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Abstract. The stratigraphical interval of the Kimmeridgian between the Bimammatum and the Hypselocylum zones in the SW margin of
the Holy Cross Mts. shows a transition from the open shelf deep-neritic sponge megafacies to the shallow-water carbonate platform, in-
cluding its development and decline. The uniform progradation of the shallow-water carbonate platform occurred at the end of the Planula
Chron. Development of the shallow-water carbonate platform was controlled by climatic and tectonic factors. The former induced by or-
bital cyclicity resulted in changes of sea-level, revealed i.a. by the incoming of open-marine ammonite faunas, the latter were related to the
synsedimentary activity of faults which resulted in contrasted facies changes. The episodically occurring strong influx of siliciclastic mate-
rial was at least partly controlled by the tectonic activity. The newly elaborated formal lithostratigraphic subdivision takes into account the
facies development of the succession in relation to climatically and tectonically induced changes. Such is e.g. the Matogoszcz Oolite For-
mation, corresponding to a single 100-kyr eccentricity cycle from the late Platynota Chron to the earliest Hypselocyclum Chron, bordered
from the base and top by two transgressive climatically-controlled levels. The final stage of the shallow-water platform development at the
end of the Hypselocyclum Chron was marked by the successive limitation of restricted environments, and the appearance of more open-
marine conditions related to tectonic subsidence of the area of study. Comparison between the carbonate platform development of the
Holy Cross Mts. in central Poland, and the coeval shallow-water carbonates of the Jura Mts. in northern Switzerland and south-eastern
France provides an opportunity to consider similarities in the successions which can be attributed to the climatically-controlled sedimen-
tary cyclicity and/or the wide-ranged tectonic phenomena. The palacontological part of the study gives comments on the classification and
phylogeny of ammonites of the families Ataxioceratidae and Aulacostephanidae.

INTRODUCTION

The Kimmeridgian deposits occurring at the margins of
the Holy Cross Mountains represent remnants of the Juras-
sic cover developed originally over the whole area of the
mountains, including its Palaeozoic core, but subsequently
partly removed due to Neo-Cimmerian (pre-Albian), and es-
pecially Laramian tectonic movements at the end of the

Maastrichtian and during the Palacocene (Kutek, Gtlazek,
1972). The Jurassic actually preserved, including the Kim-
meridgian deposits which are discussed here, in the south-
western, the north-western and the north-eastern margins of
the Holy Cross Mts., differs partly in the completeness of its
succession, and in type of its facies (see e.g. Kutek, 1968,
1969, 1994; Gutowski, 1992, 1998; Matyja, 2011; Matyja,
Wierzbowski, 2014). There are also regional differences in

1 University of Warsaw, Faculty of Geology, Zwirki i Wigury 93, PL 02-089 Warszawa, Poland; andrzej.wierzbowski@uw.edu.pl.



162 Andrzej Wierzbowski

the style of the tectonic deformations (Kutek, Gtazek, 1972).
The Jurassic deposits in the south-western margin are folded
and usually dip gently at a few up to 20°, but are locally
steeply inclined or even vertical, at the limbs of the relative-
ly densely spaced anticlines and synclines generally stretch-
ing in a NW-SE direction (see e.g. Kutek, 1968, fig. 1).

The aim of this study is to present a general outline of
the stratigraphy, facies development and history of sedimen-
tation of the Kimmeridgian in the south-western margin of
the Holy Cross Mountains. The first attempt to classify
lithostratigraphically the Kimmeridgian deposits (referred at
that time to the “Astartian” and “Kimmeridgian”) in the area
was made by Swidzinski (1962). The “facies-lithological
complexes” described by him roughly correspond to the
herein distinguished formations. The classical study of the
Kimmeridgian deposits of the south-western margin of the
Holy Cross Mts., their stratigraphy and palacogeography,
was presented by Kutek (1968, 1969) with lithofacies de-
scriptions supplemented by Pszczotkowski (1970). Although
becoming the most comprehensive description of these
rocks in the area, some of the interpretations given therein
nowadays need modification. This results from general pro-
gress in detailed ammonite stratigraphy, such as the appear-
ance of the new stratigraphical subdivisions of the Kimme-
ridgian based on the evolution of the ammonite family
Ataxioceratidae (Atrops, 1982), but also because of the
opening of new extensive quarries, including e.g. the ce-
ment-works quarry at Matogoszcz, which have provided
large collections of ammonites and offered new data on the
facies development and interpretation of the palacogeogra-
phy (see e.g. Matyja et al., 2006a).

The Kimmeridgian, as treated herein, corresponds to the
stratigraphical interval from the base of the ammonite Bay-
lei Zone in the Subboreal zonal scheme (and the correspond-
ing Bauhini Zone in the Boreal scheme), which is the base
of the uniform Kimmeridgian Stage as proposed by the
Kimmeridgian Working Group and recently accepted by the
International Subcommision on Jurassic Stratigraphy of the
International Union of Geological Sciences. This boundary,
corresponding to the base of the ammonite Bimammatum
Zone (and the base of the Bimammatum Subzone) in the
Submediterranean zonal scheme, runs markedly lower than
the formerly accepted lower boundary of this stage in the
area of study (and in the Submediterranean Province as
a whole). In consequence of such a stratigraphical interpre-
tation, the deposits of the Submediterranean Planula Zone,
and the Bimammatum Zone, previously correlated with the
Upper Oxfordian, become included in the Kimmeridgian
Stage (see Matyja et al., 2006b; Wierzbowski A. et al., 2016,
2018). The present study thus treats the Kimmeridgian Stage
according to the actually proposed uniform European (and
world-wide) definition with the base of the stage ranging

stratigraphically markedly below the base of the Kim-
meridgian as interpreted formerly, and thus below the up-
permost Oxfordian correlated with a part of the Planula
Zone, as interpreted in the south-western margin of the Holy
Cross Mts. by Kutek (1968). The Kimmeridgian, as accept-
ed herein, includes also a part of the older deposits occur-
ring in the south-western margin of the Holy Cross Mts.,
correlated with the Planula Zone and the Bimammatum
Zone (down to the base of the Bimammatum Subzone) de-
scribed by Matyja (1977) and Matyja et al. (1989). On the
other hand, the succession of the youngest deposits of the
Kimmeridgian in the south-western margin of the Holy
Cross Mts. is not complete, although it ranges through the
Mutabilis Zone and at least a part of the Eudoxus Zone of
the lower part of the Upper Kimmeridgian. This is because
of the pre-Albian erosion of the youngest Jurassic (and the
oldest Early Cretaceous deposits) due to the Neo-Cimmeri-
an tectonic movements in that area (Kutek, 1968, 1994).
This paper is devoted to the Lower Kimmeridgian de-
posits from the open shelf deep-neritic sponge megafacies to
the succeeding shallow-water carbonate facies in the south-
western margin of the Holy Cross Mountains. These repre-
sent the fragments of the transgressive-regressive sequence
recognized in the territory of Poland by Kutek (1994) as the
COK (Callovian-Oxfordian-Kimmeridgian) sequence. The
shallow-water carbonate deposits of the regressive part of
the sequence are considered as representative of the shallow-
water carbonate platform, which is regarded herein as a zone
of shelf covered by carbonate deposits formed above or close
to wave base (c¢f. Matyja et al., 1989, p. 34). When com-
pared with holistic problematics of the carbonate platform
deposits in south-eastern Poland, including the stratigraphi-
cal interval from Middle Oxfordian to Lower Kimmeridgian,
the subject of this study as related to the Lower Kimmeridg-
ian from the Bimammatum Zone to the Hypselocyclum Zone
in the south-western margin of the Holy Cross Mts. only, is
limited in its extent. Nevertheless, because of good expo-
sures, long history of investigation and fairly abundant ammo-
nites, the studied Lower Kimmeridgian succession provides
an ideal opportunity to discuss also some general concepts
concerning the development of the discussed shallow-water
carbonate platform. The overlying uppermost Lower and lo-
wermost Upper Kimmeridgian deposits formed after the de-
cline of the shallow-water platform, mark the beginning of
the next transgressive-regressive sequence LUK (Lower-
Upper Kimmeridgian) (Kutek, 1994), and will be described sep-
arately, in the second part of the study, published elsewhere.
The present study includes the area from the southern-
most occurrences of the Kimmeridgian deposits at Korytni-
ca and Celiny, and north-eastwards up to Bukowa quarry,
Gruszezyn, Rogalin and Oleszno (see Kutek, 1968;
Pszczotkowski, 1970; see also Figs. 1, 2). This area repre-
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Fig. 1. Geological sketch-map of the Holy Cross Mts. (after Samsonowicz in: Ksiazkiewicz, Samsonowicz, 1953; somewhat modified),
showing the main tectonic units and the study area

sents the fairly uniform development of the succession typi-
cal of the south-western margin of the Holy Cross Mts.,
which differs in some aspects of that recognized between
Dobromierz and Przedbérz to the north-west (Swidzinski,
1962; Kutek, 1968). The latter area together with the nearby
area of Sulejow and Tomaszow Mazowiecki of the north-
western margin of the Holy Cross Mts. corresponds already
to another facies region and will be described elsewhere.
There exist a number of papers discussing facies and fau-
nal approaches to selected carbonate deposits making up the

succession studied in the south-western margin of the Holy
Cross Mts. The bulk of them were published after the appear-
ance of the studies of Kutek (1968, 1969) and Pszczotkowski
(1970). They provide some new observation on the facies de-
velopment of the succession, but mostly lack detailed new
age-correlation based on the analysis of ammonite assembla-
ges important for chronostratigraphy, except the studies of
Matyja (1977) and Matyja et al. (1989). The interpretations
given therein are commented on below, both when they have
supplemented the general knowledge of the succession and
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Fig. 2. Map of occurrences of the Kimmeridgian deposits in the south-western margin of the Holy Cross Mts.
(after Kutek, 1968, somewhat modified and stratigraphically revised)

The lithostratigraphical units of the Kimmeridgian are reinterpreted according to the classification given herein as follows, with the original names of Kutek
(1968) in brackets: “coquina” formation and younger marly units (“marly-lumachelle deposits”); Spinkowa Géra Fm., Matogoszcz Oolite Fm., and upper part of
Bukowa Fm. (“oolite-platy deposits”); lower part of Bukowa Fm. and upper part of Pilica Fm. (“chalky limestone member”). The tectonic features discussed in

the text are marked in red. Abbreviations: g. (gdra in Polish) — hill

facies development, but also in cases when they differ mark-
edly from the opinion of the present author.

The description of the lithostratigraphical succession as
given herein needs formal recognition of new lithostrati-
graphic units, both of formation rank, as well as of a lower
category rank (like members and beds). The lithostratigra-
phical subdivision of the deposits takes into account older
informal units — such as those proposed (or repeated from
older publications) by Swidzinski (1962), Kutek (1968),
Matyja (1977, 2011) and Matyja et al. (1989) — but it is also

based on proposals given in other papers — by Dembowska
(1979), Matyja, Wierzbowski (2004, 2014) and Wierzbows-
ki (2017a) — all of them coming from regions placed west
and north-west of the area of study. The new lithostrati-
graphical units are described in detail in Appendix 1 at-
tached to this study.

Although the palaecontology of ammonites has not been
the main subject of this study, some comments on the palae-
ontological interpretation of the ammonites as well as their
classification and phylogeny are given in Appendix 2.
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FACIES SUCCESSION
AND ITS LITHOSTRATIGRAPHICAL
AND BIOCHRONOSTRATIGRAPHICAL
INTERPRETATION

Deposits of the sponge megafacies underlying the
Kimmeridgian. The oldest Late Jurassic deposits of the
south-western margin of the Holy Cross Mts. belong to the
so called sponge megafacies and are represented by carbo-
nates (limestones, less commonly marls) rich in siliceous
sponges (preserved as sponge mummies) — Lithistida and
Hyalospongea (Hexactinosa and Lychnicosa), and other
benthic (brachiopods, bryozoans, serpulids) as well as nek-
tonic fossils (ammonites, belemnites). These deposits, most-
ly correlated with the Oxfordian Stage, are developed as
well-bedded limestones (subordinately also marls) with
cherts (called the Morawica limestones) laterally replacing
massive biohermal limestones, both corresponding to the
Czgstochowa Sponge Limestone Formation (Matyja, 1977;
Matyja, Wierzbowski, 2004). This facies pattern has result-
ed in a highly diversified original relief of the sea bottom
ranging up to about 150-200 meters between the top of the
sponge-cyanobacteria bioherms (or bioherm complexes)
composed of massive limestones and the bottom of the in-
terbiohermal basins, where the bedded deposits were formed
(Matyja, Wierzbowski, 1996; see also Matyja, 1977).

Pilica Formation (micritic limestones with grainstone
intercalations): Hypselum to Planula zones. Youngest are
well-bedded micritic limestones with a poor benthic fauna
(only locally does their lowermost part still contain some
fauna), showing enormous development within basinal areas
when resting on the well-bedded sponge limestones, and at-
taining there more than 450 m (Matyja, 1977) and even up
to 535 m in thickness (Matyja et al., 1989; Fig. 3). These
micritic limestones crop out in several quarries like Wolica—
Siedlce quarry and Wierzbica—Sobkéw quarry in the west-
ern margin of the Holy Cross Mts. area, and were called the
Siedlce limestones (Matyja, 1977) and recognized later
(Matyja et al., 1989) as the Siedlce Limestone Member.
They are placed in the Pilica Formation as distinguished for-
mally in the area of the Polish Jura by Matyja and Wierz-
bowski (2004).

A very characteristic set of deposits, composed of three
distinct marly layers (from some tens of centimeters to about
1.50 m in thickness) occurring within a limestone succes-
sion in a lower part of the Siedlce Limestone Member, and
ranging up to about 15 meters in thickness, can be recog-
nized in the south-western margin of the Holy Cross Mts. It
is distinguished herein as the Wolica Bed (Fig. 3; see Ap-
pendix 1). This lithostratigraphic unit occurs about 190—
205 m above the base of the Upper Jurassic deposits in the
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Fig. 3. Stratigraphy of the Oxfordian and lowest Kimmeridgian at the
transition from deep-neritic sponge magafacies to shallow-water
carbonate platform deposits in the Siedlce to Sobkdw-Wierzhbica area in
the south-western margin of the Holy Cross Mountains (after Matyja,
1977 and Matyja ef al., 1989; somewhat modified)

basinal areas (such as the Wolica—Siedlce, the Wolica, and
the Morawica sections), and climbs up to about 390 m above
the same level in the bioherm complexes, including sections
at Krasnowicka hill, and Nida—Brzeziny — thus, its position
differs about 200 m in height between the two areas and cor-
responds to the original relief of the sea-bottom (Matyja,
1977, fig. 4; ¢f- Matyja, Wierzbowski, 1996).

The ammonite fauna composed of small-sized ammo-
nites was found mostly in the rubble close to the Wolica
Bed. It includes (Matyja, 1977, 2011; see also Matyja et al.,
1989, fig. 4) very common oppeliids, constituting about
80% of the whole assemblage; some of them may be
grouped in dimorphic pairs (see Wierzbowski et al., 2010),
such as Taramelliceras (Taramelliceras) costatum (Quenst-
edt) (see Matyja, 1977, pl. 3: 14-18) and Glochiceras (Lin-
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gulaticeras) bobrownikiense Wierzbowski et Glowniak
(originally interpreted by Matyja, 1977 as G. lingulatum);
but also not strictly related — Ochetoceras (Ochetoceras)
marantianum (d’Orbigny) (see Matyja, 1977, pl. 2: 4-6);
Glochiceras (Coryceras) canale (Oppel). Additionally,
some ammonites belonging to other groups were also found
here. These include phylloceratids, such as Sowerbyceras
tortisulcatum (d’Orbigny) (see Matyja, 1977, pl. 1: 1) and
small aulacostephanids originally interpreted as “Ring-
steadia flexuoides (Quenstedt)” (see Matyja, 1977, pl. 8: 6),
which are similar to the later founded genus Vielunia (see
Wierzbowski et al., 2010). The whole assemblage is very
remarkable, because it is close in composition to that de-
scribed from the Bobrowniki section in the Wielun Upland,
having a well-established stratigraphical position near the
Oxfordian/Kimmeridgian boundary (see Wierzbowski et al.,
2010, 2016; Wierzbowski, Matyja, 2014). The occurrence of
the oppeliids as mentioned above, including the presence of
the subspecies Taramelliceras (Taramelliceras) costatum
laterinodosum Karvé-Corvinus, which possibly includes
some of the specimens of 7. costatum illustrated by Matyja
(1977, pl. 3: 14-16), the occurrence of O. marantianum
showing a high point of rib furcation, but also the presence
of aulacostephanids, possibly related to Vielunia dzalosinen-
sis Wierzbowski et Gtowniak (¢f. immature specimen of the
species illustrated in: Wierzbowski et al., 2010, pl. 9: 4 with
that illustrated by Matyja, 1977, pl. 8: 6) strongly suggest
the correlation of the discussed fauna (or at least a part of it)
with that of the lowermost Kimmeridgian in the Bobrowniki
section. Moreover, the marly deposits occur in the Bobro-
wniki section commonly below the Oxfordian/Kimme-
ridgian boundary, near the boundary between the Berrense
Subzone of the topmost part of the Hypselum Zone, and the
Bimammatum Subzone of the Bimammatum Zone (cf.
Wierzbowski, Matyja, 2014; Wierzbowski et al., 2016), thus
showing some lithological similarity to the Wolica Bed. All
these data indicate that the base of the Kimmeridgian Stage
as interpreted according to the proposal of the International
Subcommission on Jurassic Stratigraphy (see Wierzbows-
ki A. et al., 2016, 2018) runs within or directly above the
Wolica Bed in the lower part of the Siedlce Limestone
Member of the Pilica Formation (Fig. 3) in the south-west-
ern margin of the Holy Cross Mts.

A younger faunal assemblage found about 20 meters
above the Wolica Bed in the Wolica and Wolica—Siedlce
sections is also composed of several oppeliids, which are
partly similar to those mentioned above: Taramelliceras (T))
costatum (Quenstedt), Glochiceras (Lingulaticeras) bobro-
wnikiense Wierzbowski et Glowniak, but some are new:
Glochiceras (G.) cf. tectum Ziegler, Glochiceras (Coryce-
ras) modestiforme (Oppel) and Taramelliceras (Richeiceras)
pichleri (Oppel) (see Matyja, 1977, pl. 1: 4, 5; pl. 3: 19; see

also Matyja et al., 1989, fig. 4). This assemblage is indica-
tive of the Bimammatum Subzone, especially because of the
occurrence of 7. (T)) costatum (Quenstedt) and 7. (R.) pich-
leri which are both unknown from younger deposits (see
Wierzbowski et al., 2010). The only problem is with the am-
monite coming from this assemblage and originally (Matyja,
1977, pl. 8: 1) referred to as “? Idoceras aff. minutum Diet-
erich”. It was interpreted as a forerunner of the genus Sub-
nebrodites and was compared with some forms occurring in
the Hauffianum Subzone, representing the upper part of the
Bimammatum Zone, i.e. in somewhat younger beds that the
discussed oppeliid assemblage (Matyja ef al., 1989). More-
over, the ammonite in question looks similar to the oldest
species of Subnebrodites — S. matyjai Wierzbowski et
Glowniak (see Wierzbowski ef al., 2010, p. 74, pl. 12: 1, 2)
which occurs in the lowermost part of the Planula Zone, dif-
fering mostly in lacking a ventral smooth band. The co-oc-
currence of the discussed form with oppeliids indicative of
the Bimammatum Subzone, however, strongly suggests that
its stratigraphical position, similar to that of the whole ammo-
nite assemblage, corresponds to the topmost part of the sub-
zone, near the base of the overlying Hauffianum Subzone.
The youngest deposits of the Siedlce Limestone Member
of the Pilica Formation show a marked lateral facies diffe-
rentiation in the western margin of the Holy Cross Mts. The
differences are expressed by the local occurrence of layers
of oolitic-onkolitic-bioclastic grainstones of shallow-water
origin with an abundant benthic fauna, in contrast to the
bulk of micritic limestones of the succession being generally
very poor in fauna. The study of Sobkow—Wierzbica quarry
reveals that the succession of the deposits is placed general-
ly outside the main area of inflow of detrital material (grain-
stone intercalations are recognized in boreholes in the neigh-
boring area), but showing levels with episodic development
of rich benthic assemblages, which flourished due to tempo-
rary slowing down of carbonate mud sedimentation (Matyja
et al., 1989). All these deposits about 100 meters in thick-
ness yielded also abundant ammonites. The most important
ones for stratigraphy are representatives of the genus Subne-
brodites indicative of the Planula Zone, such as Subnebrodi-
tes laxevolutum (Fontannes) (Matyja et al., 1989, pl. 1: 4-7;
pl. 2: 1, 2) and S. planula (Hehl) (Matyja et al., 1989, pl. 2:
3, 4) both indicative of the planula horizon of the upper part
of the zone, but also S. cf. schroederi (Wegele) (Matyja
etal., 1989, pl. 2: 5-7), occurring somewhat above, and sug-
gesting the presence of the minutum=schroederi horizon of
the uppermost part of this zone (¢f. Schweigert, Callomon,
1997; Wierzbowski et al., 2010; Wierzbowski, 2017a). The
occurrences of Orthosphinctes (O.) polygyratus (Reinecke)
and O. (O.) cf. freybergi (Geyer) (Matyja ef al., 1989, pl. 1:
1-3) additionally confirms such a stratigraphical interpreta-
tion. The deposits representing the uppermost part of the
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Siedlce Limestone Member in Sobkéw—Wierzbica quarry
show a marked discontinuity surface at their top covered
with bioclastic-onkolitic-calcirudite grainstones formed in
a much shallower environment. The stratigraphical interpre-
tation of these youngest deposits belonging to the newly
erected Bukowa Formation is discussed below.

Another development of the upper part of the Siedlce
Limestone Member is present in the succession of the large
Bukowa quarry near Skorkéw village. The section of the old
part of the quarry was described in several papers (Kutek,
1968; Roniewicz, Roniewicz, 1971; Alexandrowicz, Bar-
wicz-Piskorz, 1974), but the younger part of the succession
cropping out in a new part of the quarry was interpreted
more recently by Gutowski et al. (2006) and Matyja (2011).
The section begins with a 10 meters thick oolite unit (base
not exposed) covered by soft, thick-bedded micritic lime-
stone 12 metres thick. The latter represents the typical de-
posit of the Siedlce Limestone Member, the former possibly
a grainstone lens-shaped body embedded within the micritic
limestones of this member. The banded chert level occurs in
the topmost part of the micritic limestones, while the top of
the Siedlce Limestone Member, in a similar manner to the
situation in Sobkoéw—Wierzbica quarry, is cut by the discon-
tinuity surface. The overlaying organogenic chalky lime-
stones with a shallow-water benthic fauna rest unconform-
ably (Gutowski et al., 2006) and belong already to the
Bukowa Formation (Figs. 3, 4).

It should be remembered that the distinction of the mic-
ritic, friable limestones with intercalations of grainstones of
the Siedlce Limestone Member of the Pilica Fm. from the
friable grainstones rich in shallow-water fauna of the Bu-
kowa Formation, as interpreted herein, was not always pos-
sible in the past, when the general succession of these de-
posits was not studied in detail, and especially when the
succession was not fully exposed, being partly observed in
the rubble (cf. Kutek, 1968), or interpreted using aerial pho-
tographs (cf. Pszczotkowski, 1970). All these deposits were
lumped by Kutek (1968) into his “chalky limestone mem-
ber” attaining locally at least about 100—130 m in thickness,
whose upper and lower boundaries were treated as “obvi-
ously heterochronous”. A few ammonites from the lower
part of this unit included: Subnebrodites sp. [close to S. lax-
evolutum (Font.) described as Idoceras sp. (Kutek, 1968,
p. 514, pl. 8: 2)] and coming from the micritic limestone in-
tercalation in the Zerniki section, as well as Orthosphinctes
(Orthosphinctes) polygyratus (Reinecke) referred originally
to as “Perisphinctes (Orthosphinctes) cf. pseudobreviceps
Wegele” and coming from a “lower part of the chalky lime-
stone member” of the Mata Brogowica section (Kutek,
1968, p. 514). These ammonites undoubtedly indicate the
presence of the Planula Zone and are strictly comparable to
the ammonite assemblage from the upper part of the Siedlce

Limestone Member as described from Sobkoéw—Wierzbica
quarry by Matyja et al. (1989).

Bukowa Formation (chalky limestones with corals,
grainstones, micritic limestones and marls): uppermost
Planula to lower/middle Platynota zones. A more detailed
subdivision of the “chalky limestone member” sensu Kutek
(1968) was proposed by Pszczotkowski (1970, fig. 3), who
recognized a horizon placed about 30—35 m below the top of
the “chalky limestones” which is easily traceable in the aerial
photographs between Staniewice and Rogalow in the whole
studied area of the south-western margin of the Holy Cross
Mts. This horizon, called herein “the basal unit”, is from
a few up to several meters in thickness and shows large dif-
ferences in its lithological development. It consists (Pszczot-
kowski, 1970, fig. 3) of marly limestones and micritic lime-
stones at Staniewice, which are replaced by organodetrital
limestones, locally with colonies of Codiaceae (Marinella)
between Staniewice and the Biata Nida river valley (i.e. at
Sobkéw—Wierzbica quarry) from the south, and then by mi-
critic limestones, locally with corals, and marly limestones
and/or marls towards the west (at Mieronice, Le$nica and
Skorkéw — i.e. at Bukowa quarry), and successively by ooli-
tic limestones towards the north-west (at Gruszczyn and
Lipie). The position of this lithological unit within the stu-
died successions of Sobkow—Wierzbica quarry and Bukowa
quarry is directly above the Siedlce Limestone Member of
the Pilica Formation, already in the overlying newly estab-
lished Bukowa Formation. The base of this unit is marked
by the prominent discontinuity surface, having a wide geo-
graphical distribution, being the boundary of the two forma-
tions as treated herein (cf. also Kazmierczak, Pszczotkowski,
1968, fig. 2; see also Fig. 4).

The regional data suggest eustatic and/or tectonic con-
trol of the discussed discontinuity surface and the related
origin of the overlying deposits which resulted from “a sud-
den progradation of the carbonate platform facies on the
whole SW area of the Holy Cross Mts. region® (Matyja
et al., 1989, p. 41). This phenomenon took part at the end of
the Planula Chron as evidenced by the ammonite fauna in
the underlying deposits of the Siedlce Limestone Member. It
is in full agreement with the local occurrence of micritic
limestones with intercalations of marls and/or marly lime-
stones in “the basal unit” as recognized between Mieronice
and Skorkéw and in the Bukowa quarry section (see Pszczot-
kowski, 1970, fig. 3; Matyja, 2011, fig. 3) as well as in the
boreholes at Lesnica (denoted as “mA” by Barwicz-Piskorz,
1995). These deposits may be treated as the fragmentarily
preserved equivalents of the Latosowka Marl Member (“lo-
wer marly unit” as interpreted in older papers, e.g. Wierz-
bowski, 1966; see also Matyja, Wierzbowski, 2004), which
is completely developed in the Polish Jura, especially the
Wielun Upland, where its stratigraphical positon corre-
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Fig. 4. Lithostratigraphical subdivision and sketch of main facies assemblages of the shallow-water carbonate platform deposits
of the Lower Kimmeridgian (uppermost Planula to upper Hypselocyclum zones) in the south-western margin of the Holy Cross Mountains
[based on log descriptions of Kutek (1968), Pszczotkowski (1970), Matyja (2011), and other papers cited in the text]

<
<%

sponds to the topmost part of the Planula Zone (Wierzbow-
ski, 2017a). The ammonites found in the micritic limestones
with marly intercalations in the “basal unit” at Bukowa quar-
ry, although not unequivocal in their stratigraphical interpre-
tation, are not contradictory with the suggested stratigra-
phical correlation of these deposits. They include: (1)
“Perisphinctes (Orthosphinctes) sp.” (three specimens), lo-
calized in the section but not illustrated and lost specimens
of Orthosphinctes; they came from “a hard limestone bed
between the two chalky limestone units”, corresponding to
lithostratigraphic unit B6 characterized by the occurrence of
bedded limestones with corals and with a marly intercalation
(see Kutek, 1968, p. 514, tab. 2, fig. 7); (2) a large specimen
(about 280 mm in diameter) of a nearly smooth aula-
costephanid representing either Vineta, or a weakly orna-
mented Vielunia found by the author and photographed in
the field.

The Bukowa Formation as recognized herein (Fig. 4; see
Appendix 1) consists of three members. The lower one is the
newly established Piekielnica Coral Limestone Member. It
includes: (1) the discussed above grainstones, limestones
with corals and micritic limestones with marly intercalations
of the “basal unit” (this is conditionally attributed to the
member herein, but possibly should be treated as a separate
formal rock unit in the future), and (2) the overlying chalky
limestones with commonly occurring hermatypic corals,
corresponding to the upper part of the “chalky limestone
member” of Kutek (1968). The middle part of the Bukowa
Formation is the newly established Le$nica Limestone
Member, including various limestones described by Kutek
(1968; see also Pszczotkowski, 1970) as “the deposits over-
lying chalky limestones”; the upper member of the forma-
tion is composed mostly of marls and marly limestones of
the “lowermost marly horizon” as distinguished by Kutek
(1968) in the south-western margin of the Holy Cross Mts.,
being strictly comparable with the Gory Marl Member
(“middle marly unit”) recognized in the Wielun Upland
(Wierzbowski, 2017a).

The bulk of the Piekielnica Coral Limestone Member
(see Fig. 4 and Appendix 1) consists of bedded chalky lime-
stones containing an abundant and diversified benthic shal-
low-water fauna including hermatypic corals — mostly found
sparsely placed in beds, but forming also flat biostromes of
the patch-reef type (Roniewicz, 1966; Roniewicz, Ronie-
wicz, 1971), solenoporoids, bivalves (diceratids and various
oysters), gastropods (nerineids), and others. The total thick-
ness of the Piekielnica Coral Limestone Member (together
with micritic limestones and grainstones of the “basal unit”

treated as the lowermost part of the member) attains about
35 meters at Bukowa quarry (Matyja, 2011). Ammonites
have been found here very rarely. A single giant specimen
referred to as “Ringsteadia (Ringsteadia) sp.” by Kutek
(1968, pl. 14) from the upper part of this member is a strong-
ly ornamented Vielunia very close to V. tenuiplexa (Quen-
stedt). This species is known from the lower part of the Pla-
tynota Zone (Geyer, 1961; Wierzbowski, 1970, 2017a).

