powiekszeniu wymiaréw blaszek fengitu, bez
dostrzegalnej optycznie zmiany skitadu chemicznego.
Blaszki fengitu F2 + M2 tworza zwykle wiasne nie-
zalezne pasemka, utozone zgodnie z powierzchniami
gtéwnej foliacji (fig. 5i, X).

Zupetnie nowym mineratem struktury F2 + M2
jest biotyt, o ktérym wiadomo, ze pojawia sie w tem-
peraturze 400—450°C (por. Johnson 1963). W czasio
fazy F2 + M2 musiat nastgpi¢ wyrazny wzrost para-
metru pjt. Wzrost temperatury umozliwit reakcje
miedzy niskometamorficznym ferromuskowitern a chlo-
rytem, co doprowadzito do powstania biotytu. Wsrod
produktéw ubocznych tej reakcji pojawia sie bezwodna
faza w postaci hematytu i magnetytu (por. Turner,
Verhoogen 1960). Pozwala to zrozumieé, dlaczego pa-
semkom #tyszczykéw F2 + M2 tak czesto towarzyszg
nieprzezroczyste mineraty, koncentrujgce sie przede
wszystkim wzdtuz powierzchni i stref najsilniejszych
slizgéw $cinajacych (pi. V7; VI1,2; VIII6).

Niekiedy pozornie beztadne utozenie blaszek obu
tyszczykow wynika z uktadania sie ich wzdtuz dwéch
kierunkéw foliacji istniejacych w skale, a to: Sj i S2
co tatwo dostrzec przy uwaznej obserwacji plytek
cienkich. W wypadku biotytu jest to wzrost mime-

tyczny.
W badanej czesci Gor Orlickich tupki tyszczykowe
formacji stronskiej sg — jak stwierdzono — ubogie

w granaty. W strefie Duszniki —Zieleniec granaty sa
zwykle prawie automorficzne, bez wrostkéw i bez
Sladéw wtérnych przeobrazen. W strefie Lewin —
Gotaczow ziarna granatéw bywaja niejednokrotnie
schlorytyzowane oraz poprzerastane kwarcem.

W czasie fazy F2 + M2 w tupkach tyszczykowych
utrzymywata sie parageneza, ktéra w stosunku do
paragenezy typowej dla fazy F1 + M2 zostata -wzboga-
cona w biotyt oraz plagioklaz o sktadzie oligoklazu.
Pozostate mineraty budujace tupki tyszczykowe byty
wspolne dla paragenz obu tych faz.

Amfibolity, tupki amfibolowe

Odtworzenie etapow budowy struktury F2 + M2
w skatach bogatych w amfibol jest trudniejsze, niz
w tupkach tyszczykowych. Powodem tego jest mniejsza
ilos¢ rozpoznawalnych faldkéw F 2. Zadanie to kompli-
kuje rowniez fakt niewyjasnienia genezy tych skat.
Nie ulega watpliwosci, ze ich wyjsciowa natura musiata
mie¢ zasadniczy wptyw na sposéb przeobrazen meta-
morficznych.

Po fatdowaniu F2, w cienko foliowanych tupkach
amfibolowych, igietki aktynolitu Fx -f znalazty
sie w pozycji generalnie réwnolegtej do powierzchni
foliacji S2, co bardzo utatwito rekrystalizacje tego
mineratu (pi. VII). Nie dotkneta ona jednak catego
amfibolu en masse, a tylko cze$¢ jego igietek, przeobra-
zajgc je w zwyczajng hornblende o wiekszych rozmia-



rach ziarn (zjy = 15—17°). Dzieki laminowaniu tych
skat czesto dostrzec mozna drobne fatdki zespotu F2
(pi. XI1). W jednorodnych amfibolitach fatdki F2
mozna stwierdzi¢ wtedy, gdy igietki aktynolitu ukia-
daja sie wokot osi fatdow lub zblizajg sie do siebie pod
katem 10—16° (fig. 6a, 6, c, d).

Cechg plagioklazu znajdujacego sie w jasnych lami-
nach (warstewkach) jest jego zmienny skiad. Jest to
zawsze kwasny plagioklaz — badz albit, badz oligo-
klaz.

Plagioklaz skat bogatych w amfibol ulegt silnej
rekrystalizacji w czasie fazy F2+ M2, przy czym
znaczny wptyw miata tu metamorficzna dyferencjacja.
Jest rzeczg interesujaca, iz dostrzegalne dzis w skale
Slady przeobrazen maja w duzej mierze charakter
sassaurytyzacji. Przejawito sie to we wzroscie nowego,
czystego plagioklazu, ktory albo obrastat starsze,
zawsze silniej zserycytyzowane ziarna skaleni, albo
rozwijat sie w formie niezaleznych blastéw (fig. 66, c).
Wozrostowi tego plagioklazu — zawsze kwasniejszego
od starszych — towarzyszylo powstawanie epidotu.
Ziarna klinozoizytu obrastano przez skalen zamienity
sie we wrostki w tym minerale. Stopien mobilizacji
jasnych mineratébw mogt by¢ nawet bardzo znaczny
(fig. 6g, T, pi. X1, 2, 3). Zalezato to niewatpliwie od
og6lnego sktadu mineralnego konkretnych warstewek
skaty.

Epidot amfibolitow czy tupkéw amfibolowych ma
czesSciowo charakter wtorny, czesciowo za$ jest pier-
wotnym sktadnikiem tych skat metamorficznych.

Zjawisko silnej rekrystalizacji i zubozenia plagio-
klazéw w wapn pojawia sie gtébwnie w przegubach
fatdkéw F2 (pi. VII) oraz w strefach krotszych skrzydet
asymetrycznych fatdkéw F2, majacych charakter cig-
gnionych (pi. X I1—3). Na proces ten znaczny wpiyw
miato pojawienie sie slizgébw Scinajacych w przegubach
wiekszych fatdéw i w krétszych skrzydtach form drugo-
rzednych. Od nasilenia tych proceséw zalezat rozkiad
i ulozenie mineratbw w skatach bogatych w amfibol
(fig. 6/, 6; pi. XI13).

Gruboziarniste amfibolity z okolic Witowa i Ja-
wornicy byty, jak sie zdaje, w znacznej mierze ksztat-
towane przez procesy metamorficznej dyferencjacji.
Nieregularne skupienia jasnych mineratéw stanowiag
zaczatki wtornego metamorficznego warstwowania
i przynajmniej w czesci pochodzg z przeksztatcenia
wczesniej sfatdowanych lamin (fig. 61).

Relikty tupka aktynolitowo-kwarcowego pojawia-
jace sie w gruboziarnistych amfibolitaeh, zorientowane
zgodnie z ich foliacjg wskazuja na sposob progresyw-
nych przeobrazen skat bogatych w amfibol. Pod mikro-
skopem widaé, ze duze stupki zwyczajnej hornblendy
narastaty beztadnie na kierunkowa strukture opisywa-
nego tupka (fig. 6£). Ponadto, sporadyczne tu war-
stewki albitowo-epidotowe zostaty rozepchane przez
narastajgce duze blasty oligoklazu, ktory zapewne
tworzyt sie na koszt tych dwoch mineratow. Nie ulega
watpliwosci, ze ten tupkowy relikt przezycie progre-
sywnej metamorfozy zawdziecza jedynie pierwotnemu
zréznicowaniu osadowego (tufowego) kompleksu, gdzie
w serii powszechnie bogatej w skalen pojawity sie
cienkie wktadki, pozbawione prawie zupetnie tego
mineratu.

Jest rzeczg prawdopodobna, ze istniejgce dzisiaj

réznice miedzy odmianami skat bogatych w amfibol
stanowia odbicie pierwotnych litologicznych ro6znic
kompleksu osadowego (tufowego) poddanego jednoli-
tym warunkom regionalnej metamorfozy.

Fyllity formacji Noyeho Mesta

Odtworzenie cech struktury Fx + Mx w fylli-
tach Noveho Mesta jest bardzo trudnym zadaniem.
Znacznie tatwiej mozna okresli¢ charakter i stopien
przeobrazen tych skat dokonanych w gtéwnej fazie
deformacji (F2) i metamorfozy (M2).

W fyllitach amfibolowych w faldy F 2 zostaty ujete
powierzchnie foliacji Sx wyrazonej réwnolegtym utoze-
niem igietek aktynolitu. Plagioklaz tych skat ulegat
rekrystalizacji w czasie fazy F2+ M2. Nowe blasty
tego mineratu zostaty obficie przerosniete igietkami
amfibolu. Utozenie tych igietek moze by¢ albo zgodne,
albo niezgodne w stosunku do foliacji S2. Niekiedy
ilos¢ amfibolowych przerostéw w plagioklazie jest tak
duza, ze dokladne granice blastéw skaleni stajg sie
zupetnie nieuchwytne (fig. 10e, /; pi. VI, 3). Skiad
plagioklazu waha sie miedzy albitem a oligoklazem.
Wydaje sig, ze zawartos¢ czgsteczki An w plagioklazach
opisywanych skat jest wyraznie zwiazana z iloscig
epidotu i kalcytu w poszczegdlnych warstewkach
(laminach) fyllitow.

W fyllitach aktynolitowych nierzadko obserwuje
sie przejawy wtérnej metamorficznej laminacji (np.
pi. VIII5).

Fyllity, podobnie jak inne skaty Gor Orlickich,
dostarczaja licznych dowodéw na aktywna dziatalno$¢
Scinania i jego wptywu na proces rekrystalizacji skaty.
Scinanie to bylo koricowym przejawem aktywnosci
kinematycznej w fazie F2 + M2.

