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IZusammenfassung/Abstract

Abstract

Planktic foraminifera fauna and carbon isotopes
of the bulk rock have been investigated to
compile a high resolution biostratigraphy for the
Late Aptian to Late Albian in the Vocontian
Basin (SE-France) and for the Middle and Late
Albian in NE-Texas. A high resolution carbon
isotope stratigraphy (CIS) has been established
for the Albian of the Vocontian Basin, and
partially correlated with sections in the eastern
(ODP 547, Mazagan Plateau) and western (ODP
1052; Blake Nose Plateau) Atlantic as well as
in the Gulf of Mexico (NE-Texas).
The high resolution carbon isotope stratigraphy
possibly revealed diachronous first appearances
of stratigraphically well constrained planktic
foraminifera in the Vocontian Basin (western
Tethys), at the Mazagan Plateau (eastern
Atlantic), the Blake Nose Plateau (western
Atlantic), and NE-Texas (Gulf of Mexico). The
causes for the non-simultaneous occurrences
may be palaeoceanographic and palaeoclimatic
changes, which may have affected the water
current system, the water column structure and
the nutrient distribution.
In addition, the planktic foraminiferal data of
the first appearance in NE-Texas show that the
evolution of planktic foraminifera in NE-Texas
may depend highly on transgression/regression
cycles.

Zusammenfassung

Zur Entwicklung einer hochauflösenden
Biostratigraphie des Ober Apt bis Ober Alb des
Vokontischen Beckens (SE-Frankreich) und des
Mittel bis Ober Alb in NE-Texas wurden
planktische Foraminiferen und stabile Isotope
des Kohlenstoffs untersucht. Basierend auf
Korrelationen der Kohlenstoffisotopenkurve aus
SE-Frankreich, des östlichen (DSDP 547,
Mazagan Plateau) und westlichen (ODP 1052;
Blake Nose Plateau) Atlantik sowie des Golf von
Mexicos (NE-Texas) konnte eine hoch-
auflösende Kohlenstoffisotopen Stratigraphie
(CIS) des Alb entwickelt werde.
Anhand von Faunendaten planktischer
Foraminiferen wurde die Evolution der
planktischen Foraminiferen der Mittleren Kreide
(Ober Apt bis Ober Alb, 113-98 Ma) nach-
vollzogen.
Durch die hochauflösende Kohlenstoffisotopen
Stratigraphie konnte diachrones Erstauftreten
von stratigraphisch gut untersuchten
planktischen Foraminiferen zwischen dem
Vokontischen Becken (westliche Tethys), dem
Mazagan Plateau (östlicher Atlantik), dem Blake
Nose Plateau (westlicher Atlantik) und NE-
Texas (Golf von Mexiko) aufgezeigt werden.
Die Gründe für dieses zeitlich ungleiche
Erstaufftreten können durch paläoceano-
graphische und paläoklimatische
Veränderungen, welche das Strömungssystem
sowie die Struktur der Wassersäule und die
Nahrungsverteilung möglicherweise
beeinflußten, gegeben sein.
Zusätzlich konnte nachgewiesen werden, das
das Erstauftreten sowie die Entwicklung von
planktischen Foraminiferen in NE-Texas stark
von Transgressions/Regressions Zyklen
abhängig sein können.
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Based on nannofossil and carbon isotope data,
Herrle et al. (2003 b) shows that this “green-
house” climate was not even as previously
thought. The Cretaceous was also a time of
major plate movements, which not only changed
the palaeogeography, but also influenced the
palaeoclimate and the circulation patterns of the
oceans. Two major continent complexes
dominated the palaeogeographic situation: the
North America-Eurasia complex in the

The mid-Cretaceous period, from 121 to 89 m.y.,
is believed to have been different from our
present world in several major aspects
(Gradstein et al., 1995). The mid-Cretaceous
world was possibly characterised by an extreme
“greenhouse” climate as indicated by high
atmospheric pCO2-level (Barron & Washington,
1985) and a high sea-level (Haq et al., 1988).
The climate of this period is estimated to have
been with a reduced latitudinal temperature
gradient (e.g., Huber et al., 1995) and elevated
average temperatures (e.g., Sellwood et al.,
1994; Barron et al., 1995).

1. Introduction
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Fig.1: Palaeogeography of the mid-Cretaceous (100 Ma) with high sea-level shorelines (modified
after Hay et al., 1999). White areas indicate land. Asterisks mark the study areas in the Vocontian
Basin (VB) and in NE-Texas (Fort Worth area = FW) as well as the DSDP Site 545/547 at the
Mazagan Plateau (MZ) and ODP Site 1052 at the Blake Nose Plateau (BL).

northern hemisphere and Africa, South America
and Antarctica in the southern hemisphere
(Fig.1). The northern and southern continents
were separated by the large east-west extended
Tethys and the small Central Atlantic. Ongoing
from the Jurassic the building of the Atlantic
continued and a narrow North and South
Atlantic were established by the Late Albian
(Kennedy & Cooper, 1975). The Tethyan and
Atlantic oceans provided a circumglobal
oceanic connection. The ocean surface water
currents, resulting from general circulation
modelling (GCM), indicate stable, westward-

flowing circumglobal currents (Roth, 1986;
Barron, 1987). However, Barron & Peterson
(1990) and Poulsen et al. (1998) show that the
Tethys and the Atlantic were dominated by
clockwise gyres (Barron & Peterson, 1990;
Poulsen et al., 2001).
The production of new oceanic crust, associated
among others with the building of the Atlantic,
and the formation of continental flood basalts
(Rajmahal, Eastern India; Courtillot et al., 1996)

1Introduction
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were enhanced in the Cretaceous and reached a
maximum in the Aptian interval (Larson, 1991).
The global sea-level was low at the beginning
of the Cretaceous but reaches the highest point
during the Cenomanian/Turonian (Haq et al.,
1988). During the Cretaceous, vast shelf areas
were flooded corresponding to globally
recognisable transgressions (Hay et al., 1999).
The Aptian is one transgressive phase with a mid
Aptian break related to a brief sea-level fall.
The Albian is characterised by three major
flooding events, at or near the substage
boundaries.
The extreme oceanic and climatic conditions
during the Aptian and Albian advanced the
formation of regional and superregional black
shales. Superregional black shales appear to be
almost synchronous in different marine
environments and have therefore been named
Oceanic Anoxic Events (OAEs), e.g. OAE 1a
(Lower Aptian; Schlanger & Jenkyns, 1976;
Arthur et al., 1990; Bralower et al., 1994), OAE
1b (Early Albian; Bréhéret et al., 1986; Bralower
et al., 1993; Erbacher et al., 1999; Herrle et al.,
2003 a, b) and OAE 1d (Late Albian; Erbacher
et al., 1996; Erbacher & Thurow, 1997; Wilson
& Norris, 2001).
The classical method of Cretaceous stratigraphy
is biostratigraphy. For example, the twelve
Cretaceous stage boundaries are defined by
ammonites (Birkelund et al., 1984). The
Second International Symposium on Cretaceous
Stage Boundaries (1995, Brussels) has encom-
passed further criteria for stage boundaries, for
example microfossil datums, carbon isotope
excursions and geomagnetic reversals. But
ammonites still dominate the historically
founded zonation of the Cretaceous. One major
problem of stratigraphy, using Cretaceous am-
monites, is that the ammonite fauna of the Aptian
and Albian is characterised by a distinct
provincialism, which complicates the finding of
an international standard marker for the Aptian/
Albian stage boundary. This is reflected in prob-
lems concerning the correlation of Boreal and
Tethyal environments by ammonites (Erba,
1996). For microfossil biostratigraphy mainly
planktic foraminifera, calcareous nannofossils,
dinoflagellate cysts and calpionellids are used.

Planktic foraminifera become an increasingly
important part of marine zooplankton since the
beginning of the Cretaceous. Their first and last
occurrences are useful datum plains for
biostratigraphy (e.g. Caron, 1985; Sliter, 1989,
1992; Robaszynski & Caron, 1995). In DSDP
and ODP cores, marine microfossils are used
for biostratigraphy because of their global
distribution and high abundance. Therefore, well
dated reference sections, for example DSDP Site
545 (Leckie, 1984) and 547 (Nederbragt et al.,
2001) at the Mazagan Plateau and ODP Site
1052 (Bellier & Moullade, 2002) at the Blake
Nose Plateau, are available.
Planktic foraminifera exist in sediment cores as
well as in land sections, as ammonites are rarely
found in cores. Several species of planktic
foraminifera can be used as indicators for
palaeogeographic and palaeoclimatic changes as
well (e.g. Weiss, 1997; Galeotti, 1998; Luciani
et al., 2001).
In the past, carbon isotope records have been
mainly used for reconstruction of temperature
and palaeoproductivity changes in marine
environments (e.g. Stoll & Schrag, 2000). The
usage of carbon isotope records for
stratigraphical purposes exists, but only parts of
the Aptian and Albian are discussed or the record
is low-resolution (Scholle & Arthur, 1980;
Nederbragt et al., 2001). Herrle (2002)
established for the first time a high-resolution
carbon isotope stratigraphy for the Aptian and
lowermost Albian of SE-France.

1.1. Purpose of Investigation

The purpose of this investigation is the revision
of the mid-Cretaceous biostratigraphy based on
planktic foraminifera and stable isotopes. As
time intervals and investigation areas, the Late
Aptian to Late Albian in the Western Tethys
(Vocontian Basin in SE-France) and the Middle
and Late Albian of the Western Atlantic (NE-
Texas, area of Fort Worth) are chosen. Main
focus is on the following objectives:

- A revised high-resolution biostratigraphy for
the Late Aptian to Late Albian of SE-France
based on planktic foraminifera.
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-A new biostratigraphy for the Middle and
Late Albian of NE-Texas.
-Establishment of a carbon isotope
stratigraphy for the Late Aptian and Albian
of the western Tethys (SE-France)
-Correlation with sections in the eastern
(DSDP 545/547, Mazagan Plateau) and
western Atlantic (ODP 1052, Blake Nose
Plateau; NE-Texas).
-Revision and discussion of the Aptian/
Albian stage boundary as well as the Lower/
Middle Albian and Middle/Late Albian
substage boundaries in SE-France and the
Middle/Late Albian and Albian Cenomanian
boundary in NE-Texas.
-Assessment of diachronous and synchronous
first and last appearances of stratigraphical
important planktic foraminifera species.
-Assessment of palaeoecological
implications (reconstruction of palaeoceano-
graphic conditions, ocean currents, gateways)
of diachronous first occurrences of
specialised planktic foraminifera in the mid-
Cretaceous.

1.2. State of the Art

1.2.1. Study areas Vocontian Basin, Mazagan
Plateau, Blake Nose Plateau and NE-Texas

The Vocontian Basin (“fosse vocontienne”)
in SE-France as a sedimentary basin was
introduced into the literature by Paquier
(1900), who has established this term for the
Early Cretaceous pelagic sediments of the
South East France Basin in contrast to the
marginal facies and the platform carbonates.
The basic study of Bréhéret (1997) gives an
overview of the sedimentary, geochemical
and palaeontological development of the
hemipelagic to pelagic Vocontian Basin in the
mid-Cretaceous. Multiproxy studies
(foraminifera, calcareous nannofossils;
palynomorphs and stable isotopes) about the
black shale horizons occurring in the
Vocontian Basin are recently used to propose
climatic as well as palaeoceanographic
models for the mid-Cretaceous period (Herrle
et al., 2003 a, b).

The proposed isotope stratigraphy (Herrle, 2002;
this thesis) clarifies the connection of special
black shale horizons of the Vocontian Basin to
superregional Oceanic Anoxic Events (OAEs).
The Mazagan Plateau was explored during the
Deep Sea Drilling Project (DSDP) 79 in four
sites (Winterer & Hinz, 1984). In this thesis, site
545 at the base of the steep Mazagan
Escarpment and site 547 in a small subbasin
adjacent to the basement block (Leckie, 1984)
are used for comparison with the investigated
sections in SE-France. Site 545 includes a
complete succession of early Late Aptian to
Middle Cenomanian and site 547 contains an
expanded Late Albian to Late Cenomanian suc-
cession. Further sedimentological, geochemical,
geophysical information are compiled in the
Initial Reports of the Deep Sea Drilling Project,
Volume 79 (1984). The Mazagan Plateau is a
Jurassic to Early Cretaceous carbonate platform
offshore Morocco, overlain by Late Cretaceous
to Cenozoic hemipelagic and clastic sediments.
To the south, the Mazagan Plateau is an offshore
extension of the Moroccean Meseta (Jansa et
al., 1984). A detailed description of the
geological and palaeogeographical situation is
given by Winterer & Hinz (1984).
The Blake Nose Plateau was surveyed in 1998
by the Ocean Drilling Program (ODP) Leg 171B
in the western Atlantic. Down the spine of the
Blake Nose, a salient on the margin of the Blake
Plateau, five sites (1049-1053) were drilled. In
this thesis, site 1052 at the top of the spine,
recovering the Aptian to Turonian (Bellier &
Moullade, 2002), is used for correlation and
palaeoceanographic reconstruction. Further
sedimentological, geochemical, geophysical
information are compiled in the Proceedings of
the Ocean Drilling Program, Scientific Results
Volume 171B (1999). The Blake Nose
represents a Jurassic to Lower Cretaceous
carbonate platform with buried reef build-ups
at the landward end of the Blake Nose, overlain
by Middle Cretaceous and younger sediments
(claystone and carbonate ooze; Norris et al.,
2001).
The early history of geological research in Texas
has been summarised by Roemer (1849) and Hill
(1887) but none of the two has dealt directly



with the Cretaceous of the Fort Worth area.
Studies by Lozo (1944), Perkins & Albritton
(1955) include the Fort Worth area and focus
on stratigraphic purposes. Perkins (1960) was
the first giving an overview of the mid-
Cretaceous sections in the Fort Worth area and
their macrofossil content. The mid-Cretaceous
sections in the northern part of the East Texas
Embayment are characterised by the shallow
marine environment of the Comanche
carbonate platform and the long term and short
term cyclic sedimentation (transgression and
regression of the Gulf of Mexico onto the shelf).
The cyclic sediment deposition of NE-Texas has
been used in recent papers to correlate and
compare sea-level curves and events of the Gulf
Coast, NE-Texas, and south eastern Arabia
(Immenhauser & Scott, 1999; Scott et al., 2000).
For geological and palaeogeographical details
about the East Texas Embayment and the Fort
Worth area see Chapter 4.1.

1.2.2. Planktic Foraminifera
The first planktic foraminifera have been
described from the Middle Jurassic (Bajocian),
but play no significant role in marine live until
the mid-Cretaceous (Leckie, 1989). Three
major adaptive radiations in the evolution of
planktic foraminifera can be recognised in the
Cretaceous record (Wonders, 1980; Premoli-
Silva & Sliter, 1999; Fig. 2). The threefold
pattern, from the Lower Valanginian to the Late
Aptian, from the Aptian/Albian boundary to the
Late Albian and finally to the end of the
Cretaceous, is characterised by alternating
phases of diversification, stasis, extinction and
faunal turnover (Premoli-Silva & Sliter, 1999;
Fig. 2).

4 Introduction

Fig. 2: Planktic foraminiferal evolutionary changes
through the Cretaceous after Premoli-Silva & Sliter
(1999) and references therein. The three cross-
hatched bars (1, 2 and 3) show the threefold
evolutionary pattern of planktic foraminifera in the
Cretaceous. The grey shaded bars and arrows a more
detailed version of the evolutionary changes.
The dark grey shaded area at the Aptian/Albian
boundary marks an interval of stasis or enhanced
dissolution.
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The first continuously increasing diversification
extends with a duration of 22 m.y. from the
Lower Valanginian to the Late Aptian and is not
interrupted by a turnover near the Livello Selli
(=OAE 1a; Premoli-Silva & Sliter, 1999) as
proposed by Coccioni et al. (1992) and Erba &
Premoli-Silva (1994). The Aptian/Albian
boundary interval is marked by a phase of stasis
or enhanced carbonate dissolution (Fig.2).
Leckie et al. (2002) proposed a link
between the greatest turnover of planktic
foraminifera near the Aptian/Albian boundary
and the formation of black shales in this time
interval. Both may be triggered among others
by submarine volcanism (sea water pH, reduced
carbon availability; Leckie et al., 2002). The
second radiation interval (Early Albian to Late
Albian) is also characterised by increasing
diversification but in half of the time (12 m.y.;
Premoli-Silva & Sliter, 1999; Fig. 2). The third
interval until the end of the Cretaceous differs
from the first two. Short periods of rapid
diversification and turnover are separated by
longer periods of stasis (Premoli-Silva & Sliter,
1999; Fig. 2). Due to the rapid evolution of
planktic foraminifera this zooplankton is a
reliable tool for biostratigraphy in Cretaceous
time. Phases of diversification, like the Late
Albian, provide a wide range of possible
biostratigraphic horizons. In contrast, phases of
stasis like the Aptian/Albian boundary interval
with lacking evolution of planktic foraminifera
or probably enhanced dissolution complicate the
definition of the stage boundary by planktic
foraminifera. Throughout the Cretaceous the
species richness increased and morphotypes
grew more complex (Caron & Homewood,
1983). From the beginning (Jurassic to Albian)
the foraminiferal fauna was characterised by
small, primitive, globular morphotypes (r-
selected; Caron & Homewood, 1983) who have
lived in surface waters (Hart & Bailey, 1979;
Leckie, 1987; Hart, 1999; Premoli-Silva &
Sliter; 1999). In the Late Albian, more advanced
morphotypes (k-selected) with a more compli-
cated umbilical system and an additional keel
evolved (Wonders, 1980; Caron & Homewood,
1983) and colonised the deeper water (Hart &
Bailey, 1979; Leckie, 1987; Hart, 1999).

Isotopic data from Cretaceous planktic
foraminifera (e.g. Huber et al., 1995; Price et
al., 1998; Wilson & Norris, 2001; Price & Hart,
2002) support this model of depth stratification
of Cretaceous planktic foraminifera.
In the Cretaceous, latitudinal differentiation in
the faunal composition within the planktic
foraminiferal associations can be recognised as
well (Haig, 1979; Premoli-Silva & Sliter, 1999).
Two provinces, Boreal and Tethys (tropical),
separated by a temperate transition zone, can
be distinguished. This picture is mirrored to the
southern hemisphere (tethyal/tropical-transition-
austral). Every province has a characteristic
faunal association. The transition zones are
marked by a mixture of boreal and tethyal faunal
elements. The latitudinally limited distribution
of planktic foraminifera complicates the
correlation of planktic foraminiferal zones of
high and low latitude sections.
For 40-50 years, planktic foraminifera are used
as biostratigraphical markers. The steady
revision of existing taxa and the description of
new species made it possible to modernise
continuously the stratigraphical zonation. The
first zonation for the mid-Cretaceous (Renz,
1936; Gandolfi, 1942; Bolli, 1945) used planktic
foraminifera (Globotruncanidae) to date Alpine-
Mediterranean sections without proposing
zones. First local zonation was established for
North African (Sigal, 1952, 1955) and
Caribbean (Bolli, 1959) sites. More generalised
zonation for the Cretaceous was proposed about
10 years later by van Hinte (1965) and Sigal
(1967). The results of Moullade (1966), Caron
(1985), Sliter (1989, 1992) and Robaszynski &
Caron (1995) among others allowed a
refinement of this zonation. This zonation based
mainly on first and last appearance datums (FAD
and LAD) of planktic foraminifera. Generally,
Haynes (1981) pointed out that extinctions
related to recent and Pleistocene planktic
foraminifera can be locally variable, and
according to Blow (1970) LADs show a
considerable degree of in-build diachroneity.
Therefore, extinctions should be avoided as
datum horizon (Blow, 1970; Jenkins, 1971 b).
First appearances may also be diachronous
(Jenkins, 1971a) as, for example, in the Tertiary



Globoquadrina dehiscens , and treated with
caution as biostratigraphic horizon.

1.2.3. Stable Isotopes

The limited use of classical biostratigraphy tools,
due to migration, biogeographical endemism
(ammonites) and evolutionary crisis (planktic
foraminifera) requires an additional, independ-
ent stratigraphic control. The possible correla-
tion of carbon isotope records from different
facies and environmental conditions makes the
stable isotope record (carbon) a reliable tool for
stratigraphy.
Different biotic and atmospheric mechanisms
affect the distribution of carbon isotopes (13/12C)
in the oceans. The most important biotic mecha-
nism is the preference of surface water organ-
isms and land plants to use 12C for the build-up
of organic material. A high bioproductivity in
the ocean surface water leads to an enrichment
of 13C in this surface water (the lighter 12C is
bound to the organic material of organisms and
plants). Arthur et al. (1985) assume a
relationship between sediment erosion and
decreasing δ13C values and data from the Late
Cenomanian to Early Coniacian support the link
between sea-level changes and fluctuation in the
δ13C record (Voigt & Hilbrecht, 1997). The 12C
input into the water, could be forced by erosion
of organic matter, stored in sediments before
(Voigt & Hilbrecht, 1997). Due to this
mechanism, a decrease of δ 13C values occurs
during intervals of sediment erosion (sea-level
fall) and an increase of δ 13C values during
sediment accumulation (sea-level rise; Hilbrecht
& Hoefs, 1986). The stratification of the water
column or palaeocirculation may be another
controlling factor of fluctuation in the carbon
isotope record (Weissert et al., 1979). When the
circulation between surface water and
intermediate/bottom water is sluggish, the
surface water is enriched in δ13C, because of the
missing dilution with δ 13C depleted
intermediate/bottom water. The intermediate/
bottom water depletion is caused by the oxygen
consuming and CO2 releasing decomposition of
organic material, setting through the water
column. Therefore, enhanced mixing of the

water column would lower the δ 13C content in
the photic zone.
The atmospheric carbon circulation (CO2

exchange of atmosphere and ocean) depending
on sea surface temperature and CO2 exchange
rate influences the variation of δ13C in the ocean
as well. A very high CO2 concentration in the
atmosphere due to enhanced volcanism, as
estimated for the mid-Cretaceous (Larson, 1991)
may have influenced the δ13C signal (Arthur et
al., 1985). Methane gas is also under discussion
as having a great effect on δ13C values of the
atmosphere and the ocean (Jahren & Arens,
1998).

2. Materials and Methods

2.2 Planktic Foraminifera

For biostratigraphic and faunal investigations of
the SE-France sections, 526 foraminiferal
samples were studied. Additionally, 94 samples
were investigated from the section in NE-Texas.
The foraminifera samples were prepared using
the standard methods (Wick, 1947; Wissig &
Herrig, 1999) to receive cleaner foraminifera
tests. The raw material was reduced to small
pieces, dried and weighed. Subsequently, the
material was soaked with 100 ml hydrogen-
peroxid (3%) for one to 24 hrs, washed over a
63 µm sieve and dried for approximately 24 hrs
at 50°C. Thereafter, the sample was soaked in
5-10 ml of ethanol-tenside (REWOQUAD)
mixture, left again for 24 to 72 hrs and washed
over a 63 mm sieve to remove the remaining
sediment. Dry residues were sieved into three
fractions of 63-125, 125-250 and 250-500 µm.
Planktic foraminifera were determined/classi-
fied and counted under a Zeiss Stemi DRC
„Binokular” at 12.8x to 128x magnification. A
total of 150 to 300 specimens of each fraction
were counted. If necessary, samples were splitted
with a microsplitter in smaller aliquots and
recalculated. The planktic foraminifera data is
plotted in order of the first appearance datum
(FAD) in a range chart. Faunal assemblages are
referred as individuals per gram dried sediment
and percentages. The diversity is given by the
number of species as additional information.

6 Material and Methods
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2.3. Stable Isotopes

A total of 518 bulk rock samples from SE-France
and 165 from NE-Texas were taken in a
sampling distance between 0.1 and 1 m. The
samples have been taken from freshly cut rock
pieces and homogenised in an agate mortar.
Isotopic measurements were conducted with a
Finnigan MAT 251 mass spectrometer at the
„Leibniz-Labor für Altersbestimmungen und
Isotopenforschung” in Kiel (Germany). The
mass spectrometer is coupled on-line to the
Carbo-Kiel device I for automated CO2

preparation from carbonate samples for isotopic
analysis. Precision average is 0.02 ‰ for
carbon and 0.03 ‰ for oxygen, adjusted to the
Pee Dee Belemnite standard (PDB). A part of
56 samples were measured by A. Bornemann
with a Finnigan delta S gas mass spectrometer
at the “Isotopenlabor” of the Ruhr University
Bochum (Bochum). The precision average here
for carbon is 0.1 ‰ , adjusted to PDB. The
carbon and oxygen isotope ratios (R) are
expressed on a per mil (‰) basis relative to the
Pee Dee Belemnite standard (PDB):

δ sample = (Rsample - RPDB / RPDB) x 1000

R= (13C/12C) or (18O/16O)

δ sample (‰) represents the parts per thousand
difference (per mil) between the sample (Rsample)
ratio and that of the international PDB standard
carbonate (RP D B). PDB refers to a selected
belemnite from the Cretaceous PeeDee
Formation in South Carolina, U.S.A.

