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THE HISTORY OF ECLOGITES

IN THE GEOLOGICAL EVOLUTION OF THE

SNIEZNIK. CRYSTALLINE COMPLEX BASED
ON MESOSTRUCTURAL ANALYSIS?

Historia eklogitéw w ewolucji metamorfiku Snieznika
w §wietle analizy mezostrukturalnej’

Abstract. The results of mesostructural analysis are presented in relation to the
tectonics of the Snieznik massif. The most part of observations concerning the sequ-
ence and development mechanisms of the successive generations of minor structures
was made in the gnaissic series. Particularly interesting were phenomena recording
the successive stages cf transformation of the S; lamination into Sz lamination. On
the basis of field observations and an analysis of mesostructures using stereograms,
prepared separately for the gneissic series and for the eclogites, an attempt was made
to relate the tectonic structures found in these rocks to four deformation events D,
to D4, probably common to both series. The results show that both series responded
differently to tectonometamorphic processes, which was best reflected by the effects
of the third deformation event D3. Not enough information has been gathered so far
to make possible a detailed comparison of the effects of the D; and D2 deformations
in the gneisses and the eclogites. It may only be suggested that the protolith of the
eclogites was emplaces into the gneisses prior to the D2 deformation. In the case of
eclogites alternating with granulites of the Stary Gieraltéw, the performed analysis
reveals a perfect accordance of the structural development of both rock varieties. The
effects of the D; to D4 deformation events detected in these rocks can be easily
compared with their age equivalents in the Gieraltéw gneisses. Moreover, observa-
tions are presented that may suggest that the garnet and omphacite blastesis in the
granulites occurred before the development of the S3 gneissosity and La lineation.
The sequence of tectonometamorphic phenomena is discussed as well, within the
framework of the geodynamic model of the Snieznik massif proposed by Borkowska
et al. (1990).
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Abstrakt. Na tle szkicowo zarysowanego planu tektonicznego metamorfiku
Snieznika przedstawwno rezultaty analizy mezostrukturalnej. Najwiecej informacji o
nastepstwie i mechaniZmie rozwoju poszczegélnych generacji drobnych struktur do-
starczyla seria gnejsowa. Interesujace okazaly sie tutaj zwlaszcza zjawiska rejestru-
jace poszczegélne fazy przeksztalceni laminacji S; w laminacje S3. Opierajgc sie na
obserwacjach terenowych i na analizie obrazu rozmieszczenia mezostruktur na dia-
gramach, oddzielnie przeprowadzonych dla serii gnejsowej i dla eklogitéw, podjeto
prébe powigzania stwierdzonych w tych skalach struktur tektonicznych z czterema,
jak sie wydaje, wspdlnymi dla nich etapami deformacji D1-D4. Wyniki jej wskazuja,
ze skaly te reagowaly réznie na procesy tektonometamorficzne, co uwidocznilo sie
najlepiej w efektach trzeciego aktu deformacji D3. Dotychczas nie zebrano odpowied-
niej ilosci informacji do szczegélowego poréwnania efektéw deformacji Dy i D2 w serii
gnejsowej i w eklogitach. Mozna jedynie przyjaé z duzym prawdopodobiefistwem, ze
protolit wystepujacych tu eklogitéw pojawil sie w serii gnejsowej przed deformacja Da.
W przypadku eklogitéw wystepujacych w przelawiceniach z granulitami serii Starego
Gieraltowa przeprowadzona analiza wskazuje na catkowita zgodnosé rozwoju struktu-
ralnego tych odmian skalnych, a przesledzone w nich efekty deformacji D1-D4 daja
si¢ latwo poréwnaé z ich analogami wiekowymi w gnejsach gieraltowskich. Ponadto
przedstawiono obserwacje mogace sugerowaé, ze blasteza granatéw i omfacytu, czyli
eklogitowy metamorfizm, w serii granulitowej nastgpita po uformowaniu faldéw Fe,
a przed powstaniem zgnejsowania S3 i lineacji L3. Oméwiono réwiez nastepstwo zja-
wisk tektonometamorficznych na tle modelu geodynamicznego rozwoju metamorfiku
Snieznika autorstwa Borkowskiej et al. (1990) i danych radiometrycznych Bakun-Czu-
barow i Bruecknera (1991), ktérych jednoznaczna interpretacja nastrecza powazne
trudnosci.

CONTENTS
Introduction e e . e
Mesostructural characteristics of the gneissic series . . . . . . . 23
Structural position of eclogites in the Snieznik crystalline complex . . 35

Study of minor structures in granulites and eclogites on the background
of mesostructural analysis of the gneissic series v . . . . . . 36

Radiometric ages of the rocks of the Snieznik complex and of mineral
transformations within the rocks in relation to the main deformational
events . . . . L L L L L L 0 o s e e e e e e e .. 40

Acknowledgements . . . . . . . . . . . . . . . . . . 43
References . . . . . . . . . . . . . . . . . .. .. 44



THE HISTORY OF ECLOGITES. 23

INTRODUCTION

The history of eclogites in the geological evolution of the Snieznik
crystalline complex has focused attention of the Warsaw school petro-
logists from the very beginning of their research in that region. In the
1960’s several comprehensive papers were published which dealt with
this problem. These were the articles by Smulikowski (1963, 1964,
1967), Kozlowski (1965) and Bakun-Czubarow (1968). These authors
put forward several arguments supporting the view on the genetical
relation of the eclogites with the Stronie series. Smulikowski (1957)
ascribed the origin of the Gieraltéw and Snieznik gneisses of granite
composition to the Stronie series, regarding them as coeval and dif-
fering only in the degree of advancement of their metamorphic evol-
ution (higher in the case of the Snieznik gneisses).

