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ABSTRACT: The Upper Kimmeridgian Eudoxus and Autissiodorensis Zones, with the
‘Fallax Subzone at the top of the latter zone, as well as the Lower Volgian Klimovi,
Sokolovi, Pseudoscythica, and Tenuicostata Zones, can be recognized in several expanded
and continuous sections of the Patuki Formation in Central Poland. There can be recon-
structed a Subboreal lineage of the Perisphinctaceae, leading from Discosphinctoides
subborealis sp.n. and Sarmatisphinctes gen.n. in the Autissiodorensis Zone, through
llowaiskya and Pseudevirgatites in the Lower Volgian, to Zaraiskites in the Middle
Volgian. The ammonite assemblages of the Paluki Formation, which also include
Aulacostephanus and Amoeboceras in the Upper Kimmeridgian, are predominantly of
Subboreal type, but Mediterranean/Submediterranean ammeonites, chiefly the
Haplocerataceae, are also represented at some stratigraphic levels. Interregional strati-
graphic correlations are discussed in the paper, especially those between the Tithonian and
Volgian Stages. The new biostratigraphic material permits e.g. to correlate the top of the
Klimovi Zone with the top of the Tithonian Hybonotum Zone, and the top of the Sokolovi
Zaone with a level situated slightly beneath the base of the Middle Tithonian in Franconia.

INTRODUCTION

The Patuki Formation (DEMBOWSKA 1979), a formation which is
chiefly composed of argillaceous limestones and calcarous shales, and
displays some similarity to the British Kimmeridge Clay extends over
vast areas of the Polish Lowland. Ammonites occur in profusion in
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most parts of the Patluki Formation, which encompasses some upper
part of the Eudoxus Zone and the Autissiodorensis Zone of the Upper
Kimmeridgian, the Klimovi, Sokolovi, Pseudoscythica, and
Tenuicostata Zones of the Lower Volgian, and three horizons of the
Middle Volgian Scythicus Zone. However, even in the areas were this
formation is not overlain by younger Mesozoic and/or Tertiary sedi-
ments, there never existed good natural exposures of the Patuki
Formation, because of the soft nature of its rocks, and an almost
omnipresent cover of Quaternary sediments. To the authors’ know
-ledge, no exposure of the Paluki Formation exists at present.
Nevertheless, a clay-pit at Brzostowka near Tomaszow Mazowiecki,
the classic locality of Poland’s Volgian stratigraphy (Text-figures 1
and 2), and several other occasional exposures, that existed some
years ago, made it possible to investigate the ammonite assemblages
occurring in some high portions of the Patluki Formation, notably in
the topmost part of the Tenuicostata Zone, and in the Quenstedii,
Scythicus, and Regularis Horizons of the Scythicus Zone. These
assemblages were described comprehensively by KUTEK & ZEISs
(1974) and KUTEK (1994a); the latter paper includes also a description
of still younger Volgian ammonites, found within the Kcynia
Formation in the Zarajskensis Horizon of the Scythicus Zone. These
ammonites from the Kecynia Formation appear to be the youngest
Jurassic ammonites hitherto found in the Jurassic of cratonic Poland.

The present study, chiefly based on paleontologic material from
boreholes, is concerned with the ammonites and biostratigraphy of the
Kimmeridgian and Lower Volgian portions of the Patluki Formation. It
thus provides, in conjunction with the two earlier papers published in
the same journal (KuTek & ZEkiss 1974, KuTtek 1994a), a complete
description of the succession of ammonites in the Paluki Formation in
Central Poland.

The present paper i1s a result of joint work carried out by the
authors over twenty years with the basic aim to make the stratigraphic
correlations between the Volgian and Tithonfan Stages more precise,
exploring the possibilities provided by the Subboreal and
Submediterranean ammonites which do co-occur in Central Poland
(KuTek & ZEeiss 1974, 1975, 1988, 1994).

The paleontologic material was made available by J. KUTEK, who
is also responsible for the regional aspects of this paper. The paleonto-
logic work on the Submediterranean ammonites was chiefly done by A.
ZEISs, and that on the Subboreal ones by J. KUTEK, but both writers
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should be regarded as the authors of the new taxa established herein.
The last draft of this paper was written by J. KUTEK.

GENERAL GEOLOGIC SETTING

In Permian and Mesozoic time, Central Poland was included in the
Central (Northwest) European Basin, and also in the Polish Rift Basin;
the Laramide inversion of the proximal part of the latter basin gave rise
to the Mid-Polish Anticlinorium (KUTEK 1994b).

During the Permian and Mesozoic, the Central European Basin was
usually separated structurally, and sometimes also paleogeographically,
from the basins of the Carpathian Tethyan domains by the Meta-
Carpathian Arch. However, in the late Middle Jurassic, the Oxfordian
and the Kimmeridgian, the area of that arch experienced strong subsi-
dence, so that most of cratonic Poland was transformed into a part of the '
northern shelf of the European Tethys. As a result, the Oxfordian, and
most of the Kimmeridgian, ammonite assemblages of cratonic Poland are
predominantly of the Submediterranean type (KUTEK & al. 1984, KUTEK
1994b, MATYIA & WIERZBOWSKI 1995). In the Tithonian, the Meta-
Carpathian Arch began again to rise. As a consequence of this uplift,
sedimentation in the latest Tithonian was restricted in cratonic Poland to
the Central European Basin, where a Purbeck-type facies developed,
ranging from the Middle Volgian to the Middle Berriasian. In the context
of the present paper the most important point is that, as a result of the
Tithonian/Berriasian and later uplift of the Meta-Carpathian Arch, no.
sediments of latest Kimmeridgian and Volgian age were preserved in
southern cratonic Poland just north of the Carpathians, and that the-
occurrences of the Kimmeridgian and Volgian sediments of the Patuki
Formation are confined to Central and Northern Poland.

Kimmeridgian and Volgian sediments were also removed by
erosion from some, but not all, parts of the Mid-Polish Anticlinorium,
as a result of its Laramide uplift. This tectonic event is also reflected in
the present-day distribution of Volgian sediments in Poland (Text-fig.
1). No similar map depicting the distribution of sediments of latest
Kimmeridgian age (upper Eudoxus, and Autissiodorensis Zones) is
available. However, the latter sediments usually extend but slightly
beyond the limits of those of the Lower Volgian (for instance, less than
10 km in the western margin of the Mid-Polish Anticlinorium south of
Stobnica; KUTEK 1961, 1962).



110 . JAN KUTEK & ARNOLD ZEISS

The limits of the present-day occurrences of the highest
Kimmeridgian and Volgian sediments in cratonic Poland are largely the
result of post-Volgian erosion, so that their restricted distribution does
not preclude the existence, in latest Kimmeridgian and/or Volgian
times, of marine connections to the east with the Russian Platform, to
the south with Tethyan domains, and to the west and north-west with
regions of Northwest Europe.

Some Upper Jurassic carbonates of Tithonian but probably also
Late Kimmeridgian age, reminiscent to some extent of the Stramberk
Limestone Formation of the Outer Carpathians, still occur in a small
area in south-eastern cratonic Poland, south-east of Lublin, and also in
the western Ukraine.

INVESTIGATED SECTIONS

As previously stated, no exposures of the Kimmeridgian and
Volgian sediments of the Patuki Formation are presently available in
Central Poland. Still, some paleontologic material could be collected at
the locality of Brzostowka, now a suburb of Tomaszow Mazowiecki,
and at Stobnica (Text-fig. 2).

At Brzostowka, a section encompassing the uppermost portion of
the Lower Volgian Tenuicostata Zone, about 6m thick, and some
younger strata representing the Middle Volgian Scythicus Zone (the
Scythicus Subzone), could be made accessible in a disused claypit
(Text.-fig. 3C). This section was described by KUTEK & ZEISS (1974),
and the collected ammonites illustrated in 32 plates. This section was
discussed again by KUTEK
(1994a), and *it will be briefly
summarized in the present paper.

Several Upper Kimmeridgian
and Lower Volgian ammonites
from Stobnica (Text-fig. 2) were
collected, and figured in 10 plates,
ey mostly under wrong names, by
P Betect KUTEK (1961). At Stobnica there

Carpathians : Lo S . e
ST Fig. 1. Distribution of Volgian deposits in

Poland (taken from KUTEK 1994a)
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existed some exposures of the Coquina Formation (see below), but iden-
tifiable ammonites of the Patuki Formation could only be collected from
three farmers wells, and a few shallow test-pits; the numbers given by
KuTEK (1961) to these exposures are used unchanged in this paper. The
part-sections provided by the exposures have been pieced together in a
composite section (Text-fig. 3A), taking into account the available bio-
stratigraphic, and local geologic, data. At Stobnica 37 and 39, the
ammonites which were collected from rock material excavated from the
wells probably represent only the lowest portions of these two part-
sections.