The Lesnica Limestone Member as defined herein
(Fig. 4; see Appendix 1) consists of micritic limestones and
organodetrital-oolitic limestones containing bioclasts, intra-
clasts and ooids in various amounts, and some benthic fauna
(Roniewicz, 1967; Kutek, 1968; Pszczotkowski, 1970). This
member is well exposed in Bukowa quarry (Matyja, 2011),
where it consists (from the bottom) of thick-bedded micritic
limestones (about 6 m in thickness), which are overlain by
thin-bedded limestones with marly intercalations (about 4 m
in thickness), being successively covered by oolitic lime-
stones (a few meters thick) locally showing cross-bedding
and ripple-marks; these are overlain by thin-bedded micritic
limestones with marly intercalations already belonging to
the Gory Marly Member (“lowermost marly horizon” of
Kutek, 1968). According to Pszczotkowski (1970), a marked
regional difference in the development of the deposits re-
ferred herein to the Le$nica Limestone Member is observed
in the south-western margin of the Holy Cross Mts. In the
southern part of the area, between Staniewice and Les$nica,
the deposits are dominated by oolitic-organodetrital lime-
stones, which are sandwiched by micritic limestones, where-
as towards the north and north-west micritic limestones be-
come more common (Pszczoétkowski, 1970, figs 1, 3; Fig. 4,
herein). In detail, the distribution of these main lithological
types is even more complicated, being related to occurrence
of the discontinuity surfaces, and the possible sedimentary
and/or erosionally reduced thickness of the beds. Such situa-
tion occurs e.g. in the upper part of the Le$nica Limestone
Member. The Gruszczyn, Bukowa and Koscidtek sections
are more complete and show the presence of organodetrital-
oolitic limestones below the discontinuity surface (see also
Kutek, 1968, fig. 7: where unit L3, representing possibly the
same organodetrital limestones as mentioned above from the
Koscidtek—Les$nica section, should be attributed rather to the
Les$nica Limestone Member, i.e. “the deposits overlying
chalky limestones”, than to the “chalky limestone member”
as indicated therein). On the other hand, in the nearby
Krzyzowa Gora section these younger deposits are missing,
and the older micritic limestones occur directly below the
discussed discontinuity surface (see Kazmierczak, Pszczot-
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kowski, 1968, fig. 6B). The presence of stratigraphical gaps
in the succession (including that occurring at least in some
areas at the top of the unit), together with facies changes,
thus makes a detailed correlation between the particular sec-
tions of the member difficult.

Ammonites are found only in the lower and middle,
somewhat marly parts of the Le$nica Limestone Member.
From Bukowa quarry (see Gutowski et al., 2006) came Or-
thosphinctes  (Orthosphinctes) polygyratus (Reinecke)
(PL. 3: 1) and O. (Lithacosphinctes) gidoni Atrops (Pl. 2).
Some additional fragmentary specimens were found in
Ghuchowiec quarry and studied by Kutek (1962a, 1968).
These include fragments of a large specimen, which can be
attributed to O. (Lithacosphinctes) sp. (as interpreted herein),
and a fragment of Pictonia (Pomerania) originally referred
to as “Pomerania schmidti (Dohm)” by Kutek (1962a, p. 379)
— but later treated as specifically undeterminable (Kutek,
1968, p. 563). A well-preserved large specimen of Pictonia
(Pomerania) dohmi (Arkell) described by Kutek (1968,
p. 561-563, pl. 9; see also PI. 4, herein) was found at the
Krzyzowa Gora section (in subunit K4, see Kutek, 1968,
fig. 7) — this specimen was originally referred also to Pome-
rania schmidti (Dohm) by Kutek (1962a, p. 379; 1962b).
The whole assemblage of ammonites is undoubtedly indica-
tive of the Platynota Zone (Kutek, 1968). Moreover, it
should be remembered that the discussed ammonites of the
genus Orthosphinctes do not occur above the lower part of
the Platynota Zone (Atrops, 1982). The deposits of the low-
er-middle parts of the Le$nica Limestone Member should be
thus correlated with the Polygyratus Subzone, representing
the lower part of the Platynota Zone. The younger deposits
of this member, as well as the overlying marly deposits of
the Gory Marl Member (“lowermost marly horizon” of
Kutek, 1968; see also Fig. 4) of the uppermost part of the
Bukowa Formation have not yielded any ammonites and
their stratigraphical position is considered below in a wider
stratigraphical and geographical context. These marly de-
posits up to about 10—15 meters in thickness are best deve-
loped between Krasocin and Brzegi, but towards the north
and the south they successively disappear, and are replaced
by micritic limestones (Kutek, 1968; Pszczotkowski, 1970).

The “lowermost marly horizon” has been commonly
treated as an easily recognizable unit, having additionally
a large correlation potential in the Kimmeridgian of the
south-western margin of the Holy Cross Mts. It was origi-
nally correlated (see Kutek, 1968, p. 533, 534, 545, tab. 3)
with the “middle marly unit” of Wierzbowski (1966, see
also Kutek et al., 1977) in the Wielun Upland and placed in
a higher part of the Platynota Zone. This opinion was subse-
quently modified by Kutek (1994, p. 183, although without
closer discussion), who located both the “lowermost marly
horizon” as well as the “middle marly unit”, together with

their marly equivalents in central Poland, “low in the Platy-
nota Zone”. Moreover, all these marly deposits considered
as isochronous were recognized by him as representing an
important stratigraphical marker horizon B in the Upper Ju-
rassic succession. This enabled the distinguishing of the two
stratigraphical intervals I and II in the Upper Jurassic COK
succession of central Poland by Kutek (1994), with their
boundary placed at horizon B, located near the Planula/Pla-
tynota zone boundary (which was treated at that time as the
Oxfordian/Kimmeridgian boundary in the Submediterranean
Province). Such an opinion on the stratigraphical position of
the discussed marly deposits was recently followed by some
Polish authors (Krajewski et al., 2016, 2017; Olchowy et al.,
2019), who additionally correlated the top of this marly ho-
rizon with the third-order sequence boundary Kim.1 of
Hardenbol et al. (1998). The sedimentological aspects of
such a correlation will be criticized below in the chapter
“History of sedimentation”; here only some comments on
the stratigraphical premises of this interpretation are consi-
dered. The “lowermost marly horizon” in the south-western
margin of the Holy Cross Mts. occurs undoubtedly in the
Platynota Zone, and it is placed well above its lower part as
shown by ammonite findings. Although no ammonites have
been found within the horizon itself, those occurring in the
deposits occurring directly above indicate some higher le-
vels of the Platynota Zone (see below). The Gory Marl
Member in the Wielun Upland (="middle marly unit”)
which was treated always as the stratigraphical equivalent of
the “lowermost marly horizon” did not yield any ammonites
either, but some coming from the directly underlying depo-
sits have suggested also a rather high stratigraphical position
in the Platynota Zone (Wierzbowski, 2017a). Thus, the top
of the discussed marly unit — the Gory Marl Member as in-
terpreted herein, cannot be placed at the sequence boundary
of Kim.1 of Hardenbol et al. (1998), as corresponding ap-
proximately to the boundary between the Planula and Pla-
tynota ammonites zones (but see also comments below on
the difficulties in the precise interpretation of this sequence
boundary level), because it is evidently younger.

Another stratigraphical correlation which has to be con-
sidered is that between the Gory Marl Member (“lowermost
marly horizon” = “middle marly unit”) and the marly depo-
sits from the “Lo6dz Depression”, including the Betchatow
and Ztoczew areas, proposed by Olchowy et al. (2019,
p. 678) as ““ a key to stratigraphic correlation of Upper Juras-
sic deposits in central and southern Poland”. The marly unit
of the Kietczygtow—Szczercow—Belchatow areas which has
been correlated with the “lowermost marly horizon” by Ol-
chowy et al. (2019), corresponds to the Kietczyglow Marl
Member, however, and thus it is younger as shown by am-
monites indicative of the lowermost part of the Hypselocyc-
lum Zone occurring directly below it (Wierzbowski, 2017a).
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This erroneous correlation resulted mostly from the accept-
ance by Olchowy et al. (2019, and in some earlier papers
cited therein) of a similar age for the oolites overlying the
“lowermost marly horizon” in the south-western margin of
the Holy Cross Mts. (i.e. the Matogoszcz Oolite Fm. as dis-
tinguished herein), and the “oolitic” formation sensu Wierz-
bowski (2017a, units C, D in figs. 5, 6), overlying the
Kietczygtoéw Marl Member in the Kielczyglow—Szczercow
area. In fact, as shown by ammonite faunas, the oolites in
south-western margin of the Holy Cross Mts. correspond
mostly to the upper parts of the Platynota Zone and range up
into the basal part of the Hypselocyclum Zone only (see be-
low, herein), whereas those of the Kietczyglow—Szczercow
area correspond to the upper Hippolytense Subzone — lower
Lothari Subzone boundary interval of the Hypselocyclum
Zone (Wierzbowski, 2017a).

Malogoszcz Oolite Formation (oolites and micritic
limestones): upper Platynota to lowermost Hypselocyc-
lum zones. The “oolite formation” sensu Dembowska
(1979), although originally defined in a very general way,
corresponds but partly to this well-defined lithostratigraphi-
cal unit in the south-western margin of the Holy Cross Mts.
composed of oolites and associated organodetrital and mic-
ritic limestones (cf. Matyja, 2011). The formation formally
recognized herein (see Appendix 1) is the Malogoszcz Oo-
lite Formation, and includes four newly established mem-
bers, corresponding to informal lithostratigraphical units
commonly recognized before, which names are given below
in brackets (see Kutek, 1968, and earlier papers cited therein;
see also Fig. 4): (1) Rogalow Limestone Member (“underly-
ing pelitic limestones™); (2) Gluchowiec Oolite Member
(“lower oolite”); (3) Mieronice Banded Limestone Member
(“banded limestone member™); (4) Sobkéw Oolite Member
(“upper oolite”). At the top of the formation occurs a very
characteristic “onkolite horizon” distinguished herein as the
Celiny Onkolite Bed. These lithostratigraphic units may be
traced over the whole discussed area of the south-western
margin of the Holy Cross Mts., although they show some
differences in facies development (Kutek, 1968, 1969;
Pszczotkowski, 1970).

The Rogalow Limestone Member is developed as micrit-
ic limestones up to about 10—15 meters in thickness, partly
replaced by oolites with intercalations of micritic limestones,
but the member may locally attain a very small thickness
(Kutek, 1968; Matyja, 2011). The Gluchowiec Oolite Mem-
ber consists of cross-bedded oolites, which dominate in the
central part of the study area, between Skorkéw, Malogoszcz
and Mieronice, attaining from 10 to 20 meters in thickness,
but in other areas these deposits are partly replaced by oo-
lites lacking cross-bedding, or even by micritic limestones.
The Mieronice Banded Limestone Member, up to about 20
meters in thickness, consists of bands of micritic and very

fine-grained organodetrital-oolite limestones with a very
poor macrofauna, and show the presence of cherts at some
levels. Its lithology was studied in detail in the Mieronice
section (Kutek, 1962a). The deposits of this unit are locally
developed as micritic limestones without organodetrital ma-
terial, but also as oolites. The latter situation is observed
near Zerniki and Brzegi, where the member passes laterally
into oolites corresponding to the Sobkow Oolite Member, at-
taining even about 35 meters in thickness (Kutek, 1968, tab. 2;
1969, fig. 6). On the other hand, the intercalations of oolites
within micritic limestones, attributed to the Mieronice Band-
ed Limestone Member at Bolmin (Pszczotkowski, 1970),
suggest the complete lateral replacing of this unit by oolites.
The Sobkow Oolite Member, about 20—30 m in thickness, is
mostly composed of oolites rich in micritic matrix and not
showing any distinct bedding. Cross-bedded oolites occur
mostly in a lower part of the unit, between Sobkéw in the
south and Krasocin to the north, but some cross-bedded la-
yers are recognized in its upper part as well (Kutek, 1968,
p- 509, tab. 2, fig. 6; 1969, p. 252, fig. 6). Micritic limestone
beds are recognized in some sections (Sokotéw, Bolmin,
Krzyzowa Gora near Malogoszcz) in the upper part of the
Sobkow Oolite Member (Pszczotkowski, 1970). The Celiny
Onkolite Bed occurs at the top of the Matogoszcz Oolite
Formation. It consists of a few layers of onkolite limestones,
from several tens of centimeters to about 3 meters in thick-
ness (Kutek, Radwanski, 1965, 1967; Kutek, 1968). The
onkolite layers can be recognized over a large distance in
south-western margin of the Holy Cross Mts. Two main bo-
dies of onkolite limestones can be recognized: one stretching
from Rogalow to Brzegi in the northern and central part of
the studied area, and another one placed a few meters higher
in the succession, and occurring in its southern part, from
Brzegi to Goluchdéw and Celiny (Kutek, 1968, tab. 2; see
also Fig. 4).

Ammonite findings are not common in the older deposits
of the Matogoszcz Oolite Formation, in the Rogalow Mem-
ber and the Gluchowiec Oolite Member, but they are fairly
common in the upper part of the formation — in the Sobkow
Oolite Member, and especially in the Celiny Onkolite Bed.
No ammonites have been ever found in the Mieronice Band-
ed Limestone Member. The formation thus shows scattered
ammonite findings in a few localities, mostly in its lower
part, and this, in relation to the marked facies changes pre-
sent, means that special caution is needed in chronostrati-
graphical correlation of the deposits. Of some help are the
recognized discontinuity surfaces, a few of them having
a larger regional continuity and representing horizons of the
correlative value (see Kazmierczak, Pszczotkowski, 1968).

The oldest ammonite assemblage of the Matogoszcz Oo-
lite Formation comes from the micritic, partly grained
(mostly oolitic) limestones of the Rogalow Limestone Mem-
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ber cropping out at Rogaléw. They are possibly the lateral
equivalent of the older deposits of the Ghuchowiec Oolite
Member (cf. Kutek, 1968, tab. 2), and are directly underlain
by the marly deposits of the Géry Marl Member (as dis-
cussed above). Three ammonite species of marked stratigra-
phical value are recognized and commented on as follow:

1. Orthosphinctes (Lithacosphinctes) aff. stromeri (Wege-
le) described originally as “Lithacoceras (Lithacoceras)
evolutum (Quenstedt)” = O. (L.) evolutus (Quenstedt) by
Kutek (1968, p. 550-551, pl. 3; see also PL. 1, herein);
see Appendix 2; it should be mentioned that O. stromeri
occurs in the uppermost part of the Platynota Zone
(in the Guilherandense Subzone), and is younger than
O. evolutus known only from the lower part of this zone
(Polygyratus Subzone) (see Atrops, 1982); the discussed
form O. aff. stromeri is possibly somewhat older than
O. stromeri, showing also some features of the older
O. evolutus; thus, its occurrence inbetween the middle
part of the Platynota Zone (Desmoides Subzone) and its
upper part seems highly probable;

2. Rasenia inconstans Spath, originally described by Kutek
(1968, p. 555, p. 11; see also Pl. 6, herein) as “Rasenia
(Eurasenia) pendula Schneid”, is a rather surprising dis-
covery, because this ammonite does not belong to the
Submediterranean genus/subgenus Eurasenia, showing
a coiling and ornamentation very close to the earliest
representative of Subboreal Rasenia as treated by Birke-
lund and Callomon (1985; ¢f- also Spath, 1935; see also
Appendix 2, herein); the occurrence of this ammonite
(which is indicative of the basal part of the Subboreal
Cymodoce Zone) in the Submediterranean succession of
central Poland has important palacogeographical impli-
cations, but independently suggests correlation with
some higher (middle-upper) parts of the Submediterra-
nean Platynota Zone as usually shown in correlation
charts (cf. Comment et al., 2015; Wierzbowski, Smelror,
2020);

3. Pictonia (Pomerania) cf. dohmi (Arkell) as indicated by
Kutek (1968, pp. 511, 563, where this specimen was re-
ferred to as “Pomerania (Pomerania) cf. dohmi”; see
PL. 5: 1, herein); this species is known from the assem-
blage of Pomerania ammonites (originally referred to
Pictonia by Dohm, 1925) from the Czarnogltowy = Zarn-
glaff quarry in western Pomerania (see Appendix 2), and
when co-occurring with Rasenia it suggests a stratigra-
phical position near the boundary between the Subboreal
Baylei and Cymodoce zones, i.e. near the middle-upper
parts of the Platynota Zone, as discussed above.

The Gluchowiec Oolite Member has yielded a few am-
monites, all of them found at Sobkéw quarry. These are
large specimens of Pictonia (Pomerania) albinea (Oppel)
[see Kutek, 1968, p. 514, 564, 565, pl. 8: 3, described as

Pomerania (Pachypictonia) albinea (Oppel)], and Pictonia
(Pomerania) cf. dohmi (Arkell). These forms are still in part
like Pictonia in their inner whorls, but resemble Rasenia on
the outer whorls, being thus to some degree transitional be-
tween the two genera, although in a different evolutionary
development, that of Pomerania-Pachypictonia (see Appen-
dix 2, ¢f. also Birkelund, Callomon, 1985, p. 41; Wierzbow-
ski, 2017b). Their occurrence is thus consistent with the
stratigraphical interpretation of the ammonites from the Ro-
galow Limestone Member as discussed above.

A younger part of the Matogoszcz Oolite Formation cor-
responding to the Sobkéw Oolite Member has yielded a fair-
ly rich and diversified assemblage of ammonites, mostly
coming from Sobkéw quarry. Stratigraphically, the most im-
portant ones are representatives of the family Ataxiocerati-
dae. The oldest of them is a large specimen of Orthosphinc-
tes (Lithacosphinctes) pseudoachilles (Wegele), described
by Kutek (1968, p. 509, 550, pl. 2) as “Lithacoceras (Litha-
coceras) subachilles (Wegele)” (see Appendix 2). This spe-
cies occurs in the middle part of the Platynota Zone, ranging
upwards into the basal part of the topmost subzone (Guil-
herandense Subzone) of the zone. Although its detailed po-
sition in the Sobkéw Oolite Member was not indicated by
Kutek (1968), who only mentioned that the bulk of speci-
mens from Sobkéw quarry came from the upper part of the
unit, this is the unique candidate to be ascribed to its lower
part. Moreover, this part of the Sobkéw Oolite Member may
be treated as the lateral facies equivalent of some upper
parts of the Mieronice Banded Limestone Member. The rest
of specimens of the family Ataxioceratidae indicate a some-
what higher stratigraphical position.

The occurrence of Ataxioceras (Parataxioceras) homali-
num Schneid [= 4. ex. gr. discobolum (Font) in Kutek, 1968,
p. 509, 553, pl. 4: 4], A. (P) cf. hippolytense Atrops (Pl. 3:
4), and especially Ataxioceras (Schneidia) genuinum Sch-
neid [= Ataxioceras guentheri (Oppel) in Kutek, 1968,
p. 509, 552, pl. 5: 1], and A. (Schneidia) sp. (= Ataxioceras
involutum Geyer, in Kutek, 1968, p. 509, 552, pl. 5: 4a, b),
all of them found at Sobkow quarry, can be treated as indica-
tive of the basal part of the Hypselocyclum Zone — corre-
sponding mostly to the /ussasense horizon of the lowermost
part of the Hippolytense Subzone. The same stratigraphical
position is indicated by Ataxioceras (Schneidia) lussasense
Atrops (P1. 3: 2) found in the Sobkéw Oolite Member in the
Matogoszcz cement-works quarry (see Atrops, 1982, also
Wierzbowski, 2017a). Also the occurrence of “Ataxioceras
ex gr. guentheri (Oppel)” in the younger part of the
Matogoszcz Oolite Fm (“upper oolite”) at Chmielnik, in the
southernmost part of the south-western margin of the Holy
Cross Mts. (Kutek, 1968, p. 528), which is possibly a repre-
sentative of the subgenus Schneidia (see above), confirms
such a stratigraphical interpretation of these deposits.
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The family Aulacostephanidae is represented in the Sob-
kéw Oolite Member by numerous specimens markedly dom-
inating in number over Ataxioceratidae (after Kutek, 1968,
p. 509, the proportion of ammonites of the two families is
14:5 in his collection from Sobkéw quarry). The most com-
mon ones are heavily ornamented raseniids represented both
by very large specimens, which can be easily compared with
Pachypictonia as interpreted herein (see Appendix 2), in-
cluding such forms as Pachypictonia cf. peltata (Schneid)
(see Kutek, 1968, p. 564, pl. 10) and P. cf. perornatula
(Schneid) (P1. 5: 2), and smaller specimens the interpretation
of which needs some comments. The latter are mostly frag-
ments of whorls or incomplete specimens with strong rib-
bing similar to that of Rasenia trifurcata (Reinecke) (P1. 7: 1)
— which is sometimes placed in the genus/subgenus Eurase-
nia (see Geyer, 1961), but whose relation to large Pachypic-
tonia seems highly probable, especially when compared
with larger specimens, showing a similar type of ornamenta-
tion (P1. 7: 2). The stratigraphical value of these ammonites
is not known in detail, because “the principal source of un-
certainity is the lack of precise stratigraphy for almost all of
the type specimens” of the German Pachypictonia (Birke-
lund, Callomon, 1985, p. 41). Nevertheless, the bulk of them
is generally attributed to the Submediterranean Hypselocy-
clum Zone — mostly its lower and middle parts (e.g., Gygi,
2003), although some forms may appear possibly in the up-
per part of the Platynota Zone. Similarity in the evolutionary
development between the Subboreal Rasenia lineage and the
discussed Pachypictonia lineage (see Appendix 2) finds its
spectacular confirmation in the occurrence of ammonites
very close to Pachypictonia together with Rasenia incon-
stans in the lowermost part of the Cymodoce Zone in East
Greenland (Birkelund, Callomon, 1985, p. 40-42, pls. 14: 5,
6; 15: 1; 16: 1). On the other hand, Rasenia balteata Schneid,
which is very similar to R. trifurcata (see Gygi, 2003), has
been discovered together with Pachypictonia in the lussas-
ense horizon of the lowermost part of the Hypselocyclum
Zone in the Radomsko elevation of central Poland (Wierz-
bowski, Glowniak, 2018). These data give the basis for
a close correlation between the Subboreal and Submedi-
terranean zonal schemes as based on material coming from
central Poland, and additionally show the common occur-
rence of ammonites of Subboreal affinitity in the stratigra-
phical interval from upper part of the Platynota Zone to the
lowermost part of the Hypselocyclum Zone.

Another group of Aulacostephanidae is represented by
genera/subgenera of Submediterranean affinity. Here belong
mostly species of [nvoluticeras such as [ Ilimbatum
(Schneid) (PL. 9) and I. involutum (Quenstedt) (Pl. 8: 1)
found in the upper part of the Sobkéw Oolite Member at
Sobkéw quarry, and in the Lesnica (Kosciotek hill) section
(collected by Kutek, and from the author’s collection). These

ammonites are known from the Hypselocyclum Zone (see
e.g., Geyer, 1961; Gygi, 2003). Also, a few specimens of As-
pidoceratidae from the same unit were recorded, but not il-
lustrated by Kutek [p. 509, 566 — placed in the genus Aspi-
doceras, and being close to Aspidoceras binodum (Oppel)]
from Sobkéw quarry, and an additional specimen from the
topmost part of the member from Celiny quarry. The dis-
cussed ammonites belonging to the Aulacostephanidae and
Aspidoceratidae from the Sobkéw Oolite Member corre-
spond to the Hypselocyclum Zone and have a smaller strati-
graphical value than the above discussed Ataxioceratidae.

The discussed Aulacostephanidae of Submediterrancan
affinity become very common in the topmost part of the
Matogoszcz Oolite Formation — in the Celiny Onkolite Bed.
Here they constitute the bulk of the collected specimens (14
of 15 collected), being represented by Eurasenia such as
E. vernacula (Schneid) (see Kutek, 1968, p. 556, pl.6: 1) and
E. rolandi (Oppel) (see Kutek, 1968, p. 554, 555, pl. 6 : 2),
Prorasenia quenstedti (Schindewolf) (see Kutek, 1968,
p.- 557, pl. 6: 4), and common Involuticeras — such as I. invo-
lutum (Quenstedt) (Kutek, 1968, p. 556, pl. 8: 1) and I. lim-
batum (Schneid) (P1. 8: 2). These specimens were found in
numerous outcrops by Kutek (1968, p. 509) and by the au-
thor: at Staniewice, Brzegi, Matogoszcz (including a large
cement-works quarry), Lesnica (Kosciotek hill), between
Lopuszno and Krasocin, at Wola Swidzinska and Ostrow.
All of them indicate the presence of the Hypselocyclum
Zone. A single ataxioceratid ammonite coming from the
Koscidtek hill section (Kutek, 1968, p. 509) is Ataxioceras
(Parataxioceras) (Pl. 3: 3a, b) which, although specifically
difficult for determination, suggests the presence of the low-
er part of this zone.

The two discontinuity surfaces — one at the top of the
Mieronice Banded Limestone Member (i.e. base of the Sob-
kéw Oolite Member) and another one at the top of the Sob-
kéw Oolite Member (i.e. base of the Celiny Onkolite Bed) —
were treated as having especially wide geographical
distribution in the south-western margin of the Holy Cross
Mts. (Kazmierczak. Pszczotkowski, 1968; see also Fig. 4):
the first one is traced over a distance of 28 km, the second
one over 57 km (and even 70 km as recorded by Kutek,
Radwanski, 1965); thus, they both can be treated as good
stratigraphical markers. The possible nature of these sedi-
mentary discontinuities will be discussed in detail in another
part of this study. It may be mentioned only that in the case
of the younger surface, the deposits underlying as well as
those directly overlying the surface, show some features of
stratigraphical condensation. This results in the fairly com-
mon occurrence of ammonite shells in the deposits directly
adjoining the discontinuity surface in the upper part of the
Sobkow Oolite Member and in the Celiny Onkolite Bed, as
discussed above. The ammonite assemblages can be subdi-
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vided into two different faunas. The older one, occurring in
the upper part of the Sobkéw Oolite Member, is rather of an
open marine character, being fairly diversified and com-
posed of Aulacostephanidae (both of Subboreal and Sub-
mediterranean affinity), Ataxioceratidae and Aspidocerati-
dae. It is replaced in in the Celiny Onkolite Bed, at the top of
the formation, by a fauna more restricted in its character,
composed mostly of Aulacostephanidac of Submediterra-
nean affinity — such as Eurasenia and Involuticeras, with the
virtual absence of Pachypictonia — Rasenia, and very rare
Ataxioceratidae. The overlying marly deposits of the Spin-
kowa Goéra Formation (see below) are completely devoid of
ammonites. All these records indicate that the development
of the discussed discontinuity surface at the top of the Sob-
koéw Oolite Member was related to a decline of the sedimen-
tation rate of the carbonates — before the subsequent input of
detrital material drawn either by climatic or tectonic chang-
es. It has been interpreted also as an effect of the drowning
of the shallow-water carbonate platform deposits in the
south-western margin of the Holy Cross Mts. (Matyja et al.,
2006a). Features resulting from the slowing of the sedimen-
tation rate of the carbonates were recognized also at the
same stratigraphical level — i.e. in the lowermost part of the
Hypselocyclum Zone (mostly the /[ussasense ammonite
horizon) — in somewhat deeper marine deposits in other
more distant areas, such as the Wielun Upland (Wierzbows-
ki, 2017a) and the Radomsko elevation (Wierzbowski,
Glowniak, 2018) of central Poland, which confirms that the
reasons for the development of the discussed discontinuity
surface and the resulting stratigraphical correlations were
region-wide.

Spinkowa Goéra Formation (micritic limestones and
marls with intercalations of grained limestones): Hypse-
locyclum Zone. This newly established formation (see Ap-
pendix 1; see also Fig. 4) can be subdivided into four easily
recognizable parts as seen in the large cement-works quarry
at Malogoszcz (Matyja et al., 2006a, fig. B.2.30). A lower-
most part is composed of marls with thin intercalations of
micritic limestones, attaining about 5 m in thickness. It cor-
responds strictly to the Kielczyglow Marl Member as re-
cognized in the Wielun Upland and in the Radomsko eleva-
tion (see Wierzbowski, 2017a; Wierzbowski, Glowniak,
2018). A middle part, distinguished herein (see Appendix 1)
as the Grabki Limestone Member, is composed of micritic
limestones with layers of grained limestones (mostly of
ooids, bioclasts and oncoids) with rare intercalations of oys-
ter lumachelles. It attains about 12 m in thickness (Matyja
et al., 2006a; Matyja, 2011). Both these lithostratigraphic
units correspond to the “oolite-platy member”, which is
overlain in the northern and central part of the south-western
margin of the Holy Cross Mts. by “the shaly limestones and
underlying shales” as recognized by Kutek (1968, tab. 2).

These youngest deposits of the Spinkowa Goéra Formation
continue towards the north already outside the study area, at
Dobromierz and Przedborz (Kutek, 1968, tab. 2, fig. 11),
and are distinguished herein as the Dobromierz Marl Mem-
ber below, and the Buczyna Limestone Member above (see
Appendix 1). These lithostratigraphic units are well-deve-
loped in the section of the cement-works quarry at Mato-
goszcz: the Dobromierz Marl Member consists here of marls
(attaining about 12 m in thickness), whereas the overlying
Buczyna Limestone Member consists of micritic “sublitho-
graphic” limestones (about 10 m in thickness), with an ex-
tremely rare and specific fauna, including the isopod Cyclo-
sphaeroma and fragments of plesiosaur/pliosaur (Radwanski,
1995; Matyja et al., 2006a). A discontinuity surface having
a wide geographical distribution is developed at the top of
the Buczyna Limestone Member in the whole south-western
margin of the Holy Cross Mts. (see Kazmierczak, Pszczol-
kowski, 1968; see also Fig. 4, herein).