Geologists joined the discussion of this problem relatively late. At
the end of the 1980’s Don (1989) put forward an interesting concept,
that the eclogites of the Snieznik massif were exotic bodies trans-
ported from the deep substratum. They might have travelled a long
distance, from a subduction zone, together with the young Caledonian
Gieraltéw gneisses, which formed in the same zone. The Gieraltéw
gneisses pierced through, often as diapires, to the higher hypsometric
levels of the Stronie series and the Snieznik gneiss of granite compo-
sition.

The present paper sums up the research work, carried out since
1988, concerning the relation of the granulites and eclogites to the
gneisses of the Snieznik complex.

MESOSTRUCTURAL CHARACTERISTICS
OF THE GNEISSIC SERIES

Mesostructural studies aimed at exploration of mutual age rela-
tions between the Gieraltéw gneisses and the Snieznik gneisses are
almost over. Their results are in part already published (Dumicz 1988,
1989a, 1989b, 1990 — in Don et al.). They revealed many facts which
might help in better understanding of the role played by the eclogites
in the geological evolution of the Snieznik massif, since most of these
rocks occur within the Gieraltéw gneisses. The work has been carried
out during the last three years, and author’s investigations have been
extended onto eclogites in the granulitic series and the Stronie series
(Fig. 1).

In 1988 mesostructural analysis of eclogites and the surrounding
rocks in Miedzygérze was performed. The results were presented in
the papers of the field conference held in Miedzygérze on 11 and 12
September 1989, and in another short paper (Dumicz 1991).
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Fig. 1. Geological sketch of the Snieznik massif after Don (1964) with modifications
of Smulikowski (1979). 1 — Stronie Series (undifferentiated); 2 — granulitic
Series; 3a — granite gneisses of Gieraltéw type; 3b — granite gneisses of Snieznik
type; 4a - blastomylonites and blastocataclasites; 4b — gneisses of Haniak type;
5a — Bielice granitoids; 56 — Jawornik granitoids; 5¢ — Klodzko-Zloty Stok
granitoids; 6 — upper Cretaceous; 7 — Cainozoic basaltoids; 8 — observation lo-

calities: dots — gneisses, encircled dots — eclogites, numbers refer to diagrams of
Fig. 2
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In 1989 and 1990 the remaining outcrops of eclogites and accom-
panying rocks were studied structurally in the following places:
Wéjtéwka, Strachocin near Stronie Slaskie, Stary Gierattéw, Czernica,
Nowa Morawa and Nowa Wie$ (Fig. 1, observation points 1 to 46). The
stereograms shown in Fig. 2 were numbered in the same way (1 to

Fig. 2. Stereograms (1 - 46) of mesostructures in the gneisses (g) and eclogites (e)
(lower hemisphere). Poles to planar structures: I — S; lamination in the Gieralttéw
gneisses; 2 — S; lamination in eclogites and amphibolites; 3 — Sg@.3) lamination
in the Gieraltéw gneisses; 4 — Sz gneissosity in the Snieznik gneisses and the Gie-
raltéw gneisses; 5 — S3 cleavage in eclogites and amphibolites; 6 — S4 crenulation
cleavage in the Gieraltéw gneisses. Folds and linear structures: 7 — Fg fold axes in
the Gieraltéw gneisses; 8 ~ Fg fold axes in eclogites and amphibolites; 9 — Fj3 fold
axes in the Gieraltéw gneisses; 10 — F3 fold axes in the eclogites and amphibolites;
11 — L3 lineation in the Gieraltéw gneisses and the Snieznik gneisses; 12 — Lg
lineation in eclogites and amphibolites; 13 — L4 lineation in the Gieraltéw and the
Snieznik gneisses; 14 — F4fold axes in the Gieraltéw and the Snieznik gneisses; 15
— F4 fold axes in the Gieraltéw and the Snieznik gneisses with indicated (structure)
asymmetry; 16 — F4 fold axes in eclogites and amphibolites; 17 — axes of folds of
unidentified generation. Other: 18 — poles to joints healed with dark material in
eclogites; 19 — envelopes of F3 folds formed due to deformation of S; lamination in
the Gieraltéw gneisses; g — stereograms referring to gneissic series; e — stereo-
grams referring to eclogites and amphibolites
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46) as the corresponding observation points on the map (Fig. 1). These
investigations permitted distinguishing Si metamorphic lamination
within the Gieraltéw gneisses and the so called transition gneisses.
This S1 lamination in the gneisses is an equivalent of S; lamination
in paragneisses ofi the Stronie series, into which the Gieraltéw
gneisses gradually pass, as pointed out by Smulikowski (1957), Oberc
(1957) and Teisseyre (1957) already in the 1950’s. The S; lamination
is intensively deformed by penetrative, morphologically, regionally
varied Fg folds (Pl I, 1, 2).