The paleontologic material provided by the sections of Brzostéwka
and Stobnica is important because it comprises several large ammonites,
with dimensions often amounting considerably over those of the speci-
mens obtained from core-samples of the borehole-sections.

Two continuous sections of Kimmeridgian and Volgian sediments

of the Patuki Formation were provided by the wholly-cored boreholes
Zarzecin 1G-1 and Zarzecin 1G-3 (Text-figs 2 and 3A). The lithologic
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Fig. 2. Location map of the studied area; circles — boreholes, triangles — exposures
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succession in these sections was described by A. WiTkowskli, who also
collected the ammonites yielded by these boreholes. The sections of
Zarzecin [ and 3 were interpreted biostratigraphically in a brief paper
by KUuTek & WitkowskI (1963). No ammonites were illustrated in that
paper, and some of the biostratigraphic interpretations presented therein
require revision.

Continuous sections of the Kimmeridgian and Volgian sediments
of the Patuki Formation were also provided by the wholly-cored bore-
holes Blogie-Nadzieja, Stawno, Antonindw-Skorkowka, and Bratkow
(Text-figs 3B-C). The paleontologic material from these sections is here
published for the first time. The lithology of the section was described
by B.A. MATYJA and A. WIERZBOWSKI (in MATYJA & al. 1988), while
fossils were collected chiefly by J. KuTek, and in part also by B.A.
MATYJA. Data concerning the CaO content in the borehole sections were
made available by the Geological Enterprise at Cracow.

The Volgian strata are directly overlain by Albian sediments at
Stobnica, by Neocomian ones at Zarzg¢cin, and by Tertiary or Quaternary
sediments at Blogie-Nadzieja, Stawno, Antonindéw-Skorkéwka, and
Bratkow.

All the exposures and boreholes listed above are situated at the
western margin of the Mid-Polish Anticlinorium, chiefly around or
within the Tomaszéw Syncline (Text-fig, 2). Some additional paleonto-
logic material considered in this paper was obtainedsfrom the boreholes
Belchatow 4, 5, 6 and 9, and Tuszyn 2, 3 and 5, situated in the Lodz
Depression (Text-figs 2 and 4-5); these were but partially cored bore-
holes of the oil industry. The lithologic successions in these boreholes
were described in unpublished reports by T. WEYDLING and K. MROZEK,
and some information about the borehole sections can be found in a
publication by MROZEK (1975).

The fossils collected in the latter boreholes were given for identi-
fication to Professor C. PacHuckl, of the University of Lublin, who
presented a biostratigraphic interpretation of the sections of Belchatow
5, and Tuszyn 2 and 5, in a brief paper (PAcHUCKI 1963), including 5
plates with illustrations of ammonites; several of the taxonomic inter-
pretations of these ammonites require revision. After the death of
Professor C. PACHUCKI, the paleontological material was offered by his
co-workers to J. KuTek. However, the transferred collection does not
contain all the fossils collected from the boreholes here considered,
although photographs of some of the lost specimens are still available;
in a few cases, these photographs are reproduced in the present paper.
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The loss of a part of the collected specimens may explain why some
coeval intervals from the closely spaced boreholes reveal apparently
some differences in faunal content (for instance, the collection contains
numerous specimens of Aulacostephanus from the borehole Betchatow
9, and nearly none such specimens from the borehole Belchatéw 6).

The boreholes situated in the £6dz Depression yielded some valu-
able paleontologic material from Upper Kimmeridgian strata, and the
junction of the Kimmeridgian and the Volgian was cored in some of the
boreholes. However, these boreholes, having been but partly cored,
provided less continuous sections, especially in the Lower Volgian, than
the boreholes in the region of Tomaszow Mazowiecki.

LITHOLOGY

In the investigated sections, the Patuki Formation is composed ot
alternating calcarous shales and limestones, more or less argillaceous;
the carbonate content is very variable. Some minor admixture of silt
may occur especially in the Lower Volgian. The shales are usually
greenish in the Kimmeridgian portion of the formation, and blackish in
its Lower Volgian portion. However, the base o# the Volgian defined
biostratigraphically as the base of the Klimovi Zone, has no clearly
distinctive lithological expression. No distinctive lithologic marker
beds, readily recognizable over great distances, occur in the Paluki
Formation.

The lithologic successions in the sections here considered were
described by different workers in a different way. Different terms were
often given to similar rocks. Furthermore, particular sections were
described by different authors with a different degree of precision: inter-
calations only some 10 or 20 cm thick were indicated by some authors,
whereas lithologic interval some 10 or 20 m thick were characterized
collectively by others. As the lithologic descriptions of different authors
are not directly comparable, lithology is not indicated in the strati-
graphic columns shown herein (Text-figs 3-5). However, the CaO
content, which can be regarded to be an objective measure of lithologic
variability, is indicated in the sections of the boreholes Bratkow,
Antoninow-5korkowka, Stawno, and Blogie-Nadzieja (Text-fig. 3B-C).
The primary data, which are presented somewhat generalized in these
figures, referred to the average content of CaO at one meter intervals.
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In the investigated sections, the dip of Upper Jurassic strata is very
small, amounting only to a few degrees. Therefore, the thickness of
strata is given with no correction for their dip.

No sedimentologic nor paleontologic indications of stratigraphic
condensation, and no erosional structures, have been observed in the
Patuki Formation. On the other hand, shell concentrations on bedding
surfaces can be interpreted as indicative of omission surfaces, and a few
shellbeds, up to several tens of centimeters thick in extreme cases, were
encountered in some sections. Nevertheless, there are no indications of
significant stratigraphic discontinuities in the Patuki Formation, so that
the sections provided by this formation can be regarded as continuous in
terms of usual stratigraphic standards.

PALEONTOLOGIC MATERIAL

Ammonites occur in great numbers in most of the Upper
Kimmeridgian and Lower Volgian strata of the Paluki Formation, where
they usually are not accompanied by any other macrofossils. Some other
macrofossils, chiefly bivalves (Nanogyra, or Buchia), or gastropods
(Scurria), were encountered only at a few levels. Highly diversified
assemblages of bivalves appear in the Middle Volgian portion of the
Paluki Formation, as demonstrated in a classical monograph by
LEWINSKI (1923). However, this part of the Patuki Formation is beyond
the scope of the present paper.

All the ammonites from the Patuki Formation, which are preserved
as shells, molds, imprints, or in a mixed fashion, are crushed. As a
consequence, septal sutures are not preserved in the specimens. The
dimensions of ammonites were affected by crushing in the usual way;
for instance, the height of whorls became enlarged with respect to the
diameter of umbilicus. The measurements given in this paper, if not
otherwise stated, refer to uncorrected dimensions of crushed specimens.

It is worth to emphasize that the investigated collection includes a
fairly large portion of specimens obliquely crushed, or otherwise asym-
metrically distorted. For instance, whorls removed from the umbilicus
can be observed in some specimens, or parts of the shells thrusted upon
other parts. Some artefacts of preservation can thus be produced, espe-
cially in small specimens, which may readily lead to erroneous taxo-
nomic interpretations.
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Several ammonites obtained from cored boreholes are incomplete
because of the limited dimensions of core-samples. However, in the
sediments of the Patuki Formation, a gradation can often be observed
from intact specimens, with apertures preserved, through nearly
complete and fragmentary specimens (nuclei, fragments of whorls), to
shell debris of different size. As a consequence, what should be called a
specimen is often a matter of convention; and in some cases, ¢.g. in that
of the shellbeds with Amoeboceras volgae (P1. 11), picking up frag-
ments of shells meriting to be classified as specimens would make little
sense. Moreover, what might be classified as merely shell debris can
still, in some cases, be identifiable taxonomically on the species level,
whereas some apparently much better specimens cannot be identified
even on genus level. Hence, it can only be stated with much reservation
that the present paper is based on about 600 reasonably good specimens
of ammonites.

The distribution of ammonites in the investigated sections is indi-
cated in the APPENDIX to this paper. When interpreting these data, it
should be taken into acount that several ammonites may be assembled
on one bedding surface, and that the levels or narrow intervals, indi-
cated by the collectors, may comprise several such surfaces.

The levels of occurrence of the ammonites are indicated in meters, except for the
boreholes situated in the £.odz Depression. In the latter case, the cored interval is first indi-
cated in meters. then, by Roman numerals, the successive core-boxes (of one meter
length). and then the position of the core-sample within the boxes in centimeters; from
this, the level of occurrence can be deduced. For instance, the indication Belchatow 6,
545.0-550.0 m II 30 ¢cm corresponds to a depth of 546.30m, assuming complete coring. In
some cases, only the cored interval and the numbers of the core-boxes, or only the
interval, were indicated by the collectors.

The ammonites described in this paper are retained in the Museum
of the Faculty of Geology, University of Warsaw, as the collections
IGPUW/A/31 and IGPUW/A/32. In these collections, the numbers
given to specimens refer directly only to rock-samples or core-samples,
and not necessarily to individual ammonites; so several ammonites may
be contained in one sample. Only reasonably well preserved ammonites
were included in these collections.

