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Coniacian deposits, ca. 1.5 m thick, cropping out in the Wielkanoc Quarry, north of Krakéw in southern Poland, consist of
firm, nodular and, less commonly, marly limestones with horizons of in situ, slightly phosphatized hexactinellid sponges and
thick-shelled inoceramid bivalves. The succession is composed of foraminiferal-inoceramid packstones with common
sand-sized quartz and glauconite grains at the base, passing upwards into foraminiferal or foraminiferal-inoceramid
wackestones with or without rare glauconite. A microfacies analysis shows that planktonic foraminifers are the dominant
forms, while benthic forms are rare. The facies indicates that sedimentation in the Wielkanoc area on the Krakéw Swell,
which separated the deeper Mid-Polish Trough Zone to the north-east and the Opole Trough Zone to the south-west, was
generally calm (documented by abundant wackestones) and slow (indicated by the dominant sedimentary “coccolith system”
and presence of glauconite) during the Coniacian. Rare episodes of non-deposition are recorded by episodes of
phosphatization and minor intra-Coniacian discontinuity surfaces. The presence of hexactinellid sponges in the section stud-
ied are consistent with a calm environment, below the storm-wave base, with low rates of sedimentation. Subhercynian (lat-
est Turonian—Coniacian llsede Phase) local tectonic movements had an important influence on the evolution of the region.
They presumably led to subsidence of the Wielkanoc Block during the Early Coniacian. These movements were probably as-
sociated with activity on the Krakéw—Myszkéw Fault Zone.
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INTRODUCTION The Upper Cretaceous deposits, especially the Turonian
deposits of the Polish Jura Chain, have been studied by numer-
ous scientists (e.g., Zareczny, 1878; Sujkowski, 1926, 1934,
Alexandrowicz, 1954; Marcinowski, 1974; Walaszczyk, 1992;
Krajewski et al., 2000; Olszewska-Nejbert, 2005). Coniacian
deposits, however, have been documented doubtfully.
Zareczny (1878) noted his Inoceramus Brogniarti (sic) near
Giebuttéw (ca. 10 km NW of Krakéw). The taxon Cremno-

ceramus brongniarti is characteristic of Lower Coniacian de-

Stratigraphically well-documented Coniacian deposits are
known from numerous outcrops in extra-Carpathian Poland: in
the Sudetes and the Opole area (e.g., Tarkowski, 1991;
Walaszczyk, 1992; Olszewska-Nejbert, 2007; Leszczynski,
2010), in the Nida Trough, and on the southwestern and north-
eastern margin of the Holy Cross Mountains (e.g., Walaszczyk,

1992; Walaszczyk and Wood, 1998; Walaszczyk et al., 2010).
Extra-Carpathian Coniacian deposits have also been recog-
nized in numerous boreholes (Jaskowiak-Schoeneichowa and
Krassowska, 1988; Leszczynski, 2012). However, owing to
poor palaeontological documentation, the stratigraphic Turo-
nian-Coniacian and Coniacian-Santonian boundaries have
only been approximated (Leszczynski, 2002). The Coniacian
consists of marly-calcareous, calcareous, siliceous-calcareous,
marly or siliceous-marly facies in most areas of Poland (Jasko-
wiak-Schoeneichowa and Krassowska, 1988; Walaszczyk,
1992; Leszczynski, 1997, 2012), similar to that in most of ex-
tra-Alpine Europe (Fig. 1).
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posits (e.g., Walaszczyk, 1992). Unfortunately, Zareczny
(1878) did not illustrate his Inoceramus Brogniarti and his de-
scription of these specimens corresponds more to the diagno-
sis of Inoceramus lamarcki, the index taxon of the uppermost
Middle Turonian. Moreover, Zareczny (1878) regarded his Ino-
ceramus Brogniartias as synonym of . lamarckii (sic).
Smolenski (1906) noted the occurrence of Inoceramus haen-
leini, Inoceramus involutus and ?I1. crassus in the Bonarka sec-
tion (south of Krakéw), which indicates a Coniacian age of this
part of the deposits. However, that author also did not illustrate
the species mentioned and their poor descriptions did not per-
mit any verification by us. Moreover, Panow (1934) contested
the presence of these species in the Bonarka section and
showed that the Turonian deposits are overlain directly by marls
with crinoid plates of Marsupites testudinarius — the index taxon
of the uppermost Santonian. Sujkowski (1926) noted from the
environs of Wolbrom sandy-glauconitic limestone with inoce-
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Fig. 1A — Turonian—-Santonian palaeogeography with simplified distribution of facies in the North European
Province (after Naidin, 1959; Kauffman, 1973; Ziegler, 1990; modified); B — inferred palaeogeography of
Krakow Swell in Coniacian and Santonian times based on tectonic regional subdivision (according to Zaba,
1996; Buta et al., 2008) of the Upper Silesian Block and Matopolska Block below the sub-Permian and Meso-
zoic deposits

