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The transgressive Cretaceous |
(Upper Albian through Turonian) deposits
of the Polish Jura Chain

ABSTRACT: The paper deals with the iramsgressive Cretaceous deposits (Upper
Albian through Turonian) occurring within the Polish Jura Chain (Southern
Poland). Their stratigraphy and facial development in the ocentrnal and northern
part of the area are presented and the influence of pre-Albian morphology of the
Upper Jurassic substrate is shown as controlling the sedimentation of the trans-
gressive deposits. ‘A general corament is given on the faunal assemblages while
the ammonites are the subject of a detail paleontalogical description. The resulting
conclusions end a comparison with the Cracow Upland lying farther south made
it possible to recognize the development of the tramsgression throughout the whale
area of the Polish Jurq; Chain, and to discuss the positlon of this region within
the southern part of the Central European Basin, during the Upper Cretaceous time.

INTRODUCTION

The analytic material presented in this paper has been assembled
by the writer during his fieldwork in 1968—1973. The identification of
sponges, corels, polychaetes, bryozoans, gastropods, most of the pele-
cypods and all the cephalopods collected is the writer’s own wiork. The
brachiopods have been identified by Dr. E. Popiel-Barczyk, the Upper
- Albian inocerams from the vicinity of Solca by Dr. S. Ciedlinski, the
echinoids by Dr. S. Maczyniska and the teeth of fishes by Docent A. Rad-
waniski, The writer is greatly indebted to-all these persons for their
kindness and help. ' '

‘ Docent A. Radwanski, University of Warsaw (temporarily now at
the University of Aarhus, Denmark) must be sincerely thanked for the
scientific tutorship all over the time of investigations, instructive discuss-
ioms and thoughtful care extended during the final preparation of this
paper. His suggestive remarks were helpful not only with respect to the
subject matter but have also widened the writer’s notions on the various
problems and methods of scientific research. Moreover, many thanks are
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due to Professor W. J. Kennedy, University of Oxford, for tlearing up
some doubts regarding the identification of Cenomanian ammonites, and
to Docent J. Kutek, University of Warsaw, for many instructive discuss-
ijons on stratigraphy and paleogeography of the investigated deposits.
Thanks are also due to Professor H. Makowski, University of Warsaw,
for his remarks concerning identification of ammonites. Thanks are also
extended to the writer's colleague, A. Kozlowski, M. Sc., for careful
drawings and some field photographs, as well as to B. Drozd, M. Se., for
. photographs of the presented fossils.

PREVIOUS INVESTIGATIONS

This chapter contains only a very brief historical review of the
previous research on the Upper Albian through Turonian deposits of
the Polish Jura Chain. The papers reviewed here contain more detailed
data and discussion on various problems of these deposits, although most
of  them was published in Polish language and offers only short summar-
ies readable for the student abroad. The literature dealing with Creta-
ceous deposits of the Cracow Upland, i.e. the area lying south of the
investigated region, will be discussed separately at the end of this
chapter. : '

Pusch (1836, and the posthumous edition of 1883) accepted that the Jurassic
members in the vicinity of Solca and Wolbrom are overlaid in sedimentary
continuity by Cretaceous deposits. In his “Geologie von Oberschlesien”, Roemer (1870)
incorrectly refers to the Senonian all the Cretaceous deposits of the Polish Jura
Chain. The discovery by Zareczny (1878) in the Cracow area of Cenomanian and
Turonian rocks and his suggestions on the probable occurrence of the Cenomanian
in the region of Zalesice and Leléw gave rise to the revigion of the age of deposits
described by Roemer. The first was Michalski (1888), who differentiated, within
the area of Leléw — Poreba Dzierzna, three lithological horizons (quartz gravel;
glawoonitic sand and sankdstone; sandy, inoceramus-bearing limestone) postulating
that the first two correspond to the Cenomanian and the last one to the Turonian.
A eimilar view on the age of these deposits was also advanced by Siemiradzki
(1909). Detailed fleld investigations were carried out by Koroniéwicz & Rehbinder
(1913) while at the construction of the Kielce-Herby mailway offering good
exposures of Cretaceous deposits; near Zalesice and Staropole they repoa;ted the
Lower Senonian with Actinocamax quadratus (Blainville) and Turonian with Inoce-
ramus labiatus (Schlotheim). The quartz sands with glauconite and quartzitic
sandstones with Inoceramus cf. bohemicus Leonhard were referred by them to the
upper part of the Cenomanian while the unfossiliferous glauconitic sands with
siliceous quartz sandsfones were assigned to the lower part of the Cenomanian.
The presence of the Cenomanian in the vicinity of Zalesice was nof, however,
reliably documented before the discovery by Mazurek ¢1923) of Schloenbachia
varians (Sowerby) and S. coupei (Brongniart). The stratigraphic position of the
quartzitic sandstones with Inoceramus concenlricus Parkinson, I. bohemicus
Leonhard and I. striatus Mantell was placed by Mazurek (1923) at the Cenomanian/
/Turonian boundary. - _ '

The compression of the stratigraphic range of Inoceramus conceniricus
Parkinson exclusively to the Alblan was connected with the finding by Samsono-
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wicz (1925) of this form within the Hoplites fauna at Rachéw in the NE margin
of the Holy Cross Mts (Central Poland). On this basis the member of quantzitie
sandstones differentiated by Mazurek (1923) was lowered to the Albian, below the
marly glauconitic sands and the quartz sandstones Rézycki 1837).

Roézycki (1937) presented a detailed stratigraphic division of the Cretaceous
deposits in the vicinity of Zalesice. This stratigraphic schema has  been only
slightly modified in result of progressing investigations (c¢f. Mazcinowski 1970).
Rézycki (1937) constributed numerous data on paleogeography and sedimentary
conditions of Cretaceous deposits, i.a. on the occurrence of discontinuity surface
(hardground) and sedimentary gap throughout the Upper Turonian, Coniacian and
Santondan, as well as on the pre~Cretaceous morphology of the Jurassic substrate.
In the Leléw region, Rézyck! (1838) stated also that the stoatigraphic gap occurring
here above the Turonian {(Inoceramus lamarcki Zone) narrows both at its top and
bottom, and comprises only the last horizon of the Turonian amnd the Coniacian.

In the area of Solca, Waoalbrom and Glanéw, the Cretaceous deposits were
Investigated by Sujkowski (1926, 1029, 1934), whose papers contain however
a number of siratigraphic ingccuracies, i.a. the differentiation of the Lower Albian,
of the complete Turonian and of the Coniacian. As the consequence of the latter,
Sujkowski incorrectly reported on a continuous sedimentation from the Turonian
to the Coniacian and till the Santonian. Nevertheless, these papers by Sujkowski
‘contain a great deal of analytic matberial and are based on work methods modern
in relation to those times, particularly with regard to the petrographic and micro-
facial investigations, Hence, they were an important contribution to our knowledge
on, sedimentation and paleogeography of the Cretaceous deposits throughout the
Polish Jura Chain, partly hobding good up to mow.

In vicinity of Solca, Kow.a.]ski (1948) modifies Sujkowski’s ¢1934) strati-
graphic division, and recognizes that all the stratigraphic members here dis-
tinguished have their equivalents in the neighboring areas, both in the region of
Zalesice and Leléw (cf. ROzycki 1937, 1938) and in the Cracow Upland {cf. Panow
1934).

. The Cretaceous deposits near Wolbrom, were also inwvestigated by Bukowy
(1968), Withm the scope of the detailed 1:50000 geol.oghcal mepping. This author
recapdttﬂa‘ted the earlier data and was not exempt from some inaccuracies, such
ag placing in the stratigraphic column of the Cemomanian amd Coniacian within
the Turonian (sic!) and of the Santonian within the Campanian (cf. Bukowy 1968,
Table 1); his opinions on .sedimentary conditions and paleogeography of the
Cretaceous deposits .near Wolbrom are likewise not adequately documented by
analytic data. Some remarks concerning the Cretaceous deposits in the region
of Walbrom and Glanéw were also made by Burzewskl (1969) in a description of
the tectonic structure of this area.

For the last few years, the deposits of :the iransgressive Upper Albian —
Turonian sequence of the whole area of the Polish Jura Chain have been in-
vestigated by the present writer (Marcinowski 1970, 1972; Glazek, Marcinowski &
Wierzbowski 1971; Marcinowski & Szulczewskd 1972).

The Cretaceous deposits of the Cracow Upland have problems in common
with the other parts of the Polish Jura Chain and these all have a rich literature.
Detailed and modern investigations of these .deposits were started by Zareczny
(1878, 1894) by whom the Cenomanian and the Turonian were here differentiated
and documented. This author’s opinions on stratigraphy and tectonics are re-
markable for the conscientiousness of fhe work methods and the perspicacity of
judgement, so that they have partly retained their value up to now. Panow (1934)
presented in detail a biostratigraphic subdivision of all the Cretaceous deposits
of the Cracow Ubpland and, with but slight modifications resulting from the
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progress of investigatioms, this schema still holds good. On evidemoce that the
oldest Cretaceous deposits herein represented the Upper Albian, Panow (1834)
determined the beginning of the tramsgression onto the Upper Jurassic substrate.
He also showed the presemce of numerous disconfinuity surfaces, of which that
involving the last horizon of the Turonian and the Conlacian is of the longest
duration and has the greatest regional range. Penow's (1034) stratigraphic sub-
diviglon of the Cretaceous deposits in the Cracow Upland .cover the whole Polish
Jura Chain, and om this basis several subsequent authors dealt with various
problems of the Upper Albian through Turonian deposits. Their papers are mostly
reglonal in character and oomeern both the siratigraphy, facial development,
sedimentary conditions and paleogeography, as well as tectonics of the Cracow
Upland (Kamiefiski & Pigthowski 1950; Dzulyfiski 1963; Alexandrowicz 1854, 1856,
1960, 1969; Barczyk 19856; Bukowy 1956, 1860; Rutkkowsldi 19085, 1971; Jawor 1970;
Golonka & Rajchel 1872; Glazeik, Mammuawsln & Wierdbovwski 1971, and cf. =lso
Marcinowski & Szulezewski 19872).

: Less attention has, sofar,beengivenwthenehorgami:caasemblagesoccurr_
ing in the Albian, Cenomanian and Turonian deposits of the Cracow Upland. The
only maonographs mre those wof globotruncans {Alexandnowicz 1966), brachiopods
(Panow — posthumous editions in 1089; Popdel-Barczyk 1872), echinolds (Konglel
1839; Maczyfiska 1958, 1062, 1072; Popiel{Barczyk 1958) and remains of fishes,
mostly teeth (Ksigzkiewicz '1927). Some single specimens of bryozoans from the
Cenomanian at Korzkiew were described by Maryafiskn (1968)] amd those of
ammonites from the Turonian at Bociendec by Marcinowski & Szulczewski (1972).

LITHOLOGICAL MEMBERS OF THE TRANSGRESSIVE SEQUENCE

General remarks

Within the part of the Polish Jura Chain here considered, the
Albian, Cenomanian and Turonian deposits form a long belt of outcrops
gtretching for about 100 km (cf. Fig. 1C). For a simplification,- the out- -
crops are grouped into three regions, for which presented are the
detailed maps (Figs 3—4 and 9). When presenting the particular litho-
logical members, their age is stated without discussion on stratigraphy,
since this will be dealt with in further chapter on this paper. The
lithological profiles are presented for the more satisfactory Albian,
Cenomanian and Turonian outcrops while the occurrence of other ex-
posures is discussed in connection with those. In the microfacial analysis
of the profiles, for which investigated were sandstones and these.
limestones and marls, the detrital constituents of which are arenaceous,
the method used was that of Carozzi (e.g. 1958), discussed and pro-
nounced as suitable for the considered deposits previously (Marcinowski
& Szulczewski 1972).

The nothern part of the investigated area (region of Mokrzesz,
Lustawice and Julianka) has already been documented by the writer
in a previous paper (Marcinowski 1970). The finding here of a number
of new fossils has led to some additional observations which will be
presented briefly at first. The thickness of the differentiated lithological
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members in this region and their mutual relations are shown in a chart
of the profiles (Fig. 28) while for the localization of the outcrops the
reader is referred to a sketch—map in that previous paper (Marcinow-
ski 1970, Text-fig. 1).

Region. .of Mokrzesz-Lustawice-Julianka

Upper Albian

The oldest hthlologwal member in this region is developed as
siliceous qu:artz sandstones' with an admixture of glauconite and musco-
vite flakes. The rock is gray-brown :in colour, occasmnally fine-bedded
with siliceous and sandy laminae. These sandstones occur in the vicinity
of Sygatka and Julianka (Rézycki 1937), also north of Krasice (Marci-
nowski 1970, outcrop 52), and they bear a meagre fauna represented by
~specifically indeterminate sponges, inocerams end echinoids (cf. Koro-
niewicz & Rehbinder 1913, Rozycki 1937). No direct contact of sandstones
with the Jurassic substrate has been observed. The discussed sandstones
 may correspond either to the lower part of the Upper Albian qr. 40 the
uppermost part of the Middle Albian- (Marcinawsln 1970).

The sandstones are overlaid by faunally documented Upper Albian
deposits represented by a member of sands and poorly compact sand-
stones with a considerable amount of glauconite in which there are
embedded irregular layers and masses of quartzitic sandstones. The
latter sandstones have ‘the -same mineral composition as surrounding
sands and poorly compact sandstones and they display strong re-
crystallization (Pl. 1, Fig. 5). In places, they also contain phosphatic
nodules. The best outcrop of this member ococurs near Staropole (Fig. 2F)
where it bears an abundant fauna (Pl. 23, Figs 1—2; P1. 27, Figs 2—3)
represented exclusively by echinoids Pseudholaster(?) sp. and pele-
cypods Inoceramus concentricus Parkinson, I. anglicus- Woods, Neithea
sp. and Exogyra sp.

Analogous deposits are also exposed west of Staropole, near Zale-
sice (outcrops 78—82), but the fauna they bear is very sparse and
represented by more accurately indeterminable inocerams. In the poorly
compact sandy deposits of this member (outcrop 79) single burrows of
the ‘ichnospecies Ophiomorpha nodosa Lundgren are to be found.

The following ‘member, belonging to the.uppermost Albian, is
developed as fine-grained, non-calcareous quartz sands with glauconite,
partly obliquely bedded, and containing horizons of phosphatic and
ferruginous-phosphatic nodules {(cf. Fig. 2B—D). Occasionally, in the
uppermost part of this member (cf. Fig. 2D, unit 3), intercalations of
gaizes and chalcedonites (Pl. 1, Figs 3—4) are also encountered. The
fauna (Pl. 22, Fig. 6) occurs only in the abovementioned nodules and
it is represented only by pelecypods Aucellina gryphaeoides (Sowerby).
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Detailed profiles of the Upper Albian and Cenomanian depoeits amd their correlation in the region of Mo~
krzesz and Zalesice (after Marcinowski 1970, partly completed by new data: A Mokrzesz (outcrop 46), B
Mokrzesz (outcrop 46a), C Jazwiny (outcrop 53), D Luslawice (outcrop 84), E Julianka (outcrop 69), F Staro-
pole (_cmtcrop 63); location of the profiles given in a previous paper (Marcinowski 1870, Fig. 1)
Lithology and components of the deposits (for all the profiles presented im Text-figs 7—8, 10—11, 18, 18, 22 and 26):
1 butten limestones, 2 chalky lmestones, 3 platy limestones, 4 sandy limestones, 5 marls, § sandy marls, 7 gravelstones,
8 conglomerates, 5 sands, 10 sandstones, 11 gaizes and chalcedonites
a sponges, b corals, ¢ serpulids, d brachiopods, e gastropods, f palecypods of the genus Inocaramus, g other pelecypods,
h nautilids, { aberrant ammoniteu,\ j normally coiled ammonites, k belemnites, 1| echinoids, m shark teeth, n fish ver-
tebrae and hones, o burrows Ophiomorpha nodose Lundgren, ¢ undetermined burrows, r burrows Chondrites Sp., 8
stromatolites, ¢ inoceram fragments, w clastic fragments of Upper Jurassic butten limestones, y sandy, phosphatic and
ferruginous-phosphatic nodules, z sandy, lime-phosphatic nodules
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These deposits are well exposed and their contact with the Cenomanian
is observable in most of the outcrops. Burrows Ophiomorphe nodosa
Lundgren (cf. Fig. 2B) occur here and there in the uppermost part of
this member. -

Cenomanian _
The Upper Albian non-calcareous deposits, throughout the whole
region under consideration, are overlaid by strongly marly coarse-
-grained sandstones (Pl. 1, Fig. 1) or by glauconitic quartz sands of
Cenomanian age. At Julianka, in places where these deposits rest
directly on the Upper Jurassic substrate (Fig. 2E, unit 2), there occur
marly-phosphatic quartz conglomerates with glaucomite (Pl. 1, Fig. 2).
The gravel of bladk Jurassic flints (Rézycdki 1937) is an important
constituent of these conglomerates. At Mokrzesz, the sandy Cenomanian -
deposits overlap the Upper Albian non-calcareous deposits (Fig: 2A—B;
also Marcinowski 1970, Fig. 4A—C); a similar situation is observable
at Julianka (Rézycki 1937; cf. also Fig. 2D—F). The sands, sandstones
and conglomerates here considered bear an abundant fauna, and its
abrupt increase is readily observable in all the profiles (Jazwiny, Kra-
sice, Mokrzesz, Luslawice, Julianka and Zalesice) contrasting these
deposits with those of the Upper Albian. The faunal remains represent
here practically all the types of invertebrates, but remains of vertebra-
tes, such as teeth and vertebrae of fishes, or other bone fragments are
numerous, too. The greatest abundace of the fossils is found at Mokrzesz
and Jazwiny, slightly less in the vicinity of Luslawice and Julianka.

The lst of sossils is following 1:
Sponges:

Exanthesis cf. labrosus (Smith) — Pl. 17, Fig. 1
Corals: — . L

Micrabacla coronula (Goldfuss) — Pl. 17, Fig. 2
Polychaetes:

Serpula proteus Sowerby — Pl. 17, Fig. 4

Serpula sp.

Spirorbula ap.

Glomerula 8p.
Bryozoans:

Multicrescis vartabilis cracoviensis Maryadska — Pl 17, Fig. 8
Brachiopods:

Orbirhynchiec mantelliena (Sowerby) — PL 20, Figs 5—8

?0. cuvieri (d’'Orbligny)

Cyclothyris ef. difformis (Valenclennes in Lamarck) — Pl a1, Fig. 3

C.(?) schloenbachi (Davidson) — Pl. 21, Fig. 6

Cyclothyris sap.

Cretirhynchia minor (Pettitt) — PL a, ™g. 7

C. cf. minor (Pettitt) .

Cretirhynchia s8p.

Lamellaerhynchia 9p. :

Lepidorhynchia sigma (Schloenbach) — PL 21, Fig. 1

.1 The list compriges a0 the specles recorded in previous pe’get Marcinowski 1970).
General distribution of pertdcular fosslls in the investigated eections presented in chapter
on the characterigtics of the animal world (vide Tables 1),
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Grasirhynchia martini (ManteH) — Pl 2, Fig. 2
“Rhynchonelia® glbbislum (Sowerby)
Sellithyris(?) 8.
Arcuatothyris arcuata (Roemer) — [Fl. 18, Fig. 2
Platythyris rugulose (Morris) — Pl 18, Figs 3—4
Praelongithyris sp. — PL 19, Fig. 8 and P1. 20, Fig. 3
Gibbithyris sp. — PL 20, Fig. 1
oncinnithyria(?) subundata (Sowerby) — [Pl 18, Fig. 6
nnithyrie sp.
‘Ornatothyris sp. — Pl 20, Fig. 2
Terebratulina chrysalis (Schiotheim) — Fl. 29, Figy 4—8
Kingena arenoaa (d’Archiac) — P1, 18, Figs 1—=2
Kingena 8D.
Magas 9p-
“Terebratula” disparilis 4’Orbigny
Gastropods:
Emarginula althi Zareczny — Pl B, Figs 3—3
Pleurotomaria 6p.
Trochus 8p.
Mitra ap.
Natica =p.

Pelecypods:
Nucula vibrayeana (@'Orbigny)
Nucula 8Sp.
Trigonarca passyana (4’Orbigny)
Inoceramus bohemicus Leonhard — PL 24, Fig. 4
Chlamys ®p.
Netthea quinguecoetata (Sowerby) — Pl. 22, Fig. 4
Aucellina gryphaeoides (Sowerby)
Lima @p.
Ostrea Hp.
Lopha colubrina (Lamarck) — PL 22, Fig. 7
Exogyra &p.
Isocardia heintzeli Wolleman
Unicardium of, tumidum Briant & Cornet — Pl. 23, Fig. §
Cyprina cf. regularis d*Orbigny '
Cyprina €p.
Venilicardia Ugertensis (4'Orbigny) — Pl 2, Fig. 8
Nauntilids:
Eutrephoceras sublaevigatum (4'Orbigny) — vide Marcinowski 1970 (FL 2, Figs 1—4)
E. of. sublaevigatum (4’Orbigny)
Cymatoceras deslongchampsianum (d’Orbigny) — vide Marcinowski 1970 (Pl. 2, Fig. 9

Ammonites:
Phytloceras (Hypophylloceras) seresitense seresitense Perv, — Pl m Fig. 2
Hamites ap. — vide Marcinowski 1870 (PL 2, Fig. §)
Sciponoceras subbaculoides (Gelnitz) — vide Marcinowwskd 1870 (P1, 2, Fig. 7)
Hypoturrilites gravesianus (4*0Orbigny) — PL 83, Figs 8, 10
H, atf. gravesianue (d’Orbigny) — PL B3, Fig. 9
H. mantelit (S8harpe) — vide Marcinowski 1970 (PL 3, Fig. 10 only)
H. tuberculatus (Basc) — Pl. 32, Figs 13
H. aff. tuberculatus {Bosc) — Pl. %, Figs 43
Hypoturrilites sp. — PL 32, Fig. 11
Ostlingoceras (Ostlidngoceras) bechii (Sharpe) — vide Marclnowskd 1970 (PL 3, Fig. B)
0, (0.) puzostanum (4'Orbigny) — PL 32, Fig. 6
Mariella (Mariella) letesiensts (Spath) — PL 32, Fig, 18
M, (M.) cenomanensis (Schlliter) — Pl &, Figs 1415
M, (M.) cf. cenomanensis (Schlliter) — PL 32, Fig. 16
M, (M.) dorsetensis (Spath) — vide Marcinowski 1970 (Fd, 8, Fig. 1)
M. (M.) essenensis (Gelnitz) — vide Marcinowsi! 1970 (PL 3, Figs 3—3)
Mariella (Mariella) sp. — Pl, 32, Fig. 7
Turrilites (Turrilites) costatus Lamarck
T. (T.) acutus Passy — vide Marcinowskl 1970 (PL 3, Figs 7—8)
T. (T) scheuchzerianus Bosc — vide Marcinowski 1870 (P, 3, Figs 11-12)
T. (T.) boeresumensis Schliter — Pl M, Fig. 12
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Scaphites (Scaphites) equalis Sowerby — vide Marcinowsic 1970 (PL 2, Figs 5—6)
Hyphopltes campichel campichet Bpath — PL 89, Fig. L

H. falcutus aurora Wright & Wright — Pl 38, Fig. 2

Schloenbachia varians (Sowerby) — vide Marcinowsll 1970 (PL 4, Fig. 8)

S. cf, varians (Sowerby)

?S. varians var. trituberculata Spath — vide Marcinowski 1970 (Pl. 4, Fig. 1)
S. varians var. tetrammata (Sowerby) — vide Marcinowskl 1970 (Pl. 4, Fig. 4)
8. subvarians Spath — PL 34, Fig. 8

S. subtuberculata (Sharpe) — vide Marcinowski 1970 ¢P1. 6, Fig. 1)

8. sharpet Sememov — vide Marctnowskl 1970 (PL 8, Fig. 2)

S. quadrata Spath — vide Marcinowski 1870 (PL 5, Figs 3—4)

S. ventriosa Stieler — vide Marcinowsid 1970 (1. 4, ¥ig. 5; P B, ¥ig. 1)

8. subplana Mantell) — vide Marcinowsk! 1970 (Pl. 4, Fig. 2)

S. intermedia (Mantell) — vide Marcinowsid 1270 (PL 8, ¥ig. 2)
Schloenbachia Bp.

Mantelliceras tuberculatum (Mantell) — PL 83, Fig. 4

M. aff. costaitum (Mantell) — vide Marciowski 190 (PL 8, Fig. 3 — as M. tuberculatum
M. gr. dizomd Spath — PL X3, Fig. 5

M. saxbdi (Shampe) — Pl 38, Fig. 3 .

Mantelliceras #p.

Sharpeiceras sp.

Acompsoceras 8p.

Calycoceras (Lotzeites) atf. lotzet Wiedmann — Pl. 38, Fig, 6

Calycoceras €p.

Paracalycoceras cf. wiestil (Sharpe)

Belemnites:
Neohibolites ultimus (d’Orbigny) — P, o1, Fig. 8

Echinoids:
Salenin 8D,
Polydiadema aff. tenue Agassiz

Polydiadema ap. '
Phymosoma cenomanense Cotteau — PL 28, Fig. 1
Camerogalerug cylindricus (Lamarck) — PL 28, Fig. 4
Discoides subuculus (Klein) — Pl 38, Fige 2—3
Pyrina ovalis 4’Orbigny

Pseudholaster sp.

Holaeter laevis Agassiz

H. polonice Lambert — PL 27, Fig, 1

H, subglobosus Leske — P1. 38, Fig. 2

BShark teeth:
Corax falcatua Agaselz — P, 30, ¥ig. 1
Ozyrhina angustidens Reuss — PL, 80, Figs H
70. mantelli Agassiz — Pl. 80, Fig. 9
Otodus appendiculatus (Agassiz) — Pl 30, Figs 48

Commonly assoclated are also various Umdetermimed mponges as well as fragments
of skceletons and isolated ossicies of startighes.

In the western part of the region (Mokizesz, Jazwiny, Krasice),
above the fossiliferous sands, on the hill sides, there occurs the rubble
of non-calcareous white gaizes with an admixture of glaucomite. These -
deposits are unfossiliferous and undoubtedly they appear below the
Lower Turonian sediments; most likely they represent the upper parts
of the Cenomanian. At Krasice, the thickness of gaizes, which may be
possibly only intercalations within the sandy deposits, is about one
meter. '

In the eastern part of the region (Zalesice), marly fine-grained
quartz sands with glauconite ocour above the sandy deposits bearing
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a rich fauna. In these sands there are irregularly dispersed single
sandy-phosphatic nodules. The fauna here is extremely sparse: at Zale-
sice (outcrop 74, 10 ecm below the Turonian boundary) there has been
found Actinocamax (Praeactinocamazx) plenus (Blainville) subsp. indet.,
moreover, the presence was noted of burrows Ophiomorpha nodosa
Lundgren (cf. Marcinowski 1970: also Marcinowski & Szulczewski 1972,
Fig. 3).

Turonian

The best outcrops of the Lower Turonian occur in the same places
as those of the Upper Cenomanian (Zalesice, outcrop 74). They are
represented by marly quartz sandstones with a slight admixture of
glauconite, passing upwards into sandy limestones; in these deposits
there occur Inoceramus labiatus (Schlotheim), Conulus ellipticus (Zarecz-
ny), Orbirhynchia cuvieri (d’'Orbigny) and Gibbithyris sp. Successively
lies white organodetrital limestone containing abundant inoceram and
echinoid debris and better preserved specimens of Inoceramus lamarcki
Parkinson. Similar deposits occur SE and NW of Zalesice, at Staropole
and Krasice, where they yielded Orbirhynchia cuvieri (d’Orbigny), Cre-
tirhynchia sp., Gibbithyris sp., Inoceramus labiatus (Schlotheim), I. api-
calis Woods, I, lamarcki Parkinson, Discoides minimus (Agassiz), Conulus
ellipticus (Zareczny), C. subrotundus (Mantell). These limestones, con-
taining Imoceramus lamarcki Parkinson are overlaid directly with a
hardground surface by the Lower Campanian marls (Rézycki 1937).
A sedimentological description of the uppermost Cenomanian, Lower
Turonian and lowermost Campanian deposits, as well as the remarks on
a sedimentary gap between the Lower Turonian and the Campanian,
have been presented previously (Marcinowski & Szulczewski 1972).

Region of Leléw

In the region of Lel6w the Albian and Cenomanian outcrops are
inadequate, and only a few occur at the foot of the cuesta of the Turon-
ian and Senonian .deposits (cf. Fig. 3).

Upper Albian

The oldest Cretaceous deposits occur westwardly of Irzadze (outcrop 120
in Fig. 3). In the seasonally worked rural quarries the presence is seen of Upper
Jurassic chalky limestones with karst sinkholes which are filled with green or
greenish-brown, medium-grained quartz sands with 'an admixture of glaucomite 2

. 2 At Wygielzéw, between the Upper Jurassic limestones and the sandy
Alblan deposits, Rozycki (1838; pp. 132—133, Fig. 1) reported a series of “black
clays” which he recognized as corresponding to the uppermost Jurassic or the
Neooomian. Actually they probably represert & marly assemblage within the Upper
Jurasailcn lﬂme%s;tones from the Idoceras planula Zone (cf. Wierzbowski 1966, Mar-
<inowski 19689). :
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Concretions or lenses of poorly compact, clayey-siliceous sandstones occur among
these sands. Both in the sands and the sandstones, the presence is noted of sparse
quartz pebbles, not exceeding 1 em In size, Sponges are sporadically encountered.
only in the sandstone concretions. The detritus of analogous rocke occurs west of
the village Skrajniwa (cf. Fig. 3). The thickness of these deposits may be estimated -
between 14 and 15 meters.

