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Abstract. In the metasedimentary rocks under study the occurrence of relict
sedimentary structures has been ascertained. The formation consists of alternate
layers of quartzites, metasiltstones, slates and siliceous slates. Quartzites (meta-
greywackes) represent metamorphosed lithic, feldspathic and quartz wackes. A con-
siderable thickness of the sediments as well as the preserved sedimentary structures
and their sequence in the beds imply that the formation in question represents
metamorphosed flysch rocks. Within this facies, the normal and shaly flysch sub-
facies have been distinguished.

INTRODUCTION

The present paper is an attempt at reconstructing the original char-
acter of the metasedimentary formation that is one of the principal
elements of the geological structure of the Kaczawa Mts. In the meta-
morphic formations of the Sudetes sedimentological investigations have
not been so far conducted. An identification of the primary sedimentary
features or, if possible, of the primary sedimentary facies should permit
a correct correlation of the individual geological units.

GEOLOGICAL SETTING

The Kaczawa Mts. (Western Sudetes, SW Poland) may be divided
into the southern and northern part. These parts are separated by the
Swierzawa graben, which extends into the North Sudetic Basin (Fig. 1).
In the Kaczawa Mts. two structural stages are to be distinguished
(H. Teisseyre, 1957): 1. the lower stage that comprises strongly
folded and metamorphosed formations from the Eocambrian to Upper
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Silurian; 2. the upper stage, slightly tectonized, made up of unmetamor-
phosed rocks ranging in age from the Late Carboniferous to Miocene.

The investigated area covers a part of the lower structural stage in
the northern part of the Kaczawa Mts. (see Fig. 1). In this part the
occurrence of the following formations has been noted: 1. volcanic green-
schist formation !, regarded to be of Late Cambrian age; 2. metasedi-
mentary formation consisting of Ordovicain, Silurian rocks 2.

Assuming after F. Dahlgriin (1934) that the greenschist formation
is Late Cambrian in age, some authors (E. Zimmermann, B. Kiihn,
1936; M. Schwarzbach, 1939; J. Jerzmanski, 1965) consider it
to be the basement of the metasedimentary unit. According to the others
(H W.Quitzow, 1939; J. Oberc, 1972), greenschists are thrusted over
the metasedimentary rocks. In the present author’s opinion it is not
inconceivable that the activity of submarine volcanism lasted up to the
Silurian and that greenschists interfinger with the Ordovician-Silurian
metasedimentary formation.

The age of the metasedimentary formation has been established on
the basis of poorly preserved conodont (Z. Baranowski, Z. Urba-
nek, 1972) and graptolite fauna (F. Roemer, 1862; G. Glirich, 1882;
R. Hundt, 1920).

A more precise characterization of the metamorphic complex is fur-
nished by B. Kiihn and E. Zimmermann (1918); E. Zimmer-
mann and B. Kihn (1936). According to this author, the principal
lithological units, apart from greenshists and diabases, are: a) light, sandy,
mica-rich slates with quartzite intercalations; b) greywackes; c) black
siliceous and graphite slates; d) blue-greyish mica-free clay slates. He
regarded the whole metamorphic complex to be of Early Palaeozoic age.

The lithological units shown on the map (Fig. 2) will be discussed
in the following sections. It should be emphasized however that, notwith-
standing the ocurrence of some fauna sites in the area under study, the
lack of key beds (cf.. E. Zimmermann,. ~B. Kihn 1936), intensive
tectomcs and the monotonous character of the metasedlme'ntary sequence
do not permit in the present state of investigations to dlstlngmsh
strat1graph1c units s.s. For that reason, the 11th010g1cal units presented on
the map (Fig. 2) cannot be treated as strat1graph1c subdivisions.

The total thickness of the Cambrian-Silurian rocks in the Kaczawa
Mts. is estimated to be about 3000 m (M. Schwarzbach, 1939;
H. Teisseyre, 1967). Thickness of the metasediments without eruptive
rocks (greenschists) is less than 2000 m (M. Schwarzbach, 1940),

1 In this paper “formation” refers to informal lithostratigraphic unit traditio-
nally used in mvest1gated area A “oomplex” is the umt next m rank above a for-
mation. v ’

2 Recent  investigation -have shown that the metasedmentary formation under
study contain also Lower and.Middle Devonian rocks." :
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while that of the Ordovician and Silurian about 1000 m (E. Zimmer-
mann, B. Kihn 1936; M. Schwarzbach, 1940).

As mentioned earlier in this paper, the lower stage of the Kaczawa
Mts. was strongly folded and metamorphosed in the epizone. Main fold-
ing and metamorphism occurred presumably in the Early or Middle De-
vonian (H. Teisseyre, 1968). According to H. Teisse yre, repeated
tectonic deformations took place during the Variscian Revolution. The
subsequent violent movements on the Cretaceous/Tertiary boundary
disintegrated the area of the Kaczawa Mts. into a number of horsts and
grabens. In the Neogene the whole area was uplifted along the Sudetic
marginal fault.

Both in the southern (H. Teisseyre, 1956) and northern (J. Jer z-
manski, 1965) part of the Kaczawa Mts. geological, units, probably of
nappe-like type, are distinguished. According to J. Je rzmanski (1965),
in the northern part the lowermost position is occupied by the parautoch-
thonous -unit Zlotoryja-Luboradz, on which is overthrusted the Chel-
miec unit. The unit Rzeszowek- Jakuszowa is, in turn, thrusted over the
latter (Flg 1). The southern vergency of folds and southern direction of
overthrusts in the S part of the Kaczawa Mts. are unquestionable. The
presumable northern vergency of folds as well as northern direction of
overthrusts and the tectonic position of units in the N part of the moun-
tains are still a problem open to discussion (Z Baranowski, A.H ay-
dukiewicz 1970; J. Oberc, 1972). -

Field observations have demonstrated that both the metasedlmentary
rocks and greenschists are in normal posmon Folds and cleavage in. the
rocks under study were. formed in several stages (cf. Z. Baranowski,
A. Haydukiewiecz, 1970), though . their sequence has not been
established yet.

The characteristic features of the. metased1mentary formatlon are
discussed in the followmg sections of this paper.