1 -land areas; 2 — deltaic, coastal and shallow-marine clastic facies (sands and conglomerates, sands and shales);
3 — shallow-marine facies (sands, marls, carbonate marls, marly carbonates, carbonates); 4 — mainly shallow-car-
bonate marine facies (marly carbonates, carbonates, chalk, white chalk, carbonate shales); 5 — approximate area of
Mediterranean Province (without indication of facies); 6 — deeper marine shale facies (rift area); 7 — position of the fu-
ture Alpine deformation front; W — Wielkanoc Quarry (southern Poland); APB — recent position of Anglo—Paris Basin;
BCB - recent position of Bohemian Cretaceous Basin; SHCB — recent position of Subhercynian Cretaceous Basin;
8 —main tectonic zones distinguished in the basement (according to Zaba, 1996, 1999; Buta et al., 2008); 9 — inferred
position of Upper Silesian Block (USB); 10 — inferred position of Matopolska Block (MB); 11 — inferred position of
Krakéw Swell during the Turonian, Coniacian and Santonian; KL — Krakéw-Lubliniec Fault Zone, KM —

Krakéw—Myszkoéw Fault Zone, P — Przychody, S — Solca, W — Wielkanoc Quarry, Z — Zalesice

ramids and echinoids of Turonian to Santonian age. However,
this dating was not confirmed by investigators in the following
decades and numerous authors suggested a stratigraphic gap
covering the latest Turonian through Middle Santonian in the
southern segment of the Krakéw Swell (e.g., Panow, 1934;
RoOzycki, 1938; Alexandrowicz, 1954; Barczyk, 1956;
Marcinowski, 1974). Walaszczyk (1992) found and illustrated
the inoceramid index taxa for the Cremnoceramus crassus
crassus/deformis deformis Zone (upper part of the Lower
Coniacian) in loose blocks of sandy-glauconitic limestone near
the northern wall of Wielkanoc Quarry. However, he did not
study the succession directly at exposure and he pointed out
that the location of the Coniacian deposits within the section is
unclear. More recently, the inoceramid fauna revised by
Walaszczyk (1992) from outcrops situated northwards from
Wielkanoc showed the Coniacian age of deposits underlying
the Santonian marls (Przychody, Solca), or Campanian sili-
ceous chalk (Zalesice). Olszewska-Nejbert (2004) described a
hardground at the Turonian/Coniacian boundary in the south-
ern wall of Wielkanoc Quarry. Olszewska-Nejbert and Swier-
czewska-Gladysz (2009) and Swierczewska-Gladysz (2010)
described the Coniacian/Santonian boundary in the northern

wall of the quarry during a study of sponges from Upper
Santonian deposits, but the Coniacian strata have not yet been
investigated in detail.

The aim of this paper is, therefore, a reconstruction of the
environment of Coniacian sedimentation on the Krakéw Swell in
the Wielkanoc area (Figs. 1 and 2), based on microfacies analy-
sis, and a palaeontological and palaeoecological analysis of
sponges from the deposits. Additionally, the petrographic and
sedimentological data are integrated here with the geology and
the tectonic development of the Krakow Swell area.

GEOLOGICAL SETTING

The Wielkanoc Quarry in the Polish Jura Chain exposes one
of the most complete lower Upper Cretaceous successions in the
area. The Turonian limestone sequence directly overlies
Oxfordian (Upper Jurassic) massive limestones (e.g., Marci-
nowski, 1974; Marcinowski and Radwarnski, 1983). The Turonian
deposits are assigned to the Inoceramus lamarcki—Inoceramus
perplexus (= Inoceramus costellatus) zones (upper Middle—lower
Upper Turonian) (Walaszczyk, 1992; with additional comments
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Fig. 2A — geological sketch-map of the Polish Jura Chain and Nida (Miechéw) Trough with location
of Wielkanoc Quarry (according to Kaziuk et al., 1978, simplified and modified); B — exposure
of the Coniacian deposits in the northern wall of Wielkanoc Quarry (bar 20 cm)

about inoceramid zonation by Walaszczyk and Wood, 1998;
Walaszczyk and Wood in Niebuhr et al., 1999) are exposed in
the southern wall of the quarry. The 10 m thick Turonian succes-
sion is capped by a composite hardground with trace of
phosphatization, 0.6 m thick Coniacian sandy-glauconitic lime-
stone and Quaternary loess (Olszewska-Nejbert, 2004). That
composite hardground was recognized also in the northern wall
of quarry. The Coniacian deposits preserved here exceed 1.5 m
in thickness and are covered by marly-glauconitic limestone of

Late Santonian age (Walaszczyk, 1992) with numerous rede-
posited phosphatized sponges at the base (Olszewska-Nejbert
and Swierczewska-Gladysz, 2009).

The Turonian deposits occurring in other parts of the Polish
Jura Chain, are more significantly reduced in thickness or/and
strongly condensed than these in the Wielkanoc section
(Zareczny, 1878; Sujkowski, 1926, 1934; Alexandrowicz, 1954;
Marcinowski, 1974; Walaszczyk, 1992; Jasionowski, 1995;
Kudrewicz and Olszewska-Nejbert, 1997; Krajewski et al.,
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2000; Olszewska-Nejbert, 2005; Kotodziej et al., 2010). In turn,
Coniacian deposits are preserved only in a few places on the
Krakow Swell (Walaszczyk, 1992; Kotodziej et al., 2010). After
a long stratigraphic gap, Upper Santonian deposits covered a
large area of the Krakow Swell (e.g., Alexandrowicz, 1969),
while in some locations, Campanian deposits rest directly on
Turonian or Coniacian limestones (Walaszczyk, 1992; Zapa-
towicz-Bilan et al., 2009; Kotodziej et al., 2010).