The Kielczyglow Marl Member showing a similar de-
velopment to that described in Malogoszcz quarry is seen in
nearly the whole south-western margin of the Holy Cross
Mts., from Oleszno to Sobkow, but towards the south at Sta-
niewice, this unit disappears (cf. Pszczotkowski, 1970; see
also Fig. 4, herein). The Grabki Limestone Member is reco-
gnized in its typical development in the middle part of the
south-western margin of the Holy Cross Mts. from Lipie,
Gruszczyn and Skorkow, where it is composed mostly of
micritic limestones, but with intercalations of fine-grained
limestones, appearing near Le$nica and Malogoszcz. The
deposits corresponding to the Grabki Member in the north
show still another development between Oleszno and Ro-
galow, where oolitic limestones commonly appear (see
Kutek, 1968; Pszczotkowski, 1970). This suggests an inter-
fingering with another lithostratigraphic unit, mostly com-
posed of oolites and formally not yet distinguished, occur-
ring at the north-western border of the Holy Cross Mts.
A markedly different development of the deposits corre-
sponding at least partly to the Spinkowa Goéra Formation is
seen in the southernmost part of the south-western margin of
the Holy Cross Mts. Here, beginning from the Bizorenda
and Brzegi area towards the south, all the deposits of this
formation were attributed by Kutek (1968, tab. 2) to his “oo-
lite-platy member” without any possibility of recognition of
both marly deposits and the overlying “sublithographic”
limestones (the Dobromierz Marl Mbr., and the Buczyna
Limestone Mbr., as treated herein, respectively). On the other
hand, large oolite bodies occurring within micritic lime-
stones may attain here from a few up to about 10-20 meters
in thickness, as it is the case in the Korytnica, Karsy and
Goluchow sections (Kutek, 1968; Pszczoétkowski, 1970).
Possibly a part of these oolites is the age equivalent of
a younger Skorkéw lumachelle/’coquina” formation (see
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Pszczotkowski, 1970, cf. also Kutek, 1968, tab. 2; Kutek,
1994), and thus it is already younger than the deposits of the
Spinkowa Gora Formation in the central and northern parts
of the south-western margin of the Holy Cross Mts. It is an
open question, whether all these deposits in the southern-
most part of the south-western margin of the Holy Cross
Mts. should be placed within the Grabki Limestone Member
or distinguished as a separate member (or even formation) in
the future (see Fig. 4).

No ammonites have ever been found in the Spinkowa
Gora Formation. Taking into account the occurrence of am-
monites indicative of the lowermost Hypselocyclum Zone
directly below in the Celiny Onkolite Bed, as well as the am-
monites of the topmost part of the Hypselocyclum Zone and
the lowermost Divisum Zone directly above, in the basal de-
posits of the Skorkow lumachelle/“coquina” formation
(Kutek, 1968, 1994; Matyja, Wierzbowski, 2000; see also
below), the deposits of the Spinkowa Goéra Formation should
be attributed to the Hypselocyclum Zone, including some
parts of the Hippolytense Subzone as well as of the Lothari
Subzone. The youngest deposits in the southern part of the
area of study, attributed to the Spinkowa Gora Formation
with reservation (see above), could possibly range up near
the boundary of the Hypselocyclum and Divisum zones.

HISTORY OF SEDIMENTATION

General setting and modes of interpretation. During
the Late Jurassic the large area of epicratonic Poland includ-
ing the Holy Cross Mts. constituted a part of the northern
Tethyan shelf covered from the Oxfordian up to the begin-
ning of the Late Tithonian by epicontinental seas. Initially, in
central and southern Poland the deep neritic sponge megafa-
cies dominated, being replaced from the Middle Oxfordian
to Early Kimmeridgian by shallow-water carbonate platform
deposits. Such is the shallowing upward carbonate succes-
sion composed of the preceding sponge-megafacies deposits
and the succeeding shallow-water deposits in the Lublin —
Holy Cross Mountains Carbonate Platform of south-eastern
Poland. This carbonate platform developed on the eastern
promontory of the Ukrainian Shield already during the Mid-
dle Oxfordian and reached the north-eastern margin of the
Holy Cross Mts. area in the beginning of the Late Oxfordian,
and the south-western margin during the Planula Chron of
the Early Kimmeridgian (e.g. Matyja et al., 1989; Matyja,
Wierzbowski, 1996, 2006a, 2014; see also Kutek, 1994; Gu-
towski, 1992, 1998, 2006).

During the Oxfordian and Kimmeridgian, the whole area
of the Holy Cross Mts. remained a place of accumulation of
thick, mostly carbonate, deposits. Their preservation today,
as already indicated, resulted mostly from the NW-SE-ori-

ented Laramian elevation and the following erosion, which
removed the deposits from the present Palacozoic core of the
mountains, except their so-called “Mesozoic margins” (Ku-
tek, 1968; see also Fig. 5, herein). This makes recognition of
their original facies pattern difficult, and special caution is
needed when discussing their palacogeographical distribu-
tion and sedimentological setting. Crucial in that matter is
the detailed chronostratigraphical interpretation of the de-
posits which enables the construction of time-controlled “se-
parate levels” showing the distribution of particular facies
assemblages with their environmental interpretations given.
The stratigraphical position of sequences of strata can be
based on fossils important for age-correlation, especially am-
monites (which occur, however, only at some levels), but it
can be also based on orbitally-controlled sedimentary cyclic-
ity (Fig. 6). Such as an attempt to recognize climatic cycles
of longer duration (of 100-kyr and 405-kyr) can be proposed
when comparing the lithological character of the deposits
studied and their chronobiostratigraphically established po-
sition with the detailed cyclostratigraphic correlation chart
based on detailed geochemical analysis of the Early Kimme-
ridgian pelagic deposits of south-eastern France, having a good
ammonite stratigraphy (Boulila et al., 2008, 2010; cf. At-
rops, 1982). Some additional help comes also from a similar
attempt of correlation presented recently for the Early Kim-
meridgian succession of the Wielun Upland in central Po-
land, stratigraphically well-documented by ammonites (Wierz-
bowski, 2017a). Such an approach enables the presentation
of suggested changes of sea-level in the studied succession.
On the other hand, the sedimentation of the Kimme-
ridgian deposits of the south-western margin of the Holy
Cross Mts. was controlled also by synsedimentary tectonics
(Figs. 5, 6). The character of the deposits as well as their
thickness were strictly related to the activity of synsedimen-
tary faults, as proved palacontologically and shown by the
marked contrast in coeval lithological development of de-
posits in neighboring areas of the north-western margin of
the Holy Cross Mts., the Radomsko elevation, as well as the
Wielun Upland (see e.g. Barski, 2012; Matyja, Wierzbow-
ski, 2014, 2016; Wierzbowski, 2017a; Wierzbowski, Glow-
niak, 2018). Such a distinct facies change in the area of the
south-western margin of the Holy Cross Mts. was already
noticed by Kutek (1969, p. 291). Excepting some local
changes, he observed ones which had a “more general chara-
cter” and resulted in the appearance at the end of the Early
Kimmeridgian of more shallow-water deposits like oolites
and lumachelles in southern (at Gorki, Staniewice and Brze-
gi) and north-western (from Skorkéw to Oleszno) parts of
the area of study (see Figs. 1, 2, 4, herein). In relation to the
south-western margin of the Holy Cross Mts. special impor-
tance has been placed on the so-called Zawiercie—Busko
Fault Zone, which brought the deposits typical of this area
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Fig. 6. Cyclostratigraphic scale based on 100-kyr and 405-kyr eccentricity cycles for the Lower Kimmeridgian uppermost Planula
to upper Hypselocyclum zones (after Boulila et al., 2008, 2010) as compared with the ammonite zonations and lithostratigraphy
of the shallow-water carbonate platform succession in the south-western margin of the Holy Cross Mts.

The levels with ammonites are indicated (cf. Fig. 4), and their correlation with extrema of the eccentricity cycles is shown. The suggested intervals of tectonic
subsidence/uplift as based on the occurrence of contrasted facies are marked; these intervals are often associated with the appearance of thicker siliciclastic
deposits denoted as marly units, recognized mostly as members in the lithostratigraphic scheme

into contact in the south with those of a completely different
Late Jurassic facies zone (Rézycki, 1953; Kutek, 1996; Ma-
tyja, 2009, 2015, and other papers cited therein). The north-
ern border of the study area, as well as the neighboring part
of the north-western margin of the Holy Cross Mts., stayed

also under the influence of several faults showing synsedi-
mentary activity, like the Holy Cross Fault System (lineament)
(Matyja,Wierzbowski, 2014; Matyja, 2015), as well as its
unnamed branch stretching directly along the northern bor-
der of the area of study from the southern segments of the
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Dobromierz Anticline and the Jozefow Syncline, and possi-
bly continuing east toward Zeleznica, but also the Gréjec
Fault Zone (Figs. 2, 5). Their synsedimentary activity strong-
ly influenced the general facies pattern — not only directly by
the formation of elevated zones which became the place of
formation of shallow-water oolites and other grained lime-
stones, but also by development of the “quiet-water areas”
in their neighborhood which were dominated by carbonate
deposits formed in a lower-energy platform setting. The
wider regional contex of the synsedimentary activity of
these faults is discussed in the final chapter of this study.

The occurrence of fairly thick marly units placed in
some intervals of the succession suggests the temporary in-
flow of silicilastic material, possibly from inner parts of the
carbonate platform (Figs. 4, 6). Some of them were previous-
ly interpreted (Gutowski, 1992, 2006) in terms of sequence
stratigraphy as deposits accumulated during the lowstand to
transgressive system track. They can be, however, consi-
dered rather as caused by accommodation space changes re-
lated to tectonics which resulted from vertical movements
on a regional scale. This is in accordance with the occur-
rence of the marly units in the close neighbourhood of the
contrasted facies pattern which can be related with tectonic
unconformities. The most plausible interpretation is that the
deposition of the marly units resulted from the tectonic
events, but that colder (and possibly more humid) climatic
conditions leading to the enhanced hydrological cycle were
at least partly superimposed, which enhanced the detrital in-
put into the carbonate production.

Decline of sponge megafacies and incoming of the
carbonate platform — Bimammatum to Planula chrons.
The development of the deep-neritic, huge cyanobacteria-
sponge bioherm complexes took place during the Oxfordian
up to the beginning of the Kimmeridgian (Bimammatum
Zone). Their development has been recognized mostly in the
northern and southern parts of the south-western margin of
the Holy Cross Mts., whereas an interbiohermal basin filled
with the bedded sponge-tuberolitic Morawica limestones
occurred in between them, stretching general in the latitudi-
nal direction from Zerniki, Siedlce and Sokoldéw in the west
to Morawica and Wola Morawicka in the east (Matyja, 1977,
figs. 1, 4; 2015). As noticed above, a large original sea bot-
tom relief between the top of the biohermal complexes and
the bottom of the interbiohermal basin can reach even 150—
200 m (Matyja, Wierzbowski, 1996; see also Matyja, 1977).
The succeeding micritic limestones, representing the Siedlce
Limestone Member of the Pilica Formation, attained their
maximum development in the interbiohermal basin, thus of-
fering the largest space for their accumulation, and reaching
here up to about 535 meters in thickness (Matyja et al.,
1989; Fig. 3). In the bulk of the member, up to the Bimam-
matum Zone, the deposits are micritic limestones of very

high calcium carbonate content with extremely rare faunal
elements. Their sedimentation rate was very high reaching
up to about 28 ¢cm/1000 year (Matyja, 2011). The deposits
were laid down originally as muddy carbonate sediments of
soupy-like character and represented an environment unsuit-
able for the development of a benthic fauna (Matyja et al.,
1989). These deposits were possibly formed by the export of
carbonate mud from the shallow-water carbonate platform
located in the northern and north-western areas of the Holy
Cross Mts. during the Late Oxfordian and the earliest Kim-
meridgian (Matyja, Wierzbowski, 2014).

The uppermost part of the Siedlce Limestone Member,
corresponding to the Planula Zone of the Lower Kimme-
ridgian shows the presence of lenses of the oolitic-onkolitic-
bioclastic grainstones, which represent the submarine fans
of the prograding shallow-water carbonate platform (Matyja
et al., 1989; Matyja, 2011). The topography of the sea-bot-
tom was highly diversified, ranging from moderately deep
basins where the micritic limestones were still being deposi-
ted, to elevated shoals, representing the tops of older cyano-
bacteria-sponge bioherms, settled by hermatypic corals (Ma-
tyja, 1977). The latter areas possibly became promontories
of the progradating carbonate platform (possibly even
stretching east-west according to the original directions of
the bioherm complexes — Matyja, 2011, 2015), and places,
where the detrital material for submarine fans came from.

A marked change in sedimentation took place in connec-
tion with the origin of the main discontinuity surface devel-
oped at the top of the Siedlce Limestone Mbr. (and the top
of the Pilica Formation). The development of this surface,
marking also the base of the Bukowa Formation, was related
to strong winnowing of the micritic muddy sediment, and
the appearance of favorable conditions for the existence of
burrowing and then boring organism assemblages (Kaz-
mierczak, Pszczotkowski, 1968; Gruszczynski, 1986; see
also Fig. 4). The deposits directly overlying the discontinui-
ty surface in the south-western margin of the Holy Cross
Mts. represent a highly diversified unit (called herein the
“basal unit”), both in the character of the deposits but also in
its thickness (Pszczotkowski, 1970). These are organodetri-
tal limestones, oolitic limestones, but also micritic lime-
stones and marly limestones and marls. Between the depo-
sits of the unit and the underlying Siedlce Limestone Member
is observed, at least locally, a small angular unconformity
developed along the discussed discontinuity surface (Gu-
towski et al., 20006).

The regional data suggest the wide geographical distri-
bution of the deposits in central Poland which can be corre-
lated with those discussed above, corresponding to the phe-
nomenon of the sudden progradation of the carbonate
platform onto the whole area of the south-western margin of
the Holy Cross Mts. (Matyja et al., 1989). In the northern
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part of the Polish Jura (Wielun Upland, and adjoining part of
the Czestochowa Upland — placed westward from the area of
study, and representing a distal foreland of the platform),
this stratigraphical interval shows the replacement of the in-
terbioherm thick marly unit (Latosowka Marl Member of the
Pilica Formation) by the overlying chalky limestones with
an abundant fauna of the Kuchary Limestone Member of the
Prusicko Formation (see Wierzbowski, 2017a, fig. 2). This
succession marks the transition from the diversified sea-bot-
tom relief of the bioherm to basin topography to the fairly
uniform and moderately shallow-water conditions, formed
within rather a short time interval, corresponding to the end
of the Planula Chron (placed before the beginning of the Ga-
lar Subchron), and marked often at the top by stratigraphic
condensation (see Wierzbowski, 2017a). The local differ-
ences in thickness of the marly deposits of the Latosowka
Marl Mbr. (and underlying micritic limestones) were strictly
controlled by the activity of a synsedimentary fault (or set of
faults), like that stretching along the Warta river valley and
corresponding to the Grojec Fault Zone (Matyja, Wierz-
bowski, 2016, Wierzbowski, 2017a; see also Fig. 5, herein).
Moreover, the unusual large thickness of the marly deposits
of the Latosowka Marl Mbr., locally attaining 100 m (Maty-
ja, Wierzbowski, 2016), as well as the common occurrence
of detrital quartz grains suggest a rather sudden transport of
huge masses of detrital material, and excludes their accumu-
lation due to environmentally controlled inhibition of carbo-
nate productivity.

All the data given strongly suggest that the depositional
history at the end of the Planula Chron was controlled by
tectonic synsedimentary activity (Fig. 6). The tectonic eleva-
tion of the areas of the Lublin—Holy Cross Mountains Car-
bonate Platform of south-eastern Poland resulted in tectoni-
cally accelerated shallowing of the basin, and the distribution
of fine detrital material, coming possibly from the inner parts
of the carbonate platform areas, where such deposits were
formed (c¢f- Niemczycka, 1976a, 1981). In a deeper part of
the basin of central Poland, in the Polish Jura area, it resulted
in the fast supply and deposition of the thick marly-silty de-
posits of the Latosowka Marl Member. In the newly formed
areas of the shallow-water carbonate platform of the south-
western margin of the Holy Cross Mts., the shallowing re-
sulted in the development of the discontinuity surface, and
subsequently in the appearance of the local-origin grain-
stones, and other organogenic limestones formed on the ex-
isting elevations and representing the common deposits of
the “basal unit”. In some other more protected areas, the de-
position of micritic limestones with intercalations of marly
limestones and marls took place, such as those near Lesnica
and Bukowa Gora, where the corresponding deposits were
distinguished in the cores as the marly unit “mA” by Bar-

wicz-Piskorz (1995); these were the only remnants of the
fine siliciclastic detrital material corresponding to the
Latosowka Marl Member, which was swept over the outer
part of the carbonate platform. The end of the marly sedi-
mentation of the Latosowka Marl Member is marked by the
occurrence of the condensed deposits with ammonites of the
latest Planula Chron in the northern part of the Polish Jura
(Wierzbowski, 2017a), but the micritic limestones of the
“basal unit” of Bukowa quarry in the study area also yielded
some ammonites, possibly of similar age (see chapter on the
facies succession herein). This suggests that the decline of
sedimentation was marked by an episode of an elevated sea-
level (see also below).

The stratigraphical succession of the Late Jurassic be-
tween the Holy Cross Mts. and the Polish Jura was inter-
preted in terms of sequence stratigraphy by Gutowski (2006,
figs B.2.3, 2.4, and earlier papers cited therein). He consi-
dered the base of the sedimentary sequence at the marly ho-
rizon (Latosoéwka Marl Mbr. herein) to be indicative of the
lowstand/transgressive system track in the upper part of the
Planula Zone. However, the eustatic control of this level ac-
cording to that which has been presented above cannot be
accepted. The origin of the deposits discussed was mainly
controlled by tectonic activity; they have no universal distri-
bution, and thus, they should be considered in terms of a tec-
tono-stratigraphic or tectono-eustatic unit only (cf. also Ku-
tek, 1994).

When discussing the “basal unit” of the Bukowa Forma-
tion, and its relation to the Latosowka Marl Member, it is
worth noting that the decline of siliclastic sedimentation was
possibly controlled by orbitally-forced climate changes. Such
a suggestion results from the character of the youngest de-
posits of these units, as well as from the time-correlation
with the cyclostratigraphically elaborated section Chateau-
neuf-d’Oze in south-eastern France (c¢f. Boulila ef al., 2008,
2010). The youngest deposits studied correspond possibly to
the uppermost part of the minutum=schroederi ammonite
horizon at the top of the Planula Zone (treated as the base of
the Galar Subzone of the Platynota Zone, see Wierzbowski,
2017a), whereas the same level as documented by ammo-
nites in the pelagic succession of SE France corresponds to
the minimum (Min.1) of the 405-kyr eccentricity cycle (and
nearly coeval minimum of the 100-kyr eccentricity cycle).
This level marks the minimum of the magnetic susceptibility
(MS), and corresponds to enhanced carbonate production,
showing the maximum insolation, which appears to have in-
duced a very high sea-level according to the model proposed
by Boulila et al. (2008, 2010). This interpretation seems to
be in full accordance with the end of the influx of detrital
material in relation to a higher sea-level, which flooded the
carbonate platform of the Holy Cross Mts. (cf- Fig. 6).
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The interpretation given is also a good opportunity to
discuss problems of the boundaries of the “universal” eu-
static sequences, taking as an example the Kim 1 third-order
sequence as distinguished by Hardenbol et al. (1998) which
has sometimes been correlated with the deposits in question,
but sometimes also with the topmost level of the directly
younger marly deposits (Gory Marl Member) of the studied
succession (Krajewski et al., 2016, 2017; Olchowy et al.,
2019). The main problem with this and other boundaries is
their unprecise dating in terms of ammonite stratigraphy,
and the diversified character of deposits in which they are
distinguished. The base of the Kim.1 third-order sequence
was placed within the Platynota Zone by Colombié and
Strasser (2003, figs. 3, 4), in the upper part of the Ortho-
sphinctes=Polygyratus Subzone (but note that the authors
did not distinguish precisely the base of the zone). As was
noticed by Boulila er al. (2008, figs. 2, 6) that sequence
boundary as interpreted by Colombié and Strasser (2003)
matches generally the 405-kyr MS minimum (in this case
the Min.2), which, on the other hand (see Boulila ez al.,
2010, fig. 2), corresponds to the main-flooding surface de-
posits. The position of the Kim. 1 after Hardenbal et al.
(1998) should be placed rather at the beginning of the low-
stand deposits and thus nearly to the 405-kyr MS maximum
(Max. 1) — in the lowermost part of the Platynota Zone, i.e.
in the Galar Subzone, if included into the Platynota Zone
(cf- Boulila et al., 2008, fig. 6).

Initial stage of development of the carbonate plat-
form — early to middle Platynota Chron. The coral lime-
stones, representing the bulk of the Piekielnica Coral Lime-
stone Mbr. of the Bukowa Formation, are developed mostly
in the chalky limestone facies (Fig. 4). This facies composed
of friable, biogenic limestones shows “a certain monotony
of sedimentation, and constancy of its conditions” and does
not display “any evidence of the activity of currents in the
form of cross-stratification or erosional surfaces” (Ronie-
wicz, Roniewicz, 1971, p. 407, 408) which indicate a rather
calm water environment. The organic assemblages beside
the branching and massive corals are represented by shal-
low-water bivalve (Diceras-Trichites-Actinostreon) — gas-
tropod (nerineids) — and calcareous algae (solenoporoids
and Marinella) assemblages. Onkolites are common. The
corals can form flat buildups of the patch-reef type attaining
up to 4 meters in height, and about 20 meters in length (Ro-
niewicz, Roniewicz, 1971; Roniewicz, 2004). The occur-
rence at some levels of dominant thick-walled bivalves and
nerineids together with large onkolites, without corals, and
with a common biodetrital matrix (¢/- Roniewicz, 2004) in-
dicates the temporary appearance of more turbulent condi-
tions. The deposits as a whole were formed at the lower
slope of the carbonate platform, in a relatively quiet deeper
zone. However, the common occurrence of corals, which

represent the pioneer community, marks the transition from
deeper-neritic to shallow-water higher energy conditions
(Matyja et al., 1989).

The top of the Piekielnica Coral Limestone Member re-
veals commonly the presence of the discontinuity surface
(Kazmierczak, Pszczotkowski, 1968; Pszczotkowski, 1970).
The directly overlying deposits of the Lesnica Limestone
Member show a strongly diversified facies pattern (Pszczol-
kowski, 1970; see also Fig. 4, herein). The predominance of
organodetrital-oolitic limestones was stated to be initially in
the southern part of the area of study from Staniewice to
Lesnica. These deposits either wedge out or are laterally re-
placed by some parts of the micritic limestones, beginning
from Ostréw, Bolmin and Matogoszcz towards the north,
but successively micritic limestones spread over the organo-
detrital-oolitic limestones also towards the south (Pszczot-
kowski, 1970, fig. 3). The recognized facies boundary be-
tween the organodetrital-oolitic limestones and micritic
limestones in the lower part of the member runs approxi-
mately in an east-west (locally also NW—-SE) direction, and
seems to correspond to the older boundary between the Late
Oxfordian-earliest Kimmeridgian cyanobacteria-sponge bio-
hermal complex of the northern part of the study area and
the adjacent interbiohermal basin to the south. A similar dis-
tribution of facies occurred during deposition of the “basal
unit”. Such persistency of the facies boundary suggests that
it was tectonically controlled.

The fairly common occurrence of ammonites in the mi-
critic limestones indicates open-marine conditions and can
be interpreted as indicative of the transgressive episode. The
ammonites were found in the lower-middle parts of the mi-
critic limestones in the northern part of the study area (Bu-
kowa quarry, and Krzyzowa Gora quarry — see Kutek, 1968;
Gutowski et al., 2006), but also in micritic limestones lying
directly above the organodetrital-oolitic limestones towards
the south (Mieronice quarry, cf. Kutek, 1962a; Pszczotkow-
ski, 1970). All these ammonites are indicative of the lower
part of the Platynota Zone (Polygyratus Subzone). When
discussing their environmental and stratigraphical value two
observations should be taken into account: (1) these ammo-
nites are not younger than the uppermost part of the Polygy-
ratus Subzone; (2) their fairly common occurrence suggests
a moderate to slow sedimentation rate of the deposits.

The discussed stratigraphical interval with ammonites
corresponds most likely to the uppermost part of the Po-
lygyratus=Orthosphinctes Subzone of the lower Platynota
Zone, near the boundary with the overlying Desmoides Sub-
zone of the middle Platynota Zone (Fig. 6). Stratigraphical
condensation at this level marked by the common occur-
rence of ammonites is commonly recognized to the west in
the neighboring areas of the northern part of the Polish Jura
(Wielun Upland) at the top of the Kuchary Limestone Mem-
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ber of the Prusicko Formation (Wierzbowski, 2017a, and
earlier papers cited therein). The boundary between the
Polygyratus and Desmoides subzones is a very distinctive
level in the cyclostratigraphic correlation chart of SE France
(Boulila et al., 2008, fig. 2; Boulila et al., 2010, fig. 2). It
corresponds to the minimum (Min.2) of the 405-kyr eccen-
tricity cycle (and nearly coeval minimum of the 100-kyr ec-
centricity cycle). This level marks the minimum of the mag-
netic susceptibility (MS) and very high sea-level, according
to the model proposed by Boulila et al. (2008, 2010), which
is in accordance with the suggestions given above (see also
Wierzbowski, 2017a, fig. 12).

Shallow-water carbonate sedimentation versus clay/
siliciclastic material input — middle Platynota Chron. The
upper part of the Lesnica Limestone Mbr. in the Bukowa
quarry section was studied in detail by Roniewicz (1967,
fig. 1). He recognized at the top of the micritic limestones
with marly intercalations (occurring directly above those
which yielded the discussed ammonites of the lower part of
the Platynota Zone) several lithological units of carbonates,
showing generally a shallowing-upward trend. These were
from the base: micritic limestones, showing at the top of the
beds surfaces of sedimentary discontinuity with commonly
occurring burrow traces, and the overlying oolite unit (about
5 meters thick) composed of oolites and organodetrital lime-
stones, passing upwards into cross-bedded oolites, and co-
vered by oolites with ripple-cross lamination. Surfaces with
oscillation ripple-marks were commonly recognized in the
oolite unit. The topmost part of this succession at Bukowa
quarry (Matyja, 2011, fig. 3) was represented by thin-bedded
micritic limestones with intercalation of marls of about
2 meters in thickness; these were overlain by a single layer
of micritic limestones with cherts, showing a surface with
mud-cracks. These deposits as well as the overlying marls
represent already the Gory Marl Member of the topmost part
of the Bukowa Formation.

The study of the neighboring Lesnica section showed the
presence of the discontinuity surface at the base of the oolite
unit, corresponding to that of Bukowa quarry in the upper-
most part of the Le$nica Limestone Member (see Kazmier-
czak, Pszczotkowski, 1968, fig. 6B, surface 1). On the other
hand, the Krzyzowa Gora section, about 3 km south-east of
the Lesnica section showed the total absence of the oolite
unit above the discussed discontinuity surface, whereas the
younger discontinuity surface (Kazmierczak, Pszczotkowski,
1968, fig. 6B, surface 2) was placed in a similar position to
that in the Le$nica section at the base of the marly deposits
of the Gory Marl Mbr. These observations suggest a longer
persistence of the stratigraphical gap between the develop-
ment of the two discontinuity surfaces at the Krzyzowa Gora
section than in the Le$nica section (where the corresponding
gap was partly filled up by sedimentation of the oolitic unit,

about 5 meters in thickness); however, some erosion of the
deposits at the Krzyzowa Gora section is also possible
(Kazmierczak, Pszczotkowski, 1968; Pszczotkowski, 1970).
According to Kutek (1968, 1969) the differences in develop-
ment of the youngest carbonate deposits of the Les$nica
Limestone Member, from cross-bedded oolites to micritic
limestones, could have resulted from local facies changes
and the development of more quite-water and more turbu-
lent-water conditions in the shallow-water carbonate plat-
form areas. This evidence for the contrasted development of
sedimentation in not very distant sections of the middle part
of the south-western margin of the Holy Cross Mts. (Fig. 4)
suggests that rather highly diversified conditions existed
during the formation of the uppermost shallow-water car-
bonates of the Lesnica Limestone Member.

The deposits overlying the discussed shallow-water car-
bonates are the marls and marly limestones of the Gory Marl
Member (="lowermost marly horizon” of Kutek, 1968).
This unit, attaining up to about 10—15 meters in thickness,
occurs in the south-western margin of the Holy Cross Mts.
from Rogaléw and Krasocin in north-west, and the environs
of Brzegi (Kutek, 1968) and Sobkow (Chudzikiewicz, Wie-
czorek, 1985) in south-east; it is known also from the area
between Bolmin and the Bzowica—Le$na hills towards the
north-east (Kutek, 1968). Its strongest development occurs,
however, between Skorkéw and Zerniki, along a WNW-ESE
stretching zone (Pszczotkowski, 1970). This latter area cor-
responds approximately to that which showed the presence
of the organodetrital-oolitic limestones of the “basal unit” of
the lower part of the Bukowa Formation (cf. Pszczotkowski,
1970, fig. 1), and which marked the position of an older in-
terbiohermal basin during the Late Oxfordian and the earli-
est Kimmeridgian, as discussed above.

The Géry Marl Member successively disappears towards
the NW, being replaced by the micritic and oolitic lime-
stones at Oleszno (Kutek, 1968, tab. 2; 1969, p. 282), as well
as towards SE near Staniewice, where it is replaced by the
micritic limestones and fine-grained limestones (Kutek,
1968, tab. 2; Pszczotkowski, 1970; see also Fig. 4). Such
a distribution of this unit indicates that the deposition of
marls and marly limestones took place in an elongated de-
pression, which was inherited possibly after an earlier stage
of facies development (Kutek, 1969, p. 270). According to
the data given, the deposition area of the Gory Marl Member
was possibly tectonically-controlled, and its sedimentation
was coeval with that of the limestones in the neighboring
areas of the south-western margin of the Holy Cross Mts.

