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Abstract

Benthic foraminifers were studied from the northern continental margin of the Late Cretaceous Iberian Plate (Basque-Cantabrian
Basin). A cross section from inner ramp carbonates containing large benthic foraminifers (sections Sobron, Losavalley) to hemipela-
gic marl-limestone alternations (sections Villasana, Murguia) and pelagic claystones and marlstones (section Galarreta-Gordoa and
borehole Urbasa-2) allows the study of distribution of benthic foraminifers.

The functional morphology and life style of foraminifers can be used to determine their former position on the carbonate ramp and
to detect upwards shallowing and deepening trends in sedimentary sequences. The sequential analysis of the Late Cretaceous carbo-
nate ramp deposits of the Basque-Cantabrian Basin (Northern Spain) proved to be greatly enhanced by the use of the palacoecology
of benthic foraminifers.

Abundances of benthic foraminifers were recorded with respect to a palacoslope model of the Late Cretaceous carbonate ramp.
With this palacoslope model it was possible to estimate the waterdepth range of many species of benthic foraminifers in the Basque-
Cantabrian Basin.
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Resumen

Se han estudiado los foraminiferos bentonicos del margen continental septentrional de la Placa Ibérica durante el Cretacico Su-
perior (Cuenca Vascocantabrica). Un corte estratigrafico realizado que abarca desde depoésitos carbonatados de rampa interna con
foraminiferos bentdnicos de gran tamano (columnas de Sobrén y Losavalle) hasta las alternancias margo-calizas de caracter hemi-
pelagico (columnas de Villasana y Murguia) y las arcillas y margas pelagicas (columna de Galarreta-Gordoa y sondeo Urbasa-2) ha
permitido estudiar la distribucion de los foraminiferos bentonicos.

La morfologia funcional y el estilo de vida de los foraminiferos puede utilizarse para determinar su posicion original en la rampa
carbonatada y determinar tendencias de somerizacion y profundizacion hacia techo en las secuencias sedimentarias. El analisis
secuencial de los depositos de la rampa carbonatada del Cretacico Superior de la Cuenca Vascocantabrica se ha visto claramente
mejorado utilizando los datos paleoecoldgicos de los foraminiferos bentonicos.

La contrastacion de la abundancia de foraminiferos benténicos con el modelo de paleopendiente del Cretacico Superior ha permi-
tido estimar el rango paleobatimétrico de vida de muchas especies de foraminiferos bentonicos en la cuenca Vascocantabrica.

Palabras clave: estratigrafia secuencial, Cretacico Superior, foraminiferos bentonicos, Cuenca Vascocantébrica, paleoecologia.
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1. Introduction

The use of benthic foraminifers as proxies for sea-
level change and changing depositional environment is
a branch of foraminiferal palacoecology. Approaches to
foraminiferal palacoecology are based on ideas borrowed
from modern ecology and from the study of palacoslope
distribution of foraminifers (Douglas, 1979; Kuhnt, 1990;
Sikora and Olsson, 1991; Van der Zwaan et al., 1999).
Foraminiferal palacoecology applies relationships such
as faunal trends in species richness and species abun-
dance, foraminiferal number, changes in morphotype
abundances, variations between infauna and epifauna
and others, especially in estimating palacobathymetry
and in estimating sea-level change from palacobathym-
etry (Douglas, 1979).

Although benthic foraminifers are widely used as proxy
for palacodepth, the nature of the relationship between
foraminiferal distribution and waterdepth is still poorly
understood (Van der Zwaan et al., 1999). Waterdepth
per se is not a limiting factor for benthic foraminifers
because only hydrostatic pressure and light vary directly
as a function of waterdepth. Carbon flux varies with wa-
terdepth in the deep-sea and in outer shelf environments
(Suess, 1980). In inner shelf environments, river-input
of organic carbon affects this depth-relationship (Suess,
1980). Modern ecologic studies show that in deep-sea
foraminiferal faunas the flux of organic matter to the
sediment-water interface and the presence or absence of
oxygen in the first centimeters below the sediment-water
interface are the controlling factors for the distribution
of benthic foraminifers (for example, Mackensen ef al.,
1995; Van der Zwaan et al., 1999). These studies ignore
the influence of light and the influence of sediment (=
nutrient) input from the coast as an additional factor for
the distribution of inner shelf foraminifers. In inner shelf
environments, the functional morphology and life style
of foraminifers can be used to detect their former posi-
tion on the platform and to detect upwards shallowing
and deepening trends in sedimentary sequences (Geel,
2000).

To evaluate the validity of benthic foraminiferal proxies
for sea-level change, a detailed case studies is discussed
here. This case study is based on a cross section from the
Late Cretaceous of the Basque-Cantabrian Basin (Figs. 1,
2). Floquet (1991, 1998) as well as Gréfe and Wiedmann
(1993, 1998) describe the sedimentary content, depo-
sitional geometries and depositional sequences in the
studied area. The foraminiferal content and foraminif-
eral proxies are matched against the sequence strati-
graphic subdivision of these sections. The parameters

foraminiferal number, benthos number, plankton number,
plankton/benthos-ratio, species richness, heterogeneity
(H(S)), abundances of wall structure types (agglutinated,
calcareous-hyaline, calcareous-porcelainous), abundanc-
es of morphotypes, and abundances of selected species
are already discussed in a previous publication (Gréife
and Wendler, 2003). The variations in the distribution of
single benthic foraminiferal species will be discussed in
this work.

In inner ramp carbonates of the studied area, large ben-
thic foraminifers contribute with a significant number to
the benthic foraminiferal fauna. Larger foraminifers occur
abundantly in many platform deposits and they can easily
be identified at the generic level in random thin sections
or, already in the field, with the aid of a hand lens. They
cover a wide range of shallow-water environments, but
their distribution is controlled mainly by light conditions
and substrate and there is a narrow relationship between
particular associations of genera and specific facies types
(Hallock and Glenn, 1986; Hottinger, 1997). Hence,
larger foraminifers are excellent palacoenvironmental
indicators which may be used as valuable tools to discern
environmental changes, such as shallowing and deepen-
ing trends, in otherwise often lithologically monotonous
platform successions.

After an introduction in the regional geology of the
Late Cretaceous Basque-Cantabrian Basin, the first part
of the paper gives a synopsis of the biology and life style
of benthic foraminifers. This is followed by an overview
of the distribution of Cenomanian-Santonian benthic
foraminiferal species on carbonate ramps and shelf de-
posits of the Basque-Cantabrian Basin with respect to
characteristic facies types. Finally, in the last section,
the results about the distribution of benthic foraminifers
in the Basque-Cantabrian Late Cretaceous are compared
with sea-level cycles and changes in palacoceanography
in other W-European basins . This paper focuses mainly
on Cenomanian to Santonian benthic foraminifers. Cam-
panian to Maastrichtian benthic foraminifers of the stud-
ied area are only mentioned briefly.

2. Material and Methods
2.1. Regional Geology

The Basque-Cantabrian Basin is a margin-sag-basin
(Einsele, 1992) formed on thinned continental crust.
During the Cretaceous, the Basque-Cantabrian Basin
was part of the southern continental margin of the Bay
of Biscay. After a period of extension during Jurassic and
during Albian to Santonian times including the counter
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Fig. 1.— Location plan of outcrop sections and boreholes in the Basque-Cantabrian Basin, which are used in tracking the distribution of benthic
foraminifers in a cross section through the basin. Sections used from the work of Floquet (1991, 1998) are also shown. Abbreviations: M. =

borehole Marinda 1.
Fig. 1.— Plano de localizacion de las columnas sobre afloramiento y sondeo

s que se han utilizado para establecer la distribucion de foraminiferos

bentonicos en un corte estratigrafico a lo largo de la Cuenca Vasco-Cantabrica. También se muestran las columnas de trabajos de Floquet (1991,

1998) que se han utilizado. Abreviaturas: M = sondeo Marinda 1.

clockwise rotation of the Iberian Plate with respect to the
European one (Olivet, 1996), the reversal of the move-
ment of both plates led to compression from the Cam-
panian to the Oligocene. This results in the formation
of the Pyrenees in the east and in the formation of the
fold- and reversed-fault to steep-overthrust structures that
nowadays characterizes the tectonic style of the Basque-
Cantabrian Basin (Grife and Wendler, 2003, fig. 3). The
rotation of the Iberian Plate ensued in the production of
oceanic crust in the western Biscay during the Albian
to Santonian (Gréife and Wendler, 2003, fig. 4). In the
eastern Biscay, a sinistral strike-slip fault-system along
the plate boundary in the Pyrenean Realm transforms the
plate motion between the Iberian and European plates
(Rat et al., 1983; Engeser et al., 1984; Garcia-Mondéjar,
1996; Hiscott et al., 1990). The main subsidence phase
of the Basque-Cantabrian Basin accompanied the drift
stage, providing the accumulation space for more than
2000 m of Cenomanian to Coniacian sediments. In the
area of the Le Danois Bank, Malod et al. (1982) reported
southwards directed underthrusting or subduction. Grife
(1999b) summarized details of the palaeotectonic, bios-
tratigraphic, and sequence stratigraphic development.

Four major facies belts can be distinguished from the
coastline to the deep-sea in the Basque-Cantabrian Ba-
sin (Fig. 2). (1) Marginal inner ramp carbonates near
the coastline often deposited in tidal flats or hypersaline
areas. (2) Inner ramp carbonates partly with rims or
shoals of large foraminiferal or rudist carbonates. The
section Sobron, for example (Griafe and Wendler, 2003,
fig. 5) records such a shoal area with large foraminiferal
carbonates in the Cenomanian. (3) Outer or distal ramp
marl-limestones alternations called flysch a boules in the
Basque-Cantabrian Basin (sections Villasana, Murguia,
Figs. 1-4). (4) Hemipelagic clay- and marlstones (sec-
tion Galarreta-Gordoa and borehole Urbasa-2; Griafe and
Wendler, 2003, figs. 7, 8).

All these facies belts have distinctly different foraminif-
eral faunas. Griafe and Wiedmann (1993) described the
microfacies and gave an overview of the micro- and
macrofaunal content. The correlation between sections
and boreholes is based mainly on high-resolution bios-
tratigraphy (Gréfe and Wendler, 2003, figs. 6-8), partly
also on seismic profiles and large-scale outcrops (Grife
and Wiedmann, 1998).
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(1991, fig. 145) and Grife (1999b, figs. 1a, 4).

Fig. 2.— Mapa paleogeografico y paleotectonico esquematico de la rampa carbonatada y la cuenca profunda del norte de Espafia durante el Cenom-
aniense-Turoniense. Las areas someras y los limites de los Macizos Vascos se han dibujado de forma esquematica. Las areas someras pueden
expandirse durante los periodos regresivos o pueden desaparecer totalmente durante los periodos transgresivos (por ejemplo en el Turoniense
inferior). Para una discusion sobre la localizacion del limite de placas entre Iberia y Europa consultar Grafe (1999b). El rectangulo gris indica el
area donde estan situados los perfiles del corte estratigrafico de este trabajo. El rectangulo blanco marca la Figura 1. Abreviaturas: S = Santander,
B = Bilbao, Bu = Burgos, V = Vitoria, H = Hendaya. Muy modificada a partir de Floquet (1991, fig. 141) y Gréfe (1999b, figs.1a, 4).

2.2. Preparation of foraminifers, taxonomy

Density of samples in the investigated sections is un-
even, and there were various standard methods used in
obtaining the benthic foraminiferal fauna for investiga-
tion (counts of 300 specimen, splitting and picking of
the whole weighed sieve residue etc.). The details of
preparation and the sources of taxonomy for some plank-
tic foraminifers are found in Grife (1994) and Grife
and Wendler (2003). In the appendix, the taxonomy of
benthic foraminifers mentioned in the text or in figures
is briefly outlined. Records of benthic foraminifers from
sections on the North Castillian ramp studied in Floquet
(1991, 1998) were incorporated in this study (Fig. 1), as
well as additional information from Feuillée (1967) and
Ramirez del Pozo (1971).

