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ABSTRACT:

Wilmsen, M., Niebuhr, B. and Chellouche, P. 2010. Occurrence and significance of Cenomanian belemnites in
the lower Danubian Cretaceous Group (Bavaria, southern Germany). Acta Geologica Polonica, 60 (2),231-241.
Warszawa.

The belemnite records of the lower Danubian Cretaceous Group (DCG, northeastern Bavaria, southern Ger-
many) are compiled, taxonomically described and placed within the new integrated stratigraphic framework of
the group. Three specimens from the lower Regensburg Formation (Saal Member) south of Regensburg can be
assigned to Neohibolites cf. ultimus (d’Orbigny) and are dated as late Early Cenomanian (Mantelliceras dixoni
Zone). Eight specimens represent Praeactinocamax plenus (Blainville) and occur in an event (plenus Event) in
the lower Eibrunn Formation (Regensburg area) or basal Regensburg Formation (Roding area in the Boden-
wohrer Senke). Biostratigraphy and carbon stable isotopes suggest that the belemnite horizon with P. plenus in
the DCG has strictly the same chronostratigraphic position (mid-Late Cenomanian, middle Metoicoceras ges-
linianum Zone) as elsewhere in Central and NW Europe. The lithostratigraphic units of the lower Danubian
Cretaceous Group (i.e., the Regensburg and Eibrunn formations), however, are characterized by a pronounced
diachronism based on their time-transgressive (i.e., onlapping) deposition during the Cenomanian—Early Tur-
onian transgression. The distribution of P. plenus around the Mid-European Island can be easily explained by
migration around the positive area without the necessity of a marine strait across the Bohemian Massif.

Key words: Upper Cretaceous; Belemnitida; Taxonomy; Integrated stratigraphy; Palaeo-
geography.

INTRODUCTION

The Cretaceous of northeastern Bavaria (formerly
often termed “Regensburger”, “Oberpfalzer” or
“Fréankische albiiberdeckende Kreide”, now formalized
within the Danubian Cretaceous Group by Niebuhr et
al. 2009) is one of the classic regions for early geolog-
ical investigations in Germany (e.g., Giimbel 1854,
1868a, b, 1891). However, despite its key position be-

tween the well studied Boreal successions in the north
and the Tethyan Alpine Cretaceous in the south, knowl-
edge concerning the stratigraphy, macrofossil palacon-
tology and depositional environments of the Danubian
Cretaceous Group remained in a somewhat undevel-
oped state throughout the 20" century. The few detailed
macro-palacontological monographs date back to
Lehner (1937a, b) and Dacqué (1939), followed by
short taxonomic accounts on the Upper Cenomanian
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cephalopod fauna of the Eibrunn Formation from the
Regensburg area (Forster et al. 1983; Roper and Roth-
gaenger 1995) or Middle Cenomanian siliceous
sponges (Kauffman ez al. 2000). Cenomanian belem-
nites were recorded in some of the aforementioned
works but never discussed in taxonomic and strati-
graphic detail. This is surprising and a waste of im-
portant information, as the occurrence of belemnites in
the Cenomanian of NW Europe has a considerable
stratigraphic and palaeo-ecologic significance (e.g.,
Christensen 1990a; Gale and Christensen 1996;
Kost'ak et al. 2004; Mitchell 2005; Wilmsen et al.
2007; Wilmsen and Rabe 2008; Wiese et al. 2009).
Thus, the scope of the present paper is a compilation
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of the belemnite records of the lower Danubian Creta-
ceous Group based on the examination of collection ma-
terial of the Bayerische Staatssammlung flir Paldonto-
logie in Munich (BSP), new finds (PrNW) from the suc-
cessions around Regensburg and Roding (Bodenwdhrer
Senke), and a re-logging and chronostratigraphic re-in-
terpretation of classic sections of the Danubian Creta-
ceous Group such as the Miihlberg section near Bad
Abbach. Apart from the short taxonomic treatment, the
significance of the belemnite occurrences is discussed
within an integrated stratigraphic framework. Further-
more, the occurrence of one taxon (i.e., Praeactinoca-
max plenus) around the Mid-European Island is used to
evaluate controversial palacogeographic reconstructions.
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Text-fig. 1. Map showing the regional framework of the study area with main structures and distribution of the Danubian Cretaceous Group (light-

grey shading). The sections of Text-fig. 2 and localities mentioned in the text are indicated
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GEOLOGICAL SETTING AND LITHOSTRATI-
GRAPHY