3. SE-France

3.1. Geology and Palaeogeography of SE-
France

The geology of SE-France is characterised by
the arched mountain chains of the Western Alps.
The Western Alps are divided in two major parts,
the Internal and the External Zone. The Internal
Zone represents the Penninic napes and the
Austro-Alpine. The External Zone comprises a

parautochthonous (Ultra-Dauphiné, Ultra-
Helvetic) and an autochthonous part (Dauphiné,
Helvetic) (Lorenz, 1980; Fig. 3). The whole
External Zone was part of the European margin
of the Mesozoic Tethys ocean (Arnaud &
Lemoine, 1993). Because of the more marginal
position of the Dauphiné at the realm of the
Alpine geosyncline, this unit is less deformed
than the Ultra-Dauphiné (Gwinner, 1971). A
second major structure in SE-France is the
South-East France Basin (SFB). The SFB
represents a Mesozoic sedimentary basin
widespread from the Massif Central in the west
to the External Zone (Dauphiné) of the Alps in
the east and to the Alpine-folded Pyrenean-Pro-
vence belt in the south (Arnaud & Lemoine,
1993). The study area in SE-France, the
Vocontian Basin, belongs to the Dauphiné part
of the SFB.

Nice

Avignon
Digne

Gap

Sisteron

Gren
oble

0 50kmInternal Zone of the Alps

External Zone of the Alps:

Autochthonous Mesozoic-Tertiary
sheets

Parautochthonous helvetic and 
ultrahelvetic sheets, Permian, 
Carboniferous and pre-Triasic basement

Legend

Study Area

R
hô

n e

Be
ll e

do
nn

e

Mt. B
lan

c

Ve
rc

or
s Pelvoux

Argentera

Provence

Dauphiné

W
es

te
rn

 A
lp

s

Med
ite

rra
ne

an
 Sea

Fig. 3: Geological map of SE-France (modified
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8 Geology of SE-France

During the Late Jurassic and Early Cretaceous
the epicontinental Vocontian basin was a part
of the SFB and was located at a palaeolatitude
of 25° to 30° N (Savostin et al., 1986; Voigt,
1996; Hay et al., 1999). From the Upper
Hauterivian to the Lower Aptian this basin was
surrounded by the Urgonian carbonate
platforms, the Vercors Platform in the north and
the Provence Platform in the south (Arnaud-
Vaneau & Arnaud, 1990, 1991). In the Late
Aptian to Early Albian these carbonate platforms
were drowned (Arnaud & Lemoine, 1993;
Weissert et al., 1998). The shallow-water
carbonates of the surrounding and later drowned
platforms and slopes intercalated with the
hemipelagic facies in the centre of the basin
(Fig. 4). To the east, the Vocontian basin was
open to the Tethyan Ocean (Curnelle & Dubois,
1986; Arnaud & Lemoine, 1993).

The connection is now covered by the thrust
fault system of the Penninic Alps (Arnaud &
Lemoine, 1993). During the Aptian/Albian the
Marnes Bleues (Flandrin, 1963), an up to 750
m thick sediment succession of alternating marl-
and limestones with intercalated black shale
horizons, were deposited in the Vocontian
Basin (Bréhéret, 1988, 1997). The succession
was occasionally interrupted by turbitides and
slumps (Bréhéret, 1997). Based on faunal and
floral data, the palaeo-water depth of the
Vocontian Basin is estimated within a range of
several hundred metres (Wilpshaar & Leereveld,
1994; Wilpshaar et al., 1997). In contrast,
Cotillon & Rio (1984) recommend a palaeo-
water-depth of 2000 m for the Vocontian Basin.

3.2 Lithology and Description of Investigated
Sections in SE-France

The Late Aptian to Late Albian in SE-France
was studied in 11 sections. A total of 909
samples were collected in two field trips in 2000
(Fig. 5). This includes the sections Tarendol, Pré
Guittard, Les Oustaus, l´Arboudeysse, Col de
Palluel I, Serre Amande and Col de Palluel II-
IV. The different sections are correlated with
basinwide lithostratigraphic marker horizons
described by Bréhéret (1997). The average
sample distance is between 0.05 m to 0.60 m.
All grid references in the following refer to the
Lambert III grid in the Série Bleu maps of the
Institute Geographique National (IGN France).
A road map of SE-France with the location of
these sections is given in Appendix 1.

3.2.1. Tarendol
Location and grid reference: The section of
Tarendol is situated about 2 km southwest of
the village Tarendol, on the eastern side of the
St. Etienne hill (Fig. 5). TM 25 Rémuzat, No.
3139 Est, co-ordinates X: 840 200, Y: 3232 300.
Stratigraphic range: Late Aptian.
Lithology: The whole exposure at Tarendol is
47 m thick and comprises an interval from 2 m
below the Faisceau Fromaget 3 to the Délits
Calcaires 4. In this study the 24 m thick
succession from the Délits Calcaires 2 (DC 2)
to the Délits Calcaires 4 (DC 4) is investigated.
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Fig. 4: Palaeogeographic map of the Vocontian
Basin during the Late-Aptian and Albian (after
Arnaud & Lemoine, 1993) showing the location of
studied sections (TA=Tarendol, PG=Pré Guittard,
OUS=Les Oustaus, SA=Serre Amande, CP=Col de
Palluel with l´Arboudeysse).
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This interval consists of marlstone intercalated
by limestone, marly limestone and black shale.
The three most prominent limestone horizons
are the Délits Calcaires 2, 3 and 4 (DC 2-4;
Bréhéret, 1997; Fig. 6). They are basinwide
distributed and partly rich in aucellinids.

3.2.2. Pré Guittard
Location and grid reference: The succession is
located about 800 m southeast of Pré Guittard,
at the south-eastern-flank of the Serre Sablon
(Fig. 5). TM 25 Dieulefit, No. 3138 Ouest,
co-ordinates X: 836 800, Y: 3248 825.
Stratigraphic range: Late Aptian.
Lithology: The 8 m thick section of Pré Guittard
exposes an interval from the Délits Calcaires 4
(DC 4) to a horizon two metres above the Niveau
Kilian. This interval consists of pale and dark
marlstone interrupted by the 74 cm thick Niveau
Kilian black shale, named by Bréhéret et al.
(1986; Fig. 7). The black shale of the Niveau
Kilian can be probably correlated with the Monte
Nerone black shale horizon in the Umbria
Marche Basin, Italy (Erbacher, 1994).
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Fig. 7: Schematic lithological column of the Pré
Guittard section. A detailed lithological column with
sample distribution is given in Appendix 4. For
lithological explanations and abbreviations see
Fig. 5.

3.2.3. Les Oustaus
Location and grid reference: The succession can
be found about 3 km southwest of Esparron and
about 500 m northeast of the hill Les Oustaus
(Fig. 5). TM 25 Serres/ Veynes, No. 3338 Ouest,
co-ordinates X: 887 850, Y: 3242 775.
Stratigraphic range: Late Aptian to Early
Albian.
Lithology: The 39 m thick section of Les
Oustaus comprises the succession from 2 m
above the Niveau Kilian to the Haute Noir 7
(HN 7). This interval consists of dark marlstone
with several intercalated black shales known as
Haute Noir 1 to 7 (HN 1-7; Bréhéret, 1997; Fig
8). Also several phosphatic concretion horizons
are inserted into the marlstone succession.

3.2.4. L´Arboudeysse
Location and grid reference: The outcrop is situ-
ated 700 m southwest of l´Arboudeysse, about
900 m east of the Col de Palluel (Fig. 5). TM 25
Rosans, No. 3239 Ouest, co-ordinates
X: 854 850 Y: 3238 825.
Stratigraphic range: Early Albian.
Lithology: The 14 m thick section of
l´Arboudeysse starts with the Haute Noir 7
(HN 7) and ends 4 m above the Niveau Paquier.
This interval consists of marlstone interrupted
by the black shale layers Haute Noir 7, Haute
Noir 8 (HN 8; Bréhéret, 1997) and the Niveau
Paquier (Bréhéret, 1983; Fig. 9). The Niveau
Paquier black shale is developed as paper shale
and in the upper part interrupted by a 3 cm thick
carbonate rich layer, called “a-bed” (Bréhéret,
1983). Lymeriellids are abundant in the Niveau
Paquier. The black shale of the Niveau Paquier
is supposed to be superregionally distributed
(Bréhéret, 1986) and equivalent to the Oceanic
Anoxic Event 1b (OAE 1b), recognised in
several ODP/DSDP sites in the Atlantic
(Bréhéret, 1997; Erbacher et al., 2001; Herrle,
2002).

3.2.5. Col de Palluel I
Location and grid reference: The section is situ-
ated 700 m northeast of the Col de Palluel.
(Fig. 5). TM 25 Rosans, No. 3239 Ouest,
co-ordinates X: 854 225 Y: 3239 300.

10 Lithology and Description of investigated Sections in SE-France
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Stratigraphic range: Early Albian to Middle
Albian.
Lithology: The 43 m thick section Col de Palluel
I comprises an interval from 4 m above the
Niveau Paquier to the black shale Haute Noir
21. This succession consists of a marlstone-
black shale alternation (Fig. 10). The interca-
lated black shales are named Haute Noire 13-
21 (HN 13-21; Bréhéret, 1997), the most
prominent black shale is the HN 17, called
Niveau Leenhardt, with a basinwide dis-
tribution (Bréhéret et al., 1986). Within the black
shales of the Niveau Leenhardt inoceramids
(Birostrina concentrica) are common.

11Lithology and Description of investigated Sections in SE-France
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3.2.6. Serre Amande
Location and grid reference: The section is lo-
cated about 250 m west of Bruis, at the north-
flank of the hill Serre Amande (Fig. 5). TM 25
Luc-en-Diois, No. 3238 Ouest, co-ordinates
X: 852 427, Y: 3245 595
Stratigraphic range: Middle Albian.
Lithology:  The 28 m thick section of Serre
Amande starts with the double black shale of
Haute Noir 21 and ends with the black shale
triplet of Haute Noir 25. This succession
consists of a marlstone-black shale alternation
(Fig. 11). The black shales are named Haute Noir
21 to 25 (HN 21-25) after Bréhéret (1997). These
black shales are characterised by phosphatic or
pyritic nodules.
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3.2.7. Col de Palluel II
Location and grid reference: Roadcut north of
the D994 between the Col de Palluel and
Moydans, about 150 m west of the Col de Palluel
(Fig. 5). TM 25 Rosans, No. 3239 Ouest,
co-ordinates X: 853 585, Y: 3238 780.
Stratigraphic range: Middle Albian.
Lithology: The 72 m thick section of Col de
Palluel II comprises a succession from Haute
Noir 26 (HN 26) to the sandstone layer Grés 8
(G 8). This interval consists of marlstone
intercalated by sandy turbidites, numerous silty-
sandy dykes and in the top by a triplet of lime-
stone layers. The sandy turbidites are named
Grés 6, 7 and 8 (G 6, 7 and 8) and the three
limestone layers Triplet Bancs Calcaire
(Bréhéret, 1997; Fig. 12). The 2 m thick G 6 in
the lower part of the section is characterised by
glauconite as well as bivalves and belemnites
at its base. Between G 7 and the Triplet Bancs
Calcaire ammonites and inoceramids
(Birostrina; Bréhéret, 1997) are common.

Fig. 12: à
Schematic lithological column of the Col de Palluel
II section. A detailed lithological column with
sample distribution is given in Appendix 9. For
lithological explanations and abbreviations see
Fig. 5.

3.2.8. Col de Palluel III
Location and grid reference: This outcrop is
located 300 m southwest of the Col de Palluel
(south of the road D994) at the northern hillside
of the Mont Risou (Fig. 5). TM 25 Rosans,
No. 3239 Ouest, co-ordinates X: 853 675,
Y: 3228 470.
Stratigraphic range: Late Albian.
Lithology: The section Col de Palluel III that is
about 17 m thick, reaches from the topmost
layers of the Faisceau Silteux to 6 m below the
Petite Vérole. The section starts with a 3.5 m
thick succession of marlstone intercalated with
10 to 20 cm thick glauconitic sandstones (Fig.
13). This part represents the top of the Faisceau
Silteux (Bréhéret & Delamette, 1987). It is
followed by a marlstone succession intercalated
by two thin limestone layers.
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Fig. 13: Schematic lithological column of the Col
de Palluel III section. A detailed lithological column
with sample distribution is given in Appendix 10.
For lithological explanations and abbreviations see
Fig. 5.

3.2.9. Col de Palluel IV
Location and grid reference: This outcrop is
located 300 m southwest of the Col de Palluel
(south of the road D994) at the northern hillside
of the Mont Risou a few metres above Col de
Palluel III (Fig. 5). TM 25 Rosans, No. 3239
Ouest, co-ordinates X: 853 675, Y: 3228 470.
Stratigraphic range: Late Albian.
Lithology: This 14 m thick section at the Col de
Palluel IV comprises the interval from 6 m
below to 6 m above the Petite Vérole. The whole
succession consists of a marlstone to marly lime-
stone alternation. At about 6.5 m several silty
and limy marlstones are intercalated. These
glauconitic, bioturbated (Chondrites) layers of
the Petite Vérole (Bréhéret & Delamette, 1987;
Fig. 14) represent a interception in
sedimentation (Bréhéret, 1997). The Petite
Vérole is characterised by a high abundance of
large bivalves (Pinna; Bréhéret, 1997),
inoceramids (Birostrina sulcata) and ammonites
(Puzosia sp.).
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Fig. 14: Schematic lithological column of the Col
de Palluel IV section. A detailed lithological col-
umn with sample distribution is given in Appendix
11. For lithological explanations and abbreviations
see Fig. 5.

3.2.10. Col de Palluel V
Location and grid reference: This outcrop is
located 300 m southwest of the Col de Palluel
(south of the road D994) at the northern hill-
side of the Mont Risou a few metres above Col
de Palluel IV (Fig. 5). TM 25 Rosans, No. 3239
Ouest, co-ordinates X: 853 675, Y: 3228 470.
Stratigraphic range: Late Albian.
Lithology: The 87 m thick section at the Col de
Palluel V starts about 8 m above the Petite
Vérole and ends about 48 m below the Niveau
Breistroffer. This interval comprises an
alternation of marl- and limestone (Fig. 15). The
limestone layers have an average thickness of
15 to 40 cm. At the base of this succession
bivalves (Pecten, Bréhéret, 1997) and various
ammonites (Puzosia mayoriana) can be found.

3.2.11. Col de Palluel VI
Location and grid reference: This outcrop is
located 300 m southwest of the Col de Palluel
(south of the road D994) at the northern hill-
side of the Mont Risou a few metres above Col
de Palluel V (Fig. 5). This part of the whole Col
de Palluel section is visible from the road D994.
TM 25 Rosans, No. 3239 Ouest, co-ordinates
X: 853 787, Y: 3228 360
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Fig. 15: Schematic lithological column of the Col
de Palluel V section. A detailed lithological column
with sample distribution is given in Appendix 12.
For lithological explanations and abbreviations see
Fig. 5.

Stratigraphic range: Late Albian.
Lithology: This 77 m thick section at the Col de
Palluel VI starts 48 m below the Niveau
Breistroffer and ends 23 m above it. This
section consists of marlstone, marly limestone
and black shale horizons (Fig. 16). The whole
succession can be divided into three parts: the
lower part that reaches until 22 m above the base
is characterised by an alternation of marlstone
and marly limestone. The second part up to 46
m above the base consists of marlstone
intercalated by a few marly limestone and the
first black shale horizons. The third part up to
the end of the section is dominated by a
marlstone black shale alternation intercalated by
a few limy marlstones. The black shale horizons
in the upper part are called Niveau Breistroffer
(Bréhéret, 1997). The Niveau Breistroffer event
is suggested to be superregional and
comparable to the Oceanic Anoxic Event 1d
(OAE 1d), found for example in the western
Atlantic (Blake Nose; Wilson & Norris, 2001).
The Niveau Breistroffer is characterised by
pyritised ammonites of various species (among
others Puzosia, Stolizskaja).

3.3. Results SE-France

3.3.1. Preservation of Planktic Foraminifera

The preservation of the planktic foraminifera in
SE-France varies through time and can be
described, based on subjective observations
during counting, as moderate to good.
Generally, the planktic foraminifera in the
complete succession are filled with secondary
calcite. A comparative count of shell debris and
complete shells was not performed, but
Rotalipora and Planomalina could subjectively
consider to be better preserved than
Hedbergella.

3.3.2. Planktic Foraminifera Record

Planktic foraminifera are in general unevenly
distributed and vary considerably in their amount
throughout the studied section. The planktic
foraminiferal assemblage in SE-France is
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composed of 27 species belonging to 9 genera.
The abundance of all individuals of the fraction
63-500 µm fluctuates between 0 and about
150884 individuals per gram sediment (Ind./g;
Fig. 17). The lower part of the combined
sections up to 5 m below the Niveau Paquier, is
characterised by very low abundances (max. 412
Ind./g; Fig. 17). From 5 m below the Niveau
Paquier the abundance increases and shows two
maxima (I, II; Fig. 17). The first maximum can
be found between the Niveau Leenhardt and the
HN 22 (~40000 Ind./g) and the second from the
sandlayer G 7 to 20 m above the Petite Vérole
(136497 Ind./g). Above Petite Vérole the
abundances are decreasing again (Fig. 17). The
number of planktic foraminifera of the fraction
250-500 mm decreases between the Délits
Calcaires 2 (DC 2) and Délits Calcaires 4
(DC 4) from an average of 0,19 Ind./g to 0 Ind./
g (Fig. 17). In the interval between DC 4 and 10
m above the Niveau Leenhardt planktic
foraminifera of the fraction 250-500 µm do not
exist. About 10 m above the Niveau Leenhardt
the abundance of individuals > 250 µm
increases again and shows three maxima (I, II,
III; Fig. 17) The maxima are characterised by a
continuous increase and a drastically decrease
of the abundances (Fig. 17). The total abundance
of the fraction 63-250 µm shows fluctuation
comparable to the total abundance of the
fraction 63-500 mm with two maxima (I, II;
Fig. 17) near Niveau Leenhardt (~ 40000 Ind./
g) and Petite Vérole (136497 Ind./g). The
diversity (number of species) shows strong
fluctuating values in the lower part of the
section (base of the section to Haute Noir 22;
Fig. 17). In the upper part (above the HN 22)
the diversity is continuously increasing and
reaches values up to 22 species.

      Fig. 16:
Schematic lithological column of the Col de Palluel
VI section. A detailed lithological
column with sample distribution is given in
Appendix 13. For lithological explanations and
abbreviations see Fig. 5.

à
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Fig. 17: Total abundance of planktic foraminifera of the fraction 63-500 µm, 250-500 µm and 63-250 µm
given in individuals per g sediment, as well as the diversity expressed in number of species in the Late
Aptian and Albian succession in SE-France (Vocontian Basin) is shown.

Biticinella breggiensis (Gandolfi, 1942)
Globigerinelloides bentonensis (Morrow, 1934)
Globigerinelloides ultramicra
(Subbotina, 1949)
Guembelitria cretacea (Cushman, 1933)
Hedbergella bizonae (Chevalier, 1961)
Hedbergella delrioensis/infracretacea
(Carsey, 1926)
Hedbergella flandrini (Porthault, 1970)
Hedbergella gorbachikae (Longoria, 1974)
Hedbergella maslakovae ()
Hedbergella planispira (Tappan, 1940)
Hedbergella sigali (Moullade, 1966)
Hedbergella simplex (Morrow, 1934)
Hedbergella trocoidea (Gandolfi, 1942)

Heterohelix moremanni (Cushman, 1938)
Heterohelix reussi (Cushman, 1938)
Heterohelix striata (Ehrenberg, 1840)
Planomalina buxtorfi (Gandolfi, 1942)
Planomalina praebuxtorfi (Wonders, 1975)
Praeglobotruncana delrioensis
(Plummer, 1931)
Rotalipora appenninica (Renz, 1936)
Rotalipora subticinensis (Gandolfi, 1942)
Rotalipora ticinensis (Gandolfi, 1942)
Ticinella bejaouaensis (Sigal, 1966)
Ticinella praeticinensis (Sigal, 1966)
Ticinella primula (Luterbacher, 1963)
Ticinella raynaudi (Sigal, 1966)
Ticinella roberti (Gandolfi, 1942)

Tab. 1: List of planktic foraminiferal species in SE-France (Vocontian Basin) in alphabetical order
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Biticinella breggiensis occurs only in the Late
Albian and shows maximum values of about
560 Ind./g (Fig. 18). Globigerinelloides spp.,
represented by Globigerinelloides bentonensis,
and Globigerinelloides ultramicra occur from
the Late Aptian to the Late Albian.
Globigerinelloides bentonensis shows
maximum values of 1934 Individuals per g
sediment (Ind./g) in the early Late Albian at the
Petite Vérole (Fig. 18). Highest abundances
(210 Ind./g) of G. ultramicra can be described
from the late Late Albian near the Niveau
Breistroffer (Fig. 18).
The triserial species Guembelitria cretacea
occurs in the Late Albian and shows high
abundances of 1046 to 2217 Ind./g from the
Petite Vérole to 40 m below the Niveau
Breistroffer (Fig. 18).
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Fig. 18: Abundances of the planktic foraminifera Biticinella breggiensis, Globigerinelloides bentonensis
and Globigerinelloides ultramicra as well as Guembelitria cretacea given in individuals per g sediment of
the Late Aptian to Late Albian in SE-France (Vocontian Basin).

The fauna in SE-France is dominated by nine
Hedbergella species. Hedbergella is the only
genus occurring continuously throughout the
entire succession (Fig. 19, 20). Hedbergella
bizonae occurs only in the Early and Middle
Albian in low numbers (max. 53 Ind./g). The
highest abundance of all planktic foraminifera
species can be described from Hedbergella
delrioensis/infracretacea. This species occurs in
all sections and reaches maximum values of
about 70562 Ind./g in the early Late Albian
between the Faisceau Silteux and the Petite
Vérole (Fig. 19). The abundance of
H. delrioensis/infracretacea shows no distinct
fluctuation. Hedbergella flandrini occurs only
in the Late Albian Niveau Breistroffer and
reaches max. values of 0.65 Ind./g (Fig. 19).
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Fig. 19: Abundance of the planktic foraminifera Hedbergella bizonae, Hedbergella delrioensis/infracretacea,
Hedbergella flandrini, Hedbergella gorbachikae and Hedbergella maslakovae given in individuals per g
sediment of the Late Aptian to Late Albian in SE-France (Vocontian Basin).

Hedbergella gorbachikae is well distributed in
the whole section, but shows higher values in
the lower part (Early and Middle Albian).
Maximum values (400 – 508 Ind./g) can be
described from just below the Niveau Paquier
to the Niveau Leenhardt (Fig. 19). Hedbergella
maslakovae shows only low values with two
peaks, at the Niveau Leenhardt and just above
the sandlayer G 7 (90 Ind./g; Fig. 19).
Hedbergella planispira is the planktic
foraminiferal species with the second highest
abundance in SE-France. This species occurs
from the Late Aptian to the Late Albian and
reaches maximum values in the early Late
Albian between the Faisceau Silteux and the end
of the Petite Vérole (12621 Ind./g; Fig. 20).
No distinct fluctuation in the abundance of

H. planispira can be described.
From the Late Aptian to the Late Albian,
Hedbergella sigali shows no distinct fluctuation
as well. Maximum values can be observed in
the Early Albian (1900 Ind./g) in the Niveau
Paquier, in the Middle Albian (1800 Ind./g) just
below sandlayer G 7 and in the Late Albian
(7413 Ind./g) in the Petite Vérole (Fig. 20).
Whereas other species like H. planispira and
H. flandrini show higher values in the Niveau
Breistroffer, the abundance of  H. sigali here is
lower than below and above the Niveau
Breistroffer.
Hedbergella simplex appears also continuously
in the whole section and fluctuates very
frequently between 0 Ind./g and maximum
values of about 1059 Ind./g (Fig. 20).
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Fig. 20: Abundance of the planktic foraminifera Hedbergella planispira, Hedbergella sigali, Hedbergella
simplex and Hedbergella trocoidea given in individuals per g sediment from the Late Aptian to Late Albian
in SE-France (Vocontian Basin).

Hedbergella trocoidea can only be described
from the Early and Middle Albian with values
of about 400 Ind./g (Fig. 20).
Heterohelix spp. predominates the fauna and
occurs discontinuously throughout the studied
section (Fig. 21). Highest abundances of
Heterohelix moremani (1993 and 1750 Ind./g)
can be observed in the early Late Albian just
above the Petite Vérole (Fig. 21). No distinct
fluctuation in abundances can be observed
(Fig. 21). Heterohelix reussi reaches highest
abundances just above the Faisceau Silteux
(2313 Ind./g) and shows no distinct fluctuation
as well (Fig. 21).