Albit jest typowym skaleniem struktury (fabric)
fyllitow serycytowych. Pewna cze$¢ jego ziarn ma te
same cechy co albity F1+ Mx wchodzace w skiad
tupkéw tyszczykowych. Pozostata cze$¢ ziarn albitu
zawartego w fyllitach powstata pézniej lub pochodzita
z pOzniejszej rekrystalizacji — trudno jednak parale-
lizowac te ziarna z ktérymkolwiek z trzech rodzajow
skaleni wystepujacych w tupkach tyszczykowych for-
macji stronskiej. Znamienng cechag tej drugiej czesci
albitéw sg wrostki biotytu. Musiaty wiec one powstaé
pozniej niz ciemna mika. Blaszki biotytu — podob-
nie jak w tupkach tyszczykowych — lezg zawsze row-
nolegle do powierzchni osiowych fatdow F2. Biotyt
w fyllitach wspotwystepuje zazwyczaj z chlorytem.

tupki kwarcowo-fengitowe, porfiroidy

W strukturze tupkéw kwarcowo-fengitowych zo-
staly zarejestrowane zjawiska metamorficzne i struk-
turalne faz F{ My i F2+ M2. Stanowig je m. in.
relikty powierzchni foliacji S1 oraz bardzo wyrazna
foliacja S2. Mozna przypuszczaé, ze powstanie skaty
wyjsciowej dla tych tupkéw musiato mieé miejsce
jeszcze przed rozpoczeciem metamorfozy. W S$rodko-
wych partiach wystgpien tych tupkéw pojawiaja sie
ciata porfiroidow, co wesp6t z cechami ,fabric” tych
ostatnich sugeruje genetyczng zalezno$¢ obu omawia-
nych typow skat. Lupki kwarcowo-fengitowe wywodza
sie przypuszczalnie z drobnoziarnistych, brzeznych
stref porfiroidowych intruzji, wnikajgcych syn- lub
posedymentacyjnie w osad, silnie zmienionych wskutek
procesow dynamometamorficznych.



Gnejsy

Najtrudniejszym chyba zadaniem jest odtworzenie
przebiegu procesu metamorfozy w gnejsach. Po czesci
trudnosci te wynikajg z braku jakichkolwiek dostrze-
galnych reliktow form fatdowych. Niesposéb zrekon-
struowa¢ w gnejsach strukture Fx + M2. Oczka
i agregaty skaleniowo-kwarcowe sa wydtuzone kierun-
kowo i tworzg prety mineralne zgodne z lineacjg L2oraz
osiami fatdkéw F2 wystepujacymi w przylegtych tup-
kach tyszczykowych. Wydaje sig, iz mozna przyjac,
choé¢ brak na to bezposrednich dowodéw, ze gtéwna
deformacja i metamorfoza gnejséw odbyta sie w fazie
F2 + M2.

Elementy strukturalne i ich zmienno$¢

Zmiennos¢ geometrii fatdow F2, jak i rézne ich
formy, przedstawiono na figurach 6—8 i pi. IV —XI.

Fatdowanie i metamorfoza w fazie F2+ M2
spowodowaty reorientacje i transformacje mineratow.
Procesy te zostaty w réznym stopniu zaawansowane.
W skrajnych przypadkach, poza mechanicznym wy-
gieciem warstewek, nie wida¢ prawie zadnach innych
efektdéw dziatania fazy F2 + M2. Na ogoét dostrzegalne
sg posrednie stadia przeobrazen — najlepiej w prze-
gubach fatdéw. Przejawem ich jest krenulacja po-
wierzchni S1 oraz rekrystalizacja blastéw plagioklazu,
kwarcu i innych mineratdw (pi. 1l, VI). Niekiedy
wszystkie mineraty skaly sg idealnie zrekrystalizowane
i zreorientowane do pozycji rownolegtej z powierzch-
niami foliacji S2 oraz silnie sptaszczone réwnolegle do
tych powierzchni (por. fig. 10«, b; pi. I1; VI5; VIII, 2).
Mimo to mozna i wtedy rozpoznaé¢ fatdy F2 pod wa-
runkiem, ze zachowaty sie Slady pierwotnego warstwo-
wania, np. tam gdzie mikowe czy kwarcowe warstewki
sg skosne do foliacji S2 lub tam gdzie mozna prze-
Sledzi¢ orientacje ciemnych wrostkébw w ziarnach
albitu Fx + Mx (fig. 10«, b; pi. I; II; VI, 2; VIII2,
4, 6).

Warstewki bogate w mineraty jasne (plagioklaz,
kwarc) ulegaty z reguty tatwiej kierunkowej rekry-
stalizacji niz warstewki zbudowane gtdwnie z mine-
ratbw ciemnych — przewaznie igietkowych lub blasz-
kowych (pi. VI5, 6; VII; VIII3).

Dos¢ rzadka cechag przeguboéw fatdow F2 w tup-
kach tyszczykowych sg znaczne koncentracje kwarcu
przyniesionego tam z otoczenia, przy czym na og6t
rozbudowywane sg w ten sposob zyiki kwarcowe,
zgodne z powierzchniami S1 (pi. VI16; VIIII, 3). Zja-
wisko to jest znacznie czestsze w tupkach amfibo-
lowych. W tym przypadku nad kwarcem przewaza
jednak plagioklaz (pi. VI5; VIII, 2). Nierzadko pro-
wadzito to do powstawania nowego metamorficznego
warstwowania, tak w tupkach amfibolowych jak i w tup-
kach tyszczykowych (fig. 10/, g; pi. VIIL5).

Ogromna wiekszos$¢ fatdéw powstaje wskutek zgi-
nania. Mechanizm ten wyzwala jednolite sptaszczanie
(uniform flattening), ktére po przekroczeniu pewnej
granicznej wartosci prowadzi do pojawienia sie ruchow
Scinajacych, dziatajacych z grubsza roéwnolegle do
powierzchni osiowych fatdow (por. Williams 1961;
fig. 11; pi. VII2, 3).

O tym, ze fatldy F2 bytly ksztattowane przez zgi-
nanie, $wiadcza: 1) ukladanie sie lineaeji Lx wokot

matego kota projekcji stereograficznej (fig. 12), 2) wy-
stepowanie w przegubach fatdéw najmniejszych war-
tosci migzszosci warstw mierzonych roéwnolegle do
powierzchni osiowych fatdéw (por. Ramsay 1962),
3) obecnos¢ fatdkéw ciggnionych.

Wielkos$¢ sptaszczenia fatdow F2 jest zmienna (fig.
13; pi. VII6; XI1,6). Niekiedy przekracza 100%.
Jest to widomym dowodem wptywu Scinania na ksztat-
towanie sie tych fatdow (fig. 10e; pi. VII; Y1112,4;
1X2; X2; X125,6). Czasami mogty powsta¢ fatdy
nawet o geometrii typu ,similar”. Pochodzg one z prze-
modelowania pierwotnych fatdkéw ciggnionych (fig.
1l4«, b; pi. X2; XI3).

Stressy Scinajace utatwialy lokalng mobilizacje
i rekrystalizacje mineratéw. Prowadzito to do zacierania
pierwotnej formy fatdow (fig. 6g, 7«; 14/; pi. VI5;
VI, 2; VI, 3; XII, 2, 3).

O istnieniu Scinania $wiadcza takze drobne fatdki
rozwiniete w strefach powierzchni osiowych (fig. 14e)
oraz krenulacja powierzchni Sxw przegubach fatdéw F2
(np. fig. 7«; 9/) lub rozwoj fatdow sSrédfoliacyjnych
(fig. 14). Ruchy scinajace powodowaty rotacje istnie-
jacych ziarn mineratéw (fig. 141* i) oraz koncentracje
mineratéw nieprzezroczystych w strefach najwiekszych
przemieszczenn (fig. 14g; pi. V5; VIIIEY). Scinanie
bardzo utatwito rozwoj foliacji 82 i wptyneto na geo-
metrie fatdéw zespotu F2(fig. 6g, h; 7«,/, i; 10/; pi. V I;
VI VI 1X).

Nasilenie slizgéw $cinajacych nie byto réwnomierne
w catej skale. Tylko niektére powierzchnie byty wi-
downig ich zwiekszonej aktywnosci (fig. 7«,&,72).

Obecnos¢ struktur takich jak przedstawiono na
figurze 14; zdaje sie wskazywac, ze istnienie $lizgow
dziatajacych rownolegle do powierzchni foliacji S2
bylo zjawiskiem diugotrwatym. Dziatanie $cinania
przedtuzyto sie nawet poza faze F2 + M2, tzn. przy-
najmniej poza jej stadium kinematyczne, wywotane
bezposrednio dziataniem naprezen kompresyjnych.

Precyzyjne okreslenie kierunku opisywanych $liz-
gow Scinajacych jest dosé trudne, gdyz nawet geo-
metryczna interpretacja relacji istniejagcych miedzy ele-
mentami linijnymi zespotu F2jest dwuznaczna (fig. 15).
Tym niemniej wydaje sie, ze mozna przyjac¢, iz Kie-
runek slizgéw scinajacych zachodzacych réwnolegle do
powierzchni S2 przy koncu faz F2 + M2 byt generalnie
prostopadty do osi fatdow.