Where suitable paleontologic material is available, the ammonites
from the Kimmeridgian and Lower Volgian strata of the Pafuki
Formation, especially those of the family Virgatitidae, are interpreted
taxonomically in accordance with the broad, horizontal concept of
species, as -advanced by CALLOMON (1985), and applied by KUTEK



116 JAN KUTEK & ARNOLD ZEISS

(1994a) to species of the genus Zaraiskites from the Middle Volgian of
Central Poland. This means that ammonites revealing a continuous
range of morphologic variability, and found in restricted stratigraphic
intervals, are interpreted as conspecific.

THE COQUINA FORMATION

In the area here considered, the Patluki Formation is underlain
conformably by the formation of Kimmeridgian age with no formal
name, called the Coquina Formation by KuTek (1974b). It consists of
calcarous mudstones and shales intercalated with coquinas, which are
chiefly built up by shell hash of Nanogyra. In contrast to the Paluki
Formation, the Coquina Formation extends southwards to the
Carpathians, being still preserved in the south-western margin of the
Mid-Polish Anticlinorium and some parts of the £odZ and Miechéw
Depressions. It could be demonstrated in the outcrops of the south-
western margin of the Holy Cross Mountains, a region included in the
Mid-Polish Anticlinorium, that the base of the Coquina Formation is
situated high in the Hypselocyclum Zone, or low in the Divisum Zone,
in particular sections. The ammonite assemblages of these zones are
clearly Submediterranean in type, as evidenced e.g. by Ataxioceras and
Crussoliceras. In the southern regions, where the Coquina Formation is
directly overlain by mid-Cretaceous sediments, some upper portions of
this formation were removed by erosion. In contrast, no part of the
Coquina Formation is missing in Central Poland, where in the regions
here considered its thickness usually ranges between 50 and 100 m
(MrROZEK 1975, MATviA & al. 1988). The boundary between the
Coquina Formation and the Paluki Formation can be interpreted as a
boundary of tectonically-controlled (transgressive-regressive)
sequences; more information about the Coquina Formation is given in
papers by KUTEK (1961, 1968, 1969, 1994b).

At Stobnica (Text-fig. 3A), several specimens of Aulacostephanus
were found in the highest coquina layer of the Coquina Formation, at the
very top of this formation; some of them were figured by KuTek (1961,
Pls 11-12; PI. 13, Figs 1-2; P1. 15, Fig. 1). These specimens, having
been subjected to some taxonomic revision (ZIEGLER 1962, KUTEK
1962), can be referred to as Aulacostephanus eudoxus (D’ ORBIGNY), A.
pseudomutabilis (DE LORIOL), and A. pinguis DURAND. These are diag-
nostic species of the Eudoxus Zone, and their stratigraphic distribution
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is not restricted to the upper part of this zone (ZIEGLER 1962, CALLOMON
& Cope 1971, HANTZPERGUE & LAFAURIE 1983, HANTZPERGUE 1989).
Consequently, it can be expected that some part of the overlying Patuki
Formation still belongs to the Eudoxus Zone.

The upper boundary of the Coquina Formation is usually drawn in
particular sections at the top of the highest coquina layer. Accordingly,
this boundary can be drawn at 77.0m at Bratkow, at 104.0m at Stawno,
at 97.0m at Blogie-Nadzieja, at 591.0-596.0m II 30 cm at Belchatow 4,
at 811.0-817.7m I 20 cm at Belchatow 5, presumably at 570.0-576.6m
at Befchatow 6, and possibly at 982.3-988.5m I 0-100 c¢cm at Tuszyn 2
(see Text-figs 3A-C, and 4-5). However, the coquina layers differ in
thickness, and also in development, representing detrital or non-detrital,
and more or less densely shell-repleted, varieties. For instance, the
highest coquina layer is about 4.9m thick in the borehole Bratkow, 1.0m
thick in the borehole Stawno, and 1.8m thick in the borehole Btogie-
Nadzieja; and at deeper levels, different numbers of coquina intercala-
tions appear in particular sections (MATYJA & al. 1988). These observa-
tions indicate, supported by other lithological and biostratigraphic data
(Text-figs 3B-C and Appendix), that the coquina layers here consi-
dered form lithosomes of limited lateral extent and appear at different
levels in particular sections; hence the topmost coquina layers encoun-
tered in different sections are interpreted as presumably more or less
diachronic.

This makes the boundary between the Coquina and Paluki
Formations somewhat diffuse. This also seems to be partly the reason
why the thickness of the Kimmeridgian portion of the Patuki Formation,
measured from the top of the Coquina Formation to the base of the
Volgian, is different in particular sections. This stratigraphic interval is
about 72m thick at Bratkow, 64m at Stawno, 57m at Blogie-Nadzieja,
about 40m in the very closely spaced boreholes Befchatow 4, 5 and 6,
and possibly about 80m thick at Tuszyn 2 (Text-figs 3B-C, and 4-5). It
can be estimated to be about 40m thick at Stobnica (Text-fig. 3A).

UPPER EUDOXUS ZONE

The lowest strata of the Paluki Formation yielded only a few,
mostly poorly preserved specimens of ammonites (see Appendix and
Text-figs 3B-C, 4-5). Nevertheless, these ammonites, when taken
together, form a quite distinctive assemblage composed of Glochiceras
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modestum ZIEGLER, Discosphinctoides ex gr. stenocyclus — roubyanus
(FONTANNES), Sutneria eumela (D’ ORBIGNY), Sutneria cf. lorioli ZEISs,
and Aspidoceras bispinosum (ZIETEN).

The Polish specimens assigned to Glochiceras modestum (Pl. 1,
Fig. 6) agree quite well with those described and figured by ZIEGLER
(1958a, p. 139, P1. 14, Figs 3-5). Following ZEiss (1979, pp. 269, 272),
the forms of Sutneria eumela (D’ORBIGNY) are kept distinct from the
more coarsely ornamented forms of Sutneria lorioli ZEiss. Accordingly,
the two Polish specimens of Sutneria are compared with S. eumela (P1.
1, Fig. 5) and S. lorioli (Pl. 1, Figs 3-4). The name of Aspidoceras
bispinosum (ZIETEN) traditionally applied to forms from the Malm Delta
of South Germany is retained for the two Polish specimens here consi-
dered (P1. 1, Figs 1-2), so more as they are closely comparable with the
well known figures of QUENSTEDT (1887, P1. 118, Figs 1-2, 4-5).

Of the few specimens of Discosphictoides found in the Eudoxus
Zone, two are here illustrated (Pl. 1, Figs 6-7). Their relatively dense
ribbing (PI. 1, Fig. 8) and the presence of numerous triplicate ribs (Pl
1, Fig. 7) permits to accomodate these specimens in the group of
Discosphinctoides stenocyclus — roubyanus (see FONTANNES 1879, pp.
56, 58, P1. 8, Fig. 6, PL. 9, Fig. 2; Bantz 1970, pp. 39-40, P1. 5, Figs 1,
3), and also to keep them distinct from the representatives of
Discosphinctoides subborealis sp.n., that occur in profusion in the
Autissiodorensis Zone of Central Poland (see below).

The ammonite assemblage here considered has clearly its counter-
part in the Eudoxus Zone (Malm delta 3 + 4) of South Germany
(ZIEGLER 1958b, BANTZ 1970). The occurrences of Sutneria eumela
(D’ORBIGNY) and S. lorioli Zr1ss are restricted to the Eudoxus Zone in
South Germany, England, and France (ZIEGLER 1962, 1977; CALLOMON
& CopPE 1971; ConTINI & HANTZPERGUE 1975; ZEriss 1975). Also
Glochiceras modestum ZIEGLER is a diagnostic fossil of the Eudoxus
Zone (ZIEGLER 1958a, b; HOLDER & ZIEGLER 1959, Bantz 1970).
Accordingly, in the £6dz Depression, the strata ranging up to the level
046.5-952.8m 1 in the Tuszyn 2 borehole, and the level 805.6-811.0m
III in the Belchatéw 5 borehole (Text-figs 4-5) are assigned to the
Eudoxus Zone. In the region of Tomaszéw Mazowiecki, the level of
occurrence of Glochiceras modestum at 90.80m in the Stawno borehole
(Text-fig. 3B) is taken as indicating the top of the strata that can still be
assigned with certainty to the Eudoxus Zone.

In the boreholes Bratkow, Stawno, and Blogie-Nadzieja, some poorly
preserved specimens of small ameboceratids were found just below and/or
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a little above the top af the strata assigned to the Eudoxus Zone (Appendix
and Text-figs 3B-C). Most probably they represent microchonchs of
Amoeboeceras and, presumably, they could be identified with more preci-
sion if found in association with better paleontologic material.