The study area is located in northeastern Bavaria
(southern Germany), specifically around Regensburg
and Roding in the Bodenwohrer Senke (Text-fig. 1).
Lithostratigraphically, the investigated successions are
part of the Danubian Cretaceous Group (DCG) of
Niebuhr et al. (2009). The DCG represents non-marine
to neritic environments of a peri-continental shelf system
at the northern margin of the Neotethys, south of the
Mid-European Island (MEI), developing in response to
the transgression of the early Late Cretaceous. The litho-
and biostratigraphic revision of the DCG was carried out
recently by Niebuhr ez al. (2009), Troger et al. (2009),
Wilmsen el al. (2009) and Wilmsen and Niebuhr (2010).

SW b——— ¢a.20km

233

The DCG comprises conglomerates, sands and
sandstones, clays, marls and marlstones, calcarenites,
siliceous opoka and limestones, with a maximum
thickness of a few hundred metres. Marine deposition
started in the Early Cenomanian and persisted into the
Coniacian, comprising a nearly symmetrical trans-/re-
gressive mega-cycle with a maximum flooding inter-
val during the late Middle to early Late Turonian
(Niebuhr et al. 2009; Wilmsen and Niebuhr 2010).

The marine lithostratigraphic units of the lower DCG
are the Regensburg, Eibrunn and Winzerberg formations
(Text-fig. 2). The Regensburg Formation (Cenomanian—
lowermost Turonian) unconformably overlies various
older rock units, mainly Upper Jurassic limestones of
the Franconian Alb (Frankenalb) or the terrestrial Lower
Cretaceous Schutzfels Formation (preserved only in
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Text-fig. 2. Correlation of sections from the lower Danubian Cretaceous Group in a SW-NE transect from south of Regensburg to Grub (Bo-

denwohrer Senke; intermediate Benberg section modified after Forster et al. 1983). Belemnite occurrences are indicated. Note diachronism of

lithostratigraphic units and facies-breaking stratigraphic pattern of the Praeactinocamax plenus Event (Eib. F. = Eibrunn Formation;
Winz./Winzerb. F. = Winzerberg Formation; Reinh. Mb = Reinhausen Member)
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karst depressions). Towards the northeast, the Regens-
burg Formation transgresses onto older Mesozoic strata
or the Variscan basement of the Bohemian Massif (Text-
fig. 2). The Regensburg Formation consists of mixed,
more-or-less glauconitic siliciclastic-calcareous sedi-
ments. It is subdivided into a lower Saal Member con-
sisting of thickly bedded glauconitic sandstones with a
shallow-water fauna of bivalves, brachiopods, echinoids
and siliceous sponges, and an upper Bad Abbach Mem-
ber of interbedded sandy-silty marls and siliceous lime-
stones (see Trusheim 1935; Kauffman et al. 2000;
Niebuhr ez al. 2009). The uppermost Cenomanian—lower
Lower Turonian silty marls of the Eibrunn Formation
document a first maximum flooding interval during the
early Late Cretaceous transgression. Their faunal con-
tent (cephalopods, inoceramid bivalves and planktonic
foraminifera) was the subject of papers by Forster ef al.
(1983), Hilbrecht (1986), Roper and Rothgaenger
(1995) and Hilbrecht et al. (1996). The Eibrunn Forma-
tion is overlain by the spiculitic, calcareous silt- to marl-
stones (Reinhausen Member) and sandstones (Knollen-
sand Member) of the Lower Turonian Winzerberg For-
mation. A conspicuous sequence boundary in the Lower—
Middle Turonian boundary interval terminates this first
(i.e., Cenomanian—Early Turonian) trans-/regressive
cycle of the Danubian Cretaceous Group (Niebuhr et al.
2009). The Regensburg and Eibrunn formations are char-
acterized by pronounced diachronism from southwest to-
wards the northeast due to the transgressive onlap onto
the Bohemian Massif (Wilmsen et al. subm.).