Crucial for the interpretation of the depositional environ-
ment of the marly deposits of the Gory Marl Member in the
area of study is their palaeontological and sedimentological
characteristics. The data, however, are rather limited. Alex-
androwicz and Barwicz-Piskorz (1974), when studying the
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marly succession in the cores at Bukowa quarry, noticed the
very impoverished foraminifer assemblage, and only the oc-
casional occurrence of other microfossils (holothurian scle-
rites, ostracodes) in the bulk of the unit, whereas a more di-
versified microfaunal assemblage (numerous foraminifers,
small gastropods) appeared only at the top of the marly de-
posits along with thin intercalations of organodetrital mate-
rial. The bulk of the marly deposits does not show, however,
any recognizable kinds of macrofauna, whereas the occur-
rence of spectacular finds of terrestrial flora (leaves) was
recognized in the directly underlying carbonate deposits of
the Le$nica Limestone Member at Krzyzowa Gora (Kutek,
1969, p. 276). As for sedimentological structures, mud-
cracks were discovered at the top of a bed, in the lowermost
part of the Gory Marl Mbr. in Bukowa quarry (Matyja,
2011). Also commonly encountered are synsedimentary de-
formations interpreted as the effect of submarine slumping
or the creeping of marly deposits on the inclined bottom
(Radwanski, 1960; Kutek, 1969); some of them, however,
could be interpreted as early diagenetic deformations, such
as load-casts, resulting from the original unstable density
stratification of the sediment (Matyja, 2011). The mineralo-
gical composition of the marly deposits was not studied in
detail, although silt-sized quartz grains are stated to be fairly
common (Kutek, 1969).

According to aforegoing, sedimentation of the marly de-
posits of the Gory Marl Member in the south-western mar-
gin of the Holy Cross Mts., took place (at least partly) in
a non-fully marine environment of possibly lowered salinity,
such as a shallow lagoon or a protected-bay area. Sedimen-
tation of the marly (and partly also silty) deposits was con-
trolled by climatic factors (but possibly it was superimposed
on the tectonic activity, see also below). Sedimentation took
place mostly in the elongated, about 20 km wide zone (when
assumed its approximately latitudinal direction) bordered
from north and south by carbonate shoals. The character of
sedimentation of these carbonates is not fully recognized,
however. In contrast to the older carbonates of the Les$nica
Limestone Member which underly the marly deposits and
commonly show the presence of the oolites; these younger
carbonates coeval with the marly deposits seem to be richer
in micritic limestones (cf. Pszczolkowski, 1970). Also the
deposits directly overlying the Géry Marl Member, corre-
sponding already to the Rogaléw Limestone Member (“un-
derlying pelitic limestones” of Kutek, 1968), consist mostly
of micritic limestones and marls with intercalations of bio-
clastic and oolitic limestones. Such is the lithology of de-
posits in Sobkéw quarry studied in detail by Chudzikiewicz
and Wieczorek (1985, fig. 1), who treated them originally as
representing the upper part of the “lowermost marly hori-
zon” of Kutek (1968). These deposits were interpreted later
(Krajewski et al., 2014, fig. 2; Krajewski et al., 2017, fig. 3)

as belonging to the “underlying micritic limestones”, i.e. the
Rogaléw Limestone Member of the lowermost part of the
Matogoszcz Oolite Formation as recognized herein. Such an
interpretation is based on the occurrence of a characteristic
layer situated directly below, composed of bored and en-
crusted pebbles, treated as the result of reworking and the
accumulation of clasts coming from the erosion of the
hardground at the top of the marly deposits (Krajewski ef al.,
2014, 2017; see also Chudzikiewicz, Wieczorek, 1985). The
corresponding deposits are also exposed in the Bukowa
quarry section, where the hardground surface is developed
on the finely laminated micritic limestone bed (more marly
in its lower part) with commonly occurring fenestral struc-
tures (Matyja, 2011). The level, marked either by an accu-
mulation of bored and encrusted clasts or by the non-eroded
hardground surface, is treated as a regional hardground hori-
zon developed at the top of the marly unit (Gory Marl Mbr.)
in the south-western margin of the Holy Cross Mts. (Kra-
jewski et al., 2014, 2017, see also Chudzikiewicz and Wie-
czorek, 1985).

The marly deposits of the Platynota Zone are widely dis-
tributed in the areas which represent the distant foreland of
the discussed shallow-water carbonate platform. This is the
case in the Wielun Upland, where two marly units lying in
close proximity to each other, but sandwiched by a micritic
limestone unit have been recognized: a few meters thick
marly unit (Zapole Marl Bed) below, and a distinct marly
unit above up to 30 meters thick (Gory Marl Member).
These deposits were formed in a fully-marine environment
as evidenced both by their macrofaunal and microfaunal
(mostly foraminifer) content (Wierzbowski, 1966; Garbow-
ska, 1970). The presence of these marly units was consi-
dered as having been controlled mostly by climatic condi-
tions, but some additional tectonic activity during their
formation could possibly be the case as well (Wierzbowski,
2017a). The Zapole Marl Bed was interpreted as a showing
a fragment of a regressive trend (marked by the detrital si-
liciclastic input of the short eccentricity cycle after the Poly-
gyratus Chron). The top of the overlying micritic limestones,
showing some features of stratigraphic condensation, and
occurring in between the two marly units, directly below the
Gory Marl Mbr., was correlated (Wierzbowski, 2017a) with
the top of the next short eccentricity cycle as recognized by
Boulila ez al. (2008, 2010) in the higher part of the Platynota
Zone in their cyclostratigraphic correlation chart of SE
France. The Gory Marl Member represents undoubtedly the
interval of increased supply of siliclastic-marly deposits in
the generally regressive succession, and correlates with a mi-
nimum of insolation and a lower sea-level period. However,
its topmost part reveals the features of the next transgressive
trend (see also below). Although the deposits directly over-
lying the Gory Marl Member in the Wielun Upland are
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poorly known, being studied only in boreholes, they were
recently recognized in the succession of Rogaszyn quarry at
the neighboring Radomsko elevation (Wierzbowski,
Gtlowniak, 2018). The deposits occurring only locally are of
condensed character and yielded fairly abundant ammonites
indicative of a higher part of the Platynota Zone. This sug-
gests the occurrence of another level, which may be corre-
lated with a higher sea-level period, and the top of the short
eccentricity cycle.

When interpreting the succession present in the south-
western margin of the Holy Cross Mts., the hardground sur-
face/clast accumulation level as discussed above, seems to
be of some importance. This level occurs at the top of the
“lowermost marly horizon” = Géry Marl Member, and can
be treated as evidence of a “temporarily lowered accumula-
tion rate” (Chudzikiewicz, Wieczorek, 1985). This, together
with the end of the siliciclastic/marly influx, and the appear-
ance of ammonites in the directly overlying deposits of the
Matogoszcz Oolite Formation, in the northern (in the Ro-
galow Limestone Member at Rogaléw) and in the southern
(in the Gluchowiec Oolite Member at Sobkdéw) parts of the
south-western margin of the Holy Cross Mts., suggests the
flooding of very shallow and/or nearly emerged and/or la-
goonal areas of the carbonate platform. These, as well as the
observations given above related to the carbonate platform
foreland, seem to indicate a generally rising sea-level during
the late Platynota Chron. It is thus highly possible that this
level (and not that at the base of the Gory Marl Member as
suggested before, ¢f. Wierzbowski, 2017a, and discussion
above) corresponds to top of the short eccentricity 100-kyr
cycle. According to Boulila e al. (2008, fig. 2; 2010, fig. 2)
this phenomenon, corresponding to the MS minimum of the
100-kyr eccentricity cycle, is observed in the upper part of
the Desmoides Subzone, near the boundary of the overlying
Guilherandense Subzone in SE France, as based on a de-
tailed study of the ammonite succession (cf. Atrops, 1982).
If such a correlation with the succession of south-eastern
France is accepted, the lowermost deposits of the Mato-
goszcz Oolite Formation, lying directly above the Gory Marl
Member of the Bukowa Formation, should be correlated
with fairly high levels of the Platynota Zone, near the bound-
ary of the subzones as discussed above (Fig. 6). A strong ar-
gument in favour of such an interpretation, in addition to the
sedimentological reasons, is that the stratigraphical interpre-
tation of the ammonites coming from the discussed deposits
of the south-western margin of the Holy Cross Mts., indi-
cates “near middle-upper parts of the Platynota Zone”, as
commented on in the chapter on the facies succession and its
stratigraphical interpretation herein.

The above discussed layer composed of the “bored and
encrusted hiatus-concretions” or the re-deposited bored and

encrusted clasts corresponding to the regional hardground at
the top of the “lowermost marly horizon” (=Gory Marl
Member as recognized herein), was the subject of sedimen-
tological and stratigraphical interpretations by Krajewski
et al. (2014, 2017), and additionally by Krajewski et al.
(2016) and Olchowy et al. (2019). They correlated the layer
cropping out at Sobkow quarry in the south-western margin
of the Holy Cross Mts. (described previously by Chudzikie-
wicz and Wieczorek, 1985), with other, similarly looking
layers in the Lower Kimmeridgian from the cores in the
Ztoczew and SzczercoOw—Belchatow areas, in the south-
western limb of the £6dZz Synclinorium. According to them
the “layer... (represents) an important marker horizon for
correlation of the Upper Jurassic sediments in Poland” (Kra-
jewski et al., 2014, p. 127), and their correlation was the ba-
sis for several general statements on its origin. However, as
already indicated before (see description of the Bukowa For-
mation in the chapter on the facies succession herein), the
age-correlations between the marly deposits underlying the
layer in question from the south-western margin of the Holy
Cross Mts. and the marly deposits underlying the similarly-
looking layers from the south-western limb of the £.6dZ Syn-
clinorium have been given wrongly, because these deposits
are not isochronous. Thus, any wider regional implications
related to the palacogeographic position of the deposits in ques-
tion and especially to the occurrence of synchronous mass-
movements on a larger scale which had attributed to their
development (Krajewski ef al., 2017), seem unsubstantiated.

Additionally, brief comments are made here concerning
some sedimentological problems strictly related with the in-
terpretation of the discussed Early Kimmeridgian hard-
ground level from the south-western margin of the Holy
Cross Mts. by Krajewski ef al. (2014, 2017). The level was
treated as “the regional hardground interpreted as the third-
order sequence boundary Kim.1” which followed the deve-
lopment of the “lowermost marly horizon” “during the sea-
level fall” (Krajewski et al., 2017). Such an opinion, however,
differs markedly from that presented herein according to
which the transition from marly deposits to the overlying
limestones through the discussed hardground surface repre-
sents a transgressive and not a regressive succession. In such
a case, the layer in question should not be interpreted as
a third-order sequence boundary, but rather as a transgres-
sive surface in terms of sequence stratigraphy. Moreover, if
the origin of the layer with clasts with borings was initiated
by the Early Kimmeridgian synsedimentary activity of the
Holy Cross Fault (Krajewski et al., 2014, p. 127) and the
subsequent re-deposition as a debris flow (Krajewski et al.,
2017, fig. 9), its occurrence should rather not be referred di-
rectly to the “universal” scheme of Hardenbol et al.’s (1998)
sequence boundaries.
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Oolitic limestone dominated interval — late Platynota
Chron—earliest Hypselocyclum Chron. The Malogoszcz
Oolite Formation as recognized herein includes two oolite
lithostratigraphic units — the Gluchowiec Oolite Member
(“lower oolite””) 10-20 m in thickness, and the Sobkow Oo-
lite Member (“upper oolite”) 20-35 meters in thickness,
which are the most oolite-dominated units in the south-west-
ern margin of the Holy Cross Mts. They are separated by
limestones composed of alternating bands of micritic and
fine-grained material (Mieronice Banded Limestone Mem-
ber = “banded limestone member”), and underlain by mic-
ritic limestones with intercalations of organodetrital and oo-
litic limestones (Rogalow Limestone Member). The top of
the formation is marked by a thin, fairly uniform horizon of
onkolite limestones (Celiny Onkolite Bed) (Fig. 4). The la-
teral facies transition between the oolites and micritic lime-
stones is generally obvious: within the shallow-water car-
bonate platform the larger bodies of cross-bedded oolites
formed submarine ridges, whereas the non-cross-bedded
oolites, and especially the micritic limestones with ripples
and streaks of fine-grained material (ooids, bioclasts, intra-
clasts) accumulated in the protected submarine shoals shel-
tered by the oolitic ridges (Kutek, 1969). Recognition of the
detailed spatial and time relations between the discussed
lithostratigraphic units, however, is more troublesome.

The studied succession of the Malogoszcz Oolite Forma-
tion begins with the micritic limestones of the Rogalow
Limestone Member, lying directly on the marly deposits of
the Gory Marl Member. These deposits are represented by
micritic limestones, showing some intercalations of organo-
detrital and oolitic limestones, and becoming generally
thicker in the northern (at Oleszno and Rogaléw) and south-
ern (at Sobkow and Staniewice) parts of the study area,
where they attain about 10-15 m thickness (Kutek, 1968).
The limestones are much reduced in thickness in a central
part of the study area, between Bukowa quarry (Skorkow),
Les$nica—Matogoszcz and Mieronice. In the Bukowa section,
the whole unit attains only 2.6 m in thickness and consists of
medium-bedded micritic limestones, followed by thin-bed-
ded micritic limestones and marls, and showing thin interca-
lations of grained (mostly composed of ooids and bioclasts,
lesss commonly intraclasts) limestones in its uppermost part
(Matyja, 2011). When compared with the detailed section of
the same unit from the southern part of the area of study at
Sobkow, as described by Chudzikiewicz and Wieczorek
(1985, fig. 1), it can be showed that the general succession
of the lithologies is very similar, but the total thickness of
deposits is markedly larger there (about 9 m). This indicates
the differences in thickness of the coeval deposits of the Ro-
galow Limestone Member in the south-western margin of
the Holy Cross Mts. It is remarkable that the larger thickness
of the unit was generally observed outside the stronger de-

velopment of the underlying marly deposits (Gory Marl
Member), whereas the smaller thickness was recognized di-
rectly in the main area of deposition of this marly unit.
These observations suggest some original (?inherited) dif-
ferences in topography of the sea-bottom during sedimenta-
tion of the Rogalow Limestone Member. The same tendency
is stated to occur in younger deposits, in accordance with
the observations of Kutek (1969, p. 249), who recognized
the occurrence of the Gluchowiec Oolite Member represent-
ed by large-scale cross-bedded oolite limestone sets, indicat-
ing the existence of widely distributed submarine ridges,
just between Skorkow and Matogoszcz, in the middle part
of the area of study — i.e. where the deposits of the Rogalow
Limestone Mbr. show their lowest thickness.

The Gluchowiec Oolite Member at Skorkow attains
about 20 meters in thickness and consists mostly of cross-
bedded oolites, although it shows also there the occurrence
of non cross-bedded parts. In the large cement-works quarry
at Malogoszcz as well as in Mieronice quarry these deposits
have a smaller thickness (about 10 meters), but the whole
unit is composed of cross-bedded oolites. The area of sedi-
mentation of cross-bedded oolites between Skorkow, Mato-
goszcz and Mieronice became subsequently covered by the
limestones of the Mieronice Banded Limestone Member,
most fully developed here (Kutek, 1969). At Mieronice the
succession of this unit attaining about 20 meters in thickness
consists of pure sublithographic limestones (about 5 m in
thickness) below, and the overlying alternating bands of
micritic limestones and fine-grained limestones, showing
small-scale ripple-cross bedding (Kutek, 1962a). Such a suc-
cession of deposits from the cross-bedded oolites of the
Gluchowiec Oolite Mbr. formed in a highly energy environ-
ment to the micritic limestones with small ripple-marks of
the Mieronice Banded Limestone Mbr. deposited in a low-
energy zone, indicates the transition from external belts of
submarine shoals towards inner sheltered areas. This facies
pattern could have originated as a consequence of the mov-
ing in time of the oolitic ridges outside their place of prima-
ry origin, e.g. towards the north and south, whereas the shel-
tered area in between became the place where the micritic
limestones with streaks and ripple-marks of fine-grained
material were deposited. The lagoonal or even pond-like
sabkha character of the area of deposition of the Mieronice
Banded Limestone Member explains also the special shape
of the commonly occurring cherts. The silica concentrated
along the crustacean burrows which are similiar to those
constructed by the present intertidal shrimp Alpheus (Rad-
wanski, 2003). Precipitation of silica was caused by the su-
persaturation of the sea-water inside the burrows, where
the pH of the solution dropped sharply, which was associ-
ated with decay of organic matter (Pienkowski, Gutowski,
2004).
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The lateral replacing of the quiet-water deposits of the
Mieronice Banded Limestone Member by the oolites of the
Gluchowiec Oolite Member has been recognized in several
places in the study area. Such a transition is represented by
a packet of oolites, about 10 m in thickness, recognized
within the typical deposits of the Mieronice Banded Lime-
stone Mbr., east of Bolmin, which disappears in northern
and north-western directions (Pszczotkowski, 1970, figs. 2, 4).
A similar situation was observed near Brzegi, where the de-
posits of the Mieronice Banded Limestone Mbr. showed es-
pecially common intercalations of oolitic limestones, or
were developed as micritic limestones containing large share
of ooid grains. The upper part of this unit is replaced in this
area by oolites being possibly the age-equivalents of the
lowermost part of the Sobkow Oolite Mbr (“upper oolite™)
(Kutek, 1968, p. 511). Still another example of lateral facies
change is seen in the succession at the top of the Mieronice
Banded Limestone Member at Brzegi and Zerniki studied
by Roniewicz and Roniewicz (1968). They recognized a flat
coral biostrome, about 2 m in thickness, over a distance of at
least 5 km, showing in its lower part massive coral colonies
in an oolitic matrix, followed at its top by a falceoid coral
assemblage (of one species Calamophylliopsis stockesi) with
coral branches surrounded by micritic matrix. The top of the
biostrome was cut by the hardground surface, and the coral
branches at the contact down to about 30 cm were complete-
ly dissolved, and the empty places infilled by micritic matrix
or oolites. These features indicate that after the development
of coral colonies in a shallow marine shoal of the quiet-wa-
ter environment, the dissolution of coral colonies composed
of aragonite took place as a result of the dilution of sea-wa-
ter, possibly by rain-fall. The occurrence of the hardground
surface at the top of the succession, and directly below the
Sobkéw Oolite Member “indicates the re-starting of water-
movements, this being the result of a slight deepening of the
basin” (Roniewicz, Roniewicz, 1968, p. 384). The top of the
Mieronice Banded Limestone Member shows also the oc-
currence of a distinct marly layer in the north-west direction
from Gruszczyn, which also suggests a change in the sedi-
mentation conditions (Pszczoétkowski, 1970, p. 352).

The above discussed facies pattern of the Ghluchowiec
Oolite Member (“lower oolite”) and the Mieronice Banded
Limestone Member (“banded limestone member’) refers most-
ly to the central part of the south-western margin of the Holy
Cross Mts., especially from Gruszczyn in the north and
Zerniki-Brzegi in the south (Kutek, 1968), or from Lipie to
Karsznice (Pszczoétkowski, 1970). In the northernmost part
of the south-western margin (at Oleszno) and in the southern
part (from Ostréw to Staniewice and Korytnica), the equiva-
lents of the Mieronice Banded Limestone Member are mic-
ritic limestones, sometimes with an admixture of oolites,
whereas the banded limestones with cherts typical of this

unit almost completely disappear (Kutek, 1968, p. 511). This
may indicate the original range of the very shallow-water
areas and a transition to a somewhat deeper environment.

The hardground at the top of the Mieronice Banded
Limestone Mbr. is considered to be one of the most impor-
tant, and to have the larger range of the discontinuity surfaces
in the Lower Kimmeridgian succession of the south-western
margin of the Holy Cross Mts. The origin of such a surface
could be ascribed to a minor change in the bathymetry, al-
though occurring in a very shallow basin (Kazmierczak,
Pszczotkowski, 1968, p. 610, fig. 2; pl. 1: 1,2; pl. 3: 1; pl. 4:
2, 3; see also Figs. 4 and 7, herein).

The overlying Sobkéw Oolite Member (“upper oolite™)
shows marked lithological variation — from cross-bedded
oolites to non-cross-bedded oolites, and to micritic lime-
stones with a variable admixture of ooids, bioclasts, onkoids,
and even to almost pure micritic limestones (Kutek, 1968,
tab. 2; fig. 6). Although the recognition in detail of the distri-
bution of particular types of facies is difficult — some obser-
vations suggest that cross-bedded oolites are not very com-
mon, and oolites occur mostly in some stratigraphical
intervals only — especially in a lower part of the unit, such as
at Sobkow and Krasocin (Kutek, 1969, p. 252; Fig. 7, here-
in). The packets of micritic limestones up to few meters in
thickness have been recognized locally over distances vary-
ing from a few hundreds of meters up to few kilometers, but
their correlation over a larger distance is not possible (Pszczot-
kowski, 1970).

The deposits of the Sobkow Oolite Member accumulat-
ed over a large shoal, the outer margins of which migrated in
time possibly towards the west and south-west (Kutek,
1969). Relatively scattered oxygen and carbon isotope va-
lues suggest considerable variations in water temperatures
and salinity resulting from fresh water influx and an enhan-
ced evaporation rate along with changes in the input of ter-
restrial organic matter (Wierzbowski, 2019). Nevertheless,
although of shallow-marine origin, when compared with the
discussed underlying shallow-marine deposits of the Mato-
goszcz Oolite Formation, they show marked differences. Es-
pecially remarkable is the diversified faunal assemblage re-
cognized in the Sobkéw Oolite Mbr. which consists of very
numerous bivalves — from deep-infaunal to semi-infaunal,
epibyssate, and to recline and cementing, and even to free-
swimming forms (e.g. Pholadomya, Pleuromya, Astarte, Ger-
villia, Mytilus, Lima, Trichites, Ostrea, Nanogyra, Alectryo-
nia = Actinostreon, Plagiostoma, Entolium, Camptonectes),
gastropods, brachiopods (both rhynchonellids and terebratu-
lids), echinoids, crinoids efe. (Swidzinski, 1962; Kutek,
1969; see also Fig. 7, herein), and last but not least ammo-
noids, indicating a normal marine environment. These fea-
tures, together with less commonly occurring cross-bedded
oolites, and more common micritic limestones suggest
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Fig. 7. Detailed lithological log, showing the faunal content of the Mieronice Banded Limestone Mbr. (“banded limestone member’),
the Sobkdw Oolite Mbr (“upper oolite”) and the Celiny Onkolite Bd. (“onkolite horizon”) of the Matogoszcz Oolite Formation
in the south-eastern part of Sobkdw quarry (after Pastusiak, 1987)
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a more quiet and somewhat deeper environment than that of
the Gluchowiec Oolite Member (“lower oolite”). On the oth-
er hand, when compared with the directly underlying depos-
its of the Mieronice Banded Limestone Mbr., the deposits of
Sobkéw Oolite Member, should be recognized as represent-
ing an open-marine and deeper environment. All these fea-
tures suggest that the depositional environment of the Sob-
koéw Oolite Member represented a seaward-directed part of
the oolite shoal (Matyja, 2011). Summarizing the observa-
tions on the succession of the Matogoszcz Oolite Formation,
it possibly consists at its base of a transgressive segment cor-
responding to the Gluchowiec Oolite Member and its lateral
counterparts (as well as underlying deposits of the Rogalow
Limestone Mbr.), then follows a regressive segment (or the
most shallow-water fragment) corresponding to the Mi-
eronice Banded Limestone Member, and then the successive
transgressive segment of the Sobkoéw Oolite Member — all of
them developed in a shallow-water succession of the carbon-
ate-platform shoal.

As already indicated before (see chapter on Facies suc-
cession), the ammonites occurring in the upper part of the
Sobkéw Oolite Member indicate the stratigraphical interval
at the top of the Platynota Zone — the base of the Hypselocy-
clum Zone, being represented i.a. by very diagnostic forms
of the subgenus Schneidia — ranging up into the lussasense
horizon of the lowermost Hypselocylum Zone. This level
showing features of stratigraphical condensation is also re-
cognized in other sections of central Poland, such as the
Wielun Upland and the Radomsko elevation, west of the
area of study (Wierzbowski, 2017a; Wierzbowski, Glow-
niak, 2018). In the cyclostratigraphic correlation chart of
south-eastern France, this level marks the top of the short
(100-kyr) eccentricity cycle, being also the equivalent of the
main flooding surface in the sequence stratigraphy scheme
(see Boulila et al., 2008, fig. 2; Boulila et al., 2010, figs. 2,
3). The immediately following level of the MS (magnetic
susceptibility) maximum (Max. 2), corresponding to the ex-
tremum of the long-term (405-kyr) cycle as recognized by
Boulila et al. (2008, fig. 2) in south-eastern France, could be
correlated with the lowermost part of the overlying marly
deposits of the Spinkowa Gora Formation (Kietczyglow
Marl Member) showing already a regressive trend in the
south-western margin of the Holy Cross Mts. (see also be-
low). If all these cyclostratigraphical correlations have been
done properly, the whole set of deposits corresponding to the
Matogoszcz Oolite Formation was deposited approximately
during a single short (100-kyr) eccentricity cycle (Fig. 6).
Because the total thickness of these deposits attains about

60 meters, the rate of deposition may be calculated at about
60 cm during 1000 years. These data are comparable with
those from the north-eastern margin of the Wielun Upland,
where the coeval shallow-water carbonates with hermatypic
corals (Kule Chalky Limestone Member) even attained over
100 m in thickness, also showing an extremely high sedi-
mentation rate — about 1m/1000 years (Wierzbowski,
2017a).

Towards the restricted environments — Hypselocyc-
lum Chron. The Spinkowa Goéra Formation is represented
in its lowermost part by the Kietczygtow Marl Mbr. — a dis-
tinctive few meters thick marly unit, which overlies the
Celiny Onkolite Bed of the topmost part of the Malogoszcz
Oolite Formation. This marly unit has yielded a fairly diver-
sified microfaunal assemblage composed of abundant fora-
minifers along with some ostracods, holothurian sclerites,
small bivalves and gastropods recognized in cores at Bu-
kowa quarry (Alexandrowicz, Barwicz-Piskorz, 1974). This
indicates that this unit, similarly as the Celiny Onkolite Bed,
was deposited over a shallow shoal in a continuation of the
marine conditions responsible for origin of the older oolitic
limestones (Kutek, 1969), however, as suggested above, du-
ring a generally regressive trend.

The Spinkowa Gora Formation in the northern and cen-
tral parts of the study area, down to Karsznice and Miero-
nice in the south, shows the presence of limestones directly
above the Kietczygtow Marl Member (Fig. 4). These lime-
stones belong to the Grabki Limestone Member in its most
typical development, and consist of micritic limestones with
subordinate intercalations of organodetrital-oolitic-onkolitic
limestones, sometimes also of oyster coquina beds with Ale-
ctryonia=Actinostreon and Nanogyra (Kutek, 1968, Pszczot-
kowski, 1970; Matyja et al., 2006a; Matyja, 2011). Some
beds show Thalassinoides burrows infilled with oolitic ma-
terial; a few local hardgrounds with bivalve borings and en-
crusted by oysters and serpulids are recognized in the middle
part of the unit (Kazmierczak, Pszczotkowski, 1968). The
skeletal remains are not very common, and together with
trace-fossils represent a rather monotonous faunal assem-
blage, composed mostly of bivalves and crustaceans, with-
out cephalopods (Radwanska, Radwanski in: Matyja et al.,
2006a). The character of these deposits and their faunal con-
tent are not very diagnostic for an interpretation of the envi-
ronment, although the absence of ammonites and the abun-
dance of oysters, but also the dominance of micritic facies
suggest its restricted character. The most important factor for
recognition of the environment is, however, the character of
coeval deposits and especially the occurrence of the oolitic
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limestones north and south of the discussed area of distribu-
tion of the Grabki Limestone Mbr. (Fig. 4).

Intercalations of oolitic limestones appear already within
the Grabki Limestone Member at Oleszno and Rogaléw in
the north (Pszczotkowski, 1970), but still more towards the
north, at Dobromierz, Mojzeszéw, Suche Gory and Przed-
borz, already outside the area of study, nearly all coeval de-
posits are developed as oolitic limestones (Kutek, 1968).
Although, Kutek (1968, 1969) lumped all these deposits
from Przedborz in the north to the southernmost part of the
area of study to his “oolite-platy member”, the difference
between those occurring in the northern part (as discussed
above composed mostly of oolitic limestones) — which
should be recognized in future as a separate oolite unit of
member or formational rank, and those of the Grabki Lime-
stone Member composed mostly of micritic limestones as
distinguished herein, is distinct (Fig. 4).

The oolitic deposits occurring at the north-western mar-
gin of the Holy Cross Mts. stretch westward toward the Ra-
domsko elevation as the “oolite of Smotryszow” as distin-
guished by Kutek (1968, fig. 11; see also Wierzbowski,
Gtlowniak, 2018), and even further west to the Betchatow—
Szczercow area, including the “oolitic unit C” placed direct-
ly above the Kielczygtow Marl Mbr. (see Wierzbowski,
2017a, fig. 5 ). The oolite limestones occurring in these ar-
eas are of early Hypselocyclum age, being younger than the
lussasense horizon (Wierzbowski, 2017a; Wierzbowski,
Glowniak, 2018), thus they cannot be correlated with the
Matogoszcz Oolite Formation. The distribution of all these
oolites strictly corresponds to the important tectonic zone of
the Holy Cross Fault (lineament) — active during the Late
Jurassic (see Matyja, Wierzbowski, 2014) and some adjoin-
ing faults in the south. The tectonic activity of these faults
during the early Hypselocyclum Chron resulted in an eleva-
tion of the present south-western margin of the Holy Cross
Mts. and adjoining areas from west and east, in relation to
their northern foreland, which was possibly lowered. In con-
sequence, this enabled the development of the shallow-wa-
ter high energy zone of oolitic sedimentation which bor-
dered from the north a more restricted environment of the
carbonate platform, including the present distribution of the
Grabki Limestone Member (Figs. 4-6).