Interestingly, no specimens of Aulacostephanus have been found
in the lowest portion of the Patuki Formation. This is in marked contrast
with the ammonite assemblage found in the topmost layer of the
Coquina Formation at Stobnica, which assemblage, comprising over ten
specimens (KUTEK 1961), is composed exclusively of species of
Aulacostephanus.

THE EUDOXUS-AUTISSIODORENSIS UNCERTAINTY INTERVAL

An interval, devoid of diagnostic species of Aulacostephanus, and
situated between the strata assigned with certainty to the Eudoxus Zone

Bich. 4 Bkch.5 Btch.6 Belchatow 9
771.5 m 539.0m KlimoviZ. VOLGIAN
5574 m —|
562.2 7785 220 Autissiodo - 632-?
. 636.
BEEE 2851 =T _ ?ji’z rensis Zone
— [~ ' - 643.0
5726 [V v v
792.0
579.3 —N KIMMERIDGIAN
798.8
5824 T — Subnudatum level
805.6
5910 V — Volgae Bed
596.0 —CF | sn.0 CF N — Ncmnocordpceras
CF— top of Coquina F
8177 .

Fig. 4. Stratigraphic sections of highest Kimmeridgian and lowest Volgian deposits in the
boreholes Belchatow 4, 5,6, and 9
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and the Autissiodorensis Zone (see below), will be referred to as the
Eudoxus-Autissiodorensis uncertainty interval. Its thickness amounts to
about 25m in the borehole sections in the region of Tomaszow
Mazowiecki (Text-figs 3B-C). The corresponding strata are also about
25m thick in the region of Tuszyn (Text-fig. 5), and possibly about 15m
thick in the region of Beichatow (see Text-fig. 4 and Appendix).
Ammonites are still not very common in the interval here considered,
and appear only at some levels.

Occurrences of Aulacostephanus are restricted to the topmost part
of that interval, which yielded a specimen of A. volgensis
(VISCHNIAKOFF) at 64.3-7m in the borehole Btogie-Nadzieja (Pl. 3,
Fig. 3), and a specimen identified as A. cf. volgensis at Stobnica 36
(lower part of this part-section, see below). Ammonites referrable to
Aulacostephanus volgensis are known to occur in both the Eudoxus and
Autissiodorensis Zones (ZIEGLER 1962, CaLL.oMON & Core 1971).

As stated above, some specimens representing microconchs of
Amoeboceras were found very low in the Eudoxus-Autissiodorensis
uncertainty interval (Appendix and Text-figs 3B-C). Several specimens
of Amoeboceras (Nannocardioceras) krausei (SALFELD) were found in
the topmost part of of this interval at Bratkow (Appendix and Text-
fig. 3C) and at Stobnica 36, lower interval (Text-fig. 34).

Representatives of Amoeboceras elegans SPATH were found as
single specimens at 78.8m at Stawno and at 44.7m at Bratkow (Text-
figs 3B-C), and at 1169.7-1172.2m 1I at Tuszyn 3 (Text-fig. 5).

In the specimen from Tuszyn 3 (Pl. 13, Fig. 2), evenly projected
clavi are well displayed in the ventrolateral region, and long, nearly
straight primary ribs are visible on the flanks of whorls. The specimen
can be readily accommodated in the variability range of A. elegans, as
defined by the specimens figured by SpaTH (1935, Pl. 4, Figs 1-3),
SYKES & SURLYK (1976, Fig. 7C), BIRKELUND & CALLOMON (1985,
PL. 5, Figs 1-7; PI. 6, Figs 1-8), WiErRzBOWSKI (1989, PI. 20, Figs 1-7;
Pls 21-22), and WIERZBOWSKI & ARHUS (1990, Figs 6 G-H).

The two specimens from Stawno at Bratkow (Pl. 13, Figs 3-4) are
more poorly preserved, but they agree very well morphologically with
the specimen from Tuszyn 3; accordingly, they are also assigned to
Amoeboceras elegans.

The species Amoeboceras elegans SPATH was reported from the

Eudoxus Zone, but not from higher strata, from several Boreal regions
(SURLYK & SYKES 1976, MESEZHNIKOV 1984, BIRKELUND & CALLOMON
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1984, WiErzBOWSKI 1989, WIERZBOWSKI & ARHUS 1990). This suggests
that, in the Polish sections, the lower part of the Eudoxus-
Autissiodorensis uncertainty interval, as delimited by the occurrences of
A. elegans, still represents the Eudoxus Zone.

Only a few specimens of Discosphinctoides were found in the
interval here discussed (Appendix, and Text-figs 3B-C and 4): three of
them are figured herein (Pl. 14, Figs 2-4). So far as preservation
permits, the specimens are closely comparable with the ammonites that
occur in profusion at higher levels in the Autissiodorensis Zone, and are
described in this paper as Discosphinctoides subborealis sp.n.
However, as the scanty paleontologic material concerning the earlier
forms does not permit to define their range of variability, it seems better
to refer them to as Discosphinctoides cf. or aff. subborealis.

A very poor specimen of Aspidoceras, showing some tubercles on
the flank of a whorl fragment, was found at Blogie-Nadzieja, at 64.3m.

Tuszyn 2 Tuszyn 3 Tuszyn 5

VOLGIAN |1334m | KlimoviZ. [11691m

902.0m

907.2m

1139.2m | Autissiodo — 11751 m
KIMMERIDGIAN [ o | oissio®o

rensis Zone | 1181 4m

T —{1147.7m
7. 1188. 4m
1194 6m
Eudoxus —
Autissiodorensis
uncertainty 1169.7m 1202.2m
interval ~ 1172.2
T — Subnudatum
946.5m level

V — Volgae Bed

952.8m | Eudoxus Zone

Fig. 5. Stratigraphic sections of highest Kimmeridgian and lowest Volgian deposits in the
boreholes Tuszyn 2, 3,and 5
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THE AUTISSIODORENSIS ZONE

The Autissiodorensis Zone is here understood as a zone characte-
rized by the ammonites of the group of Aulacostephanus autissiodo-
rensis (COTTEAU), similarly as in Northwest Europe (ZIEGLER 1962,
CALLOMON & CoPE 1971) and in Russia (MESEZHNIKOV 1982, 1988);
accordingly, the base of this zone is defined as the level of appearence
of those ammonites. However, following the Russian usage, the upper
boundary of the Autissiodorensis Zone is identified with the lower
boundary of the Klimovi Zone which, by definition, is also the base of
the Volgian Stage. Thus, as Aulacostephanus does not range up to the
base of the Klimovi Zone (see below), the Autissiodorensis Zone, as
here defined, is not exactly a range zone of the ammonites of the group
od A. autissiodorensis. However, in terms of thicknesses, the difference
is not great: in Central Poland, these ammonites are absent only from
the topmost part of the Autissiodorensis Zone, about or less than 1m
thick, and are well represented in underlying strata some 20 to 25m
thick.

A very narrow subzone, the Fallax Subzone, with a thickness of
about 3m, is separated out in the topmost part of the Autissiodorensis
Zone; Aulacostephanus still occurs in the lower part of this subzone.
The Fallax Subzone will be described in another section of this paper.
The following description is chiefly concerned with the underlying
strata which form the bulk of the Autissiodorensis Zone.

The ammonites of the genera Aulacostephanus, Amoeboceras, and
Discosphinctoides are the most important constituents of the ammonite
assemblages of the bulk of the Autissiodorensis Zone. These ammonites
are described in the following sections of this paper, and only their
stratigraphic distribution is here summarized.

Of special interest is a section which was provided by a farmer’s
well at Stobnica 36 (KUTEK 1961). In this section, an upper interval Sm
thick, consisting of argillaceous limestones, could be distinguished
above a lower interval composed of calcarous shales, about 11m thick.
Several specimens representing Awulacostephanus autissiodorensis
(CoTTEAU), A. jasonoides (PAVLOW), and A. volgensis (VISCHNIAKOFF)
were collected from debris of the argillaceous limestone, This is clearly
an assemblage typical of the Autissiodorensis Zone. Accordingly, the
base of the upper interval of Stobnica 36 is taken as the base of the strata
that can be assigned with certainty to the Autissiodorensis Zone. It can
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be estimated that the base of that upper interval is situated some 25m
below the top of the Kimmeridgian (Text-fig. 3A).

In the boreholes Bratkow, Antoninow-Skorkowka, Stawno, and
Btogie-Nadzieja, a corresponding package composed of argillaceous
limestones was clearly revealed both by the CaO content (Text-figs 35-
C) and the lithology (MATYIA & al. 1988). The base of that interval,
which is also taken as the base of the strata assigned to the
Autissiodorensis Zone, is situated at 29.1m at Bratkow; at 138.1m at
Antoninéw-Skorkowka: at 64.4m at Stawno, and at 63.6m at Blogie-
Nadzieja. From this it follows that the strata referrable with certainty to
the Autissiodorensis Zone are also about 25m thick in these boreholes.