The other phenomena observed in the gneissic series are, first of
all, Sg planar structures. They are superimposed, in places concord-
antly, in places discordantly, onto axial planes of the F2 folds and
occur in various forms in the Gieraltéw gneisses:

- sometimes they show features typical of schistosity or gneissos-
ity, making the rock appearance similar to that of the Snieznik gneiss,

— some other times they manifest themselves as zones of tectonic
transposition (PL II, 1, 2, 3), to which the older structural elements
(in this case S1) adjust.

Deformation partitioning, as defined by Bell et al. (1986), occurs
here, consisting in alternation of zones in which buckling was the
main deformational mechanism and zones where shearing predomi-
nated. Advancing tectonometamorphic processes led in these zones to
a widespread, synkinematic, directional recrystallization and to for-
mation of a new lamination, S3 (PL. III, 1 left side), typical of the
metamorphically rejuvenated variety of the Gieraltéw gneisses.

These processes were particularly intensive in the tectonic zone of
Skrzynka-Zloty Stok, where their petrographic aspect was most pro-
foundly studied by Burchart (1960), Smulikowski (1973, 1976) and
Kozlowska-Koch (1973).

The S3 gneissosity in the Snieznik gneisses is connected with the
same period of time (Pl. III, 2). S3 is the oldest directional structure
in the typical, i.e. augen and laminated-augen varieties of these rocks.
This suggests that before acquiring the S3 gneissosity these rocks
were isotropic, probably granitic material.

Mesostructures related to the fourth event of tectonic deformation
correspond, first of all, to folds affecting the S3 lamination and gneis-
sosity. They are mostly concentric folds, rarely boudins and only lo-
cally deformations associated with mesoscopically visible component
of shearing and recrystallization, as exemplified in an outcrop of
gneisses near Karpno (PL. IV, 1, 2). The F4 folds occurring in this
outcrop are distinctly asymmetric. Their longer limbs are thinner than
the shorter ones and have different internal structure. In the longer
limbs it is fine lenticular-lamination that predominates, whereas in
the shorter limbs the dominant structure is coarse rodding-lamina-

3 — Geoologia Sudctica 1-2/94
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tion. It is the result of axial plane shearing taking place along surfaces
orientated obliquely (at a small angle) to the longer limbs and steeply
(at a high angle) to the shorter limbs of the F4 folds. This structural
diversification within the rocks occurs parallel to axial planes of the
F4 folds and must have formed simultaneously with the formation of:
these folds.

As regards the linear structures in the Gieraltéw gneisses and the
so called transition gneisses, the L3 lamination is predominant. In
most cases it is an intersection lineation formed due to cross-cutting
of the S; lamination by S3 schistosity (Pl. IV, 3), and hence strong
variations in its orientation occur, being usually visible already on the
scale of an outcrop (PL. V, I) or a hand specimen (Pl. V, 2). Variable
are also forms of L3 lineation, sometimes related to different stages
of evolution. It was noticed that fine rodding structures — L3(S1/S2) -
change their shapes from an irregular oval to a thinner, lenticular
one, finally becoming the S3 lamination (Dumicz 1989a, Pl. XI), typical
of the metamorphically rejuvenated Gieraltéw gneisses. This whole
sequence resulted from progressive deformation.

In the typical variety of the Snieznik gneisses, i.e. augen and lami-
nation-augen variety, the L3 lineation appears mostly as elongated
shapes of augens and quartz-feldspar lenses (Dumicz 1989a, Pl. I). It
has not been explained as yet to what extent these structures are the
result of stretching and to what extent of rotation.

The stereograms presented in this paper (Fig. 2) reflect complex
spatial relations between individual types of structures in question.
Pictures of their distribution on stereograms are highly variable;
nevertheless it was possible to notice some regularities valid for the
whole area of study:

— the Si1 lamination, preserved as relics, reveals high, irregular
distribution while the S3 gneissosity, cutting across the Si, retains
constant position on the scale of an outcrop or is distributed in a
spatially regular manner;

— the F4 folds, formed through deformation of the S3 lamination
and gneissosity, are usually cylindrical folds, and only sporadically
non-cylindrical, conical ones (Fig. 2, diagrams 30 and 31);

— the strong dispersion of the L3 lineation results most often from
its intersection character, i.e. from superposition of the S3 gneissosity
and S3 lamination of relatively constant position on variably orien-
tated S1 lamination.
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STRUCTURAL POSITION OF ECLOGITES
IN THE SNIEZNIK CRYSTALLINE COMPLEX

The above presented outline of the mesostructural evolution of the
gneissic series of the Snieznik crystalline complex will serve us as the
background for a discussion on the history of eclogites in the evolution
of the Snieznik complex.