The successive lithological member is represented by non-calcareous medium-
-grained quartz. sands with glauconite, in which there accur irregular bodies of
quartzitic sandsbones, also lenses and intercalations of poorly compact sendstones.
The colour of particular lithological varieties ranges from green to brown. Here
and there the sands are obliquely bedded; in the upper paxt of the member there
are numeroug gravel intercalations. The best outcrops of these deposits occur in
the vicinity of Lel6w, within the valley of Biatka Lelowska stream. Sands and
poorly compact sandstones ocontaining bodles of quartzitic sandstones also occur
at the foot of the Cretaceous cuesta near Skrajniwa, and some low hills NW of
Leléw are built of these deposits. The fauna they bear is extremely sparse and
encountered only in the quartzitic sandstones. Imoceramus concentricus Parkinson
is mentioned from this area by Rézycki (1838), while the presemt writer besides.
two specimens representing this species also found one specimen of Inoceramus
cf. anglicus Woods. The supposed thickness of deposits is ¢. 15 meters. Tn the
Lelébw region, the quartzitic sandstones do mot form larger bodies which are so
common in the Zalesice region (Rézycki 1938).°

Cenomanian

The Upper Albian non-calcareous deposits are overlaid by imarly, medium-
-grained quartz sands containing a large amount of glauconite and few muscovite
flakes; they are exposed in the ditches of field roads crossing the Cretaceous
ocuesta mear Pniaki and Skrajniwa (outcrops 121, 122), also near Podgaj (outerop
119). The fauna here is extremely rare and the writer is in possession .of but two
gspecimens: ?Lepidorhynchia sp. (outerop 122 in Fig. 3) and Holaster sp. (outcrop
121). The Cenomanian deposite in the Leléw region are 4—5 m thick (Rézycki 1938).

Turonian

The Turonian deposits are represented by poorly compact, marly quartz
sandstones with glauconite, higher up grading into sandy limestones and limestones
containing slight amounts of quartz and glauconite. Their thickness does not
vary and is 1—1.5 m. At Skrajniwa (outcrop 122 in Fig. 8), at the botbom of the
Turonian deposits there occurs a 5 em thick horizon of ferruginous-phosphatic
nodules with abundant detritus of inoceram shells. In thie horizon the fauna s
scarce, and represented by Gibbithyris sp. and Ptychodus mammillaris Agassiz
{cf. Pl. 30, Fig. 11) mever before reported from here.

The following faunal remains have been oollected from the scree of the
Turonian outcrop zone within the Leléw regiond Inoceramus apicalis Woods,
L. lamarcki Perkinson, Conulus ellipticus (Zareczny), - C. subrotundus (Mantell).
Besides the above fossils, R6zycli (1938) mentions from Podgaj (outcrop 119 in
Fig. 3) “Echinocorys. of. Gravesi” Desor and “Infulaster Wohrmanmi” Nietsch which,
in his opinion, suggest the presence of the lower part of the Upper Turonian, not
reported from the northern part of this region (in this region only Infulaster sp.
has. been found by the writer). Lower Campanien manls rest directly on the
hardground surface of the Turonian limestones (Rézycki 1838). At Pmiaki (outcrop-
121), at the top of Turonian deposits, there ocour stromatoiites not knowmn from
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the other profiles of this region (RéZycki 1938). Amn account in detall of the
stromaitoltes from Poiaki and mierofacial analysis of the Lower Turonian deposits
and of the lowermost Campanian deposits in the Lel6w megion have been published
previously (Marncinowski & Szulczewski 1972).

"~ Region of Solca

In the region of Solca, the Cretaceous deposits occur over a large
area and are cut by many faults3 disturbing the monoclinal structure
of the Jurassic and Cretaceous deposits (cf. Figs 4 and 5a—b). In the
outcrops of the Upper Jurassic platy limestones, adjacent to some faults,
one can readily observe their being strongly cracked and bent towards
the Cretaceous deposits which occur in the downthrown block (cf. Fig.
5a—Db). These observations indicate that a part of the faults here is
associated with a flexural bending of the layers% The disjunctive
deformations are responsible here for the present-day different altitudes
of the same stratigraphic member both of the Cretaceous and of the
Jurassic, e.g. in the horst of Solca the sandy Upper Albian deposits occur .
gome tens of meters higher up than in adjacent structures.

Upper Albian

The oldest Hthological member (Sujkowski 1934), is represented by medium-
-grained non-calcareous quartz sands, containing very few glauconite. Within these
non-diagenized sediments there are a few centimeters thick inbercalations and
lenses of poorly compact quartz samds cemented by chalcedony (Pl. 1, Fig, 6),
in some places by opal. The best outcrops of these rocks are on the roadside
south of Solca (outcrop 111c in Fig. 4). In the sand here, there occur lenses of
siliceous sandstones containing numerous sponge spicules wisible under the
magnlfying glass. In the sandstones there also ocicur burrows of a constant diameter
of 3—5 mm (sporadically 2—8 cm), while their observable length is 15 ecm. No
inter-crossing of the burrows has been observed, only some branching atf These
burrows are close t{o those of the ichmogenus Chondrites Sternberg.

Analogous deposits occur over a large area, westwand (outerop 113 én Fig. 4)
and north-westwand of Solca; their scree is also often encountered mear Siedliszo-
wice, at a very short distance to the outcrops of the Upper Jurassic deposits. In
all the sands intercalated by siliceous sandstones, hére considered, there occur
sandstone concretions with sponmges as the only fossil remalns, No direct contact
of these deposits, ¢. 256 m thick, with the Upper Jumassic substrate has been
observed.

3 These faults have been discovered and their general trend determined by
Sujkowski (1934, Pl. 2; cf. also Figs 2—3). _

¢ Synclines have been differentiated in the Cretaceous deposits of this region
by Kowalsli 1948, p. 27; cf. also Pl 2), but this is not correct. In the region of
Solca (cf. Figs4and5¢),theUpperJurasalcpiatylhnesbonesareinte¢onic
contact with Santonian marls bearing the index fauna of this stage, viz. Actino-
camax verus, Kownlsii (1948, ¢f. his Pl. 1), however, places here Upper Albian
deposits and this is, {.a. the cause of his erronem:s in'tenppetatlon of the tectonic
structure of the cmmd.emd deposits.
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The successive lithological member is represenfed by medium-grained quartz
sands with glauconite in which are embedded large-sized irvegular bodies of
quartzite (Fig. 6), characterized by strong recrystalization (PL 2, Fig. 1). In places
(oubcrop 111 in Fig. 4) the occurrence is noled in these deposits of some centi-
meters thick horizons of quartz pebbles and single pieces of Jurassic limestones,
0.5—1 cm in diameter. In the region of Solca the quartzitic sandstones occur as
large bodies within the sands and their presence is often responsible for fairly
high hills in morphology. The fauna they bear is rather scarce and pooarly different-
iated; southeastwardly of Solea (outcrop 111a in' Fig. 4) relatively numerous
pelecypods 5 have been collected as follows:

Inoceramus anglicus Woods — cf. Pl 23, Fig. 8 and PL 24, Figs 1—2
1. anglicus-crippst media forma — cf. PL 28, Fig. 4 and Pl 24, Fig. 8
Chlamys sp.

Netthea ctf. quinquecostata (Sowerby)

Ostrea 8p.

Exogyra 8p.

It is interesting to note in this assemblage the forms called here as Inoce-
ramus anglicus-crippsi m.f., which Dr. S. Cleflifiski defined as transitional from
I. anglicus Woods to I. crippsi Mantell. In the region of Solca, the sands with
irregular bodies of quartzitic samdstones are c¢. 25 m thick.

In the region of Solca, all the lithological memebers of the Albian display
a characteristic distribution. North-westwardly of Solca, near Siedliszowice, the
Upper Jurassic substrate is overlaid by sandy deposits with sponges, here represent-
ing the oldest lithological member of the Upper Albian. On the other hand, south-
~eastwardly of that willage (in the area of outcrops 111, 111a—b), and also near
Przychody (outcrop 114) these deposits are absent, or, if present, they are very
thin and not detectable in the scree and soil. Here, directly on the Upper Jurassic
substrate, rest sands containing irregular bodies of quartzitic sandstones which’
are the younger lithological member of the Upper Albian, the age of which is
paleontologically documented. These data show that within the Solca region the
Upper Albian deposits occur on an uneven Upper Jurassic substrate. .

Cenomanian

Between the paleontologically documented Upper Albian and Lower Turonian
there occur, throughout the whole Solca region, medinm-gralned, marly quartz
sands containing abundant glauconite, and paszing upwards into poorly compact
sandstones (Pl 3, Fig. 1). The =ands and sandstones contain an admixture of
coarse-grained fraction, but they are lacking of phosphatic nodules. They also
bear no fauna, and only their position in the prodfile is responsible for their
referring to the Cenomardan {Sujkowski 1934, Kowalski 1948); their thickness range
between 8.5 to 9 m (Kowalski 1948).

Turonian

The Turonian deposits have been exposed by the writer in a trench at
Preychody (outcrop 115 in Fig. 4); semdy limestones wvest here in sedimenfery
continuity on Cenomanian poorly compect marly sandstones with glauconite (unit

5 Inoceramus concentricus Packinson is i.a. reported from here by Kowalski
(1948, pp. 17—18). The present writer has inspected these specimens in the collection
of the Faculty of Geology of the Warsaw University; but actually they represent
1. anglicus Woods. Many inoceram species are also mentioned by Sujkowski (1834)
from here, but a part of them seems to be incorrectly identified simce some species
he mentions exclude the occurrence of others.

9
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Geological map of the region of Solca (explanations as In- Texi-fig. 3); A—B and
C—D — flines of geological gections presented in Texti-fig. 6a—d
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B e s 4 s o F e P

0 100m
Fig: 5a
Geological sections near Solca (cf. Text-fig. 4)

1 in Fig 7; ¢f. Pl. 3, Fig. 1). The Cenomanian/Turonian boundary has been placed
where quartz and glauconite decrease in amount, atherwise than organic remaims
do (cf. Fig. 7). Pithonella and planktic foraminifers are the main components of
the Turonian sandy limestones; their amounts vary in the profile (cf. Fig. 7,
regulting in the formafion of various miarofacies {(Pl. 3, Figs 2—4; Pl. 4; Pl 35,
Fig. 1). The characteristics of the Turonian lthological umnits diﬁer’gnﬁated in the
protile of Przychody are as fallows (units 2—4 in Fig. 7):

2, Bandy limestones with inoceram fragmemts. In the vicimity of Solca (outcrop 118
in Fig. 4), Conulus subrotundus (Mantell), i8 found in analogous deposits. :
8. Bandy Umestones with frequent inoceram fragments and a horizon of ferruginous-
-phosphatic noduleg (1—2 cm) at the top. The fauma here 1g scarce, and represented only by
Inoceramus lamarcki Parkinson. Because of ¢he high content of inoceram debrig, this umit is
eagily ldentitied throughout the regiom umder «consideration. In the vicinity of Solca (outcrope
116—118) it bears the following foasils: .
Inocergmua lamarcki Parkinson — cf. PL. 25, Fig. 2.
Conulus ellipticus (Zaregczny)
C. subrotundus (Mantell) — cf, Pl 28, Fig. 8

50m
Fig. 5b
1 platy limestones, 2 chalky lmestones, 3 esands, 4 sandstones, § sandy lmestones, 6 sandy
marls, 7 marls, 8 elope waste -

Jawp Upper Jurassic (platy limestones), Jywk Upper Jurassic (chalky limestones), Kay Upper
Albian, K¢ Cenomanian, Kt Turonian, Kg Santonian, Kk Campanian, Q@ Quaternary
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Fig. 6

Rural quarry at Solea {outcrop I111b in Text-fig. 4); visible are Upper Albian quart-
ziti¢ sandstones
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SANTONIAN

N

A

|Inoceramus costellatus Zone

T U R 0 N

Sid=2S |

Detaifled profile and boundary of the Turonian and Santonian deposits at Przychody
(cf. Text-fig, 7)

A — part of the profile with sampling omitted in Text-fig. 7; visible are three subaqueous.
discontinuity surfaces assoclated with emall neptunian dykes enriched in quartz (cf. Pl, 4,
Figs 28 and Pl. B, Fig. 9
B — fragment of the uppermost layer of ¢he Turomian, occurring beneath the discontimuity
surface (cf. PL 10, Fig. 2): T Turonian, § Santondan

Fig. 8

Fig. 7

Vertical succession of microfacies in the Cretaceous deposits at Przychody (outcrop
115 in Text-fig. 4); dashed line denotes a sampled fragment of the profile presented
in Text-fig. 8A

For quartz and glaucomnite: 1 frequency, 2 clasticity i
For biogenic components: 1 inoceram fragments, 2 planktic foraminifers (mostly Giobigerina,
Globotruncana, Rotalipora), 3 Pithonela ovalis (Kaufmann), 4 henthic foraminifers, § sponge
apicules (other explanations as in Text-tig. 3)
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4, Sandy limestones contalning a smaller amount of inoceram debris and single fer-
ruginous-phosphatic nodules. Poor fauna is represented by unrecegnizable brachiopods, and by
Inoceramus inconstans Woods and Sternotaris planus (Mantell), Oytside the investigated profile,
throughout the region umder congideration, the depogits of this unit gre poonly exposed. In
the vicinity of Solca (near outcrops 116—118) the following fossils have been collected in the
sore:

Inoceramus inconstans Woods — cf. Pl 25, Fig. 3
Cardiaster sp. — cf. Pl 28, Fig. 1

Injulaster @p. — cf. P1. 29, Fig. &

Steﬁwtq:rlc planus Mandell)

The excavation of a trench at Pm&chody, exposing ’che»bwﬁdagry of sandy
limestones with the Santonian deposits (cf. Figs 7—8), offered new data  so far
unknown from this region (¢f. Sujkowski 1934, Kowalski 1848). 'Zgheré are ‘lmmely
three digscontinulty surfaces within the sandy limestones from which the clastic
neptunian dykes start downmwardly, being filled with quartz sand (cf. Figs 7—9),
and attaining the depth of 20 cm by their 2—3 ¢m width. Two of these discontinuity’
surfaces occur within the Turonlan deposits, and the third one ls placed on the
Turonian/Santonian boundary {(cf. Figs 7—8). In the part of the profile between
sampling places 13—15b (cf. Figs 7—8A) the oontact between the dykes, and
surrounding sendy limestones is very sharp (Pl 4, Figs 2—3). It is noted that the
increase in quartz within the dykes is accompanied by a simultaneous .decrease
in glauconite and biogenic components (cf. Fig. 7).

One of the discontinulty gurfaces (cf. Figs 7—8A) s covered by stromatolite (Pl 9 and
PL 10, Fig. 1) which forms.a 2—3 cm coahing of the uneven surface of sandy limestomes, These
denivelations are much greater (2—8 om) than those under the bottom of Turonian stromatolites
at Pnlaki mear Leldw {(cf. Marcinowsld & Szulczewski 1973), The upper surface of the stro-
matolites layer is nearly flat, but composed of stramatolite domes (up to 0.5 cm high); in
some places it ds impregnated by iron hydroxides. The stromatolites coalesce well with the
overlying layer (Fig. 8a). )

The stromatolitic layer is bullt of particles partly chemlcal in origin, and partly
organic or detrital. Some thin laminae are composéd of phosphates. Planktic foraminifers
are the main organic component (cf. Pl. 11, Fig. 1), but they are fewer in 'the columns than
in the #interstices (cf. Figs ™8A, mostly sample 13 and 15b). Quartz graing are also more
fragment and bigger in the imterstices (cf. PL 11, Fig. 3 and samples 15 and 15b in Figs T—8A).
"'The stromasatolitic columne are preserved all complete (cf. Pl 11, Fig. 1) indicating the lack
of abrasion in the interetices; some walls of the colummns are encrusted with phosphates
arranged (Pl 11, Fig. 2) in colloform structures .

The Turonlan deposits of the Solea region, attaining a thickness of ¢. 2.7 m,
are directly overlaid by the Santonian (Kowalski 1848), this being connected with
" a submarine break in sedimentation ®R6zycki 1938). The topmost layer of the
Turonian sandy limestones is cut be neptunian dykes with a fainly regular trend
and stretching downwards below the stromatolites (cf. Fig. 84—B). Sandy, glauco-
nitic Santonian marls and rather small fragments of Turonlan sandy limestones
(cf. Fig. 8B and PL 10, Fig. 2) are infilling these dykes. The Santonian deposits
contain a large amount of glauconite and inoceram debris (cf. Fig. 7 and PL 5,
Figs 2—4) by which they are clearly distinguishable from the Turonian limestones
(cf. P1. 5, Fig. 1).

8 As absarved by Wendt (18970, p. 438), the part played by algae in the
formation of these structures does not seem reliably justified and their resemblance
to the stromatolites is only in morphology. It may therefore be assurmed, that
Upper Cretaceous phosphate stromatolites from the vicinity of Cracow, described
by Golonka & Rajchel (1872, Pls 6—7), are non-organic structures, genetically not
connected with blue-green algal stromatolites. )
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Region of Por¢ba Dzierina

In the region of Poreba Dzierzna the Cretaceous deposits are
exposed only near the village bearing that name (outcrop 110 in. Fig. 9).
Recently only the upper part of the profile is visible in the outcrop
(units 3—4 in Fig. 10), while the lower one (units 1—2) has been
compiled on Sujkowski’s (1929) description. Cenomanian deposits to the
top grading into Lower Turonian (cf. Fig. 10) rest here d1rectly on the
Upper Oxfordian marls (Idoceras planula Zone).

Cenomanian

1. Poorly compact quartz sandstones with glauconite, from which Sujkowski (1929)
reported 7: “Terebratulg cf. phaseolina Lam., Terebratulina ap., Modicla ep., Inoceramus 8D.,
Pecten orbicularis Sow., Iima cf. semiornata A’'Orbigny, Opis cf. neocomiensis d’Orb., Cyprina(?)
8p., Holaster suborbicularis Dedfr., Discoldea subuculus Klein, Discoidea sp., Catopygus sp.,
Pyrina tnflata d‘Orb.”.

2, Quartz-glauconitlc unfossiliferous sands.

3. Marly-sandy quartz gravelstones with glauconite, in the matrix of which (PL 6, Fig. 1)
are embedded simgle pebbles of guartz and, less often of quartzitef, mot exceeding 1.5 cm in
size. The gravelstones contaim the following foesils: Orbirhynchiz mantelliana (Sowerby), Te-
rebratulina 8p., "Terebratula” dutemplet d’Orbigny, Inoceramus 8p. indet., other undetermimed

pelecypods, Actinocamax (Praeactinocamax) plenus (Blainville) subsp. indet Comerogalerus
cylindricus (Lamarck), Pyrina owglis ovglis d'Orbigny, Holaster polonige Lambert Oxyrhina
angustidens Reuss, and Otodus appendiculatus (Agassiz). .
The Cenomanian deposits bere expoged (units 1—9) are 8.9 m thick.

Turonian

4, Limestones omtainlng at the bottom an edmixture of guartz graing and pebbles;
higher up they grade into zoogenic limestones bearing abundant inoceram i-emains_. The fauna .
is rich mumerically but taxonomdcally poorly differentiated: Inoceramus lablatus (Schlotheim),
_Dtsco(des minimus (Agassiz), Conulug ellipticus (Zargezny), C. subrotundus (Mantel}).

In the profile here considered, the transition of the Cenomanian deposits
into Turonian is accompanied by a distinct and abrupt lithofacial change (cf.
Fig. 10). At the Cenomenian/Turonian boundaery there occurs a sharp decrease
in the amount and size qQuartz and glauconite grains, also of single quantz
pebbles while abundant organic remains make their. appearance with'the pre-
dominance of planktic foraminifers (Pl 6, Fig. 2). Higher up, the admixture of
quartz and glauconite grains disappears and, along with calcium carbonate, organic
remains are the main components of various microfacies .(Pl. 8, Figs 3—b). _

The lowermost Turonian deposits near Porgba Dzierzna are overlaid by
marls with glauconite, and containing (Sujkowski 1926) Inoceramus lamarcki
Parkinson, In the scree higher wup there occur white: marly limestones with
a small admixture of quartz and glauconite, and with Inoceramus of. {nconstans
‘Woods, as well as fragments of other inocerams and echinoid tests.

7Su1kaws|kls collection has been lost during the last war, and in view .of
the present taxonomic requirements — is impossible to state the true assigment
of this fauna. It may be only remarked that Holaster suborbicularis Defr. probably
Tepresents H, polonize Lambert (cf. Maczyfiska in Marcinowski 1970, p. 421)..
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Geological map of the regions of Porgba Dzierzna, Wolbrom and Glanéw (after Bednarek 1974, Zapaénik 1974 and own observaﬁons): rectangled is the area
magnified in Text-fig. 12, explanations as in Text-fig. 3)
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The Turonian deposits near Poreba Dzierina are c¢. 10 m thick. Santonian
marls occur higher up (Bukowy 1968) with a distinct stratigraphic gap.

Fig. 10

m Profile of the Cretaceous .deposits at Poreba
Dzierzna {outcrop 110 in Text-fig. 9); arrowed
are the places of sampling for microfacial ana-
lysis of the Cenomanian/Turonian transitional

0 beds {cf. Pl. 8, Figs 1—b5); other explanations as

in Text-tig, 2

Region of Wolbrom and Glanéw

Within the Wolbrom-Glanéw region the Albian-Turonian deposits
occur over a large area and they are exposed in a numbetr of outcrops
(cf. Figs 9, 12). In the western part of the region, near Wolbrom, their
exposures are represented only by the Upper Albian deposits resting
on Upper Jurassic platy limestones, and which are preserved (Fig. 9)
in a tectonic graben (Sujkowski 1926, Bukowy 1968). In the eastern part,
near Glanéw and Wielkanoc, along with the deposits of the Albian
deposits are also represented those of the Cenomanian and Turonian;
in some places these directly overlie the lithologically differentiated
Jurassic substrate (cf. Figs 9, 12, 27). '

Upper Albian

In the vicinity of Wolbrom no contact of the Cretaceous deposits with the
Upper Jurassic subgzirate is now exposed, but the Upper Albian profile may be
here subdivided imto three parts.

The lowest part (ouberop 105 in Fig. 8) is represented by non-calcareous
green clays with single quartz pebbles, discoidal in shape and not exceeding 1 em
in size. In other places (near outcrop 106 in Fig. 9), the Upper Jurassic platy
limestones are directly overlaid by quartz sands and sandstones with glauconite,
mixed with quartz gravel (Sujkowski 1926), and beaning rarely distributed sponges.

The middle part (outcrops 101, 103, 107 in Fig. 9) is developed as medium-
-grained queartz sands with glauconite without gravel intercalations., Within the
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Fig. 11

Profile of the Upper Albian deposits at Wolbrom (outcrop 103 in Text-fig. 9); pre-
sented is distribution of traces fossils Chondrites sp. (cf. Pl. 16, Figs 1—2); other
explanations as in Text-fig. 2

sands there are lenses and concretions of sandstones (Pl 2, Fig. 2; cf. also Fig. 11)
bearing very rare sponges. Burrows of the ichnogenus Chondrites Sternberg are
here (outcrop 103 in Fig. 9) abundant (Fig. 11; Pl. 16, Figs 1—2). In some places
the sands are obliquely bedded (cf. Fig. 11). .

The upper part (outcrops 102, 104 in Fig. 9) is developed analogously as the
latter, but it contains numerous intercalations of gravels and gravelstones, the
quartz pebbles in which are discoidal in shape and 5—8 mm in size.
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Fig. 12

Geological map of the vicinity of Glanéw; explanations as in Text-fig. 3

The total thickness of all these deposits in the vicinity of Wolbrom exceeds
40 meters® (vide Fig. 28). , :

An interesting Upper Albian profile (Figs 13—14) is well exposed in a great
sandpit at Sucha (outcrop 109 in Fig. 12). The presence is seen here of non-
—calcareous quartz sands with glauconite in which are embedded numerous lenses,
irregular bodies or concretions of siliceous sandstones (Pl. 2, Fig. 3) sporadically
containing sponges (Fig. 15); Opal encrustations often occur on the surface or in
the crevices of these sandstomes. The quarfz fraction is medium-grained in the
greater part of the profile (units 2—6 in Fig. 13), being coarse-grained only in the
lower part (unit 1). Throughout the profile the sand is diversely bedded forming -
several sedimentary structures. The arrangement of the intercalations of siliceous
sandstones coincides with that of these structures. Burrows Chondrites sp. rather

8 The thickness of these deposits was determined by Bukowy (1968) at 18 m
but the map attached to his paper indicates at least 25—30 m. On the basis of
unreliable lithologlcal evidence, the Alblan and the Cenommnian were distinguished
by Burzewski (1889, p. 37) in the Wolbrom regiom, stating their total thickness
as 10 m. The remaining part of sands in this profile Burzewski assigned to the
Quaternary (séc!). This is a misunderstanding since glauconite is present throughout
this profile and the thickness of the sands and sandstones, with Chondrites sp.
(outcrop 103 in’ Fig. 9), represenfiing but the middle part of the Upper Albian
profile, is in itself 8—12 meters. :
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numerous here display a similar arrangement. The characteristlcs of the Individual
units (I—5§ in Fig. 13) are as follows:

1. Sand with fine-scale oblique bedding, less cften parallel: the mdivid.ua.l laminae
have varisble angles and inclination directions resulting in flat wedge-like types of bedding.
The planes separating various types of bedding are occasionally covered with gravel material
Burrows Chondrites sp., are numerous.

2. In the median part the fine-scale bedding is wedge-like (cf. Fig. 13) while tn the
top part it is oblique, tangential, truncated by erosion. In the remaining part of the unit the
sand ls a parallel bedded, Burrows Chondrites &p. (PL 14, Fig, 2) are not so numerous a8
in the above umnit. SiHceous sponges occur only in the sandstone concretions.

3. Parallel-bedded sand containing a large admixture of clay. Sponges (Fig. 15) a'bou.nd
in the sandstone concretions, while silicifled wood (up to 80 cm in size) is numerous in the
sands; burrows Chondrites sp. are very rare, This unit does not truncate the underlying
deposits (cf. Fig. 14B) and its direction (25°/8°S) determines the tectonic strike and dip.

4. The sand 15 large-scele (5 m) bedded (cf. Fige 43 and 14B), in most cases tangential,
in some it passes into diagonal. The sandstone Imtemcalations-are care (cf. Fig. 13), but there
{8 an abundance of burrows Chondrites sp. (Pl. 14, Fig. 1 and PL 15), with its maxhnum
frequency in ithe lower part of the unit (cf. Fig. 13).

5. The bedding of the sand Ig parailel throughout the umit. Burrows Chondrites #HD.
are scarce.

8. "This unit trumecate it substrate (unite 4¢—5) and fills a large erosional t.rough (cf.
Fig. 14B—C). The bedding of sands follows the outMne of the trough and thig i also stressed
by the directton of sandstone intercalations (Fig- 14C). The directon of the trough is mearly
eqguatorial while its longitudinal axis plunges eastwardly; the truncation of underlying
deposits (unit 4) is observable in this very direction.

Analogous sands occur In a neighboring outcrop 109a (cf. Fig. 12) but
containing numerous concretions of siliceous sandstones. Moulds of various borings,
"made by sponges, polychaetes, pelecypods (lLa. Gastrochaena sp. — Pl 17, Fig, 9)
are sometimes present imnside these concretions; and. are filled with the same
giliceous sandstone. The moulds are often stretching into the clayey residuum
contained in the concretion interior and they outline the fragments of Jurassic
limestones, calcium carbonate of which has been removed duning ‘further diagenesis
(the sandstones are now completely decalcified). .

North of Glan6éw there are outcrops (Fig. 16) of nom-calcareous, fine-grained
quartz sands with an admixture of glauconite and abundant muscovite flakes;
they represent the uppermost Albian and grade with cantinuity into the Cenomenian
(Fig. 17). An analysis of the distribution of the Upper :Albian deposits near Glan6w
and Sucha shows their maximum thqclmess to be about 33 m (near outerops 109
and 109a — about 25 m).

Cenomanian

- The Cenomanian deposits resting in sedimentary continuity on Upper Albian
are exposed only northwandly of Glanéw (oubcrops 108, 108b in Fig. 13; cf. also
Fig. 17); their profile being as shown below (Fig. 18, units 2—4). .

2. Marly-sandy gravelstones ocontaining quartz pebbles and ‘pleces of Jurnﬂc flints,
Thie matrix contslng glauconite and single ferruginous-phosphatic nodules, Quartz pebbles
are discoldal in shape and 2 em in size; fragments of Jurassic flints (3—10 cm) are coated with
a glauconitic film. ’

3, Marly, coarse-grained quamtz sapdstome Wwith glauconite and simgle quartz pebbles,
13— c¢m dn size and representing 18-20% of the rock volume. Ferruginous~phosphatic nodules
are mumerous, whereas the fauna I8 sparse: Holaster polonice Lambert and Otodus appendi-
culatus (Agassir).

4. Marly, medium-grained quartz sandstome ocomntaining a large amount. of glauconite
(PL 17, Fig. 1). In the upper part of the umit some parts of the rock are silicified. The fauna
is relatively mumerous, and represented by: Orbirhynchéa mantelliana (Sowerby), Lepidor-
hynchia sigma (Schloembach), Incceramus crippei Mantell, Discotdes subuculus (Klein), Holaster
polontae Lambert, Oxyrhing angustidens Reusgs and Otodus appendiculatus (Agassiz).
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m

Fig. 13

Profile of the Upper Albian deposits at Sucha (outcrop 109 in Text-fig. 12, explana-
tion as in Text-fig. 2; angle of diagonal bedding in unit 4 strongly exaggerated)
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40’ 300’

Sand-pit at Sucha — visible are Upper Albian deposits profiled in Tex!-fig. 13
A — general view of the outcrop, and azimuths of iis walls (ef. B & C in thls figure) B — southern wall of the outcrop C — eastern wall of the outerop
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Fig. 15

Sronge in a siliceous concreticn in sandstcnes; Upper Albian, Sucha (cutcrop 109)

Near the outcrops here discussed (108, 108a), the Albian and Cenomanian
deposits are disturbed by a fault with a small throw (Fig. 19).

The Cenomanian deposits with a transition to the Turonian (Figs 20—22)
have been exposed in a trench? on the western outskirts of Glan6éw (outcrop 108c
in Fig. 12). They are preserved in the downthrown limb of the fault (Sujkowski
1926) and therefore they are laterally in a tectonic contact with Upper Jurassic
butten limestones (Fig. 21). In the section, they rest on Upper Jurassic platy
limestones, the surface of which is uneven, and sculptured by small clefts (cf.