In the DCG, belemnites occur in the upper Lower
Cenomanian of the Saal Member of the Regensburg
Formation south of Regensburg, in the Upper Ceno-
manian of the lower Eibrunn Formation both south
and north of Regensburg, and in the Upper Cenoman-
ian of the lower Regensburg Formation near Roding in
the Bodenwohrer Senke (Text-fig. 2). These occur-
rences are taxonomically briefly described below, fol-
lowed by a discussion of their stratigraphic and
palacogeographic significance.

SHORT SYSTEMATIC ACCOUNT
Descriptive terminology of the belemnite rostrum fol-
lows Kost'ak (2004).
Family Belemnopseidae Naef, 1922
Genus Neohibolites Stolley, 1911

TYPE SPECIES: Belemnites ultimus d’Orbigny, 1845,
pl. 75, figs 9-13.

Neohibolites cf. ultimus (d’Orbigny, 1845)
(Text-fig. 3A)

cf. 1845. Belemnites ultimus d’Orbigny, pl. 75, figs 9-13.
cf. 1971. Neohibolites ultimus (d’Orbigny 1845); Spaeth, p.
72, pl. 9, figs 7-12 (see for synonymy).
cf. 1999. Neohibolites ultimus (d’Orbigny); Wilmsen, p.
301, figs 4a—c, 5a, b (see for synonymy).
cf. 2005. Neohibolites ultimus (d’Orbigny); Mitchell, p. 364.

MATERIAL: 3 incomplete specimens (BSP 1887 VI,
BSP 1887 VI 10; PrNW), including the original of Dac-
qué (1939, p. 69, pl. 4, fig. 14), described and figured as
“Actinocamax cft. plenus Blainville”, from the Ceno-
maner Griinsandstein, Brandlerberg bei Kelheim”.

DESCRIPTION: The shape of the relatively small,
slender rostra is conical, subspherical in the area of
maximum diameter, with stronger lateral compression
in the (alveolar) area of minimum diameter. Thus, the
rostrum is slightly claviform in ventrodorsal view. Due
to the incomplete preservation, the ventral furrow is
only weakly visible. The alveolus is relatively deep
and the alveolar end show the typical concentric de-
foliation described by Spaeth (1971, p. 73).

REMARKS: Even in this incomplete preservation, the
specimens from the Regensburg Formation do not dif-
fer significantly from Neohibolites ultimus (d’Orbigny)
as described and figured in the literature (e.g., Spaeth
1991; Wilmsen 1999). However, due to the incomplete
preservation, they are kept in open nomenclature. Rep-
resentatives of the Cenomanian to Lower Santonian
belemnite genus Praeactinocamax Naidin (one of the
few other belemnite genera present in the Cenomanian
of Europe) are clearly differentiated from the present
specimens by different shapes of their guards (which
are subcylindrical to lanceolate) and the morphology
of the alveolar parts of the rostra (Christensen 1990b;
Kostak 2004; Wilmsen et al. 2007; Kost'ak and Wiese
2008; Wilmsen and Rabe 2008; Wiese et al. 2009). The
very rare, small Cenomanian belemnite Belemnocamax
Crick has short and ventrally strongly flattened rostrum
with a distinct ventral groove and a heart-shaped ante-
rior end (Christensen 1993; Wilmsen and Rabe 2008).

Family Belemnitellidae Pavlow, 1914

Taxonomy, palacobiogeography and migration of the
Late Cretaceous belemnite family Belemnitellidae
were intensively discussed by Christensen (1997a, b),
Kost'ak (2004) and Kost'ak et al. (2004).
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Genus Praeactinocamax Naidin, 1964 1995. Actinocamax plenus (Blainville); Roper and Roth-
gaenger, p. 182.

TYPE SPECIES: Belemnites plenus Blainville, 1825- 1997. Praeactinocamax plenus (Blainville); Kotk and Pav-

1827, p. 376 (1825), pl. 11, fig. 3 (1827). 1i3, p. 2, text-figs 3, 4, pl. 1, figs 1-4, pl. 2, figs 1-6

(see for synonymy).
2005. Praeactinocamax plenus (Blainville); Mitchell, p.

Praeactinocamax plenus (Blainville, 1825) 367, fig. 1.14, 1.15.
(Text-fig. 3C-J) 2006. Praeactinocamax plenus (Blainville); Svoboda, p.
170, fig. 3b.
1825. Belemnites plenus Blainville, p. 376. 2009. Praeactinocamax plenus (Blainville, 1827); Wiese et
1974. Actinocamax plenus (Blainville); Christensen, p. 4— al., p. 314, fig. 6a— (see for some recent syno-
12, pl. 1, figs 1-3, pl. 2, figs 1-5, pl. 3, figs 1-6, pl. 4, nymies).

figs 1-5 (see for older synonymies).

