| Zitteliana B26 [ 31-41 |

4" Int. Symp. Lithogr. Limestone

| Miinchen, 05.09.2005 | ISSN 1612-4138 |

Stratigraphy and Palaeoenvironments of the Upper Jurassic of Southern
Germany - A Review

By

Dieter U. Schmid', Reinhold R. Leinfelder'? & Giinter Schweigert®

! Department fiir Geo- und Umweltwissenschaften und GeoBio-Center an der Ludwig-Maximilians-Universitit Miinchen,
Richard-Wagner-Str. 10, D-80333 Miinchen, Germany
2 Bayerische Staatssammlung fiir Paliontologie und Geologie, Richard-Wagner-Str. 10, D-80333 Miinchen, Germany
3 Staatliches Museum fiir Naturkunde, Rosenstein 1, D-70191 Stuttgart, Germany

Abstract

The Upper Jurassic of Southern Germany, mainly compri-
sing the Swabian and Franconian Alb, is briefly characterised.
Several open questions regarding litho- and biostratigraphic
correlations and the depositional environment of the siliceous
sponge facies are shortly discussed.

Kurzfassung

Der Oberjura von Siiddeutschland, der im Wesentlichen
die Schwibische und Frinkische Alb umfasst, wird kurz
charakterisiert. Einige offene Fragen in Bezug auf litho- und
biostratigraphische Korrelationen und den Ablagerungsraum
der Kieselschwamm-Fazies werden kurz diskutiert.
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1. Introduction

In the Late Jurassic, Southern Germany was part of the
north-western Tethyan shelf. In outcrop, the marine epiconti-
nental sediments are forming the Swabian and the Franconian
Alb and their forelands. For field guides with outcrop descrip-
tions, refer to GEYER & GWINNER (1984) for the Swabian Alb
and the “Wanderungen in die Erdgeschichte’ series covering
many areas of the Franconian Alb (MEYER & ScHMIDT-KALER
1990b, 1991, 1992, 1995, ScHMIDT-KALER 1991, SCHMIDT-KALER
et al. 1992, MEYER et al. 1994, KAULICH et al. 2000, MAUSER et
al. 2002).

The Upper Jurassic of Southern Germany is a classical area

of geological and palaecontological research. However, this
does not mean that the Jurassic of Southern Germany has been
conclusively studied and interpreted. In contrary, there exist
several open questions on stratigraphical problems and corre-
lations as well as on sedimentological and palaeogeographical
interpretations that are lively discussed, as is shown here.

The correlation between the Swabian and the Franconian
realm is being complicated by the fact that both areas have
been investigated separately until today by the referring federal
institutions. This separation is increased by different facies
developments and by the Ries impact crater which formed in
the Miocene, now separating Swabia from Franconia. Concer-
ning stratigraphy, the traditional subdivision of QUENSTEDT
(1856/58) of each series into 6 subunits (alpha, beta, gamma,
delta, epsilon, zeta), which has been used for a long time, has
led to some confusion, i.e. regarding the correlation between
Baden-Wiirttemberg and Bavaria, since these originally litho-
stratigraphic units have often been misunderstood as bio- or
chronostratigraphic units which they are not. Therefore, these
formerly popular names are omitted here in favour of the now
officially defined formations following international standards
(Fig. 1,2) (VILLINGER & FLECK 1995; DEUTSCHE STRATIGRAPHI-
SCHE SUBKOMMISSION 2002; see also ZEiss 1977).

For a discussion of the sequence stratigraphic interpretation
of the southern German Upper Jurassic, see SCHMID et al.
(submitted).

2. Upper Jurassic succession and facies

In contrast to the Lower and Middle Jurassic where dark
clays predominate, the Upper Jurassic of Southern Germany is
characterised by a succession of light-coloured limestones and
marls (400-600 m), indicating mostly well-oxygenated water.
In the Late Jurassic, Southern Germany was covered by an epi-
continental sea, being part of the northern Tethys shelf (Fig. 1).
It was bordered by the Bohemian Land in the east and by the
Rhenish Land in the northwest, two landmasses separated by
the Hessian Seaway connecting the Tethyan with the Boreal
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Figure 1: Kimmeridgian palaecogeography and general facies distribution of Southern Germany and adjacent areas. CVB - Cleaver Bank High,
TTH - Texel-Ijsselmeer High; A — Amsterdam, B — Berlin, Be — Bern, Br — Brussels, D — Dijon, HH — Hamburg, H - Hannover, L — Luxemburg,
M - Munich, P - Prague, R — Reims. Combined and modified after GWINNER (1976), MEYER (1981), MEYER & ScHMIDT-KALER 1989, P.A. ZIEGLER

(1990) and DERCOURT et al. (2000).



realm. In the latest Jurassic, the Hessian Seaway was closed at
times by the continous land barrier of the London-Brabant-
Rhenish-Bohemian Land, resulting in a stronger Tethyan
influence. Towards the west, the adjacent platform facies of
the Paris Basin and the Swiss Jura partly reaches the southern
German realm in the Upper Rhine area. In the southwest, the
shelf facies drops gradually towards the pelagic facies of the
Helvetian Basin (Schilt Fm and Quinten Fm; cf. SCHNEIDER
1962, Luru 1972, BERTLEEF et al. 1988, MEYER & SCHMIDT-
KALER 1990a), while the transition in the southeast towards
the pelagic facies of the eastern alpine Hochstegen Marble
(KiessLING 1992, KIESSLING & ZEiss 1992) is not accessible.

A reefal facies established in the Middle Oxfordian, being
part of an extensive facies belt characterised by frequent siliceous
sponge reefs spanning the northern Tethys shelf. Coral reefs,
however, are also present, expanding towards the end of the
Late Jurassic and thus mirroring the overall shallowing sea-
level trend. The climate remained warm, but became more
arid. The fine-grained siliciclastics were transported from
the north, while the micritic mud was probably derived from
the shallow-water carbonate platform of the Swiss Jura (B.
Z1EGLER 1987, SELG & WAGENPLAST 1990, GEYER & GWINNER
1991, MEYER & SCHMIDT-KALER 1989, 1996, PITTET et al. 2000,
LEINFELDER et al. 2002).

2.1 Lower Oxfordian

In Southern Germany, the base of the Upper Jurassic is
formed by the Glaukonitsandmergel Member, a condensed
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section with a very reduced thickness (0.3-5 m). The dark
glauconitic marls, which may contain detrital quartz, represent
the uppermost part of the Ornatenton Formation and thus
of the ‘Braunjura’ facies. Early Oxfordian age is indicated
by ammonites of the Mariae or Cordatum zones (ZEiss 1955,
Munk & ZEiss 1985). RIEGRAF (1987a, b) described plankto-
nic foraminifera from this member and from the lowermost
Impressamergel Fm (see below).

At the eastern side of the Upper Rhine Graben, the Upper
Jurassic begins within the Kandern Formation (ca. 85 m). The
Lower Oxfordian part of this formation consists of marly clays
with numerous calcareous concretions, a facies also known
as “Terrain 2 chailles’ of the ‘Rauracian’ facies development
(GEYER & GWINNER 1991, GEYER et al. 2003).

2.2 Middle to Upper Oxfordian of the Upper
Rhine Graben area

The Middle Oxfordian marks the beginning of the “Weiffjura’
facies, being characterised by light-coloured limestones and
marls. In contrast to the facies dominated by siliceous sponges
and cephalopods otherwise prevailing in the Oxfordian of
Southern Germany (see below), the Upper Rhine Graben area
differs markedly by showing the same shallow-water coral
facies as it is developed in the adjacent carbonate platforms
of the Swiss Jura and NE France (GEYER & GWINNER 1991,
MEYER & ScHMIDT-KALER 1989, 1990a).