9 The trench is situated on the wall of an abandoned quarry, which for
many years has been known in the literature, and yielded many fossils (ef. Suj-
kowski 1926; Panow 1934; Popiel-Barczyk 1958; Maczynska 1958, 1962) though its
more detailed lithological description and stratigraphic assignment have never
been presented.
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Fig. 16

Sands ¢f the uppermost .Albian at ‘Glan6éw (outcrop 108a in Text-fig. 12)

Fig. 17

Contact of the Albian and Cenomanian deposits at Glan6w (outcrop 108 in Text-fig.
12): Ka; Upper Albian, K¢ Cenomanian
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Vertical succession of microfacies in the Lower Cenomanian deposits at Glanéw
(outcrop 108b iin Text-fig. 12; explanations as in Text-fig. 7)
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outcrcip no. 108

0 3m

Fig. 19 .

Geologlcal section of the Albian and Cehomanian deposits at Glanéw (near outcrop
: 108, cf. Text-fig. 12) '

1 sands, 2 gravelstones, 3 sandstones, 4 slope waste, 5 faults
. Kag Upper Albian, Kc Cenomanian, @ Quaternary

Fig. 22). The lithological uniis differentiated here, and representing the Middle and
Upper Cenomanian (Figs 20, 22) are of the characteristics as follows (units 2a—2d
in Fig. 22).

2a. Calcareous quartz conglomerate, which pebbles and rather few quartziie pebbles

are discoddal and varying in size (0.3—8 cm, most commonly being 1—l.b cm); they represent
c.. % of rock volume. The matrix congists of foraminifer limestone (PL 2, Fig. 4. In the
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Fig. 20A—C

Trench through the Jurassic substrate and Cretaceous deposits at Glanéw (outcrop
108¢ in Text-fig. 12; explanations as in Text-fig. 21)

A general view, B Upper Cenomanian/Lower Turonian boundary (numbers denote the litholo-
glcal units presented in Text-fig. 22), C fossiliferous Middle Cenomanian conglomerates with
phosphatic modules (unit 2a¢ in Text-fig. 22)

lower part of the unit the pebbles are arranged at random while in the higher part and in
unit 2b they are imbricated here and there. At the bottom, there occur picces (10—15 cm) of
Upper Jurassic limestones and flints, occasionally coated with a glauconitic film. All the
pebbles are sometimes encrusted by serpulids (Pl, 17, Figs 5—8). The lime-phosphatic nodules
are very abundant in this unit, in some places the conglomerate being completely phosphatized.
The rich, but poorly preserved fossils are represented mainly by phosphatic moulds sometimes
overgrown by serpulids.
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Vertical succession of microfacies in the Cretaceous deposits at Glanéw (outcrop 108¢
in Text-fig. 12, explanations as in Text-fig. 7)

The Hst of fossils is following:

Various undetermined aponges,

Corals ex fam. Caryophyllildae,
Polychaetes Glomerula gordialia (Schlotheim) and other undetermined (Pl 11, Flgl —3)

Brachiopods:
Orbirhynchia mantelllana (Sowerby)
O. parkinsoni Owen — Pl. 20, Fig. 7
Cyclothyris antidichotoma (Buvignier)
Cretirhynchia plicatilis (Sowerby)
Lamellaerhynchia caseyt Owen — Pl, 31, Fig. 4
Sellithyris(?) sp. — PL 19, Fig. 6
Ornatothyris sulcifera (Morris)-
Ornatothyris Hp.
“Terebratula” dutemplel 4'Crbigny — Pl. 18, Fig. 8

Pelecypods:

Cucullaea sp.

Pinna sp.

Chilamys Bp.

Iima Bp.

Osirea 8p.

JIsocardia heintzeli Wolleman

10
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Ammonites:
Sciponoceras subbaculobdes (Gelnitz) — PL 31, Fig. 1
Scaphites (Scaphites) equalis S8owerby
Puzosia (Puzosia) subplanulata (Schlliter) — Pl 31, Fig, 4
Schloenbdchia cf. varians (Sowerhy)
S. subtuberculata {Sharpe) — PL M, Figs 1—2
S. ¢f. quadrata Spath
S. ventiriosa Stleler
Schloenbachia sp.
Acanthoceras sp. — PL 81, Fig. 5

Echinolds:

Discoides subuculus (Klein)

‘Pyrina ovailis ovalis d'Orbigny -

Pygaulus pulvinatus d’Archiac — PL 26, Fig. §
Holaster polonize Lambert

Holaster sp.

Shark teeth:

Oxyrhina angustidens Reuss
Otodus appendiculatus (Agassiz)

2b. Marly gquartz conglomerate with a relatively great admixture of clay, size of
pebbles being distinctly smaller than in the preceding unit. Fauna Scarce, represented oaly
by shark teeth, Oxyrhina angustidens Reuss and Otodus appendiculatus (Agassiz). .

. 2c. Calcareous quartz conglomerate in which the slze of pebbles (0.5 cm) and their
number volume decreage distinetly dowards the top. In the lower part, the pebbles consist
in c. 40—60% of rock volume and, moreover, the occurrence is observed here of single, rather
small (§—4 cm) pleces of Upper Jurassic limestones. The uppermost pert of lthe unit is
developed as lmestones containing rather few grains of quartz and glauconite (c7. Fig. 23),
but very numerous fine-organic detritue (Pl. 7, Figs 2—3). Lime-phomphatic nodules occur
throughout this unit, the topmost part of 'which displays evidences of submarine erosion.

The list of fosslls, mostly from lower and middle part of the unit, is following:
Variows undetermined sponges,
Corals ex fam. Caryophylilidae,

Brachiopods:
Orbirhynchia parkinsond Owen
Cretirhynchia sp. — PL 21, Fig. 5
Arcuatothyris arcuata (Roemer) — P, 18, Fig. 1
Praelongithyris sp. .
Gibbithyris sp.
Concinnithyris(?) subundata (Sowerby)
Ornatothyris sulcifera (Morris)
Ornatothyris sp. — Pl. 20, Fig. 4
“Terebratula” dutemplei 4'Orbigny

Gastropods:

Trochus &p.
Pleurotomaria H=Hp.
Natica extensa Sowerby

' Pelecypods:

Inoceramus bohemicus Leonhard
“Ostrea” cf. hippopodium Nilesen
Exogyre Hp.

Ammonites:

Sciponoceras subbaculoides (Geimitz)
Schioenbachia cf. lymensis Spath

Belemnites:

Actinocamax (Preeactinocamaz) plenus plenus (Blalnville) — vide. Marcinowski 1972 PL 1)
A. (P.) primus primus Arkhangelsky — vide Marcinowski 1972 (PL 2, Flg. 1)
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Echinoids:

Conulus ellipticus (Zareczny), only in the uppermost part of the unit
C. subrotundus (Mantell), only in the uppermost part of the unit
Pyrina ovalis ovalis d’Orblgny

P. ovalis plana Maczyfiska

Pygaulus pulvinatus d’Archilac

Holaster cf. subglobosus Leske

Shark and ray teeth:

Oxyrhina angustidens Reuss

Otodus appendiculatus (Agassiz)

Scapanorhynchus rhaphiodon (Agassiz) — Pl. 30, Fig. 10
Ptychodus decurrens Agassiz — Pl. 30, Figs 12—15

2d. Laminated limestones resting on the uneven surface of the underlying unit; fossils
rare, represented by Inoceramus crippst Mantell (cf. Pl. 25, Fig. 1).

The total thickness of the Cenomanian deposits in the Glanéw area (Lower
Cenomanian — outcrop 108b, Middle and Upper Cenomanian — outcrop 108c) may
be estimated at 5 meters.

Turonian

The Lower Turonian organodetnital limestones (Inoceramus labiatus Zone)
are known only from the above described outcrop 108¢ at Glan6éw where they
occur in sedimentary continuity with Cenomanian deposits. These limestones
(units 3a—3d in Fig. 22) are composed mostly of inoceram and echinoid debris

Lower Turonian abrasion surface upon the Upper Jurassic butten limestones, Ulina
Wielka (outcrop 124 in Text-fig. 9)
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Fig. 24

Contact of the Lower Turomian deposits (Inoceramus damarcki Zone) with the
Upper Oxfordian substrate (Idoceras planula Zone), Wielkanoc (outcrop 123 in
Text-fig. 9)

Jyws Upper Oxfordian butten limestones, K¢, Lower Turonian layered limestones

(cf. Fig. 22 and Pl. 7, Figs 4—35). The better preserved forms, being very abundan!.
are represented almost exclusively by Inoceramus labiatus (Schlotheim) and echi-
noids:

Discoides mintmus (Agassiz)

Conulus ellipticus {Zargcezny) — cf. Pl. 29, Fig. 2
C. subrotundus (Mantell)

In the remaining part of the Glanbéw area (outcrops 123—I26 in Fig. 9) there
are presented limestones of the upper part of the Lower Turonian (Inoceramus
lamarcki Zone) which are often resting on the abrasion surfaces developed in
Upper Jurassic limestones (Figs 23—25). Sometimes, these limestones at the contact
with the Upper Jurassic substrate contain single quariz pebbles of exotic origin
(Pl. 2, Fig. 5). At Wielkanoc (outcrop 123 im Fig. 9), these deposits exposed now
in a big quarry (cf. Figs 24—23), rest on a vast but flat abrasion surface developed
on Upper Oxferdian butten limestones (Idoceras planula Zone). In some places the
abrasicn surface is cut by borings of polychaetes (Pl. 12, Figs 1—3) of the
“Potamilla” type C (cf. Glazek, Marcinowski & Wierzbowski 1971). The Turonian
deposits, lowermost in the profile, are sandy marls with a high content of quartz
and glauconite (cf. Fig. 26 and Pl. 8, IMg. 1). Towards the top the marls grade into
limestones, which display a diversity of microfacies (Pl. 8, Figs 2—4). Throughout
the profile the fauna is abundant and represented by:
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Fig. 25

Lower Turonian abrasion surface
upon the Upper Oxfordian butten )
limestones, Wielkanoc (location and '

explanations as in Text-fig. 24) :

Inoceramus lamarck! Parkinson

I. annulatus Goldfuss — cf. PL 22, Fig. 8
Discoides minimus (Agassiz)

Conulus ellipticus (Zareczny)

C. subrotundus (Mantell)

Elsewhere the Turonian deposits Test on a layer of marl (5—6 c¢m) which
intercalate the Upper Jurassic platy limestones (outcrop 127 in Fig. 9). Sujkowski
(1926) mentions i.a. Imoceramus cf. inconstans Woods from the scree at Ulina
Wielka, stressing the presence of higher Turonian zones. The total thickness of
the Turonian deposits in the Wolbrom-Glanéw region is c¢. 10 meters. I{ should
be sfressed that in this area the distribution of Cretaceous deposits is largely
affected by morphology of the Upper Jurassic substrate, in' result of which
Cretaceous deposits” of various age rest directly on Upper Jurassic limestones
(Fig. 27); the same is also even near Wolbrom where locally Albian-Cenomanian
deposits are lacking and the Turonian ones are the first on the substrate (borehole
at Szreniawa — cf. Bukowy 1968).
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Vertical succession of microfacies in the Lower Turonian deposits at Wielkanoc
(outcrop 123 dn Texfﬂﬂ.g.l 9, explanation as in Text-fig. 7); borings of the “Potamilla”
' type are marked in the Upper Oxfordian substrate

MICROFACIAL ANALYSIS

-In the investigated area, the non-calcareous, sandy deposits of the
Upper Alblan and the marly-sandy ones of the Cenomanian (excepting
the Middle and Upper Cenomanian at Glanéw), are almost completely
devoid of detrital organic particles. These appear en masse (cf. Figs 7,
22,  26) only within deposits having a high percent content of calcium
carbonate (sandy limestones, limestones, sandy marls). In this connection
the microfacial analysis covers only the Cenomanian and Turonian rocks,
also those from the bottom parts of the Santonian, the description of the
Cenomanian deposits being rather general for reasons as stated above.
A description .of the characteristics of the Upper Cenomanian, Lower
Turonian and bottom Campanian layers, from the northern part of the
area here discussed (vicinity of Zalesice and Leléw), has been presented
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Relation of the Cretaceous deposits to the Upper Jurassic substrate near Glanéw
and Wielkanoc (for location of the profiles see Text-figs _9 and 12)
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previously (Marcinowski & Szulczewski 1972). In the present paper,
in an analogous manner (cf. Marcinowski & Szulczewski 1972, p. 518)
a description is given of the other profiles, the stratigraphy of which
has been recognized in detail (cf. Figs 7, 18, 22, 26).

Vertical succession of microfacies

Lower Cenomanian.— The occurrence frequency of quartz greatly exceeds
that of biogenic components which are represented chiefly by inoceram and fora-
minifer fragments (cf. Fig. 18 and PL %7, Fig. 1); that of glauconite being high, too.

Middle and Upper Cenomanian.—In places where deposits representing this
stage rest in sedimentary continuity on the Lower Cenomanian {(Przychody, outcrop
115 in Fig. 4; Poreba Dzierina, oubcrop 110 in Fig. 9), the content of quartz and
glauéo.nite keeps high, while there are hardly any organic remains (c¢f. Fig. 7; Pl
3, Fig. 1 and Pl 6, Fig. 1). )

At Glanéw {outcrop 108¢ in Fig. 12) the Middle and Upper Cenomanian
quantz conglomerates rest «directly on the Upper Junassic substrate, and their matrix
contains abundant organic remains (cf. Pl. 2, Fig. 4). In the uppermost Cenomanian
the freguency of biogenic components is much higher than that of quartz and
glauconite (cf. Fig. 22) and they represent the foraminifer-Pithonella and fora-
minifer-inoceram microfacies (Pl 7, Figs 2—3) which occur already in the lower-
mogst Turonian within the remaining part of the area (cf. Pl. 6, Figs 2—4; Pl 3,
Fig. 2).

Lower Turonian, Inoceramus labiatus Zome.— At Przychody (outcrop 115 in
Fig. 4) there ds a drop in the frequency of quartz and glauconite near to the

- bottom of this Zone while it attains its maximum about halfway and drops again
towards the top resulting in a convex curve-line (cf. Fig. 7). The drop in the
frequency of quartz and glauconite is accompanied by an inerease in the content
of biogenic components, chiefly of Pithonella and planktic foraminifers (cf. Fig. 7
and PL 8, Fig. 2). At Glanbéw (oubcrop 108c in Fig. 12) the deposits of this Zone
almost completely lack quartz and glauconite, and are characterized by a high
frequency of biogenic components (cf. Fig. 22 and PL 7, Figs 4—5). Alzo at Poreba
Dzierzna {outcrop 110 in Fig. 9) quartz is present, but in the lowermost layer of
this horizon, where it disappears rapidly {(cf. PL 6, Figs 2—35).

Lower Turonian, Inoceramus lamarcki Zone.— At Przychody (outcrop 115 in
Fig. 4) the quartz and glauconite frequency curve resembles that in the I. labiatus
Zone (cf. Fig. 7) both as regards the shape and the absolute values. In the top
of this Zone there is an abrupt increase in the clasticity index of quartz and
glauconite. The local decrease in the frequency of these components is accompanied
by an increase in that of the blogenic componenis, mainly of Pithonella and
planktic foraminifers (cf.'Fig. 7 and Pl. 3, Fig. 3). At Wielkanoc {outcrop 123 in
Fig. 9), the deposaits of this Zome, resting directly on the Upper Jurassic substrate,
display strong variability in the vertical profile. At the contact with the abrasion
surface, the frequency of quartz and glauconite exceeds considerably that of
biogenic components (cf. Fig. 26 and Pl 8, Fig. 1), i.e. of planktic foraminifers and
inoceram prisms. It then drops abruptly along with an increase in the freguency
of planktic foraminifers (PL 8, Fig. 2). Where quar{z and glauconite are lacking
there is a mass occurrence of Pithonella (Pl. 8, Fig. 3) while the other organic
remains {(cf. Fig. 26) are rather few. In the upper part of the profile, the quartz



‘THE TRANSGRESSIVE CRETACEOUS DEPOSITS 153

gralus are extremely rarve, glauconite disappears altogether while inoceram prisms
(Pl 8, Fig. 4) and planktic foraminifers predominate among the biogenic components.

Upper Turonian, Inoceramus costellatus Zone.— At Przychody {outcrop 115) no
important changes take place {(c¢f. Fig. 7) at any time in the quartz and glauconite
Jfrequency which resembles that of their minimum in the two lower zomes {Ino-
ceramus lablatus and fnoceramus lamarcki). Only within the meptunian dykes
{cf. Pl 4, Figs 2—3) the amount of quariz increases considerably along with
a simultaneous decrease of glauconite (cf. Fig. 7). Within the stromatolite layer
(sample 15b in Fig. 8), there is no essential change (cf. Fig. 7) in the frequency
of quartz. Throughout the Zone the frequency of biogemic components, chiefly of
Pithonella and the planktic foraminifers @1. 8, Fig. 4 and Pl 4, Fig. 1), is more or
less constant, while in the neptunian dykes it drops abruptly (cf. Fig. 7). The top
layer of the Zone is characterized by a great abundance of planktic foraminifers.
(Pl 5, Fig. 1), and smaller amount of quartz. The neptunian dykes in this layer
consist of Santonian -deposits i(ef. Fig. 8; Pl 10, Fig. 2).

Santonian (lower part).— A complete change in the microfacies takes place
above the discontinuity -surface {cf. Pl 5, Figs 2—4). The frequency of quartz drops
slightly but distinctly, along with an increhse in the clasticity index, while the
frequemcy and clasticity index of glauconite increase abruptly (cf. Fig. 7) with
their maximum observable at the discontinuity surface. Towards the top, the -
frequency of glauconite decreases but in terms of absolute values it is still
markedly greater than in the. underlying Turomian deposits {cf. Fig. 7). Above the’
discontinuity surface there iz also a characteristic abrupt increase in the amount
of inoceram prisms, at the expense of other biogenic components, chiefly of the
planktic foraminifers.

Interpretation of microfacial succession

Throughout the investigated area, there is a high quartz and
glauconite content in the Lower Cenomanian deposits, accompanied by
meagreness of organic remains. This indicates facial unification and
a continued supply (similarly as during the Upper Albian) of great
amounts of quartz from the alimentary area. No changes in the character
of sedimentation are observable in places where Middle and Upper
Cenomanian deposits (Zalesice, Leléw, Solca) occur in sedimentary
continuity with the Lower Cenomanian. Only at Porgba Dzierzna, the
Middle and Upper Cenomanian are represented by a lithofacies of sandy
conglomerates. and numerous organic remains. But, on the elevated
places of the Upper Jurassic substrate where sedimentation did not set
in before the Middle Cenomanian, as at Glanéw (outcrop 108c in Fig.
12), the matrix of the conglomerates is characterized by a high content
of planktic foraminifers and calcium carbonate. The fact of a part of
quartz pebbles and fragmentary limestones being overgrown by serpulids
(cf. Pl. 17, Figs 5—8) reasonably suggests that after deposition the
material remained fairly long at the floor of the basin. During the
Upper Cenomanian there was a decrease in the amount and size of the
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quartz material here. The upper part of the unit 2¢ (¢f. Fig. 22) bears
traces of submarine erosion. This indicates that, during the Upper
Cenomanian, non-depositional conditions prevailed for some time in the
sedimentary basin in the Glanéw region, resulting in the removal of
a part of the deposits. These conditions, when ended, were followed by
carbonate sedimentation of the Uppermost Cenomanian (unit 2d in
Fig. 22). '

During the Lower Turonian there is a general decrease in the
frequency of quartz and glauconite as compared with the Cenomanian,
though the values of the frequency and clasticity index in the individual
.profiles sometimes differs a great deal {cf. Figs 7, 22, 26). At Przychody
{outcrop 115 in Fig. 4) changes in these indices display a rhythmic
character (cf. Fig. 7) manifested by the existence of two maxima in the
detrital inflow — one in the Inoceramus labiatus Zone, the other in the
1. lamarcki Zone. Either of these. maxima has a corresponding increase
in the clasticity index of quartz and glauconite, though this does not
quite accurately coincide with the frequency maximum of these com-
ponents. A marked increase in the clasticity index of quartz and
glauconite at the top of the I. lamarcki Zone together with a drop in the
frequency of these components indicates higher energy currents—
probably leading to a slowing down in the rate of sedimentation, and
reduced inflow from the alimentary area.

In the southern part of the area (Por¢ba Dzierzma, Glan6éw, Wiel-
kanoc) there are but slight amounts of quartz and glauconite in the
Lower Turonian deposits. A high frequency of these components is
observed only in the lower parts of profiles in places where the deposits
of the I. lamarcki Zone rest on abrasion surfaces developed on the butten
Upper Jurassic limestones. With the beginning of sedimentation on the
abraded elevations, the work of the high energy current bringing quartz
ceases and carbonate sedimentation prevails (cf. Fig. 26).

. In the Upper Turonian (Przychody, outcrop 115), within the I." co-
stellatus Zone there are two discontinuity surfaces associated with
neptunian dykes (cf. Figs 7—8A). The increased frequéncy of quartz in
these dykes is connected with the reduced rate of chemical sedimentation
and the infilling of submarine dykes with quartz material dragged on the
surface of discontinuity. Stromatolite coatings (cf. Figs 7—8A and Pls 9,
11; P1. 10, Fig. 1) are developed in an analogous manner as in the Lower
Turonian stromatolites from the Leléw region, their formation being
probably connected with the high energy shallow marine water below
the intertidal zone and preceded by a slowing of sedimentation, most
likely by.a shallowing (Marcinowski & Szulczewski 1972).
In the investigated area, throughout all the Turonian Zones pre-
served, the curve of frequency of planktic foraminifers and Pithonella
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steadily displays an inwverse variation with respect to the clasticity and
frequency of quartz and glauconite. Hence, the appearance of planktic
organisms is connected with cessation of the sedimentation of quartz
and glauconite. It is not excluded that transport of the latter components
involved a partial destruction of the delicate organic remains previously
laid down on the bottom, so that the mutual interrelations now observable
are a resultant of both the development of planktic communities and the
supply of terrestrial material.

In all the Turonian Zomes, throughout the area under investigation, Pitho-
nella” ovalis (Kaufmann) is present, and sometimes its accumulations result in
characteristic microfacies (cf. Figs 7, 22, 26 and PL 3, Figs 3—4; Pl 4, Fig. 1; PL 6,
Fig. 8; Pl 8, Fig. 3). The systematic position of Pithonella ovalis (Kaufmann) is,
so fer, an open question (cf. Borza 1961, Nowak 1963). This problematic micro-
organism, currently supposed to be a pelagic form, digplays a wide stratigraphic
range and geographic distribution and has long been knowmn in Poland (previously
often described as a foraminifer, Fissurina), i.c. from the investigated Turonian
of the Polish Jura Chain (Sujkowski 1934, Alexandrowlcz 1054, Barczyk 1956, Mar-
cinowski 1970) and of the Lublin Upland (Sujkowski 1931, Pozaryski 1956), Middle
Albian through the Coniacian of the £6dZ synelinorivm (Samsonowlcz 1948), Upper
Aptian through the Turonian of the Flysch Carpathians (Borza 1961, Nowak 1863),
the exotics series at Bachowice including (cf. Ksigkiewicz 1956). In other countries
it oceurs also in younger deposits e.g. in the Santonian of Adghanistan (Desio 1960;
fide Jux, Kempf & Manze 1071, p. T13).

In the northern part of the area (Zalesice, Leléw, Solca) the
particular Turonian Zones are far less thick and richer in quartz and
glauconite than in the southern part (Poreba Dzierzna, Glanéw, Wielka-
noc — cf. Fig. 28), what is partly connected with the stronger strati-
graphic condensation. Traces of submarine erosion of the topmost Tu-
ronian layer (cf. Fig. 84A—B) and the infilling of neptunian dykes (cf.
Pl. 10, Fig. 2) with Santonian deposits resting with a stratigraphic gap
on the Turonian, indicate high energy currents and corrosion of the
underlying deposits during the duration (Inoceramus schloenbachi Zone
till Coniacian) of non-depositional (hardground) conditions.

In the Santonian, the frequency of quariz decreases slightly but
distinctly, along with a simultaneous increase in its clasticity index,
indicating a decrease in the influence of the receding alimentary area.
The abrupt growth in the frequency and clasticity index of glauconite
at the very bottom of the Sanfonian reliably suggests that the long-
-spanning period of non-deposition and lack of carbonate sedimentation
had some bearing on the process of the formation of this mineral in the
lowermost Santonian. The high frequency of inoceram prisms, side by
side with the drop in the frequency of quartz indicates a strong condi-
tion of water agitation and detrital inflow (Carozzi 1958, p. 147).
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TRACE FOSSILS
Burrows

In the investigated area some of the Cretaceous deposits contain
traces of burrowing activity, in most cases, however, the identification
of the ichnofaxon they represent is hindered by their state of preserva-.
tion. Well preserved and numerous Ophiomorpha nodosa Lundgren and
Chondrites sp. are an exception here.

Ophiomorpha nodose Lundgren

The burrows Ophiomorpha nodosa Lundgren, 1891, indicating a
markedly shallow marine environment, have been found in the sandy
deposits of the Upper Albian, Upper Cenomanian and lowermost Turo-
nian in the region of Mokrzesz, Lustawice and Julianka. Their descrip-
tion and interpretation of their ecological requirements have been
previously given (Marcinowski 1970, and referenced bibliography therein). .

Chondrites sp.

The Upper Albian deposits in the Wolbrom-Glan6w region contain
numerous organic structures belonging to the ichnogenus Chondrites
Sternberg, 1833 (Pls 13—16) not reported, so far, from the area under
consideration. These burrows are here constant in diameter and round
in cross-section. The biggest burrows are 6 em {cf. Pl. 14, Fig. 1) in
diameter, and c. 20 ¢m in length, which is not total as the burrows plunge
at a small angle into the deposit. The smallest burrows are 2—3 mm in
diameter and 3—4 cm in length, most of them having a 1—15 ecm
diameter.

Every burrow has a lining, readily recognizable both by the coloring of the
infilling material and that of the surfounding sediment. Burrows filled in with
sediment impoverished in glauconite are most common '(Pls 13—I16) and their
linings are enriched in glauconite; this type corresponds exactly to Chondrites sp.
A of Hakenberg (1967, pp. 151—152, Fig. 5; Pl. 1, Fig,  2; Plg 2—3). There occur
but very few burrows where the pattern is the other way about, i.e. the infilling
of the burrows consists of sandy material enriched in glauconite while the lining
is built of meiterial dmpoverished in glauconite. These burrows correspond exachly
to Chondrites sp. B of Hakenberg (1967, pp. 152—i153, Fig. 6; Pls 4—5). In the
deposits here considered, Chondrites sp. B are those with the greatest dimensions
{cf. Pl. 14, Fig. 1), but the both types of burrows sometimes occur together. Inter-
~-crossing of the particular burrows has not been observed in either of the two
types, whereas the branching is fairly frequent (always laterally), and its amgle
being variable i(cf. Pl. 13). The burrows Chondrites cccur in largest members in
sandy, obliquely bedded sands or sandstones (cf. Figs 11, 13 and Pls 13—16), what
reliably indicates that the diagenesis responsible for the formation of sandstones
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followed the burrowing activity of the Chondrites-melkers. The state of the pre-
servation of these burrows bars the reconstruction of their spatial arrangement in
the deposit, and it is hardly possible to state whether they join into major
systems with an outlet to the surface of the deposit as suggested for other
occurrences (cf. Simpson 1957, Kennedy 1967, Osgood 1970).

The ichnogenus Chondrites Sternberg, 1833, is well defined, but its
ecological interpretation as well as the pointing to the organisms res-
ponsible for their formation have not so far been adequately cleared up
(c¢f. Simpson 1957, Hintzschel 1962, Hakenberg 1967, Kennedy 1967,
‘Gregory 1969, Osgood 1970, Bandel 1973). Generally, these traces have
been interpreted as dwelling or feeding burrows, and an analysis of
the chondritids occurring in the investigated deposits not supplied new -
data diagnostic for this problem. It should be only remarked that Chon-
drites sp. here investigated are most often associated with sediments,
the deposition of which was accompanied with activity of high-energy
currents (various cross-bedded units) and the burrows:themselves are
characterized by a relatively large size (c¢f. dimensions reported by Ha-
Xkenberg 1967, Kennedy 1967, Hintzschel & Reineck 1968, Bandel 1973).

Borings

The borings are not common in the investigated sequence, and they
occur either in the abrasion surface at Wielkanoe, or as internal moulds
in the previously mentioned concretions of siliceous sandstones (cf.
Pl. 17, Fig. 9).

At Wielkanoc (outcrop 123 in Fig. 9), the Lower Turonian (Inoce-
ramus lamarcki Zone) abrasion surface bears in some places borings
of polychaetes (Pl. 12, Figs 1—3) which represent only the ‘“Potamilla”
type C of Glazek, Marcinowski & Wierzbowski (1971). These borings, as
well as a rich assemblage of Cenomanian borings from the vicinity of
Cracow (cf. Glazek, Marcinowski & Wierzbowski 1971) are developed on
Upper Jurassic butten limestones 1.

In concretions of the Upper Albian siliceous sandstones, a rich
assemblage of borings was found at Sucha (outcrop 109a in Fig. 12).
It is represented by sponges, polychaetes, pelecypods 11, the latter being
represented i.a. by Gastrochaene sp. (Pl. 17, Fig. 9). The state of pre-
servation of the borings (cf. description of the.lithological members)

 No borings have, so far, been abserved in the numerous Turonian abrasion
surfaces both in the Cracow Upland (cf. Alexandrowicz 1954).

11 A detailed paleontological description and ecological interpretation of this
assemblage is being prepared by the writer for a separate paper.
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indicate that pieces or pebbles of Upper Jurassic limestones were deliver-
ed to and bored by lithophags in the sedimentary area of the Upper
‘Albian sands. Hence, the existence here is evidenced during the Upper
Albian transgression of denivelations of the Upper Jurassic substrate,
which were affected by strong abrasion. An activity of rock-borrer
communities is however very local here, as no similar phenomena are’
observable in the remaining area, although pre-Albian- denivelations of
the substrate are common and fairly important there (cf. Figs 27—28),

CHARACTERISTICS OF FAUNAL ELEMENTS OF THE UPFPER ALBIAN,
CENOMANIAN AND TURONIAN

Frequency of occurrence of organic remains in the deposits studied
appears to be varying. Organic remains occurring in the Cenomanian
deposits are the most abundant and taxonomically differentiated. Their
mass occurrence results from stratigraphic condensation which took place
in the area of the Polish Jura Chain during the Cenomanian. Upper
Albian and Turonian strata are markedly less fossiliferous yielding mostly
inocerams and echinoids. Similar situation may be observed outside the
area of the Polish Jura Chain in contemporaneous strata from other parts
of epicontinental Cretaceous basin of Poland (c¢f. Samsonowicz 1925, 1934;
Cieslifiski 1959, -1960b, 1965; Cieslifiski & Troger 1964). Various faunal
groups are discussed below in systematic order. Cephalopods, strati-
graphically the most important group occurring only in the Cenomanian, .
are discussed in a separate chapter.

