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Abstract: Until a few years ago, the onset of continental to deeper marine deposition in the Saxonian Cretaceous Basin
(SCB) was largely assigned to the naviculare transgression of the early Late Cenomanian. Based on the integrated investiga-
tion of 39 Cenomanian surface and subsurface sections, a completely revised stratigraphic framework for the lower Elbtal
Group is presented herein. The new data show that Cretaceous sedimentation started already in the early Early Cenomanian,
indicated by the contemporaneous onlap of non-marine (Niederschona Formation) and marine strata (Oberhaslich Forma-
tion). The Cenomanian transgressions proceeded on a broad front from the north, at first following the course of roughly
south—north-discharging palaeovalleys of a fluvial palaeodrainage system dewatering an elevated principal source area in
the southwest. The sequence stratigraphic analysis demonstrates the presence of four complete, unconformity-bounded
Cenomanian depositional sequences (DS) and a fifth one, DS Ce-Tu 1, which started in the mid-Late Cenomanian and
lasted into the Early Turonian. The depositional sequences comprise six major transgressive phases that overstepped each
other and enlarged the depositional realm by means of non-marine and/or marine onlap: A, early Early Cenomanian (equiv-
alent to the “ultimus/Aucellina Transgression”), DS Ce 1+2; B, late Early Cenomanian, DS Ce 3; C, early Middle Cenoma-
nian (primus Transgression), reflecting the most prominent sea-level rise within the SCB, DS Ce 4; D, early Late Cenoma-
nian (naviculare Transgression), DS Ce 5; E, late Late Cenomanian (plenus Transgression), DS Ce-Tu 1; F, earliest
Turonian (Lohmgrund Horizon), maximum flooding of DS Ce-Tu 1. The marine Oberhaslich Formation was accompanied
by collateral fluvial deposits of the Niederschona Formation during the early Early to early Late Cenomanian, respectively.
The marine transgressions reached the Usték-Bad Schandau Sea Bight, the deepest of the north-sloping palaeovalleys, first
and produced an up to 120-m-thick marine sedimentary record (Oberhéslich and Pennrich formations), subdivided into five
almost equally thick depositional sequences. This maximum thickness is in the order of the accommodation generated dur-
ing the Cenomanian age and corresponds to a rather low sedimentation rate of 20 m/myr. Therefore, the thickness changes
observed within the lower Elbtal Group can be explained quite simply by the pre-transgression topography and sequence
stratigraphic onlap patterns onto the elevated palaeotopography in the southwest. The new stratigraphic framework of the
lower Elbtal Group thus shows that tectonic inversion in the SCB was essentially a post-Cenomanian process.

Kurzfassung: Bis vor wenigen Jahren wurde das Einsetzen der kontinentalen bis tiefermarinen Ablagerungen des Séchsi-
schen Kreide-Beckens (SCB) ganz tiberwiegend der naviculare-Transgression des spaten Cenomaniums zugeordnet. Basie-
rend auf der integrierten Untersuchung von 39 Ubertage-Aufschliissen und Bohrungen des Cenomaniums wird hier eine
komplette stratigraphische Revision der unteren Elbtal-Gruppe vorgestellt. Neue Daten zeigen, dass die Kreide-Sedimentation
bereits im friihen Untercenomanium beginnt, belegt durch die zeitgleiche Auflagerung von nicht-marinen (Niederschéna-
Formation) und marinen Schichten (Oberhaslich-Formation). Die cenomanen Transgressionen kamen auf breiter Front von
Norden und folgten als Erstes den tiberwiegend Stid-Nord-ausgerichteten Paldosenken eines Drainagesystems, welches ein
stdwestlich gelegenes Hochgebiet entwésserte. Sequenzstratigraphische Untersuchungen belegen vier komplette, von sedi-
mentédren Diskordanzen begrenzte Ablagerungssequenzen (DS) im Cenomanium und eine fiinfte, DS Ce-Tu 1, die vom
mittleren Obercenomanium bis ins Unterturonium reicht. Die sechs (ibergeordneten transgressiven Phasen der Ablagerungs-
sequenzen, die jeweils einander Ubertrafen und den Ablagerungsraum durch nicht-marine und/oder marine Auflagerung
vergroRerten, sind Folgende: A, unteres Untercenomanium (Aquivalent der “ultimus/Aucellina-Transgression”), DS Ce 1+2;
B, oberes Untercenomanium, DS Ce 3; C, unteres Mittelcenomanium (primus-Transgression) mit dem prominentesten Mee-
resspiegel-Anstieg im SCB, DS Ce 4; D, unteres Obercenomanium (naviculare-Transgression), DS Ce 5; E, oberes Oberce-
nomanium (plenus-Transgression), DS Ce-Tu 1; F, basales Turonium (Lohmgrund-Horizont), maximale Uberflutung von
DS Ce-Tu 1. Die marine Oberhaslich-Formation wurde dabei wahrend des friihen Unter- bis friilhen Obercenomaniums la-
teral von zeitgleichen fluviatilen Ablagerungen der Niederschona-Formation begleitet. Die marinen Transgressionen er-
reichten die USték-Bad Schandauer Meeresbucht, das tiefste der Nord-Siid ausgerichteten Paldotaler, zuerst und erzeugten
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eine bis zu 120 m méchtige marine Abfolge (Oberhéslich- und Pennrich-Formation), die in funf annéhernd gleich méchtige
Ablagerungssequenzen unterteilt ist. Diese maximale Mé&chtigkeit entspricht in etwa dem gesamten im Cenomanium er-
zeugten Akkommodationsraum und belegt eine ziemlich geringe Sedimentationsrate von 20 m/Mio Jahre. Die Unterschiede
der Sedimentméchtigkeiten innerhalb der unteren Elbtal-Gruppe spiegeln die pra-Transgressionstopographie und sequenz-
stratigraphische Stapelungsmuster auf dem stidwestlich angrenzenden Hochgebiet wider. Der neue stratigraphische Rahmen
der unteren Elbtal-Gruppe zeigt daher iberzeugend auf, dass die tektonische Inversion des SCB ein post-cenomaner Prozess

watr.

Keywords: Lower Upper Cretaceous, stratigraphic revision, marine vs. continental lithofacies, sequence stratigraphy, bio-

stratigraphy, correlation, onlap history
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1. Introduction

The Cretaceous strata of the Elbtal Group in Saxony (eastern
Germany), Cenomanian to early Coniacian in age, are an ap-
parently very well-studied regional geological unit that has
been investigated in terms of its palaesontology, stratigraphy
and sedimentology for almost two centuries. In particular,
the transgression history of the early Late Cretaceous is a
long-debated geological issue in the entire Western and Cen-
tral Europe, including Saxony (e.g. Suess 1875; Bértling
1920; Schander 1923; Prescher 1957; Hancock & Kauffman
1979; Hancock 1989; Robaszynski et al. 1998; Wilmsen
2003; Wilmsen & Niebuhr 2010). In a nutshell, the geoscien-
tific research of the late 20t and early 21t century boiled
down to the perceived consensus that the early Late Creta-
ceous transgression in Saxony proceeded from the north-
west, first reaching in the Early Cenomanian the Meil3en
area (MeiRen Formation; Prescher & Troger 1989). In the
Middle Cenomanian, progressing costal onlap with a terres-
trial source from the west and north was allegedly docu-
mented by the fluvial Niederschona Formation only (Moigt
2009), and marine onlap continued in the Late Cenomanian
with the naviculare and plenus transgressions, respectively
(e.g. Voigt 1994; Troger 2003; Voigt et al. 2006). Some au-
thors even assigned the deposition of the Niederschéna For-
mation to the naviculare Transgression (Voigt 1994, 1997,
1998).

However, some important new findings such as the pres-
ence of hitherto unknown offshore marine Middle Cenoma-
nian strata in the northwestern outcrop area of the Elbtal
Group (Wilmsen et al. 2019a) or the widespread presence of
Middle Cenomanian ammonites in the Oberhé&slich Forma-
tion (an allegedly Upper Cenomanian unit; Wilmsen et al.
2022) recently casted considerable doubts on the traditional
views on the stratigraphic subdivision and the transgression
history of the Elbtal Group that are deeply entrenched in the
literature. Consequently, Wilmsen et al. (2019a) partly re-
wrote the transgression history for the northwestern area of
the Elbtal Group (Meillen—Niederau area), re-dating the
MeiRen Formation as Middle Cenomanian, extending the
range of the marine marlstones of the Mobschatz Formation
to the same substage, and leaving the Klippensandstein as
the only (informal) Lower Cenomanian member of the Elbtal
Group. However, the lack of Middle Cenomanian sandy

nearshore facies and the disjunct stratigraphic placement of
the allegedly Middle Cenomanian Niederschéna Formation
without any link to the marine part of the basin remained
unsolved problems. An impetus to the still due solution of
the considerable stratigraphic issues was presented by Wilm-
sen et al. (2022) who demonstrated that the lower part of the
Oberhéslich Formation, hitherto thought to exclusively rep-
resent the lower Upper Cenomanian, contains a Middle
Cenomanian member, well-dated by its ammonite faunas,
and that the underlying Niederschéna Formation is older, i.e.
of Early Cenomanian age, as already suggested by Krutzsch
(1963, 1966), at least in the sections on the eastern Erzge-
birge.

The aim of the present paper is, thus, to expand the strati-
graphic revision to all Cenomanian strata of the Elbtal Group
from the northwesternmost part of the outcrop belt through
the Dresden area and the eastern Erzgebirge into the Saxo-
nian Switzerland to the German-Czech border in order to
understand stratigraphic patterns, palaeogeographic evolu-
tion and the transgression history. Based on the detailed log-
ging and correlation of numerous new and already known
outcrop and core sections as well as on the reassessment of
comprehensive core data provided by the Saxon State Geo-
logical Survey (LfULG), we present a complete stratigraphic
reappraisal of the lower Elbtal Group herein. The new inte-
grated stratigraphic framework is based on detailed macro-
fossil biostratigraphic data (partially new) and important
palynological data, published already in the 1960 and fallen
into oblivion, as well as on sequence stratigraphy and strati-
graphic events.

»
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Fig. 1: (A) Simplified palaecogeographic situation at the southwest-
ern and northeastern margin of the Bohemian Massif without exist-
ence of the West and East Sudetic islands at the end of the Cenoma-
nian. Red: study area; epicontinental subbasins: DCB — Danubian,
SCB - Saxonian, EBCB - East Brandenburg, NSCB — North Su-
detic, ISCB - Intra-Sudetic and OCB — Opole Cretaceous Basin.
(B) Distribution of preserved Cretaceous strata (light green) in
Saxony and northwestern Bohemia (Czechia), following the course
of the Elbe River. Cross-sections 1-4 of this paper, measured drill-
ings and outcrops are marked.
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2. Geological framework

2.1 Palaeogeographic setting

The Cretaceous strata of Saxony form a NW-SE-elongated
outcrop belt along the Elbe River valley from the city of
MeiRen in the northwest to Bad Schandau (and beyond) in
the southeast (Fig. 1). According to the revision presented
herein, marine strata chronostratigraphically range from the
lower Lower Cenomanian into the Middle Coniacian while
continental sediments were deposited in early Early to early
Late Cenomanian times (see also Krutzsch 1963, 1966;
Wilmsen et al. 2019a, 2022; Niebuhr et al. 2020 for impor-
tant data pertaining to this revision). In the Turonian—Early
Coniacian, rather coarse-grained siliciclastic shallow-water
sedimentation prevailed towards the southeast in what is to-
day the Saxonian Switzerland (the Elbsandsteingebirge),
while offshore-marine marly-calcareous sedimentation of
the MeiRen—Dresden Subgroup (Wilmsen et al. 2019a) pre-
dominated in the northwest; in between, a zone of interfin-
gering offshore and nearshore lithofacies, the so-called fa-
cies transition zone (e.g. Seifert 1955), was located in the
Pirna area (Figs. 1A, B, 15). This general lithofacies varia-
bility reflects the principal palaeogeographic setting and the
grain sized-graded facies zonation of the Saxonian Creta-
ceous Basin (SCB) during the Turonian (e.g. Petrascheck
1900; Beeger 1963; Voigt 1999). Palacogeographically, the
SCB represents a southeastwards narrowing passage be-
tween the Bohemian Massif as part of the large Mid-Euro-
pean Island in the southwest and the small West-Sudetic Is-
land in the northeast. Towards the northwest, the SCB gradu-
ally opened into the extensive northern German shelf sea
(e.g. Wilmsen & Niebuhr 2014) that forms part of the Boreal
Realm.

2.2 Litho- and biostratigraphy

The lithostratigraphic units of the Saxonian Cretaceous were
combined in the Elbtal Group by Voigt & Trdger (in Niebuhr
et al. 2007). To a very large extent, strata of the Elbtal Group
rest unconformably on Neoproterozoic to Palaeozoic crystal-
line and metasedimentary rocks as well as on lower Permian
(Rotliegend) volcanic and sedimentary deposits (see Pélchen
& Walter 2008 for geological overview). The macrobiostrati-
graphic subdivision of the marine part of the Elbtal Group is
based on inoceramid bivalves and ammonites while belem-
nites are of subordinate importance. The lithostratigraphic
scheme of the Cenomanian is strongly modified herein, es-
pecially with respect to the fluvial and brackish Nieder-
schéna Formation and the sandstone-dominated, shallow-
marine Oberhéslich Formation (Fig. 2).

The fluvial to brackish Niederschéna Formation was de-
posited in palaeovalleys (e.g. Schander 1923; Prescher 1957)
and cannot be dated using the classical index (macro-)fos-
sils. However, at three localities, including the type locality
in Halsbriicke-Niederschona, Krutzsch (1959, 1963, 1966)
classified the microfloral content from fluvial sediments of

the formation as lower Peruc palynoassemblage of Early
Cenomanian age (“unteres Perucer Bild”, exclusively fresh-
water pollen and spores, without representatives of the ad-
vanced Normapolles group). In Bohemia, Czechia, first rep-
resentatives of the Normapolles group, e.g. Complexiopollis,
and therefore, the upper Peruc palynoassemblage, appear
just above the base of the Middle Cenomanian in the “Upper
claystone of the Peruc Formation” (cf. Pacltova 1971, 1977,
1978; Uli¢ny et al. 2009a; Spicakova et al. 2014; see Fig. 2).
Nevertheless, the Niederschdna Formation has been as-
signed to the Middle and/or lower Upper Cenomanian in
many subsequent publications (e.g. Voigt 1994, 1997, 1998,
2009; Voigt & Troger 1996; Troger & Voigt in Niebuhr et al.
2007; Janetschke & Wilmsen 2014). Predominantly consist-
ing of fluvial strata with local conglomerates at the base (his-
torical “Grundschotter” and plant-rich  “Crednerien-
schichten”, e.g. Schander 1923), the Niederschéna Forma-
tion contains a conspicuous brackish-estuarine unit in the
Pirna—Konigstein area, the so-called Wurmsandstein
(Tonndorf 2000; Janetschke & Wilmsen 2014; Wilmsen &
Niebuhr 2014). Furthermore, recent re-dating of lithostrati-
graphic units in the northwestern outcrop belt of the Elbtal
Group based on macro- and nannofossil biostratigraphy as
well as carbon stable isotopes demonstrated that the oldest
marine strata of the Niederau area, the Klippensandstein
Member of the Oberhéslich Formation (with the ammonite
Schloenbachia varians; see Fig. 2), is also of Early Cenoma-
nian age (Wilmsen et al. 2019a) while the Meif3en Formation
(Red Conglomerate with the index ammonite Turrilites cos-
tatus), formerly assigned to the Early Cenomanian (Prescher
& Troger 1989), is now known to be of Middle Cenomanian
age (Wilmsen & Nagm 2014; Wilmsen et al. 2019a; see Fig.
2). These latter authors also demonstrated that the Mob-
schatz Formation (marlstones and Planer [planar bedded
silty marlstones to marly siltstones, see Fig. 3C]), hitherto
thought of as representing the marly-glauconitic offshore
equivalent of the sandstones of the lower Upper Cenomanian
Oberhéaslich Formation, ranges down to the lower Middle
Cenomanian primus Event, including the first appearance of
Inoceramus atlanticus (Tu. costatus Subzone of the lower
Acanthoceras rhotomagense Zone; Wilmsen et al. 2019a) in
the northwestern part of the SCB (see Fig. 2).

This observation raised the question of a potential con-
temporaneous Middle Cenomanian sandy nearshore equiva-
lent, conforming to the general lithofacies zonation of the
Elbtal Group as demonstrated for the Turonian (cf. Petra-
scheck 1900; Beeger 1963; Voigt 1999; Wilmsen & Niebuhr
2014; Niebuhr et al. 2020). Recently, a re-evaluation of the
ammonite faunas from the lower part of the Oberhéslich For-
mation overlying the fluvial Lower Cenomanian Nieder-
schona Formation on the eastern Erzgebirge showed that it
also contains different Middle Cenomanian taxa of the Acan-
thoceras rhotomagense and Ac. jukesbrownei zones, includ-
ing both zonal index ammonites (Wilmsen et al. 2022). Thus,
the Oberhéslich Formation in this area, the historical “Unter-
quader” of Geinitz (1871-1875), consists of two distinct
members, Middle and early Late Cenomanian in age (Merbitz
and Werksandstein Member). Further biostratigraphic sup-
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Fig. 2: Chrono-, bio-, schematic litho- and sequence stratigraphic framework. Revised biostratigraphic data are based on FO and LO of
important taxa proven in the Saxony (in red, according to Geinitz 1840, 1871-1875; Troger 1976; Wilmsen & Nagm 2013, 2014; Troger &
Niebuhr 2014; Wilmsen et a. 2019a, 2022; this paper: Fig. 3H); Bohemia (in blue), according to Uligny et al. (2009a: Fig. 9) and Spicakova
etal. (2014: Fig. 3) or in both Cretaceous basins (in green). Note the difference in the first appearances of I. atlanticus between Saxony and
Bohemia. Schematic lithostratigraphy revised in this paper; Meil. — Meillen Formation. Sequence stratigraphy modified according to
Wilmsen (2003), Haq (2014) and Janetschke & Wilmsen (2014); genetic sequences in Bohemia after Uli¢ny et al. (2009a: app. 1, D1,

borehole Hiensko J-364146). Timescale (Ma) after Gale et al. (2020).

port for the Middle Cenomanian is provided by findings of
Inoceramus tenuis in the lower part of the Mobschatz Forma-
tion at Niederau (Dietze 1959; section 1 of this paper) and the
Merbitz Member of the core 2-26/1995 in Dresden-Coschiitz
(section 13; see Figs. 2, 3H, 10). It must be noted that, due to
the fact that the historical “Unterquader” was mistakenly re-
garded exclusively as lower Upper Cenomanian by previous
authors, Troger (1967, 2014) placed all Saxonian inocera-
mids of the lower parts of both the marly Mobschatz Forma-
tion and the sandy Oberhé&slich Formation of the eastern Er-
zgebirge in the Late Cenomanian Inoceramus pictus group.
Thus, systematic revisions are required in order to disentan-
gle this taxonomic muddle. However, rich lower Upper
Cenomanian (Ca. naviculare zonal) inoceramid bivalve and
ammonite faunas are in fact present (Troger 1967, 1969,
2014; Wilmsen & Nagm 2013, 2014; Tréger & Niebuhr 2014;
Wilmsen 2017), but have been collected from the upper fine-
grained and homogenous Werksandstein Member that has, in
contrast to the underlying Merbitz Member, widely been
quarried as freestone (Niebuhr et al. 2021), explaining the
conspicuous biostratigraphic bias. Rare finds of the belemnite
Praeactinocamax are known from the uppermost metres of
the Werksandstein Member at Bannewitz (Geinitz 1840;
Troger 1976; near sections 15 and 16, see Figs. 2, 10).

For the overlying predominantly calcareous Ddlzschen
Formation (historical “Planermergel”; e.g. Geinitz 1839,
1871-1875) and siliciclastic Pennrich Formation (historical
“Planersandsteine”; e.g. Geinitz 1839, 1871-1875), late Late
Cenomanian ages (Me. geslinianum and Ne. juddii zones)
are proved based on integrated ammonite, belemnite, inocer-
amid, calcareous nannofossil and carbon stable isotope re-
cords (e.g. Hantzschel 1933; Uhlig 1941; Troger 1956, 2014;
\oigt et al. 2006; Wilmsen & Nagm 2013, 2014; Troger &
Niebuhr 2014; Wilmsen 2014; Wilmsen et al. 2019a; see
Fig. 2). Their deposition reflects a major sea-level rise (i.e.
the plenus Transgression of authors) that finally compen-
sated the pre-transgression topography in Saxony, terminat-
ing in the earliest Turonian maximum flooding event charac-
terised by the Lohmgrund Horizon, a fine-grained marker
bed that can be traced across different formations (Niebuhr
et al. 2020). Following this transgressive maximum, a grain-
size graded shelf was established during Early Turonian
times, with marly-calcareous offshore deposits (BrieRinitz
Formation) grading into shallow-marine siliciclastic sedi-
ments (Schmilka Formation) in the southeast (e.g. Beeger
1963; Voigt 1999; Janetschke & Wilmsen 2014; see Fig. 2).
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2.3 Sequence stratigraphy

The subdivision of the Cenomanian stage by means of five
sequence boundaries (SB Ce 1-5) into depositional se-
quences (DS Ce 1-Ce-Tu 1) is well established (Robaszyn-
ski et al. 1998; Wilmsen 2003; Haq 2014). Depositional se-
quence DS Ce 1+2 (commonly starting with lowermost
Cenomanian transgressive deposits above the uppermost
Albian SB KAI 8 of Haq 2014; e.g. Bornemann et al. 2017)
and DS Ce 3 are of Early Cenomanian age, forming two
depositional cycles of almost equal duration. DS Ce 4 is
largely a Middle Cenomanian sequence while DS Ce 5 cor-
responds to the early Late Cenomanian. DS Ce-Tu 1 started
in the mid-Late Cenomanian, straddled the Cenomanian—Tu-
ronian boundary and was terminated at the latest Early Turo-
nian SB Tu 1 (see Figs. 2, 15). This subdivision has been
applied to the Elbtal Group by Janetschke & Wilmsen (2014),
erroneously placing the Meien Formation in the Early and
the Niederschona Formation in the Middle Cenomanian, and
was further elaborated by Wilmsen et al. (2019a). The latter
authors demonstrated the presence of marine strata of depo-
sitional sequence DS Ce 3 for the northwestern part of the
Saxonian Cretaceous Basin (Klippensandstein; cf. Schander
1923), re-dated the MeiRen Formation and the lower part of
the Mobschatz Formation as Middle Cenomanian, following
the primus Transgression, and combined these marine strata
with the Niederschona Formation in DS Ce 4. A first attempt
to calibrate the depositional sequences identified in Saxony
to the genetic sequential framework of the Bohemian Creta-
ceous Basin (BCB; cf. Uli¢ny et al. 2009a) was presented by
Janetschke & Wilmsen (2014). This approach as been further
developed by Niebuhr et al. (2020) based on the successions
around Zittau (northern BCB) who correlated the genetic se-
guences CEN 1-CEN 6 into the Elbtal Group (Fig. 2). How-
ever, all these sequence stratigraphic approaches were lim-
ited by the still insufficient knowledge on the bio- and
lithostratigraphy of the lower Elbtal Group.