The elongation of the Polish Jura Chain, in a
NW-SE/NNW-SSE direction, is consistent with the extension of
the Krakow—Myszkoéw Tectonic Zone that separates the Mato-
polska Block from the Upper Silesia Block in the study area
(Fig. 1). This zone is a part of the major Krakow—Lubliniec Fault
Zone (Zaba, 1999; Buta et al., 2008) and also constitutes a
southeastern fragment of the Krakdw—Szczecin Tectonic Zone
(Zaba, 1996). Strike-slip tectonic activity along the Kra-
kéow-Myszkow Tectonic Zone during the Paleozoic was re-
sponsible for the origin of a saturated net of faults (Buta, 1994;
Zaba, 1999). This zone was rejuvenated in subsequent peri-
ods, e.g., in the Triassic (Zaba, 1999), Jurassic (Matyszkiewicz
et al., 2006) and Cenozoic (Jurewicz et al., 2007). On January
6, 2012, a series of brief seismic earthquakes was noted in
Zerkow (near Kalisz), in the Krakow-Szczecin Tectonic Zone
(http://www.pgi.gov.pl/pl/archiwum-aktualnosci-instytutu/4032-
trzesienie-ziemi-w-zerko-wie). This means that this tectonic
zone remains active.

Palaeogeographically, the study area was situated in the
Holy Cross Unit segment of the Mid-Polish Trough during the
Coniacian (Dadlez, 1997; Hakenberg and Swidrowska, 1998:
Swidrowska and Hakenberg, 1999). The present Polish Jura
was a positive element as a submarine swell (the Krakow Swell)
in the Cenomanian through to the Santonian and its southern
unit (segment) was uplifted to a high level (Marcinowski, 1974).
The swell separated the Holy Cross segment of the Mid-Polish
(Danish—Polish) Trough and the Opole Trough (Marcinowski,
1974; Walaszczyk, 1992; Olszewska-Nejbert, 2004). Sub-
hercynian movements during the Turonian were responsible for
the breakdown or activation of pre-existing blocks (Marcino-
wski, 1974). Synsedimentary block movements (Marcinowski,
1974; Walaszczyk, 1992; Olszewska-Nejbert, 2004; Marcino-
wski and Radwanski, 2009; Kotodziej et al., 2010) caused de-
velopment of the many stratigraphic gaps and discontinuity sur-
faces (abrasive surfaces, omission surfaces, hardgrounds),
which are observed in many regions of the Krakéw Swell. One
of such places was the present Wielkanoc area, called here the
Wielkanoc Block.

MATERIAL AND METHODS
OF STUDY

During the fieldwork, a detailed lithological section of the
Coniacian was measured and sampled for thin sections. Sam-
pling was carried out in the lithostratigraphic units recognized
(see Fig. 3). Fossils were collected bed-by-bed and labelled.
The material infilling the spongocoel and interspicular space of
the collected sponges was examined. Petrographic investiga-
tions were carried out at the Scanning Electron Microscope and
Microanalysis Laboratory of the University of Warsaw, using a
Nikon ECLIPSE E600W POL optical microscope and a JEOL
JSM-6380LA scanning electron microscope.

LITHOLOGY, MICROFACIES
AND STRATIGRAPHY

The Coniacian deposits crop out at the northern wall of the
Wielkanoc Quarry. The deposits directly overlie a hardground
developed on the Upper Turonian pelitic limestone (foramini-
feral-calcisphere wackestone, locally transitional to wacke-
stone/packstone texture; see Fig. 4A; cf. Olszewska-Nejbert,
2004). The 10 m thick Turonian deposit in Wielkanoc repre-
sents the undivided upper Middle (Inoceramus lamarcki Zone)
and lower Upper Turonian (Inoceramus costellatus Zone =
Inoceramus perplexus Zone) (according to Walaszczyk, 1992;
and supplementary data by Walaszczyk and Wood, 1998;
Walaszczyk and Wood in Niebuhr et al., 1999). The Upper
Santonian deposits (Walaszczyk, 1992), rich in redeposited
phosphatized sponges at its base, overlie the Coniacian de-
posits (Olszewska-Nejbert and Swierczewska-Gladysz,
2009). The Coniacian deposits exceed ca. 1.5 m in thickness
and were divided into six units (a—f) as follows from the base to
the top (Fig. 3):

a — 0.2 m thick, fairly solid sandy-glauconitic limestone (cf.
Olszewska-Nejbert, 2004) with a large admixture of quartz at
the base is represented by a foraminiferal-inoceramid pack-
stone with a large admixture of quartz (ca. 20%) and glauconite
(ca. 10%) (Fig. 4B, C). This facies also represents the sandy-
glauconitic infill of the burrows and borings of the Turonian
hardground. The content of sand-sized quartz and glauconite
decreases towards the top of the unit.

b — 0.65 m thick, nodular limestone with rare quartz (ca. 5%)
and glauconite (ca. 5%), mainly in the lower part of the unit
(Fig. 4D), represented by foraminiferal wackestone, transitional
to wackestone/packstone texture, with rare calcareous dino-
flagellate cysts (c-dinocysts), large fragments of inoceramids and
fine fragments of echinoderm. The upper part of the unit has little
or no glauconite (<2%) and quartz (<2%); well-preserved plank-
tonic foraminifers predominate (Fig. 4E, F). Planispiral and
trochospiral forms with globular chambers are numerous, while
small serial planktonic foraminifers are very rare. Keeled forms
also occur. Coccoliths are the dominant component of the calcar-
eous matrix, as in the following units.

