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Abstract: Several beds of organodetrital conglomerates containing ooids were found in the
carbonate turbidiles of the Upper Cieszyn Limestone (Berriasian) of the Zywiec region. Three
microfacies were distinguished: oolilhic-sponge, sponge and pyritic-algal. Their presence prooves
fluorishing life on the shallow-water carbonate platform of the Silesian Ridge at the transition of
Jurassic to Cretaceous time, and points to the progressive eastward migration of tectonic movements
responsible for the uplift of successive tectonic blocks within the Ridge. Denudation of the uplifted
areas supplied large volumes of calcareous debris which was deposited along the foot of the Silesian
Ridge, first as aprons, then as submarine fans.
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INTRODUCTION

The Silesian Ridge was an important palaeogcographic element of Ihe Car-
pathian Gcosyncline, separating the Magura and Silesian sedimentary basins.
Its existence as a vast, uplifted terrain at the end of the Jurassic time is widely
accepted (Ksigzkiewicz, 1951, 1956, 1960; EliaS & ElidSova, 1984). However,
the source area of clastic material during sedimentation of the Cieszyn Lime-
stone (Tithonian - Berriasian) is still a mailer of discussion. Two concepts
have been proposed. According to Ksigzkiewicz (1956, 1960), Peszat (1967)
and Malik (1986) the source areas were exclusively the north-western and
northern continental margins of the Silesian Basin currently identified as the
Inwald Ridge (= BaSka-Inwakl Ridge). Other authors (Nowak, 1973; Stomka,
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Fig. 1 Location of studied urea (after Nowak. 1966; Zytko, 1966, simplified): 1 - Cieszyn
Limestones; 2 —outcrops with organodelrital conglomerate layer;  — thrust

Lokalizacja rejonu badan na tle mapy topograficznej i geologicznej (wg. Nowak, 1966; Zytko, 1966;
uproszczone): 1 — wapienie cieszynskie; 2 - usytuowanie wychodni z tawicami zlepiencéw orga-
nodetrytycznych z ooidami; 3 - nasuniecie

1986a; Krobicki, 1993) suggested an addilional contribution from islands lo-
cated at the western margins of the Silesian Ridge.

The Cieszyn Limestone cropping out in the valley of LeSna Stream near
Zywiec (Fig. 1) comprises several layers of distinctive conglomerates. They
include limestone pebbles as well as numerous ooids, other coated grains and
relics of fossils. The results of microfacics analysis of samples from this
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locality contribute to the palaeoecological and palacogcographical reconstruc-
tions of both the Silesian Ridge and the Silesian Basin.

This research has been supported financially by the Faculty of Geology,
Geophysics & Environmental Protection, University of Mining & Metallurgy
in Krakow.

GEOLOGICAL SETTING

The Cieszyn Beds (Kimmeridgian-Hauterivian) are the oldest stratigraphi-
cal division of the Silesian Nappe in the Outer Carpathians and are tradition-
ally subdivided into three subunits: the Lower Cieszyn Shales, the Cieszyn
Limestone and the Upper Cieszyn Shales (Hohcnegger, 1861) (Fig. 2). Struc-
turally, the Cieszyn Beds belong to the lower part of the Silesian Nappe - the
so-called Cieszyn Nappe (Nowak, 1927) which is known from the mountain
ranges of the Moravian-Silcsian, Beskid Silesian and Small Beskid.

The Cieszyn Limestone (Tilhonian-Berriasian) of highly variable thickness
(maximum 250 metres) consists of calcareous flysch (Ksiazkiewicz, 1960,
Pcszat, 1967). The sequence is dominated by detrital, organodctriial and
politic limestones intercalated by marly shales. Limestone breccias and con-
glomerates as well as calcareous sandstones are less common. Comprehensive
data on the stratigraphy, lithology and origin of the Cieszyn Limeslones are
provided by Peszat (1967), EliaS (1970), Ksiazkiewicz (1971), Nowak (1973),
MiSik (1974), Malik (1986) and Stomka (1986a).

In the Zywiec Depression, the Cieszyn Limestone crops out in an anticlinal
structure of the Grojec Maly massif and in some slice-folds which extend in a
belt Przybc¢dza-Radziechowy-Lipowa (Fig. 1). Maximum thickness of the unit
attains 180 metres. The limestones in Zywiec area is similar in lithology to
those from Goleszow (Pcszat, 1967; Malik, 1986, Slomka, 1986a). Two sub-
units are distinguished (Fig. 2A): the Lower Cieszyn Limestone which com-
prises detrital, pelilic and mixed limestones intercalated by marly shales and
the Upper Cieszyn Limestone which includes detrital and organodelrital lime-
stones interbedded by marly shales. Intcrbcds of arenaceous detrital lime-
stones appear upwards in the sequence in places with calcareous sandstones.
In the section along the Sola river the latter arc the dominant rock type in the
upper part of the unit (Tokarski, 1947).

The Cieszyn Limestone cropping out in the Lesna Stream valley (Fig. 1)
includes fragments of both the lower and upper subunit. The rocks arc strong-
ly folded, sheared and extremely dcnsly fractured. Several conglomerate
layers were found in the Upper Cieszyn Limestones. These conglomerates
vary in thickness from 30 to 100 cm. The main components arc pebbles of
micritic limestones with minor ooids, other coated grains and relics of cal-
careous algae, hydrozoans, molluscs, brachiopods, bryozoans and cchino-
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Fig. 2 A. Schcinatic lithostratigraphic profile of the Cieszyn Beds in Zywiec area. B. Fragment of
profile with the layer of organodelrilal limestones with ooids: 1 - limestone conglomerates; 2 -
detrital limestones; 3 - politic limestones; 4 - calcarcous sandstones; 5 - marly shales; sedimen-
tary structures: 6 - massive; 7 - parallel lamination; # - ripplemark cross-lamination, 9 — struc-
tureless shale

A. Schematyczny profil litoslratygraficzny warstw cieszynskich w rejonie Zywca. B. Fragment
profilu z tawicg zlepiefca organo-detrytycznego z ooidami: 1 - zlepience wapienne; 2 - wapienie
delrytyczne; 3 - wapienie pelityczne; 4 - piaskowce wapniste; 5 - lupki margliste; struktury
sedymentacyjne: 6 - masywna; 7 - laminacja rownolegta; 8 - laminacja przekatna ripleinarko-
wa; 9 - bezstrukturowy tupek

demis. One of the studied layers contains a high percentage of ooids, calcare-
ous algae and sponges.

A precise stratigraphie position of this layer in the sequence is unknown
owing to the strong tcctonism which mixed together fragments of limestone
and shale beds. The undisturbed part of the sequence is about 2 metres thick
(Fig. 1B) and consists of thin and very thin layers of dark and ash-grey
detrital limestones with parallel and cross-lamination, intercalated by thin,
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greyish-green, marly shales. The conglomerate layer is up to 48 cm thick.
These conglomerate lenses, each of different strike and thickness, occur with-
in a lateral distance of several metres. These probably represent tectonic frag-
mentation of an initially continuous layer. The longest observed lens was 2.5
m long and 26 cm thick, but the largest fragment is now covered by a small
stone dam. The bottom surface of the layer shows flat, shallow loadcasts
whereas the top surface is wavey. The grain components are limestone and
dolomite pebbles, fragments of calcareous algae, ooids and other coated
grains. Other organic relics are bivalves, ammonites, gastropods, brachiopods,
echinoderms, corals and foraminifers. The grain diameters reach 3 cm and the
percentage of grain components varies from 30 to 70%. All components are
randomly distributed, both vertically and laterally. A characteristic feature is
the presence of local enrichments of some components in the form of nests
and streaks.

COMPONENTS OF MICROFACIES

Microfacies were studied mostly in one layer with supplementary data
from the other layers. The following microfacies have been distinguished:

— oolithic-sponge,

— sponge,

— pyritic-algal.

These microfacies arc only an incomplete record of facics developed on
the carbonate platform bordering the Silesian Ridge. Components of these
microfacies are characterized below.