Sponges

From the standpoint of paleontology and environmental requi-
rements the problem of sponges surpasses the scope of ‘the present paper.
In the area studied, sponges are very common in sandy deposits of the
Upper Albian and Cenomanian, and rather scarce in the Turonian ones.
They often form nuclei of sandstone concretions (Fig. 15) occurring in
.the Upper Albian sands. They are also common in ferruginous-phogphatic
and phosphatic nodules of the Upper Albian and Cenomanian. In the
latter case they are usually represented by the genus Exanthesis. Sili-
ceous sponges and their spicules sometimes occur in masses. In the
Wolbrom and Glanéw regions any organic remains, except for sponge
fragments, are extremely rare. Such facies, which may be termed sponge
facies, is characteristic of the Albian in some regions of Poland, e.g., from
the margins of the Holy Cross Mts (Cie$linski 1959, 1960a).
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Corals

Corals are fairly scarce in the organic assemblages of the Ceno-
manian in Poland (cf. Cieflifiski 1965) and were not studied in detail,
except for the contribution by Siemiradzki (1926). In the author’s col-
lection. there is almost 20 specimens, all from the Cenomanian. The corals
represent the family Caryophylliidae Gray, 1847, except for one (Pl 17,
Fig. 2) belonging to Micrabacia coronula (Goldfuss), a highly characteristic
species of the family Micrabaciidae Vaughan, 1905. In Poland, outside
the area studied, this species was reported only from the Turonian of
Lwéwek basin in the Lower Silesia (Scupin 1912—1913), Micrabacia
coronula (Goldfuss) is common in the Cretaceous of Europe and was re-
ported from the Cenomanian of Podolia (Siemiradzki 1926), Baltic region
(Noetling 1885, Ravn 1916), and SE England (Kennedy 1969), from the
"Turonian of Czechoslovakia (Fri¢ 1911), and even from the Lower Se-
nonian of the Hannover area (Romer 1841, fide Scupin 1912—1913).

No corals of the family Caryophyllidae were found in life position,
i.e. overgrowing substratum or any larger rock fragments and organic
debris. The corals are broken-off and redeposited.

Polychaetes

Serpulids were found in Cenomanian deposits only. Majority of
them encrust pelecypod, ammonite, echinoid fragments or Jurassic rocks
debris and quartz pebbles (c¢f. Pl. 17, Figs 5—8). Specimens attached
neither to organic fragments nor to rock debris (Pl. 17, Fig. 4) are
extremely rare. Representatives of the species Serpula proteus J. de C.
Sowerby (Pl 17, Fig. 4) are reported for the first time in Poland, besides
the forms common in the Polish Cenomanian (cf. Cieslihski 1965). This
species is known from the Turonian and Senonian of the south-eastern
England (cf. British Mesozoic Fossils 1964) but is not known from the
Cenomanian of that region (cf. Kennedy 1969).

Bryozoans

Bryozoans, occasionally found in the Cenomanian of ‘Poland (Ma-
ryanska 1968), are accessory elements in faunal assemblages in the strata
studied. Large, well-preserved colony (Pl. 17, Fig. 3) was found in the
Cenomanian at Mokrzesz. The shape and internal structure of that colony
correspond to the diagnosis of Multicrescis variabilis cracoviensis Ma-
ryanska. That subspecies was described from the Cenomanian of Korzkiew
near Cracow. Hillmer (1971) noted that some details of the internal
structure of that subspecies may be compared with those of the species
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Multicrescis tuberosa (Roeiner), known from the Lower Hauterivian of
northern Germany. Single fragments of bryozoan colonies are also met
in the Turonian (Pl, 3, Fig. 3b).

Brachiopods

Brachmpods (Table 1 and Pls 18—21) are generally well-preserved
in comparison w1th the representatives of all the remaining faunal groups.
They are preserved as phosphatic moulds or with valves, the latter being,
commonly complete. The brachiopod assemblage yielded in Cenomanian
and Turonian deposits appears strikingly similar to contemporaneous
assemblage from the neighbouring Cracow region, being somewhat richer
in, the genera and species than the latter one (cf. Panow 1989). The
remaining Cenomanian and Turonian brachiopod localities (except for the
Cracow one) are still inadequately known. Popiel-Barczyk (1972) descri-
bed over.a dozen brachiopod species from the Albian and Cenomanian of
Annopol (northetn margins of the Holy Cross Mts). These species comprise
only a part of a large collection (about 11,000 specimens) and belong to
the genera rarely met in Poland (cf. Popiel-Barczyk 1972). However, a
number of those scarce genera are also known from the Polish Jura
Chain, hence the similarity of those ’brac:hmpod assemblages may be in-
ferred 12.

~ Analysis of Glanéw fauna carried out by Sujkowski (1926) showed
that some species occurred later than in the western Europe. The same
can be said about the brachiopod assemblage in question. Such species as
Orbirhynchia parkinsoni Owen (syn. Rhynchonella sulcata Parkinson)
and “Terebratula” dutemplei d’'Orbigny occurring in the Cenomanian of
the Polish Jura Chain are known from the Albian of the Tatra Mts {(cf.
Passendorfer 1930). Similarly, Cyclothyris antidichotoma (Buvignier) and
Lamellaerhynchia caseyi Owen .found in the Middle Cenomanian at
Glanéw (unit 2a in Text-figs 21—22) are known from the Upper Aptian
and Lower Albian of England (Owen 1982; Popiel-Barczyk, oral com-
municat). The differences in the time of spreading of these species result
from the dependence of benthlc orgamsms (including brachiopods) on
facies conditions.

Gastropods

In the area studied, gasiropods occur only in the Cenomanian
deposits, in which they are fairly common. Gastropods are generally
preserved in the form of worn-out moulds, that precludes any specific

12 The .a.ssemblage studied comprises Arcuétothyris arcuata (Roemer), the

genus Arcuatothyris being, recently proposed by Popiel-Barczyk (1972) for some
very common Cretaceous terebratulids.

i1
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identifications. Attention should be focussed on Emarginula althi Za-
reczny, the species (Pl.'22, Figs 1—2) fairly common in the Cenomanian
of Poland (cf. Cieslifiski 1965, Cie§linski & Pozaryski 1970) and Podolia
(Zareczny 1874, Kokoszytfiska 1931).

Pelecypods

' Pelecypdd material, although .nMerous, is generally poorly pre-
served. Majority of specimens are represented by mould of a single or,
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occasionally, of "both valves. The pelecypod assemblage from the area
studied (Table 2 and Pl. 22, Figs 2—8; Pls 23—25) does not show any
larger differences in respect to those from ‘the remaining epicontinental
areas of Poland (cf. Cieslinski 1960a, b, 1965; CieSliniski & Pozaryski 1970).
All the species of that assemblage are known from England (cf. Woods
1899—1911). In the discussed assemblage, the inocerams, known from the
whole Europe, are of the greatest stratigraphic value (cf. Woods 1910—
1911; Dobrov & Pavlova 1959; Muromceva & Janin 1960; Najdin 1960,
- 1969; Moskvin 1962; Triger 1967, 1969). Some species, such as Inoceramus

" crippsi Mantell, 1. labiatus (Schlotheim), and I. lamarcki Parkinson are
pandemic; they are known also from North America, from the same
stratigraphic position as in Europe {(cf. Adking 1928, Jeletzky 1971, Cobban
& Scott 1972).

In the uppermost Albian deposits from the area studied there occur -
inocerams identified as Imoceramus anglicus-crippsi m. f. (Pl. 23, Fig. 4
and Pl. 24, Fig. 3), unknown from other parts of Poland. These are
transitional forms (m.f. assignation means media forma) from typical
Upper Albian species I. englicus Woods to the Cenomanian I. crippsi
Mantell. Those transitional forms evidence an evolution -of I. crippsi from
I. anglicus, and thus support the phylogenetic scheme of Cretaceous
inoceramids proposed by Woods (1912). Moreover, it is in contradiction
with the statement of Tsagarelli (1942, fide: Sornay 1966, Fig. 10) that the
Albian species “anglicus” represents lateral, blind evolutionary line of
inoceramids which did not produce any Cenomanian species. -

Echinoids

Echinoids (Table 3 and Pls 26—29) are very common in the deposits
studied. They usually have the whole test or at least a part of it preserved.
A number of genera and species from the assemblage recognized here are
also known from-contemporaneous strata of England {cf, Wright 1864—
1882), France, Belgium, Germany (cf. Mgczyriska 1958, 1962, 1972; Popiel-
Barczyk 1958), Caucasus and Crimea (cf. Poslavskaya & Moskvin 1959),
as well as of the Cracow region (cf. Maczynska 1958, 1962; Popiel-Barczyk
1958) and from the Holy Cross margins (cf. Cieflinski & Pozaryski 1970).
However, there are some differences in composition of echinoid spectra.
For example, in the northern part of the area studied, in Mokrzesz and
Zalesice regions, the genera Discoides, Camerogalerus, and Holaster
predominate in Cenomanian assemblages, and the genus Pyring is repre-
sented in negligible numbers, whereas in the southern parts, in the Poréba
Dzierzna and Glanéw regions, contribution of echinoids of the genus
Pyrina markedly increases, and some genera unknown in thé north, such

-as Pygaulus and Catopygus occur (cf. Maczynska 1972, and Table 3).
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Cenomanian echinoid fauna of that area is the same as in the Cracow
region (cf. Maczyrfiska 1858, 1962, 1972), neighbouring in the south with
the area studied {(cf. Fig. I1C). This differentiation in echinoids probably
result from differences in Cenomanian facies, sandy in the north, and
gravelous in the south.

.The species Conulus ellipticus (Zareczny) and Conulus subrotundus -
(Mantell) were found in the Upper Cenomanian (top part of unit 2¢ in
Figs 20, 22) at Glan6w; they were hitherto known only from the Turonian
strata in Poland and hence a remarkable stratigraphic value was pre-
viously attributed to them (vide Popiel-Barczyk 1958, p. 58). Echinoids,
presumably belonging to the genus Pseudholaster (identification by Dr.

Table 8

Distribution of echinoids in the investigated Albian-Turonian sections

Number of the outoxrop h l
8pecies 11 & g‘é
1 ' s.s"u-.\.gsa-
3| 2|inlzle) 33| Sl mia|2i2lF)E RRERE
B A Y +
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Polydiadema 8Pe o o o 2 s s o o o + + +
Phymosoma oonomansnse Cotteau « . .|+ « *
Disooides subuoulus /Klein/ . « « oJ+] {+]|+]+ + [+ |+ {r{e{s +
D. minimus /Agassis/ . « . . . .. + +|+ + *
Camerogalerus oylindrious /Lamarok/|+|+|+|+ 1+ + *
Conulus elliptious /Zazrgosny/ « « « ' i+ + + el
q.' subrotundus /il_ant‘a].I/ ..... el b 2]+] |+] ¢+
fmn ovalis ovalis a'0rbigny . . |+ +
: P. -ml:la plana Mgosyfska « o + o o + . *
{P. ovalis 4°0zbigny subsp. indet. |+ + + +
Pygaulus pulvinatus d’Archiae « .+ . : - +
| Holaster lasvis Agassiz « « + o o o + ]+ +
H. polonise Lambert « « o o « & « o+ l¢]e ++]|+ |+
1B« subglobosus Tesks . . . . ... ‘ +
]He of. nubgloionu Legke .« s o « o +
Bolasts® 8DPs o ¢ 5 ¢ ¢ 5 = o & o o « |+ + +
' ca.rdil.ntor BPs o o o o s o o o a. . : T + |+ i 1"+
' ] Infulaster ap; .......... - 3 + + I+
Pseudholaster 8pe  + o o s = . o + -
Pseudholastexr/?/ 8De <« + o » o o . + +
Sternotaxis plamus Alantell/ . . . ’ +| |*|+ +| -
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8. Maczyriska) were found in Upper Albian sandstones in the vicinity of
Staropole. This genus was not reported from the Albian in the remaining
parts of Poland (¢f. Samsonowicz 1925, 1934; Cieslifiski 1960a), with the
exception of the Tatra Mts (cf. Passendorfer 1930).

Fish teeth

The material collected (Table 4 and Pl. 30) is abundant but relatively
poorly preserved. Usually only peak parts of crowns are preserved and
teeth with roots are eéxtremely rare. In the assemblage the species Otodus
appendiculatus (Agassiz) markedly predominates and all the remaining
species are represented by single forms. All the species found were
already known from the area studied {(cf. Sujkowski 1926, Rézycki 1937)
as well as form the Cenomanian and younger strata of the Cracow area
(cf. Zareczny 1878, 1894; Ksigzkiewicz 1927; Barczyk 1956). The assemblage
studied (5 species of shark teeth and 2 species of rays) closely resembles
assemblages known from the Cenomanian of Annopol (cf. Samsonowicz
1925, 1934), Sobkéw and Staniewice (cf. Radwanski 1969) in the Holy .

Table 4

Distribution of shatk and ray teeth in the investigated Alblan-Turonian sections

Humber of the outorop gl
Speoies g
lgeloi A
<y claleieis
Corax faloatus AgasBig ¢ « « o = o o + +
Oxyrhina mguat:moul Reuss . « « » « NEnnG 4+ +]+] *
?0, mantelll Agassis , ¢« ¢ o « - o+ o + +
Otodus appendiculatus /Agaasis/ o o[+{+l+|+]|+|+|+{+]+][+]+ +
Soapanorhynohus rhaphiodon /Agassis/ + +
Ptyohodus mammillaris Agassis . « + +
P, deourrens Agauﬁ ........ + +

Cross Mits. It is of interest that extensive searching in the Polish Jura
Chain gave shark and ray teeth only, whereas the assemblages from ‘the
Holy Cross Mis also yield teeth of other elasmobranchs (viz. chimaeroids)
and bone fishes and of various reptiles (cf. Samsonowicz 1925, 1934;
Radwanski 1968, -1969). The studied assemblage of shark and ray teeth
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comprises pandemic forms, which are known from the Cretaceous of
Czechoslovakia (Fritsch = Fri¢ 1878, 1911), Saxony (Gelmtz 1875, Wan-
derer 1909), England. (Woodward 1911—1912), and. even of Madagascar
(Priem 1907). In the Polish Jura Chain,. similarly as, in other parts of
Poland and Europe, the recognized species are also known from younger
stages of the Cretaceous, till the Maestrichtian (cf. Woodward 1911—1912,
Ksigzkiewicz 1927).

CENOMANTIAN CEPHALOPODS

~ The collection of Cenomanian cephalopods (nautilids, ammonites,
belemnites) from the Polish Jura Chain comprises about 700 specimens,
637 of which are ammonites. The collection meludes specimens gathered
by 'the present writer, in the years 1968—1972 and a few specimens from
Glanéw obtained through the courtesy of the Museum of Earth of the
Polish Academy of Sciences in Warsaw.

Majority of nautilids and ammonites are preserved as phosphatic
moulds and thus, as a rule, are more or less incomplete. The specimens -
usually represent phragmocones, sometimes with initial parts of body
chambers. The present study comprises 200 of the best preserved spe-
cimens. Results of the writer’s studies on Cenomanian _céphalopods have
in part been published previously (Marcinowski 1970, 1972). However, the
following taxonomic, corrections should be intreduced with. regard forms
paleontologically analysed into:the above papers:

As in Marcinawslki {1970):

PlL 3, Fig. 9 I(dnly) Turrilites mantell Sharpe — correcfly Hypoturrilifes aff. tuber~
culatus. (Bosc)

Pl. 3, Fig. 10 Turrilites mantelli Sharpe — correctly Hypoturrilites mantelli (Sharpe)

Pl. 3, Fig. 6 Turrilites tubérculatus Bosc — correctly Hypoturrilites tuberculatus
(Bosc)

Pl. 6, Fig. 3 Mantelliceras tuberculatum (Mantell) — correctly. Mantelliceras aff.
costatum ((Manbell)

The present chapter deals with ammonites hitherto unknown from
the Polish Jura Chain. In paleontological descriptions the writer followed
taxonomic subdivision of Wright (1957) with some subsequent modifi-
cations introduced by other authors. Remarks and comparisons given in
paleontological descriptions mostly refer to a monograph by Kennedy
(1971), as the majority of ammonite species from the Polish Jura Chain
are also known from England.
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Systematic description of ammonites

Family Phylloceratidae Zittel, 1884
Subfemily Phylloceratinae Zittel, 1884
Genus PHYLLOCERAS Suess, 1865°
Subgenus HYPOPHYLLOCERAS Salfeld, 1924
Phylloceras (Hypophylloceras) seresitense seresitense Pervinquiére, 1907
(PL 31, Fig. 2a—)

1860. .Ammonites Velledae, Michelin; Pictet & Campiche, pp. zaa—m Pl. 38, Fig. 8.

1910. Phylloceras Velledae Michelln, var, Seresitensis Pérvinquidre; -Pervinquiére, p. 8, Text-
-fig. 2, Pl 1, Figs 1—3.

[nom] 1828, Phylloceras seresitense, [Perv.lnquiére, Spath, pp. 1s—ao Pl 1, Fig. 8; Pl 2, Fig. 1
[= Ph. (H.) seresitense tanit Pervingulére].

18@2. Hypophylloceras seresitense seresitense (Perv.); Wiedmann, pp. 142144, Text-fig. 8,
Fl. 8, Figs 1-2,

1883. Phylloceras (Hyporbulites) seresitense Perv.; COJMgnon, Pl. 241, Fig. 1038; Pl. 242, Fig. 1041.

1964a. Ph. (H.) seresitense seresitense Perv.; Wiedmann, pp. 21—, Text-fig. 52, PL 15, Fig. 4;
PL 21, Fig. 1.

1968. Phylloceras (Hypophylloceras) seresitense seresitense Petvimqﬁére, Renz, pp. 1718,
PL 1, Fg. 1.

1968. Ph. (Hypophylloceras) seregitense seresitense Perv.; Wiedmann & Dieni, p. 26,

Material. — One mould, consisting of a part of the phrangcone
Biometry (all linear measurements in mm)

: Wb
D Wh Wb U R
Wh
14.5 8 [:%:} 1.5 0.88
Ratio to D: 0.55 0.48 0.10?

Remarks. — Wright (1957) and Wiedmenn (1962) regarded Hypophylloceras
Salfeld, 1924, as a taxon of the generic rank comprising Cretaceous ammonites of
the family Phylloceratidae Zittel, 1884. However, subsequently Wiedmann (1964a),
followed by Renz {1968) and Kennedy (1971), treated this taxon es a subgenus of
Phylloceras.

Wiedmann (1964a, p. 178) distinguished three groups of species and subspecies
of the subgenus Hypophylloceras on the basis of differences in the shape of suture
line. The writer’s specimen belongs to 'the specles group Phylloceras (Hypophylloce
ras) seresitense Pervinquiére, and its funnel-shaped narrow umbilicus and modera-
tely high whorls are typical of the subspecies Ph. (H.) seresitense seresitemse Perv.
{cf. Wiedmann 19682, p. 142; 1984a, p. 221). The specimen in question P1. 31, Fig. 2a—0)
belongs to forms characterized by relatively wide whorls (Wb/Wh = 0.86), wider
than those of the forms typical of the subspecies-(cf. dimensions reported by Wied-
mann, 1864a, p. 223); so thick whorls bring it closer to the specimen “IGD Coll. Ce
018” described and figured by Wiedmann (1862). The specimen is preserved in the
form of mould — it lacks radial striae oObservable on better preserved forms (ef.
figures given by W:ledmamn 1862; 1984a).

Occurrence. — Cenomanian, Mokrzesz (unit 3 in Fig. 24). The spec1es and
its subspecies were not hitherto reported from Peland 13,

13 Passendorfer 1930, p. 456) when describing <Phylloceras Velledae Mich.”
from the high-tatrie .Al-bian of the Tatra Mts; identified flat-sided specimensg as
a variety “seresitensis” of the species “velledae". Algo Samsonowicz (1934, p. 43)
cited “Phylloceras Velledae Mich.” from the horizon of phosphatic nodules at Anno-
pol in the Holy Cross Mis {(uppermost Albian according to Cleflifiski, 1959). It cannot
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Phylloceras (H.) seresitense seresitense Pervinquidre is known from the Albian
and Cenomanian of France, Switzerland, northern Spain, Sardinia, Tunis, Algeria,
Nathal, Madagascar, Zululand, southern India (Pervinquiére 1910, Wiedmann 1962,
Wiedmann & Dieni 1968, Renz 1968), and Upper Aptian of Majorca (Wiedmann 19842).
This epecies is also known from the Lower Cenomanian of England, being however
extremely rare there (Kennedy 1971).

Family Turrilitidae Meek, 1876
Genus HYPOTURRILITES Dubourdieu, 1953
Hypoturrilites gravesianus (d’Orbigny, 1840)

(Pl. 32, Figs 8a—b, 10)

1892. Turrilites tuberculatus; Mantell, Pl. 24, Fig. 6 [only].

1040—1843. Turrilitas Gravesianus, d'‘Orbigny; d’Orbigny, pp. 580—507, PL. 144, Figs 3—5.

1950. Turrilites gravesianus d'Orblgny; Cleflifiski, pp. 42—A43.

19M. Hypoturrilites gravesianus (d'Orbigny); Kennedy, pp. 2—22, Pl 6, Figs 11 only upper
whorls, 12; PL 10, Figs 4—5 [with synooymy].

Materdal. — Pour fragments of whorls. ‘

Remarks. — Kennedy (1871, Pl. 6, Fig. 11) refigured Sharpe’s (1857, Fl. 25,
Fig, 1) specimen, the upper whorls of which correspond to H, gravesianus (d’Orb.)
and lower to H. tuberculatus (Bosc), and interpreted it as chimaera. The writer
had some doubt concerning the actual position of this specimen, i.e. whether it
represents a form dransitional between the two species, or a variaition in OMmanyen~-
tation which occurred during ontogeny. Professor W. J. Kennedy explained {personal
communication) that this specimen (¢f. Kennedy 1971, Pl. 6, Fig. 11) actually repre-
sents two different specimens glued together by Mantell or Sharpe into one %,

Occurrence. — Cenomanian, Jafwiny (unit 3 in Fig. 2C), Lustawice -(unit 4 in
Fig. 2D). Outside the area studied, the species was reported in Poland from the Ceno-
manian of northern margins of the Holy Cross Mts (Cieflifiski 1959).

Hypoturrilites gravesianus (d'Orbigny) is characterized by vast geographical
distribution; it is common in the Cenomanian of Europe, northern Africa (Dubourdieu
19838), Madagascar (Collignon 1964), Australia (Wright 1983), India and North Ame-
rica (Clark 1965, Kennedy 1971). -

Hypoturrilites aff. gravesianus {d’'Orbigny, 1840)
(Pl 32, Fig. 9a—b)

Material. — One fragment of the whorl.

Remarks, — A fragment of whorl (Pl. 32, Fig. 8a—b) differing from. whorls
of 'the typical forms in being more depressed, in having somewhat rounded cross-
-section, and fin whorl contact devioid of crenulape suture, Because of these differen-
ces the specimen is ddentified as Hypoturrilites aff. gravesianus (d’Orbigny).

Occurrence. — Cenomanian, Mokrzesz (unit 3 in Fig. 24).

be excluded that a part of those specimens unfortunately nonfigured, belonged to the
subspecies Pk, (H.) seresitense gseresitense Perv.

’ 1 That glued tighily together specimen was reproduced in recent papers {Cie-

glfiski 1969, Fig. 20; Clark 1965, Pl. 19, Fig. 9) as Hypoturrilites tuberculatus (Bosc).
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Hypoturrilites aff. tuberculatus (Bosc, 1801)
(Pl. 32, Figs 4—b)

1970. Turrilites man.telu ‘Sherpe, 1857; Marcinowskl, pp. 433—434, Pl 3, Fig. 5 [only].

Materéal. — One whorl and two fragments of whorls,

Description. — Outer surface of whorl convex, ornamented with three. rows
of tubercles. Tubercles of the first row are situated along the maximum convexity
of the whorl, A well preserved specimen (Marcinowski 1970, PL 3, Fig, 9) displays 17
tubercles per whorl, and the remaining specimens (Pl. 32, Figs 4—6) — about 17—
20 tubercles per whorl. Clavate tubercles. of the two lower rows are markedly
smaller in size, whereas the number of tubercles is the same or almost the same in
every row. Tubercles of the third row are somewhat larger than those from the
middle row and have a form of double ledge-like flatspot. Whorl contact with
weakly crenulate suture, Lower whorl surface with weakly marked ribs, continuing
£rom tubercles of the lowest raw. )

. Remarks. — The writer's specimens resemble Hypoturrilites tuberculatus (Bosc)
in number and shape of tubercles of the upper row and in weakly marked crenulate
suture of the whorl contact. They are.also similar to the species cenomanensis Schlii-
ter of the genus Muariella Nowak in number and in size differentiation of tubercles
.as well as in highly convex veniral side. However, the writer’s specimens (Pl. 82,
Figs 4—5), although differing from typical representatives of the species H. tubercu~
latus (Bosc), show more features: of that species than of the species cenomanensis
Schliiter.

Occurrence. — Cenomanian, Mokrzesz (unit 3 jn Fig. 24).

Hypoturrilites sp.
(Pl 32, Fig. 11)

Material, — One whorl.

.. . Descriplion. — Whorl 'with ventral side flat, and ornamented with three rows
of tubercles. Tubercles of the first row, 14 in number per whorl, are the largest,
occurring in ane-third of whorl height from the upper whorl surface; bases of the
tubercles sub-elliptical in outline. The two lower mows of tubercles are situated
.close to the lower inter-whorl suture; the tubercles are markedly smeller than those
of the upper row, clavate, about 22—24 in number per whorl; accurate number of
tubercles is difficult to establish as the sculpture is somewhat worn-out, Tubercles
of the third row give rise to distinct radial ribs contmmng across the lower whork
surface.

Remarks. — The writer’s specimen appears to be similar to Hypoturrilites
gravesionus (d'Orbigny), differing in somewhat more numerous tubercles of the first
row (about 14 tubercles in comparison with 10—12 large tubercles per whorl in
typical representatives of H. gravesianus), smaller size of those tubercles, flat vent-
ral side of whorls, and lower whorl height/shell diameter ratio. Those features
separate this specimen also from H. aff. gravesianus (d’Orbigny) described above.
In order to emphasize an isolated position of that specimen (Pl. 32, Fig. 11) from
other specimens, and particulorly from already etypical forms determined here as
H. aff. gravestanus {(*Orbigny), it is identified as Hypoturrilites sp. s

Occurrence, — Cenomanian, Mokrzesz (unit 3 in Fig 24).
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Genus OSTLINGOCERAS Hyatt, 1900
Subgenus OSTLINGOCERAS Hyatt, 1900
Ostlingoceras (Ostlingoceras) puzosianum (d’Orbigny, 1840)
(Pl. 32, Fig. 6)
1840—1842, Turrilites Puzostanus, d’'Orbigny; d’Orbigny, np, 567—588, Pl 143, Figs 1—2.
1862. Turrilites Pugzoslanus, 4'Orb.; Plotet & Campiche, pp. 139—140, P1. 09, Figs 3, 58, 47

1030. Turrilites cf. Puzosianus d"Orb.; Pagsendorfer, p. 607.
1997, - Ostlingoceras puzosianum (d'Oaﬂhlgny), &path PP. 523625, Text-fig. m-sm—c, Pl. 58, Plgs

- 38—40.
1963, o;tungocm-aa puzosi 4°Orp.; Collignon, Pl 257, Fig. 1113, .
1868, Ostwngocefas {0.) puzostanum (d'orb!snY), Pp. 92—83, u.='1. 18, Figs 1213,

Material. — One fragment of the whorl.

Remaries. — The writer's specimen hest corresponds to those figured by Spath
{1937, Pl. 58, Fig. 38) and Renz {1968, Pl 18, Fig, 14).

. Occurrence. — ?Uppermost Albian — Cenomanian 18, Mokrzesz. (unit 3 in Fig.
2A). This gpecies with the meservation “conformiés” was reported from high—tatuc
Albian of the Tatra Mts by Passendorfer (1930).

Ostlingoceras (0.) puzosianum (d'Orb1gny) is known from the uppermost :Al-
bian (dispar — perinflatum Subzone) from England, France, Switzerland (Spath
1937, Renz 1968), Tunds (Pervinguiére 1807 fide Renz 1968) and Madagascar (Collignon
1963).

Genus MARIELLA Nowak, 1915
Subgenus MARIELLA Nowak, 1915
Mariella (Mariella) cenomanensis (Schliiter, 1876)
(Pl 32, Figs 14—15)

1897. Turrilites tuberculatus, Bosc; Sharpe, p. 61, Pl. 25, Fig. 3 [omly]. .

1878. Turrilites cenomanensis, Schllit.; S¢hllter, pp. 131—132, Pl. 87, Figs 6—8.
18288, Turrilites cenomanensis, Schilliter; Spath, p. 429.

11929, Turrilites cf. cenomanensis Schliliter; Collignon, p. 62, Pl. 6, Fig. 10.
1951, Paraturrilites cenomanensis (Schlidter); Wright & Wright, p. 18.

1853. Turrilites cenomanensis Schleuter; Dubourdieu, p. 62,

1950, Paraturrilites cenomanensis (Schliter); CleSlifiski, pp. 40—41.

?1864. Paraturrilites cenomanensis Schlllter; Collignon, p. 54, PL 331, Fig. 1462,
1971. Mariella (Mariella) cenomanensis (Schilliter); Kennedy, pp. 28—29.

Material. — Four fragments of whorls.

Remarks. — This species is characterized by upper-row tubercles markedly
larger than clavate tubercles of the two remaining rows.

