A

<C
O LLl
= I
079 [y
=
=
L. LLl
('i) O P HOLOCENE
— N 3W< | PLEISTOCENE
Z o HE PIACENZIAN
D Z 2ol - ZANCLEAN
L MESSINIAN
QO R
T : = TORTONIAN
w
[l w |z
<C O |w|Y| SERRAVALLIAN
ﬁ (o] ($) 8
CD w |ol= LANGHIAN
— = |-
z == BURDIGALIAN
o 3
— = AQUITANIAN
I o =
(@) o o CHATTIAN
L - w
= = 8| .
L
— o e : RUPELIAN
w = o|S
L =
_ = _
% PRIABONIAN
w
= BARTONIAN
(11} w |y
O [z|a
o “|® LUTETIAN
(6]
W,
=
<
o ]
z YPRESIAN
2
e THANETIAN
w | o
b4 o
o - SELANDIAN
5[
B DANIAN
9

BAND 76

2022

Authors:

J. Georg Friebe
Martin Gross
Mathias Harzhauser
Dirk van Husen
Veronika Koukal
Hans-Georg Krenmayr
Peter Krois

James H. Nebelsick
Hugo Ortner
Werner E. Piller
Jiirgen M. Reitner
Reinhard Roetzel
Fred Rogl

Christian Rupp
Volkmar Stingl
Ludwig R. Wagner
Michael Wagreich

GA Geologische Bundesanstalt



CENOZOIC ERA(THEM)

THE LITHOSTRATIGRAPHIC UNITS OF AUSTRIA

WERNER E. PILLER [ED.]

ABHANDLUNGEN

. .> | HOLOCENE
i82
34< | PLEISTOCENE
QuZJ ) PIACENZIAN
6| 4 ZANCLEAN
MESSINIAN
o
w
o
w g TORTONIAN
2 w
1] z
@ |w|%| SERRAVALLIAN
o
O |02
w |ol3 LANGHIAN
= |-
=l BURDIGALIAN
=
o
-
AQUITANIAN
o
o CHATTIAN
]
w
P4
w
Sle
o w
= RUPELIAN
410
o | I
a
o PRIABONIAN
=)
w
= BARTONIAN
1] w |
G |z|5
w| =
(@) LUTETIAN
w o
o
-1 |u
<
o o
B YPRESIAN
o
-
o THANETIAN
w o
P4 o
ol> SELANDIAN
o
w
[a ey
2| w
o |2 DANIAN
o
-

Authors:

J. Georg Friebe
Martin Gross
Mathias Harzhauser
Dirk van Husen
Veronika Koukal

Hans-Georg Krenmayr

Peter Krois

James H. Nebelsick
Hugo Ortner
Werner E. Piller
Jiirgen M. Reitner
Reinhard Roetzel
Fred Rogl
Christian Rupp
Volkmar Stingl
Ludwig R. Wagner
Michael Wagreich

BAND 76

2022

Geologische Bundesanstalt



Adress of editor:

Werner E. Piller

Institut fiir Erdwissenschaften
Universitdt Graz

NAWI Graz Geozentrum
HeinrichstraBBe 26, 8010 Graz, Austria;
werner.piller@uni-graz.at

Adresses of authors:

J. Georg Friebe

inatura - Erlebnis Naturschau Dornbirn
Jahngasse 9, 6850 Dornbirn, Austria;
georg.friebe@inatura.at

Martin Gross

Universalmuseum Joanneum

Abteilung fiir Geologie & Paldontologie
WeinzottlstraBe 16, 8045 Graz, Austria;
martin.gross@museum-joanneum.at

Mathias Harzhauser
Geologisch-Paldontologische Abteilung
Naturhistorisches Museum Wien
Burgring 7, 1010 Wien, Austria;
mathias.harzhauser@nhm-wien.ac.at

Dirk van Husen
RustonstraBe 7, 4810 Gmunden, Austria;
dirk.van-husen@aon.at

Veronika Koukal

Institut fiir Geologie

Universitat Wien

Josef Holaubek-Platz 2, 1090 Wien, Austria;
veronika.koukal@univie.ac.at

Hans-Georg Krenmayr

Geologische Bundesanstalt
Neulinggasse 38, 1030 Wien, Austria;
hans-georg.krenmayr@geologie.ac.at

Peter Krois

OMV Exploration and Production
Trabrennstrae 6-8, 1020 Wien, Austria;
peter.krois@omv.com

James H. Nebelsick (Tiibingen)
Department of Geosciences

Universitdt Tibingen

HélderlinstraBe 12, 72074 Tibingen, Germany;

nebelsick@uni-tuebingen.de

Recommended citation / Zitiervorschlag

www.geologie.ac.at

Hugo Ortner

Institut fiir Geologie

Universitat Innsbruck

Innrain 52f, 6020 Innsbruck, Austria;
hugo.ortner@uibk.ac.at

Werner E. Piller

Institut fiir Erdwissenschaften
Universitat Graz

NAWI Graz Geozentrum
HeinrichstraBe 26, 8010 Graz, Austria;
werner.piller@uni-graz.at

Jiirgen M. Reitner

Geologische Bundesanstalt
Neulinggasse 38, 1030 Wien, Austria;
juergen.reitner@geologie.ac.at

Reinhard Roetzel

Geologische Bundesanstalt
Neulinggasse 38, 1030 Wien, Austria;
roetzel.reinhard @gmail.com

Fred Rogl

Geologisch-Paldontologische Abteilung
Naturhistorisches Museum Wien
Burgring 7, 1010 Wien, Austria;
fred.roegl@nhm-wien.ac.at

Christian Rupp

Robert-Fuchs-Gasse 18, 1140 Wien, Austria;
rupp.christian@gmx.at

Volkmar Stingl

Andreas-Hofer-StraBe 51, 6020 Innsbruck, Austria;

volkmarstingl@uibk.ac.at

Ludwig R. Wagner
Wolfersberggasse 6, 1140 Wien, Austria;
l.rwagner@gmx.de

Michael Wagreich

Institut fiir Geologie

Universitat Wien

Josef Holaubek-Platz 2, 1090 Wien, Austria;
michael.wagreich@univie.ac.at

Piller, W.E. [Ed.] (2022): The lithostratigraphic units of Austria: Cenozoic Era(them)

Abhandlungen der Geologischen Bundesanstalt, 76, 357 p., Wien.

ABHANDLUNGEN DER GEOLOGISCHEN BUNDESANSTALT, BAND 76

ISSN 0378-0864
ISBN 978-3-903252-14-1

Alle Rechte fiir In- und Ausland vorbehalten.

Medieninhaber, Herausgeber und Verleger: Geologische Bundesanstalt, Neulinggasse 38, 1030 Wien.

Technische Redaktion: Christoph Janda
Lektorat: Christian Cermak

Umschlaggestaltung und Bildbearbeitung: Monika Briiggemann-Ledolter

Satz, Gestaltung und Druckvorbereitung: Jarmila B6hm

Druck: Print Alliance HAV Produktions GmbH, DruckhausstraBBe 1, 2540 Bad Voslau

Verlagsort: Wien


http://www.geologie.ac.at
mailto:werner.piller%40uni-graz.at?subject=
mailto:georg.friebe%40inatura.at?subject=
mailto:martin.gross%40museum-joanneum.at?subject=
mailto:mathias.harzhauser%40nhm-wien.ac.at?subject=
mailto:dirk.van-husen%40aon.at?subject=
mailto:veronika.koukal%40univie.ac.at?subject=
mailto:hans-georg.krenmayr%40geologie.ac.at?subject=
mailto:peter.krois%40omv.com?subject=
mailto:nebelsick%40uni-tuebingen.de?subject=
mailto:hugo.ortner%40uibk.ac.at?subject=
mailto:werner.piller%40uni-graz.at?subject=
mailto:juergen.reitner%40geologie.ac.at?subject=
mailto:roetzel.reinhard%40gmail.com?subject=
mailto:fred.roegl%40nhm-wien.ac.at?subject=
mailto:rupp.christian%40gmx.at?subject=
mailto:volkmar.stingl%40uibk.ac.at?subject=
mailto:l.r.wagner%40gmx.de?subject=
mailto:michael.wagreich%40univie.ac.at?subject=

ABHANDLUNGEN DER GEOLOGISCHEN BUNDESANSTALT

N
AAbh. Geol. B.-A.| ISSN 0378-0864 | ISBN 978-3-903252-14-1 || Band 76 357S. Wien, Dezember 2022

The lithostratigraphic units of Austria: Cenozoic Era(them)

Contents
INEOdUCH ON. . L L e 5
ACKNOWIEAGEMENTS. . . . o o 6
Stratigraphic Chart of Austria — CeNOZOIC . . . . . . ...t e e e e e e 7
Helvetic Unit . ..o e 8
Helvetic Unit: Vorarlberg — SAntis Nappe. . . . . .o oo e e e e e e e 8
Helvetic Unit: Vorarlberg — Feuerstatter Nappe . . . . ... o i e e e 13
Helvetic Unit: Salzburg — Upper Austria — Gresten Klippen Belt - Main Klippen Belt. . ... ... ... . . .. 18
Ultrahelvetic Unit. . ..o e 26
Ultrahelvetic Unit: Vorarlberg — Liebenstein Nappe . . . . .. ..o e e e e 26
Ultrahelvetic Unit: Salzburg — Upper Austria — Lower Austria —Vienna . . ... ... e 27
Rhenodanubian FlysCh Unit . ... ... e e e e e e 28
Rhenodanubian Flysch Unit: Greifenstein Nappe . . ... ... e e 29
Rhenodanubian Flysch Unit: Laab Nappe . . . . ... oo e 35
AUSEIOalPINE UNitS. . . . oo 39
Gosau Basins (Northern Calcareous AlPS). . . . . ..ottt e e e e e e e 39
Krappfeld, Carinthia. . . . .. ... e 44
North Alpine Foreland Basin (MoIasse ZONE). . . . . ...ttt e e e e e e e e e e e e e e e e e 51
North Alpine Foreland Basin: Inn Valley (“Inneralpine Molasse”) . . . .. ... e e 52
North Alpine Foreland Basin: Vorarlberg . . ... ... 62
North Alpine Foreland Basin: Salzburg — Upper AUStria. . . . . .. ..ot e e e 72
North Alpine Foreland Basin: Lower Austria, South of the Danube . . . ... ... . . . . . e 108
North Alpine Foreland Basin: Lower Austria, North of the Danube and at the Bohemian Massif. ... ....... ... ... ... ..... 120
Waschberg Unit . ..o e 148
Vienna Basin, Korneuburg Basin. . . . .. ... o e 163
Eisenstadt-Sopron Basin . . . .. ... e 181
Oberpullendorf Basin (northern margin . . . . . ..ottt e e e e e e e 183
SEYrAN Basin. . . oo e e 187
FONNSAOI Basin . . . . .. e 232
Lavanttal Basin . . ... .. e 234
QUATEINANY Sy S e . . o o 240
List of @abbreviations . . .. .. . 268
R ErENCES . . . o e 269
Index: Lithostratigraphische Einheiten / Lithostratigraphic Units. . ... ... ... 341
INdEX: SYNONYME / SYNONYMS. . . . oottt ettt et e e e e e e e e e e e e e e e e e e e e e 345
AP ENAICES. . . .ottt e 356

Supplement: Cenozoic Stratigraphic Chart of Austria — 2022






Introduction
WERNER E. PILLER

The Stratigraphic Chart of Austria 2004 (ASC 2004) has
been published by PILLER et al. (2004). This chart was the
outcome of a series of workshops including field trips or-
ganized by the Austrian Commission on Stratigraphy. The
original goal which started in the late 1990s intended to
describe all lithostratigraphic units of Austria, evaluate
their status and formalize those which fulfil the require-
ments in accordance with the “Empfehlungen (Richtli-
nien) zur Handhabung der stratigraphischen Nomenklatur”
(STEININGER & PILLER, 1999). It became, however, quickly
clear that this work would require several decades to be
carried out. Therefore, only the ASC 2004 has been pre-
pared and published without explanations of the depicted
lithostratigraphic units. The plan was to publish a descrip-
tion of all units depicted on the ASC 2004 during the fol-
lowing years. The first part of this project was published
in 2013 and deals with lithostratigraphic units of the Pa-
leozoic (PILLER, 2013a, b; HUBMANN et al., 2013). While as-
sembling the Paleozoic units it became obvious that most
of them do not meet the requirements for formalization.
The result of this shortcoming was a restudy of the pre-
variscan lithostratigraphic units of the Carnic Alps where
many units have been revised, renamed and formalized
(CORRADINI & SUTTNER, 2015).

Concerning the two other era(thems) — the Mesozoic and
Cenozoic - it turned out that so many years after publi-
cation of the ASC 2004 the lithostratigraphic units have
considerably changed in number, definition and status
compared to the chart. This encouraged a work group
of the Austrian Stratigraphic Commission to compile the
lithostratigraphic units of the Cenozoic, which should rep-
resent the state of the art — and this is the content of the
current volume.

A clear precondition of this compilation was not to revise
or formalize units but just describe the status quo. Conse-
quently, the current volume is not a description of the ASC
2004 or a re-evaluation of Cenozoic units but represents a
catalogue of so far described Cenozoic lithostratigraphic
units in Austria. Such a compilation of rock units has only
been carried out so far in the Lexique Stratigraphique In-
ternational in which Fascicule 8 of Volume 1 is dedicated
to Austrian rocks (KUEHN, 1962). There, the entire strati-
graphic column is treated and besides sedimentary also
metamorphic units are included. The compilation and pub-
lication of the Lexique happened long before our current
view on stratigraphic classification, which started essen-
tially with HEDBERG (1976) and fundamentally changed the
philosophy on stratigraphy. Consequently, most rock units
described in the Lexique represent a mixture of various
stratigraphic classification schemes such as lithostratigra-
phy, biostratigraphy and chronostratigraphy.

The descriptions of the lithostratigraphic units in this vol-
ume are in English and follow a fixed scheme. Only the
name of the respective unit is documented first in Ger-
man followed by the English expression. This was cho-
sen because nearly all units treated here where originally
named in German language and are also included in the
geological maps in German language. The number and
sequence of each description follows the recommenda-

tions of STEININGER & PILLER (1999) and the first applica-
tion by RASSER & PILLER (1999a) and matches those of the
published Paleozoic volume (HUBMANN et al., 2013). This
list for each unit includes the following characteristics: Va-
lidity, Type area, Type section, Reference section(s), Deri-
vation of name, Synonyms, Lithology, Fossils, Origin, Fa-
cies, Chronostratigraphic age, Biostratigraphy, Thickness,
Lithostratigraphically higher rank unit, Lithostratigraph-
ic subdivision, Underlying unit(s), Overlying unit(s), Lat-
eral unit(s), Geographic distribution, Remarks, and Com-
plementary references. Remarks may also follow directly
the description of each category where necessary. For
the locations of Type area, Type section and Reference
section(s) international geographical coordinates (latitude,
longitude) are provided. For map references both the UTM-
system and the old Austrian BMN-system with numbers
and names of map-sheets are indicated since the numbers
and names do not coincide in both systems.

The lithostratigraphic units in this volume are arranged
according to the major tectonic units including Cenozoic
sediments and sedimentary rocks in a geographic arrange-
ment from west to east and in stratigraphic order from old-
er to younger. The tectonic units relevant for the Cenozoic
are the Austroalpine Unit, Helvetic Unit, Ultrahelvetic Unit,
Rhenodanubian Flysch Unit, North Alpine Foreland Basin,
Waschberg Unit, Vienna (and Korneuburg) Basin, Eisen-
stadt-Sopron Basin, Oberpullendorf Basin, Styrian Basin,
Fohnsdorf Basin and Lavanttal Basin. The definition of the
tectonic units follows roughly the usual schemes, which
are applied for the official geological maps of Austria pub-
lished by the Geological Survey of Austria. These assign-
ments are in most cases clear but some units are a matter
of discussion both in definition and in content. Altogether
340 lithostratigraphic units have been described including
272 formations or formation level units, 2 beds, 51 mem-
bers, 1 subgroup, 13 groups and 1 supergroup.

Herein, the Austroalpine Unit includes the informally called
“Gosau Sediments” of Paleogene age. These sediments
occur on top of the Northern Calcareous Alps (NCA), which
are classified with the Gosau Group and represent the
Gosau Beds s.str., which occur in several basins along
the NCA. Equivalent sediments occur also on top of the
Central Alps, which are in the Cenozoic restricted to the
so called “Krappfeld Gosau” represented by the Guttar-
ing Group.

A matter of debate are the Paleogene sediments of the Inn
Valley (called frequently “Inntal Tertiar” or “Inneralpine Mo-
lasse”). They could have classified as “Gosau equivalents”
since they also occur on top of the NCA. Their sedimen-
tary succession shows, however, great similarities with
the sediments of the North Alpine Foreland Basin (NAFB)
and, in addition, a gap occurs between the NCA rocks and
those of the “Inntal Tertiary”; the latter sediments are sum-
marized in the Inntal Group, which we include here into the
North Alpine Foreland Basin.

The North Alpine Foreland Basin was and still is frequently
circumscribed as “Molasse Basin”, “Molasse Zone”, “Mo-
lasse Unit”, or simply described as “Molasse Sediments”.
Since these historical names denominate only specific
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sediment types in an orogenic evolution, which is not re-
stricted to the Alpine orogeny we prefer to use the term
North Alpine Foreland Basin (NAFB). In Lower Austria, the
part north of the Danube is frequently called North Al-
pine-Carpathian Foreland Basin (NACFB) to document that
the NAFB grades laterally into the Carpathian Basin. The
boundaries between NAFB and NACFB are to date not
clearly defined.

Deviating from the geographical-stratigraphic scheme are
Quaternary sediments, which are treated as a single unit

because they are not related to the major tectonic units.
The Quaternary lithologic units are so far possible strati-
graphically arranged from older to younger. Most Quater-
nary units do not meet formal lithostratigraphic require-
ments but represent a mixture of glacial phenomena linked
to their stratigraphic position. Only a few exceptions,
e.g., Hoéttinger Breccia, Parndorf Formation, match formal
lithostratigraphic rules. This conduct follows the discus-
sion and recommendation of PILLER et al. (2003).
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Stratigraphic Chart of Austria - Cenozoic

The enclosed “Stratigraphic Chart of Austria — Cenozo-
ic” follows widely the same principles as the Stratigraphic
Chart of Austria 2004 (“Stratigraphische Tabelle von Oster-
reich 2004”, ASC 2004) in respect of chronostratigraphy/
geochronology and arrangement of the tectonic units.

The chronostratigraphic framework is based on the Inter-
national Chronostratigraphic Chart (ICC) of the Internation-
al Commission on Stratigraphy, v. 2022/10 (COHEN et al.,
20183, updated) and the Geologic Time Scale 2020 (GTS
2020; GRADSTEIN et al., 2020).

In respect to geochronology, some differences exist be-
tween the ICC and GTS 2020 in the Cenozoic. For ex-
ample, the base of the Lutetian is 47.8 Ma in the ICC
and 48.07 Ma in the GTS 2020, the base Bartonian is
at 41.2 Ma vs. 41.03 Ma, the Chattian base at 27.82 vs.
27.29 Ma. The differences are relatively small and we have
chosen the data of ICC, which is the official chart of IUGS.

For the time interval from the Rupelian to the Early Plio-
cene the Regional Chronostratigraphic Stages of the Cen-
tral Paratethys have been applied and correlated to the
International Stages. The Regional Stages include the Kis-

cellian, Egerian, Eggenburgian, Ottnangian, Karpatian,
Badenian, Sarmatian and Pannonian. Lake Pannon sedi-
mentation ended in and with the Pannonian in the Pan-
nonian Basin. The Pontian, Dacian and Romanian stages
listed in the ASC 2004 were removed here because they
are limited to the Eastern Paratethys. For post-Pannonian
and pre-Quaternary lithostratigraphic units in Eastern Aus-
tria the international chronostratigraphic stages (Zanclean,
Piacenzian) have been applied. According to MANDIC et al.
(2015), the Pannonian ended at 4.5 Ma in the Pannonian
Basin and is followed by the Cernikian Stage. The later,
however, is not represented in Austria but restricted so far
to Lake Slavonia in Serbia and Croatia.

The basic lithostratigraphic unit, the Formation, represents
also the frame of the chart. Where possible also Members
are included and also higher rank units such as Group and
Supergroup are indicated. Many of the included units do
not meet the formal lithostratigraphical requirements and
even denomination. In the latter case, an English transla-
tion close to the mostly descriptive terms has been ap-
plied.



Helvetic Unit

WERNER E. PILLER

The Helvetic Unit (Text-Fig. 1) covers a wide area at the
surface in both Switzerland and Vorarlberg. Further to the
east, from Bavaria to the eastern part of Upper Austria, this
zone is reduced to a small stripe and to small tectonic slic-
es with poor outcrops.

Paleogeographically, the Helvetic Zone represents the
depositional area along the southern margin of the Euro-
pean continent during early Jurassic to Paleogene times
in a passive marginal setting in respect to a plate tectonic
context. The Helvetic Unit is dominated by shelf and up-
per slope deposits which grade in a southward direction
into the continental slope deposits of the Ultrahelvetic Unit
which were both part of the Penninic Ocean (= Alpine Te-
thys sensu STAMPFLI et al., 1998).

The Helvetic Unit is subdivided into a northern and a
southern domain. In the North-Helvetic domain, Paleo-
cene deposits are absent because the Adelholzen Beds
of the basal Lutetian overly with an erosional unconformi-
ty rocks of the Maastrichtian Gerhartsreith Formation. The
Adelholzen Beds are considered an equivalent of the Bir-

gen Formation in Switzerland (HAGN, 1954; EGGER et al.,
2013) where an equivalent hiatus between the Cretaceous
and the Eocene occurs (MENKVELD-GFELLNER, 1997).
Basinward, this main hiatus is less pronounced spanning
only the uppermost Paleocene and the lowermost Eocene
(EGGER et al., 2009) at the southern part of the Helvetic
shelf. A tectonically disturbed but continuous record ex-
ists across the K/Pg-boundary of the South-Helvetic do-
main (KUHN & WEIDICH, 1987; RASSER & PILLER, 1999a; EG-
GER, 2011c).

A clear differentiation between Helvetic and Ultrahelvet-
ic units in the field is only possible in Vorarlberg with the
Santis Nappe and Feuerstatter Nappe as part of the Hel-
vetic Unit (FRIEBE, 2007a). However, the assignment of the
Feuerstéatter Nappe is highly controversially discussed if it
belongs either to the Helvetic Unit or the Rhenodanubian
Flysch Unit. Further to the east, an attribution to the Hel-
vetic or Ultrahelvetic units — and even to the Rhenodanu-
bian Flysch Unit - is more difficult due to tectonic compli-
cations and very limited outcrops.

Helvetic Unit: Vorarlberg — Santis Nappe

Fraxner Griinsand / Fraxner Greensand
J. GEORG FRIEBE & WERNER E. PILLER

Validity: Invalid; the term “Grlinsand von Fraxern” was in-
troduced by MERHART & MYLIUS (1914) for a blackish grey,
partly glauconitic limestone with mass occurrences of
nummulites. MERHART (1926) used the term “Fraxner Mer-
gelschiefer” (occasionally also named “Fraxnerschiefer”),
which he interpreted as equivalent of the Wang Forma-
tion. This “Mergelschiefer” (= “Schwarze Schiefer”, see
below) is followed with a sharp boundary by greensand
(MERHART, 1926). Besides the “Fraxner Griinsand” also
the general name “Grlnsandstein” is used in the litera-
ture. According to OBERHAUSER (1991: Abb. 3) it is restrict-
ed to the surroundings of Dafins, he discussed, however,
in the same chapter all occurrences of “Griinsandstein”
in Vorarlberg. FRIEBE (2007a) did also not differentiate be-
tween “Fraxner Griinsand” and “Grinsandstein” and, in
fact, considered “Grlinsandstein” as synonym of “Fraxner
Grinsand”.

Type area: Around the municipality Fraxern, Vorarlberger
Rheintal (Rhine Valley), Vorarlberg; OK50-UTM, map sheet
1224 Hohenems (OK50-BMN, map sheet 111 Dornbirn).

Type section: Not defined.

MEESMANN (1926) mentioned a small quarry near Fraxern
(“ist aufgeschlossen in einem kleinen Steinbruch am Wald-
rande oberhalb von Fraxern”) (N 47°19'01" / E 09°40'39",
970 m a.s.l.). MERHART (1926) did not give an exact loca-
tion, but noted that Fraxern lies in the area of the typical
appearance of this unit.

Reference section(s): Not defined.
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A possible reference section is exposed along a forest road
in Fraxern, north of the type locality (approx. N 47°19'01" /
E 09°40'48" to N 47°19'02" / E 09°41'11") (OBERHAUSER,
1991).

Derivation of name: After the municipality Fraxern, east
of the Rhine Valley, Vorarlberg, Austria (N 47°18'52" /
E 09°40'26"; OK50-UTM, map sheet 1224 Hohenems
(OK50-BMN, map sheet 111 Dornbirn).

Remark: Taking the peculiarities of the local dialect into
consideration, the correct spelling is “Fraxner Griinsand”
(or “Fraxerner Griinsand”). The often-used spelling “Fraxe-
ner” is neither correct nor compliant with the local dialect.

Synonyms: Grinsand von Fraxern (MERHART & My-
LIus, 1914: p. 53), Fraxernergriinsand (MEESMANN, 1926:
p. 29), Fraxner Mergelschiefer, Fraxnerschiefer (MERHART,
1926: p. 21), Schwarze Schiefer p.p. (OBERHAUSER, 1958),
kalkiger Griinsandstein: Eozan (ALEXANDER et al., 1965),
Grinsandstein, grinsandiger Mergel, Fraxerner Griinsand,
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Text-Fig. 1.
Location of the Heltvetic und Ultrahelevetic units (grey shaded) in Austria.




schwarze sandige Schiefer p.p. (OBERHAUSER, 1991), Num-
mulitenschichten (griinsandig) (OBERHAUSER, 2007; see
also FRIEBE, 2007a).

Lithology: Glauconitic sandstone and marl to shale. Occa-
sional layers with small phosphorite nodules or cellophane
grains also occur.

Remark: MEESMANN (1926) described this unit as glauco-
nitic sandy limestone (“... ein stark glaukonitischer, etwas
sandiger, den Wangschichten ahnlicher Kalk, ...”), MER-
HART (1926) as blackish grey, rather hard marly shale (...
einen schwarzlichgrauen, ziemlich harten Mergelschie-
fer ...”).

Fossils: Debris of coralline algae, calcareous nannoplank-
ton, larger benthic foraminifera (Nummulites, Assilina, Discocyc-
ling) (e.g., OBERHAUSER, 1991), rare echinoids, brachiopods
and shark teeth.

Origin, facies: Shelf deposits. This unit has never been
studied in detail.

Chronostratigraphic age: late Paleocene, Selandian to
early Eocene, Ypresian.

Biostratigraphy: Calcareous nannofossil Zones NP5-
NP13: NP5 in basal sandy shales, NP9 and NP13 in marly
intercalations within the glauconitic sandstone (STRADNER
in OBERHAUSER, 1991) and NP12-NP13 in marly layers in
the upper part (HANS EGGER, unpublished).

Thickness: Approximately 20 m, variable due to tectonic
truncation.

Lithostratigraphically higher rank unit: -

Lithostratigraphic subdivision: No formal subdivision.
The informal basal black shales (“Schwarze Schiefer”; see
below) are treated as separated unit, which may be de-
fined as member.

Underlying unit(s): Wang Formation; the Black shales
(“Schwarze Schiefer”) were interpreted as uppermost part
of the Wang Formation (OBERHAUSER, 1958). However,
OBERHAUSER (1991) regarded these black shales as basal
unit of the “Griinsandstein” (= “Fraxner Grinsand”). Fol-
lowing this concept, the underlying unit is the Wang For-
mation.

Overlying unit(s): Globigerinenmergel?

Lateral unit(s): Grades distally into Lithothamnion Lime-
stone (“Lithothamnienkalk”) (OBERHAUSER, 1991, 1995).

Geographic distribution: Vorarlberger Rheintal and Bre-
genzerwald (Andelsbuch); OK50-UTM, map sheets 1218
Bregenz, 1224 Hohenems (OKSO—BMN, map sheet 111
Dornbirn, 112 Bezau).

Small occurrences of greensand (often associated with
nummulitic limestone) recorded in the Emsritti-Haslach
Zone (Hohenems, Dornbirn), in the Rhomberg-Nackkopf
Zone (Dornbirn) and in the Bregenzerwald might corre-
spond to this unit.

OBERHAUSER (1991) mentioned a possible correlation with
similar lithologies west of the hill Schérgisknorren near
Oberriet/Kobelwies (St. Galler Rheintal, Switzerland) (EUG-
STER et al., 1960: p. 21, “Glaukonitischer Kalksandstein
z.T. mit Nummuliten”). HEIM (1923) interpreted these sedi-
ments as Eocene in age. However, the Schorgisknorren-
Bank (which actually lacks nummulites) is nowadays con-

sidered to be a basal bed of the Wang Formation (SooMm et
al., 2018). Consequently, there are no equivalents in the
immediate vicinity at the Swiss side of the Rhine Valley
(St. Galler Rheintal).

ALEXANDER et al. (1965) assumed that their “kalkiger Griin-
sandstein” might be considered as equivalent of the “Ne-
bengestein von Kressenberg (Oberbayern)”. Due to the
limited occurrences of and information on the “Fraxner
Griinsand” no further attempts have been made to corre-
late these rocks with established lithostratigraphic units in
Bavaria (Kressenberg), Salzburg (Haunsberg) or Switzer-
land (Einsiedeln; Weisstannental). The Fraxner Greensand
might correspond to the lower part of the Baténi Member
(Euthal Formation) or to the basal strata of the Einsiedeln
Member (Euthal Formation) sensu MENKVELD-GFELLER et al.
(2016) in Switzerland.

Remarks: OBERHAUSER (1991) discussed all occurrences
of “Grunsandstein” and mentioned already that the “Grin-
sandstein” in the Dafins area corresponds to the “Fraxner
Grlinsand” as well as to greensands in the Hohenems-
Haslach area and in the tectonic melange north of Dorn-
birn (“Rhomberg-Nackkopf-Schuppen”). In the geological
map of Vorarlberg, OBERHAUSER (2007) used the same sig-
nature [205 sandstone with glauconite, layers with white
dots of collophane ...] for all types of greensand including
the occurrences near Fraxern, except the Kehlegg Forma-
tion of the Liebenstein Nappe. This and the view of FRIEBE
(2007a) clearly indicate that the “Griinsandstein” has to be
considered synonymous with the “Fraxner Griinsand”.

The “Grinsande” mentioned by OBERHAUSER (1991) from
the area of Dafins are not part of the section described by
RASSER & PILLER (2001) for the Lithothamnion Limestone
and Nummulite Limestone.

Fossils stored at the inatura Erlebnis Naturschau GmbH at
Dornbirn, indicate also occurrences of glauconitic sand-
stone in Hohenems (Reute), Dornbirn (Haslach, Muhle-
bacher Tobel, Fallenberg-Grundegg) and Andelsbuch
(Haslergraben) (see also OBERHAUSER, 1994).

Complementary references: OBERHAUSER (1965b, 1984),
RICHTER (1969, 1978).

Schwarze Schiefer (Fraxner Griinsand) / Black Shales
(Fraxner Greensand)

J. GEORG FRIEBE

Validity: Invalid; OBERHAUSER (1991) regarded this lithol-
ogy as the basal section of his “Grlinsandstein, griinsan-
diger Mergel = Nummulitenschichten (griinsandig)” (OBER-
HAUSER, 2007; FRIEBE, 2007a).

Type area: Isolated outcrops occur in the area of Fra-
xern and on the mountain Hohe Kugel, Vorarlberger Rhein-
tal (Rhine Valley), Vorarlberg; OK50-UTM, map sheet 1224
Hohenems (OK50-BMN, map sheet 111 Dornbirn).

Type section: Not defined.

A long time abandoned quarry northeast of the village
Fraxern mentioned by MEESMANN (1926) can be regarded
as type locality (N 47°19'11" / E 09°40'39", 970 m a.s.l;
see also OBERHAUSER, 1991); OK50-UTM, map sheet 1224
Hohenems (OK50-BMN, map sheet 111 Dornbirn).



Reference section(s): -

Derivation of name: The name refers to the colour and li-
thology of this unit.

Synonyms: Fraxner Griinsand (MEESMANN, 1926), Fraxner
Mergelschiefer, Fraxnerschiefer (MERHART, 1926).

Lithology: Dark, glauconitic marls and black sandy shales
(OBERHAUSER, 1991).

Fossils: Planktic foraminifera (autochthonous Globorotalia
compressa, Globigerina pseudobulloides) as well as reworked fos-
sils from Maastrichtian strata (OBERHAUSER, 1991).

Origin, facies: Shelf deposits. This unit has never been
studied in detail.

Chronostratigraphic age: Late Paleocene (OBERHAUSER,
1958).

Biostratigraphy: Calcareous nannofossil Zone NP5
(STRADNER in OBERHAUSER, 1991), detected approximately
1.5 m below the upper boundary (= first glauconitic layer of
the “Fraxner Griinsand s.str.”).

Thickness: A few meters (OBERHAUSER, 1991).

Lithostratigraphically higher rank unit: Fraxner Green-
sand.

Lithostratigraphic subdivision: -
Underlying unit(s): Wang Formation.
Overlying unit(s): Fraxner Griinsand (s.str.).
Lateral unit(s): -

Geographic distribution: Restricted to the area near Fra-
xern and the mountain Hohe Kugel, Vorarlberger Rheintal,
Vorarlberg (OBERHAUSER, 1958).

Remarks: According to OBERHAUSER (1958), the sedi-
ments termed here “Schwarze Schiefer” gradually develop
from the Wang Formation. OBERHAUSER (1958), however,
placed them into the upper Cretaceous due to reworked
foraminifera. The “Schwarze Schiefer” is not represented
in the geological map of Vorarlberg (OBERHAUSER, 2007),
but is included as basal unit in the legend as “205 Nummu-
litenschichten (griinsandig)” (see also OBERHAUSER, 1991).

STACHER (1980) prefers to regard this unit as an equiva-
lent of the “Fliegenspitz-Schichten” (Fliegenspitz Beds) in
Switzerland. However, the “Fliegenspitz-Schichten” sen-
su STACHER (1980) are not equivalent to the Fliegenspitz
Member of the Euthal Formation sensu MENKVELD-GFELL-
ER (in FUNK et al., 2013). They instead arguably belong to
the Tierberg Member of the Wildstrubel Formation (Up-
per Eocene) (MENKVELD-GFELLER et al., 2016). In fact, the
“Schwarze Schiefer” in Vorarlberg might correspond to the
Fliegenspitz Member of the Euthal Formation in Switzer-
land (MENKVELD-GFELLER et al., 2016).

This unit probably corresponds to “dunkle, glaukonitische
Sandmergel: Oberpaleozan-Untereozén” of ALEXANDER et
al. (1965).

Complementary references: PILLER et al. (2004).

10

Lithothamnienkalk / Lithothamnion Limestone
J. GEORG FRIEBE & WERNER E. PILLER

Validity: Invalid; patchy, tectonically isolated occurrenc-
es of Paleogene rocks of the Séntis Nappe have repeat-
edly been named “Lithothamnienkalk” (coralline algal
limestone) according to their predominant lithology (e.g.,
ScHAAD, 1925). Due the limited and isolated occurrenc-
es, these rocks were mostly not treated as a separate unit
(PREY, 1980b; FRIEBE, 2007a) and included in “Nummu-
litenkalk” or reported as “Nummuliten- und Lithothamnien-
kalk” (SCHAAD, 1925).

Type area: The here discussed “Lithothamnienkalk” is re-
stricted to the area around the village of Dafins (munici-
pality Zwischenwasser), Vorarlberger Rheintal, Vorarlberg;
OK50-UTM, map sheet 1224 Hohenems (OK50-BMN, map
sheet 111 Dornbirn).

Type section: A 4 m-thick section along the creek Muhl-
tobel (Mihletobel in RASSER & PILLER, 2001), south of the
village Dafins (OBERHAUSER, 1991; RASSER & PILLER, 2001);
approx. N 47°17'27" / E 09°40'53"; OK50-UTM, map sheet
1224 Hohenems (OK50-BMN, map sheet 111 Dornbirn).

Reference section(s): -

Derivation of name: The term “Lithothamnienkalk” refers
to coralline algae as primary rock constituents. The name
dates back when all coralline algae were included in the
genus Lithothamnium (actual name: Lithothamnion).

Synonyms: Nummuliten- und  Lithothamnienkalke
(ScHAAD, 1925), Biirgenschichten (mit Lithothamnienkalk,
z.t. vererzt) (PREY, 1980b: Abb. 41), Lithothamnienkalke
(Blrgenschichten) (TOLLMANN, 1985), Lithothamnienkalk,
Nummulitenkalk (OBERHAUSER, 1991).

Lithology: Coralline algal limestone with glaucony. Rho-
dolith floatstones and rudstones, partly terrigenous, with
nummulitid-orthophragminid grainstone-packstone ma-
trix or bioclastic packstone-grainstone matrix, with terrige-
nous components, detritic and authigenic glaucony (basal
part of the Dafins section). For a more detailed microfacies
analysis, see RASSER & PILLER (2001).

Fossils: Coralline algae (rhodoliths and fragments), peys-
sonneliacean algae, larger (e.g., nummulitids, orthophrag-
minids) and smaller foraminifera, corals, molluscs, bryozo-
ans, serpulids (BOHM, 1936; RASSER & PILLER, 2001).

Origin, facies: Shelf facies.
Chronostratigraphic age: Late Paleocene, Thanetian.

Biostratigraphy: Calcareous nannofossil Zone NP9 (near
Dafins) (STRADNER in OBERHAUSER, 1991).

Thickness: Approximately 4 m (of the overall 12 m long
section in Dafins the upper 8 m do not belong to the Litho-
thamnion Limestone).

Lithostratigraphically higher rank unit: -
Lithostratigraphic subdivision: -

Underlying unit(s): Wang Formation (OBERHAUSER, 1991,
1995).

Overlying unit(s): Globigerina Marl, Nummulitic Lime-
stone; or tectonic upper boundary?



Lateral unit(s): The coralline algal limestone grades lat-
erally into Fraxner Greensand (OBERHAUSER, 1991, 1995).

Geographic distribution: Only known from the Mduhi(e)
bach section in Dafins, Vorarlberger Rheintal (RASSER &
PILLER, 2001).

Remarks: No substantial attempts have been made to
correlate these rocks with established lithostratigraphic
units in Switzerland (Einsiedeln; Weisstannen Valley), Ba-
varia (Kressenberg) or Salzburg (Haunsberg). Biostrati-
graphic data for the Lithothamnion Limestone correspond
with those of the Fackelgraben Member (Kressenberg For-
mation) in the Haunsberg area (Salzburg) (RASSER & PILLER,
1999a) and also with the coralline algal limestones in Kres-
senberg (Bavaria) (RASSER & PILLER, 1999a); to the west the
Lithothamnion Limestone might correspond to the upper
part of the Batdni Member (Euthal Formation) sensu MENK-
VELD-GFELLER et al. (2016) in Switzerland.

PREY (1980b) and TOLLMANN (1985) correlated these rocks
with the “Blrgenschichten” in Switzerland, which are,
however, younger and do not contain coralline red algae
(MENKVELD-GFELLER et al., 2016).

RESCH (1976a) mentioned “Lithothamnien-Schuttkalk”
within the oldest portions of the Deutenhausener Schich-
ten. Since these are younger and belong to the sediments
of the NAFB, they should not be mixed up with the coral-
line algal limestone of the Helvetic realm.

Complementary references: OBERHAUSER (1986).

Nummulitenschichten / Nummulitic Limestone
J. GEORG FRIEBE & WERNER E. PILLER

Validity: Invalid; patchy, tectonically isolated, small occur-
rences of Paleocene to Eocene rocks of the Santis Nappe
have repeatedly be named according to their predominant
lithology, such as “Schwaérzlich grauer, z.T. durch Glaukonit
grin geféarbter Kalk mit massenhaften Nummuliten” (MER-
HART & MyLius, 1914) or “Nummulitenkalk” (e.g., MEES-
MANN, 1926; MERHART, 1926); FRIEBE (2007a) introduced
the name “Nummulitenschichten” differentiating between
calcareous and green-sandy varieties. Hitherto, no attempt
has been made to establish a formal lithostratigraphic unit
or to correlate these rocks with existing lithostratigraphic
units in Bavaria, Salzburg or Switzerland.

Type area: Vorarlberger Rheintal and Bregenzerwald,
Vorarlberg; OK50-UTM, map sheets 1218 Bregenz, 1224
Hohenems ((")K50-BMN, map sheets 111 Dornbirn, 112
Bezau).

Type section: Not defined.
Reference sections: Not defined.

Remark: The available outcrops in Vorarlberg are all iso-
lated, (mostly) blocks which do not allow to establish
reference sections (e.g., Dornbirn, Mihlebach (Kifer-
bach) — N 47°23'34.5" / E 09°45'09.5"; Dornbirn, Haslach -
N 47°23'22" / E 09°44'32.5"; Hohenems, Salzbach -
N 47°21'41.5" / E 09°41'48.5"; OBERHAUSER, 1986, 1991;
RASSER & PILLER, 2001; Egg, Schmiedebach [OK] = Schmit-
tenbach [VoGIS]; approx. N 47°25'20" / E 09°58'07"; FESS-
LER et al., 1992: p. 832).

Derivation of name: According to the lithology of lime-
stone with mass occurrences of larger foraminifera (Nummu-
lites, Assilina, Discocycling).

Synonyms: Nummulitenkalk (MEESMANN, 1926), Nummu-
liten-Schichten (RICHTER, 1957), spétiger GroBforaminife-
renkalk, rotbrauner, sandiger Kalk mit Brauneisengerdllen?
(ALEXANDER et al., 1965: p. 114), Nummulitenschichten,
Nummulitenschichten (kalkig) (FRIEBE, 2007a).

Lithology: Generally, a nummulitid and orthophragminid
limestone with authigenic glaucony, variable amount of
quartz and occasionally haematite impregnations. The vari-
able amount of larger foraminifera allows a differentiation
into nummulitid-orthophragminid grainstones-packstones,
nummulitid-orthophragminid floatstones-rudstones with
nummulitid-orthophragminid grainstone-packstone matrix
or with bioclastic packstone-grainstone matrix. Besides,
smaller foraminifera packstone and quartz sandstone with
larger foraminifera also occur. For a detailed microfacies
analysis see RASSER & PILLER (2001).

Fossils: Foraminifera (larger benthics, such as Nummulites,
Assilina and Discocyclina; smaller benthics and planktonics),
molluscs, brachiopods.

Remark: BOHM (1936) gave a list of fossils originating both
from greensand (Fraxner Greensand) as well as nummu-
litic limestone based on specimens stored at Siegfried
Fussenegger's museum (today: inatura Erlebnis Natur-
schau GmbH, Dornbirn). Unfortunately, Fussenegger did
not record the exact stratigraphic position. Besides the
foraminifera (nummuilitids, orthophragminids and others),
gastropods and bivalves prevail. Other fossils (e.g., echi-
noids, crustaceans, fish teeth) are rare.

Origin, facies: A differentiation in larger foraminifera fa-
cies, smaller foraminifera facies and foraminifera sand-
stone facies hints at a laterally slightly changing envi-
ronment. In general, it represents a shallow water, shelf
depositional area with a proximal-distal distribution.

Chronostratigraphic age: Early Eocene, Ypresian to mid-
dle Eocene, Lutetian (OBERHAUSER, 1986, 1991; RASSER &
PILLER, 2001).

Biostratigraphy: The larger benthic foraminifera indi-
cate Ypresian—Lutetian, and specifically Nummulites gallensis
(OBERHAUSER, 1991) indicates SBZ13 (lower Lutetian) fol-
lowing SERRA-KIEL et al. (1998) and RODRIGUEZ-PINTO et al.
(2012).

The smaller foraminifera facies in Vorarlberg is not dated,
but it gradually develops from the Thanetian (NP9) rhodo-
lith facies (OBERHAUSER, 1995; RASSER & PILLER, 2001).

The limestones of Bad Haslach and Hohenems are as-
sociated with middle to lowermost upper Eocene marls
(,Staadschiefer”) which were dated to calcareous nanno-
fossil Zones NP15-16 (STRADNER in OBERHAUSER, 1984:
p. 228), but the contact could be of tectonic origin (RAS-
SER & PILLER, 2001).

Thickness: OBERHAUSER (1991) gave an overall thickness
of approx. 10 m, however, it is highly variable due to tec-
tonic truncation. In the Mihlebach-Haslach area (part of
the town Dornbirn) the nummulitic limestone is represent-
ed by three, tectonically repeated morphological ridges.

Lithostratigraphically higher rank unit: -
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Lithostratigraphic subdivision: -

Underlying unit(s): Tectonic lower boundary or Fraxner
Greensand.

MEESMANN (1926) assumed a transgressive contact over
Amden Formation and Wang Formation, respectively.

Overlying unit(s): Globigerinenmergel or tectonic upper
boundary.

According to MEESMANN (1926), the nummulitic limestone
is associated with dark to light grey shales, which he
termed “Globigerinenschiefer”. He suggested that this unit
might correspond to the “Stadschiefer” in Switzerland.
This could be a possible equivalent to the “Globigerinen-
mergel”, but it might also correspond to the “Globigerinen-
flysch” sensu OBERHAUSER (1991), or it has to be regarded
as an independent lithostratigraphic unit. RICHTER (1957:
p. 158) used the name “Stadschiefer” for fine-grained sed-
iments above the Nummulitic Limestone, as well as OBER-
HAUSER (1984: misspelled as “Staadschiefer”).

Lateral unit(s): -

Geographic distribution: Vorarlberger Rheintal and Bre-
genzerwald; Helvetic Santis Nappe.

Remarks: The Nummulitenschichten/Nummulitic lime-
stone of Vorarlberg most probably correspond to the Ein-
siedeln Member of the Euthal Formation in Eastern Switzer-
land (Alpstein, Fanerenspitz, Weisstannental) and Central
Switzerland (Stoos-Fronalpstock region, Einsiedeln region,
Sihlsee) (MENKVELD-GFELLER et al., 2016). This limestone
also can be compared to similar lithologies of the Kressen-
berg Formation in Bavaria (Neukirchen/Siegsdorf) as well
as Salzburg (Haunsberg) (RASSER & PILLER, 2001).

ALEXANDER et al. (1965) assumed that their “spatiger GroB-
foraminiferenkalk” might be considered as an equivalent of
the “Nebengestein von Kressenberg (Oberbayern)”. Their
“rotbrauner, sandiger Kalk mit Brauneisengerdéllen” might
correspond to the “Schwarzerz” at Kressenberg, Upper
Bavaria.

Complementary references: HUGEL (1956), FRIEBE (1995),
LANZL (1966), RICHTER (1969, 1978), OBERHAUSER (1984),
SULSER et al. (2010).

Globigerinenmergel / Globigerina Marl
J. GEORG FRIEBE & WERNER E. PILLER

Validity: Invalid; MEESMANN (1926: p. 29) described from
the area of Fraxern in Vorarlberg and from eastern Switzer-
land “Globigerinenschiefer”, which he described to be sim-
ilar to the “Stadschiefer” and mentioned that both occur
on top of the nummulite limestone. RICHTER (1957) used
the name “Stadschiefer” for fine-grained sediments above
the nummulitic limestone (“Nummuliten-Schichten”) as
well as OBERHAUSER (1984; misspelled as “Staadschiefer”).
Also SCHWERD (1984: p. 294) mentioned “pelagische Glo-
bigerinenmergel der Stadschiefer” above nummulitic lime-
stone.

Type area: The area between the municipalities Fraxern
and Satteins, district of Feldkirch, Vorarlberg, can be re-
garded as type area. OK50-UTM, map sheet 1224 Ho-
henems ((")K50—BMN, map sheets 111 Dornbirn, 141 Feld-
kirch).
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Type section: -
Reference section(s): -

Derivation of name: Named after lithology and the pre-
dominant planktonic foraminifera.

Synonyms: Globigerinenschiefer (Stadschiefer?) (MEES-
MANN, 1926), Globigerinen-Schiefer (HEISSEL et al., 1967),
Globigerinenmergel (Leimernschichten) (HOFLE, 1972), Glo-
bigerinen-Mergel (OBERHAUSER, 1973), Leimern-Schichten/
Globigerinenmergel (FELBER & WYSSLING, 1979), Globigeri-
nenschichten (PREY, 1980b) Staadschiefer (OBERHAUSER,
1984), Globigerinenmergel der Stadschiefer (SCHWERD,
1984).

Lithology: Grey, light yellowish weathering, mottled, slaty,
slightly sandy marl or marlstone.

Remark: This Globigerina Marl can easily be confused with
similar lithologies of the Amden Formation, which are in
some localities close to each other. A reliable criterion to
distinguish both units is their foraminifera fauna.

Fossils: Calcareous nannoplankton, planktonic foramin-
ifera, echinoid ichnofossils.

Origin, facies: Marine, outer shelf environment.

Chronostratigraphic age: Paleocene (?), early Eocene,
Ypresian-late Eocene, Bartonian (Priabonian?).

Remark: In the Southern Helvetic realm, the “Globiger-
inenmergel” are not older than early Eocene (OBERHAUSER,
1991).

Biostratigraphy: Calcareous nannofossil Zones NP11-
NP16 (OBERHAUSER, 1984, 1991).

Thickness: Approximately 50 m, but 200-250 m in the
area of Laterns-Nob/Mannle (OBERHAUSER, 1991). Laterally
highly variable due to tectonic truncation.

Lithostratigraphically higher rank unit: -
Lithostratigraphic subdivision: -

Underlying unit(s): Fraxner Greensand; transgressive with
a hiatus of variable extent on Upper Cretaceous Wang For-
mation and even Lower Cretaceous Drusberg Formation
(OBERHAUSER, 1991).

Overlying unit(s): Erosional or tectonic upper boundary.

Lateral unit(s): The Globigerina Marl is a southern equiva-
lent of the Nummulite Limestone and Fraxner Greensand.
In the southern part of the Helvetic Nappe, the “Globi-
gerinenmergel” might interfinger with “Globigerinenflysch”
(OBERHAUSER, 1991).

Geographic distribution: Vorarlberger Rheintal and Wal-
gau, Bregenzerwald, Vorarlberg.

Remarks: OBERHAUSER (1991: p. 31) stated that all occur-
rences of “Globigerinenmergel” are tectonized slabs of the
Helvetic Séntis Nappe and no “Globigerinenmergel” occur
in the Liebenstein Nappe. OBERHAUSER, however, did not
express this new concept in his stratigraphic chart (1991:
Abb. 3). Following the concept of OBERHAUSER (1980,
1991), all occurrences of Paleogene “Amden Formation”
(Séantis Nappe) in fact belong to the Globigerina Marl.

HEISSEL et al. (1967) separated the Paleogene “Globige-
rinenmergel” (as “Globigerinen-Schiefer”) from the Creta-
ceous “Amdener Schichten”. Before, it was assumed that



the latter also include Paleogene deposits. HOFLE (1972)
considered the “Globigerienmergel” (p. 7) or “Globigeri-
nenschiefer” as Paleocene part of the “Leimernschichten”.
FELBER & WYSSLING (1979: p. 705) denominated the Eo-
cene “Leimern-Schichten” as “Globigerinenmergel”.

Already MEESMANN (1926), RICHTER (1957), OBERHAUSER
(1984) and SCHWERD (1984) mentioned the great similari-
ties with the “Stadschiefer”, SCHWERD (1984) even consid-
ered the marl as part of the “Stadschiefer”, which is widely
distributed in Switzerland (and Bavaria). The former “Stad-
schiefer” was detailed described and formalized by MENK-
VELD-GFELLER et al. (2016) as Stad Formation showing not

only a very similar lithology but also stratigraphic range as
the Globigerina Marl. This formation seems to be a pos-
sible equivalent of the Globigerina Marl or the marl could
even be considered synonymous with the Stad Formation.
Another problem is the separation of the Globigerina Marl
from the “Globigerinenflysch” sensu OBERHAUSER (1991)
since between both units a gradual transition occurs (see
below) but the Globigerina Marl should be part of the San-
tis Nappe and the “Globigerinenflysch” should be part of
the Liebenstein Nappe.

Complementary references: RICHTER (1969, 1978), OBER-
HAUSER (1995, 2007), PREY (1980b), FRIEBE (2007a).

Helvetic Unit: Vorarlberg - Feuerstétter Nappe

Junghansen-Formation / Junghansen Formation
J. GEORG FRIEBE & WERNER E. PILLER

Validity: Valid; CORNELIUS (1921) introduced the “Junghan-
senschichten” in which he included the “Rote Gschlief-
Mergel” and later (CORNELIUS, 1925) also the “Bolgenkon-
glomerat”. RICHTER (1957: p. 161) differentiated between
Lower and Upper Junghansen Beds which he thought to
be separated by the “Feuerstatter Sandstein” and “Hoérn-
lein-Schichten”. SCHWERD & RISCH (1983) discovered that
the “Untere Junghansen-Schichten” are of Paleogene age,
belong to the “Obere Junghansen-Schichten” and the pu-
tative Cretaceous age was based on reworked foramin-
ifera. The subdivision of RICHTER (1957) is thus obso-
lete and not used furthermore (RICHTER, 1984; WEIDICH &
SCHWERD, 1987). Consequently, FESSLER et al. (1992) re-
defined and formalized the Junghansen Formation includ-
ing “Junghansen-Schichten (im engeren Sinn)” (represent-
ing a “Wildflysch facies”), “Bolgenkonglomerat”, “Rote
Gschliefschichten” and “Feuerstéatter Sandstein”.

Remark: The “Rote Gschliefschichten” are considered
synonymous with the Rinderbach Formation, which is a
formation on its own, and therefore not part of the Jung-
hansen Formation (see below).

Type area: The Bavarian part of the Bolgenach valley, SE
of Balderschwang, Landkreis Oberallgdu, Germany; OK50-
UTM, map sheet 2213 Sonthofen (OK50-BMN, map sheet
113 Mittelberg).

Type section: -

A possible type section is along the river Bolgenach, SE
of Balderschwang (RICHTER, 1957: Abb. 2; 1966: Abb. 14;
1984: p. 112, Abb. 30; EGGERT, 1977) which is also an es-
tablished Geotop in Bavaria (UMWELTATLAS BAYERN, 2021a:
Geotop-Nummer: 780A005, N 47°26'37.8" / E 10°08'05.1").
According to SCHWERD & RISCH (1983), this is the type lo-
cality of the former “Untere Junghansen-Schichten” (RiCH-
TER, 1966: p. 70, who only wrote “ein Typusprofil”), which
is now considered as part of the “Obere Junghansen-
Schichten”.

Remark: EGGERT (1977) mentioned that unstable outcrops
prone to erosion and mass movements make it difficult
(and sometimes impossible) to rediscover sections de-
scribed in older studies.

Reference section(s): -

Derivation of name: After the mountain hut Junghansen
(N 47°26'50.6" / E 10°07'52.9") in the Balderschwang Val-
ley at the eastern foot of the Schelpenkamm, municipality
Balderschwang, Landkreis Oberallgdu, Bavaria, Germany;
OK50-UTM, map sheet 2213 Sonthofen (OK50-BMN, map
sheet 113 Mittelberg).

Synonyms: Olquarzit (CORNELIUS, 1925), Wildflysch-
fazies (ALEXANDER et al., 1965), Junghansen-Serie (RESCH,
1976a), Junghansenschichten (OBERHAUSER, 1980), HOrn-
leinschichten (partim?) (SCHWERD & RISCH, 1983), Obere
Junghansen-Schichten (SCHWERD et al., 1983), Junghan-
senformation (ZACHER, 1990), Wildflysch i. Allg. (inkl. Jung-
hansenschichten und Feuerstatter Sandstein (OBERHAUS-
ER, 2007; FRIEBE, 2007a), Hornlein-Formation (partim?)
(OBERHAUSER, 2007; FRIEBE, 2007a).

Lithology: A flyschoid succession of divers lithologies
including dark to black shales and marls, black sandy
shales often enriched in mica, black quartz sandstone,
quartz breccias and mainly fine grained polygenic brec-
cias, coarse conglomerates (“Bolgenkonglomerat”), rare
intercalations of siliceous limestones and light limestones,
fine grained and graded (carbonatic) quartz sandstones
(“Olquarzit”) enriched in mica, grey and occasionally rusty
weathered shales.

Fossils: Calcareous and agglutinated benthic and planktic
foraminifera (frequently also reworked Upper Cretaceous
fauna) (FESSLER et al., 1992), radiolaria, molluscs, ostra-
cods, echinoderms and bryozoa, ichnofossils (SCHWERD
et al., 1983).

Origin, facies: For (nearly) fossil-free black pelites, which
are characteristic for the Junghansen Formation, FESSLER
et al. (1992) assumed deposition in a stagnant deep-ma-
rine basin mostly below the CCD with perhaps even eux-
inic conditions, which is only occasionally affected by tur-
bidites or fluxoturbidites. The coarse conglomerates are
interpreted as olithostromes (SCHWERD & RISCH, 1983).

Chronostratigraphic age: Late Cretaceous, Maastrich-
tian (?), early Paleocene-middle Eocene (SCHWERD et al.,
1983; WEIDICH & SCHWERD, 1987).

Remark: The Junghansen Formation has undergone major
shifts in age. When CORNELIUS (1921) coined the name, he
assumed a stratigraphic contact to the underlying Meso-
zoic limestones (“Aptychenschichten”) which he interpret-
ed as Upper Jurassic (Malm). He thus postulated an Early
Cretaceous age for the “Junghansenschichten”.
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RICHTER (1957) divided this lithostratigraphic unit into “Un-
tere Junghansen-Schichten” of Early Cretaceous age and
“Obere Junghansen-Schichten” of Late Cretaceous to Pa-
leogene age. This subdivision is, however, obsolete af-
ter biostratigraphic data of SCHWERD et al. (1983). Follow-
ing SCHWERD & RISCH (1983), FESSLER et al. (1992) pointed
out, that nearly all deposits of the Feuerstéatter Nappe con-
tain reworked Upper Cretaceous microfossils. They dated
pelites of the “Rote Gschlief-Schichten” as latest early to
early middle Eocene.

Biostratigraphy: SCHWERD & RISCH (1983: p. 287) placed
the type locality of the former “Untere Junghansen-Schich-
ten” with planktic foraminifera in the middle Eocene. The
outcrops at the Rénkertobel and Burgberger Starzlach
yielded (poor) foraminifera faunas of lower Paleocene and
lower to lower middle Eocene, respectively.

Thickness: Ranges from a few m to more than 100 m
(? 200 m) (CORNELIUS, 1921; ALEXANDER et al., 1965; ScHw-
ERD et al., 1983; SCHWERD, 1996b); highly variable due to
tectonic truncation.

Lithostratigraphically higher rank unit: -

Lithostratigraphic subdivision: No valid, consistent and
formalized subdivision exists.

Possible members within the Junghansen Formation are
considered the Bolgen Conglomerate (CORNELIUS, 1925),
the Rinderbach Beds (“Rote Gschliefschichten” sensu
CORNELIUS, 1921) and the Feuerstétter Sandstone (FESSLER
et al., 1992) (for details see below).

Remark: CORNELIUS (1921) included the “Rote Gschlief-
schichten” in his Junghansenschichten. FESSLER et al.
(1992) also considered the “Rote Gschliefschichten” mere-
ly as a lithologic variation within their re-defined Jung-
hansen Formation. OBERHAUSER (2007) and FRIEBE (2007a)
treated the Rinderbach Formation (= “Rote Gschliefschich-
ten”) as a discrete lithostratigraphic unit independent of
the Junghansen Formation. Also on the digital tecton-
ic map 1:25,000 of Bavaria the “Rinderbach-Schichten”,
but also the “Feuerstétter-Sandstein”, are separated from
the “Junghansen-Schichten”. The subdivision into “Untere
und Obere Junghansenschichten” by RICHTER (1957) has
been proved obsolete (SCHWERD et al., 1983; FESSLER et
al., 1992) (see chronostratigraphy).

Underlying unit(s): Tectonic lower boundary.

Remark: CORNELIUS (1921) could not observe any sharp
boundary between the Mesozoic limestone (“Aptychen-
kalk”) and the “Junghansenschichten” and thus assumed
a continuous transition. EGGERT (1997) observed a clear
tectonic contact between these two units in the Bolgenach
valley. According to FESSLER et al. (1992), it is still unclear
if a tectonic or a sedimentary (transgressional) contact be-
tween “Aptychenschichten” (including coloured marls at
their top) and the Junghansen Formation is present. Ac-
tually, the “Aptychenkalk” is interpreted as a tectonic slab
within the Feuerstatter melange zone.

Overlying unit(s): Tectonic upper boundary.
Lateral unit(s): Schelpen-Serie (FESSLER et al., 1992).

Geographic distribution: Vorarlberg: Isolated outcrops
in the melange zone in the Bregenzerwald area between
Dornbirn-Giitle, Schwarzenberg and Feuerstatter Kopf
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near Sibratsgfall. A southern zone is squeezed in at the
boundary between the Helvetic and Rhenodanubic Flysch
nappes. Bavaria: Isolated outcrops in the melange zone
between the border south of Balderschwang and Ober-
maiselstein in the east; also near Bad Hindelang and Wert-
ach (Landkreis Oberallgéu).

Remarks: -

Complementary references: LANGE (1956), RICHTER
(1969, 1978), PRey (1980b), TOLLMANN (1985), SCHWERD
(1996b), JARITZ (2002), JARITZ et al. (2004).

Bolgen-Konglomerat (Junghansen-Formation) /
Bolgen Conglomerate (Junghansen Formation)

J. GEORG FRIEBE & WERNER E. PILLER

Validity: Invalid; LUPIN (1809: p. 97ff.) first mentioned the
exotic boulders at mount Bolgen. SEDGWICK & MURCHISON
(1832: p. 334) discussed “large, angular masses of granit-
oid gneiss and mica schist” at mount “Bolghen” and con-
cluded, “that all the masses of primary rock were in situ”.
GUMBEL (1861: p. 621) denominated it “Bolgen-Riesenkon-
glomerat” and described it to be predominantly composed
of “Urgebirgsfelsarten”. CORNELIUS (1925) coined the name
“Bolgenkonglomerat” for a coarse-grained intercalation
(including exotic blocks) within the “Junghansenschich-
ten” and gave a detailed description of the components
(CORNELIUS, 1925, 1926/1927). This opinion followed most
subsequent authors (FESSLER et al., 1992; FRIEBE, 2007a).
The digital geological map of Bavaria 1:25,000 (umweltat-
las.bayern.de) lists this unit as “Bolgen-Konglomerat” (Um-
WELTATLAS BAYERN, 2021b).

Type area: The area between Balderschwang and Ober-
maiselstein, Landkreis Oberallgdu, Bavaria; OK50-UTM,
map sheet 2213 Sonthofen (OK50-BMN, map sheet 113
Mittelberg).

Type section: CORNELIUS (1925) referred to a “well known”
location at the southern flank of mount Bolgen, E of the lo-
cality “Steinhaufen”, c. 1,600 m a.s.l. Further detail infor-
mation provided EGGERT (1977: p. 120ff.). The type location
is an established Geotop in Bavaria (UMWELTATLAS BAY-
ERN, 2021c: Geotop-Nummer: 780A043, N 47°26'33.7" /
E 10°11'12.1").

Reference section(s): CORNELIUS (1925) mentioned ad-
ditional outcrops in the type area, along the way from
Schonberg(er)-Alpe to Mittelalpe and in some creeks west
of the hamlet Junghansen (Balderschwang Valley) but
did include neither the exact location nor any descrip-
tion. A location in the “Léwenbach-Tal”, SE of Sonthofen
(N 47°30'07.5" / E 10°18'26.4") is mentioned in SCHWERD &
RISCH (1983) and SCHWERD et al. (1983).

Remark: The outcrops in the vicinity of Dornbirn men-
tioned by HUGEL (1956) do not exist anymore.

Derivation of name: After mount Bolgen (1,687 m a.s.|;
N 47°26'43" / E 10°11'02"), W of the village Obermaisel-
stein, Oberallgdu, Bavaria; OK50-UTM, map sheet 2213
Sonthofen (OK50-BMN, map sheet 113 Mittelberg).

Synonyms: Urgebirgskonglomerat p.p. (WEPFER, 1909),
Bolgenkonglomerat (CORNELIUS, 1925: p. 230), Saluier
(MERHART, 1926), Feuerstatter Sandstein p.p. (PREY, 1968).
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Remark: WEPFER (1909: p. 50f.) reported “Urgebirgsstiicke
(besonders Granit) und griine Quarzite” which may be part
of an “Urgebirgskonglomerat”.

A special case is the term “Saluier” which was particulary
reported by MERHART (1926) along the road Dornbirn-Giit-
le-Salzmann. It seems that “Saluier” originally was a local
name for a quartz sandstone used for the manufacturing
of artificial whetstones (EBERLE, 2010). Following WEPFER
(1909), MERHART (1926: p. 25) adopted this name both for
the sandstone as well as for a breccia containing exotic
boulders of varying size and lithology (= Bolgen Conglom-
erate). According to HUGEL (1956: p. 86) the unit includes
fine to medium grained glauconitic quartz sandstone and a
polymictic breccia with conglomerates. PLOCHINGER (1950:
p. 97) restricted the name “Saluier (s.str.)” to granitic ar-
kosic sandstone, and PREY (1968: p. 158) interpreted this
sandstone as “Feuerstatter Sandstein”.

Lithology: Conglomerate beds up to several meters thick-
ness with large (up to several tens of cubic meters), angular
to well rounded, exotic crystalline boulders (granite, gneiss,
mica schist, quartz-porphyry and occasionally also dolo-
mite and limestone). The matrix is a greenish clay(stone),
sandstone or calcitic cement (SCHWERD et al., 1983). COR-
NELIUS (1925) provided detailed descriptions of thin sec-
tions and EGGERT (1977) gave a more detailed description.

Remark: CORNELIUS (1925) mentioned that the Bolgen
Conglomerate does not represent a well-defined strati-
graphic level, but can be found at several levels within the
Junghansen Beds. However, CORNELIUS (1926/1927: p. 8)
stated that it occurs in one single horizon within the Jung-
hansen Formation. OBERHAUSER (1980: p. 183) assumed
that the conglomerate was deposited in several events be-
tween the Maastrichtian and Eocene.

Fossils: Rare agglutinated and calcareous foraminifera,
rare bivalves, ostracodes, crinoids and fish teeth (EGGERT,
1977; SCHWERD & RISCH, 1983; SCHWERD et al., 1983). For-
aminifera are also reworked from Cretaceous strata.

Origin, facies: EGGERT (1977) interpreted the conglomer-
ate as proximal flysch deposits within a system of subma-
rine canyons and submarine fans at the continental slope.
OBERHAUSER (1980) considered it as a huge olisthostrome,
which, however, represents several mass transport events.

Remark: The interpretation of CORNELIUS (1925) that it rep-
resents marine coarse-grained delta deposits at the mouth
of torrents has to be rejected since it is embedded in the
deep-sea deposits of the Junghansen Formation.

Chronostratigraphic age: Late Cretaceous, Maastrich-
tian (?), early Paleocene to early middle Eocene.

Remark: Being part of his Junghansenschichten, CORNE-
LIUS (1925) assumed a possible Early Cretaceous age for
the Bolgen Conglomerate. FESSLER et al. (1992) pointed
out, that nearly all deposits of the Feuerstatter Nappe con-
tain reworked Upper Cretaceous microfossils.

Biostratigraphy: Out of the conglomerate matrix Maas-
trichtian—Paleocene planktonic foraminifera were reported
(RESCH, 1976b; EGGERT, 1977; SCHWERD & RIsCcH, 1983:
p. 288), however the Cretaceous elements are considered
to be reworked (WEIDICH & SCHWERD, 1987). EGGERT (1977)
identified Paleogene conglomerate components.

Thickness: As maximum thickness > 30 m is reported by
SCHWERD & RISCH (1983), but it is laterally highly variable.

Lithostratigraphically higher rank unit: Junghansen For-
mation.

Lithostratigraphic subdivision: -

Underlying unit(s): Occurs within the Junghansen Forma-
tion.

Overlying unit(s): Occurs within the Junghansen Forma-
tion.

Lateral unit(s): Occurs within the Junghansen Formation.

Geographic distribution: Vorarlberg: Within tectonically
isolated slabs of Junghansen Formation in the eastern Bre-
genzerwald. Bavaria: Within tectonically isolated slabs of
Junghansen Formation in the melange zone between the
borders south of Balderschwang and Obermaiselstein in
the east.

Remarks: Due the strong tectonic stress, which the Feuer-
statter Nappe was exposed in general, and the overall bad
outcrop situation, a consistent view of the distribution of
the Bolgen Conglomerate is not possible. A formalization
as member is therefore also not justified.

Complementary references: KRAUS (1926/1927), KRAUS &
REIs (1929), RICHTER (1969, 1978), RESCH (19764a, b), PREY
(1980b), TOLLMANN (1985), OBERHAUSER (1986, 2005),
ZACHER (1990), SCHWERD (1996b), MOSER (2010).

Rinderbach-Formation / Rinderbach Formation
J. GEORG FRIEBE & WERNER E. PILLER

Validity: Invalid; CORNELIUS (1921) introduced “Rote
Gschlief-Mergel” for variegated shales which he consid-
ered part of the Junghansenschichten. For similar rocks
the name “Rinderbachschichten” was introduced by HERB
(1962: p. 76) representing a Flysch succession of varie-
gated clays with oily quartzite layers of presumably (Pre-)
Cenomanian age around Amden, canton Sankt Gallen,
Switzerland. For Vorarlberg, OBERHAUSER (1965a, b) and
PREY (1965b) first correlated similar lithologies within the
Feuerstatter Nappe at the Pfudidetschbach in Satteins to
the “Rinderbachschichten” which they placed near the
Cretaceous/Paleogene boundary based on agglutinated
foraminifera. BAYER (1982) studied various sections be-
tween the rivers Aare and Rhine, also the type section de-
scribed by HERB (1962), and was able to place the “Rinder-
bach-Schichten” between the upper Campanian/lower
Maastrichtian and lower Eocene. OBERHAUSER (2007) intro-
duced the term “Rinderbach-Formation” on the geological
map of Vorarlberg without further explanations, also FRIEBE
(2007a: p. 68) did not provide a formalization.

Remark: In Switzerland, the “Rinderbach-Schichten”
are regarded as informal. In the “Lithostratigraphisches
Lexikon der Schweiz” (www.strati.ch) the age is still giv-
en as early Cenomanian, although HERB (1962: p. 77) took
also a late Eocene into consideration.

Type area: Area around Amden, canton Sankt Gallen,
Switzerland; Swiss National Map 1:50,000, map sheet 237
Walenstadt; 1:25,000, map sheet 1134 Walensee.
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Type section: Mittlere Rinderbache, c. 4 km ENE of
the village Amden, canton Sankt Gallen, Switzerland
(N 47°09'34" / E 09°11'57") (HERB, 1962).

Reference section(s): Satteins, Pfudidetschbach, Vorarl-
berg (N 47°14'33" / E 09°41'00"); OK50-UTM, map sheet
1224 Hohenems (OK50-BMN, map sheet 141 Feld-
kirch) (PLOCHINGER, 1950; OBERHAUSER, 1965b, 1991).
Léwenbach-Tal, SE Sonthofen, Bavaria (N 47°30'06.9" /
E 10°18'27.2") (SCHWERD & RISCH, 1983).

When CORNELIUS (1921: p. 142) described the “Rote
Gschlief-Mergel” he did not define a type section but men-
tioned a location called “Rotes Gschlief” as locus typicus
(N 47°26'24.7" / E 10°06'33.4"), Bavaria; OK50-UTM, map
sheet 2213 Sonthofen (OK50-BMN, sheet 113 Mittelberg)
(Bavaria: ATK25, map sheet S05 Hoher Ifen.

Derivation of name: Named after a group of ravines called
Rinderbache (HERB, 1962), ENE of the village Amden, can-
ton Sankt Gallen, Switzerland.

Synonyms: Rote Gschlief-Mergel (CORNELIUS, 1921),
Rotgschliefschichten (CORNELIUS, 1926/1927: p. 7), Rot-
gschliefschiefer (CORNELIUS, 1926/1927: p. 9), Rote(-)
Gschliefschiefer (CORNELIUS, 1926/1927: p. 163), Wild-
flysch p.p. (OBERHAUSER, 1958), Rinderbachschichten
(HERB, 1962), Rinderbach-Serie (OBERHAUSER, 1965a),
Rinderbach-Schichten (BAYER, 1982), Rote Gschliefschich-
ten (FESSLER et al., 1992), Rote Gschlief-Schichten (WEI-
DICH & SCHWERD, 1987; MOSER, 2010).

Lithology: Variegated, green, grey, and dark red (“blut-
wurstfarben” = colour of a black pudding) shales, with thin
layers of fine-grained quartzitic breccias and quartz sand-
stones (“Olquarzit”); all lithotypes are mostly carbonate-
free (HERB, 1962; OBERHAUSER, 1991).

Fossils: Calcareous nannoplankton, radiolaria, agglutinat-
ed and calcareous foraminifera (HERB, 1962; SCHWERD &
RiscH, 1983; SCHWERD et al., 1983; FESSLER et al., 1992),
ichnofossils.

Origin, facies: Deep-sea sediments deposited well below
the CCD; sedimented mostly on topographic highs without
turbidites (FESSLER et al., 1992), only rarely turbitidic.

Chronostratigraphic age: Paleocene to middle Eocene.

Biostratigraphy: BAYER (1982) reported calcareous nan-
nofossil Zones NP13-NP16 from the type locality.

OBERHAUSER (1984) referred to NP2-NP4 from a tectonic
slab of p_lack shales with occasional layers of quartz sand-
stone (“Olquarzit”) within the area of the town Dornbirn.

FESSLER et al. (1992) identified rare foraminifera from the
“Rote Gschliefschichten” in the Bregenzerwald area which
are considered to indicate upper lower Eocene-lower mid-
dle Eocene.

SCHWERD & RISCH (1983) found Globigerina inaequispira in “Rote
Gschliefschichten” in the Lowenbach Tal, SE of Sonthofen,
Bavaria, also pointing to lower-middle Eocene (Planktonic
Foraminifera Zones E1-E8).

Thickness: At the type locality 20-30 m (HERB, 1962). In
Vorarlberg reported OBERHAUSER (1991) approx. 70 m in
Satteins (Pfudidetschbach). In Bavaria (“Rote Gschlief-
Mergel”) CORNELIUS (1921) mentioned more than 100 m;
overall, highly variable due to tectonic truncation.
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Lithostratigraphically higher rank unit: -
Lithostratigraphic subdivision: -
Underlying unit(s): Junghansen Formation.
Overlying unit(s): Tectonic contact.

Lateral unit(s): Not known.

Geographic distribution: Vorarlberg: Tectonically isolated
slabs in the western Walgau, Rhine Valley and eastern Bre-
genzerwald. Bavaria: Tectonically isolated slabs in the me-
lange zone between the border south of Balderschwang
and Obermaiselstein in the east. For occurrences in Swit-
zerland, see BAYER (1982).

Remarks: OBERHAUSER (1980, 1991) factually syn-
onymised “Rote Gschliefschichten” and “Rinderbach-
schichten”. Probably based on a misinterpretation of the
description by OBERHAUSER (1980: p. 183), SCHWERD et
al. (1983: p. 31) interpreted the “Roten Gschlief Schich-
ten” as to represent only parts of the “Rinderbach-Schich-
ten”. FESSLER et al. (1992) considered the “Roten Gschlief-
schichten” as a lithologic variation within the Junghansen
Formation sensu CORNELIUS (1921, 1926/1927). SCHWERD
(1996b) preferred “Rote Gschliefschichten” but mentioned
the “Rinderbachschichten” used by OBERHAUSER (1991).
OBERHAUSER (2007) and FRIEBE (2007a) classified this unit
as discrete Rinderbach Formation. Although the Rinder-
bach-Formation is an informal unit it is better defined than
the “Roten Gschliefschichten” and we therefore use this
term. The digital geological map of Bavaria 1:25,000 (um-
weltatlas.bayern.de) lists this unit as “Rinderbach-Schich-
ten”.

Complementary references: LANGE (1956), OBERHAUSER
(1962, 1984), PREY (1980b).

Feuerstitter-Sandstein (Junghansen-Formation) /
Feuerstéatter Sandstone (Junghansen Formation)

J. GEORG FRIEBE & WERNER E. PILLER

Validity: Invalid; already GUMBEL (1861: p. 496) mentioned
“Flyschsandstein” at the Feuerstddtberg and MyLius
(1912: p. 79) from the Feuerstatterkopf. CORNELIUS (1925:
p. 259) introduced the name “Feuerstéttersandstein” for
a green sandstone with intercalated conglomerates and
breccias on top of the “Junghansenschichten”. CORNE-
LIUS (1926/1927: p. 9) formulated the term “Feuerstatter
Sandstein” and provided a detailed description. Follow-
ing CORNELIUS (1926/1927), FESSLER et al. (1992) included
this unit into the Junghansen Formation. SCHWERD & RISCH
(1983) and SCHWERD (1996b) considered the Feuerstéatter
Sandstein as a distinct lithostratigraphic unit. OBERHAUS-
ER (2007) and FRIEBE (2007a) subsumed the “Feuerstétter
Sandstein” with the “Junghansenschichten” under “Wild-
flysch im Allgemeinen”.

Type area: The surroundings of the mountain Feuerstatter-
kopf between the Upper Bolgenach valley, village Balder-
schwang, Bavaria, and the village Sibratsgfall, Vorarlberg;
OK50-UTM, map sheet 2213 Sonthofen (OK-BMN, map
sheet 112 Bezau).

Type section: Not defined. A possible type section with
a conglomerate bed and biostratigraphic data exists at
the Upper Réankertobel (Ranktobel), near Grasgehrenalpe
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(N 47°26'28.3" / E 10°10'32.2"), east of the mountain Bol-
gen, Bavaria (EGGERT, 1977: Abb. 27, Profil “i”; SCHWERD &
RiscH, 1983).

Reference section(s): -

Derivation of name: After the mountain Feuerstatterkopf
(also: Feuerstatter Kopf, Feuerstétterberg) (1,645 m a.s.l;
N 47°25'57.6" / E 10°04'41.3"), c. 3 km ESE of the village
Sibratsgféll, Vorarlberg, close to the Austrian-German bor-
der; OK50-UTM, map sheet 2213 Sonthofen (OK-BMN,
map sheet 112 Bezau).

Remark: In the local dialect, the word “Kopf” within a
mountain name is often omitted. In this case, the moun-
tain is simply called “Feuerstatter” (on a historic Bavari-
an map even spelled “Feuerstadter”). The well-established
name “Feuerstatter-Sandstein” should not be replaced by
“Feuerstatterkopf-Sandstein”.

Synonyms: Quarzit [am Feuerstétterkopf] (CORNELIUS,
1921: p. 145), Feuerstéttersandstein (CORNELIUS, 1925),
Feuerstéatter Sandstein (CORNELIUS, 1926/1927), Salui-
er (HUGEL, 1956; PREY, 1968), Feuerstatt sandstone (EG-
GERT, 1977), Wildflysch i. Allg. (inkl. Junghansenschichten
und Feuerstatter Sandstein) (OBERHAUSER, 2007; FRIEBE,
2007a).

Remark: Partly also the “Saluier” (see Bolgen Conglomer-
ate for details) is synonymous with the Feuerstétter Sand-
stone. According to HUGEL (1956: p. 86) the unit includes
glauconitic quartz sandstone followed by a polymictic
breccia. PLOCHINGER (1950) restricted the name “Salui-
er (s.str.)” to granitic arkose sandstone with conglomer-
ates. PLOCHINGER (1950: p. 97) restricted the name “Salu-
ier (s.str.)” to granitic arkosic sandstone and PREY (1968:
p. 158) interpreted this sandstone as “Feuerstatter Sand-
stein”.

Lithology: A greenish, rarely also white and bluish green,
fine to medium grained quartz sandstone with glauconite,
mica and dolomite fragments often with a rusty brown to
brownish red weathering surface. Layers of coarse sand
and conglomerates also occur. The sandstone is predomi-
nantly thick-bedded but thin-bedded, platy and finely bed-
ded parts are also reported (CORNELIUS, 1926/1927: p. 10;
WEIDICH & SCHWERD, 1987).

Fossils: Generally, very poor in fossils. Rare agglutinat-
ed foraminifera and some calcareous forms; radiolaria,
sponge spicules, bivalve fragments, bryozoa, crinoids,
echinoid spines, non-specific bioturbations (EGGERT,
1977).

Origin, facies: Proximal flysch fan facies deposited in a
channel/interchannel setting representing different gravita-
tional transport mechanisms (EGGERT, 1977).

Chronostratigraphic age: Early Paleocene to Eocene
(SCHWERD & RiIsCH, 1983; SCHWERD et al., 1983); middle
Eocene (SCHWERD, 1996b; WEIDICH & SCHWERD, 1987).

Remark: Because biostratigraphic data were missing,
CORNELIUS (1926/1927) dated the sandstone into the Gault
(old term for late Early Cretaceous) and RICHTER (1957) to
late Aptian to Albian.

Biostratigraphy: Planktonic foraminifera with Subbotina tri-
loculinoides (SCHWERD & RISCH, 1983: p. 287) indicate Paleo-
cene at the locality Rénkertobel.

Thickness: Generally, 8-50 m (EGGERT, 1977; SCHWERD et
al., 1983; SCHWERD, 1996b), laterally highly variable due to
tectonic truncation.

Lithostratigraphically higher rank unit: Junghansen For-
mation (CORNELIUS, 1925; FESSLER et al., 1992).

Lithostratigraphic subdivision: -

Underlying unit(s): Tectonic lower boundary (EGGERT,
1977). Only at the location Bolgenach a sedimentary tran-
sition from Eocene Junghansen Formation can be ob-
served (EGGERT, 1977; SCHWERD & RISCH, 1983; WEIDICH &
SCHWERD, 1987).

Overlying unit(s): Tectonic upper boundary (EGGERT,
1977).

Lateral unit(s): No lateral units are known.

Geographic distribution: Between Laterns, Vorarlberg,
and Pfronten, Allgdu, Bavaria (EGGERT, 1977: p. 71).

Remarks: -

Complementary references: CORNELIUS (1925), LANGE
(1956), RICHTER (1969, 1978), PREY (1980b), OBERHAUSER
(1984, 1986, 1991, 1992), TOLLMANN (1985), ZACHER (1990),
JARITZ (2002), JARITZ et al. (2004), MOSER (2010).

Schelpen-Serie / “Schelpen Series”
J. GEORG FRIEBE & WERNER E. PILLER

Validity: Invalid; CORNELIUS (1926/1927: p. 60) introduced
the name “Schelpenkalk” for dark, marly to occasionally
sandy, flyschoid limestones alternating with dark shales.
He interpreted this unit as facial variety of the “Piesen-
kopfkalk” of the Rhenodanubian Flysch. RICHTER (1957:
p. 158) interpreted the “Schelpen-Serie” as the youngest
stratum of the Liebenstein Nappe above the “Leimern-
schichten”. HOFLE (1972) pointed out that “Schelpenserie”
and “Leimernschichten” had been deposited contempora-
neously in adjacent areas. FESSLER et al. (1992) transferred
the “Schelpen-Serie” into the Feuerstatter Nappe where it
was considered to be deposited adjacent to the Junghan-
sen Formation in a slightly shallower environment.

Type area: The mountain Hochschelpen, south of village
Balderschwang, Bavaria, Germany; ATK25, map sheet
S05 Hoher Ifen; OK50-UTM, map sheet 2213 Sonthofen
(OK50-BMN, map sheet 113 Mittelberg).