PETROGRAPHY

" Rocks making up the formation under study are phyllites, phtanites,
guartzites and metagreywackes. Among the phyllites sericite, chlorite;:
graphlte etc. slates are to be distinguished.

In the rocks a characteristic ‘mineral assemblage quartz — alb1te —_
muscovite (— epidote) — chlorite has been noted. This assemblage is:
typical for the greenschist facies of regional metamorphism, and more
precisely for the quartz-albite-muscovite-chlorite subfacies (F J. Tur-
ner andJ. Verhoogen, 1960). oA

According to H. G. F. Winkler's classification (1970), the rock.
complex under study ' represents the lower range of low-stage meta-
morphism, which is comprised between the ‘“zoisite/clinozoisite in? and
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“stilpnomelane out/biotite in” isograds. Thus the lower limit of the inter-
val may be delineated basing on the presence of the mineral assemblage
with mutual contacts, i.e. chlorite + quartz + zoisite/clinozoisite, in the
investigated rocks. The upper limit, on the other hand, is determined by
the absence of metamorphic biotite in the rocks. The interval corresponds
approximately to the metamorphism in the range of 350—470°C and
3—38 kilobars.

In the present paper metasediments have been treated as sedimentary
rocks. Metasediments consist of terrigenous material (except siliceous
slates) with clay, silt and sand fractions.

=

Slates

These rocks are most appreciably altered when compared with the
primary sediment. The most frequent rock-forming minerals that can be
identified under the microscope are sericite, quartz and chlorite. In some
thin sections, very fine-grained mass, weakly reacting to polarized light
is observed, in which streaks of sericite and single fine quartz crystals
may be distinguished. This mass very likely represents weakly altered
clayey minerals. This has been confirmed by X-ray analyses, which show
the presence of illite, montmorillonite and kaolinite.

The dominant constituent of slates is sericite, which gives the rock
a visibly planar texture. Varieties of slates with less distinct orientation
are rare.

Chlorite either appears as flakes with orientation conformable to
sericite, or forms single larger flakes. It has been recorded in all the
varieties of slates, but is common only in some of them.

Quartz is found in various forms. It often forms small laminae
together with sericite and chlorite flakes. Single quartz crystals or fine-
grained aggregates are disseminated in the shaly mass, distinct grains
being unusual. Quartz is often elongated concordantly to the direction
of recrystallization of sericite. There are cases when, in consequence of
selective migration of quartz disseminated in the rock, small lenticular
aggregations or laminae displaying mosaic texture are formed.

In some portions of slates graphite appears in great quantities.
Graphite slates are thinly foliated; apart from graphite, sericite quartz
and pyrite often enters into their composition.

In green chlorite slates an admixture of tuffite may be seen. Under
the microscope altered volcanic rock fragments and large aggregates of
leucoxene are visible. Epidote and actinolite are present beside chlorite
and sericite.

Accessory minerals are represented by leucoxene, carbonates,
pyrite and iron oxides. Among carbonates siderite is most common, dolo-
mite and calcite being subordinate minerals. Siderite and pyrite often
form idiomorphic crystals. Carbonate occurrences are very irregular; in
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Fig. 2. Geological sketch map of the western part of the Rzeszéwek—Jalkuszowa Fig. 2. Szkic geologiczny zachodniej czeSci jednostki Rzeszéwek—Jalmuszowa. 1 —

unit. 1 — greenschists (Upper Cambrian-Silurian?); 2 — normal flysch (Ordovi- zielefice (g. kambr—sylur?); 2 — flisz normalny (ordowik—sylur); 3 — flisz tup-
cian-Silurian); 3 — shaly flysch (Ordovician-Silurian); 3a — dark-grey and grey- kowy (ordowik—sylur); 3a — ciemnoszare i szaroniebieskie tupki serycytowe; 3b —
-bluish sericite slates; 3b — black graphite slates and black siliceous slates (phta- czarne lupki grafitowe i krzemionkowe (lidyty); 3¢ — szarozielonkawe tupki se-
nites); 3¢ — grey-greenish sericite-chlorite slates with intercalations of light sili- rycytowo-chlorytowe z wkladkami jasnych lupkéw krzemionkowych; 3d — zielone
ceous slates; 3d — green chlorite slates; 4 — keratophyre and metaporphyry (Or- hupki chlorytowe; 4 — keratofir i porfiroid (ordowik—sylur?); 5 — Zlepiehce, pia-
dovician-Silurian?); 5 — conglomerates, sandstones and shales (Upper Carbonife- skowce i upki (najwyzszy karbon—dolny perm); 6 — melafiry (d. perm); 7 — por-
rous — Lower Permian); 6 — melaphyre (Lower Permian); 7 — porphyre (Lower firy (d. perm); 8 — bazalty (irzeciorzed); 9 — mtwory wodno-lodowcowe (plejsto-
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some thin sections their aggregations or single crystals are quite common
while in others they are missing altogether. ’

The colour of slates is variable. The overwhelming majority of sericite
and sericite-chlorite slates are black-grey and grey. Grey-greenish seri-
cite-chlorite slates are exceptional. In isolated cases silver-grey sericite
slates, green-violet sericite-chlorite slates and dark-green chlorite slates.
have been encountered.

Siliceous slates

Siliceous slates form strata from some to several em thick, interbedded
with graphite slates. If the intercalations are thin, the rock is called.
phtanite; if, on the other hand, they are thick and numerous, the rock
is defined as siliceous slate.

Practically no other mineral but quartz may be observed under the
microscope. It appears as recrystallized, interfingering mosaic of the size-
of silt fraction, in which graphitic pigment is disseminated (Pl. I, Figs..
1, 2). Sometimes quartz grains are separated by sericite flakes. In some
thin sections, coarse recrystallized Radiolaria remains are encountered..
Accessory minerals are represented by siderite, pyrite and apatite.

In the area under study, also light or cream-grey quartzite slates.
occur among sericite slates (cf. Fig. 2). These layers, up to some cm thick,.
are very resistant and massive. Under the microscope they reveal a struc--
ture similar to that of phtanite, but they are free of graphite. They con--
tain, however, the remains of Radiolaria (Pl. I, Fig. 3). Considering these:
similarities, they have been classified as siliceous slates.