Heterohelix striata occurs only in the Niveau
Breistroffer with max. values of 529 Ind./g
(Fig. 21).
Praeglobotruncana delrioensis appears only in
the late Late Albian and reaches maximum
values in the Niveau Breistroffer (15 Ind./g;
Fig. 21).
The two species of Planomalina spp. occur  only
in the Late Albian. Planomalina praebuxtorfi
shows max. values 50 m below the Niveau
Breistroffer (0.25 Ind./g; Fig. 22) and
Planomalina buxtorfi has two maxima with
4.5 Ind./g 23 m below and 17 Ind./g directly at
the Niveau Breistroffer.
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Fig. 21: Abundance of the planktic foraminifera Heterohelix moremani, Heterohelix reussi and Heterohelix
striata as well as Praeglobotruncana delrioensis given in individuals per g sediment of the Late Aptian to
Late Albian in SE-France (Vocontian Basin).

Rotalipora appenninica, Rotalipora
subticinensis and Rotalipora ticinensis show
maximum values in the Late Albian. In detail,
high abundances of R. appenninica (83 Ind./g;
Fig. 22) can be observed at the Niveau
Breistroffer. Rotalipora subticinensis is marked
at the Petite Vérole (0.35 Ind./g; Fig. 22) and
R. ticinensis 60 m above the Petite Vérole by a
distinct maximum (1.89 Ind./g; Fig. 22).
The four species of the genus Ticinella occur
discontinuously throughout the whole section.
Ticinella bejaouaensis occurs only in the Late
Aptian with values of about 0.03 Ind./g (Fig.
23). Ticinella praeticinensis  shows highest
abundances (0.4 Ind./g) in the Petite Vérole (Fig.
23) and Ticinella primula can be observed from
the Niveau Leenhardt to the Faisceau Silteux

with max. values between the sandlayers G 6
and G 7 (~4000 Ind./g; Fig. 23). Ticinella roberti
appears only on the Late Albian and shows one
maximum about 60 m below the Niveau
Breistroffer (306 Ind./g; Fig. 23).

Fig. 23: Abundances of the planktic foraminifera
Ticinella bejaouaensis, Ticinella praeticinensis,
Ticinella primula and Ticinella roberti given in
individuals per g sediment of the Late Aptian to Late
Albian in SE-France (Vocontian Basin).

Fig. 22: Abundance of the planktic foraminifera
Planomalina praebuxtorfi, Planomalina buxtorfi,
Rotalipora appenninica, Rotalipora subticinensis
and Rotalipora ticinensis given in individuals per g
sediment of the Late Aptian to Late Albian in SE-
France (Vocontian Basin).
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3.3.3. First and Last Appearance Datums of
Planktic Foraminifera

In the studied section in SE-France (Vocontian
Basin) a total of 21 first appearance datums
(FADs) and 16 last appearance datums (LADs)
can be recognised in the interval between DC 2
and the end of the succession (0-441 m; Fig.
24). In the lower part of the combined sections
from the DC 2 to 8 m below the Niveau Paquier

After this point the number of FADs increases
in two intervals: The first interval from 8 m
below the Niveau Paquier to 4 m above the
Niveau Leenhardt shows 5 FADs. In the second
interval about 7 m below the sand layer G 7 to
the end of the section the number of FADs (13)
increases continuously (Fig. 24). In the
following table all FADs and LADs from
bottom to top are compiled, the stratigraphically
important taxa are shown in bold type (Tab. 2).

no FADs can be observed.

Tab. 2: Compilation of first and last appearance datums (FADs, LADs) of planktic foraminifera of the Late
Aptian to Late Albian in SE-France (Vocontian Basin). The position is given in metres in reference to the
distinct lithological marker. The stratigraphically important FADs and LADs are indicated by bold type.

Depth First Appearance Datum Last Appearance Datum
(m) (FAD) (LAD)

648
18 m above the Niveau 
Breistroffers

Planomalina buxtorfi

635
5 m above the Niveau 
Breistroffers

Globigerinelloides ultramicra

630
Within the Niveau 
Breistroffer

Heterohelix striata

630
Within the Niveau 
Breistroffer

Hedbergella trocoidea

630
Within the Niveau 
Breistroffer

Globigerinelloides bentonensis

629 Within the Niveau 
Breistroffer

Ticinella roberti

626
Within the Niveau 
Breistroffer

Biticinella breggiensis

626 Within the Niveau 
Breistroffer

Hedbergella flandrini Hedbergella flandrini

625
Within the Niveau 
Breistroffer

Heterohelix striata

596
27 m below the Niveau 
Breistroffers

Hedbergella maslakovae

586
37 m below the Niveau 
Breistroffers

Ticinella primula

580
43 m below the Niveau 
Breistroffers

Praeglobotruncana delrioensis

575
48 m below the Niveau 
Breistroffers

Guembelitria cretacea

573
50 m below the Niveau 
Breistroffers

Planomalina buxtorfi

572 51 m below the Niveau 
Breistroffers

Planomalina praebuxtorfi

548
75 m below the Niveau 
Breistroffers

Planomalina praebuxtorfi

541
53 m above the Petite 
Vérole

Hedbergella bizonae

540
52 m above the Petite 
Vérole

Rotalipora appenninica

Depth in relation to a 
marker horizon
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537
49 m above the Petite 
Vérole

Rotalipora subticinensis

534
46 m above the Petite 
Vérole

Ticinella praeticinensis

520
32 m above the Petite 
Vérole

Rotalipora ticinensis

482 At the Petite Vérole Rotalipora subticinensis

457
Just above the Faisceau 
Silteux

Guembelitria cretacea

435
4 m above the sandlayer 
Grés 8 (G 8)

Heterohelix reussi

431
Just above the sandlayer 
Grés 8 (G 8)

Ticinella roberti

411 9 m above the sandlayer 
Grés 7 (G 7)

Ticinella raynaudi

405
3 m above the sandlayer 
Grés 7 (G 7)

Heterohelix moremani

324
8 m above the Niveau 
Leenhardt

Ticinella primula

318
2 m above the Niveau 
Leenhardt

Globigerinelloides ultramicra

310
5 m below the Niveau 
Leenhardt

Globigerinelloides bentonensis

288
1 m below the Niveau 
Paquier

Hedbergella bizonae

286
3 m below the Niveau 
Paquier

Hedbergella maslakovae

1 m below the 
Délits Calcaires 3 (DC 3)

218
5 m below the Délits 
Calcaires 3 (DC 3)

Hedbergella gorbachikae

435-453 Ticinella praeticinensis
Within a sample gap 
(broken line in Fig. 34)

435-453 Biticinella breggiensis

222 Ticinella bejaouaensis

Within a sample gap 
(broken line in Fig. 34)

3.3.4. Stable Isotopes

The carbon (δ13C) and oxygen (δ 18O) isotope
measurements of the 317 m thick succession in
SE-France (Vocontian Basin) are based on 518
bulk rock samples. The average sample distance
varies between 5 and 100 cm. The δ13C record
shows values from 0.3 to 2.55 ‰ and is
characterised by a major fluctuation from 0.5
and 1.0 ‰ (smoothed white curve; Fig. 25).
In detail, from the Haut Noire 21 (HN 21) to
6 m below Haute Noir 23 (HN 23), the δ13C
values increase from 1.85 to 2.2 ‰. From 6 m
below HN 23 to 9 m below G7 the δ13C values
decrease again (1 ‰), followed by an increase
(0.9 ‰) up to the Triplet Banc Calcaire. From
the Triplet Banc Calcaire to 11 m below the

Petite Vérole the δ13C values decrease again (0.5
‰). The succession from 11 m below to 54 m
above the Petite Vérole is marked by increasing
δ13C values of 0.7 ‰. From 54 m above the
Petite Vérole to the base of the Niveau
Breistroffer the δ 13C record show balanced
values between 1.3 and 1.6 ‰. The Niveau
Breistroffer is marked by two distinct negative
excursions in the δ13C values (about 0.4 ‰).
Above the Niveau Breistroffer the carbon
isotope values increase from 1.5 ‰ up to 2.0
‰. The oxygen isotope (δ18O; Fig. 25) record
in SE-France is characterised by frequent
fluctuation. Generally, the values vary between
4.3 to –3.2 ‰ (smoothed white curve). In the
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Fig. 24: Range chart of planktic foraminifera of SE-France (Vocontian Basin) with respect to the lithology.
The distribution of the stratigraphically important taxa is given in broken lines.

lower part from the HN 22 to Haute Noirs 25
(HN 25), the δ18O curve is marked by balanced
values about -3.3 ‰ and decrease then to 0.7 ‰
lighter values. The interval from HN 25 to 52 m
below the Niveau Breistroffer the oxygen
isotope shows balanced values about –4.1 ‰.
51 m below the Niveau Breistroffer the δ18O
values increase (0.4 ‰) again. From 51 m be-
low the Niveau Breistroffer to the Niveau itself
the values are about –3.8‰. The Niveau
Breistroffer is characterised by a negative

excursion in δ 18O values of about 0.5 ‰,
followed by a positive excursion of about 0.7
‰. From just above the Niveau Breistroffer to
the end of the section the oxygen isotopes show
balanced values about 3.6 ‰. The distinct
decrease at the HN 25 and the increase 51 m
below the Niveau Breistroffer goes along with
section boundaries between the sections Serre
Amande / Col de Palluel II (lower part) and Col
de Palluel IV / V (upper part).
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Fig. 25: δ13C and δ18O values of the Middle and Late Albian of SE-France. A smoothed curve is given in
white colour. The pronounced negative δ18O values from HN25 to 52 m below Niveau Breistroffer reflect
section boundaries (see this Chapter below).

3.4. Discussion SE-France

3.4.1. Preservation of Planktic Foraminifera of
SE-France

For an interpretation and discussion of
preservational modes of the planktic
foraminifera of SE-France no raticular data are
available.

Subjectively, the planktic foraminifera are good
to moderately preserved, so that the count of the
species and the first and last appearance datums
seem to be reliable.
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3.4.2. Isotopic Signatures and Diagenesis

Calcareous sections are dominated by
calcareous nannofossils, planktic foraminifera
and benthic foraminifera in descending order
(Herrle, 2002). Therefore, it is assumed that the
isotope signal represents predominantly a
surface water signal. However, the original
isotopic signal may be influenced by various
early and late diagenetic effects. The observed
long- and short term fluctuation in the δ 13C
record in SE-France can be correlated with
comparable variations in the sections at the
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Fig. 26: δ13C and δ18O of bulk carbonate samples from the different SE-France sections showing a weak to
insignificant positive correlations.
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DSDP Site 545, 547,Mazagan Plateau
(Nederbragt, et al., 2001; Herrle, 2002), ODP
Site 1052 (Blake Nose Plateau; Wilson & Norris,
2001) and in NE-Texas (this thesis; see Chapter
3.4.5; Fig. 57). Therefore, it can be assumed that
the carbon isotope signal is barely influenced
by diagenesis. Even when the absolute carbon
values are altered by isotopically light cement,
this alteration did not mask the high-amplitude
fluctuation in the carbon isotope stratigraphy
(Weissert & Bréhéret, 1991). If the sediments
were affected by burial diagenesis and calcite
precipitation from marine pore-fluids, the
carbon and oxygen isotope values should show
a positive correlation (Jenkyns & Clayton, 1986;
Jenkyns, 1996). Herrle (2002) stated the
correlationbetween carbon and oxygen isotope
values for the sections Tarendol (r²=0.5), Pré-
Guittard (r²=0.69) and l´Arboudeysse (r²=0.71)
as weak positive and for the interval Les Oustaus
(r²=0.37) and Col de Palluel I (r²=0.39) as
insignificant. The in this study investigated
sections Serre Amande (r²=0.19), Col de Palluel
II (r²=0.03), Col de Palluel IV (r²=0.1), Col de
Palluel V (r²=0.16) and Col de Palluel VI (r²=0.2)
are also insignificantly correlated (Fig. 26). The
section Col de Palluel III did not reveal enough
values to calculate a reliable correlation. The
low covariance between the δ 13C and δ 18O
values in France implies an insignificant
alteration during diagenesis (Fig. 26). Even
though the correlation would be strongly
positive, Rao (1996) supposed that this would
not necessarily indicate a diagenetic signal.
Whereas the carbon isotope signal can be seen
as insignificantly affected by diagenesis, the
oxygen signal is more likely to have been
altered. The oxygen isotopes of the sediments
are more solvable in pore waters than carbon
isotopes (Scholle & Arthur, 1980). Additionally,
the oxygen isotope record is more susceptible
to temperature fractionation than the carbon
isotope (Freedman & O´Neil, 1977). It seems
likely, that the abrupt decrease of the δ 18O
values in SE-France (360 m) of about 1.1‰ and
the later increase of 0.9‰ (572 m), coinciding
with section boundaries, is caused by varying
diagenesis of the different section intervals
(Fig. 25).

3.4.3. Planktic Foraminiferal Record

During the Late Aptian to Late Albian, the
evolution of planktic foraminiferal fauna was
characterised by major evolutionary changes
(diversification and stasis). These changes can
be observed in abundance, size, diversity and
composition of the planktic foraminiferal fauna.
Using these faunal proxies, the Late Aptian to
Late Albian can be divided into two evolution-
ary phases (I and II): The first evolutionary phase
of “no evolution” (phase I) from Late Aptian
and Early Albian in SE-France is characterised
by low total abundances of planktic
foraminifera, a lack of planktic foraminifera
greater than 250 µm and a low diversity with
highly fluctuating values (Fig. 17). The
beginning of this phase was not subject of this
study. It ends at the Haut Noir 22 (HN 22), where
planktic foraminifera greater than 250 µm
reappear and the strong fluctuation in diversity
ends. The phase I of “no evolution” can be
divided into an interval of “stasis” (I a) with low
total abundances and an interval of “starting” (I
b) with increasing total abundances (Fig. 27).
The afore mentioned phase of “no evolution”
seems to be globally distributed. Leckie et al.
(2002) and Premoli-Silva & Sliter (1999) also
describe small sized foraminifera (< 230µm) and
low diversity from the Aptian/Albian boundary
of several sites around the world. The dichotomy
of phase I, caused by the earlier increase of
total abundance of planktic foraminifera (Fig.
27) is not figured out by Leckie et al. (2002)
and Premoli-Silva & Sliter (1999), but the
general trend of low total abundances is simi-
lar. The interval of “no evolution” is also
characterised by a turnover in other planktic
organisms (radiolarians; Erbacher, 1994),
increased oceanic crust production (Bralower et
al., 1997), low sea level, (Haq et al., 1987) and
a strong influence of monsoonal activity,
especially in the Vocontian Basin (SE-France;
Herrle et al., 2003 a, b). The number of causes
for a phase of “no evolution” could be numer-
ous. For example food availability, water tem-
perature, oxygen content and pH values of the
water as well as watermass structure are
presumed. As Herrle (2003 a, b) pointes out,
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Fig. 27: Total abundance of planktic foraminifera of the fraction 63-500 µm, 250-500 µm, 63-250 µm
(Ind./g) and diversity (number of species) in SE-France with a proposed “evolutionary” zonation.

surface water fertility in the Vocontian Basin
during the Aptian/Albian boundary interval was
controlled by a strong influence of the
monsoonal circulation. Based on nannofossil
and carbon isotope data, Herrle (2003 a, b)
shows that low temperatures coincide with low
surface water fertility and vice versa. Low
fertility means less nannoplankton and therefore
less food for planktic foraminifera. The interval
between the Niveau Kilian and Niveau Paquier
(Aptian/Albian boundary) in the Vocontian
Basin is estimated as cooler (Herrle &
Mutterlose, 2003). Combining the described low
total abundances of planktic foraminifera and
the estimated low temperatures, a negative feed-
back mechanism of lower fertility, lower food
availability can be presumed for the Aptian/

Albian boundary interval. Changing nutrient
availability and/or changing upper water column
structure near the change Aptian/Albian is
assumed by Leckie et al. (2002) as well. Premoli-
Silva & Sliter (1999) presumes that a
weakening/disrupting thermocline provokes low
abundances, low diversity and a fauna composed
only of opportunists. Also dissolution is
mentioned by Premoli-Silva & Sliter (1999) as
cause for the observed low abundances and
diversity. The second evolutionary phase (phase
II) from the HN 22 until the end of the section is
characterised by increasing or and generally
higher abundances than in phase I, increasing
size (rising abundances of foraminifera >250
µm) and iversity (Fig. 17, 27). It can be described
as “diversification”. This step in the evolution
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of planktic foraminifera can also be reproduced
with the abundances of selective foraminifera
species. For example, the abundances of the
phylogenetic succession of Ticinella primula,
Ticinella praeticinensis, Rotalipora
subticinensis, Rotalipora ticinensis and
Rotalipora appenninica (Gandolfi, 1955;
Wonders, 1980; Fig. 28) and Planomalina
praebuxtorfi and Planomalina buxtorfi
(Wonders, 1980; Fig. 28) show successional
peaks. The diversification observed globally,
could have been caused by numerous reasons.
According to Stanley & Hardie (1998), the
higher rate of hydrothermal activity combined
with alteration of ocean carbonate concentration
have encouraged the development of calcite-
secreting plankton. This benefit to calcite-
secreting plankton may be seen in the
increasing size of planktic foraminifera,
respectively in the increasing number of
individuals of the fraction 250-500 µm (Fig. 27).

Fig. 28: Total abundances of the successive appearance of Ticinella primula, Ticinella praeticinensis,
Rotalipora subticinensis, Rotalipora ticinensis and Rotalipora appenninica as well as Planomalina
praebuxtorfi and Planomalina buxtorfi in mean values (Ind./g).
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Also the appearance of heavier calcified spe-
cies in the ocean (Ticinella, Rotalipora,
Planomalina; Fig. 28) have gone along with the
initiation of a more calcareous dominated sedi-
mentation (above Haute Noire 26; Fig. 28).
Caused by the altered circulation, sea level rise
and global warming, the availability of food for
planktic foraminifera have changed as well
(Leckie et al., 2002). The nutrients were possi-
bly fixed in the warmer epicontinental seas
(Codispoti, 1997) and have encouraged the pro-
ductivity of cyanobacteria and coccolithophorids
(e.g. Falkowski et al., 1998). Maybe because of
the fixed nutrients and the increasing amount
of phytoplankton, the planktic foraminifera have
changed food preference, have developed deeper
habitats and have adapted their morphology to
the changes, as can be seen in the abundances
of the phylogenetic sequence in Fig. 28. The
succession T. primula, T. praeticinensis,
R. subticinensis, R. ticinensis and
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R. appenninica reflects an evolution from the
middle calcified (Huber et al., 1995), planispiral
(Caron, 1985), mid water depth (Hart & Bailey,
1979) species Ticinella primula to the heavily
calcified (Huber et al., 1995), keeled, deep
water depth (Hart & Bailey, 1979) species
Rotalipora appenninica . Whereas the food
preference of T. primula is unknown, for
R. appenninica phytodetritus is presumed,
conferring to the modern analogy of
Globorotalia truncatulinoides (Hart & Bailey,
1979).
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3.4.4. Biostratigraphy of the Late Aptian to Late
Albian

A revised, detailed, high resolution
stratigraphical zonation based on planktic
foraminifera, with 10 zones and subzones for
the Late Aptian to Late Albian (Délits Calcaires
2 to Niveau Breistroffer; Fig. 29) is compared
with previous works (e.g. Moullade, 1966;
Caron in Bréhéret et al., 1986; Bréhéret, 1997).
Especially in the Late Albian, two additional

Fig. 29: Biostratigraphic zonation for the Later Aptian and Albian of SE-France (grey shaded) based on
planktic foraminifera compared with the work of Moullade (1966), Caron in Bréhéret (1986) and Bréhéret
(1997). In addition, the calcareous nannofossil and ammonite zonation (Gale, 1996; Bréhéret, 1997; Herrle
& Mutterlose, 2003) is shown.
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(subzones) are identified. The stratigraphy based
on the observed first and last appearances (FADs
and LADs; Fig. 24) and adopted the
biostratigraphical view of Caron (1985), Sliter
(1989,1992) and Robaszynski & Caron (1995)
for the Tethyan realm. The stratigraphical zona-
tion of planktic foraminifera (Fig. 29) is
completed with zonation schemes of calcareous
nannofossils and ammonites (Gale et al., 1996;
Bréhéret, 1997; Kennedy et al., 2000; Herrle;
2002). Following planktic foraminifera zones
can be recognised (Fig. 29):

Ticinella bejaouaensis zone
Base: First appearance datum (FAD) of Ticinella
bejaouaensis
Top: Last appearance datum (LAD) of Ticinella
bejaouaensis
Range: The base of the T. bejaouaensis zone is
not studied. The top of this zone is situated 1 m
below the horizon Délits Calcaires 3 (DC 3).
Moullade (1966) and the relating work of
Bréhéret (1997) placed the top of the
T. bejaouaensis zone near the Délits Calcaire 4
(DC 4), a few metres below the Niveau Kilian
(Fig. 29).
Remarks: In the upper part of this zone
Prediscosphaera columnata emerges for the first
time. The top of this zone is characterised by
the carbonate layers Délits Calcaires 3 and 4 (DC
3 and 4).

Hedbergella planispira zone
Base: LAD of Ticinella bejaouaensis
Top: FAD of Ticinella primula
Range: The H. planispira zone includes the in-
terval from 1 m below DC 3 to the Haut Noirs
19 (HN 19). Moullade (1966) defined a
Hedbergella planispira/ Hedbergella
infracretacea/Ossangularia aff. brotzeni zone
for this section. This zone reaches until the
Faisceau Silteux and can be divided into the
Globigerinelloides gyroidinaeformis and
Dorothia oxycona/Ticinella primula subzones.
Caron (in Bréhéret, 1986) and Bréhéret (1997)
placed the H. planispira zone between the top
of DC 3 and the sand layer G 6 (Fig. 29).
Remarks: In the lower part of the H. planispira
zone the first appearance of the calcareous

nannoplankton Hayesites albiensis can be
observed. Also the FADs of the ammonites
Leymeriella tardefurcata, Hoplites dentatus und
Douvilleiceras mammillatum are described.
Bréhéret (1997) and Kennedy et al. (2000)
observe a mass-appearance of L. tardefurcata
at the base of the Niveau Paquier. In the
H. planispira zone 12 m below the Niveau
Paquier an increase in the abundance of planktic
foraminifers (63-500 µm) can be described (see
Fig. 17). This superregionally observed increase
either mark the end of a crisis in the evolution
of planktic foraminifers (Bréhéret & Delamette,
1989; Premoli-Silva & Sliter, 1999) or the end
of reinforced carbonate dissolution (Erba, 1992;
Premoli-Silva & Sliter, 1999). This interval is
also characterised by the superregionally
distributed black shale event Niveau Paquier
(Oceanic Anoxic Event 1b, OAE 1b) and the
regionally occurring Niveau Leenhardt black
shale.

Ticinella primula zone
Base: FAD of Ticinella primula
Top: FAD of Ticinella praeticinensis
Range: This zone comprises the section from
Haute Noirs 19 (HN 19) to 6 m above the sandy
turbidite G 8 (Fig. 29). Moullade (1966) defines
the T. primula  zone together with Dorothia
oxycona as a subzone within the H. planispira
zone. After Bréhéret (1997) the T. primula zone
reaches from the turbidite G 6 to G 8. Caron in
Bréhéret et al. (1986) and Kennedy et al. (2000)
describe the base of this zone between 35 m
(Bréhéret et al., 1986) and 55 m (Kennedy
et al., 2000) above the Niveau Leenhardt.
Remarks: Within the T. primula zone the FAD
of Tranolithus orinatus 29 m below G 6 and of
Axopodorhabdus albianus 12 m above G 7 can
be observed. Additionally, the ammonites
Euhoplites lautus (2 m below G 7) and
Mortoniceras inflatum (2 m below G 8) occur
for the first time (Bréhéret, 1997). At the base
of the T. primula zone, 10 m above the Niveau
Leenhardt, planktic foraminifers > 250 µm
re-emerge (Fig. 17). The lower part of this zone
is characterised by the black shales of the Niveau
Leenhardt to Haute Noirs 26 (HN 26), the
upper part by the turbidites G6 to G 8.
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Biticinella breggiensis zone
Base: FAD of Biticinella breggiensis
Top: FAD of Rotalipora ticinensis
Range: The B. breggiensis zone starts 4 m above
the turbidite G 8 and reaches until 28 m above
the Petite Vérole (Fig. 29). For this interval,
Moullade (1966) described a Globigerinelloides
breggiensis zone which is divided into the
Ticinella praeticinensis and Rotalipora
ticinensis /Hedbergella delrioensis  subzone.
Bréhéret (1997) specified no B. breggiensis zone
but subdivided the section into the Ticinella
praeticinensis and Rotalipora ticinensis zone.
In the previous works of Moullade (1966) and
Bréhéret (1997) these planktic foraminifera
zones comprise more than half of the Late
Albian. Based on the observed FAD of
Rotalipora subticinensis and due to the interna-
tional stratigraphy from Sliter (1989; 1992) and
Robaszynski & Caron (1995), the
R. subticinensis subzone is inserted between the
T. praeticinensis subzone and the R. ticinensis
zone. The result is a higher resolution of the Late
Albian (Fig. 29).