Text-fig. 3. Belemnites from the lower Danubian Cretaceous Group. All figures in natural size except B, D1, I1 and J1. — A1, A2 — Neohibo-
lites cf. ultimus (d’Orbigny). BSP 1887 VI 10, original of Dacqué (1939, p. 69, pl. 1V, fig. 14), from the Cenomaner Griinsandstein, Brand-
lerberg bei Kelheim” (= Lower Cenomanian Saal Member of the Regensburg Formation). A1, alveolar view. A2, ventral view. — B — Neohibolites

sp. (x 2). PrNW, lateral view of alveolar fragment from ca. 4.5 m above the base the Saal Member of the Regensburg Formation, Fels-Werke,
Kalkwerk Saal an der Donau. C-J — Praeactinocamax plenus (Blainville) showing different growth stages. C1-3, adult specimen BSP AS XVII
6, original of Dacqué (1939, p. 90, pl. 1, fig. 21), from the “Plenuszone, Eybrunner Mergel, Hainsacker bei Regensburg” (= Upper Cenoman-
ian Eibrunn Formation). C1, ventral view; C2, dorsal view; C3, broken alveolar end. D1-3, adolescent specimen BSP AS XVII 7, original of
Dacqué (1939, p. 90, pl. 1, fig. 22), from the “Plenuszone, Eybrunner Mergel, Hainsacker bei Regensburg” (= Upper Cenomanian Eibrunn For-
mation). D1, alveolar view (x 2); D2, dorsal view; D3, apical view (apex missing). E, alveolar fragment of an adult specimen from sample BSP
1982 XIX 96 from the Upper Cenomanian Eibrunn Formation of the Benberg motorway roadcut 6 km north of Regensburg. E1, dorsal view;
E2, mid-guard cross-section at terminal end of rostrum. F, apical fragment of an adolescent specimen from sample BSP 1982 XIX 96 from the
Upper Cenomanian Eibrunn Formation of the Benberg motorway roadcut 6 km north of Regensburg. F1, mid-guard cross-section at terminal
end of rostrum; F2, dorsal view. G, alveolar fragment (ventral view) of adolescent specimen PrNW-1 from the lower Regensburg Formation
(lower part of the Lower Greensand Bed) at Haimerl quarry near Grub (Bodenwdhrer Senke). H, left-lateral view of the complete adult speci-
men from sample BSP 1982 XIX 96 from the Upper Cenomanian Eibrunn Formation of the Benberg motorway roadcut 6 km north of Re-
gensburg. I, juvenile specimen PrNW-2 from the lower Regensburg Formation (top of the basal black clay) at Haimerl quarry near Grub
(Bodenwohrer Senke). 11, alveolar view (x 2); 12, ventral view; I3, dorsal view. J, adolescent specimen PINW-3 from the lower Regensburg
Formation (top of the basal black clay) at Haimerl quarry near Grub (Bodenwéhrer Senke). J1, alveolar view (x 2); 12, lateral view
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MATERIAL: Five complete or nearly complete
specimens (BSP AS XVII 6, BSP AS XVII 7, BSP
1982 XIX 96, and PrNW-2 and -3), including the
two originals of Dacqué (1939, p. 90, pl. 1, figs 21,
22), described and figured as “Actinocamax plenus
Blainville”, from the “Eybrunner Mergel” (=
Eibrunn Formation) at the Winzerberg in Regens-
burg as well as three fragmentary specimens (alve-
olar and apical fragments from sample BSP 1982
XIX 96, alveolar fragment P*NW-1).