Phtanites and siliceous slates are considered to be the equivalents of:
radiolarian cherts (cf. e.g. Z. Sujkowski, 1937; A. V.Carozzi, 1960).
Submarine basic lavas (ophiolites) that are, as a rule, associated with.
radiolarian cherts are regarded as the source of silica.

Metasiltstones

Inequigranular structure of these rocks becomes manifest under the
microscope. The matrix is made up of sericite-quartz-chlorite mass in
which coarser quartz, rarely feldspar, grains are distributed.

The boundaries of quartz grains are usually vague, interfingering:
with the recrystallized matrix. In some thin sections single grains of
zircon, sometimes of tourmaline, have been observed. These grains show:
indications of rounding. Feldspar grains are not of metamorphic origin..

Sericite, very fine-grained recrystallized quartz and variable amounts.
of chlorite predominate in the matrix. In places, the components of the:
matrix are unrecognizable under the microscope. Muscovite, which partly
is presumably of detrital origin, is present in small quantity. Accessory-
are siderite, pyrite, authigenic epidote, leucoxene and iron oxides.
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Most of metasiltstones reveal preferred orientation of sericite, though
sometimes it is not very distinct. The siltstones often show graded
bedding. They also have sharply defined bottom surface. The top surface,
on the other hand, is vague and the siltstone gradually passes into shale
{(cf. PL. VII, Figs. 4, 5).

Metasandstones

Individual sandstone beds differ in thickness, colour and grain size.
Sandstones are characterized by different hues of grey and sometimes
by black colour. The majority of layers are composed of grains of sand
fraction, the fine pebble fraction of 2—8 mm (s.c. quartzites from Tar-
czyn — Kuttenbergquarzit E. Zimmermann and B. Kiihn, 1936)
appearing only in isolated cases.

The mineral composition of sandstones was determined in thin sec-
tions. In each section 300 grains were analysed, and the contents of
guartz, rock fragments (stable and unstable), feldspar, micas and matrix
were determined in volume percentage.

Q
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Fig. 3. Detrital framework of metagreywackes. 1 — shaly flysch; 2 — normal
flyseh; Q@ — quartz; R + M — unstable rock fragments and mica; ¥ — feldspar

Fig. 3. Sklad szkieletu ziarnowego metaszarogltazéw. 1 — z fliszu tupkowego; 2 —
z fliszu normalnego; @ — kwarc; R + M — niestabilne okruchy skat i lyszezki;
o F — skalenie '

The size 0.03 mm was taken as the limit size between the grains of
the detrital framework and the matrix (cf. H. Williams et al,, 1954;
R. H. Dott, 1964). Assuming a smaller size (0.02), also recommended by
‘these authors, would be unpractical considering the recrystallization of
‘the matrix (cf. Pl. II, Figs. 3, 4).

Granulometric composition was established by measuring 100 grains in
thin sections and-then applying a correction according to G. M. Fried-
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man (1958) in order to obtain data comparable with sieve-size distri-
bution. Sorting coefficient of individual samples was calculated using
Trask’s formula

S, = ]/Qa/Q1

Mineral composition

In the detrital framework quartz plays the most important part (cf.
Fig. 3). Most numerous are monocrystalline grains, but grains of poly-
crystalline (vein) quartz are also frequently observed (Pl. III, Fig. 3).
The few coarser grains show wavy extinction. There are also grains con-
taining unidentifiable - inclusions.

Among rock fragments most frequent are those of low-grade
slates (Pl. I1I, Figs. 1, 2, 4). Less numerous are fragments of quartzites
or siliceous slates consisting of polygonized quartz (Pl. IV, Fig. 3). Still
more rare are fragments of volcanic rocks. Small size of fragments makes
their precise classification difficult, but in the majority of cases they are
most likely fragments of acid volcanic rocks.

Feldspars are represented solely by plagioclase with ‘An content
not exceeding 10%. They are usually albite twinned, but sometimes
checkered albite intergrown with quartz has been recorded. Fairly com-
mon are albite grains sericitized in a greater or lesser degree. Some very
fine albite crystals embedded in the recrystallized matrix are very likely
of secondary origin. The amount of feldspar in the individual samples
is variable.

Micas almost entirely belong to muscovite, which occurs in variable
quantities.’ Muscovite flakes are usually oriented parallel to the bedding.
In general, muscovite is detrital though it is not inconceivable that it
partly recrystallized during the metamorphism. Chloritized, detrital bio-
tite has been observed in some thin sections.

* There is no cement in the sandstones under study. The space between
the grains larger than 0.03 mm is filled with recrystallized matrix that
often interfingers with individual grains of the framework. Individual
grains, particularly in fine-grained sandstones, not uncommonly happen
to contact (e.g. PL IV, Fig. 1). It is, however, more usual-for the grains
to ,,float” in the matrix (e.g. Pl III, Figs. 1—4; PlL. IV, Figs. 2, 3, 4).

" The niatrix consists fundamenta]ly of sericite and quartz, but
a small amount of opaque minerals (pyrite, iron oxides) is always present.
Chlorite; if any, appears in insignificant quant1ty The occurrences of
carbonates (mainly siderite) are irregular. There are cases when they do
not appear at all, but there are others when they constitute some, excep-
tionally several, per cent of the matrix. In black ‘'saridstones graphite has
been noted in the matrlx

To characterize the investigated. sandstones C.. M G 11b ert’s c1ass1—
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fication (H. Williams, F. J. Turner, C. M. Gilbert, 1954) as
modified by R. H. Dott (1964) was adopted. All the sandstones under
study contain more than 10% (24—73%) of the matrix, to they should be
regarded as wackes. In Dott’s classification triangle (Fig. 3) the projection
points concentrate in the field of quartz wackes, in the upper part of the
field of lithic wackes, and in the field of feldspathic wackes 3. The rocks
are then characterized by textural immaturity (high matrix content) and
simultaneous mature mineral composition (quartz wackes). Quartz wackes
in the region under study are characteristic of shaly flysch.

The individual varieties of wackes are presented on photographs (Pl.
ITIT and IV). For simplicity’s sake, in the following sections these rocks
will be referred to as greywackes (metagreywackes).