3. Material and methods

The studied stratigraphic sections (numerous outcrops and
cored boreholes, 39 sites in total) have been logged in bed-
by-bed in great detail or are based on the stratigraphic re-in-
terpretation of Wismut core logs that have been produced in
the 1960s. In this time, the former SDAG Wismut (today
Wismut GmbH) carried out a detailed prospection on ura-
nium in Cenomanian strata of the Elbtal Group (see Tonndorf
2000 for overview). The logs, which were produced contem-
poraneously to the drilling by means of descriptions of the
fresh cores, are deposited as so-called “kolonkas” and have
no individual authors. Core material of the first drilling cam-
paign is, unfortunately, no longer available in most cases,
and preliminary results were published by Decker (1963). In
our paper, information from 14 carefully selected Wismut
kolonkas, referred to as “boreholes” (in contrast to the
“cores” of which the core section was available for our own
investigations), is included, providing crucial stratigraphic

information for the compilation of the four cross-sections
presented below. In the years 1996-2004, the surroundings
of the uranium deposit Kdnigstein was hydrogeologically re-
investigated and several new cores were drilled that are still
available, some of which were measured in detail (e.g.
Troger et al. 1998; Neumann 2004; Janetschke & Wilmsen
2014; Melchisedech 2021). Furthermore, some exploration
drillings without any relationship to the Konigstein mine
with preserved cores are available (e.g. Voigt 1998; Troger
2008; Wilmsen et al. 2019a; Wilmsen & Bansal 2021). Ulti-
mately, it was the integration of all data available to us ob-
tained from both the 14 Wismut kolonkas as well as from the
detailed personal evaluation and logging of 25 outcrops and
core sections that finally created the comprehensive dataset
necessary to reconstruct the stratigraphic architecture of the
Cenomanian deposits of the Elbtal Group presented herein
(see four cross-sections CS 1-4). All sections are shown as
standardised grain-size logs and are calibrated to topograph-
ical height above (ASL) or below sea level (BSL). The da-
tum line in all cross-sections is the mid-Late Cenomanian
unconformity SB Ce 5, a marker horizon already demon-
strated in the sandstone quarries of the eastern Erzgebirge
(Pietzsch 1914; Niebuhr et al. 2021) and the boreholes of the
Pirna Palaeovalley (Tonndorf 2000).

The pre-Cretaceous rocks that form the substrate of the
studied sedimentary succession are predominantly Neopro-
terozoic to Palaeozoic crystalline rocks of the Lusatian and
MeiRen massifs and the eastern Erzgebirge as well as Palae-
ozoic metasediments of the Elbtalschiefergebirge and the
Nossen-Wilsdruffer Schiefergebirge (together forming the
basement), and lower Permian (Rotliegend) volcanic and
sedimentary deposits of the Tharandt Caldera and the Déhlen
Basin (see Palchen & Walter 2008 for an overview). In core
and outcrop sections the affinity of the substrate has been
specified wherever possible; however, the pre-Cretaceous
rocks have not always been specifically addressed in the
Wismut kolonkas so that in these cases the lithological na-
ture of the substrate has to be left open or is given in quota-
tion marks (see description and cross-sections).

During logging, standard sedimentary field methods
have been applied (e.g. Stow 2005; Tucker 2011). Grain size
and components were first analysed by hand-lens; thin-sec-
tions have been prepared from selected rock samples with a
Logitech preparation line including a GTS-1 thin-section saw
and a LP50 lapping and polishing jig equipped with a PLJ7
lapping jig. Thin-sections were studied using a Leica M125
stereo-microscope. The thin-sections and fossil specimens
collected from the stratigraphic sections are stored in the pal-
aeozoological collection of the Senckenberg Naturhistorische
Sammlungen Dresden, Museum fiir Mineralogie und Geolo-
gie (SNSD-MMG). The Wismut kolonkas studied herein are
archived by the S&chsisches Landesamt fur Umwelt, Land-
wirtschaft und Geologie (LfULG). The core sections are
housed in the core archives of the LFULG in Freiberg and the
SNSD. Furthermore, material from the geological collection
of the TU Bergakademie Freiberg (TUB) was studied.

The sequence stratigraphic analysis applied herein fo-
cuses on the identification of 3'9-order sequence-bounding
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unconformities that define corresponding depositional se-
quences (cf. Posamentier & Vail 1988; Posamentier et al.
1988; Vail et al. 1991). Depositional sequences (DS) in shal-
low shelf settings such as represented by the Elbtal Group
commonly consist of retro- and progradational facies units,
i.e. transgressive and highstand systems tracts (TST, HST)
only; lowstand deposits (LST) are mostly missing or only
subordinately developed due to the lack of accommodation
during falling and low sea-level stands. Consequently, se-
quence boundaries (SB) indicate substantial erosional and/or
non-depositional phases (stratigraphic gaps). Maximum
flooding periods are represented by thin stratigraphic inter-
vals reflecting the most distal facies development within a
depositional sequence rather than by a distinct maximum
flooding surface. The Cenomanian sequence and sequence
boundary nomenclature follows Wilmsen (2003; see also
synopsis in Janetschke et al. 2015) with only one exception:
the early Early Cenomanian sequences DS Ce 1 and DS
Ce 2, both Mantelliceras mantelli Zone in age, are combined
in one depositional sequence, i.e. DS Ce 1+2 (Figs. 2, 9-15).
For sequence stratigraphic terminology and procedure, we
refer to Catuneanu et al. (2011). The fluvial deposits of the
Niederschéna Formation are likewise named according the
depositional sequences in which they have been deposited
(fluvial cycles 1+2, 3, 4 and 5 of DS 1+2 to DS Ce 5).

4. Results - The stratigraphic sections

Four cross-sections were constructed from six to eight sub-
surface and/or outcrop sections each. For this, a total of
twelve Wismut kolonkas were chosen and are figured herein
for the first time, supplemented by twelve core sections. The
Cenomanian parts of eight cores have already been pub-
lished (pars Voigt 1998; Troger 2008; Janetschke & Wilm-
sen 2014; Wilmsen et al. 2019a; Melchisedech 2021; Wilm-
sen & Bansal 2021), but some were re-measured and/or re-
interpreted for this investigation (Wilmsen & Niebuhr
01/2018, 06/2021, 03/2022), and are illustrated for the first
time; from three cores, the existing data (Troger et al. 1998;
Neumann 2004) were calibrated to the detailed photo-docu-
mentation of the LFULG (Niebuhr 02/2022), likewise firstly
displayed herein. Furthermore, the stratigraphic logs of six
(partly well-known, partly new) outcrops are included, two
of which were measured and illustrated for the first time
(Niebuhr & Wilmsen 03/2022; Wilmsen & Niebuhr 03/2022).
In total, 39 stratigraphic sites with Cenomanian strata were
detailed of which 30 were used for the cross-sections. Lo-
calities 2, 9, 12, 13, 19, 20, 23, 24 and 35 are not displayed
in the cross-sections due to lack of certain essential informa-
tion, e.g. thicknesses of lithounits, or precise descriptions of
the successions were missing. However, the stratigraphic
and palaeogeographic information provided by these sec-
tions is important, too; thus, they have been included in the
descriptive part of the present work. The position of all sec-
tions can be found in Fig. 1B. In order to facilitate the under-
standing of the correlation within the cross-sections and the
sequence stratigraphic subdivision in the discussion, se-

quence boundaries and corresponding depositional se-
quences are already mentioned in the following descriptions
(where appropriate).

4.1 Elbe Valley between MeiBBen and Pirna;
stratigraphic sections 1-10 (CS 1; Fig. 9 from
left to right)

(1) Niederau, composite section
TK 25: 4847 Coswig; core Niederau-Grobern 2/1991, zone
5: R 5398860/H 5674660; Niederau-Oberau railway slope
cut, zone 5: R 5397757/H 5674338

This northwesternmost Cretaceous succession was fig-
ured, described in detail and stratigraphically calibrated us-
ing an integrated approach by Wilmsen et al. (2019a; see
also Schander 1923 and Dietze 1961). At 109 m ASL, Creta-
ceous strata overlie the Palaeozoic basement (a syenite of the
MeiRen Massif). The oldest Cretaceous deposit is the wedge-
shaped upper Lower Cenomanian Klippensandstein Member
of the lower Oberhéslich Formation, a well-sorted, fine-
grained sandstone with numerous, in part silicified shells. Its
thickness is unknown. The 1-3-m-thick lower Middle
Cenomanian Oberau Conglomerate of the basal Mobschatz
Formation, representing the primus Event (Wilmsen et al.
2019a), overlies both the basement rocks of the MeiRen
Massif and the Klippensandstein Member unconformably,
and consists of angular to subrounded basement pebbles and
cobbles in a strongly glauconitic sandy-marly matrix. Up-
section, initially strongly glauconitic Planer of the lower
Mobschatz Formation follow (Middle Cenomanian, ca. 12.5
m thick). Biostratigraphic support for the Middle Cenoma-
nian age of the lower part are given by calcareous nannofos-
sils and Inoceramus atlanticus in the Oberau Conglomerate
(Wilmsen et al. 2019a; I. pictus bohemicus of Dietze 1959
and Troger 2014) as well as by the occurrence of Inoceramus
tenuis (of Dietze 1959; I. pictus pictus of Troger 2014) and
Gnesioceramus ex gr. crippsi (Inoceramus crippsi of Dietze
1959; I. pictus pictus of Troger 2014). In the upper part of the
Mobschatz Formation (lower Upper Cenomanian), ca. 7-m-
thick argillaceous Planer with planktic foraminifers and
lower Upper Cenomanian ammonites predominate (Wilm-
sen & Nagm 2014; Wilmsen et al. 2019a). The lithostrati-
graphic boundary to the up-section following 19-m-thick
upper Upper Cenomanian Délzschen Formation, an interca-
lation of calcareous and more argillaceous Planer deposits, is
difficult to draw and was placed at a thin shell bed at 159 m
ASL, the bed of which corresponds to SB Ce 5; support for
this subdivision is provided by carbon isotopes and nanno-
fossil occurrences (Wilmsen et al. 2019a) as well as from
recent finds of late Late Cenomanian ammonites (Metoico-
ceras geslinianum and Euomphaloceras septemseriatum)
from this interval in the Niederau-Oberau railway slope cut
and EUGAL gas pipeline trench sections (SNSD-MMG col-
lections). At 178 m ASL the monotonous marlstones of the
upper part of the Délzschen Formation pass into the dark
Lohmgrund Horizon at the base of the following Lower Tu-
ronian Brielnitz Formation.
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(2) Borehole Nord-Coswig 7/1967
TK 25: 4847 Coswig; zone 5: R 5400486/H 5668095 (not
shown in the cross-section).

The borehole was drilled and first described by the Wis-
mut, later noted by Tonndorf (2000). At 19 m ASL, Creta-
ceous strata overlie a granitoid of the MeiRen Massif. The
lowermost 1.5 m consists of a coarse-grained, brownish-red
calcareous sandstone with kaolinised feldspar and glauconite;
the following 1-m-thick glauconitic-sandy conglomerate with
calcareous cement is greenish-grey in colour. Both clastic
units belong to the Oberau Conglomerate of the basal Mob-
schatz Formation and are followed by marls in the lower and
strongly cemented Planer with calcareous nodules in the up-
per part (Middle to lower Upper Cenomanian). At 36 m ASL,
a 3-m-thick glauconitic marl appears interpreted here as be-
longing to the plenus Horizon at the base of the Ddlzschen
Formation (upper Upper Cenomanian) overlain by a 3-m-
thick, strongly cemented, light-grey Planer. This lithologic
succession resembles that of the “lower (a) part” of the bore-
holes Waldschule Dresden 218/1966, Dresden-Zschertnitz
289/1966 and Nossener Briicke (sections 4, 5 and 11; see be-
low and Figs. 9 and 10). Above 42 m ASL, the succession is
composed of monotonous marls and Planer and a separation
between Cenomanian (Ddlzschen Formation) and Turonian
strata (Brielnitz Formation) without biostratigraphic data is
impossible. To address this problem, the marly MeiRen—-Dres-
den Subgroup was introduced by Wilmsen et al. (2019a).

(3) Borehole Dresden-Merbitz 249/1966
TK 25: 4947 Wilsdruff; zone 5: R 5404815/H 5660331

The borehole was drilled and first described by the Wis-
mut, redescribed by Troger (in Alexowsky et al. 2001), first
illustrated and reinterpreted herein. At 177 m ASL, Creta-
ceous strata rest on sedimentary rocks of the Dohlen Basin
(Rotliegend). The Niederschéna Formation consists of a
lower 2.8-m-thick fluvial fining-upward cycle with medium-
grained sandstones grading into dark-grey carbonaceous
claystones at the top, rich in plant debris, overlain by a
1.4-m-thick brownish fine- to medium-grained sandstone.
This fluvial succession is interpreted as upper Lower Cenom-
anian DS Ce 3. The Merbitz Member of the Oberhéslich For-
mation rests with a sharp base on the Niederschona Forma-
tion (SB Ce 3) and represents DS Ce 4. It consists of a 2-m-
thick medium- to coarse-grained greensand with an
intercalated thin conglomeratic layer and a 2.3-m-thick,
grey-coloured, fine-grained sandstone bed yielding Middle
Cenomanian ammonites in the nearby former outcrop Zs-
chonergrund (Wilmsen et al. 2022). Up-section, the clayey-
calcareous, 12-m-thick upper part of the Mobschatz Forma-
tion and the lower part of the Ddlzschen Formation (marl-
stones and Planer above 199 m ASL) follow, respectively.
They are separated by a marly-argillaceous bed interpreted
as plenus Horizon, the base of which represents SB Ce 5.

(4) Borehole Waldschule Dresden 218/1966
TK 25: 4948 Dresden; zone 5: R 5415587/H 5660705

The borehole was drilled and first described by the Wis-
mut, redescribed by Tréger (in Alexowsky et al. 2001), and

is reinterpreted and figured for the first time herein. At 306 m
BSL the Oberhaslich Formation rests on the Palaeozoic
basement (“Granit”). The 18-m-thick Merbitz Member
(Middle Cenomanian) is characterised by a fine-grained,
partly argillaceous sandstone with a few thin medium- to
coarse grained layers, calcareous-cemented and rich in fos-
sils. The 11-m-thick calcareous-cemented Werksandstein
Member (lower Upper Cenomanian) is rich in glauconite
throughout the section, the lower 3.5 m consisting of argil-
laceous fine-grained greensands with intercalated thin me-
dium-grained layers, the upper part of a massive argillaceous
medium-grained greensand. The 20-m-thick Délzschen For-
mation above 276 m BSL starts with a marly clay (plenus
Horizon with SB Ce 5 at its base), followed by argillaceous
Planer and Planer with calcareous nodules. A dark conspicu-
ous argillaceous layer above 256 m BSL represents the
Lohmgrund Horizon at the base of the Lower Turonian
Brieinitz Formation.

(5) Borehole Dresden-Zschertnitz 289/1966
TK 25: 4948 Dresden; zone 5: R 5412840/H 5654829

The borehole was drilled and has been first described by
the Wismut, later redescribed by Tréger (in Alexowsky et al.
2001). Itisillustrated for the first herein, but our stratigraphic
interpretation differs strongly from the former evaluations.
At 1 m ASL, Cretaceous strata rest on the Palaeozoic base-
ment (“Rotlehm-Verwitterung, Granit”). The Niederschdna
Formation consists of a 1.7-m-thick coarse-grained to con-
glomeratic quartz sandstone, followed by a 0.6-m-thick dark
claystone, representing a truncated upper Lower Cenoma-
nian fluvial cycle 3, capped by SB Ce 3. The Oberhéslich
Formation has a thickness of 33 m, the top surface (SB Ce 5)
being located at 36 m ASL. The 13-m-thick Merbitz Member
(Middle Cenomanian) is in its major part represented by a
fining-upward cycle grading from a basal conglomerate via
coarse- and medium-grained quartz sandstones with several
thin clay layers to fine-grained quartz sandstones; towards
the top of the member, a slight coarsening trend is accompa-
nied by a weak glauconite content and oyster occurrences.
The 20-m-thick early Late Cenomanian Werksandstein
Member is a monotonous fine- to medium-grained, well
sorted quartz sandstones, likewise with a weak glauconite
content towards the top. The 14-m-thick Délzschen Forma-
tion starts at 36 m ASL with a 2-m-thick calcareous clay-
stone (plenus Horizon), its base representing SB Ce 5. The
following 4-m-thick calcareous Plé&ner are overlain by an
8-m-thick interval of argillaceous Pléner. At 50 m ASL, the
Lower Turonian BrieRBnitz Formation starts, likewise with
Plé&ner deposits, bearing pyrite concretions at its base.

(6) Borehole Dresden-Hosterwitz 212/1966
TK 25: 4949 Dresden-Ost; zone 5: R 5420066/H 5654181;
Heidenau Palaeovalley

The borehole was drilled and briefly described by the
Wismut and is first illustrated and reinterpreted here. At
199 m BSL, Cretaceous strata overlie Palaeozoic metasedi-
ments (“Tonschiefer”). The Niederschona Formation con-
sists of the 7.5-m-thick fluvial cycle 3, reflecting the non-



The transgression history of the Saxonian Cretaceous revisited 77

marine onlap of DS Ce 3 (upper Lower Cenomanian). The
lower part shows brownish to grey, medium- to coarse-
grained sandstones with thin intercalated conglomeratic lay-
ers. In-between, a thin carbonaceous claystone is interca-
lated. Indeterminate plant remains occur, partly vertical in
live position. In the upper half a siltstone is followed by a
coarse-grained horizon and terminated by a next coaly clay-
stone. The Oberhéslich Formation (Merbitz and Werksand-
stein members, Middle to lower Upper Cenomanian) is rep-
resented by a 31-m-thick grey, argillaceous fine-grained
sandstone with weak glauconite content, fossil debris, bi-
valves (Rhynchostreon suborbiculatum) and the ichnofossil
Ophiomorpha saxonica. The boundary between the two
members and, thus, SB Ce 4 could not be located unequivo-
cally. At the top of the Oberhé&slich Formation, a medium-
grained, less silicified greensand occurs, its top surface being
located at 162 m BSL (SB Ce 5). Up-section, a 1-m-thick
siltstone bed (plenus Horizon) follows, its base marking the
base of the 9-m-thick sandy and glauconitic Pennrich Forma-
tion. The 1.5-m-thick dark marlstone above 153 m ASL rep-
resents the Lohmgrund Horizon at the base of the Lower
Turonian Brielnitz Formation. Up-section, typical Pléner
deposits follow.

(7) Borehole Dresden-Grof3zschachwitz 1257/1962
TK 25: 5049 Pirna; zone 5: R 5419320/H 5652097; Heide-
nau Palaeovalley

The borehole, drilled and initially described by the Wis-
mut, is illustrated for the first time and reinterpreted herein.
At 90 m BSL, the Cretaceous strata rest on the Palaeozoic
basement (“Biotitgranit”). The Niederschéna Formation is
similar to the succession in borehole Dresden-Hosterwitz
212/1966 and consists of an 11-m-thick fluvial fining-up-
ward cycle 3 (upper Lower Cenomanian). It consists of a
3.5-m-thick basal conglomerate followed by an alternation
of medium- to coarse-grained sandstones with thin clay hori-
zons grading into a 3-m-thick carbonaceous silt- to fine-
grained sandstone, overlain by a 1.5-m-thick claystone rich
in plant debris. The 15-m-thick Merbitz Member of the
Oberhéslich Formation (Middle Cenomanian) is represented
by argillaceous fine-grained sandstones with common oys-
ters (Rhynchostreon suborbiculatum). Above 64 m BSL, the
fine-grained sandstones of the 12-m-thick Werksandstein
Member (lower Upper Cenomanian) contain some glauco-
nite, the content of which increases towards the top at 52 m
BSL (SB Ce 5). The 8-m-thick Pennrich Formation (upper
Upper Cenomanian) consists of dark argillaceous siltstones
and fine-grained glauconitic sandstones. The Pléner of the
Lower Turonian Brief3nitz Formation above 44 m BSL bear
calcareous nodules at the base.

(8) Borehole Meuschaer Hohe 1251/1961, Dohna
TK 25: 5049 Pirna; zone 5: R 5419356/H 5649048

Drilled and first described by the Wismut, the borehole is
reinterpreted here and figured for the first time. At 91 m
ASL, Cretaceous strata rest on the Palaeozoic basement
(“Granit™). The lower 8 m belong to the fluvial Niederschéna
Formation, the lower half consisting of a quartz conglomer-

ate, the upper half of coarse-grained sandstones alternating
with dark grey carbonaceous clays. Based on its position di-
rectly below the lower Upper Cenomanian Werksandstein
Member of the Oberhéslich Formation, this fluvial cycle 4 is
of Middle Cenomanian age. The Werksandstein Member is
5.8 m in thickness, consisting of a quartz conglomerate fin-
ing-upward in a dark grey argillaceous sandstone, capped at
110 m ASL by SB Ce 5. Up-section, the Délzschen Forma-
tion starts with a dark grey argillaceous bed (plenus Hori-
zon), at the base yielding isolated quartz granules. The over-
lying fossil-rich Planer is weakly glauconitic in its lowest
part. The boundary to the Lower Turonian Pléner of the
BrieRnitz Formation has not been exposed in the borehole.

(9) Abandoned quarry Kahlbusch in Dohna
TK 25: 5049 Pirna; zone 5: R 5420415/H 5647195 (not
shown in the cross-section).