2.3. Sequence stratigraphy

Vail ef al. (1987, 1991), Van Wagoner et al. (1988), as
well as Posamentier and Vail (1988) established the ap-
proach used for the study of depositional sequences in
the Basque-Cantabrian Basin. The concept of outcrop se-
quence stratigraphy is based on the recognition of deposi-
tional geometries in large-scale outcrops, the recognition
of stacking patterns of parasequences, the recognition of
marine flooding surfaces in sections and boreholes, in-
terpretation of accommodation patterns in borehole and
outcrop logs. Also the qualitative and quantitative dis-
tribution of foraminifers, skeletal components, and mac-
rofauna in logged profiles were considered (Griafe and
Wiedmann, 1998; Grife, 1999b). The ideas of varying
accommodation space and the imprint of this varying ac-
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commodation space in the occurrence of marine flooding
surfaces and prograding, aggrading or retrograding sets
of parasequences turned out to be of most value for the
recognition of systems tracts and depositional sequences
in the Basque-Cantabrian Basin (Floquet, 1998).

Depositional sequences in the Basque-Cantabrian Ba-
sin are mainly constrained on the inner carbonate ramp,
where subaerial exposure surfaces can easily be recog-
nized and where pronounced deepening events help to
distinguish transgressive surfaces. In the profile Sobréon
(Grife and Wendler, 2003, fig. 5), three deepening sur-
faces were recognized in the Cenomanian carbonates and
interpreted as sequence boundaries UC2, UC3, and UC4
(Gréfe and Wendler, 2003, fig. 5a). The last two sequence
boundaries correlate basinward with the lowstand sys-
tems tract composed of calciturbidites derived from large
foraminiferal carbonates like those deposited in Sobréon
(Gréife and Wendler, 2003, figs. Sa, 6a).

From the inner carbonate ramp, sequences were
traced basinward using stratigraphically correlated sec-
tions or seismic profiles. On the outer ramp and in the
deeper basin, in some hemipelagic sections depositional
geometries and electric borehole logs were helpful in
distinguishing depositional sequences (for example, Vil-
lasana, see Grife and Wiedmann, 1998). For example, in
the borehole Urbasa-2 (Griafe and Wendler, 2003, fig. 7,
1810 to 1790 m and 1700 to 1615 m), the lowstand sys-
tems tract of sequences UC8/9 and UC9/10 are character-
ized by strong progradational patterns in the resistivity
log. Sequence boundaries are marked by strong log peaks
(Gréfe and Wendler, 2003, fig. 7, 1880 and 1960 m for
example), maximum flooding surfaces are characterized
by troughs in the electric log near shale baseline (Gréfe
and Wendler, 2003, fig. 7, 2000 m, 1825 m).

3. Habitat and mode of life of benthic foraminifers

Foraminifers are marine unicellular protistans with
either calcareous skeletons or with tests consisting of
foreign particles agglutinated by cement formed by the
organisms themselves. In contrast to the so-called smaller
benthic foraminifers, larger benthic foraminifers exhibit
more connections between the interior and the outside
world and they have a more complex skeletal structure
(Drooger, 1993). In perforate foraminifers, the calcare-
ous test contains numerous small openings or pores as
opposed to imperforate foraminifers without such pores.
Calcification in imperforate and perforate calcareous
tests is fundamentally different. In the perforates, calcite
is secreted on both sides of an organic nucleating sur-
face, whereby necessary ions are derived from external
and internal sources (Geel, 2000). These forms are most

abundant where carbonate concentration is close to nor-
mal oceanic salinities. In imperforates, the calcite needles
used for test building are produced in the interior of the
animals. The rate of carbonate production seems to be
limited by the ion concentrations in the surrounding sea
water and is favoured by conditions found in warm, nor-
mal to hypersaline water (Geel, 2000). These forms toler-
ate and even proliferate in environments with relatively
high calcite saturation states, for instance in the shallow
backreef. Agglutinated forms contain but little calcite, a
feature which enables them to live in very low Ca-car-
bonate concentrations (Drooger, 1993).

Most living, and probably also extinct, larger foramini-
fers maintain(ed) a symbiotic relationship with algae,
profiting from the metabolic products of their symbionts,
which gives them a greater independence of external
food resources (Lee and Anderson, 1991). Selected algae,
either chlorophyceans, rhodophyceans, dinophyceans or
diatoms, are found in combination with specific hosts.
Because of the different light preferences of their algae,
the foraminifers occupy different depth ranges in the
photic zone (Hottinger, 1983; Leutenegger, 1984). The
dependence on symbiotic algae explains some general
trends. First, the development of lateral chambers with
thin walls during evolution enhancing penetration of light
for the photosynthesis of the algae. This enabled the large
foraminifers to expand their habitat to greater depths.
Secondly, the shapes of lenticular tests become intraspe-
cifically more compressed, flatter, and side walls become
thinner in deeper parts of the habitat (Drooger, 1993).

In contrast, small benthic foraminifers preferred the
sediment-water interface and the first centimeters of the
sediment column as preferred habitat (infaunal mode of
life). Some species live also on plants or algae some cen-
timeters above the sea-floor (epifaunal mode of life). The
depth of infaunal mode of life in the sediment is largely
controlled by the availability of oxygen and nutrients in
the uppermost parts of the sediment column (Van der
Zwaan, et al., 1999). The test shape of small benthic
foraminifers seems to be functional with respect to mode
of life (infaunal — epifaunal). It has been argued, that in-
faunal species require smooth, slender tests, have a large
surface / volume ratio and small pores all over the test
(Corliss, 1985, 1991). Epifaunal species would be prefer-
ably trochospiral and have large dorsal pores and smaller
pores on the ventral side. This model about functional
morphology of the test and the correlation with a certain
environment and a certain mode of life is exciting, but not
fully supported by detailed studies on modern small ben-
thic foraminifers (Van der Zwaan et al., 1999). Instead,
this model should be used as a more general outline, and
one should be aware that there are numerous deviations
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and a rather loose correlation between mode of life and
test morphology.

The basic life cycle of the foraminifers has been de-
scribed as an alternation of generations: asexually pro-
duced megalospheric forms with a large initial chamber
but generally of small size and sexually produced micro-
spheric forms with a small initial chamber but generally
of large size (Hemleben et al., 1989). It has been observed
that relative and absolute numbers of microspheric forms
increase with depth and are highest over an optimum,
intermediate, interval of the specific depth range. Large-
sized megalospherics and large embryos are indicative
for optimal stable environmental conditions at the most
favourable parts of the depth range (Geel, 2000). Rapid
maturation and large numbers of offspring with smaller
embryos, and successive asexual generations is advanta-
geous under stress conditions, that is, under conditions
of environmental instability, for instance in very shallow
water, in deep-water areas with high seasonality of nutri-
ent-flux or during colonization of new ecospaces (Hal-
lock, 1985; Van der Zwaan, et al. 1999).

It is common usage to classify organisms according to
their life-history strategies. At one extreme are the r-mode
opportunists which rapidly increase their population den-
sities usually by early maturation and reproduction, and
which proliferate in nutrient-rich ephemeral or stressed
habitats. At the other extreme are the K-mode biotically
competent species, characterized by long individual life
and low reproduction potential. This life style is most
advantageous in highly stable, oligotrophic environments
where organisms compete by specialization and habitat
partitioning (Geel, 2000). Larger foraminifers are at ad-
vantage in oligotrophic environments by their symbiotic
mode of life. They tend towards the K-mode of strategy.
In nutrient-rich (eutrophic) waters this advantage disap-
pears. Here, the smaller r-mode benthic foraminifers pro-
liferate in outcompeting the K-mode specialists (Hallock
etal., 1991).

From the above discussion some rules-of-thumb may
be deduced that are pertinent to facies analysis (Van der
Zwaan et al., 1999; Geel, 2000): (1) a large number of
porcelainous imperforates points to somewhat hypersa-

line waters; (2) proliferation of perforates is indicative
of normal marine conditions; (3) thinwalled and flat tests
are predominantly found in the deeper parts of the habi-
tat range of a species or indicate low-oxygen environ-
ment; (5) microspheric individuals are most frequent in
intermediate parts of the habitat range; (6) large size of
megalospheric adults and embryos suggest optimal oli-
gotrophic stable conditions at the most favourable parts
of the depth range (K-mode strategy); (7) rapid matura-
tion (small size), large numbers of offspring with smaller
megalospheric embryos and few or no microspheric
embryos indicate more unstable or more nutrient-rich
environments (r-mode strategy).

4. Results

4.1. A cross-section through the continental margin of
the Cenomanian-Santonian Basque-Cantabrian Basin

This cross-section is formed of several sections and
boreholes of the Cenomanian to Santonian (Figs. 1, 2).
The benthic foraminiferal content of the profiles Losav-
alley, Murguia, and Villasana is displayed in detail as an
example (Figs. 3-5). The benthic foraminiferal fauna of
the sections Sobron, Gordoa-Galarreta and the borehole
Urbasa-2 was described in Griafe (2001) and in Gréife
and Wendler (2003). Other foraminiferal parameters of
these sections as well as the foraminiferal content of
more sections can be found in Floquet (1991), in Grife
(1994, 1996, 1999b) and in Grife and Wendler (2003).
For the sedimentologic description, the reader is referred
to Griafe and Wiedmann (1993) and Gréfe (1994).

The palaeotopography of the Cenomanian-Santonian
Basque-Cantabrian Basin was governed by the presence
of a carbonate ramp from the latest Albian through the
whole Late Cretaceous. Cenomanian and Turonian sedi-
ments were deposited on a distally steepened carbonate
ramp (Gréfe and Wiedmann, 1993). Coniacian to Santo-
nian sediments were deposited on a homoclinal carbonate
ramp (Gischler ef al., 1994).

The shallowest parts of these carbonate ramps are
around the coastline of the Ebro Block and Iberian

Fig. 3.— (opposite page) Section Murguia, Middle to Lower Turonian. Location see Fig. 1. Nomenclature and correlation of the depositional se-
quences with the biostratigraphic framework see Gréafe and Wendler (2003, fig. 10). Definition of biozones after Robaszynski and Caron (1995).
Abbreviations: Subs. = Substages, Bioz. = Biozone, Seq. Strat. = Sequence Stratigraphy, LST = lowstand systems tract, TST = transgressive sys-
tems tract, HST = highstand systems tract, DS = depositional sequence, SB = sequence boundary, 4b. = Ammobaculites, At. = Ataxophragmium,
H. = Haplophragmium, Ld. = Laevidentalina, Lgav. = Lingulogavelinella, Ps. = Pseudotextulariella, Q. = Quadrimorphina.

Fig. 3.— (pagina opuesta) Columna de Murguia, Turoniense inferior a medio. Para localizacion ver Fig. 1. Para nomenclatura y correlacion de las
secuencias deposicionales con el marco biestratigrafico ver Grafe y Wendler (2003, fig. 10). La definicion de biozonas es segin Robaszynski
y Caron (1995). Abreviaturas: Subs. = Subpisos, Bioz. = Biozona, Seq. Strat. = Estratigrafia Secuencial, LST = Cortejo de bajo nivel, TST =
Cortejo transgresivo, HST = Cortejo de alto nivel, DS = Secuencia Deposicional, SB = Limite de Secuencia, 4b. = Ammobaculites, At. = Ataxo-
phragmium, H. = Haplophragmium, Ld. = Laevidentalina, Lgav. = Lingulogavelinella, Ps. = Pseudotextulariella, Q. = Quadrimorphina.
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Massif and in the Iberian seaway towards the W-Tethys
(tidal flats and areas with anomalous salinity, Fig. 2).
An inner ramp area with varying palaeoenvironments
(backreef with calm and turbulent water, algal shoals,
rudists shoals, etc.) follows between this marginal area
and a line approximately striking parallel to the so-called
Losa Fault system (Fig. 2). Northward, outer ramp and
slope sediments were deposited in the Late Cretaceous.
Between outer and inner ramp, a rapid facies transitions
occurs in the Cenomanian-Turonian between sediments
deposited under wave-influence and sediments deposited
in quiet water. Deep basinal sediments occur only in
small areas in the Basque-Cantabrian Basin because of
Tertiary erosion. Only in the Zumaya Basin, widespread
deep-water sediments occur (Fig. 2). During periods of
strong transgression like the Early Turonian, facies belts
of inner ramp carbonates shift southward and in the area
between Losa fault, the Ebro Block and the Iberian Mas-
sif ammonite marlstones were deposited instead of ramp
carbonates.