The Middle Oxfordian Korallenkalk Formation (ca. 60 m)
with a variety of corals, brachiopods, echinoderms and ooids is
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Figure 2: Stratigraphy and facies of the Upper Jurassic of Southern Germany (modified from ScHmID et al., submitted). Formations, correlation and

time scale modified from Deutsche Stratigraphische Subkommission (2002) and BLoos et al. (in press). Note different stratigraphic position of the
Nousplingen Plattenkalk (NP) and the Solnhofen Lithographic Limestones with an age difference of ca. 500,000 a (D1eTL & SCHWEIGERT 1999).
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Figure 3: Lithostratigraphy and lateral facies variations of the Upper Jurassic of the Southern Franconian Alb (modified from MEYER & SCHMIDT-
KALER 1996). The Lower Oxfordian Glaukonitsandmergel Mb (see Fig. 1) is not shown here. Please note that Formation names (after Deutsche
Stratigraphische Subkommission 2002 and BLoos et al., in press) refer only to the bedded facies, not to the massive reefal facies.

well exposed at the Isteiner Klotz near Basel (GEYER & GWIN-
NER 1991, GEYER et al. 2003). The Korallenkalk is followed by
the Upper Oxfordian Nerineenkalk Formation (>16 m) with
abundant gastropods in the higher part. Younger Jurassic depo-
sits in this area were eroded in post-Jurassic times (GEYER &
GWINNER 1991).

2.3 Late Jurassic reefal facies (massive limestones)
(Oxfordian to Tithonian)

Starting already in the early Late Jurassic, a reefal facies
dominated by siliceous sponges established on the southern
German part of the northern Tethys shelf (LEINFELDER et al.
2002), being characterised by massive fabrics in contrast to
the otherwise bedded limestones and marls (Fig. 2, 3). Starting
with small and isolated patch-reefs, the reefal facies extended
through time to form large and continuous reef complexes in
the Middle and Upper Kimmeridgian (GWINNER 1976, MEYER
& ScHMIDT-KALER 1989, 1990a). The main reef builders were
siliceous sponges (both hexactinellids and lithistids), actually
owing their reef-building capacity to the intergrowth with
thrombolitic to stromatolitic microbial crusts (cf. SCHRAMMEN

1924, ALDINGER 1961, LEINFELDER et al. 1993, 1994, 1996,
ScHMID 1996, KRAUTTER 1997, LEINFELDER 2001). In general,
these reefs can be classified as siliceous sponge-microbialite reef
mounds. Hermatypic corals do only appear within the reefal
facies diachronously from the late Kimmeridgian onwards to
become increasingly abundant towards the Tithonian. This
trend is interpreted by most authors as mirroring a general
shallowing trend on the northern Tethys shelf where the
siliceous sponge reefs represent a deeper ramp setting with a
range of approximately 50-150 m water depth (B. ZIEGLER 1967,
GyG1 & PERsOZ 1987, SELG & WAGENPLAST 1990, LEINFELDER
1993, LEINFELDER et al. 1994, 1996, 2002, WERNER et al. 1994,
ScHMID 1996, KRAUTTER 1997, PITTET & MATTIOLI 2002; see
also discussion in KEUPP et al. 1990). Contrasting this ‘classic’
bathymetric model, there exist ideas suspecting a shallow-water
origin of the siliceous sponge facies of the higher part of the
Upper Jurassic (Kot 1989, Koch 2000; Koch & WEISs, this
volume). Such interpretation though would place siliceous
sponge-dominated facies and hermatypic corals in the same
bathymetric position, and thus would require a controlling
factor other than bathymetry to explain the separation of
both facies. Although water temperature and nutrient control
might be considered as likely candidates, it would be hard to



explain significant temperature or nutrient gradients in such a
hypothetic large levelled-out shallow-water platform. More-
over, the adjacent bedded cephalopod facies as described here
totally lacks any unequivocal shallow-water features such as
dasycladacean algae or thick cross-bedded oolitic grainstones,
features occurring amply in genuine shallow-water facies, e.g. in
the neighbouring Swiss Juraand Upper Rhine area (see above), or
in Iberia (LEINFELDER et al. 1994, 1996). The optimum habitat
of the pervasive ammonites is also generally considered to
be positioned in waters deeper than about 50 m (B. ZIEGLER
1967, Gyacr 1999). In addition, the so-called tuberoids which
represent a special type of intraclasts, namely disintegrated
pieces of microbial crusts and/or siliceous sponges, are not
generated by wave action and reworking, but formed in situ, as
was already recognized by Fri1z (1958) and ALDINGER (1961)
and is also indicated by their occurrence which is restricted to
the closest vicinity of the reefs.

The Recent hexactinellid sponge reefs on the western
Canadian shelf (KRAUTTER et al. 2001) and their environ-
ment, though exhibiting some differences, rather support the
traditional bathymetric model. Conversely, several features
previously thought to indicate shallow-water conditions
have proven to be not diagnostic: rarely occurring gypsum
pseudomorphs (KocH & ScHWEIZER 1986) can be produced by
sulfur-oxidizing bacteria (EHRLICH 1990), and the interpreta-
tion of Tubiphytes as a special oncoid type (KotT 1989) has
been shown to be erroneous (for discussion see SCHMID 1996,
HEeNssEL et al. 2002). However, the origin of allochem-type
particles within the sponge mounds has not yet been shown
convincingly. We assume that these particles comprise both
deeper-water generated microbial particles and shallow-water
derived sands swept into deeper parts of the shelf where they
became incorporated and stabilised within microbial mounds
(cf. LEINFELDER et al. 1996). In this context, the interpretation
of the massive siliceous sponge facies of the Molasse subsurface
as ‘shallow-water sponge limestones with ooids’ (MEYER &
ScHMIDT-KALER 1990a, 1996) seems also highly questionable
since shallow-water indicators other than ooid-type particles
are again absent. However, since this interpretation is based
on isolated boreholes and exact timelines are not available
from the massive limestone facies, this problem must remain
unresolved at the moment.

In the Swabian Alb, the Lochen Formation (up to >200
m) represents the older reefal facies of the Late Jurassic, span-
ning the Oxfordian to the lower Kimmeridgian (Fig. 2). In the
surroundings of the reefs a small-sized fauna occurs (‘Lochen
facies’, GEYER & GWINNER 1984). The main faunal elements
are siliceous sponges, certain ammonites, brachiopods and
echinoderms. Benthic foraminiferal associations from bed-
ded and massive facies can be distinguished (WAGENPLAST
1972, ScHMALZRIEDT 1991). The reefal facies starts with small
and isolated patch-reefs in the Middle Oxfordian, expanding
through time. Mound development is frequently complex,
with small mounds clustering to form larger buildups (Scumip
et al. 2001). This facies is mostly restricted to the western and
middle Swabian Alb, being separated from the reefal facies of
Bavaria in the east by a basinal structure, the ‘Swabian Marl
Basin’ (MEYER & SCHMIDT-KALER 1989, 1990a).

The Lochen Fm of the Swabian Alb is continued by the
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Massenkalk Formation (up to > 300 m), also representing a
reefal facies with massive fabrics. Unlike the older reefal facies,
however, the Massenkalk Fm comprises large reef complexes
where either siliceous sponges or corals prevail. In Franconia,
no formation name has yet been defined for an equivalent
massive reef facies (e.g., FLUGEL & STEIGER 1981, BRACHERT
1986, LANG 1989). There it starts already at the beginning of
the Middle Oxfordian when sedimentation switches from
glauconitic condensation to the marls of the lower Dietfurt Fm
(see below). While the Swabian reef facies starts more patchy to
form a more or less continuous reef area in the middle to upper
Kimmeridgian, the reef facies of the Franconian Alb appears
to be characterised from the beginning by distinct reef-facies
tracts, partly prevailing throughout the Late Jurassic (cf. MEYER
& ScHMIDT-KALER 1989, 1990a), although this interpretation is
partly derived from isolated borehole correlation.