Zostato stwierdzone, ze tworzenie sie masywu
granitoidowego Kudowy —Olesnic odbyto sie przy-
najmniej w dwoch etapach (M. Opletal — inf. ust.;
Zelazniewicz 1973b). Skaly tworzace najstarsze partie
tego masywu intrudowaty réwnolegle do powierzchni
foliacji S2, wykorzystujac przede wszystkim duzg
strefe nieciagtosci rozdzielajacg formacje fyllitbw No-
veho Mesta od skatl formacji stronskiej. Oznaczenia
wieku radiometrycznego daty wyniki w granicach
293 —328 min lat (Burchart 1971). Deformacje fazy
F2 + M2 odbyty sie zatem wcze$niej. Obecnie nie jest
wiadome, jak przedstawia sie rozprzestrzenienie, w obre-
bie masywu, skat z poszczeg6lnych etapéw intruzji.
Dlatego tez nie wiadomo, ktéremu etapowi intruzji
odpowiadajg powyzsze datowania radiometryczne. Czes¢
granitoidow, i to jak sie zdaje znaczna, intrudowata
po fazie Fx. Trudno wiec wyznaczy¢ doktadnie wiek
gtéwnej deformacji. Mozna przypusci¢, ze gtdwne



fatldowanie (F2) skat metamorficznych w polskiej czesci
Gor Orlickich odbyto sie na przetomie ruchéw kaledon-
skich i waryscyjskich, cho¢ mtodszy jego wiek nie moze
by¢ wykluczony. Podobny wiek przyjmuje H. Teisseyrc
(1973) dla metamorfiku Ladka —Snieznika i Gor Ka-
czawskich (H. Teisseyre 1964, 1967, 1968), J. Teisseyre
(1971) dla Wschodnich Karkonoszy i Wojciechowska
(1973) dla metamorfiku ktodzkiego.

Faza F3(+ M3)

Struktury fatdowe i planarne tej fazy rozpoznano
zaledwie w kilku odstonieciach koto Dusznik. Trudno
wiec powiedzie¢, czy faza ta miata jakie$ znaczenie
regionalne i jaki byt jej wptyw na rozwdj strukturalny
badanego regionu. Fatdki Fz sg zawsze otwarte, cechuje
je wschodnia asymetria i nachylenie ku NW. Powierz-
chnie osiowe (S3) tych faldow zapadajg pod umiarko-
wanymi katami ku W lub WWN. W tupkach tysz-
czykowych w Podg6rzu reprezentuje je kliwaz spe-
kaniowy (fig. 16«, b). Takg samg orientacje wykazuje
niewyrazna foliacja w pobliskich gnejsach mikroklino-
wych typu $nieznickiego oraz w przejsciowych tupkach
kwarcytowych. Wyraza jg gtéwnie réwnolegte utozenie
blaszek fengitu. Formy linijne fazy Fs, tam gdzie je
rozpoznano, sg zawsze zgodnoosiowe z formami linij-
liymi fazy F2 + M2.

Wydaje sie, iz mozna przyjaé, ze fazy Fx + M1,
F2 + Jf2 i F3 (+ Ms) stanowig podrzedne elementy
czasowe jednego duzego i w zasadzie ciggtego procesu,
uznanego za pierwszy etap rozwoju tektono-metamor-
ficznego badanego obszaru. W ciggu calego etapu
utrzymywata sie mniej wiecej taka sama orientacja
zasadniczych stresséw. Stopniowo gromadzgce sie
naprezenia byly wyladowywane przez deformacje
poszczego6lnych faz. Wytadowania te kazdorazowo sty-
mulowaty dziatalnos¢ czynnikéw regionalnej metamor-
fozy. Metamorfoza serii skalnych zostata zakonczona
w zasadzie po fazie F2 + M2. Po niej doszto, jak sie
zdaje, do orogenicznego stadium budowy tektogenu.
By¢ moze dlatego faza F3 (+ Ma) zaznaczyta sie tylko
lokalnie — w jadrowych partiach budowanej (wypieg-
trzanej) struktury, reprezentowanych przez gnejsy.

ETAP DRUGI
Faza

Faldy Fi powstaty wskutek wyginania powierzchni
gtdwnej foliacji {S2). Geometria ich jest zmienna —
od Scisnietych do otwartych (fig. 19; pi. XIl). Charak-
terystyczng ich cechg jest stata, generalnie potnocna,
asymetria skrzydet. Geometryczne ptaszczyzny osiowe
($4) tych faldéw zapadaja tagodnie lub umiarkowanie
ku SW. Osie Ft nachylajg sie zwykle ku W, wzglednie
ku NW lub SW, wskutek czego sg poprzeczne (skosne)
do struktur gtownych (F2).

Fatdowaniu Ft nie towarzyszyty w zasadzie zadne
przeobrazenia mineralne. Dlatego tez fatdy Fi nie
wyksztatcity swojej foliacji osiowej. Powierzchnie $4
majg charakter czysto geometryczny lub tez wyrazone
sg jako geste spekania.

Nazbyt ubogi obraz intersekcyjny warstw na mapie
geologicznej nie pozwala na precyzyjne odtworzenie

pozycji i znaczenia megafatdow zespotu F4. Wszelako
wydaje sig, ze obserwowana w odkrywkach zmienno$é
orientacji elementéw strukturalnych fatdow F2, przy
skrajnych ustawieniach takich jak na figurze 20,
wynikta z ich rotacji w czasie fatdowania Fi .

Tam gdzie udato sie doktadnie przesledzi¢ inter-
sekcje warstw skalnych, uzyskany obraz potwierdza
istnienie poprzecznie przefatdowanych (w fazie ,F4)
fatdow zespotu F2 (fig. 21; 22).

Zespot fatdow Fi nie jest zespotem strukturalnie
jednorodnym. Oprocz fatdéw powstatych wylgcznie
wskutek zginania (fig. 19c, /, k) pojawiajg sie bowiem
takze i fatdki zatomowe (fig. 19, g). W obu jednak
wypadkach deformacja fatdowa dokonata sie wokét tych
samych powierzchni osiowych (S4), ktore dla fatdéw
zatomowych wyrazone zostaty osiowym kliwazem.
Dzieki temu oba typy fatdow moga wzajemnie bocznie
w siebie przechodzié, dajac wizualny efekt dysharmo-
nijnego fatdowania (fig. 19«, 6). Nie jest to djsharmo-
nia sensu stricto, albowiem wynika ona tylko ze zmiany
stylu, czy $cislej, mechanizmu faldowania w korco-
wym etapie rozwoju deformacji. Opisane zjawisko ma
charakter regionalny dzieki powodujgcym je, a panu-
jacym wtedy warunkom strukturalnym deformacji,
ktore umozliwity rozwéj sztywnych struktur nieciggtych
w skatach metamorficznych Go6r Orlickich.

Nalezy wspomnie¢, ze jeden z etapow intruzji
granitoidéw miat miejsce przed fazg Ft, albowiem zyty
granitoidéw zgodnie wnikajgce w zluznienia foliacji S2
byty ujmowane w fatdy fazy F4, poprzeczne do gtoéw-
nych struktur (fig. 17; 18).

ETAP TRZECI

W etapie trzecim wyro6zniono dwie fazy defor-
macji — Fs i F6, w ktérych powstawaty fatdki
zatomowe, kliwaze, spekania i uskoki. Formom fa}-
dowym towarzyszy z reguty lineacja intersekcyjna.
Jej przestrzenna orientacja (lineacja Ls, Le) jest bardzo
zmienna, zalezna od wzajemnego utozenia przecinaja-
cych sie powierzchni (foliacji S2 i odpowiednich Kli-
wazy).

Zatomowe faldki Fs maja zmienng asymetrie
i nachylaja sie zwykle ku SW, zas fatdki Fe — ku NW.
Te ostatnie podkreslane sg zwykle podtuznymi speka-
niami. Faldy fazy F6zaznaczajg sie takze w intersekcji
mapy, jako stojgce otwarte fatdy (antyklina Kulina,
Gierwielaniec 1965).

Struktury nieciggte i faldowe tego etapu beda
przedmiotem osobnego opracowania (Zelazniewicz,
w druku).

ELEMENTY ANALIZY STRUKTURALNEJ

Caly badany obszar podzielono na 11 homoge-
nicznych regionow (fig. 23). Dla kazdego z nich wy-
konano zbiorczy diagram obrazujacy orientacje po-
wierzchni foliacji S2 oraz osi fatdow F2i Ft. Z analizy
tych diagramoéw wynika, ze fatdy Ft powstaty wskutek
zginania. Megaantyforma Fe nachylajagca sie ku NW
(diagram Y; VII) powoduje dyspersje osi fatdkow Fs.
tagodnie esowaty przebieg fatdow Ft wynika z ruchéw
wzdtuz powierzchni uskokowych w rejonie 111 i IV.
Diagramy | X —X1 rejestruja zaburzenia wynikajace



z obecnosci faldow P6 i Fe oraz rotacji w ptaszczy-
znach pdzniejszych powierzchni uskokowych.

Orientacje powierzchni foliacji $2 i osi fatdow F2
i Ft przedstawiono takze na fig. 24 i 25.

UWAGI KONCOWE

Skaty metamorficzne GoOr Orlickich powstaty
z przeobrazenia osadowego kompleksu o niezbyt jeszcze
sprecyzowanym wieku (prawdopodobnie goérny pro-
terozoik).

Subskateniowe waki tego kompleksu przeszty w bo-
gate w plagioklaz tupki tyszczykowe, bez znaczniej-
szego udziatu metasomatycznego doptywu jonow pier-
wiastkow alkalicznych.

Deformacja oraz metamorfoza stanowity jeden,
wiasciwie ciagty proces. Zmienno$¢ natezenia metamor-
fozy oraz zmiany w wielkosci i orientacji stressow pozwo-
lity na wydzielenie w tym procesie trzech swoiscie
autonomicznych etapdéw, a w ich obrebie szesciu faz.
W czasie tych faz, ktorym towarzyszyta metamorfoza
przeobrazane skaty zyskiwaty w kolejnych fazach nie
tylko charakterystyczny uktad mineratéw (fabric),
ale takze i pewien typowy indeks mineralny. W ten
sposob formy strukturalne poszczeg6lnych faz uzyskaty
pewne charakterystyczne i wyodrebniajgce je cechy.

Geologia Sudetiea, XI/1

Fatdy Fx maja charakter izoklin lub fatdéw Scisnie-
tych, biegnacych NW —SE lub NE—SW. Metamor-
foza M1 przeobrazita wyjsciowe skaly osadowe w wa-
runkach ptytkiej facji zielencowej.