The Kahlbusch in Dohna exposes the fossil-rich rocky
shore facies of the Ddlzschen Formation with the index be-
lemnite Praeactinocamax plenus (plenus Transgression of
DS Ce-Tu 1, late Late Cenomanian). In the former Rotlie-
gend rhyolite quarry, several up to 6-m-deep surf pockets are
exposed in a topographic height between ca. 170-190 m
ASL (Petrascheck 1900; Beeger & Quellmalz 1965), filled
with well-rounded rhyolite pebbles and cobbles in a fossilif-
erous sandy-calcareous matrix. Higher-up at the eastern
quarry margin between ca. 190-205 m ASL, additional de-
pressions have been observed, filled with siliceous sponge-
rich marls and Planer, likewise assigned to the Ddlzschen
Formation (Voigt 1994). However, the Early Turonian index
fossils from the locality preserved in marly Planer lithology,
hosted in the Heimatmuseum Dohna, suggest that the final
drowning of the Kahlbusch Island dates into the earliest Tu-
ronian.

(10) Borehole Pirna-Grof3graupa 253/1966
TK 25: 4949 Dresden-Ost; zone 5: R 5424243/H 5652519
The borehole, drilled and described by the Wismut, is
firstly figured and reinterpreted herein. At 207 m BSL, the
Oberhéslich Formation overlies the Palaeozoic basement.
The succession is similar to that of the borehole 1257/1962
in Dresden-GrofRzschachwitz; oysters (Rhynchostreon sub-
orbiculatum) and Ophiomorpha burrows appear in abun-
dance throughout the section. The non-glauconitic, 15-m-
thick Merbitz Member (Middle Cenomanian) is dominated
by coarse-grained sandstones intercalated by medium-
grained sandstones with fossil debris in the lower third while
fine-grained sandstones predominate the upper two thirds.
The fine-grained, glauconitic Werksandstein Member, early
Late Cenomanian in age, has a thickness of 11 m, uncon-
formably capped by SB Ce 5 at 180 m BSL. The up-section
following upper Upper Cenomanian Doélzschen Formation
starts with the argillaceous plenus Horizon that yields, at its
base, glauconitic sandstone clasts derived from the underly-
ing Werksandstein Member and is overlain by a grey, 1-m-
thick fine-grained sandstone bed. Above, the formation is
dominated by Planer deposits. The boundary to the Lower
Turonian Pléner of the Briellnitz Formation is placed at
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Fig. 3: Outcrop and core photographs. (A, B) Oberhaslich Forma-
tion (Middle to lower Upper Cenomanian) in the outcrop Geber-
grund south of Bannewitz-Goppeln, cross-section 2. (A) Merbitz
Member, consisting of rubbly, medium-bedded oyster shell beds;
height of section 1.8 m. (B)Sequence boundary SB Ce 4 between
the oyster beds of the Merbitz Member and the bioturbated sand-
stones of the Werksandstein Member, the sequence boundary is
marked by an orange-brown mottled argillaceous horizon indicat-
ing pedogenic overprint; see hammer for scale. (C) Onlap of Planer
of the Délzschen Formation (upper Upper Cenomanian) from north
(right) to south (left) onto the Carboniferous monzonite of the
MeilRen Massif, type locality, Ratssteinbruch in Dresden-Ddélzschen;
height of the section ca. 7 m; re-figured from Lehr (2022: Fig. 11).
(D) Werksandstein Member of the Oberhéslich Formation (lower
Upper Cenomanian) in the composite Bahratal section, cross-sec-
tion 3; uppermost ca. 6 m of the medium- to coarse-grained, cross-
bedded sandstones, terminated by sequence boundary SB Ce 5.
(E-G) core Niederschéna 4/1996, cross-section 2; core diameter
100 mm, bedding surfaces. (E) Large isolated quartz pebbles and a
rimmed kaolinitic clast in a texturally immature, coarse-grained
sandstone matrix, fluvial cycle 1+2 of the Niederschona Formation
(DS Ce 1+2); 39.8 m core depth. (F) Irregularly mottled pedogenic
iron crust in a medium-grained sandstone with large isolated quartz
grains, top of the Merbitz Member of the Oberhéslich Formation at
sequence boundary SB Ce 4; 15.6 m core depth. (G) Root horizon
in a fine- to medium-grained sandstone, upper part of the fluvial
cycle 3 (DS Ce 3) of the Niederschéna Formation; 21.8 m core
depth. (H) Core Heidenschanze 2-26/1995 (see Fig. 4A); core di-
ameter 100 mm, bedding surface of a dark brown arkosic sandstone
with three small inoceramids (probably Inoceramus tenuis), upper
part of the Merbitz Member of the Oberhaslich Formation (DS Ce
4, upper Middle Cenomanian); 10.8 m core depth.

167 m BSL at the base of a poorly cemented, 1-1.5-m-thick
argillaceous interval, interpreted as the Lohmgrund Horizon.

4.2 Erosion remnants of southern Dresden to
the eastern Erzgebirge; stratigraphic sections
11-24 (CS 2; Fig. 10 from right to left)

(11) Core Nossener Bruicke, Dresden-Ldbtau
TK 25: 4948 Dresden; zone 5: ca. R 5410050/H 5656570
This succession was illustrated and described in consid-
erable detail by Wilmsen & Bansal (2021). At 49 m ASL,
Cretaceous strata overlie a Carboniferous monzonite of the
MeiRen Massif. The lower part of the succession belongs to
the 8-m-thick upper part of the Mobschatz Formation (lower
Upper Cenomanian). The lowermost 2 m consist of strongly
glauconitic conglomerates and sandstones containing nu-
merous Macaronichnus burrows which gradationally pass
into glauconitic and non-glauconitic marls and Pléner. At
57 m ASL, the tripartite 20-m-thick upper Upper Cenoma-
nian Doélzschen Formation (upper Upper Cenomanian) starts
with its basal argillaceous plenus Horizon, followed by nod-
ular Planer deposits in the lower (a) part of the section. 6.5 m
above, an argillaceous, weakly glauconitic layer occurs and
calcareous nodules begin to disappear. Up-section, the mo-

notonous marlstones of the middle (b) and upper (c) parts of
the Dolzschen Formation follow, passing into the lowermost
Turonian Lohmgrund Horizon of the BrieRnitz Formation
(base at 77 m ASL).

(12) Cretaceous localities of the Plauenscher Grund, SW
Dresden (Fig. 3C)
TK 25: 4948 Dresden; zone 5: R 5409189/H 5655080 (Ho-
her Stein, Dresden-Plauen), R 5409224/H 5655016 (Teich-
bruch, Dresden-Plauen), R 5408834/H 5655326 (Ratsstein-
bruch, Dresden-Ddlzschen), not shown in the cross-section.
The Hoher Stein on the eastern margin of the Vereinigte
WeiReritz River in Dresden-Plauen at a topographic height
of ca. 190 m ASL is the most famous locality of the Saxonian
Cretaceous, first mentioned and illustrated by Geinitz (1871—
1875: 11, fig. 2) and further detailed by Troger (1956), Voigt
et al. (1994), Voigt et al. (2006) and Niebuhr (2021). During
the plenus Transgression of DS Ce-Tu 1 in the late Late
Cenomanian, several up to 5 m deep and 3-5 m wide surf
pockets were eroded into the Variscan basement (a Carbonif-
erous monzonite of the MeilRen Massif) that formed a local
positive structure at that time (Plauen Island). The fossilifer-
ous rocky shore facies of the Délzschen Formation infilling
the pockets yielded the index belemnite Praeactinocamax
plenus. Laterally, on the contemporaneous abrasion plat-
form, the nearby Teichbruch section shows siliceous sponge
biostromes directly on the Carboniferous monzonite, over-
lain by siliceous Planer of the Délzschen Formation (Voigt et
al. 1994; Voigt et al. 2006; Wilmsen & Niebuhr 2016).
Right across at the western slope of the Vereinigte
WeiReritz in Dresden-Ddlzschen, the Ratssteinbruch is lo-
cated, a former quarry in which the Carboniferous monzo-
nite was mined. The northern part of the quarry is the type
locality of the Planer of the D6lzschen Formation (Prescher
1981; Troger et al. 2020; Lehr 2022; see Fig. 3C). Approach-
ing from the north, Pl&ner with Praeactinocamax plenus on-
lap onto the monzonite of the Ratssteinbruch (Moigt et al.
2006), compensating for a palaeotopography of ca. 20 m,
until they overlap the former Plauen Island from a topo-
graphic height of ca. 180 m ASL (Wilmsen & Niebuhr 2016;
Wilmsen in Niebuhr 2021: 118, 119). In the southern part of
the Ratssteinbruch, the Planer of the Délzschen Formation
reach up to at least ca. 190 m ASL, yielding with Metoico-
ceras geslinianum and Neocardioceras juddii both index
ammonites of the upper Upper Cenomanian. The Cretaceous
marine onlap surface farther northwards, at the entry to the
Bienertpark (ca. 140 m ASL) and at the former Flof3rechen in
the Vereinigte WeiReritz (ca. 135 m ASL), most likely cor-
respond to the primus Transgression of the lower Mobschatz
Formation (Middle Cenomanian).

(13) Abandoned sandstone quarry at the Heidenschanze
and core 2-26/1995, Dresden-Coschitz (Fig. 4A)
TK 25: 4948 Dresden; zone 5: R 5408273/H 5654717 (sand-
stone quarry), ca. R 5408284/H 5654717 (core 2-26/1995);
not shown in the cross-section.

The historical “Steinbruch von Kanner in Coschiitz”
(Nessig 1898: 116) was first mentioned by Cotta (1857) and
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figured by Geinitz (1871-1875: 10, fig. 1). At this site, the
historical “Unterquader” (= Werksandstein Member of the
Oberhéaslich Formation) has been quarried as a local free-
stone, e.g. for buildings along the railway line Dresden—
Tharandt (Geinitz 1871-1875). Albeit already Cotta (1857)
explained that the famous “Koschitzer Muschelfelsen”
(Lehmann 1749), a shell-rich calcareous sandstone facies,
correspond to a stratiform deposit below the Quadersand-
stein and not to a crevice filling in the basement, the geo-
logical discussion around the lower unit continued into the
late 20" century when Walter & Suhr (1997) finally pub-
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lished sedimentological and stratigraphic data of the new
core 2-26/1995, drilled ca. 10 m east of the quarry wall. They
confirmed von Cotta’s (1857) stratigraphic conclusion of the
Koschiitzer Muschelfelsen below the historical “Unter-
quader” and we re-measured the core in August 2022 (Fig.
4A). In the core succession, at 202 m ASL Cretaceous strata
overlie the Carboniferous monzonite of the MeilRen Massif.
The lower, 5.1-m-thick unit is developed in the conspicuous
sandy-bioclastic facies of the Koschiitzer Muschelfelsen, a
tempestitic unit composed of shells mainly of the bivalve
Glycymeris obsoleta in a sandy matrix (Walter & Suhr 1997;
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Niebuhr et al. 2014: 113, fig. 6k; Wilmsen & Niebuhr 2016),
intercalated by thinner medium-grained calcareous sand-
stone layers. This unit is interpreted here as belonging to the
Merbitz Member of the Oberhdaslich Formation (Middle
Cenomanian). At the top of the Merbitz Member in the core
2-26/1995, at 207 m ASL, a dark brown arkosic sandstone
layer was logged with three inoceramid specimens occurring
at its top, probably belonging to Inoceramus tenuis (Fig.
3H). A thin, red-coloured, silty-argillaceous horizon above,
almost completely squeezed out during drilling, marks se-
quence boundary SB Ce 4. The following 3.3-5.5-m-thick
Werksandstein Member, late Early Cenomanian in age, con-
sists of thick-bedded, medium-grained sandstone with a few
conglomeratic layers, the number and thickness of which
increasing to a nearby basement cliff (Moigt et al. 1994). The
Ddolzschen Formation unconformably rests on the Oberhés-
lich Formation at 210 m ASL (SB Ce 5), starting with a ca.
6-m-thick conglomerate consisting of well-rounded monzo-
nite pebbles to boulders within a fossiliferous calcareous ma-
trix, sharply overlain by silty marlstones and Planer deposits.
From the upper part of the conglomerate and the lower part
of the Planer exposed in the outcrop section, the index be-
lemnite Praeactinocamax plenus is known (Moigt et al. 1994;
Wilmsen & Niebuhr 2016).

(14) Core Mariaschacht 6512/1998, Bannewitz-Boderitz
TK 25: 4948 Dresden; zone 5: R 5409493/H 5652396

The Mariaschacht core succession, first figured and de-
scribed by Wilmsen & Bansal (2021), exposes the 5.5-m-
thick Oberhéslich Formation and the Pennrich Formation. At
257 m ASL, the Cretaceous onlap surface caps the lower
Permian sedimentary rocks of the Dohlen Basin. The Ober-
héslich Formation consists of a thin (1.2 m) Merbitz Member
(Middle Cenomanian) comprising glauconitic sandstones
with abundant large Macaronichnus burrows. The Werk-
sandstein Member of late Late Cenomanian age starts with a
coarse-grained sandstone that fines upwards into a thin silt-
stone while the upper part shows a coarsening-upward trend
up to the capping SB Ce 5 at 258 m ASL. The argillaceous
siltstone above (plenus Horizon) forms the lowermost part of
the 12-m-thick upper Upper Cenomanian Pennrich Forma-
tion that consists of fossiliferous, fine- to medium-grained
sandstones. It shows a subdivision into three coarsening-up-
ward cycles (a—c parts), 5 m, 3.5 m and 3.5 m in thickness,
the top of the middle (b) part marked by bioclasts and fer-
ruginous staining. The dark mudstone bed starting at 270 m
ASL belongs to the Lohmgrund Horizon of the overlying
Lower Turonian siliciclastic Schmilka Formation.

(15) Abandoned sandstone quarry at the Horkenberg in
Bannewitz
TK 25: 5048 Kreischa; zone 5: R 5408834/H 5651584

The succession at the Horkenberg near Bannewitz, also
known as Prinzenhohe, was early figured and described in
detail by Beck (1890, 1892; with historical designations in
quotation marks), and is reinterpreted herein. At 305 m ASL,
the Oberhaslich Formation rests on Permian sedimentary
rocks (Rotliegend of the Déhlen Basin). The 5-m-thick Mer-

bitz Member (Middle Cenomanian) is represented by weakly
silicified, yellow-brownish, fine-grained sandstones with an
oyster bed (“Exogyrenbank”, yielding Rastellum carinatum
and Rhynchostreon suborbiculatum) in its upper part. It is
worth noting that Middle Cenomanian ammonites were
found in the Merbitz Member of the area (Wilmsen et al.
2022: figs. 6-9). The upper Upper Cenomanian Werksand-
stein Member, 6-m-thick, has been quarried as freestone for
several centuries (“Werksteinbank” of Beck 1892: fig. 2) and
consists of a fine-grained, massive quartz sandstones. The
SNSD-MMG and TUB collections have a lot of fossils from
the member, especially bivalves (Rastellum carinatum,
Rhynchostreon suborbiculatum, Spondylus striatus, Inocera-
mus ex gr. pictus and Neithea aequicostata; e.g. Troger 1967,
2014; Niebuhr et al. 2014). At Bannewitz-Welschhufe,
1.5 km to the west, the lower Upper Cenomanian index am-
monite Calycoceras naviculare was found in this strati-
graphic interval (Wilmsen & Nagm 2014). Above 316 m
ASL, the Pennrich Formation starts with a 1.2-2.3-m-thick
argillaceous siltstone (plenus Horizon) followed by an alter-
nation of 0.5-m-thick, fine-grained sandstones separated by
thin silty interbeds (“Plénersandsteine”) in which the upper
Upper Cenomanian index ammonite Metoicoceras geslini-
anum first appears (Wilmsen & Nagm 2014).

(16) Outcrop Gebergrund, Bannewitz-Goppeln (Figs. 3A,
B)
TK 25: 5048 Kreischa; zone 5: R 5413025/H 5650608

The hitherto undescribed section was measured by the
authors in 03/2022 in the upper reaches of a narrow valley
cut by a small ephemeral creek discharging northwards into
the Geberbach. At 242 m ASL, fine-grained sandstones of
the Middle Cenomanian Merbitz Member of the Oberhéslich
Formation are exposed, resting on Upper Palaeozoic (Rotli-
egend) strata of the Déhlen Basin that crop out slightly be-
low. The succession shows a coarsening-upward trend into
medium-grained brownish sandstones with oyster shell-beds
and Ophiomorpha burrows that is terminated by an iron-
stained erosion surface at 245 m ASL. The fabric of the sand-
stones below this surface is highly irregular and shows fer-
ruginous mottling, suggesting a subaerial overprint by sur-
face processes (redox alteration, pedogenic convolution);
consequently, the surface is interpreted as a sequence bound-
ary (cf. Kraus 1999) (SB Ce 4). A Middle Cenomanian am-
monite from a nearby former quarry in Bannewitz-Golber-
ode (Wilmsen et al. 2022: fig. 6A) unequivocally belongs
into the stratigraphic interval below SB Ce 4, i.e. the Merbitz
Member. Above the sequence boundary, the succession fines
upwards into bioturbated, fine-grained grey-beige sand-
stones of the Werksandstein Member of the upper Oberhés-
lich Formation (lower Upper Cenomanian).

(17) Abandoned sandstone quarry Schmidt near Dippol-

diswalde-Oberhaslich

TK 25: 5048 Kreischa; zone 5: R 5407006/H 5642605
“Schmidt’s Steinbruch bei Dippoldiswalde* (Schalch

1887, 1888) is the type locality of the Oberhéslich Formation

(Prescher 1981; Troger & Voigt in Niebuhr et al. 2007). The
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quarry section has been restored herein, based on the detailed
description (with historical designations in quotation marks)
by Schalch (1888: fig. 2). At 405 m ASL, the Oberhéslich
Formation rests on the Palaeozoic basement (“Freiberger
Gneis”), while only ca. 1 km to the north the Oberhéaslich
Formation transgressed on top of the fluvial cycle 3 of the
Niederschéna Formation (see Alexowsky et al. 1999). The
5-m-thick Merbitz Member is represented by a coarse-
grained sandstone with a conglomerate at the base (“Grund-
stein”) followed by a 3-m-thick fine-grained sandstone
which was the main freestone of this quarry (“Haupt-
baustein™). Schalch (1888: 56) mentioned “Acanthoceras
(Ammonites) Mantelli, Sow.” from this quarry which proba-
bly corresponds to Middle Cenomanian Calycoceras (Proeu-
calycoceras) picteti (specimen no. RS 10617 in the LTULG
collection). The lower Upper Cenomanian Werksandstein
Member also starts with a conglomeratic layer (“Kiesel-
schale”), the base of which corresponding to sequence
boundary SB Ce 4. The following 1-m-thick, reddish, me-
dium-grained sandstone bed was also used as a freestone
(“Rotwilder”). Above a thin, coarse-grained sandstone bed,
fossiliferous, light-grey to reddish, fine- and medium-
grained sandstones predominate up to the top of the Ober-
haslich Formation at 416 m ASL (SB Ce 5). The Pennrich
Formation commences with fossiliferous, thin-bedded to
platy fine-grained sandstones (“Pléanersandsteine”). The
SNSD-MMG and TUB collections contain a lot of fossils
from this locality, such as sponges, bivalves, brachiopods,
echinoids, serpulids, gastropods and several different bi-
valve species (Geinitz 1871-1875).

(18) Core Rabenau-Oelsa 7/1991 (Fig. 5A, B)
TK 25: 5048 Kreischa; zone 5: R 5407460/H 5646430

The Niederschona Formation of this succession was first
figured by \Voigt (1998: fig. 14); the complete core was
measured by the authors in 06/2021 and is presented here
(Figs. 5A, B). At 305 m ASL, Cretaceous strata rest on the
Palaeozoic basement (“Freiberger Gneiss”). The Nieder-
schona Formation is typically developed for the Tharandt
Palaeovalley of the eastern Erzgebirge (Tonndorf 2000) and
represented by two fluvial cycles that show an overall up-
wards-fining trend. The lower fluvial cycle 1+2 (correspond-
ing to DS Ce 1+2) is 14 m in thickness and comprises light-
grey coloured conglomerates and breccia at its base (histori-
cal “Grundschotter”, 5.5-m-thick). The fining-upward trend
above is continued by cross-bedded, coarse-grained, con-
glomeratic sandstones with abundant wood remains in the
lower part and silty claystones rich in plant debris in the up-
per part (historical “Crednerienschichten”). In the 12-m-
thick upper fluvial cycle 3 (corresponding to DS Ce 3), the
overall fining-upward trend is repeated, but the lower part is
less coarse and the plant debris-rich clay layers in the upper
part reach several metres in thickness. The Niederschéna
Formation is terminated by a kaolinitic, rooted palaeosol (SB
Ce 3). The Oberhaslich Formation above is 11 m in thickness
with a 4-m-thick Merbitz Member (Middle Cenomanian)
and a 7-m-thick Werksandstein Member (lower Upper
Cenomanian). The Merbitz Member is medium- to coarse-

grained while the Werksandstein Member consists of mas-
sive, monotonous fine- to medium-grained quartz sandstones
with several scattered oyster shells. Both members are sepa-
rated by a thin conglomeratic layer consisting of well-
rounded quartz granules and small pebbles; its base corre-
sponds to SB Ce 4. The top of the Oberhéaslich Formation
(SB Ce 5) is placed at 342 m ASL. The Pennrich Formation
above consists of 1-2-m-thick coarsening-upward cycles
from siltstones to fine-grained sandstones and contains an
argillaceous plenus Horizon in its lower part.

(19) Cretaceous around Tharandt-Grof3opitz
TK 25: 4947 Wilsdruff and 5047 Freital, zone 5: around
R 5401285/H 5652405; not shown in the cross-section.
Around Tharandt-GroRopitz, up to 10-m-thick Upper
Cenomanian strata (ca. 355-365 m ASL) rest on Rotliegend
sedimentary rocks of the Dohlen Basin. In the northern part,
the condensed, only 2-m-thick, oyster-rich Werksandstein
Member of the upper Oberhéslich Formation is developed
while the following Pennrich Formation (“Planersandsteine”
of Sauer 1899, 1891; Dalmer & Beck 1893, 1894) in most
cases directly transgresses across the Freiberg gneiss in that
area. The Pennrich Formation consists of well-bedded,
clayey siltstones rich in glauconite and bears abundant bi-
valves, serpulids and spines of the regular echinoid Ty-
locidaris sorigneti, a characteristic element of the Pennrich
fauna (Sauer 1899, 1891; Hantzschel 1933; Troger in Alex-
owski et al. 2005). Up-section, the 0.5-m-thick argillaceous
Lohmgrund Horizon (“Thonbank” of Dalmer & Beck 1893,
1894) of earliest Turonian age and the lower part of the sandy
Schmilka Formation (“Planersandsteine der Labiatusstufe”
of Dalmer & Beck 1893, 1894) follow.

