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Abstract: Turbiditic silty and sandy intercalations in the Turonian Variegated Shale from the Silesian Nappe (Pol-
ish Outer Carpathians) contain numerous sponge spicules among siliciclastic fine-grained particles. The highest
amount of spicule admixture is nearly 50%. In such layers, they create spiculitic sublitharenite microfacies. These
sponge spicules contain forms belonging mostly to the Lithistida group (97% of morphotypes), with a small ad-
mixture of spicules from the Hexactinellidae group. Tetraclones with a high content of different types of triaenes
dominate among desmas, what indicates the dominance of sponges from subfamily Tetracladina. The preserva-
tion state of spicules is generally poor. The Variegated Shale deposits that contain the sponge spicules were ac-
cumulated in a deep sea basin, below the calcium compensation depth. Most probably, the spicules were derived
from loose material accumulated earlier in various parts of the basin slopes, from which they were exhumed and

again redeposited by turbidity currents during the Turonian times.
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INTRODUCTION

Lithistid sponges first appeared as framework
builders in the Early Ordovician, and rapidly
evolved, adapting to shallow-water, agitated envi-
ronments (Wiedenmayer 1980). In the Late Car-
boniferous and Permian, lithistid sponges reached
their peak in diversification. The second major
period of siliceous sponges’ radiation and diversi-
fication was the Late Jurassic, when sponge-bear-
ing facies became widespread along the northern
margin of the Western Tethys (Wiedenmayer
1980). The Early through Mid-Cretaceous times

represent another period of relatively diverse
sponge faunas’ growth within the epicontinental
seas. Sponge community with relatively diverse
lithistids was common especially within the glau-
conitic and chalk facies of this age in the North
and Northwestern Europe (Nestler 1961, Reid
1962, Wiedenmayer 1980, Gasse et al. 1991, Kauff-
mann et al. 2000).

The Mid-Cretaceous (Albian-Cenomanian)
was a period of accumulation of spicule-bear-
ing deposits also in the deep basins of the Outer
Carpathians, spreading-out along the south-
ern edge of the West European Platform. These
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are fine-grained turbidities consisting of detrital
material mixed with biogenic particles, which
are predominantly siliceous spicules of lithistids.
The previous concept of the deposition time of
spicule-bearing deep-water sediments was that it
terminated during the Late Cenomanian, before
the oceanic anoxic event (OAE2). In this paper,
we present and discuss new data about the occur-
rence of sponge spicules in the Turonian deep-
water facies (after the OAE2), ending the main
period of spicule-bearing sedimentation in the Si-
lesian Basin (Polish Outer Carpathians).

GEOLOGICAL SETTING

The Outer Carpathians (Fig. 1A, B) comprises
several nappes folded and overthrust mainly
during the Middle and Late Miocene times (e.g.
Ksigzkiewicz 1975, 1977, Oszczypko 2006) as
a result of oblique convergence between the Eur-
asian Plate and Alcapa (e.g. Golonka et al. 2000,
Csontos & Voros 2004). The Silesian Nappe be-
longs now to the outer group of nappes and forms
a wide belt along the margin of the Magura Nappe
within the Czech, Polish and Ukrainian territo-
ries (Ksigzkiewicz 1977).

During the Cretaceous, the Outer Carpathian
area consisted of several deep longitudinal ba-
sins, separated by shallow (submarine) or emer-
gent ridges. The deposits of the Silesian Nappe
have been deposited within the basin, restricted
to the south by the exotic Silesian ridge and to
the north by the southern margin of the West Eu-
ropean Platform (to the west) and by the subma-
rine Subsilesian ridge (to the east) (Ksigzkiewicz
1962). In the Silesian Basin, the sedimenta-
tion begun during the Late Jurassic times (e.g.
Ksigzkiewicz 1956, 1977, Oszczypko 2004).

Sedimentation of spicule-bearing turbidites
(upper part of the Middle Lgota Beds; Fig. 2) started
during the Albian (Unrug 1959, 1977, Alexandro-
wicz 1973). These sediments are composed of cen-
timetre-thick beds (up to 25 cm thick) of fine- to
medium-grained, dark-grey and black greywakes,
siliceous shales and biomicrites, partly silicified,
in packages up to 20 cm thick. Parallel lamination
predominate, with laminas of 0.1-0.4 mm thick,
built of alternating quartz, black mineral grains,
and flats of organic matter.