Faldy Fz zgodnoosiowo przefatdowaty fatdy
wczesniejsze, tworzac gtdwne struktury regionu. Meta-
morfoza M2 odbyta sie w warunkach niskiej facji
amfibolitowej.

Uktad struktur fatldowych Ft mial, jak sie zdaje,
charakter wachlarzowy.

Foliacja S2 byta ustawiona stromo w strefie
Lewin —Gotaczéw. Tam wiasnie z koncem fazy F2 + M2
rozpoczeta sie intruzja granitoidow Kudowy —Ole$nic.

Koncowe akty intruzji nastgpity po fazie (Ft)
poprzecznego fatdowania wczes$niej powstatych struk-
tur.

WSsSréd geologdw panujg rézne opinie nie tylko
co do genezy skat poszczeg6lnych formacji tworzacych
kopute kitodzko —orlickg, ale takze co do sposobu
i sekwencji deformacji skalnych. Wydaje sig, ze taka
rozbieznos¢ pogladow i obserwacji wymaga zastosowania
bardziej precyzyjnych i bardziej kompleksowych metod
badawczych, gdyz trudne zagadnienia geologii tego
regionu ciggle odlegte sg od dostatecznego rozwig-
zania.
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N

Mica schist. Relics of sedimentary banding (bedding). Layers rich in gnartz (left hand side of the photo) alter-
nate with layers composed mostly of mica and plagioclase. S2 foliation perpendicular to this banding (parallel
to top and bottom sides of the photo). Crag below the “Orlica” hostel in Zieleniec. Mag. 30 X. Nicols crossed

tupek tyszczykowy. Relikty sedymentacyjnego warstwowania. Warstewki bogate w kwarc (lewa czes$¢ zdjecia)
przektadajg sie z warstewkami ztozonymi gtdwnio z tyszczykéw i plagioklazéw. Powierzchnio foliacji S2 sag
poprzeczne do tego warstwowania (foliacja rownolegta do poziomych brzegéw zdjecia). Skatki na zboczu ponizej
schroniska ,,Orlica” w Zielencu. Pow. 30 X. Nikole skrzyzowane

3. Mica schist. Relics of sedimentary banding in the closures of F2 folds. Minerals forming both quartz and
mica-plagioclase layers directionally rocrystallized along S2surfaces (F2+ M2fabric). Slope below the “Orlica”
hostel in Zieleniec. Mag. 30 x . Nicols crossed

tupek tyszczykowy. Relikty powierzchni sedymentacyjnego warstwowania w przegubach fatdow F,. Mine-
raly budujgce oba rodzaje warstewek przekrystalizowano kierunkowo, réwnolegle do powierzchni S2 (struk-
tura F2+ M2). Zbocze ponizej schroniska ,Orlica” w Zielencu. Pow. 30 x. Nikole skrzyzowane

. Mica schist. Relic of sedimentary banding surfaces in the limbs of F2fold. Layers rich in quartz alternate with

those rich in metadetritic felspar. (Probably, quartzose layers were interbedded in the sediment with those
built of felspatliic wacke). Note directional recrystallization of the rock fabric parallel to S2planes (parallel
to vertical sides of the photo). Crag in Podg6rze. Mag. 30 x . Nicols crossed

tupek tyszczykowy. Relikty powierzchni sedymentacyjnego warstwowania w skrzydle fatdu F2. Warstewki
bogate w kwarc przektadaja sie z warstewkami bogatymi w metadetrytyczny skaleri. Pierwotnie byly to praw-
dopodobnie warstewki piaskowca alternujace z warstewkami o sktadzie skaleniowej waki: Kierunkowa rekry-
stalizacja skaty réwnolegta do powierzchni foliacji S2 (réwnolegta do pionowych brzegéw zdjecia). Skatki w Pod-
gorzu. Pow. 30 x . Nikole skrzyzowane

. Mica schist. Relics of sedimentary banding seen in the closure of F2 microfold. Layer rich in quartz is distinctly

curved around the fold axis. S2foliation marked by parallel arrangement of F2+ M2biotito flakes (S2planes pa-
raUel to top and bottom sides of the photo). Internal inclusions in the grains of F 1+ Mxalbite are perpendicular
to S2 foliation. Crag in Podgo6rze. Mag. 110 X. Nicols crossed

tupek tyszczykowy. Reliktowo zachowane powierzchnie sedymentacyjnego warstwowania widoczne w prze-
gubie mikrofatdku F2 zaznaczonego przez wygiecie warstewki bogatej w kwarc. Foliacja S2 jest réwnolegta
do poziomych brzegéw zdjecia, podkreslona przez zgodne utozenie blaszek biotytu F2+ M2. Szeregi wrostkow
w albicie F1+ M1 zorientowane poprzecznie do powierzchni foliacji S2. Skatki w Podgérzu. Pow. 110 x. Nikole
skrzyzowane

. Mica schist. Relic of sedimentary banding in the closure of F2fold. Layers rich in quartz alternate with layers

rich in metadetritic felspar. Note directional recrystallization parallel to planes of S2foliation (parallel to vor-
tical sides of the photo). Crag in Podgérze. Mag. 30 x . Nicols crossed

tupek tyszczykowy. Relikt sedymentacyjnego warstwowania w przegubie fatdku F 2. Warstewki bogate w kwarc
przektadajg sie z warstewkami bogatymi w metadetrytyczny skalen. Foliacja 6f2 rownolegta do pionowych
brzegéw zdjecia. Kierunkowa rekrystalizacja mineratéw wzdtuz powierzchni foliacji. Pow. 30 x . Nikole skrzy-
zowane. Skatki w Podgorzu






. Mica schist- F1+ 311 albite grain against F2+ M2 fabric of the schistose rock rich in biotito and almost comple-
tely absent from quartz. Inclusions of opague minerals and minute scales of dark flaky mineral (chlorite?)
are discordant with very distinct S2 foliation marked by parallel arrangement of biotito flakes. Note slight
recrystallization of the grain in F2+ M2phase, appearing as tiny parallel projections of this grain into foliated
surroundings. Crag at the state frontier, south of Zieleniec. Mag. 240 x . Nicols crossed

Lupek lyszczykowy. Ziarno albitu I'\' I/t tkwigce w strukturze. F2X M2 skaly o pokroju tupkowym, bardzo
bogatej w biotyt i prawie, catkowicie pozbawionej kwarcu. Wrostki nieprzezroczystych mineratéw oraz drob-
niutkich blaszek ciemnego luseczkowego mineratu (cliloryt?) zorientowane niezgodnie do powierzchni bardzo
wyraznej foliacji s, podkreslonej réwnolegtym utozeniem blaszek biotytu. Nieznaczna rekrystalizacja ziarna
w fazie M2polegajaca na dobudowywauiu sie ,wypustek” zgodnych z foliacjg S.,. Skatki przy granicy panstwo-
wej, na S od Zielenca. Pow. 240 x . Nikole skrzyzowane

. Mica schist. Crains of F1 \-MlI albite against F2+ M2 fabric. Internal inclusions discordant with & foliation
underlined by parallel arrangement of biotite and chlorite flakes. The inclusions are considered as the relics
of »§j surfaces. Crag south of Zieleniec. Mag. 240 x . Nicols crossed

tupek lyszczykowy. Blasty alhit.u IRA+ Mr tkwiace w strukturze F2+ M2. Wrostki w tych blastach leza. niezgod-
nie w stosunku do foliacji &, ktorg podkresla réwnolegle utozenie blaszek biotytu i chlorytu. Wrostki te stanowig
relikty powierzchni .SN Skatki na S od Zielenca. Pow. 240 x . Nikole, skrzyzowane.

. Mica schist. F1+ M1 albite ocenring in the directional fabric developed during F2+ M2phase. The rock is com-
posed almost exclusively of this plagioclase and biotite whose flakes are always parallel to the planes of S2
foliation. Inclusions in the albite grains are discordant to >2foliation. This enables the recognition of the presence
of fold of F2set. Crag in Podgorze.. Mag. 110 x . Nicols crossed

tupek lyszczykowy. Ziarna albitu F1-\311 tkwigce w wybitnie kierunkowej strukturze F2-\-M2. Skata jest
zbudowana prawie, wyltacznie z tego plagioklazu oraz z biotytu, ktérego blaszki leza zawsze réwnolegle do po-
wierzchni foliacji 8.,. Poprzeczna do niej orientacja wrostkéw w albitach pozwala na stwierdzenie obecnosci
fahlku F2. Skatki w Podgérzu. Pow. 110x. Nikole, skrzyzowane.

. Mica schist. Grains of FI \MI albite. Inclusions are made only of elongated quartz grains. The inclusions are
oriented diagonally to planes of 82 foliation. Exposure below the summit of the Orlica Mt. Mag. 110 x. Nicols
crossed

tupek lyszczykowy. Wrostki w ziarnach albitu F1+ M1 stanowig wytacznie ziarna kwarcu, wydtuzone zgodnie
z 81. Wrostki te sg zorientowane poprzecznie w stosunku do powierzchni foliacji <®. Skatki ponizej szczytu
Orlicy. Pow. 110x. Nikole, skrzyzowane.