Contrary to what the established term ‘reef facies” might
suggest, these limestones do not represent massive reefs with
metazoan frameworks. Actually, the term ‘reef facies’ as we
continue to use comprises all kinds of reefal sediments includ-
ing mound-type reefs and peri-reef carbonate sands. This has
to be emphasised since there is an ongoing debate as to the
nature of this facies, including the question whether the term
‘reef” should be used here at all. After KocH et al. (1994),
the majority of the referring sediments should represent a
peloid-lithoclast-ooid sand facies rather than true reefs, often
containing ooid-type particles. According to this model, true
reefs do occur within this facies, but are only small-sized and
of subordinate importance within the sand piles. On the other
hand, as MEYER (1994: 52) has already pointed out, the referring
sediments are often stabilised by stromatolitic or thrombolitic
microbial crusts (SLADKY 2005), resulting in a synsedimentary
hardened reef-like sand bodies which may form steep margins,
a feature that can not be formed by loose sand piles anyway.
However, the term ‘reef facies’ or ‘massive limestone’ should
only be used in a descriptive, summarizing term that comprises
alarge variety of facies types. If and to what degree these facies
types should be addressed as reefal has to be decided in each
case. Another debated question is whether the micritic parts
of the earlier mounds represent hard automicrites related to
activity or decay of microbial matter or rather baffled and
trapped accumulations of soft allochthonous mud. As to the
Southern German Upper Jurassic mounds, there are indications
for both (LEINFELDER & KEUPP 1995, SCHMID et al. 2001), but
their mutual proportions and growth/accumulation patterns
have not been clarified so far.

2.4 Middle Oxfordian to lower Kimmeridgian

To continue in stratigraphical order, the typical Upper Ju-
rassic light-coloured facies starts in the Swabian Alb with the
Impressamergel Formation (25-125 m; formerly “Weiffjura
alpha’), a succession of light grey marls with intercalated lime-
stones that increase in number towards the top (Bimamma-
tum-binke Mb). Besides the brachiopods, ammonites of the
Plicatilis and Bifurcatum Zones are widespread. Radiolarian
and planktonic foraminiferal faunas, found in the Swabian and
Franconian Alb (RIEGRAF 1987b), indicate pelagic influence and
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not too shallow water-depths. Towards the SW of Swabia, a
special facies with siliceous sponge biostromes is developed in
the lowermost part of the formation (Birmenstorf Mb). The
Impressamergel Fm forms the very base of the steep slope of
the Swabian Alb and thus is mostly covered by debris (GEYER
& GWINNER 1984). The deposition of clays, being transported
from the Rhenish landmass towards the southeast, also reached
the western part of Bavaria, forming the marly lower part of the
Dietfurt Formation (35-65 m; formerly ‘Weiffjura alpha’). In
eastern Bavaria, a broad belt rich in siliceous sponge reef facies
(‘Franconian main reef tract’) trending from north to south
developed and persisted until the Early Tithonian (MEYER &
ScHMIDT-KALER 1989).

The Impressamergel Fm is overlain by the Wohlgeschich-
tete Kalke Formation (10-150 m; formerly “Weifjjura beta’).
It represents a homogeneous succession of regularly bedded
limestones with a bank thickness of 10-60 cm, separated by
thin marl layers; thus, it may even resemble an artificial wall
in outcrop. The Wohlgeschichtete Kalke Fm forms the steep
slope of the Swabian Alb, mainly in the western part (GEYER
& GWINNER 1984). Ammonites are the predominant faunal
element, representing the Planula Zone (for discussion concer-
ning the Oxfordian-Kimmeridgian boundary see Schweigert
& Callomon 1997). Siliceous sponges (see below) may form
small biostromes or patch reefs within the bedded cephalopod
facies. This facies is continued in Bavaria in the upper part of the
Dietfurt Fm (see above; formerly “Weifijura beta’), where the
Ries-Wiesent reef-facies tract begins to develop, separating the
Bavarian from the Swabian realm (MEYER & SCHMIDT-KALER
1989). In the upper part of the formation, a mainly Tethyan
radiolarian fauna with few Boreal elements was found on the
southern Franconian Alb, probably indicating deep neritic (250
m) conditions (KIiessLING 1997).

The Lacunosamergel Formation (10-75 m; formerly
“Weifljura gamma’), being intercalated between two limestone
successions, is mostly covered by debris; thus, good outcrops
are scarce. The bedding planes of the grey marls sometimes
show glauconitic veneers, indicating frequent condensation
in a deep-ramp environment; ammonites of the Platynota,
Hypselocyclum and Divisum zones are widespread. Within
the bedded facies a special type of patch-reefs occurs, the so-
called ‘Lacunosastotzen’. Here, the main reef builders were
rhynchonellid brachiopods largely substituting siliceous
sponges (GEYER & GWINNER 1984). Siliceous sponges were
more abundant in the adjacent massive reef facies (see above),
but these patch-reefs presumably grew in still deeper water.
This peculiar reef type is time equivalent with the development
of pure microbialites and microbialite-rich reefs in SW-Europe,
which is interpreted by LEINFELDER (2001) as a time-slice de-
pendant exceptional, transgressive environmental setting rich in
nutrients and a predisposition for local or widespread dysoxic
environments. Recently, the Lacunosamergel Fm has been
newly studied in detail and subdivided by ScHick (2004a-c).

Towards the east, beyond the Ries-Wiesent reef-facies
tract, the facies changes to more calcareous deposits of the
Arzberg Formation (25-40 m; formerly “Weif{jura gamma’).
This formation contains several lithostratigraphic marker
horizons such as the Crussoliensis-Mergel (Fig. 3; MEYER &
ScHMIDT-KALER 1989).

2.5 Upper Kimmeridgian

The Untere Felsenkalke Formation (20-60 m; formerly
“Weifljura delta’) forms the steep slope in most parts of the
Swabian Alb. Since the massive limestone facies predominates
for this time slice (Mutabilis/Pseudomutabilis Zone), bedded
lime-stones are not very widespread, but nevertheless present.
In the upper part of the Untere Felsenkalke Fm, a characteristic
glauconitic marker bed (‘Glaukonitbank”) occurs, indicating
longer periods of non-deposition probably related to a trans-
gressive phase; however, there are no signs of biostratigraphic
condensation. Otherwise, the Untere Felsenkalke Fm is
characterised by bedded cephalopod-bearing limestones with
only thin or lacking marl layers. Both the limestone portion
and the bedding thickness are highest in the upper part, with
limestone beds up to 150 cm thick (GEYER & GWINNER 1984).
In the Bavarian realm, a large platform consisting of thick-
bedded carbonates developed, thus characterising the Treucht-
lingen Formation (up to 60 m; formerly “Weiffjura delta’). In
contrast to all other bedded carbonates described here, this
formation is characterised by a succession of thick beds with
an average thickness of 1 m (KotT 1989, MEYER & SCHMIDT-
KALER 1990b, 1996). These beds represent a succession of
biostromes formed by siliceous sponges and thrombolites,
interrupted by micritic sediment layers (HENSSEL et al. 2002);
bioherms are only locally developed. Considering the fauna
predominated by siliceous sponges and cephalopods, and the
lack of unequivocal shallow-water elements, this platform can
be assigned to an average water depth just below storm wave
base (MEYER & SCHMIDT-KALER 1990a, SELG & WAGENPLAST
1990), contrasting the shallow-water interpretation of Kotr
(1989) as discussed above. Such bathymetric interpretation
is further corroborated by the sessile foraminifer Tubiphytes
morronensis which is found throughout the Upper Jurassic,
but whose bright white tests occur in rock-forming abundance
here. Since the test thickness of this special foraminifer depends
on light and thus water depth, it can be used as a palaecobathy-
metric indicator (SCHMID 1996). This time slice also marks the
first occurrences of hermatypic corals in the Upper Jurassic of
Southern Germany in SE Franconia (outside the Upper Rhine
area, see above).