The main body of the spicule-bearing deposits
is represented by the Mikuszowice Cherts (Upper
Lgota Beds; Fig. 2), Middle-Late Cenomanian in
age (Sujkowski 1933, Ksigzkiewicz 1936, M. Bak et
al. 2005, 2011, 2013). These deposits are composed
of centimetre-thick turbidites, which are fine-
grained siliciclastics such as greywackes, mud-
stones and siltstones, with biogenic admixture,
and also calcarenites to calcisiltites, usually sil-
icified. The most distinguishing feature of these
deposits, visible only in thin sections, is a high
content of siliceous sponge spicules. Other com-
monly present biogenic particles are planktonic
and benthic calcareous foraminifers, and radi-
olarians.

The sedimentation rate of the spicule-bear-
ing turbidites decreased upward section, as
documented in the Barnasiowka Radiolarian
Shale Formation (14.5 m thick; Fig. 2; K. Bak
et al. 2001, K. Bgk 2007a). This unit includes
the uppermost Cenomanian organic-rich facies
of the oceanic anoxic event (OAE2; K. Bagk
2007a). It is followed by the Turonian hemipe-
lagic non-calcareous Variegated Shale (Fig. 2),
where the delivery of spicules finally terminated.
These deposits are mainly non-calcareous, red
and green claystones, with rare silty and sandy
turbidite intercalations. In the Silesian Nappe,
the Variegated Shale is covered by a succession
of glauconite-rich turbidites of the Godula Beds
(not studied here) up to 600 m in the surround-
ing area (Fig. 1B; Stomka 1995).

Geological sections

Sponge spicules have been studied in two sections,
located in the western part of the Silesian Nappe
(Polish Outer Carpathians): (1) at the Barnasiow-
ka-Jasienica quarry and (2) in the right tribu-
tary of the Zasanka stream at Trzemesnia village
(Fig. 1A, B).

The Barnasiéwka-Jasienica quarry section (ac-
tive quarry during field studies in 2011-2012) is
located in the vicinity of the Bysina and Jasieni-
ca villages, 5 km west of Myslenice town, about
30 km south of Krakéw (Fig. 1A, B). In this
quarry, the succession of the Variegated Shale
(10.5 m thick) occurs in its northern part, where
it is underlain by the Barnasiéwka Radiolarian
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Shale Formation (14.5 m thick), the Mikuszo-
wice Cherts (35 m thick) and the upper part

of the Middle Lgota Beds (about 20 m thick;

Figs 1C, 2).
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The Trzemesnia section is situated 10 km east
of Myslenice in the Trzeme$nia village, near
the mouth of a right short tributary of the Zasan-
ka stream (Fig. 1A, B, D). In this section, the Vari-
egated Shale (10.5 m thick) occurs in the topmost
part of the creek. These sediments are underlain
by the upper part of the Barnasiéwka Radiolar-
ian Shale Formation (BRSF; about 5 m thick;
Figs 1D, 3). The BRSF is in tectonic contact with
the Mikuszowice Cherts (about 10 m thick), which
are also tectonically reduced in this locality.

The Variegated Shale in both studied sections is
composed of predominantly non-calcareous green,
red and varicolored claystones/mudstones with rare
thin intercalations of siltstones and thin-bedded
(up to 6 cm) fine-grained sandy turbidites (Figs 2, 3).
The most common bioclasts visible in thin sections
of the turbidite layers are radiolarians and spicules
of sponges. They are present in claystone, siltstone,
and sandstone, ranging between 1-50%.