Granulometric composition

Size measurements of grains of the detrital framework were made
for 22 out of 24 samples specified in the classification triangle (Fig. 3).

Median diameter (Md) ranges from 0.056 to 1.319 mm, and the value
of sorting coefficient (So) from 1.43 to 2.50. In one specimen So amounts
to 4.15. Sorting coefficients from 1.43 to 2.5 testify to a high degree of
sorting.

Considering the interfingering of the detrital framework grains with
the matrix, the degree of grain roundness has not been determined. It
can be noticed, however, that roundness of grains generally tends to
increase with an increase in grain diameter. Fine-grained sand fraction
consists, as a rule, of angular and subangular grains (Pl. IV, Figs. 1, 2).
Coarse and very coarse sand grains are very often rounded (Pl. III; Figs.
3, 4; Pl. IV, Fig. 3) and so are some slate fragments, whereas feldspars
are usually angular or subangular (cf. Pl. IV, Fig. 4).

Source rocks of terrigenous material

Heavy minerals of the metagreywackes in question are represented
predominantly by zircon that is usually more or less rounded. Other
heavy minerals are rutile, tourmaline (rounded), leucoxene, titanite and
amphibole.

Compared with the heavy mineral associations characteristic of the
principal kinds of source rocks that have been distinguished by G. F e o-
Codecido (1956) and F. J. Pettijohn et al. (1972), the minerals
occurring in the rocks under study belong to two associations:

1. Leucoxene, rutile, tourmaline (rounded grains), zircon (rounded grains)
belong to the association characteristic of reworked sedimentary rocks.

3F, J. Pettijohn, P. E. Potter, R. Siever (1972) present a modifica-
tion of Dott’s classificat.on. According to these authors, quartz wackes containing
less than 95% of quartz should be included among lithic wackes, whereas feldspa-
thic wackes should be called arkosic wackes (cf. Fig. 3). ”
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Fig 4. Profiles of the normal flysch exposed in the valley of the Kamiennik
stream. 1 — layers of slate; 2 — layers of metagreywackes; 3 — laminated layers

Fig. 4. Profile fliszu normalnego odstoniete w dolinie potoku Kamiennik. 1 — Ia-
wice lupkowe; 2 — lawice metaszaroglazowe; 3 — tawice laminowane



2. Biotite, muscovite, rutile, titanite and zircon make up the association
characteristic of acid igneous rocks.

From the mineral composition of rock fragments, metagreywackes and
the heavy mineral association it may be inferred that the material of the
rocks under study is derived from the source area made up of reworked
sedimentary rocks that very likely underwent low-grade metamorphism
and of acid igneous rocks, those of volcanic origin being included.

SEDIMENTARY STRUCTURES

The characteristic feature of the metasedimentary series in the area
under study is the occurrence of alternate layers of metagreywackes and
slates (Fig. 4; Pl. VI, Figs. 1—3). Greywacke layers have, as a rule,
sharply defined bottom surface. Towards the top they pass through
laminated portions into slate layers. Metagreywacke layers often show
graded bedding.

The effect of tectonics and metamorphism
on the sedimentary structures

Compared with unmetamorphosed flysch area of Alpine tectonics, as
e.g. the Carpathian flysch, the metasedimentary Kaczawa complex shows
a different tectonics. The essential features of this area are an intensive
development of metamorphic cleavage and an abundance of other planar
and linear mesoscopic structures formed during the successive stages of
tectonic deformations. Tightly compressed folds are due to folding under
metamorphic conditions. These processes have also changed the internal
structure of the rocks.

All these factors make the identification of the primary sedimentary
structures extremely difficult or simply impossible. Sedimentary struc-
tures are in the majority of cases obliterated by foliation and cleavage.
This becomes manifest particularly in slates, in which the bedding can
be ascertained only on polished sections. Foliation is often oblique to the
bedding.

In coarse-grained greywackes the changes are confined to recrystalliz-
ation of the matrix. The recrystallization may be directional (Pl. II,
Figs. 1, 2, 3). In fine-grained beds re-orientation of sericite and, in some
cases, of quartz takes place (Pl. II, Fig. 1; Pl. V, Figs. 1, 2). Fundamental
changes resulting from metamorphism become manifest in slates. Some-
times even selective migration of quartz is visible, which initiates the
process leading to the development of new, metamorphic lamination
(Figs. 5, 6). The intensity of recrystallization and quartz migration is
variable and remains most likely in intimate association with the position
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in the fold. In the investigated cases the beginning of the material se-
lection takes place in planes parallel to the axial planes of folds, and this
seems to be a general tendency (cf. P. F. Williams, 1972).

Generally speaking; relatively well preserved are internal (sensu
S. Dzulynski and E. K. Walton, 1965) sedimentary structures.
External structures (sole markings) are extremely rare; moreover, their
state of preservation is very bad.

Fig. 5. Sericite-quartz slate seen under the microscope. Primary lamination is in
vertical position secondary (metamorphic) lamination — horizontal. 1 — sericite-
-quartz groundmass; 2 — recrystallized sericite; 3 — recrystallized quartz

Fig. 5. Lupek serycytowo-kwarcowy (rysunek na podstawie obrazu mikroskopowe-

go). W kierunku pionowym przebiega laminacja pierwotna, laminacja wtérna (me-

tamorficzna) zaznacza sie w kierunku poziomym. 1 — masa serycytowo-kwarcowa;
2 — ukierunkowany, zrekrystalizowany serycyt; 3 — zrekrystalizowany kwarc

In recent years, several papers dealing with sedimentary structures
in metamorphic rocks have been published (e.g. C. A. Hopson, 1964;
S. Gavelin, R. V. Russel, 1967; A. Siedlecka, 1967; G. W. Fi-
scher, 1970; R. G. Walker, F. J. Pettijohn, 1971; G. J. Dun-
bar, G.J. H McCall, 1971). Metamorphic rocks in which sedimentary
structures have been preserved belong to epi- and mesozone. It seems
that in low-grade regional metamorphism the state of preservation of



Fig. 6. Hinge zone of a fold in quartz-sericite slate seen under the microscope.
Recrystallization of sericite and selective migration of quartz is parallel {0 axial
plane of fold laying horizontally. For explanations see fig. 5

Fig. 6. Przegubowa partia fatdu w tupku kwarcowo-serycytowym (rysunek na pod-

stawie obrazu mikroskopowego). W kierunku poziomym, réwnoleglym do powierz-

chni osiowej faldu przebiega rekrystalizacja serycytu oraz selektywna migracja
kwarcu. Objasnienia jak przy fig. 5

sedimentary structures depends on the intensity of tectonic movements
rather than on metamorphic processes.