. Mica schist. F1+ M 1 albite grain possesses only quartz inclusions. Note sharp outlines of the blast. Crags sout.h-
-east of the summit of the Orlica Mt. Mag. 110 x. Nicols crossed

tupek lyszczykowy. Ziarno albitu F1+ M1 o ostrych granicach posiada tylko wrostki kwarcu. Skatki na SE od
od szczytu Orlicy. Pow. 110 x. Nikole skrzyzowane

. Mica schist. F1 \MI albite grain with spindle-shaped quartz inclusions. The blast is wrapped up by micas
belonging to F2-} M,, fabric, and marking 82foliation. 82foliation and these, inclusions are discordantly oriented.
Note that the blast margins parallel to foliation are sharply outlined whereas the margins perpendicular to the
foliation are ragged due. to slight recrystallization of this albite during F2-\-M2 phase. Crags south-east of the
summit of the Orlica Mt. Mag. 110 x. Nicols crossed

tupek lyszczykowy. Blast albitu 7”-1- il/ z wrzecionowatymi wrostkami kwarcu, tkwigcy w strukturze Ft+ M2.
Optywaja go lyszczyki wyrazajgce' foliacje N, zorientowang niezgodnie, do utozenia wrostkow w albicie. Wrostki
to sg najprawdopodobniej réwnolegle, do powierzchni foliacji 8j. Granice blast,u zgodne, z foliacjg sa bardzo
ostre, natomiast granice poprzeczne, do przebiegu foliacji sg nieregularne. Jest to wynik nieznacznej rekrysta-
lizacji tego albitu w czasie fazy F2+M 2. Skatki na SE od szczytu Orlicy. Pow. 110 x . Nikole, skrzyzowane






1

Mica schist.. Fabric of (he rock. Numerous grains of F1f Mt albite agiust Fa+ Hf2fabric. Besides the plagioclase
biotite and chlorite arc (lie main constituents of this rock. Those flaky minerals occur in parallel intergrowths
concordant with =8, foliation (parallel to top and bottom sides of the photo). Careful microscopical observation
revealed the presence of three closures of 1 microfolds seen in the field of view of the photo. Note usually sharp
outlines of the albite blasts. Crags above. Zieleniec, north of the, summit of the Szerlich ML Mag. 30 x . Nicols
crossed

Lupek lyszczykowy. Struktura, skalty. W strukturze b\+ Matkwi wielka ilo$¢ blastéw albitu F1+ M1. Poza
plagioklazo.m gtéwnymi skiadnikami sg biotyt. i chloryt, wystepujace w réwnolegtych przerostach, zgodnych
z foliaej>S', (rownolegta do poziomych brzegéw zdjecia). Doktadna mikroskopowa obserwacja utozenia wrost-
kow w ziarnach albitu pozwolita na stwierdzenie, ze we fragmencie objetym zdjeciem znajduja sie trzy prze-
guby mikrofaldkéw . Granice blastéw plagioklazu sg, zazwyczaj ostre. Skatki ponad Zielericem, przy granicy
panstwowej, na N od szczytu Szerlich. Pow. 30 x . Nikole skrzyzowane.

3. Calcareous pliyllite. Grains of b\+ Mx albite occuring in the calcito layers. Note sharp outlines of the pla-
gioclase. blasts. Crags south of the forester's lodge in Graniczna. Mag. 110 x . Nicols crossed

Fyllit wapienny. Ziarna albitu F1\ My o ostrych granicach tkwigce, w tle. lamin kalcytowych. Skatki na S od
leSniczowki w Granicznej. Pow. 110x. Nikole skrzyzowane

Mica schist with graphite. Grains of I'j H  albite with distinct and very abundant inclusions of opaque mine-
rals (mostly graphite). Crags on the. eastern slope of the Szerlich Mt. Mag. 110 x. Nicols crossed

Lupek lyszczykowy z grafitem. Ziarno albitu Ft+ z bardzo obfitymi i wyraznymi wrostkami nieprzezro-
czystych mineratéw (gtéwnie grafitu). Skatki na wschodnich zboczach Szerlicha. Pow. 110 X. Nikole skrzyzo-
wane

Fabric of mica schist rich in /5 T .1/, plagioclase. This rock is composed mostly of plagioclase and biotite. Quartz
is rather scarce. Outcrop in the creek valley east of the. "Orlica” hostel in Zieleniec. Mag. 110 x. Nicols crossed
Struktura lupka lyszezykowego bardzo bogatego w skalern Fx+ 3fx. Skala zbudowana jest gtéwnie z plagioklazu
i biotytu oraz niewielkiej ilosci kwarcu. Odkrywka, w dnie potoku na E od schroniska ,Orlica” w Zielencu.
Pow. 110 . Nikole skrzyzowane

i. Mica schist with graphite, /j |,1/j albite grains with characteristic, dark, internal trails oriented discordantly

to S, foliation. Outcrop below the forester’'s lodge in Zieleniec. Mag. 240 x . Nicols parallel
Lupek lyszczykowy z grafitom. Ziarno a.lbitu F1 \MXz charakterystycznymi smugami ciemnych wrostkéw,
niezgodnych z foliaeja ,S,. Skatki ponizej lesniczowki w Zielencu. Pow. 240 \. Nikole skrzyzowane

Mica schist with chlorite. Fragments of \j f M1 fabric preserved among elements of Fs+ 312 directional fabric
as the, result of weak recrystallization of the Ft+ Mx minerals during Ft j- Maphase. Note, that orientation of
rectilinear inclusions agrees with the orientation of Ig+ M1 flaky minerals of the surroundings involved in Fa
folds. Fv folding did not, affect the arrangement of these inclusions. Hence the, grain of albite did not yield to
recrystallization during }J/2phase. FxA\ M1flaky minerals are represented by phengite, and chlorite. Larger
flakes of chlorite grow roughly parallel to hiotite marking 32 foliation (roughly parallel to vertical sides of the,
photo). Crags above Zieleniec, north of the summit of the Szerlich Mt. Mag. 110 x. Nicols crossed

Lupek lyszczykowy z chlorytein. Miedzy elementami kierunkowej struktury F2+ M2 wyraznie zachowane
fragmenty struktury F1-] J/1 —skutek niewielkiej rekrystalizacji mineratéw w fazie Ft+ M2. Orientacja wrost-
kow utozonych prostolinijnie, w ziarnie, albitu jest zgodna z przebiegiem mineratéw blaszkowych F1-\-M1, uje-
tych na zewnatrz tego ziarna w faldki F.,. Deformacja F2nie zaburzyta uktadu wrostkéw tkwigcych w ziarnie,
co Swiadczy, iz nie zostato ono zrekrystalizowane w fazie, F2+ M2. Drobniutkie blaszkowe mineraty fazy F1+ Mv
to fengil i chloryt. Wieksze, blaszki chloryt,u rosng, w przyblizeniu zgodnie z biotytem podkreslajacym powierz-
chnie foliacji iS, (w przyblizeniu zgodna z pionowymi brzegami zdjecia,). Skatki ponad Zielericem, na N od szczy-
tu Szerlicha, przy granicy panstwowej. Pow. 110 x. Nikole skrzyzowane

Mica schist with graphite.. Grains of F1+ M1 albite are so abundant in the internal dark trails of graphite that
their outlines are, hardly recognizable. These, trails are parallel to well preserved F1+ fabric of the surroun-
dings involved in tight F2 folds. Their axial planes are underlined by parallel arrangement, of large biotite,
flakes. Despite, the folded background of F1-\-M1 minerals the inclusions occuring in albite blasts are always
rectilinear. Development of this albite preceded the F, folding. Slope above the church in Duszniki Zdrgj.
Mag. 110 - . Nicols not fully crossed

Lupek lyszczykowy z grafitem. Ziarna albitu FI+ Mt sg, tak bogate we wrostki grafitowego pytu, ze trudno zau-
wazalne staja sie ich granice. Wrostki te znajdujg, swe przedtuzenie poza. ziarnami, w do$¢ dobrze zachowanej
strukturze Ij | .1/,. ktéra ujeta jest, w waskopromienne fatdki K. Powierzchnie osiowe tych faldkéw podkres-
lane sg réwnolegtym utozeniem duzych blaszek biotytu. W przeciwienstwie, do zafaldowauego tla mineratow
fazy R\4- .1/, wrostki w blastach albitu majg prawie zawsze przebieg prostolinijny. Skatki na, zboczu ponad
kosciotem w Dusznikach Zdroju. Pow. 11»y . Nikole niezupetnie skrzyzowane






Mica scliist. 1A+ plagioclascs subject to recrystallization of F2+ M2phase. Their blasts become undist.inctly
outlined. Note dark dusty trails involved in 1 fold enclosed in F1-\~ML albite. Slope above the forester's lodge
in Zieleniec. Mag. 110x. Nicols crossed

tupek lyszczykowy7 Plagioklazy F1 \-M1 poddane rekrystalizacji w fazie F» i 312. (iranice biustéw traca, swa
pierwotng ostros¢ i stajg sie niewyrazne. W fatdek F1ujete sa ciemne smugi wrostkéw zamknietych w ulhicie
F1+ My. Skatki powyzej lesniczéwki w Zielericu. Pow. 110 z. Nikole skrzyzowane

Mica schist. Grains of plagioclase of the second type (X2 }Jf2 fabric) are due to recrystalliza.tion of F1 \-M1
albite. Note very irregular outlines of these grains in comparison with usually sharp outlines of /W, }3It plagio-
clases. Slope nearby Lewin above, the road Kudowa —Duszniki. Mag. 30 x . Nicols crossed

Lupek lyszczykowy. Ziarna plagioklazéw (F2 | 312) drugiego rodzaju pochodzace z rekrystalizacji albitu Fx =
Brzegi tych ziarn sg bardzo nieregularne w przeciwienstwie do zazwyczaj ostrych zaryséw phlgioklazéw fazy
FxAJl/j. Skatki nad szosg Kudowa —Duszniki w poblizu Lewina,. Pow. 30y . Nikole, skrzyzowane

Mica, schist. F2-\-M2 plagioclascs developed due to recrystallization of Fx+3fl albite. Railway-cutting above
Golaczéw. Mag. 110x. Nicols crossed

Lupek lyszczykowy. Plagioklazy _FR2-] M2pochodzace z rekrystalizacji albitu /4, | .1/L Przekop kolejowy ponad
Golaczowem. Pow. 110 x. Nikole skrzyzowane,