4.2. Distribution of Cenomanian to Santonian benthic
foraminifers on the facies belts of the carbonate ramp
and deep basin in the Basque-Cantabrian Basin

The distribution of benthic foraminifers in the major
facies belts of the Basque-Cantabrian Basin was derived
from their occurrence in the sections and boreholes
shown in Figures 1 and 2. Detailed description of these
sections are found in Floquet (1991, 1998), Gréfe (1994,
1996), Grife and Wiedmann (1993) and Grafe and Wen-
dler (2003).

4.2.1. Marginal facies belt along the coastline (tidal
flats, hypersaline, and subsaline areas)

Miliolids form the major component of the benthic
foraminiferal fauna in this facies belt of a very shallow-

water environment. They live preferably in low-turbu-
lence water where abundant sediment fines occur. Some
are typically r-mode specialists, and the abundance of
miliolids is generally taken as evidence for restricted “la-
goonal” environment (Figs. 6, 7). Common species in the
Basque-Cantabrian Basin in this facies belt are I/dalina
antiqua, Periloculina zitteli, Quinqueloculina antiqua,
Spiroloculina papyracea, and Triloculina kochi.

4.2.2. Inner ramp facies and shoals, waterdepth in
photic zone

A number of robust, partly ornamented agglutinated
and calcareous benthic foraminifers live in very shallow
water of the inner ramp (10 to 50 m waterdepth), on lime
sands, near bioherms and in inter-bioherm regions. The
above mentioned miliolids occur also commonly during
the Cenomanian-Santonian in this facies belt (Figs. 6,
7).

(a) In Cenomanian and Turonian turbulent to calm wa-
ter occur typically the species Biplanata peneropliformis,
Charentia cuvillieri, Chrysalidina gradata, Cuneolina
pavonia, Cyclolina cretacea, Cyclopsinella steinmanni,
Daxia cenomana, Nezzazata simplex, and Thomasinella
punica.

(b) In Coniacian to Santonian calm water, with fine-
grained soft-bottom sediment, lived Dicyclina schlum-
bergi, Minouxia conica, and M. lobata (Fig. 7). They are
found in large numbers in lime-mudstones of the inner
ramp, associated with miliolids, indicating a low-energy,
sheltered environment.

(¢) In Coniacian to Santonian more turbulent water oc-
cur Abrardia mosae, Accordiella conica, Gendrotella
rugoretis, Glomospira senonica, Martiguesia cyclam-
miniformis, Nezzazatinella picardi, Nummofallotia
cretacea, Pseudocyclammina massiliensis, Rotalia re-
icheli, Rotalia mesogeensis, and Rotalia trochidiformis
(Figs. 5, 7).

Fig. 4.— (opposite page) Columna de Villasana, Turoniense inferior a superior. Para localizacion ver Fig. 1. Para nomenclatura y correlacion de las

secuencias deposicionales con el marco biestratigrafico ver Grafe y Wendler (2003, fig. 10). La definicion de biozonas es segiin Robaszynski y
Caron (1995). Abreviaturas: AZ = Zona de Whiteinella archaeocretacea, L. Turon. = Turoniense inferior, A. = Arenobulimina, D. = Dorothia,
E. = Eoguttulina, F. = Frondicularia, Gy. = Gaudryina, G. = Gavelinella, Gr. = Globorotalites, Gl. = Globulina, Gyr. = Gyroidinoides, Hs.
= Haplophragmoides, Hy. = Hyperammina, L. = Lenticulina, M. = Marginulinopsis, Nf. = Neoflabellina, Os. = Osangularia, Pal. = Palmula,
Pat. = Patellina, Pl. = Planularia, P. = Praebulimina, Pc. = Psilocitharella, Pu. = Pullenia, R. = Rotalia, Tex. = Textularia, T. = Tritaxia, Va. =
Valvulineria, V. = Verneuilina. Para otras abreviaturas ver Fig. 3. Modificada de Gréfe (1994, fig. 44).

Fig. 4.— (pagina opuesta) Section Villasana, Lower to Upper Turonian. Location see Fig. 1. Correlation of the depositional sequences with the
biostratigraphic framework see Griafe and Wendler (2003, fig. 10). Definition of biozones after Robaszynski and Caron (1995). Abbrevia-
tions: AZ = Zone of Whiteinella archaeocretacea, L. Turon. = Lower Turonian, A. = Arenobulimina, D. = Dorothia, E. = Eoguttulina, F. =
Frondicularia, Gy. = Gaudryina, G. = Gavelinella, Gr. = Globorotalites, Gl. = Globulina, Gyr. = Gyroidinoides, Hs. = Haplophragmoides,
Hy. = Hyperammina, L. = Lenticulina, M. = Marginulinopsis, Nf. = Neoflabellina, Os. = Osangularia, Pal. = Palmula, Pat. = Patellina, Pl. =
Planularia, P. = Praebulimina, Pc. = Psilocitharella, Pu. = Pullenia, R. = Rotalia, Tex. = Textularia, T. = Tritaxia, Va. = Valvulineria, V. = Ver-
neuilina. Other abbreviations see Fig. 3. Modified after Gréfe (1994, fig. 44).
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4.2.3. Inner ramp facies, clear carbonate-rich water,
lower photic zone

Praealveolinids live in the Basque-Cantabrian Basin
mostly in clear water on carbonate substrate towards the
inner ramp in relatively deep water (25 to 70 m water-
depth). Prolific growth occurs in clear protected areas in
the lee of bioherms and in inter-biohermal sands near and
below wave base.

(a) Cenomanian species are Ovalveolina ovum, Prae-
alveolina simplex, P. iberica, P. tenuis, P. brevis, and P.
cretacea. Typically Charentia cuvillieri, Chrysalidina
gradata, Nezzazata simplex, and Daxia cenomana co-oc-
cur (Fig. 6).

(b) In the Coniacian-Maastrichtian occur in the same
facies belt instead of praealveolinids the species Calvezi-
conus lecalvezae, Sornayina foissacensis, and Pseudosi-
derolites vidali. They live on the plain sea-floor together
with Accordiella conica, Cuneolina pavonia, Dicyclina
schlumbergi, Idalina antiqua, Larrazetia larrazeti, Mar-
tiguesia cyclamminiformis, Nummofallotia cretacea,
Pseudocyclammina rugosa, Pseudolituonella reicheli,
Spirocyclina choffati, and Vidalina hispanica (Figs. 5,
7).

4.2.4. Transition inner to outer ramp

In three periods (Cenomanian-Turonian, Coniacian-
Santonian, and Campanian-Maastrichtian) this facies
belt is occupied by three different benthic foraminiferal
assemblages.

(a) In the Cenomanian-Turonian, species of the genus
Orbitolina live towards the outer platform in slightly
deeper water but attached to the inner ramp (Fig. 6).
They occur especially in clastic-dominated environment,
on mixed carbonate-clastic deposits and sometimes also
on carbonate substrate. They appear commonly in prodel-
ta-beds and sometimes reworked in calciturbidites of the
distal ramp (Fig. 3, at 445 m). Orbitolinids proliferated
on the seaward side of the shallow shelf and upper part
of the deeper shelf (30 to 80 m in waterdepth) with the
typical latest Albian to Cenomanian species Orbitolina
(Mesorbitolina) aperta, O. (O.) sefini, O. (0O.) concava,

0. (M.) subconcava, and O. (Conicorbitolina) conica.
Benthic foraminifers of biofacies 4.2.1 and 4.2.2(a) co-
occur.

(b) Lacazina and rotaliid foraminifers occur in a
similar facies belt in the Coniacian-Campanian as Orbit-
olina in the Cenomanian. The biggest contrast is that this
Lacazina- biofacies is adapted to clear water. They live
on carbonate substrate in a waterdepth of 20 to 80 m in
agitated water and all require normal oceanic salinities.
Typical species in this biofacies are Flabellammina alex-
anderi, Lacazina elongata, L. compressa, Nummofallotia
cretacea, Periloculina zitteli, Pseudolituonella reicheli,
Pseudorotalia schaubi, Rotalia algeriana, R. reicheli, R.
trochidiformis, and Vidalina hispanica (Figs. 5, 7). As-
sociated with rhodoliths appear in some sections Orbit-
okathina vonderschmitti and Praesiderolites santoniensis
(Floquet, 1991).

(¢) The Orbitoides-biofacies of the Campanian-Maas-
trichtian occupies a similar facies belt like those of the
Lacazinas and Orbitolinas. Various species of Orbit-
oides and other large foraminifers occur, like Clypeorbis
mamillata, Lepidorbitoides socialis, Lituola grandis,
Nummofallotia cretacea, Omphalocyclus macroporus,
Pseudosiderolites vidali, Orbitoides tissoti, O. douvillei,
O. media, and O. apiculata.

4.2.5. Inner part of outer ramp

In this area, marl-limestones alternations or marly car-
bonates were deposited and the waterdepth was around
storm wave base (50 to 150 m). In some periods, distal
calciturbidites and distal tempestites occur rarely. A high
abundance of uniserial forms (nodosariids) and of fron-
diculariids is typical.

(a) Cenomanian to Turonian typical benthic foraminif-
ers are listed in Figure 6. Characteristic frondiculariids
are Frondicularia gracilis, F. goldfussi, F. hastata,
F. inversa, Neoflabellina rugosa, Psilocitharella
kochi, P. geinitzi, and Vaginulina arguta (Figs. 3, 4).
Additionally occur Gaudryina pyramidata, Laevi-
dentalina intermedia, L. communis, L. linearis, and
Nodosaria nuda.

Fig. 5.— (opposite page) Section Losavalley around San Pantaleon de Losas, Santonian to Lower Campanian. Location see Fig. 1. Definition of
lithostratigraphic units see Floquet (1991) and Grife (1994, fig. 11). Correlation of the depositional sequences with the biostratigraphic frame-
work and definition of biozones see Gischler et al. (1994). Abbreviations: Lenti. = Zone of Hemitissotia lenticeratiformis, Su. = Zone of Beva-
hites subquadratus, MSF. = Moradillo de Sedano Formation, Flab. = Flabellammina, Mart. = Martiguesia, Pseudocycl. = Pseudocyclammina.

Other abbreviations see Fig. 3.

Fig. 5.— (pagina opuesta) Columna de “Losavalley” cerca de San Pantaledn de Losas, Santoniense a Campaniense inferior. Para localizacion ver
Fig. 1. Para la definicion de las unidades litoestratigraficas ver Floquet (1991) y Grife (1994, fig. 11). Para la correlacion de las secuencias
deposicionales con el marco biestratigrafico y la definicion de biozonas ver Gischler ef al. (1994). Abreviaturas: Lenti. = Zona de Hemitissotia
lenticeratiformis, Su. = Zona de Bevahites subquadratus, MSF. = Formacion Moradillo de Sedano, Flab. = Flabellammina, Mart. = Martiguesia,

Pseudocycl. = Pseudocyclammina. Para otras abreviaturas ver Fig. 3.
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(b) Coniacian to Maastrichtian characteristic benthic
foraminifers are shown in Figure 7. Also occur Neoflabel-
lina reticulata, N. santonica, N. beaudouiniana, Nodosa-
ria sceptrum, Psilocitharella recta, Tritaxia ellisorae, T.
tricarinata, and Valvulineria loetterlei.

4.2.6. Outer distal ramp

This area lies well below storm wave base in quiet, mostly
well-oxygenated water with a waterdepth of 150 to 300 m.