Type section: -
Reference section(s): -

Derivation of name: After the mountain Hochschelpen
(1,552 m a.s.l.; N 47°26'04.2" / E 10°06'33.7"), south of the
village Balderschwang, Bavaria, Germany; ATK25, map
sheet S05 Hoher Ifen; OK50-UTM, map sheet 2213 Sont-
hofen (OK-BMN, map sheet 113 Mittelberg).

Synonyms: Schelpenkalk (CORNELIUS, 1926/1927), Schel-
penserie (LANGE, 1956), Schelpen-Serie (RICHTER, 1957),
Globigerinen-Flysch (= Schelpen-Serie) (OBERHAUSER,
1973), Flysch unsicherer tektonischer Stellung (WEIDICH &
SCHWERD, 1987), Gilobigerinenflysch (?= Schelpense-
rie) (OBERHAUSER, 1991: p. 34), Globigerinenflysch (inkl.
“Schelpen-Serie”) (OBERHAUSER, 2007), Globigerinenflysch
(= “Schelpen-Serie”), Globigerinenflysch (inkl. “Schel-
penserie”) (FRIEBE, 2007a).
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Remark: OBERHAUSER (1991) used the term “Globerinen-
flysch” both for deposits in the Liebenstein and Feuerstat-
ter Nappe.

Lithology: Dark, predominantly marly, dense, less fre-
quently also sandy, glauconitic flyschoid limestone
(“Schelpenkalk”) (5-15 cm, up to 40 cm) intercalated with
dark (chocolate brown) clayey marls to shales and rare
sandstone beds.

Remark: According to FESSLER et al. (1992: Tab. 1), the
main features to distinguish the Schelpen Serie from the
Junghansen Formation are the presence of carbonate li-
thologies, a richer microfauna and chocolate brown clay
marls.

Fossils: Rich calcareous nannoplankton and agglutinated
and planktonic foraminifera in the marls, very rare trace
fossils.

Origin, facies: Deposited on the lower continental slope,
but less deep than the Junghansen Formation (above the
CCD) (FESSLER et al., 1992).

Chronostratigraphic age: Paleocene (?), early Eocene to
late Eocene (FESSLER et al., 1992).

Remark: The possible Paleocene age may be merely based
only reworked foraminifera.

Biostratigraphy: Planktonic foraminifera point to an Eo-
cene age, but Paleocene cannot be excluded: PFZ P3b-
E12 (Morozovella velascoensis (P3b-top E2; Selandian-Ypre-
sian), Morozovella subbotinae (P5-E5, Thanetian-Ypresian),
Acarinina soldadoensis (P4c—E7, Thanetian-Lutetian), Acarin-
ina bullbrooki (E7a-E11, Ypresian—Bartonian), Globigerinathe-
ka kugleri (E9-E13, Lutetian—-Bartonian), Morozovelloides leh-
neri (E10-E12, Lutetian—-Bartonian). Taxa described by
HOFLE (1972), WEIDICH & SCHWERD (1987) and FESSLER et
al. (1992) were adjusted to current taxonomy. Calcareous
nannofossil Zones NP11-NP14 (OBERHAUSER, 1991).

Thickness: > 100 m (RICHTER, 1957), obscured by tectonic
truncation.

Lithostratigraphically higher rank unit: -
Lithostratigraphic subdivision: -
Underlying unit(s): Tectonic lower boundary.
Overlying unit(s): Tectonic upper boundary.

Lateral unit(s): Globigerinenflysch, Junghansen Forma-
tion.

Remark: With an increase in water depth at the lower con-
tinental slope, the Globigerinenflysch of the Liebenstein
Nappe was replaced by the Schelpen Formation of the
Feuerstatter Nappe. At the same time, the Junghansen
Formation was deposited even farther south. Since these
units were brought close to each other by tectonics, the
exact relationship between these strata remains unclear
(FESSLER et al., 1992).

Geographic distribution: The “Schelpen-Serie” is basi-
cally restricted to the area between the mountain Griinten
in Bavaria and the river Subersach in the eastern Bregen-
zerwald and around Schwarzenberg, Vorarlberg, with addi-
tional occurrences in the Kleinwalsertal, Vorarlberg (RICH-
TER, 1957; FESSLER et al., 1992); TK50, map sheet L8526
Immenstadt i. Allgau; OK50-UTM, map sheet 2213 Sont-
hofen (C)KSO-BMN, map sheets 112 Bezau, 113 Mittel-
berg).

Remarks: -

Complementary references: RICHTER (1969, 1978),
OBERHAUSER (1980, 1992), PReY (1980b), BAYER (1982),
SCHWERD (1984, 1996a), TOLLMANN (1985), ZACHER (1990),
JARITZ (2002), JARITZ et al. (2004), MOSER (2010).

Helvetic Unit: Salzburg — Upper Austria — Gresten Klippen Belt -
Main Klippen Belt

Olching-Formation / Olching Formation
WERNER E. PILLER

Validity: Valid; GOTZINGER (1929b) mentioned Olchinger
Schichten, described the section along the Kroisbach and
defined there the type locality of the “Oichinger Schichten”
(GOTZINGER, 1934: p. 38). RASSER & PILLER (1999a, b) for-
malized the unit as Olching Formation (preferring the name
Olching instead of Oiching).

Type area: North of the hill Haunsberg, c. 16 km N of
the city of Salzburg, Salzburg; OK50-UTM, map sheets
3203 Freilassing, 3204 Salzburg (OK50-BMN, map sheet
63 Salzburg).

Type section: Natural outcrop along the creek Kroisbach
in the Kroisbachgraben, SE of the hamlet Klein-Olching,
Salzburg; N 47°56'15" / E 12°59'50" (uppermost barrage
in the creek — “Heinrich Herrle Sperre”); OK50-UTM, map
sheets 3203 Freilassing (OK50-BMN, map sheet 63 Salz-
burg) (RASSER & PILLER, 1999a, b: Abb. 1, 2).

Reference section(s): -
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Derivation of name: Named after the village Olching,
c. 2.2 km SSW of the village NuBdorf am Haunsberg, c.
16 km N-NNW of the city of Salzburg, Salzburg.

Synonyms: Schwarze Mergel (FUGGER, 1900), Olchinger
Schichten (GOTzINGER, 1929b), Oichinger Schichten (GOTz-
INGER, 1934), Feinsandige, schwarze Mergel (HAGN &
WELLNHOFER, 1973: Abb. 6), Olching Formation (RASSER &
PILLER, 1999a).

Lithology: Dark grey to blackish claymarl with glaucony
and highly variable sand content. Within the claymarl oc-
casionally sand lenses occur. In the lower part of the sec-
tion, the marls are well bedded. Sand layers (0.2-1 m) in
the upper part are partly cross-bedded (mm-scale) (RASS-
ER & PILLER, 1999a). Concretions of glauconitic sandstone
and of clay ironstone (2-5 cm diameter) are abundant
(TrAuB, 1990).

Fossils: Calcareous nannoplankton and planktic foramini-
fers are abundant and diverse (GOHRBANDT et al., 1963;
KUHN, 1992). Gastropods and bivalves are abundant (e.g.,
TRAUB, 1938, 1979, 1980, 1981, 1984, 1989; TRAUB & WER-



NER, 1993; ScHuLTZ, 1998), also scaphopods, coleoid
cephalopods (Beloptera broili TRAUB, 1938; Belopterina neumai-
eri TRAUB, 1982), decapod crustaceans, brachiopods, echi-
noids and corals (KUHN & TRAUB, 1967) occur. SCHWARZ-
HANS (2012) described fish otoliths of a very diverse fauna.
In the upper most part of the type section abundant plant
remains, wood fragments and coaly lenses occur.

REMARK: HAGN (1967: p. 270) stated that the macrofauna
of the Olching Formation in the Kroisbachgraben repre-
sents the most fossil-rich Paleocene occurrence in entire
Europe.

Origin, facies: Shallow marin environment of middle to
outer shelf; foraminiferal associations indicate 50-150 m
(KUHN, 1992).

Chronostratigraphic age: Paleocene, Danian to Thane-
tian (KUHN, 1992).

Remark: The age of this unit has been changed widely:
FUGGER (1900) considered it Miocene, GOTZINGER (1934:
p. 38) suspected Oligocene and TRAUB (1936: p. 13; 1938)
placed it in the Paleocene.

Biostratigraphy: Planktonic foraminifera Zones P1a/b-P5
(KUHN & WEIDICH, 1987; KUHN, 1992). Due to intense tec-
tonics, the sections are imbricated and show no strati-
graphically continuous succession. Calcareous nannofos-
sil Zone NP2 is reported by EGGER (2009a).

Thickness: At the type locality 57 m (but lower boundary
not exposed) (RASSER & PILLER, 1999a, b); TRAUB (1990) re-
ports 150 m.

Lithostratigraphically higher rank unit: -
Lithostratigraphic subdivision: -

Underlying unit(s): Gerhardsreuter Schichten (REls, 1896
(used also the names Gotzreuter Schichten and Gotz-
reuther Mergel); TRAUB, 1938: p. 6; 1953: p. 5; ABERER &
BRAUMULLER, 1947, 1958; TOLLMANN, 1985: p. 325f.; GOTz-
INGER, 1937), Gerhardtsreiter Mergel by GOHRBANDT et al.
(1963: p. 5), and Gerhartsreiter Schichten by HAGN (1981:
p. 46) and KUHN (1992).

Overlying unit(s): Kroisbach Member (Kressenberg For-
mation).

Lateral unit(s): No units in direct contact reported.

Geographic distribution: Haunsberg, Matzing, Mattsee,
all Salzburg, Austria; Kressenberg, southern Bavaria, Ger-
many.

Remarks: As lateral equivalent the Bruderndorf Beds of
the Waschberg Unit could be considered.

Complementary references: GOTZINGER (1936a), ABE-
RER & BRAUMULLER (1958), TOLLMANN (1985), RASSER &
PILLER (2001), FucHs & LUKENEDER (2014), STD 2016,
KARL & TICHY (2019).

Kressenberg-Formation / Kressenberg Formation
WERNER E. PILLER

Validity: Valid; RASSER & PILLER (1999a) merged vari-
ous well-known lithostratigraphic units of the Kressen-
berg area (“Sandstein mit Pycnodonta und Crania”, “Unterer
Lithothamnienkalk”, “Roterschichten”, “Zwischenschich-

ten®, “Schwarzerzschichten”, “Nebengestein des Schwarz-
erzflézes”) (Upper Bavaria, Germany) and comparable
units in the wider Haunsberg area (“Craniensandstein”,
“Gryphaeenbank”, “Unterer Lithothamnienkalk”, “Roterz-
schichten”, “Mittelschichten”, “Schwarzerzschichten?,
“Fossilschicht”) (Salzburg, Austria) in the Kressenberg For-
mation.

Type area: Area SW of Neukirchen am Teisenberg, Upper
Bavaria, Germany (ATK25, map sheet P16 Traunstein); for
Austria: Haunsberg area, N of the city of Salzburg; OK50-
UTM, map sheets 3203 Freilassing, 3204 Salzburg (OK50-
BMN, map sheet 63 Salzburg).

Type section: Natural outcrop along the Kressengraben
(N 47°49'23" / E 12°43'36"), c. 1.5 km SW of the market vil-
lage Neukirchen am Teisenberg, Upper Bavaria, Germany.

Reference section(s): Natural outcrop along the creek
Kroisbach in the Kroisbachgraben, SE of the hamlet Klein-
Olching, Salzburg; N 47°56'15" / E 12°59'50" (uppermost
barrage in the creek — “Heinrich Herrle Sperre”); OK50-
UTM, map sheets 3203 Freilassing (OK50-BMN, map
sheet 63 Salzburg) (RASSER & PILLER, 1999a, b: Abb. 1, 2).
Well-developed lower boundary.

Derivation of name: Named after the hamlet Kressenberg
(N 47°49'25" / E 12°43'33"), c. 1.5 km SW of the village
Neukirchen am Teisenberg, c. 6 km E of Siegsdorf, Upper
Bavaria, Germany.

Synonyms: Eisenstein-Flotze am Kressenberg (BRONN,
1832: p. 176f.), Eisensteine vom Kressenberg (BRONN,
1832: p. 181), Kressenberger-Schichtenreihe (GUMBEL,
1861: p. 612), Kressenberger-Schichten (GUMBEL, 1861:
p. 612), Untere Nummulitengruppe (GUMBEL, 1861: p. 615).

For synonyms of subunits of the Kressenberg Formation,
see description of members.

Lithology: A great lithologic spectrum occurs with sand-
stones, nummulite limestones and calcareous sandstones,
iron oolites, red algal limestones (with marl intercalations)
and coarse-grained sand. Mostly fossiliferous and calcar-
eous, partly ferruginous, partly glauconitic. A micofacies
study has been carried out by RASSER & PILLER (2001).

Fossils: Highly variable but in some units very diverse and
abundant; already mentioned by FLURL (1792) and also
published in popular science literature (e.g., MOOSLEITNER,
1988, 2004; ScHuLTZ, 1998). For details, see descriptions
of the members.

Origin, facies: See description of members.

Chronostratigraphic age: Paleocene, Thanetian to middle
Eocene, Lutetian (HAGN, 1981; KUHN, 1992; EGGER, 2009a).

Biostratigraphy: Planktonic foraminifera Zones P5-P7
(KUHN, 1992). The upper boundary is not well constrained,
but P7 was identified. Calcareous nannofossil Zones NP8-
NP16 (EGGER, 2009a).

Thickness: Minimum thickness in the Kressengraben 30 m
(lower and upper boundary not exposed), in the Kroiss-
bachgraben a minimum of 70 m. The thickness generally
decreases from W to E (VOGELTANZ, 1970: Abb. 3).

Lithostratigraphically higher rank unit: -
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Lithostratigraphic subdivision: The Kressenberg Forma-
tion is completely subdivided into members: Kroisbach
Member, Fackelgraben Member, Frauengrube Member,
Sankt Pankraz Kressenberg Member, Weitwies Member.

Underlying unit(s): Olching Formation. For the boundary,
see Kroisbach Member.

Overlying unit(s): Stockletten (FLURL, 1792; GOHRBANDT et
al., 1963; HAGN, 1981), but boundary not exposed.

Lateral unit(s): The lower part of the “Adelholzener Schich-
ten” of the Northhelvetic Zone may correspond with the up-
permost part of the Kressenberg Formation (HAGN, 1954,
1981: p. 48); in the Helvetic Zone of Neubeuern am Inn the
units “Schwarzerz”, “Nebengestein”, “MUhlsandstein” and
“Ubergangsschichten” correspond with the Kressenberg
Formation (HAGN & DARGA, 1989); a similar sequence to the
Kressenberg Formation exists in the area of Griinten near
Sonthofen (Swabia, Bavaria) but a direct correlation of the
members is not possible (probably due to the strong tec-
tonics at Griinten) (RASSER & PILLER, 1999a); the “Buntmer-
gelserie” of the Ultrahelvetic Zone (TOLLMANN, 1985; WAG-
REICH & NEUHUBER, 2007).

Geographic distribution: Kressenberg, Upper Bavaria,
Germany; Salzburg, Austria: Haunsberg, Matzing, Matt-
see, Rohrmoos-Reitsham, and also at the southern mar-
gin of the Rhenodanubian Flysch Zone, in the so-called
Heuberg-Fenster (tectonic window) at the Hochstein
(N 47°49'58" / E 13°06'53") (EGGER, 2009a; EGGER & VAN
HUSEN, 2009b; EGGER & MANDL, 2015).

Remarks: An angular unconformity exists between the
Fackelgraben Member and the Frauengrube Member of
the Kressenberg Formation (VOGELTANZ, 1977; RASSER &
PILLER, 1999b) which may be related to tectonic activi-
ties of the so-called ‘Laramide 3' Phase (TOLLMANN, 1964;
RASSER & PILLER, 2001). This unconformity represents a
sedimentary gap of c. 3 Ma (EGGER & VAN HUSEN, 2009b;
EGGER et al., 2013). Because of this gap, it seems more
adequate to split the Kressenberg Formation into two dif-
ferent formations. The lower including Kroisbach Member
and Fackelgraben Member and an upper one including the
Frauengrube Member, Sankt Pankraz Member, Kressen-
berg Member and Weitwies Member.

The Kressenberg Formation is well-known for iron ore min-
ing (FLURL, 1792) since the Middle Ages; regular mining
started in the Kressenberg area in the year 1537, the cli-
max was between the middle of the 17t to the 18! centu-
ry, mining was abandoned in 1925 (HAGN, 1961a: p. 157;
DARGA, 2008: p. 130).

Complementary references: REIS (1896), HAGN & WELLN-
HOFER (1973), EGGER (2011a), STD 2016.

Kroisbach-Subformation (Kressenberg-Formation) /
Kroisbach Member (Kressenberg Formation)

WERNER E. PILLER

Validity: Valid; the well-known “Craniensandstein” and the
“Gryphaenbank” (GOHRBANDT et al., 1963) are separated at
the type locality at Haunsberg, but cannot be clearly differ-
entiated at Kressenberg and were therefore subsumed in
the Kroisbach Member by RASSER & PILLER (1999a).
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Type area: Haunsberg area, N of the city of Salzburg;
OK50-UTM, map sheets 3203 Freilassing, 3204 Salzburg
(OK50-BMN, map sheet 63 Salzburg); Upper Bavaria, Ger-
many: area SW of Neukirchen am Teisenberg, Upper Ba-
varia, Germany (ATK25, map sheet P16 Traunstein).

Type section: Natural outcrop along the creek Kroisbach
in the Kroisbachgraben, SE of the hamlet Klein-Olching,
Salzburg; N 47°56'15" / E 12°59'50" (uppermost barrage
in the creek — “Heinrich Herrle Sperre”); OK50-UTM, map
sheets 3203 Freilassing (OK50-BMN, map sheet 63 Salz-
burg) (RASSER & PILLER, 1999a, b: Abb. 1, 2).

Reference section(s): -

Derivation of name: Named after the creek Kroisbach
in the Kroisbachgraben, SE of the hamlet Klein-Olching,
Salzburg; OK50-UTM, map sheets 3203 Freilassing (OK50-
BMN, map sheet 63 Salzburg) (RASSER & PILLER, 1999a, b:
Abb. 1, 2).

Synonyms: Craniensandstein p.p. (lower part of the
member in the Haunsberg area) (GOHRBANDT et al., 1963:
p. 20), Gryphaeenbank p.p. (upper part of the member
in the Haunsberg area) (GOHRBANDT et al., 1963: p. 20),
Glaukonitsandstein mit [...] Pycnodonta frauscheri (TRAUB,
1938: p. 26), Glaukonitischer Griinsandstein [...] mit Cu-
cullaea crassatina LAMK., Pycnodonta frauscheri (TRAUB, 1938:
p. 27), Sandsteine mit Pycnodonte und Crania in the Kressen-
berg area (HAGN, 1981: p. 99), “Gryphaeen-Sandstein” p.p.
(HAGN, 1981: p. 104).

Lithology: At the type section, at the base 80 cm red-
dish brown, quartz sandstone with carbonate cement with
pycnodont oysters, iron concretions and iron ooids (“Cra-
niensandstein”). Overlain by 3 m slightly cemented, ochre
coarse sands with abundant pycnodont oysters and iron-
impregnated particles. Glaucony increases upsection.

Fossils: Foraminifera (GOHRBANDT et al., 1963; KUHN, 1992),
brachiopods (Crania austriaca TRAUB), bivalves (Pycnodonte
pseudovesicularis (GUMBEL) und P, haunsbergensis TRAUB (former-
ly: P frauscheri), cephalopods (Aturia (Aturoidea) parkinsoni), plant
remains.

Origin, facies: Shallow marine, coastal-near environment
(KUHN, 1992).

Chronostratigraphic age: Paleocene, Thanetian-ear-
ly Eocene, Ypresian (KUHN, 1992). But see Fackelgraben
Member.

Biostratigraphy: Planktonic foraminifera Zones P5-P6
(KUHN, 1992). But see Fackelgraben Member.

Thickness: 3.8 m at the type locality; GOHRBANDT et al.
(1963) report 0.7-4 m for the “Craniensandstein” and 2.5—
20 m for the “Gryphaeenbank”.

Lithostratigraphically higher rank unit: Kressenberg For-
mation.

Lithostratigraphic subdivision: -
Underlying unit(s): Olching Formation.
Overlying unit(s): Fackelgraben Member.
Lateral unit(s): No lateral units exposed.

Geographic distribution: Haunsberg, Matzing, Salzburg,
Austria; Kressenberg, Upper Bavaria, Germany.



Remarks: -

Complementary references: ABERER & BRAUMULLER
(1958), VOGELTANZ (1972), TOLLMANN (1985).

Fackelgraben-Subformation (Kressenberg-Formation) /
Fackelgraben Member (Kressenberg Formation)

WERNER E. PILLER

Validity: Valid; coralline algal limestones occur in two ho-
rizons in the Helvetic Zone in Bavaria and Salzburg: for
the lower horizon the term “Unterer Lithothamnienkalk”
(TRAUB, 1938: p. 17) has been widely used, for the “Oberer
Lithothamnienkalk” (upper corallinacean limestone) which
is interbedded with the “Stockletten” the term “Granitmar-
mor” (only in Upper Bavaria) (GUMBEL, 1861: p. 618) has
been introduced. The “Unterer Lithothamnienkalk” has
been formalized by RASSER & PILLER (1999a) as Fackelgra-
ben Member of the Kressenberg Formation.

Type area: Haunsberg area, N of the city of Salzburg, and
area W of Lake Obertrum (Fackelgraben, Teufelsgraben);
OK50-UTM, map sheets 3203 Freilassing, 3204 Salzburg
(OK50-BMN, map sheets 63 Salzburg, 64 StraBwalchen);
Upper Bavaria, Germany: Kressenberg area, SW of Neu-
kirchen am Teisenberg, Upper Bavaria, Germany (ATK25,
map sheet P16 Traunstein).

Type section: Natural outcrop along a small creek in the
Fackelgraben (N 47°57'17" / E 13°03'57") immediately ad-
jacent in the NW of the hamlet Gimmelsberg, c. 700 m SW
of the village Matzing, 2 km NNW of Obertrum am See,
Salzburg, Austria; OK50-UTM, map sheet 3204 Salzburg
(OK50-BMN, map sheet 63 Salzburg); lower and upper
boundaries exposed.

Reference section(s): -

Derivation of name: Named after small creek bed Fackel-
graben (alternate name: Mayrbachgraben), NW of the ham-
let Gimelsberg, c. 700 m SW of the village Matzing, 2 km
NNW of Obertrum am See, Salzburg, Austria.

Remark: The name Fackelgraben has been chosen be-
cause it was already mentioned by FRAUSCHER (1885:
p. 175) and later on by VOGELTANZ (1970; as Vackelgraben)
and it is also used by the local people.

Synonyms: Nulliporenkalk (FRAUSCHER, 1885: p. 176), tie-
feres Lithothamniumlager, Unterer Granitmarmor, Litho-
thamnium-FIétz (Rels, 1896), Lithothamnienkalksteine
(GOTZINGER, 1936b), Lithothamnienkalk (TRAUB, 1936), Un-
terer Lithothamnienkalk (TRAUB, 1938: p. 17).

Lithology: Greyish and pinkish, well bedded (dm-scale)
corallinacean limestone (corallinacean debris and rhodo-
liths) with very thin marl intercalations. In the lower part are
pycnodont oysters abundant as well as a higher content
of glaucony. Corallinacean debris dominates in the lower
part, in the upper part increases the amount of rhodoliths.
The abundance and thickness of marl intercalations in-
crease upsection. A microfacies study was carried out by
RASSER & PILLER (2001).

Fossils: Calcareous nannoplankton, corallinacean algae,
foraminifers: sessile Acervulina, larger benthic foraminifers
(Nummulites cf. fraasi, N. nitidus nitidus, N. praelucasi praelucasi; dis-
cocyclinids), corals (Porites, Isis), bivalves (Pycnodonte), bryozo-
an, brachiopods, crinoids, echinids, decapod crustaceans.

Origin, facies: Shallow marine environment with a deep-
ening upward trend (RASSER & PILLER, 2001).

Chronostratigraphic age: Late Paleocene, Thanetian.

The Fackelgraben Member was considered by HAGN (1981)
to be of late Paleocene age. Based on planktonic foramini-
fers KUHN (1992) assigned an early Eocene (Ypresian) age
but this was not very well constrained. Calcareous nanno-
fossil Zone NP9 allowed a re-assignment to the Thantian,
what fits also much better to a regional correlation.

Biostratigraphy: Calcareous nannofossil Zone NP9 (Dis-
coaster multiradiatus Zone) (EGGER, 2009a).

Thickness: 16 m at the type section; for the occurrences
in Salzburg a general thickness of 15 m is given by TRAUB
(1953) and GOHRBANDT et al. (1963), VOGELTANZ (1977) re-
ports 18-20 m from the Wartstein area. For the Kressen-
graben in Bavaria a minimum of 10 m and a maximum of
13 m is estimated.

Lithostratigraphically higher rank unit: Kressenberg For-
mation.

Lithostratigraphic subdivision: -
Underlying unit(s): Kroisbach Member.

Overlying unit(s): Frauengrube Member (transgressive
above unconformity) (e.g., EGGER & VAN HUSEN, 2009b; EG-
GER et al., 2013; RASSER & PILLER, 2001).

Lateral unit(s): -

Geographic distribution: Haunsberg, Matzing, Salzburg,
Austria; Kressenberg, Upper Bavaria, Germany.

Remarks: In the Haunsberg- and Wartstein areas an an-
gular unconformity is present between the Fackelgraben
Member and the transgressive Frauengrube Member (see
Kressenberg Formation). The age of the transgression has
been dated to the Ypresian (NPZ NP12) by EGGER & VAN
HUSEN (2009b).

Complementary references: ABERER & BRAUMULLER
(1958), VOGELTANZ (1972), HAGN & WELLNHOFER (1973),
TOLLMANN (1985).

Frauengrube-Subformation (Kressenberg-Formation) /
Frauengrube Member (Kressenberg Formation)

WERNER E. PILLER

Validity: Valid; the best known sediments in the Helvetic
Zone of the Kressenberg and Haunsberg areas are num-
mulite limestones with iron oolites which occur as so-
called “Roterz” (red ore) and “Schwarzerz” (black ore) in
two horizons. For the lower unit RASSER & PILLER (19993, b)
introduced and formalized the term Frauengrube Member.

Type area: Haunsberg area, N of the city of Salzburg;
OK50-UTM, map sheets 3203 Freilassing, 3204 Salzburg
(OK50-BMN, map sheet 63 Salzburg); Upper Bavaria, Ger-
many: area SW of Neukirchen am Teisenberg, Upper Ba-
varia, Germany (ATK25, map sheet P16 Traunstein).

Type section: Section within the historical quarry “Frauen-
grube” (N 47°56'09" / E 13°00'05"; RASSER & PILLER, 1999a,
b: Abb. 1, 3), along a forest road from SchldBl Quarry near
Sankt Pankraz am Haunsberg to the Frauengrube, close to
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the turnoff of the forest road to the hamlet Bauerstatt; c.
2.5 km S of the village NuBdorf am Haunsberg, Salzburg,
Austria; OK50-UTM, map sheets 3203 Freilassing (OK50-
BMN, map sheet 63 Salzburg). Lower and upper bound-
ary exposed.

Reference section(s): -

Derivation of name: Named after the locality “Frauengru-
be”, a historical mining location for the so called “Roterz”
(red iron ore).

Synonyms: Kressenberger-Rotherz  (GUMBEL, 1861:
p. 617), Kressenberger Nummulitenschichten p.p. (GUM-
BEL, 1868), Rotherzschichten (Rels, 1896), Rothflotz
(ReIs, 1898), Roterz (SCHLOSSER, 1925a: p. 203), Num-
muliten-Kalksandstein (GOTzZINGER, 1936b), Nummuliten-
kalksandstein mit Roterz (TRAUB, 1938), Roterzschichten
s.s., Roterzschichten s.l. (TRAUB, 1953), Rotkalk-Gruppe
(ZIEGLER, 1960: p. 214), Rotkalk-Gruppe mit Roterzhori-
zont (ZIEGLER, 1975: p. 246).

Remark: In the Kressenberg area parts of the Frauengrube
Member are represented by various ore seams, e.g., Fer-
dinandflétz, Josephflétz, Karlflétz (FLURL, 1792; GUMBEL,
1861).

Lithology: Red to rusty brown, massive, iron-ooid bearing
nummulite limestones to calcareously cemented, quartz-
rich coarse sands to fine conglomerates. Quartz grains
are frequently iron encrusted and bioclasts iron impreg-
nated. Larger benthic foraminifers and iron ooids increase
upsection, the iron content varies laterally. Iron-ooids are
much more abundant in the Kressenberg area compared
to Haunsberg. Microfacies studies have been carried out
by VOGELTANZ (1970) and RASSER & PILLER (1999b, 2001).

Fossils: Larger benthic foraminifers: Assilina, Nummulites (N. p.
praelucasi, N. p. ganensis), Discocyclina, Aktinocyclina, Alveolina),
very rare corals, gastropods, bivalves, cephalopods, bra-
chiopods, bryozoans, serpulids (Ditrupa, Rotularia), decapod
crustaceans, echinoids vertebrates (sharks, crocodiles),
plant remains.

Origin, facies: Shallow marine environment on highly
structured sea bottom with shoals where the ooids have
been formed and slightly deeper, protected areas where
larger foraminifers thrived (RASSER & PILLER, 2001).

Chronostratigraphic age: Early Eocene, Ypresian.

Biostratigraphy: The transgression of the Frauengrube
Member started in calcareous nannofossil Zone NP12 (EG-
GER & VAN HUSEN, 2009b), the larger benthic foraminifers
indicate SBZ10 (EGGER & VAN HUSEN, 2009b), planktonic
foraminifers point at P6 or P7 (KUHN, 1992).

Thickness: At the type section Frauengrube the thickness
is c. 22.5 m, in the Kressengraben 7.1 m.

Lithostratigraphically higher rank unit: Kressenberg For-
mation.

Lithostratigraphic subdivision: -

Underlying unit(s): Fackelgraben Member (Kressenberg
Formation).

Overlying unit(s): Sankt Pankraz Member (Kressenberg
Formation).
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Lateral unit(s): In the south probably Buntmergelserie of
the Ultrahelvetic Unit.

Geographic distribution: Haunsberg, Matzing, Mattsee,
Ramoos-Reitsham (Salzburg, Austria); Kressenberg area
(Upper Bavaria, Germany).

Remarks: The differentiation between Roterzschichten s.I.
and s.s. as carried out by TRAUB (1938) is mostly a weath-
ering feature (VOGELTANZ, 1970).

The sediments of the Frauengrube Member have been
mined for the iron in the Kressenberg area because of the
higher iron content, in the Frauengrube the rock was mined
only for millstone and grind stone production.

Complementary references: GOTZINGER (1936a), TRAUB
(1936), ABERER & BRAUMULLER (1958), HAGN (1961a), VO-
GELTANZ (1968, 1972), HAGN & WELLNHOFER (1973), TOLL-
MANN (1985), KUHN (1992).

Sankt Pankraz-Subformation (Kressenberg-Formation) /
Sankt Pankraz Member (Kressenberg Formation)

WERNER E. PILLER

Validity: Valid; for sandy sediments between the two ore
horizons (“Roterz” and “Schwarzerz”) the terms Zwischen-
schichten (Kressenberg area) and Mittelschichten (Hauns-
berg area) have been commonly used, for these sediments
RASSER & PILLER (1999a) introduced the unit Sankt Pankraz
Member.

Type area: Haunsberg area, N of the city of Salzburg,
OK50-UTM, map sheets 3203 Freilassing, 3204 Salzburg
(OK50-BMN, map sheet 63 Salzburg), Upper Bavaria, Ger-
many: area SW of Neukirchen am Teisenberg, Upper Ba-
varia, Germany (ATK25, map sheet P16 Traunstein).

Type section: East-oriented wall of the “SchldBlIfelsen”
near the church Sankt Pankraz am Haunsberg, at the park-
ing lot for the church (RASSER & PILLER, 1999a: Abb. 2, 3)
(N 47°55'53" / E 12°59'25"), immediately above the small
village Schl6Bl, c. 3.5 km SSW of the village NuBdorf am
Haunsberg, Salzburg, Austria, OK50-UTM, map sheets
3203 Freilassing (OK50-BMN, map sheet 63 Salzburg).

Reference section(s): -

Derivation of name: Named after the church Sankt Pan-
kraz am Haunsberg, located at the so-called Schl6BIfelsen
of the small village Schléssl, Salzburg, Austria, OK50-
UTM, map sheets 3203 Freilassing (OK50-BMN, map
sheet 63 Salzburg)

Synonyms: Mittellagen (REIS, 1896: p. 36), Mittelschich-
ten (REIS, 1896: p. 42), Zwischenschichten (ZIEGLER, 1960:
p. 213), Zwischen-Schichten (HAGN, 1981: p. 100), Mittel-
Schichten (HAGN, 1981: p. 105).

Lithology: In the Haunsberg area the sediments are weak-
ly cemented, yellow weathered, fine grained, badly sort-
ed quartz sands without fossils. In subsurface occurrenc-
es (Wartstein tunnel), however, they are firm, dark green
quartz sandstones (VOGELTANZ, 1977).

In the Kressenberg area the sediments of this member
are represented by polymict, grey to brown coarse sand-
stones - fine conglomerates rich in larger benthic foramini-
fers.



Remark: In the Kressenberg area the sediments of the
Sankt Pankraz Member are very similar to that of the
Frauengrube Member but with a lower iron content.

Fossils: No fossils at the type locality, rare occurrences of
nummulitids and alveolinids in other localities in Salzburg
(VOGELTANZ, 1970).

Remark: In the Kressenberg area some parts of the Sankt
Pankraz Member belong to the fossil richest beds of the
Kressenberg Formation including, besides larger benthic
foraminifers (nummulitids and discocyclinas), a rich mol-
lusc fauna, echinoids and shark remains (cf. SCHLOSSER,
1925a).

Origin, facies: The sediments represent shallow subtid-
al sand bodies, which show a high fluvial influence and a
high degree of reworking (VOGELTANZ, 1970: p. 425).

Chronostratigraphic age: Early Eocene, Ypresian.
Biostratigraphy: The type section is barren of fossils.

Kressengraben: Calcareous nannofossil Zone NP13, larger
benthic foraminifers with Nummulites burdigalensis, N. cf. campe-
sinus, Assilina laxispira, and A. maior indicate a Cuisian age
(HAGN, 1981: p. 105-107) and SBZ10-SBZ12.

Thickness: At the type section 31.5 m, in the Kressen-
graben only 2.5 m. TRAUB (1953: p. 27) reports from the
Haunsberg area a thickness of 105 m and general increase
in thickness from N to S.

Lithostratigraphically higher rank unit: Kressenberg For-
mation.

Lithostratigraphic subdivision: -

Underlying unit(s): Frauengrube Member (Kressenberg
Formation).

Overlying unit(s): Kressenberg Member (Kressenberg For-
mation).

Lateral unit(s): In the south probably Buntmergelserie of
the Ultrahelvetic Unit.

Geographic distribution: Haunsberg, Matzing, Mattsee,
Ramoos-Reitsham (Salzburg, Austria), Kressenberg area
(Upper Bavaria, Germany).

Remarks: The quartz sands have been mined in the wider
Haunsberg area (e.g., EGGER & VAN HUSEN, 2009b).

Complementary references: REIS (1898), TRAUB (1953),
ABERER & BRAUMULLER (1958), GOHRBANDT et al. (1963),
VOGELTANZ (1972), HAGN & WELLNHOFER (1973), TOLLMANN
(1985), KUHN (1992), EGGER & VAN HUSEN (2009a).

Kressenberg-Subformation (Kressenberg-Formation) /
Kressenberg Member (Kressenberg Formation)

WERNER E. PILLER

Validity: Valid; the best known sediments in the Helvetic
Zone of the Kressenberg and Haunsberg areas are num-
mulite limestones with iron oolites which occur as so-called
“Roterz” (red ore) and “Schwarzerz” (black ore) in two ho-
rizons. For the upper ore unit RASSER & PILLER (1999a, b)
introduced and formalized the term Kressenberg Member.

Type area: Kressenberg area, SW of Neukirchen am
Teisenberg, Upper Bavaria, Germany (ATK25, map sheet
P16 Traunstein).

Type section: Natural outcrop along the Kressengraben
(N 47°49'23" / E 12°43'36"), ¢. 1.5 km SW of the market vil-
lage Neukirchen am Teisenberg, Upper Bavaria, Germany.

Remark: Currently no outcrops or continuous section ex-
ist in the Kressengraben. Unfortunately, the ore was com-
pletely exploited at the surface and only the under- and
overlying units are preserved. The sediments of the mem-
ber are preserved in the mining adits, these are, however,
closed to the public. The SSW-NNE oriented morphologi-
cal ridge between the Kressengraben and the village Weit-
wies (ZIEGLER, 1975: Abb. 70) is made up of the Kressen-
berg Formation and the occurrence of mining locations
follow the Kressenberg Member and can therefore be lat-
erally traced.

Reference section(s): On top of the type section of the
Sankt Pankraz Member at the “SchldBlfelsen” near the
church Sankt Pankraz am Haunsberg, at the parking lot for
the church, the lower boundary of the Kressenberg Mem-
ber is exposed (N 47°55'53" / E 12°59'25") (PILLER & RAS-
SER, 1999a: Abb. 2).

Derivation of name: Named after Kressenberg, SW of
Neukirchen am Teisenberg, Upper Bavaria, Germany
(ATK25, map sheet P16 Traunstein).

Remark: The name has been selected because it is the
classical and historical locality for mining of the “Schwarz-
erz”, which is the richest iron ore in the Kressenberg area.

Synonyms: Kressenberger-Schwarzerz (GUMBEL, 1861:
p. 617), Schwarzerz (GUMBEL, 1894), Schwarzerzschichten
(TRAUB, 1953: p. 5), Schwarzerzhorizont (ZIEGLER, 1975:
p. 243), Schwarzerz-Gruppe (ZIEGLER, 1975: p. 246).

Remark: In the Kressenberg area parts of the Kressen-
berg Member are represented by various ore seams, e.g.,
Emanuelflétz, Maxflotz, Albertflotz, Maurerflétz (FLURL,
1792; GUMBEL, 1861).

Lithology: The sediments of the Kressenberg Member are
coarse grained, brownish black, moderately to badly sort-
ed calcareous sandstones rich in iron ooids and larger
foraminifers (VOGELTANZ, 1970: p. 40). TRAUB (1953: p. 17)
reports typical “Schwarzerz” in the Haunsberg area only
from Hochberg and S of Sankt Pankraz as brownish iron
oolite of 0.6-2 m thickness. Comparable to the “Roterz”
(now Frauengrube Member), also the Kressenberg Mem-
ber starts with a quartz conglomerate which is finer than
that of the Frauengrube Member and contains Ostrea (Exo-
gyra) eversa.

Fossils: Smaller and larger benthic foraminifers (Nummu-
lites, Assilina, Discocyclina, Aktinocyclina, alveolinids), rare cor-
als, bivalves, serpulids (Ditrupa, Rotularia), brachiopods, de-
capod crustaceans, rare echinoids, and vertebrate remains
(shark teeth, turtles, crocodiles, tapir remains) (SCHLOSSER,
1925a; TrRAUB, 1953; VOGELTANZ, 1965, 1968, 1970, 1972;
HAGN, 1981).

Origin, facies: Shallow marine environment on highly
structured sea bottom with shoals where the iron ooids
have been formed and slightly deeper, protected areas
where larger foraminifers thrived (RASSER & PILLER, 2001).
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Chronostratigraphic age: Early Lutetian (ZIEGLER, 1960;
HAGN, 1981: p. 100; TOLLMANN, 1985: p. 327).

Biostratigraphy: No modern biostratigraphic study avail-
able. Considering the larger benthic foraminifers described
by SCHLOSSER (1925a) from the “Schwarzerz” Nummulites
laevigatus and Assilina spira indicate SBZ13-14 (lower Lute-
tian).

Thickness: approx. 10 m (VOGELTANZ, 1977: p. 286),
6-12 m (TOLLMANN 1985: p. 326).

Lithostratigraphically higher rank unit: Kressenberg For-
mation.

Lithostratigraphic subdivision: -

Underlying unit(s): Sankt Pankraz Member (Kressenberg
Formation).

Overlying unit(s): Weitwies Member (Kressenberg Forma-
tion).

Lateral unit(s): In the north: lower Adelholzen Beds (HAGN,
1981: p. 48), in the west: Schwarzerz Beds of Neubeuern
am Inn (HAGN & DARGA, 1989).

Geographic distribution: Kressenberg area (Upper Ba-
varia, Germany), Haunsberg, Matzing, Mattsee, Ramoos-
Reitsham (Salzburg, Austria).

Remarks: -

Complementary references: TRAUB (1936), ABERER &
BRAUMULLER (1958), VOGELTANZ (1972), HAGN & WELLN-
HOFER (1973).

Weitwies-Subformation (Kressenberg-Formation) /
Weitwies Member (Kressenberg Formation)

WERNER E. PILLER

Validity: Valid; for the richest fossil beds in the Eocene
of the Kressenberg and Haunsberg areas RASSER & PIL-
LER (1999a) introduced and formalized the term Weitwies
Member as uppermost unit of the Kressenberg Formation.

Type area: Kressenberg area, SW of Neukirchen am
Teisenberg, Upper Bavaria, Germany (ATK25, map sheet
P16 Traunstein).

Type section: Kressengraben (N 47°49'23" / E 12°43'36"),
c. 1.5 km SW of the market village Neukirchen am Teisen-
berg, Upper Bavaria, Germany (ATK25, map sheet P16
Traunstein). Lower and upper boundaries not exposed.

Reference section(s): -

Derivation of name: The name derives from the hamlet
Weitwies, located E of the Kressengraben, c. 1 km SW
of Neukirchen am Teisenberg, Upper Bavaria, Germany
(ATK25, map sheet P16 Traunstein).

Synonyms: Dachgestein (GUMBEL, 1861: p. 648), Glauko-
nitischer Sandstein (SCHLOSSER, 1925a: p. 173), Nebenge-
stein der Schwarzerze (SCHLOSSER, 1925a: p. 173), Neben-
gestein des Emanuelfldtzes (SCHLOSSER, 1925a: p. 183),
Glaukonitischer Kalkmergel (TRAUB, 1936), Fossilschicht
(TRAUB, 1953: p. 17), glaukonitische Fossilschicht (= “Ne-
bengestein”) (HAGN, 1960: p. 76), Fl6z-Nebengestein
(HAGN, 1967), Emanuelfloz-Nebengstein (HAGN, 1981),
Mollusken-Fossilschicht (TOLLMANN, 1985: Tab. 14).
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Lithology: In the Kressenberg area, greenish, glauconitic,
fossil rich limestones grading upsection into glauconitic
marls with nummulites and molluscs (HAGN, 1981: p. 107).
In the Haunsberg area, green, glauconitic sandy marls with
phosphorite nodules (TRAUB, 1953: p. 17).

Fossils: Extremely rich in macrofossils, besides calcare-
ous nannoplankton and dinoflagellates, planktic and small
benthic foraminifers and larger benthic foraminifers (Num-
mulites, Assilina, Discocyclina, Aktinocyclina), among invertebrates
corals, gastropods, bivalves, cephalopods, brachiopods,
decapod crustaceans, rare ostracods, crinoids and echi-
noids are described (SCHLOSSER, 1925a; VOGELTANZ, 1972;
HAGN, 1981; COSTA & MARTINI, 1981). Vertebrates are rep-
resented by fish (chondrychthiids and teleosts) and turtles,
plant fossils by fruits (TICHY, 1980).

Origin, facies: Shallow marine environment, somewhat
deeper than that of the Kressenberg Member (TICHY,
1980), VOGELTANZ (1970: p. 396) considered a condensed
sedimentation.

Chronostratigraphic age: Lutetian (HAGN, 1981).

Biostratigraphy: The marly upper part of the unit was cor-
related with calcareous nannofossil Zone NP16 (Discoast-
er tani nodifer-Zone) (HAGN, 1981: p. 109; COSTA & MARTINI,
1981).

Thickness: A minimum of 5.4 m at the type locality (upper
boundary not preserved), 0.5-1 m in the Haunsberg area
(TRAuUB, 1953: p. 17).

Lithostratigraphically higher rank unit: Kressenberg For-
mation.

Lithostratigraphic subdivision: -

Underlying unit(s): Kressenberg Member (Kressenberg
Formation).

Overlying unit(s): Stockletten (FLURL, 1792; REIs, 1896;
TRAUB, 1953; GOHRBANDT et al., 1963; HAGN, 1981) but
boundary not exposed.

Lateral unit(s): Middle to Upper Adelholzen Beds (HAGN,
1960, 1981: p. 48).

Geographic distribution: Kressenberg area (Upper Ba-
varia, Germany), Haunsberg, Matzing, Mattsee, Ramoos-
Reitsham (Salzburg, Austria).

Remarks: This member currently crops out only in the
Kressenberg area. Since no outcrops exist in the Hauns-
berg area, no reference section has been defined by RAs-
SER & PILLER (1999a).

Complementary references: TOLLMANN (1985).

Stockletten / Stockletten
WERNER E. PILLER

Validity: Invalid; the term “Stockletten” was introduced by
FLURL (1792: p. 190) for fine grained marls from the ore
mining area of Kressenberg (Upper Bavaria, Germany).

Remark: Originally, all soft beds between hard rock layers
were termed “Stockletten”. For example, GUMBEL (1861:
p. 619) stated “Stockletten ist ein kalkig-sandiger, ge-
schieferter, dunkelfarbiger Mergel, welcher die Hauptmas-



se zwischen den einzelnen Eisenerz-, Kalk- und Sandstein-
lagen der Nummulitengebilde auszuftllen pflegt und durch
Aufnahme von Kalk und Sand in verschiedene, oft grob-
bankige und hértere Gesteinsarten verlauft.” Rels (1896:
p. 34) constricted this general usage and reserved the term
“Stockletten” for upper Eocene marls in the Kressenberg
area. “Stockletten” is the lowermost lithostratigraphic unit,
which abrogates the facies difference between the South-
ern Helvetic Zone and the Northern Helvetic Zone by oc-
curring in both zones.

Type area: In the area around Rohrdorf am Inn, c. 7 km
SSE of the town Rosenheim, Upper Bavaria, Germany,
ATK25, map sheet P14 Bad Endorf.

Type section: -

Remark: For the “Granitmarmor”, SCHAFHAUTL (1846:
p. 650) and GUMBEL (1861: p. 618) mentioned the hamlet
Sinning, c. 1.5 km SE of Rohrdorf am Inn, c. 3.5 km ENE
of Neubeuern am Inn, Upper Bavaria, Germany. This local-
ity represents the currently active quarry in Rohrdorf (e.g.,
HAGN, 1981) where the “Stockletten” with the coralline al-
gal limestones (“Granitmarmor”) is well exposed. Due to
the mining activities, the exposures change rapidly and the
quarry is not open to the public. However, immediately E
of the Rohrdorf quarry, c. 300 m south of the village Thal-
mann a small quarry with Stockletten and “Granitmarmor”
exists (N 47°47'16.69" / E 12°11'33.87") which is defined
as a Geotop (Nr. 187A030 (UMWELTATLAS BAYERN, 2021b))
and allows access to this unit.

Reference section(s): -

Derivation of name: The name Stockletten is a local ex-
pression of miners for the sticky character of marl, clay,
mud and loam.

Synonyms: Granit-Marmor p.p. (SCHAFHAUTEL, 1846),
“Granitmarmor” p.p. (GUMBEL, 1861: p. 618), Neubeurer-
Marmor p.p. (GUMBEL, 1861: p. 618), Stockletten und Gra-
nitmarmor (BOHM, 1891), Stockletten und Lithothamnien-
kalke (HAGN, 1967), Obere Tonmergelschichten
(Stockletten) mit eingelagertem Lithothamnienschuttkalk
(Granitmarmor) (ZIEGLER, 1975: p. 246), graugriine Globi-
gerinenmergel mit “Granitmarmor“-Lagen (Lithothamnien-
kalksandstein) (TOLLMANN, 1985: p. 328), Globigerinenmer-
gel (STD 2016), Stad-Formation (UMWELTATLAS BAYERN,
2021d).

Lithology: At the base occurs a horizon (4-5 m) of dark
grey to blackish, pyrite rich clayey marls to clays sharply
overlain by greenish grey, hard, partly sandy, glauconitic,
mottled calcareous marls rich in planktonic foraminifers
(“Globigerina marl”) (HAGN, 1960: p. 49; 1967: p. 282). At
the Wartstein (W Mattsee), the base of the Stockletten is a
0.5 m black sandstone or sandy marl (with abundant shark
teeth) overlain by 40 m of typical Stockletten (VOGELTANZ,
1972).

Intercalated in these marls (= Stockletten) are yellowish
grey to grey coralline algal limestones as single beds or
bundles of beds with abundant larger benthic foraminifers
(ZIEGLER, 1960: p. 216) which are also known as “Granit-
marmor” (SCHAFHAUTEL, 1846: p. 650). In the Kressenberg
area, they start to occur 125 m above the boundary of the
Kressenberg Member. The boundary between the marls
and limestones is gradual with (abundant) coralline algal
debris in the marls.

Fossils: A rich microfauna occurs with calcareous nanno-
plankton, planktic and smaller and larger benthic foramini-
fers, radiolarians and ostracods but the macrofauna is very
poor (GUMBEL, 1868; ZIEGLER, 1960; HAGN, 1961a, 1967).
Microfossils are most abundant in the coralline algal de-
bris marls. In the coralline limestones besides red algae (as
rhodoliths and debris) and foraminifers, bryozoan are very
abundant. The coralline algae have already been studied
by GUMBEL (1871) and ROTHPLETZ (1891), a more updated
list is given by MOUSSAVIAN (1993b).

Origin, facies: The onset of the Stockletten above the
Weitwies Member of the Kressenberg Formation reflects
a deepening of the paleoenvironment with deposition of
pelagic planktic foraminiferal marls in several hundreds to
1,000 meters of water depth (DARGA, 1992: Abb. 5). The
coralline algal limestones (“Granitmarmor”) and also the
larger benthic foraminifers are considered allochthonous,
gravity mass transport accumulations (olisthostromes,
slump facies) (BucHHOLz, 1989; HAGN & DARGA, 1989;
MoussaAvIAN, 1993a, b) which originated on top of the In-
trahelvetic Swell, a topographic high (e.g., HAGN, 1954,
1960, 1967), and were transported into the basin.

Chronostratigraphic age: Middle Eocene (Lutetian?, Bar-
tonian) to upper Eocene (Priabonian).

The age assignment has been intensively discussed. One
problem is that Stockletten and “Buntmergelserie” are dif-
ficult to distinguish, particularly in tectonic complex posi-
tions (as in Salzburg and Upper Austria).

Biostratigraphy: Calcareous nannofossil Zones NP16-
NP19 (HAGN, 1981). From the drill site Kressenberg 7,
CoSTA & MARTINI (1981) reported for the Stockletten CNP
Zones NP16-NP20 and for dinoflagellates the Rhombodinium
porosum-Zone and R. perforatum-Zone.

EGGER (2009a: p. 30) reported NP19 from the uppermost
part of the Wartstein (near Mattsee). For the lower Stock-
letten EGGER & ROGL (2009) identified NP15 but these sed-
iments were later on (ROGL & EGGER, 2010) considered
to belong to the “Buntmergelserie”. Planktic foraminifera
with, e.g., Globigerinatheka index and Turborotalia cerroazulensis,
also indicate Priabonian (PFZ E14-E16 sensu WADE et al.,
2011).

Thickness: Up to 200 m (EGGER, 2009a), the coralline al-
gal limestones are reported from the Haunsberg area by
GOHRBANDT et al. (1963: p. 20) with a maximum of 15 m.

Lithostratigraphically higher rank unit: -
Lithostratigraphic subdivision: -
Underlying unit(s): Kressenberg Formation.

Overlying unit(s): None, the Stockletten represents the
termination of sedimentation in the Helvetic Zone.

Lateral unit(s): In Switzerland, the Stad-Formation (old
name: Globigerinenmergel, Stadschiefer, Ypresian—Pri-
abonian, MENKVELD-GFELLER et al., 2016; HAGN, 1981) is
partly an equivalent of the Stockletten.

Geographic distribution: In Upper Bavaria, Stockletten
occurs between the area of Neubeuern am Inn/Rohrdorf-
Siegsdorf-Teisendorf but it is also reported from the area
Grlinten-Sonthofen (Swabia, Bavaria) (Rels, 1896, 1898,
1926; HEIM, 1919).
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In Austria, Stockletten is proven only in a few occurrenc-
es: south of the Wartstein, west of the market village Matt-
see (GOHRBANDT et al., 1963; VOGELTANZ, 1972), in a quar-
ry north of the hamlet Bauerstatt where the transition
from the Weitwies Member (Kressenberg Formation) into
basal Stockletten and typical Stockletten was exposed
(GOHRBANDT, 1963: p. 52), Gschliefgraben (Upper Austria)
with Stockletten and coralline algal limestones, which PREY
(1983: p. 108) considered equivalent to the “Granitmar-
mor”. An occurrence of Stockletten is reported from Vorarl-
berg (Bodelestrasse near Dornbirn) by RESCH (1976a).

Remarks: The Stockletten are the lithostratigraphic unit,
which occurs both in the North Helevetic Zone, overlying
the “Adelholzen Beds” (GEBHARDT et al., 2013b), and the

South Helvetic Zone, overlying the Kressenberg Formation
(“Nebengestein”, HAGN, 1981: p. 49).

Stockletten and sediments of the “Buntmergelserie” are
difficult to distinguish and several reports of Stockletten
occurrences in the Haunsberg area had to be placed into
the “Buntmergelserie” (GOHRBANDT et al., 1963). The only
approved Stockletten currently outcropping occurs south
of the Wartstein (W Mattsee, Salzburg).

Complementary references: GOTZINGER (1937), TRAUB
(1936, 1938, 1953), PREY (1951), HAGN & HOLzL (1952),
ABERER & BRAUMULLER (1958), HAGN (1961a, 1978), Vo-
GELTANZ (1970), HAGN & WELLNHOFER (1973), GANSS (1977),
EGGER (2011a).

Ultrahelvetic Unit
WERNER E. PILLER

Similar to the Helvetic Unit, this unit is well preserved only
in Vorarlberg. Further to the east (Salzburg, Upper Austria)
it occurs only in tectonic slices and in narrow tectonic win-
dows within sediments of the Rhenodanubian Flysch Unit.
In Upper Austria (approx. east of lake Traunsee) and west-
ern Lower Austria the sediments are considered part of the
Gresten Klippen Belt and further to the east they belong to
the Main Klippen Belt (“Hauptklippenzone”) of the Vienna
Woods.

Paleogeographically, the Ultrahelvetic Unit is the south-
ward continuation of the Helvetic Unit representing con-
tinental slope deposits on the northern slope of the Pen-
ninic Ocean. The sediments of the Ultrahelvetic Unit grade
further to the south into the Rhenodanubian Flysch Unit
(WAGREICH & NEUHUBER, 2007: Abb. 3). The Ultrahelvetic

Unit is split into a North-Ultrahelvetic Unit and a South-
Ultrahelvetic Unit. The North-Ultrahelvetic Unit is dominat-
ed by hemipelagic to pelagic deep-water sediments and
subordinate sandstones and limestones — summarized in
the widely used unit “Buntmergelserie” for Paleogene and
also older sediments. The South-Ultrahelvetic Unit con-
sists mostly of flyschoid sediments also containing very
coarse-grained breccias and conglomerates (“Wildflysch”)
(HAGN, 1960; FREIMOSER, 1972).

A clear differentiation between Helvetic and Ultrahelvetic
units in the field is only possible in Vorarlberg with the Lie-
benstein Nappe as part of the Ultrahelvetic Unit (FRIEBE,
2007a). Further to the east, an attribution to either of these
two units is difficult due to intense tectonic disturbance
and very limited outcrops.

Ultrahelvetic Unit: Vorarlberg - Liebenstein Nappe

Kehlegg-Formation / Kehlegg Formation
J. GEORG FRIEBE & WERNER E. PILLER

Validity: Invalid; OBERHAUSER (1984: p. 228) suggested the
name “Kehleggschichten” for the first time for a succes-
sion in the Liebenstein Nappe and named it Kehlegg-For-
mation (OBERHAUSER, 2007) without further description and
formalization.

Type area: Area between Kehlegg and Giitle, Dornbirn,
Vorarlberger Rheintal, Vorarlberg, OK50-UTM, map sheet
1224 Hohenems (OK50-BMN, map sheet 111 Dornbirn).

Type section: A natural outcrop in the woods between
Eschenau and Salzmann, above a meadow east of Salz-
mann (N 47°23'42" / E 09°46'41"), in the easternmost part
of the town Dornbirn, Vorarlberg, OK50-UTM, map sheet
1224 Hohenems (OK50-BMN, map sheet 111 Dornbirn).

Reference section(s): -
Derivation of name: Named after the hamlet Kehlegg,

part of the municipality of the town Dornbirn, Vorarlberg.
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Synonyms: Kehleggschichten (OBERHAUSER,
Kehlegg-Formation (OBERHAUSER, 2007).

1984),

Lithology: Alternation of thickly bedded, glauconitic cal-
careous sandstones and brownish black marls (OBERHAU-
SER, 1984).

Fossils: Calcareous nannoplankton, Planktonic foramin-
ifera.

Origin, facies: Marine, outer shelf environment.

Chronostratigraphic age: Early Paleocene, Danian to ear-
ly Eocene, Ypresian (OBERHAUSER, 2007; FRIEBE, 2007a).

Biostratigraphy: Calcareous nannofossil Zones NP2-12
(OBERHAUSER, 1984, 1986).

Thickness: A maximum of 30-40 m (OBERHAUSER, 1984,
1986), laterally variable due to tectonic truncation.

Lithostratigraphically higher rank unit: -
Lithostratigraphic subdivision: -

Underlying unit(s): Leimern Marl (Upper Cretaceous) or
tectonic lower boundary.



Overlying unit(s): Erosional or tectonic upper boundary or
“Globigerinenflysch”.

Lateral units: Not known.

Geographic distribution: Restricted to the area E of Dorn-
birn, Vorarlberger Rheintal, Vorarlberg.

Remarks: OBERHAUSER (2007) mentioned on the map of
Vorarlberg the “Dreiangelserie” in Bavaria (as a possible
synonym?). For a description and discussion of the Dreian-
gel-Serie, see SCHWERD et al. (1983).

Complementary references: HUGEL (1956), OBERHAUSER
(1991, 1995), SCHWERD (1996a).

Globigerinenflysch / Globigerina Flysch
J. GEORG FRIEBE & WERNER E. PILLER

Validity: Invalid; OBERHAUSER (1958: p. 125) described
“Globigerinensandkalke” from the Liebenstein Nappe
and considered this unit time equivalent to the “Globi-
gerinenschiefer” (now Globigerina marl). Later on, OBER-
HAUSER (1973) introduced “Globigerinen-Flysch (= Schel-
pen-Serie)” immediately above “Globigerinen-Mergel” and
OBERHAUSER (1991) clearly distinguished between “Globi-
gerinenmergel” and “Globigerinenflysch”, the latter being
restricted to the Liebenstein Nappe.

Type area: In the area around Fraxern where OBERHAUS-
ER (1958) first described “Globigerinensandkalke”, OK50-
UTM, map sheet 1224 Hohenems (OK50-BMN, map sheet
111 Dornbirn).

Type section: -
Reference section(s): -

Derivation of name: Named after the lithology, related
depositional and tectonic setting as well as the predomi-
nant fossils (planktonic foraminifera).

Synonyms: Globigerinensandkalke (OBERHAUSER, 1958:
p. 125), Globigerinen-Flysch (= Schelpen-Serie) (OBER-
HAUSER, 1973: p. A78), Flysch mit Globigerinen und Glo-
borotalien (OBERHAUSER, 1984: p. 227), Globigerinenflysch
(inkl. “Schelpen-Serie”) (OBERHAUSER, 2007).

Lithology: Alternations of brownish to dark grey marls
and yellowish-reddish to orange weathered thin (5-15 cm,
max. 40 cm) sandy limestone beds (OBERHAUSER, 1991:
p. 34). Subordinate occur partly graded, mica-rich sand-
stones and fine-grained breccias.

Fossils: Calcareous nannofossils, planktic and rare agglu-
tinated foraminifera, radiolaria.

Origin, facies: Outer shelf to upper bathyal paleoenviron-
ment with flyschoid transport features. The “Globigerinen-
flysch” is considered a time-equivalent, distal continuation
of the Globigerina Marl.

Chronostratigraphic age: Early Eocene, Ypresian to mid-
dle Eocene, Lutetian.

Biostratigraphy: Calcareous nannofossil Zones NP11-
NP14 (OBERHAUSER, 1984, 1991).

Thickness: 10-30 m, max. 50 m (OBERHAUSER, 1991:
p. 34), laterally variable due to tectonic truncation.

Lithostratigraphically higher rank unit: -
Lithostratigraphic subdivision: -

Underlying unit(s): Tectonic lower boundary or Kehlegg
Formation.

Overlying unit(s): Erosional or tectonic upper boundary.

Lateral unit(s): In the southern part of the Helvetic San-
tis Nappe the “Globigerinenflysch” might interfinger with
Globigerina Marl (OBERHAUSER, 1991), in the Feuerstéatter
Nappe with the “Schelpen-Serie”.

Geographic distribution: Vorarlberger Rheintal and Wal-
gau, Bregenzerwald, Vorarlberg.

Remarks: Before OBERHAUSER (1967) separated the Paleo-
gene “Globigerinenflysch” from the Cretaceous Leimern
Formation, it was assumed that the latter also includes
Paleogene deposits. This opinion was still pursued (as
“Globigerinenschiefer” or “Globigerinenmergel”) by HOFLE
(1972) and FELBER & WYSSLING (1979). However, following
the concept of OBERHAUSER (1991), all occurrences of “Pa-
leogene” Leimern Formation (Liebenstein Nappe) belong
to the “Globigerinenflysch”.

Although the occurrence of “Globigerinenflysch” was orig-
inally restricted to the Liebenstein Nappe, OBERHAUSER
(1991) used the term “Globigerinenflysch” both for depos-
its in the Liebenstein Nappe and the Feuerstéatter Nappe.
Consequently, what was assigned to “Globigerinenflysch”
in the Feuerstétter Nappe corresponds to the “Schelpen
Serie” (sensu FESSLER et al., 1992). As further consequence
according to the above-mentioned papers, there is no
“Globigerinenmergel” in the Liebenstein Nappe but all oc-
currences of that lithostratigraphic unit are exclusively in-
terpreted as slabs derived from the Helvetic Santis Nappe.

Complementary references: OBERHAUSER (1965b, 1986,
1995), SCHWERD (1996b).

Ultrahelvetic Unit: Salzburg - Upper Austria - Lower Austria - Vienna

»Buntmergelserie® / “Succession of variegated marls”
MICHAEL WAGREICH & WERNER E. PILLER

Validity: Invalid; first described by PREY (1952: p. 42),
named “Buntmergel-Fleckenmergelserie” and considered
it part of the Rhenodanubian Flysch Zone. Later on widely
used as “Buntmergelserie” on Austrian and Bavarian map
sheets but it has never been revised and formalized, herein
we focus on the Paleogene part.

Type area: An area called Rogatsboden, located between
the town Scheibbs and the market town Purgstall an der
Erlauf in the east and the market town Gresten in the west,
OK50-UTM, map sheet 4328 Scheibbs (OK50-BMN, map
sheets 53 Amstetten, 54 Melk).

Type section: -
Reference section(s): Not defined, possible reference

sections were already indicated by PREY (1951) which
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are the Rehkogelgraben creek (N 47°56'08" / E 13°55'30",
WAGREICH & NEUHUBER, 2007), ENE of the town Gmunden
and the Gschliefgraben (N 47°53'05" / E 13°49'25", WAG-
REICH & NEUHUBER, 2007), SE of the town Gmunden. Lower
boundary defined by the change from indurated grey mot-
tled limestones to dark grey or red marls and marly lime-
stones, tectonic upper boundary.

Derivation of name: Named after lithology and colour:
variegated and spotty marls.

Synonyms: Buntmergel-Fleckenmergelserie (PREY, 1952:
p. 43), Rehkogelgraben Schichten (STRATIGRAPHISCHE KOM-
MISSION DEUTSCHLANDS, 2000: p. 154, Tab. 22), p.p. “Bunt-
mergel-Gruppe” (WAGREICH & NEUHUBER, 2007), Bunt-
mergel-Serie, ,Buntmergel-Serie” i. Allg. (z.T. Wildflysch)
(EGGER, 2011a).

Remark: “Rehkogelgraben Schichten” are mentioned
by STRATIGRAPHISCHE KOMMISSION DEUTSCHLANDS (2000:
p. 154) for the Albian—-Cenomanian part or an equivalent of
the Buntmergelserie without any further description, prob-
ably based on PREY (1952, 1983).

BRAUNSTINGL (1986) named mainly Maastrichtian marls
“Brambergerbach Schichten” or “Brambergerbachschich-
ten” (BRAUNSTINGL, 1988) (excluding explicitly Paleogene
parts).

WAGREICH & NEUHUBER (2007) discussed the possibility to
upgrade the Buntmergelserie to a lithostratigraphic group
with several formations without establishing the later and
formalizing the group because of the strongly tectonized
appearance.

Lithology: The main lithology is represented by grey, red
and grey green marls and clays, including some marly
limestones and black claystones. Especially in the Paleo-
gene part of the succession, thin sandstone turbidites and
breccia layers are present, including also large olistholiths
such as the Buch-Denkmal “granite” (granodiorite-gneiss)
(FAuPL, 1977, 1978; WIDDER, 1986, 1988; FAUPL & SCHNA-
BEL, 1987).

FAuPL (1977, 1978) focussed on the clastic Paleogene
part of the “Buntmergelserie” in the eastern occurrence
area (between Waidhofen an der Ybbs, Lower Austria,
and Vienna) and differentiated four lithologic facies types:
“Bernreither Fazies” (calcareous breccias and conglomer-
ates with high siliciclastic content), “Texinger Fazies” (bi-
ogenous calcirudites and -arenites), “Schaittener Fazies”
(quartzarenite-conglomerate facies), “Turbidit-Fazies” (al-
ternation of sandstone and marl, the sandstones belong to
part b and c of a Bouma cycle).

Fossils: Planktic foraminifera make up more than 50 %,
often more than 95 % of the foraminiferal assemblages of
the Paleogene, in parts deposited below the CCD aggluti-
nated foraminifera dominate. In the clastic Paleogene part
allochthonous larger foraminifera ae documented. Rare to
very rare macrofossils occur (inoceramid fragments, rare
ammonites, echinoids). Bioturbation is common.

Origin, facies: The “Buntmergelserie” is a typical pelag-
ic-hemipelagic facies of bathyal-abyssal water depths
from 200 m to several thousand meters below the calcite
compensation depth (BuTT, 1981; WAGREICH & NEUHUBER,
2007).

Chronostratigraphic age: Early Cretaceous, middle Albi-
an—-middle Eocene, Lutetian.

Biostratigraphy: Planktonic foraminifera Rotalipora subtici-
nensis-Zone to P10 plankton zone, calcareous nannofossil
Zones CC9/UCO-NP15 (WIDDER, 1988, EGGER, 2011a).

Thickness: Several tens of meters to more than 100 m,
FREIMOSER (1972: p. 22) reported 200 m for SE Bavaria,
highly variable due to strong tectonic deformation.

Lithostratigraphically higher rank unit: -
Lithostratigraphic subdivision: -

Underlying unit(s): Blassenstein Formation, defined by
the change from indurated grey mottled limestones to dark
grey or red marls and marly limestones.

Overlying unit(s): Tectonic upper boundary, in Upper Ba-
varia FREIMOSER (1972) described turbiditic sediments as
“Achthaler Sandstein”, EGGER & MOHAMED (2010, 2011) for-
malized this unit as Achthal Formation and interpreted it as
representing a slope-basin environment.

Lateral unit(s): Gerhardsreit Formation, Pattenau Forma-
tion (both for the Cretaceous part), Olching Formation.

Geographic distribution: From Bavaria to Vienna in Hel-
vetic/Ultrahelvetic units and the Gresten Klippen Zone.

Remarks: Two facies types, a carbonate-rich (marl-lime-
stone) and a carbonate-poor (shale-marl) development
can be distinguished, thus, PREY (1983) separated a north-
ern (calcareous) Ultrahelvetic from a southern (clayey)
Ultrahelvetic facies.

Complementary references: PREY (1975), KENNEDY &
SUMMESBERGER (1984, 1999), WIDDER (1987), EGGER &
ROGL (1996), EGGER et al. (2007d), WAGREICH et al. (2009),
STD 2016, MOSER & LINNER (2019), MOSER (2019), RUTTNER
et al. (2019).

Rhenodanubian Flysch Unit
WERNER E. PILLER

The Rhenodanubian Flysch Unit (RDFU) represents a
500 km long, more than 2,000 m thick imbricated thrust
pile which trends parallel to the northern margin of the
Eastern Alps (Text-Fig. 2). The RDFU is present all along
this stretch, only interrupted south of the lake Chiemsee in
southern Bavaria (EGGER & SCHWERD, 2008).

The flysch sediments were deposited between the Bar-
remian (Lower Cretaceous) and Ypresian (Eocene) in the
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Penninic Ocean (= Alpine Tethys sensu STAMPFLI et al.,
1998), which separated the European continental plate to
the north and the Adriatic Plate to the south. Rifting start-
ed in the Permian and Triassic and continued during the
Jurassic by the formation of oceanic lithosphere. Due to
the presence of lower Eocene sedimentary rocks in the
Penninic units, the final closure of the Penninic Ocean did
not occur before the Eocene (NEUBAUER et al., 2000). The
flysch sediments were detached from their original base-



ment in the Oligocene and thrusting and wrenching have
destroyed the original basin configuration and the relation-
ship to source areas. This makes their reconstruction diffi-
cult what resulted in highly different interpretations (EGGER
et al., 2002). However, various data (BuTT, 1981) indicate
that the Rhenodanubian Flysch was deposited adjacent
to the passive continental margin of the European Plate at
the continental rise off the southern shelf and slope of the
European Plate (e.g., SCHUSTER, 2015). This implies that
its deposition took place on a transitional crust after con-
tinental rifting was completed and the Penninic Ocean ba-
sin had begun to form by seafloor spreading (EGGER et al.,
2002).

Due to the oblique collision of the European and Adriat-
ic plates, the disappearance of the Penninic Ocean start-
ed in the West and prograded continuously to the East.
Thrusting in the Eastern Alps started at latest in the mid-
dle Eocene, whereas in the Western Carpathians the on-
set of thrust formation was around the Eocene/Oligocene
boundary (DECKER & PERESSON, 1996). In the Eastern Alps,
continuing convergence during the Miocene caused lat-
eral tectonic escape of crustal wedges along strike slip
faults, which strongly affected the RDFU (EGGER & PERES-
SON, 1998).

In the westernmost part of the RDFU (Vorarlberg) only Cre-
taceous rocks are preserved belonging to three nappes
(Obersdorf-, Untschen- and Sigisdorf Nappe) which can,
at least partly, be traced into Upper Bavaria (e.g., FRIEBE,
2007a). In the central part (Salzburg to western Lower Aus-
tria), the RDFU consists of the so-called “Hauptflysch-
decke” (Main Flysch Nappe) (e.g., SCHNABEL, 1999) which
is differentiated into several sub-nappes (EGGER, 1989). In
the eastern part (Vienna Woods), three nappes were dif-
ferentiated based on FRIEDL (1920) and GOTZINGER (1944)
from north to south: Greifenstein-, Kahlenberg-, and Laab
Nappe. However, EGGER (2013a) stated that no major
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Text-Fig. 2.
Location of the Rhenodanubian Flysch Unit (grey shaded) in Austria.

lithostratigraphic and chronostratigraphic differences ex-
ist between Greifenstein- and Kahlenberg Nappe and con-
sidered the former Kahlenberg Nappe to represent only
southern tectonic slices (Kahlenberg- und Satzberg Slice)
of the Greifenstein Nappe being lithostratigraphically sum-
marized in the Greifenstein Group. Originally, sediments of
the later were deposited south of the Laab Nappe.

With regard to lithostratigraphy, the RDFU is represented
by the Rhenodanubian Supergroup which consists primar-
ily of siliciclastic and calcareous turbidites. Thin, hemipe-
lagic claystone beds occur in all formations of the Rhe-
nodanubian Supergroup and indicate a deposition below
the local calcite compensation depth (> 3,000 m). Paleo-
currents and sedimentation pattern suggest that the depo-
sition occurred on a flat, elongate, weakly-inclined abys-
sal basin plain which was not disturbed by syndepositional
tectonic deformation. The majority of the turbidites indi-
cate a paleotransport parallel to the basin axis and individ-
ual sediment intervals can be traced over long distances.
In general, all sections of the Rhenodanubian Flysch Unit
show a similar lithostratigraphic succession.

Rhenodanubian Flysch Unit: Greifenstein Nappe

Rhenodanubische-Supergruppe /
Rhenodanubian Supergroup

WERNER E. PILLER

Validity: Valid; EGGER & SCHWERD (2008) introduced the
Rhenodanubian Group as a lithostratigraphic unit for the
sedimentary sequence of the Greifenstein Nappe, howev-
er, the Rhenodanubian nappe system consists of several
nappes. As a consequence, EGGER (2013a, b) dismissed
the Rhenodanubian Group and assigned the sequences
of the Greifensten Nappe to the Greifenstein Group and
that of the Laab Nappe to the Laab Group and introduced
the Rhenodanubian Supergroup as overarching unit for the
Rhenodanubian Flysch.

Type area: See formations.
Type section: See Greifenstein Group.
Reference section(s): -

Derivation of name: Named after the two streams Rhine
(Latin: Rhenus) and Danube (Latin: Danuvius).

Synonyms: Rhenodanubische Supergruppe (MOSER et al.,
2019).

Lithology: Siliciclastic and calcareous turbidites alternat-
ing with hemipelagic non-calcareous mudstones.

Fossils: See formations.

Origin, facies: The paleoenvironment was an abyssal ba-
sin mostly below the calcite compensation depth.

Chronostratigraphic age: Early Cretaceous, Barremian—
early Eocene, Ypresian.

Biostratigraphy: See formations.
Thickness: More than 2,000 m.
Lithostratigraphically higher rank unit: -

Lithostratigraphic subdivision: Greifenstein Group, Laab
Group (EGGER, 2013a, b).

Underlying unit(s): Tectonic contacts.
Overlying unit(s): Tectonic contacts.

Lateral unit(s): Tectonic contacts.
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Geographic distribution: The Rhenodanubian Super-
group extends from Vorarlberg in the W, over southern Ba-
varia and Salzburg, Upper to Lower Austria (including Vi-
enna) and continues in the subsurface of the Vienna Basin
into the Western Carpathians (under different names).

Remarks: In the course of restructuring the lithostrati-
graphic units of the Rhenodanubian Flysch EGGER (2013a)
considered the Kahlenberg Nappe as part of the Greifen-
stein Nappe based on similar or identical sequences and
ages of the classical lithostratigraphic units. Two remnants
of the former Kahlenberg Nappe remain as tectonic slic-
es, the “Kahlenberg Schuppe” and the “Satzberg Schup-
pe”. Consequently, the lithostratigraphic classification fol-
lows the tectonic concept, i.e., the units of the Kahlenberg
unit are part of the Greifenstein Group and the Paleogene
“Sieveringer Schichten” area synonymous to the Altleng-
bach Formation.

Complementary references: -

Greifenstein-Gruppe / Greifenstein Group
WERNER E. PILLER

Validity: Valid; EGGER (2013a) united all lithostratigraphic
units of the Greifenstein Nappe and the former Kahlenberg
Nappe in the Greifenstein Group.

Type area: See Greifenstein Formation.
Type section: See formation.
Reference section(s): -

Derivation of name: Named after the village Greifenstein,
c. 6 km NW of the town Klosterneuburg, Lower Austria;
OK50-UTM, map sheet 5319 Tulln an der Donau (OK50-
BMN, map sheet 40 Stockerau).

Synonyms: -

Lithology: Variable turbiditic lithologies with sandstones,
marls and clays and also hemipelagic pelites.

Fossils: See formations.

Origin, facies: The paleoenvironment was an abyssal ba-
sin mostly below the calcite compensation depth.

Chronostratigraphic age: Early Cretaceous, Barremian to
early Eocene, Ypresian.

Biostratigraphy: See formation.
Thickness: c. 3,000 m (EGGER & WESSELY, 2014).

Lithostratigraphically higher rank unit: Rhenodanubian
Supergroup.

Lithostratigraphic subdivision: For the Paleogene only:
Altlengbach Formation, Anthering Formation, Greifenstein
Formation, Gablitz Formation, and Irenental Formation.
Underlying unit(s): -

Overlying unit(s): -

Lateral unit(s): -

Geographic distribution: The Greifenstein Group extends
over the full range of the Rhenodanubian Flysch occurring
from Vorarlberg in the W, to Bavaria (EGGER & SCHWERD,

2008), Salzburg, Upper and Lower Austria (EGGER, 2011b,
2013a).
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Remarks: -

Complementary references: PREY (1962).

Altlengbach-Formation (Greifenstein-Gruppe) /
Altlengbach Formation (Greifenstein Group)

WERNER E. PILLER

Validity: Valid; MoJsisovics (1890) described from the vil-
lage Muntigl, N of the city of Salzburg, sandstones, marls
and marly limestones, which he called “Muntigler Flysch”.
Similar rocks in the area of Altlengbach (Lower Austria)
have been denominated “Altlengbacher Schichten” by
GOTZINGER & BECKER (1932a); a suite of other names have
been introduced for this widespread Flysch unit, e.g.,
“Fandla-Serie” in Vorarlberg and the Allgdu- (ALLEMANN et
al., 1951) and “Bleicherhorn-Serie” in Southern Bavaria
(RICHTER, 1955; KRAUS, 1955). MoJsisovics (1890), howev-
er, used the term “Muntigler Flysch” as a general name for
Flysch sediments in Salzburg; HOFER & TICHY defined 1983
a type section for the “Muntigler Serie”, but this section is
part of the so-called “Zementmergelserie”. To avoid further
problems, EGGER (1995) re-described and formalized this
unit as “Altlengbach-Formation”.

Type area: The type area of the formation is within the
area Altlengbach-Neulengbach-Kasten, part of the Vienna
Woods, Lower Austria; OK50-UTM, map sheet 4330 Neu-
lengbach (OK50-BMN, map sheets 56 St. Pélten, 57 Neu-
lengbach).

Type section: SCHNABEL (1992b) stated that it is not pos-
sible to describe a continuous type section in the type
area of Altlengbach (see above). As a consequence, EGGER
(1995: p. 76) defined a lectostratotype in the Ahornleiten-
graben (base of the formation: N 47°56'33" / E 14°33'16"),
c. 7 km N of GroBraming and c. 16 km SE of the town
Steyr, Upper Austria; OK50-UTM, map sheet 4202 Tern-
berg (OK50-BMN, map sheet 69 GroBraming). The Ahorn-
leitengraben is the best-known section through the forma-
tion with all four members of the formation represented;
however, for the uppermost unit, the Acharting Member,
only the basal parts are preserved.

Reference section(s): -

Derivation of name: Named after the market town Alt-
lengbach, c. 12 km WSW of the town Pressbaum, c. 34 km
WSW of the city centre of Vienna, Lower Austria; OK50-
UTM, map sheet 4330 Neulengbach (OK50-BMN, map
sheet 57 Neulengbach).

Synonyms: Muntigler Flysch (ModJsisovics, 1890), Altleng-
bacher Schichten (GOTZINGER & BECKER, 1932a), Sieve-
ringer Sandstein (GOTzZINGER, 1944), Fanodla-Serie (AL-
LEMANN et al., 1951), Bleicherhorn-Serie (RICHTER, 1955;
KRAUS, 1955), Mirbsandsteinflihrende Oberkreide bis Pa-
leozén (PREY, 1969, 1980a, b), Muntigler Serie (HOFER &
TIcHY, 1983), Sieveringer Schichten (GOTZINGER, 1954a:
p. 53), Sievering Formation (KERN, 1978), Sievering-Forma-
tion (SCHNABEL, 2002a, b), Altlengbach-Formation (EGGER
et al., 2007a, b).

Remark: Already TOLLMANN (1985: p. 391) considered the
“Sieveringer Schichten” as facies of the Altlengbacher
Schichten”; EGGER (2013b) and EGGER & WESSELY (2014)
treat the “Sieveringer Schichten” as part of the Greifen-



stein Group and, as a consequence, they have to be con-
sidered synonymous with and included in the Altlengbach
Formation.

Lithology: The Altlengbach Formation (EGGER, 1995)
is characterized by thick-bedded, coarse- to medium-
grained turbiditic sandstones. These are rich in quartz and
muscovite and grade frequently into grey, silty to sandy
marlstone or clayey marlstone at their tops. In variable
percentages, these characteristic beds of the Altlengbach
Formation alternate with calcareous turbidites, which are
very similar to those of the underlying Hallritz Formation
(Réthenbach Subgroup).

Fossils: Calcareous nannoplankton, foraminifera, pollen
and spores, very rare macrofossils (inoceramid bivalves
and ammonites, e.g., in old Muntigl and Bergheim quar-
ries, N of Salzburg), ichnofossils.

Origin, facies: Turbidites and non-turbiditic hemipelagic
claystones.

Chronostratigraphic age: Late Cretaceous, late Campan-
ian—late Paleocene, Thanetian (top).

Remark: RoBgraben Member: early Maastrichtian; Ahorn-
leiten Member: early Maastrichtian; Kotgraben Member:
late Maastrichtian; Acharting Member: late Maastrichtian—
late Paleocene (Thanetian).

Biostratigraphy: Calcareous nannofossil Zones CC22b-
c-NP9 (EGGER et al., 1997; EGGER & SCHWERD, 2008).

Thickness: Maximum thickness in composite sections
c. 1,500 m (EGGER, 1995; EGGER & WESSELY, 2014) or
even up to c. 2,000 m (EGGER, 1989; EGGER & VAN HUSEN,
2009b).

Lithostratigraphic higher rank unit: Greifenstein Group
(Rhenodanubian Supergroup).

Lithostratigraphic subdivision: RoBgraben Member,
Ahornleiten Member, Kotgraben Member, Acharting Mem-
ber.

Remark: In the type area and in some other regions a
four-fold subdivision into members is possible (EGGER,
1995). The RoBgraben Member at the base consists main-
ly of thick-bedded siliciclastic sandstone; the Ahornleiten
Member is characterized by the common occurrence of
light grey turbiditic marlstone; the Kotgraben Member con-
sists mainly of thick-bedded siliciclastic sandstone; the
Acharting Member is dominated by pelitic rocks, which
very often consist of dark grey turbiditic marlstone.

Remark: Since only the Acharting Member includes part of
the Paleocene only this is described herein.

Underlying unit(s): Réthenbach Subgroup (= Zementmer-
gelserie in older literature; sensu EGGER & SCHWERD, 2008)
with the Hallritz Formation, Perneck Formation (in the area
between Salzburg and Lower Austria) (EGGER, 1995). The
base of the Altlengbach Formation is defined by the occur-
rence of the first thick-bedded siliciclastic sandstone.

Overlying unit(s): Anthering Formation, Greifenstein For-
mation, Gablitz Formation.

Lateral unit(s): -

Geographic distribution: The Altlengbach Formation is
very widespread over the full range of the Rhenodanubian
Flysch occurring from Vorarlberg in the W, to Bavaria (EG-
GER & SCHWERD, 2008), Salzburg, Upper and Lower Austria
(EGGER, 2011b, 2013a).