DESCRIPTION: The complete or nearly-complete
guards are medium-sized and between 65-85 mm
long with maximum lateral diameters (MLD) of 7—
12 mm. MLD is situated approximately one third of
the length of the guard from the apical end. The di-
mensions of the alveolar end of the fragmentary
specimen BSP 1982 XIX 96 (Text-fig. 3E) with a
length of 55 mm and a lateral diameter of 13.5 mm
(without reaching the point of MLD) suggest a
length of the complete rostrum of well above
100 mm. The general shape of the rostra is lanceo-
late in dorsoventral to subcylindrical in lateral view,
caused by lateral compression of the alveolar end.
Smaller specimens tend to have subcylindrical to
only slightly lanceolate shapes (e.g., Text-fig. 31, J)
of their rostra due to allometric growth. Dorsolateral
compressions / furrows are well developed in some
rostra (Text-fig. 3D, J) at the alveolar end, resulting
in somewhat triangular cross-sections. Alveolar ends
(when fully preserved) show a cone-shaped alveo-
lar fracture. The apex is placed centrally; however,
in most cases the expected mucro is not preserved.
The apical angle varies between 20° in juvenile (i.e.,
subcylindrical) and 35° in adult (i.e., lanceolate)
specimens.

REMARKS: The present specimens do not differ
from P. plenus as described and figured extensively
in the literature (e.g., Christensen 1974; Kostak and
Pavlis 1997; Kostak 2004; Wiese et al. 2009) and
can, thus, be securely assigned to Blainville’s
(1825) species, without any need for further taxo-
nomic comments. The fauna from the Danubian
Cretaceous Group shows the typical range of mor-
phological variation in P. plenus as for example
demonstrated by Gale and Christensen (1996, p. 73,
fig. 5) for a fauna from les Lattes (Alpes de Haute-
Provence, southeastern France): juveniles, adoles-
cent and adult specimens are present (Text-fig. 3).
Kostak (2004) gives a length range from 55—
92 mm, but adult rostra can be well above 100 mm
(Christensen 1974).

DISCUSSION

Belemnites are generally rare in the Danubian Cre-
taceous Group and restricted to the Regensburg and
Eibrunn formations. However, the event-like occur-
rences of belemnites in the Cenomanian of central and
NW Europe result in a considerable stratigraphic and
palacoecologic significance of the finds (cf. Ernst et
al. 1983; Mitchell 2005).

Neohibolites ultimus occurs in the Lower and basal
Middle Cenomanian (Mantelliceras mantelli to lower
Acanthoceras rhotomagense zones) of the Tethyan
Realm as well as in contemporaneous rocks of the
Russian Platform and the southern part of the Central
European Subprovince (Christensen 1976, 1990a;
Combémorel et al. 1981; Wilmsen 1999; Mitchell
2005). N. ultimus is particularly common in the lower
Lower Cenomanian [e.g., N. ultimus is represented by
fine specimens in the British Geological Survey
(BGS) collections from the N. carcitanense Subzone
Rye Hill Sands of the Wessex Basin, southern Eng-
land; it also occurs in the Inoceramus crippsi Event in
eastern England; pers. comment C.J. Wood] and is one
of the last representatives of the genus Neohibolites
Stolley, which became extinct in the upper part of the
A. rhotomagense Zone (Combémorel et al. 1981).
Dacqué’s (1939) specimens from the “Cenomaner
Griinsandstein, Brandlerberg bei Kelheim” (Text-fig.
3A) can be stratigraphically allocated to the Saal
Member of the lower Regensburg Formation. How-
ever, an in-situ record of an alveolar fragment of Neo-
hibolites sp. (Text-fig. 3B) from the middle part of the
Saal Member at the type section (Saal an der Donau)
from beds with abundant Inoceramus virgatus virga-
tus Schliiter can be unequivocally assigned to the
upper Lower Cenomanian Mantelliceras dixoni Zone.
This fits the stratigraphic position of the single speci-
men of N. ultimus from the Saxonian Cretaceous
Basin which was recorded from contemporaneous
nearshore sediments of the Meissen Formation by
Spaeth and Kohler (1997) and Kohler and Spaeth
(1998). Also Ernst and Rehfeld (1997) and Mitchell
(2005, N. ultimus biohorizon III) recorded belemnite
horizons with N. ultimus from the M. dixoni Zone of
the Lower Saxony and Anglo-Paris basins. However,
the complete stratigraphic range of N. ultimus is more
extended, comprising the Early and early Middle
Cenomanian (Combémorel et al. 1981).