(a) Typical Cenomanian to Turonian benthic foraminif-
ers of this facies belt are shown in Figure 6. Additionally
occur Arenobulimina anglica, Ataxophragmium compac-
tum, Dorothia gradata, D. filiformis, Gavelinella inter-
media, G. clementiana, Globorotalites michelianus, La-
gena apiculata, Praebulimina elata, Pseudotextulariella
cretosa, Saracenaria jarvisi, Spiroplectammina anceps,
Tritaxia tricarinata, and T. pyramidata.

(b) The most common Coniacian to Maastrichtian ben-
thic foraminifers of this biofacies are displayed in Figure
7. More rarely occur Arenobulimina obliqua, Gave-
linella thalmanni, G. lorneiana, and Lingulogavelinella
turonica. Also species of the genus Stensioeina like S.
gracilis, S. cf. pokornyi, and S. pommerana occur in this
biofacies.

4.2.7. Transition distal ramp to deep basin

This is a very narrow, few km’s wide facies belt in the
Basque-Cantabrian Basin. Clay-rich marl-limestone al-
ternations and few calciturbidites are the typical sediments.

(a) The occurring Cenomanian to Turonian benthic
foraminifers are listed in Figure 6. Also recognized are
Globulina lacrima, Lagena apiculata, Praebulimina
elata, Quadrimorphina pyriformis, Spiroplectammina
anceps, and Verneuilina muensteri.

(b) Common Coniacian to Maastrichtian benthic fo-
raminifers are shown in Figure 7. Supplementary occur
Gavelinella thalmanni, G. lorneiana, Lingulogavelinella
turonica, L. jarzevae, L. globosa, and Ramulina aculeata.

4.2.8. Basinal facies

This facies occurs only in rare places in the Basque-
Cantabrian Basin (section Galarreta-Gordoa, Grife,
2001, fig. 4; Griafe and Wendler, 2003, fig. 8). This
basinal facies is typically developed in the Zumaya
Basin, where also flysch sediments form the major part
of lithofacies. In this facies occur some calcareous ben-
thic foraminifers but in low abundance (Figs. 6, 7). The
dominant agglutinated benthic foraminifers are shown
in Figures 6 and 7. Additionally occur species like Am-
mobaculites cf. subcretacea, Ammodiscus cretaceus, and
Rzehakina epigona.
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Fig. 6.— Distribution of Cenomanian-Turonian benthic foraminifers in
the Basque-Cantabrian Basin in a cross section from the coastline
to the deep basin (Fig. 2). Estimation of waterdepth values after a
palaeoslope model from Grife and Wendler (2003). For explanation
of biofacies assemblages and facies belts see text.

Fig. 6.— Distribucion de los foraminiferos benténicos del Cenom-
aniense-Turoniense en la Cuenca Vasco-Cantébrica a lo largo de un
corte desde la linea de costa hasta la cuenca profunda (Fig. 2). Esti-
macion de los valores de la profundidad del agua a partir del modelo
de paleopendiente de Grafe y Wendler (2003). Para explicacion de
los conjuntos de biofacies y de los cinturones de facies ver texto.

4.2.9. Low-oxygenated basinal and ramp environments

This facies occurs especially around the oceanic anoxic
events in the Basque-Cantabrian Basin and is usually re-
stricted to deeper ramp settings. Typical benthic foramini-
fers of this biofacies are Ataxophragmium compactum,
Dorothia trochus, Gavelinella berthelini, Gyroidinoides
nitidus, Lagena apiculata, Lenticulina ordinaris, Lingu-
logavelinella globosa, Praebulimina elata, P. nannina,
Quadrimorphina pyriformis, Q. allomorphinoides, Reus-
soolina elliptica, and Spiroplectammina laevis. The pres-
ence of abundant P. elata may indicate elevated surface-
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Fig. 7.— Distribution of Coniacian-Santonian benthic foraminifers in
the Basque-Cantabrian Basin in a cross section from the coastline
to the deep basin (Fig. 2). Estimation of waterdepth values after a
palaeoslope model from Grife and Wendler (2003). For explanation
of biofacies assemblages and facies belts see text.

Fig. 7.— Distribucion de los foraminiferos bentonicos del Coniaciense-
Santoniense en la Cuenca Vasco-Cantabrica a lo largo de un corte
desde la linea de costa hasta la cuenca profunda (Fig. 2). Estimacion
de los valores de la profundidad del agua a partir del modelo de
paleopendiente de Grife y Wendler (2003). Para explicacion de los
conjuntos de biofacies y de los cinturones de facies ver texto.

water productivity (Prokoph et al., 1999).
Non-oxygenated basinal and shelf environments devoid

of any benthic foraminiferal species were not observed in any

foraminiferal sample from the Basque-Cantabrian Basin.

4.3. Other foraminiferal parameters

The planktic foraminiferal fauna and other foraminif-
eral parameters like the ratio of planktic versus benthic
foraminifers (plankton/benthos-ratio), the species rich-
ness, abundance patterns of agglutinated and calcare-
ous benthic foraminifers, the foraminiferal number, the

abundance of various groups of planktic foraminifers
(keeled, non-keeled, and others), and the heterogeneity
of foraminiferal fauna were all treated in Grife and Wen-
dler (2003).

Summarizing the results of this work, the p/b-ratio
is a good foraminiferal proxy for detecting maximum
flooding surface and sequence boundaries in hemipelagic
successions only if the influence of primary plankton
productivity is not too dominant. Then, the p/b-ratio is
high at maximum flooding surface and low at sequence
boundaries. It increases in the transgressive systems tract
and stays high in the early highstand systems tract. If
most of the sediment is delivered from surface-water
phytoplankton, the sediment composition is controlled
by plankton productivity variations and is little affected
by relative sea-level changes. The p/b-ratio shows strong
variability in such a palaeoenvironment.

In pelagic-dominated environments, the foraminiferal
number, the plankton number, and to some extent also
the benthos number are high at maximum flooding sur-
face and low at sequence boundaries. High abundances
of keeled (“deep-water”) plankton are a characteristic
feature for maximum flooding surface and the highstand
systems tract. Surface-water plankton is generally higher
in abundance at sequence boundaries than at maximum
flooding surface.

Abundances of agglutinated benthic foraminifers and
calcareous benthic foraminifers follow long-term sea-
level trends (4 to 8 Ma cycles) through the Cenomanian-
Turonian. Sometimes, calcareous benthic foraminiferal
abundances increase with progradation of highstand sys-
tems tract carbonates and abundances of Textulariina
increase with prograding lowstand systems tract. Abun-
dances of agglutinated foraminifers in hemipelagic outer
shelf sediments are generally low during long-term peak
transgressions, and high during long-term regressions.
Short-term (0.2 Ma to 1 Ma) variations of agglutinated
and calcareous benthic foraminifers co-vary only with
depositional sequences during forced regressions. High
abundances of agglutinated benthic foraminifers were
found in highstand systems tract and prograding wedges
of the Paris Basin (Hart, 2000).

Calcareous agglutinated benthic foraminifers, No-
dosariacea, Chilostomellacea, and Turrilinacea dominate
outer shelf to bathyal benthic foraminiferal faunas. This
outer shelf biofacies shows only pronounced relationship
to sea-level changes, if basinward or landward shift in
facies belts occurs. Non-calcareous agglutinated benthic
foraminifers are sensitive indicators for maximum flood-
ing zones in upper bathyal to outer shelf depositional
realms. Species richness follows long-term transgres-
sive-regressive trends but co-varies little with deposi-
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tional sequences. Statistical abundance parameters like
heterogeneity H(S) did not show relationships to relative
sea-level changes in the studied sections of the Basque-
Cantabrian Basin.

5. Discussion

5.1. Foraminifers, sequence stratigraphy and pal-
aeoceanography in the Basque-Cantabrian Basin
compared to W-European basins

Apparently two controlling factors operate on distribu-
tion of planktic and benthic foraminifers in the Cenoma-
nian-Turonian hemipelagic sediments of W-Europe: (1)
relative sea-level changes, (2) changes in the surface-wa-
ter productivity of the oceans. Both controlling factors
affect the distribution of nutrients, indirectly the presence
or absence of oxygen, and relative sea-level changes
have also influence on energy gradient on the shelf and
the presence or absence of slope water-masses.

In deep-sea sediments recent studies show the impor-
tance of presence or absence of oxygen in the sediment
and above the sediment-water interface and the flux
of nutrients to sea-floor as controlling factors for ben-
thic foraminiferal ecology (Van der Zwaan et al., 1999).
Holocene studies on shelf to slope transects show that the
distribution of the benthic foraminiferal fauna is depend-
ent on depth gradient, energy gradient and the presence/
absence of slope water-masses (Lagoe et al., 1997).

In contrast in the shallow-water realm, light is an
important habitat factor for symbiont-bearing benthic
foraminifers. The availability of other nutrients depends
mainly on riverine input. Both factors (light and supply from
land areas) are a function of waterdepth to a certain extent.

Between the shallow-water realm and the deep-sea, in
shelfal areas, nutrient availability is a mixture of both fac-
tors. Landward dominate nutrient sources for benthic fo-
raminifers that were controlled by waterdepth. Seaward,
nutrients derived from the upper water column become
more and more dominant. Therefore, the sea-level signal,
transferred via the nutrient availability to varying benthic
foraminiferal associations, becomes weaker in outer shelf
and in slope areas.

There is no doubt that long-term transgression-regres-
sion trends in the sense of Jacquin and Graciansky (1998)
are well matched by distribution patterns of the planktic
and benthic foraminiferal fauna. High abundances of
planktic foraminifers, high p/b-ratios, high amounts of
calcareous benthic foraminifers, and high species rich-
ness occur during peak transgressions and low p/b-ratios,
low amounts of planktic foraminifers, high abundances
of agglutinated benthic foraminifers, and low species
richness occur during peak regressions.

On the scale of third-order depositional sequences,
the picture is not so simple. Studies of Pleistocene and
Holocene foraminiferal content of depositional se-
quences show high abundances of foraminifers at maxi-
mum flooding surface and low abundances at sequence
boundaries (Zellers, 1995; Armentrout, 1996: fig. 16).
In marginal Turonian sediments of SW-England, keeled
planktic foraminifers exhibit highest abundances at maxi-
mum flooding surface and lowest at sequence boundaries
(Hart, 1997). These patterns are matched partly by the
data presented in this study. However, even if this pattern
is matched, the solution is often non-unique. Frequently,
there is more than one peak or trough in an abundance
or ratio curve where a maximum flooding surface or a
sequence boundary can be placed.

Species richness follows long-term transgressive-re-
gressive trends but co-varies only to some extent with
depositional sequences (Grife and Wendler, 2003). Sta-
tistical abundance parameters like heterogeneity H(S)
are high around maximum flooding surface but may be
also high in the highstand systems tract. Heterogeneity is
sometimes low at sequence boundaries but may be also
low in the transgressive systems tract (Griafe and Wen-
dler, 2003). However, an analysis of the components of
heterogeneity (species richness and species eveness com-
ponent) allows recognition of biofacies boundaries and
can relate these components more precisely to relative
sea-level changes (Wakefield, 2003).

The Late Cenomanian of the Escalles section is pre-
sented as an example, where primary export productivity
governs the content of the foraminiferal fauna in Grife
and Wendler (2003). In such a “productivity-dominated”
case most of the foraminiferal proxies fail to recognize
sequence stratigraphic subdivisions. Only the foraminif-
eral number and the plankton number may be related to
sequence boundaries (low values) and maximum flooding
surface (high values) but this may depend of the distance
from shoreline and the intensity of the high-production
area in the open ocean.

Detailed inspection of the “productivity-dominated”
style of hemipelagic sediments shows, that relative sea-
level changes are not necessary to explain variations in
foraminiferal abundances and cyclic variations in lithol-
ogy. Instead, this can be explained by a precession-driven
model of open-ocean productivity. Higher productivity is
commonly linked to lower diversity and mixing of open
oceanic water masses, lower productivity is commonly
linked to a stratified water column and a higher diversity
(Leckie, 1989).