Ooids

Five types of ooids have been observed:

— combined radial-conccntric, ellipsoidal, mullilaminatcd, with nuclei si-
licified with authigenic quartz (Type 1, cf. Tucker, 1984; Slrasser, 1986;
Slrohmcnger et al., 1987),

— combined radial-concentric, spheroidal, with few laminae and cortices
randomly silicified with authigenic quartz (Type 2, cf. Strasser 1986;
Strohmenger er al., 1987),

— combined radial-concentric, spheroidal or ellipsoidal, with few laminae,
and lacking silicification (Type 3; cf. Tucker, 1984; Strasser, 1986;
Slrohmcnger et al., 1987),

— radial, concentric, mono-laminae (Type 4, cf. Strasser, 1986),

— radial, eccentric, ellipsoidal, mono- or bilaminae (Type 5, cf. Carozzi,
1957; Gusiewicz, 1984).

Type 1 ooids (PI. I: 1-4; 1I: 1; 11I: 4) consist of numerous (up to 15), easily
visible sparite or microsparite laminae concentrically growing on the nucleus
and separated by micrilic envelopes. Ooids arc ellipsoidal with diameters.



216 J. MATYSZKIEWICZ & T. SLOMKA

varying from 0.3 to 1.2 mm. The ratio of nucleus diameter to cortex thickness
(N/C) varies from 1:0.2 to 1:4. Large, elongated nuclei (up to 1 mm across)
show distinct microspar laminae over Hat surfaces but not over curved edges
(PI, I: 2) such that grains increase in sphericity during growth. According to
Richter (1983), this is the best diagnostic criterion which allows to distinguish
between ooids and other types of grains. The length of radially arranged
crystals in the laminae varies from 5 to 25 jxm and it controls the thickness of
the layers. Some microspar laminae show local irregularities in the radial
growth of crystals. Boundaries of laminae arc usually sharp. Occasionally,
microsparite and sparite laminae show micritization. The nuclci usually con-
sist of fine (over 0.5 mm) shell debris, partly replaced by authigenic quartz
with calcite inclusions (PI. I: 1,3, 4). Sporadically, the nuclci contain large,
elongated, pelmicrite intraclasls with scattered authigenic quartz crystals (PI.
I: 2). In such grains the number of microsparite or sparite envelopes is limited
(3-4). The cortex is not affected by silicification with authigenic quartz.
Some Type 1 ooids show numerous, radial cracks filled with blocky calcite
cement (PI. I: 1).

Type 1ooids were found in the oolithic-sponge microfacics. The grains are
embedded within blocky calcite cement. Locally, isopachous cement rims (up
to 0.02 mm) are preserved on the grain surfaces. Sporadically these ooids also
occur in pyrilic matrix.

Type 2 ooids (PI. 1I: 4; 1lI: 2) arc concentric forms composed of several (4
- 8) laminae, each consisting of radially arranged sparite or microsparite crys-
tals and separated with micritic envelopes. The grain shapes are very regular
and spheroidal. The diameters vary from 0.3 to 0.8 mm. N/C ratio varies from
1:2 to 1:7. Boundaries of sparite and microsparite laminae are diffuse owing
to advanced micritization. Numerous authigenic quartz crystals with calcite
inclusions were observed within the cortex. Spotty silicification is manifested
by the presence of authigenic quartz crystals which occasionally affects also
the nuclcus and cracks (Pl. 1ll: 2). The nucleus is a peloid or a micritic
intraclast. The boundary between nuclcus and cortex is gradual. Outer laminae
do not show traces of dissolution.

Type 2 ooids were observed in the oolithic-algal facics. They are em-
bedded in the blocky calcite cement or in the micritic matrix of intraclasts. In
the former case isopachous cement rims (0.03 mm thick) can locally be
preserved.

Type 3 ooids (PI. 1l: 1-3: I I: 1V: 1,2) show poorly developed cortex
composed of 1-4 radial-conccntric laminae which grow on a bioclast or, rare-
ly, on a micritic intraclast. N/C ratio exceeds 5:1 (7:1, on average). Grain
diameters arc very variable and may reach 11 mm. Nuclci contain algal
fragments (Cayeuxia sp., Solenopora sp.) gastropod shells, echinoid spines
and echinoderm plates. The shapes and sizes of ooids are controlled by bio-
clasts of the nuclci. If the bioclast was an aragonitic gastropod shell it was
dissolved and replaced by micrite. Such ghosts of original particles can be
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observed within blocky calcite cement (PI. 1lI: 5). Some type 3 ooids, espe-
cially those which cortices, consist of only one lamina, are occasionaly
strongly micritized, and differ not significantly from so-callcd simple oncoids.

Type 3 ooids occur in both the oolithic-sponge and sponge microfacies, in
a matrix composed of blocky calcite cement or pyrite. Grains embedded in
blocky calcite cement may show relics of isopachous cement rims or traces of
dissolution of outer laminae. Dissolved parts of laminae are replaced with
blocky calcite cement and single authigenic quartz crystals (Pl. 1I: 3). Where
pyrite is the matrix, the grain boundaries locally show the presence of needle-
shaped crystals (probably aragonite) up to 0.02 mm long. Such ooids are
strongly micritized (PI. 11I: 1; IV: 2) and cracks may be filled with authigenic
quartz crystals. If the carbonate matrix is not entirely pyrilizcd meniscus ce-
ment can be observed along the grain contacts (Richter, 1978).

Type 4 ooids (PI. Il: 3) differ markedly from the others by the presence of
only one cortical lamina. The lamina consists of radially arranged sparite
crystals whose lengths greatly exceed the nucleus diameter (N/C ratio 1:4).
Such grains may reach up to 0.6 mm across but smaller diameters (up to about
0.3 mm) predominate. The type 4 ooids are very regular and spheroidal in
shape. The nuclei arc poorly visible and grade into the cortical lamina. Occa-
sionaly, single lamina contain relies of concentric envelopes.

The type 4 ooids occur in the oolithic-sponge microfacies and are em-
bedded within the blocky calcite cement. Isopachcous cement rims (up to 0.02
mm thick) were noticed.

Type 5 ooids are rare (Pl. IV: 1, VIII: 4) and they belong to the so called
“eccentric” grains (Carozzi, 1957; Gasicwicz, 1984). The grains are 0.5-0.7
mm across, ellipsoidal, with embankments on the surface. There are up to six
sparite laminae. Nuclei consist of pclmicritc or line shell detritus. Basic dif-
ference in comparison with the other ooid types lies in irregular (eccentric)
arrangement of laminae as well as the presence of compression pits. These
ooids usually deform other grains (Pl. IV: 1).

Type 5 ooids were found in both the oolithic-sponge and pyritic-algal
microfacies.

Oncoids

Oncoids with well-developed internal structure occur sporadically in the
Cieszyn Limestone (PI. II: 3; IV: 4; VII: 2). They are up to 1.5 mm across,
elongated or irregular. Their nuclei are always benthonie foraminifcts (No-
dophthalmidium sp.). Cortices include numerous micrite laminae of cyanobac-
terial origin locally separated by microspar and affectcd by spotty silicifica-
tion with authigenic quartz. The grain boundaries show local dissolution,
sometimes advanced. Such oncoids, known from the Jurassic sediments of the
carbonate platform, bear the name Tubiphytes (see Morycowa & Moryc, 1976;
Pomoni-Papaioannou et al., 1989, Matyszkiewicz, 1989; Matyszkiewicz &
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Felisiak, 1992). However, this form cannot be identified with Tubiphytes sp.
described by Maslov (1956) from Palaeozoic deposits. It also differs signifi-
cantly from the Tethyan Tubiphytes sp. (B. Senowbari-Daryan, 1992, personal
communication).

Locally, so called “simple” oncoids arc present (Pl. 1I: 5). They are be-
tween 0.2 and 0.4 mm in diameters and consist of single, micritic or locally
microsparite lamina growing over fine bioclasts. Their formation by micritiza-
tion of type 3 ooids can not be ruled out.

Both the Tubiphytes sp. and the simple oncoids were found in oolithic-
sponge and sponge microfacies.

Algae

Calcareous algae arc common constituents of the studied sediments. They
were found to predominate in the pyrilic-algal microfacies but can also be
observed in other microfacies.