Remarks: -

Complementary references: KUPPER (1968), PREY (1968,
1980b), FAupPL et al. (1970), PLOCHINGER & PREY (1974,
1993), THENIUS (1974), FAupL (1980, 1996), TOLLMANN
(1985), BRix et al. (1987), EGGER (1990, 1998, 2009c), SAU-
ER et al. (1992a), WESSELY (2006), EGGER (2007a, b), EG-
GER et al. (2007a, b), EGGER & VAN HUSEN (2009a), EGGER &
BRAUNSTINGL (2014).

Acharting-Subformation (Altengbach-Formation,
Greifenstein-Gruppe) / Acharting Member
(Altlengbach Formation, Greifenstein Group)

WERNER E. PILLER

Validity: Valid; EGGER (1995: p. 82ff.) described and for-
malized the Archating Member as highest unit of the Alt-
lengbach Formation which is also the most widespread of
the four members.

Type area: In the area of E of the village Acharting, c.
10 km N of the city of Sglzburg, Salzburg; OK50-UTM,
map sheet 3204 Salzburg (OK50-BMN, map sheet 63 Salz-
burg).

Type section: The type section is defined along the
ditch “Strubach” (EGGER, 1995: Abb. 4) (N 47°54'10.39" /
E 13°01'08.11"), a tributary of the creek “Archatinger
Bach”, NE of the village Acharting, c. 10 km N of the city of
Salzburg, Salzburg; OK50-UTM, map sheet 3204 Salzburg
(OK50-BMN, map sheet 63 Salzburg).

Reference section(s): -

Derivation of name: Named after the viIIage__ Acharting,
c. 10 km N of the city of Sglzburg, Salzburg; OK50-UTM,
map sheet 3204 Salzburg (OK50-BMN, map sheet 63 Salz-
burg).

Synonyms: -

Lithology: The Acharting Member is characterized by al-
ternations of fine sandstone to siltstone with medium to
dark grey claymarl. The coarser beds show a high car-
bonate content both in the matrix and in components. The
latter are frequently bioclasts (foraminifera, coralline al-
gae). These turbidites display base-truncated as well as
complete Bouma sequences. Usually the upper part of the
Bouma sequences consists of medium-grey clayey marl
(c. 35 % of this member) with intercalated green coloured
hemipelagic shale layers (< 15 %). A distinct feature of this
turbidite facies is the intercalation of thick-bedded and
coarse-grained sandstones with high amounts of mica and
quartz. These are marker beds for mapping the Altleng-
bach Formation. Further up-section, hemipelagic shale
(“Strubach Tonstein”) becomes the dominant rock-type
suggesting starvation of turbidite sedimentation.

Fossils: Calcareous nannoplankton, agglutinated foramin-
ifera, ichnofossils.

Origin, facies: Deep sea sediments with various turbidit-
ic features, partly below the calcite compensation depth.
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The transport directions switched from an E-W direction in
the lower part to an W-E transport in the upper part (up-
per Paleocene).

Chronostratigraphic age: Late Cretaceous, late Maas-
trichtian to late Paleocene, late Thanetian.

Biostratigraphy: Calcareous nannofossil Zones CC25-
NP9.

Thickness: A maximum of 800 m is reported by EGGER
(2011b).

Lithostratigraphically higher rank unit: Altlengbach For-
mation (Greifenstein Group, Rhenodanubian Supergroup).

Lithostratigraphic subdivision: -

Underlying unit(s): Kotgraben Member, Ahornleiten Mem-
ber (Altlengbach Formation).

Overlying unit(s): Anthering Formation, Gablitz Formation,
Greifenstein Formation.

Lateral unit(s): Kotgraben Member (Altlengbach Forma-
tion).

Geographic distribution: A wide distribution ranging from
Salzburg via Upper Austria to the Vienna Woods of Lower
Austria.

Remarks: -

Complementary references: EGGER & VAN HUSEN (2009b),
EGGER (2007a, b), EGGER et al. (2007a, b).

Anthering-Formation (Greifenstein-Gruppe) /
Anthering Formation (Greifenstein Group)

WERNER E. PILLER

Validity: Valid; EGGER (1995) introduced, described and
formalized the “Anthering-Formation” for carbonate-rich
mud turbidites which represent the uppermost part of the
Rhenodanubian Flysch sequence in Salzburg and Upper
Austria.

Type area: The area immediately to the north of the city of
Salzburg, Salzburg; OK50-UTM, map sheet 3204 Salzburg
(OK50-BMN, map sheet 63 Salzburg).

Type section: The type section (c. 250 m thick) is ex-
posed along the ditch “Kohlbachgraben” (N 47°53'19" /
E 13°01'17"), a northern tributary to the creek “Antheringer
Bach”, c. 1 km NE of the village Anthering, c. 9 km N of the
city of Salzburg, Salzburg (EGGER, 1995: Abb. 3; EGGER et
al., 1997: Text-Fig. 1); OK50-UTM, map sheet 3204 Salz-
burg (OK50-BMN, map sheet 63 Salzburg).

Reference section(s): -

Derivation of name: Named after the villqge Anthering, c.
9 km N of the city of S__alzburg, Salzburg; OK50-UTM, map
sheet 3204 Salzburg (OK50-BMN, map sheet 63 Salzburg).

Synonyms: -

Lithology: The Anthering Formation predominantly con-
sists of graded silty marlstones. Occasionally, these marls
overlie silty to sandy beds deposited from the same tur-
bidity current. These layers usually display base-truncat-
ed Bouma sequences. Single turbidite layers can reach
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thicknesses up to 2 m. The fine-grained sand-fraction rep-
resents, on average, 5 % of the rocks. The fine-grained
(silty-clayey) sediment displays carbonate contents of
29 % to 53 %. The clay fraction is dominated by smectites.

The turbidite beds are often separated by hemipelag-
ic claystone layers. They are carbonate-free and in sharp
contacts to the turbiditic marls. Usually the claystones
show a greenish to greyish colour with intensive bioturba-
tion. Only occasionally dark-grey homogenous claystones
with abundant pyrite framboids and relatively high con-
tents of organic carbon (0.94 % on average) occur.

Bentonites are restricted to a 40 m thick part of the An-
thering section which represents the lower part of calcare-
ous nannofossil Zone NP10. Altogether 23 bentonite layers
were counted with thicknesses up to 3 cm (EGGER, 2009b).
They are interpreted as tuffs of air-fall derivation and anal-
yses suggest an original basaltic composition of most of
the ashes.

Fossils: Calcareous nannoplankton, benthic agglutinated
(> 90 species) and planktic foraminifera, dinoflagellates,
radiolarian, diatoms, pollen and spores, ichnofossils (EG-
GER et al., 2005, 2011).

Origin, facies: Typical for an abyssal plain facies with wa-
ter depths of 3,000-5,000 m (EGGER et al., 2011).

Chronostratigraphic age: Early Eocene, Ypresian.

Remark: The base of the formation corresponds with the
Paleocene/Eocene boundary proven by the negative car-
bon isotope excursion (CIE) in the upper part of calcareous
nannofossil Zone NP9 (EGGER et al., 1997, 2009; EGGER,
2009b, c). The CIE interval, which is about 15 m thick at
the type section, is also characterized by the acme of the
dinocyst Apectodinium augustum.

Biostratigraphy: Calcareous nannoplankton indicates up-
per part of Zone NP9-NP11 and planktonic foraminifera in-
dicate Zones P5 and P6.

Thickness: c. 150 m (EGGER, 1995).

Lithostratigraphically higher rank unit: Greifenstein

Group (Rhenodanubian Supergroup).
Lithostratigraphic subdivision: -

Underlying unit(s): Archating Member (Altlengbach For-
mation).

Overlying unit(s): The Anthering Formation is the young-
est lithostratigraphic unit of the Rhenodanubian Super-
group in Salzburg and Upper Austria.

Lateral unit(s): Greifenstein Formation.

Geographic distribution: The formation is widely distrib-
uted reaching from Salzburg, Upper Austria to the western
part of Lower Austria (EGGER, 1998) where it interfingers
with the Greifenstein Formation.

Remarks: -

Complementary references: EGGER et al. (2000, 2005,
2007b), EGGER & BRUCKL (2006), EGGER (2011b), EGGER &
MANDL (2015).



Greifenstein-Formation (Greifenstein-Gruppe) /
Greifenstein Formation (Greifenstein Group)

WERNER E. PILLER

Validity: Valid; as a general term for (Flysch-)sandstones
in the area between Salzburg and Vienna the term “Wiener
Sandstein” has been already introduced by VON LILIENBACH
(1830). STUR (18914, d) and PAUL & BITTNER (1894) intro-
duced the term “Greifensteiner Sandstein” and “Greifen-
steiner Nummulitensandstein”. A detailed study was car-
ried out by HOSCH (1985).

Type area: The between the villages Hoflein an der Donau
and Greifenstein and the market town St. Andra-Woérdern,
Lower Austria; OK50-UTM, map sheet 5319 Tulln an der
Donau (OK50-BMN, map sheet 40 Stockerau).

Type section: An approx. 125 m-thick section (FAUPL,
1996) in the abandoned quarry “Strombauamt” (Fa. Karn-
er; formerly quarry “Hollitzer”) (N 48°20'59" / E 16°15'29"),
at the western margin of the village Héflein an der Donau
in the direction to the village Greifenstein, c. 6 km NW of
the town Klosterneuburg, Lower Austria; OK50-UTM, map
sheet 5319 Tulln an der Donau (OK50-BMN, map sheet 40
Stockerau).

Reference section(s): -

Derivation of name: Named after the village Greifen-
stein, approx. 6 km NW of the town Klosterneuburg, Lower
Austria; OK50-UTM, map sheet 5319 Tulln an der Donau
(OK50-BMN, map sheet 40 Stockerau).

Synonyms: Wiener Sandstein p.p. (VON LILIENBACH, 1830:
p. 201), Sandsteine von Greifenstein (HAUER, 1857: p. 285),
Greifensteiner Nummuliten-Sandstein (STUR, 1891a), Grei-
fensteiner Sandstein, Greifensteiner Nummulitensand-
stein (PAUL & BITTNER, 1894), Glaukonitsandsteinserie
(GRILL, 1953), Steinbergflysch (GRILL, 1953), Greifenstei-
ner Schichtkomplex (HEKEL, 1968), Greifenstein Formation
(KERN, 1978), Steinbergflyschserie (RAMMEL, 1989), Glau-
conite-Sandstone Formation (SAUER et al., 1992a).

Lithology: Following the detailed description of HOscH
(1985), the most widespread and typical lithology are yel-
lowish weathered, thick-bedded, massive, medium to
coarse grained, glauconitic quartz sandstones, which are
occasionally amalgamated and some show fine planar of
cross bedding. The beds are sharp and evenly bedded and
they show a lens-like appearance. This lithotype makes up
c. 40 % of the total thickness of the Greifenstein Forma-
tion.

A second, abundant lithology are turbidites frequently with
incomplete developed Bouma sequences starting with
graded fine to medium grained sandstones overlain by a
pelitic interval (Ta + Te). Another turbidite type is represent-
ed by Tb/Tc-Te sequences with Ta missing. On top of tur-
bidites with Bouma sequences Th/Tc-Te (distal turbidites)
frequently alternations of siltstones and claystones occur
up to dm-thickness. These turbidites make up c. 30 % of
the total thickness of the Greifenstein Formation.

The third lithology type are conglomerates, which may be
graded or non-graded, grading can be normal or inverse.
The majority is composed of fine- to medium-grained
gravels but clasts up dm-size also occur. Many of these
conglomerates are matrix poor (clast supported) and the

beds show erosive bases and pinch out laterally at short
distances (few tens of meters); rip-up clasts up to 30 cm
also occur. The thickness of the conglomerate beds in-
creases from west (several tens of meters) to east (maxi-
mum of 6 m).

Fossils: Calcareous nannofossils, agglutinated (and sub-
ordinate planktic) foraminifera (GRUN, 1969), larger ben-
thic foraminifera (Nummulites, Assilina, Operculina, Discocyclina),
dinocysts; ichnofossils are divers and include, e.g., Zoophy-
cos, Chondrites, Phycosiphon, Scolicia, Palaeodictyon, Spirorhaphe,
Cosmorhaphe) (HAUER, 1850; GOTZINGER, 1951; PAPP, 1962b;
KERN, 1978). A variety of allochthonous fossils was re-
ported: orbitoidid larger foraminifers, gastropods, bi-
valves (inoceramids, ostreids, pectinids), serpulids, bryo-
zoan, echinoid fragments, fish teeth (GOTZINGER & BECKER,
1932b).

Remark: The occurrence of nummulites was of great im-
portance for dating the Greifenstein Formation where au-
tochthonous macrofossils are widely missing. First reports
go back to HAUER (1850, 1857, 1858) followed by several
authors (e.g., PAUL & BITTNER, 1894; SCHUBERT, 1913; JAE-
GER, 1914) but GOTZINGER & BECKER (1932b) reported a
high diverse larger foraminiferal fauna (and also other fos-
sils) which has been dated to the Paleocene and Ypresian.
The age was supported by new collections described by
PAPP (1962a).

Origin, facies: Overall, the sedimentary environment of
the Greifenstein Formation was a deep sea fan and the li-
thologies point at a position on the lower upper-to-upper
middle fan. The input of gravitational sediment transport
came from the north, the transport directions are NW-SE
oriented and were not basin parallel. The conglomerates
and thick bedded, massive sandstones are interpreted as
channel fills, the turbidites as interchannel deposits. Grain
size, geometries and paleocurrent directions indicate a
proximal facies.

Chronostratigraphic age: Late Paleocene, Thanetian—
early Eocene, Ypresian.

Biostratigraphy: The first occurrence of the dinocyst Apec-
todinium augustum in the lowermost part of the Greifenstein
Formation (MOHAMED & WAGREICH, 2013) indicates that the
Paleocene/Eocene boundary is at or near the base of the
Greifenstein Formation.

Calcareous nannofossil Zones NP8 (Heliolithus riedeli Zone) to
NP14 (Discoaster sublodoensis) (HEKEL, 1968; STRADNER, 1969;
HOSCH, 1985).

Thickness: 500-900 m (HOscH, 1985; SCHNABEL, 1988).

Lithostratigraphically higher rank unit: Greifenstein

Group (Rhenodanubian Supergroup).
Lithostratigraphic subdivision: Not formalized.

Remark: BRIx (1969: p. 460) differentiated between Lower
(thick bedded, massive sandstones) and Upper Greifen-
stein Beds (thin bedded sandstones, clayey marls, marly
shales). HEKEL (1968) separated several units, in partic-
ular, a diachronous alternation of “Coccolithenschiefer”
and “Sandsteinhorizonte” which are three times repeat-
ed; the “Oberer Coccolithenschiefer” is synonymous with
the Steinbergflysch. Both subdivisions, however, cannot
be consistently applied (cf. HOSCH, 1985).

33



Underlying unit(s): Altlengbach Formation.

Overlying unit(s): The Greifenstein Formation is predomi-
nantly the uppermost unit of the Greifenstein Group with
an erosive top; in some areas the Gablitz Formation (WES-
SELY, 2006) or/and the Irenental Formation (FAUPL, 1996)
may overly the Greifenstein Formation.

Lateral unit(s): It interfingers with or grades into the Gab-
litz Formation to the south, and the Anthering Formation to
the west.

Geographic distribution: The Greifenstein Formation is
nearly restricted to the Wienerwald (Vienna Woods), Low-
er Austria and Vienna; it dominates in the northern part
of the Greifenstein Nappe and interfingers with the Gab-
litz Formation to the south and the Anthering Formation
to the west; its westernmost occurrence is reported from
the area around the river Pielach (SCHNABEL, 1992c); OK50
UTM, map sheets 4329 Wilhelmsburg, 4330 Neulengbach,
5319 Tulln an der Donau, 5320 Wien, 5325 Baden (OK50-
BMN, map sheets 40 Stockerau, 41 Deutsch Wagram, 55
Ober-Grafendorf, 57 Neulengbach, 58 Baden).

Remark: The Greifenstein Formation is also recorded in
isolated outcrops north of the Danube (GRILL, 1953) and
from drillings in the subsurface of the central and northern
Vienna Basin (e.g., KROLL et al., 1993; HEKEL, 1968; RAM-
MEL, 1989; WESSELY, 2006; MOHAMED & WAGREICH, 2013).
In these subsurface occurrences the terms “Glaukonit-
sandsteinserie” and “Steinbergflysch(serie)” are used for
parts of the Greifenstein Formation (GRILL, 1953; HEKEL,
1968; RAMMEL, 1989; WESSELY, 2006).

Remarks: As all tectonic units of the Rhenodanubian Flysch
continue in the subsurface of the Vienna Basin into the
Western Carpathians, also the Greifenstein Formation can
be traced there under different lithostratigraphic names
(HEKEL, 1968; RAMMEL, 1989; WESSELY, 2006).

Complementary references: GRILL (1953, 1962a), GOTz-
INGER et al. (1954), KUPPER (1968), PREY (1968, 1980b),
PLOCHINGER & PREY (1974, 1993), THENIUS (1974), TOLL-
MANN (1985), BRIX et al. (1987), SAUER et al. (1992b),
SCHNABEL (1997a), SLACZKA (2012).

Gablitz-Formation (Greifenstein-Gruppe) /
Gablitz Formation (Greifenstein Group)

WERNER E. PILLER

Validity: Invalid; GOTZINGER (1928) mentioned the name
“Gablitzer Sandstein” and described it as intermediate
between the “Greifensteiner Sandstein” und the “Laaber
Sandstein”; in 1951, he introduced the term “Gablitzer
Schichten” which he described more precisely in GOT1z-
INGER (1954a) as siliceous sandstones and quartzites with
intercalated friable sandstones similar to those of the Grei-
fenstein Formation. EGGER (1995: p. 74) described the
“Gablitzer Schichten” as a facies variation of the Greifen-
stein Formation and suggested a lithostratigraphic status
as member since the typical Greifenstein sandstone is still
present although the dominant lithologies are described as
green-grey clayey marls and marls.

Remark: The Gablitz Formation is considered invalid, be-
cause no type section is defined and also the relation-
ship to the Greifenstein Formation is not clear. In addition,
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the position within the tectonic nappes is differently re-
constructed, e.g., GOTZINGER & BECKER (1932a) considered
the “Gablitzer Zone” as northernmost part of the “Laaber
Zone” (Laab Nappe), GOTZINGER (1954a) and FAUPL (1996)
placed this unit into the Kahlenberg Nappe and SCHNABEL
(1997a) into the Greifenstein Nappe.

Type area: The type area is located between the market
town Gablitz, the town Purkersdorf, the village Untermau-
erbach and the market town Mauerbach and neighbour-
ing vales, immediately west of the border to Vienna, Lower
Austria; OK50-UTM, map sheet 5319 Tulln an der Donau
(OK50-BMN, map sheet 58 Baden).

Type section: -
Reference section(s): -

Derivation of name: Named after the market town Gablitz,
c. 3 km NW of the town Purkersdorf, c. 17 km west of the
city of Vienna, Lower Austria; OK50-UTM, map sheet 5319
Tulln an der Donau (OK50-BMN, map sheet 58 Baden).

Synonyms: Glaukoniteozan (FRIEDL, 1920), Gablitzer
Sandstein (GOTZINGER, 1928: p. 52; 1929a: p. 46), Gablitzer
Zone (GOTZINGER & BECKER, 1932a: p. 354, 370), Gablitzer
Schichten (GOTZINGER, 1951), Gablitzer Schiefer (GRILL,
1962a: p. 256), Gablitz-Formation (SCHNABEL, 1997a).

Lithology: Marly mudturbidites with siliciclastic sand-
stones with glaucony. The lithologic description varies be-
tween authors: GOTZINGER (1954a) reported predominantly
sandstone and quartzite, at the base variegated pelites;
FAUPL (1996) described a marl-rich sequence with thin sili-
ceous sandstone beds.

Fossils: Calcareous nannoplankton, mostly agglutinated
foraminifera but also nummulites (JAEGER, 1914), bivalves,
echinoid spines, ichnofossils (GOTZINGER, 1951, 1954a).

Origin, facies: Deep-sea basin plain with predominant
mud turbidites and subordinate sandstone intercalations;
a more distal depositional environment compared with the
Greifenstein Formation.

Chronostratigraphic age: Early Eocene, Ypresian.

Biostratigraphy: Calcareous nannofossil Zones NP10-
NP12 (SCHNABEL, 1992a; EGGER, 1995); lower Eocene
based on larger foraminifera (e.g., Nummulites laevigatus).

Thickness: About 100 m.

Lithostratigraphic higher rank unit: Greifenstein Group
(Rhenodanubian Supergroup).

Lithostratigraphic subdivision: -

Underlying unit(s): Greifenstein Formation. SCHNABEL
(1997a), however, placed the Irenental Formation between
the Greifenstein Formation and Gablitz Formation.

Overlying unit(s): The Gablitz Formation is considered
the topmost formation in the Greifenstein Group but FAUPL
(1996) and WESSELY (2006) placed the Irenentalschichten
above the Gablitz Formation.

Lateral unit(s): Greifenstein Formation (SCHNABEL, 19923,
b), Anthering Formation (EGGER, 2013a; EGGER & WESSELY,
2014).

Geographic distribution: Western and central part of the
Vienna Woods, Lower Austria; OK50-UTM, map sheets
5319 Tulln an der Donau, 5330 Neulengbach (OK50—BMN,
map sheets 57 Neulengbach, 58 Baden).



Remarks: GOTZINGER & BECKER (1932a) introduced the
“Gablitzer Zone” as unit north of the so-called “Hauptklip-
penzone” (Main Klippen Zone). GOTZINGER (1954a: p. 61)
considered the “Gablitzer Schichten” as transitional be-
tween the “Greifensteiner Sandstein” and “Laaber Schich-
ten”.

Complementary references: KUPPER (1968), PREY (1968,
1980b), PLOCHINGER & PREY (1974, 1993), THENIUS (1974),
HOSCH (1985), TOLLMANN (1985), BRIX et al. (1987), SCHNA-
BEL (1988, 1992b, 1997a).

Irenental-Formation (Greifenstein-Gruppe) /
Irenental Formation (Greifenstein Group)

WERNER E. PILLER

Validity: Invalid; SCHNABEL (1997a) introduced the name
“Irenental-Formation” on the geological map, sheet 58
Baden, but did not provide a description, type section or
boundaries of this unit.

Type area: A small stripe between the village Ameisberg
and the hillside Buchberg (N 48°12'33.5" / E 16°05'40") in
the NW part of the valley Irenental, c. 3 km NW of the vil-
lage Unter-Tullnerbach, Lower Austria; OK50-UTM, map
sheet 5319 Tulln an der Donau (OK50-BMN, map sheet 58
Baden) (SCHNABEL, 1997a).

Type section: -
Reference section(s): -

Derivation of name: Named after the Irenental, a small vil-
lage and valley of the creek Tullnerbach, a northwestern
tributary of the river Wien, which merge in the village Un-
ter-Tullnerbach, c. 8 km W of the western border of Vienna,
Lower Austria; OK50-UTM, map sheet 5319 Tulln an der
Donau (OK50-BMN, map sheet 58 Baden).

Synonyms: Irenentalschichten (FAUPL, 1996), Irenental-
Formation (Coccolithenschiefer) (WESSELY, 2006), ? Var-
iegated shales complex (Irenental Formation) (SLACZKA,
2012).

Lithology: Predominantly yellowish-grey turbiditic marl-
stone, occasionally thin sandstone beds.

Fossils: Calcareous nannoplankton, foraminifera.

Origin, facies: Pelitic turbidites of a deep basin plain en-
vironment.

Chronostratigraphic age: Early Eocene, Ypresian.

Biostratigraphy: Calcareous nannofossil Zones NP12-13
(WESSELY, 2006).

Thickness: About 50 m.

Lithostratigraphically higher rank unit: Greifenstein

Group (Rhenodanubian Supergroup).
Lithostratigraphic subdivision: -

Underlying unit(s): Greifenstein Formation or Gablitz For-
mation.

Overlying unit(s): This formation is the top of the Greifen-
stein Group.

Lateral unit(s): Gablitz Formation.

Geographic distribution: Reported only from the type
area (see above).

Remarks: The Irenental Formation could be considered
as the youngest part of the Gablitz Formation, which dis-
plays a similar lithology and is interfingering with the Grei-
fenstein Formation.

Complementary references: -

Rhenodanubian Flysch Unit: Laab Nappe

Laab-Gruppe / Laab Group
WERNER E. PILLER

Validity: Valid; already STUR (18914, d) and PAUL & BITTNER
(1894) mentioned “Bunte Schiefer und Sandsteinschich-
ten” from the early Tertiary of the Vienna Woods, FRIEDL
(1920) used several names, e.g., “Glaukoniteozédn” and
GOTzINGER (1928: p. 52) introduced the name “Laaber
Schiefer und Sandsteine” for the “bunten Eozanschiefer
und Sandsteine”. The unit was then called “Laaber Schich-
ten” (e.g., GOTZINGER, 1931; GOTTSCHLING, 1966) but EG-
GER (2013b) introduced the “Laab-Gruppe” to include
three formations in the group, which occur in the Laab
Nappe of the Vienna Woods of Lower Austria.

Type area: The area around the village Laab im Walde
(N 48°09'19" / E 16°10'38"), Lower Austria, can be consid-
ered the type area; OK50-UTM, map sheet 5325 Baden
(OK50-BMN, map sheet 58 Baden).

Type section: See formations.

Reference section(s): -

Derivation of name: Named after the village Laab im Wal-
de, c. 6 km S of the town Purkersdorf, c. 11.5 km NW of
the town Médling, Lower Austria; OK50-UTM, map sheet
5325 Baden (OK50-BMN, map sheet 58 Baden).

Synonyms: Bunte Schiefer und Sandsteinschichten (STUR,
1891a, d; PAUL & BITTNER, 1894), Wiener Wald-Serie p.p.,
Laaber Eozan (FRIEDL, 1920: p. 36), Laaber Schiefer und
Sandsteine (GOTzINGER, 1928), Laaber Schichten (GoTz-
INGER, 1931), Laaber Serie (GOTTSCHLING, 1966), Laab-
Formation p.p. (SCHNABEL, 1996), Laab-Formation p.p.,
Kaumberg-Formation p.p. (SCHNABEL, 2002a, b).

Lithology: Thick-bedded coarse-grained siliciclastic sand-
stone beds in the lower part, in the upper part mainly clay-
stones and silicified silt- and sandstone. In the uppermost
part increasing proportion of clayey marlstone and marl-
stone.

Fossils: Calcareous nannoplankton, benthic and planktic
foraminifera, rare bivalves, ichnofossils.

Origin, facies: Turbidites of the basin plain mostly below
the calcite compensation depth.
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Chronostratigraphic age: Late Cretaceous, Turonian to
early Eocene, Ypresian.

Biostratigraphy: See formations.

Thickness: 2,150 m including all three formations from the
Turonian to the Ypresian (EGGER, 2013b).

Lithostratigraphically higher rank unit: Rhenodanubian
Supergroup.

Lithostratigraphic subdivision: Kaumberg Formation
(Turonian to late Campanian), Hois Formation, Agsbach
Formation.

Underlying unit(s): Tectonic contact.
Overlying unit(s): Erosive.
Lateral unit(s): -

Geographic distribution: The Laab Group extends from
approximately the market town Kilb in the SW to the west-
ern part of the city of Vienna in the NE (covering the dis-
tribution of the Laab Nappe), Lower Austria and Vienna;
OK50-UTM, map sheets 4329 Wilhelmsburg, 4330 Neu-
lengbach, 5325 Baden (OK50-BMN, map sheet 55 Ober-
Grafendorf, 56 St. Pdlten, 57 Neulengbach, 58 Baden).

Remarks: -

Complementary references: PREY (1962, 1979, 1980b),
KUPPER (1968), THENIUS (1974), KERN (1978), TOLLMANN
(1985), SCHNABEL (1997a), STRANIK (1996b, 1998, 2000),
WESSELY (2006).

Hois-Formation / Hois Formation
WERNER E. PILLER

Validity: Valid; PReY (1965a) introduced the name “Hois-
schichten” for the coarse clastic lower part of the “Laaber
Schichten”, EGGER (2013b) raised this unit in the rank of a
formation.

Type area: In the area of the upper “Kogelhofgraben” (EG-
GER, 2013b: p. 189), between the villages St. Corona am
Schépfl and Glashiitte, Lower Austria; OK50-UTM, map
sheet 4330 Neulengbach (OK50-BMN, map sheet 57 Neu-
lengbach).

Type section: PREY (1965a) mentioned the quarry near the
farmstead Hois (N 48°03'16" / E 15°56'30"), c. 2 km SE of
the village St. Corona am Schopfl, Lower Austria, as type
locality. EGGER (2013b: p. 185) mentioned that this quarry
is completely overgrown and defined a neostratotype in
the part between 500 and 700 m a.s.l. of a ditch (“Kogel-
hofgraben”), E of the farmstead Kogelhof (N 48°05'17" /
E 15°52'21"), between the villages Glashitte and Wollers-
dorf, community Brand-Laaben, Lower Austria; OK50-
UTM, map sheet 4330 Neulengbach (OK50-BMN, map
sheet 57 Neulengbach).

Reference section(s): -

Derivation of name: Named after the farmstead Hois, c.
2 km SE of the village St. Corona am Schopfl, Lower Aus-
tria.
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Synonyms: Hoisschichten (PRey, 1965a: p. 113), Hois
Formation (KERN, 1978), Hois Member (SCHNABEL, 1999),
Hois-Subformation (SCHNABEL, 2002b).

Lithology: Sandstone rich succession intercalated with
marl.

Fossils: Calcareous nannoplankton, foraminifera, ichno-
fossils (Nereites, Chondrites).

Origin, facies: Turbidites of the basin plain mostly below
the calcite compensation depth.

Chronostratigraphic age: Late Cretaceous, middle Cam-
panian-late Paleocene, Thanetian.

Biostratigraphy: Calcareous nannofossil Zones CC20-
NP9.

Thickness: 950 m (EGGER, 2013b).

Lithostratigraphically higher rank unit: Laab Group
(Rhenodanubian Supergroup).

Lithostratigraphic subdivision: Kogelhofgraben Member,
Schopfl Member, Tirkenstein Member.

Underlying unit(s): Kaumberg Formation.

Remark: Following FUCHS (1965b), SCHNABEL (1996, 1999)
considered a possible hiatus due to a thrust plane at the
base of the Laab Formation. Since such a structure is not
indicated on map sheet 58 Baden (SCHNABEL, 1997a) it
remains unclear if the Kaumberg Formation and the Hois
Formation are in stratigraphic contact or belong to sepa-
rate tectonic units.

Overlying unit(s): Agsbach Formation.
Lateral unit(s): -

Geographic distribution: The Hois Formation extends
from Kilb in the SW to the western part of the city of Vien-
na in the NE (covering the distribution of the Laab Nappe),
Lower Austria and Vienna; OK50-UTM, map sheets 4329
Wilhelmsburg, 4330 Neulengbach, 5325 Baden (OK50-
BMN, map sheet 55 Ober-Grafendorf, 56 St. Pdlten, 57
Neulengbach, 58 Baden).

Remarks: The “Hoisschichten” defined by PREY (1965a)
included only the lower part of the Hois Formation which is
now defined as Kogelgraben Member.

Complementary references: PREY (1968, 1980b), PLOCH-
INGER & PREY (1974, 1993), THENIUS (1974), TOLLMANN
(1985), SCHNABEL (1992a-c, 1997b), SAUER et al. (1992a),
FAuPL (1996), STRANIK (1998, 2000), WESSELY (2006).

Kogelhofgraben-Subformation (Hois-Formation,
Laab-Gruppe) / Kogelhofgraben Member
(Hois Formation, Laab Group)

WERNER E. PILLER

Validity: Valid; the “Kogelhofgraben-Subformation” has
been introduced, described and formalized by EGGER
(2013Db) for the lower part of the Hois Formation.

Type area: The area between the villages St. Corona am
Schépfl and Glashiitte, Lower Austria; OK50-UTM, map
sheet 4330 Neulengbach (OK50-BMN, map sheet 57 Neu-
lengbach).



Type section: The type section is exposed in a ditch (“Ko-
gelhofgraben”) between 460 and 570 m a.s.l, E of the
farmstead Kogelhof (N 48°05'17" / E 15°52'21"), between
the villages Glashitte and Wollersdorf, community Brand-
Laaben, Lower Austria; OK50-UTM, map sheet 4330 Neu-
lengbach (OK50-BMN, map sheet 57 Neulengbach).

Reference section(s): EGGER (2013b) mentioned a good
outcropping section along the creek Durlasbach, NNE of
Rohrbach an der Golsen, Lower Austria; OK50-UTM, map
sheet 4330 Neulengbach (OK50-BMN, map sheet 57 Neu-
lengbach).

Derivation of name: Named after the “Kogelhofgraben”, E
of the farmstead Kogelhof (N 48°05'17" / E 15°52'21"), be-
tween the villages Glashutte and Wéllersdorf, community
Brand-Laaben, Lower Austria.

Synonyms: Hoisschichten p.p. (PREY, 1965), Kogelhofgra-
ben-Subformation (EGGER, 2013b).

Lithology: Olive to brown siliciclastic turbidites of sever-
al meters; the turbidites show coarse sandstones or fine
conglomerates at the base; predominantly in the lower
part also subordinate calciturbidites occur. In the upper-
most part hard, bright calcareous micrite beds (- 0.5 m)
are reported. Intercalated between the hard beds occur
grey claystones, representing either green pelagic or grey
turbiditic beds. Overall, the psammite/pelite proportion is
around 1:1.

Fossils: Calcareous nannoplankton, agglutinated foramin-
ifera, ichnofossils (Chondrites, Trichichnus, Zoophycos; UCHMANN,
1999).

Origin, facies: Turbidites of the basin plain mostly below
the calcite compensation depth.

Chronostratigraphic age: Late Cretaceous, middle Cam-
panian to late Maastrichtian, close to the Cretaceous/Pa-
leogene boundary.

Biostratigraphy: The base of the Kogelhofgraben Mem-
ber (and the Hois Formation) is dated to calcareous nan-
nofossil Zone CC20 (Ceratolithoides aculeatus Zone). The up-
permost documented zone is the Micula prinsii Zone of the
upper Maastrichtian.

Thickness: 650 m (EGGER, 2013b).

Lithostratigraphically higher rank unit: Hois Formation
(Laab Group, Rhenodanubian Supergroup).

Lithostratigraphic subdivision: -

Underlying unit(s): Kaumberg Formation; the boundary is
marked by a change from thin-bedded red hemipelagic
claystones of the Kaumberg Formation to thick (calcare-
ous) turbidites of the Kogelhofgraben Member.

Overlying unit(s): Schopfl Member (Hois Formation); the
boundary is marked by the disappearance of calciturbi-
dites and thick-bedded siliciclastic sandstones of the Ko-
gelhofgraben Member and dominating thin bedded sedi-
ments.

Lateral unit(s): -

Geographic distribution: The Kogelhofgraben Member is
distributed in the southwestern area of the distribution of
the Laab Group (Laab Nappe).

Remarks: Although the Kogelhofgraben Member is of late
Cretaceous age it is included here because it may reach to
the K/Pg-boundary and it is one of the three members of
the Hois Formation.

Complementary references: -

Schopfl-Subformation (Hois-Formation,
Laab-Gruppe) / Schopfl Member
(Hois Formation, Laab Group)

WERNER E. PILLER

Validity: Valid; EGGER (2013b) introduced the “Schopfl-
Subformation” to characterize the middle part of the Hois
Formation.

'[ype area: The northern slope of the hiIIsi<_:_Ie Schopfl;
OK50-UTM, map sheet 4330 Neulengbach (OK50-BMN,
map sheet 57 Neulengbach).

Type section: The type section is located along a forest
road which crosses the ditch “Kogelhofgraben” at an al-
titude of 600 m a.s.l. (approx. N 48°04'49" / E 15°52'51"),
community Brand-Laaben, Lower Austria; OK50-UTM,
map sheet 4330 Neulengbach (OK50-BMN, map sheet 57
Neulengbach).

Reference section(s): -

Derivation of name: Named after the hillside Schopfl
(893 m a.s.l; the highest elevation in the Vienna Woods)
(N 48°05'15.8" / E 15°54'50.9"); OK50-UTM, map sheet
4330 Neulengbach (OK50-BMN, map sheet 57 Neuleng-
bach).

Synonyms: Schopfl-Subformation (EGGER, 2013b).

Lithology: The sequence is composed predominantly
of dm-bedded siltstone turbidites with subordinate thick
bedded, siliceous turbiditic sandstone beds. Most turbi-
dites lack the basal parts (T,, T,) of the Bouma cycle. Thin
layers of yellow weathered claystones occur which are
bioturbated by Chondrites.

Fossils: Rare calcareous nannoplankton, ichnofossils.

Origin, facies: Turbidites of the basin plain mostly below
the calcite compensation depth.

Chronostratigraphic age: Early Paleocene, Danian to late
Paleocene, Selandian, Thanetian (?).

Biostratigraphy: Nannoplankton is rare but Coccolithus pe-
lagicus occurs clearly indicating a position above the K/Pg
boundary. In the lower part of the sequence Cruciplacolithus
tenuis was identified being indicative for Zone NP2 (Dani-
an), Fasciculithus tympaniformis is indicative for the Selandian.

Thickness: 250 m (EGGER, 2013b).

Lithostratigraphically higher rank unit: Hois Formation
(Laab Group, Rhenodanubian Supergroup).

Lithostratigraphic subdivision: -
Underlying unit(s): Kogelhofgraben Member.

Overlying unit(s): Tirkenstein Member; the politic sedi-
ments of the Schoépfl Member are distinctly overlain by
quartz-arenitic sandstones of the Tirkenstein Member.

Lateral unit(s): -
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Geographic distribution: The distribution of the Schopfl
Member is restricted to that of the Hois Formation (see
above).

Remarks: -

Complementary references: -

Tirkenstein-Subformation (Hois-Formation,
Laab-Gruppe) / Tiirkenstein Member (Hois Formation,
Laab Group)

WERNER E. PILLER

Validity: Valid; EGGER (2013b) introduced the “Turkenstein-
Subformation” for the upper unit of the Hois Formation.

Type area: Around the hillside “Turkenstein” in a small
stripe striking between Hendlberg in the WSW and N of the
Schopfl summit in the ENE (EGGER, 2013b: Abb. 1), Lower
Austria; OK50-UTM, map sheet 4330 Neulengbach (OK50-
BMN, map sheet 57 Neulengbach).

Type section: At the “Tiurkenstein” at the eastern flank
of the river Laabenbach (not further specified by EGGER,
2013b).

Reference section(s): -

Derivation of name: Named after the hillside “Tirken-
stein” (545 m a.s.l.) (N 48°04'30" / E 15°51'53") at the east-
ern flank of the river Laabenbach, c. 1 km S of the village
Glashiitte, Lower Austria; OK50-UTM, map sheet 4330
Neulengbach (OK50-BMN, map sheet 57 Neulengbach).

Synonyms: Tlrkenstein-Subformation (EGGER, 2013b).

Lithology: Nearly exclusively built of light brown weath-
ered quartzarenites.

Fossils: No fossils detected.

Origin, facies: Compared to the Schépfl Member, coarser
turbidites of the basin plain mostly below the calcite com-
pensation depth.

Chronostratigraphic age: Late Paleocene, Thanetian.

Biostratigraphy: In the Agsbach Formation immediately
above the Turkenstein Member the dinocyst Apectodinium
augustum was found which is indicative for the base of the
Eocene.

Thickness: 50 m (EGGER, 2013b).

Lithostratigraphically higher rank unit: Hois Formation
(Laab Group, Rhenodanubian Supergroup).

Lithostratigraphic subdivision: -
Underlying unit(s): Schopfl Member (Hois Formation).

Overlying unit(s): Agsbach Formation (Laab Group); the
Agsbach Formation is dominated by pelites in contrast to
the psammites of the Tlrkenstein Member.

Lateral unit(s): -

Geographic distribution: The distribution of the Schopfl
Member is restricted to that of the Hois Formation (see
above).
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Remarks: This unit is probably represented by the “Gla-
sige Quarzsandsteine” (glassy quartz sandstone) of GOTT-
SCHLING (1966).

Complementary references: -

Agsbach-Formation (Laab-Gruppe) /
Agsbach Formation (Laab Group)

WERNER E. PILLER

Validity: Valid; PREY (1965a) split the “Laaber Schichten”
into the lower Hoisschichten and the upper, finer grained
Agsbachschichten. On the geological map 58 Baden
(SCHNABEL, 1997a) introduced the “Agsbach-Formation”
and changed it to a member (SCHNABEL, 1999) or to the
“Agsbach-Subformation” on the geological map of Lower
Austria (SCHNABEL, 2002a). A detailed description and for-
malization was only provided by EGGER (2013b).

Type area: In the area between the hillside Schopfl, the vil-
lage St. Corona am Schopfl, the farmstead Wienhof and
the Klammhéhe, Lower Austria; OK50-UTM, map sheet
4330 Neulengbach (OK50-BMN, map sheet 57 Neuleng-
bach).

Type section: PREY (1965a) designated a small quarry
(N 48°07'37" / E 16°01'50") along the road S of the hamlet
Agsbach as type section. This outcrop is, however, com-
pletely covered and EGGER (2013b) established a neostra-
totype along the river Triesting between the confluence
of the Triesting with the Stltzenreithbach (N 48°03'11" /
E 15°52'53") and W of the bridge over the Triesting
(N 48°03'03" / E 15°53'06") immediately NW of the farm-
stead “Wienhof”, Lower Austria; OK50-UTM, map sheet
4330 Neulengbach (OK50-BMN, map sheet 57 Neuleng-
bach).

Reference section(s): -

Derivation of name: Named after the hamlet Agsbach
(N 48°08'05.86" / E 16°02'13.3") (PREY, 1965a), c. 5 km
NNE of the village Klausen-Leopoldsdorf, c. 6 km SW of
the town Pressbaum, Lower Austria; OK50-UTM, map
sheet 5325 Baden (OK50-BMN, map sheet 57 Neuleng-
bach).

Synonyms: Agsbachschichten (PREY, 1965a: p. 113), Ags-
bach Formation (KERN, 1978), Agsbach Member (SCHNA-
BEL, 1999), Agsbach-Subformation (SCHNABEL, 2002a, b).

Lithology: Dominated by pelitic turbidites with subordi-
nate thin bedded sandstones. Characteristic are also light
yellow to brownish weathered grey claystones. In the up-
per part of the formation, also calciturbidites occur as
platy marl with Chondrites trace fossils. The pelite/psammite
proportion is between 10:1 and 5:1.

Fossils: Calcareous nannoplankton, rare planktic foramin-
ifera, rare ichnofossils.

Origin, facies: Mud turbidites of the basin plain mostly be-
low the calcite compensation depth.

Chronostratigraphic age: Early Eocene, early Ypresian to
latest Ypresian.

Biostratigraphy: The occurrence of the dinocyst spe-
cies Apectodinium augustum in the lowest part of the formation



clearly indicates lowest Eocene (NP9; Discoaster multiradiatus
Zone). The uppermost biostratigraphic marker is the Dis-
coaster sublodoensis Zone (NP14) (EGGER, 2013b).

Thickness: 1,000 m (EGGER, 2013b).

Lithostratigraphically higher rank unit: Laab Group
(Rhenodanubian Supergroup).

Lithostratigraphic subdivision: -

Underlying unit(s): Turkenstein Member (Hois Group).
Overlying unit(s): -

Lateral unit(s): -

Geographic distribution: The distribution of the Schopfl
Member is restricted to that of the Hois Formation (see
above).

Remarks: -

Complementary references: PREY (1968, 1980b), PLOCH-
INGER & PREY (1974, 1993), THENIUS (1974), TOLLMANN
(1985), SAUER et al. (1992a), FAUPL (1996), STRANIK (1998,
2000), WESSELY (2006).

Austroalpine Units
MICHAEL WAGREICH

Upper Cretaceous/Paleogene sediments which rest un-
conformably upon deformed pre-Gosau sediments and

also on metamorphic Austroalpine basement south of the
NCA are informally called “Gosauschichten” (Text-Fig. 3).

Gosau Basins (Northern Calcareous Alps)

On top of the NCA, these Upper Cretaceous—Paleogene
strata are summarized in the Gosau Group. The Gosau
Group marks the deposition of a new sedimentary cycle
from Turonian onwards up to the Eocene. Basin forma-
tion is still discussed and several basin types were in-
terpreted, e.g., compressional piggy back and synthrust
basin models, and extensional and pull-apart basin mod-
els (e.g., WAGREICH & DECKER, 2001). The Gosau Group of
the NCA can be divided into two subgroups (WAGREICH &
FaupL, 1994). The Lower Gosau Subgroup (Upper Turoni-
an-Paleogene) consists of diachronous terrestrial deposits
at the base and passes gradationally into shallow-marine
successions. Sandstones, rudist-bearing limestones, and
marls are the main facies of the Lower Gosau Subgroup
(WAGREICH & FAUPL, 1994). The Paleogene part of the Low-
er Gosau Subgroup comprises mainly shallow-water lime-
stones and some mixed carbonate-siliciclastic rocks at
the southeastern part of the NCA. The Upper Gosau Sub-
group comprises deep-water deposits, such as hemipe-
lagic and pelagic slope marls (KRENMAYR, 1999) and a vari-
ety of deep-water clastics, deposited above and below the
calcite compensation level. Facies distribution and paleo-
current data indicate a pronounced fault-controlled relief
of a generally north-facing paleoslope (WAGREICH, 2001).

The Upper Cretaceous strata on top of metamorphic Aus-
troalpine units south of the NCA, i.e. the succession of the
Krappfeld area (Carinthia), is transgressively overlain by
Eocene terrestrial to shallow-marine strata of the Gutta-
ring Group.

Gosau-Gruppe / Gosau Group
MICHAEL WAGREICH

Validity: Valid; the term “Gosauer Gesteine” was first used
by LILIENBACH (1830). REUSS (1854) was the first who de-
fined a lower group (“Untere Gruppe”, largely correlat-
ed to the actual Lower Gosau Subgroup) and an upper
group (“Obere Gruppe” largely correlated to the actual Up-
per Gosau Subgroup). Lithostratigraphic units such as the

Hochmoos Formation were named and described for the
first time in the type area by WEIGEL (1937) and refined by
KOLLMANN (1982). The term Gosau Group was first used
by KOLLMANN (1982: “Gosau-Schichtgruppe”) and FAUPL
et al. (1987).

Type area: Gosau Basin from the Gosau valley to the
market town Abtenau, Upper Austria — Salzburg; OK50-
UTM, map sheet 3217 Hallstatt (OK50-BMN, map sheet 95
St. Wolfgang im Salzkammergut).

Type section: The type section of the fossiliferous Hoch-
moos Formation can also considered as type section for
the Gosau Group. According to WEIGEL (1937) and logged
by WAGREICH (1986, 1988), outcrops along the Tauerngra-
ben up to the Hochmoos at Pass Gschitt, 1.5 km NW of
Gosau-Vordertal, serve as a composite type section.

Reference section(s): -

Synonyms: Gosauschichten (Reuss, 1854), Gosauforma-
tion (KUHN, 1925b).

Lithology: Red and grey conglomerates, grey sandstones,
siltstones and marls, limestones, coal seams, bauxite, red
marls and marly limestones, mass-flow sands, conglomer-
ates and breccias.
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Text-Fig. 3.
Location of described Austroalpine units (Goau Group, Guttaring Group) (grey
shaded).
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Fossils: Calcareous nannofossils, planktic and benthic
foraminifera, corals, molluscs (ammonites, inoceramids,
rudists, ...), brachiopods.

Origin, facies: Terrestrial to shallow-water and deep-wa-
ter depositional environment, mainly clastic or mixed car-
bonate-clastic facies.

Chronostratigraphic age: Late Cretaceous, late Turoni-
an—Paleogene, Eocene.

Biostratigraphy: Planctonic foraminifera Dicarinella concavata
Zone to planktonic foraminifera Zone P10; calcareous nan-
nofossil Zones CC13/UC9-NP12.

Thickness: Up to 2,500 m, strong variation in thickness.
Lithostratigraphically higher rank unit: -

Lithostratigraphic subdivision: Lower Gosau Subgroup,
Upper Gosau Subgroup.

Underlying unit(s): Unconformably above Permian to Cre-
taceous rocks of NCA.

Overlying unit(s): -
Lateral unit(s): -

Geographic distribution: Northern Calcareous Alps, Cen-
tral Alps.

Remarks: -

Complementary references: -

Obere Gosau-Subgruppe / Upper Gosau Subgroup
MICHAEL WAGREICH

Validity: Valid; a distinct upper part of the Gosau Group
was already mentioned by REuUsS (1854: “Obere Gruppe”);
the Upper Gosau Subgroup was defined by WAGREICH &
FAUPL (1994).

Type area: Gosau Basin, Upper Austria — Salzburg; OK50-
UTM, map sheet 3217 Hallstatt (OK50-BMN, map sheet 95
St. Wolfgang im Salzkammergut).

Type section: The type section of the Nierental Formation
(KRENMAYR, 1999; HERM, 1962b) (N 47°40'31" / E 12°52'34")
at Lattengebirge south of Bad Reichenhall, Bavaria, Ger-
many; OK50-UTM, map sheet 3209 Bad Reichenhall
(OK50-BMN, map sheet 93 Berchtesgaden).

Reference section(s): -

Synonyms: at least parts of “Obere Gosau” (REUSS, 1854),
“Hoéhere Gosau”, “Upper Gosau Complex” (FAUPL et al.,
1987).

Lithology: Red and grey marls and marly limestones, silt-
stones, sandstones, conglomerates and breccias, olist-
hostromes, rare limestones.

Fossils: Planktic foraminifera, calcareous nannoplankton.

Origin, facies: Deep-water facies including pelagic and
hemipelagic deposits and mass-flow deposits including
slope fans.

Chronostratigraphic age: Late Cretaceous, Santonian—
Paleogene, Eocene (diachronous).
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Biostratigraphy: Planctonic foraminifera Dicarinella asymet-
rica Zone to planktonic foraminifera Zone P10; calcareous
nannofossil Zones CC16/UC12-NP12.

Thickness: Up to 1,500 m, strong lateral variations.
Lithostratigraphically higher rank unit: Gosau Group.

Lithostratigraphic subdivision: Several formations (see
below).

Underlying unit(s): Lower Gosau Subgroup. Lower bound-
ary defined by unconformity (“Intragosauische Diskor-
danz”) and/or facies change from shallow-water to deep-
water facies.

Overlying unit(s): -
Lateral unit(s): -

Geographic distribution: Northern Calcareous Alps, Cen-
tral Alps.

Remarks: -

Complementary references: -

Nierental-Formation (Obere Gosau-Subgruppe,
Gosau-Gruppe) / Nierental Formation
(Upper Gosau Subgroup, Gosau Group)

MICHAEL WAGREICH

Validity: Valid; first description by GUMBEL (1861) as “Kalk-
mergel vom Nierenthale”; later on several descriptions and
different views on the status of this unit (e.g., HERM, 1962a,
b); KOLLMANN (1982) mapped the unit in the Gosau valley
type area as “Nierentaler Schichten”; the term “Nierental
Formation” was used and defined by FAUPL et al. (1987)
and WAGREICH & FAUPL (1994), and formalized by KREN-
MAYR (1999), including a detailed description of the type
section as neotype and a discussion on the research his-
tory of the unit (KRENMAYR, 1999: p. 411-412).

Type area: Nierental and Lattengebirge, south of the town
Bad Reichenhall, Bavaria, Germany; OK50-UTM, map
sheet 3209 Bad Reichenhall (OK50-BMN, map sheet 93
Berchtesgaden).

Type section: The type section (neostratotype defined
by KRENMAYR, 1999) is a composite section in the Lat-
tengebirge (HERM, 1962b; KRENMAYR, 1999) (N 47°40'31" /
E 12°52'34"), including the Dalsenalm/Réthelbach section
and the Wasserfallgraben section, south of Bad Reichen-
hall, Bavaria, Germany.

Reference section(s): Reference sections of the Nierental
Formation are in the area of Gosau, RuBbach and Abten-
au (e.g., Rotwand N 47°32'26" / E 13°29'34", Elendgra-
ben N 47°34'42" / E 13°26'53", Postalm road N 47°36'45" /
E 13°23'11") and Gams bei Hieflau (KRENMAYR, 1999; see
also WAGREICH & FAUPL, 1994; WAGREICH & KRENMAYR,
2005). The lower boundary is defined by the change from
grey silty marls with very fine sandstone layers to red and
grey marly limestones without or only minor graded sand-
stone beds. The upper boundary is defined by the occur-
rence of turbidite conglomerates and an increase in grad-
ed sandstone layers above 50 %.



Derivation of name: After the creek Nierent(h)al, NW at
the Nierentalkopf, SE Bad Reichenhall, Bavaria, Germa-
ny; OK50-UTM, map sheet 3209 Bad Reichenhall (OK50-
BMN, map sheet 93 Berchtesgaden).

Synonyms: Kalkmergel vom Nierenthale (GUMBEL, 1861),
Nierentaler Schichten (PLOCHINGER & OBERHAUSER, 1957),
Schichten in Nierentaler Fazies (OBERHAUSER, 1963), Tass-
hofer Schichten (SUMMESBERGER, 1991; see WAGREICH et
al., 2011).

Lithology: The main lithologies are thin- to medium-bed-
ded, indurated, red and grey calcareous marls to marly
limestones (50-90 % carbonate content). Sandstone lay-
ers of turbidite origin may be present but stay below 50 %.
Marls and marly limestones consist mainly of planktic mi-
crofossils (calcareous nannoplankton, planktic foramin-
ifera), terrigenous clay minerals and minor silt-sized quartz.

Fossils: Foraminifera; planktic foraminifera make up more
than 50 %, often more than 95 % of the foraminiferal as-
semblages. Rare to very rare macrofossils (echinoids, am-
monites, belemnites). Bioturbation and ichnofossils are
common, e.g., Chondrites and Zoophycus.

Origin, facies: Pelagic-hemipelagic, pelitic facies with in-
tercalated mass-flow deposits of bathyal water depths
from 200 to 2,500 m (BUTT, 1981; KRENMAYR, 1996b, 1999).

Chronostratigraphic age: Late Cretaceous, Santonian-
Paleogene, Paleocene, locally early to middle Eocene (dia-
chronous).

Biostratigraphy: Planctonic foraminifera Dicarinella asymet-
rica Zone to planktonic foraminifera Zone P10; calcareous
nannofossil Zones CC17/UC12-NP10 (HILLEBRAND, 1981;
WAGREICH, 2001).

Thickness: Up to 350 m in the Gosau area.

Lithostratigraphically higher rank unit: Upper Gosau
Subgroup, Gosau Group.

Lithostratigraphic subdivision: -

Underlying unit(s): Grabenbach Formation (Lattenge-
birge; WAGREICH, 2003); Bibereck Formation, Ressen For-
mation (in the area of Gosau-RuBbach); also unconform-
ably above various Permian-Mesozoic formations of the
NCA.

Overlying unit(s): Zwieselalm Formation.

Lateral unit(s): Ressen Formation, Zwieselalm Formation,
Krimpenbach Formation, Kambuihel Formation, GieBhubl
Formation.

Geographic distribution: Widespread within the NCA, oc-
curring from Tyrol in the west to Vienna in the East (WAG-
REICH & FAUPL, 1994; KRENMAYR, 1996b, 1999; WAGREICH &
KRENMAYR, 2005).

Remarks: The Nierental Formation continues into the
Western Carpathians of the Slovak Republic known there
as, e.g., KoSariska Formation and Brezova Group (WAG-
REICH & MARSCHALKO, 1995).

Complementary references: KUPPER (1956), KUEHN
(1962), PLOCHINGER (1980), HERM (1981), FAupPL (1983),
TOLLMANN (1976, 1985), FAUPL et al. (1987), RIScH (1988),
MANDL (2002).

Zwieselalm-Formation (Obere Gosau-Subgruppe,
Gosau-Gruppe) / Zwieselalm Formation
(Upper Gosau Subgroup, Gosau Group)

VERONIKA KOUKAL & MICHAEL WAGREICH

Validity: Invalid; SPENGLER (1914: p. 287) mentioned a unit
“aus krystallinen Gerdllen zusammengesetztes Konglomerat” from the
area of Gosau, which was named “Zwieselalmschichten”
by KUHN (1930) and defined by KOLLMANN (1982) as “Zwie-
selalmschichten” in the rank of a formation; the term “Zwie-
selalm Formation” was used for the first time by FAUPL
et al. (1987) and LAHODYNSKY (1988, 1989).

Type area: Area of the mountain pasture Zwieselalm
(N 47°32'34" / E 13°28'30"), Gosau Basin, Upper Austria —
Salzburg; OK50-UTM, map sheets 3211 Bad Ischl, 3217
Hallstatt (OK50-BMN, map sheet 95 St. Wolfgang im Salz-
kammergut).

Type section: Not defined; for descriptions of possible
type sections see, e.g., PERYT et al. (1993), KRENMAYR
(1996b, 1999), EGGER et al. (2004).

Reference section(s): Krautgraben (N 47°39'46" /
E 14°53'09"), E of the village Gams bei Hieflau, Styria (EG-
GER et al., 2004); OK50-UTM, map sheet 4209 Hieflau
(OK50-BMN, map sheet 101 Eisenerz). The lower bound-
ary is defined by the change from marls and marly lime-
stones to thick sandstone beds and conglomerates.

Derivation of name: After the Zwieselalm area around the
mountain hut Liesenhltte (N 47°32'37.5" / E 13°29'09.5"),
c. 3 km southwest of the village Gosau-Hintertal, Upper
Austria; OK50-UTM, map sheet 3217 Hallstatt (OK50-
BMN, map sheet 95 St. Wolfgang im Salzkammergut).

Synonyms: Zwieselalmschichten (KUHN, 1930), Liesen-
schichten (WEIGEL, 1937), Breccien-Sandsteinkomplex
(KOLLMANN, 1964), (probably) Worschachbergschichten
(POBER, 1984).

Lithology: Sandstones, conglomerates, and grey and
red marls and marly limestones; resedimented limestone
clasts of the Kambihel Formation including olistholites
(SCHLAGINTWEIT et al., 2003; KRISCHE et al., 2012).

Fossils: Calcareous nannoplankton, planktic foraminifera
(EGGER et al., 2004); no autochthonous macrofossils, but
transported shallow water fauna (e.g., corals, red algae)
(KUHN, 1930).

Origin, facies: Turbidite fan facies with minor hemipelagic
intercalations.

Chronostratigraphic age: Late Cretaceous, late Maas-
trichtian to Eocene, Ypresian.

Biostratigraphy: Nannofossil Zones CC24-NP12 (EGG-
ER & WAGREICH, 2001; EGGER et al., 2004).

Thickness: 200-300 m.

Lithostratigraphically higher rank unit: Upper Gosau
Subgroup, Gosau Group.

Lithostratigraphic subdivision: -
Underlying units: Nierental Formation.

Overlying units: -
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Lateral units: Nierental Formation (WAGREICH & KRENMAYR,
2005).

Geographic distribution: In the area of Gosau-RuBbach-
Abtenau, Upper Austria — Salzburg (KOLLMANN, 1982) and
in the area of Gams bei Hieflau, Styria (KOLLMANN, 1964;
EGGER et al., 2004).

Remarks: K-Pg boundary sections are known from the
Elendgraben near RuBbach (Gosau Basin), Salzburg (PREI-
SINGER et al., 1986) and the Rotwandgraben, also in the
Gosau Basin, Upper Austria (LAHODYNSKY, 1988, 1989,
2003; PERYT et al., 1993), at the transition from the Nieren-
tal Formation to the Zwieselalm Formation. Equivalent Pa-
leogene strata in the area of Gams bei Hieflau, Styria, are
also termed Zwieselalm Formation (EGGER et al., 2004) and
include K-Pg and P-E boundary sections.

Complementary references: TOLLMANN (1976,
MANDL (2002).

1985),

Brunnbach-Formation (Obere Gosau-Subgruppe,
Gosau-Gruppe) / Brunnbach Formation
(Upper Gosau Subgroup, Gosau Group)

MICHAEL WAGREICH

Validity: Valid; FAuPL (1983) suggested the name Brunn-
bachschichten and EGGER & FAUPL (1999) mapped the unit
as “Brunnbach-Formation”. The term “Brunnbach Forma-
tion” was used for the first time by FAUPL et al. (1987).

Type area: Area along the creeks Brunnbach-PleiBabach,
c. 7.5 km south of the village GroBraming, Upper Austria;
OK50-UTM, map sheet 4202 Ternberg (OK50-BMN, map
sheet 69 GroBraming).

Type section: Brunnbach-PleiBabach (FAupPL, 1983:
p. 225) (N 47°49'36" / E 14°30'28"), c. 7.5 km south of the
village GroBraming, Upper Austria.

Reference section(s): FAurL (1983: Fig. 14) presented
several sections from Lumplgraben, Breitenberg, Spitzen-
bach that can be used as reference sections (see also
PLOCHINGER et al., 1987).

Derivation of name: After the hamlet Brunnbach, c. 7 km
south of the village GroBraming, Upper Austria; OK50-
UTM, map sheet 4202 Ternberg (OK50-BMN, map sheet
69 GroBraming).

Synonyms: Nierentaler Schichten (RUTTNER & WOLETZ,
1956).

Lithology: Carbonate breccias and polymict conglomer-
ates, thick- and thin-bedded sandstones, grey and red
silty marls, red and greenish claystones (hemipelagites).

Fossils: Calcareous nannoplankton, planktic and benthic
foraminifera, trace fossils.

Origin, facies: Deep-water turbidite fans and carbonate-
free hemipelagites.

Chronostratigraphic age: Late Cretaceous, late Campa-
nian to Paleogene, early Paleocene, Danian (FAUPL, 1983;
PLOCHINGER, 1987).

Biostratigraphy: The Campanian—-Maastrichtian is well es-
tablished by calcareous nannoplankton and planktic fora-
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minifera; Danian is proved by planktic foraminifera, e.g.,
Globigerina triloculinoides, Morozovella pseudobulloides and calcare-
ous nannoplankton (FAUPL, 1983; PLOCHINGER et al., 1987).

Thickness: Up to 1,000 m.

Lithostratigraphically higher rank unit: Upper Gosau
Subgroup, Gosau Group.

Lithostratigraphic subdivision: No formal subdivision;
based on turbidite facies models, FAUPL (1983) informally
divided the formation into a “mergelreiche Turbiditfolge”
(mainly the lower part in the northern outcrop areas) and a
“sandstein- und breccienreiche Turbiditfolge” (mainly up-
per part in the north and entire Brunnbach Formation in
the south).

Underlying unit(s): Nierental Formation, Spitzenbach For-
mation (unconformity at the base).

Overlying unit(s): Not known (overthrusted by higher
nappe units of the Weyer Arc).

Lateral unit(s): -

Geographic distribution: Between the village GroBra-
ming and the market town St. Gallen (Enns Valley — Reich-
raminger Hintergebirge), Styria (Northern Calcareous Alps);
OK50-UTM, map sheet 4202 Ternberg (OK50-BMN, map
sheet 69 GroBraming).

Remarks: -

Complementary references: OBERHAUSER (1963), FAUPL
et al. (1987), WAGREICH & FAUPL (1994), MANDL (2002).

GieBhiibl-Formation (Obere Gosau-Subgruppe,
Gosau-Gruppe) / GieBhiibl Formation
(Upper Gosau Subgroup, Gosau Group)

MICHAEL WAGREICH

Validity: Invalid; named by PLOCHINGER (1964) as
“GieBhubler Schichten”, described in detail by SAUER
(1980). FAUPL et al. (1987) used the term “GieBhlibl Forma-
tion” for the first time.

Type area: In the area of the village GieBhubl, SE of the
city of Vienna, Lower Austria (GieBhiibl Syncline); OK50-
UTM, map sheet 5325 Baden (OK50-BMN, map sheet 58
Baden).

Type section: -

Reference section(s): Not defined, but several deep wells
such as Aderklaa 5, Aderklaa 81, Schonkirchen Tief T21,
T32, T90 would be good candidates (WESSELY, 1974, 1992,
2006).

Derivation of name: After the village GieBhibl, c. 16 km
SE of the city centre of \(!enna, Lower Austria; OK50-UTM,
map sheet 56325 Baden (OK50-BMN, map sheet 58 Baden).

Synonyms: GieBhibler Schichten (PLOCHINGER, 1964),
Giesshibl Group (SAUER et al., 1992a, b; WESSELY, 1992),
Hollgrabenschichten (WAGREICH, 2013).

Lithology: Carbonate breccias, conglomerates, sand-
stones, marls, claystones.

Fossils: Calcareous nannoplankton, planktic foraminifera;
reworked corallinacean red algae, corals, orbitoids.



Origin, facies: Deep-water turbidite system with sand-
stone, marls, shales and breccias; including also coarse
mass flows.

Chronostratigraphic age: Late Cretaceous, late Maas-
trichtian—-Paleogene, Paleocene, Thanetian.

Biostratigraphy: Planktonic foraminifera (Globigerina, Glo-
borotalia), calcareous nannoplankton, e.g., Fasciculithus involu-
tus (WESSELY, 1974).

Thickness: Several hundreds of meters.

Lithostratigraphically higher rank unit: Upper Gosau
Subgroup, Gosau Group.

Lithostratigraphic subdivision: Three informal members
(untere, mittlere, obere GieBhlibler Schichten, WESSELY,
1974; lower, middle, upper Giesshibl Formation, WESSE-
LY, 1992) were distinguished and used on maps, howev-
er, never defined as valid members. After WESSELY (2006)
these units can be separated: “Untere GieBhiibl-Subfor-
mation” (red and grey shales and marls and quartz sand-
stones); “Mittlere GieBhibl-Subformation” (grey marls and
carbonate breccias with corallinacean algae and corals);
“Obere GieBhiubl-Subformation” (carbonate-poor grey
marls and quartz sandstones, minor conglomerates).

Underlying unit(s): Nierental Formation.

Overlying unit(s): Unknown (eroded or overthrust by tec-
tonically higher units).

Lateral unit(s): -

Geographic distribution: Within the GieBhibl Syncline
between GieBhlibl-Furth an der Triesting-Lilienfeld, Low-
er Austria (NCA); OK50-UTM, map sheets 4329 Wilhelms-
burg, 4330 Neulengbach, 5325 Baden ((")KSO-BMN, map
sheets 56 St. Pdlten, 57 Neulengbach, 58 Baden) (WAG-
REICH, 2013); widespread also in the subsurface of the Vi-
enna Basin (WESSELY, 1974, 1992, 2006).

Remarks: The GieBhibl Formation continues into the
Western Carpathians of the Slovak Republic, correlating
to units within the Brezova Group and the Myjava Group
(WAGREICH & MARSCHALKO, 1995).

Complementary references: PLOCHINGER (1980), TOLL-
MANN (1976, 1985), MANDL (2002).

Zweiersdorf-Formation (Obere Gosau-Subgruppe,
Gosau-Gruppe) / Zweiersdorf Formation
(Upper Gosau Subgroup, Gosau Group)

MICHAEL WAGREICH

Validity: Valid; PLOCHINGER (1956) introduced the name
“Zweiersdorfer Schichten” and provided a detailed de-
scription in 1961. The term “Zweiersdorf Formation” was
used for the first time by SAUER et al. (1992a).

Type area: In the area between Dreistetten and Griinbach
(the so-called “Neue Welt — Griinbach Gosau”), bordered
in the NW by the mountain range Hohe Wand, in the SE by
the hill range Kienberg-GréBenberg, Lower Austria; OK50-
UTM, map sheet 5201 Wiener Neustadt (OK50-BMN, map
sheet 76 Wiener Neustadt).

Type section: PLOCHINGER (1961: p. 402, Abb. 7) described
a c. 80 m-thick section in the village of Zweiersdorf, along

a path east of the inn “Zum Hirschen” (N 47°48'24" /
E 16°02'19") which can be considered the type section,
however, the outcrop does not exist anymore.

Reference section(s): Not defined; however, PLOCHINGER
(1961) described a 250 m-thick succession of dark grey,
micaceous marl from the “Johannesstollen” (abandoned
closed coal shaft) close to the village Oberhéflein which
could be considered as a reference section.

Derivation of name: After the village Zweiersdorf
(N 47°48'23.8" / E 16°02'13.2"), c. 4 km ENE of the market
town Grinbach am Schneeberg, c. 15 km W of the town
Wiener Neustadt, Lower Austria.

Synonyms: Zweiersdorfer Schichten (PLOCHINGER, 1956,
1961).

Lithology: Sandstone-dominated turbidite succession
with micaceous marl rich in coal particles. Sandstones
contain clasts of corallinacean red algae and bryozoans.

Fossils: Calcareous nannofossils; benthic (e.g., Bolivinoides
draco) and planktic foraminifera (e.g., Morozovella pseudobulloi-
des, M. trinidadensis, M. uncinata, M. angulata); redeposited coral-
line red algae, larger benthic foraminifers, corals, and mol-
luscs; trace fossils (PLOCHINGER, 1961).

Origin, facies: Bathyal turbidites.

Chronostratigraphic age: Late Cretaceous, Maastrichtian
to Paleogene, Paleocene, Danian to Selandian ?

Biostratigraphy: Planctonic foraminifera Gansserina gans-
seri Zone to Morozovella pseudobulloides—Morozovella angulata Zone
(P1-P3); Nannofossil standard Zones CC25-NP4 (HRA-
DECKA et al., 1999).

Thickness: 250 m (PLOCHINGER, 1961).

Lithostratigraphically higher rank unit: Upper Gosau
Subgroup, Gosau Group.

Lithostratigraphic subdivision: -

Underlying unit(s): Piesting Formation. Boundary defined
by change from sandy-silty marls with few sandstone lay-
ers and inoceramid bivalves to sandstone-dominated suc-
cession rich in detrital mica and coal particles.

Overlying unit(s): -
Lateral unit(s): Kambihel Formation.

Geographic distribution: Neue Welt - Griinbach area,
Lower Austria (see Type area); OK50-UTM, map sheet
5201 Wiener Neustadt (OK50-BMN, map sheet 76 Wiener
Neustadt).

Remarks: -

Complementary references: PLOCHINGER (1967, 1980),
TOLLMANN (1976, 1985), WESSELY (2006).

Kambiihel-Formation (Obere Gosau-Subgruppe,
Gosau-Gruppe) / Kambiihel Formation
(Upper Gosau Subgroup, Gosau Group)

MICHAEL WAGREICH
Validity: Valid; PLOCHINGER (1967) first described “Riffkal-

ke des ? Dan-Paleozan” from the locations Prigglitz and
Kambuhel (Lower Austria); this unit has been denominat-
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ed by TOLLMANN (1976: p. 449) as “Kambihelkalk”. The
term “Kambihel Formation” was used for the first time by
TRAGELEHN (1996).

Type area: The hillside Kambuihel, c. 3.7 km N of the town
Ternitz, c. 5 km NW of the town Neunkirchen, Lower Aus-
tria; OK50-UTM, map sheet 5207 Neunkirchen (OK50-
BMN, map sheet 105 Neunkirchen).

Type section: A 20 m outcrop-section southwest of
the hill top Kambuihel (TRAGELEHN, 1996) (N 47°44'45" /
E 16°01'48"); OK50-UTM, map sheet 5207 Neunkirchen
(OK50-BMN, map sheet 105 Neunkirchen). According to
SCHLAGINTWEIT et al. (2016), the type section contains the
K-Pg boundary.

Reference section(s): Not defined; several outcrops were
studied by TRAGELEHN (1996) between Prigglitz (Lower
Austria) and the Hochschwab mountains (Styria) and also
from the area of Gams by Hieflau (Styria) which could be
considered as reference sections.

Remark: TRAGELEHN (1996) is a Ph.D. thesis, which has not
been published.

Derivation of name: After the hillside Kambihel
(Kammbuhel) (526 m a.s.l.), c. 3.5 km N of the town Ter-
nitz, c. 5 km NW of the town Neunkirchen, Lower Austria;
OK50-UTM, map sheet 5207 Neunkirchen (C")KSO—BMN,
map sheet 105 Neunkirchen).

Synonyms: Riffkalke des ? Dan-Paleozédn (PLOCHINGER,
1967), Kambihelkalk (TOLLMANN, 1976), Kambihel Lime-
stone (SCHLAGINTWEIT et al., 2003).

Lithology: Creamy white or reddish limestones and sandy
limestones with corals and calcareous algae.

Fossils: Benthic foraminifera, calcareous algae (highly di-
verse green algal flora), corals, bryozoans, locally crus-
taceans, brachiopods (TRAGELEHN, 1996, 2000; VER-
HOFF et al., 2009; DuULAI et al., 2008; KRISCHE et al., 2012;
SCHLAGINTWEIT et al., 2018).

Origin, facies: Shallow-water reef limestones including la-
goonal and fore-reef facies.

Chronostratigraphic age: Late Cretaceous, upper Maas-
trichtian to Paleocene, upper Thanetian (KEGLER et al.,
2000; SCHLAGINTWEIT et al., 2018).

Biostratigraphy: Planktonic foraminifera Zones Pseu-
doguembelina hariaensis (CF3 — upper Maastrichtian) — Acarin-
ina soldadoensis/ Globanomalina pseudomenardii Concurrent-range
Subzone P4c (SCHLAGINTWEIT et al., 2018; SCHLAGINT-
WEIT & RIGAUD, 2019); Larger benthic foraminifera SBZ17?-
SBZ4 (SCHLAGINTWEIT et al., 2016, 2018; SCHLAGINTWEIT &
RIGAUD, 2019), Maastrichtian (Siderolites).

Thickness: Several tens of meters, but most known oc-
currences are olistholiths.

Lithostratigraphically higher rank unit: Upper Gosau
Subgroup, Gosau Group.

Lithostratigraphic subdivision: No formal subdivision;
TRAGELEHN (1996) subdivided the formation in two (infor-
mal) members: St. Lorenzen Member, Ragglitz Member
(TRAGELEHN, 1996).

Underlying unit(s): Piesting Formation (sandstone with or-
bitoids) (Upper Cretaceous). Lower boundary defined by
change from sandstone to creamy white or red limestones
or sandy limestones.

Overlying unit(s): -
Lateral unit(s): Zweiersdorf Formation.

Geographic distribution: The Kambihel Formation is
mainly restricted along the southeastern part of the NCA,
but is also reported from the area of Golling, Salzburg
(KRISCHE et al., 2012).

Remarks: The type locality of the Kambihel Formation is
the only known shallow-water locality preserving a K-Pg
boundary (SCHLAGINTWEIT et al., 2016). The boundary is
marked by a hardground which represents a hiatus includ-
ing the upper part of planktonic foraminifera Zones CF3
to the middle part of P1a(1) and is estimated at 1.5 Myrs
(KELLER et al., 2018).

Limestones, which can be correlated with the Kamblhel
Formation, continue into the Western Carpathians and
were in detail described by, e.g., SAMUEL et al. (1972) and
BUCEK & KOHLER (2017).

Complementary references: PLOCHINGER (1980), LEIN
(1982), TOLLMANN (1985), FAUPL et al. (1987), BRYDA et al.
(2013).

Krappfeld, Carinthia

Guttaring-Gruppe / Guttaring Group
WERNER E. PILLER

Validity: Invalid; KEFERSTEIN (1829: 197-205) reported
“Mergelkalk, Nummulitenkalk und Kohle der Gegend von Althofen und
Gutharing” and correlated these sediments with the “Flysch-
formation” although Minster clearly indicated in his fos-
sil identifications for Keferstein that they form the “untere
Lage der tertidren Formationen” in other areas of Europe
(p. 202). HAUER (1847) reported a coal seam and nummu-
lite limestones from the area of Guttaring and dated them
to the Eocene. A detailed description was given by PE-
NECKE (1885a, b) who subdivided the Eocene sediments of
the Krappfeld into seven units: (1) “Rothe Liegendthone”,
(2) “Modiolamergel”, (3) “Flétzmasse”, (4) “Gasteropoden-
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mergel”, (5) “Nummulitenmergel”, (6) “Nummulitenkalk”, und
(7) “Variolarius-Sandstein”. VAN HINTE (1963) performed a
detailed study and introduced the “Guttaring Gruppe” in-
cluding five units. WILKENS (1989a, b) did not adopt the
Guttaring Group of VAN HINTE (1963) but differentiated
three units within the Paleogene sediments: Basis-Forma-
tion, GroBforaminiferenmergel-Formation, GroBforaminife-
renkalk-Formation, which he later on (1991) renamed to
“Holzer-Formation”, “Sittenberg-Formation” and “Dobran-
berg-Formation”. HILLEBRANDT (1993) applied the “Gutta-
ring-Gruppe” but used proper lithostratigraphic names for
the formations (“Sittenberg-Formation”, “Dobranberg-For-
mation”). HILLEBRANDT (1993) did not know WILKENS (1991)
paper because this is an unpublished Ph.D. thesis (and
therefore the formation cannot be considered as valid).



Type area: Area within a polygon marked by the market
towns Eberstein and Klein St. Paul, the village Wieting, the
market town Guttaring, the town Althofen, and the village
Passering, roughly between the rivers Gurk in the west
and its tributary Gértschitz in the east, Carinthia; OK50-
UTM, map sheet 4102 Althofen (OK50-BMN, map sheet
186 St. Veit an der Glan).

Remark: The Gurk river plain is also called “Krappfeld”
and this name is generally applied for the occurrence of
the Cretaceous and Paleogene sediments in the area (it
includes, however, also the hillside east of the Gurk plain
with Hollersberg, Dobranberg, and Sittenberg).

Type section: See formations.
Reference section(s): -

Derivation of name: Named after the market town Gut-
taring, c. 4 km NE of the town Althofen, c. 18 km NE
of the town St. Veit an der Glan, northeastern Carinthia;
N 46°5326" / E 14°30'42"; OK50-UTM, map sheet 4102
Althofen (OK50-BMN, map sheet 186 St. Veit an der Glan).

Synonyms: -

Lithology: The Guttaring Group contains a great variety of
lithologies ranging from clay(stone)s, marls, coal seams,
nummulite marls to nummulite limestones and sand(stone)s;
the units are laterally highly variable (see description of for-
mations).

Fossils: A rich fauna is already described by PENECKE
(1885a, b) with foraminifera, corals, echinoderms, poly-
chaets, brachiopods, gastropods, bivalves, cephalopods
and crustaceans, extended by REDLICH (1905).

Origin, facies: From brackish near shore to shallow ma-
rine paleoenvironments (for details see descriptions of for-
mations).

Chronostratigraphic age: Early Eocene, Ypresian to mid-
dle Eocene, Lutetian.

Remark: The lowermost sediments of the Guttaring Group
were usually assigned to the llerdian stage. This later
stage, however, has been redefined and is now consid-
ered only a regional stage correlated to the lower Ypresian
with the base of the llerdian correlating with the base of
the Ypresian (PUJALTE et al., 2009; GRADSTEIN et al., 2020).

Biostratigraphy: See formations.
Thickness: See formations.
Lithostratigraphically higher rank unit: -

Lithostratigraphic subdivision: Holzer Formation, Sitten-
berg Formation, Dobranberg Formation.

Underlying unit(s): Pemberger Formation (upper Campan-
ian), discordant contact.

Overlying unit(s): Quaternary sediments.
Lateral unit(s): Not known.

Geographic distribution: See type area.
Remarks: -

Complementary references: KARSTEN (1821: p. 311),
ROSTHORN & CANAVAL (1853), OPPENHEIM (1901), BECK
(1931), PAPP (1955b), BECK-MANNAGETTA (1980a), THIEDIG
et al. (1984, 1999), APPOLD et al. (1986), RASSER (1994).

Holzer-Formation (Guttaring-Gruppe) /
Holzer Formation (Guttaring Group)

WERNER E. PILLER

Validity: Invalid; WILKENS (1991) introduced the “Holzer-
Ton-Sandstein-Formation” and the “Holzer-Formation”, re-
spectively. His paper is, however, an unpublished Ph.D.
thesis and therefore the formation cannot be considered
as valid.

Type area: In the area of the Sonnberg-Sittenberg, be-
tween Klein St. Paul and Guttaring, Krappfeld area, Carin-
thia, Austria; OK50-UTM, map sheet 4102 Althofen (OK50-
BMN, map sheet 186 St. Veit an der Glan).

Type section: Pemberger Quarry (N 46°5027" /
E 14°31'35"), c. 1.3 km NW of the market Klein St. Paul,
Carinthia. The lower and upper boundary were outcrop-
ping (WILKENS, 1991: p. 7, 11, Abb. 14c); OK50-UTM, map
sheet 4102 Althofen (OK50-BMN, map sheet 186 St. Veit
an der Glan).

Reference section(s): -

Derivation of name: Named after the farmstead Holzer
(N 46°53'44.3" / E 14°30'09.3"), c. 1 km NW of the mar-
ket town Guttaring, Carinthia; OK50-UTM, map sheet 4102
Althofen (OK50-BMN, map sheet 186 St. Veit an der Glan).

Synonyms: Rote, gelbe und weiBe Liegendtone, Flézge-
birge p.p. (REDLICH, 1905), Speckbauer Roter Ton (VAN
HINTE, 1963: p. 23), FI6ézfUhrende Serie mit Basisschichten
(WILKENS, 1984: p. 263), Basis-Formation (WILKENS, 1989a:
p. 88), Holzer-Ton-Sandstein-Formation (WILKENS, 1991:
p. 7), Holzer-Formation (WILKENS, 1991: p. 12).

Lithology: Red, green and grey sandy clay(stone) interca-
lated with coal seams; a black shale horizon occurs in the
upper part of the sequence; all lithologies are carbonate-
free.

Fossils: Rich in terrestrial playnomorphs, which can be
subdivided into three palyno-facies: (1) at the base of the
formation occur abundant and diverse fern spores and
various Arecaceae, Myricaceae, and Juglandaceae; (2) in
black trangressive shales marine dinoflagellates (Apectodini-
um dominated) and Normapolles, Nypa, palm pollen, and Avicen-
nia co-occur; (3) grey and dark grey clays wind pollinated
triporate taxa (e.g., Normapolles, Myricaceae, Juglandaceae),
monosulcate palm taxa and numerous fern spores
(ZETTER & HESSE, 1995; HOFMANN et al., 2012a; HOFMANN &
EGGER, 2015).

Origin, facies: The different litho- and palynofacies allow
a tripartite interpretation of the paleoenvironment: (1) Coal-
bearing palm swamp; (2) coastal swamp with mangroves;
and (3) shrubby back swamp; all reflecting a near shore
environment with mostly terrestrial organic material; the
black shale horizon represents the base of the Eocene ma-
rine transgression (DROBNE et al., 2011; HOFMANN et al.,
2012a, b).

Chronostratigraphic age: Early Eocene, Ypresian.

Biostratigraphy: Lower part of calcareous nannofossil
Zone NP12 (deduced from the overlying Sittenberg For-
mation for which NP12 is proved) (HOFMANN et al., 2012a).
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Thickness: WILKENS (1989a, 1991) reports 80 m at the
Sonnberg and 1.5-20 m at the Sittenberg area; 8 m are re-
ported from the Pemberger Quarry (HOFMANN et al., 2012a;
HOFMANN & EGGER, 2015).

Lithostratigraphically higher rank unit: Guttaring Group
(after VAN HINTE, 1963).

Remark: The Cretaceous and Paleogene sediments in the
Krappfeld area are widely known as “Gosau” or “Gosau
sediments” or “Krappfeld Gosau”; in the Northern Calcar-
eous Alps sediments of this time interval are exclusive-
ly termed “Gosau” or “Gosau sediments” and the Creta-
ceous/Paleogene lithostratigraphic units are subsumed in
the Gosau Group. The “Gosau sediments” in the Krappfeld
area are also treated as part the Gosau Group and not as
Guttaring Group.