In the Eodz Depression, occurrences of species of
Aulacostephanus and/or Discosphinctoides subborealis sp.n. permit to
regard the following intervals as the lowest intervals attribuable with
certainty to the Autissiodorensis Zone (Appendix, and Text-figs 4-5):
Belchatow 4 — 572.6-579.3m (down to II); Belchatow 5 — 785.1-
792 0m: Belchatow 6 — 550.0-554.2m; Befchatow 9 — 636.5-643.0m;
Tuszyn 3 — 1444 .4-1447 7m; and Tuszyn 5 — 1181.4-1188.4m. From
this it can be concluded that the Autissiodorensis Zone is at least about
20m thick in the regions of Betchatow and Tuszyn.

In Central Poland. ammonites of the genus Aulacostephanus are
fairly common in the Autissiodorensis Zone (Appendix, and Text-figs
3A-C. 4 and 5); with A. autissiodorensis (COTTEAU), A. jasonoides
(PAVLOW), A. volgensis (VISCHNIAKOFF), and A. undorae (PAVLOW),
they form an assemblage typical of this zone.

In the boreholes Bratkow and Antoninéw-Skorkowka,
Amoeboceras (Nannocardioceras) krausei (SALFELD) was found near
the base of the strata ascribed to the Autissiodorensis Zone (Appendix
and Text-fig. 3C). Specimens of this species were also found, presu-
mably in a similar stratigraphic position, in the borehole Belchatow 5,
at 792.0-798.8m I 50 cm (Text-fig. 4)

A very narrow, and most probably synchronous, interval crowded
with specimens of Amoeboceras volgae (PAVLOW) was encountered at
Belchatow 4, 568.0-572.6m II 30-35 cm; at Befchatow 9, 636.5-643.0m
V 80 e¢m to VI 35 cm; and at Tuszyn 5, 1181.4-1188.4m VI Forming a
useful marker bed, this interval is worth to be separated out as the
Volgae Bed (Text-figs 4 and 5).

Single specimens of Amoeboceras volgae (PavLow) and A. pris-
tiophorum (KRAUSE) were found at Belchatow 5, 785.5-792.0m I 90 cm
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and II 90 cm, at levels corresponding to those at which the Volgae Bed
occurs at Befchatow 4 and 9 (Text-fig. 4). This permits to regard these
oceurrences of Amoeboceras at Betchatow 5 as a less spectacular deve-
lopment of the Volgae Bed. Another specimen of A. pristiophorum was
collected in the borehole Tuszyn 5 from the interval 1181.4-1188 4m
(more precise stratigraphic position unknown), in which the Volgae Bed
was also encountered.

The ammonites included in the new species Discosphinctoides
subborealis occur throughout the bulk of the Autissiodorensis Zone
(Appendix, and Text-figs 3A-C, 4, 5), where they are the most common
ammonites, clearly outnumbering those belonging to Aulacostephanus.
In this respect, the numbers of labelled specimens given in the following
sections of this paper may be misleading because, when ammonites
were being collected by one of the authors (J. KUTEK) from some of the
borehole sections here considered, much poorly preserved material
concerning Discosphinctoides was left in the. rock, while even very
poor specimens of other ammonites were carefully collected. This is an
example indicating that frequency spectra of ammonites entirely based
on collection material may substantially differ from those carefully
established during field work.

Ammonites of the genus Aspidoceras appear to be quite rare in the
Autissiodorensis Zone of Central Poland; the collection described herein
contains only four specimens found in the bulk of this zone, mostly at
low levels (see Appendix). Three of these specimens are very poorly
preserved and can be identified only as Aspidoceras sp. The fourth spe-
cimen, which is figured herein (Pl, 14, Fig. 1), is referred to as
Aspidoceras ex gr. caletanum (OPPEL). This incomplete specimen shows
two rows of paired tubercles, joined by swells. It can be easily accomo-
dated in the species A. caletanum (OPPEL), as broadly interpreted by
CHECA GONZALEZ (1989, p. 94). Morphologically, it is also comparable
with three species defined in a different way by HANTZPERGUE (1989, pp.
330, 337 and 343), notably with A. caletanum (OPPEL), A. quercynum
HANTZPERGUE, and A. catalaunicum (DE LORIOL). Stratigraphically, the
Polish specimen compares best with Aspidoceras catalaunicum, which
is known to occur in the Autissiodorensis Zone of France and the Beckeri
Zone of South Germany (HANTZPERGUE 1989, pp. 343 and 348).

Specimens of Taramelliceras (Pl. 28) were found in the
Autissiodorensis Zone at 124.1-7m at Antonindw-Skorkéwka; at 45.5-
7m and 47.7m at Blogie-Nadzieja; at 197.0-198.0m at Zarzecin 1 at
778.5-785.1m V at Belchatéw 5; at 550.0-554 .2m T 70 cm at Belchatow
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6; and at 1144.4-1147.7m at Tuszyn 3, thus all these specimens appear
to have been collected from the same, or about the same, stratigraphic
level. The specimens are strongly involute (P1. 28, Figs 3-4 and 6-8), and
reveal no ornamentation at diameters that can be thought to correspond
to the phragmocon. At greater diameters, some feeble falcoid ribbing is
discernible in some specimens (P1. 28, Figs 1-3); in these specimens, the
primary ribs are strongly prorsoradiate, but straight, or but slightly flex-
uous. Some weak external ribs, but no distinct tubercles, can be seen in
the ventrolateral region of whorls in some specimens (Pl. 28, Figs 7-8).
All the discussed specimens, which were found at comparable strati-
graphic levels, seem to be conspecific.

These specimens of Taramelliceras can be compared, generally,
with the species T. franciscanum (FONTANNES, 1879), T. rebouletianum
(FONTANNES, 1879), T. subnudatum (FONTANNES, 1879), and T. acal-
lopistum (FONTANNES, 1879). All these species, which were described
and figured by FONTANNES (1879, pp. 41-45, Pl. 6, Figs [-5),
BERCKHEMER & HOLDER (1959, pp. 81-85, PI. 19, Figs 90-97; PI. 20,
Figs 98-99; Abb. 53-59), and BARTHEL & SCHAIRER (1977, p. 106, P1. 9,
Fig. 1), are strongly involute and display feeble ornamentation with
more or less reduced external tubercles. The Polish forms, revealing
feeble ornamentation, and no external tubercles, are most closely
comparable with 7. subnudatum (FONTANNES). They will be referred to
as Taramellicaras cf. or aff. subnudatum (FONTANNES).

A specimen, found at Zarzecin /, at 201.0-202.0m (P1. 31, Figs 8-
9), can safely be identified as Glochiceras solenoides (QUENSTEDT,
1849). This specimen, which shows a median groove, and some concave
ribbing both in the dorsolateral and ventrolateral region of the last part
of the uppermost whorl, appears to be nearly complete. The specimen
compares well with the specimens of G. solenoides described and
figured by ZIEGLER (1958a, p. 145, P1. 15, Figs 1-5).

The interval 201.0-202.0m at Zarzgcin [ vielded several other,
very poorly preserved specimens of the Haplocerataceae. They cannot
be safely identified taxonomically with more precision, but they appear
to represent also some other ammonites, in addition to Glochiceras
solenoides (QUENSTEDT). For instance, one specimen from that interval
might be interpreted as a Taramelliceras comparable with T.
subnudatum (FONTANNES).

As yet, the known occurrences of the Haplocerataceae in the
Autissiodorensis Zone are restricted in the investigated area to the levels
or narrow intervals, indicated above.
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AULACOSTEPHANUS IN THE AUTISSIODORENSIS ZONE

Ammonites of the genus Aulacostephanus are fairly common at
some levels in the upper part of the bulk of the Autissiodorensis Zone,
some 15m thick; they are less abundant in the lower strata assigned to
this zone. Some 80 specimens of this genus were collected in the inves-
tigated sections, supplemented by much shell debris still recognizable as
Aulacostephanus, due to the distinctive fasciculate ribbing, and the
furrow on the ventral side of whorls discernible in some of the crushed
material. Some specimens of Aulacostephanus were also found in the
lower part of the very thin Fallax Subzone. They are here described
together with those from the bulk of the Autissiodorensis Zone.

The representatives of Aulacostephanus from the Autissiodorensis
Zone will be described with reference to the taxonomy of this genus
established by ZIEGLER (1962) but, following CALLOMON & COPE
(1971), two group of species will be distinghished: the group of
Aulacostephanus volgensis, a group of microconchs which includes the
species A. volgensis (VISCHNIAKOFF) and A. undorae (PAvLOW), and the
group of Aulacostephanus autissiodorensis, a group of macroconchs
comprising A. autissiodorensis (COTTEAU), A. fallax ZIEGLER, A.
jasonoides (PAviLow), and A. kirghisensis (D’ ORBIGNY).

In the collection here considered, some microconchs have lappets
preserved, or show characteristic periapertural modification of ribbing.
Most of the demonstrably adult specimens fall into two clearly distinct
size groups, what allows to classify them separately as A. volgensis and
A. undorae, respectively (see ZIEGLER 1962, pp. 76 and 90).