From the Northern Franconian Alb (Wattendorf), the ol-
dest known lithographic limestones (see below) in the Upper
Jurassic are reported by FUrsicH et al. (this volume), dated by
SCHWEIGERT (this volume) as Pseudomutabilis Zone.

Similar to the underlying formation, the Swabian Obere
Felsenkalke Formation (10-40 m; formerly ‘Weif§jura epsilon’)
representing bedded limestones is not very widespread, being
mostly replaced by massive limestones of the Massenkalk Fm.
The light-coloured limestone beds with a mean thickness of
10-40 cm yield chert nodules in abundance and do not exhibit
marl partitions as in many other formations. They contain
mainly ammonites of the early Beckeri Zone, belemnites, and
bivalves (GEYER & GWINNER 1984). The Bavarian equivalent is
the Torleite Formation (20-40 m; formerly “Weif§jura epsilon’),
marking a period of distinct shallowing and coeval expanding
coral facies. Though the reefal morphology gets more levelled
out, several basins remain within the platform (MEYER &
ScHMIDT-KALER 1989, 1996).



The Liegende Bankkalke Formation (10-150 m; formerly
“Weifjura zeta 1) is a succession of bedded limestones and
marls with a medium bed thickness; chert nodules occur locally.
Ammonites indicate the late Beckeri Zone. In the vicinity of
the massive limestone facies, breccias and slumps are common
(GEYER & GWINNER 1984). This formation is restricted to the
western and middle Swabian Alb. The lower boundary is mar-
ked by a discontinuity, possibly of tectonic origin (SCHWEIGERT
1995, SCHWEIGERT & FrRANZ 2004).

Within this formation, there locally occur laminated lime-
stones (in particular the Nusplingen Plattenkalk, resembling
the famous Solnhofen Lithographic Limestones of Franconia
(see below) in some respects, but differing in others, i.e. in its
older age and the occurrence of calcareous turbidites (ZUGEL et
al. 1998, DIETL & SCHWEIGERT 1999). In the coeval Massenkalk
Fm, corals become abundant like in the Arnegg reef repre-
senting a shallowing-up succession from siliceous-sponge to
coral facies (PAULSEN 1964, LATERNSER 2001) or in the famous
silicified coral faunas of Nattheim and Gerstettten (GEYER &
GWINNER 1984, REIFF 1988).

The Zementmergel Formation (up to 170 m; formerly
“Weifljura zeta 2°) is a marl-dominated formation, being depo-
sited in depressions and sometimes interfingering with the
siliceous sponge or coral reef buildups, respectively (GEYER &
GWINNER 1984). There exist lateral transitions into both reef
facies types depending on the position on the former palaeore-
lief; coral debris beds occur locally. The boundary between the
Liegende Bankkalke Fm and the Zementmergel Fm is a strong-
ly diachronous facies boundary (PAWELLEK 2001, SCHWEIGERT
& Franz 2004) (Fig. 2). The intercalation of limestones within
this formation makes the positioning of partial sections rather
difficult (SCHWEIGERT 1995, SCHWEIGERT & FraNz 2004). To-
wards the eastern Swabian Alb, a clear distinction between the
Liegende Bankkalke Formation and the Zementmergel Fm
is impossible, and sometimes the succession may even start
with marls directly above the Obere Felsenkalke Fm, which
in this case was often misinterpreted as Liegende Bankkalke
Fm. Thus, the Mergelstetten Formation (up to > 120 m) has
been erected, replacing the Liegende Bankkalke Fm and the
Zementmergel Fm in the eastern Swabian Alb (SCHWEIGERT
& FrANZ 2004). It consists of bioturbated thin-bedded marly
limestones with marl layers poor in macrofossils; breccias and
slumps occur mainly in its lower part. Both base and top of the
formation are marked by discontinuity surfaces (SCHWEIGERT
& Franz 2004).

The Brenztaltrimmerkalk Mb, a bioclastic and oolitic
limestone with shallow-water components (e.g., dasycla-
daceans, nerineids, diceratids, corals), is also restricted to the
eastern Swabian Alb (not figured in the stratigraphic chart;
to be positioned between the Mergelstetten Fm and the
Massenkalk Fm from which the shallow-water components
derived) (RErFF 1958, GEYER & GWINNER 1984, SCHWEIGERT
& VALLON 2005).

In SE Germany, the Régling Formation (up to 40 m;
formerly “Weif§jura zeta 1°) represents the bedded facies of
northern Bavaria which was deposited in the basins between
the reefal areas that prevailed in the south (MEYER & SCHMIDT-
KALER 1989). The boundary between the Beckeri and Hybono-
tum zones and hence the Kimmeridigian-Tithonian boundary
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lies within the Rogling Fm (Groiss et al. 2000). It has to be
pointed out that the stratigraphical correlation which was
used until recently correlated the Swabian Zementmergel Fm
(“Weifljura zeta 2” according to the Quenstedt nomenclature)
with the Franconian Solnhofen Fm (also assigned as ‘zeta 2’
see below) (MEYER & SCHMIDT-KALER, 1989, 1990a). Following
new biostratigraphic results concerning the ammonite faunas
(SCHWEIGERT 1993, 1998, 2000, SCHWEIGERT et al. 1996), the
DEUTSCHE STRATIGRAPHISCHE SUBKOMMISSION (2002) has accep-
ted the new correlation as presented here (Fig. 2). It has to be
conceded that the new correlation, consequently following the
ammonite biostratigraphy, leads to a less well-fitting lithostrati-
graphic correlation as compared to the older one (GALL et al.
1977, MEYER & ScHMIDT-KALER 1989, 1990a), especially for
correlating the Mergelstetten Fm (120 m) with the Rogling
Fm (40 m). In this respect, a 20 cm thick, brick-red marl layer
at the base of the Rogling Fm becomes important, marking a
distinct hiatus after a regional tectonic event (Fig. 2) (SCHWEI-
GERT 1993, SCHWEIGERT & FrANZ 2004) which would explain
the large thickness difference due to a larger subsidence in the
Swabian realm. In this formation, lithographic limestones (see
below) occur in greater abundance (Fig. 4).

2.6 Lower Tithonian

In southwestern Germany, the Hangende Bankkalke For-
mation (up to 200 m; formerly “Weifljura zeta 3’) starts above a
discontinuity (not shown in Fig. 2 due to small scale), marking
the beginning of the Tithonian (RoLL 1931, SCHWEIGERT 1996).
The well-bedded limestone complex with subordinate marls re-
sembles the Wohlgeschichtete Kalke Fm (see above) in outcrop.
Apart from bivalves and brachiopods, fossils are fairly rare in
most parts. Ammonite faunas of the lower Hybonotum Zone
have been detected proving early Tithonian age (SCHWEIGERT
1996). Due to post-Jurassic erosion, the primary top surface
of the Hangende Bankkalke Fm is not preserved.

At the same time in Bavaria, the upper part of the Rogling
Fm (see above), the Solnhofen and the Mornsheim formati-
ons were deposited, all containing lithographic limestones
(localities see Fig. 4). In general, the elevations between the
Plattenkalk basins were formed by older silicous sponge-mi-
crobial reef mounds, their tops now often being overgrown
by corals (cf. FLUGEL et al. 1993). The characteristic laminated
fabric of the lithographic limestones is due to the absence of
bioturbation, probably caused by hypersaline stagnant bottom
water. Many of the thicker limestone beds (‘Flinze’) are inter-
preted as turbidites, occurring in the deeper plattenkalk basins
such as Solnhofen. The currents which brought micritic lime
mud and caused the mixing of surface and poisonous bottom
water where probably caused by monsoonal winds (VioHL
1998). Accordingly, the organisms which come from different
habitats were all swept in from shallow-water and island areas
surrounding the Plattenkalk basins or sunk from the water
column, respectively. For further discussion of depositional
models, see KEurp 1977a, b, BARTHEL 1978, BARTHEL et al.
1978, and VIoHL 1998.