Lithostratigraphic subdivision: Winkler Member and Off-
ner Member in the Sittenberg area, Héhwirt Member and
Sonnberg Member in the Sonnberg area.

Underlying unit(s): Pemberger Formation (Campanian
age, late Cretaceous), unconformably overlain by the Hol-
zer Formation.

Overlying unit(s): Sittenberg Formation.
Lateral unit(s): Not known.

Geographic distribution: The formation has the same dis-
tribution as the Guttaring Group (see above); OK50-UTM,
map sheet 4102 Althofen (OK50-BMN, map sheet 186
St. Veit an der Glan).

Remarks: -

Complementary references: RASSER (1994), THIEDIG et
al. (1999), EGGER et al. (2009), ZETTER & HOFMANN (1998,
2001), HOFMANN et al. (2011a, b, 2012b).

Sittenberg-Formation (Guttaring-Gruppe) /
Sittenberg Formation (Guttaring Group)

WERNER E. PILLER

Validity: Invalid; VAN HINTE (1963) introduced the “Sitten-
berg Folge” which has been renamed by WILKENS (1991) to
“Sittenberg-GroBforaminiferenmergel-Formation” and “Sit-
tenberg-Formation”, respectively. His paper is, however,
an unpublished Ph.D. thesis and therefore the formation
cannot be considered as valid. HILLEBRANDT (1993) used
the term “Sittenberg-Formation”.

Type area: In the area of the Sittenberg, along the western
flank of the Gortschitz Valley, W of Klein St. Paul and Gut-
taring, Krappfeld area, Carinthia, Austria; OK50-UTM, map
sheet 4102 Althofen (OK50-BMN, map sheet 186 St. Veit
an der Glan).

Type section: Not defined; in the Sittenberg area no con-
tinuous outcrops were available, at the Sonnberg a section
along a forest road was relatively well exposed (WILKENS,
1991: p. 7).

Reference section(s): -

Derivation of name: Named after the hillside Sittenberg
(or the farmstead Sittenberg), SW of the market town Kilein
St. Paul along the western flank of the Gdrtschitz valley,

Carinthia; OK50-UTM, map sheet 4102 Althofen (OK50-
BMN, map sheet 186 St. Veit an der Glan).
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Synonyms: Flozgebirge p.p. (REDLICH, 1905), Hohwirt
Folge (VAN HINTE, 1963), Sittenberg Folge p.p. (VAN HINTE,
1963), Nummulitenmergel (WILKENS, 1984), Flozfihrende-
Abfolge, Kalk-Mergel-Abfolge (WILKENS, 1989a), Sitten-
berg-GroBforaminiferenmergel-Formation (WILKENS, 1991).

Lithology: Various lithologies represent this formation,
dominated by nummulitic limestone and marlstone alter-
nating with clay rich deposits with a more siliciclastic influ-
enced lower part and a carbonate dominated upper part;
in the lower part of the formation a coal seam occurs.

Fossils: Calcareous nannoplankton; larger foraminifera:
Assilina placentula, Nummulites burdigalensis kuepperi, Nummulites in-
crescens, and Nummulites bearnensis have been described from
the base of this marine unit (SCHAUB, 1981; HILLEBRANDT,
1993; DROBNE et al., 2011).

Origin, facies: Shallow marine, inner neritic paleoenviron-
ment, interrupted by a coal seam of non-marine origin in
the lower part.

Chronostratigraphic age: Early Eocene, Ypresian.

Biostratigraphy: The larger foraminiferal assemblage is in-
dicative of the lower part of SBZ10, which has been cor-
related with calcareous nannofossil Zone NP12 (SERRA-
KIEL et al., 1998) (DROBNE et al., 2011; CORIC et al., 2011);
a poor planktonic foraminifera assemblage indicates also
Ypresian but with a wider range between Zones P5-E5
(CORIC et al., 2011).

Thickness: WILKENS (1991) reports in the Sonnberg area
(W of Guttaring) 110 m and in the Sittenberg area 60 m.

Lithostratigraphically higher rank unit: Guttaring Group.

Lithostratigraphic subdivision: At the Sittenberg, W of
Klein St. Paul, the Sittenberg Formation was subdivid-
ed into the Winkler Member and the Offner Member, at
the Sonnberg, W of Guttaring, it was subdivided into the
lower Hohwirt Member and the upper Sonnberg Member
(WILKENS, 1991).

Underlying unit(s): Holzer Formation; the boundary is
defined with the first occurrence of larger foraminifera
(WILKENS, 1991: p. 8).

Overlying unit(s): Dobranberg Formation; the boundary is
defined with the onset of carbonate pure, fossil rich lime-
stones above an alveolinid bearing calcareous sand to cal-
careous siltstone (WILKENS, 1991: p. 9).

Lateral unit(s): Not known.

Geographic distribution: The formation has the same dis-
tribution as the Guttaring Group (see above); OK50-UTM,
map sheet 4102 Althofen (OK50-BMN, map sheet 186
St. Veit an der Glan).

Remarks: -

Complementary references: RASSER (1994), THIEDIG et al.
(1999).



Winkler-Subformation (Sittenberg-Formation,
Guttaring-Gruppe) / Winkler Member
(Sittenberg Formation, Guttaring Group)

WERNER E. PILLER

Validity: Invalid; VAN HINTE (1963) introduced the “Sitten-
berg Folge” which has been renamed and reorganized
into the “Winkler-Member” of the Sittenberg Formation
by WILKENS (1991). His paper is, however, an unpublished
Ph.D. thesis and therefore the member cannot be consid-
ered as valid.

Type area: In the area of the Sittenberg, along the western
flank of the Gortschitz valley, W of Klein St. Paul, Krapp-
feld area, Carinthia, Austria; OK50-UTM, map sheet 4102
Althofen (OK50-BMN, map sheet 186 St. Veit an der Glan).

Type section: Not defined; WILKENS (1991: Abb. 4a) de-
picted a c. 2.5 m thick-section along a forest road from
Of(f)ner to Wittwa, 280 m SW of the farmstead Of(f)ner
(810 m a.s.l.), Krappfeld area, Carinthia, Austria; OK50-
UTM, map sheet 4102 Althofen (OK50-BMN, map sheet
186 St. Veit an der Glan)

Reference section(s): -

Derivation of name: Named after the farmstead Winkler
(N 46°49'36" / E 14°30'34"), in the Boden valley, c. 2.5 km
SW of the market town Klein St. Paul, Carinthia; OK50-
UTM, map sheet 4102 Althofen (OK50-BMN, map sheet
186 St. Veit an der Glan).

Synonyms: Sittenberg Folge (VAN HINTE, 1963).

Lithology: Sandy and marly, slightly micaceous larger fora-
minifera-mollusc limestones (“Ampullinen-Kalksandstein”)
at the base (60 cm maximum) which grades upsection into
an alternation of clays and sands rich in larger foramin-
ifera. In the uppermost part of the section an 80 cm-thick
coal seam occurs. Below the coal seam a clayey marl ho-
rizon with corals is reported (WILKENS, 1991). A great vari-
ety of microfacies types was described by WILKENS (1991).

Fossils: In the “Ampullinen-Kalksandstein” molluscs
(mostly gastropods) occur frequently and larger foramin-
ifera (nummulitids, alveolinids and orbitolites, but Assilina is
missing). In the sediments above, the genus Assilina is very
abundant including Assilina placentula but also Nummulites burai-
galensis kuepperi, Nummulites increscens, and Nummulites bearnensis
have been described (SCHAUB, 1981; HILLEBRANDT, 1993).
Besides larger foraminifera molluscs are abundant and
divers but also green algae occur (WILKENS, 1991: p. 225).

Origin, facies: Shallow marine, inner neritic paleoenviron-
ment with full marine lagoons and shoals; the marine suc-
cession is interrupted by a coal seam of non-marine origin
in the upper part.

Chronostratigraphic age: Early Eocene, Ypresian.

Biostratigraphy: The larger foraminifera clearly indicate a
Ypresian age.

Thickness: A maximum thickness of 30 m is reported by
WILKENS (1991).

Lithostratigraphically higher rank unit: Sittenberg For-
mation.

Lithostratigraphic subdivision: -

Underlying unit(s): Holzer Formation (Guttaring Group);
the boundary is defined with the first occurrence of larger
foraminifera in the Winkler Member (WILKENS, 1991: p. 8).

Overlying unit(s): Offner Member (Guttaring Group).
Lateral unit(s): Hohwirt Member.

Geographic distribution: Restricted to the area of the hill-
side Sittenberg, along the western flank of the Gortschitz
valley, W of Klein St. Paul, Krappfeld area, Carinthia, Aus-
tria; OK50-UTM, map sheet 4102 Althofen (OK50-BMN,
map sheet 186 St. Veit an der Glan).

Remarks: According to WILKENS (1991), the Winkler Mem-
ber corresponds to the “Sittenberg-Folge” of VAN HINTE
(1963).

Coal mining activities and quantities are reported by WE-
BER & WEISS (1983). The coal seam of this member has
been mined until 1960.

Complementary references: RASSER (1994).

Offner-Subformation (Sittenberg-Formation,
Guttaring-Gruppe) / Offner Member
(Sittenberg Formation, Guttaring Group)

WERNER E. PILLER

Validity: Invalid; WILKENS (1991) introduced the “Offner-
Member” for the upper part of the Sittenberg Formation at
the Sittenberg hillside. Wilkens' paper is, however, an un-
published Ph.D. thesis and therefore the member cannot
be considered as valid.

Type area: In the area of the Sittenberg, along the western
flank of the Gortschitz valley, W of Klein St. Paul, Krapp-
feld area, Carinthia, Austria; OK50-UTM, map sheet 4102
Althofen (OK50-BMN, map sheet 186 St. Veit an der Glan).

Type section: Not defined; WILKENS (1991) reports a drill-
ing from the coal mine, but does not provide any details.
He depicts only a detailed section of approx. 5 m thick-
ness from a forest road cut (WILKENS, 1991: Abb. 5).

Reference section(s): -

Derivation of name: Named after the farmstead Offner
(N 46°49'18" / E 14°32'02") at the Sittenberg, c. 1.4 km
SSW of the market town Klein St. Paul, Carinthia; OK50-
UTM, map sheet 4102 Althofen (OK50-BMN, map sheet
186 St. Veit an der Glan).

Remark: WILKENS (1991) applied the name Offner for this
member after the farmstead, the actual name in the map
OK50-UTM is Ofner.

Synonyms: Dobranberg Nummulitenschichten p.p. (VAN
HINTE, 1963).

Remark: WILKENS (1991: p. 16) erroneously cited VAN HINTE
(1963) in the synonymy with “Sittenberg-Nummuliten-
schichten” which, however, have not been introduced by
the later author.

Lithology: Alternation of strongly cemented larger fo-
raminiferal limestones with slightly cemented marls and
calcareous sandstones partly rich in larger foraminifers;
glauconite is occasionally abundant. Grey alveolinid- and
nummulitid limestone beds can reach up to 7 m thickness.
WILKENS (1991) differentiated various microfacies types.
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Fossils: Larger foraminifera, such as Alveolina, Orbitolites,
Nummulites and Assilina, are abundant and rock forming; mol-
luscs are present but not as abundant as in the Winkler
Member; green algae and also fish remains are recorded
(WILKENS, 1991).

Origin, facies: Shallow marine carbonate paleoenviron-
ment with fine siliciclastic influence.

Chronostratigraphic age: Early Eocene, late Ypresian.

Biostratigraphy: The larger foraminifera clearly indicate
an Ypresian age.

Thickness: A maximum thickness of 30 m is reported by
WILKENS (1991).

Lithostratigraphically higher rank unit: Sittenberg For-
mation.

Lithostratigraphic subdivision: -

Underlying unit(s): Winkler-Member (Sittenberg Forma-
tion).

Overlying unit(s): Unterstein Member (Dobranberg Forma-
tion).

Lateral unit(s): Sonnberg Member (Sittenberg Formation)
in the Sonnberg area.

Geographic distribution: Restricted to area of the Sitten-
berg, along the western flank of the Gortschitz valley, W
of Klein St. Paul, Krappfeld area, Carinthia, Austria; OK50-
UTM, map sheet 4102 Althofen (OK50-BMN, map sheet
186 St. Veit an der Glan).

Remarks: -

Complementary references: RASSER (1994).

Hohwirt-Subformation (Sittenberg-Formation,
Guttaring-Gruppe) / Hohwirt Member
(Sittenberg Formation, Guttaring Group)

WERNER E. PILLER

Validity: Invalid; VAN HINTE (1963) described the “Hoh-
wirt Folge” overlying the “Speckbauer Roter Ton”. WILKENS
(1991) redefined this unit as “Héhwirt-Member” and re-
stricted it to the lower part of the Sittenberg Formation in
the Sonnberg area. Wilkens' paper is, however, an unpub-
lished Ph.D. thesis and therefore the member cannot be
considered as valid.

Type area: In the area of the Sonnberg, W of the mar-
ket town Guttaring, Carinthia; OK50-UTM, map sheet 4102
Althofen (OK50-BMN, map sheet 186 St. Veit an der Glan).

Type section: -
Reference section(s): -

Derivation of name: Named after inn “Hoéhwirt”
(N 46°53'08" / E 14°29'49"), c. 1.3 km SW of the mar-
ket town Guttaring, Carinthia; OK50-UTM, map sheet 4102
Althofen (OK50-BMN, map sheet 186 St. Veit an der Glan).

Synonyms: Modiolamergel p.p., Flétzmasse p.p., Gas-
teropodenmergel p.p. (PENECKE, 1885a, b), Kohlenschicht
(PENECKE, 1885a), Hohwirt Folge (VAN HINTE, 1963).
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Lithology: Dark sand and clay partly rich in molluscs and
high organic content. The upper part is represented by
coarser clastics.

At the base of the member the so-called “Modiolamer-
gel” (PENECKE, 1885a, b) occurs, which is overlain by the
so-called, c. 1 m thick upper coal seam (“Oberes Glanz-
kohlenfl6z”). Above follow clays, sandy clays and calcar-
eous sandstones, which grade into the “Gastropoden-
mergel” (PENECKE, 1885a, b; WILKENS, 1991: Abb. 10) with
mollusc coquinas. The top of the unit is the so-called “Sim-
merle-Konglomerat” (WILKENS, 1991: p. 35, Abb. 11) a suc-
cession of alternating coarser and finer clastic sediments.

Fossils: Coralline red algae, green algae, larger foramin-
ifera (Alveolina, Orbitolites, Nummulites), solitary corals, mol-
luscs, bryozoan.

Origin, facies: Shallow marine paleoenvironment with
variable amount of siliciclastic input and biogenous car-
bonate production.

Chronostratigraphic age: Early Eocene, Ypresian.
Biostratigraphy: See Sittenberg Formation.
Thickness: WILKENS (1991) reported at least 25 m.

Lithostratigraphically higher rank unit: Sittenberg For-
mation.

Lithostratigraphic subdivision: -

Underlying unit(s): Holzer Formation.

Overlying unit(s): Sonnberg Member (Sittenberg Forma-
tion).

Lateral unit(s): Winkler Member of the Sittenberg area.
Geographic distribution: Restricted to the area of the
Sonnberg, W of the market town Guttaring, Carinthia;

OK50-UTM, map sheet 4102 Althofen (OK50-BMN, map
sheet 186 St. Veit an der Glan).

Remarks: Coal mining activities and quantities are report-
ed by WEBER & WEISS (1983). The coal mine was closed
19309.

Complementary references: REDLICH RASSER

(1994).

(1905),

Sonnberg-Subformation (Sittenberg-Formation,
Guttaring-Gruppe) / Sonnberg Member
(Sittenberg Formation, Guttaring Group)

WERNER E. PILLER

Validity: Invalid; VAN HINTE (1963) described the “Sonn-
berg Nummulitenschichten” which have been renamed by
WILKENS (1991) to “Sonnberg-Member”. Wilkens' paper is,
however, an unpublished Ph.D.-thesis and therefore the
member cannot be considered as valid.

Type area: In the area of the__ Sonnberg, W of the mar-
ket town Guttaring, Carinthia; OK50-UTM, map sheet 4102
Althofen (OK50-BMN, map sheet 186 St. Veit an der Glan).

Type section: A section (c. 30 m) along a forest road at the
western flank of the Sonnberg, ¢. 300 m E of the farmstead
Simmerle (which is probably the farmstead Sonnberg in
the actual OK50-UTM), according to WILKENS (1991: p. 37,
Abb. 12).



Reference section(s): -

Derivation of name: Named after the hillside Sonnberg, c.
1.3 km W-WSW of the market town Guttaring, Carinthia;
OK50-UTM, map sheet 4102 Althofen (OK50-BMN, map
sheet 186 St. Veit an der Glan).

Synonyms: Nummulitenmergel p.p., Nummulitenkalk p.p.,
Variolarius-Sandstein p.p., Variolariussand p.p. (PENECKE,
1885a, b), Sonnberg Nummulitenschichten (VAN HINTE,
1963).

Lithology: Marl with rock forming nummulitids and inter-
calated fossil rich limestones. The lower part of the mem-
ber is characterized by nummulite marls with 2 up to 5 m-
thick beds with densely packed larger foraminifera. On top
of the succession the so-called “Variolarius Sandstein” oc-
curs. This is a c. 10 m-thick package composed of calcar-
eous sandstone, larger foraminifers-mollusc-coquinas and
subordinate siliciclastic larger foraminifera limestone.

Fossils: Larger foraminifera (Alveolina, Orbitolites, Operculina,
Nummulites, Assilina, Discocycling) are the dominating and sedi-
ment/rock forming constituents. Calcareous nannoplank-
ton is abundant and diverse; coralline red algae (rhodo-
liths), green algae, benthic smaller foraminifera, rare corals,
serpulids, and molluscs occur in variable amounts.

Origin, facies: Shallow, open marine paleoenvironment in
a more distal and deeper position compared to the Hoh-
wirt Member. The larger foraminifera accumulations repre-
sent event beds, the “Variolarius Sandstein” reflects a re-
gressive phase on top of the Paleogene sequence in the
Sonnberg area.

Chronostratigraphic age: Early Eocene, Ypresian.

Biostratigraphy: Calcareous nannofossil Zone NP12;
poorly constraint planktonic foraminifera Zones P5-E5
(COR|C et al., 2011); Nummulites burdigalensis kuepperi, Nummu-
lites increscens, and Nummulites bearnensis also indicate a Ypre-
sian age (SCHAUB, 1981; HILLEBRANDT, 1993).

The “Variolarius-Sandstein” described by PENECKE (1885a,
b) was named after Nummulites variolarius Lamarck; PAPP
(1958a) assigned this small nummulite, however, to Num-
mulites pernotus Schaub which also indicates Ypresian age.

Thickness: WILKENS (1991) reported at least 85 m.

Lithostratigraphically higher rank unit: Sittenberg For-
mation.

Lithostratigraphic subdivision: -

Underlying unit(s): Hohwirt Member (Sittenberg Forma-
tion); the boundary is marked by the grain size reduction
and a change in the larger foraminiferal associations.

Overlying unit(s): -
Lateral unit(s): Offner Member of the Sittenberg area.

Geographic distribution: Restricted to the area of the
Sonnberg, W of the market town Guttaring, Carinthia;
OK50-UTM, map sheet 4102 Althofen (OK50-BMN, map
sheet 186 St. Veit an der Glan)

Remarks: -

Complementary references: PAPP RASSER

(1994).

(1955b),

Dobranberg-Formation (Guttaring-Gruppe) /
Dobranberg Formation (Guttaring Group)

WERNER E. PILLER

Validity: Invalid; vAN HINTE (1963) introduced the “Dobran-
berg Nummulitenschichten” which have been renamed as
“Dobranberg-Formation” by WILKENS (1991). Wilkens' pa-
per is, however, an unpublished Ph.D. thesis and therefore
the member cannot be considered as valid.

Type area: Hillside Dobranberg as part of the Paleogene
occurrences in the Sittenberg area, W of the market town
Klein St. Paul, Carinthia; OK50-UTM, map sheet 4102
Althofen (OK50-BMN, map sheet 186 St. Veit an der Glan).

Type section: See description of members.
Reference section(s): -

Derivation of name: Named after the hillside Dobranberg
(Dobranberg is, however, also a hamlet on this hillside), W
of the market town Klein St. Paul, Sittenberg area, Carin-
thia; OK50-UTM, map sheet 4102 Althofen (OK50-BMN,
map sheet 186 St. Veit an der Glan).

Synonyms: Echinidensand p.p., Nummulitenkalk p.p. (PE-
NECKE, 1885a, b), Sonnberg Nummulitenschichten (VAN
HINTE, 1963), Dobranberg Nummulitenschichten (VAN
HINTE, 1963), Nummulitenkalk, Typen | bis Il (WILKENS,
1984), Dobranberg-GroBforaminiferenkalk-Formation, Do-
branberg-Formation (WILKENS, 1991).

Lithology: Limestone and marl with larger foraminifers and
coralline algae (see members for details).

Fossils: Larger foraminifera, corals, molluscs, bryozoan,
brachiopoda, crustaceans, echinoids (VAN HINTE, 1963) (for
details see members).

Origin, facies: Shallow water carbonate ramp with larger
foraminifera shoals.

Chronostratigraphic age: Early Eocene, late Ypresian
(Cuisian of older literature) to middle Eocene, Lutetian.

Biostratigraphy: SBZ10-SBZ15 (HILLEBRANDT, 1993;
DROBNE et al., 2011) which can be correlated with calcar-
eous nannofossil Zones upper NP15-lower NP16 (SERRA-
KIEL et al., 1998). Alveolina distefanoi and A. schwageri indicate
upper Ypresian (SBZ10), Nummulites benehamensis, N. hilarionis,
and N. krappfeldensis middle Lutetian.

Thickness: A maximum thickness of 140 m is reported by
WILKENS (1991).

Lithostratigraphically higher rank unit: Guttaring Group.

Lithostratigraphic subdivision: The Dobranberg Forma-
tion is subdivided into the Unterstein Member, the Kleinko-
gel Member and the Fuchsofen Member (WILKENS, 1991).

Underlying unit(s): Offner Member (Sittenberg Formation);
the boundary is marked by a rapid change from calcare-
ous sandstones to siltstones of the Sittenberg Formation.

Overlying unit(s): -
Lateral unit(s): -

Geographic distribution: Restricted to area of the Sitten-
berg, along the western flank of the Gortschitz valley, W
of Klein St. Paul, Krappfeld area, Carinthia, Austria; OK50-
UTM, map sheet 4102 Althofen (OK50-BMN, map sheet
186 St. Veit an der Glan).
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Remarks: -

Complementary references: OBERHAUSER (1963), BECK-
MANNAGETTA (1980a), THIEDIG et al. (1999).

Unterstein-Subformation (Dobranberg-Formation,
Guttaring-Gruppe) / Unterstein Member
(Dobranberg Formation, Guttaring Group)

WERNER E. PILLER

Validity: Invalid; introduced by WILKENS (1991) as low-
est member of the Dobranberg Formation with a detailed
description and designation of a type section and refer-
ence sections. Wilkens' paper is, however, an unpublished
Ph.D. thesis and therefore the member cannot be consid-
ered as valid.

Type area: Hillside Dobranberg as part of the Paleogene
occurrences in the Sittenberg area, W of the market town
Klein St. Paul, Carinthia; OK50-UTM, map sheet 4102
Althofen (OK50-BMN, map sheet 186 St. Veit an der Glan).

Type section: A c. 65 m-thick section in the active Fuchs-
ofen Quarry (Wietersdorfer Holding GmbH) (N 46°50'06" /
E 14°31'34") at the Dobranberg, c. 1 km W of the market
town Klein St. Paul (WILKENS, 1991: Abb. 7). Due to the
mining activities, outrops and sections are changing con-
siderably.

Remark: WILKENS (1991) called this quarry “Kalksteinbruch
Sittenberg” (limestone quarry Sittenberg).

Reference section(s): A section 100 m E of the farmstead
Unterstein and an outcrop at Kleinkogel at the northern
flank of an incised valley (c. 50 m thick), c. 1 km E of the
farmstead Unterstein (WILKENS, 1991).

Derivation of name: Named after the farmstead Unter-
stein (N 46°49'10" / E 14°30'47") in the Boden valley, c.
2.8 km SW od the market town Klein St. Paul, Carinthia;
OK50-UTM, map sheet 4102 Althofen (OK50-BMN, map
sheet 186 St. Veit an der Glan).

Synonyms: Unterstein-Member (THIEDIG et al., 1999).

Lithology: Massive-thick bedded, pure limestones com-
posed predominantly of densely packed larger foramini-
fers. A suite of microfacies types has been described by
WILKENS (1991).

Fossils: Larger foraminifers (Alveolina, Orbitolites, Operculina,
Nummulites, Assilina, Discocyclina); in addition, corals, gastro-
pods, bivalves (coquinas), cephalopods, bryozoans, bra-
chiopods, and echinoids.

Origin, facies: Fully marine shallow subtidal carbonate
ramp. The pure larger foraminiferal associations indicate
a nummulite bank facies with nummulite shoals and in situ
winnowing of the buildups.

Chronostratigraphic age: Early Eocene, Ypresian.
Biostratigraphy: Early Eocene, late Ypresian.

Thickness: A maximum of 65 m is reported by WILKENS
(1991).

Lithostratigraphically higher rank unit: Dobranberg For-
mation.

Lithostratigraphic subdivision: -
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Underlying unit(s): Offner Member (Sittenberg Formation).

Overlying unit(s): Kleinkogel Member (Dobranberg For-
mation); erosive boundary.

Lateral unit(s): -

Geographic distribution: Restricted to area of the Sitten-
berg, along the western flank of the Gortschitz valley, W
of Klein St. Paul, Krappfeld area, Carinthia, Austria; OK50-
UTM, map sheet 4102 Althofen (OK50-BMN, map sheet
186 St. Veit an der Glan).

Remarks: -

Complementary references: -

Kleinkogel-Subformation (Dobranberg-Formation,
Guttaring-Gruppe) / Kleinkogel Member
(Dobranberg Formation, Guttaring Group)

WERNER E. PILLER

Validity: Invalid; introduced by WILKENS (1991) as middle
member of the Dobranberg Formation with a detailed de-
scription and designation of a type section. Wilkens' paper
is, however, an unpublished Ph.D.-thesis and therefore the
member cannot be considered as valid.

Type area: In the Sittenberg. area, SW of the market town
Klein St. __Paul, Carinthia; OK50-UTM, map sheet 4102
Althofen (OK50-BMN, map sheet 186 St. Veit an der Glan).

Type section: A section 100 m E of the farmstead Unter-
stein (N 46°49'10" / E 14°30'47") which develops directly
from the reference section of the Unterstein Member; it
exposes the complete section of the Kleinkogel Member;
OK50-UTM, map sheet 4102 Althofen (OK50-BMN, map
sheet 186 St. Veit an der Glan).

Reference section(s): -

Derivation of name: Named after the hill “Kleinkogel”
(N 46°49'17" / E 14°31'49"; 873 m a.s.l.), in the area of the
Sittenberg, along the western flank of the Gortschitz val-
ley, c. 1.5 km SW of the market town Klein St. Paul, Carin-
thia.

Synonyms: -

Lithology: Thick bedded, quartz bearing bioclastic lime-
stones with rhodoliths and macroids of sessile foraminifera
and coralline red algae (algal-foraminifera limestones). In-
tercalations of coarse siliciclastics of dm-thickness. The
facies types are laterally highly variable. A suite of micro-
facies types has been described by WILKENS (1991) and
RASSER (1994).

Fossils: Sessile benthic foraminifera (Acervuling) and red al-
gae (Sporolithon, Lithothamnion, Lithoporella, Pseudolithothamnium,
mostly as rhodoliths, but also as macroids together with
sessile foraminifers) are rock forming constituents; in ad-
dition, larger foraminifera (Alveolina, Orbitolites, Nummulites, Dis-
cocyclina) (less abundant compared to the Unterstein Mem-
ber), corals, gastropods, bivalves, serpulids, brachiopods,
and echinoids occur.

Origin, facies: Shallow marine paleoenvironment with a
slight deepening trend upsection and episodic siliciclastic
input. Besides rhodoliths and macroids carpets seagrass
or macroalgal meadows can be inferred (RASSER, 1994).



Chronostratigraphic age: Early Eocene, late Ypresian, up
the boundary Ypresian/Lutetian (WILKENS, 1991: p. 25).

Biostratigraphy: Larger benthic foraminifera clearly indi-
cate a late Ypresian age.

Thickness: WILKENS (1991) reported at least 45 m.

Lithostratigraphically higher rank unit: Dobranberg For-
mation.

Lithostratigraphic subdivision: -

Underlying unit(s): Unterstein Member (Dobranberg For-
mation); erosive contact.

Overlying unit(s): Fuchsofen Member (Dobranbrg Forma-
tion).

Lateral unit(s): -

Geographic distribution: Restricted to area of the Sitten-
berg, along the western flank of the Gértschitz valley, W
of Klein St. Paul, Krappfeld area, Carinthia, Austria; OK50-
UTM, map sheet 4102 Althofen (OK50-BMN, map sheet
186 St. Veit an der Glan).

Remarks: -
Complementary references: THIEDIG et al. (1999).

Fuchsofen-Subformation (Dobranberg-Formation,
Guttaring-Gruppe) / Fuchsofen Member
(Dobranberg Formation, Guttaring Group)

WERNER E. PILLER

Validity: Invalid; introduced by WILKENS (1991) as upper
member of the Dobranberg Formation without designation
of a type section. Wilkens' paper is an unpublished Ph.D.
thesis and therefore the member cannot be considered as
valid.

Type area: Hillside Dobranberg (including the hill “Fuchs-
ofen”) as part of the Paleogene occurrences in the Sitten-
berg area, W of the market town Klein St. Paul, Carinthia;
OK50-UTM, map sheet 4102 Althofen (OK50-BMN, map
sheet 186 St. Veit an der Glan).

Type section: Not defined; the basal part of the member
and the contact to the underlying Kleinkogel Member is
exposed in the uppermost part of the Fuchsofen Quarry
(WILKENS, 1991: Abb. 8).

Reference section(s): Not defined; outcrops of the Fuchs-
ofen Member, in addition to those of the Fuchsofen Quar-
ry, are exposed 550 m NE of the farmstead Unterstein.

Derivation of name: Named after the hill “Fuchsofen”
(872 m a.s.l), in the area of the Sittenberg immediate-
ly above the Fuchsofen Quarry (Wietersdorfer Holding
GmbH) (N 46°50'06" / E 14°31'34"), along the western flank
of the Gortschitz valley, c. 1.5 km NW of the market town
Klein St. Paul, Carinthia.

Synonyms: -

Lithology: Massive, very pure limestones composed of
rock forming larger foraminifera.

Fossils: Larger foraminifera (Nummulites, Discocyclina), Disco-
cyclina dominates in the upper portion; encrusting benthic
foraminifera and red algae form rhodoliths and macroids
in the lower part of the member. Gastropods, bivalves and
bryozoans occasionally occur.

Origin, facies: A shallow water proximal to distal car-
bonate ramp with a deepening upward trend. Nummulite
shoals laterally change into Discocyclina dominated sedi-
ments.

Chronostratigraphic age: Middle Eocene, middle Lute-
tian.

Biostratigraphy: Nummulites benehamensis, N. hilarionis, and
N. krappfeldensis indicate a middle Lutetian age (HILLEBRANDT,
1993).

Thickness: WILKENS (1991) reported a maximum of 20 m,
however, the top of the unit is eroded.

Lithostratigraphically higher rank unit: Dobranberg For-
mation.

Lithostratigraphic subdivision: -

Underlying unit(s): Kleinkogel Member (Dobranberg For-
mation); boundary gradual but marked by strong increase
in the amount of larger foraminifera and decrease in terrig-
enous material.

Overlying unit(s): “Waitschach-Schotter”
Gravel) (Miocene) (WILKENS, 1991).

(Waitschach

Lateral unit(s): -

Geographic distribution: Restricted to area of the Sitten-
berg, along the western flank of the Gortschitz valley, W
of Klein St. Paul, Krappfeld area, Carinthia, Austria; OK50-
UTM, map sheet 4102 Althofen (OK50-BMN, map sheet
186 St. Veit an der Glan).

Remarks: -

Complementary references: THIEDIG et al. (1999).

North Alpine Foreland Basin (Molasse Zone)
REINHARD ROETZEL

The North Alpine Foreland Basin (NAFB), in Austria also
named Molasse Zone or Alpine-Carpathian Foredeep, is
the elongated basin between the Alps in the south and the
Bohemian Massif or in Bavaria the Franconian Platform in
the north (Text-Fig. 4).

In Austria, it mainly extends in the federal states of Lower
Austria, Upper Austria and Salzburg, from the Weinviertel
in the northeast to the Alpine foothills in the west. There, it

is about 300 km long and continues to the northeast into
the Czech Republic and to the west into Germany. In addi-
tion, in the far west of Austria, the northeast of Vorarlberg
is also made up by Molasse deposits. However, these dif-
fer significantly in facies, tectonic and also morphology
from the Molasse in eastern Austria.

The NAFB reaches the greatest width with 130 km in the
Bavarian foothills of the Alps and becomes significantly
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narrower to the east in the Austrian part. With a width of
approx. 10 km, it has its narrowest location at the crystal-
line spur in the Amstetten region (western Lower Austria)
and increases again to the east, north of the Danube, up
to approx. 30 km.

It is a classical foreland basin with an asymmetrical cross-
section formed by subduction of the European Plate under
the African-Adriatic Plate. It is part of the former Central
Paratethys, mainly filled with debris from the Alps but also
from the northern foreland of the Bohemian Massif and in
Bavaria from the Franconian Platform. It gets deeper to-
wards the south and is filled with up to > 4,000 m-thick
Cenozoic (late Paleogene and Neogene) sediments. While
the sediments in the northern and central parts are large-
ly undisturbed, they were folded and thrusted in the south
by the advancing Alps. However, simultaneously with the
thrusting sedimentation continued, leading to a complex
tectonic and lithology. As demonstrated by numerous drill-
ings, the sediments of the NAFB reach far below the Alpine
body. The southernmost Molasse deposits were found
about 36 km south from the northern thrust front of the
Rhenodanubian Flysch Unit at a depth of 5,910 m (drilling
Berndorf 1; WACHTEL & WESSELY, 1981).

The Molasse area of the undisturbed sediments is referred
to as Autochthonous Molasse, while the Allochthonous
Molasse (also Subalpine or disturbed Molasse) (BRIX &
GOTZINGER, 1964) is the tectonically deformed part of fold-
ed and/or imbricated Molasse sediments in front of and
below the Alpine nappes. Parautochthonous Molasse is
the term used to describe the sediments that extended
from the NAFB onto the overthrusting nappes (piggy-back
deposits) and were carried on top of the thrust sheets,
similar to sediments at the base of the Vienna Basin or
at the margin of the Korneuburg Basin (STEININGER et al.,
1986). A special form of Parautochthonous Molasse are
sediments that were included in the alpine nappe struc-
ture and are known as Inneralpine Molasse, like the sedi-
ments of the Inn Valley or in inneralpine tectonic windows
(Rogatsboden, Urmannsau, etc.). In the tectonically highly
disturbed Waschberg Unit north of the Danube of Lower
Austria, these complex processes even led to the forma-
tion of nappes, where parts of the Mesozoic base were
sheared off and incorporated into the nappe system.

The base of the NAFB in Lower Austria consists largely of
crystalline rocks of the Bohemian Massif, whereas upper
Paleozoic as well as Jurassic and upper Cretaceous epi-
continental sediments form the base in the Weinviertel dis-
trict east of the Mailberg fault. In Upper Austria and Salz-
burg Cretaceous and Jurassic sediments dominate at the
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Text-Fig. 4.
Location of the North Alpine Foreland Basin (grey shaded).

base in the central and southern parts of the foredeep. The
base of the NAFB shows an accentuated relief with horst-
and graben-structures and fault-systems, like the Moos-
bierbaum horst or the Mailberg fault-system in Lower Aus-
tria. In Upper Austria, the base of the NAFB is divided by
numerous swells into sub-basins. One of these tectonic
horsts is the Landshut-Neuétting High, a crystalline swell
in eastern Bavaria, which continues to Upper Austria as
“Central Swell Zone” (cf. MALZER et al., 1993).

The age of the sediments of the NAFB ranges from the
late Eocene to the late Miocene. In general, in the NAFB
there is not only a shift in time of deposition from south
to north, but also along the longitudinal axis from west to
east. Additionally, the age of thrust of the sediments on
the forehead of the Alps is also getting younger from west
to northeast. The facies of the sediments is mainly ma-
rine and range from shallow marine deposits in the mar-
ginal areas to deep-water deposits in the central part of
the Molasse trough. In some cases, they also were formed
as brackish deposits or in freshwater (fluvial, lacustrine).
Most of these sediments are only known from drillings. In
the Autochthonous Molasse, close to the surface, most-
ly lower, middle and upper Miocene deposits are wide-
spread, while Oligocene sediments are mainly restricted to
the northern NAFB, close to the Bohemian Massif. In addi-
tion, Oligocene and lower Miocene sediments also occur
in shallow bays and depressions on the Bohemian Mas-
sif. In the Allochthonous and Parautochthonous Molasse
deposits from the late Eocene to the early Miocene are
dominating, while younger sediments, due to the ongo-
ing thrusting of the Alpine nappes, are missing there (cf.
MALZER et al., 1993; WESSELY, 2006). In the Molasse de-
posits of Vorarlberg, however, the stratigraphic sequence
extends from the lower Oligocene to the middle Miocene
(FRIEBE, 2007a).

North Alpine Foreland Basin: Inn Valley (“Inneralpine Molasse”)
HUGO ORTNER

The succession of Priabonian to Chattian rocks preserved
along the Inn Valley and in the Kaiserwinkl was termed
the “Inneralpine Molasse” (e.g., FUCHS, 1980b; TOLLMANN,
1985) for its similarities with the deposits of the peripheral
North Alpine Foreland Basin. In the “Inneralpine Molasse”,
the first of two megasequences of the NAFB (e.g., KUHLE-
MANN & KEMPF, 2002) are preserved, equivalent to the Oli-
gocene to early Miocene Lower Marine Molasse and Lower
Freshwater Molasse. The Héring-, Paisslberg- und Unter-
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angerberg Formations described here are part of the Low-
er Marine Molasse, while the Oberangerberg Formation is
part of the Lower Freshwater Molasse. The existence of
foreland deposits on top of the Alpine nappe stack docu-
ments a wedge-top depozone in the sense of DECELLES &
GILES (1996), and the sediments were deposited during
foreland-directed transport of the Alpine nappes. The sub-
sidence history of the “Inneralpine Molasse” (ORTNER &
SACHSENHOFER, 1996) and that of the NAFB (JACOB et al.,



1982; ZWEIGEL et al., 1998) is comparable, but total subsid-
ence is larger in the foreland because part of the subsid-
ence was compensated by vertical uplift related to thrust-
ing (ORTNER & STINGL, 2001).

The Priabonian Oberaudorf Beds of the “Inneralpine Mo-
lasse” overlap in time with deposition of Bartonian to Pri-
abonian limestones in the Bad Reichenhall area (Germany)
(RiscH, 1993), which were correlated with the “Inneralpine
Molasse” already by FUCHS (1976b). EGGER et al. (2015,
2017) suggested to summarize the stratigraphic units of
the “Inneralpine Molasse” (see below) and the Bartonian to
Priabonian limestones of the Bad Reichenhall area in the
Inntal Group. The Inntal Group would then include all syn-
orogenic wedge-top deposits related to the Cenozoic Al-
pine orogeny in the Alps.

The Upper Cretaceous to Eocene Gosau Group is separat-
ed from the “Inneralpine Molasse” by a slightly diachron-
ous (angular) unconformity, which is related to the collision
of the European and Adriatic plates. In the Kaiserwinkl and
the Bad Reichenhall area, the stratigraphic gap between
the Gosau Group and the “Inneralpine Molasse” is remark-
ably small, and an almost complete stratigraphic succes-
sion from the Coniacian to the middle Eocene is preserved
(e.g., ZERBES & OTT, 2000). ORTNER & STINGL (2001), ORT-
NER (2003) and ORTNER et al. (2006) speculated that a ma-
jor normal fault parallel to the present day Inntal shear
zone did downthrow the southern block at the end of the
Rupelian. Subsequent deposition of the “Inneralpine Mo-
lasse” saved the Paleogene Gosau Group from erosion lo-
cally.

Inntal-Gruppe / Inntal Group
HUGO ORTNER

Validity: Valid; EGGER et al. (2015) informally proposed the
Inntal Group for the collision-related deposits of the North-
ern Calcareous Alps; EGGER et al. (2017) formally amal-
gamated the formations of the “Inneralpine Molasse” into a
group, representing the syn- to post-collisional wedge-top
deposits of the Inn Valley and Reichenhall Basins.

Type area: Inn Valley between Kramsach and Kufstein,
continuing to the East to Késsen (Tyrol) and Reit im Winkl
(Bavaria).

Type section: The type section is a composite section of
the type sections of the group formations.

Reference section(s): -

Derivation of name: The name derives from the Inn Valley,
where many of the formations of the group are preserved.

Synonyms: Inneralpine Molasse (e.g., FucHs, 1980b),
Lower Inn Valley Tertiary (ORTNER & SACHSENHOFER, 1996).

Lithology: The Inntal Group is dominated by clastic de-
posits and is comparable to the foreland sedimentation of
the peripheral North Alpine Foreland Basin. A basal part
(Oberaudorf Beds, Priabonian) is extremely diverse, rang-
ing from shallow marine carbonates and quartz-bearing
sandstones to continental conglomerates, sandstones and
claystones. The Oligocene representing the main part of
the succession mimics, to a large extent, the sedimen-
tary succession of the Alpine Foreland (ORTNER & STINGL,

2001): bituminous sandstones, marls und coals of the
Haring Formation overlie older rocks locally, followed by
shallow marine carbonates and sandstones and thick pe-
lagic marls (Lower Oligocene Paisslberg Formation, pe-
lagic marls comparable to the Lower Marine Molasse).
An upward increasing amount of sandstones intercalated
with marls is found in the Unterangerberg Formation. The
succession ends with continental conglomerates of the
Oberangerberg Formation (Upper Oligocene, equivalent to
the Lower Freshwater Molasse).

Fossils: See the subsections regarding the individual for-
mations.

Origin, facies: Foreland sediments of the depositional
wedge-top (sensu DECELLES & GILES, 1996) of the North
Alpine Foreland Basin. Facies change with the different
stages of the foreland basin development.

Chronostratigraphic age: Late Eocene, Priabonian to late
Oligocene, Chattian.

Biostratigraphy: See subsections regarding the individual
formations.

Thickness: Cumulative thickness more than 2 km.
Lithostratigraphic higher rank unit: -

Lithostratigraphic subdivision: Oberaudorf Beds, Haring
Formation, Paisslberg Formation, Unterangerberg Forma-
tion, Oberangerberg Formation.

Underlying unit(s): Transgressive contact to Triassic-Up-
per Cretaceous rocks.

Overlying unit(s): -
Lateral unit(s): -

Geographic distribution: The Inntal Group is found in the
Inn Valley, between Kufstein and Reit im Winkl, and in the
Reichenhall Basin southeast of the city of Salzburg.

Remarks: -

Complementary references: -

Oberaudorf Schichten (Inntal-Gruppe) /
Oberaudorf Beds (Inntal Group)

HuGO ORTNER

Validity: Invalid; a first description as “Nummulitenschich-
ten” was already given by GUMBEL (1861); HAGN (1960:
p. 150) introduced the unit as “Oberaudorfer Schichten”.

Type area: Mihlbacher Berg (892 m a.s.l.), SW of the vil-
lage Oberaudorf, Inn Valley, Bavaria, Germany; OK50-
UTM, map sheet 3213 Kufstein (OK50-BMN, map sheet
90 Kufstein).

Type section: Not defined; the most complete section
of the Oberaudorf Beds crops out along a road between
Oberaudorf and the hamlet Muihlau (Mihlauer StraBe;
N 47°38'12" / E 12°09'56"), Bavaria, Germany; OK50-UTM,
map sheet 3207 Ebbs (OK50-BMN, map sheet 90 Kuf-
stein). The contact to older rocks is hidden and the Ober-
audorf Beds are the youngest rocks of the Muhlbacher
Berg.

Reference section(s): Not defined; at the Kohlenbach
Creek (N 47°38'23" / E 12°23'05") near the power station,
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c. 1 km NNW the village Schwendt, c. 4 km S of Kds-
sen (Tyrol), the Oberaudorf Beds overlie the Lower Creta-
ceous Schrambach Formation with an angular unconformi-
ty, however, laterally the angular unconformity is below the
Lower Gosau Subgroup and older rocks. The upper con-
tact of the Oberaudorf Beds to the lower Oligocene Paissl-
berg Formation is represented by a disconformity.

Derivation of name: The Oberaudorf Beds were named
after the village Oberaudorf, Bavaria, Germany, c. 7 km
north of the town Kufstein, Tyrol (HAGN, 1960).

Synonyms: (partim) Nummulitenschichten, Nummuliten-
kalk (GUmBEL, 1861), Obereocaen von Oberaudorf
(SCHLOSSER, 1925b), Oberaudorfer Schichten (HAGN, 1960).

Remark: GUMBEL (1861, 1894) included the Oberaudorf
Beds into the obere Nummulitenschichten, together with
the Oligocene sediments of the Inntal-, Kdssen- and Reit
im Winkl area, which also contain nummulite-bearing
sandstones. Paleontological studies by Boussac (1912)
and SCHLOSSER (1910, 1923, 1925b) revealed the Eocene
age of the Oberaudorf Beds.

Lithology: The sedimentary succession of the Oberaudorf
Beds unconformably overlies Triassic to Upper Cretaceous
rocks of the Northern Calcareous Alps between the Mihl-
bacher Berg west of Oberaudorf and the Miesberg moun-
tain ridge north of the Durchholzen village (c. 10 km NE
of the town Kufstein, Tyrol). In the type area, the succes-
sion starts with 50 m coarse-grained conglomerates alter-
nating with calcareous sandstones containing plant de-
bris (description following the compilation by HAGN, 1985).
The conglomerates contain underlying Mesozoic rocks of
the Northern Calcareous Alps, but also Paleocene to mid-
dle Eocene rocks of the Gosau Group. Some of the boul-
ders show borings by marine organisms. A few meters of
sandy marls containing opercula of land snails indicate
short-lived limnofluvial conditions, before another 85 m of
shallow marine sediments follow. Calcareous sandy marls
and marly limestones (“Molluskenband”) are rich in marine
fossils. Fine, quartz-bearing carbonate sandstones con-
taining abundant Nummulites fabianii (PREVER) (“Fabianii-Sand-
stein”) are probably the most widespread lithology of the
Oberaudorf Beds and are also found in the outcrops be-
tween at the northern side of the mountain ridge Mies-
berg on top of basal conglomerates (LINDENBERG, 1981).
Conglomerates separate the fabianii-sandstone from partly
pebbly carbonate sandstones with poorly preserved echi-
noids (“Echinidensandstein”). 65 m of sandy conglomer-
ates, sandstones, sandy marls, and marls organized in fin-
ing upward cycles follow, before the succession ends with
20 m of coarse conglomerates. Opercula of land snails in
the marls point to the recurrence of limnofluvial conditions.
The latter part of the succession is probably also equiva-
lent to the widespread occurrences of Oberaudorf Beds at
the NE edge of the Kaisergebirge (ALLERSMEIER, 1981; see
also compilation by ZERBES & OTT, 2000).

Fossils: The Oberaudorf Beds, especially the “Mollusken-
band”, contain a rich fauna with nummulites, corals, bi-
valves, gastropods and echinoids which was studied by
GUMBEL (1861), SCHLOSSER (1923, 1925b) and VOLK (1960).
Additional information on the fossil content of the “Fabianii-
Sandstein” was provided by HAGN & WELLNHOFER (1967).
The nannoplankton of the marine part was studied by
STRADNER (in SCHNABEL & DRAXLER, 1976).
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Origin, facies: The alternation of shallow marine and lim-
nic conditions points to deposition in a marginal environ-
ment, in which small changes of relative sea level could
have caused a switch in depositional conditions. The large,
well-rounded and bored conglomerate clasts indicate a
rocky shore environment, or redeposition of clasts from
such an environment. The pronounced asymmetry of the
syncline, in which the Oberaudorf Beds of the type area
are found (cf. Fig. 27 of HAGN, 1985), with a much smaller
thickness in the southern limb, point to the presence of an-
gular unconformities within the succession in response to
folding during deposition. This tectonic activity probably
also caused short-lived changes in relative sea level.

Chronostratigraphic age: Late Eocene, Priabonian.

Biostratigraphy: Nummulites fabianii (PREVER) points to
SBZ19 and the limnic mollusc fauna (SCHLOSSER, 1925b;
VOLK, 1960) indicates early Priabonian. The nannoflora
indicates NP16 (late Lutetian) and younger (STRADNER in
SCHNABEL & DRAXLER, 1976).

Thickness: The preserved cumulative thickness in the
type area at Mihlbacher Berg amounts to ¢. 230 m. In
the Kohlenbach section, the Oberaudorf Beds are c. 70 m
thick.

Lithostratigraphic higher rank unit: Inntal Group.
Lithostratigraphic subdivision: No formal subdivision.

Underlying unit(s): Transgressive contact to Triassic-Up-
per Cretaceous rocks.

Overlying unit(s): Paisslberg Formation; sharp, discon-
formable boundary due to onset of fine-grained marl de-
position. Locally, this contact is an angular unconformity
(e.g., Kohlenbach section).

Lateral unit(s): Hallthurm, Kirchholz and Marzoll forma-
tions in the Reichenhall Basin (EGGER et al., 2017).

Geographic distribution: From the Muhlbacher Berg west
of Oberaudorf (Bavaria) to north of the mountain side Mies-
berg and at the northeastern slope of the mountain range
Kaisergebirge (Tyrol). Sediments of the same age were
mentioned by SCHLOSSER (1923, 1925a, b) at Hallthurm
and Staufeneck near Bad Reichenhall, Bavaria, Germany.

Remarks: The Oberaudorf Beds are part of the Inntal
Group denoting sediments transgressively overlying the
Alpine nappes, which are comparable in facies to sedi-
ments of the North Alpine Foreland Basin (e.g., FUCHS,
1980b).

A large part of the redeposited pebbles in the Oberaudorf
Beds are Upper Jurassic to Lower Cretaceous shallow wa-
ter limestones referred to as limestones in Sulzfluh- und
Urgonian facies by ALLERSMEIER (1981). Local sediment
transport directions indicate transport from south to west.
Upper Jurassic to Lower Cretaceous shallow water lime-
stones in the Lofer area (L&rchkogel Limestone, an equiva-
lent of the Plassen Limestone), E-ESE of the outcrop area
of the Oberaudorf Beds, are probably the source of these
pebbles.

Complementary references: -



Haring-Formation (Inntal-Gruppe) /
Haring Formation (Inntal Group)

HuGO ORTNER

Validity: Valid; formalized by ORTNER & STINGL (2001).

Type area: Area SE of the village Bad Haring, NE of the
town Worgl, Tyrol; OK50-UTM, map sheet 3213 Kufstein
(OK50-BMN, map sheet 90 Kufstein).

Type section: The Haring Formation is subdivided into the
Lengerergraben Member und the Bergpeterl Member. For
the type sections, see the Lengerergraben Member and
the Bergpeterl Member below.

Reference section(s): -

Derivation of name: Named after the village Bad Héring,
c. 5 km NE of the town Wérgl, Tyrol; OK50-UTM, map
sheet 3213 Kufstein (OK50-BMN, map sheet 90 Kufstein).

Synonyms: Steinkolen zu Haring (FLURL, 1814), especial-
ly regarding the subsurface coal mining district S of Bad
Haring; Haringer Schichten sensu AMPFERER (1922), HAGN
et al. (1962), HEISSEL (1951, 1956), STINGL & KRoIs (1991).
Héaringer Schichten sensu LINDENBERG (1965, 1981), addi-
tionally including the Unterangerberg Formation.

Lithology: The Héaring Formation includes locally sourced
coarse-grained breccias and conglomerates interfingering
with sandstones (Lengerergraben Member) in the proximal
part of the deposition area, and coal, bituminous carbon-
ate-sandstones and marls (Bergpeterl Member) in a more
distal part.

Fossils: Coarse clastics lacking fossils. Sandstones and
marls contain unidentifiable shell and plant fragments.
The bituminous sandstones and marls contain a well-pre-
served plant fossil assemblage (see Bergpeterl Member).

Origin, facies: Succession and interfingering of facies
types shows the development from a subaerial alluvial fan
through a subaquatic fan delta deposit into a marine shal-
low-water, near-shore environment. The sandstones are
interpreted as prodelta sediments and as a proximal equiv-
alent of the Bergpeterl Member.

Chronostratigraphic age: Early Oligocene, early Rupe-
lian; based on sequence stratigraphic correlations (KROIS
et al., 1991; ORTNER & STINGL, 2001).

Biostratigraphy: No biostratigraphically useful fossils.

Thickness: Strong variations from 0 to some 10s of me-
ters (depends on local relief).

Lithostratigraphic higher rank unit: Inntal Group.

Lithostratigraphic subdivision: Lengerergraben Member,
Bergpeterl Member

Underlying unit(s): Transgressive and diachronous con-
tact to Lower Triassic to Upper Eocene rocks of the North-
ern Calcareous Alps.

Overlying unit(s): Paisslberg Formation.
Lateral unit(s): -

Geographic distribution: Isolated occurrences between
Reit im Winkl (Bavaria, Germany, ATK25, map sheet Q15
Reit im Winkl) in the NE and Oberangerberg, NE of the
town Rattenberg, in the SW (Tyrol).

Remarks: -

Complementary references: -

Lengerergraben-Subformation (Haring-Formation,
Inntal-Gruppe) / Lengerergraben Member
(Haring Formation, Inntal Group)

VOLKMAR STINGL, HUGO ORTNER, JAMES H. NEBELSICK &
PETER KROIS

Validity: Valid; formalized by ORTNER & STINGL (2001) as
member of the Haring Formation with description of type
section. First detailed sedimentological description by
STINGL & KRoIs (1991).

Type area: SE of the village of Bad Héring, Tyrol; OK50-
UTM, map sheet 3213 Kufstein (OK50-BMN, map sheet
90 Kufstein).

Type section: SchuhreiBergraben creek at the western
slope of the Pdlven mountain (N 47°30'13" / E 12°07'54.5"),
which is a western tributary of the Lengerergraben Val-
ley, c. 1.1 km SE of the centre of the village of Bad Héring
(STINGL & KRoIS, 1991).

Reference section(s): The nearby Lengerergraben
(N 47°30'09.4" / E 12°07'50.2") and Burg (N 47°30'14.7" /
E 12°07'45") sections illustrate rapid lateral facies chang-
es (STINGL & KRois, 1991). A slightly different develop-
ment is exposed 400 m NW of the farm house “Schindler”,
Oberangerberg, c. 780 m altitude (N 47°29'01.8" /
E 11°56'01.8") which represents a tectonic slice between
Upper Triassic dolomites. It comprises dolomitic breccias
with intercalated black carbonaceous marls and coqui-
nas (AMPFERER, 1922; HAMDI, 1969; SCHNABEL & DRAXLER,
1976; STINGL, 1990a).

Derivation of name: Named after the type area around
the Lengerergraben Valley, approx. 1.1 km SE of the centre
of the village of Bad Haring, Tyrol; OK50-UTM, map sheet
3213 Kufstein (OK50-BMN, map sheet 90 Kufstein).

Synonyms: Steinkolen zu Héring (FLURL, 1814), espe-
cially regarding the subsurface coal mining district S of
Bad Haring; Grundbreccie der Héaringer Schichten resp.
Haringer Schichten sensu AMPFERER (1922), HAGN et al.
(1962), HEISSEL (1951, 1956), STINGL & KROIS (1991), includ-
ing basal conglomerates, coal bearing beds (= Bergpeterl
Member of ORTNER & STINGL, 2001), and the Paisslberg
Formation (former “Zementmergelserie”) sensu ORTNER &
STINGL (2001).

Lithology: The Lengerergraben Member consists of three
interfingering facies types (STINGL & KRoIS, 1991) arranged
in an upward-fining succession:

Facies A: massive, coarse-grained breccias and conglom-
erates, only locally developed. Chaotic texture, structure-
less, locally derived pebbles (Triassic sandstones and car-
bonates).

Facies B: coarse- to fine-grained, stratified conglomerates,
local material.

Facies C: laminated, carbonatic and slightly bituminous
sandstones and marls, rare shell fragments and plant re-
mains.
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Fossils: Coarse clastics without fossils. Sandstones and
marls contain unidentifiable shell and plant fragments.
HEISSEL (1951) mentioned a single undetermined foramini-
fer.

Origin, facies: Succession and interfingering of facies
types shows the development from a subaerial alluvial fan
through a subaquatic fan delta deposit into a marine shal-
low-water, near-shore environment. The sandstones are
interpreted as prodelta sediments and as proximal equiva-
lent of the Bergpeterl Member.

Chronostratigraphic age: Early Oligocene, early Rupe-
lian; based on sequence stratigraphic correlations (KRoIS
et al., 1991; ORTNER & STINGL, 2001).

Biostratigraphy: -

Thickness: Strong variations from 0 to some 10s of me-
ters (depends on local relief).

Lithostratigraphic higher rank unit: Haring Formation.
Lithostratigraphic subdivision: -

Underlying unit(s): Triassic of the Northern Calcareous
Alps, transgressive and diachronous contact.

Overlying unit(s): The Bergpeterl Member (Haring Forma-
tion) in the area around Bad Haring (gradational contact).

Lateral units: Bergpeterl Member (Haring Formation).

Geographic distribution: Isolated occurrences between
Reit im Winkl (Bavaria, Germany, ATK25, map sheet Q15
Reit im Winkl) in the NE and Oberangerberg, NE of the
town Rattenberg, in the SW (Tyrol).

Remarks: -

Complementary references: -

Bergpeterl-Subformation (Haring-Formation,
Inntal-Gruppe) / Bergpeterl Member
(Haring Formation, Inntal Group)

VOLKMAR STINGL, HUGO ORTNER, JAMES H. NEBELSICK &
PETER KROIS

Validity: Valid; formalized by ORTNER & STINGL (2001) as
member of the Haring Formation with description of type
section. First detailed sedimentological description by
STINGL & KROIS (1991).

Type area: Area S of the village of Bad Héring, c. 5 km NE
of the town Wérgl, Tyrol; OK50-UTM, map sheets 2218
Kundl, 3213 Kufstein (OKSO—BMN, map sheets 89 Angath,
90 Kufstein, 120 Worgl, 121 Neukirchen am GroBvenedi-
ger).

Type section: NE corner of the Bergpeterl Marl Quar-
ry S of Bad Héring, in the “Juliusschacht” (Julius shaft)
(N 47°29'58.30" / E 12°07'32.50") (ORTNER & STINGL, 2001:
Fig. 5).

Remark: The former coalmine and parts of the type section
inside the Julius shaft are now inaccessible.

Reference section(s): -

Derivation of name: Bergpeterl Member named after the
type area in the Bergpeterl Marl Quarry S of Bad Héring,
ca. 5 km NE of the town Wérgl, Tyrol.
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Synonyms: Steinkolen zu Haring (FLURL, 1814), especial-
ly regarding the subsurface coal mining district S of Bad
Héring; Haringer Kohle, Haringer Bitumenmergel of the
Haringer Schichten sensu AMPFERER (1922), HEISSEL (1951,
1956), ModJsisovics (1869), and SANDER (1921). “Facies D”
of the Haring Formation of STINGL & KRoIS (1991).

Lithology: Laminated bituminous marls and carbonate
sandstones with intercalated subbituminous coal seams.
Typical structures: fine lamination, grading, slump folds,
rare ripple marks, graded coquinas with bivalve and bryo-
zoan detritus. Local oolites with bituminous matrix (local-
ity Peppenau; GRUBER, 1995). Silicified beds (“Brandschie-
fer”) near the coal beds. Coarse, blocky deposits with
bituminous matrix (block breccias) in the western part of
the Poélven Limestone Quarry. The very top of the Berg-
peterl Member is marked by a coarse fossiliferous lay-
er with reworked intraclasts, rare Triassic carbonates with
borings, and small mud chips (HEISSEL, 1956; KRoIS, 1992;
STINGL & KRoIS, 1991).

Fossils: The Bergpeterl Member is famous for its well-
preserved plant fossil assemblage (BUTZMANN & GREGOR,
2002; BUTZMANN et al., 2009; ETTINGSHAUSEN, 1853a). Fur-
ther fossils: hystrichosphaerideans, coccolithophorids,
coralline red algae, charophyte oogonia, foraminifers, gas-
tropods, bivalves, bryozoans (LUHR, 1962; OEXLE, 1978;
SCHLOSSER, 1925a; SCHNABEL & DRAXLER, 1976).

Origin, facies: Shallow-marine environment in a near-
shore area of a restricted basin in front of a river system,
derived from the S. Water depth increases to the N resp.
NW. The marine environment is indicated by the fossil con-
tent, high ash and sulphur contents of coal and bituminous
marls (HRADIL, 1953), high B content (JANDA & SCHROLL,
1959). Freshwater influence near the distributary mouth of
ariver is inferred from low contents of Cl, Br, J, and K (Au-
GUSTIN-GYURITS & SCHROLL, 1992). The near-shore position
is also pointed out by widely distributed terrestrial plant
remains, originating from a mesophytic forest, indicating
a warm-temperate climate (BUTZMANN & GREGOR, 2002).
Restricted oxygen-depleted conditions originate from high
input and decay rate of plant remains and are favoured by
a circulation barrier (structural high) N of the main distri-
bution area. The block breccias in the Pdlven Limestone
Quarry are interpreted as scarp breccias, pointing to syn-
sedimentary tectonics (ORTNER, 1996; ORTNER & STINGL,
2001).

Chronostratigraphic age: Early Oligocene, early Rupe-
lian; based on sequence stratigraphic correlations (KRoIS
et al.,, 1991; ORTNER & STINGL, 2001), and indirectly in-
ferred from the age of the overlying Paisslberg Formation
(calcareous nannofossil Zone NP22, lower Rupelian) and a
lower to middle Oligocene character of floral assemblage
(BUTZMANN & GREGOR, 2002).

Biostratigraphy: -

Thickness: Coal measures from 1 to 10 m, bituminous
marls and sandstones 15 to 20 m.

Lithostratigraphic higher rank unit: Haring Formation.
Lithostratigraphic subdivision: -

Underlying unit(s): Lengerergraben Member in the main
distribution area S of Bad Haring. Triassic of the Northern
Calcareous Alps, transgressive and diachronous contact.



Overlying unit(s): Paisslberg Formation (gradational, tec-
tonically influenced?).

Lateral unit(s): Lengerergraben Member.

Geographic distribution: Main distribution S of Bad
Haring, some small occurrences near Kufstein (Dux) and
NE Bad Héring (hamlet Fleck), Tyrol.

Remarks: -

Complementary references: -

Paisslberg-Formation (Inntal-Gruppe) /
Paisslberg Formation (Inntal Group)

VOLKMAR STINGL, HUGO ORTNER, PETER KROIS &
JAMES H. NEBELSICK

Validity: Valid; formalized as Paisslberg Formation (includ-
ing the Werlberg Member) by ORTNER & STINGL (2001).

Type area: Area around Ead Haring, Tyrol; OK50-UTM,
map sheet 3213 Kufstein (OK50-BMN, map sheets 90 Kuf-
stein, 121 Neukirchen am GroBvenediger).

Type section: Bergpeterl Marl Quarry (N 47°29'54" /
E 12°07'24") (ORTNER & STINGL, 2001: Fig. 7) south of Bad
Haring, on the northern slope of the Paisslberg, c. 5 km NE
of the town Woérgl, Tyrol; lower boundary exposed; OK50-
UTM, map sheet 3213 Kufstein (OK50-BMN, map sheet 90
Kufstein).

Reference sections: Not defined, but the sections Bu-
chaugraben near Késsen, Tyrol (N 47°38'32" / E 12°22'05"),
and Poétschbichigraben near Reit im Winkl, Bavaria, Ger-
many) (N 47°40'50" / E 12°29'00") could be considered as
reference sections and document the diachronous nature
of the Paisslberg Formation (see also LINDENBERG, 1965).

Derivation of name: Named after the mountain Paisslberg
(Juffinger Jochl on OK50) south of Bad Héring (type local-
ity is situated on the northern slope), Tyrol; OK50-UTM,
map sheet 3213 Kufstein (OK50-BMN, map sheet 90 Kuf-
stein).

Synonyms: Mergel von Haring (FLURL, 1814), Nummuliten-
breccien und Zementmergel (AMPFERER, 1922).

Lithology: Mainly grey to green (glauconite) marls and
marly limestones. The lower part is more calcareous, the
higher part more clayey, partly with nodular appearance
(“Knollenmergel”). Intercalations of partly thick limestone
breccias and conglomerates, rich in biogenic remains.
Cm-thick bioarenite layers develop from lateral thinning of
breccia layers. Both originate from neighbouring shallow
water limestones (NEBELSICK et al., 1996, 2001; RASSER &
NEBELSICK, 2003). An outstanding feature of the shallow
water limestones are large bored Triassic pebbles and
blocks. Limestones, breccias and bioarenites are summa-
rized in the Werlberg Member.

Fossils: The marls of the Paisslberg Formation contain a
rich macrofauna with anthozoans, gastropods, bivalves,
scaphopods, cephalopods, crustaceans, brachiopods,
echinoderms, and vertebrates (mainly fish), which were
studied by DREGER (1892, 1902, 1904), GUMBEL (1861),
LOFFLER (1999), LOFFLER & NEBELSICK (2001), SCHACHL
(1939) and SCHLOSSER (1923). The rich microfauna and mi-

croflora has been described by DOHMANN (1991), HOCHU-
LI (1978), LINDENBERG (1965), LOFFLER (1999), SCHNABEL &
DRAXLER (1976) and SCHERBACHER et al. (2001).

The limestones of the Werlberg Member are dominated by
corallinacean red algae, larger and smaller benthic fora-
minifers, corals, and bryozoans (BARON-SZABO & SANDERS,
2020; NEBELSICK et al., 2001; RASSER & NEBELSICK, 2003).

Origin, facies: The fauna of the Paisslberg Formation
points to open marine conditions. After LINDENBERG (1981),
water depth varies from 50-200 m in the lower part and
from 200-600 m in the higher part. Based on mollusc fau-
nas, LOFFLER (1999) also assumed a deepening from the
lower neritic zone to the higher bathyal zone. More recent
examinations of foraminifers (SCHERBACHER et al., 2001)
result in 0-30 m at the base of the succession, a maxi-
mum depth of 200 m in the middle part, and 10-30 m in
the highest part. The latter authors argue with telescoping
of depth zonation of benthic foraminifers in marginal seas
or large bights. The origins for telescoping effects are re-
ferred to differences in oxygen content and organic input,
caused by complex coastal geometries and current sys-
tems. Water temperatures are estimated between 16 and
23 °C. The obvious transgressive-regressive trend is re-
lated to the Rupelian eustatic sea level rise with contem-
porary basin subsidence, which is overtaken by increasing
sediment input in the higher part.

Chronostratigraphic age: Early Oligocene, Rupelian.

Biostratigraphy: Nannofossil Zone NP22 (LOFFLER, 1999;
LOFFLER & NEBELSICK, 2001). The higher part possibly
reaches into NP23 (CICHA et al., 1971; SCHERBACHER et al.,
2001).

Thickness: Data on the thickness of the Paisslberg For-
mation vary due to missing complete sections. AMPFERER
(1922) estimates a thickness of 1,000 m. The minimal evi-
dent thickness is about 200 m.

Lithostratigraphic higher rank unit: Inntal Group.

Lithostratigraphic subdivision: Werlberg Member within
the Paisslberg Formation.

Remark: Various subdivisions according to mining activi-
ties (AMPFERER, 1922) are invalid.

Underlying unit(s): Bergpeterl Member of the Haring For-
mation. Differences are grey to green colours and missing
bitumen content in the Paisslberg Formation compared to
the Bergpeterl Member.

Overlying unit(s): Unterangerberg Formation; gradational,
the boundary is conventionally drawn with the first mas-
sive siliciclastic input (e.g., Glaurachgraben south of Inn
river; AMPFERER, 1922).

Lateral unit(s): In its higher parts, the Paisslberg Forma-
tion may interfinger with the Unterangerberg Formation.

Geographic distribution: Area south and southeast of the
town Worgl, along the northern slope of the Kaisergebirge
mountains.

Remarks: -

Complementary references: -
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Werlberg-Subformation (Paisslberg-Formation,
Inntal-Gruppe) / Werlberg Member
(Paisslberg Formation, Inntal Group)

VOLKMAR STINGL, HUGO ORTNER, PETER KROIS &
JAMES H. NEBELSICK

Validity: Valid; formalized as Werlberg Member by ORT-
NER & STINGL (2001).

Type area: Area around Bad Haring, c. 5 km NE of the
town Wérgl, Tyrol; OK50-UTM, map sheet 3213 Kufstein
(C)KSO-BMN, map sheets 90 Kufstein, 121 Neukirchen am
GroBvenediger).

Type section: Outcrop E of the village Brugger Mihle
(N 47°29'39" / E 12°05'54.20"), c. 2.4 km NE of the town
Worgl, at the beginning of the road to the hamlet Gasteig,
Tyrol; OK50-UTM, map sheet 3213 Kufstein (OK50-BMN,
map sheet 121 Neukirchen am GroBvenediger).

Reference section(s): -

Derivation of name: Named after the hamlet Werlberg at
the western foothill of the Paisslberg, c. 2.4 km NE of the
town Wérgl, Tyrol.

Synonyms: Nummulitenkalk or Nummulitenbreccie (AmpP-
FERER, 1922), Lithothamnienkalkbreccie (LUHR, 1962).

Lithology: A wide variety of rocks is summarized in the
Werlberg Member, which include breccias, conglomerates,
bioarenites and limestones. Near fault scarps, the breccias
can be very coarse-grained (meter-sized clasts) and fossil
free, however, the breccias quickly grade into sands and
limestones laterally. An outstanding feature of the shal-
low water limestones are large bored Triassic pebbles and
blocks. The Werlberg Member includes both autochtho-
nous sediments in transgressive contact with older sedi-
ments at the basin margin and material transported into
the basin by sediment gravity flows.

Fossils: The limestones of the Werlberg Member are domi-
nated by corallinacean red algae, larger and smaller ben-
thic foraminifers, corals, and bryozoans (BARON-SZABO &
SANDERS, 2020; NEBELSICK et al., 2001; RASSER & NEBEL-
SIcK, 2003).

Origin, facies: The microfacies of the Werlberg Member
points to a carbonate ramp, reaching from shallow, turbu-
lent coastal waters (coralline algal facies, coral-coralline al-
gal facies, foraminiferal facies) to deeper, more quiet water
(over the coralline algal-bryozoans facies to the bryozoan
facies). This zonation is reflected in coralline algal associa-
tions (RASSER & NEBELSICK, 2003). Initiated by earthquakes
or storms, channelized debris flows reached deeper basin
areas, preserving the original facies zonation.

Chronostratigraphic age: Early Oligocene, Rupelian.

Biostratigraphy: No biostratigraphically relevant fossils
were found.

Thickness: The Werlberg Member shows a maximum of
100 m thickness with strong lateral variations.

Lithostratigraphic higher rank unit: Paisslberg Forma-
tion.

Lithostratigraphic subdivision: -

Underlying unit(s): Unconformable contact to Triassic
rocks of the Northern Calcareous Alps.
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Overlying unit(s): Paisslberg Formation.
Lateral unit(s): Paisslberg Formation.

Geographic distribution: Area south and southeast
of Wérgl, along the northern slope of the Kaisergebirge
mountain range to the vicinity of the village Reit im Winkl
(Bavaria, Germany, ATK25, map sheet Q15 Reit im Winkl)
at the Austrian/German border; isolated occurrences near
Osterndorf, c. 4.5 km S of the town Kufstein, and in the
Kufsteiner Wald, c. 4 km SW of the town Kufstein, Tyrol.

Remarks: LINDENBERG (1965) postulated a basin-wide dis-
tribution of the “Lithothamnienkalk-Breccie” (= Werlberg
Member) as an expression of a single tectonic event. As
KRoIs (1992) discussed, the occurrence of large slumpings
and debris flow bodies in the Paisslberg Formation is not
unique, therefore, basin-wide correlations are problematic.

Complementary references: -

Unterangerberg-Formation (Inntal-Gruppe) /
Unterangerberg Formation (Inntal Group)

VOLKMAR STINGL, HUGO ORTNER & PETER KROIS

Validity: Valid; first named as “Unterangerberger Schich-
ten” by HEISSEL (1951). Formalized as Unterangerberg For-
mation by ORTNER & STINGL (2001).

Type area: Type area along the northern banks of the Riv-
er Inn and the adjacent area including the locality Unter-
angerberg, Tyrol; OK50-UTM, map sheet 3213 Kufstein
(OK50-BMN, map sheets 89 Angath, 120 Wérgl).

Type section: Section “Angath” (N 47°29'53.70" /
E 12°03'26.30") (ORTNER & STINGL, 2001: Fig. 12) at the
northern bank of the River Inn opposite to the town Wérgl,
Tyrol; OK50-UTM, map sheet 3213 Kufstein (OK50-BMN,
map sheets 89 Angath). No complete section exists.

Reference section(s): Section “Kleinsoll” (N 47°28'54" /
E 11°59'15") (ORTNER & STINGL, 2001: Fig. 11) at the north-
ern bank of the River Inn opposite to the market town
Kundl, containing the higher part of the Unterangerberg
Formation and the base of the Oberangerberg Formation
with the “Hdéllgraben Conglomerate” (boundary stratotype);
OK50-UTM, map sheet 2218 Kundl (OK50-BMN, map
sheet 120 Worgl). The section “Innufer” (N 47°29'27.80" /
E 12°03'02.60") (ORTNER & STINGL, 2001: Fig. 13) at the
northern bank of the River Inn opposite the town Wérgl,
represents a more distal facies of the Unterangerberg
Formation; OK50-UTM, map sheet 3213 Kufstein (OK50-
BMN, map sheet 120 Worgl).

Derivation of name: Named after the main distribution
area around the village of Angerberg, a plateau north of the
River Inn opposite the town of Woérgl, Tyrol; OK50-UTM,
map sheet 3213 Kufstein (OK50-BMN, map sheet 89 An-
gath).

Synonyms: (partim) Angerberg Schichten (SCHLOSSER,
1895), Unterangerberger Schichten (HEISSEL, 1951).

Lithology: The Unterangerberg Formation consists of thin,
graded turbiditic sandstone-marl-couplets and a few fine-
grained conglomerate beds. These form small-scale, up-
ward-fining sequences, which are organized in 1 to 20 m
thick larger-scale cycles. Graded bedding, horizontal



lamination and ripple bedding are common, sedimentary
structures are dominated by various sole marks such as
flute and groove casts.

Compositional spectra point to a diverse origin of the ma-
terial. The sandstones and fine-grained conglomerates
contain mainly carbonatic components, various types of
metamorphic clasts from the large crystalline complex-
es, from the Northern Greywacke Zone, and from phyl-
lite complexes south and west of the sedimentation area.
The heavy mineral spectrum is dominated by garnet and
staurolite (SCHNABEL & DRAXLER, 1976). Glauconite, plant
remains, and bioclasts are present throughout the suc-
cession. An outstanding feature is the lack of ichnofauna
typical for deep water, which may be due to high sedimen-
tation rates.

East of Kufstein, the Unterangerberg Formation forms local
sandstone channel fills within the higher part of the Paissl|-
berg Formation.

Fossils: The Unterangerberg Formation contains an indi-
vidual-rich but species-poor microfauna (HAGN, 1960; LIN-
DENBERG, 1965). HEISSEL (1956) and HAMDI (1969) men-
tion foraminifers (globigerinids dominate the middle part),
bryozoans (deeper part), ostracods (higher part), coral-
line red algal fragments, corals, echinoderm remains, and
sponge spicula. LINDENBERG (1981) noticed typical Rupe-
lian faunal elements (faunal type e after LINDENBERG, 1981).
The nannoflora is not indicative and contains a large part
of reworked Eocene and to a lesser extent Paleocene and
Upper Cretaceous taxa. Pollen and spores are rare and
poorly preserved.

Origin, facies: Type of cyclicity, bedding types, sedimen-
tary structures as well as grain-size distribution point to
progression and/or lateral shift of a submarine fan in front
of a river mouth (KRolIs, 1992; ORTNER, 1996). Transport di-
rections vary strongly, the main trend is from NW to SE,
partly to NE. Some current marks point to N, but a major
sediment input from S (SCHNABEL & DRAXLER, 1976) cannot
be verified. In distal parts (towards E and NE) the Unter-
angerberg Formation interfingers with the higher parts of
the Paisslberg Formation. The increasing content of ben-
thic foraminifera in the uppermost part of the succession
points to a regressive development due to shallowing of
the sedimentation area (HAGN, 1960; HAMDI, 1969; LINDEN-
BERG, 1965). Deposition of coarse material marks the base
of the Oberangerberg Formation near the Rupelian/Chat-
tian boundary due to a worldwide sea-level drop (ORTNER,
1996; ORTNER & STINGL, 2001).

Chronostratigraphic age: Early Oligocene, Rupelian. The
sequence-stratigraphic interpretation by Krois et al. (1991)
suggests a late Rupelian age of the Unterangerberg For-
mation. The onset of the overlying Oberangerberg Forma-
tion coincides with the worldwide sea-level drop at the Ru-
pelian/Chattian boundary.

Biostratigraphy: After KOVECS (1964) and LINDENBERG
(1965) the foraminifers of the Unterangerberg Formation
point to a Rupelian age. HAMDI (1969) supports this opin-
ion and also mentions the lack of any Chattian microfauna.
An indirect argument is the age of the underlying Paissl|-
berg Formation (NP22: LOFFLER, 1999; LOFFLER & NEBEL-
SICK, 2001). SCHERBACHER et al. (2001) also mention a late
Rupelian age (NP237?) for the Unterangerberg Formation.

Thickness: The mentioned sections represent a combined
thickness of about 120 m without reaching the base. From
outcrop and subsurface data an estimated thickness of
about 300 m for the Unterangerberg Formation seems to
be plausible (KrRoIS, 1992).

Lithostratigraphic higher rank unit: Inntal Group.
Lithostratigraphic subdivision: -

Underlying unit(s): Paisslberg Formation. The Unteranger-
berg Formaton is distinguished by its high amount of silici-
clastic material.

Overlying unit(s): Oberangerberg Formation.

Lateral unit(s): The Unterangerberg Formation interfingers
with the higher parts of the Paisslberg Formation in the
area east of Kufstein.

Geographic distribution: Mainly in the western and south-
ern part of the Inn Valley between Breitenbach and the Kai-
sergebirge mountain range, Tyrol.

Remarks: -

Complementary references: -

Oberangerberg-Formation (Inntal-Gruppe) /
Oberangerberg Formation (Inntal Group)

VOLKMAR STINGL, HUGO ORTNER & PETER KROIS

Validity: Valid; first named as “Oberangerberger Schich-
ten” by HEISSEL (1951). Formalized as Oberangerberg For-
mation by ORTNER & STINGL (2001).

Type area: Type area is located north of the River Inn be-
tween the villages Kramsach in the W and Breitenbach
am Inn in the E including the locality Oberangerberg, Ty-
rol; OK50-UTM, map sheet 2218 Kundl (OK50-BMN, map
sheet 120 Worgl).

Type section: Section “Voldoépp” in the southwestern part
of the Oberangerberg (N 47°27'12" / E 11°53'36") (ORT-
NER & STINGL, 2001: Fig. 15), along a small road from the
village Vold6pp to the lake “Reintaler See”; lower and up-
per boundary not exposed; OK50-UTM, map sheet 2218
Kundl (OK50-BMN, map sheet 120 Worg|).

Reference sections: Section “Kleinsoll” N 47°28'54" /
E 11°59'15") (ORTNER & STINGL, 2001: Fig. 11) at the north-
ern bank of the River Inn opposite the market town Kundl,
displays the lower boundary of the Oberangerberg Forma-
tion (“Héligraben Conglomerate”); OK50-UTM, map sheet
2218 Kundl (OK50-BMN, map sheet 120 Wérgl). Section
“MUhlbach gorge” (N 47°29'30" / E 11°57'28"), c. 2 km NW
of the village Breitenbach am Inn, shows a thick regres-
sive, coarsening-upward sequence of the Oberangerberg
Formation; OK50-UTM, map sheet 2218 Kundl (OK50-
BMN, map sheet 120 Worgl).

Derivation of name: Named after the main outcrop area
Oberangerberg a hill side north of the River Inn between
Kramsach and Breitenbach am Inn, Tyrol; OK50-UTM, map
sheet 2218 Kundl (OK50-BMN, map sheet 120 Wérgl)

Synonyms: (partim) Angerberg Schichten (SCHLOSSER,
1895), Oberangerberger Schichten (HEISSEL, 1951).

Lithology: Various types of conglomerates constitute the
Oberangerberg Formation (massive-unbedded, graded,
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trough or tabular cross-bedded, rarely inversely graded),
graded conglomerates dominate by far. Single conglom-
erate beds reach thicknesses of up to some meters. The
largest components occur within massive conglomer-
ates. Horizontally bedded and trough cross-bedded sand-
stones, partly with pebble streaks, are minor constituents.
Thin silty intercalations (with plant remains and coal frag-
ments) are characterized mainly by horizontal lamination.

Examinations of the petrographic composition by HAMDI
(1969), Krois & STINGL (1991), MOUSSAVIAN (1983, 1984),
SKERIES (1988), SKERIES & TROLL (1991) and KRols (1992)
show a dominance of Triassic carbonates, early Paleo-
gene components and dark dolomites (probably from the
Northern Greywacke Zone) over other pebble types. While
the Hollgraben Conglomerate at the base of the Oberan-
gerberg Formation is still dominated by pebbles of ear-
ly Paleogene and Cretaceous age, their content diminish-
es towards higher parts. Vein quartz, various quartzites,
phyllites, mica schists, gneisses, metamorphic conglom-
erates and others have their source in the Northern Grey-
wacke Zone, the quartzphyllite areas and the Crystalline
Complexes south and west of the Lower Inn Valley. Very
rare andesitic to dacitic pebbles point to an source in the
area of Reschenpass and Ortler mountains (BRUGEL, 1998;
BRUGEL et al., 2000; KRrolis, 1992; MAIR et al., 1992, 1996;
STINGL et al., 1996).

Fossils: The fossil content is generally low. Besides very
rare vertebrate remains (Rhonzotherium cadibonense ROGER:
SCHLOSSER, 1910), mainly terrestrial gastropods (ZOBELEIN,
1955b), unsculptured ostracods (HAMDI, 1969), badly pre-
served pollen and spores (SCHNABEL & DRAXLER, 1976),
charophytes, and higher plant remains (HAMDI, 1969) oc-
cur. Remains of foraminifers and fish seem to be restricted
to the basal part (HAMDI, 1969). LINDENBERG (1981) noticed
brackish horizons with the bivalve Polymesoda in the deeper
part of the Oberangerberg Formation near Reit im Winkl. A
large part of the faunal and floral content comprises resed-
imented taxa from the Cretaceous and early Paleogene.