A few specimens of Aulacostephanus undorae (PAvLOW) with
lappets preserved are illustrated herein (P1. 2, Figs 1-2 and 4-5); in one
of these specimens (Pl. 2, Fig. 1) the lappet is about 2 ¢cm long. A
narrow constriction is developed at the aperture, and the periapertural
region is marked by smoothing or weakening of ribbing, or its modifi-
cation expressed by development of irregular rib units The end size of
the specimens here discussed can be estimated to be about 50-60 mm.
This places them at the lower limit of the size range of Aulacostephanus
undorae, as defined by ZIEGLER (1962, p. 76) on the basis of but a few
specimens.

In the specimens here considered, the last whorl displays a rela-
tively distant and predominantly biplicate ribbing which, however, is
usually disordered by the presence of simple and intercalatory ribs and,
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occasionally, triplicate ribs. The ribbing of the preceding whorl is also
predominantly biplicate (Pl. 2, Figs 1-2 and 4-5). This type of ribbing,
when observed at small whorl diameters, allows several incomplete
specimens and nuclei to be classified with more or less confidence as
Aulacostephanus undorae (P1. 2, Fig. 3; P1. 8, Figs 3-4). Such speci-
mens are referred to in the Appendix as A. undorae or A. cf. undorae.
It is worth of note that the description of the ammonites here classified
as A. undorae is based on specimens found in the upper part of the bulk
of the Autissiodorensis Zone, and in the Fallax Subzone.

In the investigated collection there are 5 specimens with lappets
preserved that can be ascribed to Aulacostephanus volgensis
(VISCHNIAKOFF). Four of them (PI. 3, Figs 1 and 3-5; PI. 4, Figs 1, 4) have
end diameters ranging from ¢. 80 to ¢. 100 mm, falling thus within the
typical size range of A. volgensis, as defined by ZIEGLER (1962, p.90). All
these specimens display biplicate ribbing on the last whorl. In the speci-
mens that were collected in the upper part of the bulk of the
Autissiodorensis Zone (PlL. 3, Figs 1 and 4-5), the SR/PR ratio arises to
about 3 or more on the outer half of the preceding whorl, and similar
values can be observed in incomplete specimes attributable with more or
less certainty to A. volgensis, that were found in the same part of this zone
(PL. 3, Fig. 2).

Of special interest are some coarse-ribbed microconchs of
Aulacostephanus found together with a coarsely ribbed variety of A.
autissiodorensis at Stobnica 36. All these specimens were collected
from debris of the argillaceous limestone representing the upper 5
metres of this part-section, as previosly commented in this paper, and
thus they come from an interval situated some 20-25m beneath the top
of the Autissiodorensis Zone.

The collection from Stobnica contains two specimens with lappets
preserved (PI. 4, Figs 1, 4). An adult form is most probably also repre-
sented by a specimen (Pl. 4, Fig. 3) that displays crowding of ribs inter-
pretable as a periapertural modification of ribbing. All these specimens
show biplicate ribbing on the last whorl, with quite densely spaced ribs,
and similar biplicate ribbing can be seen on the last part of the preceding
whorl. The same type of ribbing is displayed by some other specimens,
of which one is figured (Pl. 4, Fig. 2). The largest of the specimens here
discussed (Pl. 4, Fig. 1) has an end diameter of ¢. 100 mm and thus falls
within the size range of Aulacostephanus volgensis. The end diameters
of the two other (slightly crushed) adult specimens (P1. 4, Figs 3-4) can
be estimated to have been about 70 and 60 mm, which corresponds to the
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size range of A. undorae, as recognized by ZIEGLER (1962). This size,
together with the relatively numerous biplicate ribs, and the very long
lappet preserved in one of the specimens (PI. 4, Fig. 4), makes the Polish
specimens quite closely comparable with the specimen that was figured
by PavLow (1886, PL. 5, Fig. 2) as Hoplites subundorae and subse-
quently included in Aulacostephanus undorae by ZIEGLER (1962, Pl. 6,
Fig. 10). However, the same type of ribbing displayed by the adult three
forms found at the same horizon at Stobnica strongly suggests that they
represent but one species. Hence, they are all referred to as A. volgensis.

The same interval yielded also a specimen (PI. 5, Fig. 1) in which
strong distant biplicate ribs can be seen on the last whorl, and coarse
triplicate ribs on the preceding whorl. This specimens, as well as
another specimen displaying strong distant biplicate ribbing on the last
whorl (P1. 5, Fig. 3), are interpreted as very coarsely ribbed variants of
A. volgensis. They seem to be comparable with a coarse-ribbed speci-
men of A. volgensis from the British Kimmeridge Clay figured by
ZIEGLER (1962, P1. 9, Fig. 1).

The coarsely-ribbed microconchs from Stobnica have their coun-
terpart in the same interval at Stobnica 36 in a large specimen (Pl. 4,
Fig. 1), which is interpreted as a macroconch and assigned to
Aulacostephanus autissiodorensis. This incomplete specimen
preserved to a diameter of about 100 mm displays coarse and distant
ribbing: the ratio of secondary to primary ribs is about 3 on the outer
half of the last preserved whorl, and triplicate ribs alternating with bipli-
cate ones are visible on the inner whorls. This specimen resembles a
strongly evolute and coarse-ribbed variety of A. autissiodorensis from
the British Kimmeridge Clay illustrated by ZIEGLER (1962, PI. 13, Fig.
1). Another specimen from Stobnica, a coarsely ribbed fragment of
whorl (PI. 5, Fig. 2), is thought to represent a whorl of A. autissiodor-
ensis at a diameter somewhat exceeding the diameter of the other speci-
men from Stobnica (Pl. 4, Fig. 1)

Only a few specimens of Aulacostephanus were collected in bore-
holes from the lower part of the Autissiodorensis Zcne. Interestingly,
most of them represent coarse-ribbed varieties, as shown by the two
specimens illustrated herein (Pl. 6, Figs 1 and 3). These two specimens,
which were found in the boreholes Betchatow 9, at 643.0-649.0m V 80-
90 ¢cm, and Zarze¢cin 3, at 240.0m, presumably represent inner whorls of
A. autissiodorensis.

However, fine-ribbed varieties of Aulacostephanus were also
found at deep levels in the Autissiodorensis Zone. An involute fine-
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ribbed specimen from the argillaceous limestone of Stobnica 36 (Pl. 6,
Fig. 4) is assigned to Aulacostephanus jasonoides (compare PAVLOV
1886, PI1. 4, Fig. 1 and Pl. 6, Fig. 2; and ZIEGLER 1962, p. 98, Abb. 48).
Some fine-ribbed debris of Aulacostephanus was also found in that
limestone.

Several fragmentary specimens of large forms of Aulacostephanus
were found in the upper part of the bulk of the Autissiodorensis Zone,
giving the impression that macroconchs of Aulacostephanus are equally
well represented as microchons in that interval. The macrochons appear
to display a continuous spectrum of morphologic variability. An
extreme case is represented by a strongly involute form with a SR/PR
ratio amounting to about 4 at diameter of about 100 mm (P1. 6, Fig. 5);
it is ascribed to A. jasonoides (compare CALLOMON & CoPE 1971, P1. 9,
Fig. 1). Most other Polish forms are less involute, and have a lower
SR/PR ratio. Some (Pl. 7, Figs 1; Pl. 8, Fig. 5) appear to be closely
comparable with a variety of A. autissiodorensis from the British
Kimmeridge Clay (CaLLoMON & CopE 1971, PI. 8, Fig. 1). Other spec-
imens of macroconchs here considered are merely referred to as
Aulacostephanus ex gr. autissiodorensis (Pl. 7, Figs 2-3; P1. 8, Figs 1-
2, 6). In the range of morphologic variability displayed by the macro-
conchs of Aulacostephanus in the investigated area another extreme
case is presented by the evolute specimen of A. autissiodorensis from
Stobnica (Pl. 5, Fig. 4). However, such forms with coarse and distant
ribbing were not found in the upper part of the bulk of the
Autissiodorensis Zone.

In the described collection, the range of morphologic variability
displayed by the microconchs assigned to A. volgensis appears to corre-
spond fairly well to that revealed by the macroconchs of the group of A.
autissiodorensis (compare Pls 3-4; P1. 5, Figs 1, 3 and PI. 6, Fig. 2 with
Pl. 5, Fig. 4: Pl. 6, Figs 1,3, 5; P1. 7; and PI. 8, Figs 1-2 and 5-6). Hence,
it can be said the role of a dimorphic counterpart of the macroconchs of
the group of A. autissiodorensis is played efficiently by A. volgensis.
However, there also arises the question of the position of A. undorae as
a dimorphic constituent of Aulacostephanus, so more as some forms
from Stobnica 36 referrable to A. volgensis have unusually small end
diameters. Presumably, the explanation should be sought in the concept
of developmental polymorphism in ammonites, as advocated by MATYJA
(1986, 1994).