Stratigraphy

Green, red and varicolored siliceous claystones/
mudstones (Variegated Shale) lies on the uppermost
Cenomanian organic-rich facies, interpreted as an
equivalent of the Bonarelli Level (K. Bgk 2007a-d),
known from the Northern Apennines and other
Tethyan regions. The organic-rich horizon, about 2.2
m thick, visible in both studied sections (Figs 2, 3),
represents sediments of the oceanic anoxic event
(OAE2), as was documented using stable carbon
isotope stratigraphy by K. Bak (2006, 2007a—c). This
horizon is overlain by the first ferromanganese layer
(about 10 cm thick), a chronohorizon in the Polish
Outer Carpathians (K. Bagk 2007d), in which the first
red siliceous claystone layer occurs. According to
K. Bak (2007a, d), a correlation of the organic car-
bon curves from the Outer Carpathian sections
with the high resolution data from the Pueblo (USA;
Sageman et al. 2006) shows that the base of the Vari-
egated Shale lies in the uppermost Cenomanian,
near the Cenomanian-Turonian boundary. This
boundary is marked in 0.5-0.9 m thick interval be-
tween the base of the first Fe-Mn layer (directly over-
lying the organic-rich facies) and the base of the first
organic-rich shale, which directly underlies the sec-
ond Fe-Mn layer (for details see: K. Bak 2007a-d).
Consequently, excluding the 0.9 m thick interval
between two ferromanganese layers, the remaining
part of the studied Variegated Shale corresponds

to the Turonian. More precise determination of
the age of the Variegated Shale is impossible due to
a lack of diagnostic for age micro- and macrofossils.
The previous stratigraphic studies from the Silesian
Nappe, based mainly on Radiolaria and agglutinated
Foraminifera (e.g. Bieda et al. 1963, M. Bak 2000,
2011, K. Bak et al. 2001), did not allow the division of
the Turonian stage into stratigraphic zones.

METHODS

A total of 18 samples from a 10.5 m thick section of
the Variegated Shale in the Barnasidwka-Jasienica
quarry and 31 samples from a similar section in
Trzemes$nia were used in this study. Samples were
collected every 10-50 cm from mudstone/siltstone
and sandstone layers. Sponge spicules were ex-
tracted from pieces of about 200 g weight, which
were treated by 3-5% hydrofluoric acid. Residues
(1-3 g) were dried, weighed and washed through
sieves with mesh diameters of 500-63 um. The mi-
crofossils and microfacies were additionally deter-
mined in thin sections of the rocks (for samples
location see: Figs 2, 3).

The microfacies analysis was focused on the re-
cognition of the mineral and biogenic components
of the turbidite layers in the Variegated Shale and
also of the type of cement. The classifications
after Folk (1974) and Pettijohn et al. (1972) were
used for siliciclastic rocks, and classifications after
Folk (1959, 1962) were used for carbonate rocks.
Photographs of microfauna and microfacies were
made using the stereoscopic microscope by Nikon
SMZ1500 with digital camera. Microfaunal slides
and thin sections are housed in the Geology De-
partment of the Institute of Geography, Pedagogi-
cal University of Cracow.

RESULTS

Microfacies with sponge spicules
in the Variegated Shale

The sandstone and siltstone layers of the Turonian
Variegated Shale contain quartz, glauconite grains,
mica flakes, and biogenic clasts which are sponge
spicules and radiolarian skeletons. The highest
amount of biogenic admixture is 50%. The litho-
logical content and diversity of these formations
were mainly controlled by turbidity currents
which dominated sedimentation in the Silesian
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basin at that time. Diversity of clastic components
and their volume in relation to matrix allowed for
a determination of various lithofacies within these
deposits (Figs 4-8). Usually, a single turbidite lay-
er represents a sequence of microfacies, resulting
from the segregation of particles by the flow and
gravity settling. A single depositional event may
include detrital grains such as quartz and lithic

grains, usually forming a sequence of microfacies
as: sublitharenite passing upwards to sublitharen-
ite with increasing content of sponge spicules,
which passes into microfacies containing more
clay and/or micrite/sparite with increasing con-
tent of radiolarians. These sequences finally pass
to deep-water hemipelagites and pelagites without
sponge spicules.