Differences among Cenomanian species of the genus Mariella Nowak were
discussed by Spath (1837, ¢p. $12—513) and Kennedy (1971, pp. 27—28). Diagnosis of

18 Ostlingoceras (0.) puzostanum {(d’Orbigny) is typical of the uppermost Al-
bian and in the literature available to the writer was not reported érom ‘the Ceno-
manian. At Mokrzesz, this species cooccurs with Cenomanian forms, which seems
to indicate the range of condensation (vide chapter on stratigraphy). It should be
noted that the species Ostlingoceras (0.) puzosiforme Spath, morphologically similar
angd closgely related to O. (0.) puzosianum ~(d’0rb1gmy) (see Renz 1968, p. 93) occurs
in the Albian-Cenomanian junction beds, viz. it was recorded a fe-w centimeters
below the Albian/Cenomanian boundary in the Sainte-Croix section (Renz 1868,
D. 93) and from the uppermwost Albian and lowermost Cenomanian of England (Ken-
nedy 1971, p. 26). However, the writer’s specimen (Pl. 32, Flg 8) iz so close to O. (0.)
Ptaumaﬂ tde (d*Orbigny) that allocation to the latter species would rather be unsub-
stantiated.
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the genus Mariella Nowak, 1815, and its subgenera, as.well as problems of the prio-
rity of names were recently discussed by a number of authors (Wright 1957, Clark
1965, Renz 1968, Marcinowski 1970, Kennedy 1871). The writer wants to draw atten-
tion that Nowak indicated the type specimen of that genus already in 1915 (Nowak
1045, p. 10, “Uber die bifiden Loben der oberkretazischem. Ammoniten..”) and not
1818 (Nowak 1918, “Zur Bedeutung von Scaphites..”) as it is widely assumed.

Occurrence. — Cenomanian, Mokrzesz (unit 3 in Fig. 24). In Poland, outside
the area studied, the species was recorded in the Cenomanian of northem margins
of the Holy Cross Mts (Cie'éllﬂski 1959).

Muartella (M.) cenomanensis (Schliiter) is '8 commoén form in the Lower Ceno-
manian of southern England (Kennedy 1971), Germany (Schliiter 1876), Frrench’ Alps
{Porthault, Thomel & Villoutreys 1966), northern Africa and ?Madagascar (Collignon
1929, 1964; Dubourdieu 1853).

Mariella (Manella) cf. ce'nomanenszs {Schliiter, 1876)
(Pl 32, Fig..16)

1071, Mariella (Mariella) of. cenomanensis (Schliiter); Kennedy, Pl 8, Fig. 10.

Material. — Two fragments of whorls.

Remarks. — The forms determined as Mariefla (M.) ¢f. cenomanemsis (Schlii-
ter) comprise some specimens (cf. PL 32, Fig. 16) characterized by tubercles of the
second row situated somewhat lower than in typlcal specimens of the. specles
cenomanensis (Schliiter) and closely resembling the form identified as Mariella (M.)
of. cenomanensis (Schliiter) by Kennedy (1971, Pl. 8, Fig, 10).

Occurrence. — Cenomanian, Mokrzesz (unit 3 in Fig, 24).

Mariella (Mariella) sp.
(PL 32, Fig. 7)

Material. — One specimen with two whorls preserved.

. Description. — Whorls with regularly convex. -outer surface ornamented with
three rows of tubercles. Tubercles, equal in. number in every whorl (24 per whorl),
are 4ransloeated in relation to one another in each longitudinal row, which resul'ts
In formation of, transversal rows., Tubercles of the two upper rows are. similar in
size, but somewhat larger than those of the third row, situated very close to inter-
-whorl suture.

Remarks. — Small differentiation in size of tuberclés makes this form similar
1o Mariella (Mariella) lewesiensis (Spath); -however, any reliable specific identifica-
tion of that specimen is precluded by the fact that it represents juvenile whorls,

Occurrence. — Cenomanian, Mokrzesz {unit 3 in Fig. 24).

Genus TURRILITES Lamarck, 1801
Subgenus TURRILITES Lamarck, 1801
Turrilites (Turrilites) boerssumensis Schliiter, 1876
{PL. 32, Fig. 12a—Db)

1857. Turrilites costatus, var.; Sharpe; Pl 27, Fig, 12.
1878. Turrilites Birssumensis, 'schlﬂt.; Schliiter, pp. 120—130, Pl. 38, Figs 8—7.
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1851. Turrilites cf. borssumensis Schliiter; Wright & Wright, p. 17..
1871. Turrilites (Turrilites) borssumensis Schiliter; Kennedy, p. 31, Pl. 8, Fig. 6.

Material. — 'Well preserved half a whorl.

Remarks. — The specimen matches the diagnosis given by Schliiter (1878, p.
129), and closely resembles the forms previously figured under that name (cf. syno-
nymy listed above).

Occurrence. — Cenomanian, Mokrzesz (unit 3i m Fig. 2A). The species is record-
ed for the first time from Poland.

_ Turrilites (T.) boerssumensis Schliiber is known from the Cenomenian of En-

gland (Sharpe 1857, Kennedy 1971) and Germany (Schliiter 1876).

Family Desmoceratidae Zittel, 1895
Subfamily Puzesiinae Spath, 1922
'Genus PUZOSIA Bayle, 1878
Subgenus PUZOSIA Bayle, 1878
Puzosia (Puzosia) subplanulate (Schliiter, 1871)
(Pl 31, Fig. 4a—b)

1885, Ammoniies planulatus, Sowerby; Sharnpe, p. 2, PL 12, Fig. 8 [only].

16T. Ammonites subplanulatus sp. n.; SchlQter, pp. 47, Pl 2, Figs §—1.

1910, Puzosia subplanulata Schititer; Pervinquidre, pp. 34—385, PL 2, Figs 317, 32.

1951, Puzosia plonulata (3. Sowerby); Wright & Wright, p. 18.

71959. Puzosia cf. planulaia (Sowerby); Cleélifigkl, p. 46.

1888, Puzosia cf. subplanulata Schiut.; Coliignon, p. 23, Pl 12, Fig. 3.

1088 Puzosia (Puzosia) cf. subplanulata (Schlliter); Renz, pp. 31—:, Text-tig. 7f, Pl 1, Fig. o

1971. Puzosia (Puzosia) subplanulata (Schliiter); Kennedy, p. 35, PL 9, Figs 1—3; Pl 10, Fig. 3;
Pl. 50, Fig. 8.

Material. — One specimen, preserved in a few fragments of whorls.

Remarks. — Representatives of the genus Puzosia Bayle, 1878, are characteriz~
ed by changes in shell ornamentation proceeding along with ontogenetic development.
For example, some Albian forms such as Puzosia (Anapuzosia) tucuyensis (v. Buch)
(vide Renz 1972, Pl 1, Fig. 3) have juvenile whorls similar to those of Puzosfa (Pu-
20sia) subplanulata (Schlitter) (of. Renz 1972, p. 707). Similarly, Puzosia (P.) cf. cre-
brisulceta Kossmat (cf. Kennedy 1971, P1. 14, Figs 5, 7) resemble in its inner whorls
those of Puzosia (A.) tucuyensis (v. Buch) (cf. Renz 1972, Pl. 1, Fig. 2). Thus, at least
some forms placed in different taxa depending on the development of their inner
whorls may actually belong to the same subgenus or even species.

Oceurrence. — Middle Ceniomianian  (Acanthioceras rhotomagense molme), Gla~
néw (unit 2a in Fig. 22).

Oumude'ﬁheamsmmmespemesfwasmdedeohmdﬂmmheoano-
manian of northern margins of the Holy Cross Mts (CieSlifiski 1959). Specimen with
features transitional between “Puzosic Meyoriana d*Orb.” and “Puz. planulate Sow.”
[recte P. (P.) subplanulata (Schilliter)] wias reported by Passendorfer (1830, p. 467)
from the high-tatric Albian of the Tatra Mts.

Puzosia (P,) subplanulata (Schliiter) is known from the uppermost Albian of
Switzerland and France (Renz 1968), Lower and Middle Cenomanian of southern
England and 'Germany (Schliiter 1871, Kennedy 4971), and from the Cenomanian of
Algeria (Pervinquiére 1910) and Marocco (00'111gnon 19686).
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Family Hoplitidae Douvillé, 1890
Subfamily Hoplitinae Douvillé, 1890
- Genus HYPHOPLITES Spath, 1922
Hyphoplites campichei campichei Spath, 1925
(Pl 33, Fig. la—c)

1850. Ammonites falcatus, Mantell; Plotet & Campiche, p. 210, PL 7, Fig. 1 [only].

1928, Hyphoplites campichei, n. n.; Spath, p. 8% -

1028. Hyphoplites campichei, Spath; Spath, p. 183.

1948. Hyphopiites campichei Spath; Wirdght & Wright, pp. 483—484, PL 20, Figs 5—8, 8 [non
Fig. 1].

1951. Hyphoplites campichel Spath; Wright & Wiright, p. 21 [pars].

19_8& . Hyphoplites campichei campichet Spath; Renz, p. 25, Text-tigs 9a, Wa, PL 2, Fig. 7.

19Ti. Hyphoplites campichei Spath; Kénnedy, pp. 42—43.

Material. — Half a whorl.
Biometry (all linear measurements in mm):

Wb
D Wha Wb U —_—
. Wh
271 12.7 6.9 [ 1] 0.4
Ratio to D: ﬂmr . 0.35 .0

Remurks. — The writer’s specimen (Pl 33, Fig. 1) represents a highly com-
Ppressed morphotype; is characterized by whorl thickness to height ratio 0.54, in
comparison to 0.61 in the holotype (cf. Renz 1888, p. 25). The highly compressed
whorls and the ornamentation consisting of poorly developed ribs on whorl sides
bring- this specimen close to those figured by Wright & Wright (1049, PL 29, Figs
5—8), Hyphoplites campichei Spath evolved from the species &roup “gubfaleatus —
coelomotus” of the genus Discohoplites Spath, from which it differs in more uregular
and generally less pronounced ribs and in well-marked latero-ventral margin of
whorls (Wright & Wright 1949, pp. 483—484), The form regarded by Wright & Wright
(1948, p, 479, PL 29, Fig. 1) as transitional between Discohoplites subfalcatus (Semenov)
and Hyphoplites camnpichei Spath, was subsequently selected by Renz (1988) as the
holotype of the subspecies Hyphoplites campichei densecostatus Renz. However,
more recently Kennedy (1871) accepted the point of view of Wright & Wright (1949);
thus some of his forms may not actually represent the subspecies “campichei” sensu
Renz (1968). The subspecies “demsecostatus” differs from the mominal subspecies
“campichet” in such features: as whorls wider at umbilical margin, whorl sides
Imore strongly converging towards the venber, shape of suture line, and of ribs
{Renz 1968, p. 26).

Occurrence. — Cenomanian, MokrzeSz {unit 3 in Fig. 2A) The species is re-
corded for the fimst time in Polend, '

Hyphoplites campichei campichei Spath is known from ‘the uppermost Albian
(“disparr-perinfietum” Subzone), Lower Cenomanjan of England (Wright & Wright
189, Kennedy (1971), and dmom, ‘the 'V'moandm of Sainte-Crolx im the Swies Jura
(Renz 1968), '

Hyphoplites falcatus aurora Wright & Wright, 1949
-(Pl. 33, Fig. 2a—b)

1049. Hyphoplites falcatus (Mantell) subap. chron. aurora nov., Wright & Wright, pp. 485—488,
Pl. 29, Figs 8, 9; PL %0, Fig. 5.

195l. Hyphoplites falcatus aurora 'Wright & Wright; Wright & Wright, p. 2. )

1968. - Hyphoplites falcatus aurora C. 'W. et E. V. 'Wright; Renz, p. 26, Text-tig. od; PL 3, Fig. 15.

1971, Hyphoplites falcatus aurora Wright and Wright; Kennedy, p. 42.
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71872, Hyphoplites aff. campichei Spath transitional to ‘falcaius aurora Wright and Wright;
Hancock, Kennedy & Klaumann, p. 448, Pl. 81, Fig. 2a—c.,

Material. — Fragment of the whorl.

Remarks. — The subspecies H. falcatus aurora Wright & Wright is very close
to H. campichei Spath from which it evolved (Wright & Wright 1049, p. 486). 1t is
eagily distinguishable from H. campichei campichei Spath by a stronger, flat and
wide primary ribs and lack of intercalary ribs.

Occurrence. — Cenomanian, Mokrzesz (unit 3 in Fig. 24). This subspecies was
not hitherto recorded from Poland 19, ' .

Hyphoplites falcatus aurora Wright & Wright is known from the uppermost
Albian of Dorset, and from the base of the Cenomanian on the Isle of Wight (Wright
& Wright 1949, 1951; Kennedy 1971), from the Vraconian of Sainte-Croix ({Renz 19868),
and from the lowermost Cenomanian in the Rhine Massif (Hancock, Kennedy &
Klaumann 1972).

Family Acanthoceratidae Hyatt, 1900
Subfamily Mantelliceratinae Hyatt, 1903
Genus MANTELLICERAS Hyatt, 1903
Mantelliceras tuberculatum (Mantell, 1822)

' (PL. 33, Fig. 4a—b)

1832, Ammonites Mantelli Var. tuberculeia; Mamitell, p. 114,
1857. Ammonites Mantelll var. A; Sharpe, p. 41, Pl. 18, Fig. 6 [omly].
1859. Ammonites Mantelli, Sowerby; Plctet & Cempiche, pp. 200—208, P1. 26, Fig. 5 [only].
[non] 1970, Mantelliceras tuberculatum (Mantell, 182%); Marcinowskl, pp. 442—4u48, Pl. 8, Fig. 8
. [= Mantelliceras aff. costatum (Mantell)]. :

1971. Mantelliceras tuberculatum Mantell); Kennedy, pp. 61—a2, Pl. 24, Figs 2—3, 5, 7} PL 25,
Fig. 1 [with synonymy]. .

Material. — Three fragments of whorls,
Biometry (all linear measurements in mm):

Wb

Specimen D Wh Wb U —_—

Wh

1) Pl. 338, Fig4 25 10.3 12.1 6.2 1.16
Ratlo to D: o.M 0.64 0.27

2) - 16.8 1.7 — 0.94

3) — 1n 10.9 —_ 0.99

Remarks. — The specles is characterized by distinct -ribbing and aumerous
well-pronounced tubercles; there are four tubercles on every primary rib, and two
on Intercalary Tib. The specimens belonging to this species are characterized by
maximum regularity of shell ornamentation among representatives of the genus
Mantelliceras Hyatt found in the area studied.

1 Cieflifiski (1969, pp. 53—54) cited H. falcatus (‘Man_tell) from the marging of
the Holy Cross Mts. The writer inspected the specimen kept in the Museum of the
Geological Survey of Poland, in Warsaw. The specimen is poorly Dpreserved but it
may be supposed that it belongs to the nominal subspecies H. falcaius falcatus
(Mantell).
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Occurrence. — Cenomanian, JaZwiny (unit 3 in Fig. 2C). Outside the area
studied, the species was found in Poland in the Cenomanian of northern margins of
the Holy Cross Mts (CieSlifiski 1959).

Mantelliceras tuberculatum (Mantell) is common in the Cenomanian of we-
stern Europe iKennedy 19871, Renz '1863), Spain (Wiedmann 1959, 1964b), northern
Africa (Pervinquiére 1910), and Madagascar (Collignon 1864).

Mantelliceras aff. costatum (Mantell, 1822)

1870, Manteliiceras tuberculatum (Mantell, 1828); Marcinowalkl, pp. 442—#3, Pl 6, Fig. ©.
[atf.] 19T1. Mantelliceras costatum (Mamtell); Kennedy, pp. 57—58, Pl. 19, Figs 1—2; Pl M, Fig. 1.

Material. — One fragment of the whorl. ]

Remarks. — The specimen figured in previous paper (Marcinowski 1970, Pl.
6, Fig. 8) as M. tuberculatum (Mantell) is characterized by whorl thickness almost
equal to whorl height, and straiight intercalary ribs of different length which are
as strong as main ribs on the ventral side. The above characteristics allow to assign
this specimen to Mantelliceras costatum Mantell) (see Kennedy 1971, pp. 57—58, Pl
19, Fig. 1). However, it differs from typical representatives of that species in more
loosely spaced ribs and in less involute whorls, which justifies assignation of the
specimen gs “affinis” costatum {(Mantell).

Occurrence, — Cenomanian, Mokrzesz (unit 3 in Fig 24). The species was not
hitherto recorded from Poland.

Mantelliceras gr. dizoni Spath, 1926
(P1. 33, Fig. 5a—b)

Material. — Half a whorl.
Biometry {linear measurements in mm):

Wh Wb
18.7 17.4

Description. — Whorl fragment with weakly convex sides, ovate in <ross-
-section, thickest at mid-height. The whorl fragment available is ornamented with
13 ribs (number of ribs may be estimated at c. 30 per whorl). Main (longer) ribs
rise from tubercles situated at umbilical margins, elongated in the same direction
as ribs. Ribs are somewhat inclined forwards, slightly bending backwards at one-
~-third of whorl height; main ribs are well-marked on the venter; ventro-lateral
tubercle developed on every main rib. Main ribs are separated by two, sometimes
one intercalary rib of different length, but shorter than the main ribs. Some inter-
calary ribs almost reach umbilical mangin. lnbemalary ribs almost as strong as main
ribs at the venter, becoming progressively thinner towards umbilicus, which differs
them from the latter ones. Umhilical wall vertical

Remarks. — The form in question most closely Tesembles the specimen figured
as M. gr. dixomi Spath by Kemnedy (1971, Pl. 22, Fig. 2). That group was proposed
by Kennedy (1889, 1970) for specimens differing from the holotype of M. dixoni in
result of thh variation in shell ornamentation. That variation may be related to
changes of ornamentation aslong with ontogenetic development, or to pathology, as
well as bo & damage of sheil of living individual (Kennedy 1871, p. 59).

Occurrence. — Cenomanian, Mokrzesz (unit 3 in Fig. 24). The species was
not hitherto recorded from Poland.
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Mantelliceras gr. dixoni Spath is known from the upper part of the Mantel-
1iceras mantelli Zone in England. Moreover, it was reported from southern France,
Presumably from the same stratigraphical position {cf. Hancock 1959, p. 250).

Mantelliceras saxbii (Sharpe, 1857)
{PL 33, Fig. 3)

1822, Ammonites Manielli Val. costata; Mantell, pp. 113114 [pars], PL %2, Fig. 1 Jomly).

1891, Ammonites Mantelli, Sowenby; Sharpe, pp. 40—41, P1 18, Fig. 4 [only].

1857. Ammonites Saxbii, Sharpe; Shanpe, p. 45, P1. 20, Fig. 8.

11059, Mumteiliceras cf. batheri Spath; Cleglifiski, p. 62, Pl, 8, Fig. B.

1859. Mantelliceras hyatti Spath; Cleflifiekl, p. 63,

1868. Mantelliceras saxbii {Sharpe); CleSlifiski, p. 64.

1971. Mantelicerage saxbif (Sherpe); Kennedy & Hancock, pp. 487441, Texi-tig, l1a,e; PL 79,

- -Figs 1, 3; PL 60, Figs 1—4; Pl 61, Figs 4, 6—8; Pl, 82, Fig. 2 [with sll synonymy]l.

Material. — Two fragments of whorls.
Biometry (linear measurements in mm):

Specimen in Wh Wb
PlL 33, Fig. 3 2.8 15

Remarks. — Systematic position of this species, its full synonymy and discus-
sion are given by Kennedy & Hancock (1971). It follows from tthe synonymy given
by those authors that the forms described as Mantelliceras cf, batheri Spath and M.
hyatti Spath by Ciledlifiski (1959) from the nomthern margins of the Holy Cross Mts
actually belong to this species.

Occurrence. — Cenomanian, Mokrzesz (unit 3 in Fig, 24A), In Poland this species
is also represented in the Cenomanian of northern marging of the Holy Cross Mis
{CieSlifiski 1959; cf. remarks above).

: Muantelliceras saxbit (Sharpe) is characterdized by wide geo@ra'nhﬂcal distribu-
tion, as it is kmown from the Lower Cenomanian of England, northern and southern
France, Germany {Kennedy & Hancock 107, Kennedy 1971), Switzerland (Pictet &
Campiche 1880, Renz 1983), northern Africa (Pervinguiére 1910), Madagascar {(Col-
lignon 1964) and possibly also from the North America (Kennedy & Hancock 1971),

Genus ACOMPSOCERAS Hyatt, 1903
Acompsoceras sp.

Material. — Badly preserved fragment of the whorl,

Diimensfons (in mm): Wh — M2, Wb — 17.3.

Digcriptdon. — Whorl slender, smooth, with gently convex sides, markedly
higher than wide, thickest at mid-height. Venter narrow, rounded. Suture line
poorly wvisible, with subphyllaid folies of the pseudophylloceratoid type. '

Remarks. — Very slender whorl shape, narrow and rounded venter, and the
course of suture line bring this specimen close to Acompsoceras essendiense (Schlli-
ter) var. madagascuriensis Collignon (see Collignon 1964, Pl 356, Fig. 1569; Pl. 357,
Fig. 1570). Kennedy (1971, p. 89, Pl. 81, Fig. 2) regarded specimens belonging to that
variety as A. aff. essendiense (Schliiter), Poor preservation of the writer's specimen
Pprecludes more accurate identification. -

Occurrence. — Cenomanian, JaZwiny (base of unit 3 in Fig. 2C). This genus
hitherto was not reported from Poland.
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The genus Acompsoceras Hyatt Is known from the Cenomanian of England,
France, Germany, northern Africa, Syria, Madagascar, North America (Wright 1657,
Kennedy 1971); Acompsoceras? was reported from the Cenomanian of the Western
Interior Region In Canada {(Jeletzky 1971, p. 28).

Genus CALYCOCERAS Hyatt, 1900
Subgenus LOTZEITES Wiedmann, 1959
Calycoceras (Lotzeites) aff. lotzei Wiedmann 1959

" (Pl. 33, Fig. 6a—Db)

[eff.) 1959. Calycoceras (Lotzeites) lotzel n.8p.; Wiedmanmn, pp. T0—T84, Text-fig. 1, PL 2,
Fligs 1—2.
faff.] 1964b. Calgl:cocema (Lotzeites) lotzei 'Wiedmann; Wiedmann, pp. 121—122, Fige 2z—b, 3.

Material, — Well preserved fragment of the whorl.

Dimensions (in mm): Wh — 10.4, Wb — 11.7, Wbt (thickenes of the whorl on
the lateral tubercles) — 14.3. .

Description. — Whorl wider than high, with convex, rounded venter. Umbilicus
- with high, vertical umbilical wall. Umbilical margin ornamented with small inflat-
tened tubercles, giving rise to short ribs. Ribs continue across whorl sides, reaching
sharp, conical tubercles at poorly marked wventro-lateral margin. Ventro-lateral
tubercles have spiny-like appearance and give rise to pairs of external ribs. The
external ribs pass across and are progressively more distinct towards the venter.
A single intercalary rib, developed in the same way as the remaining external ribs,
is feebly connected with any ventro-lateral tubercle. External ribs much better
marked than the internal (umbilical) ones.

Re-mgrks. — The specimen in question is most similar to that presented by
Wiedmann (1959, Pl 2, Figs 1—2; and Text-fig. 1), differing somewhat in cross-
-section of whorl and in occurrence of intercalary ribs on ventral side. According
to Professor W. J. Kennedy (written communicat) the writer’s specimen may belong
to the species Calycoceras (Lotzeites) lotzei Wiedmann, but features such as style of
ribbing and strong tuberculation also bring it close to some representatives of
Calydoceras noviculare (Mantell), which may form a transition to species of the
subgenus Lotzeites (cf. Kennedy 1971, Pl, 47, Fig, 1).

Occurremnce. — Cenomanian, JaZwiny (upper part of unit 3 in Fig. 2C). The
subgenus and species were not hitherto recorded from Poland.

Calycoceras (Lotzeites) lotzet Wiedmann is known from the middle part of the
Upper Cenomanian (V zone) of Portugal and Spain (Wiedmann 1859, 1964b). This
species is good guide fossil of the Upper Cenomanian (W. J. Kemnedy, written
communicat). Other species of that subgenus, outside Spain and Poriugal, were
reported from India, Madagascar, northern Africa, and England (Wiedmann 1959,
19684b; Kennedy 1971), and from the, French Alps (Porthault, Thomel & Villoutreys
1968).

Subfamily. Acanthoceratinae Hyatt, 1900
Genus ACANTHOCERAS Neumayr, 1875
Acanthoceras sp.
{Pl. 31, Fig. b)
Material. — Badly preserved whorl fragment of a iarge specimen.
Remarks. — 'Whorl subquadrate in cross-section, ornamented with massive
ribs. If the point of view of Kennedy & Hancock (1670) end Kennedy (197%) is
accepted, allocation of the specimen in the genus Acanthoceras Neumayr, 1875, seems

12
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to be unquestionable. However, its poor preservation precludes any specific iden-
tification.

Occurrence. — Middle Cenomdnian, Glanbéw (unit 2a in Fig. 22). From the same
exposure Sujkowski ¢1926) cited “Acanthoceras rhotomegense Defr.”'. In Poland,
specimens of the genus Acanthoceras Neumayr, 1875, are very rare, and were reported
from the Upper Cenomanian of the Burzenin area, western margins of the Miechéw
synclinorium (Cleglifiski 1958), and from the margins of the Holy Cross Mts (Cie$tifislkj
& Pozaryski 1970) 8, This genus has world-wide distribution in the Middle and Upper
Cenomanian.

General remarks on the ammonite fauna

The rich assemblage of Cenomanian ammonites found in the area
studied yields a number of genera, species, and subspecies hitherto not
reported from the area of Poland, viz. Phylloceras (Hypophylloceras)
seresitense seresitense Pervinquiére, Turrilites (Turrilites) boerssumensis
Schliiter, Hyphoplites campichei campichei Spath, H. falcatus aurora
Wright & Wright, Mantelliceras aff. costatum (Mantell), M. gr. dixont
Spath, Acompsoceras sp., and Calycoceras (Lotzeites) aff. lotzei Wied-
mann. '
Majority of cephalopods (cf. Table 5) reported from the area studied
are also known from England (cf. Wright & Wright 1951, Kennedy 1971}
and are characterized by the world-wide distribution (vide occurrences
and Marcinowski 1970, Kennedy 1971). Average size of Polish specimens
is generally smaller than that of comparable English representatives of
the same species (Marcinowski 1970, p. 445).

Frequency of particular higher taxa of ammonites in the writer’s
collection comprising 637 specimens, is different, and  the percentage
contribution of various families is as follows:

2

Schloenbachidae 63.74
Turrilitidae 21.51
Acanthoceratidae (mainly subfamily
Mantelliceratinae) 6.34
Scaphitidae 4.70
Baculitidae 3.92
Hoplitidae 0.31
Phylloceratidae 0.16
Hamitidee 0.16
Dezmoceratidae 0.16

17 Collection of cephalopods from the area in question, gathered by Sujkowski,
was lost during the IT world war. Thus, the writer is unable to state whether or not
the identifications, and particularly specific identifications made by Sujkowski would
be acc in the light of the present criterda. :

Those authors accept two-fold subdivision of the Cenomanian. Their Upper
Cenomanian ‘corresponds 'to a part of the Middle Cenomanian and to the whole Upper
Cenomanian in the subdivision' accepted in the present paper (vide chapter on
stratigraphy).
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Distribution of Cenomanian cephalopods in the investigated area of the Polish Jura
Chain; the list of s,pecms comprises ‘both the forms monographed in this paper, as
well as,those previously described A(Marmnovwskﬂ 1970, 1972)
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It is of interest to note that the genus Schloenbachia Neumayr, 1875,
predominating here, is also the most common in the Cenomanian of
England, where “at many levels (it) forms 90% and more of the ammonite
fauna” (Kennedy 1971, p. 45). Some other forms are as rare in Poland, as
they are in England.- For example, of the family Phylloceratidae Zittel,
1884, comprising typical representatives of the Mediterranean fauna, only
two specimens of Phylloceras (Hypophylloceras) seresitense Pervinquiére
were found in the Cenomanian of England (Kennedy 1971). Although
Cenomanian ammonite assemblages of the southern England and the
Polish Jura Chain are very similar in composition, there are also distinct
difféerences, particularly when lower taxa are compared. For example,
ammonites of the genera Hamites, Puzosia, Hyphoplites, Calycoceras, and
Acanthoceras, common in the Cenomanian of England, are extremely rare
in the area studied; this can be related to differences in environmental
conditions. In turn, some species of the family Turrilitidae Meek, viz.
Hypoturrilites gravesianus (d’Orbigny), H. tuberculatus (Bosc), Turrilites
(T.) costatus Lamarck, Turrilites (T.) acutus Passy, Turrilites (T.) sche-
uchzerianus Bose, Mariella (M.) lewesiensis (Spath), seem to be equally
common in Poland and in England. Moreover, some of these species of
turrilids are known from the Cenomanian of North America (Clark 1965,
Cobban & Scott 1972), South America (Benavides-Caceres 1956), Ausira-
lia (Wright 1963), and Madagascar (Collignon 1964). I{ is interesting that
the benthic or epibenthic forms, to which belong representatives of the
family Turrilitidae, show such a wide geographical distribution. This
would indicate their lack of dependence or lack of sensitivity to general
environmental changes in their juvenile stages when they, after a pelagic
widespread of larvae, settled in various geographic zones.

STRATIGRAPHY

Accuracy of stratigraphic subdivision of the Albian-Turonian strata
studied is influenced by frequency and stratigraphic value of particular
faunal -groups (cf. description of lithological members and Tables 1—5).
Cephalopods (ammonites and belemnites), the group of orthostratigraphic
importance, appear to be confined to the Cenomanian strata in the area
studied. The Albian and Turonian strata are devoid of cephalopods, and
inocerams are the only group of stratigraphic importance represented.
Some strata are without stratigraphically important fossils and their age
may only indirectly be established.

Upper Albian

In the area studied, the oldest deposits with faunal record (yielding
Inoceramus concentricus Parkinson, I. anglicus Woods, and I. anglicus-
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crippsi m.f.) are assigned to the Upper Albian. In the present paper this
stratigraphic unit is interpreted in the same way as In England (cf. Spath
1926a, 1942) and in the remaining epicontinental areas of Poland (cf. Cie-
Slinski 1959, 1960a), although lack of ammonites precludes more accurate
stratigraphic definition of that unit.