A large proportion of the fragmentary specimens of
Aulacostephanus found in the Autissiodorensis Zone cannot be classi-
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fied with desirable precision. They are listed in the Appendix using
open nomenclature, in a manner indicating the possibilities of their
taxonomic interpretation. Nevertheless, the paleontologic material
leaves no doubt the assemblage of Aulacostephanus of the Polish
Autissiodorensis compares very well with the assemblages recognized
in the Autissiodorensis Zone in Britain (ZIEGLER 1962, CALLOMON &
Cope 1971, Cox & GaLLors 1981) and Russia (MESEZHNIKOV 1982,
1984, 1988).

The genus Aulacostephanus is still represented in the lower part of
the Fallax Subzone. The three specimens here illustrated as A. undorae
(P1. 8, Figs 3-4), A. autissiodorensis (P1. 8, Fig. 5), and A. ex gr. autis-
siodorensis (Pl. 8, Fig. 6) were found associated with much debris of
Aulacostephanus in the boreholes Stawno, 40.8-9m, and Zarzecin /,
191.3m. The general impression is that Aulacostephanus is still
common in the lower part of the Fallax Zone, forming an assemblage
that does not differ substantially from that in the upper part of the bulk
of the Autissiodorensis Zone.

As stated above, two specimens comparable with Aulacostephanus
volgensis were found in the lower interval of Stobnica 36 and in the
borehole Blogie-Nadzieja at 64.3-7m, at levels corresponding to the
topmost part of the Eudoxus/Autissiodorensis uncertainty interval.

AMOEBOCERAS (NANNOCARDIOCERAS) KRAUSET (SALFELD)

Specimens of Nannocardioceras were collected in the boreholes
Bratkow, Antoninéw-Skorkéwka, and Belchatow 5, and also in the
lower interval of Stobnica 36, in the lowest part of the strata assigned to
the Autissiodorensis Zone, and in the topmost part of the
Eudoxus/Autissiodorensis uncertainty interval (Appendix, and Text-
figs 3A, C and 4). In most cases Nannocardioceras occurs in profusion,
forming ammonite plasters. Most of the collected specimens are incom-
plete, but there are about 75 specimens in the collection that permit the
development of shell to be observed at different diameters. This mode
of occurrence, in conjunction with well-displayed morphologic grada-
tion, leaves no doubt that all the specimens of Nannocardioceras are
conspecific.

In some specimens the type of ribbing usually found in
Nannocardioceras can be recognized (see KRAUSE 1909, PI. 3, Figs 1-5;
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SALFELD 1915, Pl. 20, Figs 1-10; and CaLLomMoN & Cope 1971, PL. 11,
Fig. 5). To a diameter of about 15 or 20 mm, there occur slightly flex-
uous ribs, chiefly simple or biplicate, that thicken in the ventro-lateral
region (P1. 9, Figs 2,5,7,9; P1. 10, Figs 1-2). It can be observed in some
specimens that at diameters of some 15 to 20 mm that type of ribbing is
gradually replaced by more approximated and faint ribbing which, in
turn, fades out, leaving the flanks of whorls ornamented only by less or
more discernible striation (Pl. 9, Fig. 2; Pl. 10, Fig. 2). However, the
collected specimens show much variability: the ribbing is more or less
pronounced, and more or less densely spaced, and in several specimens
the striated stage of development appears to set in at diameters well
below 15 mm (Pl. 9, Figs 2, 4-5, 7-8).

The ventral side of of whorls can be observed in some specimens.
At relatively small diameters, distinct projected ribs can be seen to reach
the keel which is not differentiated by sulci (P1. 9, Fig. 9). At somewhat
greater diameters (P1. 9, Figs 6-7) this ribbing, and the crenulation of the
keel, are but faintly expressed.

The investigated collection includes several specimens with dia-
meters amounting to over 20 mm (see P1. 9, Figs 1-2, 3-4, §; PI. 10, Fig.
2). The largest relatively well-preserved specimen (Pl. 9, Fig. 1), which
attains a diameter of 50-35 mm, has a part of the aperture intact, and its
last whorl seems to uncoil, suggesting that the specimen is adult.
However, two fragments of still greater striated whorls were found in
association with unmistakable specimens of Nannocardioceras. At
least these unusually large specimens appear to represent macroconchs
of Nannocardioceras. Such large macroconchs of Nannocardioceras
had not been reported previously in literature (CALLOMON 1985). Not
much more can be said about dimorphism on the basis of the crushed
paleontologic material here discussed. The mostly incomplete speci-
mens of the collection do not show a distinct bimodal size distribution,
so that there is no evidence that the collection includes both micro- and
macroconchs.

Two species are usually assigned to the subgenus
Nannocardioceras, namely Amoeboceras (N.) anglicum, the type
species of this subgenus (SPATH 1939, p. 13), and A. (N.) krausei. Both
these species were established by SALFELD (1915, pp. 199, 201), who
included in the latter species, in addition to specimens from England,
some specimes that had been collected by KrAUSE (1909, P1. 3, Figs 1,
3-4) from the borehole Heilsberg (= Lidzbark Warminski) in the region
of Warmia in northern Poland (= Emsland, in former East Prussia), and
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described by him as “Cardioceras” Volgae PAvLow. The ranges of
variability of A. (N.) anglicum and A. (N.) krausei are still poorly
known, although it was suggested that these species should be kept
distinct (CALLOMON & Copg 1971, p. 159). The Polish specimens here
discribed are referred as Amoeboceras (Nannocardioceras) krausei
(SALFELD) chiefly because they compare very well with those figured
by KRAUSE. In this context it is worth to recall SALFELD’s (1915, p. 202)
observation that these specimens, attaining a greater size, display some
differences with respect to the English forms also assigned by him to -
the species Amoeboceras krausei.

AMOEBOCERAS VOLGAE (PAVLOW)

All the specimens of Amoeboceras volgae here described were
collected at comparable levels from very narrow intervals in the bore-
holes Belchatow 4 (568.0-572.6m 1T 30-50 cm), Belchatow 9 (636.5-
643.0m V 80 cm to VI 35 ¢cm) and Tuszyn 5 (1181.4-1188.4m VI); they
thus form a distinctive local marker bed which is called the Volgae Bed
(Text-figs 4-5, and Appendix). Presumably, a narrow interval crowded
with A. volgae described by MALINOWSKA (1976) from the borehole
Tuszyn 7 (972.20 — 927.35m) represents the same bed.

The Volgae Bed comprises several shellbeds which are chiefly
composed of incomplete shells and debris of Amoeboceras volgae (Pls
11-12; P1. 13, Fig. 7), but some shells or debris of Aulacostephanus,
Discosphinctoides, and bivalves may appear occasionally.

The specimens here described display, at diameters to about 20
mm or somewhat greater, the characteristic features of Amoeboceras
volgae, as emphasized by SALFELD (1915, p. 195) and SPATH (1935. p.
27). The fine falcoid ribbing consists of strongly flexuous simple ribs,
and intercalatory ribs that do not reach the ventral edge can be recog-
nized in some specimens (e.g. Pl. 11, Figs 6-7; P1. 12, Fig. 3). With
increasing diameters, the ribs tend to thicken in the ventro-lateral
region. The ventral side can be observed in several specimens, revealing
strongly projected ribs and a well-differentiated keel. The morphologic
variability displayed by the assemblage of A. volgae is expressed e.g. by
more or less dense and fine ribbing, and more or less pronounced sinu-
osity of the falcoid ribs. Undoubtedly, the photographs (Pls 11-12) may
give a better impression of this variability, than any description.
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Highly variable are also the specimens from the Volgae Bed of
Tuszyn / described and superbly illustrated by MALINOWSKA (1 976, Pls
1-6). As a consequence, it was suggested by her that that paleontologic
material permits to distinguish, in addition to Amoeboceras
(Amoebites) volgae (PAVLOW), ten other species. Some forms were
described as potentially new species referrable to the subgenus
Amoebites, or generally to the genus Amoeboceras, but some other,
specimens were interpreted as Amoeboceras (Nannocardioceras) cf.
anglicum (SALFELD) and A. (N.) cf. krausei (SALFELD). Very small
specimens, with a keel not well-differentiated on the ventral side, were
ascribed to Nannocardioceras. However, as remarked by SALFELD
(1915, p. 187), the keel is not yet markedly differentiated on early
whorls of the group of Amoeboceras cricki, which includes A. volgae.
Taking into account the enormous morphologic variability displayed
by several species of the Cardioceratidac (CALLOMON 1985,
WIERZBOWSKI 1989, BIRKENMAJER & WIERZBOWSKI 1991), the assem-
blage of Amoeboceras described by MALINOWSKA (1976) is to be inter-
preted as representing only the species Amoeboceras volgae
(PAVLOW).