Less clear is the relation between the Grabki Limestone
Member and coeval deposits in the southern part of the
south-western margin of the Holy Cross Mts. These deposits
are micritic limestones with intercalations of oolitic lime-
stones, especially well-developed between Karsznice, Soko-
tow Dolny and Sobkow, but towards the south-east replaced
by marly limestones. Still towards the south, oolitic lime-
stones appear once more, attaining at Korytnica even 10 me-
ters in thickness (Pszczotkowski, 1970). At Celiny, in the
south-western part of the margin, this oolite unit is also

10 meters thick, being underlain by micritic limestones with
marly intercalations, only 2.5 m thick, and resting directly
on the Celiny Onkolite Bed of the topmost part of the
Matogoszcz Oolite Formation (Kutek, 1968). It is remark-
able that the Celiny Onkolite Bed is placed here higher in
the succession, contouring the top of the underlying oolitic
limestones of the Sobkéw Oolite Member, which attains
also a larger thickness than towards the north (Kutek, 1968,
tab. 2, p. 508). These data indicate the general tendency for
the stronger development of oolitic limestones and suggests
the occurrence of another large oolitic unit replacing lateral-
ly the Grabki Limestone Member in the southern part of the
study area (Fig. 4). The origin of this unit and the corre-
sponding sedimentary zone, similarly as that of the northern
part of the area of study, could be related with synsedimen-
tary tectonic activity, here possibly the Zawiercie—Busko
Fault Zone, bordering the area of occurrence of the Grabki
Limestone Member from the south (Fig. 5).

The upper part of the Spinkowa Goéra Formation repre-
sents in the south-western margin of the Holy Cross Mts.
another facies pattern. The northern and central parts of the
area of study (Fig. 4) show a fairly uniform succession of
marly deposits (Dobromierz Marl Member) and the overly-
ing micritic (“sublithographic”) limestones, showing very
subtle lamination (Buczyna Limestone Member), both cor-
responding to the “shaly limestones and underlying clays”
of Kutek (1968). They were deposited over a large shallow-
water shoal with restricted circulation, being generally very
poor in faunal remains, and revealing only occasionally
some erosional surfaces. The faunal elements are extremely
rare and specific, including the isopod Cyclosphaeroma and
fragments of plesiosaur/pliosaur (Radwanski, 1995), possi-
bly representing exotic elements washed into an abiotic en-
vironment (Machalski, 1996); These deposits covered the
older oolitic limestones towards the north (already outside
the area of study, see Kutek, 1968, tab. 2), thus showing the
subsidence of the northern zone of the oolite ridges active
previously during sedimentation of the Grabki Limestone
Member. Still towards the north and north-west the coeval
deposits were marls and onkolitic limestones occurring in
the Wielun Upland, and its northern borders up to the Bel-
chatéw—Szczercow area (see Wierzbowski, 2017a, units E,
F, figs. 4-6). The latter deposits have yielded ammonites of
the upper part of the Hypselocyclum Zone — the Lothari
Subzone, but below its uppermost part. The data suggest the
occurrence of a wide shallow-water shoal of restricted water
circulation covering during the late Hypselocyclum Chron
a large part of the area of study and directly inclined towards
the north in the form of a shallow-water carbonate ramp,
which gently came into a more deeper and open marine en-
vironment, where the deposition of marls and onkolitic
limestones occurred. On the other hand, the southern border
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of the shoal was marked by oolitic limestones, occurring
commonly near Goluchéw, Korytnica, Karsy and Wymystow
(Kutek, 1968, tab. 2; Pszczotkowski, 1970, p. 355, fig. 3).
These oolitic limestones represented the continuation in time
of the older highly dynamic shallow-water zone (Fig. 4), pos-
sibly related with activity of the Zawiercie-Busko Fault
Zone.

The whole succession of the Late Oxfordian to Early
Kimmeridgian shallow-water carbonate platform deposits in
south-western margin of the Holy Cross Mts. has been treat-
ed as the upper regressive fragment of the COK sequence by
Kutek (1994, 1996), having the character of a “tectono-
stratigraphic unit” (i.e. without any relation to its eustatic
origin). The overlying deposits of the next LUK sequence
are represented at the base by the transgressive oyster coqui-
nas (Skorkow lumachelle of Kutek, 1968). The base of the
Skorkow lumachelle is placed near the boundary of the
Hypselocyclum and Divisum zones of the upper part of the
Lower Kimmeridgian (Kutek, 1968, 1994; Matyja, Wierz-
bowski, 2000).

The distribution of the shallow-water carbonates in cen-
tral Poland was strictly related to the elevated part of the
Northern Tethyan Shelf — the so-called “Meta-Carpathian
Arch” sensu Kutek (1994, 1996), because further towards
the south, beyond the Zawiercie—Busko Fault Zone, the
deep-neritic sponge megafacies and the following marly fa-
cies existed up to the Early Tithonian (Matyja, 2009). The
north-western part of the elevated area in central Poland,
mostly at the northern border of the Wielun Upland and ad-
joining areas, represented a more external zone of the car-
bonate platform at the transition to the open-marine Polish
Basin (e.g. Matyja, Wierzbowski, 2014). Here, the succes-
sive segments of the shallow-water carbonate platform be-
came covered much earlier by the transgressive open-marine
carbonates with ammonites belonging to the Burzenin For-
mation, beginning in the earliest Hypselocyclum Chron
(Wierzbowski, 2017a, fig. 13). A similar situation occurred
also in some areas of northern Poland (Kujawy area), al-
though in the central part of the basin outside the range of
the shallow-water carbonate platform, where carbonate de-
posits comparable with the Burzenin Formation appear in
the lower part of the Hypselocyclum Zone, directly above
the siltstones and silty limestones of the Lyna Formation
(Matyja, Wierzbowski, 1998, fig. 3). The appearance of the
transgressive deposits of the LUK sequence already in the
earliest Hypselocyclum Chron, much earlier than in the
south-western margin of the Holy Cross Mts., thus shows
evidently the diachronous character of the lower boundary
of the sequence and confirms its tectono-stratigraphic status
(Kutek, 1994; Wierzbowski, 2017a).

In such a context, the tectonic deformation of the south-
western margin of the Holy Cross Mts. and the adjoining ar-

eas along the northern tectonic zone of the Holy Cross Fault
during the Hypselocyclum Chron as suggested above could
be related also to the successive stage of subsidence of the
“Meta-Carpathian Arch”. This northern tectonic zone, being
the place of formation of the shallow-water oolite ridges
during the early Hypselocylum Chron and sedimentation of
the Grabki Limestone Member behind, subsided during the
late Hypselocyclum Chron. The restricted shallow-water de-
posits of the Dobromierz Marl Member — Buczyna Lime-
stone Member initially represented a wide zone bordered by
the southern shallow-water zone of oolite ridges. A special
episode in sedimentation took place during the late Hypselo-
cyclum Chron, when the areas lying directly north of the
study area subsided along the tectonic zone at Dobromierz—
Zeleznica: in consequence, the youngest deposits of the
Buczyna Limestone Member along this zone were supplied
by debris-flowed carbonate deposits sourced from the ad-
joining and newly elevated area (see Fig. 8; see also descrip-
tion of the Buczyna Limestone Member herein, but this as-
pect will be discussed in detail in the second part of the
study). Soon thereafter, the whole study area subsided at the
boundary of the Hypselocyclum and Divisum chrons. The
subsidence resulted in the appearance everywhere of the
transgressive deposits of the Skorkéw lumachelle, which
completely covered the shallow-carbonate platform of the
south-western margin of the Holy Cross Mts. at the end of
the Hypselocyclum Chron — beginning of the Divisum
Chron (Matyja et al., 2006a). It opened a new stage in the
history of sedimentation.

DISCUSSION AND REGIONAL CORRELATIONS

The sedimentary record placed in biochronostratigraphi-
cal frames yields new data on the depositional environments
during the origin, development and decline of the shallow-
water carbonate platform of the Early Kimmeridgian in the
south-western margin of the Holy Cross Mountains, and of-
fers possibilities for comparison with other coeval deposits
in Polish areas (Wielun Upland) and in Europe (Jura Moun-
tains).

Summary on facies development and comparison
with the Wielun Upland foreland. The studied south-west-
ern margin of the Holy Cross Mountains represents a part of
the original sedimentary zone of the shallow-water carbo-
nate platform of south-eastern Poland (c¢f. Matyja, Wierz-
bowski, 2006a), however, showing some special features in
facies development from the Planula Chron to the Hypselo-
cyclum Chron, when compared with other areas (Fig. 4).
The cause of this was due to the specific interaction between
the range of climatic and tectonic settings: climatic fluctua-
tions of a wider character were reflected directly in changing
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Fig. 8. Detailed lithological log of the Buczyna Member of the Spinkowa Gdra Formation in the Dobromierz Anticline (after Wierzbowski, 1961)

facies similarly as in other areas, whereas the superimposed
tectonics caused local facies changes through relative verti-
cal movements.

The tectonic setting resulted from the presence of syn-
sedimentary active faults bordering the studied shallow-wa-

ter sedimentary zone of the south-western margin of the
Holy Cross Mts. — the Zawiercie—Busko Fault Zone in the
south and the Holy Cross Fault System in the north (Fig. 5).
The latter represented by a western prolongation of the main
fault zone was supposed to run “somewhat north of the Do-
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bromierz Anticline” (Hakenberg, 1980, p. 476), whereas
a possible branch stretched somewhat obliquely, and direct-
ly south of the Dobromierz Anticline and the J6zefow Syn-
cline, along the northern border of the study area (see also
Fig. 2, herein). The Holy Cross Fault crossed the Grojec
Fault Zone at the Radomsko elevation, and continued in
WNW direction towards the northern border of the Wielun
Upland (Matyja, Wierzbowski, 2014; Wierzbowski, 2017a;
Wierzbowski, Gtowniak, 2018). On the other hand, the
Grojec Fault Zone stretched south-westwards, coming into
the Warta river valley, representing the tectonic border be-
tween the Czgstochowa Upland and the Wielun Upland of
the Polish Jura range within the Silesian-Cracow Monocline
(Barski, 2012; Matyja, Wierzbowski, 2014; Wierzbowski,
2017a). Such a continuation of the synsedimentarily active
tectonic boundaries resulted probably in a prolongation of
the discussed fragment of the shallow-water sedimentary
zone of the south-western margin of the Holy Cross Mts. to
the west onto the the northern part of the Laramian Miechow
Synclinorium area, where Kimmeridgian carbonate depo-
sits, comparable at least partly to those of the area of study,
have been penetrated in cores: such as the Wegleszyn 1G-1
and Jaronowice IG-1 cores (Jurkiewicz et al., 1969, fig. 3;
see also Fig. 5, herein), but also in several other cores stud-
ied by the author. An opinion on the close similarity of the
shallow-water Kimmeridgian deposits in the cores in the
Miechow Synclinorium (“Nida Trough”) and those of the
south-western margin of the Holy Cross Mts. was presented
also by Zlonkiewicz (2009). Early Cretaceous differential
tectonic movements within the Miechow Synclinorium area
combined with lithological variations in the Jurassic sub-
strate and its erosion resulted, however, in the partial preser-
vation of the original Kimmeridgian deposits, generally
younging towards the north-east and north-west, and occur-
ring below the transgressive Late Albian—Early Cenomanian
sandy deposits (Hakenberg, 1978). The discussed shallow-
water sedimentary zone of the Kimmeridgian also probably
continued further westward onto the northern part of the
Cracow—Silesian Monocline (northern part of the Czgsto-
chowa Upland), where the only preserved shallow-water
carbonate deposits with hermatypic corals, at the tops of
older cyanobacteria-sponge bioherms, and of the chalky
limestone type, similar to those of the the Bukowa Forma-
tion, are known from Julianka, Bystrzanowice and Ztoty Po-
tok in the north to Sokolniki and Dzibice in the south, all in
the lower Platynota Zone (Roniewicz, Roniewicz, 1971;
Matyja, Wierzbowski, 1996; Roniewicz, 2004; Matyja,
Wierzbowski, 2006b; Matyja, 2015; Fig. 5). On the other
hand, the prolongation of the discussed zone of shallow-wa-
ter Kimmeridgian deposits of the south-western margin of
the Holy Cross Mts. onto its Palacozoic core to the east (pre-

sently devoid of Jurassic deposits) seems also highly proba-
ble (Kutek, 1969).

The Wielun Upland located in between the western frag-
ment of the Grojec Fault Zone — from the south, and the
western prolongation of the Holy Cross Fault System — from
the north, represented an area of a relatively deeper environ-
ment from the late Planula Chron to the early Hypselocyclum
Chron. Here, the biostromal chalky limestones with sili-
ceous sponges and deeper-water Microsolena corals (show-
ing presumably adaptation to a filtering mode of nutrition,
see Roniewicz, 2004), micritic limestones and marls of the
Prusicko Formation sedimented in a wide embayment which
opened to a deeper marine basin to the west, between the
shallow-water carbonate platforms in the Szczercow—Bet-
chatow area situated in the north, and the shallow-water car-
bonate platform area discussed herein to the south (see
Wierzbowski, 2017a).

The oolitic-onkolitic shoals of limited distribution which
preceded the encroaching carbonate platform, were related
possibly to the tops of older cyanobacteria-sponge bioher-
mal complexes during the Planula Chron in the south-west-
ern margin of the Holy Cross Mts. (Matyja ef al., 1989;
Matyja, 2011). The uniform progradation of the carbonate
platform over the whole south-western margin was strictly
related to two major factors: (1) the origin of the discontinu-
ity surface at the top of the Siedlce Limestone Member of
the Pilica Formation, and the appearance of high turbulence
events which resulted from the accelerated shallowing of the
basin; and (2) the subsequent deepening of the basin which
gave space for accumulation of the directly younger depo-
sits of the Bukowa Formation. The former was possibly con-
trolled by the tectonic elevation of the Holy Cross Moun-
tains area at the end of the Planula Chron, and the related
export of large amounts of the marly/siliclastic material of
the Latosowka Marl Member onto the foreland of the car-
bonate platform such as the Wielun Upland (c¢f. Matyja
et al., 1989; Matyja, Wierzbowski, 2016; Wierzbowski,
2017a; see also Figs. 4 and 6, herein). The latter induced
possibly by orbitally controlled climatic changes of the 405-
kyr eccentricity cycle at the boundary of the Planula and
Platynota chrons resulted in an increase in sea-level
(cf- Boulila et al., 2008, 2010; see also Wierzbowski, 2017a).
After deposition of the Piekielnica Limestone Member with
its commonly occurring hermatypic corals, indicating a mo-
derately shallow and rather quiet environment at the begin-
ning of the Platynota Chron, the next horizon with fairly
common ammonites is dated to the end of the Polygyratus
Subchron — beginning of the Desmoides Subchron of the
Platynota Chron. This horizon was also climatically con-
trolled, corresponding to the MS minimum of the 405-kyr
eccentricity cycle, as recognized in the Wielun Upland in
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the foreland of the carbonate platform in central Poland, but
also in the basinal succession of SE France (cf. Atrops,
1982; Boulila et al., 2008, 2010). The final stage of develop-
ment of the Bukowa Formation in the south-western margin
of the Holy Cross Mts. is represented by the influx of the
marly/siliclastic deposits of the Gory Marl Member (“lower-
most marly unit”) during the middle Platynota Chron, pos-
sibly controlled by climatic factors but superimposed on the
next tectonic activity, and seen also in the Wielun Upland
(see chapter on history of sedimentation).

It appears that the succeeding sedimentation of the Ma-
togoszcz Oolite Formation corresponded to a single 100-kyr
eccentricity cycle, as bordered from the base and the top by
the two transgressive climatically-controlled levels marked
by the fairly common occurrence of ammonites (including
some of Subboreal affinity). These levels are situated some-
what before the beginning of the Guilherandense Subchron
of the late Platynota Chron below, and, directly at the /us-
sasense horizon of the early Hypselocyclum Chron above
(Fig. 6). The rate of shallow-water carbonate sedimentation
was extremely high, something that is observed both in
studied area of the Holy-Cross Mts. (about 0.6 m / 1000
years), as well as in coeval shallow-water carbonates at the
northern margin of the Wielun Upland (about 1 m / 1000
years) (see Wierzbowski, 2017a). Sedimentation was con-
trolled at that time by the minimal influx of siliciclastic ma-
terial and the subtropical climate.

A marked influx of siliciclastic material occurred at the
beginning of the sedimentation of the Spinkowa Gora For-
mation, when the marly deposits of the Kietczygtow Marl
Member show a wide palacogeographical distribution. This
event took place during the early Hypselocyclum Chron,
and was at least partly controlled by tectonic activity. This
resulted in the topographical reconstruction of areas of the
carbonate platform in south-eastern and central Poland: such
as the formation of active edges to the shoals in the Szczer-
cow—Belchatow and adjoining Wielun Upland areas, where
oolitic deposits were formed (cf: Wierzbowski, 2017a), and
the development of the more restricted inner platform envi-
ronment of the south-western margin of the Holy Cross
Mts., where the micritic limestones of the Grabki Limestone
Member were situated behind the oolitic barriers (Figs. 4, 6).
The still younger times of the Hypselocyclum Chron were
marked by the successive limitation of the distribution of the
restricted inner platform environment in the south-western
margin of the Holy Cross Mts., and the development of
more open-marine conditions related to the tectonic subsi-
dence of the elevated areas of the Meta-Carpathian Arch (cf-
Kutek, 1994; Wierzbowski, 2017a).

Comparison with shallow-water succession of the
Jura Mts. All these phenomena already discussed in rela-
tion to the development of sedimentation in the foreland of

the shallow-water carbonate platform at the Wielun Upland
and adjacent areas, central Poland, have their equivalents
also in other successions. Additionally, an attempt to corre-
late the discussed succession of the south-western margin of
the Holy Cross Mts., with that of the shallow-water carbon-
ate succession of the Jura Mountains in northern Switzer-
land (¢f: Gygi et al., 1998; Gygi, 2000, 2003; Jank et al.,
2006a—c; Comment ef al., 2015) and south-eastern France
(Enay et al., 1988; Enay, 2000) provides a further opportu-
nity to test some of the above discussed concepts of climati-
cally-controlled sedimentary cyclicity versus tectonic acti-
vity over wider areas. It should be noted that these areas of
the Jura Mts. at the Swiss/French border represent the deve-
lopment of a shallow-water carbonate platform in a similar
tectonic setting to that of the south-western margin of the
Holy Cross Mts, both placed on the northern peri-Tethyan
shelf.

The discussed shallow-water carbonate succession in
Poland corresponds to the lower part of the Reuchenette
Formation of northern Switzerland. The base of this forma-
tion is poorly documented biostratigraphically. It is placed at
the top of the Courgenay Formation (Porrentruy Mbr.), and
at the top of the Balsthal Formation (Verena Mbr.) repre-
senting the inner parts of the carbonate platform. The lower
part of the Reuchenette Formation distinguished in the in-
nermost part of the platform as the Vanbenau Member at
Ajoie includes in its lowermost part the Thallassinoides
Limestones (Jank ef al., 2006a—c; Comment et al., 2015).
This limestone unit is very poorly fossiliferous and it does
not yield any ammonites. The base of the unit was, however,
interpreted as a sequence boundary in terms of sequence
stratigraphy, and correlated with the K1 level of Hardenbol
et al. (1998) near the Planula/Platynota zone boundary (Jank
et al., 2006a). Additionally, the lithostratigraphical correla-
tion with the neighboring succession cropping out at Mont-
béliard in France which yielded the ammonite Pictonia thur-
manni (Contejean), being close to Pictonia perisphinctoides
(Wegele), gives support for an interpretation of the lower
part of the Reuchenette Formation as corresponding to some
upper parts of the Planula Zone (¢/: Comment et al., 2015;
see also Schweigert, Callomon, 1997). The boundary between
the massively bedded limestones of the Verena Member of
the Balsthal Formation and the base of thinly bedded lime-
stone and marls of the lowermost Reuchenette Formation in
northern Switzerland was correlated using mineralogical
criteria (Gygi, Persoz, 1986), but also on the occurrence of
a single ammonite, Orthosphinctes (Lithacosphinctes) evo-
lutus (Quenstedt), found in the lower part of the Reuchen-
ette Formation, and interpreted as indicative of the lower
part of the Platynota Zone [Gygi, 1995; it may be noted,
however, that this species occurs in the uppermost part of
the Planula Zone as well (e.g. Wierzbowski, 2017a)]. This
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ammonite was found 2.6 m below the palacosol, which is
correlated with the intertidal stromatolite in other sections,
but also with a level containing a marked admixture of ter-
rigenous material — generally treated as indicative of the se-
quence boundary (Gygi ef al., 1998). At least the lowermost
part of the Reuchenette Formation is correlated with the near
basal deposits of the Baden Member of the Schwarzbach
Formation of the basinal succession of Aargau at Schaffhau-
sen in northern Switzerland. These yielded numerous ammo-
nites indicating stratigraphical condensation at the top of the
Planula Zone (including the Galar Subzone) (Gygi, 1990)
which is interpreted as corresponding to the maximal flood-
ing surface (Gygi et al., 1998). Summarizing, the data given
indicate that the lowermost deposits of the Reuchenette For-
mation correspond to a stratigraphical interval at the bound-
ary between the Planula Zone and the Platynota Zone (in-
cluding the Galar Subzone, as interpreted herein), but also
suggests some problems in the unequivocal interpretation of
these deposits in terms of sequence stratigraphy.

The southern part of the Jura Mountains in France shows
the succession of the Planula and Platynota zones composed
generally of more-open marine deposits (“calcaires pseudo-
lithographiques™), being laterally replaced, and also succes-
sively covered by more shallow-water deposits (“oolithe de
Corveissiat” and “calcaires d’Aranc”) (Enay, 2000, fig. 3).
The boundary between the Planula Zone and the Platynota
Zone corresponds approximately to the boundary between
the “calcaires pseudolithographiques” below and the progra-
dationally stretching overlying oolitic and oncolitic lime-
stones (“oolithe de Corveissiat”, and “calcaires d’Aranc”,
respectively), which are laterally replaced towards the south-
cast by the cephalopod-bearing beds (“couches a cephalopo-
des’) (see Enay, 2000, fig. 4; c¢f- also Enay et al., 1988).
Thus, here also, similarly as in the northern Jura Mts. in
Switzerland, and in the south-western margin of the Holy
Cross Mts., the marked change in facies revealed by occur-
rence of very shallow-water deposits occurs near the Planula
and Platynota zone boundary. The discussed facies change is
recognized over wide areas which suggests it was controlled
either by tectonic uplift along the northern Tethyan margin
as assumed herein, and possibly additionally modified by
eustatic changes of sea level. Anyway, it can be mentioned
that this stratigraphical interval, corresponding to the lower-
most Reuchenette Formation in northern Switzerland, has been
distinguished because of its special facies development as the
beginning of the “second order minor regressive cycle (peri-
od)” in terms of sequence stratigraphy by Gygi ef al. (1998).

The problem of climatically-controlled sedimentary cy-
clicity is strictly related with the occurrence of ammonite
faunas at some horizons interpreted as indicative of a higher
sea-level. In central Poland (Wielun Upland, south-western
margin of the Holy Cross Mts.) such a character shows an

ammonite fauna appearing near the boundary of the lower
and middle parts of the Platynota Zone (i.e. between the Po-
lygyratus and Desmoides subzones) which is referred to the
minimum (Min.2) of the 405-kyr eccentricity cycle (see
chapter on history of sedimentation herein). A similar cha-
racter is shown by the ammonite horizon C1 with Ortho-
sphinctes (Lithacosphinctes) cf. janus and Physodoceras cir-
cumspinosum occurring in the middle lithostratigraphical
unit (Couches de Creugenat or “Nautilidenschichten”) of the
Vabenau Member of the Reuchenette Formation at Ajoie in
northern Switzerland (Jank et al., 2006a—c; Comment et al.,
2015); this ammonite horizon referred to the Rupellense
Zone of Hantzpergue (1979) is directly followed by the vir-
gatoides horizon recognized in other sections of southern
France, and interpreted as representing the maximum sea-
rise onto the western European shelf (Hantzpergue, 1995).
The ataxioceratid ammonites of the discussed ammonite ho-
rizons have been interpreted as being very close to those oc-
curring at the boundary of the lower and middle parts of the
Platynota Zone (Atrops, 1982). Another example has yielded
the assemblage of ammonites, representing the middle part
of the Platynota Zone (Desmoides Subzone) from the Mo-
lignes area in the southern Jura Mountains in France as dis-
cussed by Enay (2000, pl. 1: 1-5); it includes a very charac-
teristic species, Orthosphinctes (Ardescia) enayi Atrops,
indicative of the boundary horizon between the lower and
middle part of the Platynota Zone (cf. Atrops, 1982). Al-
though the unequivocal regional location of this fauna in the
succession is difficult, its occurrence seems to be “a combi-
nation of sea-level rise and storm waves which have caused
empty shells to drift far away” into inner parts of the carbo-
nate platform possibly due to the activity of tropical storms
(Enay, 2000). These data suggest the coeval occurrence of
the ammonite faunas within the shallow-water carbonate
platform successions in all the discussed areas, indicating
the especially high sea-level near the boundary of the lower
and middle parts of the Platynota Chron.

Another problem concerning the distribution of the am-
monite faunas is related to the occurrence of the Subboreal
aulacostephanids of the genus Rasenia and related Pachypic-
tonia in the narrow stratigraphical interval of the shallow-
water carbonate successions in the Jura Mountains in north-
ern Switzerland and in the Holy Cross Mountains in Poland.
Ammonites of the genus Rasenia, including Rasenia cymo-
doce (d’Orbigny), are known from northern Switzerland —
from the middle part of the Couches de Creugenat (ammo-
nite horizon C2). Younger deposits of the lower part of the
“calcaires a ptéroceres inferieurs” (lower grey and white
limestones) (ammonite horizon C3) of the Vabenau Member
of the lower part of the Reuchenette Formation have yielded
the ammonite Ardescia cf. pseudolictor (Choffat) and addi-
tionally a form referred to as Eurasenia balteata (Schneid)



194 Andrzej Wierzbowski

to the virtual absence of Subboreal Rasenia (Jank, 2006 a—c;
Comment ef al., 2015). These two ammonite horizons have
been referred to the lower part of the Subboreal Cymodoce
Zone (Comment ef al., 2015). Ammonites of Subboreal af-
finity are present also in the south-western margin of the
Holy Cross Mts., especially in the Matogoszcz Oolite For-
mation, in deposits referred to the upper part of the Subme-
diterranean Platynota Zone and the lowermost part of the
Hypselocyclum Zone (lussasense horizon). These are most-
ly specimens of late Pictonia (Pomerania) smoothly passing
into Pachypictonia and representing an offshoot of the Sub-
boreal Pictonia-Rasenia lineage as interpreted herein (see
discussion in Appendix 2 on ammonite palacontology); they
are associated with rare specimens of typical Subboreal Ra-
senia like Rasenia inconstans Spath. Additionally, some
ammonites of a more Submediterranean character placed
either in the genus Eurasenia or in the genus Pachypictonia
like Pachypictonia balteata (Schneid) in common with the
Swiss sections were described also from deposits of the fus-
sasense horizon of the lowermost Hypselocyclum Zone in
the Radomsko elevation in central Poland (Wierzbowski,
Glowniak, 2018).

It is important to state that Subboreal ammonites of the
genera Pachypictonia and Rasenia virtually do not range
above the lower Hypselocyclum Zone, neither in the south-
western margin of the Holy Cross Mts. (i.e. the Sobkow Oo-
lite Member of the Matogoszcz Oolite Formation), nor in any
other section in central Poland. Everywhere there appear ad-
ditionally at the top of the succession numerous representa-
tives of Submediterranean aulacostephanids (Eurasenia, In-
voluticeras), associated with ataxioceratids represented by
early Ataxioceras and even rare aspidoceratids (see discus-
sion in chapter on facies succession and stratigraphy herein;
see also Wierzbowski, 2017a; Wierzbowski, Glowniak,
2018). The youngest assemblage of aulacostephanids from
the Celiny Onkolite Bed at the top of the Malogoszcz Oolite
Formation in the south-western margin of the Holy Cross
Mts. is composed entirely of Submediterranean genera/sub-
genera like Eurasenia and Involuticeras (cf- Kutek, 1968,
and data given herein). The younger assemblage of aula-
costephanids in other areas of central Poland yielded, beside
the dominant Submediterranean forms, rare specimens of
Subboreal affinity, such as Pictonia constricta Schneid,
a form somewhat transitional to the genus Rasenia (see
Wierzbowski, 2017a). This species occurs e.g. in the “oolite
of Smotryszo6w” on the Radomsko elevation (Kutek, 1968;
Wierzbowski, Glowniak, 2018), which is a lithostratigraphi-
cal unit younger than the Malogoszcz Oolite Formation,
placed at the boundary of the lower and upper part of the
Hypselocylum Zone.

When considering the ammonite assemblages from the
Jura Mts. of northern Switzerland, and from the Holy Cross

Mts. of central Poland, additionally some comments should
be given on the distribution of ammonites in the coeval shal-
low-water carbonates of northern Aquitaine in western
France. The lowermost beds of Aquitaine belonging to the
lower part of the Cymodoce Zone have yielded Subboreal
Rasenia cymodoce (d’Orbigny) (the lectotype of the species
is derived from here), but the directly overlying deposits at-
tributed to ammonite horizons C3 and C4 of Hantzpergue
(1989, 1995) show the presence of ammonites having Sub-
mediterranean roots. The latter represented by oppeliids,
ataxioceratids and aspidoceratids developed in the interme-
diate area between the Submediterranean and the Subboreal
bioprovinces (Hantzpergue, 1989, 1991, 1995). A special
ammonite recognized here which gave its name to the am-
monite horizon (Hantzpergue, 1991) is Ardescia pseudolic-
tor (Choffat). This ammonite originally described from Por-
tugal has a poorly recognized stratigraphical range — being
known from the “Marnes d’Abadia”, ranging stratigraphi-
cally from the middle part of the Platynota Zone to the
Hypselocyclum-Divisum zones (see Hantzpergue, 1989,
1991). Of marked stratigraphical importance, however, is
the occurrence in northern Aquitaine of ammonites belong-
ing to the genus Ataxioceras, being very close to the subge-
nus Schneidia (see Hantzpergue, 1991, fig. 5; pl. 1: 7-9).
The co-occurrence of Ardescia pseudolictor with Ataxioce-
ras very closely related to the subgenus Schneidia (Hantz-
pergue, 1991, fig. 1), indicating the stratigraphical interval
from the Aquitaine Basin after the decline of Subboreal am-
monites of the genus Rasenia, corresponds to the upper part
of the Platynota Zone — the lowermost Hypselocyclum
Zone. The succession of ammonite faunal assemblages in
the shallow-water carbonates of the Holy Cross Mts. (cen-
tral Poland), the Swiss Jura Mts., and northern Aquitaine is
thus everywhere similar, being characterized initially by the
predominance of ammonites of Subboreal origin (Rasenia
and its allies), successively replaced by ammonites of Sub-
mediterranean origin (especially ataxioceratids, having the
largest stratigraphical importance).