Ticinella praeticinensis subzone
Base: FAD of Ticinella praeticinensis
Top: FAD of Rotalipora subticinensis
Range: This zone starts 6 m above the turbidite
G 8 and ends in the Petite Vérole .
T. praeticinensis and B. breggiensis emerge syn-
chronously in SE-France (Fig. 29).
Remarks: The calcareous nannofossil
Eiffellithus turriseiffelii first occurs 12 m
below the Petite Vérole (Bréhéret, 1997). FAD
of ammonites can not be observed. This inter-
val is characterised by small glauconitic silt- and
sandlayers (Faisceau Silteux).

Rotalipora subticinensis subzone
Base: FAD Rotalipora subticinensis
Top: FAD Rotalipora ticinensis
Range: The base of this subzone is located in
the Petite Vérole and ends 32 m above it
(Fig. 29).
Remarks: In this subzone no first occurrences
of calcareous nannofossils or ammonites can be
described. The interval is characterised by the
limy beds of the Petite Vérole.

Rotalipora ticinensis zone
Base: FAD of Rotalipora ticinensis
Top: FAD of Rotalipora appenninica
Range: The base of the R. ticinensis zone is
located 22 m above the Petite Vérole and ends
52 m above it (Fig. 29). Moullade (1966) and
Bréhéret (1997) located the range of the
R. ticinensis zone from the Petite Vérole to 30-
40 m below the Niveau Breistroffer. According
to the stratigraphical data of this thesis, the
R. ticinensis  zone comprises a smaller time
interval compared with Moullade (1966) and
Bréhéret (1997), which leads to a higher
resolution of the Late Albian (Fig. 29).
Remarks: The ammonite Stoliczkaia dispar first
occurs 46 m above the Petite Vérole. The
R. ticinensis zone is characterised by a lime- /
marlstone alternation.

Rotalipora appenninica zone
Base: FAD of Rotalipora appenninica
Top: FAD of Rotalipora globotruncanoides
(younger synonym of Rotalipora brotzeni; after
González Donoso & Linares in Robaszynski et
al., 1994)
Range: The Rotalipora appenninica zone be-
gins 83 m below the Niveau Breistroffer. The
FAD of R. globotruncanoides can not be ob-
served in the studied succession. Due to the FAD
of Planomalina buxtorfi 50 m below and the
LAD 18 m above the Niveau Breistroffer, a
R. appenninica/P. buxtorfi partial range zone can
be described (Fig. 29). Moullade (1996) and
Bréhéret (1997) also show a R. appenninica and
a R. appenninica/P. buxtorfi partial range zone
in the Late Albian. The data shows that
P. buxtorfi occurs after R. appenninica.
Consequently the R. appenninica zone is here
divided into three and not only two (Bréhéret,
1997) subzones (Fig. 29).
Remarks: In its upper part the R. appenninica/
P. buxtorfi partial range zone is characterised
by the black shales of the Niveau Breistroffer.
The Niveau Breistroffer is marked by a high
abundance of R. appenninica and R. ticinensis
(see Fig. 22). This Rotalipora acme may as well
be observed in the boreal realm (Weiss, 1997).
This marker horizon may have a good correla-
tion potential because of the referring LAD of



Hayesites albiensis  3 m below the Niveau
Breistroffer (Gale et al., 1996).

3.4.5. High resolution Carbon Isotope
Stratigraphy of the Late Aptian to Late Albian

Based on the work of Scholle & Arthur (1980),
different authors (Weissert & Lini, 1991;
Menegatti et al., 1998; Bralower et al., 1999;
Herrle, 2002) have shown the applicability of
carbon isotopes for regional to global
correlation. The exact terms to describe the
carbon isotope curves (δ13C) of the Aptian and
Albian are still discussed (Menegatti et al., 1998;
Bralower et al., 1999; Herrle, 2002). The
studies of Scholle & Arthur (1980), Menegatti
et al. (1998) and Nederbragt et al. (2001) deal
only with short intervals of the Aptian or Albian.
Previous studies which cover longer time
intervals are low-resolution curves (5 to 10 m).
However the δ13C curve of this study is in high
resolution (2 to 60 cm) and comprises the Early/
Middle Albian and Late Albian (Fig. 30). The
results of this study are supplemented with δ13C
data of Herrle (2002) for the Late Aptian and
Early Albian, from Bornemann (2000) for the
Late Albian interval of the Niveau Breistroffer
and Gale et al. (1996) for the Early Cenomanian
(Fig. 30). These data are used to establish a CIS
for the Early Albian to Early Cenomanian in SE-
France. The 26 zones of the CIS are based on a
structuring of the δ13C record in intervals with
increasing, decreasing and stable values. These
single intervals are of superregional significance
and can be correlated with comparable intervals
at the DSDP Site 545 (Herrle, 2002) and 547
(Nederbragt et al., 2001) at the Mazagan
Plateau (Fig. 30), and the ODP Site 1052
(Wilson & Norris, 2001) at the Blake Nose
Plateau (Fig. 31).
The nomenclature of the CIS for the Early Albian
(Al 7 to Al 22) to Early Cenomanian (Ce 1 to
Ce 3) is established in this study. It is based on
Herrle (2002) and continues his work for the
Aptian and Early Albian (Ap 1 to Al 6; only Ap
15 to Al 6 used herein). In the following, the
segments Al 7 to Ce 3 of the CIS are described
with respect to planktic foraminifera, calcare-
ous nannofossils and ammonite biostratigraphy

(Fig. 30). For a detailed description of the units
Ap 15 to Al 6 see Herrle (2002).

Al 7 Zone
Definition: This unit is marked by balanced δ13C
values about 2 ‰. The start and the end of this
interval is characterised by a shift of the values
about 0.2 ‰.
Range: Middle Albian. Lower part of the
Ticinella primula zone, at the base of the NC8C
calcareous nannofossil subzone and in the
middle part of the Hoplites H. dentatus
ammonite zone.
Remarks: This interval is marked by the black
shale horizons of the Haute Noirs 23, 24 and
25.

Al 8 Zone
Definition: Slow decrease of the δ13C values by
up to 1.2 ‰.
Range: Middle Albian. In the middle part of the
T. primula zone, NC8C nannofossil subzone and
the top of the H. H. dentatus zone.
Remarks: In the lower part of this unit black
shale horizons (HN 26) and in the upper part
sandy turbidites (G 6) occur.

Al 9 Zone
Definition:  This interval is marked by slow
increasing δ13C values up to 1.5 ‰.
Range: Upper Middle Albian. Top of the
T. primula zone, top of the NC8C and base of
the NC9 calcareous nannofossil zone and
Euhoplites lautus ammonite zone.
Remarks: This unit is characterised in the lower
part by the sandy turbidite G 7 and in the top by
the Triplet Banc Calcaire.

Al 10 Zone
Definition: Slight decrease of about 0.6 ‰.
Range: Base of the Late Albian. Biticinella
breggiensis zone (upper part of the Ticinella
praeticinensis subzone), top of the NC9 and base
of the NC10 calcareous nannofossil zone and
middle of the Mortoniceras inflatum ammonite
zone.
Remarks: The base of this interval is marked by
the siliceous Faisceau Silteux and the top by the
carbonaceous layers of the Petite Vérole.
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Fig. 30: Correlation of the carbon isotope record of SE-France (Late Aptian to Early Albian, Herrle, 2002;
Early Albian to Late Albian, this study; Niveau Breistroffer, Bornemann, 2000; Early Cenomanian, Gale et
al., 1996) and the Mazagan Plateau (DSDP Site 545, Herrle, 2002; DSDP Site 547, Nederbragt et al., 2001)
and the resulting carbon isotope stratigraphy (CIS) for the Late Aptian to Early Cenomanian of SE-France.
Planktic foraminifera zonation of SE-France, this study; for the Mazagan Plateau by Leckie (1984; Site 545)
and Nederbragt et al. (2001; Site 547). Calcareous Nannoplankton zonation for SE-France after Gale et al.
(1996), Bréhéret (1997) and Herrle & Mutterlose (2003); for the Mazagan Plateau after Wiegand (1984; Site
545) and Nederbragt et al. (2001; Site 547).
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 Al 11 Zone
Definition: Rapid positive δ13C excursion about
0.8 ‰.
Range: Late Albian. Middle of the B. breggiensis
zone and base of the Rotalipora subticinensis
subzone, NC10 calcareous nannofossil zone and
middle of the M. inflatum ammonite zone.
Remarks: This interval comprises the top of the
carbonaceous event Petit Vérole.

Al 12 Zone
Definition:  This interval is characterised by
balanced δ13C values about 2‰.
Range: Late Albian. Top of the B. breggiensis
zone (also top of the R. subticinensis subzone),
NC10 calcareous nannofossil zone and
M. inflatum ammonite zone.
Remarks: This unit ends with a sharp decrease
in d13C values about 0.4 to 0.6 ‰.

Al 13 Zone
Definition: Slight increase in carbon isotope
values of about 0.6 ‰.
Range: Late Albian. Top of the B. breggiensis
zone (also top of the R. subticinensis subzone)
and base of the Rotalipora ticinensis zone, NC10
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Fig. 31: Correlation of the Carbon isotope record of SE-France and the δ13C record of the ODP Site 1052
(Wilson & Norris, 2001) at the Blake Nose Plateau. Additionally, a detailed correlation of the black shale
horizon Niveau Breistroffer and the OAE 1d (black dotted line) is shown.

and M. inflatum zone.

Al 14 Zone
Definition: Slight decrease in carbon isotope
values of about 0.6 ‰
Range:  Late Albian. Top of the Rotalipora
ticinensis zone, NC10, M. inflatum zone and
base of the Stoliczkaia dispar zone.

Al 15 Zone
Definition: This interval is marked by a decrease
in δ13C values about 0.7 ‰.
Range: Late Albian. Base of the Rotalipora
appenninica zone, NC10 calcareous nannofossil
zone and lowermost part of the S. dispar
ammonite zone.

Al 16 Zone
Definition: A rapid increase of about 0.2 ‰,
followed by a slight decrease of also 0.2 ‰.
Range: Late Albian. Part of the R. appenninica
zone, NC10 calcareous nannofossil zone and
part of S. dispar ammonite zone.

Al 17 Zone
Definition: A slight decrease in δ13C values by
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up to 0.6 ‰. This unit ends with a sharp
negative excursion of about 1 ‰.
Range: Late Albian. This unit comprises two
thirds of the Rotalipora appenninica/
Planomalina buxtorfi partial range zone, NC10
calcareous nannofossil zone and S. dispar
ammonite zone.
Remarks: The negative excursion at the top of
this interval is accompanied by the basinwide
and probably globally distributed black shale
horizons of the Niveau Breistroffer (OAE 1d).

Al 18 Zone
Definition: Rapid increase of the δ13C values by
up to 1.2 ‰ (positive excursion) with a slight
decrease of about 0.6 ‰.
Range: Late Albian. Top of the R. appenninica/
P. buxtorfi partial range zone, NC10 calcareous
nannofossil zone and S. dispar ammonite zone.

Al 19 Zone
Definition: Rapid increase of the δ13C values by
up to 0.8 %.
Range: Late Albian. In the Rotalipora
appenninica zone immediately above the top of
the R. appenninica/P. buxtorfi partial range zone,
NC10 calcareous nannofossil zone and S. dispar
ammonite zone.

Al 20 Zone
Definition: This interval is marked by balanced
δ13C values about 2.3 ‰.
Range: Late Albian. Rotalipora appenninica
zone, NC10 calcareous nannofossil zone and
S. dispar ammonite zone

Al 21 Zone
Definition: Short negative excursion of 0.8 ‰.
Range: Upper part of the Rotalipora
appenninica zone, NC10 calcareous nannofossil
zone and S. dispar ammonite zone.

Al 22 Zone
Definition: This unit is characterised by balanced
δ13C values about 2.2 ‰.
Range: Late Albian and Early Cenomanian. This
interval comprises the top of the R. appenninica
zone and the base of the Rotalipora
globotruncanoides zone, NC10 calcareous

nannofossil zone, the top of the S. dispar and
the base of the Mantelliceras mantelli
ammonite zone.

Ce 1 Zone
Definition: A short negative excursion of about
1.0 ‰.
Range: Early Cenomanian. Lowermost part of
the R. globotruncanoides zone, NC10
calcareous nannofossil zone and lower part of
the M. mantelli ammonite zone.

Ce 2 Zone
Definition: Short increase in the δ13C values by
up to 0.8 ‰.
Range: Early Cenomanian. Lower part of the
R. globotruncanoides foraminifera zone, NC10
calcareous nannofossil zone and base of the
M. mantelli zone.
Remarks: This interval is marked by a change
to more limy intercalations in the sediment
succession.

Ce 3 Zone
Definition: This unit is characterised by stable
values about 1.6 %.
Range: Early Cenomanian. Rotalipora
globotruncanoides foraminifera zone, NC10
calcareous nannofossil zone and M. mantelli
ammonite zone.

3.4.6. Aptian/Albian Stage and Albian Substage
Boundaries in SE-France

Aptian/Albian Stage Boundary
The Albian Stage was introduced by d´Orbigny
(1842-43) for the interval between the Aptian
and the Cenomanian. Breistroffer (1947) defines
the beginning of the Albian by the Leymeriella
tardefurcata zone with Leymeriella schrammeni
at the base (Hart et al., 1996). At the 1s t

Symposium on Cretaceous Stage Boundaries in
Copenhagen (1983), the L. schrammeni zone
was deemed to be a “better” base of the Albian
than Hypacanthoplites jacobi. However, this
species is unfortunately limited to the Boreal
Northern Europe (Birkelund et al., 1984;
Hancock, 1991, 2001). In Brussels at the 2n d

Symposium on Cretaceous Stage Boundaries



Fig. 32: Overview of the Late Aptian to Late Albian of SE-France with bio-, isotopic- and lithostratigraphic
marker horizons. Additionally on a detailed view of the Aptian/Albian stage boundaries interval and useable
stage boundary markers. First appearance datum (FAD) of planktic foraminifera and lithological events
(this thesis), FAD of calcareous nannofossils and isotope stratigraphy for the Late Aptian and Early Albian
(Gale et al., 1996; Herrle & Mutterlose, 2003), ammonites in accordance with Kennedy et al. (2000).
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(1995), the sections in Vöhrum (NW-
Germany)and at the Col de Pré Guittard (SE-
France) were proposed to be “Global Boundary
Stratotype Sections and Points” (GSSP).
Whereas 1995 not enough data for a decision
were available, Kennedy et al. (2000) and the
present thesis provide new insights into the
definition of the Aptian/Albian stage boundary
based on the Col de Pré Guittard section.  After
the evaluation of the sections Tarendol, Col de
Pré Guittard, Les Oustaus and Arboudeysse, the
following bio-, isotopic- and lithostratigraphic
markers for the definition of the Aptian/Albian
boundary in the interval between the Niveau
Jacob and the Niveau Paquier are available
(Fig. 32): From bottom to top (Niveau Jacob to
16 m above the Niveau Paquier), this is the last
appearance datum (LAD) of Ticinella
bejaouaensis (this thesis), for the planktic
foraminifera and the first appearance datum
(FAD) of Prediscosphaera columnata and
Hayesites albiensis (Herrle & Mutterlose, 2003)
for calcareous nannofossils can be described.
The LAD of T. bejaouaensis is not considered
as boundary marker, because this LAD is
regarded as diachronous (see chapter 5.1).
Superregionally, isochronous FADs or LADs of
planktic foraminifera can not be demonstrated
for this time interval. In addition, the FAD of
Hypacanthoplites jacobi (Hart et al., 1996;
Kennedy et al., 2000) and of Leymeriella
tardefurcata (Bréhéret et al, 1986; Kennedy et
al., 2000) are found in the interval from the
Niveau Jacob to Niveau Paquier. The exclusive
distribution of L. tardefurcata in the Tethyan
realm limited the applicability of this species as
Aptian/Albian boundary marker. Because of the
endemism of ammonite faunas and the wide-
spread gaps in the successions comprising this
stage boundary, Hancock (2001) assumed that
a world-wide event at around 112 Ma -as
usable international standard- or the Aptian/
Albian boundary- will never be found. There-
fore, Hancock (2001) suggested to move the
boundary to the nearest horizon, the base of the
Lyelliceras lyelli zone. Unfortunately, L. lyelli
is commonly used as base of the Middle Albian
and a precise definition of the base of the L. lyelli
zone is not possible. Regarding these objections

it may not be wise to use L. lyelli as boundary
criterion. It should be considered to abandon
ammonite FADs as markers for the Aptian/
Albian boundary. As Hancock (2001) concludes
a completely different datum should be chosen.
The Aptian/Albian boundary interval is marked
by a long-term decrease in carbon isotope
values (in the CIS: the transition from zone Ap15
to Al1; Herrle 2002). The correlation of the
carbon isotope record of SE-France with the
Mazagan Plateau (Fig. 30) shows that this
decrease is a global signal, which can be found
in pelagic/hemipelagic as well as in shallow
marine environments (Grötsch et al., 1998). The
Aptian/Albian boundary interval is also marked
by the black shales of the Niveau Jacob, Niveau
Kilian and Niveau Paquier. Lithological events
as the aforementioned black shales cannot be
traced in shallow marine environments and
consequently are not qualified as boundary
markers.  After considering all bio-, isotopic-
and lithostratigraphic markers described above,
theAptian/Albian boundary will now be defined
(in this thesis) 5.5 m above the Niveau Kilian at
the base of the long-term decrease in the δ13C
record (Ap15 to Al1), as Herrle (2002) suggested
(Fig. 32).

Early/Middle Albian Substage Boundary
At the 1st  Symposium of Cretaceous Stage
Boundaries in Copenhagen (1983; Birkelund et
al., 1984) the Lyelliceras lyelli zone was defined
as base of the Middle Albian, it was acknowl-
edged that further investigations were needed
(Hart et al., 1996). It should be noted that
L. lyelli cannot be observed in SE-France and
consequently is not available as boundary
marker in the Vocontian Basin. But, consider-
ing the suggestion of Hancock (2001) to move
the Aptian/Albian boundary, then it will have
significant effects on the Middle Albian. It will
result in ignoring the Early Albian completely
(Fig. 1 in Hancock, 2001). Alternatively, the base
of the Hoplites (H.) dentatus zone could be used
as Middle Albian boundary (Owen, 1984;
Hancock, 1991). For a definition of the base of
the Middle Albian, several bio- and lithological
markers are available (Fig. 32): firstly, there is
the FAD of Ticinella primula 7.5 m above the
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Niveau Leenhardt. Secondly, according to
Bréhéret (1997), the FAD of H. (H.) dentatus
4.5 m above the Niveau Leenhardt, as well as
the change from a short termed decrease in the
δ13C record (Al5) to an interval of more stable
carbon isotope values (Al 6) can be observed.
Now the base of the Middle Albian is defined
by the FAD of T. primula 7.5 m above the Niveau
Leenhardt (Fig. 32).

Middle/Late Albian Substage Boundary
Breistroffer (1947) defined the Late Albian
boundary by the base of the Dipoloceras
cristatum ammonite subzone, which is equiva-
lent to the base of the Mortoniceras inflatum
zone. The discussion at the symposiums in
Copenhagen (1983) and Brussels (1995),
accepted these results (Hart et al., 1996). In this
thesis, the base of the Late Albian is defined by
the FAD of Biticinella breggiensis 6 m above
the sandstone G8 (Bréhéret, 1997; Fig. 32),
accompanied by the FAD of Mortoniceras
inflatum 2 m below G8.

4. NE-Texas

4.1. Geology and Palaeogeography of Texas

The geology of Texas is characterised by the
Palaeozoic Llanorian geosyncline. In the
Ordovician to Permian Appalachian Orogeny the
geosyncline was folded to the Quachita-
Marathon-Mountains (Fig. 33), the most south-
ern and independent part of the Appalachian
Mountain chain (Schuchert, 1943; Eisbacher,
1988). Most of the Quachita-Marathon-
Mountains and their borderland are now buried
under 1000 m thick sediments of the Gulf of
Mexico, which emerges since the Late Jurassic
over the Palaeozoic basement (Schuchert, 1943;
Finsley, 1996; Fig. 33). The ancient foreland of
the mountain belt with its Permian and Triassic
terrestrial sediments can be found only in the
Panhandle (Fig. 33). The Mesozoic (mainly
Cretaceous) and Cenozoic sediment successions
result from the transgression of the Gulf of
Mexico and follow the morphology of the Gulf
Coast. (Finsley, 1996; Fig. 33).

40 Geology of Texas

Red River

Houston

Fort Worth

Amarillo

El Paso

miles

0 150

28°

32°

96°

V

V
V

V
V V

V
V V

V

V

V

V

Triassic

Lower Cretaceous

Upper Cretaceous

Eocene

Oligo- Pliocene

Quaternary

Precambrian-Carboniferous

Permian

Intrusiv igneous rocks

Volcanic igneous rocksV V
V

.

104°

Gulf of 
Mexico

Panhandle

Llano 
Uplift

San Antonio

Llanorian 
Geosyncline/
Quachita Mnt.

Llanorian 
Borderland

R
io Grande

Austin

Dallas

Fig. 33: Geological map of Texas (modified after
Finsley, 1996) with the study area marked by an as-
terisk.

During the Cretaceous, the investigated area of
NE-Texas was part of the widespread
continental Comanchean Shelf and situated at a
palaeolatitude of 40° N (Voigt, 1996). The shelf
was divided from south to north into the
McKnight Basin, Kirschberg Lagoon, the East
Texas Embayment (ETB) and carbonate
platforms (Murray, 1961; Hayward & Brown,
1967). The Stuart City and the Central Texas
Reef trend separated the Comanchean Shelf and
the East Texas Embayment (ETB) from the
western Atlantic (Scott, 1990; Fig. 34). The
region of investigation in NE-Texas is situated
in the eastern part of the East Texas Embayment.
The sedimentation in the East Texas Embayment
during the upper mid-Cretaceous was
controlled by third order long-term
transgressive-regressive depositioning cycles
(Scott et al. 2000). The Middle to Late Albian
in the ETB is characterised by the cyclic
deposition of lime-, silt-, marl- and mudstones
(Hendricks, 1967; Scott et al., 1994). The
thickness of the whole succession and the
single cycles varies vertically and laterally and
shows a movement of the basin depotcenter
during time. The palaeo-water depth of the ETB
is estimated at about 50 to 100 m by faunal data
(Scott et al., submitted).
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The mid-Cretaceous of NE-Texas is represented
in the sediments of the so-called Comanchean
Series, which ranges from the late Early Aptian
to the Early Cenomanian (114.5 to 94.4 Ma;
Scott et al., 2000). This series is a time-
stratigraphic unit defined by its unconformable
bounding surfaces (e.g. Hill, 1901; Salvador,
1991; Wilson & Ward, 1993). The Comanchean
Series is divided into the Trinity, Fredericksburg
and Washita groups (Mosteller, 1970; Rose,
1972) comprising several formations (Fig. 35).
These terms are lithostratigraphical and not
chronostratigraphical units representing long-
term transgressive-regressive depositional
cycles (Scott et al., submit). In this thesis, the
upper part of the Fredericksburg and the main
part of the Washita group is studied.
The Fredericksburg group (108.2 to 104.0 Ma;
Scott et al., 2000) represents a second order
depositional cycle (Scott et al. 2000) and is
divided into the Paluxy, Walnut and Goodland
formation in NE-Texas (Scott et al., submitted;
Fig. 35). The Washita group (104.0 to 94.4 Ma;
Scott et al., 2000) also represents a second or-
der depositional cycle comprising 9 formations.
These lithostratigraphic units are the Kiamichi,
Duck Creek, Fort Worth, Denton, Weno, Paw-
paw, Main Street, Grayson and Buda formation.
The formations do not exactly coincide with the

6 shale-limestone couplets (Scott, 1976; Scott
et al., 1978) representing third-order transgres-
sive-regressive depositional cycles (Fig. 35).The
contact between the Fredericksburg and the
Washita group is represented by a transgressive
flooding surface at the boundary between the
Goodland and Kiamichi formations. The origin
of this sedimentation cyclicity is assumed in
subsidence rates, wave base depth and sediment
input (Scott et al., 1978) and results in
changing basin and shelf depositional conditions
(Scott et al., submitted). Eustatic sea-level
changes are also presumed as originator (Scott
et al., 1994, Immenhauser et al., 1999;
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Scott et al., 2000) of these cycles. Correlations
of these cycles with the Western Interior (Scott
et al., 1994), Northern Mexico (Scott et al., sub-
mitted) and the Arabian platform (Scott et al.,
2000) are possible.