¢ — 0.15 m thick, glauconite-bearing, solid limestone is
strongly ferruginous. It is a foraminiferal wackestone, transi-
tional to wackestone/packstone texture, with c-dinocysts, ino-
ceramid debris and fragments of echinoids (Fig. 5A). The
microfacies is similar to the microfacies of unit b. In the upper
part of the unit, an intra-Coniacian discontinuity surface occurs
in the foraminiferal wackestone, which is covered by phospha-
tized microstromatolites (Fig. 5B). The amount of glauconite
varies between <1 and ca. 10%, especially close to phospha-
tized zones. In unit c, rare weakly phosphatized sponges
(Fig. 3) from the orders Hexactinosida and Lychniscosida and
thick-walled inoceramid bivalves and inoceramid debris, as well
as irregular echinoids (Micraster and Echinocorys), occur.
Weakly visible burrows penetrating as far as 8 cm down occur
at the top of the unit.

d — 0.25 m thick, solid limestone, with a low glauconite con-
tent (ca. 1-2%), is represented by a foraminiferal/foraminiferal-
inoceramid wackestone, transitional to wackestone/packstone
texture, with rare c-dinocysts and fragments of echinoids (Fig.
5C). Planktonic foraminifers (mainly planispiral and trochospiral
forms with globular chambers) dominate, but are not so well-
preserved as in units b—c; they are locally broken. The content
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of inoceramid debris increases locally, resulting in the formation
of foraminiferal-inoceramid packstone.

e —0.12 m thick, marly limestone, with a low glauconite con-
tent (ca. 1-2%), is represented by a foraminiferal-inoce-
ramid/foraminiferal wackestone, transitional to wackestone/pa-
ckstone texture, with rare c-dinocysts and fragments of echino-
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Fig. 3. Geological log of Coniacian deposits in the northern wall
of Wielkanoc Quarry (stratigraphy after Walaszczyk, 1992, with
additional comments by Walaszczyk, 2000; Walaszczyk and
Wood, 1998, Walaszczyk, Wood in Niebuhr et al., 1999)

ids (Fig. 5D). Planktonic foraminifers, similar to those in unit d,
dominate. Small phosphatized clasts of foraminiferal wacke-
stone and burrows occur. Weakly phosphatized sponges from
the order Hexactinosida and Lychniscosida (Figs. 6 and 7) oc-
cur commonly in one horizon in this unit (Fig. 3). Coccoliths are
the dominant component of the calcareous matrix and also infill
the spongocoel of the sponges (Fig. 7D).

f — 0.15 m thick solid limestone with rare glauconite (ca.
2-5%) is represented by a foraminiferal wackestone with rare
c-dinocysts and fragments of echinoids (Fig. 5E). Planktonic
foraminifers are dominant and are better preserved than in units
d and e. Planispiral and trochospiral forms with globular cham-
bers are numerous but also keeled forms are present while
small serial planktonic foraminifers are exremely rare. Burrows
penetrating as far as ca. 10 cm down occur at the top of unit.

The Upper Santonian deposits overlie the Coniacian strata
erosionally. They consist of marly-glauconitic limestones in the
lower part (the amount of glauconite exceeds 15%) and are rep-
resented by an inoceramid packstone (Fig. 5F). Numerous
phosphatized sponges and intraclasts of phosphatized fora-
miniferal wackestone are present here (Olszewska-Nejbert and
Swierczewska-Gtadysz, 2009).

In the deposits studied, Walaszczyk (1992) described the
following inoceramids: Cremnoceramus crassus (Petras-
check), C. ernsti (Heinz), C. cf. deformis (Meek), Inoceramus cf.
madagascariensis Heinz, I. lusatiae Andert. This dates the in-
terval as the upper Lower Coniacian Cremnoceramus crassus
crassus/deformis deformis Zone according to the zonation of
Walaszczyk and Wood (1998, 1999). The appearance of the
echinoids Micraster cortestudinarium (Goldfuss) and Echino-
corys ex gr. scutata Leske supports this age.

SPONGES IN THE CONIACIAN
SECTION

Sponges in the Coniacian deposits occur at two horizons,
one horizon in unit ¢ and the second in unit e (Fig. 3). They are
less abundant than in the redeposited or lag deposits at the
base of the Santonian (Olszewska-Nejbert and Swierczewska-
Gtladysz, 2009).