What rock varieties accompany the eclogites? According to Smuli-
kowski (1964) and Bakun-Czubarow (1968) the eclogites are enveloped
by secondary amphibolites. According to the existing geological maps
of the area (Frackiewicz, Teisseyre 1967; Cymerman, Cwojdzifiski
1986; Cwojdzinski 1983) similar amphibolites occur within the Gieral-
téw gneisses and the Stronie series. In the Gieraltéw unit the eclogites
form interlayers in granulites.

Let us start the discussion on the history of the eclogites in the
structural plan of the Snieznik massif with answering the question of
the significance and origin in this structural plan. The plan reflects,
first of all, the position of the S3 planar structures which are wide-
spread and best visible throughout the area, and whose trend is fol-
lowed, due to tectonic transposition, by majority of older structural
elements together with boundaries of lithofacial units. These boun-
daries define cartographically discernible fold units, produced during
the D4 deformation event as antiforms and synforms. In the younger
deformational events these units were only slightly modified.

It turns out that the position of eclogites within these units is
variable. The eclogites from Miedzygérze and Nowa Wie§, as well as
those from Wojtéwka, occur within core zones of unquestionable anti-
forms or domes. The structural position of other occurrences of eclo-
gites is, however, different or more difficult to be unequivocally ex-
plained. Namely, in the Gieraltéw unit the eclogites are known from
its both limbs, i.e. from the north-western limb (the occurrence in
Strachocin) and from its south-eastern limb (the occurrence in Czer-
nica), as well as from the core of this unit as intercalations alternating
with granulites. Don (1964) described this structure as an anticlinor-
ial one but Oberc (1972) terms it Stary Gieraltéw - Nowe Wilamowice
syncline. In the area of the Rychlebskie Mts. in the Czech Republic,
where this unit continues towards the northeast, it is also described
as a syncline (among others by Pouba ef al., 1985). Cymerman (1988),
to reconcile a synclinal pattern of foliation with the generally held
opinion about the anticlinal structure of the Gieraltéw unit, considers
it a balloon-like form. According to his views, in the present intersec-
tion level a basal part of that peculiar structure crops out. The present
author’s investigations support the view of the synformal character of
this unit resulting from the arrangement of the S3 foliation within
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the Gieraltéw gneisses which compose its limbs. The next eclogite
occurrence, in Nowa Morawa, is, according to Kasza (1964), located in
the Snieznik synclinorium and constitutes a part of the eastern limb
of the syncline termed the Pustosza - Siekierzyn syncline.

We can thus see that eclogite bodies occur within various rock
varieties at completely random positions in the fold or dome-like
structural plan produced during the fourth deformational event Dj4.
The above observations undermine the opinion relating the eclogites,
in both — their temporal and spatial aspects, to the formation of anti-
forms or granite gneiss domes. These rocks must have been emplaced
into the Snieznik complex before the D4 event.

STUDY OF MINOR STRUCTURES IN GRANULITES
AND ECLOGITES ON THE BACKGROUND OF
MESOSTRUCTURAL ANALYSIS OF THE GNEISSIC SERIES

After having recognized mesoscopically the sequence and nature
of minor tectonic phenomena in the gneissic series, the author under-
took a similar study within the granulites and eclogite bodies.

In the granulitic series, which contains numerous eclogite interca-
lations, only one outcrop exists, located in Stary Gieraltéw, in an es-
carpment on the right bank of the Biala Ladecka river. In the west
part of this outcrop a distinct lamination, probably Si, can be ob-
served, intensely folded into Fg folds with weakly developed axial
plane crystallization schistosity Sg or S2+3 (P1. VI). The whole outcrop
is strongly weathered. Dark S laminae are partially boudinaged, and
in the eastern part of the outcrop (not visible on the photos in P1. VI)
refolded by F4 folds. The spatial orientation of these mesostructures
is shown on diagram 31 (Fig. 2).

The above presented observations, collected, by necessity, from on-
ly one outcrop, are insufficient to explain, even in a general way, the
structural development of the Stary Gieraltéw granulitic series, which
occupies on the Polish territory an area of about 5 km?2. Due to such
situation it was necessary to collect a considerable number of hand
specimens from loose blocks of the weathering cover of the granulites
and to carry mesostructural examinations on polished slabs. These
examples revealed a wide variety of minor structures, mostly of tec-
tonic origin. The representative examples of these forms are shown in
plates VII to XII. Some of them point out to a highly complex devel-
opment of the mesostructures in the granulites (Pl. VII, I). It can not
be excluded that we have to do here with Sg lamination deformed into
an intrafolial fold F1 adjacent to the S1 lamination (upper part of the
photo), which is parallel to its axial plane. In some specimens, par-
ticularly valuable cases of primary contacts of granulites and eclogites
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were found. In more complex situations, as e.g. in photo 2, P1. VII, it
was not clear whether we have to do with primary interfingering of
both rock varieties or with their tectonic contact due to refolding.