4.2. Lithology and Description of Investigated
Sections NE-Texas

The upper Middle Albian to lowermost Early
Cenomanian of NE-Texas was studied in 9
sections (Marys Creek I-II, Vickery Boulevard.,
Meacham Field, Seminary Drive, Lancaster
Avenue, Interstate 30 & Ben Street, Interstate
30 & Menzer Street and Sunset Oaks) in the area
of Fort Worth (Fig. 36), comprising 185
samples. The successions are correlated with
distinct lithological formation boundaries after
Scott (pers. com.). The samples were taken in
0.10 to 0.60 m intervals. The co-ordinates for
the measured sections are given in UTM due
to the 1:24000 scale of the topographic maps
(TM) of the USGS. A road map of NE-Texas
with the location of these sections is given in
Appendix 1.

Fig. 36: à
Overview of the investigated sections and their
stratigraphical ranges in NE-Texas.

4.2.1. Marys Creek I
Location and grid reference: East cutbank of
Marys Creek, at the north side of 580 (US 80-
180), about 1.4 km west of Westland (Fig. 36,
Appendix 15). TM Benbrook Quadrangle,
co-ordinates X: 97°29´00´´, Y: 32°42´37´´.
Stratigraphic range: Middle Albian, Walnut and
Goodland Formation (Marys Creek Marl).
Lithology: The 9 m thick section of Marys Creek
I starts with a bioclastic lime-wackestone and
ends with a limestone layer (1.60 m). This
nterval comprises a dark to blue marlstone light
grey lime-wackestone alternation. Generally, the
limestone in the lower part of the succession is
nodular and characterised by bioclastic debris
(Fig. 37). In the upper part, the limestone is
stratified. A rich fauna of bivalves, texigryphaeid
oysters, gastropods, ammonites and echinoids
can be found in this succession (Perkins, 1960).
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Fig. 37: Schematic lithological column of the Marys
Creek I section. A detailed lithological column with
sample distribution is given in Appendix 15. For
lithological explanations and abbreviations see
Fig. 36.

4.2.2. Marys Creek II
Location and grid reference: South cutbank of
Marys Creek, about 1.4 km east of FM 2871
and west of the Interstate 820 (Fig. 36,
Appendix 16). TM Aledo Quadrangle,
co-ordinates X: 97°30´10´´, Y: 32°43´25´´.
Stratigraphic range: Middle to Late Albian,
Goodland Formation (Marys Creek Marl and
Benbrook Limestone).
Lithology: This section starts directly above the
1.6 m thick limestone (Marys Creek I) and ends
3 m above an abrupt change from marl/lime-
stone alternation to limestone. In the lower part,
the succession consists of interbedded marl- and
limestone. The upper part is characterised by
light grey, stratified, mollusc lime-wackestones.
The limestone in the lower part is mainly

nodular and in the upper part stratified.
Numerous limestone layers are characterised by
bioclastic debris (bivalves, oysters, gastropods)
or oysters (Fig. 38). The abrupt lithological
change from marl- to limestone in the top of the
section marks the boundary between Marys
Creek Marl and Benbrook Limestone of the
Goodland Formation (Perkins, 1960; Scott, pers.
com., 2001). The fauna contains mainly oysters
(Gryphaea) and gastropods, ammonites are
common (Perkins, 1960; Lehmann, pers. com.,
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Fig. 38: Schematic lithological column of the Marys
Creek II section. A detailed lithological column with
sample distribution is given in Appendix 16. For
lithological explanations and abbreviations see
Fig. 36.

4.2.3. Vickery Blvd.
Location and grid reference: This section is
situated south of Vickery Blvd., at the level of
Almar York company next to the railroad tracks
(Fig. 36; Appendix 17). TM Fort Worth
Quadrangle, co-ordinates X: 97°20´30´´,
Y: 32°44´30´´.
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Stratigraphic range: Late Albian, Goodland
Formation (Benbrook Limestone).
Lithology: This 3 m thick section starts with a
marly limestone and ends with a limestone layer.
The succession is dominated by light grey,
stratified, lime-wackestone interbedded with
dark grey marl intervals (Fig. 39). The first two
layers are very rich in gastropods,
ammonites (mass occurrence of
Oxytropidoceras; pers. com. Lehmann, 2003)
and echinoids (Toxaster).
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Fig. 39: Schematic lithological column of the
Vickery Blvd. section. A detailed lithological col-
umn with sample distribution is given in Appendix
17. For lithological explanations and abbreviations
see Fig. 36.

4.2.4. Meacham Field
Location and grid reference: This succession
represents the north and south side of an old,
disused quarry (Saginaw quarry) north of the
Interstate 820 and east of the Old Decatur Road
(Fig. 36; Appendix 18). TM Lake Worth
Quadrangle, co-ordinates X: 97°22´30´´,
Y:32°52´50´´.
Stratigraphic range: Late Albian, Kiamichi and
basal Duck Creek Formation.
Lithology: The 17 m thick section starts with a
limestone layer and ends about 0.5 m above a
distinct oystershellbed. This succession consists
of a dark arenaceous marlstone light grey and
yellow limestone alternation. The lower part is
characterised by nodular limestone, limy
nodules and silty intercalations (Fig. 40). The
stratified limestone of the upper part is
dominated by bioclastic debris (bivalves,

oysters for example Lopha , Aetostrea) and
bioturbation (Planolites, Chondrites).
Ammonites are very abundant in the whole
section. At about 8 m above the base of the
section a lot of carbonised fossil wood can be
found.
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Fig. 40:  Schematic lithological column of the
Meacham Field section. A detailed lithological col-
umn with sample distribution is given in Appendix
18. For lithological explanations and abbreviations
see Fig. 36.
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4.2.5. Lancaster Avenue
Location and grid reference: This outcrop is
located 100 m south of the southwest corner of
Lancaster Avenue und Riverside Drive near a
garage (Fig. 36; Appendix 19). TM Fort Worth
Quadrangle, co-ordinates X: 97°18´10´´, Y:
32°44´50´´.
Stratigraphic range: Late Albian, Upper Duck
Creek and Fort Worth Formation.
Lithology: The 4.5 m thick section starts with a
limy marlstone interval and ends with a lime-
stone layer. The lower 1 m consists of partial
nodular grey limy marlstone and the remaining
3.5 m of the succession consist of a dark
marlstone and light grey limestone alternation
(Fig. 41). The boundary between Duck Creek
and Fort Worth Formation is marked by the
change from limy marlstone to marl- limestone
alternation (Perkins, 1960; Scott, pers. com.,
2001). From section meter 1 to 2.7, the lime-
stones are characterised by a high abundance of
the burrows of Thallassinoides.
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Fig. 41: Schematic lithological column of the Lan-
caster Avenue section. A detailed lithological col-
umn with sample distribution is given in Appendix
19. For lithological explanations and abbreviations
see Fig. 36.

4.2.6. Seminary Drive
Location and grid reference: The succession is
situated at the westbank of the Sycamore Creek,
about 200 m north of the Seminary Drive (Fig.
36; Appendix 20). TM Fort Worth Quadrangle,
co-ordinates X: 97°18´20´´, Y: 32°41´10´´.

Stratigraphic range: Late Albian, Denton and
basal Weno Formation.
Lithology: This 4 m thick section starts with
mudstone and ends with two distinct limestone
layers. The succession consists of dark marl and
mudstone with intercalated light grey limestone
layers. The marlstone at the base is marked by
an oystershellbed (Fig. 42). The boundary
between Denton and Weno Formation is given
by the base of the two distinct limestone layers
in the upper part of the succession (Scott, pers.
com, 2001). The marlstones and mudstones at
the base are generally characterised by whole
oysters and the limestone by Thallassinoides.
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Fig. 42: Schematic lithological column of the Semi-
nary Drive section. A detailed lithological column
with sample distribution is given in Appendix 20.
For lithological explanations and abbreviations see
Fig. 36.

4.2.7. Interstate 30 & Ben Avenue
Location and grid reference: This section
represents a roadcut south of Interstate 30
between Oakland and Beach Street, accessible
from Ben Avenue (Fig. 36; Appendix 21). TM
Haltom City Quadrangle, co-ordinates
X: 97°16´30´´, Y: 32°45´5´´.
Stratigraphic range: Late Albian, Weno
Formation.
Lithology: This 15.5 m thick section starts 1.2
m below the two limestone layers (Seminary
Drive) and ends with a 1.5 m thick limestone
layer. This succession can be separated into two
parts. The lower part up to 11 m is dominated
by dark marlstones with intercalated limy



marlstone beds and light grey limestone
horizons. The part begins with a dark marlstone
and nodular limestone alternation and then
changes to light grey stratified limestone
(Fig. 43). The connection between this succes-
sion and the section at Seminary Drive are the
two limestone layers at the base. These double
layers also mark the boundary Denton-Weno
Formation (Scott, pers. com, 2001). In general,
the limestone is more fossiliferous with bivalves,
inoceramids and ammonites (Perkins, 1960).
The middle part of the succession is character-
ised by slight bioturbation (Chondrites).

4.2.8. Interstate 30 & Menzer Street
Location and grid reference: Roadcut at the
Interstate 30, about 250 m west of Oakland
Street, accessible from West Menzer Street (Fig.
36; Appendix 22). TM Haltom City Quadran-
gle, co-ordinates X: 97°16´15´´, Y: 32°45´15´´.
Stratigraphic range: Late Albian, Pawpaw
Formation.
Lithology: The section is about 6.5 m thick and
starts with dark mudstones and ends with
stratified limestones. The lower part up to 5 m
consists of well laminated dark mudstone and
the upper part of bioclastic packstone (Fig. 44).
The boundary between the Pawpaw and the
Main Street Formation is marked by the change
from dark mudstone to bedded limestone (Scott,
pers.com., 2001). The fauna in the mudstone is
characterised by pyrite and nacre bivalves and
ammonites as well as echinoids. In the upper
part, the limestone is less fossiliferous, but
bioturbation is abundant.

4.2.9. Sunset Oaks
Location and grid reference: This section is
combined from roadcuts in Sunset Oaks Drive
at Randol Mill Road, one block west of
Bridgewood Drive and an excavation bank east
of the Bridgewood Drive on the northern side
of the fence (Fig. 36; Appendix 23). TM Hurst
Quadrangle, co-ordinates X: 97°13´40´´,
Y: 32°46´30´´.
Stratigraphic range:  Late Albian to Lower
Cenomanian, Mainstreet and basal Grayson
Formation.
Lithology: This 9 m thick section starts with
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Fig. 43: Schematic lithological column of the Inter-
state 30 & Ben Avenue section. A detailed
lithological column with sample distribution is given
in Appendix 21. For lithological explanations and
abbreviations see Fig. 36.

stratified bioclastic packstone and ends with a
marly limestone. The whole succession consists
of a grey marlstone light grey limestone
alternation, the upper part is more marly (Fig.
45). The boundary between the Main Street and
Grayson Formation is marked by a change to a
more marly sedimentation at about 8 m above
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       Fig. 44:
Schematic lithological column of the Interstate 30
& Menzer Street section. A detailed lithological col-
umn with sample distribution is given in Appendix
22. For lithological explanations and abbreviations
see Fig. 36.

  Fig. 45:
Schematic lithological column of the Sunset Oaks
section. A detailed lithological column with sample
distribution is given in Appendix 23. For lithological
explanations and abbreviations see Fig. 36.
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 the base of the section (Scott, pers. com., 2001).
The limestone in the lower part is characterised
by bioclastic debris (bivalves, gastropods).
Ammonites and bioturbation (Chondrites,
Thallassinoides) are very abundant. In the
upper part texigrypaeid oysters are very
common.

4.3. Results NE-Texas

4.3.1. Preservation of Planktic Foraminifera

The preservation of planktic foraminifera in NE-
Texas varies between poor and very good. Some
samples are characterised by foraminifera with
fillings of the shells with calcite. In other
samples the planktic foraminifera are not filled.
In samples in which unfilled foraminifera
dominate more shell debris and broken tests can
be found than in samples in which filled planktic
foraminifera dominate.

4.3.2. Planktic Foraminiferal Record

The total abundance of planktic foraminifera
(63-500 µm) in this compiled succession

à

à
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fluctuates between 0 and 3014 individuals per
g sediment (Ind./g; Fig. 46). In the lower part of
the section (Goodland formation) the values are
very low (0-32 Ind./g; ø 3.5 Ind./g; Fig. 46). In
the Kiamichi formation, the total abundance
reaches a maximum of 11654 Ind./g (ø 3014
Ind./g). In the interval Duck Creek to Main
Street, the abundance decreases again (1802
Ind./g; ø 402 Ind./g; Fig. 46). The total abun-
dance shows small increases in the Weno and
Main Street formation. Individuals of the
fraction 250-500 µm occur throughout the
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Fig. 46: Total abundance of planktic foraminifera of the fraction 63-500 µm, 250-500 µm and 63-250 µm is
given in individuals per g sediment and the diversity is given in number of species of the Middle and Late
Albian succession in NE-Texas. The faint hatched parts represent sample gaps.

succession. The lower part (Goodland forma-
tion) is also characterised by low abundances
of max. 1.3 Ind./g (ø 0.21 Ind./g; Fig. 46). In the
Kiamichi and Fort Worth formation, the abun-
dance increases up to a maximum of 97 Ind./g
(ø 15.7 Ind./g; Fig. 46). The interval from the
top of the Denton to the base of the Main Street
formation is marked by low values of max. 2.05
Ind./g (ø 0.5 Ind./g; Fig. 46). In the Main Street
formation, the total abundance is increasing
again up to a maximum of 27 Ind./g (ø 5.37 Ind./
g; Fig. 46). The fluctuation of the abundance of
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Ascoliella
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Fig. 47: Abundance of the planktic foraminifera Ascoliella nitida, Ascoliella quadrata and Ascoliella scitula
as well as Favusella hiltermanni and Favusella washitensis given in individuals per g sediment of the
Middle and Late Albian of NE-Texas. The faint hatched parts represent sample gaps.

the fraction 63-250 µm shows comparable vari-
ation to the abundances of fraction 63-500 µm
(Fig. 46). In the Kiamichi formation the total
abundance of the fraction 63-250 µm reaches a
maximum with 11623 Ind./g (ø 3014 Ind./g).
The diversity (number of species) of planktic
foraminifera in the Middle and Late Albian is
fluctuating. In the lower part of the section
(Goodland formation), the species richness is
low with a maximum of 5 species. The remain-
ing succession is characterised by increasing and
varying numbers of species to a maximum of 7
to 10 species (Fig. 46).The planktic
foraminiferal assemblage in NE-Texas is

composed of 18 species (Tab. 3), belonging to
10 genera.

Tab. 3: List of occurring planktic foraminiferal
species of NE-Texas in alphabetical order.

Ascoliella nitida (Michael, 1972)
Ascoliella quadrata (Michael, 1972)
Ascoliella scitula (Michael, 1972)
Favusella hiltermanni
(Loeblich & Tappan, 1961)
Favusella washitensis (Carsey, 1926)
Globigerinelloides bentonensis
(Morrow, 1934)
Globigerinelloides caseyi
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Fig. 48: Abundance of the planktic foraminifera Globigerinelloides bentonensis and Globigerinelloides
caseyi given in individuals per g sediment of the Middle and Late Albian of NE-Texas.
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Because of the incompleteness of the whole
section only general trends and maximum val-
ues can be described.
The genus Ascoliella  spp. is represented by
Ascoliella nitida , Ascoliella quadrata and
Ascoliella scitula. Ascoliella nitida in the Late
Albian shows very low abundances with
maximum values of about 0.5 Ind./g in the
Kiamichi and lower Duck Creek Formation (Fig.
47). Ascoliella quadrata is characterised by low
values, with maxima in the Kiamichi (1.7 Ind./
g), Fort Worth (0.2 Ind./g) and Main Street (0.22
Ind./g) Formation (Fig. 47).

(Bolli, Loeblich & Tappan, 1957)
Guembelitria spp. (Cushman, 1933)
Hedbergella delrioensis/ infracretacea
(Carsey, 1926)
Hedbergella implicata (Michael, 1972)
Hedbergella intermedia (Michael, 1972)
Hedbergella planispira (Tappan, 1940)
Hedbergella punctata (Michael, 1972)
Heterohelix moremanni (Cushman, 1938)
Heterohelix reussi (Cushman, 1938)
Praeglobotruncana delrioensis
(Plummer, 1931)
Rotalipora evoluta / appenninica (Sigal, 1948)
Ticinella primula (Luterbacher, 1963)



51Result - Planktic Foraminiferal Record

Hedbergella 
delrioensis/

infracretacea
[Individuals per g]

Hedbergella 
implicata

[Individuals per g]

Hedbergella 
intermedia

[Individuals per g]

Hedbergella 
planispira

[Individuals per g]

Hedbergella 
punctata

[Individuals per g]

50

4043
1514

307

843
388

99

78

38

19

0

5

10

15

20

25

30

45

35

40

50

55

60

65

70

75

80

85

90

95

100

105

110

M
et

er

Li
th

ol
og

y

C
en

.
L

at
e 

A
lb

ia
n

M
id

d
le

 A
lb

ia
n

S
ub

st
ag

es

M
a

in
.

P
aw

p
aw

W
e

no
D

en
to

n
F

W
D

uc
k 

C
re

ek
K

ia
m

ic
h

i
G

oo
dl

an
d

B
en

br
oo

k 
Li

m
es

to
ne

M
a

ry
s 

C
re

ek
 M

ar
l

Walnut

Fo
rm

at
io

ns

NE-Texas

sample gap

80

0 200 0 25 0 5 10 0 25 50 0.00 0.25 0.50

Ascoliella scitula occurs in the Late Albian with
maximum values in the Kiamichi Formation
(0.5 Ind./g; Fig. 47).
Favusella spp. is represented by Favusella
hiltermanni and Favusella washitensis.
F. hiltermanni shows extreme low values in only
two samples (~0.008 Ind./g) and occurs nowhere
else (Fig. 47). Favusella washitensis is
abundant in the Middle and Late Albian and
maximum values can be described from the
Marys Creek Marl (16 Ind./g), the Kiamichi (282
Ind./g), the Fort Worth (93 Ind./g) and the Main
Street (21 Ind./g) Formation.
The abundance of Globigerinelloides
bentonensis shows fluctuation between 0 Ind./g

Fig. 49: Abundance of the planktic foraminifera Hedbergella delrioensis/infracretacea, Hedbergella impli-
cata, Hedbergella intermedia, Hedbergella planispira and Hedbergella punctata given in individuals per g
sediment of the Middle and Late Albian of NE-Texas. The faint hatched parts represent sample gaps.

and 177 Ind./g (Fig. 48), the highest values can
be described from the Kiamichi Formation.
Globigerinelloides caseyi occurs only in the
Pawpaw and Main Street Formation and reaches
max. values of 9.5 Ind./g (Fig. 48)
Hedbergella spp. consists of Hedbergella
delrioensis/infracretacea, Hedbergella
implicata, Hedbergella intermedia, Hedbergella
planispira and Hedbergella punctata.
Hedbergella delrioensis/infracretacea can be
found from the Marys Creek Marl up to the
Grayson Formation and reaches the highest
values in the Kiamichi (4013 Ind./g) and Main
Street/Grayson Formation (307 Ind./g; Fig. 49).
The values between the Kiamichi and Pawpaw



Formation are lower and increase slowly in the
Pawpaw and Main Street Formation (Fig. 49).
Hedbergella planispira shows comparable
fluctuation, as well this species shows highest
values in the Kiamichi- (843 Ind./g) and Main
Street Formation (43 Ind./g; Fig. 49).
Hedbergella implicata, H. intermedia and
H. punctata shows only selective occurrences
with max. values of 78 Ind./g (H. implicata), 38
Ind./g (H. intermedia) and 0.5 Ind./g
(H. punctata) in the Late Albian (Fig. 49).
Heterohelix spp. is composed of Heterohelix
moremani and Heterohelix reussi and occurs in
the Late Albian. The abundance of H. moremani
increases rapidly in the Weno Formation and
remains on this higher level (426-847 Ind./g; Fig.
50). The number of individuals per g of H. reussi
increases in two steps. First step in the Denton
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Fig. 50: Abundance of the planktic foraminifera Heterohelix moremani and Heterohelix reussi as well as
Praeglobotruncana delrioensis, Rotalipora evoluta/appenninica and Ticinella primula given in individuals
per g sediment of the Middle and Late Albian of NE-Texas. The faint hatched parts represent sample gaps.

and Weno Formation with max. values of 278
Ind./g and the second step in the Pawpaw and
Main Street Formation up to values of 318 Ind./
g (Fig. 50).
Praeglobotruncana delrioensis shows only one
peak in the Main Street Formation with 0.15
Ind./g (Fig. 50).
Rotalipora evoluta/appenninica can only be
found in the Main Street and Grayson
Formation (Late Albian to Early Cenomanian)
with a maximum of 16 Ind./g (Fig. 50).
Ticinella primula occurs only in some beds in
the Late Albian (Kiamichi Formation) with
maxima values of 55 and 41 Ind./g in the
Kiamichi and Fort Worth Formation (Fig. 50).
The values seem to decrease after the Fort Worth
Formation.
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4.3.3. First and Last Appearance Datums of
Planktic Foraminifera

The studied section from the base of the
Goodland formation to the base of the Grayson
formation in NE-Texas is characterised by a to-
tal of 14 first appearance datums (FADs) and 5
last appearance datums (LADs, Fig. 51). The
first appearance datums emerge in four major
units. The first unit contains 3 FADs and is
settled 2.5 m below the boundary Marys Creek

Marl and Benbrook Limestone in the middle of
the Goodland formation. The next unit with 7
FADs occurs in the Kiamichi Formation. In the
Fort Worth formation only one FADs can be
recognised (unit III). The fourth unit with 3
gradually emerging species is settled in the
Pawpaw and Main Street formation in the
upper part of the studied succession (Fig. 51).
In the following table FADs and LADs are
compiled (Tab.4). Stratigraphical important taxa
are in bold.

Tab. 4: Compilation of first and last appearance datums (FADs, LADs) of planktic foraminifera of the
Middle to Late Albian of the NE-Texas, the position is given in m in reference to distinct lithological
formation boundaries, the stratigraphical important FADs are marked by bolt type.

Depth First Appearance Last Appearance Datum
(m) (FAD) (LAD)

106.7 About 5.4 m above the base of the 
Main Street formation

Ascoliella quadrata

106.1 About 4.8 m above the base of the 
Main Street formation

Praeglobotruncana 
delrioensis

103.9 About 2.6 m above the base of the 
Main Street formation

Hedbergella punctata

103.9 About 1.6 m above the base of the 
Main Street formation Ascoliella scitula

102.5
About 1.2 m above the base of the 
Main Street formation Rotalipora evoluta

97.7 3.6 m below the base of the Main 
Street formation Globigerinelloides caseyi

87.8 3.6 m below the base of the Main 
Street formation Ascoliella nitida

80.4 20.9 m below the base of the Main 
Street formation Favusella hiltermanni

64.7 About 0.2 m above the base of the 
Fort Worth formation Heterohelix reussi

45.9 About 6 m above the base of the 
Kiamichi formation

Ticinella primula

45.9
About 4.8 m above the base of the 
Kiamichi formation Hedbergella punctata

45.9 About 4.8 m above the base of the 
Kiamichi formation

Hedbergella implicata

41.9 About 4.8 m above the base of the 
Kiamichi formation

Hedbergella planispira

41.9 About 4.8 m above the base of the 
Kiamichi formation

Hedbergella intermedia

41.9
About 4.8 m above the base of the 
Kiamichi formation

Globigerinelloides 
bentonensis

41.9 About 4.8 m above the base of the 
Kiamichi formation Ascoliella nitida

Depth in relation to the 
lithostratigraphic formation

14,4 Ascoliella quadrata2.5 m below the boundary Marys 
Creek Marl to Benbrook Limestone



0

5

10

15

20

25

30

45

35

40

50

55

60

65

70

75

80

85

90

95

100

105

110

M
et

er

Li
th

ol
og

y

C
en

.
La

te
 A

lb
ia

n
M

id
dl

e 
A

lb
ia

n
S

ub
st

ag
es

M
ai

n.
P

aw
pa

w
W

en
o

D
en

to
n

FW
D

uc
k 

C
re

ek
K

ia
m

ic
hi

G
oo

dl
an

d
B

en
br

oo
k 

L
im

es
to

ne
M

ar
ys

 C
re

e
k 

M
a

rl

Walnut

Fo
rm

at
io

ns

As
co

lie
lla

 n
iti

da

H
ed

be
rg

el
la

 s
pp

.

H
et

er
oh

el
ix

 m
or

em
an

ni

G
lo

bi
ge

rin
el

lo
id

es
 s

pp
.