All sponges represent the class Hexactinellida and are
characterized by a rigid siliceous skeleton, composed of
hexactin spicules. The siliceous skeletons of all specimens are
completely dissolved and voids only after spicules are pre-
served (Figs. 6A, D, E and 7A). The empty voids after dissolved
spicules are in places filled with calcite. Among the collection
studied, two species of the order Hexactinosida have been re-
cognised: Periphragella plicata Schrammen, 1902 and Polyo-
pesia angustata Schrammen, 1902, as well as six species of
the order Lychniscosida: Plocoscyphia communis Moret, 1926;
Etheridgia mirabilis Tate, 1864; Leiostracosia angustata (Roe-
mer, 1841); Rhizopoterion cribrosum (Phillips, 1829); Spora-
doscinia venosa Schrammen, 1912 and Astropegma stellata
(Roemer, 1841).

Two groups of sponges were distinguished macroscopically
in the collection: white and beige sponges. All sponges are
slightly phosphatized (Fig. 7); the white sponges are only
weakly phosphatized while the beige ones underwent stronger
phosphatization (Olszewska-Nejbert and Swierczewska-
Gtadysz, 2009). Both, sponge wall and infilling of the spongo-
coel are usually phosphatizated. It is also possible that only the
sponge wall has been slightly phosphatized (Fig. 7A-C),
whereas the spongocoel was infilled by calcareous sediment,
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Fig. 4. Microfacies of topmost part of Turonian and upper part of Lower Coniacian deposits at Wielkanoc

A — foraminiferal-calcisphere wackestone, transitional to wackestone/packstone texture, Turonian just below the hardground; B —
hardground boundary between the foraminiferal-calcisphere wackestone (fw) of Turonian and foraminiferal-inoceramid packstone with a
large admixture of quartz and glauconite (fip) at the base of the Lower Coniacian; C — foraminiferal-inoceramid packstone with admixture
of quartz and glauconite, base of unit a; D — foraminiferal-inoceramid packstone with admixture of quartz and glauconite, boundary be-
tween the top of unit a and base of unit b; E — foraminiferal wackestone with dominant planktonic foraminifers, transitional to
wackestone/packstone texture, middle part of unit b; F — foraminiferal wackestone, transitional to packstone with dominant planktonic
foraminifers, upper part of unit b; sample sites see Figure 3
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Fig. 5. Microfacies of upper part of Lower Coniacian and base of Santonian deposits at Wielkanoc

A — foraminiferal wackestone, transitional to wackestone/packstone texture, dominant planktonic foraminifers (unit c); B — intra-
Coniacian discontinuity surface in the foraminiferal wackestone covered by phosphatized microstromatolite (unit c); C — fora-
miniferal/foraminiferal-inoceramid wackestone, transitional to wackestone/packstone texture (unit d); D — foraminiferal-inoceramid/fora-
miniferal wackestone, transitional to wackestone/packstone texture, unit e; E — foraminiferal wackestone with rare glauconite, unit f; F —
inoceramid packstone with frequent glauconite, base of Upper Santonian; sample sites see Figure 3

without traces of phosphatization (Fig. 7D, E). Epibionts with a
calcareous, non-phosphatized skeleton, such as oysters, are
attached to some sponges (Fig. 6F).

The sponges are poorly cemented, rather soft, not resistant
to destruction due to the lack of siliceous skeletons and the weak
phosphatization. Therefore, the outer surfaces of the sponges

are poorly preserved (Fig. 6). The specimens broke easily during
extraction from the rock. In contrast to the crushed and rounded
dark sponges from the base of the Santonian (Olszewska-
Nejbert and Swierczewska-Gladysz, 2009), the Coniacian spon-
ges have not been mechanically destroyed.
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Fig. 6. Hexactinosid and lychniscosid sponges from the Coniacian deposits

A-D — white sponges: A— Rhizopoterion cribrosum (Phillips, 1829), lateral view and voids after dictyonal skeleton visible
in transverse section of the wall; B — Sporadoscinia venosa Schrammen, 1912, lateral view; C — Astropegma stellata
(Roemer, 1841), lateral view; D — Plocoscyphia communis (Moret, 1926), lateral view and voids after dictyonal skeleton
on dermal surface; E, F — beige sponges; E — Polyopesia angustata Schrammen, 1902, lateral view and fragment of der-
mal surface with canal openings and voids after dictyonal skeleton; F — Leiostracosia angustata (Roemer, 1841), lateral
view
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spongocoel

simplified scheme of sponge

Fig. 7. SEM images showing petrography of the infillings of the spongocoel and interspicular spaces
of the lychniscosid sponge wall

A —wall of lychniscosid sponge with empty voids after dictyonal skeleton and slightly phosphatized material infilling interspicular
spaces; some voids are filled by late calcite; B — interspicular spaces infilled by weakly phosphatized coccolith micrite and aggre-
gates of euhedral francolite; C — aggregates of euhedral francolite; D — calcareous coccolith micrite in spongocoel; E — calcareous

coccolith micrite with clay minerals in spongocoel

REMARKS ABOUT THE ECOLOGY
AND PALAEOCOLOGY OF SPONGES

The hexactinosids and lychniscosids in the Coniacian de-
posits of Wielkanoc belong to the class Hexactinellida, com-
monly called the glass sponges. There are ca. 500 recent spe-
cies of Hexactinellida and all are restricted to the marine envi-
ronment (Reiswig, 2002). The constitution of the sponges and
their vital functions are adapted to deep sea environments

where slow sedimentation dominates, and there are low en-
ergy, cold water and oligotrophic conditions (Tabachnick, 1991;
Krautter, 1997). Therefore, most hexactinellids live in the
bathyal zone, although some of them occur also in the abyssal
zone, which is a rare phenomenon among the benthic fauna
(e.g., Janussen and Tendal, 2007). For example, sponges of
the genus Periphragella live at a depth of 256—1919 m (Reiswig
and Wheeler, 2002).