Mica schist. Blast of F» },l/2plagioclase derived from the recrystallizing t\ J .l/xalbite. Outer parts of the blast
are strongly intcrgrown with minerals of F2 \-M2 fabric. Primary sharp outlines are lost, owing to this pheno-
menon. Note that the process does not, affect, equally the whole blast, (‘'rags on the slope above the road Ku-
dowa —Duszniki, some, 1000 metres east, of Lewin. Mag. 110 x. Nicols crossed

Lupek lyszczykowy. Plagioklaz fazy F» \M% Pochodzi on z rekrystalizacji albitu R\ }M1. W brzeznych partiach
blast ten jest silnie poprzerastany mineratami struktury B»\ 3L,. w -wyniku czego stracit on w znacznym stop-
niu pierwotni), ostros¢ swych zaryséw. Proces ten nie, dotyka réwnomiernie catego blastu. Skatki ponad szosg
Kudowa —Duszniki, okoto 1 km na E od Lewina. Pow. 110 . Nikole skrzyzowane

Mica schist. Plagioclase recrystallizing during F2-F M2 phase. Note that, the blast, is intcrgrown with minerals
of F2A 312fabric, involved in tight F» folds. Railway-cutting above Golaczéw. Mag. 110 x . Nicols crossed
tupek lyszczykowy. Plagioklaz przekrystalizowany w fazie F ! ,1/2. Liczne przerosty biustu z mineratami
struktury7 F»i 31» ujetej w waskopromienne fatdki F2. Przekop kolejowy ponad Golaczowem. Pow. 110 X.
Nikole skrzyzowane

i. Mica schist. Ft+ 3l» plagioclase, of the second type with numerous iutergrowt-lis of other minerals forming F2+

4eJ/2 fabric of the rock. Railway-cutting above Golaczéw. Mag. 110 Nicols parallel
Lupek lyszczykowy7 Plagioklaz drugiego rodzaju (F2+ 3l.,) z licznymi przerostami innych mineratéw tworza-
cymi strukture F2 \ 312 skaty. Przekop kolejowy ponad Golaczowem. Pow. 110 x . Nikole réwnolegle

The same, blast. Nicols crossed
Ten sam blast, co na, poprzednim zdjeciu, sfotografowany przy nikolach skrzyzowanych






. Amphibole phyllite. Strongly re,crystallized grain of acid plagioclase occuring in the hinge region of raicrofold
(probably of RRset). Outlines of the blast, were completely obliterated owing to plenty of intergrowths, mainly
of aetinolite needles. Crags on the eastern slopes of the Taszowskie Hills. Mag. 240 x . Nicols crossed

Eyllit amfibolowy. Silnie zrekrystalizowane ziarno kwasnego plagioklazu znajdujgce sie w strefie przegubowej
mikrofaldku (prawdopodobnie zespotu F2). Kontury ziarna zostaly zupetnie zatarte wskutek olbrzymiej ilosci
przerostow — gtéwnie igietkami aktynolitu. Skatki na NE zboczach Wzgdrz Taszowskicli. Pow. 240 x . Nikole
skrzyzowane

. Plagioclase in scricite phyllite. It overgrows the closures of microfolds considered as belonging to F2set. because
their axial planes, as in mica schists, are paralleled by biotite flakes. Northern slope of the Taszowskie, Hills.
Mag. 110 x . Nicols parallel

Plagioklaz w fyllicie. serycytowyin. Obrasta on przeguby mikrofaldkéw uznanych za F2, gdyz ich powierzchnie
osiowe podkreslajg blaszki biotytu. Skatki na N zboczu Wzg6rz Taszowskicli. Pow. 110 x . Nikole réwnolegte

. Chlorite-act.inolite phyllites. Blast of acid plagioclase strongly intergrown with other rock-forming minerals.
Its outlines were completely obliterated owing to this phenomenon. Northeastern slope, of the Taszowskie
Hills. Mag. 110 x. Nicols not fully crossed

Eyllit clilorytowo-aktynolitowy. Blast kwasnego plagioklazu silnie przero$niety z innymi mineratami skaty,
co doprowadzito do catkowitego zatarcia jego konturow. Skatki na NE zboczu Wzgérz Taszowskicli. Pow.
110 x . Nikole niezupetnie skrzyzowane

Mica schist,. Plagioclase of the third kind growing in the closure, of F2 fold during F2-\-M2 phase. Railway-
-cutting above Gotacznw. Mag. 30 x . Nicols crossed
Lupek lyszczykowy. Plagioklaz trzeciego rodzaju (F2+ il/2) rosngcy w przegubie faldku F2. Przekop kolejowy
ponad Golaczowem. Pow. 30 . Nikole skrzyzowane

. Mica schist. Plagioclase, of the third kind containing biotite inclusions parallel to the, planes of »2 foliation.
Crags on the slope above the railway station in Kulin. Mag. 110 x. Nicols crossed

tupek lyszczykowy. Plagioklaz trzeciego rodzaju zawierajgcy w sobie wrontki biotytu zorientowane zgodnie
z powierzchniami folia,cji N,. Skatki w okolicy stacji kolejowej w Kulinie. Pow. 110 x . Nikole skrzyzowane

. Mica schist. Fragment of F2 microfold. Blast of the plagioclase of the second kind (left-hand side, of the photo)
and blast of the plagioclase of the third kind containing biotite inclusions parallel to S2axial planes (right bottom
corner of the photo). Railway-cutting above Gola.czéw. Mag. 30 x . Nicols crossed
tupek lyszczykowy. Fragment mikrofaldku F,. Ziarno plagioklazu drugiego rodzaju (lewa strona zdjecia)
oraz ziarno plagioklazu trzeciego rodzaju (prawy dolny rog) z wrostkami biotytu zgodnymi z powierzchniag
osiowa 2. Przekop kolejowy ponad Golaczowem. Pow. 30 x . Nikole skrzyzowane

. Mica schist. F2 } fabric. Note, crenillation of surfaces resulting in the development of S2 foliation under-
lined by parallel arrangement of biotite flakes. Note also small displacements along < planes. Paths of the
glide, movements are. marked by linear concentrations of opaque minerals. Stream-side in Duszniki Zdrdj,
back of the “Barbara” pension. Mag. I10x. Nicols crossed

Lupek lyszczykowy. Struktura F2+ M% Krenulacja powierzchni S1 wzdtuz powierzchni folia,cji H2 wyrazonej
rownolegtym utozeniem blaszek biotytu oraz przesuniecia wzdtuz powierzchni tej foliacji. Strefy $lizgow pod-
kreslone sag liuijnymi koncentracjami nieprzezroczystych mineratéw. Skatki w Dusznikach Zdroju za 1). W.
.Barbara”. Pow. lit) X. Nikole, skrzyzowane






. Mica schist. /'2 Inicrofold modified by shearing occniing along planes of S2 foliation. Crags on flic- southern slope

above the. road in (lolaczéw. .Mag. 30 x . Nicols not quits*, parallel

Lupek lyszczykovvy. Mikrofaldek zmodyfikowany przez mechanizm $cinania zachodzacego réwnolegle do
powierzchni foliacji &. Skatki na S zboczu ponad szosg w (folaczowie. Pow. 30 x. Nikole niezupetnie réwno-
legle

Amphibolite. Directional F2+ il/2fabric. Note elongation of the rock-forming minerals and darker, finer-grained
zones of more, intense shear movements. Crags on the southern slope., northeast of Lewin. Mag. 30 x . Nicols
crossed

Amfiholit. Kierunkowa struktura F, m.1/.,. Wydtuzenie mineratow skaty oraz ciemniejsze, drobnoziarniste
strefy silniejszych ruchdéw Scinajgcych. Skatki na S zboczu, na NE od Lewina.. Pow. 30 x . Nikole skrzyzowane

Mica schist. Directional recrystallization of minerals of F2-\-M2 fabric, within the structure of F., folds. Crags
on the northern slope some 1500 meters east of Lasek Miejski. Mag. 30 x . Nicols crossed
Lupek lyszczykowy. Kierunkowa rekrystalizacja mieneraléw struktury F, | M2w obrebie faldkow F2. Skatki
na N zboczu, okoto 1500 m na. K od Lasku Miejskiego. Pow. 30 x . Nikole skrzyzowane

Mica schist. F2 microfold. Flakes of 4&x\ Mj phengite were isoclinaily curved around F\ axis and subsequently
were subject to directional recrystallization parallel to the planes of S, foliation. Road-cutting oi1 the slope
of the Destna ML Mag. 110 x. Nicols crossed

tupek lyszczykowy. Mikrofaldek F2. Bliiszki fengitu F1+ MI ulegly izoklinalnemii zafaldowanin wokét osi F2,
a nastepnie, w fazie F2-F M2, kierunkowej rekrystalizacji rownolegle do powierzchni foliacji H2. Skatki we wrzyn-
€0 szosy Lia zboczach Destny. Pow. lit):-'. Nikole skrzyzowane

Amphibole schist. Veinlct (lamina) of quartz concordant with Slsurfaces was involved in F2 fold. Remarkably
strong quartz concentration in the closure of this fold resulted from the transfer of mineral material to the
region of lowered pressure. Deformation lamellae in quartz grains are parallel to S2foliation, evidencing consi-
derable control of shearing on the process. Slope, above, the water-supply filter-station in Daiiczéw. Mag. lit)
Nicols crossed

Lupek amfibolowy. Zytka (lamina) kwarcowa zgodna z powierzchniami .§. ujeta w faldek F.. Bardzo silna
koncentracja kwarcu w przegubie faldku wynikta z przemieszczenia, materiatu mineralnego do strefy niniejszego
cisnienia. Lamelki deformacyjne w ziarnach kwarcu réwnolegle do powierzchni foliacji S, $wiadcza, iz proces
ten dokonywa! sie pod wptywem Scinania. Skatki ponad stacjg uzdatniania wody w Darnczowie. Pow. 110/.
Nikole. ski'zyzowa.ne