Bedding

In the area under study graded bedding, parallel and cross lamination
have been ascertained.

Thickness of the individual metagreywacke beds varies from 1 cm to
over 1 m (cf. Pl. VI, Figs. 1, 2, 3). Most numerous are strata 10—20 cm
thick (cf. Fig. 7). Metagreywacke layers often reveal graded bedding (cf.
Fl. VII, Figs. 1, 6), which shows best in those more than 20 c¢m thick.

In fine-grained layers grading is sometimes visible due to the presence
of slate fragments (Pl. VII, Figs. 2, 3). It should be noted that redeposited
slate fragments may be also randomly distributed throughout the profile
of the bed.

Graded bedding, though hard to detect, also appears in thin, some
centimetres thick, strata made up of fine silty material. Grading becomes
conspicuous only on polished surfaces.
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Massive beds without grading are often encountered. In general, these
are flne—gralned thin-layered and well sorted metagreywackes.

Some thin, very fine-grained beds have both the bottom and top
surfaces sharply defined. Their internal structure is completely obliterated
by recrystallization, so that only homogeneous quartz mosaic is visible
under the microscope (cf. Pl. I, Fig. 3). These beds are very likely a re-
crystallized siliceous sediment.

Parallel lamination is common all over the 1nvest1gated area. The
sandy and silty laminae are light, the shaly ones dark. Thickness of the
laminated beds ranges from some to several cm (cf. Pl. VI, Fig. 2).

Many cases of grain gradation have been noted. This finds expression
in the decreased thickness of the light laminae and increased intervals
between them towards the top (Pl. VIII, Fig. 5).

Sporadically, lateral passing of the parallel into cross lamination may
be observed (cf. P1. VIII, Fig. 3) as well as lateral changes in the thick-
ness of the laminae.

In outcrops cross lamination is hard to detect because it is masked
by cleavage, yet the occurrence of low-angle cross stratification, develop-
ed on a small scale, is unquestionable (cf. Pl. VIII, Figs. 1—2). Occasional-
ly lenticular forms appear, within which ripple-load convolutions have
been observed (cf. S. Dzulynrski and A. Slagczka, 1965).

The above-mentioned sedimentary structures occur in a definite,
recurring sequence that was described by A. H. Bouma (1962) in the
Maritime Alps flysch. Yet complete sequences of sedimentary structures
are hardly ever encountered. In the normal flysch most frequent are top
truncated sequences Ta-b as well as those with cut out base Td-e (cf.
A. H Bouma, 1962), the latter predominating in the shaly flysch.

Slump structures

In some outcrops there appear sedimentary structures that imply de-
formations penecontemporaneous with sedimentation. They have been
discussed in an earlier paper by the present author (Z. Baranow-
ski, 1971).

Worthy of note is the presence of a fragment of acid tuffite coated
with a rim of black slate that is probably a consequence of the fragment
having rolled along the clayey bottom. In all likelihood, this fragment is
of exotic origin since rocks of this kind have not been so far recorded
in the Kaczawa Mountains.

Sole markings

The bottom surfaces of metagreywacke layers are often uneven. Yet,
only exceptionally sole markings (Pl. VI, Fig. 4) can be determined more
precisely as flute casts (see e;g. S. Dzulynski, J. E. Sanders, 1962;
S.Dzulynski and E. K. Walton, 1965).

3 — Rocznik Pol, Tow. Geolog. z. 1
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Fig. 7. Histogram presenting thickness of metagreywacke beds outcropping in the
valley of the Kamiennik stream. a — thickness of beds in ¢m; b — number of beds

Fig. 7. Histogram migzszosci warstw metaszaroglazé6w z odslonieé w dolinie potocku
Kamiennik. a — migzsze$é warstw w em; b — ilo§¢ warstw

On the top surfaces of metagreywacke layers no sedimentary struc-
tures have been found.

Direction of sedimentary structures

A dozen or so measurements of cross lamination made in the eastern
part of the area under study give a scatter from SE to NW. Although
the number of observations is insufficient, these directions correspond to
the distribution of the lithofacies (cf. Fig. 2).

It can be then assumed that, in relation to the present position of
directional structures, the transport of material during sedimentation
proceeded from the east or north-east to the west or south-west.

SEDIMENTARY ENVIRONMENT

Palaeontologic material affords most of the data on the sedimentary
environment of the series under study. Unfortunately it is rather scant
and its state of preservation is very bad, making sometimes any deter-
minations impossible.

In dark-grey and blue-grey sericite slates, recrystallized Foraminifera
remains have been found. One of the best preserved specimens is shown
on Pl. I, Fig. 4. The remains have not been so far studied in detail
nevertheless they proove the marine origine of slates.

The presence of conodonts implies also the marine sedimentary en-
vironment. Conodonts appear both in shallow and deep-water sediments.
Their most numerous occurrences have been recorded in the areas of
submarine rises with an insignificant supply of terrigenous sediments
and in fine-grained black shales accumulating in deeper basins (cf.
M. Lindstrom, 1964). According to K. J. Miiller (1956), the zone
occupied by corals, crinoids and brachiopods seems to be an environment
unfavourable for the growth of conodonts.
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. In some sites graptolite fauna has been found in black and black-grey
graphite slates. The graptolites belong to the order Graptoloidea. Their
majority is known from black, fine-grained deep-water sediments. There
is no palaeontologic evidence, on the other hand, of the pelagic character
of slates free of graphitic pigment. It should be assumed that, as in other
flysch areas, a part of slates without sedimentary structures represents
pelagic sediments.

Graptolite slates occur together with black siliceous slates and phta-
nites, forming thin intercalations in them.