A few hexactinellids, among which representatives of the
Hexactinosida and Lychniscosida, are extremely rare, occur in
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the deeper zone of the shelf, below 100-120 m (van Soest and
van Stentoft, 1988; Finks and Rigby, 2004). The only known
contemporary sponge reef is located at a depth of about
120240 m in British Columbia (e.g., Leys et al., 2004). The de-
velopment of that reef at such relatively shallow depths is asso-
ciated with the circulation of sea currents, such that the condi-
tions in the shelf zone are similar to an oceanic environment
(Leys et al., 2004; Whitney et al., 2005). The sponge assem-
blage of the modern sponge reef is taxonomically very poor,
consisting of only three species of Hexactinosida. Several other
species of Hexactinosida and Lychniscosida have been found
at depths of 82-113 m in the Indonesia seas (ljima, 1927). The
single species Aphrocallistes vastus appears in the fjords of
British Columbia (Leys et al., 2004). The representatives of that
species are usually concentrated in the deeper parts of the
fiords but a few specimens have been noted at a depth of
20-30 m. The presence of hexactinellids in the fjords, as in the
case of the reef zone, is associated with specific environmental
conditions, including low water temperature and limited light.
Nowadays, the fjords of British Columbia are the only place with
a well-documented occurrence of hexactinosids at shallow
depths. There is also no record of recent lychniscosids living in
water shallower than 80 m (Finks and Righy, 2004). Shallow
marine environments are inhabited by sponges from the class
Demospongea, among which forms without a rigid skeleton
predominate (Finks and Righy, 2004).

Due to the preference of glassy sponges for deep water,
their intensive development coincided with periods in Earth his-
tory when global sea level was particularly high (Pisera, 1999).
The last great bloom of hexactinellids took place during the Late
Cretaceous; later, many hexactinellids gradually became ex-
tinct (Pisera, 1999). Of the eight genera recognized in the
Coniacian succession, only one genus (Periphragella) is repre-
sented in the modern fauna (Reiswig and Wheeler, 2002).

All species of sponges recognized in the Coniacian depos-
its of Wielkanoc are known from the epicontinental Upper Cre-
taceous deposits of Europe (e.g., Swierczewska-Gladysz,
2006; Olszewska-Nejbert and Swierczewska-Gtadysz, 2009).
The maximum depth of the Late Cretaceous seas in Europe is
estimated to have been at least 100 m, based on the presence
of sponge assemblages containing Hexactinosida and Lychnis-
cosida (e.g., Defretin-Lefranc, 1960; Nestler, 1961; Wagner,
1963; Reid, 1968; Swierczewska-Gladysz, 2006; Schneider et
al., 2011). The Lithistida (an informal polyphyletic group of
Demospongea) and calcareous sponges, known from Upper
Cretaceous shallow-water deposits (e.g., Defretin-Lefranc,
1960; Ulbrich, 1974), have not been recognized in the succes-
sion studied.

Modern hexactinellids mainly inhabit hard substrates (e.qg.,
Krautter et al., 2006; Hogg et al., 2010), whilst numerous Late
Cretaceous species had well-evolved rhizoids (long processes)
which stabilized them on the soft bottom (e.g., Swierczewska-
Gtadysz, 2006; Olszewska-Nejbert and Swierczewska-Gla-
dysz, 2011). The assemblage investigated consists of rhizoidal
forms adapted to live on soft bottoms (cf. Reid, 1962). Only one
species (Plocoscyphia communis) had a basal plate attached
to hard elements. These hard elements may be bioclasts rest-
ing on the muddy (soft) bottom, including the skeletons of other
dead sponges. Other epibionts occur also on the fossil
sponges, because in the environment of slow sedimentation
preferred by the sponges (e.g., Krautter, 1997), their skeletons
remained exposed on the bottom for a longer time (Mehl and
Niebuhr, 1995; Zitt et al., 2006).

DISCUSSION

After a significant episode of global sea level drop during the
early Late Turonian, global sea level rose in the latest Turonian
and was relatively stable during the entire Coniacian stage;
however, small amplitude fluctuations in sea level are marked
(Hag et al., 1988). A significant sea level drop was again noted
in the Late Santonian (Haq et al., 1988).