Mitchell and Carr (1998) combined sea-level change
with an eutrophication model. In their stratified ocean
model they suggest that under peak oceanic influence
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increased nutrient supply from flooded shelf areas led
to high production that in turn caused oxygen depletion
at the bottom. Oxygen depletion alone, however, cannot
cause stratification. Reduced circulation is essential to
create stratification. The cause of stratification is density
contrast between water layers rather than oxygen deple-
tion at the bottom that follows consequently.

Three different palacoceanographic domains can be
distinguished in W-Europe on a S to N cross section.
In the southern areas, like the Basque-Cantabrian Basin
and the W-Tethys, foraminiferal numbers from Cenoma-
nian hemipelagic sediments suggest rather low primary
export productivity (Griafe and Wendler, 2003, fig. 13a,
b). This low productivity is terminated at the end of the
Cenomanian, where the OAE introduces higher produc-
tion rates. Northwards, in the area of the Paris basin,
S-England, and the Lower Saxony Basin, warm tethyal
water-masses were confronted with Boreal water-masses
of probably cooler temperature and/or different salinity.
This palaeoceanographic front led to in-mixing of nutri-
ent-rich water-masses and probably to higher productiv-
ity in this domain (Grife and Wendler, 2003, fig. 18). The
Late Cenomanian gray chalks are characterized by high
amounts of zoo- and phytoplankton derived from high
export productivity. The OAE at the end of the Cenoma-
nian adds little to this high productivity. Comparison of
pre-OAE and within OAE foraminiferal numbers sug-
gests slightly lower primary export productivity (Gréfe,
1999a). The Boreal Realm off Norway is dominated by
influx of different water-masses (probably cooler and
of different salinity) via bathyal seaways (Gradstein et
al., 1999). The presence of non-calcareous agglutinated
benthic foraminifers marks this seaway and the influx of
northerly water-masses well (Mitchell, 1996).

5.2. Sea-Level changes and benthic foraminifers

In previous publications (Grife and Wendler, 2003)
problems with the correlation of sequence stratigraphic
surfaces and proxies derived from the foraminiferal
fauna were mentioned. Such controversy is not surpris-
ing considering that the origin of depositional sequences
is founded on a complex interaction of absolute sea-level
changes, climate, tectonics and sediment supply (Vail et
al., 1991). However, it has been shown, that from one
parameter, the p/b-ratio, a proxy for sea-level change can
be derived by stacking individual curves from various
sections (Gréife and Wendler, 2003). The basic require-
ments for this method are measured sections or boreholes
from which a sampled series of data points with p/b-ratio
was obtained that can be transferred to absolute time.
Therefore, this method requires an absolute time model

for transferring the sampled series of data points in a
modelled time series. This time series is finally stacked
and delivers the proxy for absolute sea-level change if the
p/b-ratio values can be transferred to absolute sea-level
change. In Grife and Wendler (2003), this was done by
palaeoslope modelling with an estimate of tectonic sub-
sidence in a key area.

This palaeoslope model is now used for the observed
distribution pattern of benthic foraminifers in the Basque-
Cantabrian Basin. An absolute waterdepth range for each
species is derived (Figs. 6, 7). From the variations of
each characteristic species in a given section changes in
relative sea-level can be estimated. Often these changes
are relatively clear. The variation between abundant fron-
diculariids and uniserial nodosariids around sequence
boundaries and abundant species of Dorothia, Gavelinel-
la, Arenobulimina, and Praebulimina in the late trans-
gressive systems tract and the early highstand systems
tract is clearly displayed in the Cenomanian of Villasana
and also in the Cenomanian of Murguia (Figs. 1, 3).

Another evident example can be found in the late
Turonian of Villasana. In the middle and late Turonian
around Villasana, benthic foraminifers record distal ramp
to deep-water conditions (Fig. 4). But in the latest Turo-
nian, rotaliid benthic foraminifers suddenly dominate the
foraminiferal assemblages (Fig. 4, around 1600 m). This
sea-level drop is also recorded in basinward shift of car-
bonate lithofacies (Griafe and Wiedmann, 1998).

Usually transgressive movements in the Cenomanian
to Coniacian of the Basque-Cantabrian Basin are clearly
displayed by changes in benthic foraminiferal biofacies.
For example, in the sections Sobron, Nelavalley, Lahoz
and numerous other profiles southward, inner ramp
biofacies (4.2.2 to 4.2.4) is terminated suddenly at the
Middle/Late Cenomanian boundary (Floquet 1991, 1998,
fig. 4; Grife and Wendler, 2003, fig. 5). Instead in the
Late Cenomanian there occur benthic foraminifers of the
outer ramp biofacies 4.2.5 in the sections Sobron and La-
hoz and more southward. This is also recorded in a more
open-marine macrofauna (Wiedmann, 1980; Floquet,
1991, 1998).

In the Santonian of the Losavalley section, first an outer
ramp assemblage of benthic foraminifers occur (biofacies
4.2.5, Fig. 5, below 200 m). Around 200 m, within a short
period, more and more shallow-water species appear in
the section (rotaliids, Lacazina spp. etc.). At 240 m, the
outer ramp benthic foraminiferal fauna is fully disap-
peared and instead a Lacazina-assemblage (biofacies
4.2.4(b)) has established. For a short period, biofacies
4.2.5(b) reappeared in the early Campanian of the Losav-
alley, but only during time of maximum sea-level (Fig.
5, around 300 m). Later, inner ramp biofacies (4.2.1,
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4.2.2(b), (c)) dominates totally (Fig. 5, around 340 m).

However, sometimes changes of foraminiferal assem-
blages are more subtle to record. In the Early to early
Late Turonian of Villasana, for example, frondiculariids
and other species of biofacies 4.2.5(a), which are partly
abundant in the Cenomanian are mostly absent in the
Turonian. Only around sequence boundaries and in the
late highstand systems tract rare frondiculariid species
occur (Fig. 4, around 760 m, 900 m, 1000 m and between
1350 and 1600 m). But around maximum flooding sur-
faces, this biofacies is absent and abundant species of
Praebulimina, Dorothia, and Quadrimorphina (biofacies
4.2.6(a) and 4.2.7(a)) dominate the microfauna (Fig. 6).

Deep-basinal sections are most difficult to interpret
in terms of biofacies and sea-level changes. The exam-
ple of the Galarreta-Gordoa sections was discussed in
Grife (2001) and in Grife and Wendler (2003). First,
sequence stratigraphic interpretation is not supported by
any change in lithofacies or the occurrence of distinct
bedding surfaces. Subtle shifts in the ratio of planktic fo-
raminifers to benthic foraminifers and in changes in ben-
thic foraminiferal biofacies were used in tracking relative
sea-level changes (Grife, 2001). The major problem
remains, that changes in palacoceanographic conditions
can create similar subtle patterns in benthic and planktic
foraminiferal biofacies variations.

Variations in benthic foraminiferal populations, which
are related to palaeoenvironmental modifications, are
indirectly related to relative sea-level changes — at least
in shelf sediments (Cubaynes et al., 1989; Rey et al.,
1993, 1994). In this sense, successive systems tracts and
sequence boundaries of depositional sequences can be
determined by analysis of the distribution of benthic fo-
raminiferal faunas in a given basin. Not only the absence
or presence of a given species may be indicative for a
certain systems tract, but also the abundant appearance
of small-sized specimen of the dominance of certain
morphotypes (Rey et al., 1993). However, in deep-sea
sediments unaffected by lateral sediment input, the pal-
aecoecology of benthic foraminifers is mainly governed
by variations in organic matter supply from the surface-
water (Van der Zwaan et al., 1999).

6. Conclusions

Benthic foraminifers were studied from the northern
continental margin of the Late Cretaceous Iberian Plate
(Basque-Cantabrian Basin). A cross section from the
coastline to the deep basin reveals the palaeodistribution
of Late Cretaceous benthic foraminifers with respect to
waterdepth and changes in relative sea-level.

The functional morphology and life style of foramini-
fers can be used to determine their former position on
the carbonate ramp and to detect upwards shallowing
and deepening trends in sedimentary sequences. Nine
major biofacies assemblages of benthic foraminifers re-
lated to lithofacies belt variations were observed. These
benthic foraminiferal biofacies assemblages are mar-
ginal biofacies (abundant miliolids), inner ramp biofacies
(miliolids, rotaliids, shallow-water agglutinated benthic
foraminifers of the photic zone), large foraminiferal bio-
facies of clear carbonate-rich water (praealveolinids and
orbitoids), transitional large foraminiferal biofacies from
inner to outer ramp (orbitolinids, rotaliids, orbitoids), in-
ner part of outer ramp (frondiculariids, uniserial nodosa-
riids), outer distal ramp (small fine agglutinated forms,
Chilostomellacea), transitional from distal ramp to deep
basin (abundant praebuliminids, Gyroidinoides, first rare
non-calcareous agglutinant forms), basinal biofacies
(abundant non-calcareous agglutinant forms together
with rare Chilostomellacea and small agglutinant forms),
and the biofacies of low-oxygenated basinal and ramp
environments dominated by species of Chilostomellacea
and small agglutinant forms adapted to this stress envi-
ronment.

The variation between the abundances of the various
benthic foraminiferal biofacies assemblages in a given
section is used in tracking relative sea-level changes
in the Basque-Cantabrian basin. However, a sequence
stratigraphic interpretation is best done in integrating
as much as information possible from various sections,
lithofacies variation through time and variation of macro-
and microbiofacies.

References

Armentrout, J.M. (1996): High resolution sequence biostrati-
graphy: examples from the Gulf of Mexico Plio-Pleistocene.
In: J.A. Howell, J.F. Aitken (eds.): High resolution sequence
stratigraphy: Innovations and applications. Geological So-
ciety Special Publication, 104: 65-86, London.

Arnaud-Vanneau, A. (1986): Episodes transgressifs et renouve-
llements des foraminiféres benthiques sur les plates-Formes
du Crétacé inférieur du Sud de la France. Bulletin des Cen-
tres de Recherches Exploration-Production Elf-Aquitaine,
10 (2): 405-420.

Ascoli, P. (1976): Foraminiferal and ostracod biostratigraphy
of the Mesozoic- Cenozoic, Scotian Shelf, Atlantic Canada.
Maritime Sediments, special publication, 1: 653-771.

Bolli, H.M., Beckmann, J.P., Saunders, J.B. (1994): Benthic
foraminiferal biostratigraphy of the south Caribbean region,
408 p., Cambridge University Press, Cambridge, UK.

Carter, D.J., Hart, M.B. (1977): Aspects of mid-Cretaceous
stratigraphical micropaleontology. Bulletin of the British
Museum of Natural History, Geology series, 29: 1-135.



Grife / Journal of Iberian Geology 31 (2) 2005: 277-298 293

Corliss, B.H. (1985): Micro-habitats of benthic foraminifera
within deep-sea sediments. Nature, 314: 435-438.

Corliss, B.H. (1991): Morphology and microhabitat prefe-
rences of benthic foraminifera from the northwest Atlantic
Ocean. Marine Micropaleontology, 17: 195-236.

Cubaynes, R., Rey, J., Ruget, C. (1990): Renouvellement des
espéces de foraminiféres benthiques et variations globales
du niveau des mers. Exemples du Lias du Quercy et de
L'Eocéne des Corbicres. Revue de Micropaléontologie, 33:
233-240.

Drooger, C.W. (1993): Radial foraminifera; morphometrics
and evolution. Verhandelingen Koninklijke Nederlandse
Akademie van Wetenschappen, (Natuurkunde, le Reeks),
41:1-242.

Douglas, R.G. (1979): Benthic foraminiferal ecology and
paleoecology; a review of concepts and methods. In: J.H.
Lipps, W.H. Berger, M.A. Buzas, R.G. Douglas, C.A. Ross
(eds.): Foraminferal ecology and paleoecology. Society of
Economic Paleontologists and Mineralogists, short course,
6:21-53, SEPM, Tulsa.