(20) Abandoned sandstone quarries at the Hartheberg,
west of Tharandt

TK 25: 5047 Freital, zone 5: around R 5397194/H 5650711,
not shown in the cross-section.

In the Tharandt Forest, fluvial and marine Cenomanian
strata overlie the Rotliegend rhyolite of the Tharandt Cal-
dera. At the Hartheberg, between 358 and 375 m ASL, the
Niederschéna Formation is developed (Sauer 1891; Pietzsch
1912; Schreiter 1927; Niebuhr et al. 2021) with a fluvial suc-
cession of Early Cenomanian age. Up-section, the ca. 20-m-
thick Oberhaslich Formation follows (375-395 m ASL; Nie-
buhr et al. 2021; Merbitz and Werksandstein members, Mid-
dle to lower Upper Cenomanian). The best description of the
marine succession is found in Schreiter (1927: 93, translated
from German): “... we are at the foot of the abruptly falling,
up to 20-m-high quarry walls. The massif of the Hartheberg
is made of the Lower Quadersandstein with Pecten asper,
Ostrea carinata, Exogyra columba, Serpula and so on in its
lower part [= Oberhéslich Formation], which is overlain by
Planersandstein with Cidaris Sorigneti and others [= Penn-
rich Formation]“, of which 3 m are still preserved today
(Eberlein 2004).

Similar thicknesses of the Middle to lower Upper Cenom-
anian Oberhaslich Formation are developed in the Forstre-
vier 8 and Grillenburg sandstone quarries of the Tharandt
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Forest (ca. 20 m; Niebuhr et al. 2021) as well as in the Pauls-
dorfer Heide, ca. 10 km to the east-southeast (18 m;
Janetschke & Wilmsen 2014). The Lower Cenomanian flu-
vial cycles 1+2 and 3 of the Niederschtna Formation reach
17-25 m in thickness at the mentioned localities and are,
thus, very similar compared to the situation in the cores Ra-
benau-Oelsa 7/1991 and Halsbriicke-Niederschéna 4/1995
(see below).

(21) Core Halsbrucke-Niederschdna 4/1996 (Figs. 3E-G,
5C, D)
TK 25: 5046 Freiberg; zone 4: R 4600795/H 5648734

In less detail, a log of the succession of core Hals-
bricke-Niederschona 4/1996 was presented by Trdger
(2008: fig. 4.4-5, 1). We carefully re-measured the core sec-
tion in 03/2022 and provide a detailed log with revised
stratigraphic interpretation herein (Figs. 5A, B). At 359 m
ASL, a thin yellow-beige kaolinite layer overlies the Pal-
aeozoic basement (“Freiberger Gneiss”). Such as in the
core Rabenau-Oelsa 7/1991, the Niederschona Formation
of the Tharandt Palaeovalley at Halsbriicke-Niederschéna
consists of two thick fluvial cycles, each of which ca. 13 m
in thickness. The lower fluvial cycle 1+2 comprises a ca.
7-m-thick, light-grey coloured succession of conglomer-
ates and coarse-grained pebbly sandstones at its base, fol-
lowed by light-grey, cross-bedded, medium- to coarse-
grained sandstones (Fig. 3F). It is capped by a dark-grey,
silty claystone with plant debris and terminated by a fer-
ruginous, mottled paleosol (SB Ce 2). The upper fluvial
cycle 3 consists of cross-bedded, coarse-grained, grey
sandstones with thin conglomerate beds in the lower part
(6.5 m), a central, 1.5-m-thick, dark-grey, plant-debris
bearing silty claystone and an upper unit of medium- to
thick-bedded, brownish, commonly rooted sandstones with
abundant plant-debris and wood remains (5.5 m; Fig. 3G).
This unit undoubtedly forms the lower part of the succes-
sion exposed in the nearby former sandstone quarry at the
Forsthaus in Halsbriicke-Niederschdna (see below). It is
capped by a sandstone bed with irregular ferruginous mot-
tling suggesting redox alteration and possibly a pedogenic
overprint (SB Ce 3). The Oberhéslich Formation starts with
a thin quartz conglomerate overlain by bioturbated, light-
grey, mature, fine- to medium-grained quartz sandstones of
the ca. 3-m-thick Merbitz Member of Middle Cenomanian
in age. The upper metre of the member shows a coarsening-
upward trend and increasing ferruginous staining culminat-
ing into a terminal iron crust (SB Ce 4; Fig. 3F). The over-
lying lower Upper Cenomanian Werksandstein Member
consists of medium-grained, dark reddish-brown glauco-
nitic sandstones in its lower part and above of fine-grained,
friable, bioturbated brownish sandstones. At 393 m ASL,
an iron crust and sharp facies change to fine-grained sedi-
ments (Pennrich Formation) marks the top of the Oberhés-
lich Formation and the position of SB Ce 5. The Pennrich
Formation starts with grey argillaceous siltstones (1.5-m-
thick plenus Horizon) grading into fine-grained, biotur-
bated sandstones above.

(22) Abandoned sandstone quarry at the Forsthaus in
Halsbrucke-Niederschona (Fig. 6)
TK 25: 5046 Freiberg; zone 5: R 4601142/H 5648444

The former sandstone quarry at the Forsthaus in Halsbru-
cke-Niederschona is the type locality of the Niederschona
Formation (Prescher 1981; Troger & Voigt in Niebuhr et al.
2007). Together with several adjacent small quarries it pro-
vides an outcrop transect of the uppermost Niederschona and
lowermost Oberhaslich formations (Fig. 6). The section of
the sandstone quarry was displayed and described by Sauer
(1899, 1900: fig. 1) and, for example, Kleditzsch (1987),
\Voigt (1998) and Eberlein (2004: fig. 5.36a), the latter pre-
senting an instructive photograph of the ca. 8 m high outcrop
wall. The lower 5.5 m of the section belongs to the upper part
of the fluvial cycle 3 of the Niederschéna Formation (upper
Lower Cenomanian; cf. section 21, core Halsbriicke-Nieder-
schona 4/1996; Figs. 5C, D). The predominately medium-
grained sandstones pinch-out to the east within the limits of
the outcrop (Fig. 6); the three uppermost sandstone beds
contain root horizons with vertical, closely spaced, 0.5 m
deep and 2-5 mm thin, clay-filled tubes probably represent-
ing roots of a reed-like plant (e.g. Voigt 1998: fig. 15). Thin,
silty and carbonaceous claystones with the famous plant fos-
sils are intercalated (e.g. see Ettingshausen 1867). Krutzsch
(1959, 1966) described an Early Cenomanian freshwater mi-
crofloral association from these clayey intercalations which
consists of primitive longaxona while all modern angiosperm
pollen with short axes, e.g. of the Normapolles group, are
completely missing. At 384 m ASL, a thin transgressive con-
glomerate bed marks the base of the Merbitz Member of the
Oberhéaslich Formation of which only the lower 3 m are pre-
served. The marine fine- to medium-grained sandstones
yielded Middle Cenomanian Acanthoceras rhotomagense
and Calycoceras (Proeucalycoceras) picteti (Wilmsen et al.
2022: figs. 2, 10-12).

(23) Outcrops around Halsbricke-Erlicht (between
Halsbrucke-Niederschdna in the south and Reinsberg-
Dittmannsdorf in the north)

TK25:5046 Freiberg; zone 4: between R 4599570/H 5650130
and R 4600883/H 5651945 (excavation of OPAL pipeline),
zone 4 R 4600357/H 5850212 (sandstone quarry in Hals-
briicke-Erlicht), not shown in the cross-section.

From Halsbriicke-Oberschaar in the southwest and the
Dittmannsdorf creek in the northeast, excavations for the
OPAL pipeline in 2011 temporarily exposed Cretaceous
strata. In the southwest, the succession starts with the fluvial
Niederschdna Formation while in the northeast marine sand-
stones of the Oberhaslich and Pennrich formations rest di-
rectly on the Palaeozoic basement. The Niederschéna For-
mation (upper Lower Cenomanian) is represented by coarse-
grained pebbly sandstones with conglomerate lenses
(“Grundschotter” of Troger 2017: fig. 4B), comprising the
fluvial cycle of DS Ce 3. The following Merbitz Member of
the Oberhéslich Formation (“fluvial Niederschona Forma-
tion up-section of the Grundschotter” of Troger 2017: fig.
4C) consists of fine-grained, silty, micaceous, grey to red-
dish-coloured sandstones which are partly cross-bedded —
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Fig. 6: Upper Lower Cenomanian fluvial cycle 3 (DS Ce 3) at the type locality of the Niederschdna Formation (sandstone quarry at the
Forsthaus in Halsbriicke-Niederschéna), at sequence boundary SB Ce 3 (red arrow) overlain by the Merbitz Member of the Oberhéslich
Formation (Middle Cenomanian, DS Ce 4). Note pinching-out of sandstone bodies to the east (right) within the limits of the outcrop. Sec-
tion ca. 8 m in height. Historical photograph of Walter Mobius (1929); Deutsche Fotothek, df _hauptkatalog_0006912, SLUB Dresden.

comprising the same lithology as in the core Halsbriicke-
Niederschdna 4/1996 and the sandstone quarry at the Forst-
haus in Halsbriicke-Niederschona (see Figs. 5C-D, 10) from
where Wilmsen et al. (2022) described Middle Cenomanian
ammonites. Correspondingly, the Middle Cenomanian am-
monite Calycoceras (Newboldiceras) asiaticum asiaticum,
found in white-grey fine-grained sandstones of the Oberhés-
lich Formation near Halsbriicke-Erlicht (Wilmsen et al.
2022: fig. 13), most likely derives from a former sandstone
quarry in the Merbitz Member of the Oberhéslich Formation
immediately northwest of Halsbriicke-Erlicht (see Sauer
1886). The lower Upper Cenomanian Werksandstein Mem-
ber is a fine- to medium-grained sandstone with layers of
argillaceous and sandy siltstones, grey to white-grey in col-
our (“upper part of the Niederschdna Formation” of Troger
2017: 140, fig. 4D). The Pennrich Formation above 371 m
ASL (upper Upper Cenomanian) starts with a basal green-
sand (“Mobschatz Formation” of Troger 2017: fig. 4D), fol-
lowed by argillaceous to silty, fine-grained sandstones, so-
called “Planersandsteine” (Sauer 1886, 1887).

In addition to the find of a Middle Cenomanian ammo-
nite in sandstones erroneously assigned to the “fluvial Nied-
erschona Formation” (Tréger 2017), our stratigraphic inter-
pretation of the area is also supported by the early mapping

surveys: Sauer (1886) mapped the fluvial Niederschona For-
mation as the lowermost Cretaceous unit, overlain by a bi-
partite “Unterquader” of Geinitz (1871-1875) (c1= Middle
and lower Upper Cenomanian Merbitz and Werksandstein
members of the Oberhaslich Formation) and the “Unterer
glaukonitischer Planersandstein” as the topmost Cenoma-
nian unit (c2, upper Upper Cenomanian Pennrich Formation
of the modern lithostratigraphic terminology). Lithological
units of both areas were assigned to the “Mobschatz Forma-
tion” by Troger (2017: fig. 3) but were originally (and cor-
rectly) mapped as c2 (= Pennrich Formation) by Sauer
(1886).

(24) Cenomanian remnants between Nossen and GroR3-
schirma

TK 25: 4945 RoRwein; Nossen-Augustusberg, zone 4:
R 4590795/H 5657175; GroRschirma-Obergruna; zone 4:
R 4591726/H 5654419, not shown in the cross-section.

The area between Nossen and Grof3schirma exposes the
westernmost remnants of marine Cenomanian deposits (see
Fig. 1B). In this region, the Pennrich Formation rests trans-
gressively on the Palaeozoic metasedimentary basement
(Nossen-Wilsdruffer Schiefergebirge). At Nossen-Augustus-
berg, 5-m-thick, medium- to coarse-grained glauconitites
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(more glauconite than quartz grains) were exposed, fining-
upward to the top and questionably assigned to the plenus
Zone by Troger (1969); at GroRschirma-Obergruna, glauco-
nitic silty clays were temporarily visible of which 4-5 m are
preserved (Elicki et al. 2020). This lithology is similar to that
of the Pennrich Formation between Halsbriicke-Nieder-
schona and Reinsberg-Dittmannsdorf (see “c2, unterer glau-
konitischer Plénersandstein” of Sauer 1886; “Mobschatz
Formation” of Tréger 2017; section 23 of this paper). Both
upper Upper Cenomanian deposits between Nossen and
GrofRschirma bear marine microfossils (foraminifera, sponge
spicules, ostracods and vertebrate debris; Elicki et al. 2020).

4.3 Pirna Palaeovalley; stratigraphic sections
25-32 (CS 3; Fig. 11 from left to right)

(25) Core Pirna-Neugraupa G.1/1960
TK 25: 5050 Bad Schandau; zone 5: R 5425053/H 5651283
The borehole was drilled and interpreted by the Wismut,
described again by Troger et al. (1963) as well as Troger (in
Alexowsky et al. 1997). The core was re-measured by the
authors in 01/2018, illustrated and interpreted herein. The
drill site is located at the edge of the Copitz Peninsula NW of
Pirna-Graupa, a palaeohigh without deposition in Cenoma-
nian times (Tonndorf 2000) which separates the western Hei-
denau Palaeovalley (this paper) from the eastern Pirna Pal-
aeovalley (Tonndorf 2000). At 170 m BSL, Cretaceous strata
with reduced thickness compared to the Pirna Palaeovalley
sections (see below) overlie the Palaeozoic basement. The
5-m-thick Niederschona Formation is represented by the
brackish Wurmsandstein (cf. Tonndorf 2000), assigned here
to DS Ce 4 (Middle Cenomanian). A carbonaceous layer in
the middle of the fine- to coarse-grained sandstones yields
Ophiomorpha burrows. The boundary to the 12-m-thick
lower Upper Cenomanian Werksandstein Member of the
Oberhaéslich Formation is sharp (SB Ce 4). The lower 7 m
fine upwards from coarse- to fine-grained sandstones.
Above, a ca. 1-m-thick conglomerate follows; up-section, a
siltstone bed that coarsens upwards into a coarse-grained
sandstone concludes the Werksandstein Member. The 6.5-m-
thick upper Upper Cenomanian Pennrich Formation starts at
152 m BSL (SB Ce 5) with a 3.5-m-thick argillaceous to silty
horizon, overlain by a 3-m-thick, fine-grained sandstone
with Ophiomorpha burrows. Up-section, a 10-m-thick pack-
age of argillaceous Planer follow, assigned to the Lower Tu-
ronian BrieRnitz Formation. Above, a 2.3-m-thick argilla-
ceous siltstone bed and the more than 50-m-thick Cottaer
Bildhauersandstein of the Schmilka Formation follow.

(26) Borehole Porschendorf 358/1965
TK 25: 4949 Dresden-Ost; zone 5: R 5429613/H 5652808
The borehole is located at the northern outflow of the
Pirna Palaeovalley and was drilled and initially described by
the Wismut; the section figured and reinterpreted herein for
the first time. At 262 m BSL, Cretaceous strata overlie the
Palaeozoic basement (“Granit™). The fluvial cycle 1+2 of the
lower Niederschona Formation (lower Lower Cenomanian)

consists of a 2-m-thick conglomerate at the base and 6 m of
medium- to coarse-grained sandstones with intercalated con-
glomeratic and greenish fine-grained layers. The following
12-m-thick light grey, fine-grained sandstone with abundant
plant debris (and without shell remains) are interpreted
herein as the brackish Wurmsandstein of DS Ce 3 (upper
Lower Cenomanian). Above, the Oberhéslich Formation
(Middle to lower Upper Cenomanian) is represented by a
41-m-thick, argillaceous, fine-grained sandstone with oys-
ters (Rhynchostreon suborbiculatum, Rastellum carinatum)
and indeterminate calcareous shell debris, at the top with
subordinate glauconite content. A lower Merbitz Member
and an upper Werksandstein Member and, thus, the limiting
SB Ce 4, cannot be distinguished. The upper Upper Cenoma-
nian Pennrich Formation above 201 m BSL is only ca. 4 m
thick, characterised by a 2-m-thick glauconitic claystone be-
low (plenus Horizon), at the base yielding sandstone clasts
from the underlying Oberhéslich Formation (SB Ce 5), and
an almost 2-m-thick glauconitic, fine-grained sandstone with
oysters above. At 197 m BSL, the Planer of the Lower Turo-
nian Brielnitz Formation follow.

(27) Core Lohmen 7030/2000
TK 25: 5050 Bad Schandau; zone 5: R 5429139/H 5650341
The detailed core description of Neumann (2004) has
been transferred into a stratigraphic log and is partly reinter-
preted herein. At 258 m BSL, Cretaceous strata rest on the
Palaeozoic basement. The 17-m-thick fluvial cycle 1+2
(lower Lower Cenomanian DS Ce 1+2, lower Niederschéna
Formation; Table 1) is strongly dominated by grey to yellow-
ish-grey, coarse-grained sandstones with wood remains, in-
tercalated by only a few conglomeratic and fine-grained lay-
ers. The 9-m-thick medium- to coarse-grained brackish
Wurmsandstein of DS Ce 3 (upper Lower Cenomanian) con-
tains abundant plant debris and several horizons with Ophio-
morpha burrows (Neumann 2004). The Middle to lower Up-
per Cenomanian Oberhé&slich Formation has a thickness of
35 m; the top surface (SB Ce 5) is located at 200 m BSL. The
lithology is dominated by fine- to medium-grained, well
sorted light grey quartz sandstones. The lower half (Merbitz
Member of DS Ce 4) is monotonous, massive and unfossilif-
erous; the upper half (Werksandstein Member of DS Ce 5) is
rich in oysters, serpulids and Ophiomorpha burrows, and
bears three coarse-grained intervals at the base, the middle
and the upper parts. The following ca. 6.5-m-thick Pennrich
Formation consists of fine-grained sandstones with serpulids
and bioturbated argillaceous siltstones. The boundary to the
thick Lower Turonian Planer of the BrieRnitz Formation is
drawn at a clay bed at 194 m BSL (Lohmgrund Horizon).
The first appearance of (upper) Lower Turonian Mytiliodes
labiatus is 52 m above the base of the Planer facies (Troger
in Neumann 2004).

(28) Core Dorf Wehlen 7029/1999

TK 25: 5050 Bad Schandau; zone 5: R 5647502/H 5430067
Based on the detailed core description of Neumann

(2004), the log of the Dorf Wehlen 7029/1999 succession is

illustrated and in part reinterpreted here. At 160 m BSL, Cre-
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taceous strata rest on the Palaeozoic basement, starting with
a 21-m-thick fluvial cycle 1+2 of the lower Niederschéna
Formation (lower Lower Cenomanian; Table 1). It consists
of an alternation of fine- to medium-grained sandstones with
several thin conglomeratic layers in the lower 7-8 m; up-
section, the succession is dominated by light grey, coarse-
grained sandstones with abundant wood remains, interca-
lated by few thin coaly-clayey layers. The Niederschéna
Formation continues with the brackish Wurmsandstein (13 m
thick, DS Ce 3, upper Lower Cenomanian), consisting of
grey to dark grey, partly also reddish coarse-grained sand-
stones and conglomerates and showing common Ophiomor-
pha burrows, oyster debris, wood remains and several coaly
layers. The boundary to the Oberhé&slich Formation is drawn
above the uppermost carbonaceous claystone layer at 126 m
BSL (SB Ce 3). The Merbitz Member is rather thin (11 m)
and consists of monotonous, massive fine- to medium-
grained quartz sandstones with Ophiomorpha burrows; 3 m
above the base, a last fine-grained carbonaceous siltstone
layer is intercalated. The 18-m-thick Werksandstein Member
consists of monotonous, massive fine- to medium-grained
sandstones below, showing a clear coarsening-upwards trend
into thick-bedded to massive coarse-grained sandstones and
conglomerates in the upper part of the member. At 97 m
BSL, SB Ce 5 caps the Oberhéslich Formation and the fol-
lowing Pennrich Formation shows a 2-m-thick fossiliferous
interval fining into the plenus Horizon. Above a thin fine-
grained sandstone bed, argillaceous siltstones terminate the
6-m-thick Pennrich Formation. Up-section, Planer deposits
overlie the Pennrich Formation and the boundary to the
Lower Turonian BrieRnitz Formation has been placed at
91 m BSL. The first appearance of Mytiliodes labiatus is
107 m above the base of the Planer facies (Tréger in Neu-
mann 2004).

(29) Core Pirna-Struppen 7025/2000 (Fig. 7)
TK 25: 5050 Bad Schandau; zone 5: R 5430491/H 5643317
This key succession for the Pirna Palaeovalley was de-
scribed in detail and illustrated by Melchisedech (2021). At
17 m BSL, Cretaceous strata unconformably rest on the
Palaeozoic basement (Lusatian Granodiorite). The tripar-
tite Niederschéna Formation is extraordinarily thick (52 m;
Table 1). The fluvial cycle of DS Ce 1+2 is 27-m-thick and
dominated by coarse-grained sandstones, breccia and con-
glomerates with a few, thin silty-argillaceous layers. Above,
the fluvial cycle of DS Ce 3 has 18 m in thickness; the
lower half consists of coarse-grained sandstones, rich in
plant debris, while the upper half bears three thick fining-
upward cycles from sharp-based sandstones below to
rooted silty claystones above. These cycles resemble de-
posits produced by point-bar migration of meandering riv-
ers (e.g. Allen 1970). The upper of these point-bar cycles is
terminated by a conspicuous coal bed. Up-section, the 8-m-
thick brackish Wurmsandstein (Middle Cenomanian, DS
Ce 4) is characterised by several levels with Ophiomorpha
burrows, increasing in abundance towards the top
(Melchisedech 2021). The Oberhéslich Formation consists
of the upper Werksandstein Member only (DS Ce 5, lower

Upper Cenomanian), 17 m in thickness. It comprises of
medium-grained quartz sandstones in the lower half while
the upper part shows a clear coarsening-upward trend into
coarse-grained, pebbly quartz sandstones, similar to the
situation in the core Dorf Wehlen 7029/1999. The progra-
dational trend is terminated at SB Ce 5, and above 50 m
ASL, the 5-m-thick, clayey-silty Pennrich Formation fol-
lows, showing a conspicuous glauconitic siltstone bed in its
lower part and a weak coarsening-upward trend. The
boundary to the Lower Turonian Pléner of the Briefinitz
Formation has been placed at 55 m ASL.