Origin, facies: The architecture of the conglomerates of
the Oberangerberg Formation points to a slightly sinuous,
braided river system with perennial high-energy runoff, as
shown by KrRoIS & STINGL (1991). The Héllgraben Conglom-
erate and its equivalents can be interpreted as delta-front
and delta-plain sediments due to their marine environment
(sedimentary structures and fossil content). These delta
sediments quickly grade into deposits of a prograding riv-
er system. Channel fills with longitudinal gravel and sand
bars are the most widely distributed facies elements. The
scarcity of fine-grained sediments of the overbank areas
(levees, crevasse splays, marsh sediments, abandoned
mud-filled channels) supports the model of a highly mobile
channel system with various morphological levels (KRoIS &
STINGL, 1991; KRoIS, 1992; ORTNER & STINGL, 2001). Trans-
port direction was from NW-W to SE-E. SKERIES (1988)
and MAIR et al. (1996) proof a mountain-parallel precursor
fluvial system of the River Inn (“paleo-Inn river”) with its
source in the area around Reschenpass and Ortler moun-
tains (South Tyrol, Italy).

Chronostratigraphic age: Late Oligocene, Chattian. Ac-
cording to the sequence-stratigraphic interpretation by
KRois et al. (1991), the onset of the Oberangerberg Forma-
tion (progradation of a fluvial system) coincides with the
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global sea-level drop at the Rupelian/Chattian boundary
(HAQ et al., 1988). Typical indicator pebbles from the Upper
Engadine valley (Julier granite) are lacking in the Oberan-
gerberg Formation and occur for the first time in the Aqui-
tanian of the North Alpine Foreland Basin. Therefore, the
highest parts of the Oberangerberg Formation seem still to
be of Chattian age (KRoIS, 1992; SKERIES, 1988; SKERIES &
TROLL, 1991).

Biostratigraphy: The scarce fauna and flora of the
Oberangerberg Formation point to a late Oligocene (Chat-
tian) age (HAMDI, 1969; LINDENBERG, 1965; SCHLOSSER,
1910; ZOBELEIN, 1955b).

Thickness: Due to the erosive top of the Oberangerberg
Formation, the thickness can only be indirectly estimat-
ed. Few drillings and some reconstructed sections north
of the Kaisergebirge mountain range indicate a remain-
ing thickness of up to 1,000 m (ORTNER, 1996; ORTNER &
STINGL, 2001). In the Oberangerberg area it is restricted to
some 100 m. Thermal overprint (vitrinite reflection) in the
area Haring-Oberangerberg points to a now missing, for-
merly overlying sediment thickness of 1,300 m (ORTNER &
SACHSENHOFER, 1996).

Lithostratigraphic higher rank unit: Inntal Group.
Lithostratigraphic subdivision: -

Underlying unit(s): Unterangerberg Formation. The con-
glomerates of the Oberangerberg Formation clearly differ
from conglomerates of the Unterangerberg Formation and
the Héring Formation by their pebble composition.

Overlying unit(s): Erosional top.
Lateral unit(s): -

Geographic distribution: In the entire distribution area of
the Inntal Group north of the River Inn and north of the
Kaisergebirge mountain range, from Kramsach in the W to
Reit im Winkl (Bavaria, Germany, ATK25, map sheet Q15
Reit im Winkl) in the E.

Remarks: -

Complementary references: -

Augenstein-Formation / Augenstein Formation
WERNER E. PILLER

Validity: Valid; SimMoNY (1851: p. 159) first mentioned
“Urgebirgsgeschiebe” from the Dachstein mountain area;
ModJsisovics (1899) introduced the term “Augensteine” and
interpreted these clasts as denudation relicts of Tertiary
gravel and conglomerate; FRISCH et al. (2001) first used the
term Augenstein Formation which was then formalized by
FRISCH et al. (2002).

Type area: Area of the Dachstein Plateau, S of Lake Hall-
statt, Upper Austria; OK50-UTM, map sheets 3217 Hall-
statt, 3218 Bad Mitterndorf (OKSO—BMN, map sheets 95
St. Wolfgang im Salzkammergut, 96 Bad Ischl, 127 Schlad-
ming).

Type section: Natural outcrop in the “Augensteindigrube”
at the Dachsteinplateau (N 47°30'32" / E 13°40'33"), 1.1 km
SSE of Gjaidalm along the hiking trail 616 from Gjaidalm to
the Guttenberg-Haus, Upper Austria (FRISCH et al., 2002).
There, the sediments of the Augenstein Formation are ce-
mented to the underlying limestone of the Dachstein For-



mation and this location is C_pnsidered one of the rare au-
tochthonous occurrences; OK50-UTM, map sheet 3218
Bad Mitterndorf (OK50-BMN, map sheet 96 Bad Ischl).

Reference section(s): -

Derivation of name: Named after the polished and shiny
white quartz grains which have the appearance of eye
balls (GOTZINGER, 1913b). An alternative explanation is that
the quartz grains have been used for medical treatment of
hordeolum styes (FRISCH et al., 2002).

Synonyms: Urgebirgsgeschiebe (SiMONY, 1851), Augen-
steine (ModJsisovics, 1899), Augensteinschotter (LEUCHS,
1924), Augenstein-Schotterdecke (TOLLMANN, 1985), Au-
genstein beds (ORTNER & STINGL, 2001).

Remark: In relation with the occurrence of these sediments
the terms Augensteinlandschaft, Augensteinlager (LICH-
TENECKER, 1925) and Augensteinfelder (e.g., MUTSCHLECH-
NER, 1953) were also in use.

Lithology: Sandstone, gravel and conglomerate rich in
polycrystalline quartz components. The conglomerate
components show usually diameters of a few centime-
ters (rarely up to 20 cm), are subangular to well-rounded
and moderately to poorly sorted. The quartz pebbles are
derived from phyllites and include sometimes remnants
of schist. Besides quartz also pebbles of quartzite, sand-
stone, lydite, rhyolite, greenstone, and (dark) carbonate
rocks occur (FRISCH et al., 2001, 2002).

Fossils: -

Origin, facies: The currently most commonly employed
interpretation is that the sediments of the Augenstein For-
mation were deposited by a complex fluvial system with
sediment delivery from the south including weakly meta-
morphic (rarely volcanic) Paleozoic rocks (derived from the
Greywacke Zone) and Carboniferous to Lower Triassic si-
liciclastics from the base of the Northern Calcareous Alps.
The rivers flowed on an intermediate relief from the moun-
tainous source area into the North Alpine Foreland Basin.
According to FRISCH et al. (2001, 2002) the thickness of
these fluvial sediments reached > 1.3 km.

An alternative interpretation has been suggested by EG-
GER et al. (2017): these authors state that clasts of the
Augenstein Formation display close similarity to pebbles
in the marine Hallthurm Formation (Inntal Group), which
was probably overlain by thick Oligocene marine depos-
its. Based on this, the Augenstein Formation is consid-
ered to represent erosional relics of this Priabonian for-
mation. Additionally, heavy mineral assemblages rich in
garnet and staurolite indicate uplift and erosional exhuma-
tion of metamorphic source areas already in the late Eo-
cene. Furthermore, FRISCH et al. (2001) report on euhedral
zircon crystals of possible volcanic origin in the Augen-
stein Formation. These crystals gave Ypresian ages (53.6 +
2.7 Ma), which correspond to the age of bentonite layers of
the Nierental Formation. This is considered an indicator for
the reworking of components of the Gosau Group within
the Augenstein Formation.

Chronostratigraphic age: ?early Eocene, Ypresian;
?late Eocene, Priabonian to ?early Miocene, Burdigalian
(Ottnangian) (FRISCH et al., 2001, 2002; EGGER et al., 2017).

Remark: Zircon and apatite fission-track data indicate
ages between c. 35-30 Myrs for the basal sediments

which seem to be diachronously deposited (FRISCH et al.,
2001, 2002). EGGER et al. (2017), however, pointed out
that some crystals gave an Ypresian age (563.6 + 2.7 Ma).
FRISCH et al. (2001: p. 507) mentioned that these “older”
crystals may be of volcanogenic origin or “derived from an
Austro-Alpine orthogneiss or an intrusive body that under-
went Tertiary cooling”. This Ypresian age, however, has not
been mentioned anymore in FRISCH et al. (2002).

Biostratigraphy: -

Thickness: Patchy occurrence of thin lithified beds or
loose gravel; where they occur autochthonously cemented
to underlying rocks they reach a few dm in thickness; most
occurrences are reworked and redeposited, frequently
preserved in karstic depressions and fissures.

Remark: Thermochronological data suggest an original
thickness of > 1.3 km or even > 2 km (FRISCH et al., 2001),
which has been nearly completely eroded.

Lithostratigraphically higher rank unit: -
Lithostratigraphic subdivision: -

Underlying unit(s): Mostly Triassic carbonate rocks of the
Northern Calcareous Alps.

Overlying unit(s): -

Lateral unit(s): Interfingers supposedly in the Lower Inn
Valley with sediments of the Chattian (upper Oligocene)
Oberangerberg Formation (Unterinntal Group) (ORTNER &
STINGL, 2001).

Geographic distribution: On top of the central and east-
ern areas of the Northern Calcareous Alps (e.g., Wilder and
Zahmer Kaiser, Leoganger Steinberge, Steinernes Meer,
Hochkodnig, Hagengebirge, Untersberg, Tennengebirge,
Dachstein, Totes Gebirge, Gesduse, Hochschwab, Rax)
(compare FRISCH et al. (2001, 2002) and ORTNER & STINGL
(2001)). The Augenstein Formation does not occur west of
the Inn Valley.

Remarks: The long lasting and still ongoing discussion
on the origin of the sediments of the Augenstein Forma-
tion is shortly described above. Historically, in addition
to the discussions on the origin of the sediments anoth-
er discussion is a geomorphologic one about the hori-
zon on which the Augenstein Formation has been depos-
ited. The competing “classical” schools are represented
by the geomorphologic terms “Raxlandschaft” (after the
mountain Rax at the border between Lower Austria and
Styria) (e.g., LICHTENECKER, 1925; SOLAR, 1964) versus “Au-
gensteinlandschaft” (discussion see in RIEDL, 1966). The
“Raxlandschaft” concept dealt with a single phase pro-
ducing a leveling surface which has been later on tectoni-
cally disturbed. The “Augensteinlandschaft” concept re-
constructed a “piedmonttreppe” with tectonic quiescence
phases during which smaller scaled leveling surfaces orig-
inated. These concepts are, however, outdated (FRISCH et
al., 2002).

Complementary references: GOTZINGER (1913a, b, 1915),
SLANAR (1918), LICHTENECKER (1926), SEEFELDNER (1926),
WINKLER (1928a, b), BRANDL (1928, 1930), SCHAUBERG-
ER (1935), GLAESSNER (1935), GOLDBERGER (1955), BAUER
(1954), WINKLER-HERMADEN (1933c, 1957), PICHLER (1962),
TOLLMANN (1985), STINGL (1990b), KrRoIS & STINGL (1994),
SHARMAN et al. (2018), HULSCHER et al. (2021).
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North Alpine Foreland Basin: Vorarlberg

Deutenhausen-Formation / Deutenhausen Formation
J. GEORG FRIEBE & WERNER E. PILLER

Validity: Invalid; first denominated as “Deutenhausen
Schichten” by RICHTER (1937: p. 166); a comprehensive
description was given by ZEIL (1953); WAGNER (1996b) used
the name Deutenhausen Formation in the NAFB of Upper
Austria and MAURER et al. (2002) introduced the name Deu-
tenhausen Formation in Upper Bavaria (“Ammerschlucht”
along the river Ammer). RESCH (1963a, b) introduced the
name “Deutenhausener Schichten” in Vorarlberg. The fol-
lowing description provides some insight into Bavarian oc-
currences but focusses on localities in Vorarlberg.

Type area: The area S of RoBhaupten am Lech, c. 10 km
north of the town Fissen (Swabia, Bavaria, Germany);
ATK25, map sheet Q08 Halblech; GK25, map sheet 8330
RoBhaupten.

Type section: Not defined, but the section described in
Deutenhausen does not exist anymore due to flooding af-
ter the pondage of the lake Forggensee (e.g., DOHMANN,
1991).

Reference section(s): -

Derivation of name: Named after the small village Deu-
tenhausen, near RoBhaupten am Lech, c. 10 km north of
the town Flssen (Swabia, Bavaria, Germany). The village
has been flooded after the pondage of the lake Forggen-
see.

Synonyms: Tonmergelstufe p.p. (MUHEIM, 1934: p. 184),
Deutenhausener Schichten (RICHTER, 1937: p. 166; RESCH,
1963a, b), Deutenhausenerschichten (DIEM, 1986).

Remark: When MUHEIM (1934) introduced the unit “Ton-
mergelstufe” in Vorarlberg, this unit included basal depos-
its, which were later identified as part of the Deutenhausen
Formation (RESCH, 1963a, b, 1975).

Lithology: In the type area, generally sandstones, clay
marls and conglomerates dominate which can be subdi-
vided into three units following ZEIL (1953): (a) Lower Deu-
tenhausen Beds with thin-bedded, grey to brown, fine
sandstones with grey, sandy marls intercalated. (b) Middle
Deutenhausen Beds of thick-bedded, hard, grey to grey-
blue sandstones. Less abundant are thin clay marl inter-
calations with coal remains. (c) Upper Deutenhausen Beds
with dominating grey, thin-bedded clay marls with platy,
fine-grained sandstone layers intercalated. In the upper-
most parts occur conglomerates (up to 5 m thickness).

In Vorarlberg, RESCH (1963a) differentiated the lower
“Muhlbach-Schichten” of flyschoid sandstones and marls
with abundant fish scales and the “Grundegg-Schichten”
represented by clay marl with thin sandstone layers, thick,
coarse-grained sandstone beds and in the uppermost
parts conglomerates. These units have, however, not been
used in later descriptions.

Remark: A prominent conglomerate bed near the village
Schwarzenberg with only slightly rounded polymict com-
ponents up to two meters in diameter was termed “Rie-
senkonglomerat” by HEIM et al. (1928: p. 23) and named
“Mihlbach-Konglomerat” by RESCH (1963a) as part of his
“Mihlbach-Schichten”.

62

Fossils: Calcareous nannoplankton (DOHMANN, 1991:
p. 122ff. for occurrences in Vorarlberg), planktic and
benthic foraminifers, radiolarians, ostracods, molluscs,
fish scales, shark teeth, plant remains, and trace fossils
(RESCH, 1976a: p. A124) were reported. Besides these
mostly marine biota also freshwater gastropods and bi-
valves were recorded which raised doubts on the full ma-
rine conditions indicated by most other biota. Reworking
is a serious problem because Cretaceous and early Pa-
leogene microfossils were repeatedly identified (RESCH,
1963a; OBERHAUSER et al., 1986b). In addition, the lower
sediments of the Deutenhausen Formation were integrated
in the “Tonmergelstufe” (e.g., MUHEIM, 1934: p. 189) and
also the mentioned fossils are considered to be part of the
Deutenhausen Formation (RESCH, 1963a).

Origin, facies: Full marine, shallow- to middle bathyal
(400-600 m water depth) paleoenvironment representing
delta slopes in shallower parts and deep sea fans, chan-
nels and lobes in the deeper parts (DOHMANN, 1991). With-
in the formation, a general coarsening upward and shal-
lowing trend can be observed (MAURER et al., 2002). The
coarse-grained sediments (conglomerates) in the Upper
Deutenhausen Formation are interpreted as mass trans-
port deposits, like debris flows and slumps, into a muddy
prodelta environment (MAURER et al., 2002).

Remark: The interpretation of the environmental conditions
of the Deutenhausen Formation was highly controversially
discussed, reaching from shallow marine with brackish in-
fluence (ZOBELEIN, 1952b: p. 619), to fluvial-brackish (ZEIL,
1954) to a deep sea environment of > 1,000 m (FISCHER,
1960, 1979).

Chronostratigraphic age: Oligocene, Rupelian (early Kis-
cellian).

Biostratigraphy: Calcareous nannofossil Zones NP21/
NP22 are identified by DOHMANN (1991), the taxa identi-
fied by STRADNER (in OBERHAUSER et al., 1986b) indicate
NP22-NP23.

Thickness: In southern Germany up to 750 m are record-
ed (ZEIL, 1953; ZOBELEIN, 1952b; KUHNERT & OHM, 1974),
in Vorarlberg near Dornbirn (BodelestraBe) approx. 60 m
(RESCH, 1976a); reduced by basal tectonic truncation.

Lithostratigraphically higher rank unit: Untere Meeres-
molasse (Lower Marine Molasse) as informal unit in Bavar-
ia (e.g., MAURER et al., 2002; DOPPLER et al., 2005).

Lithostratigraphic subdivision: None; ZEIL (1954) sub-
divided the Deutenhausen Formation in southern Bavaria
informally into three subunits which could be formalized
at the member level; RESCH (1963a) divided the “Deuten-
hausener Schichten” in Vorarlberg informally into the lower
“MUhlbach-Schichten” and the upper “Grundegg-Schich-
ten” but this differentiation has not been applied furtheron.

Underlying unit(s): Tectonic base.

Overlying unit(s): Grisigen Marl. The boundary between
the Deutenhausen Formation and Grisigen Marl is defined
with the disappearance of sandstones (ZEIL, 1953: p. 106;
KUHNERT & OHM, 1974: p. 23).



Lateral unit(s): No lateral units known in Vorarlberg; in
southern Bavaria a transition occurs basinward into so-
called “Fischschiefer” and in the direction of the upper
slope and outer shelf in the so-called “Tonmergel” (e.g.,
DOHMANN, 1991: Abb. 32; FREUDENBERGER & SCHWERD,
1996).

Geographic distribution: The Deutenhausen Formation
occurs as narrow stripe in the southern limb of the Mur-
nau Syncline/Steineberg Syncline of the Subalpine Mo-
lasse from Vorarlberg in the west to Murnau am Staffelsee
(Upper Bavaria, Germany, ATK25, map sheet Q10 Mur-
nau a.Staffelsee) in the east. Vorarlberg: Vorderer Bregen-
zerwald, Rheintal near Dornbirn and along the Bregenzer
Ach; OK50-UTM, map sheet 1218 Bregenz (OK-BMN, map
sheets 111 Dornbirn, 112 Bezau). In addition, sediments
of the Deutenhausen Formation are also reported from
the Autochthonous Molasse of the NAFB in Upper Austria
(WAGNER, 1996b, 1998).

Remarks: The Deutenhausen Formation represents the
basal sediments in the NAFB without a sedimentary unit
below.

Complementary references: WEPFER (1909), RICHTER
(1940), HAGN & HOLZL (1952), VOLLMAYR (1954), ZOBELEIN
et al. (1957), SCHMIDT-THOME & GANSS (1955), HUGEL (19586,
1962), SCHIEMENZ (1960), HAGN (1967), HOFLE & KUHNERT
(1969), BURGISSER et al. (1981), SCHWERD et al. (1983),
SCHWERD (1984), DIEM (1986), OBERHAUSER et al. (1986a),
STEININGER & WESSELY (2000), FRIEBE (2007b, 2008, 2012),
STAUNER et al. (2015), STD 2016.

Grisigen Mergel / Grisigen Marl
J. GEORG FRIEBE & WERNER E. PILLER

Validity: Valid (see remark); marls and sandstones in the
area of Grisigen (Grisiger-FIUhli, Grisiger-Risi) were first
mentioned by KAUFMANN (1860: p. 16f.) as “graue Schiefer-
mergel”; BAUMBERGER (1925b: p. 280) introduced the term
“Grisigermergel” (= “rauchgraue Mergel”). RICHTER (1926:
p- 319) introduced the name “Tonmergelstufe” for this unit
in southern Germany and this term (with variations) was
and is still in use (e.g., DOPPLER et al., 2005; STD 2016).

In Vorarlberg, the name “Grisiger Mergel” was first men-
tioned by HEIM et al. (1928: p. 14) for sediments below the
“Bausteinschichten” (“Horwerschichten”) in the Schwar-
zachtobel, but MUHEIM (1934: p. 184) and later authors
still used the term “Tonmergelstufe”; a comprehensive
description of the “Tonmergel-Schichten” was given by
RESCH (1963a). The term Grisigen Formation has been in-
troduced without formalization by FRIEBE (2007b). The fol-
lowing description provides some insight into Swiss and
Bavarian occurrences but focusses on Vorarlberg.

Remark: The Swiss Stratigraphic Commission validated
the term Grisigen-Mergel (Grisigen Marl) in the rank of a
member, the lithostratigraphic higher rank unit is the “For-
mation de Vaulruz” (UMM-II) (https://www.strati.ch/en/
stratigraphic/grisigen-mergel); the term Grisigen Forma-
tion (FRIEBE, 2007b) is not valid under rules of the Austri-
an Stratigraphic Commission and has to be rejected since
Grisigen Marl is defined as a member in the type area.

Type area: Area around the village Horw, Kanton Luzern,
Switzerland; map 1:25,000, map sheet 2510 Luzern — Pi-
latus — Rigi.

Type section: Abandoned marl pit Grisigen (“Mergelgrube
Grisigen”; BUXTORF et al., 1941), c. 1 km W of Ennethorw,
part of Horw, c. 4 km south of the town Luzern, Kanton Lu-
zern, Switzerland; N 47°00'34" / E 08°17'36".

Remark: Planned recultivation of the marl pit Grisigen will
make the type section of the “Grisiger-Mergel” (Grisigen
Formation) inaccessible.

Reference section(s): Langacher Steinbruch, Biregg-
Halbinsel near Horw, Kanton Luzern, Switzerland;
N 47°00'16" / E 08°19'23" (https://www.strati.ch/en/stra-
tigraphic/grisigen-mergel).

Derivation of name: Named after the hamlet Grisigen near
Horw, Kanton Luzern, Switzerland.

Synonyms: graue Schiefermergel (KAUFMANN, 1860:
p. 16; HEIM et al., 1928: p. 24, Fig. 10: No. 6), Tonpar-
tie (GILLITZER, 1914: p. 156), Grisigermergel (BAUMBER-
GER, 1925a, b), Tonmergelstufe (RICHTER, 1926; MUHEIM,
1934: p. 184), Grisiger Mergel (HEIM et al., 1928: p. 16),
Tonmergelserie (MUHEIM, 1934: p. 185), Ammer-Tonmergel
p.p. (ZEIL, 1954), Tonmergel-Schichten, Tonmergelschich-
ten (FISCHER, 1960), Grisigen shales (TRUMPY et al., 1980:
p. 25), Grisigen shale (MATTER et al., 1980: p. 281), Grisi-
gen Marl (BACHMANN et al., 1987), “Tonmergel”-Formation
(STEININGER & WESSELY, 2000), Tonmergel beds (KEMPF &
PRrRoss, 2005), Grisigen-Formation (FRIEBE, 2007b).

Remark: When MUHEIM (1934) introduced the name “Ton-
mergelstufe” in Vorarlberg this unit included basal depos-
its, which were later classified with the Deutenhausen For-
mation (RESCH, 1963a, 1975).

Lithology: Grey to greenish grey, thinly bedded clay-
ey marls with intercalations of calcareous sandstones of
flyschoid character. Slumping structures are common. A
detailed description can be found in MuHEIM (1934) and
RESCH (19634, b).

Fossils: Trace fossils are common, macrofossils are rare.
Calcareous Nannoplankton (FREI, 1979), rare autochtho-
nous ostracods; foraminifers are considered allochthonous
(PLOCHINGER et al., 1958; RESCH, 1976a).

Remark: The fossils mentioned by MUHEIM (1934: p. 189)
(freshwater gastropods, shark teeth, fish scales, fora-
minifera) belong to the Deutenhausen Formation (RESCH,
1963a).

Origin, facies: Predominantly, flyschoid, marine deep wa-
ter paleoenvironment (PLOCHINGER et al., 1958).

Chronostratigraphic age: Oligocene, Rupelian (Kiscel-
lian).

Biostratigraphy: Palynologically correlated to Paleogene
Zone 20b (HocHuLI, 1978: p. 15); calcareous nannofossil
Zone NP24 (FRrRel, 1979). The biostratigraphic significance
of ostracods, in particular, Cytheridea ventricosa, described by
GOERLICH (1953) and cited by PLOCHINGER et al. (1958),
cannot be considered a valid marker for the Rupelian any-
more (DIEM, 1986: p. 504).

Thickness: In the type area 350 to 600 m (BUXTORF et al.,
1941), in southern Bavaria 700 to > 800 m (FISCHER, 1960:
p. 44) and even > 1,800 m (DOPPLER et al., 2005: p. 366).
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Vorarlberg: 180 to 200 m near Dornbirn (BddelestraBe;
RESCH, 1976b); estimated 350 m near Egg (PLOCHINGER et
al., 1958).

Lithostratigraphically higher rank unit: Untere Meeres-
molasse (Lower Marine Molasse).

Lithostratigraphic subdivision: -

Underlying unit(s): Deutenhausen Formation in southern
Bavaria and Vorarlberg; in Switzerland tectonic base (Bux-
TORF et al., 1941: p. 144).

Overlying unit(s): Horw Sandstone in Vorarlberg and Swit-
zerland; “Bausteinschichten” in southern Bavaria.

Lateral unit(s): May laterally grade into Horw Sandstone
(“Bausteinschichten”).

Geographic distribution: The “Grisigen-Mergel” (“Ton-
mergel Schichten”) is the most widespread lithostrati-
graphic unit in the Subalpine Molasse extending from the
eastern part of Upper Bavaria to central Switzerland (e.g.,
DIEm, 1986). Vorarlberg: Vorderer Bregenzerwald, Rheintal
near Dornbirn; OK50 UTM, map sheets 1218 Bregenz (OK-
BMN, map sheets 111 Dornbirn, 112 Bezau).

Remarks: The Tonmergelstufe is also reported from the
NAFB in Upper Austria (ABERER, 1958: p. 38; HOCHuULI,
1978) being, however, now integrated in the Zupfing For-
mation.

Complementary references: STUCHLIK (1906), BAuUM-
BERGER & KRAUSEL (1934), HABICHT (1945), ZEIL (1953),
HOLLIGER (1955), VOLLMAYR (1954, 1958), SCHMIDT-THOME &
GANSS (1955), HUGEL (1962), RESCH (1963b), HAGN (1967),
HOFLE & KUHNERT (1969), KUHNERT & OHM (1974), GANSS
(1977), SCHWERD (1978, 1984), FISCHER (1979), BURGISSER
et al. (1981), SCHWERD et al. (1983), DIEM (1986), OBER-
HAUSER et al. (1986a), FREUDENBERGER & SCHWERD (1996),
KELLER (2000), MAURER et al. (2002), FRIEBE (2008, 2012),
STAUNER et al. (2015).

Horw Sandstein / Horw Sandstone
J. GEORG FRIEBE & WERNER E. PILLER

Validity: Valid; KAUFMANN (1860: p. 16) described from
“Grisiger-FlUhli” near Horw fine grained, blueish sand-
stones above the Grisiger Marls (see also there) which
he described in more detail later on (KAUFMANN, 1872,
1886), BAUMBERGER (1925a: p. 170) introduced the “Hor-
werschichten”, however, he included also the “Grisiger-
mergel” in this unit, RICHTER (1925: p. 310) separated the
lower marls and the upper sandstone, the later called
“Bausteinzone” which he considered equivalent to the
“Horwer Schichten”. RENz (1937: p. 116) subdivided the
Horwerschichten into Grisigermergel and Horwersand-
stein, BUXTORF et al. (1941) provided a detailed description
and discussion. HEIM et al. (1928: p. 14) introduced the
name “Horwerschichten” for a sandstone dominated se-
quence above the “Grisiger Mergel” in the Schwarzachto-
bel in Vorarlberg but separated the “Eggschichten”.

In southern Bavaria, this unit was already described by
GUMBEL (1861: p. 719) as “Bausandsteinzone”, there, it
is widely distributed and also well documented, usually
termed “Bausteinzone” or “Bausteinschichten” (cf. Z6-
BELEIN, 1952b, 1961; ZOBELEIN et al., 1957). The term
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“Bausteinzone” was introduced in Vorarlberg by MUHEIM
(1934). The following description provides some insight
into Swiss and Bavarian occurrences but focusses on
Voralberg.

Remark: The “Horw-Sandstein” is validated by the Swiss
Stratigraphic Commission in the rank of a member, the
lithostratigraphic higher rank unit is the “Formation de
Vaulruz” (UMM-III) (https://www.strati.ch/de/stratigraphic/
horw-sandstein-umm). The ,Bausteinschichten“ are not
validated and we prefer to use the term Horw Sandstone
for the occurrences in Vorarlberg.

Type area: Area around the village Horw, Kanton Luzern,
Switzerland, map 1:25,000, map sheet 2510 Luzern — Pi-
latus — Rigi.

Type section: Abandoned marl pit Grisigen (“Mergelgrube
Grisigen”, BUXTORF et al., 1941), c. 1 km W of Ennethorw,
part of Horw, c. 4 km south of the town Luzern, Kanton Lu-
zern, Switzerland, N 47°00'34" / E 08°17'36".

Reference section(s): Section at the Steiglebachtobel,
along the road between Marbach-Nesslenbode, Kanton
Luzern, Switzerland (https://www.strati.ch/de/stratigra-
phic/horw-sandstein-umm), N 46°50'42" / E 07°54'48".

Possible reference sections in Vorarlberg could be: Kirch-
felsen Egg at the river Bregenzerach (“Eggschichten”
sensu HEIM et al., 1928), N 47°25'52.5" / E 09°53'38", a
well exposed section in an abandoned quarry at Schwar-
zachtobel (“Bausteinschichten”, OBERHAUSER et al., 1979),
N 47°26'36.5" / E 09°47'10.5", good outcrops are also ex-
posed along the Bregenzerach near the powerplant Lan-
genegg (N 47°28'12.5" / E 09°51'48.5").

Derivation of name: The name Horw-Sandstone derives
from the village Horw, Kanton Luzern, Switzerland, map
1:25,000, map sheet 2510 Luzern — Pilatus — Rigi. The term
“Bausteinschichten” indicates that the sandstones of this
unit were frequently used as construction material (“build-
ing blocks”).

Synonyms: Bausandsteinzone (GUMBEL, 1861: p. 719),
Horwerschichten (KAUFMANN, 1872: p. 203), Bausteinzone
(STUCHLIK, 1906: p. 308), Sandsteinpartie, “Steinbruch-
oder Baustein”-Schichten (GILLITZER, 1914: p. 157), Horwer-
schichten p.p., Horwerplatten p.p. (BAUMBERGER, 1925a:
p. 170), Horwer Schichten (RICHTER, 1925), Eggschichten
(HE™ et al., 1928: p. 22), Horwer Sandstein (RENz, 1937),
Baustein-Schichten (ZOBELEIN, 1952b: p. 618), Murnauer
Tonmergel p.p. (ZEIL, 1954), Egg-Schichten (HUGEL, 1956),
Horw sandstone (MATTER et al., 1980: p. 281), “Baustein”-
Formation (STEININGER & WESSELY, 2000).

Remark: PLOCHINGER et al. (1958) considered the “Egg-
schichten” as a special facies of the “Bausteinschichten”.
However, in their concept of the “Bausteinschichten” they
included the lowermost conglomerates at the locality Egg-
Kirchfelsen in this lithostratigraphic unit. This idea was re-
jected by OBERHAUSER et al. (1986b) as these conglomer-
ates already belong to the WeiBach Formation.

Lithology: Well-bedded sandstones, commonly with ripple
marks and cross-stratification, with intercalated clay marl
layers and conglomerate beds (“Nagelfluh”) in the upper
part. At the transition to the overlying Weissachschichten a
coal seam occurs known as Echelsbacher FlI6z (ZOBELEIN,
1961: Abb. 1; HOFLE & KUHNERT, 1969: p. 42; STAUNER et
al., 2015: p. 99).
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Fossils: Plant fossils (leaves) are common (KRAUSEL,
1930), molluscs, ostracods, shark teeth (BAUMBERGER in
HEM et al., 1928; HABICHT, 1945; SCHWERD, 1978). Mass
occurrences of the bivalve Polymesoda are characteristic for
the “Eggschichten” (BAUMBERGER, 1934, 1937).

Origin, facies: The lower part represents mostly shallow
marine conditions, which become brackish upsection rep-
resenting a general shallowing and regressive trend. Good
indication for brackich waters is the (mass) occurrence of
the bivalve Polymesoda.

Chronostratigraphic age: Oligocene, Rupelian to Chat-
tian (Kiscellian to ?Egerian) (ZOBELEIN, 1961; GOHLICH &
FAHLBUSCH, 2000).

Biostratigraphy: The bivalves indicate Rupelian to Chat-
tian age.

Thickness: In the Murnau Syncline of southern Bavar-
ia (“Bausteinschichten”) 140-170 m, with a maximum
of 200 m (ZOBELEIN, 1961: p. 261) and approx. 290 m
(GOHLICH & FAHLBUSCH, 2000: p. 185), along the Bdde-
lestraBe 65 m (RESCH, 1976a).

Lithostratigraphically higher rank unit: Switzerland: For-
mation de Vaulruz, Untere Meeresmolasse (Lower Marine
Molasse) as informal group, Bavaria: Untere Meeresmolas-
se (Lower Marine Molasse) as informal group.

Lithostratigraphic subdivision: No formal subdivision.
An informal subdivision in “Tiefere Bausteinschichten” and
“Hobhere Bausteinschichten” has been proposed by Z0-
BELEIN (1961: p. 262) in the Murnau Syncline: the lower unit
is represented by clay marl and sandstone alternations,
the upper is characterized by thick bedded sandstones
and some conglomerates. SCHWERD (1978: p. 9) differenti-
ated three subunits in the westernmost Murnau Syncline:
“Untere, Mittlere, Obere Bausteinschichten”. The lower
part is dominated by sandstones, the middle part by clay
marls and the upper part show an increase in grain size
from marl over sandstone to a conglomerate (“Dachbank”)
on top. These subdivisions are, however, laterally not con-
sistent (SCHWERD, 1978: p. 21).

Underlying unit(s): Grisigen Marl (“Tonmergel”). In Bavar-
ia: lower boundary gradational but defined with the de-
crease of clay marl content and the occurrence of the first
sandstone beds (ZOBELEIN, 1961: p. 261; SCHWERD, 1978:
p. 9).

Overlying unit(s): WeiBach Formation. Gradational, in
western Bavaria with the change from marine to limnic-flu-
vial facies and in the east by the onset of brackish facies
(ZOBELEIN, 1961: p. 261).

Lateral unit(s): It may laterally grade into Grisigen Marl
(“Tonmergel”).

Geographic distribution: It is a widespread unit in the
Subalpine Molasse of the NAFB stretching from western
Switzerland to the eastern part of Upper Bavaria. Vorarl-
berg: Vorderer Bregenzerwald, Rheintal near Dornbirn-
Wolfurt, OK50-UTM, map sheets 1218 Bregenz (OK-BMN,
map sheets 111 Dornbirn, 112 Bezau).

Remarks: -

Complementary references: VOLLMAYR (1954, 1958),
SCHMIDT-THOME & GANSS (1955), SCHIEMENZ (1960), HU-
GEL (1962), KUHNERT & OHM (1974), RESCH (19764, 1977Db),

BURGISSER et al. (1981), SCHWERD et al. (1983), SCHWERD
(1984), DIEM (1986), FREUDENBERGER & SCHWERD (1996),
FRIEBE (2008, 2012), STD 2016.

WeiBach-Formation / WeiBach Formation
J. GEORG FRIEBE & WERNER E. PILLER

Validity: Invalid; already GUMBEL (1861: p. 131, 689) men-
tioned “Untere (bunte) Sisswassermolasse” above “Un-
tere Cyrenenschichten (Untere Pechkohlenschichten)”
from southern Bavaria, Vorarlberg and Switzerland, HEIM
et al. (1928) described “bunte Molasse” from several loca-
tions in Vorarlberg, first, MUHEIM (1934: p. 206) introduced
the name “Weissachschichten” to integrate highly variable
sediments known under different names (e.qg., “Teufelsloch-
schichten”, “Nesselburgschichten”) of the Lower Freshwa-
ter Molasse in the Subalpine Molasse of Vorarlberg and
southern Bavaria, the term was subsequently widely used
in Vorarlberg and Bavaria (e.g., FREUDENBERGER & SCHWERD,
1996; DOPPLER et al., 2005); STEININGER & WESSELY (2000:
p. 108) and FRIEBE (2007b: p. 37) introduced the name
“WeiBach-Formation” without formalization. The following
description provides some insight into Swiss and Bavarian
occurrences but focusses on Vorarlberg.

Type area: Area between the villages Oberstaufen (Up-
per Bavaria) and Doren (Vorarlberg) including the rivers
WeiBach and Bolgenach, ATK25, map sheet R05 Ober-
staufen, OK50-UTM, map-sheet 2213 Sonthofen (OK50-
BMN, map-sheet 83 Sulzberg).

Type section: Section in the WeiBachschlucht (WeiBach
Gorge) along the river WeiBach, c. 1 km NNE of Stei-
bis, c. 2.3 km SSE of Oberstaufen, Upper Bavaria,
N 47°32'12.41" / E 10°01'44.69", ATK25, map sheet R05
Oberstaufen (UmweltAtlas Bayern, Geotop-Nummer:
780A018, https://www.umweltatlas.bayern.de/mapapps/
resources/reports/geotope/generateBericht.pdf?additio-
nallayerfieldvalue=780A018).

Remark: A type section was not defined by MUHEIM (1934)
but he mentioned the locality in the WeiBach river, in par-
ticular. VOLLMAYR (1958: p. 35) also mentioned the com-
plete section through the WeiBachschichten and the lower
Steigbachschichten in the Weiach gorge and VOLLMAYR &
ZIEGLER (1976: p. 12) defined the WeiBach gorge as type
locality (“WeiBachdurchbruch durch die Hornschuppe”).

Reference section(s): A possible reference section in
Vorarlberg is the railway viaduct (former power plant near
Egg), N 47°26'08.5" / E 09°53'19.5" (PLOCHINGER et al.,
1958: p. 296).

Remark: A road cut along the BddelestraBe c. 300 m N of
the Bddele pass, c. 5 km ENE of the town Dornbirn, gives a
good impression of the marly to sandy lithologies with only
occasionally intercalated conglomerates (N 47°25'34" /
E 09°48'33", FRIEBE, 2008).

Derivation of name: Named after the river WeiBach (a trib-
utary of the Bregenzer Ach) which runs through southern
Bavaria and Vorarlberg.

Synonyms: Bunte Molasse (STUCHLIK, 1906), Teufelsloch-
schichten, Hochgratschichten, Nesselburgschichten, Nes-
selburgnagelfluh, Nesselburgserie, Zaumbergserie, Zaum-
bergschichten (KRAUS, 1926/1927), Bunte Molasse (HEIM
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et al., 1928: p. 16), Zone (Mergel) von Inngriine p.p. (HEIM
et al., 1928), Teufelsloch-Schichten (KRAUS & REIS, 1929),
Hochgratschichten (RICHTER, 1932: p. 429), untere bunte
Molasse (RICHTER, 1940: p. 10), Untere Rétliche Molas-
se (ZOBELEIN, 1952b), Tiefere Cyrenenschichten (FISCHER,
1960), WeiBach-Schichten (SCHWERD, 1984), Weissach
Formation, Weissach-Beds (STEININGER & WESSELY, 2000),
WeiBachschichten (FRIEBE, 2008).

Lithology: A broad range of lithologies is characteristic for
this unit: alternations of mostly red, also grey, greenish or
brown marls and grey sandstones (beds up to 5 m thick-
ness) which show occasionally intercalated conglomerates
(up to 25 m in thickness). Conglomerates (“Nagelfluh”)
may dominate in some sections, while they are completely
absent in other locations (MUHEIM, 1934; PLOCHINGER et al.,
1958; VOLLMAYR, 1958).

Fossils: Plant debris, pollen, characean gyrogonites, os-
tracods (GOHLICH & FAHLBUSCH, 2000), terrestrial and fresh-
water gastropods (ZOBELEIN, 1952a, 1955a), vertebrates in-
clude aquatic reptiles and land mammals (STEHLIN in HEIM
et al., 1928; HUNERMANN & SULSER, 1981; GOHLICH & FAHL-
BUSCH, 2000), microfossils (foraminifera) are reworked from
older deposits (RENz, 1937; HAGN, 1950; PLOCHINGER et al.,
1958; HERRMANN et al., 1985).

Origin, facies: Limnic-fluvial-terrestrial environment
(based on limnic and terrestrial gastropods) with alluvi-
al floodplains (WEITHOFER, 1903; HAGN, 1950; ZOBELEIN,
1952a, 1955a: p. 394; ZOBELEIN et al., 1957: p. 60).

Chronostratigraphic age: Oligocene, Chattian (early Ege-
rian).

Biostratigraphy: The Chattian age is based on terrestrial
gastropos (ZOBELEIN, 1952a) and land mammals. The land
mammals have been correlated with Paleogene Mammal
Zone MP25 by GOHLICH & FAHLBUSCH (2000). From the
Murnau Syncline, UHLIG (1999, 2002) reports MP24 and
MP24/25 based on small mammals from the oldest for-
mation (“Untere Cyrenen-Schichten”) of the UBM (Lower
Brackish Water Molasse) but also from the laterally equiv-
alent “Untere Bunte Molasse” = Weissach-Schichten) of
the USM (Lower Freshwater Molasse) (cf. UHLIG, 1999:
Abb. 2, 3).

Thickness: 1,200-1,500 m in western Allgdu (Swa-
bia, Bavaria) (MUHEIM, 1934; RICHTER 1940: p. 12), in the
WeiBachtal (Vorarlberg) 1,000 m but tectonically truncated
at the base (HERRMANN et al., 1985).

Lithostratigraphically higher rank unit: Untere SiBwas-
sermolasse (Lower Freshwater Molasse) as informal unit in
Bavaria (e.g., DOPPLER et al., 2005).

Lithostratigraphic subdivision: No formal subdivision,
RICHTER (1940: p. 12) differentiated “untere WeiBach-
schichten” (“Nesselburgschichten”) which are rich in con-
glomerates and “obere WeiBachschichten” (“Zaumberg-
mergel”) which a devoid of conglomerates

Underlying unit(s): Horw Sandstone (“Bausteinschich-
ten”). Gradational, in western Bavaria with the change from
marine to limnic-fluvial facies and in the east by the onset
of brackish facies (ZOBELEIN, 1961: p. 261).

Overlying unit(s): Steigbach Formation. The boundary is
gradational based on grain size and colour (ZOBELEIN et al.,

66

1957; VOLLMAYR & ZIEGLER, 1976), in some locations the
boundary is drawn above the uppermost red conglomerate
bed (STAUNER et al., 2015).

Lateral unit(s): Cyrenenschichten (e.g., ZOBELEIN, 1953).

Geographic distribution: It is a widespread unit in the
Subalpine Molasse of the NAFB stretching from western
Switzerland to the eastern part of Upper Bavaria. Vorarl-
berg: Vorderer Bregenzerwald, Rheintal near Dornbirn-
Wolfurt, OK50-UTM, map-sheets 1218 Bregenz, 2213
Sonthofen (OK50—BMN, map sheets 83 Sulzberg, 111
Dornbirn, 112 Bezau).

Remarks: -

Complementary references: THOMAS (1926), RICH-
TER (1932), KORDIUK (1938), VOLLMAYR (1954), SCHMIDT-
THOME & GANSS (1955), SCHIEMENZ (1960), HUGEL (1962),
HOFLE & KUHNERT (1969), RESCH (1976a), CZURDA et al.
(1979), BURGISSER et al. (1981), STEININGER et al. (1982),
SCHWERD et al. (1983), DIEM (1986), FRIEBE (2008, 2012),
STD 2016.

Steigbach-Formation / Steigbach Formation
J. GEORG FRIEBE & WERNER E. PILLER

Validity: Invalid; KrRAUs (1926/1927: p. 16, 22, 28) intro-
duced for a “graue, rhythmisch scharf entwickelte Nagelfluh-Mergel-
folge” the term Steigbachschichten in the region Allgdu
(Bavaria), MUHEIM (1934: p. 236) introduced the term in
Vorarlberg for conglomerates (“Nagelfluh”), marls and
sandstones above the “Weissachschichten”, STEININGER &
WESSELY (2000: p. 108) and FRIEBE (2007b: p. 37) intro-
duced the name “Steigbach-Formation” without formaliza-
tion.

Type area: Area SW of Immenstadt im Allgau (Swabia, Ba-
varia), ATK25, map sheet R05 Oberstaufen, OK50-UTM,
map sheet 2213 Sonthofen (OK50-BMN, map sheet 113
Mittelberg).

Type section: KRAUS & REIS (1929: p. 29) described in
detail the Steigbach-Schichten along the lower Steig-
bach valley (Steigbachtobel), SW Immenstadt im Allgau,
N 47°33'10.87" / E 10°12'48.06", ATK25, map sheet R05
Oberstaufen, OK50-UTM, map sheet 2213 Sonthofen. (Um-
weltAtlas Bayern, Geotop-Nummer: 780A019, https://www.
umweltatlas.bayern.de/mapapps/resources/reports/geo-
tope/generateBericht.pdf?download=false&ids=1810&d-
surl=https%3A%2F % 2Fwww.umweltatlas.bayern.
de%2Farcgis%2Frest%2Fservices%2Fgeologie % 2Fa-
geo_ftz%2FMapServer%2F14&layerfieldname=geotop_
num&additionallayerfieldname=geotop_num&additional-
layerfieldvalue=780R040).

Reference section(s): -

Derivation of name: After the creek Steigbach, left tribu-
tary to the river Konstanzer Ach, within and SW of the town
Immenstadt im Allgdu (Bavaria, Germany), OK50-UTM,
map sheet 2213 Sonthofen.

Synonyms: Steigbachschichten, Steigbachserie, Steig-
bachmolasse, Steigbach-Nagelfluh, Steigbachnagelfluh,
Steigbach-Kalknagelfluh (KrRAus, 1926/1927), Steigbach-
Schichten (KrRaus & REIs, 1929), Untere Griingraue Mo-
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lasse (ZOBELEIN, 1952b), Steigbach Formation, Steigbach-
Beds (STEININGER & WESSELY, 2000), Steigbach-Formation
(FRIEBE, 2007b).

Lithology: Rhythmic Alternations of grey, greenish or
brown marls and sandstones with occasionally intercalat-
ed conglomerates. Generally, grain size decreases from
S to N in the Steigbachschichten (e.g., VOLLMAYR, 1958:
p. 19).

Fossils: Terrestrial gastropods (MUHEIM, 1934; ZOBELEIN,
1952b), land mammals (STEHLIN in HEIM et al.,, 1928;
HUNERMANN & SULSER, 1981), wood remains and plant de-
bris (SELMEIER, 1972).

Origin, facies: Limnic-fluvial-terrestrial environment
(based on limnic and terrestrial gastropods, e.g., ZOBELEIN,
1952a: p. 13) with alluvial floodplains. Decreasing grain
size from S to N and nearly missing conglomerates in the N
indicate major sediment input from the S and pinching out
of the coarser material northward (e.g., VOLLMAYR, 1958:
p. 19; STAUNER et al., 2015).

Chronostratigraphic age: Oligocene, late Chattian (early
Egerian).

Biostratigraphy: Chattian age is based on terrestrial gas-
tropods (ZOBELEIN, 1952b).

Thickness: Up to 1,700 m in the “Hornschuppe” (VOLL-
MAYR, 1958: p. 23; VOLLMAYR & ZIEGLER, 1976: p. 12), up
to 1,350 m in the “Salmaserschuppe” (VOLLMAYR, 1958:
p. 23). Frequently truncated by tectonics.

Lithostratigraphically higher rank unit: Untere StiBwas-
sermolasse (Lower Freshwater Molasse).

Lithostratigraphic subdivision: -

Underlying unit(s): WeiBach Formation. As the colour is
the only feature to distinguish the Steigbach Formation
from the WeiBach Formation, a diachronous boundary
must be assumed.

Overlying unit(s): Granitische Molasse.

Lateral unit(s): Granitische Molasse, Cyrenenschichten
(RICHTER, 1932; ZOBELEIN, 1952b).

Geographic distribution: It is a widespread unit in the
Subalpine Molasse of the NAFB stretching from the east-
ern part of Upper Bavaria to eastern Switzerland. Vorarl-
berg: Vorderer Bregenzerwald, Rheintal near Dornbirn-
Kennelbach, OK50-UTM, map-sheets 1218 Bregenz, 2213
Sonthofen (OK50-BMN, map sheets 83 Sulzberg, 111
Dornbirn, 112 Bezau).

Remarks: -

Complementary references: RICHTER (1932, 1940), VOLL-
MAYR (1954), SCHMIDT-THOME & GANSS (1955), ZOBELEIN
et al. (1957), SCHIEMENZ (1960), HOFLE & KUHNERT (1969),
SCHWERD (1984), HERRMANN et al. (1985), FREUDENBERG-
ER & SCHWERD (1996), SCHWERD et al. (1983), FRIEBE (2008),
STD 2016.

Granitische Molasse / Granitic Molasse
J. GEORG FRIEBE & WERNER E. PILLER

Validity: Invalid; the term “Granitische Molasse” was intro-
duced by STUDER (1853: p. 348) in Switzerland for sand-
stone with coarse grains of quartz and variegated feldspar

mimicking a fine-grained granite in the Subalpine Molasse,
GUMBEL (1861: p. 131) introduced the term “Blattermolas-
se” and metioned this unit also for Vorarlberg (p. 737-738),
HEM et al. (1928) the term “Granitische Molasse” in Vorarl-
berg. The following description provides some insight into
Swiss and Bavarian occurrences but focusses on Vorarl-
berg.

Type area: Following KAUFMANN (1860) and BAUMBERGER
(1925a, b) the area around the Horw, S of the town Lu-
zern, is the typical occurrence of “Grantische Molasse”. In
contrast, the “granititischer Sandstein” is much wider dis-
tributed (BAUMBERGER, 1925a: p. 166), map 1:25,000, map
sheet 2510 Luzern - Pilatus - Rigi.

Type section: Deep drilling Hiinenberg-1, 6.5 km W of the
town Zug, 16.5 km NE of the town Luzern, Kanton Luzern,
Switzerland, N 47°10'28.86" / E 08°25'37.42" (https://www.
strati.ch/de/stratigraphic/granitische-molasse-formation).

Reference section(s): Section along the creek Fische-
bach, a tributary of the river Rimlig (LU), E of the village
Entlebuch and SW of the village Schwarzenberg, Kanton
Luzern, Switzerland, N 46°59'15" / E 08°08'28" (https://
www.strati.ch/de/stratigraphic/granitische-molasse-for-
mation).

Derivation of name: The sandstone commonly contains
red quartz and, in particular, red feldspar grains which
gives this rock a granite-like appearance (STUDER, 1853).
The term Blattermolasse indicates the high content of
leaves.

Synonyms: granitischer Sandstein, Zugersandstein, Bol-
lingersandstein (KAUFMANN, 1860: p. 8, 117), Blattermolas-
se (GUMBEL, 1861), Horwersandstein (non Horwerplatten)
p.p- (BAUMBERGER, 1925a: p. 166), Granitische Molasse,
granitischer Sandstein p.p., St. Margarethenstein (HEIM
et al., 1928), Sandsteinpaket (MULLER, 1930), Granitische
Sandsteine, St. Margarethen Sandstein, Zuger Sandstein
(op. cit. MUHEIM, 1934: p. 258), Formation der Granitisch-
en Molasse (https://www.strati.ch/de/stratigraphic/graniti-
sche-molasse-formation).

Lithology: Fine to coarse grained sandstone beds (8-10 m
thickness) with red quartz and feldspar grains and musco-
vite alternating with yellowish, brown or grey marls, which
dominate over the sandstone. In Switzerland and in Bavar-
ia additional variegated conglomerates (“bunte Nagelfluh”)
occur (KAUFMANN, 1860; BAUMBERGER, 1925a, b; MULLER,
1930).

Fossils: Characean gyrogonites (BAUMBERGER in HEIM et
al., 1928), freshwater and terrestrial gastropods (BAUM-
BERGER in HEIM et al., 1928; MUHEIM, 1934; WENZ, 1935;
ZOBELEIN, 1963), freshwater bivalves (BAUMBERGER in HEIM
et al., 1928; MODELL, 1934), reptiles and land mammals
(STEHLIN in HEIM et al., 1928; ZOBELEIN, 1963), plant de-
bris and leaves (collection Krdusel at the museum inatura
Dornbirn).

Origin, facies: Limnic-fluvial paleoenvironment.

Chronostratigraphic age: Early Miocene, Aquitanian (late
Egerian).

Remark: In Switzerland, the Granitische Molasse starts al-
ready in the Chattian (ZOBELEIN et al., 1957; MULLER, 1971).

Biostratigraphy: Based on gastropods Aquitanian age.
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Thickness: A maximum thickness of 1,800 m (as “Blat-
termolasse”) is reported by KRAUS (1951: p. 125) and Z0-
BELEIN et al. (1957: p. 64), 1,500-1,700 m between the riv-
ers Rhein and Bregenzer Ach by HEIM et al. (1928: p. 12).

Lithostratigraphically higher rank unit: Untere StiBwas-
sermolasse (Lower Freshwater Molasse).

Lithostratigraphic subdivision: -
Underlying unit(s): Steigbach Formation.

Overlying unit(s): Tectonic boundary in Vorarlberg, Swit-
zerland: Luzern Formation.

Lateral unit(s): Kojen Formation (MUHEIM, 1934), Steig-
bach Formation, Cyrenen-Schichten (SCHWERD, 1984:
p. 299), Switzerland: Uerscheli Formation, which is, how-
ever, of Chattian age (https://www.strati.ch/de/stratigra-
phic/uerscheli-formation).

Geographic distribution: This unit occurs from central
Switzerland in the west to eastern Upper Bavaria. Vorarl-
berg: Vorderer Bregenzerwald, Rheintal near Dornbirn-
Kennelbach, OK50-UTM, map sheets 1218 Bregenz (OK-
BMN, map sheets 83 Sulzberg, 111 Dornbirn, 112 Bezau).

Remarks: -

Complementary references: RICHTER (1932, 1940), VOLL-
MAYR (1954), SCHMIDT-THOME & GANSS (1955), VOLLMAYR &
ZIEGLER (1976), HERRMANN (1978), SCHWERD et al. (1983),
SCHWERD (1984), HERRMANN et al. (1985).

Kojen-Formation / Kojen Formation
J. GEORG FRIEBE & WERNER E. PILLER

Validity: Invalid; MUHEIM (1934: p. 249) introduced and de-
scribed the “Kojenschichten” as a coarse grained equiva-
lent of the “Granitische Molasse” what has been support-
ed by RICHTER (1932) and RICHTER (1940: p. 28) provided
a detailed description, STEININGER & WESSELY (2000) and
FRIEBE (2007b) used the term “Kojen-Formation” without
formalization.

Type area: Along the mountain range “Nagelfluhkette” be-
tween the river Bolgenach (Vorarlberg) and the town Im-
menstadt im Allgdu (Bavaria), OK50-UTM, map sheet 1218
Bregenz, 2213 Sonthofen (OK50-BMN, map sheet 112
Bezau), ATK25, map sheet R05 Oberstaufen.

Type section: -
Reference section(s): -

Derivation of name: Named after the mountain range Ko-
jen, south of the village Riefensberg (Vorarlberg) with the
mountain Kojenstein (1.5 km SSE of Riefensberg) as high-
est elevation (1,300 m), OK50-UTM, map sheet 1218 Bre-
genz (OK50-BMN, map sheet 112 Bezau).

Synonyms: Hochgratschichten (KRAUS & REIS, 1929), Ko-
jen-Schichten (HAGN & HOLzL, 1952), Kojen Formation, Ko-
jen-Beds (STEININGER & WESSELY, 2000).

Lithology: Badly sorted and rounded, mostly red con-
glomerates (up to 50 m in thickness) with occasionally very
coarse gravel dominate over red, grey, greenish or brown
marls and massive to platy sandstones (3-4 m in thick-
ness) (MUHEIM, 1934; RICHTER, 1940).
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Remark: Similar to the WeiBach Formation but separat-
ed from this unit by the grey coloured Steigbach Schich-
ten. The conglomerates are coarser in the Kojen Schichten
than in the Steigbach Schichten.

Fossils: Terrestrial gastropods (MUHEIM, 1934: p. 257),
marine biota (foraminifera, bivalves) mentioned by MUHEIM
(1934: p. 258) are considered to be reworked.

Origin, facies: Fluvial-terrestrial with limnic intercalations.

Chronostratigraphic age: Early Miocene, Aquitanian (late
Egerian).

Biostratigraphy: Based on terrestrial gastropods an Aqui-
tanian age was proposed by MUHEIM (1934: p. 252) being
in line with MULLER (1930).

Thickness: MUHEIM (1934: p. 257) reports an average
thickness of 450-500 m in Vorarlberg, up to 1,000 m in
the Hornschuppe near Immenstadt (Bavaria) (VOLLMAYR,
1958), DOPPLER et al. (2005: p. 367) report 1,200 m and
SCHWERD et al. (1983) 1,200-1,300 m.

Lithostratigraphically higher rank unit: Untere StiBwas-
sermolasse (Lower Freshwater Molasse).

Lithostratigraphic subdivision: -
Underlying unit(s): Steigbach Formation.
Overlying unit(s): Tectonically truncated.
Lateral unit(s): Granitische Molasse.

Geographic distribution: In southern Bavaria (Allgau) and
Vorarlberg (Bregenzerwald), OK50-UTM, map sheet 1218
Bregenz (OK50-BMN, map sheet 112 Bezau).

Remarks: -

Complementary references: RENz (1937), KORDIUK
(1938), VOLLMAYR (1954), SCHMIDT-THOME & GANSS (1955),
SCHIEMENZ (1960), HERRMANN & SCHWERD (1983), SCHWERD
(1984), HERRMANN et al. (1985), STD 2016.

Luzern-Formation / Luzern Formation
J. GEORG FRIEBE & WERNER E. PILLER

Validity: Valid; KAUFMANN (1860: p. 121) mentioned “Sand-
steine der Luzerner plattenférmigen Molasse” and intro-
duced (1872: p. 213, 316) the name “Luzernerschichten”
for these bivalve-rich sandstones. The unit has been fa-
cially described in great detail by KELLER (1989) and he
introduced the name “Luzerner-Formation”, JOST et al.
(2016) introduced the name Lucerne Formation.

In Vorarlberg, HEIM et al. (1928: p. 9) described “Untere
Miocédnmolasse, Burdigalien” and subdivided this unit
into upper “grauer mariner Sandstein” (grey marine sand-
stone) and lower “marine Nagelfluhserie” (marine sand-
stones and conglomerates) with a possible correlation to
the “Luzernerschichten” in Switzerland (p. 49). BLUMRICH
(1930) introduced the name “Luzernerschichten” for the
Burdigalian in the Pféander area. A more detailed descrip-
tion gave PLOCHINGER et al. (1958), HERRMANN & SCHWERD
(1983), HERRMANN et al. (1985), SCHAAD et al. (1992), and
FRIEBE (2007b: p. 35), the later introduced the term “Lu-
zern-Formation”.
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The following description provides some insight into Swiss
and Bavarian occurrences but focusses on Vorarlberg.

Remark: Regardless that KELLER (1989) described the unit
only in an unpublished Ph.D. thesis, the Swiss Stratigraph-
ic Commission validated the Luzern Formation (https://
www.strati.ch/de/show/mol/mol/luzern-formation).

The name Lucerne Formation is not in accordance with
the International Stratigraphic Guide (SALVADOR, 1994) be-
cause “The geographic component of a name should not
be altered by translation into another language” (p. 20).

Type area: Area within and aound the city of Luzern, Can-
ton Luzern, Switzerland, map 1:25,000, map sheet 2510
Luzern — Pilatus - Rigi.

Type section: Quarry “L&delisteinbruch” in the city of
Luzern, Canton Luzern, Switzerland, N 47°03'12.59" /
E 08°17'20.59" (BAUMBERGER in NIGGLI, 1915: p. 46).

Remark: The quarry “Ladelisteinbruch” was mentioned
by BAUMBERGER (in NIGGLI, 1915) but not explicitly de-
fined as type section. The Swiss Stratigraphic Commis-
sion, however, lists this location as type section. In ad-
dition, they also list a location along the river bed in the
Rumligschlucht, W of Schwarzenberg, Canton Luzern, as
type section (N 47°00'13.37" / E 08°08'26.88") described
by KELLER (1989: Fig. 4-2).

Reference section(s): Quarry “Waldisberg”, c. 0.5 km W of
Freienbach, Canton Schwyz, Switzerland, N 47°12'17.80" /
E 08°44'52.26" (MULLER, 1971).

Remark: The Swiss Stratigraphic Commission lists this lo-
cality as a reference section, however, the quarry Waldis-
berg is the type section of the “Bécher Sandstein” which
is considered equivalent to the Luzern Formation by MUL-
LER (1971: p. 23) (https://www.strati.ch/de/stratigraphic/lu-
zern-formation).

For Vorarlberg, the section along the Wirtatobel (Pfander
area) (which is one of the most important Miocene Molas-
se sections — cf. PLOCHINGER et al., 1958: p. 313) could be
considered as reference section. PLOCHINGER et al. (1958:
p- 313, Abb. 4, Tafel XXIV) provided a section description
and documentation, N 47°30'08.2" / E 09°47'36.6" (coal
seam at the top), OK50-UTM, map sheet 1218 Bregenz
(OK-BMN, map sheet 82 Bregenz).

Derivation of name: Named after the City Luzern, capital
of the Canton Luzern, Switzerland.

Synonyms: Luzernerschichten, Luzernersandstein
(KAUFMANN, 1872), Rorschacher Sandstein p.p. (MILLER,
1876: p. 209), Rorschacher Plattensandstein p.p., Ror-
schacher Stein p.p. (MILLER, 1876: p. 210), Luzerner Sand-
stein (NIGGLI, 1915), Luzerner-Formation (KELLER, 1989),
Luzern-Formation (FRIEBE, 2007b), Lucerne Formation
(JosT et al., 2016).

Lithology: Well-bedded, bluegrey to greenish, glauconit-
ic sandstone with rare lenses and thin layers of conglom-
erate, and thin sandy-silty intercalations, thin coal seams
(e.g., BAUMBERGER, 1925: p. 168).

In Vorarlberg (Wirtatobel, Pfander area), the Luzern For-
mation shows the following sequence (HEIM et al., 1928:
p. 9, PLOCHINGER et al., 1958, SCHAAD et al., 1992, FRIEBE,
2007b, FRIELING et al., 2009): basal conglomerate with oys-

ters and shark teeth (“Basisnagelfluh”) (1-2 m), glauconitic
sandstone (“Zone der Glaukonitischen Sandsteine”), marls
with coaly intercalations (“erster terrestrischer Horizont”,
15 m), alternation of sandstone, marl and conglomerate
(28-37 m), conglomerate with pebbles of several decime-
ters (Kanzelfels-Nagelfluh or Hauptnagelfluhbank, approx.
50-60 m), sandstone with marl intercalations (50 m), Geb-
hardsberg-Nagelfluh (30-40 m), coaly horizon (c. 2 m)
(“Kohlefloz vom Wirtatobel”, “zweiter terrestrischer Hori-
zont”). FRIELING et al. (2009) provide also a detailed facial
description and sequence-stratigraphic interpretation for
Vorarlberg and southwestern Bavaria. The facies variations
within the Pfander delta system are of local importance
only (SCHAAD et al., 1992), the coal seam on top, however,
is widely distributed in Bavaria and Switzerland (known un-
der various names), however, it disappears to the east in
southern Bavaria.

Remark: The coal seam in the Wirtatobel was first men-
tioned by SCHMIDT (1879: p. 376) as “Kohlenflotz im Wirta-
tobel”. Other names are, e.g., “Kohlehorizont” (HEIM et al.,
1928: p. 8), “Horizont der Wirtatobel-Kohle” (HERRMANN &
SCHWERD, 1983), “Wirtatobel-Pechkohlenfl6z” (CzURDA,
1993), “zweiter terrestrischer Horizont” (SCHAAD et al.,
1992). The coal bearing package is c. 2 m thick represent-
ing an alternation of marls and coaly layers, the exploit-
ed seam is only a few decimeters thick (maximum 0.7 m)
and is a soft coal also named “Pechkohle” (pitch coal) and
“Glanzkohle” (bright coal).

Fossils: Calcareous nannoplankton, benthic foramini-
fers, dinoflagellates, oyster beds (in conglomerates), badly
preserved bivalves and gastropods, barnacles, plant re-
mains, trace fossils (BLUMRICH, 1930, 1936; STEININGER et
al., 1982; HERRMANN & SCHWERD, 1983; OBERHAUSER et
al., 1986b; WENGER, 1987b; FRIEBE, 2001, 2007b), a single
rhinoceros tooth together with abundant shark and occa-
sionally ray teeth (LADSTATTER, 1992), rare land mammals
(Mastodon) (GUMBEL, 1896: p. 118; VACEK, 1887: p. 122)
and terrestrial gastropods near the coal seam (HEIM et al.,
1928; WENZz, 1933, 1935). Besides a rich selachian fauna
and the irregular echinoid Scutella, small land mammals are
recorded in central Switzerland (JOST et al., 2016).

Origin, facies: Shallow marine to deltaic paleoenviron-
ment. In the Pfadnder area of Vorarlberg, SCHAAD et al.
(1992) and FRIELING et al. (2009) interpreted the alterna-
tions of conglomerates and sandstones as components of
a Gilbert delta as part of the Pfander alluvial fan-delta. The
sandstones have been deposited in a shallow marine set-
ting under the influence of tides and waves, respectively.
The conglomerates represent the foreset and topset of the
delta. The sequence is mostly terminated by marine sedi-
ments, however, the Wirtatobel coal seam shows freshwa-
ter and terrestrial biota.

Chronostratigraphic age: Early Miocene, Burdigalian
(Eggenburgian).

Biostratigraphy: In Switzerland, the Lucerne Formation
can be correlated to the Mammal Neogene Zones (? MN2b)
MN3a-MN3b (JosT et al., 2016) which were calibrated with
magnetostratigraphy (SCHLUNEGGER et al., 1996).

At the Wirtatobel, ROGL (in HERRMANN & SCHWERD, 1983)
and WENGER (1987b) identified Eggenburgian foraminifers
(Elphidium ortenburgensis, Uvigerina cf. bononiensis), MULLER (in
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ReEscH, 1977a: A83) identified the calcareous nannofossil
Zone NN3 (Sphenolithus belemnos) 20 meters above the “Kan-
zelfels-Nagelfluh”. See also discussion in STEININGER et al.
(1982).

Thickness: BAUMBERGER (1925: p. 168) reports a thick-
ness of ¢c. 800 m from the area around Luzern. Thickness
decreases in an eastward direction within Switzerland
(cf. HEIM et al., 1928). In Vorarlberg, SCHAAD et al. (1992:
p. 149) reported 273 m and BLUMRICH (1930, 1936) 180 m
from the Pfander area.

Lithostratigraphically higher rank unit: Obere Meeres-
molasse (Upper Marine Molasse) as informal unit in Bavar-
ia (e.g., DOPPLER et al., 2005).

Lithostratigraphic subdivision: -

Underlying unit(s): In Vorarlberg discordantly above “Gra-
nitische Molasse” (FRIEBE, 2007b).

Overlying unit(s): St. Gallen Formation.
Lateral unit(s): -

Geographic distribution: The Luzern Formation extends
from central Switzerland in the west to southern Bavaria
in the east. In Vorarlberg, it occurs in the area around the
mountain Pfiander, OK50-UTM, map sheet 1218 Bregenz
(OK-BMN, map sheet 82 Bregenz).

Remarks: In older literature the term Luzern Formation
has frequently not been used but these sedimentary rocks
were only named Burdigalian.

The lithostratigraphic units “Gerhardsberg-Nagelfluh”,
“Kanzelfels-Nagelfluh” and “Glaukonitsandstein” which
are shown in the ASC 2004 (PILLER et al., 2004) for the
OMM (Upper Marine Molasse), are subunits within the Lu-
zern Formation, are only local features and are no valid
lithostratigraphic units (beds or members).

The coal seam in the Wirtatobel, c. 3.5 km ESE of the
city of Bregenz, has been exploited since the 1820s until
1948 (HEINRICH, 1980; WEBER & WEISS, 1983; WEISS, 1984).
Scientifically, the coal was already described by SCHMIDT
(1879), GUMBEL (1896) and BLUMRICH (1908).

Since the coal seam, which occurs in Vorarlberg and clear-
ly separates the underlying Luzern Formation from the
overlying St. Gallen Formation, thins out to the east the
differentiation of both formations is difficult. Consequent-
ly, most authors use only Upper Marine Molasse with-
out any differentiation, or apply different lithostratigraphic
units (DOPPLER et al., 2005) or use the chronostratigraphic
names Burdigalian and Helvetian (which are not appropri-
ate for lithostratigraphy).

Complementary references: RICHTER (1926), KRAUS
(1926/1927), RENz (1937), SCHIEMENZ (1960), BURGISSER
et al. (1981), FREUDENBERGER & SCHWERD (1996), KELLER
(2000), STD 2016, SCHLUCHTER et al. (2019).

St. Gallen-Formation / St. Gallen Formation
J. GEORG FRIEBE & WERNER E. PILLER

Validity: Valid; STUDER (1853: p. 449) described from the

marine Molasse in the area of St. Gallen fossil rich-marls
and sandstones and provides a rich faunal list (identified by

70

K. Mayer), KAUFMANN (1872: p. 230) described the “Sankt-
gallerschichten” as conglomerates (“Nagelfluhzone”) with
marls rich in marine fauna, MILLER (1876: p. 193) described
the lithology and fossils of the unit which occurs from
the area of Luzern to southern Bavaria and used the term
“St. Galler Schichten”, KELLER (1989) described these sedi-
ments in detail and introduced the name “St. Galler Forma-
tion”, JOST et al. (2016) changed it to St. Gallen Formation
and FRIEBE (2007a, b) and SCHLUCHTER et al. (2019) to “St.-
Gallen-Formation”.

The following description provides some insight into Swiss
and Bavarian occurrences but focusses on Vorarlberg.

Remark: Regardless that KELLER (1989) described the unit
only in an unpublished Ph.D. thesis the Swiss Stratigraph-
ic Commission validated the St. Gallen Formation (https://
www.strati.ch/de/stratigraphic/st-gallen-formation).

The valid name of the formation is “St.-Gallen-Formation”
in Swiss German but “St. Gallen-Formation” in Austria and
Germany.

Type area: The area between the towns St. Gallen and
Rohrschach, canton St. Gallen, Switzerland, TK25, map
sheet 1075 Rohrschach (MILLER, 1876: p. 209).

Type section: Along the river bed of the Goldach in the
Martinstobel, c. 4.5 km ENE of the town St. Gallen, canton
St. Gallen, Switzerland, N 47°26'33.36" / E 09°25'46.50",
the lower and upper boundary are exposed. This loca-
tion was already mentioned by STUDER (1853: p. 451)
and described by, e.g., BUCHI (1967) and KELLER (1989:
Abb. 3-30), TK25, map sheet 1075 Rohrschach.

Reference section(s): Section along the river Sitter, c.
4.5 km SW of St. Gallen, canton St. Gallen, Switzerland,
N 47°24'06.56" / E 09°19'24.85", TK25, map sheet 1075
Rohrschach (https://www.strati.ch/de/stratigraphic/st-gal-
len-formation).

For Vorarlberg, the section along the Wirtatobel (Pfander
area) (which is one of the most important Miocene Molas-
se sections — cf. PLOCHINGER et al., 1958: p. 313) could be
considered as reference section. PLOCHINGER et al. (1958:
p. 313, Abb. 4, Tafel XXIV) provided a section description
and documentation, N 47°30'08.2" / E 09°47'36.6" (at the
base of the formation at the coal seam of the Luzern For-
mation), OK50-UTM, map sheet 1218 Bregenz (OK-BMN,
map sheet 82 Bregenz).

Derivation of name: Named after the town St. Gallen,
capital of the canton St. Gallen, Switzerland.

Synonyms: Sanktgallerschichten (KAUFMANN, 1872:
p. 230), St. Galler Schichten (MILLER, 1876), St. Galler-
schichten (KAUFMANN, 1886: p. 560), St. Galler Formation
(KELLER, 1989), St. Gallen Formation (JOST et al., 2016),
St.-Gallen-Formation (SCHLUCHTER et al., 2019).

Lithology: Generally, fossil-rich blueish and grey marls,
sandstones and conglomerates in variable proportions.
In the Wirtatobel section, the sediments of the St. Gallen
Formation belong to the “zone of marls and fine-grained
sandstones” (FRIELING et al., 2009). For a detailed facies
analysis see SCHAAD et al. (1992), FRIELING et al. (2009)
provide also a detailed facial description and sequence-
stratigraphic interpretation for Vorarlberg and southwest-
ern Bavaria.
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Fossils: Well-known and described is a rich but most-
ly badly preserved fauna with gastropods and bivalves
(KAUFMANN, 1872; MILLER, 1876; BLUMRICH, 1930, 1936;
STEININGER et al., 1982; PFISTER et al., 2011). In addition,
foraminifera (HERRMANN & SCHWERD, 1983), bryozoans,
barnacles, ostracodes, echinoids, fish teeth, trace fossils
and characeans (RESCH, 1977a) are recorded. JOST et al.
(2016) described small mammals and a tooth of a probos-
cidean from Switzerland.

Origin, facies: Shallow marine to deltaic paleoenviron-
ment. According to SCHAAD et al. (1992) the paleoenvi-
ronmental conditions were similar to that of the Luzern
Formation with only minor fluvial incursions and the sedi-
ments can be interpreted as different components of a
Gilbert delta as part of the Pfander alluvial fan-delta. The
sandstones have been deposited in a shallow marine set-
ting under the influence of tides and waves, respectively.
The conglomerates represent the foreset and topset of the
delta.

Chronostratigraphic age: Early Miocenen, Burdigalian
(Eggenburgian—-Ottnangian).

Based on 87Sr/86Sr-isotope-stratigraphy KELLER (1989) de-
duced a depositional age for the St. Gallen Formation be-
tween 18.5 and 17 Ma.

Biostratigraphy: The small mammals from Switzerland in-
dicate Mammal Neogene Zones MN3b-MN4b, which are
correlated with the late Burdigalian (JOST et al., 2016).

Foraminifera from the Wirtatobel gave an Eggenburgian
age (ROGL in HERRMANN & SCHWERD, 1983), from the riv-
er Goldach in the Martinstobel (St. Gallen, Switzerland)
WENGER (1987b) reported Eggenburgian—-Ottnangian. The
mollusk fauna from Vorarlberg also indicates Eggenburg-
ian-Ottnangian (HERRMANN et al., 1975; STEININGER et al.,
1982: p. 83-84).

Thickness: In the area of Luzern c¢. 200 m (KELLER, 2000),
in the Wirtatobel section only c. 100 m after SCHAAD et al.
(1992), for southern Bavaria 300 m are reported (FRIEBE,
2007b). Thickness is laterally highly variable.

Lithostratigraphically higher rank unit: Obere Meeres-
molasse (Upper Marine Molasse).

Lithostratigraphic subdivision: -
Underlying unit(s): Luzern Formation.

Overlying unit(s): “Pfdnder-Schichten” (as part of the Up-
per Freshwater Molasse).

Lateral unit(s): No information available.

Geographic distribution: The St. Gallen Formation ex-
tends from central Switzerland in the west to southern Ba-
varia in the east. In Vorarlberg, it occurs in the area around
the mountain Pfander, OK50-UTM, map sheet 1218 Bre-
genz (OK-BMN, map sheet 82 Bregenz).

Remarks: Since the coal seam, which occurs in Vorarl-
berg and clearly separates the underlying Luzern Forma-
tion from the overlying St. Gallen Formation, thins out to
the east the differentiation of both formations is difficult.
Therefore, most authors use only Upper Marine Molasse
(as informal group) without any differentiation, or apply dif-
ferent lithostratigraphic units (DOPPLER et al., 2005) or use

the chronostratigraphic names Burdigalian and Helvetian
(which are not appropriate for lithostratigraphy).

Complementary references: BURGISSER et al. (1981), STD
2016.

Pfander Schichten / Pfander Beds
J. GEORG FRIEBE & WERNER E. PILLER

Validity: Invalid; GUMBEL mentioned the term “Obere
Slisswassermolasse” in 1861 (p. 114) and also listed au-
thors who used this name already before (p. 676); sedi-
ments of the Upper Freshwater Molasse (OSM) are widely
distributed in Southern Bavaria and Switzerland, and they
also occur in Vorarlberg; KAUFMANN (1872: p. 235) men-
tioned in Switzerland the “Napf- und Albisschichten” as
units of the OSM, in southern Germany the OSM is region-
ally differently treated: in Swabia (Bavaria), e.g., the basal
unit “Limnische Untere Serie” is followed by the “Fluvia-
tile Untere Serie”, the “Gerollsandserie” and at the top the
“Obere Serie” (DOPPLER, 1989), in Baden-Wirttemberg,
and partly also in Switzerland, units such as “Haiden-
hofmergel”, “Steinbalmensande”, “Ohninger Schichten”
and “Erolzheimer Sande” are used (ERB & KIDERLEN, 1955).
A formalization and validation of these units is still missing
(both in Switzerland and southern Germany).

In Vorarlberg, contrary to the other (informal) groups of the
Molasse sediments, the Upper Freshwater Molasse (OSM)
has never been subdivided into formations. HEM et al.
(1928: p. 8) introduced the term and synonymised it with
the “Silvanaschichten”, in more recent literature it is only
listed as OSM. It was FRIEBE (2007b), who started to spec-
ify the OSM in Vorarlberg and introduced the name “Pfan-
derschichten”.

Type area: The mountain range Pfander, E of the city Bre-
genz, Vorarlberg, OK50-UTM, map sheet 1218 Bregenz
(OK-BMN, map sheet 82 Bregenz).

Type section: Not defined, at the mountain Pfander, HEIM
et al. (1928) roughly described a sequence, which could be
defined as type section.

Reference section(s): -

Derivation of name: Named after the mountain Pfander
(1,062 m), E of the city Bregenz, Vorarlberg, Austria, OK50-
UTM, map sheet 1218 Bregenz (OK-BMN, map sheet 82
Bregenz).

Synonyms: Silvanaschichten (named after the gastropod
“Helix” = Cepaea silvana) (in Vorarlberg introduced by HEIM et
al., 1928), Obere Slisswassermolasse p.p. (GUMBEL, 1861).

Lithology: Various types of sandstones, marls and brown-
ish-reddish conglomerates occur in the Pfander area. The
succession shows cycles of conglomerate (“Nagelfluh”) -
sandstone - silt/clay (HERRMANN & SCHWERD, 1983). In
some places occur also freshwater limestones (e.g., lo-
cality Sorgen, N of the Pfander summit, HERRMANN &
SCHWERD, 1983). The lithologic composition changes lat-
erally rapidly and the unit is dominated by brown-yellow-
ish to grey marls (VOLLMAYR, 1954), these marls are also
known as “Flinz” (grey-green brownish marls and mica-
rich sandy marls, ZOBELEIN et al., 1957: p. 59).
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Fossils: Terrestrial and freshwater gastropods (HEIM et al.,
1928; WENz, 1933, 1935; HERRMANN & SCHWERD, 1983),
freshwater bivalves (MODELL, 1934, 1940), plant debris
and leaves (Krdusel, unpublished, collection inatura Dorn-
birn), reptiles and mammals (HUNERMANN in STEININGER et
al., 1982), onkoids frequently with gastropods as nuclei
(“Eichenberger Kugeln”) (BLUMRICH, 1927; KUHNELT, 1981).

Origin, facies: The Pfander Beds are part of the Pfander
alluvial fan what explains the rapid lateral lithologic chang-
es with a dominance of fluvial sediments but also lacrus-
tine deposits, such as freshwater limestones.

Chronostratigraphic age: Early to Middle Miocene, Bur-
digalian-Langhian (Ottnangian-Badenian, Sarmatian?).

Remark: For the OSM the lower boundary is still under dis-
cussion but most authors agree that it is located close to
the Ottnangian/Karpatian boundary. The upper boundary
varies regionally from the Badenian to the Pannonian (e.g.,
DOPPLER, 1989).

Biostratigraphy: Small mammals allow a correlation with
MNG6 of the Mammal Neogene Zones, which is correlated
with the middle Badenian (HUNERMANN in STEININGER et al.,
1982). In general, for the type area a middle Miocene age
is highly probable.

Thickness: HEIM et al. (1928) report 700-800 m for the
Pfander area, HERRMANN & SCHWERD (1983: p. 8) estimate
2,000-2,500 m.

Lithostratigraphically higher rank unit: Obere SiBwas-
sermolasse (Upper Freshwater Molasse) as informal unit in
Bavaria (DOPPLER et al., 2005).

Lithostratigraphic subdivision: -

Underlying unit(s): St. Gallen Formation, the boundary is
not marked by a significant change in lithology. Fossils are
the only criterion to distinguish the Pféander Beds from the
St. Gallen Formation.

Overlying unit(s): Erosional upper boundary.

Lateral unit(s): The Pfander Beds interfinger with the (un-
named) freshwater deposits of the Sommersberg and
Hauchenberg/Adelegg Fan, respectively.

Geographic distribution: At the mountain Pfander, E of
the city Bregenz, Vorarlberg, OK50-UTM, map sheet 1218
Bregenz (OK-BMN, map sheet 82 Bregenz), the unit con-
tinues further to the east (Bavaria) and to the west (Swit-
zerland) but is lithostratigraphically differently treated (e.g.,
eastern Allgdu; MULLER, 1930, 1952; VOLLMAYR, 1954; Z0-
BELEIN et al., 1957).

Remarks: The Pfander Beds represent sediments depos-
ited in the Pfander Fan. This fan is only one of a series of
paleorivers and connected alluvial fans along the Molasse
trough from Switzerland to southern Bavaria. In the well-
described southern Bavarian examples, the individual fans
are not reflected in specific lithostratigraphic units but are
summarized in the Upper Freshwater Molasse. The applies
in a similar way to older sediments in this part of the North
Alpine Foreland Basin which also belong to a series of allu-
vial fans. The concept to assign each alluvial fan a specific
lithostratigraphic unit has to be discussed.

Complementary references: BLUMRICH (1904, 1930,
1936), SCHMIDT-THOME & GANSS (1955), PLOCHINGER et al.
(1958), CzURDA (1993), MAURER & BUCHNER (2007).

North Alpine Foreland Basin: Salzburg — Upper Austria

Voitsdorf-Formation / Voitsdorf Formation
LubwiG R. WAGNER & FRED ROGL

Validity: Invalid; JANOSCHEK (1959) mentioned the “limn-
ic series” of variegated clays and sandstones with lignite
layers and (1961) “limnische Tone mit Kohlenfl6zen” and
“Limnische Serie”. For this unit the name “Voitsdorf-For-
mation” was introduced by WAGNER (1996b, 1998) (only
subsurface).

Type area: In the area of the village Voitsdorf, c. 7 km SW
of market town Kremsmiinster and 17 km south of the
town Wels, Upper Austria; OK50-UTM, map sheet 4325
Wels (OK50-BMN, map sheet 49 Wels).

Type section: Not defined; proposed is the deep well Voits-
dorf 1 (N 48°0110" / E 14°05'20"), Rohdl-Aufsuchungs AG,
cores 2, 3 and 4, from 2,069 to 2,088 m; OK50-UTM, map
sheet 4325 Wels (OK50-BMN, map sheet 49 Wels).

Reference section(s): Not defined; proposed is the deep
well Puchkirchen 1 (N 48°01'38" / E 13°34'37"), Rohdl-Auf-
suchungs AG; OK50-UTM, map sheet 3329 Vocklabruck
(OK50-BMN, map sheet 47 Ried im Innkreis).
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Derivation of name: Named after the village Voitsdorf, c.
7 km SW of the market town Kremsmiunster, which is the
largest oilfield in Upper Austria.

Synonyms: Limnische Serie, limnic beds (JANOSCHEK,
1959), Sandsteinstufe p.p.