The most widespread in the pyrilic-algal microfacies are red algae (Rhodo-
phyceae) of the families Solcnoporaccac (cf. Solenopora sp.; Pl. V: 1,2) and
Corallinaceae (Marinella lugeoni Pfender; PL. 1ll: 4; V: 4, 5; VIII: 4). Algae of
Porostromata type (Pl. V: 3) are also abundant. These were conventionally
classified as green algae (Chlorophyceac) of the family Codiaceae (Cayeuxia
sp.) but, more recently, were ascribed to blue algae (Cyanophyceae; cf. Rivu-
laria sp.) (Dragastan, 1985). The other microfacies contain representatives of
the above mentioned families and, additionally, also Rhodophyceae of the
family Gymnocodiaceae (cf. Permocalcuhis sp.; Pl. VI: 6).

Pyrite

Pyrilization is a common process in the studied sediments. Three textures
can be distinguished:

— replacement of bivalve molds (Pl. VIII: 4, 5),

— replacement of matrix (PI. Ill: 1; IV: 2),

— detrital, pyritized fossil relics which arc one of the two principal com-
ponents of pyrilic-algal faciés (Pl. X: 2).

Pyritizalion preferentially affccted molds of ammonites (mostly juvenile
forms, Pl. VIII: 5) and bivalves. Replacement of aragonitic shells by pyrite led
to almost complete obliteration of their internal structure. Internal spaces of
chambers in ammonite shells were completely pyritized and only the most
pronounced details (suture lines) have been preserved. The outlines of outer
edges also remained unaffected. Cracks culling the pyritized mollusc shells
were filled with blocky calcile cement. Such pyritized shells were observed
exclusively in pyritic-algal microfacies.

Pyritizalion of matrix enclosing the ooids is limited to single intraclasts of
a diameters over 2 mm, which arc abundant in the sponge microfacics. Pyrite
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aggregates which Fill intersticial spaces consist of fine sphacroids (about 0.01
mm across) or ellipsoids (so called ovoid textures, cf. Fisher, 1986) of similar
size. Locally, rod-like crystals can be observed at the boundaries of the ma-
trix-encloscd ooids. These are presumably relics of aragonitic ccment which
may occasionaly show features of meniscus ccmcent (Richter, 1976).

Detrital pyrite which predominates in the pyritic-algal facies occurs as
elongate, sharp-edged fragments up to 4 mm long and 1 mm wide. The frag-
ments are pyritized plant detritus among which coniferous wood have been
identified (M. Krapicc, 1993, personal communication). No patterns in their
distribution have been observed. Locally, detrital pyrite fragments are cracked
and the cracks arc filled with blocky calcite ccment.

Dolomite and post-dolomite calcite

Both the dolomite and post-dolomite calcite were noticed in clasts with
diameters over 1 millimeter. Dolomitizatiom is observed in dolomite clasts,
partly dcdolomitized (Pl. VIII: I, 2) and in infillings of small vugs in intra-
clasts of typical, cyanobacterial-spongc limestones (Pl. VIII: 3).

Partly dcdolomitized clasts were found in the sponge microfacics. The
grains are ellipsoidal and well-rounded. Enclosing blocky calcite ccmcnt is
devoid of inclusions along the clasts boundaries. The clasts are composed of
idiomorphic and hipidiomorphic partly dcdolomitized dolorhombs up to 0.05
mm across. Locally, framboidal pyrite aggregates (up to 0.01 mm in diameter)
replace dolorhombs and fill the intersticial spaces along with brownish iron
oxides and vadose silt.

Dolomite in the intraclasts of cyanobacterial-spongc limestones appears as
fillings of vugs up to 1 mm in size. The vug walls are covered with thin (up
to 0.15 mm) films of fibrous cement whereas the interiors arc filled with
hipidiomorphic dolomite crystals (up to 0.03 mm across). These crystals show
partial dcdolomitization and can locally be embedded in dark-brown iron ox-
ides.

DESCRIPTIONS OF MICROFACIES

Oolithic-sponge microfacies
(PL I, 1I: 1, 3-5; H: 2-4; IV: L, V: L VL4 VI 31X D)

Sediments belonging to this microfacics arc classified as grainstones. Size
distribution of the main clastic components is bimodal. Intraclasts of cyano-
bacterial-sponge limestones and detritus of thick bivalve shells are dispersed
in a mass of ooids and simple oncoids of diameters less than 1 mm in size
(sporadically up to 1 cm). Ooids constitute up to 25% of the rock and form
occasional accumulations. Poorly rounded intraclasts of cyanobactcrial-
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sponge limestones show local traces of dolomilization and dcdolomitization,
and sporadically contain eccentric ooids.

The rocks of oolithic-sponge microfacies also contain scarce foraminifcrs
(Ammobaculites sp.; PI. 1I: 5), hydrozoans (Pl. VI: 4) and algae. Apart from
marine red algae observed as single bioclasts in blocky calcite ccment, frag-
ments of delicate Permocalculus sp. were noticed in the micritic matrix fill-
ing the internal parts of larger bivalve shells. Locally, large oncoids (Tubi-
phytes sp., over 1 mm in diameter) were seen. Their cortices show spotty
silicification with authigenic quartz whereas grain boundaries reveal traccs of
dissolution.

The granular components are embedded within blocky calcite cement.
Some grains have locally preserved thin (up to 0.05 mm) films of isopachous
cement.

Sponge microfacies
(PL I 2; HE: L IV: 2,3, V- 4; VI: 1-3, 5. 6: VII; VIII: 1, 2; XI: 2, X: 1)

This microfacies seems to be close to the so callcd “cyanobacterial-sponge
facics”. The main components of this microfacies are intraclasts of cyanobac-
tcrial-sponge limestones over 5 mm in size (rudslones-intrasparite). The intra-
clasts are irregular and poorly rounded. Some grains show well-preserved
structures typical of calcified siliceous sponges (Pl. VII: 1). Apart from spon-
ges, the fossil assemblage characteristic of this biofacics includes polychaetes
(Terebella lapilloides, PI. VII: 4), serpules, foraminifcrs (cf. Lenticulina sp.),
Tubiphytes sp. which are symbiotic associations of the foraminifer Nodoph-
thalmidium sp. and cyanobactcria, forms resembling spherulites (Pl. VII: 3) of
inferred cyanobactcrial origin (cf. Andrews, 1986; Chafelz, 1986), line, partly
dissolved gastropods shells (Pl. VI: 6), hydrozoans.

Well-rounded dolomite intraclasts occur sporadically. There arc partly
dcdolomitized and are probably fragments of dolomitized cyanobactcrial-
sponge limestones.

Some intraclasts composed of ooids and pyritic matrix in the sponge
microfacies presumably originate from a dcpositional environment different
from that of the cyanobacterial-sponge limestones. It seems also that some
bioclasts noticed from the sponge facics: corals (Pl. VI: 2, 3) and calcarcous
algae were redcposited from other environment.

The matrix of sponge microfacies is mostly the blocky calcite cement but
accumulations of vadose silt are also common.

Pyritic-algal microfacies
(Pl. V: 2, 3,5 X 2

Sediments of this microfacies are grainsloncs (inlrasparite) and rudstones.
Main constituents are detrital pyrite grains (25%) and algal fragments (up to
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20%). Pyrite intraclasts are pyritized plant fragments among which coniferous
wood has been identified. Such grains are angular and reach the length of
several millimeters and width up to 1 mm. Poorly rounded pyrite intraclasts
are isometric or elongated shapes. Larger pyrite clasts are cracked and the
cracks are filled with blocky calcite cement. Locally, pyrite may occur as fine
(0.2 - 0.5 mm across), irregular clasts or framboids (up to about 0.01 mm
across) or may fill molds of mollusc shells (mostly juvenile ammonites and
bivalves).

The second main component of pyritic-algal microfacies are calcareous
algae, mostly representatives of the Rhodophyccae and Porostromata. They
occur as rounded fragments of diameters less than 2 mm. Finer algal relics (up
to 0.5 mm) are usually less well rounded. The remaining grain components
are: fine (less than 0.5 mm) bivalve shell debris, single brachiopod shells and
some echinoderm plates. Eccentric ooids occur sporadically. All the grains are
embedded within blocky calcite cement. Thin (up to 0.05 mm) isopachous
rims develop locally on the algal fragments.