In the vicinities of Mokrzesz-Lustawice-Julianka and Leléw, the
oldest Cretaceous strata yield no fossils except for siliceous sponges. They
infill all the larger depressions in the substrate formed by Upper Jurassic
limestones, and are overlaid by middle Upper Albian strata with fossil
record (cf. Fig. 28 — Zalesice, Leléw). Those faunistically bare strata
correspond to the lower part of the Upper Albian and possibly to the
uppermost Middle Albian (Marcinowski 1970). They are overlaid by quartz
sandstones with irregular bodies of quartzitic sandstones and yielding i.a.
Inoceramus comcentricus Parkinson, I. anglicus Woods. Still younger
inoceram association was found in the Solca region (see below), in the
strata developed in the same facies. Thus the inoceram assemblage from
quartzitic sandstones of Zalesice and Leléw should ‘be regarded as
indicative of the middle part of the Upper Albian. Also Cieslinski (1960a)
regards the strata characterized by cooccurrence of Inoceramus concen-
tricus Parkingon and I. anglicus Woods as being of the middle Late-
-Albian age. At Mokrzesz, Jazwiny, and Luslawice, inoceram-bearing
strata are overlaid by quartz sands with phosphatic nodules (units 1—6
in Fig. 2B, units 1—2 in Fig. 2C, units I—3 in Fig. 2D) and with numerous
Aucellina gryphaeoides (Sowerby). Those sands underlie Cenomaman
strata with fossil record and represent the uppermost Albian (cf. alse
Cieglingki 1960a).

In the Solca region, bipartity of the lithological profile of the Upper
Albian was found (cf. Fig. 28 — Solca): the lower part of the profile
comprises sandy deposits with innumerous siliceous sponges, while the
upper part is composed of quartz sands with irregular bodies of quartzitic
sandstones (cf. Fig. 28). The quartzitic sandstone bodies yield Inoceramus
anglicus Woods, and I. anglicus-crippsi m.f., and other fossils. However,
Inoceramus concentricus Parkinson was not found. Lack of this form, and
occurrence of I. anglicus Woods and I. anglicus-crippsi m.1., i.e. the form
transitional between Upper Albian species anglicus and Cenomanian
I. crippsi Mantell, suggest the latest Albian age of those strata. If it is the
case, then the underlying sandy deposits with spongés roughly. correspond
to the lower and middle parts of the Upper Albian {cf. Fig. 28 — Zalesice-
-Solca).

In the Wolbrom and Glanéw regions, Cenomanian strata with fossil
record are underlaid by deposits facially corresponding to sandy deposits
with sponges, known from the Zalesice, Leléw, and Solca regions (Fig. 28,
cf. also Pl 1, Fig: 6 with Pl 2, Figs 2—3). Analysis of the profile (cf.
Fig.. 27 and Fig. 28 — Wolbrom-Glanéw) shows that those. deposits
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underlying the Cenomanian ones may. correspond .to the whole Upper
"Albian.

Maximum thickness of the Upper Albian is as follows: Zalesice —
25.m, Leléw 28—30 m,. Solca 50 m, Wolbrom .and Glanéw — 43—33 m,
decreasing to 0 at Mokrzesz, Porg¢ba Dzierzna, and Glanéw (profile 108c).
Such high variation in thickness of the Upper Albian strata, observed
even at short distances (e.g. Mokrzesz and Glan6éw localities — cf. Figs 2,
27, and 28)-relates mostly to denivelations of the Upper Jurassic substrate.
It should be noted that fossiliferous deposits-of middle and upper parts
of the Upper Albian from the area studied are markedly thicker than
contemporaneous phosphorite-bearing :strata (47 and As horizons) from
north-eastern margins of the Holy Cross Mts (cf. Cieslinski 1959, 1960a).

Cenomanian

Previous division of the Cenomanian .into three parts, used in
Poland by Samsonowicz (1925), Panow. (1934), Rézycki (1937), Pozaryski
(1947), a.o0., was based on inadequate biostratigraphic evidence. The forms
regarded as guide fossils actually occur in the whole Cenomanian (cf. Cie-

‘$linski 1959, Marcinowski 1970). In connection with this Cieslinski (1969)

proposed bipartite division of the Polish Cenomanian {cf. Table 6) fol-

lowing a subdivision of the English Cenomanian. introduced by Wright &
Wright (1951). Cieslinski’s (1959) division was accepted in subsequent

papers (cf. Cie§linski 1959, 1965; CieSlinski & Pozaryski 1970; Marcino-

wski 1970; Glazek, Marcinowski & Wierzbowski 1971). However, the

bipartite division of the Cenomanian is not free from some drawbacks and

often is not supported by adequate paleontological evidence (cf. Cleélmsk:[

1959, Marcinowski 1970).

In recent years, classical sections of the Cenomanian in France and
in England were reexamined and their ammonite sequence studied in
detail. Those studies made it posible to divide the Cenomanian into three
well-defined zones — the Mantelliceras mantelli, Acanthoceras rhoto-
magense, and Calycoceras naviculare zones (Hancock 1959; Kennedy
1969, 1971) 18,

The Cenomanian/Turonian boundary has not been so far accurately
defined and the stratigraphic position of the strata of Actinocamax plenus -
Zone, occurring above the Calycoceras naviculare Zone, gives rise to some
doubts (cf. Marcinowski 1972, and the literature cited). Recent studies
showed that in southern England Calycoceras naviculare (Mantell) enters

¥ S, Radwarski (1966) in his study on the Cenomanian of the Middle Sudetes
Mts in Poland distinguished these three ammomte zones after Hancock (1959),
‘however; without any fossil records.
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Correlation of the Cretaceous deposits and their relation to the Upper Jurassic substrate
n the Polish Jura Chain, between Czgstochowa and Glanéw (for location of the profiles
see Text-figs 1C and 9)
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the lower part of the plenus Zone (sensu Hancock 1969; cf. Kennedy 1971,
P. 103). In the area studied Actinocamax (Praeactinocamax) plenus (Blain-
ville) cooccurs with Schloenbachia -cf. lymensis Spath in the Calycoceras
naviculare Zone (see below). Deposits of that zone are overlaid by the
Lower Turonian (Inoceramus labiatus Zone) deposits in. sedimentary -
continuity so it appears impossible to distinguish a separate plenus Zone.
In the present paper the Calycoceras naviculare Zone is accepted as the
upper zone of the Cenomanian {cf. Table 6), and interpreted in this way
as comprismg at least a part of the plenus Zone. It follows from the data
recently published that the plenus Zone strata may be regarded as a range
of correlation error in delineating Cenomanian/Turonian boundary. '

The rich ammonite assemblage from the area studied (cf. Table 5)
yields a number of forms characteristic of these abovelisted three zones.
Moreover, Cenomanian ammonite assemblage from the Polish Jura Chain
appears very close to the ammonite assemblage from England (cf.
chapter — remarks on ammonite fauna). This makes it possible to adopt
the division of the Cenomanian into three zones proposed by Kennedy
(1969). The results of studies on the Polish profiles of the Cenomanian
and the data gathered from the literature allow to compare the divisions
of the Cenomanian applied in England and France, with that hitherto
used in Poland (Table 6).

" In the whole area studied, decalcified deposits of the Upper Albian
are overlaid by Cenomanian ones (cf. Figs 2B—D, 17—18, 27—28). When
Cenomanian deposits directly rest on.Jurassic substrate, their lower part
is represented by conglomerates (cf. Figs 2E 20, 22). Cenomanian strata
as a rule are highly marly, and the writer arbitrarily places the lower
boundary of the Cenomanian at the point where calciumi carbonate
appears for the first time. At Mokrzesz (outcrop 46, unit 3 in Fig. 24),
ammonite fauna shows that those calcium-carbonate-yielding deposits
represent Lower and lower Middle Cenomanian (up to the Turrilites
acutus assemblage sensu Kennedy, 1969, inclusively). The whole of the
Cenomanian profile from Mokrzesz is of the condensational character,
and the ammonite fauna occurring only in the unit 3 is mixed. It there-
fore is possible to estimate time interval of deposition of this unit but
not to delineate the boundary between the Lower and Middle Cenoman-
ian. It should be noted that Ostlingoceras (Ostlingoceras) puzosianum
(d’Orbigny), the species widely recognized asg typical of the Upper Albian
(Spath 1937, Collignon 1963, Renz 1968) was found here together with
Cenomanian forms. The occurrence of this species in the Mokrzesz profile
may be explaified in two ways:

(a) either the whole profile (units 1—3 in Fig. 24) represents a condensed
sequence of the uppermost Albian — lower Middle Cenomanian (including the
T. acutus assembilage) and the accumulation of more or less reworked ammonite
remaing completed during the deposition of unit 3;
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Table 6

Zonal division of the Cenomanian in France, Southern England and Central Poland
{correlation between Sarthe and Southern England after Kennedy 1971)

 PRARCE / SOVUTHERN ENGLAND CENTRAL POLAND
fBartle i .
ook 1939/ /Kennady 1969, 1971/ /Clelifiskt 1959, 1963/
Holaster
- Calyooceras /no date on subglobosus
Calyoooeras naviculare possible assemblagen/ Y
navioculars i
Schloendachia
KR : n‘u
[ | Acanthoceras
: 8 : Jukes=brownsi
Acanthooeras doanthoceras :§ ! m":::"
21 aou:
rhotomagense rhotomagenss [}
181
' i ' Turrilites Sohloenbachia
1 oostatus
: : Mantelliceras gr.
. dixoni
Mantellioeras Mantelliseras |8 - -~ - - - - varians
mantelli mantelli "5 i  Mactellloeras
’ 1 saxbii
1QI= === = = - e~
13 Hypoturrilites
Fo ammonites : ; caroitansnsia

(b) or the stratigraphic range of Ostlingoceras (0.) puzosianum {d’Orbigny)
is not confined to the uppermost Albian but the specles also enters the Lower
Cenomanian.

In the case of Mokrzesz profile, attention should also be paid to the
occurrence of Hyphoplites campichet campichei Spath and H. falcatus
aurora Wright & Wright, the subspecies, known from the uppermost
Albian (“dispar-perinflatum’” Subzone) and Lower Cenomanian of England
(cf. Wright & Wright 1949, Kennedy 1971), and from the Vraconian of
Sainte~Croix in Switzerland (Renz 1968).

Cenomanian deposits at Jazwiny (outcrop 53, unit 3 in Fig. 2C) yield
ammonites (vide Table 5) indicative of the three Cenomanian zones, since
both Lower/Middle Cenomanian forms and Calycoceras {(Lotzeites) aff.
lotzei Wiedmann were found there. Calycoceras (Lotzeites) lotzei Wied-
mann occurs in the middle part of the Upper Cenomanian (V zone) in
Portugal and Spain (Wiedmann 1959, 1964b). Although the specimen from
Jazwiny somewhat differs from the type specimen, according to Professor
W. J. Kennedy (written communicat) it may belong to this species and
it undoubtedly represents a typical form of the Upper Cenomanian (from
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the Calycoceras naviculare Zone). The total thickness of Cenomanian.
deposits in the vicinities of Mokrzesz and JazZwiny is estimated at about
3 m.

In Julianka and Zalesice regions, the places where the Cenomanian
overlies Upper Albian deposits, the lower part of the Cenomanian se-
quence — about 3.5—4 m thick — is developed in the same way as at
Mokrzesz, Lustawice, and JaZwiny. The ammonite fauna in the former
localities although somewhat poorer than in the latter (¢f. Table b), is
indicative of the Lower and major part of the Middle Cenomanian
(including the T. acutus assemblage). These deposits are overlaid by
‘marly fine-grained sands with a few fossils including Actinocamaz
(Praeactinocamax) plenus (Blainville) subsp. indet. This belemnite was
- found below the base of ‘the Lower Turonian and in the whole area
studied it was not recorded outside the Upper Cenomanian (cf. Marci-
~-nowski 1972). In Julianka and Zalesice regions, the total thickness of
Cenomanian deposits may be estimated at about 8 m.

_ The deposits from the Leléw and Solca regions are without faunal
-record and are assigned to the Cenomanian stage on the lithological
premises (calcium carbonate admixture in sands and sandstones) and on.
-their position in the profile, between faunistically dated uppermost
Albian and Lower Turonian strata. Faunistically dated Cenomanian
“deposits are found further southwards at Poreba Dzierzria and Glanéw.
At Glanéw (outcrops 108 and 108b in Fig. 12), marly Cenomanian deposits:
(Figs 17—18) yield no identifiable ammonites and their age is generally
shown by Inoceramus crippsi Mantell, Discoides subuculus (Klein), and'
Holaster polonice Lambert. These deposits, being in stratigraphic conti~
nuity with the Upper Albian ones (cf. Fig. 18) and differing from the
nearby Middle and Upper Cenomanian strata with faunal record (cf.
Figs 20, 22 and description of lithological members) in lithology and:
microfacial development, are assigned to the Lower Cenomanian.

Faunistically dated Middle and Upper Cenomanian strata in some:
places of the Glan6éw region (outcrop 108c in Fig. 12) rest directly on the
Jurassic substrate (cf. Figs 20 and 22).

The Middle Cenomanian is represented by quartz conglomerates:
(unit 2a — cf. Fig. 22) that yield Acanthoceras sp., Schloenbachia cf.
varians (Sowerby), S. subtuberculata (Sharpe), S. cf. quadrata Spath, and
S. ventriosa Stieler. Such assemblage may be assigned to the Acanthoceras.
rhotomagense Zone (cf. Kennedy 1969). Conglomerates of the unit 2b,
without fossil record, are arbitrarily assigned to that zone on the litho-
logical premises.

The Upper Cenomanian is mainly represented by conglomerate-like-
deposits (unit 2¢ in Fig. 22) yielding i.a. Schloenbachia cf. lymensis Spath,
Actinocamax (Praeactinocamax) plenus plenus (Blainville), A. (P.) primus-
primus Arkhangelsky. These deposits represent the Upper Cenomanian,
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most probably. its lower part (Marcinowski 1972). Top surface of the unit
2c, with traces of submarine erosion, is overlaid by laminated limestones
of the umit 2d, yielding Inoceramus crippsi Mantell, the species known
exclusively . from. the .Cenomanian. (Woods 1911; Cieslinski 1963, 1965;
Troger 1967). Thus, despite the obvious d.lfference in lithology in respect
to the underlying conglomerate units, and the similarity with the over-
lying Turonian deposits, the Turonian age of those limestones advocated
by Sujkowski {1926), Panow (1934), Kongiel (1958 in Popiel-Barczyk),
Burzewski (1969), and others 9, is here rejected, and the Cenomanian
suggested. The total thickness of Cenomanian deposits from the Glanéw
region (LLower Cenomanian — outcrop 108b, Middle and Upper Cenoma-
nian — outcrop 108c) may be estimated at about 5 m.

At Poreba Dzierzna (outcrop 110 in Fig. 9). deposits of the unit 1
{cf. Fig. 10) resting directly on the Jurassic substrate yield pelecypod and
echinoid fauna known from the whole Cenomanian, whereas deposits of
the unit 2 are without faunal record. These two units are lithologically
similar and. are assigned to the Lower Cenomanian on account of their
position in the profile. Deposits of the unit 3 (cf. Fig. 10), occurring in
sedimentary continuity with the latter, yield Actinocamax (Praeactino-
camax) plenus (Blainville) subsp. indet., the species known in the Polish
Jura Chain exclusively from the Upper Cenomanian {cf. Marcinowski
1972). Thus, the unit 3 is regarded as comprising both the Middle and
Upper Cenomanian. The total thickness of Cenomanian deposits from:
Porgba Dzierzna is estimated at 6 m.

Turonian

In the present paper the interpretation of this stage follows that
applied in the remaining epicontinental parts of Poland. The Lower
Turonian comprises two zones: lower, the Inoceramus labiatus Zone, and
upper, Inoceramus lamarcki Zone. The Upper Turonian also comprises
two. zones: lower zone, which is still lacking any precise definition and
upper, the Inoceramus schloenbachi.Zone (cf. Pozaryski 1938, 1948; Cie-
Slinski 1960b, 1963; Cieslinski & Pozaryski 1970). The range of Scaphites
geinitzi d’Orbigny covers the whole Turonian {(Prescher 1963) hence this
species cannot be used as a guide fossil for the lower part of the Upper
Turonian (cf. Panow 1934), i.e., for T3 Zone of Cieflinski (1963). It there-
fore appears that a re-definition of that latter zone is needed. The writer
suggests to replace the former Scaphites geinitzi Zone by the Inoceramus
costellatus Zone with Inoceramus costellatus as the index species. The

% Previously, the stratigraphy of all the above discussed Cenpmanian deposits
in the Wolbrom-Glanéw region was differently interpreted (cf. Sujkowski 1926,
Panow 1934, Burzewski 1969), primarily because of the lack of any more accurate
definitions of straﬁgraiph'lc zonation.
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studies on the Turonian of Poland (Pozaryski 1938; Cieslinski 1960b, 1963)
ghow that Inoceramus cnstellatus Woaods -occurs only in the lower part of
the Upper Turonian. The lo_we;-_boun.da_ry of that Zone should be .defined
by the first appearance.of the species Inoceramus costellatus Woods and
1. inconstans Woods, whereag the ypper boundary — by the first appea-
rance; of I sphloenba,chz Bohm (cf. Cieslinski 1960b, 1963; Cieslinski &
Pozaryskl 1970).

In the area studied the early Turonian age of the deposits is we11
defined by occurrence of Inoceramus labiatus Schlotheim and I., lamarcki
Parkinson (cf. Sujkowski 1926; Rézycki 1937, 1938; Kowalski 1948). The
deposits of the Inoceramus labiatus Zone, wherever exposed, rest on the .
Cenomanian with sedimentary continuity (cf..Figs 10, 22, 27—28), whereas
the deposits of the Inoceramus lamarcki Zone, from the southern parts
of the area studied (Wolbrom and Glanéw regions), often. rest. directly
on the Upper Jurassic substrate (Figs 24—28). In.the areas of Mokrzesz,
Lustawice, Julianka, and in the northern part of the Leléw region, there
occur only Lower Turonian deposits with hardground at the top, over-
laid by. Lower Campanian marls (Rozycki 1938). In southern parts. of
the Leléw region and further southwards (cf. Fig. 28) there occur hitherto
undivided Upper Turonian deposits (Sujkowski 1926, 1934; Rézycki 1938;
Kowalski 1948) with . Inoceramus inconstans. Woods, I. cf. inconstans
Woods, Cardiaster sp., Infulaster sp., and Sternotaxis planus (Mantell).
The occurrence of Inoceramus inconstans Woods indicates that these .de-
posits represent the Inoceramus costellatus Zone. Also the echinoid asso-

- ciation occurring in that zone is not known from older zones of the Turo-
nian in the whole area studied. However, there are no paleontological
premises which - would enable to distinguish herein the uppermost zone
of the Turonian, the Inoceranus schloenbachi Zone 1.

The Upper Turonian deposits, with hardground at their top, are
overlaid by Santonian deposits (Rézycki 1938, Kowalski 1948, Bukowy
1968). The problem of the gap between the Turonian and Santonian in
the Polish Jura Chain was discussed separately (Marcinowski & Szulczew-
ski 1972)..

In various regions, the maximum thickness of the Turonian (cf. Fig.
28) is as follows: Zalesice — 1.8 m, Leléw — 1.5 m, Solca — 2.7 m, Po-
reba Dzierzna — 9 m, and Wolbrom and Glanéw — about 9—10 m.

The thickness of Albian, Cenomanian and Turonian deposits is
markedly reduced in the area studied as compared to other parts of epicon-
1inental Poland. It is especml’.ly evident in the case of Cenomanian de-
posits, the thickness of which represents about 20 per cent, and in the

a .Although Sternotaxis planws (Mantell) is considered as the index species
of the uppermost Turonian zone in England (anht & Wright 1951, Peake & Han-
cock 1961), it should be remembered that this zone is interpreted much more widely
in England than in Poland {cf. Cleglifiski 1960b, 1983), and it comprises whole or
almost the whole Inoceramus icostellatus Zone proposed in the present paper.
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case of Turonian — about 5—6 per cent respectively, of the thickness of
contemporaneous deposits from NE margins of the Miechéw synclinorium
(i.e. SW margins of the Holy Cross Mts). Despite the fact that in the
area studied the Turonian is represented only by 3 zones, and all the
Turonian zones in the latter area are known, a considerable difference
is unquestionable. Its regional significance will be discussed in the chapter
on paleogeography.

SEDIMENTIARY CONDITIONS

The Albian through Cenomanian transgression, which involved the
entire epicontinental Poland outside the Carpathians, encroached the
area under consideration after the continental phase which lasted after
the Upper Jurassic (Kimmeridgian-?Volgian or ?Neocomian) period of
sedimentation. The epeirogenic movements on the Jurassic/Cretaceous
boundary resulied in great-radius far-reaching deformations. During the
continental phase, a part of the Upper Jurassic sediments had been re-
moved by erosion, so that in the area here considered the Jurassic subs-
trate consists of limegtones or marls of the Upper Oxfordian Idoceras
planula Zone with a monoclinal pre-Cretaceous dip of 1.5 .degree. The
denivelations resulting, from continental erosion caused facial differen-
tiation within the Cretaceous sedimentary basin (cf. Figs 2, 27—29). Ma-
rine sedimentation, chiefly of quartz sands with a glauconite admixture,
locally of quartz gravels, may have set here in the uppermost Middle
Albian, but for sure in the Upper Albian (c¢f. chapter on stratigraphy).
Occasionally, at the base of these deposits there is a large amount of
local Jurassic material, represented mainly by detrital fragments and
pebbles of Jurassic flints, to a smaller extent by fragments of sponges
and silicified limestones (cf. the description of lithological members and
Sujkowskij 1926; Marcinowski 1970, Fig. 4C). The above evidence indicates
that the Upper Jurassic substrate hed been, more or less distinctly, cover-
ed by a mantle of weathered continental materials reworked within the
marine Upper Albian basin. The quartz material was brought from the
south, an area now concealed under the nappes of the External (Flysch)
Carpathians (Sujkowski 1929).

The presence of gravel intercalations in all the Upper Albjan
members reasonably suggests intermittent changes in ithe rate of erosion
within the alimentary area, also of the supply of coarser material into the
sedimentary basin. Throughout the area under investigation abrasion of
substrate was but of minor importance during the Upper Albian trans-
gression. The only substrate denivelations dwelled by lithophags and
subjected to abrasion {(cf. chapter on trace fossils and Fig. 294) existed
in the Glanéw-Sucha region (cf. Fig. 12).
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- The persistance of numerous substrate denivelations (cf. Figs 2, 27—
29A), alang with the lack of more numerous traces of abrasion, indicates
the rapid advance of the Upper Albian transgression and the flooding
within a short time of the whole area. At the beginning the fauna is
scarce and represented chiefly by siliceous sponges, later on other benthic
organisms, such as pelecypods and echinoids, and this type of the faunal
communities does not change all through the Upper Albian. In shallow
places, as in the Glan6w-Sucha area, the substrate hummocks populated
by lithophags were subjected to abrasion (cf. Fig. 294) and the weathered
material was carried down into the surrounding depressions where sedi-
mented quartz sands containing glauconite. The sedimentation here took
place at small depths. This is suggested by the types of bedding and 'the
presence of major erogional troughs (cf. Figs 13—14). It is not out of the
question that the formation of such big troughs was connected with tides,
generally accompanied by increased energy in the water hydrodynamics,
“while the morphological differentiation of the bottom around Glanéw
caused stronger hydrodynamic bearing on the previously deposited sedi-
ment. Analogous erosion troughs in Upper ‘Cretaceous and Paleocene lit-
toral sediments of Wyoming and South Dakota are interpreted by Wulf
(1962) as connected with tides. The amount of glauconite increases at the
top of the Albian, while burrows Ophiomorpha nodosa Lundgren (cf. Mar-
cinowski 1970) built by shrimps of the genus Callianassa Leach make their
appearance in the vicinity of Mokrzesz and Zalesice. Burrows of this kind
recently occur in extremely shallow-marine, intertidal and sublittoral
environments at depths not generally exceeding but a few meters (cf.
Hintzschel 1952; Weimer & Hoyt 1964; Radwanski 1967, 1970, 1973; Batuk
& Radwanski 1968; Waage 1968; Kennedy & Macdougall 1969; Dike 1972).
These burrows suggest temporary similar environmental conditions within
the area under investigation. In the deposits here, glauconite probably for-
med in shallow zones, too, similarly as now on the western shores of Tri-
nidad (cf. Van Andel 1954). The small depths and an analysis of the rela-
tion of Cretaceous deposits to-the Upper Jurassic substrate {(cf. Fig. 28)
reliably suggest that, at the close of the Upper Albian, the sedimentary
basin was infilled with deposits and its floor nearly completely levelled.
The Upper Jurassic hummocks of the substrate projected but slightly and
in very few places above the overlying deposits (cf. Fig. 294).

" During the Cenomanian the floor of the sedimentary basin was lo-
wered, the lowering being without great depth but involving the whole
area. This led to sedimentation on local hummocks of the Upper Jurassic
substrate (cf. Fig. 29B), still an area of non-deposition during the Upper
Albian. During the Lower Cenomanian, quartz-glauconite-bearing sands
are the chief components of sediments, while gravels (Julianka — cf.
Fig. 2E), or coarser material constituting an admixture in the sandy de-
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posits (Glanéw — cf. Fig. '18) are deposited in small amounts. In the Mid-
dle Cenomanian, sedimentation of sands continues in the northerh parts
(Zalesice — Solca) while gravels are laid down in the southern parts
(Poreba Dzierzna — Glanéw). The greatest number of phospha'tlc nodules
. and glauconite formed during Lower and’ M1dd.1e Cenomanian sedimenta-
tion. The also set in the tprecipitation of calcmm carbonate which is a
constant admixture in the sediment. An increase of calcium carbonate (cf.
microfacial analysis) is always accompanied by the appearance of rather
abundant planktic forminifers. During the Lower and Middle Cenomanian,
organic life fluorishes and deposits of this age bear the richest fauna,
which however abounds only in places where the phosphatic nodules
are present (Mokrzesz, Jazwiny, Lustawice, Zalesice, Por¢ba Dzierzna,
Glan6w), being elsewhere only sparadlcally encountered.

The state of preservation of organic remains in the rlchest assem-
blages of the Lower and Middle _Ceno:_naman (Mokrzesz, Jazwiny, Lusla-
wice, Zalesice, Poreba Dzierzna, Glan6éw) are conducive to conclusions as
regards sedimentary conditions. These remains are, namely, preserved
as detrital fragments which. are either phosphatized or coated by phosp-
hatic nodules. Among ammonites complete phosphatized specimens are
extremely rare. Generally the body chambers are missing, the miost
common- specimens being fragmentary preserved whorls. Isolated valves
of pelecypods, either phosphatized or coated by phosphatic nodules, are
also numerous. Hence, it may be concluded that after the death of the
mollusks, their shells were soon destroyed by hydrodynamic agents and
phosphatization followed on the sea bottom as indicated by nodules encru-
sted by serpulids and pelecypods. In some places, the qrgénic.remains are
accumulated in lenses indicating that after the death of the-animals, their
remains were transported off their life habitat. -

The dimensions of the fauna vary within one and the same species;
mature forms occur side by side with juvenile, s‘uggesting that some orga-
nic communities, probably owing to the strong’ actlon of hydrodynamic
tactors, were destroyed during their life. "

During the Upper Cenomanian, quartz—glaizconite—bearing sinds con-
tinued to sediment in the northern parts of the area (Zalesice, Leléw, Sol-
ca) and the character of sedimentation does not change substantially as
compared with the Lower and Middle Cenomanian. At Zalesice, in these
deposits the burrows Ophiomorpha nodosa Lundgren are present, reaso-
nably suggesting sedimentation at depths of only some meters, similarly
as during the Upper Albian. At Poreba Dzierzna and Glahéw, chiefly
gravels are sedimented during the Upper Cenomanian, while in the up-
permost Cenomanian even carbonate sedimentation sets in locally. At

' Glanéw, at the close of the Cenomanian, there is a short-lasting episode



THE TRANSGRESSIVE CRETACEOUS DEPOSITS 191

of non-depositional conditions, leading to the erosion of some deposits (cf.
microfacial analysis and Marcinowski 1972).- This erosion is probably
connected with synsedimentary movements which resulted also in-an
uplift of some areas (cf. Fig. 29C). During the Upper Cenomanian the
- fauna decreases in numbers, this being a phenomenon characteristic not
only of the Polish Jura Chain but also of all the epicontinental parts of
Poland (cf. CieSlinski 1959, 1965).

Carbonate sedimentation continues during the Turonian: in the nor-
thern parts (Zalesice — Leléw) during Lower Turonian sedimentation,
and near Solca during that of the Upper Turonian, too (Inoceramus costel-
latus Zone), no major movements occurred to differentiate the floor of
the sedimentary basin. Hence, all the stratigraphic members occur here
in sedimentary continuity (cf. Figs 28—29D). In this part of the basin the
transition of the Cenomanian into the Turonian is gradual and characte~
rized by a decrease in the qilartz and glauconite content along with an
increase of calcium carbonate (Marcinowski 1970, Marcinowski & Szul-
czewski 1972). No great deepening of the basin seems to have occurred
then, as the burrows Ophiomorphe nodosa Lundgren (¢f. Marcinowski
1970) continue to be encountered (Zalesme) in the lowermost Turonian —
Inoceramus labiatus Zone. An increase in the calcium carbonate content
reasonalbly suggests stabilization of sedlmentary conditions, due to the
considerable expansion of the marine basin and to the gradually diminish-
ing supplies of terrigenic material. Stabilized sedimentary conditions fav-
our the development of organogenic facies. The swept detritus of benthic
organisms becomes abundant and planktic material makes its appearance
represented by forminifers and Pithonella ovalis (Kaufmann). At the
close of the Inoceramus lamarcki Zone, in the Zalesice-Solca region, there
occurs a shallowing of the basin and a slowing down of the rate of sedi-
mentation (cf. Marcinowski & Szulczewski 1972). Near Leléw (Pniaki)y
this process leads to formation of stromatolites which developed here in
high energy shallow marine environment below the intertidal zone (Mar-
cinowski & Szulczewski 1972). In the Zalesice-Leléw region sedimentation
ends in the Inoceramus lamarcki Zone and it is followed by non-depo-
sitional (hardground) conditions which lasted through the Upper Turo-
nian, Coniacian and Santonian (Rézycki 1937, 1938). South of Leléw (Sol-
ca region), however, the floor of the sedimentary basin is slightly lowered
and sedimentation of the lower part of the Upper Turonian, Inoceramus
costellatus Zone, takes a places being however accompanied by non-de-
positional conditions .resulting in .numerous discontinuity surfaces. The
latter are associated with neptunian dykes, and in one particular case
they are covered by stromatolites {(cf. Figs 7—38), the developmeht of
which (Przychody, outcrop. 115 in Fig. 4) is analogous to that from. the
Inoceramus lararcki Zone near Leléw (cf. Marcinowski & Szulczewski
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1972). In the region of Solca, the sedimentation in the Inoceramus cos-
tellatus Zone was followed by non-depositional conditions (Inoceramus
schloenbachi Zone through the Coniacian), during which takes place the
action of high energy currents, and the corrosion of underlying deposits
{cf. microfacial analysis).