Einsele, G. (1992): Sedimentary basins, 628 p., Springer, Berlin.

Engeser, T., Reitner, J., Schwentke, W., Wiedmann, J. (1984):
Die Kretazisch-Alttertidare Tektogenese des Basko-Kan-
tabrischen Beckens (Nordspanien). Zeitschrift der deutschen
geologischen Gesellschaft, 135: 243-268.

Feuillée, P. (1967): Le Cénomanien des Pyrénées Basques
aux Asturies. Essai d‘analyse stratigraphique. Mémoires de
la Sociéte géologique de France, (nouvelle séries), 46 (3):
1-343.

Floquet, M. (1991): La plate-Forme Nord-Castillane au Crétacé
supérieur (Espagne). Memoires géologiques de I’Université
de Dijon, 14: 1-925.

Floquet, M. (1998): Outcrop cycle stratigraphy of shallow
ramp deposits: the Late Cretaceous Series on the Castillian
ramp (northern Spain). In: P.C. de Graciansky, J. Hardenbol,
T. Jacquin, P.R. Vail (eds.): Mesozoic and Cenozoic Sequen-
ce Stratigraphy of European Basins. SEPM, special publica-
tion, 60: 343-361, SEPM, Tulsa.

Garcia-Mondéjar, J. (1996): Plate reconstruction of the Bay of
Biscay. Geology, 24: 635-638.

Geel, T. (2000): Recognition of stratigraphic sequences in
carbonate platform and slope deposits: empirical models
based on microfacies analysis of Palacogene deposits in
southeastern Spain. Palaeogeography, Palaeoclimatology,
Palaeoecology, 155: 211-238.

Gischler, E., Grife, K.-U., Wiedmann, J. (1994): The Upper
Cretaceous Lacazina Limestone in the Basco-Cantabrian and
Iberian Basins of Northern Spain: Cold-water Grain Associa-
tions in Warm-water Environments. Facies, 30: 209-246.

Gradstein, F.M., Kaminski, M.A., Agterberg, F.P. (1999): Bios-
tratigraphy and paleoceanography of the Cretaceous seaway
between Norway and Greenland. Earth Science Reviews, 46:
27-98.

Grife, K.-U. (1994): Sequence Stratigraphy in the Cretaceous
and Paleogene (Aptian to Eocene) of the Basco-Cantabrian
Basin (N. Spain). Tiibinger geowissenschaftliche Arbeiten,
18: 1-418.

Grife, K.-U. (1996): Sedimentary cycles in the Upper Cre-
taceous of the Basco-Cantabrian Basin (N. Spain) — an
application of sequence stratigraphy. Mitteilungen aus dem
Geologisch-Paldontologischen Institut der Universitdit Ham-
burg, 77: 243-270.

Grife, K.-U. (1999a): Foraminiferal evidence for Cenomanian
sequence stratigraphy and palacoceanography of the Boulo-
nnais (Paris Basin, N-France). Palaeogeography, Palaeocli-
matology, Palaeoecology, 153: 41-70.

Grife, K.-U. (1999b): Sedimentary cycles, burial history and
foraminiferal indicators for systems tracts and sequence
boundaries in the Cretaceous of the Basco-Cantabrian Basin
(Northern Spain). Neues Jahrbuch fiir Geologie und Paldon-
tologie, Abhandlungen, 212: 85-130.

Grife, K.-U. (2001): Cenomanian planktic foraminiferal stra-
tigraphy in a deeper-water section of Northern Spain (Gala-
rreta, Basco-Cantabrian Basin). Newsletters on Stratigraphy,
38: 101-115.

Grife, K.-U., Wiedmann, J. (1993): Sequence stratigraphy in
the Upper Cretaceous of the Basco-Cantabrian Basin (Nor-
thern Spain). Geologische Rundschau, 82: 327-361.

Grife, K.-U., Wiedmann, J. (1998): Sequence stratigraphy on a
carbonate ramp: the Late Cretaceous Basco-Cantabrian Ba-
sin (Northern Spain). In: P.C. de Graciansky, J. Hardenbol, T.
Jacquin, P.R. Vail (eds.): Mesozoic and Cenozoic Sequence
Stratigraphy of European Basins. SEPM, special publica-
tion, 60: 333-341, SEPM, Tulsa.

Grife, K.-U., Wendler, J. (2003): Foraminifers and calcareous
dinoflagellate cysts as proxies for deciphering sequence
stratigraphy, sea-level change, and paleoceanography of
Cenomanian—Turonian hemipelagic sediments in western
Europe. In: H.C. Olson, R.M. Leckie (eds.): Micropaleon-
tologic Proxies for Sea-Level Change and Stratigraphic
Discontinuities. SEPM, special publication, 75: 229-262,
SEPM, Tulsa.

Haig, D.W. (1980): Early Cretaceous Textulariine foraminiferids
from Queensland. Palaeontographica, (A) 170 (4-6): 87-138.

Haig, D.W. (1981): Mid-Cretaceous foraminiferids from the
Wahgi Valley, Central Highlands of Papua New Guinea.
Micropaleontology, 27 (4): 337-351.

Hallock, P. (1985): Why are larger foraminifera large? Pale-
obiology, 11: 195-208.

Hallock, P., Glenn, E.C. (1986): Large foraminifera. A tool for
paleoenvironmental analysis of Cenozoic carbonate deposi-
tional facies. Palaios, 1: 55-64.

Hallock, P., Rottger, R., Wetmore, K. (1991): Hypotheses on
form and function in foraminifera. In: J.J. Lee, O.R. Ander-
son (eds.): Biology of foraminifera, 41-72, Academic Press,
London.

Hart, M.B., Bailey, H.W., Fletcher, B., Price, R., Swiecicki, A.
(1989): Cretaceous. In: D.G. Jenkins, J.W. Murray (eds.): Stra-
tigraphical atlas of fossil foraminifera. British Micropaleonto-
logical Society Series, 149-227, Ellis Horwood, Chichester.

Hart, M.B. (1997): The application of micropaleontology to se-
quence stratigraphy; An example from the Chalk succession
of south-west England. Proceedings of the Ussher Society,
9: 158-163.



294 Grife / Journal of Iberian Geology 31 (2) 2005: 277-298

Hart, M.B. (2000): Foraminifera, sequence stratigraphy and re-
gional correlation; an example from the Uppermost Albian of
Southern England. Revue de Micropaléontologie, 43: 27-45.

Hemleben, Ch., Spindler, M., Anderson, O.R. (1989): Modern
planktonic foraminifera, 363 p., Springer, Berlin.

Hiscott, R.N., Wilson, R.C.L., Gradstein, F.M., Pujalte, V.,
Garcia-Mondéjar, J., Boudreau, R.R., Wishart, H.A. (1990):
Comparative Stratigraphy and Subsidence History of Meso-

zoic Rift Basins of North Atlantic. American Association of

Petroleum Geologists Bulletin, 74: 60-76.

Hottinger, L. (1983): Processes determing the distribution of
larger foraminifera in space and time. Utrecht Micropaleon-
tological Bulletin, 30: 239-253.

Hottinger, L.; Drobne, K., Caus, E. (1989): Late Cretaceous,
larger, complex Miliolids (Foraminifera) endemic in the
Pyrenean faunal province. Facies, 21: 99-134.

Hottinger, L. (1997): Shallow benthic foraminiferal assembla-
ges as signals for depth of their deposition and their limita-
tions. Bulletin de la Sociéte géologique de France, 168 (4):
491-505.

Jacquin, T., Graciansky, P.C. de (1998): Major transgressive/
regressive cycles: the stratigraphic signature of European
Basin development. In: P.C. de Graciansky, J. Hardenbol, T.
Jacquin, P.R. Vail (eds.): Mesozoic and Cenozoic Sequence
Stratigraphy of European Basins. SEPM, special publica-
tion, 60: 15-29, SEPM, Tulsa.

Koch, W. (1973): Foraminiferen aus dem Santon der Gehr-
dener Berge. Berichte der naturhistorischen Gesellschaft
Hannover, 117: 195-214.

Koch, W. (1977): Biostratigraphie in der Oberkreide und Taxo-
nomie von Foraminiferen. Geol. Jb., (A) 38: 11-123.

Koutsoukos, E.A.M., Hart, M.B. (1990): Cretaceous foramini-
feral morphogroup distribution patterns, paleocommunities
and trophic structures: a case study from the Sergipe Basin,
Brazil. Transactions of the royal Society Edinburgh, Earth
Sciences series, 81: 221-246.

Kuhnt, W. (1990): Agglutinated foraminifera of western Me-
diterranean Upper Cretaceous pelagic limestones (Umbrian
Apennines, Italy, and Betic Cordillera, Southern Spain).
Micropaleontology, 36: 297-330.

Kuhnt, W. and Kaminski, M.A. (1993): Changes in the commu-
nity structure of deep water agglutinated foraminifers across
the K/T boundary in the Basque Basin (Northern Spain).
Revista espainiola Micropaleontologia, 35 (1): 57-92.

Lagoe, M.B., Davies, T.A., Austin, J.K., Olson, H.C. (1997):
Foraminiferal constraints on very high-resolution seismic
stratigraphy and Late Quaternary glacial history, New Jersey
continental shelf. Palaios, 12: 249-266.

Leckie, R.M. (1989): A paleoceanographic model for the early
evolutionary history of planktonic foraminifera. Palaeogeo-
graphy, Palaeoclimatology, Palaeoecology, 73: 107-138.

Lee, J.J., Anderson, O.R. (eds.) (1991): Biology of foraminife-
ra, 368 p., Academic Press, London.

Leutenegger, S. (1977): Reproduction cycles of larger forami-
nifera and depth distribution of generations. In: Z. Reiss, S.
Leutenegger, L. Hottinger, W.J.J. Fermont, J.E. Meulenkamp,
E. Thomas, H.J. Hansen, B. Buchardt, A.R. Larsen, C.W.

Drooger (eds.): Depth-relations of recent larger foraminife-
ra in the Gulf of Aqaba-Elat. Utrecht Micropaleontological
Bulletin, 15: 27-34, Utrecht.

Leutenegger, S. (1984): Symbiosis in benthic foraminifera:
specificity and host adaptations. Journal of foraminiferal
Research, 14: 16-35.

Loeblich, A.R. jr., Tappan, H. (1988): Foraminiferal genera
and their classification, 970 p., Van Nostrand Reinhold, New
York.

Mackensen, A., Schmiedl, G., Harloff, J., Giese, M. (1995):
Deep-sea foraminifera in the South Atlantic Ocean: Ecology
and assemblage generation. Micropaleontology, 41: 342-
358.

Magniez-Jannin, F. (1975): Les foraminiféres de 1"Albien de
1"Aube: paléontologie, stratigraphie, écologie. Cahiers de
Paléontologie, 1975: 360 p.

Malod, J.-A., Boillot, G., Capdevilla, R., Dupeuble, P.-A.,
Lepvrier, C., Mascle, G., Miiller, C., Taugourdeau-Lantz, J.
(1982): Subduction and tectonics on the continental margin
off northern Spain: observations with the submersible Cya-
na. In: J.K. Leggett (ed.): Trench-Forearc Geology. Geolo-
gical Society, special publication, 10: 309-315, Geological
Society, London.

Meyn, H., Vespermann, J. (1994): Taxonomische Revision
von Foraminiferen der Unterkreide SE-Niedersachsens nach
Roemer (1839, 1841, 1842), Koch (1851) und Reuss (1863).
Senckenbergiana Lethaea, 74: 49-272.

Mitchell, S.F. (1996): Foraminiferal assemblages from the late
Lower and Middle Cenomanian of Speeton (North Yorkshi-
re, U.K.): relationships with sea-level fluctuations and water-
mass distribution. Journal of Micropaleontology, 15: 37-54.