DISCUSSION

The results of microfacies analysis allow us to suggest that the studied
material originated from several interfingcrcd fades zones of a vast, shallow
and prograding carbonate platform (Fig. 3). Due to paucity of material suit-
able for examination the model shown in Fig. 3 presents only a hypothetic
distribution of specific fades, on the carbonate platform slope during the
redeposition of sediments into the deeper parts of the basin. This rcdcposilion
took place after the sedimentation of most of the distinguished types of plat-
form sediments. Only the ooids and simple oncoids undoubtly formed during
the deposition of conglomerate layers (Berriasian). The other fades consti-
tuents could result from the erosion of older carbonate platform sediments
(Lower Berriasian or Tithonian?) which emerged during the uplift of the area.
This hypothesis is supported by the apparent similarity of the grain composi-
tion of the conglomerates from the Cieszyn Beds and some layers of the
Klcntnice Formation (Oxfordian-Berriasian). This unit resulted from the ero-
sion of the Pavlov carbonate platform which supplied material to the Zdanicc-
Subsilesian Basin (EliaS & EliaSovd, 1984; ElidS, 1992). Layers of grey lime-
stones which occur in the upper part of the Klcntnice Formation (Tilhonian-
Berriasian) contain ooids, oncoids, intraclasts and skeletal fragments of shal-
low-water organisms (bivalves, echinoderms, foraminifcrs, sponges and
algae).

Reconstruction of deposilional environments in the areas of the Silesian
Ridge and neighbouring Silesian Basin must be preceded by discussion of the
following: (i) formation and diagcncsis of ooids, (ii) composition of fossil
assemblages, (iii) genesis of dolomitization, pyritizalion and dcdolomitization.
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Fig. 3 Hypothetic distribution of facies on carbonate platform of the Silesian Ridge

Hipotetyczny rozktad facji na platformie weglanowej geantykliny $lgskiej w tytonie i beriasie

(i) Formation and diagenesis of ooids.

Generally, the ooids were formed in a shallow, high-energy environment.
However, differences in both nuclcus composition and number of corlical
laminae imply depositional environments of variable energy and biocenoses.
When the nuclei contain fine shell detritus the corticcs comprise numerous
laminae. Such ooids are the largest forms. These features indicate an active
water enviroment and ooid formation proceeding in nearly permanent suspen-
sion. Ooids with the nuclci composed of algae or pelmicrite clasts show a low
number of laminae and are of smaller size. This seems to be related either to
a less active, presumably dceper-watcr, environment or to depositional site
behind the barrier which separated the zone of nourishing algal growth from
an extremely high-energy environment.

Micritization of ooids seems to be related in time to the dissolution of
aragonite and formation of pyrite. It is suggested that micritization of ooids
proceeded simultaneously with dissolution of aragonitic shells of ammonites,
some bivalves and gastropods as well as aragonitic ccmcnt which probably
filled some interstices between ooids. The internal structure of ooids indicates
that micritization was not an affcct of the replacement of primary aragonite by
calcite but rather resulted from the action of endolilhic organisms. These
processes were especially intense in the conditions of strongest mctcoric in-
fluence, i.e. during subaerial exposure (Sellwood & Beckctt, 1991).

Authigenic quartz which was encountered in both the nuclei and the cor-
tices, is probably related to late diagcnesis (Pcszat, 1959).

(i) Composition of fossil assemblages.

The presence representatives of both the Rhodophyceae and the Poroslro-

mata indicates a very shallow-watcr environment. Rhodophytcs seem to be
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associated with reef-type limestones (Golonka, 1970, 1978) where they could
contribute to the reef framework, whereas porosiromatans dominated in shal-
low, back-reef lagoons (Fllgel, 1979).

The controversial Tubiphytes sp. classified by the authors as oncoids may
form specific carbonate buildups with rigid framework (Pomoni-Papaioannou
et al., 1989; Matyszkiewicz & Fclisiak, 1992). It seems that in Jurassic time
these organisms preferred shallow-walcr environments with limited circula-
tion (Flugel, 1979).

Faunas in the studied samples are represented by an assemblage typical of
the so-called “cyanobacterial-sponge facics” (siliceous sponges, polychaetes,
small brachiopods). Other members of the assemblage are gastropods, hydro-
zoans, corals, robust bivalves and piritized, juvenile ammonites. Except for
the ammonites, the assemblage undoubtly suggest a shallow-water environ-
ment. It must be emphasized that juvenile ammonites were described from
so-called “Tubiphytes-rccf” (Matyszkiewicz & Fclisiak, 1992), which pro-
vided perfect refuge for young and probably ill individuals (A. Zeiss, 1992;
personal communication).

The depositional depth of the cyanobacterial-sponge facics is disputed.
During their formation, water depth is assumed to have been between below
wave base, near the base of the photic zone and relatively shallow inirashclf
basins (discussion in: Kcupp et al., 1990; Leinfclder, 1993). Numerous perto-
graphic features indicating probable episodic emergence of some buildups
(Koch & Schorr, 1986; Matyszkiewicz, 1989; Meder, 1989; Liedmann &
Koch, 1990; Matyszkicwicz & Felisiak, 1992) are still controversely dis-
cussed (Keupp et al., 1990; Selg & Wagcnplast, 1990), and suggests more
possibilities for their origin than just occasionally exposure.

(iii) Genesis of dolomitization, pyriti/.ation and dedolomitization

Dolomitizalion observed in the studied samples, especially in the case of
cavity fillings in the cyanobacterial-sponge limestones, is suggested to have
taken place after deposition and partial lilhification of the rocks, with the
participation of fresh waters (“Dorag” model, Badiozamani, 1973). Both the
primary open spaces and the vugs produced by initial karstification were
subsequently filled with dolomite presumably formed in the mixing zone
fresh/sea waters. Large dolomite clasts can be the fragments of either infill-
ings of larger caverns or completely dolomitizcd limestones. Such dolomites
formed immediately over the algal “reef’ and arc known from the Carpathian
foreland as syngenetic or early diagcnctic dolomites (the Ropczyce Scries;
Golonka, 1978).

Pyritizalion seems to be connected wilh two different environments. The
angular pyrite intraclasts were transported over short distances and rede-
posited in a sediment dominated by calcareous algae. The pyrite aggregates
from the matrix, as well as pyrite which replaces bivalves and ammonites
shells, undoubtly precipitated in situ. Bacteria contributed to pyritizalion, as is
documented by common sulphide aggregates composed of framboids (Fisher,
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1986). Pyrite was formed during early diagcnesis, after dolomitization and
dissolution of aragonitic shells and cement, but before dedolomitization. The
presence of abundant accumulations of vadose silt within the blocky calcite
cement and in the open spaccs within the cement seems to be related to
aragonite dissolution which preceded pyritization. Vadose silt produced by
aragonite dissolution and deposited in the open spaces was overgrown by
blocky calcite cement during late diagcnesis.

Dedolomitization probably occurcd after a burial episode which resulted in
a reducing environment and formation of pyrite. However, the possibility
cannot be neglected that such conditions could dominate before burial, in a
shallow lagoon with stagnant waters. Redox changes to oxidizing conditions
as a consequence of emergence resulted in pyrite oxidation and release of
sulphate ions - a necessary component of dedolomitization process (cf.
Scholle, 1971). Coexistence of both brownish iron oxides and vadose silt in
the same sediment implies that dedolomitization proceeded under mctcoric
conditions (cf. Purser, 1985).

The presence of partly dcdolomilizcd clasts which arc rather poorly resis-
tant to erosion seems to suggest short transport from the source areas.

CARBONATE PLATFORM

Among various models of Jurassic platforms known from the literature, the
one which best fits the studied area seems to be the one of a vast, gently
inclined terrain with several transverse barriers, which grades into the area of
basinal facies (so-called “gently sloping platform”, sensu Crcvcllo & Harris,
1984). Progradation together with uplift could give rise to the development of
shoals in which conditions were favourable for the formation of ooids and
oncoids. The results of the microfacies analysis docs not itself permit a full
reconstruction of the carbonate platform of the Silesian Ridge in latest Juras-
sic - earliest Cretaceous time. However, it enables the récognition of the types
of environments in the area and suggests their distribution during the rcde-
position of sediments to the deeper parts of the basin (Fig. 3).