The Solnhofen Formation (40-90 m; formerly “Weif{jura
zeta 2°) belongs to the middle Hybonotum Zone (Groiss et
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Figure 4: Distribution of Lithographic Limestones (Plattenkalk basins) in the Southern Franconian Alb. The age ranges from Upper Kimmeridgi-

an (Régling Fm: Painten, Brunn, Schamhaupten) to Lower Tithonian (Solnhofen Fm: Solnhofen, Eichstitt, Zandt, Pfalzpaint, Langenaltheim;

Mérnsheim Fm: Mérnsheim, Hienheim, Daiting). Modified from ROPER & ROTHGAENGER (1998), after MEYER & ScHMIDT-KALER (1989).

al. 2000); it is the type locality of the Solnhofen Lithographic
Limestones (Solnhofener Plattenkalke). It contains the Fossil-
lagerstitten of Solnhofen and Eichstitt, world-famous for the
ancestral bird Archaeopteryx and numerous other well-pre-
served fossils (BARTHEL 1978, VIOHL 1998, WELLNHOFER 1999).
Mainly in the Solnhofen Fm, large slumped intervals (‘Krumme
Lagen’) are intercalated in the succession.

Partly marked by a hardground (WinGs 2000), the Solnho-
fen Fm is followed by the Mérnsheim Formation (30-60 m;
formerly “Weifijura zeta 3°). It consists of bedded limestones
and plattenkalke rich in cephalopods from the late Hybonotum
Zone (MEYER & ScHMIDT-KALER 1989, Groiss et al. 2000).

On the large platform of southern Bavaria, a siliceous
sponge facies was still widespread, but corals increasingly
flourished along its northern and eastern, probably elevated
margin (MEYER & SCHMIDT-KALER 1989, 1990a, MEYER 1994).
This, together with now widely extending reefal debris beds,
indicates a distinct shallowing trend. However, sea-level was
still high enough to allow for a mainly Tethyan radiolarian
ingression through the southern Bavarian platform (ZUGEL
1997), corroborating observations on nannoplankton distri-
butions by Kturp (1977a). The younger Upper Jurassic for-
mations, starting with the Usseltal Formation (up to 40 m;
formerly “Weifljura zeta 4°), have been largely reduced owing
to postjurassic erosion, which prevents comprehensive palaeo-
geographic reconstructions. In Swabia, no sediments from this
time have been preserved. The Usseltal Fm (Mucronatum Zone;
SCHERZINGER & SCHWEIGERT 2003 ) starts with bedded limesto-
nes, shifting to marls in the upper part (MEYER & SCHMIDT-KA-

LER 1989). The Rennertshofen Formation (ca. 50 m; formerly
“Weifljura zeta 5°) represents a succession of bedded limestones
with varying bed thickness (MEYER & ScHMIDT-KALER 1989) of
the Mucronatum and Vimineus zones (SCHERZINGER & SCHWEI-
GERT 2003). Finally, the bedded limestones and marls of the
Neuburg Formation (ca. 50 m; formerly “Weif$jura zeta 6”) still
contain ammonites of the Ciliata to Palmatus zones in the lower
part, but the environment becomes more and more shallow
towards the top, exhibiting occasional indicators for partially
brackish conditions such as special bivalves and gastropods
(BARTHEL 1969). The uppermost part could already represent
lowermost Upper Tithonian (MEYER & SCHMIDT-KALER 1989).
In the subsurface of the Molasse basin, beds younger than the
Neuburg Fm show a partly evaporitic Purbeck facies, clearly
indicating very shallow conditions and an arid climate (MEYER
& ScHMIDT-KALER 1989, MEYER 1994, FLUGEL 2004: 766). The
southward transition to the pelagic facies of the Tethys is deeply
buried beneath the alpine nappes.

Acknowledgements

We dedicate this paper to the memory of Herbert ScHick
(t2005) who unexpectedly passed away this year. He will be
remembered by us for his kind personality and his most valu-
able contributions to the Upper Jurassic of Southern Germany
(see references).



References

ALDINGER, H. (1961): Die Schwammfazies im Weiflen Jura Schwabens.
— Jahresberichte und Mitteilungen des oberrheinischen geologi-
schen Vereines, N.F. 43: 99-103.

BarTHEL, K. W. (1969): Die obertithonische, regressive Flachwasser-
Phase der Neuburger Folge in Bayern. — Bayerische Akademie der
Wissenschaften, Mathematisch-Naturwissenschaftliche Klasse,
Abhandlungen, n.F., 142: 1-174.

BarTHEL, K. W. (1978): Solnhofen. Ein Blick in die Erdgeschichte;
Thun (Ott), 393 pp.

BarTHEL, K.W., SWINBURNE, N.H.M. & ConwAy Morris, C. (1978):
Solnhofen. A study in Mesozoic palaeontology; Cambridge
(Cambridge University Press), 236 pp.

BERTLEFF, B. W., JoacHM, H., Koziorowskl, G., LEIBER, J., OHMERT,
W., PRESTEL, R., STOBER, J., STRAYLE, G., VILLINGER, E. & WERNER,
J. (1988): Ergebnisse der Hydrogeothermiebohrungen in Baden-
Wiirttemberg. — Jahreshefte des Geologischen Landesamtes
Baden-Wiirttemberg, 30: 27-116.

BLoos, G., DieTL, G. & SCHWEIGERT, G. (in press): Der Jura von Siid-
deutschland in der STD 2002. — Newsletters in Stratigraphy.
BracHERT, T. (1986): Kontinuierliche und diskontinuierliche Sedimen-
tation im stiddeutschen Oberjura (unteres Kimmeridge; Ludwag/

Oberfranken, No6rdliche Frankenalb). — Facies, 15: 233-284.

DERCOURT, J., GAETANI, M., VRIELYNCK, B., BARRIER, E., Bjju-Duvat,
B., BrRunet, M. F., CADET, J. P., CRASQUIN, S. & SANDULESCU,
M. (Eds.) (2000): Atlas Peri-Tethys: Palacogeographical maps.
— CCGM/CGMW (Paris).

DEUTSCHE STRATIGRAPHISCHE SUBKOMMISSION (Ed.) (2002): Strati-
graphische Tabelle von Deutschland 2002. Potsdam (Deutsche
Stratigraphische Kommission).

DieTL, G. & SCHWEIGERT, G. (1999): Nusplinger Plattenkalk: Eine
tropische Lagune der Jura-Zeit. — Stuttgarter Beitrige zur Natur-
kunde, Serie C, 45: 1-62.

EnreicH, H. L. (1990): Geomicrobiology (2nd ed., rev. and expanded);
New York (Marcel Dekker), 646 pp.

FLUGEL, E. (2004): Microfacies of carbonate rocks —analysis, interpre-
tation and application; Berlin (Springer), 1-976.

FruceL, E., Art, T., JoacHmvskl, M. M., RIEMANN, V. & SCHELLER,
J. (1993): Korallenriff-Kalke im oberen Malm (Unter-Tithon)
der Siidlichen Frankenalb (Laisacker, Marching): Mikrofazies-
Merkmale und Fazies-Interpretation. — Geologische Blatter fiir
Nordost-Bayern, 43: 33-56.

FLUGEL, E. & STEIGER, T. (1981): An Upper Jurassic sponge-algal
buildup from the northern Frankenalb, West Germany. — In:
TooMmEy, D.F. (Ed.), European fossil reef models. Society of
Economic Paleontologists and Mineralogists, Special Publication,
30:371-397.