The Turonian sedimentation (Inoceramus labiatus — Inoceramus
costellatus Zone) in the southern part, i.e. Poreba Dzierzna, Wolbrom and
Glanéw regions, is accompanied by a synsedimentary block-faulting dif-
ferentiating the basin floor. These movements are responsible for the
uplifling of some blocks into the abrasion zone (cf. Fig. 29C-D) populated
by lithophags (Wielkanoc, outcrop 123 in Fig. 9, c¢f. also the chapter on
trace fossils). Sporadically some, most elevated blocks may have project-
ed above the sea level, in most cases, however, abrasion occurred here
under subaqueous conditions (cf. Dzutynski 1953, p. 393). The abrasion
destroyed here the older (mostly Cenomanian) deposits, but it was rather
not too strong as indicated by a very small amount of detrital material
in neighbouring regions of Poreba Dzierzna and Glanéw. The synsedimen-
tary movements are responsible however for the resting of the Turonian
deposits here directly on the Upper Jurassic substrate {cf. Figs 24—29D).

In the region of Poreba Dzierzna and Glandw, the Turonian sedimen-
tation completes in the Inoceramus costellatus Zone, followed by non-
-depositional conditions displaying the same character and time-interval
as in the Solca region (Inoceramus schloenbachi Zone till the Santonian).

The presented sedimentary conditions, during the development of
the first phase of transgression — Upper Albian through the Turonian —
display consegquent changes. Initially, the basin was being infilled with
clastic deposits (Upper Albian through the Cenomanian), while in the
Turonian, with the considerable expansion of the sedimentary areas, cla-
stic material ceases to be supplied, the influence of pre-Albian denivela-
tions of the substrate gradually diminishes, being followed by a facial uni-
fication and carbonate sedimentation definitely ending the development
of transgressive deposists.

PALEOGEOGRAPHY

The observations reported in the present paper cover Upper Albian,
Cenomanian and Turonian deposits in the greater part of the Polish Jura
Chain, i.e. within the Zalesice-Glanéw area (cf. Fig. 1B—C). Only com-
parative observations have, however, been made by the writer in the
Cracow Upland, situated south of Glanéw. A correlation of observations
from the detail-investigated area, with the general observations and data
on the Upper Albian through Turonian deposits in the Cracow Upland,
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obtained from the literature, allowed to recognize the development of
transgresion throughout the whole area of the Polish Jura Chain.

Taking into account the relation of the Cretaceous deposits to the
Upper Jurassic substrate as well as the facial development, the area of
the Polish Jura Chain may be divided into two parts: the northern com-
prising the Zalesie-Solca region and the southern with Poreba Dzierzna —
Glanéw and the Cracow Upland regions. In the northern part, the parti-
cular Cretaceous deposits as a rule occur in sedimentary continuity whils
~ the transgressive Upper Albian and Cenomanian are developed mostly
as sands and sandstones. In the southern part various successively youn-
ger stratigraphic members of the Cretaceous are overlapping the Upper
Jurassic substrate, sometimes truncating each other and displaying sedi-
mentary gaps. A high per cent of gravel material is here characteristic
in all the Upper Albian, Cenomanian and locally even Turonian deposits.

The Polish Jura Chain represents the northern part of the mefa-
-Carpathian zone which separated the German-Polish syneclise (during
the Cretaceous a major part of the epicontinental Polish basin) from .
the Carpathian flysch geosyncline {Glazek & Kutek 1970, Kutek & Gla-
zek 1972). During the Middle (Hoplites dentatus Zone) and Upper Albian,
the northern slope of this zone was flooded by the sea gradually advanc-
ing from the German-Polish syneclise (cf. Samsonowicz 1925; CieSlifiski
1959a; Pozaryski 1960, 1962). Most likely, the meta-Carpathian zone had
not been completely invaded by the sea so that the epicontinental basin
in the north had no direct communication throughout the Cracow Upland
with the flysch geosynclinal basin in the south (Pozaryski 1960, 1962).
At the beginning of the Albian, the southern part of the meta-Carpathian
zone was upliffed resulting in the inflow of coarse clastic material (Lgota
sandstones) from the south into the flysch geosyncline (cf. Ksigzkiewicz
1962). Very probably, quartz material was also being transported north-
wards from the alimentary area, resulting in sandy sedimentation in
the Upper Albian basin of the Cracow Upland tand the other parts of the
Polish Jura Chain (Docent J. Kutek — oral communication, cf. also Suj-
kowski 1929). In the Cracow Upland, the sandy Upper Albian deposits are
neither very widespread nor very thick and they fill in only the major
denivelations in the Upper Jurassic substrate (cf. Panow 1934, Bukowy
1960); hence, this had been an elevated area where, in principle, the
conditions were non-depositional, the quartz material being transported
from here farther north, i.e. into the investigated area (cf. Fig. 29A4).

During the Cenomanian, the sea made advances throughout the
epicontinental Polish area (cf. Samsonowicz 1925; Cieflinski 1959a; Po-
zaryski 1960, 1962) and, through the meta-Carpathian zone, a direct com-
munication was available with the Carpathian geosyncline (Pozaryski
1960, Ksigzkiewicz 1962). The Cenomanian progress of the transgression
is responsible for a considerable reduction of the alimentary area lying

13
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south of the Cracow Upland (cf. Ksigzkiewicz 1962), and therefore — of
the amounts of clastic material brought into the Cenomaman basin of the
Polish Jura Chain.

In the early Cenomanian, the basin floor of the Polish Jura Chain
was lowered to an extent not too deep but indicated over the entire
area (cf, Fig. 29B). This led to the seédimentation both on local hummocks
and probably throughout the Cracow Upland (cf. Fig. 29B). During the
Lower and Middle Cenomanian, sandy sedimentation predominates in
the northern part, while in the southern part gravels are the main sedi-
mentary material, and in most cases they are deposited directly on the
Upper Jurassic substrate (cf. Zareczny 1878, 1894; Panow 1934; Bukowy
1956; Alexandrowicz 1960; Glazek, Marcinowski & Wierzbowski 1971).
The presence in the Cracow Upland of numerous abrasion surfaces, so-
metimes associated with rich assemblages of borings (cf. Glazek, Marci-
nowski & Wierzbowski 1971), reliably indicates that similarly as in the
Upper Albian, so in the Cenomanian, too, this area represented the shal-
lowest part of the Polish Jura Chain basin 22, During the Upper Cenoma-
nian, owing to the synsedimentary block-faulting, the floor of sedimen-
tary basin is here uplifted in relation to the other parts of the Polish Jura
Chain and non-depositional conditions prevailed on some of the individual
blocks (cf. Fig. 29C). A differentiated uplifting of these blocks is often
accompanied by their leaning or. tilting that resulted in a varying
degree of the their abrasion, as in some places Upper Albian or Lower and
Middle Cenomanian deposits had been preserved and were overlaid by
the Turonian ones (cf. Fig. 29D). The gravelous deposits of the Upper
Albian, but chiefly those of the Lower and Middle Cenomanian, affected
- by abrasion within the Cracow Upland, were, partly, a source of material
for Upper Cenomanian sediments in the vicinity of Glanéw, Wolbrom
and Poreba Dzierzna. Hence, the Upper Cenomanian conglomerates from
Glanéw strongly resemble the Lower and Middle Cenomanian conglome-
rates from the vicinity of Cracow. Farther to the north of Glanéw (Po-
reba Dzierzna — Zalesice) the effect of all these processes is not indicated
at all. It therefore may be concluded that postulated by some authors
(cf. Bukowy 1956, Alexandrowicz 1960) a. regression in the Upper Ceno-
manian from the whole area of the Cracow Upland, does not seem relia-
bly justifiable.

Within the Polish Jura Chain, all the Cenomanian profiles are cha-
racteristic by their rather small thickness and relatively highest per cent
content of phosphatic nodules and glauconite, as compared with the other

22 South of Glan6w, within the Cracow Upland, Upper Cenomanian deposits
are absent {cf. Glazek, Marcinowski & Wierzbowski 1971), while the Cenomanian
rocks described by the former authors, after a stratigraphic subdivision used in the
present paper {cf. Table 6), represent only the Lower and the major part of the
Middle Cenomanian.
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Cretaceous members here discussed. Moreover, they bear an abundance of
faunal remains (particularly in the Lower and Middle Cenomanian), and
in some profiles the ammonite horizons are mixed (cf. chapter on stra-
tigraphy). The rate of sedimentation may, therefore be supposed to have
been a slow one at that time, leading to faunal condensation, similarly
as in. the transgresive Albian-Cenomanian deposits in the Holy Cross
margins (cf. Samsonowicz 1925, 1934; Pozaryski 1947; Ciedlinski 1959;
Uberna 1967; Hakenberg 1969). Similarly as in the Holy Cross Mts, so
in the Polish Jura Chain, too, the concentration of the fauna and phosp-
hatic nodules, also the extent of stratigraphic condensation are most dis-
tinetly indicated on elevations of the bottom within the sedimentary Ceno-
manian basin.

During the Turonian, the sedimentation zones expanded and this is
the span-time of maximum transgression in epicontinental Poland which,
beginning with the Middle Albian, was gradually involving successive
"areas (Pozaryski 1960, 1962). Then, the direct communication of the epi-
continental basin of Central Poland with the Carpathian geosyncline,
through the meta-Carpathian zone, grew wider as compared with the
Cenomanian {cf. Ksigzkiewicz 1962). Within the Polish Jura Chain, the
Turonian sedimentary basin was still slighly subsiding and it was filled
in chiefly by carbonate (limestone) deposits and, similarly as in the Ceno-
manian, differentiated into two parts — the northern (region of Zalesice-
-Solca), and the southern in the area of Poreba Dzierzna — Cracow
Upland.

The sedimentation of Turonian deposits in the southern part of the
Polish Jura Chain was accompanied by synsedimentary movements lead-
ing to the inclusion of the part of the blocks in the zone of abrasion.
The abrasion removed .older deposits {chiefly Lower and Middle Ceno-
manian) supplying material for the gravelous deposits encountered within
the Turonian carbonates (cf. Panow 1934; Alexandrowicz 1954, 1960; Bu-
kowy 1956; Marcinowski & Szulczewski 1972). Farther north, in the area

-Glanéw — Poreba Dzierzna, gravelous material is represented only by
isolated pebbles in the lower parts of the Turonian profiles. The scouring
of older deposits is the cause why, in the absence of fauna, it is hardly
possible to determine — basing only on lithology — whether the conglo-
merates in some profiles of the Cracow Upland are confined to the Turo-
nian or to the Cenomanian {(cf. Alexandrowicz 1960; Rutkowski 1965, 1971;
and also discussion on the age of gravelstones at Bocieniec by Marcinow-
ski & Szulezewski 1972).

The profile of the Turonian deposits in the northern part of the
Polish Jura Chain in the Solca region (Przychody), as compared with
contemporaneous sediments from Glanéw and Porgba Dzierzna, are cha-
racterized by a big admixture of finér grained quartz material. The tran-
sport of this material was rhythmic and its maximum supplies occurred in
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the median parts of the Inoceramus labiatus and I. lamarcki Zones (cf.
microfacial analysis). This seems to be connected with the intensily of
erosion in the southern regions, i.e. Poreba Dzierina — Cracow Upland,
and with a periodical inflow of sandy material farther north than the
coarser gravel could subjected. The markedly lower quartz content in
the contemporaneous Turonian deposits north of Solca would seemingly
confirm this supposition (cf. Fig. 20C—D).

Nevertheless, during the Turonian a carbonate sedimentation begun
in the entire area of the Polish Jura Chain, accompanied by development
of the organogenic facles in which planktic material makes also its
appearance, being represented by foraminifers and Pithonella ovalis (Kau-
fmann). Owing 'to the facial unification, the contemporaneous carbonates
of the Turonian from various regions of the Polish Jura Chain do not
much differ in microfacies (cf. microfacial analysis and Sujkowski 1934;
Alexandrowicz 1954, 1960; Barczyk 1956; Marcinowski & Szulczewski
1972). The differentiated floor of the sedimentary basin in the southera
part of the Polish Jura Chain, i.e. in the Cracow Upland resulted in
changed hydrodynamic conditions, the same stratigraphic members of
the Turonian being developed either in carbonate or clastic facies (cf.
Alexandrowicz 1954, Table 1; cf. also microfacial analysis). The Turonian
stromatolites, occurring at Mydlniki and Zabierzé6w in the Cracow Upland,
developed in the sublittoral zone, under exceptionally weak water turb-
ulence (Golonka & Rajchel 1972), while the formation of those from
Bocieniec was accompanied by high water energy, up to 120 cm/sec at
current velocities (Marcinowski & Szulczewski 1972). Though the
stromatolites here discussed probably vary in age (those from Bocieniec
most likely representing the I. costellatus Zone), yet the depths of their
formation did not differ much. Therefore, various hydrodynamic cond-
itions prevailed at similar depths in the Turonian basin of the Craeow
Upland, depending on the local configuration of the séa bottom. In the
southern part of the Polish Jura Chain (Poreba Dzierzna — Cracow
Upland), Turonian sedimentation ends in the Inoceramus costellatus Zone
(cf. Panow 1934); the synsedimentary movements are responsible for the
occurrence of Turonian deposits sometimes directly on the Upper Jurassic
substrate, in some places on the older Cretaceous deposits, or, the
particular Turonian members are truncated by abrasion surfaces and rest
on each other with a sedimentary gap {cf. Figs 27—29D; Panow 1934;
Dzulynski 1953; Alexandrowicz 1954, 1960; Barczyk 1956; Bukowy 1956;
Marcinowski & Szulczewski 1972).

Non-depositional conditions set in after the Turonian sedimentation
in the Polish Jura Chain, owing to subsirate movements with a wide
regional range (cf. Pozaryski 1960, 1962; Marcinowski & Szulczewski
1972). The range of the stratigraphic gap connected with these movements
varies: in the northern part of the basin (Zalesice-Leléw) the gap
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comprises the whole Upper Turonian till the Santonian (Rézycki 1937,
1938), while more to the south (Solca — Cracow Upland) it is narrowed
at the top and bottom and comprises only the last zone of the Turonian
and the Coniacian {cf. Panow 1934, Rézycki 1938, Kowalski.1948). The
tectonic movements during the lasting of the discussed gap, may have
resulted in local emersions, but not in a complete regression (cf. Alexan-
drowicz 1969 and the relevant literature), as indicated by the absence of
land erosion (Dzutyriski 1953, p. 393), and in some places (Bocieniec) by
the Santonian deposits being not of a transgressive character (Marci-
nowski & Szulczewski 1972). The above-presented processes are respon-
sible in the Cracow Upland for complications in the mutual relation of
particular Cretaceous members, as well as in their relation to the Jurassic
substrate. This intricate spatial distribution of the Cretaceous deposits has
suggested opinions current in the Polish regional papers postulating that
repeating oscillations of the shoreline, as well as sedimentary breaks
connected with successive emersions and new transgressions, occurred
during Cenomanian, Turonian, Coniacian and Santonian in the Cracow
Upland (cf. Panow 1934; Alexandrowicz 1954, 1960, 1969; Barczyk 1956;
Bukowy 1956, 1968; Golonka & Rajchel 1972). These opinions do not seem
reliable in the light of the herein presented reconstruction of sedimentary
conditions.

Within the Polish Jura Chain, the presence of sedimentary gaps in
the transgressive Upper Albian through the Turonian sequence, and the
rather strong stratigraphic condensation in these deposits, distinguishes
this area within the southern parts of the epicontinental Polish basin.
Beginning with the Cenomanian, to the west (Opole region) and the east
(SW margin of the Holy Cross Mts®) of the Polish Jura Chain, the
subsidence in the epicontinental basin was stronger, leading to an increase
in thickness of the deposits (Fig. 30). Most probably, the subsidence in
the adjacent areas was compensated by an uplift in the Polish Jura Chain.
In the latest Turonian and Coniacian, owing to movements of the basin
floor, the area of the Polish Jura Chain was the most elevated zone in the
southern part of the epicontinental Polish basin and the conditions there
prevailing were non-depositional (cf. Fig. 30). Such non-depositional
conditions over a great part of the Polish Jura Chain were also indicated
in the Samtonian. The above observations suggest that during the Ceno-
manian, Turonian, Coniacian and Santonian, the Polish Jura Chain area
was — in the epicontinental sedimentary basin here discussed — elevated
with the character of a submarine swell (cf. also Alexandrowicz 1969,

23 Here, the transgression occurred earlier, viz. in the Middle Albian, resulting
in deposits of various depth, with a maximum as great as 180 m in the Tomaszéw
syncline in the western margin of the Holy Cross Mis (Raczyfiska & Cieslifiski 1860;
cf. also Witkowski 1989).
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Fig. 30
Comparative diagram wof subsidence and wuplift during the successive Cretaceous
stages (Upper Albidan through Sanfonian) in the Polish Jura Chain and neighbouring
regions of the Opole basin * in Lower Silesia and of the south-western part of the
' Holy Cross Mts (cf. Text-fig. 14—B) '

The arrows correspond %o the synsedimentary movements of the basin floor; com-
piled on author’s own data from the Polish Jura Chain, and referenced Dapers
(Witkowski 1969, ICieslifisli & Pozaryski 1970, Alexandrowicz & Radwan 1873)

1 gtands and sandstones, 3 dmestones and marls, 3 sponglolites and galves, 4 siliceous marls

-_— (opoka)

* In the Opole area, the deposits younger than Turonlan sre now lacking. According to

sedimentological and paleogeographical analysis of the Sudetic Cretaceous by Jerzykiewicz

(1971), this area was included in the sedimentary regime till the Coniacien or lowermost Santo-

nian (cf. also Alexandrowicz & Radwan 1078). In a nearest region in the Sudetes, the Conia-

dan deposits are represented in the Nysa graben by a local, taphrogeosynclinal, c. 500 m
thick flysch sequence (Jerzykiewlcz 1871)
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Marcinowski & Szulczewski 1972). This swell was not, however, a homo-
genous element, being along its axis (NW-SE, cf. Fig. 1) broken up
into blocks and, in connection with their movements, the timeinterval of
the post-Turonian sedimentary gap varies along the Polish Jura Chain
{cf. Panow 1934, Rézycki 1938). In the Upper Albian through the
Turonian, the Cracow Upland was the most elevated part of that swell,
and the facial analysis and distribution of the Cretaceous deposits reliably
indicates that the disintegration into individual blocks was much stronger
here than in the remaining area of the Polish Jura Chain.
After the period of non-deposition, the sedimentation in the Polish
Jura Chain returned in the Santonian and continued until the Laramide
movements in the Maestrichtian. . In result of these movements the
investigated area became the SW limb of the Miechéw synclinorium,
.while the Albian through Turonian sequence here discussed acquired
a sligh dip of the order of 4—5° in the regional scale, being responsible
for its belt occurrence along the NW-SE direction (cf. Fig. 1C).

COMPARATIVE REMARKS

The transgressive Albian, Cenomanian and Turonian deposits of the
Polish Jura Chain may be compared to the deposists of the same.age
occurring in a few epicontinental areas of Europe (cf. Fig. 31). The
comparisons mostly concern the relation of the transgressive deposits to
their substrate, their facial development and sedimentary conditions. Part
of remarks on the stratigraphy of these deposits and organic assemblages
they contain have already been given in previous chapters.

A considerable extension of the epicontinental marine basin in
Europe begins in the Albian and, in this connection, in many places the
Albian, Cenomanian and sometimes even Turonian deposits are trans-
gressive in character (cf. Samsonowicz 1925; Kokoszynska 1931; Najdin
1959; Brinkmamn 1960; Pozaryski 1960; Senkovski 1963; Triger 1963;
Arnold 1964; Cieslinskj & Troger 1964; Larsen 1966; Pasternak & al. 1968;
Hancock 1969; Christensen 1970; Owen 1971a; Soukup 1971; Hancock,
Kennedy & Klaumann 1972; Bergstrém 1973). It may be noticed that the
extension of the sea range also in the Albian locally takes place in the
northern (external) outskirts of the European part of the Alpine geo-
syncline {cf. Passendorfer 1930, Renz 1968).

As compared with the area of the Polish Jura Chain, the trangres-
sive Cretaceous deposits of the Miinster Basin and Rhine Massif, Sub-
-Hercynian Basin, Saxony, Bohemian Massif, Sudetes Mts and Podolia,
display certain analogies. Namely, the Cenomanian deposits are mostly
developed in clastic facies. It is also in the Cenomanian that the bottom
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relief in sedimentary basins becomes considerably levelled. In the Tu-
ronian, the predominant type od sedimentation is the carbonate one, which
closes the entire (Albian through Turoniin) sedimentation of trans-
gressive deposits. During sedimentation of these deposits the distribution
of facies and thickness of particular stratigraphic members were affected

" by synsedimentary tectonic movements (the so-called Sub-Hercynian
epeirogeny). These areas formed marginal, latitudinal parts of the
German-Polish Cretaceous sedimentary basin, or the Central European
Basin sensu Kolbel (1968) as used beneath, which were successively
invaded by transgression from the axial parts of the Basin. The facial
development of the Cretaceous deposits on Bornholm Island, in Scania
and on the west coast of Sweden indicates that this area constituted, the
northern, marginal parts of the Central European Bagin. It seems,
however, that, as compared with other of here discussed regions, it formed
the outermost part of this basin, since the Sub-Hercynian movements led
in this region to subsequent transgressions and regressions (cf. Bergstrém
1973).
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Fig. 31

Location of the regions consisting in marginal parts of the Central European Basin
during the Allbian-Cenomanian transgression
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"The transgressive Cretaceous deposits occurring in Southern England
are also comparable with those of the Polish Jura Chain, although the
phenomena which accompanied their formation occurred earlier, since
this region was situated outside of the sedimentary basin under study
and the transgression started in it as early as the Aptian.

A more detailed comparison of the transgressive deposits (Albian
through Turonian) of the Polish Jura Chain with those of other regions
(cf. Fig. 31) may be presented as below.

Miinster Basin and Rhine Massif

In the area of the Miimster Basin and Rhine Massif, the Cenomanian
clastic deposits lie transgressively on the Albian.ones (cf. Arnold 1964;
Wirth 1964, Fig. 1) and, in many localities, directly overlie the Paleozoic
substrate, filling more extensive depresions (cf. Kahrs 1927; Hancock,
Kennedy & Klaumann 1972). The transgression entered this area succes-
sively from the north, beginning as early as the Albian, and reaching the
Rhine Masgif only in the Cenomanian (cf. Arnold 1964, Pl. 1; Wirth 1964).
Thus, there were similar conditions as in the Cenomanian of the Polish
Jura Chain, where the continuation of transgression is marked which
enabled the beginning of sedimentation on the substratal hummocks (cf.
Fig. 29B). In the Turonian, carbonate facies are predominant in the area
of the Miinster Basin, while clastic facies (cf. Arnold 1964) appear towards
the Rhine Massif (in this direction, particular Cretaceous stratigraphic
members decrease their thickness). Of interest is that turbidites, formed
as a result of the suspension currents running to the Turonian basin from
the “Nordwestfilisch-Lippischen Schwelle,” occur within the carbonate
deposits of the Miinster Basin {cf. Voigt & Héntzschel 1964).

Sub-Hercynian Basin

In the western part of this area, the Cretaceous transgression begins
in the Uppermost Albian and gradually extends eastwards in the Ceno-
manian (Cieélifiski & Tréger 1964). In the Cenomanian, the carbonate
sedimentation (limestones and marls) takes place in the localities in which
the sedimentation is continued from the Upper Albian, while the clastic
sedimentation (glauconite sands) is observed in the remaining areas. In
the Turonian, the predominant type of sedimentation is the carbonate one
(limestones), while the bottom subsidence of the bagin enables the ac-
cumulation of considerably thicker deposits than those in the Polish Jura

Chain (cf. Tréger 1969).
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-Saxony

The transgression entered this area in the Middle or Upper Ceno-
manian (c¢f. Geinitz 1850, 1875; Ciefliiski & Troger 1964) and at first
«coarse-clastic deposits (conglomerates) and then marly glauconite sands
with phosphorites were deposited in the basin formed. At first, the sedi-
mentation occurs in larger depressions of substrate and a considerable
degree of levelling the relief of bottom (cf. Troger 1963, Fig. 4) is observed
on the boundary of the Cenomanian and Turonian (Actinocamax plenus
Zone). In the Turonian, there takes place the clastic-carbonate sedi-
mentation (sandstones, marls, limestones) and the subsidence of the
bottom enables the accumulation of deposits (Inoceramus labiatus —
1. costellatus Zones) with a considerably larger thickness (300 to 400 m)
than those in the Polish Jura Chain (cf. Troger 1963, 1969).

Bohemian Maésif

The transgression extending southwards and south-eastwards from
the Central European Basin, entered the Bohemian Massif in the Ceno-~
manian (cf. Krej&i 1877, Dvofdk 1958, Soukup 1971). In thus formed basin,
-mostly the clastic sedimentation {sands and sandstones) occurs, the parts
of magsifs surrounding the basin and not flooded by sea being the source
of material {(cf. Klein & Soukup 1966). In the Turonian, the clastic (sandy
and marly-sandy) facies persist only in the peripheral parts of the basin, .
carbonate (limestones and marls) and organodetrital (spongiolites) facies
predominate in the remaining areas. The sedimentation of these deposits
is accompanied by synsedimentary bottom movements, which cause dif-
ferences in their facial development and thickness. In the Turonian, the
thickness of the deposits is much larger than that in the Polish Jura
Chain. In the Upper Turonian (Inoceramus schloenbachi Zone), the
intensity of movements increases and in the Coniacian and Santonian they
locally cause the emersion of marginal parts of the basin and redeposition
of earlier sediments (Klein & Soukup 1966). During the same period, as
a result of symsedimentary movements, the non-depositional conditions
occurred in also the Polish Jura Chain.

Sudetes Mts

The area of the Sudetes, marking up the northern part of Bohemian
Massif, was entered by the tramsgression also in the Cenomanian (cf.
Scupin 1912—1913, Hintzschel 1933, Milewicz 1963, Jerzykiewicz 1971a).
In this region, the shallow-water marine sedimentation of the Cenomanian
clastic deposits (conglomerates and mostly sandstones) at first takes place
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in depressions surrounded- by old, crystalline massifs. Then, as a result
of a far-reaching gradation of alimentary areas, a fine-clastic (mudstones)
and organogenic (gaizes, spongiolites) sedimentation takes place in some
localities. The differences in the morphology of basin bottom result in
a variable thickness (at most about 50 m) of deposits here accumulated
{cf. Milewicz 1963, Jerzykiewicz 1971a), In the Turonian, the extent of
sea progresses and the clastic sedimentation {sandstones) takes place in
principle near the alimentary areas, while a more or less carbonate
sedimentation is observed in the rest of this region. The distribution of
facies is, however, disturbed (cf. Milewicz 1963, Jerzykiewicz 1968) by
differences in the morphology of basin bottom and synsedimentary
movements within the basin itself and in the surrounding alimentary
areas. At the turn of the Turonian to Coniacian, the intensity of these
movements increases to such an extent that they even cause local remo-
delling of the area; e.g. in the region of the Nysa Graben, during the
sedimentation of the Cenomanian and Turonian deposits, the subsidence
was marked only to a very small extent, while the sedimentation of flysch
deposits, reaching about 900 m in thickness (Jerzykiewicz 1971), started
in this region in the Coniacian. In contrast to the area of the Polish Jura
Chain, in the Sudetes, a considerable influence was exerted on the
sedimentation of the Cenomanian and Turonian deposits, as well as on
younger Cretaceous members by directly adjoining alimentary areas,
while the accumulation of deposits with a considerably larger thickness
{cf. Milewicz 1963; Jerzykiewicz 1968, 1971, 1971a) was enabled by the
synsedimentary, Sub-Hercynian tectonic movements.

Podolia

Much the same as in Central Poland, the Albian-Cenomanian
transgression entered Podolia in the Middle Albian (Hoplites dentatus
Zone), when a clastic sedimentation (conglomerates, sands, sandstones)
and the phosphatization processes of organic remains started in the
depressions of substrate (cf. Pasternak & al. 1968, Fig. 10). The extension
of the sea and the mostly carbonate and organogenic sedimentation
(various limestones, spongiolites, opoka), with the clastic sedimentation
Iimited to small areas, took place in the Upper Albian. In the Cenomanian,
like in the Polish Jura Chain, the -subsidence of the bottom and the
extension of sea range, connected with, enabled the beginning of sedi-
mentation also on the local hummocks of the substrate and, thus, a con-
siderable levelling of the bottom took place in the sedimentary basin (cf.
Senkovski 1963). In the areas in which the sedimentation began in the
Cenomanian, the differences in bottom morphology, frequently resulting
‘rom synsedimentary tectonic movements, cause considerable differences
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in facies {cf. Kokoszynhska 1931, p. 683). In the Turonian, much the same
as in the remaining area of the Russian Platform, there takes place a
unification of facies and carbonate sedimentation (chalk with flints,
limestones, marls), which terminates the sedimentation of 'transgresswe
deposits (cf. Najdin 1959, 1969; Pasternak & al. 1968).