Two barriers are assumed to exist in the proposed model (Fig. 3). One
located closer to the emergent part of the Silesian Ridge and representing a
shallow basin, either devoid of reef structures or including small patch reefs
composed mainly of stromatoporcs with minor corals. The stromatoporoid-
coral patch reefs connected with vast ooidal shoals were described for
example from Portugal (Lcinfcldcr, 1992; Leinfclder et al.,, 1993), Spain
(Giner & Bamolas, 1979) and the Northern Alps (Steiger & Wurm, 1980).
However, the fossil assemblage observed in thin sections suggests that the
model barrier was presumably formed by so-called “sponge-coral-algal
mounds” similar to those reported from the Jurassic Smackovcr Formation
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(Crevello & Harris, 1984). In this formation the sponge-coral-algal mounds
are locally covered by ooidal grainstones, which imply progressive shallowing
of the prograding platform. Least probable is an alternative that the model
barrier was a narrow, marginal reef built of sponges, corals and algae, and
surrounding a large, shallow lagoon. A similar arrangement has been de-
scribed by Flugel (1979) from Upper Norian reef limestones of the Dachstein
Platform (Northern Calcareous Alps). These sediments include numerous reef
breccias which are absent from the Cieszyn Limestones. However, the lack of
reef talus deposits in the study area may be explained in tenus of the develop-
ment of only the basal part of a reef structure (the so-called “mud mound
stadium”) which formed at a somewhat greater depth and did not supply reef
debris. Such stages of development of a solenoporoid-coral reef were recog-
nized by Scnowbari-Daryan & Schafer (1979) in the Rhaetian strata of the
Northern Calcareous Alps. Further development of such a structure and its
transition to the typical reef stage could be inhibited by the platform progra-
dation or restricted water circulation in the fore-reef area caused by the
growth of a deeper barrier.

In the slope-adjacent lagoon (Fig. 3) strong restriction of water circulation,
combined with a nourishing biota along the margins, could produce local
reducing conditions in the deepest parts of the sub-basin. Undoubtedly, reduc-
ing conditions dominated in the buried sediment, just below the water/sedi-
ment interface. This was the site of pyriiization of plant fragments and shells.
Ooids (mostly types 2 and 3) could develop and algae could grow in the
nearshore parts of such a lagoon.

The development of both sub-basins in Fig. 3 shifted in time. Initially, a
consecutive “quasi-lagoon” located away from the platform slope did not have
well-defined boundaries. Hypothetically, it may have been separated from the
open sea by a chain of cyanobacterial-sponge buildups which constituted an
arbitrary boundary between the platform slope and deeper parts of the basin.
Such a position of cyanobacterial-sponge buildups has been reported from
numerous fossil carbonate platforms (Mazagan - Steiger & Jansa, 1984; Nova
Scotia - Eliuk & Levesque, 1989; Lusitania Basin - Leinfcldcr, 1992; Lein-
felder et al., 1993). The idea that such structures could episodically emerge
during growth does not seem to be valid (sec Keupp et al.,, 1990; Selg &
Wagcnplast, 1990) exccpt for single, isolated buildups (cf. Burchctte &
Wright, 1992). Emergence and resulting diagcncsis of these structures under
meteoric conditions proceeded later in their history and were causcd by tec-
tonic uplift rather than by growth to sea level (cf. Matyszkiewicz, 1993; Ma-
tyszkiewicz, 1994).

Progressing platform progradation along with tectonic uplift resulted in the
deeper sub-basin developing as a “quasi-lagoon” Better circulation, especially
in front of a poorly developed coral-algal reef (Fig. 3) produced an environ-
ment favourable for the formation of ooids (mainly type I).

2 — Annales Souci



226 J. MATYSZKIEWICZ & T. StOMKA

PALAEOGEOGRAPHY OF THE SILESIAN BASIN

The Cieszyn Beds were deposited in the geosynclinal Silesian Basin bor-
dered by two tectonic structures: the Inwald Ridge to the north and the Sile-
sian Ridge (known also as Silesian Island) to the south (Ksigzkiewicz, 1956,
1960; Nowak, 1973; ElidS & ElidaSova, 1984). During Kimmeridgian and late
Tithonian time (Lower Cieszyn Shales) the clastic material supplied to the
basin originated mostly from the Inwald Ridge. Pelitic carbonate and clay
material was supplemented by fragments of rccl'limestones and fossils.

Products of submarine mass movements observed in many sequences of
the Lower Cieszyn Beds are the manifestations of vertical tectonic displace-
ments within the ridge (Stomka, 1986b) which have commcnced in early
Tithonian time. Expanding land areas supplied larger volumes of clastic ma-
terial transported by submarine slides to the basin floor. In late Tithonian time
(Upper Cieszyn Limestones) sediments increasingly developed the charac-
teristics of calcareous flysch (Ksigzkicwicz, 1951; Pcszat, 1967; Stomka,
1986a). Dominatant sources of detritus were still the islands of the Inwald
Ridge but the influence of the second source area - an island locatcd at the
western edge of the Silesian Ridge became more and more important. In the
Berriasian time uplift within the Silesian Basin resulted in the formation of
two east-west orientated troughs: Goleszow and WiSlica, separated by discon-
tinuous submarine ridge (Fig. 4) (Nowak, 1973; Stomka, 1986a). The Inwald
Ridge, which bordered the Silesian Basin to the north, mostly supplied the
Wislica trough, whereas the islands of the Silesian Ridge provided material
for the Goleszoéw trough (Stomka, 1986a). Several islands on the Inwald
Ridge were subject to extensive denudation and derived clastic material (cal-
careous pelite and reef limestone fragments) mixed with debris of shallow-
water fauna and flora to be deposited by diluted turbidity currents along the
foot of the ridge (Peszat, 1967; Ksiazkiewicz, 1971; Stomka, 1986a).

The carbonate platform existed into Late Tithonian time and provided ex-
cellent conditions for fluorishing organic life, represented by calcareous algae,
sponges, corals, bryozoans, brachiopods, bivalves, ammonites and crinoids. In
Late Tithonian time tectonic movements led to emergence of the western edge
of the Silesian Ridge (the present-day area of Silesian-Moravian Beskid).
Initially, only the highest parts of the carbonate platform were eroded and
resulting clastic material was deposited as a rather limited apron parallel to
the basin axis (see Mullins & Cook, 1986; Watts & Garrison, 1986). Pro-
gressive uplift caused persistent emergence of other fragments of the Silesian
Ridge. Permanent supply of large volumes of clastic material deposited in the
upper part of the island slope led to localized sedimentation in the Leszna
Gorna submarine fan (Stonika, 1986a) (Fig. 4). The fan progradcd along the
slope of the axial zone, i.e. generally eastward. Preserved sequences mainly
represent the outer zone. The lack of inner zone and poorly represented cen-
tral zone, together with transport directions constrained by the basin inclin-
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Fig. 4 Berriasian palaeogeography of the Silesian Basin. / - islands:« - emerged at least since
Tilhonian; b —emerged in Berriasian; 2 —submarine ridges, 3 — submarine fans; 4 —slope
apron; J - fragment shown in Fig. 5, B - Bielsko-Biata, C - Cieszyn, G - Goleszow

Paleogeografia basenu $laskiego w beriasie. 1 - wyspy; a —wynurzone co najmniej od tytonu; b
—wynurzone w beriasie; 2 - grzbiety podwodne;.? - stozki podmorskie; 4 - utwory fartucha; 5
- fragment przedstawiony na fig. 5; B - Bielsko-Biata; C - Cieszyn; G - Goleszéw

tion, allow one to conclude that the source areas for the clastic material were
located exclusively along the Inwald Ridge (Pcszat, 1967; Ksiazkiewicz,
1971; Malik, 1986). However, such a scheme is inconsistent with the facies
distribution in the basin. The greatest thicknesses of coarse-grained and thick-
bedded facies (conglomerates, coarse-detrital limestones) are located in the
southwestern part of the basin (Pcszat, 1967, MencCik et al., 1983; Malik,
1986), i.e. they are most distant from the construed source areas. Furthermore,
apart from the dominatant eastward and southeastward transport directions
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Fig. 5 Blockdiagrain illustrating the genesis of organodetrilal limestones with ooids. Explana-
tions as in Fig. 3 and 4