Frirz, G. K. (1958): Schwammstotzen, Tuberolithe und Schuttbreccien
im Weiflen Jura der Schwibischen Alb. — Arbeiten aus dem Geo-
logisch-Paldontologischen Institut der Technischen Hochschule
Stuttgart, N.F., 13: 1-118.

GaLL, H. , HUTINER, R. & MULLER, D. (1977): Erlauterungen zur
Geologischen Karte des Rieses 1:50000. — Geologica Bavarica,
76:1-191.

GEYER, O. F. & GWINNER, M. P. (1984): Die Schwibische Alb und ihr
Vorland (3rd ed.). - Sammlung geologischer Fiihrer, 67: 275 pp.,
Berlin - Stuttgart (Borntraeger).

GEYER, O. F. & GWINNER, M. P. (1991): Geologie von Baden-Wiirttem-
berg (4th ed.); Schweizerbart (Stuttgart), vii + 482 pp.

GEYER, O. F., SCHOBER, M. & GEYER, M. (2003): Die Hochrhein-Re-
gionen zwischen Bodensee und Basel. — Sammlung geologischer
Fihrer, 94: 526 pp., Berlin — Stuttgart (Borntraeger).

Groiss, J. Th., HaunscHILD, H. & ZEiss, A. (2000): Das Ries und sein
Vorland. — Sammlung geologischer Fiihrer, 92: Berlin (Borntra-
eger), 271 pp.

GWINNER, M. P. (1976): Origin of the Upper Jurassic limestones
of the Swabian Alb (Southwest Germany). — Contributions to
Sedimentology, 5: 1-75.

Gyar, R. A (1999): Ammonite ecology in Late Jurassic time in northern

39

Switzerland. — Eclogae geologicae Helvetiae, 92: 129-137.

Gyar, R. A. & PEersoz, F. (1987): The epicontinental sea of Swabia
(southern Germany) in the Late Jurassic — factors controlling
sedimentation. — Neues Jahrbuch fiir Geologie und Paliontologie,
Abhandlungen, 176: 49-65.

HensseL, K., Scamip, D. U. & LEINFELDER, R. R. (2002): Computer-
gestlitzte 3D-Rekonstruktionen in der Paliontologie anhand von
Serienschnitten. — Mathematische Geologie, 6: 131-142.

Kautich, B., MEYER, R.K.F. & ScHMIDT-KALER, H. (2000): Von Niirn-
berg durch die Pegnitz-Alb zur Bayerischen Eisenstrafle. — Wan-
derungen in die Erdgeschichte, 11: Miinchen (Pfeil), 120 pp.

Keupp, H. (1977a): Ultrafazies und Genese der Solnhofener Platten-
kalke (Oberer Malm, Stidliche Frankenalb). — Abhandlungen der
Naturhistorischen Gesellschaft Nirnberg, 37: 1-128.

KEeupp, H. (1977b): Der Solnhofener Plattenkalk — ein Blaugriinalgen-
Laminit. Paliontologische Zeitschrift, 51: 102-116.

Keupp, H., Koch, R. & LEINFELDER, R. (1990): Steuerungsprozesse
der Entwicklung von Oberjura-Spongiolithen Stiddeutschlands:
Kenntnisstand, Probleme und Perspektiven. — Facies, 23: 141-
174.

KIESSLING, W. (1992): Paleontological and facial features of the Upper
Jurassic Hochstegen Marble (Tauern Window, Eastern Alps).
—Terra Nova, 4: 184-197.

KiessLING, W. (1997): Radiolarien im nordbayerischen Oberjura.
— Geologische Blitter fiir Nordost-Bayern, 47: 25-51.

KIESSLING, W. & ZEiss, A. (1992): New palaeontological data from the
Hochstegen Marble (Tauern Window, Eastern Alps). — Geolo-
gisch-Paliontologische Mitteilungen Innsbruck, 18: 187-202.

KocH, R. (2000): Die neue Interpretation der Massenkalke des Siid-
deutschen Malm und ihr Einfluff auf die Qualitit von Kalksteinen
fiir technische Anwendungen (Beispiele aus der Frankischen Alb).
— Archaeopteryx, 18: 43-65.

KocH, R. & SCHWEIZER, V. (1986): Erster Nachweis von Evaporiten
im Weiflen Jura der Schwibischen Alb. — Naturwissenschaften,
73:p. 325.

KocH, R., SENOwBARI-DARYAN, B. & StrAUSS, H. (1994): The Late
Jurassic “Massenkalk Fazies” of Southern Germany: calcareous
sand piles rather than organic reefs. — Facies, 31: 179-208.

Kortr, R. (1989): Fazies und Geochemie des Treuchtlinger Marmors
(Unter- und Mittel-Kimmeridge, Stidliche Frankenalb). — Berliner
geowissenschaftliche Abhandlungen (A), 111: 1-115.

KRAUTTER, M. (1997): Aspekte zur Paliokologie postpaldozoischer
Kieselschwimme. — Profil, 11: 199-324.

KRAUTTER, M., CoNwAY, K. W., BARRIE, ]. V. & NEUWEILER, M. (2001):
Discovery of a “living dinosaur”: globally unique modern hexac-
tinellid sponge reefs off British Columbia, Canada. — Facies, 44:
265-282.

LANG, B. (1989): Die Schwamm-Biohermfazies der Nordlichen
Frankenalb (Urspring; Oxford, Malm): Mikrofazies, Palokologie,
Paldontologie. — Facies, 20: 199-274.

LATERNSER, R. (2001): Oberjurassische Korallenriffe von Nor-
dostfrankreich (Lothringen) und Stidwestdeutschland. Electronic
PhD Thesis, Universitit Stuttgart, 300 p. URL: http://elib.uni-
stuttgart.de/opus/volltexte/2001/877

LEINFELDER, R. R. (1993): Upper Jurassic reef types and controlling
factors — a preliminary report. — Profil, 5: 1-45.

LEINFELDER, R. R. (2001): Jurassic reef ecosystems. In: STANLEY, G.D.,
Jr. (Ed.), The history and sedimentology of ancient reef systems;
New York (Kluwer/Plenum), 251-309.

LEINFELDER, R. R. & Kturr, H. (1995): Upper Jurassic mud mounds:
allochthonous sedimentation versus autochthonous carbonate
production. In: REITNER, J. & NEUWEILER, F. (coord.): Mud
mounds: a polygenetic spectrum of fine-grained carbonate buil-
dups. — Facies, 32: 17-26.

LEINFELDER, R. R., Nosg, M., Scumip, D. U. & WERNER, W. (1993):
Microbial crusts of the Late Jurassic: composition, palaeoecolo-
gical significance and importance in reef construction. — Facies,
29: 195-230.

LEINFELDER, R. R., Scumip, D. U., Nosg, M. & WERNER, W. (2002):
Jurassic reef patterns — the expression of a changing globe. — In:



40

KiessLiNG, W., FLUGEL, E. & GOLONKA, J. (Eds), Phanerozoic
reef patterns. SEPM (Society for Sedimentary Geology), Special
Publication, 72: 465-520.

LEINFELDER, R. R., KRAUTTER, M., LATERNSER, R., NOSE, M., SCHMID,
D. U,, ScuwEeIiGerT, G., WERNER, W., Keurp, H., BRUGGER, H.,
HEerrMANN, R., REHFELD-KIEFER, U., SCHROEDER, ]. H., REINHOLD,
C.,KocH, R., ZF1ss, A., SCHWEIZER, V., CHRISTMANN, H., MENGES,
G. & LuterBACHER, H. (Ed. and Coord. by LEINFELDER, R.R.)
(1994): The origin of Jurassic reefs: current research developments
and results. — Facies, 31: 1-56.