Lithology: Variegated pelites with quartz sandstones in-
terbedded, with root imprints and coal seams (up to 3 m).

Fossils: Plant fragments and palynomorphs.

Origin, facies: Fluvial and limnic floodplain deposits north
of the Central Swell Zone. The top of the unit is built by a
coal bed of a swamp environment.

Chronostratigraphic age: Late Eocene, Priabonian.

Biostratigraphy: In deep well Kohleck 5, core 7 (2,554-
2,553.4 m), Rohol-Aufsuchungs AG, Paleogene floral Zone
Pg.Z 18 was determined (HOCHULI, 1978).

Thickness: In the proposed type section in the deep drill
Voitsdorf 1 it is 19 m. Maximum thickness with a high sand
content is up to 80 m.

Lithostratigraphically higher rank unit: -

Lithostratigraphic subdivision: -



Underlying unit(s): Crystalline or Mesozoic Basement.

Overlying unit(s): Cerithium Beds, Ampfing Formation,
Lithothamnium Limestone.

Lateral unit(s): -

Geographic distribution: In the southern part of the NAFB
of Salzburg and Upper Austria, and also in Bavaria.

Remarks: The so-called basal sandstones which repre-
sent the transgressive horizon on Mesozoic and crystalline
basement are not differentiated here. They are not contin-
uously preserved, but ABERER (1958) reports a thickness
of up to 4.2 m (“Basisschichten”) and UNGER (1996: “Pria-
bon-Sandsteine”, “Basissandsteine”) mentions a thickness
up to 30 m for the Eastern Molasse (Bavarian - W Upper
Austria).

Complementary references: ROGL & RupP (1996).

Cerithien Schichten / Cerithium Beds
LubwiG R. WAGNER, FRED ROGL & WERNER E. PILLER

Validity: Invalid; the term “Cerithium beds” was introduced
by JANOSCHEK (1959: p. 850) and is widely used in wells for
hydrocarbon exploration (only subsurface).

Type area: ABERER (1958) mentioned the area MUhlleiten—
Puchkirchen-Wegscheid, Upper Austria, as occurrence for
this unit; OK50-UTM, map sheet 3329 Vécklabruck (OK50-
BMN, map sheets 47 Ried im Innkreis, 48 Vocklabruck).
The deep well Eberstallzell 5 is further to the east (see be-
low).

Type section: Not defined; a possible type section could
be the deep well Eberstallzell 5 core 2: 2,080.2-2,086.1 m
(N 48°02'54" / E 13°58'38"), Rohol-Aufsuchungs AG, Upper
Austria; OK50-UTM, map sheet 3330 Attnang-Puchheim
(OK50-BMN, map sheet 49 Wels).

Reference section(s): Not defined; proposed is the deep
well Hocheck 3 (N 48°03'34" / E 13°19'34"), Rohdl-Aufsu-
chungs AG, Upper Austria; OK50-UTM, map sheet 3328
Mattighofen (OK50-BMN, map sheet 46 Mattighofen).

Derivation of name: Named after the gastropod genus
Cerithium frequently occurring as coquinas in the fossilifer-
ous shale.

Synonyms: Brackisch-marine Serie (ABERER, 1958), Ceri-
thienschichten (JANOSCHEK, 1961; WAGNER, 1980), Cerithi-
an beds.

Lithology: Dark brown-grey to greenish soft fossiliferous
clayey marl to clayey marlstone with quartz sandstones in-
terbedded and molluscan coquinas in the marls.

Fossils: Dominated by the gastropod Tympanotonos (“Cerithi-
um” is used as a general name for this type of gastropods);
in addition, the bivalves Polymesoda, Ostrea, Pecten, Cardium, the
worm tube Rotularia, as well as a rich ostracod fauna and
some foraminifera occur.

Origin, facies: Restricted to an inner lagoonal environ-
ment with tidal flats transected by tidal channels. Depos-
ited north of the Central Swell Zone (Landshut-Neu&tting
High in Bavaria) of the NAFB in Upper Austria and Bavaria.

Chronostratigraphic age: Late Eocene, Priabonian.

Biostratigraphy: Based on the ostracod fauna uppermost
Lutetian to lower Oligocene (“Ledian”) (ABERER, 1958).

Thickness: In deep well Eberstallzell 5 it is 6 m.
Lithostratigraphically higher rank unit: -
Lithostratigraphic subdivision: -

Underlying unit(s): Voitsdorf Formation.
Overlying unit(s): Ampfing Formation.

Lateral unit(s): -

Geographic distribution: Distributed in a narrow belt
close to the southern margin of the NAFB between Steyr,
Wels and Mattsee, Upper Austria, and continues into Ba-
varia. The belt moves in time from SW to NE (WAGNER,
1980).

Remarks: A first record of Cerithium beds in the Molasse
Basin in Upper Austria was drilled in 1956 in the deep well
Puchkirchen 1 of Rohdl-Aufsuchungs AG.

Complementary references: JANOSCHEK (1961).

Ampfing-Formation / Ampfing Formation
LubwiG R. WAGNER, FRED ROGL & WERNER E. PILLER

Validity: Invalid; the term was introduced by WAGNER
(1996b: p. 40) as “Ampfinger-Formation” and “Ampfing-
Formation” for the well-known “Ampfinger Sandstein” or
“Ampfinger Schichten” in Upper Bavaria and Upper Aus-
tria (only subsurface).

Type area: Area around Ampfing and Muhldorf am Inn,
Upper Bavaria, Germany. Geological map of Bavaria
1:50,000, map sheet L7740 Mihldorf am Inn.

Type section: Not defined; a possible type section could
be deep well Ampfing 1 (N 48°14'26" / E 12°24'27"), Mobil
Oil Company, Bavaria, Germany.

Reference section(s): The deep well Puchkirchen 1
(N 48°01'38" / E 13°34'37"), Rohdl-Aufsuchungs AG, is
proposed as reference section in Austria; OK50-UTM, map
sheet 3329 Vécklabruck (OK50-BMN, map sheet 47 Ried
im Innkreis). Upper Eocene sediments, including the sand-
stone of the Ampfing Formation, were drilled here for the
first time.

Derivation of name: Named after the village Ampfing
(N 48°15'22" / E 12°24'52") (and the oilfield Ampfing), 9 km
W of Mihldorf am Inn, Upper Bavaria, Germany (ATK25,
map sheet N15 Mihldorf a.lnn).

Synonyms: Ampfinger Sandstein (e.g., HAGN, 1967),
Ampfinger Schichten (PRey, 1957; MULLER, 1978), Amp-
fing Sandstone, Sandsteinstufe p.p., Nummulitensand-
stein p.p.

Lithology: Light grey to brownish medium to coarse
quartz sandstones and arkoses, bioturbated, sometimes
fine-conglomeratic and glauconitic, corallinacean red al-
gae and fragments.

Fossils: Corallinacean red algae, nummulites, bivalves,
gastropods, trace fossils.

Origin, facies: Marine sediments, deposited on the inner
shelf at the shoreface, in lagoonal environments and on
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inundated areas. The sand was shed from the subaerially
exposed Landshut-Neudtting High (Central Swell Zone in
Upper Austria) and deposited along the high in a 20-27 km
wide belt (MULLER, 1978; UNGER, 1996) or deposited along
the shore of the Bohemian Massif.

Chronostratigraphic age: Late Eocene, Priabonian to
early Oligocene early Rupelian) (e.g., Rupp, 2011a).

Biostratigraphy: No data available.

Thickness: Maximum thickness 80 m in wells on top of
the crystalline basement.

Lithostratigraphically higher rank unit: -
Lithostratigraphic subdivision: -

Underlying unit(s): Gradational transition from underlying
Cerithium Beds or directly on top of crystalline or Meso-
zoic Basement.

Overlying unit(s): Lithothamnium Limestone or Schéneck
Formation.

Lateral unit(s): Lithothamnium Limestone (interfingering).

Geographic distribution: NAFB in Bavaria, Salzburg, and
Upper Austria.

Remarks: The Ampfing Sandstone was introduced for Eo-
cene sandstones in the hydrocarbon exploration in Ba-
varia (cf. MULLER, 1978). The Ampfing Sandstone was the
first larger oil reservoir rock in the Molasse Basin. It was
explored first in the oil field Ampfing close to the town of
Mdahldorf am Inn.

Complementary references: HEERMANN (1954), ROGL &
RuPP (1996), WAGNER (1998), DOPPLER et al. (2005).

Perwang-Gruppe / Perwang Group
LubwiG R. WAGNER, FRED ROGL & WERNER E. PILLER

Validity: Invalid; WAGNER (1998) proposed the term Per-
wang Group for upper Eocene to lower Oligocene shelf to
basin plain deposits south of the Central Swell Zone.

Type area: In the area north of the city of Salzburg, Per-
wang am Grabensee and N of lake Mondsee, North Alpine
Foreland Basin, Upper Austria, Salzburg and Lower Ba-
varia.

Type section: Deep drilling Perwang 1/1a of Rohdl-Auf-
suchungs AG; core numbers 57 to 62 in the Autochtho-
nous Molasse (3,215-3,301 m) and core numbers 8, 13
to 21 and 25 to 36 in the Allochthonous Molasse (1,696—
1,699 m, 1,995-2,138 m, 2,287-2,410 m, 2,481-2,490 m,
2,559-2,586 m); OK50-UTM, map sheet 3327 Burghau-
sen (OK50-BMN, map sheet 45 Ranshofen) (N 48°01'34" /
E 13°03'55").

Reference section(s): Not defined, but deep well Ober-
hofen 1 in the Molasse Basin of Upper Austria could act
as reference section; OK50-UTM, map sheet 3305 Mond-
see (OK-BMN, map sheet 65 Mondsee) (N 47°56'00" /
E 13°20'16").

Derivation of name: Named after the village Perwang am
Grabensee (Upper Austria) (N 48°00'26" / E 13°05'02"), c.
23 km NNE of the city of Salzburg; OK50-UTM, map sheet
3328 Mattighofen ((")K—BMN, map sheets 45 Ranshofen,
46 Mattighofen).
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Synonyms: See formations.

Lithology: Lithologies vary from larger benthic foraminif-
eral limestones and marls, planktonic foraminiferal lime-
stones and marls to pelites with turbidites, mass flows and
contourites.

Fossils: Fossil contents are highly variable depending on
the respective facies (see subunits).

Origin, facies: The sediments of the Perwang Group
were deposited south of the so-called Central Swell Zone
(Landshut-Neudtting High) in an open marine area includ-
ing shallow water coralline algal environments, larger ben-
thic foraminiferal sands, limestones and marls, slope de-
posits, such as planktonic foraminiferal sediments, and
pelitic sediments with mass transport features.

Chronostratigraphic age: Late Eocene, Priabonian to
early Oligocene, early Rupelian.

Biostratigraphy: Calcareous nannofossil Zones NP19/20-
NP22.

Thickness: Thickness in the autochthonous section of
Perwang 1ais 86 m (cf. Rupp, 2011b).

Lithostratigraphically higher rank unit: -

Lithostratigraphic subdivision: WAGNER (1998) informal-
ly differentiated several formations being represented here
in 5 formation rank units: Nummulitic Sandstone, Perwang
Formation (“Discocyclinen Mergel”), Lithothamnium Lime-
stone, Nussdorf Formation (“Globigerina Marl”), Rogats-
boden Formation.

Underlying unit(s): Transgressive on crystalline or Meso-
zoic basement or in a tectonic position.

Overlying unit(s): Schoneck Formation and different for-
mations in tectonic position.

Lateral unit(s): See subunits.

Geographic distribution: NAFB in the southwest of Upper
Austria, Salzburg north of the city of Salzburg, and Lower
Bavaria; to a minor extent it also occurs in the western part
of Lower Austria (Rogatsboden Formation).

Remarks: Most of the subunits are not exposed at the sur-
face (except small occurrences of the Rogatsboden For-
mation). From many drillholes the Perwang Group is well
known both from the autochthonous and the allochtho-
nous (overthrusted, imbricated) NAFB in the southwestern
part of Upper Austria, Salzburg north of the city of Salz-
burg but also from SE Lower Bavaria. All these sediments
are deposited south of the Central Swell Zone (Landshut-
Neudtting High in Bavaria) which is a subsurface topo-
graphic high of crystalline rocks of the Bohemian Massif.

The Katzenloch Beds form a transition between the Hel-
vetic Zone and the NAFB in a facies of distal turbidites in
the region between the rivers Inn and Salzach in Upper Ba-
varia (HAGN, 1978).

Complementary references: PILLER et al. (2004).



Nummuliten Sandstein (Perwang-Gruppe) /
Nummulitic Sandstone (Perwang Group)

WERNER E. PILLER

Validity: Invalid; sandstones at the base of the upper Eo-
cene depositional sequence are widespread in the Upper
Austrian NAFB and well known since they are oil bearing.
WAGNER (1980) differentiated several types of sandstones,
one of which are “nummulitic sandstones within sublittoral
to neritic sediments” which occur in the south of the Cen-
tral Swell Zone (only subsurface).

Type area: In the NAFB in the area of Lamprechtshau-
sen (N of the city of Salzburg) — Perwang am Grabensee,
Salzburg and Upper Austria; OK50-UTM, map sheet 3327
Burghausen (OK50-BMN, map sheet 45 Ranshofen).

Type section: Not defined; a possible candidate could be
the F (between 3,217 and 3,209 m depth) of the Rohdl-
Aufsuchungs AG, 4.5 km NW of the village Lamprechts-
hausen, north of the city of Salzburg; OK50-UTM, map
sheet 3327 Burghausen (OK50-BMN, map sheet 45 Rans-
hofen).

Reference section(s): -

Derivation of name: Named after the frequent occurrence
of larger benthic foraminifers of the genus Nummulites in
sandstone.

Synonyms: Nummulitenfihrender Sandstein und Kalk-
sandstein, Nummulitensandstein, Nummulite Sand-
stone, nummulitic sandstone, Sandsteinserie p.p., Basis-
serie p.p., Basisschichten p.p., basal terrigenous series.

Lithology: Dark to light grey, green and brown, poor-
ly rounded and sorted quartz sandstones with abundant
nummulitid foraminifers. Nummulitids are usually not ori-
entated and rarely fragmented, but affected by pressure
solution (RASSER et al., 1999).

Fossils: Larger benthic foraminifers (N\ummulites, Discocyclina),
red algal debris, bryozoans and molluscs.

Origin, facies: The nummulite sandstone gradually devel-
ops from quartz sandstone and is interpreted as having
formed in a higher energetic, maybe near-shore, environ-
ment. Upsection, the number of Discocyclina increases indi-
cating a deepening upward trend.

Chronostratigraphic age: Late Eocene, middle Pri-

abonian (RASSER et al., 1999).

Biostratigraphy: Larger benthic foraminifers Discocyclina au-
gustae augustae and Nummulites chavannesi indicate SBZ19.

Thickness: A few meters only, 8 m in deep well Helm-
berg 1.

Lithostratigraphically higher rank unit: -
Lithostratigraphic subdivision: -

Underlying unit(s): Underlain by an unnamed quartz sand-
stone of a few meters thickness.

Overlying unit(s): Lithothamnium Limestone (Perwang
Group).

Lateral unit(s): Quartz sandstone (see above), Lithotham-
nium Limestone (Perwang Group).

Geographic distribution: In the NAFB in the area of Lam-
prechtshausen-Perwang am Grabensee-N of lake Mond-
see, Salzburg — Upper Austria, and Lower Bavaria.

Remarks: The so-called basal sandstones (“Basissand-
steine”) are not differentiated here although they can reach
a thickness up to 30 m (UNGER, 1996).

Complementary references: ABERER (1958).

Perwang-Formation (Perwang-Gruppe) /
Perwang Formation (Perwang Group)

LubwiG R. WAGNER, FRED ROGL & WERNER E. PILLER

Validity: Invalid; the unit was introduced by JANOSCHEK
(1959) as “Discocyclinae marls” and “marls with Discocy-
clines and marly limestone”. WAGNER (1996b, 1998) pro-
posed for the “Discocyclinen Mergel” the term “Perwang-
Formation” (only subsurface). In PILLER et al. (2004) it is
also depicted as “Discocyclinenmergel”.

Type area: In the NAFB in the area N of the city of Salz-
burg to Perwang am Grabensee, Salzburg; OK50-UTM,
map sheet 3327 Burghausen (OK50-BMN, map sheet 45
Ranshofen).

Type section: Not defined; proposed is the deep well
Perwang 1/1a, Rohdl-Aufsuchungs AG, cores 61 (3,285-
3,254 m) within the autochthonous part and cores 19 to 20,
and 29 to 31 and 36 in the allochthonous part of the im-
bricated southern part of the Molasse Basin; OK50-UTM,
map sheet 3327 Burghausen (OK50-BMN, map sheet 45
Ranshofen) (N 48°01'34" / E 13°03'55").

Reference section(s): Deep well Helmberg 1, core 6 and
7, Rohol-Aufsuchungs AG where the thickness is much
higher than in Perwang 1/1a; OK50-UTM, map sheet
3327 Burghausen (OK50-BMN, map sheet 45 Ranshofen)
(N 48°01'20" / E 12°55'27").

Derivation of name: Named after the village Perwang am
Grabensee, Upper Austria (N 48°0026" / E 13°05'02"), c.
23 km NNE of the city of Salzburg; OK50-UTM, map sheet
3328 Mattighofen (OK-BMN, map sheets 45 Ranshofen,
46 Mattighofen).

Synonyms: Discocyclinae marl, Discocyclinenmergel, Dis-
cocyclinen Mergel, Discocyclina Marl.

Lithology: Dark brown to greenish marl and marly lime-
stone with coquinas of the larger benthic foraminifer Dis-
cocyclina. The flat foraminiferal tests are commonly bent or
wavy and mostly horizontally oriented.

Fossils: Larger benthic foraminifera, with Discocyclina, Num-
mulites, Assilina, bryozoans and the serpulid Rotularia.

Origin, facies: Deposited on the outer shelf to upper slope.
Chronostratigraphic age: Late Eocene, Priabonian.

Biostratigraphy: Calcareous nannofossil Zones NP19-20
and SBZ19-20 point to a middle Priabonian age (RASSER
et al., 1999).

Thickness: In deep well Perwang 1a the thickness is 12 m;
in Helmberg 1 it is 37 m.

Lithostratigraphically higher rank unit: Perwang Group.

Lithostratigraphic subdivision: -

75



Underlying unit(s): Gradational transition from Nummulitic
sandstones.

Overlying unit(s): Lithothamnium Limestone, Schoneck
Formation.

Lateral unit(s): Interfingering with Nummulitic sandstone,
Ampfing Formation, Bryozoan marls (see remarks) and
Lithothamnium Limestone.

Geographic distribution: In the NAFB in the southwest of
Upper Austria, Salzburg north of the city of Salzburg, and
Lower Bavaria.

Remarks: The Bryozoan marl above the Discocyclina
marls in deep drilling Helmberg 1 is considered part of the
Perwang Formation (RASSER et al., 1999) and reflects an
upward deepening.

Complementary references: -

Lithothamnienkalk (Perwang-Gruppe) /
Lithothamnium Limestone (Perwang Group)

LubwiG R. WAGNER, FRED ROGL & WERNER E. PILLER

Validity: Invalid; a first record of “Lithothamnienkalk”
(Lithothamnium Limestone) in the NAFB was drilled in Ba-
varia in the deep well Taufkirchen 1 in the year 1936 (AN-
DREE, 1937) and assigned to the “? Alttertiar” (older Tertia-
ry). The age assignment was difficult. NATHAN (1949: p. 41)
and HAGN (1950: p. 9) discussed already the possibility of
an Oligocene (Rupelian) age (only subsurface).

Type area: Area around the village Taufkirchen an der Vils
(N 48°20'38" / E 12°07'49"), Upper Bavaria, Germany.

Type section: Not defined; proposed is the deep well
Taufkirchen 1 (1,365.2-1,371.6 m) (N 48°21'13.52" /
E 12°08'48.18"), 22 km south of the town Landshut, Ba-
varia; map of Bavaria 1:50,000, map sheet UK50-42 7738
Minchen Ost.

Reference section(s): Not defined; for the Austrian NAFB
the deep well Puchkirchen 1, Rohél-Aufsuchungs AG, is
suggested where for the first time upper Eocene sedi-
ments, including Lithothamnium Limestone, were drilled
in Austria; OK50-UTM, map sheet 3329 Voécklabruck
(OK50-BMN, map sheet 47 Ried im Innkreis) (N 48°01'38" /
E 13°34'37").

Remark: The deep well Puchkirchen 1 is also the stratotype
for the Paratethyan Egerian stage (KUPPER & STEININGER,
1975).

Derivation of name: Named after rock forming coralli-
nacean red algae; Lithothamnium (correct genus name:
Lithothamnion) is only one genus out of several others pres-
ent in the unit.

Synonyms: Nulliporenkalk, Nullipore limestones and cal-
careous sandstones with Nulliporae, Upper and Lower Nul-
liporae limestone (JANOSCHEK, 1959), Lithothamnien-Kalk-
sandstein (ABERER, 1958), Lithothamnien-Quarzsandstein
(ABERER, 1958), Lithothamnium Sand, Lithothamnien-
Schuttkalk, Unterer/Oberer Lithothamnienkalk.

Lithology: According to RASSER et al. (1999), RASSER
(2000) and RASSER & PILLER (2004), different facies types
are developed: quartz sandstones at the base above or
near to the crystalline basement, coralline bind- and rud-
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stones, rhodolith rudstones, crustose coralline algal frame-
works, Peyssonneliacean bind- and rudstones. A detailed
description of the Lithothamnium Limestone in SE Bavaria
is given by BUCHHOLZ (1989) showing similar lithologies.

Fossils: Main components are rhodoliths, branches, and
fragments of corallinacean algae, but also peyssonnelian
red algae are abundant; foraminifera, especially nummu-
lites and in the lower part discocyclinids; bryozoans, mol-
luscs, echinoderms.

Origin, facies: Deposited on topographic highs (pre-
dominantly the Central Swell Zone in Upper Austria and
Landshut-Neuétting High in Bavaria) with intercalated
sand bars and channels. Debris is shedded both in a N-
NW direction (“lagoon”) and to the S-SE on the inner shelf.
Water energy is highly variable reaching from high in the
rudstone types to low in the crustose frameworks. Water
depth ranges from intertidal environments to several 10s
of meters.

Chronostratigraphic age: Late Eocene, Priabonian to
earliest Oligocene, Rupelian.

Remark: The age assignment was discussed from the very
beginning. NATHAN (1949: p. 41) mentioned for the well
Taufkirchen 1 a middle Eocene? to Rupelian? Age, which
was supported by HAGN (1950: p. 9).

Biostratigraphy: According to RASSER et al. (1999), the
lower part tentatively belongs to larger foraminifera Zone
SBZ20. According to ABERER (1958: p. 37), the upper part
of the corallinacean limestone, without Eocene nummu-
litids and discocyclinids, belongs to the lower Oligocene
(“Latdorfian”: regional stage for the lowest Rupelian),
which also interfingers with the Oligocene “Fischschiefer”.
HAGN (1960: p. 69) confirmed also an early Rupelian (Lat-
dorfian) age for those limestones without discocyclinids.

Thickness: In the drilling Taufkirchen 1, a thickness of
only 6.4 m is recorded; in Austria, the maximum thickness
is reported from deep well Munderfing 1, Rohdél-Aufsu-
chungs AG, with 72 m (Rupp, 2011b). From Bavaria a thick-
ness < 100 m is reported (DOPPLER et al., 2005).

Lithostratigraphically higher rank unit: Perwang Group.

Lithostratigraphic subdivision: In Bavaria, an informal
subdivision between Lower and Upper Lithothamnium
Limestone is made. The reason is that in some areas the
sandstones of the Ampfing Formation transgrade from the
NE over the (Lower) Lithothamnium Limestone and be-
comes upsection overlain by the (Upper) Lithothamnium
Limestone. This twofold occurrence of these limestones
with sandstones in between is, however, not consistent
and a formal establishment of members has not been done
so far.

Underlying unit(s): Gradational transition from underly-
ing basal sandstones, Nummulitic sandstone and littoral
Ampfing Formation in the north; in the south Perwang For-
mation (Discocyclina marls); in some areas directly on top of
Mesozoic or crystalline basement.

Overlying unit(s): Schéoneck Formation; locally the surface
shows submarine erosion.

Lateral unit(s): Nummulitic sandstone, Basal Sandstone,
Ampfing Formation (UNGER, 1996: p. 170; WAGNER, 1980).



Geographic distribution: Widespread in the subsurface
of the NAFB in Bavaria, Salzburg, and Upper Austria.

Remarks: In the Helvetic Zone also Lithothamnium lime-
stones occur which are part of the Ypresian Fackelgraben
Member (Kressenberg Formation) (see there). These two
units are sometimes mixed what may have caused confu-
sion.

Complementary references: HEERMANN (1954), PILLER et
al. (2004).

NuBdorf-Formation (Perwang-Gruppe) /
NuBdorf Formation (Perwang Group)

LubwiG R. WAGNER & FRED ROGL

Validity: Invalid; WAGNER (1996b, 1998) proposed for this
unit the terms “NuBdorf-Formation” (1998: p. 349) and
“Nussdorf Beds” (1998: p. 366) as term for the well-estab-
lished unit “Globigerinen-Kalk und -Mergel” (Globigerina
Limestone and Marl) for Eocene-lower Oligocene slope fa-
cies in the Upper Austrian NAFB (only subsurface). PILLER
et al. (2004) used the traditional name “Globigerinenkalk”.

Type area: Molasse imbricates in the subsurface of Salz-
burg and Upper Austria.

Type section: Not defined; proposed is the shallow drill
site Nussdorf CF 6, 5-117 m, in the imbricated southern
part of the NAFB at the north-eastern shore of Lake Ober-
trum, Salzburg; OK50-UTM, map sheet 3204 Salzburg
(OK50-BMN, map sheet 64 StraBwalchen) (N 47°58'44" /
E 13°04'51").

Reference section(s): Not defined; deep well Per-
wang 1/1a of Rohdl-Aufsuchungs AG, core numbers 59
and 60 in autochthonous and 13, 33 to 36 in allochthonous
sections could be considered (N 48°01'34" / E 13°03'55");
OK50-UTM, map sheet 3327 Burghausen (OK50-BMN,
map sheet 45 Ranshofen).

Derivation of name: Named after the counterflush drill
site Nussdorf CF 6, at the northern shore of Lake Ober-
trum, Salzburg. The drilling is named after the village NuB-
dorf am Haunsberg, 20 km north of the city of Salzburg;
OK50-UTM, map sheet 3204 Salzburg (OK50-BMN, map
sheet 63 Salzburg).

Synonyms: Globigerina Marl, Globigerinenmergel, Globige-
rinenkalk. In Austria and Bavaria, the term “Globigerinen-
Mergel” was used both for pelagic sediments in the Hel-
vetic Zone and in the NAFB.

Lithology: Fine-grained, grey to brown-grey, bioturbated
marls, occasionally with thin beds of corallinacean detri-
tus from mass flows. In the upper part (Oligocene) of the
section dark grey layers of calcareous shales with pyri-
tized foraminifera occur. In the Molasse imbrications fine-
grained, dark grey to brown-grey, bioturbated, marly lime-
stones.

Fossils: Calcareous nannoplankton, planktonic foramin-
ifera (Subbotina, Tenuitella) and benthic foraminifera, particu-
larly Uvigerina.

Origin, facies: Hemipelagic sediments from the upper
slope (upper bathyal). The occurrence of dark shales in the
upper part (Oligocene) connects to the dysaerobic facies
of the Schéneck Formation.

Chronostratigraphic age: Late Eocene, Priabonian to
early Oligocene, early Rupelian.

Biostratigraphy: The identification of Globigerina postcreta-
cea in deep well Taufkirchen 1 indicates latest Eocene to
early Oligocene (HAGN, 1960). In the proposed type sec-
tion for the NuBdorf Formation, the shallow drill site Nuss-
dorf CF6, calcareous nannoplankton has shown a continu-
ous marly sedimentation from Zone NP19/20 to NP22. In
respect to benthic foraminifera, Bulimina sculptilis and costate
uvigerinids indicate lower Oligocene. The Eocene/Oligo-
cene boundary cannot be defined as in the planktonic fo-
raminiferal fauna the index fossil Cribrohantkenina is missing.

Thickness: In drill site Nussdorf CF-6 > 110 m of marls are
drilled. For the Globigerina limestone at Perwang 1a are
18 m and at Oberhofen 1 45 m encountered.

Lithostratigraphically higher rank unit: Perwang Group.
Lithostratigraphic subdivision: -

Underlying unit(s): In the proposed type section, Upper
Cretaceous marls of units of the Helvetic Zone occur in
tectonic contact. In other wells, the Perwang Formation
(Discocyclina Marls) occurs in autochthonous positions or in
allochthonous sections in tectonic contact.

Overlying unit(s): Lithothamnium Limestone at Per-
wang 1a; Schéneck Formation at Oberhofen 1.

Lateral unit(s): Perwang Formation (= Discocyclina Marl) and
Lithothamnium Limestone.

Geographic distribution: Autochthonous and imbricated
Molasse in Salzburg, Upper Austria, and Bavaria (subsur-
face only).

A lateral equivalent of the NuBdorf Formation is the Otten-
thal Member (Otteqthal Formation) in the lower Oligocene
of the Waschberg-Zdanice Unit (ROGL et al., 2001).

Remarks: In the deep drilling Taufkirchen 1 HAGN (1960:
p. 73) mentioned the interfingering of Globigerina Marls
with Lithothamnium Limestone at a depth of 1,366 m. Due
to the lithologic description of the well and the log corre-
lation this section belongs to the lower Oligocene Schon-
eck Formation (“Fischschiefer”) with reworked coralline al-
gae debiris.

Complementary references: -

Rogatsboden-Formation (Perwang-Gruppe) /
Rogatsboden Formation (Perwang Group)

LubwiG R. WAGNER & FRED ROGL

Validity: Invalid; WAGNER (1996b, 1998) proposed the term
Rogatsboden Formation as subunit of the Perwang Group
for marine upper Eocene to lower Oligocene basin plain to
slope sediments which are similar to the sediments in the
so-called tectonic “Window of Rogatsboden”. The unit has
to be properly described and formalized.

Type area: So-called “Molassefenster von Rogatsboden”,
a part of the imbricated Molasse between the Helvetic
Zone and the Rhenodanubian Flysch Zone, NW of the
town of Scheibbs, Lower Austria; OK50-UTM, map sheet
4328 Scheibbs (OK50-BMN, map sheet 54 Melk).

Type section: -
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Reference section(s): Not defined; suggested are the
deep wells Urmannsau 1 (2,363-2,600 m), OMV-AG,
Lower Austria (KROLL & WESSELY, 1967) (N 47°55'35" /
E 15°08'14") and Muhlreith 1, Rohoél-Aufsuchungs AG, Up-
per Austria (N 47°58'14" / E 13°27'22").

Derivation of name: Named after the small village Ro-
gatsboden, 6 km NW of the town Scheibbs, Lower Austria;
OK50-UTM, map sheet 4328 Scheibbs (OK50-BMN, map
sheet 54 Melk).

Synonyms: oligozéner Schlier (VETTERS, 1929a), Inneral-
pine Molasse (RICHTER, 1950).

Lithology: Generally, monotonous clayey marls with sand-
stone beds. Subordinate are conglomerates and Litho-
thamnium marls intercalated (PREY, 1957).

PREY (1957) described a variety of lithologies and tried to
reconstruct a sequence in this tectonically complex area
containing four units: (1) The lower part consists of dark
grey, layered shales, sometimes finely laminated, with
mica on the bedding planes. The shales alternate with
grey, yellowish weathered calcareous sandstone layers (1-
20 cm thick). They show cross and convolute bedding,
ripple marks, trace fossils and plant debris. Coarse sand-
stones and fine conglomerates occur in the lower part of
this unit. This unit is poor in fossils, but reworked fossils
from the Helvetic Zone occur. (2) Upsection follow “Litho-
thamnienmergel”, grey and greybrown, partly sandy marls
with biogenic detritus, corallinacean nodules and larger
pebbles of corallinacean limestone. (3) This unit is over-
lain by a second sequence of shales but contains a mi-
crofauna. (4) In the top of the sequence, lenses of coarse
sandstones and conglomerates with reworked fossils oc-
cur along the southern rim of the “window”. Components
of the conglomerates are white and grey dolomites, san-
dy limestone, marls, light grey marly limestones, shales,
quartz, and feldspar.

Fossils: According to PREY (1957), fish remains and fish
skeletons on the bedding planes of the shales of the lower
unit are common, similar to the fish shales of the Schon-
eck Formation. Microfauna is very scarce with a few ag-
glutinated foraminifera, and some reworked larger foramin-
ifera from the Helvetic Zone. Abundant fossils occur in
the intercalated “Lithothamnienmergel” with corallinacean
red algae, molluscs, bryozoa, brachiopods, echinoids, rich
ostracod and foraminiferal assemblages. The upper sha-
ly sequence contains a well-developed foraminiferal fau-
na, comparable to that of the Zupfing Formation (middle
Oligocene) or the Kiscell Clay in Hungary, e.g., Cancris cf.
turgidus (= C. bavaricus), Bolivina elongata, B. nobilis, Loxostomum
chalkophilum, Rotalia lithothamnica, and large globigerinids. The
coarse clastics of the top unit contain only reworked fos-
sils from the Eocene and Upper Cretaceous.

Origin, facies: Basinal, deep marine sediments of the
southern part of the basin with hemipelagites, turbidites,
mass flow deposits and contourites. Especially the lower
part of alternating shales and sandstones reflects the in-
termediate position between the turbiditic Deutenhausen
Formation and the basin facies of the Schdoneck Forma-
tion. The Lithothamnium marls and limestones have to be
considered allochthonous.

Chronostratigraphic age: Late Eocene, Priabonian to
early Oligocene, Rupelian.
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Biostratigraphy: In the clayey marls, fossils are very rare.
The ostracod fauna points to lower Oligocene (PREY, 1957:
p. 304).

Thickness: In the deep well Urmannsau 1 the section be-
tween 2,363-2,600 m (237 m) was attributed to the “Inner-
alpine Molasse” (KROLL & WESSELY, 1967). In well Mihl-
reith 1, the Rogatsboden Formation is a tectonic wedge
within the Imbricated Molasse.

Lithostratigraphically higher rank unit: Perwang Group,
however, no contact with other formations of the Perwang
Group is known.

Lithostratigraphic subdivision: -

Underlying unit(s): Tectonic contact in the “Rogatsboden
Window” with sediments of the Rhenodanubian Flysch
and Helvetic zones. In the deep drilling Urmannsau 1 this
unit is a tectonic wedge within the “Buntmergelserie” of
the Ultrahelvetic Zone.

Overlying unit(s): In the imbricated Molasse of Upper
Austria tectonic contacts with the Eggerding Formation,
Schoneck Formation and Puchkirchen Formation.

Lateral unit(s): -

Geographic distribution: The Rogatsboden Formation
crops out in an imbricated zone between Gresten and
Texing, along the Alpine Front in Lower Austria (WESSELY,
2006: p. 44), and is reported from the Imbricated Molasse
in wells in Salzburg and Upper Austria but also from out-
crops in Upper Bavaria.

Remarks: In the area of Rogatsboden three wells have
been drilled. Rogatsboden 1 (461 m) and 1a (315 m) were
redescribed by PREY (1957) and show the high tectonic
complexity of the area. Rogatsboden 2 has been aban-
doned at 95 m.

In PILLER et al. (2004), the Rogatsboden Formation is in-
cluded in “Inneralpine Molasse (z.B. Rogatsboden)”.

Complementary references: SCHNABEL (2002a, b).

Schoéneck-Formation / Schoneck Formation
LubwiG R. WAGNER, FRED ROGL & WERNER E. PILLER

Validity: Valid; BOHM (1891: p. 17) reported this unit as
“schwarzgrauer, dinnbléttriger Mergelschiefer, auf den Schichtflachen
reichlich mit Schuppen von Meletta sardinites Heckel, im Schonecker
Graben und Habach” for the first time but considered it part of
the Helvetic Zone. It was HAGN (1960: p. 106) who intro-
duced the term “Schoénecker Fischschiefer” and pointed
out the intermediate position between the Helvetic Zone
and the sediments of the NAFB; DOHMANN (1991: p. 6)
designated the type section along the Schdéneck creek;
the term Schéneck Formation was introduced by WAGNER
(1996Db).

Type area: The area S and SE of the village Siegsdorf, with
outcrops along the Schéneck Creek, the Galon Creek and
the Katzenloch Creek, Upper Bavaria, Germany; ATK25,
map sheet P16 Traunstein.

Type section: Outcrop in the western Schéneck creek
(N 47°48'18" / E 12°39'05"), 2 km south of the village
Siegsdorf, Upper Bavaria, Germany; ATK25, map sheet
P16 Traunstein (GANSS, 1977; DOHMANN, 1991). Along the



creek are 5-7 m of platy, dark grey to brownish marls ex-
posed; the lower boundary is a tectonic contact to the Eo-
cene “Stockletten” of the Helvetic Zone (see there), the up-
per boundary is not exposed (DOHMANN, 1991: p. 6).

Reference section(s): Not defined; a possible reference
section is in the Galon Creek, SE Siegsdorf; ATK25, map
sheet P16 Traunstein (N 47°4825" / E 12°40'56") which
exhibits a continuous sedimentation between the upper
Eocene “Stockletten” and the Schéneck Formation and
shows the lower boundary in the type area (DOHMANN,
1991: p. 11-12). As a reference section for the Autoch-
thonous Molasse the deep well Ampfing 1 in Bavaria
(N 48°14'26" / E 12°24'27") is proposed, where a contin-
uous transition exists between the Lithothamnium Lime-
stone and the Schéneck Formation (REISER, 1987: 44).

Derivation of name: Named after the Schdneck creek,
2 km south of the village Siegsdorf, Upper Bavaria, Ger-
many; ATK25, map sheet P16 Traunstein.

Synonyms: Fischschiefer, Lattorf/Latdorf Fischschiefer,
Sannois-Fischschiefer (e.g., UNGER, 1978), Schonecker
Fischschiefer, Schoneck-Fischschiefer, Schoneck Fish-
shale (WAGNER, 1996a), Lattorfian fish-bearing shale (WAG-
NER, 1996b), Meletta Schichten (HAGN, 1960).

The term “Fischschiefer” (fish shale) was (and still is) used
for different stratigraphic units, causing problems when
chronostratigraphy is not mentioned in the context.

Lithology: In general, finely laminated, dark brown to grey-
black and also grey green clayey marls to marly shales
with minor sand content and black shales in the upper
part. Although there is a lateral variation in facies SCHULZ
et al. (2002) established three lithologic units which have
been detailed by SACHSENHOFER & SCHULZ (2006): Unit A in
the lower part consists of dark marls with strongly varying
carbonate content and authigenic phosphorite; the base is
often bioturbated and contains abundant glauconite. Lat-
erally, intercalations of dark pack-, wacke- and rudstones
occur. Unit B, in the middle part, consists of well-bedded
marls with abundant planktonic foraminifers but without
phosphorite. Unit C in the upper part consists of fine bed-
ded to laminated, carbonate-free black shales, with few in-
tervals of light-coloured marls. Total organic carbon con-
tents (TOC) range between 2-2.5 % and reach 5 % in the
upper part (SACHSENHOFER & SCHULZ, 2006), with an aver-
age value of 3.44 % (GERHARD, 1988).

Fossils: Fish remains (scales, teeth) on the bedding planes
are characteristic, together with pteropods (Limacina). In the
marly layers, a rich foraminiferal fauna, globigerinids but
also benthics, occurs accompanied by calcareous nanno-
plankton (comp. STEININGER et al., 1976; DOHMANN, 1991;
ScHuLz et al., 2002) and palynomorphs (HOCHULI, 1978). A
detailed study on foraminifers and calcareous nannoplank-
ton for several wells in Bavaria and Upper Austria provides
DOHMANN (1991).

Origin, facies: Deposition of the pelites occurred in bathy-
al depths on the northern paleo-slope or even the basin
floor of the NAFB between 400 and 600 m with a deepen-
ing during deposition (DOHMANN, 1991). The fast subsid-
ence forced the development of a stagnant basin with ox-
ygen-depleted (dysoxic to anoxic) bottom water (SCHULZ
et al., 2002). High productivity in surface waters is as-
sumed for the lower parts (Units A and B) of the Schéneck

Formation with marly sedimentation and cyclic blooms of
globigerinids. Major environmental changes occur within
Unit C: the lower part is characterized by low surface water
productivity, high surface water salinity and CO, recycling
within the water column, the upper part reflects a decrease
in stratification, surface water salinity and bottom water
anoxia as a result of major fresh-water influx (SACHSEN-
HOFER & SCHULZ, 2006). The stratification was caused by
warm Tethyan surface water and cold bottom water un-
dercurrents from the Polish lowlands. The widespread de-
velopment of dark sediments and fish shale facies in the
Central and Western Paratethys is connected with a first
separation of the Mediterranean Sea and the Paratethys
(ROGL, 1998; Poprov et al., 2004; SACHSENHOFER & SCHULZ,
2006).

The fish fauna from the Galon creek lived mainly in the epi-
pelagic and mesopelagic zones of a tropical to subtropical
sea (PFEIL, 1981). In respect to palynomorphs, thermophil-
ic pollen are common (HocHuULI, 1978).

Chronostratigraphic age: Late Eocene, late Priabonian to
early Oligocene, early Rupelian (early Kiscellian).

Remark: For a discussion on the regional stage Latdorfian
see MARTINI et al. (1986).

Biostratigraphy: Calcareous nannofossil Zones upper
NP19-NP22 (ScHuLz et al., 2002) and even lower NP23
(SACHSENHOFER & SCHULZ, 2006), planktonic foraminifera
Zones P18-lower P19 (CICHA et al., 1971; STEININGER et al.,
1976), and Paleogene floral Zones Pg.Z. 19-Pg.Z. 20a (Ho-
CHULI, 1978; ROGL et al., 1979).

Thickness: The typical thickness is c. 10-25 m (SACHSEN-
HOFER & SCHULz, 2006; GRoss et al., 2018), a maximum
thickness of 40 m is reported.

Lithostratigraphically higher rank unit: “Menilite Forma-
tion”. The Menilite Formation of the Western Carpathians
(Czech Republic, Poland) is subdivided into a Subchert
Member, a Chert Member, the Dynéw Member and the
Sitborice Member The Subchert and Chert members can
be correlated with the Schéneck Formation The Dynow
Member is laterally continuous from the NAFB to the West-
ern Carpathians and the Sitborice Formation can be cor-
related with the Eggerding Formation in the NAFB. In the
Eastern Carpathians the Menilite Formation has a much
longer extent (in dependence from the tectonic units) rang-
ing from the Kiscellian to the Eggenburgian (SACHSEN-
HOFER et al., 2018).

“Untere Meeresmolasse” (Lower Marine Molasse) in Ba-
varia (also termed Fischschiefer) (NATHAN, 1949; DoPP-
LER & SCHWERD, 1996; DOPPLER et al., 2005).

Lithostratigraphic subdivision: Not defined; the three
units differentiated by ScHuLz et al. (2002) could be de-
fined as members and are even developed in Bavarian oc-
currences (SACHSENHOFER & ScHuULz, 2006: p. 375).

Underlying unit(s): “Stockletten”, Lithothamnium Lime-
stone.

In the type section (Schdneck creek) there is a tectonic
contact, but in the Galon creek continuous sedimentation
exists with a rather sharp change from light coloured Eo-
cene “Stockletten” of the Helvetic Zone to the “Fischschie-
fer” facies (DOHMANN, 1991: p. 16). Overall, a sharp bound-
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ary exists between the Lithothamnium Limestone and the
Schoéneck Formation (SACHSENHOFER & SCHuULZ, 2006). In
the eastern foreland basin in Bavaria, the underlying Eo-
cene Lithothamnium Limestone regionally shows a grada-
tional development from a detritic glauconitic limestone
facies to laminated dark shales (DOHMANN, 1991: p. 33). In
Upper Austria, in some deep wells (e.g., Dietach 1) a gra-
dational facies change with intercalations of dark shales
in the uppermost Lithothamnium Limestone is observed.

Overlying unit(s): Dynéw Marlstone.

In deep wells in the uppermost part of the dark shales,
whitish layers of calcareous nannoplankton occur forming
a transition from the Schoneck Formation to the calcare-
ous nannoplankton chalk of the Dynéw Marlstone.

Lateral unit(s): Deutenhausen Formation. Interfingering of
the slope deposits of the Schoneck Formation with the
basin plain deposits of the Deutenhausen Formation (tur-
biditic sandstones in the southern Molasse imbrications)
(DOHMANN, 1991: p. 91).

The Subchert and Chert members of the Menilite Forma-
tion of the Western Carpathians may grade into or interfin-
ger with the Schéneck Formation.

Geographic distribution: In the transition between the
Helvetic Zone and the NAFB it is widely distributed in Up-
per Austria, Salzburg and Upper Bavaria. In the Carpath-
ian Foreland of southern Moravia, the Menilite Formation
(Pouzdfany Formation, with Subchert and Chert members)
and in the Waschberg-Zdanice Unit the Ottenthal Mem-
ber, are considered equivalents of the Schéneck Forma-
tion Units A and B (KRHOVSKY et al., 2001; SACHSENHOFER &
SCHuLz, 2006).

Remarks: A history of the outcrop description and strati-
graphic discussion are given by HAGN (1960: p. 106) and
DOHMANN (1991: p. 3). “The Lattorfian fish shale (Lower
Oligocene) is the proven source rock for the oil in Upper
Austria” (WAGNER, 1996a: p. 233).

In PILLER et al. (2004) a sedimentation gap between the
Lithothamnium Limestone and the Schéneck Formation
is shown. As described above, however, sedimentary se-
quences are mostly continuous, only in some areas a gap
can exist due to submarine erosion.

Complementary references: HEERMANN (1954), HAGN
(1967), KRAUS (1968a, b), MULLER (1978), ROETZEL & KREN-
MAYR (1996), WAGNER (1998), GIER (2000), PILLER et al.
(2004), ScHuLz et al. (2004), Rupp (2008a, b, 2009a, b,
2014), SACHSENHOFER et al. (2010a, 2018), GUSTERHUBER et
al. (2012, 2013, 2014).

Dynéw Mergel / Dynéw Marlstone
WERNER E. PILLER, FRED ROGL & LUDWIG R. WAGNER

Validity: Invalid (see remarks); named and described by
KOTLARCZYK (1966, 1979) as whitish silicified marls and
cherts in the Dukla Unit of the eastern Polish Carpath-
ians. WOJCKK et al. (1996), when formalizing many units in
the Polish Carpathians, considered the Dynéw Marls as a
member (Dynéw Member) of the Menilite Formation. A de-
tailed study of the type section was carried out by GOR-
NIAK (2012).
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Type area: In the area of Btazowa-Dynéw, between Rzes-
zow and Przemysl, Skole Unit, Polish Carpathians (KoT-
LARCZYK, 1985; GORNIAK, 2012).

Type section: Abandoned Quarry located on the west-
ern slope of the kysa Gora in the Straszydle Village, c.
9 km WNW of Btazowa and 20 km NW of Dynéw, Poland
(N 49°54'06" / E 22°00'17"). Exposed is a 22 m-thick sec-
tion with 15 m of compact marl overlain by a slump (GOR-
NIAK, 2012: 250ff., Fig. 18).

Reference section(s): For the Austrian NAFB as reference
sections are proposed the deep wells Oberschauersberg 1
(core 2, box 5-10) (N 48°07'33" / E 13°59'30"), Rohdl-Auf-
suchungs AG; OK50-UTM, map sheet 4325 Wels (OK50-
BMN, map sheet 49 Wels) and Eggerding 2 (N 48°19'45" /
E 13°31'54"), Rohdl-Aufsuchungs AG; OK50-UTM, map
sheet 3323 Ried im Innkreis (OK50-BMN, map sheet 29
Schérding).

Derivation of name: Named after the town Dyndw, c.
40 km west of the town Przemysl, Subcarpathian Prov-
ince, Poland.

Synonyms: Heller Mergelkalk (NATHAN, 1949; ABERER,
1958), Dynow-Mergel (PILLER et al., 2004), Dynow-Forma-
tion (WAGNER, 1996b; RupPP, 2009a, b, 2011a, b; SACHSEN-
HOFER et al., 2010a), “Bright Marlstone”, “Light Marly Lime-
stone” (WAGNER, 1996a).

Lithology: In the type area, “Dynow Marls are light brown,
occasionally steelgray-green thin- to medium-bedded,
hard, homogeneous and wavy laminated. Weathered they
are beige-coloured. They contain chert lenses and sand-
stone intercalations.” (GORNIAK (2012: p. 250).

In the NAFB of Upper Austria, the Dynow Marl(stone) is
predominantly composed of laminated to wavy bedded
white limy marlstone and limestone (nannoplankton ooze).
SCHULZ et al. (2004, 2005) recorded three sedimentary cy-
cles. Each cycle starts with massive to laminated, whit-
ish mudstones (nannochalk) and grades continuously into
dark grey mudstones that contain fine-silty quartz. Cy-
cles 1 and 2 show wavy laminations, cycle 3 is mostly
laminated. A fourth cycle belongs already to the overlying
Eggerding Formation. Phosphatic particles, framboidal py-
rite, and rarely glauconite are distributed in the sediment.
TOC contents range from 0.5 % to 3.0 % and are diluted
by calcareous nannoplankton carbonate (SACHSENHOFER &
ScHuULZ, 2006).

Fossils: Composed of very few, low-salinity tolerant spe-
cies of calcareous nannoplankton (Reticulofenestra ornata
dominated) and also rare diatoms. Characteristic is the
co-occurrence of the CNP Transversopontis fibula with a small
sized, endemic bivalve fauna (Janschinella fauna) and rare
smooth shelled ostracods (Cyprididae) (Popov et al., 1985;
NEVESSKAJA et al., 1987). This horizon is recorded from the
Waschberg Unit (ROGL et al., 2001) and the Carpathians
(KRHOVSKY et al., 2001), but is missing in the well Ober-
schauersberg 1 in Upper Austria (SCHULZ et al., 2004).

Origin, facies: The deposition of the Dynéw Marls oc-
curred in the deep basin similar to that of the Schoneck
Formation, but the sediments were formed by cyclic
blooms of coccolithophorids. It was MULLER & BLASCHKE
(1971) who for the first time detected that calcareous nan-
noplankton is the main constituent of the “Heller Mergel-
kalk” in the NAFB. The high amount of rock forming calcar-



eous nannoplankton is an indication of high productivity in
the upper water column, the low diversity points to a de-
crease in salinity due to increasing fresh water ingressions
(ScHULZ et al., 2004). Missing bottom life was caused by
anoxic bottom water. In the lower cycle of the Dynéw Marl,
wavy bedding indicates bottom water currents. Within
each cycle, the percentage of marine organic material in-
creases. Limestones were deposited during algal blooms,
organic-rich marls during periods with low production of
CNP.

The unit represents a major break in the Paratethys evolu-
tion when the connections to the Mediterranean and Indian
Ocean were lost and the Paratethys became isolated and
salinity was reduced (Solenovian Event).

Chronostratigraphic age: Early Oligocene,
(middle Kiscellian).

Rupelian

The deposition of the Dynéw Marls can be correlated with
the regional stage Solenovian of the chronostratigraphy of
the Eastern Paratethys. The occurrence of this very specif-
ic unit is also known as “Solenovian Event” which can be
traced and correlated Paratethys-wide.

Biostratigraphy: Calcareous nannofossil Zone NP23

(KRHOVSKY, 1981).

Thickness: In the Austrian Molasse Basin 5-17 m, in the
well Oberschauersberg 1 5.5 m (SCHULZ et al., 2004).

Lithostratigraphically higher rank unit: Menilite Forma-
tion. The Menilite Formation of the Western Carpathians
(Czech Republic, Poland) is subdivided into a Subchert
Member, a Chert Member, the Dynéw Member and the
Sitborice Member. The Dynéw Member is laterally con-
tinuous from the NAFB to the Western Carpathians. The
Subshert and Chert members can be correlated with the
Schéneck Formation and the Sitborice Formation with the
Eggerding Formation in the NAFB. In the Eastern Carpath-
ians the Menilite Formation has a much longer extent (in
dependence from the tectonic units) ranging from the Kis-
cellian to the Eggenburgian (SACHSENHOFER et al., 2018).

“Untere Meeresmolasse” (Lower Marine Molasse) in Ba-
varia (as “Heller Mergelkalk”) (NATHAN, 1949; DOPPLER &
SCHWERD, 1996; DOPPLER et al., 2005)

Lithostratigraphic subdivision: -

Underlying unit(s): Schéneck Formation; mostly sharp
contact, only rarely gradational; occasionally direct on
Lithothamnium Limestone due to submarine erosion.

Overlying unit(s): Eggerding Formation, in gradational
contact.

Lateral units: -

Geographic distribution: In the NAFB the Dynow Marl-
stone is widely distributed from Bavaria to Salzburg, and
Upper Austria to the Waschberg-Zdanice Unit in Lower
Austria. In some areas (wells), the unit is missing due to
submarine erosion (ScHULZ et al., 2004; SACHSENHOFER &
ScHuLz, 2006).

Superregionally, the calcareous nannoplankton chalk fa-
cies of the Dynoéw Marl is distributed over the Central Para-
tethys from Bavaria to the Carpathian arch to the Transyl-
vanian Basin (KRHOVSKY & DJURASINOVIC, 1993; KRHOVSKY
et al., 1993; Poprov et al., 1993, 2004; ROGL et al., 1997;
Rusu et al., 1996).

Remarks: The lithostratigraphic rank and position of the
Dynéw Marl is highly inconsistent in respect to its region-
al occurrence. In the type area it is defined as a member
of the Menilite Formation, in the Waschberg—Zdénice Unit
it is @ member within the Ottenthal Formation (but named
Dynéw Marlstone). However, the Ottenthal Formation
consists of three members — Ottenthal Member, Galgen-
berg Member, Dynéw Marlstone (member) and the latter
is on top of the Ottenthal Formation. In Upper Austria the
Dynéw Marl was raised in rank to a formation (Dynéw For-
mation: WAGNER, 1996b; Rupp, 2008b, 2009a, b, 2011a,
b; SACHSENHOFER et al., 2010a). In Bavaria, the term “Hel-
ler Mergelkalk” is still in use (e.g., DOPPLER et al., 2005).
These different treatments need a re-evaluation of the unit,
both from a formal perspective (member vs. formation)
and also the retention of the same name in very distant
geological regions. Due to these problems and until their
clarification, the name Dynéw Marl(stone) will still be used
herein.

Complementary references: HEERMANN (1954), KRAUS
(1968a, b), MULLER (1978), DOHMANN (1991), KOTLARC-
ZYK & LESNIAK (1990), KOTLARCZYK et al. (1991), ROETZEL &
KRENMAYR (1996), SCHULZ et al. (2005), SACHSENHOFER et
al. (2010a, 2018), GUSTERHUBER et al. (2012, 2013, 2014),
GRoss et al. (2018).

Eggerding-Formation / Eggerding Formation
WERNER E. PILLER, LUDWIG R. WAGNER & FRED ROGL

Validity: Invalid; Oligocene laminated pelites (marls) only
recorded in wells from Upper Austria and Upper Bavaria
are well-known as “B&ndermergel” (NATHAN, 1949; HEER-
MANN, 1954; ABERER, 1958); WAGNER (1998) introduced the
name Eggerding Formation for this unit; SACHSENHOFER et
al. (2010a) provide a detailed study in the Upper Austrian
part of the NAFB.

Type area: Area around Zupfing—-Eggerding, Upper Aus-
tria; OK50-UTM, map sheets 3323 Ried im Innkreis, 3324
Grieskirchen (OK50-BMN, map sheets 29 Scharding, 30
Neumarkt im Hausruckkreis).

Remark: The Eggerding Formation is only known from
wells. The proposed type section is well Eggerding W 1
and therefore also the type area should be defined there.
Unfortunately, this is close to the northern margin of the
occurrence in Upper Austria and represents a near-shore
environment being not fully representative for the forma-
tion.

Type section: Proposed is the shallow well Eggerding W 1
(N 48°20'45" / E 13°28'01"), Rohdl-Aufsuchungs AG, drill
depth 610.4-620.6 m, cores 1, 2, 3 and 4, representing the
entire formation in a near-shore environment, Upper Aus-
tria; OK50-UTM, map sheet 3323 Ried im Innkreis (OK50-
BMN, map sheet 29 Scharding). The well location is ap-
prox. 2 km SW of the village Eggerding.

Reference section(s): Deep well Perneck 1 (N 48°07'09" /
E 13°12'31") representing upper slope facies (cf. SACHSEN-
HOFER & SCHULZ, 2006); OK50-UTM, map sheet 3328 Mat-
tighofen (OK50-BMN, map sheet 46 Mattighofen) and
deep well Eggerding 2 (N 48°19'45" / E 13°31'54") repre-
senting marginal facies; OK50-UTM, map sheet 3323 Ried
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im Innkreis (OK50-BMN, map sheet 29 Schérding). Both
cored drilled by Rohdl-Aufsuchungs AG in Upper Austria
are proposed as reference sections.

Derivation of name: Named after the village Eggerding,
c. 14 km south of the town Schérding and 8 km SW of
the market town Andorf, Innviertel district, Upper Austria;
OK50-UTM, map sheet 3323 Ried im Innkreis (OK50-BMN,
map sheet 29 Schérding).

Synonyms: Bandermergel (NATHAN, 1949: p. 22; ABERER,
1958: p. 38), “Rupel-Bandermergel” (BRIX & SCHULTZ,
1993), “Banded Marl” (WAGNER, 1996a, 1998).

Lithology: Dark grey, finely laminated shaly marlstone with
thin white layers of calcareous nannoplankton without bio-
turbation; fine-grained, turbiditic sandstones interfinger
with the marls in proximal positions. Framboidal pyrite oc-
curs and TOC contents are about 5 % in the lower and
1.6 % in the upper part (SCHULZ et al., 2004; SACHSEN-
HOFER et al., 2010a).

Fossils: Most common is calcareous nannoplankton of
low-diversity assemblages (Reticulofenestra ornata dominates
the lower part of the formation), forming (paper)thin white
layers. The foraminiferal fauna is scarce, partly pyritized.
Palynomorphs and partly rich dinoflagellate assemblages
were determined from deep well Puchkirchen 3 (HOCHULI,
1978). A detailed description of the dinocyst assemblag-
es from deep wells Eggerding 2, Oberschauersberg 1 and
Puchkirchen 3 was carried out by SoLIMAN (2012) and re-
ports 53 genera and 138 species. In respect to macrofos-
sils, on bedding planes plant debris, small molluscs, and
fish remains are observed.

Origin, facies: Similar to the Schéneck Formation and the
Dynoéw Marl (and the overlying Zupfing Formation), the de-
position of the Eggerding Formation occurred in the deep
NAFB. The Eggerding Formation has been deposited in an
oxygen deficient environment on the northern slope of the
basin with salinity variations in the lower part of the forma-
tion (SACHSENHOFER et al., 2010a). The basal part of the
Eggerding Formation is a continuation of the cyclic blooms
of coccolithophorids (4t cycle) of the three cycles of the
Dynoéw Marl. Upsection, a decline in carbonate production
is observed in the course of the change from nannochalk
to shale facies; dysoxic bottom water conditions contin-
ued but salinity increased during deposition of the forma-
tion (ScHuULz et al., 2004). Slope instabilities are indicated
by slumps within the Eggerding Formation and extensive
submarine slides (SACHSENHOFER et al., 2010a).

Chronostratigraphic age: Late Oligocene, late Rupelian
(Kiscellian).

Biostratigraphy: Calcareous nannofossil Zone NP23
(SACHSENHOFER et al., 2010a); Paleogene palaeofloral Zone
Pg.Z. 20a (HocHuULI, 1978; ROGL et al., 1979).

Thickness: Typically, 35-50 m (SACHSENHOFER & SCHULZ,
2006), a maximum thickness of 65 m is reported (due to
re-deposition). In some wells, the formation is missing
due to submarine erosion (SACHSENHOFER & ScHuULz, 2006;
SACHSENHOFER et al., 2018).

Lithostratigraphically higher rank unit: “Menilite Forma-
tion”. The Menilite Formation of the Western Carpathians
(Czech Republic, Poland) is subdivided into a Subchert
Member, a Chert Member, the Dynéw Member and the
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Sitbofice Member. The Sitbotice Formation can be cor-
related with the Eggerding Formation in the NAFB. The
Dynéw Member is laterally continuous from the NAFB to
the Western Carpathians. The Subchert and Chert mem-
bers can be correlated with the Schéneck Formation In the
Eastern Carpathians, the Menilite Formation has a much
longer extent (depending on the tectonic units) ranging
from the Kiscellian to the Eggenburgian (SACHSENHOFER et
al., 2018).

“Untere Meeresmolasse” (Lower Marine Molasse) in Ba-
varia (as “Bé&ndermergel”) (NATHAN, 1949; DOPPLER &
SCHWERD, 1996; DOPPLER et al., 2005).

Lithostratigraphic subdivision: -

Underlying unit(s): Dynow Marl(stone), gradational into
the Eggerding Formation but erosive in the well Eggerding;
occasionally direct on Lithothamnium Limestone due to
submarine erosion; locally, turbiditic sand from the north
into the basin, e.g., in deep well Eggerding 2.

Overlying unit(s): Zupfing Formation (transitional).

Lateral unit(s): Equivalents in the eastern NAFB are the
lower part of the Thomasl Formation in the Waschberg Unit
and the lower part of the Sitbofice Member in the Zdanice
Unit (FUcHS et al., 2001a). In the Western Carpathians, the
Sitbofice Member of the Menilite Formation correlates with
the Eggerding Formation (SACHSENHOFER & SCHULZ, 2006;
SACHSENHOFER et al., 2018).

Geographic distribution: Widespread occurrence in the
NAFB from Bavaria, Salzburg, Upper Austria to the west-
ernmost part of Lower Austria (east of the town Steyr, im-
mediately east of the river Enns (wells Behamberg 1 and
Hainbuch 1, Rohdél-Aufsuchungs AG)).

Remarks: In Bavaria, the term “Bandermergel” is still in
use (e.g., DOPPLER et al., 2005).

The basal Sitbofice event, a synsedimentary discontinuity,
is not observed in the NAFB. In the Transylvanian Basin the
laminated facies of bituminous claystones and siltstones
is represented in the lleanda Formation, a marker horizon
of calcareous nannoplankton chalk is represented by the
Tylawa Limestone (HACzEwskIl, 1989; Rusu et al., 1996;
MELINTE-DOBRINESCU & BRUSTUR, 2008: Fig. 6).

The Dynéw Marl and the Eggerding Formation are second-
ary source rocks for oil and gas in the NAFB.

Complementary references: HEERMANN (1954), HAGN
(1967), KRAUS (1968a, b), MULLER (1978), DOHMANN (1991),
ROETZEL & KRENMAYR (1996), PILLER et al. (2004), Rupp
(2008b, 2009a, b, 2011a, b, 2014), GUSTERHUBER et al.
(2012, 2013, 2014), GRosS et al. (2018).

Zupfing-Formation / Zupfing Formation
LubwiG R. WAGNER, FRED ROGL & WERNER E. PILLER

Validity: Invalid; shaly marls overlying the Eggerding For-
mation (“Bandermergel”) are well-known in Upper Austria
and Bavaria as “Rupel-Tonmergel” or “Tonmergelstufe”;
WAGNER (19962, 1998) introduced the name Zupfing For-
mation for this unit.



Type area: Area around Zupfing-Eggerding, Upper Aus-
tria; OK50-UTM, map sheets 3323 Ried im Innkreis, 3324
Grieskirchen (OK50-BMN, map sheets 29 Schérding, 30
Neumarkt im Hausruckkreis).

Type section: Not defined; a possible type section could
be deep well Zupfing 1 (N 48°15'26" / E 13°37'43"), Rohol-
Aufsuchungs AG., with the most complete section through
the unit; OK50-UTM, map sheet 3324 Grieskirchen (OK50-
BMN, map sheet 30 Neumarkt im Hausruckkreis).

Reference section(s): -

Derivation of name: Named after the small village Zupf-
ing, c. 7.5 km NNE of Haag am Hausruck, c. 11 km WNW
of Grieskirchen, Hausruckviertel district, Upper Austria;
OK50-UTM, map sheet 3324 Grieskirchen (OK50-BMN,
map sheet 48 Vocklabruck).

Synonyms: Alterer Schlier, Tonmergelstufe (e.g., ABERER,
1958), Tonmergel-Schichten, Rupel-Tonmergel, Rupelian
Marl, Dunkelolivgriiner Mergelton (NATHAN, 1949), Puch-
kirchener Serie.

Lithology: Grey to brownish-grey, bioturbated calcareous
silty pelites with layers of greenish and brownish limestone
beds (lithified nannoplankton ooze) in the lower part, and
fine-grained turbiditic sand beds. The lower part of the
Zupfing Formation contains a relatively high TOC content
(1.5 %) characterizing a “Transition Zone” at the boundary
between the Eggerding and Zupfing formations (SACHSEN-
HOFER et al., 2010a, 2018).

Fossils: Calcareous nannoplankton; diverse, partly pyri-
tized planktonic and benthic foraminifera (agglutinated
forms are common); some pyritized diatoms, molluscs,
plant- and fish remains. Palynomorphs and dinoflagellates
were described by HoCHULI (1978).

Origin, facies: Deposited on the northern passive slope
of the basin in greater water depth with distal turbidites
from the south and slumps, slides and turbidites from
the northern slope (SACHSENHOFER & SCHULZz, 2006). The
slumps and extensive submarine slides culminated at the
transition from the Eggerding to the Zupfing formations
(SACHSENHOFER et al., 2010a, 2018). The change in facies
from banded shales of the Eggerding Formation to the bio-
turbated sediments of the Zupfing Formation is correlated
with a re-opening of the Paratethys to open oceans termi-
nating the stratification of the water column but oxygen is
still depleted.

Chronostratigraphic age: Oligocene, late Rupelian to
early Chattian (late Kiscellian to early Egerian).

Biostratigraphy: Calcareous nannofossil Zone NP24 to
lower NP25 (SACHSENHOFER et al., 2010a); planktonic fora-
minifera Zone P21 (Paragloborotalia opima opima is considered
a marker species; ROGL & RupP, 1996); benthic index fora-
minifera are Cancris bavaricus and Uvigerina moravia (CICHA et al.,
1998); Paleogene palaeofloral Zone Pg.Z. 20b (HOCHULI,
1978; ROGL et al., 1979).

Thickness: In well Zupfing 1, 140 m of sediment are re-
corded, maximum thickness is 450 m (SACHSENHOFER &
ScHuLz, 2006; GRosS et al., 2018).

Lithostratigraphically higher rank unit: “Untere Meeres-
molasse” (Lower Marine Molasse) in Bavaria (as “Dunkel-
olivgriiner Mergelton” (NATHAN, 1949) or “Rupel-Tonmer-
gel” (DOPPLER & SCHWERD, 1996; DOPPLER et al., 2005)).

Lithostratigraphic subdivision: -

Underlying unit(s): Eggerding Formation with sharp
boundary; occasionally direct on Lithothamnium Lime-
stone due to submarine erosion.

Overlying unit(s): Eferding Formation or Ebelsberg Forma-
tion, gradational development, depending on the position
in the basin or erosive top with overlying Puchkirchen For-
mation or Miocene Hall or Innviertel Group.

Lateral unit(s): Erosional contact to the Puchkirchen For-
mation in the south and Innviertel Group in the north, in-
terfingering to the north with sands of the Linz-Melk For-
mation. Towards the west, in Upper Bavaria the marine
shale facies interfingers with the sand facies of the “Bau-
steinschichten” (REISER, 1987; SCHWERD et al., 1996; DoPP-
LER & SCHWERD, 1996) (herein named Horw Sandstone in
the NAFB of Vorarlberg). In the southern Molasse imbri-
cates the formation interfingers with the Rogatsboden For-
mation.

A corresponding deep-water facies is developed in the
Waschberg Unit in the Thomasl Formation (FucHs et al.,
2001a). This formation continues to the northeast into the
Sitbofice Member of the Zdanice Unit and, to the west, its
upper part correlates with the Zupfing Formation. A similar
facies and microfauna is observed in Hungary in the Kis-
cell Clay (BALDI, 1986).

Geographic distribution: Widespread in the NAFB in Up-
per Austria and Bavaria.

Remarks: -

Complementary references: MULLER (1978), PILLER et al.
(2004), RupPP (20092, b, 2011a, b, 2014), Rupp & CORIC
(2017).

Eferding-Formation / Eferding Formation
WERNER E. PILLER, LUDWIG R. WAGNER & FRED ROGL

Validity: Valid; WAGNER (1996a, 1998) introduced the name
Eferding Formation for pelitic and sandy shelf sediments,
which were part of “Alterer Schlier” in the older literature;
Rupp & CORIC (2015) provide a detailed description and
formalization of the formation.

Type area: Area around the town Eferding, Eferding Basin,
U"pper Austria; OK50-UTM, map sheet 3324 Grieskirchen
(OK50-BMN, map sheet 31 Eferding).

Type section: Abandoned sand- and clay pit Obermair
(owner Quarzsande GmbH) (N 48°18'14" / E 13°59'37") in
the village Unterrudling, community Hinzenbach, c. 2 km
west of the town Eferding, Eferding Basin, Upper Austria
(Rupp & CORIC, 2015: p. 34-37). The Eferding Formation
is about 20 m thick in this outcrop and the lower bound-
ary is exposed; OK50-UTM, map sheet 3324 Grieskirchen
(OK50-BMN, map sheet 31 Eferding).

Reference section(s): Clay pit near the hamlet Polsenz
(N 48°17'52" / E 13°59'29") (owner Leitl Spannton GmbH),
1 km south of the brickyard Unterrudling, community
Hinzenbach, Eferding Basin, Upper Austria; OK50-UTM,
map sheet 3324 Grieskirchen (OK50-BMN, map sheet 31
Eferding) (Rupp & CORIC, 2015: p. 37). Compared to the
type section the reference section represents a slightly
higher part.
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Derivation of name: Named after the town Eferding, c.
20 km W of the city of Linz, Eferding Basin, Hausruck-
viertel district, Upper Austria; OK50-UTM, map sheet 4319
Linz (OK50-BMN, map sheet 31 Eferding).

Synonyms: Alterer Schlier p.p., Rupel-Tonmergel p.p., oli-
gozéner Schieferton p.p., Puchkirchener Serie p.p., Puch-
kirchener Schichtengruppe p.p.

Lithology: Dark grey to dark brown-grey, silty and sandy,
micaceous, well-bedded pelites with large dolomitic con-
cretions or Fe-dolomitic banks/beds; strongly bioturbated.
Sandy intercalations occur, especially near to the Linz-
Melk Formation.

Fossils: Calcareous nannoplankton and rich benthic and
scarce planktonic foraminiferal assemblages (RupP &
CORIG, 2015) occur and some ostracods. Fish bones and
teeth (FEICHTINGER et al., 2020), small molluscs, and trace
fossils are abundant in some parts. Plant remains, espe-
cially leaves in the concretions (KOVAR-EDER & BERGER,
1987) are abundant. Palynomorphs are dominated by arc-
totertiary elements, and dinoflagellates are very diverse
(HocHuLl, 1978).

Origin, facies: Shelf deposits. At the type locality the
lower part is deposited in the lower neritic zone, the up-
per part in bathyal depth (based on benthic foraminifers).
The environment was mostly well oxidized with high food
availability. Raised food levels (upwelling?) are expressed
by nannoplankton blooms. Abundant shallow water fora-
minifers (e.g., Asterigerinata) point to transportation (RUPP &
CORIG, 2015). Slides and slumps of sediments of the Efer-
ding Formation into the basin interfinger with the Rogats-
boden Formation (WAGNER, 1998).

Chronostratigraphic age: Late Oligocene, Chattian (early
Egerian).

Biostratigraphy: Calcareous nannofossil Zone upper
NP25 (Rupp & CORIC, 2015), planktonic foraminifera Zone
P22, paleofloral Zone Ng.Z.l (HocHuLl, 1978; ROGL et al.,
1979).

Thickness: In the stratotype Unterrudling about 20 m, in
the reference section Polsenz 14 m, in deep wells 100 m
are reported (e.g., Zupfing 1).

Lithostratigraphically higher rank unit: -
Lithostratigraphic subdivision: -

Underlying unit(s): Zupfing Formation (basinward), Linz-
Melk Formation (shoreward).

Overlying unit(s): Ebelsberg Formation and Linz-Melk For-
mation.

Lateral unit(s): Linz-Melk Formation (interfingering shore-
ward), Puchkirchen Formation.

Geographic distribution: In Upper Austria, the Eferding
Formation occurs in the Eferding Subbasin south of the
Danube and in the Gallneukirchen Subbasin north of the
Danube (GRILL, 1937). On a wider scale, occurrences are
reported from Upper and Lower Austria (not as Eferding
Formation but as “Alterer Schlier”) and also from Bavar-
ia. Similar sediments in the disturbed Molasse of Upper
Bavaria (e.g., Traun section in HAGN & HOLzL, 1952) are
southward directed slumps.
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Remarks: The sediments, which were summarized in the
unit “Alterer Schlier”, became subdivided more recently
in three formations (Zupfing Formation, Eferding Forma-
tion, Ebelsberg Formation). These represent all pelitic sed-
iments (clays, clayey marls, marls with subordinate fine
sand and silt content) and are very difficult to differentiate
in small and tectonically disturbed occurrences; as a con-
sequence, the old comprehensive term “Alterer Schlier” is
still in use (e.g., KRENMAYR & SCHNABEL, 2006; RuUPP et al.,
2011). Reports in the literature have therefore to be treated
with care since a further differentiation has not made.

Complementary references: PILLER et al. (2004), SCHULZ
et al. (2004), Rupp (2008b, 2009a, b, 2011a, 2013c, 2016,
2018), SACHSENHOFER et al. (2010a), Rurp & CORIC (2012).

Ebelsberg-Formation / Ebelsberg Formation
WERNER E. PILLER, LUDWIG R. WAGNER & FRED ROGL

Validity: Valid; part of the “Alterer Schlier” in the Egerian
is the so-called “Fischschiefer” (fish shale); for this unit,
WAGNER (1996a, 1998) introduced the name Ebelsberg
Formation and Rupp & CORIG (2012) provide a detailed de-
scription and formalization.

Type area: In the area between Linz-Ebelsberg and the
town Wels along the river Traun, Upper Austria; OK50-
UTM, map sheets 4319 Linz, 4320 Perg, 4325 Wels ((")KSO—
BMN, map sheets 32 Linz, 33 Steyregg, 50 Bad Hall).

Remark: Surface outcrops are very rare nowadays but are
reported along the river Traun within Linz-Ebelsberg, at
the base of the castle of Ebelsberg and along the creek
Aumihlbach in the subdistrict Ufer of Ebelsberg (Rurp &
CORIG, 2012). The outcrop Pucking (GREGOROVA et al.,
2009; GRUNERT et al., 2010c) existed only temporarily for
the building of an electric power plant at the river Traun
(N 48°12'22" / E 14°13'27").

Type section: Shallow well UE 50 (32 m total depth; Ebels-
berg Formation from 11-32 m) (N 48°15'09" / E 14°20'27"),
c. 400 m W of the railway station Ebelsberg, Ebelsberg is
a district of the city Linz, Upper Austria; OK50-UTM, map
sheets 4319 Linz, 4320 Perg (OK50-BMN, map sheets 32
Linz, 33 Steyregg).

Reference section(s): Not defined; a possible reference
section could be the clay pit at the hamlet Graben, near
Finklham, c. 5 km NE of the market town Bad Schaller-
bach (KRENMAYR & RuPP, 1996) (N 48°14'32" / E 13°59'24");
OK50-UTM, map sheet 3324 Grieskirchen (OK50-BMN,
map sheet 49 Wels). This locality could act as reference
section for diatomite/menilite occurrences within the for-
mation, which are missing in the type section.

Derivation of name: Named after Ebelsberg, a district in
the southern part of the city Linz, Upper Austria; OK50-
UTM, map sheets 4319 Linz, 4320 Perg (OK50-BMN, map
sheets 50 Bad Hall, 51 Steyr).

Synonyms: Alterer Schlier, Meletta Schlier, Aquitan-
Fischschiefer, Schieferton, Phosphoritton, Puchkirchener
Serie p.p.

Lithology: Dark grey to grey-brown, weathered light
brown, well bedded to finely laminated, fine silty shales
with variable carbonate contents. Interbedded are Fe-do-



lomitic limestone layers, commonly phosphoritic nodules
and platy aggregates along the bedding planes. In vari-
ous sections, diatomaceous shales and diatomites/menil-
ites are interbedded with the shales.

Fossils: Calcareous nannoplankton (KRENMAYR & RUPP,
1996; GREGOROVA et al., 2009; Rupp & CORI¢, 201 2), plank-
tonic and benthic foraminifera (RupP & HAUNOLD-JEN-
KE, 2003; GRUNERT et al., 2010c), diatoms, silicoflagel-
lates (BACHMANN, 1970), siliceous sponge spicules, and
molluscs (including pteropod mass occurrences) are well
known. Outstanding is the preservation of fish remains
and complete fish skeletons (e.g., giant sunfish Austro-
mola: HARZHAUSER et al., 2008b; GREGOROVA et al., 2009;
GRUNERT et al., 2010c) but also a dolphin was discovered.
Palynomorphs and dinoflagellates were studied by HOCHU-
LI (1978) and GRUNERT et al. (2010c), and brown algae and
plant leaves by KOVAR (1982).

Origin, facies: Located at the northern shelf to slope of
the NAFB, the sediments reflect a deep neritic to bathyal
environment with full marine conditions and cold bottom
water, oxygen depleted, nutrient rich, sometimes showing
eutrophication by upwelling (Rupp & CORI¢, 2012). In some
parts (e.g., locality Pucking), fine lamination, missing bio-
turbation and the excellent preservation of macrofossils
point to dysoxic-anoxic bottom water conditions (GRUNERT
et al., 2010c). Some species of the fish fauna come from
the deep sea, indicating a deep basin of 1,000-1,500 m in
southern direction (ROGL et al., 1979). The development
of diatomites indicates nutrient rich surface water, possi-
bly connected to upwelling. Since the NAFB was already
closed to the west in Bavaria, restricted circulation was
the result.

Chronostratigraphic age: Late Oligocene, Chattian (early
Egerian) to early Miocene, Aquitanian (late Egerian).

Biostratigraphy: Calcareous nannofossil Zones upper
NP25 to NN2 (GREGOROVA et al., 2009; GRUNERT et al.,
2010c); palaeofloral Zone Ng.Z.II (HoCHuULI, 1978).

Thickness: In surface outcrops only few meters are ex-
posed, in the type section 21 m and in deep wells, e.g.,
Zupfing 1, approximately 150 m are reported.

Lithostratigraphically higher rank unit: -
Lithostratigraphic subdivision: -

Underlying unit(s): Eferding Formation, Linz-Melk Forma-
tion in transgressive or gradational contacts.

Overlying unit(s): Hall Group and Robulus Schlier (ero-
sive).

Lateral unit(s): Puchkirchen Formation. Sediments of the
Ebelsberg Formation as slides in the uppermost parts of
the Puchkirchen Formation and slumps in the lower Mio-
cene Lindach Formation are common.

Geographic distribution: Widespread in the NAFB in
Upper and Lower Austria and Bavaria. Besides the very
restricted surface outcrops, the unit is well known from
many drillings in Upper Austria.

In Lower Austria, the term “Alterer Schlier” was already
used by NoOwAck (1921) for pelitic sediments in the area
between Ybbs an der Donau, Melk and St. Pélten which
interfinger with the sand of the Linz-Melk Formation.

ROETZEL et al. (1983) suggested the term “Alterer Schlier
Formation” for this unit. HARZHAUSER & MANDIC (2001)
described a mollusc fauna from the location Krustetten/
Tiefenfucha (N 48°22'01" / E 15°39'38"), c. 6.5 km SE of
the town Krems an der Donau, assigned these pelitic sed-
iments to the Ebelsberg Formation and gave a late Oli-
gocene (early Egerian) age (calcareous nannofossil Zone
NP25, planktonic formanifera Zone P22; palaeofloral Zone
Ng. Z. | after HOCHULI in ROETZEL et al., 1983).

Besides the above-mentioned outcrops in Upper Austria,
pelites with phosphoritic and dolomitic concretions in the
Gallneukirchen Subbasin north of the Danube, belong also
to the Ebelsberg Formation (GRILL, 1937).

In the disturbed Molasse of Upper Bavaria, slumps of the
Ebelsberg Formation, including diatomites, are described
from, e.g., the Thalberg Beds (HAGN & HOLZL, 1952).

In the Waschberg Unit of Lower Austria, the deep-water
facies of the Michelstetten Formation and Boudky Forma-
tion represent in part lateral equivalents, which continue in
the PouzdFany and Zdanice Units in Moravia. Siliceous mi-
crofossils are common but no diatomites occur. Further to
the northeast, in the Polish Carpathian Skole Unit, the Piat-
kowa Diatomite Horizon is developed in the lower part of
the Krosno Formation (KOTLARCZYK et al., 1985).

Remarks: The sediments, which were summarized in the
unit “Alterer Schlier”, became subdivided more recently
in three formations (Zupfing Formation, Eferding Forma-
tion, Ebelsberg Formation). These represent all pelitic sed-
iments (clays, clayey marls, marls with subordinate fine
sand and silt content) and are very difficult to differentiate
in small and tectonically disturbed occurrences; as a con-
sequence, the old comprehensive term “Alterer Schlier” is
still in use (e.g., KRENMAYR & SCHNABEL, 2006; RUPP et al.,
2011). Reports in the literature have therefore to be treated
with care since a further differentiation has not made.

Complementary references: FUCHS (1980a), PILLER et al.
(2004), RupP (2009q, b, 2011a, 2013b), SACHSENHOFER et
al. (2010a), Rupp & CORIC (2015).

Puchkirchen-Gruppe / Puchkirchen Group
WERNER E. PILLER, LUDWIG R. WAGNER & FRED ROGL

Validity: Valid; JANOSCHEK & KOLLMANN (in PAPP et al.,
1968a: p. 12) proposed for the sequence between the
“Tonmergelstufe” and the “Haller Serie” the term “Puch-
kirchener Serie” in the sense of a lithostratigraphic unit,
and designated the deep well Puchkirchen 1 as stratotype.

PAPP & STEININGER (1975: p. 71-74) introduced the “Puch-
kirchener Schichtengruppe” (= Puchkirchen Group) subdi-
viding it into “untere und obere Puchkirchener Schichten”,
“Untere und Obere Puchkirchener Schichtengruppe” and
“Untere und Obere Puchkirchener “Serie””, respectively.
In the same volume, KUPPER & STEININGER (1975: p. 205)
designated the deep well Puchkirchen 1 as type locality for
a faciostratotype of the “Puchkirchener Schichtengruppe”
within the Egerian stage O/OM,,. WAGNER (1996b: p. 41)
introduced the terms “Puchkirchener Gruppe” and “Untere
und Obere Puchkirchen-Formation”, but in 1998 he only
used “Puchkirchen Formation (Lower Portion)” and “Puch-
kirchen Formation (Upper Portion)”. In PILLER et al. (2004),
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the unit was named “Puchkirchen-Gruppe”. This usage
and the subdivision into a Lower Puchkirchen Formation
and an Upper Puchkirchen Formation has then been fol-
lowed by most authors, e.g., GRUNERT et al. (2013, 2015),
GROsS et al. (20154, b, 2018), GRUNDTNER et al. (2016), and
SACHSENHOFER et al. (2018) but is still used inconsistently
(e.g., SACHSENHOFER et al., 2010a; HULSCHER et al., 2019)
and considered even problematic (HULSCHER et al., 2019).