Blokdiagram ilustrujacy geneze lawie zlepieicéw organodetrytycznych z ooidami. Objasnienia jak
naFig.3i4

proved by Ksigzkiewicz (1962), Peszat (1967), Slaczka et al. (1976), and
Malik (1986), other possibilities have also been mentioned by these aulhors
(i.e. northeastward). Finally, Stomka (1986a) also suggested the role of north-
ern transport direction in deposition of there coarse grained facics.
Interpretation of the results of microfacies analysis of limestone conglom-
erates from Zywiec area allowed us to make a attempt at the reconstruction of
the Silesian Ridge carbonate platform preliminary in latest Jurassic to earliest
Cretaceous time. These results support the hypothesis of the existence of
emerged parts of this ridge as early as in Tilhonian Lime (see Ksiazkiewicz,
1951; Nowak, 1973; Slomka, 1986a, Krobicki, 1993) and prove the gradual
eastward migration of tectonic movements which successively uplifted tec-
tonic blocks of the ridge (Fig. 5). Intense uplifts within the Silesian Ridge are
also documented by the sediments of dcbris-mud Hows reported from the Sola
sequence by Ksigzkicwicz (1958). Although this author attributed the flows to
the Upper Cieszyn Shales (Valanginian), at least some of these structures
undoubtly occur within the Upper Cieszyn Limestones (Slomka, 1993). There-
fore, a pattern can be established in the denudation of uplifted blocks and
deposition of resulting clastic material. During the initial destruction of carbo-
nate platform, deposition took place in the rather chaotic form of an apron.
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Subsequently, sedimentation became more ordered in the form of a submarine
fan. Eastward migration of uplift led to lateral interfingering of both types of
deposition. The submarine fan formed at the foot of the early uplifted western
block of the Silesian Ridge whereas an apron developed along the edges of
the newly uplifted eastern block (Fig. 5). An intensively eroded, emerged
fragment of the Silesian Ridge supplied clastic material which migrated
downslope and became enriched in components of the contemporaneous shal-
iow-water sediments.
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Streszc zenie

ZLEPIENCE ORGANODETRYTYCZNE Z OOIDAMI
W WAPIENIACH CIESZYNSKICH (TYTON - BERIAS)
POLSKICH KARPAT FLISZOWYCH | ICH ZNACZENIE

PALEOGEOGRAFICZNE

Jacek Matyszkiewicz & Tadeusz Stomka

W wapieniach cieszyriskich goérnych (bcrias) rejonu Zywca, w potoku
Led$na stwierdzono wystepowanie kilku tawic zlepiencow organodetry-
tycznych z ooidami (Fig. 1, 2). Wyodrebniono w nich nastepujgce mikrofacje:
oolitowo-gabkowa, ggbkowa i pirytowo-glonowa.

Utwory mikrofacji oolitowo-gabkowej sa oosparytami. W skiadzie ziar-
nowym dominujg ooidy i intraklasty wapieni cyjanobakteryjno-gabkowych;
podrzednie wystepujg onkoidy, otwomice, hydrozoa i glony. Skiadniki ziar-
nowe tkwig w blokowym cemencie kalcytowym. Podstawowym sktadnikiem
mikrofacji ggbkowej sa intraklasty wapieni cyjanobakteryjno-gabkowych z
fauna wieloszczetéw, serpul, otwomic, drobnych $limakéw i hydrozoa. Ma-
triks tej mikrofacji stanowi gtownie blokowy cement kalcytowy, ale obser-
wuje sie takze nagromadzenia wadycznego siltu. Utwory mikrofacji pirytowo-
glonowej wyksztatcone sa jako grainstone, lokalnie rudstone. Gtownymi
sktadnikami sa okruchy dctrytycznego pirytu i fragmenty glonow (krasnorosty
i Porostomata). WS$réd pozostatych skiadnikéw obserwuje sie detryt skorup
matzow, pojedyncze skorupy ramienionogow, ptytki szkartupni oraz ooidy.
Sktadniki ziarnowe tkwig w blokowym cemencie kalcytowym.

Z analizy mikrofacjalncj wynika, zc badany materiat pochodzi z kilku za-
zebiajacych sie obszarow facjalnych potozonych w rejonie ptytkiej i progradu-
jacej platformy weglanowej. Przedstawiony model (Fig. 3) nie rekonstruuje
Srodowiska sedymentacji, ale ilustruje jedynie hipotetyczne rozmieszczenie
poszczegdlnych facji platformy weglanowej na etapie czeSciowego jej wynur-
zenia i redepozycji materiatu do gtebszych czesci basenu $lgskiego. Jedynie
ooidy i onkoidy proste tworzyty sie w trakcie depozycji tawic zlepiefncow
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(berias). Pozostate skitadniki wyrdéznionych facji pochodzity z niszczenia
starszych osadow platformowych (nizszy berias, tyton?).

W proponowanym modelu zatozono istnienie dwu barier (Fig. 3). Pierwsza
z nich, potozona blizej strefy wynurzonej grzbietu $lgskiego byta najprawdo-
podobniej utworzona przez tzw. sponge-coral-algal mounds. W lagunie
potozonej miedzy strefa wynurzong a tg barierg silne ograniczenie cyrkulacji
wody mogto nawet powodowac¢ powstanie lokalnych warunkow redukcyjnych
w jej najgtebszych partiach. Warunki takie panowaty niewatpliwe w osadzie
pogrzebanym, tuz ponizej granicy osad/woda, gdzie zachodzity procesy piry-
tyzacji naptawianych roslin i skorup. W partiach brzeznych tej laguny two-
rzyty sie ooidy i rozwijaty glony.

Kolejne przegtebienie usytuowane blizej sktonu platformy oddzielat pier-
wotnie od otwartego morza pas budowli cyjanobakteryjno-ggbkowych. Pro-
gradacja platformy i tektoniczne ruchy wznoszgce spowodowaty, ze subbasen
ten z uptywem czasu przejagt role quasi-laguny. Silniejsza cyrkulacja wody
panujaca w jej wnetrzu, szczego6lnie na przedpolu bariery koralowo-glonowej
stwarzata dogodne warunki do tworzenia sie ooidow.

Warstwy cieszynskie powstawaty w gcosynklinalnym basenie $laskim,
ograniczonym grzbietami: od pétnocy inwaldzkim, a od potudnia $lagskim. W
kimerydzie i wczesnym tytonie (fupki cieszynskie dolne) dostarczany do ba-
senu materiat okruchowy pochodzit gtdwnie z grzbietu inwaldzkiego. W
péznym tytonie (wapienie cieszynskie dolne) tworzyty sie osady o coraz wy-
razniejszych cechach fliszu wapiennego. Dominujacy Zrédtem materiatu byt
nadal grzbiet inwatdzki, ale stopniowo rost udziat drugiego Zrédia - wyspy
zlokalizowanej na zachodnim krancu grzbietu Slgskiego. W beriasie, wskutek
ruchéw wypietrzajgcych w basenie $lagskim utworzyty sie dwie réwnolezni-
kowe rynny: goleszowska i wislicka, rozdzielone nieciggtym watem podmor-
skim (Fig. 4). Grzbiet inwatdzki zasilat rynne wislickg, natomiast rynne gole-
szowska gtownie wyspy grzbietu slagskiego. Na grzbiecie Slgskim az do p6zne-
go tytonu rozwinieta byta platforma weglanowa z bujnie rozwijajagcym sie
zyciem organicznym. W po6znym tytonie ruchy wypietrzajgce doprowadzity
do wynurzenia zachodniego kranca grzbietu. Poczgtkowo powstajgcy materiat
okruchowy usypywany byt w formie niezbyt rozlegtego fartucha réwnolegle
do osi basenu. Postepujace ruchy wypietrzajace trwale wynurzyty wieksze
fragmenty grzbietu Slaskiego, a ustabilizowana dostawa duzych iloSci mate-
riatu okruchowego gromadzonego w gornej czesci sktonu wyspy doprowa-
dzita do skanalizowania dcpozycji w formie podmorskiego stozka napty-
wowego (Fig. 5). Progradacja tego stozka nastepowata w kierunku nachylenia
strefy osiowej, a wiec generalnie w kierunku wschodnim.