In fact, in phtanites, which are considered to be the metamorphosed
radiolarian cherts, recrystallized Radiolaria remains have been found
(PL. 1, Figs. 1, 2; see also J. Jerzmanski, 1965; E. Zimmermann,
B. K it hn, 1936). Similar remains have been encountered in light siliceous
slates (Pl. 1, Fig. 3). Radiolarian cherts are commonly regarded as deep
sea pelagic sediment (see e.g. Z. Sujkowski, 1933, 1937; R. C. Moor,
1954; H. R. Grunau, 1965).

The presence of graptolite slates and radiolarian cherts implies the
deep-water character of the sediment, and so does the lack of sedimentary
structures characteristic of shallow-water deposits. Nowhere has been
tabular, large-scale cross bedding ascertained, nor have the ripple marks
on the top surfaces of metagreywacke layers, etc.

Dark, as a rule, colour of the sediment (blue-grey, grey-greenish,
grey, black) as well as the abundance of pyrite and siderite indicate that
reduction conditions prevailed in the sedimentary basin. Authigenic
pyrite is common both in slates and metagreywackes; moreover, pyrite
laminae some millimetres thick and small concretions are encountered.
Siderite is still more common; it appears in the form of single crystals
and irregular granular aggregations. Sometimes it forms concretions and
flat intercalations within the slates.

Basing on the data obtained it may be stated that the discussed series
was deposited in a deep, geosynclinal basin, on the bottom of which
reduction or nearing euxinic conditions prevailed.

CONCLUDING REMARKS

Flysch structures have been described by several authors (cf. e.g.
S. Dzulynski, M. Ksigzkiewicz, Ph. H Kuenen, 1939;
A. H Bouma, 1962; S. Dzulynski and A. J. Smith, 1964). The
features discussed in the foregoing sections demonstrate that there is
a substantial similarity between the metasedimentary formation under’
study and the flysch sequences (cf. S. Dzulynski and A. J. Smith,
1964). On that basis the author presumes that th1s formatlon represents
metamorphosed flysch. rocks.

Compared with the set of diagnostic - features suggested for flysch

J*
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(cf. S. Dzulynski and A. J. Smith, 1964), the investigated meta-
sedimentary formation differs in that a considerable submarine volcanism
(greenschist formation) is present. As mentioned earlier in this paper,
there is a possibility for greenschists to interfinger with the metasedi-
mentary formation. Cases are known however that basic volcanism lasted
over a longer period of the geosyncline development, and that volcanism
was synchronous with flysch (cf. Z. Jovanovié¢ 1965; J. Don, 1970,
1971).

Considering the proportions of metagreywackes to slates the whole
formation should be assigned to the subfacies of the shaly flysch
lithofacies. However, to emphasize the conspicuous difference in the
amount of sandy material in the two parts of the area, its division seems
to be pertinent. Therefore the eastern part, where the content of sandy
material is 50—15%, was arbitrarily assigned to the subfacies of normal
flysch and the western part to that of shaly flysch.

Zone of interfingering of normal with shaly flysch may also reflect
vertical changes in the character of sedimentation. This is supported by
stratigraphic data since shaly flysch (together with phtanites, siliceous
and graphite slates) at least partly belongs to the Silurian, whereas the
fauna of the only site in the normal flysch is of the Ordovician age. The
solution of this problem requires further investigations both in the area
discussed and in the neighbouring regions.
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STRESZCZENIE

Jednostka tektoniczna Rzeszéwek-Jakuszowa w pdlnocnej czesci Gor
Kaczawskich zbudowana jest ze skal osadowych i wulkanicznych, silnie
sfaldowanych i zmetamorfizowanych w facji zieleicowej. Formacja meta-
osadowa (tupki, metalidyty, kwarcyty, metaszaroglazy) jest wieku ordo-
wicko-sylurskiego, natomiast wiek formacji wulkanicznej (zielencow), za-
liczanej do gornego kambru, jak rowniez pozycja tektoniczna tej formaciji
nie sg jasne.

Badana formacja metaosadowa zbudowana jest glownie z lupkéw. Sa
to na ogdl ciemne, szaroczarne, szare i szarozielone lupki serycytowe i se-
rycytowo-chlorytowe, czesto laminowane materialem mulowcowym i pia-
szczystym, oraz lupki grafitowe. Lupkom grafitowym towarzyszg zwykle
lidyty, uwazane za przeobrazone radiolaryty. Obok czarnych lidytéw
w badanym obszarze wystepuja jasne, kilkucentymetrowej miagzszosci
warstwy kwarcytéw, ktorych struktura jest analogiczna do lidytow. Li-
dyty i jasne kwarcyty zaliczono do lupkéw krzemionkowych. Metapias-
kowce (metaszaroglazy, kwarcyty — w tym tzw. kwarcyty z Tarczyna,
,Kuttenbergquarzit”’) wykazujg strukture i teksture charakterystyczna
dla wak. Wedlug klasyfikacji Dotta (1964) sa to waki lityczne, skale-
niowe i kwarcowe. Sklad mineralny szkieletu ziarnowego, rodzaj okru-
chéw skalnych i zesp6! mineralow ciezkich pozwala wnioskowaéd, ze ma-
terial metapiaskowcéw pochodzi z obszaru zroédiowego zbudowanego
z przerobionych skal osadowych, by¢ moze w niskim stopniu zmetamor-
fizowanych, oraz z kwasnych skal magmowych, w tym réwniez wulka-
nicznych. '

Procesy tektoniczne i metamorficzne spowodowaly, ze zaréwno struk-
tura skal, jak i struktury sedymentacyjne ulegly w znacznym stopniu za-
tarciu lub zniszczeniu. Jednak zachowaly sie pewne cechy, pozwalajgce
na prébe odtworzenia pierwotnego charakteru badanej formacji metaosa-
dowej.