. Mica schist. F2 microfolds. Deformation lamellae in quartz grains arc parallel to S2 axial planes. Crags on the

northern slope some 1500 meters east of Lasek Miejski. Mag. 30 x . Nicols crossed

Lupek lyszczykowy. Mikrofaldki zespotu <2. Lamelki deformacyjne w ziarnach kwarcu roéwnolegte, do powierz-
chni osiowych S.,. Skatki na N zboczu, okoto 1500 m od Lasku Miejskiego w kierunku K. Pow. 3>z, Nikole
skrzyzowane
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. Amphibolite, roneontration of plagioclase in tim hinge region of F2 fold and reerystallization of the mineral
under control of shearing occuring parallel to the axial planes. Development of light minerals concentrations —
patches. Crags in Jawornica. Mag. 30 a. Nicola crossed

Amfibolit. Koncentracja plagioklazu w strefie przegubowej faldku F2 oraz rekrystalizacja tego mineratu pod
wpltywem sScinania réwnolegtego do powierzchni osiowej. Kozwdj skupienn jasnych mineratow — ,tat". Skakki
w Jawornicy. Pow. 30 x . Nikole skrzyzowano

. Amphibolite. Influence, of shearing on geometry of F2 folds, F2+ M2 fabric and on reerystallization of pla-
gioc.lase in the, closures of F2 folds. Slope above, water-supply-filter-station in Danczéw. Mag. 30 x . Nicols
parallel

Amfibolit. Wptyw $cinania na geometrici fatdkéw F2, strukture F2 .1/2, rekrystalizacje plagiokazu w przegu-
bach fatdow zespotu F2. Skatki ponad stacjg uzdatniania wody w Danczowie. Pow. 30 x . Nikole réwnolegle

. Amphibolite. Directional reerystallization of amphibole crystals (parallel to S2 axial foliation) in layers rich
in plagioclase. Amphibole. crystals occuring in amphibole layers do not yield to such a reerystallization. Slopes
below Male Jerzykowice. Mag. 30 x . Nicols parallel

Amfibolit. Kierunkowa rekrystalizacja amfibolu, zgodnie z powierzchniami foliacji osiowej S2, w warstewkach,
bogatych w plagioklaz. Amfibol w warstewkach amfibolowych nie ulega takiej rekrystalizacji. Skatki na zboczu
ponizej Matych Jerzykowie. Pow. 30 x . Nikole, réwnolegle

. Amphibolite. Manner uf reerystallization of minerals forming F, microfold. Note dark minerals growing parallel
to S2axial plane. Slope above, water-supply-filter-station in Daniczéw. Mag. 30 x . Nicols parallel

Amfibolit. Sposéb rekrystalizacji mineratéw w obrebie struktury faldku F2. Wzrost ciemnych mineratéw réw-
nolegle do powierzchni osiowych S2. Skalki ponad stacjg uzdatniania wody w Danczowie. Pow. 30 x. Nikole
rownolegle.

. Amphibolite. F2 f M 2fabric, in the closure, of F2fold. Directional reerystallization of both dark and light minerals
in parallel to S2 axial planes. Slope above, water-supply-filter-station in Danczéw. Mag. 30 x . Nicols parallel
Amfibolit.. Struktura M2 w przegubie faldku F2. Zgodna kierunkowa rekrystalizacja mineratéw jasnych
i ciemnych. Skatki ponad stacjg uzdatniania wody w Danczowie. Pow. 30 x . Nikole, réwnolegle

. Amphibolite. Orientation of minerals in diversely composed laminae occuring in the closure of F2 fold. Slope
above water-snpply-filter-station in Danczéw. Mag. 42 x . Nicols parallel

Amfibolit. Orientacja mineratdw w przegubie faldku F2, w laminach o réznym sktadzie mineralnym. Skatki
ponad stacjg uzdatniania wody w Danczowie. Pow. 42 x. Nikole réwnolegle.






Mica schist. Closure of F2fold was modified by superimposed shearing. Manner of arrangement of tlie recrysta-
Ilizing minerals within the. structure of this fold. Crags above Zimne Wody. Mag. 30 x . Nicols crossed

tupek lyszczykowy. Przegub faldku F2 zmodyfikowanego $cinaniem. Sposob uloz<uiia rekrystalizujgcych
mineratéw w obrebie tego faldku. Skatki w Zimnych Wodach. Pow. 30 x . Nikole skrzyzowane

.Mica schist. Influence of shearing on the manner of arrangement of minerals in the hinge region of J\ fold.
Eastern slope of the Orlica Mt. Mag. 30 x . Nicols parallel

Lupek lyszczykowy. Wptyw Scinania na sposob utozenia mineratéw w przegubie faldku F,,. Skatki na E zboczu
Orlicy. Pow. 30 >. Nikole réwnolegte

. Mica schist. SXquartz veinlet thickened in the hinge of h\ fold owing to migration of silica from the fold limbs,
Note deformation lamellae in quartz grains parallel to the axial plane of fold. Crags nearby electrical-power
substation in Golaezéw. Mag. 30 x. Nicols crossed

Lupek lyszczykowy. Zytka kwarcowa zgodna z powierzchniami pogrubiona, w przegubie faldku F2 wskutek
migracji krzemionki ze skrzydet. Lamclki deformacyjne réwnolegte do powierzchni osiowej faldku. Skatki koto
podstacji elektrycznej w Gotaezowie. Pow. 30 x . Nikole skrzyzowane

. Mica schist. F2 folds shaped by shearing parallel to their axial planes. Crags in the wood some 500 meters west
of the. electrical-power substation in Golaezéw. Mag. 30 x . Nicols crossed

tupek lyszczykowy. Ealdki F2 rozbudowane pod wptywem S$cinania réwnolegtego do powierzchni osiowych.
Skatki w losie okoto 500 m na W od podstacji elektrycznej w Gotaezowie. Pow. 30 x. Nikole skrzyzowane

. Amphibolite. Plagioclase-epidote-quartz layer involved in isoclinal F2 fold. Note the. inception of secondary
met,amorphic layering in this rock. Crags above, water-supply-filter station in Danczéw. Mag. 30 x . Nicols
crossed

Amfibolit. Warstewka, plagioklazowo-epidotowo-kwarcowa ujeta w izoklinalny fatdek F2. Zaczatki wtérnego
metamorficznego warstwowania skaly. Skatki ponad stacjg uzdatniania wody w Darczowie. Pow. 30 x. Nikole
réwnolegle.

Mica, schist. Recrystallizing plagioclase in sheared fabric of F.,, M2 phase. Note zone of more intense, shear
movement. Crags on southern slope above the road in Golaezéw. Mag. 110x. Nicols crossed

tupek lyszczykowy. Ro.krystalizujgcy plagioklaz w poddanej Scinaniu strukturze F2 \312. Strefy silniejszych
ruchéw scinajacych. Skatki na S zboczu ponad szosg w Gotaezowie. Pow. 110x. Nikole skrzyzowane
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. F2fold in massive mien schist. Note tlio parting along Xt surfaces involved in this fold as well as along surfaces
of X2 axial foliation which is locally underlined by thin quartz veins. Abandoned quarry in Zielenice some
500 meters east of the PKS-bus station

Fatd zespotu F2w masywnych tupkach tyszczykowych. Widoczna oddzielnose wzdtuz zafaldowanyeh powierz-
chni oraz wzdtuz powierzchni foliacji X2 réwnolegtych do powierzchni osiowej fatdu. Foliacje X2 podkreslajg
miejscami cieniutkie zytki kwarcu. Stary kamieniotom w Zielencu, na, 8zboczu wzgoérza o wysokosci 880,0 m
npm., 500 m na E od przystanku PKS w Zielehcu

. Isoclinal folds of oalcite laminae in calcareous phyllite. Small abandoned quarry of limestones at the green
tourist route, some 000 meters northeast, of the “Orlica" host,el in Zieleniec

Izoklinalne fatdki lamin kalcyt,owych w fyllieie. wapiennym. Malutki kamieniotom wapieni przy zielonym szlaku
prowadzacym do schroniska ,Orlica"™ w Zielericu

F2 folds in mica schist, recognizable due to the presence of layers rich in quartz. Crags on the northern slope
some, | 500 meters east, of Lasek Migjski

Fatdki F2w tupku tyszczykowyin widoczne dzieki obecnosci warstewek bogatych w kwarc. Skatki nad brzegiem
potoku okoto 1500 m na E od Lasku Miejskiego

F2folds Measuring in the closure of larger F2fold in mica schist. Note the parting along distinctly seen X2 surfaces.
Surfaces of X2 foliation examined under the microscope are markedly underlined by parallel arrangement, of
biot.ite flakes. Enveloping surface to these small F2folds (so folded Xj surfaces) are generally vertical whereas
planes of X, foliation lie nearly horizontally. Hoad-cutting on slope of the Destiia Mt. some 1 5()t) meters from
the “Masarykova chata” hostel

Drobne fahlki zespotu w przegubie wiekszego fatdu <2 w lupkach lyszczykowych. Widoczna oddzielnose
wzdtuz wyraznych tutaj powierzchni Xt. Powierzchnie foliacji X2, widziane pod mikroskopem, podkreslone sg
rownolegtym utozeniem blaszek biotytu. Zafaldowane powierzchnie X, ustawione sg generalnie pionowo, po-
wierzchnie foliacji X2 lezg prawie horyzontalnie. Odkrywka w skarpie nad nowa szosa na zboczach liestny okoto
1500 m od schroniska ,Masarykova chata" na Sze.rlichu