LEINFELDER, R. R., WERNER, W., NOSE, M., ScumID, D. U., KRAUTTER,
M., LATERNSER, R., TakAcs, M. & HARTMANN, D. (1996): Paleoeco-
logy, growth parameters and dynamics of coral, sponge and mic-
robolite reefs from the Late Jurassic. — In: REITNER, ]., NEUWEILER,
F. & GUNKEL, F. (Eds), Global and regional controls on biogenic
sedimentation. I. Reef evolution. Research Reports. Géttinger
Arbeiten zur Geologie und Paliontologie, Sb2: 227-248.

Lupu, M. (1972): Mikrofazielle Untersuchung eines Quintnerkalk-
Profils der Mittagsfluh in Vorarlberg. — Verhandlungen der Geo-
logischen Bundesanstalt, 1972: 281-287.

MAUSER, M., SCHIRMER, W. & ScHMIDT-KALER, H. (2002): Obermain-
Alb und Frinkisches Bruchschollenland. - Wanderungen in die
Erdgeschichte, 12: Miinchen (Pfeil), 144 pp.

MEYER, R. K. F. (1981): Malm (Weiler oder Oberer Jura). — In: HAUN-
scHILD, H. & Jerz, H. (Red.) Erliuterungen zur Geologischen
Karte von Bayern 1:500000 (3rd ed.); Miinchen (Bayerisches
Geologisches Landesamt), 62-68.

MEYER, R. K. F. (1994): ,Moosburg 4, die erste Kernbohrung durch
den Malm unter der bayerischen Molasse. — Erlanger geologische
Abhandlungen, 123: 51-81.

MEYER, R. K. F. & ScumIDT-KALER, H. (1989): Paliogeographischer
Atlas des siiddeutschen Oberjura (Malm). — Geologisches Jahr-
buch, A115: 1-77.

MEYER, R. K. F. & ScHMIDT-KALER, H. (1990a): Paliogeographie und
Schwammriffentwicklung des siiddeutschen Malm — ein Uber-
blick. — Facies, 23: 175-184.

MEYER, R. K. F. & ScHMIDT-KALER, H. (1990b): Treuchtlingen, Solnho-
fen, Mornsheim, Dollnstein (Wanderungen in die Erdgeschichte,
1); Miinchen (Pfeil), 80 pp.

MEYER, R. K. F. & ScumipT-KALER, H. (1991): Durchs Urdonautal
nach Eichstitt (Wanderungen in die Erdgeschichte 2); Miinchen
(Pfeil), 112 pp.

MEYER, R. K. F. & ScHmIDT-KALER, H. (1992): Durch die Friankische
Schweiz (Wanderungen in die Erdgeschichte 5); Miinchen (Pfeil),
167 pp.

MEYER, R.K.F. & ScHMIDT-KALER, H. (1995): Rund um Regensburg
(Wanderungen in die Erdgeschichte 7); Miinchen (Pfeil), 128 pp.

MEYER, R. K. F. & ScHMIDT-KALER, H. (1996): Jura. — In: FREUDENBER-
GER, W. & SCHWERD, K. (Red.) Erlduterungen zur Geologischen
Karte von Bayern 1:500000 (4th ed.); Miinchen (Bayerisches
Geologisches Landesamt), 90-111.

MEYER, R. K. F., ScumipT-KALER, H., KAULICH, B. & TISCHLINGER, H.
(1994): Unteres Altmiihltal und Weltenburger Enge (Wanderungen
in die Erdgeschichte 6); Miinchen (Pfeil), 152 pp.

Munk, C. & ZEss, A. (1985): Neue Untersuchungen zur Stratigraphie
des Callovien und Oxfordien in Bayern. — Geologische Blatter fiir
Nordost-Bayern, 34/35: 407-447.

PAULSEN, S. (1964): Aufbau und Petrographie des Riffkomplexes von
Arnegg im hoheren Weiflen Jura der Schwiébischen Alb (Wiirttem-
berg). — Arbeiten aus dem Geologisch-Paldontologischen Institut
der Technischen Hochschule Stuttgart, N.F., 42: 1-98.

PAWELLEK, T. (2001): Fazies-, Sequenz-, und Gamma-Ray-Analyse im
hoheren Malm der Schwibischen Alb (SW-Deutschland) mit Be-
merkungen zur Rohstoffgeologie (Hochreine Kalke). — Tiibinger
geowissenschaftliche Arbeiten, Reihe A, 61: 1-246.

PrrTeT, B. & MATTIOLL E. (2002): The carbonate signal and calcareous
nannofossil distribution in an Upper Jurassic section (Balingen-Ti-
eringen, Late Oxfordian, southern Germany). — Palacogeography,
Palaeoclimatology, Palaeoecology, 179: 71-96.

PITTET, B., STRASSER, A. & MATTIOLL E. (2000): Depositional sequences

in deep-shelf environments: a response to sea-level changes and
shallow-platform carbonate productivity (Oxfordian, Germany
and Spain). — Journal of Sedimentary Research, 70: 392-407.

QUENSTEDT, F. A. (1856-1858): Der Jura; Tubingen (Laupp), 842 pp.

REIeF, W. (1958): Beitrige zur Geologie des Albuchs und der Heiden-
heimer Alb. — Arbeiten aus dem Geologisch-Paliontologischen
Institut der Technischen Hochschule Stuttgart, N.F., 17: 1-142.

Rerrr, W. (1988): Die Korallenvorkommen von Gerstetten. Fazielle und
stratigraphische Zuordnung im Oberen Weiflen Jura der stlichen
Schwibischen Alb. - Jahreshefte des Geologischen Landesamtes
Baden-Wiirttemberg, 30: 357-371.

RIEGRAF, W. (1987a): Planktonic foraminifera (Globuligerinidae) from
the Callovian (Middle Jurassic) of Southwest Germany. — Journal
of Foraminiferal Research, 17: 190-211.

RieGrAF, W. (1987b): Planktonische Foraminiferen und Radiolarien
im Callovium und Oxfordium (Jura) Siiddeutschlands. — Neues
Jahrbuch fiir Geologie und Paliontologie, Abhandlungen, 176:
91-103.

ROEPER, M. & ROTHGAENGER, M. (1998): Die Plattenkalke von Hien-
heim (Landkreis Kelheim); Eichendorf (Eichendorf Verlag), 110

pp-

RotLt, A. (1931): Die Stratigraphie des Oberen Malm im Lauchertgebiet
(Schwibische Alb) als Unterlage fiir tektonische Untersuchungen.
— Abhandlungen der Preuflischen geologischen Landesanstalt,
N.F.,, 135: 1-164.

SCHERZINGER, A. & SCHWEIGERT, G. (2003): Ein Profil in der Usseltal-
und Rennertshofen-Formation der siidlichen Frankenalb (Unter-
Tithonium). — Zitteliana, A 43: 3-16.

ScHick, H. (2004a): Gliederung und Typusprofil der Lacunosamergel-
Formation (Ober-Jura, Schwiabische Alb). — Stuttgarter Beitrige
zur Naturkunde, Serie B, 346: 1-25.

ScHick, H. (2004b): Bio- and lithostratigraphic studies on the Lower
Kimmeridgian of the Swabian and Franconian Alb. — Rivista
Ttaliana di Paleontologia e Stratigrafia, 110: 279-288.

Schick, H. (2004c): The stratigraphical significance of Cymaceras
guembeli for the boundary between Platynota Zone and Hyp-
selocyclum Zone, and the correlation between Swabian and
Franconian Alb. — Zitteliana, B 44: 51-59.

SCHMALZRIEDT, A. (1991): Die Mikrofauna in Schwimmen, Schwamm-
riff- und ,Normal“-Fazies des unteren und mittleren Malm
(Oxfordium und Kimmeridgium, Ober-Jura) der westlichen und
mittleren Schwibischen Alb (Wiirttemberg). — Ttubinger mikro-
paldontologische Mitteilungen, 10: 1-120.