As
co

lie
lla

 s
ci

tu
la

Fa
vu

se
lla

 w
as

hi
te

ns
is

Fa
vu

se
lla

 s
pp

.

G
lo

bi
ge

rin
el

lo
id

es
 b

en
to

ne
ns

is

As
co

lie
lla

 q
ua

dr
at

a

H
et

er
oh

el
ix

 s
pp

.

H
ed

be
rg

el
la

 in
te

rm
ed

ia
H

ed
be

rg
el

la
 p

la
n

is
pi

ra

H
ed

be
rg

el
la

 im
pl

ic
at

a
Ti

ci
ne

lla
 s

pp
.

H
ed

be
rg

el
la

 d
el

rio
en

si
s/

in
fr

ac
re

t.

Ti
ci

ne
lla

 p
rim

ul
a

H
ed

be
rg

el
la

 p
un

ct
at

a

Fa
vu

se
lla

 h
ilt

er
m

an
ni

T. primula

H. moremanni

R
ot

al
ip

or
a 

sp
p.

G
lo

bi
ge

rin
el

lo
id

es
 c

as
ey

i

P
ra

eg
lo

bo
tr

un
ca

na
 s

pp
.

G
ue

m
be

lit
ria

 s
pp

.

Pr
ae

gl
ob

ot
ru

nc
an

a 
de

lri
oe

ns
is

R
ot

al
ip

or
a 

ev
ol

ut
a/

ap
pe

nn
in

ic
a

H
et

er
oh

el
ix

 r
eu

ss
i

F. hiltermanni

FA
D

 a
nd

 L
A

D
 o

f
pl

an
kt

ic
 fo

ra
m

in
ife

ra

H. reussi

R. evoluta

G. bentonensis

sample gap

14,4
2.5 m below the boundary Marys 
Creek Marl to Benbrook Limestone Heterohelix moremani

14,4 2.5 m below the boundary Marys 
Creek Marl to Benbrook Limestone Favusella hiltermanni

Fig. 51: Range chart of planktic foraminifera of the Middle and Late Albian of NE-Texas with respect to the
lithostratigraphic subdivisions. The distribution of the stratigraphical important taxa are given in broken
lines

54 Results - Planktic Foraminiferal Record

4.3.4. Stable Isotopes

The oxygen and carbon isotope curve of the 110
m thick succession in NE-Texas is based on 165

bulk rock samples. The average sample distance
varies between 5 and 60 cm. The
carbon isotope curve fluctuates from 0.6 to 3.1
‰ (Fig. 52). The carbon isotope values (δ13C)
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at the base of the section in NE-Texas (Goodland
formation) are characterised by two distinct
negative excursions of about 1 ‰. In the
successive interval from the top of Marys Creek
Marl (Goodland formation) to the base of the
Kiamichi formation the d13C values are balanced
(2.8 ‰). This stable interval follows a long
persistent decrease about 1.5 ‰ from the lower
Kiamichi to the upper Pawpaw formation. The
upper Pawpaw formation is marked by a short
term negative excursion in the δ 13C values
(0.8 ‰). At the crossover from the Pawpaw to
the Main Street formation a short term positive
excursion about 1.9 ‰ can be recognised
(Fig. 52). The oxygen isotope curve (δ18O)
varies between -1.8 and -5 % (Fig. 52).
Generally the oxygen isotopes show a trend from
heavier (-2.3 ‰) to lighter (-3.7 ‰) values.
Compared with the δ18O curve in SE-France, this
curve shows no distinct long or short term
variations (Fig. 52).

4.4. Discussion NE-Texas

4.4.1. Preservation of Planktic Foraminifera

The preservation of the planktic foraminifera in
NE-Texas is better, compared with SE-France
(subjective observation). A less number of shells
are filled with secondary calcite, but a higher
number is not filled, at all. Compared with the
filled ones, the non-filled shells are more often
broken and have more damages. In NE-Texas,
there are no species that were more favourably
affected by diagenesis than others.

4.4.2. Planktic Foraminiferal Record
Unfortunately, parts of the succession are not
accessible. Consequently, it was not possible to
make a detailed analysis of the abundance record
of planktic foraminifera in NE-Texas. However,
general trends can be interpreted. The abundance
of planktic foraminifera of the fractions 63-500
µm, 250-500 µm, 63-250 µm and the diversity
(number of species) are the main proxies to ana-
lyse the fauna. The total abundance of planktic
foraminifera (63-500µm) shows a similar trend
as the abundance of planktic foraminifera of the
size 250-500µm and 63-250 µm in NE-Texas.

All three curves are marked by a major peak
(highest abundances) in the Kiamichi formation
(Fig. 53). This peak corresponds to a major
transgression on the Comanchean shelf
proposed by Scott et al. (2000) for this time
interval (Fig. 53). Therefore, this maximum in
planktic foraminifera can be a result of
the transgression  onto the shelf. Due to the
transgression more nutrients were washed out
of the newly flooded shores (Erbacher, 1994)
and have favoured a higher phytoplankton
production, which, lead to more food for
planktic foraminifera. In the succeeding
formations (Duck Creek, Fort Worth, Denton,
Weno), the abundances of all fractions of
planktic foraminifera are lower again. This can
be interpreted such that the number of planktic
foraminifera got normalised, because of lesser
food, after the first phytoplankton bloom. The
next increase in abundances is in the Pawpaw,
Main Street and Grayson formations
corresponding with a major transgression as well
(Scott, et al. 2000). The diversity shows no small
scaled trend like the abundances (Fig. 53), but
it can be observed that the number of species is
increasing until the Kiamichi Formation.
Possibly, the diversity does not correspond to
the transgression cycles (WA 1 to 5), but
follows the general  Middle  and Late Albian
radiation/diversification trend (Fig. 2).
Following species of planktic foraminifera in
NE-Texas can be used for palaeoceanographic
implications; Hedbergella delrioensis/
infracretacea, Hedbergella planispira,
Heterohelix moremani, Heterohelix reussi. The
trend in the data set of Hedbergella delrioensis/
infracretacea and Hedbergella planispira is
similar. Both have maximum values in the
Kiamichi Formation, show lower values later
and increasing abundances again in the Pawpaw,
Main Street and Grayson Formation (Fig. 54).
This observed fluctuation of H delrioensis/
infracretacea and Hedbergella planispira
coincide with the variation of the total
abundances of all fractions. It can be assumed
the same nutrient input because of transgression
and respectively higher food availability is the
cause for this fluctuation, as above.
These two opportunistic Hedbergella species,
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(Premoli-Silva & Sliter, 1999), seem to prefer
high nutrient conditions/ high food availability
and live in the highest part of the upper water
column (Premoli-Silva & Sliter, 1999).
Heterohelix moremani and Heterohelix reussi
show a clear increase and maximum values from
the Denton Formation to the end of the section
(in the case of H. reussi two increases; Fig. 54).
The trend in the abundance of Heterohelix does
not coincide with Hedbergella. This could lead
to the assumption that the Heterohelicids
follows other controlling factors than
Hedbergella. It may be possible that the
appearance of H. moremani and H. reussi on
the shallow shelf is steered by the second order
sealevel rise (UZA1.3-1.5; Haq et al., 1988) and
not by the nutrient availability.

4.4.3. Biostratigraphy of the Middle/Late Albian

Based on the material from NE-Texas, a detailed
stratigraphical zonation with planktic
foraminifera and ammonites could be worked
out (Fig. 55). Compared to a previous work with
a lower sampling resolution (Michael, 1972), a
revised, high resolution stratigraphy with 6
planktic foraminiferal zones for the Middle to
Late Albian (Goodland to Main Street
formation) could be elaborated (Fig. 55). A lack
of open marine taxa like Biticinella or
Rotalipora, or the late first occurrence of
Ticinella limited a direct comparison between
the stratigraphic zonation suggested for the Gulf
of Mexico (Longoria, 1984; Premoli-Silva &
McNulty, 1989) as well as the European realm
(Robaszynski & Caron, 1995). The stratigraphy
is based on observed first and last appearance
datums (FADs and LADs; Fig. 51) and not as in
Michael (1972) on assemblage zones.
Following planktic foraminiferal zones could be
described.

Favusella washitensis zone
Base: FAD of Favusella washitensis
Top: FAD of Heterohelix moremani
Range: The base of this zone is not recorded.
The top is recognised two metres below the
lithological change from the Marys Creek Marl
to the Benbrook Limestone. Michael (1972)
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described a Favusella washitensis assemblage
zone for the Goodland formation (Fig. 55).
Remarks: The ammonite fauna of NE-Texas is
characterised by endemic forms. However,
faunal associations and a few superregional
distributed ammonites enable correlations with
the European realm (Lehmann, pers. com.).
Therefore, this zone is marked by the Middle
Albian Euhoplites lautus ammonite zone.

Heterohelix moremani zone
Base: FAD of Heterohelix moremani
Top: FAD of Globigerinelloides bentonensis
Range: This zone comprises the interval from
two metres below the lithological change from
Marys Creek Marl to Benbrook Limestone to 5
metres above the lithological changes from
Benbrook Limestone (Goodland formation) to
the silty marlstones of the Kiamichi formation
(Fig. 55). Michael (1972) described the base of
the Hedbergella implicata assemblage subzone
at the boundary Goodland to Kiamichi
formation.
Remarks: This zone comprises the top of the
E. lautus and the lower to middle part of the
Late Albian Mortoniceras inflatum ammonite
zone.

Globigerinelloides bentonensis zone
Base: FAD of Globigerinelloides bentonensis
Top: FAD of Ticinella primula
Range: This zone starts 5 m above the base of
the Kiamichi formation and ends 3 m below the
base of the Duck Creek formation (lithological
change from silty marlstone to limestone
layers; Fig. 55). The G. bentonensis  zone is
equivalent with the lower part of the
H. implicata assemblage subzone (Michael,
1972).
Remarks: This zone is situated in the upper third
of the M. inflatum ammonite zone, in the
Hysteroceras varicosum subzone.

Ticinella primula zone
Base: FAD of Ticinella primula
Top: FAD of Heterohelix reussi
Range: This zone begins 3 m below the base of
the Duck Creek formation and ends at the base
of the Fort Worth formation (Fig. 55). This zone



comprises the middle and upper part of the
H. implicata assemblage subzone and the base
of the Hedbergella punctata assemblage
subzone (Michael, 1972).
Remarks: This zone comprises the top of the
M. inflatum and the lower part of the Late Albian
Stoliczkaia dispar ammonite zone.

Heterohelix reussi zone
Base: FAD of Heterohelix reussi
Top: FAD Rotalipora evoluta
Range: This zone comprises the base of the Fort
Worth formation and ends 1.5 m above the base
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Fig. 55: Biostratigraphic zonation for the Middle and Late Albian of NE-Texas (grey shaded) based on
planktic foraminifera compared with the work of Michael (1972).

of the Mainstreet formation (Fig. 55). Michael
(1972) described the Hedbergella punctata and
the lower and middle part of the Hedbergella
delrioensis assemblage subzone for this
interval.
Remarks: This zone is equivalent with the
middle and upper part of the Late Albian
S. dispar ammonite zone.

Rotalipora evoluta zone
Base: FAD of Rotalipora evoluta
Top: FAD of Rotalipora cushmani or
greenhornensis
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Range: This zone comprises the interval from
1.5 m above the base of the Mainstreet forma-
tion and ends outside the recorded section (Fig.
55). Michael (1972) described the upper part of
the H. delrioensis assemblage subzone and the
Rotalipora s.s. assemblage zone. The base of
his R. evoluta zone is situated higher in the
lithological succession (Grayson formation).
The Rotalipora s.s. zone according to Pessagno
(1969) can be divided into the Rotalipora
evoluta assemblage subzone and the Rotalipora
cushmani-greenhornensis assemblage subzone.
Many foraminiferal specialists synonmise
R. evoluta with R. appenninica (Scott et al.,
submitted). In North Texas it may be a proxy
for R. globotruncanoides, the marker for the
Cenomanian base (Scott et al., submitted).
Remarks: This zone is characterised by the top
of the S. dispar ammonite zone.

4.4.4. Isotopic Signature and Diagenesis
The carbon and oxygen isotope record of the 9
sections in NE-Texas were measured with bulk
calcium carbonate samples. The carbonate is
dominated by calcareous nannofossils, planktic
foraminifera and benthic foraminifera, in
descending order. Therefore it is assumed that
the signal predominantly represents a surface
water signal. However, the original isotopic
signal can be influenced by different early and
late diagenetic effects. If the sediments were
affected by burial diagenesis and calcite
precipitation from marine pore-fluids, the
carbon and oxygen isotope values would show

a positive correlation (Jenkyns & Clayton, 1986;
Jenkyns, 1996). None of the 9 single sections in
Texas do contain enough values to allow a
separate calculation. The complete section in
Texas shows an insignificant correlation
(r²=0.25; Fig. 56). The low covariance between
the d13C and δ18O values in Texas implies an
insignificant alteration during diagenesis
(Fig. 56). Even though the correlation would be
strong positive, Rao (1996) supposed that this
would not necessarily indicate a diagenetic
signal.

4.4.5. Correlation of the Carbon Isotope Record
of NE-Texas with SE-France

As it is shown in chapter 3.4.5., the carbon
isotope curve can be correlated superregionally.
It was the aim of the correlation of the δ13C
record of NE-Texas and SE-France, to prove the
applicability of the CIS on shallow marine
environments like NE-Texas, where early
diagenesis and alteration of the original marine
isotopic signature could be expected (Grötsch
et al., 1998). The δ13C fluctuation in NE-Texas
is extremely difficult to correlate with the
variations in SE-France (Fig. 57), because of the
sampling gaps. Only three major fluctuations in
NE-Texas can be transferred to SE-France
 (Fig. 57). The top of Al 9 in the Middle Albian,
the zone Al 14 in the late Albian and the major
increase of δ13C values in the late Late Albian
between zone Al 17 and Al 18 can be found in
NE-Texas.

4.4.6. Albian/Cenomanian Stage and Albian
Substage Boundaries in NE-Texas

Middle/Late Albian Substage Boundary
As discussed in chapter 3.4.6., classically the
Middle/Late Albian boundary can be defined by
the FAD of Dipoloceras cristatum.  For the
definition of the Middle/Late Albian boundary
in NE-Texas, different bio- and lithostrati-
graphical horizons are available. There are the
FAD of H. moremani 1.4 m below the distinct
lithological change from Marys Creek Marl to
the Benbrook Limestone and the FAD of
Dipoloceras cristatum 2 m above the litho -
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logical change. The distinct lithological change
from marlstones (Marys Creek) to limestones
(Benbrook), 16 m above the base of the
succession, can be used as boundary marker as
well. The Middle/Late Albian substage
boundary is defined in NE-Texas by the FAD
D. cristatum (Young, 1967; Hancock et al.,
1993) known from the upper part of the
Goodland formation (Kennedy et al., 1999; Scott
et al., submitted; Fig. 58).

Albian/Cenomanian Stage Boundary
After Scott et al. (submitted) the Albian/
Cenomanian stage boundary can be defined by
a cycle boundary in the upper meter of the Main
Street formation (Fig. 58). This cycle boundary
can be correlated by graphic correlation with the
proposed boundary in France (Scott et al.,
submitted). Clark (1965) and Young (1967)
stated that the Albian/Cenomanian boundary lies
at the top of the Pawpaw formation. The upper
part (Pawpaw, Main Street and Grayson
formation) contains a typical Cenomanian
ammonite fauna (Mancini, 1979). Based on
planktic foraminifera (FAD of Rotalipora
evoluta/appenninica) this boundary could be
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Fig. 57: Correlation of the Carbon isotope record of SE-France and the δ13C record of the NE-Texas.

placed into the Grayson formation (Pessagno,
1967; Michael, 1972). But the FAD of
R. evoluta/appenninica is not reliable because
there are evidences (discussed in chapter 5.1.)
that the first appearance is not time equivalent
to the FAD of Rotalipora appenninica in SE-
France, for example.
For the placement of the Albian/Cenomanian
stage boundary in NE-Texas, the following
bio-, litho-, isotope- and cyclostratigraphic
datums are available: the FAD of R. evoluta in
the lower Main Street formation (1 above the
base), the lithological change from the
limestones of the Main Street to the marlstones
of the Grayson formation (1 m below the top of
the total succession). Also the change from the
isotope zone Al 17 to Al 18 (1 m below the base
of the Main Street formation) and the cycle
boundary WA 5 to WA 6 (1 m below the top of
the succession).
In this thesis the Albian/Cenomanian stage
boundary is defined by the cycle boundary
between cycle WA 5 and WA 6 suggested by
Scott et al. (submitted; Fig. 58). This coincides
with the lithological boundary between the Main
Street and Grayson formation.
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Fig. 58: Overview of the Middle and Late Albian of NE-Texas with bio-, isotope- and lithostratigraphic
marker horizons for the Middle/Late Albian substage and Albian/Cenomanian stage boundary. First appear-
ance datums of planktic foraminifera, isotope stratigraphy and lithological events (this thesis), ammonites
(Lehmann pers. com.).

5. Integrated Stratigraphy of the Late Aptian
to Late Albian: Implications for Planktic
Foraminiferal Evolution

5.1. Comparison of First and Last
Appearance Datums of Planktic Foraminifera
with an isochronous δ  13C signal

Based on the assumption that the carbon
isotope signal is a global isochronous signal
(Hilbrecht & Hoefs, 1986; Voigt & Hilbrecht,

1997; Bralower et al., 1999) and due to the
correlation of Fig. 30, 31 and 57, syn- and
diachronous first and last appearance datums of
planktic foraminifera can be described (Fig. 59).

Ticinella bejaouaensis
The last appearance of T. bejaouaensis in SE-
France is recorded in the middle part of isotope
zone Ap 15. At the Mazagan Plateau it occurs at
the base of zone Al 2 (Fig. 59).This leads to the
assumption that the LAD of T. bejaouaensis
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Fig. 59: Comparison of first appearance datum (FAD) of planktic foraminifera of the Aptian and Early
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Nose Plateau; western Atlantic) and NE-Texas. The FADs of planktic foraminifera in SE-France and NE-
Texas based on this thesis, FADs of the Mazagan Plateau based on Leckie (1984) and the FADs of the Blake
Nose Plateau on Bellier & Moullade (2002) and Wilson & Norris (2001).

is diachronous as Kennedy et al. (2000)
presumed. This species died out first in the west-
ern Tethys and about 2.1 Ma later in the eastern
Atlantic (the sedimentation rate for the Late
Aptian/Early Albian is estimated as ~3 cm / 1000
years; Kößler et al., 2001). Due to missing data
no statements about the western Atlantic can be
made.

Ticinella primula
T. primula first appears in SE-France at the base
of Al 6. There does not exist any data from the
eastern and western Atlantic. In NE-Texas

T. primula first occurs in the middle of Al 14
(Fig. 59). This long gap (2.9 to 6.8 Ma;
depending on sedimentation rates of 7 cm per
1000 years for the Late Albian and 3 cm per
1000 years for the Late Aptian) between these
two FADs and there is evidence that a
paleoceanographic mechanism controlled the
FAD of T. primula in NE-Texas (see chapter
6.6.2.). The FAD of T. primula is presumed to
be diachronous (Kennedy et al., 2000). Based
on biostratigraphical comparison, the
reappearance of Ticinella with T. primula  is
diachronous between various European
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(Robaszynski & Caron, 1995) and Tethyan
(Tornaghi et al., 1989) sections.

Rotalipora appenninica
Correlations of the FADs of R. appenninica
show an earlier record in SE-France (isotope
zone Al 14) than at the Mazagan Plateau (Al
16). At the Blake Nose Plateau (western Atlan-
tic) R. appenninica occurs somewhat later than
at the Mazagan Plateau (top of Al 17; Fig. 59).
According to this new observation the FADs of
R. appenninica could be placed chronologically.
Rotalipora appenninica  first evolves in the
western Tethys then emerges into the eastern
Atlantic and from there into the western
Atlantic (Fig. 60). The estimated time periods,
calculated by sedimentation rates and absolute
ages can be assumed as follows: The duration
of the late Albian is assumed as 3.1 Ma
(Gradstein et al., 1995), with 203 m of sediments
in the late Albian in SE-France a sedimentation
rate of about 5 to 7 cm / 1000 a is calculated.
The sedimentation rate for the Mazagan Plateau
is estimated about 3 cm / 1000 a (Leckie, 1984),
and for the Blake Nose Plateau about 9 to 10
cm / 1000 a (Wilson & Norris, 2001). Based on
these sedimentation rates and supported by
absolute ages (Gradstein et al., 1995, Wilson &
Norris, 2001), the migration of R. appenninica
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Fig. 60: Palaeogeographic map of the northern hemisphere in the Late Albian (modified after Voigt, 1996).
The FADs of R. appenninica are shown chronologically in black numbers.

from the western Tethys to the eastern Atlantic
took 0.3-0.4 Ma and from the eastern to the
western Atlantic 0.7-0.9 Ma (Fig. 60). The total
time period of the migration from the western
Tethys to the western Atlantic is estimated as
1.0-1.3 Ma. The distribution of R. appenninica
from east to west may be compared with the
migration of Globorotalia truncatulinoides /
Globorotalia tosaensis in the Pliocene.
Globorotalia truncatulinoides, respectively its
ancestor Globorotalia tosaensis, migrates
during 2.3 and 1.9 Ma from the southwest
Pacific into the Indian and Atlantic oceans via
the Indonesian passage (Spencer-Cervato &
Thierstein, 1997).

Planomalina buxtorfi
P. buxtorfi first occurs in SE-France and at the
Mazagan Plateau at the top of isotope zone
Al 16. At the Blake Nose Plateau P. buxtorfi first
emerges at the top of Al 17. It seems that the
FAD of P. buxtorfi in SE-France and at the
Mazagan Plateau is more or less synchronous
(Fig. 61). The time period between the FAD in
SE-France and the FAD at the Mazagan Plateau
is ~0.06 Ma, which is shorter than the sample
distance at the MazaganPlateau (0.14-0.24 Ma).
The time between the FAD in SE-France /
Mazagan Plateau and the Blake Nose Plateau is
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about 0.7 to 0.9 Ma(Fig. 61).

Rotalipora globotruncanoides
In SE-France R. globotruncanoides emerges for
the first time in the isotope zone Al 22,
and R. brotzeni (older synonym of
R. globotruncanoides; after González Donoso
& Linares in Robaszynski et al., 1994) at the
Mazagan Plateau at the top of Al 19 (Fig. 59).
This indicates that this rotaliporid species
evolved 0.7 Ma (sedimentation rate ~6 cm per
1000 years) earlier in the eastern Atlantic than
in the western Tethys.

North 
America

Africa

Europe

MZ

VB

T

BN

90° 60° 30° 0°

30°

0°

1. SE-France
1. Mazagan Plateau

C
ar

bo
n 

Is
ot

op
e 

S
tr

at
ig

ra
ph

y

2. Blake Nose 
    Plateau

FAD Planomalina
buxtorfiE

st
im

at
ed

 P
er

io
d 

of
 ti

m
e 

(M
a)

0.
7-

0.
9

0.06

Fig. 61: Palaeogeographic map of the northern hemisphere in the Late Albian (modified after Voigt, 1996).
The FADs of P. buxtorfi are shown chronologically in light grey numbers.

5.2. Palaeoceanographic Implications of
diachronous FADs of R. appenninica and
P. buxtorfi at the Mazagan Plateau (eastern
Atlantic).