Most of the mesostructural data concerning the granulitic series
come from granulites and eclogites characterized by alternation of
light and dark laminae and streaks, presumably S1 or So+1. They are
often deformed into Fg folds, mostly tight and similar (Pl. VIII, Pl. IX,
1) or disharmonious (Pl. IX, 2; Pl. X, 1).

A relatively widespread phenomenon in the granulites, or rather
garnet-bearing gneisses from Stary Gieraltéw, is local S3 gneissosity.
It is defined by closely spaced surfaces within which garnets are re-
placed by biotite flakes (Pl. X, 2, Pl. XI), often linearly dispersed in
the form of strongly elongated lenses or distinctly flattened spindles.
It has also been noted that these phenomena occur almost parallel to
axial planes of relic folds (Pl. XII, ). Presumably we have to do here
with the development of younger structures S3 and L3 concordant
with the axial planes of older Fg folds.

Among other observations, enriching our general knowledge on the
granulitic series, a spherical form, 6 cm in diameter, composed entire-
ly of coarse-crystalline garnets and zoisite (Pl. XII, 2), found in a loose
block, attracted the author’s attention. The sphere is embedded in
finely laminated dark granulite. It shows “tails” with characteristic
inflexions formed due to rotation. It is probably an equivalent to what
is called in the English literature a “snowball structure”. Such struc-
tures might have much larger size, as evidenced by large fragments
found in blocks (Pl. XII, 3). Mineral composition and microstructures
of the rocks were studied in cooperation with Dr. C. Juroszek from
the Department of Mineralogy and Petrography of Wroctaw Univer-
sity. The discussed series was earlier extensively described by petro-
logists.

Investigations of Kozlowski (1965) revealed that the Stary Gieral-
téw granulitic series is a product of a complex metamorphic evolution,
which took place in three successive stages: 1 — the early stage, in
which the mineral assemblage crystallized, preceding formation of
garnets; 2 — the main stage, during which the garnets grew at the
cost of other minerals; 3 — the late stage, in which mineral transfor-
mation, younger than the formation of garnets, took place (among
others the biotitization of garnets).

Microscopic observations of C. Juroszek, concentrated mostly on
studying the relation biotite/garnet, are in perfect agreement with the
three-stage evolution of the granulitic series as outlined by Kozlowski
(1965). Moreover C. Juroszek found two generations of biotite: the
older biotite, preceding the blastesis of garnets and the younger bio-
tite, formed mostly due to garnet decomposition. In the discussion on
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that problem the present author’s attention was drawn to the question
of the time relation between the mineral and tectonic transformations
of this series. As yet we did not manage to analyse this problem in
greater detail. Nevertheless, we perceive certain possibilities of corre-
lation in time of the effects of mineral transformations with the de-
velopment of minor tectonic forms. Here are two examples:

— The first example enlightens the relation between the crystal-
lization of older biotite generation and the development of the F2 fold,
on the basis of microscopic picture of a thin section made in the core
region of a F2 mesofold in granulites, cut parallel to the AC structural
coordinates. At the background of relatively uniformly dispersed and
rather chaotically orientated biotite flakes a streak is visible, within
which many of the flakes are orientated symmetrically to the axial
plane of the mesofold, thus defining a divergent fan (divergent to-
wards the hinge of the fold). This symmetry may point to a simulta-
neous development of biotite blastesis and the Fg2 folds formation;

— The second example concerns the relation between the blastesis
of the younger biotite generation and the formation of the S3 gneis-
sosity in the garnet-bearing gneisses of the granulitic series. The me-
soscopic description of the spatial relations of these phenomena was
discussed above, with reference to photographs of polished slabs (Pl.
X, 2, PL. X1, Pl. XII, 1). The microscopic observations of C. Juroszek
suggest that the discontinuities associated with the development of
the S3 gneissosity and the S3 lineation created favorable conditions
for fluid penetration, leading e.g. to the biotitization of garnets.

The above examples allowed the time correlation of the blastesis
of garnets and omphacite with respect to the development of Fg folds
and S3 gneissosity. From the papers of Smulikowski (1963) and Ko-
zlowski (1965) it appears that the blasts of these minerals contain
intergrowths of older biotite generation. If this biotite were actually
coeval with the F2 folds, as suggested by the first example, then the
garnetization and omphacite blastesis in the Stary Gieraltéw gra-
nulitic series must have taken place after the formation of F2 folds
but before the development of the S3 gneissosity and L3 lineation.
Scarce analytic material that forms the basis of the above interpreta-
tion, enables the author to consider it only a working hypothesis.

The eclogites located outside the granulitic series are known in the
area under study from numerous crags within the relatively well ex-
posed Gieraltéw gneisses and, in one case, within the Stronie series
paragneisses. The present author began studying these rocks meso-
structurally in 1988 in the northern part of the Miedzygérze unit.
Investigated were eclogite bodies in numerous exposures, as well as
the crags of the Gieraltéw gneisses within which the eclogites occur

“K_»

(Fig. 1, observation points “a” to “1”). The results of structural analysis
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of these rocks were presented in the Miedzygérze field conference
volume (Dumicz 1989a). In 1989 and 1990 the investigations were
extended onto remaining occurrences of eclogites and adjacent rocks
of the Snieznik massif (Fig. 1, observation points 1 to 30, and 32 to
46). The spatial orientation of the studied mesostructures is shown on
stereograms 1 to 30 and 32 to 46 in Fig. 2. The stereograms are
annotated with the same symbols as the corresponding observation
points on the map (Fig. 1).