(30) Core Pirna-Krietzschwitz 7006/2001
TK 25: 5050 Bad Schandau; zone 5: R 5429198/H 5643156
The Pirna-Krietzschwitz core succession was illustrated
and described in detail by Janetschke & Wilmsen (2014). At
45 m ASL, Cretaceous strata of the Niederschona Formation
rest on the Palaeozoic basement (Lusatian Granodiorite).
Based on the correlation to the nearby Pirna-Struppen
7025/2000 core, it can be shown that the lower fluvial cycle
1+2 is missing here and that the Niederschona Formation
starts with fluvial cycle 3 in the upper Lower Cenomanian
DS Ce 3, 11 m in thickness (Table 1). The fluvial cycle starts
with a basal conglomerate followed by grey, mainly coarse-
grained, cross-bedded sandstones. Upward, thin sandstone
beds and dark grey, rooted, fine sandy-silty claystones with
intercalated black carbonaceous layers predominate, form-
ing small-scale fining-upward cycles, similar to those ob-
served in the nearby core Pirna-Struppen 7025/2000. The
7.4-m-thick brackish Wurmsandstein of DS Ce 4 (Middle
Cenomanian) has a sharp-based and coarse-grained basal
bed, marking SB Ce 3, and is characterised above by dirty
(i.e. carbonaceous-argillaceous), thick-bedded medium-
grained sandstones with Ophiomorpha burrows, terminated
by a rhizolithic surface (“Wurzelhorizont”, SB Ce 4). The
overlying 20-m-thick Oberhéslich Formation (lower Upper
Cenomanian Werksandstein Member, DS Ce 5) consists of
light grey, compact, fine- to medium-grained quartz sand-
stones with some coarse-grained intercalations and oyster
shell concentrations (historical “Exogyrenlagen”). The
Werksandstein Member shows a coarsening-upward trend
towards the top surface at 84 m ASL, representing SB Ce 5.
The fine-grained transgressive strata above (Pennrich For-
mation, in total 8 m thick) rest with a sharp lithological
change on the unconformity and start with argillaceous sedi-
ments (plenus Horizon) that embrace a fine-sandy glauco-
nitic siltstone bed in the lower part. Up-section, silty Planer
deposits follow, showing a faint upwards-coarsening trend.
At 92 m ASL, the ca. 2-m-thick basal Turonian Lohmgrund
Horizon marks the base of the Lower Turonian Brief3nitz
Formation.

(31) Outcrop Langenhennersdorf, former railway station
TK 25: 5049 BerggieRhiibel; zone 5: R 5429024/H 5639656

The succession near Langenhennersdorf, first mentioned,
described and illustrated by Beck (1888, 1889: 66, pl. 1, fig.
3), is reinterpreted herein. The Cenomanian strata are
strongly reduced in thickness here, being only ca. 8 m thick.
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Fig. 7: Selected one-meter-long segments of the core Pirna-Struppen 7025/1999, Pirna Palaeovalley, cross-section 3 (the intervals of the
core photos are keyed to the log, see Fig. 11; core photography by the LFULG). (A) Core depth 256253 m, Niederschéna Formation, at
254.8 m = SB Ce 3 with fluvial cycle 3 below and brackish Wurmsandstein above. Note vertical root traces (blue arrows) and root horizon
(green arrow) in the upper part of fluvial cycle 3 as well as several Ophiomorpha burrows in the Wurmsandstein (orange arrows). (B) Core
depth 252-251 m, Niederschdna Formation, brackish Wurmsandstein. Note several Ophiomorpha burrows in the Wurmsandstein (orange
arrows). (C) Core depth 246-244 m, at 244.9 m = SB Ce 4 with brackish Wurmsandstein of the Niederschéna Formation below and Werk-
sandstein Member of the upper Oberhéslich Formation above. Note several Ophiomorpha burrows in the Wurmsandstein (orange arrows).
(D) Core depth 229-226 m, at 227.9 m = SB Ce 5 with Werksandstein Member of the upper Oberhé&slich Formation below and Pennrich

Formation with basal plenus Horizon above.

At 287 m ASL, the 1.5-m-thin Niederschéna Formation
overlies the Palaeozoic basement (Markersbach Granite)
starting with a light grey sandstone followed by a weakly
silicified, dark grey carbonaceous sandstone with isolated
larger quartz grains. According to the stratigraphic position,
the Niederschéna Formation is interpreted to correspond to
DS Ce 4 at this place. The Oberhaslich Formation above
(Werksandstein Member, DS Ce 5) starts with a thin con-
glomerate at the base of a strongly silicified, white-coloured,
fine-grained quartz sandstones with common Rhynchostreon
suborbiculatum, followed by a yellowish fine-grained sand-

stone, both of which 2 m in thickness. The 2-2.5-m-thick
Pennrich Formation also starts with a thin conglomerate at
293 m ASL (SB Ce 5) and is overlain by a friably, fine-
grained 0.5-m-thick sand bed (plenus Horizon) and yellow,
fine-grained sandstones (“Plénersandsteine” in Beck 1888,
1889). The more than 2-m-thick, blue-grey clay above 295 m
ASL corresponds to the Lohmgrund Horizon, marking the
base of the sandy Lower Turonian Schmilka Formation
(“Quadersandstein mit Inoceramus labiatus Schloth”; Beck
1889: 71).
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(32) Outcrop Bahratal, composite section (Fig. 3D)
TK 25: 5049 BerggieRhubel; zone 5: R 5428392/H 5638426
The lower part of this succession was photographically
illustrated and described by Barthel (1958), recently remeas-
ured by the authors in 03/2022. In the lower part of the suc-
cession (between 257-260 m ASL according to our evalua-
tion), medium- to coarse-grained sandstones intercalated by
dark grey clay layers with plant debris and wood remains
were exposed (Barthel 1958: pl. 1, figs. 1, 2). However, the
base of the Niederschéna Formation or the top of the Palaeo-
zoic basement (Markersbach Granite), respectively, was not
reached. Krutzsch (1963) described the lower Peruc pa-
lynoassemblage (= Lower Cenomanian) without representa-
tives of the Normapolles group from a 0.5-m-thick clay bed
at the top of the unit; thus, the fluvial facies of the Nieder-
schdéna Formation can be assigned to DS Ce 3 here. Between
260-264 m ASL, thick-bedded, greyish-green medium-
grained sandstones with plant debris follow, assigned to the
Wurmsandstein of the Niederschéna Formation (DS Ce 4,
Middle Cenomanian). Above 264 m ASL, the Niederschéna
Formation is overlain with a sharp lithofacies shift (SB Ce 4)
by well-bedded, medium-grained sandstones of the Werk-
sandstein Member of the Oberhéslich Formation (lower Up-
per Cenomanian, DS Ce 5). This part of the succession is
poorly exposed today but was nicely illustrated in Barthel
(1958: pl. 2, fig. 2; “Unterquader”) from the eastern flank of
the Bahra creek. The upper 6 m of the Oberhé&slich Forma-
tion crop out at the western flank of the local road to Bahra
between a topographic height of 274-280 m ASL (Fig. 3D),
consisting of in part cross-bedded, medium- to coarse-
grained quartz sandstones that show a coarsening-upwards
trend. The top surface of the Oberhéslich Formation at 280 m
ASL is sharp, corresponding to SB Ce 5. Above, soft, brittle,
fine-grained sandy strata, probably representing the Penn-
rich Formation, follow, covered by vegetation.

4.4 Saxonian Switzerland; stratigraphic
sections 33-39 (CS 4; Fig. 12 from left to right)

(33) Borehole Schweizermihle 1013/1961 west of
Rosenthal; Rosenthal-Tisé Palaeovalley
TK 25: 5150 Rosenthal-Bielatal; zone 5: R 5432638/
H 5634466

The borehole was drilled and described by the Wismut
and is first illustrated and reinterpreted herein. At 291 m
ASL, the 21-m-thick fluvial Niederschona Formation rests
on the Palaeozoic basement. It consists of poorly sorted
coarse-grained sandstones and conglomerates with kaolin-
ised feldspars intercalated by thin, dark grey clay layers with
plant debris. According to the stratigraphic position below
marine strata assigned to the upper Upper Cenomanian
Dolzschen Formation (see below), the fluvial cycle is inter-
preted as belonging to DS Ce 5 (lower Upper Cenomanian).
Thus, it is time-equivalent to the marine Oberhéslich Forma-
tion in the borehole Hilhnerberg 546/1968, located 5 km to
the east-southeast (see below). The first marine strata in the
borehole Schweizermihle 1013/1961 are marls and Pléner

of the 12-m-thick upper Upper Cenomanian Ddlzschen For-
mation that rest sharply on the fluvial strata at 311 m ASL
(SB Ce 5). The following 15-m-thick sandy Pennrich Forma-
tion, likewise of late Late Cenomanian age, is fine-grained at
the base and coarsening-upwards to the top, consisting of
two sub-cycles (Table 3). An approximately 1-m-thick yel-
lowish-grey clay layer between 338-339 m ASL represents
the Lohmgrund Horizon at the base of the sandy Lower Tu-
ronian Schmilka Formation.

(34) Borehole Huhnerberg 546/1968 southeast of Rosen-
thal; Rosenthal-Tisa Palaeovalley
TK 25: 5150 Rosenthal-Bielatal; zone 5: R 5437446/
H 5633234

The borehole was drilled and initially described by the
Wismut, reinterpreted herein and graphically shown here for
the first time. Between 278-290 m ASL, the Werksandstein
Member of the Oberhéslich Formation (lower Upper Cenom-
anian) forms the first Cretaceous unit that overlies the Pal-
aeozoic basement. The lower part consists of fine- to me-
dium-grained sandstones with intercalated thin, fine-grained
conglomerates while the upper part comprises fossiliferous
fine-grained sandstones with upwards increasing clay ad-
mixture. SB Ce 5 at 290 m ASL is overlain with sharp litho-
logical contrast by a thin argillaceous horizon (plenus Hori-
zon), followed by 8 m silty marlstones to marly siltstones
(Pl&ner) with thin fine-grained sandstone layers (D6lzschen
Formation, upper Upper Cenomanian). The remaining part
of the uppermost Cenomanian is formed by the more than
13-m-thick Pennrich Formation (Table 3), consisting of fine-
grained oyster-bearing sandstones, glauconitic in the lower
half and non-glauconitic in the upper half. Above a 6.5-m-
thick interval without core information, light-grey Pléner
deposits of the Lower Turonian BrieR3nitz Formation follow.

(35) Borehole Reichstein 385/1965 east of Bielatal;
Rosenthal-Tisa Palaeovalley

TK 25: 5150 Rosenthal-Bielatal; zone 5: R 5434987/
H 5637972 (only mentioned in cross-section 4).

The borehole, originally drilled and described by the
Wismut, is stratigraphically reinterpreted. At 175 m ASL, the
only 3-m-thick Délzschen Formation transgresses with fos-
sil-rich Planer deposits directly onto the Palaeozoic base-
ment. Between 178-183 m ASL, fine-grained, argillaceous-
calcareous sandstones with oyster beds (Rhynchostreon sub-
orbiculatum) that represent the Pennrich Formation follow
(Table 3), concluding a faint uppermost Cenomanian coar-
sening-upward cycle above the plenus Horizon that is obvi-
ous in many sections (see cross-sections and also Wilmsen &
Bansal 2021). Up-section, a 1-m-thick marl bed follows (ba-
sal Turonian Lohmgrund Horizon), overlain by Planer de-
posits of the BrielRnitz Formation.

(36) Borehole Kdénigstein-Halbestadt 7016/1997
TK 25: 5050 Bad Schandau; zone 5: R 5434737/H 5643796;
Konigstein Palaeovalley

The core description of Troger et al. (1998) and the de-
tailed photographic documentation of the core by the LFTULG
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were used to compile a stratigraphic log of the succession
that can be integrated into the new stratigraphic framework
proposed herein. At 2 m ASL, Cretaceous strata rest on the
Palaeozoic basement, starting with the 19-m-thick Nieder-
schdéna Formation. The lower 4.5 m of the 11-m-thick fluvial
cycle 3 (upper Lower Cenomanian) are dominated by clay-
stones while above, sandstones and conglomerates appear,
both lithologies of which rich in plant debris. It is worth not-
ing that, in the nearby Konigstein K.1/1960 borehole
(R 5435727 | H 5643485; measured by Troger 1960),
Krutzsch (1963) identified the lower Peruc palynoassem-
blage (= Lower Cenomanian) from the lower Niederschéna
Formation. Between 13-21 m ASL, sandstones of the brack-
ish Wurmsandstein represent DS Ce 4 (Middle Cenoma-
nian), showing marine influence by common Ophiomorpha
burrows. The sequence ends in a 1-m-thick dark-coloured,
argillaceous palaeosol (SB Ce 4). The following 10-m-thick
sandstones of the Werksandstein Member of the Oberhéslich
Formation (lower Upper Cenomanian) comprise a yellow-
ish, medium- to coarse-grained lower part and a fossil-rich,
fine-grained upper part, both of which nearly of the same
thickness. The upper Upper Cenomanian Pennrich Forma-
tion consists of 3.5-m-thick, glauconitic, nodular, silty clay-
stones with a thin conglomeratic layer at the base, resting on
SB Ce 5 at 31 m ASL. Up-section of 35 m ASL, typical
Planer of the Brielnitz Formation follow, biostratigraphi-
cally calibrated by the first appearance of Mytiloides labiatus
between 3—6 m above the base of the Planer facies (Troger et
al. 1998).

(37) Core Nasser Grund 1/2018, Bad Schandau (Fig. 8)
TK 25: 5051 Sebnitz; zone 5: R 5445315/H 5643109; Konig-
stein Palaeovalley and Usték—Bad Schandau Sea Bight

The drilling Nasser Grund 1/2018 was planned and deep-
ened as an upgrade of the old hydrogeological borehole
21/1982. The succession was first illustrated and described
in detail by Wilmsen & Bansal (2021), and is stratigraphi-
cally reinterpreted herein, representing a key succession for
the understanding of the stratigraphic architecture of the
Konigstein Palaeovalley and the Usték—Bad Schandau Sea
Bight (this paper). At 147 m BSL the 100-m-thick Cenoma-
nian succession overlies the crystalline Palaeozoic basement.
The oldest Cretaceous lithostratigraphic unit, the 10-m-thick
brackish Wurmsandstein is assigned to DS Ce 1+2 (lower
Lower Cenomanian). It consists of argillaceous-carbona-
ceous and poorly sorted breccia, conglomerates and coarse-
grained sandstones. Thin coal seams and lenses as well as
wood debris are common and Ophiomorpha burrows have
been observed at several levels. The overlying fully-marine
Oberhaslich Formation is 70 m in thickness (see Table 1;
137-67 m BSL) and all three lithostratigraphic members are
observed with more or less similar thicknesses (21-27 m;
Table 2). The lower Klippensandstein Member (DS Ce 3,
upper Lower Cenomanian) is 27 m in thickness; in the lower
half of the succession, thin quartz conglomeratic layers inter-
calate with thick coarse-grained, cross-bedded quartz sand-
stones while the upper half consists of thick-bedded to mas-
sive, medium-grained and rather homogenous quartz sand-

stones with sparse Ophiomorpha burrows. The 21-m-thick
Merbitz Member (DS Ce 4, Middle Cenomanian) rests with
an erosional unconformity on the Klippensandstein Member
(SB Ce 3, 110 m BSL) and shows a basal conglomerate con-
taining varicoloured quartz pebbles and reworked speleo-
thems. It consists of glauconitic, commonly greenish, coarse-
to fine-grained bioturbated sandstones and shows a fining-
and a coarsening-upward trend culminating in SB Ce 4 at
89 m BSL. The following Werksandstein Member is 22 m
thick and dominated by grey-coloured, bioturbated fine-
grained sandstones with scattered fauna (oysters, inocera-
mids). In the topmost part, a pronounced coarsening-upward
trend culminates in SB Ce 5 at 67 m BSL. Above, the tripar-
tite, 20-m-thick Pennrich Formation starts with a thin argil-
laceous plenus Horizon followed by a lower (a) part of grey,
fine-grained bioturbated sandstones, a middle (b) interval of
strongly glauconitic fine- to medium-grained sandstones,
and an upper (c) part of grey, fine-grained sandstones with
accessory glauconite; all parts are between 6—7 m in thick-
ness (Table 3). Fauna, mainly oysters, and bioturbation are
common. An argillaceous interval between 47-45 m BSL
represents the Lohmgrund Horizon at the base of the Lower
Turonian BrieRnitz Formation, formed by several decame-
tres of Planer deposits above.

(38) Borehole Schmilka 432/1966, Bad Schandau
TK 25: 5151 Reinhardtsdorf-Schona; zone 5: R 5446106/
H 5639648; Ustek—Bad Schandau Sea Bight

The borehole, drilled and initially described by the Wis-
mut, is first illustrated and interpreted herein. Schmilka
432/1966 has the thickest Cenomanian succession known so
far from boreholes on Saxonian territory (118 m; see Table 2)
and is only 3.6 km away from the core Nasser Grund 1/2018.
At 105 m BSL, fully-marine Cretaceous strata of the 100-m-
thick Oberhdslich Formation overlie the Palaeozoic base-
ment, showing all three members. The 53-m-thick Klippen-
sandstein Member includes here the depositional sequences
DS Ce 1+2 and 3 (lower and upper Lower Cenomanian), and
consists almost exclusively of coarse-grained sandstones and
conglomerates. Sequence boundary SB Ce 2 is tentatively
placed 23 m above the base of the Cretaceous succession due
to the presence of abundant plant debris and drift wood be-
low the boundary, while SB Ce 3 is correlated from core
Nasser Grund 1/2018 to the base of a conglomeratic unit
starting at 52 m BSL. However, the Merbitz and Werksand-
stein members, together 45 m in thickness, cannot be sepa-
rated because the crucial defining unconformity, SB Ce 4,
remained elusive from the sketchy Wismut core descriptions.
Both members consist of fine-grained sandstones, in parts
with glauconite. The uppermost 5.5 m of the Oberhéslich
Formation is a fossil-rich greensand and the terminal SB Ce
5 has been placed at a conspicuous lithofacies shift to fine-
grained, non-glauconitic sandstones with clay flasers (plenus
Horizon) at 7 m BSL. The 20-m-thick argillaceous- and cal-
careous-cemented, fine-grained sandstones of the Pennrich
Formation (Table 3; upper Upper Cenomanian, TST of DS
Ce-Tu 1) show a tripartition with a conspicuous 6-m-thick
middle (b) part in which fossils (bivalves) and glauconite are
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Fig. 8: Selected one-meter-long segments of the core Nasser Grund 1/2018, Usték-Bad Schandau Sea Bight, cross-section 4 (the intervals
of the core photos are keyed to the log, see Fig. 12; core photography by the LfULG). (A) Core depth 320-317 m, at 318.2 m = SB Ce 2
with brackish Wurmsandstein of the Niederschéna Formation below and marine Klippensandstein Member of the lower Oberhéslich For-
mation above. Note several Ophiomorpha burrows in the Wurmsandstein (orange arrows). (B) Core depth 292-290 m, Oberhéslich Forma-
tion, at 291.1 m = SB Ce 3 with Klippensandstein Member below and Merbitz Member above; note thin quartz conglomerate above the
sequence boundary. (C) Core depth 272-270 m, Oberhé&slich Formation, at 270.4 m = SB Ce 4 with partly glauconitic Merbitz Member
below and Werksandstein Member above. Note several Ophiomorpha burrows in the Merbitz Member (orange arrows), partly filled by
clayey material from above. (D) Core depth 249-248 m, at 248.5 m = SB Ce 5 with Werksandstein Member of the upper Oberhéslich For-
mation below and Pennrich Formation with basal plenus Horizon and Ophiomorpha burrows (orange arrow) above. (E) Core depth 237-
235 m, glauconitic sandstones of the middle Pennrich Formation with scattered oyster shells and shell beds.

enriched, very similar to the situation in the core Nasser
Grund. At 13 m ASL, the Pennrich Formation is superim-
posed by Planer deposits of the Lower Turonian BrieRnitz
Formation.

(39) Borehole Hinterhermsdorf 442/1966
TK25:5052 Hinterhermsdorf; zone 5: R 5456313/H 5641650;
Hinterhermsdorf-Jetfichovice Palaeovalley and Usték—Bad
Schandau Sea Bight

The borehole, deepened and first described by the Wis-
mut, is illustrated and reinterpreted herein. Hinterhermsdorf

442/1966 has almost the same huge Cenomanian thickness
as the borehole Nasser Grund 1/2018, ca. 11 km to the west
(103 m of Cenomanian strata). At 151 m BSL, conglomer-
ates of the Niederschdéna Formation overlie the Palaeozoic
basement. Up-section, coarse-grained and plant debris-rich
dark claystones form conspicuous fining-upward cycles. The
in total 18-m-thick fluvial succession corresponds to DS Ce
1+2 (lower Lower Cenomanian). The three depositional se-
quences corresponding to the three members of the 70-m-
thick Oberhéslich Formation (DS Ce 3-5, 133-63 m BSL)
have an almost equal thickness (21-26 m; Table 2), as in the
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core Nasser Grund. The 26-m-thick Klippensandstein Mem-
ber of the lower Oberhéslich Formation (DS Ce 3, upper
Lower Cenomanian) is dominated by conglomerates inter-
bedded by m-scale, medium-grained sandstones; ca. 6 m
above the base, marine bivalves were found. The 21-m-thick
Merbitz Member (DS Ce 4, Middle Cenomanian) is charac-
terised by an alternation of argillaceous fine-grained sand-
stones rich in fossil debris and medium-grained sandstones
with occasional conglomeratic layers. The lower half of the
23-m-thick Werksandstein Member is characterised by an
alternation of fine- to medium-grained argillaceous sand-
stones with admixture of fossil debris and some glauconite,
and thin conglomeratic interbeds. In the upper half, two me-
dium-grained, glauconitic sandstones of 2 and 4 m thickness
occur, and the coarsening-upward trend is concluded by a
massive conglomerate, capped by SB Ce 5 at 63 m BSL. The
15-m-thick Pennrich Formation above (Table 3) consists of
mostly glauconitic fine-grained sandstones, argillaceous to-
wards the top. A 2-m-thick marl above 48 m BSL (Lohm-
grund Horizon) and the following Planer mark the onset of
the Lower Turonian BrieR3nitz Formation.