The initiation of the formation of the latest Turonian—Early
Coniacian (post-Inoceramus perplexus Zone, pre-Cermno-
ceramus crassus crassus/deformis deformis Zone) composite
hardground in the Wielkanoc area (Olszewska-Nejbert, 2004;
Olszewska-Nejbert and Swierczewska-Gladysz, 2009) corre-
sponds well to the Late Turonian sea level drop (e.g., Hancock
and Kauffman, 1979; Haq et al., 1988; Hancock, 1990). Initia-
tion of formation of this hardground corresponds quite well with
a major mid-Late Turonian unconformity described as Se-
quence Boundary Tu 4 at the base of the Seugast Member
Roding Formation in the Bodenwdhrer Senke (NE Bavaria),
close to the southwestern margin of the Bohemian Massif
(Niebuhr et al., 2011) and at the erosional base of the Soest
Greensand Member of the Salder Formation recognized in the
Werl borehole in the southern Minsterland Cretaceous Basin
(Richardt and Wilmsen, 2012). The unconformity Tu 4 in Ger-
many was connected with eustatic shallowing of the sea
(Niebuhr et al., 2011; Richardt and Wilmsen, 2012). However,
at these places in Germany above the unconformity surface
Late Turonian sedimentation continued. In some places on the
Krakow Swell, carbonate sedimentation resumed in the late
Early Coniacian, especially on subsiding blocks such as the
Wielkanoc Block (Olszewska-Nejbert, 2004; Olszewska-
Nejbert and Swierczewska-Gtadysz, 2009). The Coniacian de-
posits at Wielkanoc include a relatively large admixture of
glauconite and detrital quartz at their base, but in the matrix
coccolith plates clearly prevail over c-dinocysts. The detrital
quartz quickly disappears and planktonic foraminifera and
coccoliths became the main components of the deposits. The
prevalence amount of coccoliths suggests generally oligo-
trophic conditions of the sea, with the sedimentation area far
away from the source of nutrients, meaning that it was far from
land on the one side, and from the upwelling zone from of the
open sea on the other. Such a style of sedimentation, known as
the “blue water” coccolith system, was described from the
Cenomanian deposits of Germany (Wilmsen, 2003). The sedi-
mentation in the Wielkanoc area represents the more distal po-
sition, situated far away from any emergent massifs, because
proximity of any land area should lead to development the
“green water” c-dinocysts system (cf. Wilmsen, 2003; Wiese et
al., 2004)

The presence of sponges of the orders Lychniscosida and
Hexactinosida indicates a calm environment below storm-wave
base (cf. Schneider et al., 2011). Similar conditions in that area
are indicated by the dominant foraminiferal wackestone
microfacies and the abundance of planktonic foraminifers.
Among them, planispiral and trochospiral forms with globular
chambers prevail. These forms are regarded as deeper-dwell-
ers than the small serial foraminifers (Leckie, 1987; Dubicka
and Peryt, 2012a, b with references), which are very rare in the
succession studied. Keeled forms, regarded to be the deep-
est-dwelling foraminifers (Dubicka and Peryt, 2012a, b with ref-
erences), are also present, but they are not so common. More
common inoceramid debris occurs only at the base of unit a, at
the top of unit c and at the base of unit d. It may indicate that
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these deposits were formed near storm wave base, but surely
below fair-weather wave base (cf. Wiese, 2009).

Slow sedimentation, and even episodic breaks in sedimen-
tation, are indicated by: the occurrence of sponges the pres-
ence of epibionts on the sponges; the presence of glauconite;
the weak episodes of phosphatiztion, and the presence of
intra-Coniacian discontinuity surfaces. Additionally, the domi-
nant coccolith sedimentary system recognized in the Coniacian

AN\
\

succession is regarded as one of low CaCO;z; accumulation
rates (Wilmsen, 2003; Wiese et al., 2004).

Deposits of late Early Coniacian age in the Polish Jura Chain
known from outcrops located NW of Wielkanoc (Fig. 1B), are re-
duced in thickness: ca. 0.8 m at Przychody (ca. 20 km), 0.5 m at
Solca (ca. 30 km) and ca. 0.3 m at Zalesice (ca. 60 km)
(Walaszczyk, 1992). In a neighbouring area (Fig. 8), in the Opole
region, ca. 140 km west of Wielkanoc, Coniacian deposits are

non-continuous slow sedimentation of calcareous ooze
in local sub-basins with numerous interruptions
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surfaces, with episodes of phosphatization
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Fig. 8A — cartoon showing a simplified model of the Krakéw Swell during the Coniacian with different kinds of sedimenta-
tion on the Krakow Swell and adjacent areas; the model does not include numerous local faults transverse to the main

strike-slip direction and does not include local sub-basins on the Krakéw Swell;

B — simplified Coniacian

chronostratigraphic scheme of facies distribution in the Opole Trough (after Walaszczyk, 1992; Olszewska-Nejbert, 2007)
through the Wielkanoc (Polish Jura Chain) to the NE outskirts of the Miechéw Trough (after Walaszczyk, 1992)
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represented by an almost complete Coniacian succession, over
150 m thick (Radwanska, 1969; Walaszczyk, 1992). Similarly, in
a north-easterly direction, towards the Miechéw Trough, close to
the margin of the Holy Cross Mountains, Coniacian deposits
thicken again, exceeding ca. 100 m (Fig. 8; Walaszczyk, 1992).
We suggest that the reduced thickness of Coniacian deposits on
the Wielkanoc Block may result from at least three factors. The
first factor is the lack of sedimentation during the development of
the hardground near the Turonian—Coniacian boundary (Olsze-
wska-Nejbert, 2004). The second is a low rate of sedimentation
connected with the dominant sedimentary coccolith system (cf.
Wilmsen, 2003) during the late Early Coniacian. The third factor
is the erosion of an unknown thickness of strata during the late
Early Coniacian to Late Santonian interval (Olszewska-Nejbert
and Swierczewska-Gladysz, 2009).