Fig. 4. Microfacies of turbiditic layers containing sponge spicules from the Turonian Variegated Shale in the Barnasiéwka-
Jasienica quarry: A) sublitharenite enriched in sponge spicules (sp) containing rare radiolarians (r), sample J1000, plane-po-
larized light; B) close-up view of quartz-glauconitic fine arenite with rare sponge spicules (sp) filled with microquartz crystals
(mgq), sample J1000, cross-polarized light; C) sublitharenite enriched in sponge spicules (sp) showing different orientation of
spicules, sample J1097, cross-polarized light; D) general view of sublitharenite enriched in sponge spicules (sp), sample J1266,
cross-polarized light; E) general view of quartz fine arenite, sample J1325, cross-polarized light; F) spiculitic fine sublitharenite
with sponge spicules (sp) and voids after radiolarian skeletons (r) which are filled with isopachous rims or pseudobotryoidal

chalcedony cement, sample J1325, cross-polarized light
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Fig. 5. Microfacies of turbiditic layer containing sponge spicules from the Turonian Variegated Shale in the Barnasiowka-
Jasienica quarry, sample J1149, cross-polarized light: A) quartz fine arenite; B) close-up view showing microquartz cluster
(mq) which may be a remnant of recrystallized spicules of sponge; C) cross-section of sponge spicule filled with botryoidal
chalcedony cement; D) close-up view of sponge spicule cross-sections (sp) showing different stages of recrystallization from
chalcedony cement to micro- and mega-quartz; E) general view of siltstone showing quartz grains and mica flakes surro-
unding by sparite

Seven types of microfacies have been distin-
guished in the Turonian Variegated Shale suc-
cession. There are: (1) quartz fine arenite and
siltstone, (2) quartz-glauconitic fine arenite and
siltstone, (3) sublitharenite enriched in sponge
spicules, (4) spiculitic fine sublitharenite, (5) ra-
diolarian-spiculitic packed biomicrite, (6) radi-
olarian sparse biomicrite, and (7) pellet sparse
biomicrite.

Quartz fine arenite and siltstone (Figs 4E, 5A,
6A) are fine- to medium-grained rocks, com-
posed of quartz (up to 85%), carbonate, mica, and
lithic grains, with calcitic matrix or cement. They
include usually less than 1% of biogenic compo-
nents such as sponge spicules (Fig. 5B-D). Ra-
diolarians are not visible in thin sections. They
are also rarely present in a loose residuum after
the chemical disintegration of a rock sample.

Quartz-glauconitic fine arenite and siltstone
(Figs 4B, 6B) are equivalents of quartz fine arenite
and siltstone, but these microfacies contain much
more grains of glauconite, with the highest abun-
dance, up to 40%, in some layers.

Sublitharenite enriched in sponge spicules
(Figs 4A-E, 5C, D, 7A, B) contains less than 15%
microquartz matrix, and the framework consists
of fine-grained quartz. Biogenic grains are domi-
nated by sponge spicules and small admixture
(1-3%) of radiolarian tests.

Spiculitic fine sublitharenite (Fig. 8A) contains
fine quartz grains with an admixture of biogenic
particles which are mostly sponge spicules, asso-
ciated with radiolarians. The content of sponge
spicules is up to 50%. They are present as re-
crystallized microquartz. The average content of
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radiolarians range between 0% and 20% of sand-
size grains. Radiolarian skeletons are moderately
to poorly preserved and recrystallized. Intrapar-
ticle porosity or voids after radiolarian skeletons
are filled with isopachous rims or pseudobotry-
oidal chalcedony cement.

Radiolarian-spiculiticpackedbiomicrite (Fig.7C,
D) usually passes to radiolarian sparse biomicrite
(Fig. 7E, F), where radiolarians predominate as
particles of grain skeleton surrounding by more
clayey matrix. Radiolarians make up to 60% of
this microfacies.

Fig. 6. Microfacies of the Turonian Variegated Shale in the Trzemesnia section: A) close-up view of thin quartz fine arenite seam
in red shale, sample Trz67a, cross-polarized light; B) one-millimeter thick layer of quartz-glauconitic fine arenite gradually
passing into siltstone, its lower boundary with pellet sparse biomicrite is sharp, sample Trz67a, plane-polarized light; C), D)
close-up view of the same part of thin section under plane- and cross-polarized light, showing pellet sparse biomicrite containing
well-preserved pellets, sample Trz67c

Their dimensions range from less than
25-250 pm. Spicules of siliceous sponges belong
toother biogenic components. Spicules located in
clayey surroundings are set out from their usual
parallel position because of compaction. This ar-
rangement might be an effect of bioturbation, but
it is interpreted here as resulting from more exten-
sive cementation near clayey seams, which were
a source of dissolved solids for cementation and
subsequent silicification.