5. Discussion
5.1 Correlation (cross-sections 1-4)

The 39 drill cores and/or outcrops described above, 30 of
which figured herein, form the comprehensive stratigraphic
basis for four cross-sections that show the revised correla-
tions along distinct instructive transects in order to elucidate
the stratigraphic architecture and onlap patterns of the
Cenomanian in Saxony. Cross-section 1 (sections 1-10) runs
along the Elbe Valley from Meien in the northwest to Pirna
in the southeast. Cross-section 2 (sections 11-24) connects
the erosion remnants of the Cretaceous strata on the eastern
Erzgebirge with the core Nossener Briicke in Dresden-Lob-
tau, central Elbtal. Cross-section 3 (sections 25-32) covers
the Pirna Palaeovalley (Tonndorf 2000), a key area for the
understanding of the Cenomanian stratigraphy of the Elbtal
Group, and cross-section 4 (sections 33-39) correlates sec-
tions within the Saxonian Switzerland, also establishing a
connection to successions on Czech territory (Usték-Bad
Schandau Sea Bight [this paper] and Hinterhermsdorf—
Jetfichovice Palaeovalley [Tonndorf 2000; Uli¢ny et al.
2009a]). All sections are tied along the mid-Late Cenoma-
nian sequence boundary SB Ce 5 which forms a conspicuous
unconformity that is used as a datum line in all four cross-
sections. Only in the most distal northwestern part of the
study area (Niederau composite section, cross-section 1), a
correlative conformity developed in the deeper part of the
SCB (Wilmsen et al. 2019a). Down-section, the number of
preserved depositional sequences in relation to the pre-trans-
gression topography provides a consistent picture of the
stratigraphic architecture and onlap patterns of the lower
Elbtal Group that, up-section, culminated in an earliest Turo-
nian maximum flooding interval represented by the overlap-
ping marker bed of the Lohmgrund Horizon. Macro- and

microfossil biostratigraphic data, both published and new,
are in very good agreement with the new stratigraphic model.

5.1.1 Cross-section 1: Elbe Valley between MeiB3en
and Pirna (Fig. 9)

The northwestern part of the Elbe Valley between Niederau
and western Dresden is characterised by the argillaceous—
calcareous, deeper marine Mobschatz Formation starting
with depositional sequence DS Ce 4 in the early Middle
Cenomanian (Wilmsen et al. 2019a). A fully-marine sand-
stone locally found below the Mobschatz Formation repre-
sents the Klippensandstein Member of the lower Oberhés-
lich Formation, here assigned to DS Ce 3 (upper Lower
Cenomanian; cf. Wilmsen et al. 2019a). At Dresden-Merbitz,
DS Ce 3 is represented by fluvial cycle 3 of the Niederschéna
Formation, followed in DS Ce 4 by the fully-marine, ca.
5-m-thick Merbitz Member of the middle Oberhéslich For-
mation bearing Middle Cenomanian ammonites (Wilmsen et
al. 2022: figs. 4, 5). Above, Planer corresponding to the up-
per part of the Mobschatz Formation onlap the Merbitz
Member during DS Ce 5 that is developed in marly offshore
facies with planktic foraminifers and calcareous nannofos-
sils in the Niederau area.

The Elbe Valley from the western part of Dresden to
Dresden-Pillnitz in the southeast is characterised by a
27-34-m-thick middle to upper Oberhéaslich Formation
(comprising the Merbitz and Werksandstein members of
Middle to early Late Cenomanian age). These successions
correspond to DS Ce 4 and DS Ce 5, respectively, albeit it
has to be stressed that unconformity SB Ce 4 that is crucial
for the separation of the two members cannot be unequivo-
cally identified in the Wismut borehole data. In the Heidenau
Palaeovalley (this paper), the marine Middle Cenomanian
overlies a maximal 12-m-thick fluvial cycle 3 of DS Ce 3
(Niederschona Formation, upper Lower Cenomanian). The
Heidenau Palaeovalley is separated from the Pirna Palaeo-
valley to the southeast by the Copitz Peninsula near Pirna-
Graupa without deposition during Cenomanian times
(Tonndorf 2000; Fig. 1B) and delayed onset of sedimenta-
tion and strongly reduced thickness at its margins. At the
western edge (Meuschaer Hohe 1251/1961), the onset of
non-marine deposition occurred in Middle Cenomanian
times with fluvial cycle 4 of the Niederschéna Formation
(DS Ce 4) that replaces the marine Merbitz Member up-dip.
Initial marine flooding and deposition of the Werksandstein
Member of the Oberhé&slich Formation during the early Late
Cenomanian (DS Ce 5) characterises this place.

Following SB Ce 5 in the mid-Late Cenomanian, the ple-
nus Transgression of DS Ce-Tu 1 resulted in the widespread
deposition of the 12—-20-m-thick marly-calcareous Dolzschen
Formation during the latest Cenomanian. In the northwestern
part of the cross-section (Niederau composite), SB Ce 5 is
developed as a correlative conformity and lowstand deposits
are preserved (Wilmsen et al. 2019a). Only in some places,
deposition of fine-grained, glauconitic, calcareous sand-
stones of the Pennrich Formation (historical “Pléanersand-
steine”) prevailed during the latest Cenomanian, the clastics
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of which being unequivocally sourced from the eastern Erz-
gebirge.

5.1.2 Cross-section 2: Erosion remnants of southern
Dresden to the eastern Erzgebirge (Fig. 10)

Large parts of the eastern Erzgebirge were sites of non-dep-
osition and/or erosion before the Middle Cenomanian and
directly onlapped by marine strata of the Merbitz Member of
the Oberhéslich Formation during the early Middle Cenoma-
nian (DS Ce 4; Wilmsen et al. 2022). The superposition of
the Niederschona Formation, preserved below in palaeoval-
leys within the basement rocks, by these Middle Cenoma-
nian marine strata dates the deposition of the fluvial sedi-
ments below into the Early Cenomanian. The Niederschéna
Formation of the Tharandt Palaeovalley shows two conspic-
uous 12-15-m-thick fining-upward cycles that represent the
fluvial segments of depositional sequences DS 1+2 and DS 3
(lower and upper Lower Cenomanian), thus reflecting the
non-marine onlap during the two oldest transgressions of the
Saxonian Cretaceous Basin (rise in base-level). Fluvial cycle
3 at the type locality of the Niederschtna Formation was
dated as belonging to the Lower Cenomanian lower Peruc
palynoassemblage by Krutzsch (1963, 1966).

The fully-marine Merbitz and Werksandstein members
of the Oberhé&slich Formation (formerly termed as “Unter-
quader”, e.g. Geinitz 1871-1875), either resting on the flu-
vial Niederschéna Formation, the gneissic basement of the
eastern Erzgebirge or on the Rotliegend rocks, are relatively
condensed in the measured sections (10-12 m in thickness;
see Fig. 10), albeit up to 20 m are known locally, e.g. from
the Paulsdorfer Heide and the Tharandt Forest (Janetschke &
Wilmsen 2014; Niebuhr et al. 2021). The reduced thick-
nesses reflect the low availability of accommodation space
on the topographic high of the eastern Erzgebirge during the
initial phases of the Middle and early Late Cenomanian
transgressions of DS Ce 4 and DS Ce 5. The Werksandstein
Member of the upper Oberhéslich Formation is commonly
fine-grained and often very homogenous (i.e. bioturbated
throughout), reflecting the progressive deepening during the
naviculare Transgression. It is generally 5-7 m thick and,
based on its uniform and massive fabric, was quarried as a
famous freestone (Pietzsch 1912, 1914: 103; Niebuhr et al.
2021). The sections of the Oberhaslich Formation at the type
locality in Dippoldiswalde-Oberhaslich and the sandstone
quarry area at Bannewitz, ca. 9.5 km to the north (e.g. at the
Horkenberg), where the Oberhéslich Formation transgresses
onto the Palaeozoic basement, are quite similar in thickness
and lithofacies (see Fig. 10). In the Bannewitz area, Middle
and lower Upper Cenomanian ammonites were found in the
Merbitz Member below and Werksandstein Member above,
respectively (Wilmsen & Nagm 2014: fig. 6e; Wilmsen et al.
2022: figs. 6-9). Between the borehole sections in Banne-
witz-Boderitz and the Nossener Briicke in Dresden-Lobtau,
4.3 km to the north, the facies transition from the sandy to
marly facies took place in early Late Cenomanian times (DS
Ce 5, Werksandstein Member of the Oberhé&slich Formation
and upper part of the Mobschatz Formation).

Above SB Ce 5, which is a well-developed mid-Upper
Cenomanian unconformity across the eastern Erzgebirge
transect, the plenus Horizon forms an easily discernible,
fine-grained transgressive marker bed that yielded the epo-
nymous index belemnite Praeactinocamax plenus at some
localities (Wilmsen 2014). As a result of the present-day re-
gional erosion level, the Cenomanian /Turonian transition is
not preserved in most sections. However, in the core Maria-
schacht Bannewitz-Boderitz 6512/1998, at the Hartheberg
and around Tharandt-Grof3opitz, the argillaceous-silty
Lohmgrund Horizon of basal Turonian age is overlain by
fine-grained sandstones of the lower Schmilka Formation.

5.1.3 Cross-section 3: Pirna Palaeovalley (Fig. 11)

The Pirna Palaeovalley excellently exemplifies the time-
transgressive non-marine and marine onlap from the north to
the south following a large gently inclined palaeovalley in
the Neoproterozoic—Palaeozoic basement (Lusatian Grano-
diorite, Markersbach Granite) before the headlands were
flooded during the later stages of the Cenomanian transgres-
sion. In the deepest parts of the palaeovalley, the basal fluvial
cycle 1+2 of the Niederschéna Formation was deposited
(lower Lower Cenomanian), corresponding to the non-ma-
rine onlap of depositional sequence DS Ce 1+2. The thick-
ness of this fining-upward unit increases more or less con-
tinuously from Porschendorf 358/1966 in the north (8 m) via
Lohmen 7030/2000 (17 m) and Dorf Wehlen 7029/1999
(22 m) to Pirna-Struppen 7025/1999 in the south (27 m). To-
wards the margins of the Pirna Palaeovalley (Copitz Penin-
sula to the NW, Wehlen Island to the NE and Bahra—Konig-
stein Peninsula to the S-SE; Tonndorf 2000; Figs. 1B, 14A,
B), the strata of DS Ce 1+2 pinch out rapidly (e.g. from Pir-
na-Struppen 7025/1999 to Pirna-Krietzschwitz 7006/2001),
indicating in part a steep palaeotopography of the Early
Cenomanian landscape. In the northern drill sites, the fluvial
cycle of DS 1+2 is followed by the 9-13-m-thick brackish
Wurmsandstein of DS Ce 3 while south of the Elbe River, in
Pirna-Struppen, Pirna-Krietzschwitz and in the Bahratal sec-
tion, fluvial facies persisted during the late Early Cenoma-
nian and the up to 16-m-thick fluvial cycle of DS Ce 3 was
deposited (palynologically dated in the Bahratal section by
Krutzsch 1963), onlapping former non-depositional sites at
the rising flanks or in up-dip settings to the south and thus
documenting the progressive infilling of the Pirna Palaeoval-
ley (Fig. 11). This facies succession undoubtedly shows that
the fluvial input during DS Ce 1+2 and 3 predominantly took
place from the south while the Cenomanian Sea with its ma-
rine influence ingressed from the north into the palaeovalley.

A similar up-dip succession of facies units along the axis
of the Pirna Palaeovalley is seen in depositional sequence
DS Ce 4 (Middle Cenomanian): the thickness of the fully-
marine Merbitz Member of the Oberhdslich Formation con-
spicuously decreases from north to south and it is replaced
by the 9-10-m-thick brackish Wurmsandstein of the Nieder-
schéna Formation south of the Elbe River (Pirna-Struppen
7025/1999, Pirna-Krietzschwitz 7006/2001 and Bahratal
sections). Simultaneously, the northwestern edge of the Co-



94 Birgit Niebuhr & Markus Wilmsen

DS Ce-Tu 1

upper Upper Cenomanian
to basal Middle Turonian

DS Ce-Tu 1

upper Upper Cenomanian
to basal Middle Turonian

o upper Lipper Cenomanian ammonites.
| and belemnite P2 planus (Wilmssn et al. 2010a)

lower Upper Cenomanian

DS Ce4

Middle Cenomanian

o <

Fig. 9: Cross-section 1: Elbe Valley between Meil3en and Pirna. For key to symbols and grain sizes see Fig. 4B.
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Fig. 10: Cross-section 2: Erosion remnants of southern Dresden to the eastern Erzgebirge. For key to symbols and grain sizes see Fig. 4B.
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Fig. 11: Cross-section 3: Pirna Palaeovalley. For key to symbols and grain sizes see Fig. 4B.
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Table 1: Stratigraphic thicknesses and lithofacies in Cenomanian times documented by four drill cores from the Pirna Palaeovalley (see
cross-section 3 in Fig. 11); fluvial cycles 1+2 and 3 (lower and upper Lower Cenomanian) in blue, the brackish Wurmsandstein (upper
Lower and Middle Cenomanian) in green, the shallow-marine, sandy Oberhaslich Formation (Middle to lower Upper Cenomanian) in
beige, and the sandy Pennrich Formation (upper Upper Cenomanian) in pink colour. Larger differences in thickness occur in the fluvial and
brackish facies in the lower part of the successions, documenting the levelling of the pre-transgression topography. In total, DS Ce 3-5 have
nearly the same thicknesses independent of facies (42-43 m) in the three complete drillings.

Lohmen 7030/2000 Dorf Wehlen Pirna-Struppen Pirna-Krietzschwitz
(N) 7029/1999 7025/1999 (S) 7006/2001
Cenomanian total 56 m 68 m 74 m 47 m
low. DS Ce-Tu 1 4m 3m 5m 8 m i

DS Ce 5 16 m 19 m 17 m 20 m

DS Ce 4 17 m 11l m

DS Ce 3 i) ]

DS Ce 1+2 26 m -

pitz Peninsula near Pirna-Graupa was first involved into
sedimentation when the brackish Wurmsandstein was depos-
ited in reduced thickness (5.5 m, core Pirna-Neugraupa
G.1/1960). From the correlation in cross-section 3 is evident
that the Wurmsandstein is a time-transgressive brackish fa-
cies unit, appearing in Porschendorf 358/1966, Lohmen
7030/2000 and Dorf Wehlen 7029/1999 in depositional se-
quence DS Ce 3 while it occurs in Pirna-Neugraupa
G.1/1960, Pirna-Struppen 7025/1999, Pirna-Krietzschwitz
7006/2001 and in the Bahratal within DS Ce 4. In the south-
ern part of the transect (Langenhennersdorf), fluvial facies of
the Niederschona Formation (<2 m) persisted in an up-flank
position at the margin of the Pirna Palaeovalley into the Mid-
dle Cenomanian (DS Ce 4). The observed facies pattern with
the overall retrogradational stacking of depositional se-
quences can be explained by the general 2"-order sea-level
rise of the Cenomanian (Robaszynski et al. 1998; Wilmsen
2003; Kuhnt et al. 2009) in which each transgression over-
stepped the preceding one and intervening sea-level falls
were small in magnitude and short in time. The Werksand-
stein Member of the upper Oberhéslich Formation overlies
both the brackish and fully-marine facies with thicknesses of
12-20 m and it reaches far south, documenting the final
flooding of the palaeovalley during the early late Cenoma-
nian (DS Ce 5). Strongly reduced thicknesses of 4-5 m were
only observed towards the upper margins of the Pirna Pal-
aeovalley (Langenhennersdorf section) but the deposition of
marine strata in this site shows that the former headlands
were now submerged as well.

SB Ce 5 is a well-developed mid-Upper Cenomanian un-
conformity also within the Pirna Palaeovalley transect and
the plenus Horizon forms an easily discernible, fine-grained
transgressive marker bed, at some places underlain by retro-
gradational facies. The Pennrich Formation is between
2-7 m thick and may show a faint coarsening-upward trend,
followed by the fine-grained, argillaceous Lohmgrund Hori-
zon (lowermost BrieBnitz and Schmilka formations), mark-
ing the maximum flooding of DS Ce-Tu 1 near the base of
the Turonian.

5.1.4 Cross-section 4: Saxonian Switzerland (Fig. 12)

Cross-section 4 shows the depositional area in the Saxonian
Switzerland subdivided into different zones with varying
sedimentary development during Cenomanian times. The
main feature is the 40-km-long Usték—-Bad Schandau Sea
Bight (this paper), i.e. a narrow, N-S-elongated embayment
in which a thick succession of fully marine sediments accu-
mulated, already starting during earliest Cenomanian times
(e.g. Schmilka 432/1966). The Hinterhermsdorf-Jetfichovice
Palaeovalley (Tonndorf 2000; Uli¢ny et al. 2009a) is a small
branch to the east of the Usték—Bad Schandau Sea Bight. To
the west, the palaeotopography was steeply rising towards a
N-S-trending palaeohigh, the divide of which being close to
the eastern margin of the Pirna Palaeovalley (see cross-sec-
tion 3). The elevated zone between the divide and Ustek—
Bad Schandau Sea Bight was involved into deposition dur-
ing different times: in the western Kénigstein Palaeovalley at
its edge (Wehlen Island and Kdnigstein Peninsula; Tonndorf
2000), fluvial and brackish sediments accumulated during
late Early Cenomanian times while the non-marine and ma-
rine onlap in the southern Rosenthal-Tisa Palaeovalley
(Tonndorf 2000; Uli¢ny et al. 2009a) did not start before the
early Late Cenomanian. Between both areas a palaeohigh is
located which is first flooded with the 5™ transgression at late
Late Cenomanian times (Reichstein 385/1995). In general,
deposition in the western Konigstein Palaeovalley (Konig-
stein-Halbestadt 7016/1997) resembles that of the southern
Pirna Palaeovalley (e.g. Pirna-Struppen 7025/199 and Pirna-
Krietzschwitz 7006/2001), but the thickness is strongly re-
duced to about two-thirds (upper Lower to lower Upper
Cenomanian strata are only 29 m in thickness compared to
the same lithostratigraphic succession of 44 m and 39 m, re-
spectively). However, the Pirna and Konigstein palaeoval-
leys were first connected in early Late Cenomanian times
(Tonndorf 2000). 16 km to the east of Konigstein-Halbestadt
7016/1997, Cenomanian strata in the Nasser Grund 1/2018
reach 100 m in thickness. Between both sites, an eastward-
sloping palaeotopography of at least 60 m into the Ustek—
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Table 2: Stratigraphic thicknesses and lithofacies in Cenomanian times of the three drill sites of the Saxonian part of the Usték—Bad Schan-
dau Sea Bight (see cross-section 4 in Fig. 12); the fluvial cycle of DS Ce 1+2 (lower Lower Cenomanian) in blue, the brackish Wurmsand-
stein (lower Lower Cenomanian) in green, shallow-marine, sandy Oberhéslich Formation (lower Lower to lower Upper Cenomanian) in
beige, and the sandy Pennrich Formation (upper Upper Cenomanian) in pink colour. Larger differences concern only the Early Cenomanian
depositional sequences DS Ce 1+2 and DS Ce 3. DS Ce 4 and 5 are equal in thickness while the Pennrich Formation (lower part of DS
Ce-Tu 1) decreases eastwards. *Genetic sequences of the Czech part of the Usték—Bad Schandau Sea Bight (e.g. Hiensko J-364146; Uli¢ny

et al. 2009a: app. 1, D1).

Genetic Nasser Grund 1/2018 , Hinterhermsdorf
sequences* (W) Setunilka 1321500 442/1966 (E)
Cenomanian total ca. 92 m 100 m 118 m 103 m
lower DS Ce-Tu 1 CEN 6 20 m 20 m 15m I

DS Ce 5 CEN 5 22m 45 m 23 m

DS Ce 4 CEN 3+4 2l m 2l m

DS Ce 3 27 m 30 m 26 m

DS Ce 1+2 CEN12 23m 18m

Table 3: Stratigraphic thicknesses and lithofacies in late Late Cenomanian times of the six drill sites of the Rosenthal-Tisa Palaeovalley
and the Saxonian part of the Usték—Bad Schandau Sea Bight, Saxonian Switzerland (see cross-section 4 in Fig. 12); marly-clayey Délzschen
Formation in violet and sandy Pennrich Formation in pink colour. The 15-m-thick upper Upper Cenomanian section of the borehole Hinter-

hermsdorf 442/1966 cannot be subdivided.

Bad Schandau Sea Bight has to be assumed across a distance
of 10.5 km.

Sections on the Czech territory within the Usték—Bad
Schandau Sea Bight were first logged and correlated in its
longitudinal extent by Uli¢ny et al. (2009a: app. 1, D1). The
boreholes Schmilka 432/1966 and Hiensko J-364146, both
located directly at the German/Czech border, are only few
kilometres apart, and allow the correlation between the dep-
ositional sequences defined for the German territory
(Jantschke & Wilmsen 2014) and the genetic sequences of
the Czech territory (Uli¢ny et al. 2009a). In both sequence
stratigraphic models, the onset of deposition is placed in the
early Early Cenomanian with shallow-marine conglomerates
of the Klippensandstein Member of the Oberhaslich Forma-
tion (DS Ce 1+2; this paper) and the “subtidal sandstone-
dominated facies of CEN 1+2” of Uli¢ny et al. (2009a: 599,
app. 1, D1), respectively. The sea first reached both the
Saxonian and Bohemian parts of the Cretaceous Basin in
early Early Cenomanian times, unequivocally coming from
the north. In Schmilka 432/1966, the fully-marine Cenoma-
nian strata are 118-m-thick while in the Nasser Grund
1/2018, the lowermost 10 m of the 100-m-thick Cenomanian
succession belongs to the brackish Wurmsandstein, and the
lowermost 18 m of the 103-m-thick section in Hinterherms-

Schweizer- - ; ; ; Hinterherms-
mitic 01y | Fiffuben | Rechden | Neswsond | Sehmils | oo
1961 (WSW) (ENE)
b 27m >22m 8m 20m 20m 15m
upper (c) 9m >5m St 7m 6m
middle (b 7m 6m 15m
6m 8m

dorf 442/1966 are of fluvial origin (brackish and fluvial fa-
cies of the Niederschdona Formation in DS Ce 1+2). During
Early Cenomanian times, the palaeotopography of the
Ustek-Bad Schandau Sea Bight was largely filled by pre-
dominately coarse-grained sandstones of the Klippensand-
stein Member of the Oberhaslich Formation (maximum
53 m in Schmilka 432/1966) while the Merbitz and Werk-
sandstein members have been deposited in nearly equal
thicknesses in Nasser Grund 1/2018, Schmilka 432/1966 and
Hinterhermsdorf 442/1966 (43-45 m; Table 2). However, to-
wards the western margin (Konigstein and Rosenthal-Tisa
palaeovalleys), both members considerably decrease in
thickness.