. Mica schist rich in grains of plagioclase of the second kind resulting from the rccrystallization of Fx \-M2 albite.
Small crag above the. road Kulin-Gotaczéw some 300 meters from the electrical-power substation in Gotaczéw
Lupek tyszczykowy bogaty wplagioklazy drugiego rodzaju pochodzace z rekrystalizacji albitu /'j |M ,. Skatki
nad szosg Kulili—Gotaczéw, okoto 300 m od podstacji elektrycznej w Golaczowie






1. F2folds in mica schist. Thin quartz veins involved in the folds are concordant with S2surfaces. Crags nearby
a big turn of the so-called upper road in Zieleniec, some 1500 meters northeast of the “Orlica” hostel in Zie-
leniec
Fatdki F2 w tupku lyszezykowym. Zafatdowano, zytki kwarcowe zgodne z powierzchniami S1. Skatki ponad
zakretem gornej szosy w Zielencu, okoto 1500 m na NE od schroniska ,,Orlica” w Zielehcu

2. Drag fold of K\ set occuring in the limb of larger isoclinal fold. Quart,z-phengite schist. This drag fold was sreongly

modified by shearing acting parallel to the axial plane, of the parent fold and parallel to the limbs both of the
parent fold and the very drag fold. The drag fold, in the result of this process, acquired features of a fold of
perfectly similar geometry. Abandoned quarry of limestones nearby Ludowe, some 500 meters north of the
Homole castle.
Faldek ciggniony zespotu F2 wystepujacy w skrzydle wiekszego fatdu izoklinalnego. tupek kwarcowo-fengi-
towy. Fatdek ten zostat bardzo silnie zmodyfikowany Scinaniem rownolegtym do powierzchni osiowej S2 oraz
skrzydet fatdu duzego i fatdu ciggnionego. Wskutek tego zjawiska fatdek ciagniony wtornie, zyskat cechy typo-
wego fatdu ze, Scinania. Stary kamieniotom wapieni kolo Ludowego, 500 m na N od zaniku llomole

3. F2folds occuring in mica schist, and distinctly seen owing to the presence of laminae rich in quartz. Crags in the
wood nearby Nowa, Jawornica, some 1 100 meters west, of Kozia llala
Fatdki /', w tupku lyszezykowym widoczne dzieki obecnosci lamin bogatych w kwarc. Skatki w losie koto Nowej
Jawornicy, okoto 1000 m na W od Koziej Hali

4. F2 folds in mica schist. Quartz veins parallel to 8a foliation. Crags on the (stern slope above the road from
Lewin to Zimne. Wody, some 400 meters southwards from the wayside, shrine situated at the cross-roads from
Lewin to Jawornica and Zimne Wody
Faldki F2w tupku lyszezykowym. Zytka kwarcu zgodna z foliacjg N2. Skatki na E zboczu ponad szosg z Lewina
do Zimnych Wd4d, okoto 400 m na S od kapliczki przy skrzyzowaniu drég z Lewina do Jawornicy i Zimnych
wéd

5. Felspar-quartz layers involved in F2 fold in mica schist. Crags on the. southern slope, some 350 meters west of
the. I'KS bus-station in llolaczéw
Warstewki skaleniowo-kwarcowe lupka lyszczykowego ujete w fatdki F2. Skatki na S zboczu okoto 350 m na E
od przystanku PKS w Golgczowie

0. F2fold in schistose rock rich in plagioclase and quartz. Koad-cutting some 200 meters south of the eleetrical-
-power substation in Golaczéw
Fatdek F2 w skale o przekroju tupkowym, bogatej w kwarc i skalenie. Wrzynka szosy okoto 200 m na S od pod-
stacji elektrycznej w Golaczowie

7. Quartz-plagioelase layers in mica schist involved in F2 folds. Crags on the northern slope some 1500 meters
east of Lasek Miejski
Warstewki skaleniowo-kwarcowe. ujete w fatdki F2w tupku lyszezykowym. Skatki na N zboczu okoto 1500 m
na E od Lasku Miejskiego






1, 2. F2 folds in amphibolites. Plagioclase-epidote-quartz layers were involved in these folds. Geometry of F2
folds was considerably changed due to recrystallization of minerals to form the layers. Process of recrystalli-
zation was controlled by shearing. Note concentrations of light minerals in the hinge regions of J\ folds.
Crags on the slope above the water-supply-filter station in Danczow
Paldy F2w amfibolitach. W fatdki te zostaly ujete warstewki plagioklazowo-opidotowo-kwarcowe. Rekry-
stalizacja mineratbw w tych warstewkach spowodowata znaczne zmiany w geometrii faldéow F2. Proces
rekrystalizacji odbywat sie pod znacznym wptywem $cinania. Widoczno koncentracje jasnych mineratow
w przegubach fatdéw. Skatki ponad stacjg uzdatniania wody w Darnczowie

3. Drag fold of F2set occurring in amphibolite. The fold was strongly modified at the final stages of its development,
as the result of shearing acting parallel to its limbs and to axial plane of the parent fold. Note significant con-
centrations of light minerals (epidote, acid plagioclase) occurring in the portions subject to the most intense
shearing. Crags on the northern slope some 300 meters west of the wayside shrine situated at the cross-roads
from Lewin to Jawornica and to Zimne Wody
Amfibolit. Fatdek ciggniony zespotu F2 w koncowym stadium swego rozwoju zostat silnie zmodyfikowany
scinaniem réwnolegtym do jego skrzydet oraz do powierzchni osiowej duzego fatdu. Widoczne pokazne kon-
centracje jasnych mineratdw (epidot, kwasny plagioklaz) w partiach najbardziej ulegajgcych Scinaniu. Skatki
w lesie ponizej Matych Jerzykowic

4. Closure of F2 fold in striped amphibolite. Note significant concentration of light minerals (epidote, acid pla-
gioclase, quartz). Crags on the northern slope above the water-supply-filter station in Danczéw
Przegub faldku F2 w warstwowanym amfibolicie. Widoczne pokazne, koncentracje jasnych mineratéw (epidot,
kwasny plagioklaz, kwarc). Skatki ponad stacjg uzdatniania wody w Darczowie

5. 6. Plagioclase-e.pidote layers involved in F2fold in amphibolite. Crags on the northern slope, above the water
-supply-filter station in Danczéw
Warstewki plagioklazowo-epidotowe ujete w fatdki F2 w amfibolicie. Skatki na N zboczu ponad stacjg uzdat-
niania wody w Danczowie






1. F fold in crystallino, limestones. Fold axis is plunging gently from a viewer. Note small overthurst parallel
to 8t axial plane of the fold. Abandoned quarry nearby the “Golden staileii”, slopes of the Orlica Mt.
Fatdek zespotu 1w wapieniach krystalicznych. O$ fatdku pochyla sie od patrzacego. Widoczne mate nasuniecie
wzdtuz powierzchni réwnolegtej do powierzchni osiowej *$. Stary kamieniotom przy ,Ztotej Sztolni” na zbo-
czach Orlicy

2. Fi fold in mica schist. Railway cutting above Gotaczéw, near a fly-over
Fatdek FAw tupku lyszczykowym. Przekop kolejowy ponad Golaczowem, koto wiaduktu nad torami

3. i'4 fold in mica schist interbedded with calcite layers. Crags on the northern slope of the 806 m hill above the
road Duszniki—Zieleniec
Fatdek F4 w tupku lyszczykowym z warstewkami kalcytowyini. Skatki na N zboczu wzgoérza 806,0 m npm.,
ponad szosa Duszniki —Zieleniec






Fig. 23

Elements of structural analysis. Diagrams show the orientations of main foliation, L2 lineation as well as and axial directions
Solid oontours or open circles —surfaces of S2foliation, dashed contours or solid dots —L t lineation and F 2folds, crosses — F4folds. Numbers at diagrams denote: 1° quantity of measurements, when follow marks S2 (main foliation) and F,
(main folds); 2° value of contouring isolines, then given respectively below marks S° or F 2for foliation at the bottom right of a diagram and for F2axial directiora at the top right of a diagram. Lower hemisphere of Schmidt net. Solid or
coarse dashed great circles —scatter of foliation readings. Fine dashed great circles—extremal readings of orientation of  foliation. Dashed small circles express an arrangement of F z plots about F* axes. Inset shows division of the in-
vestigated area into 11 rougly homogenous regions in respect to orientation of Fsfold and mains foliation. One diagram refers to one region

Elementy analizy strukturalnej. Diagramy ilustrujg utozenie foliacji S2, struktur linijnych L2 oraz osi faldéowF2i FA

Kontury ciagte lub kétka otwarte —powierzohnie foliacji S2, kontury przerywane lub kropki petne —lineacja L-, i fatdki F 2; krzyzyki —fatdki F*. Diagramy wykonano przy uzyciu pétkuli dolnej siatki Schmidta. Cyfry przy diagramach ozna-

czaja: za symbolem foliacji S2—ilo$¢ wykonanych pomiaréw; ze znaczkiem % —wartos$ci poszczegélnych konturéw, ktére dla foliacji <§, podane sg u dotu z prawej strony kazdego z diagraméw, za$ dla fatdkéw F 2i lineaoji Ls u géry

Z prawej strony. Luki két wielkich na diagramach oznaczajg albo pasy rozrzutu pomiaréw utozenia foliacji S-,, albo skrajne warto$ci pomiaréw orientacji powierzchni tej foliacji. £uld przerywane matych két ilustruja rozktad struktur

linijnych fazy F« wokot osi F4. Rozktad ten swiadczy o znacznym udziale mechanizmu zginania w modelowaniu form deformacji poprzecznej. Mapka przedstawia podziat badanego regionu na 11 homogenicznych obszaréw. Kazdemu
z tych obszaréw przyporzadkowany jest jeden diagram