W procesie niszczenia wynurzanych blokow i sedymentacji powstajgcego
materiatu okruchowego zaznaczyta sie prawidtowosc¢. Poczgtkowo, w trakcie
niszczenia platformy weglanowej, depozycja odbywata sie w obrebie chaoty-
cznie usypywanego fartucha, a pozniej nastepowato uporzgdkowanie se-
dymentacji w formie glebokomorskicgo stozka. Przesuwanie sie ruchdéw

3 — Ar.nalc* Souci.
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wypietrzajacych na wschdéd doprowadzito do bocznego zazebiania sie tych
dwoch typow sedymentacji. Podmorski stozek usypywany byt u podnéza
wczesniej wypietrzonego, usytuowanego na zachodnim krancu, bloku grzbie-
tu $laskiego, za$ fartuch wzdtuz Swiezo wypietrzanego wschodniego bloku, w
trakcie niszczenia platformy weglanowej (Fig. 5).

Interpretacja badan mikrofacjalnych zlepiencow wapiennych z rejonu
Zywca umozliwia pierwsza probe rekonstrukcji budowy platformy weglano-
wej grzbietu Slaskiego na przetomie jury i kredy. Potwierdza takze hipoteze o
istnieniu stref wynurzonych, w obrebie tego grzbietu, juz w tytonie, oraz
dokumentuje fakt stopniowego przesuwania sie na wschdd ruchoéw wypietrza-
jacych kolejne bloki tektoniczne tego grzbietu.

EXPLANATIONS OF PLATES
(OBJASNIENIA PLANSZ)

Plate (Plansza) |

1 — Type 1ooid. Numerous, well-developed microspar laminae separated by micrite envelopes
grow concentrically on the nucleus. The nucleus is partly silicified. On the left - fragment of
algae Marinella litgeoni Pfender. Oolithic-sponge microfacies.

Ooid typu 1. Widoczne liczne, dobrze czytelne powtoki mikrosparu przedzielone miedzypo-
wtokami mikrytowymi i rozwiniete koncentrycznie na jadrze. Jadro cze$ciowo zsylifiko-
wane. Z lewej fragment glonu Marinella litgeoni Pfender. Facja oolitowo-ggbkowa.

2 — Type 1 ooid. Nucleus is a pehnicrile intraclast with abundant authigenic quartz crystals.
Microspar laminae are well developed only in the areas of maximum curvature. Oolithic-
sponge microfacies.

Ooid typu 1. Jadro tworzy inlraklast pelmikrytowy z licznymi krysztatami kwarcu autige-
nicznego. Mikrosparytowe laminy sg wyraznie rozwiniete jedynie na odcinkach najwiekszej
krzywizny jadra. Facja oolitowo-gagbkowa.

3,4 — Type looids. Nuclei are silicified and authigenic quartz crystals are produced. Oolithic-
sponge microfacies.

Ooidy typu 1. Jadra wykazujg sylifikacje kwarcem autigenicznym. Facja oolitowo-gabko-
wa.

Plate (Plansza) Il

1 — Type 1, 3 and 4 ooids. Central left - type 1 ooid with numerous, well-preserved laminae
coexists with type 3 ooids (bottom left, lop right) which show poorly developed cortex with
few laminae growing over a large nucleus and with type 4 (bottom right) ones which have
only one laminae composed of radially arranged crystals. Oolithic-sponge microfacics.

Ooidy typu 1, 3 i 4. Ooid typu 1 (z lewej, w $rodku) o licznych i dobrze czytelnych
powtokach korteksu wspotwystepuje z ooidami typu 3 (z lewej, u dotu; z prawej, u gory),
ktore cechuje stabo rozwiniety korteks zbudowany z nielicznych lamin otaczajgcych duze
jadro i ooidami typu 4 (z prawej, u dotu) charakteryzujacych sie korteksem zbudowanym z
jednej laminy utworzonej z radialnie utozonych krzysztaléw. Facja oolitowo-ggbkowa.
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Type 3 ooid. Poorly developed corlex grows around nucleus which is partly micritized
echinoderm plate. Sponge microfacies.

Ooid typu 3. Widoczny stabo rozwiniety korteks najadrze, ktore stanowi ptytka szk;trtupni
czesciowo zmikrytyzowana. Facja ggbkowa.

Type 3 ooid (top) and oncoid (boLtom). Ooid nucleus is a fragment of algae Cayeiixia sp.
overgrown by few microsparite envelops. High nucleus/cortex ratio is remarkable. Outer
ooid laminae show traces of dissolution along the contact with the oncoid. Dissolved parts
are replaced with blocky calcite cement and authigenic quartz. Oncoid (Tubiphytes sp.)
shows visible concentric structure. The nucleus is formed by foraminifera Nodophlhalniium
sp., the outer laminae are locally intensively dissolved. Oolithic-sponge microfacies.

Ooid typu 3 (u gdry) ionkoid (u dotu). Jadro ooidu stanowi fragment glonu cf. Cayeiixia sp.,
na ktérym rozwiniete sg nieliczne powtoki mikrosparu. Zwraca uwage duzy stosunek
wielkosci jadra do grubosci powtok korteksu. Na kontakcie z onkoidem zewnetrzne powtoki
korteksu wykazujg $lady rozpuszczania. Na miejscu rozpuszczonych fragmentéw korteksu
wystepuje blokowy cement kalcytowy i kwarc autigeniczny. Onkoid (typu Tubiphytes sp.)
wykazuje do$¢ wyrazng koncentryczna budowe; jego jadro buduje przypuszczalnie otwor-
nica cf. Nmlophtluilniidium sp.; zewnetrzne powtoki korteksu sg lokalnie silnie rozpusz-
czone. Facja oolitowo-gabkowa.

Type 2 ooid. Micritic matrix which encloses the ooid is an infilling of bivalve shell.
Boundaries of sparite laminae arc obliterated by micrilization. Nuclcus is poorely pro-
nounced and grades into partly micritized corlex. Oolithic-sponge microfacies.

Ooid typu 2. Mikrytowe inatriks otaczajgce ooid jest wypetnieniem muszli matza. Granice
lamin sparylowych sg zatarte w nastepstwie zaawansowanej mikrylyzacji. Jadro jest stabo
wyodrebnione i ptynnie przechodzi w zmikrytyzowany cze$ciowo korteks. Facja oolitowo-
gabkowa.

Simple oncoids. One of the oncoids in the centre of photograph shows nucleus composed of
partly dissolved gastropod shell. In bottom part - foraminifera Ammobaculites sp. Oolithic-
sponge microfacies.

Onkoidy proste. W $rodku zdjecia jadrem jednego z onkoid6éw jest czesciowo rozpuszczona
muszla $limaka. U dotu otwornica Ammobaculites sp. Facja oolitowo-ggbkowa.

Plate (Plansza) IlI

Type 3 ooids embedded in pyrilic matrix. Relics of aragonite rods locally grow on the outer
surfaces of the grains. Some of the relics show features of meniscus cement. Pyritic matrix
is locally composed spherulitic aggregates. Sponge microfacies.

Ooidy typu 3 wystepujace w obrebie piiytowego inalriks. Na zewnetrznych powilokach
ooidéw wystepujg lokalnie igielkowate relikty krysztatow aragonitu. Lokalnie relikty te
majg charakter cementu meniskowego. Pirytowe inatriks jest lokalnie zbudowane z agrega-
tow sktadajacych sie z licznych kuleczek. Facja gabkowa.

Type 2 ooids. Very regular shape of the grain is remarkable. Laminae boundaries are
obliterated by advanced micrilization. Nucleus is poorely defined. Locally, authigenic quartz
crystals can be observed in cortex and in cracks. Oolithic-sponge microfacies.

Ooid typu 2. Zwraca uwage bardzo regularny ksztatt ziarna. Granice poszczeg6lnych lamin
sg zatarte w wyniku zaawansowanej mikrylyzacji. Jadro jest bardzo stabo wyodrebnione.
Lokalnie, w obrebie korteksu oraz w szczelinach spekan widoczne liczne krysztaty kwarcu
autigenicznego. Facja oolitowo-ggbkowa.

Type 3 ooids. Nucleus composed of echinoid spine is overgrown by partly micritized
microspar laminae. Oolithic-sponge microfacies.
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Ooid typu 3. Jadro stanowi kolec jezowca, na ktérym rozwiniete sg powtoki mikrosparu,
czesSciowo zmikrytyzowane. Facja oolitowo-ggbkowa.

Type 1 and 3 ooids forming aggregate grains. Fragment of algae Marinella lugconi Pfender
visible on the right. Oolithic-sponge microfacies.