In the Rosenthal-Tisa Palaeovalley, the Cretaceous onlap
started in DS Ce 5 (early Late Cenomanian). The 12-m-thick
Werksandstein Member of the Oberh&slich Formation in
borehole Hihnerberg 546/1965 is replaced up-dip by the flu-
vial cycle 5 of the Niederschéna Formation only 5 km to the
west (Schweizermihle 1013/1961). At both sites, the succes-
sions are capped by SB Ce 5 and directly overlain by marine
upper Upper Cenomanian strata (Délzschen and Pennrich
formations). Strata of the plenus transgression of DS Ce-Tu
1 directly rest on top of the Palaeozoic basement in core
Reichstein 385/1965 east of the Bielatal, 5.5 km to the north-
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northwest of borehole Huhnerberg 546/1965. Therefore, it
can be demonstrated that each transgression of shallow-ma-
rine, sandy strata of the Oberhdslich Formation (early Early,
late Early, Middle and early Late Cenomanian) was accom-
panied by a contemporaneous fluvial cycle in DS Ce 1+2, 3,
4 and 5, respectively, reflecting the non-marine onlap during
the Cenomanian transgressions.

The datum unconformity, SB Ce 5, is well-marked in the
western part of cross-section 4 (Kénigstein and Rosenthal—
Tis& palaeovalleys), overlain by fine-grained sandstones
(Pennrich Formation) and in part calcareous lithofacies
(marlstones and Pléner of the Dolzschen Formation). In the
Ustek-Bad Schandau Sea Bight, a late highstand prograda-
tion below SB Ce 5 and the overlying argillaceous plenus
Horizon are well-developed in the Nasser Grund 1/2018 and
Hinterhermsdorf 442/1966 sections while grain-size shift at
the unconformity surface in Schmilka 432/1966 is faint. The
upper Upper Cenomanian succession in the Rosenthal-Tisa
Palaeovalley up to the Lohmgrund Horizon reaches up 27 m
in thickness and medium to coarse grain sizes, reflecting per-
sisting terrigenous input from the west-southwest, while to
northern Konigstein Palaeovalley was sediment-starved
filled only with 3—-4-m-thick glauconitic, fine-grained silici-
clastics of the Pennrich Formation. In the Usték-Bad Schan-
dau Sea Bight, the Pennrich Formation slightly decreases in
thickness from west to east (20 m vs. 20 m vs. 15 m) in the
three drillings. Characteristic for the Délzschen and Penn-
rich formations of the Usték—Bad Schandau Sea Bight and
the Rosenthal-Tisa PV is the tripartition, comprising lower
(a), middle (b) and upper (c) parts (see Fig. 12).

In summary it can be stated that Cenomanian deposits of
the drillings Nasser Grund 1/2018, Schmilka 432/1966 and
Hinterhermsdorf 442/1966 reach the maximum thickness of
the Saxonian Cretaceous Basin of 100-120 m (Table 2). This
results in sedimentation rates of 20 m/myr in the Usték—Bad
Schandau Sea Bight which is rather low.

5.2 Sequence stratigraphy, palaeogeography
and putative basin inversion

The sequence stratigraphy of the Cenomanian stage has been
studied in considerable detail for more than three decades
now (e.g. Robaszynski et al. 1993, 1998; Wilmsen 2003;
Haqg 2014). According to the mentioned authors, there is a
general consensus that, after a conspicuous sea-level fall and
lowstand across the Albian—-Cenomanian boundary (e.g.
Bornemann et al. 2017), the age was characterised by a re-
trogradational stack of five depositional sequences (DS Ce
1-5) and the lower part of a following sequence (DS Ce-Tu
1) culminating in a global earliest Turonian maximum flood-
ing interval (mfs K140 of Sharland et al. 2001; Lohmgrund
Horizon of this paper; see Figs. 2, 13, 15). During the ca.
6-myr-long time interval, one of the largest Phanerozoic
transgressions took place (e.g. Hallam 1992), with an esti-
mated overall eustatic rise in sea-level in the order of 70—
100 m (Wilmsen 2003; Kuhnt et al. 2009; Haq 2014). Each
of the Cenomanian transgressions overstepped the preceding

Birgit Niebuhr & Markus Wilmsen

one, producing an overall retrogradational stack of facies
units and depositional sequences. The excellent trans-conti-
nental correlation of the depositional sequences and their
bounding unconformities (SB Ce 1-5; e.g. Gale et al. 2002)
within the close-meshed integrated stratigraphic framework
of the Cenomanian Stage suggest that climatically driven eu-
stasy was the main cause of the observed short-term sea-
level changes (Ray et al. 2019). The only adaption applied to
the established Cenomanian sequence stratigraphic subdivi-
sion is the combination of DS Ce 1 and 2 to a composite
early Early Cenomanian depositional sequence DS Ce 1+2,
comprising the larger part of the M. mantelli Zone (Figs. 2,
15). The reason for this combination is the growing body of
evidence that SB Ce 1 is a subordinate surface compared to
the succeeding SB Ce 2 that equates to the Sub-dixoni Ero-
sion Surface in the Anglo-Paris Basin (Wright et al. 2017)
and that the respective stratigraphic interval in-between cor-
responds to a high-frequency sequence of less than 500 kyr
duration (see also Haq 2014). Thus, it has been integrated
into the new DS Ce 1+2, and SB Ce 2 is subdividing the
Early Cenomanian into two almost equally long depositional
sequences of 3 order.

The principal sequence stratigraphic subdivision of the
Cenomanian is well reflected in the temporal and spatial dis-
tribution of the strata of the lower Elbtal Group. The general
representation of the different lithostratigraphic units in
Cenomanian depositional sequences DS Ce 1+2 to DS Ce-
Tu 1 is shown in Figs. 13 and 15. It should be emphasised
that the sea-level falls and lowstands that punctuated the
overall 2m-order Cenomanian rise were rather short and of
relatively low magnitude. Thus, erosion at sequence bounda-
ries was limited and accumulation prevailed in the deposi-
tional systems documented by the Cenomanian strata of the
Elbtal Group. Such unconformities, at which accommoda-
tion was never markedly negative, were termed type 3 se-
quence boundaries by Schlager (1999). From the eastern
Erzgebirge and southeastern Dresden via the Pirna Palaeo-
valley and Bad Schandau to Hinterhermsdorf in the Saxo-
nian Switzerland (columns 3-5 in Fig. 13), non-marine and
marine deposition started with the lower Lower Cenomanian
depositional sequence DS Ce 1+2. The onlap surface thus
corresponds to the ultimus/Aucellina Transgression of the
lower M. mantelli Zone, originally identified in northern
Germany (Ernst et al. 1983; see also Bornemann et al. 2017).
The primus Transgression of DS Ce 4 had a major magnitude
with a wide spread of marine Middle Cenomanian strata
while Cretaceous sedimentation in the Rosenthal-Tisa Pal-
aeovalley (column 6 in Fig. 13) partially did not start before
the late Late Cenomanian with onlap during the plenus trans-
gression (DS Ce-Tu 1).

5.2.1 Cenomanian palaeotopography

Especially during the Early and Middle Cenomanian, the
deposition in the study area was strongly influenced by the
pre-Cenomanian palaeotopography (see also Malkovsky
1976 and Klein et al. 1979 for the Bohemian Cretaceous Ba-
sin). Likewise, Troger & Voigt (2000) were of the opinion
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that “relief differences of more than 100 m are within the
realm of possibility”. The more than 40 km long N-S-striking
western margin of the Usték-Bad Schandau Sea Bight can
be traced from the Lusatian Thrust Fault north of Bad Schan-
dau via the German/Czech border to Hiensko and Dé&Cin, is
crossing the NE-SW-striking Erzgebirgsabbruch/Krusné
hory Fault Zone and ends at the NW-SE-striking Labe Fault
Zone near UStek in the south (cf. Uli¢ny et al. 2009a: fig. 6).
The exact N-S-direction of this depression does not corre-
spond to any of the known fault systems (see Jelinek et al.
2020). On Saxonian territory, the western margin forms a
ramp, several tenths of metres in height, gently sloping east-
wards. The Cenomanian sea bight east of this structure
(Ustek-Bad Schandau Sea Bight of this paper; see Figs.
14A, B) is completely filled with fully-marine sediments, the
deposition of which already started with the earliest Cenom-
anian transgression of DS Ce 1+2, corresponding to genetic
sequence CEN 1 on Czech territory (Western Trunk Palaeo-

valley of Uli¢ny et al. 2009a: 599, figs. 13, 14D1, 15B; app.
1, D1).

The Rosenthal-Tisa Palaeovalley was first flooded in
early Late Cenomanian times (e.g. Schmilka 432/1966 vs.
Hihnerberg 546/1965; Figs. 12, 14D). On Czech territory
near TiebuSin the fluvial Western Palaeodrainage System
discharged into this embayment (Uli¢ny et al. 2009a: fig. 11)
while the fluvial Niederschdna Palaeodrainage System of
Saxony probably flowed via the Pirna and Konigstein pal-
aeovalleys directly into the Boreal shelf sea to the north (Fig.
14A, B; Voigt 1998). The Early Cenomanian palaeotopogra-
phy of the Tharandt Palaeovalley of the eastern Erzgebirge
was in the order of 30 m and is well-reflected in cross-sec-
tion 2 (Fig. 10). The palaeohighs separating the Heidenau,
Pirna and Konigstein palaeovalleys (Copitz Peninsula, We-
hlen Island and Bahra—Konigstein Peninsula; Tonndorf
2000; see Figs. 1B, 14A-D) also exhibit a palaeotopographic
difference to the centres of the palaeovalleys of several tenth
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of metres (e.g. Meuschaer Hohe 1251/1961 vs. Dresden-
Grolizschachwitz 1257/1963, Fig. 9; Pirna-Neugraupa
G.1/1960 vs. Porschendorf 358/1966 and Lohmen
7030/2000, Fig. 11; Pirna-Struppen 7025/1999 vs. Konig-
stein-Halbestadt 7016/1997, Figs. 11, 12).

5.2.2 Depositional sequence DS Ce 1+2 (Fig. 14A)

The oldest transgression of both the SCB and BCB is repre-
sented in the Usték-Bad Schandau Sea Bight at the German/
Czech border (Schmilka 432/1966 as well as e.g. Hrensko
J-364 146 and Smordov J-582 380 in Czechia; see Fig. 1B).
The conglomerates and coarse-grained sandstones of the
lower Klippensandstein Member of the Oberhéslich Forma-
tion and the subtidal, sandstone-dominated facies of the Ko-
rycany Member of CEN 1 (Uli¢ny et al. 2009a) are of early
Early Cenomanian age according to the integrated correla-
tion presented herein. The time-equivalent brackish Wurm-
sandstein of the Niederschona Formation was deposited at
the transition to the Konigstein Palaeovalley north of Bad
Schandau (core Nasser Grund 1/2018; Figs. 1B, 12, 14A).
The fluvial cycle 1+2 is known as infill of the lowest part of
the palaeovalleys (PV), e.g. from the Hinterhermsdorf-
Jetrichovice PV (Hinterhermsdorf 442/1966 and Jetrichovice
J-187209; Figs. 1B, 12), the Pirna PV (Porschendorf
358/1966, Lohmen 7030/2000, Dorf Wehlen 7029/1999 and
Pirna-Struppen 7025/1999; Figs. 1B, 11) as well as the
Tharandt PV of the eastern Erzgebirge (Rabenau-Oelsa
7/1991 and Halsbriicke-Niederschona 4/1996; Figs. 1B, 10).
The Niederschéna Drainage System reached the area of
Freiberg from the south-southwest as indicated by the index
mineral amethyst from Wolkenstein, middle Erzgebirge, in
the basal conglomerates of the Niederschona Formation at
several localities of the Tharandt Palaeovalley (Leutwein
1951; Prescher 1957; Gohler 2008; see Fig. 14A). In the
northern to central Elbe Valley between MeiRen and SE
Dresden, neither fluvial nor marine sediments are currently
known to correspond to DS Ce 1+2 (Fig. 14A).

5.2.3 Depositional sequence DS Ce 3 (Fig. 14B)

The sedimentary unconformity between DS Ce 1+2 and DS
Ce 3, the mid-Early Cenomanian SB Ce 2, is well reflected
in the palaeovalleys where it delineates the two conspicuous
early Cenomanian fluvial and/or brackish cycles of the Nie-
derschona Formation (e.g. Halsbriicke-Niederschdna 4/1996,
Rabenau-Oelsa 7/1991, Lohmen 7030/2000, Dorf Wehlen
7029/1999 and Pirna-Struppen 7025/1999). In the Ustek-
Bad Schandau Sea Bight, it separates brackish to fluvial de-
posits of the Niederschéna Formation below from overlying
marine sandstones (Klippensandstein Member of the Ober-
héslich Formation) and is only difficult to identify in the con-
tinuously marine section of the Schmilka 432/1966 core
(cross-section 4, Fig. 12). The succeeding late Early Cenom-
anian transgression of DS Ce 3 enlarged the Usték-Bad
Schandau Sea Bight, indicated by the onlap of marine depos-
its onto its margins seen at Bad Schandau (Nasser Grund
1/2018) and in the northern part of the Hinterhermsdorf-
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Jettichovice PV (Hinterhermsdorf 442/1966; Fig. 14B). Fur-
thermore, the Klippensandstein Member of the Oberhéslich
Formation reflects marine onlap in the northwesternmost
Elbe Valley (cross-section 1; Fig. 9) where the lower Cenom-
anian ammonite Schloenbachia varians is known from shal-
low-marine sandstones in the Niederau-Oberau railway
slope cut (Wilmsen et al. 2019a). Also, the fluvial deposits of
DS Ce 3 (fluvial cycle 3) have a wider distribution than those
of the underlying fluvial cycle 1+2, reflecting the concomi-
tant non-marine onlap during the late Early Cenomanian.
They are also preserved as erosion remnants in the Elbe Val-
ley around Dresden and in the Heidenau PV (Dresden-Mer-
bitz 249/1966, Dresden-Zschertnitz 289/1966, Dresden-
Hosterwitz  212/1966 and Dresden-Grofizschachwitz
1257/1963; Figs. 1B, 9). Furthermore, the fluvial strata in
Dresden-Hellerau (Seifert 1938; Niebuhr 2018) most likely
belong to this depositional sequence. In the Pirna Palaeoval-
ley, DS Ce 3 is represented by the brackish Wurmsandstein
in the north (Porschendorf 358/1966, Lohmen 7030/2000
and Dorf Wehlen 7029/1999) and fluvial facies in the south
(Pirna-Struppen  7025/1999 and  Pirna-Krietzschwitz
7006/2001, also in the composite Bahratal section; Figs. 1B,
11). The western Konigstein Palaeovalley (Konigstein-Hal-
bestadt 7016/1997 and Konigstein K.1/1960; Figs. 1B, 12)
are also represented by fluvial cycle 3 in this depositional
sequence; the latter borehole was measured by Krutzsch
(1963). Also, in the Tharandt Palaeovalley, fluvial facies
continued during DS Ce 3. At the type locality of the Nieder-
schéna Formation (core Halsbriicke-Niederschona 4/1996,
outcrops at the Forsthaus), the succession below SB Ce 3 is
characterised by closely spaced root horizons and incipient
palaeosols which is typical for fluvial settings under low ac-
commodation conditions during a late highstand (Kraus
1999). The persistence of fluvial facies in the Tharandt PV
during DS Ce 3 may indicate that the mouth of the Nieder-
schona Palaeodrainage System was in fact located in the Pi-
rna Palaeovalley, finally discharging to the north. In the
southern part of the Hinterhermsdorf-Jetfichovice PV
(Jettichovice J-187209; acc. Valecka 1979, cited in Uli¢ny et
al. 2009a), estuarine conditions prevailed during DS Ce 3.
The assumption of Uli¢ny et al. (2009a) that the fluvial Nie-
derschdna Formation of the Tharandt Palaeovalley, eastern
Erzgebirge (fluvial cycles 1+2 and 3, Lower Cenomanian;
see Figs. 13, 15), is older than the subtidal sandstone-domi-
nated facies with abundant ichnofossils and bivalve shells of
CEN 1+2 in the Western Trunk Palaeovalley, e.g. the Czech
part of the Usték—Bad Schandau Sea Bight, cannot been con-
firmed.

5.2.4 Depositional sequence DS Ce 4 (Fig. 14C)

The basal unconformity of DS Ce 4, the latest Early Cenom-
anian SB Ce 3, is well developed as a palaeosol in the
Tharandt Palaeovalley (cross-section 2; Fig. 10) and can also
be traced from brackish to fluvial facies in the Pirna Palaeo-
valley (cross-section 3; Fig. 11). In the Usték—Bad Schandau
Sea Bight (cross-section 4; Fig. 12), it has been identified at
the junction of the Klippensandstein and the Merbitz mem-
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bers of the Oberhaslich Formation, separating non-glauco-
nitic siliciclastics below from glauconitic and fossiliferous,
lithologically more variable strata above (for the enhanced
glaucony formation in this interval, see Wilmsen & Bansal
2021). The early Middle Cenomanian primus Transgression
(transgressive systems tract of DS Ce 4) flooded the palaeo-
valleys of the Niederschdna Palaeodrainage System and in-
undated large parts of the hitherto emergent basement of the
MeiRen Massif and the eastern Erzgebirge — from Niederau
to Coswig, western Dresden via Halsbriicke-Niederschéna
to the Bahratal in the Saxonian Switzerland (see cross-sec-
tions 1-3; Figs. 9-11, 14C). Only at the fringes of the few
remaining palaeohighs (Meuschaer Hohe 1251/1961, Konig-
stein-Halbestadt 7016/1997, Pirna-Neugraupa G.1/1960),
near Rosenthal (Schweizermuhle 1013/1961) and in the
southern Pirna PV (Pirna-Struppen 7025/1999, Pirna-Krietz-
schwitz 7006/2001, Langenhennersdorf and Bahratal sec-
tions), small areas with fluvial or brackish conditions per-
sisted, representing backfilled remnants of the former pal-
aeovalleys. A very few shallow islands also remained in the
Elbe zone, e.g. in Dresden-Lobtau (core Nossener Briicke,
cross-section 2; Fig. 10) and in Dresden-Plauen (Troger
1956; Voigt et al. 1994; Voigt et al. 2006) as well as in Dres-
den-Lockwitz and Dohna (e.g. Wilmsen et al. 2011). In the
northwestern part of the study area (Niederau), the primus
Transgression is reflected by the glauconitic, belemnite-
bearing Oberau Conglomerate, followed by the deposition of
offshore sediments (Pl&ner) during DS Ce 4 (Wilmsen et al.
2019a).

In the Elbe Valley between Dresden (Waldschule Dres-
den 218/1966) and the Usték—-Bad Schandau Sea Bight in the
Saxonian Switzerland (Nasser Grund 1/2018, Schmilka
432/1966 and Hinterhermsdorf 442/1966), parallel to the
course of the Lusatian Thrust Fault (see Fig. 1B), the Merbitz
Member of the Oberhé&slich Formation reaches thicknesses
of 18 m, 14-16 m, 11-17 m and 21 m (Fig. 14C) —regardless
of whether the transgression of DS Ce 4 proceeded above the
marine Klippensandstein Member of the Oberhéslich For-
mation or the fluvial strata of the Niederschdna Formation in
the former palaeovalleys. The new data also suggests that the
deposition of the well-known marine sandstones at Dresden-
WeiBig (Klemm 1888, 1892; Lapp et al. 2017; Niebuhr 2018)
and Dresden-Hellerau (Seifert 1938; Niebuhr 2018) started
in the Middle Cenomanian. On the eastern Erzgebirge, the
Merbitz Member reaches an average thickness of 10 m in the
Tharandt Forest (Niebuhr et al. 2021), 8 m in the Paulsdorfer
Heide (Janetschke & Wilmsen 2014), as well as 5 m in Hals-
bricke-Niederschona (Halsbriicke-Niederschona 4/1996),
the Dippoldiswalder Heide (Rabenau-Oelsa 7/1991 and
sandstone quarry Schmidt) and between Dresden-Merbitz
and Bannewitz (see cross-sections 1 and 2; Figs. 9, 10). The
thickness variation of the Merbitz Member thus reflects a
distal-proximal gradient from north to south.

In a nutshell, the primus Transgression of DS Ce 4 was
the most striking Cenomanian transgression in the Saxonian
Cretaceous Basin (Wilmsen et al. 2022) with the largest lat-
eral spread of marine deposits. It corresponds in the Bohe-
mian Cretaceous Basin to the boundary between genetic se-
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quences CEN 2 and CEN 3; consequently, genetic sequence
CEN 3 is marked by a significant flooding of much of the
BCB which merged into a single depositional area during
this time (Uli¢ny et al. 2009a).