Rotalipora appenninica appears diachronously
in the western Tethys and the eastern Atlantic,
with a time lack of 0.3-0.4 Ma, whereas
P. buxtorfi occurs synchronously 0.45 Ma later
(Fig. 60, 61). The transport mechanism of
R. appenninica  and P. buxtorfi may be the
clockwise surface water currents in the western
Tethys and Central Atlantic gyres (Barron &
Peterson, 1990; Poulsen et al, 2001). It seems
to be evident that water currents had a

significant effect on the transport of planktic
foraminifera as Schmuker & Schiebel (2002)
pointed out. Transportation of recent shallow
and deep dwelling foraminifera Globorotalia
truncatulinoides by currents (Subtropical
Underwater; Schmuker & Schiebel,
2002;Azores Current; Schiebel et al., 2002) is
proposed. It has to be asked what kind of
mechanism might have force the delay of the
FAD of R. appenninica between SE-France and
NW-Africa and not that of the later occurring
P. buxtorfi. For example, Spencer-Cervato &
Thierstein (1997) proposed oceanographic

barriers for a delayed and a following
transgression for spurred migration of
G. truncatulinoides respectively G. tosaensis. But
oceanographic barriers in the mid
Cretaceous between the western Tethys and the
eastern Atlantic can be ruled out: The Betic Sea-
way with a depth of ~ 2500 m represented no
hindrance to planktic foraminifera. For the
Albian Betic Seaway an open deep water
connection to the North Atlantic is suggested
(Reicherter et al., 1994). For the mid-Cretaceous
(Late Albian) ocean circulation, clockwise gyres
in the Tethys and the central Atlantic are
proposed (Barron & Peterson, 1990; Poulsen
etal, 2001). The Betic Seaway is dominated by a
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Fig. 62: Palaeogeographic map of the northern hemisphere in the Late Albian (modified after Voigt, 1996)
with the FADs of R. appenninica (black numbers) and P. buxtorfi (grey numbers) in a preliminary
chronology. Black arrows indicate the simplified water currents for the western Tethys and the Atlantic,
modified after Barron & Peterson (1990) and Poulsen (2001). The thickness of the arrows shows the
presumed intensity of the surface water currents. Broken arrows indicate the possible distribution of
R. appenninica (black) and P. buxtorfi (grey).

westward outflow from the Tethys into the
central Atlantic and a small backflow in the
northern part into the Tethys (Poulsen et al.,
2001; Fig. 62). Possibly the intensity of
thesurface water currents can be supposed as

cause for the diachronous appearance of
R. appenninica  (0.3-0.4 Ma) or the synchro-
nous appearance of P. buxtorfi between SE-
France and the Mazagan Plateau. Nowadays,
currents in east to west direction (for example
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the Canary Current) flow with slow 0.1 to 2.0
km/h compared to the Gulf Stream that flows in
north south direction (2.0 to 5.0 km/h; Ingle,
1999). If we assume that the 0.3-0.4 Ma long
migration of R. appenninica is for the
Cretaceous a “normal” time period it remains
questionable why P. buxtorfi migrates /appears
in SE-France and at the Mazagan Plateau
synchronous without or minor delay. Enhanced
water current velocity and therefore a higher
transport speed can be achieved by enforced
surface water circulation. An amplified
monsoonal activity in the course of global
warming would lead to a greater wind speed and
consequently to enforced surface water
velocity. For the northern hemisphere in the mid
Cretaceous, due to the land-ocean distribution,
a monsoon system, comparable to the modern
Asian monsoon system, is proposed by Oglesby
& Park (1989). The Late Albian is
characterised by a global warming (102 Ma to
CTBE; Abreu et al. 1998) as well, which is
supported by oxygen isotope data from the
Exmouth Plateau (104-98 Ma; Clark & Jenkyns,
1999). Therefore, it may be speclulated that in
the Late Albian between the FAD of
R. appenninica at the Mazagan Plateau (Fig. 62a)
and the FAD of P. buxtorfi in SE-France/ Mazagan
Plateau (Fig. 62b) the global warming enforced
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the monsoonal system and subsequently the
surface water circulation. Consequently, the
migration of P. buxtorfi (Fig. 62b) would have
been accelerated compared with the distribution of
R. appenninica (Fig. 62a). Furthermore, an
amplified monsoonal system would not only
have speed up the transportation velocity in the
clockwise gyres in the Atlantic and Tethys, but
in addition also transport warm water from the
subtropics into high latitudes. In NW-
Germany, the planktic foraminifera data of the
Kirchrode borehole shows influences of warm
water in the Late Albian (Weiss, 1997).

5.3. Palaeoecological Implications for
diachronous FADs of R. appenninica and P.
buxtorfi at the Blake Nose Plateau (western
Atlantic).

Due to the ongoing global warming in the Late
Albian (Abreu et al., 1998; Clark & Jenkyns,
1999), it may be presumed that an enhanced
monsoonal activity and surface water circula-
tion exist and so a faster migration of planktic
foraminifera species possibly could be expected.
Comparing the FADs of R. appenninica and
P. buxtorfi between the Mazagan and Blake Nose
section, both species occur at the Blake Nose
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Plateau simultaneously 0.7-0.9 Ma later than at
the Mazagan Plateau (and 1.0-1.3 Ma later than
in SE-France; Fig. 60, 61). The migration/
distribution of these two species between NW-
Africa (eastern Atlantic) and off Florida
(western Atlantic) seems to be as well delayed.
In addition to the above mentioned paleo-
oceanographic changes (current velocity),
palaeoecological factors like food availability
can be considered as cause for the retarded
migration of these species. Both species
(R. appenninica, P. buxtorfi) are assumed to have
lived in the deeper part of the photic zone (Hart,
1980; Wonders, 1980) and to have prefer
waters with low nutrient concentration and less
phytoplankton (e.g. Premoli-Silva & Sliter,
1999). Like their modern counterparts, these
k-type species (Premoli-Silva & Sliter, 1999)
seemed to be most specialised in the living habi-
tat and food preference. Recent keeled
foraminifera like Globorotalia menardii live in
the deeper part of the surface waters near the
thermocline about 50-100 m (Kemle von Mücke
& Oberhänsli, 1999) and prefer mainly
phytoplankton (diatoms, coccoliths) and detrial
remains as food source (Hemleben et al., 1977;
Spindler et al., 1984). Based on morphological
comparisons this food preference might be as
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Fig. 64: Model of nutrient distribution in the upper water column at the Blake Nose Plateau before and
during the collapse of the stratification.

signed to the Cretaceous keeled forms like
Rotalipora and Planomalina.
In the Late Albian the Atlantic is described as
an ocean basin which has ceased to be an exten-
sion of a silled Tethys Seaway, with an estua-
rine circulation and a deep connection to other
deep oceans (Norris et al., 2001). The sediments
at the Blake Nose Plateau are accumulated in
an open marine environment. The estimated Sea
Surface Temperature (SST) is proposed to have
been at least 30-31°C during the Late Albian
and Early Cenomanian (Norris & Wilson, 1998).
At the Blake Nose Plateau, the δ18O signal of
surface and subsurface dwelling planktic
foraminifera shows converging values near the
onset of the OAE1d (Wilson & Norris, 2001).
This converging is interpreted as a collapse of
the upper ocean thermal gradient (stratification),
an increase in the depth of the mixed layer and/
or a shift in the thermocline is under debate
(Wilson & Norris, 2001; Fig. 63). The converg-
ing δ 18O values of surface and
subsurface planktic foraminifera could also be
interpreted as a habitat change of the
foraminifera. Wilson & Norris (2001) argue
against a habitat change, because of the
coherency of the δ18O signal. The delayed  FADs
of R. appenninica and P. buxtorfi at the Blake
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Nose Plateau correspond with the collapse of
the stratification (Fig. 63). Therefore, it is
assumed that the ecological circumstances at the
Blake Nose before the stratification collapse
prevented the settlement of these species and/
or the ecological changes following the collapse
may have advanced the settlement. The collapse
of the stratification, which lead to a better
mixing of the surface water and the water of the
deeper photic zone, could be the cause itself.
The break-down of the stratification might have
lead to more oxygen in the deeper photic zone
and redistribution of the nutrients. The better
mixing could have provided that the nutrients,
which are accumulated in the deeper photic zone
during a time with a more stable thermocline
(Fig. 64a), to be evenly distributed in all of the
photic zone and that the deeper photic zone will
become relatively depleted (entrainment; Fig.
64b; Schiebel et al., 2001). Whereas the nutri-
ent condition in the deeper photic zone before
the mixing can be characterised as fairly high,
the mixing depleted most of the nutrients. A
rather nutrient depleted condition is more
appropriate for deep dwelling, k-type species
like R. appenninica and P. buxtorfi, according
to Premoli Silva & Sliter (1999). When
nutrients accumulated in the deeper photic zone
with reduced light intensity (Fig. 64a) not
enough phytodetritus food for R. appenninica
and P. buxtorfi may have been available. In the
upper part of the surface water with higher light
intensity, not many nutrients may have been
present and consequently the amount of
phytodetritus was small. If nutrients have been
more evenly distributed due to the mixing and
the nutrient concentration in the upper part of
the photic zone have been increased (Fig. 64b),
more phytoplankton may have been produced
and more food for keeled foraminifera would
have been present in the deeper photic zone.
Wilson & Norris (2001) assumed that the
variability in stratification is related to local
changes in proto-western boundary current
waters and subtropical gyres. Furthermore, it is
suggested that a stratification collapse is
accompanied by a general increase in deep win-
ter mixing and generally reduced summer
stratification, analogous to modern seasonal

cycles in the subtropics (Wilson & Norris, 2001)
added over longer time periods. Meyers &
Doose (1999) and Herrle et al. (2003 a, b)
assumed that enhanced monsoonal activity is
characterised by stronger winds allowing a
better mixing of the surface waters and the
entrainment of nutrients into the upper photic
zone (Fig. 64). Therefore enhanced monsoonal
activity forced by global warming can be
considered as cause for the collapse in the
stratification.

5.4. Transgression related First Appearance
Datums in NE-Texas and Implications for
Biostratigraphy

First appearances of planktic foraminifera in
NE-Texas seem to occur in two major intervals
in the Kiamichi and in the Pawpaw to Main
Street formation (Fig. 65). The first interval in
the lower Late Albian Kiamichi formation shows
five FADs in a very short succession. This
interval is characterised by the first occurrence
of Ticinella primula. Michael (1972) also
described this FAD in the Kiamichi formation.
Ticinella primula is regarded as Middle Albian
(e.g. Longoria, 1984) or used as basal marker
of the Middle Albian (Bréhéret, 1997; Fiet et al.
2001). For example, Longoria (1984) and
Premoli-Silva & McNulty (1989) described the
FAD of T. primula from the Gulf of Mexico as
Middle Albian. Compared with SE-France (CIS)
the FAD of T. primula in NE-Texas lies in the
Late Albian (Fig. 65). This observation of a late
appearance of T. primula is supported by the
ammonite stratigraphy of NE-Texas (Lehmann
pers. com.), which placed the Kiamichi
formation into the Late Albian. The Kiamichi
formation is more or less equivalent to the
Washita depositional cycle 1 (WA 1), which
represents a transgressive flooding period
(after Scott et al. submitted; Fig. 65).
Regarding the late FAD of T. primula in NE-
Texas compared to SE-France, and the
simultaneous transgression, it is possible that
this first occurrence is induced by the transgres-
sion. The higher total abundance of planktic
foraminifera (Fig. 46, 53) supports that hypo-
thesis. It is supposed that T. primula, present in
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the western Atlantic (Gulf of Mexico) in the
Middle Albian, migrated to NE-Texas not until
the Late Albian because of the shallow marine
environment on the Comanchean shelf. There-
fore, this FAD can only be used for a regional
stratigraphic zonation in NE-Texas, but can not
be compared superregional with, for example,
SE-France. The second interval from the upper
Pawpaw to the upper Main Street formation is
marked by 1 to 2 FADs in a short succession as
well. This interval is characterised by the FAD
of R. evoluta (Fig. 65). After Scott et al.
(submitted), R. evoluta is synonymous to
R. appenninica. The appearance of R. evoluta/
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Fig. 65: The FADs and LADs of planktic foraminifera in NE-Texas of the Middle and Late Albian com-
pared with the cyclostratigraphy based on Scott et al. (submitted).

appenninica in the uppermost Albian to
lowermost Cenomanian (Main Street to Grayson
formation) in NE-Texas is supported by
Pessagno (1967), Michael, (1972) and Mancini
(1979). Also the FAD of R. evoluta/appenninica
is described for example in the middle Late
Albian (early S. dispar ammonite zone) from
SE-France (this thesis) and the Late Albian
(upper part of the S. dispar ammonite zone) from
the Gulf of Mexico (Longoria, 1984). In the east
(Western Tethys; SE-France), R. appenninica
occurs earlier than in the west (Western
Atlantic, Blake Nose Plateau) and in the Gulf
of Mexico (Longoria, 1984; Fig. 66). The



delayed appearance of R. evoluta/appenninica
in NE-Texas compared with the Gulf of Mexico
(Fig. 66) can be explained by the shallow
neritic environment in NE-Texas during most
of the Late Albian. R. evoluta/appenninica had
the first opportunity to migrate into NE-Texas
along with a major transgression (Fig. 66; dark
grey arrow), which Scott et al. (submitted)
postulated for the Late Albian Pawpaw and Main
Street formation (WA 5 cycle). Also in the
Kiamichi Formation, the influence of
transgression on the planktic foraminifera
occurrences is supported by the increasing total
abundances (chapter 4.4.2.).
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Fig. 66: Palaeogeographic map of the Western At-
lantic in the Late Albian (modified after Voigt, 1996).
The FADs of R. appenninica in this area are shown
chronologically in black numbers. The dark grey
number 3 is based on data from Longoria (1984).
The dark grey arrow induced the transgression de-
rived first occurrence of R. appenninica in NE-
Texas.

6. Conclusions

- Based on first and last occurrences of
planktic foraminifera, a detailed planktic
foraminifer’s biostratigraphic zonation for the
Late Aptian to Albian of the Vocontian Basin
(western Tethys) and the Middle to Late Albian
of NE-Texas (western Atlantic) is established.

For NE-Texas a biostratigraphic zonation based
on first and last appearance datums of planktic
foraminifera, and not on foraminifera assem-
blages, is presented. The planktic foraminifera
biostratigraphy of the Vocontian Basin and NE-
Texas is calibrated to the carbon isotope
stratigraphy and the existing ammonite and
calcareous nannofossil biostratigraphy for the
western Tethys and the western Atlantic.
- A high resolution carbon isotope
stratigraphy for the Early, Middle and Late
Albian of the Vocontian Basin (SE-France) has
been established and verified by comparison
with the carbon isotope record (δ 13C) of the
Mazagan Plateau, the Blake Nose Plateau and
NE-Texas.
- After integrating all biostratigraphic
(planktic foraminifera, calcareous nannofossils
and ammonites) and isotope stratigraphic data,
the following markers for stage and substage
boundaries are presented: The Aptian/Albian
Stage boundary in SE-France is determined
5.5 m above the Niveau Kilian black shale,
characterised by the onset of the negative δ13C
excursion. The Early/Middle Albian substage
boundary in SE-France is marked by the first
appearance datum (FAD) of the planktic
foraminifer Ticinella primula. The Middle/Late
Albian substage boundary is defined by the FAD
of the planktic foraminifer Biticinella
breggiensis accompanied by the FAD of the
ammonite Mortoniceras inflatum. The Middle/
Late Albian substage boundary in NE-Texas is
determined by the FAD of the ammonite
Dipoloceras cristatum. The Albian/Cenomanian
Stage boundary is defined by the cycle bound-
ary between the sedimentation cycle WA 5 and
WA 6 in NE-Texas.
- Based on the correlation of the δ13C record
of the sections in SE-France (western Tethys),
the Mazagan Plateau (eastern Atlantic), the
Blake Nose Plateau (western Atlantic) and NE-
Texas (western Atlantic) syn- and diachronous
first and last appearances of planktic
foraminifera can be described. Ticinella
bejaouaensis disappears (LAD) in SE-France
about 2.1 Ma earlier than at the Mazagan
Plateau. Rotalipora appenninica emerges at the
Mazagan Plateau 0.3-0.4 Ma later than in SE-
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France and 0.7-0.9 Ma later at the Blake Nose
Plateau than at the Mazagan Plateau. The first
appearance of Planomalina buxtorfi in SE-
France and at the Mazagan Plateau seems to be
synchronous, but at the Blake Nose Plateau this
species occurs 0.7-0.9 Ma later. Rotalipora
globotruncanoides first occurs at the Mazagan
Plateau and can be recognised about 0.7 Ma later
in SE-France. In NE-Texas, Ticinella primula
and Rotalipora evoluta/appenninica first occur
with time lags of 2.9 to 6.8 Ma (Ticinella
primula, compared to SE-France) and
Rotalipora evoluta/appenninica appears about
0.6 Ma later than at the Blake Nose Plateau (1.5
Ma compared with SE-France).
- These syn- and diachronous first and last
appearances of planktic foraminifera have the
following palaeoceanographic and palae-
oecologic implications: The delayed transport
of R. appenninica between SE-France and the
Mazagan Plateau as well as the faster transport
of P. buxtorfi may be caused by the influence of
the enhanced monsoonal system on the surface
water circulation. The synchronous FAD of
R. appenninica and P. buxtorfi at the Blake Nose
Plateau coincides with the collapse of
stratification of the upper water column. A
direct palaeoecologic link between the FADs and
the collapse is assumed and can be explained
by a redistribution of nutrients within the photic
zone due to the enhanced monsoonal activity.
The delayed appearances of planktic
foraminifera in NE-Texas may be caused by the
shallow marine environment of the Comanchean
shelf. The FADs of planktic foraminifera in NE-
Texas are mainly influenced by sea level induced
transgressions, which prevented a settling of T.
primula and R. evoluta/appenninica.
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8. Taxonomy

Ascoliella Banner & Desai, 1988

Ascoliella nitida (Michael, 1972)

1972 Favusella nitida Michael, p. 214, pl. 3, figs 10-12.
1973 Favusella pessagnoi Michael, pp. 214, 215, pl. 4, figs 4-6.
1976 Favusella aff. washitensis (Carsey), Ascoli, p. 661, 674, pl. 1, figs 4a-c.
1977 Favusella hedbergellaeformis Longoria & Gamper, p. 207, pl. 4, figs 1-3, 7-9.
1988 Ascoliella scotiensis Banner & Desai, p. 150, pl. 2, figs 3-4
1997 Ascoliella nitida (Michael) BouDagher-Fadel, p. 73, 77, pl. 4.5, figs 1-9; pl. 4.7,

figs 1-3.

Range: This species appears in NE-Texas in the Late Albian, in the Kiamichi to the Weno
formation (Fig. 51). Boudagher-Fadel et al. (1997) described A. nitida as the oldest known species
of Ascoliella, ranging from the Late Aptian to Late Albian. In NE-Texas first recorded from the
Duck Creek, Fort Worth and Denton formation (Michael, 1972).

Ascoliella quadrata (Michael, 1972)

1972 Favusella quadrata Michael, p. 215, pl. 4, figs 7-9.
1997 Ascoliella quadrata (Michael) BouDagher-Fadel, p. 73, pl. 4.5, figs 10-12.

Range: This species first occurs in the Middle to Late Albian (Goodland to lower Weno
formation; Fig. 51). Michael (1972) observed this species in the Late Albian Duck Creek, Fort
Worth and Denton formation.

Ascoliella scitula (Michael, 1972)

1973 Favusella scitula Michael, p. 215, pl. 4, figs 10-12.
1978 Favusella papagayosensis Longoria & Gamper, p. 207, pl. 4, figs 16-18 (holotypes),

19-21; pl. 5, figs, 16-21 (paratypes).
1997 Ascoliella scitula (Michael) BouDagher-Fadel, p. 75, pl. 4.6, figs 1-3, 8-10.

Range: This species is known in NE-Texas in the Middle to Late Albian (Goodland to Main
Street formation; Fig. 51). Michael (1971) described this species in NE-Texas from the Late Albian
Duck Creek, Fort Worth and Denton formation.

Biticinella Sigal, 1956

Biticinella breggiensis (Gandolfi, 1942)

1942 Anomalina breggiensis Gandolfi, p. 102, pl. 3, figs 6a-c.
1956 Biticinella breggiensis Sigal, p.35, no. 3.
1962 Biticinella breggiensis Luterbacher & Premoli-Silva, p. 272, pl. 23, figs 2-4.
1966 Ticinella (Biticinella) spectrum breggiensis (Gandolfi) et Sigal, p. 193, pl. 1, figs1-7; pl. 2,

fig 2.
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1969 Biticinella breggiensis (Gandolfi) Caron & Luterbacher, p. 25, pl. 7, fig 4a-c.
2001 Biticinella breggiensis (Gandolfi) Lipson-Benitah & Almogi-Labin, p. 240-243, pl. 1, figs 1-

4; pl. 2, figs 1-3.

Range: This species (plate 1, fig. 2 a/b) appears in the Late Albian (B. breggiensis  to
R. appenninica zone) of SE-France (Caron, 1985; Fig. 24).

Favusella Michael, 1972

Favusella hiltermanni (Loeblich & Tappan, 1961)

1961 Hedbergella hiltermanni Loeblich & Tappan, p. 275, pl. 4, figs 12-13.

Range: This species occurs in NE-Texas in the Middle to Late Albian (Goodland to Weno
formation; Fig. 51). Michael (1972) mentioned F. hiltermanni from the Duck Creek, Fort Worth
and Denton formation (Late Albian) and Loeblich &Tappan (1961) and Boudagher-Fadel et al.
(1997) in the Early Cenomanian of NW-Germany.

Favusella washitensis (Carsey, 1926)

1926 Globigerina washitensis Carsey, p. 44, pl. 7, fig 10; pl. 8, fig. 2.
1961 Hedbergella washitensis (Carsey) Loeblich & Tappan, p. 278, pl. 4, figs 9-11.

Remarks: The species Favusella washitensis was first described by Carsey (1926) as
Globigerina washitensis and later assigned to the new genus Favusella by Michael (1972). The
existence of this genus is still under debate. Koutsoukos et al. (1989) assumed that all Favusella
taxa were ecophenotypic, controlled by peculiar ecological environmental terms (Hart et al., 1980)
like shallow, warm, hypersalin, carbonate-saturated waters (Koutsoukos et al., 1989). The
stratigraphical and faunal data in this thesis shows, that various species of Favusella have different
stratigraphical ranges (Fig. 51). This leads to the assumption that the origin of this genus might be
a change of environmental terms, but later becomes an independent genus. Boudagher-Fadel et al.
(1997) assumption of different stratigraphical ranges and regional distributions of Favusella spp.
supports the use of this genus as biostratigraphic marker.
Range: This species (plate 3, fig. 1) is known in NE-Texas in the Middle and Late Albian
(Michael, 1972; Fig. 51). The same species was recorded from the Cenomanian of the Blake
Plateau (Loeblich & Tappan, 1961), Cuba (Ayala, 1962) and Negev Desert (Arkin & Hamaoui,
1967). Sigal (1965) described H. washitensis from the Albian of Paris.

Globigerinelloides Cushman &Ten Dam, 1948

Globigerinelloides bentonensis (Morrow, 1934)

1934 Anomalina bentonensis Morrow, p. 201, pl. 30 figs 4a-b.
1957 Planomalina caseyi Loeblich & Tappan, pl. 1, figs 4-5.
1961 Globigerinelloides eaglefordensis (Moreman), Loeblich & Tappan, p. 268, pl. 2, figs 3-7.
1970 Globigerinelloides bentonensis (Morrow), Eicher & Worstell, p. 297, pl. 8, figs 17, 19; pl. 9,

figs 3.
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1977 Globigerinelloides cushmani (Tappan), Masters, p. 408, pl. 10, fig 4; pl. 11, figs 1-2.
1987 “Blowiella” bentonensis (Morrow) BouDagher-Fadel, p. 145, pl. 3, figs 1-9; pl. 4,

fig, 6.
1997 Alanlordella bentonensis (Morrow) BouDagher-Fadel, p. 221-223, pl. 12.3, figs 1-9; pl. 12.4,

figs1-9, text-fig 12.1.

Range: This species (plate 3, fig. 5) occurs in SE-France from the Early to Late Albian
(H. planispira to R. appenninica zone, Fig. 24) and in NE-Texas in the Late Albian (Kiamichi to
end of section; Fig. 51). Caron (1985) described G. bentonensis from the Albian.

Globigerinelloides caseyi (Bolli, Loeblich & Tappan, 1957)

1957 Planomalina caseyi Bolli, Loeblich & Tappan, p. 24, pl. 1, figs 4a-5b.
1962 Globigerinelloides caseyi (Bolli, Loeblich & Tappan) Low, pp. 122-123;
1966 Globigerinelloides caseyi (Bolli, Loeblich &Tappan) Pessagno, p. 276, pl. 49, figs 2-5.

Range: This species appears in the uppermost Late Albian and Early Cenomanian (Pawpaw to
end of section) of NE-Texas (Fig. 51). Michael (1972) mentioned G. caseyi as common in the
Kiamichi and Duck Creek and rare in the Main Street and Grayson formation of NE-Texas. This
species is also recorded as G. eaglefordensis (Loeblich &Tappan, 1961) from England (Gault Clay),
Blake Plateau and Texas (Grayson and Del Rio formation).

Globigerinelloides ultramicra (Subbotina, 1949)

1949 Globigerinella ultramicra Subbotina, p. 33, pl. 2, figs 17-18.
1970 Globigerinelloides caseyi (Bolli, Loeblich & Tappan) Eicher & Worstell, p. 297, pl. 8, figs

11, 15-16.
1976 Globigerinelloides ultramicra (Subbotina) Masters, p. 413, pl. 12, figs 3-5.
1984 Globigerinelloides ultramicrus (Subbotina) Leckie, p. 614, pl. 11, figs 10-11.

Range: This species is known in SE-France in the Early to Late Albian (H. planispira  to
R. appenninica zone; Fig. 24). Leckie (1984) for example described G. ultramicra in the Late
Albian and Cenomanian offshore Morocco (DSDP Site 545, 547).