The hiatus, representing the latest Turonian and earliest
Coniacian development of the composite hardground (Fig. 8),
was connected with the uplift of the Krakéw Swell (Walaszczyk,
1992; Olszewska-Nejbert, 2004; Olszewska-Nejbert and Swier-
czewska-Gtadysz, 2009). That phenomenon corresponds well
with the early llsede tectonic pulse (Olszewska-Nejbert, 2004),
for which there is evidence in the Anglo—Paris Basin and in north-
ern Germany (Mortimore and Pomerol, 1997; Mortimore et al.,
1998; Mortimore, 2011). The second hiatus (see Fig. 8) in the in-
terval Middle Coniacian through Middle Santonian in the
Wielkanoc area corresponds well with the Main lisede tectonic
pulse as recorded in the Anglo—Paris Basin and in northern Ger-
many, where in several sections the hiati enclose the entire, or a
significant part of, the Coniacian (Wood et al., 1984; Mortimore
and Pomerol, 1997; Niebuhr and Prokoph, 1997; Mortimore et
al., 1998; Voigt et al., 2004, 2006).

The tectonic activity in the Krakow—Myszkéw Zone (where
the Wielkanoc Block was situated), reflected on the Krakéw
Swell in the Turonian, Coniacian and Santonian, was recog-
nized as a result of Subhercynian movements (Marcinowski,
1974; Walaszczyk, 1992; Olszewska-Nejbert, 2004; Olsze-
wska-Nejbert and Swierczewska-Gladysz, 2009), leading to the
development of local deeper sub-basins within the generally
uplifted Krakdéw Swell (Fig. 8). Coniacian deposits are very
scarce on the Polish Jura Chain, and these deposits have been
preserved probably only on the subsiding blocks. The Wielka-
noc Block was probably the best example of such a place,
where a thin succession of Coniacian deposits (upper Lower
Coniacian Cremnoceramus crassus crassus/deformis deformis
Zone or part of this zone) was preserved.

Similar tectonic phenomena are described from northern
Germany and the Anglo—Paris Basin, where strike-slip tectonism
along major basement zones controlled sedimentation in the lat-
est Turonian and Coniacian (llsede Phase) and led to the forma-
tion of numerous angular discordances, sedimentary hiati, facies
changes, slumps, submarine slides, turbidites, hardgrounds and
other discontinuity surfaces (Mortimore et al., 1998; Mortimore,
2011). Troger (1995) showed that in the relatively large Sub-
hercynian Cretaceous Basin, sedimentation was controlled by
tectonic activity in the Paleozoic basement. A similar phenome-
non was described by Ulicny et al. (2003) in the Bohemian Creta-
ceous Basin. Mortimore et al. (1998) proposed that the Sub-

hercynian strike-slip tectonism along the lineaments in the
Variscan basement of northern Germany and the Anglo—Paris
basins, during the latest Turonian—Coniacian, controlled sedi-
mentation to a larger degree then did the eustatic changes. \Voigt
et al. (2006) showed that the Subhercynian Cretaceous Basin
developed during frontal thrusting of a basement block of Harz
and does not support the strike-slip model. Moreover, the ob-
served changes in facies are explained by an interaction of
eustasy and tectonics in that region (Voigt et al., 2006).

In the case of the Wielkanoc Block, we suggest that tectonic
strike-slip activity has controlled sedimentation to a larger de-
gree then did eustatic changes during the evolution of the
Krakow Swell area in southern Poland.

FINAL REMARK AND CONCLUSIONS

1. The thickest succession of Coniacian age (ca. 1.5 m),
recognized in the Polish Jura Chain, is preserved in the
Wielkanoc Quarry. These deposits represent only the upper
Lower Coniacian Cremnoceramus crassus crassus/deformis
deformis Zone.

2. On the Krakéw Swell, which separated the Mid-Polish
and Opole Troughs, at least locally (such as the Wielkanoc
Block) calm and slow (mainly foraminiferal wackestone,
coccolith sedimentary system, presence of dictyid sponges,
glauconite) sedimentation occurred, interrupted by episodes of
non-deposition (surfaces with burrows, episodes of phospha-
tization, intra-Coniacian discontinuity surfaces).

3. The large amount of planispiral and trochospiral
planktonic foraminifers with globular chambers and the occur-
rence of siliceous sponges (Hexactinosida and Lychniscosida)
in the Coniacian succession of Wielkanoc indicate water depths
below storm base in the late Early Coniacian.

4. Tectonic activity of the Krakéw Swell during the Turonian
and Coniacian correspond well to the llsede Phase of
Subhercynian tectonic movements. These tectonic movements
were also responsible for strike-slip tectonic activity of the
Krakow—Myszkéw Zone. As a result, sedimentation on the
Krakéw Swell was controlled by activity of the pre-Permian
basement during the Turonian and Coniacian. The Wielkanoc
area had a tendency to subside and created a local sub-basin
through this time span.
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