Type area: Oil field Puchkirchen, WNW of Vocklabruck,
Upper Austria; OK50-UTM, map sheet 3329 Vocklabruck
(OK50-BMN, map sheet 47 Ried im Innkreis).

Type section: Deep well Puchkirchen 1 (N 48°01'38" /
E 13°34'37"), 1,090.80-2,437.00 m, approx. 6.4 km WNW
of the town Vécklabruck, Rohédl-Aufsuchungs AG; OK50-
UTM, map sheet 3329 Voécklabruck (OK50-BMN, map
sheet 47 Ried im Innkreis). For a lithologic section of the
deep well see KUPPER & STEININGER (1975: Abb. 43). The
lower boundary to the Zupfing Formation is concordant
and gradational, the upper boundary to the Miocene Hall
Formation is erosive.

Reference section(s): -

Derivation of name: Named after the village Puchkirchen
am Trattberg (N 48°02'41" / E 13°34'24"), c. 8 km NW of the
town Vécklabruck, Hausruckviertel district, Upper Austria;
OK50-UTM, map sheet 3329 Vécklabruck (OK50-BMN,
map sheet 47 Ried im Innkreis).

Synonyms: Alterer Schlier p.p., Oligozénschlier p.p., Puch-
kirchener Serie (PAPP et al., 1968a), Puchkirchener Grup-
pe (WAGNER, 1996b), Puchkirchen-Gruppe (PILLER et al.,
2004; Rupp, 2011a), Untere und Obere Puchkirchen-For-
mation (WAGNER, 1996b), Lower and Upper Puchkirchen
Formation (WAGNER, 1996a), Puchkirchen Formation (Low-
er Portion) — Puchkirchen Formation (Upper Portion) (WAG-
NER, 1998), Lower and Upper Puchkirchen Beds (ZWEIGEL,
1998), Laakirchener Schichten (BURGL, 1949).

Lithology: The Puchkirchen Group contains a wide range
of clastic lithologies, including clast-supported sandy con-
glomerate, muddy matrix-supported conglomerate, peb-
bly sandstone, fine to coarse-grained sandstone, siltstone,
and mudstone (DE RuiG & HUBBARD, 2006; HUBBARD et al.,
2009). The sandy and muddy conglomerates contain com-
ponents from Central Alpine units (quartz, various crystal-
line rocks, dolomite, limestone, flint) but no Flysch or North
Alpine components (WAGNER, 1998).

Fossils: Calcareous nannoplankton; deep-water foramin-
ifera with common agglutinated species and rare plank-
tonic species (GRUNERT et al., 2015); rare specimens of
Miogypsinoides complanatus reported by KUPPER (1966) are
transported from the shallow shelf; ostracods. Palyno-
morphs and dinoflagellates have been investigated by HO-
CHULI (1978).

Origin, facies: The sediments of the Puchkirchen Group
were deposited in the deep marine Puchkirchen Trough.
Sedimentation occurred primarily in a basin-axial low-sin-
uosity channel belt, involving mass-transport complexes,
overbank deposits and tributary channel sediments (Puch-
kirchen Channel; e.g., DE RuUIG & HUBBARD, 2006; HINSCH,
2008; HUBBARD et al., 2005, 2009; BERNHARDT et al., 2012;
GRUNERT et al., 2015; HULSCHER et al., 2019). The Puch-
kirchen Channel System was 3-5 km wide and > 100 km
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long, and reached a depth between 500 and 1,500 m. High
surface water productivity resulted in an extensive oxygen
minimum zone along the northern slope (WAGNER, 1998;
GRUNERT et al., 2013, 2015; Rurp & CORIG, 2012). The
channel system was fed from the Bavarian shelf and the
Alpine hinterland (WAGNER, 1998; HINSCH, 2008; HUBBARD
et al., 2009).

Along the median of c. 13.5°, the base of the Puchkir-
chen Group is characterized by a major unconformity at
the northern slope of the basin, the so-called “Northern
Slope Unconformity (NSU)” which includes a hiatus from
26.9 Ma to 24.5 Ma (HULSCHER et al., 2019).

Chronostratigraphic age: Late Oligocene, late Chattian
to early Miocene, Burdigalian (Egerian—-Eggenburgian).

Sedimentation of the Puchkirchen Group started at
26.9 Ma in the axial part and at 24.5 Ma on the overbanks
(GRUNERT et al., 2015; HULSCHER et al., 2019). The top
is difficult to define because of the mostly erosional gap
between the Puchkirchen Group and the Hall Formation
(“Base Hall Unconformity (BHU)”, but is reconstructed in
deep well H, where no erosion occurs, at c. 19.6 Ma (HUL-
SCHER et al., 2019).

Biostratigraphy: Calcareous nannofossil zones cover up-
per NP25/CNO6 (CNO5 after HULSCHER et al., 2019) to up-
per NN2/CNM4, and planktonic foraminiferal Zones P22-
N5 (O7-M2 (O6-M2 after HULSCHER et al., 2019)), larger
benthic foraminifers SBZ23 (GRUNERT et al., 2015); palyno-
morphs show assemblages of palaeofloral Zones Ng.Z.l-
Ng.Z.ll (HocHuLI, 1978; ROGL et al., 1979).

Thickness: In the deep well Puchkirchen 1 the unit reach-
es 1,346 m, increasing in thickness towards the south and
reaching a maximum thickness of 2,500 m near the Alpine
thrust front (MALZER et al., 1993; WAGNER, 1998; GRUNERT
et al., 2015; GRoss et al., 2018).

Lithostratigraphically higher rank unit: -

Lithostratigraphic subdivision: Lower Puchkirchen For-
mation, Upper Puchkirchen Formation. JANOSCHEK &
KOLLMANN (in PAPP et al., 1968a: p. 12) subdivided the
“Puchkirchener Serie” into “untere Puchkirchener Serie”
of Chattian age and “obere Puchkirchener Serie” of Aqui-
tanian age. This differentiation has been used further on
(PAPP & STEININGER, 1975) and is based, besides lithologic
characters, on different foraminiferal faunas (GRUNERT et
al., 2015). Due to a diachronic deposition of sediments in
the central basin and the northern overbanks, HULSCHER et
al. (2019) consider it difficult to identify the Lower and Up-
per Puchkirchen formations depending on the facies.

Underlying unit(s): Zupfing Formation; in some wells in
gradational contact, but in deep wells H, W and Z with a
major unconformity and an onlap of sediments of the Pu-
chkirchen Group on the Zupfing Formation (HULSCHER et
al., 2019).

Overlying unit(s): Hall Formation, with a major subma-
rine erosional hiatus (“Base Hall Unconformity”, BHU) (e.g.,
GROSS et al., 2015a, 2018; HULSCHER et al., 2019).

Lateral unit(s): Linz-Melk Formation towards the north.
Zupfing and Ebelsberg formations to the south, partly with
erosional contact.



Geographic distribution: The Puchkirchen Trough ex-
tends from Bavaria over Salzburg and Upper Austria in the
central part of the NAFB paralleling the Alpine thrust front.

Remarks: In the older literature of Bavaria the Lower
Puchkirchen Formation is commonly referred to as “Unter-
Eger” (lower Egerian) and the Upper Puchkirchen Forma-
tion as “Ober-Eger” (upper Egerian) (e.g., HAGN, 1981; REI-
SER, 1987; WENGER, 1987a). More recently, however, the
terms Lower and Upper Puchkirchen Formations are also
applied (ZWEIGEL, 1998; DOPPLER et al., 2005). The “Laa-
kirchener Schichten”, introduced by BURGL (1949) belong
the Hall Group.

Complementary references: ABERER (1958, 1960), BRAU-
MULLER (1959), BALDI & SENES (1975), ROBINSON & ZIMMER
(1989), DOPPLER & SCHWERD (1996), UNGER (1996), RupPP
(20094, b), HINsSCH (2013).

Untere Puchkirchen-Formation (Puchkirchen-Gruppe) /
Lower Puchkirchen Formation (Puchkirchen Group)

WERNER E. PILLER

Validity: Valid; see Puchkirchen Group.

Type area: Oil field Puchkirchen, WNW of Vécklabruck,
Upper Austria; OK50-UTM, map sheet 3329 Vécklabruck
(OK50-BMN, map sheet 47 Ried im Innkreis).

Type section: Deep well Puchkirchen 1, Rohdl-Aufsu-
chungs AG, 1,846.00-2,437.00 m (N 48°01'38" /
E 13°34'37"; OK50-UTM, map sheet 3329 Vécklabruck
(OK50-BMN, map sheet 47 Ried im Innkreis). The lower
boundary to the Zupfing Formation is concordant, as is the
upper boundary to the Upper Puchkirchen Formation.

Reference section(s): -
Derivation of name: See Puchkirchen Group.

Synonyms: Alterer Schlier p.p., Oligozanschlier p.p., un-
tere Puchkirchener Schichten(gruppe) (PAPP & STEININGER,
1975), Untere Puchkirchener “Serie” (KUPPER & STEININGER,
1975), Puchkirchen Formation (Lower Portion) (WAGNER,
1998).

Lithology: Overall, grey clay marls, sandstones and con-
glomerates.

ABERER (1958) described the following sequence: fine
grained, micaceous, hard, unbedded sandstone at the
base with subordinate medium grey clay marl layers. Fol-
lowed by a thick package of alternating conglomerat-
ic gravel with grey, sandy marly matrix, grey fine grained
sandstone and grey hard clay marl.

BRAUMULLER (1959) gave a subdivision into four units (base
to top): Chatt 4: dark grey to dark brownish grey, monoto-
nous clay marl with thin sandstone layers; Chatt 3: alter-
nation of dark grey, sandy clay marl with fish remains and
sand and sandstone layers, fine gravel and thin coals lay-
ers; Chatt 1+2: predominantly clay marl.

KUPPER & STEININGER (1975) subdivided the Lower Puch-
kirchen Formation into “Liegende Tonmergel” (Lower cal-
careous shales), a “Sand-Schotterserie” (sand-gravel se-
quence) and “Hangende Tonmergel” (Upper calcareous
shales).

Fossils: Calcareous nannoplankton, foraminifers (mostly
agglutinated, planktonics subordinate), fish remains, plant
remains.

Origin, facies: See Puchkirchen Group.

Chronostratigraphic age: Late Oligocene, late Chattian
to early Miocene, early Aquitanian (late Egerian).

Sedimentation of the Lower Puchkirchen Formation started
at 26.9 Ma in the axial part of the channel and at 24.5 Ma
on the overbanks (GRUNERT et al., 2015; HULSCHER et al.,
2019).

The boundary between the Lower and Upper Puchkirchen
formations is reconstructed continuously for the type sec-
tion Puchkirchen 1 and is dated in deep well Hochburg 1
at 22.0-22.2 Ma (GRUNERT et al., 2015); in deep wells H, W
and Z occurs a hiatus between 23.5-22.5 Ma (HULSCHER et
al., 2019: Fig. 12; in the text, however, the later authors re-
fer to a boundary age ranging from 23.5-20.4 Mal).

Biostratigraphy: Agglutinated foraminiferal assemblage
with the lowest occurrence of Psammosiphonella cyclindrica
(= Rhabdammina linearis in older literature) and Reticulophragmi-
um aff. amplectens are indicative for the Lower Puchkirchen
Formation (ROGL & RupPP, 1996; ROGL et al., 1998). Paly-
nomorphs contain assemblages of paleofloral Zone Ng.Z.1
(HocHuULI, 1978; ROGL et al., 1979).

Thickness: In the type section of the deep well Puchkir-
chen 1, the Lower Puchkirchen Formation reaches 591 m.

Lithostratigraphically higher rank unit: Puchkirchen

Group.
Lithostratigraphic subdivision: The three units described

by KUPPER & STEININGER (1975) could be formalized as
members.

Underlying unit(s): Zupfing Formation; in some wells in
gradational contact, but in deep wells H, W and Z with
a major unconformity and an onlap of sediments of the
Puchkirchen Group on the Zupfing Formation (HULSCHER
et al., 2019).

Overlying unit(s): Upper Puchkirchen Formation. Continu-
ous between the Lower and Upper Puchkirchen formations
in the type section Puchkirchen 1, but also a semiregional
erosional unconformity is reported (HULSCHER et al., 2019).

Lateral unit(s): See Puchkirchen Group.
Geographic distribution: See Puchkirchen Group.
Remarks: -

Complementary references: ROBINSON & ZIMMER (1989),
HUBBARD et al. (2005, 2009), Rupp (2009a, b, 2011a, b).

Obere Puchkirchen-Formation (Puchkirchen-Gruppe) /
Upper Puchkirchen Formation (Puchkirchen Group)

WERNER E. PILLER

Validity: Valid; see Puchkirchen Group.

Type area: Oil field Puchkirchen, WNW of Vécklabruck,
U"pper Austria; OK50-UTM, map sheet 3329 Vécklabruck
(OK50-BMN, map sheet 47 Ried im Innkreis).

Type section: Deep well Puchkirchen 1, Roh&l-Aufsu-
chungs AG, 1,090.80-1,846.00 m (N 48°01'38" /
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E 13°34'37"); OK50-UTM, map sheet 3329 Vécklabruck
(OK50-BMN, map sheet 47 Ried im Innkreis). The lower
boundary to the Lower Puchkirchen Formation is continu-
ous, also the upper boundary to the Miocene Hall Forma-
tion (KUPPER & STEININGER, 1975: Abb. 43).

Reference section(s): -
Derivation of name: See Puchkirchen Group.

Synonyms: Alterer Schlier p.p., Oligozéanschlier p.p., obe-
re Puchkirchener Schichten(gruppe) (PAPP & STEININGER,
1975), Obere Puchkirchener “Serie” (KUPPER & STEININGER,
1975), Puchkirchen Formation (Upper Portion) (WAGNER,
1998).

Lithology: The Upper Puchkirchen Formation is lithologi-
cally more diverse than the Lower Puchkirchen Formation.
Basically, packages of coarse-grained siliciclastics (gravel,
conglomerates) alternating clay marls with sandy intercala-
tions. ABERER (1958) differentiated four units, A4-A1 (base
to top; “A” stands for Aquitanian); A4: conglomeratic gravel
with a grey, sandy-marly matrix intercalated with subordi-
nate greybrown, fine sandy, hard clay marl and grey fine
grained sandstone layers. A3: browngrey, fine sandy, mi-
caceous, indistinctly bedded, hard clay marls with some
gravel in the lower part. A2: conglomeratic gravel with grey
sandy-marly matrix, greybrown, hard clay marl, and grey
fine grained, hard sandstone and a thick “Murbsandstein”
horizon. A1: greybrown, slightly fine sandy, micaceous,
well bedded to laminated clay marl with fine-grained very
thin sand layers. Abundant fish remains on the bedding
planes (“A1 Fishshale”).

Fossils: Calcareous nannoplankton, foraminifers (mostly
agglutinated, planktonics subordinate), fish remains, plant
remains.

Origin, facies: See Puchkirchen Group.

Chronostratigraphic age: Early Miocene, late Aquitanian
to early Burdigalian (late Egerian to early Eggenburgian).
The Aquitanian/Burdigalian boundary is within the Upper
Puchkirchen Formation.

The boundary between the Lower and Upper Puchkirchen
formations is reconstructed continuously for the type sec-
tion Puchkirchen 1 and is dated in deep well Hochburg 1
at 22.0-22.2 Ma (GRUNERT et al., 2015); in deep wells H, W
and Z occurs a hiatus between 23.5-22.5 Ma (HULSCHER et
al., 2019: Fig. 12; in the text, however, the later authors re-
fer to a boundary age ranging from 23.5-20.4 Mal).

Biostratigraphy: The lower boundary of the Upper Puch-
kirchen Formation is defined by the first occurrence of
the agglutinated foraminifer Gaudryinopsis austriacus (ROGL &
RupP, 1996; ROGL et al., 1998). In the Upper Puchkirchen
Formation palaeofloral Zones Ng.Z.I-Ng.Z.II are recorded
(HocHuLI, 1978; ROGL et al., 1979).

Thickness: In the type section of the deep well Puchkir-
chen 1, the Upper Puchkirchen Formation reaches 755 m.

Lithostratigraphically higher rank unit: Puchkirchen
Group.

Lithostratigraphic subdivision: The four units (A4-A1)
described by ABERER (1958) could be formalized as mem-
bers.
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Underlying unit(s): Lower Puchkirchen Formation. Con-
tinuous between the Lower and Upper Puchkirchen forma-
tions in the type section Puchkirchen 1, but also a semi-
regional erosional unconformity is reported (HULSCHER et
al., 2019).

Overlying unit(s): Hall Formation, with mostly a subma-
rine erosional hiatus (“Base Hall Unconformity”, BHU) (e.g.,
GROsS et al., 2015a, 2018; HULSCHER et al., 2019).

Lateral unit(s): See Puchkirchen Group.
Geographic distribution: See Puchkirchen Group.
Remarks: -

Complementary references: BRAUMULLER (1959), ROBIN-
SON & ZIMMER (1989), HUBBARD et al. (2005, 2009), RurpP
(2009a, b, 2011a, b), BERNHARDT et al. (2012), SHARMAN et
al. (2018).

Hall-Gruppe / Hall Group
CHRISTIAN RUPP & WERNER E. PILLER

Validity: Invalid; the term was introduced by WAGNER
(1996b, 1998). He included, however, units of different ba-
sins and tectonic units in this group what is not appropri-
ate.

Type area: Area of Bad Hall and Steyr, Upper Austria;
OK50-UTM, map sheets 4325 Wels, 4326 Steyr (OK50-
BMN, map sheet 50 Bad Hall, 51 Steyr).

Type section: Not designated (see Hall Formation).
Reference section(s): -

Derivation of name: Named after the town Bad Hall, Up-
per Austria; OK50-UTM, map sheet 4325 Wels (OK50-
BMN, map sheet 50 Bad Hall).

Synonyms: Haller Serie Laakirchener

Schichten (BURGL, 1949).

(see remarks),

Lithology: Dominated by the so-called “Schlier”, which
represents greenish-grey pelites, weakly sandy and mi-
caceous, evenly thin bedded to bioturbated, locally oc-
cur beds of sand and sandstone. In some areas, mostly at
the base of the group, coarser grained sediments, coarse
sandstones and conglomerates (Lukasedt Formation, Lin-
dach Formation) occur.

Fossils: See formations off the Hall Group.

Origin, facies: Deposited in a several hundred meters
deep basin, with distal turbidites, contourites and hemi-
pelagites. Coarser grained sediments were deposited by
mass wasting in a deep-water channel system (DE RUIG &
HUBBARD, 2006; HUBBARD et al., 2009; BERNHARDT et al.,
2012).

Chronostratigraphic age: Early Miocene, early Burdi-
galian (Eggenburgian).

Biostratigraphy: Calcareous nannofossil Zones NN2 and
NN3; European land mammal Zone MN3; regional mollusc
stratigraphy (PILLER et al., 2007).

Thickness: Maximum thickness > 800 m.

Lithostratigraphically higher rank unit: -



Lithostratigraphic subdivision: Lindach Formation, Hall
Formation, Lukasedt Formation.

Remark: WAGNER (1996b, 1998) informally subdivided the
Hall Group into the Hall Formation, Lukasedt Formation,
Lindach Formation (all Upper Austria) and included also
the units “Sandstreifenschlier”, Ernstbrunn Formation and
the Buchberg Conglomerate, which are located in Lower
Austria and belong to the Molasse Zone and the Wasch-
berg Unit, respectively.

Underlying unit(s): “Alterer Schlier”, Ebelsberg Formation,
Puchkirchen Formation.

Overlying unit(s): Innviertel Group, Robulusschlier.
Lateral unit(s): See formations.

Geographic distribution: Between the rivers Salzach, Inn
and Enns in Salzburg and Upper Austria.

Remarks: The Haller Serie sensu JANOSCHEK & KOLLMANN
(in PAPP et al., 1968a) comprises only the Haller Schlier
between Salzach-Inn and Enns (Hall Formation) and its
equivalents (actual: Lukasedt Formation and Lindach For-
mation).

Contrary to PILLER et al. (2004), Rupp (2008a, b, 2009a, b,
2011a) did not apply the term Hall Group.

Complementary references: ROGL & RuPP (1996).

Lindach-Formation (Hall-Gruppe) /
Lindach Formation (Hall Group)

CHRISTIAN RUPP & WERNER E. PILLER

Validity: Invalid; denominated by WAGNER (1996b, 1998)
but not sufficiently described and formalized.

Type area: Lindach, NE Gmunden, Upper Austria; OK50-
UTM, map sheet 3206 Gmunden (OK50-BMN, map sheet
67 Grinau im Almtal).

Type section: -
Reference section(s): -

Derivation of name: Deep drilling Lindach 1 (Rohdl-AG);
N 48°00'38" / E 13°49'22".

Synonyms: Haller Basisschichten, Grobklastische Haller
Basisschichten (ROETzEL & KRENMAYR, 1996), Lindacher
Schichten, Lindach Gruppe, “Basal Silts” (“Basis Silte”)
(GRUNERT et al., 2013).

Lithology: An alternation of light grey, micaceous pelites,
silts, sands and sandy and muddy conglomerates.

Fossils: An almost completely reworked microfauna; rare
autochthonous agglutinated foraminifers.

Origin, facies: Deep-water erosional channel with turbi-
dites, massflows and slumps (Basal Hall Formation Chan-
nel: HINSCH, 2008).

Chronostratigraphic age: Early Miocene, early Burdi-
galian (early (?) Eggenburgian).

Biostratigraphy: No data.

Thickness: Maximum thickness around 150 m (BERNHARD,
1988).

Lithostratigraphically higher rank unit: Hall Group (in-
valid).

Lithostratigraphic subdivision: -

Underlying unit(s): “Alterer Schlier”, Upper Puchkirchen
Formation.

Overlying unit(s): Hall Formation.
Lateral unit(s): Hall Formation.

Geographic distribution: Subsurface widely distributed in
Upper Austria.

Remarks: The Lindach Formation is positioned by Rupp
(2008b: Abb. 15) close to the base or at the base (Rupp,
2011a: Abb. 9; GRUNERT et al., 2013: Basal Silts) of the Hall
Formation and the Lukasedt Formation near the top. Con-
trary, WAGNER (1996b: p. 43, Abb. 24; 1998: p. 356, Fig. 9)
placed the Lukasedt Formation at the base of the Hall
Group and considers also the younger Lindach Formation
as sediments of an erosional channel which migrated into
a more northward position.

Complementary references: RuppP (2009a, b).

Hall-Formation (Hall-Gruppe) /
Hall Formation (Hall Group)

WERNER E. PILLER & CHRISTIAN RuPP

Validity: Invalid; the wide distribution of this sediment in
the NAFB is frequently reported in the literature, usually
named “Haller Schlier”. Already FUuCHs (1874: p. 111-112)
introduced the name “Schlier von Hall”, PETTERS (1936)
used the term “Haller Schlier” and JANOSCHEK & KOLLMANN
in PAPP et al. (1968a, b) suggested the term “Haller Serie”.

Type area: Area of Bad Hall and Steyr, Upper Austria;
OK50-UTM, map sheet 4325 Wels (OK50-BMN, map sheet
50 Bad Hall).

Type section: Not designated.
Reference section(s): -

Derivation of name: Named after the town Bad Hall, Up-
per Austria; OK50-UTM, map sheet 4325 Wels (OK50-
BMN, map sheet 50 Bad Hall).

Synonyms: Schlier von Hall (FUcHS, 1874), Haller Schlier
(e.g., PETTERS, 1936), Haller Serie (ROETZEL & KRENMAYR,
1996), “Schlier of Hall” (GRUNERT et al., 2013).

Lithology: Greenish-grey pelites, weakly sandy and mica-
ceous, evenly thin bedded to bioturbated, locally beds of
sand and sandstone.

Fossils: Molluscs (pteropods occur frequently in coquinas)
(ABERER & BRAUMULLER, 1947; SIEBER, 1956a), foraminifera
(RuPP & HAUNOLD-JENKE, 2003; GRUNERT et al., 2013). PET-
TERS (1936) distinguished between “Unterer und Oberer
Haller Fauna” with a rich fauna in the upper part and a poor
one in the lower.

Origin, facies: Deposited in a several hundred meters
deep basin; the lower part represents the final infill and
termination of the Puchkirchen Channel, the upper part is
made up of clinoforms prograding from the south which fill
up the basin within 1 Myrs (HULSCHER et al., 2019).
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Chronostratigraphic age: Early Miocene, early Burdi-
galian (Eggenburgian to early Ottnangian) (GRUNERT et al.,
2013). Sedimentation of the Hall Formation covers the time
span from 19.6 to 18.1 Ma (HULSCHER et al., 2019).

Biostratigraphy: Calcareous nannofossil Zones NN2 and
NN3 (GRUNERT et al., 2013), local foraminiferal stratigraphy
(CICHA et al., 1998; RupPP & HAUNOLD-JENKE, 2003; PILLER
et al., 2007; PIPPERR & REICHENBACHER, 2009).

Thickness: Maximum thickness > 800 m (ABERER, 1958;
WAGNER, 1998; GRUNERT et al., 2015).

Lithostratigraphically higher rank unit: Hall Group (in-
valid).

Lithostratigraphic subdivision: Not defined, but already
PETTERS (1936) differentiated “Unterer und Oberer Haller
Schlier” which then have been frequently used in the litera-
ture (e.g., BURGL, 1946, 1949; ABERER, 1958, 1960; BRAU-
MULLER, 1959; CICHA et al., 1998).

Underlying unit(s): Lindach Formation (see also remarks)
(gradational); “Alterer Schlier” (diachronous); Upper Puch-
kirchen Formation (Puchkirchen Group), with mostly a sub-
marine erosional hiatus (“Base Hall Unconformity”, BHU)
(e.g., GROSS et al., 2015a, 2018; HULSCHER et al., 2019).

Overlying unit(s): Lukasedt Formation (but see also re-
marks), Innviertel Group, Robulusschlier.

Lateral unit(s): Lukasedt Formation (Hall Group), “Sand-
streifenschlier” (in Lower Austria), “Ortenburger Meeres-
sande” in SE Bavaria (e.g., PIPPERR & REICHENBACHER,
2009).

Geographic distribution: Between the rivers Salzach, Inn
and Enns in Salzburg and Upper Austria.

Remarks: Based on a sequence stratigraphic model,
GRUNERT et al. (2013) subdivided the Hall Formation in a
lower, middle and upper portion representing the global
3rd-order sequences Bur 1-3.

The Lindach Formation is positioned by Rupp (2008b:
Abb. 15) close to the base or at the base (Rupp, 2011a:
Abb. 9; GRUNERT et al., 2013: Basal Silts) of the Hall For-
mation and the Lukasedt Formation near to the top. Con-
trary, WAGNER (1996b: p. 43, Abb. 24; 1998: p. 356, Fig. 9)
places the Lukasedt Formation at the base of the Hall
Group (see also Lukasedt Formation).

Complementary references: HOERNES (1875a, b), BRAU-
MULLER (1959), ROETZEL & KRENMAYR (1996).

Lukasedt-Formation (Hall-Gruppe) /
Lukasedt Formation (Hall Group)

CHRISTIAN RupP

Validity: Valid; denominated by WAGNER (1996b: p. 43) and
formalized by Rupp (2009a).

Type area: Lukasedt, SE Oberndorf bei Salzburg, Salz-
burg; OK50-UTM, map sheet 3203 Freilassing (OK50-
BMN, map sheet 63 Salzburg).

Type section: Outcrop along the path to the sawmill (“up-
per mill”) in the village Dreimihlen near Lukasedt, 1.3 km
E Oberndorf in Salzburg (N 47°56'23" / E 12°57'43"), Salz-
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burg (ROETZEL et al., 1991a); OK50-UTM, map sheet 3203
Freilassing (OK50-BMN, map sheet 63 Salzburg). Lower
and upper boundaries not outcropping.

Reference section(s): -

Derivation of name: Named after the village Lukasedt (old
name: Lukasod, e.g., ABERER, 1958) near Oberndorf bei
Salzburg, Salzburg; OK50-UTM, map sheet 3203 Freilas-
sing (OK50-BMN, map sheet 63 Salzburg).

Synonyms: Gerdllmergel, Gerdlimergelgruppe des Schliers,
Sandstein-Sandschlier, Sandschlier (TRAUB, 1948), Sand-
Schottergruppe (ABERER & BRAUMULLER, 1947; ROETZEL et
al., 1991a).

Lithology: Lower part: grey, gravelly sandy pelites and
pelitic sands to muddy or sandy conglomerates, almost
massive and rich in fossils, rarely beds of sandstone inter-
calated. The gravels are mainly quartz, quartzite and dark
dolomite. Upper part: brownish, micaceous, partly pelitic,
massive fine sands alternating with grey, sandy pelites,
massive or laminated, often rich in plant debris. Several
beds of sandstone are intercalated.

Fossils: The lower part contains many molluscs; the upper
part is rich in plant debris (ROETZEL et al., 1991a). Foramini-
fers generally are rare (Rupp, 2009a).

Origin, facies: The lower part represents mudflow-sedi-
ments and the upper part are quickly deposited massive
sands representing the distal and marine part of the “Pa-
leo-Salzach” fan delta.

Chronostratigraphic age: Early Miocene, early Burdi-
galian (Eggenburgian).

Biostratigraphy: Molluscs (especially pteropods) and for-
aminifers indicate an Eggenburgian age.

Thickness: 350 m.

Lithostratigraphically higher rank unit: Hall Group (in-
valid).

Lithostratigraphic subdivision: -

Underlying unit(s): Hall Formation (Hall Group).

Overlying unit(s): Wachtberg Formation and Innviertel
Group.

Lateral unit(s): Hall Formation (Hall Group).

Geographic distribution: Area north of the city of Salz-
burg (BRAUNSTINGL, 2005; Rupp, 2011a).

Remarks: Following the description of ABERER (1958:
p. 47), Rupp (2008b: Abb. 15) positioned the Lukasedt For-
mation near the top of the Hall Formation Consequent-
ly, the Lindach Formation is close to the base or at its
base (Rupp, 2011a: Abb. 9; GRUNERT et al., 2013: Bas-
al Silts). Contrary to this opinion, WAGNER (1996b: p. 43;
1998: p. 356, Fig. 9) placed the Lukasedt Formation at the
base of the Hall Group.

Complementary references: RupPP (2009a, b).



Wachtberg-Formation / Wachtberg Formation
WERNER E. PILLER

Validity: Invalid; this unit has been introduced as “Sand-
Schottergruppe” by ABERER & BRAUMULLER (1947: p. 133ff.)
and widely used, but renamed to “Wachtberg-Formation”
by WAGNER (1996b: p. 44) without further indications.

Type area: Between the hill Wachtberg (E Oberndorf
bei Salzburg) and Steinbach, c. 20 km north of the city
of Salzburg in the surroundings of NuBdorf am Hauns-
berg, Salzburg; OK50-UTM, map sheets 3203 Freilassing,
3204 Salzburg (OK50-BMN, map sheets 63 Salzburg, 64
StraBwalchen).

Type section: -
Reference section(s): -

Derivation of name: The hill Wachtberg (500 m a.s.l.)
(N 47°57'15" / E 12°58'44"), c. 3 km NE of the town Obern-
dorf bei Salzburg, Salzburg; OK50-UTM, map sheet 3203
Freilassing (OK50-BMN, map sheets 63 Salzburg).

Synonyms: Sand-Schotter-Gruppe (ABERER & BRAUMUL-
LER, 1947; ABERER, 1958), Sand-Schottergruppe (FAUPL &
ROETZEL, 1987), Sandschottergruppe (FAUPL et al., 1988),
sand gravel group, Wachtberg Gravel (WAGNER, 1998).

Lithology: Grey green, marly fine sands alternating with
subordinate claymarl layers. Intercalated are gravel beds
of quartz and crystalline rocks, partly conglomeratic. The
gravels/conglomerates occur in three distinct belts be-
tween Wachtberg-Steinbach, Grub-Lauterbach, and StieB3-
berg-Lielon-Thal.

Fossils: Molluscs, foraminifers (rare).

Origin, facies: Marine fan-delta sediments of the “Paleo-
Salzach” river with laterial facies changes over short dis-
tances and rapid pinch out.

Chronostratigraphic age: Early Miocene, Burdigalian
(late Eggenburgian-middle Ottnangian) (RuppP, 2009a).

Biostratigraphy: Stratigraphic markers nearly absent, but
the occurrence of Lenticulina buergli (WENGER) and the ptero-
pod Clio triplicata AUDENINO in the lowermost parts indicate
an Eggenburgian age (Rupp, 2009a).

Thickness: Maximum of 100 m (ABERER, 1958: p. 48).
Lithostratigraphically higher rank unit: -
Lithostratigraphic subdivision: -

Underlying unit(s): Lukasedt Formation (Hall
(RupP, 2011a) (gradational).

Group)

Overlying unit(s): Mehrnbach Formation, Oncophora For-
mation.

Lateral unit(s): Robulus Schlier s.str., Ried Formation,
Kletzenmarkt Formation to the north, Atzbach Formation
and Vockla Formation to the east and Braunau Formation
to the west (ABERER, 1958; KRENMAYR & ROETZEL, 1996a;
RupP, 2011a).

Geographic distribution: Between Oberndorf bei Salz-
burg (Salzburg) and Feldbach near Lochen (Upper Austria);
OK50-UTM, map sheets 3203 Freilassing, 3204 Salzburg,
3328 Mattighofen (OK50-BMN, map sheets 46 Mattig-
hofen, 63 Salzburg, 64 StraBwalchen).

Remarks: WAGNER (1996b) did not provide any further
explanations for renaming the “Sand-Schottergruppe” to
Wachtberg Formation. Additionally, WAGNER (1998: p. 365)
listed the “Wachtberg Formation (sand gravel group)” with-
in the Innviertel Group.

Complementary references: KRENMAYR & ROETZEL
(1996a), RupP & VAN HUSEN (2007), Rupp (2009a, b, 2008b),
EGGER & VAN HUSEN (2009b).

Vorchdorf-Formation / Vorchdorf Formation
WERNER E. PILLER

Validity: Valid; described and formalized by EGGER et al.
(2007a: p. 29-30).

Type area: Restricted to the area around and along the
river Alm south of the market town Vorchdorf, Traunvier-
tel district, Upper Austria; OK50-UTM, map sheets 3206
Gmunden, 3330 Attnang-Puchheim (OK50-BMN, map
sheets 67 Grunau im Almtal, 49 Wels).

Type section: Outcrop along the eastern undercut
bank of the river Alm, E of the settlement Pappelleiten,
c. 1.5 km SE of the market town Vorchdorf and c. 13 km
NE of the town Gmunden, Upper Austria (N 47°59'28.81" /
E 13°56'08.17"); OK50-UTM, map sheet 3206 Gmunden
(OK50-BMN, map sheet 67 Griinau im Almtal). Lower and
upper boundaries not exposed.

Reference section(s): -

Derivation of name: Named after the ma[ket town Vorch-
dorf, Traunviertel district, Upper"Austria; OK50-UTM, map
sheet 3330 Attnang-Puchheim (OK50-BMN, map sheet 49
Wels).

Synonyms: Robulusschlier s.str. (RUPP & KRENMAYR, 1996),
Sandrinnen(fazies) im Robulusschlier (RUPP & KRENMAYR,
1996), “Robulusschlier mit Sandrinnen” (RupP & HAUNOLD-
JENKE, 2003).

Lithology: Blue-grey to olive-grey clayey silts with vari-
able amount of sand and sandsilt, micaceous, poorly bed-
ded, frequently bioturbated. Intercalated are several me-
ters thick yellowish-grey to grey medium sandy fine sands,
with low silt and clay content, micaceous, sometimes
pelite clasts at the base. These sands are frequently con-
cretionary. The sands pinch out laterally and reflect chan-
nels. In these sands, relicts of cross-bedding, flaser and
lenticular bedding are sometimes preserved (RUPP & KREN-
MAYR, 1996; EGGER et al., 2007a).

Fossils: A rich microfauna with benthic (Ammonia and Cibici-
doides/Lobatula dominated) and planktic (around 50 %) forms
is reported from the pelitic parts. The shallow water indica-
tors are considered to be reworked (RuPP & HAUNOLD-JEN-
KE, 2003; EGGER et al., 2007a).

Origin, facies: The pelites correspond to the Robulus-
schlier and are marine, representing a deep-neritic to up-
per bathyal (?) basinal facies of quiet water conditions.
This environment is interrupted by sand filled channels
with allochthonous microfauna (EGGER et al., 2007a).

Chronostratigraphic age: Early Miocene, Burdigalian
(early Ottnangian) (EGGER et al., 2007a). The base of the
Vorchdorf Formation represents the Eggenburgian/Ottnan-
gian boundary (RuppP & VAN HUSEN, 2008).
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Biostratigraphy: The lower boundary of the Vorchdorf For-
mation is well defined by the last occurrence of Lenticulina
buergli (top Hall Formation = top Eggenburgian) and the first
occurrence of Amphicoryna ottnangensis (ROGL & Rupp, 1996).

Thickness: Several meters (but no clear indication in the
literature).

Lithostratigraphically higher rank unit: -
Lithostratigraphic subdivision: -
Underlying unit(s): Hall Formation (Hall Group).

Overlying unit(s): Robulusschlier s.str. (boundary drawn
by the disappearance of the sand channels).

Lateral unit(s): Véckla Formation (EGGER et al., 2007a).

Geographic distribution: Restricted to a narrow area
around Vorchdorf, Upper Austria.

Remarks: This formation seems to be a transitional unit
between the Vockl-Formation and the Robulus Schilier.

Complementary references: EGGER (2007a), EGGER & VAN
HUSEN (2007), Rupp (2008b, 2009a, b, 2011a).

Robulus-Schlier / Robulus Schlier
WERNER E. PILLER

Validity: Invalid; mentioned for the first time as Robulus
inornatus-Schlier by PETTERS (1936) but without providing
details applicable to formalization. ABERER (1958) differen-
tiated a Robulus Schlier s.l. and s.str. (see below). Herein
we include only the Robulus Schlier s.str. For specific oc-
currences and details in Lower Austria compare with the
description there.

Type area: Area between the markqt towns Bad Schaller-
bach and Lambach,"Upper Austria; OK50-UTM, map sheet
3324 Grieskirchen (OK50-BMN, map sheet 49 Wels).

Type section: -
Reference section(s): -

Derivation of name: Named after the foraminiferal genus
Robulus (= Lenticulina).

Synonyms: Robulus inornatus-Schlier (PETTERS, 1936), Ro-
bulus Schlier (GRILL, 1941), Robulusschlier s.str. (ABE-
RER, 1958; RupP, 2008b), Ottnanger Schlier (BURGL, 1946),
miozaner Schlier p.p., Jungerer Schlier (Rupp, 2011a).

Lithology: Olive grey to blue grey clayey sandy silts with
a carbonate content > 25 %; finely, even to slightly wavy
laminated with silty-sandy lenses, indistinctly bedded; in
part strongly bioturbated.

Fossils: Foraminifers (the abundant occurrence of Lenticu-
lina (= Robulus) is reflected in its name) dominated by small
planktonic taxa (FuCHs, 1968a: p. 52; KRENMAYR & RuUPP,
1996a), ostracods (ZORN, 1997), macrofossils are rare
(molluscs, irregular echinoids), trace fossils.

Origin, facies: Marine, deep-neritic to upper bathyal (?)
basinal facies of quiet water conditions.

Chronostratigraphic age: Early Miocene, Burdigalian
(early Ottnangian).

Biostratigraphy: The abundant occurrence of Lenticulina or-
nata (D'ORBIGNY) indicates lower Ottnangian (Rupp, 1997).
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Thickness: Maximum of 250 m (ABERER, 1958), > 300 m
(Rupp, 1997: Tab. 2).

Lithostratigraphically higher rank unit: Innviertel Group
(KRENMAYR & RuPP, 1996a; WAGNER, 1996b, 1998; KREN-
MAYR, 1997: p. 53, Tab. 2). Rurp (2008b: p. 9-10) explicit-
ly excluded the Robulusschlier sensu stricto from the Inn-
viertel Group.

Lithostratigraphic subdivision: No formal subdivision,
but ABERER (1958) summarized “Vocklaschichten”, “Atz-
bacher Sande” und “Ottnanger Schlier” within the Robu-
lus Schlier s.I.

Underlying unit(s): Hall Formation.

Overlying unit(s): Atzbach Formation, Kletzenmarkt For-
mation, Plesching Formation.

Lateral unit(s): Upper Austria: Véckla Formation, Vorch-
dorf Formation; Lower Bavaria: Neuhofener Mergel,
Neuhofener Schichten (HAGN, 1961b; UNGER, 1984, 1996;
WENGER, 1987a), Neuhofen Formation (PIPPERR et al.,
2018); Lower Austria: “Sandstreifenschlier”, Prinzersdorf
Formation (KRENMAYR, 2003a, c), Mauer Formation (KREN-
MAYR, 2003a, b).

Geographic distribution: The Robulus Schlier occurs in
the NAFB of Upper and Lower Austria. In Upper Austrian it
dominates in the eastern part of the NAFB, however, it also
occurs along the northern part of the NAFB from the Inn
river in the west to the Enns valley in the east.

Remarks: Robulus Schlier is used as an informal over-
arching term for lower Miocene pelitic sediments including
several units of the Innviertel Group. ABERER (1958) differ-
entiated between Robulusschlier s.I. (including the Vockla
Formation, the Atzbach Formation and the Ottnang For-
mation) and Robulusschlier s.str., which is a unit in forma-
tion-rank on its own. This twofold use of Robulus Schlier
caused and still causes confusion. The Robulus-Schlier
depicted in PILLER et al. (2004) describes only the Robu-
lus-Schlier s.str. However, in the chart it is only indicated
for Lower Austria, south of the Danube river.

In Upper Austria the Robulus Schilier is lithologically easy
to distinguish from the adjacent Véckla Formation and the
Vorchdorf Formation and from the underlying Hall Forma-
tion by its fossil content. On the contrary, the silty to sandy
Robulus Schlier in Lower Austria shows distinct sand in-
tercalations and the boundary to the underlying Hall For-
mation often is not clear due to similar lithologies and the
lack of index fossils. This is the reason why in Lower Aus-
tria Eggenburgian and Ottnangian pelites were often sub-
sumed under the term “Sandstreifenschlier” (see there).

Complementary references: JANOSCHEK (1959), FAUPL &
ROETZEL (1987), WAGNER (1996b), KOHL & KRENMAYR (1997),
RupP (20093, b).

Innviertel-Gruppe / Innviertel Group
CHRISTIAN RUPP & WERNER E. PILLER

Validity: Valid; first mentioned as “Innviertler Serie” by JA-
NOSCHEK & KOLLMANN (in PAPP et al., 1968a, b). Formal-
ized by RUPP & VAN HUSEN (2008) comprising the Véckla
Formation, Atzbach Formation, Ottnang Formation, Reith
Formation, Ried Formation, Mehrnbach Formation, Brau-



nau Formation, Treubach Formation (all Rurpp & VAN HUSEN,
2008) and the Kletzenmarkt Formation (KRENMAYR, 1994),
the Plesching Formation (ROETZEL, 2002) and the “Enzen-
kirchner Sande” (ABERER, 1958).

Type area: Innviertel district in western Upper Austria.

Type section: Ottnang-Schanze, type section of the
Ottnang Formation, Upper Austria (PAPP et al., 1968a) (see
Ottnang Formation).

Reference section(s): -

Derivation of name: Named after “Innviertel”, a district
in NW Upper Austria southeast of the river Inn; OK50-
UTM, map sheets 3317 Passau, 3323 Ried im Innkreis,
3322 Braunau am Inn, 3327 Burghausen, 3330 Attnang
Puchheim (C")K50-BMN, map sheets 27 Braunau am Inn, 28
Altheim, 29 Schéarding, 45 Ranshofen, 46 Mattighofen, 47
Ried im Innkreis, 48 Vocklabruck).

Synonyms: Innviertler Serie, p.p. Robulus Schlier s.I., p.p.
Glaukonitische Serie.

Lithology: Sandy and pelitic sediments; see formations.
Fossils: See formations of the Innviertel Group.
Origin, facies: See formations of the Innviertel Group.

Chronostratigraphic age: Early Miocene, late Burdigalian
(early to middle Ottnangian).

Biostratigraphy: See formations.
Thickness: Maximum thickness nearly 700 m.
Lithostratigraphically higher rank unit: -

Lithostratigraphic subdivision: Vockla Formation, Atz-
bach Formation, Otthang Formation, Reith Formation, Ried
Formation, Mehrnbach Formation, Braunau Formation,
Treubach Formation, Kletzenmarkt Formation, Plesching
Formation and the “Enzenkirchner Sande”.

Underlying unit(s): Crystalline basement of the Bohemian
Massif (diachronous), Hall Group (gradational).

Overlying unit(s): Oncophora Beds.

Lateral unit(s): Robulusschlier, Vorchdorf Formation,
Wachtberg Formation (interfingering).

Geographic distribution: Predominantly in Upper Austria
between the rivers Inn, Mattig, Véckla, Aga and Traun and
the Bohemian Massif in the north.

Remarks: ABERER (1958) subsumed Vocklaschichten, Atz-
bacher Sande and Ottnanger Schlier under Robulusschlier
sensu lato, the Rieder Schichten represent the Rotalien-
schlier and Mehrnbacher Sande, Braunauer Schlier and
Treubacher Sande were united under the “Glaukonitische
Serie”. JANOSCHEK & KOLLMANN (in PAPP et al., 1968a, b)
subsumed in the “Innviertler Serie” Vockla Formation,
Atzbach Formation, Ottnang Formation, Ried Formation,
Mehrnbach Formation, Braunau Formation, Treubach For-
mation and the Oncophora Beds. Rupp (2008b) emended
the Innviertel Group but excluded the Oncophora Beds.
The sediments of the Innviertel Group represent the last
marine sequences in the NAFB of Salzburg and Upper
Austria, in contrast, the Oncophora Formation consists of
non-marine deposits.

Complementary references: GRILL (1954a), WAGNER

(1996b, 1998), PILLER et al. (2004), RUPP (2009b).

Vockla-Formation (Innviertel-Gruppe) /
Voéckla Formation (Innviertel Group)

CHRISTIAN RUPP & WERNER E. PILLER

Validity: Valid; formalization by Rupp (2008b).

Type area: Between the market towns Vocklamarkt and
Lambach, Upper Austria; OK50-UTM, map sheet 3329
Vécklabruck (OK50-BMN, map sheet 48 Vécklabruck).

Type section: “Vocklabrucker Schlierwand”, outcrop
at the northern flank of the river Vockla, 1.7 km WNW
of Vécklamarkt (N 48°00'47" / E 13°38'00"); OK50-UTM,
map sheet 3329 Vocklabruck (OK50-BMN, map sheet 48
Vocklabruck) (Rupp et al., 2007: p. 235); lower and upper
boundaries not exposed.

Reference section(s): -

Derivation of name: Named after the river Vckla, Upper
Austria.

Synonyms: Vockla-Schlier (BURGL, 1946), Vocklaschich-
ten (ABERER, 1958), Robulusschlier s.l. p.p. (ABERER, 1958),
Vockla-Schichten (ROETZEL & KRENMAYR, 1996; KOHL &
KRENMAYR, 1997).

Lithology: Greenish-grey to grey, fine to medium quartz
sands and sandy pelites, micaceous, partly glauconitic
and badly sorted. Intensive alternation of wavy bedded,
lenticular to flaser bedded sands and pelites. Bioturba-
tion is common, sometimes obliterating primary sedimen-
tary structures completely. Cross-bedded sands are less
common.

Fossils: Macrofossils are rare (ABERER, 1958), pelitic inter-
vals yield calcareous nannoplankton and a well preserved
foraminiferal fauna (BURGL, 1946; Rupp, 2008b). Trace
fossil associations are abundant and diverse (KRENMAYR,
1991; UCHMAN & KRENMAYR, 1995, 2004).

Origin, facies: Focussing on a sedimentological point of
view (KRENMAYR, 1991), the Vockla Formation seems to
have been deposited in a shallow subtidal to intertidal ma-
rine environment heavily influenced by tidal currents with
sand waves and ripple fields. The foraminifera association
and the ichnofossils, however, point to a deeper sublittoral
paleoenvironment and outer neritic zone (RUPP & VAN Hu-
SEN, 2007).

Chronostratigraphic age: Early Miocene, late Burdigalian
(early Ottnangian).

Biostratigraphy: Amphicoryna ottnangensis (TouLA) (Fora-
minifera) is indicative for the regional stage Ottnangian
(ROGL & RupP, 1996).

Thickness: Maximum thickness more than 400 m (various
drill sites of Rohdl Aufsuchungs AG).

Lithostratigraphically higher rank unit: Innviertel Group.
Lithostratigraphic subdivision: -

Underlying unit(s): Hall Group (gradational), Wachtberg
Formation.

Overlying unit(s): Atzbach Formation (gradational), Kober-
nauBerwald Formation (erosive).

93



Lateral unit(s): Wachtberg-Formation in the west, Robu-
lusschlier s.str. in the east, Vorchdorf Formation (all inter-
fingering).

Geographic distribution: Mostly between Vdcklamarkt
and Lambach, Upper Austria; OK50-UTM, map sheets
3329 Vocklabruck, 3330 Attnang-Puchheim (OKSO—BMN,
map sheets 47 Ried im Innkreis, 48 Vocklabruck, 49 Wels).

Remarks: -

Complementary references: WAGNER RuppP

(2009a, b).

(1996b),

Atzbach-Formation (Innviertel-Gruppe) /
Atzbach Formation (Innviertel Group)

CHRISTIAN RuPP & WERNER E. PILLER

Validity: Valid; formalized by Rupp (2008b: p. 12-16).

Type area: Betyveen Ried im Innkreis und Vdcklabruck,
U_.pper Austria; OK50-UTM, map sheet 3329 Vocklabruck
(OK50-BMN, map sheet 47 Ried im Innkreis).

Type section: Abandoned sand-pit, WSW of the church
of Puchkirchen am Trattberg and south of the village Berg
(N 48°02'34" / E 13°34'04"); OK50-UTM, map sheet 3329
Vécklabruck (OK50-BMN, map sheet 47 Ried im Innkreis);
lower and upper boundaries not exposed (Rupp et al.,
2007).

Reference section(s): -

Derivation of name: Named after the village Atzbach, c.
10 km NNE of Vocklabruck and NW of Schwanenstadt,
Upper Austria; OK50-UTM, map sheet 3330 Attnang-
Puchheim (OK50-BMN, map sheet 48 Vécklabruck).

Synonyms: Atzbacher Sande (FRIEDL in PETTERS, 1936),
Oncophora-Sand (BURGL, 1946).

Lithology: Grey to yellow, rather well sorted fine to coarse
sands (rarely gravels) with minor greenish grey pelitic lay-
ers, bottom sets and mud drapes intercalated. The quartz-
rich, micaceous, partly glauconitic sands are cross-bed-
ded, subordinate massive and yield plant debris and pelitic
clasts. Occasionally the sediments show bioturbation.

Fossils: With the exception of shark teeth, macrofossils
are rare. Well-preserved microfaunas can be found with-
in the pelitic layers (KRENMAYR & ROETZEL, 1996a; RUPP &
HAUNOLD-JENKE, 2003). This fauna was named “Cibicides-
Fauna” by FRIEDL in PETTERS (1936). Trace fossils are di-
verse and abundant (UCHMAN & KRENMAYR, 1995, 2004).

Origin, facies: The cross-bedded sands represent a sub-
tidal marine environment of small-scale sand waves and
ripples. The massive sands were deposited in subtidal
channels. Polymodal distribution patterns of paleocurrent
data give evidence of a distinct asymmetry of the intensity
of tidal currents. Paleogeographical considerations lead to
the interpretation, that the predominant current (ENE, with
current speeds of approximately 0.5 m/s) represents the
flood current and the subordinate WNW current the ebb
current. FAUPL & ROETZEL (1987) provide a detailed facies
analysis.

Chronostratigraphic age: Early Miocene, late Burdigalian
(early Ottnangian).
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Biostratigraphy: Rare occurrences of Amphicoryna ottnan-
gensis (TouLA) (Foraminifera) are indicative for the regional
stage Ottnangian (ROGL & RupP, 1996).

Thickness: Maximum thickness > 180 m (RuPP & VAN Hu-
SEN, 2007), 250 m are reported by BURGL (1946).

Lithostratigraphically higher rank unit: Innviertel Group.
Lithostratigraphic subdivision: -

Underlying unit(s): Vockla Formation (gradational), Robu-
lusschlier s.str. (gradational).

Overlying unit(s): Ottnang Formation (gradational).

Lateral unit(s): Wachtberg Formation, Kletzenmarkt For-
mation, Robulusschlier s.str., Ottnang Formation (all inter-
fingering).

Geographic distribution: In the Hausruckviertel und In-
nviertel districts of Upper Austria; OK50-UTM, map sheets
3329 Vocklabruck, 3330 Attnang-Puchheim (OKSO—BMN,
map sheet 47 Ried im Innkreis, 48 Vocklabruck, 49 Wels).

Remarks: -

Complementary references: GROISS (1989), WAGNER

(1996b, 1998), RUPP (20093, b, 2011a).

Kletzenmarkt-Formation (Innviertel-Gruppe) /
Kletzenmarkt Formation (Innviertel Group)

CHRISTIAN RUPP & WERNER E. PILLER

Validity: Valid; KRENMAYR (1994) established the “Kletzen-
markt-Glaukonitsand-Formation” providing all available in-
formation for a formalization of a lithostratigraphic unit.
To follow the rules of the International Stratigraphic Guide
(SALVADOR, 1994) the name Kletzenmarkt-Glaukonitsand-
Formation has been transferred without any commentary
into Kletzenmarkt Formation by Rupp (2008b: p. 9; cf. also
Rupp, 2011a).

Type area: Surroundings of the village Kletzenmarkt, c.
2 km NW of Bad Schallerbach, Upper Austria; OK50-UTM,
map sheet 3324 Grieskirchen (OK50-BMN, map sheet 49
Wels).

Type section: Small isolated outcrops in a W-E oriented
ditch ESE Kletzenmarkt and NE of Schénau, Upper Austria
(N 48°14'48" / E 13°55'15") (KRENMAYR, 1994; KRENMAYR &
Rupp, 1996b); OK50-UTM, map sheet 3324 Grieskirchen
(OK50-BMN, map sheet 49 Wels); lower and upper bound-
aries are not exposed.

Reference section(s): Ditch W Schoénau (N 48°14'28" /
E 13°54'03"); S Unternberg near GrieBkirchen (N 48°13"18" /
E 13°50'58"); SSE Stadl im Sulzbachtal (N 48°11'41" /
E 13°51'33"); W Holzwiesen (N 48°15'05" / E 13°55'02"); SE
Kaltenberg (N 48°15'08" / E 13°56'01"); each locality exhib-
its specific lithologic features (KRENMAYR, 1994).

Derivation of name: Named after the village Kletzen-
markt, c. 6 km ENE GrieBkirchen and c. 2 km NW of Bad
Schallerbach, Upper Austria; OK50-UTM, map sheet 3324
Grieskirchen (OK50-BMN, map sheet 49 Wels).

Synonyms: Glaukonitsandserie (GRILL, 1955), Kletzen-
markt-Glaukonitsand-Formation (KRENMAYR, 1994, 2007;
ROETZEL & KRENMAYR, 1996; RuPP & VAN HUSEN, 2007),
Kletzenmarkt glauconitic sand (WAGNER, 1998).



Lithology: Alternation of greenish grey pelites and green-
ish grey fine to coarse sands, sometimes gravelly. The
sands are rich in quartz, sometimes cross-bedded, often
wavy or flaser bedded and remarkably glauconitic, fossil-
iferous. The pelitic layers are laminated and often as thick
as the sand layers (KOHL & KRENMAYR, 1997).

Fossils: Badly preserved molluscs, which occur in coqui-
nas at the base (KRENMAYR & Rupp, 1996b). Foraminifers
are well preserved and diverse (RUPP & HAUNOLD-JENKE,
20083).

Origin, facies: The Kletzenmarkt Formation was depos-
ited within a deep neritic environment influenced by tidal
currents (KRENMAYR, 1994; RuPP & HAUNOLD-JENKE, 2003).
Polymodal paleocurrent patterns from cross-bedded in-
tervals give evidence for tidal activities. The Kletzenmarkt
Formation is more pelitic than the adjacent Atzbach For-
mation and Plesching Formation.

Chronostratigraphic age: Early Miocene, late Burdigalian
(early Ottnangian).

Biostratigraphy: Benthic foraminiferal faunas dominat-
ed by Lenticulina in combination with Amphicoryna ottnangen-
sis (TouLA) indicate an early Ottnangian age (Rurp & HAU-
NOLD-JENKE, 2003).

Thickness: Maximum thickness approximately 70 m.
Lithostratigraphically higher rank unit: Innviertel Group.
Lithostratigraphic subdivision: -

Underlying unit(s): Robulusschlier s.str. (gradational).
Overlying unit(s): Ottnang Formation (gradational).

Lateral unit(s): Atzbach Formation, Plesching Formation
(both interfingering).

Geographic distribution: Distributed in the Upper Aus-
trian Hausruckviertel district in the area between the mar-
ket towns Kematen am Innbach - Bad Schallerbach -
St. Marienkirchen an der Polsenz; OK50-UTM, map sheets
3324 Grieskirchen, 3330 Attnang-Puchheim (OK50-BMN,
map sheet 31 Eferding, 49 Wels).

Remarks: Because of poor outcrops of the formation,
KRENMAYR (1994) established a series of reference sec-
tions (called hypostratotypes by KRENMAYR).

Complementary references: -

Plesching-Formation (Innviertel-Gruppe) /
Plesching Formation (Innviertel Group)

CHRISTIAN RuPP & WERNER E. PILLER

Validity: Invalid; detailed description and revision but no
sufficient data for formalization by FAuPL & ROETZEL (1990);
cited as Plesching Formation first by ROETZEL (2002: p. 26)
and in RuPP (2009a, 2011a).

Type area: Area around the village Rainbach im Innkreis,
c. 6 km E of the town Schérding, Upper Austria; OK50-
UTM, map sheet 3317 Passau (OK50-BMN, map sheet 29
Scharding) (ROGL et al., 1973). Since the sediments of the
Plesching-Formation belong historically to two different
units, the defined type area represents the so-called “Fos-

silreiche Grobsande” (FUCHS, 1968a). For the “Phosporit-
sande” (SCHADLER, 1934) the type area is located around
Plesching near Linz (see below).

Type section: The original type locality was an abandoned
sand-pit W Rainbach im Innkreis, c. 8 km E Schérding,
Upper Austria (N 48°27'16" / E 13°30'58"); lower and up-
per boundaries not exposed. It was designated as Facio-
stratotype for the Ottnangian stage by ROGL et al. (1973:
p. 148ff.).

Remark: This sand-pit and all the other locations men-
tioned by ROGL et al. (1973) do not exist anymore. A pos-
sible type section for the Plesching Formation could be in
the sandpit at Weinzierlbruck (N 48°19'20" / E 13°54'04"), c.
0.6 km NW of the market town Prambachkirchen, c. 9 km
W-WNW of the town Eferding, Upper Austria; OK50-UTM,
map sheet 3324 Grieskirchen (OK50-BMN, map sheet 31
Eferding). Underlain by sands of the Linz-Melk Formation
the Plesching Formation (“Phosphoritsande”) crop out for
12 m of sediments and are rich in mikro- and macrofossils.
The upper boundary is not preserved (FAUPL & ROETZEL,
1990; ROETZEL et al., 1991b; Rupp, 2015).

Reference section(s): FAUPL & ROETZEL (1990) described
several sections which could be considered as reference
sections: Oberreichenbach (N 48°19'35" / E 14°23'44"),
AuBertreffling (N 48°19'41" / E 14°20'48"), Holzheim
(N 48°17'41" / E 14°15'08"), Gschnarret (N 48°18'56" /
E 13°56'17"), Lindbruck (N 48°21'56" / E 13°51'34"), Mit-
terndorf (N 48°25'38" / E 13°37'26").

Derivation of name: Named after the village Plesching, c.
4.5 km ENE of the city centre of Linz, north of the Danube
close, Upper Austria; OK50-UTM, map sheet 4320 Perg
(OK50-BMN, map sheet 33 Steyregg).

Synonyms: Phosphoritsande (SCHADLER, 1934), grobkor-
nige Sande der Taufkirchner Bucht (ABERER, 1958), Fossil-
reiche Grobsande (FUCHS, 1968a).

Lithology: Grey or greenish grey, medium to coarse
sands, partly fine gravel; quartz sands with considerable
amounts of feldspar, crystalline fragments and glauconite,
in the eastern part of its distribution area with consider-
able amounts of phosphorite nodules (“Phosphoritsande”).
Cross-bedded sand waves alternate with a pelitic inter-
wave subfacies. A channel-facies with massive coarse
sands and gravels is often incised into the sand wave fa-
cies.

Fossils: Molluscs (GRILL, 1937; FucHs, 1968a; CTYROKY et
al., 1973a, b), corals (KUHN, 1965), and fish teeth (SCHuULTZ,
1969, 1972; PrEIL, 1983) are sporadically abundant but
often allochthonous as many other fossils (BURGL 1951;
GOHRBANDT in BRAUMULLER, 1961). Foraminifers are fre-
quent within the pelites (ROGL, 1969; CICHA et al., 1973).

Origin, facies: Deposited on the southern margin of the
Bohemian Massif, the sands of the Plesching Formation
show features typical for strong tidal activities. The cross-
bedded sands can be interpreted as subtidal sand waves
alternating with a pelitic subfacies of muddy inter-sand
wave areas. The subordinate massive coarse sands and
gravels were deposited in shallow channels. Polymodal
paleocurrent patterns give evidence for highly asymmet-
rical tides. The NE directed flood current predominated
with estimated current speeds of about 0.7 m/sec (FAUPL &
ROETZEL, 1990).
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Chronostratigraphic age: Early Miocene, late Burdigalian
(early Ottnangian).

Biostratigraphy: Amphicoryna ottnangensis (TOULA) (Foramin-
ifera) and Pecten hermansenni (DUNKER) (Bivalvia) are indica-
tive for the regional stage Ottnangian.

Thickness: Maximum approximately 50 m, laterally highly
variable.

Lithostratigraphically higher rank unit: Innviertel Group.
Lithostratigraphic subdivision: -

Underlying unit(s): Crystalline basement of the Bohemian
Massif, Linz-Melk Formation (diachronous), “Alterer Schlier”
(diachronous), Robulusschlier, Hall Group (diachronous).

Overlying unit(s): Enzenkirchen

Sands.

Ottnang Formation,

Lateral unit(s): Robulusschlier? (interfingering).

Geographic distribution: Along the southern margin of
the Bohemian Massif in the northern parts of the Upper
Austrian Innviertel, Hausruckviertel and Traunviertel dis-
tricts with limited occurrences also north of the Danube.

Remarks: Due to common reworked fossils (Bivalvia, Ver-
tebrata) the Plesching Formation was earlier thought to be
of Eggenburgian age (ABERER, 1958; see FAUPL & ROETZEL,
1990 for details).

Complementary references: KoHL & KRENMAYR (1997),
WAGNER (1996b, 1998), PILLER et al. (2004), Rupp (2011a).

Ottnang-Formation (Innviertel-Gruppe) /
Ottnang Formation (Innviertel Group)

CHRISTIAN RUPP & WERNER E. PILLER

Validity: Valid; formalized by Rupp (2008b: p. 16-20).

Type area: Between the market towns Ottnang am Haus-
ruck and Wolfsegg am Hausruck, Upper Austria; OK50-
UTM, map sheet 3330 Attnang-Puchheim (OK50-BMN,
map sheet 48 Vocklabruck).

Type section: Abandoned clay pit called Ottnang-Schanze
(10.2 m thickness), 500 m N of the market town Ottnang;
OK50-UTM, map sheet 3329 Vécklabruck (OK50-BMN,
map sheet 47 Ried im Innkreis) (N 48°06'07" / E 13°40'03");
lower and upper boundaries are not exposed. The type
section is also the holostratotype for the regional Ottnan-
gian stage/age (ROGL et al., 1973: p. 140ff.) and has been
restudied by GRUNERT et al. (2010a, 2012).

Reference section(s): -

Derivation of name: Named after the market town Ottnang
am Hausruck, c. 10 km N of Vécklabruck, Upper Austria;
OK50-UTM, map sheet 3330 Attnang-Puchheim (OK50-
BMN, map sheet 48 Vocklabruck).

Synonyms: Schlier von Ottnang (REuss, 1864), Ottnanger
Schlier (HOERNES, 1875; BURGL, 1946; ABERER, 1958).

Lithology: Greenish-grey to grey, micaceous, badly sorted
sandy pelite, subordinate silty sand. Badly stratified, often
totally bioturbated, rich in plant debris.
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Fossils: The Ottnang Formation is well known for its rich
fossil occurrences since the 19t century. Already EHRLICH
(1852) reported a list of foraminifera (identified by Reuss)
and HORNES (1853) and HOERNES (1875) described mol-
luscs and echinoids. Since then a number of taxonom-
ic studies have been carried out including foraminifera,
calcareous nannoplankton, dinoflagellate cysts, bivalves,
gastropods, cephalopods, ostracods and fish otoliths
(e.g., SIEBER, 1956a; CTYROKY et al., 1973a, b; RUPP & VAN
HUSEN, 2007; RupP, 2008b; GRUNERT et al., 2010a).

Origin, facies: Deep neritic marine, low energy facies.

Chronostratigraphic age: Early Miocene, middle Burdi-
galian (early Ottnangian).

The stratotype Ottnang-Schanze has been correlated with
polarity chron C5Dr.2r and an absolute age between 17.95
and 18.056 Ma was inferred (GRUNERT et al., 2010a).

Biostratigraphy: Amphicoryna ottnangensis (TOULA), Sigmoilopsis
ottnangensis CICHA, CTYROKA & ZAPLETALOVA and Bolivina sci-
tula HOFMANN (Foraminifera) are indicative for the regional
stage Ottnangian. Calcareous nannoplankton taxa assign-
ing the type locality to NN3 (GRUNERT et al., 2010a).

Thickness: Maximum thickness 100 m (KALTBEITZER,
1988).

Lithostratigraphically higher rank unit: Innviertel Group.
Lithostratigraphic subdivision: -

Underlying unit(s): Crystalline basement of the Bohemi-
an Massif (diachronous), Atzbach Formation, Kletzenmarkt
Formation and Plesching-Formation (all gradational).

Overlying unit(s): Ried Formation and Reith Formation
(both gradational).

Lateral unit(s): Robulusschlier (?), Enzenkirchener Sande
(both interfingering).

Geographic distribution: Widespread in the Upper Aus-
trian districts Innviertel (Scharding-Zell an der Pram) and
Hausruckviertel (Grieskirchen—-Frankenburg) (KALTBEITZER,
1988; RuPP, 2008a, b); OK50-UTM, map sheets 3317
Passau, 3323 Ried im Innkreis, 3324 Grieskirchen, 3329
Vécklbruck, 3330 Attnang-Puchheim (OK50-BMN, map
sheets 29 Schérding, 30 Neumarkt im Hausruckkreis, 31
Eferding, 47 Ried im Innkreis, 48 Voécklabruck, 49 Wels).

Remarks: -

Complementary references: GROISS (1989), PAPP et al.
(1973), WAGNER (1996b, 1998), RupPP et al. (2007), Rupp
(2009a, b), RupPP & VAN HUSEN (2007).

Enzenkirchener Sande (Innviertel-Gruppe) /
Enzenkirchen Sands (Innviertel Group)

CHRISTIAN RuPP

Validity: Invalid; introduced by ABERER (1958: p. 58, “En-
zenkirchner Sande”) but not formalized.

Type area: Area between Enzenkirchen, Siegharting, An-
dorf and Raab, Upper Austria; OK50-UTM, map sheet
3323 Ried im Innkreis (OK50-BMN, map sheets 29 Schér-
ding, 30 Neumarkt im Hausruckkreis).

Type section: No type section defined.



A potential type section: sand pit in Seifriedsedt, east
of the creek, NNE Andorf, Upper Austria (N 48°2321" /
E 13°35'20"); OK50-UTM, map sheet 3323 Ried im Innkreis
(OK50-BMN, map sheet 30 Neumarkt im Hausruckkreis)
(KRENMAYR & ROETZEL, 1996b: p. 27-28).

Reference section(s): No reference section defined.

A potential reference section: deeply incised hollow way in
the village Raab (N 48°2125" / E 13°38'37"); OK50-UTM,
map sheet 3323 Ried im Innkreis (OK50-BMN, map sheet
30 Neumarkt im Hausruckkreis) (KRENMAYR, 1996a).

Derivation of name: Named after the village Enzenkirch-
en, c. 5 km ENE Andorf and c. 17.5 km SE Schérding, Up-
per Austria; OK50-UTM, map sheet 3323 Ried im Innkreis
(OK50-BMN, map sheets 30 Neumarkt im Hausruckkreis).

Synonyms: Sandiger Schlier (BURGL, 1951), Enzenkirchner
Sande (ABERER, 1958).

Lithology: Grey to greenish grey, partly silty fine sands,
subordinate medium sands, micaceous, cross-bedded,
wavy bedded or massive; greenish grey pelitic inter-
vals with flaser bedding and lenticular bedding interca-
lated. Channels filled with pelitic clast breccias are fre-
quent (ABERER, 1958; FUCHS, 1968a; KRENMAYR & ROETZEL,
1996a; KRENMAYR, 1996a).

Fossils: Foraminifers (Rupp, 2011a), molluscs (ABERER,
1958).

Origin, facies: Subtidal marine environment influenced by
tidal currents, with intense changes of deposition and ero-
sion (FAUPL & ROETZEL, 1987).

Chronostratigraphic age: Early Miocene, late Burdigalian
(early to middle Ottnangian) (KRENMAYR & SCHNABEL, 2006).

Biostratigraphy: No data available.

Thickness: Maximum thickness approximately 20 m.
Lithostratigraphically higher rank unit: Innviertel Group.
Lithostratigraphic subdivision: -

Underlying unit(s): Ottnang Formation (gradational).
Overlying unit(s): Ried Formation? (gradational).

Lateral unit(s): Ottnang Formation (interfingering).

Geographic distribution: In the northwestern part of the
Upper Austrian Innviertel district; OK50-UTM, map sheet
3323 Ried im Innkreis (OK50-BMN, map sheets 29 Schér-
ding, 30 Neumarkt im Hausruckkreis).

Remarks: -

Complementary references: ABERER (1960), FAuPL &
ROETZEL (1990), WAGNER (1998).

Reith-Formation (Innviertel-Gruppe) /
Reith Formation (Innviertel Group)

CHRISTIAN RuPP & WERNER E. PILLER

Validity: Valid; formalized by Rupp (2008b: p. 21-22).

Type area: Between Reith and Wolfharting, S Eber-
schwang, ¢ 10 km SSE Ried im Innkreis, Upper Austria;
OK50-UTM, map sheet 3329 Vécklabruck (OK50-BMN,
map sheet 47 Ried im Innkreis).

Type section: Cut river bank of a tributary to the Anties-
en river, N Reith, 2.5 km S Eberschwang, Upper Austria
(N 48°08'00" / E 13°34'06"); OK50-UTM, map sheet 3329
Vécklabruck (OK50-BMN, map sheet 47 Ried im Innkreis)
(RupP, 2011a); lower and upper boundaries are not out-
cropping.

Reference section(s): -

Derivation of name: Named after the hamlet Reith, S of
the market town Eberschwang, Upper Austria; OK50-UTM,
map sheet 3329 Vécklabruck (OK50-BMN, map sheet 47
Ried im Innkreis).

Synonyms: Fofelsande (Rupp, 1985), Sande von Reith
(KRENMAYR & SCHNABEL, 2006; Rupp, 2011a).

Lithology: Greenish-grey to yellow fine to medium sands,
rich in quartz, micaceous, occasionally with pelitic clasts.
The sands are massive or cross-bedded, sometimes fla-
ser-bedded with greenish grey pelitic, wavy to lenticular
bedded layers intercalated.

Fossils: Foraminifers (Ammonia dominated) (Rupp, 1992,
2011a).

Origin, facies: The cross-bedded sands and the shallow
water foraminiferal faunas indicate a shallow subtidal ma-
rine environment influenced by tidal activities.

Chronostratigraphic age: Early Miocene, late Burdigalian
(middle Ottnangian).

Biostratigraphy: Very rare occurrences of Amphicoryna
ottnangensis (TOULA) together with autochthonous shallow
water foraminiferal faunas infer a middle Ottnangian age.

Thickness: Maximum thickness 50 m (Rupp, 2008b).
Lithostratigraphically higher rank unit: Innviertel Group.
Lithostratigraphic subdivision: -

Underlying unit(s): Ottnang Formation (gradational).
Overlying unit(s): Ried Formation (gradational).

Lateral unit(s): Ried Formation (interfingering).

Geographic distribution: North of the hillrange Hausruck
between Eberschwang and St. Kollmann, Upper Austria
(RuPP & VAN HUSEN, 2007); OK50-UTM, map sheet 3329
Vécklabruck (OK50-BMN, map sheet 47 Ried im Innkreis).

Remarks: Differentiated from the Ottnang Formation by its
foraminiferal fauna.

Complementary references: -

Ried-Formation (Innviertel-Gruppe) /
Ried Formation (Innviertel Group)

CHRISTIAN RuPP & WERNER E. PILLER

Validity: Valid; formalized by RuppP (2008b: p. 22-25).

Type area: Wider surroundings of Ried im Innkreis, ypper
Austria; OK50-UTM, map sheet 3329 Vocklabruck (OK50-
BMN, map sheet 47 Ried im Innkreis).

Type section: Clay pit Eberschwang-StraB, 2.5 km SW
Eberschwang and c. 700 m SSW Stra (N 48°08'11" /
E 13°32'16"); OK50-UTM, map sheet 3329 Vécklabruck
(OK50-BMN, map sheet 47 Ried im Innkreis); lower bound-
ary not exposed, upper boundary a discordant, erosion-
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al contact with the Ampflwang Formation (Hausruckviertel
Group; Pannonian) (ROETZEL & KRENMAYR, 1996; RupPP et
al., 2007; Rupp & VAN HUSEN, 2007).

Reference section(s): -

Derivation of name: Named after the town Ried im
Innkreis, Upp.(.er Austria; OK50-UTM, map sheet 3329
Vocklabruck (OK50-BMN, map sheet 47 Ried im Innkreis).

Synonyms: Schichten von Ried (BURGL, 1946), Rieder
Schichten (ABERER, 1958; PAPP et al., 1968a; ROETZEL &
KRENMAYR, 1996), Rotalienschlier (ABERER, 1958; FAUPL &
ROETZEL, 1987; ROETZEL & KRENMAYR, 1996), Rotalien-
Schlier (PAPP et al., 1968a).

Lithology: Greenish grey pelites, occasionally with thin
sand to silt intercalations, micaceous, thinly laminated,
even parallel to lenticular bedding with flat sand lenses.

Fossils: Molluscs (rare; RupP et al., 1991), foraminifers, os-
tracods, siliceous sponge spicules, diatoms, trace fossils.

Origin, facies: Low water energy facies of a shallow sub-
tidal marine environment, not heavily affected by tidal cur-
rents.

Chronostratigraphic age: Early Miocene, late Burdigalian
(middle Ottnangian).

Biostratigraphy: Calcareous nannofossil Zones NN2-NN4
(CORlc':, 20083; RupP, 2008b). Very rare occurrences of Am-
phicoryna ottnangensis (TOULA) and Bolivina scitula HOFMANN to-
gether with autochthonous shallow water foraminiferal fau-
nas infer a middle Ottnangian age.

Thickness: Maximum thickness 100 m (ARETIN, 1988),
mostly 60-80 m.

Lithostratigraphically higher rank unit: Innviertel Group.
Lithostratigraphic subdivision: -

Underlying unit(s): Ottnang Formation, Reith Formation
(gradational).

Overlying unit(s): Mehrnbach Formation (gradational),
Ampflwang Formation (erosional).

Lateral unit(s): Reith Formation, Mehrnbach Formation,
Wachtberg Formation (all interfingering).

Geographic distribution: Widespread in the Upper Aus-
trian Innviertel and Hausruck districts.

Remarks: The widely used name “Rotalienschlier” origi-
nates from the very abundant foraminiferal genus Ammonia
(= “Rotalia”) (“Zone mit Rotalia”: PETTERS, 1936: p. 11).

Complementary references: ABERER (1960), ROGL &
RuPP (1996), WAGNER (1996b, 1998), RuPP (2009a, 2011a),
RuPP & VAN HUSEN (2007).

Mehrnbach-Formation (Innviertel-Gruppe) /
Mehrnbach Formation (Innviertel Group)

CHRISTIAN RUPP & WERNER E. PILLER

Validity: Valid; formalized by Rupp (2008b: p. 25-27).

'[ype area: W and SW of Ried im Innkreis, Upper Austria;
OK50-UTM, map sheet 3329 Vocklabruck (OK50-BMN,
map sheet 47 Ried im Innkreis).
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Type section: Abandoned sand-pit at Magetsham (c.
8 m thick), 7 km SW of Ried im Innkreis (N 48°1011" /
E 13°25'07"); OK50-UTM, map sheet 3329 Vécklabruck
(OK50-BMN, map sheet 47 Ried im Innkreis); lower and
upper boundaries are not exposed (RupP & VAN HUSEN,
2007).

Reference section(s): -

Derivation of name: Named after the market town Mehrn-
bach, c. 3.5 km W of the town Ried im Innkreis, Upper Aus-
tria; OK50-UTM, map sheet 3323 Ried im Innkreis (OK50-
BMN, map sheet 47 Ried im Innkreis).

Synonyms: Mehrnbacher Sande (ABERER, 1958), On-
cophora-Sande (PETTERS, 1936; BURGL, 1946), p.p. Glau-
konitische Serie (ABERER, 1958).

Lithology: Grey to yellow, fine to medium sands, rich
in quartz, micaceous, variable glauconitic, occasional-
ly with layers of pelitic clasts. The sands are cross-bed-
ded or massive, sometimes flaser-bedded with greenish
grey pelitic layers, wavy to lenticular bedded, intercalated.
Bioturbation is sometimes substantial (FAUPL & ROETZEL,
1987).

Fossils: Foraminifers, molluscs, shark teeth, trace fossils.

Origin, facies: The cross-bedded sands and the shallow
water foraminiferal fauna indicate a shallow subtidal ma-
rine environment influenced by tidal activities (SALVERMOS-
ER, 1999).

Chronostratigraphic age: Early Miocene, late Burdigalian
(middle Ottnangian).

Biostratigraphy: Very rare occurrences of Bolivina scitula
HOFMANN together with autochthonous shallow water fora-
miniferal faunas infer a middle Ottnangian age.

Thickness: Maximum thickness 80 m (ABERER, 1958).
Lithostratigraphically higher rank unit: Innviertel Group.
Lithostratigraphic subdivision: -

Underlying unit(s): Ried Formation (gradational).
Overlying unit(s): Braunau Formation (gradational).

Lateral unit(s): Glaukonitsande (Bavaria), Ried Formation
(both interfingering).

Geographic distribution: North of the hillranges Haus-
ruck and KobernauBerwald, Innviertel district, Upper Aus-
tria (FAUPL & ROETZEL, 1987; RuPP & VAN HUSEN, 2007);
OK50-UTM, map sheet 3329 Vécklabruck (OK50-BMN,
map sheet 47 Ried im Innkreis).

Remarks: Already in the 19t century HAUER (1868) de-
scribed shark and ray teeth, as well as dolphin, sea cow
and turtle remains from this formation. ABERER (1958) sub-
sumed the “Mehrnbacher Sande” together with the “Brau-
nauer Schlier” and the “Treubacher Sande” in the “Glauko-
nitische Serie”.

Complementary references: ABERER (1960), WAGNER
(1996b, 1998), Rurp (2011a).



Braunau-Formation (Innviertel-Gruppe) /
Braunau Formation (Innviertel Group)

CHRISTIAN RuppP

Validity: Valid; formalized by RuppP (2008b: p. 27-28).

Type area: In the surroundings of Gurten and Aspach in
the east to the Inn river in the west around Braunau, Upper
Austria (KRENMAYR & SCHNABEL, 2006); OK50-UTM, map
sheet 3322 Braunau am Inn (OK50-BMN, map sheet 27
Braunau am Inn).

Type section: Right bank of the Inn river in the town Brau-
nau (N 48°15'45" / E 13°02'38"); OK50-UTM, map sheet
3322 Braunau am Inn (OK50-BMN, map sheet 27 Braunau
am Inn) (ABERER, 1958); lower and upper boundaries are
not exposed.

Reference section(s): -

Derivation of name: Named after the town Braunau am
Inn, Upper Austria; OK50-UTM, map sheet 3322 Braunau
am Inn (OK50-BMN, map sheet 27 Braunau am Inn).

Synonyms: Braunauer Schlier (ABERER, 1958), p.p. Glau-
konitische Serie (ABERER, 1958).

Lithology: Greenish grey pelites, often with thin sand in-
tercalations, micaceous, laminated, wavy (rarely even) to
lenticular bedding with (glauconitic) sand lenses.

Fossils: Foraminifera, molluscs (ABERER, 1958; ROGL in
PaPP et al., 1970).

Origin, facies: A low water energy facies of a shallow sub-
tidal marine environment not heavily affected by tidal cur-
rents

Chronostratigraphic age: Early Miocene, late Burdigalian
(middle Ottnangian).

Biostratigraphy: Very rare occurrences of Bolivina Scitula
HOFMANN together with autochthonous shallow water fora-
miniferal faunas infer a middle Ottnangian age.

Thickness: Maximum thickness 100 m in deep drillings
(RuPP & VAN HUSEN, 2007), 40-50 m in surface outcrops
along the river Inn (ABERER, 1958).

Lithostratigraphically higher rank unit: Innviertel Group.
Lithostratigraphic subdivision: -

Underlying unit(s): Mehrnbach Formation (gradational).
Overlying unit(s): Treubach Formation (gradational).
Lateral unit(s): Mehrnbach Formation (interfingering).

Geographic distribution: In the Upper Austrian Innvier-
tel district, W of Ried im Innkreis; OK50-UTM, map sheet
3323 Ried im Innkreis (OK50-BMN, map sheet 47 Ried im
Innkreis).

Remarks: ABERER (1958) subsumed the “Braunauer
Schlier” together with the “Mehrnbacher Sande” and the
“Treubacher Sande” in the “Glaukonitische Serie”.

Complementary references: ABERER (1960), FAUPL &
ROETZEL (1987), ROETZEL & KRENMAYR (1996), WAGNER
(19964a, 1998).

Treubach-Formation (Innviertel-Gruppe) /
Treubach Formation (Innviertel Group)

CHRISTIAN RuPP & WERNER E. PILLER

Validity: Valid; described by ABERER (1958) as “Treubacher
Sande” formalized by Rupp (2008b: p. 29-30).

Type area: In the surroundings of Treubach and Aspach,
Upper Austria (KRENMAYR & SCHNABEL, 2006); OK50-UTM,
map sheet 3328 Mattighofen (OK50-BMN, map sheet 46
Mattighofen).

Type section: Abandoned sand-pit in the village Fraham,
c. 2 km NW of the market town Aspach, Upper Austria
(N 48°11'39" / E 13°16'48"); OK50-UTM, map sheet 3328
Mattighofen (OK50-BMN, map sheet 46 Mattighofen); low-
er and upper boundaries are not exposed.

Reference section(s): -

Derivation of name: Named after the village Treubach
(Untertreubach), c. 14 km ESE Braunau, Upper Austria;
OK50-UTM, map sheet 3328 Mattighofen (OK50-BMN,
map sheet 46 Mattighofen).