Mitchell, S.F., Carr, 1.T. (1998): Foraminiferal response to mid-
Cenomanian (Upper Cretaceous) palacoceanographic events
in the Anglo-Paris Basin (Northwest Europe). Palaeogeo-
graphy, Palaeoclimatology, Palaeoecology, 137: 103-125.

Murray, J.W. (1991): Ecology and palaeoecology of benthic
foraminifera, 397 p., Wiley, New York.

Olivet, J.L. (1996): La cinématique de la plaque ibérique. Bu-
lletin du Centre de Recherches Exploration-Production Elf
Aquitaine, 20: 131-195.

Philip, J., Babinot, J.-F., Tronchetti, G., Fourcade, E., Guiraud,
R., Bellion, Y., Herbin, J.P., Combes, P.J., Cornée, J.J., Der-
court, J., Ricou, L.E. (1993): Late Cenomanian (94 to 92
Ma). In: J. Dercourt, L.E. Ricou, B. Vrielynck (eds.): Atlas
Tethys Palaeoenvironmental Maps. Explanatory notes, 153-
178, Gauthier-Villars, Paris.

Posamentier, H.W., Vail, P.R. (1988): Eustatic controls on
clastic deposition 2 — Sequence and systems tract models.
In: C.K. Wilgus, B.S. Hastings, C.G.St.C. Kendall, H.-W.
Posamentier, C.A. Ross, J.C. Van Wagoner (eds.): Sea-Le-
vel changes: An integrated approach. Society of Economic
Paleontologists and Mineralogists, special publication, 42:
125-154, SEPM, Tulsa.

Prokoph, A., Szarek, R., Klosowska, B., Kuhnt, W. (1999):
Late Albian benthic foraminiferal biofacies and paleogeo-
graphy of Northeast Germany. Neues Jahrbuch fiir Geologie
und Paldontologie, Abhandlungen, 212: 289-334,



Grife / Journal of Iberian Geology 31 (2) 2005: 277-298 295

Ramirez del Pozo, J. (1971): Bioestratigrafia y Microfacies del
Jurasico y Cretacico del Norte de Espafia (Région Cantabri-
ca). Memoria del Instituto Geologico y Minero de Espaiia,
78 (1-3): 1-354.

Rat, P., Amiot, M., Feuillée, P., Mathey, B., Pascal, A., Salo-
mon, J., Floquet, M., Garcia-Mondéjar, J., Pujalte, V., La-
molda, M., Rodriguez-Lazaro, J. (1983): Vue sur le Crétacé
Basco-Cantabrique et Nord-Ibérique. Memoires géologiques
de I'Université de Dijon, 9: 1-191.

Rey, J., Bilotte, M., Peybernes, B. (1977): Analyse biostratigra-
phique et paléontologique de I’Albien marin d’Estremadura
(Portugal). Géobios, 10 (3): 369-393.

Rey, J., Cubaynes, R., Qajoun, A., Ruget, C. (1993): Foramini-
fera indicators of systems tracts and global unconformities.
In: H.W. Posamentier, C.P. Summerhayes, B.U. Haq, G.P.
Allen(eds.): Sequence Stratigraphy and Facies Associations.
International Associations of Sedimentologists, special pu-
blication, 18: 109-123, Blackwell, Oxford.

Rey, J., Bonnet, L., Cubaynes, R., Qajoun, A., Ruget, C. (1994):
Sequence stratigraphy and biological signals: statistical studies
of benthic foraminifera from Liassic series. Palacogeography,
Palaeoclimatology, Palaeoecology, 111: 149-171.

Robaszynski, F., Caron, M. (1995): Foraminiféres planctoni-
ques du Crétacé: commentaire de la zonation Europe-Médi-
terranée. Bulletin de la Societé géologique de France, 166:
681-692.

Schwentke, W., Kuhnt, W. (1992): Subsidence history and
continental margin evolution of the Western Pyrenean and
Basque Basins. Palaecogeography, Palaeoclimatology, Pa-
laeoecology, 95: 297-318.

Sikora, P.J., Olsson, R.K. (1991): A paleoslope model of late
Albian to early Turonian foraminifera of the western Atlantic
margin and North Atlantic basin. Marine Micropaleontology,
18:25-72.

Suess, E. (1980): Particulate organic carbon flux in the oceans — sur-
face productivity and oxygen utilization. Nature, 288: 260-263.
Tronchetti, G. (1981): Les foraminiféres crétacés de Provence
(Aptien - Santonien). Vol. 1 and Vol. 2. Thése Doctoral de

[’Université de Provence, 1-559.

Appendix: Taxonomic notes on benthic foraminifers

Vail, P.R., Audemard, F., Bowman, S.A., Eisner, P.N., Perez-
Cruz, C. (1991): The Stratigraphic Signatures of Tectonics,
Eustasy and Sedimentology — an Overview. In: G. Einsele,
W. Ricken, A. Seilacher (eds.): Cycles and Events in Strati-
graphy, 617-659, Springer, Berlin.

Vail, P.R., Van Wagoner, J.C., Mitchum, R.M. jr., Posamentier,
H.W. (1987): Seismic stratigraphy interpretation utilizing se-
quence stratigraphy. Part 1. Seismic stratigraphy interpretation
procedure (P.R. Vail). Part 2. The key definitions of sequence
stratigraphy (J.C. van Wagoner, R.M. Mitchum jr., H.W. Po-
samentier, P.R. Vail). In: AW. Bally (ed.): Atlas of Seismic
Stratigraphy, Vol. 1. American Association of Petroleum Geo-
logists, Studies in Geology, 27: 1-14, AAPG, Tulsa.

Van der Zwaan, G.J., Duijnstee, [.A.P., Den Dulk, M., Ernst,
S.R., Jannink, N.T., Kouwenhoven, T.J. (1999): Benthic
foraminifers: proxies or problems? Earth Science Reviews,
46: 213-236.

Van Wagoner, J.C., Posamentier, H.W., Mitchum, R.M. jr.,
Vail, PR., Sarg, J.F., Loutit, T.S., Hardenbol, J. (1988): An
overview of the fundamentals of Sequence Stratigraphy and
key definitions. In: C.K. Wilgus, B.S. Hastings, C.G.St.C.
Kendall, H.W. Posamentier, C.A. Ross, J.C. Van Wagoner
(eds.): Sea-Level changes: An integrated approach. Society
of Economic Paleontologists and Mineralogists, special pu-
blication, 42: 39-45, SEPM, Tulsa.

Wakefield, M.I. (2003): Bio-sequence stratigraphic utility of
SHE diversity analysis. In: H.C. Olson, R.M. Leckie (eds.):
Micropaleontologic Proxies for Sea-Level Change and Stra-
tigraphic Discontinuities. SEPM, special publication, 75:
81-87, SEPM, Tulsa.

Wiedmann, J. (1980): Itineraire Géologique a travers le Crétacé
Moyen ces chaines vascogotiques et celtibériques (Espagne
du Nord). Cuadernos de geologia Ibérica, 5: 127-214.

Zellers, S.D. (1995): Foraminiferal sequence biostratigraphy
and seismic stratigraphy of a tectonically active margin; the
Yakataga Formation, northeastern Gulf of Alaska. Marine
Micropaleontology, 26: 255-271.

Taxonomic notes on benthic foraminifers mentioned in the text or in a figure are given below. For the systematic subdivision to the
genus level, the work of Loeblich and Tappan (1988) is mostly followed. Deviations from their generic subdivisions are discussed
in this appendix. The species are not figured, instead a reference is given, where a figure for the respective species can be obtained.
Taxonomic references that can be found in Loeblich and Tappan (1988) are not cited in the reference list.

Order Foraminiferida Eichwald, 1830

Abrardia mosae (Hotker, 1955). Neumann and Damotte, 1961, pl. 1, figs. 1-7.

Accordiella conica Farinacci, 1962. Neumann, 1967, pl. 47, figs. 1-5.

Ammobaculites cf. parvispira Ten Dam, 1950. Fuchs, 1971, pl. 1, fig. 15.

Ammobaculites cf. subcretacea Cushman and Alexander, 1930. Fuchs, 1971, pl. 2, fig. 11.
Ammodiscus cretaceus Reuss, 1845. Magniez-Jannin, 1975, pl. 1, fig. 1. Magniez-Jannin (1975) discusses the differences to Glomospirella

gaultina (Berthelin).

Arenobulimina anglica Cushman, 1936. Hart ez al., 1989, pl. 7.1, fig. 6.
Arenobulimina advena (Cushman, 1936). Hart et al., 1989, pl. 7.1, fig. 5.
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Arenobulimina chapmani Cushman, 1936. Magniez-Jannin 1975, pl. 9, fig. 1.

Arenobulimina macfadyeni Cushman, 1936. Magniez-Jannin, 1975, pl. 7, figs. 1-8. The variability of this species was discussed in Mag-
niez-Jannin (1975).

Arenobulimina obliqua D’Orbigny, 1840. Cushman, 1931, pl. 5, figs. Sa-c.

Arenobulimina preslii Reuss, 1845. Reuss, 1845, pl. 13, fig. 27.

Astacolus bronni Roemer, 1841. Meyn and Vespermann, 1994, pl. 38. The diagnosis of the genus follows Meyn and Vespermann (1994).

Astacolus schloenbachi (Reuss, 1863). Prokoph et al., 1999, fig. 11/5.

Ataxophragmium compactum Brotzen, 1936. Brotzen, 1936, pl. 2, figs. 3a, 3b, 10a, 10b.

Biplanata peneropliformis Hamaoui and Saint-Marc, 1970. Schroeder and Neumann, 1985, pl. 14.

Calveziconus lecalvezae Caus and Cornella, 1982. Caus and Cornella, 1982, pl. 1, figs. 1-6.

Charentia cuvillieri Neumann, 1965. Schroeder and Neumann, 1985, pl. 3.

Chrysalidina gradata D’Orbigny in De la Sagra, 1839. Schroeder and Neumann, 1985, pl. 7.

Clavulinoides cf. trilatera (Cushman, 1926). Bolli et al., 1994, fig. 25.21.

Clypeorbis mamillata (Schlumberger, 1902). Van Gorsel, 1978, fig. 20.

Cuneolina pavonia D’Orbigny, 1839. Rey et al., 1977, pl. 3, figs. 8-9.

Cyclolina cretacea D’Orbigny, 1846. Schroeder and Neumann, 1985, pl. 4.

Cyclopsinella steinmanni (Munier-Chalmas, 1887). Gendrot, 1964, pl. 1, figs. 6-10.

Daxia cenomana Cuvillier and Szakall, 1949. Schroeder and Neumann, 1985, pl. 1. A common species on inner ramp carbonates of the
Cenomanian Basque-Cantabrian Basin.

Dictyopsella kiliani Schlumberger, 1900. Loeblich and Tappan, 1985, pl. 4, figs. 1-7.

Dicyclina schlumbergi Munier-Chalmas, 1887. Neumann, 1967, pl. 55, pl. 56.

Genus Dorothia Plummer, 1931. For the discrimination between Dorothia and Marssonella, the argumentation in Magniez-Jannin (1975)
was followed, i.e. Marssonella is treated as junior synonym of Dorothia.

Dorothia bulleta (Carsey, 1926). Cushman, 1937, pl. 9, figs. 4-9.

Dorothia filiformis Berthelin, 1880. Magniez-Jannin, 1975, pl. 8, fig. 1.

Dorothia gradata (Berthelin, 1880). Koch, 1977, pl. 1, fig. 10.

Dorothia levis Magniez-Jannin, 1975. Magniez-Jannin, 1975, pl. 8, figs. 7-17. Magniez-Jannin (1975) describes the ecological variability
and preferred palacoenvironment as well as distinction to other species of this genus.

Dorothia stephensoni Cushman, 1936, pl. 4, figs. 15a, b.

Dorothia trochus (d’Orbigny, 1840). Magniez-Jannin 1975, pl. 8, figs. 18-23. Four species or varieties were frequently described in the
literature: oxycona- levis- trochus- and turris. Following Cushman (1937), the three species oxycona-trochus-turris were not separated,
and then trochus has priority. Conical forms with smooth agglutination and depressed sutures were put in the levis-stock (see above),
forms with more distinct sutures and coarser agglutination in the rochus-stock following Magniez-Jannin (1975). This author discusses
variability, ecology and phylogenetic relationship of D. trochus.