The discussed occurrence of Subboreal aulacostephanids
in the Submediterranean European successions was for the
first time recognized in Aquitaine, where the abrupt arrival
of Rasenia cymodoce has been treated as reflecting an inva-
sion from the north (Hantzpergue, 1989, 1995, and earlier
papers cited therein; Birkelund et al., 1983). The coeval or
almost coeval migration of these ammonites occurred to-
wards the south-east into the Paris Basin and the Swiss Jura
Mts. areas, and then north-east especially to the northern
Franconian Alb, from where numerous aulacostephanids
were described by Schneid (1939, 1940). However, the cha-
racter of the ammonite fauna changed markedly along the
migration route: in the Franconian Alb the dominant forms
became large-sized “German” late Pictonia (Pomerania) to
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Pachypictonia, representing possibly lateral equivalents of
late Pictonia to early Rasenia modified by heterochrony —
possibly by the prolongation in the duration of shell growth
(c¢f- Appendix 2, herein). The same forms migrated through
the Bohemian Massif almost completely covered by the
Late Jurassic seas (Valecka, 2019) to central Poland to the
carbonate platform of the Holy Cross Mts. (¢f. Kutek,
1962b, 1968).

As an aside from this discussion, it should also be noted
that another coeval migration route of Subboreal ammonites
of the genus Rasenia occurred deep into the Boreal Pro-
vince, ranging through northern Norway, Svalbard and the
Barents Sea (Wierzbowski, Smelror, 2020), thus showing
a very wide range of migration during the early Cymodoce
Chron. The discussed migration of Subboreal ammonites,
which occurred during this relatively short time interval,
could be tectonically induced and/or related to an overall
transgressive phase. Tectonic rifting and relative sea-level
rise resulted in the flooding of previously elevated areas in
the Arctic enabling the flourishing of Rasenia assemblages
in Boreal areas (Wierzbowski, Smelror, 2020). This trans-
gression opened also new sea-routes and enabled migration
of the Rasenia ammonites into the Submediterranean Pro-
vince as discussed above. This is in accordance with the oc-
currence of the southward flowing cold current through the
Laurasian Seaway and the Hebrides Basin during the early
Cymodoce Chron (c¢f- Vickers et al., 2020) which could have
brought the Subboreal Rasenia ammonites to the western
Aquitaine (Hantzpergue, 1989) and further south-east and
east down to central Poland.

On the other hand, approximately at the same time in
more eastern European areas, a general warming of the cli-
mate occurred. It was recognized in the southern North Sea
by a study of the terrestrial floral assemblages (Abbink et
al.,2001), but also at the south-eastern rim of the Fennoscan-
dian Land, in the Peri-Baltic Syneclise of north-eastern Po-
land by the common occurrence of Submediterranean am-
monites of the family Ataxioceratidae (Wierzbowski et al.,
2015). Although the postulated increase in sea-water tem-
perature during Early Kimmeridgian on the northern Rus-
sian Platform as assumed by the decrease in §'%0 values
(e.g. Zakharov et al., 2005) was in fact an effect of decreased
sea-water salinity (Wierzbowski H. et al., 2018), the change
in distribution of the ammonite faunas during the early Cy-
modoce Chron is remarkable. It includes, besides the dis-
cussed Rasenia ammonites in the Arctic (Wierzbowski,
Smelror, 2020), the spectacular occurrence of the “German”
Pachypictonia ammonites in the northern part of the Rus-
sian Platform (Glowniak et al., 2010) and even in East
Greenland (Birkelund, Callomon, 1985). Thus, approxi-
mately at the same time as when the cold southward flowing
current in NW Europe was postulated, the existence of an-

other northward flowing warm current possibly through the
present North Sea area and/or east of the Fennoscandian
Landmass could be proposed.

Summarizing, the rapid development of the shallow-wa-
ter carbonate succession, such as that corresponding to the
Matogoszcz Oolite Formation in the south-western margin
of the Holy Cross Mountains, resulted in the appearance of
the shallow-water, strongly contrasted facies pattern suitable
for the development of aulacostephanids (cf. Fursich, Sykes,
1977). The successive replacement of the Rasenia faunas by
the Pachypictonia (and related Pomerania) faunas along the
Submediterranean migration route was possibly related to
heterochronic changes reflecting successive adaptations of
the aulacostephanid migrants to the distant, highly unstable
environment of the shallow-water carbonate platform (cf:
Wierzbowski, 2019). The concentration of ammonites at the
top of the Sobkéw Oolite Mbr. of the Matogoszcz Oolite
Fm. in the south-western margin of the Holy Cross Mts. is
representative of the lowermost part of the Hypselocyclum
Zone — the lussasense horizon. It is treated herein as corre-
sponding to the high sea-level of the 100-kyr eccentricity
cycle (see discussion herein), and marking the temporary
partial drowning of the carbonate platform (see Matyja
et al., 2006a). The boundary between the corresponding le-
vels C3 and C4 in the Aquitaine Basin (the achilles and
pseudolictor horizons) has been treated as the “main flood-
ing surface” level, whereas the pseudolictor horizon has
been treated as the representative of the “high system track”
in the terms of sequence stratigraphy by Hanztpergue
(1995). This is generally in accordance with the interpreta-
tion of that part of the succession as given herein. The trans-
gression at the beginning of the Hypselocyclum Chron was
possibly responsible for the successive disappearance of the
Subboreal aulacostephanids, which became replaced by the
Submediterranean ataxioceratids and associated Submedi-
terranean aulacostephanids. This, as well as the subsequent
changes in environment, marked a new stage in the develop-
ment of the shallow-water carbonate platforms.

The decline of the shallow-water carbonate platform in
the south-western margin of the Holy Cross Mountains re-
sulted mostly from the tectonic subsiding of the elevated
Meta-Carpathian Arch during the late Hypselocyclum and
early Divisum chrons at the transition between the COK and
the LUK tectono-stratigraphic sequences (see Kutek, 1994;
see also comments herein). The transgressive Skorkow lu-
machelles are often represented by concentrations of the
oyster shells of Actinostreon (“Lopha/Alectryonia”) and Na-
nogyra and diverse other fossils, including ammonites,
showing an open-sea environment, but indicating episodes
of non-deposition, winnowing and reworking (e.g. Seilacher
et al., 1985; Machalski, 1993, 1998; Radwanska, Radwanski
in: Matyja et al., 2006a). A similar character is shown by the
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Banné Member of the lower Reuchenette Formation in the
northern Switzerland Jura Mountains. This unit, showing at
its base a well-developed discontinuity surface of the hard-
ground type, is composed commonly in its lower part of oy-
ster shells (both Nanogyra and Actinostreon) and other as-
sociated fossils, showing signs of reworking and winnowing.

The Banné Member is referred to the Chatelaillonensis
Subzone of the upper part of the Cymodoce Zone, and/or the
Divium Zone (Jank et al., 2006a—c; Comment et al., 2015;
¢f. also Matyja, Wierzbowski, 2000), being thus of similar
age as the discussed deposits of the Skorkéw lumachelles in
the Holy Cross Mts.. When compared with the older depos-
its of the Reuchenette Formation formed under the flat car-
bonate platform topography, the Banné Member was depo-
sited during “prominent basin-and-swell morphology” which
was “probably related to enhanced synsedimentary subsi-
dence across Late Palacozoic basement structure” (Jank,
2006b, p. 260, 261). The wide development of the basinal
“couches a cephalopods” in the southern Jura Mountains in
France shows also its maximum extension onto the carbo-
nate platform deposits during the Divisum Chron (e.g.,
Enay, 2000, fig. 3). These examples suggest the approxi-
mately coeval time of subsidence of large blocks of the shal-
low-water carbonate platforms such as those in central Po-
land, northern Switzerland and south-eastern France. This
phenomenon of large regional extent during the late Early
Kimmeridgian was possibly tectonically controlled along
the outer margin of the northern Tethyan shelf in central and
southern Europe.
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PLATE 1

Fig. 1. Orthosphinctes (Lithacosphinctes) aff. stromeri (Wegele) = [Lithacoceras (L.) evolutum (Quenstedt) in: Kutek
(1968, pl. 3)]; the preserved fragment of outer whorl is the body chamber; Rogaléw, Rogalow Limestone Mbr.,
Matogoszcz Oolite Fm., Platynota Zone; MWG UW Z1/100/38



Volumina Jurassica, XVIII (2) PLATE 1

Andrzej] WIERZBOWSKI — The Kimmeridgian of the south-western margin of the Holy Cross Mts., central Poland: stratigraphy
and facies development. Part I. From deep-neritic sponge megafacies to shallow water carbonates



PLATE 2

Fig. 1. Orthosphinctes (Lithacosphinctes) gidoni Atrops; phragmocone with initial part of the body chamber, giant
specimen without outer whorl preserved; Bukowa quarry, Le$nica Limestone Mbr., Bukowa Fm., Platynota
Zone; MWG UW Z1/100/30
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PLATE 3

Fig. 1. Orthosphinctes (Orthosphinctes) polygyratus (Reinecke); phragmocone/body chamber boundary is arrowed;
Bukowa quarry, Le$nica Limestone Mbr., Bukowa Fm., Platynota Zone; MWG UW ZI1/100/39

Fig. 2. Ataxioceras (Schneidia) lussasense Atrops; phragmocone/body chamber boundary is arrowed; Matogoszcz
cement-works quarry, Sobkow Oolite Mbr., Matogoszcz Oolite Fm., lussasense horizon, Hippolytense Subzone,
Hypselocyclum Zone; MWG UW Z1/100/33

Fig. 3A, B.Ataxioceras (Parataxioceras) sp.; fragments representing separate sides of the same specimen, phragmocone;
Kosciotek Hill at Lesnica, Celiny Onkolite Bd., Matogoszcz Oolite Fm., Hippolytense Subzone, Hypselocyclum
Zone; MWG UW Z1/100/35

Fig. 4. Ataxioceras (Parataxioceras) cf. hippolytense Atrops; phragmocone/body chamber boundary is arrowed;
Sobkow quarry, Sobkdéw Oolite Mbr., Malogoszcz Oolite Fm., Hippolytense Subzone, Hypselocyclum Zone;
MWG UW Z1/100/34
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PLATE 4

Fig. 1. Pictonia (Pomerania) dohmi (Arkell) = [Pomerania (P. ) dohmi Arkell in: Kutek (1968, pl. 9)]; phragmocone/
body chamber boundary is arrowed; Krzyzowa Goéra at Malogoszcz, Le$nica Limestone Mbr., Bukowa Fm.,
Platynota Zone; MWG UW ZI/100/5
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PLATE 5

Fig. 1. Pictonia (Pomerania) cf. dohmi (Arkell); phragmocone; Rogaléw, Rogaléw Limestone Mbr., Malogoszcz

Oolite Fm., Platynota Zone; MWG UW Z1/100/23

Fig. 2. Pachypictonia cf. perornatula Schneid; the last whorl possibly represents the body chamber; Sobkow quarry,

Sobkéw Oolite Mbr., Hippolytense Subzone, Hypselocyclum Zone; MWG UW Z1/100/29
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PLATE 6

Fig. 1. Rasenia inconstans Spath = [Rasenia (Eurasenia) pendula Schneid in: Kutek (1968, pl. 11)]; phragmocone/
body chamber boundary is arrowed; Rogalow, Rogaléow Limestone Mbr., Matogoszcz Oolite Fm., Platynota
Zone; MWG UW Z1/100/17
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PLATE 7

Fig. 1. Pachypictonia (?) cf. trifurcata (Reinecke); phragmocone; Sobkow quarry, Sobkow Oolite Mbr., Matogoszcz
Oolite Fm; Hippolytense Subzone, Hypselocyclum Zone; MWG UW Z1/100/27

Fig. 2. Pachypictonia (?) cf. trifurcata (Reinecke); the last whorl at least partly represents the body chamber; Sobkow
quarry, Sobkow Oolite Mbr., Matogoszcz Oolite Fm., Hippolytense Subzone, Hypselocyclum Zone; MWG UW
Z1/100/28
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PLATE 8

Fig. 1. Involuticeras involutum (Quenstedt); phragmocone/body chamber boundary is arrowed; Sobkow quarry,
Sobkéw Oolite Mbr., Matogoszcez Oolite Fm ., Hippolytense Subzone, Hypselocyclum Zone; MWG UW
Z1/100/20

Fig. 2. Involuticeras limbatum (Schneid); phragmocone/body chamber boundary is arrowed; Matogoszcz cement-

works quarry, Celiny Onkolite Bd., Matogoszcz Oolite Fm., Hippolytense Subzone, Hypselocyclum Zone;
MWG UW ZI/100/21
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PLATE 9

Fig. 1. Involuticeras limbatum (Schneid); the preserved fragment of outer whorl is the body chamber; Kosciotek Hill at
Lesnica, Sobkow Oolite Mbr., Matogoszcz Oolite Fm., Hippolytense Subzone, Hypselocyclum Zone; MWG
UW ZI/100/6
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Appendix 1

DESCRIPTION OF THE NEWLY ESTABLISHED
FORMAL LITHOSTRATIGRAPHIC UNITS

PILICA FORMATION (MATYJA, WIERZBOWSKI, 2004)

Siedlce Limestone Member (Matyja et al., 1989)

Wolica Bed
(herein established)

Name: After Wolica village where along with the neigh-
boring Siedlce village in the south-western margin of the
Holy Cross Mountains the deposits of the unit are exposed
in the quarries (Polish name: warstwa z Wolicy).

Type section: Wolica—Siedlce quarry section (Matyja,
1977).

Thickness: About 15 meters in the Wolica—Siedlce sec-
tion.

Lithology: Three distinct marly layers (lower of 1.50 m,
middle — 0.35 m, upper — 1.05 m in thickness), occurring in
the 15-meter thick succession of micritic limestones, which
split into thin flags, with poor benthic fauna. Marly deposits
are dark blue (yellow-rusty when weathered), some frag-
ments of echinoderms and quartz grains of sand-size are en-
countered (Matyja, 1977). A single sample from a marly
layer at Wolica presented by Peszat (1964, fig. 7) indicates it
comprises marly limestone showing 47.59% CaO.

Boundaries: Lower and upper boundaries correspond to
the base and top of the lower, and upper marly layers, re-
spectively. The bed in typical development occurs in the
bedded limestones of the Siedlce Limestone Member from
about 190 to about 205 m above the base of the Oxfordian
(Matyja, 1977), and about 40-55 m above the base of the
member, in the Wolica—Siedlce section (Matyja ef al., 1989;
see also Fig. 3, herein).

Geological age: Near the boundary between the Hypse-
lum Zone and the Bimammatum Zone. Because this bound-
ary corresponds to the base of the Kimmeridgian Stage as
interpreted according to the proposal of International Sub-
commission on Jurassic Stratigraphy (see Wierzbowski A.
et al., 2016, 2018), the Wolica Bed marks the level in the
Upper Jurassic succession of the south-western margin of
the Holy Cross Mts. in close proximity to the Oxfordian/
Kimmeridgian boundary.

Distribution: South-western margin of the Holy Cross Mts.

Equivalents: The marly layers of the Wolica Bed are
recognized in the massive limestones of the Czgstochowa

Sponge Limestone Formation in the south-western margin
of the Holy Cross Mts. (Matyja, 1977). The marly layers oc-
curring in the bedded limestones of the Czgstochowa
Sponge Limestone Formation in the Wielun Upland near the
boundary of the Oxfordian and Kimmeridgian, like those at
Bobrowniki (Wierzbowski, Matyja, 2014, figs. 2, 4, beds E,
C; Wierzbowski ef al., 2016, figs. 6, 9), possibly correspond
to the marly layers of the Wolica Bed.

BUKOWA FORMATION
(herein established)

Name: after Bukowa quarry at Bukowa village near
Skorkow village in the south-western margin of the Holy
Cross Mts. (Polish name: formacja z Bukowey).

Type area and type section: South-western margin of
the Holy Cross Mts., where the deposits of the formation
crop out from Gruszczyn to Zerniki and Sobkéw (see Kutek,
1968, tab. 2; Pszczotkowski, 1970, fig. 3). The type section
is that of Bukowa quarry described in detail by Matyja
(2011, fig. 3; see also Gutowski et al., 2006), but fragments
of it additionally were described by Roniewicz and Ronie-
wicz (1971, fig. 5 — lower and upper parts), Roniewicz
(1967, fig. 1, upper part), and Roniewicz (2004, appendix —
lower and middle parts).

Subdivision: The formation is subdivided into three
members: the Piekielnica Coral Limestone Member, and the
Lesnica Limestone Member — as formally distinguished
herein, and the Gory Marl Member as distinguished by Wi-
erzbowski (2017a) in the Wielun Upland which corresponds
to the “lowermost marly horizon” of Kutek (1968). Addi-
tionally in the lowermost part of the Piekielnica Coral Lime-
stone Member there is recognized informally a “basal unit”
(Fig. 4) which should be distinguished in the future as a for-
mal unit, possibly of bed (or even member) rank.

Thickness: about 60—75 meters as calculated from sec-
tions given by Kutek (1968, tab. 2) and Pszczotkowski
(1970, fig. 3). Thickness of the formation in the Bukowa
quarry section is about 55-60 meters.

Lithology: chalky limestones with corals, grainstones
(oolitic limestones, organodetrital limestones), micritic
limestones and marls; the most diversified lithologies are
observed in the lowermost part of the Piekielnica Coral
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Limestone Member (i.e. in the “basal unit”) and in the
Lesnica Limestone Member.

Boundaries: The lower boundary is marked by the
prominent discontinuity surface widely distributed in the
south-western margin of the Holy Cross Mts. and placed at
the top of the Siedlce Limestone Member of the Pilica For-
mation (see Kazmierczak, Pszczotkowski, 1968, fig. 2 — be-
tween units 1 and 2; Matyja ef al., 1989, figs. 3, 4; Gutowski
et al., 20006, fig. B2.28, contact between units 1 and 2); this
surface marks also the base of the “basal unit” of the Piekiel-
nica Coral Limestone Member (see above, cf. also Pszczot-
kowski, 1970, fig. 3). This boundary corresponds approxi-
mately to that between the “sub-reef complex” (I) and the
“great-reef complex” (II) in the lithostratigraphic subdivi-
sion in the south-western margin by Swidzinski (1962). The
upper boundary of the Bukowa Formation is marked at the
top of the Gory Marl Member (“lowermost marly horizon”)
placed at another important discontinuity surface marking
the base of the Matogoszcz Oolite Formation (see below).

Geological age: Lower Kimmeridgian (uppermost part
of the Planula Zone to middle part of the Platynota Zone).

Distribution and equivalents: South-western margin of
the Holy Cross Mts. The formation can be recognized also in
the north-western margin of the Holy Cross Mts., where it
includes a lower part of the “oolitic” formation — the “lower”
and the “upper Kurngdz limestone”” members (D, and D,) as
distinguished by Matyja and Wierzbowski (2014, fig. 2). It
also occurs at the northern margin of the Wielun Upland and
the adjacent Szczercow—Belchatow region, where it includes
the “unit A” representing a lower part of the “oolitic” forma-
tion as recognized by Wierzbowski (2017a, figs. 4—6). Pos-
sibly to this unit belong also the youngest Upper Jurassic
limestones with corals cropped out in the Czg¢stochowa Up-
land between Julianka and Dzibice (see: Roniewicz, Ronie-
wicz, 1971; Matyja, Wierzbowski, 1996; Roniewicz, 2004;
Matyja, Wierzbowski, 2006b).

The newly distinguished Bukowa Formation corresponds
generally to a lower part of the “oolitic” (IV) formation of
Dembowska (1979). The “oolitic” formation was character-
ized by highly diversified lithologies represented by oolitic
limestones and organodetrital limestones, along with coral
limestones and micritic limestones in changing amount in
the succession. The formation yielded an abundant fauna of
hermatypic corals, gastropods (nerineids), and bivalves — as
seen in its strict equivalent — the Belzyce Formation in the
cores of the Lublin area (Niemczycka, 1976b; c¢f. Dembows-
ka, 1979). Dembowska (1979) recognized also the “coral”
(IIT) formation lying directly below the “oolitic” formation,
but showing a restricted distribution, mostly confined to
eastern Poland where it was recognized in the cores. The
main difference between the “oolitic” formation and the
“coral” formation was the occurrence of oolitic limestone

bodies in the former, because chalky limestones with corals,
gastropods (nerineids) and bivalves (diceratids, oysters) oc-
curred commonly in both of them (c¢f. Matyja, Wierzbowski,
2014). Such an interpretation of the “oolitic” formation re-
sulted, however, in its very unclear definition, and obliterat-
ed in fact the existing differences in the succession (in the
occurrence and dominance of different type of rocks — from
the chalky limestones with corals, the oolitic limestones, the
micritic limestones and marls). Thus, the “oolitic” formation
as originally proposed by Dembowska (1979) appeared rath-
er a “super-formation” which lumped “real” formations and
members, differing markedly in their lithological character
and distribution. This is the reason for recognition of the
newly established herein Bukowa Formation (as well as the
overlying the Matogoszcz Oolite Formation, and the
Spinkowa Goéra Formation, all of them corresponding to the
“oolitic” formation sensu lato) which differ in their litholog-
ical character, and the boundaries of which are placed at
strictly defined and easily recognisable characteristic litho-
logical horizons (discontinuity surfaces, marly units, efc; see
Fig. 4).

Piekielnica Coral Limestone Member
(herein established)

Name: After Piekielnica hill, the next hill to Bukowa
hill, where the old part of Bukowa quarry was founded. (Pol-
ish name: ogniwo wapieni koralowcowych z Piekielnicy).
The deposits of the unit referred to as “great-reef complex’
(I) by Swidzinski (1962, fig. 3) crop out along the northern
slope of Piekielnica hill in the railway cut.

Type area and type section: South-western margin of
the Holy Cross Mts. between Krasocin and Sobkow (Kutek,
1968, tab. 2; Pszczotkowski, 1970, fig. 3). The type section
is the Bukowa quarry section (Matyja, 2011, fig. 3, where
the corresponding beds were designated as the “chalky lime-
stones”), treated always as the most important section of this
stratigraphical interval in the area of study (see Roniewicz,
Roniewicz, 1971).

Thickness: about 35 meters at Bukowa quarry; in other
sections of the SW margin of the Holy Cross Mts. between
30-40 meters in thickness.

Lithology: The member is subdivided into two informal
parts. The lower part distinguished as the “basal unit” of
a few to several meters in thickness is very contrasted in its
lithology: from organodetrital limestones with Marinella
(between Staniewice and Biata Nida valley), replaced by
micritic limestones with marly intercalations, and by oolitic
limestones near Skorkéw and Gruszczyn (Pszczotkowski,
1970). The “basal unit” at Bukowa quarry, about 89 meters
in thickness, consists of limestones with corals, towards the
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top replaced by micritic limestones with marly layers up to
about 1-2 m in thickness (see: Kutek, 1968, fig. 7, beds B7,
B6, respectively; Matyja, 2011, fig. 3). The upper (“main”
part of the member is composed of soft chalky limestones,
well bedded (locally with coral biostromes) with a shallow-
water fauna — commonly occurring hermatypic corals, gas-
tropods-nerineids, bivalves (diceratids, oysters), brachio-
pods, crinoids, as well as calcareous algae — solenoporoids,
Marinella (see Roniewicz, 1966, 2004; Roniewicz, Ronie-
wicz, 1971). The total thickness of the upper part of the
member is about 25 meters in Bukowa quarry section (but
possibly was somewhat smaller, less than 20 meters in thick-
ness, in the older part of the quarry, see Roniewicz, Ronie-
wicz, 1971, fig. 5; Roniewicz 2004, appendix).

Boundaries: The lower boundary corresponding to the
base of the Bukowa Formation is placed at the prominent
discontinuity surface of wide regional extent (see descrip-
tion of formation). The upper boundary is placed at the base
of the micritic limestones marking the base of the Lesnica
Limestone Member (see description of the unit).

Geological age: Uppermost Planula Zone to lower Pla”
tynota Zone.

Distribution: South-western margin of the Holy Cross
Mts., possibly stretching onto the north-western margin, but
so far not recognized in detail.

Equivalents: The upper part of the “chalky limestone
member” of Kutek (1968), down to the “basal unit” — about
30-35 meters below the top of the chalky limestones
(Pszczotkowski, 1970, fig. 3); possibly a lower part of the
“lower Kurngdz member (D, )” as recognized in the north-
western margin of the Holy Cross Mountains by Matyja and
Wierzbowski (2014). The marly intercalations at the top of
the “basal unit” (recognized also as the marly unit “mA” by
Barwicz-Piskorz, 1995, fig. 4) possibly correspond to some
parts of the Latosowka Marl Member in the Polish Jura (see
e.g. Wierzbowski, 2017a).

Lesnica Limestone Member
(herein established)

Name: After Lesnica village, where the unit crops out.
(Polish name: ogniwo wapieni z Lesnicy).

Type area and type section: South-western margin of
the Holy Cross Mts., especially area between Gruszczyn and
Lesnica. The characteristic section is in Bukowa quarry de-
scribed by Roniewicz (1967, fig. 1), Kutek (1968, fig. 7),
and Matyja (2011, fig. 3).

Thickness: About 15 meters at Bukowa quarry, general-
ly from several to about 20 meters in thickness.

Lithology: It is a very variable unit lithologically. It con-
sists of micritic limestones and organodetrital-oolitic lime-

stones containing bioclasts, intraclasts and ooids in various
amounts, and some benthic fauna (Roniewicz, 1967; Kutek,
1968; Pszczotkowski, 1970). In the typical development at
Bukowa quarry it is composed of micritic limestones with
marly intercalations in its lower part, followed by micritic
limestones with admixtures of ooids, onkoids, intraclasts,
bioclasts, and covered by cross-bedded oolitic limestones
(Roniewicz, 1967; Kutek, 1968). In the southern part of the
area between Staniewice and Les$nica the deposits are domi-
nated by oolitic-organodetrital limestones, subdivided by
micritic limestones (Pszczotkowski, 1970, figs. 1, 3).

Boundaries: The lower boundary is placed directly at
the top of the highest chalky limestone of the Piekielnica
Coral Limestone Member, and is often marked by the dis-
continuity surface (Kazmierczak, Pszczotkowski, 1968;
Pszczotkowski, 1970). In the Bukowa quarry section it cor-
responds to a sudden lithological change from the chalky
limestones to well-bedded micritic limestones with poor
fauna (Roniewicz, 2004, appendix: boundary between beds
19 and 20). The upper boundary with the marly limestones
of the Gory Marl Member = “lowermost marly horizon” of
Kutek (1968) is also often marked by a discontinuity surface
(e.g. Kazmierczak, Pszczotkowski, 1968, fig. 6B).

Geological age: Lower to middle parts of the Platynota
Zone.

Distribution: South-western margin of the Holy Cross
Mts., possibly stretching onto its north-western margin, but
so far not recognized in detail.

Equivalents: The unit was recognized by Kutek (1968)
as the “deposits overlying chalky limestones”, and as such
was described subsequently in several papers on the south-
western margin of the Holy Cross Mts. (e.g., Pszczotkowski,
1970; Gutowski et al., 2006; Matyja, 2011).

Gory Marl Member (Wierzbowski, 2017)

This was formally distinguished in the Wielun Upland
(Wierzbowski, 2017a), recognized there earlier as the “mid-
dle marly unit” (Wierzbowski, 1966). It was treated always
as strictly corresponding to the “lowermost marly horizon”
of the south-western margin of the Holy Cross Mts. (Kutek,
1968).

The Gory Marl Mbr. = “lowermost marly horizon” is the
highest member of the Bukowa Formation. It is composed of
marls/marly shales and marly limestones. It ranges from
some — generally below 10 metres (according to Kutek,
1968), but locally even up to several meters in thickness.
The unit occurs in the south-western margin of the Holy
Cross Mts. (Fig. 4) except for its northern and southern
parts, being replaced there by micritic limestones (Kutek,
1968; Pszczotkowski, 1970).
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MALOGOSZCZ OOLITE FORMATION
(herein established)

Name: After Malogoszcz town in the south-western mar-
gin of the Holy Cross Mountains, where the formation is
fully exposed in a large cement-works quarry. (Polish name:
formacja wapieni oolitowych z Malogoszcza).

Type area and type section: South-western margin of
the Holy Cross Mts. The type section seen in the cement-
works quarry at Matogoszcz was described by Matyja et al.
(20064, fig. B2.30) and Matyja (2011, fig. 4).

Subdivision: The formation is subdivided into four
members (in brackets old informal names given after Kutek,
1968): the Rogaléw Limestone Member (“underlying pelitic
limestones™), the Gluchowiec Oolite Member (“lower oo-
lite), the Mieronice Banded Limestone Member (“banded
limestone member”), the Sobkéw Oolite Member (“upper
oolite”). The Celiny Onkolite Bed (“onkolite horizon”) oc-
curs at the top of the formation (Fig. 4).

Thickness: About 60 meters in the type section; from
60—70 meters in other sections.

Lithology: Oolitic limestones varying from showing
large scale cross-bedding to being non-cross-bedded are
dominant in the oolite members; commonly occurring,
moreover, are micritic limestones often with intercalations
of fine-grained (oolitic-onkolitic-organodetrital) limestones,
including a very characteristic unit of banded limestones
composed of alternating bands of micritic limestones and
fine-grained limestones often showing ripple cross-bedding
with early-diagenetic cherts developed along shrimp bur-
rows (Radwanski, 2003); thin onkolitic limestone bed at the
top of the formation; discontinuity surfaces common — some
of a wider regional distribution (see description of the mem-
bers), benthic fauna in some parts (especially in non-cross-
beded oolites) commonly encountered, represented by diver-
sified bivalve assemblages, brachiopods, various echinoderms,
etc. (Kutek, 1968).

Boundaries: Lower boundary at the top of the underly-
ing Gory Marl Member corresponding to the top of the Bu-
kowa Formation marked by the widely distributed disconti-
nuity surface (Chudzikiewicz, Wieczorek, 1985, fig. 2; see
also Krajewski et al., 2014, where the surface is discussed,
but note also the critical comments herein on some aspects
of its interpretation by these authors). Upper boundary at the
top of the Celiny Onkolite Bed, and the overlying marly de-
posits of the Spinkowa Goéra Formation (see Matyja et al.,
20006, fig. B2.31 — where this boundary is arrowed).