Zasadniczg cechg badanej formacji jest naprzemianleglo$é lawic meta-
szaroglazowych i lupkowych. Warstwy piaszczyste na ogol majg ostro za-
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rysowane powierzchnie spggowe, natomiast powierzchnie stropowe sta-
nowiag przejscie do tupkéw. Warstwy piaszczyste, a takze mulowcowe cze-
sto sa warstwowane frakcjonalnie. Frakcjonalno$é zaznacza sie¢ réwniez
w laminowanych partiach lupkéw. Warstwowanie i laminacja réwnolegla
nalezg do najczesciej wystepujacych struktur, natomiast znacznie rzadziej
obserwuje si¢ warstwowanie przekatne. W obserwowanych przypadkach
zawsze jest to warstwowanie przekgtne rozwiniete na malg skale. Po-
wierzchnie spagowe lawic metaszaroglazowych bardzo czesto sg nierowne,
lecz tylko w wyjatkowych przypadkach mozna stwierdzié, ze sg to nie-
watpliwie hieroglify. W kilku odslonieciach wystepujg struktury wskazu-
jace na podmorskie osuwisko oraz splywy osadu. Wymienione céchy sg
charakterystyczne dla osadéw, powstalych w wyniku depozycji pradéw
zawiesinowych. Kierunek transportu materialu przebiegal przypuszczal-
nie z E lub NE na W lub SW.

Charakter zachowanej fauny, charakter zespotu skalnego, barwa osadu,
rodzaj minaralow akcesorycznych pozwalajg wnioskowaé, ze sedymen-
tacja omawianej formacji odbywala sie w glebokim basenie, na ktdrego
dnie panowaly warunki redukcyjne lub zbliZzone do euksynicznych.

Badana formacja wykazuje wiele cech charakterystycznych dla facji
fliszowej. W poréwnaniu z zespolem cech diagnostycznych dla fliszu rézni
sie ona jedynie obecnoscig kontaktujacych z nig zasadowych law (zielen-
coOw). Jednak znane sg przypadki istnienia zasadowego wulkanizmu syn-
chronicznego z fliszem. Biorgc wiec pod uwage morski, eugeosynklinalny,
glebokowodny charakter osadéw, ich pokaZng migzszo$é oraz zachowany
zespod! struktur sedymentacyjnych mozna stwierdzié¢, ze omawiana epime-
tamorficzna formacja nalezala pierwotnie do facji fliszowej.

W obrebie omawianego obszaru wyraznie zaznaczajg sie réznice lito-
logiczne. W czeéci wschodniej metaszaroglazy stanowig od 15 do 50%,
na pozostalg ilo§é skladajg sie tupki i w bardzo niewielkiej czesci meta-
lidyty. W czesci zachodnie] warstwy metaszaroglazéw pojawiajg sie spo-
radycznie, a wzrasta ilo$¢ warstw mulowcowych, warstwy piaszczyste
i mulowcowe stanowig mniej niz 15% ogdlnej ilosci skal. Znaczng czesé
wsrdd nich stanowig metalidyty i metalupki krzemionkowe. Na podstawie
tych réznic obszar wschodni, 0 wyzszej zawartosci materialu piaszczystego
zaliczono umownie do subfacji fliszu normalnego, obszar zachodni zas do
subfacji fliszu tupkowego. Litologiczne zréznicowanie w badanym obsza-
rze moze rowniez odzwierciedla¢ zmiany chanakteru sedymentacji w kie-
runku pionowym. Co najmniej cze$é¢ fliszu lupkowego nalezy do syluru,
za$ fauna konodontowa jedynego, jak dotad, stanowiska we fliszu normal-
nym jest wieku ordowickiego.
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EXPLANATION OF PLATES
OBJASNIENIA TABLIC

Plate — Tablica I

. Recrystaillized Radiolaria remains in phtanite, crossed nicols

. Zrekrystalizowane szczgtki radiolarii w ftanicie, nikole skrzyzowame

. The same. Visible dark graphitic pigment, parallel nicols

. Ten sam obraz. Widoczny ciemny pigment grafitowy, nikole réwnolegle

. Recrystallized Radiolaria specimen in light siliceous slate. Crossed nicols

. Zrekrystalizowany okaz radiolari w jasnym lupku krzemionkowym. Nikole
skrzyzowane

Section of a recrystallized foraminifera. Partly crossed nicols

Przekr6j zrekrystalizowanej otwornicy. Nikole czeSciowo skrzyzowane

All scales correspond to 0,2 mm.
Wielko$é podzialki na wszystkich zdjeciach wynosi 0,2 mm.
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Fig.
Fig.

Fig.
Fig.
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Plate — Tablica II

. Directional recrystallization of matrix between two quartz grains. Grain
boundaries interfinger with recrystallized quartz of the matrix. Crossed
nicols

. Kierunkowa rekrystalizacja kwarcu tworzaca laminacje metamorficzng.
W lewym dolnym rogu zytka kwarcowa. Nikole skrzyzowane

. Intergrowth of two quartz grains. Crossed nicols

. Rekrystalizacyjny zrost dwu ziarn kwarcu. Nikole skrzyzowane

. Directional recrystallization of quartz-sericite matrix between quartz
grains., In the right-hand lower corner distinct interfingering of quartz
grains with the matrix is visible. Crossed nicols

3. Kierunkowa rekrystalizacja serycytowo-kwarcewego tta miedzy ziarna-

4.

mi kwarcu. W prawym dolnym rogu dobrze widoczne zazebianie sie ziarn
kwarcu z ttem. Nikole skrzyzowane

Recrystallization of matrix blurring the boundaries between the detrital
framework and the matrix. Crossed nicols

Fig. 4. Rekrystalizacja tla zacierajgca granice miedzy szkieletem ziarnowym a ttem

skalnym. Nikole skrzyzowane

All scales correspond to 0,2 mm.
Wielko§é podzialki na wszystkich zdjeciach wynosi 0,2 mm.
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Plate — Tablica III

. Lithic wacke. In the lower part wvisible slate fragments (graphite slate —
dark, sericite slate — light). Crossed nicols. Scale corresponds to 0,5 mm

. Waka lityczna. W dolnej cze$ci widoczne fragmenty lupkéw (ciemny, gra-
fitowy i jasny, serycytowy). Nikole skrzyzowane. Wielko§é podzialki 0,5 mm

. Lithic wacke, light quartz grains, twinned plagioclase and slate fragments.
Crossed nicols. Scale corresponds to 0,2 mm

. Waka lityczna, jasne ziarna kwarcu, zblizniaczone plagioklazy i fragmenty
lupk6éw. Nikole skrzyzowane. Wielko§é podziatki 0,2 mm

. Quartz wacke, rounded quartz grains in recrystallized matrix with carbo-
nates (light gray flakes). Crossed nicols. Scale corresponds to 0,2 mm

. Waka kwarcowa (tzw. kwarcyt z Tarczyna). Obtoczone ziarmma kwarcu
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w zrekrystalizowanym spoiwie z weglanami (skupienia jasnoszare). Nikole
skrzyzowane. Wielkos¢ podziatki 0,2 mm

. Lithic wacke. Quartz grains and slate fragments ‘floating” in silty matrix.