Radiolarian sparse biomicrite (Fig. 8A) consists
exclusively of biogenic components, which makes
up 10-60% of the whole rock. The grains are pre-
dominantly voids after radiolarian skeletons usu-
ally filled by microquartz. Other biogenic compo-
nents are rare sponge spicules.

Pellet sparse biomicrite (Fig. 6B-D) contains
common faecal pellets, which are present both
in green and red claystones. Their size differs

Geology, Geophysics and Environment, 2014, 40 (1): 33-48
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from 50 um to 250 pm. The pellets may com-
prise up to 70% of the rock, though their greater
proportion cannot be excluded because partly
disintegrated or strongly flattened pellets are
difficult to recognize. Pellets sharply separated

from the background are less common than dis-
integrated forms. Pellets differ in size and shape.
They are regularly ellipsoidal to oval, some of
them are slightly flattened; ellipsoidal forms
predominate.

Fig. 7. Microfacies of turbiditic layers containing sponge spicules from the Turonian Variegated Shale in the Trzemesnia sec-
tion: A) sublitharenite enriched in sponge spicules; most of the spicules are strongly crushed, with traces of dissolution and later
recrystallization, sample Trz72, plane-polarized light; B) spiculitic sublitharenite with parallel arrangement of sponge monax-
ones, sample Trz75a, plane-polarized light; C), D) general view of radiolarian-spiculitic packed biomicrite; view of the same
part of thin section under plane- and cross-polarized light, sample Trz75a; E), F) close-up view of radiolarian-spiculitic packed
biomicrite under plane- and cross-polarized light, showing that biogenic grains are surrounded by sparite, sample Trz75a
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Fig. 8. Microfacies of turbiditic layers containing sponge spicules and radiolarians from the Turonian Variegated Shale in
the Trzemesnia section: A) general view of several seams of spiculitic sublitharenite passing upward into radiolarian sparse
biomicrite, sample Trz87a, plane-polarized light; B) close-up of radiolarian-spiculitic sparse biomicrite, infilled voids after radi-
olarians which are present in more clayey part, sample Trz75a, plane polarized light; C), D) general view of radiolarian spiculitic
sparse biomicrite under plane- and cross-polarized light; note area of silicification (si) which is visible around the sponge spicules
within clay material, sample Trz87a

Sponge spicules

Spicules of sponges are present in the Variegated
Shale within siltstone/mudstone and sandstone
layers, which are usually less than 6 cm thick. They
start to appear about 2-2.5 m above the organic-
rich facies of the OAE2 in the studied sections. In
singular turbiditic layer, spicules are present only
in redeposited sediments. They are most com-
mon in sand-fraction of the sediment and become
absent in the uppermost interval of a Bouma se-
quence that is related to pelagic sediment.

The assemblages of isolated spicules contain
mostly forms, which belong to the Lithistida
group (97% of morphotypes), with a small admix-
ture of spicules belonging to the Hexactinellidae.
The predominance of tetraclones among desmas,
and the high-content of different types of triaenes

(Fig. 9), indicate the dominance of sponges from
subfamily Tetracladina (sensu Zittel 1878 vide De
Laubenfels 1955).

Three sponge spicule morphotypes domi-
nate. These are triaenes, desmas and selenasters
(Fig. 9). Spicules of Hexactinellidae (Fig. 9R) are
very rare.