The species Amoeboceras volgae was monographed by SALFELD
(1915, p. 195), who based the description on his own specimens from
Russia (1915, P1. 20, Figs 11-13), those figured by Pavrov (1886, PL. 8,
Figs 5a-c), and a specimen from Pomerania figured by SCHMIDT (1905,
Pl. 10, Fig. 7). These were specimens with diameters of about 20 mm at
most. Hence, several specimens of Amoeboceras volgae contained in
the collection here considered, which can be estimated to correspond to
diameters in the range between 20 and 40 mm, are of special interest.
Some specimens with diameters amounting to over 20 mm were also
illustrated by MALINOWSKA (1976).

At diameters over 20 mm the falcoid ribbing is also very variable
(P, 11, Figs 1-5; PL. 12, Figs 1,3-5,7-9 and 12; P1. 13, Fig. 7). In some,
but not all, of the greater specimens it can be seen that the falcoid
ribbing becomes more fine or more dense, or tends to be turned into
striae; in some cases still well pronounced ribs can be observed to alter-
nate with sets of very fine ribs or striae (e.g. P1. 12, Figs 4-5 and 8). The
ribs usually thicken in the vetro-lateral region, displaying a tendency to
form prorsoradiate clavi or less elongated tubercles (P1. 12, Figs 4,7,9).
Looped ribs can be seen in some specimens (Pl. 12, Figs 4,6, 10).

The paleontologic material composed of crushed and fragmentary
specimens is not suitable to be discussed in terms of dimorphism, but it
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is perhaps significant that no specimens corresponding to diameters
over 40 mm have been found in the Volgae Bed.

OTHER SPECIMENS OF AMOEBOCERAS

Some representatives of Amoeboceras were found as single speci-
mens fairly high in the Autissiodorensis Zone.

One specimen (P1. 13, Fig. 1) was found in the borehole Belchatow
5,at 785.5-792.0m I 90 cm. This is a relatively large distorted specimen,
with a diameter of some 35 mm. It displays fine and dense, flexuous
ribbing, which is chiefly composed of simple ribs, and pointed ventro-
lateral clavi that can be seen well beyond the latest preserved portion of
the whorl-flank. The large specimen is associated with some shell
debris, revealing again markedly flexuous ribbing. A small shell frag-
ment shows three pointed tubercles and indistinct ribbing that seems to
have included some looped ribs. The paleontologic material here
considered agrees well with the morphologic characters displayed in the
Volgae Bed of other boreholes by the assemblages of Amoeboceras
volgae (PAVLOW), and is ascribed to this species.

Two peculiar specimens from the Autissiodorensis Zone were
figured by PacHUCKI (1963, P1. 1, Figs 8 and 9) as “Hybonoticeras nov.
sp. atf. mundulum striatulum BERCKH. & HOLDER” and “Hybonoticeras
nov. sp. indet.”, respectively. One of these specimens, found at
Belchatow 5, 785.5-792.0m 1I 90 cm, is still contained in the collection,
and it is refigured herein (Pl. 10, Fig. 3; Pl. 13, Fig. 5); it is supple-
mented in the collection by another specimen showing the opposite side
of the same ammonite. The second specimen illustrated by PACHUCKI is
lost; it is here refigured using original photographs of PACHUCKI, twice
and thrice enlarged (Pl. 10, Figs 4-5). The latter specimen was found at
Tuszyn 5, 1181.4-1188.4m (PAcHUCKI 1963, p. 5).

One of these specimens (Pl. 10, Fig. 3; P1. 13, Fig 3) is distorted,
so that the last preserved whorl is shifted away from the umbilicus.
Flexuous striation is visible on the flanks of the last preserved whorl,
and strong pointed tubercles are developed in the ventro-lateral region.
The orientation of the striae is affected by distortion, but in the latest
preserved portion of the whorl the striation is clearly falcoid.

The other specimen (P1. 10, Figs 4-5) is a whorl with striate flanks
and strong ventro-lateral tubercles; some of the tubercles seem to have
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been developed as projected spines. The venter clearly displayes a well-
differentiated crenulated keel (but not two keels!). Faint projected ribs
can be recognized to occur between the keel and the row of ventro-
lateral tubercles.

The three specimens show distinctive characters of Amoeboceras,
and cannot be ascribed to Hybonoticeras. They will be referred to as
Amoeboceras pristiophorum (KRAUSE) because this is a name available
for Late Kimmeridgian amoeboceratids, developing striation and strong
ventro-lateral tubercles at very small whorl-diameters. This species,
based on a single specimen from the Heilsberg (Lidzbark Warminski)
borehole, was established by KrRAUSE (1909, p. 244, PI. 3, Figs 10-11)
as “Hoplites pristiophorus” because that specimen, displaying an arte-
fact of preservation, was interpreted as a Jurassic hoplitid
(= Aulacostephanus) with two keels (sic !). This specimen was re-
examined by SALFELD (1915, p. 196) who demostrated that it repre-
sented a cardioceratid. However, it is tempting to consider the possi-
bility that the specimens referred to as Amoeboceras pristiophorum
(KRAUSE) represent but an extreme variety of A. volgae (PAvLow). In
this context it is significant that one of the ammonites ascribed to A.
pristiophorum was found at about the same level as A. volgae in the
borehole Bechatow 5, at 785.5-792.0m 1I 90 cm, and that in the
Heilsberg borehole A. pristiophorum was found associated with a speci-
men which was figured by KraUSE (1990, P1. 3, Fig. 4) as “Cardioceras
Volgae PaAvLow”. Despite SALFELD’s (1915, p. 196, 201) opinion to the
contrary, that specimen does appear to be referrable to Amoeboceras
volgae (PAvLOW), taking into account the wide range of variability of
this species.

The two specimens found in the Upper Kimmeridgian in the Borehole Lowicz IG-{
in Central Poland that were figured, but not described, by MaLINOWSKA (1989, PL. 5, Figs
3-4) as Hybonoticeras hybonotum autharis (OPPEL), also appear to belong to the genus
Amoeboceras. The name A. pristiophorum (KRAUSE) seems also to be applicable to these
specimens with diameters of about 45 — 55 mm, showing striate whorls and strong devel-
opment of ventro-lateral tubercles; however, these specimens deserve a more precise
interpretation. Another Late Kimmeridgian specimen from the same borehole, that was
figured by MaLiNowsKa (1989, Pl. 5, Fig. 7) as Hybonoticeras pressulum subsp.
BERCKHEMER & HOLDER, is obviously deformed and presents an artefact of preservation
that can be re-interpreted as a microconch of Aulacostephanus. In this context it worth of
note that the relatively small ammonite with a lappet, figured herein (P1. 13, Fig. 6) also
shows some similarity with Hybonoticeras. This specimen, which belonged to
PacHuckI’s collection, is lost, but it can be seen on the still available photograph that one
furrow is developed on the venter of the ammonite between slightly thickened ribs. Hence,
the specimen is clearly an Aulacostephanus which, being a small microconch from the
Autissiodorensis Zone, can be assigned to A. undorae (PAvLOW).
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The five fragmentary specimens from the £odz Depression that were figured by
Pacuucki (1963, Pl. 1, Figs 3-7) as Hybonoticeras aff. beckeri harpephorum (NEUMAYR),
Hybonoticeras cf. pressulum (NEUMAYR) and Hybonoticeras mundulum (OPPEL) can be
re-interpreted as poorly preserved specimens of Aulacostephanus.

From the above the conclusion can be drawn that the alleged
occurrences of Hybonoticeras in cratonic Poland have as yet not been
evidenced by unequivocal paleontologic material.

It is worth emphasizing that, in the Polish sections here considered,
no representatives of Amoeboceras were found above the occurrences
of A. volgae and A. pristiophorum.

As in other regions, the genus Amoeboceras does not range up to
the top of the Autissiodorensis Zone in the sections of Central Poland
here considered. In these sections, forms assigned to Amoeboceras
(Nannocardioceras) krausei (SALFELD) occur near the base of the strata
ascribed to the Autissiodorensis Zone, whereas the forms assigned to
Amoeboceras volgae (PAvLOW) and A. pristiophorum (KRAUSE) occur
at a higher level within this zone. An interesting point is that in all these
amoeboceratids the ornamentation of the shell tends to fade out at vari-
able, but generally small, diameters.

DISCOSPHINCTOIDES SUBBOREALIS SP.N.

Discosphinctoides (Discosphinctoides) subborealis sp ..
(Pls 15 - 18)

1961. Divisosphinctes cf. submagistri 1Lov. & FLor.; J. KUTEK, p. 145, P1. 16, Fig. 1.

1963. Subplanites klimovi (ILovaISK & FLORENSKI); C. PACHUCKL, p. 9, Pl 3, Fig. 1.

1963. Epivirgatites cf. nikitini (MIcHALSKY); C. PAcHUCK1, p. 10, PI. 3, Fig. 3.

1979. Howaiskya tenuicostata (