Crossed nicols. Scales corresponds to 0,5 mm

. Waka lityczna. Ziarna kwarcu i okruchy lupkéw ,plywajgce” w mulowco-

wym tle, Nikole skrzyzowane, Wielko§é podziatki 0.5 mm

Plate — Tablica IV

. Fine-grained feldspathic wacke. Crossed nicols

. Drobnoziarnista waka skaleniowa. Nikole skrzyzowane

. Quartz wacke with graphite matrix. Crossed nicols

. Waka kwarcowa z grafitowym ttem skalnym. Nikole skrzyzowane

. Coarse-grained quartz wacke. In the central part a mosaic quartz grain.

Crossed nicols

. Waka kwarcowa gruboziarnista. W czesci §rodkowej ziarno kwarcu meozai-

kowe. Nikole skrzyzowane

. Feldspathic wacke, feldspars partly sericitized. In the central part visible

chloritized biotite. Crossed nicols

. Waka skaleniowa, skalenie czeSciowo zserycytyzowane. W cze§ci Srodkowe]j

widoczny schlorytyzowany biotyt. Nikole skrzyzowane

All scales correspond to 0,2 mm.
Wielko§¢ podziatki na wszystkich zdjeciach wynosi 0,2 mm.
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Plate — Tablica V

. Cleavage oblique to the bedding. Scale correspond to 1 cm
. Ztupkowanie sko$ne do warstwowania. Wielko§¢ podzialki wymosi 1 cm
. Microscopic image of the fragment shown on Fig. 1. The boundary of the

bed runs obliquely, from the top to the bottom. Sericite and quartz display
horizontal omientation, concordant with the cleavage. Crossed nicols, Scale
corresponds to 0,2 mm

. Obraz mikroskopowy fragmentu zamieszczonego na fig. 1. Skoénie, od gory

do dotu przebiega granica warstw, serycyt i kwarc zorientfowane sg pozio-
mo, zgodnie ze zilupkowaniem. Nikiole skrzyzowane. Wielko§¢ podziatki
0,2 mm

. Slump breccia consisting of sandy fragments disseminated in the shaly

mass. Scale corresponds to 1 cm

. Brekcja osuwiskowa zlozona z fragmentéw piaszczystych rozrzuconych

w masie lupkowe]j. Wielko$§é podziatki 1 om

Slump breccia consisting of sandy fragments (grey) and single quartz grains
(white) embedded in the shally mass. Scale corresponds to 0,5 cm-

0,5 cm

. Brekcja osuwiskowa zlozona z fragmentoéw piaszczystych (szare) i pojedyn-

czych ziarn kwarcu (biale) tkwigcych w masie tupkowej. Wielko§¢ podzial-
ki 0,5 cm

Plate — Tablica VI

. Alternate beds of metagreywackes and slates. Nornmal flysch
. Naprzemianlegle warstwy metaszarogtazéw i lupkow. Flisz normalny

9. Alternate beds of metagreywackes and slates. In the upper part visible

lamination. Normal flysch
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. Naprzemianlegle warstwy metaszaroglazéw i lupkéw, w gomej cze§ei wi-

doczna laminacja. Flisz normalny

. Sharply defined bottom surface of.the metagreywacke layer about 1 m

thick

. Ostro zarysowana powierzchnia spagowa lawicy metaszaroglazu o miagzszo-

§ciok. 1 m

. Bottom surface of the layer from fig. 3 with visible load structures
. Powierzchnia spaggowa lawicy z fig. 3, z widocznymi pograzami

Plate — Tablica VII

. Metagreywacke layer showing graded bedding
. Warstwa metaszarogtazu warstwowana frakcjonalnie
. Bottom part of a metagreywacke layer. Graded bedding marked by frag-

ments of black shale

. Spagowa cze§¢ lawicy metaszaroglazowej. Warstwowanie frakejonalne za-

znaczone przez fragmenty czarnego tupku

. Metagreywacke layer. Graded bedding marked by shale fragments
. Warstwa metaszaroglazowa. Warstwowanie frakcjonalne =zaznaczone frag-

mentami tupkoéw

. Metasiltstone layer (light) with sharply defined bottom and vague top sur-

face

. Warstwa mulowcowa (jasna) z ostro zarysowanym spagiem i nieostrg gra-

nicg stropowa

. Fine grained silty bed (light) showing graded bedding with sharnply defined

bottom and vague top surface

. Warstwa drobnoziarnistego mulowca warstwowana frakcjonalnie z ostrg

granicg spagowg i nieostrg granicg stropowa

. Fragment lawicy metaszaroglazu warstwiowanego frakcjonalnie, osfro gra-

niczacej z lezgeym nizej tupkiem

. Detail of metagreywacke layer showing graded bedding. Note sharp

boundary with underlying shale

Plate — Tablica VIII

. Cross lamination

. Laminacja przekatna

. Cross lamination in a metagreywacke layer

. Warstwowanie przekatne w warstwie metaszarogtazu

. Parallel lamination. On the right-hand side wvisible lateral passing of the

parallel into cross lamination and a change in the thickness of laminae

. Laminacja réwnolegla. Z prawej strony widoczne poziome przej$cie lami-

nacji roéwnoleglej w laminacje przekatng oraz zmiana grubodci lamin

. Parallel lamination. Towards the top the thickness of laminae grows
smaller
. Laminacja rownolegia. W kienunku stropu laminy staja si¢ coraz ciensze
. Graded bedding of the laminated bed
. Frakcjonalno$¢é warstwy laminowanej
. Lamination and graded bedding in fine grained siltstone
Laminacja i frakecjonalno§¢ w materiale drobnomulowcowym .

All scales correspond to 1 cm.
Wielko§é podziatki ma wszysikich zdjeciach wynosi 1 cm.