Praeactinocamax plenus is known from the Late
Cenomanian Metoicoceras geslinianum Zone of the
Russian Platform and adjoining areas (e.g., Chris-
tensen 1997a; Kost'ak 2004; Kost'ak et al. 2004; Wiese
et al. 2009). In Central and northwest Europe, its tem-
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poral distribution is even more limited, being strati-
graphically restricted to a short interval within the
middle part of the Metoicoceras geslinianum Zone.
This interval defines a stratigraphic event in Europe
named the plenus Event (Ernst et al. 1983; Mitchell
2005). The specimens from the Regensburg area all
come from a thin, nodular calcareous bed in the lower
part of the Eibrunn Formation (“Kalkmergelbank” of
Forster et al. 1983); three specimens were recorded
from Benberg (north of Regensburg) and nine speci-
mens from Bad Abbach (south of Regensburg; Forster
et al. 1983; Roper and Rothgaenger 1995). An interval
with intensive Chondrites, below the plenus bed, is in-
terpreted as an equivalent of the Chondrites Event of
northern Germany (see Ernst et al. 1983). The strati-
graphic position of the “Kalkmergelbank” within the
M. geslinianum Zone and, thus, the isochrony of the
plenus Event, is supported by a rich M. geslinianum
zonal ammonoid assemblage directly below the
“Kalkmergelbank™ (Forster et al. 1983; Roper and
Rothgaenger 1995), the co-occurrence with the inoce-
ramid bivalve Inoceramus pictus bohemicus Leon-
hardt (Troger et al. 2009), and carbon stable isotope
stratigraphy (Hilbrecht and Hoefs 1986).

In the Bodenwohrer Senke (Grub section), the
plenus Event occurs in the lower Regensburg Forma-
tion, i.e. in the upper part of a black marine clay which
rests transgressively on top of a Variscan granite and at
the base of the overlying glauconitic sandstone (Lower
Greensand Bed; Chellouche 2008; Niebuhr et al. 2009;
see Text-fig. 2). Interestingly, the two levels with P,
plenus in Grub are separated by an erosion surface at
the base of the Lower Greensand Bed which yields
mainly fragmented guards of P. plenus. The strati-
graphic observations from the Grub section correlate
very well with the situation in the Plenus Marls Mem-
ber in southern England, where P. plenus likewise oc-
curs in two beds [Jefferies’ (1963) beds 3 and 4]
separated by an erosion surface representing a parase-
quence boundary (see Wiese et al. 2009 for details).
Carbon stable isotope stratigraphy (Chellouche 2008;
Wilmsen et al. subm.) again supports a strictly isochro-
nous nature of the plenus Event within the M. geslini-
anum Zone and highlights the chronostratigraphical
significance of (bio-)event stratigraphy (e.g., Wiese et
al. 2004). On the other hand, it reveals the highly dia-
chronous nature of the lithostratigraphic units of the
lower Danubian Cretaceous Group (Text-fig. 2).

Praeactinocamax plenus is widely distributed along
the shelves of the northern Tethyan margin, from Tur-
kistan-Tadzhikistan in the east to the Anglo-Paris Basin
in the west (e.g., Christensen 1997b; Kostak 2004;
Kostak et al. 2004). The species (reported as P. aff.