Geological age: Upper part of the Platynota Zone to
lowermost part of the Hypselocyclum Zone.

Distribution and age equivalents: South-western mar-
gin of the Holy Cross Mountains. The oolite units reco-
gnized in the north-western margin of the Holy Cross Mts.

and in the Szczercoéw—Belchatow area are mostly not age-
equivalents of the formation (see Wierzbowski, 2017a;
Wierzbowski, Glowniak, 2018). Although the correlation
between the oolite units of the north-eastern and south-west-
ern margins of the Holy Cross Mts. is not clear in detail, the
“Wierzbica oolite and platy limestones”, and the “Ozarow
oolite and platy limestones” can be considered as possible
equivalents of the Malogoszcz Oolite Formation (¢f. Gutow-
ski, 1992, 1998, 2006). The formation can be recognized
also in some of the cores in the Miechow Synclinorium,
such as Wegleszyn IG-1 (see Jurkiewicz et al., 1969, fig. 3).

Rogal6éw Limestone Member
(herein established)

Name: After Rogalow village in the south-western mar-
gin of the Holy Cross Mts., where the deposits of the unit
attain a larger thickness and have yielded ammonites (cf-
Kutek, 1968, tab. 2). (Polish name: ogniwo wapieni z Roga-
lowa).

Type area: South-western margin of the Holy Cross
Mts. (Kutek, 1968, tab. 2; Pszczotkowski, 1970, fig. 3). The
most representative sections are: (1) of Sobkéw quarry ela-
borated in detail by Chudzikiewicz and Wieczorek (1985,
fig. 2, from bed 2 to bed 10); (2) of Bukowa quarry described
by Matyja (2011, fig. 3, see also description in p. 142); (3) of
Rogalow compiled by Malinowska (1970, fig. 2, bed (mem-
ber) 12; after Swidzinski, 1962, fig. 9).

Thickness: From 2.6 m at Bukowa quarry to about 10—
15 meters (commonly); the thickness of about 20 meters as
corresponding to the upper part of the “platy” unit in the Ro-
galow section (¢f. Malinowska, 1970, fig. 2), however,
seems too large (¢f- Kutek, 1968; Pszczotkowski, 1970).

Lithology: Micritic limestones commonly with bio-
clasts, and ooids, and with marly intercalations, especially
characteristic of the middle part of the unit (Chudzikiewicz,
Wieczorek, 1985; Matyja, 2011). Intercalations of oolitic
limestones are common in the upper part of the unit.

Boundaries: Lower boundary with the Gory Marl Mbr.
of the topmost part of the Bukowa Formation along the
prominent discontinuity surface often covered by a layer
with bored and encrusted carbonate clasts (Chudzikiewicz,
Wieczorek, 1985, fig. 2, base of bed 2). Upper boundary
with the Gluchowiec Oolite Member placed at the base of
the uniform set of oolitic limestones, often marked by a dis-
continuity surface (Chudzikiewicz, Wieczorek, 1985, fig. 2,
base of bed 11).

Geological age: Upper part of the Platynota Zone.

Distribution and equivalents: South-western margin of
the Holy Cross Mts. The unit is replaced laterally by the oo-
litic limestones of the Gluchowiec Oolite Member (“lower
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oolite”) as e.g. at Wola Swidzinska in the northern part of
the study area (Kutek, 1968, tab. 2).

The unit was originally recognized informally by Kutek
(1968) as the “underlying pelitic limestones”, and as such
was described in several papers (e.g. Matyja et al., 2006a;
Matyja, 2011). Occasionally, however, it was included in the
“lowermost marly horizon” = Gory Marl Member (Chudzi-
kiewicz, Wieczorek, 1985), but successively transferred into
the “underlying pelitic limestones” (Krajewski et al., 2014,
p. 123). In older geological literature it was treated jointly
with underlying marls (= Gory Marl Member), and pelitic
limestones with marls (= Le$nica Limestone Member) as
corresponding to the “platy complex” (III) of Swidzinski
(1962; see also Malinowska, 1970).

Gtuchowiec Oolite Member
(herein established)

Name: After Gluchowiec quarry at Matogoszcz, where
this unit is exposed, and it has been described from the
neighbouring quarry at Mieronice (Kutek, 1962a). (Polish
name: ogniwo wapieni oolitowych z Gluchowca).

Type area and type section: South-western margin of
the Holy Cross Mts. The most typical development is be-
tween Skorkow and Matogoszcz. The type section is in the
large cement-works quarry at Matogoszcz described by Ma-
tyja et al. (2006a, fig. B2.30) and Matyja (2011, fig. 4).

Thickness: Between 10 and 20 meters.

Lithology: The most typical deposits are large-scale
cross-bedded oolites, which are commonly encountered be-
tween Skorkéw and Mieronice; in other areas there occur
also oolitic limestones not showing cross-bedding (Kutek,
1969). The macrofossils are very rare, mostly “pulverized to
ooid size or lesser, and thus cannot be recognized taxonomi-
cally” (Radwanska, Radwanski in: Matyja et al., 2006a, p.
194).

Boundaries: Lower boundary with the Rogaléw Lime-
stone Member placed at the base of the uniform set of oolitic
limestones often showing cross-bedding, and marked by the
omission surface (Chudzikiewicz, Wieczorek, 1985, fig. 2,
base of bed 11). Upper boundary with the Mieronice Banded
Limestone Member placed at the base of the first layer com-
posed of alternating bands of micritic and grained lime-
stones typical of the latter unit.

Geological age: Upper part of the Platynota Zone.

Distribution: The member occurs in the south-western
margin of the Holy Cross Mts., but it cannot be recognized
further northward, already at Mojzeszow and Dobromierz,
directly outside the study area (Swidzinski, 1962; Kutek,
1968).

Equivalents: The unit was recognized by Swidzinski
(1962) as the “Astartian oolite” in the lowermost part (mem-
ber 13) of his “main oolite complex” (IV). It was distin-
guished also as the “lower oolite” by Kutek (1968, tab. 2)
and under this name described in several papers (e.g.
Pszczotkowski, 1970; Matyja et al., 2006a; Matyja, 2011).

Mieronice Banded Limestone Member
(herein established)

Name: After Mieronice quarry, from where the section
was described by Kutek (1962a). (Polish name: ogniwo wa-
pieni pasiastych z Mieronic).

Type area and type section: South-western margin of
the Holy Cross Mts. between Skorkow, Matogoszcz and
Mieronice where it shows the most typical development
(Kutek, 1969). The type section is in the large cement-works
quarry at Malogoszcz (Matyja et al., 2006a, fig. B2.30; Ma-
tyja, 2011, fig. 4); the reference section is at Mieronice quar-
ry (Kutek, 1962a, fig. 1; Kutek, 1969, pl. 13: 1, 2).

Thickness: from a few to about 20 meters.

Lithology: In typical development limestones composed
of alternating bands of micritic and grained limestones,
some of the latter displaying ripple-cross bedding. The
white-colored flints occurring at many horizons represent
silica concentrations contouring the burrows of alpheid
shrimps (Radwanski, 2003). Outside the area of typical de-
velopment other lithologies are also encountered: micritic
limestones not showing the banded structure and devoid of
cherts; locally also oolitic limestone bodies, as e.g. at Bol-
min (Pszczotkowski, 1970, figs 2, 4).

Boundary: Lower boundary with the Gtuchowiec Oo-
lite Mbr. is placed at the base of the uniform set of banded/
micritic limestones. Upper boundary with the overlying
Sobkéw Oolite Mbr. at the prominent discontinuity
(hardground) surface of large regional extent (Kazmierczak,
Pszczotkowski, 1968, fig. 2, between units 8 and 9; figs 4, 5;
pl. 1: 1, 2; Kutek, 1969, pl. 13: 2, between units b and a; see
also Figs 4, 7, herein). A coralliferous biostrome, about 2
meters thick and of a large lateral extent (over 5 km) is de-
veloped at the top of the Mieronice Banded Limestone
Member at Brzegi and Zerniki (Roniewicz, Roniewicz,
1968, fig. 1): the biostrome is present at the top the
hardground surface at the junction with the overlying Sob-
koéw Oolite Member.

Geological age: Upper part of the Platynota Zone.

Distribution and equivalents: South-western margin of
the Holy Cross Mts.; the occurrence of the banded lime-
stones typical of this unit is not known outside this area
(Swidziﬁski, 1962; Kutek, 1968). The unit was recognized
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as representative of the middle part (member 14) of the
“main oolite complex” (IV) by Swidzinski (1962), and sub-
sequently as the “banded limestone member” by Kutek
(1968, 1969; see also e.g. Pszczotkowski, 1970; Matyja
et al., 2006a; Matyja, 2011).

Sobkow Oolite Member
(herein established)

Name: After Sobkow quarry in the south-western mar-
gin of the Holy Cross Mts., from where the deposits of the
unit were described and yielded ammonites (Kutek, 1968;
see also Pastusiak, 1987). (Polish name: ogniwo wapieni oo-
litowych z Sobkowa).

Type area and type section: South-western margin of the
Holy Cross Mts. The type section is that of the cement-works
quarry at Matogoszcz (Matyja et al., 2006a, fig. B.2.30; Ma-
tyja, 2011, fig. 4); the reference sections at Sobkow quarry
(after Pastusiak, 1987: re-illustrated herein in Fig. 7).

Thickness: from about 20 to 35 meters.

Lithology: Oolitic limestones commonly with shell de-
tritus, partly showing cross-bedding, but large parts are not
cross-bedded. Some fragments of the unit, especially of its
upper part, are represented by micritic limestones with
streaks and other concentrations of grained material (ooids,
onkoids, intraclasts, bioclasts) (see Kutek, 1968; Kutek,
1969, pl. 13: 2; pl. 14: 1; Pszczotkowski, 1970; see also
Fig. 7, herein). Macrofauna abundant: brachiopods, serpulids,
very diversified bivalve assemblages, gastropods, various
echinoderms (echinoids, crinoids, starfishes, ophiuroids),
ammonites (Swidziﬁski, 1962; Kutek, 1968; Radwanska, Rad-
wanski in: Matyja et al., 2006a); common Thalassinoides
burrows. Discontinuity surfaces both of the softground and
the hardground type commonly encountered (Kazmierczak,
Pszczotkowski, 1968; Gruszczynski, 1986; Pastusiak,
1987).

Boundaries: Lower boundary with the Mieronice Band-
ed Limestone Member placed at the change of lithology into
dominant oolitic limestones and above the prominent dis-
continuity surface (hardground) (see description of the Mie-
ronice Banded Limestone Mbr., see also Fig. 4, herein). Up-
per boundary also at the discontinuity surface of especially
large extent in the south-western margin of the Holy Cross
Mts., and being the boundary with the overlying onkolitic
limestones of the Celiny Onkolite Bed (see Kutek, Rad-
wanski, 1967, fig. 1; Kutek, 1969, pl. 15: 2; Kazmierczak,
Pszczotkowski, 1968, fig. 2, between units 9 and 10; Grusz-
czynski, 1986).

Geological age: Upper part of the Platynota Zone to low-
ermost part of the Hypselocyclum Zone (lussasense horizon).

Distribution and equivalents: South-western margin of
the Holy Cross Mts. The unit was distinguished originally as
the “Kimmeridgian oolite” (member 15) of the upper part of
“main oolite complex” (IV) by Swidzinski (1962), and then
as the “upper oolite” by Kutek (1968; see also e.g. Pszczot-
kowski, 1970; Matyja et al., 2006a; Matyja, 2011).

Celiny Onkolite Bed
(herein established)

Name: After Celiny village in the south-western margin
of the Holy Cross Mts., where this unit cropped out in an old
quarry (Kutek, Radwanski, 1965, 1967). (Polish name: war-
stwa onkolitu z Celin; onkolit z Celin).

Type area and type section: South-western margin of
the Holy Cross Mts. The type section is at an old quarry at
Celiny (Kutek, Radwanski, 1967, fig. 1; Kutek, 1969, pl. 15:
2); the reference section at the large cement-works quarry at
Matogoszcz (Matyja et al., 2006a, figs B.2.30, 31; Matyja,
2011, fig. 4).

Thickness: From several centimeters to few meters
(about 0.20 m at Matogoszcz, about 2 meters at Celiny); the
marked difference in thickness results from the location of
the bed near the discontinuity surface — in some sections it is
missing.

Lithology: Onkolitic limestones composed of densely
packed bean-shaped pisoonkoids usually about 1.5 cm in dia-
meter, the largest up to about 2.5 cm, occurring in a sparse
micritic matrix (Kutek, Radwanski, 1965). Onkoids deve-
loped commonly around fragments of oyster shells, often
bored by bivalves and overgrown by different encrusting
animals (oysters, serpulids, bryozoans — Kutek, Radwanski,
1965).

Boundaries: Lower boundary marked by the prominent
discontinuity surface (hardground) of very large lateral ex-
tent (Fig. 4). The underlying deposits of the Sobkow Oolite
Member are erosionally truncated and bored by lithophags
(Kutek, Radwanski, 1967; Kazmierczak, Pszczotkowski,
1968; Gruszczynski, 1986). The upper boundary with the
Spinkowa Goéra Formation is placed at the base of the marly
unit (Kietczyglow Marl Member).

Geological age: Lower part of the Hypselocyclum Zone.

Distribution: The Celiny Onkolite Bed is seen all over
the whole south-western margin of the Holy Cross Mts., and
also it occurs outside, forming everywhere a good marker
horizon. It should be noted that in the southern part of the
area of study from Brzegi towards the south, the position of
the bed in the succession changes suddenly into a level
placed some meters higher (see Kutek, 1968). The discussed
bed is traced in the adjoining part of the north-western mar-
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gin of the Holy Cross Mts., being recognized between Do-
bromierz and Przedborz (Kutek, 1968); also from the Ra-
domsko elevation (Wierzbowski, Glowniak, 2018, figs. 2, 3,
onkolites at the top of bed 9).

Equivalents: Distinguished as the “pisolitic horizon”
(member 16) in the uppermost part of the “main oolite com-
plex” (IV) by (Swidzinski, 1962), and as the “onkolite hori-
zon” by Kutek (1968, 1969; see also e.g. Matyja et al.,
2006a; Matyja, 2011).

SPINKOWA GORA FORMATION
(herein established)

Name: After Spinkowa hill at the southern edge of the
large cement-works quarry at Matogoszcz. (Polish name:
formacja ze Spinkowej Gory).

Type area and type section: South-western margin of
the Holy Cross Mts. between Lipie, Gruszczyn Skorkoéw
and Mieronice, where the unit shows its most typical devel-
opment. The type section is at the large cement-works quar-
ry at Matogoszcz (Matyja et al., 2006a, figs. B.2.30-B.2.32;
Matyja, 2011, fig. 4).

Subdivision: The formation is subdivided into four
members: the Kietczygtéw Marl Member originally distin-
guished by Wierzbowski (2017a) in the Wielun Upland, and
the adjacent Szczercow—Belchatow area, and the three
members newly distinguished herein: the Grabki Limestone
Member, the Dobromierz Marl Member, and the Buczyna
Limestone Member (Fig. 4).

Thickness: About 40 to 50 meters.

Lithology: Micritic limestones with subordinate interca-
lations of organodetrital-oolitic-onkolitic limestones, some-
times also of oyster coquina beds, micritic “sublithographic”
limestones, marly limestones and marls.

Boundaries: The lower boundary with the Matogoszcz
Oolite Formation is placed at the top of the Celiny Onkolite
Bed (see above). Upper boundary with the “coquina” forma-
tion = Skorkéw Iumachelle of Kutek (1968) placed at the
prominent discontinuity surface (hardground) at the top of
the sublithographic limestones of the Buczyna Limestone
Member (see Kazmierczak, Pszczotkowski, 1968, fig. 2, be-
tween units 13 and 14; Gruszczynski, 1986; Matyja et al.,
20064, fig. B.2.32; Fig. 4). This boundary is also the bound-
ary of the two tectono-stratigraphic sequences COK and
LUK, recognized in the territory of central Poland by Kutek
(1994, figs. 11, 12).

Geological age: Lower to upper parts of the Hypselocyc-
lum Zone.

Distribution: In its typical development between Lipie
and Mieronice in the south-western margin of the Holy

Cross Mts. Towards the north and south successively re-
placed by oolitic limestones, which belong possibly to sepa-
rate lithostratigraphic units, not fully recognized so far.

Equivalents: The deposits attributed to the formation
were referred in the past to “complex V”’ composed of well-
bedded limestones with intercalations of oolites and oyster
lumachelles, and marls as described by Swidzinski (1962).
The formation corresponds also to the “oolite-platy mem-
ber” and the “shaly limestones and underlying clays” of Ku-
tek (1968): the former is subdivided herein into: the Kiet-
czygtow Marl Member and the Grabki Limestone Member,
the latter into — the Dobromierz Marl Member and the Bu-
czyna Limestone Member.

Kietczygtow Marl Member (Wierzbowski, 2017)

The marly unit recognized in the lowermost part of the
Spinkowa Goéra Formation (Fig. 4), attaining a few meters in
thickness (about 5 m in the large cement-works quarry at
Matogoszcz) is strictly comparable with the Kietczyglow
Marl Member as recognized in the north-eastern margin of
the Wielun Upland, and in the Burzenin area (Wierzbowski,
2017a, figs. 4, 6, 7). The same unit is recognized in the
Szczercow—Belchatow area, where it corresponds to “unit B”
seen in several boreholes (Wierzbowski, 2017a, fig. 5). It
was distinguished as the “F-9 facies” in other boreholes in
the same area by by Olchowy et al., 2019 (figs 2, 3, 5), but
wrongly compared with the “lowermost marly horizon” =
Gory Marl Member of the south-western margin of the Holy
Cross Mts. (see also comments in chapter on facies succes-
sion and stratigraphical interpretation, herein). The Kietczy-
glow Marl Member was also recognized at Rogaszyn quarry
in the Radomsko elevation (Wierzbowski, Glowniak, 2018,
figs. 2, 3, bed 10). It is thus a well-defined marker level of
high correlation value.

Grabki Limestone Member
(herein established)

Name: After Grabki hill at the large cement-works quar-
ry at Matogoszcz where the type-section of the unit is locat-
ed. (Polish name: ogniwo wapieni z Grabek).

Type area and type section: South-western margin of
the Holy Cross Mts., between Lipie and Mieronice, where
the unit shows its most typical development. Type section is
in the large cement-works quarry at Matogoszcz (Matyja
et al., 2006a, figs. B.2.30, B.2.31 — corresponding to the
“oolite-platy member”, which includes the Kielczyglow
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Marl Member at the base and the Grabki Limestone Mem-
ber above; Matyja, 2011, fig. 4).

Thickness: About 15-20 meters (12 meters at Malo-
g0SZCZ quarry).

Lithology: In typical development micritic limestones
with subordinate intercalations of organodetrital-oolitic-
onkolitic limestones, sometimes also of oyster coquina beds.
In some other areas oolitic limestones are also recognized.

Boundaries: The lower boundary at the top of the Kiel-
czygtéw Marl Member is placed at the base of a thicker
limestone bed above the marly interval. Upper boundary
with the Dobromierz Marl Member placed at the base of the
thicker fairly uniform marly unit (Fig. 4).

Geological age: Lower part of the Hypselocyclum Zone.

Distribution and equivalents: South-western margin of
the Holy Cross Mts., towards the north successively re-
placed by oolitic limestones, towards south difficult for pre-
cise recognition due to the disappearance of the overlying
marly unit (Dobromierz Marl Member), and the appearance
of larger bodies of the oolitic limestones (see Kutek, 1968,
tab. 2; Pszczotkowski, 1970, fig. 3).

Together with the Kietczyglow Marl Member it corre-
sponds to the “oolite-platy member” between Mieronice and
Oleszno (in its typical development), and further north-west,
between Dobromierz and Przedborz, where the oolitic lime-
stones predominate (Kutek, 1968, tab. 2, fig. 11).

Dobromierz Marl Member
(herein established)

Name: After Dobromierz village, north of the study
area, where the reference section of the unit is established.
(Polish name: ogniwo margli z Dobromierza).

Type area and type section: South-western margin of
the Holy Cross Mts. between Mieronice and Oleszno, and
further outside the study area between Dobromierz and
Przedborz (Kutek, 1968, tab. 2, fig. 11). The type section is
the large cement-works quarry at Matogoszcz, the reference
section at Dobromierz in the southern part of the Dobro-
mierz anticline, directly south of Kowale hamlet, where
temporary outcrops of the unit existed in the past (Fig. 8).

Thickness: Between 10 and 20 meters (about 12/18 m in
the type section, and about 10 in the reference section).

Lithology: Grey to blue-grey marls with thin, a few cen-
timeters in thickness, intercalations of marly limestones;
macrofauna not recognized.

Boundaries: The lower boundary with the Grabki Lime-
stone Member is placed at the level of dominance of marls
in the succession, and locally marked (e.g. at Matogoszcz
quarry) by the distinct discontinuity surface (Matyja et al.,

2006a). Upper boundary with the Buczyna Limestone Mem-
ber placed at the base of the first thicker bed of the sublitho-
graphic limestones (Fig. 4).

Geological age: Hypselocyclum Zone, near the bounda-
ry between the lower (Hippolytense Subzone), and the up-
per part (Lothari Subzone).

Distribution: South-western margin of the Holy Cross
Mts., and adjacent northern areas between Dobromierz and
Przedbodrz; towards the south the unit disappears (Kutek,
1968, tab. 2; Pszczotkowski, 1970; see also Fig. 4, herein).

Equivalents: The Dobromierz Marl Member as reco-
gnized herein corresponds to the lower, marly part of the
“shale limestones and underlying clays” of Kutek (1968). It
was also recognized by Barwicz-Piskorz (1995, fig. 4) as
“marls E”. A possible marly equivalent at the north-eastern
margin of the Wielun Upland and adjacent Szczercow—
Belchatow area is the “unit E” as distinguished by Wierz-
bowski (2017a, figs. 5, 6).

Buczyna Limestone Member
(herein established)

Name: After Buczyna hill, the natural reserve area at the
northern limb of the Dobromierz Anticline, where the unit
crops out (cf. Swidzinski, 1935). (Polish name: ogniwo wa-
pieni z Buczyny).

Type area and type section: South-western margin of
the Holy Cross Mts., from Matogoszcz to Oleszno, and ad-
jacent area from the north between Zeleznica, Dobromierz
and Przedborz. Type section is the large cement-works quar-
ry at Matogoszcz (Matyja et al., 2006a, figs B.2.30, B.2.32;
Matyja, 2011, fig. 4). Reference section near Dobromierz at
Buczyna hill (see Swidzinski, 1935, fig. 9), and an unnamed
hill south of Kowala hamlet (see Figs. 2, 4, 8, herein).

Thickness: 7-10 meters in the south-western margin of
the Holy Cross Mts., and larger up to 20 m towards the
north, mostly outside the study area between Oleszno, Mojze-
sz6w, Dobromierz and Przedborz (Kutek, 1968, tab. 2, fig. 11).

Lithology: In the south-western margin of the Holy Cross
Mts., thin-bedded micritic “sublithographic” limestones
splitting into thin flags when weathered, with thin marly in-
tercalations; fauna very poor and specific (small bivalves,
special isopod and marine reptile rests — see Radwanski,
Radwanska in: Matyja et al., 2006a, with references given).

A different lithology is observed in the uppermost part of
the unit, north of the area of study, as recognized most com-
pletely at Dobromierz (Radwanski, 1960; Wierzbowski, 1961;
see Figs. 2 and 8, herein). This part of the unit, seen only
here, is at least about 7 meters in thickness. It is composed
of oolitic-organodetrital limestones alternating with micritic
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limestones and marl; the thickness of the particular beds of
these two lithologies oscillates from several centimeters to
about 2 meters; a thick marly bed about 2—3 meters in thick-
ness, showing markedly erosional contact with the underly-
ing micritic limestones, is observed at the top of the mem-
ber; lenses of fine-grained limestones with erosional upper
boundaries interpreted originally as flow-folds (possibly
load-casts) are commonly encountered (Radwanski, 1960,
pl. 16: 1-3); the erosional boundaries, the discontinuity sur-
faces (hardgrounds), and clasts bored by lithophags are
common in the whole studied interval (see Kutek, 1994,
fig. 12B). Abundant (about 15-20%) small quartz grains
(about 0.1 mm in size) are encountered in beds and clasts of
oolitic-organodetrital limestones.

Boundaries: Lower boundary with the Dobromierz
Marl Member placed at the level, where the micritic lime-
stones become dominant. Upper boundary placed at the top
of the micritic “sublithographic” limestones and marked by
the prominent discontinuity (hardground) surface (“main
hardground” after Radwanski, Radwanska in: Matyja ef al.,
2006a, p. 196) in the south-western margin of the Holy
Cross Mts.; it represents here the boundary between the
Spinkowa Gora Formation and the Skorkéw lumachelle
(“coquina”) formation (see Matyja et al., 2006a, figs. B.2.30,
B.2.32; see also comments above; see Fig. 4). The upper

boundary of the member in the northern areas (such as the
Dobromierz section) is placed directly at the top of the last
micritic limestone or marly bed, directly below the overly-
ing oyster coquinas belonging to the Skorkoéw lumachelle/
”coquina” formation of Kutek (1968, 1994).

Distribution and equivalents: The main problem re-
mains the stratigraphical relation between the micritic sub-
lithographic limestones of the Buczyna Limestone Mbr. in
the south-western margin of the Holy Cross Mts., and the
uppermost part of the member, showing the intercalations of
oolitic-organodetrital limestones with common discontinui-
ty surfaces in the north, mostly outside the area of study.
According to Kutek (1994, fig. 12 B), the upper parts of the
member are of similar age in both areas, and the differences
in development resulted from the fact that “biodetrital and
biomicritic layers isochronous but of a limited areal extent
(...) in most cases peter out within micritic sediments”.
However, as another interpretation, it is also possible that
the upper part of the Buczyna Limestone Member in the
northern areas is younger and not represented in the succes-
sion in the south-western margin, where a stratigraphical
gap at the top of the member occurs.

The Buczyna Limestone Member corresponds to the up-
per part of the “shaly limestones and underlying clays” of
Kutek (1968).
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Appendix 2

AMMONITE SYSTEMATIC PALAEONTOLOGY

The following abbreviations are used in the description
of the ammonites: D — diameter of specimen in mm; Wh —
whorl height as a percentage of D; Ud — umbilical diameter
as a percentage of D; PR — number of primary ribs per whorl
(or PR/2 — per half a whorl); SR/PR — secondary/primary rib
ratio counted on 5 primary ribs at given diameter.

The review of ammonites given below concentrates on
forms unknown so far or poorly represented from the terri-
tory of Poland, as well as on specimens described in older
papers when their new systematic interpretation is given
herein.

The ammonites studied come mostly from the collection
housed in the Museum of the Geological Faculty of the
University of Warsaw (especially the collection number
Z1/100/1-40), including both the older specimens of J. Kutek
(described in his study from 1968), but also new ones gath-
ered later. Some specimens described by Matyja (1977) and
Matyja et al. (1989) — collection number ZI/22 are also pre-
served in the Museum of the Geological Faculty of Warsaw.

FAMILY ATAXIOCERATIDAE BUCKMAN, 1921

Genus Orthosphinctes Schindewolf, 1925 (Pls 1, 2, 3: 1).
The ammonites of the genus are interpreted according to At-
rops (1982), who distinguished two groups of microconchs
attributed to the subgenera Orthosphinctes Schindewolf,
1925 and Ardescia Atrops, 1982, and one group of macro-
conchs attributed to the subgenus Lithacosphinctes Oloriz,
1978 according to the morphotaxonomical interpretation of
the genus. Two large specimens of Lithacosphinctes were
described previously from the area of study by Kutek (1968)
under the genus name Lithacoceras according to the older
classification of Geyer (1961). Both of them need special
comment because of their different species interpretation as
presented herein. The specimen described as “Lithacoceras
subachilles (Wegele)” by Kutek (1968, p. 550, pl. 2) from
the Sobkéw Oolite Member (“upper oolite”) in Sobkoéw
quarry is closely comparable with Orthosphinctes (Litahco-
sphinctes) pseudoachilles (Wegele) as interpreted by Atrops
(1982) — it shows a similar coiling (weakly involute to
weakly evolute on the inner whorls, and markedly evolute
on the outer whorl), attains large size (D is about 300 mm),
and reveals a similar rib density during ontogeny, and a high
SR/PR ratio (near 7-8) at D = 200 mm. Another specimen
referred to as “Lithacoceras evolutum (Quenstedt)” by Ku-

tek (1968, p. 550, pl. 3; see also PL 1, herein) from the Ro-
galow Limestone Member (“underlying pelitic limestones™)
in Rogalow quarry differs from Orthosphinctes (Lithaco-
sphinctes) evolutum (Quenstedt) as defined by Atrops (1982)
mostly in the character of the inner whorls: a smaller num-
ber of ribs (PR is about 37 at D = 60 mm, and it can be cal-
culated to be about 30-32 at D = 140 mm), a more rounded
whorl section, and a more evolute coiling. These features
are typical of Orthosphinctes (Lithacosphinctes) stromeri
(Wegele) according to Atrops (1982), but the specimens of
this species as known so far differ in their smaller final size
— the lectotype attains possibly about 145—-150 mm in its fi-
nal diameter (see Wegele, 1929, pl. 7: 4), and another speci-
men illustrated by Atrops (1982, pl. 2: 3) has the peristome
preserved at about 145 mm diameter. The specimen studied
(P1. 1) is markedly larger, attaining at least 245 mm in final
diameter (i.e. its shell is at least a one whorl longer than the
two specimens of this poorly known species discussed
above, and it reveals the presence of single swollen ribs oc-
curring on the last fragment of whorl preserved unknown in
the specimens described so far). Thus, the studied specimen
is referred to as Orthosphinctes (Lithcosphinctes) aff. stro-
meri (Wegele). It should be remembered that O. (L.) stromeri
was identified by Atrops (1982, p. 145) as a macroconch
counterpart of the early microconchs of the Orthosphinctes
(Ardescia) inconditus (Fontannes) group and not of Ortho-
sphinctes (Orthosphinctes) polygyratus (Reinecke), which is
an older microconch counterpart of O. (L.) evolutum.