On the basis of field observations and the analysis of distribution
of mesostructures on the stereograms, the latter carried out separate-
ly for the gneisses and the eclogites, an attempt was made to relate
tectonic structures found in these rocks to four deformational events
D1 to D4 probably common to all the rock series. The results (in part
already published — Dumicz 1989a) revealed that these rocks reacted
differently to tectonometamorphic processes. It was best manifested
in the effects of the D3 deformation event. The gneissic series, repre-
sented here mostly by the Gierattéw gneisses, was more ductile than
the eclogites and responded to deformation in various ways: (1) by
crenulation of the S; lamination producing the L3 crenulation linea-
tion and the local S3 crenulation cleavage, (2) by zonal transformation
of the latter cleavage into the S3 gneissosity and of the L3 crenulation
lineation into rodding. This process eventually resulted in the forma-
tion of lenticular to banded variety of the Snieznik type gneisses, the
destruction of lamination S1 in zones of intense tectonometamorphic
changes, and the development of a new S3 lamination. In eclogites,
on the other hand, at the same time there developed the S3 cleavage,
relatively well visible in the varieties affected by amphibolitization
processes (Pl. XIII, Pl. XIV, I). It is defined by tabular arrangement
of thin lenses and laminae composed of plagioclases and by parallel
orientation of fine crystals of hornblende.

As yet not enough information exists for a detailed comparison of
the results of D1 and D2 deformation events in the gneissic series and
the eclogites in the Snieznik massif. It may be assumed, however, with
a significant degree of probability, that the protolith of the eclogites
and the amphibolites formed by alterations of eclogites, was emplaced
into the gneissic series prior to the D2 deformation. However, no proof
was found yet, that the S1 lamination in the Gieraltéw gneisses and
the planar structures in the eclogites, termed the S; lamination, are
of the same age and origin. The S; lamination, widespread and dis-
tinctly marked in the Gieraltéw gneisses displays features of meta-
morphic lamination, while the lamination termed S; in the eclogites
is rare and inhomogeneous (Pl. XIV, 2, Pl. XV, 1), hard to identify and,
in some cases, it reveals features typical of fluidal structures (Pl. XV,
2). It was not possible so far to prove whether the latter are preserved
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relics of fluidal structures of igneous rocks that might have been a
part of the Stronie supracrustal series that survived the D; deforma-
tion. Such fluidal structures could have also been present in the
younger rocks which may have appeared in this series, or possibly, in
the Gieraltéw gneisses as well, during the Dj deformation, or sub-
sequently to the D1 but prior to the D2 event. Namely, the boundary
between the eclogites and the Gieraltéw gneisses is concordantly de-
formed into F2 folds (Pl. XVI, 1), which was noticed in Miedzygérze,
where the contact is exposed. Moreover, a tight, isoclinal fold was
found in the eclogites close to Strachocin near Stronie Slgskie (Pl.
XVI, 2), with a shape typical of the Fg folds in the Gieraltéw gneisses
near Miedzygérze (Pl. I, I).

It should be stressed, however, that except for the granulitic area,
the vast majority of the mesostructures discussed here come from
amphibolites which form envelopes separating the eclogites from the
gneissic series. The eclogites composing the inner part of the amphi-
bolite lenses are massive rocks that lack mesostructures. Only spo-
radically one can perceive weak lamination or banding. In the case of
these eclogites no equivocal answer was obtained from the mesostruc-
tural analysis to the question whether they were genetically related
to the Stronie series. It is, however, plausible to assume that the
common history of development of both eclogites and the Stronie
series began prior to the formation of the Fg2 folds. It can not be
excluded, however, that these eclogites constitute an integral part of
the Stronie series, as suggested by Smulikowski (1964). In the case of
eclogites occurring as intercalations within the granulites of the Stary
Gieraltéw series, mesostructural analysis proves fully concordant
structural development of both rock varieties, and the D1 to D4 defor-
mation effects in them (mostly found in loose blocks) can be easily
compared with the corresponding structures within the Gieraltéw gne-
isses, which are also known as intercalations in the granulitic series.

RADIOMETRIC AGES OF THE ROCKS OF THE SNIEZNIK
COMPLEX AND OF MINERAL TRANSFORMATIONS
WITHIN THE ROCKS IN RELATION TO THE MAIN

DEFORMATIONAL EVENTS

Important for establishing the chronology of geological phenomena
in the Snieznik massif proved to be the results of radiometric investi-
gations made for the rocks of this region by two research teams, name-
ly, by the Polish-French team (Borkowska, Choukroune, Hameurt and
Martineau) and the Polish-American team (Brueckner, Medaris and
Bakun-Czubarow). The data were published in papers of field con-
ference held in Miedzygérze on 11 - 12 September, 1989, and pre-
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sented in lectures given by Borkowska and Bakun-Czubarow at the
conference devoted to the memory of Kazimierz Smulikowski on 11 -
12 October, 1990 in Warsaw.