The total content of triaenes in the whole spi-
cule assemblages is 59%. Triaens are always four-
axis, and they can be classified into basic subtype
according to Pisera (1997). The first distinguished
subtype is represented by tetractines, which are
caltrops or tetractines with one reduced arm.
The second subtype comprises of spicules with
one long axis and three, short axes bifurcating at
one side of spicule. Dichotriaenes and prodichot-
riaenes predominate.
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N

Fig. 9. Spicules of siliceous sponges from Turonian Variegated Shale in the Trzemesnia section. Demosponge spicules: A) Pro-
dichotriaene; B) Prodichotriaene or protriaene; C) strongly crushed form resembling Ortotriaene; D) Ortotriaene or calthrop,
additionally ornamented; E) Tetractine; F) Prodichotriaene; G) Tetractine or incomplete criccalthrop; H), I) unidentified type
of desmas; J) desmas, most probably rhizoclone-type; K) unidentified various types of desmas; L) strongly crushed, probably
prodichotriaene spicule; M) incomplete phyllotriaene; N), O) unidentified types of desmas; P) incomplete triaene. Hexactinellid
spicule: R) incomplete acanthopentactine or pentactine. G, H, N, O - sample Trz73; A, E, F, ], M, P - sample Trz-75; D, K - sam-

ple Trz82; L - sample Trz87; B, C, I - sample Trz97

The second subtype of sponge spicules com-
prises the selenasters and similar to them, but very
rare, oxyspherasters. The first group is common
in the studied assemblages. They are smooth on
the surface and have a bean-shape. Their size is
between 0.12-0.17 mm. Oxyspherasters are com-
monly larger (up to 0.18 mm), and the main dif-
ference between them is the number of “spines”
extending from the spherical inner part of the spi-
cule. The content of both subtypes in the assem-
blage is 22%.

The third subtype of sponge spicules compris-
es the desmas, which are generally irregular. Their
shape is differentiated and commonly possesses
root-like outgrowths, called clones. The geometry
of desmas is multiaxial. In the studied assemblag-
es, tetraclones predominate, and rhyzoclones are
frequent. The content of desmas in the whole as-
semblage is 16%.

The other morphotypes of sponge spicules, are
rare triaxons, pentactines and hexactines, compris-
ing of up to 3% of the whole spicule assemblages.

Additionally, monaxones (oxea or style) were
occasionally found in the material studied. They
are usually well-preserved as long and thick spi-
cules. Monaxones are straight or tightened in
the two ends (oxeasters), or only at one end (thy-
lostyle). These spicules were not taking into ac-
count because this type can be present in different
sponge groups, and does not have any significance
in the sponge classification.

Preservation state of spicules

Spicules founded in the samples residuum, are
strongly crushed. They are usually in pieces of
0.3-0.5 mm long. Only various types of mon-
axones are longer, better preserved, and usually
complete. In the thin section view, spicules are
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predominantly recrystallized from primordial
amorphous opal-A into more stable silica phase.
In most of the visible cross-sections, spicule inte-
rior consists of two parts. The central part (rem-
nants of central canal) is filled in by microcrys-
talline quartz (Fig. 5D), and the internal part is
composed of microcrystalline, fibrous, radially
arranged quartz. Some spicules are filled in by
botryoidal cement, indicating a secondary pre-
cipitation of silica (Fig. 4F).

DISCUSSION

Spicules of sponges are present only in redepos-
ited intervals of turbidite layers in the Varie-
gated Shale. They are present mostly in silt and
sand fractions of the sediments. It indicates that
spicules were derived from the shallower part of
the basin and redeposited during the sedimenta-
tion of the turbidity currents. The same mecha-
nism was interpreted for the preceding sediments
which belong to the Middle Lgota Beds, Miku-
szowice Cherts and the Barnasiéwka Radiolarian
Shale Formation (e.g. M. Bak et al. 2011).

The composition of spicules in the Turonian
Variegated Shale is similar to those described from
the Cenomanian formations (compare M. Bak et
al. 2011). Both in the Turonian and Cenomanian
turbiditic sediments, morphotypes of lithistid
spicules prevail over the hexactinellids, forming
the main biogenic components.

Palaeoenvironmental interpretations

The deposition of the Turonian Variegated Shale
took place in a deep sea basin, below the calcium
compensation depth, as was interpreted by K. Bagk
(2007a) using the analyses of microfossil compo-
sition from hemipelagic claystones. These sedi-
ments are devoid of calcareous benthic foraminif-
ers. Among the planktonic microfossils, the only
radiolarian tests are preserved in hemipelagic lay-
ers of this succession.