The giant specimen from Bukowa quarry (collected by
M. Hofman) derives from micritic limestones of the Les$nica
Limestone Member of the Bukowa Formation (P1. 2). It at-
tained about 450 mm in final size, but the last % of whorl is
not preserved. The specimen is 330 mm in diameter — it
shows an evolute coiling of the last whorl preserved (at
D =330 m, Wh =29, Ud = 40), and a weakly involute coil-
ing of the inner whorls (at D =210 mm, Wh =39, Ud = 35).
The ribbing of the outer whorl consists of loosely-spaced
thick primaries (at D = 330 mm, PR = 25) and very numer-
ous secondaries (at D = 330 mm, SR/PR = 10). The ribbing
on the inner whorls, only partly visible, is very dense (at
D = 180 mm, up to the distinct constriction, the number of
primary ribs per half a whorl equals 27). The character of
ornamentation of the specimen is very close to Orthosphinc-
tes (Lithcosphinctes) gidoni Atrops. It is worth noting that
the described specimen is markedly larger than all speci-
mens attributed so far to that species which only attained up
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to about 250 mm in diameter (see Atrops, 1982; Wierzbow-
ski, 2017a). Beside the difference in final size, there are
marked differences in the diameters marking the particular
stages of shell development between the discussed speci-
mens. It is the case e.g. of later disappearance of secondary
ribs (still observed at 330 mm diameter in the specimen
studied, but normally disappearing at 190-200 mm diame-
ters) or the maximum diameters at which involute coiling of
the shell is observed (at 180 mm in the specimens studied,
but only about 120—140 mm in other specimens) (see Atrops,
1982; Wierzbowski, 2017a).

When comparing the three discussed macroconchs of
Lithacosphinctes — L. subachilles, L. aff. stromeri, and L. gi-
doni coming from the shallow-water deposits of the Holy
Cross Mts. with their counterparts generally coming from
deeper-water deposits of south-eastern France and central
Poland (Wielun Upland), it may be noticed that the former
generally show larger sizes and some differences in shell de-
velopment. This can be explained by heterochrony — possi-
bly resulting from the prolonged duration of growth of the
ammonite shell and its later offset as controlled by unstable
environmental conditions. The problem needs, however, fur-
ther studies and is beyond the scope of the present paper.

Beside the discussed Lithacosphinctes ammonites, some
specimens of the genus Orthosphinctes come from the Bu-
kowa Formation in Bukowa quarry and Krzyzowa Gora
and/or Gluchowiec quarry. These include typical micro-
conch representatives of Orthosphinctes (Orthosphinctes)
polygyratus (Reinecke) (P1. 3: 1), and a fragment of a large
whorl of a macroconchiate O. (Lithacosphinctes), which is
densely ribbed and could possibly correspond to O. (L.) evo-
lutus (Quenstedt).

Genus Ataxioceras Fontannes, 1879 (Pl. 3: 2—4). This
is interpreted according to Atrops (1982), who distinguished
two microconchiate genera, Parataxioceras Schindewolf,
1925 and Schneidia Atrops, 1982, and the nominative sub-
genus Ataxioceras for the macroconchs.

The oldest assemblage of ammonites comes from the
Sobkéw Oolite Member (“upper oolite”) and the Celiny
Onkolite Bed (“onkolite horizon”) of Sobkéw quarry. The
specimen described originally as “Ataxioceras ex gr. disco-
bolum (Font.)” by Kutek (1968, pl. 4: 4) is a microconch
about 120 mm in diameter showing a lappeted peristome;
the coiling is moderately evolute (at D = 90 mm, Wh = 36,
Ud = 42). The specimen shows close affinity to Ataxioceras
(Parataxioceras) homalinum Schneid, being very similar to
its lectotype as illustrated by Schneid (1944, pl. 5: 1) and
Geyer (1961, pl. 15: 1), and discussed by Atrops (1982).
Specimens of this species were recently described by Wierz-
bowski (2017a, pl. 5: 2, 3) from the Wielun Upland. Another
specimen, which can be compared with the subgenus Para-
taxioceras, is about 75 mm in diameter, shows a moderately

evolute coiling (at D = 75 mm, Wh = 34.5, Ud = 42.5) and
a rather dense ribbing (PR = 38) with fairly high SR/PR ra-
tio equaling about 3.8-4.0. This specimen, although incom-
plete, can be referred to as Ataxioceras (Parataxioceras) cf.
hippolytense Atrops (Pl. 3: 4).

Another assemblage consists of highly involute speci-
mens, which can be referred to the subgenus Schneidia.
Here belongs a highly involute form (at D = 91 mm,
Wh = 40.7, Ud = 27.5) covered with dense ribs (at D = 90
mm, PR/2 =17, and SR/PR = 3.0) coming from the Sobkoéw
Oolite Member (“upper oolite”) in the large cement-works
quarry at Malogoszcz (P1. 3: 2). This specimen represented
by the phragmocone (up to about 85 mm diameter) and
a fragment of the body chamber can be safely compared
with Ataxioceras (Schneidia) lussasense Atrops (cf. Atrops,
1982, p. 177). Another highly involute specimen described
by Kutek (1968, pl. 5: 4a, b) as “Ataxioceras (Ataxioceras)
involutum Geyer” from the same unit in Sobkow quarry be-
longs to the subgenus Schneidia as well, but it is too poorly
preserved for specific identification. Undoubtedly the most
difficult one for closer identification is a nicely preserved
specimen coming from the same locality and originally re-
ferred to by Kutek (1968, p. 552, pl. 5: 1) as “Ataxioceras
(Ataxioceras) guentheri (Oppel)”. The specimen shows in-
volute coiling (at D = 83 mm, Wh = 41, Ud = 29; at D =
67 mm, Wh = 42, Ud = 29), and moderately dense ribbing
(at D about 65-83 mm, PR = 23-24), with a very high SR/
PR ratio equaling about 6.5. This specimen should not be
compared, however, with A. guentheri of Oppel (1863,
pl.66: 1), because the latter is very poorly defined, and the
type specimen is lost (Atrops, 1982, p. 181). It should be re-
membered that specimens compared with Ataxioceras guen-
theri (Oppel) by Geyer (1961, p. 60) have been referred to
as Ataxioceras (Schneidia) lussasense by Atrops (1982,
p. 177), but the discussed specimen of Kutek (1968) differs
in its markedly smaller number of primary ribs. It is possible
that this specimen represents an extremely loosely-ribbed
representative of the latter species, or possibly it belongs to
another poorly known species of the genus Schneidia. Simi-
larly looking specimens were described by Gygi (2003,
p. 111, fig. 127a—d) and referred to as Ataxioceras (Schnei-
dia) genuinum Schneid (see also Schneid, 1944, pl. 3: 7-9)
with the comment that their “dimensions and the ribbing re-
semble Ataxioceras (Schneidia) lussasense” although the
“ribbing is stronger”.

FAMILY AULACOSTEPHANIDAE SPATH, 1935

Two main groups of aulacostephanids belonging to dif-
ferent lineages are represented in the lower part of the suc-
cession, which corresponds to the Platynota-lower Hypselo-
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cyclum zones. One of them is the Submediterranean or NE
European Subboreal group (see Matyja, Wierzbowski, 1995;
Wierzbowski ef al., 2016) represented by macroconch genera:
Vielunia Wierzbowski et Glowniak, 1995, and its descen-
dants Eurasenia Geyer, 1961 and Involuticeras Schneid,
1917 (Pls. 8, 9), and corresponding microconchs, mostly of
the Prorasenia Schindewolf, 1925 type. The problems of
their classification were discussed recently by Wierzbowski
(2017a) on the occasion of the occurrence of these ammo-
nites in coeval deposits in the Wielun Upland of central Po-
land.

These ammonites are represented in older deposits most-
ly by infrequent giant specimens — attaining about 300—
400 mm in diameter, and thus representing typical “mega-
conchs”. Such a specimen is “Ringsteadia (Ringsteadia) sp.”
as described by Kutek (1968, pl. 9) from Bukowa quarry. It
is closely comparable with “Ringsteadia tenuiplexa (Quen-
stedt)” as described from the Wielun Upland by Wierzbow-
ski (1970) which belongs to the genus Vielunia (see Wierz-
bowski et al., 2010; Wierzbowski, 2017a). Possibly some
other large specimens in the studied collection could also
belong to that genus, but these are difficult for closer identi-
fication because of their poor preservation. They come both
from the Bukowa Formation (the Piekielnica Coral Lime-
stone Member, similarly as the discussed specimen) but also
from the Matogoszcz Oolite Formation. It is noteworthy that
the ammonites actually placed in the genus Vielunia were
commonly attributed in the past to the genus Ringsteadia
(e.g. Wierzbowski, 1970). However, the distinction between
the genera Ringsteadia and Vielunia is based on morpholo-
gical grounds (stronger development of secondary ribs, their
appearance lower on the whorl side, and their persistence up
to larger diameters in Vielunia), but also on the different
type of their corresponding microconchs (Microbiplices ver-
sus Prorasenia) (see Wierzbowski ef al., 2010, p. 70). There
is also a marked difference in the stratigraphical distribution
of these genera, because they follow each other in the up-
permost Oxfordian/lowermost Kimmeridgian succession in
NE European areas in a way somewhat parallel to that
shown by the genera Ringsteadia and Pictonia in NW Euro-
pean areas (see e.g. Wright, 2010; Wierzbowski et al.,
2016). Nevertheless, it is worth pointing out that the genus
Ringsteadia smoothly evolved into the genus Vielunia, as in
a similar fashion in a younger part of the succession Vielu-
nia, represented either by stronger or weaker ornamented,
and moderately or strongly involute groups of species,
evolved into Eurasenia and Involuticeras. A gentle evolu-
tionary transformation can result in some problems, when
interpreting the systematic position of the specimens from
the “transitional” stratigraphic interval. A similar situation
is, however, commonly encountered in many ammonite lin-
eages. This is related e.g. with the interpretation of the

boundary between the last Picfonia and the first Rasenia in
the NW European lineage of Aulacostephanidae (see Wright,
2010), and corresponds to the situation “where the bounda-
ries between genera are purely arbitrary and represent no
clearly discernible breaks in the morphological distribution
of the groups as a whole” (Birkelund, Callomon, 1985,
p. 30). In accordance with the aforegoing, the interpretation
of Vielunia as a junior synonym of Ringsteadia, as recently
postulated by Enay and Howarth (2019, p. 91), seems inap-
propriate both from phylogenetic as well as from strati-
graphic points of view.

Other aulacostephanid ammonites of the discussed group
are Involuticeras and Eurasenia commonly occurring in the
south-western margin of the Holy Cross Mts., in the upper
part of the Sobkow Oolite Member (“upper oolite”’) and in
the Celiny Onkolite Bed (“onkolite horizon”) of the upper-
most part of the Matogoszcz Oolite Formation. These are
forms showing involute, and high oval whorl sections, and
both of them are typical genera/subgenera of the NE
Subboreal (or Submediterranean) lineage. Here belong such
forms as Eurasenia vernacula (Schneid) (see Kutek, 1968,
pl. 6: 1) recognized in the Celiny Oncolite Bed at Lesnica,
showing a moderately involute coiling (at D = 69 mm,
Wh =42, Ud = 29) and a strong ornamentation consisting of
short and swollen primary ribs and fairly numerous seconda-
ries (at D = 70 mm, PR = 20-21, SR/PR = 3.6). Even more
commonly encountered, however, are representatives of /n-
voluticeras, showing generally a more involute coiling:
more especially in I involutum (Quenstedt) (Pl. 8: 1) at
D =100-130 mm, Wh =48.5-53.1, Ud = 17.8-23.4, than in
L. limbatum (Schneid) (P1. 8: 2) at D = 150 mm, Wh = 45-46,
Ud =27.6-30.8, and a more dense ribbing from PR = 20-22
in the former, to PR = 27-30 in the latter. Moreover, the re-
cognized species of Involuticeras coming from Sobkow
quarry as well as from the large Matogoszcz cement-works
quarry, and the nearby Le$nica section attain often very
large final sizes: 1. involutum more than 200 mm, /. limbat-
um even about 250 mm in final diameter (Pl. 9), which is
close, or even above the maximum sizes of the representa-
tives of these species known so far (Geyer, 1961).

Another group of the aulacostephanid ammonites is re-
lated to the NW European Subboreal lineage. Here belong
such Early Kimmeridgian ammonites as Pictonia Bayle,
1878 and Rasenia Salfeld, 1913 (PIl. 6), representing the
most typical representatives of the lineage, but also Pic-
tonites Mesezhnikov, 1969, Pomerania Arkell, 1937 (Pls.
4, 5: 1) and Pachypictonia Schneid, 1940 (Pls. 5: 2;7: 1, 2),
which occur in Submediterranean as well as in NE European
Subboreal areas, representing a special offshoot of the line-
age as interpreted herein (see also Wierzbowski, 2017b).

A typical representative of the NW European Subboreal
lineage is the unique specimen originally referred to as “Ra-
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senia (Eurasenia) pendula Schneid” by Kutek (1968, p. 555,
pl. 11) from the lowermost part of the Matogoszcz Oolite
Formation (Rogalow Limestone Member = “underlying pe-
litic limestones™) at Rogalow in the south-western margin of
the Holy Cross Mts. This specimen attains about 230 mm in
final diameter, showing a body chamber about one whorl
long, and the phragmocone/body chamber boundary at
about 130 mm diameter. The coiling is at the evoluteness/
involutness boundary (at D = 105 mm, Wh =37, Ud = 38; at
D =160-230 mm, Wh = 37-38; Ud = 37-38), the ribbing is
distant, represented by short bullate primaries (only in the
innermost whorls the ribs are not bullate), which number per
whorl oscillates from 19 at D = 70 mm, through 19-21 at
D = 70-100 mm, to 24 at D = 157 mm, and the secondaries
appear fairly low on the whorl sides and are numerous (at
D = 110 mm, SR/PR = 3.6, at D = 160 mm, SR/PR = 4.0).
This specimen (P1. 6) strictly corresponds to Rasenia incon-
stans Spath as described e.g. from East Greenland by Birke-
lund and Callomon [1985, p. 33-35, pls. 12: 1-4; 13: 1-5;
14: 1-4; and see the relevant illustrations of the ammonites
by Spath (1935), placed into the synonymy of the species].
It represents the earliest Rasenia species at the transition
from older Pictonia into the NW European Subboreal line-
age (e.g. Birkelund, Callomon, 1985). It is worth noting that
the occurrence of large-sized specimens of Rasenia of NW
European affinity has been recognized both in south-western
France and northern Switzerland (Hantzpergue, 1989; Com-
ment et al., 2015) in deposits corresponding to the lower
part of the Subboreal Cymodoce Zone. The phylogeny of
the Subboreal Aulacostephanidae in the NW European Sub-
boreal province, including the genus Rasenia, was recently
discussed by Wierzbowski A. et al. (2018).

The large-sized “megaconchs” of Pomerania and Pachy-
pictonia occur fairly commonly in the south-western margin
of the Holy Cross Mts. These ammonites were discovered
by Kutek (1962a, b, 1968) in the vicinities of Rogalow,
Matogoszcz, Mieronice and Sobkow in deposits attributed
herein to the upper part of the Bukowa Formation and to the
Matogoszcz Oolite Formation, corresponding to the middle-
upper parts of the Platynota Zone — lowermost part of the
Hypselocyclum Zone.

The older ammonites, such as Pictonia (Pomerania)
dohmi (Arkell) and P. (P.) albinea (Oppel), exhibit the de-
velopment of bullate primary ribs on the middle whorls. The
species P. dohmi is represented by one well-preserved speci-
men described and illustrated by Kutek (1968, p. 561-563,
pl. 9; see also Pl. 4) from the Krzyzowa Gora section at
Matogoszcz, upper part of the Bukowa Formation (Les$nica
Limestone Member = “the deposits overlying chalky lime-
stones”), and by two other incomplete specimens referred to
this species with reservation (see Kutek, 1968, p. 563), and
coming from Rogaléw quarry (Rogalow Limestone Member

= “underlying pelitic limestones”; P1. 5: 1), and Sobkoéw
quarry (Gluchowiec Oolite Member = “lower oolite™), both
corresponding to the lower part of the Malogoszcz Oolite
Formation. The specimens even attain well above 250—
300 mm in final diameter as the largest of them is not com-
plete, showing a partly preserved body chamber. They reveal
evolute coiling in the middle whorls (at D = 165-190 mm,
Wh = 30-32, Ud = 43.0-44.5) and highly evolute coiling in
the outer whorl (at D = 220-300 mm, Wh = 27/28-30,
Ud = 43-51). The ribbing on the inner whorls is composed
of strongly prorsiradiate primaries, which become swollen
on the middle whorls from about 120 mm diameter, where
the short bullate strongly prorsiradiate primaries occur,
whereas secondaries successively disappear; the outer whorl
is covered with sparsely placed cuneiform single ribs. Num-
ber of primary ribs (PR) on the inner-middle whorls grows
from about 19 to 24 at D = 60—150 mm, and successively
diminishes to about 20-21 at D = 170-200 mm, and finally
attains about 17—16 ribs at D = 270-300 mm. The specimens
discussed are closely comparable with the holotype of Po-
merania dohmi (Arkell) as based on the specimen of “Picto-
nia baylei’ of Dohm (1925, p. 32, pl. 5: 6).

Another large specimen was interpreted as Pomerania
albinea (Oppel) by Kutek (1968, p. 562-563, pl. 8: 3) and
comes from Sobkéw quarry (Gluchowiec Oolite Member =
“lower oolite” of the lower part of the Matogoszcz Oolite
Formation). The specimens is about 290 mm in diameter,
but it is not complete as shown by the partly preserved body
chamber (the phragmocone/body chamber boundary is at
240 mm diameter). The coiling is evolute on the middle
whorls (at D = 105 mm, Wh = 31.5, Ud = 44.5), but it be-
comes strongly evolute on the outer whorl (at D = 275 mm,
Wh = 28, Ud = 52). The ribbing of the inner and partly mid-
dle whorls is not bullate, but soon thereafter, at about
150 mm diameter, bullate ribs appear. The secondary ribs in
the inner/early middle whorls are 3—4 per one primary. On
the outer whorl, the ribbing consists of single cuneiform pri-
maries, whereas the ventral parts of the whorl become
smooth. The number of primary ribs in the inner — middle
whorls at D = 55-150 mm is about 28-30, then it markedly
diminishes and attains PR = 23 at D = 200 mm, and
PR = 13-14 at D = 275-290 mm. The specimen in its inner
whorls is closely comparable with Ammonites albineus as
described and illustrated by Oppel [1863, pl. 50: 3a, b; see
also Schneid (1940, pl. 6: 3, where the holotype is illustrat-
ed)], especially in the character of ribbing and type of coil-
ing. It differs from P. dohmi (Arkell) in having a larger num-
ber of primary ribs in the inner whorls, and in the appearance
of bullate ribs at a larger diameter.

Additionally, a few fragmentary specimens which can be
referred to as Pictonia (Pomerania) sp., coming from the
Lesnica Limestone Mbr. (“the deposits overlying chalky
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limestones™) of the Bukowa Fm. at Gluchowiec quarry (see
Kutek, 1962a, 1968), and the Gluchowiec Oolite Mbr.
(“lower oolite”) of the Matogoszcz Oolite Fm. at Sobkow
quarry, although specifically not determinable, show a simi-
lar morphology to the species described above.

Different morphology is shown by the specimens attrib-
uted to the genus Pachypictonia Schneid, 1940. All of them
come from the Sobkow Oolite Mbr. (“upper oolite”) of the
upper part of the Matogoszcz Oolite Fm. from Sobkow
quarry, thus they are younger than the above described Pic-
tonia (Pomerania). According to Kutek (1968, p. 509), they
occurred here commonly constituting about 50% (11 speci-
mens) of the whole number of collected ammonites. In the
material studied they are represented by a few large speci-
mens about 200-330 mm in diameter. The largest specimen
shows a well-preserved ornamentation of the outer whorl
consisting of extremely heavy cuneiform ribs, much stron-
ger than those of the Pomerania species. This specimen il-
lustrated by Kutek (1968, p. 564, pl. 10) reveals strongly
evolute coiling of its outer whorl (at D = 330, Wh = 29,
Ud =48), and heavy and distant ribbing is present (PR = 11).
The ornamentation of the inner whorls is very poorly visi-
ble, but the presence of strong primary ribs can be noticed.
This specimen seems similar to Pachypictonia peltata
(Schneid). Another large specimen, about 206 mm in dia-
meter shows strongly developed ribbing consisting of short,
bullate primary ribs (at D = 120 mm, PR = 25). Its inner
whorls are moderately evolute (at D = 135, Wh = 30.4,
Ud = 37.8), but outer whorls are strongly evolute (at
D =206 mm, Wh=31.5, Ud =43.2). This specimen (PL. 5: 2)
can be referred to as Pachypictonia cf. perornatula (Schneid).

Of some other specimens, the one with a hand-written
label by Kutek “Pomerania (Pachypictonia) peltata” (PL. 7: 2),
is about 200 mm in diameter (at least with some parts of the
body chamber preserved), shows moderately evolute coiling
(at D =196 mm, Wh = 36.2, Ud = 38.2), and the presence of
strong cuneiform ribs on the outer whorl (PR = 16). The or-
namentation fragmentarily discernible on its inner whorls is
very strong, consisting of short primaries, as well as second-
aries, with a low point of the rib division, and a rather low
secondary/primary ribs ratio (at D = 130 mm, SR/PR = 3.0).
Still another fragmentarily preserved specimen described as
“Pomerania (Pachypictonia) sp.” (PL. 7: 1) by Kutek shows
loosely placed, short, bullate primary ribs, and wide-spaced,
not numerous secondaries; this specimen shows a low-oval
whorl section, and its coiling is near the evoluteness/invo-
luteness boundary (at D about 120 mm, Wh = Ud = 37.5; at
D about 90 mm, Wh = Ud = 33.3). These specimens show
an ornamentation similar to “Rasenia” trifurcata (Reinecke)
placed in the subgenus Eurasenia by Geyer (1961), but are
possibly closely related to the German Pachypictonia (Bir-
kelund, Callomon, 1985).

All these data indicate a close phylogenetic relationship
between Pomerania and Pachypictonia, but the problems of
the development of the lineage in question in the Submedi-
terranean areas/ NE European Subboreal areas from its very
beginning, as well as its relation to typical NW European
Subboreal aulacostephanids, need detailed discussion (see
also Wierzbowski, 2017b).

The first new ammonite preceding the appearance of
Pomerania was possibly Pictonia perisphinctoides (We-
gele), being close to another Submediterranean Picfonia
species — P. thurmanni (Contejean), both of them represent-
ing immigrants from the NW European Subboreal areas (see
Hantzpergue, 1989; Schweigert, Callomon, 1997). These
ammonites are known from the Submediterranean Planula
Zone in southern Germany and central Poland, from the
Wielun Upland (Schweigert, Callomon, 1997; Wierzbowski,
2017a), which may be correlated with some parts of the
Normandiana Subzone of the upper part of the Subboreal
Baylei Zone. The special feature of Pictonia perisphinctoi-
des is probably the coarse curved triplicate ribbing of the
outer whorl which is, however, poorly visible in the holo-
type of the species, originally described as “Rasenia” peri-
sphinctoides by Wegele from southern Germany (1929,
pl. 10: 2a, b), because of its fairly small size. Such ribbing is
well seen in another specimen of Wegele (1929, pl. 10: 1a, b)
originally referred to as “Rasenia dacquei”, and treated for
a long time as a separate species, but which represents the
outer whorl of a form close to P. perisphinctoides (see
Schweigert, Callomon, 1997, p. 45; see also Wierzbowski,
2017a, p. 81). A similar development of the ornamentation
on the outer whorl is shown by another, somewhat younger,
species of Pictonia of the same lineage described as Picto-
nia kuyaviensis Matyja et Wierzbowski, from the Barcin
area in northern Poland; it is represented by small-sized
specimens and a fragment of the outer whorl referred origi-
nally to “Rasenia aff. daquei “ by Matyja, Wierzbowski
(2002, P1. 1: 4-11, 12) from the Galar Subzone. These am-
monites of the genus Pictonia reveal thus special features
somewhat different from those of the nominative subgenus,
and deserve a separate subgenus name. Such was the origi-
nal proposal of Mesezhnikov (1969), who distinguished the
name Pictonites with the type species — Pictonia (Pictonites)
perisphinctoides (Wegele) for the evolute forms from south-
ern Germany, showing fairly regular ornamentation which
continues on the outer whorl.

On the other hand, the ammonite “Rasenia daquei *“ of
Wegele (1929, pl. 10: la, b) has been placed by Geyer
(1961, p. 118) in the synonymy of “Pictonia indicatoria”
Schneid (1940, p. 90, pl. 8: 1-4), which is the type species
of the subgenus Pachypictonia Schneid, 1940 as recognized
in southern Germany. This interpretation is, however, inap-
propriate (cf. Schweigert, Callomon, 1997), not only for the
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reason given above, but also because the inner whorls of
Pachypictonia indicatoria show already at small diameters
the presence of swollen stout primary ribs different from
those occurring at comparable diameters in Pictonia (Pic-
tonites) perisphinctoides.

The crucial aspect of any proposal that is considered to
explain the relation between Pictonia (Pictonites) and
Pachypictonia is strictly related with the recognition of the
phylogenetical position of the somewhat enigmatic taxon
Pomerania Arkell, 1937. The ammonites originally described
by Dohm (1925) from the Upper Jurassic of western Pome-
rania, in the quarry at Czarnoglowy (Zarnglaff), were com-
pared by him with the genus Pictonia. Such an interpreta-
tion was questioned by Arkell (1937), who introduced a new
name Pomerania (with the type species Pomerania dohmi
as based on specimens attributed by Dohm to the species
Pictonia baylei — see Dohm, 1925, p. 32, pl. 5: 6), and pro-
posed it as a new subgenus of the genus Decipia. Although
there exists some similarity in ornamentation of the middle
and outer whorls between Decipia and Pomerania, the stra-
tigraphical position of these two ammonite taxa are quite
different. Geyer (1961) recognized that the Lower Kim-
meridgian ammonites placed in the genus Pachypictonia by
Schneid (1940) are related to the genus Pomerania, and dis-
tinguished provisorily the genus Pomerania with two sub-
genera Pomerania and Pachypictonia, indicating the rela-
tion of the former with the genus Picfonia, and the latter
with the genus Rasenia. A similar opinion was expressed
also by Kutek (1968) when studying the material from the
south-western margin of the Holy Cross Mts. On the other
hand, Enay and Howarth (2019), when giving the classifica-
tion of the family Aulacostephanidae, recognized the sepa-
rate genus Pachypictonia, but treated the assignment of the
genus Pomerania to Aulacostephanidae as still disputable.

However, it should be remembered that there exist
strong resemblances between Pomerania and Pictonia (Pic-
tonites) indicating their close affinity, but the main differ-
ence is in the character of the outermost whorls of Pomera-
nia which bear bold coarse single, straight or wedge-shaped
ribs on the body chamber at larger diameters. These obser-
vations suggest that the name Pictonites Mesezhnikov, 1969
could be treated either as a junior synonym of Pomerania
Arkell, 1937, or the two names correspond to morphs some-
what different in their final growth — the former attaining
maturity earlier than the latter. Thus, the names Pomerania—
Pictonites should be considered as subgenus/era of Pictonia.

There exist a number of species, which may be placed in
the subgenus/era Pomerania—Pictonites as described mostly
by Schneid (1940) from southern Germany. Some of them

were subsequently described also from Switzerland and cen-
tral Poland (Kutek, 1968; Gygi, 2003), thus showing their
wide distribution in the Submediterranean areas. In the same
areas have also been described species attributed to Pachy-
pictonia as originally distinguished on the basis of Pachy-
pictonia indicatoria Schneid (see Schneid, 1940, pl. 8: 1-3)
which differ from those of the Pictonites—Pomerania type in
their having markedly stronger and swollen primary ribs in
the inner whorls. Thus, the two taxa should be treated sepa-
rately — the former as corresponding to the independent ge-
nus Pachypictonia, the latter as the subgenus/era of Picto-
nia. Both of them occur commonly in the NE European part
of the Subboreal Province (Dohm, 1925 — see also com-
ments below; Gtowniak ef al., 2010).

As was shown in the material studied from the Holy
Cross Mts., the ammonites of the genus Pictonia (Pomera-
nia) occur mostly in somewhat younger deposits (i.e. Pla-
tynota Zone) than those which yield Pictonia (Pictonites)
(i.e. Planula Zone), which confirms additionally for the time
being the application of both the Pictonites and Pomerania
names to the two different morphotypes which may be dis-
tinguished at the subgenus level. It is not excluded that dur-
ing the evolution of the lineage in question — after domi-
nance of the Pictonites forms, the appearance of successively
larger, and attaining later maturity macroconchs of the Po-
merania type has been attained. On the other hand, a gentle
succession from the Pomerania to Pachypictonia macro-
conchs without any discernible breaks in morphology is
generally recognized, as these forms replaced each other
from the Submediterranean middle to upper Platynota Zone
to the lowermost Hypselocyclum Zone. This is especially
well-marked in the material studied from the south-western
margin of the Holy Cross Mts., where from the transition
between the lower and middle parts to the upper part of the
Platynota Zone occur species like Pictonia (Pomerania)
dohmi (Arkell) and P. (P) albinea (Oppel), showing the ap-
pearance of bullate ribs on the middle whorls. Their smooth
evolutionary transition to Pachypictonia towards the top of
the Platynota Zone resembles that from Pictonia to Rasenia
in the main lineage of the Aulacostephanidae in NW Euro-
pean areas (cf. Birkelund, Callomon, 1985). The end of the
Early Kimmeridgian marked possibly the decline of the
side-lineage in question in the area of study which was pos-
sibly related to the change in sea-current circulation as well
as the disappearance of the central European zone of shallow-
water carbonate deposits interfingering with the clastic influx
of the so-called “European Archipelago” constituting the
main area of the Subboreal Province, which was the area of
development of Aulacostephanidae (cf- Fiirsich, Sykes, 1977).