‘Bornholm

On Bornholm Island 24, the Upper Cretaceous transgressive deposits
begin with Cenomanian basal conglomerate (18—55 cm thick) containing.
phosphatic nodules and reworked Albian fauna, i.a. Hoplites (Leymeriellu}
regularis (Bruguitre) and H. auritus (Sowerby), mixed with various
species of Schloenbachia 25 (cf. Ravn 1925, Wiertherg Rasmussen 1970).
The transgressive deposits overlie here a freshwater serfes of the Lower
Cretaceous {Neocomian). The main Cenomarian member, the Arnager
Greensand (70—130 m thick), is developed as loose sands with thin and
few interbeddings of calcite-cemented sandstones that contain diversified
fossils, ia. Schloenbachia varians (Sowerby), S. coupei (Brongniart),
Acanthoceras aff. sherborni Spath and Actinocamax primus Arkhangelsky
(cf. Ravn 1916; Rosenkrantz 1944; Birkelund 1957, Wienberg Rasmussen
- 1970; Christensen 1970, 1973). Successive in the profile, but with a sedi-
mentary gap and phosphatic conglomerates at the bottom {cf. Ravn 1918,
Stolley 1930, Stenestad 1972) is the Arnager Limestone (12—20 m thick)
with Scaphites geinitzi d’Orbigny and Gonioteuthis lundgreni (Stolley)
(= Actinocamax bornholmensis sensu Stolley; cf. Ravn 1918, Stolley 1930,
Birkelund 1957, Christensen 1973). This limestone member, being pre-
viously regarded as Upper Turonian (Ravn 1918, Birkelund 1957), has
recently been interpreted as pelagic and embedding the Upper Turonian
macrofauna possibly reworked, and its age been -documented by plankt-
onic foraminifers as Coniacian (Douglas & Rankin 1969). The sediment-
ological character of these limestones does not, however, support their
“pelagic” interpretation (Thiede & Larsen 1971). Mentioned may be here
that macrofaunistic data on Upper Turonian age of the Arnager Limestone

—_—

24 The data for the su&bchaipter on the Upper Cretaceous of Bornholm were
contributed by Docent A, Radwafiski during his wvisit to the discussed localities
(October 1973) under the guidance of Professor G. Larsen, University of Aarhus,

Denmarlk,
% Ravn (1925) under the name Schloenbachia varians (Sowerby) and S. ampez"

(angni,art) described various varieties that are referred to separate spemes or
varieties in the Present paper {S. subtuberculata, subplana, venirjosa and varians
var. tetrammatae or variens -var. trituberculata — Cf plso Marcinowski 1970); of the
only two fllukimated specimens, the correat 1dentitication should be as fdklows:
Ravn’s “S. coupei” (Ravin 1925, P1. 3, Fig. 5a—b) — S. ventriose Stieler
“S. variens” (Ravn 1925, PL 4, Fig. 5a—b) — S. subtuberculata (Sharpe)
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were also not obvious in former time (c¢f. discussion in: Birkelund 1957,
Stenestad 1972, Christensen 1973) and it was already Stolley (1930 and
earlier papers) who regarded the here-found macrofossils as indicative of
Lower & Middle Emscherian (= Coniacian) age.

With a next sedimentary gap, the preserved Cretaceous sequence is
completed on Bornholm with the fossiliferous Bavnodde Greensand of
Lower Santonian age (¢f. Ravn 1921, Birkelund 1957, Wienberg Ras-
mussen 1970). The total sequence of the Bornholm Cretaceous (Ceno-
manian greensand with reworked Albian fauna, fragmentary carbonate
facies of the Turonian-Coniacian, and Santonian greensand) bears a great
resemblance to that of some parts of the Polish Jura Chain, especially of
the Cracow Upland. The differences are not important here and mostly
consist in greater thickness of the deposits on Bornholm Island. It may
therefore be concluded that similar succession of endo- and exogenic
processes and resulting sedimentary phenomena have developed on both
(SW — Cracow Upland, NE — Bornholm) margins of the Danish-Polish
Trough (cf. Kutek & Glazek 1972, Bergstrém 1973) or in paleogeogra-
phical sense — in marginal zones of the Central European Basin (cf. also
Larsen 1966, Stenested 1972).

Scania and Swedish west coast

The occurrence of the Cretaceous deposits are here recorded on the
Fennoscandian border southeast of the Tornquist line {Bergstrom 1973)
In Scania, an assemblage of sands with an intercalation of conglomerates
of indefinite age (Christensen 1970) occurs below the faunally determined
Cenomanian deposits (sands and limestones) and over the crystalline
substrate. This area was entered by the Cretaceous transgression in the
Middle or Upper Cenomanian, while the region of Kristianstad and Béstad
was probably the border of the sea (Christensen 1970).

In the region of Sirdal, late Cenomanian phosphatized rock fragm-
ents, indirectly indicative of the presence of the Cenomanian transgression
in this area (cf. Bergstrom & Johansson 1973, Christensen 1973), occur
within the transgressive Santonian deposits. In the Turonian and Co-
niacian a regression of the sea took place in this region, which is respon-
sible for a lack of deposits of this age (Bergstrom 1973). The sedimentation
returng in the Santonian with a mew transgression (Bergstrom 1973), si-
milarly as in the Polish Jura where, however, only non-depositonal con-
ditions prevailed. It seems, therefore, that the greatest intensification of
the tectonfic movements in the two regions discussed falls in the Conia-
cian, although they are manifested in different ways. These analogies,
and a similar sequence on Bornholm Island, indicate that the symsedi-
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mentary tectonic movements occurred more or less simultaneously in
fairly extensive areas of the marginal zones of the Danish-Polish Trough
(cf. Kutek & Glazek 1972, Bergstrom 1973).

Southern England

The Cretaceous deposits (Aptian — Lower Albian through Ceno-
manian) occurring in Southern England, locally display certain analogies
to the transgressive Upper Albian and Cenomanian deposits of the Polish
Jura Chain. Comparing the structural features (type of bedding) and
general facial development of the Upper Albian sandy deposits from
Glanéw (outcrop 109) with the Lower Albian deposits of the Isle of Wight,
one gets the impression that the sedimentation of both these deposits
took place under similar shallow-marine conditions, although those from
the Isle of Wight (cf. Dike 1972) differ in the abundant occurrence of
burrows Ophiomorphe nodose Lundgren. On the boundary of the Albian
and Cenomanian (Chalk Basement Bed), the appearance of an abundant
fauna and phosphatic nodules, as well as a stratigraphic condensation
(cf. Hancock 1969, Kennedy 1970) are observed in many localities, but on
the regional scale this it is a diachronic phenomenon (cf. Kennedy 1970,
Fig. 18). During sedimentation of the Albian and Cenomanian deposits,
subaqueous swells and depresions formed as a result of synsedimentary
movements of the bottom, resulting in turn in a considerable variability
of facies and thickness of the deposits (cf. Drummond 1970; Kennedy 1970;
Owen 1971h, 1972).

The comparisons reviewed above indicate analogtles which occur
within the transgressive deposits of the marginal parts of the Central
European Basin, while Southern England, with its continuous marine
sedimentation from the Aptian, belongs to a different zone within the
time of the Albian-Turonian sequence, which in the area of the Polish
Jura Chain is expressed in the transgresswe deposits presented in this

paper.

Institute of Geology
of the Warsaw University
02-089 Warszawa, Al. 2Zwirks i Wigury 93
Warsaw, September 1973
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R. MARCINOWSKI

TRANSGRESYWNE UTWORY KREDY (ALB-TURON)
NA OBSZARZE JURY POLSKIEJ

.{Streszczenie)

Przedmiotem pracy s§ transgresywne utwory kredy ma obszarze Jury Pol-
skiej, odslaniajgce sle miedzy Czestochowa a Glanowem (por. fig. 1, 3—4, 9 oraz 12).
Utwory te (por. fig. 2, 5—8, 10—, 183—28 oraz pl. 1—l1) lezg na erozyjnie rozciete)
powierzchni wapleni gérnojurajskich, a wiek ich zemyka sie w granicach gérny alb
(ewentualnje najwysszy &rodkowy alb) — niZsza czeSé gbrnego turonu (poziom Ino-
ceramus costellatus). Stwierdzone zespoly faunistyczne {(por. tab. 1—5 oraz pl. 17—
34) scharakteryzowano w bawigzaniu do zespoibéw znanych z obszaréw sasiednich
oraz innych czefci Europy, a fakZe kilku regionbw pozacuropejskich. Szczeg6lnie
Hezne zespoly wyetepujs w cenomanie, co przynajmniej czeSciowo spowodowane
byto powolnym tempem sedymentacji (mondensacja faun amonitowych z Pposzczeg6l-
nych poziom6w, wzrost lloci glaukonitu, Obecnodé r&inorodnych konkrecji fosfo-
rytowych). Ogéblnie scharakberyzowano réwniez §lady dzialalnodel zyclowej organiz-
méw grzebigeych i drazacych (por. pl 12—18; pl. 17, fig. 9). W czefci paleontolo-
gicznej pracy, spoSréd bogatej fauny ocenomanu, szczegblowo opracowane zostaly
amonity (pl. 31—34). Reprezentujg one poziomy amonitowe znane z poludniowe]
Anglii § Francji {(por. Hancock 1959; Kennedy 1969, 1971), co uzasadnia przyjecie
takze i w Polsce podzialu cenomanu na trzy czeSci (por. tab. 6). Podzial ten skore-
lowano ze stosowanym dotychczas w Polsce dwudzielnym podzialem cenomenu (por.
Cieflifieki 1959, 1965; Cleélifiski & PoZaryski 1970; Marcinowski 1970; Glazek, Marci-
nowski & Wierzbowski 197). W zwiazku z tym, iz Scaphites geinitzi d'Orbigny wy-
stgpuje w calym turonie (por. Prescher 1983) i nie moze byé wskaZnikiem dla zony
niZszej czeicl gbérnego. turonu (tzw. poziom T3 semsu Cieflifiski 1860b, 1063), doko-
nano redefinicji tego poziomu. Zaproponowano, aby dawny poziom Scaphites geinitzi
nazwaé poziomem Inoceramus costellatus i ten wilaénie gatunek uznaé za wekaZni-
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kowy; za dolng granice poziomu naleZy uznaé pojawienie sie gatunkéw Imoceramus
costellatus Woods i I. inconstans Woods, natomiast za gérna — pojawienie sie I. schlo-
enbachi Bohm {por. Cieflifiski 1960b, 1963; Cieflifiski & Pozaryski 1970). Analizujge
wyksztalcenie facjalne badanych utworéw i ich stosunek do gbérnojurajskiego podioza
oraz poréwnujac je z réwnowiekowymi osadami na obszarze Wyzyny Krakowskiej,:
odtworzono warunki sedymentacji osadéw transgresywnych na obszarze calej Jury
Polskiej (por. fig. 29). Scharakieryzowano réwniez pozycje paleogeograficzng regionu
wykazujac m.in., Ze na Dprzeblomie albu i cenomanu doszlo tutaj do utworzenia
podmorskiego progu, ktéry oddzielal morze kredowe obszaru Opola i Glubezyc od.
morza Polski Centralnej {por. fig. 30; a tak?e Alexandrowicz 1969). Prég ten zazna-
czyl sie réwniez w trakcie sedymentacji mlodszych osadéw kredy (por. fig. 30), a jego
powstanie wigzaé nalezy z subhercyfiskimi ruchamij btekionicznymi. W zakoficzeniu
-pracy przedstawiono poréwnanie transgresywnych utworébw albu, cenomanu i tu-
ronu Jury Polskiej z réwnowiekowymi utworami epikontynentalnymi innych obsza-
r6w Europy. '

Instytut Geologii Podstawowej
Uniwersytetu Warszawskiego .
02-089 Warszawa, Al. Zwirki i Wigury 93
Warszawa, we wrzefniu 1973 7.
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1 — Coarse-grained, marly sandstone: !noceram prisms in matrix; Cenomanian, Mokrzesz
(unit 3 in Fig. 2A).

2 — Marly, phosphatic conglomerate; Cenomanian, Jullanka (unit 2 in Fig, 2E).

3, 4 — Chalcedonite: volds after sponge splcules (3) and unrecognizable organic debris (4);
Upper Alblan, Lustawice (unit 3 in Fig. 2D); nicols crossed.

§ — Quartzitic sandstone: secondary rims around quartz grains; Upper Alblan, Staropole
(unit 2 in Fig. 2F); nicols oblique.

6 — Chalcedony-cemented sandstone; Upper Alblan, Solca (outcrop I1lic in Fig. 4); nicols
crossed.

All figures X 50
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1 — Strongly cemented quartzitic sandstone with pressure-solution contacts; Upper Albian,
Solea (outcrop 111a In Fig. 4); nicols crossed.

2 — Chalcedony-cemented sandstone; Upper Alblan, Wolbrom (outcrop 103 in Fig. 8); nicols
crossed.

3 — Chalcedony-cemented sandstone with altered glauconite grains; Upper Alblan, Sucha
(unit 3 in Fig. 13); nicols crossed.

4 — Foraminifer limestone being the cement of quartz conglomerate (quartz pebble at bottom
of photo); Middle Cenomanian, Glanéw (upper part of unit 2a in Fig. 22).

8 — Organodetrital Iimestone with foraminifers and quartz grains; Lower Turonian, Ulina
Wielka (outcerop 1.5 in F.g. 9).

All figures X 50
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Cenomanlan-Santonian microfacies at Przychody
(outcrop 115 In Fig. 4; location of samples in Figs 7 and 8A4); all figures X 30
1 microfacies of maximal frequency of quartz and glauconile (sample 1, Cenomanian); 2
Pithonella microfacies with foraminifers, and quartz and glauconite admixture (sample 3,
wer Turonian); 3a—b Pithonella-foraminifer microfacles with quartz admixture and bryozoan
debris (3b) — sample 7, Lower Turonlan; 4a—b the same mlicrofacles (sample 12, Upper Turonian)
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Cenomanian-Santcnian microfacies at Przychody (cnt'd)

1 foraminifer-Pithonella microfacies (sample 14), Upper Turonian, X 70; 2 contact of sanay

limestone (sample 14 — left side of photo) with a dyke enriched with quartz (sample 14a), Upper

Turonlan, X §0; 3 contact of foraminifer-Pithonella limestone (sample 15 — left side of phot9d)
with a similar dyke (sample 15a), Upper Turonian, X 50
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Ccncmanian-Santonian microfacies at Przychody (cnt'd)

1 foraminifer microfacies (sample 16, Upper Turonian); 2 Santonian sandy marl from a dyke
in Turonian deposits (cf. Fig. 8B): foraminifer microfacies abundant in glauconite and quariz
(sample 16a); 3 microfacies of maximal frequency of glauconite and abundant inoceram prisms
(sample 17, Santonian); 4 inoceram microfacles (sample 19, Santonian)
All figures X 50
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Cenomanian/Turonian microfacies at Por¢gba Dzierzna
(outerop 110 in Fig. 9, location of samples In Fig. 10)
1 marl-sandy matrix of quartz conglomerate (quartz pebble at upper left), sampie 1, Upper
Cenomanian; 2 foraminifer microfacies with quartz and glauconite admixture (sample 2, Ce-
nomanian — Turonlan junction); 3 Pithonella microfaclies with abundant foraminifers and ino-
ceram prisms (sample 3, Lower Turonian, X 70); 4 inoceram-foraminifer-Pithonella microfacies
(sample 4, Lower Turonlan); 5 inoceram microfacies (sample 5, Lower Turonian)

All figures X 50, except Fig. 3
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Cenomanian-Turonian microfacies at Glandw

(outcrops 108b and 108c)
1 marly, glauconitic sandstone with benthic foraminifers (sample 6 In outerop 108b — ef. Fig.

18, Lower Cenomanian)
Remaining samples from outcrop 108c (their location — In Fig. 22): 2 foraminifer-Pithonella
microfacies (sample 6, Upper Cenomanian); 3a—b foraminifer-inoceram microfacies (sample 2,
Upper Cenomanian); 4 foraminifer-inoceram-Pithonella microfacles (sample 10, Lower Turo-

nian); 5 inoceram microfacies (sample 14, Lower Turonian)
All flgures X 50



ACTA GEOLOGICA POLONICA, VOL. 24 R. MARCINOWSKI, Pl 8

Lower Turonian microfacies at ‘Wielkanoc
(outcrop 123 In Flg. 9, location of samples in Fig. 26)
1 microfacles of maximal frequency of quartz and glauconite (sample 2); 2 foraminifer micro-
facies with scattered quartz and glauconite (sample 5); 3a—b Pithonella microfacies with fora-
minifers (sample 7); 4a—b inoceram microfacies with foraminifers (sample I1): a inoceram
valve fragments, b inoceram prisms and their fine detritus

Al figures X 50
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Upper view of the stromatolite at Przychody (unit 4 in Figs 7—84); Upper Turonian,
Incccramus costellatus Zone; nat size
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Upper Turonjan and Santonian deposits at Przychody

1a—b stromatolite (cf. Pl. 8) developed on eroded surface of sandy limestone; Upper Turonian,
Inoceramus costellatus Zone
2 sandy limestone of the topmost layer of the Turonian (T, Upper Turonian, Inoceramus
costellatus Zone) cut by dykes of sandy glauconitic marls of the Santonian (S)
All figures In natural size
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Stromatolitic structures at Przychody

1 transverse section of a stromatolite column: preserved corrugated lamination at the edges
of an interstice; X 50
2 colloform phosphate encrustings around a stromatolite column (not visible in photo), X ¥
3 distribution of quartz in the stromatolite: variable frequency in particular laminae of
columns, greater amount and concentration at bottom of interstices; X 4
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1—2 Lower Turonian abrasion surface (on Upper Jurassic butten limestones) with
“Potamilla” borings (type C as in: Glazek, Marcinowski & Wierzbowski 1971); Wiel-
kanoc, outcrop 123 (cf. Figs 9 and 24—26)

3 borings “Potamilla” type C (longitudinal sections; the same specimen as
presented in 1)

Both figures in nat. size; taken by B. Drozd, M. Sc.
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Chondrites sp. in a sandstone layer (section parallel to bedding); Upper Albian, Su-
cha (outcrop 109 in Fig. 12), X 0.7
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1 Chondrites sp. in section perpendicular to the bedding; Upper Albian, Sucha (unit 4
in Fig. 13)
2 Chondrites sp.: burrows covered by oblique-bedded sands (section perpendicular
to bedding); Upper Albian, Sucha (unit 2 in Fig. 13)
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1 Chondrites sp. — burrows visible in section perpendicular to the bedding; Upper
Albijan, Sucha (lower part of unit 4 in Fig. 13)

2 the same in section parallel to the bedding
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1 Chondrites sp. -—— burrows visible in section perpendicular to the bedding; Upper
Albian. Wolbrom (outcrop 103 in Fig. 8, cf. also Fig. 11)

2 the same in section parallel to the bedding
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1 Exanthesis cf. labrosus (Smith); Cenomanlan, Mokrzesz (outerop 45), X 1.5
2a—b Micrabacla coronula (Goldfuss), top (a) and side (b) views; ibidem, X 1.5
3 Multicrescis vartabills cracoviensis Maryarnska; ibildem, X 1.5
4 Serpula proteus J. de C. Sowerby; ibidem, X 1.5

5 pebble of Upper Jurassic limestone, encrusted by a serpulid; Middle Cenomanian, Glanéw
(108¢c, unit 2a), X 2
6—8 quartz pebbles encrusted by serpulids; Ibidem, X 2
9 sandy, slliceous concretion with a vold after a limestone pebble: visible is a mould of the
boring by Gastrochaena sp.; Upper Alblan, Sucha (109a); nat. size

All photos taken by B. Drozd, M. Sc¢
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Cenomanian brachiopods

1 Arcuatothyris arcuata (Rocmer), Glanéw (outcrop 108¢, unit 2c); 2 the same Mokrzesz (46,
unit 3); 3—4 Platythyris rugulosa (Morris), ibidem; 5 Concinnithyris(?) subundata (J. de C. So-
werby), ibidem; € ”Terebratula” dutemplei d’Orbigny, Glanow (108c, unit 2a)

a — dorsal view, b — side view, c - anterior view
All photos X 2; taken by B. Drozd, M, Sc.
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Cenomanian brachiopods

1—2 Kingena arenosa (d'Archlac), JaZwiny (outcrop 53, unit 3); 3 Praelongithyris sp., Mokrzesz
(46, unit 3); 4=—5 Terebratulina chrysalis (Schlotheim), ibidem; € Sellithyris(?) sp., Glanéw
(108c, unit 2a)

a — dorsal view, b — side view, ¢ — anterior view
All photos X 2; taken by B. Drozd, M. Sc.
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Cenomanian brachiopods

1 Gibbithyris sp., Mokrzesz (outcrop 46, unlt 3); 2 Ornatothyris sp., Krasice (52); 3 Praclongithyris
sp., Mokrzesz (46, unit 3); 4 Ornatothyris sp., Glandéw (108c, unit 2¢); 5~68 Orbirhynchia mantel-
llana (J. de C. Sowerby), Mokrzesz (48, unit 3); 7 Orbirhynchia parkinsoni Owen, Glandéw
(108c, unit 2q)
a — dorsal view, b — side view, ¢ — anterior view

Al photos X 2; taken by B. Drozd, M. Sc.
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Cenomanian brachiopods

1 Lepidorhynchia sigma (Schloenbach), Julianka (outcrop 69, unit §); 2 Grasirhynchia martini
(MantelD, Mokrzesz (46, unit 3); 3 Cyclothyris cl. difformis (Valenciennes in Lamarck), ibidem;
4 Lamellaerhynchia caseyi Owen, Glandéw (108c, unit 2a); 5§ Cretirhynchia sp., Glanow (I08c,
unit 2c); & Cyclothyris(?) schloenbachi (Davidson), Mokrzesz (46, unit 3); 7 Cretirhynchia minor
(Pettitt), tbidem
a — dorsal view, b side view, ¢ — anterior view
L

All photos X 2; taken by B. Drozd, M. Sec.
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Albian-Turonian gastropods and pelecypods

1 Emarginula althi Zareczny, a side view, b anterior view, Cenomanian, Mokrzesz (oulcrop 46,
unit 3), X 1.5; 2 the same, Cenomanian, Jazwiny (53, unit 3), X 1.5; 3 Venilicardia ligeriensis
(d'Orbigny), ibidem, X 1.3; 4 Neithea quinquecostata (J. de C. Sowerby), Cenomanian,
Mokrzesz (46, unit 3), X 1.5; 5 Unicardium cf. tumidum Briart & Cornet, tbidem, X 1.5;
8 Aucellina gryphaeoldes (J. de C. Sowerby), a left valve, b right valve, Upper Alblan,
Luslawice (84, bottom part of unit 2), X 15, 7 Lopha colubrina (Lamarck) [= Alectryonia
diluviana Linnaeus] Cenomanian, Jaiwiny (53, unit 3), X 1.5; 8 JInoceramus annulatus
Goldfuss, Lower Turonlan, Wielkanoc (123, unit 6), nat. size

All photos taken by B. Drozd, M. Sc.
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Upper Albian inocerams

1 Inoceramus concentricus Parkinson, Staropole (outcrop 3, unit 5), nat. size; 2 Inoceramus

anglicus Woods, Staropole (63, unit 2), nat, size; 3 the same, Solca (111a), nat. size; 4 Inoceramus

anglicus — crippst m. {. (specimen truns:tblloxml from I. anglcus Woods to I. crippsi Mantell),
dem, X 05

All photos taken by B. Drozd, M. Sec.
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Upper Albian and Cenomanian inocerams

1—2 Inoceramus anglicus Woods, Upper Albian, Solca (outcrop lIlla); 3 Inoceramus anglicus —
crippst m. f. (for explanations see Pl. 23, Fig. 4), ibidem; 4 Inoceramus bohemicus Leonhard,
Cenomanian, Jazwiny (53, unit 3)

All photos in nat. size; taken by B. Drozd, M. Se.
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Ccenomanian and Turonian inocerams

1 Inoceramus crippsi :\‘lilllll::'l, Upper Cenomanlian, Glandw (outcrop 108c, unit 2d); 2 Inoceramus
lamarcki Parkinson — a right valve, b anterior margin view, Lower Turonlan, Solca (116); 3
Inoceramus inconstans Woods, Upper Turonian, Solca (116)

All photos in nat. size; taken by B. Drozd, M. Sc
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Cenomanian echinoids

1 Phymosoma ccnomanense Cotteau, Mokrzesz (ouicrop 46, unit 3); 2 Discoides subuculus (Klein),
Jatwiny (53, unit 3); 3 the same, Mokrzesz (46, unit 3); 4 Camerogalerus cylindricus (Lamarck),
ibldem; 5 Pygaulus pulvinatus d’Archiac, Glanéw (108c, unit 2a)

a — top view, b — slde view, ¢ — bottom view, d — posterior view

All photos X 1.5; taken by B. Drozd, M. Sc.
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Albian :nd Cenomanian echinoids

1 Holaster poloniae Lambert, Cenomanlan, Jaiwiny (outcrop 53, unit 3); 2—3 Pseudholaster(?)
sp., Upper Alblan, Staropole (63, unit 2)
a — top view, b — side view, ¢ — botiom view, d — posterior view
All photos X 1.3; taken by B. Drozd, M. Sc.
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Cenomanjan and Turonian echinoids

1 Cardlaster sp., Upper Turonian, Solca (outcrop 117); 2 Holaster subglobosus Leske, Cenoma-
P
nian, Jazwiny (53, unit 3)
a — top view, b — side view, ¢ — bottom view, d — anterior view

All photos X 1.5; taken by B, Drozd, M. Sc.
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Turonian echinoids

1 Infulcster sp., Upper Turonlan, Solca (outcrop 116); 2 Conulus ellipticus (Zargezny), Lower
Turonian, Glanow (108c, unit 3b); 3 Conulus subrotundus (Mantell), Lower Turonlan, Solca (117)
a — top view, b — side view, ¢ — bottom view, d — anterior view
All photos X 1.5; taken by B. Drozd, M. Sc.
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PLATE 30
Cenomanian and Turonian elasmdl:_rranch teeth

1 — Corax falcatus Agassiz, inner view; Cenomanian, Mokrzesz (outcrop 46, unit 3).
2 — Oxyrhina angustidens Reuss, inner view; Cenomanian, Julianka (69, unit 6).
3 — The same; Cenomanian, Mokrzesz (46, unit 3).
4, 5 — Otodus appendiculaius {Agassiz), inner view; Cenomanian, Julianka (69,
units 4 and 6).
8 — The same; Cenomanian, Jullanka (70, cf. Marcinowski 1870, Fig. 1).
7, 8 — The same; Cenomanian, Mokrzesz {46, unit 3).
9 — ?0zyrhina mantelli Agassiz, fragment of the crown; Cenomanian, Jazwiny
" (53, unit 3).
10 — Scapanorhynchus rhaphiodon (Agassiz), inner view; Upper Cenomanian, Gla-
néw (108c, unit 2c).
11 — Ptychodus mammillaris Agassiz, a obligue-crown (rtronrt) view, b hind vrle'w,
Lowermost Turonian, Skrajniwa (122).
12-15 — Ptychodus decurrens Agassiz — crown view of the teeth from: 12 — lateral
(III or IV) row of the upper jaw, 14 — lateral (II or III) row 'of the upper jaw,
13 and 15 — lateral (I or II) row of the lower jaw; Upper Cenomanian, Glanéw

(108c, unit 2c).
All photos X 32; taken by B. Drozd, M. Sc.



PLATE 31
Cenomanian belemnites and ammonites

1 Scipomoceras subbaculoides (Geinitz), Middle Cenomanian, Glanéw (ouberop 108c,

unit 2a), X 1.5; 2 Phylloceras (Hypophylloceras) seresitense seresitense Pervinguiére,

Cenomaniiein, Mokrzesz (48, unit 3), X 0.5; 8 Neohibolites ultimus (d’Orbigny), tbidem,

X 1.5; 4 Puzosia (Puzosia) subplanulata (Schliiter), Middle Cenomanian, Glan6éw (108c,
unit 2a), nat. size; 5 Acanthoceras sp., ibidem, nat. size

All photos taken by B. Drozd, M. Sec.
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Cencmanian ammonites

1—3 Hypoturrilites tuberculatus (Bosc), Mokrzesz (outcrop 46, unit 3); 4—5 Hypoturrilites afl.
tuberculatus (Bosc), ibidem; 6 Ostlingoceras (Ostlingoceras) puzosianum (d'Orbigny), tbidem; 17
Mariella (Mariella) sp., tbidem; 8 Hypoturrilites gravesianus (d’Orbigny), Lustawice (84, unit 4);
9 Hypoturrilites aff. gravesianus (d'Orbigny), Mokrzesz (48, unit 3); 10 Hypoturrilites gravesianus
(d’Orbigny), Jazwiny (53, unit 3); 11 Hypoturrilites sp., Mokrzesz (46, unit 3); 12 Turrilites (Tur-
rilites) boerssumensis Schlliter, ibidem; 13 Mariella (Mariella) lewesiensis (Spath), ibidem,
4—15 Marlella (Mariella) cenomanensis (Schliiter), ibidem: 18 Mariella (Mariella) cf. cenoma-
nensls (Schliter), bidem
All photos X 1.b; takén by . Drozd. M
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Cenomanian ammonites

1 Hyphoplites campichei campichei Spath, Mokrzesz (outcrop 45, unit 3); 2 Hyphoplites falcatus

aurora Wright & Wright, ibidem; 3 Mantelliceras saxbii (Sharpe), ibidem; 4 Mantelliceras tu-

derculatum (Mantell), Jatwiny (33, unit 3); 5 Mantelliceras gr. dixonl Spath, Mokrzesz (45, unit
3); & Calycoceras (Lotzeites) aff. lotzeli Wiedmann, Jaiwiny (53, upper part of unit 3)

All photos X 1.5; :aken by B. Drozd, M. 8c.
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Cenomanian ammonites

1—2 Schloenbachia subtuberculata (Sharpe), Middle Cenomanian, Glanow (outcrop 108c, unlt 2a);
3 Schloenbachia subvarians Spath, Cenomanian, Mokrzesz (46, unit 3)

All photos X 1.5; taken by B. Drozd, M. Sc.
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