Synonyms: Treubacher Sande (ABERER, 1958), p.p. Glau-
konitische Serie (ABERER, 1958).

Lithology: Grey to yellow fine sands, rich in quartz, mica-
ceous, variably glauconitic. The sands are massive, subor-
dinate cross-bedded with intercalated greenish grey pelitic
layers, lenticular bedded. Small channels occur filled with
pelitic clasts.

Fossils: Foraminifers, molluscs (rare) (ABERER, 1958), trace
fossils.

Origin, facies: The (subordinate) cross-bedded sands and
the shallow water foraminiferal fauna indicate a shallow
subtidal marine environment somehow influenced by tidal
activities.

Chronostratigraphic age: Early Miocene, late Burdigalian
(middle Ottnangian).

Biostratigraphy: The shallow water foraminiferal fauna is
comparable to those of the other middle Ottnangian for-
mations (Mehrnbach Formation, Braunau Formation, etc.).
No stratigraphically indicative species are reported.

Thickness: Maximum thickness 50 m.
Lithostratigraphically higher rank unit: Innviertel Group.
Lithostratigraphic subdivision: -

Underlying unit(s): Braunau Formation (gradational).
Overlying unit(s): Oncophora-Schichten (? erosive).
Lateral unit(s): No lateral units known.

Geographic distribution: In the Upper Austrian Innviertel
district between Aspach and Treubach; OK50-UTM, map
sheet 3328 Mattighofen (OK50-BMN, map sheet 46 Mat-
tighofen).

Remarks: ABERER (1958) subsumed the “Treubacher
Sande” together with the “Mehrnbacher Sande” and the
“Braunauer Schlier” in the “Glaukonitische Serie”.

Complementary references: ABERER (1960), PAPP et al.
(1968a, b), WAGNER (1996b, 1998), SALVERMOSER (1999),
RuppP (2011a).
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Oncophora-Formation / Oncophora Formation
WERNER E. PILLER & CHRISTIAN RuPP

Validity: Valid; the terms “Oncophorensande” (RZEHAK,
1882b: p. 114) and “Oncophora-Schichten” (RzEHAK,
1893) were first used for beds with the characteristic bi-
valve Oncophora (introduced by RZEHAK, 1882a; actual name
Rzehakia; cf. CTYROKY, 1972) in Moravia (Czech Repubilic).
In Moravia, this unit was formalized as “Véstonické pis-
kovce” (Vestonice Sandstone) by ADAMEK (2003) and Ves-
tonice Formation by PICHA et al. (2006). However, the Up-
per Austrian-Lower Bavarian occurrences do not coincide
with this formation (see also remarks). The unit has been
re-evaluated and formalized in Bavaria by PIPERR et al.
(2018).

Type area: Six facies-stratotype sections are reported
from Loderham, Hinterholzer Bach, Brombach, Tirken-
bach, Kihstetten and Walksham between the rivers Inn
and Rott, N-WNW of Simbach am Inn (Bavaria, Germany,
ATK25, map sheet N17 Simbach a.lnn) (CTYROKY et al.,
1973a; PIPERR et al., 2018).

Type section: Section in a hollow way near the small ham-
let of Prienbach-Détling (SCHNEIDER et al., 2011: p. 46-
48, Fig. 20) located on the left river bank of the Inn, c.
4 km NE of the town of Simbach am Inn, Bavaria, Germa-
ny, ATK25, map sheet N17 Simbach a.Inn) (N 48°16'59" /
E 13°04'38") (PIPERR et al., 2018: Fig. 6). The section com-
prises the Lower Oncophora Beds (“Mehlsande”, “Schill-
horizont”, “Glimmersande”) (see below).

Reference section(s): The sections listed under “Type
area” may be considered as reference sections.

Derivation of name: Named after the bivalve Oncophora
RzZEHAK 1882 (= Rzehakia KOROBKOV 1954). The genus On-
cophora has been described first by RZEHAK (1882a, 1893).

Synonyms: Oncophorasande (RzZEHAK, 1882b), Oncopho-
ra-Schichten (RzeHAK (1893), Oncophora-Sande (e.g.,
BURGL, 1946), Rzehakia-Schichten (CTYROKY, 1972), Rze-
hakia (Oncophora) Formation (CTYROKY et al., 1973a), On-
cophora-Schichten (ROETZEL & KRENMAYR, 1996; RurPP &
VAN HUSEN, 2007), Oncophora-Formation (WAGNER, 1996b;
PIPPERR et al., 2018). Lower Bavaria: Oncophora-Schich-
ten (WITTMANN, 1957), Oncophoraschichten (LEMCKE et
al., 1953), Upper Brackish (Water) Molasse (OBM: Obere
Brackwassermolasse), Rzehakia (Oncophora) Formation.

Lithology: In Lower Bavaria, WITTMANN (1957) subdivid-
ed the Oncophora-Schichten in “Mehlsande”, “Schillho-
rizont”, “Glimmersande”, “AussliBungshorizont”, “Schill-
sande”, “SlUBwassersande und -Mergel” (“Unio-Sand”;
ZOBELEIN, 1940). SCHLICKUM (1964a, b, 1971) and SCHLICK-
UM & STRAUCH (1968) subdivided the Oncophoraschich-
ten in ,Lower Oncophora Beds” containing “Mehlsande”,
“Schillhorizont” and “Glimmersande” and the “Upper On-
cophora Beds” with “AussiBungshorizont”, “Schillsande”,
“Uniosande” and “Lakustrische Schichten”. The “Mehl-
sande” are pale, well-sorted, silty fine sands, the “Schill-
horizont” is a shell bed mainly made up by Rzehakia and the
“Glimmersande” are fine to medium, heavily micaceous
sands. The “AussuBungshorizont” (desalination horizon) is
made up of colourful pelites with oligohaline molluscs, the
“Schillsande” are grey, sandy pelites with abundant shell
remains, the “Uniosande” are yellow fine sands with the
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bivalve genera Unio and Congeria, the “Lakustrische Schich-
ten” are brown to grey, non-stratified sands and pelites
with minor coal seams.

Fossils: Molluscs (ABERER, 1958; SCHLICKUM, 1963,
1964a, b, 1971; CTYROKY et al., 1973a, b), plant fossils
(Upper Austria, Lower Bavaria) (GREGOR, 1982), fish oto-
liths (REICHENBACHER, 1993) and foraminifers (CICHA et al.,
1973) in the lowest parts.

Origin, facies: Brackish to almost limnic sediments, only
in the basal parts marine (30 psu) (REICHENBACHER, 1993).

Chronostratigraphic age: Early Miocene, late Burdigalian
(late Ottnangian—Karpatian).

The lower part of the Oncophora Formation is magne-
tostratigraphically correlated with polarity chron C5Dn
(17.53-17.24 Ma) by PIPERR et al. (2018), the uppermost
part may be Karpatian in age (PIPERR & REICHENBACHER,
2017). Re-studying the Oncophora Formation magneto-
stratigraphically (including the type locality) by HOFMAYER
et al. (2019) suggested a correlation with Chron C5Cn and
a (late) Karpatian age.

Biostratigraphy: Rzehakia guembeli (GUMBEL, 1868) (= Rzeha-
kia partschi (MAYER, 1876) sensu ScHULTZ (2005) and MAN-
pic & CORIC (2007)) is regarded as characteristic for the
upper Ottnangian in the North Alpine and Western Car-
pathian Foreland Basins (Central Paratethys) (CTYROKY et
al., 1973b; CORIC & ROGL, 2004; MANDIC & CORIC, 2007; PI-
PERR & REICHENBACHER, 2017).

Thickness: In surface outcrops up to 20 m; maximum
thickness in drillings 70 m (Rupp, 2008b).

Lithostratigraphically higher rank unit: On a wider geo-
graphic scale the Upper Brackish (Water) Molasse (OBM:
“Obere Brackwasser Molasse”) may be considered a high-
er rank unit (as a Group: DOPPLER et al., 2005), in SE Ba-
varia and Upper Austria the OBM consists only of the
Oncophara Formation (SCHNEIDER et al., 2011; PIPERR &
REICHENBACHER, 2017; PIPERR et al., 2018).

Lithostratigraphic subdivision: Two informal unit ranks
were defined by SCHLICKUM & STRAUCH (1968): Lower On-
cophora Beds (with “Mehlsande”, “Schillhorizont” and
“Glimmersande”), Upper Oncophora Beds (with “Aus-
stiBungshorizont”, “Schillsande”, “Uniosande” and “Lakus-
trische Schichten”) (see above).

Remark: All these units are well described and a type lo-
cality has been defined for each (STRAUCH, 1973) but a for-
malization and validation is missing.

Underlying unit(s): Austria: Treubach Formation, Brau-
nau Formation (diachronous?); Bavaria: “Glaukonitsande &
Blattermergel” (UNGER, 1984; PIPERR & REICHENBACHER,
2017; PIPERR et al., 2018).

Overlying unit(s): Austria: Hausruckviertel Group (diachro-
nous); Bavaria: Upper Freshwater Molasse (“Obere SiB-
wassermolasse”, gradational), Ortenburg gravel (Orten-
burger Schotter) (HAAS, 1987).

Lateral unit(s): Bavaria: Ortenburg gravel (Ortenburger
Schotter) (e.g., UNGER, 1983, 1996; HaAs, 1987; ABDUL
Aziz et al., 2010).

Geographic distribution: The Oncophora Beds are wide-
spread in Lower Bavaria. In the Innviertel district of Up-



per Austria the outcrops are poor (e.g., around Treubach
and RoBbach; KRENMAYR & SCHNABEL, 2006), but they are
widely recorded from drillings.

Remarks: PIPPERR et al. (2018) retained the name Oncopho-
ra (although this is not in line with the International Strati-
graphic Guide) because they wanted to conserve this tra-
ditional and well-known name. This continuation of the
name for this highly problematic lithostratigraphic unit may
cause confusion in future literature.

The Oncophora Beds of Lower Bavaria and Upper Austria
are well documented and discussed in the literature. Be-
sides the herein considered beds of the Oncophora For-
mation, the name Oncophora Beds has been used for sed-
iments from many other places in the Central Paratethys,
however, all these occurrences seem to originate from iso-
lated lakes (with endemic mollusc species each) (HARz-
HAUSER & MANDIC, 2008) and cannot be summarized in a
single lithostratigraphic unit.

For example, the “Oncophora Beds” from Lower Austria
(e.g., SCHNABEL, 2002a: p. 7, code 120 on the map of Low-
er Austria 1:200,000; ROETZEL, 2002: p. 25; WESSELY, 2006)
are lithologically and in their fossil content different from
those of Lower Bavaria and Upper Austria (HARZHAUSER &
MANDIC, 2008). Consequently, they have been revised, for-
malized and summarized in the Traisen Formation (Pixen-
dorf Group) by GEBHARDT et al. (2013a).

The occurrences in Moravia, which were originally de-
scribed as “Oncophorasande” by RzEHAK (1882b) and “On-
cophora-Schichten” (RzeHAK, 1893), were more recently
named and formalized as Vestonice Sandstone (ADAMEK,
2003) and Vestonice Formation (PICHA et al., 2006).

The Oncophara-Sande described by BURGL (1946) belong
to the Atzbach Formation and the Mehrnbach Formation
(RuPP & VAN HUSEN, 2007).

Complementary references: RzEHAK (1883), BITTNER
(1893), PAPP (1955a), ABERER (1958, 1960), UNGER (1984,
1996), FAUPL & ROETZEL (1987), WAGNER (1996b, 1998),
SALVERMOSER (1999), PILLER et al. (2004), MANDIC & CORIC
(2007), RupPP (2008a, 2009a, b, 2011a).

Obere SiiBwassermolasse /
Upper Freshwater Molasse

CHRISTIAN RUPP & WERNER E. PILLER

Validity: Invalid; introduced by GUMBEL (1861) and often
used as informal umbrella term summarizing all Paratethy-
an freshwater sediments younger than the “Obere Brack-
wassermolasse” (OBM) (Upper Brackish Water Molasse)
or “SuBbrackwassermolasse” (SBM) (LEMCKE et al., 1953;
UNGER, 1996) of the early Miocene (late Burdigalian; late
Ottnangian to Karpatian) to late Miocene (Tortonian, Pan-
nonian) in Switzerland, Southern Germany and Upper Aus-
tria. In the following, we focus on the occurrences in Up-
per Austria.

Type area: Not designated.
Type section: Not designated.

Reference section(s): -

Derivation of name: Named after the uppermost sedi-
mentary part of the Second Miocene Cycle (Upper Marine
Molasse - Eggenburgium-Ottnangium), Upper Brackish
Water Molasse (upper Ottnangian—lower Karpatian) ending
with freshwater sediments (Upper Freshwater Molasse —
Karpatian—Pannonian) (e.g., PAPP et al., 1968a, b; DOPPLER
et al., 2005).

Synonyms: Upper Austria: StiBwassermolasse (because
no Lower Freshwater Molasse is developed). Bavaria: SUB-
wasserschichten i.w.S. (UNGER, 1984, 1996).

Lithology: Grey and blue clays dominate, clayey sands
and gravels also occur, coal seams, rarely chalk.

Fossils: Plant fossils, molluscs, vertebrates.

Origin, facies: Limnic to fluvial sediments. Formed after
the retreat of the Paratethyan Sea in the late Ottnangian
and desalination of brackish lakes at the Ottnangian/Kar-
patian boundary and continues into the Pannonian.

Chronostratigraphic age: Early Miocene, late Burdigalian
(latest Ottnangian) to late Miocene, Tortonian (Pannonian).

Biostratigraphy: Upper Austria: European land mammal
Zones MN4b to MN9 (DOPPLER et al., 2005).

Thickness: Maximum thickness in Upper Austria: 250 m.
Lithostratigraphically higher rank unit: -

Lithostratigraphic subdivision: Rittsteig Beds, Kohle-
fihrende SiBwasserschichten (Coal-bearing Freshwater
Beds), Hausruckviertel-Gruppe (see remarks).

Underlying unit(s): Upper Austria: Wachtberg Formation
(diachronous), Innviertel Group (diachronous), Oncophora
Formation (diachronous).

Overlying unit(s): Quaternary cover.
Lateral unit(s): Upper Austria: No lateral units known.

Geographic distribution: Innviertel and Hauruckviertel
districts of Upper Austria.

Remarks: The name Upper Freshwater Molasse (Obere
SliBwassermolasse — OSM) is an overarching term and is
in Germany also considered to represent the rank of a
lithostratigraphic group (e.g., DOPPLER et al., 2005). This
explains the above units listed under “Lithostratigraphic
subdivision”. Since no formal definition exists, also forma-
tions of the Hausruckviertel Group are included in the Up-
per Freshwater Molasse and muddle the entire system.

GRAUL (1937) included the Hauptschotter, summarizing
the “Kohlefiihrende SuBwasserschichten” and the “Haus-
ruck-KobernauBerwald-Schotter” under this term, in the
Upper Freshwater Molasse (sensu lato). GOTZINGER (1925:
p. 198) reduced the broad meaning of Giimbel's defini-
tion and Graul's usage including only predominantly pelit-
ic sediments between the underlying Oncophora Forma-
tion and the overlying “Quarzschotter des Hausruck und
Kobernauser Waldes” (= “Hausruck-KobernauBerwald-
Schotter”) excluding the later (Upper Freshwater Molasse
sensu stricto).

Complementary references: ABERER (1958), PILLER et al.
(2004), RupPP (2011a).
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Rittsteiger-Schichten / Rittsteig Beds
CHRISTIAN RUPP & WERNER E. PILLER

Validity: Invalid; introduced by SEITNER (1977) but not for-
malized.

Type area: Between Rittsteig, part of district Heining, a
western district of the town Passau, and Neuburger Wald,
Lower Bavaria, Germany; ATK25, map sheet L19 Passau
(UNGER, 1984).

Type section: Not unequivocally designated; UNGER
(1984: Abb. 20) depicts two sections as “type localities”
(Rittsteig, drilling for highway construction, N 48°34'565" /
E 13°21'43"; clay pit in Rittsteig, N 48°34'45" / E 13°22'19")
(Lower Bavaria, Germany; ATK25, map sheet L19 Passau)
(UNGER, 1984), but the sections are highly different.
Reference section(s): -

Derivation of name: Named after Rittsteig, a part of the
district Heining, a western district of the town Passau,
Lower Bavaria, Germany.

Synonyms: -

Lithology: Red or green gravelly clays, yellow clays, white
to dark brown clays adjoining coal seams, fine to medium
white sands, rarely gravel.

Fossils: Plant fossils.

Origin, facies: Lake (pond) to coal swamp sediments with
minor fluvial ingressions.

Chronostratigraphic age: Early Miocene, late Burdigalian
(late Ottnangian to early Karpatian) (UNGER, 1984).

Biostratigraphy: Phytozone OSM-2, European land mam-
mal Zones MN4-6 (GREGOR, 1984).

Thickness: Maximum thickness 40 m (UNGER, 1984) or
50 m (SALVERMOSER & WALSER (1991).

Lithostratigraphically higher rank unit: Obere SiBwas-
sermolasse (Upper Freshwater Molasse) (informal) (e.g.,
DOPPLER et al., 2005).

Lithostratigraphic subdivision: -

Underlying unit(s): Crystalline basement of the Bohemian
Massif (diachronous).

Overlying unit(s): Liegendsande (SALVERMOSER & WALSER
(1991), Pitzenberg gravel.

Lateral unit(s): No lateral units known.

Geographic distribution: Few occurrences in Upper Aus-
tria E of Passau and N of Minzkirchen (Rupp, 2011a);
OK50-UTM, map sheet 3317 Passau (OK50-BMN, map
sheets 12 Passau, 29 Scharding).

Remarks: -

Complementary references: PILLER et al. (2004).

Pitzenberg-Schotter / Pitzenberg Gravel
CHRISTIAN RuPP & WERNER E. PILLER

Validity: Invalid; first mentioned by KONIG (1910), de-

scribed by KoHL & SCHILLER (1963), FUCHS (1968a) and
SALVERMOSER & WALSER (1991) but not formalized.
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Type area: Hill Pitzenberg, c."2 km W of the market town
M[jnzkirc_hen, Upper Austria; OK50-UTM, map sheet 3317
Passau (OK50-BMN, map sheet 29 Schérding).

Type section: Not designated.

South of Englhaming, a village c. 2 km NW of Munzkir-
chen, an active gravel pit (Fa. Griinberger GmbH.) exists
providing good outcrops which could serve as type local-
ity.

Reference section(s): -

Derivation of name: Hill Pitzenberg (559 m a.s.l.), c. 2 km
W of the market town Minzkirchen, Upper Austria; OK50-
UTM, map sheet 3317 Passau (OK50-BMN, map sheet 29
Schérding).

Synonyms: “Tertidrschotter und Conglomerat in der Ge-
gend von Minzkirchen” (COMMENDA, 1900: p. 174),
Schotter des Pitzenberges (KOHL & SCHILLER, 1963),
Quarzitkonglomerate des Pitzenberges (KiNzL, 1927), Pit-
zenberg-Schotter (FUCHS, 1968a), Steinbergschotter (?)
(FucHs, 1980a), Lithozone L2 p.p. (UNGER, 1989), Stein-
berg-Schotter (SALVERMOSER & WALSER, 1991).

Lithology: Greyish white to reddish fine to coarse residual
quartz gravel with silty sand-matrix, rich in kaolin. Grav-
el indistinctly bedded, sand-layers and sand-lenses rare.
The uppermost meters heavily silicified and conglomer-
ated (“Quarzkonglomerat”, not to be mixed up with the
Pramquellen Bed, see there).

Fossils: One elephant tooth (Gomphotherium angustidens) men-
tioned by TOLLMANN (1985).

Origin, facies: Fluvial sediments heavily kaolinized and
partly silicified due to post- sedimentary semi-arid weath-
ering (FUCHS, 1968a).

Chronostratigraphic age: Since fossils are nearly missing
the age is highly unclear: early Miocene, late Burdigalian
(late Ottnangian to early Karpatian) according to ROETZEL
(1994a); middle Miocene, Langhian to Serravallian (early
to late Badenian) according to UNGER (1989); middle Mio-
cene, Serravallian (late Badenian to early Sarmatian) ac-
cording to FUCHS (1968a).

Biostratigraphy: Highly uncertain. According to TOLLMANN
(1985) based on Gomphotherium angustidens: European land
mammal Zones MN4-MNS8.

Thickness: Thickness extremely variable depending on
the morphology of the crystalline basement; maximum
thickness around 60 m (FUCHS, 1968a).

Lithostratigraphically higher rank unit: Obere SiBwas-
sermolasse (Upper Freshwater Molasse) (informal).

Lithostratigraphic subdivision: -

Underlying unit(s): Crystalline basement of the Bohe-
mian Massif (diachronous), Innviertel Group? (diachron-
ous), Liegendsande (SALVERMOSER & WALSER, 1991; RuPP,
2011a) (gradational?).

Overlying unit(s): Quaternary cover.

Lateral unit(s): “Quarzrestschotter” (?) in Lower Bavaria
(FUcHs, 1968a; SALVERMOSER & WALSER, 1991).

Geographic distribution: This unit does not form a con-
tinuous sediment cover but occurs mostly in isolated
patches. It occurs in the “Taufkirchener Bucht” (Embay-



ment of Taufkirchen) in Upper Austria east of Passau and
Scharding; OK50-UTM, map sheet 3317 Passau (OK50-
BMN, map sheets 12 Passau, 29 Schéarding).

Remarks: The “Liegendsande” are named by SALVER-
MOSER & WALSER (1991) as unit underlying the Pitzenberg
Schotter. They are mentioned also in Rupp (2011a) but not
integrated in the map.

The “Steinberg-Schotter” (Steinberg gravel) occurs in a
small area south and northwest of the settlement Stein-
berg, E of the town Schérding (Upper Austria). The lithol-
ogy is very similar to the Pitzenberg gravel (SALVERMOSER &
WALSER, 1991) and this unit is considered to be synony-
mous (see also Rupp, 2011a).

Complementary references: UNGER (1996), ROETZEL &
KRENMAYR (1996), PILLER et al. (2004).

Kohlefiihrende SiiBwasserschichten /
Coal-bearing Freshwater Beds

CHRISTIAN RUPP & WERNER E. PILLER

Validity: Invalid; introduced by ABERER (1958: p. 70ff.) for
coal bearing sediments between the Bavarian/Austrian
border in the West and Wolfsegg am Hausruck in the East.
It is an overarching term covering various units of different
ages, including the Trimmelkam Beds (Badenian-Sarma-
tian), the Munderfing Gravel (Sarmatian-Pannonian) and
the Hausruckviertel Group (Pannonian).

Type area: Hausruck and KobernauBer Wald, Upper Aus-
tria; OK50-UTM, map sheets 3328 Mattighofen, 3329
Voécklabruck (OK50-BMN, map sheets 46 Mattighofen, 47
Ried im Innkreis, 48 Vocklabruck).

Type section: -
Reference section(s): -

Synonyms: Hauptschotter p.p. (GRAUL, 1937), Obere SuB-
wassermolasse (MACKENBACH, 1984).

Lithology: Pelites, sands and gravels of different colours
with intercalated coal seams (see also: Trimmelkam Beds,
Munderfing Gravel, KobernauBerwald Formation, Ampfl-
wang Formation, Hausruck Formation).

Fossils: Plant fossils, molluscs (rare), vertebrates.

Origin, facies: Limnic to fluvial sediments, see also Trim-
melkam Beds, Munderfing Gravel, KobernauBerwald For-
mation, Ampflwang Formation, Hausruck Formation.

Chronostratigraphic age: Early Miocene, late Burdigalian
(latest Ottnangian) to late Miocene, Tortonian (Pannonian).

Biostratigraphy: See Trimmelkam Beds, Munderfing
Gravel, KobernauBerwald Formation, Ampflwang Forma-
tion, Hausruck Formation.

Thickness: Maximum thickness 250 m.
Lithostratigraphically higher rank unit: -

Lithostratigraphic subdivision: It is an informal unit sum-
marizing the Trimmelkam Beds, the Munderfing Gravel and
the formations of the Hausruckviertel Group (Kobernauer-
wald Formation, Ampflwang Formation, Hausruck Forma-
tion).

Underlying unit(s): Wachtberg Formation (diachronous),
Innviertel Group (diachronous), Oncophora Formation (dia-
chronous).

Overlying unit(s): Quaternary cover.
Lateral unit(s): No lateral units known.

Geographic distribution: Between the Bavarian/Austrian
border in the West and the Hausruck in the East (c. 70 km
W-E), Upper Austria.

Remarks: The coal bearing sediments on the southern
margin of the Bohemian Massif (e.g., Rittsteig Beds) were
not included in the definition of ABERER (1958).

In the column “Alpine Vortiefe/O.Osterreich, Salzburg” in
PILLER et al. (2004) the term “Kohleflihrende SiBwasser-
schichten” was erroneously listed instead of the Ampfl-
wang Formation (which was formerly called “Kohletonse-
rie”).

Complementary references: CzURDA (1978), ARETIN
(1988), GRrolss (1989), RuPp & VAN HUSEN (2007: p. 95-96),
RuPP et al. (2011).

Trimmelkamer Schichten / Trimmelkam Beds
CHRISTIAN RuPP & WERNER E. PILLER

Validity: Invalid; described by ABERER (1958), often men-
tioned (CzURDA, 1978; MACKENBACH, 1984; UNGER, 1989)
but never sufficiently documented and formalized. It is also
well known because of the occurrence of coal, which is
part of the “Salzach-Kohlenrevier” (WEBER & WEISS, 1983).

Type area: The area of Trimmelkam and the Weilhartforst,
Upper Austria; OK50-UTM, map sheet 3327 Burghau-
sen (OK50-BMN, map sheets 44 Ostermiething, 45 Rans-
hofen).

Type section: -
Reference section(s): -

Derivation of name: Named after the village of Trim-
melkam, c. 2.7 km NE of St. Pantaleon (Upper Austria)
and c. 25 km NNW of the city of Salzburg, close to the
Austrian/Bavarian border; OK50-UTM, map sheet 3327
Burghausen (OK50-BMN, map sheet 45 Ranshofen).

Synonyms: Trimmelkamer Flézgruppe (CzURDA, 1978:
p. 125), Lithozone L1 p.p. (UNGER, 1989).

Lithology: Following ABERER (1958), the Trimmelkam Beds
include five units in the Trimmelkam coal area (from bot-
tom to top). 1: the “Basisserie = Bunte Serie” (colourful
sequence): colourful (grey, brown, red) pelites and sands,
gravels subordinate, 2: the “Graue Serie mit Trimmelkamer
Flézgruppe” (grey sequence with Trimmelkam coal seams):
grey pelites to sands with (up to three) coal seams inter-
calated, 3: the “Grline Serie” (green sequence): greenish,
sandy pelites with chalky concretions, micaceous sands
subordinate, 4: the “Radegunder Fl6z” (Radegund coal
seam), and 5: “Grline Serie mit Quarz-Kristallinschotterla-
gen” (green sequence with gravel): greenish, sandy, poor-
ly bedded pelites with horizons of quartz and crystalline
gravel intercalated. This sequence becomes predominant-
ly gravelly east and north of the type area. See also WE-
BER & WEISS (1983).
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Fossils: Plant fossils, molluscs (rare terrestrial gastro-
pods).

Origin, facies: Lake and coal swamp sediments, in the up-
per part interfingering with high-energy river channel sedi-
ments.

Chronostratigraphic age: Unit 1 to 3: Lower Miocene,
Burdigalian (Karpatian) to Middle Miocene, Langhian (Bad-
enian); unit 4 to 5: middle Miocene, Serravallian (Sarma-
tian) (ABERER, 1958; CzURDA, 1978; RuprP, 2011a).

Biostratigraphy: The Badenian section of the Trimmelkam
Beds were dated by terrestrial gastropods (PAPP, 1950, cit-
ed in ABERER, 1958); the Sarmatian section was dated pal-
ynologically (MEYER, 1956).

Thickness: Maximum thickness 200 m (RupP & VAN Hu-
SEN, 2007).

Lithostratigraphically higher rank unit: -

Lithostratigraphic subdivision: Informal subdivision into
“Basisserie = Bunte Serie”, “Graue Serie mit Trimmelkam-
er Flézgruppe”, “Griine Serie”, “Radegunder Fl6z”, “Grline
Serie mit Quarz-Kristallinschotterlagen” (ABERER, 1958).

Underlying unit(s): Oncophora Beds (diachronous).
Overlying unit(s): Munderfing Gravel (gradational).

Lateral unit(s): ? Munderfing Gravel, probably interfinger-
ing with the “Griine Serie mit Quarz-Kristallinschotterla-
gen”.

Geographic distribution: Trimmelkam, KobernauBerwald
and Hausruck areas, Upper Austria.

Remarks: The coal of the Trimmelkam Beds was already
mined in historical times, but the major exploitation has
been carried out in the second half of the 20t century by
the “Salzach Kohlenbergbau Gesellschaft” (SAKOG) which
closed, however, the mining activities in 1993 (WEBER &
WEIss, 1983; FRIEDL, 2010). Detailed annual reports were
provided by GOTzINGER (1955, 1957, 1958, 1959, 1960,
1961, 1962).

Complementary references: PILLER et al. (2004).

Munderfinger Schotter / Munderfing Gravel
CHRISTIAN RUPP & WERNER E. PILLER

Validity: Invalid; the most detailed study was provided
by MACKENBACH (1984). The Munderfing Gravel is often
lumped with other sediments under the term “Kohleflih-
rende SiBwasserschichten” (ABERER, 1958). It is an infor-
mal unit, which is not included in official Austrian map
sheets because of its vague distinction from the Kober-
nauBerwald Formation.

Type area: The western extensions of the KobernauBer-
wald near Munderfing, Upper Austria; OK50-UTM, map
sheet 3328 Mattighofen (OK50-BMN, map sheet 46 Mat-
tighofen).

Type section: Not designated.

Reference section(s): -
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Derivation of name: Named after the village Munderfing,
c. 5 km S of the town Mattighofen, Upper Austria; OK50-
UTM, map sheet 3328 Mattighofen (OK50-BMN, map
sheet 46 Mattighofen).

Synonyms: Lithozone L4 p.p. (UNGER, 1989), Munderfin-
ger-KobernauBerwald-Hausruckerschotter (BRUGEL, 1998),
Munderfinger-KobernauBerwaldschotter (RupP & VAN Hu-
SEN, 2007).

Lithology: Grey fine to coarse gravel, rarely conglomerates
with sandy matrix. Gravel rather badly bedded, sometimes
with thin sand-layers intercalated. Clast- to matrix-sup-
ported fabric. Clasts well rounded, predominately quartz,
subordinate crystalline, carbonate very rare. Sandy and
silty layers with coal seams intercalated (e.g., GOTZINGER,
1925; CzURDA, 1978).

Fossils: Plant remains, vertebrates (very rare).

Origin, facies: High-energy river channel sediment with
low energy coal swamp sediments intercalated.

Chronostratigraphic age: Middle Miocene, Serravallian
(Sarmatian) to late Miocene, Tortonian (Pannonian).

Biostratigraphy: Rather unspecified assignment to the
uppermost Sarmatian based on palynology (MEYER, 1956)
or Sarmatian to Pannonian based on vertebrates (THENIUS,
1952a).

Thickness: Maximum thickness 140 m (MACKENBACH,
1984).

Lithostratigraphically higher rank unit: An assignment
to the Hausruckviertel Group is uncertain and under dis-
cussion.

Lithostratigraphic subdivision: -

Underlying unit(s): Innviertel Group, Oncophora Forma-
tion (?) (diachronous).

Overlying unit(s): KobernauBerwald Formation (gradation-
al).

Lateral units: KobernauBerwald Formation (?) (interfinger-
ing).

Geographic distribution: KobernauBerwald, Upper Aus-
tria; OKSO-U'I:M, map sheets 3328 Mattighofen, 3329
Vécklabruck (OK50-BMN, map sheet 46 Mattighofen).

Remarks: MACKENBACH (1984) differentiated the Munder-
fing Gravel from the KobernauBerwald Formation due to a
lower content of limestone gravel in the later. An inclusion
of the Munderfing Gravel into the Hausruckviertel Group or
a synonymisation with the KobernauBerwald Formation is
in discussion (Rupp, 2008b).

Complementary references: UNGER (1983), BRUGEL

(1998), PILLER et al. (2004), RuppP (2009a, 2011).

Hausruckviertel-Gruppe / Hausruckviertel Group
CHRISTIAN RuPP

Validity: Valid; described and defined by Rupp (2008b:
p. 33).

Type area: Hausruck and KobernauBer Wald, Upper Aus-
tria; OK50-UTM, map sheets 3328 Mattighofen, 3329



Vocklabruck, 3330 Attnang-Puchheim ((")KSO—BMN, map
sheets 46 Mattighofen, 47 Ried im Innkreis, 48 Vockla-
bruck).

Type section: See Hausruck Formation.
Reference section(s): -

Derivation of name: Named after the district Hausruck-
viertel, one of the four historic quarters of Upper Austria.

Synonyms: Coal-bearing Freshwater Beds p.p.

Lithology: Great variety of lithologies, ranging from coarse
gravels, sands, clays and coals (see formations).

Fossils: See formations.

Origin, facies: Limnic, fluvial and terrestrial environments
of high to low energy facies.

Chronostratigraphic age: Late Miocene, Tortonian (Pan-
nonian).

Biostratigraphy: See formations.
Thickness: Maximum thickness approximately 250 m.
Lithostratigraphically higher rank unit: -

Lithostratigraphic subdivision: KobernauBerwald Forma-
tion, Ampflwang Formation (with Grimberg Member and
Pramquellen Bed), Hausruck Formation. The assignment
of the Munderfing Gravel is uncertain (see above).

Underlying unit(s): Innviertel Group, Oncophora Forma-
tion (diachronous).

Overlying unit(s): No overlying units known.

Lateral unit(s): Unclear, since the assignment and bound-
aries of the Munderfing Gravel is uncertain.

Geographic distribution: Innviertel and Hausruckviertel
districts of Upper Austria; OK50-UTM, map sheets 3328
Mattighofen, 3329 Vdécklabruck, 3330 Attnang-Puchheim
(OK50-BMN, map sheets 46 Mattighofen, 47 Ried im
Innkreis, 48 Vécklabruck).

Remarks: -

Complementary references: Rurp (2009a, b, 2011a).

KobernauBerwald-Formation (Hausruckviertel-Gruppe) /
KobernauBerwald Formation (Hausruckviertel Group)

CHRISTIAN RuPP & WERNER E. PILLER

Validity: Valid; described and formalized by Rupp (2008b:
p. 33-35).

Type area: KobernauBer Wald, Upper Austria; OK50-UTM,
map sheets 3328 Mattighofen, 3329 Vécklabruck (OK50-
BMN, map sheets 46 Mattighofen, 47 Ried im Innkreis).

Type section: Gravel pit Schwarzmoos (RSK Gebriider
Ragginger Sand- und Kiesgewinnungs GesmbH.), be-
tween Schneegattern in the SW and KobernauBen in the
NNE (N 48°04'20" / E 13°20'43"); OK50-UTM, map sheet
3329 Vécklabruck (OK50-BMN, map sheet 47 Ried im
Innkreis); lower and upper boundaries are not defined.

Reference section(s): -

Derivation of name: Named after KobernauB3erwald (also:
KobernauBer Wald, Kobernauserwald), a hilly wood area
E-SE of Matttighofen in the Innviertel district, Upper Aus-
tria.

Synonyms: Hauptschotter p.p. (GRAUL, 1937); Hausruck-
Deckschotter (BECKER, 1948); KobernauBerwaldschotter,
KobernauBerwald-Schotter, Hausruck-KobernauBerwald
Schotter (ABERER, 1958; KRENMAYR, 1995), Limnisch-fluvi-
atile Serie p.p. (MACKENBACH, 1984), KobernauBer-Schot-
ter (MACKENBACH, 1984).

Lithology: Grey fine to coarse gravel, rarely conglomerates
with sandy, rarely silty matrix. Gravel even, wavy or cross-
bedded, often with thin sand-layers intercalated. Clast- to
matrix-supported fabric. Clasts well rounded, predomi-
nately quartz, subordinate crystalline rock fragments, car-
bonate rocks are very rare.

Fossils: Petrified wood and other plant remains, verte-
brates (very rare) (THENIUS, 1952a; STEININGER, 1965).

Origin, facies: High-energy river channel sediment, inter-
fingering with low energy swamp sediments of the Ampfil-
wang Formation (RupPp & VAN HUSEN, 2007).

Chronostratigraphic age: Late Miocene, Tortonian (Pan-
nonian).

Biostratigraphy: European land mammal Zones MN9-10
(RABEDER, 1985).

Thickness: Maximum thickness 200 m (RupPP & VAN Hu-
SEN, 2007).

Lithostratigraphically higher rank unit: Hausruckviertel
Group.

Lithostratigraphic subdivision: -

Underlying unit(s): Munderfing Gravel (gradational), On-
cophora Formation (diachronous), Innviertel Group (dia-
chronous).

Overlying unit(s): Hausruck Formation.
Lateral unit(s): Ampflwang Formation (interfingering).

Geographic distribution: KobernauBerwald, Upper Aus-
tria; OK50-UTM, map sheets 3328 Mattighofen, 3329
Vocklabruck (OKSO—BMN, map sheets 46 Mattighofen, 47
Ried im Innkreis).

Remarks: The separation from the Munderfing Gravel and
the Hausruck Formation is based on different gravel spec-
tra (Rupp, 2008b). In PILLER et al. (2004), this unit is dis-
played as KobernauBerwald Schotter.

Complementary references: SKERIES Rupp

(2009a, 2011a).

(1996),

Ampflwang-Formation (Hausruckviertel-Gruppe) /
Ampflwang Formation (Hausruckviertel Group)

CHRISTIAN RuPP & WERNER E. PILLER

Validity: Valid; known already by BoOUE (1830a, 1831),
described and figured by WAGNER (1878), PETRASCHECK
(1922/1924, 1926/1929) and PoHL (1968) and finally re-
named and formalized by Rupp (2008b: p. 37-41).
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Type area: Around the hillside Hausruck, Upper Austria;
OK50-UTM, map sheets 3329 Vocklabruck, 3330 Attnang-
Puchheim (OK50-BMN, map sheets 47 Ried im Innkreis,
48 Vocklabruck).

Type section: Location “Kohlefloz Kalletsberg” (WEBER &
WEIDINGER, 2006), c. 1.5 km SE of Zell am Pettenfirst and c.
4.5 km SE of Ampflwang im Hausruckwald (N 48°04'08" /
E 13°36'44"), Upper Austria. OK50-UTM, map sheet 3329
Vécklabruck (OK50-BMN, map sheet 48 Vécklabruck);
lower and upper boundaries not defined.

Reference section(s): -

Derivation of name: Named after the market town Ampfl-
wang im Hausruckwald, c. 12 km NW Vécklabruck; Upper
Austria.

Synonyms: Kohlentonserie sensu lato, Hausruck-Kohlen-
tonserie p.p. (e.9., TOLLMANN, 1985), Limnisch-fluviatile Se-
rie p.p. (MACKENBACH, 1984), Kohlen-Ton-Folge (MACKEN-
BACH, 1984), Produktive Kohlentonserie, Kohlefiihrende
SliBwasserschichten (Groiss, 1989), Lithozone L4 p.p.
(UNGER, 1989), Hausruck-Kohleton-Serie (Rupp, 2011a).

Lithology: The most characterizing feature of this unit is
the occurrence of up to three coal seams. An informal
subdivision of the Ampflwang Formation has been pro-
vided by POHL (1968) and is used (modified) in the litera-
ture: Liegendschichten, Kohletonserie s.str., Hangendtone
(WEBER & WEISS, 1983). These informal units are nowadays
badly exposed and were therefore not formalized but are
still in use (Rupp, 2008b: p. 38).

Liegendschichten: White to ochre, badly sorted sands and
clays, rich in quartz, micaceous.

Kohletonserie sensu stricto: three coal seams (2-4 m thick
each) are separated by sandy clays to silts and partly mas-
sive to fine bedded, micaceous sands.

Hangendtone: grey to grey blue clays (called “Tegel”).

Gravelly intercalations at the base of the formation are sep-
arated as member (Grimberg Member) or bed (Pramquellen
Bed).

Fossils: Rich in plant fossils (e.g., HOFMANN, 1927 — see
also complementary references), vertebrates are rare (THE-
NIUS, 1952a) but already reported (Hipparion, Chalicotherium) by
TAUSCH (1883).

Origin, facies: Low energy coal swamp sediments and
oxbow lake sediments, intensively interfingering with the
high-energy river channel sediments of the KobernauBer-
wald Formation.

Chronostratigraphic age: Late Miocene, Tortonian (Pan-
nonian).

Biostratigraphy: Pollen give a middle to late Miocene age
(late Sarmatian to early/middle Pannonian) (MASSELTER &
HOFMANN, 2005), the vertebrate fossils give a Pannonian
age: European land mammal Zones MN9-10 (RABEDER,
1985).

Thickness: Maximum thickness 60 m (POHL, 1968; WE-
BER & WEIDINGER, 2006).

Lithostratigraphically higher rank unit: Hausruckviertel
Group.

106

Lithostratigraphic subdivision:

Pramquellen Bed.

Grimberg  Member,

Underlying unit(s): Munderfing Gravel (gradational), On-
cophora Formation (diachronous), Innviertel Group (dia-
chronous).

Overlying unit(s): Hausruck Formation.

Lateral unit(s): KobernauBerwald Formation (interfinger-
ing).

Geographic distribution: Hausruck, Upper Austria;
OK50-UTM, map sheets 3329 Vocklabruck, 3330 Attnang-
Puchheim ((")K50—BMN, map sheets 47 Ried im Innkreis,
48 Vocklabruck).

Remarks: The overall finer sediments differentiate the
Ampflwang Formation from the KobernauBerwald Forma-
tion (Rupp, 2008b).

The term Kohletonserie sensu lato is synonymous to the
Ampflwang Formation, the term Kohletonserie sensu stric-
to refers only to the middle part of the sequence including
the three coal seams (see above). The coal of the Ampfl-
wang Formation was industrially mined by the Wolfsegg-
Traunthaler Kohlenwerks AG (WTK) but the mine was
closed 1995 (WEBER & WEISS, 1983; FRIEDL, 2010).

Complementary references: BECKER (1948, 1949, 1950),
ARETIN (1988), KOVAR-EDER & WOJCICKI (2001), BECHTEL et
al. (2002), MELLER (2007), Rupp (2009b, 2013a).

Grimberg-Subformation (Ampflwang-Formation,
Hausruckviertel-Gruppe) / Grimberg Member
(Ampflwang Formation, Hausruckviertel Group)

CHRISTIAN RUPP & WERNER E. PILLER

Validity: Valid; described by ROETZEL (1988b) and formal-
ized by Rupp (2008b: p. 36-37).

Type area: Grimberg, N of the market town Frankenburg
am Hausruck, Upper Austria; OK50-UTM, map sheet 3329
Vécklabruck (OK50-BMN, map sheet 47 Ried im Innkreis).

Type section: Gravel pit, SE Hintersteining, c. 3 km N
of Frankenburg am Hausruck (N 48°05'42" / E 13°29'27");
OK50-UTM, map sheet 3329 Vécklabruck (OK50-BMN,
map sheet 47 Ried im Innkreis); lower and upper boundar-
ies not defined.

Reference section(s): -

Derivation of name: Named after the Grimberg, con-
ventional name of the woody ridge between the villag-
es Vordersteining and Hintersteining, N Frankenburg am
Hausruck, Upper Austria; OK50-UTM, map sheet 3329
Vécklabruck (OK50-BMN, map sheet 47 Ried im Innkreis).

Synonyms: Grimberger Kies (GRAUL, 1937); Grimber-
ger Schotter (GRAUL, 1937); Grimbergkies (e.g., ROETZEL,
1988Db).

Lithology: Light grey to ochre to brown fine to medium
quartz gravel embedded in a polymict sandy matrix. In-
tercalated are decimeter-thick layers of massive to cross-
bedded fine to coarse quartz sands.

Fossils: -



Origin, facies: High-energy fluvial sediments embedded
within the low-energy Ampflwang Formation. Altered by
descending acidic waters derived from coal swamps for-
merly generated above the member.

Chronostratigraphic age: Late Miocene, Tortonian (Pan-
nonian).

Biostratigraphy: See Ampflwang Formation.
Thickness: Maximum thickness 15 m.

Lithostratigraphically higher rank unit: Ampflwang For-
mation. The Grimberg Member is a coarse clastic unit
within the basal part of the Ampflwang Formation

Lithostratigraphic subdivision: Pramquellen Bed (RupP,
2008b).

Underlying unit(s): Ampflwang Formation (gradational).
Overlying unit(s): Ampflwang Formation (gradational).
Lateral unit(s): Ampflwang Formation (interfingering).

Geographic distribution: S of the Hausruck ridge be-
tween Frankenburg am Hausruck and Hintersteining, Up-
per Austria; OK50-UTM, map sheet 3329 Vocklabruck
(OK50-BMN, map sheet 47 Ried im Innkreis).

Remarks: GRAUL (1937) placed the “Grimbergkies” below
the Ampflwang Formation.

Complementary references: RuPP & VAN HUSEN (2007),
RupPP (2009a, 2011a).

Pramquellen-Bank (Grimberg-Subformation,
Ampflwang-Formation, Hausruckviertel-Gruppe) /
Pramquellen Bed (Grimberg Member,
Ampflwang Formation, Hausruckviertel Group)

CHRISTIAN RuPP & WERNER E. PILLER

Validity: Valid; first mentioned by HAUER (1857: p. 272-
273), described in detail by KONIG (1910), KiNzL (1927) and
MACKENBACH (1984), formalized by Rupp (2008b: p. 35-36)
as “Pramquellen Bank™. It represents the lowermost part of
the Grimberg Member.

Type area: Between Haag am Hausruck in the east and
Schernham in the west, Upper Austria; OK50-UTM, map
sheet 3329 Vocklabruck (OK50-BMN, map sheet 48 Vock-
labruck).

Type section: Surroundings of the springs of the Pram
creek, c. 2 km W of Haag am Hausruck, Upper Austria
(N 48°10'53" / E 13°37'07"); OK50-UTM, map sheet 3329
Vécklabruck (OK50-BMN, map sheet 48 Vécklabruck);
lower and upper boundaries not defined.

Reference section(s): -

Derivation of name: Named after the springs of the Pram
creek, W of the market town Haag am Hausruck, Upper
Austria; OK50-UTM, map sheet 3329 Vécklabruck (OK50-
BMN, map sheet 48 Vocklabruck).

Synonyms: Quarzkonglomerat, Quarzitkonglomerat (HAU-
ER, 1857; KONIG, 1910: p. 136; ROETZEL, 1988b).

Lithology: Grey to brownish, not always fully lithified con-
glomerate bed of quartz gravel with siliceous matrix.

Fossils: -

Origin, facies: High-energy fluvial gravel at the base of the
Grimberg Member (Ampflwang Formation) altered by de-
scending acidic waters derived from coal swamps formerly
generated above the bed.

Chronostratigraphic age: Late Miocene, Tortonian (Pan-
nonian).

Biostratigraphy: See Ampflwang Formation.
Thickness: Maximum thickness 2 m.

Lithostratigraphically higher rank unit: Grimberg Mem-
ber (Ampflwang Formation).

Lithostratigraphic subdivision: -

Underlying unit(s): Part of the Grimberg Member (Ampfl-
wang Formation) (gradational), Innviertel Group (diachron-
ous).

Overlying unit(s): Part of the Grimberg Member (Ampfl-
wang Formation) (gradational).

Lateral unit(s): Part of the Grimberg Member (Ampflwang
Formation) (interfingering).

Geographic distribution: Occurs in the Hausruckviertel
and Innviertel districts of Upper Austria and in SE Bavaria
(KINZL, 1927).

Remarks: The conglomerate of this bed occurs mostly in
lose blocks (KiNzL, 1927; GRAUL, 1937; ROETZEL, 1988b).
PoHL (1968) places the “Quarzitkonglomerat” below the
Kohlentonserie (= Ampflwang Formation).

Complementary references: ABERER (1958), GROISS
(1989), RuPP & VAN HUSEN (2007), RupP (2009a, 2011a).

Hausruck-Formation (Hausruckviertel-Gruppe) /
Hausruck Formation (Hausruckviertel Group)

CHRISTIAN RuPP & WERNER E. PILLER

Validity: Valid; detailed description and formalization by
RupPP (2008b: p. 41-43).

Type area: Hillside Hausruck, Upper Austria; OK50-UTM,
map sheets 3329 Vdcklabruck, 3330 Attnang-Puchheim
((")KSO—BMN, map sheets 47 Ried im Innkreis, 48 Vockla-
bruck).

Type section: Gravel pit Schernham, N of the hill SchloB-
berg, c. 2.5 km W of the market town Haag am Haus-
ruck (N 48°1027" / E 13°36'37") (RUPP et al., 2007; RuPP,
2008b: Abb. 12); OK50-UTM, map sheet 3329 Véckla-
bruck (OK50-BMN, map sheet 48 Vécklabruck); lower and
upper boundaries not defined.

Reference section(s): -

Derivation of name: Named after the hillside Hausruck, a
gentle woody elevation in the Hausruckviertel and Innvier-
tel districts of Upper Austria.

Synonyms: Hausruck-Deckschotter (BECKER, 1948), Haus-
ruck-KobenauBerwald-Schotter (ABERER, 1958), Hausruck-
schotter (POHL, 1968), Lithozone L5 (UNGER, 1989).
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Lithology: Grey fine to coarse gravels to conglomerates
with sandy matrix. Gravel normally badly bedded, occa-
sionally cross-bedded. Clast- to matrix-supported fabric.
Clasts well rounded, predominately quartz, subordinate
crystalline rocks, limestones rare.

Fossils: Petrified wood, vertebrates (THENIUS,
DAXNER-HOCK, 2004a).

1952a;

Origin, facies: High-energy river channel sediment, no
low-energy facies documented.

Chronostratigraphic age: Late Miocene, Tortonian (Pan-
nonian).

Biostratigraphy: Mammals (rodents) allow an assignment
to the upper part of European land mammal Zone MN10
(DAXNER-HOCK, 2004a).

Thickness: Maximum thickness 150 m (MACKENBACH,
1984).

Lithostratigraphically higher rank unit: Hausruckviertel
Group.

Lithostratigraphic subdivision: -

Underlying unit(s): KobernauBerwald Formation, Ampfl-
wang Formation (diachronous).

Overlying unit(s): Quaternary cover.
Lateral unit(s): No lateral units known.

Geographic distribution: Hillside Hausruck, Upper Aus-
tria; OK50-UTM, map sheets 3328 Mattighofen, 3329
Vécklabruck, 3330 Attnang-Puchheim ((")KSO-BMN, map
sheets 46 Mattighofen, 47 Ried im Innkreis, 48 Vockla-
bruck).

Remarks: -

Complementary references: WAGNER (1878), KONIG
(1910), GRAUL (1937), GRAUL & WIESENEDER (1939), ABERER
(1958), ARETIN (1988), GRoISS (1989), SKERIES (1996), PIL-
LER et al. (2004), RupP & VAN HUSEN (2007), Rupp (20093, b,
2011a).

North Alpine Foreland Basin: Lower Austria, South of the Danube

Rogatsboden-Formation (Perwang-Gruppe) /
Rogatsboden Formation (Perwang Group)

(see North Alpine Foreland Basin: Salzburg —
Upper Austria)

Pielach-Formation / Pielach Formation
HANS-GEORG KRENMAYR & REINHARD ROETZEL

Validity: Valid; POSEPNY (1865) first described sediments
with coal seams and fossils from the village Pielach (Low-
er Austria) and FUCHS (1868) reported additional fossils;
NoOwAcCK (1921) introduced the term “Pielacher Tegel” for
these fine grained sediments below the “Melker Sande”
and WAGNER (1998: p. 361) established the term Pielach
Formation, however, without further description and for-
malization. HARZHAUSER & MANDIC (2001: p. 681) provid-
ed a paleontologic description of the Pielach Formation.
Moreover, the term “Pielach-Formation” was already used
in the OK50-BMN, map sheet 55 Ober-Grafendorf (SCHNA-
BEL et al., 2012).

Type area: The type area is located in the surroundings
of Melk close to the village of Pielach, where sediments
of the Pielach Formation were already described in the
19t century (see Validity).

Type section: -
Reference section(s): -

Derivation of name: Named after the village of Pielach,
c. 3 km E of the town of Melk, Lower Austria; OK50-UTM,
map sheet 4323 Sankt Pélten (OK-BMN, map sheet 55
Ober-Grafendorf).

Synonyms: Tegel, sandige Tegel (POSEPNY, 1865: p. 165),
Sotzka-, Kohlen- u. Hangendschichten (STur, 1891c);
Sotzka-Kohlen- und Hangendschichtén (PAUL & BITTNER,
1894), Pielacher Tegel (Nowack, 1921: p. 38), Starzin-
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ger Schichten (VETTERS, 1922), Tegel von Starzing (VET-
TERS, 1922: p. 117), kohleflihrende Schichten von Starzing
(GOTZINGER & VETTERS, 1923), Pielacher Schichten (VET-
TERS, 1922: p. 130), Tegel um Doppel (GRILL, 1937: p. 42).

Lithology: Sediments of the Pielach Formation are litho-
logically divers and comprise sandy silts and clays, clayey
marls, clayey sands, sandstones, soft coal seams or lens-
es and blocky crystalline material in clayey matrix. Clayey
sediments range from grey, dark grey or black, but also
red, green, bluish and ochre to yellow occur, typically in a
mottled manner, which helps for identification in the field.

Fossils: Most outcrops are poor in macrofossils; excep-
tional localities, mostly from short-lived excavations, are
rich in molluscs (e.g., ROETZEL et al., 1983; HARZHAUSER,
2000; HARZHAUSER & MANDIC, 2001). The latter describe
(p- 681) gastropods (Tympanotonos, Granulolabium, Neritina, etc.)
and bivalves (Mytilus, Isognomon, Anomia, Thracia, etc.). A paly-
noflora from core material from the drillings Statzendorf
and Thallern (Lower Austria) was described by HocHuULI
(1978: p. 27, 38). KNOBLOCH (1977: p. 418) described rare
fossil leaves from the locality Zelking.

Origin, facies: The Kiscellian to Egerian transgression of
the Paratethys onto the Bohemian Massif flooded a relief
of deeply weathered crystalline rocks. The Pielach Forma-
tion formed in the many small depressions and bays of
this relief and also in protected lagoonal, fluvial-estuarine
and mud flat environments, next to the sandy coastal and
shelf sediments of the Linz-Melk Formation. Rootlet beds
at the base indicate a limnic environment. The coal seams
are of paralic origin; mollusc faunas generally imply brack-
ish conditions. In the area of Melk, local oscillations of
sea level and freshwater influx are documented, reflecting
a complex transgression-regression history (HARZHAUSER,
2000).

Chronostratigraphic age: Oligocene, Rupelian to early
Chattian (early Kiscellian to early Egerian).



Biostratigraphy: Pollen Zones PGZ 19-20b (= Kiscellian)
and NGZ | (= early Egerian) were identified by HOCHULI (in
ROETZEL et al., 1983).

The PGZ 19-20b (= Kiscellian) occur in those sediments
of the Pielach Formation which follow directly above the
crystalline basement. An early Egerian regression within
the formation has been identified with NGZ | (ROETZEL et
al., 1983). EscHIG (1992: p. 99) reported the dinoflagellate
cyst Wetzeliella gochtii from coals of the drillhole Theiss, SE
of Krems, which indicates Rupelian-lower Chattian and is
correlated to calcareous nannofossil Zones NP22-NP25
(Pross et al., 2010; SoLIMAN, 2012) and to CNO2-CNO5
(RAFFI et al., 2016; GRADSTEIN et al., 2020: Fig. 28.11), re-
spectively.

Thickness: A maximum thickness of c. 125 m is recorded
from drillholes. Sediment thickness is strongly dependent
on the underlying relief of the crystalline basement and
varies laterally within short distances.

In the type area, a maximum thickness of 10 m is reported
by ROETZEL et al. (1983: p. 165) from the locality Zelking,
c. 8 km SW of Melk. VETTERS (1923: p. 43) estimates about
20 m thickness for the coalfield Starzing-Hagenau (Alloch-
thonous Molasse). From a borehole at Theiss (6 km SE of
Krems), ESCHIG (1992: Tab. 2) reported 124.7 m of Pielach
Formation and from the drillhole Herzogenburg (Low-
er Austria) PETRASCHECK (1926/1929: p. 292) described
123.5 m of coal-bearing strata, which can be ascribed to
the Pielach Formation. In the drillhole Murstetten 1 (NE of
St. Pélten), the Pielach Formation is more than 40 m thick
(BRIX & GOTZINGER, 1964: p. 5). The maximum thickness
of the coal seams at the mining area of Starzing-Hagenau
is 1.8 m (VETTERS, 1923: p. 42). From the coalfield west of
Statzendorf up to 2 m coal are reported and in the mining
district south of Krems two 1.6 m and 2 m thick coal beds
were mined (WEBER & WEISS, 1983).

Lithostratigraphically higher rank unit: -

Remark: ABEL (1904b) combined the “Melker Sande” and
“Pielacher Tegel” as “Melker Schichten”; KAPOUNEK et al.
(1960: p. 111) suggested to unite the “Melker Sande” and
“Pielacher Tegel” as “Melker Serie” and KAPOUNEK et al.
(1965: p. 111) denominated the same two units as “Un-
tere Melker Serie” (with the “Alterer Schlier”) (compare this
volume) and “Obere Melker Serie”. ROETZEL et al. (1983:
p. 132) proposed to combine “Pielacher Tegel” and “Mel-
ker Sande” as “Melker Formation”.

Lithostratigraphic subdivision: -

Underlying unit(s): Crystalline rocks of the Bohemian
Massif. In interfingering areas with the Linz-Melk Forma-
tion also sandy sediments may form the underlying strata.

Overlying unit(s): Linz-Melk Formation.

Near the southern margin of the Bohemian Massif where
younger sediments have been eroded, only the Mauer For-
mation is preserved on top of the Pielach Formation.

Lateral unit(s): The Pielach Formation interfingers with the
Linz-Melk Formation.

In the tectonically strongly disturbed area in the surround-
ings of Neulengbach (Lower Austria) the Pielach Formation
occurs in tectonic contact to a number of other lithostrati-

graphic units, e.g., the Ollersbach Conglomerate, “Older
Schlier”, Buchberg Conglomerate, Hall Formation, and
Rhenodanubian Flysch units.

Geographic distribution: The Pielach Formation mainly
extends in Upper Austria in the surroundings of Eferding
and Linz. In Lower Austria it crops out along the southern
margin of the Bohemian Massif, especially between Melk
and Krems as well as in the Allochthonous Molasse north
of Neulengbach. OK50 UTM, map sheets 3324 Grieskir-
chen, 4319 Linz, 4320 Perg, 4321 Grein, 4322 Pd&chlarn,
4323 Sankt Polten, 4327 Amstetten, 4328 Scheibbs, 4329
Wilhelmsburg (OK50-BMN, map sheets 31 Eferding, 32
Linz, 33 Steyregg, 34 Perg, 37 Mautern an der Donau, 38
Krems an der Donau, 52 St. Peter in der Au, 53 Amstetten,
54 Melk, 55 Ober-Grafendorf, 57 Neulengbach).

Apart from outcrops along the southern margin of the Bo-
hemian Massif and in the Allochthonous Molasse near
Neulengbach, the Pielach Formation is widespread in the
subsurface of the NAFB.

Remarks: An early reference to the coal deposits at
Starzing-Hagenau (near Neulengbach, Lower Austria)
gave CzJZEK (1849a: p. 96, “Sterzing, stUdwestlich von
Sieghartskirchen” [sic!]), who supposed that the coal and
the accompanying sediments belong to the “Wiener Sand-
stein” (i.e., Cretaceous flysch deposits); in 1852 (CZJZEK,
1852c) he described the sediments and coals of various
mining tunnels in Starzing-Hagenau. Coal seams, well
known from the area of Neulengbach and south of Krems,
were intensively mined since the 18t century (CZJZEK,
1853a, b; PETRASCHECK, 1926/1929; WEBER & WEISS,
1983). CzJZEK (1853a: p. 276) described sediments which
are now considered to belong to the Pielach Formation as
well as to the deeply kaolinitic weathered basement rocks
from the village Oberfucha S of Krems (Lower Austria) as
“Topferthon” (= clay for pottery).

Complementary references: GOTZINGER & VETTERS (1927),
GRILL & WALDMANN (1951), FUCHS (19644, b, 1969, 1980a),
TOLLMANN (1985), PILLER et al. (2004), GEBHARDT (2007).

Linz-Melk-Formation / Linz-Melk Formation
REINHARD ROETZEL

Validity: Invalid; the term Linz-Melk Formation was estab-
lished by KRENMAYR & ROETZEL (2000a) and is informal and
invalid.

Type area: As in literature the Oligocene sands in the vi-
cinity of Linz (Upper Austria) were described first (FITzIN-
GER, 1842; EHRLICH, 1848), the area in the surroundings of
Linz and Steyregg can be regarded as type area.

Type section: -

Reference section(s): Not defined; in Lower Austria as
reference sections can be regarded: Sandpits in the area
south of Krems (Statzendorf embayment), e.g., sandpit
Hermannschacht (abandoned) (N 48°18'55" / E 15°36'33"),
sandpit Winzing (abandoned) (N 48°17'05" / E 15°35'06"),
sandpit GroBrust (abandoned) (N 48°16'40" / E 15°36'24")
(cf. ROETZEL et al., 1983). In these outcrops the upper
boundary of the Linz-Melk Formation was exposed. Sand-
pits in the surroundings of Melk, e.g., Melk (N 48°13'17" /
E 15°21'17") (ROETZEL et al., 2013).
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In Upper Austria as reference sections can be considered:
Sandpits in the area of Prambachkirchen (e.g., Weinzierl-
bruck (abandoned): N 48°19'35" / E 13°53'57"), west of
Eferding (e.g., Unterrudling: N 48°18'17" / E 13°59'38"; up-
per boundary exposed), east of Linz (e.g., Steyregg (aban-
doned): N 48°1725" / E 14°22'08"; St. Georgen/Gusen:
N 48°17'07" / E 14°26'22"), and north of Klam (Miinzbach:
N 48°14'52" / E 14°46'29") (ROETZEL & RupPP, 1991).

Derivation of name: Named after the city of Linz, the cap-
ital of Upper Austria, and Melk, a town in the Wachau,
22 km W of St. Pélten, Lower Austria.

Synonyms: Linzer Sand(e), Melker Sand(e), (Kristall)sand-
stein von Perg, (Kristall)sandstein von Wallsee, Obritzberg-
er Sand, Alterer resp. Jiingerer Linzer Sand, Alterer resp.
Jingerer Melker Sand, (Untere resp. Obere) Melker Serie,
Melker Formation, Linz Formation, Melk Formation.

The Oligocene sands in the vicinity of Linz and Melk
were described from the mid of the 19t century main-
ly due to their common fossil record, especially of ver-
tebrates. In Lower Austria, they were called “Melker
Sande” (ABEL, 1904b), whereas in Upper Austria they were
named “Linzer Sande” (COMMENDA, 1900). The partition
of the sands in a fine-grained and a coarse-grained litho-
logical type (NOwWACK, 1921; GRILL, 1956) was interpreted
by FucHs (1968b; cf. 1972, 1974) chronostratigraphical-
ly, leading to the terms “Alterer Melker Sand”, “Jiingerer
Melker Sand” and “Alterer Linzer Sand”, “Jungerer Linzer
Sand”, respectively. A detailed study of the Melk Sands
was presented by ROETZEL et al. (1983). The distribution
of the Melk Beds in drillings of the NAFB in Lower Austria
was described by FUCHS et al. (1980). A comprehensive fa-
cies study was started by KRENMAYR & ROETZEL (2000a, b).

Lithology: The sediments of the Linz-Melk Formation are
yellowish to whitish coarse- to fine-grained sands, rich in
quartz and occasionally with granitic boulders and gravelly
or clayey intercalations. These sands mainly show typical
sedimentary structures of nearshore sediments with planar
bedding, sometimes also cross bedding. East of Linz inter-
calations of variously consolidated fossiliferous coralline
algae limestones occur.

Fossils: The sands of the Linz-Melk Formation are normal-
ly very poor in fossils. However, east of Linz sandpits in
Plesching and Steyregg exhibit coralline algae, corals, bal-
anids, brachiopods, bryozoans, ostracods, echinoderms,
and molluscs (STEININGER, 1966, 1969b, 1975; ROETZEL et
al., 1991c; KAISER et al., 2001). From these outcrops also
benthic foraminifers were described (ROGL & STEININGER,
1970; KAISER et al., 2001). Especially the sands in the Linz
area are famous for their vertebrates. From the Linz-Melk
Formation remnants of sharks, sea cows (Halitherium chris-
tol), whales, crocodiles, turtles, rhinos, and Anthracoth-
eriidae (Microbunodon minus, Elomeryx borbonicus) are report-
ed (FITZINGER, 1842; EHRLICH, 1848, 1855; TouLA, 1899;
ABEL, 1904a, 1914; KONIG, 1911; SICKENBERG, 1934; THE-
NIUS, 1960; SPILLMANN, 1959, 1969; STEININGER, 1975). Fre-
quently, trace fossils can be found (HOHENEGGER & PER-
VESLER, 1985) and rarely also remnants of plants occur
(HOFMANN, 1932).

Origin, facies: The sandy sediments of the Linz-Melk For-
mation originate in many parts from a shallow marine wave
dominated littoral to shallow sublittoral environment (ROET-
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ZEL et al., 1983). However, in some areas besides those
nearshore sediments also sands from highly bioturbated
lagoonal facies as well as cross-stratified sandwave facies
and channel-fill facies are detectable. Megasets give evi-
dence of tide-influenced sandwave fields in an open shelf
setting (KRENMAYR & ROETZEL, 2000b).

Chronostratigraphic age: Oligocene, Rupelian to early
Miocene, Aquitanian (Egerian).

Biostratigraphy: By vertebrates such as the Anthracoth-
eriidae Microbunodon minus and Elomeryx borbonicus as well as
the sirenia Halitherium christoli the sands of the Linz-Melk For-
mation are dated to the late Oligocene (SICKENBERG, 1934;
THENIUS, 1960). Due to the occurrence of the benthic fora-
minifer Miogypsina formosensis in Plesching and Steyregg, the
sediments in these outcrops are dated to the late early
Egerian (ROGL & STEININGER, 1970; KAISER et al., 2001).

Thickness: In most of the outcrops of the Linz-Melk For-
mation several tens of meters of sands are exposed, how-
ever, based on drillings a maximum thickness up to 100 m
has to be assumed.

Lithostratigraphically higher rank unit: ABEL (1904b)
combined the “Melker Sande” and “Pielacher Tegel” as
“Melker Schichten” and KAPOUNEK et al. (1965) subsumed
these two formations to the “Untere Melker Serie”, in oppo-
sition to the “Obere Melker Serie” with the “Alterer Schlier”.
ROETZEL et al. (1983: p. 132) replaced these terms by the
“Melker Formation”. All these higher rank units are invalid.

Lithostratigraphic subdivision: For the first time NOwWACK
(1921) recognized a dichotomy of the Melk Sands and di-
vided them into the “Untere Melker Sande” and “Obere
Melker Sande”. This partition of the sands in a fine-grained
and a coarse-grained lithological type was also noticed by
GRILL (1956). Later on FUCHS (1968b; cf. 1972, 1974) in-
terpreted this disparity chronostratigraphically and creat-
ed the terms “Alterer Melker Sand” and “Jiingerer Melker
Sand” and in the Linz area “Alterer Linzer Sand” and “Jin-
gerer Linzer Sand”. Due to ROETZEL et al. (1983), these lith-
ological characteristics are mainly facies types which can-
not be used as subdivision of the Linz-Melk Formation.

Underlying units: The Linz-Melk Formation follows wide-
spread above the Pielach Formation at the southeastern
and southern margin of the Bohemian Massif in Lower
Austria and in some parts in Upper Austria, too. However,
the sands can also transgress directly upon the crystalline
basement of the Bohemian Massif or due to a prominent
regression in the early Egerian interfinger with the Pielach
Formation in the basal part (ROETZEL et al., 1983).

Overlying units: The Linz-Melk Formation is in many areas
overlain by pelites of the “Alterer Schlier”, which is subdi-
vided west of the river Enns into the Ebelsberg Formation,
Eferding Formation, and Zupfing Formation. Furthermore,
also Miocene sediments like the Plesching Formation, the
Robulus Schlier, the Mauer Formation or the Hollenburg-
Karlstetten Formation can discordantly follow above. In
many parts also Pleistocene sediments cover the Oligo-
cene sands.

Lateral units: At the southeastern and southern margin of
the Bohemian Massif the Linz-Melk Formation interfingers
with the Pielach Formation. In the Allochthonous Molasse
in the surroundings of Neulengbach (Lower Austria) these



sediments are in tectonic contact with a number of oth-
er lithostratigraphic units like the Ollersbach-Konglomerat,
the “Alterer Schlier”, the Buchberg-Konglomerat, the Ro-
bulus Schlier, and the Rhenodanubian Flysch.

Geographic distribution: The sandy deposits of the Linz-
Melk Formation are widespread at the southern and south-
eastern margin of the Bohemian Massif in Lower Austria
and Upper Austria. The main distribution areas in Lower
Austria are south of Krems and in the surroundings of Melk.
In Upper Austria they are extending in the Basin of Gall-
neukirchen and in the areas around Linz, Eferding, Pram-
bachkirchen, and Peuerbach. Lower Austria; OK50-UTM,
map sheets 4322 Pochlarn, 4323 Sankt Polten, 4327 Am-
stetten, 4328 Scheibbs, 4329 Wilhelmsburg (OK50-BMN,
map sheets 36 Ottenschlag, 37 Mautern an der Donau, 38
Krems an der Donau, 52 St. Peter in der Au, 53 Amstetten,
54 Melk, 55 Ober-Grafendorf); Upper Austria: OK50-UTM,
map sheets 3324 Grieskirchen, 4319 Linz, 4320 Perg, 4321
Grein (OK50-BMN, map sheets 30 Neumarkt im Hausruck-
kreis, 31 Eferding, 32 Linz, 33 Steyregg, 34 Perg).

Apart from the outcrops along the southern margin of the
Bohemian Massif, sediments of the Linz-Melk Formation
can also be found in the Allochthonous Molasse near Neu-
lengbach and in drillings west of the Waschberg Unit be-
tween Stockerau and Hollabrunn (FUcHs et al., 1980).

Remarks: -

Complementary references: -

Alterer Schlier / Older Schlier
REINHARD ROETZEL

Validity: Invalid; the term “Alterer Schlier”, which was used
first by NOWACK (1921), is informal and invalid. As long as
no detailed investigations exist to differentiate the Oligo-
cene pelitic facies like in Upper Austria, the general term
“Alterer Schlier” has to be used in Lower Austria.

Type area: The area between Oberwdlbling and Karl-
stetten (Lower Austria) along the spur of the Bohemian
Massif, south of the town Krems an der Donau and north
of St. Pdlten can be regarded as type area.

Type section: -

Reference section(s): Not defined; as possible refer-
ence sections can be regarded sandpits in the area south
of Krems (Statzendorf embayment), e.g., sandpit Her-
mannschacht (abandoned) (N 48°18'55" / E 15 36'33"),
sandpit Winzing (abandoned) (N 48°17'05" / E 15°35'06"),
sandpit GroBrust (abandoned) (N 48°16'40" / E 15°36'24")
(ROETZEL et al., 1983). In GroBrust, the lower boundary of
the “Alterer Schlier” is evident, in Hermannschacht and
Winzing the lower and upper boundaries were exposed.

Derivation of name: From the older (Oligocene) deposits
(“Alterer Schlier”) in contrast to the younger Miocene sedi-
ments (“Jungerer Schlier”).

Synonyms: Oligozanschlier, Oligocénschlier, Schieferton,
Oligozén Schieferton, Meletta Schlier, Alterer Schlier For-
mation, Obere Melker Serie, (Obere) Puchkirch(e)ner Se-
rie, Ebelsberg Formation, Eferding Formation, Zupfing For-
mation.

These pelitic sediments (“Schlier”) were described already
in the early 20" century, e.g., by ABEL (1905). The name
“Alterer Schlier” was first used by Nowack (1921: Fig. 1,
p. 41) in the area between Krems and Melk to discern
lithologically different pelitic deposits in lower positions
(“Alterer Schlier”) from younger pelitic sediments in high-
er positions (“Jingerer Schlier”). Later on, PETTERS (1936)
could distinguish these Oligocene pelites from the Mio-
cene pelites by foraminifer investigations and GRILL (1933,
1937) discovered the interfingering of the “Oligocan-
schlier” with the coeval Linz Sands in the Basin of Gallneu-
kirchen. Younger investigations were carried out by FUCHS
(1972) and ROETZEL et al. (1983).

Lithology: The pelitic sediments of the “Alterer Schlier”
are dark grey to chocolate-brown thin-bedded micaceous
clayey silts to clays with thin fine-sandy intercalations.
Phosphoritic concretions like in Upper Austria cannot be
found in Lower Austria, whereas nodular calcareous con-
cretions with diameters up to half a meter are frequent.

Fossils: In the pelitic deposits remnants of fish (fish-
scales: “Meletta Schlier”) and plants are very frequent. Ad-
ditionally, silicoflagellates, diatoms, foraminifers and, in
rare cases, molluscs occur.

Origin, facies: Sediments of the “Alterer Schlier” were de-
posited on the inner shelf, interfingering towards the north
with the nearshore sediments of the Linz-Melk Formation.

Chronostratigraphic age: Late Oligocene, Chattian to
early Miocene, Aquitanian (Egerian).

Biostratigraphy: In Lower Austria sediments of the “Alter-
er Schlier” were dated to the Neogen pollen Zone Ng.Z.|
(HocHuLl, 1978; ROETZEL et al., 1983) and by calcareous
nannoplankton to the Zones NP25-NN1 (ROGL et al., 1979;
KRHOVSKY in HOFMANN, 1997).

Thickness: In surface outcrops 10-20 m. In drillings
(BRIX & GOTZINGER, 1964; BRIX et al., 1977), thickness var-
ies between several meters and more than 170 m depend-
ing on the tectonic position.

Lithostratigraphically higher rank unit: -

Lithostratigraphic subdivision: In Upper Austria the pelit-
ic sediments of the “Alterer Schlier” are subdivided into
the Ebelsberg Formation, Eferding Formation, and Zupfing
Formation.

Underlying units: Normally, the pelitic sediments of the
“Alterer Schlier” gradually pass from the sands of the Linz-
Melk Formation below. In topographically higher parts, the
pelites can directly follow discordantly upon the crystalline
basement of the Bohemian Massif.

Overlying units: In Lower Austria south of Krems the “Al-
terer Schlier” is overlain by sediments of the Hollenburg-
Karlstetten Formation (lower Badenian). Towards the west
“Robulus Schlier” (Ottnangian) and “Sandstreifenschlier”
(Eggenburgian—-Ottnangian) follow discordantly above, but
in many parts Pleistocene sediments cover the pelites.

Lateral units: Towards the margin of the Bohemian Mas-
sif the “Alterer Schlier” is interfingering with the nearshore
sediments of the Linz-Melk Formation. In Lower Austria
the bulk of the so-called “Alterer Schlier” mainly correlates
with the Eferding Formation in Upper Austria.
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Geographic distribution: The main distribution areas of
the deposits of the “Alterer Schlier” are south of the Dan-
ube between Krems and St. Pélten and at the southern
margin of the Bohemian Massif between Melk and the river
Enns, Lower Austria; OK50-UTM, map sheets 4323 Sankt
Polten, 4326 Steyr, 4327 Amstetten, 4328 Scheibbs, 4329
Wilhemsburg (OK50-BMN, map sheets 38 Krems an der
Donau, 51 Steyr, 52 St. Peter in der Au, 53 Amstetten, 54
Melk, 55 Ober-Grafendorf).

Remarks: West of the river Enns the “Alterer Schlier” is
subdivided into the Ebelsberg Formation, Eferding Forma-
tion, and Zupfing Formation. The bulk of the so-called “Al-
terer Schlier” in Lower Austria seems to correlate with the
Eferding Formation; a minor part towards the river Enns is
comparable with the Ebelsberg Formation, too.

Complementary references: -

Ollersbach-Konglomerat / Ollersbach Conglomerate
HANS-GEORG KRENMAYR

Validity: Invalid; in early literature no differentiation was
made between the various conglomerates within the Al-
lochthonous Molasse at the eastern end of the Alps (e.g.,
CZJZEK, 1849a: p. 22; 1852a: p. 41; HAUER, 1858: p. 132);
GOTZINGER & VETTERS (1923: p. 7) introduced the term
“Ollersbacher Konglomerat” to denote a basal variety of
the Buchberg conglomerate (see below), and GOTZINGER
et al. (1954) realized that this conglomerate is a facies
variation of the “Melker Sande” (Linz-Melk Formation);
SCHNABEL (2002a) and ROETZEL (2002) introduced the term
“Ollersbach-Konglomerat”.

Type area: In t"he area of Ollersbach and Neulengbach,
L_<_)wer Austria; OK50-UTM, map sheet 4330 Neulengbach
(OK50-BMN, map sheet 57 Neulengbach).

Type section: -

Remark: A possible type section could be the outcrop
“Sportplatz Starzing” (Lower Austria), an abandoned grav-
el pit, described by GEBHARDT et al. (2008: p. 138), where a
section of 28 m crops out; N 48°12'58.99 / E 15°57'59.22".
Note: PLOCHINGER & PREY (1974) regarded this outcrop still
as part of the Buchberg Conglomerate.

Reference section(s): -

Derivation of name: Named after the village Ollersbach,
c. 5 km W-WSW of the town Neulengbach, Lower Austria;
OK50-UTM, map sheet 4330 Neulengbach (OK50-BMN,
map sheet 57 Neulengbach).

Synonyms: Ollersbacher Konglomerat (GOTZINGER & VET-
TERS, 1923), Ollersbacher Quarz- und Granitkonglomerat
(GOTZINGER et al., 1952), Blockmergel von Koénigstetten
(GOTZINGER et al., 1952).

Remark: In the geological map of GOTZINGER et al. (1952)
the Buchberg Conglomerat still includes parts of the Ollers-
bach Conglomerate (GEBHARDT et al., 2008). GOTZINGER et
al. (1954) considered the “Blockmergel von Konigstetten”
as lateral facies variation of the Ollersbach Conglomerate.

Lithology: Most significant are medium to coarse grained,
boulder bearing, poorly rounded, grain supported con-
glomerates with a sandy to fine gravelly matrix and car-
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bonaceous cement. Cross-bedded sandstones to fine
conglomerates also occur (GEBHARDT et al., 2008). The
component spectrum of larger clasts is clearly dominat-
ed by sandstone of the Rhenodanubian Flysch, besides
material from the Northern Calcareous Alps, rip-up-clasts
of “Alterer Schlier”, quartz-pebbles and a broad variety of
crystalline rocks including so called “exotic boulders” (e.g.,
HAUER, 1858: p. 133; GOTZINGER & EXNER, 1953; HUMER &
FINGER, 2004, 2006). Granitic components may reach sev-
eral meters in diameter. Fine grained conglomerates, dom-
inated by quartz do also occur in close relationship to san-
dy sediments (GEBHARDT, 2007: p. 629).

Fossils: -

Origin, facies: A modern interpretation of the Ollersbach
Conglomerate as deep water/slope-type fan delta is given
in GEBHARDT et al. (2008). The conglomerates are in prima-
ry sedimentary contact with sandy sediments, which are
referred to as Linz-Melk Formation. However, as described
by GEBHARDT et al. (2008: p. 142), these sands are prob-
ably resedimented at the northern shelf as well as from
upthrusted slices within the active southern slope. Sandy
sediments of both sources seem to have mixed in the sed-
imentation area of the Ollersbach Conglomerate (compare
with the model of WAGNER, 1996b: p. 229, Fig. 11).

Chronostratigraphic age: Oligocene, Chattian to early
Miocene, Aquitanian (? Kiscellian-Egerian).

Remark: Since no fossils are known from the Ollersbach
Conglomerate the age can only inferred from under- and
overlying sediments.

Biostratigraphy: Within the Ollersbach Conglomerate, no
fossils are known. In many places these sediments are,
however, closely associated with those of the Pielach For-
mation, Linz-Melk Formation, and “Alterer Schlier” (GEB-
HARDT et al., 2008: p. 141). For the first unit calcareous
nannofossil Zones NP22-NP25 are reported and for the
“Alterer Schlier” close to the Ollersbach Conglomerate cal-
careous nannofossil Zones upper NP25-lower NN2 (CORIC
in GEBHARDT, 2007: p. 629).

Thickness: In the outcrop near Starzing described by GEB-
HARDT et al. (2008), an unfaulted 28 m-thick section can be
considered as minimum thickness. Since the Ollersbach
Conglomerate occurs only in the tectonically strongly dis-
turbed southernmost nappe of the Allochthonous Molasse
a maximum thickness cannot be given but some dozens of
meters can be expected.

Lithostratigraphically higher rank unit: -
Lithostratigraphic subdivision: -

Underlying unit(s): Most probably resedimented sands of
the Linz-Melk Formation (comp. “Origin, facies”) or tec-
tonic contact with various lithostratigraphic units (cf. Lat-
eral Unit(s)).

Overlying unit(s): see below under Lateral units.

Lateral unit(s): The conglomerates interfinger with sedi-
ments of the Linz-Melk Formation but they occur also in
manifold tectonic contacts to the following strata: Pielach
Formation, Linz-Melk Formation, “Alterer Schlier”, Hall For-
mation, Buchberg Conglomerate, and sediments of the
“Nordrandzone” (Rhenodanubian Flysch), like the Wolf-
passing Formation and the “Neokom-Flysch”.



Geographic distribution: The Ollersbach Conglomer-
ate occurs in a narrow, tectonically formed strip of about
1 km width in the area between the villages Ollersbach in
the W and Ried am Riederberg in the E, Lower Austria;
OK50-UTM, map sheets 4324 Herzogenburg, 4329 Wil-
helmsburg, 4330 Neulengbach, 5319 Tulln an der Donau
(OK50-BMN, map sheets 39 Tulln, 56 St. Pdlten, 57 Neu-
lengbach).

Remarks: The occurrence of quartz and crystalline peb-
bles, boulders and blocks is the distinctive criterion for the
differentiation of the Ollersbach and Buchberg conglomer-
ates, as the latter almost lack completely quartz or crystal-
line material (GEBHARDT et al., 2008).

Complementary references: FUCHS (1980a), TOLLMANN
(1985), PILLER et al. (2004), GEBHARDT (2011a).

Buchberg-Konglomerat / Buchberg Conglomerate
HANS-GEORG KRENMAYR

Validity: Invalid; HAUER (1858) already mentioned “Con-
glomerate des Buchbergs”, the term “Buchbergconglom-
erat” was introduced by ABEL (1904b: p. 102); a detailed
description of the “Buchberg-Konglomerat” gave GEB-
HARDT et al. (2008).

Remark: In the older literature no differentiation was made
between various conglomerates within the Allochtho-
nous Molasse at the eastern end of the Alps (e.g., CZJZEK,
1849a: p. 22; CzJZEK, 1852c: p. 41; HAUER, 1858: p. 132).
After ABEL (1904b: p. 102) had suggested the term “Buch-
bergconglomerat”, GOTZINGER & VETTERS (1923: p. 7) intro-
duced the term “Ollersbacher Konglomerat” to separate a
basal variety of the Buchberg Conglomerate but GOTzIN-
GER et al. (1954) realized that this latter conglomerate is a
facies variation of the “Melker Sande” (Linz-Melk Forma-
tion) (see also Ollersbach Conglomerate).