Scumip, D. U. (1996): Marine Mikrobolithe und Mikroinkrustierer
aus dem Oberjura. — Profil, 9: 101-251.

Scumip, D. U., LEINFELDER, R. R. & Nosg, M. (2001): Growth dyna-
mics and ecology of Upper Jurassic mounds, with comparisons to
Mid-Palaeozoic mounds. — In: Haywick, D. W. & Koraska-MER-
KEL, D. C. (Eds.), Carbonate Mounds: sedimentation, organismal
response, and diagenesis. Sedimentary Geology, 145: 343-376.

ScHMID, D. U., SCHWEIGERT, G. & LEINFELDER, R. R. (submitted): The
Jurassic of Southern Germany. — Geological Society of London,
Special Publication.

ScumIDT-KALER, H. (1991): Vom Neuen Friankischen Seenland zum
Hahnenkamm am Spielberg (Wanderungen in die Erdgeschichte
3); Miinchen (Pfeil), 80 pp.

ScHMIDT-KALER, H., TISCHLINGER, H. & WERNER, W. (1992): Sulz-
kirchen und Sengenthal — zwei berithmte Fossilfundstellen am
Rande der Frankenalb (Wanderungen in die Erdgeschichte 4);
Minchen (Pfeil), 112 pp.

SCHNEIDER, J. (1962): Der Jura in Erdolbohrungen des westlichen
Molassetroges. — Hermann-ALDINGER-Festschrift; Stuttgart
(Schweizerbart), 163-172.

SCHRAMMEN, A. (1924): Zur Revision der Jura-Spongien von Sud-
deutschland. — Jahresberichte und Mitteilungen des oberrheini-
schen geologischen Vereines, N.F., 13: 125-154.

SCHWEIGERT, G. (1993): Die Ammonitengattungen Gravesia SALFELD und
Tolvericeras HANTZPERGUE und ihre Bedeutung fiir den Grenzbe-
reich Oberkimmeridgium/Untertithonium im Schwabischen Jura.
- Geologische Blitter fiir Nordost-Bayern, 43: 167-186.



SCHWEIGERT, G. (1995): Neues zur Stratigraphie des schwibischen
Oberjura. — Laichinger Hohlenfreund, 30: 49-60.

SCHWEIGERT, G. (1996): Die Hangende Bankkalk-Formation im
schwibischen Oberjura. — Jahresberichte und Mitteilungen des
oberrheinischen geologischen Vereines, N.F., 78: 281-308.

SCHWEIGERT, G. (1998): Die Ammonitenfauna des Nusplinger Platten-
kalks (Ober-Kimmeridgium, Beckeri-Zone, Ulmense-Subzone,
Baden-Wiirttemberg). — Stuttgarter Beitrige zur Naturkunde,
Serie B, 267: 1-61.

SCHWEIGERT, G. (2000): New biostratigraphic data from the Kimme-
ridgian/Tithonian boundary beds of SW Germany. — GeoResearch
Forum, 6: 195-202.

SCHWEIGERT, G. & CALLOMON, J. H. (1997): Der baubini-Faunen-
horizont und seine Bedeutung fiir die Korrelation zwischen
tethyalem und subborealem Oberjura. — Stuttgarter Beitrage zur
Naturkunde, Serie B, 247: 1-69.

SCHWEIGERT, G. & Franz, M. (2004): Die Mergelstetten-Formation,
eine neue Gesteinseinheit im Oberjura der ostlichen bis mittleren
Schwibischen Alb. — Jahresberichte und Mitteilungen des ober-
rheinischen geologischen Vereines, N.F., 86: 325-335.

SCHWEIGERT, G., KRISHNA, J., PANDEY, B. & PaTHAK, D. B. (1996): A
new approach to the correlation of the Upper Kimmeridgian Be-
ckeri Zone across the Tethyan Sea. — Neues Jahrbuch fiir Geologie
und Paldontologie, Abhandlungen, 202: 345-373.

SCHWEIGERT, G. & VALLON, L. H. (2005): First record and correlation
value of Aulacostephanus cf. subundorae (PavLow) (Ammonoidea,
Upper Jurassic) from SW Germany. — Neues Jahrbuch fiir Geolo-
gie und Paliontologie, Monatshefte, 2005: 65-82.

SELG, M. & WAGENPLAST, P. (1990): Beckenarchitektur im stiddeutschen
Weiflen Jura und die Bildung der Schwammriffe. — Jahreshefte des
Geologischen Landesamtes Baden-Wiirttemberg, 32: 171-206.

StaDKY, C. (2005): Karbonatische Faziesbereiche im Wellheimer
Trockental ostlich von Konstein. — Diplomkartierung, Ludwig-
Maximilians-Universitat Minchen, 22 pp., 3 maps.

VILLINGER, E. & FLECK, W. (1995): Symbolschliissel Geologie (Teil I)
und Bodenkunde Baden-Wiirttemberg. — Informationen Geolo-
gisches Landesamt Baden-Wiirttemberg, 5: 1-69.

41

Viomt, G. (1998): Die Solnhofener Plattenkalke — Entstehung und
Lebensrdaume. — Archaeopteryx, 16: 37-68.

WaGENPLAST, P. (1972): Okologische Untersuchung der Fauna aus
Bank- und Schwammfazies des Weiflen Jura der Schwibischen
Alb. — Arbeiten aus dem Institut fiir Geologie und Paliontologie
der Universitat Stuttgart, N.F., 67: 1-99.

WELLNHOFER, P. (1999): Der bayerische Urvogel, Archaeopteryx bava-
rica, aus den Solnhofener Schichten. — Kulturstiftung der Lander
— Patrimonia, 177: 1-24.

WERNER, W., LEINFELDER, R. R., FUrsicH, F. T. & KRAUTTER, M. (1994):
Comparative palaecoecology of marly coralline sponge-bearing
reefal associations from the Kimmeridgian (Upper Jurassic) of
Portugal and Southwestern Germany. — Courier Forschungsins-
titut Senckenberg, 172: 381-397.

WinNGs, O. (2000): Ein Hartgrund als neuer Aspekt bei der Interpre-
tation der untertithonischen Solnhofener Plattenkalke. — Archae-
opteryx, 18: 75-92.

ZE1ss, A. (1955): Zur Stratigraphie des Callovien und Unter-Oxfor-
dien bei Blumberg (Stidbaden). — Jahreshefte des Geologischen
Landesamtes Baden-Wiirttemberg, 1: 239-266.

Zg1ss, A. (1977): Jurassic stratigraphy of Franconia. — Stuttgarter
Beitrage zur Naturkunde, Serie B, 31: 1-32.

ZIEGLER, B. (1967): Ammoniten-Okologie am Beispiel des Oberjura.
- Geologische Rundschau, 56: 439-464.

ZIEGLER, B. (1987): Der Weifle Jura der Schwibischen Alb. — Stuttgarter
Beitrige zur Naturkunde, Serie C, 23: 1-71.

ZIEGLER, P. A. (1990): Geological Atlas of Western and Central Europe
(2nd and rev. ed.). — Shell Internationale Petroleum Maatschappij
BV, 239 pp.

ZUGEL, P. (1997): Discovery of a radiolarian fauna from the Tithonian of
the Solnhofen area (southern Franconian Alb, southern Germany).
— Paliontologische Zeitschrift, 71: 197-209.

ZUGEL, P., RIEGRAF, W., SCHWEIGERT, G. & DIETL, G. (1998): Radiolaria
from the Nusplingen Lithographic Limestone (Late Kimmeridgi-
an, SW Germany). — Stuttgarter Beitrige zur Naturkunde, Serie
B, 268: 1-43.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