There are three possibilities of an interpre-
tation of the occurrence of redeposited sponge
spicules in the deep-water Silesian Basin dur-
ing the Turonian times. The first of them is that
spicules were redeposited directly from sponge
buildups living on shelves, nearly simultaneously
with turbidite sedimentation. The second possible

interpretation is that spicules were derived from
exhumed sponge build-ups, which grew during
the Albian-Cenomanian times on shelves and
were destroyed during the latest Cenomanian
oceanic anoxic event (OAE2). The third one is
that the sponge spicules were derived from loose
material accumulated earlier in various parts of
the basin slopes from which they were again re-
deposited due to turbidity currents and enhanced
deep-water circulation during the Turonian times.

It seems that the third interpretation is most
possible. A lower amount of spicules (usually less
than 50%) in the redeposited sediments of the Var-
iegated Shale, in comparison to the amount of
spicules in the Middle-Upper Cenomanian tur-
bidites (even up to 90%; M. Bak et al. 2011) belong
to the important factors. Another factor pointing
to this interpretation is a very poor preservation
state of spicules (crushed and broken singular
spicules and secondary recrystallized spicules) in
the Variegated Shale that may suggest their long
and multiple redepositions. The third element of
such interpretation is related to lack of calcare-
ous benthic foraminifers which co-occur with
sponge spicules in the Cenomanian turbidites, as
numerous redeposited biogenic particles (M. Bagk
et al. 2005, 2011, K. Bgk 2007a). The final ele-
ment of the third interpretation is a fact that dur-
ing the latest Cenomanian oceanic anoxic event
(OAE2) through the earliest Turonian times,
the sponge spicules have not been deposited in
the Silesian Basin. Most probably the sponge
buildups have been buried during that time.
Their delivery into deep bottom renewed gradu-
ally after sedimentation of the second manganese
layer in the Silesian Basin, i.e. during the earliest
Turonian (M. Bak et al. 2011). It was caused by
a change in deep-water basin circulation after
the OAE2 times. It was related, among others,
to high sea level stand, the highest in the whole
Cretaceous (e.g. Sahagian et al. 1996, Miller et al.
2005, Miiller et al. 2008).

CONCLUSIONS

1. Turonian red, green and varicoloured clay-
stone/mudstone layers dominate in the Vari-
egated Shale of the western part of Silesian
Nappe, Polish Outer Carpathians. They are
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intercalated with thin-bedded (up to 6 cm
thick) siltstone — sandstone turbiditic layers,
which contain spicules of sponges among
the siliciclastic fine-grained material.

The siltstone-sandstone layers contain main-
ly quartz, glauconite, mica flakes, associated
with sponge spicules and radiolarian skel-
etons. The highest amount of sponge spicules
is 50%. In the microscopic view, the claystone,
siltstone-sandstone layers consist of several
types of microfacies as: (1) quartz fine arenite
and siltstone (2) quartz-glauconitic fine aren-
ite and siltstone, (3), sublitharenite enriched
in sponge spicules (4) spiculitic fine sublith-
arenite, (5) radiolarian-spiculitic packed bi-
omicrite, (6) radiolarian sparse biomicrite,
and (7) pellet sparse biomicrite. Sponge spi-
cules dominate in the spiculitic sublitharenite
microfacies.

Sponge spicules contains mostly forms, which
belong to the Lithistida group (97% of mor-
photypes), with a small admixture of spicules
from the Hexactinellidae group. The pre-
dominance of tetraclones among desmas, and
the high-content of different types of triaenes,
indicate the dominance of sponges from sub-
family Tetracladina.

Three sponge spicule morphotypes dominate,
including triaenes (59%), selenasters (22%)
and desmas (16%). The other morphotypes are
triaxons, pentactines and hexactines, compris-
ing up to 3% of the whole spicule assemblages.
Additionally, monaxones (oxea or style) were
occasionally found in the material studied.

The preservation state of spicules is generally
poor. They are strongly crushed, and occur in
pieces of 0.3-0.5 mm long; only monaxones
are longer and better preserved. Spicules are
predominantly recrystallized from primor-
dial amorphous opal-A into more stable silica
phase.

Most probably, the spicules of sponges in
the Variegated Shale were derived from loose
material accumulated earlier in various parts
of the basin slopes, from which they were
exhumed and again redeposited by turbidity
currents during the Turonian times.
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