High concentration of research work carried out in various do-
mains of geology in the Snieznik massif recently resulted in a great
number of interesting data. They concern quite various phenomena
and make geological evolution of that region more understandable,
pointing, at the same time, to its complex character. Extremely inter-
esting in this respect is the comparison of radiometric ages of rocks
and mineral transformations with the stages of tectonic deformations,
made within the frame of the geodynamical model of the Snieznik
massif introduced by Borkowska et al. (1990).

The new age determinations by Sm-Nd (Brueckner et al. 1991) and
by U-Pb methods (J. J. Peucat, personal communication of M. Bor-
kowska) indicate that the age of the emplacement of an eclogite proto-
lith in the Snieznik massif corresponded to the Cadomian orogeny.
Therefore this process must have taken place during the time of for-
mation of the Stronie series for which the Late Proterozoic - Early
Palaeozoic age is suggested (Fischer 1935; Gunia 1984). According to
the model proposed by Borkowska et al. (1990), the emplacement of
the protolith took place in the oceanic crust (?). Its folding together
with the Stronie series (Dumicz 1989a) occurred in a collision zone.
This interpretation seems plausible, in particular with respect to the
eclogite bodies in the gneissic series.

The radiometric dating obtained by Borkowska et al. (1989, 1990)
by the Rb-Sr method concerned, among others, the Gieraltéw gneisses
and established their age as 464 + 18 Ma. It is surprising that these
gneisses, being, according to the views of the cited authors, of igneous
origin, show identical sequence and very similar morphology of meso-
structures to those in the paragneisses of the Stronie series, into
which they gradually pass. As suggested by Borkowska et al. the
protolith of the dated Gieraltéw gneisses was a granitic, originally
practically isotropic rock which intruded into the Stronie series. Ac-
cording to the observations of the present author, the Stronie series,
on the contrary, possessed originally a sedimentary anisotropy. In such
a case different reactions to the tectonometamorphic processes should
be expected. However, this was not the case. If the igneous origin was
ascribed to those rocks only because of their chemistry, one should
remember here the view of Ansilewski (1966), who derived the Gie-
raltéw gneisses from, among others, an arcosic sedimentary forma-
tion. Also Borkowska et al. (1990) noticed the presence of other
gneisses included into the Gieraltéw member, but of probably different
age and origin from those which these authors considered as ortho-
derived gneisses and which they dated radiometrically, They did not
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exclude that some of these other gneisses could be considered as retro-
graded granulites.

The successive data acquired by Borkowska et al. (1990) by the
Rb-Sr method point to 395 + 35 Ma as the age of the protolith of the
Snieznik gneisses. The radiometrically obtained sequence of events,
pointing to the formation of the Gieraltéw gneisses before the
Snieznik gneisses, finds again its justification in the mesostructural
analysis (the effects of the D1 and D2 deformations are present in the
Gieraltéw gneisses and absent in the Snieznik gneisses). The D3 de-
formation affected already both the Gieraltéw gneisses and the grani-
tic protolith of the Snieznik gneisses.

In the papers of Dumicz (1976, 1979, 1988, 1989b) these phases,
termed also events, were characterized in the following way:

The first event, D1, occurred in the tectogenic period of the Early
Variscan subcycle and presumably took place in a tangential compres-
sion field (formation of metamorphic lamination and Si crystallization
foliation, in general concordantly superposed on S¢ sedimentary lami-
nation development, of F1 folds, which are very rarely found as relics).

The second event, D2, occurred in the orogenic stage of the Early
Variscan subcycle and presumably took place in a vertical compression
regime, associated with the load of an overburden (microcline blastesis
leading to the formation of the Snieznik gneisses, formation of the Fa
folds, mostly similar, and S2 crenulation cleavage, mostly concordant
with the axial surfaces of the F2 folds, which were subhorizontal at
that time).

The third, D3, event commenced the younger subcycle of the Vari-
scan transformations. It affected the fully consolidated and rigid Early
Variscan tectogene and took place, as it seems, in a field affected by
two forces operating in a vertical plane, with vectors orientated ap-
proximately parallel to the surfaces of the S2 cleavage, which were
subhorizontal at that time. This pattern had a decisive influence on
the further course of tectonic and metamorphic events. It led to mech-
anical reactivation of physical discontinuities dating from the previous
deformational event, i.e. mostly the S2 cleavage. At the first stage
there prevailed dynamic processes, and at the final stage, the phe-
nomena of recrystallization and blastesis occurring zonally with high
intensity and leading to metamorphic rejuvenation of the Gieraltéw
gneisses and gneissification of the granitic material of the Snieznik
gneisses (widespread S3 gneissification of gneissic series, zonal devel-
opment of S3, S2+3, S1+3 metamorphic lamination and production of
the L3 lineation mostly of intersection character: S1/S3 in the Gieral-
tow gneisses.