plenus) probably persisted into the early Turonian in
NW Siberia (Kost’ak and Wiese 2008). The species gen-
erally occurs north of the palacobiogeographic bound-
ary of the Tethyan Realm albeit the record from les
Lattes (southeastern France) can be regarded as north-
ern Tethyan (Gale and Christensen 1996; Text-fig. 4).
Like many other Cretaceous belemnites, P. plenus pro-
bably had a nektobenthic mode of life and avoided
deeper marine environments, being particularly com-
mon in inner to mid-shelf settings (e.g., Christensen
1976; Kostak et al. 2004; Mitchell 2005; Wilmsen et
al. 2007; Wiese et al. 2009). It is thus also very common
around the Mid-European Island (MEI) which provided
extensive shallow-marine environments in its peri-
phery (Text-fig. 4). Records of P. plenus come from the
Bohemian Cretaceous Basin (e.g., Kostak and Pavli§
1997), the Saxonian Cretaceous (e.g., Hintzschel
1933), the Polish Jura Chain (Marcinowski 1972),
Lower Saxony (e.g., Wiese et al. 2009), the Miinster-
land Cretaceous Basin (e.g., Christensen et al. 1992),
southern England (e.g., Jefferies 1962, 1963; Chris-
tensen 1974; Mitchell 2005), eastern (Cleveland Basin)
and western England (Wessex Basin; see Mortomore ef
al. 2001 and Wiese et al. 2009), southeastern France
(e.g., Gale and Christensen 1996) and northeastern
Bavaria (this study and references above). Faunal simi-
larities, especially the occurrence of P. plenus on both
sides of the Bohemian Massif (forming the eastern part
of the MEI) led Dorn (1958) and Svoboda (1985, 2006)
to the inference of a direct marine connection of the Bo-
hemian and the Danubian Cretaceous basins across the
Bohemian Massif (Text-fig. 4). However, in the absence
of clear geological evidence [i.e., marine Upper Ceno-
manian sediments from the course of the inferred strait
across the Bohemian Massif], a simple migration of P
plenus in shallow-marine environments around the MEI
would be a much more straightforward explanation for
the occurrence of the species in the Danubian Creta-
ceous (Text-fig. 4). Based on its much more extended
stratigraphic range on the Russian Platform (where P
plenus appears earlier and disappears later; e.g., Chris-
tensen 1997a), the species must have invaded Central
Europe as a pulse fauna from the (north-)east. Com-
monly, this is explained by a short-term cooling
(“plenus Cold Event” of Gale and Christensen 1996).
However, the find of a breeding population as far south
as southeastern France (i.e., in a north Tethyan setting;
Gale and Christensen 1996) suggest that, during the in-
cursion of the species into Central and NW Europe,
water temperature was not an ecological barrier during
its migration around the MEI on both its northern and
southern margins (it may have even passed the Upper
Silesian/East-Sudetic blocks on their southern flanks;
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Text-fig. 4. Palacogeography of central Europe during the Cenomanian—Turonian (modified after Ziegler 1990). Occurrences and possible mi-

gration routes of Praeactinocamax plenus around the Mid-European Island (MEI) are indicated. A marine strait across the Bohemian Massif is

not necessary to explain the occurrence of P. plenus in the Danubian Cretaceous Basin (see text for further discussion)

Text-fig. 4). After entering the Saxonian and Bohemian
Cretaceous basins, migration of P. plenus into the Danu-
bian Cretaceous Basin may have continued around the
southern margin of the Bohemian Massif, or counter-
clockwise along the northern margin of the MEI and
via the Anglo-Paris Basin (the latter scenario was also
favoured by Kostak et al. 2004, p. 517). From studies
of the rapid dispersal of Recent marine benthic mol-
luscs along coasts and even across oceans (see €.g.
Scheltema 1977) it is apparent that the duration of mi-
gration of nektic P. plenus across central Europe would
be far beyond the resolution of integrated stratigraphy
and, thus, must appear as an isochronous event in the
stratigraphic record.

CONCLUSIONS

The belemnite records of the lower Danubian Cre-
taceous Group (DCG, northeastern Bavaria, southern
Germany) are compiled (including collection material
of the Bayerische Staatssammlung fiir Paldontologie

in Munich and new finds) and placed within the new
integrated stratigraphic framework of the group
(Niebuhr ez al. 2009). Three specimens from the lower
Regensburg Formation (Saal Member) south of Re-
gensburg can be assigned to Neohibolites cf. ultimus
(d’Orbigny) and are dated as late Early Cenomanian
(Mantelliceras dixoni Zone). Eight specimens repre-
sent Praeactinocamax plenus (Blainville) and occur
in an event (plenus Event) in the lower Eibrunn For-
mation (Regensburg area) or basal Regensburg For-
mation (Bodenwohrer Senke). Independent strati-
graphic data (ammonoids, inoceramid bivalves, car-
bon stable isotopes) suggest that the P. plenus belem-
nite bioevent in the DCG has exactly the same
chronostratigraphic position (mid-Late Cenomanian,
middle Metoicoceras geslinianum Zone) as elsewhere
in central and NW Europe. The lithostratigraphic units
of the lower Danubian Cretaceous Group (i.e., the Re-
gensburg and Eibrunn formations), however, are char-
acterized by a pronounced diachronism based on their
time-transgressive (onlapping) deposition during the
Cenomanian—Early Turonian transgression. The dis-
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tribution of P. plenus around the Mid-European Island
can be easily explained by migration around the posi-
tive area without the necessity of a marine strait across
the Bohemian Massif.
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