5.2.5 Depositional sequence DS Ce 5 (Fig. 14D)

A late Middle Cenomanian sea-level fall and lowstand
caused the development of SB Ce 4 which is a conspicuous
sedimentary unconformity across the eastern Erzgebirge
(cross-section 2; Fig. 10), separating the Merbitz Member
below from the Werksandstein Member above. It is more dif-
ficult to identify in the Oberhé&slich Formation of the Elbe
Valley sections to the north (cross-section 1; Fig. 9) but is
well developed by striking facies and/or grain-size shifts in
the Pirna, Konigstein and Rosenthal-Tisa palaeovalleys as
well as in the Usték-Bad Schandau Sea Bight (Figs. 11, 12).
Deposition of DS Ce 5 started with the early Late Cenoma-
nian naviculare Transgression. In the northwestern Elbe Val-
ley, the deeper marine marly upper Mobschatz Formation
was deposited (Niederau-Grdbern 2/1991, Nossener Briicke
and Dresden-Merbitz 249/1966; Figs. 1B, 9; Wilmsen et al.
2019a). To the south and southeast, widespread uniform sed-
imentation of fine- to medium-grained, homogenous sand-
stones of the Werksandstein Member of the Oberhéslich For-
mation prevailed across large parts of the depositional space
of the Elbtal Group, producing a famous freestone all across
the eastern Erzgebirge (Niebuhr et al. 2021). For the first
time, also the Pirna and Kdnigstein palaeovalleys were con-
nected by partial flooding of the area between the Wehlen
Island and the Konigstein Peninsula (Tonndorf 2000).
During the naviculare Transgression, also the relief at the
western margin of the Usték-Bad Schandau Sea Bight was
finally levelled and the Rosenthal-Tisa PV to the west was
involved into deposition for the first time. Accommodation
was filled with a 12-m-thick Werksandstein Member and
time-equivalent 21-m-thick fluvial deposits (fluvial cycle 5),
e.g. at Hihnerberg 546/1965 and Schweizermiihle 1013/1961
(Figs. 12, 14D). In the sections of the eastern Erzgebirge, the
Werksandstein Member reaches thicknesses of 5-10 m (Nie-
buhr et al 2021; see cross-section 2 and section 20: Harthe-
berg; Figs. 10, 14D). The area around Tharandt-GroRopitz
(section 19) was first involved into deposition, but only a ca.
2-m-thick succession rests on top of the Freiberger Gneiss.
In some of the boreholes based on descriptions from the
1960s, sequence boundary SB Ce 4 cannot readily be identi-
fied (see above) and, therefore, the delineation to the under-
lying Merbitz Member sometimes remains open (e.g. see
cross-section 1). However, in the boreholes where SB Ce 4
was observed, the Werksandstein Member reaches 10-15 m
in the central Elbe Valley in Dresden, 17-20 m in the Pirna
PV, and 22-23 m in the Usték-Bad Schandau Sea Bight
(Figs. 9-12, 14D, Table 1). Together with the regular thick-
ness variations within the underlying Merbitz Member (see
above), these observations strongly suggest that thickness
changes in the Cenomanian strata of the Elbtal Group are
unrelated to any perceived early activity of the northwest—
southeast orientated Lusatian Thrust Fault (cf. Voigt et al.



108 Birgit Niebuhr & Markus Wilmsen

'Niedarau
= - - o ECO
MeiRer X o & - Q.S*'fUC,
- @o’

B p Vs
Dresden-Hellerau K0, S
w=> %

TAW < Germany

=1h ::é ’

@ 4
Dresden /I\ . 'N,

289/19660 212/1966
12571196 .

s \@rioe D;?- : P
x > e “ \lf sl/_ \l/
& i ﬂ - '-\_

\‘:_\-&%h -
- X > ~#’+~="
-------- % i, . nbjr'l':!'& —% 87200
- e, e w
\ 'Rosenthal =~ 4 =

late Early Cenomanian (DS Ce 3)
]E]-& fluvial cycle 3, lower Niederschéna Formation
o= = brackish Wurmsandstein, Niederschona Fm
‘@ —> shallow-marine Klippensandstein Mb, lower Oberhéaslich Fm
9 lower Peruc palynoassemblage (Krutzsch 1963, 1966)

' Schloenbachia varians
upland
/\ fluvial palaeovalleys (PV)
. \ | Tharandt, Il Heidenau, Il Pima, IV Kénigstein,

N Meien(}) V Hinterhermsdorf-Jetfichovice and VI Rosenthal-Tisa
Cretaceous strata PV (acc. Tonndorf 2000; Uliény et al. 2009a; this paper)
axis of palaesohigh without
Cenomanian sedimentation

L) - upland

ad T
Q
(Y =5 t ) Harthe-
iedoml u% ,berg‘\
. - +he b |
. B Clone® <3 o
4 Freiberg ravier 8 V\
\/'\)
= e - ey parlslde J )
ﬂ - = [ ) s - H
(s in, middie --------s

early Early Cenomanian (DS Ce 1+2)
[@ % |—> fluvial cycle 1+2, lowermost Niederschona Formation
= = brackish Wurmsandstein, Niederschéna Formation
- 9 shallow-marine Klippensandstein Mb, lowermost Oberhéaslich Fm

0 10 20k
[— t upland

Fig. 14: Palaeogeography of the study area in time slices; arrows: assumed directions of blue = fluvial transport, and orange = marine
transgressions. (A) Early Early Cenomanian depositional sequence DS Ce 1+2. (B) Late Early Cenomanian DS Ce 3. (C) Middle Cenom-
anian DS Ce 4. (D) Early Late Cenomanian DS 5 and 5% transgression on pre-Cretaceous substrate in DS Ce-Tu 1 (Délzschen and Pennrich
formations).



The transgression history of the Saxonian Cretaceous revisited 109

Ratsweinberg . .
i & iqm late Late Cenomanian (DS Ce-Tu 1)
MeiRen "______ @ X 5" transgression on pre-Cretaceous sub-
m strate (Délzschen and Pennrich formations)

Sgpaci- upland " : R —
rgruna TR |
--- S PR T E 1 - -
il e ——— vg PR i — e v —
S S e R S e
e Sor= oS Wk
ey -F1”%
_E_IH% _:/]10Vm\! =
Fre;bergo
| e oy - 1
upland T

early Late Cenomanian (DS Ce 5)
w% fluvial cycle 5, upper Niederschina Formation
[y shallow-marine Werksandstein Member, upper Oberhaslich Fm

[m ] app. thickness of Werksandstein Member
Lo deeper marine, marly Mobschatz Formation, upper part
L 4 marine micro- / nannofossils
. Calycoceras naviculare
(@ Meinen-zscheila (M) Mid-Cenomanian index fossils
FB T and Niederau (N)
MeilRen (‘{ E ¥, Paeactinocamax primus (N)
@711967 . Inoceramus atlanticus (N)
' different planspiral ammonites

Turrilites costatus (M)
@ marine micro- / nannofossils (N)

Middle Cenomanian (DS Ce 4)
ﬁE+ fluvial cycle 4, middle Niederschéna Formation
503 brackish Wurmsandstein, Niederschéna Formation
Lo shallow-marine Merbitz Member, middle Oberhaslich Fm
[m] app. thickness of Merbitz Member
X
X

deeper marine, marly Mobschatz Formation, lower part
Red Conglomerate, Meifen Fm

Fig. 14: cont.



110

2021) but to the arrangement along the Elbe Zone and to
distal-proximal gradients.

5.2.6 Depositional sequence DS Ce-Tu 1
(Cenomanian part only)

The mid-Late Cenomanian sequence boundary SB Ce 5
forms a conspicuous, easily correlatable sequence strati-
graphic surface across all investigated sections; conse-
quently, it was used as a datum line in all four cross-sections
(Figs. 9-12). It is always overlain by strongly retrograda-
tional facies stacks, either siliciclastic, calcareous or mixed,
related to the latest Cenomanian plenus Transgression (e.g.
Schander 1923; Hantzschel 1933; Troger 1956, 2003; Voigt
etal. 1994; Voigt et al. 2006; Wilmsen et al. 2011; Janetschke
& Wilmsen 2014). Up to the overlapping marker bed of the
fine-grained Lohmgrund Horizon at the base of the overlying
BrieBnitz and Schmilka formations (Fig. 13), reflecting the
earliest Turonian maximum flooding interval (maximum
flooding surface K140 of Sharland et al. 2001, also seen in
the curve of Hagq 2014), the uppermost Cenomanian
Dolzschen and Pennrich formations represent the transgres-
sive systems tract (TST) of DS Ce-Tu 1. A brief interruption
of the sea-level rise at the Cenomanian—-Turonian boundary
is reflected by a commonly weak progradation seen in some
sections (e.g. borehole Schweizermuhle 1013/1961) just be-
low the Lohmgrund Horizon (e.g. Wilmsen et al. 2011,
Janetschke & Wilmsen 2014; see also Richardt et al. 2013
for the Danubian Cretaceous Basin).

The marly-argillaceous Délzschen Formation of the
northwestern Elbe Valley and Dresden has thicknesses of
20-16 m (Niederau-Grobern 2/1991, Waldschule Dresden
218/1966, core Nossener Bricke, Dresden-Zschertnitz
289/1966). Contrary, the sandy Pennrich Formation is al-
ways thinner, reaching 3-6 m in Konigstein-Halbestadt
7016/1997 and the Pirna Palaeovalley (e.g. Pirna-GroRgraupa
253/1966, Pirna-Struppen 7025/1999, Pirna-Krietzschwitz
7006/2001) as well as 8-12 m in Dresden (Dresden-Hoster-
witz 212/1966, Dresden-GroRzschachwitz 1257/1963) and
Bonnewitz-Boderitz 6512/1998 (cross-sections 1 and 2;
Figs. 9, 10). In most of the sections on the eastern Erzge-
birge, the top of the Pennrich Formation is not preserved due
to Cenozoic erosion. Only at the Hartheberg, the area around
Tharandt-GroRopitz and the core Mariaschacht 6512/1998 in
Bannewitz-Boderitz preserve a complete Pennrich Forma-
tion, maximal 15 m in thickness, overlain by the Lohmgrund
Horizon of the Schmilka Formation (Figs. 1B, 10).

The Cenomanian part of DS Ce-Tu 1 often shows a tri-
partition, both in the marly and sandy facies, demonstrated
such as by the correlation of the 20-m-thick marly Délzschen
Formation of the Nossener Briicke core vs. the 12-m-thick
sandy Pennrich Formation of the Mariaschacht 6512/1998
in Bannewitz-Boderitz, located only 4.3 km to the south
(see Fig. 10). Especially the middle (b) part bears strongly
glauconitic sediments (e.g. Dresden-GroRzschachwitz
1257/1996, Hihnerberg 546/1965, Nasser Grund 1/2018,
Schmilka 432/1966). Wilmsen & Bansal (2021) suggest that
the glaucony formation in this interval is related to the pal-
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aeoenvironmental effects of Oceanic Anoxic Event (OAE) 2.
In the expanded sections in the Usték—Bad Schandau Sea
Bight of the Saxonian Switzerland between Bad Schandau
and Hinterhermsdorf, the tripartite Pennrich Formation has
sediment thicknesses of 15-20 m (Table 3). In the Rosenthal-
Tisa Palaeovalley, the lower (a) part of the upper Upper
Cenomanian has been assigned to the marly Délzschen For-
mation (Schweizermihle 1013/1961, Hiihnerberg 546/1965,
Reichstein 385/1965) whereas the following middle (b) and
upper (c) parts belong to the sandy Pennrich Formation, each
showing a coarsening-upward trend. These cycles most
likely represent parasequences forming the TST of DS Ce-
Tu 1. In this area, the maximum thickness of the Cenoma-
nian part of DS Ce-Tu 1 is reached (27 m in Schweizermuhle
1013/1961), reflecting the landward-shift of the depocentres
during the TST of DS Ce-Tu 1, while distal settings, e.g. in
the Pirna and western Konigstein palaeovalleys (see Figs.
11, 12) were sediment-starved.

Strata of the plenus Transgression that rest directly on top
of the pre-Cretaceous substrate (5" Cenomanian transgres-
sion in Figs. 14D, 15) are documented from different areas
(for locations see Figs. 1B, 14D): (A) The Riesenstein Gran-
ite at the Ratsweinberg in Meil3en, northwesternmost Elbe
Valley, was first flooded by fossil-rich glauconitic Planer of
the Dolzschen Formation (Wilmsen et al. 2019a). (B) In the
well-known rocky shore facies of the Dolzschen Formation
(e.g. at Hoher Stein, Teichbruch and Ratssteinbruch in the
Plauenscher Grund in Dresden, section 12; Gamighibel;
Dresden-Lockwitz; Kahlbusch in Dohna, section 9; Seide-
witztal; Schander 1923; Troger 1956, 1969, 2003; Voigt et al.
1994; Voigt et al. 2006; Wilmsen et al. 2011; this paper). (C)
Around Tharandt-GroRopitz up to 8 m thick “Planersand-
steine” (of the Pennrich Formation) transgress directly on
top of the Freiberg gneiss, followed by the clayey Lohm-
grund Horizon of earliest Turonian age (section 19). (D) The
Pennrich Formation north of Halsbriicke-Erlicht (section 23)
overlies the Oberhéaslich Formation as well as the Palaeozoic
basement in that area. (E) The westernmost exposures of the
upper Upper Cenomanian Pennrich Formation that were
found between Nossen and Grof3schirma (eastern Erzge-
birge, section 24). (F) In the borehole Reichstein 385/1965,
east of Bielatal, the marly-argillaceous Délzschen Formation
is resting directly on top of the Palaeozoic basement (section
35).

The magnitude of the plenus Transgression was similar
to that of the early Mid-Cenomanian primus Transgression,
ranging between 30-50 m (Voigt et al. 2006; Wilmsen 2007;
Richardt et al. 2013). The Lohmgrund Horizon at the base of
the overlying Brielnitz, Schmilka and Oybin formations in
Saxony (Figs. 2, 13, 15) and a corresponding horizon at the
base of the Bild Hora Formation in the Bohemian Cretaceous
Basin match the lower boundary of genetic sequence TUR 1
in Czechia (Uli¢ny et al. 2009b), a basinwide maximum
transgressive surface.

The basal Turonian Lohmgrund Horizon correlates to the
maximum flooding of the 2" order trans-/regressive Early
Cenomanian-Late Turonian depositional cycle (Fig. 15) that
has been identified in basins around the Mid-European Is-
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land (Niebuhr et al. 2014; Wilmsen et al. 2019b). The former
palaeohighs around Pirna (Copitz Peninsula, Wehlen Island
and the Bahra—Kdnigstein Peninsula; Tonndorf 2000) were
flooded. Likewise, in the area around BerggieRhiibel and
Rosenthal, Saxonian Switzerland, the Schmilka Formation
transgressed directly onto the Palaeozoic basement (Beck
1888, 1889: 71). Henceforth, the Saxonian Cretaceous Basin
was linked in the southeast to the Bohemian Cretaceous Ba-
sin across a broad front. Only the Markersbach Granite south
of the former Bahra Peninsula near Bad Gottleuba (see Fig.
14A) stayed emergent and formed an island until the Middle
Turonian (Seifert 1955; Tonndorf 2000).

5.2.7 Putative Cenomanian basin inversion

\Voigt (2009) and recently Voigt et al. (2021) proposed, based
on borehole data, facies distribution and thickness maps, that
tectonic inversion in several basins of Central Europe, in-
cluding the Saxonian and Bohemian Cretaceous basins, al-
ready started within the Cenomanian, at 95 Ma (Middle-Late
Cenomanian boundary interval), ca. 5 myr earlier than com-
monly assumed (cf. Kley & Voigt 2008). Also, Uli¢ny et al.
(2009a, b) inferred an early phase of basin-scale tectonic
subsidence, accompanied by establishment of new source
areas and by local intrabasinal uplifts, for the Late Cenom-
anian and Early Turonian. However, the reconstruction of
\oigt et al. (2021) for Saxony of a reversal of the hitherto
north-northeast-directed palaeodrainage, the development of
a northeastern source area (Westsudetic Island; cf. Klein et
al. 1979; Woigt 1994, 2009) and the formation of a north-
west—southeast-directed depocentre in the Elbe Zone that is
nearly identical to the later (i.e. Middle Turonian to Conia-
cian) marginal trough already at 95 Ma is based on the erro-
neous stratigraphic assumption that all marine siliciclastic
deposits of the Oberhéslich Formation, up to 120 m in thick-
ness, are Late Cenomanian in age (Moigt et al. 2021: 1452).
The supposed high sedimentary thicknesses of the Upper
Cenomanian along the NW margin of the Bohemian Creta-
ceous Basin also led Klein et al. (1979) to the assumption of
the development of a trough and the uplift of a source area in
the NE, i.e. the Westsudetic Island. In contrast, the strati-
graphic reappraisal presented herein produces a completely
different picture: the general north- to northeast-directed
drainage in the palaeovalleys did not change during the
Cenomanian; instead, the palaeovalleys were flooded from
the north-northeast and the principal source area remained
the eastern Erzgebirge in the south-southwest. The marine
transgression reached the deepest depression (Usték-Bad
Schandau Sea Bight) already in the earliest Cenomanian (DS
Ce 1+2; see Fig. 14A) and their backfill followed the Cenom-
anian depositional sequences outlined above. The highest
thicknesses are consequently realised in the deepest drowned
valleys and do not follow a putative depocentre formed by a
supposedly rising structure in the northeast. The maximum
thickness of up to 120 m of marine Cenomanian (100-94
Ma) recorded from the Usték-Bad Schandau Sea Bight re-
sults in a rather low sedimentation rate of only 20 m/myr and
is, in fact, congruent to the accommodation generated by the
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overall Cenomanian eustatic rise in sea-level (70-100 m, e.g.
Wilmsen 2003; Kuhnt et al. 2009; Haq 2014) plus a low re-
gional subsidence of a few metres per myr. The principal
WNW-ESE-trend of the facies belts is related to the general
advance of the Cenomanian transgression from the north
while the thickness changes reflect the pre-transgression to-
pography and simple stratigraphic (marine and non-marine)
onlap patterns onto the eastern Erzgebirge in the south-
southwest; large parts of the eastern Erzgebirge were already
inundated during the Middle Cenomanian (Wilmsen et al.
2022). Thus, the new stratigraphic framework of the lower
Elbtal Group presented herein comprehensively demon-
strates that tectonic inversion in the Saxonian (and Bohe-
mian) Cretaceous Basin was essentially a post-Cenomanian
process that probably started not before the Middle Turo-
nian, as observed in other Cretaceous basins around the Mid-
European Island (e.g. Niebuhr et al. 2011). Interestingly,
very similar conclusions were already drawn by Malkovsky
(1976, 1987: 36) for the Bohemian Cretaceous Basin; he
stated that the Early and Middle Cenomanian accumulation
of freshwater deposits was rather controlled by the palaeo-
topography than by tectonic lineaments and that the same
probably applies for the Cenomanian marine series. Cautious
indication for potential local tectonic movements (e.g. in the
Blansko Graben, southeasternmost Bohemian Cretaceous
Basin) in the Late Cenomanian were based on the supposed
high thicknesses which are, however, not exceptional in the
view of the new stratigraphic framework presented herein
(see above). Furthermore, according to Malkovsky (1976,
1987) there is no clear evidence for syndepositional tectonic
activity during the Early Turonian (cf. Uli¢ny et al. 2009b)
and the Lusatian fault system became active during the Mid-
dle Turonian. In Late Turonian times during peak inversion
of the Lusatian Block, sedimentation rates of ca. 175 m/myr
can be reconstructed for the Winterberg area near the Ger-
man/Czech border (this paper, according to Seifert 1955)
while extremely high ratios of up to 340 m/myr were reached
in the sandstone facies of the northwestern Bohemian Creta-
ceous Basin (Uli¢ny et al. 2009b).

6. Conclusions

A completely new stratigraphic framework of the lower Elb-
tal Group is presented herein, based on the detailed inte-
grated investigation of 39 stratigraphic surface and subsur-
face sections with Cenomanian strata that have been corre-
lated in four cross-sections. Our study allows drawing the
following conclusions:

— Cretaceous deposition started in early Early Cenomanian
times in both, the Saxonian and Bohemian Cretaceous
basins, indicated by contemporaneous non-marine (con-
tinental Niederschona Formation / Peruc Member of the
Peruc—Korycany Formation) and marine onlap (Oberhés-
lich Formation / Korycany Member of the Peruc—Kory-
cany Formation).

— The Cenomanian transgressions proceeded in Saxony on
a broad front from the north and, at first, followed the
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course of roughly south—north-discharging palaeovalleys
of a fluvial drainage system dewatering an elevated prin-
cipal source area in the southwest. Their retrogradational
backfill followed the pulsative Cenomanian sea-level
rise.

The sequence stratigraphic analysis demonstrates the
presence of four complete, unconformity-bounded
Cenomanian depositional sequences and a fifth one, DS
Ce-Tu 1, which started in the mid-Late Cenomanian and
lasted into the Early Turonian. Its basal unconformity,
sequence boundary SB Ce 5, forms a conspicuous cor-
relative surface across all investigated sections and was
used as a datum line in the cross-sections.

In total, six marine transgressions can be identified, re-
lated to the transgressive systems tracts (TST) of the
depositional sequences (DS): (A) Early Early Cenoma-
nian (equivalent to the “ultimus/Aucellina Transgres-
sion”), TST of DS Ce 1+2; (B) late Early Cenomanian,
TST of DS Ce 3; (C) early Middle Cenomanian (primus
Transgression), TST of DS Ce 4; (D) early Late Cenoma-
nian (naviculare Transgression), TST of DS Ce 5; (E)
late Late Cenomanian (plenus Transgression), TST of DS
Ce-Tu 1; and (F) earliest Turonian (Lohmgrund Hori-
zon), maximum flooding of DS Ce-Tu 1.

Each transgression overstepped the preceding one, thus
continuously enlarging the depositional realm by means
of non-marine and/or marine onlap. The early Middle
Cenomanian primus Transgression reflects the most
striking Cenomanian sea-level rise within the Saxonian
Cretaceous Basin (genetic sequence CEN 3 in the Bohe-
mian Cretaceous Basin). Promontories, interfluves be-
tween palaeovalleys and large parts of the eastern Erzge-
birge were flooded.

The marine Oberhéslich Formation was accompanied by
collateral fluvial/brackish deposits of the Niederschéna
Formation during the early Early to early Late Cenoma-
nian in DS Ce 1+2 to DS Ce 5, respectively.

The marine transgressions reached the Usték—Bad Schan-
dau Sea Bight, the deepest of the north-sloping palaeo-
valleys, first and produced an up to 120-m-thick marine
Cenomanian sedimentary record (Oberhaslich and Penn-
rich formations), subdivided into five almost equally
thick (20-26 m) depositional sequences. The total thick-
ness approximately corresponds to the accommodation
generated by the Cenomanian eustatic sea-level rise (70—
100 m) and an overall low regional subsidence, resulting
in rather low sedimentation rates of 20 m/myr.

The thickness changes observed within the lower Elbtal
Group reflect the pre-transgression topography and sim-
ple sequence stratigraphic patterns (marine and non-ma-
rine onlap) onto the eastern Erzgebirge in the southwest
during the Cenomanian (and Early Turonian) age.

The new stratigraphic framework of the lower Elbtal
Group presented herein thus convincingly shows that tec-
tonic inversion in the Saxonian Cretaceous Basin was es-
sentially a post-Cenomanian process that probably did
not really start before the Middle Turonian.
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