Guembelitria Cushman, 1933

Guembelitria cretacea (Cushman, 1933)

1933 Guembelitria cretacea Cushman, p. 37, pl. 4, fig 12.

Range: This species occurs in SE-France in the Late Albian (T. praeticinensis to R. appenninica
zone; Fig. 24). Guembelitria cretacea is also known in the Late Albian of NW-Germany (Prokoph,
1997).
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Hedbergella Brönnimann & Brown, 1958

Hedbergella bizonae (Chevalier, 1961)

1961 Hastigerina bizonae Chevalier, p. 34, pl. 1, figs 24a-c.
1972 Hedbergella bollii Longoria, p. 53, pl. 13, figs 12-14.
1973 Hedbergella kuhryi Longoria, p. 60, pl. 14, figs 4-6.

Range: Hedbergella bizonae is recorded in SE-France from the Early to Late Albian (H.
planispira to R. ticinensis zone; Fig. 24).

Hedbergella delrioensis (Carsey, 1926)

1926 Globigerina cretacea d´Orbigny var. delrioensis Carsey, p. 43.
1937 Globigerina infracretacea Glaessner, p. 28, text-fig 1.
1961 Hedbergella delrioensis (Carsey) Loeblich & Tappan, p. 275, pl. 2, figs 11-13.

Remarks: Hedbergella delrioensis and Hedbergella infracretacea are considered as different spe-
cies (Coccioni & Premoli-Silva, 1994). Maslakova (1963) and Caron (1985) regarded
H. infracretacea as a younger synonym of H. delrioensis. Both species show a large variability in
size, surface and number of chambers. These two taxa exhibit no clear distinguishing features and
remain problematic (Coccioni & Premoli-Silva, 1994). Therefore these two species are in this
thesis added together as H. delrioensis/ infracretacea.
Range: This species (plate 2, fig. 2; plate 3, fig. 2) occurs in SE-France in the Late Aptian to the
Late Albian (total section; Fig. 24) and in NE-Texas in the Middle to the Late Albian (as well total
section; Fig. 51). Hedbergella delrioensis/infracretacea is global distributed and is recorded from
various location like Roter Sattel (Switzerland; Strasser et al., 2001), California (Sliter & Premoli-
Silva, 1990), Mexico (Longoria, 1984; Premoli-Silva & McNulty, 1989) and NW-Germany (Prokoph,
1997).

Hedbergella flandrini (Porthault, 1970)

1970 Hedbergella flandrini Porthault, pp. 64-65, pl. 10, figs 1-3.

Range: Hedbergella flandrini is described in SE-France only in a few samples in the Late
Albian (R. appenninica zone; Fig. 24).

Hedbergella gorbachikae (Longoria, 1974)

1972 Hedbergella gorbachikae Longoria, p. 56, pl. 15, figs 1-16.

Range: This species appears in SE-France throughout the whole section in the Late Aptian to
the Late Albian (Fig. 24).
Hedbergella implicata (Michael, 1972)

1972 Hedbergella implicata Michael, p. 208, pl. 2, figs 4-6.

Range: Hedbergella implicata is known in NE-Texas in the Late Albian to Early Cenomanian
(Kiamichi to end of section; Fig. 51). Michael (1972) reports that this species is restricted to the



Late Albian Kiamichi and Duck Creek formation.

Hedbergella intermedia (Michael, 1972)

1971 Hedbergella intermedia Michael, p. 208, pl. 2, figs 7-9.

Range: This species is recorded in NE-Texas from the Late Albian to Early Cenomanian
(Kiamichi to end of section; Fig. 51). Hedbergella intermedia is described by Michael (1972) for
North Central Texas for the Late Albian Kiamichi, Duck Creek and Fort Worth formation.

Hedbergella maslakovae (Longoria, 1974)

1974 Hedbergella maslakovae Longoria, p. 61, 63, pl. 24, figs 11-12.

Range: Hedbergella maslakovae can be found in the Early to Late Albian (Hedbergella planispira
to Rotalipora appenninica zone; Fig. 24) of SE-France. Caron (1985) mentioned H. maslakovae as
common in the Aptian.

Hedbergella planispira (Tappan, 1940)

1940 Globigerina planispira Tappan, p. 122, pl. 19, fig 12.
1961 Hedbergella planispira (Tappan) Loeblich & Tappan, p. 276, pl. 5, figs 4-11.
1961 Hedbergella trocoidea (Gandolfi) Loeblich & Tappan, pp. 277-278, pl. 5, figs 1-2.
1967 Hedbergella planispira (Tappan) Pessagno, pp. 283-284, pl. 51, fig 1; pl. 53, figs 1-4.

Range: Hedbergella planispira (plate 2, fig. 4; plate 3, fig. 3) occurs in SE-France in the Late
Aptian to Late Albian (Fig. 24). In NE-Texas this species is known from the Late Albian to Early
Cenomanian (Kiamichi to end of section; Fig. 51). This species is as well as H. delrioensis/
infracretacea a global distributed taxa. Hedbergella planispira is known in the Early Albian to Late
Albian of the Blake Nose Plateau (Bellier & Moullade, 2002), Mexico (Longoria, 1984; Premoli-
Silva & McNulty, 1989 and Roter Sattel (Switzerland; Strasser, 2001). From the Late Albian of
California (Sliter & Premoli-Silva, 1990) and NW-Germany (Prokoph, 1997; Weiss, 1997)

Hedbergella punctata (Michael, 1972)

1970 Hedbergella (?) punctata Michael, p. 211, 214, pl. 3, figs 1-3; pl. 7, figs 1-2.

Range: This species appears in NE-Texas in the Late Albian (Kiamichi to Main Street forma-
tion, Fig. 51). Hedbergella punctata is recorded in North Central Texas in the Late Albian Kiamichi,
Duck Creek and Denton formation (Michael, 1972).

Hedbergella sigali (Moullade, 1966)

1966 Hedbergella (Hedbergella) sigali Moullade, p. 87, pl. 7, figs 24-25.
1974 Hedbergella sigali (Moullade) Longoria, p. 68, pl. 21, figs 6-8; pl. 22, figs 1-13.
1979 Hedbergella sigali (Moullade) Sigal, pl. 1, figs 1-2.
1986 Clavihedbergella sigali (Moullade) Gorbatchick, pl. 24, figs 1-2.
1989 Hedbergella sigali (Moullade) Puglisi & Coccioni, pl. 1, figs 18-23.
1993 Praehedbergella sigali (Moullade) Banner et al., pl. 7, pl. 2, figs 2-3.

88 Taxonomy



89Taxonomy

Range: Hedbergella sigali occurs in SE-France throughout the total section (Late Aptian to
Late Albian; Fig. 24). This species is also described in the Albian of Roter Sattel (Switzerland;
Strasser et al., 2001).

Hedbergella simplex (Morrow, 1934)

1934 Hastigerinella simplex Morrow, p. 198-199, figs 6a-c (holotype)
1954 Hastigerinella simplicissima Magné & Sigal, pl. 14, figs 11a-c.
1961 Clavihedbergella simplex (Morrow) Loeblich & Tappan, p. 279-280, pl. 3, figs 11a-c.
1961 Hedbergella amabilis Loeblich & Tappan, p. 274, pl. 3, figs 1a-c (holotype), 2-4, 5a-c

(paratypes), 6-10.
1976 Hedbergella amabilis (Loeblich & Tappan) Carter & Hart, p. 29-31, pl. 3, figs 22-23.
1977 Hedbergella simplex (Morrow) Weiss, p. 114, pl. 2, figs 1-2.

Range: This species (plate 2, fig. 3) can be found in SE-France in the Late Aptian to the Late
Albian (Fig. 24). Hedbergella simplex is known in the Late Albian of California (Sliter & Premoli-
Silva, 1990), Mexico (Premoli-Silva & McNulty, 1989) and NW-Germany (Prokoph, 1997).

Hedbergella trocoidea (Gandolfi, 1942)

1942 Anomalina lorneiana var. trocoidea Gandolfi, p. 99, pl. 2, figs 1-a-c.
1962 Hedbergella trocoidea (Gandolfi) Brönnimann & Brown, p. 16, fig 1.
1961 Hedbergella trocoidea (Gandolfi) Loeblich & Tappan, p. 277-278, pl. 5, figs 1a-c,

2a-c.
1969 Hedbergella trocoidea (Gandolfi) Caron & Luterbacher, p. 23, pl. 7, figs 1a-c, 2a-c (lectotypes).
1971 Hedbergella trocoidea (Gandolfi) Longoria, p. 69, pl. 17, figs 1-16; pl. 18, figs 3-5.

Range: Hedbergella trocoidea appears in the Late Aptian to Late Albian (begin of the section to
R. appenninica zone; Fig. 24). This species is described in the Late Aptian to Early Albian of the
Blake Nose Plateau (Bellier & Moullade, 2002) and in the Middle Albian of Mexico (Premoli-Silva
& McNulty, 1989).

Heterohelix Ehrenberg, 1843

Heterohelix moremani (Cushman, 1938)

1937 Guembelina moremani Cushman, p. 10, pl. 2, figs 1a-3.
1967 Heterohelix moremani (Cushman) Pessagno, p. 260-261, pl. 48, figs 10-11; pl. 89, figs 1-2.

Range: This species (plate 2, fig. 5) occurs in SE-France in the Middle Albian to Late Albian
(T. primula zone to the end of the section; Fig. 24). In NE-Texas H. moremani ranges from the
Middle Albian to the Early Cenomanian (Goodland formation to the end of the section; Fig.). This
species is known in the Late Albian of California (Sliter & Premoli-Silva, 1990), Mexico (Premoli-
Silva & McNulty, 1989) and NW-Germany (Prokoph, 1997).



Heterohelix reussi (Cushman, 1938)

1937 Gümbelina reussi Cushman, p. 11, pl. 2, figs 6a-c.1985
1985 Heterohelix reussi (Cushman) Caron, p. 55, figs 24.10-11.

Range: Heterohelix reussi can be described in SE-France in the Middle Albian to Late Albian
(T. primula zone to the end of the section; Fig. 24). In NE-Texas this species is mentioned in the
Late Albian (Fort Worth formation to the end of section; Fig.). Heterohelix reussi is also known in
the Early Cenomanian of California (Sliter & Premoli-Silva, 1990).

Heterohelix striata (Ehrenberg, 1840)

1840 Textularia striata Ehrenberg, p. 135, pl. 4, figs 1a, 2a, 3a.
1967 Heterohelix striata (Ehrenberg) Pessagno, p. 264, as fig 2a of Ehrenberg, 1840.
1985 Heterohelix striata (Ehrenberg) Caron, p. 55, figs 24.12-13

Range: Heterohelix striata appears in SE-France in the Late Albian (R. appenninica zone; Fig.
24) only in a few samples.

Planomalina Loeblich & Tappan, 1946

Planomalina buxtorfi (Gandolfi, 1942)

1942 Planulina buxtorfi Gandolfi, p. 103, pl. 3, figs 7a-c.
1946 Planomalina apsodostroba Loeblich & Tappan, p. 258, pl. 37, figs 22, 23.
1975 Planomalina buxtorfi (Gandolfi) emend. Wonders, pl. 1, fig. 4, text-fig 4, figs 3a-b,

4a-b.
1984 Planomalina buxtorfi (Gandolfi) Caron, p. 65, figs 29.1-2.
1997 Planomalina buxtorfi (Gandolfi) BouDagher-Fadel, p. 227, pl. 12.6, figs 7-9.

Range: Planomalina buxtorfi (plate 1, fig. 1 a/b) occurs in SE-France in the Late Albian within
the R. appenninica zone (Fig. 24). This global distributed species is described from the Late Albian
of Mazagan Plateau (Nederbragt et al., 2001), Blake Nose Plateau (Bellier & Moullade, 2002),
Roter Sattel (Strasser et al., 2001), California (Sliter & Premoli-Silva, 1990) and Mexico (Longoria,
1984; Premoli-Silva & McNulty, 1989).

Planomalina praebuxtorfi (Wonders, 1975)

1975 Planomalina praebuxtorfi Wonders, pp. 90-91, pl. 1, figs 1-2, text-fig 4, fig 2.
1997 Alanlordella praebuxtorfi BouDagher-Fadel, Banner & Whittaker, pp. 224-227,
pl. 12.5, figs 1-9, pl. 12.6, figs 1-6, fig 12.1.

Range: This species is known in SE-France in the Late Albian, in the lower R. appenninica
zone (Fig. 24). Planomalina praebuxtorfi can be found in the Late Albian of Roter Sattel (Switzer-
land; Strasser et al., 2001), California (Sliter & Premoli-Silva, 1990) and Mexico (Longoria, 1984).
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Praeglobotruncana Bermudez, 1952

Praeglobotruncana delrioensis (Plummer, 1931)

1931 Globorotalia delrioensis Plummer, p. 199, pl. 13, figs 2a-c (holotypes).
1961 Praeglobotruncana delrioensis (Plummer) Loeblich & Tappan, p. 280-284, pl. 6, figs 9a-c,

10a-c (topotypes), 11, 12a-c.

Range: This species occurs in NE-Texas in the uppermost Late Albian and Early Cenomanian
(Main Street formation to the end of the section; Fig. 51). Praeglobotruncana delrioensis is
described in the Late Albian of California (Sliter & Premoli-Silva, 1990), Mexico (Premoli-Silva &
McNulty, 1989) and NW-Germany (Prokoph, 1997).

Rotalipora Brotzen, 1942

Rotalipora appenninica (Renz, 1936)

1936 Globotruncana appenninica Renz, p. 14, fig. 2; var. alpha Gandolfi, 1942, p. 117,
text-figs 40a-c.

1961 Rotalipora appenninica appenninica (Renz) Luterbacher & Premoli-Silva, pp. 266-
268, pl. 19, figs 1-2; pl. 20, figs 1-4; pl 21, figs 1-4.

1969 Rotalipora appenninica (Renz) Caron & Luterbacher, p. 26, pl. 8, fig. 8. Robaszynski &
Caron, 1979, p. 59, 64; pl. 4, figs 1a-3c; pl. 5, figs 1a-3c.

1980 Thalmanninella appenninica (Renz) Wonders, p. 141, pl. 2, figs 2a-c.

Range: Rotalipora appenninica (plate 1, fig. 3 a/b) first appears in SE-France in the upper part
of the Late Albian (Fig. 24). This globally distributed species is known from the Late Albian of
Switzerland (Strasser et al., 2001), Italy (Piobbico; Erbacher, 1994; Galeotti, 1998), Mazagan
Plateau (Nederbragt et al., 2001), Blake Nose Plateau (Wilson & Norris, 2001; Bellier & Moullade,
2002), Mexico (Longoria, 1984), California (Sliter & Premoli-Silva, 1990) and even the Boreal
Kirchrode (Weiss, 1997).

Rotalipora evoluta (Sigal, 1948)

1948 Rotalipora cushmani var. evoluta Sigal, p. 100, pl. 1, figs 3; pl. 2, figs 2.
1946 Globorotalia delrioensis Plummer, Loeblich & Tappan, p. 257, text-fig 4b.
1957 Rotalipora cf. appenninica (Renz) Bolli et al., p. 41, pl. 9, figs 5a-c.
1966 Rotalipora (Thalmanninella) appenninica evoluta (Sigal) Caron, p. 72, pl. 1, figs 3a-c.
1967 Rotalipora evoluta (Sigal) Pessagno, p. 294, pl. 49, figs 12-14; pl. 53, figs 6-8; pl. 98,

fig 12.

Remarks: Many foraminiferal specialists synonmise R. evoluta with R. appenninica (Scott,
submitted). In North Texas it maybe a proxy for R. globotruncanoides, the marker for the Cenomanian
base (Scott, submitted).
Range: This species first can be found in NE-Texas in the Main Street formation (Fig. 51).
Michael (1972) described R. evoluta from the upper Grayson formation of North Central Texas and
Pessagno (1967) from the Cenomanian of Trinidad and Switzerland. Barr (1972) recorded R. evoluta
from the Cenomanian of Libya.
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Rotalipora subticinensis (Gandolfi, 1942)

1842 Globotruncana ticinensis var. a Gandolfi, p. 114, pl. 2, fig 4a-c (holotype).
1957 Globotruncana (Thalmanninella) ticinensis subticinensis Gandolfi, p. 59, fig 1a-c.
1978  Pseudothalmanninella subticinensis (Gandolfi) Wonders, p. 125. Pl. 1, figs 2a-c.
1979  Rotalipora subticinensis (Gandolfi) Robaszynski & Caron, p. 107, pl. 19, figs 1a-c, 2a-d
 (topotypes).
1980  Pseudothalmanninella subticinensis (Gandolfi) Wonders, p. 139, pl. 1, figs 2a-c.

Range: Rotalipora subticinensis first occurs in SE-France in the Late Albian (Fig. 24). This
species is also known from the Late Albian of Switzerland (Strasser et al., 2001), Central Italy
(Galeotti, 1998), the Blake Nose Plateau (Bellier & Moullade, 2002) and California (Sliter & Premoli-
Silva, 1990).

Rotalipora ticinensis (Gandolfi, 1942)

1942 Globotruncana ticinensis Gandolfi, p. 113, pl. 2, figs 3a-c.
1969 Rotalipora ticinensis (Gandolfi) Caron & Luterbacher, p. 25, pl. 8, figs 6a-c.
1977 Pseudothalmanninella ticinensis (Gandolfi) Wonders, p. 128, pl. 1, figs 3a-c, 4a-c.
1978 Rotalipora ticinensis (Gandolfi) Robaszynski & Caron, p. 111, pl. 20, fig 1a-d.
1979 Pseudothalmanninella ticinensis (Gandolfi) Wonders, p. 139, pl. 1, figs 2a-c.

Range: Rotalipora ticinensis (plate 2, fig. 1 a/b) first appears in SE-France in the Late Albian
(Fig. 24). This globally distributed species is known from the Late Albian of Switzerland (Strasser
et al., 2001), Italy (Piobbico; Erbacher, 1994; Galeotti, 1998), the Mazagan Plateau (Nederbragt et
al., 2001), Blake Nose Plateau (Wilson & Norris, 2001; Bellier & Moullade, 2002), California
(Sliter & Premoli-Silva, 1990) and Mexico (Longoria, 1984)

Ticinella Reichel, 1950

Ticinella bejaouaensis (Sigal, 1966)

1966 Ticinella roberti var. bejaouaensis Sigal, pl. 5, figs 5-7.
1966 Ticinella bejaouaensis (Sigal) emend. Moullade, p. 103.
1985 Ticinella bejaouaensis (Sigal) Caron, p. 77, figs 36.1-3.

Range: Ticinella bejaouaensis is described in SE-France in the Late Aptian (from the start of
the section to the LO of the nominal species; Fig. 24). This species is known also from the Aptian
and Early Albian of the Blake Nose Plateau (Leckie, 1984) and the Aptian of Roter Sattel (Switzer-
land; Strasser et al., 2001)

Ticinella praeticinensis (Sigal, 1966)

1966 Ticinella praeticinensis Sigal, pp. 195-196, pl. 2, figs 3-5.
1984 Ticinella praeticinensis (Sigal) Caron, p. 77, figs 36.8-9.

Range: This species occurs in SE-France in the Late Albian (T. praeticinensis to R. appenninica
zone; Fig. 24). Ticinella. praeticinensis is mentioned as well from the Late Albian of Mexico
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of Mexico (Longoria, 1984; Premoli-Silva & McNulty, 1989).

Ticinella primula (Luterbacher, 1963)

1963 Ticinella primula Renz, Luterbacher & Schneider, p. 1085, text-fig 4.

Range: Ticinella primula appears in SE-France in the Middle to the Late Albian (T. primula to
R. appenninica zone; Fig. 24). In NE-Texas this species is known in the Late Albian (Kiamichi
formation to the end of the section; Fig. 51). This species is described in Roter Sattel (Switzerland;
Strasser et al., 2001), California (Sliter & Premoli-Silva, 1990), Mexico (Premoli-Silva & McNulty,
1989) and NW-Germany (Prokoph, 1997).
Ticinella raynaudi (Sigal, 1966)

1966 Ticinella raynaudi Sigal, pp. 200-202, pl. VI, figs 1(a-c) - 3(a-c).

Range: Ticinella raynaudi is known in SE-France in the Middle to the Late Albian (T. primula
zone to the end of the section, Fig. 24). This species is described in the Late Albian of California
(Sliter & Premoli-Silva, 1990), Mexico (Premoli-Silva & McNulty, 1989) and NW-Germany
(Prokoph, 1997; Weiss, 1997).

Ticinella roberti (Gandolfi, 1942)

1942 Anomalina roberti Gandolfi, p. 100, pl. 2, fig 2; pl. 4, figs 4-7, 20; pl. 5, fig 1; pl. 13,
figs. 3,6.

1949 Globotruncana (Ticinella) roberti (Gandolfi) Reichel, pp. 600-603, pl. 16, fig 1; pl. 17,
fig 1.

1966 Ticinella roberti (Gandolfi) Sigal, pp. 203-207, pl. 4, figs 10-12; pl. 5, figs 1-4.

Range: This species occurs in SE-France from the uppermost Middle Albian to the uppermost
Late Albian (T. primula to R. appenninica zone; Fig. 24). Ticinella roberti is known in the Albian of
Libya and Switzerland (Barr, 1972).
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Appendix 7: Lithology and sample distribution of the Early to Middle Albian section at 
the Col de Palluel (Les Jassines), with respect to foraminifera stratigraphy (sample 
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abbreviation = LE). For lithological explanation see Appendix 2.
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Appendix 11: Lithology and sample distribution 
of the Late Albian section at theCol de Palluel, 
northern mountainside of the Mont Risou, with 
respect to foraminifera stratigraphy (sample 
abbreviation = PV). For lithological explanation 
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Appendix 14: Road map of Greater Fort Worth with the 
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. Type section of 
the Goodland formation (Marys Creek 
Marl, sample abbreviation = HW). 
For lithological explanation see Appendix 2.
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Appendix 16: Location 2 

. Type section 
Goodland Formation (Benbrook Limestone, 
sample abbreviation = MC). For lithological 

south cutbank 
of Marys Creek east of FM 2871 1.4 km 
and west of I-820 with respect to the
foraminifera stratigraphy
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Appendix 17: Lithology and sample 
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the Interstate 30 west of Oakland 
Street with respect to foraminifera 
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Plate 1

Fig. 1 Planomalina buxtorfi (Gandolfi, 1942)
 SE-France, Section Col de Palluel VI, Late Albian,
 a) umbilical view (330X), Sample BR 782/2
 b) dorsal view (300X); Sample BR 782/1

Fig. 2 Biticinella breggiensis (Gandolfi, 1942)
 SE-France, Section Col de Palluel IV, Late Albian,
 a) umbilical view (360X), Sample FS103
 b) umbilical view (360X), Sample FS103

Fig. 3 Rotalipora appenninica (Renz, 1936)
 SE-France, Section Col de Palluel VI, Late Albian,
 a) umbilical view (300X), Sample BR 789/6
 b) dorsal view (350X); Sample BR 789/6
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Plate 2

Fig. 1 Rotalipora ticinensis (Gandolfi, 1942)
 SE-France, Section Col de Palluel V, Late Albian,
 a) dorsal view (250X), Sample PVB 107
 b) umbilical view (300), Sample PVB 107

Fig. 2 Hedbergella delrioensis (Carsey, 1926)
 SE-France, Section Col de Palluel VI, Sample BR
 781/ 2, Late Albian, dorsal view (380X)

Fig. 3 Hedbergella simplex (Morrow, 1934)
 SE-France, Section Col de Palluel VI, Late Albian,
 dorsal view (420X), Sample BR 782/1,

Fig. 4 Hedbergella planispira (Tappan, 1940)
 SE-France, Section Col de Palluel VI; Sample BR
 789/4, Late Albian, umbilical view (750X)

Fig. 5 Heterohelix moremani (Cushman, 1938)
 SE-France, Section Col de Palluel VI, Sample BR
 794/2, Late Albian, (1000X)
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Plate 3

Fig. 1: Favusella washitensis (Carsey, 1926)
 NE-Texas, Section Lancaster Avenue, Sample
 LD 13, Late Albian, umbilical view (400X)

Fig. 2: Hedbergella delrioensis (Carsey, 1926)
  NE-Texas, Section Meacham Field, Sample MF 9
  Late Albian, umbilical view (420X)

Fig. 3: Hedbergella planispira (Morrow, 1934)
  NE-Texas, Section Interstate 30 & Menzer Street,
  Sample MS 2, Late Albian, umbilical view (560X)

Fig. 4: Hedbergella sp. (Brönnimann & Brown, 1958)
  NE-Texas, Section Meacham Field, Sample
  MF 4, Late Albian, umbilical view (350X)

Fig. 5: Globigerinelloides bentonensis (Morrow, 1934)
  NE-Texas, Section Meacham Field, Sample
  MF 1, Late Albian, umbilical view, (360)

Fig. 6: Globigerinelloides sp. (Cushman & Ten Dam,
  1948) NE-Texas, Section Interstate 30 & Menzer
  Street, Sample MS 2, Late Albian, umbilical view
  (820X)
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