Flabellammina cf. alexanderi Cushman, 1928. Haig, 1980, pl. 4, figs. 18, 19.

Frondicularia goldfussi Reuss, 1860. Cushman, 1946, pl. 34, figs. 18-20, pl. 35, figs. 1-2.

Frondicularia gracilis Franke, 1925. Cushman, 1930, pl. 5, fig. 16.

Frondicularia hastata Roemer, 1842. Meyn and Vespermann, 1994, pl. 16, figs. 10-15.

Frondicularia inversa Reuss, 1844. Cushman, 1946, pl. 33, figs. 11-18.

F inversa is similar to F. goldfussi, but the latter species is much broader and the proloculus is more pronounced. £ hastata is more slen-
der than F inversa.

Gaudryina frankei Brotzen, 1936. Bolli ez al., 1994, figs. 23.29-30.

Gaudryina pyramidata Cushman, 1926. Bolli et al., 1994, figs. 24.4-6.

Gaudryina rugosa d’Orbigny, 1840. Bolli et al., 1994, figs. 24.7-8.

Gavelinella baltica Brotzen, 1942. Koch, 1977, pl. 1, figs. 8, 9.

Gavelinella berthelini (Keller, 1935). Mitchell and Carr, 1998, pl. 3, fig. 4.

Gavelinella cenomanica (Brotzen, 1945). Koch, 1977, pl. 2, figs. 7, 8.

Gavelinella clementiana (D’Orbigny, 1840). Hart ez al., 1989, pl. 7.11, figs.1-3.

Gavelinella intermedia (Berthelin, 1880). Carter and Hart, 1977, pl. 1, figs. 33-35.

Gavelinella lorneiana (D’Orbigny, 1840). Cushman, 1931, pl. 6, figs. 9a-c.

Gavelinella pugetensis Donze, Porthault, Thomel and de Villoutreys, 1970. Donze et al., 1970, pl. 8, fig. 11-12.

Gavelinella stelligera (Marie, 1941). Hart et al. 1989, pl. 7.12, figs. 10-12.

Gavelinella thalmanni (Brotzen, 1936). Hart et al. 1989, pl. 7.13, figs. 1-3.

Gendrotella rugoretis (Gendrot, 1968). Loeblich and Tappan, 1988, pl. 58, figs. 5, 6.

Globorotalites michelinianus (D’Orbigny, 1840). Hart ez al., 1989, pl. 7.14, figs. 1-2.

Globulina lacrima (Reuss, 1845). Prokoph et al., 1999, fig. 12/2.

Glomospira charoides (Jones and Parker, 1860). Fuchs, 1971, pl. 1, fig. 5.

Glomospira senonica Tronchetti, 1981. Tronchetti, 1981, pl. 1, figs. 5-7.

Goupillaudina daguini Marie, 1958. Marie, 1958, pl. 43, fig. 2.

Goupillaudina lecointrei Marie, 1958. Hottinger 1966, figs. 9-11.

Gyroidinoides nitidus (Reuss, 1844). Bolli et al., 1994, fig. 45.13-16.

Haplophragmium cf. aequale (Roemer, 1841). Meyn and Vespermann, pl. 1, figs. 9-13, pl. 2, figs. 1-7
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Haplophragmoides nonioninoides (Reuss, 1863). Meyn and Vespermann, 1994, pl. 1, fig. 1-8.

Hyperammina cf. elongata Brady, 1878. Cushman, 1946, pl. 1, figs. 12, 13.

ldalina antiqua Munier-Chalmas and Schlumberger, 1885. Tronchetti, 1981, pl. 19, fig. 5.

Lacazina compressa (D’Orbigny), 1850. Tronchetti, 1981, pl. 19, figs. 6-8.

Lacazina elongata Schlumberger, 1900. Hottinger ez al., 1989, pl. 25, figs. 1-12, pl. 26, figs. 20-22.

Laevidentalina communis (D’Orbigny, 1826). Bolli ez al., 1994, fig. 26.29.

Laevidentalina intermedia (Reuss, 1860). Reuss, 1860, p. 186, pl. 2, fig. 8.

Laevidentalina linearis (Roemer, 1841). Meyn and Vespermann, 1994, pl. 7, figs. 1-7.

Lagena apiculata (Reuss, 1850). McNeil and Caldwell, 1981, pl. 16, fig. 7.

Larrazetia larrazeti (Munier-Chalmas in Schlumberger, 1898), Ciry, 1964, pls. 1-3, Loeblich and Tappan, 1988, pl. 397, figs. 1-2, pl. 398,
pl. 399, figs. 1-2. A rare specimen, sometimes found in the Tubilla del Agua Formation.

Lenticulina muensteri (Roemer, 1839). Meyn and Vespermann, 1994, pl. 23, figs. 12-17, pl. 24, figs. 1-17. Meyn and Vespermann (1994)
gave a description of the variability and distribution of this species.

Lenticulina ordinaris Schijfsma, 1946. Schijfsma, 1946, pl. 3, fig. 11a, b. This species differs from L. muensteri in the total lack of orna-
mentation and raised sutures and in the differing shape of the aperture (radiate instead of radiate slits).

Lenticulina secans (Reuss, 1860). Bolli et al., 1994, figs. 29.15-16. Magniez-Jannin (1975, p. 103) discusses the differences to L. muenste-
ri and L. rotulata.

Lenticulina rotulata Lamarck, 1804. Magniez-Jannin, 1975, p. 100, pl. 9, figs. 3a-b. The sutures of this species are typically sinuously
curved, with rectangle to the border of test. Instead, L. muensteri has straight sutures which converge oblique to the margin of test.
Magniez-Jannin (1975) gives an overview about the variability of this species

Lepidorbitoides socialis (Leymerie, 1851). Van Gorsel, 1975, pls. 13-15.

Lingulogavelinella globosa (Brotzen, 1945). Hart et al., 1989, pl. 7.18, figs. 8-10.

Lingulogavelinella jarzevae (Vasilenko, 1954). Carter and Hart, 1977, pl. 1, figs. 29-30.

Lingulogavelinella turonica (Butt, 1966). Ascoli, 1976, pl. 5, fig. 1.

Lituola grandis (Reuss, 1854). Reuss, 1854, p. 69, pl. 25, fig. 14.

Marginulinopsis jonesi (Reuss, 1863). Meyn and Vespermann, 1994, pl. 31, figs. 5-8.

Martiguesia cyclamminiformis Maync, 1959. Neumann, 1967, figs. 1-5.

Minouxia conica Gendrot, 1963.Neumann 1967, pl. 45, figs. 5-6.

Minouxia lobata Gendrot, 1963. Neumann 1967, pl. 45, figs. 3-4.

Neoflabellina beaudouiniana (D’Orbigny, 1840). Donze et al., 1970, pl. 8, fig. 6.

Neoflabellina gibbera (Wedekind, 1940). Koch, 1977, pl. 16, figs. 7-8.

Neoflabellina reticulata (Reuss, 1851). Koch, 1977, pl. 14, figs. 9-10.

Neoflabellina rugosa (d’Orbigny, 1840). Hart et al., 1989, pl. 7.20, fig. 2.

Neoflabellina santonica Koch, 1973. Koch 1977, pl. 16, fig. 6.

Nezzazata simplex Omara, 1956. Schroeder and Neumann, 1985, p. 33, pl. 11, figs. 1-11. A common species on inner ramp carbonates of
the Cenomanian Basque-Cantabrian Basin.

Nezzazatinella picardi (Henson, 1948). Tronchetti, 1981, pl. 11, figs. 1-10.

Nodosaria affinis Reuss, 1845. Cushman, 1946, pl. 23, fig. 8-23.

Nodosaria nuda Reuss, 1863. Meyn and Vespermann, 1994, pl. 6, figs. 4-9.

Nodosaria sceptrum Reuss, 1863. Haig, 1981, pl. 2, fig. 7.

Nummofallotia cretacea (Schlumberger, 1900). Loeblich and Tappan, 1988, p. 374, pl. 400, figs. 1-6. A common to abundant species on the
inner ramp up to the transition to the outer ramp in the Coniacian-Santonian of the Basque-Cantabrian Basin.

Omphalocyclus macroporus (Lamarck, 1816). Van Gorsel, 1978, fig. 13.

Orbitoides apiculata Schlumberger, 1901. Neumann, 1972, pl. 4, figs. 15-19.

Orbitoides douvillei (Silvestri, 1910). Neumann, 1972, pl. 2, figs. 1-6.

Orbitoides media (D’ Archiac, 1837). Neumann, 1972, pl. 3, figs. 11-20, pl. 4, figs. 1-14.

Orbitoides tissoti Schlumberger, 1902. Neumann, 1972, pl. 1.

Orbitokathina vonderschmitti Hottinger, 1966, p. 291, figs. 6-7, pls. 4-5.

Orbitolina (Orbitolina) concava (Lamarck, 1816). Schroeder and Neumann, 1985, p. 62, pl. 29, figs. 1-8.

Orbitolina (Orbitolina) sefini Henson, 1948. Schroeder and Neumann, 1985, p. 66, pl. 30, figs. 1-8.

Orbitolina (Conicorbitolina) conica (D’ Archiac, 1837). Schroeder and Neumann, 1985, p. 74, pl. 34 figs. 1-10, pl. 35, figs. 1-7.

Orbitolina (Mesorbitolina) aperta (Erman, 1854). Schroeder and Neumann, 1985, pl. 38, figs. 1-6.

Orbitolina (Mesorbitolina) subconcava Leymerie, 1978. Schroeder and Neumann, 1985, pl. 37, figs. 1-8.

Osangularia cordieriana (D’Orbigny, 1840). Hart ef al. 1989, pl. 7.20, figs. 4-6.

Ovalveolina ovum (D’Orbigny, 1850). Schroeder and Neumann, 1985, p. 109, pl. 51, figs. 1-8.

Palmula cushmani (Morrow, 1934). Cushman, 1946, pl. 32, figs. 15, 16.

Patellina subcretacea Cushman and Alexander, 1930. Fuchs, 1971, pl. 9, fig. 23.

Periloculina zitteli Munier-Chalmas and Schlumberger, 1885. Hottinger ez al., 1989, pl. 23, figs. 1-10, pl. 24, figs. 22-26.

Planularia crepidularis Roemer, 1842. Meyn und Vespermann, 1994, pl. 54, figs. 1-13, pl. 55, fig. 6.

Plectina cenomana Carter and Hart, 1977. Hart et al., 1989, pl. 7.2, fig. 10.

Plectina mariae (Franke, 1928). Carter and Hart, 1977, pl. 2, fig. 8.

Praealveolina brevis Reichel, 1936. Schroeder and Neumann, 1985, p. 117, pl. 56 figs. 1-8.
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Praealveolina cretacea (D’ Archiac, 1837). Schroeder and Neumann, 1985, p. 118, pl. 57, figs. 1-5, pl. 58, figs.1-7.
Praealveolina iberica Reichel, 1936. Schroeder and Neumann, 1985, p. 114, pl. 53, figs. 1-11, pl. 54, figs.1-8.
Praealveolina simplex Reichel, 1936. Schroeder and Neumann, 1985, p. 112, pl. 52, figs. 1-8.

Praealveolina tenuis Reichel, 1933. Schroeder and Neumann, 1985, p. 120, pl. 60, figs. 1-6, pl. 61, figs.1-7, pl. 62, figs. 1-7.

Praebulimina carseyae Plummer, 1931, p. 179, pl. 8, fig. 9.

Praebulimina elata Magniez-Jannin, 1975, 2351, pl. 15, figs. 39-43. Affinities and variabilities of this species are described in Magniez-
Jannin (1975). Remark: Prokoph ez al. (1999) compare this morphotype with modern buliminids and conclude, that P. elata is an
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