Ooidy typu 1i3 moga wystepowac¢ w formie ziam agregacyjnych. Z prawej fragment glonu
Marinella lugeoni Pfender. Facja oolitowo-gabkowa.

Plate (Plansza) IV
Partly deformed type 3 ooid (left) and eccentric type 5 ooid (right). Oolithic-sponge micro-
facies.

Czesciowo zdeformowany ooid typu 3 (z lewej) i ooid ekscentryczny typu 5 (z prawej).
Facja oolitowo-ggbkowa.

Ooids in pyritic matrix. Sponge microfacies.
Ooidy w pirytowym matriks. Facja ggbkowa.

Strongly micritized ooids with nuclei replaced by aulhigenic quartz grains wilh numerous
inclusions. Sponge microfacies.

Silnie zmikrytyzowane ooidy o jadrach zastgpionych przez kwarc autigeniczny zawierajgcy
liczne inkluzje. Facja ggbkowa.

Oncoid Tubiphytes sp. Outer laminae are locally dissolved. Cortex encloses numerous
authigenic quartz crystals. Oolithic-sponge microfacies.

Onkoid typu Tubiphytes sp. Zewnetrzne powtoki korteksu sg lokalnie rozpuszczone. Kor-
teks zawiera liczne krysztaty kwarcu autigenicznego. Facja oolitowo-ggbkowa.

Plate (Plansza) V

Fragment of calcareous algae Solenopora sp. Oolithic-sponge microfacics.
Fragment glonu wapiennego Solenopora sp. Facja oolitowo-ggbkowa.

Fragment of calcareous algae Solenopora sp., section close to transversal. Pyrilic-sponge
microfacies.

Fragment glonu wapiennego Solenopora sp., przekréj zblizony do poprzecznego. Facja
pirytowo-glonowa.

Fragment of calcareous algae Cayeuxia sp. Pyrilic-sponge microfacies.
Fragment glonu wapiennego Cayeuxia sp. Facja pirylowo-glonowa.
Fragment of algae filament Marinella lugeoni Pfender. Sponge microfacies.
Fragment plechy glonu Marinella lugeoni Pfender. Facja gabkowa.

Red algae Marinella lugconi Pfender. Pyritic-sponge microfacies.
Krasnorost Marinella lugeoni Pfender. Facja pirytowo-glonowa.

Plate (Plansza) VI

Hydrozoans with vadose silt on the left. Sponge microfacies.
Hydrozoa. Z lewej wadyczny silt. Facja ggbkowa.
Longitudial section of a coral with local vadose silt infilling. Sponge microfacies.

Przekroj podtuzny przez koralowiec. Lokalnie widoczne wypetnienie wadycznym siltem.
Facja gabkowa.

Transversal section of a coral. Sponge microfacies.
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Przekroj poprzeczny przez koral. Facja ggbkowa.
Hydrozoan fragment. Oolithic-sponge microfacies.
Fragment hydrozoa. Facja oolitowo-ggbkowa.

Intraclast of cyanobacterial-spongeous limestone with transversal section of serpulae.
Sponge microfacies.

Intraklast wapienia cyjanobakteryjno-ggbkowego. Widoczny przekrdj poprzeczny przez
serpule. Facja ggbkowa.

Intraclast with fragments of algae Pcrmocalculus sp. (arrow) and partly dissolved gastropod
shell. Vadose silt is visible right from the inlraclast. Sponge microfacies.

Intraklast zawierajgcy fragmenty glonu Permocalculus sp. (strzatka) i czeSciowo rozpusz-
czonego S$limaka. Na prawo od intraklastu wadyczny silt. Facja ggbkowa.

Plale (Plansza) VII
Intraclast with quite well-preserved internal structure of calcilized siliceous sponge. Sponge
microfacies.

Intraklast. Widoczna dos$¢ dobrze zachowana struktura budowy wewnetrznej skalcyfikowa-
nej gabki krzemionkowej. Facja ggbkowa.

Tubiphytes moronensis. Central part of the oncoid is occupied by foraminifera Nodophtal-
midium sp. and authigenic quartz crystal. Sponge microfacies.

Tubiphytes moronensis. Centralng cze$¢ onkoidu zajmuje otwornica Nodophthalmidiuni sp.
oraz krysztat kwarcu autigenicznego. Facja ggbkowa.

Spherulitcs of inferred cyanobacterial origin. Sponge microfacies.
Sferolity o genezie prawdopodobnie cyjanobakteryjnej. Facja ggbkowa.

Terrebella lapilloides Munster - polychaet typical of sponge facies. Arenaceous tube Filled
with geopetal infilling. Sponge microfacies.

Terrebella lapilloides Munster - wieloszczet typowy dla facji ggbkowej. Wewnatrz agluty-
nujacej rurki widoczne wypetnienie geopetalne. Facja ggbkowa.

Plate (Plansza) VIII

Dolomite intraclast with partial dcdoloinilization. Sponge microfacies.

Intraklast dolomitu wykazujacego czesciowa dedolomityzacje. Facja ggbkowa.

Fragment of PI. VIII: 1. Dark pigment filling intercrystalline spaces originates from iron
oxides. Aggregates of minute spheroids are pyrite accumulations. Sponge microfacies.

Fragment PIl. VIII: 1. W obrebie intraklastu dolomitu widoczna ciemna substancja miedzy
krysztatami pochodzgca od tlenkéw Fe. Skupienia drobnych, ciemnych kulek sg agregatami
pirytu. Facja ggbkowa.

Cavern in pelmicrite intraclast with walls covered with fibrous cement film and interior
filled with dolomite crystals, partly dedolomitized. Oolithic-sponge microfacies.

Kawema w intraklascie pelmikrytowym. Scianki kawerny pokrywa powtoka cementu wité-
knistego, za$ wnetrze jest wypetnione czeSciowo zdedolomityzowanymi krysztatami do-
lomitu. Facja oolitowo-ggbkowa.

Pyritic-algal microfacies. Fragment of red algae Marinella lugeoni Pfender (upper right),
pyritized bivalve shell (centre) and eccentric ooid (bottom).

Facja pirytowo-glonowa. Fragment krasnorostu Marinella lugconi Pfender (u géry, z pra-
wej), spirytyzowana muszla matza (w $rodku) i ekscentryczny ooid (u dotu).
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Pyritized shell of juvenile ammonite with well preserved suture lines. Pyritic-algal micro-
facies.

Spirytyzowana muszla juwenilnego amonita. Widoczne dobrze zachowane linie lobowe.
Facja pirytowo-glonowa.

Plate (Plansza) IX

Oolithic-sponge microfacies. Blocky sparry cement encloses numerous ooids, simple on-
coids, fragments of bivalve shells and irregular intraclasts of cyanobacterial-sponge lime-
stones with traces of dolomitization and dcdolomitization.

Facja oolitowo-ggbkowa. W blokowym cemencie sparytowym wystepujg liczne ooidy,
onkoidy proste, fragmenty matzéw i nieregularne intraklasty wapieni cyjanobakteryjno-gab-
kowych ze $ladami dolomityzacji i dedolomityzacji.

Sponge microfacies. Numerous cyanobacterial-sponge limestone intraclasts show dissolu-
tion of the grain boundaries. Locally, vadose silt is present.

Facja ggbkowa. Liczne intraklasty wapieni cyjanobakteryjno-ggbkowych wykazujg na kra-
wedziach $lady rozpuszczania. Lokalnie nagromadzenia wadycznego siltu.

Plate (Plansza) X

Sponge microfacies. Intraclasts of cyanobacterial-sponge limestones, dolomites (top) and
pyritic matrix with abundant ooids. Locally, vadose silt is accumulated.

Facja gabkowa. Prdécz intraklastbw wapieni cyjanobakteryjno-ggbkowych obserwuje sie
takze intraklasty dolomitu (u gory) i intraklasty zawierajgce liczne ooidy w pirytowym
matriks. Miejscami nagromadzenia wadycznego siltu.

Pyritic-algal microfacies. Two main components are visible - dark, angular grains of detrital
pyrite and numerous, rounded algae fragments.

Facja pirytowo-glonowa. Widoczne dwa podstawowe skiadniki: ciemne, ostrokrawedziste
ziarna dctiytyczncgo pirytu iliczne, obie fragmenty glondw.