In his previous works the present author ascribed the D1 and D2
events to folding of the Orkney phase at the turn of the Early and



THE HISTORY OF ECLOGITES.. 43

Middle Devonian (385 - 370 Ma) and the D3 event to the Sudetic phase
at the turn of the Early and Late Carboniferous (325 - 320 Ma). In
the presented sequence of the Dj-D3 tectonometamorphic events a
very interesting place is occupied by the episode of HP metamorphism,
dated by Brueckner et al. (1989, 1991) as well as Bakun-Czubarow
and Brueckner (1991) at 352-329 Ma. Borkowska et al. (1990) explain
the eclogitic metamorphism by a collision related to large crustal over-
thrusting. In the chronology of the D1-D3 events this process occurred
after the tectogenic phases (D1 and Dg2) and before the phase of trans-
formation (D3) of the Early Variscan tectogene.

If the above presented sequence is confirmed in the future research
work it will mean that the HP metamorphic episode took place in a
peculiar moment in the development of the Early Variscan tectogene,
i.e. after the F2 folding of the Stronie series, the Gieraltéw series and
the granulitic series together with thin intercalations of the eclogite
protolith, and after emplacement of the granite body being the proto-
lith of the Snieznik gneiss.

In the hitherto published papers of Dumicz (1976, 1979, 1989b) the
maximum piling of rock masses in the Snieznik massif was referred
to the D1 tectogenic folding event preceding the emplacement of the
Snieznik gneiss protolith. This interpretation is justified now in the
geodynamical model of Borkowska et al. (1990), in which, the high
pressure metamorphism with the theoretically assumed, but not dated
isotopically, age of 420 Ma occurs just in the period preceding the
formation of the protolith (395 Ma) of the Snieznik gneisses and is
the result of intense folding of the oceanic crust (?) together with the
Stronie series in a zone of collision of crustal domains.

The radiometric data (352 - 329 Ma) relating the eclogitic meta-
morphism to the period after the emplacement of the Snieznik gneiss
protolith and after the D2 orogenic event are, for a geologist, very
surprising and leave open many questions. At the present state of
knowledge it is difficult to explain the observed phenomena in a con-
vincing way with the principles of the plate tectonics. Perhaps this
situation is due to an error made somewhere when assessing the age
of main geological events in the Snieznik massif.
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EXPLANATIONS OF PLATES

Plate I
1 — Tight, isoclinal F2 fold. Gieraltéw gneisses near Migdzygérze
2 — Tight Fg folds in the Gieraltéw gneisses near Migdzygérze

Plate II

Stages of transformation of S; lamination into S3 lamination (1 to 3). Description in
the text. Environs of Gieraltéw

Plate III
1 — 8; and S3 laminations in the Gieraltéw gneiss. Description in the text. Envi-
rons of Migdzygérze
2 — 8Sg3 gneissosity in banded-lenticular gneisses near Nowa Wies
Plate IV
1 — Asymmetric Fy4 fold in the Snieznik gneiss. Environs of Karpno
2 — Same fold as in Photo 1, in specimen. Description in the text
3 — Lalineation (visible at the bottom) due to S1/S3 intersection. Environs of Ladek
Zdréj
Plate V
1 — Variable orientation of L3 lineation due to discordant superposition of S3 gneis-

sosity onto S; lamination folded by F2 folds. Environs of Karpno

2 — Same as in Photo 1, from a loose block of the same area
Plate VI
1 — Exposure of granulitic series, Stary Gieraltéw. Description in the text

2 — Lower right corner of Photo 1 enlarged

Plate VII
1 — So (?) lamination deformed by F2 folds (bottom) and lamination S; (top) in
granulites
2 — Contact zone between eclogites and granulites

Plate VIII

Similar folds in granulitic series enriched in biotite (Photo 1) and poor in biotite
(Photo 2)

Plate IX

1 — Intrafolial folds in granulites (bottom); possibly due to deformation of Sg lami-
nation
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Disharmonic F2 folds in granulites

Plate X
Disharmonic folds in amphibolites of the granulitic series

Coarse-grained S3 gneissosity in granulitic series

Plate XI
Medium-grained S3 gneissosity in granulitic series

Fine-grained S3 gneissosity in granulitic series

Plate XII

F2 fold in granulitic series, with visible gneissosity (presumably S3), concordant
with its axial plane

Spherical form composed of garnet and zoisite, enveloped by dark, fine-lami-
nated granulite. Possibly it represents primary concretion transformed into a
snowball structure

Structure of the same type as that from in Photo 2, but of larger size

Plate XIII

S3 cleavage in eclogites in Nowa Morawa (1) and in Miedzygérze (2)

Plate XIV
S3 gneissosity in eclogites near Migdzygérze

Contact zone of paragneisses and eclogites near Nowa Morawa

Plate XV
S1 lamination in eclogite from Miedzygérze

Fluidal structures (textures) in eclogite near Miedzygérze

Plate XVI

Contact zone of Gieraltéw gneisses and eclogites, deformed by F2 fold. Miedzy-
gorze

Tight, isoclinal Fz fold in eclogite rock. Strachocin near Stronie Slaskie
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